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INTRODUCTION/QUALIFICATIONS

I am Christopher H. Neudeck, P. O. Box 844, Stockton, California 95201. I1am a
registered Civil Engineer in the State of Califomia and have worked with the Delta Islands
including flood control, drainage and irrigation for the past twenty-five (25) years. Tam the
District Engineer for numerous reclamation districts in the Sacramento/San Joaquin Delta (Delta)
and I am familiar with the history of reclamation of lands in the Delta including the Upper
Division of Roberts [sland which is the area of concern in this proceeding. The engineering firm
of Kjeldsen, Sinnock & Neudeck, Inc. of which I am a principal is the engineer for Reclamation
District No. 544 which encompasses the area of concern and adjoining districts Reclamation
District No. 17 and Union Island Reclamation Districts 1 and 2. 1 am very familiar with the area
including the waterways, levees, drains and irrigation facilities. A statement of my qualifications
is submitted as a separate exhibit.

My testimony involves two main areas. The first is the review and mapping of title and
other documents. The second is a summary of the irrigation and drainage practices of the
southern Delta, and how these practices evolved over time.

With regard to the first, I begin with the Chain of Title produced for the Mussi property
by Central Valley Land Service Company. T understand the research and production of
documents was done by Mr. Thurl Pankey, one of the principles of Central Valley Land Service
Company and any of his associates.

The Mussi property is San Joaquin County Assessor’s Parcel No. 131-170-03. The tax
assessor parcel map showing this parcel is Exhibit 3A to this testimony. Hereinafter, I will refer
to this property as either the “Parcel” or the “Mussi Parcel.” :

When mapping this Parcel, I have ignored any deeds or indentures which date prior to the
Parcel being patented from the State of California per instructions by counsel. By way of patent
dated November 24, 1876, the State of California patented a very large tract of land to Mr. I, P.
Whitney. This large tract included the Parcel; see Exhibit 3B. For this and other relevant deeds,
the exhibit includes our mapping of the deed.
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On January 17, 1877, Mr. Whitney transferred a portion of the land patented to him to
Mt. Morton C. Fisher; see Exhibit 3C. These transferred lands included the Parcel and were
generally those lands east and south of what was know as High Ridge Levee/Duck Slough.

On March 15, 1877, Mr. Fisher transferred his lands to James Stewart, James Burton, and
James King; see Exhibit 3D. ‘

On April 28, 1891, Stewart, Burton and King transferred their lands to Mr, Joseph
Vasquez; see Exhibit 3E. This transfer separated the parcel from any surface connection to the
main waterways of the time, Middle River, San Joaquin River, Burns Cut-off, or Whiskey
Slough. This Vasquez land (which included the Parcel) abutted what was then labeled as a
“cross levee.” However, earlier deeds described this line as ©. . . the levee constructed along
High Ridge and Duck Slough. . .” see, for example, the language in Exhibit 3D. The last deed I
have mapped created the parcel in its current size and is attached hereto as Exhibit 3F.

Of further note in this 1891 deed is the language “Together with all and singular the
tenements, hereditaments and appurtenances thereunto belonging, or in any wise appertaining
and the reversion and reversions, remainder and remainders, rents, issues and profits thereof.”

The Vasquez land remained the same size as when it was first created until it was
subdivided. This subdivision created two parcels, one of which is the Parcel; see Exhibit 3G.
The Mussis became the owners of the Parcel by way of deed from Milton Welser, as Trustee (of
his own Trust) dated June 7, 1999.

I have also prepared further exhibits which provide additional historical background and
facts as they may relate to the Parcel.

Exhibit 3H includes the San Joaquin County Assessor’s maps for the years 1876 through
1919, with the years 1877, 1878, 1909 and 1910 missing. These records are from the Micke
Grove Historical Society, which is not aware of the locations of the “missing” maps. The map
for 1876, shows a “blue” line along what was known as Duck Slough/High Ridge Levee; see
Exhibit 31. This line stretches from Burns Cut-off all the way to Middle River. Other documents
confirm and/or suggest this was the route of Duck Slough on Roberts Island. Based on my
expertise in mapping and reading maps, 1 believe this line indicates that Duck Slough had water
in it at the time the tax assessor map was drawn.

T would like to note the method by which the levees, such as the “High Ridge Levee”
were created. To create a new levee or improve a “natural” one, soil must be piled up. The easy
and economical source of such soil was the immediate area around and near the levee site.
Hence, dredges (or even hand labor) would remove soil in the vicinity of the levee site and would
pile it up on the existing berm or levee. The “borrow pits” which were the sources for this soil
were commonly located along the route of the levee. When the levee followed an old slough, it
was common for the soil to be taken from the slough. The removal of soil deepened/widened the
existing slough channel as soil was removed to build up the levee. We know that in this
particular area, due to the depth to groundwater, digging a hole/trench/canal immediately results
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in the channel filling with water seepage. When this was done to an existing slough, it created a
larger source of open water fed from the main channel to which the slough connected.

In this case, we actually have a written source which confirms this enlargement of the
slough abutting the Property. One of the early dredges (which were “floating steam shovels™),
the Sampson, was actually used to create/improve the High Ridge Levee. The Sampson and its
sister dredge the Goliath, were launched in 1875. '

The Sampson’s first job was on Duck Slough and Burns’ Cut-off levees of
Roberts Island (FN), but the water was so low that the equipment could not make
headway unless a channel 30 by 7 feet was dug.

The footnote from the above quote states:

- The levee followed the right bank of the slough southwestward toward Middle
River from the slough’s outlet on Burn’s Cut-off, The present Honker Lake Tract,
the Pocket, and Roberts Island north of the Santa Fe right-of-way (including
McDonald Island) would be north of the levee.

This quote is from The Settlement Geography of the Sacramento-S5an Joaquin Delta,
California; at page 267. Exhibit 3] is the entire document, and Exhibit 3K is the subject page.

This description in the Settlement Geography confirms the process of using the slough
jtself as the borrow pit, and the deepening of the slough along High Ridge Levee; Duck Slough.
Such deepening was necessary to transport the floating dredge which was improving the levee.

From this [ conclude that from very garly on (1875), Duck Slough (abutting the Parcel)
was improved to the extent the Slough became a substantial waterway (with the very
approximate dimensions of 30' wide by 7' deed’).

Exhibit 3L is another of the Assessor’s Maps, this one dated 1881-1882. As we can see,
it includes a “blue” line along the dotted lines. Iinterpret these marks to be the Assessor’s
notation of both the High Ridge Levee and Duck Slough, Again, the Parcel abuts these features.

Exhibit 3M is the Map of a Portion of Roberts Island dated 1883 (owned by M. C. Fisher
and produced by Tucker & Smith, Civil Engineers, Stockton) This map shows a hashed line
which represents a levee (labeled “Cross Levee™) from Bums-Cutoff (a portion of the San
Joaquin River south of Rough and Ready Island) running, generally, southwest down to Middle
River. In addition to the dashed levee line, there is also a solid line running along the same route.
This line indicates a smaller waterway (as opposed to the larger waterways indicated by two solid
lines). Thus we have an interior island slough which connects the San Joaquin River to Middle
River. This supports the conclusion that the blue line on the 1876 Assessor’s parcel map indeed
represents a waterway. This slough and levee are the dividing line between Middle Roberts and
Lower Roberts. Again, the Mussi Parcel abuts High Ridge Levee/Duck Slough.



Exhibit 3N is the California State Engineer Department Topography and Irrvigation Map
of San Joaquin County, dated 1886. This map shows Duck Slough running from Township 1
North, Range 5 East, Section 12, Mount Diablo Baseline and Meridian to Township 1 North,
Range 5 East, Section 27 Mount Diablo Baseline and Meridian. The Parcel is in the middle of
Section 27 and abuts the Duck Slough line on this map.

Exhibit 30 is the 1894 Stockton-Bellota Drainage District map produced by the
California Commission of Public Works This map also shows Duck Slough extending from
Burns Cut-off.

Exhibit 3P is the USGS Holt Quadrangle Map of 1911. This map includes coloring of
known waterways. As can be seen, the USGS noted that a waterway existed in this same Duck
Slough, with water reaching also down into Section 27, It is evident from the countours marking
depressions along the east side of High Ridge Levee that a wet slough was present along the
length of the High Ridge Levee, although not all portions of the slough were drawn with blue ink
on the 1911 USGS Holt Quadrangle Map of 1911.

Exhibit 3Q is the Map of California Delta of the Sacramento and San Joaquin Rivers
compiled by Captain Weathers and Captain Petzinger, and dated 1921. This map is important
because it locates a major interior island slough that appears to open/connect to Middle River.
This large slough does not reach the Parcel, but it is very near to it, reaching from Middle River
northward to the old site of the Kingston School (founded no later than 1881). Confirming this
large interior island slough, is the 1941 Map of Lands Served by Woods Irrigation Company

-attached hereto as Exhibit 3R. As we can see, even as late as 1941, there was a significant
interjor island slough in this location, meaning that water was available for use on the lands in
the area. This slough, according to the 1941 map runs all the way to Trapper Slough.

Exhibit 38 is the Denny's Pocket Map of San Joaquin County, dated 1913. Besides
showing cities and Sections, the map’s legend indicates it also identifies “Roads, Private Roads,
Railroads, Electric Railroads, Creeks and Ravines, Canals, and County Boundary Lines™
(emphasis added). Clearly identified as a “canal” or “canals” are lines which follow Duck
Slough/High Ridge and the slough running to and past Kingston School. These are connected by
a short east-west canal from the School’s location to approximately where the USGS and State
Engineer Department maps show water in Duck Slough.

This interconnection between the slough running up from Middle River to Kingston
School and the old Duck Slough is confirmed by the 1976 Department of Water Resources Areal
Geology Sacramento-San Joaquin Delta map, attached hereto as Exhibit 3T. This map clearly
shows that the water from Middle River is connected to the water in the slough abutting the
Property, even as late as 1976,

I conclude that the two sources of water (Duck Slough and the slough running past
Kingston School) were connected to the Parcel. Based on the Denny's Pocket Map of San
Joaquin County's (Exhibit 38) use of the term “canal,” this water was intentionally provided to
the lands along these waterways. As we see, these sources of water run directly by, and abut the
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Parcel. Any contrary conclusion is not supported by the facts. Since we know that the Kingston
School slough existed through at least 1941, it is logical to conclude that water could be
distributed through all the connecting canals,

[ refer back to the description of the Sampson dredge’s activities in building a levee along
Duck Slough and its “creation” of a 30" wide by 7' deep channel to allow the dredge to float and
be moved. The combination of designated waterways, enlarged waterways, interconnection with
other waterways, canals and sloughs many years before the Parcel was separated from the main
channels to many years after, the only reasonable conclusion is that the Property maintained a
connection to the neighboring waterways and thus was net severed as of 1891.

For ease of reference, we have included Exhibit 3U which combines a number of
references to water sources onto a map which also shows the outline of the Parcel,

I have also reviewed the testimony of Michael Robinson which indicates that the Parcel
received water from Woods Irrigation Company sometime prior to 1925. He also states that in
1925, the current supply system was formalized, though it had functioned (supplied water to the
Parcel) before that date.

The evidence for the Mussi Parcel is overwhelming. Not only do we have numerous
sources showing Duck Slough having water in it well past the date the Parcel was separated off
from the main channels, we have water in it at least as of 1911, then in 1913 (the Denny’s Pocket
Map) ‘we have canals along Duck Slough and connecting to a slough that existed through 1941,
and supply by Woods Irrigation Company up to the time the current system was installed. There
can be little doubt the owners of the Parcel maintained a continuous connection to water for
irrigation purposes from 1891 through the date of their current supply system used today.

The second part of my testimony deals with the historical irrigation and drainage practices
of the area. Attached hereto as Exhibit 3V which is a copy of my testimony before this Board in
the Term 91 ACL hearings held in February, 2003. I will only briefly summarize that testimony
now, and can provide more detailed explanations/clarifications when called as a witness.

Briefly, the area in question, like much of the Delta was originally designated Swamp and
Overflowed Lands during the original federal surveys of public lands in California. This
designation was due to flooding that occurred during times of high flows on the San Joaquin,
Sacramento, or other tributaries to the Delta. This regular process created innumerable
waterways stemming from the main channels, including large sloughs, small sloughs, and smaller
dendritic channels.

The banks of the channels were the natural high ground due to sedimentation of the
materials carried by the high flows. The first farmers in the area used these high grounds locate
their buildings and for farming. These farmers then attempted to construct levees to protect their
lands from the high flows and to drain them (as necessary) for full reclamation. In this process,
the natural high grounds along the sloughs and other channels were generally used as the
foundation, or beginnings of the levee, This explains why many of the current surface features in
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the area are not straight lines, but followed the meandering courses of current or historic
waterways.

As levees were constructed around the lands in the Delta, interior channels were dammed
at the point they intersected the levee. At these dams they installed sluice or flood gates so that
they could regulate the water in the slough being severed by levee construction.

The flood gates were constructed for two main reasons. The slough was used to drain the
lands as necessary. This was done by allowing seepage to fill the slough, and then open the
sluice gate during the low tide. Under those conditions, the slough would drain into the main
channel and the desired drainage of the land was accomplished. The second purpose of the sluice
gate was for irrigation. By opening the gate during high tide or high flow conditions, the slough
would fill with water. This water was either pumped out of the slough, allowed to flow over the
lands via natural gradients, or simply held in the channel to sub-irrigate the lands. The method
used depended of course on the topography, and the extent of the improvements the landowners
had installed and operated. Whichever method was used, the farmers certainly took advantage of
this system and these capabilities because the application of water vastly improves crop
production and minimizes the vagrancies of weather and river flow.

Since the southern Delta is mostly higher elevation than the central Delta, the sluice gates
on old sloughs were probably used for irrigation more than drainage. However, the southern
Delta does have a high water table (directly connected to the water in the neighboring channels
and the elevation of that water) and thus did require regular drainage.

As time passed, the farmers installed more modern and efficient systems, including
pumps and the sluice gates were slowly replaced. They also eventually filled in the sloughs and
so replaced them with smaller canals or pipelines.

This desecription of reclamation and irrigation practices in the Delta is not speculation,
Besides the numerous historical references to these practices (both cited in my Term 91
testimony and in Mr. Nomellini’s testimony) I have personally been involved in levee projects
which have located, removed or filled in at least four (4) of these old sluice gates. In fact, [
believe Mr. Nomellini’s testimony identifies others still in operation. [have also had many
conversations with local farmers who either knew of these gates and the practices 1 have
referenced, or actually were involved in the operation of these gates.

There are other relevant circumstance pertaining to the Parcel. From both the USGS map
referenced above and the materials cited/used by Mr. Lajoie, we see that the Parcel is at or below
sea level, both as of the time it was separated from having a surface connection to the main
channels through the present. This means that it was, and remains directly connected to the main
channels of the Delta. When high flows or high tides occur, any old channel or slough fills to the
same level as the neighboring channel, Before the Parcel was fully protected by levees, the water
would inundate the land, both through surface and subsurface flow. After the construction of
levees for reclamation purposes, the subsurface flows continue to saturate the reclaimed land.



This area in general, and the Parcel in particular, operate drainage systems to deal with this
saturation.

As you can in Exhibit 3V (specifically section IL., Exhibit “G”) which is my testimony
submitted in the Term 91 hearings, the surrounding groundwater is directly connected to the
waters in the neighboring channels. As I stated in that proceeding:

This hydrologic conductivity is important to understand the local water supplies.
The entire Delta is one big pool of water; some in the channel and some in the
soils. There is no net difference in the amount of water in the Delta channels
when local diverters take from neighboring channels, pump from shallow
groundwater, or farm crops which draw from the shallow groundwater. Taking
water from one place is virtually the same as from another. This is especially true
during summer and fall months when the three tidal barriers are in operation as
they hold high tide waters around Upper Roberts Island and thus prevent any
depletion of the channel waters from causing low levels which might affect other
diverters.

In conclusion, the pertinent records indicate that as the ownership of the Parcel changed
over time, it was always either abutting a channel, or connected to a supply system which could
deliver water to it.



State Water Resources Contral Board
Tert 91 ACL Hearing

Exh: “DWA -@3

For Ident; [n Evidence:

TE (8] CHRIS ECK

T'am Christopher H. Neudeck, P. O. Box 844, Stockton, California 95201, I am a
registered Civil Engineer in the State of California and have worked with the Deita Islands
including flood control, drainage and irrigation for the past twenty (20) years, I am the District
Engineer for numerous reclamation districts in the Sacramento/San Joaguin Delta (Delta) and I
am familiar with the history of reclamation of lands in the Delta including the Upper Division of
Roberts Island which is the area of concern in this proceeding. The engineering firm of Kjeldsen,
Sinnock & Neudeck, Inc. of whichl am a principal is the engineer for Reclamation District No.
544 which encompasses the area of concern and adjoining districts Reclamation District No. 17
and Union Island Reclamation Districts 1 and 2, { am very familiar with the area including the
waterways, levees, drains and irrigation facilities. A statement of my qualifications is submitted
as a separate exhibit. :

I The Sacramento/San Joaquin Delta of which the upper division of Roberts Island is a part
is the area where the Sacramento River system and San J oaquin River system merge and
interface with tidal water. At the early times most relevant herein (mid 1800'5), the area was
recognized as swamp and overflowed land. The area has been described as the “Holland of
America” where the deltas of the two river systems overlap. Like the branches of a tree, the river
systems merging in the Delta divided and redivided into hundreds and perhaps thousands of
channels which then rejoined into a single channel passing through the Carquinez Straits,
(Exhibit “A™.) These dendritic channels distributed the sediments suspended in the river flow.
Heavier particles such as sands would settle closest to the channels resuiting in a bank or area
adjacent to the channel which is higher than the adjoining land. These bank areas rimmed tidal
swamps with a gradient falling away from the channels, The gradient has over time been
intensified by oxidation and deflation of drained peat, compaction and burning, (See Exhibit
“C,” The Settlement Geography of the Sacramento-San Joaquin Delta, pages 290-294.)

Prior to the construction of levees, the river flow would pass over all of the lands and
dendritic channels for a number of months of most years, The entire area comprised the bed of
the river with a variable depth. Water would be shallowest over the channel bank area. During
periods of Jow river flow, water would essentially flow only through the dendritic channels.

In order to reclaim the swamp and overflowed lands, levees and floodgates were
constructed to drain the lands. Although initially piecemeal and relatively small scale, the
reclamation process evolved into a large scale effort, As relevant to Upper Roberts Island, the
large scale effort commenced prior to June of 1879 (See Exhibit “B”, Daily Evening Herald,
June 27, 1879.) Levees were eventually constructed along the major channels now called the San
Joaquin River, Old River, and Middle River. I have seen references to Old River as Old San
Joaquin River and to Middle River as the Middle San Joaquin River.

Construction of the levees involved crossing or damming a number of the dendritic
channels of various sizes which commonly are referred to as sloughs. The common practice was
to install floodgates (a conduit with a mechanism for closure) in the levees {(dams) at the point of
crossing to provide for drainage and/or irrigation. (See Exhibit “C”, & e h
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of the Sacramento-San Joaquin Delta, pages 244 and 245, which describes the general practice of

damming sloughs and instailing stuiceways which I call floodgates.) The floodgates of course
would be closed at times of high river flows, Many were equipped with flap gates on each end so
that tidal pumping could be used to enhance drainage or irrigation, In the case of irri gation, the
flapgate on the inside of the island would open on the incoming tide and close on the outgoing
tide, thereby helping to maintain a full slough or ditch to improve the distribution of water to the
various fields. Early floodgates included a variety of conduits. Some were rectangular pipes or
boxes made of redwood, brick, or cement and others were riveted steel pipes or clay pipes. There
are a number of floodgate and slough-type irrigation facilities still operating in the Delta. On
Upper Roberts Island, all appear to have been replaced by irrigation pumps and pipelines and
drainage pumps and canals. In some cases, drainage pumps discharge water into the irrigation
pipelines which direct the water by way of backflow to the river.

Impacts on irrigation season water levels by water development and channe) dredging, the
need for more efficient irrigation and drainage practices and the desire to improve levee integrity
are obvious factors which encouraged the shift from the slough and floodgate gravity systems to
pumps, ditches and pipelines on Upper Roberts Istand.

Exhibit “D” is a 1912 Topographic Map of Upper Roberts Island on which I have plotted
what I believe are the dendritic channels in the area of Upper Roberts Island which abyt the
properties which are the subject of this proceeding, The channel locations are confirmed by
aerial photos of the area on which the sedimentary soils deposited along the dendritic channels is
reflected as the lighter colored area. (See, for example, Exhibit “E™.) Although these channels
do not at the present convey surface water to the subject properties, they do continue to serve as
conduits for the river water to pass below the ground surface to such parcels. It is my opinion
that such channels conveyed surface water to the subject parcels from at least 1850 until the time
that replacement irrigation facilities were installed. As discussed hereinafter, there are still
remnants of such channels, floodgates and other irrigation facilities which confirm the use of
irrigation water and the lack of severance for the subject parcels. The passage of time has tended
to mask the existence of historic sloughs. Meandering roadways and property lines have been
straightened, sloughs have been filled and replaced by ditches and pipelines and floodgates have
been removed to reduce the threat of levee failure. Farmers have “squared up” and leveled their
fields. In many cases, the upper portions of the slough sediments were removed and exported or
mixed with adjoining soil to make farm field soils more uniform.

With minor exceptions, all of the lands within the upper division of Roberts Island have
from the time of reclamation been devoted to farming, The need for and use of surface water for
growing crops has always been of paramount importance, Extending back even before the time
of patent of lands by the State, the landowners and farmers on Roberts Island including Upper
Roberts Island were beneficially using the surface water to grow crops. While at first beneficial
use was limited to the moisture gained from natural overflow of the land to be planted to crops
irrigation with surface water soon followed,

" “Some irrigating had been done earlier, but the practice does not appear to
have become a common part of delta farming until the 1870's. Flood irrigation
had been tried on small grain by 1871, but was given up because of the excessive
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weed growth that resulted. For other crops land soaking before planting or flood
irrigation were practices in use during the 1870's. Subirrigation prior to plowing
and planting dates from the same decade; it was originally used for beans and
potatoes or to encourage the growth of a volunteer hay crops. Since then
subitrigation has been used on all growing crops,

Irrigation water was delivered to the backswamp land through tidal gates
and drainage ditches in the 1870's. Filled mains backed water into field ditches of
two- to four-foot depth; from these the water spread along the six-inch- to two-
foot-deep laterals (“spud ditches™) which were spaced at intervals of 65 to 85 feet.
Seepage occurred in the peat soils. Water levels were controlled with dams across
the ditches,

Water delivery systems independent of drainage ditches were in use by the
latter 1870's. These systems were maintained by the farmer, oniy the drainage
system being the responsibility of the reclamation districts. Water wheels,
windmills, and low-head pumps were used on the higher alluvial banks where
furrow and check irrigation were the rule. Gravity flow and siphons after the
1900's were used on the lower tracts, . . .” (Exhibit “C,” The Settlement

Geography of the Sacramento-San Joaquin Delta, pgs. 310 - 312.)

“The conversion of natural levees into farm land on Roberts Island may be
credited to Chinese lessees who, at least by 1869, were establishing truck and fruit
gardens on the San Joaquin River side of Roberts Island. South of Rough and
Ready Island the cleared land had become an almost continuous series of 6- to 50-
acre cultivated plots by 1875. The farmed strip stretched into the island 200 to
500 feet. Another 60-acre strip of cultivated levee was located on the west side of
the island to the north of the Pescadero Grant line. Here and there along the levee
were the homes and bams of a dozen white families, chiefly grain and bean
farmers and stock owners. Scattered clusters of Chinese gardeners occupied the
Grant land. Like the renters to the north, the Chinese raised onions, beans, and
blackberries, ‘ ‘

Once the land development companies began to reclaim the backswamps
in the 1870's, the Jand use pattern changed. Extensive grain fields appeared over
the interior of Roberts Island. The white lessees were mainland residents as well
as island settlers, Most of the latter lived within a mile of the river; their houses
occupied slight alluvial prominences amidst the grain fields. Some of their farm
structures had been built by the land developers as base camps for the reclamation
and land clearing crews. In addition to the expansion of grain fields over the
interior of the island, an enlargement of bean and potato acreage occurred near the
tiver, where the thrifty Chinese and Italians even planted on the artificial levee, A
few small deciduous orchards were scattered around the higher periphery too.”
(Exhibit “C”, The Settlement Geography of the Sacramento-San Joaquin Delta,

pgs. 322-324.)

oL

Attached hereto are copies of historic newspaper articles supporting the above.
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Exhibit “F* is an article from the Daily Evening Herald for May 12, 1879, titled “A Trip
to Roberts Island”. In addition to the verification of the farming activities, the article reports the
irrigation facilities and floodgate of Matthews & Lowry.

“Messrs. Matthews & Lowry, who own a portion of this section of the
island, have placed a flume through the levee with the intention of establishing a
thorough system of itrigation on their land, if they are successful in making this
flume, which is quite a large one, capable of carrying several thousand inches of
water, work.”

The referenced flume appears to be located in the same area as the dendritic sloughs
which I have identified along Old River.

Exhibit “B” is an article from the Daily Evening Herald for June 27, 1879, titled “Crops
and Prospects on Roberts’ Island”, The article verifies crop production and further provides;

“Roberts Island is rapidly assuming the appearance of a settled and
prosperous community. It requires no stretch of the imagination and no
confidence in the improbable, to picture this Island as the most prosperous part of
the county, and the very garden spot of the State,”

The garden spot vision for the area confirms the lack of evidence of any intent of any of
the landowners to abandon their rights to obtain water to grow crops,

IL.  Iwasalso asked to investigate the relationship between the shallow subsurface water
under Upper Roberts Island and those of the neighboring channels. 1 have extensive experience
with this issue. Over the years of my engineering work in the Delta, I have dealt with flood
waters, seepage, and drainage issues. I testified on this issue in the Delta Wetlands hearings
before the Board.

For the area of concemn, Upper Roberts Island, DWR has a recent study which resulted in
that agency producing Exhibit “G” entitled “Reclamation District 544 Seepage Monitoring Study
2000 - 2001.” This study confirms my ptior conclusions that due to the subsurface soils, there is
a direct connection between the shallow groundwater and the waters in the neighboring channels.
When the river goes up, the groundwater goes up and vice-a-versa,

This hydrologic conductivity is important to understand the local water supplies. The
entire Delta is one big pool of water; some in the channel and some in the soils, There is no net
difference in the amount of water in the Delta channels when local diverters take from
neighboring channels, pump from shallow groundwater, or farm crops which draw from the
shallow groundwater. Taking water from one place is virtually the same as from another. This is
especially true during summer and fall months when the three tidal barriers are in operationas

they hold high tide waters around Upper Roberts Island and thus prevent any depletion of the
channel waters from causing low levels which might affect other diverters.
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I therefore conclude that if these four diverters which are the subject of this hearing were
forced to shift to shallow wells for irrigation, or farm crops which had root zones reaching to the
shallow groundwater, there would be no difference in the amount of water available in the
surrounding channels.

II1. 1 will now examine each of the four diverters’ property separately. It is important to note
my examination s also based on and includes the facts and conclusions stated earlier in my
testimony regarding the history of Upper Roberts Island, Iunderstand that the designation of
riparian or pre-1914 rights is a conclusion to be made by this Board and/or the Courts. For my
purposes, I have mvestigated to determine the facts relevant to the sociology, history, and
engineering for the diversions which counsel informed me is relevant to the determination.
Many of my exhibits are the patents, deeds, or other recorded documents contained in Mr.
Pankey’s exhibits of title documents. Of further relevance to these individual pieces of property
are the facts stated earlier in my testing regarding the history of Roberts Island as well as the
information contained in Exhibit “H” which includes biographical excerpts from the “History of
San Joaquin County” dated 1923.

The Silva property is 169.92 acres. As we can see from the title documents, the Silva
property was being purchased and sold before it was patented from the State. The early Deed
(dated 1875) describes a large portion of upper and lower Roberts Island, including sections 1, 2,
12, and 13 in Township | South, Range 5 East, and portions of Sections 5, 6, 7, and Section 18 in
Township 1 South, Range 6 East. The first map of Exhibit “I" has these sections highlighted and
shows the property connected to Middle River (it is also connected to the San Joaquin River near
Rough and Ready Island). By this date, substantial reclamation had been done, and as I stated
earlier, the clear purpose of ownership was to farm the land.

The next deeds include the same acreage continuing the connection of property to Middle
River and include such things as half interests being conveyed back and forth. Durmg these
times, there were typically floodgates connecting the sloughs to the waterways in order to irrigate
the land of the island. Exhibit “J” includes a photo of an old floodgate just upstream and up
slope of the Silva property. The control structure on the end of the floodgate is dated 1923, but
the floodgate itself was likely in existence prior to that time.

The topographical maps indicate that water from this floodgate would indeed allow the
periodic flooding and/ sub-irrigation of the Silva parcel, the common practice during the era.
The names on the deeds are those of farmers indicating use of land for farming; the price of over
$22,000 also indicating something other than bare, unused land.

The patent dated 1876 to Whitney also includes the Silva property (Township 1 South
Range 6 East West one half, North East one quarter, and West half of South East one quarter of
Section 6) which still retains a connection to Middle River, Deeds through 1891 continue to
include Mr. Silva’s property. The 1891 Deed from Easton to Woods now shows how the
property is in¢luded in the description of lands that eventually becomes the Woods Irrigation
District on Lower Roberts Island. The Deed clearly shows the continued conncctmn to Middle

River,
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The next title documnent is dated 1909. We therefore have at least 37 years of probable
farming on the land which as per my earlier testimony means that the organic soils have mostly
been burned off leaving a more irregular landscape with the (now) high points being the areas
along the sloughs. No evidence was found to indicate if or when the sloughs were no longer used
for irrigation.

In 1909, the owner died and his estate is distributed through the court (Exhibit “K™). The
property of the estate includes the Silva parcel and numerous farming equipment, draft animals,
and other livestock. '

Next we have two agreements each dated September 29, 1911, The first allows the
owners to construct, operate, etc., canals for irrigation and drainage. This indicates to me the
clear continuation of the application and use of water by farmers on the property. The next
agreement is to actually provide the water to various parcels. This would indicate that the Woods
Irrigation District had at least partially completed its delivery system using its current points of
diversion on Middle River at a point just downstream of the old floodgate I have previously
identified. (Exhibit “L.”)

At the time of these agreements, the Silva property is described as Lot No. 22 of the
Wilhoit-Douglass Tract. The agreement confirms my earlier conclusion by referencing portions
of the property as “high lands” or lands along a slough. The agreement recognizes the ability to
sub-irrigate or to pump water onto the land from the Woods irrigation facilities which follow a
downstream slough with a lower elevation than the slough area of the Silva property. The
reasonable conclusion is that the land was flooded from the sloughs and/or the identified
floodgate when possible to assist grain production or promote grazing grasses.

A Deed dated 12/28/11 appears to the be first time the property is possibly disconnected
from Middle River. In that Deed (Exhibit “M”), Lots 21 and 22 are transferred. It is important to
note though that Lot 21 borders the main irrigation ditch of Woods Irrigation District; evidence
which, along with the above-described agreements, shows intent to retain the ability to get water
from Middle River. Additionally, there is no evidence that the right to receive water through the
floodgate and slough was terminated. This same property (Lots 21 and 22) are transferred
through a probate in 1915,

In November of 1915, there is a partition decree separating parcels 21 and 22. Of interest
here is the fact that the person who gets parcel 22 also has an oral lease on Lot 21, which
contains “tenant crops” (Exhibit “N”). It is likely that both parcels are therefore still under
agriculture for at least pasture with flood irrigation when possible, We should note that the
property still retains the ability to receive water from the Woods hrrigation District pursuant to
the 1911 Agreement.

Next we have two documents recorded on the same day in August of 1941 (Exhibit “0™),
One is a salé/purchase and the other is an agreement. The agreement allows the Silva property to
install & pipeline over its neighbor to the west in order to get irrigation water from Middle River.
The sale document requires the owner to finish leveling the property and irrigate that which he
levels. Given the language contained in the document of “land not theretofore leveled and
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irrigated,” it is clear that the land was being irrigated before this time. This is also confirmed by
my review of aerial photographs of portions of Roberts Island which show most of the Silva
property under cultivation.

After 1941, the legal description changes slightly as the parcel had a lot line adjustment to
resolve the issue of a barn on the property line. This slightly decreased the acreage of the Silva

property.

My investigation confirms that since this 1941 agreement, the land has been continuously
irrigated and farmed with crops of alfalfa, grain, tomatoes, asparagus, ete.

I therefore conclude the following:

L The Silva property was originally part of a parcel abutting Middle River and at the
time of disconnect, the intention of the owners to retain the ability to receive water
fromr Middle River is clear and recorded by agreement;

2. Before and after reclamation of this poftion of Roberts Island, the Silva property
abutted an unnamed slough off of Middle River, which slough p0531b1y also
connected to the San Joaquin River; and

3 It appears that the land has been continuously supplied with water from Middle
River since the mid-1870's through the present for irrigated farming

RATTO (Golden R, Inc.)

The Ratto property is approximately 55 acres located generally as the Northeast Quarter
of the Northwest Quarter of Section 18 Township 1 South Range 6 East. It was included in the
patent of 1876 from the State of California to Mr. Whitney (page 1 of Exhibit “P"). As before,
this patent included large tracts of land on both Upper and Lower Roberts Island, which lands
connected to both the San Joaquin River and Middle River.

Subsequent Deeds maintain the connection with the Middle River until 1891 when in
1891 the owners Stewart, et al., deeded to Small the current sized parcel, officially described in
measurements in chains and links, but generally being the same Northeast quarter of the
Northwest quarter referenced above. (See page 3 of Exhibit “P",)

Exhibit “Q” are selections from a book entitled, “The History of San Joaquin County™
originally published in 1879. The first part of the Exhibit is a map which shows an interior
island slough running up through sections 18 and 19 of One Township South Range 6 East,

From the map, one would conclude that the Ratto parcel abuts the slough. To confirm this,
investigated early surveys and found one dated 1903 (Exhibit “R”) which appears to be the same
slough, but it reaching all the way to the Ratto property. This makes sense in that over time the
sloughs were filled in and the ground itself farmed and irrigation practices moved from the use of
sloughs to ditches and/or pipelines and eventually pump diversions closer to the main waterway.
My investigation also confirmed that this slough had a floodgate used to regulate high flows and
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tides in the slough to facilitate irrigation. The existence of the floodgate confirms that interior
island farming using slough waters was occurring in this area.

A later survey in the San Joaquin County records shows that an irrigation ditch continues
on from the 1903 surveyed slough, apparently along the tract of the slough referenced in the 1879
book; again confirming my earlier testimony about agricultural practices in that farmers typically
used existing waterways for their irrigation, :

Also in the 1879 book is an illustration of the property of M, C. Fisher. The illustration I
believe includes the Ratto property. Although the illustration does not have the slough running
north-south which appeared earlier in the book, it identifies a “Willow $Slough” running
approximately east west, The significance of this illustration is that it shows ongoing farming
and a slough to the farm land. These confirm to me that at least as of the date of the illustration,
the subject property is being farmed and irrigated in accordance with the agricultural practices of
the day; well prior to being physically disconnected from Middle River. Grain crops and pasture
appear to cover most all of the land, Also attached is Exhibit “$", a May 19, 1882, Article from
the Daily Evening Herald which mentions a Willow Slough Dam, further confirming the use of
these sloughs for irrigation,

I don’t ascribe any real concerns for the failure of the drawing to show the north-south
slough or the failure to show any irrigation improvements. The location of the cross levee and
the proximity of the San Joaquin River both indicate the illustrator had a general but not perfect
sense of the geography of the area, Nonetheless, I believe it is valuable evidence of ongoing
practices at the time.” -

Tnext note that when the above-referenced owner Small died, his estate included farming
equipment which would be used for the type of farming shown on the illustration, as well as
livestock which would be raised for and used as power in the farming operation (see Exhibit
“T”). 1 believe this is another clear indication of the ongoing farming practices of the day.

. The next relevant title document is the grant of an easement in 1917 (Exhibit “U"}: This
document tells us that PG&E will indemnity for any damage to any “crops, cattle, stock .. .” .
Though only a small reference, it constitutes the specific evidence of activity on the land, and [
therefore conclude the property was still being irrigated and farmed via flood gates from sloughs.
A later easement for PG&E in 1930 (Exhibit “V”) also references the requiterent to not interfere
with the Grantor's use of the land for “agricuitural purposes.” '

The next relevant documents include three Indentures dated 1964 whereby the owners of
the Ratto property enter into agreements to confirm and allow the use of irrigation pipes, etc., to
supply water to the subject property over neighboring parcels. Three documents were required as
the water is passing over more than one other parcel in its connection to Middle River,
Importantly, the one document (Exhibit “W™) references that the right of way granted follows “an
existing Irmigtion Ditch . . .” and an “existing concrete irrigation pipeline.” When I trace these
existing improvements, I note that they abut the Ratto property. This indicates to me that the
water ran to the property before this right-of-way was officially granted. Since it appears the

Page -8-

01755



property was always farmed, the reasonable canclusion is that the documents memorialize an
ongoing practice,

Subsequently, the current owner confirms that the property continues to be imigated and
farmed the crops of alfalfa, corn, safflower, wheat, etc.

I therefore conclude the following:

1. The Ratto property was originally part of a parcel abutting Middle River and at the
time of disconnect, the intention of the owners to retain the ability to receive water
from Middle River or Old River is clear and continuous;

2. Before and after reclamation of this portion of Roberts Island, the Ratto property
abutted an unnamed slough off of Old River and likely one or more from Middle

River as well (including Willow Slough);

3. It appears that the land has been continuously supplied with water from Middle
River or Old River since the mid-1850's through the present for irrigated farming.

CONN

The Conn property consists of 161 acres, which includes a 41 acre parcel and a 120 acre
parcel. This property was also deeded a number of times before being patented from the state.
The two parcels were originally in two different patents.

The first Deed includes Sections 1, 2, 12, and 13 in Township 1 South Range 5 Fast and
portions of Sections 5, 6, 7, and Section 18 in Township 1 South Range 6 East. As before, this
shows the 41 acre Conn parcel being originally connected to Middle River and the San Joaquin
River.

The next five Deeds and the title documents transfer the same gross acreage back and
forth until 1876 when Mr, Whitney, the last grantee on these Deeds, got a patent from the State
of California. As shown before (page 2 of Exhibit “X™), this patent includes large tracts of land
on Upper and Lower Roberts Islands. With regards to the Conn property, the patent includes the
west half, northeast quarter, and west half of southeast quarter of Section 6. This generally
includes the 41 acre parcel and not the 120 acre parcel. Two subsequent Deeds transfer this
smaller of the Conn parcels, but the language is slightly different for a portion of Section 6. The
Deed describes the north half and southwest quarter whereas the patent described the west half
and northwest quarter. Though different, those descriptions outline a similar portion of property.
Both the Deeds and the patent include the west half of the southeast quarter which is the smaller
of the Conn parcels. Thig property continues to be connected to Middle River,

In 1887, another patent covering the 120 acre parcel was issued. Page 4 of Exhibit “X”
shows that a Mr. MeCloud received a patent in 1887 of just the east half of the southeast quarter
of Section 6 and the southwest quarter of the southwest quarter of Seetion 5 Township 1 South
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Range 6 East. This describes the “L” shaped parcel of 120 acres which continues to this date.
As per my earlier testimony, there was no use for these Roberts Islands® lands in the 1800's
except for farming and animal husbandry. It appears that after the initial deeding of the property
in the 1970's, Mr. McCloud had occupied and used the 120 acre parcel such that the Jast person
deeded the property before patenting, did not seek or get that property in his patent. Again, Mr.
MeCloud had obviously occupied and put the land to use to support his ¢laim. This in
combination with other information leads me to conclude that the land was used for farming at
least as early as the 1870's.

As previously stated, I have located interior island sloughs which connected the 120 acre
parcel to the San Joaquin River (see Exhibit “D”). Given the location of neighboring sloughs, it
is likely this slough also connected to Middle River. These were therefore the source of
irrigation water for the property. Similarly, the small parcel was likely connected to Middle
River and/or the San Joaquin also.

Relevant to these conclusions is the Declaration of Peter Ohm (Exhibit “Y") previously
submitted to the Board in support of these four diverters. Mr. Ohm died last year, but his
Declaration states that these parcels received water prior to 1914 and probably prior to 1900 via a
terra cotta pipe connecting with the San Joaquin River. I have investigated the site and found a
portion of the pipe to confirm Mr. Ohm’s testimony. A picture is attached here to as Exhibit “J”,

The piece of pipe corresponds to the current cross island levee which separates Upper
Roberts from Lower Roberts Island, which has been referenced in many of the Deeds describing
the Silva and Conn properties. The location of this piece leads me to concludé that the pipeline
ran along this feature and thus likely supplied both the Conn parcels from their southern border,
it being the up slope side. My investigation confirms that the use of a terra cotta pipe suggests
pre-1900 instaliation. Generally, prior to 1900 various materials such as terra cotta and brick
were used to carry water as they were cheaper and locally produced. Use of cement pipes being
more common thereafter.

Nearby this site are the remnants of a pump diversion (also located on the map) which the
landowner has left in place as “proof” of pre-1914 diversion and use of water. The raterials
used include cement piping and since the owner places its installation between 1900 and before
1914, farther support is given to my dating of the terra cotta pipeline.

One additional confirmation of the irrigation and farming of this land is an 1887 Deed of
the 120 acres (Exhibit “Z™), This Deed includes a notation of an existing crop to be harvested :
and split between the grantor and grantee. |

Subsequent transfers combined the two parcels as well as property which included the
Silva parcel as of 1951; all of which were owned by a party named Avila, Eventually there was
some sort of lease agreemcent with a party named Silveria, a lawsuit, a bankruptey, and a
settlement agreement dated 1990, The settlement agreement confirmed and split the ownership
of the Conn dnd Silva properties. For our purposes, I note that the settlement agreemnent requires
the Deed to Mr. Conn’s predecessor to include the language, “together with the appurtenant
water rights and entitlements and a non-exclusive right to use all appurtenant irrigation and
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drainage related easements™ (Exhibit “AA™). | believe this clearly refers to the Saunders’
(Exhibit “BB"™) easement for irrigation which is the current source/method by which the Silva
and Conn properties receive water from Middle River. Apparently, the terra cotta pipe was
abandoned when a joint owner made an agreement 1o get water from Middle River. It is clear
from the Ohm Declaration and the current owner’s knowledge that the parcel was continuously
irrigated most recently from Middle River and prior to that from the San Joaquin River,

Subsequently, the current owner confirms that the property continues to be irrigated and
farmed the crops of alfalfa, tomatoes, safflower, wheat, ctc,

I therefore conclude the following:

1. The smaller Conn parcel was originally connected to both Middle River and the
San Joaquin River, but at the time of disconnect from those waterways, the
intentions of the owners 1o retain the ability to receive water from the San Joaquin
River is apparent. The fact that the original patent separated the other parcel from
sutrounding lands and the main waterways, and that it was done during ongoing
farming indicates an intent to keep access to the water of the neighboring
channels;

2. Before and after reclamation of this portion of Roberts Istand, both the Conn
parcels abutted an unnamed slough off of the San Joaquin River and probably also
comnected to a slough which connected to Middle River; and

3. The land has been continuously supplied with water from both the San Joaquin
River or Middle River since the mid-1870's through the present for the purpose of
irrigated farming,

PHELP

The Phelps™ property consists of three parcels, one of 156.65 acres, one of 76.35 acres, ~
and one of 157.75 acres. These parcels also show deeding before being patented from the state.
The first Deed transferred two of the parcels to a Mr. Kidd in 1873 (see page 1 of Exhibit “CC”).
My earlier testimony indicates these parcels were connected to a slough off of the San Joaguin
River, and probably also off of Old River. The first patent (page 2 of Exhibit “CC™) is to Mr.
Kidd in 1874 and includes the west half of Section 8, and the east half of the west half of Section
17 of Township 1 South Range 6 East which generally describes two of the Phelps’ parcels.

Mr. Kidd then deeded the property to Mr. Whitney who himself received 4 patent in 1877,
This second patent (page 3A of Exhibit “CC") takes in Section 18 of Township | South Range 6
East which includes the third Phelps® parcel; ail three now being owned by one person (Mr-
Whitney) which at the time of this last patent, are connected to Middle River and the San Joaquin
River. ey .

All three parcels are subsequently transferred as part of a larger whole. In 1878, only the
parcel in Section 18 is transferred to a Mr. Stewart disconnecting it from the rivers. In 1885, the
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other two parcels are sold through a sheriff’s sale to the Stockton Building and Loan Association
(page 5 of Exhibit “CC"). All three parcels are then bought and sold separately until eventually
combined under one owner.

Of importance is my conclusion that these lands were continued to be farmed throughout.
At a Jocation near the old Brandt Bridge (noted on Exhibit “D™) on the San Joaguin River, there
remains a brick pipe through the levee which in modern times was closed off and filled with
cement. This brick pipe had a floodgate on it which again confirms the local farmer’s efforts to
control interior island flows for the benefit of agriculture. The common practices would indicate
that the waters were used for either direct irrigation or subsurface i lrngatmn My investigation as
well as the fact that the structure was of brick indicate to me that it was in use probably sometime
in the 1890's and continuing thereufier. The irrigation off this brick pipe could have connected to
the remains of the old sloughs nearby.

The various owners of these parcels are mostly well-known farming families of the area,
again indicating the continued use of the land for agnculmre

The Phelps’ parcels were eventually all acquired by the current Mr. Phelps’ father, The
final document of intercst being the 1962 indenture which established the current method of
delivering water to the property. The current owner confirms that the property continues to be
irrigated and farmed with crops typically being of alfalfa, tomatoes, beans, wheat, cucumbers,
asparagus, etc.

I therefore conclude the following:

L. The Phelps’ property in Section 18, Township 1 South Range 6 East was
originally connected to the San Joaquin River but at the time of disconnect, the
intention of the owners to retain the ability to receive watcr from the San Joaquin
is clear and continuous;

2. Before and after reclamation of this poﬁion of Roberts Island, the Phelps’
property abutted an unnamed slough off of the San Joaquin River which slough
also likely connected to Old River; and

3. It appears that the land has been continuously supplied with water from the San
Joaquin River since the mid 1870's through the present for irrigated farming,

Finally, I would like to note that my conclusions herein include my many years of
experience in the Delta which has resulted in my exposure to many sources of people. It cannot

be seriously asserted that anyone who owns and/or farms Roberts Island lands would intend
through any sale a severance of the properties’ ability to get water from the neighboring channels.

it oy,

Page -12-

01758



FUMNY LA

BAOQRAMENTO — BAN JOAQINN DELTA

e S— el

BBALE W W RS

mRAACRAMENTG

P

lllllll
AV

nnnnn
lllll

VVVVV

Reclamation and Levee
Maintenance Districts

Sacramento-San Joagquin Delta Atlay

44 E XHIBH‘%%%M Resources

01760



dAN, £4, LUV v LAY

SUMELLIRD WRILLD ALY

ATTACHMENT “B”

USSR A K]

EXHIBIT &

01761



w:vm.u .l‘ll. V'\ Lt 'llh.b"‘

-u Y AT C' i\-m' @' .'V,“

,;{ o i u guaral. pab.

oy "‘Bn' Ifnﬂr.. e 'iuiﬁ'tmia.‘“’ln“l

3 ¥Aohe mamn ot the
g‘.ﬁiuﬁhﬂiﬁoﬂm 'h‘mu..mum of

ﬁh whchﬁi;nn' thy wwator 0¥’ of Rob:.
rbo. Jaluid, are cd familinr t3 the ofitaeny
R eiky b oMy "o boriaghiold

" ,w.{thun‘.pupun Yo lre
: ‘tha's i dltin ~that “wary
Wf&"-‘m or

@mmrmm .4 M- au.
jﬁnmmthuw

,.a. ,w%. Mh.l Bt L Ty
. ‘rmm or Jun- cwmn—-'n:o

"1"“’1‘*1

,\m A,I--A.

Oanmthc b thi "Calubra-
F‘ml‘mrtb n! Jnly wmok . sh the

Dﬁl aad: ﬂum;. ﬂu Pmidout, I

lﬁ‘ﬂ. 0- M chr-

.Suﬂn-y .
Gmmmyhl on \thry,'gx:r:i?u 1}. '
| potted thnd Hioy' had - sechrod  thi war. | ©
vicmol A Vau R, !'m;u -orador; | and wulogisd T
B.H.ltmmn. Teiids of mm th

.PM I noley My
of il:i"!'i‘mmmoommit-

unr!idnth !‘m.- t

Itm -}
tlzaﬁ ‘th mm:a
ihﬂmvm&im
iﬂmlﬁ-lhﬁ' th.

. Hllhn do. Aﬁd t

' .;ﬁ‘ J. Glaor,
ﬂﬂﬁﬂn‘ 0‘ i

?‘hya BO Inmu

vored: the maw
and was threatap
be did 0o, bup w
kere to ofush

ticket, :

o mumwnnﬂmhﬁolmonnﬁd caxy

m(ﬂ.mﬂm.ﬂluhmbul and, mt
"h- m Yl

v m%mm -hd-.ﬂmu

uﬂqﬂ umﬁ of,
‘x w‘diﬁm:‘d thn ludillmnd
.‘M n |' l I !.

e

-'*\‘ A

&'

',hu;.,l.nom oot olivei J.
fie. | 2 I lak; 65 by

nm ke Fubé of §100 for 'aach ‘Band
g} o1 1AD o mpre

i, Boﬁrrdd'lﬁ.lduam.

Ly 'Hd-dhthn Oumuﬂh-w Démuﬁcun.
0 Johquin | B 1he Presidant, v

by Oonimitise iag ddjomul il o

Al

. (ﬂlhﬂlty)l § eight
o I e

mnm Y I
Gl.phln 'L D Hanilion sk

'--!pmr i ﬁh !hllmd.
ﬂm #nd 10 dcks "ol
"4 Bales of woolt' T D Aain

umm&.knw&m, Ho

Qoverner k n P
Constituting canr

anked the-Convar
" oratn lmb*l man
grh(n Dl -—
Btlh am, vot
aguingt 1

he was » tar
lﬁ!thiﬂpl?m

can ohmmand ¢l
north of tha Btad
tho Btats i Derr
llﬁdp the whale !

d‘ Alwtneds, -
ofv. bim . u.-nm

Hond sl ko

01762



. FR ‘ﬂifml i&lw

B LYY \.,U vk hmumvwn..u'u GLILLL MU

'.--'f.“?.ias!t’hﬂﬁfﬂw it gt Barhey aid

9. arops thin"yiar mm

e
A i aropi;-biwevaz;

'kHe condition’ed 't 'mﬁnd.'
wqgm". rBalf o ;:thiny tynot. .. the
wweded. Wiy s

lgmhp.ﬂlhl‘ I:dng-mnnuy rednced md.th

r eraig;, o umd: obatacth 15’ the
u!tlu ning the Inods and
".’_'Httnﬁnn wers' the' tules,
-:'-boih “Dearly. impossibla to
jo'plow. i to pmmt_fm
HRE i veioR™ 16, way
F "d'by;h(r rﬂlhi!“h'ﬂ-
Hﬁm

wwly
whez- :’3
H-l-l.i ul.‘bish‘ ‘lt w&hld—-
w tdﬂvlll"l'lll“ were. not;

‘ﬂm Fod s,

fl’hr .

,“alnr. z,mtmpmd llﬂl
hmu ‘el i Jow,  pdons;
e 1 Be buirnng ’ h!um “the

.':'. ,“,“., H," A :
%.,zé.w

Al qh thn dw ofl:-
 frdon it rite. ulm}g ville, 7-bales of ‘woul; E. B, .h.nlo.&m

: '“i'lﬂ -ﬁm-fﬁv.ww
o SO0 Shdi S Yo/ Wb 48 ot himidred
féiu,-m“. the- timé \u!ldqd'ng' i T A,
D’;::; mokn of ‘onions . and, puhtou by tha

: Al Zew,, nover baving been | m'm“ Mny Carmptd .
abdied; whlle srthevsattion. o Poition.| | Diiiritinan—Mr, 3, £, aff, formn.

o in*’u‘hpmmml.llﬂm tha Son¥of i1

’ﬁu-t":fihtt'hd’ the m nt Mnin

. N, 25Us
Bﬁmxﬂ.mslamy & Co ashippad
5,000 .quartars of flour and 10 tows
bran; I.'8, Boatwick; 65 tons of 1ye; J.
D. Po’ml. 4 balew of 'wool; L. Do Blain.

qunhh of floury' Pacifo

Hdu, Tsathez.iand: | gloe stock; P
Muito' and Sbepherd Brow,, pouliry and
A Orwwiord, - saveral hundred

etly
aanily A h
’lldn m

-Agenb ab. Stooktns, 'bllt -

b;-mm‘ h’ﬂh-ﬂ that hin mmu are all rght, He

hi,gdn $6 thy Saidwiih. Tatdads, Yeav-

ing hia ‘wits and child,’ -'He wis wall-to-

domhmh!yremmd. and his’ dfsaps
muqinmounhmm -

'mem f m—— —Mr. n’ 8,

Rmnhum, the= populsr  omo- ;mnn-

ohw {.dmm.awplm

huapnb pumbar*of " Amerioan flags,
“sod he hax dmmmtumkumﬂ of
086 to.saoh of Kix"cctitishers,  The flags

b mhobﬂndbyadﬂngnthhmu st

Sln. ,Iﬂqmu

hﬂh

dniy préseated | she ‘milttary drmma . of

the thsitre laét #variing; playleg for the
beaeflh of the Bockton Guard, N. G. €,

muhhtgumdumh attendiiGy this
wa. w u;,:@_.mphyﬁubo n-

hral Abe’ Eanka aad Eali-

potyonis 15 Kime manner o' s¥other, . Hu ‘

Ovmy; ";'.Eh. Mm Dmuﬁo Bo-‘
1 “Ouiy? to'quite s_Inir dised audiencs st | Ho

"THS, indioitions arkthek’thede . wil bo.a 'Iﬂ"

- .-. 5 o.oo®
i ! - b
B . .
3
DRI ST S

Yo t/ iqll“ m

of Allmtdu.

of lol him am .op

the pouition—a
ﬂm aelfedoon
= fﬂ.ﬁf
Im ot besn

~thar tew firar

un;httobu. n

lhqaouldbut
‘are D
He mpoke at L

puh::lFG wit!

T Andam;
stracyth My, W
sdenty. How
wetic povu_- aon
stitobion in Als

~Colanel Yeoun
dorsed Mr, Wel
carer s u sall-
itk Mo
to be wried mo
Gusral How
Nis name had b
.ty. He had pl-
m aot to yar
E on it  Go
his ohom [apyi
run mud thet en
m M3
worth,
‘the pomides of
‘pause] Itdar
aﬁ:ﬁ but of vot
At oaral
ontoh 3})1? Damg
tenth of it-.V
Yota the party
dudet the ey
o0
OCratic votals |

Pl 70 il

b "ﬂ'“' :%mh“

01763



o mw gl y: LUIKE RAILL pLY W the Hupnmb WSt 1T/ b ey
: SENTEET '\JM-LWH-\;’ i N'l-'"; ¥4 L : Dut Be nad refu
.10 09 : Eoltlmnmtm

m th - This grai? on -
‘ "m“ ol ghm FrAR—Ib s voportad that ten | Shat wit mepr

(T Yhat. was oultivated lut'ym- i veri

otin, ‘#h phigrain were. dmatroyad | o befianed the
v B e R R A S (e
e o DOW anwell a8 an/the ol land, ‘th gramm, ﬁsz%w“:“km;-mh; ;M e mﬁrﬂ?‘%
Ll mudsw 0 {list: mnuguy N 2R | Laonids
Fran | .- Beier mqui.—h'q!mor H. Q. |#upportad Mr. 1
iy W . ovalag B, ot Waskinglon' Colloge, will | Détuocrats. nor
ot & 'ununu ; b Hog m\hn&p& athﬂthhunmmhhuhu‘ﬂnpm ,;Eht':mpf

: L 'Dnnlltl:ﬁ Cﬁn&'ﬁfi 'uw':i.'nﬁ,aud favor the audl.- Wabater

' . P L thdw, and ia th
ey nlli ﬂﬂ& , POLIGE, SCobRT." -= One ' unfnrlunlh1 hlﬂd.:lll pm:

. muiymaﬁ:mgm doy v | 7o Dosim 3ot B 1G. Reuw
. l,mmd.‘bdnrir.v s growihg erogs Mhmﬁm‘”" y :‘“ .""f"? cut i 14 vot

e , Jha sqmthe ma.thm PP '

T g ;‘h ."E... o g m v*, --1*--*-“!‘“'!.00“"“-"- S - ? mhyh of
o ﬂ-'fliﬂlq wmnﬁw ﬁﬂlm s f”!* nuum cqmoi 3.4. nwm. ludn. Mpr. mmnwg :
b dhg = -m&uuh M D e d Fi,tnu, Tuns’ Wth, lm star, of whom Bl
e amsaeed, "miﬂhﬂﬂ" hrigtehi .'ll.. Connsr: vy, B, F, never heard £ill
S e MM o], | o, T s i i | A T

A IR S ETATEY | i ;) ': it dinifor haars . dg have Ihﬂno
.mmw "niliuu o, nud by ' Dafund. | platse.] Y

“" a & il ki . i
PRLERD O mdnp tecen girer 'was vmuhr.l. Plalotitf C-'l.lohl)om
. b " siliingy | Faked: sime. 1o, file: %nnhrnﬁdnﬂﬁh thtfulingwhi:

.....

A x.wmm
Jmhb;,: ,no:rGoanh.::

01764



e e by Wbe llnlD 20 AW 18/3 may

O BAL L6 UL LU “MnLL‘NJ_“LL..L”;{::’. approacted » lfm.. "Oldrnlmindud ooe u-yv'.tf.
IFORNIA. gP"bliber of wofthnumm %ves: | oy iptellactaal U who oan e
v | rw Sivwaway wurkly pobliostions forther inko the Ropablimn grindstone
XD VIOINIYY mnm.{ i d 8ads &' proposition to take & balf in. than *The-m-ssses,” 1o Leliare that
g?;j, g;l?Jj( ! s e ancors, mying hat e was | by gy Uit o Qs o ds

; ﬂll‘: 'yt & taking IV &' trl.weddly pubs. fomse of thelr “principles” puthae than

d& “t¥oe' & weak.” Unfortnnataly
‘ilh‘vm ‘nok acceptad Ld Jonr-
' .'I.ih!y not  to ‘rdouive

of -that - ' young' ‘man's
'I‘hl" Coll cffers bettar {p
u Vo writery of the "loneral ob-
i ‘ﬁunuu.im.pap" and “tri.
m » wquk"‘ ordor of intellect
'ufn#'n\ Ap-

}

.,{"

'k

x

e,
-wrmlmﬁ.-muh e: ﬁw'".‘uhh"d'f.h?""m"'

im . WIII'&--TM “Whea t.-uumph ato ¢ ' the
l'!- = n_!‘,.,*{ D qtm; qpuiin-duy umi-tolﬂ
hl!llt o .;fp- f e mdpld ‘o' follows : - Parmamw’

- P, 107, L Biakiop, &; .- . Pantadd),

t_[onse! * ‘:ﬂmm"“-

'-' n-ur; l-"-‘_?. Petare, 8; 3.5V, Cimp.

Bt T .

teket will be

H
"v“'”'"‘ \,\# P
"— v‘ 4 '- '_',

NALLE PRbE I s‘l“ﬂa

] e > 5 Mty de, . ar . [t
. ;ﬁmfﬁin 3 Sotis by ‘the sohoonwr
“‘E'-—%g i, 110 feni by, thio wtlsonmir Anb,

hm hy_thn wohoomwe’ Ralnhow, epd

{TIC:COUNTY

. udil;mo;mh by wbme 7, D,
JREL
e e e

nhippud 120 tons by bl nhmdr
c-h.'ﬁo took b7 the. birge Conitriees,

= T v 2,000 basles Dy ¢

yntn h-sqh&urmp th San, Jm;:{n
— the' afesranr ‘Alidw,? 1 8, Bost:

m?u-hm, 'br 'tond by ;iinJ

" i
'.‘-!"-‘; A ot l,,j,_"q'l ;

| ey .lmﬁﬁ.l—d'okmﬂrwlql sl |-
Obarled MINE Ris" iﬁ’a.vidnu' artestod
his mm;. by. oﬂinur#l:nﬂhu ou:r
olog;: wekd Ealewry: to wid Seliivh

Diing the time. they were detilnad by w"”"“"”“‘

W Sor Y et T % B
puuim,mmm«mnmu

nagloat an opporiunity of making theca.
salves Hdicalous by Y noriasting a tiokee
which would have no show for a0 alag

tlen. Pﬂhplnnnnfthnnnkmd
m-mppmMAmdu Eoarney

nomingted, with "dd“

Lanroed for Benator, They are likely to
be deceived, to be aold oat; and If tne
statement of & procinent olBeer uf the
Workingmae'§ elub is 40 bo taken ag re.
lisblo—aud ol their oBoery ‘are honoe-
shls men—the bargein hay airmdy besg
closed, This effiasr stated yertarday that
the Wwﬂmn woold  endares the
Republican - county. tickes—oe 5 #reat
pors o it. . In Yetwm for this very con.
Mderably flvor, ths Republicans, he auid,
had agrend to fiipnish (he w
with furids to carry ona campiym  sheot
iz dofenss of - thalr principles, ad to com
£Hbuts imoasy to xid in_ the Paymept' of
ot.lm- ¢Am " This would,
it ssama, :"Eﬂmmm suffejent tn. dam.
oustrate the faot #hat. the Working.
men’s, movemint iy poip " Xept -aljve,
msmurm i other . ~parts of the Biwts. anq
In| thy eomnly, by the- Bapoblj- |
CALK;.who Dropose to wiek San Francisco
in the bands of the Kearnsyites. i the
hopnrol-cﬁuqm tonopoly eandidatey
mportaat m-'m ‘St
Legilasare: . The Woekiagmea's

u

mmfﬁnl-

-

e&:ﬁﬂnlhuh. m
ogt.

b ofadi ! isDeckioe, Veby: ‘i -
LR '.ﬁmgﬂﬁ hi '&n“hlo:l?;
.!%.»M-mwmm,...

N ...,u, -

™
rl

gd oo !'I"_r— aterd

01765



THE SETTLEMENT GEOGRAPHY
. . oF THE

BACRAMENTO~3AN JOAQUIN DELTA, CALIFORNIA

A DISSERTATION o

SUBMITTED TO THE COMMITTEE ON GRADUATE STUDY

OF ETANFORD . UNIVERSITY
IN PARTIAL FULPILLMENT OP THE REQUIREMENTS - -

' FCR THE DEOREE OF
DOCTOH OF PHILOSOPHY
IN :
QEQQRAPHY ' _ ' '

By
Jehn Thompaon

Decenber 1987

EXHIBIT -’

01766



TABLE

PREFACE « v 4 o 4 o & o
LIST OF TABLES . . , . .
LIST OF MAPS + + 4 , . .
LIST OF PLATES , . . , ,
LIST OF MAP PLATES ... .
LIST OP ABEREVIATIONS .

INTRODUCTION + « & . . &

OF CONTENT3

+

FART ONE: FHYSICAL GEOORAFHY
I. THE DELTA, IT3 HYDROGRAPHY AND LAND PORMS

The Dilta‘thrantirilticn
Delimiting the Delta . .
8elinity in the Delta .
The Sacramentq River .
The San Jeaguin Rivep

Chapter

The Tidal Basin

Leaser Delta Affluents

Natural Luvess . ,.. .
The Rsisinm -, .  r = &

The Ialanas
the Delta

II. THE DELTA VEOQGETATION,

chtl.tim *

* ¥ & @

Hydrogrephy and Cultura

LI BN I

1

CLIMATE,

FAm.liiclniil_lf

Climate . , . o o . :

Delte S¢lla
Organic Soils

Mineral Soils

o1l conbervation

Fauns

- B
bélta Soil Classificats

- % F 4 & @

Mineral Organic So1i

.
4 & @
¥ »
) L ] L
Nodifi
50
N
.

LA L B

L - I

LA B

-
e

L LI B T

]

.'.'I.-..'I'I.l

e ow

L A ]

IL3, AND

L]
n
.
-
*

¥ RSP . ke oo

I I T

L B R

* R s 4ok

L

lo-'qo'toono ‘™

-

L 3

L O T

L T R

Fage

111
xi1

. 3111.
xv
xvii

xviti

01767



FART TWO: THE DELTA BEPORE RECLAMATION

YT, EXPLORATION OF THE DELTA + v o o o o v « o « o 88
' Preliminary Discoveries, 1772;56 shn e a8
Comparative Inactivity, 1777-2806 .+ & & & 9
Mission-3ite Reconnalasance, 1806-17 . . . . 9
Frontler Werfare, 1813-35 ., . 2 o s o & 5 & 96
1V. TRAPFER EXFLOITATION OF THE DELTA « « o « o o 101
L 10

Jedediah Smithts Discevery, 1827-28 . .
Mcleod end Ogden Brimdes, 1978=30 ., . .
Laframboise and Work Brigadea, 1832-33% .
A Decade of Complications, 153k=%3 . . .

.- & oam
25

L

V. BEDENTARY OCCUFATION OF THE DELTA AND VICINITY 110
Indians of the Dalte . & & 2 « 4 ¢ o 5 2 & & 119
Pelta Vioinity LANA Orants . « + + « « = » 112

Lon MAERAOBE 4 & 2 4 & 4 o 8 4 4 & 2 v 2 = 112
Lot Msdanos L L A R T T T T T e 11
_NIH Helvetia , . . . L T T T 11
El Pescadero Grants ., ., . R e e os s s oa 119
Los UdPANOE & & v o « o v 2 4 = o " oo 120
Campo de 1oa PrAncesss & + + o « » s & ' 120
Sanjon de lop Moquelumnes and Rancho . : :
Moquelame . , . o LI T R T TR S 122
Other Settlement . . . . . . LI I T S T T 1z2
Settlement and Folities, 18E=87 , , . . . , 1z
Colony Development, 18"-6"*7 N 1z
CAkpo d& 168 FPrancess® + o o s + ¢ 40 » » 126
Los Ulpinﬂﬂ L I T T T S S, 1 -
HOI‘_W-E:W and New HOp® & o 4 o « v + 8 » & 1
New Helvetin and Sutterville , o + o « 4 « 178
Effwctes of Sedentapy Ovoupation . b v v w 1249
VI. TI'I.'E GOLD HDSH m '.I"I-IE “m‘l LN B A I ] 133
Water Traval 'th-l‘ﬂ“ﬂh the Delta ., . .- LI R h
. Delta Settlement . L T 2
- Trade ard Tranaportstion Node® .+ « « o « + &« 14k
Stonktmiitlutiinnioolill 1*5
" Franch QIHD [ I T S T T R, 1%
The S&n Jeaquin Crossing « « » o v o o s & 1
Antlech & 4, 0 4 4 W s oea ke e e e ow o 150
FART THREE: RECLAMATION AND LAND USK
VII. HYDROORAFHIC FROBLEMS AND SOLUTIONS IN THE
DEmAii.t.llill-iiIllIl.l.153

vii ' .

01768



. g

—. JI =

e A i Ao

O

Hydrographio Problems . . .
Floodplein Shrinkage . ., . .
Alluviation , . . & " aw
Salt-Water Pepetration . . .

Jeeking Corprective Measurss .,

Stats Englneer's Investigation

Board of Dralnage Commissionars

Court Injunctiond . . 4 & & = 's

The Federal Qovernment and Navigati

The Celirornia Dabpis Commisaion
MAnzon and Grunsky Plam , . . »

Implementing Correctives
Engineers ., . . . . .
The Dubney Comnimaion
.The Minor Project . .
Tha Major Frojest , , .
Salt-Water Invasion . . .
The Cantral valley Project ,
Aecent Salinity and Delta Plo

- 8 - 5
- " e

Reclamation Initinted . . , .

LA I Y]

*

LI B

Navigatien Improvement by the Corps o

LI I B )

- RN

L I T

e 2

L I I T

-

ML N

LR B

.Cil-irllrl-l-.

od Frotection
Investigationd « o v o v 2 = 2 4 4 2 5 o

VIII. EHA.H!'LIND EGIBL\TIOH LI I T Y I A I Y

Defining Swamp and Qverflowed Land . .
Early Swamp and Qvarflowed Land Folicy
Locating Swamp and Overfiowed Tracts .
Board of Realamation Commissioners . .
County Administration of Swamp and Ove
" Tlowsd Land s = s e v oW oM oN oW ow e
The Reclamation Baapd . , . ., L

IX. RECLAMATION SEQUENCE + v v o » 2 & o o &

Thm

Erojects of the Board of Reclamation
Comnissioners L T T,

Independent Reclamxtion . . « ¢ « + 4

The Large-Scsle Reclamation Operators

Tide Land Reclamation Company

Glasgow-California Land and Reclamat

COMPENY & 4 u . o ¢ w 4 »

Geﬂ!'&. Shima , . * F = = 4 ca
Cunulative Reglemation . . ., .

I- H-EGMTIDN ﬁmmﬂ LI ] ' 4 & a »

Lavas Fil1 " v a3 y

@ 8w 8 ¥ &

Damning Sloughs , , . P

The Levees . , , . " v s e o o

Leves niﬂt'ﬂlnﬂ' * A F s oa.m
viii

-

on

-

*
[
&

L )

- e

- Ao -t

L ]

. 195 .
156

01769



mas

THE LABOR FORCE AND EQUIFMENT OF RECLAMATION ., 260

XI.
Employiﬂg Men and Horses + . + + &« L 260
Dredsiﬂs Eq‘.ﬂ.mﬂt LI N 265
Diteh Diggers . 'y + 4+ & L I L - 2l
Fumps I N T Y. L
Reclamation COBtE 4+ 4 & » .« & L N :

2
XI1. BREAKING AND DISFOSING OF THE LAND v eew P07

Removing the Tules + + + 4 » 4+ &
Breaking the Soil with Fire . .
-Breaking the 50il with the Plow
Traction Engines and Tractors . »
Land-Braaking Costs and Value Inorement
Temntry.....--.-.-.--._-‘_

HII-'MEUSEI"THEDEMA cl--ot--;o---‘sw

L I Y
- oy
" .

Qrowth of Agricultm,' mg-lEOO TR
Aﬂ"-ﬂ‘-‘ltm, 1900-24 . . L I e N ] 312
Apiﬂultm. 1924= T & o # » % 4 5 & = PR 31
Food and Induatria Crops .+ o 2 + . s 8 - 3
Bubalstence ahd Commereinl Gardening . . . 318
Fotatoes . L N R Y I R Y T U 330 -
Beank . & .+ 4 v 4 . L T R T S T IS R g?
ABpArugus ., . 4 , . L N I 2
Celary . ., . . 4 . & e r s s ks e .35
Sugar Beets ., . LI L N 352
-Onlons + . . L I T T g%
Pras Grbpa L L T T o .
. Chisery . . , . L R kg
- . Seed Crope ., . . . . LI T T S Y 377
Missellaneous Crope . + o 4 4 = s + & * = 37.'
Fatd OrOPE = 4 v 5 5 « 4 ¢ o » " 4 oaomea I7h
The Small Grainx . L R R . 3Th
. s ' ‘ Pleld Corn and Milo . ., . . - F % ok ow.e 2
- ALfRlfe Hay and PASLWI® o « 4+ 4 & & v o . 38%
Livestock . . . NN T %
Eirly Stock Movement " a8 s o®os e Eeom
sShesp . . , . L T ggﬁ
Dn .‘I.ﬂﬁ LA B B R R R B R Y T S LI I .
B':?ﬂﬂttl. L R I R T T T R Bﬁ
sﬂn. LA I BN B I I T [ K A R . B ) A m
Horssms . . , ., LI I N I ) QD
H\lntinﬂ L A N I A R I I I Y T . - RO1

XV, TRANSPORTATION AND TOWN DEVELORMENT . » » »'u %03

Water W‘n.mr“tiﬂﬂ "% e s s e b s oeemeom - W!
Mo

Weter Transportation and the Railreads . . .

01770



Decline of Water Tranaportation

Towns gnd Qther Communities

Mokelumne City ., . .
New Hope , + . . .

Rio Viata . ., . .

Emmaton . . . , -

Onlsbe, Hagzinaville, a
Maine Prairie, Mocre's
Freaport and Brack's [a
Antlioch and Stosakton
Welnut Orowe . ., .
Courtland ., , .
Isleton ., . . .
Clarksburg . «
Ranch Commmities
Regort Coomumities

* B 9
L BN BN

L]
L]
L]
»
L

¢0N¢LUSION3 " = ..' - & & ® ¢ o3 @

AFPFENDIX A, FLOODS IN THZ DELTA .

Floods or 1850 to 1861
The .Fleod of 1851/62
- Plosds, 1862 to 1877
Ploocds of 1878 . . .
Floods, 1879 to 1503
Flooda, 150k to 1911
later Ploods . , . .

* Fa s oe o
L

L B I N

L

-

rd Venie

-
.
»
.
.
)
[

Landing, a
nding .

APPENDIX R, RECLAIMED COMFONENTS OF

Sacrimante and Mokelumne
Sucter Islangd . ,
Merritt Island .
Ryer Island . .

© Grand Islamd .
Fisrson Distriet
Andrup Islana
Tylar Islapd .
gtaten Island
‘Bouldin Island
Sherman Islard .

LI I Y
L N T * N oW
L L
L L R

THE

Unrestrained Recleomation , . . .
Diatricty

*EE RN sy o oa

LI T R,

LA N B
L R}

tlt-i!.
..l.'l'

L I T .

Brannan and PTwitchell Ialanda

Bouthern San Joexguein Ialanda

Reclamation .I.‘.utr:t;:: 17
Ro and R Ialangd
Hﬂb.us::tl Iﬂhm“d,‘q L ]
Union Island . & o g
Feagadero Fropwrties ,

and

Brreeeeea..

g..-‘-..'-a-r._.u

-
o

[

DELTA

ll.l-l-.'l.-.[...

LA R R

LR T S

g-t.q‘-na

d Bap

LI B 3 B T T

Eaaouu-o--o-

L I

LA B I

[

L I T T T,

LI I O T

01771



L

TR Y u’n

. .I.I"Ilil“ L

The Mokilumnl and Ccalaveras Mainland

Mokelumne Tracts . '
Calavaras Tracts . .
Weat Delta Distriota .
North Delte Margin ., .
Central Delta . 8 b 2wy
Saoramento Basin Distriota
Yolo Barin Diptricts ., » .
- Cache Blough Distriets .
Holland Diatrict . . . «

*
-
]

BIBLIOMPHI'Q-n.A;.::a«_

LI S

LI T PR,

LN B I .

L B N B Y

L N T

L I I R

L B T )

T E T S AT E o oA

01772



2hh

below tide water insuring saturation and volume maintenance,
tUnder such conditlons the peat iz preserved, and remaine as

seepage-prool ap oalkum calked inte & lmm.m."':"5
Damming Blougha

. Priop ‘to building levees on & tract it |.|u Qommon
prastice to dam the numerous slougha by which it was dr;l:l.ndd-
The dams were built on tl;.l-l lavee line or alightly inwrd of
if."s In most cases, local £111 was uped in the lbri.lct.m,

though piling and stone sometimes were added Lo give sub~

stance. | ) _' -

In some parts of the delta a larger cross ssction of

1l was amasaed in the dams than in the adjacent levees, On

Union Ialand, Ffor instance, dams were built three feet higher

and four feet wider than the levees.! Twelvamile Slough, in

the present Wright Tract, was dammed 1n 1875 with a peat
structure that had & crown width of 100 fast md & base width
of 150 feet. The dant was given & freeboard height at high

~ tide of 10 feet. These dimenalonz were considersd ldcqﬁto

~"  to stem the pressures of & channel 170 fast broad and 18 fest |

deep at high tide. Weight and -ﬁrinhgo factors in peat

15wright letter to Willisms,

15‘1"!1- tarliest descriptions known to thia w:.tu- Rr'e

the reporta of 0. F. Beasley and J, M. 81dwll in Annual
sport of the Surveyo meral for tha Year 1860, pp. 5’4'-56.

1THanry M. m;:l.n, :
Lhe Ets pf
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25

e

necessitated a great deal of bulk in the initial ltructurr.m

How widespread this practice was slaswhers aonld not be

determined from preserved sccounts.

Dams were aimays furnished with sluicaweys and gates)
the drainage oapacities of the installations werd commensu-
rate to the area served, The facillties also served As con-
trols of irrigatlion ntor.w Twalvenile Slough was plereed
by four timbered sluiceways, sach of which had & pair of
bolted double=plank tide gat-u.m ‘Redwood was the m:-m

 material at first, but after 1885 wood began to be repleced .

by more durable flanged tubes of bollar liran. Cast=iron
tide gates probably came into wider use about this time. To

ﬂd\m- the ssepage hunrd along the cuter line ¢f the con-
duite, clay wap packed in closely around them prior to plu-

ing the remainder of the r111,%1
The Levess |

Leves speoifiecations varied accordiog to site require-
mants md the resources and cbjectives of the bullders. In

IB.-
Reolamatlion of Tide Lands Nov. 1%, 1875,
P. 5; "Recleiming the Tide Lands,” ib_dt_iﬁpr!- 1 10, iB’Iﬁu 1;- 5.

19"nc=1mt1m ur swamp and Overflowed Lands in m:- :
fornia,"” los, eit. ‘

. 200ny sluioeways and gates required 2%,000 fewt of
lymbar par wnit and cost $300 sach, The wh.n].i dam coat
#3,200 to complate. It required 24 days for & gang of 18
Chinese laborers to do the work. "Reclaiming thée Tide
Iandse," SWI, April 10, 1875, p. 5.

Plupgclamation of Marsh Landa in cnururn.tn, FRE.
h? 30, 1335, P 510-
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Removing the Tules

accaptad method of pemoving stands of
had died and

Burning wes the
tules, It was done in the fall, after the tops

when the sod was drliedt. Aopmtimes the ptanding tules were

pollad or mowed before burRing to ingure more thorough
destruction of the vegatation. At otner times the standing

cover was burned aubsequent to the bupning of the sod. What-

sver the timing, the
mattad material which hindersd other wteps in land prephra=
9

gbject was to remove &n snormous bulk of

tion such as ditchlng or plowing.
Ereaking the Boil with Fire
g was 4lse the cheapsst and quiokast method of

Purnin

poducing the fibrous organig sell toa workable condition.

prom the earlieat times there Wit AN AWETELEsA that the

organic material lost about half of its
of the land wal lowered apcord-

The depth of

Lopiginal volume with

burning, and that the surface
hi;ly. Deaper burning was to ba nvoidcd.m

9) representative poller, used en the Lisbon District,
consisted of doutle cylinders mounted in A Framé pimilar to
that of a reaper, The diametor of the cylinders wae £bout
six rest., The equipment wis mount

& Ride through Lisbon hietrict,” PRP, Jan. 19, 1878, B. 3N
Rollers of ten feat diameter, pushed by four horses and
atecred into the tulen by meand of a pudder whesl are
described also, ILLUBt rionp of Gontra Costa CO - »

1 » ﬂ’.t-'

p. B; Tide Land Reclamatlon ¢o. » Qp"—f_i
ing SF Times, June 22, 1563: Munro-Fraser, Hiato. of Cont
coata count w s s s Pe Shi HOBE, 200 oit.y P- S‘Tﬂ

selaimed Tulw Lands," EFRE, April 3, 1875, ps 1i A Naw

;mgagumt." BWI, Aug. 2%, 1878, p- 2} Nopdheff, op. ait.,
10pide Land Reclamation Co. (1869), gB- Slf.. P 39.-
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rire penetration was gccutrollable & Iittle by using the tlds
gates to manage water levals in the traect or by postponing
the burning until dessioation had taken place to & desired
depth. There 1s no direct evidence that the water levels
ware controllad for t-hl.; purpose in the sarly reolamstioh
duys, Rother, the depth of burn wam controlled by the tim-
ing; early burns reswited .'m shallow penstration becauss
dampness retarded the sire 1 It seemed to be sustomary to
let the turf dry enough to bw burmed 6 to 38 Inches deap.1Z
The thoroughness and benatratlion of fire wap greatest in the
peat areas, and it diminished aa the mineral contant of sod
inersased, On the upper portion of Roberts Island, for
inatance, some of the burnlng would reazh inte only the top
813 or saven inchas of peaty pateriel .23 | -
The general prectice was t0 ignite the md in many

pluu.“ one procedure was to have a Chineas laborey dig

naies-into the turf, followsd by a second man who dropped
wisps of straw into the holsa and started the tiru.“ A
pecond method, devised by A farmer om Upper Roterts Island

when he would not start fires otherwiss, was to lgnite

1lipeciamtion of 3

cemmisnloner of A lture for

12p1de Iand Reclamation Co. (1869), loc. sit.
loos cit.s Do 39Ts or (1869), leo: git.s Browme,

13"”&!“‘ T‘IIJ.."," P, Nov. 1-5; ]BTB, -1 3‘3-
1371400 Land Reclssation Go. (1869), lea. cit.
15Norahoff, op: cit., Pp. 130=31.

and COverflowed Lands in cali- -
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kerosens that had baen poured inte mumerocus depressions
Kickad into the turt,l6 Willows and other undesirable woody

Erowth were cut out of the ground after the tiren, 7

Ashen and the scppched alluvium that remained after .
18

'th- fire usually would not support horaes or oxen. Even
though walking on 'pnt ash surfaces was disagresable, sowing
was dons by hand, commonly with a coffee-mill sower,3? The
broadoast sead was brushed in by dragging bmnuius avar thas
uhu,eo or i1t was trampled in by sliowly and systematically
driving compact bands of sheep over the surface., Bands of
200, 300, and 500 sheep did therough work., In districts
where the minoral soil partiolss formed 91 larga proportlon
of the volume of a moll, or wher+ the peat was wall drilad
out, plowing and harrowing preceded peeding and hu;rouing.
" While to burn and "sheep-in" land must have involved

el

variable costs, records of the sxpsnaes entalled are sketohy.

The following deta may or may not hive been peprassntative,

A tract of 1,500 acres was burned in 1871 or 1872 fer '100.22

€rpuming Tules,” PRE, Nov. 16, 1878, p. 309.

173an Joaquin County Board of Supervisors, 3an Joaquin
County, Californii, for the Parmer, p. 5i.

mﬂoﬁg. loa. cit., p. 343.

194ordheff, sp. ait., p. 131. Seading waa dohe 4t &
rate of 20 to M0 pounds per acre. *Our Reclaimed Tule
Lands,” FRF, April 3, 1875, p. 221,

20Ipia.; Tide Land Reclamation Co. (1869), log. sit.

. ZHoag, ige. oit., P. 3413 “Cultlvation of the Tule
Lamod,™ SWI, Jan. a Fs Pe S»

22xordhott, loc. oft.
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'to "sheep=in" gost from 35 centa to $1.25 per acre. 23 A

vand of 500 sheep could sover about 10 to 16 acres per day,
allowing time ror fesding on the levess or en voluntesr
qowr.e' In later yn;rs, rolling, burning, and grabbing
cost $3.75 per ore, plowing §5.00, and harrewing $1.25.°
The £irst grain crops aversged up to M0 and 60 bushels

5

par acre, though not scnsistently. Harvesting with headers
was socompanied by rather large srain losses. Sometimes
sheap were permitted to glean snd to tremp in sesd for a vol-
untesr second ercop. At other times the sscond orop was
sncouraged by plowing with a two-share gang plow drawn by
four horass wearing tule Ihﬂl-aﬁ By this time desasloation
and oxidation had prosssded far snough that the organic soll
would suppart the teams. ‘

Economy waa not the anly reascn that made the burning
of tule turf attractive to farmers. It Produced fairly good
seedbeds. Alsa, 1t was belisved that the fires prevanted _
"aigastrous aiasma,” and in so dving made tha lslands more
habitable,Z7 More important, the system often resulted in

€31iaw Land Reclamation Co. (1869), loe .} "Aecla-
mation of Swamp and Overflowsd Lands in Cal + " loo.

olt.

281n1d,; Nordnorf, log. sit.

Szan Joaquin County Board of smrw.li;rl, loa. ait.

®yoranotr, 106, 03t.s Hos, 102, oit., b. 3.

ZT%) Ride through the Tule Country," SWI, Sept. 3,
o, irE,

1877, p. 5; “Burning Tules," PRE, Nov.

P 308.
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spactaculap ylelds which “eontributed to keap up the delusion

that ouch wes & proper tresatment of these lands, "8

The prectice of burning peat had serjous shoprtoomings.
The fires were likely to panstrate irregularly, burning desp
holes here and there} or to progress lrregularly, leaving
humstcks of unaltered living apd dead organig mtcr:l.ni among
the ashes.2? The uneven aurfaces thit Tesulted hindered
Ilffiﬂllnt operation of taams and cquixn.lrntﬁo ‘Lowered sur-
faces were+ harder and mors sxpensive to kesp drn:l.md.a.l
soﬂl_ werd depleted, and mineral sslts becames concentrated
in & narvower zfoné. - The oconsdional eescape of Cire into pest
levess threatensd muuti dipaster. Tne denss smoke and
Ashes that blew sastward saused dlscomfort in communitiss to

PO
Breaking the 3oil with .the Plow

Virgin peat was difficult to plew before mechanically

powersd squipment came into use, When it was wet it wea too

- 28"surning Tule lands,” ed, of aF Bulletin, Jem. 1
1879, in B8, Set W 33:2, p. 317, T 7s

Byoranort, op. 61t., p. 150,

3°Brom, loo, eit.:

MAgywning the Tule Lands,® 8F Bulletin Ilhmh )
1879, in B3, Set ¥ 1842, p. 317. i Buletin, '

32pn interssting case of A fire esonping into the
leves of Lower Robarts Island ocouriad in Kovembasr of 1878,
The fire was restyicted to a 350-root section by cutting
trenches into the levesy it was put out by pouring on wter
for a day and & half, The water was punped by & fire engine
which had to be barged some 50 miles from Stockton to reach
the firs. "Ths Robarts' Island Pire, » Nov. 2, 1B78, p.T.
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Ey thc‘ 1870"s farming wad ﬂourun:ln_;.' The delta's
early vegatables earned premium prices in central California
cities, while ‘trm staple potatoes and beans comprised & large
share of the state's producn." Livestoek, dairy products, .
and hu e ahxpped to 3an Francisco Bey nﬂ-!.u, A% wara
Illﬂ. desidusua fruits, ohisfly psaches and peurl. Moreover,
the premiumm fruit found ready mAvkats in the East once trans-

apntinental rail shipments were feasible. Wheat, Califer-

nia's second golden harvast, was produced in the delta for
_export. . )
" Some irrigating had been done eariier, but the prae-
tice doss not appear to have bacoms a comuon part of delta
farming until the 1670's. Plood irrigation hed besn tried on
soell grain by 1_371. but was given up because of the ;xuq-
sive weed growth that l‘&lultﬂ.doz For other oreps land soak-
ing befors planting or flood irrigation were prectices in use -
' during the 1870's. Sublrrigation prier to ‘ﬂoﬂ.ns and plant-
ing datas from the same decade; it was originally used for
beans and potatoess or to sncourage the mﬂh-br' a4 volunteer
hay crnp-3 Since then subirrigation has been used on all

\

growing crops.

lrn 1875 mmrlx all of the dtltn produce trads wax
with snn Francises., 'Down the River," Sacrament a, .

Nov, 5, 1878, 1n% et W B, "Ccalifo aunties; Sants

crut to Yuba,"” 70

5. 330 2"shemn Island Improvements,” MSP, May 22, 1869,
3"orops on Snarman Island,”™ correspondincs to -

lstin, May 21. 1871, in B3, 8et W 1831, p. 1¥7:
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Irﬂaar.:lnn watar was delivarsed to the backswemp land
through tidal pates and drainage ditches in the 1870%'s.

ino backed water into field ditches of %wo- to four-
the water spread along the six~inch-
P} which ware spaced

Filled ma
foot depthj from these
to two=foot-deep :I.atcraln' ("epud ditches
at intervals of 65 to 85 fest. Sespage goccurred in tha peat
solln. Water levels wore u_ont.rontd with gama goross the
diéoh«s.‘
water delivery systema indepsndent of draindge ditches
ware in use by tﬁn latter 1870'-.5 Theae ayatems were mailn-~
tained Dy the farmer, only the drainage pyatem belng the '
responaibility of the reclamation distriots. Water wheels,
windmills, end low-head pumps were used on the higher allu-
vial ha‘nkus whepe furrow and check irrlgation wers the rule.
gravity flow and siphons arter tha 1500's were used <o the
lower tru’qs."r Neverthelaess, it apptsrs that much af the
Lands of the San Joaquin,” SF Bylletin, March 28, 1879, in .
Reclamation gf Swamp and Qvarflowed

B3, Set W 1B:2, »p. 3;6;
Landa in California,” Report of the

leulture for the

N .

Letter of H. Eugene K. to ed., /PR 7, Peb. 11, 1878,

in BLS, No. 21, P. 2743 Report a the Conpscvation Commispion

or The state of California, January 1, 15l4, P
Srpule Parming,” SWI, Maroh 31, 1877. P« 7:
EMckeag, *Delta Report,” Unit 3.

T*How Rich Land Is Saved from California Rivers,”

Eﬂf. July 1, 1505, p. 5; Wells, "filling the irylan® of
california,’ loa. cit., p. 2;;, idem,., "San Joaguln County,

California,” JoC, ¢i%., P-
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land wap without lrrigation aa 1ate as 1898, whan, to sawe

grain erops, the Moss Tract leves waa breachad to admit

mater, and & pteamer was used to punp water oate Reough snd

Ready Ialand -a

Agriqulturs, 1900-1928

E: '

B Althoush it began sarlier, the transforgaticn of delta
3{ farming of perishable crops from garden to field agriouiture
i ‘3‘.3 15 essantislly a twintieth century development. AspaTagus,

colery, snd tomatces were handled thereafter on & MoAla pre=
viously asaociated only with such bardy ntaples as potatoss,
bunl_, and oniona. BSugar basts developed into an i.mportnht
cash orep. The mcale of all operations expanded rapidliy.
Barley replaced wheat as the mejor winter grain orop. Dairy-
ing grew apace in the San Josquin delta. To the north, sleng
the natural levees of the Sacramento, Bartlett pear orchards
reached their prime. Alfalfa hay wns cut for the ui},{v livery

market in the form of beef and mutten.
Marketing methods altered arcund 1500. Capneries and

trade names and product ltMﬁl were adoptad; and bhayers
went into the field te contract for ¢ropp, Earller the

toade or, wlong with arop waste and othay fesd, wou moved to

whoiesale produce houses began to handle delts crops directly;

8
Cosby "Dtltn Hutory Notas," pp.
Mareh 25, 18 bid., April 9, 1995 gn 1909 1:%1::“

half of the rlcln st was iprigable. R
tate of cal
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waat of atouuton. and aupported truck prdnnu along the San
Joaqulin X 25 _

An 1des of the pature of small-scele farming in tha
187078 is affordsd by glimpses of actlvity at Rough &nd
m.ady, Roberts, and Shepman islanda. On Rough and Ready -
Isiand & handful of Itallan share tlw_nnt- and hired hands
worked sevaral properties, ralainz’ tmtn_u, peppers, sgg-

" plants, & little asparagus, and other trusk arops. Soma 12
acres of deciduous crchard and vine and & few acies of
alfrlfs wers farmed a4t the eastern end of the ialand. At
t.h!ﬁ.l the orohard owner and largest operator was abls to
siip $1,000 worth of produce per wiek to gan Franeiseo and
Stoekton.e6 By eaply 1879 the island was sharsd with cul-
tivators whe rﬂ.nd fiald orops of barley, .pnt-.ntun, Sart,
and beans on the lower beckslopes and in the reclaliwd back-
swamps. The relationship of truck gardens to ieland periph-
sries and of field agriculture to the lower land was estab-

1ished early.27
The conversien of natural levees into farm land on |

Robarts Island may be credited to Chinese lassees whe, &t .

. Z5%gan Joaquin News,” SP Alts, June 10 snd 13. 1852,
in B3, Sst w , p. 1397} "8San Joaguin Newas,"

ﬂﬂp%? 26, 1852, in B3, Set W A 1406; Report o Com=
misaioney of Publia oples ‘ )

26"rule Parming,” SWI, March 3, 1877, pr T+

7*agrioultural Ngtes--San Josquin County,” PAE,
April) 26, 9s P« 2773 "Down Among the Tules, Qgﬁg’m,
Peb, 23, 1880, in 28, Set W 4, pp. 1510-11.
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lesat by 1359, wores astabdblishing truek and frult gardens on
the %an Joaquin River pide of Noberta Ialnnd.ea Bcuth of
Rough and Ready Island the cleared 1and had hecome &n almost
centinucus series of 6- to 50-sere-oultivated plots by 1875.
The farmed ntrip strstohed into the island 200 to 500 fest.
Another 60~a0re strip of oultivated leves waa located on the
wapt side of the laland to the north of the Pescadero arant
iine. Here and thers aleng the leves were the homes and
barns of m dozen white familias, chierly griin and bean forn-
¢rs and stook owners.Zd auttlﬁd clusters of Chinese gar=-
deners cocupied the Orant land. Like the renters to the
north, the Chinese raised onions, beans, and blackberries.30
Cnee the land development companies Mﬁn to reclein
the backasamps in the 1870's, the land use pattern changed.
Extensive grain fislds appesred ovar the interior of Roberts
Island,31 The white lessees were mainland residents TR e
" as island settlers, Moat of the latter lived within a mile
of the rivar; their houses oscupied slight alluvial proail-
nences emidst the grain fields, Some of their farm strue-
tures had been bullt by the land developers &8 base ‘clmpn for

Z8"Notes of n Trip Up the sln..maqul.n nivir." latter
to ad., BWl, June 19, 1B69, p. B.

29me farm, desoribed in 1877, conslatsd of 170 aores,
of which 50 ware wheat, 10 barley, and 10 baans,  The reat
wis tule, wseful for pasturs, "A Tule Land Parm,"™ SWI,
Maroeh 2k, 1877, P- 7.

30"smong the Tules,” SWI, Ost. 7, 1976, D. 5.

31*hown among the Tules,” SP Bulletin, Peb. 23, 1880,
in E. Set W &, p. I511; "Ap-:.eulfbuuaf "Ualestions,” gz Pul~
1 B AUg. 26; 1373. in ﬂ; ﬂ't W lBIE. Ps 295!
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the reclamation snd land clearing ovews,32 In addition to
the axpanaion of grain fields over the interior of the '
island, an enlargement of bean and potato acresge caaurred
nesp the river, whers the thrifty Chinase anhd Itallins even
plantsd on the artificlal levee.3? A few emall deciduous -
orehards were seattered around the higher periphnn‘t:no.a‘ :
' gherman Island developed an nariauuurai landacaDe
similar to the one at Roberts Island. JIn the !lll‘.l when the
island remainad dry, wheat and u'r:lnly .urus-'mu extansive;

thers were about 3,150 sores of amall grain in 1371.35 T.000
aores in 1373/%.36 and 10,000 eoves in 38TAATS (£looded) 7
As & rile, the wheat and bariey ware planted on hlgh=watfer=

lecated near the Tiver. Chiness farmers raised potatoes,

32"Gigantiec Enterprize,” , 8ept. 25, 1875, B 4}
A Ride through the Tule Country,” ibid., 3ept. 1, 1877,

pe 5o

1879, in BS, Set W b, .

3""Bupp1¢mntll Report on the Conditlon of Various
Prult Distriets," Third Bisnnial Repopt of the State Bod
t cul tu Iy {ﬂmm!(ﬂﬁm

HgE

+

35This writer's eatimate is based on a reported
© 100,000-pnok ¢rop for the 1870/71 ssason. “A Tour through
the Interios,” SF Alta, Sept. 23, 1872, in B3, Set W 1811,

pp. 154=85.

36mgnerman Tsland," lettar to ed., SF Alta, Aug. 10
1874, in B3, Set ¥ 1811, p. 162; Nordhoff, Ops 6lt., Pe 3323
address of J. A. Hosmer, San Joaquin Valley District Agrioul-
turzl Scolety, "Transastions,” in Calif. State Agric. 3oc.,
Irangactions During the Yeap 1873, p. 6520,

o s 37*tme Plocd at Shersan Tseland,” 24, Jan. 30, 1575,
L3-8 . .

table virgin or young aoil while the rented produce land wem

- 33"Through San "“2},‘32 county,” gP Bulletin, Msrch 22, .
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State of Colifernia The Rescurces Agenc,

Memorandum
Data - JUL ]l“m

To ¢  Mike Ford .
Office of State Water Project Planning

/ —
" Hart P. Winkler, Chief -
From &%Prt!rt?-lnl? ﬁtyﬁ}cr Rasources

Subject; .
Reclamation District 544 Seepage Monitoring Study

Central District is pleased to present the attached report, Reclamation
District 544 Sespage Monitoring Study, 2000-2001. This report presents seepage
monltoring results from Upper Roberts Island, Surface and groundwater level
manitoring was initiated in April 2000 to evaluate the effects of the operation of the
temporary fish barrier at the head of Old River on shallow groundwater levels on
Upper Roberts Island. This work was completed at the request of the Temporary
Barriers Project and Land Management Section of the Office of State Water Project
Planning with the cooperation of Reclamation District (RD) 544 and several

landowners.

Data was collected from seven groundwater monitoring stations and a river
stage gage along the San Joaquin River at Upper Roberts Island. During the study
period, river stage and groundwater levels did not rise above the island's land

surface and seepage was not observed.

If you have any questions regarding this repon, please contact
Mark Souverville at (916) 227.7601. '

Attachment
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Reclamation District §44 Seepage Monitoring Study
2000-2001

This report presents seepage monitoring results from Upper Roberts Island,
Surface and groundwater level monitoring was initiated in April 2000 to evaluate the
effects of the operation of the temporary fish barrier at the head of Old River on
shallow groundwater levels on Upper Roberts Isiand. This work was completed at
the request of the Temporary Barriers Project and Land Management Section of the
Office of State Water Project Planning with the cooperation of Reclamation
District (RD) 544 and severa! landowners.

Introduction

Upper Roberts Island is an agricultural area in the south Delta, bounded on the
west by Middle River, on the south by Old River and on the east by the San Joaguin
River, The north end of the head of Old River barrier rests on the Island's Old River
levee at the paint where it branches from the San Joaguin River. The head of OIld
River barrier is operated to benefit fisheries. Studies conducted by the U.S. Figh and
Wildlife Service suggest that there may be a higher rate of survival for salmen smolt
emigrating through the San Joaquin River rather than Old River (DWR 1998, 1888),
The barrier is emplaced to prevent outmigrating salmonids in the San Jeaquin River
from entering Old River and subsequentiy the Central Valley and State Water Project
pumps. Htis constructed in the spring and fall of each year, except during high flows.

Streamflow and stage on the east and west sides of Upper Roberts Island is
affected by the barrler, During periods of barrier oparation, flow and stage in Oid _
River are reduced while flow and stage along the San Joaquin River are increased.

Landowners on Upper Roberts Island have been concerned that the rise in
San Joaquin River stage due to the fish barrier has caused a rise in the groundwater
levels on the Island, creating a negative impact on ¢rop production. The fish barrier
at the head of Oid River is bounded on both ends by private land, and temporary
entry permits are required to install the barrier. The landowners on Upper Roberts
Island have requested, as a condition of the temporary entry permits, that the
Department of Water Resources (DWR) monitor groundwater levels on the 1siand to
evaluate seepage .

Monitoring Site Selection

Three seepage monitoring siteés were chosen on Upper Roberts Island in
coordination with Jerry Robingon, President of RD 544, Bill Darsie of Kjeldsen,
Sinnock and Neudeck, and staff from DWR's Office of State Water Project Planning
(OSWPP) and Central District (CD). A regional map (Figure 1) shows the location of
the three monitoring sites, the San Joaquin River stage gages, and the head of Qld
River barrier. Well locations at each site were determined after evaluating boring -
samples and nearby surface features, such as canals. These locations are shown on
topographic maps of the three sites (Figures 2-4). Each site has two shallow wells,

1
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one near the levee toe and the other approximately 150 feet inland from the toe, to
monitor the groundwater gradients adjacent to the San Joaquin River, An additional
deeper well was drilled at Site 1 to attempt to determine the vertical gradient,

Monltoring Network Installation

Seven wells were installed prior to the spring 2000 emplacement of the head
of Old River barrier. The well depths range from 18 to 40 feet below the ground
surface with each well having a 5-foct screened interval. The goal was to install the
wells within a saturated, coarse-grained unit beneath each site, A truck-mounted
Central Mine Equipment 750 drill rig was used to drill the barings. All borings were
advanced with 8-inch diameter holiow stem augers. Soils were coliected for
description using a continuous sampling tube. Details of the drilling, descriptions of
the soils, and field classifications of the soils are provided on the drill hole logs in
Appendix A. The construction details of each monitoring well are included with each
welllog. Table 1 lists the depth, reference point elevation, and screened interval for
each well, ‘

Borinq . . Raferencg Point

Well  Depth’® Well Depth Screened Interval Elevation?
UR1A 30 28 23-28 16.15
UR1B 27 25 ‘ 20.25 16.24
UR1C 40 40 3540 16.01
UR2A | 20 17 12177 12,57
UR2B 21 19 14-19 12.21
UR3A 18 17 12-17 9.89
UR3B 20 20 15-20 9.92

1. Dapth below ground surface In feet

2, Raference point at lop of plastic casing

National Geaodelic Vertleaf Datum 1929

Table 1. Well Depths and Refercnce Polat Elevations

In addition to the groundwater monitoring well installations, a temporary tide
gage was installed in April 2000. The gage was mounted on an‘existing pumping
platform in the San Joaquin River about 1,500 feet downstream from the temporary
barrier. A permanent station is planned to be constructed by fall 2001, The
3an Joaquin River stage is compared to groundwater levels on Upper Roberts Island
to determine the effect of river stage on groundwater levels.

CD staff surveyed the monitaring network for elevation and horizontat position.
The U.S. Army Corps of Engineers (USACE) and U.S. Geological Survey benchmark
“Tidal 6,” National Geodetic Vertical Datum 29, elevation 16.85 feet, is the datumn for

2
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this survey. The *Tidal 6" benchmark is located on the north levee of Old River near
the temporary barsier, The elevation survey determined reference point and ground
surface elevations at each monitoring well and a reference point elevation on the
San Joaquin River tide gage.

Topographic maps of the seepage monitoring sites and adjacent river section,
Figures 2 through 7, were constructed using data from USACE, Sacramento District.
Ayres Associates, under contract to USACE, collected hydrographic and
photogrammetric survey data of the San Joaquin River Basin in 1998, Along with
geologic information from boring logs, USACE's data was used to develop cross
sections perpendicular to the San Joaquin River at the seepage monitoring sites.

Northing Easting Ground Surface Elevation
Well {Meters) (Metors) {Feet)

UR1A | 4186190 | 647406 13.06

UR1B 4186337 647381 13,04

URIC | 4186340 | 647380 13.01 ]

UR2A 4160671 647506 0.38

UR2B 4190657 | 647460 8.96

UR3A | 4191875 | 647681 6.67

UR3B 4191887 647639 7.24
gg :s;fnfr detarmined geographic eoordinates of the walls using & Trimble Pro XR Glubal Foatiching
Universal Transvarsa Mercator Zone 10 projection

Tuble 2. Weli Locations
Hydrogeology

The soils encountered at the three sites occur as alternating layers containing
varying amounts of clay, silt and/or sand mixtures. Saturated coarse-grainad layers
were encountered at each site for placement of well screens. For a detailed
description, refer to the drill hole logs in Appendix A. ‘

At Site 1, as shown in Figure 5, alternating clay and silt layers were observed
from the surface up to 24 feet below ground surface (bgs) during drifling. Total depth
of borings for UR1A, UR1B and UR1C were 30 feet, 27 feet and 40 feet respectively.
Water bearing sand océurs from 24 feet to the total depth of boring (TD) in UR1A,
from 21 to 25 feet in UR1B, and from 20 to 24 feet and 29 feet 1o TD in UR1C. A clay
layer occurs between two water bearing sand layers at depths of 25 feet to TD in
UR1B and 24 to 29 feet in UR1C.

3
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At Site 2, as shown in Figure 6, clay was observed from the surface up to
8 feet bgs. Total depth of borings for UR2A and UR2B were 20 feet and 21 feet
respectively. Water-bearing sand occurs from 13 to 17 feet in UR2A, and from
16 feetto TD in UR2B. A clay layer occurs between two permaable sand layers at
depths of 11 10 13 feet in UR2A and 14 to 15 feet in UR2B. Siit occurs from 17 feet
to TD in UR2A, ‘

At Site 3, as shown in Figure 7, alternating clay and silt layers were observed
from the surface up to 11 feet bgs. Total depth of borings for UR3A and UR3B were
18 feet and 20 feet respectively. Permeable sand otcurring from the surface to a
depth of B feet in UR3A overlies silty clay that is present to a depth of 11 feet,
Water-bearing sand occurs from 11 to 17 feet in UR3A and 10 to 13 feet and 16 feet
to TD in UR3B. Clay occurs from 13 to 16 feet in UR3B.

Data from the geologic borings indicate that water bearing sand layers
beneath each site likely extend to the left bank of the San Joaquin River (Figures 5
through 7). Groundwater should move freely within these sands, but the soils
overlying these sands are primarily silts and clays, except at well UR3A. These silts
and clays will impede the vertical movement of groundwater.

Mnnitoring Activities

The period of record for stage and groundwater elevation data in this repor is
Aprit 20, 2000 to April 20, 2001. Groundwater elevation levels in each well are
measured and recorded hourly using an In-situ Troll dataloggertransducer. The data
is collected monthly with a palmtop computer. Stage data is measured and recorded
hourly by a Hydrolab Datasonde 3. The data is collacted monthiy with a laptop
computer. The San Joaquin River at Brandt Bridge station, maintained by DWR,
measures and records stage data at 15-minute intervals. The river stage gage at
Vernalis is operated jointly by the U.S. Geological Survey and DWR. It measures
-and records hourly stage data and posts it to the California Data Exchange Center
web page.

Monitoring Results

The collected data were evaluated by creating hydrographs for each site
showing groundwater elevation, ground surface elevation and San Joaguin River
stage (Figures 8 through 15). Vertical lines bracket the periods of construction and
removal of the head of Old River fish barrier. A solid horizontal line represents the
ground surface at the monitoring site.

The following observations can be made from the San Joaquin River
hydrograph, Figure 8. Over the period of record, water levels in the monitoring wells
and the stage gage on the San Joaquin River at Upper Roberts Island peaked in April
2000, during a period of reservoir releases for the Vernalis Adaptive Management .
Plan (VAMP). Stage data from Vernalis, located 13 miles southeast and upstream of
the barrier, show that the same activities {occurrences) that influence stage at

4
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Vernalis are the primary influences on San Joaquin River stage along prer Roberts
Istand.

The following observations can be made from the Site 4 hydrographs,
Figures 8 through 13, Changes in groundwater elevation at the site mimic changes in
the adjacent river stage but are less pronounced and lag slightly behind. The
groundwater elevation in well UR1A was the most responsive to changes in river
stage. During the period of record, the highest recorded river stage at the temporary
gage on the San Joaquin River was 7.59 feet, coincident with a groundwater
elevation of 6.38 feet (depth of 6.68 bgs) in well UR1A. During the period of record,
the San Joaquin River maintained stage above groundwater from April 20, 2000 to
mid May, the beginning of October to the beginning of December and mid February
to mid March. During these periods, groundwater elevations in well UR1A were
closer to river stage than to groundwater elevations in wells URYB and UR1C. From
mid May to rid August, the San Joaquin River maintained stage below groundwater

~elevations and groundwater elevations in well UR1A were predorminantly below

well UR1B. The elevation of groundwater in well UR1B is consistently slightly higher
than in well UR1C, but the water level trends in the two wells are nearly identical.
The predominant groundwater elevation gradient has been away from the

$San Joaquin River,

The following observations can be made from the Site 2 hydtograph,
Figure 14, Changes in groundwater elevation at the site mimic changes in the river
stage, downstream approximately 1.4 river miles at Brandt Bridge, but are less
pronounced. The groundwater elevation in well UR2A was more responsive to
changes in river stage than the groundwater elevation in well UR2B. During the
period of record, the highest recorded San Joaguin River stage at Brandt Bridge was
5.51 feel, coincident with-a groundwater elevation of 4.84 feet {depth of 4.54 bgs) in
well URZA. During the period of record, the San Joaquin River stage at Brandt
Bridge was not observed above groundwater elevations in either well for any
extended period. When stage did rise above groundwater elevation, however, the.
groundwater elevation in well UR2A approached river stage at a greater rate than the
groundwater elevation in well UR2B. From Aprif 20, 2000 ta mid June, the
San Joaquin River at Brandt Bridge maintained stage below groundwater elevations.
During this period there were two events, at the end of May and beginning of June,
when significant dips in stage were observed. As they occurred, the groundwater
elevation in well UR2A shifted toward the river stage more than the groundwater
efevation in well UR2B. The elevation of groundwater in well UR2B Is consistently
slightly higher than in well UR2A, and the waler level trends in the two wells are
nearly identical. The predominant groundwater elevation gradient has been towards

the San Joaquin River.

The following observations can be made from the Site 3 hydrograph,
Figure 15. Changes in groundwater elevation at the site mimic changes In the river
stage at Brandt Bridge, which is just downstream of Site 3, but are less pronounced
and lag slightly behind. The groundwater elevation in well UR3A was more
responsive than the groundwater elevation in well UR3B to changes in river stage.
During the period of record, the highest recorded San Joaquin River stage at Brandt

5
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Bridge was §.51 feet, coincident with a groundwater elevation of 2.60 feat (depth of
2.98 bgs) in well UR3A. During the period of record, the San Joaquin River stage at
Brandt Bridge was above Site 3 groundwater elevations from mid June 2000 to the
beginning of February 2001, During this time, groundwater elevations in the wells
declined nearly 2 feet from June to mid August while the river stage maintained an
elevation range of approximately 2 to 3 feet above sea level. The decline in well
UR3B was also greater than well UR3A during this time. The elevation of
groundwater in well UR3A is consistently higher than in well UR3B, and the water
level trends in the two wells are nearly identical. In May 2000, an irrigation ditch,
constructed nearly 50 feef from well UR3A and only 10 feet from well UR3B, was in
use. Simuitaneously, groundwater elevation levels in both wells rose sharply and, for
a brief period, were greater in well UR3B than in well UR3A. The predominant
groundwater elevation gradient is away from the San Joaguin River.

Summary

San Joaquin River stage elevation data and groundwater elevation data
indicate that permeable strata underlying the Island are laterally continuous and are
likely to be in contact with the riverbed. In general, groundwater in permeable strata
such as these will fluctuate in response to changes in river stage. This relationship is
seen in the hydrographs for each site (Figures 9, 14 and 15) where water levels in the
wells respond to changes in river stage. When the stage increases in the San
Joaquiri River, the groundwater levels will rise towards the land surface, but not as
rapidly as the river stage rises. Qver the monitoring period, river stage has not
reached a level sufficient to raise groundwater levels to the point where seepage may

OCCur,

In some cases, the water levels in the wells may not accurately represent the
water levels in the soils. The vertical movement of groundwater at these monitoring
sites is likely to be inhibited by fine~-grained sediments occurring above the saturated
sand zones in which the well screens are completed. Therefore, rising water levels
recorded in the wells are likely to be above the level of the surrounding water table.
After a period of time, the water {able may reach the water level in the well. The time
necessary for this to occur is dependent upon the characteristics and distribution of
s0ils that the groundwater must rise through. :

A shallow permeabls sand zone occurring at well UR3A is unique to the
project. The vertical movement of groundwater at this location would not be
restricted by overlying silts and clays, unlike other monitoring sites. If the sand layer
is laterally continuous and in contact with the riverbed, groundwater at this well could
respond quickly to rising river stage. Seepage may occur here soon after the river
stage rises above the ground surface.

Tha stage and duration required for seepage to occur is dependent upon
antecedent soil moisture conditions, topography, geclogy and soils, location and
gradient of groundwater tabie, and local drainage works (DWR Builetin 125,
page 15). The lowest surface water stage necessary for seepage to oceur at a
particular site is called the critica! base level (page 17). Once a site’s critical base

6
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level is reached, seepage may occur if the stage is maintained or rises. Critlcal base
levels typicatly occur at or above the leve! of the adjacent ground surface. The
monitoring system will not indicate when seepage occurs. It can indicate when
critical base level is reached and the length of time it is maintained,

Conclusions

1. Over the monitoring period, groundwater levels and river stage did not rise to the
land surface.

2. Over the monttoring period, seepage was not observed.
3. Geonlogic conditions most likely to allow seepage were found at Site 3.

Recommendations

Continue to monitor river stage and groundwater levels unti! seepage
conditions are observed. The data will be used to determine the critical base level

when seepage occurs.
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Appendix
Drill Hole Logs and Well Completions
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State of Cailtornia BHEET 1 of 2
The Resources AQsncy Ao
DEPARTMENT DF WATER RESOURGES ~ HOLENO. UR-1-A
ELEV. 13.00 FEET
PRILL HOLE LOG 20.0 y
. DEFTH : FRET
pnosect . Reclamation District 544 Seepage Monttoring Study bATE pRILLED____ O4/08/00
FEATURE Monloring Wells ATTITUGE Vartical
. LOGATION LOGGED BY William EI'BWS!G[
conTh.__ hayne-Christensen oL e _ CME 750 oEPTH TG waten ot Determined
DEFTH oG BAMPLE
(ELEY.) FIELD CLASMFICATION AND DEGCRIFTHON NO. MODE AEMARNKE
0.0
“5-“5 M i 1 AD | CME Continvous Sampling
. 0.0 1o 30.0° p
. - 0.0-5.0" Nosample
] 0.0 -5.0' Nosample obtained ] obteined
2.0] Cuttings Indicate sandy solt. h
] NR
4.0 1
] 1 5.0
- 5.0-9.0' Sty C! Fine & : ]
N About 509 medium plasticity cay; abaut 50% non- "
B'DE plastic fines; reddish gray, moist; soft to medium 1 ] g | 2footsample
4 stiff, ] 20
e T R
8.0.: 'E 3-foot sample
] 2 ] Clay in bottom of samplar,
- ) : m
Jaw | 9.0-6.5 Maedium Sand, (SW) About 95% wall { %0
softed, clean, medium sand; about 5% fines; ]
10, yeHowish brown; moist. §
0.65-20.0 Clay with Sitt, (LY About 90% medium 1
piasticity clay, about 109% non-plastic, micaceous J
fines; dark brown to gray, moist; soft to stiff. .
12.0 v
cL ]
] 5-foot sample
1 &0
14.0 150
18,0 ] Continued on next page.

DWR 238 (V) {Rwv. §-84)
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State of Calternia

pHEET __ 2 __oF 2

28.

wat sand.

The Resources Agenay
DEPARTMENT OF WATER RESOURCES HOLE NO UR-1-A
DRILL HOLE LOG .
PROJECT & FEATURE _ Reclamation District 544 Seepage Monftoring Study, Monitoring Weils
per) Loa FIELD CLARKIFICATION AND DESCRIFTION BANPLE| mooE REMANKS

18. .
; QUATERNARY ALLUVIUM DEPQSITS { AD | CME Continuous Sampling
p 0.0 10 30.0' E
E (cont.) -
. 0.6 - 20.0' Clay with 5t {CLY. About 80% medium ’
3 piastictty clay, about 10% non-plastic, micaceous b

18.04 fines: dark brown to gray, molst; soft {o stiff. 5 4 )
4 GL 1 59 5-foot sample
E 1 50

20.0.] i
3 20.0-24.0' Sit with Sand, (ML), About 70% non-
: plastic finas; about 30% fine sand; olive-gray, wel.

26 m 8
: 50| s5-fool sample
2 5.0

24.0 94.0-30.0' Sifiy Sand (SM): About 85% fina to
] madium micaceous sand; about 15% non-plastic fines.
A grayish brown, saturated, madium densa.

26.07 1
T.‘ 05 | Lostthe majority of sample
1 &M 5.0 | gown the hole due to loose,

0

E

28
al

Fh]llllil?ll!llItlJ?lil!IIl

&

|n-]||-lI|:l-I|||_|||1L1[llt.r_lfl;llllilll;llllglnllt;:tlll;xljl|-1||||_]_1|1-I1|!g

Total Depth = 30.0 fest

DWA 348 (1) {Rev. $-M)
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Datum (UTM NAD 83):

Monitoring Well Completion of UR-1-A

Depth (/1)

Ground Surface Elevation (MSL) = I3.06_Wft

WELL MONUMENT: 5' length by 8 dism

!

0.0
2.0
4,

6.

8.

0
0
0
10.0
12.0
14.0
16.0
18.0
20.

22,

24,

260
26.0
30.0
32

34,

36.0
kLR

40.

b stee] with lock and Lid, ~3* stickup
+——MONUMENT POST: 5 length by 2" dism
sloot, = 3" stickup

: #3 SAND: 0.0 1.5 above ground surface

CEMENT: - 00-2.5

TR o
P SR
.

1

CEMENTMRENTONTTE GROUT: 2.5- 15.0°

BLANK PVC: 1.0' above ground nuface to

2.0, 2" inside diameter

. BENTONITE PELLETS: 15.0- 180

- -——#3 SAND: 18.0-30.0'

| ————SLOTTED PYC: 23.0 - 280, 2" nside
dipmeter, 0.020" slot

INSTALLEDR BY: William Browster
DATE: 040600
REMARKS:
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Stnte of Callfomnls
The Aesources Agenty

DEFARTMENT OF WATER RESOURCES

SHEET 1 of 2
HOLENOD. .. WR-1-8

—_—

ELEV. 13.04 FEET
DRILL HOLE LOG 0
- DEPTH : FRET
PROJECT Reclamfmon District 544 Seepage Monltoring Study DATE DRILLED 04/07/00
FEATURE Monitoring Wells — Vartical
.LOCATION LocaED 8y, Mark Seuverville
conth._ Layne-Christensen priLL ko _ CME 750 perTH Yo waten Approximately 18
el S AAMPLE
m;.-.; L FIELD CLASSIEICATION AND DEBCRIFTION ne. | wouE FEMARKS
.0
{13-03): U PO 1 AD | CME Continuous Sampling
1 0.0to 27.9 ]
3 0.0 - 7.0 Sangy Silt {ML): About 80% non-plastic
2.0 fines; about 20% fine 1o medium sand; oltve-brown, .
e damp, sbiff. .
3 1 ]
ML ] 1-foot sample
4‘01 -: g-% I.ost majonty of sample
. 1 down hole,
6.0+ ]
] 7.0-155 Sandy Clov, (CLY ]
: About 85% reddish gray, medium plasticity clay; I g-‘% S-foot sampie
8.0 about 15% olive-gray, fine sand; damp to moist, scft 1™
b to medium stiff. \ncrease in moisture, decrense in 4
. clay gt §". Occurrance of calechey end color ]
J chango ta gray-brown a1 12', : 3
10.04 oL ‘
: ]
] ]
12,02 s 1 |
59 | s-to0t sample
14.0_: 1
.: 15.5 - 21.0' Sandy Siit (ML) About 75% non- ]
3 plastic fines; about 25% very fine to fine sand,; light 1 50
- W 8.5 4 3 S-foot sample
18.00 L alive-brown, moist, sof. Wet from 18,0 -18.5 1 59 | Gontinued on next page. |

LW BB (1} (Rev. -4)
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State of Caltornia
The Resources Agency

DEFARTMENT OF WATER RESOURCES

srEey 2 oF___ 2

HOLE NE. UR-1-B

PRILL HOLE LOG
PROJECT A FEATURE Reclamation District 544 Seepage Monitoring Study, Monitoring Weils
et | woa FIELD GLASSIFICATION AND GERGRIFTION BAMPLE| woor REMARKE
184 .
. U 1 ] AD | CME Continuous Sampling
: 0010 27.00 E
- {cont.) .
] 5.5 - 24.0° Sapdy Silt, (ML) About 75% non-plastic ]
3 fines; about 26% very fine to fine sand, light ofive- .
18.684 brown, moist, wet from 18.0 ~18.5', soft. 4
4 ML 1 50 S-foot sample
- 1 50
20.0
] 21.0- 260 Sity Sand. (EM): About 85% fine to 4
3 medium micaceous sand; about 15% non-plastic fines; .
22.9: =M grayish briwn, saturated, medium denas. 5 .
. 1 30 £-foot sample
o ~ 50
24,0 -
. 25.0-27.0° Sand - Abou 65% medum ] 2
- plasticity clay, about 15% fine to medium sand,; light I g
260 CL | olive-brown, moist to wet, stH, 6 § 20 | Zfoctsamele
(-14.01] . Total Depth = 27.0 feet
28.0-]

[
[=]

g £y
£ 4 L £
tl!]illll?llttl:IlL?IIII1Il]1P!£Ill}Ill

&

l]_lllI.fllllll!lllrl!]_lllllltllIl!l.LIltl!fI'II

DWR B ) (Ree, =i4)
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Datum (UTM NAD 83):

PASCIAN RN B ISR ..J"l"i f_"lC'(‘{I)HHE LY IR IR H_!L{ L".H.H\.lx_

Monitoring Well Completion of UR-1-B

Ground Surface Elevation (MSL) = 13,04 f

WELL MONUMENT: ¥ length by 8" diam

steel with lock and lid, ~3' stickup

{-—— MONUMENT POST: ' length by 2" diam

steel, — 3 stickup
#3 SAND: ~ 0.0 - 1.5 above ground surface

CEMENT: ~0.0-2.5

CEMENT/RENTONITE GROUT: 2.5 - 14.0°

BLANK FVC: ~ 2.0 above ground surface to

20.7', 2" inside diemeter

BENTONITE PFELLETS: 14.0-17.0

¥3 SAND: 17,0-27.0

SLOTTED PVC: 20,0 - 25.0, 2" naide
diameier, 0.020" slot

NSTALLED BY: Mark Souverville
DATE: 0440700
REMARKS:

01824
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State of Calitornia

SHEET L) of 3

The Resdurces AQinty 1.
DEPARTMENT OF WATER RESOURCES  HOLE NO. UR-1.C
ELEV, 130 FEET
_ DRILL HOLE LOG 40.0 8
PEFTH FRET
prouect _ Reclamation District 544 Seepage Monitoring Study DATE DRILLED 04/07/00
rearune _ Monitoring Wells ATTITUDE Vertical
 LOGATION LoGaep ny__Mark Souverville
cont,__ bayne-Ghristensen pAiLL Aig __CME 760 pEPTH To waTER APProximately 18 &
DErTH SAMPLE
meva | LO8 FIELD CLARBIFICATION AND DESCRIFTION no. | mooe AEMARKS
0,
13.08)] R UM DEPOSIT ] AD | CME Continuous Sampling
. 0.0 10 40.0' .
E 0.0 -5.0 Sandy Sit (ML) About 80% non-plestic .
207 fines: about 20% fine to medium send; ofive-brown, h
T darnp, stiff, §
1 ML 4 .
E .
3 ] 1.5J0ct sample
4'01 - %*g Lost majoiity of sarmple
; 1 . down hole, '
: 5.0-14.5 Sangy Clay, (CLY j S'Uﬂplfﬂ::l'l lhmmjf:;lt:r:j
“ About 80% medium plasticity ciay; about 20% fine ] sample tube, proj
8 031 to mediumn sand; olive-brown, damp to moist 3 contact from ML to CL.
e madivm stitf, very stiff 12 - 13", ;
] :
; 2 ] 80 | 5-footsample
8.0 ; 50
10.0+ cL :
12,0 3
] 152 | s
; : 50 S-foot sample
p p
14,07 .'
I ]
] 44.5 - 20.0y Sangy Silt, (ML) About 75% non- :
- plastic fines; about 25% very fine to fine sand; light
1 me | olive-brown, meist to wet, scit. 1 50
i 4] &g S-foot sample
16.0 Continued on next page.
DWA 538 {1} (Rav. M)
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Etate of Culornls

The Resounces Agency sMEET 2 oOF 3
DEPARTMENT OF WATER REBOURCES UR-1-C
DRILL HOLE LOG HOLE NO.
PROJECT A FEATURE _Reclamation District 544 Seepage Monitoring Study, Monitoring Wells
oerm| e FIELD CLABBIFIGATION AMD DEECRIPTION BAMME| pooe " REMARKS
18.0 -
: U T . AD CME Continuous Sampling
] 0.0tc 4D.0' n
. {cont.) 4
] 14.5- 20.0° Sppdy Sl (MLY About 75% non-plastic 4
i fines; about 25% very fine to fine sand; light dlive- .
18.01 . | brown, moist to wat, sof. q
N 1 50 S-foot sample
Y a1 &0
20.03 20.0-24.00 Sitty Sand, (SM): About 85% fine to .
. medivm micaceous $and; about 159 non-plastic finsx; .
N grayish brown, wet, medium danhse. :
22“.- SM 5 'j
] 1 s0
] p 5-foot sample
- - &0 e
24.01 24.0.26.0° Sendy Clay. (CLY About 85% high E
] plesticity clay, about 16% fine to conrse sand; light ]
] alive-brown with Iron-oxids stains, wet to saturated, —
3 stiff, ;
26.0] o | 26.0-29.0° Cley with Sif, (CLY About 80% high B
n plasticity clay, about 108 nen-plastic fines; yellow- ]
_~ br.own {iron banding) to light olive-brown, moist fo wet, h
; 3f. 6 1 80 | s5footsample
] 4 5.0
28.0] J
- -
] ;
] 26.0 - 40.0' Sifty Sand. (SM): About 85% fine to
30.0° medium micacecus sand; about 156% non-plastic fines, 3
A light alve-brown te olive-brown, seturated, loose. .
] Mica increases with depth. ]
] M ;
n.0- -
N 7 1840
. 1 %0 5-foot sample
34.0° ]
E 150 1 5-ootsample
34 04 8 750 | Continued on next page.

DWR B8 (2) (Rav. B-M)
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State of Calltornia
The Resources Agency
DEPARTMENT OF WATER RESOURCES

EHEET . 3  oF_ 3

HOLE NO. UR-1-C

| DRILL HOLE LOG
prosecT & keaTung  Reclamation Districl 544 Seepage Monitoring Study, Monitoring Wells
&m \OG FIELD CLASAIFICATION AND DESGRIPTION saMPLE| mooE REMARXS
38,0 = .
K . T ] AD | CME Continusus Sampling
, 0.010 40.0¢ 4
7 {cont.} : 7
N 20.0- 40,0 Sity Sand, {BM): About #5% fine to 1
4 medium micacecus sand; about 15% non-plastic fines; | g 1 &0 :

38.6- light olive-brown to olive-brown, satureted, loose. 7 50 E-foot sample
7 Mica Increases with depth. ’

40.07 . =

z70] : Total Depth = 40 fast
42.01 3
- -
; 1
44,0 g
7 ':
1 N
. 3
: 5
] E
- .
3 3
OWR M5 (7) (Mev. 3-04)

01827
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Monitoring Well Completion of UR-1-C

Ground Surface Elevation (MSL) = 13.01 fi
Datum (UJTM NAD 83):

WELL MONUMENT: 5' length by 8° dism

l steel with lock and lid, ~3' stickup

{e— MONUMENT POST: $' length by 2* diam
stesl, — 3' stickup

#3 SAND: ~ 0.0 - 1.5 above ground sufuce

-
il ™

CEMENT;: ~0.0-2.5

L

psn——— CEMENT/BENTOMITE GROUT: 2.5- 300

BLANK PV(C: ~ 2.0 above grovnd surfece 10

T e e

3150, 2" inside diameter

BENTONITE PELLETS: 30.0- 324

e 3 SAND: 32.0-40.0

SLOTTED PYC: 35.0 - 400, 2" invide

dizmeter, 0.020" slot

INSTALLED BY: Mark Souverville
DATE: 040700
REMARKSE:

01828



State of Calllernis
The Resburoms Agancy

DEPARTMENT OF WATER RESOURCES

EHEET 1 of __ 2

HOLENO. — UR:Z2-A

ELEV. 9,38 FEEY
DRILL HOLE LOG 0.0 2
, ‘ DEPTH : FRET
aosect _Reclamation District 544 Seepage Monitoring Study OATE ORILLED ... 24/06/00
FEATURE Mﬂnﬂﬂﬁﬂg Wells ATTITUDE. Vertical
. LOCATION LOGGED BY, Willlam Brewster
CONTR Layne-Christensen briwL Aig __SME 750 pE#TH TO waTER _Approximately 8 fi
oepre | SAMPLE
(ELEV] FIELD CLABSIFIGATION AND DESGRIFTION O, MODE AEMARKS
0.
(t2.061] QUATERNARY ALLUVIUM DEPOSITS 1 AD | CME Continuous Sampling
- 20.0° N
" . 0.0-5.0° No sample
] 0.0-5.0" mm ~| ﬂbtﬂlﬂ_ﬁd, Te)l oul of sampler.
2 (] Guttings inticate sandy soll. h
: NR
4.0] 400
3 4 8.0
y ]
; 5.0 - 7.0° Ciay, (CL) ]
8.04 oL Brown; demp; SUL. 1 25 | 2-5-foct sample
] 125
E 7.0-11.3 Send with Sit and Clay, (SM) About 7
« 80% fine to medium sand. about 20% fines; light
8.0 brown, moist. ;
E 23 25 | 2.5-ootsample
- &M 125 |7 °
> 3
10.04
] et 11.3-13.2 Clay with Silt {CL) About 00% 1
12.0.] medium plasticity clay; about 10% non-plastic fines; 3 7
: brown to gray; wet; soft to stiff. k
B ] S-foot sample
: 13.3-17.0' Shtty Sand, {SM}; About 85% medium ] gag
14.07 to coarse sand; agout 15% non-plastic fines; light J =
3 brown; wet, .
1 5M b
N 4 ]
16.01 1 Continued on next page.

CWR 438 (V) (Hev, B-84)
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State of Callfomnia
The Resturces Ag

ancy
DEPARTMENT OF WATER AEBCURCES

sHEET__ 2  oF_ 2

HOLE NO. UR-2-A

L]
o

DRILL HOLE LOG ——
pRoJECT & kEATURE  Reclamation District 544 Seapage Monforing Study, Monitaring Weils
e s FIELD CLASRIFICATION ANG DESCRIPTION BAMPLE mone REMARKS
18.0 " '
1 em 4 AD | CME Continuous Sampling
3 0.010 20.0¢ k
p (cont.) ]
. 13.3-17.0° Sity Sand (EMY: About 85% medium te 3
] coarse sand: about 15% non-plastic fines; light brown; -
18,07 wet, 5 -
;] 1 5g | S-foutsample
1 MU 47.0-20.0° Silty Sand with Clay, (ML) About 60% 150
-] fine sand; about 40% fines with slight plasticity; light P
7 brown, wet. .
20,00 . Totai Depth = 20.0 faet
{-10.8)] 3
22,67 ]
24, .
% p
5M ]

8

Pl||!11_l_1?1tltJltzl?:lj!llj_n_LFllellnuul?ijtll11:|?||||£||1:?llrul:ill

&

ad sl vl s

¥ ¥ T ¥ @ Yy ¥y Ty aT T W o

DWR 008 {3) (Rev. B-04)
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Reclamation Disict 544 Seepage Moniormgg study

{ Ground Surface Elevation (MSL) = 9.38 fi

| Datum (UTM NAD 83):

Monitoring Well Completion of UR-2-A [

Depth (f1)
0.0

2.0
4.0
6.0
8.0

100

12.0

14.0

16.0

18.0

24,
26,
28.

30.

T
LR, 4

¥
L=

WELL MONUMENT: 5 length by 8" diam
sieel with lock and lid, =3 stickup
tm— MONUMENT POST: & longth by 27 diam
steel, ~ 3 stickup
#3 SAND: - 0.0+ 1,5 ehove groun suyface

T

CEMENT: ~0.0-25

g

o= CEMENT/BENTONITE GROUT: 2.5 - 8.0

BLANK PVC: ~ 2.7 sbove ground surface to

12,00, 2* ingide dismeler

p———RETONITE PELLETS: 80-11.0

e }}1 SANL): 110 19.0

———3LOTTED PYC: 12.0-17.0, 27 mende
diometer, 0.020" slot

INSTALLED BY: Bill Brevster
DATE: 040500
REMARJCS;
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State of Catilornis

SHEET ] of __ 2

The Resources Agency
DEBARTMENT OF WATER RESOURCES  HOLE NO. UR-2-B
ELEV. f,.96 FEET
DRILL HOLE LOG 210 .
. ‘ CEFTH . FRET
prosect _ Reclamation District 544 Seepage Monitoring Study DATE DRILLED 04/08/00
FEATURE Monttoring Wells ATTITUDE Vertical
LOGATION LOGGED By___ Yvilliam Brewster
conta._. Layne-Chrislensen pAL i __CME 750 DEPTH TO WATER Approximately 17 ft
bEFTH ‘ SAMPLE
reLkvy | 109 FIELD CLABMFICATIAIN AND DESCRIFTION wo. | wooe HEMARKE
0.0
{6.96) 7 A D 1 AD | CME Continuous Sarnpling
2 0.0to 21.0' ]
- . 0.0 =50 Nosample
] 0.0 -5.5' Silty Clay (CL): About 70% iow plasticity ] obtained
2 0 clay: about 30% non-plastic fines; mottied dark .
. brown, dark grayish brown; moist; soft, E
. NR ]
40y o 1o
; :
. 5.5- 8.0 Bandy Clay, (CLY About 50% medium u
. X about 4 edi nd; dark ; .
6.0; e A % medium sand, dakcorey. | 1 2 25 | 250ot sample |
] 125 :
8.07 ] g
. ] !
] 8.0-14.00 Sity Sand, (SMY. About 80% medium 2 ]
3 sand: about 20% non-plastic fines; dark brown; 4 &8 | 25ootsemple ,
" moist ; 2.5 i
1&0? - . %
: ] |
] - i
12.0] 3
. .
J h
E e 5-foot sample
; i 59
14.0] 14.0 - 15.0' Sandy Sity Giay [CL)Y About 50% 1 50
1 e clay; nbout 30% nan-plastic fines; about 20% fine, j‘
h micaceous sand; light brown; wat. -
3 15.0 - 21.0° Sand with St (SM): About 85% .
7 micaceous, fine to madium sand; about 5% non- . 2 500t aﬁmpte
i " . - . 4 _ .
16.01 EM plastic fines; light brown; maoist, ioose . Continued on next pege.
DWhR 588 (1} (Rev. -84}

01832
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State of California
The Resourcas Agency

DEFARTMENT OF WATER RESOURCES

GHEET __ 2 oF___ 2

HOLE NO. UR-2-B

DRILL HOLE LOG
PROJECT & FEATURE Reclamation District 544 Seepage Monltoring Study, Monltoring Wells
el Loa . FIELD CLASRIMOATION AND DESCRIFTION SAE | moE AEMANGS
16 -
D 1 4 AD | CME Continuous Sampling
0.01021.0° E
{cant) ‘ 'i
16,0 - 21.0° Sand with Silt, (SM). About 85% ]
micaceats, fine to medium sand; about 5% non-plastic 4 No sample retrieved, fal out
1881 5M | fines: light brown; moist, saturated at 17.5'; loose. 5 - of sampler due to high water
i 00 content and loose soll,
1 3k
7
-
20 _:
-

{-1240

?_ll_llfIlltqllttlll1l?llllllll!?IIIIY!II!PIIII[I!E[?I‘]I!'IIII

und
o

i
=

b

8 . 8 :
Plllll.llt?jtillllll?[illll!:_l_Ftlll]llll

RN E R VRE EENNE BN E NI AN

sy v s b ava et anbsyanrlenaal

sy pa Byt ralo o liganl

Total Depth = 21,0 feet

DWR B85 (1} {Rav. I-M})
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Rectamation Disuict 544 Scepage Mondonng Study

Ground Surface Elevation (MSL) = 8.96 ft

Datum (UTM NAD 83);

Monitoring Well Completion of UR-2-B

WELL MONUMENT: § length by 87 disn
ot steel with logk end lid, ~3' stickup

b= MONUMENT FOST; 5' length by 27 dism
#enl, ~ 3 stickup

#1 SAND: - 0.0 - L5 above ground surface

|
]

NELE [

CEMENT: ~0.0-2.%

R0 N NN

. CEMENT/BENTONITE GROUT: 2.5-7.%

BLANK PVC: ~ 2.7 above ground surface 10
14,0, 2" inside diameter

———— BENTONITE PELLETS: 7.5- 11.0'

#3 SAND; 11.0-{9.0¢

SLOTTED PVC: 14.0 - 19.0, 27 ingside
dinmeter, 0.020" slot

INSTALLED BY: Bill Brewster
DATE! 040600
REMARKS:

01834
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Stuta o Calllornia
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The ResOurces Apancy _
DEPARTMENT OF WATER RESOURCES ~ HOLE NO. UR-3-A
ELEV. 6.67 FEEY
DRILL HOLE LOG 18.0 ?
i DEPTH ‘ FEEY
PROJECT Reclamfltmn District 544 Seepage Monloring Study DATE DRILLED 04/05/00
rearune _Monitoring Wells ATTITUDE Vertica!
LOGCATION LOGGED BY, Mark Souverville
conra,__ Layne-Christensen priLL Ala __CME 750 DEPTH TO waTEn APproximately 11
DEPTH
erevy| 499 FIELD CLASSIFIGATION AND DESCRIPTION “:: £l woe REMARKE
0.
(8.96) TE 1 AD | CME Continupus Sampling
E 0.0t018.0° :
"] 0.0-4.0' Silty Sand with trace Clay (SM): About ]
2.0 70% very fine to fine sand, some mice; about 30% 4
] non-plastic fines; dark grayish brown; moist, 7
p medium danse. 1 7
o &M’ A
3 ; 3 S.foot sample
4.0 4.0-68.0° Sity Sand, (MY, About 85% fine to . 373
] medivm sand, stundsnt mice; about 15% non- 7
] plagtic fines; clive-brown; moist, wet from 50-56, -
. medium dense. ]
4 ]
6. 6.0-11.0' Slty Clav. (CL): About 85% madium -
] plasticity clay, bout 15% non-plastic fines; very k
_‘ dark brown and dark gray, malst, soft ]
b 2 4
. . %ﬁ Sdfoot sample
8.0 A
1 ]
- -
] ]
10,04 .
] :
E 11.0-15.5 Sand with Clay, (SC): About 85% fine E
y to medium sand; sbout 15% medium plasticity clay, p
12.0.] lolive-brown; wet, loose. i A
= 3
{ sc i S-foot sample
: 1 50
14.0] 3 8¢
] 15.5 - 17.0° ity Sand. (SM); About 85% fine to .
] maedium sand, abundant mice; about 15% non- s ] 5 foot sample
18.07 oM plastic fines; light brown, saturated; loose, . Continued on next page.

OWR BN (1) (Piv. 34}
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Stata ol California

The Resources Agency

DEPARTMENT OF WATER REBOURACES

gHEeET_ 2. of__ 2

HOLE NO, UR-3-A

DRILL HOLE LOG
omosecT & FEATURE  RREClamation District 544 Seepage Monitering Study, Monfloring Wells
BAMPLE
ﬁ% LOG FIELG CLABSIFICATION AMD DEBCRIFTION NO. | MODE HEMARKS
e Y u U : AD ' .
1 M 0.0 10 18.0° ] CME Centinuaus Sampling
3 (cont.) 4 130
N 15.5 + 17.0' Silty Sand. (SM). About B5% fine to 1 30
4 M medium send, abundant mice; abeut 15% non-plastic .
16.64~—] fines; light brown; saturated; loose, . Total Depth = 18.0 faet
(-11.37] 17.0-18.0 Sandy St (ML), Aboul 80% non-plastic 3
] fines, about 20% fine to medium sand, abundant mica; 2
- mottied yellowish brown and olive-gray, damp; ]
] medium stiff. .
20.0.] p
22.6; .
24.03 _
: 5
26.0 P
28.0 -
20.0] _.
2.0 .
34.0- 3
26.0] 3
DWR §aS (1) {Rev. 304}
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Reclamagon District 544 Seepags Momlorng Sty

Ground Surface Elevation
iDatum (UTM NAD 83):

Monitoring Well Completicn of UR-3-A

(MSL) =6.67 ft

i
B

—~ b

WELL MONUMENT: 5 length by 8° diam
stee] with lock and lid, =3’ stickup

jm—es MONUMENT POST: 5' length by 2" dinm

stee], ~ 3 stickup
#3 SAND: - 0.0 - 1.5' above ground surface

CEMENT: ~00-25

T

CEMENT/BENTONITE GROUT: 2.5- 7.0

BLANK PVC: - 2.5 above growmd suiface to

12.00, 27 inside diameter

BENTONITE PELLETS: 7.0- 9.0

e ) SANLY: 9.0 - 180

SLOTTED PVC: 12.0 - 174, 2" inside
diameter, 0,020 slot

INSTALLED BY: Mirk Souverville
DATE: 04050
REMARKS:

01837




