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),,(+`0B)'#6L$>@>9$)P(#A$]0'"$'"#$?)(01;2+1+B)$_)((+]A$F?2_H$8)6'()1A$0B,(+Y#B#1'$
,(+c#P'@$!"#$0B,(+Y#B#1'A$]0'"01$'"#$8)6'()1A$(0N"'$+5$])L$0B,)P'#3$),,(+`0B)'#6L$
.@>I$)P(#A$+5$#`0A'01N$]#'6)13A$]0'"01$'"#$U)LA')PQ$T)1301N$,(+,#('L7$6#)Y01N$U)LA')PQ$
T)1301N$F01P6&301N$S)('+1$,(+,#('LH$]0'"$),,(+`0B)'#6L$->@-J$)P(#A$+5$#`0A'01N$]#'6)13A$
FA##$/6)'#$-H@$$[#'6)13$)(#)A$)(#$3#AP(0C#3$C#6+]$)13$3#601#)'#3$+1$/6)'#$-@$$D$(#a&#A'$
5+($)1$&,3)'#3$),,(+Y#3$c&(0A30P'0+1)6$3#'#(B01)'0+1$")A$C##1$A&CB0''#3$'+$'"#$8+(,A$
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5+($Y#(050P)'0+1$+5$P&((#1'$P+130'0+1Ai$+1P#$'"0A$Y#(050P)'0+1$0A$+C')01#37$P+,0#A$]066$C#$
,(+Y03#3$'+$'"#$4[Z8S$)A$]#66@$

':PCAPBD)'CQOYD?)

$
2#Y#()6$3()01)N#$30'P"#A$+PP&($+1$'"#$,(+c#P'$A0'#@$$?+A'$+5$'"#A#$30'P"#A$A&,,+('$
A")66+]$,++6A$+5$A')1301N$])'#($)13$']+$+5$'"#$3()01)N#$30'P"#A$),,#)($'+$C#$'03)66L$
0156&#1P#3@$$X66&A'()'#3$+1$/6)'#$-$)A$3()01)N#$30'P"$%%-$)13$3()01)N#$30'P"$%%>$01$'"#$
P#1'()6$,+('0+1$+5$'"#$,(+,#('L7$'"#A#$)(#)A$3()01$01'+$)$6)(N#($3()01)N#$30'P"$)6+1N$'"#$
()06(+)3$'()PQA$'")'$,)()66#6A$'"#$#)A'#(1$,(+,#('L$C+&13)(L@$$!"#$3()01)N#$30'P"$]0'"01$
'"#$()06(+)3$#)A#B#1'$0A$+&'A03#$'"#$,(+c#P'$)(#)$)13$'"#(#5+(#$0A$1+'$B),,#3$+1$'"#$
,(+c#P'$A0'#@$$D#(0)6$,"+'+N(),"$(#Y0#]$0130P)'#A$'")'$'"#$()06(+)3$30'P"$3()01A$'+$'"#$
/#')6&B)$40Y#($Y0)$)$'03)66L;0156&#1P#3$A6+&N"@$
$
$

$
$

':PCAPBD)TCQOY)'')H)E==[CAB)A=:QY)
$
$
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$
$

':PCAPBD)'CQOY)'')F)E==[CAB)DP?Q)Q=aP:T?)/DQPE\;P).CXD:)
$
D$AB)66#($3()01)N#$30'P"7$3#601#)'#3$)A$3()01)N#$30'P"$%%=7$,)()66#6A$'"#$A+&'"#(1$
,(+,#('L$601#$5+($),,(+`0B)'#6L$G..$5##'$)13$0A$),,(+`0B)'#6L$=$5##'$]03#$)A$A"+]1$+1$
/6)'#$-@$$2)'&()'#3$A+06A$]#(#$+CA#(Y#3$01$?)(P"$>..=$01$'"#$#)A'#(1$,+('0+1$+5$'"#$30'P"$
]"#(#$0'$P+11#P'A$'+$)$,+13$6+P)'#3$#)A'$+5$'"#$,(+,#('L@$$!"0A$)(#)$)6A+$),,#)(A$'+$C#$
B)(N01)66L$'03)66L$0156&#1P#3@$
$
!"#$(#B)0101N$30'P"#A$F3()01)N#$30'P"#A$%%:$)13$%%GH$)(#$,(+C)C6L$C()PQ0A"$N0Y#1$'"#$
P+B,+A0'0+1$+5$P)'')06$)13$,0PQ6#]##3@$$U+]#Y#(7$0'$),,#)(A$'")'$'"#$B+A'$1+('"#(1$+5$
'"#$30'P"#A$F3()01)N#$%%IH$B)L$P+1Y#L$)13$P+1')01$5(#A"])'#($)A$'"#(#$0A$1+$#Y03#1P#$
+5$)$30(#P'$"L3(+6+N0P$P+11#P'0+1$'+$)1L$+5$'"#$+'"#($'03)66L$0156&#1P#3$30'P"#A$+1$'"#$
,(+c#P'$A0'#$)13$'"#$Y#N#')'0+1$N(+]01N$01$3()01)N#$30'P"$%%I$P+1A0A'A$+5$P)'')06A$$
$
X1$'+')67$'"#$30'P"#A$+1$/)(P#6$D$P+Y#($),,(+`0B)'#6L$-@G=$)P(#A$A&Cc#P'$'+$8+(,A$
c&(0A30P'0+1@$

(DP?=APEE<)+A\ATPQDT)!DQEPAT?)

$
D$'+')6$+5$101#$A#)A+1)66L$01&13)'#3$]#'6)13$)(#)A$]#(#$03#1'050#3$+1$/)(P#6$D$()1N01N$
01$A0d#$5(+B$.@.J;)P(#$'+$:@.$)P(#A$)A$066&A'()'#3$+1$/6)'#$-@$$D66$+5$'"#A#$)(#)A$+PP&($
]0'"01$'"#$5+(B#($A06')'0+1$,+13A@$
$
[#'6)13$D$0A$6+P)'#3$01$'"#$B0336#$+5$'"#$A0'#$)13$P+Y#(A$),,(+`0B)'#6L$-@.9$)P(#A@$$!"0A$
]#'6)13$)(#)$),,#)(A$'+$+PP)A0+1)66L$A&,,+('$A')1301N$])'#($5+($)$A0N1050P)1'$,#(0+3$+5$
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'0B#$3&(01N$'"#$N(+]01N$A#)A+17$)A$#Y03#1P#3$CL$'"#$,(#A#1P#$+5$)6N)6$B)''01N$01$'"#$
]#A'#(1$)13$1+('"#(1$#3N#A$+5$'"#$]#'6)13@$$2+06A$01$'"0A$)(#)$)(#$B+0A'$P6)L$6+)B7$]0'"$
A+B#$N6#L01N$+CA#(Y#3$)'$),,(+`0B)'#6L$-I$01P"#A@$$UL3(+,"L'#A$F]#'6)13$,6)1'AH$
01P6&301N$)6Q)60$"#)'"$F?"%3<#3/%'5%8/3%H7$(L#$N()AA$F=)8/,.'.,80/(8)",.H7$C0(3hA;5++'$'(#5+06$
F=)0,5'7)"3/7,8%0,5H7$)13$C(0A'6L$+`$'+1N&#$F!/7"/5'#7@/)/&#5H$]#(#$'"#$3+B01)1'$,6)1'$
A,#P0#A$+CA#(Y#3$N(+]01N$01$'"0A$)(#)@$$DA$)$(#A&6'$+5$'"#$N(&CC01N$)P'0Y0'L$'")'$+PP&((#3$
+1$'"#$1+('"#(1$,+('0+1$+5$/)(P#6$D$01$>..G7$),,(+`0B)'#6L$.@G=$)P(#$+5$[#'6)13$D$])A$
N(&CC#3$)13$P6#)(#3$+5$Y#N#')'0+1@$$!"0A$)(#)$")A$A01P#$(##A')C60A"#3$]0'"$Y#N#')'0+1@$
$
b'"#($]#'6)13A$+1$'"#$A0'#$01P6&3#$)$AB)66$A#)A+1)6$]#'6)13$F[#'6)13$XH$P+Y#(01N$.@.=;
)P(#$)13$]#'6)13A$S7$87$)13$%$'")'$+PP&($+1$'"#$A+&'"#(1$,+('0+1$+5$'"#$A0'#@$$[#'6)13$S$
0A$'"#$6)(N#A'$+5$'"#A#$)(#)A$FB#)A&(01N$:@.$)P(#AH$)13$3&(01N$'"#$()01L$A#)A+1$A&,,+('A$
A')1301N$])'#($01$'"#$#)A'#(1$,+('0+1$]"#(#$0'$P+11#P'A$'+$)$AB)66$30'P"$'")'$3()01A$'+$
'"#$30'P"$)3c)P#1'$'+$'"#$()06(+)3$'()PQA$#)A'$+5$'"#$,(+c#P'$A0'#@$$bC60N)'#$]#'6)13$,6)1'A$
01P6&301N$P)'')06$FA1$@%'&).#3/>#35/5H$)13$,0PQ6#]##3$F+%8/7)"3/%'B/">/3/7%H$N(+]$01$'"0A$
)(#)@$$20N1050P)1'$)6N)6$B)''01N$01$'"#$6+]#($,+('0+1A$+5$'"0A$)(#)$)13$#Y03#1P#$+5$3#C(0A$
)'$'"#$+&'6#'$+5$'"#$3()01)N#$30'P"$P+11#P'01N$'+$[#'6)13$S$]#(#$+CA#(Y#3$01$?)(P"$
>..=$]"0P"$0130P)'#A$'")'$'"0A$)(#)$,+13A$])'#($3&(01N$'"#$]#''#($B+1'"A@$$$
$
2+06$'#`'&(#7$P+6+(7$)13$A'(&P'&(#$)(#$N(#)'6L$Y)(0#3$'"(+&N"+&'$'"#$A+06$,(+506#$]0'"01$'"#$
[#'6)13$S$)(#)@$$!"0A$0A$B+A'6L$)''(0C&'#3$'+$'"#$5)P'$'")'$'"#$A+06A$01$'"0A$)(#)$)(#$)1$
)PP&B&6)'0+1$+5$A#30B#1'A$5(+B$a&)((L$])A"$])'#($3#,+A0'#3$01$'"#A#$,+13A$01$'"#$
-9J.hA$)13$-9<.hA@$$*6#L01N$)13$B+''601N$+CA#(Y#3$'"(+&N"+&'$'"#$A+06$,(+506#$A&NN#A'A$
'")'$A+06A$01$'"0A$)(#)$)(#$A)'&()'#3$5+($#`'#13#3$,#(0+3A$+5$'0B#@$$$
$

$
$

LCDa)=@)!DQEPAT)M)E==[CAB)?=\QYDP?Q)
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$
[#'6)13A$8$)13$%$FP+Y#(01N$.@.<$)13$.@=9;)P(#$(#A,#P'0Y#6LH$)(#$6+P)'#3$1+('"$+5$
[#'6)13$S$)13$)(#$3+B01)'#3$,(0B)(06L$CL$5)P&6')'0Y#$,6)1'$A,#P0#A$01P6&301N$C(0A'6L$+`;$
'+1N&#$)13$C0(3hA;5++'$'(#5+067$)13$5)P&6')'0Y#;]#'$A,#P0#A7$B+A'$1+')C6L$,#,,#(N()AA$
F=#$/&/,.'8%0/()8/,.H@$$bPP)A0+1)6$C&6(&A"$F+7@)#3)$8#70,5'.%"/0/.,5H7'5+(B#(6L$Q1+]1$
)A$+7/"$,5'.%"/0/.,5H$)13$P)'')06$)6A+$N(+]$01$'"0A$]#'6)137$'"+&N"$'"#A#$A,#P0#A$)(#$
A,)(A#@$$2+06A$01$'"#A#$)(#)A$)(#$6#AA$Y)(0#3$01$P+B,+A0'0+1$'")1$'"+A#$+CA#(Y#3$01$
[#'6)13$S$)13$#`"0C0'$A0N1050P)1'$B+''601N7$#A,#P0)66L$01$'"#$A&(5)P#$A+06A@$$D6N)6$B)''01N$
0A$)6A+$,(#A#1'@$$!"#$&,6)13$)(#)A$)3c)P#1'$'+$'"#A#$]#'6)13$)(#)A$)(#$,(0B)(06L$
3+B01)'#3$CL$X')60)1$'"0A'6#$F4%"&,,5'$173)7#$@%8,5H7$Y&6,0)$FC,8$/%'-").)/&#5H7$)13$
N#()10&B$FD#"%3/,.'&/55#70,.H@$
$
[#'6)13A$M$'"(+&N"$U$+PP&($+1$'"#$A+&'"#(1$,+('0+1$+5$'"#$A0'#$c&A'$#)A'$+5$U0N"])L$
-.-@$$!"#A#$)(#)A$()1N#$01$A0d#$5(+B$.@.J$'+$=@G-$)P(#A$)A$A"+]1$+1$/6)'#$-@$$2+06$'#`'&(#7$
A'(&P'&(#7$)13$P+6+($Y)(L$A0N1050P)1'6L$C#P)&A#$'"0A$,+('0+1$+5$'"#$A0'#$])A$)6A+$&A#3$5+($
a&)((L$A06')'0+1$,+13A@$$?+''601N7$+`030d#3$("0d+A,"#(#A7$)13$)6N)6$B)''01N$,(+Y03#$
"L3(+6+NL$0130P)'+(A$'")'$A&NN#A'$,(+6+1N#3$01&13)'0+1$01$'"#A#$]#'6)13$)(#)A@$$
\#N#')'0+1$01$'"#A#$)(#)A$])A$P+B,(0A#3$B+A'6L$+5$+C60N)'#;$)13$5)P&6')'0Y#;]#'$,6)1'$
A,#P0#A7$01P6&301N$,0PQ6#]##37$'+)3$(&A"$F6,37,5'-,()3/,5H7$A)6'$N()AA$F2/50/7@8/5'5$/7%0%H7$
)13$A)13$A,&((#L$F+$#">,8%"/%'.%"/3%H@$$/)'P"#A$+5$C)(#$N(+&13$]#(#$)6A+$+CA#(Y#3$]0'"01$
'"#A#$]#'6)13$)(#)A7$,#("),A$C#P)&A#$'"#$A)6'$P+1'#1'$+5$'"#$A+06A$0A$'++$"0N"$5+($A+B#$
A,#P0#A$'+$'+6#()'#$+($'")'$,(+6+1N#3$01&13)'0+1$")A$(#A&6'#3$01$Y#N#')'0+1$A&,,(#AA0+1@$$$
$

$
$

LCDa)=@)!DQEPAT)1)E==[CAB)?=\QYaD?Q)Q=aP:T?)1CBYaP<)HIH)
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$
D$AB)66$,+13$'")'$A&,,+('A$A#Y#()6$5##'$+5$A')1301N$])'#($0A$6+P)'#3$)'$'"#$1+('"]#A'#(1$
#3N#$+5$[#'6)13$U$)13$0A$P+11#P'#3$'+$3()01)N#$30'P"$%%>$F]"0P"$0A$'03)66L$0156&#1P#3H$Y0)$
)$AB)66$P&6Y#('$'")'$,)AA#A$&13#($)$6#Y##$(+)3@$$[#'6)13$X$A&,,+('#3$A')1301N$])'#($F&,$'+$
>$01P"#AH$01$?)(P"$>..=$)13$A)'&()'#3$A+06A$01$A#Y#()6$6+]#($3#,(#AA0+1A$01$'"#$1+('"#(1$
,+('0+1$+5$'"#$]#'6)13@$$/6)1'$A,#P0#A$P+B,+A0'0+1$0A$A0B06)($'+$'")'$+5$[#'6)13A$M;Ui$
"+]#Y#(7$B+(#$+C60N)'#$A,#P0#A$01P6&301N$P)'')06$)13$C&6(&A"$+PP&(7$,)('0P&6)(6L$01$'"#$)(#)A$
]0'"$A')1301N$])'#(@$$[#'6)13A$D$'"(+&N"$X$P+Y#($)$'+')6$)(#)$+5$-.@.I$)P(#A$A&Cc#P'$'+$
8+(,A$c&(0A30P'0+1@$
$
X1$'+')67$->@:>$)P(#A$+5$c&(0A30P'0+1)6$]#'6)13$)(#)A$]#(#$03#1'050#3$+1$/)(P#6$D$F/6)'#$-H@$

U9U9F9F)/P:ODE)M)

$
D$c&(0A30P'0+1)6$]#'6)13$3#601#)'0+1$])A$P+13&P'#3$+1$/)(P#6$S$+1$E)1&)(L$>-7$>..:$)5'#($
'"0A$,)(P#6$])A$01P6&3#3$)A$,)('$+5$'"#$,(+,+A#3$,(+c#P'@$$b1#$(#B1)1'$A6+&N"$+PP&(A$+1$
'"0A$,)(P#6$)13$B#)A&(#A$),,(+`0B)'#6L$--.$5##'$01$6#1N'"$)13$),,(+`0B)'#6L$I;<$5##'$01$
]03'"7$P+Y#(01N$)$'+')6$)(#)$+5$),,(+`0B)'#6L$.@.>$)P(#$,+'#1'0)66L$A&Cc#P'$'+$8+(,A$
c&(0A30P'0+1@$$X1$)330'0+17$),,(+`0B)'#6L$>..$601#)($5##'$+5$P+)A')6$C()PQ0A"$B)(A"$)Y#()N01N$
)C+&'$>.$5##'$]03#$+PP&($+1$'"#$#)A'#(1$C+&13)(L$+5$'"0A$,)(P#6@$$X1$E)1&)(L$>..:$0'$])A$
3#'#(B01#3$'")'$'"#$P+)A')6$C()PQ0A"$B)(A"$")C0')'$P+Y#(#3$)C+&'$.@-.$)P(#$,+'#1'0)66L$
A&Cc#P'$'+$8+(,A$c&(0A30P'0+1@$$$$
$
DA$)$(#A&6'$+5$'"#$N(&CC01N$)P'0Y0'0#A$)13$'"#$01A')66)'0+1$+5$3()01$(+PQ$)P(+AA$'"#$B)c+(0'L$+5$
'"0A$,)(P#6$01$>..G7$0'$])A$3#'#(B01#3$'")'$),,(+`0B)'#6L$.@.>$)P(#$+5$'"#$P+)A')6$B)(A"$
")C0')'$+1$'"0A$,)(P#6$])A$5066#3@$
$

U9U9F9U)/=:QC=A)=@)$PATCAB)!P<))

$
D$,+('0+1$+5$'"#$T)1301N$[)L$+55;6+)301N$5)P060'L7$),,(+`0B)'#6L$.@:J$)P(#7$]066$C#$&A#3$
'+$+55;6+)3$B)'#(0)6A$)13$'()1A5#($'"#B$CL$)1$#6#P'(0P$P+1Y#L+($'+$/)(P#6$D$5+($&A#$01$
P(#)'01N$)A,")6'@$$$!"#$#`0A'01N$T)1301N$[)L$5)P060'L$5(+1'A$'"#$/#')6&B)$40Y#($)13$0A$
0BB#30)'#6L$1+('"$+5$/)(P#6$S@$$!"#$)(#)$'+$C#$0B,)P'#3$CL$P+1A'(&P'0+1$+5$'"#$P+1Y#L+($
C#6'$0A$)$A#)A+1)6$]#'6)13$B0'0N)'0+1$)(#)$A&,,+('01N$,(0B)(06L$1+1;1)'0Y#$]#'6)13$
N()AA#A@$!"#$2)1$O()1P0AP+$8+(,A$P+150(B#3$+1$%#P#BC#($-:7$>.-.$'")'$'"0A$B0'0N)'0+1$
)(#)$P+Y#(#3$.@:J$)P(#$A&Cc#P'$'+$8+(,A$c&(0A30P'0+1@$

U9U9U)%e\PQCO)7\AOQC=A?)=@)!DQEPAT)1P_CQPQ?)=A)(CQD)

$
!"#$A#)A+1)6$]#'6)13$)(#)A$+1$'"#$,(+c#P'$A0'#$,(+Y03#$56++3$(#'#1'0+1$)13$A#30B#1'$
A'+()N#7$A#(Y01N$'+$506'#($A#30B#1'A$'")'$+'"#(]0A#$B)L$56+]$30(#P'6L$'+$'"#$3()01)N#A$+1$
)13$)3c)P#1'$'+$'"#$,(+c#P'$A0'#$)13$,(+Y03#$N(+&13])'#($(#P")(N#$5&1P'0+1A@$$$
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U9U9J)!CETEC@D)1P_CQPQ)7\AOQC=A?)=@)!DQEPAT)1P_CQPQ?)=A)(CQD)

$
!"#$A#)A+1)6$]#'6)13A$,(+Y03#$")C0')'$5+($C0(3A7$#A,#P0)66L$])'#(5+]67$3&(01N$'"#$]01'#($
)13$A,(01N$B+1'"A$]"#1$]#'6)13$)(#)A$,+13$])'#($5+($#`'#13#3$,#(0+3A$+5$'0B#@$!"#$
A#)A+1)6$]#'6)13A$)6A+$,(+Y03#$")C0')'$)13$5+()N#$+,,+('&10'0#A$5+($AB)66$B)BB)6A@$D$
Y)(0#'L$+5$'#((#A'(0)6$]063605#$&A#A$'"#$A#)A+1)6$]#'6)13A$)13$)3c)P#1'$&,6)13A$+1A0'#$)A$
]#66@$$[063605#$A,#P0#A$P+BB+16L$)AA+P0)'#3$]0'"$+,#1$N()AA6)13A$)13$A#)A+1)6$]#'6)13$
")C0')'A$A&P"$)A$'"+A#$5+&13$+1$'"#$,(+c#P'$A0'#$01P6&3#$]#A'#(1$B#)3+]6)(Q$F+0,"3#88%'
3#>8#70%H7$A)Y)11)"$A,)((+]$F!%55#"7,8,5'5%3&E/7@#35/5H7$1+('"#(1$")((0#($F4/"7,5'
71%3#,5H7$Q0663##($F4@%"%&"/,5'B)7/(#",5H7$]#A'#(1$'#((#A'(0)6$N)('#($A1)Q#$FA@%.3)$@/5'
#8#>%35H7$,)P050P$P"+(&A$5(+N$F!5#,&%7"/5'"#>/88%H7$(#3;')06#3$")]Q$FF,0#)'G%.%/7#35/5H7$
]"0'#;')06#3$Q0'#$FH8%3,5'8#,7,",5H7$)13$C6)PQ;')06#3$c)PQ()CC0'$F=#$,5'7%8/()"3/7,5H@$$
2,#P0#A$)AA+P0)'#3$]0'"$P+)A')6$B)(A"$)13$#A'&)(01#$")C0')'A$01P6&3#$N(#)'$#N(#'$F9"&#%'
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Table 1.  Recharge and water-holding properties of surficial soils
Haystack Landing, Sonoma County, California

Map 
Symbol

Soil Series 1 Parent 
Material

Taxonomy Hydrologic 
Soil Group 2

Project 
Area 

Coverage

Depth 
Zone

USCS3 Atterberg 
Limits

Permeability Available Water 
Capacity4

Reaction Remarks

(order, subgroup, family) (% estimated) from SW from NW (inches) Liquid Plastic (inches/hour) Per Inch Profile (pH)
(in./in. of soil) (total, in)

 -- C 100% 0% 0% 0 to 100 43-56 7-28 0.06 to 0.2 0.1 10.0 6

 -- 

Total 10.0

Inceptisols D 0% 0% 0% 0 to 63 MH, OH 60-70 10-30 0.06 to 0.2 0.14 to 0.16 9.5 4.0-4.5

Fluventic Haplaquepts

Total 9.5

Inceptisols D 0% 19% 23% 0 to 15 CL 30-40 15-30 0.63 to 2.0 0.15 to 0.17 2.4 5.6-6.5

Lithic Xerochrepts 11 to 30 GC 30-40 15-30 0.63 to 2.0 0.09 to 0.11 1.5 6.1-6.5

Total 3.9

Inceptisols D 0% 0% 7% 0 to 11 CL 30-40 15-30 0.63 to 2.0 0.15 to 0.17 1.8 5.6-6.5

Lithic Xerochrepts 11 to 22 GC 30-40 15-30 0.63 to 2.0 0.09 to 0.11 1.1 6.1-6.5

Total 2.9

Off-Site 
Watershed 
Coverage

Qaf Artificial fill 
(aggregate 
processing 
wash tailing)  -- 

Sonoma 
Volcanics and 
some Franciscan 
bedrock.

Onsite area for wetlands 
restoration; mostly overlying 
RmA; depths and Attenberg 
Limits after MPEG 2004, other 
properties estimated

SM, SC, 
SW, CL, 

ML

Loamy-skeletal, mixed, 
mesic

Loamy-skeletal, mixed, 
mesic

GID Goulding 
cobbly clay 
loam, 5% to 
15% slopes

GIF2 Goulding 
cobbly clay 
loam, 30% to 
50% slopes

RmA Reyes silty 
clay, < 2% 
slopes

Metamorphosed 
basic igneous 
and weathered 
andesitic basalt 
of old volcanic 
formation.

Metamorphosed 
basic igneous 
and weathered 
andesitic basalt 
of old volcanic 
formation.

Bay Mud and 
river alluvium

Fine, mixed, sulfurous, 
acid, thermic

Underlying the northern-most 
portion of the site and the 
southwest corner, along the 
west boundary, and west off-
site; runoff is medium and the 
erosion hazard is moderate.

Poorly-drained silty clay 
marshland soils underlying on-
site artificial fill; soils 
compacted altering properties 
since survey.

On steeper slopes off-site to 
the northwest; runoff is rapid 
and the erosion hazard is high.
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Map 
Symbol

Soil Series 1 Parent 
Material

Taxonomy Hydrologic 
Soil Group 2

Project 
Area 

Coverage

Depth 
Zone

USCS3 Atterberg 
Limits

Permeability Available Water 
Capacity4

Reaction Remarks

(order, subgroup, family) (% estimated) from SW from NW (inches) Liquid Plastic (inches/hour) Per Inch Profile (pH)
(in./in. of soil) (total, in)

Off-Site 
Watershed 
Coverage

Mollisols C 0% 55% 0% 0 to 16 CL or ML 35-45 10-20 0.2 to 0.63 0.19 to 0.21 3.0 5.6 to 6.0

Typic Argixerolls 16 to 34 CL or ML 35-50 10-25 0.06 to 0.2 0.14 to 0.16 2.5 6.6 to 7.3

Total 5.6

Mollisols C 0% 18% 26% 0 to 12 CL or ML 35-45 10-20 0.2 to 0.63 0.19 to 0.21 2.3 5.6 to 6.0

Typic Argixerolls 12 to 28 CL or ML 35-50 10-25 0.06 to 0.2 0.14 to 0.16 2.2 6.6 to 7.3

Total 4.5

Vertisols D 0% 8% 44% 0 to 45 CH or MH 50-65 20-35 0.06 to 0.2 0.14 to 0.16 6.0 6.1 to 8.4

Chromic Pelloxererts

Total 6.0

Notes:

4) Available Water Capacity = Held water available for use by most plants, usually defined as the difference between the amount of soil water at field capacity (one day of drainage after a rain or recharge event) and the amount at the wilting point.

1) Information taken from the most-recent USDA soil survey for the area (1972), and/or Soil Survey Laboratory Data for Some Soils of California (Soil Survey Investigations Report No. 24), 1973. This soil survey generally does not distinguish
areas smaller.

3) USCS = Unified Soils Classification System, commonly used in geotechnical or soil-foundation investigations, and in routine engineering geologic logging.

DbE Diablo clay, 
15% to 30% 
percent slopes

Fine, montmorillonic, 
thermic

LoD, 
LoE

Los Osos clay 
loam, 2% to 
30% slopes

Fine, montmorillonic, 
thermic

LoF2 Los Osos clay 
loam, 30% to 
50% slopes, 
eroded Fine, montmorillonic, 

thermic

2) Hydrologic Soil Groups: A = High infiltration; B = Moderate infiltration; C = Slow infiltration; D = very slow infiltration.

Runoff contributing areas off-
site to the west; runoff is 
medium to rapid and the 
erosion hazard is medium to 
high.

Runoff contributing areas off-
site to the west; runoff is 
medium to rapid and the 
erosion hazard is medium to 
high.

Runoff contributing areas off-
site to the west; runoff is 
medium to rapid and the 
erosion hazard is medium to 
high.

Interbedded 
calcareous fine-
grained 
sandstone, 
clayey shale, 
weathered 

Weathered, 
fractured 
sandstone and 
shale

Weathered, 
fractured 
sandstone and 
shale
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TABLE 3- Rough Estimation of average annual runoff to seasonal wetlands at Haystack Landing, 
Sonoma County, CA (Revised April22, 2015) 

\X'ater Balance Report 
April 22, 2015 

Existing Avoided Wetlands 

Wetland ID 

we (avoided) 

\VD (avoided) 

\\iE (:woided) 

Annual \Vatershed Volume 

0.43 ac -ft* 

1.65 ac-ft* 

0.40 ac-ft* 

~laximum Storagc Volume 

0.14 ac-ft"' 

0.32 ac-ft* 

0.14 ac-ft* 

"'1\nnual watershcd volume and ma ximum storage volume remains un changed in rhe 
cxisting and proposed conditions 

Existing Sloughs 

Slough lD 

DD1 (avoidcd portion) 

DD2 (avoided portion) 

DD.1 (avoided portion) 

\vj (avoided portion) 

r\nnual Warcrshcd Volume 

5.52 ac-ft 

6.90 ac-ft 

0.40 ac-ft* 

7 .90 ac-fr 

,\laximum Storage Volume 

0.90 ac-fr* 

il .9U ac-ft* 

0.2 ac-fr* 

1.7 ac-fr* 

* 1\nnual watershed volume and maximum storagc volumc rcm ains unchanged in the 
cxisting and proposcd conditions 

Created I Enhanced Wetlands 

Onsirc watersheds on!· 
Wctland lD 

Rcgradcd \VB 

Rcgraded WF 

Regraded WH and \VG 

Rcgradcd DDS and DD6 

Watersheds from Hi hwa · 
\\iedand ID 

Rq.,rradcd \VB 

Regradcd WF 

Rcgraded \VH and we; 

Regraded DD5 and DD6 

Wetland lD 

Rq.,rradcd \VB 

Rcgradcd \VF 

Rcgradcd WH and \VG 

Regradcd DD5 and l)l) (, 

Watershed Volume 

11.0H ac-ft 

5.51 ac-fr 

H.3(> ac-ft 

6.70 ac-ft 

0.0 ac-ft 

0.(1 ac -ft 

31.41lac-ft 

52.13 ac-fr 

Watershed Volumc 

ll .OH ac-fr 

5.51 ac -fr 

39."7(> ac- ft 

5H.H."J ac-ft 

Maximum Storage Volumc 

1.6 ac- ft 

0.9 ac-ft 

12.6 ac -ft 

1.1 ac -ft 

;\laximum Storage Volume 

1. (> ac- ft 

0.9 ac-ft 

12.(> ac -fr 

1.1 ac-fr 

;\Iaximum Storage Volume 

1.6 ac-fr 

0.9 ac-fr 

12.6 ac -ft 

1.1 ac-fr 
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4 http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74121.html 
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5 Kerr, Drew. 2015.  Aquatic Pesticide Application Plan for the San Francisco Estuary Invasive Spartina Project.  Prepared for the 
State Coastal Conservancy.  March. 
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Table 1. Tidal elevation statistics at Haystack Landing wetland restoration site and Petaluma River, Petaluma, CA

Petaluma River at 
D Street Bridge 1

Haystack Station #1: 
Mouth of slough at bridge

Haystack Station #2: 
Slough above train tracks

Haystack Station #3: 
Jurisdictional area DD2

(feet, NGVD) (feet, NGVD) (feet, NGVD) (feet, NGVD)

Mean Higher High Water (MHHW) 5.11 4.16 3.47 3.41

Mean High Water (MHW) 4.44 3.49 3.06 ---

Mean Low Water (MLW) --- -1.86 -1.16 ---

Mean Lower Low Water (MLLW) --- --- --- ---

Notes:
1. California Department of Water Resources Petaluma River At D Street Bridge (PTB) station is operated by the City of Petaluma. The data are reported in feet above the 
1929 National Geodetic Vertical Datum (NGVD) and recorded at variable intervals. Some high water levels conceivably may have occurred between long time-interval 
readings.
2. Haystack Landing statistics were based on a continuous water-level monitoring record from June 10 through July 7, 2004.
3. Tidal statistics were not calculated where channel elevations were above tide levels.  For example, the elevation of the lower low water (LLW) trough for each day was 
not recorded at the monitoring stations because the channel elevations were higher than the LLW elevations which truncated the record. 
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Table 2. Tidal peaks and percent of time exceeded at Haystack Landing wetland restoration site, Petaluma, CA

Station Location  Elevation range from MHW to MHHW 1 Percent of time exceeded
(feet, NGVD)

Petaluma River at D Street Bridge 2 4.44 to 5.11 9 to 4%
Haystack Landing 3

Mouth of slough at bridge 3.49 to 4.16 13 to 5%
Slough above train tracks culvert 3.06 to 3.47 18 to 7%
Jurisdictional area DD2 4 3.41 6%

Notes:

3. Haystack Landing statistics were based on a continuous water-level monitoring record from June 10 through July 7, 2004. 
4. Channel elevation of jurisdictional area DD2 is above the Mean High Water (MHW) tide and thus cannot be calculated.

2. California Department of Water Resources Petaluma River At D Street Bridge (PTB) station is operated by the City of Petaluma. The data are 
reported in feet above the 1929 National Geodetic Vertical Datum (NGVD) and recorded at variable intervals. Some high water levels conceivably 
may have occurred between long time-interval readings.

1. Elevation range of interest for pickleweed is Mean High Water (MHW) to Mean Higher High Water (MHHW) having a inudation range from 18 to 
5 percent.
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a, C

A
. 

The clogged culvert beneath the train tracks constrains tidal circulation onto the restoration site w
est of the 

tracks, as evidenced by the broad low
er peaks at S

tations #2 and #3, delaying filling and draining.

--slough thalw
eg at S

tation #1

--invert of culvert at train tracks

--top of culvert

--slough thalw
eg at S

tation #3

C
onstrained flow

 
through culvert 
m

utes and delays 
tidal peaks



204012 Tidal S
tatistics 04.xls, Fig 6. E

xceedance, 10/10/2004
©

2004 B
alance H

ydrologics, Inc.

-3 -2 -1 0 1 2 3 4 5 60%
10%

20%
30%

40%
50%

60%
70%

80%
90%

100%

Percent tim
e exceeded

Water Surface Elevation (feet, NGVD 1929)

H
aystack S

tation #1: M
outh of slough at bridge

H
aystack S

tation #2: S
lough above train tracks

H
aystack S

tation #3: Jurisdictional area D
D

2
P

etalum
a R

iver at D
 S

treet B
ridge (D

W
R

)
M
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H
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M
ean H

igher H
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5 to 18 percent 
inundation standard 

for picklew
eed 

habitat.

H
eight-duration curves for the Petalum

a R
iver and gaging stations on H

aystack 
Landing w

etland restoration site, June 10 to July 7, 2004, Petalum
a, C

A
.

M
ean tidal peaks (M

H
W

 and M
H

H
W

 elevations) are plotted on each station curve to illustrate exceedance 
ranges and characterize hydrologic conditions for each channel.

Figure 6.

--slough thalw
eg at S

tation #1

--invert of culvert at train tracks

--top of culvert

--slough thalw
eg at S

tation #3

E
xceedance conditions at S

tation #2 
resem

ble S
tation #3 at levels above 3 

feet, and S
tation #1 below

 3 feet, 
illustrating effect of constrained flow

 
through the culvert at the train tracks. 

Inflection above exceedance 'tails' 
illustrate the percentage of tim

e the 
station is influenced by tides. 
S

tations higher in the w
atershed 

exhibit longer exceedance 'tails' 
and  less inundation.

P
etalum

a R
iver gage is located 

upstream
 from

 confluence and 
exhibits higher elevations overall.

M
uted tidal peaks at S

tations #2 and #3
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Figure 7.
Specific conductance and w

ater tem
perature at m

onitoring station #1, m
outh of slough 

connecting H
aystack Landing w

etland restoration site w
ith Petalum

a R
iver, M

ay 7 to 
July 26, 2004, Petalum

a, C
A

.  S
pecific conductance is responding to receding stream

flow
 in the 

P
etalum

a R
iver and seasonally increasing proportions of sea w

ater advancing upstream
 from

 S
an P

ablo B
ay. 
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Figure 8.
Specific conductance and w

ater tem
perature at m

onitoring station #2, upstream
 of culvert 

beneath train tracks on slough connecting H
aystack Landing w

etland restoration site 
w

ith Petalum
a R

iver, M
ay 7 to July 26, 2004, Petalum

a, C
A

.  S
pecific conductance is responding to 

receding stream
flow

 in the P
etalum

a R
iver and seasonally increasing proportions of sea w

ater advancing upstream
 

from
 S

an P
ablo B

ay.

H
um

ps in record and increasing 
daily range m

ay be caused from
 

accum
ulation of m

ud on sensor.
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Figure 9.
Specific conductance and w

ater tem
perature at m

onitoring station #3, jurisdictional 
area D

D
2 on H

aystack Landing w
etland restoration site, M

ay 7 to July 26, 2004, 
Petalum

a, C
A

.  S
pecific conductance is responding to receding stream

flow
 in the P

etalum
a R

iver and 
seasonally increasing proportions of sea w

ater advancing upstream
 from

 S
an P

ablo B
ay.



204012 Fig 10 Sta 1 photos.doc 

 
V

iew
 of the channel upstream

 of S
tation #1 

located at the bridge in the distance.  P
hoto taken 

at train tracks looking dow
nstream

 tow
ards the P

etalum
a 

R
iver. 

      

       
G

aging S
tation #1 

 

Figure 10.  Photos of gaging Station #1 located
at the m

outh of the slough connecting 
H

aystack Landing w
etland restoration site w

ith Petalum
a R

iver, Petalum
a, C

A
. 



204012 Fig 11 Sta 2 photos.doc 

H
igh tide, train tracks seen in distance 

 
     

C
ulvert seen at low

 tide 
 

Figure 11.  Photos of gaging Station #2 located
upstream

 of the culvert beneath the train 
tracks on the slough connecting H

aystack Landing w
etland restoration site 

w
ith Petalum

a R
iver , Petalum

a, C
A

. 



204012 Fig 12 Sta 3 photos.doc 

       

Figure 12.  Photos of gaging Station #3 located
in jurisdictional w

etland D
D

2 on
H

aystack Landing w
etland restoration site, Petalum

a, C
A

. 
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A
ppendix A

. Station observer log 2004: H
aystack Landing w

etland restoration, Petalum
a, C

alifornia.

Site C
onditions

D
atalogger R

eadings
H

igh-W
ater M

arks
W

ater Q
uality M

easurm
ents

R
em

arks
Observer            
Date Time               
(DST)

Datalogger            
Date Time (PST)

Observer

Stage

Stage NGVD29 
Elevation

Hydrograph

Pressure 
Transducer #1

Pressure 
Transducer #2

Field Specific 
Conductance

Water Tempurature

Estimated stage at 
staff plate

Water Temperature

Field Specific 
Conductance

Adjusted Specific 
Conductance

(m
m

/dd/yr hh:m
m

)
(m

m
/dd/yr hh:m

m
)

(feet)
(feet)

(R
/F/S

/B
)

(feet)
(feet)

(µm
hos/cm

)
(oC

)
(feet)

(oC
)

(µm
hos/cm

)
(at 25 oC

)

G
A

G
IN

G
 STA

TIO
N

 #1: M
outh of slough at bridge

5/7/04 11:30
5/7/04 10:30

gp, bm
, m

w
0.53

-1.81
F

0.422
0.335

14230
20.5

20.6
13830

15090
installed datalogger; set at standard tim

e; 
G

P
S

 N
38 13.225, W

122 36.095, 14 ft 
accuracy

5/7/04 12:40
5/7/04 11:40

gp, bm
, m

w
0.50

-1.84
0.395

0.307
13537

20.7
5/12/04 18:24

5/12/04 17:24
m

w
0.90

-1.44
R

0.919
0.834

12100
21.6

22.0
13000

13719
dow

nloaded data
5/21/04 9:56

5/21/04 8:59
gp, m

w
0.53

-1.81
F

0.410
0.324

11813
16.6

16.7
15210

18070
dow

nloaded data; level survey; 0 on staff 
plate = -2.34 feet elev

5/21/04 12:18
5/21/04 11:21

gp, m
w

0.52
-1.82

F
0.409

0.323
12420

18.0
w

idth of w
ater surface = 3.15 feet

5/24/04 5:45
5/24/04 4:45

m
w

5.34
3.00

F
5.295

5.226
12570

18.8
5/24/04 5:50

5/24/04 4:50
m

w
5.32

2.98
F

5.211
5.142

12580
18.8

5/24/04 6:43
5/24/04 5:43

m
w

4.25
1.91

F
4.105

4.032
12577

18.8
18.0

16500
19195

dow
nloaded data

5/25/04 7:52
5/25/04 6:52

gp, m
w

3.41
1.07

F
3.269

3.194
12813

19.4
19.0

16000
18153

dow
nloaded data; resurveyed staff plate

5/25/04 8:36
5/25/04 7:36

gp, m
w

2.55
0.21

F
2.472

2.394
12700

19.2
19.0

16000
18153

dow
nloaded data; resurveyed staff plate

6/18/04 12:52
6/18/04 11:49

gp
2.65

0.31
F

2.592
2.514

18188
23.0

22.8
25280

26370
D

id not dow
nload data

6/20/04 13:42
6/20/04 12:39

gp
2.00

-0.34
R

1.950
1.869

19055
24.0

23.4
24890

25700
7/2/04 6:10

7/2/04 5:07
gp

2.38
0.04

F
2.281

2.198
19377

19.8
7/2/04 7:19

7/2/04 6:16
gp

0.88
-1.46

F
0.762

0.676
18753

18.6
7/26/04 11:02

7/26/04 9:59
gp

3.49
1.15

R
3.475

3.399
27348

22.5
23.0

34750
36150

G
A

G
IN

G
 STA

TIO
N

 #2: M
ain branch of slough above train tracks culvert

5/7/04 15:49
5/7/04 14:49

gp, bm
, m

w
3.86

2.02
R

3.741
3.727

12177
20.9

20.7
13150

14370
installed datalogger; set at standard tim

e; 
G

P
S

 N
38 13.193, W

122 36.120, 13 ft 
accuracy

5/7/04 15:55
5/7/04 14:55

gp, bm
, m

w
3.99

2.15
R

3.834
3.819

12160
20.6

5/12/04 17:52
5/12/04 16:52

m
w

0.66
-1.18

F
0.457

0.446
16620

24.7
half of w

ood box culvert exposed show
ing 

barnacle-like grow
th blockage; dow

nloaded 
data

5/21/04 10:59
5/21/04 10:03

gp, m
w

0.71
-1.14

F
0.524

0.511
15280

17.0
3.75, 5.20

17.4
13050

15270
dow

nloaded data; level survey; 0 on staff 
plate  = -1.84 feet elev

5/21/04 13:08
5/21/04 12:12

gp
0.68

-1.16
R

0.495
0.484

16460
19.4

5/24/04 5:54
5/24/04 4:58

m
w

4.90
3.06

F
4.734

4.717
16630

19.1
5/24/04 6:23

5/24/04 5:27
m

w
4.71

2.87
F

4.513
4.496

16465
18.7

5/24/04 6:24
5/24/04 5:28

m
w

4.70
2.86

F
4.502

4.485
16460

18.7
16.5

15200
18372

dow
nloaded data

5/24/04 6:27
5/24/04 5:31

m
w

4.68
2.84

F
4.468

4.450
16445

18.7
5/25/04 9:00

5/25/04 8:00
gp, m

w
1.66

-0.18
F

1.485
1.470

16520
17.9

17.0
15000

17899
dow

nloaded data
6/20/04 14:14

6/20/04 13:12
gp

2.40
0.56

F
2.207

2.192
26280

25.6
25.8

29030
28600

7/2/04 6:34
7/2/04 5:32

gp
2.95

1.11
F

2.777
2.759

30520
19.4

18.3
28720

32970
7/26/04 11:23

7/26/04 10:21
gp

2.71
0.87

R
2.577

2.557
30485

20.8
7/26/04 12:49

7/26/04 11:47
gp

2.03
0.19

R
1.854

1.834
32243

23.0
24.3

36180
36560

7/26/04 18:19
7/26/04 17:17

gp
4.47

2.63
R

4.374
4.353

34497
25.6

25.2
36490

36320
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age 1 of 3
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Site C
onditions

D
atalogger R

eadings
H

igh-W
ater M

arks
W

ater Q
uality M

easurm
ents

R
em

arks

Observer            
Date Time               
(DST)

Datalogger            
Date Time (PST)

Observer

Stage

Stage NGVD29 
Elevation

Hydrograph

Pressure 
Transducer #1

Pressure 
Transducer #2

Field Specific 
Conductance

Water Tempurature

Estimated stage at 
staff plate

Water Temperature

Field Specific 
Conductance

Adjusted Specific 
Conductance

(m
m

/dd/yr hh:m
m

)
(m

m
/dd/yr hh:m

m
)

(feet)
(feet)

(R
/F/S

/B
)

(feet)
(feet)

(µm
hos/cm

)
(oC

)
(feet)

(oC
)

(µm
hos/cm

)
(at 25 oC

)

Low
er jurisdictional area D

D
1

5/7/04 14:15
gp, bm

, m
w

F
18.4

11300
12930

U
pper jurisdictional area D

D
1

1/21/04 0:00
lm

, bh, m
w

15.0
4500

5655
m

m
, ns, m

w
12.0

4600
6258

5/7/04 13:10
gp, bm

, m
w

 - 
dam

p

Jurisdictional area D
D

6
m

m
, ns, m

w
12.0

3400
4626

above culvert to D
D

1
5/7/04 13:00

gp, bm
, m

w
 - 

17.1
1473

1733
isolated pool; depth about 12"; 

Petalum
a B

lvd. box culvert
5/7/04 13:00

gp, bm
, m

w
culvert is dry

M
ain branch slough above D

D
1 confluence

5/7/04 14:03
gp, bm

, m
w

F
21.1

15170
16370

G
A

G
IN

G
 STA

TIO
N

 #3: Jurisdictional area D
D

2
5/7/04 16:57

gp, bm
, m

w
5.14

2.67
R

installed staff plate; G
P

S
 N

38 13.105, W
122 

36.097, 15 ft accuracy
5/12/04 17:30

5/12/04 17:30
m

w
5.11

2.64
F

0.715
0.942

18250
22.5

5.54
30.0

22000
19700

installed datalogger; set at daylight-savings 
tim

e
5/21/04 12:33

5/21/04 12:33
gp, m

w
5.16

2.69
F

0.772
0.947

16745
18.1

w
idth of w

ater surface = 11.1 feet
5/21/04 13:30

5/21/04 13:30
gp, m

w
5.15

2.68
F

0.763
0.940

16890
18.3

22.6
9450

9920
level survey; 0 on staff plate = -2.47 feet elev

5/24/04 5:59
5/24/04 5:59

m
w

5.59
3.12

F
1.221

1.372
16490

17.1
5/24/04 6:07

5/24/04 6:07
m

w
5.57

3.10
F

1.198
1.378

16407
17.1

14.5
14000

17825
dow

nloaded data
5/24/04 6:12

5/24/04 6:12
m

w
5.56

3.09
F

1.196
1.380

16290
17.1

5/25/04 9:24
5/25/04 9:24

gp, m
w

5.20
2.73

F
0.820

0.991
17080

18.1
17.5

16000
18850

dow
nloaded data

6/20/04 14:39
6/20/04 14:39

gp
5.16

2.69
F

0.766
0.965

25250
21.1

29.6
30800

28100
7/2/04 6:21

7/2/04 6:21
gp

5.60
3.13

F
1.233

1.416
28270

21.0
19.3

25770
28950

7/26/04 11:15
7/26/04 11:15

gp
5.14

2.67
R

0.752
0.955

34980
21.5

7/26/04 17:41
7/26/04 17:41

gp
5.10

2.63
F

0.709
0.937

37850
23.6

30.6
6640

5940

Jurisdictional area D
D

2 below
 culvert to W

I
1/21/04 0:00

lm
, bh, m

w
15.0

5500
6912

5/7/04 13:13
gp, bm

, m
w

18.4
13600

15600

N
orth arm

 of jurisdictional area W
I

1/21/04 0:00
lm

, bh, m
w

15.0
7500

9425
m

m
, ns, m

w
11.0

4800
6708

5/7/04 13:15
gp, bm

, m
w

18.0
4920

5670
culvert to D

D
2 does not appear to have tidal 

circulation; south portion dry
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Site C
onditions

D
atalogger R

eadings
H

igh-W
ater M

arks
W

ater Q
uality M

easurm
ents

R
em

arks

Observer            
Date Time               
(DST)

Datalogger            
Date Time (PST)

Observer

Stage

Stage NGVD29 
Elevation

Hydrograph

Pressure 
Transducer #1

Pressure 
Transducer #2

Field Specific 
Conductance

Water Tempurature

Estimated stage at 
staff plate

Water Temperature

Field Specific 
Conductance

Adjusted Specific 
Conductance

(m
m

/dd/yr hh:m
m

)
(m

m
/dd/yr hh:m

m
)

(feet)
(feet)

(R
/F/S

/B
)

(feet)
(feet)

(µm
hos/cm

)
(oC

)
(feet)

(oC
)

(µm
hos/cm

)
(at 25 oC

)

Jurisdictional area W
I

1/21/04 0:00
lm

, bh, m
w

15.0
12000

15080
5/7/04 13:15

gp, bm
, m

w
dry

M
ain branch slough above D

D
2 confluence

1/21/04 0:00
lm

, bh, m
w

13.0
4300

5696

Jurisdictional area W
B

1/21/04 0:00
lm

, bh, m
w

13.0
3000

3974
spilling to slough

m
m

, ns, m
w

14.0
2900

3741
5/7/04 13:20

gp, bm
, m

w
dry

Pond on adjacent parcel
1/21/04 0:00

lm
, bh, m

w
13.0

7000
9273

N
otes:

O
bserver K

ey: G
ustavo P

orras (gp), B
onnie M

allory (bm
); M

ark W
oyshner (m

w
); Lucy M

acM
illan (lm

), B
arry H

echt (bh)

S
tage:  W

ater level observed at outside staff plate

H
ydrograph:  D

escribes stream
 stage as rising (R

), falling (F), steady (S
), or baseflow

 (B
)

Instrum
ent:  If m

easured,  typically m
ade using a standard (A

A
) or pygm

y (P
Y

) bucket-w
heel ("P

rice-type") current m
eter.  If estim

ated, from
 rating curve (R

) or visual (V
).

E
stim

ated m
easurem

ent accuracy:  E
xcellent (E

) = +/- 2%
;   G

ood (G
) = +/- 5%

;  Fair (F) = +/- 9%
;  P

oor (P
) estim

ated percent accuracy given

H
igh-w

ater m
ark (H

W
M

):  M
easured or estim

ated at location of the staff plate

S
pecific conductance:   M

easured in m
icrom

hos/cm
 in field; then adjusted to 25degC

 by equation (1.8813774452 - [0.050433063928 * field tem
p] + [0.00058561144042 * field tem

p^2]) * Field specific conductance

A
dditional S

am
pling:  Q

bed = B
edload, Q

ss = S
uspended sedim

ent, N
utr = nutrients; other sym

bols as appropriate   

204012 obs log.xls, log
P
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E
nhanced W

etland A
rea

S
oil S

alinity
W

ater S
alinity

R
em

arks
ppt

ppt

Tidal
0.2 to 5

7 to 25
higher in the sum

m
er

S
easonally inundated

2 to 6
2 to 5

locally higher
E

m
ergent

0.2 to 4
0.2 to 2

initially higher until flushed and at the southerly portion

N
otes:

S
alinity values w

ere based on a qualitative degree of flushing for each w
etland area, and m

easurem
ents m

ade during the 
prelim

inary hydrologic evaluation (W
oyshner and others, 2004), a subsequent w

ater quality survey on February 4, 2005 during 
w

inter baseflow
 conditions, and during the geotechnical investigation by M

iller P
acific (2004).

204012 est salinities.xls, table, 10/25/2005
©

2005 B
alance H

ydrologic, Inc

!



 

 

85 

4..#$/,5!F!E!-#%%#(!1(*0!NK3K!O,)9!&$/!@,+/+,1#!3#(;,8#!%*!P*$?!Q!4))*8,&%#)B!R&$'&(>!
STB!UVVW!!



I'IIJI'U'·· 0t H~~U\..o.LH I 1:.;::) 

.)of-r'q.J 

United States Department of-the Interior 

IN REPLY REFER TO: 
1-1-05-TA-0185 

Ms. Sarah Lynch 
Senior Associate Biologist 
Monk & Associates 
1136 Saranap Avenue~ Suite·Q 
Walnut Creek, California 94595 

FISH AND WILDLIFE SERVICE 
Sacramento Fisll and Wildlife Offiee 
Z800 Cottage Wayt Room W·l605 
Sacramento:- California gssZS-1846 

t"'Abt. tJ:a t:J:.:l 

Subject: Requ~ for No Take Determination for the Haystack Landing Project Site, 
City of Petaluma., Sonoma County, CaJifomia 

Dear Ms. Lynch: 

This letter is in response to your November 17, 2004, request that the U.S. Fish and Wildlife 
Service (Service) determine that development of the Haystack Landing Project site in Petaluma, 
California, is not likely to result in take of the salt marsh harvest mouse (Reithrodontomys 
raviventris) in accordance with the requirements of the Endangered Species Act of 1973, as 
amended (16U.S.C. 1531 et seq.)(Act). Your letter was received in our office on November 18, 
2004. 

The proposed 3 7 -acre Haystack Landing Project site is located at 3355 Petaluma Boulevar.d 
South on the southern edge of the City of Petaluma. The project site is an irregularly shaped 
rectangle located on the east side of Highway ·1 01 and is composed of two parcels. The site is 
bordered by commercially zoned lots and commercial buildings to the north, Petaluma 
Boulevard South and Highway 101 to the west, and the Northwestern Pacific Railroad tracks, 
commercial buildings, and agricultural fields to the east. The Petaluma River lies east of the 
commercial buiJdings and agricultural fields bordering the east side of the project site. 

The project propon.ent is proposing to establish an asphalt plant and related operations on the 
northern portion of the Haystack Landing Project site. About 1. 76 acres of wetland habitats 
would be filled to accommodate tbe facility. The southern portion of the project site would be 
used to create and enhance wetland habitats to offset the proposed filling of 1. 76 acres of 
wetlands. The project site has been used previously as a dairy fann and for the disposal of 
quarry wasb water as part of a gravel and asphalt quarry operation. As a result of these land 
uses, most picldeweed (Salicomia virginica) dominated wetlands that probably historically 
occurred on the project site have been eliminated and the quality of the rem.aining wetlands have 
been greatly d)minishcd. Presently, pickleweed cover on the project site is minimal and patchy., 
and overall vegetation cover is low. 



2 
Ms. Sarah Lynch 

To determine the presence or absence of salt marsh harvest mice on the project site, Monk & 
Associates conducted trapping surveys approved by the Service prior to their implementation. 
These sunreys were extensive and designed specifically to determine the presence/absence of salt 
marsh harvest mice on the project site. A total of 698 Shennan live-traps were set eaeh.night 
over an eight-night period from September 26 through October 8, 2004. Trap lines and trapping 
grids were established in wetland areas and adjacent uplands that appeared to have the greatest 
potential for supporting salt marsh harvest mice. A total of 5,584 trap-nights were completed 
under the purview of Recovery Permit TE776608-4 issued by the Service and a Memorandum of 
Understanding with the California Department ofFish and Game. No salt marsh harvest mice 
were trapped during the surveys. A total of76l.house mice (Mus musculus), 210 western 
harvest mice (Reithrodontomys mega/otis), and three California meadow voles (Microtus 
.califomicus) were trapped during the surveys. 

The Service has determined that development of the Haystack Landing Project site is not likely 
to result in take of the salt marsh harvest mouse. We base this determination on the following: 
(1) the project site is fairly isolate~ (2) substantial baniers and distance exist between the project 
site and other suitable hatvest mouse habitat, (3) habitat conditions for salt marsh harvest mice 
on the project site are highly degrade~ ( 4) the presence of non-native rodents which could 
preclude salt marsh harvest mice from 'inhabiting the wetland, and (5) your extensive surveys did 
not detect the presence of salt marsh harvest mice in the wetland. This determination is made 
solely for the Haystilck Landing Project site and has no implications for any other project site 
within the range of the salt marsh harvest mouse. Therefore, unless new information reveals 
effects of the project that may affect federally listed species or critical habitat in a manner not 
identified to date, or if a new species is listed or critical habitat is designated that may be affected 
by the proposed development,. no further action pursuant to the Act is necessazy~ 

Please contact Jim Browning of my staff at (916) 414-6625, if you have questions regatding this 
respo.nse on the Haystack Landing Project. 

Sjncerely, 

Catrina Martin 
Deputy Assjstant Field Supervisor 
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J(L%#"6&-'"%(:--"7%$"&'(W%'%7,@,'$(:'6&-@%$"&'(K2!$,@(TL:W:KU(!$%$"&'(;II4(
0$$)`aa+++."@"!9+%$,-9.%97&5a."@"!a6-&'$K$%$"&'b,$%"#:'6&9*&c!$%$"&':*d;IIe!-.d"'6&4(K$%$"&'(
%5,-%7,!`(Y%'(G9<D?(S,E(;9>V?(W%-(J9D;?(H)-(I9JV?(W%2(V9>;?(Y/'?(>9J>?(Y/#(>9I=?(H/7(V9D>?(K,)(
I9I<?(R.$(f9GV?(Z&5(;9VI?(b,.(G9<D?(H''/%#(If9<V("'.0,!9(((
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5 Kerr, Drew. 2015.  Aquatic Pesticide Application Plan for the San Francisco Estuary Invasive Spartina Project.  Prepared for the State Coastal 
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