




Appendix A Precipitation Data and Graphs 


  







 







TABLE A-1


Water Years
Station Name Wildomar
Operating Agency Riverside County Flood Control
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1914 0.0 2.5 1.4 8.6 6.8 1.1 0.8 0.1 0.0 0.0 0.0 0.0 21.3
1915 0.5 0.6 3.3 8.2 5.8 1.0 1.5 1.7 0.0 0.0 0.0 0.0 22.7


1916 0.0 0.5 3.9 15.8 0.6 1.3 0.2 0.0 0.0 0.0 0.0 0.0 22.3
1917 2.0 0.0 2.9 3.7 2.8 0.4 0.8 0.1 0.0 0.0 0.0 0.0 12.6
1918 0.0 0.2 0.0 1.6 3.2 5.7 0.0 0.2 0.0 0.0 0.0 0.1 10.9
1919 0.5 0.8 0.8 0.2 2.2 1.7 0.2 0.4 0.0 0.0 0.0 0.3 7.1
1920 0.6 0.6 1.2 0.8 3.9 4.2 0.2 0.3 0.0 0.0 0.0 0.0 11.8


1921 0.9 0.4 0.6 3.0 0.3 1.8 0.1 2.1 0.0 0.0 0.0 0.0 9.2
1922 0.9 0.1 13.5 7.4 3.5 2.5 0.6 0.5 0.0 0.0 0.0 0.0 28.9
1923 0.1 1.9 2.1 1.7 1.2 0.4 0.9 0.0 0.0 0.0 0.0 0.3 8.4
1924 0.0 0.8 1.3 0.2 0.0 4.2 1.0 0.1 0.0 0.0 0.0 0.0 7.7
1925 0.1 0.5 2.5 0.2 0.3 1.9 1.9 0.2 0.0 0.0 0.0 0.0 7.6


1926 2.2 0.4 0.8 1.1 2.0 0.3 8.3 0.0 0.0 0.0 0.0 0.0 15.1
1927 0.0 1.4 4.2 0.5 12.0 1.9 0.9 0.1 0.0 0.0 0.0 0.0 21.0
1928 2.7 0.2 3.3 0.5 1.9 0.8 0.1 0.0 0.0 0.0 0.0 0.0 9.5
1929 1.0 0.9 1.8 2.0 0.7 0.9 1.2 0.0 0.0 0.0 0.0 1.0 9.3
1930 0.0 0.0 0.0 6.9 0.5 4.2 1.8 2.2 0.0 0.0 0.0 0.0 15.5


1931 0.4 1.4 0.0 2.4 5.7 0.1 1.9 0.4 0.0 0.0 0.1 0.0 12.4
1932 0.3 2.2 4.5 1.3 9.2 0.2 0.6 0.3 0.0 0.0 0.0 0.0 18.6
1933 1.5 0.0 2.4 7.0 0.0 0.0 0.5 0.2 0.0 0.0 0.0 0.0 11.6
1934 0.2 0.1 3.4 1.0 2.0 0.9 0.0 0.0 0.1 0.0 0.0 0.0 7.7
1935 2.2 1.5 4.3 3.6 3.5 2.8 1.0 0.2 0.0 0.0 0.6 0.0 19.7


1936 0.0 1.0 0.5 0.3 6.4 1.9 0.6 0.0 0.0 0.0 0.0 0.0 10.6
1937 3.1 0.5 7.9 2.0 4.9 6.7 0.2 0.2 0.0 0.0 0.0 0.0 25.4
1938 0.0 0.0 1.4 2.0 6.4 9.7 0.7 0.0 0.0 0.0 0.0 0.2 20.3
1939 0.1 0.0 8.8 2.3 1.7 1.0 0.5 0.0 0.0 0.0 0.0 3.9 18.4
1940 0.6 0.7 0.4 3.7 4.1 0.5 1.4 0.0 0.0 0.0 0.0 0.0 11.3


1941 0.9 0.0 7.6 1.2 7.0 7.2 3.2 0.9 0.0 0.0 0.0 0.0 28.0
1942 2.5 0.8 2.5 0.4 1.0 1.0 1.7 0.0 0.0 0.0 0.0 0.0 9.9
1943 0.0 0.1 0.7 11.2 3.4 3.1 0.7 0.0 0.0 0.0 0.0 1.0 20.3
1944 0.0 0.0 6.5 0.3 5.3 0.9 0.6 0.0 0.0 0.0 0.0 0.0 13.5
1945 0.0 5.3 1.1 0.2 1.5 4.7 0.0 0.0 0.0 0.0 1.6 0.0 14.5


1946 0.2 0.2 3.1 0.5 1.0 4.7 0.4 0.0 0.0 0.0 0.0 0.0 9.9
1947 0.4 5.3 1.5 0.1 0.1 0.8 0.0 0.2 0.0 0.0 0.0 0.0 8.3
1948 0.0 0.0 3.2 0.0 2.4 1.2 1.0 0.0 0.4 0.0 0.0 0.0 8.1
1949 0.4 0.0 2.1 3.5 1.1 1.0 0.0 0.3 0.0 0.0 0.0 0.0 8.3
1950 0.3 1.1 1.2 1.8 0.7 0.7 0.6 0.0 0.0 0.0 0.0 0.0 6.3


1914-2009


Monthly Precipitation Data
Wildomar, Water Years 1914-2009


Monthly Precipitation (Inches)


  33°37'30"
-117°20'06"







TABLE A-1


Water Years
Station Name Wildomar
Operating Agency Riverside County Flood Control
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1914-2009


Monthly Precipitation Data
Wildomar, Water Years 1914-2009


Monthly Precipitation (Inches)


  33°37'30"
-117°20'06"


1951 0.0 0.7 0.0 1.2 0.6 0.7 1.0 0.2 0.0 0.0 0.5 0.3 5.2
1952 0.4 0.6 4.5 5.8 0.2 6.5 1.6 0.0 0.0 0.0 0.0 0.3 19.9
1953 0.0 3.2 3.2 0.8 0.6 0.8 0.3 0.0 0.0 0.0 0.0 0.0 8.8
1954 0.3 0.7 0.1 5.8 1.8 3.5 0.0 0.0 0.0 0.0 0.0 0.0 12.1
1955 0.0 2.4 1.0 4.1 1.3 0.2 0.4 1.2 0.0 0.0 0.0 0.0 10.4


1956 0.0 0.7 0.5 3.7 0.4 0.0 1.6 0.2 0.0 0.0 0.0 0.0 7.0
1957 0.0 0.0 0.4 6.6 0.3 1.4 1.0 0.6 0.1 0.0 0.0 0.0 10.2
1958 1.7 1.1 3.0 0.9 6.8 5.3 7.4 0.0 0.0 0.0 0.0 0.1 26.1
1959 0.1 0.1 0.0 1.4 3.5 0.0 0.2 0.0 0.0 0.0 0.0 0.1 5.3
1960 0.0 0.2 2.5 3.0 2.5 0.4 1.2 0.0 0.0 0.0 0.0 0.0 9.8


1961 0.3 2.4 0.1 1.1 0.1 1.2 0.0 0.0 0.0 0.0 0.2 0.0 5.2
1962 0.1 1.2 2.9 3.6 6.8 1.2 0.0 0.4 0.2 0.0 0.0 0.0 16.2
1963 0.0 0.0 0.1 0.0 4.3 2.6 1.4 0.0 0.1 0.0 0.0 2.8 11.2
1964 0.3 1.9 0.0 2.3 0.4 2.3 1.0 0.5 0.0 0.0 0.0 0.0 8.6
1965 0.1 1.7 1.0 0.3 0.6 1.4 7.3 0.1 0.0 0.3 0.0 0.3 13.0


1966 0.0 10.0 6.2 0.9 1.1 0.9 0.1 0.0 0.0 0.0 0.0 0.1 19.3
1967 0.3 1.3 6.3 3.1 0.0 0.9 3.7 0.0 0.0 0.0 0.2 0.4 16.1
1968 0.0 4.4 2.7 0.8 0.4 2.5 1.1 0.3 0.0 0.2 0.0 0.0 12.2
1969 0.1 0.8 1.0 11.2 14.3 1.6 0.5 0.5 0.0 0.0 0.0 0.0 29.9
1970 0.0 1.4 0.0 1.5 1.7 6.6 0.1 0.0 0.0 0.0 0.0 0.0 11.4


1971 0.1 2.8 3.0 0.6 0.6 0.1 0.4 0.6 0.0 0.0 0.1 0.0 8.4
1972 1.0 0.1 4.4 0.0 0.4 0.0 0.3 0.3 0.4 0.0 0.5 0.5 7.8
1973 0.2 2.6 1.1 2.6 4.9 3.9 0.0 0.0 0.0 0.0 0.0 0.0 15.4
1974 0.0 1.2 0.1 6.8 0.0 2.8 0.3 0.0 0.0 0.0 0.0 0.0 11.2
1975 0.4 0.0 3.7 0.2 1.8 4.3 2.4 0.1 0.0 0.0 0.0 0.0 12.9


1976 0.0 1.0 0.8 0.0 5.8 1.7 1.1 0.2 0.0 0.0 0.0 2.5 13.2
1977 0.6 0.4 0.5 3.3 0.8 1.4 0.1 2.4 0.0 0.0 2.2 0.0 11.6
1978 0.0 0.0 3.1 8.6 7.3 11.0 1.2 0.0 0.0 0.0 0.1 2.1 33.5
1979 0.0 2.0 3.2 9.8 2.3 4.1 0.0 0.0 0.0 0.4 0.0 0.1 22.0
1980 0.3 0.9 0.5 10.0 12.7 2.8 0.6 0.1 0.0 0.0 0.0 0.0 27.9


1981 0.0 0.0 0.4 1.3 1.6 3.9 0.2 0.7 0.0 0.0 0.0 0.0 8.0
1982 0.2 1.6 0.3 2.9 1.1 7.6 1.2 0.2 0.0 0.0 0.0 0.6 15.7
1983 0.2 3.3 2.3 3.5 3.9 8.1 3.0 0.4 0.0 0.0 0.5 0.4 25.6
1984 2.6 2.2 2.5 0.2 0.0 0.1 0.6 0.0 0.0 0.1 0.1 0.2 8.6
1985 0.2 1.3 5.8 0.6 1.3 0.5 0.0 0.0 0.0 0.1 0.0 0.4 10.0


1986 0.2 3.7 0.6 1.1 2.9 2.8 0.4 0.0 0.0 0.1 0.3 0.6 12.6
1987 0.3 1.3 1.0 2.0 1.7 1.3 0.2 0.0 0.1 0.0 0.0 0.0 7.9
1988 3.8 2.5 3.6 3.1 1.2 0.8 2.4 0.1 0.0 0.0 0.0 0.1 17.5
1989 0.0 0.9 2.8 1.0 1.3 0.6 0.1 0.1 0.0 0.0 0.0 0.2 7.0
1990 0.2 0.1 0.0 2.0 2.1 0.3 0.7 0.8 0.3 0.0 0.0 0.1 6.6







TABLE A-1


Water Years
Station Name Wildomar
Operating Agency Riverside County Flood Control
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1914-2009


Monthly Precipitation Data
Wildomar, Water Years 1914-2009


Monthly Precipitation (Inches)


  33°37'30"
-117°20'06"


1991 0.0 0.6 0.1 1.1 2.9 9.8 0.0 0.0 0.0 0.1 0.1 0.0 14.6
1992 0.2 0.0 1.8 2.7 7.1 4.3 0.3 0.3 0.0 0.3 0.0 0.0 17.0
1993 0.7 0.0 4.5 15.4 9.4 1.2 0.0 0.1 0.4 0.0 0.0 0.0 31.5
1994 0.2 1.2 0.7 0.6 5.1 2.5 0.8 0.0 0.0 0.0 0.0 0.0 11.0
1995 0.4 0.9 0.5 11.6 2.3 5.1 1.7 0.4 0.4 0.1 0.0 0.0 23.4


1996 0.0 0.0 1.1 0.9 5.2 1.4 0.3 0.0 0.0 0.0 0.0 0.0 8.7
1997 0.4 1.8 2.2 4.9 0.7 0.0 0.1 0.0 0.0 0.0 0.0 0.7 10.9
1998 0.1 1.2 4.2 2.3 13.8 2.5 1.5 2.1 0.0 0.0 0.0 0.2 27.9
1999 0.0 1.0 0.8 0.9 0.9 0.2 2.0 0.1 0.3 0.6 0.0 0.0 6.6
2000 0.0 0.0 0.0 0.5 4.3 2.1 0.7 0.0 0.0 0.0 0.0 0.0 7.7


2001 0.8 0.1 0.0 3.5 5.9 0.9 0.9 0.0 0.0 0.0 0.0 0.0 12.1
2002 0.0 1.1 0.7 0.2 0.2 0.6 0.3 0.0 0.0 0.0 0.0 0.1 3.1
2003 0.0 1.4 2.2 0.0 8.1 3.7 1.8 0.3 0.0 0.2 0.0 0.0 17.8
2004 0.0 1.1 1.3 0.6 3.4 0.9 0.7 0.0 0.0 0.0 0.6 0.0 8.5
2005 7.0 1.5 4.2 8.2 10.6 1.1 0.7 0.5 0.0 0.2 0.0 0.7 34.8


2006 0.8 0.1 0.0 1.2 2.2 1.5 1.3 0.2 0.2 0.0 0.0 0.0 7.4
2007 0.1 0.2 0.9 0.1 1.4 0.6 0.5 0.0 0.0 0.0 0.0 0.5 4.2
2008 0.3 0.5 3.6 7.1 2.5 0.0 0.1 0.1 0.0 0.0 --- --- 14.1
2009 0.0 1.6 6.2 0.1 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.8


Mean 0.7 1.1 1.9 2.8 3.8 2.2 0.8 0.2 0.1 0.1 0.1 0.2 13.8
Max 7.0 3.7 6.2 15.4 13.8 9.8 3.0 2.1 0.4 0.6 0.6 0.7 34.8
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1


Data Source: Riverside County Flood Control
--- Data not available







TABLE A-2


Water Years
Station Name Santa Margarita Ecological Reserve North
Operating Agency San Diego State University Field Station
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL
2004 --- --- --- 0.5 3.7 0.4 0.6 0.0 0.0 0.0 0.0 0.0 ---
2005 6.5 2.0 4.1 9.8 7.4 1.4 1.1 0.2 0.0 0.2 0.0 0.2 33.1


2006 1.2 0.0 0.4 0.9 2.2 3.0 1.9 0.5 0.0 0.0 0.0 0.1 10.3
2007 0.0 0.2 0.9 --- 1.3 0.2 0.6 0.0 0.0 0.0 0.0 0.0 3.3
2008 0.3 3.7 1.3 6.6 2.9 0.1 0.0 1.4 0.0 0.0 0.0 0.0 16.2
2009 0.0 1.6 4.9 0.4 3.4 0.1 0.1 0.0 0.1 0.0 0.0 0.0 10.6


Mean 1.6 1.5 2.3 --- 3.5 0.9 0.7 0.4 0.0 0.0 0.0 0.1 14.7
Max 6.5 3.7 4.9 --- 7.4 3.0 1.9 1.4 0.1 0.2 0.0 0.2 33.1
Min 0.0 0.0 0.4 --- 1.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 3.3


Data Source: San Diego State University Field Station
--- Data not avalible


-117°10'15"


Monthly Precipitation (Inches)


Monthly Precipitation Data
Santa Margarita Ecological Reserve North, Water Years 2004-2009


2004-2009


33°27'28"







TABLE A-3


Water Years
Station Name Ammo Dump
Operating Agency MCBCP
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


2002 --- --- --- --- --- --- --- --- --- 0.0 0.0 0.1 0.1
2003 0.0 2.8 3.2 0.0 6.9 3.0 3.4 0.4 0.1 0.1 0.0 0.0 19.9
2004 0.0 0.6 1.2 0.4 3.7 0.8 0.7 0.0 0.0 0.0 0.0 0.0 7.4
2005 5.1 1.0 3.6 9.8 7.2 1.5 1.2 0.4 0.0 0.4 0.0 0.2 30.4


2006 1.1 0.0 0.7 0.9 2.1 3.1 2.2 0.4 0.0 0.0 0.0 0.0 10.6
2007 0.4 0.2 1.1 0.8 1.9 0.4 1.0 0.0 0.0 0.0 0.1 0.3 6.2
2008 0.4 3.1 1.7 6.1 3.1 0.0 0.0 0.7 0.0 0.0 0.0 0.0 15.0
2009 0.0 2.2 4.7 0.3 3.1 0.1 0.2 0.0 0.0 0.0 0.0 0.0 10.7


Mean 1.0 1.4 2.3 2.6 4.0 1.3 1.2 0.3 0.0 0.1 0.0 0.1 12.5
Max 5.1 3.1 4.7 9.8 7.2 3.1 3.4 0.7 0.1 0.4 0.1 0.3 30.4
Min 0.0 0.0 0.7 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1


Data Source: Marine Corps Base Camp Pendleton, Office of Water Resources (OWR)
--- Data not available
Estimated data


2002-2009


Monthly Precipitation Data
Ammo Dump, Water Years 2002-2009


Monthly Precipitation (Inches)


33°22'53"
-117°17'08"







TABLE A-4


Water Years
Station Name Lake O'Neill
Operating Agency MCBCP
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1876 --- --- --- --- --- --- --- --- --- 0.0 0.0 0.0 0.0
1877 0.0 0.0 0.0 2.1 0.2 1.2 0.6 1.0 0.0 0.0 0.0 0.0 5.2
1878 0.0 0.2 4.1 2.5 6.5 2.5 2.6 1.2 0.0 0.0 0.0 0.0 19.6
1879 0.2 0.0 1.4 2.0 0.8 0.5 0.8 0.0 0.0 0.0 0.0 0.0 5.8
1880 0.4 0.0 4.7 0.9 1.7 1.3 3.9 0.0 0.0 0.0 0.0 0.0 12.9


1881 0.8 0.3 4.9 1.9 0.3 1.3 0.4 0.0 0.0 0.0 0.0 0.0 9.7
1882 0.6 0.5 0.1 1.4 1.9 2.2 0.8 0.2 0.0 0.0 0.0 0.0 7.7
1883 0.7 0.9 0.2 0.9 1.1 1.2 0.6 2.6 0.0 0.0 0.0 0.0 8.1
1884 0.0 0.0 2.6 4.5 12.1 9.3 1.6 0.8 0.0 0.0 0.0 0.0 30.8
1885 0.3 1.0 7.0 0.3 0.0 0.6 2.5 0.0 0.0 0.0 0.0 0.0 11.6


1886 0.3 3.1 1.1 6.3 1.1 2.3 2.2 0.0 0.0 0.0 0.0 0.0 16.4
1887 0.1 0.6 0.3 0.4 5.2 0.3 1.6 0.5 0.0 0.0 0.0 0.0 9.1
1888 0.0 1.1 2.8 4.5 1.1 8.0 0.0 0.0 0.0 0.0 0.0 0.0 17.5
1889 0.9 2.2 5.3 0.5 1.3 4.3 0.3 0.6 0.0 0.0 0.3 0.0 15.6
1890 1.4 2.3 10.4 4.3 2.2 1.0 0.0 0.0 0.0 0.0 0.0 0.0 21.7


1891 0.0 0.2 2.4 0.2 9.3 0.7 0.9 0.5 0.0 0.0 0.0 0.0 14.2
1892 0.0 0.0 2.0 1.0 2.5 2.4 0.7 2.6 0.0 0.0 0.0 0.0 11.1
1893 0.2 1.3 1.7 3.8 2.3 8.4 0.4 0.0 0.0 0.0 0.0 0.0 18.1
1894 1.5 0.3 2.3 0.9 0.4 1.0 0.0 0.3 0.0 0.0 0.0 0.1 6.8
1895 0.0 0.0 5.9 7.0 1.4 2.6 0.4 0.0 0.0 0.0 0.0 0.0 17.4


1896 0.5 1.6 0.4 2.3 0.0 5.8 0.2 0.0 0.0 0.0 0.0 0.0 10.8
1897 1.3 1.9 2.1 3.8 4.4 2.8 0.0 0.2 0.0 0.0 0.0 0.4 16.9
1898 2.0 0.3 0.4 2.4 0.3 0.9 0.7 1.2 0.0 0.0 0.0 0.0 8.2
1899 0.0 0.1 0.9 5.0 0.5 1.9 0.2 0.8 0.0 0.0 0.0 0.2 9.5
1900 1.6 0.9 1.7 2.0 0.2 0.9 0.6 1.8 0.0 0.0 0.0 0.0 9.6


1901 0.3 7.7 0.0 4.6 4.9 0.3 0.3 0.9 0.0 0.0 0.0 0.0 19.0
1902 2.7 0.5 0.0 2.0 3.6 4.6 0.3 0.1 0.0 0.0 0.0 0.2 14.0
1903 0.3 1.0 3.7 2.0 2.9 5.8 3.6 0.0 0.0 0.0 0.0 0.0 19.4
1904 0.1 0.1 0.1 0.2 3.3 5.2 1.0 0.1 0.0 0.0 0.0 0.0 10.0
1905 0.1 0.0 2.1 2.6 8.4 5.3 0.5 1.2 0.0 0.0 0.0 0.0 20.2


1906 0.2 6.3 0.6 2.5 1.3 3.4 0.7 1.7 0.0 0.0 0.0 0.0 16.8
1907 0.0 1.5 4.7 7.3 3.1 3.5 0.4 0.0 0.3 0.0 0.0 0.1 20.9
1908 1.8 0.1 0.7 5.4 3.3 1.2 0.7 0.3 0.0 0.0 0.7 0.7 14.9
1909 0.3 1.1 1.0 6.6 4.6 3.8 0.3 0.0 0.0 0.0 0.0 0.0 17.7
1910 0.0 1.7 8.1 3.4 0.6 2.3 0.2 0.0 0.0 0.0 0.0 0.0 16.1


1911 0.6 0.4 0.4 4.9 4.4 2.4 0.5 0.0 0.0 0.0 0.0 0.0 13.5
1912 0.0 0.0 1.2 0.8 0.0 7.6 2.4 0.0 0.0 0.0 0.0 0.0 11.9
1913 0.4 0.8 0.4 2.0 6.3 0.8 0.3 0.0 0.0 0.0 0.0 0.0 10.9
1914 0.0 1.8 0.7 2.0 3.7 0.8 1.0 0.2 0.0 0.0 0.0 0.0 10.3
1915 0.0 1.6 2.9 6.8 6.5 1.1 0.0 0.0 0.0 0.0 0.0 0.0 18.9


1876-2009


Monthly Precipitation Data
Lake O'Neill, Water Years 1876-2009


Monthly Precipitation (Inches)


33°19'46"
-117°19'10"







TABLE A-4


Water Years
Station Name Lake O'Neill
Operating Agency MCBCP
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1876-2009


Monthly Precipitation Data
Lake O'Neill, Water Years 1876-2009


Monthly Precipitation (Inches)


33°19'46"
-117°19'10"


1916 0.0 0.0 3.6 12.9 0.5 1.1 0.0 0.0 0.0 0.0 0.0 1.3 19.4
1917 0.0 0.0 2.8 3.2 3.5 0.4 1.8 0.3 0.0 0.0 0.0 0.0 12.0
1918 0.0 1.2 2.3 2.4 2.9 6.5 0.0 0.0 0.0 0.0 0.0 0.0 15.3
1919 0.0 1.9 1.1 1.1 1.9 2.2 0.4 0.0 0.0 0.0 0.0 0.7 9.2
1920 1.0 0.4 1.7 0.5 2.3 3.0 0.6 0.6 0.0 0.0 0.0 0.0 10.1


1921 1.1 0.6 0.8 3.7 0.7 2.1 0.1 2.6 0.1 0.0 0.2 0.2 12.2
1922 1.0 1.1 10.3 4.0 3.1 2.0 0.3 0.3 0.1 0.0 0.0 0.0 22.3
1923 0.2 1.0 2.5 1.8 2.2 0.6 1.9 0.0 0.0 0.1 0.0 0.0 10.1
1924 0.6 0.8 1.4 0.5 0.0 4.0 0.9 0.0 0.0 0.0 0.0 0.0 8.2
1925 0.6 0.6 2.3 0.2 0.6 1.6 1.7 0.3 0.3 0.0 0.0 0.0 7.8


1926 2.7 0.6 0.9 0.4 4.7 0.1 8.7 0.0 0.0 0.0 0.0 0.0 18.1
1927 0.1 1.8 3.2 0.7 10.1 3.6 0.4 0.3 0.0 0.1 0.0 0.0 20.4
1928 0.8 3.3 4.2 0.6 1.2 1.5 0.1 0.1 0.0 0.0 0.0 0.0 11.9
1929 0.4 0.7 2.7 1.7 1.2 1.5 1.0 0.0 0.0 0.0 0.0 0.4 9.6
1930 0.1 0.0 0.0 5.9 1.0 3.3 0.3 3.6 0.0 0.0 0.0 0.0 14.1


1931 0.5 2.3 0.0 2.9 5.0 0.0 2.1 0.9 0.0 0.0 0.4 0.0 14.0
1932 0.9 2.6 6.1 1.5 5.7 0.3 0.8 0.0 0.0 0.0 0.0 0.0 17.9
1933 1.8 0.0 2.5 6.0 0.1 0.2 0.7 0.5 0.1 0.0 0.0 0.0 11.8
1934 0.4 0.3 3.5 0.8 1.8 1.2 0.0 0.0 1.1 0.0 0.1 0.3 9.3
1935 0.6 2.5 3.5 3.6 4.2 2.7 1.6 0.0 0.0 0.0 0.6 0.0 19.3


1936 0.1 0.8 0.6 0.7 7.0 1.2 0.5 0.0 0.0 0.0 0.0 0.0 10.9
1937 4.3 0.4 6.0 2.2 7.9 5.4 0.7 0.3 0.0 0.2 0.0 0.0 27.2
1938 0.0 0.1 2.0 1.4 6.0 7.2 1.0 0.5 0.1 0.0 0.0 0.0 18.3
1939 0.4 0.0 6.8 3.0 2.3 2.0 0.4 0.0 0.0 0.0 0.0 2.6 17.5
1940 0.5 0.7 0.4 6.0 5.3 0.1 3.3 0.0 0.0 0.0 0.0 0.0 16.3


1941 1.0 0.7 6.3 3.0 4.4 7.0 4.3 1.0 0.1 0.0 0.1 0.2 28.2
1942 2.5 1.4 4.7 0.6 1.4 1.4 2.2 0.1 0.0 0.0 0.2 0.0 14.4
1943 0.3 0.2 1.0 8.2 2.8 2.5 1.0 0.2 0.2 0.0 0.0 0.0 16.4
1944 0.2 0.0 5.5 0.7 3.9 0.7 0.6 0.0 0.1 0.0 0.0 0.0 11.8
1945 0.0 3.5 0.8 0.5 2.0 3.2 0.1 0.0 0.0 0.0 1.2 0.0 11.3


1946 0.0 0.5 3.6 0.4 0.9 1.9 0.5 0.1 0.0 0.0 0.0 0.0 7.9
1947 0.7 3.4 1.7 0.4 0.3 1.0 0.2 0.0 0.0 0.0 0.0 0.0 7.7
1948 0.2 0.1 1.7 0.1 1.9 1.2 0.7 0.0 0.1 0.0 0.0 0.0 5.9
1949 0.7 0.0 2.2 3.2 1.3 0.9 0.0 0.6 0.0 0.0 0.0 0.0 8.9
1950 0.1 1.0 0.9 2.0 1.3 0.7 0.4 0.2 0.0 0.0 0.0 0.1 6.7


1951 0.0 1.1 0.0 1.9 1.0 0.9 1.7 0.0 0.0 0.3 0.9 0.1 7.8
1952 1.3 0.6 4.5 4.3 0.4 4.1 1.5 0.0 0.0 0.0 0.0 0.1 16.7
1953 0.0 2.7 2.9 1.5 0.6 0.7 0.8 0.0 0.0 0.0 0.0 0.0 9.2
1954 0.2 0.6 0.1 4.3 1.8 3.5 0.1 0.0 0.1 0.4 0.0 0.0 11.1
1955 0.0 1.3 0.8 4.7 1.7 0.3 0.8 1.4 0.0 0.0 0.0 0.0 10.8







TABLE A-4


Water Years
Station Name Lake O'Neill
Operating Agency MCBCP
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1876-2009


Monthly Precipitation Data
Lake O'Neill, Water Years 1876-2009


Monthly Precipitation (Inches)


33°19'46"
-117°19'10"


1956 0.0 1.0 0.5 3.7 0.5 0.0 2.2 0.2 0.0 0.0 0.0 0.0 8.2
1957 0.0 0.0 0.5 5.8 0.8 2.0 1.2 0.8 0.4 0.0 0.0 0.0 11.6
1958 1.2 1.2 1.9 1.4 4.9 5.8 4.0 0.1 0.0 0.0 0.0 0.3 20.7
1959 0.0 0.1 0.0 0.5 5.1 0.0 0.7 0.1 0.0 0.0 0.1 0.2 6.9
1960 0.4 0.1 2.0 3.5 3.7 0.9 1.5 0.2 0.0 0.0 0.0 0.2 12.4


1961 0.1 2.3 0.0 1.1 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 4.3
1962 1.0 1.2 1.8 3.9 5.0 2.1 0.0 0.3 0.1 0.0 0.0 0.0 15.4
1963 0.0 0.0 0.0 0.0 2.4 1.1 1.3 0.1 0.2 0.0 0.1 3.0 8.2
1964 0.2 3.4 0.0 1.5 0.3 1.8 0.5 0.2 0.1 0.0 0.0 0.0 8.0
1965 0.3 1.4 1.5 0.5 0.4 1.2 4.6 0.0 0.0 0.1 0.0 0.4 10.3


1966 0.0 6.3 4.5 1.5 1.6 0.2 0.0 0.1 0.0 0.0 0.0 0.0 14.2
1967 0.4 1.6 5.7 3.8 0.0 1.7 2.3 0.2 0.2 0.0 0.0 0.2 16.1
1968 0.0 2.4 2.3 0.3 0.5 2.4 1.0 0.0 0.0 0.5 0.0 0.0 9.3
1969 0.1 1.0 1.3 7.8 10.6 1.3 0.5 0.2 0.1 0.0 0.0 0.0 22.9
1970 0.0 1.0 0.1 1.6 1.2 3.6 0.1 0.0 0.0 0.0 0.0 0.0 7.6


1971 0.0 2.5 3.0 1.0 0.8 0.3 1.1 0.9 0.0 0.0 0.0 0.0 9.6
1972 0.4 0.4 5.1 0.0 0.1 0.0 0.2 0.2 0.3 0.0 0.2 0.3 7.2
1973 0.5 3.2 1.5 3.4 3.7 3.9 0.0 0.0 0.0 0.0 0.0 0.0 16.2
1974 0.0 2.0 0.5 5.1 0.2 2.4 0.2 0.0 0.0 0.0 0.0 0.0 10.4
1975 1.2 0.4 2.8 0.4 2.1 2.7 3.0 0.1 0.2 0.0 0.0 0.0 12.7


1976 0.2 0.4 1.1 0.0 5.0 1.8 0.9 0.0 0.0 0.0 0.0 1.5 10.9
1977 0.1 0.5 1.3 3.3 0.8 1.2 0.1 1.8 0.0 0.0 2.1 0.0 11.1
1978 0.2 0.0 2.3 12.6 8.3 7.4 1.4 0.0 0.0 0.0 0.0 1.1 33.4
1979 0.0 2.2 2.0 6.2 2.5 4.3 0.0 0.1 0.0 0.0 0.1 0.0 17.4
1980 0.7 0.7 0.8 11.3 10.5 3.2 0.7 0.3 0.0 0.0 0.0 0.0 28.1


1981 0.4 0.0 1.5 1.9 2.0 3.3 0.9 0.0 0.0 0.0 0.0 0.0 9.9
1982 0.6 2.6 0.6 6.6 2.4 6.8 1.3 0.1 0.0 0.0 0.0 1.1 22.0
1983 0.1 2.9 2.0 3.7 4.0 8.7 1.7 1.0 0.0 0.0 0.2 0.6 24.9
1984 2.2 3.2 2.7 0.4 0.2 0.3 0.9 0.0 0.0 0.4 0.0 0.0 10.1
1985 0.4 2.6 6.1 1.0 2.6 1.4 0.0 0.0 0.1 0.0 0.0 0.0 14.1


1986 0.2 3.4 4.5 1.3 4.7 6.9 0.6 0.0 0.0 0.0 0.0 1.6 23.0
1987 0.1 1.5 1.5 2.4 1.3 1.8 0.3 0.0 0.0 0.2 0.1 0.2 9.4
1988 2.3 1.8 3.3 2.0 1.5 0.4 2.3 0.1 0.0 0.0 0.0 0.0 13.5
1989 0.0 1.7 3.6 0.4 0.7 1.0 0.2 0.4 0.0 0.0 0.0 0.2 8.2
1990 0.2 0.3 0.1 1.9 3.0 0.3 1.0 1.0 0.8 0.0 0.1 0.0 8.7


1991 0.0 0.9 0.4 1.2 4.9 5.4 0.0 0.0 0.0 0.1 0.0 0.0 13.0
1992 0.6 0.1 1.8 3.1 5.1 4.7 0.1 0.2 0.0 0.1 0.4 0.0 16.3
1993 0.5 0.0 3.2 13.7 5.7 1.4 0.0 0.0 0.7 0.0 0.1 0.0 25.2
1994 0.3 0.5 1.4 1.2 5.6 3.4 1.1 0.7 0.0 0.0 0.0 0.0 14.2
1995 0.3 1.0 0.9 12.7 1.4 9.3 0.0 0.0 0.0 0.1 0.0 0.0 25.7







TABLE A-4


Water Years
Station Name Lake O'Neill
Operating Agency MCBCP
Lattitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1876-2009


Monthly Precipitation Data
Lake O'Neill, Water Years 1876-2009


Monthly Precipitation (Inches)


33°19'46"
-117°19'10"


1996 0.0 0.0 0.3 1.8 3.1 2.1 0.7 0.6 0.0 0.0 0.0 0.0 8.6
1997 1.0 4.5 3.2 8.4 0.4 0.0 0.4 0.0 0.1 0.0 0.0 1.0 18.9
1998 0.0 2.2 2.3 2.5 15.4 3.3 2.4 2.4 0.3 0.0 0.0 0.2 30.8
1999 0.0 1.7 0.9 1.5 0.9 0.9 1.9 0.2 0.3 0.2 0.0 0.0 8.6
2000 0.0 0.0 0.1 0.9 4.6 2.1 0.9 0.1 0.0 0.0 0.0 0.3 8.9


2001 1.4 0.5 0.0 4.4 6.1 1.3 1.5 0.0 0.0 0.1 0.0 0.0 15.3
2002 0.0 1.2 1.0 0.6 0.3 1.5 0.5 0.0 0.0 0.0 0.0 0.2 5.2
2003 0.1 2.0 3.0 0.1 7.4 3.3 3.7 0.6 0.1 0.2 0.0 0.0 20.5
2004 0.0 0.9 1.5 0.5 4.1 0.0 0.7 0.9 0.0 0.0 0.0 0.0 8.6
2005 6.4 1.2 3.2 10.9 9.7 1.7 1.2 0.1 0.0 0.0 0.0 0.7 35.0


2006 1.2 0.1 0.2 1.6 1.7 3.0 2.0 0.6 0.1 0.0 0.0 0.0 10.2
2007 0.5 0.1 1.5 0.1 1.9 0.8 0.9 0.0 0.0 0.0 0.0 0.4 6.1
2008 0.3 2.0 2.7 5.8 3.2 0.1 0.0 0.7 0.0 0.0 0.0 0.0 14.8
2009 0.0 2.3 4.5 0.4 2.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 10.1


Mean 0.5 1.2 2.2 2.9 3.0 2.4 1.0 0.4 0.1 0.0 0.1 0.2 14.0
Max 6.4 7.7 10.4 13.7 15.4 9.3 8.7 3.6 1.1 0.5 2.1 3.0 35.0
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.3


Data Source: Marine Corps Base Camp Pendleton, Office of Water Resources (OWR)
--- Data not available
Estimated data







TABLE A-5


Water Years
Station Name Oceanside Marina
Operating Agency National Weather Service Cooperative Network
Latitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1944 --- --- 6.8 0.8 4.8 0.8 0.6 0.1 0.2 0.0 0.0 0.0 ---


1945 0.0 3.8 0.5 0.0 1.8 2.7 0.0 0.0 0.1 0.0 1.1 0.0 10.0
1946 0.1 0.5 3.2 0.4 1.0 2.2 0.7 0.2 0.0 0.1 0.0 0.0 8.4
1947 0.3 4.2 1.7 0.2 0.4 1.6 0.2 0.2 0.0 0.0 0.0 0.1 8.8
1948 0.1 0.3 1.8 0.0 1.8 1.4 0.7 0.0 0.2 0.0 0.0 0.0 6.3
1949 0.7 0.0 2.2 2.8 1.5 1.2 0.1 0.7 0.0 0.0 0.0 0.0 9.0


1950 0.1 0.9 0.5 2.9 1.9 0.7 0.4 0.1 0.0 0.0 0.0 0.0 7.5
1951 0.0 0.9 0.1 1.6 1.1 0.6 1.3 0.1 0.0 0.0 1.1 0.2 7.1
1952 1.2 1.0 4.5 4.2 0.4 4.4 1.3 0.0 0.0 0.0 0.0 0.0 17.0
1953 0.0 2.2 2.1 0.6 0.3 0.3 0.5 0.0 0.0 0.0 0.0 0.0 6.1
1954 0.3 0.7 0.1 2.2 1.1 2.9 0.1 0.0 0.0 0.2 0.0 0.0 7.5


1955 0.0 1.5 0.1 2.7 1.1 0.2 0.7 1.0 0.0 0.0 0.0 0.0 7.3
1956 0.0 0.7 0.2 2.9 0.3 0.0 2.7 0.2 0.0 0.0 0.0 0.0 7.0
1957 0.1 0.0 0.3 5.7 0.4 1.4 0.7 1.3 0.2 0.0 0.0 0.0 10.2
1958 2.0 0.7 1.2 1.7 3.8 3.7 2.9 0.4 0.0 0.0 0.0 0.1 16.5
1959 0.1 0.1 0.1 0.3 3.1 0.0 0.6 0.0 0.0 0.0 0.0 0.1 4.2


1960 0.2 0.1 1.6 2.6 2.1 0.8 1.2 0.1 0.0 0.0 0.0 0.6 9.3
1961 0.0 1.3 0.1 0.9 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 3.8
1962 0.2 0.8 1.3 2.5 3.9 1.4 0.0 0.4 0.1 0.0 0.0 0.0 10.6
1963 0.0 0.0 0.1 0.0 2.5 1.9 0.9 0.1 0.2 0.0 0.0 3.1 8.9
1964 0.2 2.7 0.1 1.5 0.3 1.0 0.3 0.1 0.1 0.0 0.0 0.0 6.2


1965 0.3 1.3 0.8 0.6 1.1 1.5 3.8 0.0 0.1 0.1 0.0 0.2 9.8
1966 0.0 6.3 4.1 1.2 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 12.9
1967 0.4 2.1 3.5 2.6 0.0 2.4 2.4 0.1 0.1 0.0 0.0 0.1 13.5
1968 0.0 2.6 2.4 0.3 0.7 2.2 0.4 0.1 0.0 0.4 0.0 0.0 9.1
1969 0.2 0.7 0.9 5.1 6.4 1.3 0.5 0.2 0.2 0.1 0.0 0.0 15.5


1970 0.0 1.1 0.2 1.2 2.0 1.6 0.1 0.0 0.0 0.0 0.0 0.0 6.2
1971 0.0 2.3 2.9 0.4 1.3 0.1 0.9 0.7 0.0 0.0 0.0 0.0 8.6
1972 0.7 0.1 3.4 0.0 0.1 0.0 0.1 0.2 0.2 0.0 0.0 0.2 4.9
1973 0.9 2.6 1.2 2.2 2.7 2.6 0.0 0.0 0.0 0.0 0.0 0.0 12.3
1974 0.0 1.7 0.2 3.8 0.1 2.6 0.1 0.2 0.1 0.0 0.0 0.0 8.7


1975 0.9 0.2 2.1 0.4 2.2 3.6 3.6 0.0 0.3 0.0 0.0 0.0 13.3
1976 0.1 0.7 0.8 0.0 4.6 1.5 1.5 0.1 0.2 0.3 0.0 2.2 12.0
1977 0.2 0.5 0.6 4.1 0.4 1.6 0.0 1.3 0.2 0.0 2.8 0.0 11.7
1978 0.0 0.0 1.9 8.0 5.5 6.7 1.2 0.0 0.0 0.0 0.0 1.2 24.6
1979 0.0 1.2 1.7 4.9 1.5 3.0 0.0 0.0 0.0 0.0 0.1 0.0 12.6


1943-2008


Monthly Precipitation Data
Oceanside Marina, Water Years 1943-2008


Monthly Precipitation (Inches)


33°12'35"
-117°23'42"







TABLE A-5


Water Years
Station Name Oceanside Marina
Operating Agency National Weather Service Cooperative Network
Latitude
Longitude


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1943-2008


Monthly Precipitation Data
Oceanside Marina, Water Years 1943-2008


Monthly Precipitation (Inches)


33°12'35"
-117°23'42"


1980 0.8 0.7 0.3 8.0 6.6 2.6 0.7 1.1 0.0 0.0 0.0 0.0 20.7
1981 0.6 0.0 0.8 1.4 1.4 2.5 0.4 0.0 0.0 0.0 0.0 0.0 7.3
1982 0.1 2.0 0.5 3.3 0.7 4.9 0.8 0.1 0.2 0.0 0.0 0.6 13.1
1983 0.1 1.6 1.6 2.2 2.9 6.4 3.5 0.1 0.0 0.0 0.3 0.9 19.5
1984 1.4 1.9 2.3 0.2 0.2 0.0 0.9 0.0 0.1 0.0 0.0 0.1 7.1


1985 0.3 1.2 4.0 0.8 1.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 7.8
1986 0.2 3.6 1.2 0.7 2.8 2.6 0.6 0.0 0.0 0.0 0.0 1.3 13.1
1987 0.0 1.2 1.2 1.8 1.7 0.8 0.7 0.0 0.0 0.0 0.0 0.0 7.3
1988 2.6 0.8 2.8 1.1 1.1 0.2 3.4 0.0 0.0 0.0 0.3 0.0 12.3
1989 0.0 1.3 3.5 0.4 0.7 0.8 0.0 0.5 0.0 0.0 0.0 0.3 7.6


1990 0.4 0.0 0.0 1.7 1.3 0.2 1.2 0.9 0.7 0.0 0.1 0.0 6.4
1991 0.0 0.5 0.1 0.9 1.8 5.3 0.0 0.0 0.0 0.1 0.0 0.0 8.7
1992 0.3 0.0 1.7 2.3 3.7 3.2 0.0 0.0 0.0 0.0 0.2 0.0 11.4
1993 0.2 0.0 2.4 8.8 3.3 1.3 0.0 0.0 0.6 0.0 0.0 0.0 16.5
1994 0.0 0.6 0.4 0.4 2.9 2.5 0.2 0.0 0.0 0.0 0.0 0.0 7.1


1995 0.0 0.1 0.2 7.5 0.6 4.7 1.8 0.1 0.4 0.1 0.0 0.0 15.5
1996 0.0 0.1 0.8 1.4 2.6 0.9 0.3 0.0 0.0 0.0 0.0 0.0 6.1
1997 0.8 2.5 2.4 4.2 0.3 0.0 0.9 0.0 0.0 0.0 0.0 1.0 12.2
1998 0.0 1.8 1.3 1.6 8.5 1.4 2.9 1.3 0.0 0.0 0.0 0.7 19.4
1999 0.0 1.0 0.6 1.5 0.7 1.0 1.1 0.0 0.0 0.0 0.0 0.0 5.9


2000 0.0 0.0 0.0 0.8 3.1 1.2 0.6 0.0 0.0 0.0 0.0 0.1 5.8
2001 2.1 0.2 0.0 2.7 3.9 0.6 1.0 0.0 0.0 0.0 0.0 0.0 10.5
2002 0.0 1.1 1.3 0.4 0.4 0.6 0.4 0.0 0.0 0.0 0.0 0.3 4.5
2003 0.1 1.2 2.0 0.2 5.1 1.3 2.4 0.1 0.2 0.1 0.1 0.0 12.9
2004 0.1 0.6 0.7 0.4 3.3 0.3 0.5 0.0 0.0 0.0 0.0 0.0 5.8


2005 5.1 0.4 2.8 5.2 6.4 1.0 0.8 0.0 0.0 0.0 0.0 0.4 22.2
2006 1.1 0.3 0.4 0.6 1.1 --- 1.1 0.6 0.2 0.0 0.0 0.0 ---
2007 0.2 0.0 --- --- --- 0.1 --- 0.0 0.0 --- --- --- ---
2008 --- 0.0 1.2 4.6 --- --- --- --- --- --- 0.0 0.0 ---


Mean 0.6 0.9 1.3 2.1 2.4 1.7 1.0 0.1 0.1 0.0 0.0 0.2 10.4
Max 5.1 3.6 4.0 8.8 8.5 6.4 3.5 1.3 0.7 0.1 0.3 1.3 24.6
Min 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.8


Data Source: Western Regional Climate Center
--- Data not available
Estimated data
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Cumulative Departure From Mean, %
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FIGURE A-1
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Estimated Precipitation Using Linear Regression, Inches
Annual Precipitation, Inches
Mean Annual Precipitation, Inches
Cumulative Departure From Mean, %
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FIGURE A-2
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Appendix B Streamflow Data and Graphs 


  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







 







TABLE B-1


Water Years
Station Name Santa Margarita River Near Temecula
Station ID Number 11044000
Operating Agency USGS
Latitude 33°28'26"
Longitude -117°08'29"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1923 --- --- --- --- 1,093 1,025 620 396 388 310 269 344 4,445
1924 393 616 762 774 501 913 951 410 206 204 222 218 6,169
1925 232 533 698 738 421 425 492 226 218 209 148 166 4,505


1926 304 475 598 507 826 495 5,231 484 267 139 117 138 9,581
1927 292 537 735 705 66,942 1,660 899 503 345 168 139 242 73,166
1928 387 661 807 664 648 663 249 241 189 137 120 185 4,952
1929 423 560 680 727 685 610 426 223 185 95 136 180 4,931
1930 248 185 306 2,442 616 1,362 445 853 383 314 276 282 7,712


1931 362 464 470 533 1,337 363 327 335 223 171 177 208 4,970
1932 324 415 1,759 731 25,002 1,667 529 534 418 327 301 313 32,318
1933 459 442 682 1,503 684 608 524 500 321 255 258 295 6,532
1934 343 403 582 660 622 501 348 251 275 228 182 195 4,590
1935 307 372 856 911 1,305 1,109 531 387 257 225 227 232 6,719


1936 293 384 469 494 2,965 617 517 283 215 171 171 199 6,778
1937 388 390 5,105 2,394 25,103 20,801 3,685 1,137 593 462 410 392 60,859
1938 452 542 689 688 2,077 61,906 2,321 1,148 662 516 473 449 71,925
1939 562 600 2,295 1,589 3,878 1,720 1,020 722 575 486 467 1,157 15,071
1940 608 642 738 4,141 3,372 845 1,214 626 487 346 356 394 13,768


1941 540 631 6,143 970 8,263 24,127 13,468 2,469 897 609 593 577 59,287
1942 728 831 1,448 1,839 1,974 2,095 1,384 746 631 471 460 483 13,089
1943 562 602 696 22,719 6,214 12,109 1,958 718 608 499 472 458 47,615
1944 562 640 1,450 1,055 8,428 2,346 879 774 623 526 467 469 18,218
1945 520 2,337 908 922 1,238 3,176 1,053 668 547 453 580 540 12,941


1946 555 641 2,186 908 849 1,892 1,071 588 409 598 417 409 10,523
1947 539 1,007 1,139 877 722 716 576 566 533 408 304 386 7,772
1948 438 515 697 593 786 613 556 467 391 327 274 258 5,916
1949 348 385 521 790 630 572 472 412 333 288 283 273 5,308
1950 331 390 488 518 440 427 345 303 269 235 197 221 4,164


1951 278 333 351 396 326 350 277 262 190 144 242 190 3,341
1952 223 268 1,380 15,439 613 13,044 1,364 382 305 240 219 211 33,688
1953 254 439 877 576 387 416 297 272 226 268 392 390 4,794
1954 371 330 365 1,344 1,819 1,214 457 309 247 212 260 229 7,157
1955 305 425 460 948 507 422 308 368 265 236 272 233 4,749


1956 246 259 355 597 404 366 381 332 244 183 190 193 3,750
1957 190 218 237 637 409 611 244 242 206 170 166 141 3,472
1958 232 230 318 311 1,775 3,125 10,562 339 236 208 363 267 17,966
1959 181 205 264 298 562 356 310 218 153 133 169 180 3,032
1960 183 226 321 442 468 456 324 266 218 131 117 132 3,284


1923-2009


Monthly Streamflow Data
Santa Margarita River Near Temecula, Water Years 1923-2009


Monthly Streamflow (acre-feet)







TABLE B-1


Water Years
Station Name Santa Margarita River Near Temecula
Station ID Number 11044000
Operating Agency USGS
Latitude 33°28'26"
Longitude -117°08'29"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1923-2009


Monthly Streamflow Data
Santa Margarita River Near Temecula, Water Years 1923-2009


Monthly Streamflow (acre-feet)


1961 197 200 231 255 280 228 199 197 170 178 177 178 2,490
1962 173 189 276 427 1,462 351 238 224 182 163 162 167 4,014
1963 178 181 180 183 1,743 279 218 191 165 150 149 171 3,788
1964 177 154 169 239 190 267 229 168 152 125 132 145 2,146
1965 127 141 166 168 141 158 521 168 154 177 164 163 2,248


1966 150 3,169 2,548 290 227 271 182 152 145 144 117 123 7,519
1967 126 132 1,437 983 254 290 405 262 208 168 159 164 4,589
1968 170 237 320 234 185 220 162 159 136 140 163 217 2,343
1969 163 182 172 7,139 35,453 1,025 282 212 188 144 136 124 45,219
1970 132 147 222 260 287 2,884 189 147 140 109 89 86 4,692


1971 131 260 855 291 249 196 184 176 165 137 114 144 2,903
1972 142 158 910 266 248 198 140 152 152 93 79 100 2,638
1973 196 427 252 436 2,337 907 231 192 130 116 119 115 5,458
1974 157 204 204 2,328 218 381 171 173 135 119 110 111 4,311
1975 123 134 262 164 189 502 371 159 128 97 93 95 2,317


1976 125 130 146 144 589 356 196 146 114 94 95 826 2,961
1977 131 128 154 607 134 170 148 322 106 85 115 87 2,188
1978 105 126 288 16,849 10,720 26,910 1,211 464 409 199 102 141 57,522
1979 113 243 431 8,361 2,575 3,910 831 173 124 84 76 99 17,020
1980 102 148 131 10,570 63,554 19,020 5,092 2,868 162 280 176 97 102,199


1981 133 125 271 317 355 573 216 158 187 174 122 174 2,804
1982 77 95 137 1,984 424 7,464 1,045 371 159 108 101 108 12,072
1983 97 601 773 1,357 3,803 22,875 2,517 689 203 172 130 101 33,318
1984 155 248 675 190 163 134 85 67 43 36 56 97 1,949
1985 133 105 1,347 173 188 150 81 125 164 176 221 169 3,031


1986 146 1,952 183 183 1,298 2,123 140 90 108 189 169 148 6,728
1987 207 163 56 339 118 216 78 93 82 71 70 79 1,571
1988 308 300 433 1,054 186 22 359 35 113 76 108 114 3,109
1989 83 16 354 182 102 141 19 159 155 157 176 246 1,790
1990 273 30 31 599 966 63 165 286 223 109 131 218 3,093


1991 230 85 69 161 5,330 19,971 400 159 137 149 200 236 27,126
1992 259 66 391 1,701 8,129 5,173 448 585 257 175 180 177 17,540
1993 253 82 966 77,145 41,094 5,917 2,949 2,447 372 147 614 459 132,446
1994 662 207 202 303 3,865 1,222 562 319 367 213 218 246 8,386
1995 204 203 183 14,457 6,429 16,547 2,220 479 237 272 226 254 41,711


1996 206 143 165 583 1,382 639 157 299 326 195 211 218 4,526
1997 242 1,072 534 3,843 250 230 379 356 211 188 186 239 7,731
1998 187 172 1,991 2,001 32,778 4,707 2,775 2,432 266 260 209 229 48,006
1999 188 338 258 406 359 262 654 307 271 254 201 192 3,689
2000 219 17 20 36 2,998 903 399 214 210 217 204 189 5,626







TABLE B-1


Water Years
Station Name Santa Margarita River Near Temecula
Station ID Number 11044000
Operating Agency USGS
Latitude 33°28'26"
Longitude -117°08'29"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1923-2009


Monthly Streamflow Data
Santa Margarita River Near Temecula, Water Years 1923-2009


Monthly Streamflow (acre-feet)


2001 298 192 87 1,634 4,086 762 482 228 206 219 229 212 8,633
2002 220 672 369 286 240 249 209 225 215 219 215 231 3,348
2003 192 271 1,360 732 8,904 5,409 2,350 676 549 517 497 477 21,934
2004 495 443 755 510 2,898 601 470 267 209 188 195 182 7,213
2005 7,789 1,399 7,073 34,748 27,007 3,703 1,082 974 722 651 597 586 86,331


2006 719 521 335 1,398 2,166 2,023 2,647 365 295 277 271 248 11,263
2007 247 279 256 489 601 511 512 239 200 193 187 180 3,893
2008 191 2,998 2,241 11,378 2,208 411 387 1,250 583 495 469 455 23,064
2009 480 916 5,776 634 3,798 664 645 224 680 708 241 176 14,943


Mean 369 460 878 3,272 5,265 3,769 1,060 469 285 238 230 251 16,488
Max 7,789 3,169 7,073 77,145 66,942 61,906 13,468 2,868 897 708 614 1,157 132,446
Min 77 16 20 36 102 22 19 35 43 36 56 79 1,571


Data Source: http://waterdata.usgs.gov/
--- Data not available
Latitude and Longitude referenced to North American Datum of 1927 







TABLE B-2


Water Years
Station Name Santa Margarita River at FPUD Sump Near Fallbrook
Station ID Number
Operating Agency USGS
Lattitude 33°41'36"
Longitude -117°24'03"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1990 413 149 102 992 1,264 154 268 386 346 130 61 73 4,337


1991 265 176 173 286 2,779 30,139 1,002 406 346 259 330 297 36,460
1992 379 88 1,055 1,857 9,312 4,790 842 848 344 253 323 406 20,496
1993 294 194 1,913 89,874 47,780 7,999 4,189 3,354 1,496 703 622 537 158,955
1994 966 495 457 656 4,951 1,547 947 592 492 262 277 310 11,953
1995 285 293 307 19,997 7,706 21,951 2,999 1,228 759 531 438 411 56,905


1996 477 708 618 607 2,355 1,198 517 476 293 187 212 216 7,865
1997 358 1,450 1,134 5,676 868 505 729 376 145 278 214 305 12,037
1998 318 370 2,280 3,039 42,588 6,545 3,729 3,584 796 483 255 305 64,292
1999 418 676 484 685 598 553 904 434 392 394 259 271 6,069
2000 238 113 134 196 3,309 1,461 741 425 251 162 247 184 7,462


2001 425 352 380 1,718 4,267 1,583 880 468 283 192 224 183 10,954
2002 231 741 410 426 339 294 290 335 176 224 205 118 3,790
2003 219 428 1,267 829 11,710 6,960 2,545 1,349 811 613 473 500 27,705
2004 455 514 864 825 3,184 824 516 308 223 162 176 183 8,236
2005 10,380 1,558 10,544 32,091 31,226 5,631 3,015 1,732 940 837 747 718 99,419


2006 1,088 819 596 1,938 2,223 2,781 3,017 567 447 270 259 214 14,218
2007 351 380 434 734 950 801 833 377 269 218 204 188 5,739
2008 634 2,600 4,893 9,873 3,489 826 978 1,167 622 456 594 1,222 27,352
2009 488 1,054 6,328 990 5,472 966 744 463 857 708 271 136 18,476


Mean 934 658 1,719 8,664 9,319 4,875 1,484 944 514 366 320 339 30,136
Median 396 461 607 991 3,399 1,504 892 472 369 266 259 284 13,127
Max 10,380 2,600 10,544 89,874 47,780 30,139 4,189 3,584 1,496 837 747 1,222 158,955
Min 219 88 102 196 339 154 268 308 145 130 61 73 3,790


Data Source: http://waterdata.usgs.gov/
Latitude and Longitude referenced to North American Datum of 1927 


1990-2009


Monthly Streamflow Data
Santa Margarita River at FPUD Sump Near Fallbrook, Water Years 1990-2009


Monthly Streamflow (acre-feet)


11044300







TABLE B-3


Water Years
Station Name Sandia Creek Near Fallbrook
Station ID Number
Operating Agency USGS
Lattitude 33°42'44"
Longitude -117°24'83"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1990 67 87 116 244 456 263 293 178 124 33 31 26 1,919


1991 68 101 130 170 297 3,985 868 432 304 97 96 75 6,624
1992 74 80 181 325 1,068 1,281 650 485 240 183 148 77 4,791
1993 129 122 204 14,594 7,103 2,218 861 580 479 223 91 74 26,677
1994 140 169 180 204 704 424 359 303 134 56 25 28 2,727
1995 81 127 147 4,680 2,057 4,905 1,666 675 464 253 122 73 15,250


1996 94 128 171 244 489 528 222 134 61 19 2 4 2,095
1997 32 206 499 1,768 1,073 443 247 133 99 42 16 31 4,591
1998 41 129 340 650 6,020 1,966 1,371 1,127 564 332 168 191 12,899
1999 159 236 268 199 214 222 278 132 79 38 26 46 1,897
2000 70 116 142 157 587 674 377 235 149 137 76 110 2,831


2001 219 254 272 461 794 828 495 346 222 146 137 119 4,292
2002 141 262 276 228 204 197 184 142 101 81 87 85 1,988
2003 166 275 583 288 1,339 1,714 1,168 701 521 347 230 230 7,562
2004 228 340 347 401 646 499 349 251 205 161 161 147 3,735
2005 1,010 752 936 7,615 6,420 1,783 1,087 625 519 361 296 268 21,672


2006 320 284 303 553 413 689 698 378 283 174 173 148 4,416
2007 232 231 290 281 313 301 272 214 206 188 163 196 2,887
2008 220 405 760 1,957 1,373 717 402 382 183 105 83 79 6,666
2009 75 165 704 442 693 446 276 239 171 76 48 42 3,376


Mean 178 224 342 1,773 1,613 1,204 606 385 255 153 109 102 6,945
Median 135 187 274 363 698 681 389 325 206 141 94 78 4,354
Max 1,010 752 936 14,594 7,103 4,905 1,666 1,127 564 361 296 268 26,677
Min 32 80 116 157 204 197 184 132 61 19 2 4 1,897


Data Source: http://waterdata.usgs.gov/
Latitude and Longitude referenced to North American Datum of 1927 


1990-2009


Monthly Streamflow Data
Sandia Creek Near Fallbrook, Water Years 1990-2009


Monthly Streamflow (acre-feet)


11044350







TABLE B-4 


Water Years
Station Name DeLuz Creek Near DeLuz
Station ID Number
Operating Agency USGS
Lattitude 33°41'97"
Longitude -117°32'08"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1999 56 204 208 227 183 167 260 64 32 0 0 0 1,400
2000 0 0 3 20 680 937 164 62 2 0 0 0 1,867


2001 15 25 16 131 997 750 294 202 67 0 0 0 2,498
2002 0 88 59 42 33 39 15 0 0 0 0 0 277
2003 0 2 311 114 1,856 2,810 752 502 293 54 2 5 6,702
2004 9 66 152 74 702 387 137 32 12 0 0 0 1,572
2005 911 370 1,030 12,970 9,495 2,922 763 395 190 108 85 86 29,323


2006 133 95 95 207 239 876 670 217 64 5 0 0 2,601
2007 16 20 39 51 87 45 5 0 0 0 0 0 264
2008 0 4 127 1,455 972 396 163 20 0 0 0 0 3,136
2009 0 0 358 113 522 182 60 0 0 0 0 0 1,236


Mean 104 79 218 1,400 1,433 865 298 136 60 15 8 8 4,625
Median 9 25 127 114 680 396 164 62 12 0 0 0 1,867
Max 911 370 1,030 12,970 9,495 2,922 763 502 293 108 85 86 29,323
Min 0 0 3 20 33 39 5 0 0 0 0 0 264


Data Source: http://waterdata.usgs.gov/
Latitude and Longitude referenced to North American Datum of 1927 


1999-2009


Monthly Streamflow Data
DeLuz Creek Near DeLuz, Water Years 1999-2009


Monthly Streamflow (acre-feet)


11044800







TABLE B-5


Water Years
Station Name Fallbrook Creek Near Fallbrook
Station ID Number 11045300
Operating Agency USGS
Latitude 33°20'49"
Longitude -117°19'01"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1994 14 33 38 54 300 190 114 48 20 5 2 0 818
1995 1 8 20 1,136 201 1,466 222 107 89 45 25 12 3,332


1996 18 28 46 100 214 135 49 76 29 5 1 1 702
1997 2 199 197 636 122 67 48 24 9 2 2 5 1,312
1998 6 61 136 152 1,996 403 335 202 68 50 24 24 3,457
1999 24 58 64 78 61 44 79 25 22 11 4 1 470
2000 1 2 11 23 168 124 50 25 2 0 0 0 406


2001 1 19 11 144 259 92 62 29 10 1 0 0 627
2002 0 5 27 26 21 20 20 9 0 0 0 0 127
2003 0 13 112 22 351 225 169 35 26 12 1 0 967
2004 1 5 29 26 155 37 23 8 0 0 0 0 284
2005 211 37 175 1,539 1,420 290 113 48 37 27 14 13 3,924


2006 25 22 22 63 63 97 95 29 13 2 2 0 434
2007 4 18 26 33 65 31 21 11 2 0 0 0 211
2008 0 1 108 308 189 57 32 11 12 2 1 0 722
2009 0 5 212 36 118 30 12 3 1 0 0 0 419


Mean 19 32 77 274 356 207 90 43 21 10 5 4 1,138
Max 211 199 212 1,539 1,996 1,466 335 202 89 50 25 24 3,924
Min 0 1 11 22 21 20 12 3 0 0 0 0 127


Data Source: http://waterdata.usgs.gov/
Latitude and Longitude referenced to North American Datum of 1927 


1994-2009


Monthly Streamflow Data
Fallbrook Creek Near Fallbrook, Water Years 1994-2009


Monthly Streamflow (acre-feet)







TABLE B-6


Water Years
Station Name Santa Margarita River at Ysidora
Station ID Number 11046000
Operating Agency USGS
Latitude 33°18'40"
Longitude -117°20'47"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1923 --- --- --- --- --- 941 87 8 0 0 0 0 1,036
1924 0 0 435 601 234 531 538 19 0 0 0 0 2,358
1925 0 0 165 395 74 73 79 5 0 0 0 0 790


1926 0 0 19 10 1,139 208 14,207 148 22 0 0 0 15,753
1927 --- --- --- --- --- --- --- --- --- --- --- --- ---
1928 --- --- --- --- --- --- --- --- --- --- --- --- ---
1929 --- --- --- --- --- --- --- --- --- --- --- --- ---
1930 --- --- --- --- --- --- --- --- --- --- --- --- ---


1931 5 36 58 235 2,464 468 201 121 43 8 8 3 3,650
1932 24 74 2,813 1,886 31,230 3,578 485 330 99 26 17 28 40,592
1933 97 92 611 2,778 1,579 627 309 176 69 62 58 68 6,526
1934 87 77 367 3,164 524 428 140 76 70 32 24 24 5,011
1935 51 94 991 1,948 3,661 3,971 1,232 301 300 166 141 137 12,992


1936 136 145 153 157 7,352 1,059 1,148 261 247 194 110 94 11,057
1937 141 143 5,747 8,172 55,652 36,004 8,489 2,125 671 28 24 0 117,197
1938 39 42 684 1,089 5,230 106,364 5,340 2,680 510 30 0 0 122,006
1939 0 158 4,430 3,713 7,797 3,540 1,978 477 3 0 0 803 22,900
1940 299 442 638 7,008 9,521 1,922 2,136 342 0 0 0 0 22,307


1941 0 0 8,674 2,715 16,921 53,570 27,652 6,180 1,708 156 5 0 117,581
1942 816 1,309 3,003 3,513 2,525 3,011 2,051 628 83 0 0 0 16,939
1943 0 36 541 32,700 13,303 22,173 4,296 1,060 166 0 0 0 74,276
1944 0 0 3,281 1,747 14,259 6,428 1,456 467 150 0 0 0 27,789
1945 0 3,917 1,061 1,043 2,862 8,789 2,152 397 55 0 0 0 20,277


1946 0 0 4,038 1,101 1,039 2,585 2,721 155 0 35 0 0 11,675
1947 0 1,323 2,195 1,515 946 705 242 4 0 0 0 0 6,930
1948 0 0 0 0 203 175 184 0 0 0 0 0 562
1949 0 0 0 0 171 308 0 0 0 0 0 0 479
1950 0 0 0 0 0 0 0 0 0 0 0 0 0


1951 0 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 21,457 794 21,283 3,665 434 0 0 0 0 47,633
1953 0 0 0 1,025 7 2 0 0 0 0 0 0 1,034
1954 0 0 0 339 3,281 2,799 1,287 30 0 0 0 0 7,737
1955 0 0 0 0 0 0 0 0 0 0 0 0 0


1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 7,654 22,539 180 1 0 0 0 30,373
1959 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0 0


1923-2009


Monthly Streamflow Data
Santa Margarita River at Ysidora, Water Years 1923-2009


Monthly Streamflow (acre-feet)







TABLE B-6


Water Years
Station Name Santa Margarita River at Ysidora
Station ID Number 11046000
Operating Agency USGS
Latitude 33°18'40"
Longitude -117°20'47"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1923-2009


Monthly Streamflow Data
Santa Margarita River at Ysidora, Water Years 1923-2009


Monthly Streamflow (acre-feet)


1961 0 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0


1966 0 2,482 2,382 1,123 713 93 24 9 0 0 0 0 6,826
1967 0 0 4,407 2,950 1,361 623 916 125 14 4 0 0 10,400
1968 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 21,675 79,902 11,320 3,003 703 91 31 22 18 116,764
1970 14 14 15 18 18 4,499 47 12 7 5 0 0 4,647


1971 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 3,041 3,379 423 56 25 4 0 0 6,928
1974 0 0 0 2,026 122 348 26 0 0 0 0 0 2,522
1975 0 0 0 0 0 0 0 0 0 0 0 0 0


1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 46,042 41,341 65,831 2,650 1,014 267 1 0 0 157,147
1979 0 0 1,664 14,882 14,327 10,526 6,337 1,743 719 193 0 0 50,392
1980 0 0 0 25,742 129,344 37,190 9,134 3,241 122 104 49 40 204,968


1981 740 714 1,613 1,347 1,617 3,104 1,313 837 193 0 0 0 11,476
1982 0 204 579 5,088 3,414 13,146 4,461 1,297 716 371 0 0 29,275
1983 138 2,919 3,750 6,157 11,990 49,018 11,992 5,476 1,771 596 1,941 251 95,998
1984 2,416 3,687 7,595 2,156 1,228 744 247 97 0 0 0 0 18,170
1985 0 0 3,949 1,474 2,255 1,440 862 391 0 0 0 0 10,371


1986 0 2,226 1,252 327 5,233 11,294 1,920 723 656 59 0 297 23,988
1987 401 1,014 1,071 1,533 1,014 237 254 115 6 0 0 0 5,645
1988 302 2,072 2,182 2,613 889 663 641 438 42 0 0 0 9,843
1989 0 89 1,030 660 459 371 287 257 173 0 0 0 3,326
1990 0 291 1 443 946 357 525 346 380 51 0 0 3,340


1991 0 85 351 292 946 30,706 2,372 766 434 245 133 169 36,499
1992 101 120 739 3,336 11,429 11,199 3,765 1,430 715 359 193 91 33,477
1993 364 174 2,778 139,047 71,956 15,170 7,012 4,276 1,837 564 500 309 243,988
1994 1,107 525 719 981 7,139 4,352 2,148 1,319 499 160 0 0 18,950
1995 0 73 547 42,430 19,888 55,087 8,099 3,872 1,876 593 278 213 132,956


1996 131 235 624 758 4,491 3,894 737 258 54 0 0 0 11,181
1997 0 2,412 2,751 14,509 4,138 1,722 617 282 25 0 0 0 26,455
1998 0 406 2,605 3,907 66,266 14,729 11,328 7,448 2,176 620 281 416 110,182
1999 306 1,140 1,077 1,807 1,254 --- --- --- --- --- --- --- 5,584
2000 --- --- --- --- --- --- --- --- --- --- --- --- ---







TABLE B-6


Water Years
Station Name Santa Margarita River at Ysidora
Station ID Number 11046000
Operating Agency USGS
Latitude 33°18'40"
Longitude -117°20'47"


Water
Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL


1923-2009


Monthly Streamflow Data
Santa Margarita River at Ysidora, Water Years 1923-2009


Monthly Streamflow (acre-feet)


2001 --- --- --- --- --- --- --- --- --- --- --- --- ---
2002 102 740 1,361 455 540 740 242 229 73 0 0 0 4,482
2003 0 0 1,326 724 11,064 14,444 5,201 1,985 1,390 1,018 803 696 38,651
2004 501 843 1,386 1,353 5,246 1,695 1,190 308 116 94 20 0 12,753
2005 13,127 2,690 7,500 91,855 38,777 14,557 5,151 3,761 1,573 958 791 794 181,532


2006 376 625 1,484 3,375 1,013 4,915 5,135 1,037 611 91 5 107 18,773
2007 395 236 151 231 843 932 746 316 102 0 0 0 3,951
2008 74 230 1,703 7,816 3,706 964 337 536 214 34 0 0 15,614
2009 554 463 7,910 908 6,333 1,676 724 345 322 270 45 1 19,552


Mean 286 432 1,330 6,854 9,213 8,502 2,556 771 267 90 68 57 30,413
Max 13,127 3,917 8,674 139,047 129,344 106,364 27,652 7,448 2,176 1,018 1,941 803 243,988
Min 0 0 0 0 0 0 0 0 0 0 0 0 0


Data Source: http://waterdata.usgs.gov/
--- Data not available
Provisional Data
Latitude and Longitude referenced to North American Datum of 1927 







F:\DATA\2258\Surface Water\Hydrographs (Appendix B)


MAIN STEM STREAMFLOW
Daily Stage Height or Streamflow at Santa Margarita River Gages, January 2003 to December 2008
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F:\DATA\2258\Surface Water\Hydrographs (Appendix B)


TRIBUTARY STREAMFLOW
Daily Stage Height or Streamflow at Santa Margarita River Tributary Gages, January 2003 to December 2008
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F:\DATA\2258\Surface Water\PPT_V_Streamflow.grf


Precipitation and Streamflow
Upper Santa Margarita River Watershed
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		Appendix B Fly Sheet

		B-1. 11044000- Monthly Data WY 2008

		B-2. 11044300- Monthly Data ThroughWY 2008

		B-3. 11044350- Monthly Data Through WY 2008

		B-4. 11044800- Monthly Data Through WY 2008

		B-5. 11045300- Monthly Data WY 2009

		B-6. 11046000- Monthly Data WY 2009






Appendix C Draft Water Quality Database 
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CONSOLIDATED WATER QUALITY DATABASE 
 


 To store and manage the current and historical water quality data for the Santa Margarita 
River Watershed, Stetson has constructed a website devoted to the Santa Margarita River 
Watershed.  The website serves as the principle repository of data collected for this project.  


 Included with this report is a CD copy of the complete dataset of records that has been 
uploaded to the website. 








 
 


Appendix D Conceptual Modeling and Analysis of Impacts to Species 
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ANALYSIS OF CWRMA INFLUENCE UPON SENSITIVE SPECIES AND HABITAT  
 


Changes in the ecosystem are driven by the land uses that are dominant features within 
the watershed.  Table D-1 identifies the potential threats and impacts from each of the land use 
types within the watershed.  A team of subject matter experts ranked associated stressors and 
threats according to land use type.  The conceptual model was derived by ranking each of the 
stressors and threats in the watershed in relation to the diverse land use types and their potential 
for impact on the beneficial uses.  Throughout this appendix, a high threat (red) is ranked as 
above 3.0, moderate (yellow) between 3.0 and 1.0, and low (green) as less than 1.0.  A null value 
(0) is given for constituents that are not anticipated to have an impact.  The average rank is then 
calculated across each pollution type, land use type, and beneficial use to determine the relative 
estimated impact to each.  Table D-1 summarizes the conceptual modeling exercise for pollution 
within the watershed.  The subjective values within the table were reviewed and revised as 
necessary based on data gathered during the study.  Surprisingly, the original development of the 
conceptual models was very accurate at assessing the actual conditions of what was observed 
within the lower watershed.  The only major factor not accounted for was the presence of 
pharmaceuticals.  As anticipated, the pesticides, nitrogen species and phosphorus are all concerns 
within the watershed, which was supported by the field assessment.  
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TABLE D-1. DRAFT CONCEPTUAL RANKING OF POLLUTANT STRESSORS FROM LAND USE TYPES, AND THE ASSOCIATED IMPACTS ON 
BENEFICIAL USES WITHIN THE LOWER SANTA MARGARITA RIVER WATERSHED 
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As predicted, the highest impacts to the watershed are generated from nonpoint source 
pollution coming from industrial/commercial, residential, transportation, and agriculture (Table 
D-2).  The potential impacts from these sources likely have the highest impact on fresh water 
replenishment, drinking water, and ground water recharge.  However, based on our new 
understanding, the potential risks from agricultural sources may actually be higher than 
originally anticipated.  


TABLE D-2. POTENTIAL SOURCES OF NONPOINT SOURCE POLLUTION, AND ESTIMATED 
IMPACT TO BENEFICIAL USES 


Land Use Type Rank Beneficial Use Rank 


Industrial/Commercial 2.98 Freshwater Replenishment 2.66 
Residential 2.73 Drinking Water 2.51 
Transportation 2.24 Groundwater Recharge 2.20 
Agricultural Nurseries 2.17 Irrigation 0.76 
Agricultural Crops 2.07 Industrial Processes 0.32 
Rural Residential 2.05 
Mining 1.32 
Recreational Open Space 0.80 
Protected Open Space 0.41  


 


While the ranking remained relatively the same in comparison to the original models, the 
potential threat of agricultural impacts may actually be higher than the models predict.  If the 
stressor/threat matrix is recalculated with only those main factors that were observed within the 
watershed during the field assessments, then threats from residential and agricultural sources are 
the highest risk, and there is an increased risk to fresh water replenishment and drinking water 
(Table D-3).  
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TABLE D-3. REVISED NON-POINT SOURCE POLLUTION ASSESSMENT, FOCUSING ON KNOWN 
IMPACTS WITHIN THE LOWER SANTA MARGARITA RIVER WATERSHED 


Rank of Risk from Major Threats Identified in the Watershed 


  Nutrients Pesticides/Herbicides Pharmaceuticals 
Average 


Rank 
Land Use Type (Sources)         


Residential 5 5 5 5.0 
Rural Residential 3 5 5 1.3 
Agricultural Crops 5 5 0 3.3 
Agricultural Nurseries 5 5 0 3.3 
Industrial/Commercial 1 1 5 2.3 
Transportation 3 1 0 1.3 
Recreational Open Space 3 0 0 1.0 
Protected Open Space 1 0 0 0.3 
Mining 1 0 0 0.3 


Impacts to Uses         
Freshwater Replenishment 1 4 5 3.3 
Drinking Water 1 3 5 3.0 
Groundwater Recharge 1 1 3 1.7 
Irrigation 0 0 1 0.3 
Industrial Processes 0 0 1 0.3 


 


 Based on our understanding of the watershed and the sources of potential stressors and 
threats, it is estimated that most of the pollutants pose a moderate threat in the watershed, with 
the exception of sedimentation, total suspended solids, conductivity, and total dissolved solids, 
which are anticipated to pose a high potential threat (Table D-4).  However, what was actually 
observed within the watershed suggested that none of these factors were significantly influential. 
Therefore, the constituents that are most influential (shown in bold) are worth noting.  They were 
observed as potential problems within the watershed, and were also determined to be potentially 
significant threats in the conceptual models.  
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TABLE D-4. RANKING OF POTENTIAL POLLUTION THREATS WITHIN THE WATERSHED 


Mercury 2.00 Sedimentation 3.44
Manganese 1.89 Conductivity 3.22
Copper 1.67 Total Dissolved Solids 3.22
Selenium 1.67 Flow 2.80
Thallium 1.67 Runoff 2.44
Arsenic 1.56 pH 1.89
Lead 1.56 Turbidity 1.67
Iron 1.44 Dissolved Oxygen 1.55
Silver 1.33


Physical 
Parameters


Temperature 0.55
Cadmium 1.11 Sulfate 2.55
Chromium 1.11 Chloride 2.00
Antimony 1.00 Cyanide 1.44
Zinc 0.78


Inorganics 


Fluoride 1.22
Beryllium 0.56 Pesticides/Herbicides 2.44
Boron 0.56 Surfactants 2.00


Metals 


Aluminum 0.33 Total Organic Carbon 1.89
Nitrite 3.00 Other Oil/Grease 1.67
Nitrate 3.00 Pathogens Fecal Coliform 1.78
Ammonia 3.00      
Orthophosphate 2.56      


Nutrients 


BOD 1.89       
 


Implementing best management practices (BMPs) across all land use types would 
substantially reduce the stressors and threats within the watershed.  Figure D-1 describes the 
relationship between the implementation of BMPs in the watershed, and the resulting changes 
and improvements in water quality and ecosystem health.  If improvements can be made across 
each land use type, then the stressors and threats to the watershed, and the ultimate impact to the 
sensitive species would be reduced.  
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FIGURE D-1.   CONCEPTUAL MODEL  
 
 


 


Figure D-1 describes the anticipated changes in the lower Santa Margarita River 
watershed after the implementation of best management practices across all major land use types.  
Upward pointing arrows indicate increasing values, and downward pointing arrows indicate 
decreasing values.  
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Sensitive Species Models 


In an effort to address how changes in the watershed will impact the six key sensitive 
species, a conceptual model was developed based on expert opinion, supporting literature (e.g. 
recovery plans) and general understanding of a species’ habitat associations, natural history, and 
life history characteristics.  The model is based on the following figure, and the related 
assumptions implied by the identified relationships. 


Any changes in habitat due to releases of CWRMA imported water will likely manifest in 
changes to the habitat or natural resources used by the sensitive and listed species.  In assessing 
the overall impacts to listed species, a review of each sensitive species was conducted, 
identifying the potential stressors and threats to each individual species.  Table D-5 shows the 
major potential impacts to these species.  The greatest impact would likely occur directly to the 
water quality and aquatic habitat.  A majority of the impacts would likely emanate from changes 
in the chemical and physical characteristics of the water (e.g. pH, DO, temperature, nutrients, 
metals, turbidity, and pesticides/herbicides).  Additional threats would come from invasive 
species, habitat fragmentation, alteration of the natural fire regime, and geomorphic change.  
Limited impacts would be seen from changes in hydrologic regime, mostly related to potential 
decreases (unlikely) in water flow and changes in the extent of flood events.  


TABLE D-5. ASSESSMENT OF THE OVERALL IMPACTS AFFECTING SENSITIVE SPECIES 


Stressors Rank 
Invasive Species 4.67 
Metals 4.33 
Pesticides/Herbicides 4.33 
Flash Floods 4.00 
Decreases in Base Flow 3.33 
Turbidity 3.00 
Increases in Base Flow 3.00 
pH 3.00 
Dissolved Oxygen 3.00 
Nutrients 3.00 
Habitat Fragmentation 3.00 
Pharmaceuticals 2.83 
Erosion and Sedimentation 2.67 
Bank Incision 2.33 
Temperature 2.33 
Ponding 1.33 
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It is predicted that the highest impacts to the key sensitive species would come from 
invasive species, metals, pesticides/herbicides, floods, and decreases in base flow.  Moderate 
impacts may be seen from turbidity, increases in base flow, pH, dissolved oxygen, nutrients, 
habitat fragmentation, erosion and sedimentation, bank incision, and temperature.  Low impacts 
are anticipated from increased pondedness (Table D-5).  However, from the actual field 
assessment results, only those factors in bold were observed as having potentially significant 
impacts within the watershed.  Invasive species were observed throughout the sites, mostly in the 
tributaries.  Pesticides are often detected during storm flows.  Pharmaceuticals and other 
constituents were detected occasionally, and could pose a serious risk to sensitive species. Also, 
the presence of nutrients that was observed (contributed mainly from agricultural areas) can 
significantly alter the aquatic ecosystem, induce eutrophication, and impact key sensitive species.  


Assessing the overall impact across each species, it was surprising, yet intuitive, that the 
six species grouped together based on their status and natural history characteristics (Table D-6).  
The average stressor ranking was calculated for each of the species based on the above table.  
The two species directly dependant on water resources were (not surprisingly) the most highly 
sensitive to changes in the watershed (arroyo toad and tidewater goby).  Those species that are 
intermediate in the association with water resources grouped together (clapper rail and least 
tern), and those indirectly related to water resources were similarly impacted, but at a lesser 
potential extent (flycatcher and vireo).  This is explained by their natural history characteristics 
and association to water quality and riparian resources.  The only major change in the rankings 
was due to the understanding of higher potential impacts from pesticides, nutrients, and 
pharmaceuticals.  However, on final analysis, the species still grouped together as before, but the 
sensitivity of the arroyo toad and tidewater goby increased, while the other species either 
remained relatively the same, or decreased slightly.  


TABLE D-6. SUMMARY OF SPECIES’ OVERALL SENSITIVITY 


Species 
Original 


Rank 
Revised 
Rank 


Arroyo Toad 4.33 4.44 
Tidewater Goby 3.93 4.03 
Light-footed Clapper Rail 3.29 3.26 
Least Tern 2.85 2.87 
Least Bell’s Vireo 2.2 2.09 
Southwest Willow Flycatcher 2.33 2.21 
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Originally, it was thought that the sensitive species would be most heavily impacted by 
major land use types and activities within the watershed, as described in Table D-7.  Of the 
potential sources of stressors and threats, both protected open space and the CWRMA were 


ranked as having a low potential for impacting the species, with the highest stressors potentially 
coming from industrial, residential, and transportation land uses. While there may be portions of 


the adjacent land uses that exist in the lower watershed, the highest potential source of threat 
seems to be coming from the agricultural areas.  Therefore, the conceptual models were not 


adequately addressing the sources and amounts of potential stressors and threats.  In revising the 
models based on the potential contributions of the land uses, and actual field results, the results 


come out strikingly different.  Although transportation and residential land uses are still 
significant threats, agricultural land uses are significantly higher than previously predicted.  


TABLE D-7. SUMMARY OF RISKS FROM LAND USE TYPES 


Land Use Type 
Original 


Rank 
Revised 
Rank 


Transportation 3.78 3.78 
Residential 3.33 3.33 
Agricultural Crops 2.22 3.33 
Agricultural Nurseries 2.11 3.33 
Industrial/Commercial 2.56 2.56 
Mining 2.44 2.44 
Rural Residential 2.22 2.22 
Recreational Open Space 1.33 1.33 
CWRMA 0.89 0.89 
Protected Open Space 0.67 0.67 


 


 


With regard to the CWRMA, initial increases in base flows would likely impact the 
riparian habitat.  As the streambed experiences greater flows, some of the vegetation and 
understory will become inundated with water, leading to an initial loss of that habitat type.  
However, it is expected (and has been observed in the field) that the riparian vegetation will 
rebound from this and simply migrate to a more suitable location within the riparian zone.  


Also, increases in base flows may potentially lead to increased pondedness within the 
lower watershed.  While this may be a potential impact, the reliability of regular flows and 
increases in ponding may actually provide more habitat for aquatic organisms (e.g. aquatic 
invertebrates) and for the arroyo toad.  Conversely, this may provide additional habitat for key 
invasive species that threaten other species (e.g. increasing potential habitat for bullfrogs). 
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It has not been determined whether the CWRMA will lead to significant impacts or 
potentially negative changes in water chemistry (e.g. metals, nutrients, pH, DO, etc).  Based on 
the water chemistry data, the CWRMA is not anticipated to significantly contribute to these 
stressors in the watershed. With additional monitoring and an expanded dataset, the potential 
impacts of these water constituents could be further defined. 


Based on the geomorphic assessment, the increases in base flows do provide a change in 
the amount or extent of riparian habitat, thereby increasing the amount of available habitat for 
sensitive species.  


Potential Impacts of Hydrological Changes to Sensitive Species on the Santa 
Margarita River 


There are six federally listed threatened or endangered species (one amphibian, one fish 
and four birds) which reside within or along the lower Santa Margarita River and which may be 
affected by the CWRMA augmentation.  Changes in habitat from the CWRMA would likely 
manifest in changes to the habitat or natural resources used by these sensitive listed species.  The 
potential impacts of each of the fifteen identified stressors have been developed and are 
discussed, by species, below.  Each discussion focuses on the breeding habitat, foraging and diet, 
and nesting requirements for each species and the potential effects of the stressors on those life 
cycles.  In summary, each of the six species may be affected to some extent by one or more of 
the stressors. 


In order to limit the overall impact of the CWRMA to sensitive species, management 
should focus on the key periods of the year when they are most sensitive to disturbance, based on 
life history characteristics (Figure D-2).  
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FIGURE D-2. ANNUAL LIFE HISTORY CHARACTERISTICS FOR SIX SENSITIVE SPECIES IN THE 
LOWER SANTA MARGARITA RIVER WATERSHED1 


1Peak combined sensitivity periods are designated by the shaded area between mid- March through mid September.
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Tidewater Goby (Eucyclogobius newberryi) 


The tidewater goby appears to spend all life stages in lagoons, estuaries, and river mouths 
(USFWS, 2005 and Warburton et al., 2000).  The species is benthic in nature and its habitat is 
characterized by brackish, shallow lagoons and lower stream reaches where the water is fairly 
still but not stagnant.  Tidewater gobies prefer a sandy substrate for breeding but they can be 
found on rocky, mud, and silt substrates as well.  They have been documented in waters with 
salinity levels from 0 to 42 parts per thousand, temperature levels from 8 to 25 degrees Celsius, 
and water depths from 25 to 200 centimeters.  Tidewater gobies often migrate upstream into 
tributaries as far as 1 kilometer from the estuary.  Half grown to adult gobies move upstream in 
summer and fall.  Evidence demonstrates reproduction in these upstream tributaries.   


Breeding Habitats 


Male tidewater gobies begin digging breeding burrows in relatively unconsolidated, 
clean, coarse sand (.5 millimeter in diameter) in April or May after lagoons close to the ocean.  
Tidewater gobies depend on the cover and protection of the marshes for growth and as refuge 
from scouring winter flows.  If they are denied access to the marsh, the possibility of losing a 
population to a major flood event increases.  In addition, channelization can increase scouring 
and deepen the narrow channels, leaving behind only rocks and gravel.  Increased velocity of 
flow created by channelization transports sand into the ocean.  Therefore, substrate required for 
breeding by the tidewater goby is reduced or eliminated.  Alterations of flow upstream of coastal 
lagoons have changed the distribution of downstream salinity regions.  Changes in salinity 
distributions because of upstream water diversions may adversely affect both the size and 
distribution of tidewater goby populations.   


Tidewater gobies are vulnerable to introduced predators and exotic estuarine species of 
goby.  Although few brackish or estuarine fish species have been introduced to California, 
several freshwater species potentially affect the brackish zone also.  Introduced centrarchids 
occur in virtually all tributaries to tidewater goby habitats.  A substantial downstream movement 
of centrarchids into upper Santa Margarita river lagoon seems to have eliminated or severely 
reduced tidewater gobies there in the summer of 1993.  Yellowfin gobies were found in the Santa 
Margarita lagoon at the same time which suggests that the species is slowly spreading to 
brackish habitat and may be eliminating tidewater gobies.   


The brackish zone, preferred by the tidewater goby, is often modified or eliminated by 
human created barriers, typically at the upstream terminus of channelization.  In addition to the 
loss of coastal marsh caused by water diversions and alteration of flows, water diversions and 
alterations of water flows may negatively affect the species breeding and foraging activities.  
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Reductions in water flows may allow aggressive plant species to colonize the otherwise bare 
sand/mud substrates of lagoon margins, thus degrading the open sand/mud substrate needed by 
the tidewater goby for breeding.  Decreases in stream flows also reduce the depth of streams, 
preventing tidewater gobies from venturing upstream from lagoons.  Groundwater overdrafting 
would decrease the amount of fresh water reaching the lagoons, thus contributing to a reduction 
or elimination of the brackish zone.  Additional water withdrawal would further reduce tidewater 
goby habitat.  A trend in southern California is for more water to be available all year in streams 
that receive municipal waste discharges (although currently there are no such discharges to the 
Santa Margarita River).  Streams with such discharges are likely flowing with much more water 
in the dry season than occurred historically.  This water is high in nutrients that contribute to 
enrichment of lagoon water and the associated decreases in dissolved oxygen.  This extra water 
can cause the lagoon to rise and increase the frequency of breaching experienced under natural 
conditions, causing erratic fluctuations in water level.  These erratic fluctuations result in 
decreases in habitat that increase chance of predation and leave spawning burrows exposed to the 
air.  The sudden draining of a lagoon in late spring or summer also can allow marine water to 
dominate the lagoon for months until winter rains return.  Many current drainages to coastal 
lagoons are contaminated with animal wastes (manure, dairy washing, lime from stalls) 
agricultural runoff (both chemicals and soil), and oil field runoff.  Many smaller lagoons receive 
local septic tank effluent, particularly in winter when flooding overwhelm or wash out some 
systems.    


The barrier sandbar and sand content of the lagoon are dependent on sediment supplies 
from upstream.  Interruption of sediment flow by upstream barriers is a cause of wasting away of 
sandy beaches.  Lack of sediment flow into lagoons hinders formation of barrier bars and helps 
cause many of the attendant difficulties of anthropogenic breaching during the dry season by 
allowing tidal influence to alter the breeding substrate and salinity levels.   


Foraging and Diet 


Tidewater gobies feed mainly on small animals, usually mysid shrimp, gamarid 
amphipods, ostracods, and aquatic insects, especially chironomid midge larvae.  Juvenile 
tidewater gobies are generally day feeders, although adults mainly feed at night.  Tidewater 
gobies use three different foraging styles to capture benthic prey: plucking prey from the 
substrate surface, sifting sediment in their mouth, and mid-water capture.  It has been suggested 
that the tidewater goby’s food requirements are adaptable to a variety of habitats, an 
advantageous trait in a fluctuating estuarine environment. 
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Nesting Requirements 


Male tidewater gobies begin digging breeding burrows in relatively unconsolidated, 
clean, coarse sand (averaging 0.5 millimeter in diameter), in April or May after lagoons close to 
the ocean.  Burrows are at least 70 to 100 millimeters from each other.  Female tidewater gobies 
aggressively spar with each other for access to males with burrows for laying their eggs.  This 
rare female-dominant breeding system in vertebrates makes the tidewater goby evolutionarily 
interesting and almost unique among gobies.   Female tidewater gobies can lay 300 to 500 eggs 
per clutch, depending on the size of the individual female tidewater goby.  Female tidewater 
gobies lay 6 to 12 clutches per year.  Male tidewater gobies remain in the burrow to guard the 
eggs that are attached to sand grains in the burrow ceiling and walls.  Egg clutches are laid 
approximately 2.5 centimeters below the entrance of the burrow.  Field collections of egg 
clutches have demonstrated that male tidewater gobies may accept more than one clutch, but this 
behavior is uncommon.  The male tidewater goby cares for the embryos for approximately 9 to 
11 days until they hatch, rarely if ever emerging from the burrow to feed.  Table D-8 provides a 
summary of potential impacts of changes in hydrologic regime to the goby.  
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TABLE D-8. POTENTIAL IMPACTS OF HYDROLOGICAL CHANGES ON THE TIDEWATER GOBY 


Stressors Impact Risk 


Turbidity May effect foraging/breeding success High 


Invasive species Can eradicate a population High 


Increases in base flow May eliminate breeding substrate and increase 
nutrients and dissolved oxygen High 


Decreases in base flow 
May encourage plant growth which disrupts 
breeding and reduces depth of  streams and 
preventing migration 


High 


Flood flashiness May eliminate breeding substrate Moderate 


Bank incision Channelization may be a problem Low 


Habitat fragmentation Probably no effect Low 


Erosion, sedimentation Too much may eliminate breeding substrate, 
some needed to form barrier bars. High 


Ponding Possibly needed, likes still water Low 


pH Unknown effect Unknown 


Dissolved Oxygen 
Deficit Could reduce population High 


Temperature Species tolerates a wide range Moderate 


Nutrients 
Increases plant growth which destroys 
breeding substrate.  Also increases dissolved 
oxygen 


High 


Metals Effect on fish not known, but may influence 
food chain High 


Pharmaceuticals Impact on health, reproduction, and varied 
other impacts (e.g. endocrine disruptors) High 


Pesticides/herbicides Effect on fish not known, but may influence 
food chain High 


 


As shown in the hydrological analysis, the CWRMA imported water discharge exhibits 
the greatest influence upon the river during the dry season, when the CWRMA restores baseflow 
that had been reduced or eliminated due to groundwater discharges in the middle watershed 
(Temecula Valley).   The restoration of baseflow may enhance breeding and foraging habitat, 
although this issue will be examined in greater detail in future reports.  Preliminary data indicate 
that the CWRMA water chemistry is not likely to negatively impact the goby.     
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Arroyo Toad (Buffo microscaphus californicus) 


Arroyo toad has been found over much of the Santa Margarita River basin below 
altitudes of 610 ft.  Arroyo toads are being affected negatively by introduced aquatic predators 
(fishes, crayfish and bullfrogs), roads and road crossings, and introduced plants (USFWS, 1999 
and Brehme et al., 2006).   


Breeding Habitats 


The arroyo toad requires shallow, slow moving stream habitats and riparian habitats that 
are disturbed naturally and on a regular basis, primarily by flooding.  In southern California, 
adult arroyo toads use open sites such as overflow pools, old flood channels, and pools with 
shallow margins up to the sixth order streams.  Breeding sites are generally shallow pools with 
less than 12 inches of clear water and have flow rates less than 0.2 ft per second.  The bottoms of 
the pools are composed of sand or well sorted fine gravel, with components of large gravel or 
cobble present.   


Agricultural runoff often contains contaminants such as herbicides, pesticides and 
fertilizers that may affect arroyo toads directly or indirectly.  Contaminants may kill toads, affect 
development of larvae, or affect their food supplies or habitat.  There is a potential for losses 
from the application of granular fertilizers, particularly ammonium nitrate, which is highly 
caustic and has caused mass injuries and mortality to frogs and newts in Europe.  High nutrient 
loads may alter the invertebrate community distribution and populations, leading to decreased 
survival of the arroyo toad tadpoles due to competition of predation and may reduce the food 
supply of adult toads.    


The physical and biological effects of dams and reservoirs can have intense effects on 
arroyo toad habitats.  Besides destroying habitat through inundation, reservoirs affect the quality 
of arroyo toad habitat downstream.  Altered water flows affect stream hydrology and inhibit 
upstream bank scouring, reducing the amount of sand and gravel deposition necessary to sustain 
arroyo toad breeding habitat.  Reduced water flows may cause breeding pools to dry up 
prematurely in the summer.  Unseasonable flooding due to the release of reservoir overflow may 
cause habitat destruction or disturb eggs and kill larvae.  Persistent releases throughout the 
normal dry season can also cause changes in vegetation by encouraging the growth of riparian 
species, some native (willow, sycamore, cattails) and some introduced (tamarisk and giant reed) 
in low frequency flood zones.  This growth stabilizes the banks, deepens channels beyond a 
depth suitable for breeding pools, and shades the water, thus lowering the water temperatures 
below the level required for larval growth and survival.   
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Breeding Requirements 


Breeding begins in early January when water temperature reaches 57 degrees Fahrenheit.  
Eggs are laid on substrates of sand, gravel, cobble, or mud generally located away from 
vegetation in the shallow margins of the pool.  Embryos will hatch in 4 to 6 days at water 
temperatures of 54 to 59 degrees Fahrenheit.  Heavily shaded pools are generally unsuitable for 
larval and juvenile arroyo toads because of the lower water and soil temperatures and poor algal 
mat development.  Episodic flooding is critical to keep the low stream terraces relatively 
vegetation free and the soils friable enough for juvenile and adult toads to create burrows.  Large 
floods are rare but can affect arroyo toads by excessive scouring and sedimentation, washing out 
adult habitat on upper alluvial benches, altering the quality of breeding pools and juvenile arroyo 
toad habitat.  Such floods can be beneficial in that dense vegetation may be removed from stream 
banks and terraces, providing additional breeding and foraging habitat.  Unseasonable floods can 
wipe out an entire watershed’s reproductive effort by scouring eggs or larvae out of breeding 
pools, or depositing silt in downstream breeding pools.  Periodic fires affect arroyo toads by 
causing direct mortality and destruction of streamside or terrace vegetation.  Fire exacerbates the 
rate of erosion, often resulting in large debris flows that can be triggered by relatively light 
precipitation.  Such erosion can cause major changes in stream morphology and composition, 
reducing the number and size of pools.  Those changes can affect the amount of habitat available 
for amphibian breeding and rearing, reducing reproductive output and recruitment.   


Exotic species introduced into arroyo toad habitat can negatively affect the population.  
Introduced predators can kill the toads, and other species may out-compete the arroyo toad for 
specialized breeding habitat or food.  In addition to the introduced predators, introduced plants 
can have a negative effect on arroyo toads and their habitat.  Tamarisk and giant reed can form 
dense stands which may have higher rates of evapotranspiration than native vegetation, 
increasing the rate at which breeding pools dry.   


Natural and unnatural disturbances such as droughts and floods may have negative 
impacts on arroyo toads and their habitat.  Drought, especially of prolonged duration, results in a 
temporary loss of suitable habitat, particularly breeding pools.  Adult and juvenile toads are 
affected directly by droughts when suitable foraging conditions occur for shorter time periods.  
Female toads in particular may be adversely affected by drought.  Two months of intensive 
feeding effort are required for vitellogenesis (yolk production).  Under drought conditions, 
females may not be able to obtain adequate energy reserves for egg production before the male 
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toads cease calling, leading to reproductive failure for that season.  With the life span of the 
arroyo toad averaging 5 years or less, prolonged droughts could prevent successful breeding or 
recruitment long enough to extirpate some populations.  Natural cycles of drought and flood can 
have beneficial effects by reducing or eliminating populations of introduced species that did not 
evolve under similar conditions.   


All life stages of the arroyo toad are susceptible to predation.  Egg hatching rates can be 
affected by the disturbance and fragmentation of egg strands.  Larval predators are giant water 
bug, two striped and common garter snakes, green sunfish, largemouth bass, fathead minnow, 
and bullfrog.  Predators of juveniles and adults include killdeer, two striped garter snake, 
bullfrog, green backed heron, and great blue heron.  Other potential predators of larvae, juvenile 
or adults include black bullhead, prickly sculpin, African clawed frog, western pond turtle, 
raccoon, opossum, American crow, and common raven. 


Foraging and Diet 


Embryos usually hatch in 4 to 6 days at water temperatures of 12 to 16 degrees Celsius 
(54 to 59 degrees F).  Larvae may take 8 to 14 days to become free-swimming, depending on the 
water temperature.  Larvae are solitary, excellent swimmers and, once mobile, distribute 
themselves randomly or evenly along the shallow bottom of the breeding pool.  Mature larvae 
swim in short bursts, often remaining motionless for 1 to 4 minutes between movements.  The 
larval period for arroyo toad lasts about 65 to 85 days, depending on water temperatures.  Larvae 
do not consume macroscopic vegetation, but are highly specialized foragers.  They feed by 
inserting their heads in the substrate and ingesting loose organic material such as detritus, 
interstitial algae, bacteria, and diatoms.  For several days before metamorphosis, arroyo toad 
larvae cease feeding and aggregate in shallow water along the edges of gravel or sand bars, often 
under or along stranded algal mats. 


Metamorphosis may occur at any time between April and the beginning of September, 
depending on the time of breeding, weather, and water quality.  Peak metamorphosis occurs from 
the end of June to mid-July in the northern part of the toad’s range and from late April to mid-
May in southern California.  Most newly metamorphosed individuals are 12-15 millimeters in 
length, but may be as small as 10-11 millimeters in poor quality habitats or as large as 17 
millimeters in high quality habitat.  If conditions permit, juvenile arroyo toads remain along the 
margins of the breeding pools for up to 6 months. 


Juvenile arroyo toads remain in the saturated substrate at the edges of breeding pools for 
1 to 3 weeks.  They often are exposed on the barren sand because they lack sufficient size to 
burrow into the substrate.  During this period, many toads are lost due to predation unless they 
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can find some cover such as cobble, algal mats, or pieces of debris to hide under.  The juvenile 
toads are diurnal for the first 4 to 5 weeks and subsist largely on ants (Liometopum occidentale).  
On this diet and with the high substrate temperatures, the juvenile toads grow rapidly. Upon 
reaching a length of 16-17 millimeters they begin to create shallow burrows in loose sand and 
may move farther away from the pool onto sand and gravel bars with some vegetation.  Upon 
reaching lengths of 17-23 millimeters, juvenile toads are able to dig burrows 2-5 centimeters 
deep and completely bury themselves in the sand.   At this time, juvenile toads change to a 
nocturnal activity pattern and spend the daylight hours in their burrows.  At night, they forage for 
nocturnal ants and beetles.  If the substrate is not friable enough, juvenile toads often disperse 
farther away from the breeding pool into nearby stands of willows and mulefat thickets.  Suitable 
sandy habitat can be highly localized resulting in dense concentrations of juvenile toads.  Such 
sites generally are well-shaded. 


Upon reaching a size of 28-30 millimeters in about 8 to 9 weeks, juvenile arroyo toads 
begin to shift their behavior and disperse away from streamside habitat into nearby willows, 
although they may remain streamside until they reach sizes greater than 35 millimeters.  The 
timing of dispersal, which may be delayed until October or November, is affected by local 
drying conditions and the presence of suitable microhabitat for burrowing.  Juvenile toads may 
take refuge underground within the riparian zone and disperse farther away following the 
dampening of stream terraces by fall and winter rains.  Nocturnal activity is normal for adults 
and larger juveniles, but they occasionally may be observed during the day.  Juvenile toads reach 
30-40 millimeters (occasionally 50 millimeters) by the fall of their natal year and do not begin 
growing again until the following spring.  Male arroyo toads usually reach adulthood in 2 years.  
Females become sexually mature in 2 to 3 years, when they attain lengths greater than 54 
millimeters.  However, males may reach adulthood at 1 year if conditions are favorable.  Females 
generally average larger sizes than males.  Data on longevity are largely unavailable, although 
age-size distributions indicate that many individuals live only about 5 years.  Longevity may 
vary with local conditions.  Table D-9 provides a summary of potential impacts of changes in 
hydrologic regime upon the toad. 
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TABLE D-9. POTENTIAL IMPACTS OF HYDROLOGICAL CHANGES ON THE ARROYO 


TOAD 


Stressors Impact Risk 


Turbidity May degrade breeding ponds High 


Invasive species Can eradicate a population High 


Increases in base flow May eliminate breeding substrate and 
destroy eggs and larvae High 


Decreases in base flow May cause breeding ponds to dry 
prematurely  Moderate 


Flood flashiness 
May eliminate breeding ponds and destroy 
eggs but also can remove dense vegetation 
from banks which is beneficial 


High 


Bank incision 
Probably necessary for gravel generation, 
also for dense vegetation removal, may 
isolate from upland habitat 


High 


 


Habitat fragmentation May inhibit finding mates High 


Erosion, sedimentation 


 


Too much may eliminate breeding 
substrate, some needed to form gravel for 
breeding 


Moderate 


Ponding Some needed for breeding Moderate 


pH Unknown effect Unknown 


Dissolved Oxygen 
Deficit Could reduce population High 


Temperature Needs cool water for egg hatching Moderate 


Nutrients High loads harmful High 


Metals May be harmful to the toads High 


Pharmaceuticals Impact on health, reproduction, and varied 
other impacts (e.g. endocrine disruptors) High 


Pesticides/herbicides Has been shown to be harmful High 


 


As shown in the hydrological analysis, the CWRMA imported water discharge exhibits 
the greatest influence upon the river during the dry season, when the CWRMA restores “base 
flow” that had been reduced or eliminated due to groundwater discharges in the Temecula 
Valley.   The restoration of baseflow presents mixed impacts to the arroyo toad, increasing flows 
that provide breeding and foraging habitat, while also providing such habitat for introduced 
predators.  The data indicate that the CWRMA water chemistry is not likely to negatively impact 
the toad.  CWRMA water may act to dilute high-nutrient irrigation “return flows” from 
agriculturally heavy catchments.  
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Light Footed Clapper Rail (Rallus longirostris levipes) 


Breeding Habitat 


Principal habitats are low portions of coastal wetlands dominated by tall dense cordgrass 
(Spartina sp.), in the low littoral zone, wrack deposits in the low marsh zone, and hummocks of 
high marsh within the low marsh zone.  Fringing areas of high marsh serve as refugia during 
high tides and although used infrequently, may be extremely important at reducing mortality 
during high tides (USFWS, 1985b and Eddleman and Conway., 1998). 


A study comparing populations and various habitat parameters provides insight into the 
habitat preference of rails.  Differences in the number of pairs appears correlated to the lack of 
cordgrass stands providing sufficient cover and low elevations of many of the cordgrass stands.  
Severe storms and excessive runoff can adversely affect the marsh community.  Patches of 
cordgrass may be torn away or matted down to the extent that rails cannot use them for nesting.  
Major fresh water intrusion, extensive sedimentation, and increased mobility of pollutants are 
believed to affect invertebrate populations and destroy some clapper rail food resources.   


Nesting Requirements 


The light footed clapper rail uses two types of nests during incubation and brooding.  
During incubation the nest location is most often described as being located on the ground under 
clumps of pickleweed.  However, according to the recovery plan, 22 or 34 nests at Tijuana 
Marsh were built in cordgrass and found 4 to 18 inches off the ground.  All nests in Russian 
thistle or freshwater reeds were well above the ground to a maximum of 60 cm in height.  The 
outside edges of the nesting platform were woven into the surrounding live cordgrass which 
secured the nest as it floated during high tide.  Each nest had one and occasionally two ramps to 
the ground and a canopy over top for protection.   


Once the light footed clapper rail is hatched, the brooding takes place in a separate 
brooding nest.  In contrast to incubation nests, these lack ramps and canopies.  They are most 
often situated in low marsh and are constructed of dried cordgrass.  Brood nests are located from 
0.5 to 100 meters from their respective incubation nests.  Most pairs use two brood nests but as 
many as four have been reported.     


Potential predators on eggs, nestlings, or adults include California ground squirrel, Old 
World rat, striped skunk, feral house cat, dog, gray fox, Virginia opossum, and a variety of 
raptorial birds.   
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Foraging and Diet 


Foraging methods included surface gleaning, probing, diving and scavenging.  
Considerable foraging has been observed in vegetation of the higher marsh in which pickleweed, 
limonium californicum, and arrow grass were prevalent.  Foraging birds were also observed 
along vegetation mud flat interfaces, along mud banks of tidal creeks, in fresh water vegetation 
and ditched/ponded water, and to a lesser extent on open mudflats, and upland hillsides.   


Rails are omnivorous and opportunistic foragers.  Their diet probably includes insects, 
spiders, and isopods.  They are known to take tree frog tadpoles, California killifish, crayfish, 
beetles, garden snails, and dead mullet.  California meadow mice also are believed to be prey.  
Birds ingest some vegetable matter, including broken cordgrass stems and pickleweed tips.  In an 
analysis of regurgitated pellets, the most common remains were of California hornsnails and salt 
marsh snails.  Fiddler and hermit crabs, crayfish, beetles, isopods, and decapods were also 
encountered.  Table D-10 provides a summary of potential impacts of changes in hydrologic 
regime upon the rail. 


TABLE D-10. POTENTIAL IMPACTS OF HYDROLOGICAL CHANGES ON THE LIGHT-FOOTED 
CLAPPER RAIL 


Stressors Impact Risk 


Turbidity May reduce prey Moderate 


Invasive species Can eradicate cordgrass High 


Increases in base flow May destroy nests or nesting sites Moderate 


Decreases in base flow May make nests vulnerable to predators Moderate 


Flood flashiness May eliminate nesting areas and destroy 
nests 


High 


Bank incision May destroy nesting areas Moderate 


Habitat fragmentation Unknown Moderate 


Erosion, sedimentation Too much may eliminate breeding areas and 
may interfere with foraging 


Moderate 


Ponding Habitat needs regular tidal flushing Low 


pH Unknown effect Unknown 


Dissolved Oxygen 
Deficit 


May have negative effects on prey 
population 


Moderate 


Temperature May affect prey population Moderate 


Nutrients May affect prey population Moderate 


Metals Will affect prey population Moderate 


Pharmaceuticals Impact on health, reproduction, and varied 
other impacts (e.g. endocrine disruptors) 


Moderate 


Pesticides/herbicides Will affect prey population High 
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The data indicate that the CWRMA water chemistry is not likely to negatively impact the 
rail.  Additional study would be necessary to determine whether changes in water chemistry is 
likely to impact rail prey species.   


 


California Least Tern (Sterna antillarum browni) 


Breeding Habitat 


Least terns form colonies on bare or sparsely vegetated sand or dried mudflats along 
coasts or rivers, but also on sandy or shell islands and gravel and sand pits.  Colonies generally 
locate near lagoons, estuaries, rivers or along the coast.  Often nests on deposits of dredged 
material (USFWS, 1985a).   


Nest Requirements 


Least terns arrive in the vicinity of the nesting areas from mid-April to early May.  The 
least turn usually chooses a nesting location in an open expanse of light colored sand, dirt, or 
dried mud close to a lagoon or estuary with a dependable food supply.  Formerly, sandy ocean 
beaches were widely used, but increased human activity on most beaches has made many of 
them uninhabitable.  As a result, terns have been forced to nest on mud and sand flats back from 
the ocean, and on man-made habitats such as airports and land fills.  The nests are a small 
depression in which eggs are laid.  In sand, it is scooped out by the bird, but in hard soil, it may 
be any kind of natural or artificial depression.  After the eggs are laid, nests are often lined with 
shell fragments and small pebbles.  Nesting season occurs from mid-May into early August with 
the majority of nests completed by mid June.  A second wave of nesting occurs from mid June to 
early August.   


Foraging and Diet 


The California least tern obtains most of its foods from shallow estuaries and lagoons, 
and near-shore ocean waters.  Feeding activity at the few sites that have been studied occurs 
mostly within 2 miles of breeding colonies, and at many sites foraging is primarily in near-shore 
ocean waters less than 60 feet deep.  Colonies located near productive estuarine habitats appear 
to utilize such areas heavily but data regarding the relative value of estuaries to feeding for least 
terns are scarce.  The increased use of freshwater marsh systems, lakes, lagoons and estuarine 
areas during post breeding dispersal suggests the special importance of such habitats during the 
breeding cycle when juveniles are learning to fish for themselves.   
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California least terns have not been observed eating anything but fish.  Most fish taken 
are apparently younger than 1 year old.  The main food items vary from colony to colony, but 
usually include northern anchovy and topsmelt.  In San Diego County, deepbody and slough 
anchovies are relatively important.  Other locally or temporally important species include shiner 
surfperch, several gobies (notably the yellowfin goby), the longjaw mudsucker, California 
killifish, jacksmelt, and mosquitofish.  At least 50 species of forage fish have been identified 
from fish dropped at colony sites. Table D-11 provides a summary of potential impacts of 
changes in hydrologic regime upon the tern. 


TABLE D-11. POTENTIAL IMPACTS OF HYDROLOGICAL CHANGES ON THE CALIFORNIA LEAST 
TERN 


Stressors Impact Risk 


Turbidity May reduce foraging ability Moderate 


Invasive species May reduce prey increase competition Moderate 


Increases in base flow May destroy nests or nesting sites Moderate 


Decreases in base flow May reduce foraging area Moderate 


Flood flashiness May eliminate nesting areas and destroy 
nests 


Moderate 


Bank incision May destroy nesting areas Low 


Habitat fragmentation Unknown Unknown 


Erosion, sedimentation Too may interfere with foraging Moderate 


Ponding Unknown effect Low 


pH Unknown effect Unknown 


Dissolved Oxygen 
Deficit 


May have negative effects on prey 
population 


Moderate 


Temperature May affect prey population Moderate 


Nutrients May affect prey population Moderate 


Metals Potential effect on prey population Moderate 


Pharmaceuticals Impact on health, reproduction, and varied 
other impacts (e.g. endocrine disruptors) 


Moderate 


Pesticides/herbicides Potential effect on prey population Moderate 


 


There is no indication that CWRMA imported water poses any impact to the California 
least tern.   
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Southwest Willow Flycatcher (Empidonax traillii extimus) 


Breeding Habitats 


The southwest willow flycatcher (SWFL) breeds in patchy to dense riparian habitats.  
The vegetation characteristics of these habitats are very important for SWFL nesting sites.  
Thickets of tree and shrub species, comprising of primarily willows, seep willow, box elder, 
stinging nettle, blackberry, cottonwood, arrowweed, tamarisk and Russian olive are used for 
nesting.  The trees and shrubs range in a height from 6 to 98 feet, with dense foliage from the 
ground to about 13 feet above ground.  In some instances, dense foliage may exist only at the 
shrub level or as a low dense canopy (Sedgwick, 2000; Kenwood and Kus, 2007; USFWS, 
2002).   


In addition to dense riparian thickets, another characteristic common to most occupied 
southwest willow flycatcher sites is that they are near lentic (quiet, slow moving, swampy, or 
still) water.  Nesting plants are typically rooted in or overhang slow moving or standing water.  
Sites are typically located along slow moving stream reaches, at river backwaters, in swampy 
abandoned channels, oxbows, marshes, and at the margins of impounded water (beaver ponds, 
inflows of streams into reservoirs).  In the instance where flycatchers occur along moving 
streams, they tend to be of relatively low gradient (slow moving with few or widely spaced 
riffles of other cataracts).  SWFL habitats are dependent on hydrological events such as scouring 
floods, sediment deposition, periodic inundation, and ground water recharge for them to become 
established, develop, be maintained and ultimately to be recycled through disturbances.   


Water diversion, coastal development and decrease in natural flows have caused loss of 
SWFL habitat.  Without the movement of channels, deposition of alluvial sediments, and erosion 
of aggraded flood plans, it becomes harder for native plants to establish and flourish.  Exotic 
species can create dense vegetation, as with Tamarisk, but the risk to fires and loss of native 
vegetation can lead to a decline of SWFL populations.  Exotic plant species are found to have 
lesser value to SWFL than native plant species.     


To note:  according to the  SWFL Recovery Plan, the SWFL population at Camp 
Pendleton has remained fairly constant at under two dozen territories for the past two decades, 
despite the availability of additional apparently suitable habitat to support population expansion. 


Nesting requirements 


Although the above characteristics are common SWFL nesting sites, there seems to be no 
correlation of plant composition or height in occupied sites.  The correlating characteristics for 
SWFL nesting sites consist of dense vegetation within a patch interior or an aggregate of dense 
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patches interspersed with openings.  The SWFL is generally not found nesting in confined 
floodplains where only a single narrow strip of riparian vegetation less than approximately 33 ft 
wide develops, although they may use such vegetation if it extends out from larger patches and 
during migration.   


In some years, studies have shown, predation was the single largest cause of nest failure.  
Predation on SWFL eggs and nestlings is documented for the common king snake, gopher snake, 
Cooper’s hawk, red tailed hawk, great horned owl, western screech owl, yellow breasted chat, 
and argentine ants.  Other potential predators of the nests are other snakes, lizards, chipmunk, 
weasel, raccoon, ring-tailed cat, fox and domestic cat.  Predation of adults in not often observed 
although it is likely.   


 


Foraging behavior and diet 


The SWFL is an insectivore and they typically collect insects from foliage and 
occasionally from the ground.  The SWFL will forage within and above the canopy over its 
nesting site, along the patch edge, in openings within the territory, and from above the water.  
SWFL diet consists of wasps and bees, flies, beetles, butterflies moths, caterpillars and 
spittlebugs.  Plant foods such as small fruits have been reported but are not a significant source 
of food during breeding season.     


Table D-12 provides a summary of potential impacts of changes in hydrologic regime 
upon the flycatcher. 
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TABLE D-12. POTENTIAL IMPACTS OF HYDROLOGICAL CHANGES ON THE SOUTHWESTERN 
WILLOW FLYCATCHER 


Stressors Impact Risk 


Turbidity Minor effect Low 


Invasive species 
Brown-headed cowbirds a problem, 
exotic plants are of less value to the 
species 


High 


Increases in base flow Some level needed to regenerate the 
stream system and plant community Low 


Decreases in base flow 
May cause the understory to die off 
and water table to decrease thereby 
stressing the trees 


Moderate 


Flood flashiness May damage the stream system and 
plant community Moderate 


Bank incision May be a problem if it removes large 
pieces of the habitat Moderate 


Habitat fragmentation 
Encourages cowbird parasitism, 
flycatcher needs a minimum habitat 
size 


Moderate 


Erosion, sedimentation May be a problem if it changes the 
plant community Low 


Ponding Probably no effect if no trees killed Low 


pH Unknown effect Unknown 


Dissolved Oxygen Deficit May have negative effects on prey 
population Low 


Temperature Extremes may kill nestlings Low 


Nutrients May affect prey population and 
change understory Low 


Metals May affect prey population Moderate 


Pharmaceuticals 
Impact on health, reproduction, and 
varied other impacts (e.g. endocrine 
disruptors) 


Low 


Pesticides/herbicides May affect prey population Moderate 


 


As shown in the hydrological analysis, the CWRMA imported water discharge exhibits 
the greatest influence upon the river during the dry season, when the CWRMA restores “base 
flow” that had been reduced or eliminated due to groundwater discharges in the Temecula 
Valley.  CWRMA flows do not contribute much to the disturbance regime that so heavily 
influences SWFL habitat, however the restoration of baseflow likely increases the pondedness 
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and extent of lentic waters that the flycatchers prefer.  The data indicate that the CWRMA water 
chemistry is not likely to negatively impact the flycatcher. 


 


Least Bell’s vireo (Vireo bellii pusillus) 


Least Bell’s vireos (LBV) are obligate riparian breeders, typically inhabiting structurally 
diverse woodlands along watercourses.  They occur in a number of riparian habitat types, 
including cottonwood-willow woodlands/forests, oak woodlands, and mule fat scrub.  They 
prefer dense, low, shrubby vegetation, generally early successional stages in riparian areas, 
brushy fields, young second-growth forest or woodland, scrub oak, coastal chaparral, and 
mesquite brushlands (Brown, 1993; Rourke and Kus, 2007; USFWS,1998). 


 


Breeding Habitat 


There are two habitat features which are essential for the vireo: 1) the presence of dense 
cover within 3 to 6 feet of the ground, where nests are typically placed and 2) a dense, stratified 
canopy for foraging.  Plant species composition does not appear to be as important a determinant 
of nesting site selection as habitat structure.  Early succession of riparian habitat typically 
supports the dense shrub cover required for nesting and also a structurally diverse canopy for 
foraging.  If permitted to persist, willows and other species form dense thickets in approximately 
10 to 15 years and become suitable habitat for least Bell’s vireo.  In mature riparian habitat, least 
Bell’s vireo nest placement tends to occur in openings and along the riparian edge, where 
exposure to sunlight allows the development of shrubs.   


As human populations increased in California, riparian woodlands were cleared and dams 
were built.  As a result, large amounts of LBV breeding habitat were inundated or removed.  
Impounding water upstream and diverting water to canals and cropland lowered water tables 
downstream resulted in a reduction in dense vegetation.  Flood control projects and 
channelization of rivers further reduced available vireo habitat.  Livestock grazing destroyed the 
choice lower strata of vegetation preferred by the least Bell’s vireo and provided foraging areas 
for brown headed cowbirds.  Cowbirds have caused a decline in LBV populations via brood 
parasitism.     


Breeding begins in southern California in mid-March to early April when the least Bell’s 
vireo arrives.  They are present on the breeding grounds until late September, but may begin 
departing as early as July.  Stragglers have been noted in October and November and 
occasionally some individuals overwinter in California.   
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Foraging and Diet Requirements 


Bell’s vireos are insectivorous, preying on a wide variety of insects, including bugs, 
beetles, grasshoppers, moths and particularly caterpillars.  They obtain prey by foliage gleaning 
(picking prey from leaf or bark substrates) and hovering.   


Table D-13 provides a summary of potential impacts of changes in hydrologic regime 
upon the vireo. 


TABLE D-13. POTENTIAL IMPACTS OF HYDROLOGICAL CHANGES ON THE LEAST BELL’S 
VIREO 


Stressors Impact Risk 


Turbidity Minor effect Low 


Invasive species Brown-headed cowbirds a problem High 


Increases in base flow Needed to regenerate the stream system 
and plant community Low 


Decreases in base flow 
May cause the understory to die off and 
water table to decrease thereby 
stressing the trees 


Moderate 


Flood flashiness Only if riparian area destroyed Moderate 


Bank incision May be a problem if it removes large 
pieces of the habitat Low 


Habitat fragmentation Encourages cowbird parasitism Moderate 


Erosion, sedimentation May be a problem if it changes the 
plant community structure Low 


Ponding Probably no effect if no trees killed Low 


pH Unknown effect Unknown 


Dissolved Oxygen Deficit May have negative effects on prey 
population Low 


Temperature Extremes reduce nestling survival Low 


Nutrients May affect prey population and change 
understory Low 


Metals May affect prey population Moderate 


Pharmaceuticals 
Impact on health, reproduction, and 
varied other impacts (e.g. endocrine 
disruptors) 


Low 


Pesticides/herbicides May affect prey population Moderate 


 


As shown in the hydrological analysis, the CWRMA imported water discharge exhibits 
the greatest influence upon the river during the dry season, when the CWRMA restores “base 
flow” that had been reduced or eliminated due to groundwater discharges in the Temecula 
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Valley.   CWRMA flows do not contribute much to the disturbance regime that so heavily 
influences LBV habitat.  The data indicate that the CWRMA water chemistry is not likely to 
negatively impact the vireo. 
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 Table E-1 summarizes the sampling and measured constituents, sampling frequency, 
sampling period, and method of sampling, for the following index and quarterly monitoring 
locations; Santa Margarita River at Ysidora, Fallbrook Creek near Fallbrook, De Luz Creek at 
De Luz, Roblar Creek at Falls, Sandia Creek near Fallbrook, Adobe Creek, SMR at FPUD Sump 
near Fallbrook, Stone Ceek, SMR at MWD Crossing, Devils Creek, SMR near Temecula, Cole 
Creek, and Arroyo Seco.  Quarterly periods consist of four samples taking approximately every 
three months.  Index periods consist of five daily samples taken during a 2-week period twice a 
year.  
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TABLE E-1.  MONITORING LOCATION, CONSTITUENTS, AND FREQUENCY. 
Monitoring 


Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Flow rate Continuous - USGS Continuing Sensor 
Ammonia as Nitrogen Index 1 year (2nd year) Grab 
Total Kjeldahl Nitrogen Index 1 year (2nd year) Grab 
Nitrate as Nitrogen Index 1 year (2nd year) Grab 
Nitrite as Nitrogen Index 1 year (2nd year) Grab 
Total Nitrogen Index 1 year (2nd year) Grab 
Orthophosphate as Phosphorus Index 1 year (2nd year) Grab 
Total Phosphorus Index 1 year (2nd year) Grab 
Chlorophyll a Index 1 year (2nd year) Grab 
Biological Oxygen Demand, five day Index 1 year (2nd year) Grab 
Water Temperature Index 1 year (2nd year) Field Measurement 
pH Index 1 year (2nd year) Grab 
Conductivity Index 1 year (2nd year) Grab 
Dissolved Oxygen Index 1 year (2nd year) Field Measurement 
Macrophytes Spring/Fall 1 Year Field Survey Sa
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Periphyton Spring/Fall 1 Year Field Survey/Grab 
Flow rate Continuous - USGS Continuing Sensor 
Water Temperature Quarterly  2 years Field Measurement 
Antimony Quarterly  2 years Grab 
Arsenic Quarterly 2 years Grab 
Bicarbonate Quarterly  2 years Grab 
Biological Oxygen Demand, five day Quarterly  2 years Grab 
Cadmium Quarterly  2 years Grab 
Calcium Quarterly  2 years Grab 
Chloride Quarterly  2 years Grab 
Chromium Quarterly  2 years Grab 
Chemical Oxygen Demand Quarterly  2 years Grab 
Conductivity Quarterly  2 years Grab 
Copper Quarterly  2 years Grab 
Dissolved Oxygen Quarterly  2 years Field Measurement 
Fecal Coliform Quarterly  2 years Grab 
Fluoride Quarterly  2 years Grab 
Lead Quarterly 2 years Grab 
Iron Quarterly  2 years Grab 
Manganese Quarterly  2 years Grab 
Nickel Quarterly  2 years Grab 
Nitrate as Nitrogen Quarterly  2 years Grab 
Total Nitrogen Quarterly  2 years Grab 
pH Quarterly  2 years Grab 
Orthophosphate as Phosphorus Quarterly  2 years Grab 
Total Phosphorus Quarterly  2 years Grab 
Selenium Quarterly  2 years Grab 
Sodium Quarterly  2 years Grab 
Sulfate Quarterly  2 years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly  2 years Grab 


Total Dissolved Solids Quarterly  2 years Grab 
Thallium Quarterly  2 years Grab 
Total Organic Carbon Quarterly  2 years Grab 
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Zinc Quarterly  2 years Grab 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Flow rate Continuous - USGS  Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Field Measurement 
pH Index 2 years Grab 
Conductivity Index 2 years Grab 
Dissolved Oxygen Index 2 years Field Measurement 
Macrophytes Spring/Fall 2 Years Field Survey 
Periphyton Spring/Fall 2 Years Field Survey/Grab 
Arsenic Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five day Quarterly 2 Years Grab 
Boron Quarterly 2 Years Grab 
Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
Cyanide Quarterly 2 Years Grab 
Dissolved Oxygen Quarterly 2 Years Grab 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Mercury Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
Oil & Grease Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Orthophosphate as Phosphorus Quarterly 2 Years Grab 
Total Phosphorus Quarterly 2 Years Grab 
Sodium Quarterly 2 Years Grab 
Sulfate Quarterly 2 Years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly 2 Years Grab 


Total Dissolved Solids Quarterly 2 Years Grab 
Thallium Quarterly 2 Years Grab 
Total Organic Carbon Quarterly 2 Years Grab 
Zinc Quarterly 2 Years Grab 
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Pesticides Quarterly 2 Years Grab 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Flow rate Quarterly (wet season) 2 years Field Measurement 
Ammonia as Nitrogen Quarterly (wet season) 2 Years Grab 
Total Kjeldahl Nitrogen Quarterly (wet season) 2 Years Grab 
Nitrate as Nitrogen Quarterly (wet season) 2 Years Grab 
Nitrite as Nitrogen Quarterly (wet season) 2 Years Grab 
Total Nitrogen Quarterly (wet season) 2 Years Grab 
Orthophosphate as Phosphorus Quarterly (wet season) 2 Years Grab 
Total Phosphorus Quarterly (wet season) 2 Years Grab 
Chlorophyll a Quarterly (wet season) 2 Years Grab or sensor 
Biological Oxygen Demand, five day Quarterly (wet season) 2 Years Grab 
Water Temperature Quarterly (wet season) 2 Years Field Measurement 
pH Quarterly (wet season) 2 Years Field Measurement 
Conductivity Quarterly (wet season) 2 Years Field Measurement 
Dissolved Oxygen Quarterly (wet season) 2 Years Field Measurement 
Iron Quarterly (wet season) 2 Years Grab 
Manganese Quarterly (wet season) 2 Years Grab 
Sulfate Quarterly (wet season) 2 Years Grab 
Arsenic Quarterly (wet season) 2 Years Grab 
Boron Quarterly (wet season) 2 Years Grab 
Macrophytes Spring/Fall 2 Years Field Survey 
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Periphyton Spring/Fall 2 Years Field Survey/Grab 
Flow rate  Continuous - USGS Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Field Measurement 
pH Index 2 years Grab 
Conductivity Index 2 years Grab Sa


nd
ia


 C
re


ek
 n


ea
r F


al
lb


ro
ok


 
(#


11
04


43
50


) 


Dissolved Oxygen Index 2 years Field Measurement 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Arsenic Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five 
day 


Quarterly 2 Years Grab 


Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
Dissolved Oxygen Quarterly 2 Years Field Measurement 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Orthophosphate as Phosphorus Quarterly 2 Years Grab 
Total Phosphorus Quarterly 2 Years Grab 
Sodium Quarterly 2 Years Grab 
Sulfate Quarterly 2 Years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly 2 Years Grab 


Total Dissolved Solids Quarterly 2 Years Grab 
Thallium Quarterly 2 Years Grab 
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Total Organic Carbon Quarterly 2 Years Grab 
Flow rate  Continuous - USGS Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Field Measurement 
pH Index 2 years Grab 
Conductivity Index 2 years Grab 
Dissolved Oxygen Index 2 years Field Measurement 
Aluminum Quarterly 2 Years Grab 
Antimony Quarterly 2 Years Grab 
Arsenic Quarterly 2 Years Grab 
Beryllium Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five day Quarterly 2 Years Grab 
Boron Quarterly 2 Years Grab 
Cadmium Quarterly 2 Years Grab 
Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Chromium Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
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Cyanide Quarterly 2 Years Grab 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Dissolved Oxygen Quarterly 2 Years Field Measurement 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Mercury Quarterly 2 Years Grab 
Nickel Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
Oil & Grease Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Orthophosphate as Phosphorus Quarterly 2 Years Grab 
Total Phosphorus Quarterly 2 Years Grab 
Selenium Quarterly 2 Years Grab 
Silver Quarterly 2 Years Grab 
Sodium Quarterly 2 Years Grab 
Sulfate Quarterly 2 Years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly 2 Years Grab 


TDS Quarterly 2 Years Grab 
Thallium Quarterly 2 Years Grab 
Total Organic Carbon Quarterly 2 Years Grab 
Total Suspended Solids Quarterly 2 Years Grab 
Turbidity Quarterly 2 Years Grab 
Zinc Quarterly 2 Years Grab 
Pesticides Quarterly 2 Years Grab 
Herbicides Quarterly 2 Years Grab 
Pharmaceuticals Quarterly 2 Years Grab 
Unregulated Contaminant Monitoring 
Regulation, Cycle 2 (UCMR-2) 


Quarterly 2 Years Grab 


Macrophytes Spring/Fall 2 Years Field Survey 
Periphyton Spring/Fall 2 Years Field Survey/Grab 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Stage Height Continuous – SDSU  Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Field Measurement 
pH Index 2 years Grab 
Conductivity Index 2 years Grab 
Dissolved Oxygen Index 2 years Field Measurement 
Arsenic Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five 
day 


Quarterly 2 Years Grab 


Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
Dissolved Oxygen Quarterly 2 Years Field Measurement 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Orthophosphate as Phosphorus Quarterly 2 Years Grab 
Total Phosphorus Quarterly 2 Years Grab 
Sodium Quarterly 2 Years Grab 
Sulfate Quarterly 2 Years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly 2 Years Grab 


Total Dissolved Solids Quarterly 2 Years Grab 
Thallium Quarterly 2 Years Grab 
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Total Organic Carbon Quarterly 2 Years Grab 
Stage Height Continuous – SDSU  Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Field Measurement 
pH Index 2 years Grab 
Conductivity Index 2 years Grab Sa
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Dissolved Oxygen Index 2 years Field Measurement 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Stage Continuous – SDSU  Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Field Measurement 
pH Index 2 years Grab 
Conductivity Index 2 years Grab 
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Dissolved Oxygen Index 2 years Field Measurement 
Flow rate  Continuous - USGS Continuing Sensor 
Ammonia as Nitrogen Index 2 years Grab 
Total Kjeldahl Nitrogen Index 2 years Grab 
Nitrate as Nitrogen Index 2 years Grab 
Nitrite as Nitrogen Index 2 years Grab 
Total Nitrogen Index 2 years Grab 
Orthophosphate as Phosphorus Index 2 years Grab 
Total Phosphorus Index 2 years Grab 
Chlorophyll a Index 2 years Grab 
Biological Oxygen Demand, five day Index 2 years Grab 
Water Temperature Index 2 years Grab 
pH Index 2 years Grab 
Conductivity Index 2 years Grab 
Dissolved Oxygen Index 2 years Field Measurement 
Aluminum Quarterly 2 Years Grab 
Arsenic Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five day Quarterly 2 Years Grab 
Boron Quarterly 2 Years Grab 
Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
Cyanide Quarterly 2 Years Grab 
Dissolved Oxygen Quarterly 2 Years Field Measurement 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Mercury Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
Oil & Grease Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Ortho 
Phosphate as Phosphorus 


Quarterly 2 Years Grab 


Total Phosphorus Quarterly 2 Years Grab 
Sodium Quarterly 2 Years Grab 
Sulfate Quarterly 2 Years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly 2 Years Grab 
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Total Dissolved Solids Quarterly 2 Years Grab 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Thallium Quarterly 2 Years Grab 
Total Organic Carbon Quarterly 2 Years Grab 
Total Suspended Solids Quarterly 2 Years Grab 
Turbidity Quarterly 2 Years Grab 
Zinc Quarterly 2 Years Grab 
Pesticides Quarterly 2 Years Grab 
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Monitoring 
Location (USGS 
Gage Number) Constituents Sampling Frequency Period Sampling Method 


Macrophytes Spring/Fall 2 Years Field Survey 
Periphyton Spring/Fall 2 Years Field Survey/Grab 
Arsenic Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five 
day 


Quarterly 2 Years Grab 


Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
Dissolved Oxygen Quarterly 2 Years Field Measurement 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Orthophosphate as Phosphorus Quarterly 2 Years Grab 
Total Phosphorus Quarterly 2 Years Grab 
Sodium Quarterly 2 Years Grab 
Sulfate Quarterly 2 Years Grab 
Methylene Blue Active Substances 
(MBAS) 


Quarterly 2 Years Grab 


Total Dissolved Solids Quarterly 2 Years Grab 
Thallium Quarterly 2 Years Grab 
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Total Organic Carbon Quarterly 2 Years Grab 
Arsenic Quarterly 2 Years Grab 
Bicarbonate Quarterly 2 Years Grab 
Biological Oxygen Demand, five 
day 


Quarterly 2 Years Grab 


Calcium Quarterly 2 Years Grab 
Chloride Quarterly 2 Years Grab 
Conductivity Quarterly 2 Years Grab 
Copper Quarterly 2 Years Grab 
Dissolved Oxygen Quarterly 2 Years Field Measurement 
Fecal Coliform Quarterly 2 Years Grab 
Fluoride Quarterly 2 Years Grab 
Lead Quarterly 2 Years Grab 
Iron Quarterly 2 Years Grab 
Manganese Quarterly 2 Years Grab 
Nitrate as Nitrogen Quarterly 2 Years Grab 
Total Nitrogen Quarterly 2 Years Grab 
pH Quarterly 2 Years Grab 
Orthophosphate as Phosphorus Quarterly 2 Years Grab 
Total Phosphorus Quarterly 2 Years Grab 
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Sodium Quarterly 2 Years Grab 
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SAMPLE COLLECTION METHODOLOGY 
 


Health and Safety Procedures 


 Sampling was conducted by two-person teams primarily for safety purposes.  A brief 
health and safety meeting was held the first day of each sampling event to discuss potential 
hazards, emergency procedures (e.g., location of and directions to the nearest hospital or 
emergency care center), and contact information for local fire, police, and project staff.  Level D 
personal protective equipment (PPE) was used during sample collection activities.  Detailed 
safety procedures are addressed in the Health and Safety Plan (HASP) (Stetson, 2007). 


Measurement of Water Quality Parameters – Field Samples 


 Prior to sample collection for laboratory analysis, the following water quality parameters 
were measured using water quality meters: pH, dissolved oxygen, conductivity (as specific 
conductance), turbidity, and temperature. These measurements were recorded on a field form at 
each sample location.  All field instruments used for water quality measurements were calibrated 
according to the manufacturer’s instructions at the beginning of each sampling day, and checked 
at the end of the day.  In the case of erratic or faulty readings, the instruments were re-calibrated.  
All calibration records were recorded in a field notebook.  


Surface Water Sampling Methods 


 All surface water samples for laboratory analysis were collected approximately 6 to 12 
inches below the water surface (unless the stream was more shallow) with precautions taken to 
keep the bottom sediment undisturbed.  All sample containers designated for a particular analysis 
were filled sequentially before containers for another analysis are filled.  If a duplicate field 
sample was collected at a given location, all containers designated for a particular analysis for 
both the primary sample and the duplicate sample were filled sequentially before containers for 
another analysis were filled.   


 Water quality samples were collected directly from the stream in acid washed 
polyethylene bottles, plastic cubitainers or scoops and then aliquoted into appropriately 
preserved and labeled containers for field measurements or shipment to the analytical laboratory.  
The bottle or scoop was rinsed with stream water prior to the start of sample collection.  Each 
sampling site had its own dedicated sampling devices.  Once the samples were collected, they 
were kept chilled (if appropriate) and processed for shipment to the laboratory.  Care was taken 
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not to touch the lip of the sample bottle during sample collection and preservation, so as not to 
contaminate the sample.   


 In keeping with the methods employed by the Lagoon Total Maximum Daily Load 
(TMDL) monitoring project overseen by the Regional Water Quality Control Board (RWQCB), 
this monitoring program filtered and froze nutrient samples to increase the holding time to 28 
days, if deemed necessary.  This time extension is not applicable to State Surface Water Ambient 
Monitoring Program (SWAMP) holding times for other constituents.  Samples collected were 
immediately put on ice until processed.  The filtering was done within 6 hours of sample 
collection and prior to freezing.   


Field Variances 


 There were no field variances during the first six months of sampling. 


Decontamination Procedures 


 When there was a need to collect water samples using an alternative method, reusable 
sampling equipment coming in direct contact with the samples was decontaminated according to 
US Environmental Protection Agency (EPA) Region 9 recommended procedures using the 
following washing fluids in sequence: 


• Non-phosphate detergent and tap water wash (using a brush if necessary) 


• Tap-water rinse, and 


• Deionized/distilled water rinse (twice) 


 Equipment was decontaminated in non-vegetated areas on plastic sheeting.  Small pieces 
of sampling equipment were stored in re-sealable plastic bags, and other materials that need to be 
stored more than a few hours were covered with plastic.   


Disposal of Waste Materials and PPE 
 


 Residual waste generated during sampling was handled in a manner consistent with the 
Office of Emergency and Remedial Response (OERR) Directive 9345.3-02 (May 1991), which 
provides guidance for the management of wastes.  In addition, other legal and practical 
considerations affecting the handling of the wastes were considered as follows:  used PPE and 
disposable containers/equipment were double bagged and placed in a municipal dumpster.  
These wastes are not considered hazardous and may be sent to a municipal landfill.  Any used 
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PPE and disposable containers or equipment are rendered inoperable before disposal in the 
refuse dumpster.  Decontamination fluids and excess water collected for sample container filling 
generated during the sampling event are of a sufficiently low volume to allow disposal onto the 
ground at the sampling area. 








Appendix G Periphyton and Macrophyton Sample Collection  
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Periphyton - the algae, fungi, bacteria, and protozoa associated with substrates in aquatic 
habitats - exhibit high diversity and are a major component in energy flow and nutrient cycling in 
aquatic ecosystems.  Periphyton are sensitive to many environmental conditions, which can be 
detected by changes in species composition, cell density, ash free dry mass (AFDM), and 
chlorophyll concentrations.  Each of these characteristics may be used, singly or in concert, to 
assess stream conditions.  The study team used the US Environmental Protection Agency’s 
(EPA) Environmental Monitoring and Assessment Program (EMAP) reach-scale approach for 
sampling periphyton (USEPA, 1998).  Periphyton are characterized by analysis of species 
richness, identifying diatoms and soft algae to lowest possible taxonomic level, analysis of 
relative abundance of taxa, as well as level of chlorophyll a content and AFDM.  
Characterization of the latter two constituents provides site-specific data lacking in the USEPA’s 
recent case study of the Nutrient Numeric Endpoint approach for the Santa Margarita River 
(Jungreis and Thomas, 2007; Thomas, 2008).   


Macrophyton include macroalgae, subaquatic vegetation, and emergent vegetation.  
Macrophyton is important as species composition and abundance may indicate system health.  
Such data may also prove useful in estimating shading, cover/structure for fish and 
macroinvertebrate habitat, and for modeling plant uptake to determine nutrient assimilation of 
the water body.  Macrophyton are characterized based upon a field assessment of species 
richness, cover, and relative abundance.   


Two periphyton or macrophyton sampling events were conducted at monitoring site 2 
(Fallbrook Creek at Fallbrook), but were not particularly useful because of extensive deep 
ponding.   At monitoring site 1 (Santa Margarita River at Ysidora and Levee), a periphyton 
sample was collected and macrophyton field survey completed once during the spring but no 
samples taken in the fall (during the second year of the program) due to low water conditions.  
At monitoring sites 3 – 7, periphyton samples were collected and macrophyton surveyed twice 
during the spring and fall of both years (except for the first spring, prior to contract modification 
to add a second sampling event during each season).  


The Santa Margarita River watershed is one of the last remaining continuous river 
systems in southern California, free of obstructions and man-made dams (Anchor, 2005).  The 
river supports many native plants restricted to riparian habitats.  The threatened or endangered 
vascular plant species known to occur in Santa Margarita River Watershed include those listed in 
Table G-1.   
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Table G-1.  List of Threatened or Endangered Vascular Plants Known to Occur Within the 
Santa Margarita River Watershed (Anchor, 2005). 


Species Name       Common Name  
Allium munzii       Munz’s onion  
Ambrosia pumila              San Diego ambrosia  
Berberis nevinii              Nevin’s barberry  
Brodiaea filfolia       Three-leaved brodiaea  
Ceanothus ophiochilus     Vail Lake ceanothus  
Deinandra mohavensis     Mojave tarplant  
Dodecahema leptoceras     Slender-horned spineflower  
Eryngium aristulatum var. parishii)   San Diego button celery  
Limnanthus  
gracilis ssp. parishii      Parish’s meadowfoam  
Navarretia fossalis      Spreading navarretia  
Orcuttia californica      California orcut grass  


 


The analysis evaluated the vegetation growing directly in (macrophyton) and 
immediately surrounding the river (riparian vegetation), by estimating percent cover of 
vegetation at 6 different sites throughout the watershed.  Additionally, plants were collected and 
processed into herbarium voucher specimens to formally document species occurring in the 
watershed, concentrating on invasive and non-native species that pose a threat to native estuary 
vegetation still intact along the river.  The specimens are deposited in the San Diego State 
University (SDSU) herbarium, with duplicates deposited in the San Diego Natural History 
Museum (SDNHM) herbarium as part of the San Diego County Plant Atlas Project.  Both 
herbariums are internationally recognized and are members of the California Consortium of 
Herbaria.  This consortium places data from specimen labels online, available to researchers and 
the public.  Information from this large database is currently being used in studies to document 
climate change and the affect it may have on the flora of California (Loarie et al, 2008).    
Specimens collected in this monitoring program will contribute to the growing knowledge of 
California flora, especially in riparian habitat.    
  


Material and Methods  
 
Macrophyton and Riparian Vegetation 


In order to ensure that data collected was comparable across sites, a standard sampling 
unit was used, rather than estimating the percent cover of each point on the dry riverbank (dry 
riverbank varies from 5 to 100 meters or more).  5 m x 5 m quadrats were selected as the 
standard sampling unit, in order to obtain an adequate sampling of vegetation growing on or near 
the wetted river, while maintaining an accurate percent cover for each point.   150 m downstream 
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from the gauging station, a flag was placed as an indicator of the location of transect 11.  10 
more transects were marked , each 15 m apart, upstream of transect 11 towards gauging stations.   
A quadrat of 5 m x 5 m was set on either side of every transect, beginning at each flag and 
moving 5 m upstream, and 5 m up the bank.  Percent cover of each species within the 5 m x 5 m 
quadrat was estimated and recorded.  


Visual estimates and quantitative transect-based assessments were used to determine the 
percent coverage and the estimated relative abundance of macrophytes.  Submerged macrophytes 
are typically seasonal in their occurrence, seasonality is often an uncommon attribute of many 
streams, particularly those that are high-gradient or rocky substrate.  Macrophytes were sampled 
by drawing a net through the vegetation from the bottom to the surface of the water column 
(maximum of 0.5 m for each sample).  In shallow water, samples were collected by dragging the 
net along the bottom in the rooted area, avoiding collection of sediments where possible.  Percent 
cover estimates are generated for classes of macrophytes, with an emphasis on potential invasive 
species within the stream. 


Specimens of unknown or invasive species were pressed in the field, with GPS 
coordinates and detail recorded.  The specimens were identified in the San Diego State Plant 
Systematics lab by Kristen Hasenstab and confirmed by Dr. Michael Simpson, curator of the 
SDSU herbarium as well as Dr. Jon Rebman, curator of Botany at SDNHM.  These specimens 
were prepared using standard preparation protocols and deposited in the SDSU herbarium, with 
duplicates deposited in the herbarium at SDNHM.      


 


Periphyton 


Similar to the methodology utilized for macrophyton and riparian vegetation vegetation 
colletion, a standard sampling unit, based on stream width, was developed for the collection of 
periphyton samples. Each unit was designated 40 times as long as the stream is wide (minimum 
150 m, maximum of 1,240 m).  Within each unit, 11 cross sectional transects were established.  
Each periphyton sampling transect begun at a random starting point within each reach. Along 
each transect, 10 samples were collected at 10 meter intervals. To collect a representative 
composite sample at each sampling point, samples were collected at either one quarter, one half, 
or at three quarter the width of the channel.   


In coarse substrate areas, periphyton were collected from cobbles by scraping a 12 cm2 
area with a toothbrush and rinsing the surface. The rinse water was collected in vial with 
deionized water.  In fine substrate areas, sediments were collected in a 60 mL syringe.  The 
samples from each reach were combined into a composite sample and preserved with 25% 
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glutaraldehyde solution.  Diatom and algae samples were processed and stored in two 50mL 
centrifuge tubes.  These tubes were then refrigerated until the samples were processed for 
identification.  The chlorophyll a and AFDM samples were filtered through glass fiber filters 
which were then placed in snapping Petri dishes and frozen until processed for identification. 
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Presented in this appendix is information on quality assurance / quality control (QA/QC) 
procedures utilized by Stetson and affiliated laboratories during sampling and analysis.   


All water quality samples were analyzed for conventional constituents by Associated 
Laboratories of Orange, California, which is certified by the State of California.  Pesticides were 
analyzed by CRG Marine Laboratories of Torrance, California, which is certified by the State of 
California.  Samples were collected in laboratory-prepared containers, labeled, and placed in re-
sealable plastic bags in an ice-filled cooler.  Stetson followed proper sample storage, labeling and 
chain of custody procedures and collected one duplicate sample for every quarterly event.  
Among other items, a detailed description of sampling protocols, personnel, sampling methods, 
holding times, and laboratory quality assurance and quality control procedures and personnel are 
included in the Quality Assurance Project Plan (QAPP).   


 All data collected as a part of this monitoring program is compatible with the Surface 
Water Ambient Monitoring Program (SWAMP) quality assurance standards.  Thus, an additional 
10-15% of the total number of samples was collected during each sampling event.  This 10-15% 
included analysis of field, laboratory, and equipment blanks, as well as blind field duplicates and 
laboratory duplicates.   


Table H-1 lists analytical reporting limits and the data quality objectives for each 
constituent in Sampling Suites 1 through 5. Tables H-2 and H-3 list the analytical reporting 
limits and data quality objectives for the constituents in Sampling Suites 6 through 8.  


The method detection limit (MDL) refers to the minimum concentration of a constituent 
that can be measured and reported with 99% confidence that the concentration is greater than 
zero as determined by a specific method. The laboratory reporting limit (RL) refers to the 
minimum concentration of a constituent that can be measured and reported with a known and 
specified level of confidence that the constituent concentration is above zero as determined by a 
specific method.  


The laboratory control sample (LCS) refers to deionized water that is spiked with known 
concentrations of target constituents and carried through the entire sample preparation and 
analysis procedure used for samples. LCS recoveries are used to estimate overall analytical 
method accuracy independent of sample matrix (similar chemical and physical properties of a set 
of samples) effects.  


Matrix spikes and matrix spike duplicates (MS/MSD) refer to an aliquot of a sample with 
known concentrations of the constituent being analyzed. They are used to estimate the overall 
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method precision. Matrix spike recoveries (accuracy of a measurement process) are used to 
estimate the overall sample matrix-dependent analytical method accuracy.  


 The relative percent difference (RPD) is calculated for sample and sample duplicates as 
well as MS/MSDs. It is used to estimate overall method precision.     
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Table H-1.   Quality Control Acceptance Criteria for Sampling Suites 1-51 


RPD (%)4 


Constituent 


Analytical 
Method 


Reference 


Method 
Detection 


Limit 


Laboratory 
Reporting 


Limit Units 
LCS 


 (% R)2 
MS/MSD 


(% R)3 LCS MS
Aluminum EPA 200.7  0.013 0.03 mg/L 80-120 75-125 NA 20 
Ammonia as N EPA 350.1 0.01 0.1 mg/L 80-120 80-120 NA 20 
Antimony EPA 200.8 0.0004 0.002 mg/L 80-120 70-130 NA 20 
Arsenic EPA 200.8 0.0006 0.002 mg/L 80-120 70-130 NA 20 
Beryllium EPA 200.7 ICP 0.001 0.001 mg/L 80-120 75-125 NA 20 
Alkalinity as CaCO3 SM 2320B 5 5 mg/L NA NA NA 205


BOD5 SM 5210B 1.5 3 mg/L 80-120 80-120 NA 20 
Boron EPA 200.7 ICP 0.007 0.05 mg/L 80-120 75-125 NA 20 
Cadmium EPA 200.8 0.0001 0.001 mg/L 80-120 70-130 NA 20 
Calcium EPA 200.7 ICP 0.004 0.1 mg/L 80-120 75-125 NA 20 
Chloride EPA 300.0 0.1 1 mg/L 80-115 80-115 NA 20 
Chlorophyll a 10200H NA 1 mg/M3 NA NA NA NA
Chromium, total EPA 200.8 0.0006 0.005 mg/L 80-120 70-130 NA 20 
COD EPA 410.4 3.8 4 mg/L 80-120 75-125 NA 20 
Conductivity SM 2510B 0.86 1 mg/L NA NA NA 20 
Copper EPA 200.8 0.0002 0.005 mg/L 80-120 70-130 NA 20 
Cyanide EPA 335.4 0.001 0.01 mg/L 90-110 80-120 NA 20 
Dissolved Oxygen SM 4500-OG NA NA mg/L NA NA NA NA
Fecal Coliform SM 9221E NA 2 MPN/100ml NA NA NA NA
Fluoride SM 4500F-C 0.004 0.05 mg/L 80-120 75-125 NA 20 
Iron EPA 200.7 ICP 0.002 0.02 mg/L 80-120 75-125 NA 20 
Lead EPA 200.8 0.0001 0.005 mg/L 80-120 70-130 NA 20 
Manganese EPA 200.7 ICP 0.001 0.01 mg/L 80-120 75-125 NA 20 
MBAS-Surfactants SM 5540C 0.02 0.04 mg/L 80-120 75-125 NA 20 
Mercury EPA 245.1 0.00003 0.0004 mg/L 80-120 75-125 NA 20 
Nickel EPA 200.8 0.0003 0.005 mg/L 80-120 70-130 NA 20 
Nitrate as N EPA 300.0 0.016 0.1 mg/L 90-110 80-120 NA 20 
Nitrite as N EPA 300.0 0.018 0.1 mg/L 90-110 80-120 NA 20 
Nitrogen, total Calculation NA 0.5 mg/L NA NA NA NA
Oil and Grease EPA 1664 1.7 5 mg/L 78-114 78-114 NA 20 
Ortho Phosphate as P SM 4500P-E 0.005 0.02 mg/L 80-120 75-125 NA 20 
pH SM 4500 H-B NA NA NA NA NA NA NA
Phosphate, total as P EPA 365.1 0.01 0.02 mg/L 80-120 75-125 NA 20 
Selenium EPA 200.8 0.0003 0.002 mg/L 80-120 70-130 NA 20 
Silver EPA 200.8 0.0001 0.005 mg/L 80-120 70-130 NA 20 
Sodium EPA 200.7 ICP 0.12 0.5 mg/L 80-120 75-125 NA 20 
Solids, total dissolved SM 2540C 5.7 10 mg/L NA NA NA 55 
Solids, total suspended SM 2540 D 2.7 5 mg/L NA NA NA 55 
Sulfate EPA 300.0 0.17 1 mg/L 90-110 80-120 NA 20 
Thallium EPA 200.8 0.0001 0.001 mg/L 80-120 70-130 NA 20 
Total Kjeldahl Nitrogen EPA 351.2 0.4 0.4 mg/L 80-120 75-125 NA 20 
Total Organic Carbon SM 5310C 0.5 0.5 mg/L 80-120 80-120 NA 20 
Turbidity EPA 180.1 0.2 0.2 mg/L NA NA NA NA
Zinc EPA 200.7 ICP 0.01 0.01 mg/L 80-120 75-125 NA 20 


1 “NA” denotes not applicable 
2 Laboratory Control Sample (% Recovery) 
3 Matrix Spike, Matrix Spike Duplicate (% Recovery) 
4 Relative Percent Difference 
5 Percent ratio of the sample to the duplicate 
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Table H-2.   Quality Control Acceptance Criteria for Sampling Suite 61  
RPD (%)4 


Constituent 


Analytical 
Method 


Reference 


Method 
Detection 


Limit 


Laboratory 
Reporting 


Limit Units 
LCS 


 (% R)2 
MS/MSD 


(% R)3 LCS MS 
2,4'-DDD EPA 625m 1 5 ng/L 50-140 50-140 NA 30 
2,4'-DDE EPA 625m 1 5 ng/L 60-130 60-130 NA 30 
2,4'-DDT EPA 625m 1 5 ng/L 40-130 40-130 NA 30 
4,4'-DDD EPA 625m 1 5 ng/L 60-140 60-140 NA 30 
4,4'-DDE EPA 625m 1 5 ng/L 70-130 70-130 NA 30 
4,4'-DDT EPA 625m 1 5 ng/L 0-0.5 0-0.5 NA 30 
Aldrin EPA 625m 1 5 ng/L 65-141 65-141 NA 30 
Allethrin by NCI EPA 625mNCI 0.5 2 ng/L 83-114 83-114 NA 30 
Ametryn EPA 625m 5 10 ng/L 69-125 69-125 NA 30 
Atraton EPA 625m 5 10 ng/L 71-136 71-136 NA 30 
Atrazine EPA 625m 5 10 ng/L 72-120 72-120 NA 30 
BHC-alpha EPA 625m 1 5 ng/L 53-140 53-140 NA 30 
BHC-beta EPA 625m 1 5 ng/L 48-145 48-145 NA 30 
BHC-delta EPA 625m 1 5 ng/L 50-151 50-151 NA 30 
BHC-gamma EPA 625m 1 5 ng/L 56-138 56-138 NA 30 
Bifenthrin by NCI EPA 625mNCI 0.5 2 ng/L 75-131 75-131 NA 30 
Bolstar (Sulprofos) EPA 625m 2 4 ng/L 55-143 55-143 NA 30 
Chlordane-alpha EPA 625m 1 5 ng/L 56-145 56-145 NA 30 
Chlordane-gamma EPA 625m 1 5 ng/L 70-136 70-136 NA 30 
Chlorpyrifos EPA 625m 1 2 ng/L 55-137 55-137 NA 30 
cis-Nonachlor EPA 625m 1 5 ng/L 69-132 69-132 NA 30 
Cyanazine EPA 625m 5 10 ng/L 70-157 70-157 NA 30 
Cyfluthrin by NCI EPA 625mNCI 0.5 2 ng/L 76-128 76-128 NA 30 
Cypermethrin by NCI EPA 625mNCI 0.5 2 ng/L 72-132 72-132 NA 30 
Danitol by NCI EPA 625mNCI 0.5 2 ng/L 64-127 64-127 NA 30 
DCPA (Dacthal) EPA 625m 5 10 ng/L 63-143 63-143 NA 30 
Deltamethrin by NCI EPA 625mNCI 0.5 2 ng/L 47-142 47-142 NA 30 
Demeton EPA 625m 1 2 ng/L 21-128 21-128 NA 30 
Diazinon EPA 625m 2 4 ng/L 56-134 56-134 NA 30 
Dichlorvos EPA 625m 3 6 ng/L 59-136 59-136 NA 30 
Dicofol EPA 625m 50 100 ng/L 49-157 49-157 NA 30 
Dieldrin EPA 625m 1 5 ng/L 52-149 52-149 NA 30 
Dimethoate EPA 625m 3 6 ng/L 46-149 46-149 NA 30 
Disulfoton EPA 625m 1 2 ng/L 16-118 16-118 NA 30 
Endosulfan Sulfate EPA 625m 1 5 ng/L 57-142 57-142 NA 30 
Endosulfan-I EPA 625m 1 5 ng/L 59-145 59-145 NA 30 
Endosulfan-II EPA 625m 1 5 ng/L 60-133 60-133 NA 30 
Endrin EPA 625m 1 5 ng/L 56-145 56-145 NA 30 
Endrin Aldehyde EPA 625m 1 5 ng/L 33-138 33-138 NA 30 
Endrin Ketone EPA 625m 1 5 ng/L 54-143 54-143 NA 30 
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RPD (%)4 


Constituent 


Analytical 
Method 


Reference 


Method 
Detection 


Limit 


Laboratory 
Reporting 


Limit Units 
LCS 


 (% R)2 
MS/MSD 


(% R)3 LCS MS 
Esfenvalerate by NCI EPA 625mNCI 0.5 2 ng/L 50-140 50-140 NA 30 
Ethoprop (Ethoprofos) EPA 625m 1 2 ng/L 55-141 55-141 NA 30 
Fenchlorphos (Ronnel) EPA 625m 2 4 ng/L 59-135 59-135 NA 30 
Fensulfothion EPA 625m 1 2 ng/L 54-150 54-150 NA 30 
Fenthion EPA 625m 2 4 ng/L 52-128 52-128 NA 30 
Fenvalerate by NCI EPA 625mNCI 0.5 2 ng/L 41-146 41-146 NA 30 
Fluvalinate by NCI EPA 625mNCI 0.5 2 ng/L 47-138 47-138 NA 30 
Heptachlor EPA 625m 1 5 ng/L 60-146 60-146 NA 30 
Heptachlor Epoxide EPA 625m 1 5 ng/L 64-140 64-140 NA 30 
L-Cyhalothrin by NCI EPA 625mNCI 0.5 2 ng/L 72-130 72-130 NA 30 
Malathion EPA 625m 3 6 ng/L 64-142 64-142 NA 30 
Merphos EPA 625m 1 2 ng/L 45-135 45-135 NA 30 
Methoxychlor EPA 625m 1 5 ng/L 34-143 34-143 NA 30 
Methyl Parathion EPA 625m 1 2 ng/L 49-141 49-141 NA 30 
Mevinphos (Phosdrin) EPA 625m 8 16 ng/L 61-141 61-141 NA 30 
Mirex EPA 625m 1 5 ng/L 51-138 51-138 NA 30 
Oxychlordane EPA 625m 1 5 ng/L 64-142 64-142 NA 30 
Permethrin by NCI EPA 625mNCI 5 25 ng/L 74-137 74-137 NA 30 
Perthane EPA 625m 5 10 ng/L 61-144 61-144 NA 30 
Phorate EPA 625m 6 12 ng/L 47-119 47-119 NA 30 
Prallethrin by NCI EPA 625mNCI 0.5 2 ng/L 80-121 80-121 NA 30 
Prometon EPA 625m 5 10 ng/L 73-125 73-125 NA 30 
Prometryne EPA 625m 5 10 ng/L 72-124 72-124 NA 30 
Propazine EPA 625m 5 10 ng/L 73-122 73-122 NA 30 
Resmethrin by NCI EPA 625mNCI 5 25 ng/L 71-127 71-127 NA 30 
Secbumeton EPA 625m 5 10 ng/L 67-130 67-130 NA 30 
Simazine EPA 625m 5 10 ng/L 70-122 70-122 NA 30 
Simetryn EPA 625m 5 10 ng/L 65-130 65-130 NA 30 
Terbuthylazine EPA 625m 5 10 ng/L 74-122 74-122 NA 30 
Terbutryn EPA 625m 5 10 ng/L 66-132 66-132 NA 30 
Tetrachlorvinphos (Stirofos) EPA 625m 2 4 ng/L 65-146 65-146 NA 30 
Tokuthion EPA 625m 3 6 ng/L 61-135 61-135 NA 30 
Toxaphene EPA 625m 10 50 ng/L 65-135 65-135 NA 30 
trans-Nonachlor EPA 625m 1 5 ng/L 65-138 65-138 NA 30 
Trichloronate EPA 625m 1 2 ng/L 53-136 53-136 NA 30 


1 “NA” denotes not applicable 
2 Laboratory Control Sample (% Recovery) 
3 Matrix Spike, Matrix Spike Duplicate (% Recovery) 
4 Relative Percent Difference 
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Table H-3.   Quality Control Acceptance Criteria for Sampling Suites 7 & 81  
RPD (%)4 


Constituent 


Analytical 
Method 


Reference 


Method 
Detection 


Limit 


Laboratory 
Reporting 


Limit Units 
LCS 


 (% R)2 
MS/MSD 


(% R)3 LCS MS 
NDMA-d6 EPA 521 NA NA ug/l 70-130 70-130 NA NA 
N-Nitrosodiethylamine EPA 521 0.00072 0.0010 ug/l 50-150 0-200 NA 200 
N-Nitrosodimethylamine EPA 521 0.00028 0.0010 ug/l 50-150 0-200 NA 200 
N-Nitrosodi-n-butylamine EPA 521 0.00059 0.0010 ug/l 50-150 0-200 NA 200 
N-Nitrosodi-n-propylamine EPA 521 0.00035 0.0010 ug/l 50-150 0-200 NA 200 
N-Nitrosomethylethylamine EPA 521 0.00028 0.0010 ug/l 50-150 0-200 NA 200 
N-Nitrosopyrrolidine EPA 521 0.00066 0.0010 ug/l 50-150 0-200 NA 200 
1,3-Dimethyl-2-NB EPA 525.2 NA NA ug/l 70-130 70-130 NA NA 
Acetochlor EPA 525.2 0.29 0.50 ug/l 50-150 0-200 NA 200 
Alachlor EPA 525.2 0.070 0.50 ug/l 50-150 0-200 NA 200 
Metolachlor EPA 525.2 0.056 0.50 ug/l 50-150 0-200 NA 200 
Perylene-d12 EPA 525.2 NA NA ug/l 70-130 70-130 NA NA 
Triphenyl phosphate EPA 525.2 NA NA ug/l 70-130 70-130 NA NA 
1,3-Dimethyl-2-NB EPA 527 NA NA ug/l 70-130 70-130 NA NA 
245-HBB EPA 527 0.080 0.10 ug/l 50-150 0-200 NA 200 
BDE-100 EPA 527 0.080 0.10 ug/l 50-150 0-200 NA 200 
BDE-153 EPA 527 0.060 0.10 ug/l 50-150 0-200 NA 200 
BDE-47 EPA 527 0.080 0.10 ug/l 50-150 0-200 NA 200 
BDE-99 EPA 527 0.10 0.10 ug/l 50-150 0-200 NA 200 
Dimethoate EPA 527 0.11 0.11 ug/l 50-150 0-200 NA 200 
Perylene-d12 EPA 527 NA NA ug/l 70-130 70-130 NA NA 
Terbufos sulfone EPA 527 0.060 0.10 ug/l 50-150 0-200 NA 200 
Triphenyl phosphate EPA 527 NA NA ug/l 70-130 70-130 NA NA 
1,2,4-Trimethyl-5-
nitrobenzene EPA 529 NA NA ug/l 70-130 70-130 NA NA 


1,3,5-Trimethyl-2-
nitrobenzene EPA 529 NA NA ug/l 70-130 70-130 NA 30 


1,3-Dinitrobenzene EPA 529 0.10 0.50 ug/l 50-150 0-200 NA 200 
2,4,6-Trinitrotoluene EPA 529 0.080 0.50 ug/l 50-150 0-200 NA 200 
Nitrobenzene-d5 EPA 529 NA NA ug/l 70-130 70-130 NA NA 
RDX EPA 529 0.050 0.50 ug/l 50-150 0-200 NA 200 
Acetochlor ESA EPA 535 0.30 0.50 ug/l 50-150 0-200 NA 200 
Acetochlor OA EPA 535 0.15 0.50 ug/l 50-150 0-200 NA 200 
Alachlor ESA EPA 535 0.22 0.50 ug/l 50-150 0-200 NA 200 
Alachlor OA EPA 535 0.14 0.50 ug/l 50-150 0-200 NA 200 
Dimethachlor ESA EPA 535 NA NA ug/l 70-130 70-130 NA NA 
Metolachlor ESA EPA 535 0.26 0.50 ug/l 50-150 0-200 NA 200 
Metolachlor OA EPA 535 0.15 0.50 ug/l 50-150 0-200 NA 200 
1,2,4-Trichlorobenzene EPA 8270C 0.26 5.0 ug/l 44-142 NA NA 30 
1,2-Dichlorobenzene EPA 8270C 0.30 5.0 ug/l 32-129 NA NA 30 
1,3-Dichlorobenzene EPA 8270C 0.36 5.0 ug/l 0.1-172 NA NA 30 
1,4-Dichlorobenzene EPA 8270C 0.32 5.0 ug/l 20-124 NA NA NA 
2,4,6-Tribromophenol EPA 8270C NA NA ug/l 44-115 NA NA NA 
2,4,6-Trichlorophenol EPA 8270C 0.88 10 ug/l 37-144 NA NA NA 
2,4-Dichlorophenol EPA 8270C 0.77 5.0 ug/l 39-135 NA NA NA 
2,4-Dimethylphenol EPA 8270C 0.80 5.0 ug/l 1.33-117 NA NA NA 
2,4-Dinitrophenol EPA 8270C 1.4 10 ug/l 0.1-191 NA NA NA 
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RPD (%)4 


Constituent 


Analytical 
Method 


Reference 


Method 
Detection 


Limit 


Laboratory 
Reporting 


Limit Units 
LCS 


 (% R)2 
MS/MSD 


(% R)3 LCS MS 
2,4-Dinitrotoluene EPA 8270C 0.40 5.0 ug/l 39-139 NA NA NA 
2,6-Dinitrotoluene EPA 8270C 0.24 5.0 ug/l 50-158 NA NA NA 
2-Chloronaphthalene EPA 8270C 0.26 5.0 ug/l 60-118 NA NA NA 
2-Chlorophenol EPA 8270C 0.71 5.0 ug/l 23-134 NA NA NA 
2-Fluorobiphenyl EPA 8270C NA NA ug/l 61-113 NA NA NA 
2-Fluorophenol EPA 8270C NA NA ug/l 24-82 NA NA NA 
2-Nitrophenol EPA 8270C 0.84 10 ug/l 29-182 NA NA NA 
3,3´-Dichlorobenzidine EPA 8270C 1.5 5.0 ug/l 0.1-262 NA NA NA 
4,6-Dinitro-2-methylphenol EPA 8270C 0.33 10 ug/l 0.1-181 NA NA NA 
4-Bromophenyl phenyl ether EPA 8270C 0.23 5.0 ug/l 56-127 NA NA NA 
4-Chloro-3-methylphenol EPA 8270C 0.40 5.0 ug/l 22-147 NA NA NA 
4-Chlorophenyl  
phenyl ether EPA 8270C 0.24 5.0 ug/l 25-158 NA NA NA 


4-Nitrophenol EPA 8270C 1.0 10 ug/l 0.1-132 NA NA NA 
Acenaphthene EPA 8270C 0.31 5.0 ug/l 47-145 NA NA NA 
Acenaphthylene EPA 8270C 0.26 5.0 ug/l 33-145 NA NA NA 
Anthracene EPA 8270C 0.28 5.0 ug/l 27-133 NA NA NA 
Benzo (a) anthracene EPA 8270C 0.19 5.0 ug/l 33-143 NA NA NA 
Benzo (a) pyrene EPA 8270C 0.20 5.0 ug/l 17-163 NA NA NA 
Benzo (b) fluoranthene EPA 8270C 0.16 5.0 ug/l 24-159 NA NA NA 
Benzo (g,h,i) perylene EPA 8270C 0.31 5.0 ug/l 0.1-219 NA NA NA 
Benzo (k) fluoranthene EPA 8270C 0.23 5.0 ug/l 11-162 NA NA NA 
Bis(2-chloroethoxy)methane EPA 8270C 0.40 5.0 ug/l 33-184 NA NA NA 
Bis(2-chloroethyl)ether EPA 8270C 0.46 5.0 ug/l 12-158 NA NA NA 
Bis(2-chloroisopropyl)ether EPA 8270C 0.48 5.0 ug/l 36-166 NA NA NA 
Bis(2-ethylhexyl)phthalate EPA 8270C 0.21 5.0 ug/l 8-158 NA NA NA 
Butyl benzyl phthalate EPA 8270C 0.29 5.0 ug/l 0.1-152 NA NA NA 
Chrysene EPA 8270C 0.25 5.0 ug/l 17-168 NA NA NA 
Dibenzo (a,h) anthracene EPA 8270C 0.32 5.0 ug/l 0.1-227 NA NA NA 
Diethyl phthalate EPA 8270C 0.23 5.0 ug/l 0.1-112 NA NA NA 
Dimethyl phthalate EPA 8270C 0.26 5.0 ug/l 0.1-112 NA NA NA 
Di-n-butyl phthalate EPA 8270C 0.53 5.0 ug/l 1-118 NA NA NA 
Di-n-octyl phthalate EPA 8270C 0.28 5.0 ug/l 6-146 NA NA NA 
Fluoranthene EPA 8270C 0.16 5.0 ug/l 26-137 NA NA NA 
Fluorene EPA 8270C 0.28 5.0 ug/l 59-121 NA NA NA 
Hexachlorobenzene EPA 8270C 0.15 5.0 ug/l 0.1-152 NA NA NA 
Hexachlorobutadiene EPA 8270C 0.41 5.0 ug/l 24-116 NA NA NA 
Hexachlorocyclopentadiene EPA 8270C 14 20 ug/l 0.1-136 NA NA NA 
Hexachloroethane EPA 8270C 0.36 5.0 ug/l 40-113 NA NA NA 
Indeno (1,2,3-cd) pyrene EPA 8270C 0.32 5.0 ug/l 0.1-171 NA NA NA 
Isophorone EPA 8270C 0.33 5.0 ug/l 21-196 NA NA NA 
Naphthalene EPA 8270C 0.35 5.0 ug/l 21-133 NA NA NA 
Nitrobenzene EPA 8270C 0.37 5.0 ug/l 35-180 NA NA NA 
Nitrobenzene-d5 EPA 8270C NA NA ug/l 57-124 NA NA NA 
N-Nitrosodimethylamine EPA 8270C 0.36 5.0 ug/l 27-78 NA NA NA 
N-Nitrosodi-n-propylamine EPA 8270C 0.41 5.0 ug/l 0.1-230 NA NA NA 
N-Nitrosodiphenylamine EPA 8270C 0.23 5.0 ug/l 48-129 NA NA NA 
Pentachlorophenol EPA 8270C 0.56 5.0 ug/l 14-176 NA NA NA 
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RPD (%)4 


Constituent 


Analytical 
Method 


Reference 


Method 
Detection 


Limit 


Laboratory 
Reporting 


Limit Units 
LCS 


 (% R)2 
MS/MSD 


(% R)3 LCS MS 
Phenanthrene EPA 8270C 0.25 5.0 ug/l 54-120 NA NA NA 
Phenol EPA 8270C 0.30 5.0 ug/l 5-112 NA NA NA 
Phenol-d5 EPA 8270C NA NA ug/l 13-58 NA NA NA 
Pyrene EPA 8270C 0.16 5.0 ug/l 52-115 NA NA NA 
Terphenyl-dl4 EPA 8270C NA NA ug/l 10-121 NA NA NA 
4-Nonylphenol GCMS SIM NA NA ug/l 70-130 NA NA NA 
4-tert-Octylphenol GCMS SIM 0.080 0.20 ug/l 70-130 NA NA NA 
Bisphenol A GCMS SIM 0.25 0.30 ug/l 70-130 NA NA NA 
Nonylphenol GCMS SIM 0.30 0.90 ug/l 70-130 NA NA NA 
Nonylphenol diethoxylate GCMS SIM 2.1 6.0 ug/l 70-130 NA NA NA 
Nonylphenol monoethoxylate GCMS SIM 0.87 2.0 ug/l 70-130 NA NA NA 
17a-Ethynylestradiol LCMSMS-APCI 2.0 5.0 ng/l 50-150 NA NA NA 
Estradiol LCMSMS-APCI 2.0 5.0 ng/l 50-150 NA NA NA 
Estrone LCMSMS-APCI 1.4 5.0 ng/l 50-150 NA NA NA 
Progesterone LCMSMS-APCI 2.6 5.0 ng/l 50-150 NA NA NA 
Testosterone LCMSMS-APCI 1.2 5.0 ng/l 50-150 NA NA NA 
Bisphenol A LCMSMS-ESI- 3.0 10 ng/l 70-130 NA NA NA 
Gemfibrozil LCMSMS-ESI- 0.65 1.0 ng/l 70-130 NA NA NA 
Ibuprofen LCMSMS-ESI- 0.70 1.5 ng/l 70-130 NA NA NA 
Salicylic Acid LCMSMS-ESI- 4.0 15 ng/l 70-130 NA NA NA 
Acetaminophen LCMSMS-ESI+ 4.4 25 ng/l 50-150 NA NA NA 
Atorvastatin LCMSMS-ESI+ 2.2 5.0 ng/l 50-150 NA NA NA 
Caffeine LCMSMS-ESI+ 3.2 10 ng/l 50-150 NA NA NA 
Carbamazepine LCMSMS-ESI+ 0.46 2.0 ng/l 50-150 NA NA NA 
DEET LCMSMS-ESI+ 0.65 2.0 ng/l 50-150 NA NA NA 
Fluoxetine LCMSMS-ESI+ 0.14 2.0 ng/l 50-150 NA NA NA 
Methadone LCMSMS-ESI+ 0.87 2.0 ng/l 50-150 NA NA NA 
Sulfamethoxazole LCMSMS-ESI+ 0.38 2.0 ng/l 50-150 NA NA NA 
Trimethoprim LCMSMS-ESI+ NA 2.0 ng/l 50-150 NA NA NA 
3-Hydroxycarbofuran EPA 531.1 0.43 2.0 ug/l 80-120 65-135 NA 30 
Aldicarb EPA 531.1 0.70 2.0 ug/l 80-120 65-135 NA 30 
Aldicarb sulfone EPA 531.1 0.36 2.0 ug/l 80-120 65-135 NA 30 
Aldicarb sulfoxide EPA 531.1 0.33 2.0 ug/l 80-120 65-135 NA 30 
Carbaryl EPA 531.1 0.97 2.0 ug/l 80-120 65-135 NA 30 
Carbofuran EPA 531.1 0.63 5.0 ug/l 80-120 65-135 NA 30 
Methiocarb EPA 531.1 1.4 3.0 ug/l 80-120 65-135 NA 30 
Methomyl EPA 531.1 0.34 2.0 ug/l 80-120 65-135 NA 30 
Oxamyl EPA 531.1 0.57 2.0 ug/l 80-120 65-135 NA 30 
Propoxur (Baygon) EPA 531.1 0.43 5.0 ug/l 80-120 65-135 NA 30 


1 “NA” denotes not applicable 
2 Laboratory Control Sample (% Recovery) 
3 Matrix Spike, Matrix Spike Duplicate (% Recovery) 
4 Relative Percent Difference 


 








Appendix I Field Data Records 


 See enclosed CD for Field Sheets.  
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Presented in this appendix are the field water quality data results for the index and quarterly 
sampling periods, San Diego State biological monitoring data, and data from the flow experiment 
performed in April, May, and September 2009. Field sheets are located on the CD that accompanies 
this report.  


Table I-1 presents a summary of field measurements of water quality as well as statistics 
including mean, median, standard deviation, maximum value, and minimum value.  


 
TABLE I-1. WATER QUALITY FIELD MEASUREMENTS AND STATISTICS1 


 
Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) Sampling 


Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU)2 


7/22/2008 5.40 8.35 452 20.21 - 
10/23/2008 4.70 8.10 393 14.90 - 
2/11/2009 9.11 7.43 292 8.71 - 
4/23/2009 6.73 8.07 480 14.92 - 
7/20/2009 5.20 7.92 436 21.57 - 


Mean 6.23 7.97 411 16.06 - 
Median 5.40 8.07 436 14.92 - 


Standard Deviation 1.78 0.34   73 5.11 - 
Maximum 9.11 8.35 480 21.57 - 
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Minimum  4.70 7.43 292 8.71 - 
2/10/2009 11.75 8.02 141 4.62 - 
April 2009 Dry Channel 
July 2009 Dry Channel 
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                                No Statistics Applicable 
2/11/2009   8.65 7.03 176   9.82  - 
April 2009 Dry Channel 
July 2009 Dry Channel 


C
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e 
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re
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                                No Statistics Applicable 
11/14/2007 Dry Channel 
1/23/2008 10.08 8.24 661 8.22 - 
4/17/2008 7.64 8.40 600 18.66 - 
7/22/2008 7.05 8.50 818 26.30 - 
2/13/2009 10.93 8.46 386 9.24 - 
4/23/2009 8.30 8.30 606 17.10 - 
7/27/2009 5.73 7.32 822 27.78 - 


Mean 7.63 8.12 725 20.24 - 
Median 7.35 8.32 740 22.48 - 


Standard Deviation 1.82 0.54 112 8.95 - 
Maximum 10.08 8.50 822 27.78 - 
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Minimum  5.73 7.32 600 8.22 - 







 
Stetson Engineers Inc. I-2 Final Report 
Santa Margarita River February 21, 2010 
Hydrological and Biological Support 
 
 


 
Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) Sampling 


Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU) 
11/14/2007 NA 7.85 904 16.20 1.17 
1/21/2008 11.20 8.24 1,624 9.65 - 
1/23/2008 11.25 8.40 1,498 11.17 1.50 
1/30/2008 11.41 8.25 1,015 10.40 - 
2/5/2008 11.09 8.11 1,008 10.03 - 
2/6/2008 10.42 8.21 1,209 10.44 - 
4/17/2008 9.47 8.22 1,439 18.82 1.62 
7/21/2008 9.20 8.40 1,205 27.60 - 
7/22/2008 9.35 8.32 1,209 27.16 4.59 
7/23/2008 9.00 8.10 1,211 25.90 - 
7/24/2008 7.85 7.84 1,190 23.45 - 
7/25/2008 7.96 7.88 1,183 23.41 - 


10/23/2008 9.30 8.20 1,054 17.20 0.93 
2/3/2009 10.79 9.24 1,268 11.50 - 
2/4/2009 10.83 8.34 1,198 10.90 0.98 
2/5/2009 11.10 8.3 1,158 11.28 - 
2/9/2009 10.30 8.7 719 11.60 - 
2/11/2009 11.00 8.24 857 8.98 - 
4/23/2009 8.90 8.10 1,182 20.00 2.64 
7/20/2009 7.22 7.87 1,025 24.23 - 
7/21/2009 7.38 7.97 1,025 24.23 4.04 
7/23/2009 6.97 8.03 1,020 24.40 - 
7/27/2009 7.07 7.80 1,017 24.79 - 
7/28/2009 6.43 7.63 1,025 24.89 - 


Mean 9.37 8.18 1,135 17.84 2.18 
Median 9.35 8.21 1,170 18.01 1.56 


Standard Deviation 1.63 0.33 200 6.83 1.43 
Maximum 11.41 9.24 1,624 27.60 4.59 
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Minimum  6.43 7.63 719 8.98 0.93 
7/21/2008 8.00 8.20 1,015 23.30 - 
7/22/2008 7.94 8.14 1,046 23.03 - 
7/23/2008 8.20 8.30 1,021 22.90 - 
7/24/2008 7.24 7.97 1,037 22.46 - 
7/25/2008 7.38 7.90 1,033 23.14 - 
2/3/2009 9.51 8.72 1,104 11.26 - 
2/4/2009 9.35 8.52 955 12.50 - 
2/5/2009 10.08 8.40 1,049 11.36 - 
2/9/2009 10.40 8.90 341 9.90 - 
2/11/2009 10.73 8.50 815 8.03 - 
7/20/2009 7.80 8.04 925 23.91 - 
7/21/2009 7.77 8.31 923 23.39 - 
7/23/2009 7.18 8.12 916 23.67 - 
7/27/2009 8.01 7.95 923 24.30 - Sa


nt
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7/28/2009 6.95 7.86 926 20.11 - 
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Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) Sampling 


Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU) 
Mean 8.44 8.26 935 18.88 - 


Median 8.00 8.20 955 22.90 - 
Standard Deviation 1.24 0.31 181 6.19 - 


Maximum 10.73 8.90 1,104 24.30 - 
 


Minimum  6.95 7.86 341 8.03 - 
11/14/2007 - 6.97 506 17.00 0.80 
1/21/2008 10.25 7.96 996 10.92 - 
1/23/2008 9.46 8.14 1,114 10.42 4.25 
1/30/2008 10.83 8.01 956 9.35 - 
2/5/2008 10.57 8.07 877 8.38 - 
2/6/2008 11.03 8.21 1,097 8.58 - 
4/17/2008 7.70 7.90 975 16.53 1.31 
7/21/2008 7.05 7.77 991 24.21 - 
7/22/2008 7.34 7.91 953 21.95 1.10 
7/23/2008 7.30 7.90 998 24.00 - 
7/24/2008 6.68 7.82 992 23.57 - 
7/25/2008 7.04 7.85 993 24.03 - 


10/23/2008 7.20 8.00 849 19.10 0.75 
2/3/2009 7.04 8.15 1,002 19.04 - 
2/4/2009 6.94 7.69 897 19.10 0.35 
2/5/2009 9.10 8.31 1,008 12.29 - 
2/9/2009 9.90 7.90 370 9.70 - 
2/11/2009 10.15 7.73 807 8.05 - 
4/23/2009 8.00 8.40 973 18.00 0.59 
7/20/2009 7.48 7.82 895 26.70 - 
7/21/2009 7.41 8.13 893 26.76 0.51 
7/23/2009 6.51 7.76 891 26.92 - 
7/27/2009 5.91 7.71 897 27.36 - 
7/28/2009 6.16 7.74 901 27.49 - 


Mean 8.13 7.91 910 18.31 1.21 
Median 7.41 7.90 955 19.07 0.78 


Standard Deviation 1.62 0.28 163 7.03 1.27 
Maximum 11.03 8.40 1,114 27.49 4.25 
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Minimum  5.91 6.97 370 8.05 0.35 
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Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) Sampling 


Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU) 
2/3/2009 7.41 7.90 1,413 18.28 - 
2/4/2009 7.60 7.80 1,297 18.90 - 
2/5/2009 7.72 7.50 1,274 17.30 - 
2/9/2009 8.3 8.60 620 12.40 - 
2/11/2009 8.42 7.66 1,024 14.04 - 
7/20/2009 7.39 7.82 1,272 26.12 - 
7/21/2009 7.27 7.87 1,357 25.26 - 
7/23/2009 7.05 7.91 1,341 22.16 - 
7/27/2009 5.69 7.74 1,380 28.02 - 
7/28/2009 6.87 7.70 1,365 25.09 - 


Mean 7.37 7.85 1,234 20.76 - 
Median 7.40 7.81 1,319 20.53 - 


Standard Deviation 0.77 0.29 242 5.36 - 
Maximum 8.42 8.60 1,413 28.02 - 
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Minimum  5.69 7.50 620 12.40 - 
11/14/2007 Dry Channel 
1/21/2008 9.30 7.97 1,880 11.94 - 
1/23/2008 10.60 8.17 1,782 12.49 - 
1/30/2008 10.26 7.91 1,193 13.04 - 
2/5/2008 9.95 8.06 1,174 13.23 - 
2/6/2008 8.91 7.98 1,387 13.73 - 
4/17/2008 8.17 8.37 1,611 21.21 - 
7/21/2008 Dry Channel 
7/22/2008 Dry Channel 
7/23/2008 Dry Channel 
7/24/2008 Dry Channel 
7/25/2008 Dry Channel 
2/3/2009 10.64 8.50 1,791 14.78 - 
2/4/2009 10.80 8.30 1,617 15.10 - 
2/5/2009 11.60 8.20 1,554 14.37 - 
2/9/2009 10.10 8.60 620 12.40 - 
2/11/2009 10.11 8.00 1,067 10.93 - 
4/23/2009 7.80 8.00 1,556 16.90 - 
July 2009 Dry Channel 


Mean 9.85 8.17 1,436 14.18 - 
Median 10.11 8.12 1,555 13.48 - 


Standard Deviation 1.11 0.23 365 2.73 - 
Maximum 11.60 8.60 1,880 21.21 - 
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Minimum  7.80 7.91 620 10.93 - 
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Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) 


Sampling Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU) 
7/21/2008 8.10 8.00 - 18.50 - 
7/22/2008 8.60 8.09 1,909 17.62 - 
7/23/2008 8.60 8.10 1,710 18.00 - 
7/24/2008 8.19 7.88 1,898 16.72 - 
7/25/2008 8.25 7.82 1,891 17.81 - 
2/3/2009 8.55 8.30 2,026 11.88 - 
2/4/2009 8.92 8.00 1,834 11.30 - 
2/5/2009 8.85 7.50 1,805 11.18 - 
2/9/2009 10.50 7.90 374 9.90 - 
2/11/2009 10.05 7.95 1,689 9.56 - 
7/20/2009 7.83 8.20 1,783 19.23 - 
7/21/2009 7.97 8.16 1,782 18.17 - 
7/23/2009 7.72 8.05 1,768 18.69 - 
7/27/2009 7.34 8.07 1,778 19.28 - 
7/28/2009 7.07 7.88 1,772 19.14 - 


Mean 8.44 7.99 1,716 15.80 - 
Median 8.25 8.00 1,783 17.81 - 


Standard Deviation 0.91 0.19 396 3.78 - 
Maximum 10.50 8.30 2,026 19.28 - 
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Minimum  7.07 7.50 374 9.56 - 
11/14/2007 Insufficient Flow / No Flow 
1/23/2008 7.75 7.59 1,105 9.63 - 
4/17/2008 6.02 7.77 1,709 16.11 - 
7/22/2008 3.93 7.74 1,957 18.85 - 


10/23/2008 NT    NT NT NT - 
2/11/2009 7.59 7.49 726 10.39 - 
4/23/2009 2.20 7.60 1,594 15.40 - 
7/27/2009 1.84 7.95 2,092 21.23  - 


Mean 4.89 7.69 1,531 15.27 - 
Median 4.98 7.67 1,652 15.76 - 


Standard Deviation 2.62 0.16 522 4.58 - 
Maximum 7.75 7.95 2,092 21.23 - 
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Minimum  1.84 7.49 726 9.63 - 
1/21/2008 10.6 7.92 906 11.06 - 
2/3/2009 6.89 7.75 973 20.76 - 
4/23/2009 8.60 8.40 959 17.90 - R
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7/20/2009 7.65 8.00 861 26.80 - 
4/17/2008 - 7.72 972 20.39 - 
7/21/2008 6.20 7.97 969 26.80 - 
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10/23/2008 5.30 7.70 765 20.30 - 
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Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) 


Sampling Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU) 
Mean 7.54 7.92 915 20.57 - 


Median 7.27 7.92 959 20.39 - 
Standard Deviation 1.88 0.24 78 5.41 - 


Maximum 10.60 8.40 973 26.80 - C
W
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Minimum  5.30 7.70 765 11.06 - 
11/14/2007 - 8.06 1,490 16.50 0.65 
1/21/2008 10.33 8.31 1,869 11.34 - 
1/23/2008 10.04 8.37 1,768 11.71 2.11 
1/30/2008 10.75 8.25 1,616 11.49 - 
2/5/2008 9.56 8.33 979 10.94 - 
2/6/2008 7.63 8.44 1,287 11.29 - 
4/17/2008 9.57 9.14 1,684 14.02 0.84 
7/21/2008 8.70 8.40 1,670 22.80 - 
7/22/2008 8.79 8.46 1,683 24.10 2.10 
7/23/2008 9.20 8.40 1,671 20.70 - 
7/24/2008 8.75 8.12 1,657 18.60 - 
7/25/2008 8.99 8.18 1,643 18.76 - 


10/23/2008 8.90 8.40 1,524 18.20 0.33 
2/3/2009 9.82 8.63 1,792 10.98 - 
2/4/2009 10.60 8.20 1,622 10.80 0.38 
2/5/2009 10.90 8.40 1,589 10.83 - 
2/9/2009 10.30 8.80 1,156 11.90 - 
2/11/2009 11.15 8.49 1,467 9.40 - 
4/23/2009 9.30 8.40 1,603 16.20 0.50 
7/20/2009 8.85 8.26 1,614 19.76 - 
7/21/2009 8.88 8.32 1,613 19.44 0.38 
7/23/2009 8.98 8.33 1,603 20.59 - 
7/27/2009 8.83 8.12 1,610 20.39 - 
7/28/2009 8.37 8.08 1,608 20.38 - 


Mean 9.44 8.37 1,575 15.88 0.91 
Median 9.20 8.35 1,613 16.35 0.58 


Standard Deviation 0.90 0.24 194 4.62 0.76 
Maximum 11.15 9.14 1,869 24.10 2.11 
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Minimum  7.63 8.06 979 9.40 0.33 
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Dissolved 
Oxygen pH 


Specific 
Conductance Temperature 


Turbidity 
(Lab) 


Sampling Site Sampling Date (mg/L)   (uS/cm) (ºC) (NTU) 
7/21/2008 6.70 7.74 1,413 19.00 - 
7/22/2008 8.10 7.77 1,418 18.34 - 
7/23/2008 7.80 7.70 1,416 19.10 - 
7/24/2008 7.75 7.48 1,407 18.07 - 
7/25/2008 7.86 7.57 1,402 18.17 - 


10/23/2008 7.00 7.70 1,333 17.00 - 
2/3/2009 7.56 7.92 1,387 12.09 - 
2/4/2009 8.50 7.85 1,226 10.90 - 
2/5/2009 8.37 7.70 1,242 11.38 - 
2/9/2009 9.50 8.70 602 11.90 - 
2/11/2009 9.36 8.00 1,120 10.02 - 
4/23/2009 7.10 7.80 1,255 17.40 - 
7/20/2009 7.50 7.54 1,407 18.27 - 
7/21/2009 6.22 7.83 1,395 18.22 - 
7/23/2009 6.96 7.79 1,393 18.41 - 
7/27/2009 7.65 7.41 1,406 18.55 - 
7/28/2009 6.42 7.38 1,403 18.48 - 


Mean 7.55 7.76 1,307 16.19 - 
Median 7.61 7.74 1,395 18.17 - 


Standard Deviation 0.82 0.30 202 3.35 - 
Maximum 9.36 8.70 1,418 19.10 - 
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Minimum  6.22 7.38 602 10.02 - 
1 “ –“ denotes no measurement was taken  
2 Nephlometric Turbidity Units  
3 Rancho California Water District 
4 Cooperative Water Resource Management Agreement 








Appendix J Water Quality Results 
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Presented in this appendix are the results of the laboratory analysis of water quality 
samples collected during index and quarterly sampling periods from November 2007 to 
September 2009. Data are presented for each monitoring location in summary tables, scatter 
plots depicting concentration over time, bar graphs depicting the number of exceedances of 
regulatory thresholds for constituents during wet and dry months, and maps depicting where 
exceedances occurred.  For reference purposes, water quality results from San Mateo Creek are 
also presented in this appendix.    


Water quality data for pesticides, emergent contaminants, pharmaceuticals, and 
constituents defined under Unregulated Contaminant Regulation 2 (UCMR2s) are presented in 
this appendix. Monitoring locations include: Adobe Creek, Arroyo Seco, Cole Creek, Roblar 
Creek, Santa Margarita River (SMR) at the FPUD Sump (Sump), SMR at MWD Crossing, SMR 
near Temecula (Gorge), SMR at Ysidora, De Luz Creek, Devils Creek, Fallbrook Creek, 
Rainbow Creek, Rancho California Water District (RCWD) Cooperative Water Resource 
Management Agreement (CWRMA) Outfall, Sandia Creek, and Stone Creek. The following 
abbreviations are used throughout the tables that appear in this appendix: 


 
• J:  Analyte was detected but below the Reporting Limit, therefore, result is considered an 


estimated concentration. 
 


• B-07:  Analyte was found in the method blank at levels above the method detection limit 
(MDL) but below the reporting limit. 


 
• ND:  Not Detected - analyte was not detected at or above the Reporting Limit. 


 
• MDL:  Method Detection Limit – Minimum concentration the laboratory method can 


detect. 


 


Table J-1 gives the regulatory thresholds for the water quality constituents described in 
this appendix. 
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TABLE J- 1.  WATER QUALITY THRESHOLDS 
 
  


Aquatic Life Human Health (Municipal 
Supply/Recreation) 


Constituent Threshold Unit Source1 Threshold Unit Source1 


Aluminum 1 mg/L BP 1 mg/L CCR 
Ammonia-NH3 0.025 mg/L BP None   
Antimony None   0.0056 mg/L CTR 
Arsenic 0.05 mg/L BP 0.05 mg/L CCR 
Beryllium None   0.004 mg/L CCR 
Bicarbonate Alkalinity as CaCO3 None   None   
BOD None   None   
Boron 0.75 mg/L BP None   
Cadmium 0.005 mg/L BP 0.0022 mg/L CTR 
Calcium None   None   
Chloride 250 mg/L BP 5002 mg/L CCR 
Chromium 0.05 mg/L BP 0.05 mg/L CCR 
Copper 0.009 mg/L CTR 1.3 mg/L CTR 
Cyanide 5.2 µg/L CTR 0.15 mg/L CCR 
Dissolved Oxygen 5 mg/L BP None   
Fecal Coliform None   200 #/ml BP 
Fluoride 1 mg/L BP 2 mg/L CCR 
Iron 0.3 mg/L BP 0.32 mg/L CCR 
Lead 0.0025 mg/L CTR None   
Manganese 0.05 mg/L BP 0.052 mg/L CCR 
Mercury 0.77 µg/L CTR 0.002 mg/L CCR 
Nickel 0.052 mg/L CTR 0.1 mg/L CCR 
Nitrate as NO3 10 mg/L BP 45 mg/l CCR 
Nitrite as N None   1 mg/l CCR 
Oil and Grease No visible film narr. BP None   
pH >6.5 and  <8.5 pH BP None   
Selenium 5 µg/L CTR 0.05 mg/L CCR 
Silver 0.0034 mg/L CTR 0.12 mg/L CCR 
Sodium 603 % BP None   
Specific Conductivity None   None   
Sulfate 250 mg/L BP 2502 mg/L CCR 
Surfactants (MBAS) 0.5 mg/L BP 0.52 mg/L CCR 
Total Dissolved Solids 500 mg/L BP 5002 mg/L CCR 
Thallium None   0.002 mg/L CCR 
Total Organic Carbon None   None   
Total N       14 mg/L BP 10 mg/L CCR 
Total Phosphorus as P 0.1 mg/L BP None   
Turbidity 20 NTU BP 52 NTU CCR 
Zinc 0.12 mg/L CTR 52 mg/L CCR 
1,2,4-Trichlorobenzene None   35 µg/L CTR 
1,2-Dichlorobenzene None   420 µg/L CTR 
1,2-Diphenylhydrazine None   0.036 µg/L CTR 
1,3-Dichlorobenzene None   320 µg/L CTR 
1,4-Dichlorobenzene None   63 µg/L CTR 
2,4'-DDD None   None   
2,4'-DDE None   None   
2,4'-DDT None   None   
2,4-Dinitrotoluene None   0.11 µg/L CTR 
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Aquatic Life Human Health (Municipal 


Supply/Recreation) 
Constituent Threshold Unit Source1 Threshold Unit Source1 


2,6-Dinitrotoluene None   None   
2-Chloronaphthalene None   1,000 µg/L CTR 
3,3'-dichlorobenzidine None   0.021 µg/L CTR 
4,4'-DDD None   0.000321 µg/L CTR 
4,4'-DDE None   0.000222 µg/L CTR 
4,4'-DDT None   0.000222 µg/L CTR 
4-Bromophenylphenylether None   None   
4-Chlorophenylphenylether None   None   
Aldrin None   0.000049 µg/L CTR 
Allethrin by NCI None   None   
Ametryn None   None   
Atraton None   None L  
Atrazine None   0.001 mg/L CCR 
Azobenzene None   None   
Benzidine None   0.000086 µg/L CTR 
BHC-alpha None   0.0026 µg/L CTR 
BHC-beta None   0.0091 µg/L CTR 
BHC-delta None   None   
BHC-gamma 0.95 µg/L CTR 0.98 µg/L CTR 
Bifenthrin by NCI None   None   
bis(2-Chloroethoxy)methane None   None   
bis(2-Chloroethyl)ether None   None   
bis(2-Chloroisopropyl)ether None   None   
Bolstar (Sulprofos) None   None   
Chlordane (alpha+gamma) 0.0043 µg/L CTR 0.0008 µg/L CTR 
Chlorpyrifos None   None   
cis-Nonachlor None   None   
Cyanazine None   None   
Cyfluthrin by NCI None   None   
Cypermethrin by NCI None   None   
Danitol by NCI None   None   
DCPA (Dacthal) None   None   
Deltamethrin by NCI None   None   
Demeton 0.1 µg/L CTR None   
Diazinon 0.17 µg/L CTR None   
Dichlorvos None   None   
Dicofol None   None   
Dieldrin 0.24 µg/L CTR 0.000052 µg/L CTR 
Dimethoate None   None   
Disulfoton None   None   
Endosulfan Sulfate None   62 µg/L CTR 
Endosulfan-I (alpha) 0.0565 µg/L CTR 62 µg/L CTR 
Endosulfan-II (beta) 0.0565 µg/L CTR 62 µg/L CTR 
Endrin 0.036 µg/L CTR 0.059 µg/L CTR 
Endrin Aldehyde None   0.29 µg/L CTR 
Endrin Ketone None   None   
Esfenvalerate by NCI None   None   
Ethoprop (Ethoprofos) None   None   
Fenchlorphos (Ronnel) None   None   
Fensulfothion None   None   
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Aquatic Life Human Health (Municipal 


Supply/Recreation) 
Constituent Threshold Unit Source1 Threshold Unit Source1 


Fenthion None   None   
Fenvalerate by NCI None   None   
Fluvalinate by NCI None   None   
Heptachlor 0.0038 µg/L CTR 0.000079 µg/L CTR 
Heptachlor Epoxide 0.0038 µg/L CTR 0.000039 µg/L CTR 
Hexachlorobenzene None   0.00028 µg/L CTR 
Hexachlorobutadiene None   0.44 µg/L CTR 
Hexachlorocyclopentadiene None   0.001 mg/l CCR 
Hexachloroethane None   1.4 µg/L CTR 
Isophorone None   35 µg/L CTR 
Kepone None   None   
L-Cyhalothrin by NCI None   None   
Malathion 0.1 µg/L CTR None   
Merphos None   None   
Methoxychlor 0.03 µg/L CTR 0.03 mg/l CCR 
Methyl Parathion None   None   
Mevinphos (Phosdrin) None   None   
Mirex 0.001 µg/L CTR None   
Nitrobenzene None   17 µg/L CTR 
N-Nitrosodimethylamine None   0.00069 µg/L CTR 
N-Nitrosodi-n-propylamine None   0.005 µg/L CTR 
N-Nitrosodiphenylamine None   3.3 µg/L CTR 
Oxychlordane None   None   
Permethrin by NCI None   None   
Perthane None   None   
Phorate None   None   
Prallethrin by NCI None   None   
Prometon None   None   
Prometryne None   None   
Propazine None   None   
Resmethrin by NCI None   None   
Secbumeton None   None   
Simazine None   0.004 mg/l CCR 
Simetryn None   None   
Terbuthylazine None   None   
Terbutryn None   None   
Tetrachlorvinphos (Stirofos) None   None   
Tokuthion None   None   
Toxaphene 0.0002 µg/L CTR 0.00028 µg/L CTR 
trans-Nonachlor None   None   
Trichloronate None     None     
1 Sources are compiled from (SCCWRP, 2007a) and are denoted as follows: BP - Basin Plan (SDRWQCB, 1994);  
  CCR – California Code of Regs Section 64449; CTR = California Toxics Rule 
2 Secondary Maximum Contaminant Level for consumer acceptance 
3 Objective for sodium is set for irrigation water and is based on a ratio of Na to other cations 
4 Basin Plan sets the water quality objective for total N at a 10-to-1 ratio with total P. Total P is set at 0.1 mg/L 
therefore, total N is set at 1.0 mg/L 
5 Based on the sum of alpha and beta 
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Tables J-2 through J-17 present water quality data for each monitoring location as 
received from the laboratory. The data are presented in the following order: reference tributaries, 
locations on the SMR, and other tributaries and monitoring locations.    
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TABLE J- 2.  LABORATORY ANALYSIS - ADOBE CREEK 


  7/22/2008 10/23/2008 2/11/2009 4/23/2009 7/20/2009 


Analyte Units 
Quarterly/ 


Index Quarterly 
Quarterly/ 


Index Quarterly 
Quarterly/ 


Index 
Ammonia -N mg/L 0.06 J 0.07 0.038 ND 0.02 
Arsenic mg/L 0.003 0.0009 ND 0.003 0.0039 
Bicarbonate Alkalinity as CaCO3 mg/L 175 207 92 220 213 
BOD mg/L ND ND ND ND  
Calcium mg/L 44.6 42 24.7 48.3 42.7 
Chloride mg/L 25.4 19.7 25.1 33.5 29.1 
Coliform by MTF, Total MPN/100ml  300 2400   
Copper mg/L 0.0009 J 0.0075 0.005 0.0024 0.0005 
Fecal Coliform by MTF MPN/100ml 13 80 30 23 240 
Fluoride mg/L 0.12 0.12 0.18 0.1 0.11 
Iron mg/L 0.654 0.949 1.16 0.251 0.073 
Lead mg/L ND 0.0002 0.0006 0.0001 ND 
Manganese mg/L 0.022 0.037 0.01 0.012 0.009 
MBAS mg/L ND ND ND ND 0.02 
Nitrate (as NO3) mg/L 1.46 0.75 1.32 3.38 0.72 
Nitrite (as NO2) mg/L ND ND ND ND ND 
Ortho Phosphate as PO4 mg/L 0.13 0.058 0.07 0.14 0.073 
pH NA 8.16 7.93 7.13 7.51 7.53 
Sodium mg/L 25 22.8 29 27.2 23.2 
Specific Conductance umhos/cm 450 450 310 430 450 
Sulfate mg/L 19 14.5 31.3 27.9 19.6 
Thallium mg/L ND 0.0002 ND ND ND 
Total Dissolved Solids mg/L 315 300 130 260 290 
Total Kjeldahl Nitrogen (TKN) mg/L 0.11 J 0.13 0.33 ND 0.075 
Total Organic Carbon mg/L 2 1.2 7.9 3 2.4 
Total Phosphorus as P mg/L 0.13 0.017 0.031 0.05 0.041 
Zinc mg/L 0.012 0.027 0.027 0.032 0.007 
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TABLE J- 3.  LABORATORY ANALYSIS – ARROYO SECO AND COLE CREEK 


 


  


Arroyo Seco 
at Hwy 79 


Bridge 


Arroyo 
Seco at Hwy 


79 Bridge 


Arroyo Seco 
at Hwy 79 


Bridge 
Cole 


Creek 
Cole 


Creek 
Cole 


Creek 
  2/10/2009 April 2009 July 2009 2/11/2009 April 2009 July 2009 


Analyte Units 
Quarterly/ 


 Index Quarterly Quarterly 
Quarterly/  


Index Quarterly 
Quarterly/ 


Index 
Ammonia -N mg/L 0.035 0.08 
Arsenic mg/L ND ND 
Bicarbonate Alkalinity mg/L 98 49 
BOD mg/L ND ND 
Calcium mg/L 22.6 11.6 
Chloride mg/L 16.7 18.3 
Coliform by MTF, Total MPN/100ml 240 240 
Copper mg/L 0.002 0.007 
Fecal Coliform by MTF MPN/100ml 23 30 
Fluoride mg/L 0.21 0.15 
Iron mg/L 1.87 1.61 
Lead mg/L 0.0006 ND 
Manganese mg/L 0.091 0.009 
MBAS mg/L ND ND 
Nitrate (as NO3) mg/L 1 2.88 
Nitrite (as NO2) mg/L ND ND 
Ortho Phosphate as PO4 mg/L 0.15 0.09 
pH NA 7.45 7.37 
Sodium mg/L 23.5 17.2 
Specific Conductance umhos/cm 280 195 
Sulfate mg/L 20.6 13.4 
Thallium mg/L ND ND 
Total Dissolved Solids mg/L 208 150 
Total Kjeldahl Nitrogen (TKN) mg/L 0.6 0.63 
Total Organic Carbon mg/L 12 11 
Total Phosphorus as P mg/L 0.13 0.044 
Zinc mg/L 0.031 
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TABLE J- 4.  LABORATORY ANALYSIS – ROBLAR CREEK AT FALLS 


  1/23/2008 4/17/2008 7/22/2008 2/13/2009 4/23/2009 7/27/2009 


Analyte Units Quarterly Quarterly 
Quarterly/ 


 Index 
Quarterly/ 


 Index Quarterly 
Quarterly/ 


 Index 
Ammonia -N mg/L 0.04 ND 0.06 J ND ND ND 
Arsenic mg/L ND ND ND 0.0006 ND 0.0007 
BOD mg/L ND ND ND ND ND ND 
Boron mg/L 0.053 ND 0.032 J 0.058 0.03 0.191 
Chlorophyll-a mg/M3 ND ND ND ND ND 2.4 
Dissolved Oxygen mg/L 9.82      
Iron mg/L 0.539 0.09 0.261 0.179 0.092 0.607 
Manganese mg/L 0.006 ND 0.041 0.006 0.009 0.082 
Nitrate (as NO3) mg/L ND ND ND ND 0.26 0.12 
Nitrite (as NO2) mg/L ND ND ND ND ND ND 
Ortho Phosphate as PO4 mg/L ND ND 0.04 J ND ND ND 
pH NA 7.09 7.94 7.99 7.87 7.89 7.35 
Specific Conductance umhos/cm 642 570 791 430 618 842 
Sulfate mg/L 67.1 37 76.3 26 37.5 95.2 
Total Kjeldahl Nitrogen (TKN) mg/L ND ND 0.15 J 0.06 ND 0.2 
Total Phosphorus as P mg/L ND ND 0.09 0.012 ND 0.016 
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TABLE J- 5.  LABORATORY ANALYSIS – SANTA MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 
  11/14/2007 1/21/2008 1/23/2008 1/30/2008 2/5/2008 2/6/2008 4/17/2008 7/21/2008 7/22/2008 7/23/2008 7/24/2008 7/25/2008 10/23/2008 2/3/2009 


Analyte Units Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Aluminum mg/L 0.019  0.125    0.08  0.499    0.074  
Ammonia -N mg/L ND ND ND ND 0.07 ND ND 0.1 0.027 J ND 0.03 J 0.067 J 0.12 ND 
Antimony mg/L 0.0007  0.0012    ND  0.0006 J    ND  
Arsenic mg/L 0.0004  0.0005    ND  ND    0.0004  
Beryllium mg/L ND  ND    ND  ND    ND  
Bicarbonate mg/L 214  195            
Bicarbonate Alkalinity as CaCO3 mg/L       180  140    198  
BOD mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Boron mg/L 0.152  0.131    0.15  0.144    0.187  
Cadmium mg/L ND  ND    ND  ND    ND  
Calcium mg/L 101  108    112  83.1    84.3  
Chloride mg/L 162  180    169  128    117  
Chlorophyll-a mg/M3  1.87 6.41 ND 1.3 ND  6.1 6.7 4 1.6 2.9  11.5 
Chromium mg/L 0.0022  0.0018    ND  0.003 J    0.0037  
Coliform by MTF, Total MPN/100ml       900      90000  
Copper mg/L 0.0013  0.0017    ND  0.0019 J    0.0016  
Cyanide mg/L   0.005    ND  ND    ND  
Cyanide, Total mg/L ND              
Dissolved Oxygen mg/L  8.14 10.19 10.21 10.98 10.74         
Fecal Coliform by MTF MPN/100ml 23  900    220  130    50  
Fluoride mg/L 0.26  0.26    0.4  0.63    0.57  
Iron mg/L 0.128  0.194    0.26  0.61    0.248  
Lead mg/L ND  ND    ND  0.0002 J    0.0003  
Manganese mg/L 0.03  0.037    ND  0.047    0.019  
MBAS mg/L 0.02  ND    ND  ND    ND  
Mercury mg/L ND  ND    ND  ND    ND  
Nickel mg/L 0.0034  0.0036    ND  0.0033 J    0.0035  
Nitrate (as N) mg/L 1.5              
Nitrate (as NO3) mg/L  16.7 15 19.3 20.8 26.2 10.1 3 3.31 3 3.53 3.48 5.5 6.44 
Nitrite (as N) mg/L ND              
Nitrite (as NO2) mg/L  ND ND ND ND ND ND ND ND ND ND ND ND ND 
Ortho Phosphate as P mg/L 0.01              
Ortho Phosphate as PO4 mg/L  0.11 ND 0.96 0.18 0.43 0.07 ND 0.03 J 0.015 J ND 0.03 J 0.04 0.015 
pH NA 7.75 7.74 7.22 7.57 7.25 8.08 7.81 8.22 8.07 8.05 7.93 7.86 8.04 7.69 
Selenium mg/L 0.0018  0.0018    ND  0.0016 J    0.0024  
Silver mg/L ND  ND    ND  ND    ND  
Sodium mg/L 100  111    117  107    115  
Specific Conductance umhos/cm 1330 1480 1460 987 971 1150 1380 1150 1170 1180 1160 1150 1160 1180 
Sulfate mg/L 279  300    281  231    206  
Thallium mg/L ND  ND    ND  ND    ND  
Total Dissolved Solids mg/L 940  970    910  760    725  
Total Kjeldahl Nitrogen (TKN) mg/L 0.25 0.49 0.28 0.94 0.84 0.81 0.42 0.26 J 0.38 J 0.26 J 0.23 J 0.20 J 0.17 0.28 
Total Oil and Grease mg/L ND  ND    ND  ND    ND  
Total Organic Carbon mg/L 3  3.9    3.9 3.5 3.4 3.6 3.2 3.4 2.1  
Total Phosphorus as P mg/L 0.01 0.05 0.04 0.43 0.23 0.17 0.03 0.02 0.04 0.08 0.04 0.03 0.013 0.01 
Total Suspended Solids mg/L ND  ND    ND  16    ND  
Turbidity NTU 1.17  1.5    1.62  4.59    0.93  
Zinc mg/L 0.01   0.052       0.01   0.008 J       0.036   
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TABLE J-5. LABORATORY ANALYSIS - SANTA MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK (CONTINUED) 
  2/4/2009 2/5/2009 2/9/2009 2/11/2009 4/23/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 


Analyte Units 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index 
Aluminum mg/L 0.123    0.106  0.242    
Ammonia -N mg/L ND ND 0.17 0.026 0.09 0.06 0.06 0.04 0.026 0.046 
Antimony mg/L ND    ND  ND    
Arsenic mg/L 0.0002    ND  0.0011    
Beryllium mg/L ND    ND  ND    
Bicarbonate mg/L           
Bicarbonate Alkalinity as CaCO3 mg/L 150    189  165    
BOD mg/L ND ND 5 ND ND  ND ND ND ND 
Boron mg/L 0.209    0.116 ND 0.16    
Cadmium mg/L ND    ND  ND    
Calcium mg/L 89.8    87.7  63.8    
Chloride mg/L 161    127  111    
Chlorophyll-a mg/M3 7.74 8.28 30 3.5  2.7 ND 3.47 3.74 ND 
Chromium mg/L 0.004    0.0071  0.0014    
Coliform by MTF, Total MPN/100ml 240          
Copper mg/L 0.001    0.0024  0.0011    
Cyanide mg/L ND    ND  ND    
Cyanide, Total mg/L           
Dissolved Oxygen mg/L           
Fecal Coliform by MTF MPN/100ml 23    170  110    
Fluoride mg/L 0.63    0.27  0.28    
Iron mg/L 0.217    0.218  0.086    
Lead mg/L 0.0002    ND  ND    
Manganese mg/L 0.028    0.025  0.032    
MBAS mg/L ND    ND  ND    
Mercury mg/L ND    ND  ND    
Nickel mg/L 0.004    0.0058  0.0018    
Nitrate (as N) mg/L           
Nitrate (as NO3) mg/L 6.2 6.86 4.7 5.53 4 1.46 1.13 1.14 1.32 1.28 
Nitrite (as N) mg/L           
Nitrite (as NO2) mg/L ND ND ND 0.06 0.06 ND ND ND ND ND 
Ortho Phosphate as P mg/L           
Ortho Phosphate as PO4 mg/L 0.015 ND 0.55 0.6 0.03 0.024 0.021 0.024 0.024 0.028 
pH NA 7.7 7.84 7.59 7.39 7.88 7.64 7.57 7.72 7.63 7.73 
Selenium mg/L 0.002    0.0032  0.0008    
Silver mg/L 0.004    ND  ND    
Sodium mg/L 108    102  86    
Specific Conductance umhos/cm 1220 1190 818 928 1210 1050 1060 1060 1040 1050 
Sulfate mg/L 247    305  214    
Thallium mg/L ND    ND  ND    
Total Dissolved Solids mg/L 795    750  710    
Total Kjeldahl Nitrogen (TKN) mg/L 0.16 0.25 1.76 0.6 0.17 0.1 0.22 ND 0.18 0.15 
Total Oil and Grease mg/L ND    ND  ND    
Total Organic Carbon mg/L 2.5    3.7  3.3    
Total Phosphorus as P mg/L ND 0.01 0.67 0.25 0.013 0.01 0.011 0.013 0.011 0.014 
Total Suspended Solids mg/L ND    ND  6    
Turbidity NTU 0.98    2.64  4.04    
Zinc mg/L 0.015       0.003   0.003       
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TABLE J- 6.  LABORATORY ANALYSIS - SANTA MARGARITA RIVER AT MWD CROSSING, SANTA MARGARITA ECOLOGICAL RESERVE (SMER) 


 
 


   7/21/2008 7/22/2008 7/23/2008 7/24/2008 7/25/2008 2/3/2009 2/4/2009 2/5/2009 2/9/2009 2/11/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 
Analyte Units Index Index Index Index Index Index Index Index Index Index Index Index Index Index Index 
Ammonia -N mg/L 0.12 0.064 J 0.06 J 0.04 J 0.07 J 0.11 ND ND 0.22 0.03 0.06 0.05 0.07 ND 0.047 
BOD mg/L ND ND ND ND ND ND ND ND 4 ND ND ND ND ND ND 
Chlorophyll-a mg/M3 1.6 1.6 1.6 ND 1.9 1.87 ND 2.9 4.8 ND ND ND ND ND ND 
Nitrate (as NO3) mg/L 5.6 2.9 5.1 2.76 2.82 4.4 4.75 2.73 1.4 2.6 1.28 0.99 0.92 1.12 1.31 
Nitrite (as NO2) mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Ortho Phosphate as PO4 mg/L 0.09 0.03 J 0.018 J ND 0.03 J 0.11 0.1 ND 0.53 0.67 0.024 ND ND 0.021 0.028 
pH NA 8.12 8.58 8.1 7.8 7.9 7.81 7.73 7.78 7.58 7.53 7.85 7.9 7.81 7.95 7.86 
Specific Conductance umhos/cm 984 1010 998 1020 1010 1020 963 1080 381 882 941 942 952 945 956 
Total Kjeldahl Nitrogen (TKN) mg/L 0.21 J 0.262 J 0.13 J 0.26 J 0.26 J 0.35 ND 0.11 0.9 0.56 0.2 0.07 0.07 0.14 0.12 
Total Phosphorus as P mg/L 0.02 0.02 0.03 0.04 0.04 0.04 0.03 0.01 0.54 0.25 0.01 ND ND ND 0.015 







Stetson Engineers Inc. J-12 Final Report 
Santa Margarita River February 21, 2010 
Hydrological and Biological Support 
 


 
TABLE J- 7.  LABORATORY ANALYSIS - SANTA MARGARITA RIVER NEAR TEMECULA (GORGE) 


 
  11/14/2007 1/21/2008 1/23/2008 1/30/2008 2/5/2008 2/6/2008 4/17/2008 7/21/2008 7/22/2008 7/23/2008 7/24/2008 7/25/2008 10/23/2008 2/3/2009 


Analyte Units Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Aluminum mg/L   0.167    0.034  0.101    0.054  
Ammonia -N mg/L 0.03 ND ND ND 0.025 ND 0.51 0.36 0.076 J 0.31 0.28 0.33 0.07 ND 
Antimony mg/L   0.0016    ND  0.0006 J    ND  
Arsenic mg/L 0.0016  0.0016    ND  0.002    0.0023  
Beryllium mg/L   ND    ND  ND    ND  
Bicarbonate mg/L 122  183            
Bicarbonate Alkalinity as CaCO3 mg/L       138  145    177  
BOD mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Boron mg/L 0.167  0.22    0.143  0.269    0.212  
Calcium mg/L 47.3  57.2    71.2  60.9    56.4  
Chloride mg/L 87.6  139    98.3  98.2    95.6  
Chlorophyll-a mg/M3  ND ND ND 1.87 1.6  ND 2.9 1.6 1 ND  ND 
Coliform by MTF, Total MPN/100ml       500      500  
Copper mg/L 0.0036  0.0029    ND  0.001 J    0.0017  
Cyanide mg/L   ND    ND  ND    ND  
Cyanide, Total mg/L 0.24              
Dissolved Oxygen mg/L  7.88 8.3 10.2 10.41 10.29         
Fecal Coliform by MTF MPN/100ml < 2  170    21  13    4  
Fluoride mg/L 0.19  0.28    0.7  0.85    0.59  
Iron mg/L 0.078  0.248    0.377  0.116    0.305  
Lead mg/L ND  0.0002    ND  ND    ND  
Manganese mg/L 0.013  0.043    0.031  0.025    0.012  
MBAS mg/L ND  ND    ND  ND    ND  
Mercury mg/L ND  ND    ND  ND    ND  
Nitrate (as N) mg/L 0.3              
Nitrate (as NO3) mg/L  1.67 1.1 8.43 6.9 5.53 3 1.57 3.1 1.6 1.51 1.43 5.7 4.41 
Nitrite (as N) mg/L ND              
Nitrite (as NO2) mg/L  ND ND ND ND ND ND 0.4 ND ND ND 0.36 ND ND 
Ortho Phosphate as P mg/L 0.03              
Ortho Phosphate as PO4 mg/L  0.07 0.07 1.15 0.19 0.57 0.1 0.018 J 0.03 J 0.024 J ND 0.02 J 0.05 0.13 
pH NA 7.99 7.91 6.95 7.85 7.64 8.05 7.69 7.94 8.67 8.5 7.84 7.81 7.97 7.64 
Silver mg/L   ND    ND  ND    ND  
Sodium mg/L 73.4  108    99.5  101    107  
Specific Conductance umhos/cm 740 923 1100 930 866 1050 950 956 930 935 965 951 920 897 
Sulfate mg/L 126  165    187  164    138  
Thallium mg/L ND  ND    ND  ND    ND  
Total Dissolved Solids mg/L 470  680    580  590    545  
Total Kjeldahl Nitrogen (TKN) mg/L ND ND 0.14 0.69 0.59 0.52 0.7 0.48 0.206 J 0.42 0.46 0.47 0.2 ND 
Total Nitrogen mg/L               
Total Oil and Grease mg/L ND  ND    ND  ND    ND  
Total Organic Carbon mg/L 2.2  4.9    2.7 2.8 1.9 2.8 2.8 3 1.2  
Total Phosphorus as P mg/L 0.03 0.09 0.08 0.45 0.29 0.22 0.03 0.015 J 0.04 0.03 0.01 J 0.06 0.017 0.045 
Total Suspended Solids mg/L ND  ND    ND  ND    ND  
Turbidity NTU 0.8  4.25    1.31  1.1    0.75  
Zinc mg/L 0.02   0.022       0.02   0.008 J       0.03   
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TABLE J-7. LABORATORY ANALYSIS - SANTA MARGARITA RIVER NEAT TEMECULA (GORGE) (CONTINUED) 
 
  2/4/2009 2/5/2009 2/9/2009 2/11/2009 4/23/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 


Analyte Units 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index 
Aluminum mg/L ND    0.016  0.053    
Ammonia -N mg/L ND ND 0.11 0.03 0.03 0.06 0.06 0.04 0.05 ND 
Antimony mg/L ND    0.001  ND    
Arsenic mg/L ND    0.0008  0.0021    
Beryllium mg/L ND    ND  ND    
Bicarbonate mg/L           
Bicarbonate Alkalinity as CaCO3 mg/L 160    165  140    
BOD mg/L ND ND 5 ND ND ND ND ND ND ND 
Boron mg/L 0.284    0.139  0.161    
Calcium mg/L 62.4    70.3  58    
Chloride mg/L 92.3    92.2  91.5    
Chlorophyll-a mg/M3 ND ND 3.2 ND  ND ND ND ND ND 
Coliform by MTF, Total MPN/100ml 50      240    
Copper mg/L ND    0.0032  0.0021    
Cyanide mg/L ND    ND  ND    
Cyanide, Total mg/L           
Dissolved Oxygen mg/L           
Fecal Coliform by MTF MPN/100ml 23    < 2  4    
Fluoride mg/L 0.5    0.28  0.26    
Iron mg/L 0.092    0.049  0.013    
Lead mg/L ND    ND  ND    
Manganese mg/L 0.012    0.005  0.009    
MBAS mg/L ND    ND  ND    
Mercury mg/L ND    0.0004  ND    
Nitrate (as N) mg/L           
Nitrate (as NO3) mg/L 5.8 1.5 1.28 1.58 1.5 1.22 0.96 0.94 0.99 1 
Nitrite (as N) mg/L           
Nitrite (as NO2) mg/L ND ND ND ND ND ND ND ND ND ND 
Ortho Phosphate as P mg/L           
Ortho Phosphate as PO4 mg/L 0.13 ND 0.51 0.62 0.02 0.028 0.018 0.037 0.034 0.034 
pH NA 7.75 7.76 6.9 6.9 8.02 7.91 7.86 8.03 8.03 8.02 
Silver mg/L ND    0.007  ND    
Sodium mg/L 109    89.8  86    
Specific Conductance umhos/cm 910 1010 418 866 1000 905 920 917 910 922 
Sulfate mg/L 154    299  180    
Thallium mg/L ND    0.0002  ND    
Total Dissolved Solids mg/L 580    635  630    
Total Kjeldahl Nitrogen (TKN) mg/L ND 0.15 1.27 0.55 ND 0.18 0.07 0.18 0.25 0.16 
Total Nitrogen mg/L           
Total Oil and Grease mg/L ND    ND  ND    
Total Organic Carbon mg/L 0.7    3.1  3.5    
Total Phosphorus as P mg/L 0.047 0.01 0.42 0.25 ND 0.014 0.013 0.019 0.019 0.013 
Total Suspended Solids mg/L ND    ND  ND    
Turbidity NTU 0.35    0.59  0.51    
Zinc mg/L 0.014       0.006   0.003       
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TABLE J- 8.   LABORATORY ANALYSIS - SANTA MARGARITA RIVER AT YSIDORA - 2008 
 
Analyte Units 1/30/2008 1/31/2008 2/1/2008 2/6/2008 2/7/2008 2/8/2008 3/24/2008 3/25/2008 3/26/2008 4/2/2008 7/21/2008 7/28/2008 7/29/2008 7/30/2008 
Ammonia mg/L 0.02 0.084  0.018 0.021 0.014 0.031 0.392 0.011 0 0.014 0.006 0.004  
Chlorophyll-a mg/m3 7.3 7.6 4.8 4.6 5.3 4.3 14.8 16.9  2.7  0 2.2 2.7 
Nitrate as N mg/L 2.816 1.531   3.127  0.786 0.73 0.67 0.726 0.004 0.004 0.004  
Nitrite as N mg/L 0.013 0.01   0.011  0.01 0.008 0.008 0.011 0.004 0.004 0.002  
Ortho Phosphate as P mg/L 0.164 0.115  0.105 0.081 0.081 0.046 0.046 0.046 0.099 0.087 0.084 0.108  
Total Kjeldahl Nitrogen (TKN) mg/L 1.913    0.723  0.372 0.585 0.573 0.283 0.353 0.256 0.28  
Total Nitrogen as N mg/L 3.744 3.454 3.086  3.861  1.168 1.323 1.251 1.02 0.3613 0.2641 0.2866  
Total Phosphorus as P mg/L 0.1884 0.16 0.135   0.099   0.153 0.145 0.125 0.106 0.2044 0.1628 0.1916   
Notes: Source: Santa Margarita Lagoon Monitoring Project – CDM, 2009 
            Some samples exceeded the holding period of 28 days prior to analysis 
 
 
 
 
 
 


TABLE J- 9.  LABORATORY ANALYSIS - SANTA MARGARITA RIVER AT YSIDORA (CONTINUED)  - 2009 
 
  2/3/2009 2/4/2009 2/5/2009 2/9/2009 2/11/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 
Analyte Units Index Index Index Index Index Index Index Index Index Index 
Ammonia -N mg/L ND ND 0.04 0.14 0.06 0.09 ND 0.04 0.049 0.02 
BOD mg/L ND ND ND ND ND ND ND ND ND ND 
Chlorophyll-a mg/M3 1.07 2.4 2.1 2.4 2 ND ND ND ND ND 
Nitrate (as NO3) mg/L 0.72 0.72 0.86 3.72 3.84 0.12 ND ND 0.09 0.08 
Nitrite (as NO2) mg/L ND ND ND ND ND ND ND ND ND ND 
Ortho Phosphate as PO4 mg/L 0.35 0.33 0.24 0.21 0.36 0.48 0.34 0.484 0.52 0.5 
pH NA 7.41 7.45 7.51 7.2 7.32 7.6 7.62 7.53 7.7 7.64 
Specific Conductance umhos/cm 1310 1300 1310 1050 1100 1380 1380 1380 1400 1400 
Total Kjeldahl Nitrogen (TKN) mg/L 0.2 0.18 0.11 0.4 0.27 0.09 ND ND 0.26 0.17 
Total Phosphorus as P mg/L 0.141 0.13 0.13 0.14 0.12 0.16 0.17 0.163 0.2 0.19 
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TABLE J- 10.  LABORATORY ANALYSIS - DE LUZ CREEK NEAR DE LUZ 


 
  1/21/2008 1/23/2008 1/30/2008 2/5/2008 2/6/2008 4/17/2008 2/3/2009 2/4/2009 2/5/2009 2/9/2009 2/11/2009 4/23/2009 July 2009 


Analyte Units Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly 
Index/ 


Quarterly 
Ammonia -N mg/L ND ND ND 0.07 ND ND ND ND ND 0.12 ND 0.01 
Arsenic mg/L  ND    ND  ND    ND 
Bicarbonate mg/L  226           
Bicarbonate Alkalinity mg/L      180  190    229 
BOD mg/L ND ND ND ND ND ND ND ND ND 3 ND ND 
Boron mg/L  0.133    0.13  0.177    0.121 
Calcium mg/L  145    131  136    129 
Chloride mg/L  236    209  208    224 
Chlorophyll-a mg/M3 ND ND ND ND ND  10.9 17.4 13.1 2 ND  
Coliform by MTF, Total MPN/100ml      500  130     
Copper mg/L  0.0015    ND  ND    0.0045 
Cyanide mg/L  0.009    ND  ND    ND 
Dissolved Oxygen mg/L 7.99 9.42 9.91 10.07 9.75        
Fecal Coliform by MTF MPN/100ml  2400    70  17    2400 
Fluoride mg/L  0.19    0.22  0.22    0.21 
Iron mg/L  0.107    0.114  0.266    0.463 
Lead mg/L  ND    ND  ND    0.0002 
Manganese mg/L  0.02    ND  0.012    0.021 
MBAS mg/L  ND    ND  ND    ND 
Mercury mg/L  ND    ND  ND    0.0002 
Nitrate (as NO3) mg/L 33.7 33.6 29.8 30 28.6 19.8 17.6 18.5 17.8 8.53 14.2 10.9 
Nitrite (as NO2) mg/L ND ND ND ND ND ND ND ND 0.06 ND ND 0.06 
Ortho Phosphate as PO4 mg/L 0.06 ND 0.13 ND 0.08 ND ND ND ND 0.27 0.09 0.018 
pH NA 7.85 7.01 7.82 7.68 7.76 7.98 7.98 7.9 7.92 7.5 7.14 7.95 
Sodium mg/L  126    112  111    108 
Specific Conductance umhos/cm 1700 1760 1160 1120 1230 1550 1670 1680 1650 685 1170 1610 
Sulfate mg/L  342    296  312    324 
Thallium mg/L  ND    ND  ND    ND 
Total Dissolved Solids mg/L  1200    1010  1140    1050 
Total Kjeldahl Nitrogen (TKN) mg/L ND 0.28 0.58 0.6 0.54 ND 0.35 0.24 0.38 1.63 0.48 0.31 
Total Nitrogen mg/L             
Total Oil and Grease mg/L  ND    ND  10    ND 
Total Organic Carbon mg/L  3.7    3.2  3    4.2 
Total Phosphorus as P mg/L 0.02 ND 0.05 0.04 0.03 ND ND 0.011 ND 0.65 0.03 0.042 
Total Suspended Solids mg/L             
Zinc mg/L   0.056       ND   0.012       0.007 
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TABLE J- 11.  LABORATORY ANALYSIS - DEVILS CREEK AT VIA NOVILLO, SANTA MARGARITA ECOLOGICAL RESERVE (SMER) 


 
  7/21/2008 7/22/2008 7/23/2008 7/24/2008 7/25/2008 2/3/2009 2/4/2009 2/5/2009 2/9/2009 2/11/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 
Analyte Units Index Index Index Index Index Index Index Index Index Index Index Index Index Index Index 
Ammonia -N mg/L 0.03 J 0.04 J 0.05 J 0.02 J 0.05 J ND ND ND 0.21 0.13 0.03 0.049 0.04 0.035 0.022 
BOD mg/L ND ND ND ND ND ND ND ND 12 ND ND ND ND ND ND 
Chlorophyll-a mg/M3 ND ND ND ND ND ND 3.2 ND 37.4 ND ND ND ND 1.6 ND 
Nitrate (as NO3) mg/L 36.8 36.8 36.5 36.1 34.7 34.9 35.4 34.8 7.3 33.1 38.4 33 32.9 39.6 35.3 
Nitrite (as NO2) mg/L ND ND ND ND ND ND ND 0.08 ND ND ND ND ND ND ND 
Ortho Phosphate as PO4 mg/L 0.03 J 0.13 0.22 0.19 0.09 0.08 0.07 ND 0.22 0.09 0.077 0.015 0.058 0.107 0.13 
pH NA 7.75 8.51 7.62 7.64 7.73 7.38 7.54 7.5 7.3 7.41 7.73 7.73 7.75 7.74 7.75 
Specific Conductance umhos/cm 1860 1840 1820 1870 1860 1870 1840 1850 422 1820 1840 1830 1840 1830 1840 
Sulfate mg/L                
Total Dissolved Solids mg/L                
Total Kjeldahl Nitrogen (TKN) mg/L 0.22 J 0.21 J 0.26 J 0.25 J 0.30 J 0.19 0.16 0.17 4.32 0.19 0.18 0.14 0.11 0.2 0.23 
Total Phosphorus as P mg/L 0.09 0.08 0.12 0.16 0.26 0.025 0.02 ND 0.39 0.04 0.036 0.041 0.027 0.039 0.044 
Turbidity NTU                               
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TABLE J- 12.  LABORATORY ANALYSIS - FALLBROOK CREEK NEAR FALLBROOK 


 
  1/23/2008 4/17/2008 7/22/2008 2/11/2009 4/23/2009 7/27/2009 


Analyte Units 
Index/ 


Quarterly Quarterly 
Index/ 


Quarterly 
Index/ 


Quarterly Quarterly 
Index/ 


Quarterly 
Ammonia -N mg/L ND ND 0.052 J ND 0.24 0.035 
Arsenic mg/L 0.0006 ND 0.0014 J 0.0008 0.0009 0.0017 
Bicarbonate mg/L 214      
Bicarbonate Alkalinity as CaCO3 mg/L  340 463 183 418 7.38 
BOD mg/L ND ND ND ND ND ND 
Cadmium mg/L ND ND ND ND ND ND 
Calcium mg/L 84.6 105 125 48 93.7 112 
Chemical Oxygen Demand (COD) mg/L 27 21 29 21 26 ND 
Chloride mg/L 113 194 249 78.7 196 338 
Chromium mg/L 0.0034 ND 0.002 J 0.0041 0.0052 0.0021 
Coliform by MTF, Total MPN/100ml  130  300   
Copper mg/L 0.0019 ND 0.002 J 0.0023 0.002 0.0012 
Fecal Coliform by MTF MPN/100ml 4 8 50 50 4 240 
Fluoride mg/L 0.27 0.46 0.71 0.27 0.48 0.71 
Iron mg/L 0.755 0.469 0.618 0.444 0.81 0.497 
Lead mg/L ND ND ND 0.0003 ND ND 
Manganese mg/L 0.319 0.131 0.665 0.05 0.522 0.67 
MBAS mg/L ND ND 0.05 0.05 0.04 0.06 
Nickel mg/L 0.0028 ND 0.005 0.0022 0.0067 0.0028 
Nitrate (as NO3) mg/L ND ND ND 0.51 0.25 0.12 
Nitrite (as NO2) mg/L ND  ND ND ND  
Ortho Phosphate as PO4 mg/L ND 0.17 0.44 0.4 0.28 1 
pH NA 6.47 7.35 8.38 7.36 7.54 7.68 
Selenium mg/L 0.0006 ND 0.004 0.0021 0.0063 0.0021 
Sodium mg/L 103 152 192 69.5 143 214 
Specific Conductance umhos/cm 1150 1630 1910 780 1650 2160 
Sulfate mg/L 224 272 210 105 237 95.2 
Thallium mg/L ND ND ND ND ND ND 
Total Dissolved Solids mg/L 740 1040 1220 480 1030 1240 
Total Kjeldahl Nitrogen (TKN) mg/L 0.33 ND 0.53 0.32 0.29 0.75 
Total Organic Carbon mg/L 9.1 8.4 14 8 8.8 12 
Total Phosphate as PO4 mg/L 0.24 0.21     
Total Phosphorus as P mg/L   0.29 0.148 0.17 0.46 
Zinc mg/L 0.114 0.015 ND 0.027 0.004 0.003 
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TABLE J- 13.  RAINBOW CREEK WATER QUALITY - 2008 
 


Analyte Units 12/18/2007 1/17/2008 2/19/2008 3/20/2008 4/16/2008 5/8/2008 6/26/2008 7/15/2008 8/26/2008 9/18/2008 10/21/2008 11/6/2008 12/4/2008 
Ammonia mg/L 0.06 0.01 0.03 0.02 0.03 0.03 0.03 0.04 0.02 0.03 0.04 0.05 0.03 
Iron mg/L 0.03 0.03 0.07 ND ND 0.01 0.09 0.30 0.08 0.07 0.22 0.05 ND 
Nitrate as N mg/L 7.65 12.90 10.80 7.14 7.80 6.06 4.68 5.56 6.10 6.43 7.07 7.13 5.81 
Nitrite as N mg/L 0.01 0.01 0.03 0.04 0.02 0.01 0.01 0.01 0.01 0.01 ND ND 0.01 
Ortho Phosphate mg/L 0.26 0.29 0.17 0.03 0.22 0.15 0.11 0.17 0.14 0.15 0.51 0.15 0.18 
Specific Conductance umhos/cm              
Sulfate mg/L 375 374 230 253 295 301 291 315 332 341 286 269 316 
pH NA              
Total Dissolved Solids mg/L 1250 1190 736 782 1030 1060 1015 964 1080 1000 1030 1100 1060 
Total Nitrogen mg/L 8.53 13.50 11.95 8.78 8.52 6.68 5.16 5.91 6.66 6.85 7.66 7.80 6.05 
Total Phosphorus mg/L 0.28 0.32 0.19 0.19 0.23 0.16 0.12 0.17 0.14 0.15 0.52 0.15 0.20 
Total Kjeldahl Nitrogen (TKN) mg/L 0.87 0.59 1.07 1.60 0.70 0.62 0.48 0.34 0.56 0.42 0.59 0.67 0.22 
Turbidity NTU                           


           Note: Data received from San Diego County (Station Code 902SMG005) 
 


TABLE J- 14. RAINBOW CREEK WATER QUALITY – 2009 
 


Analyte Units 1/8/2009 2/4/2009 3/4/2009 4/8/2009 4/21/2009 5/27/2009 5/28/2009 6/23/2009 7/22/2009 8/20/2009 9/22/2009 
Ammonia mg/L 0.04 0.04 0.04 0.04 ND ND 0.03 0.04 0.04 0.02 ND 
Iron mg/L 0.06 ND 0.06 0.12   0.07 0.03 0.03 0.05  
Nitrate as N mg/L 9.87 6.07 7.18 5.49 4.79 2.42 4.19 5.57 6.81 7.53 5.98 
Nitrite as N mg/L 0.01 0.01 0.02 0.03 ND ND 0.01 0.01 0.01 ND ND 
Ortho Phosphate mg/L 0.23 0.12 0.12 0.14 0.22 0.15 0.10 0.11 0.12 0.11 0.033 
Specific Conductance umhos/cm           1680 
Sulfate mg/L 359 375 370 295   271 307 340 286 278 
pH NA           7.51 
Total Dissolved Solids mg/L 1130 1100 1004 1220 1080 1050 1000 972 1050 1080 1100 
Total Nitrogen mg/L 10.50 6.61 7.99 6.17 4.79 2.42 5.15 5.69 7.32 8.01 6.56 
Total Phosphorus mg/L 0.25 0.13 0.12 0.12 0.22 0.15 0.09 0.09 0.12 0.12 0.032 
Total Kjeldahl Nitrogen (TKN) mg/L 0.59 0.53 0.80 0.64 ND ND 0.95 0.11 0.5 0.48 0.58 
Turbidity NTU                  0.21 


      Note: Data received from San Diego County (Station Code 902SMG005) for every sampling event except for 4/21/2009, 5/27/2009, and 9/22/2009 (Stetson data) 
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TABLE J- 15.  LABORATORY ANALYSIS – RANCHO CALIFORNIA WATER DISTRICT CWRMA OUTFALL 
 


  CWRMA Outfall – Main1 Murrieta Creek – Potable2 


  1/21/2008 2/3/2009 4/23/2009 7/20/2009 4/17/2008 7/21/2008 10/23/2008 
Analyte Units Index Index Quarterly Index Quarterly Index Quarterly 
Ammonia -N mg/L ND ND 0.07 0.03  0.46 0.039 
Bicarbonate Alkalinity mg/L     165   
BOD mg/L ND ND ND ND ND ND ND 
Chloride mg/L     95.6   
Chlorophyll-a mg/M3 ND ND ND ND  ND ND 
Fluoride mg/L     0.55   
MBAS mg/L     ND   
Nitrate (as N) mg/L     1.9   
Nitrate (as NO3) mg/L 1.45 4.86 1.5 1.25  1.09 13.8 
Nitrate/Nitrite-N mg/L     1.9   
Nitrite (as N) mg/L     ND   
Nitrite (as NO2) mg/L ND ND ND ND  ND ND 
Ortho Phosphate as P mg/L     0.249   
Ortho Phosphate as PO4 mg/L ND 0.13 ND 0.031  0.02 J 0.17 
pH NA 7.86 7.61 7.63 8 8.58 8.12 7.64 
Specific Conductance umhos/cm 827 875 978 904 950 930 823 
Sulfate mg/L     159   
Total Dissolved Solids mg/L     480   
Total Kjeldahl Nitrogen (TKN) mg/L 0.42 ND 0.09 0.05 ND 0.47 ND 
Total Nitrogen mg/L     1.9   
Total Oil and Grease mg/L     ND   
Total Organic Carbon mg/L     2.1   
Total Phosphorus as P mg/L ND 0.043 ND 0.011 0.021 0.015 J 0.06 
Total Suspended Solids mg/L     ND   
Turbidity NTU         0.4     


1 Water released from the main outfall 
2 Potable water released upstream of the main outfall in Murrieta Creek
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TABLE J- 16.  LABORATORY ANALYSIS - SANDIA CREEK NEAR FALLBROOK 
 
  11/14/2007 1/21/2008 1/23/2008 1/30/2008 2/5/2008 2/6/2008 4/17/2008 7/21/2008 7/22/2008 7/23/2008 7/24/2008 7/25/2008 10/23/2008 2/3/2009 2/4/2009 


Analyte Units Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly 
Aluminum mg/L 0.169  0.214    0.122  0.136    0.043  0.06 
Ammonia -N mg/L 0.095 ND 0.15 ND 0.032 ND ND 0.06 J 0.059 J ND 0.06 J 0.05 J 0.02 ND ND 
Antimony mg/L 0.0006  0.0009    ND  0.0006 J    ND  ND 
Arsenic mg/L 0.001  ND    ND  0.0009 J    ND  ND 
Beryllium mg/L 0.001  ND    ND  ND    ND  ND 
Bicarbonate mg/L 214  232             
Bicarbonate Alkalinity as CaCO3 mg/L       394  175    268  175 
BOD mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Boron mg/L 0.169  0.136    0.127  0.137    0.137  0.197 
Cadmium mg/L ND  ND    ND  ND    ND  ND 
Calcium mg/L 122  122    122  132    141  142 
Chloride mg/L 205  237    227  229    215  195 
Chlorophyll-a mg/M3  ND ND ND ND ND  1.6 1.3 1.6 1 ND  3.47 ND 
Chromium mg/L 0.0019  0.0024    ND  0.002 J    0.0043  0.004 
Coliform by MTF, Total MPN/100ml 23      500      500  80 
Copper mg/L 0.017  0.0018    ND  0.002 J    0.0019  0.002 
Cyanide mg/L 0.005  ND    ND  ND    ND  ND 
Dissolved Oxygen mg/L  7.91 9.01 10.17 10.74 10.38          
Fecal Coliform by MTF MPN/100ml   50    90  50    23  8 
Fluoride mg/L 0.31  0.26    0.26  0.31    0.29  0.29 
Iron mg/L 0.258  0.29    0.331  0.175    0.503  0.109 
Lead mg/L ND  ND    ND  ND    ND  0.0001 
Manganese mg/L 0.016  0.02    0.011  0.012    0.005  0.009 
MBAS mg/L 0.03  ND    ND  ND    ND  ND 
Mercury mg/L ND  ND    ND  ND    ND  ND 
Nickel mg/L 0.0037  0.004    ND  0.004 J    0.0053  0.005 
Nitrate (as N) mg/L 3.9               
Nitrate (as NO3) mg/L  27.4 27.3 32.3 34.9 34.4 23.8 16.9 16.3 16.1 15.5 16.7 14.2 18.5 18.4 
Nitrite (as N) mg/L ND               
Nitrite (as NO2) mg/L  ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Ortho Phosphate as P mg/L 0.036               
Ortho Phosphate as PO4 mg/L  0.1 0.06 0.19 0.04 0.13 0.07 0.02 J 0.09 0.07 0.1 0.09 0.04 0.05 0.05 
pH NA 8.07 8.08 7.16 8.05 7.79 8.31 7.87 8.19 9.07 8.07 8.04 8 8.26 7.78 7.82 
Selenium mg/L 0.0037  0.0027    0.003  0.004    0.0057  0.004 
Silver mg/L ND  ND    ND  ND    ND  0.006 
Sodium mg/L 116  115    110  121    128  131 
Specific Conductance umhos/cm 1550 1710 1730 1590 1540 1610 1630 1620 1620 1630 1640 1620 1660 1670 1670 
Sulfate mg/L 323  347    333  336    318  311 
Thallium mg/L ND  ND    ND  ND    ND  ND 
Total Dissolved Solids mg/L 1080  1200    1080  1140    1100  1140 
Total Kjeldahl Nitrogen (TKN) mg/L 0.24 ND 0.23 0.37 0.37 0.35 0.44 0.33 J 0.24 J 0.21 J 0.28 J 0.26 J 0.17 0.27 0.15 
Total Oil and Grease mg/L ND  ND    ND  9    ND  ND 
Total Organic Carbon mg/L 2.5  3.7    2.9  2.9    2.3  2.4 
Total Phosphate as PO4 mg/L                
Total Phosphorus as P mg/L 0.04 0.05 0.03 0.11 0.1 0.06 0.024 0.07 0.12 0.12 0.08 0.17 0.017 0.016 0.018 
Total Suspended Solids mg/L                
Turbidity NTU 0.65  2.11    0.84  2.1    0.33  0.38 
Zinc mg/L 0.012   0.038       0.01   0.006 J       0.023   0.017 
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TABLE J-16.  LABORATORY ANALYSIS - SANDIA CREEK NEAR FALLBROOK (CONTINUED) 
 


  2/5/2009 2/9/2009 2/11/2009 4/23/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 


Analyte Units Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index 
Aluminum mg/L    ND  0.065    
Ammonia -N mg/L ND 0.4 ND ND 0.07 0.03 0.04 ND 0.046 
Antimony mg/L    ND  ND    
Arsenic mg/L    0.0004  0.0006    
Beryllium mg/L    ND  ND    
Bicarbonate mg/L          
Bicarbonate Alkalinity as CaCO3 mg/L    226  201    
BOD mg/L ND 4 ND ND ND ND ND ND ND 
Boron mg/L    0.12  0.156    
Cadmium mg/L    ND  ND    
Calcium mg/L    121  128    
Chloride mg/L    225  222    
Chlorophyll-a mg/M3 3.47 10.4 ND  ND ND ND 1.3 ND 
Chromium mg/L    0.0041  ND    
Coliform by MTF, Total MPN/100ml      24000    
Copper mg/L    0.0023  0.0015    
Cyanide mg/L    ND  ND    
Dissolved Oxygen mg/L          
Fecal Coliform by MTF MPN/100ml    50  13    
Fluoride mg/L    0.26  0.3    
Iron mg/L    0.069  0.298    
Lead mg/L    ND  ND    
Manganese mg/L    0.006  0.01    
MBAS mg/L    ND  ND    
Mercury mg/L    0.0002  ND    
Nickel mg/L    0.007  0.0025    
Nitrate (as N) mg/L          
Nitrate (as NO3) mg/L 18.6 17.2 20.3 18.6 12.4 10.3 10.4 14.1 11.1 
Nitrite (as N) mg/L          
Nitrite (as NO2) mg/L 0.07 ND ND 0.06 ND ND ND ND ND 
Ortho Phosphate as P mg/L          
Ortho Phosphate as PO4 mg/L ND 0.22 0.12 0.03 0.058 ND 0.04 0.052 0.058 
pH NA 7.68 7.73 7.78 8.12 7.86 7.71 7.98 7.95 7.89 
Selenium mg/L    0.0053  0.0024    
Silver mg/L    0.009  ND    
Sodium mg/L    113  118    
Specific Conductance umhos/cm 1650 1310 1610 1660 1660 1670 1670 1660 1670 
Sulfate mg/L    339  317    
Thallium mg/L    0.0002  ND    
Total Dissolved Solids mg/L    1120  1120    
Total Kjeldahl Nitrogen (TKN) mg/L 0.22 1.24 0.36 0.14 0.11 0.07 0.06 0.16 0.17 
Total Oil and Grease mg/L    ND  ND    
Total Organic Carbon mg/L    3.2  3    
Total Phosphate as PO4 mg/L          
Total Phosphorus as P mg/L 0.01 0.4 0.04 0.017 0.022 0.023 0.016 0.03 0.021 
Total Suspended Solids mg/L          
Turbidity NTU    0.5  0.38    
Zinc mg/L       0.008   0.004       
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TABLE J- 17.  LABORATORY ANALYSIS - STONE CREEK AT STAGECOACH LANE, SANTA MARGARITA ECOLOGICAL RESERVE (SMER) 
 


  7/21/2008 7/22/2008 7/23/2008 7/24/2008 7/25/2008 10/23/2008 2/3/2009 2/4/2009 2/5/2009 2/9/2009 2/11/2009 4/23/2009 7/20/2009 7/21/2009 7/23/2009 7/27/2009 7/28/2009 


Analyte Units Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index Quarterly Index 
Index/ 


Quarterly Index Index Index 
Ammonia -N mg/L 0.02 J 0.046 J 0.06 J 0.03 J 0.03 J ND ND 0.067 ND 0.13 0.011 ND 0.05 0.01 0.06 ND ND 
Arsenic mg/L  ND    0.0005  ND    ND  ND    
Bicarbonate Alkalinity as CaCO3 mg/L  225    262  225    280  268    
BOD mg/L ND ND ND ND ND ND ND ND ND 4 ND ND ND ND ND ND ND 
Calcium mg/L  121    133  116    112  134    
Chemical Oxygen Demand (COD) mg/L                  
Chloride mg/L  214    215  168    193  231    
Chlorophyll-a mg/M3 ND ND ND ND ND  ND ND ND 3.2 ND  ND ND ND 1.33 ND 
Coliform by MTF, Total MPN/100ml      500  50          
Copper mg/L  0.001 J    0.0014  ND    0.0018  0.001    
Fecal Coliform by MTF MPN/100ml  500    23  7    23  14    
Fluoride mg/L  0.17    0.17  0.16    0.15  0.15    
Iron mg/L  0.28    0.506  0.127    0.09  0.041    
Lead mg/L  ND    0.0001  ND    ND  0.0002    
Manganese mg/L  0.008 J    0.007  0.013    0.01  0.016    
MBAS mg/L  ND    ND  ND    ND  ND    
Nitrate (as NO3) mg/L 9 9.27 8.8 9.71 10 11.6 7.1 7.3 7.22 3 5.91 8.1 19.2 16.3 17.1 20.7 18.1 
Nitrite (as NO2) mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND  ND ND ND 
Ortho Phosphate as PO4 mg/L ND 0.08 0.06 0.08 0.09 0.04 0.04 0.03 0.02 ND 0.06 0.04 0.043 0.018 0.021 0.052 0.052 
pH NA 7.55 8.36 7.64 7.54 7.5 7.63 7.18 7.28 6.95 7.36 7.23 7.6 7.24 7.26 7.28 7.23 7.37 
Sodium mg/L  73.5    78.8  73.3    67.3  77.7    
Specific Conductance umhos/cm 1370 1380 1380 1390 1380 1460 1280 1290 1280 678 1220 1290 1450 1460 1450 1460 1450 
Sulfate mg/L  170    176  158    264  183    
Thallium mg/L  ND    ND  ND    ND  ND    
Total Dissolved Solids mg/L  1010    955  825    780  1080    
Total Kjeldahl Nitrogen (TKN) mg/L 0.12 J 0.15 J 0.13 J 0.42 0.11 J ND 0.15 0.085 0.11 1.37 0.13 ND 0.19 0.15 0.1 0.4 0.09 
Total Organic Carbon mg/L  2.3    1.7  2.1    2.9  1.8    
Total Phosphorus as P mg/L ND 0.1 0.13 0.12 0.2 ND 0.02 0.018 0.01 0.45 0.02 0.014 0.019 0.01 0.012 0.018 0.075 
Turbidity NTU                  
Zinc mg/L   0.007 J       0.018   0.011       0.004   ND       
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San Mateo Creek was used as a reference stream located north of the Santa Margarita River 
watershed.  The upper watershed of San Mateo Creek is composed primarily of the Cleveland National 
Forest and has limited impacts from development.  As opposed to the other reference streams described in 
this report, San Mateo Creek represents a larger stream class with more consistent annual flows.  While the 
creek is outside of the scope of this program, data from one sampling site on the creek has been included as 
a reference (Stetson Engineers has been monitoring this steam as part of a separate monitoring program).  
Water quality data for San Mateo Creek between December 2007 and June 2009 are presented in Table J-
18.  Other than exceeding the Basin Plan limit for iron on one occasion, San Mateo Creek does not have any 
water quality concerns.   
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TABLE J- 18. LABORATORY ANALYSIS - SAN MATEO CREEK NEAR SAN CLEMENTE 
 


Analyte Units 12/11/2007 1/24/2008 5/29/2008 2/13/2009 4/28/2009 6/23/2009 
Ammonia as N mg/L    ND ND  
Arsenic mg/L ND ND ND ND ND ND 
Bicarbonate Alkalinity as CaCO3 mg/L 244 195 190 153 214 250 
BOD mg/L ND ND ND ND ND ND 
Cadmium mg/L ND ND ND ND ND ND 
Calcium mg/L 74.2 59.8 56.7 39.7 50.2 63.5 
Chloride mg/L 100 80.7 77.6 45.8 71.8 78.0 
Chromium mg/L ND 0.0046 ND 0.007 ND ND 
Total Coliform MPN/100mL > 1600   240 900 2400 
Copper mg/L ND 0.0012 ND 0.003 ND ND 
Dissolved Oxygen mg/L 9.52  7.46    
Fecal Coliform MPN/100mL > 1600 2 < 2 < 2 30 < 2 
Fluoride mg/L 0.27 0.28 0.30 0.26 0.28 0.29 
Iron mg/L 0.062 0.038  0.548 0.104 0.159 
Lead mg/L ND ND ND ND ND ND 
Magnesium mg/L   22.7    
Manganese mg/L 0.002 0.002 ND ND ND 0.030 
MBAS mg/L ND ND ND ND ND ND 
Mercury mg/L ND ND ND ND ND ND 
Nickel mg/L ND 0.0014 ND 0.006 ND ND 
Nitrate as N mg/L 0.1  ND ND  ND 
Nitrate as NO3 mg/L  ND  ND ND ND 
Nitrate/Nitrite-N mg/L 0.1  ND   ND 
Nitrite as N mg/L ND  ND ND  ND 
Nitrite as NO2 mg/L  ND  ND ND ND 
Ortho Phosphate as P mg/L ND  ND ND  ND 
Ortho Phosphate as PO4 mg/L  ND   ND  
pH NA 7.70 7.03 7.72 6.59 7.43 7.74 
Selenium mg/L    ND 0.002 0.003 
Sodium mg/L 75.4 58.4 59.7 41.7 58.5 58.4 
Specific Conductance umhos/cm 876 750 710 480 680 830 
Sulfate mg/L 94.0 98.5 66.8 45.6 65.1 94.9 
Thallium mg/L ND ND ND ND ND ND 
TKN mg/L ND     ND 
Total Dissolved Solids mg/L 530 440 402 340 445 470 
Total Hardness (as CaCO3) mg/L 309 248 235 165 210 263 
Total Inorganic Nitrogen mg/L    ND   
Total Kjeldahl Nitrogen (TKN) mg/L  ND ND 0.34 ND  
Total Nitrogen mg/L ND  ND   ND 
Total Oil and Grease mg/L ND ND ND ND ND ND 
Total Organic Carbon mg/L 3.3 5.1 2.6 6.0 3.8 2.8 
Total Phosphate as PO4 mg/L  ND     
Total Phosphorus as P mg/L ND  ND ND ND ND 
Total Phosphorus as PO4 mg/L       
Total Suspended Solids mg/L ND ND ND ND ND ND 
Turbidity NTU 0.31 0.28 0.43 0.98 0.38 1.96 
Zinc mg/L 0.035 0.030 0.056 0.047 ND 0.008 
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Figures J-1 through J-6 show the concentrations of iron, manganese, sulfate, total 
dissolved solids, total nitrogen and total phosphorus from November 2007 through September 
2009 for tributaries and SMR locations that exhibit high concentrations of these constituents.  
The red lines on each plot indicate the regulatory (Basin Plan) limit for that particular 
constituent.  


Adobe Creek, SMR near Temecula, and Fallbrook Creek had a number of data points that 
were above the Basin Plan limit for iron (0.3 mg/L).  Adobe Creek and SMR near Temecula iron 
concentrations ranged from 0.1 mg/L to 1.2 mg/L while Fallbrook Creek iron concentrations 
ranged from 0.4 mg/L to 0.8 mg/L.    


The only monitoring location that had several data points above the Basin Plan 
manganese limit (0.05 mg/L) was Fallbrook Creek whose concentrations ranged from 0.1 mg/L 
to 0.7 mg/L (although Fallbrook Creek is not currently listed as impaired on the 303(d) List .  
While, De Luz and Sandia Creeks are listed as impaired for manganese, neither exhibited 
manganese concentrations above the BP limit during the monitoring program.   


Sulfate is a concern for a number of tributaries and SMR locations including SMR at 
FPUD Sump, SMR near Temecula, De Luz Creek, Fallbrook Creek, Rainbow Creek, Sandia 
Creek, and Stone Creek.  Rainbow and Sandia Creeks exhibited the highest sulfate 
concentrations ranging from 230 mg/L to 375 mg/L and 300 mg/L to 350 mg/L, respectively.  
The Basin Plan limit for sulfate is 250 mg/L.  


TDS concentrations are a concern for the SMR at FPUD Sump, SMR near Temecula, De 
Luz Creek, Fallbrook Creek, Rainbow Creek, Sandia Creek, and Stone Creek. All data points for 
De Luz, Rainbow, Sandia, and Stone Creeks were above the regulatory limit of 750 mg/L. The 
minimum TDS concentration for these creeks was 710 mg/L and the maximum was 1,250 mg/L.  


The Basin Plan limit for total nitrogen was exceeded on numerous occasions by a number 
of tributaries and SMR locations.  Total nitrogen concentrations for the SMR at MWD Crossing, 
SMR near Temecula, SMR at Ysidora, and the CWRMA Outfall averaged 1 mg/L which is the 
Basin Plan limit for Total Nitrogen.  Devils and Rainbow Creeks, except for Rainbow Creek on 
two occasions in April and May of 2009, had the highest total nitrogen values ranging from 4 
mg/L to 13 mg/L. 


Total phosphorus fluctuates below and above the Basin Plan limit of 0.1 mg/L for a 
number of tributaries and SMR locations.  Total phosphorus concentrations are consistently 
above the Basin Plan limit for Fallbrook and Rainbow Creeks, except for Rainbow Creek on 
three occasions in May, June and September of 2009.  Total phosphorus concentrations for 
Fallbrook and Rainbow Creeks range from 0.1 mg/L to 0.5 mg/L.             
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Figures J-7 through J-9 depict the number of exceedences of the Basin Plan for each 
monitoring location during wet and dry seasons.  The wet season spans October through April 
while the dry season spans May through September.  Both water year (WY) 2008 and WY 2009 
data are combined where applicable.  The constituents presented are cyanide, chloride, pH, 
sulfate, TDS, total nitrogen, total phosphorus, copper, iron, manganese, and silver.  


Most pH and chloride exceedances occurred during the dry season while cyanide 
exceedances occurred during the wet seasons.  At the monitoring locations which exhibited 
exceedances in both the wet and dry season for sulfate, the difference between the seasons is 
minimal.  TDS exceedances at De Luz Creek occurred only during the wet months because the 
creek typically does not flow in the dry season.  Devils Creek had only one TDS sampling event 
which occurred during the dry season. TDS concentrations in Devils Creek likely exceeded the 
Basin Plan limit in the wet season based on increased TDS concentrations downstream of the 
Devils Creek confluence with the SMR.  Results were mixed for un-ionized ammonia and 
nitrate.  The Basin Plan limits for total nitrogen and total phosphorus were exceeded more often 
during the wet season than during the dry season.  All metals that exceeded the Basin Plan limit 
(copper, iron, manganese, and silver) exceeded the limit more often or exclusively during the wet 
season.          







Basin Plan  Exceedances of Cyanide, Chloride, pH, Sulfate and 
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Notes: Dry Season - May through September
            Wet Season - October through April
            Where seasonal exceedances are only shown, all samples exceeded the Basin Plan threshold
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Figures J-10 through J-16 depict exceedances for un-ionized ammonia, chloride, copper, 
cyanide, nitrate, pH, and silver over the entire sampling period of November 2007 to September 
2009.  See Figures 8 through 13 in the main body of the report for maps of total nitrogen, total 
phosphorus, iron, manganese, sulfate, and total dissolved solids.  Red dots imply that the 
constituent exceeded its respective Basin Plan limit on at least one occasion.  Green dots imply 
that the constituent was analyzed but the results did not exceed the Basin Plan limit. Tables J-19 
through J-22 present the number of times the Basin Plan limit was exceeded, the total number of 
samples taken within the two year sampling period, and the percent exceedance of Basin Plan 
limits for un-ionized ammonia, chloride, copper, cyanide, nitrate, pH, and silver. All constituents 
presented in the tables below with the except of nitrate, only exceeded the Basin Plan limit one 
or two times during the two year sampling period. Nitrate concentrations in tributaries that 
receive agricultural runoff (De Luz, Devils Rainbow, and Sandia) exceeded the Basin Plan limit 
on every sampling occasion.   


 


TABLE J- 19.  SUMMARY OF EXCEEDANCES FOR CHLORIDE AND CYANIDE 
 


  Chloride Cyanide 


Monitoring Location Exceedances 


Number 
of 


Samples
% 


Exceedance Exceedances 


Number 
of 


Samples 
% 


Exceedance
Adobe Creek 0   5 0% 0   5 0% 
Arroyo Seco 0   1 0% 0   1 0% 
Cole Creek 0   1 0% 0   1 0% 
Roblar Creek --- --- --- --- --- --- 
SMR at FPUD Sump 0   8 0% 0   8 0% 
SMR near Temecula 0   8 0% 1   8 13% 
SMR at MWD Crossing --- --- --- --- --- --- 
SMR at Ysidora --- --- --- --- --- --- 
DeLuz Creek 0   4 0% 1   4 25% 
Devils Creek --- --- --- --- --- --- 
Fallbrook Creek 1   6 17% 0   6 0% 
Rainbow Creek --- --- --- --- --- --- 
RCWD CWRMA Outfall 0   7 0% 0   7 0% 
Sandia Creek 0   8 0% 0   8 0% 
Stone Creek 0   5 0% 0   5 0% 
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TABLE J- 20.  SUMMARY OF EXCEEDANCES FOR COPPER AD SILVER 


  Copper  Silver 


Monitoring Location Exceedances 


Number 
of 


Samples
% 


Exceedance Exceedances 


Number 
of 


Samples 
% 


Exceedance
Adobe Creek 0   5 0% --- --- --- 
Arroyo Seco 0   1 0% --- --- --- 
Cole Creek 0   1 0% --- --- --- 
Roblar Creek --- --- --- --- --- --- 
SMR at FPUD Sump 0   8 0% 1   8 13% 
SMR near Temecula 0   8 0% 1   8 13% 
SMR at MWD Crossing --- --- --- --- --- --- 
SMR at Ysidora --- --- --- --- --- --- 
DeLuz Creek 0   4 0% --- --- --- 
Devils Creek --- --- --- --- --- --- 
Fallbrook Creek 0   6 0% --- --- --- 
Rainbow Creek --- --- --- --- --- --- 
RCWD CWRMA Outfall --- --- --- --- --- --- 
Sandia Creek 1   8 13% 2   8 25% 
Stone Creek 0   5 0% --- --- --- 


 


TABLE J- 21.  SUMMARY OF EXCEEDANCES FOR UN-IONIZED AMMONIA AND NITRATE 
  Un-ionized Ammonia Nitrate 


Monitoring Location Exceedances 


Number 
of 


Samples
% 


Exceedance Exceedances 


Number 
of 


Samples 
% 


Exceedance
Adobe Creek 0   5 0% 0   5 0% 
Arroyo Seco 0   1 0% 0   1 0% 
Cole Creek 0   1 0% 0   1 0% 
Roblar Creek 0   6 0% 0   6 0% 
SMR at FPUD Sump 0 24 0% 6 24 25% 
SMR near Temecula 0 24 0% 0 24 0% 
SMR at MWD Crossing 1 15 7% 0 15 0% 
SMR at Ysidora 0 10 0% 0 10 0% 
DeLuz Creek 0 12 0% 12 12 100% 
Devils Creek 0 16 0% 16 16 100% 
Fallbrook Creek 0   6 0% 0   6 0% 
Rainbow Creek 0 24 0% 24 24 100% 
RCWD CWRMA Outfall 1   8 13% 1   9 11% 
Sandia Creek 1 25 4% 25 25 100% 
Stone Creek 0 18 0% 8 18 44% 
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TABLE J- 22. SUMMARY OF EXCEEDANCES FOR PH 
 


  pH 


Monitoring Location Exceedances
Number of 
Samples % Exceedance 


Adobe Creek 0 5 0% 
Arroyo Seco 0 1 0% 
Cole Creek 0 1 0% 
Roblar Creek 0 6 0% 
SMR at FPUD Sump 0 24 0% 
SMR near Temecula 1 24 4% 
SMR at MWD Crossing 1 15 7% 
SMR at Ysidora 0 10 0% 
DeLuz Creek 0 12 0% 
Devils Creek 1 16 6% 
Fallbrook Creek 1 6 17% 
Rainbow Creek 0 24 0% 
RCWD CWRMA Outfall 1 8 13% 
Sandia Creek 1 25 4% 
Stone Creek 0 18 0% 
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Pesticides were analyzed at four locations:  SMR at the FPUD Sump, SMR near 
Temecula, De Luz Creek, and Sandia Creek.  Tables J-23 through J-26 present pesticide results 
for these four locations.  Most of the pesticide detection occurred during a storm in February 
2009 which was likely due to increased flows in the SMR and tributaries.  These include 4,4’ 
DDE, atrazine, bifenthrin, chlorpyrifos, cyfluthrin, cypermethrin, danitol, diazinon, fluvalinate, 
malathion, prometon, and L-cyhalothrin.  Descriptions of these pesticides are presented below.  
4,4’ DDE was the only pesticide that exceeded regulatory thresholds, and this occurred at both 
the SMR at FPUD Sump and SMR near Temecula.   


 


• 4,4’-DDE (1,1 Dichloro-2,2-bis(p-chlorophenyl) ethylene) is one of the more common 
breakdown products of organochlorine pesticide DDT, which was banned in the U.S. in 
1972.  


 


• Atrazine is the most widely used herbicide in the world. It was banned in the European 
Union in 2004 because of its persistent groundwater contamination. Atrazine is regulated in 
drinking water with an MCL of 1.0 μg/l. 


 


• Bifenthrin is a pyrethroid insecticide that affects the nervous system of insects. 


 


• Chlorpyrifos is one of the most widely used organophosphate insecticides. The crops with the 
most intense chlorpyrifos use are cotton, corn, almonds, and fruit trees including oranges and 
apples. In San Diego County, chlorpyrifos is predominantly used on lemons, oranges, 
outdoor nurseries, and landscaping. In 1992, EPA issued a Drinking Water Health Advisory 
at 2 μg/l (EPA, 2009). 


 


• Cyfluthrin is a pyrethroid insecticide used to control a wide variety of indoor and outdoor 
pests including roaches, silverfish, fleas, spiders, ants, crickets, houseflies, ticks, black carpet 
beetles, small flying moths, saw-toothed grain beetles, rice weevils, pillbugs, mosquitoes, 
wasps, hornets, yellow jackets, gnats, and earwigs. In 2007, almost all commercial use of 
cyfluthrin reported in San Diego County was associated with structural pest control (PAN, 
2009). 
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• Cypermethrin is a type II pyrethroid insecticide used in both agriculture and non-agricultural 
settings to control ants, cockroaches, and termites. The majority of cypermethrin use is non-
agricultural. In 2007, all commercial use of cypermethrin reported in San Diego County was 
associated with structural pest control (PAN, 2009). 


 


• L-Cyhalothrin is one of the most common pyrethroid insecticides used mainly for controlling 
mosquitoes, fleas, cockroaches, flies, and ants around households. 


 


• Danitol (fenpropathrin) is an ingestion and contact pyrethroid insecticide and acaricide 
currently registered for use on fruit trees, small fruits, vegetables, field crops, and ornamental 
plants for the control of various insect pests and mites. There are no residential uses for 
fenpropathrin. 


 


• Diazinon is an organophosphate pesticide. Diazinon is used on a wide variety of crops 
including apples, blueberries, broccoli, cherries, cranberries, pears, spinach, and tomatoes. 
As of December 31, 2004, it is unlawful to sell diazinon as outdoor, non-agricultural 
products in the United States. Diazinon was one of the List 2 monitoring contaminants under 
the EPA’s Unregulated Contaminant Monitoring Rule 1. In 1988, EPA issued a Drinking 
Water Health Advisory of 1 μg/l (EPA, 2009). 


 


• Fluvalinate is a synthetic pyrethroid commonly used to control varroa mites in honey bee 
colonies. It is also a broad spectrum insecticide used against moths, beetles and other insect 
pests on cotton, cereal, grape, potato, fruit trees, vegetable and plantation crops, fleas, and 
turf and ornamental insects. 


 


• Malathion is a pesticide that is widely used in agriculture, residential landscaping, public 
recreation areas, and in public health pest control programs such as mosquito eradication. In 
the US, it is the most commonly used organophosphate insecticide. In 1992, EPA issued a 
Drinking Water Health Advisory of 100 μg/l (EPA, 2009). In 2007, approximately 60% of 
the 5,000 gross pounds of malathion applied commercially in San Diego County was 
associated with outdoor container nurseries and 20% with strawberries (PAN, 2009). 
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• Prometon is a non-selective triazine herbicide. Prometon has little use in agriculture, as it 
kills all plants in the application area for at least one year. Prometon is used primarily in 
industrial sites and under paved surfaces. In 1988, EPA issued a Drinking Water Health 
Health Advisory at 100 μg/l (EPA, 2009). 


 


• Simazine was detected during every sampling event at all four monitoring locations except 
on one occasion (October 2008 in the SMR at FPUD Sump). Simazine is a pre-emergence 
herbicide used for the control of broad-leaved and grassy weeds on a variety of deep-rooted 
crops such as avocados, artichokes, asparagus, berry crops, broad beans, citrus, and on non-
crop areas such as farm ponds and fish hatcheries. Avocado orchards accounted for two-
thirds (6,000 gross pounds) of the Simazine applied commercially in San Diego County in 
2007 (PAN, 2009). Simazine has a federal primary drinking water standard and is regulated 
in California drinking water at 4 μg/l. 


• Also detected on De Luz and Sandia Creeks were fenvalerate and permethrin. Fenvalerate is 
a synthetic pyrethroid insecticide used to control insects and related organisms, mollusks, 
fouling organisms and miscellaneous invertebrates on agricultural lands, pets, homes and 
gardens, commercial, industrial, and food areas as well as on mosquito abatement sites.  
There are no longer any fenvalerate products registered for use in the United States. 
Permethrin is a broad spectrum synthetic pyrethroid insecticide, used against a variety of 
pests on nut, fruit, vegetable, cotton, ornamental, mushroom, potato, and cereal crops. It is 
used in greenhouses, home gardens, and for termite control.  It also controls animal 
ectoparasites, biting flies, and cockroaches.  Structural pest control accounted for almost all 
of the 16,000 gross pounds of Permethrin applied commercially in San Diego County in 2007 
(PAN, 2009). 
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TABLE J- 23.  PESTICIDE LABORATORY ANALYSIS - DE LUZ CREEK NEAR DE LUZ 
 


Parameter Units 1/23/2008 4/17/2008 2/9/2009 4/23/2009 
Chlorinated Pesticides      


2,4'-DDD ng/L ND ND ND ND 
2,4'-DDE ng/L ND ND ND ND 
2,4'-DDT ng/L ND ND ND ND 
4,4'-DDD ng/L ND ND ND ND 
4,4'-DDE ng/L ND ND ND ND 
4,4'-DDT ng/L ND ND ND ND 
Aldrin ng/L ND ND ND ND 
BHC-alpha ng/L ND ND ND ND 
BHC-beta ng/L ND ND ND ND 
BHC-delta ng/L ND ND ND ND 
BHC-gamma ng/L ND ND ND ND 
Chlordane-alpha ng/L ND ND ND ND 
Chlordane-gamma ng/L ND ND ND ND 
cis-Nonachlor ng/L ND ND ND ND 
DCPA (Dacthal) ng/L ND ND ND ND 
Dicofol ng/L ND ND ND ND 
Dieldrin ng/L ND ND ND ND 
Endosulfan Sulfate ng/L ND ND ND ND 
Endosulfan-I ng/L ND ND ND ND 
Endosulfan-II ng/L ND ND ND ND 
Endrin ng/L ND ND ND ND 
Endrin Aldehyde ng/L ND ND ND ND 
Endrin Ketone ng/L ND ND ND ND 
Heptachlor ng/L ND ND ND ND 
Heptachlor Epoxide ng/L ND ND ND ND 
Kepone ng/L     
Methoxychlor ng/L ND ND ND ND 
Mirex ng/L ND ND ND ND 
Oxychlordane ng/L ND ND ND ND 
Perthane ng/L ND ND ND ND 
Toxaphene ng/L ND ND ND ND 
trans-Nonachlor ng/L ND ND ND ND 


Triazines      
Ametryn ng/L ND ND ND ND 
Atraton ng/L ND ND ND ND 
Atrazine ng/L ND ND ND ND 
Cyanazine ng/L ND ND ND ND 
Prometon ng/L ND ND ND ND 
Prometryne ng/L ND ND ND ND 
Propazine ng/L ND ND ND ND 
Secbumeton ng/L ND ND ND ND 
Simazine ng/L 64 62 195.8 34.8 
Simetryn ng/L ND ND ND ND 
Terbuthylazine ng/L ND ND ND ND 
Terbutryn ng/L ND ND ND ND 
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Parameter Units 1/23/2008 4/17/2008 2/9/2009 4/23/2009 
Pyrethroids by NCI 


Allethrin ng/L ND ND ND ND 
Bifenthrin ng/L ND ND ND ND 
Cyfluthrin ng/L ND ND ND ND 
Cypermethrin ng/L ND ND ND ND 
Danitol ng/L ND ND 1.3J ND 
Deltamethrin ng/L ND ND ND ND 
Esfenvalerate ng/L ND ND ND ND 
Fenvalerate ng/L ND ND ND 1.6J 
Fluvalinate ng/L ND ND ND 0.6J 
L-Cyhalothrin ng/L ND ND ND ND 
Permethrin ng/L ND ND 5.4J ND 
Prallethrin ng/L ND ND ND ND 
Resmethrin ng/L ND ND ND ND 


Organophosphorus Pesticides      
Azinphos Methyl ng/L   ND ND 
Bolstar (Sulprofos) ng/L ND ND ND ND 
Chlorpyrifos ng/L ND ND ND ND 
Demeton ng/L ND ND ND ND 
Diazinon ng/L ND ND ND ND 
Dichlorvos ng/L ND ND ND ND 
Dimethoate ng/L ND ND ND ND 
Disulfoton ng/L ND ND ND ND 
Ethoprop (Ethoprofos) ng/L ND ND ND ND 
Ethyl Parathion ng/L   ND ND 
Fenchlorphos (Ronnel) ng/L ND ND ND ND 
Fenitrothion ng/L   ND ND 
Fensulfothion ng/L ND ND ND ND 
Fenthion ng/L ND ND ND ND 
Malathion ng/L ND ND ND ND 
Merphos ng/L ND ND ND ND 
Methamidophos (Monitor) ng/L   ND ND 
Methidathion ng/L   ND ND 
Methyl Parathion ng/L ND ND ND ND 
Mevinphos (Phosdrin) ng/L ND ND ND ND 
Phorate ng/L ND ND ND ND 
Phosmet ng/L   ND ND 
Tetrachlorvinphos (Stirofos) ng/L ND ND ND ND 
Tokuthion ng/L ND ND ND ND 
Trichloronate ng/L ND ND ND ND 


Base/Neutral Extractable Compounds     
1,2,4-Trichlorobenzene ng/L ND    
1,2-Dichlorobenzene ng/L ND    
1,2-Diphenylhydrazine ng/L ND  ND ND 
1,3-Dichlorobenzene ng/L ND    
1,4-Dichlorobenzene ng/L ND    
2,4-Dinitrotoluene ng/L ND    
2,6-Dinitrotoluene ng/L ND    
2-Chloronaphthalene ng/L ND    
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Parameter Units 1/23/2008 4/17/2008 2/9/2009 4/23/2009 
3,3'-dichlorobenzidine ng/L ND    
4-Bromophenylphenylether ng/L ND    
4-Chlorophenylphenylether ng/L ND    
Azobenzene ng/L ND    
Benzidine ng/L ND    
bis(2-Chloroethoxy)methane ng/L ND    
bis(2-Chloroethyl)ether ng/L ND    
bis(2-Chloroisopropyl)ether ng/L ND    
Hexachlorobenzene ng/L ND    
Hexachlorobutadiene ng/L ND    
Hexachlorocyclopentadiene ng/L ND    
Hexachloroethane ng/L ND    
Isophorone ng/L ND    
Nitrobenzene ng/L ND    
N-Nitrosodimethylamine ng/L ND    
N-Nitrosodi-n-propylamine ng/L ND    
N-Nitrosodiphenylamine ng/L ND       
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TABLE J- 24.  PESTICIDE LABORATORY RESULTS - SANDIA CREEK NEAR FALLBROOK 
 


Parameter Units 11/14/2007 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Chlorinated Pesticides        


2,4'-DDD ng/L ND ND ND ND ND ND 
2,4'-DDE ng/L ND ND ND ND ND ND 
2,4'-DDT ng/L ND ND ND ND ND ND 
4,4'-DDD ng/L ND ND ND ND ND ND 
4,4'-DDE ng/L ND ND ND ND ND ND 
4,4'-DDT ng/L ND ND ND ND ND ND 
Aldrin ng/L ND ND ND ND ND ND 
BHC-alpha ng/L ND ND ND ND ND ND 
BHC-beta ng/L ND ND ND ND ND ND 
BHC-delta ng/L ND ND ND ND ND ND 
BHC-gamma ng/L ND ND ND ND ND ND 
Chlordane-alpha ng/L ND ND ND ND ND ND 
Chlordane-gamma ng/L ND ND ND ND ND ND 
cis-Nonachlor ng/L ND ND ND ND ND ND 
DCPA (Dacthal) ng/L ND ND ND ND ND ND 
Dicofol ng/L ND ND ND ND ND ND 
Dieldrin ng/L ND ND ND ND ND ND 
Endosulfan Sulfate ng/L ND ND ND ND ND ND 
Endosulfan-I ng/L ND ND ND ND ND ND 
Endosulfan-II ng/L ND ND ND ND ND ND 
Endrin ng/L ND ND ND ND ND ND 
Endrin Aldehyde ng/L ND ND ND ND ND ND 
Endrin Ketone ng/L ND ND ND ND ND ND 
Heptachlor ng/L ND ND ND ND ND ND 
Heptachlor Epoxide ng/L ND ND ND ND ND ND 
Kepone ng/L ND      
Methoxychlor ng/L ND ND ND ND ND ND 
Mirex ng/L ND ND ND ND ND ND 
Oxychlordane ng/L ND ND ND ND ND ND 
Perthane ng/L ND ND ND ND ND ND 
Toxaphene ng/L ND ND ND ND ND ND 
trans-Nonachlor ng/L ND ND ND ND ND ND 


Triazines        
Ametryn ng/L ND ND ND ND ND ND 
Atraton ng/L ND ND ND ND ND ND 
Atrazine ng/L ND ND ND ND ND ND 
Cyanazine ng/L ND ND ND ND ND ND 
Prometon ng/L ND ND ND ND ND ND 
Prometryne ng/L ND ND ND ND ND ND 
Propazine ng/L ND ND ND ND ND ND 
Secbumeton ng/L ND ND ND ND ND ND 
Simazine ng/L 27 27.4 19.3 1568.2 37.4 19.2 
Simetryn ng/L ND ND ND ND ND ND 
Terbuthylazine ng/L ND ND ND ND ND ND 
Terbutryn ng/L ND ND ND ND ND ND 


        







Stetson Engineers Inc. J-37 Final Report  
Santa Margarita River February 21, 2010 
Hydrological and Biological Support 
 


Parameter Units 11/14/2007 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Pyrethroids by NCI 


Allethrin ng/L ND ND ND ND ND ND 
Bifenthrin ng/L ND ND ND ND ND ND 
Cyfluthrin ng/L ND ND ND ND ND ND 
Cypermethrin ng/L ND ND ND ND ND ND 
Danitol ng/L ND ND ND ND ND ND 
Deltamethrin ng/L ND ND ND ND ND ND 
Esfenvalerate ng/L ND ND ND ND ND ND 
Fenvalerate ng/L ND ND ND ND 1.5J ND 
Fluvalinate ng/L ND ND ND ND ND ND 
L-Cyhalothrin ng/L ND ND ND ND ND ND 
Permethrin ng/L ND ND ND ND ND ND 
Prallethrin ng/L ND ND ND ND ND ND 
Resmethrin ng/L   ND ND ND ND ND 


Organophosphorus Pesticides        
Azinphos Methyl ng/L    ND ND ND 
Bolstar (Sulprofos) ng/L ND ND ND ND ND ND 
Chlorpyrifos ng/L ND ND ND ND ND ND 
Demeton ng/L ND ND ND ND ND ND 
Diazinon ng/L ND ND ND ND ND ND 
Dichlorvos ng/L ND ND ND ND ND ND 
Dimethoate ng/L ND ND ND ND ND ND 
Disulfoton ng/L ND ND ND ND ND ND 
Ethoprop (Ethoprofos) ng/L ND ND ND ND ND ND 
Ethyl Parathion ng/L    ND ND ND 
Fenchlorphos (Ronnel) ng/L ND ND ND ND ND ND 
Fenitrothion ng/L    ND ND ND 
Fensulfothion ng/L ND ND ND ND ND ND 
Fenthion ng/L ND ND ND ND ND ND 
Malathion ng/L ND ND ND ND ND ND 
Merphos ng/L ND ND ND ND ND ND 
Methamidophos (Monitor) ng/L    ND ND ND 
Methidathion ng/L    ND ND ND 
Methyl Parathion ng/L ND ND ND ND ND ND 
Mevinphos (Phosdrin) ng/L ND ND ND ND ND ND 
Phorate ng/L ND ND ND ND ND ND 
Phosmet ng/L    ND ND ND 
Tetrachlorvinphos (Stirofos) ng/L ND ND ND ND ND ND 
Tokuthion ng/L ND ND ND ND ND ND 
Trichloronate ng/L ND ND ND ND ND ND 


Base/Neutral Extractable Compounds      
1,2,4-Trichlorobenzene ng/L       
1,2-Dichlorobenzene ng/L       
1,2-Diphenylhydrazine ng/L ND ND ND ND ND ND 
1,3-Dichlorobenzene ng/L       
1,4-Dichlorobenzene ng/L       
2,4-Dinitrotoluene ng/L       
2,6-Dinitrotoluene ng/L       
2-Chloronaphthalene ng/L       
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Parameter Units 11/14/2007 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
3,3'-dichlorobenzidine ng/L       


4-Bromophenylphenylether ng/L       
4-Chlorophenylphenylether ng/L       
Azobenzene ng/L       
Benzidine ng/L       
bis(2-Chloroethoxy)methane ng/L       
bis(2-Chloroethyl)ether ng/L       
bis(2-Chloroisopropyl)ether ng/L       
Hexachlorobenzene ng/L       
Hexachlorobutadiene ng/L       
Hexachlorocyclopentadiene ng/L       
Hexachloroethane ng/L       
Isophorone ng/L       
Nitrobenzene ng/L       
N-Nitrosodimethylamine ng/L       
N-Nitrosodi-n-propylamine ng/L       
N-Nitrosodiphenylamine ng/L             


EPA 531.1 - Carbamates and Urea Pesticides       
3-Hydroxycarbofuran    ND ND ND ND 
Aldicarb    ND ND ND ND 
Aldicarb sulfone    ND ND ND ND 
Aldicarb sulfoxide    ND ND ND ND 
Carbaryl    ND ND ND ND 
Carbofuran    ND ND ND ND 
Methiocarb    ND ND ND ND 
Methomyl    ND ND ND ND 
Oxamyl    ND ND ND ND 
Propoxur (Baygon)      ND ND ND ND 
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TABLE J- 25.  PESTICIDE LABORATORY RESULTS - SANTA MARGARITA RIVER AT FPUD SUMP 
NEAR FALLBROOK 


 


Parameter Units 1/23/2008 4/17/2008 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Chlorinated Pesticides         


2,4'-DDD ng/L ND ND ND ND ND ND ND 
2,4'-DDE ng/L ND ND ND ND ND ND ND 
2,4'-DDT ng/L ND ND ND ND ND ND ND 
4,4'-DDD ng/L ND ND ND ND ND ND ND 
4,4'-DDE ng/L ND ND ND ND 5.9 ND ND 
4,4'-DDT ng/L ND ND ND ND ND ND ND 
Aldrin ng/L ND ND ND ND ND ND ND 
BHC-alpha ng/L ND ND ND ND ND ND ND 
BHC-beta ng/L ND ND ND ND ND ND ND 
BHC-delta ng/L ND ND ND ND ND ND ND 
BHC-gamma ng/L ND ND ND ND ND ND ND 
Chlordane-alpha ng/L ND ND ND ND ND ND ND 
Chlordane-gamma ng/L ND ND ND ND ND ND ND 
cis-Nonachlor ng/L ND ND ND ND ND ND ND 
DCPA (Dacthal) ng/L ND ND ND ND ND ND ND 
Dicofol ng/L ND ND ND ND ND ND ND 
Dieldrin ng/L ND ND ND ND ND ND ND 
Endosulfan Sulfate ng/L ND ND ND ND ND ND ND 
Endosulfan-I ng/L ND ND ND ND ND ND ND 
Endosulfan-II ng/L ND ND ND ND ND ND ND 
Endrin ng/L ND ND ND ND ND ND ND 
Endrin Aldehyde ng/L ND ND ND ND ND ND ND 
Endrin Ketone ng/L ND ND ND ND ND ND ND 
Heptachlor ng/L ND ND ND ND ND ND ND 
Heptachlor Epoxide ng/L ND ND ND ND ND ND ND 
Kepone ng/L       ND 
Methoxychlor ng/L ND ND ND ND ND ND ND 
Mirex ng/L ND ND ND ND ND ND ND 
Oxychlordane ng/L ND ND ND ND ND ND ND 
Perthane ng/L ND ND ND ND ND ND ND 
Toxaphene ng/L ND ND ND ND ND ND ND 
trans-Nonachlor ng/L ND ND ND ND ND ND ND 


Triazines         
Ametryn ng/L ND ND ND ND ND ND ND 
Atraton ng/L ND ND ND ND ND ND ND 
Atrazine ng/L ND ND ND ND 15.4 ND ND 
Cyanazine ng/L ND ND ND ND ND ND ND 
Prometon ng/L ND ND ND ND ND ND ND 
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Parameter Units 1/23/2008 4/17/2008 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Prometryne ng/L ND ND ND ND ND ND ND 
Propazine ng/L ND ND ND ND ND ND ND 
Secbumeton ng/L ND ND ND ND ND ND ND 
Simazine ng/L 321 71 20.6 ND 788.7 36.5 21.2 
Simetryn ng/L ND ND ND ND ND ND ND 
Terbuthylazine ng/L ND ND ND ND ND ND ND 
Terbutryn ng/L ND ND ND ND ND ND ND 


Pyrethroids by NCI         
Allethrin ng/L ND ND ND ND ND ND ND 
Bifenthrin ng/L ND ND ND ND 67.5 ND ND 
Cyfluthrin ng/L ND ND ND ND 5 ND ND 
Cypermethrin ng/L ND ND ND ND 5.6 ND ND 
Danitol ng/L ND ND ND ND 2.1 ND ND 
Deltamethrin ng/L ND ND ND ND ND ND ND 
Esfenvalerate ng/L ND ND ND ND ND ND ND 
Fenvalerate ng/L ND ND ND ND ND ND ND 
Fluvalinate ng/L ND ND ND ND 5.4 ND ND 
L-Cyhalothrin ng/L ND ND ND ND ND ND ND 
Permethrin ng/L ND ND ND ND ND ND ND 
Prallethrin ng/L ND ND ND ND ND ND ND 
Resmethrin ng/L ND ND ND ND ND ND ND 


Sumithrin ng/L      ND ND 
Tefluthrin ng/L           ND ND 


Organophosphorus Pesticides         
Azinphos Methyl ng/L     ND ND ND 
Bolstar (Sulprofos) ng/L ND ND ND ND ND ND ND 
Chlorpyrifos ng/L ND ND ND ND 20.3 ND ND 
Demeton ng/L ND ND ND ND ND ND ND 
Diazinon ng/L ND ND ND ND 6.2 ND ND 
Dichlorvos ng/L ND ND ND ND ND ND ND 
Dimethoate ng/L ND ND ND ND ND ND ND 
Disulfoton ng/L ND ND ND ND ND ND ND 
Ethoprop (Ethoprofos) ng/L ND ND ND ND ND ND ND 
Ethyl Parathion ng/L     ND ND ND 
Fenchlorphos (Ronnel) ng/L ND ND ND ND ND ND ND 
Fenitrothion ng/L     ND ND ND 
Fensulfothion ng/L ND ND ND ND ND ND ND 
Fenthion ng/L ND ND ND ND ND ND ND 
Malathion ng/L ND ND ND ND 9.8 ND ND 
Merphos ng/L ND ND ND ND ND ND ND 
Methamidophos (Monitor) ng/L     ND ND ND 
Methidathion ng/L     ND ND ND 
Methyl Parathion ng/L ND ND ND ND ND ND ND 
Mevinphos (Phosdrin) ng/L ND ND ND ND ND ND ND 
Phorate ng/L ND ND ND ND ND ND ND 
Phosmet ng/L     ND ND ND 
Tetrachlorvinphos (Stirofos) ng/L ND ND ND ND ND ND ND 
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Parameter Units 1/23/2008 4/17/2008 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Tokuthion ng/L ND ND ND ND ND ND ND 
Trichloronate ng/L ND ND ND ND ND ND ND 


Base/Neutral Extractable Compounds       
1,2,4-Trichlorobenzene ng/L ND       
1,2-Dichlorobenzene ng/L ND       
1,2-Diphenylhydrazine ng/L ND  ND ND ND ND ND 
1,3-Dichlorobenzene ng/L ND       
1,4-Dichlorobenzene ng/L ND       
2,4-Dinitrotoluene ng/L ND       
2,6-Dinitrotoluene ng/L ND       
2-Chloronaphthalene ng/L ND       
3,3'-dichlorobenzidine ng/L ND       
4-Bromophenylphenylether ng/L ND       
4-Chlorophenylphenylether ng/L ND       
Azobenzene ng/L ND       
Benzidine ng/L ND       
bis(2-Chloroethoxy)methane ng/L ND       
bis(2-Chloroethyl)ether ng/L ND       
bis(2-Chloroisopropyl)ether ng/L ND       
Hexachlorobenzene ng/L ND       
Hexachlorobutadiene ng/L ND       
Hexachlorocyclopentadiene ng/L ND       
Hexachloroethane ng/L ND       
Isophorone ng/L ND       
Nitrobenzene ng/L ND       
N-Nitrosodimethylamine ng/L ND       
N-Nitrosodi-n-propylamine ng/L ND       
N-Nitrosodiphenylamine ng/L ND             


EPA 531.1 - Carbamates and Urea Pesticides        
3-Hydroxycarbofuran ug/L   ND ND ND ND ND 
Aldicarb ug/L   ND ND ND ND ND 
Aldicarb sulfone ug/L   ND ND ND ND ND 
Aldicarb sulfoxide ug/L   ND ND ND ND ND 
Carbaryl ug/L   ND ND ND ND ND 
Carbofuran ug/L   ND ND ND ND ND 
Methiocarb ug/L   ND ND ND ND ND 
Methomyl ug/L   ND ND ND ND ND 
Oxamyl ug/L   ND ND ND ND ND 
Propoxur (Baygon) ug/L     ND ND ND ND ND 
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TABLE J- 26. PESTICIDE LABORATORY RESULTS - SANTA MARGARITA RIVER NEAR TEMECULA (GORGE) 
Parameter Units 11/14/2007 1/23/2008 4/17/2008 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 


Chlorinated Pesticides          
2,4'-DDD ng/L ND ND ND ND ND ND ND ND 
2,4'-DDE ng/L ND ND ND ND ND ND ND ND 
2,4'-DDT ng/L ND ND ND ND ND ND ND ND 
4,4'-DDD ng/L ND ND ND ND ND ND ND ND 
4,4'-DDE ng/L ND ND ND ND ND 20.5 ND ND 
4,4'-DDT ng/L ND ND ND ND ND ND ND ND 
Aldrin ng/L ND ND ND ND ND ND ND ND 
BHC-alpha ng/L ND ND ND ND ND ND ND ND 
BHC-beta ng/L ND ND ND ND ND ND ND ND 
BHC-delta ng/L ND ND ND ND ND ND ND ND 
BHC-gamma ng/L ND ND ND ND ND ND ND ND 
Chlordane-alpha ng/L ND ND ND ND ND ND ND ND 
Chlordane-gamma ng/L ND ND ND ND ND ND ND ND 
cis-Nonachlor ng/L ND ND ND ND ND ND ND ND 
DCPA (Dacthal) ng/L ND ND ND ND ND ND ND ND 
Dicofol ng/L ND ND ND ND ND ND ND ND 
Dieldrin ng/L ND ND ND ND ND ND ND ND 
Endosulfan Sulfate ng/L ND ND ND ND ND ND ND ND 
Endosulfan-I ng/L ND ND ND ND ND ND ND ND 
Endosulfan-II ng/L ND ND ND ND ND ND ND ND 
Endrin ng/L ND ND ND ND ND ND ND ND 
Endrin Aldehyde ng/L ND ND ND ND ND ND ND ND 
Endrin Ketone ng/L ND ND ND ND ND ND ND ND 
Heptachlor ng/L ND ND ND ND ND ND ND ND 
Heptachlor Epoxide ng/L ND ND ND ND ND ND ND ND 
Kepone ng/L ND        
Methoxychlor ng/L ND ND ND ND ND ND ND ND 
Mirex ng/L ND ND ND ND ND ND ND ND 
Oxychlordane ng/L ND ND ND ND ND ND ND ND 
Perthane ng/L ND ND ND ND ND ND ND ND 
Toxaphene ng/L ND ND ND ND ND ND ND ND 
trans-Nonachlor ng/L ND ND ND ND ND ND ND ND 


Triazines          
Ametryn ng/L ND ND ND ND ND ND ND ND 
Atraton ng/L ND ND ND ND ND ND ND ND 
Atrazine ng/L ND ND ND ND ND 13.9 ND ND 
Cyanazine ng/L ND ND ND ND ND ND ND ND 
Prometon ng/L ND ND ND ND ND 9.4J ND ND 
Prometryne ng/L ND ND ND ND ND ND ND ND 
Propazine ng/L ND ND ND ND ND ND ND ND 
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Parameter Units 11/14/2007 1/23/2008 4/17/2008 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Secbumeton ng/L ND ND ND ND ND ND ND ND 
Simazine ng/L 12 505 133 16.2 ND 2913.4 20.2 14 
Simetryn ng/L ND ND ND ND ND ND ND ND 
Terbuthylazine ng/L ND ND ND ND ND ND ND ND 
Terbutryn ng/L ND ND ND ND ND ND ND ND 


Pyrethroids by NCI          
Allethrin ng/L ND ND ND ND ND ND ND ND 
Bifenthrin ng/L ND ND ND ND ND 91.6 ND ND 
Cyfluthrin ng/L ND ND ND ND ND 16 ND ND 
Cypermethrin ng/L ND ND ND ND ND 22.8 ND ND 
Danitol ng/L ND ND ND ND ND ND ND ND 
Deltamethrin ng/L ND ND ND ND ND ND ND ND 
Esfenvalerate ng/L ND ND ND ND ND ND ND ND 
Fenvalerate ng/L ND ND ND ND ND ND ND ND 
Fluvalinate ng/L ND ND ND ND ND ND ND ND 
L-Cyhalothrin ng/L ND ND ND ND ND 3.2 ND ND 
Permethrin ng/L ND ND ND ND ND ND ND ND 
Prallethrin ng/L ND ND ND ND ND ND ND ND 
Resmethrin ng/L   ND ND ND ND ND ND ND 


Organophosphorus Pesticides          
Azinphos Methyl ng/L      ND ND ND 
Bolstar (Sulprofos) ng/L ND ND ND ND ND ND ND ND 
Chlorpyrifos ng/L ND ND ND ND ND ND ND ND 
Demeton ng/L ND ND ND ND ND ND ND ND 
Diazinon ng/L ND ND ND ND ND 2.2J ND ND 
Dichlorvos ng/L ND ND ND ND ND ND ND ND 
Dimethoate ng/L ND ND ND ND ND ND ND ND 
Disulfoton ng/L ND ND ND ND ND ND ND ND 
Ethoprop (Ethoprofos) ng/L ND ND ND ND ND ND ND ND 
Ethyl Parathion ng/L      ND ND ND 
Fenchlorphos (Ronnel) ng/L ND ND ND ND ND ND ND ND 
Fenitrothion ng/L      ND ND ND 
Fensulfothion ng/L ND ND ND ND ND ND ND ND 
Fenthion ng/L ND ND ND ND ND ND ND ND 
Malathion ng/L ND ND ND ND ND 7.6 ND ND 
Merphos ng/L ND ND ND ND ND ND ND ND 
Methamidophos (Monitor) ng/L      ND ND ND 
Methidathion ng/L      ND ND ND 
Methyl Parathion ng/L ND ND ND ND ND ND ND ND 
Mevinphos (Phosdrin) ng/L ND ND ND ND ND ND ND ND 
Phorate ng/L ND ND ND ND ND ND ND ND 
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Parameter Units 11/14/2007 1/23/2008 4/17/2008 7/21/2008 10/23/2008 2/9/2009 4/23/2009 7/21/2009 
Phosmet ng/L      ND ND ND 
Tetrachlorvinphos (Stirofos) ng/L ND ND ND ND ND ND ND ND 
Tokuthion ng/L ND ND ND ND ND ND ND ND 
Trichloronate ng/L ND ND ND ND ND ND ND ND 


Base/Neutral Extractable Compounds        
1,2,4-Trichlorobenzene ng/L  ND       
1,2-Dichlorobenzene ng/L  ND       
1,2-Diphenylhydrazine ng/L ND ND  ND ND ND ND ND 
1,3-Dichlorobenzene ng/L  ND       
1,4-Dichlorobenzene ng/L  ND       
2,4-Dinitrotoluene ng/L  ND       
2,6-Dinitrotoluene ng/L  ND       
2-Chloronaphthalene ng/L  ND       
3,3'-dichlorobenzidine ng/L  ND       
4-Bromophenylphenylether ng/L  ND       
4-Chlorophenylphenylether ng/L  ND       
Azobenzene ng/L  ND       
Benzidine ng/L  ND       
bis(2-Chloroethoxy)methane ng/L  ND       
bis(2-Chloroethyl)ether ng/L  ND       
bis(2-Chloroisopropyl)ether ng/L  ND       
Hexachlorobenzene ng/L  ND       
Hexachlorobutadiene ng/L  ND       
Hexachlorocyclopentadiene ng/L  ND       
Hexachloroethane ng/L  ND       
Isophorone ng/L  ND       
Nitrobenzene ng/L  ND       
N-Nitrosodimethylamine ng/L  ND       
N-Nitrosodi-n-propylamine ng/L  ND       
N-Nitrosodiphenylamine ng/L   ND             
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Emergent contaminants such as semi-volatile organic compounds and hormones, pharmaceuticals, 
and UCMR2s were analyzed on the SMR at FPUD Sump on five occasions during July 2008 through July 
2009.  Table J-27 presents the results from this analysis.  UCMR2 is the second cycle of the EPA’s 
Unregulated Contaminant Monitoring outlining the monitoring of contaminants suspected to be present in 
drinking water but lack health-based standards under the Safe Drinking Water Act.  A number of 
constituents were detected on at least one occasion.  Descriptions of the detected constituents are presented 
below.  


 


Consumer Products: 


 


• Bis-(2-ethylhexyl)phthalate, Butyl benzyl phthalate, Di-n-butyl phthalate, Di-n-octyl phthalate 
(phthalates) are ubiquitous in the environment. Phthalates are mainly used as plasticizers added to 
plastics to increase their flexibility, transparency, durability, and longevity.  They are primarily used to 
soften polyvinyl chloride (PVC).  The most widely-used phthalates are Bis-(2-ethylhexyl)phthalate, the 
diisodecyl phthalate and the diisononyl phthalate. Bis-(2-ethylhexyl)phthalate is the dominant plasticizer 
used in PVC due to its low cost.  Butyl benzyl phthalate is used in the manufacture of foamed PVC, 
which is mostly used as a flooring material.  Di-n-butyl phthalate is also used as an additive to adhesives 
or printing inks. Bis-(2-ethylhexyl)phthalate is regulated in drinking water in California with an MCL of  
4 μg/l (EPA, 2009).  


 


• Caffeine is found in the beans, leaves, and fruit of some plants. It is most commonly consumed by 
humans in coffee, tea, and soft drinks.  Caffeine is a central nervous system stimulant, having the effect 
of temporarily warding off drowsiness and restoring alertness. 


 


• Triclosan is predominately used as an antibacterial agent. Its nearly ubiquitous in liquid hand soap and 
dishwashing detergent.  Triclosan is also a common ingredient in toothpaste, face wash, deodorant, and 
a host of personal care and consumer products.  The EPA has approved triclosan for use in 
approximately 20 pesticide formulations applied to 140 types of consumer products.  Triclosan has been 
detected in wastewater effluents, streams and rivers.  In a US Geological Survey study of 95 organic 
wastewater contaminants in US streams, triclosan was one of the most frequently detected compounds, 
and at some of the highest concentrations observed (USGS, 2002 and Kolpin, 2002). 


 







Stetson Engineers Inc. J-46 Final Report 
Santa Margarita River February 21, 2010 
Hydrological and Biological Support 
 


• DEET (N,N-Diethyl-meta-toluamide) is the most common active ingredient in insect repellents and is 
currently available to the public in a variety of liquids, lotions, and sprays. Recent surveys of emerging 
contaminants in domestic wastewaters and US streams indicate that DEET is one of the top five 
contaminants detected. 


 


• Cotinine is a metabolite of nicotine. The level of cotinine in the blood is proportionate to the amount of 
exposure to tobacco smoke, so it is a valuable indicator of tobacco smoke exposure. 


 


• TCEP (tris(2-chloroethyl)phosphate), TCPP (Tri(2-chloropropyl) phosphate) and TDCPP (Tri(2,3-
dichloropropyl) phosphate) are haloalkyl phosphate flame retardant additives used extensively in 
textiles, building materials and packaging. Flame retardants have been widely detected in streams, 
rivers, and wastewater effluents. 


 


Pharmaceuticals/Hormones: 


 


• Carbamazepine is an anticonvulsant or antiepileptic drug. It prevents and controls seizures. This 
medication works by reducing excessive nerve signals in the brain and restoring the normal balance of 
nerve activity. Carbamazepine is very persistent in the aquatic environment and does not easily degrade 
under either short or long term exposure to either aerobic or anaerobic degradation processes. 


 


• Estrone is one of the three natural estrogens, which also include estriol and estradiol. It is also used in 
veterinary and human pharmaceuticals. Estrone is listed in EPA’s Contaminant Candidate List (CCL).  
The CCL is a list of contaminants that are currently not subject to any proposed or promulgated national 
primary drinking water regulations, but are known or anticipated to occur in public water systems and 
may require regulation under the Safe Drinking Water Act (EPA, 2009).  


 


• Fluoxetine (trade name Prozac) is a serotonin reuptake inhibitor prescribed to treat clinical depression.  


 


• Gemfibrozil is prescribed to regulate lipid (cholesterol and triglycerides) levels in blood. This may help 
prevent medical problems caused by such substances clogging the blood vessels 
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• Phenytoin is an anticonvulsant drug which can be useful in the treatment of epilepsy. 


 


• Salicylic acid is chemically similar to but not identical to the active ingredient of aspirin (acetylsalicylic 
acid). It is used in anti-acne treatments and in several shampoos used to treat dandruff. 


 


Industrial Chemicals: 


 


• 2,6-Dinitrotoluene (2,6-DNT) is used primarily as a chemical intermediate in the production of toluene 
diisocyanate, a precursor to polyurethane polymers. 2,6-DNT was a List 1 monitoring contaminant 
under the EPA’s Unregulated Contaminant Monitoring Rule 1.  Under the CCL, EPA has made a 
determination not to regulate 2,6-DNT with a national primary drinking water regulation (EPA, 2009).  


 


• Benzo(b)fluoranthene is a polynuclear aromatic hydrocarbon formed during the incomplete burning of 
fossil fuel, garbage, or organic matter. It is found in asphalt and tar. There is no commercial production 
or known use of this compound. 


 


• N-Nitrosodimethylamine (NDMA) was formerly used in the production of rocket fuels and is a waste 
byproduct in several industries. Drinking water disinfection treatment with chloramines can produce 
NDMA as a disinfection byproduct.  Also, NDMA is found in chloroinated wastewater. NDMA is found 
at low levels in numerous items for human consumption including cured meat, fish, beer, and tobacco 
smoke.  


• NDMA does not have a MCL in drinking water. The California Department of Public Health (CDPH) 
has set a Notification Level at 10 nanograms per liter (ng/l) in drinking water (CDPH, 2009).  
Notification Levels are health-based advisory levels for certain chemicals without MCLs. Exceeding a 
Notification Level prompts certain public notification requirements and recommendations. NDMA is 
listed in EPA’s CCL. NDMA is also a List 2 monitoring contaminant under the EPA’s UCMR2 (EPA, 
2009).  


• N-Nitrosodiethylamine (NDEA), N-Nitrosodi-n-butylamine, and N-Nitrosopyrrolidine are nitrosamines 
that may be drinking water disinfection byproducts.  NDEA is used as an additive in gasoline and in 
lubricants, as an antioxidant, and as a stabilizer in plastics.  N-Nitrosopyrrolidine and N-Nitrosodi-n-
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butylamine are used as research chemicals. N-Nitrosodiethylamine and N-Nitrosopyrrolidine are listed 
in EPA’s CCL. All three of these nitrosamines are List 2 monitoring contaminants under the EPA’s 
UCMR2 (EPA, 2009).  N-Nitrosodiethylamine has a CDPH Notification Level at 10 ng/l (CDPH, 2009).  


 


Break-Down Products: 


   


• Metolachlor OA is a break down product of the herbicide metolachlor. The parent, metolachlor, is used 
as an herbicide for weed control on agricultural crops. Metolachlor and Metolachlor OA are listed in 
EPA’s CCL and are also List 2 monitoring contaminants under the EPA’s Unregulated Contaminant 
Monitoring Rule 2, along with two other metolachlor breakdown products (EPA, 2009). 
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TABLE J- 27. EMERGENT CONSTITUENTS LABORATORY ANALYSIS - SANTA MARGARITA RIVER AT THE 
FPUD SUMP NEAR FALLBROOK 


 
Parameter Units 7/23/2008 10/23/2008 2/4/2009 4/23/2009 7/23/2009 


GCMS SIM - Alkyl Phenols       
4-tert-Octylphenol ug/L ND ND ND ND ND 
Bisphenol A ug/L ND ND ND ND ND 
Nonylphenol ug/L ND ND ND ND ND 
Nonylphenol diethoxylate ug/L ND ND ND ND ND 
Nonylphenol monoethoxylate ug/L ND ND ND ND ND 


PPCP - Hormones by LCMSMS-APCI+       
17a-Ethynylestradiol ng/L ND ND ND ND ND 
Estradiol ng/L ND ND ND ND ND 
Estrone ng/L ND ND 0.87J 1.5 B-07 0.38 
Phenytoin ng/L     2.2 
Progesterone ng/L ND ND ND ND ND 
Testosterone ng/L ND ND ND ND ND 


PPCP - Pharmaceuticals by LCMSMS-ESI-       
Bisphenol A ng/l ND ND ND ND ND 
Gemfibrozil ng/l ND ND 0.34J ND ND 
Ibuprofen ng/l ND ND ND ND ND 
Iopromide ng/l     ND 
Naproxen ng/l   ND ND ND 
Salicylic Acid ng/l 54  12J 77 ND 
Triclosan ng/l     2.4 ND ND 


PPCP - Pharmaceuticals by LCMSMS-ESI+       
Acetaminophen ng/L ND ND ND ND ND 
Atenolol ng/L   ND ND ND 
Atorvastatin ng/L ND ND ND ND ND 
Azithromycin ng/L   ND ND ND 
Caffeine ng/L ND ND 2.9 ND 3.1 
Carbamazepine ng/L 0.79J ND 0.94J 1.4 1.7 
Ciprofloxacin ng/L   ND ND ND 
Cotinine ng/L   ND 3.2 5.2 
DEET ng/L 3.4 3.8 1.7 1.4 13 
Diazepam ng/L   ND ND ND 
Fluoxetine ng/L ND ND 0.70J ND 0.48 
Methadone ng/L ND ND ND ND ND 
Primidone ng/L   ND ND ND 
Sulfamethoxazole ng/L ND ND ND ND ND 
TCEP ng/L   1.1 1.2J B-07 1.4 
TCPP ng/L   0.71J ND 8.4 
TDCPP ng/L   8.1 3.5 3.9 
Trimethoprim ng/L ND ND ND ND 8.3 


EPA 8270C - Semivolatile Organic Compounds       
1,2,4-Trichlorobenzene ug/L ND ND ND ND ND 
1,2-Dichlorobenzene ug/L ND ND ND ND ND 
1,2-Diphenylhydrazine ug/L ND ND ND ND ND 
1,3-Dichlorobenzene ug/L ND ND ND ND ND 
1,4-Dichlorobenzene ug/L ND ND ND ND ND 
2,4,5-Trichlorophenol ug/L ND ND ND ND ND 
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Parameter Units 7/23/2008 10/23/2008 2/4/2009 4/23/2009 7/23/2009 
2,4,6-Trichlorophenol ug/L ND ND ND ND ND 
2,4-Dichlorophenol ug/L ND ND ND ND ND 
2,4-Dimethylphenol ug/L ND ND ND ND ND 
2,4-Dinitrophenol ug/L ND ND ND ND ND 
2,4-Dinitrotoluene ug/L ND ND ND ND ND 
2,6-Dinitrotoluene ug/L 0.45J ND ND ND ND 
2-Chloronaphthalene ug/L ND ND ND ND  
2-Chlorophenol ug/L ND ND ND ND ND 
2-Methylnaphthalene ug/L ND ND ND ND ND 
2-Methylphenol ug/L ND ND ND ND ND 
2-Nitroaniline ug/L ND ND ND ND ND 
2-Nitrophenol ug/L ND ND ND ND ND 
3 & 4-Methylphenol ug/L ND ND ND ND ND 
3,3´-Dichlorobenzidine ug/L ND ND ND ND ND 
3-Nitroaniline ug/L ND ND ND ND ND 
4,6-Dinitro-2-methylphenol ug/L ND ND ND ND ND 
4-Bromophenyl phenyl ether ug/L ND ND ND ND ND 
4-Chloro-3-methylphenol ug/L ND ND ND ND ND 
4-Chloroaniline ug/L ND ND ND ND ND 
4-Chlorophenyl phenyl ether ug/L ND ND ND ND ND 
4-Nitroaniline ug/L ND ND ND ND ND 
4-Nitrophenol ug/L ND ND ND ND ND 
Acenaphthene ug/L ND ND ND ND ND 
Acenaphthylene ug/L ND ND ND ND ND 
Aniline ug/L ND ND ND ND ND 
Anthracene ug/L ND ND ND ND ND 
Azobenzene ug/L ND ND ND ND ND 
Benzidine ug/L ND ND ND ND ND 
Benzo (a) anthracene ug/L ND ND ND ND ND 
Benzo (a) pyrene ug/L ND ND ND ND ND 
Benzo (b) fluoranthene ug/L ND ND 0.24J ND ND 
Benzo (g,h,i) perylene ug/L ND ND ND ND ND 
Benzo (k) fluoranthene ug/L ND ND ND ND ND 
Benzoic acid ug/L ND ND ND ND ND 
Benzyl alcohol ug/L ND ND ND ND ND 
Bis(2-chloroethoxy)methane ug/L ND ND ND ND ND 
Bis(2-chloroethyl)ether ug/L ND ND ND ND ND 
Bis(2-chloroisopropyl)ether ug/L ND ND ND ND ND 
Bis(2-ethylhexyl)phthalate ug/L 0.91J 0.96J ND ND ND 
Butyl benzyl phthalate ug/L 0.57J 0.35J ND ND ND 
Carbazole ug/L ND ND ND ND ND 
Chrysene ug/L ND ND ND ND ND 
Dibenzo (a,h) anthracene ug/L ND ND ND ND ND 
Dibenzofuran ug/L ND ND ND ND ND 
Diethyl phthalate ug/L ND ND ND ND ND 
Dimethyl phthalate ug/L ND ND ND ND  
Di-n-butyl phthalate ug/L 0.55J ND ND ND ND 
Di-n-octyl phthalate ug/L ND ND 0.61J ND ND 
Fluoranthene ug/L ND ND ND ND ND 
Fluorene ug/L ND ND ND ND ND 
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Parameter Units 7/23/2008 10/23/2008 2/4/2009 4/23/2009 7/23/2009 
Hexachlorobenzene ug/L ND ND ND ND ND 
Hexachlorobutadiene ug/L ND ND ND ND ND 
Hexachlorocyclopentadiene ug/L ND ND ND ND ND 
Hexachloroethane ug/L ND ND ND ND ND 
Indeno (1,2,3-cd) pyrene ug/L ND ND ND ND ND 
Isophorone ug/L ND ND ND ND ND 
Naphthalene ug/L ND ND ND ND ND 
Nitrobenzene ug/L ND ND ND ND ND 
N-Nitrosodimethylamine ug/L ND ND ND ND ND 
N-Nitrosodi-n-propylamine ug/L ND ND ND ND ND 
N-Nitrosodiphenylamine ug/L ND ND ND ND ND 
Pentachlorophenol ug/L ND ND ND ND ND 
Phenanthrene ug/L ND ND ND ND ND 
Phenol ug/L ND ND ND ND ND 
Pyrene ug/L ND ND ND ND ND 
Pyridine ug/L ND ND ND ND ND 


EPA 527 - UCMR2 Pesticides & Flame 
Retardants       


245-HBB ug/L ND ND ND ND ND 
BDE-100 ug/L ND ND ND ND ND 
BDE-153 ug/L ND ND ND ND ND 
BDE-47 ug/L ND ND ND ND ND 
BDE-99 ug/L ND ND ND ND ND 
Dimethoate ug/L ND ND ND ND ND 
Terbufos sulfone ug/L ND ND ND ND ND 


EPA 529 - UCMR2 Explosives       
1,3-Dinitrobenzene ug/L ND ND ND ND ND 
2,4,6-Trinitrotoluene ug/L ND ND ND ND ND 
RDX ug/L ND ND ND ND ND 


EPA 525.2 - UCMR2 Acetanilide Pesticide 
Parents       


Acetochlor ug/L ND ND ND ND ND 
Alachlor ug/L ND ND ND ND ND 
Metolachlor ug/L ND ND ND ND ND 


EPA 535 - UCMR2 Acetanilide Degradates       
Acetochlor ESA ug/L ND ND ND ND ND 
Acetochlor OA ug/L ND ND ND ND ND 
Alachlor ESA ug/L ND ND ND ND ND 
Alachlor OA ug/L ND ND ND ND ND 
Metolachlor ESA ug/L ND ND ND ND ND 
Metolachlor OA ug/L ND ND 0.19J ND ND 


EPA 521 - Nitrosamines       
N-Nitrosodiethylamine ug/L ND ND 0.00091J ND 0.00037 
N-Nitrosodimethylamine ug/L ND ND 0.00055J ND ND 
N-Nitrosodi-n-butylamine ug/L 0.0011J ND 0.00084J ND ND 
N-Nitrosodi-n-propylamine ug/L ND ND ND ND ND 
N-Nitrosomethylethylamine ug/L ND ND ND ND ND 
N-Nitrosopyrrolidine ug/L ND ND ND ND 0.00078 
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Continuous water quality monitoring was employed at the Santa Margarita River at FPUD Sump 
location with the objective of providing seasonal trends to the physical water quality parameters, dissolved 
oxygen, pH, water temperature, specific conductance, and turbidity, to assists in the analysis of other 
components of this project.  


The water quality meter employed was an YSI 6-series Sonde, with optical dissolved oxygen and 
turbidity sensors installed.  The meter was deployed for the period of November 9, 2007 through October 
30, 2009 recording field readings every quarter of an hour.  The meter was deployed in a steel cased 
installation positioned on the upstream side of the Sandia Creek Road crossing, adjacent to the USGS 
11044300 gage.  This location represented the only feasible location to attach the meter to a fixed body 
within the river channel.  Field visits to conduct maintenance, check for proper function, and collect 
correlating grab samples were conducted approximately once every month.  The daily averages for 
Dissolved Oxygen, pH, Water Temperature, Conductivity, and Turbidity, for water years 2008 and 2009 are 
presented below in Tables J-28 through J-37. 
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TABLE J- 28. WATER YEAR 2008 DAILY AVERAGE WATER TEMPERATURE (CELSIUS) – SANTA 
MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 


 2007   2008         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 


             
1 --- --- 12.2 10.0 9.9 14.1 15.9 19.8 22.6 25.2 25.7 25.3 
2 --- --- 11.2 10.2 10.8 14.5 16.2 20.1 21.6 25.2 25.1 24.7 
3 --- --- 11.0 9.8 11.2 14.0 16.9 20.3 22.4 25.3 25.2 24.7 
4 --- --- 12.0 10.3 10.6 13.5 17.5 21.1 20.3 25.4 26.2 24.6 
5 --- --- 12.5 12.3 10.1 14.7 17.7 19.9 20.9 25.6 26.2 24.3 
             
6 --- --- 13.4 12.1 10.0 13.9 17.4 18.6 21.9 25.6 25.9 24.0 
7 --- --- 13.5 10.8 10.7 14.7 17.8 18.0 22.2 25.5 25.8 24.2 
8 --- --- 12.6 11.0 11.7 14.7 17.9 18.6 22.8 25.7 26.0 24.3 
9 --- 16.7 11.4 11.4 12.4 15.1 17.6 18.9 23.1 25.3 25.9 23.8 
10 --- 15.6 11.1 11.0 12.8 15.4 17.2 20.2 23.4 25.3 25.2 24.1 
             
11 --- 15.0 10.4 11.3 13.0 15.8 18.2 20.8 23.6 24.4 25.1 23.3 
12 --- 15.2 9.9 11.7 13.5 15.5 19.1 19.0 23.8 24.6 25.0 22.1 
13 --- 15.2 9.7 11.7 13.7 16.0 19.5 19.4 23.4 25.5 24.1 22.4 
14 --- 15.2 9.3 11.2 12.0 17.1 19.9 19.6 23.8 25.9 24.0 22.7 
15 --- 15.3 9.2 10.5 9.3 16.0 20.2 21.0 23.9 25.8 24.9 22.6 
             
16 --- 14.8 9.4 9.9 10.2 14.3 19.6 22.4 24.3 25.9 25.4 22.3 
17 --- 15.8 9.4 9.4 11.4 13.6 19.3 23.2 24.6 26.0 25.5 22.8 
18 --- 15.5 9.7 8.9 12.5 14.1 19.4 23.9 24.8 25.1 25.4 23.6 
19 --- 14.9 11.7 8.9 13.4 14.8 19.0 24.3 24.8 25.0 24.7 23.1 
20 --- 13.3 12.8 8.9 13.2 16.3 18.5 23.5 25.2 24.7 24.6 22.0 
             
21 --- 14.0 11.8 10.2 12.9 16.4 18.3 22.2 26.0 24.5 23.9 21.9 
22 --- 13.5 9.8 10.9 12.4 17.0 18.3 19.4 26.0 24.9 23.9 21.0 
23 --- 13.6 9.9 10.1 12.5 17.5 18.8 14.8 25.4 25.2 23.8 20.6 
24 --- 11.8 10.4 9.8 12.6 17.5 19.3 15.8 25.0 25.2 25.2 21.6 
25 --- 10.9 10.1 10.7 13.2 17.2 19.7 16.7 24.4 25.2 24.7 22.1 
             
26 --- 11.3 9.0 10.7 14.3 17.4 20.5 16.8 24.0 25.6 25.1 22.1 
27 --- 11.0 8.5 12.4 14.8 18.2 20.8 18.2 24.2 25.5 25.2 22.2 
28 --- 11.0 8.3 11.3 14.8 17.2 20.9 19.6 23.6 25.4 25.1 22.0 
29 --- 11.3 9.6 10.3  17.6 20.8 20.1 24.4 25.9 24.7 22.0 
30 --- 12.3 9.3 10.8  17.1 20.0 21.0 24.8 25.9 25.0 22.7 
             
31 ---   9.3 10.5   16.6   22.0   25.6 25.4   


             
Mean  --- 13.8 10.6 10.6 12.1 15.7 18.7 20.0 23.7 25.3 25.1 23.0 
Maximum --- 16.7 13.5 12.4 14.8 18.2 20.9 24.3 26.0 26.0 26.2 25.3 
Minimum --- 10.9 8.3 8.9 9.3 13.5 15.9 14.8 20.3 24.4 23.8 20.6 


Notes:  “---“ denotes data is not available  
 


 







Stetson Engineers Inc. J-54 Final Report 
Santa Margarita River February 21, 2010 
Hydrological and Biological Support 
 


TABLE J- 29. WATER YEAR 2008 DAILY AVERAGE SPECIFIC CONDUCTANCE (µS/CM) – SANTA 
MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 


 2007   2008         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 


             
1 --- --- 620 1,531 1,431 1,360 1,429 1,391 1,452 1,209 1,193 1,158 
2 --- --- 961 1,515 1,504 1,347 1,427 1,351 1,510 1,225 1,187 1,156 
3 --- --- 1094 1,479 1,152 1,356 1,424 1,313 1,526 1,226 1,176 1,155 
4 --- --- --- 1,438 791 1,361 1,426 1,270 1,328 1,231 1,168 1,159 
5 --- --- --- 705 1,030 1,349 1,433 1,250 1,278 1,230 1,165 1,172 
             
6 --- --- --- 595 1,165 1,352 1,430 1,236 1,273 1,220 1,163 1,172 
7 --- --- 342 545 1,260 1,362 1,429 1,223 1,266 1,211 1,157 1,157 
8 --- --- 421 936 1,329 1,373 1,433 1,219 1,264 1,212 1,159 1,156 
9 --- 1,302 497 1,213 1,380 1,374 1,433 1,223 1,271 1,216 1,151 1,162 
10 --- 1,304 --- 1,397 1,435 1,369 1,431 1,216 1,279 1,209 1,152 1,170 
             
11 --- 1,306 1,519 1,538 1,433 1,397 1,427 1,215 1,284 1,210 1,145 1,178 
12 --- 1,304 1,611 1,638 1,433 1,396 1,433 1,212 1,289 1,204 1,146 1,172 
13 --- 1,302 1,644 1,702 1,439 1,395 1,425 1,210 1,287 1,199 1,144 1,185 
14 --- 1,307 1,658 1,737 1,325 1,398 1,431 1,184 1,284 1,199 1,147 1,174 
15 --- 1,316 1,682 1,722 826 1,400 1,440 1,203 1,277 1,200 1,146 1,167 
             
16 --- 1,322 1,671 1,693 1,093 1,400 1,425 1,195 1,271 1,179 1,136 1,167 
17 --- 1,323 1,641 1,636 1,241 1,403 1,433 1,195 1,270 1,177 1,135 1,169 
18 --- 1,310 1,620 1,609 1,362 1,408 1,438 1,191 1,268 1,185 1,130 1,166 
19 --- 1,295 1,581 1,588 1,426 1,409 1,436 1,189 1,261 1,177 1,130 1,169 
20 --- 1,306 1,598 1,572 1,361 1,408 1,429 1,195 1,258 1,180 1,133 1,177 
             
21 --- 1,307 1,562 1,559 1,291 1,406 1,419 1,199 1,265 1,176 1,133 1,179 
22 --- 1,299 1,564 1,550 893 1,407 1,418 1,121 1,243 1,179 1,130 1,179 
23 --- 1,301 1,549 1,529 795 1,412 1,422 586 1,236 1,181 1,128 1,185 
24 --- 1,315 1,554 837 1,102 1,415 1,418 727 1,240 1,180 1,125 1,187 
25 --- 1,328 1,551 926 866 1,420 1,417 927 1,236 1,178 1,124 1,183 
             
26 --- 1,326 1,557 1,144 1,068 1,421 1,418 1,055 1,230 1,167 1,103 1,191 
27 --- 1,320 1,558 656 1,241 1,419 1,398 1,177 1,222 1,177 1,110 1,196 
28 --- 1,318 1,538 532 1,315 1,418 1,393 1,273 1,224 1,184 1,122 1,196 
29 --- 1,320 1,547 859  1,421 1,391 1,339 1,221 1,188 1,127 1,195 
30 --- 957 1,538 1,138  1,490 1,392 1,388 1,215 1,198 1,132 1,190 
             
31 ---   1,535 1,316   1,444   1,426   1,198 1,148   


             
Mean  --- 1,295 1,378 1,285 1,214 1,396 1,423 1,190 1,284 1,197 1,143 1,174 
Maximum --- 1,328 1,682 1,737 1,504 1,490 1,440 1,426 1,526 1,231 1,193 1,196 
Minimum --- 957 342 532 791 1,347 1,391 586 1,215 1,167 1,103 1,155 


Notes:  “---“ denotes data is not available  
µS/cm – microsiemens per centimeter 
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TABLE J- 30. WATER YEAR 2008 DAILY AVERAGE PH (STANDARD UNITS) – SANTA MARGARITA RIVER 
AT FPUD SUMP NEAR FALLBROOK 


 2007   2008         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 


             
1 --- --- 8.1 8.3 8.1 8.2 8.0 8.1 7.9 7.8 7.6 7.5 
2 --- --- 8.1 8.3 8.1 8.3 7.9 8.0 8.2 7.8 7.7 7.5 
3 --- --- --- 8.3 8.0 8.3 7.9 8.0 8.3 7.8 7.7 7.5 
4 --- --- --- 8.3 8.0 8.4 8.0 8.1 8.1 7.7 7.7 7.5 
5 --- --- --- 8.0 8.1 8.4 8.0 8.1 8.0 7.8 7.6 7.5 
             
6 --- --- --- 8.1 8.1 8.4 8.0 8.0 8.0 7.8 7.7 7.5 
7 --- --- --- 8.1 8.1 8.4 8.0 8.0 8.0 7.8 7.7 7.5 
8 --- --- --- 8.1 8.0 8.4 8.0 8.0 8.0 7.8 7.7 7.5 
9 --- 7.9 --- 8.1 8.0 8.3 8.0 8.0 8.0 7.8 7.6 7.5 
10 --- 7.9 --- 8.1 8.1 8.1 8.0 8.0 8.0 7.8 7.7 7.4 
             
11 --- 7.9 8.0 8.0 8.1 8.3 8.0 8.0 7.9 7.8 7.6 7.5 
12 --- 7.9 8.0 8.0 8.1 8.3 8.0 7.9 7.9 7.8 7.6 7.5 
13 --- 7.8 8.0 8.0 8.2 8.3 8.0 8.0 7.9 7.7 7.6 7.5 
14 --- 7.8 8.0 8.1 8.2 8.2 8.0 7.9 7.9 7.8 7.6 7.5 
15 --- 7.8 8.0 8.1 8.0 8.2 8.0 8.0 7.8 7.8 7.6 7.5 
             
16 --- 7.8 8.0 8.1 8.1 8.2 8.0 7.9 7.8 7.8 7.6 7.5 
17 --- 7.8 8.0 8.1 8.1 8.2 8.0 7.9 7.8 7.8 7.6 7.5 
18 --- 7.8 8.1 8.1 8.2 8.1 8.0 7.9 7.8 7.8 7.7 7.5 
19 --- 7.8 8.1 8.1 8.3 8.1 8.0 7.9 7.9 7.8 7.7 7.5 
20 --- 7.9 8.1 8.1 8.3 8.1 8.1 7.9 7.8 7.8 7.8 7.5 
             
21 --- 7.9 8.1 8.1 8.3 8.0 8.1 8.0 7.8 7.8 7.8 7.5 
22 --- 7.9 8.1 8.2 8.0 7.9 8.1 7.9 7.8 7.7 7.7 7.6 
23 --- 8.0 8.1 8.2 8.0 7.9 8.1 7.6 7.9 7.7 7.7 7.6 
24 --- 8.0 8.1 8.0 8.1 7.9 8.1 7.8 7.9 7.6 7.6 7.8 
25 --- 8.0 8.2 8.1 8.1 7.9 8.1 7.8 7.9 7.7 7.6 7.8 
             
26 --- 8.0 8.2 8.1 8.1 7.9 8.0 7.8 8.0 7.7 7.5 7.8 
27 --- 8.1 8.2 8.0 8.2 7.8 8.0 7.7 7.9 7.6 7.7 7.8 
28 --- 8.1 8.1 8.0 8.2 7.9 8.0 7.8 7.9 7.6 7.6 7.8 
29 --- 8.1 8.2 8.0  7.9 8.1 7.8 7.9 7.6 7.6 7.8 
30 --- 8.1 8.2 8.1  7.9 8.1 7.8 7.8 7.6 7.6 7.8 
             
31 ---   8.2 8.1   7.9   7.8   7.7 7.5   


             
Mean  --- 7.9 8.1 8.1 8.1 8.1 8.0 7.9 7.9 7.7 7.7 7.6 
Maximum --- 8.1 8.2 8.3 8.3 8.4 8.1 8.1 8.3 7.8 7.8 7.8 
Minimum --- 7.8 8.0 8.0 8.0 7.8 7.9 7.6 7.8 7.6 7.5 7.4 


Notes:  “---“ denotes data is not available  
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TABLE J- 31. WATER YEAR 2008 DAILY AVERAGE DISSOLVED OXYGEN CONCENTRATION (MG/L) – 
SANTA MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 


 2007   2008         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 


             
1 --- --- 10.7 10.0 9.5 9.2 9.0 9.3 7.8 6.1 6.2 6.0 
2 --- --- 10.4 9.8 9.3 9.6 9.0 9.1 8.0 6.0 6.4 6.2 
3 --- --- 10.2 9.9 9.3 9.8 8.8 9.1 8.9 6.0 6.6 6.3 
4 --- --- 9.6 9.7 9.7 10.1 8.9 8.8 7.0 5.9 6.5 6.3 
5 --- --- 9.3 8.5 9.8 10.0 8.4 8.7 7.5 5.9 6.5 6.4 
             
6 --- --- 9.6 8.7 9.8 10.2 8.8 8.8 7.0 5.8 6.6 6.3 
7 --- --- 10.1 9.2 9.6 10.2 8.8 8.9 6.9 5.9 6.7 6.4 
8 --- --- 10.4 8.9 9.3 10.0 8.4 9.2 6.7 6.0 6.6 6.3 
9 --- 8.5 10.6 8.3 9.1 9.7 8.8 8.6 6.6 5.9 6.6 6.4 
10 --- 8.4 9.9 8.3 9.1 9.7 9.0 8.9 6.4 6.1 6.7 6.4 
             
11 --- 8.7 9.5 8.4 9.1 10.4 8.7 8.3 6.3 6.2 6.9 6.5 
12 --- 8.5 9.5 8.5 9.1 10.2 8.8 7.8 5.9 6.4 6.9 6.5 
13 --- 8.4 9.7 8.4 9.2 10.1 8.5 8.9 6.0 6.2 6.9 6.9 
14 --- 8.3 9.8 8.6 9.3 9.5 8.5 8.6 5.8 6.3 7.1 6.9 
15 --- 8.3 9.9 8.8 10.1 9.4 8.6 9.1 5.7 6.3 7.0 6.9 
             
16 --- 8.5 9.9 8.9 9.9 9.6 9.2 8.7 5.7 6.3 6.9 6.9 
17 --- 8.5 9.9 9.2 9.7 10.0 9.7 8.4 5.7 6.3 6.8 6.9 
18 --- 8.5 10.0 9.5 9.6 9.8 9.6 8.1 5.6 6.3 6.9 6.7 
19 --- 8.5 9.6 9.8 9.4 9.7 9.3 7.9 5.7 6.4 7.0 6.8 
20 --- 9.0 9.3 9.8 9.4 9.3 9.7 7.7 5.8 6.5 7.1 7.0 
             
21 --- 9.0 9.5 9.7 9.5 9.2 9.9 7.9 5.7 6.6 7.2 7.0 
22 --- 9.2 10.2 9.6 9.3 8.9 9.8 7.8 5.6 6.4 7.1 7.2 
23 --- 9.2 10.4 9.7 9.4 8.7 9.8 8.6 5.8 6.4 7.3 6.9 
24 --- 9.4 10.3 9.7 9.3 8.5 9.9 8.5 5.8 6.4 7.1 7.9 
25 --- 10.1 10.6 9.5 9.3 8.5 9.8 7.9 6.1 6.4 7.1 7.8 
             
26 --- 9.9 10.9 9.4 9.1 8.5 9.5 7.6 6.1 6.4 6.8 7.7 
27 --- 10.1 11.3 9.2 8.9 8.2 9.4 7.4 6.1 6.3 6.4 7.7 
28 --- 10.2 10.5 9.6 9.0 8.5 9.5 7.4 6.3 6.2 6.4 7.7 
29 --- 10.0 9.9 9.7  8.3 9.4 7.6 6.2 6.3 6.5 7.8 
30 --- 9.7 10.1 9.4  8.3 9.0 7.6 6.1 6.3 6.3 7.6 
             
31 ---   10.0 9.4   8.8   7.6   6.3 6.2   


             
Mean  --- 9.0 10.1 9.2 9.4 9.4 9.2 8.3 6.4 6.2 6.7 6.9 
Maximum --- 10.2 11.3 10.0 10.1 10.4 9.9 9.3 8.9 6.6 7.3 7.9 
Minimum --- 8.3 9.3 8.3 8.9 8.2 8.4 7.4 5.6 5.8 6.2 6.0 


Notes:  “---“ denotes data is not available  
 mg/L – milligrams per liter 
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TABLE J- 32. WATER YEAR 2008 DAILY AVERAGE TURBIDITY (NTU) – SANTA MARGARITA RIVER AT 
FPUD SUMP NEAR FALLBROOK 


 2007   2008         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 


             
1 --- --- 904.5 2.4 10.3 2.8 5.1 0.7 5.3 12.9 1.5 1.8 
2 --- --- 162.9 2.6 7.8 1.7 4.8 0.8 8.9 7.9 1.1 2.1 
3 --- --- 34.4 2.5 171.1 0.9 5.5 0.5 14.1 8.1 1.5 1.7 
4 --- --- 27.9 2.4 85.4 0.8 4.6 0.5 7.4 6.7 1.2 1.8 
5 --- --- 4.7 343.1 25.4 0.9 3.9 1.1 5.7 6.6 1.1 3.4 
             
6 --- --- 0.4 406.8 12.4 0.7 2.8 0.6 6.2 4.7 1.0 2.3 
7 --- --- 146.7 722.5 8.1 0.6 2.3 1.1 7.9 4.1 1.8 2.2 
8 --- --- 72.5 154.1 6.0 0.6 3.2 0.7 7.0 3.7 1.4 2.7 
9 --- 1.7 --- 42.2 4.4 0.7 2.8 0.9 6.4 3.8 1.1 1.9 
10 --- 1.7 --- 18.5 3.7 0.6 2.6 3.2 5.5 5.0 1.3 1.9 
             
11 --- 1.8 17.7 11.2 3.1 0.5 3.1 1.0 3.8 5.9 1.0 2.1 
12 --- 2.0 9.1 8.2 3.5 0.6 5.3 1.8 2.7 7.1 1.5 2.0 
13 --- 1.8 26.4 6.4 2.6 0.6 7.9 3.2 3.1 4.7 1.3 2.2 
14 --- 1.7 14.6 5.5 34.4 0.9 8.4 1.4 3.1 4.4 1.5 1.7 
15 --- 2.1 15.2 4.1 157.2 1.1 10.0 0.6 3.7 3.6 1.6 1.7 
             
16 --- 2.2 3.5 3.8 24.4 1.0 5.2 0.6 2.7 3.0 1.6 1.8 
17 --- 2.6 7.0 3.1 10.0 0.8 1.3 1.0 3.0 2.6 2.1 2.1 
18 --- 2.1 3.4 2.9 3.9 1.1 1.1 1.9 4.1 2.3 1.5 2.5 
19 --- 2.0 4.1 2.7 2.7 5.9 1.2 2.6 5.3 2.8 1.4 2.3 
20 --- 2.0 4.4 2.4 8.1 1.2 1.0 4.2 5.5 3.3 1.8 2.2 
             
21 --- 2.5 17.0 2.4 25.6 1.7 1.0 6.0 6.5 2.8 1.7 2.2 
22 --- 2.1 17.7 2.5 164.3 1.4 0.9 123.5 7.3 2.3 1.9 2.2 
23 --- 1.9 14.3 2.9 52.5 9.9 0.9 239.0 6.9 2.2 1.6 3.6 
24 --- 1.9 15.5 123.9 19.7 2.7 1.0 94.9 4.4 1.6 1.9 4.0 
25 --- 1.8 9.7 66.1 21.4 4.6 1.3 31.4 4.5 1.3 1.7 4.6 
             
26 --- 10.2 1.4 19.2 11.2 5.8 1.5 14.1 4.5 1.3 1.6 4.6 
27 --- 1.8 1.3 600.7 3.3 7.4 2.0 8.3 5.1 1.3 1.6 4.2 
28 --- 1.7 2.0 729.5 2.1 6.8 1.6 6.3 5.5 1.1 2.0 5.0 
29 --- 2.0 2.7 207.7  14.8 1.2 4.9 7.8 1.2 2.3 4.5 
30 --- 345.7 2.5 46.3  23.1 0.7 4.1 7.4 1.3 3.7 4.8 
             
31 ---   2.5 17.8   23.2   4.4   1.2 3.5   


             
Mean  --- 18.0 53.3 115.0 31.6 4.0 3.1 18.2 5.7 3.9 1.7 2.7 
Maximum --- 345.7 904.5 729.5 171.1 23.2 10.0 239.0 14.1 12.9 3.7 5.0 
Minimum --- 1.7 0.4 2.4 2.1 0.5 0.7 0.5 2.7 1.1 1.0 1.7 


Notes:  “---“ denotes data is not available  
 NTU – nephelometric turbidity units  
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TABLE J- 33. WATER YEAR 2009 DAILY AVERAGE WATER TEMPERATURE (CELSIUS) – SANTA 
MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 


 2008   2009         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
             
1 23.1 17.5 14.4 9.9 11.9 16.1 17.3 19.7 22.1 24.1 25.6 25.1 
2 22.5 18.0 14.6 10.6 12.2 16.0 17.6 20.4 22.8 24.6 26.4 25.1 
3 22.0 16.6 14.8 11.0 12.3 16.2 17.8 21.8 22.0 24.8 26.0 25.4 
4 21.0 16.3 15.0 10.7 12.1 14.8 17.3 21.7 21.6 24.5 25.7 25.4 
5 20.5 15.2 14.1 9.2 12.3 15.5 16.9 21.5 20.8 24.9 25.1 25.3 
             
6 20.1 14.3 13.0 9.3 13.5 13.9 17.2 21.9 20.3 24.4 25.3 24.8 
7 20.3 14.4 13.9 9.6 12.8 14.2 17.2 22.9 20.2 23.9 25.1 24.2 
8 20.2 14.5 14.0 10.2 12.4 14.1 18.2 22.8 21.2 23.9 24.5 24.2 
9 19.7 15.3 12.3 11.8 11.4 15.3 17.4 22.8 20.9 23.2 24.4 24.0 
10 20.4 14.9 10.8 11.2 9.7 14.9 16.8 23.1 20.1 23.1 25.0 24.5 
             
11 18.8 14.2 10.9 10.6 9.9 14.0 16.1 23.0 20.3 24.0 25.9 24.5 
12 16.4 14.3 11.7 11.1 11.2 14.7 16.9 23.5 20.2 24.3 25.9 24.0 
13 15.7 14.5 12.5 12.3 10.9 14.7 17.6 23.4 20.7 24.6 25.7 24.0 
14 15.5 15.0 11.2 12.0 10.3 15.7 17.3 22.7 21.3 24.5 25.6 23.8 
15 16.1 15.0 10.5 11.5 10.3 15.3 16.4 22.7 21.5 24.9 25.3 23.6 
             
16 16.2 14.3 10.7 11.2 10.5 14.9 16.4 23.2 22.7 25.1 24.5 22.9 
17 16.4 14.0 10.3 11.3 10.5 16.1 16.9 23.4 22.9 25.2 24.5 23.0 
18 16.8 13.8 7.9 11.7 11.2 17.2 17.9 24.3 23.6 25.6 24.4 23.7 
19 16.7 13.9 8.7 12.7 11.7 17.5 19.3 24.3 24.1 26.3 24.4 24.4 
20 18.2 13.9 8.4 12.8 12.1 18.0 20.6 24.3 22.6 26.4 24.7 24.1 
             
21 17.4 13.7 9.2 13.5 12.8 17.9 21.7 23.7 22.7 26.2 23.5 23.0 
22 17.3 13.8 --- 13.4 13.5 16.9 21.2 23.3 22.5 26.2 24.4 22.7 
23 16.7 13.9 9.8 13.9 13.7 14.9 20.7 22.7 22.1 26.1 25.3 22.2 
24 15.9 13.1 9.7 14.4 14.0 15.0 20.0 22.7 22.9 25.9 25.1 21.5 
25 15.4 14.3 10.9 13.7 14.9 15.4 19.8 22.0 23.6 25.9 24.7 21.4 
             
26 15.4 15.3 10.0 13.0 14.2 16.4 18.7 --- 24.1 26.2 24.2 21.7 
27 15.9 15.4 8.3 11.6 15.0 16.7 18.9 --- 24.0 26.6 23.8 21.9 
28 16.4 15.5 8.4 10.9 15.5 16.7 19.0 23.1 24.4 26.6 23.8 22.3 
29 16.5 14.6 9.4 11.2  17.1 19.2 21.6 23.8 25.9 24.2 22.3 
30 16.2 15.3 10.0 11.9  17.9 19.4 20.8 23.6 25.5 24.2 22.0 
             
31 17.2   9.9 12.1   17.5   21.5   25.9 24.3   


             
Mean 18.0 14.8 11.2 11.6 12.2 15.9 18.2 22.6 22.2 25.1 24.9 23.6 
Maximum 23.1 18.0 15.0 14.4 15.5 18.0 21.7 24.3 24.4 26.6 26.4 25.4 
Minimum 15.4 13.1 7.9 9.2 9.7 13.9 16.1 19.7 20.1 23.1 23.5 21.4 


Notes:  “---“ denotes data is not available  
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TABLE J- 34. WATER YEAR 2009 DAILY AVERAGE SPECIFIC CONDUCTANCE (µS/CM) – SANTA 
MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 


 2008   2009         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
             
1 1,193 1,157 1,171 1,580 1,210 1,281 1,268 1,231 1,351 1,056 1,033 1,236 
2 1,185 1,145 1,246 1,587 1,208 1,270 1,268 1,259 1,319 1,049 1,039 1,230 
3 1,192 1,143 1,300 1,364 1,237 1,264 1,269 1,272 1,233 1,043 1,051 1,225 
4 1,192 1,140 1,369 1,345 1,283 1,260 1,268 1,290 1,142 1,039 1,051 1,226 
5 1,188 1,152 1,419 1,338 1,249 1,257 1,266 1,296 1,120 1,039 1,049 1,223 
             
6 1,183 1,165 1,458 1,339 1,104 1,260 1,265 1,297 1,112 1,038 1,067 1,229 
7 1,188 1,169 1,484 1,332 589 1,261 1,258 1,297 1,100 1,034 1,067 1,226 
8 1,187 1,152 1,451 1,322 686 1,263 1,243 1,329 1,097 1,035 1,084 1,227 
9 1,179 1,142 1,399 1,318 715 1,267 1,242 1,331 1,094 1,037 1,111 1,227 
10 1,191 1,141 1,377 1,314 673 1,267 1,244 1,330 1,094 1,035 1,121 1,228 
             
11 1,188 1,142 1,377 1,309 929 1,259 1,246 1,345 1,092 1,031 1,129 1,200 
12 1,181 1,149 1,383 1,299 1,088 1,261 1,246 1,360 1,091 1,030 1,141 1,223 
13 1,174 1,151 1,391 1,297 1,201 1,274 1,240 1,379 1,087 1,025 1,155 1,231 
14 1,173 1,135 1,387 1,294 760 1,272 1,234 1,385 1,084 1,022 1,173 1,239 
15 1,171 1,135 982 1,293 705 1,275 1,230 1,393 1,083 1,018 1,188 1,241 
             
16 1,164 1,139 656 1,291 784 1,273 1,230 1,390 1,085 1,021 1,191 1,240 
17 1,155 1,135 758 1,286 493 1,276 1,230 1,386 1,082 1,018 1,200 1,246 
18 1,161 1,132 569 1,277 608 1,275 1,233 1,388 1,080 1,018 1,204 1,251 
19 1,158 1,127 888 1,281 916 1,278 1,229 1,385 1,079 1,023 1,205 1,257 
20 1,152 1,132 1,106 1,282 1,059 1,275 1,229 1,387 1,081 1,023 1,210 1,260 
             
21 1,158 1,147 1,275 1,284 1,171 1,278 1,226 1,383 1,081 1,024 1,212 1,264 
22 1,162 1,175 --- 1,293 1,251 1,274 1,223 1,381 1,083 1,035 1,221 1,267 
23 1,162 1,197 1,405 1,296 1,301 1,277 1,224 1,379 1,079 1,033 1,222 1,267 
24 1,184 1,209 1,408 1,294 1,322 1,277 1,225 1,368 1,074 1,023 1,225 1,268 
25 1,179 1,205 1,238 1,311 1,322 1,281 1,227 1,357 1,074 1,021 1,230 1,271 
             
26 1,152 1,208 627 1,308 1,324 1,274 1,227 --- 1,077 1,022 1,227 1,272 
27 1,147 878 992 1,299 1,313 1,271 1,220 --- 1,072 1,023 1,240 1,271 
28 1,129 701 1,217 1,250 1,295 1,269 1,222 1,357 1,069 1,028 1,244 1,269 
29 1,149 867 1,372 1,227  1,267 1,233 1,359 1,064 1,024 1,241 1,268 
30 1,156 1,040 1,470 1,219  1,271 1,229 1,352 1,061 1,025 1,238 1,265 
             
31 1,162   1,526 1,211   1,269   1,349   1,030 1,235   


             
Mean 1,171 1,117 1,223 1,314 1,028 1,270 1,240 1,345 1,108 1,030 1,161 1,245 
Maximum 1,193 1,209 1,526 1,587 1,324 1,281 1,269 1,393 1,351 1,056 1,244 1,272 
Minimum 1,129 701 569 1,211 493 1,257 1,220 1,231 1,061 1,018 1,033 1,200 


Notes:  “---“ denotes data is not available  
µS/cm – microsiemens per centimeter 
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TABLE J- 35. WATER YEAR 2009 DAILY AVERAGE PH (STANDARD UNITS) – SANTA MARGARITA RIVER 
AT FPUD SUMP NEAR FALLBROOK 


 2008   2009         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
             
1 7.7 7.9 7.5 7.7 7.5 7.6 7.7 8.1 7.6 7.7 7.9 7.5 
2 7.8 7.9 7.6 7.7 7.5 7.6 7.7 8.1 7.8 7.7 7.8 7.5 
3 7.8 7.9 7.6 7.7 7.5 7.6 7.7 8.1 7.8 7.7 7.8 7.5 
4 7.8 7.9 7.6 7.7 7.5 7.6 7.7 8.0 7.8 7.7 7.8 7.5 
5 7.8 7.9 7.7 7.7 7.5 7.5 7.7 8.1 7.8 7.7 7.7 7.5 
             
6 7.8 7.9 7.7 7.7 7.2 7.5 7.7 8.0 7.8 7.7 7.8 7.5 
7 7.8 7.9 7.7 7.7 7.0 7.5 7.7 8.0 7.8 7.8 7.8 7.5 
8 7.8 7.9 7.7 7.7 7.1 7.4 7.8 8.0 7.8 7.8 7.7 7.5 
9 7.8 7.9 7.7 7.7 7.1 7.5 7.8 7.9 7.8 7.8 7.7 7.5 
10 7.8 7.9 7.7 7.7 7.0 7.4 7.8 7.9 7.8 7.8 7.7 7.5 
             
11 7.9 7.9 7.8 7.7 7.2 7.4 7.8 7.9 7.8 7.7 7.6 7.4 
12 7.9 7.9 7.7 7.7 7.2 7.3 7.9 7.9 7.8 7.7 7.6 7.5 
13 7.9 7.9 7.7 7.7 7.2 7.4 7.9 7.9 7.8 7.7 7.6 7.5 
14 7.9 7.9 7.8 7.6 7.1 7.4 7.8 7.9 7.8 7.8 7.6 7.5 
15 7.9 7.8 7.6 7.6 7.1 7.4 7.9 7.8 7.8 7.8 7.6 7.5 
             
16 7.9 7.9 7.6 7.6 7.1 7.5 7.9 7.8 7.8 7.8 7.6 7.6 
17 7.9 7.9 7.6 7.6 7.1 7.5 8.0 7.8 7.8 7.8 7.6 7.6 
18 7.9 7.9 7.6 7.6 7.1 7.5 8.0 7.7 7.8 7.7 7.6 7.6 
19 7.9 7.9 7.7 7.6 7.2 7.5 8.0 7.7 7.8 7.7 7.6 7.5 
20 7.9 7.9 7.7 7.6 7.2 7.5 7.9 7.7 7.7 7.7 7.6 7.5 
             
21 7.9 7.8 7.7 7.6 7.2 7.5 8.0 7.7 7.8 7.7 7.5 7.6 
22 7.9 7.8 --- 7.6 7.2 7.5 8.0 7.7 7.8 7.8 7.6 7.6 
23 7.9 7.8 7.8 7.5 7.3 7.6 8.0 7.6 7.8 7.8 7.6 7.6 
24 7.8 7.8 7.8 7.6 7.4 7.6 8.1 7.7 7.8 7.8 7.6 7.5 
25 7.8 7.8 7.7 7.5 7.4 7.6 8.1 7.6 7.8 7.8 7.5 7.5 
             
26 7.8 7.7 7.6 7.6 7.5 7.6 8.2 --- 7.7 7.8 7.6 7.5 
27 7.9 7.5 7.6 7.6 7.6 7.6 8.1 --- 7.7 7.8 7.5 7.6 
28 7.9 7.5 7.6 7.6 7.6 7.6 8.1 7.6 7.7 7.8 7.5 7.6 
29 7.9 7.5 7.6 7.6  7.6 8.1 7.5 7.7 7.8 7.5 7.5 
30 7.9 7.5 7.6 7.6  7.7 8.1 7.6 7.7 7.9 7.5 7.6 
             
31 7.9   7.6 7.5   7.7   7.7   7.9 7.5   


             
Mean 7.9 7.8 7.7 7.6 7.3 7.5 7.9 7.8 7.8 7.8 7.6 7.5 
Maximum 7.9 7.9 7.8 7.7 7.6 7.7 8.2 8.1 7.8 7.9 7.9 7.6 
Minimum 7.7 7.5 7.5 7.5 7.0 7.3 7.7 7.5 7.6 7.7 7.5 7.4 


Notes:  “---“ denotes data is not available  
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TABLE J- 36. WATER YEAR 2009 DAILY AVERAGE DISSOLVED OXYGEN CONCENTRATION (MG/L) – 
SANTA MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK  


 2008   2009         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
             
1 7.3 7.6 6.5 9.6 10.1 10.0 9.6 9.8 8.0 8.1 6.8 --- 
2 7.3 7.4 6.7 9.5 10.0 9.9 9.5 9.6 8.5 8.0 6.6 --- 
3 7.5 7.7 7.1 9.4 9.9 10.1 9.4 9.2 8.4 8.0 6.7 --- 
4 7.5 7.5 7.2 9.6 9.8 10.2 9.6 9.0 8.8 8.0 6.7 --- 
5 7.9 8.1 7.5 10.0 9.7 10.0 9.6 9.5 8.9 7.9 6.7 --- 
             
6 8.0 8.3 8.0 10.1 8.5 10.2 9.6 9.3 9.0 8.0 6.9 --- 
7 7.9 8.4 7.7 10.1 8.9 10.1 9.5 9.5 9.1 8.2 7.1 --- 
8 7.7 8.2 7.7 10.0 8.9 9.5 9.3 9.4 9.0 8.2 6.6 --- 
9 7.9 8.1 8.4 9.7 9.1 9.3 9.5 9.1 8.9 8.3 6.7 --- 
10 7.7 8.3 9.0 10.0 9.7 9.6 9.3 9.2 8.7 8.3 6.6 --- 
             
11 8.0 8.5 9.2 10.2 9.9 10.2 9.7 9.1 9.2 8.2 6.4 --- 
12 8.6 8.5 9.0 10.1 9.5 9.8 9.8 9.6 9.0 8.1 6.3 5.9 
13 9.0 8.4 8.5 9.8 9.5 10.1 9.6 9.5 9.0 8.0 6.2 5.8 
14 9.0 8.2 9.6 9.8 9.7 9.7 9.2 9.7 9.0 8.1 6.1 6.0 
15 8.8 8.2 9.7 10.0 9.7 9.9 9.9 9.7 8.9 8.0 6.4 6.1 
             
16 8.5 8.3 10.2 10.0 9.6 10.2 10.1 9.3 8.6 8.0 6.3 6.3 
17 8.6 8.4 10.3 10.0 10.1 9.9 10.0 9.3 8.5 8.0 6.4 6.4 
18 8.4 8.5 11.4 9.9 9.7 9.7 9.8 9.0 8.5 7.8 6.2 6.1 
19 8.3 8.6 10.9 9.7 9.4 9.6 9.4 9.0 8.3 7.7 5.9 5.8 
20 8.0 8.6 10.7 9.6 9.1 9.5 9.2 9.0 8.0 7.6 6.1 6.0 
             
21 8.1 8.5 10.2 9.6 8.9 9.4 9.0 8.8 8.6 7.6 5.7 6.2 
22 8.1 8.5 --- 9.5 8.7 9.6 9.1 9.0 8.6 7.7 6.1 6.3 
23 8.2 8.3 9.9 9.3 9.0 10.2 8.9 8.8 8.6 7.9 --- 6.5 
24 8.0 8.6 9.8 9.6 9.2 10.3 9.3 9.1 8.5 7.9 --- 6.4 
25 7.8 8.4 9.6 9.3 9.1 10.2 9.7 8.9 8.3 7.9 --- 6.3 
             
26 7.9 7.5 10.2 9.6 9.6 9.9 9.9 --- 8.1 7.9 --- 6.4 
27 7.9 7.3 10.4 10.2 9.8 9.8 9.4 --- 8.2 7.8 --- 6.6 
28 7.8 7.4 10.1 10.4 10.0 9.8 9.4 7.7 8.0 7.7 --- 6.4 
29 7.7 7.1 9.6 10.3  9.5 9.6 7.2 8.0 7.1 --- 6.1 
30 7.9 6.5 9.3 10.1  9.5 9.7 8.4 8.2 6.8 --- 6.4 
             
31 7.7   9.3 10.0   9.6   8.4   6.9 ---   


             
Mean 8.0 8.1 9.1 9.8 9.5 9.8 9.5 9.1 8.6 7.9 6.4 6.2 
Maximum 9.0 8.6 11.4 10.4 10.1 10.3 10.1 9.8 9.2 8.3 7.1 6.6 
Minimum 7.3 6.5 6.5 9.3 8.5 9.3 8.9 7.2 8.0 6.8 5.7 5.8 


Notes:  “---“ denotes data is not available  
 mg/L – milligrams per liter 
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TABLE J- 37. WATER YEAR 2009 DAILY AVERAGE TURBIDITY (NTU) – SANTA MARGARITA RIVER AT 
FPUD SUMP NEAR FALLBROOK 


 2008   2009         
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
             
1 4.7 --- 3.3 6.4 4.4 --- --- 3.6 0.3 --- 1.6 12.7 
2 5.3 --- 2.8 4.9 4.7 --- --- 4.6 0.6 2.0 1.5 34.7 
3 4.6 --- 2.9 3.5 4.9 --- --- 3.8 0.5 3.5 1.4 15.0 
4 4.0 --- 2.3 3.4 5.1 --- --- 3.5 1.1 7.4 1.3 27.3 
5 4.1 --- 2.3 3.7 5.3 --- --- 16.2 0.9 --- 1.4 18.3 
             
6 3.7 --- 2.8 3.3 35.6 --- --- 4.2 0.8 --- 0.7 1.5 
7 3.6 --- 2.4 3.5 132.3 --- --- 6.1 0.3 --- 1.0 1.9 
8 3.5 --- 2.4 3.6 37.8 48.1 --- 3.2 4.4 --- 1.2 2.8 
9 3.0 --- 2.0 8.8 92.5 4.2 --- 2.9 3.0 --- 1.3 8.6 
10 4.0 --- 1.9 3.4 41.9 4.1 --- 2.7 2.4 --- 1.4 19.0 
             
11 3.9 --- 2.2 3.7 24.4 5.3 --- 2.8 6.3 --- 1.3 9.9 
12 3.3 --- 2.3 4.6 11.8 3.9 --- 2.0 5.4 --- 1.2 3.6 
13 2.9 --- 2.3 5.7 7.3 --- --- 1.7 15.1 --- 1.5 3.3 
14 2.5 --- 3.2 11.2 60.5 --- --- 1.6 3.7 --- 1.3 3.6 
15 2.4 --- 240.5 7.2 52.0 --- --- 1.7 3.4 --- 1.3 3.5 
             
16 2.6 --- 199.2 5.5 92.9 --- --- 1.8 6.0 --- 1.5 3.2 
17 2.2 --- 278.6 4.4 159.7 --- --- 1.6 11.3 --- 1.5 3.2 
18 2.5 --- 301.3 5.1 63.9 --- --- 1.4 8.7 --- 1.5 3.1 
19 2.8 --- 69.6 22.6 27.3 --- --- 1.2 6.4 --- 1.5 2.9 
20 2.0 --- 30.6 32.9 11.3 --- --- 1.2 1.6 --- 1.6 3.4 
             
21 1.4 --- 16.9 42.7 5.8 --- --- 1.9 10.8 --- 1.8 3.2 
22 1.9 --- 10.3 3.4 3.1 --- --- 1.2 17.7 --- 1.8 2.9 
23 2.0 --- 23.0 3.7 1.7 --- --- 1.7 --- --- 2.8 2.9 
24 2.3 --- 6.9 6.3 --- --- --- 2.9 --- --- 1.9 2.7 
25 1.6 --- 62.0 6.3 --- --- --- 7.3 --- --- 2.1 2.6 
             
26 --- 13.6 76.0 4.0 --- --- --- --- --- --- 2.4 2.7 
27 --- 152.4 42.7 4.5 --- --- 6.6 --- --- --- 3.6 2.8 
28 --- 54.9 21.2 4.0 --- --- 6.2 0.5 --- --- 4.9 3.4 
29 --- 22.9 10.1 4.4  --- 5.1 0.6 --- 0.5 7.3 3.1 
30 --- 6.7 6.9 4.5  --- 3.5 0.7 --- 1.0 3.3 2.8 
             
31 ---   5.9 4.4   ---   0.6   1.1 2.8   


             
Mean 3.1 50.1 46.3 7.6 38.5 13.1 5.4 2.9 5.0 2.6 2.0 7.0 
Maximum 5.3 152.4 301.3 42.7 159.7 48.1 6.6 16.2 17.7 7.4 7.3 34.7 
Minimum 1.4 6.7 1.9 3.3 1.7 3.9 3.5 0.5 0.3 0.5 0.7 1.5 


Notes:  “---“ denotes data is not available  
 NTU – nephelometric turbidity units  
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Appendix K Water Quality Laboratory Reports 
 
See enclosed CD in Appendix I for copies of laboratory reports. 
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Periphyton and Chlorophyll Results 
 


Periphyton and chlorophyll results are presented for the following monitoring locations: Santa 
Margarita River (SMR) at Ysidora and Levee, SMR at FPUD Sump, SMR near Temecula (Gorge), De 
Luz Creek, Roblar Creek, and Sandia Creek. 


Tables L-1 through L-8 summarize periphyton diatom results.  Periphyton diatom results are 
shown as the count of individuals and relative abundance of each genus group. The total represents the 
total number of diatoms counted in the sample. The relative abundance is the count of a particular 
species divided by the total and is shown as a percent.  


Tables L-9 through L-14 summarize the soft-body algae identifications and abundances. There 
are two data sets within the soft-body analysis. The first is diatoms, often dead, which are attached to 
the soft-body algae. The other data set is the soft-body algae themselves. The total of the two data sets 
are used to calculate the relative abundance and is shown as the ratio of the number of a particular 
species divided by the total abundance.    


Chlorophyll results (tables L-15 through L-18) are shown as the sum of chlorophyll-a and 
chlorophyll-b as well as chlorophyll-a and chlorophyll-b individually. 
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TABLE L-1.  PERIPHYTON SAMPLING FOR SMR AT YSIDORA AND LEVEE – DIATOM 


IDENTIFICATIONS, RELATIVE ABUNDANCES 


Genus 6/11/2009 6/29/2009 


 Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 128 17.68% 203 32.95% 
Amphipleura 0 0.00% 0 0.00% 
Amphora 11 1.52% 15 2.44% 
Anomoeoneis 0 0.00% 12 1.95% 
Asterionella 0 0.00% 0 0.00% 
Aulacoseira 0 0.00% 2 0.32% 
Bacillaria 24 3.31% 17 2.76% 
Biddulphia 1 0.14% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 
Caloneis 0 0.00% 0 0.00% 
Cocconeis 165 22.79% 81 13.15% 
Cyclotella 3 0.41% 4 0.65% 
Cymbella 0 0.00% 4 0.65% 
Denticula 0 0.00% 0 0.00% 
Diatoma 0 0.00% 2 0.32% 
Diploneis 0 0.00% 0 0.00% 
Encyonema 0 0.00% 0 0.00% 
Entomoneis 0 0.00% 0 0.00% 
Epithemia 0 0.00% 0 0.00% 
Eunotia 0 0.00% 3 0.49% 
Fragilaria 163 22.51% 34 5.52% 
Frustulia 0 0.00% 0 0.00% 
Gomphonema 4 0.55% 13 2.11% 
Gyrosigma 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 
Melosira 3 0.41% 1 0.16% 
Meridion 0 0.00% 0 0.00% 
Navicula 51 7.04% 57 9.25% 
Neidium 0 0.00% 0 0.00% 
Nitzschia 141 19.48% 133 21.59% 
Pinnularia 0 0.00% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 
Planothidium 16 2.21% 22 3.57% 
Pleurosigma 6 0.83% 3 0.49% 
Reimeria 0 0.00% 0 0.00% 
Rhoicosphenia 0 0.00% 1 0.16% 
Rhopalodia 0 0.00% 0 0.00% 
Stauroneis 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 
Stephanodiscus 1 0.14% 3 0.49% 
Surirella 0 0.00% 1 0.16% 
Synedra 5 0.69% 5 0.81% 
Thalassiosira 2 0.28% 0 0.00% 


TOTAL 724  616  
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TABLE L-2.  PERIPHYTON SAMPLING FOR DE LUZ CREEK – DIATOM IDENTIFICATIONS, RELATIVE ABUNDANCES 


 


 


  Genus 6/13/2008 6/12/2009 6/30/2009 


  Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 192 32.00% 156 20.03% 190 27.70% 
Amphipleura 0 0.00% 0 0.00% 0 0.00% 
Amphora 15 2.50% 40 5.13% 12 1.75% 
Anomoeoneis 0 0.00% 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 0 0.00% 
Aulacoseira 0 0.00% 0 0.00% 0 0.00% 
Bacillaria 0 0.00% 14 1.80% 7 1.02% 
Biddulphia 0 0.00% 0 0.00% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 0 0.00% 
Caloneis 0 0.00% 0 0.00% 1 0.15% 
Cocconeis 286 47.67% 27 3.47% 42 6.12% 
Cyclotella 16 2.67% 4 0.51% 2 0.29% 
Cymbella 0 0.00% 2 0.26% 0 0.00% 
Denticula 1 0.17% 5 0.64% 0 0.00% 
Diatoma 4 0.67% 26 3.34% 56 8.16% 
Diploneis 0 0.00% 0 0.00% 0 0.00% 
Encyonema 0 0.00% 0 0.00% 0 0.00% 
Entomoneis 0 0.00% 2 0.26% 0 0.00% 
Epithemia 0 0.00% 0 0.00% 0 0.00% 
Eunotia 0 0.00% 0 0.00% 0 0.00% 
Fragilaria 0 0.00% 136 17.46% 36 5.25% 
Frustulia 0 0.00% 0 0.00% 0 0.00% 
Gomphonema 5 0.83% 29 3.72% 16 2.33% 
Gyrosigma 0 0.00% 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 0 0.00% 
Melosira 0 0.00% 24 3.08% 5 0.73% 
Meridion 0 0.00% 0 0.00% 0 0.00% 
Navicula 9 1.50% 42 5.39% 29 4.23% 
Neidium 0 0.00% 0 0.00% 0 0.00% 
Nitzschia 10 1.67% 121 15.53% 139 20.26% 
Pinnularia 0 0.00% 0 0.00% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 0 0.00% 
Planothidium 56 9.33% 31 3.98% 93 13.56% 
Pleurosigma 0 0.00% 0 0.00% 0 0.00% 
Reimeria 0 0.00% 0 0.00% 0 0.00% 
Rhoicosphenia 2 0.33% 9 1.16% 0 0.00% 
Rhopalodia 0 0.00% 0 0.00% 0 0.00% 
Stauroneis 0 0.00% 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 0 0.00% 
Surirella 0 0.00% 11 1.41% 10 1.46% 
Synedra 4 0.67% 100 12.84% 48 7.00% 
Thalassiosira 0 0.00% 0 0.00% 0 0.00% 


 TOTAL 600  779  686  
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TABLE L-3.  PERIPHYTON SAMPLING FOR ROBLAR CREEK – DIATOM IDENTIFICATIONS, RELATIVE ABUNDANCES 


Genus  6/13/2008 6/11/2009 6/29/2009 


  Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 60 9.95% 237 37.38% 194 25.13% 
Amphipleura 0 0.00% 2 0.32% 56 7.25% 
Amphora 4 0.66% 3 0.47% 23 2.98% 
Anomoeoneis 0 0.00% 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 0 0.00% 
Aulacoseira 0 0.00% 0 0.00% 0 0.00% 
Bacillaria 0 0.00% 0 0.00% 0 0.00% 
Biddulphia 0 0.00% 0 0.00% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 0 0.00% 
Caloneis 1 0.17% 0 0.00% 0 0.00% 
Cocconeis 109 18.08% 22 3.47% 47 6.09% 
Cyclotella 0 0.00% 0 0.00% 2 0.26% 
Cymbella 6 1.00% 0 0.00% 16 2.07% 
Denticula 2 0.33% 150 23.66% 146 18.91% 
Diatoma 2 0.33% 0 0.00% 0 0.00% 
Diploneis 0 0.00% 0 0.00% 0 0.00% 
Encyonema 0 0.00% 2 0.32% 0 0.00% 
Entomoneis 0 0.00% 0 0.00% 0 0.00% 
Epithemia 145 24.05% 6 0.95% 13 1.68% 
Eunotia 2 0.33% 0 0.00% 0 0.00% 
Fragilaria 1 0.17% 20 3.15% 33 4.27% 
Frustulia 0 0.00% 0 0.00% 0 0.00% 
Gomphonema 16 2.65% 10 1.58% 27 3.50% 
Gyrosigma 0 0.00% 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 1 0.13% 
Mastogloia 0 0.00% 0 0.00% 0 0.00% 
Melosira 14 2.32% 1 0.16% 0 0.00% 
Meridion 3 0.50% 7 1.10% 17 2.20% 
Navicula 52 8.62% 13 2.05% 54 6.99% 
Neidium 0 0.00% 0 0.00% 0 0.00% 
Nitzschia 61 10.12% 127 20.03% 110 14.25% 
Pinnularia 0 0.00% 4 0.63% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 0 0.00% 
Planothidium 4 0.66% 1 0.16% 2 0.26% 
Pleurosigma 11 1.82% 1 0.16% 0 0.00% 
Reimeria 0 0.00% 0 0.00% 0 0.00% 
Rhoicosphenia 10 1.66% 20 3.15% 4 0.52% 
Rhopalodia 19 3.15% 2 0.32% 7 0.91% 
Stauroneis 0 0.00% 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 0 0.00% 
Surirella 4 0.66% 0 0.00% 1 0.13% 
Synedra 77 12.77% 6 0.95% 19 2.46% 
Thalassiosira 0 0.00% 0 0.00% 0 0.00% 


 TOTAL 603  634  772  
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TABLE L-4.  PERIPHYTON SAMPLING FOR SANDIA CREEK – DIATOM IDENTIFICATIONS, RELATIVE ABUNDANCES 


Genus  6/9/2008 11/19/2008 6/10/2009 9/13/2009 9/21/2009 


  Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 18 2.98% 47 6.42% 76 9.74% 14 2.23% 20 3.12% 
Amphipleura 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Amphora 16 2.65% 83 11.34% 22 2.82% 84 13.35% 69 10.75% 
Anomoeoneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 0 0.00% 0 0.00% 2 0.31% 
Aulacoseira 2 0.33% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Bacillaria 1 0.17% 18 2.46% 115 14.74% 1 0.16% 4 0.62% 
Biddulphia 0 0.00% 2 0.27% 0 0.00% 0 0.00% 0 0.00% 
Brachysira 0 0.00% 8 1.09% 0 0.00% 0 0.00% 0 0.00% 
Caloneis 0 0.00% 1 0.14% 0 0.00% 0 0.00% 0 0.00% 
Cocconeis 496 82.11% 427 58.33% 37 4.74% 435 69.16% 424 66.04% 
Cyclotella 2 0.33% 1 0.14% 2 0.26% 2 0.32% 6 0.93% 
Cymbella 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Denticula 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Diatoma 0 0.00% 1 0.14% 6 0.77% 3 0.48% 0 0.00% 
Diploneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Encyonema 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Entomoneis 0 0.00% 1 0.14% 3 0.38% 0 0.00% 1 0.16% 
Epithemia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Eunotia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Fragilaria 4 0.66% 26 3.55% 210 26.92% 22 3.50% 8 1.25% 
Frustulia 0 0.00% 1 0.14% 0 0.00% 0 0.00% 0 0.00% 
Gomphonema 0 0.00% 5 0.68% 8 1.03% 1 0.16% 3 0.47% 
Gyrosigma 0 0.00% 1 0.14% 0 0.00% 0 0.00% 1 0.16% 
Hantzschia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Melosira 0 0.00% 7 0.96% 0 0.00% 0 0.00% 0 0.00% 
Meridion 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Navicula 18 2.98% 37 5.05% 119 15.26% 26 4.13% 34 5.30% 
Neidium 0 0.00% 0 0.00% 0 0.00% 2 0.32% 0 0.00% 
Nitzschia 14 2.33% 37 5.05% 103 13.21% 19 3.02% 34 5.30% 
Pinnularia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Planothidium 18 2.98% 15 2.05% 2 0.26% 6 0.95% 7 1.09% 
Pleurosigma 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Reimeria 0 0.00% 0 0.00% 0 0.00% 0 0.00% 2 0.31% 
Rhoicosphenia 14 2.32% 17 2.32% 45 5.77% 8 1.27% 22 3.43% 
Rhopalodia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stauroneis 1 0.17% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 1 0.13% 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Surirella 1 0.17% 2 0.27% 6 0.77% 0 0.00% 0 0.00% 
Synedra 0 0.00% 3 0.41% 18 2.31% 4 0.64% 5 0.78% 
Thalassiosira 0 0.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 


 TOTAL 604  732  780  629  642  
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TABLE L-5.  PERIPHYTON SAMPLING FOR SMR AT FPUD SUMP (2008) – DIATOM IDENTIFICATIONS, RELATIVE 
ABUNDANCES 


Genus  6/10/2008 11/19/2008 


  Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 35 5.83% 25 2.94% 
Amphipleura 0 0.00% 0 0.00% 
Amphora 14 2.33% 24 2.82% 
Anomoeoneis 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 
Aulacoseira 0 0.00% 0 0.00% 
Bacillaria 0 0.00% 6 0.71% 
Biddulphia 0 0.00% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 
Caloneis 0 0.00% 0 0.00% 
Cocconeis 22 3.67% 39 4.59% 
Cyclotella 8 1.33% 0 0.00% 
Cymbella 1 0.17% 7 0.82% 
Denticula 0 0.00% 0 0.00% 
Diatoma 0 0.00% 0 0.00% 
Diploneis 0 0.00% 0 0.00% 
Encyonema 0 0.00% 0 0.00% 
Entomoneis 0 0.00% 0 0.00% 
Epithemia 0 0.00% 0 0.00% 
Eunotia 0 0.00% 0 0.00% 
Fragilaria 350 58.33% 684 80.47% 
Frustulia 0 0.00% 0 0.00% 
Gomphonema 3 0.50% 6 0.71% 
Gyrosigma 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 
Melosira 3 0.50% 0 0.00% 
Meridion 0 0.00% 0 0.00% 
Navicula 40 6.67% 27 3.18% 
Neidium 0 0.00% 0 0.00% 
Nitzschia 92 15.33% 20 2.36% 
Pinnularia 0 0.00% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 
Planothidium 4 0.67% 0 0.00% 
Pleurosigma 0 0.00% 0 0.00% 
Reimeria 0 0.00% 0 0.00% 
Rhoicosphenia 18 3.00% 4 0.47% 
Rhopalodia 1 0.17% 0 0.00% 
Stauroneis 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 
Surirella 5 0.83% 2 0.24% 
Synedra 4 0.67% 0 0.00% 
Thalassiosira 0 0.00% 3 0.35% 


TOTAL 600  850  
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TABLE L-6.  PERIPHYTON SAMPLING FOR SMR AT FPUD SUMP (2009) – DIATOM IDENTIFICATIONS, RELATIVE 
ABUNDANCES 


Genus 6/16/2009 6/30/2009 9/13/2009 9/21/2009 


 Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 65 8.44% 63 10.19% 9 1.38% 6 0.98% 
Amphipleura 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Amphora 18 2.34% 13 2.10% 11 1.68% 8 1.30% 
Anomoeoneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Aulacoseira 1 0.13% 0 0.00% 0 0.00% 0 0.00% 
Bacillaria 11 1.43% 11 1.78% 3 0.46% 0 0.00% 
Biddulphia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Caloneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Cocconeis 44 5.71% 36 5.83% 7 1.07% 2 0.33% 
Cyclotella 4 0.52% 6 0.97% 2 0.31% 0 0.00% 
Cymbella 0 0.00% 1 0.16% 5 0.77% 1 0.16% 
Denticula 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Diatoma 2 0.26% 0 0.00% 0 0.00% 1 0.16% 
Diploneis 1 0.13% 0 0.00% 2 0.31% 0 0.00% 
Encyonema 0 0.00% 1 0.16% 2 0.31% 0 0.00% 
Entomoneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Epithemia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Eunotia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Fragilaria 505 65.58% 400 64.72% 557 85.30% 563 91.69% 
Frustulia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Gomphonema 2 0.26% 2 0.32% 0 0.00% 0 0.00% 
Gyrosigma 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 1 0.15% 0 0.00% 
Melosira 2 0.26% 0 0.00% 0 0.00% 0 0.00% 
Meridion 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Navicula 30 3.90% 30 4.85% 27 4.13% 17 2.77% 
Neidium 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Nitzschia 62 8.05% 37 5.99% 18 2.76% 11 1.79% 
Pinnularia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 2 0.31% 0 0.00% 
Planothidium 2 0.26% 2 0.32% 0 0.00% 0 0.00% 
Pleurosigma 0 0.00% 0 0.00% 3 0.46% 0 0.00% 
Reimeria 1 0.13% 0 0.00% 0 0.00% 0 0.00% 
Rhoicosphenia 18 2.34% 12 1.94% 0 0.00% 2 0.33% 
Rhopalodia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stauroneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Surirella 0 0.00% 1 0.16% 0 0.00% 0 0.00% 
Synedra 2 0.26% 3 0.49% 3 0.46% 3 0.49% 
Thalassiosira 0 0.00% 0 0.00% 1 0.15% 0 0.00% 


TOTAL 770  618  653  614  
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TABLE L-7.  PERIPHYTON SAMPLING FOR SMR NEAR TEMECULA (GORGE) (2008) – DIATOM IDENTIFICATIONS, 
RELATIVE ABUNDANCES 


Genus 6/7/2008 11/18/2008 


 Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 35 5.83% 479 69.42% 
Amphipleura 0 0.00% 0 0.00% 
Amphora 13 2.17% 95 13.77% 
Anomoeoneis 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 
Aulacoseira 21 3.50% 0 0.00% 
Bacillaria 0 0.00% 0 0.00% 
Biddulphia 0 0.00% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 
Caloneis 0 0.00% 0 0.00% 
Cocconeis 3 0.50% 2 0.29% 
Cyclotella 48 8.00% 6 0.87% 
Cymbella 0 0.00% 38 5.51% 
Denticula 0 0.00% 0 0.00% 
Diatoma 0 0.00% 0 0.00% 
Diploneis 0 0.00% 0 0.00% 
Encyonema 0 0.00% 0 0.00% 
Entomoneis 0 0.00% 0 0.00% 
Epithemia 0 0.00% 0 0.00% 
Eunotia 0 0.00% 0 0.00% 
Fragilaria 218 36.33% 26 3.77% 
Frustulia 0 0.00% 2 0.29% 
Gomphonema 5 0.83% 8 1.16% 
Gyrosigma 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 
Melosira 3 0.50% 0 0.00% 
Meridion 0 0.00% 0 0.00% 
Navicula 29 4.83% 10 1.45% 
Neidium 0 0.00% 0 0.00% 
Nitzschia 216 36.00% 21 3.04% 
Pinnularia 0 0.00% 1 0.14% 
Plagiotropis 0 0.00% 0 0.00% 
Planothidium 1 0.17% 0 0.00% 
Pleurosigma 0 0.00% 0 0.00% 
Reimeria 0 0.00% 0 0.00% 
Rhoicosphenia 7 1.17% 0 0.00% 
Rhopalodia 0 0.00% 0 0.00% 
Stauroneis 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 
Surirella 0 0.00% 0 0.00% 
Synedra 1 0.17% 2 0.29% 
Thalassiosira 0 0.00% 0 0.00% 


TOTAL 600  690  
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TABLE L-8.  PERIPHYTON SAMPLING FOR SMR NEAR TEMECULA (GORGE) (2009) – DIATOM IDENTIFICATIONS, RELATIVE 
ABUNDANCES 


Genus 6/15/2009 6/30/2009 9/13/2009 9/21/2009 


 Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance Count 
Relative 


Abundance 
Achnanthes 474 71.93% 405 60.36% 75 11.40% 66 7.85% 
Amphipleura 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Amphora 30 4.55% 76 11.33% 156 23.71% 107 12.72% 
Anomoeoneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Asterionella 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Aulacoseira 1 0.15% 0 0.00% 25 3.80% 5 0.59% 
Bacillaria 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Biddulphia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Brachysira 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Caloneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Cocconeis 35 5.31% 65 9.69% 65 9.88% 73 8.68% 
Cyclotella 2 0.30% 1 0.15% 0 0.00% 0 0.00% 
Cymbella 6 0.91% 5 0.75% 30 4.56% 18 2.14% 
Denticula 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Diatoma 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Diploneis 0 0.00% 0 0.00% 1 0.15% 0 0.00% 
Encyonema 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Entomoneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Epithemia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Eunotia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Fragilaria 25 3.79% 52 7.75% 101 15.35% 444 52.79% 
Frustulia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Gomphonema 4 0.61% 0 0.00% 8 1.22% 12 1.43% 
Gyrosigma 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Hantzschia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Mastogloia 0 0.00% 0 0.00% 3 0.46% 3 0.36% 
Melosira 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Meridion 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Navicula 6 0.91% 6 0.89% 25 3.80% 22 2.62% 
Neidium 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Nitzschia 62 9.41% 37 5.51% 125 19.00% 39 4.64% 
Pinnularia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Plagiotropis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Planothidium 7 1.06% 10 1.49% 0 0.00% 12 1.43% 
Pleurosigma 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Reimeria 0 0.00% 4 0.60% 23 3.50% 31 3.69% 
Rhoicosphenia 6 0.91% 5 0.75% 4 0.61% 6 0.71% 
Rhopalodia 0 0.00% 0 0.00% 2 0.30% 0 0.00% 
Stauroneis 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stenopterobia 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Stephanodiscus 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Surirella 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Synedra 2 0.30% 5 0.75% 12 1.82% 3 0.36% 
Thalassiosira 0 0.00% 0 0.00% 0 0.00% 0 0.00% 


TOTAL 659  671  658  841  


 







 
Stetson Engineers Inc.   Final Report 
Santa Margarita River              L - 10 February 21, 2010 
Hydrological and Biological Support   
 


TABLE L-9.  PERIPHYTON SAMPLING FOR SMR AT YSIDORA AND LEVEE – SOFT BODY ALGAE IDENTIFICATIONS, 
RELATIVE ABUNDANCES 


Diatom Taxa 6/11/2009 6/29/2009 
Achnanthes sp. 0.051 0.010 
Amphora sp. 0.015 0.007 
Aulacoseira sp. 0.236 0.040 
Bacillaria sp. 0.000 0.000 
Biddulphia sp.   
Caloneis sp. 0.000 0.000 
Cocconeis sp. 0.369 0.053 
Cyclotella sp. 0.018 0.000 
Cymatopleura sp. 0.000 0.000 
Cymbella sp. 0.000 0.007 
Dead Diatoms 0.000 0.000 
Diatoma sp. 0.000 0.000 
Epithemia sp. 0.006 0.013 
Eunotia sp. 0.003 0.000 
Fragilaria sp. 0.036 0.026 
Gomphonema sp. 0.000 0.000 
Gyrosigma sp. 0.009 0.023 
Hantzschia sp.   
Melosira sp. 0.000 0.000 
Navicula sp. 0.039 0.023 
Nitzschia sp. 0.000 0.000 
Pinnularia sp.   
Pleurosigma sp.   
Rhoicosphenia sp. 0.000 0.000 
Rhopalodia sp. 0.000 0.000 
Stephanodiscus sp.   
Surirella sp.   
Synedra sp. 0.000 0.007 
Tabellaria sp. 0.000 0.000 
Diatom Genera Subtotal 10 10 
   
Soft Body Taxa   
Ankistrodesmus sp.   
Aphanocapsa sp. (single cell)  
Aphanothece sp.   
Anabaena oblonga 0.033 0.646 
Chlamydomonas globosa   
Chlamydomonas sp. 0.000 0.000 
Chroococcus minutus   
Chroococcus sp. 0.000 0.000 
Cladophora glomerata 0.000 0.050 
Cladophora sp.   
Coelastrum microporum   
Coelastrum sp.   
Cosmarium sp. 0.000 0.000 
Cryptomonas sp. 0.006 0.020 
Cylindrocapsa conferta 0.000 0.000 


Continued on next page… 
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 Soft Body Taxa 6/11/2009 6/29/2009 
Gloeocapsa sp. 0.000 0.000 
Euglena sp.   
Hydrococcus rivularis 0.000 0.000 
Kirchneriella sp.   
Gloeocystis sp.   
Komma sp. 0.000 0.000 
LGBs 0.006 0.000 
Mallomonas sp.   
Micractinium pusillum 0.024 0.000 
Microcystis sp.   
Microcystis flosaquae   
Microspora sp. 0.000 0.000 
Mougeotia parvula 0.060 0.000 
Mougeotia sp.   
Oedogonium minus 0.000 0.000 
Oedogonium sp. 0.000 0.000 
Oocystis lacustris 0.000 0.000 
Oocystis marssonii 0.000 0.000 
Oocystis sp.   
Oscillatoria sp.   
Pediastrum boryanum 0.000 0.000 
Pediastrum integrum   
Pediastrum sp.   
Peridinium sp.   
Phormidium sp.   
Pseudoanabaena limnetica 0.039 0.000 
Pseudanabaena sp.   
Pyrenomonas sp.   
Raphidiopsis sp. 0.000 0.000 
Scenedesmus abundans 0.000 0.000 
Scenedesmus aculeolatus 0.000 0.000 
Scenedesmus quadricauda  0.000 
Scenedesmus spinosus   
Scenedesmus sp.   
Selenastrum sp.   
small nano-flagellates   
Spirogyra flavescens 0.039 0.033 
Spirulina sp.   
Stigeoclonium sp.   
Synechococcus sp.   
Trachelomonas volvocina 0.009 0.043 
Trachelomonas sp.   
unknown crysophyte   
Volvox sp.   
Zygnema insigne   
Zygnema sp.   
Soft Body Subtotal 8 5 
   
GRAND TOTAL 18  15  
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TABLE L-10.  PERIPHYTON SAMPLING FOR DE LUZ CREEK – SOFT BODY ALGAE IDENTIFICATIONS, RELATIVE 
ABUNDANCES 


Diatom Taxa 6/13/2008 6/12/2009 6/30/2009 
Achnanthes sp. 0.140 0.033 0.047 
Amphora sp. 0.000 0.010 0.000 
Aulacoseira sp. 0.000 0.000 0.080 
Bacillaria sp.  0.000 0.000 
Biddulphia sp. 0.003   
Caloneis sp. 0.000 0.000 0.010 
Cocconeis sp. 0.557 0.033 0.173 
Cyclotella sp. 0.013 0.000 0.030 
Cymatopleura sp.  0.000 0.000 
Cymbella sp. 0.000 0.003 0.007 
Dead Diatoms  0.000 0.000 
Diatoma sp.  0.000 0.023 
Epithemia sp. 0.003 0.000 0.000 
Eunotia sp.  0.000 0.000 
Fragilaria sp. 0.000 0.252 0.173 
Gomphonema sp. 0.007 0.000 0.073 
Gyrosigma sp.  0.000 0.000 
Hantzschia sp. 0.000   
Melosira sp. 0.007 0.196 0.000 
Navicula sp. 0.000 0.020 0.180 
Nitzschia sp. 0.000 0.000 0.013 
Pinnularia sp. 0.000   
Pleurosigma sp. 0.000   
Rhoicosphenia sp. 0.010 0.000 0.000 
Rhopalodia sp. 0.000 0.000 0.000 
Stephanodiscus sp. 0.000   
Surirella sp. 0.000   
Synedra sp. 0.003 0.043 0.053 
Tabellaria sp.  0.326 0.000 
Diatom Genera Subtotal 9 9 12 
    
Soft Body Taxa    
Ankistrodesmus sp. 0.020   
Aphanocapsa sp. (singlecell) 0.000   
Aphanothece sp.  0.000 0.000 
Anabaena oblonga    
Chlamydomonas globosa 0.000 0.000  
Chlamydomonas sp.    
Chroococcus minutus 0.007 0.000 0.000 
Chroococcus sp.  0.000 0.023 
Cladophora glomerata 0.000   
Cladophora sp.    
Coelastrum microporum 0.000   
Coelastrum sp. 0.000 0.000 0.000 
Cosmarium sp. 0.003 0.003 0.017 
Cryptomonas sp.  0.000 0.000 


Continued on next page… 
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Soft Body Taxa 6/13/2008 6/12/2009 6/30/2009 
Cylindrocapsa conferta  0.000 0.000 
Gloeocapsa sp. 0.000   
Euglena sp.  0.003  
Hydrococcus rivularis 0.117   
Kirchneriella sp.   0.000 
Gloeocystis sp.  0.000 0.000 
Komma sp. 0.007 0.003 0.007 
LGBs    
Mallomonas sp.  0.000 0.000 
Micractinium pusillum 0.000   
Microcystis sp.    
Microcystis flosaquae 0.000 0.000 0.000 
Microspora sp.  0.000 0.000 
Mougeotia parvula 0.000   
Mougeotia sp.  0.000 0.057 
Oedogonium minus  0.000 0.000 
Oedogonium sp.  0.000 0.000 
Oocystis lacustris  0.000 0.000 
Oocystis marssonii 0.033   
Oocystis sp. 0.000   
Oscillatoria sp.  0.000 0.000 
Pediastrum boryanum   0.030 
Pediastrum integrum    
Pediastrum sp. 0.003   
Peridinium sp.    
Phormidium sp.  0.000  
Pseudoanabaena limnetica    
Pseudanabaena sp. 0.007   
Pyrenomonas sp.  0.000 0.000 
Raphidiopsis sp.  0.000 0.000 
Scenedesmus abundans  0.000 0.003 
Scenedesmus aculeolatus  0.000 0.000 
Scenedesmus quadricauda    
Scenedesmus spinosus 0.000   
Scenedesmus sp. 0.043   
Selenastrum sp.    
small nano-flagellates  0.066 0.000 
Spirogyra flavescens    
Spirulina sp.    
Stigeoclonium sp. 0.000   
Synechococcus sp.  0.007 0.000 
Trachelomonas volvocina 0.000   
Trachelomonas sp. 0.017   
unknown crysophyte 0.000   
Volvox sp.    
Zygnema insigne 0.000   
Zygnema sp.    
Soft Body Subtotal 10 5 6 
    
GRAND TOTAL 19  14  18  
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TABLE L-11.  PERIPHYTON SAMPLING FOR ROBLAR CREEK – SOFT BODY ALGAE IDENTIFICATIONS, RELATIVE 
ABUNDANCES 


Diatom Taxa 6/13/2008 6/11/2009 6/29/2009 
Achnanthes sp. 0.023 0.089 0.023 
Amphora sp. 0.000 0.000 0.000 
Aulacoseira sp. 0.000 0.000 0.000 
Bacillaria sp.  0.003 0.000 
Biddulphia sp. 0.000   
Caloneis sp. 0.000 0.013 0.003 
Cocconeis sp. 0.033 0.003 0.026 
Cyclotella sp. 0.007 0.003 0.000 
Cymatopleura sp.  0.000 0.000 
Cymbella sp. 0.003 0.063 0.032 
Dead Diatoms  0.000 0.019 
Diatoma sp.  0.003 0.065 
Epithemia sp. 0.060 0.003 0.152 
Eunotia sp.  0.000 0.000 
Fragilaria sp. 0.000 0.000 0.013 
Gomphonema sp. 0.010 0.007 0.013 
Gyrosigma sp.  0.000 0.010 
Hantzschia sp. 0.000   
Melosira sp. 0.000 0.000 0.155 
Navicula sp. 0.123 0.023 0.016 
Nitzschia sp. 0.013 0.000 0.000 
Pinnularia sp. 0.007   
Pleurosigma sp. 0.010   
Rhoicosphenia sp. 0.000 0.000 0.000 
Rhopalodia sp. 0.023 0.000 0.029 
Stephanodiscus sp. 0.000   
Surirella sp. 0.007   
Synedra sp. 0.030 0.141 0.003 
Tabellaria sp.  0.207 0.000 
Diatom Genera Subtotal 13 12 14 
    
Soft Body Taxa    
Ankistrodesmus sp. 0.013   
Aphanocapsa sp. (singlecell) 0.013   
Aphanothece sp. 0.000   
Anabaena oblonga  0.000 0.000 
Chlamydomonas globosa    
Chlamydomonas sp. 0.000 0.000 0.000 
Chroococcus minutus    
Chroococcus sp. 0.000 0.000 0.000 
Cladophora glomerata  0.000 0.000 
Cladophora sp. 0.000   
Coelastrum microporum    
Coelastrum sp. 0.003   
Cosmarium sp. 0.010 0.000 0.000 
Cryptomonas sp. 0.000 0.000 0.010 


Continued on next page… 
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Soft Body Taxa 6/13/2008 6/11/2009 6/29/2009 
Gloeocapsa sp.  0.000 0.000 
Euglena sp. 0.000   
Hydrococcus rivularis  0.000 0.000 
Kirchneriella sp. 0.000   
Gloeocystis sp.    
Komma sp.  0.000 0.000 
LGBs 0.143  0.000 
Mallomonas sp.    
Micractinium pusillum  0.000 0.000 
Microcystis sp. 0.000  0.235 
Microcystis flosaquae    
Microspora sp. 0.023 0.000  
Mougeotia parvula  0.000 0.000 
Mougeotia sp. 0.093   
Oedogonium minus  0.000 0.000 
Oedogonium sp.  0.000 0.184 
Oocystis lacustris  0.013 0.000 
Oocystis marssonii  0.000 0.000 
Oocystis sp. 0.003   
Oscillatoria sp. 0.027   
Pediastrum boryanum  0.000 0.000 
Pediastrum integrum    
Pediastrum sp.    
Peridinium sp. 0.000   
Phormidium sp.    
Pseudoanabaena limnetica  0.000 0.000 
Pseudanabaena sp.    
Pyrenomonas sp. 0.003   
Raphidiopsis sp.  0.076 0.000 
Scenedesmus abundans  0.000 0.000 
Scenedesmus aculeolatus  0.000 0.000 
Scenedesmus quadricauda  0.000 0.000 
Scenedesmus spinosus    
Scenedesmus sp. 0.000   
Selenastrum sp. 0.000   
small nano-flagellates    
Spirogyra flavescens  0.000 0.000 
Spirulina sp. 0.003   
Stigeoclonium sp.    
Synechococcus sp. 0.007   
Trachelomonas volvocina  0.000 0.013 
Trachelomonas sp. 0.000   
unknown crysophyte 0.007   
Volvox sp. 0.000   
Zygnema insigne    
Zygnema sp. 0.300   
Soft Body Subtotal 14 3 4 
    
GRAND TOTAL 27  15  18  
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TABLE L-12.  PERIPHYTON SAMPLING FOR SANDIA CREEK – SOFT BODY ALGAE IDENTIFICATIONS, RELATIVE 
ABUNDANCES 


Diatom Taxa 6/9/2008 11/19/2008 6/10/2009 9/13/2009 9/21/2009 
Achnanthes sp. 0.000 0.009 0.091 0.053 0.037 
Amphora sp. 0.000 0.029 0.019 0.011 0.041 
Aulacoseira sp. 0.000 0.000 0.330 0.046 0.000 
Bacillaria sp.  0.000 0.000   
Biddulphia sp. 0.007     
Caloneis sp. 0.003 0.000 0.019   
Cocconeis sp. 0.443 0.658 0.094 0.674 0.637 
Cyclotella sp. 0.000 0.006 0.006 0.014 0.000 
Cymatopleura sp.   0.003   
Cymbella sp. 0.000 0.000 0.019 0.057 0.078 
Dead Diatoms   0.000   
Diatoma sp.   0.000 0.014 0.007 
Epithemia sp. 0.000  0.000   
Eunotia sp.   0.003   
Fragilaria sp. 0.000 0.000 0.173 0.025 0.026 
Gomphonema sp. 0.000 0.000 0.066 0.025 0.056 
Gyrosigma sp.  0.000 0.000   
Hantzschia sp. 0.000     
Melosira sp. 0.000 0.015 0.000   
Navicula sp. 0.023 0.009 0.075 0.082 0.119 
Nitzschia sp. 0.010 0.003 0.019   
Pinnularia sp. 0.000   0.000 0.000 
Pleurosigma sp. 0.000     
Rhoicosphenia sp. 0.000 0.009 0.009   
Rhopalodia sp. 0.000  0.000   
Stephanodiscus sp. 0.000     
Surirella sp. 0.000 0.000    
Synedra sp. 0.003 0.009 0.025 0.000 0.000 
Tabellaria sp.   0.000   
Diatom Genera Subtotal 6 9 15 10 8 
      
Soft Body Taxa      
Ankistrodesmus sp. 0.000     
Aphanocapsa sp. (single cell) 0.047 0.015    
Aphanothece sp. 0.003     
Anabaena oblonga   0.000   
Chlamydomonas globosa    0.333 0.472 
Chlamydomonas sp. 0.000  0.000 0.417 0.222 
Chroococcus minutus    0.083 0.083 
Chroococcus sp. 0.000 0.000 0.000   
Cladophora glomerata   0.000   
Cladophora sp. 0.257     
Coelastrum microporum    0.000 0.000 
Coelastrum sp. 0.000 0.006  0.125  
Cosmarium sp. 0.000  0.000   
Cryptomonas sp. 0.003 0.000 0.013  0.083 
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Soft Body Taxa 6/9/2008 11/19/2008 6/10/2009 9/13/2009 9/21/2009 
Cylindrocapsa conferta   0.000   
Gloeocapsa sp.   0.000   
Euglena sp. 0.003 0.000    
Hydrococcus rivularis   0.000   
Kirchneriella sp. 0.000     
Gloeocystis sp.  0.000    
Komma sp.  0.000 0.000   
LGBs 0.003 0.159 0.000 0.042 0.083 
Mallomonas sp.    0.000 0.000 
Micractinium pusillum   0.000   
Microcystis sp. 0.023     
Microcystis flosaquae  0.000    
Microspora sp. 0.000  0.000   
Mougeotia parvula   0.000   
Mougeotia sp. 0.000     
Oedogonium minus   0.000   
Oedogonium sp.   0.000   
Oocystis lacustris   0.000   
Oocystis marssonii   0.003 0.000 0.000 
Oocystis sp. 0.033 0.012    
Oscillatoria sp. 0.007     
Pediastrum boryanum   0.000 0.000 0.000 
Pediastrum integrum    0.000 0.000 
Pediastrum sp.    0.000 0.056 
Peridinium sp. 0.000     
Phormidium sp.  0.012    
Pseudoanabaena limnetica   0.009   
Pseudanabaena sp.  0.000    
Pyrenomonas sp. 0.053 0.006  0.000 0.000 
Raphidiopsis sp.   0.000  0.000 
Scenedesmus abundans   0.000   
Scenedesmus aculeolatus   0.000 0.000 0.000 
Scenedesmus quadricauda   0.000 0.000 0.000 
Scenedesmus spinosus    0.000 0.000 
Scenedesmus sp. 0.000 0.000    
Selenastrum sp. 0.037     
small nano-flagellates  0.032    
Spirogyra flavescens   0.022   
Spirulina sp. 0.000     
Stigeoclonium sp.  0.000    
Synechococcus sp. 0.000     
Trachelomonas volvocina 0.003  0.000 0.000 0.000 
Trachelomonas sp.  0.012    
unknown crysophyte 0.037 0.000    
Volvox sp. 0.000 0.000    
Zygnema insigne    0.000 0.000 
Zygnema sp. 0.000     
Soft Body Subtotal 13 8 4 5 6 
      
GRAND TOTAL 19  17  19  15  14  
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TABLE L-13.  PERIPHYTON SAMPLING FOR SMR AT FPUD SUMP – SOFT BODY ALGAE IDENTIFICATIONS, 
RELATIVE ABUNDANCES 


Diatom Taxa 6/10/2008 11/19/2008 6/16/2009 6/30/2009 9/13/2009 9/21/2009 
Achnanthes sp. 0.167 0.174 0.076 0.046 0.061 0.059 
Amphora sp. 0.063 0.021 0.000 0.003 0.014 0.007 
Aulacoseira sp. 0.017 0.009 0.193 0.492 0.234 0.181 
Bacillaria sp.  0.009 0.000 0.000   
Biddulphia sp. 0.000      
Caloneis sp. 0.000 0.006 0.023 0.000   
Cocconeis sp. 0.133 0.041 0.133 0.046 0.017 0.026 
Cyclotella sp. 0.033 0.018 0.000 0.000 0.000 0.000 
Cymatopleura sp.   0.000 0.000   
Cymbella sp. 0.027 0.021 0.040 0.010 0.024 0.016 
Dead Diatoms   0.000 0.000   
Diatoma sp.   0.000 0.016 0.000 0.000 
Epithemia sp. 0.007  0.000 0.013   
Eunotia sp.   0.000 0.000   
Fragilaria sp. 0.227 0.177 0.409 0.315 0.522 0.510 
Gomphonema sp. 0.003 0.006 0.013 0.000 0.017 0.000 
Gyrosigma sp.  0.003 0.013 0.003   
Hantzschia sp. 0.007      
Melosira sp. 0.010 0.000 0.000 0.000   
Navicula sp. 0.100 0.032 0.027 0.023 0.064 0.059 
Nitzschia sp. 0.037 0.021 0.007 0.000   
Pinnularia sp. 0.013    0.047 0.141 
Pleurosigma sp. 0.000      
Rhoicosphenia sp. 0.047 0.000 0.030 0.000   
Rhopalodia sp. 0.000  0.000 0.000   
Stephanodiscus sp. 0.000      
Surirella sp. 0.017 0.009     
Synedra sp. 0.000 0.021 0.027 0.007 0.000 0.000 
Tabellaria sp.   0.000 0.000   
Diatom Genera Subtotal 16 15 12 11 9 8 
       
Soft Body Taxa       
Ankistrodesmus sp. 0.000      
Aphanocapsa sp. (single cell) 0.000 0.000     
Aphanothece sp. 0.000      
Anabaena oblonga   0.000 0.000   
Chlamydomonas globosa     0.000 0.286 
Chlamydomonas sp. 0.003  0.000 0.000 0.278 0.429 
Chroococcus minutus     0.333 0.107 
Chroococcus sp. 0.000 0.006 0.000 0.000   
Cladophora glomerata   0.000 0.000   
Cladophora sp. 0.000      
Coelastrum microporum     0.000 0.000 
Coelastrum sp. 0.000 0.003     
Cosmarium sp. 0.000  0.000 0.000   
Cryptomonas sp. 0.010 0.006 0.010 0.010 0.222 0.000 
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Soft Body Taxa 6/10/2008 11/19/2008 6/16/2009 6/30/2009 9/13/2009 9/21/2009 
Cylindrocapsa conferta   0.000 0.000   
Gloeocapsa sp.   0.000 0.000   
Euglena sp. 0.003 0.003  0.000   
Hydrococcus rivularis   0.000 0.000   
Kirchneriella sp. 0.000  0.000 0.000   
Gloeocystis sp.  0.000 0.000 0.000   
Komma sp.  0.003 0.000 0.000   
LGBs 0.013 0.195 0.000 0.000 0.000 0.036 
Mallomonas sp.   0.000 0.000 0.000 0.000 
Micractinium pusillum   0.000 0.000  0.000 
Microcystis sp. 0.000  0.000 0.000  0.000 
Microcystis flosaquae  0.000 0.000 0.000  0.000 
Microspora sp. 0.030  0.000 0.000  0.000 
Mougeotia parvula   0.000 0.000  0.000 
Mougeotia sp. 0.000  0.000 0.000  0.000 
Oedogonium minus   0.000 0.000   
Oedogonium sp.   0.000 0.000   
Oocystis lacustris   0.000    
Oocystis marssonii   0.000 0.000 0.000  
Oocystis sp. 0.000 0.006 0.000 0.000   
Oscillatoria sp. 0.007  0.000    
Pediastrum boryanum     0.000  
Pediastrum integrum     0.000  
Pediastrum sp.     0.000  
Peridinium sp. 0.000      
Phormidium sp.  0.015     
Pseudoanabaena limnetica       
Pseudanabaena sp.  0.006     
Pyrenomonas sp. 0.003 0.024   0.000  
Raphidiopsis sp.       
Scenedesmus abundans       
Scenedesmus aculeolatus     0.000 0.143 
Scenedesmus quadricauda    0.016 0.167 0.000 
Scenedesmus spinosus     0.000 0.000 
Scenedesmus sp. 0.020 0.006   0.000 0.000 
Selenastrum sp. 0.000    0.000  
small nano-flagellates  0.139     
Spirogyra flavescens       
Spirulina sp. 0.000      
Stigeoclonium sp.  0.000     
Synechococcus sp. 0.000      
Trachelomonas volvocina       
Trachelomonas sp. 0.000 0.015     
unknown crysophyte 0.000 0.009     
Volvox sp. 0.003 0.000     
Zygnema insigne       
Zygnema sp. 0.000      
Soft Body Subtotal 9 14 1 2 4 5 
       
GRAND TOTAL 25  29  13  13  13  13  
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TABLE L-14.  PERIPHYTON SAMPLING FOR SMR NEAR TEMECULA (GORGE) – SOFT BODY ALGAE 
IDENTIFICATIONS, RELATIVE ABUNDANCES 


Diatom Taxa 6/7/2008 11/18/2008 6/15/2009 6/30/2009 9/13/2009 9/21/2009 Totals 
Achnanthes sp. 0.147 0.387 0.807 0.215 0.101 0.129 2.740 
Amphora sp. 0.000 0.033 0.000 0.007 0.023 0.039 0.310 
Aulacoseira sp. 0.073 0.007 0.022 0.007 0.066 0.050 1.806 
Bacillaria sp.  0.000 0.000 0.000   0.012 
Biddulphia sp. 0.000      0.007 
Caloneis sp. 0.000 0.000 0.000 0.000   0.078 
Cocconeis sp. 0.007 0.007 0.022 0.238 0.097 0.086 3.595 
Cyclotella sp. 0.067 0.000 0.000 0.026 0.000 0.029 0.239 
Cymatopleura sp.   0.000 0.000   0.003 
Cymbella sp. 0.003 0.030 0.034 0.007 0.209 0.129 0.808 
Dead Diatoms   0.000 0.000   0.019 
Diatoma sp.   0.003 0.010 0.012 0.000 0.154 
Epithemia sp. 0.003  0.000 0.016   0.254 
Eunotia sp.   0.022 0.000   0.025 
Fragilaria sp. 0.280 0.013 0.034 0.306 0.236 0.351 3.790 
Gomphonema sp. 0.000 0.007 0.000 0.010 0.023 0.057 0.386 
Gyrosigma sp.  0.000 0.000 0.000   0.029 
Hantzschia sp. 0.000      0.007 
Melosira sp. 0.000 0.000 0.000 0.000   0.180 
Navicula sp. 0.140 0.033 0.009 0.068 0.209 0.129 1.545 
Nitzschia sp. 0.020 0.003 0.000 0.026   0.172 
Pinnularia sp. 0.003    0.016 0.000 0.228 
Pleurosigma sp. 0.000      0.010 
Rhoicosphenia sp. 0.000 0.000 0.000 0.000   0.095 
Rhopalodia sp. 0.000  0.000 0.000   0.052 
Stephanodiscus sp. 0.053      0.053 
Surirella sp. 0.010 0.000     0.042 
Synedra sp. 0.030 0.000 0.000 0.016 0.008 0.000 0.373 
Tabellaria sp.   0.000 0.000   0.207 
Diatom Genera Subtotal 13 9 8 13 11 9 233 
        
Soft Body Taxa        
Ankistrodesmus sp. 0.000      0.000 
Aphanocapsa sp. (single cell) 0.000 0.000     0.000 
Aphanothece sp. 0.000 0.000     0.000 
Anabaena oblonga 0.000 0.000 0.000 0.000   0.075 
Chlamydomonas globosa 0.000  0.000 0.026 0.295 0.056 0.394 
Chlamydomonas sp.    0.000 0.000 0.000 0.286 
Chroococcus minutus    0.000 0.136 0.008 1.660 
Chroococcus sp.   0.009 0.000 0.000  1.089 
Cladophora glomerata   0.000    0.173 
Cladophora sp. 0.110      0.110 
Coelastrum microporum 0.003     0.020 0.023 
Coelastrum sp. 0.000     0.000 0.280 
Cosmarium sp. 0.000  0.003    0.006 
Cryptomonas sp. 0.000 0.003 0.000 0.007 0.045  0.186 
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Soft Body Taxa 6/7/2008 11/18/2008 6/15/2009 6/30/2009 9/13/2009 9/21/2009 Totals 
Cylindrocapsa conferta  0.000 0.000 0.000   0.261 
Gloeocapsa sp.  0.010 0.006 0.000   0.125 
Euglena sp. 0.000  0.000 0.000   0.026 
Hydrococcus rivularis    0.000   0.358 
Kirchneriella sp.    0.000   0.003 
Gloeocystis sp.    0.000   0.000 
Komma sp.  0.003 0.006 0.000   0.010 
LGBs 0.037 0.120 0.000 0.000 0.295 0.020 0.475 
Mallomonas sp. 0.000  0.000 0.000 0.000 0.012 0.256 
Micractinium pusillum 0.000  0.000 0.000 0.000  0.288 
Microcystis sp. 0.000  0.000 0.000 0.000  0.150 
Microcystis flosaquae  0.010 0.000 0.000 0.000  0.010 
Microspora sp.   0.000  0.000  0.023 
Mougeotia parvula   0.000  0.000  0.265 
Mougeotia sp.   0.000  0.000  0.000 
Oedogonium minus   0.000    0.023 
Oedogonium sp.       0.000 
Oocystis lacustris       0.093 
Oocystis marssonii      0.008 0.065 
Oocystis sp. 0.010 0.017     0.211 
Oscillatoria sp. 0.000      0.022 
Pediastrum boryanum 0.000   0.003  0.028 0.083 
Pediastrum integrum 0.000     0.012 0.022 
Pediastrum sp. 0.000     0.000 0.027 
Peridinium sp. 0.000      0.000 
Phormidium sp. 0.000 0.023     0.109 
Pseudoanabaena limnetica 0.000 0.000 0.006 0.003   0.024 
Pseudanabaena sp.   0.000 0.000   0.012 
Pyrenomonas sp.  0.057 0.000   0.012 0.084 
Raphidiopsis sp.  0.000 0.000    0.027 
Scenedesmus abundans    0.003   0.062 
Scenedesmus aculeolatus    0.000  0.016 0.019 
Scenedesmus quadricauda   0.016 0.007 0.136 0.072 0.449 
Scenedesmus spinosus   0.000 0.000 0.091 0.000 0.274 
Scenedesmus sp.   0.000 0.000 0.000  0.003 
Selenastrum sp.     0.000  0.026 
small nano-flagellates  0.217     0.217 
Spirogyra flavescens       0.175 
Spirulina sp.       0.032 
Stigeoclonium sp.  0.010     0.032 
Synechococcus sp.  0.000     0.000 
Trachelomonas volvocina      0.012 0.015 
Trachelomonas sp. 0.003      0.003 
unknown crysophyte 0.000 0.007     0.031 
Volvox sp. 0.000 0.003     0.037 
Zygnema insigne 0.000     0.724 0.764 
Zygnema sp.       0.007 
Soft Body Subtotal 5 12 6 6 6 13 48 
        
GRAND TOTAL 18  21  14  19  17  22  132 
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TABLE L-15.  CHLOROPHYLL AND ASH-FREE DRY MASS FOR ALL SAMPLES, JUNE 2008 


Lab # 
Monitoring 


Location 
Collection 


Date Matrix Analyte 
Report 
Result Units 


5229.2-1 Sandia Creek 06/09/08 Solid - Wet Weight Chlorophyll A 1.00000 µg 
5229.2-1 Sandia Creek 06/09/08 Solid - Wet Weight Chlorophyll B 0.40000 µg 
5229.2-1 Sandia Creek 06/09/08 Solid - Wet Weight Chlorophyll A & B 1.40000 µg 
5229.2-2 Roblar Creek 06/13/08 Solid - Wet Weight Chlorophyll A < 0.10000 µg 
5229.2-2 Roblar Creek 06/13/08 Solid - Wet Weight Chlorophyll B < 0.10000 µg 
5229.2-2 Roblar Creek 06/13/08 Solid - Wet Weight Chlorophyll A & B < 0.10000 µg 
5229.2-3 DeLuz Creek 06/13/08 Solid - Wet Weight Chlorophyll A 6.80000 µg 
5229.2-3 DeLuz Creek 06/13/08 Solid - Wet Weight Chlorophyll B 0.80000 µg 
5229.2-3 DeLuz Creek 06/13/08 Solid - Wet Weight Chlorophyll A & B 7.60000 µg 
5229.2-4 SMR-Gorge 06/07/08 Solid - Wet Weight Chlorophyll A 2.70000 µg 
5229.2-4 SMR-Gorge 06/07/08 Solid - Wet Weight Chlorophyll B 0.40000 µg 
5229.2-4 SMR-Gorge 06/07/08 Solid - Wet Weight Chlorophyll A & B 3.10000 µg 
5229.2-5 SMR-FPUD Sump 06/10/08 Solid - Wet Weight Chlorophyll A 2.00000 µg 
5229.2-5 SMR-FPUD Sump 06/10/08 Solid - Wet Weight Chlorophyll B 0.70000 µg 
5229.2-5 SMR-FPUD Sump 06/10/08 Solid - Wet Weight Chlorophyll A & B 2.70000 µg 
              
5229.3-1 Sandia Creek 06/09/08 Solid - Wet Weight Sample Analyzed N/A grams 
5229.3-1 Sandia Creek 06/09/08 Solid - Wet Weight Weight - Dry Material 0.13200 grams 
5229.3-1 Sandia Creek 06/09/08 Solid - Wet Weight Ash-Free Dry Weight 0.00230 grams 
5229.3-2 Roblar Creek 06/13/08 Solid - Wet Weight Sample Analyzed N/A grams 
5229.3-2 Roblar Creek 06/13/08 Solid - Wet Weight Weight - Dry Material 0.12600 grams 
5229.3-2 Roblar Creek 06/13/08 Solid - Wet Weight Ash-Free Dry Weight 0.00110 grams 
5229.3-3 DeLuz Creek 06/13/08 Solid - Wet Weight Sample Analyzed N/A grams 
5229.3-3 DeLuz Creek 06/13/08 Solid - Wet Weight Weight - Dry Material 0.13100 grams 
5229.3-3 DeLuz Creek 06/13/08 Solid - Wet Weight Ash-Free Dry Weight 0.00240 grams 
5229.3-4 SMR-Gorge 06/07/08 Solid - Wet Weight Sample Analyzed N/A grams 
5229.3-4 SMR-Gorge 06/07/08 Solid - Wet Weight Weight - Dry Material 0.11800 grams 
5229.3-4 SMR-Gorge 06/07/08 Solid - Wet Weight Ash-Free Dry Weight 0.00130 grams 
5229.3-5 SMR-FPUD Sump 06/10/08 Solid - Wet Weight Sample Analyzed N/A grams 
5229.3-5 SMR-FPUD Sump 06/10/08 Solid - Wet Weight Weight - Dry Material 0.12800 grams 
5229.3-5 SMR-FPUD Sump 06/10/08 Solid - Wet Weight Ash-Free Dry Weight 0.00130 grams 
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TABLE L-16.  CHLOROPHYLL AND ASH-FREE DRY MASS FOR ALL SAMPLES, NOVEMBER 2008 


EcoA# 
Monitoring 


Location 
Collection 


Date Matrix Analyte 
Report 
Result 


Units 


5299.5-1 Sandia Creek 11/19/2008 Solid - Wet Weight Chlorophyll A 0.40000 µg 
5299.5-1 Sandia Creek 11/19/2008 Solid - Wet Weight Chlorophyll B 0.10000 µg 
5299.5-1 Sandia Creek 11/19/2008 Solid - Wet Weight Chlorophyll C < 0.10000 µg 
5299.5-1 Sandia Creek 11/19/2008 Solid - Wet Weight Pheophytin 1.00000 µg 
5299.5-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Chlorophyll A 2.40000 µg 
5299.5-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Chlorophyll B 0.60000 µg 
5299.5-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Chlorophyll C 0.40000 µg 
5299.5-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Pheophytin 3.80000 µg 
5299.5-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Chlorophyll A 44.50000 µg 
5299.5-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Chlorophyll B 0.10000 µg 
5299.5-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Chlorophyll C 2.00000 µg 
5299.5-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Pheophytin 12.20000 µg 
             
5299.6-1 Sandia Creek 11/19/2008 Solid - Wet Weight Sample Analyzed N/A grams 
5299.6-1 Sandia Creek 11/19/2008 Solid - Wet Weight Weight - Dry Material 0.14600 grams 
5299.6-1 Sandia Creek 11/19/2008 Solid - Wet Weight Ash-Free Dry Weight 0.00420 grams 
5299.6-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Sample Analyzed N/A grams 
5299.6-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Weight - Dry Material 0.14100 grams 
5299.6-2 SMR-Gorge 11/18/2008 Solid - Wet Weight Ash-Free Dry Weight 0.00460 grams 
5299.6-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Sample Analyzed N/A grams 
5299.6-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Weight - Dry Material 0.19900 grams 
5299.6-3 SMR-FPUD Sump 11/19/2008 Solid - Wet Weight Ash-Free Dry Weight 0.01540 grams 
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TABLE L-17.  CHLOROPHYLL AND ASH-FREE DRY MASS FOR ALL SAMPLES, JUNE 2009 


EcoA# 
Monitoring 


Location Collection Date Matrix Analyte Report Result Units 
5229.8-1 Roblar Creek 06/11/09 Solid - Wet Weight Chlorophyll A 3.40000 µg 
5229.8-1 Roblar Creek 06/11/09 Solid - Wet Weight Chlorophyll B 0.60000 µg 
5229.8-1 Roblar Creek 06/11/09 Solid - Wet Weight Chlorophyll A & B 4.00000 µg 
5229.8-2 SMR-Gorge 06/15/09 Solid - Wet Weight Chlorophyll A 6.60000 µg 
5229.8-2 SMR-Gorge 06/15/09 Solid - Wet Weight Chlorophyll B 1.20000 µg 
5229.8-2 SMR-Gorge 06/15/09 Solid - Wet Weight Chlorophyll A & B 7.80000 µg 
5229.8-3 SM- FPUD Sump 06/16/09 Solid - Wet Weight Chlorophyll A 8.70000 µg 
5229.8-3 SM- FPUD Sump 06/16/09 Solid - Wet Weight Chlorophyll B 0.50000 µg 
5229.8-3 SM- FPUD Sump 06/16/09 Solid - Wet Weight Chlorophyll A & B 9.10000 µg 
5229.8-4 De Luz Creek 06/12/09 Solid - Wet Weight Chlorophyll A NA µg 
5229.8-4 De Luz Creek 06/12/09 Solid - Wet Weight Chlorophyll B NA µg 
5229.8-4 De Luz Creek 06/12/09 Solid - Wet Weight Chlorophyll A & B NA µg 
5229.8-5 Sandia Creek 06/10/09 Solid - Wet Weight Chlorophyll A 4.70000 µg 
5229.8-5 Sandia Creek 06/10/09 Solid - Wet Weight Chlorophyll B 0.60000 µg 
5229.8-5 Sandia Creek 06/10/09 Solid - Wet Weight Chlorophyll A & B 5.30000 µg 
5229.8-6 SMR at Ysidora 06/11/09 Solid - Wet Weight Chlorophyll A 10.40000 µg 
5229.8-6 SMR at Ysidora 06/11/09 Solid - Wet Weight Chlorophyll B 4.90000 µg 
5229.8-6 SMR at Ysidora 06/11/09 Solid - Wet Weight Chlorophyll A & B 15.30000 µg 
5229.8-7 Roblar Creek 06/29/09 Solid - Wet Weight Chlorophyll A 2.20000 µg 
5229.8-7 Roblar Creek 06/29/09 Solid - Wet Weight Chlorophyll B 0.40000 µg 
5229.8-7 Roblar Creek 06/29/09 Solid - Wet Weight Chlorophyll A & B 2.50000 µg 
5229.8-8 SMR-Gorge 06/30/09 Solid - Wet Weight Chlorophyll A 6.40000 µg 
5229.8-8 SMR-Gorge 06/30/09 Solid - Wet Weight Chlorophyll B 0.70000 µg 
5229.8-8 SMR-Gorge 06/30/09 Solid - Wet Weight Chlorophyll A & B 7.10000 µg 
5229.8-9 SMR-Gorge 06/30/09 Solid - Wet Weight Chlorophyll A 6.70000 µg 
5229.8-9 SMR-Gorge 06/30/09 Solid - Wet Weight Chlorophyll B 1.30000 µg 
5229.8-9 SMR-Gorge 06/30/09 Solid - Wet Weight Chlorophyll A & B 8.00000 µg 
5229.8-10 De Luz Creek 06/30/09 Solid - Wet Weight Chlorophyll A 8.30000 µg 
5229.8-10 De Luz Creek 06/30/09 Solid - Wet Weight Chlorophyll B 0.90000 µg 
5229.8-10 De Luz Creek 06/30/09 Solid - Wet Weight Chlorophyll A & B 9.20000 µg 
5229.8-11 SMR at Ysidora 06/29/09 Solid - Wet Weight Chlorophyll A 0.80000 µg 
5229.8-11 SMR at Ysidora 06/29/09 Solid - Wet Weight Chlorophyll B 0.20000 µg 
5229.8-11 SMR at Ysidora 06/29/09 Solid - Wet Weight Chlorophyll A & B 1.00000 µg 
       
5229.9-1 Roblar Creek 06/11/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-1 Roblar Creek 06/11/09 Solid - Wet Weight Weight - Dry Material 0.14500 grams 
5229.9-1 Roblar Creek 06/11/09 Solid - Wet Weight Ash-Free Dry Weight 0.00250 grams 
5229.9-2 SMR-Gorge 06/15/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-2 SMR-Gorge 06/15/09 Solid - Wet Weight Weight - Dry Material 0.13400 grams 
5229.9-2 SMR-Gorge 06/15/09 Solid - Wet Weight Ash-Free Dry Weight 0.00380 grams 
5229.9-3 SM- FPUD Sump 06/16/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-3 SM- FPUD Sump 06/16/09 Solid - Wet Weight Weight - Dry Material 0.13800 grams 
5229.9-3 SM- FPUD Sump 06/16/09 Solid - Wet Weight Ash-Free Dry Weight 0.00230 grams 
5229.9-4 De Luz Creek 06/12/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-4 De Luz Creek 06/12/09 Solid - Wet Weight Weight - Dry Material 0.13000 grams 
5229.9-4 De Luz Creek 06/12/09 Solid - Wet Weight Ash-Free Dry Weight 0.00150 grams 


Continued on next page… 
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EcoA# 
Monitoring 


Location Collection Date Matrix Analyte Report Result Units 
5229.9-5 Sandia Creek 06/10/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-5 Sandia Creek 06/10/09 Solid - Wet Weight Weight - Dry Material 0.16600 grams 
5229.9-5 Sandia Creek 06/10/09 Solid - Wet Weight Ash-Free Dry Weight 0.00540 grams 
5229.9-6 SMR at Ysidora 06/11/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-6 SMR at Ysidora 06/11/09 Solid - Wet Weight Weight - Dry Material 0.13800 grams 
5229.9-6 SMR at Ysidora 06/11/09 Solid - Wet Weight Ash-Free Dry Weight 0.00440 grams 
5229.9-7 Roblar Creek 06/29/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-7 Roblar Creek 06/29/09 Solid - Wet Weight Weight - Dry Material 0.14100 grams 
5229.9-7 Roblar Creek 06/29/09 Solid - Wet Weight Ash-Free Dry Weight 0.00420 grams 
5229.9-8 SMR-Gorge 06/30/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-8 SMR-Gorge 06/30/09 Solid - Wet Weight Weight - Dry Material 0.13600 grams 
5229.9-8 SMR-Gorge 06/30/09 Solid - Wet Weight Ash-Free Dry Weight 0.00290 grams 
5229.9-9 SM- FPUD Sump 06/30/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-9 SM- FPUD Sump 06/30/09 Solid - Wet Weight Weight - Dry Material 0.15500 grams 
5229.9-9 SM- FPUD Sump 06/30/09 Solid - Wet Weight Ash-Free Dry Weight 0.00530 grams 
5229.9-10 De Luz Creek 06/30/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-10 De Luz Creek 06/30/09 Solid - Wet Weight Weight - Dry Material 0.15000 grams 
5229.9-10 De Luz Creek 06/30/09 Solid - Wet Weight Ash-Free Dry Weight 0.00540 grams 
5229.9-11 SMR at Ysidora 06/29/09 Solid - Wet Weight Sample Analyzed N/A grams 
5229.9-11 SMR at Ysidora 06/29/09 Solid - Wet Weight Weight - Dry Material 0.13000 grams 
5229.9-11 SMR at Ysidora 06/29/09 Solid - Wet Weight Ash-Free Dry Weight 0.00170 grams 
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TABLE L-18.  CHLOROPHYLL AND ASH-FREE DRY MASS FOR ALL SAMPLES, SEPTEMBER 2009 


EcoA# 
Monitoring 


Location 
Collection 


Date Matrix Analyte 
Report 
Result 


Unit 


5229.11-1 SMR-Gorge 9/13/2009 Solid - Wet Weight Chlorophyll A 8.00000 µg 
5229.11-1 SMR-Gorge 9/13/2009 Solid - Wet Weight Chlorophyll B 0.20000 µg 
5229.11-1 SMR-Gorge 9/13/2009 Solid - Wet Weight Chlorophyll A & B 8.20000 µg 
5229.11-2 SMR at FPUD Sump 9/13/2009 Solid - Wet Weight Chlorophyll A 17.60000 µg 
5229.11-2 SMR at FPUD Sump 9/13/2009 Solid - Wet Weight Chlorophyll B < 0.10000 µg 
5229.11-2 SMR at FPUD Sump 9/13/2009 Solid - Wet Weight Chlorophyll A & B 17.60000 µg 
5229.11-3 Sandia Creek 9/13/2009 Solid - Wet Weight Chlorophyll A 2.60000 µg 
5229.11-3 Sandia Creek 9/13/2009 Solid - Wet Weight Chlorophyll B < 0.10000 µg 
5229.11-3 Sandia Creek 9/13/2009 Solid - Wet Weight Chlorophyll A & B 2.60000 µg 
5229.11-4 SMR-Gorge 9/21/2009 Solid - Wet Weight Chlorophyll A 19.40000 µg 
5229.11-4 SMR-Gorge 9/21/2009 Solid - Wet Weight Chlorophyll B 1.30000 µg 
5229.11-4 SMR-Gorge 9/21/2009 Solid - Wet Weight Chlorophyll A & B 20.70000 µg 
5229.11-5 SMR at FPUD Sump 9/21/2009 Solid - Wet Weight Chlorophyll A 31.40000 µg 
5229.11-5 SMR at FPUD Sump 9/21/2009 Solid - Wet Weight Chlorophyll B < 0.10000 µg 
5229.11-5 SMR at FPUD Sump 9/21/2009 Solid - Wet Weight Chlorophyll A & B 31.40000 µg 
5229.11-6 Sandia Creek 9/21/2009 Solid - Wet Weight Chlorophyll A 6.00000 µg 
5229.11-6 Sandia Creek 9/21/2009 Solid - Wet Weight Chlorophyll B < 0.10000 µg 
5229.11-6 Sandia Creek 9/21/2009 Solid - Wet Weight Chlorophyll A & B 6.00000 µg 
       
5229.12-1 SMR-Gorge 9/13/2009 Solid - Wet Weight Sample Analyzed N/A grams 
5229.12-1 SMR-Gorge 9/13/2009 Solid - Wet Weight Weight - Dry Material 0.13900 grams 
5229.12-1 SMR-Gorge 9/13/2009 Solid - Wet Weight Ash-Free Dry Weight 0.00330 grams 
5229.12-2 SMR at FPUD Sump 9/13/2009 Solid - Wet Weight Sample Analyzed N/A grams 
5229.12-2 SMR at FPUD Sump 9/13/2009 Solid - Wet Weight Weight - Dry Material 0.15500 grams 
5229.12-2 SMR at FPUD Sump 9/13/2009 Solid - Wet Weight Ash-Free Dry Weight 0.00660 grams 
5229.12-3 Sandia Creek 9/13/2009 Solid - Wet Weight Sample Analyzed N/A grams 
5229.12-3 Sandia Creek 9/13/2009 Solid - Wet Weight Weight - Dry Material 0.14300 grams 
5229.12-3 Sandia Creek 9/13/2009 Solid - Wet Weight Ash-Free Dry Weight 0.00420 grams 
5229.12-4 SMR-Gorge 9/21/2009 Solid - Wet Weight Sample Analyzed N/A grams 
5229.12-4 SMR-Gorge 9/21/2009 Solid - Wet Weight Weight - Dry Material 0.18800 grams 
5229.12-4 SMR-Gorge 9/21/2009 Solid - Wet Weight Ash-Free Dry Weight 0.01300 grams 
5229.12-5 SMR at FPUD Sump 9/21/2009 Solid - Wet Weight Sample Analyzed N/A grams 
5229.12-5 SMR at FPUD Sump 9/21/2009 Solid - Wet Weight Weight - Dry Material 0.18200 grams 
5229.12-5 SMR at FPUD Sump 9/21/2009 Solid - Wet Weight Ash-Free Dry Weight 0.01130 grams 
5229.12-6 Sandia Creek 9/21/2009 Solid - Wet Weight Sample Analyzed N/A grams 
5229.12-6 Sandia Creek 9/21/2009 Solid - Wet Weight Weight - Dry Material 0.14800 grams 
5229.12-6 Sandia Creek 9/21/2009 Solid - Wet Weight Ash-Free Dry Weight 0.00510 grams 
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Riparian Vegetation and Macrophyton Analysis 


The Santa Margarita River watershed is one of the last remaining continuous river systems in 
Southern California, free of obstructions and man-made dams (Anchor, 2005).  The river supports 
many native plants, restricted to riparian habitats.  The threatened or endangered vascular plant species 
known to occur in SMRW include those listed in Table J-19.   


 


TABLE L-19.  LIST OF THREATENED OR ENDANGERED VASCULAR PLANTS KNOWN TO OCCUR 
WITHIN THE SANTA MARGARITA RIVER WATERSHED (ANCHOR, 2005).  


Species Name  Common Name  
Allium munzii  Munz’s onion  
Ambrosia pumila San Diego Ambrosia  
Berberis nevinii Nevin’s barberry  
Brodiaea filfolia  Three-leaved brodiaea  
Ceanothus ophiochilus  Vail Lake Ceanothus  
Deinandra mohavensis  Mojave Tarplant  
Dodecahema leptoceras  Slender-horned spineflower  
Eryngium aristulatum var. parishii) San Diego button celery  
Limnanthus   
gracilis ssp. parishii  Parish’s meadowfoam  
Navarretia fossalis  Spreading Navarretia  
Orcuttia californica  California orcut grass  


 


The analysis evaluated the vegetation currently growing directly in and immediately 
surrounding the river, through estimating percent cover of vegetation at 6 different sites throughout the 
watershed.  Additionally, plants will be collected, and processed into herbarium voucher specimens to 
formally document species occurring in watershed, concentrating on invasive and non-native species 
that pose a threat to native estuary vegetation still intact along the river.  The specimens are deposited 
in the San Diego State Herbarium, with duplicated deposited in the San Diego Natural History 
Museum Herbarium as part of the San Diego County Plant Atlas project.  Both Herbariums are 
internationally recognized and are members of the California Consortium of Herbaria.  This 
consortium places data from specimen labels online, available to researchers and the public.  
Information from this large database is currently being used in studies to document climate change and 
the affect it may have on the flora of California (Loarie et al, 2008).    Specimens collected in this 
survey will contribute to the growing knowledge of California flora, especially in riparian habitat.  Six 
sites were surveyed using the protocols outlined above.  Tables with percent cover for each species in 
each quadrat will be included in future reports.   
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At site one, Santa Margarita River at FPUD Sump near Fallbrook (FPUD Sump), 40 species 
were found.  The most common species included the tree Salix lasiolepis , shrub Baccharis salicifolia, 
monocots Schoenoplectus pungens, Typha domingensis, and perennial Melilotus albus, and annual   
Xanthium.  This site was sandy- bottomed, with very wide riverbanks.  Many common aquatic 
emergent Monocots dominated the vegetation in and around the river.  They are all native to Southern 
California riparian areas, as are Baccharis salicifolia and Salix lasiolepis.  This site was free of most 
non-natives, with the major exceptions being Melilotus albus, Ricinus communi, Conium maculatum 
and Xanthium strumarium..       


At site 2, Sandia Creek, the creek was largely lined with rocks.  A dense tree canopy, with little 
sun exposure, covered the vegetation in and around the creek. The tree species present at this site 
included the common riparian species, Salix lasiolepis, additionally, Platanus racemosa, Quercus 
agrifolia, and Populus fremontii. Additionally, there were several Eucalyptus sp.  trees outside the 
boundary of the 5m quadrats.  Dense vines covered many of these trees consisting of two species, 
Vitus girdaiana, and Rubus ursinus, which are both natives. The perennial Epilobium ciliatum was 
frequently growing within 1m of the water.   Also, the common Baccharis salicifolia was present at 
this site.   The invasive species at this site are known to be some of the most harmful invasive species 
present in San Diego Co, including Arundo donax and Tamarix sp.  The individuals seen at this site 
were small, young individuals. Other non-natives at this site were Cyperus involucratus.  


Site 3 was the Santa Margarita River near Temecula (Gorge).  This is similar to site 1, in which 
the river is largely sandy-bottom, leading the water to be calm and wide.  There were many fewer trees 
at this site, with emergent monocots dominating the vegetation in the river, including Typha 
domingensis, Schoenoplectus acutus, and Schoenoplectus pungens.  Two species of shrubs, Baccharis 
salicifolia and Salix exigua were common between 2-10m of the wetted bank.  Ambrosia psilostachya 
were common throughout the open, sandy areas 3-5m away from the river’s edge.  The dominant non-
natives common at this site was Melilotus albus and Xanthium strumarium. 


The fourth site surveyed was De Luz Creek at De Luz.  This site was extremely dry when 
surveyed, the width being just 0.5m, and much of the water stagnant.  Many private properties come 
right up to the river at this site, and as such there are many non- natives dominating the vegetation.  
These non-native species include: Veronica anagallis-aquatica, Cyperus involucratus, and Polypogon 
monspeliensis, and Xanthium strumarium..  Common native perennials were Epilobium ciliatum ssp. 
ciliatum, Polygonum amphibium var. emersum, and the shrub Baccharis salicifolia.  


Site 5, Devil’s Creek is located on Santa Margarita Ecological Reserve.  This site is a heavily 
wooded riparian habitat.  The creek in this area is mostly lined with exposed rock and deep leaf litter.  
Leaf litter is roughly 0.25m deep on either side of the creek.  The common trees at this site consisted 
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of Salix lasiolepis, and Populus fremontii. Vines form the dominant vegetation cover in the under story 
at this site, including Vitus girdiana, Rubus ursinus, and Toxicodendron diversilobum.  The main 
emergent moncot growing was Typha domingensis.  This site had an old service road running parallel 
to the creek for most of the length of the sampling site.  There were many invasive grass species, 
beyond the boundaries of the quadrats, such as Bromus madritensis, Bromus diandrus, and Avena 
barbata.  Additionally, this site had some chaparral species growing very close to the creek, including 
Rhus ovata.   


The sixth and final site sampled was also on Santa Margarita Ecological Reserve, along the 
Santa Margarita River at the MWD Crossing.  This site has a largely sandy bottom, with large 
boulders on either side of the water, as well as some large rocks directly in the middle of the river.  
There is greater change in elevation at this site, compared to other survey site.  The two dominant 
species at this site are Baccharis salicifolia and Salix exigua.  Dense stands of emergent monocots line 
both sides of the river, and were seen at most of the other sites, including Typha domingensis, 
Schoenoplectus acutus and Schoenoplectus pungens.  


A total of 120 herbarium specimens were made and deposited in the San Diego State 
University Herbarium.  All invasive and non-natives were collected to document possible threats to the 
Santa Margarita River watershed. About 50 duplicates of these specimens were also created, and will 
be deposited at San Diego Natural History Museum as part of the San Diego County Plant Atlas 
project.  Tables listing all species collected in this survey will be included in future reports.  A total of 
approximately 60 species were documented at each of the six sites, with additional species collected at 
sites that could not be surveyed because no water was present in late August when surveys were 
attempted.  The data collected shows that many of the sites on the Santa Margarita River watershed are 
surprisingly free of invasive and non-native species.  However, some sites surveyed do show some 
highly invasive species, including two species CNPS rates in the top ten of the worst non-natives in 
California, including Arundo donax and Tamarix sp at Sandia Creek. This site should be monitored for 
spread of the invasive species documented.  
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Comparison was made to determine whether or not sample sets were statistically greater 
than or less than one another.  Tables M-1 through M-4 present the basic statistics and analysis 
of variance (ANOVA) results for historical data compiled for the Santa Margarita River near 
Temecula and Santa Margarita River at FPUD Sump near Fallbrook sites.  ANOVA single factor 
analysis was run comparing two sample sets at a time, CWRMA data sets with each of the other 
historical periods (Pre-CWRMA, Pre-Live Stream Discharge, and Pre-Flow Augmentation).  P-
values of 0.05 or less are indicative of sample sets that are significantly different from one 
another.  The lower the P-value, the more statistically significant is the variance.   
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TABLE M-1. CWRMA PERIOD WATER QUALITY ANALYSIS OF VARIANCE WITH HISTORICAL 
WATER QUALITY – SANTA MARGARITA RIVER NEAR TEMECULA 


 


 
Pre-Flow 


Augmentation 
(Prior to 1989) 


Pre-Live Stream 
Discharge 


(Prior to 1998) 


Pre-CWRMA 
(Prior to 2003) 


Analyte P-value Different P-value Different P-value Different 
TDS 0.06 No 0.00 Yes 0.01 Yes 
Specific 
Conductance 0.22 No 0.10 No 0.21 No 


Nitrate as N 0.00 Yes 0.00 Yes 0.01 Yes 
Nitrite as N NA No data 0.31 No 0.02 Yes 


Ammonia as N NA No data 0.52 Limited 
data 0.41 No 


Total Kjeldahl 
Nitrogen as N NA No Data 0.12 No 0.33 No 


Total Nitrogen NA Insufficient 
Data 0.00 Yes 0.14 No 


Orthophosphate 
as P NA No data 0.17 No 0.17 No 


Total 
Phosphorus* NA Insufficient 


Data 0.00 Yes 0.05 Yes 


Sulfate NA Insufficient 
Data 0.63 No 0.62 No 


pH NA Insufficient 
Data 0.08 No 0.36 No 


Manganese NA Insufficient 
Data 0.08 No 0.18 No 


Iron NA Insufficient 
Data 0.44 No 0.30 No 


 Notes:  Total Phosphorus analysis includes historical Total Phosphate as P values. 
  NA – Not Applicable.  Insufficient or no data for analysis. 
  No Data – No sampling data was available for this period to run analysis. 
  Limited Data – Analysis was run, however the sample size is limited. 


    Insufficient Data – The sample size is limited to the extent to compromise analysis. 
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TABLE M-2. CWRMA PERIOD WATER QUALITY ANALYSIS OF VARIANCE WITH HISTORICAL 
WATER QUALITY – SANTA MARGARITA RIVER NEAR AT FPUD SUMP NEAR FALLBROOK 


 
Pre-Flow 


Augmentation 
(Prior to 1989) 


Pre-Live Stream 
Discharge 


(Prior to 1998) 


Pre-CWRMA 
(Prior to 2003) Analyte 


P-value Different P-value Different P-value Different 
TDS 0.38 No 0.46 No 0.45 No 
Specific 
Conductance 0.21 No 0.01 Yes 0.00 Yes 


Nitrate as N 0.22 No 0.12 No 0.08 No 
Nitrite as N NA No Data 0.00 Yes 0.00 Yes 
Ammonia as N NA No Data 0.00 Yes 0.00 Yes 
Total Kjeldahl 
Nitrogen as N NA No Data 0.45 No 0.45 No 


Total Nitrogen NA Insufficient 
Data 0.17 No 0.49 No 


Orthophosphate 
as P NA No Data 0.07 No 0.97 No 


Total 
Phosphorus* 0.00 Yes 0.01 Yes 0.02 Yes 


Sulfate 0.00 Yes 0.00 Yes 0.00 Yes 
pH 0.20 No 0.04 Yes 0.02 Yes 


Manganese NA Insufficient 
Data NA Insufficient 


Data NA Insufficient 
Data 


Iron NA Insufficient 
Data NA Insufficient 


Data NA Insufficient 
Data 


 Notes:  Total Phosphorus analysis includes historical Total Phosphate as P values. 
  NA – Not Applicable. Insufficient or no data for analysis. 
  No Data – No sampling data was available for this period to run analysis. 
  Limited Data – Analysis was run however the sample size is limited. 


    Insufficient Data – The sample size is limited to the extent to compromise analysis. 
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TABLE M-3. HISTORICAL WATER QUALITY COMPARISON – SANTA MARGARITA RIVER NEAR TEMECULA 


Constituent Statistics Period of 
Record 


Pre-Flow 
Augmentation 


Pre-Live 
Stream 


Discharge 


Live Stream 
Discharge CWRMA 


Date Range 1966 - 2009 1966-1988 1966-1997 1998-2002 2003-2009 
Average 699 714 728 655 615 
Min 200 390 245 240 200 
Max 1108 1108 1108 880 900 
Median 710 723 732 680 630 
Standard Deviation 141 157 136 122 212 


  
To


ta
l D


is
so


lv
ed


 
So


lid
s (


m
g/


L)
 


   


Number of Samples 405 34 254 132 19 
Date Range 1968 - 2009 1968-1988 1968-1997 1998-2002 2003-2009 
Average 941 1025 1006 972 912 
Min 120 790 654 190 120 
Max 1600 1205 1205 1380 1600 
Median 965 1050 1050 987 923 
Standard Deviation 292 137 133 351 299 


  
Sp


ec
ifi


c 
C


on
du


ct
an


ce
 


(μ
S/


cm
) 


  


Number of Samples 147 11 29 42 76 
Date Range 1968 - 2009 1968-1988 1968-1997 1998-2002 2003-2009 
Average 1.32 1.88 1.70 0.47 0.54 
Min 0.00 0.00 0.00 0.00 0.13 
Max 15.00 9.00 15.00 2.70 1.90 
Median 0.81 1.00 1.00 0.20 0.36 
Standard Deviation 1.95 2.32 2.22 0.53 0.41 


   
N


itr
at


e 
as


 N
 


(m
g/


L)
 


  


Number of Samples 387 19 267 80 40 
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Constituent Statistics Period of 
Record 


Pre-Flow 
Augmentation 


Pre-Live 
Stream 


Discharge 


Live Stream 
Discharge CWRMA 


Date Range 1997 - 2009 NA 1997.00 1998-2002 2003-2009 
Average 0.05 NA 0.02 0.09 0.04 
Min 0.00 NA 0.01 0.00 0.00 
Max 0.12 NA 0.10 0.10 0.12 
Median 0.03 NA 0.01 0.10 0.00 
Standard Deviation 0.05 NA 0.03 0.03 0.05 


   
N


itr
ite


 a
s N


 
(m


g/
L)


 
  


Number of Samples 72 NA 13 20 39 
Date Range 1997 - 2009 NA 1997.00 1998-2002 2003-2009 
Average 0.14 NA 0.16 0.16 0.12 
Min 0.00 NA 0.05 0.00 0.00 
Max 1.00 NA 0.88 0.70 1.00 
Median 0.10 NA 0.10 0.10 0.07 
Standard Deviation 0.19 NA 0.23 0.15 0.19 


   
A


m
m


on
ia


 a
s N


 
(m


g/
L)


 
  


Number of Samples 70 NA 13 18 39 
Date Range 1997 - 2009 NA 1997.00 1998-2002 2003-2009 
Average 0.64 NA 0.30 1.07 0.57 
Min 0.00 NA 0.10 0.20 0.00 
Max 3.70 NA 0.88 3.70 2.40 
Median 0.47 NA 0.22 0.80 0.46 
Standard Deviation 0.68 NA 0.25 0.86 0.61 


  
To


ta
l K


je
ld


ah
l 


N
itr


og
en


 a
s N


 
(m


g/
L)


 
  


Number of Samples 69 NA 13 17 39 
Date Range 1983 - 2009 1983-1988 1983-1997 1998-2002 2003-2009 
Average 1.26 0.54 1.97 1.21 1.07 
Min 0.00 0.30 0.30 0.00 0.20 
Max 4.20 0.68 3.59 4.20 2.90 
Median 1.00 0.58 2.07 1.00 0.90 
Standard Deviation 0.85 0.15 1.13 0.76 0.79 


   
To


ta
l N


itr
og


en
 


(m
g/


L)
 


  


Number of Samples 179 5 19 125 35 
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Constituent Statistics Period of 
Record 


Pre-Flow 
Augmentation 


Pre-Live 
Stream 


Discharge 


Live Stream 
Discharge CWRMA 


Date Range 1997 - 2009 NA 1997.00 1998-2002 2003-2009 
Average 0.10 NA 0.17 NA 0.07 
Min 0.00 NA 0.04 NA 0.00 
Max 1.20 NA 1.20 NA 0.38 
Median 0.04 NA 0.06 NA 0.03 
Standard Deviation 0.20 NA 0.32 NA 0.10 


   
O


rth
op


ho
sp


ha
te


 
as


 P
 (m


g/
L)


 
  


Number of Samples 41 NA 13 NA 28 
Date Range 1983 - 2009 1983-1988 1983-1997 1998-2002 2003-2009 
Average 0.37 0.89 0.76 0.32 0.19 
Min 0.00 0.20 0.03 0.00 0.00 
Max 5.00 1.93 3.40 5.00 1.10 
Median 0.20 0.54 0.47 0.20 0.08 
Standard Deviation 0.57 0.71 0.77 0.53 0.27 


  
To


ta
l 


Ph
os


ph
or


us
* 


(m
g/


L)
 


  


Number of Samples 201 5 33 129 39 
Date Range 1986 - 2009 1986-1988 1986-1997 1998-2002 2003-2009 
Average 133.56 113.75 129.31 131.57 138.57 
Min 17.00 105.00 66.00 17.00 19.00 
Max 299.00 122.00 216.00 273.00 299.00 
Median 135.00 114.00 118.50 137.50 154.00 
Standard Deviation 59.00 6.99 43.18 63.27 63.78 


  
Su


lfa
te


 (m
g/


L)
 


   


Number of Samples 65 4 14 28 23 
Date Range 1968 - 2009 1968-1988 1968 - 1997 1998-2002 2003-2009 
Average 7.89 7.78 7.79 7.92 7.91 
Min 6.90 7.50 7.32 7.30 6.90 
Max 9.10 8.00 8.49 9.07 9.10 
Median 7.87 7.80 7.74 7.90 7.91 
Standard Deviation  0.35 0.24 0.25 0.34 0.39 


   pH
    


Number of Samples 152 4 35 40 77 
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Constituent Statistics Period of 
Record 


Pre-Flow 
Augmentation 


Pre-Live 
Stream 


Discharge 


Live Stream 
Discharge CWRMA 


Date Range 1988 - 2009 1988.00 1988-1997 1998-2002 2003-2009 
Average 0.09 0.15 0.14 0.07 0.06 
Min 0.01 0.09 0.01 0.02 0.01 
Max 0.48 0.20 0.48 0.12 0.24 
Median 0.06 0.15 0.10 0.07 0.03 
Standard Deviation  0.10 NA 0.13 0.04 0.08 


   
M


an
ga


ne
se


 
(m


g/
L)


 
  


Number of Samples 34 2 12 10 12 
Date Range 1973 - 2009 1973-1988 1973-1997 1998-2002 2003-2009 
Average 0.43 0.66 0.44 0.63 0.16 
Min 0.00 0.03 0.01 0.00 0.01 
Max 3.46 1.70 3.00 3.46 0.38 
Median 0.11 0.25 0.03 0.17 0.10 
Standard Deviation 0.84 NA 0.89 1.08 0.13 


   
Ir


on
 (m


g/
L)


 
   


Number of Samples 31 3 13 10 8 
  Note:  Analysis of Total Phosphorus included historical Total Phosphate as P values. 
   NA – Insufficient data to calculate statistics.  
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TABLE M-4. HISTORICAL WATER QUALITY COMPARISON – SANTA MARGARITA RIVER AT FPUD SUMP NEAR FALLBROOK 


  
  


Period of 
Record 


Pre-Flow 
Augmentation 
(Before 1989) 


Pre-Live 
Stream 


Discharge 
(Before 
1998) 


Live Stream 
Discharge 


(1998 -2002) 
CWRMA 


(After 2002) 
Date Range  1951 - 2009 1951 - 1988 1951 - 1997 1951 - 2000 2007 - 2009 
Average 807 800 804 795 829 
Min 92 92 92 538 525 
Max 1140 1106 1106 1010 1140 
Median 826 816 826 786 830 
Standard Deviation 148 153 152 155 124 


    
To


ta
l D


is
so


lv
ed


 
So


lid
s (


m
g/


L)
 


        


Number of Samples 175 123 146 6 23 
Date Range  1951 - 2009 1951 - 1988 1951 - 1997 1951 - 2000 2003 - 2009 
Average 1271 1222 1267 1347 1183 
Min 170 170 170 809.763 700 
Max 2127 2127 2127 1620 1624 
Median 1280 1230 1280 1352.86 1180 
Standard Deviation 215 202 219 181 185 


      
Sp


ec
ifi


c 
C


on
du


ct
an


ce
 


(μ
S/


cm
) 


    


Number of Samples 600 390 473 80 47 
Date Range  1951 - 2009 1951 - 1988 1951 - 1997 1998 - 2000 2003 - 2009 
Average 6.90 6.13 6.80 10.25 1.67 
Min 0.00 0.00 0.00 0.00 0.26 
Max 143.00 143.00 143.00 24.50 5.92 
Median 2.20 1.00 2.00 10.70 1.24 
Standard Deviation 15.43 18.30 16.30 3.46 1.55 


      
N


itr
at


e 
as


 N
 (m


g/
L)


 
     


Number of Samples 720 492 637 58 25 
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Period of 
Record 


Pre-Flow 
Augmentation 
(Before 1989) 


Pre-Live 
Stream 


Discharge 
(Before 
1998) 


Live Stream 
Discharge 


(1998 -2002) 
CWRMA 


(After 2002) 
Date Range  1983 - 2009 1983 - 1983 1983 - 1997 1999 - 1999 2007 - 2009 
Average 0.01 NA 0.02 0.00 0.00 
Min 0.00 0.01 0.01 0.00 0.00 
Max 0.04 0.01 0.04 0.00 0.02 
Median 0.00 NA 0.01 0.00 0.00 
Standard Deviation 0.01 NA 0.01 0.00 0.01 


      
N


itr
ite


 a
s N


 (m
g/


L)
 


      


Number of Samples 40 1 14 2 24 
Date Range  1997 - 2009 NA 1997 - 1997 NA 2007 - 2009 
Average 0.06 NA 0.11 NA 0.04 
Min 0.00 NA 0.05 NA 0.00 
Max 0.28 NA 0.28 NA 0.17 
Median 0.05 NA 0.10 NA 0.03 
Standard Deviation 0.06 NA 0.06 NA 0.05 


      
A


m
m


on
ia


 a
s N


 
(m


g/
L)


 
      


Number of Samples 37 0 13 0 24 
Date Range  1997 - 2009 NA 1997 - 1997 NA 2007 - 2009 
Average 0.46 NA 0.59 NA 0.39 
Min 0.00 NA 0.05 NA 0.00 
Max 4.41 NA 4.41 NA 1.76 
Median 0.26 NA 0.28 NA 0.26 
Standard Deviation 0.74 NA 1.15 NA 0.38 


    
To


ta
l K


je
ld


ah
l 


N
itr


og
en


 a
s N


 
(m


g/
L)


 
      


Number of Samples 37 0 13 0 24 
Date Range  1983 - 2009 1983 - 1985 1983 - 1997 1998 - 2000 2007 - 2009 
Average 2.27 0.33 2.96 0.65 2.06 
Min 0.09 0.13 0.13 0.09 0.26 
Max 8.34 0.47 8.34 1.36 6.73 
Median 1.49 0.39 2.72 0.59 1.49 
Standard Deviation 2.10 0.14 2.46 0.46 1.79 


      
To


ta
l N


itr
og


en
 


(m
g/


L)
 


      


Number of Samples 48 5 19 5 24 
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Period of 
Record 


Pre-Flow 
Augmentation 
(Before 1989) 


Pre-Live 
Stream 


Discharge 
(Before 
1998) 


Live Stream 
Discharge 


(1998 -2002) 
CWRMA 


(After 2002) 
Date Range  1997 - 2009 NA 1997 - 1997 1998 - 1999 2007 - 2009 
Average 0.25 NA 0.13 0.38 0.05 
Min 0.00 NA 0.02 0.23 0.00 
Max 0.75 NA 0.75 0.67 0.31 
Median 0.29 NA 0.08 0.36 0.01 
Standard Deviation 0.19 NA 0.19 0.10 0.08 


      
O


rth
op


ho
sp


ha
te


 a
s 


P 
(m


g/
L)


 
      


Number of Samples 89 0 13 52 24 
Date Range  1948 - 2009 1948 - 1988 1948 - 1997 1998 - 2000 2007 - 2009 
Average 0.57 0.72 0.62 0.16 0.09 
Min 0.00 0.00 0.00 0.00 0.00 
Max 8.28 8.28 8.28 0.48 0.67 
Median 0.31 0.26 0.33 0.12 0.03 
Standard Deviation 0.91 1.15 0.94 0.17 0.16 


      
To


ta
l P


ho
sp


ho
ru


s*
 


(m
g/


L)
 


      


Number of Samples 321 184 287 10 24 
Date Range  1961 - 2009 1961 - 1988 1961 - 1993 1999 - 2000 2007 - 2009 
Average 205 200 202 219 258 
Min 29 29 29 117 206 
Max 350 350 350 285 305 
Median 204 197 200 227 263 
Standard Deviation 50 48 49 56 39 


    
Su


lfa
te


 (m
g/


L)
 


      
  Number of Samples 65 185 192 6 8 


Date Range  1951 - 1980 1951 - 1988 1951 - 1997 1998 - 2000 2003 - 2009 
Average 7.9 7.9 7.9 8.0 7.8 
Min 6.1 6.1 6.1 7.3 7.2 
Max 8.8 8.8 8.8 8.4 8.2 
Median 8.0 7.9 8.0 8.0 7.7 
Standard Deviation  0.3 0.4 0.4 0.2 0.3 


      pH
 


      


Number of Samples 404 232 321 58 25 
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Period of 
Record 


Pre-Flow 
Augmentation 
(Before 1989) 


Pre-Live 
Stream 


Discharge 
(Before 
1998) 


Live Stream 
Discharge 


(1998 -2002) 
CWRMA 


(After 2002) 
Date Range  1965 - 2009 1965 - 1988 1965 - 1997 1998 - 2000 2007 - 2009 
Average 0.125 0.136 0.133 0.051 0.027 
Min 0.000 0.000 0.000 0.020 0.000 
Max 1.590 1.590 1.590 0.143 0.047 
Median 0.060 0.060 0.060 0.040 0.029 
Standard Deviation  0.233 0.247 0.242 0.037 0.014 


      
M


an
ga


ne
se


 (m
g/


L)
 


      


Number of Samples 209 182 191 10 8 
Date Range  1961 - 2009 1961 - 1988 1961 - 1997 1961 - 2000 2007 - 2009 
Average 1.827 2.006 1.968 0.366 0.245 
Min 0.000 0.000 0.000 0.000 0.086 
Max 59.000 59.000 59.000 1.480 0.610 
Median 0.250 0.327 0.300 0.097 0.218 
Standard Deviation 5.750 6.095 5.991 0.535 0.159 


      
Ir


on
 (m


g/
L)


 
      


Number of Samples 212 185 194 10 8 
  Note:  Analysis of Total Phosphorus included historical Total Phosphate as P values. 
   NA – Insufficient data to calculate statistics.  
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Figures M-1 through M-26 shows historical water quality data for nutrients and the 303d 
listed constituents, at SMR near Temecula and SMR at FPUD Sump. No additional analysis 
beyond that which was completed for the analysis of CWRMA. In general it is apparent that 
nitrate and total phosphorus concentrations at these two sites had been the greatest during the 
period of the 1980s through the 1990s. The historic data shows that manganese and iron 
concentrations have consistently exceed the current Basin Plan (BP) objectives. Historical sulfate 
concentrations have generally been below the BP objective at the SMR near Temecula, but have 
been consistently over at the SMR at FPUD Sump location.  


Since the period of CWRMA augmentation concentrations of all nutrient constituents, 
TDS, iron, and manganese have remained relatively low compared with the historical 
concentrations and sulfate concentrations have remained within the same range of historical 
concentrations.  
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The assimilative capacity of a water body is its ability to cleanse itself, to receive waste waters or 
toxic materials without deleterious effects or damage to aquatic life.  A water body’s assimilative capacity   
relates to the ability of its plants to take up and transform nutrients.  The rationale for a mass-balance 
approach to calculating assimilative capacity is the assumption that if a stream is being loaded with 
excessive amounts of the nutrients, a portion of those nutrients will not be taken up (assimilated), but will 
be passed downstream.  Using the mass balance approach, the assimilative capacity of a reach of the Santa 
Margarita River (SMR) is calculated as the difference between upstream (and tributary) loading and the 
load remaining at the bottom of the reach.  If the value is negative, the reach has a loading of the 
constituent in excess of the river’s ability to assimilate that constituent.  If the value is positive, the river is 
able to assimilate that amount of the constituent.  


Mass Balance Approach 


Presented in this appendix, Tables N-2 through N-8 summarize discrete loadings of nutrients to the 
SMR and the assimilative capacities that are derived from them.  Loadings for each tributary and endpoint 
of each SMR reach are shown followed by the total assimilative capacity for the SMR.  Then, the total 
assimilative capacity is divided by the length of the particular SMR reach shown in Table N-1 in order to 
determine the assimilative capacity per kilometer of river.  Nitrite is not included in the assimilative 
capacity analysis because of negligible nitrite concentrations measured in the river and the inferred rapidity 
with which nitrite transforms to a different species of nitrogen.   


The loadings have been calculated for specific periods for which sufficient data exist to engender 
confidence in the findings.  We have not attempted to extrapolate these loadings to represent an entire year 
or all years for several reasons.  First, besides the two nutrient index periods each year, the remainder of the 
sampling protocol was quarterly.  Such sparse data over the course of only two years is insufficient to 
support development of yearly loadings.  Second, almost all of the samples reflect baseflow or ambient 
winter conditions.  We have much less data representing storm flows or even flows immediately post 
storm.  Therefore, we cannot calculate loadings associated with storm events, which are likely important 
“drivers” of the system (especially for phosphorus, which is often delivered to steams via soil erosion).  
Third, some of the tributaries have limited flow data, making it difficult to calculate loadings.  Fourth, the 
two years of sampling represent only a limited portion of the precipitation and streamflow spectrum.  
Additional data for dryer and wetter periods would add value to the loading calculations.  And fifth, this 
monitoring program did not measure the sub-flow of the river or tributaries, which may constitute an 
important proportion of the total flow, especially for the intermittent tributaries.  Therefore, we present 
loadings for discrete periods, only.  With additional data, these loading calculations can be updated and 
improved.         
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Below are the associated table notes for Tables N-2 through N-8.  


 
  1 “d/s” denotes downstream. 
  2 “---“denotes no water quality sample was taken for that constituent. 
  3 “( )” implies a losing reach in flow and lack of parentheses  implies a gaining reach in flow. 
  4 “( )” denotes a lack of assimilation and an excess of the constituent in the Santa Margarita  
    River (SMR) while lack of parentheses denotes the ability of the SMR to assimilate the 
constituent. 
  5 Water quality from the CWRMA Outfall was used due to the unavailability of water quality for  
    SMR near Temecula. 
  6 Rainbow Creek data from San Diego County (station code 902SMG005). 
  7 SMR at Ysidora data for January/February 2008 from CDM. 
  8 Total nitrogen loadings and capacities may not equal the sum of its reported constituents due  
    to nitrite not being reported. 
  9 Indeterminate - the assimilative capacity is indeterminate due to the unavailability of Devils  
    Creek water quality. 


 
TABLE N- 1. LENGTH OF SANTA MARGARITA RIVER REACHES 


SMR Reach Distance (m) 
Temecula to MWD Crossing 3,697 
MWD Crossing to d/s Stone 5,582 
d/s Stone to d/s Rainbow 2,664 
d/s Rainbow to Sump 2,870 
Sump to d/s Sandia 839 
d/s Sandia to d/s De Luz 14,085 
Santa Margarita River at Ysidora 5,846 
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TABLE N- 2. LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER - JANUARY AND FEBRUARY 2008 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Santa Margarita River near Temecula   30 131  21 96 0.5  36  
Devils Creek --- --- --- --- --- --- 
Santa Margarita River at MWD Crossing --- --- --- --- --- --- 
Stone Creek --- --- --- --- --- --- 
Santa Margarita River d/s of Stone Creek --- --- --- --- --- --- 
Rainbow Creek6     3.6 120       2.8 114 0.1                   5.1 
Santa Margarita River d/s of Rainbow Creek --- --- --- --- --- --- 
Santa Margarita River at FPUD Sump   54 733  35 625 3.1  105  
Sandia Creek   21 386     4.0 370 1.5  14  
Santa Margarita River d/s of Sandia Creek --- --- --- --- --- --- 
De Luz Creek   15 270        1.2 253 0.7  17  
Santa Margarita River d/s of De Luz Creek --- --- --- --- --- --- 
Santa Margarita River at Ysidora7 136 1,160  56 898        13  218 


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


21 (483) (11) (415) (2.5) (64) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


46 225 (15) 350 (8.2) (83) 


Assimilative Capacity per km along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


1.4 (33) (0.8) (28) (0.2) (4.3) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


2.2 11 (0.7) 17 (0.4) (4.0) 


Notes:  Spans 5 days of sampling January 21, 23, 30 and February 5 and 6th 2008 
                          See Table Notes 2, 8 
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TABLE N- 3.  LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER – JULY 2008 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Santa Margarita River at Temecula 8.1          17 0.6  8.3  5.4  2.7  
Devils Creek 0.3   6.2 0.1  6.0  0.0  0.2  
Santa Margarita River at MWD Crossing 8.0         21 0.6          17  1.4  3.0  
Stone Creek 0.1   0.6 0.0  0.5  0.0  0.0  
Santa Margarita River d/s of Stone Creek --- --- --- --- --- --- 
Rainbow Creek6 0.2   2.5 0.1  2.3  0.0  0.1 
Santa Margarita River d/s of Rainbow Creek --- --- --- --- --- --- 
Santa Margarita River at the FPUD Sump 6.6         16 0.7        12  0.0  4.3  
Sandia Creek 1.8         17 0.5       16  0.1  1.2  
Santa Margarita River d/s of Sandia Creek --- --- --- --- --- --- 
De Luz Creek 0.0   0.0 0.0 0.0  0.0  0.0  
Santa Margarita River d/s of De Luz Creek --- --- --- --- --- --- 
Santa Margarita River at Ysidora 0.3   0.2 0.1 0.0  0.0  0.2  


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing (0.4) 2.1 0.1  (2.7) 4.0  (0.1) 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


(1.7) 8.2 0.0  7.9 1.4  (1.2) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


(8.1)        33 1.0         28  0.1  5.3 


Assimilative Capacity per km along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing (0.1) 0.6 0.0  (0.7) 1.1  (0.0) 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


(0.2) 0.7 0.0  0.7 0.1  (0.1) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


(0.4) 1.6 0.1  1.4 0.0  0.3 


Notes:  Spans 5 days of sampling July 21 - 25 2008 
                          See Table Notes 2, 8 
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TABLE N- 4.  LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER – FEBRUARY 2009 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Santa Margarita River near Temecula 11 25 0.9  24 0.0  1.3  
Devils Creek   2.0 40 0.1  39 0.0  0.8  
Santa Margarita River at MWD Crossing 12 32 0.8  26 1.1  3.4  
Stone Creek   0.5             2.1 0.0      2.0 0.0  0.1  
Santa Margarita River d/s of Stone Creek --- --- --- --- --- --- 
Rainbow Creek6   0.7 11 0.1  10 0.1  0.8  
Santa Margarita River d/s of Rainbow Creek --- --- --- --- --- --- 
Santa Margarita River at FPUD Sump 16 65 0.3  57 0.0  9.0  
Sandia Creek   6.3 68 0.2  65 0.0  3.3  
Santa Margarita River d/s of Sandia Creek --- --- --- --- --- --- 
De Luz Creek   1.2 13 0.0  12 0.0  0.9  
Santa Margarita River d/s of De Luz Creek --- --- --- --- --- --- 
Santa Margarita River at Ysidora 20 16 6.6       8.5 0.7  7.3  


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing   (1.0) 33  0.2              36  (1.1) (1.3) 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


  2.5 (20) 0.6  (18) 1.2 (4.6) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


  (3.2) 130    (6.1)           124  (0.7) 5.8 


Assimilative Capacity per km along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing   (0.3) 9.0 0.1 9.8 (0.3) (0.4) 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


  0.2 (1.8) 0.1 (1.6) 0.1 (0.4) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


  (0.2) 6.3 (0.3) 6.0 0.0 0.3 


Notes: Spans 5 days of sampling: February 3-5, 9 and 11th 2009 
                          See Table Notes 2, 8 
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TABLE N- 5.  LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER – APRIL 2009 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Santa Margarita River at Temecula 11       9.2 0.0       9.2 0.8 0.0 
Devils Creek   0.3 --- --- --- --- --- 
Santa Margarita River at MWD Crossing 12 15 0.0 15 0.0 0.0 
Stone Creek   0.1       0.5 0.0      0.5 0.0 0.0 
Santa Margarita River d/s of Stone Creek 12 15 0.0 15 0.0 0.0 
Rainbow Creek6   0.3      3.1 0.1      3.1 0.0 0.0 
Santa Margarita River d/s of Rainbow Creek 15 44 0.5 37 1.4 6.1 
Santa Margarita River at the FPUD Sump 13 34 0.4 29 2.9 2.5 
Sandia Creek   4.0 43 0.2 41 0.0 1.4 
Santa Margarita River d/s of Sandia Creek 16 68 0.7 64 2.7 1.2 
De Luz Creek   0.0     0.0 0.0       0.0 0.0 0.0 
Santa Margarita River d/s of De Luz Creek 19 38 1.4 38 0.0 0.0 
Santa Margarita River at Ysidora 18     0.9 4.3      0.0 0.4 0.5 


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing 0.1 ---10 ---10 ---10 ---10 ---10 
MWD Crossing to d/s of  Stone 0.1        0.8 0.0       0.8 0.0 0.0 
d/s of Stone to d/s of Rainbow 2.0 (26) (0.4) (18) (1.4) (6.1) 
d/s of Rainbow to FPUD Sump (1.6)       9.9 0.1      7.8 (1.4) 3.5 
FPUD Sump to d/s of Sandia (1.2)       9.1 (0.2)       6.0 0.2 2.7 
d/s of Sandia to d/s of De Luz 3.0 30 (0.6) 26 2.7 1.2 
d/s of De Luz to Ysidora (1.2) 37 (2.9) 38 (0.4) (0.5) 
Assimilative Capacity per km along each SMR 


reach Flow3 
Total 


Nitrogen4 
Total 


Phosphorus4 
Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing 0.0 ---10 ---10 ---10 ---10 ---10 
MWD Crossing to d/s of  Stone 0.0 0.1 0.0 0.1 0.0 0.0 
d/s of Stone to d/s of Rainbow 0.8 (9.7) (0.2) (6.9) (0.5) (2.3) 
d/s of Rainbow to FPUD Sump (0.6) 3.5 0.1 2.7 (0.5) 1.2 
FPUD Sump to d/s of Sandia (1.2) 9.1 (0.2) 6.0 0.2 2.4 
d/s of Sandia to d/s of De Luz 0.2 2.1 (0.1) 1.8 0.2 0.1 
d/s of De Luz to Ysidora (0.2) 6.4 (0.5) 6.5 (0.1) (0.1) 


Notes: Spans 4 days of sampling: April 20-22 and 27th 2009 
                          See Table Notes 2,8 
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TABLE N- 6.  LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER – MAY 2009 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
CWRMA Outfall5   3.5 2.1 0.2  2.1 0.0  0.0  
Devils Creek   0.2 3.6 0.0  3.6 0.0  0.0  
Santa Margarita River at MWD Crossing   3.4 5.0 0.0  5.0 0.0  0.0  
Stone Creek   0.1 0.1 0.0  0.1 0.0  0.0  
Santa Margarita River d/s of Stone Creek   3.9 9.2 0.2  9.2 0.0  0.0  
Rainbow Creek6   0.2 1.4 0.1  1.4 0.0  0.0  
Santa Margarita River d/s of Rainbow Creek   4.8        17 0.4        17 0.0  0.0  
Santa Margarita River at the FPUD Sump     --- --- --- --- --- --- 
Sandia Creek   3.9        33 0.0        33 0.0  0.0  
Santa Margarita River d/s of Sandia Creek   9.0        42 0.4        42 0.0  0.0  
De Luz Creek   0.0 0.0 0.0  0.0 0.0  0.0  
Santa Margarita River d/s of De Luz Creek     10 7.5 1.0  7.5 0.0  0.0  
Santa Margarita River at Ysidora   5.0 0.0 2.1  0.0 0.0  0.0  


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing   (0.3) 0.7 0.2 0.7 0.0  0.0  
MWD Crossing to d/s of  Stone   0.4 (4.2) (0.2) (4.2) 0.0  0.0  
d/s of Stone to d/s of Rainbow   0.7 (6.3) (0.1) (6.3) 0.0  0.0  
d/s of Rainbow to FPUD Sump 
FPUD Sump to d/s of Sandia   0.3 7.8 (0.0) 7.8 0.0  0.0  
d/s of Sandia to d/s of De Luz   1.0        34 (0.5)       34 0.0  0.0  
d/s of De Luz to Ysidora   (5.0) 7.5 (1.1) 7.5 0.0  0.0  
Assimilative Capacity per km along each SMR 


reach Flow3 
Total 


Nitrogen4 
Total 


Phosphorus4 
Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing (0.1) 0.2 0.1 0.2 0.0  0.0  
MWD Crossing to d/s of  Stone 0.1 (0.7) (0.0) (0.7) 0.0  0.0  
d/s of Stone to d/s of Rainbow 0.3 (2.4) (0.1) (2.4) 0.0  0.0  
d/s of Rainbow to FPUD Sump 
FPUD Sump to d/s of Sandia 


0.1 2.1 (0.0) 2.1 0.0  0.0  


d/s of Sandia to d/s of De Luz 0.1 2.4 (0.0) 2.4 0.0  0.0  
d/s of De Luz to Ysidora (0.9) 1.3 (0.2) 1.3 0.0  0.0  


Notes:  Spans 2 days of sampling: May 27 and 28, 2009 
                        See Table Notes 2, 8 
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TABLE N- 7.  LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER – JULY 2009 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Santa Margarita River at Temecula 11         11  0.4 6.3 1.2 3.4 
Devils Creek   0.20 4.1  0.0 4.0 0.0 0.1 
Santa Margarita River at MWD Crossing 12        11  0.1 7.5 1.3 2.4 
Stone Creek   0.0 0.1  0.0 0.1 0.0 0.0 
Santa Margarita River d/s of Stone Creek     --- --- --- --- --- --- 
Rainbow Creek6   0.1 2.1  0.0 1.9 0.0 0.1 
Santa Margarita River d/s of Rainbow Creek     --- --- --- --- --- --- 
Santa Margarita River at the FPUD Sump 19         19  0.5        13 2.1 3.7 
Sandia Creek   1.4 9.8  0.1 9.4 0.0 0.4 
Santa Margarita River d/s of Sandia Creek     --- --- --- --- --- --- 
De Luz Creek   0.0 0.0  0.0 0.0 0.0 0.0 
Santa Margarita River d/s of De Luz Creek     --- --- --- --- --- --- 
Santa Margarita River at Ysidora   2.9 0.8  0.8 0.1 0.3 0.4 


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing 0.6 4.1 0.3 2.8 (0.1) 1.1 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


6.5 (5.8) (0.4) (3.5) (0.8) (1.2) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


  (17)    28  (0.2) 22  1.8 3.7 


Assimilative Capacity per km along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing 0.2 1.1 0.1 0.8 (0.0) 0.3 
MWD Crossing to d/s of  Stone 
d/s of Stone to d/s of Rainbow 
d/s of Rainbow to FPUD Sump 


0.6 (0.5) (0.0) (0.3) (0.1) (0.1) 


FPUD Sump to d/s of Sandia 
d/s of Sandia to d/s of De Luz 
d/s of De Luz to Ysidora 


(0.8) 1.3 (0.0) 1.1 0.1 0.2 


Notes:  Spans 5 days of sampling: July 20, 21, 23, 27 and 28 2009 
                          See Table Notes 2, 9 
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TABLE N- 8.  LOADINGS AND ASSIMILATIVE CAPACITY OF NUTRIENTS OF THE SANTA MARGARITA RIVER – SEPTEMBER 2009 


Loading Flow 
Total 


Nitrogen 
Total 


Phosphorus Nitrate as N Ammonia as N 
Total Organic 


Nitrogen 
Sample Site (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
CWRMA Outfall5 3.2 4.3  0.3  1.0 0.0  3.4  
Devils Creek 0.1 2.0  0.0  1.8 0.0  0.1  
Santa Margarita River at MWD Crossing 3.1 6.8  0.0  2.4 1.0  3.4  
Stone Creek 0.0 0.1  0.0  0.1 0.0  0.0  
Santa Margarita River d/s of Stone Creek 2.9 6.3  0.0  2.3 1.0  3.0  
Rainbow Creek6 0.1 1.1  0.0  1.0 0.0  0.1  
Santa Margarita River d/s of Rainbow Creek 3.3        18  0.2         13 1.0  4.4  
Santa Margarita River at the FPUD Sump --- ---    --- --- --- --- 
Sandia Creek 1.5        11  0.1  8.6 0.0  2.2  
Santa Margarita River d/s of Sandia Creek 4.0        16  0.2         11 0.0  5.1  
De Luz Creek 0.0 0.0  0.0  0.0 0.0  0.0  
Santa Margarita River d/s of De Luz Creek 2.8 2.1  0.3  0.0 0.0  2.1  
Santa Margarita River at Ysidora 0.0 0.0  0.0  0.0 0.0  0.0  


Total Assimilative Capacity along each SMR 
reach Flow3 


Total 
Nitrogen4 


Total 
Phosphorus4 


Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
Temecula to MWD Crossing (0.2) (0.5) 0.3 0.5 (1.0) 0.1 
MWD Crossing to d/s of  Stone (0.2) 0.6 0.0 0.2 0.0 0.4 
d/s of Stone to d/s of Rainbow 0.3       (11) (0.2) (9.7) (0.0) (1.3) 
d/s of Rainbow to FPUD Sump 
FPUD Sump to d/s of Sandia 


(0.8)        14 0.1        11 1.0 1.5 


d/s of Sandia to d/s of De Luz (1.2)        14 (0.1)        11 0.0 3.0 
d/s of De Luz to Ysidora (2.8) 2.1 0.3 0.0 0.0 2.1 
Assimilative Capacity per km along each SMR 


reach Flow3 
Total 


Nitrogen4 
Total 


Phosphorus4 
Nitrate  
as N4 


Ammonia  
as N4 


Total Organic 
Nitrogen4 


SMR Reach1 (cfs) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) (kg/day/km) 
Temecula to MWD Crossing (0.1) (0.1) 0.1 0.1 (0.3) 0.0 
MWD Crossing to d/s of  Stone (0.0) 0.1 0.0 0.0 0.0 0.1 
d/s of Stone to d/s of Rainbow 0.1 (4.1) (0.1) (3.6) (0.0) (0.5) 
d/s of Rainbow to FPUD Sump 
FPUD Sump to d/s of Sandia 


(0.2) 3.7 0.0 3.0 0.3 0.4 


d/s of Sandia to d/s of De Luz (0.1) 1.0 0.0 0.8 0.0 0.2 
d/s of De Luz to Ysidora (0.5) 0.4 0.0 0.0 0.0 0.4 


Notes:  Spans 2 days of sampling: September 22 and 23, 2009 
                        See Table Notes 2, 8
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Nutrient Numeric Endpoint (NNE) Approach 
 


As discussed in Section 5.2 of the report, the USEPA Region 9 and the State of California have 
developed a new approach for calculating nutrient numeric endpoints for use in water quality programs.  
The NNE develops water quality targets for “response variables” such as algal density.  The initial water 
quality targets are then converted into numeric targets for nutrients based on numerical models. 


Rather than using pre-defined nutrient limits that may or may not cause impairment by themselves, 
the intention of the NNE approach is to select nutrient response indicators for evaluating risk of use 
impairment.   The objective is to control excess nutrient loads/concentrations to levels such that the risk of 
impairing the designated uses is limited to a low level.  If the nutrients have a low probability of impairing 
uses, regardless of actual levels measured at a given point in time in the water column, then water quality 
standards can be considered met.  


Within the NNE framework, waterbodies are classified into three categories, termed Beneficial Use 
Risk Categories (BURCs).  BURC I waterbodies are not expected to exhibit impairment due to nutrients, 
while BURC III waterbodies have a high probability of impairment due to nutrients.  BURC II waterbodies 
are in an intermediate range where additional information and analysis may be needed to determine if a use 
is supported, threatened, or impaired.  The NNE has pre-established targets for response indicators defining 
the boundaries between BURC I/II and BURC II/III.  These target boundaries are 100 and 150 mg 
chlorophyll-a per m2 for the COLD beneficial use and 150 and 200 mg chl-a /m2 for the WARM beneficial 
use.     


The Santa Margarita River has the more stringent COLD designated beneficial use and a BURC 
target of 100 mg Chl-a required to categorize the river as unimpaired.  If the NNE result is over 150 mg of 
chl-a per m2 of river bed, then the Santa Margarita River would be categorized as impaired.  If the NNE 
result is 150 mg of chl-a per m2 of river bed, then the Santa Margarita River would not be categorized as 
impaired for nutrients, however more study would be necessary to definitively determine whether 
beneficial uses are supported.  Bottom line:  if the NNE result indicates BURC I, then the water body has 
demonstrated assimilative capacity for the current nutrient loadings.   


Figure 1 provides the parameters input to the NNE spreadsheet model.  Key variables for which 
site-specific data were used include the chlorophyll-a to ash-free dry weight (AFDW) of algae ratio, 
nutrients, latitude, stream depth, stream velocity, water temperature, days of accrual (of algae since the last 
scouring event), canopy (including topographic) closure, and turbidity. 


Figures 2 through 13 show the twelve runs of the NNE spreadsheet model.  The model can be set to 
the BURC I or BURC II AFDW target and run using a number of different model assumptions.  We used 
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six basic settings for the model and adjusted each for both the BURC I and BURC II algae targets (for the 
COLD beneficial use).   


1a. “Revised QUAL2K with max algal density” and target max algal density set to 150 


1b. “Revised QUAL2K with max algal density” and target max algal density set to 100 


2a. “Revised QUAL2K with max benthic chl-a” and target max algal density set to 150 


2b. “Revised QUAL2K with max benthic chl-a” and target max algal density set to 150 


3a. “Revised QUAL2k Plus Accrual Adjustment with max algal density” and target max algal 
density set to 150 


3b. “Revised QUAL2k Plus Accrual Adjustment with max algal density” and target max algal 
density set to 100 


4a. “Revised QUAL2k Plus Accrual Adjustment with max benthic chl-a” and target max algal 
density set to 150 


 4b. “Revised QUAL2k Plus Accrual Adjustment with max benthic chl-a” and target max algal 
density set to 100 


5a. “Dodds 2002 with mean algal density” and target max algal density set to 150 


5b. “Dodds 2002 with mean algal density” and target max algal density set to 100 


6a. “Dodds 2002 with mean benthic chl-a” and target max algal density set to 150 


6b. “Dodds 2002 with mean benthic chl-a” and target max algal density set to 100 


 


Analysis 


The model output indicates widely mixed results.  The Revised QUAL2K model results (runs 1a, 
1b, 2a, and 2b) indicate a wide range of “allowable” TN concentrations (0.76 – 17 mg/L) and TP 
concentrations (0.0135 – 0.24 mg/L).   


The Revised QUAL2K Plus configured to assess the impact of algae “days of accrual” (model runs 
3a, 3b, 4a, and 4b) indicate very high allowable concentrations:  150 mg/L of TN and 2 mg/L of TP.  
Manipulation of the days of accrual data revealed a relative insensitivity that did not reduce these allowable 
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concentrations at any value less than 31 days of accrual, at which point the allowable concentrations were 
similar to the Revised QUAL2K results.   


The Dodds 2002 model results (runs 5a, 5b, 6a, and 6b) also indicate a wide range of allowable 
concentrations, however the Dodds method scales the TN and TP such that TN results are based on 
observed TP and vice versa.  The model results indicate allowable TN ranging from 4.23 – 37.04 mg/L and 
TP ranging from 1.0949 - >10 mg/L.  


Examination of the results graph in the lower right corner of each NNE output table reveals that all 
six model runs targeting the BURC II algae threshold indicate that currently observed mean levels of TN 
and TP are lower than levels that would indicate impairment.  Significantly, five of the six model runs 
targeting the BURC I threshold indicate that currently observed mean levels of TN and TP are low enough 
to consider the SMR reach at the Fallbrook Sump unimpaired.    


The sensitivity analysis (Figure N-14) for the revised QUAL2K method indicates that algae growth 
in the Fallbrook Sump reach is responsive to changes in the amount of total nitrogen and total phosphorus 
as well as solar radiation.  The spreadsheet model produces no similar sensitivity analysis for Dodds 2002.  


 


 


 


 


 


 







Santa Margarita River Nutrient Numeric Endpoint - Sensitivity Analysis


Vary total nitrogen, keep total phosphorus and solar radiation at mean


TN (mg/L)
Algae 
(g/m2)


0.26 21.2
0.45 30.0
0.65 37.6
0.84 44.2
1.04 49.3
1.42 49.3
1.80 49.3
2.19 49.3
2.57 49.3


Vary total phosphorus, keep total nitrogen and solar radiation at mean


TP (mg/L)
Algae 
(g/m2)


0.002 17.0
0.006 30.2
0.010 33.9
0.014 41.5
0.018 49.3
0.024 50.2
0.031 50.2
0.038 50.2
0.044 50.2


Vary Solar Radiation, keep total nitrogen and total phosphorus at mean


Unshaded 
Solar 


Radiation
Algae 
(g/m2)


572 47.1
584 47.7
596 48.2
607 48.8
619 49.3
626 49.6
634 49.9
641 50.3
649 50.6


SENSITIVITY ANALYSIS, REVISED QUAL2K METHOD
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Flow Experiment Loadings and Concentrations: 


Table N-9 presents the water quality concentrations and calculated loadings for the main stem 
monitoring locations during the April and May 2009 Flow Experiment.  This dataset was utilized in the 
analysis of the water quality impacts of CWRMA flow on water quality at downstream reaches in the SMR.  
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Table N- 9. April and May 2009 Water Quality CWRMA Adjustment Experiment 


  Parameter Units April May 
% Increase/ 


Decrease 
Discharge cfs 12.1 3.4 -72% 
Ammonia-N     


Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Nitrate-N     
Concentration mg/L 0.52 0.59 14% 
Loading kg/day 15.47 4.97 -68% 


Nitrite-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Orthophosphate-P     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Total Dissolved Solids     
Concentration mg/L 640 700 9% 
Loading kg/day 19,062 5,858 -69% 


Total Kjeldahl Nitrogen     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Total Phosphorus-P     
Concentration mg/L ND ND 0% 
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Loading kg/day ND ND 0% 
Discharge cfs 18.8 10.0 -47% 
Ammonia-N     


Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Nitrate-N     
Concentration mg/L 0.83 0.31 -63% 
Loading kg/day 38.26 7.56 -80% 


Nitrite-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Orthophosphate-P     
Concentration mg/L 0.03 0.04 50% 
Loading kg/day 1.21 0.96 -21% 


Total Dissolved Solids     
Concentration mg/L 940 990 5% 
Loading kg/day 43,500 24,370 -44% 


Total Kjeldahl Nitrogen     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Total Phosphorus-P    0% 
Concentration mg/L 0.03 0.04 33% 
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Loading kg/day 1.39 0.99 -29% 
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  Parameter Units April May 
% Increase/ 


Decrease 
Discharge cfs 14.6 4.8 -67% 
Ammonia-N     


Concentration mg/L 0.04 ND -100% 
Loading kg/day 1.44 ND -100% 


Nitrate-N     
Concentration mg/L 1.02 1.44 41% 
Loading kg/day 36.53 17 -53% 


Nitrite-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Orthophosphate-P     
Concentration mg/L 0.01 ND -100% 
Loading kg/day 0.47 ND -100% 


Total Dissolved Solids     
Concentration mg/L 750 1,030 37% 
Loading kg/day 26,953 12,170 -55% 


Total Kjeldahl Nitrogen     
Concentration mg/L 0.21 ND 0% 
Loading kg/day 7.55 ND 0% 


Total Phosphorus-P    0% 
Concentration mg/L 0.02 0.04 133% 
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Loading kg/day 0.54 0.41 -24% 
Discharge cfs 12.3 3.9 -68% 
Ammonia-N     


Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Nitrate-N     
Concentration mg/L 0.50 0.96 92% 
Loading kg/day 15.04 9.22 -39% 


Nitrite-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Orthophosphate-P     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Total Dissolved Solids     
Concentration mg/L 700 860 23% 
Loading kg/day 21,194 8,256 -61% 


Total Kjeldahl Nitrogen     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Total Phosphorus-P    0% 
Concentration mg/L ND 0.02 100% 
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Loading kg/day ND 0.19 100% 
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  Parameter Units April May 
% Increase/ 


Decrease 
Discharge cfs 15.8 9.0 -43% 
Ammonia-N     


Concentration mg/L 0.07 ND -100% 
Loading kg/day 2.72 ND -100% 


Nitrate-N     
Concentration mg/L 1.65 1.90 15% 
Loading kg/day 64.14 42.09 -34% 


Nitrite-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Orthophosphate-P     
Concentration mg/L 0.02 ND -100% 
Loading kg/day 0.63 ND -100% 


Total Dissolved Solids     
Concentration mg/L 870 1,070 23% 
Loading kg/day 33,836 23,704 -30% 


Total Kjeldahl Nitrogen     
Concentration mg/L 0.10 ND 0% 
Loading kg/day 3.89 ND 0% 


Total Phosphorus-P    0% 
Concentration mg/L 0.02 0.02 5% 
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Loading kg/day 0.74 0.44 -41% 
Discharge cfs 17.6 5.0 -72% 
Ammonia-N     


Concentration mg/L 0.01 ND -100% 
Loading kg/day 0.43 ND -100% 


Nitrate-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Nitrite-N     
Concentration mg/L ND ND 0% 
Loading kg/day ND ND 0% 


Orthophosphate-P     
Concentration mg/L 0.01 0.11 17% 
Loading kg/day 4.10 1.36 -67% 


Total Dissolved Solids     
Concentration mg/L 590 880 49% 
Loading kg/day 25,561 10,831 -58% 


Total Kjeldahl Nitrogen     
Concentration mg/L 0.02 ND 0% 
Loading kg/day 0.87 ND 0% 


Total Phosphorus-P    0% 
Concentration mg/L 0.10 0.17 70% 
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Loading kg/day 4.33 2.09 -52% 
 












Appendix O Geomorphology and Flow Experiment 
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Surveyed Cross-sections: 


In the 2001 Geomorphic Assessment of the Santa Margarita River, prepared by Stetson 
Engineers Inc., the following were presented as expected geomorphic changes due to increased 
base flows (CWRMA flows):    


1. Slightly increased lateral scour pool and in-channel pool area and volume, 
partially but not completely offset by the increased fine sediment deposition in 
pools between floods.  


2. Slight decreased depth-to-groundwater from floodplain and exposed bar 
surfaces, which may result in increased riparian vegetation; 


3. In some cases, change boundaries of gaining-losing reaches; 


4. Decreased average channel width and increased channel width and channel 
braiding and channel instability in less confined reaches;  


5. Increased frequency and area of exposed sand bars in less confined reaches; 
and  


6. Increased periodic channel bed aggradation and degradation in the Middle 
SMR reaches.  


Due to the lack of available historical quantitative geomorphologic data and information 
for the Santa Margarita River Watershed, it is difficult to estimate the impact CWRMA has had 
on the geomorphic condition of the watershed. Compounding this issue is the number of factors 
influencing geomorphic processes within the watershed. Urbanization in the Upper Basin, 
groundwater withdrawal occurring in the Upper and Lower SMR Groundwater Basins, 
agricultural influences, historical flow augmentations, surface water diversions, in-channel 
structures (i.e. MCAS Levee and Topomai Bridge) and storm flow events, all have the impact of 
altering the geomorphic character of the Santa Margarita River; confounding the ability to 
document the geomorphic impact of CWRMA releases. The lack of quantitative historical data 
further limits the ability to assess changes over time. It is for this purpose that during the 2009 
Flow Experiment the study team completed cross-sectional surveys at differing reaches along the 
Santa Margarita River. As stated in Section 2 of the report, the cross-sectional surveys were 
conducted to serve as a basis for future monitoring of the Santa Margarita River (SMR) 
geomorphology.   
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While comparison with historical data is generally not possible, inferences based on 
current observations and the expected results stated above have been made.  The results of the 
cross-sectional surveys completed during the 2009 flow experiment are presented in Figures O-1 
through O-5.  


 
Site 1: Ysidora and Levee Cross-Sections (Figure O-1)  


Included as part of this survey, the team also re-surveyed two existing transects (XS-9, 
XS-10) at the Marine Corps Air Station Levee that was originally surveyed in 2004 as part of the 
Base’s flood protection maintenance program (Figure O-1).  In 2004, the cross-sectional area of 
the active channel at XS-9 equaled 6,293 sq.ft.  The 2009 survey of XS-9 revealed that the cross-
sectional area had expanded to 10,151 sq.ft., a 38% increase.  Similarly, the cross-sectional area 
at XS-10 expanded from 7,302 sq.ft. in 2004, to 10,797 sq.ft. in 2009, an increase of 32%.  A 
comparison of these 2004 and 2009 cross-sectional profiles show that although the cross-
sectional area has increased, thalweg elevations have remained relatively constant, indicating 
that sediment has evacuated out of the surveyed reach through lateral expansion of the channel 
area. 


The mobilization and transport of previously stored sediments out of this stream reach, 
and the subsequent increase in channel cross-sectional area is most likely due in part to the 
January 11, 2005 flood event.  Consistent with this theory is the documented loss to flood waters 
of an estimated 460,000 cubic yards of material from the Marine Corps Air Station’s north levee 
wall during a Stetson 2006 survey of XS-7.  The recruitment of this material shows that the Santa 
Margarita had sufficient stream power during the 2005 event to re mobilize and transport 
sediments out of the XS-9 – XS-10 stream reach. 


The ability to quantify the geomorphic effects of CWRMA at this location is much more 
difficult, due not to a lack of data, but principally due to the increased number of factors 
influencing the river channel at this location; namely the hydraulic effects of the MCAS Levee 
and the Topomai Bridge.  Cursory comparison of vegetation coverage from air photos within the 
river channel show that vegetation density and exposed bars are not significantly different 
between the years of 2004 to 2007.  Along with the similar thalweg bed elevation, this suggests 
that the impacts of CWRMA, if any, may be limited at this downstream location.  
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Site 2 through Site 5: Mid to Upper Reach Cross-sections 
 


 The four remaining cross-sections were completed at locations down stream of major 
contributing tributaries.  These reaches are characterized by a narrowing of the river canyon and 
channel prior to the Lower Santa Margarita Alluvial Basin.  These survey locations were located 
at readily accessible reaches that represented different geomorphic sub-reaches as defined in the 
Stetson, 2001 Geomorphic Assessment. 


One of the most evident impacts to the active channel condition is caused by the presence 
of the non-native American beaver at all of these reach locations.  Throughout these reaches 
debris jams (most likely created by beavers) and beaver dams are readily apparent.  Debris jams 
limit sediment transport during base flow conditions and reduce base flow stream velocities, 
resulting in aggradation and an increased wetted channel perimeter.  The ponding effect of these 
debris jams may also promote riparian growth along a wider lateral corridor of channel.  Failure 
of debris jams during storm events may also lead to mass evacuations of sediment.  In steep, 
confined channels, such as the Temecula Gorge, jam failures can result in debris torrents, where 
the added weight and energy of mobilized sediment may increase stream power and the ability of 
the stream to scour its bed and banks.  Deposition of this material occurs in lower gradient, 
downstream reaches, where the decrease in channel slope results in a loss of energy, and material 
previously in traction or suspension is deposited in the channel and on the flood plain.   


These cross-sections represent the first field documentation of the Santa Margarita River 
channel, and as such there is no established basis for comparison with the previous geomorphic 
conditions.  Therefore, no conclusions regarding the geomorphic impacts of the CWRMA can be 
made at this time.   


Recommendations for Future Geomorphic Monitoring  


1) Continue monitoring the defined cross-sections, including pool habitat 
characterization, flow measurements, and vegetation densities.  Do so during 
years dominated by base flow conditions as well as in years following high 
magnitude, low frequency storm events. 


2) Assess base flow sediment transport.  


3) Compare changes in vegetation by using aerial imagery over multiple years. 
(Note: During project development it was initially proposed to conduct 
sequential historic air photo interpretation (pre and post-CWRMA), to assess 
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the impact CWRMA flows have had on channel and riparian habitat 
characteristics.  However based on the number and magnitude of other factors 
that have influenced (dominated?) channel and habitat characteristics within 
the Santa Margarita River Watershed (flood events, groundwater pumping, past 
live stream discharge actions, floodplain vegetation management, etc.) this 
analysis was not conducted.  


 
Pool Survey: 
 


As part of the flow experiment, five 1,000 meter transects of the SMR were explored for 
in-channel and off-channel pools during April, May, and September 2009.  Parameters analyzed 
for a given pool include:  area, maximum depth, water temperature, conductivity, dissolved 
oxygen, pH, algae cover, canopy cover, substrate type, and exposure.  The five transects that 
were assessed include:  the SMR at MWD Crossing (MWD Crossing), the SMR at the Stone 
Creek confluence (Stone Creek confluence), the SMR at the Rainbow Creek confluence 
(Rainbow Creek confluence), the SMR at the Sandia Creek confluence (Sandia Creek 
confluence), and the SMR at Ysidora and Levee (Ysidora and Levee). 


Presented in this appendix are the data collected and analyzed for April, May, and 
September, ANOVAs (Analysis of Variance) performed on the in-channel and off-channel pools 
for each reach individually, as well as ANOVAs for all reaches combined,  and descriptive bar 
graphs describing trends in depth, algae cover, and conductivity.  


Table O-1 presents the results from the ANOVA for all reaches surveyed for the presence 
of pools.  In order for a parameter to be significantly different between the surveyed months, the 
p-value must be less than 0.05.  Over the surveyed reaches of the SMR, conductivity, pool depth, 
algae cover, and exposure were all significantly different between the surveyed months.  Also 
significantly different were dissolved oxygen and pH.  However, the data for these two 
parameters do not provide any conclusive evidence of CWRMA influence upon pool habitats 
due to the diurnal and related variation of DO and pH and the logistical difficulty associated with 
the timing of sampling at multiple locations at standard dates and times. 
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TABLE O-1  ANOVA OF THE ENTIRE POOL SURVEY REGION ALONG THE SANTA 
MARGARITA RIVER  


      


Table O-2 presents the ANOVA results for off-channel and in-channel pools for each 
reach surveyed.  A number of parameters were significantly different from month to month 
which may or may not have resulted from the change in CWRMA releases. The few pools 
located in the Ysidora and Levee reach do not appear to be impacted by CWRMA releases - 
likely due to distance downstream of the CWRMA outfall and the existence of intervening 
tributary contributions and the diversion of some flows at the Camp Pendleton weir.    


Figure O-6 depicts the monthly variation of pool depth for pools that were present for 
comparison in two or more months.  Pools at the MWD Crossing reach show a decrease in pool 
depth between April and May.  This is likely due to the decrease in CWRMA flows.  The 
reduced flows appear to lead to lower water levels and a shrinking of off-channel pools.  The 
effect of the CWRMA is likely significant due to this reach’s proximity to the CWRMA outfall 
and the geologic character of the bedrock constrained channel.  Increases in pool depth between 
April and May for the Stone and Rainbow Creek confluences are due to beavers creating dams in 
the river, confounding consistent measurements.  Pools located in the Sandia Creek confluence 
decrease in pool depth from April to May as well as May to September, and it is possible that the 
beavers upstream have a larger impact on these pools rather than CWRMA releases.    


Figure O-7 depicts the monthly variation of algae cover for pools that were present in two 
or more months.  The biggest impact on algae cover is at MWD Crossing reach.  Algae cover 
increases from April to May in both off-channel and in-channel pools as the CWRMA flow 
decreases.  An increase in algae cover from April to May also occurs in the Rainbow and Sandia 
Creek confluence.  The amount of algal matter increases through time if favorable conditions are 
present.  It can be concluded that the regularly scheduled May 1 reduction in CWRMA flows did 
not negatively affect algal growth, however it does not follow that the CWRMA enhanced 
growth conditions for the algae because algae will continue to amass throughout the season as 
long as there are no scouring flows.  To the extent that the administration of the CWRMA adds 
water to the river to allow the river to flow, the CWRMA is responsible for the presence of algae, 


  
Water 


Temperature 
Dissolved 
Oxygen pH Conductivity Area Depth


Algae 
Cover 


Canopy 
Cover Exposure


P-Value 0.43 ~0 0.01 0.01 0.83 0.022 ~0 0.233 ~0 
Significantly 
Different? No Yes Yes Yes No Yes Yes No Yes 
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Table O-2  ANOVA of I-Pools and O-Pools along the Santa Margarita River  


  Water Temperature Dissolved Oxygen pH Conductivity Area Depth Algae Cover Canopy Cover Exposure 
P-Value I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools 


MWD Crossing 0.45 0.94 0.01 ~0 0.47 0.001 ~0 0.6 0.78 0.83 ~0 0.78 0.002 0.001 0.047 0.93 ~0 0.13 
Stone Creek Confluence 0.94 0.48 0.045 0.55 0.04 0.29 ~0 ~0 0.78 0.0007 0.54 0.001 0.02 0.54 0.57 0.052 0.12 0.03 
Rainbow Creek Confluence ~0 NA ~0 NA 0.21 NA ~0 NA 0.93 NA 0.06 NA 0.36 NA 0.39 NA 0.5 NA 
Sandia Creek Confluence 0.002 0.73 ~0 0.1 0.07 0.07 ~0 0.94 0.94 0.09 0.03 0.03 0.23 0.005 0.97 0.22 0.39 0.08 
Ysidora and Levee NA 0.03 NA 0.11 NA 0.11 NA 0.21 NA 0.14 NA 0.09 NA 0.94 NA 0.73 NA 0.44 


 Water Temperature Dissolved Oxygen pH Conductivity Area Depth Algae Cover Canopy Cover Exposure 
Significantly Different? I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools I-Pools O-Pools 


MWD Crossing No No Yes Yes No Yes Yes No No No Yes No Yes Yes Yes No Yes No 
Stone Creek Confluence No No Yes No Yes No Yes Yes No Yes No Yes Yes No No No No Yes 
Rainbow Creek Confluence Yes NA Yes NA No NA Yes NA No NA No NA No NA No NA No NA 
Sandia Creek Confluence Yes No Yes No No No Yes No No No Yes Yes No Yes No No No No 
Ysidora and Levee NA Yes NA No NA No NA No NA No NA No NA No NA No NA No 
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Pool Depth in April, May, and September 2009 
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but the main factor in algae growth appear to be nutrient contributions (which are addressed in 
section 4.2.2 of the report).   


Figure O-8 depicts the monthly variation of conductivity for each surveyed reach of the 
SMR.  Conductivity concentrations within in-channel pools appear to increase as CWRMA flow 
contributions decrease due to lack of dilution provided by the lower-conductivity CWRMA 
water.  Conductivity concentrations within in-channel pools appear to increase as CWRMA flow 
contributions decrease due to evaporation and concentration within the isolated pools.  However, 
this is not the case at Ysidora and Levee, likely due to the pools being located underneath the 
Topomai Bridge where there is substantial shade.      
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Table O-3 and Table O-4 resent the data for all in-channel and off-channel pools 
surveyed in April, May, and September.  The order of presentation is upstream to downstream.  
Water quality is unknown for pools within the MWD Crossing during April due to a water 
quality meter malfunction.  The SMR was dry during September at Ysidora and Levee.  


 


 


 







April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept
MWD Crossing


I-Pool 1 15:17 unk 10:48 2750 3080 7200 50 42 36 unk 21.64 21.81 unk 9.12 7.02 unk 8.78 9.32 unk 1068 1009 S S S 40 80 75 65 40 50 0 3 20
I-Pool 2 15:13 unk 10:39 275 3000 6300 45 36 36 unk 21.68 21.17 unk 9.40 6.49 unk 8.65 8.31 unk 1067 1027 Bed/C S Bed/OM 30 90 80 75 40 40 0 3 5
I-Pool 3 - - 11:58 - - 4200 - - 32 - - 23.21 - - 4.90 - - 7.97 - - 989 - - S/OM - - 90 - - 55 - - 5
I-Pool 4 15:04 unk - 1040 1440 - 39 24 - unk 21.36 - unk 8.22 - unk 8.43 - unk 1056 - S S - 30 30 - 60 45 - 5 5 -
I-Pool 5 15:00 - - 360 - - 36 - - unk - - unk - - unk - - unk - - C/S - - 30 - - 70 - - 5 - -
I-Pool 6 - 10:24 - - 400 - - 30 - - 21.03 - - 6.26 - - 8.15 - - 1060 - - S - - 30 - - 45 - - 0 -
I-Pool 7 14:33 - - 3000 - - 66 - - unk - - unk - - unk - - unk - - S - - 50 - - 70 - - 0 - -
I-Pool 8 14:28 - - 800 - - 29 - - unk - - unk - - unk - - unk - - Bed/C - - 70 - - 75 - - 0 - -
I-Pool 9 14:23 - - 240 - - 60 - - unk - - unk - - unk - - unk - - S - - 85 - - 65 - - 15 - -


I-Pool 10 14:15 10:07 9:35 360 360 420 33 30 28 unk 20.80 21.17 unk 7.01 5.92 unk 8.62 7.92 unk 1057 994 S Bed/S Bed/OM 40 75 100 70 60 60 0 5 5
I-Pool 11 15:35 - - 525 - - 38 - - unk - - unk - - unk - - unk - - Bed/S - - 70 - - 75 - - 0 - -
I-Pool 12 15:50 - - 210 - - 40 - - unk - - unk - - unk - - unk - - Bed/S - - 50 - - 65 - - 5 - -
I-Pool 13 16:00 - - 5250 - - 80 - - unk - - unk - - unk - - unk - - Bed/S - - 40 - - 75 - - 0 - -
I-Pool 14 15:55 - - 418 - - 36 - - unk - - unk - - unk - - unk - - S - - 30 - - 65 - - 5 - -
I-Pool 15 16:09 - - 1400 - - 48 - - unk - - unk - - unk - - unk - - Bed/C - - 40 - - 75 - - 0 - -
I-Pool 16 16:21 - - 1320 - - 44 - - unk - - unk - - unk - - unk - - Bed/S - - 40 - - 65 - - 5 - -
I-Pool 17 - unk - - 3000 - - 40 - - 20.86 - - 6.95 - - 8.37 - - 1064 - - C/S - - 75 - - 40 - - 0 -
I-Pool 18 15:07 - 9:48 3000 - 2000 48 - 36 unk - 21.32 unk - 5.65 unk - 8.09 unk - 989 S - S 15 - 60 75 - 60 0 - 5
I-Pool 19 14:30 - - 165 - - 45 - - unk - - unk - - unk - - unk - - Bed - - 30 - - 75 - - 0 - -
I-Pool 20 - unk - - 3000 - - 30 - - 22.50 - - 8.99 - - 8.48 - - 1063 - - Bed/S - - 95 - - 45 - - 0 -
O-Pool 1 - unk - - 250 - - 7 - - 22.24 - - 6.56 - - 8.00 - - 1164 - - C/S - - 95 - - 35 - - 25 -
O-Pool 2 - unk - - 147 - - 12 - - 21.59 - - 8.20 - - 8.62 - - 1069 - - S - - 55 - - 35 - - 25 -
O-Pool 3 14:55 unk - 48 56 - 18 20 - unk 20.30 - unk 5.31 - unk 8.10 - unk 1332 - C/S S - 25 40 - 45 35 - 20 20 -
O-Pool 4 14:48 unk 10:10 297 180 110 11 18 8 unk 21.12 19.44 unk 5.22 1.90 unk 8.08 7.66 unk 1282 1313 S S S/OM 60 90 100 70 40 40 5 5 15
O-Pool 5 - unk - - 36 - - 3 - - 22.37 - - 6.40 - - 8.04 - - 1108 - - S - - 100 - - 40 - - 25 -
O-Pool 6 - 10:14 - - 110 - - 14 - - 20.17 - - 5.77 - - 8.33 - - 1069 - - Bed/S - - 100 - - 50 - - 10 -
O-Pool 7 14:39 unk - 66 36 - 19 12 - unk 20.52 - unk 6.96 - unk 8.72 - unk 1042 - S S - 25 65 - 55 45 - 0 20 -
O-Pool 8 15:39 11:44 11:20 585 480 480 14 16 14 unk 18.50 19.53 unk 9.31 0.86 unk 9.12 7.74 unk 1312 1098 Bed/S S/OM Bed/OM 20 85 50 20 15 15 90 95 95
O-Pool 9 15:42 unk 11:27 300 720 495 31 20 14 unk 21.46 19.81 unk 7.13 2.80 unk 8.49 7.82 unk 1075 1003 S S S/OM 10 65 60 50 25 30 15 30 30


O-Pool 10 - unk 11:35 - 65 385 - 18 24 - 21.35 21.63 - 8.53 2.05 - 7.85 7.13 - 832 1396 - S/OM Bed - 100 80 - 40 20 - 30 25
O-Pool 11 16:17 - - 168 - - 32 - - unk - - unk - - unk - - unk - - S - - 20 - - 60 - - 5 - -
O-Pool 12 - 10:28 - - 25 - - 5 - - 20.29 - - 6.08 - - 7.69 - - 1378 - - S - - 80 - - 45 - - 20 -
O-Pool 13 - - 10:07 - - 207 - - 11 - - 19.61 - - 2.23 - - 8.10 - - 1032 - - S/OM - - 100 - - 55 - - 4
O-Pool 14 - - 11:16 - - 26 - - 7 - - 21.71 - - 2.70 - - 7.75 - - 1397 - - Bed - - 10 - - 60 - - 30
O-Pool 15 - - 11:40 - - 18 - - 6 - - 23.50 - - 1.40 - - 7.50 - - 1534 - - Bed - - 70 - - 25 - - 4
O-Pool 16 - - 11:44 - - 98 - - 16 - - 21.10 - - 2.20 - - 7.60 - - 960 - - Bed - - 25 - - 35 - - 18
O-Pool 17 - - 11:58 - - 16 - - 8 - - 21.40 - - 1.50 - - 7.50 - - 1047 - - Bed/S - - 85 - - 45 - - 5


Stone Creek Confluence
I-Pool 1 - 16:28 - - 2160 - - 30 - - 24.19 - - 7.22 - - 8.21 - - 1249 - - C/S - - 90 - - 40 - - 5 -
I-Pool 2 - 15:42 - - 1100 - - 30 - - 23.58 - - 7.79 - - 8.01 - - 1279 - - C/S - - 85 - - 50 - - 10 -
I-Pool 3 - 8:04 - - 48 - - 18 - - 21.78 - - 5.63 - - 7.89 - - 1254 - - S/OM - - 80 - - 5 - - 95 -
I-Pool 4 - 8:42 15:13 - 5000 11000 - 50 48 - 21.58 23.40 - 6.35 6.40 - 7.70 7.86 - 1262 1160 - C/S C/S - - 25 - 35 45 - 5 10
I-Pool 5 - 15:51 13:16 - 17500 17500 - 40 36 - 23.74 23.40 - 7.58 4.95 - 8.17 7.67 - 1277 1160 - S S - 30 40 - 60 60 - 20 25
I-Pool 6 - 16:07 13:24 - 17500 17500 - 40 45 - 24.24 24.04 - 8.19 4.20 - 8.21 8.13 - 1269 1193 - S S - - - - 45 60 - 25 20
I-Pool 7 - 16:15 13:30 - 500 2700 - 30 28 - 24.31 22.98 - 7.27 5.82 - 8.10 7.91 - 1264 1150 - S C/S - 30 20 - 40 40 - 20 40
I-Pool 8 - 16:23 - - 4200 - - 24 - - 24.28 - - 7.68 - - 8.10 - - 1258 - - S - - 70 - - 40 - - 5 -
I-Pool 9 - 7:50 14:20 - 2500 7500 - 18 48 - 21.46 22.16 - 5.78 6.80 - 8.11 7.80 - 1212 1156 - S/OM S/OM - 75 - - 40 45 - 60 10


I-Pool 10 - 7:58 14:30 - 9000 12000 - 30 55 - 21.72 22.79 - 5.80 6.70 - 7.90 7.69 - 1251 1157 - S/OM C/S - 30 5 - 40 50 - 20 10
O-Pool 1 15:29 - - 144 - - 14 - - 25.27 - - 6.25 - - 8.64 - - 1118 - - S/OM - - 50 - - 55 - - 20 - -
O-Pool 2 15:05 - - 330 - - 12 - - 23.60 - - 7.64 - - 8.09 - - 1112 - - S - - 40 - - 55 - - 30 - -
O-Pool 3 14:57 - - 288 - - 18 - - 24.83 - - 8.33 - - 8.12 - - 1100 - - S/OM - - 10 - - 55 - - 30 - -
O-Pool 4 14:42 - - 150 - - 10 - - 26.75 - - 10.55 - - 8.21 - - 1130 - - S/OM - - 60 - - 65 - - 30 - -
O-Pool 5 14:36 - - 324 - - 11 - - 24.09 - - 8.89 - - 8.24 - - 1101 - - S - - 20 - - 75 - - 10 - -
O-Pool 6 - 15:50 - - 264 - - 20 - - 23.63 - - 7.26 - - 8.50 - - 1251 - - S - - 35 - - 40 - - 40 -
O-Pool 7 14:23 - - 180 - - 9 - - 23.43 - - 7.83 - - 8.15 - - 1112 - - S/OM - - 20 - - 75 - - 0 - -
O-Pool 8 16:35 - - 525 - - 20 - - - - - - - - - - - - - - S/OM - - 70 - - 45 - - 20 - -
O-Pool 9 - 8:28 - - 66 - - 1 - - - - - - - - - - - - - - S - - 20 - - 35 - - 40 -


Notes: "unk" - unknown
" - " - pool was not present 
"Bed" - bedrock
"C" - cobble
"OM" - organic matter


Dissolved Oxygen


Table O-3.   Pool Survey Data from April, May, and September 2009 for MWD Crossing Reach and Stone Creek Confluence


[in]
SubstrateConductivity


[uS/cm]mg/L
pH


[%]
Esposure Canopy Cover


[%]
Algae Coverage


[%]
Time Surveyed Water Temperature


[Celsius]
Max DepthArea


[ft2]







April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept April May Sept
Rainbow Creek Confluence


I-Pool 1 9:35 - - 24 - - 30 - 60 19.16 - - 7.20 - - 7.84 - - 1096 - - C/S - - 10 - - 25 - - 70 - -
I-Pool 2 11:12 unk 13:00 35000 35000 49000 20 42 60 20.22 23.56 22.17 7.91 7.24 5.05 7.95 8.28 8.57 1115 1323 1274 S C/S C/S 10 30 10 50 50 65 15 10 30
I-Pool 3 11:20 unk 13:07 49000 49000 49000 24 60 60 21.15 23.84 21.94 8.38 7.73 4.00 7.98 8.07 8.37 1099 1303 1271 S S C/S 25 50 10 75 60 70 5 5 20
I-Pool 4 11:32 14:40 13:15 49000 49000 49000 48 60 60 21.73 24.87 21.98 9.04 9.77 4.72 8.53 8.47 8.01 1150 1311 1201 C/S S S 70 50 0 45 60 65 10 10 30
I-Pool 5 - - 13:43 - - unk - - 30 - - 21.64 - - 4.33 - - 8.60 - - 1197 - - S - - 10 - - 55 - - 25
I-Pool 6 - - 12:27 - - 15000 - - 40 - - 21.54 - - 4.46 - - 8.50 - - 1265 - - S - - 45 - - 45 - - 25
O-Pool 1 10:10 - 12:00 80 - 26 8 - 3 19.21 - 19.01 6.89 - 1.36 7.74 - 8.09 1125 - 1403 OM - S/OM 70 - 50 20 - 20 30 - 15


Sandia Creek Confluence
I-Pool 1 - 14:54 8:31 - unk 2700 - 36 30 - 25.16 20.42 - 8.63 4.75 - 8.41 8.42 - 1367 1277 - S S - 30 5 - 65 50 - 0 20
I-Pool 2 19:00 - - 5600 - - 40 - - 23.91 - - 7.90 - - 8.32 - - 1200 - - S - - 20 - - 85 - - 0 - -
I-Pool 3 18:12 - - 360 - - 15 - - 23.46 - - 6.80 - - 8.61 - - 1220 - - S - - 10 - - 65 - - 5 - -
I-Pool 4 17:13 12:15 - 144 345 - 36 20 - 23.29 20.62 - 8.75 7.63 - 8.40 8.44 - 1302 1487 - OM S/OM - 30 25 - 20 20 - 80 80 -
I-Pool 5 17:25 12:27 - 810 375 - 18 17 - 23.29 21.77 - 8.28 8.85 - 8.45 8.66 - 1300 1483 - S S - 30 30 - 45 40 - 40 20 -
I-Pool 6 17:35 12:39 - 2700 3500 - 40 40 - 23.29 21.77 - 8.31 8.77 - 8.36 8.61 - 1302 1480 - S S - 20 20 - 65 55 - 5 10 -
I-Pool 8 - 13:26 - - 250 - - 30 - - 22.42 - - 9.31 - - 8.88 - - 1485 - - S - - 100 - - 35 - - 40 -
I-Pool 9 - 12:57 - - 1540 - 28 - - 22.16 - - 7.90 - - 8.38 - - 1497 - - S - - 20 - - 40 - - 5 -
I-Pool 10 17:00 - 9:30 96 - 11250 30 - 23.32 - 18.68 8.31 - 4.54 8.39 - 7.94 1302 - 1356 S - S 50 - 10 45 - 50 10 - 15
I-Pool 11 - 12:24 - - 216 - - 15 - - 21.72 - - 8.79 - - 8.75 - - 1489 - - S/OM - - 20 - - 40 - - 5 -
I-Pool 12 - 12:51 - - 6000 - - 24 - - 21.93 - - 7.70 - - 8.29 - - 1491 - - C/S - - 70 - - 35 - - 10 -
O-Pool 1 18:48 14:47 - 1056 75 - 19 9 - 20.07 19.67 - 2.74 1.60 - 7.00 7.22 - 1380 1477 - S S - 60 90 - 15 10 - 70 100 -
O-Pool 2 18:40 - - 95 - - 5 - - 26.12 - - 5.63 - - 8.16 - - 1339 - - S - - 30 - - 45 - - 20 - -
O-Pool 3 18:30 - - 441 - - 7 - - 24.79 - - 5.25 - - 7.78 - - 1273 - - S - - 70 - - 35 - - 60 - -
O-Pool 4 - 14:17 - - 80 - - 10 - - 23.38 - - 4.26 - - 7.62 - - 1409 - - S/OM - - 85 - - 40 - - 20 -
O-Pool 5 - 14:11 - - 80 - - 10 - - 19.56 - - 6.85 - - 8.24 - - 1489 - - S - - 90 - - 15 - - 100 -
O-Pool 6 17:53 - - 200 - - 18 - - 15.80 - - 2.45 - - 7.39 - - 1827 - - G - - 20 - - 45 - - 30 - -
O-Pool 7 16:42 13:40 - 63 63 - 5 11 - 25.51 22.40 - 4.40 4.38 - 7.45 8.10 - 1386 1777 - S S - 50 60 - 55 20 - 5 60 -
O-Pool 8 16:39 - - 306 - - 8 - - 21.59 - - 1.20 - - 7.56 - - 1665 - - S - - 30 - - 30 - - 20 - -
O-Pool 9 16:51 12:03 - 126 700 - 8 36 - 20.13 21.10 - 1.60 7.95 - 7.53 8.60 - 1690 1488 - OM S - 70 70 - 35 35 - 60 60 -
O-Pool 10 - 13:19 - - 264 - - 10 - - 22.45 - - 13.92 - - 9.22 - - 1455 - - S - - 100 - - 25 - - 20 -
Ysidora and Levee
O-Pool 1 - 9:28 - - 429 - - 24 - - 18.85 - - 3.17 - - 7.36 - - 1379 - - S - - 75 - - 60 - - 10 -
O-Pool 2 10:50 9:00 - 104 135 - 6 12 - 17.64 18.23 - 2.26 5.50 - 7.17 7.61 - 1782 1207 - OM S - 100 90 - 50 80 - 50 20 -
O-Pool 3 - 10:11 - - 90 - - 8 - - 18.63 - - 6.29 - - 8.09 - - 1328 - - S - - 100 - - 0 - - 100 -
O-Pool 4 12:10 10:28 - 520 520 - 30 23 - 16.21 18.24 - 2.07 3.36 - 7.28 7.77 - 1310 1350 - S S/OM - 50 25 - 50 45 - 80 80 -


Notes: "unk" - unknown
" - " - pool was not present 
"Bed" - bedrock
"C" - cobble
"OM" - organic matter
"S" - silt/sand


[%] [%] [%]


Table O-4.   Pool Survey Data from April, May, and September 2009 for Rainbow Creek and Sandia Creek Confluences and the Ysidora and Levee Reach


Time Surveyed Area Max Depth Water Temperature Dissolved Oxygen pH Conductivity Substrate Algae Coverage Esposure Canopy Cover
[ft2] [in] [Celsius] mg/L [uS/cm]
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