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Today's Topic

TMDL approach to mercury,
methylmercury and sediment source
assessment




TMDL Elements- Scientific basis

[Problem Statement} >
(KNumeric Target\ >

[ Seasonal Variability }

Allocations

111

Margin
of Safety

~

Describes the extent of mercury impairment
\ J

Describes the specific goal to protect
beneficial uses- numeric

objective for methylmercury in fish

J
~

\_
KDescribes the relationship between target
and aqueous methylmercury levels. Used

to determine an aqueous methylmercury

\ goal, which guides allocations. )

|dentifies methylmercury reductions for
each source. Margin of safety to account
for uncertainty.
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American River Watershed (ARW)
Source Assessment

« Estimate total mercury (THg) and
methylmercury (MMHg or MeHq) loads by
source type or land cover types

* GIS for land cover types
* Local and regional data, literature review



Point

Nonpoint Sources

Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tailings

Springs

Bank erosion

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHg Sources
Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges
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L osses

THqg Losses MeHqg Losses
Sediment Deposition Sediment Deposition
Evasion Photo-degradation
Water Diversions Water Diversions

Biota uptake

We will not review losses today.



Sources Assessment - Status

v Preliminary load estimates completed.

THg Sources MeHqg Sources

v' Atmospheric Dep. Runoff v Atmospheric Dep. Runoff
v' Mines v'Mines

v Springs v’ Springs

Dredge Tailings v'Dredge Tailings

Bank Erosion v'Upland Areas (Ag & Native)
Upland Area Erosion v'Open Water Habitat
Suction Dredging v'Wetland Habitat

v Urban Runoff v'Urban Runoff

v NPDES Facility Discharges v"NPDES Facility Discharges
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Source Assessment

v Load estimates are considered
“preliminary” because:

 We look forward to input from stakeholders
experienced in the watershed

« Some loading rates may be updated once we
obtain our sampling results

* Our literature review and search for existing data
IS ongoing...



Source Assessment

*Load estimate methods make use of GIS land use coverages

THg Sources
Atmospheric Dep. Runoff *
Mines

Springs

Dredge Tailings *

Upland Areas (Ag & native) *
Bank Erosion

Suction Dredging

Urban Runoff *
NPDES Facility Discharges

MeHg Sources
Atmospheric Dep. Runoff *
Mines *

Springs

Dredge Tailings *

Upland Areas (Ag & native) *
Open Water Habitat *
Wetland Habitat *

Urban Runoff *

NPDES Facility Discharges
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Land Use Coverage

GIS Coverage Overlay

=4 S fﬂﬂ : """ lH’- e il
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http://www.waterborne-env.com/risk_spatial.asp

National Wetlands
Inventory (NWI)
Topographically
Occurring Mine
Symbols (TOMS)

Department of Water
Resources (DWR)

Farmland Mapping and
Monitoring Program
(FMMP)

National Land Cover
Data (NLCD)
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Data Preferences

NWI — All Data
TOMS - Strip Mine/Quarry

DWR — Agricultural, Quarry, Riparian,
Pasture, Meadow, Rangeland, Urban,
Mine Talilings

FMMP — Agricultural, Rangeland, Urban
NLCD — All Data
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Resulting Seamless Coverage

Land Cover
Agriculture - Irrigated Shrub
- Agriculture - Non-Irrigated - Strip Mine/Quarry
B sarren " Urban - Impervious \‘\’L
- Forest - Conifer Urban - Pervious T i
- Forest - Deciduous - Wetland - Permanent . =7 4 Z:‘ . o
Forest - Mixed I Wetland - Seasonal 7 Lk gk )
I Forested Wetland - Permanent T d
- Forested Wetland - Seasonal ‘B
- Grassland

B Meadow
- Mine Tailing

~ Open Water
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Point
Sources

Nonpoint Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tailings

Bank Erosion

Springs

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHqg Sources

Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges
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Atmospheric THg Deposition

 Sources: Global & local

* Global, for example:
— Coal-burning power plants in Asia
— Worldwide gold and mercury production
— Cement production
— Volcanic emissions
— Oceans

— Biomass burning (e.g., forest fires and biofuel
to produce energy)
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Atmospheric THg Deposition

 Sources: Global & local

* Local:
— Municipal and industrial emissions
— Historic mercury and gold mine sites
— Forest fires

— Naturally mercury-enriched geologic
formations
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Atmospheric THg Deposition

 Sources: Global & local

« Key questions:

— How much atmospheric mercury deposits in
the American River Watershed?
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REMSAD-
simulated Total
(Wet and Dry)

. Annual Mercury

Deposition
(9 km-2)
for California
(USEPA, 2008)
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Atmospheric Deposition

« Key questions:

— How much atmospheric mercury deposits in the American River
Watershed? - REMSAD Model output

— How much of what deposits is transported
to the waterways?

* Literature values for mercury surface runoff:
— 2 to 60% of atmospheric deposition to land

— Extent of the mercury surface runoff affected by
meteorological, soil, land use/land cover and scale
characteristics of the watershed

« ARW source assessment:
— ldentified area of different land covers in each watershed

— Caltrans Highway Design Manual runoff coefficients

calculation method
18
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Source Assessment Watersheds




REMSAD Loading Rates:

 \Western watersheds:
14 ug/m2/year

 Eastern watersheds:
6 ug/m2/year
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Preliminary Atmospheric THg
Deposition Runoff Results

. REMSALD
. 2001 Dry +
: Wet Dep
:  Runoff
Annual Load

Watershed i {kglyr)

01 French Meadow Feseroir 0.35

02 Hell Hole Reservoir . 084

U3 Loon Lake E 0.07

04 Oxbow Reservair : 218

05 Slab Creek Reservoir 3.66

05 Chili Bar Reservoir . 076

07 Marth Fork ufs MF Confluence : 298

03 Middle Faork § 1.59

04 Morth Fork dfs MF confluence : 0.2

10 South Fork dfs Chili Bar Reservoir 3.47

11 Folsom Lake : 1.79

12 Lake MNatoma : 077

13 Lower American Hiver ; 1.73




Literature Review: Wet Deposition

Weighted
. Average THg :
Conc. {ng/L) for | i Annual EDepoﬁiTion
; Collection | #of ! i Rainfall [c] | Rate [c]
Study [a] Station [b] Period iSamples! Collection Period {cm) s ug/m2iyr)
f Yurok Tribe-Regua [CAZ0) 3.5 P17 0 Aog 2006 - Jul 2010 165 E 5.8
National Atmospheric Covelo {CA9T) 4.2 58 i Dec. 1997 - Oct. 2000 : 114 4.8
Deposition Program (NADP} Reno (MNv33) 9.5 31 0 Oct. 2006 - May 2008 19 1.8
Mercury Deposition Network | San Jose {(CAT2) [d] 9.1 146 Jan. 2000 - Dec. 2006 36 3.3
{(MDHN} [from north to south) | sequoia Mational Park (CATS) B.5 160 ¢ Jul 2003 - Jul. 2010 114 7.4
Converse Flats (CAS4) 5.4 67 i Apr 2006 - Jul 2010 ¢ 70 b.h
Coastal Pacific Rainwater FMonterey Bay (locations within a few km of | : . :
Mercury Speciation Study Monterey Bay coastling) 58 41 EEDD?_EDDB rainy season /3 4.2
CalFed Atmospheric Mercury iF'uint Feyes Bird Observatory (near Eh:ulinasjé 4.2 16 Apr. 2004 - Jun. 2006 142/ B2 59/26
Deposition Studies ; Twitchell Island (near Rio Yista) 4.2 12 Apr 2004 - Jun. 2006 35 1.5
Woodland {near Sacramento) 3.7 18 ¢ Feb. 2005 - Apr. 2005 a2 1.9
Coastal Ca Precipitation Study | UC Santa Cruz Long Marine Labaratory B.0 17 i Feh. 2000 - Mar. 2001 ! 74 4.0
(Steding and Flegal, 2002) § hoffett Fiald [d] 11.8 26 i Feh. 2000 - Mar. 2001 ¢ 35 4.4
man Francisco Bay Atmnspheric; &?ﬁ;lagg ;g 1; 5 gg jg
Deposition Pilot Study ; ! ' i Apr. 2000 — Jul. 2000 '
(SFBADPS) South Eigj,r [d] 9.7 29 6 3.5
Bay-wide 8.0 ) 53 4.2
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Long-term Average Precipitation

85 inches/year—

18 incheslyear
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Literature Review: Dry Deposition

Study

Station Collection Period

Deposition Rate {ug/'m2/yr)

=an Francisco Bay

Atmospheric Depasition Pilot San Francisco Bay Area | Apr. 2000 — Jul. 2000 19

Study (SFBADPS) i

CalFed Atmospheric Mercury . : Vinter Summer

Depasition Studies Moss Landing (hear Monterey) : Dec. 2004 - Jun. 2005 .40 011
Woadland (near Sacramenta) July. 2005 - May 2006 1.1 : 3.4




Comparison is surprisingly good!

SUM
: REMSAD @ Michelle's
. 2001 Dry + | Wet Dep +
Wet Dep CALFED

: Runoff Dy Dep Difference

:Annual Load: Annual Runoff | with
Watershed i (kg/yr} : Load {kg/yry | REMSAD
01 French Meadow Heserair 0.35 0.66 ok %
02 Hell Hole Reservair 0.54 1.62 -H353%
03 Loon Lake 0.07 0.13 -02%
04 Oxbow Reserailr 2. 18 3.6848 -7 8%
05 Slab Creek Heseroir .66 b.31 -7 2%
U= Chili Bar Heservair 0.76 1.17 -54 %
07 Maorth Fork ufs MF Confluence 2595 519 -7 5%
05 Middle Fork 1.59 2.ha -B5 %
08 Maorth Fork dfs MF confluence ] 0.2 0.12 43%
10 South Fork dfs Chili Bar Reserair 3.47 205 41%
11 Folsom Lake : 1.79 0.91 49%,
12 Lake Matoma 0.77 0.37 52%
13 Lower American Hiver 1.73 0.51 f3%
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Atmospheric Deposition Methods
Comparison

* Not surprising that my method over-
predicted loading to high precipitation
areas, given | used Woodland wet dep
concentrations

— As noted In the literature, areas with elevated
precipitation often have lower concentrations

* Not surprising that my methods under-
predicted loading to western watersheds
because | did not factor in local air
emission sources
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Atmospheric Deposition

« Key questions:

— How much atmospheric mercury deposits in the American River
Watershed? - REMSAD Model output

— How much of what deposits is transported to the waterways? Use runoff
coefficients

— Where does the mercury in atmospheric
deposition come from?

 Local versus global

 Local point sources versus nonpoint
sources

28



REMSAD Model:

Mercury Deposition Contribution Analysis

Loon Lake

Total mercury = 2,698.3 g. Total Area = 290.15 Sq km.

Legend
B BG_Avg_of REMSAD_CTM-GRAHM-GEOSCHEM_Boundary 2,520.96
[ CA_Other_Sources 101.12
B Other sources 225
B BG_Re-emission 20.27
B CA_PG&E-Geysers_Units_13_& 16 18.68
B CA_Sierra_Army_Depot 10.52
B CA_Hanson_Permanente_Cement 4.24
g/sq km
53.43%
I 1.95-7.31 18.68 - 24 46
BN 7.82-10.99 O 24.47 - 4457

0 11.00-1436 [ 44 58 - 126 59
14.37 - 18.67 [ 126.60 - 51200




REMSAD Model:

Mercury Deposition Contribution Analysis

N 198-7281 18.68 - 24 48

N 7.82-10.99 ] 24 47 - 44 57
| 11.00- 1435 [ 44.58 - 126,59
14.37 - 18.67 M 126.60- 512.00

E - Lsk eMatomsa
Cilifornia

Legend
B BG_Avg_of REMSAD CTM-GRAHM-GEOSCHEM_Boundary 1,196.91
CA_Other_Sources 318.75
B CA_PGA&E-Geysers_Units_13_& 16 21.44
B Other sources 1373
B BG_Re-emission 6.86
B CA_Hanson_Permanente_Cement 4.96
W CA_Sierra_Army_Depat 4.37
g/sq km

Lake Natoma

Total mercury = 1,567.1 g. Total Area = 96.26 Sq km.

76.38%

-28%

-32%

-44%

-68%

1.37%
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THg Contributions from
Historic Gold Mining Activity

» Key Questions:

— How many historic mine sites are in the
ARW?
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GIS Mine Site Coverages

 MRDS

— Mineral Resources Data System:
U.S. Geological Survey Digital Data Series
DDS-20

— Mines sites, commodity, and the under lying
ore body

— Status of the mine deposits: occurrence,
prospect, past and present producers

32



GIS Mine Site Coverages

 MRDS

— Mineral Resources Data System: U.S. Geological Survey Digital Data Series
DDS-20

— Mines sites, commodity, and the under lying ore body
— Status of the mine deposits: occurrence, prospect, past and present producers

- PAMP

— Principal Areas of Mine Pollution:
Location of mining operations and their
potential water-quality problems

— Mines where production exceeded $100,000
or where other factors indicated a high
potential for water quality impacts.
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|dentified ARW Gold Mines

Map includes only MRDS past and present producers, no occurrences or prospects.

i : o P e =
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# of ldentified ARW Gold Mine

Mo of Mines
Watershed MRDS :PAMP
01 French Meadow Feservolr 3 ;
02 Hell Hole Reservolr 1 :
04 Oxbow Reservoir 29 ¢ 9
05 Slab Creek Reservair 15
06 Chili Bar Reservair 44 1 B
07 Morth Fork ufs ME Confluence 206 ¢ 70
08 Middle Fork 196 ¢ B2
09 Morth Fork dfs WE confluence 1 :
10 South Forls dis Chill Bar Keservolr 22T a7
11 Folsom Lake 210 2
12 Lake Matoma 17 1
13 Lower Amerncan River 11 1
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THg Contributions from
Historic Gold Mining Activity

» Key Questions:

— How many historic mine sites are in the
ARW?

— How much mercury did the sites contribute?

— How much mercury do the sites still
contribute?

36



Per Mine Loading Estimates

Loading Per
Mine kafyear

Study MRDS
2002 DTMC estimate for Feather River 005
[Yuba River, Cottomamod Creelk] [0.02, 0.12]
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Deer Creek Watershed Mercury Survey
Friends of Deer Creek, 2008

Mercury Load Sites and Historic Mines ;

DCL3:
Little Deer Ck

DCL4.
Gold Run Ck

Legend
f:l @ mercury Load Siles e ada iy
L( s Mines WRDS Pann Walley
2 i S oo
0051 - 3 4 . w"-.;j_*‘-.r{ E —— Deer Creek Lake Widwood 38
e e Viles Al Lighs
:E?ﬂg ?r:;smci:"g‘;:}rl-:;:re-l;ilﬂ-?ﬁuunq;g}m|t&c—t|es 1zk ek org= 1 :1 1 8! ECIS s




Deer Creek Watershed Mercury Survey
Friends of Deer Creek, 2008

Table 9. Total mercury load estimates for the eight principal water sampling sites for each
storm-event.

Deer Creek Total mercury Load Estimates (g/day)

Site 9/15/05 |12/1/05]12/28/05]12/31/05] 2/2/06 [2/27/06] 3/25/06 | 4/3/06 |5/11/06|6/29/06|Average| Stdev
DCL1 0.07 0.00 0.64 11.97 0.97 0.43 3.33 11.60 | 0.28 0.26 2.95 4.75
DCL2 0.04 7.07 11.48 69.11 5.04 7.03 | 4461 [ 136.23] 0.36 0.08 | 28.10 | 44.32
DCL3 (LDC)} 0.01 21.27 | 69.61 | 505.11 ] 0.89 8.86 | 82.50 [ 98.33 | 0.06 0.03 | 78.67 | 154.60
DCL4 (GR) 0.26 69.56 | 75.04 [ 28299 | 3.12 17.87 | 95.36 | 86.77 | 0.45 0.85 | 63.23 | 86.62
DCL5 0.14 76.74 | 155.74 | 1037.62) 11.23 | 56.79 | 231.18 | 667.15| 1.09 0.48 | 223.81] 350.83
DCL6 0.01 57.10 | 818.44 | 3674.10] 33.99 |[100.65]|1445.61|1408.37] 0.98 0.04 | 753.93]1181.93
DCL7 (SC) 2043 | 7553 | 159.14 | 11.61 | 23.13 | 89.63 | 181.67 | 0.32 0.11 62.40 | 69.03
DCL8 0.01 145.92 | 883.41 | 21.03 | 38.06 | 158.95| 315.62| 1.51 0.04 | 173.84] 286.47

Bold = highest load for sampling event
Highlighted = site where the load increases with an unaccounted source
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Per Mine Loading Estimates

Loading Per Mine

# of Mines kalyear
Study PAMP | MRDS | PAMP MRDS
2002 DTMC estimate for Feather River g 1 g 0.05
[Yuba River, Cottonwood Creek] ] :[0.02,0.12]
Michelle's estimate based on Deer Creek Surnvey WY 2006 LDC
and Gold Run watershed loads [FODC, 2008] 5 62 0.88 0.07

WY 2006 =vens wet year]
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The Effects of Sediment and Mercury Mobilization in the
South Yuba River and Humbug Creek Confluence Area
USGS, 201

12130 120°30°

South Yuba River
at Jones Bar:

ater Year Wasar s L A s 2

Year  THg a/yr Index
2001 510 Ciry 8 & i g

0022 1,900 Ciry L -~
2003 3800  Above Mormal EXPLANATION
.IE'L‘II"E ra ﬂ e 1 'E'Tl] ! :::: :r:ab::-:::lmm: boundary

-]

X Hydraulic mines

a Sty sile locations
.- Reference site
A

U.5. Geological Survey streamgaps;
Soulh Yuba Raver ol Jonas Bae

Figure 1. Maps showing kacation of () the South Yuba River watershed in Cdifomia's Siera Navada, with a detailed view al the |ocation af the study

ared and hydraulic mines within the South Yuba Riverwatershed and (B) the lecations of hydraulic pits (Y eand, 1974) and sampling sites within the study
area, with a detaled view of the high-resoluion aedal phota of the facussd study aea of the South Yuba River-Humbug Creek (SYR-HC) conflusnce. |_
Source: MASMILS Minerals &vaiktbility SystemMineral Infomation Location System) database compiled by the fommer ULS, Buraau of Mines, now
archived by the LSS,



Per Mine Loading Estimates

Loading Per Mine

# of Mines I{gfyear
Study PAMP | MRDS | PAMP MRDS
2002 DTMC estimate for Feather River 4 4 g 0.05
[Yuba River, Cottonwood Creek] i [0.02 0.12]
Michelle's estimate based on Deer Creek Survey VWY 2006 LDC
and Gold Run watershed loads [FODC, 2008] a G2 0.88 0.07
Y2006 = very wet year]
Michelle's estimate based on South Yuba River 2001-2003 g
loads [Fleck et al., 2010] 44 239 0.045 0.008

[WY-2001-2003 = relatively dry period]
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Range of Per Mine Loads for ARW
Estimates

. THg Loading

. Per Mine

: kglyear
Year Type | PAMP | MRDS
WetYear | 088 @ 0.07
Dry Year | 0045 | 0008

Combination of
THg loads in modern mine site
surface runoff & adit discharges,
as well as in-channel legacy THg
***that are being transported by

stream and river flows*** .



Preliminary Estimate of Range of
THg Loads from Gold Mines

Estimated THg Load

from Mine; (kglyear)
Watershed Low | High
01 French Meadow Eesenvoir 0024 0.2
02 Hell Hole Reservoilr 0008 ¢ 0070
04 Oxbow Reservoir 023 7.92
05 Slab Creel Feservoilr 012 1.05
06 Chill BEar Keservolr 027 D25
07 Morth Forke ufs ME Confluence 165 616
03 Middle Faork 157 | 5458
09 Morth Fork dfs ME confluence 0008 007
10 South Forle dis Chill Bar Eeservoilr 167 ¢ 3256
11 Folsom Lake 009 : 176
12 Lake Matoma 005 1.19
13 Lower Amerncan River 005 055




Point
Sources

Nonpoint Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tallings

Bank erosion

Springs

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHqg Sources

Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges
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THg Loads from Upland Area Erosion
& Dredge Tailings

Estimate method:

Sediment Mercury Concentration
X
Sediment Load
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Literature Review:
Mercury in Native Saoill

THg Conc
Study Soil Type {mg'kq)
Megrey et al, 2000 [draft) Folsom Lake VWatershed Sail 0.03
Heyvaert et al, 2000 Lake Tahoe sediment cores baseline 0.033
hohley & Rytuba, 2008 EEL T TR, and Tehama formation conglomerates (001 - 003
Hornberger et al, 1999 =an Francisco Bay sediment cares baseline 0.0&
Taylor, 1964 Crustal abundance (baszalt & granite averages) 0.05
Bradford et al., 1956 surface soil sample collected in the 5F AR watershed™ 021

* The Kearney Foudnation Special Heport descrbes trace element analyses of surface sail samples collected

in 1967, mostly from agricultural fields distant from known point sources of contamination. The

latitudeslongitude coordinates for the site in the South American River watershed place it near the Marzhall

Gold Discovery State Historic Park.
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Literature Review:
Mercury in Dredge Tailings

THq Conc
Study Location Material’ {mqg/kg)
Fine sediments intermixed with
) . ~0.01 - 0.05
Ashley & Rytuba, Clear Creek cobbles in dredge stacker tailings
2005 (Trinity Mountains]  Sand and mud from dredge pond
: 0.09-1.1
deposits
| | | Fines intermixed with gravel and 0.004 - 0.03
Stillwater Science,  Merced River cobbles
20004 lower - - - -
( ] Fine sediments in pands in the 0075 - 0138

swales between stacker tailings

* Dreddge mining practices resulted in dreddge stacker tailings comprised of cobbles that were not
exposed to mercury during dredaing being deposited on top of sitsfsands deposited in dredoe ponds
thatwere exposed to mercury. Howewver, later gravel mining and dredoing activities can mix up what were

once stratified layers.
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Methods to Estimate Sediment Loads

e Soil loss from upland areas:
Revised Universal Soil Loss Equation (RUSLE)

« Surface runoff from dredge tailings:
RUSLE

« Channel bank erosion of dredge tailings and
native material: Literature review combined with
estimate of length of eroding reaches from
USGS topo maps, aerial photographs, and site
visits (focus on lower American River)
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Soil Loss Estimation: RUSLE

* Revised Universal Soil Loss Equation
A = R*K*LS*C*P
A = Soil Loss (tons per acre per year )

R = Rain Erosivity Factor: erosive power of rainfall
((ft * tons *in) /(ac * yr * hr) )

K = Soil Erodibility Factor: extent that the soil resists erosive forces
((tons *ac * hr) / (ft * tons *in * ac) )

LS = Slope Length Factor: slope length and gradient

C = Cover Factor: vegetation type/density

P = Practice Factor: land management operations

NOTE: LS, C, and P Factors are used as adjustment factors for the real world conditions
as compared to the experiment field plot conditions and are therefore dimensionless.
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Modified from:

Khosrowpanah et al, 2007

isoerodent lines

|
4

y

ASSIGN K factor
values to Layer

|
4

Y

A=LSxRxKxCxP
OBTAIN AVERAGE ANNUAL SOIL LOSS (A)
in tons per acre per year

LS R K C P
- Compile K Assign Erosion
Usggdom FD|g|t|ze R factor values literature control
actor Map f
rom NRCS based C measures
from EPA soil map factors to unknown,
(2001) SSURGO each land assign P
— cover type factor value
of 1
Computed <>
LS using
eqn from
Moore and
Burch (1986) INTERPOLATE

Using GIS to Calculate Soil Loss
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Maps of RUSLE Factors

K Factor

C Factor
B o
I oot
B o013
B o.003
B o010
B o.0:z0
[ 0200

0.300

B 0450

LS Factor
e

-.me




Legend

Soil Loss




French Meadows Soll Loss

Average Annual Soil Loss by Land Use

Land Cover (i%ié/t]%?:)
Barren 99
Forest - Conifer 1.4
Forest - Deciduous 1.6
Forested Wetland Seasonal 0.9
Forest - Mixed 20
Grassland 1.2
Meadow 0.02
Other 0.00
Shrub 3.6
Urban Impervious 16
Wetland Permanent 0.3
Wetland Seasonal 1.1

Percent of Total Soil Loss by Land Use

Wetland
Seasonal  \Wetland
Urban 0.1% Permanent

0.0%

Impervious
1.7% Barren

15.9%

Shrub
40.9%

Other

0.09
% Forest -

Conifer

Grassland A
0.1% 40.5%
MeadOW Forest -
0.0% Deciduous

0.0%

Forest - Mixed | Forested °
0.1% Wetland
Seasonal

0.5%
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Point
Sources

Nonpoint Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tailings

Springs

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHg Sources
Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges
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Literature Review:

THg in Spring Flows

Snul;.,.r

Regiﬂn

THg Conc. Range [Average]
ng/ly

SEWVVE & CVENWVLICE Data,
2000- 2006

M Creek outflow

1.0 - 406 [33]

CWREWYLICE Data, 2006

Coast Range springs (21)

<DL (0.2 ng/l) to 3461 [3.9]

Goff et al. |, 2001

The Geyers / Clear Lake
Fegion springs

<MDL (20 ngd) to 7100

Ball et al., 2006

Yellowstone Geyers

1.6 - 2100
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Spring Locations & Flows

« Database of Low-Temperature
Geothermal Springs and Wells (Youngs,
1994) — locations & flows

— Listed only 1 spring in the entire ARW,
Wentworth Spring, 6 L/min (liters per minute)

— Listed 5 springs in the Mill Creek watershed
with flows of 11, 19, 38, 323, 400 L/min, and
an average of 158 L/min

* GIS coverage of named spring locations

o7



Spring Locations & Flows

* GIS coverage of named spring locations

% of Named
Watershed Springs
U1 French Meadows Reservair 1
U Hell Hole Reserair 4
U4 Oxbow Heservoir 17
U5 Middle Fork 1
U7 Morth Faork ufs WMF Confluence 11
05 Slab Creek Heseroir 11
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Per Spring Loading Estimates

Low High
Wentworth Spring flow (Lfmin) & 158 Average Mill Creek springs flow [Lfmin)
Awverage Coast RHange springs THyg conc. (ng/l) &9 43 Ml Creek average THg conc. (ng/l)
Low THq load rate {g/yr/spring)  0.028 2.7 High THg load rate {g/yr/spring)
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Estimate of Range of THg Loads
from Springs

# of Named Low High
Watershed Springs {g/yr) {g/yr)
01 French Meadows Reseroir 1 oz i 27
02 Hell Hole Reservoir g 011 L 1
U4 Oxbow Reservoir 17 0.45 47
08 Middle Fark 1 no2s i 27
07 Morth Fork u/s MF Confluence 11 .31 30
D5 Slab Creek Reservoir L 031 30




Suction Dredging

» Use of portable suction dredge with
SCUBA and Hookah Air systems allows
individuals to use suction dredges
underwater like “vacuum cleaners” to
excavate sediment and recover gold
from rivers and streams

 CDFG issued on average ~3,650 suction
dredge permits per year for 15 years
prior to current moratorium established in
July 2009
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THg Loads Mobilized
by Suction Dredging...

* Are inherently included in the previously
described Gold Mine-related load
estimates:

— Combination of THg loads in modern mine
site surface runoff & adit discharges, as well
as in-channel legacy THg **that are being
transported by stream and river flows™**

— Suction dredging took place in the watersheds
that were the basis of the Gold Mine-related
load estimates
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Estimate of Range of THg Loads
Mobilized by Suction Dredging:
In Progress

Use information from:

CDFG’s 2011 Suction Dredge Permitting Program
SDEIR (Subsequent Draft Environmental Impact Report)

USGS’s 2010 report, The Effects of Sediment and
Mercury Mobilization in the South Yuba River and
Humbug Creek Confluence Area, Nevada County,
California: Concentrations, Speciation, and
Environmental Fate—Part 1. Field Characterization
(Fleck, Alpers and others)
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Suction
Dredging
Frequency &
Location
Information:

CDFG's
2011 Suction
Dredge
Permitting
Program
SDEIR

Miles

76 - 460 Days
451 - 1,385 Days

1,386 - 20075 Days
2,076 - 2,845 Days
B 2846 - 0,075 Days
Il ©.076 - 13,0985 Days

Diresclgars

-{ || LEGEMND
j Estimated Dredging-Day Intensity by
| Basin for California Resident Suction
TI | Diredgers in 2008

= Approximate Suction Dradging
Location for Both Califomia
Resident and Non-Resident

E 9
S
- IH—'

7

-

(% Horizon
FF WATER and EMVIROMMENT

Figure 3-5: Dredging-Day Intensity by Basin for
California Resident Suction Dredgers, 2008



Amount of THg Potentially Mobilized by a Suction Dredge:
Transported by The Effects of Sediment and Mercury
Mobilization in the South Yuba River and Humbug Creek
Confluence Area (USGS, 2010 — Part 1)

Figure 3. Phatographs of dredge testin South Yuba River, Calfornia, an October 11, 2007, (A) Dredge in operation at first lecation (hours 0-2); plume of
suspended sadment downsream of dredge is visible, (B) Streambed of second dredge location after 1 hour of dredging thours 2-3), with the excavated
dredged’ sireambad pit (outlined in red) and the pie of accumulated sediment 1als’ discharged from the slucs bow joutined ingrean) bath visible,

In-stream dredge test

» Comprehensive characterization

of grain size distribution, Hg
speciation, and mineralogy of
bed and suspended sediment

» A determination of the past and

current sources of sediment in
the study area

» An assessment of Hg

bioaccumulation in the local
invertebrate population

» A comparison of potential Hg

transport caused by natural
storm disturbances with potential
Hg mobilization caused by
suction dredging as a method of
Hg removal at the study site
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USGS, 2010:
Calculated rates of potential mercury mobilization by
suction dredging for various materials sampled at the
South Yuba River - Humbug Creek confluence area

Table 10C, Caculated rates of potential mercury mobilization by suction dredaging for vanous materials sampled at the South Yuba River - Humbag Creek confluence area: Sediment properties usad
incaculation: Rates of sadment and mercury dredged using revised dredge petormance rates from Kesne Engineadng, nc. {20000

[Abbreviations: OBL. everurden layer, FCZ, first contact zone; C3L., compact sediment Layer; BRC, bedrock contact, EMD-CE, Inpdraalic mining debris cHi face; THg, total mercury; He(IDE,
reactve mercury; kg'm', kilogram per oabic meter; pzdke microgram per kitogram: kz'hr, kilogram per hour; mhe, cubic meter per hour, mghe, millizram per hour; in, inch; HP, horsepewer; hr, hour,
", mchy; <, less than: =, greater than; me millisram; g'm?, sram per cubic Centimsier; %5, peroent

FIT1 HMD-CF PIT 2 OBL
Dredge nozle Engine Dredge-

diametsr firi HF engine sediment  sediment THyg Haillle: sediment  sediment THg Hgille | sediment  sedment THg Haillie
mithr kghr mighr mghir m¥hr kghr mgihr mig'hr mhir kghr mighr mgihr

2 25 M P2EHER | 00000027 0.7 0.0z 0.00006 00031 B 10 0.3 0,001 3 0.4 0.01

23 i5 .57 4FE | 0000034 004 0.0z 000008 00038 10 12 04 0.001 3 0.5 0.01

i 4 5%/5HP | 0.000067 0.13 003 0.00016 00077 0 25 0.8 0.003 7 0.0 003

4 g 4" (85HEF | 0000103 027 008 0.00024 0.0118 31 38 1 {004 10 14 0.05

] q 5%09HP | 0.000I04 .54 0.15 0.00048 0.0233 G2 T4 2 001 20 18 0.oa

g 14 6" I4HE | 0.000240 0.5 018 0.00036 00274 73 R 3 001 24 3.3 0.11

g 44 £"46HP | 0.000311 1.34 0.37 Q.oolle 00584 155 187 ] 002 51 7.1 0.22

10 03 107/ 95HP | 0.001083 280 Q.80 0.00255 0.1248 331 300 12 004 108 i1 0.4

PIT 2 FCL PIT2CSL FIT 2 BRC
Dredge Nozde Enging Oredge-

diarmeter i HP Engine sediment  sadiment THyg Hoillllg: sediment  sediment  THg Hgilly | sediment  sediment THg Haillje
mithr kghr mig'hr mgihir mhr kghr mghr  mg'hr mahir kghr mighr mgihr

2 25 " 1 5HP 0.001 3l 4.8 0.02 0.002 &7 3 0.003 7 T7 13

23 i.5 2.5" 4HP 0.001 3E 6.0 0.03 0.003 B4 3 0.003 4 ] 17

i 4 5%/ 5HP 0.003 77 12 0.05 0.5 16 148 7 0.007 17 193 33

4 4§ 4" [ .5HR 0.004 12 18 0.08 0.00% 25 258 10 0010 27 208 51

5 q 5% 9HP Q.01 23 L] 015 0.018 43 510 20 0.020 53 585 101

g 14 6"/ 14HE Q.01 27 41 0.1%8 0.022 57 &00 24 0.023 52 423 119

] 44 £/ 45HE Q02 50 o0 038 0.0448 121 1379 50 0.050 132 1,447 253

10 03 10"/ 95HP 005 125 123 021 0098 259 2731 107 0.104 2R 3133 540




Point
Sources

Nonpoint Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tailings

Springs

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHg Sources
Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges
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Urban Runoff

Sacramento MS4’s Mercury Load Estimates
(Larry Walker Associates, 2009)

Lowel
Lake Natoma American River
Watershed Watershed
TS5 (tonnes) 471 4330
THyg (afyr) 218 2003
feHg (i) 2.3 21
Hyg: TSS 0.4b Hg: TS5
Matoma Urban Area (acres) 11,555 a0 567
THg Loading Rate {mg/acre/year) 19 66
MeHqg Loading Rate {mg/acre/year) 0.20 0.69
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Urban Runoff Loads

. Urban : THyg MeHqg
Watershed  Acreage | {g/yr) {g/yr)
U1 French fMeadow Reservoir 73 I IB : I:IEE“I
02 Hell Hole Reservoir 5 0.303 0.0032
04 Oxhow Heserair bR 44 0. 46
05 Slab Creek Feservoir 4 B24 a05 3.19
05 Chill Bar Heservair 2 893 191 2.00
07 Morth Fork ufs MF Confluence kb 025 395 4.2
05 Middle Fork 2 864 190 1.99
09 Morth Fork dfs MF confluence 1 305 ah 0.50
10 South Fork dfs Chill Bar Reservoir 12 953 255 8.5
11 Folsom Lake 5 Bh3 374 3.9
12 Lake Matoma 11,555 218 2.3
13 Lower American River a0 akF 2 003 21
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Urban Runoff
Alternative Method

« Estimate Precipitation Runoff Volume

* Multiple by median THg and MMHg
concentrations reported in Sacramento
MS4 study

Median Median
i THg Conc : MeHqg Conc
Watershed i g/}t {ng/l)
Loweer American Hiver urban runoff 24 0.2
Matoma Urban Runoff 3B 0.13




Urban Runoff Load Comparison

Alternative 1 Alternative 2
Watershed Acroage | wyh | low) | @) | (o
01 French Meadow Reserair 73 48 ¢+ 0.051 10.0 0.092
02 Hell Hole Reservoir 5 0.303 0.0032 0.627 0.0057
04 Oxbow Reservoir BED 44 l 0.46 55 0.77
05 Slab Creek Reservair 4 B2 a05 a.19 515 4.7
05 Chili Bar Reservair 2 898 191 2.00 272 2.5
07 Morth Fork ufs MF Confluence b 023 3493 472 =] 5.4
03 Middle Fork 2854 190 1.99 281 2k
09 Morth Fork dis MF confluence 1 303 i 0.90 g2 0.54
10 South Fork dfs Chili Bar Reservoir 12 953 aa5 5.9 1056 .4
11 Folsom Lake 5 BB3 374 3.9 293 27
12 Lake Matoma 11,555 218 23 7B 27
13 Lower American River a0 567 2 003 21 1,253 11
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NPDES Facility Discharges

- . . MeHg Load | THg Load
NPDES # Agenc Facility Type Latitude Longitude
gency y 1yp g (glyr) (glyr)
CA0083861 cveTr;’et Interim GW WTP (GW) | 38.616667 | -121.242777| 0.09>" 18%°
CA0004111 ﬁ:;‘l’l’l‘t"‘; Sacramento | ting/Cooling| 38.621000 | -121.231100| nodata | no data
CA DGS Office of State . a, b a
CA0078875 Publishing Misc 38.602000 | -121.494100| 0.004 0.63
CA0079529 |Colfax WWTP Mun WWTP | 39.075000 | -120.941667 0.036 0.86
CA0004774 |PFC Nimbus Fish Aquaculture | 38.634100 | -121.228600 3.4 127
Hatchery
Placerville Hangtown b
CA0078956 Creek WWTP Mun WWTP | 38.733333 | -120.841667 0.011 0.92
Sierra Pacific
CA0078841 |Industries Camino Lumber 38.745280 | -120.678610 no data no data
Lumber Mill
CA0084905 |USBR Sliger Mine Mines 38.940994 | -120.932769 0.017 3.7

®From Table B.5 NDPES 13267 Report. Bosworth, et al . March 2010.
®Load based from concentration data where all results were less than MDL. Used 1/2 MDL to calculate load.
°No total mercury concentration data available. Load estimate was derived from similar treatment facilities.
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Point
Sources

Nonpoint Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tailings

Springs

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHg Sources
Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges
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Methylmercury (MMHQ)
iIn Wet Deposition

i Ratio MeHg:THqg in

Location ES'III-[IIE'E! Rainfall
Califarnia - Monterey Gill, 2003 3.4 %
California - Woodland { Conaway et al., 2010 3.7 %

Dther studies around

:Bloom and YWatras, 1939
:Ebinghaus et al., 1993
Moguyen et al., 2005

t;Lawau:ln and hason, 20071

Munthe et al., 1995

except in Great Lakes

: u]
‘Mason et al , 1987 and 2000 | 187 (WP t0 16%) and

0.25% - B%,
typically <1.5%

owaden [3%)

ARW:

1%

3%
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MMHg Loads in Wet Deposition

Wet Dep. : WetDep. ;
Runoff Volume { THg Load |MMHg Lead: MMHg Load
Watershed {acrefeet'year) |  (kg/yr) (1%) {g/yr) § (3%} {g/yr)
01 French Meadow Resenoir 78,958 {039 39 12
0Z Hell Hole Reservoir 200 857 0.99 99 30
03 Loon Lake 15,161 0.07 07 2.2
04 Oxbow Resemvoir 452 774 223 22 67
05 Slab Creek Resemvair 704 450 .48 35 104
05 Chili Bar Resernoir 111,879 0.55 545 17
07 Morth Faork ufs MF Confluence 577 522 285 28 a5
05 Middle Fark 291 737 1.44 14 43
09 Morth Fork dis MF confluence 7490 0.04 0.4 1.1
10 South Fark dfs Chili Bar Feserair 155 767 077 v 23
11 Falsom Lake A5 557 0.29 28 B.7
12 Lake Matoma 8,399 0.04 0.4 1.2
13 Lower American River a,72a 0.04 0.4 1.3

We will evaluate a second method using REMSAD wet
deposition THg loading rates once we obtain the rates.
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Per Spring MMHg Loading
Estimates

Low High
Wentwarth Spring flow (Lfmin) 8] 158 Awerage Mill Creek springs flow (Limin)
bl Creek average MMHg conc. (ngfl) 014 031 Awerage Coast Range springs MhHg conc. (ngdl)

Low MMHg load rate {g/yr/spring) 0.00044 0.026 High MMHq load rate {g/yr/spring)
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Estimate of Range of MMHg Loads
from Springs

z of Named Low High Average
Watershed i Springs {oyry ¢ {g'yr) L {g/yr)
01 French Meadows Feserir 1 0.0004 0.03 .01
02 Hell Hole Reservoir 4 .00 0.1 0.1
04 Oxbow Feseroir 17 .01 : 0.4 0.2
02 Middle Fark 1 0.0004 0.03 0.0
07 Marth Fark u/s MF Confluence | 11 0005 | 03 0.1
05 Slab Creek Feservoir 11 0. 005 0.3 0.1
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Point
Sources

Nonpoint Sources

Sources

THg Sources
Atmospheric Dep. Runoff
Mines

Upland Area Erosion
Dredge Tailings

Springs

Suction Dredging

Urban Runoff
NPDES Facility Discharges

MeHg Sources
Atmospheric Dep. Runoff
Mines

Upland Areas (Ag & native)
Dredge Tailings

Springs

Open Water Habitat
Wetland Habitat

Urban Runoff
NPDES Facility Discharges

78



Literature Review
MMHg Loading Rates by Land Use

Do not cite — Already out of date!

Catchment MeHg Loading Rates - Sorted by Land Use

"Net Yield" = Catchment Outflow minus inputs from precipitation
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MeHg Loading Rate (ug m-2 year-1)
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Literature Review:

MMHg Loading Rates by Land Use

Do not cite — Already out of date!

Catchment & Net Yield MeHg Loading Rates:
Catchments & Land Uses with Low Loading Rates*

m Catchment Net Yield, average @ Catchment Net Yield, low
A Catchment Net Yield, high o Catchmento Outflow, average
== Catchmento Outflow, low < Catchmento Outflow, high
X m Atm Wet Dep, average == Atm Wet Dep, low
A Atm Wet Dep, high

X

DEca X
oI oo
> SNUDIITIID X2 [l < X X
| O
oo ¢ o
B o

E L
-
T T , T T T T
Ag Forest Forest w/ Forest, Forest, Urban Atm.
Wetlands wetlands wetlands Wet

& Ag & lakes Dep.
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MeHg Loading Rate (ug/m2/yr
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Literature Review:

MMHg Loading Rates by Land Use
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Net Yield MeHg Loading Rates:
Land Uses with High Loading Rates

O Average
- ow X Experimental
12 X High w etlands:
@ Twitchell Is. 2004 29,57 & 143
. (average)
O Twitchell Is. 2008
10 4 A Grizzleyls Wetlands & PONds |
O Delta Tidal Marsh, average
o Delta Tidal Marsh, low —_— =
8 X Delta Tidal Marsh, high -
X
X
6 - O
LT X
44 s 5
— O
= O
240 X g
6 |akes$ % Delta Tidal
o+ 7 Q 7777777777777777777777777777777777777777777777777777777777 Marsh: | |
@-14 (low)
'2 T T T T
Open Open Wetlands: Wetlands: 81
Water Water: Freshwater Tidal &
Lake Resenvoir Salt Marsh



Land Cover

i Estimated
Loading

.  Rates

{ug/m2/yr)
Dpen Water - Resenvoirs : 5
Wetland (Fermanent) & Meadows 4
Cpen Water : 1
Cpen WWater - Pond 1
WWetland - Seasonal 1
Farested Wetland 0.2
Cpen WWater - Riverine 0.2
Mine sites 0.1
Fiparian 0.1
Forest 0.04
Agriculture - lrrigated 0.02
Grassland 0.02
Fasture 0.02
=hrub 0.02
Agriculture - Mon-Irrigated 0.01
Barren & Other 0.01
Fangeland 0.

MMHg loading rates
used to develop a
preliminary estimate
of watershed
nonpoint source
loads

METHOD:

MMHg Loading Rate | .4 use
X
Acreage Land Use

For each Watershed
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Preliminary MMHg Loads

1 French Meadow Reservoir - Land Cover
Urban
0.2% Open Water Open Water
Open Wa.ter (Pond) (Riverine) Wetland
Barren & (Reservoir) - 550, 0.02% (Permanent) &
Other Meadows
0.4% 0.1%
Grassland Wetland
02% (Seasonal)
0.3%
Forested
Wetland
1.3%
Agriculture Forest
(Irrigated) 68%
0% Pasture
0%
Agriculture
(Non-Irrigated) Rangeland Mined Areas
0% 0% 0% 0%

Wetland

1 French Meadow Reservoir - MMHg Loads

Barren & Other
Wetland 0.01% NP_DFS
(Seasonal) Urban Facilities
1.1% Grassland

0%
0.01% 0.1%
(Permanent) & Springs
Meadows Forested ~ SnruP 0.03%
0.9% Wetland 2% Atm Dep
0, I S
Open Water 09% 0.03%
(Riverine)
0.01%
Open Water
(Pond)
0.08%
Open
Agriculture Water
“"'gf}ﬁed) (Reservoir) Pagz/ure
. 85% ’
Agriculture .
(Non-Irrigated) Riparian Rangeland ~ Mined Areas
0% 0% 0% 0%
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Preliminary MMHg Loads

Urban (Pond) Open Water Wetland
Mined Areas 3% 0.1% (Riverine) (Permanent) &
0.2% Open Water 0.2% Meadow s
Barren & Other  \(Reservoir) 0.04%
. 0.4% Wetland
Agr.lculture (Seasonal)
(Irrl(g)?/ted) 01%
0
Agriculture Forested Wetland

(Non-Irrigated)

0%

Pasture
0.01%

7 North Fork u/s MF Confluence - Land Cover
Open Water

Grassland
0.8%

Forest
78%

Riparian
0%

0.3%

Rangeland
0%

7 North Fork u/s MF Confluence - MMHg Loads

Mined Areas
0.3%

NPDES
Facilities
0%

Barren & Other
0.03%

Springs

0.2%
Agriculture
(Non-Irrigated)
Agriculture 0.01% Atm [zep
(Irrigated) 02%
0.003%

Pasture
0.004%

Open Water

Open Water

Grassland (Reservoir) Pond)
1)
0.3% 32% ol
Open Water
(Riverine)
0.5%
Wetland
(Permanent) &
Meadows
0,
Forested Wetland 2%
Riparian  Rangeland Wetland (Seasonal)
0% 0% 0.8% 2%
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Source Analysis Next Steps

* Finish soil loss and THg load estimates for
Upland Area Erosion and Dredge Tailings,
and THg load estimates for Suction
Dredging

» Update source analysis as needed based
on new sampling results and other
information

 Incorporate loss processes (loads lost to
photo-degradation, sedimentation, etc.)
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April 2011 Meeting

* Topics:
— Overall TMDL approach
— Implementation ideas and considerations
— Straw proposal incorporating stakeholder comments and
including implementation options

« The April meeting will not be a CEQA meeting




Contact Information

« American River Watershed TMDL/BPA
Webpage:

http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/centr
al_valley projects/american_river_hg/index.shtml

e Questions or Comments:

— Stephen Louie, sjlouie@waterboards.ca.gov
— Patrick Morris, pmorris@waterboards.ca.gov
— Janis Cooke, jcooke@waterboards.ca.gov

— Michelle Wood, mlwood@waterboards.ca.gov
— Sarah Gatzke, sgatzke@waterboards.ca.gov

Central Valley Regional Water 87
Quality Control Board






