




















































































































































































































































I I10 Ii hffdd hTable .9. Summary 0 ZinC cuncentratlOns rcportc to ave a verse c ects on res water alJ.!a specIes

Species Name Chemical Duration or Effectl Concentration Hardness Reference Where
Test Type I

Endpoint (J.IKiL) (mKiL Cited
as CaCO.•)

AIIki.llrodesmllsjiJlcalllS zinc chloride I PGR 5-30 Wong & Chau, 1990 J
green algae

NoviclIlo "ellielliosa zinc chloride I PGR 5-30 Wong & Chau, 1990 3
diatom

Seelledesmus qlladricallda zinc chloride I PGR 5-30 Wong & Chau, 1990 3
green algae

inci~iel1tgrowth .".i.::;···..••·••j~. .... .....•:.. •....J.:, .•••..
"

,-- ,.-'

Selenastrum capricornulum zinc chloride 7

··.,.i
Bartlett el 01., 1974" 2

green algae . iiih.lbitiort •...! ........•.......•.• .>

Ch/omydol/lollas "ariahilis (, 30% reduction in 503 Bales el al., 19X3 2
green algae division rate

Algae zinc sulfate 5-30 BMS 540 Genter elal., 19X8 3
mi~ed species

Navicula scmilJulum zinc chloride 5 EC50 growth 1320 Acad. of Nat. Sci .. 1960 2
diatom

Chiarella ,,"lgaris zinc sulfate 4 EC50 growth 2400 Rachlin & Farran, 1974 2
green algae

Clr/orella saccamphila zinc chloride 4 EC50 7100 Rachl in el al., 1982 2
green algae

Nal'icula illceria zinc chloride 4 EC50 10000 Rachlin elol., 1983 2
diatom

I. Duration gl\en 10 days unless otherwise noted.
2. Cited in Zinc Criteria document (USEPA, 1987).
3. Cited in AQUIRE database.

Shading Selenaslfum capricornu/um



........
~

, Table 40. Summary of cadmium concentrations reported to have adverse effects on 15 freshwater fish spccies

Species Name Chemical Duration EffeeU Concentration Hardness Reference Where
or test type I Endpoint (J.tgIL) (mgIL as CaCO) Cited

Salmo gairdneri
18 months reduced survival 0.2 112 Birge ei 01.. 1981 2

rainbow troUI

/clalums p"nc/aWs
cadmium chloride _increased albinism 0.5 Westerman & Birge. 1978 2

catfish

Morone saxu/ilis cadmium chloride
LC500r EC50 I 34.5 Hughes. 1973 2

striped bass

Oncorhynchus Ishuwy!scha
acute mortality 1.1 20-22 Finlayson & Verrue. 1982 3

Chinook salmon (juvenile)

Salmo Imlta
acute mortality 1.4 39.48. Spehar & Carlson. 1984 3

brown troUI

SalvetinusJontinalis
acute mortality <1.5 42 Carrol el of, 1979 3

brook trout

Oncorhynchus mytiss
acid mine waste 96 hr LC50 1.6 52 Fi~layson and Wilson. 1989

steclhead trout (fry)

Oncorh....lchus /shawl'lscha
acid mine waste 9(i hr LC50 1.9 52 Finlayson and Wilson. 1989

Chinook salmon (fry)

Oncorhynchll.• tislI/"h cadmium chloride
9 LC50 2.0 22 Chapman & Slevcns. 1978 2

coho salmon (juvenile)

Salmosular cadmium chloride
70 reduced growth 2.0 13 Peterson. 1983 2

Atlantic salmon
--, ~-- ~.

Jordullellu.fl'}ridea cadmjumchloride _-
LC Chronic value 4.4161 44-51 Carlson el ul.. 1982 2

flagfish

Calostomus commersoni cadmium chloride
ELS Chronic value 7.099 44 Eaton el 01.,1978 2

white sucker

Salvetinus namaycush cadmium chloride
ELS Chronic value 7.357 44 Eaton el 01., 1978 2

lake trout

£Sox lucius cadmium chloride·
ELS Chronic value 7.361 44 Eaton et al., 1978 2

nothern pike

Micropterus dolomieui cadmium chloride
ELS Chronic value 7.390 44 Eaton e/ al., 1978 2

srnallmouth bass

I. Duration gl\'en m days unless othelWlse noted,
Test Types: LC-Life Cycle. ELS-Early Life Stage.

2. Cited in Cadmium Criteria document, (USEPA. I984b).
3. C;te~ in Table 11-7 (Lillebo., 01.. 191\1\).

• Sa/ma gaircfnt'ri = Oncorh.vnchu.f nrykiss
Shading Pimcphalrs I'rortlc'las

.'



bhTablc 41. SUlllmary of cadmium cOllcentrations rcportcd to have adversccffcclS on 15 frcs waler inverlc ralc specIes

Species Name Chemical Duration Effectl Concentration Hardness Reference "'here
or test type

I
Endpoint (JlglL) (mglL as CaCOJ) Cited

Daphnia magna
cadmium chloride LC Chronic value 0.1523 53 Chapman et al.. manuscripl 3

Walcr Ilea

CcrltJllaph"ia relic"ulala
cadmium chloride 7 LOEC REP 0.2 240 Elnabarawy '" al. 1'iXt, 2

waler Ilca

A1o;lJu mucrocufJu cadmium chloride
20 reduced survival 0.2 80-84 Halakcyama & Yasuno. 3

waler flea 1981b

ACUlJllwc.:\"c!ops l'iriclis cadmium chloride
3 LC50 0.5 Braginsky & Sehcrban. 197K 3

corepod

Jlm/dla a:I"ca cadmium
42 LC50*MOR 0.53 130 Rorgmann et al., 1991 2

scud

Cerioclaphnia eluhia cadmium sulfate
7 GRO,REP 1 90 Winner, 1988 2

water flea

Daphlliu pll/ex cadmium chloride
140 reduced reproduction I 57 Bertram & Hart. 1979 3

Waler flca

Po!l'lJeclilllll/ lIuhiler cadmium chloride
8 DVP 1 Hatakeyama, 1987 2

midge

Gammarlls lasciatlls cadmium
42 MaR 1.49 Borgmann et at., 1989 2

scud

Asracus astllcuS cadmium
14-70 ENZ. HIS 2 Meyer et al.. 1991 2

European crayfish

Ephell/ereUa sp cadmium chloride
28 LC50 <3 44-48 Spehar et al., 1978 3

mayfly

Aplexa InplIOnll1l cadmium chloride
LC Chronic value 3.460 45.3 Holcombe et al.. 1984 3

Sllail

Tun.\·ll1rS1L\· d/~'lsi11lilis cadmium chloride
10 LC50 3.8 47 Anderson et at.. 19RO 3

midge

f)ap/miu gall'atil IIWlJiloflll' cadmium chloridc
22 weeks rcducl'd biomass 4.0 Marshall. 197Ra 3

cladocnan

Cumharlls ["Iimlls cadmium chloride
5 months significant mortality 5 11.1 Thorp et al., 1979 3

crayfish

---

1. DuratIOn given In days unless otherWise nOled.
Test Types: LC-Life Cycle. ELS-Early Life Stage.

2. Cited in AQUIRE database.
3. Cited in Cadmium Criteria document (USEPA, 1984b).

Shading Ceriodaphnia dubia



Table 42. Summary of cadmium concentrations reported to have adverse eftects on 15 freshwater al~al species

Species Name Chemical Duration Effectl Concentration Hardness Reference "'here
or test type' Endpoint (p.g/L) (mg/L as CaCO.•) Cited

ASieriol1ella formosa
factor of 10 growth rate 2 Conway, 1978 3

diatom decrease

Algae mixed species
cadmium chloride significant reduction in 5 G iesy el 01., 1979 2

population

SO:Ilt:deslIIlls i/uucJriccllula cadmium chloride
reduction in cell count 6.1 Klass el 01., 1974 3

grecn algae

Chlamydomonas reinhardlii cadmium chloride
6.7 PGR 7.5-40 Lawrence et 01., 1989 2

green algae

Selenusirum capricornutum cadmium chloride
PGR

.' :.: -
c' .

Thompsonel 01., 1987 24.0 8
green algae

Chara mlgllris cadmium sulfate
14 IC50GRO 9.5 HeuJ1l3nn, 1987 2

ScenedeslIlus hijllgallls cadmium sulfate
1-12 physiological 10 Salhya & Balakrishnan, 1987 2

Chlorel/a mlgaris
reduction in growth 50 HutchinSon & Stokes. 1975 3

green algae

Scenedes/IIlIs di/llorph'L\" cadmium nitrate
2 EC50*IMM 63 Ghosh el aI., 1990 2

green algae

SCl'nCt/csmw; .Hlhsph'lIll1S cadmium chloride
3 EC50BMS· 100 Kuhn & Patlard, 1'J90 2

grecn algae

Algae cadmium ,
..

Kerriscn et 01., 198& 2.14 BMS 100

CMorel/a sace/rumphi/a cadmium chloride
4 EC50 105 Rachlin el 01.. 1984 3 ,

grecn algae

AlluheuI1u .I1os-al/llue cadmium chloride
4 EC50 120 Rachlin et 01.. 1984 3

ChJorel/a pyre/widosa cadmium chloride
reduction in growth . 250 Hall & Scaife. 1977 3

Navicula ;Ilcerla cadmium chloride
EC50 310 Rachlin et 01., 1982 3

diatom

I. Durallon gIven In days unless otherwIse noted.
Test Types: LC-Life Cycle, ELS-Early Life Stage.

1. Cited in AQUIRE database.
3. Cited in Cadmium Criteria document (USEPA, 1984b).

Shading Selenastrum capricornutum

• ,.



Table 43. Comparison of Metal Load Estimates in the Sacramento River at Greene's Landing from January Through April During a Dry Year
(1994) and Wet Year (1995).

Copper Zinc Chromium Lea(l Cadmium Nickel Arsenic

Total Daily Total Daily Total Daily Total Daily Total Daily Total Daily Total Daily

Year and Method (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg.
.-

1994
Average

Concentration 20,900 174 50,700 423 14,700 123 3,240 27 698 6 19,800 165
Method

Model 16,500 141t 37,900 323t 10,500 89t 2,290 20t * * 13,700 117t

1995

Average
1360" 394,000 3720" 155,000 1,460" 54,400 51YConcentration 144,000 1,660 16" ####### 1,900" 20,800 196"

Method

Model * * * * * * * * * * * * * *

% Increase 872 (I) 1040 (I) 1476 (1) 2,376 (1) 237 (2) 1,467 (1) N/A

(I) = % increase from 1994 model calculation to 1995 average concentration method
(2) = % increase from 1994 average concentration method to 1995 average concentration method
* = Model could not be applied due to insignificant relationship between total metal concentrations and flow
t = Daily average based on 117 days when flows were recorded
" = Daily average based on 106 days when flows were recorded
The number of significant figures for load estimates was set at three due to uncertainties in flow measurements and regression analyses.
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Table 44. Comparison of Metal Loads to the Delta Contributed by Sources Which Drain Into the Yolo Bypass and Sacramento River
During High Flows From January Through April 1995 .

METAL CONTRIBUTION BYPASS RIVER TOTAL

Total (kg) 296,000 144,000 440,000
Copper Daily Average 2,850* 1,360t 4,210

Percent 67 33 100

Total (kg) 727,000 394,000 1,120,000
Zinc Daily Average 6,990* 3,72Ot 10,700

Percent 65 35 100

Total (kg) 472,000 155;000 627,000
Chromium Daily Average 4,540* 1,460t 6,000

Percent 74 26 100

Total (kg) 64,700 54,400 119,000
Lead Daily Average 622* 513t I,J40

Percent 54 46 100

Total (kg) 1,550 1,660 3,210
Cadmium Daily Average 15* 16t 31

Percent 48 52 100

Total (kg) 911,000 201,000 1,110,000
Nickel Daily Average 8,760* 1,900t 10,700

Percent 82 18 100

Total (kg) 22,400 20,800 43,200
Arsenic Daily Average 215* 196t 410

Percent 52 48 100

* = Yolo Bypass daily average based on 104 days when USGS gage station #11453000 was functional
t = Sacramento River daily average based on 106 days when flows were recorded
The number of significant figures for load estimates was set at three due to uncertainties in flow measurements and regression analyses.

,.



Table 45. Comparison of Metal Load Estimates in the Sacramento River at River Mile 44 frofll January Through April of a Dry Year (1994)
and Wet Year (1995) Based on Metal Analyses Conducted for the Sacramento Coordinated Water Quality Monitoring Program's Ambient

Monitoring Program

Copper Zinc Chromium Lead Cadmium Nickel Arsenic

Total Daily Total Daily Total Daily Total Daily Total Daily Total Daily Total Daily
Year and Method (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg. (kg) Avg.

1994
" -

Average Concentration
Method·· 12,000 100 28,800 241 5,580 47 1,640 14 123 I 9,440 79 7,800 65

% of BPTCP estimates
(same method) 57 57 38 51 18 48 N/A

Model (estimated by

. regressio.'!2 12,600 108t 30,700 262t 7,020 60t 1,680 14t 193 2t 10,300 88t ~6,680 57t
-----

% of BPTCP estimates ~

(same method) 76 81 67 73 N/A 75 N/A

1995
Averagc Concentration

Method** 95,100 897 198,000 1,860 46,700 441 19,300 182 998 9 102,000 966 21,300 201
------_. ---- ------------ ~~- -_.- -------- 1----- --- -- ._---- - ._--- -

% of BPTCP estimates
(same method) 66 50 30 36 60 51 102

Model (estimated by
regression) 116,000: 1090/\ 190,000 1790" 58,800 555/\ 20,600 194/\ 1,830 17/\ 149,000 1400/\ 28,100 265"

~--

% of BPTCP estimates
(same method) N/A N/A N/A N/A N/A N/A N/A

Minimum % Increase

in load from WY94 to 792 619 837 1,180 811 1,080 420

WY95

t = Datly average based on 117 days when flows were recorded
/\ = Daily average based on 106 days when flows were recorded
The number of significant figures for load estimates was set at three due to uncertainties in flow measurements <Qld regression analyses.
** = values reported as non-detectable were set at zero for the purposes of obtaining an average concentration.
Note: AMP model estimates were provided by Klauss Suverkropp of Larry Walker Associates



Table 46. Total Recoverable and Dissolved (0.45 ~m) Metal Concentrations (~g/I) in Samples Collected from All Stations Monitored
during water years 1993, 1994, and 1995.

Total Dis. Total Dis. Total Dis. Total Dis. Total Dis. Total Dis. Total Dis.
Cu Cu Zn Zn Cr Cr ' Pb Pb Cd Cd Ni Ni As As

(~g/l) Wg/l) wg/l) (~g/l) (~g/I) (~g/I) (~g/I) (~g/I) wg/l) ~g/l) (~g/I) wg/l) (~g/I) wg/l)

1993

(normal)

Mean 5.56 1.83 9.61 1.94 4.65 0.60 2.81 0.11 0.06 0.02 6.90 1.37

SD 5.85 0.58 6.56 1.10 6.07 0.36 8.88 0.07 0.10 0.01 8.83 0.85

Max. 28.3 2.91 26.8 5.02 26.8 1.42 39.4 0.26 0.456 0.03 38.8 4.15

Min. 1.98 0.32 4.12 0.7 0.007 0.09 0.2 0.03 0.007 0.009 0.75 0.31

n= 19 19 19 19 19 19 19 16 19 14 19 19

1994
(critically
dry) .

Mean 4.54 2.45 10.03 3.40 3.71 1.00 0.97 0.24 0.09 0.04 5.39 1.97 1.72 1.38

SO 3.11 1.32 8.21 2.79 4.79 1.20 1.42 0.26 0.14 0.08 6.94 1.71 0.91 0.61

Max. 14.9 9.48 39 18.5 23.1 5.39 8.98 1.38 0.74 0.55 35.8 8.52 3.98 2.4
,

Min. 0.75 0.2 0.08 0.16 0.19 0.06 0.01 0.01 0.006 0.001 0.52 0.13 0.11 0.24

n= III 86 116 85 110 86 112 78 113 79 III 8.6 25 24

1995

(wet)

Mean 21.20 3.48 57.61 7.74 33.76 2.45 5.82 0.55 0.13 0.03 63.50 5.02 1.49 1.19

SO 31.77 0.95 75.23 11.20 63.37 1.18 8.03 0.59 0.13 0.02 141.17 4.50 0.83 0.49

Max. 162 5.4 333 70.2 312 4.78 41.2 3.87 0.568 0.11 653 26 4.41 3.03

Min. 1.15 1.84 3.2 1.98 0.73 0.39 0.28 0.09 0.012 0.002 0.83 1.33 0.3 0.13

n= 113 39 97 39 113 39 113 38 113 38 113 39 43 26

'<. .'



Table 47. Total Recoverablc and Dissolvcd (0.45 /lm) Mctal Concentrations (/lg/I) in Samples Collected at Greene's Landing from January

Through March of 1993, 1994, and 1995.

Total Dis. Total Dis. Total Dis. Total Dis. Total Dis. Total Dis. Total Dis.

Cu Cu Zn Zn Cr Cr Pb Pb Cd Cd Ni Ni As As

(/lg/I) (/lg/I) (/lg/I) (/lg/I) ._ (/lg/l) (Jlgfl) . (Jlgll) (/lg/l) . .(JlglJ) /lg/l) (Jlg/I) (/lg/l) (/lg/I) (/lg/I)

1993

Mean 3.92 2.91 6.20 2.10 1.54 0.29 0.29 0.08 0.05 0.03 1.85 0.75

SD 0.41 0.14 0.88 0.12 0.01 0.36

Max. 4.21 2.91 6.3 2.1 2.16 0.29 0.37 0.08 0.05 0.03 2.1 0.15

Min. 3.63 2.91 6.1 2.1 0.92 0.29 0.2 0.08 0.04 0.03 1.59 0.75

n= 2 I 2 I 2 1 2 1 2 1 2 1

1994

Mean 5.0R 2.93 12.35 4.53 3.57 1.15 0.79 0.25 0.17 0.05 4.83 1.87

SD 3.05 1.70 9.01 3.29 3.30 0.81 0.50 0.15 0.19 0.12 4.36 1.05

Max. 14.29 9.48 39 18.5 14.9 3.78 2.15 0.53 0.74 0.55 19.5 4.62

Min. 1.29 1.32 0.11 1.4 0.26 0.31 0.01 0.01 0.01 0.01 0.52 0.64

n= 46 30 49 30 46 30 48 29 48 27 46 30

1995

Mean 8.64 3.44 23.68 5.63 9.34 2.76 3.27 0.51 0.10 0.03 12.10 5.51 1.25 1.09

SD 5.40 0.82 17.16 3.93 6.17 1.03 4.39 0.22 0.08 0.02 6.95 5.20 0.58 0.22

Max. 28.4 5.05 71.8 22.4 29 4.78 28.7 0.99 0.474 0.11 28.3 26 2.97 1.41

Min. 2.76 1.89 3.98 1.98 1.67 1.28 0.39 0.18 0.027 0.002 2.71 2.15 0.3 0.45

n= 47 27 37 27 47 27 47 27 47 27 47 27 24 20
.'



Table 48. Bay Protection Toxic Cleanup Program: Summary of regression coefficients for total recoverable and dissolved

(0.45 11m) metals, flow, and TSS for the Sacramento River at Greene's Landing during water year 1994.

- Cu Zn Cr Pb Cd Ni As

n=36 n=36 n=31 n=33 n=38 n=37 n=1

Total vs. Diss. r2 = 0.24 r2 = 0.19 r2 = 0.22 r2 = 0.15 r2 = 0.13 r2 = 0.26

n=58

Total vs. Flow r2 = 0.027

n=45
Diss. vs. Flow r2 = 0.11

n=30

.... Total vs. TSS r2 = 0.023....
C»

n=31 n=32 n=27 n=27 n=30 n=29

Diss.vs TSS r2 = 0.1 r2= 0.065 £2 = 0.047 r2=025 £2 = 0.015 £2= 0.14

* = significant relationship

'.



Table 49. Bay Protection Toxic Cleanup Program: Summary of regression coefficients for total recoverable and dissolved

(0.45 11m) metals, flow, and TSS for the Sacramento River at Greene's Landing during water year 1995.

Total vs. Diss.

Total ys. Flow

Diss. vs. Flow

Total ys. TSS

Diss. vs TSS

0=51
r2 = 0.12

n= 28
r2 = 0.0026

Zn

n= 26
r2 =0.022

n= 39
r2 = 0.06

0= 27
r2=0.011

Cr Cd Ni As

n=26 n= 31 n=29 n=17
r2 = 0.37 r2 = 0.029 r2 = 0.099 r2 =0.004

n= 51 n=49 n=50 n=52 n=24
r2 = 0.18 r2 = 0.0054 r2 = 0.077 r2 =0.23 r2 = 0.042

n=27 n=26 n= 33 0= 29 0= 19
r2 =0.14 r2 = 0.0000069 r2=0.016 r2 = 0.051 r2 =0.00082

n= 29 0=31 n=21
r2=0.16 r2 =0.081 r2 = 0.0013

a=23 0= 16
r2 = 0.0042 r2 =0.012

* = significant relationship



Table 50. Bay Protection Toxic Cleanup Program: Summary of regression coefficients for total recoverable and dissolved

(0.45 urn) metals, flow, and TSS for the Sacramento River at Greene's Landing for the combined water years 1994 and 1995.

Total vs. Diss.

Total vs.Flow

Diss. vs. Flow

Total vs. TSS

Diss. vs TSS

* = significant relationship

'<

Zn

n=60
r2 =0.11

Cd

n=67
r2 =0.12

n=108
r2 =0.018

n= 78
r2 = 0.039

n=60
r2 =0.039 .

n= 58
r2=O.069

n=52
r2 =0.087

As

n=18
r2 = 0.014

n=25
r2 =0.063

n=20
r2 = 0.14

n=21
r2 = 0.0013

n=16
r2 =0.012



Table 51. Ambient Monitoring Program: Summary of regression coefficients for total recoverable and dissolved metals, flow, and TSS
for the Sacramento River at River Mile 44 for WY94. Sampling dates ranged from 10/4/93 - 9/13/94.

n=22
r2 =0.075

n=22
r2 = 0.23

n=22
r2 =0.0132

r.=14
r2 =0.45

n=22
r2 =0.10

Cd

n=22
r2 =0.056

n=22
r2 = 0.036

n=22
r2 = 0.076



Table 52. Ambient Monitoring Program: Summary ofregression coefficients for total recoverable and dissolved metals, flow, and TSS
for the Sacramento River at River Mile 44 for WY95. Sampling dates ranged from 10/25/94 - 9/25/95.

Cu Zn Cr Pb Cd Ni As

n=24 n=24· n=24 n=24 n=24 n = 12 n=22
r2 =0.20 . r2 =0.33 r2 =0.00013 r2 =0.0085 N/A: all values r2 =0.053 r2 =0.32

Total vs. Diss. < detection limit

n=21 n=21 n=21 n=21 n=21 n=10 n=19
r2=0.13 r2 =0.080 r2 = 0.069 r2 =0.22 r2 = 0.071 r2 = 0.00034 r2 = 0.16

Total vs. Flow
n=21 n=21 n=21 n=21 n=21 n=1O

r2 = 0.059 r2 = 0.0002 r2 = 0.0032 r2 = 0.021 N/A: all values r2 = 0.0035

Diss. vs. Flow < detection limit

n=12 n=22.... r2 = 0.431 r2 = 0.00 I032
~
~ Total vs. TSS

n=24 n=24 n=24 n=24. n=24 n=12 n=24
r2 = 0.096 r2 = 0.628 r2 =0,019 r2 = 0.0003005 r2= 5XIO(-16) r2 =0;067 r2 =0.085

Diss. vs TSS

* = significant relationship

.. ,.



Table 53. Ambient Monitoring Program: Summary of regression coefficients for total recoverable and dissolved metals, flow, and TSS

for the Sacramento River at River Mile 44 fofWY94-WY95. Sampling dates ranged from 10/4/93 - 9/25/95.

Total vs. Diss.

Total vs. Flow

Diss. vs. Flow

Total vs. TSS

Diss. vs TSS

Cu Zn Cr Pb Cd Ni

n=46 n=46 n=46 n=46 n=46 n= 26
r2 = 0.088 r2 =0.060 r2 = 0.010 r2 = 0.042 r2 = 0.0034 r2 = 0.20

n=43 n=43 n=43 n=43 n=24
r2 =0.27 r2 = 0.015 r2 = 0.27 r2 =0.072 r2 =0.24

n=43 n=43 n=43 n=43 n=24
r2 =0.0053 r2 =0.024 r2 =0.032 r2 =0.031 r2 =0.11

n=46
r2 =0.15

n=46
r2 =0.19

* = significant relationship



Table 54. Bay Protection Toxic Cleanup Program: Summary of total recoverable metals regressed against other metals for samples

collected from the Sacramento River at Greene's Landing during the critically dry Water Year 1994 (upper right) and wet Water

Year 1995 (lower left).

Total Cu

Total Zn

Total Cr

Total Pb

Total Cd

T~tal Ni

* = significant relationship

Total Zn

n=48
r2 =0.12

0.50>P>0.20

n=48
r2 =.026
P>0.50

Total Cd

n=54
r2 =0.048

P>0.50

n=56
r2 =0.10

0.50>P>0.20

n=43
r2 = 0.06
P>0.50

n=56
r2 =0.027

P>0.50

n=48
r2 =0.18

0.50>P>0.20

"

Total Ni



Table 54 (cont). Bay Protection Toxic Cleanup Program: Summary of total recoverable metals regressed against other metals for

samples collected from the Sacramento River at Greene's Landing during the combined 1994 and 1995 Water Years.

Total Cu

Total Zn

Total Cr

Total Pb

Total Cd

Total Ni

* = significant relationship

Total Cd

n=102
r2 =0.012

P>O.50

n=94
r2 =0.00002

P>0.50

n= 102
r2 = 0.00058

P>0.50

n=104
r2 =0.01)079

P>0.50

Total Ni
Li;,,' n~rog

't2==0.59*

jJ~:OOl
n~94

r2 = 0.57 *
P<.OOI

n=102
r2 =().69*

P<.OOI

n==102
r2 = 0.80*

P<.OOJ

n=102
r2 =0.01
P>0.50



ANTIOCH

Figure I. Map of the Sacramento-San Joaquin River Delta and its major tributaries. Numbers refer to
stations sampled during the Delta studies and are described in Appendix A. Sample dates are identified
in Table I.
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Figure 3. Regression offlow versus total copper concentration in water samples collected from the Sacramento River at Greene's

Landing during Water Year 1994.



40---.-----------------~-----------------------,

f(x) = 1.3E-3*x + -l.lE+ i
R"2 = 5.2E-1

35

•
30

• •
25 •,-.,

.D •0.
0. •'-'

~ 20 -. •
c; •II-' .....

N 0 -ca E- •
15 •• • -• ••• •10 rIJ

5

••O-+----,.-.....---,--.,-_.__---r-....,..---r--r----,--r---r----II...-r----,---I.--,-~-...,.__I__,.__.__"""""'"I-.....____r'-..____,___,........__r___f

o 5000 10000 15000 20000 25000 30000
Flow (cfs)
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Sacramento River at Greene's Landing during Water Year 1994.
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Figure 62. Regression o,f total rec{werable chromium and total recoverabl~ lead concentrations in water samples collected from the

Sacramento River at Greene's Landing during Water Year 1994.



Figure 63. Regression of total recoverable chromium and total recoverable nickel concentrations in water samples collected from
the Sacramento River at Greene's Landing during Water Year 1994.
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the Sacramento River at Greene's Landing during Water Year 1995.
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Figure 70. Regression of total recoverable copper and total recoverable nickel concentrations in water samples collected from the

Sacramento Rivet at Greene's Landing during Water Year 1995.
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Figure 71. Regression oftotal recoverable zinc and total recoverable chromium concentrations in water samples collected from the

Sacramento River at Greene's Landing during Water Year 1995.
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Figure 72. Regression of total recoverable zinc and total recoverable cadmium concentrations in water samples collected from the

Sacramento River at Greene's Landing during Water Year 1995.
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Figure 80. Regression of total recoverable copper and total recoverable zinc concentrations in water samples collected from the
Sacramento River at Greene's Landing during Water Years 1994 and 1995.
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Figure 81. Regression of total recoverable copper and total recoverable chromium concentrations in water samples collected from

the Sacramento River at Greene's Landing during Water Years 1994 and 1995.
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Figure 82. Regression of total recoverable copper and total recoverable lead concentrations in water samples collected from the

Sacramento River at Greene's Landing during Water Years 1994 and 1995.
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Figure 86. Regression of total recoverable zinc and total recoverable nickel concentrations in water samples collected from the

Sacramento River at Greene's Landing during Water Years 1994 and 1995.
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Sacramento River at Greene's Landing during Water Years 1994 and 1995.
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Figure 88. Regression of total recoverable chromium and total recoverable nickel concentrations in water samples collected from

the Sacramento River at Greene's Landing during Water Years 1994 and 1995.
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Figure 90. Regression of flow versus total suspended solids in water samples collected from the Sacramento River at Greene's

Landing during Water Years 1994 and 1995.



APPENDIX A:

List of Site Locations
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Site numbers correspond to numbers in Figure 1.

Sacramento River @ Greene's Landing (site 1): Sacramento River sampled from end
of the U.S. Bureau of Reclamation water quality pier off Randall Island Road. Site is
at Jut three miles downstream of Hood. Samples collected at outgoing tide.

Sacramento River @ Hood (site 2): Sacramento River samples collected by boat from
mid channel off steps on east bank of River upstream of Hood. Samples collected at
outgoing tide.

Mokelumne River (site 3): Samples collected from shore approximately one mile
downstream of confluence of Cosumnes River offNew Hope Road. Samples collected at
outgoing tide.

Ulatis Creek (site 4): Samples collected from mid channel under bridge at Brown Road.
Ulatis Creek discharges into Cache Slough.

Skag Slough (site 5): Sampled from middle of Liberty Island Road bridge. Skag Slough
is the secondary channel draining the Yolo Bypass. Samples collected at outgoing tide.

Prospect Slough (site 6): Sampled by boat at junction of Prospect Slough and Toe
drain. Prospect Slough is the main channel draining the Yolo Bypass. Samples collected
at outgoing tide.

Duck Sloue:h (site 7): Samples collected from middle of drain off discharge pump
platform. Drain discharges into Miners Slough at Five Points Marina.

Sacramento River @ Rio Vista (site 8): Sacramento River samples collected at low tide
in mid channel by boat about one mile downstream of HWY 12 bridge.

San Joaquin River @ Vernalis (site 9): San Joaquin River samples collected off middle
of Airport Way Bridge (County Road 13).

Paradise Cut (site 10): Samples collected from middle of south channel off Paradise
Road bridge.

Old River @ Tracy Blvd (site 11): Samples collected in mid channel off Tracy Blvd.
bridge.

French Camp Slough (site 12): Samples collected from mid channel off Manthey Road
bridge. Slough is discharged into the San Joaquin River about one mile upstream of
Highway 4 Bridge.
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San Joaquin River @ City of Stockton (site 13): San Joaquin River samples collected
by boat off entrance to McLeod Lake.

Middle River @ Bullfrog (site 14): Middle River samples collected on an incoming tide
at mid channel off Bacon Island Road Bridge.

San Joaquin River @Point Antioch (site 15): San Joaquin River samples collected
from boat in mid channel at low tide off Point Beenar. Site is about five miles upstream
of contluence of Sacramento River.

Chipps Island: Sacramento River samples collected from boat in mid channel off Chipps
Island at lower low tide.

Grizzly Bay: Sample collected by boat at lower low tide in mid Bay off pilings.

Martinez: Samples collected by boat at lower low ti~le in mid channel about two miles
downstream of HWY 680 bridge.
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APPENDIXB:

Raw Metal Analysis Data



Total Dis Total Dis Total Dis Total
Date Hour Station # Station Name Cu Cu Zn Zn Cr Cr Ph
1/11/93 GL22 Greene's Landing 4.21 6.1 2.16 0.37
1/13/93 GL23 Greene's Landing 2.91 2.1 0.29
1/14/93 GL24 Greene's Landing 3.63 6.3 0.92 0.2
3/23/93 1030 3 Sac R.- depth 1 9.92 26.8 11.1 1.53
3/23/93 1030 I Sac R.- surface 1 8.5 24.3 7.28 1.3
3/23/93 1030 2 Sac R.- surface 2 2.34 2.63 1.01
3/23/93 1030 4 Sac. R.- depth 2 2.87 3.63 1.42
4/13/93 1700 36 Sac. River @ Delta 0.32 1.34 1.13
7/7/93 1510 135 Middle R. @ Bullfrog Ldg. 2.54 6.77 0.007 0.46
7/7/93 1510 136 Middle R. @ Bullfrog Ldg. 1.67 1.15 0.45
7/7/93 1750 149 SJ. River @ Vernalis 6.38 16.1 8.38 1.43
7/7/93 1750 150 SJ. River @ Vernalis 1.63 1.52 0.63
7/19/93 1038 151 SJ. River @ Antioch 4.65 9.98 4.09 0.85
7/19/93 1038 152 SJ. River @ Antioch 2.22 2.06 0.78
7/19/93 1300 153 Sac. River @ Hood 3.6 6.46 2.85 2.85
7/19/93 1300 154 Sac. River @ Hood 1.42 1.12 0.32
7/20/93 FI Sac R. @ Rio Vista 3.51 6.96 2.63 0.62
7120/93 F2 Sac R. @ Rio Vista 1.56 1.31 0.41
7/20/93 F3 Sac R. @ Rio Vista 1.45 0.7 0.5
8/3/93 1311 193 Mokelumne River 1.98 6.15 0.66 0.3
8/3/93 1311 194 Mokelumne River 1.62 2.49 0.09
8/3/93 F-l1 Sac R. @ Rio Vista 2.4 2.64 1.14
8/3/93 F-12 Sac R. @ Rio Vista 3.17 4.55 2.06 0.32
8/3/93 F-I0/QC Sac. River @ Hood 3.77 5.91. 3.25 0.61
8/3/93 ,! F-8 Sac. River @ Hood 1.61 1.47 0.36
8/3/93 F-9 Sac. River @ Hood 4.18 7.41 3.27 0.53
8/17/93 1200 207 Middle R. @ Bullfrog Ldg. 28.3 6.66 26.8 39.4
8/17/93 1200 208 Middle R. @ Bullfrog Ldg. 1.73 1.31 0.58
8/17/93 1450 221 SJ. River @ Vernalis 4.49 11.1 5.7 I.l3
8/17/93 1450 222 SJ. River @ Vernalis 1.5 0.96 0.64
9/14/93 1200 246 Mokelumne River 3.19 4.84 1.08 0.45
9/14/93 1200 247 Mokelumne River 2.8 4.12 1.51 0.5
9/14/93 1200 248 Mokelumne River 1.6 3.16 0.09
9/14/93 13 CF Sac R. @ Rio Vista 2.98 6.08 2.11 0.21
9/14/93 14CF Sac R. @ Rio Vista 1.97 1.4 0.56
9/14/93 15CF Sac R. @ Rio Vista 1.86 0.88 0.59
9/14/93 16CF Sac. River @ Hood 3.76 16 2.52 0.3
9/14/93 17CF Sac. River @ Hood 2 5.02 0.36
10/4/93 2030 269 Sac. River @ Freeport 2.26 3.84 0.99
10/4/93 2030 270 Sac. River @ Freeport 1.69 1.26 1.08 0.45
10/4/93 1100 272 Sac. River @ Freeport 2.34 4.67 1.04 0.18
10/4/93 271 2.24 3.25 1.14 0.18
10/4/93 273 2.7 2.99 1.14 0.22
10/14/93 1251 298 Mokelumne River 1.77 3.37 0.54 0.26
10/14/93 1251 299 Mokelumne River 1.37 1.24 0.11
10/14/93 18CF Sac R. @ Rio Vista 3.48 12.5 2.36 0.27
10/14/93 19CF Sac R. @ Rio Vista 1.91 2.64 0.3
10/14/93 20CF Sac. River @ Hood 2.7] 8.55 1.57 0.3]
10/14/93 21 CF Sac. River @ Hood 1.38 1.29 0.22
10/]4/93 22CF Sac. River @ Hood 1.39 0.95 0.34
]0/29/93 1030 3]2 Middle R. @ Bullfrog Ldg. 1.59 1.34 0.4] 0.]3
]0/29/93 1030 313 Middle R. @ Bullfrog Ldg. 1.47 0.62 0.24
10/29/93 23 CF SJ. River @ Antioch 2.72 , 4.99 1.34 0.03
10/29/93 24CF/QC SJ. River @ Antioch 1.72 1.68 0.19
10/29/93 25 CF/QC S.J. River @ Antioch 2.73 3. ]8 2.62
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Total Dis Total Dis Total Dis Total
Date Hour Station # Station Name Cu Cu Zn Zn Cr Cr Pb
10/29/93 26 CF SJ. River @ Stockton 2.85 5.55 0.83 1.18
10/29/93 27 CF SJ. River @ Stockton 2.66 4.96 1.16 1.36
10/29/93 28 CF S.J. River @ Stockton 1.98 4.5 0.15
10/29/9:' 323 SJ. River @ Vernalis 2.83 9.48 2.62 0.14
10/29/93 324 SJ. River @ Vernalis 1.09 0.47 0.2
11/10/93 29CF Greene's Landing 5.16 5.5 1.19 0.28
11/10/93 30CFA Greene's Landing 1.62 1.6 0.63
11/10/93 30CFB Greene's Landing 1.81 1.4 0.71
11/11/93 31 CF Greene's Landing 2.18 5.3 1.1 0.26
11/11/93 32 CF Greene's Landing 1.43 1.4 0.3
11/11/93 33 CF Greene's Landing 2.44 4.9 0.83 0.52
11/11/93 34CF Greene's Landing 2.04 6 0.38
11/11/93 35 CF Greene's Landing 2.94 6 1.15 0.62
11/11/93 36CF Greene's Landing 1.77 4.4 0.33
11/12/93 37CFA Greene's Landing 3.45 7.8 1.13 0.58
11/12/93 37 CFB Greene's Landing 2.62 6.4 1.21 0.51
11/12/93 38 CF Greene's Landing 3.09 9.9 1.16 0.54
11/12/93 39 CF Greene's Landing 1.72 2.1 0.32
11/29/93 40CF SJ. River @ Antioch 2.69 2.3 1.86 0.07
11/29/93 41CF SJ. River @ Stockton 2.66 8.2 0.98 0.95
12/13/93 42CF Sac R. @ Rio Vista 2.97 4.6 1.56 0.36
12/13/93 43CF Sac R. @ Rio Vista 1.58 0.71 0.72
12/13/93 44CF Sac. River @ Hood 4.38 7.5 3.99 0.64
12/13/93 44CF Sac. River @ Hood 4.35 7.6 3.4 0.63
12/13/93 45CF Sac. River @ Hood 2.16 0.38 0.19
1/10/94 GL21 Greene's Landing 1.46 4.3 0.32
1/10/94 46CF S.J. River @ Antioch 3.68 10.5 3.35 0.41
1/10/94 47 CF SJ. River @ Antioch 3.82 2 0.12
1/10/94 48CF SJ. River @ Stockton 2.96 10.3 0.38 0.1
1/1 0/94 48CF SJ. River @ Stockton 2.76 10.8 0.54 0.74
1/10/94 49 CF SJ. River @ Stockton 2.67 10 0.08
1/11/94 914 410 Middle R. @ Bullfrog Ldg. 2.06 2.2 0.56 0.11
1/11/94 914 411 Middle R. @ Bullfrog Ldg. 0.75 1.7 0.24 0.03
1/11/94 914 412 Middle R. @ Bullfrog Ldg. 2.01 1.2 0.39
1/11/94 914 425 SJ. River @ Vernalis 2.47 0.39 0.17
1/11/94 914 426 SJ. River @ Vernalis 1.93 0.3 0.74
1/11/94 914 427 SJ. River @ Vernalis 1.51 3.5 1.19 0.06
1/13/94 66 Greene's Landino 4.01 8.2 2.49
1/13/94 65 A Greene's Landing 6.44 19.1 4.8 1.23
1/13/94 65 B Greene's Landing 6.64 11.2 4.74 1.32
1/18/94 25 Greene's Landing 1.29 3.7 0.26 0.02
1/19/94 24 Greene's Landing 2.96 10.3 0.86 0.16
1123/94 27 Greene's Landing 1.32 1.8 0.48
1/24/94 26 Greene's Landing 2.71 13.3 1.45 0.67
1/24/94 29 Greene's Landing 1.33 1.4 0.37
1/25/94 28 Greene's Landing 2.01 9.5 1.45 0.56
1/26/94 30 Greene's Landing 3.53 12.5 2.54 1.14
1/26/94 31 Greene's Landing 1.79 8.5 0.72
1/27/94 33 Greene's Landing 2.11 3.9 0.81
1/28/94 32 Greene's Landing 6.32 18 4.61 1.08
1/28/94 35 Greene's Landing 7.24 13.6 5.43 0.93
1/28/94 36 Greene's Landing 3.6 4.8 1.54
1/29/94 900 40 Greene's Landing 3.18 2.6 1.24
1/30/94 38 Greene's Landing 6.21 13.4 3.95 0.87
1/30/94 1000 42 Greene's Landing 3.27 4.2 1.32
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1/311Y4 41 Greene's Landing 5.31 20.3 3.31 0.78
2/1/94 44 Greene's Landing 3.43 11.2 1.87 0.31
2/1/94 48 Greene's Landing 4.94 3 0.94
2/2/94 43 Greene's Landing 4.09 4.3 2.14 0.51
2/5/94 1700 55 Greene's Landing 1.92 5.6 0.86
2/7/94 50 Greene's Landing nd 0.14 nd nd
2/7/94 53 Greene's Landing 1.84 2.5 0.48
2/8/94 51 Greene's Landing 0.16 0.16 nd nd
2/8/94 52 Greene's Landing 3.04 11.8 1.64 0.51
2/9/94 54 Greene's Landing 5.76 16.8 4.25 1.58
2/10/94 56 Greene's Landing 13.34 39 14.85 2.15
2/10/94 930 58 Greene's Landing 5.33 7.3 2.58
2/11/94 1000 61 Greene's Landing 6.12 18.5 2.64
2/11/94 1600 62 Greene's Landing nd nd nd nd
2/12/94 60 Greene's Landing . 10.16 28.8 7.91 1.63
2/16/94 700 63 Greene's Landing 6.67 24.7 5.31 0.88
2/16/94 700 64 Greene's Landing
2/17/94 67 Greene's Landing 4.05 19.8 2.78 1.07
2/17/94 68 Greene's Landing 2.23 4.6 1.07
2/18/94. 1200 70 Greene's Landing 1.94 3.2 0.67
2/19/94 69 Greene's Landing 4.09 11.9 3.02 0.87
2/19/94 1400 72 Greene's Landing 2.26 2.9 0.86
2/19/94 1400 71 A Greene's Landing 5.05 17.3 4.28 0.8
2/19/94 1400 71B Greene's Landing 6.63 13.6 3.96 0.95
2/20/94 1550 74 Greene's Landing 2.11 3 0.98
2/21/94 73 Greene's Landing 7.12 21.8 5.64 1.16
2/21/94 1600 76 Greene's Landing 3.05 6.4 1.5
2/22/94 75 Greene's Landing 14.29 22.5 6.65 1.39
2/22/94 77 Greene's Landing 10.74 28.8 10.24 1.84
2/22/94 1600 79 Greene's Landing 3.14 4.5 1.49
2/23/94 81 Greene's Landing 12.05 33.4 14.9 2.02
2/23/94 1700 82 Greene's Landing 3.01 3.7 0.31
2/24/94 83 Greene's Landing 7.16 19.7 6.68 1.04
2/24/94 1700 84 Greene's Landing 9.48 8.4 3.78
2/25/94 85 Greene's Landing 5.94 14.6 4.5 0.82
2/25/94 1800 86 Greene's Landing 2.56 3.8 1.81
2/27/94 87 Greene's Landing 6.74 . 20.3 5.73 1.28
2/28/94 89 Greene's Landing .4.86 11.7 4.02 0.71
2/28/94 1200 90 Greene's Landing 2.29 3.8 1.19
3/1/94 91 Greene's Landing 4.24 10.1 2.76 0.73
3/1/94 93 Greene's Landing 3.03 3.4 0.87
3/4/94 95 Greene's Landing 4.61 11.2 3.1 0.61
3/4/94 1200 96 Greene's Landing 2.32 2.3 0.6
3/9/94 1130 100 Greene's Landing 0.23 0.01
3/9/94 1130 101 Greene's Landing 0.02
3/9/94 1130 102 Greene's Landing 1.62 0.02
3/9/94 1130 103 Greene's Landing 1.88 om
3/9/94 1130 104 Greene's Landing 1.99 2.8 0.87 0.34
3/9/94 1130 107 Greene's Landing 2.4 2.9 0.97 0.41
3/9/94 1130 105a Greene's Landing 2.44 3.4 0.94 0.43
3/9/94 1130 105b Greene's Landing 2.39 3.1 0.91 0.33
3/9/94 1130 106a Greene's Landing 2.44 3.4 0.91 0.43
3/9/94 1130 106b Greene's Landing 2.34 3.2 0.86 0.32
3/10/94 108 Greene's Landing 3.46 8.2 2.04 0.42
3/10/94 1800 109 Greene's Landing 1.79 2 0.48
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3/15/94 110 Greene's Landing 0.11
3/15/94 III Greene's Landing 2.75 3.8 0.9 0.5
3/15/94 112 Greene's Landing 1.44 4.4 0.44 0.26
3/15/94 113 Greene's Landing 3.97 4.9 1.24 0.58
3/15/"'~ 113 Greene's Landing 4.2 4.6 1.34 0.76
3/15/94 1800 115 Greene's Landing 1.5 1.7 0.33
3/16/94 114 Greene's Landing 3 12.3 1.36 0.46
3/16/94 1100 116 Greene's Landing 0.14 0.03 0.01
3/16/94 117 Greene's Landing 0.43
3/16/94 118 Greene's Landing 0.26 0.58 0.02
3/16/94 119 Greene's Landing 3.26 3.2 0.95 0.51
3/16/94 120 Greene's Landing 2.66 3 0.88 0.49
3/16/94 121 Greene's Landing 2.4 2.9 0.86
3/16/94 122 Greene's Landing 2.59 2.8 0.85
3/23/94 aa33 French Camp Slough 2.72 9.24 4 2.26
3123/94 aa34 French Camp Slough 2.83 3.59 0.81
3/23/94 aa31 Ulatis Creek 4.23 9.56 3.87 0.46
3/23/94 aa32 Ulatis Creek 2.98 5.55 1.71
4/12/94 1400 474 Mokelumne River 2.21 4.2 1.49 0.34
4/12/94 1400 475 Mokelumne River 1.29 0.75 0.2
4/12/94 1200 I04CF Sac R. @ Rio Vista 2.98 4.02 1.77 0.26
4/12/94 1200 105CF Sac R. @ Rio Vista 1.88 1.06 0.37
4/12/94 900 100CF Sac. River @ Hood 2.89 4.62 1.34 0.24
4/12/94 900 10lCF Sac. River @ Hood 2.94 3.81 1.03 0.24
4/12/94 900 102CF Sac. River @ Hood 2.12 2.36 0.4
4/12/94 900 103CF Sac. River @ Hood 2.17 1.72 0.34
4/27/94 1300 497 Middle R. @ Bullfrog Ldg. 2.38 1.97 0.68 0.16
4/27/94 1300 498 Middle R. @ Bullfrog Ldg. 2.07 0.16 0.28
4/27/94 900 106CF SJ. River @ Antioch 4.72 7.06 3.27 0.66
4/27/94 900 107CF SJ. River @ Antioch 4.85 6.48 2.82 0.93
4/27/94 900 108CF SJ. River @ Antioch 2.71 1.46 0.81
4/27/94 900 109 cf SJ. River @ Antioch 2.75 1.23 0.63
4/27/94 900 IIOCF SJ. River @ Stockton 4.25 13 0.6 0.83
4/27/94 900 IIICF SJ. River @ Stockton 2.99 6.65 0.2
4/27/94 930 480 SJ. River @ Vernalis 0.08
4/27/94 930 481 SJ. River @ Vernalis 0.24
4/27/94 930 482 SJ. River @ Vernalis 3.58 9.24 4.4 0.79
4/27/94 930 483 SJ. River @ Vernalis 1.17 0.48 0.4
4/27/94 930 484 SJ. River @ Vernalis 0.68 0.54 0.34
4/30/94 aal Paradise Cut 1.19 0.83 0.21
5/10/94 aa6 Duck Slough 12 26 18.7 3.3
5/10/94 aa7 Duck Slough 4.9 7.76 5.39
5/10/94 930 GL201 Greene's Landing 1.95 2.39 0.45
5/10/94 gl200 Greene's Landing 8.71 21.4 5.85 1.41
5/10/94 gl201 Greene's Landing 1.95 2.39 0.45
5/10/94 1200 541 Mokelumne River 2.42 4.51 0.94 0.32
5/10/94 1200 541/QA Mokelumne River 2.05 2.91 1.06 0.38
5/10/94 aa3 Paradise Cut 3.42 4.86 2.13 0.33
5/10/94 aa4 Paradise Cut 2.19 nd 0.06
5/1 0/94 114cf Sac R. @ Rio Vista 2.97 5.07 2.05 0.29
5/10/94 115cf Sac R. @ Rio Vista 1.9 1.75 0.52
5/10/94 112cf Sac. River @ Hood 2.63 5.14 1.52 0.29
5/10/94 112cf/QA Sac. River @ Hood 2.94 3.8 1.36 0.34
5/1 0/94 113cf Sac. River @ Hood 1.84 1.33 0.55
5125/94 aalO Old River @ Tracy Blvd. 1.44 1.99 0.37
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5/25/Y4 aa9 Old River @ Tracy Blvd. 2.43 7.18 2.33 3.06
5/25/94 aa35 Paradise Cut ' 1.01 2.07 0.25
5/25/94 aa8 Paradise Cut 1.81 1.43 0.08
6/3/94 aall Old River @ Tracy Blvd. 3.84 9.26 3.2 ·1.92
6/3/94 aal2 Old River @ Tracy Blvd. 1.74 1.99 0.25
6/3/94 aal4 Paradise Cut 4.3 7.3 nd 0.64
6/3/94 aal5 Paradise Cut 2.41 2.54 0.08
7/12/94 aa21 Duck Slough 12.6 32.3 19.6 4.28
7/12/94 aa22 Duck Slough 4.41 7.17 4.78
7/12/94 aal9 Paradise Cut 4.88 8.95 4.72 0.6
7/12/94 aa20 Paradise Cut 0.2 3.55 0.2
7/12/94 aa23 Prospect Slough 8.29 16.6 10.8 1.24
7/12/94 aa24 Prospect SlouJ:l;h 3.52 6.83 3.06
7/21/94 aa25a Mokelumne River 1.25 5.65 0.16
7121/94 aa25b/QA Mokelumne River 1.14 5.57 0.11
7/21194 aa26a Mokelumne River 2.01 5.32 0.72 0.3
7/21/94 aa26b/QA Mokelumne River 1.88 6.34 0.57 0.25
8/9/94 bp 27 Duck Slough 12.5 27.5 22.4 8.98
8/9/94 bp 28 Duck SlouJ:l;h 4.52 6.75 5
8/9/94 bp 29 Prospect Slough 7.7 12.1 11 1.24
8/9/94 bp 30 Prospect Slough 4.1 4.03 3.83
9/2/94 bpI Duck Slough 13.5 29.6 23.1 8.56
9/2/94 bpllQA Duck Slough 14.9 30.7 21.9 7.39
9/2/94 bp2 Duck Slough 3.58 4.56 4.08
9/2/94 bp5 French Camp Slough 6.17 13.3 3.64 1.58
9/2/94 bp6 French Camp Slough 2.94 2.27 0.99
9/2/94 bp3 Prospect Slough 8.16 13.3 9.58 2.24
9/2/94 bp3/QA Prospect Slough 8.49 12.2 9.84 2.06
9/2/94 bp4 Prospect Slough 4.22 3.97 3.52
10/5/94 bp36 5 mile 5.12 70.2 1.01
10/5/94 bp96 Greene's Landing 4.99 4.16 4.48
10/19/94 aa36 Mokelumne River 2.15 7.29 0.73 0.28
11/4/94 aa27 S.J. River @ Antioch 3.69 7.23 2.31 0.36
11/4/94 aa28 S.J. River @ Antioch 2.19 2.97 0.71
12/13/94 1245 400 Mokelumne River 3.97 52.8 3.54 0.67
12/13/94 1245 401 Mokelumne River 1.84 4.1 0.72
\2/13/94 1245 402 Mokelumne River 1.89 2 0.77
12/13/94 aa29 Ulatis Creek 21. I 57.3 13.1 5.18
12/\3/94 aa30 Ulatis Creek 3.89 18.5 0.65
1/6/95 1500 bp44 Greene's Landing 5.54 10.2 3.71 1.2
1/6/95 1500 bp45 Greene's Landing 2.99 3.2 1.28
1/7/95 bp46 Greene's Landing 9.02 17.9 7.2 3.48
1/7/95 bp47 Greene's Landing 3.93 3.75 1.98
1/8/95 1330 bp48 Greene's Landing 10.6 19.7 11.4 3.91
1/8/95 1330 bp49 Greene's Landing 4.91 . 5.59 2.94
1/9/95 bp53 Duck Slough 3.39 2.75 2.41
1/1 0/95 bp52 Greene's Landing 28.4 62.9 29 11.2
1110195 bp53 Greene's LandinI! 4.9 5.99 3
1110/95 bp54 Prospect Slough 124 270 242 28.4
1/1 0/95 bp54/QA Prospect Slough 162 328 271 41.2
1/1 1/95 1430 bp55 Greene's Landing 27.3 69.9 26.8 6.65
1/11195 1430 bp56 Greene's Landing 5.05 5.92 3.45
1/11/95 1630 bp59 Prospect Slough 86.9 172 168 16
1/12/95 1400 bp61 Greene's Landing 17.4 33.1 19.3 3.69
1112/95 1400 bp62/QA Greene's Landing 20 33.3 19 6.28
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1/12/95 1400 bp63 Greene's Landing 3.35 2.86 3.2
1/12/95 ]400 bp64/QA Greene's Landing 4.9 4.11 3.04
1/12/95 1030 bp60 Prospect Slough 34.4 66.3 57.6 7.81
1/13/95 1500 bp65 Greene's Landing 14.2 32.5 21 4.02
17i379) 1500 bp66 Greene's Landing 3.67 6.32 4.78
1/13/95 1000 bp67 Prospect Slough 17.9 42.4 32.7 3.65
1/14/95 1300 bp69 Greene's Landing 15.2 71.8 21.3 2.66
1/14/95 1300 bp70 Greene's Landing 3.94 11.2 4.42
1/14/95 1000 bp68 Prospect Slough 40.3 84 58 13.5
1/15/95 1400 bp71 Greene's Landing 10.7 44.8 12.2 2.55
1/15/95 1400 bpn Greene's Landing 10.9 48.2 13.3 28.7
1/15/95 1400 bp77 Greene's Landing 3.62 7.93 3.05
1/15/95 1000 bp74 Prospect Slough 29.8 128 42.3 6.54
1/15/95 1000 bp75 Prospect Slough 28.9 128 42.5 . 6.15
1/17/95 1400 bp78 Greene's Landing 9.39 18.4 11.6 1.57
1/17/95 1400 bp79 Greene's Landing 3.6 9.4 3.4
1/17/95 1000 bp80 Prospect Slough 19 78.9 27.1 2.95
1/18/95 1400 bp82 Greene's Landing 10.3 46.9 13.3 7.42
1/18/95 1400 bo83 Greene's Landing 3.68 4.68 3.83
1/18/95 1100 bp81 Prospect Slough 24.3 103 32.9 4.82
1/20/95 1600 bp86 Greene's Landing 9.68 19.5 12.6 2.05
1/20/95 1600 bo87 Greene's Landing 4.28 4.84 3.43
1/22/95 1430 bo90 Greene's Landing 9.98 23.3 ]2 1.75
1/22/95 1430 bp91 Greene's Landing 3.35 4.25 2.5
1/22/95 1200 bp89 Prospect Slough 13.3 26.3 18.7 2.49
1/22/95 1100 bo88 Skag Slough 11.9 26.3 22.7 2.52
1/23/95 ]500 cf500 Greene's Landing 9.43 25.4 8.57 3.24
1/23/95 1500 cf501 Greene's Landing 3.42 4.4] 2.52
1/23/95 1200 cf502 Prospect Slough 14.9 39.3 17.4 3
1/23/95 1000 cf503 Skag Slough 14.6 45.6 24.3 3.9
1/24/95 1600 ef504 Greene's Landing 8.27 11.3 8.44 1.55
1/24/95 1600 cf505 Greene's Landing 3.09 22.4 2.68
1/25/95 1500 cf506 Greene's Landing 7.07 20.9 8.27 2.] I
1/25/95 ]500 cf507 Greene's Landing 2.88 5.06 4.43
1/25/95 1000 cf508 Prospect Slough 9.06 28.3 9.56 1.26
1/25/95 1000 cf509 Prospect Slough 3.48 5.69 2.51
1/26/95 1400 ef512 Greene's Landing 9.9 24.4 11 1.83
1/26/95 1500 ef513 Greene's Landing 3.16 4.86 2.07
1/26/95 1600 cf510 Prospect Slough 15 36.3 21.6 2.53
1/26/95 1600 cf511 Prospect Slough 4.78 8.17 4.08
1/27/95 1000 cf514 Greene's Landing 8.82 22.3 ]0.6 2.28
1/27/95 1000 cf5]5 Greene's Landing 3.27 6.06 4.46
1/27/95 1530 cf516 Prospect Slough ]2.3 31.9 19.2 2.07
]/28/95 ]500 cf517 Greene's Landing 8.11 21.7 9.84 2.06
1/28/95 1500 cf518 Greene's Landing 2.77 5.9 2.07
1/28/95 1200 cf519 Prospect Slough 12.5 32.8 17.6 2.11
1/28/95 1200 cf520 Prospect Slough 4.51 7.87 3.69
1/28/95 1000 cf521 Skag Slough ]3 30.3 20.1 2.19
1/29/95 1100 bp92 Greene's Landing 7.34 17.8 7.75 1.63
1/29/95 1100 bp93 Greene's Landing 2.89 4.34 2.13
1/29/95 bp94 Greene's Landing 3 4.58 2.17
1/30/95 1700 ef600 Greene's Landing 6.79 14.4 7.17 1.04
1/30/95 1700 cf601 Greene's Landing 2.87 2.47 1.75
1/31/95 1600 cf602 Greene's Landing 7.02 14.6 6.77 1.04
1/3 J/95 1600 cf603 Greene's Landing 0.02 0.599 0.09 nd
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1/31/95 1600 ef604 Greene's Landing 7.04 16.7 6.27 1.31
1/31/95 1600 ef605/QA Greene's Landing 7.36 12 6.41 1.99
1/31/95 1600 cf607 Greene's Landing 0.18 1.81 0.2 nd
1/31/95 1600 cf610 Greene's Landing 1.89 3.98 1.59
1/31/95 1600 ef611 Greene's Landing 2.76 3.98 1.67 0.39·
1/31/95 1200 ef606 Prospect Slough 9.73 , 23.3 11.5 1.45
2/1 /95 1300 cf608 Greene's Landing 3.53 12.2 5.02 1.08
2/1/95 1600 cf609 Greene's Landing
2/2/95 1600 ef612 Greene's Landing 5.9 13.3 4.88 0.86
2/3/95 1400 cf613 Greene's Landing 6.57 14.3 6.03 1.33
2/3/95 1000 ef614 Prospect Slough 8.69 19.9 10 1.12
2/5/95 1500 cf615 Chipps Island 7.96 16.2 7 1.18
2/5/95 1500 cf625 Chipps Island 3.13 4.37 1.7
2/5/95 1300 cf616 Grizzly Bay 6.58 13.4 5.94 0.95
2/5/95 1300 ef623 Grizzly Bay 3.29 4.84 2.26
2/5/95 1600 cf617 Martinez 7.15 17.9 6.69 1.01
2/5/95 1000 cf624a Martinez 3.09 4.21 1.86 0.36
2/5/95 1000 cf624b/QA Martinez 3.77 3.2 2.05 0.64
2/6/95 1600 cf619 Greene's Landing 6.45 14.5 5.78 1.11
2/6/95 1600 cf622 Greene's Landing 2.37 3.6 1.68
2/6/95 1400 cf618 Prospect Slough 14.7 29.2 14.3 1.95
2/1 0/95 1600 e£101 a Greene's Landing 4.95 10.6 4.47 0.63
2/10/95 1600 cf701b/QA Greene's Landing 5.4 8.38 3.95 1.04
2/10/95 1600 c£102a Greene's Landing 2.49 2.41 1.41
2/10/95 1300 c£102b/QA Greene's Landing 2.54 1.98 1.37
2/10/95 1400 c£100 Prospect Slough 7.34 7.65 0.76
2/14/95 1600 c£103 Greene's Landing 5.07 4.65 0.65
2/14/95 1300 cf704 Prospect Slough 8.22 10.5 4.2
2/14/95 1000 c£105 Skag Slough 3.89 5.74 0.5
2/17/95 1350 c£106 Greene's Landing 7.3 8.79 1.08
2/17/95 1100 ef707 Prospect Slough 5.72 8.08 0.75
2/21/95 1400 bp96 Greene's Landing 4.99 4.16 4.48
2121/95 930 cf708 Greene's Landing 5.31 5.5 7.33
2/23/95 1600 bp97 Greene's Landing 4.78 3.93 1.56
2/24/95 900 cf711 Greene's Landing 4.08 3.9 6.94
2/28/95 2030 ef712 Greene's Landing 4.14 3.97 1.16
2/28/95 800 ef713 Prospect Slough 8.59 14.5 1.93
3/3/95 1530 ef714 Greene's Landing 4.75 .. 4.44 2.86
3/5/95 1600 cf715 Greene's Landing 4.94 5.02 0.96
3/7/95 cf716 Greene's Landing 5.73 4.94 I
3/1 0/95 1330 bpl02 Cottonwood Creek 89.8 189 170 20.9
3/1 0/95 1330 bpl02 Cottonwood Creek 95 151 130 18.9
3/1 0/95 bp114 East Yolo Bypass 121 333 303 33.3
3/1 0/95 1115 bpl06 Little Cow Cr. @ Dersch Br. 11.6 36.7 8.47 6.65
3/1 0/95 1115 bpl06 Little Cow Cr. @ Dersch Br. 13.2 29.3 6.3 7.14
3/ I0/95 1240 bpl08 Putah Creek @ Mace Blvd. 76.9 253 98.4 28
3/1 0/95 1430 bpl05 Sac R. @ Bend Bdg 28.8 68.8 39.6 7.68
3/1 0/95 :2000 bpl00 Sac R. @ Colusa Bdg 58.1 129 94.8 12.1
3/1 0/95 1000 bp97 Sac R. @ Cypress Bdg 8.23 18.7 2.03 0.83
3/10/95 1830 bp98 Sac R. @ Old Ferry 46.8 97.2 75.7 10.2
3/1 0/95 1550 bp99 Sac R. @ Road a-8 70.4 157 150 15.7
3/1 0/95 1700 bpl07 Sac R. @ Road a-9 56.6 134 99.6 12.9
3/10/95 800 bpl03 Sac R. @ Shasta Dam 1.23 4.6 1.44 2.68
3/10/95 1230 bpl04 Sac R. @ Balls Ferry Bdg 10.7 29.6 6.5 4.32
3/ I0/95 :!230 bp101 Sacramento Slough 73.2 173 122 17.5
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3/ IOIY5 bpl12 SkaQ Slough 5.22 15.3 4.82 4.66
3/ I0/95 bpl13 West Yolo bypass 43 144 90 15.6
3/1 1/95 1530 bpllO American River @ Sac State 1.15 3.87 1.28 0.44
3/11/95 1200 bpl09 Cache Creek 102 130 311 312 30
3/11 IY':: 1200 bpl09 Cache Creek 102 151 266 270 31.2
3/11/95 1630 bpi 11 Feather River @ Hwy 99 4.54 6.29 3.14 0.72
3/11/95 1300 CF 800 Greene's Landing 8.6 19.8 13.8 3.04
3/1 1/95 1500 CF 801 Mokelumne River 4.31 16.1 2.41 4.66
3/11/95 1500 CF 801 Mokelumne River 4.79 6.27 3.86 3.19
3/IIIY5 1600 CF 802 S.J. River @ Vernalis 34.1 107 69.1 17.6
3/13/95 1100 CF 803 Sutter Bypass 12 24.8 17.6 4.88
3/13/95 bp117 Sycamore 5.4 18.4 0.39
3/14/95 bol15 Greene's Landin,g 6.92 11 8.87 2.86
3/21/95 1800 CF 807 Prospect Slough 10 20.5 13.3 3.45
3/22/95 1700 CF 808 Greene's Landing 3.54 7.92 6.4 2.96
3/22/95 1700 CF 811 Greene's Landing 4.79 6.27 3.86 3.19
3/22/95 1000 CF 809 Mokelumne River 4.26 18.2 2.1 0.89
3/22/95 1000 CF 809 Mokelumne River 4.72 13.3 1.93 1.3
3/22/95 1400 CF 810 S.J. River @ Vernalis 2.89 5.87 2.11 5.43

lZ7



Dis Total Dis Total Total
Date Hour Station # Station Name Ph Cd Cd Ni Dis Ni As Dis A!
1/11/93 GL22 Greene's Landinf.! 0.04 2.1
1/13/93 GL23 Greene's Landing 0.08 0.03 0.75
'll14/93 GL24 Greene's Landing 0.05 1.59
3/23/93 1030 3 Sac R- depth 1 0.12 17.2
3/23/93 1030 I Sac R-, surface I 0.099 11.6
3/23/93 1030 2 Sac R.- surface 2 0.21 0.009 1.65
3/23/93 1030 4 Sac. R.- depth 2 0.26 0.02 2.15
4/13/93 1700 36 Sac. River @ Delta 0.02 4.15
7/7/93 1510 135 Middle R. @ Bullfrog Ldg. 0.007 2.62
7/7/93 1510 136 Middle R. @ Bullfrof.! Ldf.!. 0.1 1.04
7/7/93 1750 149 SJ. River @ Vernalis 0.015 11.2
7/7/93 1750 150 SJ. River @ Vernalis 2.23
7/19/93 1038 151 SJ. River @ Antioch 0.03 5.91
7/19/93 1038 152 SJ. River @ Antioch 0.08 0.013 1.47
7/19/93 1300 153 Sac. River @ Hood 0.041 4.19
7/19/93 1300 154 Sac. River @ Hood 0.06 nd 0.7
7/20/93 FI Sac R. @ Rio Vista 0.04 4.97
7/20/93 F2 Sac R. @ Rio Vista 0.1 0.01 1.35
7/20/93 F3 Sac R. @ Rio Vista 0.08 0.015 1.02
8/3/93 1311 193 Mokelumne River 0.022 0.75
8/3/93 1311 194 Mokelumne River 0.08 0.013 0.31
8/3/93 F-II Sac R. @ Rio Vista 0.18 0.024 1.71
8/3/93 F-12 Sac R. @ Rio Vista 0.031 2.89
8/3/93 F-IO/QC Sac. River @ Hood 0.039 4.3
8/3/93 F-8 Sac. River @ Hood 0.05 0.015 0.84
8/3/93 F-9 Sac. River @ Hood 0.037 4.81
8/17/93 1200 207 Middle R @ Bullfrog Ldg. 0.456 38.8
8/17/93 1200 208 Middle R. @ Bullfrog Ldg. 0.22 1.22
8/17/93 1450 221 SJ. River @ Vernalis 0.011 8.9
8/17/93 1450 222 , SJ. River @ Vernalis 1.7
9/14/93 1200 246 Mokelumne River 0.031 1.23
9/14/93 1200 247 Mokelumne River 0.026 1.11
9/14/93 1200 248 Mokelumne River 0.1 0.011 0.39
9/14/93 13CF Sac R. @ Rio Vista 0.035 3.24
9/14/93 14CF Sac R. @ Rio Vista 0.03 0.017 1.22
9/14/93 15CF Sac R. @ Rio Vista 0.09 0.014 1.1
9/14/93 16CF Sac. River @ Hood 0.038 3.76
9/14/93 17CF Sac. River @ Hood 0.03 0.026 0.96
10/4/93 2030 269 Sac. River @ Freeport 0.13 0.029 1.62
10/4/93 2030 270 Sac. River @ Freeport 0.015 0.54
10/4/93 1100 272 Sac. River @ Freeport 0.044 1.71
10/4/93 271 0.022 1.51
10/4/93 273 0.036 1.8
10/14/93 1251 298 Mokelumne River 0.017 0.92
10/14/93 1251 299 Mokelumne River 0.07 0.01 0.31
10/14/93 18CF Sac R. @ Rio Vista 0.Q35 3.62
10/14/93 19CF Sac R. @ Rio Vista 0.04 0.025 0.85
10/14/93 20CF Sac. River @ Hood 0.036 2.3
10/14/93 21 CF Sac. River @ Hood nd 0.012 0.63
10/14/93 22CF Sac. River @ Hood 0.06 0.014 0.67
10/29/93 1030 312 Middle R. @ Bullfrof.! Ldf.!. 0.01 1.07
10/29/93 1030 313 Middle R. @ Bullfrog Ldg. 0.005 0.71
10/29/93 23 CF SJ. River @ Antioch 0.014 3.21
10/29/93 24 CF/QC SJ. River @ Antioch 0.017 1.61
10/29/93 25 CF/OC SJ. River @ Antioch 0.25 0.018 2.73
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10129/<)3 26 CF Sol. River @ Stockton 0.009 1.66
10129/93 27 CF Sol. River @ Stockton 0.014 1.71
10/29/<)3 28 CF Sol. River @ Stockton 0.23 0.006 1.29
10/29/93 323 SJ. River @ Vernalis 0.02 4.03
10129/l,Ij 324 SJ. River @ Vernalis 0.04 0.008 1.13
11110/93 29 CF Greene's Landing 0.04 2.43
IIIION3 30CFA Greene's Landing 0.13 0.15 0.87
II/lON3 30CFB Greene's Landing 0.16 0.14 0.86
11111/93 31 CF Greene's Landing 0.05 1.79
11/11/93 32 CF Greene's Landing 0.17 0.1 0.76
11111/93 33 CF Greene's Landing 0.06 1.54
11111/93 34CF Greene's Landing 0.72 0.35 3.36
11/11/93 35 CF Greene's Landing 0.05 2.22
11/11/93 36CF Greene's Landing 0.2 0.04 0.9
11112/93 37CFA Greene's Landing 0.05 2.65
11112/93 37 CFB Greene's Landing 0.05 2.35
11112/93 38 CF Greene's Landing 0.15 2.17
11/12/93 39CF Greene's Landing 0.13 0.04 0.13
11/29/93 40CF SJ. River @ Antioch 0.02 2.97
11/29/93 41CF SJ. River @ Stockton 0.03 1.94
12/13/93 42CF Sac R. @ Rio Vista 0.03 2.88
12/13/93 43 CF Sac R. @ Rio Vista 0.04 0.01 0.87
12/13/93 44CF Sac. River @ Hood 0.08 4.52
12/13/93 44CF Sac. River @ Hood 0.07 4.81
12/13/93 45 CF Sac. River @ Hood 0.04 0.01 0.87
1110/94 GL21 Greene's Landing 0.01 nd 0.64
1/10/94 46CF SJ. River @ Antioch 0.02 3.42
1110/94 47CF SJ. River @ Antioch 0.04 0.04 0.98
1/10/94 48CF SJ. River @ Stockton 0.02 2.52
1/10/94 48CF Sol. River @ Stockton 0.02 2.3
1110/94 49 CF SJ. River @ Stockton 2.07
1111/94 914 410 Middle R. @ Bullfrog Ldg. 0.02 2.16
1111/94 914 411 Middle R. @ Bullfrog Ldg. 0.01 0.84
1/11/94 914 412 Middle R. @ Bullfrog Ldg. 0.06 0.02 1.52
1111/94 914 425 SJ. River @ Vernalis 0.95
1111/94 914 426 SJ. River @ Vernalis 0.15 0.001 1.93
1/11/94 914 427 SJ. River @ Vernalis 0.01 2
1/13/94 66 Greene's Landing 0.47 0.03 3.6
1/13/94 65 A Greene's Landing 0.09 6.73
1/13/94 65 B Greene's Landing 0.09 6.5
1/18/94 25 Greene's Landing 0.01 0.55
1/19/94 24 Greene's Landin!! 0.03 1.39
1/23/94 27 Greene's Landing 0.06 0.02 0.76
1/24/94 26 Greene's Landin!! 0.08 2.63
1/24/94 29 Greene's Landing 0.07 nd 0.67
1/25/94 28 Greene's Landing 0.04 2.24
1/26/94 30 Greene's Landing 0.05 3.71
1/26/94 31 Greene's Landing 0.23 0.01 1.17
1/27/94 33 Greene's Landin!! 0.22 0.01 1.21
1/28/94 32 Greene's Landin!! 0.09 6.35
1/28/94 35 Greene's Landing 0.1 7.59
1/28/94 36 Greene's Landin!! 0.26 0.02 2.3
1/29/94 900 40 Greene's Landin!! 0.22 0.01 1.89
1/30/94 38 Greene's Landing 0,(l6 5.33
1/30N4 1000 42 Greene's Landing 0.25 0.01 2.09
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1/31/94 41 Greene's Landing 0.06 4.18
2/1/94 44 Greene's Landing 0.02 2.56
2/1/94 48 Greene's Landing 0.14 0.01 1.61
2/2/94 43 Greene's Landing 0.05 2.97
2/5/94 1700 55 Greene's Landing 0.39 0.01 1.36
2/7/94 50 Greene's Landing nd nd
2/7/94 53 Greene's Landin!! 0.12 nd 0.87
2/8/94 51 Greene's Landing nd nd
2/8/94 52 Greene's Landin.!! 0.04 2.2
2/9/94 54 Greene's Landing 0.09 5.77
2/10/94 56 Greene's Landin.!! 0.19 19.5
2/10/94 930 58 Greene's Landing 0.46 0.04 3.79
2/11/94 1000 61 Greene's Landing 0.46 0.03 4.01
2/11/94 1600 62 Greene's Landing nd nd
2/12/94 60 Greene's Landing 0.12 10.8
2/16/94 700 63 Greene's Landing 0.07 7.09
2/16/94 700 64 Greene's Landing
2/17/94 67 Greene's Landing 0.06 4
2/17/94 68 Greene's Landing 0.21 0.02 1.89
2/18/94 1200 70 Greene's Landing 0.2 0.02 1.39
2/19/94 69 Greene's Landing 0.05 4.52
2/19/94 1400 72 Greene's Landing 0.18 0.02 1.85
2/19/94 1400 71 A Greene's Landing 0.07 5.91
2/19/94 1400 71 B Greene's Landing 0.07 5.55
2/20/94 1550 74 Greene's Landing 0.18 0.03 1.98
2/21/94 73 Greene's Landing 0.1 8.41
2/21/94 1600 76 Greene's Landing .. "_ .. 0,35 . - 0.02 3.4
2/22/94 75 Greene's Landing 0.1 9.4
2/22/94 77 Greene's Landing 0.13 13.7
2/22/94 1600 79 Greene's Landing 0.34 0.01 2
2/23/94 81 Greene's Landing 0.13 19
2/23/94 1700 82 Greene's Landing 0.03 2.02
2/24/94 83 Greene's Landing .0.03 4.62
2/24/94 1700 84 Greene's Landing 0.52 0.03 4.62
2/25/94 85 Greene's Landing 0.07 7.4
2/25/94 1800 86 Greene's Landing 0.3 0.02 2.31
2/27/94 87 Greene's Landing 0.1 9.25
2/28/94 89 Greene's Landin.!! 0.06 5.69
2/28/94 1200 90 Greene's Landing 0.25 0.03 1.92
3/1/94 91 Greene's Landing 0.05 3.73
3/1/94 93 Greene's Landing 0.16 0.02 1.59
3/4/94 95 Greene's Landing 0.06 4.07
3/4/94 1200 96 Greene's Landin.!! 0.1 0.03 1.13
3/9/94 1130 100 Greene's Landing
3/9/94 1130 101 Greene's Landing
3/9/94 1130 102 Greene's Landing 0.01
3/9/94 1130 103 Greene's Landing
3/9/94 1130 104 Greene's Landing 0.36 1.12
3/9/94 1130 107 Greene's Landing '0.41 0.96
3/9/94 1130 105a Greene's Landing 0.42 1
3/9/94 1130 105b Greene's LandinI! 0.43 0.98
3/9/94 1130 106a Greene's Landin.!! 0.42 1.05
3/9/94 1130 106b Greene's Landing 0.42 0.95
3/10/94 108 Greene's Landing 0.04 3.49
3/10/94 1800 109 Greene's Landing 0.08 0.01 1.25
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3/15/94 110 Greene's Landin!:! 0.01
3/15/94 III Greene's Landin!:! 0.52 1.03
3/15/94 112 Greene's Landin!:! 0.26 0.52
3/15/94 113 Greene's LandinI! 0.68 1.6
3/15/94 113 Greene's Landing 0.74 1.54
3115/94 1800 115 Greene's Landing 0.06 0.02 0.94
3/16/94 114 Greene's Landing 0.06 2.4
3116/94 1100 116 Greene's Landin!:!
3116/94 117 Greene's Landin!:! 0.01 0.32
3/16/94 118 Greene's Landing 0.02 0.01
3116/94 119 Greene's LandinI! 0.54 0.99
3116/94 120 Greene's Landing 0.54 1.03
3116/94 121 Greene's Landin!:! 0.53 0.55 0.92
3/16/94 122 Greene's Landing 0.36 0.41 0.84
3/23/94 aa33 French Camp Slough 0.044 3.33 1.49
3/23/94 aa34 French Camp Slou!:!h 0.41 0.011 1.29 1.33
3/23/94 aa31 Ulatis Creek 0.027 5.69 1.78
3/23/94 aa32 Ulatis Creek 0.07 0.018 3.65 1.62
4112/94 1400 474 Mokelumne River 0.013 1.73
4/12/94 1400 475 Mokelumne River 0.1 0.005 0.55
4/12/94 1200 104CF Sac R. @ Rio Vista 0.024 2.99
4112/94 1200 105CF Sac R. @ Rio Vista 0.08 0.019 1.21
4/12/94 900 100CF Sac. River @ Hood 0.027 2:02
4112/94 900 10lCF Sac. River @ Hood 0.033 1.64
4112/94 900 102CF Sac. River @ Hood 0.07 0.015 0.92
4112/94 900 103CF Sac. River @ Hood 0.075 0.015 0.75
4/27/94 1300 497 Middle R. @ Bullfrog Ld!:!. 0.01 1.98
4/27/94 1300 498 Middle R. @ Bullfrog Ldg. 0.06 0.007 1.41
4/27/94 900 106CF SJ. River @ Antioch 0.031 5.15
4/27/94 900 107CF SJ. River @ Antioch 0.029 4.15
4/27/94 900 108CF SJ. River @ Antioch 0.12 0.013 1.98
4/27/94 900 109 cf SJ. River @ Antioch 0.13 0.016 1.43
4/27/94 900 IIOCF SJ. River @ Stockton 0.021 2.17
4/27/94 900 IIICF SJ. River @ Stockton 0.16 0.01 1.84
4/27/94 930 480 SJ. River @ Vernalis
4/27/94 930 481 SJ. River @ Vernalis
4/27/94 930 482 SJ. River @ Vernalis 0.014 5.53
4/27/94 930 483 SJ. River @ Vernalis 0.07 0.97
4/27/94 930 484 SJ. River @ Vernalis 0.09 0.002 0.88
4/30/94 aal Paradise Cut nd 0.008 2.07 1.24
5110/94 aa6 Duck Slough 0.069 24.1 2.06
5/10/94 aa7 Duck Slough 1.05 0.012 8.52 1.09
5110/94 930 GL201 Greene's Landing 0.1 0.032 1.23 0.71
5/10/94 gJ200 Greene's Landing 0.104 9.27 0.83
5110/94 gl201 Greene's Landin!:! 0.1 0.032 1.23 0.71
5/10/94 1200 541 Mokelumne River 0.012 1.48 1.27
5/ I0/94 1200 541/QA Mokelumne River 0.006 1.19 1.22
5/10/94 aa3 Paradise Cut 0.018 3.79 0.11
5/10/94 aa4 Paradise Cut nd 0.008 1.83 0.24
5110/94 114cf Sac R. @ Rio Vista 0.028 3.45 2.2
5110/94 115cf Sac R. @ Rio Vista 0.09 0.015 1.43 1.9
5/10/94 112cf Sac. River @ Hood 0.036 2.34 1.72
5/10/94 ) 12cf/QA Sac. River @ Hood 0.026 1.83 1.61
5110/94 113cf Sac. River @ Hood 0.09 0.016 I 1.84
5/25/94 aalO Old River @ Tracy Blvd. 0.12 0.014 3.01 I
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5/25/Y4 aa9 Old River @ Tracy Blvd. 0.02 2.82 0.98
5/25/94 aa35 Paradise Cut 0.04 0.009 2.12 1.4
5/25/94 aa8 Paradise Cut nd nd 2.29 1.34
6/3/94 aall Old River @ Tracy Blvd. 0.023 3.28 0.81
6/3/94 aal2 Old River @ Tracy Blvd. 0.05 0.008 1 1.58
6/3/94 aa14 Paradise Cut 0.019 4.75 1.74
6/3/94 aal5 Paradise Cut 0.07 0.008 2.38 I
7/12/94 aa21 Duck Slough '0,081 28.8 1.58
7/12/94 aa22 Duck Slough 0.88 0.035 6.85 1.32
7/12/94 aal9 Paradise Cut 0.025 8.59 3.15
7/12/94 aa20 Paradise Cut 0.05 0.007 2.16 2.27
7/12/94 aa23 Prospect Slough ,0.035 15.3 1.06
7/12/94 aa24 Prospect Slough 0.4 0.017 5.36 1
7/21/94 aa25a Mokelumne River 0.08 0.017 0.44 0.6
7/21/94 aa25b/QA Mokelumne River 0.1 0.008 0.47 0.45
7/21/94 aa26a Mokelumne River 0.024 0.68 0.5
7/21/94 aa26b/QA Mokelumne River 0.022 0.63 0.63
8/9/94 bp 27 Duck Slough 0.066 31.4 2.4
8/9/94 bp 28 Duck Slough 1.38 0.011 8 2.05
8/9/94 bp 29 Prospect Slough 0.03 15.7 1.67
8/9/94 bp 30 Prospect Slough 0.41 0.023 7.04 1.93
9/2/94 bpI Duck Slough 0.071 35.8 2.21
9/2/94 bpl/QA Duck Slough 0.064 34.3 3.98
9/2/94 bp2 Duck Slough 1.08 0.021 5.16 2.17
9/2/94 bp5 French Camp Slough 0.038 2.15 2.71
9/2/94 bp6 French Camp Slough 0.37 0.014 0.99 2.4
9/2/94 bp3 Prospect Slough 0.036 18.3 2.1
9/2/94 bp3/QA Prospect Slough 0.031 18.5 3.24
9/2/94 bp4 Prospect Slough 0.73 0.021 6.12 2.04
10/5/94 bp36 5 mile 3.87 0.081 5.29 3.03
10/5/94 bp96 Greene's Landing 0.048 7.04
10/19/94 aa36 Mokelumne River 0.019 0.83

111/4/94 aa27 S.J. River @ Antioch 0.012 4.2 0.41
11/4/94 aa28 S.J. River @ Antioch 0.09 0.014 2.12 0.13
12/13/94 1245 400 Mokelumne River ,0.02 3.34
12/13/94 1245 401 Mokelumne River 0.18 0.01 1.34
12/13/94 1245 402 Mokelumne River 0.18 0.01 1.33
12/13/94 aa29 Ulatis Creek 0.126 16.2 1.22
12/13/94 aa30 Ulatis Creek 0.2 0.043 3.45 1.39
1/6/95 1500 bp44 Greene's Landing 0.063 6.02 1.52
1/6/95 1500 bp45 Greene's Landing 0.45 0.028 2.19 1.41
1/7/95 bp46 Greene's Landing 0.118 10.5 1.2
1/7/95 bp47 Greene's Landing 0.78 0.028 2.97
1/8/95 1330 bp48 Greene's Landing 0.108 16 0.3
1/8/95 1330 bp49 Greene's Landing 0.77 0.038 4.51 0.45
1/9/95 bp53 Duck Slough 0.37 0.021 6.35
1/1 0/95 bp52 Greene's Landing 0.474 3.16
1/10/95 bp53 Greene's Landing 0.81 0.039 4.31 1.37
1/10/Y5 bp54 Prospect Slough 0.568 601 0.6
1/10/95 bp54/QA Prospect Slough 0.52 587
1/11/95 1430 bp55 Greene's Landing .0.329 28.3 2.97
1/11195 1430 bp56 Greene's Landing 0.99 0.045 3.97 0.88
11 11195 1630 bp59 Prospect Slough 0.229 417 1.46
1/12/95 1400 bp61 Greene's Landing 0.184 27.1 1.32
1/12/95 1400 bp62/QA Greene's Landing 0.19 25.7
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11I21Y5 11400 bp63 Greene's Landing 0.53 0.034 8.5 1.19
1112/95 1400 bp64/QA Greene's Landing 0.99 0.04 4.85
1112/95 1030 bp60 Prospect Slough 0.181 103 1.5
1/13/95 1500 bp65 Greene's Landing 0.166 23.6 1.09
1/13/95 1500 bp66 Greene's Landing 0.65 0.035 4.78 1.14
1/13/95 1000 bp67 Prospect Slough 0.163 38 1.63
1/14/95 1300 bp69 Greene's Landing 0.167 26.9 2.45
1114/95 1300 bp70 Greene's Landing 0.8 0.018 6.02 0.84
1/14/95 1000 bp68 Prospect Slough 0.224 79.2 1.2
1/15/95 1400 bp71 Greene's Landing 0.114 13.8 0.9
1/15/95 1400 bpn Greene's Landing 0.124 14.9 0.31
1/15/95 1400 bpn Greene's Landing 0.48 0.031 19.1 0.91 .
1/15/95 1000 bp74 Prospect Slough 0.203 53.7 2.48
1/15/95 1000 bp75 Prospect Slough 0.197 62.8 2.27
1/17/95 1400 bo78 Greene's Landing 0.087 24.8 0.12
1/17/95 1400 bp79 Greene's Landing 0.49 0.002 26 1.12
1/17/95 1000 bp80 Prospect Slough 0.087 36.6 3.32
1/18/95 1400 bp82 Greene's Landing 0.09 23.7 0.61
1/18/95 1400 bp83 Greene's Landing 0.52 0.033 6.21 1.06
1/18/95 1100 bp81 Prospect Slough 0.17 45.1 4.41
lI20/95 1600 bp86 Greene's Landing 0.089 18 1.2
lI20/95 1600 bp87 Greene's Landing 0.54 0.11 6.33 1.07
1/22/95 1430 bp90 Greene's Landing 0.095 16.2 1.4
1/22/95 1430 bp91 Greene's Landing 0.4 0.025 3.75 1.36
1/22/95 1200 bp89 Prospect Slough 0.092 27.3 1.07
1/22/95 1100 bp88 Skag Slough 0.068 33.9 2.54
1/23/95 1500 cf500 Greene's Landing 0.087 .13.1 1.22
1/23/95 1500 cf501 Greene's Landing 0.43 0.024 4.45 1.09
1/23/95 1200 cf502 Prospect Slough 0.104 28.8 1.18
lI23/95 1000 cf503 Skag Slough 0.068 41.9 3.08
1/24/95 1600 cf504 Greene's Landing 0.084 11.8 1.07
lI24/95 1600 cf505 Greene's Landing 0.36 0.027 3.46 1.25
1/25/95 1500 cf506 Greene's Landing 0.08 12 1.52
1/25/95 1500 cf507 Greene's Landing 0.4 0.025 4.07 1.14
1/25/95 1000 cf508 Prospect Slough 0.075 16.7 1.81
11'25/95 1000 cf509 Prospect Sloul!h 0.38 0.023 4.39 1.43
1/26/95 1400 cf512 Greene's LandinI! 0.111 17.4 1.59
lI26/95 1500 cf513 Greene's Landing 0.35 0.032 4.34 1.25
1/26N5 1600 cf510 Prospect Slough 0.107 36.6 nd
1/26/95 1600 cf511 Prospect Slough 0.57 0.064 7.28 1.51
1/27/95 1000 cf514 Greene's Landing 0.08 16.2 1.08
1/27/95 1000 cf515 Greene's Landing 0.46 0.033 4.06 1.18
lI27/95 1530 cf516 Prospect Slough 0.096 28.3 1.48
1/28/95 1500 cf517 Greene's Landing 0.082 15.7 1.24
1/28/95 1500 cf518 Greene's Landing 0.41 0.073 4.34 I
1/28/95 1200 cf519 Prospect Sloul!h 0.111 29.3 0.99
1/28/95 1200 cf520 Prospect Slough 0.57 0.064 6.75 1.45
1/28/95 1000 cf521 Skag Sloul!h 0.12 37.2 1.48
1/29/95 1100 bo92 Greene's Landing 0.105 10.8 1.13
1/29/95 1100 bp93 Greene's Landing 0.34 0.034 3.95 1.22
1129/95 bp94 Greene's Landing 0.41 0.039 3.72 0.94
1/30/95 1700 cf600 Greene's Landing 0.054 11.3 1.18
1/30/95 1700 cf601 Greene's LandinI! 0.24 0.021 3.11 I
1/31/95 1600 cf602 Greene's Landing 0.104 10.6 1.54
1/31/95 1600 cf603 Greene's Landing nd 0.18 nd
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1/31/95 1600 cf604 Greene's Landing 0.057 10.6 1.54
1/31/95 1600 cf605/QA Greene's Landing 0.05 10
1/31/95 1600 cf607 Greene's Landing 0.008 0.91
1/31/95 1600 cf610 Greene's Landing 0.37 0.02 2.99
1/31/95 1600 cf611 Greene's Landing 0.027 2.71
1/31/95 1200 cf606 Prospect Slaugh 0.065 14.8
2/1/95 1300 cf608 Greene's Landing 0.07 6.61
2/1/95 1600 cf609 Greene's Landing
2/2/95 1600 cf612 Greene's Landing 0.042 5.92
2/3/95 1400 cf613 Greene's Landing 0.062 8.45
2/3/95 1000 cf614 Prospect Slough 0.07 13.5
2/5/95 1500 cf615 Chipps Island 0.065 11.5
2/5/95 1500 cf625 Chipps Island 0.43 0.039 2.67
2/5/95 1300 cf616 Grizzly Bay 0.045 9.64
2/5/95 1300 cf623 Grizzly Bay 0.31 0.024 3.27
2/5/95 1600 cf617 Martinez 0.056 10.9
2/5/95 1000 cf624a Martinez 0.035 3.12
2/5/95 1000 cf624b/QA Martinez 0.03 3.88
2/6/95 1600 cf619 Greene's Landing 0.051 8.63
2/6/95 1600 cf622 Greene's Landing 0.25 0.032 2.44
2/6/95 1400 cf618 Prospect Slough 0.082 21.3
2/10/95 1600 ct701a Greene's Landing 0.057 7.1
2/1 0/95 1600 cf70Ib/QA Greene's Landing 0.04 6.33
2/1 0/95 1600 cf702a Greene's Landing 0.18 0.012 2.23
2/10/95 1300 cf702b/QA Greene's Landing 0.29 0.02 2.15
2/10/95 1400 cf700 Prospect Slough 0.068 11.4
2/14/95 . 1600 cf703 .. ..,.. Greene'sLanding . - .., 0.056 . '~"- . 6.71. ._. -~ . - ~,,,,-._. .
2/14/95 1300 cf704 Prospect Slough 0.084 15.8
2/14/95 1000 cf705 Skag Slough 0.026 11.1
2/17/95 1350 ct706 Greene's Landing 0.11 12.3
2/17/95 1100 cf707 Prospect Slough 0.036 13.8
2/21/95 1400 bp96 Greene's Landing '0.048 7.04
2/21/95 930 ct708 Greene's Landing '0.069 7.49
2/23/95 1600 bp97 Greene's Landing 0.053 6.31
2/24/95 900 ct711 Greene's Landing 0.057 4.59
2/28/95 2030 ct712 Greene's Landing 0.045 5.85
2/28/95 800 cf713 Prospect Slough 0.065 28.3
3/3/95 1530 cf714 Greene's Landing 0.066 5.79
3/5/95 1600 cnI5 Greene's Landing 0.076 6.56
3/7/95 ct716 Greene's Landing 0.052 6.18
3/1 0/95 1330 bpl02 Cottonwood Creek 0.416 233
3/1 0/95 1330 bpl02 Cottonwood Creek 0.29 189
3/1 0/95 bpl14 East Yolo Bvpass '0.438 600
3/1 0/95 I I IS bpl06 Little Cow Cr. @ Dersch Br. 0.123 7.98
3/10/95 1115 bpl06 Little Cow Cr. @ Dersch Br. 0.105 6.2
3/10/95 1240 bpl08 Putah Creek @ Mace Blvd. 0.47 88.1
3/10/95 1430 bplO5 Sac R. @ Bend Bdg 0.2 52
3/10195 :;000 bplOO Sac R. @ Colusa Bdg 0.409 266
3/10/95 1000 bp97 Sac R. @ Cypress Bdg 0.11 2.3
3/1 0/95 1830 bp98 Sac R. @ Old Ferry 0.296 251
3/1 0/95 1550 bp99 Sac R. @ Road a-8 0.371 492
3/10/95 1700 bpl07 Sac R. @ Road a-9 0.377 112
3/1 0/95 800 bpl03 Sac R. @ Shasta Dam 0.026 2.36
3/10/95 1230 bpl04 Sac R. @ Balls Ferry Bdg 0.154 7.41
3/1 0/95 2230 bpl01 Sacramento Slough 0.433 120
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3/ I0/95 bpl12 Ska\:! Slough 0.057 14.1
3/1 0/95 bp113 West Yolo bypass 0.311 165
3/11/95 1530 bpl10 American River @ Sac State 0.017 2.17
3/11/95 1200 bpl09 Cache Creek 102 00495 651
~-

1200 bpl09 Cache Creek 102 0.311 6533/11/9)
3/11/95 1630 bpi 11 Feather River @ Hwy 99 0.026 4.06
3/11/95 1300 CF 800 Greene's Landing 0.16 13.2
3/11/95 1500 CF 801 Mokelumne River 0.066 2.61
3/11/95 1500 CF 801 Mokelumne River 0.033 5.72
3/11/95 1600 CF 802 SJ. River @ Vernalis 0.169 128
3/13/95 1100 CF 803 Sutter Bvpass 0.068 2004
3/13/95 bpl17 Sycamore 2.86
3/14/95 bpl15 Greene's Landing 0.056 11.1
3/21/95 1800 CF 807 Prospect Slough 0.072 19.3
3/22/95 1700 CF 808 Greene's Landing 0.029 5.76
3/22/95 1700 CF811 Greene's Landing 0.033 5.72
3/22/95 1000 CF 809 Mokelumne River 0.095 2047
3/22/95 1000 CF 809 Mokelumne River 0.084 1.72
3/22/95 1400 CF 810 SJ. River @ Vernalis 0.024 3.97
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1/II/Y3 GL22 Greene's Landing 0.013
1/13/93 GL23 Greene's Landing 0.008
1/14/93 GL24 Greene's Landing 0.014
3/23/93 1030 3 Sac R- depth I 4600
3/23/93 1030 I Sac R.- surface I 3600
3/23/93 1030 2 Sac R.- surface 2 410
3/23/93 1030 4 Sac.R.- depth 2 .600
4/13/93 1700 36 Sac. River @ Delta
7/7/93 \5\0 \35 Middle R. @ Bullfrog Ldg. 0.0\3 74
7/7/93 1510 136 Middle R. @ Bullfrog Ldg. 0.005 74
7/7/93 1750 149 S.J. River @ Vernalis 0.015 146
7/7/93 1750 150 S.J. River @ Vernalis 146
7/19/93 1038 151 SJ. Riyer @ Antioch 0.01 78
7/19/93 1038 152 SJ. River @ Antioch 78
7/19/93 \300 153 Sac. River @ Hood 0.009 48
7/19/93 1300 154 Sac. River @ Hood 0.003 48
7/20/93 FI Sac R. @ Rio Vista 0.009 44
7/20/93 F2 Sac R. @ Rio Vista nd 44
7/20/93 F3 Sac R. @ Rio Vista <0.002 44
8/3/93 1311 193 Mokelumne River 0.003 36
8/3/93 1311 194 Mokelumne River nd 36
8/3/93 F-Il Sac R. @ Rio Vista 0.006 64
8/3/93 F-12 Sac R. @ Rio Vista 0.007 64
8/3/93 F-10/QC Sac. River @ Hood 66
8/3/93 F-8 Sac. River @ Hood 0.004 66
8/3/93 F~9 Sac. River @ Hood 0.011 66
BI17/93 1200 207 Middle R. @ Bullfrog LdS!.. 48
8/17/93 1200 208 Middle R @ Bullfrog Ldg. 48
8/17/93 1450 221 SJ. River @ Vernalis 136
8/17/93 1450 ·222 SJ. River @ Vernalis 136
9/14/93 1200 246 Mokelumne River 32
9/14/93 1200 247 Mokelumne River 32
9/14/93 1200 248 Mokelumne River 32
9/14/93 13 CF Sac R. @ Rio Vista 0.006 64
9/14/93 14CF Sac R. @ Rio Vista od 64
9/14/93 15 CF Sac R. @ Rio Vista <0.002 64
9/14/93 16CF Sac. River @ Hood 64
9/14/93 17 CF Sac. River @ Hood 64
10/4/93 2030 269 Sac. River @ Freeport 80
10/4/93 2030 270 Sac. River @ Freeport 80
10/4/93 1100 272 Sac. River @ Freeport 68
10/4/93 271
10/4/93 273
10/14/93 1251 298 Mokelumne River 24
\0114/93 1251 299 Mokelumne River 24
10/14/93 18CF Sac R. @ Rio Vista 0.008 56
10/14/93 19CF Sac R. @ Rio Vista od 56
10/14/93 20CF Sac. River @ Hood 48
10/14/93 21CF Sac. River @ Hood 48
10/14/93 22CF Sac. River @ Hood 48
10/29/93 \030 312 Middle R. @ Bullfrog Ldg. . 62
10/29/93 1030 313 Middle R. @ Bullfrog Ldg. 62
10/29/93 23 CF S.J. River @ Antioch 760 / . 626
10/29/93 24CF/QC SJ. River @ Antioch 75 626
10/29/93 25 CF/QC S.J. River @ Antioch 810 626
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10/291Y3 26CF SJ. River @ Stockton 74
10/29/93 27 CF SJ. River @ Stockton 74
10/29/93 28CF SJ. River @ Stockton 74
10/29/93 323 SJ. River @ Vernalis 128

'io7297Y3 324 SJ. River @ Vernalis 128
11110/93 29CF Greene's Landin!! 60
1111 0/93 30CFA Greene's Landing 60
lIIl 0/93 30CFB Greene's Landing 60
\ 1/11/93 31 CF Greene's Landing 60
11111193 32 CF Greene's Landing 60
I III 1/93 33 CF Greene's Landing 60
11111/93 34CF Greene's Landing 60
I III 1/93 35 CF Greene's Landing 60
I III 1/93 36CF Greene's Landing 60
11112/93 37CF A Greene's Landing 60
l11l2/93 37CFB Greene's Landing 60
11112/93 38 CF Greene's Landin!! 60
11/12/93 39CF Greene's Landing 60
11/29/93 40CF SJ. River @ Antioch 0.014 616
11/29/93 41 CF SJ. River @ Stockton 0.012 188
12/13/93 42CF Sac R. @ Rio Vista 0.01 76
12/13/93 43 CF Sac R. @ Rio Vista 0.002 76
121l3/93 44CF Sac. River @ Hood 0.012 54
12/13/93 44CF Sac. River @ Hood 54
12/13/93 45 CF Sac. River @ Hood 0.002 54
1110/94 GL21 Greene's Landing 0.002 64
1110/94 46CF SJ. River @ Antioch 0.004 262
1110/94 47CF SJ. River @ Antioch 262
III 0/94 48CF SJ. River @ Stockton 204
1/10/94 48CF SJ. River @ Stockton 204
III 0/94 49CF SJ. River @ Stockton 204
1111/94 914 410 Middle R. @ Bullfro!! Ldg. 88
1111194 914 411 Middle R. @ Bullfro!! Ldg. 88
1111/94 914 412 Middle R. @ Bullfrog Ld!!. 88
1111/94 914 425 SJ. River @ Vernalis 156
1/11194 914 426 SJ. River @ Vernalis 156
1111/94 914 427 SJ. River @ Vernalis 156
1113/94 66 Greene's Landing 66
1/13/94 65 A Greene's Landin!! 66
1113/94 65 B Greene's Landing 66
III 8/94 25 Greene's Landin!! 60
1/19/94 24 Greene's Landing 60
1/23/94 27 Greene's Landing 80
1/24/94 26 Greene's Landin!! 88
1/24/94 29 Greene's Landing 88
1125/94 28 Greene's Landin!! 76
1/26/94 30 Greene's Landin!! 88
1/26/94 31 Greene's Landin!! 88
1127/94 33 Greene's Landin!! 88
1/28/94 32 Greene's Landing 64
1/28/94 35 Greene's Landin!! 64
1/28/94 36 Greene's Landing 64
1/29/94 900 40 Greene's Landing 66
1/30/94 38 Greene's Landing 66
1/30/94 1000 42 Greene's Landin!! 66
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1/31/94 41 Greene's Landing 66
1/1/94 44 Greene's Landing 72
1/1/94 48 Greene's Landing 72
2/2/94 43 Greene's Landing 72
2/5/94 1700 55 Greene's Landing 60
2/7/94 50 Greene's Landing 68
2/7/94 53 Greene's Landing 68
2/8/94 51 Greene's Landing 72
2/8/94 52 Greene's Landing 72
2/9/94 54 Greene's Landing 80
2/10/94 56 Greene's Landing 54
2/10/94 930 58 Greene's Landing 54
2/11194 1000 61 Greene's Landing 60
2/11/94 1600 62 Greene's Landing 60
2/12/94 60 Greene's Landing 64
2/16/94 700 63 Greene's Landing
2/16/94 700 64 Greene's Landing
2/17/94 67 Greene's Landing 80
2/17/94 68 Greene's Landing 80
2/18/94 1200 70 Greene's Landing 80
2/19/94 69 Greene's Landing 86
2/19/94 1400 72 Greene's Landing 86
2/19/94 1400 71 A Greene's Landing 86
2/19/94 1400 71 B Greene's Landing 86
2/20/94 1550 74 Greene's Landing 72
2/21/94 73 Greene's Landing 66
2/21/94 1600 76 Greene's Landing 66
2/22/94 75 Greene's Landing 56
2122/94 77 Greene's Landing 56
2/22/94 1600 79 Greene's LandinI.!: 56
2/23/94 81 Greene's Landing 58
2/23/94 1700 82 Greene's Landing 58
2/24/94 83 Greene's Landing 62
2124/94 1700 84 Greene's LandinI.!: 62
2/25/94 85 Greene's Landing 66
2/25/94 1800 86 Greene's LandinI.!: 66
2/27/94 87 Greene's Landing 80
2/28/94 89 Greene's Landing 82
2/28/94 1200 90 Greene's Landing 82
3/1/94 91 Greene's Landing 84
3/1/94 93 Greene's Landing 84
3/4/94 95 Greene's Landing 88
3/4/94 1200 96 Greene's Landing 88
3/9/94 1130 100 Greene's Landing
3/9/94 1130 101 Greene's Landing
3/9/94 1130 102 Greene's Landing
3/9/94 1130 103 Greene's Landin.!!
3/9/94 1130 104 Greene's Landing
3/9/94 1130 107 Greene's Landing
3/9/94 1130 105a Greene's Landing
3/9/94 1130 105b Greene's Landing
3/9/94 1130 106a Greene's Landing
3/9/94 1130 106b Greene's Landing
3/10/94 108 Greene's Landing 76
3/10/94 1800 109 Greene's Landing 76
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3/15/94 110 Greene's Landin£! 72
3/l5/94 III Greene's Landin£! 72
3/l5/94 112 Greene's Landin£! 72
3/l5/94 113 Greene's Landin£! 72
3/l5/94 113 Greene's Landing 72
3/l5/94 1800 115 Greene's Landing 72
3/16/94 114 Greene's Landing 72
3/l6/94 1100 116 Greene's Landing 72
3/16/94 117 Greene's Landing 72
3/16/94 118 Greene's Landing 72
3/16/94 119 Greene's Landing 72
3/16/94 120 Greene's Landing 72
3/l6/94 121 Greene's Landing 72
3/16/94 122 Greene's Landing 72
3/23/94 aa33 French Camp Slough 44
3/23/94 aa34 French Camp Slough 44
3/23/94 aa31 Ulatis Creek 304
3/23/94 aa32 Ulatis Creek 304
4/12/94 1400 474 Mokelumne River 32
4/12/94 1400 475 Mokelumne River 32
4/12/94 1200 100CF Sac R. @ Rio Vista 76
4/l2/94 1200 105CF Sac R. @ Rio Vista 76
4/12/94 900 100CF Sac. River @ Hood 70
4/12/94 900 101CF Sac. River @ Hood 70
4/12/94 900 102CF Sac. River @ Hood 70
4/12/94 900 103CF Sac. River @ Hood 70
4/27/94 1300 497 Middle R. @ Bullfrog Ldg. 124
4/27/94 1300 498 Middle R. @ Bullfrog Ldg. 124
4/27/94 900 106CF S.J. River @ Antioch 154
4/27/94 900 107CF S.J. River @ Antioch 154
4/27/94 900 108CF S.J. River @ Antioch 154
4/27/94 900 109 cf S.J. River @ Antioch 154
4/27/94 900 IIOCF S.J. River @ Stockton 172
4/27/94 900 I11CF S.J. River @ Stockton 172
4/27/94 930 480 S.J. River @ Vernalis 84
4/27/94 930 481 S.J. River @ Vernalis 84
4/27/94 930 482 S.J. River @ Vernalis 84
4/27/94 930 483 S.J. River @ Vernalis 84
4/27/94 930 484 S.J. River @ Vernalis 84
4/30/94 aal Paradise Cut 432
5/l0/94 aa6 Duck Slough 98
5/l0/94 aa7 Duck Slough 98
5/l0/94 930 GL201 Greene's Landing 66
5/l0/94 gl200 Greene's Landing 66
5/10/94 gl201 Greene's Landin£! 66
5/l0/94 1200 541 Mokelumne River 30
5/10/94 1200 541/QA Mokelumne River 30
5/l 0/9.4 aa3 Paradise Cut 396
5/10/94 aa4 Paradise Cut 396
5/l 0/94 114cf Sac R. @ Rio Vista 62
5/10/94 115cf Sac R. @ Rio Vista 62
5/10194 112cf Sac. River @ Hood 54
5/10/94 112cf/QA Sac. River @ Hood 54
5/l 0/94 113cf Sac. River @ Hood 54
5/25194 aalO Old River @ Tracv Blvd. 152



Total Dis Total
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5/25/94 nn9 Old River @ Trncy Blvd. 152
5/25/94 nn35 Pnrndise Cut 398
5/25/94 nn8 Pnradise Cut 398
6/3/94 naIl Old River @ Trncy Blvd. 238
6/3/94 na12 Old River @ Trncy Blvd. 238
6/3/94 aal4 Pnrndise Cut 384
6/3/94 anl5 Pnradise Cut 384
7/12/94 aa21 Duck Slough 72
7/12/94 aa22 Duck Slough 72
7/12/94 aal9 Parndise Cut 400
7/12/94 aa20 Paradise Cut 400
7/12/94 aa23 Prospect Slough 84.3
7/12/94 aa24 Prospect Slough 84.3
7121/94 aa25a Mokelumne River 0.008
7/21/94 aa25b/QA Mokelumne River
7/21/94 aa26a Mokelumne River 0.008
7/21/94 aa26b/QA Mokelumne River
8/9/94 bp 27 Duck Slough 68
8/9/94 bp 28 Duck Slough 68
8/9/94 bp 29 Prospect Slough 72
8/9/94 bp 30 Prospect Slough 72
9/2/94 bpI Duck SlouJ!h 70
9/2/94 bpl/QA Duck Slough 70
9/2/94 bp2 Duck Slough 70
9/2/94 bp5 French Camp Slough 82
9/2/94 bp6 French Camp Slough 82
9/2/94 bp3 Prospect Slough 86
9/2/94 bp3/QA Prospect Slough 86
9/2/94 bp4 Prospect Slough 86
10/5/94 bp36 5 mile 80
10/5/94 bp96 Greene's Landing 56
10/19/94 aa36 Mokelumne River
11/4/94 aa27 SJ. River @ Antioch 0.012
11/4/94 aa28 SJ. River @ Antioch 0.004
12/13/94 1245 400 Mokelumne River
12/13/94 1245 401 Mokelumne River
12/13/94 1245 402 Mokelumne River
12/13/94 aa29 Ulatis Creek
12/13/94 aa30 Ulatis Creek
1/6/95 1500 bp44 Greene's Landing 92
1/6/95 1500 bp45 Greene's Landing 92
1/7/95 bp46 Greene's Landing 66
1/7/95 bp47 Greene's Landing 66
1/8/95 1330 bp48 Greene's Landing 60
1/8/95 1330 bp49 Greene's Landing 60
1/9/95 bp53 Duck Slough 234
1/10/95 bp52 Greene's Landin!! 52
1/10/95 bp53 Greene's Landing 52
1/10/95 bp54 Prospect Slough 82
1/1 0/95 bp54/QA Prospect Slough 82
1/11/95 1430 bp55 Greene's Landing 44
1/11/95 1430 bp56 Greene's Landing 44
1/11/95 1630 bp59 Prospect Slou!!h 88
1/12/95 1400 bp61 Greene's Landing 42
1/12/95 1400 bp62/QA Greene's Landing 42
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1/12/95 1400 bp63 Greene's Landing 42
1/12/95 1400 bp64/QA Greene's Landing 42
1/12/95 1030 bp60 Prospect Slough 62
1/13/95 1500 bp65 Greene's Landing 58
1/13/9,) 1500 bp66 Greene's Landing 58
1/13/95 1000 bp67 Prospect Slough 58
1/14/95 1300 bp69 Greene's Landing 40
1114/95 1300 bp70 Greene's Landing 40
1114/95 1000 bp68 Prospect Slough 82
1115/95 1400 bp71 Greene's Landing 44
1/15/95 1400 bpn Greene's Landing 44
1/15/95 1400 bp77 Greene's Landing 44
1115/95 1000 bp74 Prospect Slough 60
1/15/95 1000 bp75 Prospect Slough 60
1/17/95 1400 bp78 Greene's Landing 44
1/17/95 1400 bp79 Greene's Landing 44
1/17/95 1000 bp80 Prospect Slough 48
1/18/95 1400 bp82 Greene's Landing 44
1/18/95 1400 bp83 Greene's Landing 44
1/18/95 1100 bp81 Prospect Slough
1/20/95 1600 bp86 Greene's Landing 48
1/20/95 1600 bp87 Greene's Landing 48
1/22/95 1430 bp90 Greene's Landing 54
1/22/95 1430 bp91 Greene's Landing 54
1/22/95 1200 bp89 Prospect Slough 64
1/22/95 1100 bp88 Skag Slough 116
1/23/95 1500 cf500 Greene's Landing 50
1/23/95 1500 cf501 Greene's Landing 50
1/23/95 1200 cf502 Prospect Slough 60
1/23/95 1000 cf503 Skag Slough 124
1/24/95 1600 cf504 Greene's Landing 56
1/24/95 1600 cf505 Greene's Landing 56
1/25/95 1500 cf506 Greene's Landing 54
1/25/95 1500 cf507 Greene's Landing 54
1/25/95 1000 cf508 Prospect Slough 64
1/25/95 1000 cf509 Prospect Slough 64
1/26/95 1400 cf512 Greene's Landing 50
1/26/95 1500 cf513 Greene's Landing 50
1/26/95 1600 cf510 Prospect Slough 56
1/26/95 1600 cf511 Prospect Slough 56
1/27/95 1000 cf514 Greene's Landing 48
1/27/95 1000 cf515 Greene's Landing 48
1/27/95 1530 cf516 Prospect Slough 60
1/28/95 1500 cf517 Greene's Landing 48
1/28/95 1500 cf518 Greene's Landing 48
1/28/95 1200 cf519 Prospect Slough 60
1/28/95 1200 cf520 Prospect Slough 60
1/28/95 1000 cf521 Skag Slough 104
1/29/95 1100 bp92 Greene's Landing 44
1/29/95 1100 bp93 Greene's Landing 44
1/29/95 bp94 Greene's Landing 44
1/30/95 1700 cf600 Greene's Landing 48
1/30/95 1700 cf601 Greene's Landing 48
1/31/95 1600 cf602 Greene's Landing 48
1/31/95 1600 cf603 Greene's Landing 48
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1/31/95 1600 cf604 Greene's Landing 48
1/31/95 1600 cf605/QA Greene's Landing 48
1/31/95 1600 cf607 Greene's Landing 48
1/31/95 1600 cf610 Greene's Landinc. 48
1/31/95 1600 cf611 Greene's Landing 48
1/31/95 1200 cf606 Prospect Slough 68
2/1/95 1300 cf608 Greene's Landinc. 50
2/1/95 1600 cf609 Greene's Landing 50
2/2/95 1600 cf612 Greene's LandinI:! 50
2/3/95 1400 cf613 Greene's Landinc. 48
2/3/95 1000 cf614 Prospect Slough 68
2/5/95 1500 cf615 Chipps Island 62
2/5/95 1500 cf625 Chi pps Island 62
2/5/95 1300 cf616 Grizzly Bay 66
2/5/95 1300 cf623 Grizzly Bay 66
2/5/95 1600 cf617 Martinez 72
2/5/95 1000 cf624a Martinez 72
2/5/95 1000 cf624b/QA Martinez 72
2/6/95 1600 cf619 Greene's Landinc. 46
2/6/95 1600 cf622 Greene's Landing 46
2/6/95 1400 cf618 Prospect Slough 46
2/10/95 1600 cnOla Greene's Landing . 52
2/10/95 1600 cnOlb/QA Greene's Landing 52
2/10/95 1600 cn02a Greene's Landing 52
2/10/95 1300 ct702b/QA Greene's Landing 52
2/1 0/95 1400 cnoo Prospect Slough 66
2/14/95 1600 cn03 Greene's Landing 62
2/14/95 1300 cn04 Prospect Slough 80
2/14/95 1000 ct705 Skag Slough 192
2/17/95 1350 ct706 Greene's Landing 56
2/17/95 1100 cn07 Prospect Slough 148
2/21/95 1400 bp96 Greene's Landing 56
2/21/95 930 cn08 Greene's Landing 56
2/23/95 1600 bp97 Greene's Landing 64
2/24/95 900 cnll . Greene's Landing 64
2/28/95 2030 cnl2 Greene's Landing 64
2/28/95 800 cnl3 Prospect Slough 244
3/3/95 1530 cnl4 Greene's Landing 58
3/5/95 1600 ct715 Greene's Landinc. 50
3/7/95 cnl6 Greene's Landing 46
3/1 0/95 1330 bpl02 Cottonwood Creek 60
3/1 0/95 1330 bpl02 Cottonwood Creek 60
3/1 0/95 bpl14 East Yolo Bypass 148
3/10/95 IllS bpl06 Little Cow Cr. @ Dersch Br. 36
3/1 0/95 1115 bpl06 Little Cow Cr. @ Dersch Br. 36
3/1 0/95 1240 bpl08 Putah Creek @ Mace Blvd. 112
3/1 0/95 1430 bpl05 Sac R. @ Bend Bdg 36
3/10/95 2000 bplOO Sac R. @ Colusa Bdg 48
3/1 0/95 1000 bo97 Sac R. @ Cypress Bdc. 40
3/1 0/95 1830 bo98 Sac R. @ Old Ferry 48
3/1 0/95 1550 bp99 Sac R. @ Road a-8 54
3/1 0/95 1700 bpl07 Sac R. @ Road a-9 136
3/1 0/95 800 bpl03 Sac R. @ Shasta Dam 46
3/1 0/95 1230 bpl04 Sac R. @ Balls Ferry Bdg 38
3/1 0/95 2230 bplOl Sacramento SloUQh 108

242



Total Dis Total
Date Hour Station # Station Name Ag Ag Fe Dis Fe Hardness
3/10/95 bpl12 Sku,!! Slou!!h 220
3/1 0/95 bpl13 West Yolo bypass 62
3/11/95 1530 bpllO American River @ Sac State 28
3/11/95 1200 bpl09 Cache Creek 102 128
~-

1200 bpl09 Cache Creek 102 1283/11/9)
3/11/95 1630 bpi 11 Feather River @ Hwy 99 28
3/11/95 1300 CF800 Greene's Landing 30
3/11/95 1500 CF 801 Mokelumne River 22
3/11/95 1500 CF 801 Mokelumne River 22
3/11/95 1600 CF 802 SJ. River @ Vernalis 114
3/13/95 1100 CF 803 Sutter Bypass 46
3/13/95 bpl17 Sycamore 128
3/14/95 bp115 Greene's Landin,g 30
3/21/95 1800 CF 807 Prospect Slough 56
3/22/95 1700 CF808 Greene's Landing 56
3122/95 1700 CF811 Greene's Landing 56
3/22/95 1000 CF 809 Mokelumne River 36
3/22/95 1000 CF809 Mokelumne River 36
3/22/95 1400 CF 810 SJ. River @ Vernalis 84



APPENDIXC:

Quality Assurance/Quality Control Methods and Results



METHODS

METAL ANALYSES
Field The field portion of the QA program consisted of collecting blanks and field duplicates.
Field blanks were collected to insure that samples were not contaminated by any aspect of the
collecting procedure. A five gallon carboy of ultra pure water was brought to a field site. Water
was pumped from the carboy following the same procedures which were used when a routine
field sample was collected.

On 64 occasions duplicate water samples were collected from randomly selected sites to
characterize field variability and the reproducibility of the measurements performed by the Trace
Metal Laboratory and the Mussel Watch Laboratory. Field duplicates consisted of collecting
two samples with a ten minute lapse between samples. This field duplicate collection method
does not allow precision to be evaluated rigorously, for any observed variability could be a
combination of inter-laboratory variability and real changes in the system during the ten minute
lag in sample collection. Therefore, the measured variability could be considered a maximum with
the true inter-laboratory precision being lower.

Laboratory The laboratory component of the QA program was focused toward characterizing
contamination of sampling equipment and assessing measures of precision and accuracy.
Laboratory blanks were collected to insure that the sampling equipment was not contaminated.
This procedure consisted of pumping ultra pure water (18 megaohm deionized) water through the
peristaltic tubing and filter apparatus into an analysis bottle. Precision is a measure of the
reproducibility of a test method when it is repeated under controlled conditions. As described in
the QNQC documents (Goetzl et al., 1994; 1995), precision was evaluated by two methods: (1)
inter-laboratory analyses offield duplicates (see sample collection description above) between
the Trace Metal Laboratory and Mussel Watch Laboratory, and 2) an intra-laboratory repeated
analysis of the standard reference materials (SRMs) by the Mussel Watch Laboratory. The
agreement between the amount of a component measured by the test method and the amount
actuaHy present is a measure of accuracy of the test method. To measure accuracy, one SRM
was run for approximately every 25 samples analyzed. The standard reference materials used
were Riverine Water SLRS-2 and SLRS-3 (for 1993-94 samples and 1994-95 samples,
respectively) from the National Research Council of Canada. Certified values for the SRMs used
in this study can be found in the QNQC reports (Goetzl et al., 1994, 1995).

TOXICITY ASSESSMENT
Standard procedures were followed in all aspects of the toxicity assessment. Monthly reference
toxicant tests, consisting of five to six known concentrations of NaCI in laboratory control water,
were conducted for each species. Chronic LCoand ECoconcentrations were calculated to
ascertain changes in animal sensitivity throughout the time period of the study. A complete
description of quality assurance measures can be found in the Delta Monitoring Quality
Assurance Project Plans (Connor et a/., 1995; Nielsen et al., 1995).



RESULTS

METAL ANALYSES
Field On nine occasions field blanks were collected; twice for dissolved metals and seven times
for total recoverable metals (Table C-l). Contamination was negligible with no metals detected
above 1 Ilg/1. This finding is consistent with the minimal contamination reported when the
technique was applied to quantify metal concentrations in Central Valley reservoir releases
(Goetzl and Stephenson, 1993). Field duplicates were collected on 64 occasions with a resulting
average difference between the two laboratories of 16% (Table C-2; Goetzl et al., 1995).
Differences between the two laboratories were found to be random, with neither laboratory
consistently higher or lower than the other. This value incorporates both a measure of the ten
minute lag in sample collection of the duplicates and inter;.laboratory variability. Values not
detected by either laboratory or very close to the detection limit (e.g., cutoff point at 5x the
detection limit) were not included.

Laboratory Laboratory blanks were collected on 11 occasions with 65% of the individual
metals data quantified as below the detection limits from the method (Table C-3). Contamination
was negligible with only one metal detected above I Ilg/I on one occasion when metals were
detected in the laboratory blanks. These findings were consistent with those in Goetzl and
Stephenson (1993), indicating the sampling gear was relatively free of metal contamination.
Laboratory blanks were also collected to determine if filtration of samples prior to conducting
toxicity tests resulted in contamination (Table C-4). Of three laboratory blanks tested for
filtration effects, there was no consistent pattern of removal or contamination for the seven
metals. Although 0.45 Ilm filtration oflaboratory waters did not consistently increase or
decrease metal concentrations, filtration of field samples may have removed colloids and possibly
resulted in sorption of metals on the membrane. Since filtration effects were not assessed for
field samples, the concentrations reported for metals in this study are conservative estimates and
may somewhat underestimate the actual values.

Intra-laboratory precision was assessed between five and 11 times depending on the metal. The
average difference between the certified and mean detected values ranged from 2 to 20% (Goetzl
et al., 1994; 1995). All values were between the 99% confidence limits for the SRMs (Goetzl et
al., 1994; 1995). Inter-laboratory precision, which incorporated a measure of inter-laboratory
and field variability, was shown to be within an average of 14% and 18% of each other for the
1993-94 and 1994-95 samples, respectively (Table C-2; Goetzl et al., 1995). Values that were
not detected by either lab or values that were very close to the detection limit (i.e., cutoff point at
5x the detection limit) were not included in the precision calculation. In addition, the calculation
did not include values that differed between labs by a large amount (e.g., outliers). Those values
were highlighted in the reports (Goetzl and Stephenson, 1993; Goetzl et al., 1995). Single­
laboratory precision was analyzed using the SRM SLRS-2 and SRM SLRS-3 for the 1993-94 and
1994-95 samples, respectively. All of the values for the elements were within the 99%
confidence limits of the SRMs.
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Approximately one standard reference material (SRMs) was analyzed for every 25 samples to
address the accuracy ofthe evapoconcentration method. The SRM metal values were all greater
than ten times the detectable limits with the exception of silver (1993-94 and 1994-95 samples)
and lead (1994-95 samples) (Goetzl et al., 1994; 1995). All of the 1993-94 SRMs were within
the \\ ..trning limits, which are ± 15% greater than the 95% SRM confidence limits. All.of the
1994-95 SRMs were within the warning limits, with the exception of lead. The SRM for lead
used with the 1994-95 samples was considerably lower than the lead SRM used with the 1993­
94 samples. The 1994-1995 value was very close to the detection limit, making it difficult to
analyze. All values (if! both years) were within the warning and control limits ( ± 20% greater
than the 95% SRM confidence limits) with the exception of lead. All but one lead SRM value in
the 1994-95 document was between the warning and control limits. These results indicate, with
few exceptions, a high level of accuracy and precision were associated with the evapo­
concentration method utilized in this program. Analysis of SRMs can be used to describe the
expected accuracy of field samples if the certified SRM values are similar to mean ambient metal
concentrations. The certified SRM values in this study ranged from 31 % to 99% lower than the
mean metal concentrations measured in field samples collected from 1993 to 1995. Obtaining
similar certified SRM values and mean field concentrations was inhibited by the nature of
sampling which occurred over a wide spatial and temporal scale. This resulted in considerable
spatial and temporal differences in metal concentrations over the course of the study.

TOXICITY ASSESSMENT
Between test variability was assessed for this study with reference toxicant tests. USEPA
(1994) recommends reference toxicant testing to ascertain whether changes in animal sensitivity
occurred. Of particular interest are the detection of outlier values exceeding the upper or lower
95 percent confidence limits of the long term mean or of general trends in changing animal
sensitivity. During the 1993-1994 phase of testing, neither were noted in the control charts of
any of the test species (Deanovic et al., 1996). One outlier occurred in the LCsochart for
Pimephales mortality. In this particular case, the fathead minnow was less sensitive to NaCl.
All quality control measurements showed acceptable characteristics suggesting toxicity test data
were reliable. One outlying value each occurred in the Ceriodaphnia reproduction and survival
test, the Selenastrum and Pimephales growth assays, and the fish mortality data during the 1994­
1995 phase of testing (Deanovic et al., 1998). The USEPA (1994) suggests one outlying value
may be expected to occur by chance when 20 or more events are compared. Twenty-one to
twenty-four data points were presented in the control charts, therefore, quality control
measurements were acceptable and indicated the bioassay data were reliable. A more complete
description of the Quality Assurance information for the toxicity studies can be found in the
toxicity reports (Deanovic et al., 1996; 1998).
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Table C-l. Summary offield blanks (18 megaohm deionized water) run through field sampling equipment at various

sampling sites. Values are expressed as Ilg/l. Sample sites are in parentheses.

Sample ill Cu Zn Cr Ph Cd Ni As

dissolved (cf630) <.04 0.04 <.05 <.01 0.011 0.25

total recoverable (cf805) <.04 <.01 <.05 <.01 <.002 <.02·

total recoverable (cf603) 0.02 0.599 0.09 <.01 <.002 0.18 <.1

total recoverable (cf804) . <.04 0.01 <.05 <.02 <.002 <.02

total recoverable (51) 0.16 0.16 <.05 <.01 <.002 <.02

total recoverable (l1O) <.04 0.11 <.05 <.01 0.01 <.02

total recoverable (117) <.04 0.43 <.05 <.01 0.01 0.32

total recoverable (481) <.04 0.24 <.05 <.01 <.002 <.02

dissolved (cft 05) 0.07 0.09 0.08 <.01 0.003 0.1
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Table C-2. Percent Difference Betwe,en Duplicate Analyses for Total Recoverable and Dissolved Concentrations of Seven

Metals in Field Samples Collected from the Sacramento/San Joaquin Delta Estu¥Y. .(D) = dissolved; (TR) = total recoverable.

, M.ebdSpe¢ies
,,'

Station Code Cu Zn . Cr Pb
,

Cd
-,

Ni
' -

As

1994

F9/FIO (TR) 10 2 I 13 5 11

F2/F3 (D) 7 47 1.8 20 33 24

246/247 (TR) 12 15 29 10 16 10

27.Q~?Jl!}~L ___ 25 32
- .- .. -~-~----

- -- ----~--._,- ---

272/273 (TR) 13 36 9 18 18 5

___J4C!il5CF <!?L __ 6 37 5 67 17 10
---~-~--- f---------.-- f------------~1----- ---- ------ --- -- ----_ .. ~ . -- ----..

21 CF/22CF (D) 1 26 35 13 14 6

26CF/27CF (TR) 7 11 28 13 36 3

44CFA/44CFB (TR) 1 1 15 2 13 6

48CFA/48CFB (TR) 7 5 30 0 9
--

4011402 (D) 3 6 0 0 1

____ ~10/411 (TR) _ 23 57 73 50
--~~---

425/426 (D) 30 23

30CFAl30CFB (D) 11 13 11 19 7 1

37CfAl37CFB (TR) 24 18 7 12 0 II

25/25B (D) 1 28 67 0 29

30/30B (TR) 2 30 12 1 0 8

33/34 (D) 1 19 15 50 12
-- -------~._~---~~'_.--- ._---- ------- ---- ._- -~---~,-_._--~ .

38/39 (TR) 14 2 7 14 I I

___ ~~±5jT~L ____ 8 4 24 33 2
._-------------..----- - ..----... - ---------- ------- - --------.-

46A/46B (TR) 14 20 10 0 5 7

47A/47B (TR) 9 33 11 9 1 13
, . -



Table C-2 (cont.). Percent Difference Between Duplicate Analyses for Total Recoverable and Dissolved Concentrations of

Seven Metals in Field Samples Collected from the Sacramento/San Joaquin Delta Estuary. (D) = dissolved; (TR) =
total recoverable.

Metal Species

Station Code Co Zn Cr Pb Cd Ni As

48/49 (D) 6 27 0 36 50 12

56/57 (TR) 9 27 5 41 10 1

58/59 (D) 3 4 10 28 20 I

65A/65B (TR) 3 41 1 7 0 3

71A/71B (TR) 24 21 8 16 0 6

77/78 (TR) 4 15 6 15 13 2

79/80 (D) 2 22 3 6 50 5
91/92 (TR) 6 34 8 18 0 1

---- ____ 0- -- -' --------------" ..--
93/94 (D). 29 18 7 20 0 13

105A/105B (TR) 2 9 3 23 23 2

I06A/I 06B (TR) 4 6 6 26 0 10

IlIA/1 lIB (TR) 4 24 7 20 12 5
--

I 13/113QC (TR) 6 6 8 24 8 4

1211121QC (D) 7 4 1 5 26 9

GLl311GLI32 (D) 8 28 3 0 16 13

483/484 (D) 42 11 15 22 9

100CF/101CF (TR) 2 IS- 23 0 18 - 19

102CF/103CF (D) 2 27 15 7 0 19

CF 106/CF 107 (TR) 3 8 14 29 6 19

CFI08/CFI09 (D) 2 16 22 8 19 28 .--
bpi (TR) 9 4 5 14 10 4 45

bp3/bp32 (TR) 5 8 3 8 14 I 35



Table C-2 (cont.). Percent Difference Between Duplicate Analyses for Total Recoverable and Dissolved Concentrations of

Seven Metals in Field Samples Collected from the Sacramento/San Joaquin Delta Estuary. (D) = dissolved; (TR) =
total recoverable.

Metal Species

Station Code Co Zn Cr Pb Cd Ni As

bp 1Olbp II (TR) II 14 12 13 18 21 20

__bp I 5lbpJ 6 (TRL 15 20 14 21 9 13 15
--- --------~---~

112cf(TR) II 26 II 15 28 22 6
541 (TR) 15 36 II 16 50 20 14------ ---~--_._.,-

380/381 (TR) I 27 I 4 23 18 20
aa25a/aa25b (D) 9 2 31 0 53 6 25

--I----~----
aa26a/aa26b (TR) 7 16 21 17 8 7 21

bp51 (TR) 20 0 I 22 8 18

bp54 (TR) 24 18 II 31 9 2

bp61lbp62 (TR) 13 1 2 41 3 5
-------~-- 1-- ----

bp63lbp64 (D) 32 31 5 47 15 43
cf604/cf605 (TR) 4 28 2 34 12 6

------------------- - ------- -------- - -_.~._.-

cf624a1cf624b (D) 18 24 9 44 14 20

cf70 I A/cf70 I B (TR) 18 21 12 40 30 12
c_ -- --

cf702A/cf702B (D) 2 12 3 38 40 4

bpl02 (TR) 5 20 24 10 30 19
---~------~-- --

bpl06 (TR) 12 20 26 7 15 22

bp109 (TR) 14 15 14 4 37 0
cf801 (TR) 10 61 38 32 50 54
cf809 (TR) 10 27 7 32 12 30

Mean % Difference 10 19 13 20 17 11 31
SO 9 13 12 17 16 11 11

Mean-% DIfference WY94 = 14%; Mean % DIfference WY95 = 18%; Overall Mean% DIfference WY94 & WY95 = 16%



Table C-3. Summary oflaboratory blanks_08 megaohm deionized water) run through field sampling equipment. Values are

expressed as J.1g/l. Sample numbers are in parentheses.

Sample ID Cu Zn . Cr Pb Cd Ni As

total recoverable (bp7) <.04 0.05 <.05 <.01 <.002 0.02 <.03

total recoverable (bp32) 0.13 0.22 <.05 0.03 0.002 0.04 <.03

total recoverable (bp26) <.04 0.04 <.05 . <.01 <.002 <.02 0.12

dissolved (cf628) <.04 0.39 <;05 <.01 0.009 0.24

total recoverable (50) <.04 0.14 <.05 <.01 <.002 <.02

total recoverable (cf607) 0.18 1.81 0.2 <.01 0.008 0.91

total recoverable (62) <.04 <.01 <.05 <.01 <.002 <.02

total recoverable (cfS04) <.04 <.01 <.05 <.01 <.002 <.02

total recoverable (116) 0.14 0.03 <.05 0.01 <.002 <.02

totalrecoverable(480) <~04 0.08 <.05 <.01 . <.002 <.02

dissolved (cfl 04) <.04 <.01 0.08 <.01 0.005 <.02

<'



Table C-4. Summary of toxicity study blanks (deionized water) analyzed to assess potential addition of metals via filtration.

Filtered treatments were passed through a through 0.45 Jlm filter. Values are expressed as J.1g/1. nd = non-detect

# Co Zn Cr Pb Cd Ni As

1 Unfiltered 0.09 0.2 nd nd nd nd 0.18

I Filtered 0.06 0.36 nd nd nd nd 0.18

2 Un~ltered nd 0.08 nq nd 0.01 0.11 0.14

2 Filtered 0.02 0.28 nd 0.06 nd nd nd. .

3 Unfiltered nd 0.84 nd nd 0.009 nd

3 Filtered nd 0.26 nd nd nd nd



APPENDIXD

Metals Source Pilot Study
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INTRODUCTION

Water samples were collected for a one-time pilot study during a major storm event in March
1995 to assess the relative metal load contribution from sQurces upstream of the Delta, primarily
in the Sacramento River Watershed. The study was designed to assess metal loads, therefore
only total recoverable concentrations were quantified. No toxicity samples were collected and
the lack of dissolved metals analyses prohibited an assessment of water quality objective
exceedances. Although the objective of the pilot study was to track sources of metals during a
high flow event, the data could not be used to quantify the load contribution from mines in the
area of Lake Sha~ta and Keswick Reservoir because discharges from the reservoirs were
maintained at low levels to minimize downstream flooding. This resulted in samples downstream
of the reservoirs which were negligibly affected by runoff from this mining region.

MATERIALS AND METHODS

Sample collection and metal analyses followed the ultra-clean methods described in the main
body of this report. Load calculations were point estimates because samples were only collected
once. Loads were calculated by simply multiplying the total recoverable metal concentrations by
flow measurements.

Sample Locatiom.
A special study was undertaken from 10 March to 13 March 1995 to track sources of metals into
the Delta. Samples were collected from 22 stations including nine Sacramento River stations
downstream of Shasta Dam, four western valley drainages (i.e., Cottonwood Creek, Putah Creek,
Cache Creek, and Skag Slough), four major river inputs (i.e., Feather, American, Mokelumne, and
San Joaquin), and the Yolo and Sutter Bypass (Fig. D-l; Table D-l).

RESULTS

HYDROLOGICAL CONDITIONS
The samples were collected during the largest storm of the year when combined outflows from
the basin peaked on 13 March at 297,000 CFS (Fig. 0-2). Discharges from Shasta Dam were
maintained at low levels during this special study (e.g., 2,300 CFS on 10 March), to minimize
downstream flooding. Peak releases of approximately 68,000 CFS from Shasta Dam did not
occur until 17 March (Markham et al., 1996). This was also true for Keswick Reservoir which
had a mean daily release of 16,100 CFS on 10 March and did not reach the peak release for WY95
of 74,800 until 17 March (Markham et al., 1996). Therefore, potentially substantial metal
loading, especially of cadmium, copper, and zinc, from hi~toric mines above Shasta Dam and
from the historic mines which drain into Keswick Reservoir would not have been represented in
the Sacramento River for this study.
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Results from this study characterize a temporal period when the basin is rapidly filling with
water (Table 0-2). Flows were low on the Sacramento River from Shasta Dam and Keswick
Dam but increased downstream and peaked at 129,000 CFS at the Ord Ferry Bridge. The
majority of river volume originated between Bend Bridge (Site 6) and Woodsen Bridge (Site 8).
Sources of water in this region include several undammed creeks such as Spring (near the town of
Bend), Willow, Reeds, Red Bank, Elder, Paynes, Antelope, and Mill (Table 0-2). Over
approximately the next 80 river miles flows decreased reaching 42,000 CFS at the City of Colusa
where a weir diverts water into the Sutter Bypass. The decrease in volume from Ord Ferry to
Colusa is primarily accounted for by the timing of sample collection; the pulse of water at Ord
Ferry had not yet reached the Colusa site.

METAL CONCENTRAnONS
Both metal concentrations and flow estimates are need to calculate loads. A description of metal
concentrations is provided below to provide a picture, independent of flow, of the total
concentration of each metal from each sampling location. The following section then combines
the concentration data with flow measurements to provide an estimate of loads.

The highest total recoverable metal concentrations in the upper Sacramento River Watershed
were seen in Cottonwood Creek approximately four miles upstream of the confluence with the
Sacramento River. (Table D-2; Figs. 0-3 to 0-8). Montoya and Pan (1992) was the only
reference found which indicates historic mineral activity in this watershed. Chromium was
extracted from the Round Bottom mine while gold was mined from the Midas mine site. Trace
metal analyses were performed on one sample collected downstream from each mine in July 1989
when flows ranged from a slow seep to less than two liters per minute (Montoya and Pan, 1992).
Total concentrations of cadmium, chromium, and nickel in the Round Bottom sample were 1.2,
16, and 54 I-!g/I, respectively (Montoya and Pan, 1992). Only trace concentrations of arsenic
were detected at the Midas Mine (Montoya and Pan, 1992). By comparison, total recoverable
cadmium, chromium, and nickel concentrations measured near the confluence of Cottonwood
Creek and the Sacramento River in this study were 0.35, 150, 211 I-!g/l. However there is not
enough information in the literature to definitively identify the mines as the source of the high
metal concentrations. Increased drainage from the mine(s) and erosion of metal rich geological
deposits are other potential sources of metal enrichment measured during this storm event.

Concentrations decreased from the confluence of Cottonwood Creek and the Sacramento River to
the Bend Bridge station, with an associated increased river volume (Figs. 0-3 to 0-8). However,
concentrations increased again at Road a-8 which is near the input of many of the undammed
creeks mentioned above. These data indicate the undammed creeks may be an important source
of metal enrichment in the river during high flows. Concentrations of all metals measured except
nickel decreased downstream from Road a-8 then increased again at the Colusa Bridge station
where values were close to the those at Road a-8. This again points to undammed creeks, such as
Deer and Big Chico, as potential sources for metal enrichment.



Other studies reported unknown sources of metals upstream of Sacramento were responsible for
increased metal concentrations in the lower Sacramento River (Larry Walker & Associates, 1997;
Alpers, written comm.; Foe and Croyle, 1998). Larry Walker & Associates (1997) reported the
largest loads of mercury in the Sacramento River occurred during stonn events.and originated
from above the Feather River. Alpers (written comm.) conducted a metals transport study
during both wet and dry weather and consistently noted an increase in mercury load in the
Sacramento River between Redding and Colusa. Increased loads of other metals, such as lead and
copper, were noted for the Sacramento River between Keswick Dam and Bend Bridge (Charlie
Alpers, written comm.). However, neither study identified the source(s). In addition, it is not
clear from these studies if other metals are enriched along this stretch of river. To address this
question, one must compare the results of this study with those of Foe and Croyle (1998).
Samples for both studies were collected at the same time for the metals source components.
Mercury followed the same pattern in upper Sacramento River, with enrichment between Bend
Bridge and Ord Ferry (Foe and Croyle, 1998). Detailed follow-up studies are needed to identify
the major source(s) of these metals along this stretch of river.

During high flow conditions, a weir is opened on the Sacramento River near the Colusa station.
River water enters the Sutter Bypass which eventually drains into the Yolo Bypass. Samples
collected from the Sutter Bypass downstream of the Colusa station had greatly reduced metal
concentrations, suggesting a dilution effect or settling (Table 0-2; Figs. D-9 to D-14). However,
Sacramento Slough which runs parallel to the Bypass had concentrations as high as those
measured in Cottonwood Creek. Both the Sutter Bypass and Sacramento Slough are not well
mixed at the sample stations during high flow events and can contain water from the Sacramento
River, the Colusa Basin Drain, and several small creeks and sloughs. The complex hydrology in
the Sutter Bypass and Sacramento Slough during high flows makes interpretation of metal
concentrations at these stations difficult.

Several stations which discharge into the Yolo Bypass, and eventually the north Delta, were
monitored for total recoverable metals. Cache Creek was sampled a short distance upstream of
where it discharges into the Bypass. Concentrations of all metals were 150% to approximately
300% higher than at Cottonwood Creek (Table 0-2; Figs. 0-9 to D-14). Concentrations in
Putah Creek prior to discharging into the Bypass were much higher than most main river stations.
The west and east side of the Yolo Bypass was monitored near Interstate 80 in the region
receiving water from Cache Creek, Putah Creek, Colusa Basin Drain, the Sacramento River, and
the Sutter Bypass. Concentrations on the east side were consistently higher than those on the
west side, indicating the Bypass is not well mixed during such high flow events. Concentrations
on the east side were by far the highest concentrations measured during this survey.

One station was selected to quantify metal concentrations entering the Delta from the San
Joaquin River. Metal concentrations in the San Joaquin River at Vernalis were moderately high,
when compared to those in the upper Sacramento River and Yolo Bypass (Table 0-2; Figs. 0-9
to 0-14).
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The pattern of total recoverable metal concentrations was quite different in the lower Sacramento
River. The Feather and American Rivers are the primary tributaries which enter the Sacramento
River in the lower watershed. Metal concentrations in the Feather and American Rivers were
much lower than the upper Sacramento River (Table D-2; Figs. D-9 to D-14). Water from the
Sacramento River above the Feather and American Rivers begins to enter the Yolo Bypass when
flows exceed 60,000 CFS. All additional water in the river is diverted into the Bypass when
flows reach 100,000 CFS. The combined discharges ofthe Feather and American River was
approximately 112,000 CFS on 11 March. Therefore, most of the water reaching Greene's
Landing during this study is expected to have come from these two watersheds while most water
in the upper Sacramento River would flow into the Bypass. For reasol1s which are unclear, metal
concentrations at Greel1e's Landing were greater than those in the Feather and American Rivers.
Possible explanations include, but are not limited to, a sediment bedload source during high flows,
urban runoff from storm drains in Sacramento and West Sacramento, and/or municipal sewage
treatment plants along the Sacramento River, although municipal sources were unlikely to be of
sufficient magnitude.

METAL LOADS
Load calculations were point estimates for the load tracking study because a one time analysis of
metals was performed at each station.

Overall conclusions for load estimates in this study may be limited or incomplete due to the lack
of measured flows at several stations. In addition, flows out of Shasta Dam and Keswick
Reservoir were maintained at low levels during the storm event which resulted in an incomplete
description of metal loading from mines which drain into these two water bodies. However,
similar patterns determined for the metal analysis component of the source study emerged when
metal loads were assessed. A significant sources of metal load to the upper Sacramento River
during the storm was Cottonwood Creek (Table D-2; Figs. D-3 to D-8). Additional significant
sources of metal loads entered the river between Bend Bridge and the Ord Ferry Road Bridge,
again pointing toward undammed creeks as sources along this stretch of river. Cache Creek
contributed significant loads to the lower stretches of the watershed (Table D-2; Figs. D-9 to D­
14). In fact, Cache Creek loads exceeded those of Cottonwood Creek. These results confimi that
Cache Creek is a major source of metals during high flow years. Although metal concentrations in
Putah Creek were among the highest measured in the study, loads were relatively low due to low
flows when compared to other stations. Many of the load estimates measured during the short
sampling period for the metal source study exceeded the average daily loads entering the Delta
during WY95 (Table 57 & 59). Data obtained from this study indicate major storm events can
contribute significant metal loads to the river. However, stations monitored for the metals source
study did not provide an assessment of metal loads in the entire Sacramento River Watershed
because samples were not collected from sites where metal loads are most heavily influenced by
upstream sources of metals such as historic base-metal mining. Additional studies should be
perfonned to identify sources of loads between Bend Bridge and the Ord Ferry Road Bridge. In
addition, this study should be repeated over a wider temporal period, should include flow
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measurements at all stations to better characterize loads into the system, and incorporate stations
which would permit a characterization of metal loading from mining activities.

SUMMARY OF RECOMMENDATIONS

1. Repeat the metals source study on the Sacramento River from Shasta Dam to Greene's
Landing and the Yolo Bypass during major rain events to better characterize metal and sediment
loads in the system. Incorporate flow measurements at all stations where such studies are
performed to permit calculations of loads. In addition, apply more rigorous load calculation
methods such as those in Cohn et al., (1989). Measurements of dissolved metals should be
incorporated into future studies in this region to pennit an assessment of compliance with water
quality objectives. Furthennore, a toxicity assessment should be incorporated into the overall
study design.

2. Conduct a special study on the Sacramento River downstream from the Bend River Bridge to
the Ord Ferry Bridge during major stonn events to characterize the sources of increased flows,
metal concentrations, and loads. Monitoring should include stations in undammed creeks
including Spring (near the town of Bend), Reeds, Red Bank, Elder, Paynes, Antelope, and Mill.
Dissolved metal concentrations should be measured as w~l1 to permit an assessment of water
quality objective exceedances. Load calculations should follow current methods which are more
rigorous than those applied in this report.

3. Conduct a special study on the Sacramento River downstream from County Road A-8 to
Colusa during major storm events to characterize sources of enriched metal concentrations along
this stretch of the Sacramento River. Samples should be collected from Big Chico and Mill
Creeks which are sources of water to the river in this area. Dissolved metal concentrations should
be measured as well to pennit an assessment of water quality objective exceedances.

4. Additional studies should be performed during high flow years when the Yolo Bypass is
operational to better characterize the source(s) of elevated metal concentrations at Greene's
Landing reported in this study when compared to concentrations in the American and Feather
River.
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DESCRIPTION OF SAMPLING LOCATIONS

Sacramento River @ Shasta Dam (site 1): Sample collected from east bank below Shasta
Dam at Powerhouse.

Sacramento River @ Cypress Bridge (site 2): Sample collected in mid channel from Cypress
Avenue bridge.

Little Cow Creek (site 3): Sample collected from mid channel off the Dersch Road Bridge
outside of Anderson.

Sacramento River @ Balls Ferry (site 4): Sample collected in mid channel from Balls Ferry
Road bridge.

Cottonwood Creek (site 5): Sample collected in mid channel offHWY 5 frontage road bridge
about one mile south of the town of Cottonwood.

Sacramento River @ Bend (site 6): Sample collected in mid channel from Bend bridge Park.

Sacramento River @ Road a-8 (site 7): Sample collected in mid channel off County Road A8
bridge near Tehema and the Mills Creek Recreation Area.

Sacramento River @ Road a-9 (site 8): Sample collected in mid channel from South Avenue
bridge at Woodson State Recreation Area.

Sacramento River @ Ord Ferry (site 9): Sample collected in mid channel from Ord Ferry
Road bridge.

Sacramento River @ Colusa (site 10): Sample collected on west side of channel off River
Road bridge.

Sutter Bypass (site 11): Sample collected about one third of way across Bypass on north side
of channel off HWY 113 bridge.

Sacramento Slough (site 12): Sampled from the Reclamation District pumphouse at Karnack.

Feather River (site 13): Sample collected by wading off intersection of Garden Highway and
Lee Road.

American River (site 14): American River sample collected in mid channel off bridge at
Sacramento State University in the City of Sacramento.



Table 0-1. Sites and Dates of Sampling for the Metals Source Study

I Site Name I Date Sampled I
American R. Sac State 3/11/95
--
fache Creek @ Road 102 3/11/95

.g_~~_he_~reek @ Road 102 3/11/95

Cottonwood Creek 3/10/95... _.._---
Cottonwood Creek 3/10/95
------
East _Yolo bypass 3/10/95

Feather R. @ Highway 99 3/11/95

Little Cow Cr. Dersch Br. 3/10/95

Little Cow Cr. Dersch Br. 3/10/95

Mokelumne River 3/11/95

Mokelumne River 3/11/95

Putah Creek @ Mace Blvd. 3/10/95

Sac R. @ Shasta Dam 3/10/95

Sac R. @ Balls Ferry Br. 3/10/95

Sac R. @ Bend Bridge 3/10/95

Sac R. @ Colusa Bridge 3/10/95

Sac R.. @ Cypress Bridge 3/10/95

Sac R. @ Ord Ferry 3/10/95

Sac R. @ Road a-8 3/10/95

Sac R. @ Road a-9 3/10/95

Sacraf!lento Slough 3/10/95

§kag Slough 3/10/95

§~tteL~YP~~~_ 3/13/95

~._!:._River @ Vernalis 3/11/95

West Yolo Bypass 3/10/95
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Table 0-2. Total recoverable metal concentrations, metal loads, and flows in the Sacramento River Watershed during the largest storm event
of the year in March 1995.

Total Cu Cu Load Total Zn Zn Load Total Cr Cr Load

Date . Hour Station # Station Name Flow (cfs) (Ilg!l) (kg) (Ilg!l) (kg) (Ilg/l ) (kg)

3/10/95 800 bplO3 Sac. River @ Shasta Dam 2300 1.23 6.92 4.6 25.87 1.44 8.10

3/10/95 1000 bp97 Sac. River ~ Cypress Br. 18000 8.23 ~62.20 18.7 822.99 2.03 89.34

3/10/95 1115 bpl06 Little Cow Creek ~ Dersch Br. 10000 12.4 303.18 33 806.85 7.39 180.56

3/1 0/95 1230 . bpl04 Sac. River (iiJ Balls Ferry Br. 10.7 29.6 6.5

3/1 0/95 1330 bpl02 Cottonwood Creek 21000 92.4 4744.28 170 8728.65 150 7701.75

3/1 0/95 1430 bpl05 Sac. River (iiJ Bend Br. 67000 28.8 4717.87 68.8 11270.47 39.6 6487.07

3/10/95 1550 bp99 Sac. River (iiJ Road a-8 70.4 157 150

3/10/95 1700 bplO7 Sac. River (iiJ Road a-9 102000 56.6 14115.47 134 33418.26 99.6 24839.24

3/10/95 1830 bp98 Sac. River (iiJ Ord Ferry 129000 46.8 14760.95 97.2 30657.37 75.7 23876.16

3/1 0/95 2000 bplOO Sac. River (iiJ Colusa Br. 42000 58.1 5966.29 129 13247.01 94.8 9735.01

3/11/95 1630 bpi II Feather R. Highway 99 34500 4.54 382.96 6.29 530.58 3.14 264.87

3/11/95 1530 bpll0 American R. ~ Sac. State 77800 1.15 218.75 3.87 736.16 1.28 243.48

3/11/95 1300 CF 800 Sac. River~ Greene's Landing 99000 8.6 2081.67 19.8 4792.69 13.8 3340.36

3/11/95 1500 CF 801 Mokelumne River 4.55 11.19 3.14

3/13/95 1I00 CF 803 Sutter Bypass 12 24.8 17.6

3/10/95 2230 bplOI Sacramento Slough 73.2 173 122

3/11/95 1200 bpl09 Cache Creek ~ Road 102 17500 140.5 6011.64 288.5 12344.19 291 12451.16

3/1 0/95 1240 bpl08 Putah Creek@ Mace Blvd. 682 76.9 128.23 253 421.87 98.4 164.08

3/10/95 bp114 East Yolo Bypass 121 333 303

3/10/95 bp113 West Yolo Bypass 43 144 90

3/10/95 bp112 Skag Slough 5.22 15.3 4.82

3/11/95 1600 CF 802 Vernalis 7830 34.1 652.82 107 2048.45 69.1 1322.87



Table 0-2 (cont). Total recoverable metal concentrations, metal loads, and flows in the Sacramento River Watershed during the largest storm
event of the year in March 1995.

Flow Total Pb Pb Load Total Cd Cd Load Total Ni Ni Load

Date Hour Station # Station Name (cfs) (J.1g11) (kg) (J.1g11) (kg) (J.1g/1) (kg)

3/10/95 800 bpl03 Sac. River @ Shasta Dam 2300 2.68 15.07 0.026 0.15 2.36 13.27

3/10/95 1000 bp97 Sac. River @ Cypress Br. 18000 0.83 36.53 0.11 4.84 2.3 101.22

3/10/95 1115 bpl06 Little Cow Creek (OJ Dersch Br. 10000 6.9 168.71 0.114 2.79 7.09 173.35

3/10/95 1230 bpl04 Sac. River @ Balls Ferry Br. 4.32 0.154 7.41

3/10/95 1330 bp102 Cottonwood Creek 21000 19.9 1021.77 0.353 18.12 211 10833.80

3/10/95 1430 bp105 Sac. River (OJ Bend Br. 67000 7.68 1258.10 0.2 32.76 52 8518.38

3110/95 1550 bp99 Sac. River @ Road a-8 15.7 0.371 492

3110/95 1700 bpl07 Sac. River (OJ Road a-9 102000 12.9 3217.13 0.377 94.02 112 27931.68

3/10/95 1830 bp98 Sac. River (OJ Ord Ferry 129000 10.2 3217.13 0.296 93.36 251 79166.66

3/10/95 2000 bpl00 Sac. River (OJ Colusa Br. 42000 12.1 1242.55 0.409 42.00 266 27315.54

311 T/95 1630 bpll1 Feather R. Highway 99 34500 0.72 60.73 0.026 2.19 4.06 342.47

3/11/95 1530 bpl10 American R. (jiJ Sac. State 77800 0.44 83.70 0.017 3.23 2.17 . 412.78

3/11/95 1300 CF800 Sac. River (OJ Greene's Landing 99000 3.04 735.85 0.16 38.73 13.2 3195.13

3/11/95 1500 CF 801 Mokelumne River 3.93 0.05 4.17

3/13/95 1100 CF 803 Sutter Bypass 4.88 0.068 20.4

3/10/95 2230 bplOI Sacramento Slough 17.5 0.433 120

3/11/95 1200 bpl09 Cache Creek (OJ Road 102 17500 30.6 1309.30 0.403 17.24 652 27897.45

3/10/95 1240 bpl08 Putah Creek @ Mace Blvd: 682 28 46.69 0.47 0.78 88.1 146.91

3/10/95 bpl14 East Yolo Bypass 33.3 0.438 600

3110/95 bp113 West Yolo Bypass 15.6 0.311 165

3/10/95 bpl12 Skag Slough 4.66 0.057 14.1

3111/95 1600 CF802 Vernalis 7830 17.6 336.94 0.169 "3.24 128 2450.48
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Figure 0-1. Map of the Sacramento River Watershed and its major tributaries. Numbers refer tc
sample stations described in Appendix A.
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Figure 0-2. Precipitation and flow pattern in the Sacramento Basin during the winter and spring of 1995. Arrow indicates sampling for

the metals source study.
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Figure 0-2. Precipitation and flow pattern in the Sacrament<? Basin during the winter and spring of 1995. Arrow indicates sampling for

the metals source study.
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Figure D-3. Schematic of copper loads, total recoverable concentrations, and water flow in
the upper Sacramento River during the largest storm event of the year in March 1995. Small
circles with numbers represent stations described in Appendix A. Results suggest an unknown
riverine cadmium source between Bend (site 6) and Woodson Bridge (site 8).
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Figure 0-4. Schematic of zinc loads, total recoverable concentrations, and water flow in
the upper Sacramento River during the largest storm event of the year in March 1995. Small
drcles with numbers represent stations described in Appendix A. Results suggest an unknown
riverine cadmium source between Bend (site 6) and Woodson Bridge (site 8).
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Figure 0-5. Schematic of chromium loads, total recoverable concentrations, and water flow in
the upper Sacramento River during the largest storm event of the year in March 1995. Small
circles with numbers represent stations described in Appendix A. Results suggest an unknown
riverine cadmium source between Bend (site 6) and Woodson Bridge (site 8).

211
"



Sacramento-
San Joaquin Red

Delta Bluff

McCloud
River

@
I

Figure D-6. Schematic of lead loads, total recoverable concentrations, and water flow in
the upper Sacramento River during the largest stonn event of the year in March 1995. Small
circles with numbers represent stations described in Appendix A. Results suggest an unknown
riverine cadmium source between Bend (site 6) and Woodson Bridge (site 8).
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Figure D-7. Schematic of cadmium loads, total recoverable concentrations, and water flow in
the upper Sacramento River during the largest storm event of the year in March 1995. Small
circles with numbers represent stations described in Appendix A. Results suggest an unknown
riverine cadmium source between Bend (site 6) and Woodson Bridge (site 8).
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Figure D-8. Schematic of nickel loads, total recoverable concentrations, and water flow in
the upper Sacramento River during the largest storm event of the year in March 1995. Small
circles with numbers represent stations described in Appendix A. Results suggest an unknown
riverine cadmium source between Bend (site 6) and Woodson Bridge (site 8).
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Figure 0-9. Schematic of copper loads, total recoverable concentrations, and water flow in the
lower Sacramento River during the largest storm event of the year in March 1995. Small circles
with numbers represent stations described in Appendix A. Results suggest enrichment of cadmium
at Cache Creek (site 16), Putah Creek (site 17), and the Sacramento River at Greene's Landing (site 15).
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Figure D-IO. Schematic ofzinc loads, total recoverable concentrations, and water flow in the
lower Sacramento River during the largest stonn event of the year in March 1995. Small circles
with numbers represent stations described in Appendix A. Results suggest enrichment of cadmium
at Cache Creek (site 16), Putah Creek (site 17), and the Sacramento River at Greene's Landing (site 15).
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Figure 0-11. Schematic of chromium loads, total recoveraple concentrations, and water flow in the
lower Sacramento River during the largest storm event of the year in March 1995. Small circles
with numbers represent stations described in Appendix A. Results suggest enrichment of cadmium
at Cache Creek (site 16), Putah Creek (site 17), and the Sacramento River at Greene's Landing (site 15).
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Figure D-12. Schematic of lead loads, total recoverable concentrations, and water flow in the
lower Sacramento River during the largest storm event of the year in March 1995. Small circles
with numbers represent stations described in Appendix A. Results suggest enrichment of cadmium
at Cache Creek (site 16), Putah Creek (site 17), and the Sacramento River at Greene's Landing (site 15).
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Figure 0-13. Schematic of cadmium loads, total recoverable concentrations, and water flow in the
lower Sacramento River during the largest storm event of the year in March 1995. Small circles
with numbers represent stations described in Appendix A. Results suggest enrichment of cadmium
at Cache Creek (site 16), Putah Creek (site 17), and the Sacramento River at Greene's Landing (site 15).
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Figure 0-14. Schematic of nickel loads, total recoverable concentrations, and water flow in the
lower Sacramento River during the largest storm event of the year in March 1995. Small circles
with numbers represent stations described in Appendix A. Results suggest enrichment of cadmium
at Cache Creek (site 16), Putah Creek (site 17), and the Sacramento River at Greene's Landing (site 15).
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