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Sutter Buttes—The Lone Volcano in California’s Great Valley

he volcanic spires of the Sutter
Buttes tower 2,000 feet above

the farms and fields of California’s
Great Valley, just 50 miles north-
northwest of Sacramento and 11
miles northwest of Yuba City. The
only volcano within the valley, the
Buttes consist of a central core of
volcanic domes surrounded by a
large apron of fragmental volcanic
debris. Eruptions at the Sutter Buttes
occurred in early Pleistocene time,
1.6 to 1.4 million years ago. The
Sutter Buttes are not part of the
Cascade Range of volcanoes to the
north, but instead are related to the
volcanoes in the Coast Ranges to the
west in the vicinity of Clear Lake,
Napa Valley, and Sonoma Valley.

In the fall of 1841 an overland party

from the United States Exploring Expedi-

tion led by Charles Wilkes traveled down

the valley of the Sacramento River in cen-

tral California, rejoining the expedition’s

ships later in San Francisco. The geologist

of the expedition, James Dwight Dana,

could not help noticing in the middle of

that�broad,��at�valley�an�isolated�cluster�of�

hills that tower 2,000 feet above the val-

ley��oor�“like�an�island�in�a�vast�prairie�of�

millpond smoothness” (Dana, 1849). Dana

explored the hills, now known as the Sut-

ter Buttes, on October 16. He recognized

them as the remains of an extinct volcano

and described the various volcanic rocks

found�in�them,�becoming�the��rst�geolo-

gist to study this distinctive geologic and

geographic feature of the valley. Dana also

commented,�“The�whole�country,�we�were�

told,�was��ooded�during�the�winter�fresh-

ets, and the deer and antelope of the plains

then take to the Bute hills.”

In the 170 years since the Wilkes Expedi-

tion, few other geologists have investigated

the Sutter Buttes and the surrounding area.

In 1929 Howel Williams, a Professor at the

University of California at Berkeley, named

the major landscape features and correctly

outlined the basic geologic history (Wil-

liams, 1929). Nearly 50 years later, Wil-

liams and his Berkeley colleague, Garniss

Curtis, revised and elaborated the volcanic

history, aided greatly by radiometric dat-

ing of rocks (Williams and Curtis, 1977).

In addition, the petroleum industry carried

out investigations of sedimentary rocks

adjacent to the Sutter Buttes and drilled

many deep wells in search of natural gas.

Although these investigations have deter-

mined the general history of Sutter Buttes,

some aspects remain uncertain and are the

subject of ongoing investigations.

U.S. Department of the Interior
U.S. Geological Survey

Fact Sheet 2011-3024
March 2011

Rising 2,000 feet from the center of California’s flat Sacramento Valley near Yuba City, the isolated Sutter Buttes
were formed by volcanism more than 1 million years ago. Their dramatic isolation is well shown in this shaded-
relief image. Base map from U.S. Geological Survey elevation data.

In 1841, an overland party
from the United States
Exploring Expedition led by
Charles Wilkes explored
the Sutter Buttes, camping
southeast of South Butte, as
shown in this lithograph.
Engraved by J. W. Steel from
a drawing by Alfred T. Agate,
an artist with the expedition.
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Regional Geology and Anatomy of the
Volcano

For much of the past 75 million years, the

area of the Great Valley of California was

a�shallow�sea�that�connected�to�the�Paci�c�

Ocean. Rivers carried sediments from the Si-

erra Nevada and Klamath Mountains and de-

posited them in this sea. Over time, these sed-

iments were compacted to form an enormous

thickness of marine shale and sandstone. The

region eventually rose to just above sea level

Geologic map and diagrammatic cross section of the Sutter Buttes. Geology compiled from Williams and
Curtis (1977), Thamer (1961), and new mapping by Brian Hausback. The cross section is vertically exag-
gerated 3X to emphasize the topography.

as an immense river valley, dominated by the

Sacramento, Feather, and San Joaquin Riv-

ers. Before the volcanic eruptions that formed

the�Sutter�Buttes,�the�area�was�a�uniform,��at�

plain on which rivers meandered back and

forth, depositing sand, gravel, and mud on top

of the earlier marine sediments.

The Sutter Buttes as we see them today con-

sist of three major parts, termed by Professor

Williams�the�“castellated�core,”�the�“moat,”�and�

the�“rampart.”�The�castellated�core�comprises�

Miles Faults

Cross Section
end points

Rampart Moat
Castellated Core

Moat
Rampart

Quaternary sediments
Quaternary landslides
Lake bed deposits
Andesite & dacite rampart deposits
Andesite & dacite domes
Rhyolite rampart deposits
Rhyolite domes
Tertiary marine and river deposits
Cretaceous marine deposits
Cretaceous granitic rocks

Geologic Map of the Sutter Buttes Volcano

The Sutter Buttes are mostly in private
ranches owned by families that have held
title to the lands since the early 1900’s. In
order to enter these lands for hiking and
other activities, nonresidents must ar-
range access through groups such as the
Middle Mountain Foundation
(http://www.middlemountain.org).

ACCESS TO SUTTER BUTTES

the high, craggy peaks in the center of the Sut-

ter Buttes. These were formed by batches of

partly molten rock (magma) that rose to the sur-

face as viscous plugs, forming steep-sided vol-

canic�features�known�as�“domes.”�The�domes�

originally looked much like the Chaos Crags in

Lassen Volcanic National Park. The fragmented

surface materials of the Sutter Buttes domes

have now been eroded away, exposing their

resistant interior parts.

Immediately surrounding the castellated

core is the moat. This low-lying ring of

valleys is underlain by sedimentary rocks

older than the Sutter Buttes volcano. These

include layers of shale, sandstone, and con-

glomerate that range in age from late Creta-

ceous (~70 million years ago) to just before

the�Sutter�Buttes��rst�erupted�about�1.6�

million years ago. The sedimentary layers

of the moat have been uplifted and steeply

tilted by the intruding volcanic domes of the

castellated core, and the soft, weak shales

and sandstones have eroded away over time

to form the moat valleys.

The outermost part of the Sutter Buttes is

the rampart, a broad area of low, outward-

sloping�hills�that�were�formed�by��ows�of�

fragmental volcanic debris that moved radially

outward from their source in the castellated

core. Some of this material resulted from hot,

explosive eruptions like most of the eruptions

of Mount St. Helens, whereas other material

was sloughed off the cooler outer parts of the

domes and highland slopes of the castellated

core�and�deposited�as�debris��ows.�

Volcanic History of the Sutter Buttes
The��rst�eruptions�at�Sutter�Buttes�occurred�

about 1.6 million years ago, in the early Pleis-

tocene, when magma pushed upward through

the thick pile of Sacramento Valley sediments.

Some of the magma breached the surface to

form extrusive domes in the rocky core of the

Buttes. Explosive eruptions pulverized the ex-

truding magma, depositing blocky fragments

and volcanic ash that hardened into pyroclas-

tic�(“�re-broken”)�rocks.�



The��rst�lavas�to�erupt�were�light-colored,�

often white, rhyolites—rocks rich in silica

(SiO
2
) and alkalis (potassium and sodium) but

poor in magnesium and iron. The extruding

lavas were so viscous that they accumulated

at the surface as thick, pasty blobs, or lava

domes. After about 30,000 years, these rhyo-

lites were followed by more voluminous erup-

tions of andesite and dacite, lavas lower in

silica and higher in magnesium and iron than

the earlier rhyolites. Forming much larger

domes, the andesites and dacites are darker in

color than the rhyolite, typically medium to

dark gray, contain abundant large crystals, and

are commonly oxidized (rusted) to brick red.

The andesite-dacites erupted through

numerous vents distributed throughout the

castellated core. In addition to the magma that

erupted at the surface, much andesite-dacite

magma lodged below the ground as intrusive

bodies, spreading and lifting the preexisting

sedimentary layers. In this way, originally hor-

izontal sedimentary layers around the perime-

ter of the volcano were bent upward to vertical

and in some places overturned. This deforma-

tion is best displayed in the south moat of the

volcano (see cross-section and map).

The eruption of voluminous andesite-dacite

continued until about 1.4 million years ago,

creating the mountainous interior of the Sut-

ter Buttes. Eruptions of volcanic domes were

at times explosive because of an abundance

of gases (mostly water vapor, carbon diox-

ide, and sulfur gases) in the magmas. The

explosive eruptions fractured the dome rocks

into�fragments�ranging�from��ne�ash�to�giant�

blocks. These pyroclastic materials were car-

ried downslope from the domes as slurries of

debris�made��uid�by�either�hot�volcanic�gases�

(pyroclastic��ows)�or�liquid�water�(lahars).�

The�very�hot�pyroclastic��ows�and�the�cooler�

lahars accumulated around the base of the

castellated core in layer after layer of debris,

forming the gently outward-sloping rampart,

a�continuous�debris�apron�or�“fan”�all�the�way�

around the castellated core of volcanic domes

and over the truncated top of the surrounding

moat sediments.

The lowermost, rhyolitic layers of the

rampart are exposed in only a few areas on

the outer part of the moat valleys. These

rhyolitic pyroclastic deposits are overlain by

thick deposits derived from andesitic-dacitic

pyroclastic��ows�and�lahars.�The�uppermost�

layers of the rampart contain the largest blocks

(about 30 feet in diameter), derived from the

youngest, tallest, and best preserved domes of

the core (South, North, West, Williams, Curtis,

and Twin Peaks).

Lakebeds
In the very center of the castellated core are

the remnant deposits of a very deep lake that

was formed during the volcanic eruptions of

the Sutter Buttes. These layered deposits are

mostly sands and gravels of andesite-dacite

composition and are at least 1,000 feet thick.

The�lake�may�simply�have��lled�a�basin�con-

�ned�by�volcanic�domes,�or�the�lake�basin�may�

have been excavated by powerful explosions

during the andesite-dacite eruptive period. To-

day the lakebeds are surrounded and truncated

by andesite-dacite domes that intruded into the

layers and gently deformed and uplifted them

to form a high central ridge in the Buttes.

Today’s Topography
At the end of volcanism about 1.4 million

years ago, the castellated core and the rampart

looked much as they do today. The castel-

lated core was dominated by the youngest,

tallest andesite-dacite domes. The rampart

was�a�thick�accumulation�of�pyroclastic-�ow�

and lahar deposits. Over the past 1.4 million

years, however, the erosional effects of rain,

running water, and wind have cut down into

the softest and weakest of the geologic materi-

als of the Buttes. Streams and landslides have

preferentially cut into the relatively weak shale

and sandstone sedimentary layers to carve the

moat�valleys.�Outward-�owing�streams�have�

also cut down through the pyroclastic debris

layers to form distinctive radial valleys in the

rampart. However, the elevations of the hard

volcanic domes have probably not been low-

ered much by erosion.

How Did the Buttes Get There?
An important question is whether the Sut-

ter Buttes are related to the Cascade Range,

which extends from the volcanoes of southern

British Columbia to Lassen Peak in northern

California, or to the Coast Range volcanic

The sloping outer “rampart” of the Sutter Buttes
was built by both volcanic mudflows (lahars) and
hot flows of volcanic material (pyroclastic flows)
that included large blocks, pictured here with a ge-
ologist (U.S. Geological Survey retired volcanolgist
Robert L. Smith) for scale.

This aerial view looking east shows the low-lying “moat” be-
tween the high volcanic core of the Sutter Buttes and the slop-
ing apron of the “rampart.” The moat was formed by erosion

of soft sedimentary layers pushed up and tilted by the volcanic intrusions. Inset photograph at left shows
North Butte, a high and well-preserved dacite dome in the central “castellated core” of the Sutter Buttes.
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trend, which includes the Berkeley Hills vol-

canics, the Sonoma Volcanics, and the Clear

Lake Volcanics (the youngest of these, with

eruptions from 2.1 million years to 10,000

years ago). The Sutter Buttes do not fall on

the geographic trend of either the Cascades or

the Coast Range. However, the composition,

texture, and age of the volcanic rocks suggest

that the magmas that formed the Buttes are

most likely part of the magmatic system of the

Coast Range volcanoes.

But why did eruptions occur at this isolat-

ed location in the middle of the Sacramento

Valley, far from other volcanoes? Geophysi-

cal studies have revealed a prominent north-

south�linear�“ridge”�that�has�anomalously�

high magnetism and gravity deep beneath

the Sacramento Valley and directly under the

Sutter Buttes. These geophysical features

may be the expression of a buried, inactive

fault that separates granitic and metamor-

phic rocks of the Sierra Nevada to the east

from oceanic rocks of the Coast Range to

the west. Additional faults intersect this deep

crustal fault to provide possible conduits for

Sutter Buttes magmas to rise to the surface.

The Sutter Buttes contain the only lavas

to erupt at the surface in the Great Valley,

but rhyolites similar to those at the Buttes

are found in the subsurface just to the west,

along the Willows Fault.

The Sutter Buttes stand as a remarkable

geographic and geologic feature of Califor-

nia’s Great Valley, and they remain a subject

of�scienti�c�interest�and�research.�One�curious�

feature is the presence at the surface in the cas-

tellated core of a huge block, one-quarter mile

across, of crystalline rock (Cretaceous granite)

characteristic of the Sierran basement. How

was this block carried upward to the surface?

Or is it perhaps the tip of an upfaulted sliver of

the basement deep below? This is one of many

puzzles remaining for geologists to solve in

future studies.
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For thousands of years, natural gas (largely methane) has leaked to the surface within and around the Sut-
ter Buttes. Sometimes wildfires ignited these gas seeps, causing them to produce eerie blue flames that
emerged from cracks in the ground and continued to burn long after the wildfires were quenched by rain. This
phenomenon undoubtedly provoked a sense of awe and reverence for these dramatic crags located in the
middle of a broad, flat valley. The native Maidu people named the Buttes “Histum Yani” or Middle Mountain.

Unlike the San Joaquin Valley (the southern part of California’s Great Valley), the Sacramento Valley to the
north has no appreciable deposits of oil, but it does have much natural gas. This gas was generated from
microscopic plankton that died and sank to the ancient sea floor to be entombed in marine mud. Gradual
burial by as much as 38,000 feet of overlying sediments created high temperatures and pressures that
transformed the organic remains into gas. The volcanic upheaval that formed the Sutter Buttes pushed
some of these sediments upwards, creating natural traps for methane and other gases rising from depth.

Exploration for gas in the Sutter Buttes area began in 1864, when a local worker and entrepreneur, Dexter
Cook, sank a shaft near South Butte. The 30-foot-deep shaft filled with gas and inevitably exploded when he lit
a candle at the bottom, injuring four men. The shaft was deepened to 65 feet and then sealed, leaving a pipe ex-
tending above the surface. The gas streamed out and for years produced a 5-foot-tall, blue, smokeless flame.

The first commercial natural-gas well in the Sacramento Valley was completed to a depth of 2,727 feet in the southwestern moat of the Sutter Buttes in early 1933.
This “discovery well” flowed at 3.4 million cubic feet of gas per day and still produces today, along with many other modern wells. Gas from the wells is collected
into pipelines and distributed throughout northern California.

NATURAL GAS IN THE SUTTER BUTTES

Within the castellated core, layered lake-bed depos-
its, more than 1,000 feet thick, attest to the former
existence of a lake in the center of Sutter Buttes.

This discovery well at Sutter Buttes still produces gas.



Good Morning, Ben;

Going forward please send all inquiries to me rather than directly to the consultants and
I will get the information that you need. A good place to get your questions answered
directly from the consultants is at the monthly Joint TAC meetings, and other public
meetings. There will also be ample opportunity to comment on the GSP chapters as
they are released, and again on the final draft GSP.

Regarding your concerns about the subarea water budgets, these have been
developed only as a planning tool to support quality control of the model. There are no
implications to landowners resulting from these subarea delineations and your parcel is
not begin divided up in the plan, or assigned to different districts. As Grant explained,
we are utilizing a regional model for the Colusa Subbasin and the resolution is not to the
parcel scale, so model elements will not line up perfectly with jurisdictional boundaries.

Thank you,
Mary



subsurface physical conditions that affect the flow of groundwater. It’s not intended to analyze land

Ben, please see attached and let me know if this answers your question.
Mary



approximate because the boundaries of model “elements” (small areas for which water budget

Ben – I am working on a clearer map for you, coming soon.
I just want to point out, because there has been some confusion, that the water budget
subareas are completely different from Management Areas. It is not proposed that the
basin will be divided up by these water budget subareas. Grant can better explain the
technical reasoning behind them. The jurisdictional boundaries are counties, water
suppliers and groundwater-only areas.

Hope that helps,
Mary



–



Hi Ben;
Just an FYI, I have taken this off of the Consultant’s plate as I have access to GIS parcel
layers. I will create an overlay of your parcel with the subarea water budgets and get
that over to you as soon as I can. It might be a couple of days.
Thank you,
Mary

Thanks, Ben. I’ll see what I can do. Grant





I’ve responded to each of your various requests and questions posed in your emails to Dave

correct wouldn’t this have to relate to a specific management area or mean that the management area
Not 100% sure what you’re asking, but sustainable yield is



There are 32 subareas. When you say both, I assume you’re referring to Subareas CDMWC and

and Measurable Objectives (MOs), which could have impacts, particularly the MTs. That’s why MTs have

I don’t think potential impacts of Management Areas (MAs) can be addressed until the decision whether

would be the time to assess potential impacts. It’s premature now in my opinion.

–

–





Mary,
Jim Wallace, Derrick Strain, Lewis Bair, Hilary Reinhard and I looked through these last week
and we had some questions. Hopefully, they get to Grant in time so that he can answer them
during the meeting tomorrow.

From the Tech Memo:
In "Initial Observations and Comments" point number "2) In general, groundwater levels are
more sensitive to surface water supply reductions at wells distant from the Sacramento River as
compared to wells near the river. This results in part from near-river pumping causing increased
leakage from the river or capture of groundwater that would have otherwise discharged to the
river."
This highlighted sentence doesn't make sense to us. Maybe you are trying to say wells near the
river are more stable because of their proximity to the river, where as wells distant from the river
are more sensitive because they don't have the immediate recharge available(?).

We really like and appreciate the Google Earth set up.

There are two potential controlling factors that determine the MT. Please label which controlling
feature it is that controls for each well.

I see from a cursory look at the package for the upcoming meeting that you've included MO's but
we noted on these there were not MO's.

We would like to see the MT/MO compared with the historical well data. We requested and
appreciate seeing these compared to the model runs but also want to see how they compare to
actual historical. Some MT's seem extremely deep on the initial look.

It would be helpful to also see the number of wells per polygon for each well. That would help
us understand the magnitude of wells that could be impacted if the controlling feature is the 20%
of domestic wells criteria. I've attached a screen shot of what Yolo has provided in the past that
shows domestic well density as an example of what could be helpful.

We have some questions about the water budgets (we were looking through those also). We
noticed in CCWD, that the change in storage and the net recharge numbers don't seem to align
with what we'd expect. For example, change in storage increases in 'Dry' years, but decreases in
'BN' and 'Critical' years. Also, net recharge is greater (or less extreme) in 'Dry' vs 'BN'. Is there
any known explanation for that? Also, this doesn't just occur in CCWD, we're not picking on
them, it's just where we noticed it first.



Thanks
Bill V

William Vanderwaal, P.E.
Deputy Manager - RD-108
Manager - Dunnigan WD
(530) 812-6276





From:
Sent:
To:
Cc:
Subject:

Lisa,

A couple of points were made during the discussion on subsidence in the TAC meeting on Friday
April 9th. I had comments to add to the discussion but was having difficulty with an unstable
ZOOM connection and was unable to contribute. Please feel free to pass this on to however is
most appropriate. The points I wanted to comment on are:

1.—Subsidence in the regional aquifer is mostly going to be due to dewatering of clays. Little
subsidence occurs related to dewatering of sand and gravels.

2.—Subsidence is largely a surface problem.

3.—There is a significant lag time between groundwater withdrawals and subsidence.

4.—What is critical infrastructure?

5.—Surveyed subsidence monuments every 5 years is not enough.

CAUSES OF SUBSIDENCE (most relevant to Glenn-Colusa area but not discussed)

Natural Processes: Long-term climatic change, which may result in lowering of the water table,
drying out of soil and sediment.

Human Causes of subsidence: Withdrawing subsurface fluids, such as water, petroleum, natural
gas, or brine. Saturating near-surface, low-density, collapsible sediment (i.e. wetlands
). Draining or reclaiming land that causes clay to dry out, peat, or other organic-rich sediments to
decompose, etc.Manipulating certain surface-water and ground-water systems on a large scale
(i.e. Stony Creek).

1.—Clays because of their small size have more pore space per volume sand or gravels. When
saturated, therefore, they also contain more water that sand or clays. In addition, because of their
small pore size, they take a very long time to drain and dry out completely. Once compressed in
this manner it is very difficult to re-saturate them. Sand and gravel however can drain and
compact quickly in response to groundwater withdrawal. This is the result of the loss of the
buoyant support that the water gives the sediment and the compression weight of the overlying
sediments as groundwater withdrawals increase. The volume of space occupied by the sediment
(sand and gravel) decreases, as does the size of the pores (storage loss). Groundwater caused
subsidence like this has been documented in unconsolidated sediments of the San Joaquin Valley
as well alluvial basins in Central and Southern Arizona. Recharge, natural or artificial, can



recover some of the loss in storage and slow, stop, and even reverse the subsidence. But, the loss
in storage and land subsidence cannot be fully recovered.

2.—Subsidence is just one of the surface manifestations of a larger problem in the subsurface;
loss in storage. In unconsolidated sediment aquifers common to the Sacramento Valley (sand,
gravel, sandy gravel, silty sand, sandy silt, and silty sandy, gravel), compaction will result is a
certain amount of storage loss that is not recoverable. The impact will be less groundwater
available to water users in the long run. Another surface manifestation of groundwater
subsidence are earth fractures and fissures caused by differential settling of dewatered portions
of the aquifer.

3.—Groundwater declines resulting from natural, or human caused withdrawals are quickly
apparent on local spatial and short term (seasonal and annual) temporal scales. The resultant
subsidence, however, may take months, years, or decades to become apparent. Once subsidence
is apparent at the surface, it can continue for years or decades after groundwater withdrawals are
curtailed (irrigation conservation methods, less consumptive crops, etc.) and/or artificial recharge
programs (basin spreading of treated or reclaimed water, instream flow requirements, etc.)
established (demonstrated in the San Joaquin Velley and Arizona).

4.—In addition to all the critical infrastructure located at lands surface, I would argue that the
aquifer itself is also critical infrastructure. There is a direct impact on ground water users as a
result. Land surface around wells compacts or subsides resulting in the need to protect, move, or
replace well surface infrastructure. Declining water levels and reduces storage mean less water
available to wells and the need for groundwater users to re-develop or deepen existing wells or
drill new and deeper ones.

5.—Surveyed subsidence monuments every 5-years is not enough. By the time you notice a
change between two measurements the damage is already done and likely to continue for years.
There was mention of using the CDWR annual INSAR to fill in between the 5-year monument
survey. This is a good start. Another method I did not hear mentioned is gravity measurements
both on the ground and via on-orbit remote-sensing. Gravity methods are very sensitive to very
small changes in the Earth's local and regional gravity field. Gravity monuments are at least as
easy to establish as surveyed monuments (in fact the same sites can be used), or cheaper if
established topographic benchmarks are used. Surface gravity measurements can detect storage
changes of as little as 0.10ft. On orbit gravity measurements (GRACE and NexGen Grace) are
capable of nearly the same accuracy on regional scales. The algorithms to convert gravity
measurements to +/- storage change are already available and in broad use. Use of on the ground
measurements with remotely sensed data improves the accuracy of both and provide an
independent check of the data. In Arizona Seasonal and longer-term trends in storage change
have been detected and with groundwater level data provide an early warning of impending
subsidence.
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From: Mary Fahey

To: Ken Loy

Cc: Ceppos, David M; Choppin, Corin

Subject: FW: Arsenic Near Grimes

Date: Friday, October 29, 2021 8:39:14 AM

FYI,
Mary

From: Ben King [mailto:bking@pacgoldag.com]

Sent: Friday, October 29, 2021 7:46 AM

To: Mary Fahey <mfahey@countyofcolusa.com>

Cc: Ceppos, David M <dceppos@csus.edu>

Subject: RE: Arsenic Near Grimes

Thank you Mary,

Great explanation.    The 200 ug/L typo was concerning since it would be the highest observed arsenic observation west of the

Sacramento River south of the Sutter Buttes – this was my concern.   I also appreciate that he identified the source as being the public

supply system for Colusa County WWD#1.   Unfortunately I just found out that the well for the Meridian elementary school also has

arsenic contamination around the 28 ug/L also.

Best Regards,

Ben

From: Mary Fahey <mfahey@countyofcolusa.com>

Sent: Friday, October 29, 2021 7:18 AM

To: Ben King <bking@pacgoldag.com>

Subject: FW: Arsenic Near Grimes

Ben – please see below from Ken Loy.
Mary

Mary:

The 200-�g/L arsenic concentration Ben King referred to in his email below was an error in the first draft of Chapter 3 of the Colusa
Subbasin Groundwater Sustainability Plan (GSP) announced for public review on April 8, 2021.  This error was corrected in the
complete draft of the Colusa Subbasin GSP announced for public review on September 14, 2021. This correction was also
documented in the GSP comment-response summary table (Appendix 2B-1) of the September 14, 2021 public draft GSP.

The correct arsenic concentration of 28 �g/L was measured in January 2012 by Colusa County WWD #1 – Grimes in their Well 1 and
reported to the State Water Resources Control Board (State Board) Division of Drinking Water.  The data are available at the State
Board California Drinking Water Watch website.

https://sdwis.waterboards.ca.gov/PDWW/

The specific result can be found at this link:

https://sdwis.waterboards.ca.gov/PDWW/JSP/WSamplingResultsByStoret.jsp?
SystemNumber=0600008&tinwsys_is_number=142&FacilityID=001&SamplingPointID=001&SystemName=COLUSA+CO.+WWD+%231+-
+GRIMES&SamplingPointName=WELL+01&Analyte=&ChemicalName=&begin_date=&end_date=&mDWW=

Thank you,

Ken

Ken Loy
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From: Ben King <bking@pacgoldag.com>

Sent: Thursday, October 28, 2021 2:17 PM

To: Mary Fahey <mfahey@countyofcolusa.com>

Cc: Ken Loy <kloy@westyost.com>

Subject: RE: Arsenic Near Grimes

[This message has originated from outside of West Yost]

Hi Mary,

Do you have an answer about the 200 ug/L – where is this well?   The current draft just states that it is 28 ug/L – this seems to be the

public supply well for Grimes.     What about the 200 ug/L well?

Thanks

Ben

From: Mary Fahey <mfahey@countyofcolusa.com>

Sent: Tuesday, July 6, 2021 4:29 PM

To: Ben King <bking@pacgoldag.com>

Subject: RE: Arsenic Near Grimes

HI Ben – this question has been forwarded to the Tech. team. This will likely take a little time to get an answer as
well due to the pending release of draft Chapters 5 and 6.
Mary

From: Ben King [mailto:bking@pacgoldag.com]

Sent: Wednesday, June 30, 2021 6:51 PM

To: Mary Fahey <mfahey@countyofcolusa.com>

Subject: Arsenic Near Grimes

Hi Mary,

Here is an excerpt from Chapter 3 of the GSP.

3.2.5.2.1 Arsenic Arsenic is a naturally occurring constituent in groundwater and commonly occurs at concentrations ranging from 10

to 50 μg/L in the western United States, where it is typically associated with alluvial- lacustrine basin-fill deposits and volcanic rocks

and sediments (Welch, et. al., 1988). The primary MCL for arsenic in drinking water is 10 μg/L (SWRCB, 2018a). Arsenic has been

detected near Grimes at concentrations of approximately 200 μg/L. A federal program was initiated to install filters on water

connections and reduce the arsenic concentration (Glenn County, 2005). Recent concentrations of arsenic in wells near Grimes have

been less than 20 μg/L. The elevated arsenic concentrations near Grimes were determined to be due to natural conditions (Glenn

County, 2005), and is potentially impacted by Sacramento River stream channel and its proximity of the Sutter Buttes and the Colusa

Dome.

Can you send me the information regarding the location and measurement for the 200 ug/L measurement for Arsenic near Grimes?

Best Regards,

Ben





1

Choppin, Corin

From: Mary Fahey <mfahey@countyofcolusa.com>

Sent: Monday, October 25, 2021 11:53 AM

To: Choppin, Corin; Ceppos, David M

Cc: Lisa Hunter

Subject: FW: Sycamore Marsh  Farm Recharge PMA Comments

Hi Corin – please add Ben King’s comments below to the Admin record.
Thank you,
Mary

From:�Mary�Fahey��
Sent:�Monday,�October�25,�2021�11:51�AM�
To:�'Ben�King'�<bking@pacgoldag.com>;�Grant�Davids�<grant@davidsengineering.com>�
Subject:�RE:�Sycamore�Marsh�Farm�Recharge�PMA�Comments�
�

Ben;
Thank you for your comments and providing your family’s background in the project area. Your
comments will be added to the Admin. Record. I have also been contacted by the Dunlaps who are
interested in participating in recharge projects in the area and they have submitted a PMA
Solicitation Form.

As you know, projects in the Plan that the GSAs will oversee will not be implemented until they are
vetted, refined and approved by the GSA boards. At that time, any coordination or integration with
other project proponents can be defined.

Thank you,
Mary

From:�Ben�King�[mailto:bking@pacgoldag.com]��
Sent:�Monday,�October�25,�2021�11:38�AM�
To:�Mary�Fahey�<mfahey@countyofcolusa.com>;�Grant�Davids�<grant@davidsengineering.com>�
Cc:�Ben�King�<bking@pacgoldag.com>�
Subject:�Sycamore�Marsh�Farm�Recharge�PMA�Comments�
�

Hi�Mary�and�Grant,�
�
I�was�able�to�see�the�PMA�submission�for�the�Sycamore�Marsh�Farm�Recharge�Project.����It�seems�like�a�great�project�but�
I�wanted�to�point�out�that�part�of�the�project�area�is�land�that�is�owned�by�T&M�King�Farms�LLC�which�is�owned�and�
managed�by�me.���I�have�included�the�map�that�was�part�of�Appendix�2C�and�circled�the�portion�of�the�parcel�owned�by�
T&M�on�the�east�side�of�the�Colusa�Basin�Drain.����I�also�want�to�mention�that�there�should�be�close�coordination�with�
the�land�owned�by�John�and�Tina�Dunlap�directly�to�the�south�of�the�Marsh�project�area�since�it�is�also�part�of�the�
Sycamore�Slough.���Since�the�project�includes�the�Sycamore�Slough�the�whole�of�the�Slough�south�of�Grimes�Arbuckle�
road�will�have�to�be�included�in�the�project�since�it�is�part�of�the�same�waterway�and�ecosystem.���I�know�this�area�well�

�
REMINDER:�This�email�originated�from�outside�of�the�organization,�only�you�can�prevent�ransomware�attacks.�Do�not�click�links�
or�open�attachments�unless�you�recognize�the�sender�and�know�the�content�is�safe.�When�in�doubt,�contact�the�Helpdesk�at�
helpdesk@countyofcolusa.com.��
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because�the�Dunlap�property�and�parts�of�the�Marsh�property�because�it�was�originally�owned�by�my�great�grandparents�
as�part�of�the�Sherer�and�King�pioneer�farms.�����
�
We�would�love�to�be�included�on�this�project.�
�
Best�Regards,�
�
Ben��



From: Mary Fahey

To: Choppin, Corin

Cc: Ceppos, David M; Lisa Hunter; Grant Davids

Subject: FW: Public Meeting Follow Up

Date: Thursday, November 4, 2021 9:18:45 AM

Hi Corin;
See below, questions from the October 13 virtual SGMA Series meeting (she
watched the recording), for the admin record.

I also have some information to share from our legal counsel regarding what
comments need to be documented in the record and in Appendix 2A. Maybe we
can discuss on the call today if that is still on?

Thanks,
Mary

From: Mary Fahey

Sent: Thursday, November 4, 2021 9:12 AM

To: 'Ashley Driver' <ashley.mcarthur13@gmail.com>

Subject: RE: Public Meeting Follow Up

Hi Ashley;
To answer your questions:
Was follow-up information provided on how the groundwater pumping fees will be
calculated?
There have been no decisions regarding a pumping fee. Those discussions will
start happening early next year. It is still to be determined how/if fees will be
instated. Those discussions and decisions will happen at public GSA Board
meetings. There may be other subcommittee meetings where
recommendations for the Boards will be developed.

Also, how easy is it to adjust our compliance markers (e.g. minimum thresholds)? Is there a
formal process, is the public included, and does the state have to approve changes?
The GSAs are required to report annually on their progress and to update the
Plans every five years. They can adjust the Sustainable Management Criteria
during these updates. Any adjustments will need to be justified to DWR with
data and reasoning, and DWR will have to approve any changes. It will be a
public process, likely similar to what has been done the last couple years with
information coming to the Technical Advisory Committees at public meetings
and then to the Boards at their public meetings for final decisions.

I hope that answered your questions. Let me know if anything is not clear.
Thank you,
Mary

From: Ashley Driver [mailto:ashley.mcarthur13@gmail.com]

Sent: Wednesday, November 3, 2021 11:24 AM



REMINDER: This email originated from outside of the organization, only you can prevent ransomware
attacks. Do not click links or open attachments unless you recognize the sender and know the content is safe.
When in doubt, contact the Helpdesk at helpdesk@countyofcolusa.com.

To: Mary Fahey <mfahey@countyofcolusa.com>

Subject: Public Meeting Follow Up

Hi Mary!

Thank you for sharing the meeting recording. I finally had enough time to watch it this
morning, and a lot of my questions were answered. I appreciate the recording and you sharing
it.

I do have a couple more questions, and I am wondering if you can answer them. Was follow-
up information provided on how the groundwater pumping fees will be calculated? If not,
where can I find that information? Also, how easy is it to adjust our compliance markers (e.g.
minimum thresholds)? Is there a formal process, is the public included, and does the state have
to approve changes?

Thank you, again, and have a wonderful day!

Ashley

--
Ashley Driver, Ed.S.
(530) 665-3441
Driver Performance Improvement



CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you

recognize the sender and know the content is safe.

From: Ben King

To: Mary Fahey; Gosselin, Paul

Cc: Buck, Christina; Ben King

Subject: Arsenic and Connate Sea Water Contamination around the Sutter Buttes

Date: Monday, July 06, 2020 1:17:17 PM

Attachments: Sutter_County_Final_GMP_20120319 (1).pdf
Sutter County GMP Figures.pdf
CA-Arsenic-Report.pdf

Hi Mary, Paul and Christina,

I wanted to follow up regarding my public comment on the last Butte Basin call. As mentioned in

my call, my concern is that the connate seawater under the Sutter Buttes is contaminating

groundwater and drinking water quality.

I have previously sent the SWCB Bulletin No. 6 from 1952 and the PHD Paper by George Curtin from

1971. Bulletin No. 6 reported that pumping depressions were drawing salt brines to the surface

causing groundwater contamination. Curtin’s paper proposes that the connate seawater is moving

laterally through faults around the Buttes and researched several hundred gas well logs to express

this opinion.

According to the Sutter County GMP on Page 23 “The Sutter Buttes Rampart consists largely of

gravel, sand, silt and clay sediments which were deposited circumferentially around the Buttes as a

geologic apron. These sediments may extend up to 15 miles north and west beyond the Sacramento

River. “ On Page 32 the GMP addresses the arsenic contamination issue - “… recent data analysis

suggest a possible correlation between elevated arsenic concentrations and the presence of

volcaniclastic material of the Sutter Buttes Rampart formation.” Since the Colusa and Butter Basins

are within the 15 mile circumference of the Sutter Buttes this would impact the analysis for Lower

Water Quality and potentially Seawater Intrusion SGMA Sustainability metrics. I am mentioning the

Seawater Intrusion metric because of the hydraulic components of pumping depressions and the

physics of natural occurring contaminants moving laterally from higher elevations to lower

elevations in combination of the force of pulling water to the surface by the operation of

groundwater wells.

You will see the elevated EC levels and arsenic levels in the GMP Figures attachments. On Figure 19,

there was an observation at T15NR3E of arsenic at 350 ppm and an EC of 1126. To the south at

14NR2E the observation of arsenic at 370 ppm and an EC of 1400. Since this study was focused on

Sutter County there were not observations for Colusa County and Butter County. For Colusa

County – the attached report regarding Arsenic contamination in public drinking water systems has

the Grimes water district at 23.9 ppm which is the worse levels of toxicity of any public system in the

Sacramento Valley. To the northwest of the Buttes there is a USGS Gamma well ESAC 21 which

seems to be located in the Colusa County portion of the Butte Basic which has an arsenic reading of

80 ppm. Finally ESAC 11 which is due north of the Buttes and appears to be located in Grey Lodge



has an arsenic level of 70.

I can also note that the EPA assessment of the wastewater treatment facility for Yuba City reported

that the high levels of arsenic in the wastewater was apparently from the portion of the Yuba

infrastructure. Since most of the source of the water for Yuba City is surface water from the

Feather River the arsenic contamination is pronounced where ground water is used. Finally as I

mentioned in the past you probably are aware that the EPA has entered into an mitigation

agreement with Sutter County regarding the arsenic contamination at Robbins. As you know Robins

is at lower elevation and due south of the Buttes which would explain the contamination so far away

from the Buttes. Robbins arsenic levels are less than the levels observed at Grimes.

I will send the Yuba City EPA report and the USGS Gamma documents next.

My suggestion would be to pick up where the SWRCB left off in 1952 and examine salt water and

arsenic levels within a 15 mile circumference around the Buttes and set up a monitoring network to

monitor changes in ground water quality going forward. This would not only focus on the southern

part of the Buttes but within the whole circumference.

Thank you for your time and consideration.

Best Regards,

Ben



CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you

recognize the sender and know the content is safe.

From: Ben King

To: Mary Fahey; Gosselin, Paul; Buck, Christina

Cc: Ben King

Subject: Arsenic Attachments Part II

Date: Monday, July 06, 2020 1:38:28 PM

Attachments: USGS Water Quality.pdf
EPA Arsenic yuba_city_2004-05-28_inspection.pdf

Hi Mary, Paul and Christina

The 2006 USGS Study presents the observations wells on Figure 3 – Page . I have attached a photo

of the link to the USGS GAMMA website sorting for Arsenic. I have also include USGS Laux Road

which is ESAC 21 and USGS Gray Lodge which is ESAC 11. On the website you can see the actual

locations on the satellite imagery.

The 2004 EPA assessment for the Yuba City Sewage infrastructure addresses the arsenic issue on

Page 10. It ascribes more than half of the arsenic contamination to groundwater.

Thanks again for your time and consideration

Best Regards,

Ben



CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you

recognize the sender and know the content is safe.

.
ATTENTION: This message originated from outside Butte County. Please exercise judgment before opening

.

From: Ben King

To: Buck, Christina; Mary Fahey; Gosselin, Paul

Subject: RE: Arsenic and Connate Sea Water Contamination around the Sutter Buttes

Date: Wednesday, July 08, 2020 2:10:07 PM

Hi Christina,

Thank you very much. I appreciate the follow up.

Best Regards,

Ben

From: Buck, Christina <CBuck@buttecounty.net>

Sent: Wednesday, July 8, 2020 2:06 PM

To: Ben King <bking@pacgoldag.com>; Mary Fahey <mfahey@countyofcolusa.com>; Gosselin, Paul

<PGosselin@buttecounty.net>

Subject: RE: Arsenic and Connate Sea Water Contamination around the Sutter Buttes

Hi Ben,

Thanks for the information and additional reports. I did reference some of the reports you had sent

me earlier in the draft of the HCM for the Butte subbasin. That document will hit the street for

public comment later this summer.

I will pass your emails and attachments along to the consultant team (Davids Engineering) for their

reference and consideration as they continue supporting GSP development and completion.

I will also forward your emails to Tania Carlone, the facilitator for the Butte Advisory Board (BAB), so

she can include it as correspondence in the future to the BAB since this is helpful follow up to the

comment you made at their last meeting.

Best,

Christina

From: Ben King <bking@pacgoldag.com>

Sent: Monday, July 06, 2020 1:16 PM

To: Mary Fahey <mfahey@countyofcolusa.com>; Gosselin, Paul <PGosselin@buttecounty.net>

Cc: Buck, Christina <CBuck@buttecounty.net>; Ben King <bking@pacgoldag.com>

Subject: Arsenic and Connate Sea Water Contamination around the Sutter Buttes



attachments, clicking on links, or replying.

Hi Mary, Paul and Christina,

I wanted to follow up regarding my public comment on the last Butte Basin call. As mentioned in

my call, my concern is that the connate seawater under the Sutter Buttes is contaminating

groundwater and drinking water quality.

I have previously sent the SWCB Bulletin No. 6 from 1952 and the PHD Paper by George Curtin from

1971. Bulletin No. 6 reported that pumping depressions were drawing salt brines to the surface

causing groundwater contamination. Curtin’s paper proposes that the connate seawater is moving

laterally through faults around the Buttes and researched several hundred gas well logs to express

this opinion.

According to the Sutter County GMP on Page 23 “The Sutter Buttes Rampart consists largely of

gravel, sand, silt and clay sediments which were deposited circumferentially around the Buttes as a

geologic apron. These sediments may extend up to 15 miles north and west beyond the Sacramento

River. “ On Page 32 the GMP addresses the arsenic contamination issue - “… recent data analysis

suggest a possible correlation between elevated arsenic concentrations and the presence of

volcaniclastic material of the Sutter Buttes Rampart formation.” Since the Colusa and Butter Basins

are within the 15 mile circumference of the Sutter Buttes this would impact the analysis for Lower

Water Quality and potentially Seawater Intrusion SGMA Sustainability metrics. I am mentioning the

Seawater Intrusion metric because of the hydraulic components of pumping depressions and the

physics of natural occurring contaminants moving laterally from higher elevations to lower

elevations in combination of the force of pulling water to the surface by the operation of

groundwater wells.

You will see the elevated EC levels and arsenic levels in the GMP Figures attachments. On Figure 19,

there was an observation at T15NR3E of arsenic at 350 ppm and an EC of 1126. To the south at

14NR2E the observation of arsenic at 370 ppm and an EC of 1400. Since this study was focused on

Sutter County there were not observations for Colusa County and Butter County. For Colusa

County – the attached report regarding Arsenic contamination in public drinking water systems has

the Grimes water district at 23.9 ppm which is the worse levels of toxicity of any public system in the

Sacramento Valley. To the northwest of the Buttes there is a USGS Gamma well ESAC 21 which

seems to be located in the Colusa County portion of the Butte Basic which has an arsenic reading of

80 ppm. Finally ESAC 11 which is due north of the Buttes and appears to be located in Grey Lodge

has an arsenic level of 70.

I can also note that the EPA assessment of the wastewater treatment facility for Yuba City reported

that the high levels of arsenic in the wastewater was apparently from the portion of the Yuba

infrastructure. Since most of the source of the water for Yuba City is surface water from the

Feather River the arsenic contamination is pronounced where ground water is used. Finally as I

mentioned in the past you probably are aware that the EPA has entered into an mitigation

agreement with Sutter County regarding the arsenic contamination at Robbins. As you know Robins

is at lower elevation and due south of the Buttes which would explain the contamination so far away



from the Buttes. Robbins arsenic levels are less than the levels observed at Grimes.

I will send the Yuba City EPA report and the USGS Gamma documents next.

My suggestion would be to pick up where the SWRCB left off in 1952 and examine salt water and

arsenic levels within a 15 mile circumference around the Buttes and set up a monitoring network to

monitor changes in ground water quality going forward. This would not only focus on the southern

part of the Buttes but within the whole circumference.

Thank you for your time and consideration.

Best Regards,

Ben
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Colusa Subbasin GSP Projects and Management Actions (PMAs) Submittal Form 

Overview 
The purpose of this form is to gather ideas for potential projects and management actions 
(PMAs) that could be evaluated and ultimately included in the Colusa Subbasin GSP.  Once ideas 
are gathered, an initial screening and evaluation process will be conducted, followed by ranking 
of potential PMAs for more detailed evaluation and inclusion in the initial GSP. 

Potential PMAs may fall under several categories, including but not limited to the following: 

• Recharge projects 
• Supply augmentation projects 
• Water conservation projects 
• Projects to reduce non-beneficial consumptive use 
• Groundwater pumping allocations 
• Monitoring programs (groundwater pumping, water levels, stream flows, etc.) 

Please provide supporting documentation and/or links to that documentation for each 
question, if available.  NOTE:  It is recognized that much of the requested information may not 
be available at this time.  Please provide as much information as you can. 

Project Name and Contact 
Project or Management Action Name:  Boards In Program 

Contact Person:  Lewis Bair or Bill Vanderwaal 

Organization/Affiliation (Project Proponent): RD-108 

Contact Phone: 530.437.2221 

Contact Email: wvanderwaal@rd108.org 

Project or Management Action Description and Status 
 

Project or Management Action Description: 

Institute a voluntary or financially incentivized program to have landowners leave their spill 
board in place during the winter to capture rainfall and hold it on the fields for recharge. 
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Project or Management Action Location (please provide a map if available):  Any fields with spill 
boards throughout the subbasin. 

 
 

Which Sustainability Indicator(s) does this Project or Management Action address: 

1. Groundwater levels 

 

Project or Management Action Status (Conceptual, In Design, Ready for Implementation): 

Ready for implementation 

Has a feasibility assessment been conducted? If so, please list the agency and provide the 
documentation (or provide web link to download). 
Not required for a voluntary program. 
 
Estimated Cost: 
Zero for voluntary program. 
 
Potential Funding Sources: 
 
 
Management Action or Project Yield (e.g. water contributed to the groundwater system, acre-
feet per year): 
Depends on rainfall and infiltration rate of field.  It might be low for high clay content fields but 
still better than letting the precipitation runoff. 
 
Please describe any required Permitting and Regulatory Process and status of permitting and 
CEQA/NEPA compliance: 
N/A for voluntary program. 
 
Does this Management Action or Project serve a disadvantaged community? If so, which 
one(s)? 
 
 
Additional Information Sources: 
 
 
Other Information: 
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Byron Clark

From: Emil Cavagnolo <ecavagnolo@oawd.org>
Sent: Tuesday, July 7, 2020 5:22 PM
To: Byron Clark
Cc: Lisa Hunter
Subject: OAWD Recharge Information
Attachments: SCF WIRME conceptual model 2003 r.pdf; SCF WRIME Hydro model 2003 r.pdf; Stony Creek Fan 

CWMP Feasibility Investigation r.pdf; MAR_Orland 02-2019.pdf; OAWD VanTol Recharge Project 
2017.pdf

Follow Up Flag: Flag for follow up
Flag Status: Completed

Byron, 
 
I attached some files on recharge projects the District has participated in.  OAWD has a group of farmers who are 
investigating annexing over 7,000 acres into the District.  They will be looking to integrate recharge projects to make the 
annexation more appealing.  We are in the early stages but it is something to be thinking about. 
 
Best regards,  
 
Emil Cavagnolo, General Manager 
Orland-Artois Water District 
P.O. Box 218 
6505 Road 27 
Orland, CA 95963 
O 530-865-4304 
F 530-865-8497 
C 530-518-5060 
ecavagnolo@oawd.org  NEW 
https://www.oawd.org/ 
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