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CAMANCHE DAM AND RESERVOIR
GEOLOGIC REPORT

I - INTRODUCTION

Objectives

The objective of this investigation was to evaluate the geologic
conditions at the Camanche Dam site which would affect the design and
construction of the proposed engineering features. Possible reservoir
seepage losses and the permeability of foundation materials were to be
given careful consideration. A mapping program was to be initiated and be in
sufficient detail to provide data on the location, continuity, and physical
characteristics of the various rock units. Plans included the preparation
of a lithofacies map which would delineate the various rock types with
special emphasis to be placed on the location and extent of the more
permeable zones. However, this method of presentation was not practical

due to the highly lenticular nature of the deposits.

A drilling program was designed to furnish subsurface data
on the location and extent of the various rock units. Core samples were
to be evaluated by inspection and by determination of the permeability

and strength of the rock.

Field permeability determinations were to be made by the

usual water test methods and also by detailed pump tests. Investigation
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of the possible source of riprap and evaluation of several sources of

concrete aggregate were also part of the objectives of this study.

Scope of Work

‘The present investigation program included extensive diamond
core drilling, sampling, and testing; detailed field mapping; numerous
exploratory dozer cuts and pits; power auger holes, dragline excavations;
and exploration'and water testing of pre-existing shafts and adits. In
all, a total of 26 four-inch diamond core holes were drilled with a total
footage of 2260 feet and an overall core recovery of 92 percent for the
intervals cored! A lesser amount of NX drilling, churn drilling,
and rock-bit drilling were also accomplished. These were primarily
for special purposes such as penetrating river gravel overburden or
drilling piezometer holes. The power auger was used to determine
the thickness and composition of the loosely consolidated alluvium
which is only partially amenable to cm?(ing. The exploration program

is summarized in Table I.




TABLE I

EXPLORATORY DRILL HOLES

No. of : Footage : :
Method : Holes : Drilled (ft). : Remarks :
1
Core Drilling - 4"dia. 26( ) 2259. 8 92. 3% core recovery
Core Drilling
NX - Quarry Sites 6 490. 7 - 100% core recovery
Rock-Bit Drilling 9 815(2) Cutting Samples
Churn Drilling
(river section) 4 92 Cutting Samples
3
Auger( ) - 12 inch 16 610.5 Jar Samples
Denison Sampler 3 177.1 19 Samples

(1) Includes 68.8 feet of drill hole TT 3-9.

(2)  Includes 120 feet of TT 3-9.

Does not include holes drilled exclusively
for embankment materials investigation.

(3)

The field testing pertained primarily to rock permeabilities.

Pressure and/or atmospheric water tests were made on selected

intervals of the core holes and Denison and other core samples taken

for laboratory testing. One shaft and one adit-shaft combination along

with specially drilled wells in the Mehrten formation were also water-~

tested for permeability data.

on Plate I.

The locations of the drill holes are shown




In conjunction with the detailed mapping of the dam site,
dozer cuts were made along the alignment of the proposed structures
to supplement natural exposures of foundation materials. These,
together with the core holes, provided geologic data of the critical
area. Within the reservoir area, the outcrops of the Mehrten formation
were mapped in detail, and the Valley Springs and older formations

were covered by field reconnaissance.

The current investigation covers the period from August 1966

to February 1961.

Desc riBti on

Camanche Dam site is on the Mokelumne River in San Joaquin
County, California approximately 30 miles upstream, north and east
of Stockton, and 11 miles downstream from the existing Pardee Dam.
The dam will be comprised of a main earthfill dam about 2500 feet
long and four miles of earth dikes to form a reservoir extending to the

431, 390

base of Pardee Dam. The 436;000 acre-foot reservoir will provide an
increased amount of water to be stored in Pardee Reservoir for
diversion to the District's aqueduct system. Topographically it is
situated among low sedimentary hills of the outermost Sierran foothills.
The river elevation at the proposed axis is about 100 feet above sea

level. A detailed description of the project may be found in Chapter I

of the '""Camanche Dam Basic Design Report!'.
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Previous Investigations

The geology and hydrology of the area was studied by the
United States Geological Survey and reported in Water Supply Papers
619 and 780. Preliminary investigations of the site were made by
both the Sacramento District of the Corps of Engineers and the

California Department of Water Resources.

Exploration of the site was first undertaken by the East Bay
Municipal Utility District in 1952, The results of this study are
reported in "EBMUD Ultimate Mokelumne River Development,
Preliminary Design of Proposed Camanche Dam, Spillway and

Appurtenances', March, 1953,

The area was mapped by reconnaissance methods in 1959
during Bechtel Corporation's evaluation of several proposed sites

along the Mokelumne River for East Bay Municipal Utility District.




II - CONCLUSIONS

1. The completed geologic studies and explorations verify
that the geologic conditions are suitable for the construction of the

proposed dam and appurtenant works.

2, Field permeability tests indicate that the permeability of
a pertinent section of the Mehrten formation on the left abutment is
about 2, 000 feet per year. Tests at five locations on the right abut-

ment indicate a permeability range of 30 to 375 feet per year.

3. Adequate quantities of suitable riprap are available with-

in eleven road miles of the dam site. The riprap must be quarried.

4. Suitable concrete aggregates are available within three

miles of the dam site if Type II, low alkali cement is used.




III - GENERAL GEOLOGY

Crystalline Rocks. The oldest rocks in the reservoir area are

the pre-Cretaceous slates, schists, phyllites and greenstones which are
part of the Sierra-Nevada basement complex. These rocks occur in the
eastern or upstréam portion of the reservoir area. They provide the

most likely source of riprap material for the proposed dam.

Ione Formation. The Ione formation of Eocene age is the oldest

of the sedimentary formations in the reservoir site. It is composed of
quartzose sand and conglomerate and clay. This unit is confined to the
eastern portion of the reservoir area where it dips gently westward. The
contact between the Ione formation and the underlying pre-Cretaceous

rocks is a distinct angular unconformity.

Valley Springs Formation. Unconformably overlying the Ione

formation is the Valley Springs formation of Miocene age. The Valley
Springs formation, shown on Plate II as Tv, is comprised of tuffs,
sandstones, ‘claystones and occasional conglomerates. This formation
is exposed in the reservoir area to within a mile of the dam site and
was encountered in a number of the drill holes along the axis line. The
Valley Springs formation is typically whitish in appearance and high in
quartz, volcanic glass, pumice, and biotite fragments. Sandstones in

this formation are fine-to coarse-grained and are generally well cemented
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with a clay binder. The ratio of clay to sand varies from a sandy clay-
stone to a clayey sandstone. The conglomerates form a small fraction

of this formation and consist primarily of quartz and pre-Cretaceous rocks
with occasional zones of large pumice fragments. The tuff members are
of several types; the most apparent is a snow-white vitric tuff. Another
widespread type of tuff is gray-green to yellow-green and is very fine-
grained showing various degrees of alteration-to clay. In the cases

where the alteration is complete, claystone results with only faint relict
texture remaining to indicate origin. ' Tuffaceous sandstone and

conglomerate are also common,

Mehrten Formation. The Mehrten formation, indicated on

Plate II by the symbols Tm and Tma, overlies the Valley Springs form-
ation and is of Mio-Pliocene age. The Mehrten formation was deposited
on an erosion surface similar to the present topography, although the
drainage appears to have been more to the southwest. Channels cut

to depths greater than 150 feet in the Valley Springs formation prior to

deposition of the Mehrten have been found in the reservoir area.

The Mehrten formation varies in rock type from mudflow or
agglomerate,to conglomerate, sandstone, siltstone, and claystone. The
" mudflows are typically hard and impervious and are composed of angular
volcanic fragments. The fragments range in size from sand to boulder

and are well cemented in a silty matrix. They were formed during times
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of volcanic-activity by torrential rains washing off slopes littered with
loose volcanic ejecta and sluicing it into the drainage channels. The
fluids formed by the mixture of soil, rock and water moved down the
stream channels and spread out on the flat lands. The thickness of the
beds and the size of transported blocks depend upon the viscosity and
velocity of the flow. Mudflows containing bloeks up to 2 feet in diameter
are present in the dam site area interbedded with horizons whose gra.in
size is not larger than small pebbles. Because the mudflows traveled
down or intersected old drainage routes, occasional rock fragments
other than volcanic are present. When the mudflows finally came to rest
they were well graded and contained sufficient fines to form a natural
cement. Thus upon lithification they became hard (resefnbling a. .

poor grade concrete) and are commonly seen projecting as ribs on the
canyon walls and/or capping the ridges. Mudflows were sufficiently
numerous during certain intervals of deposition of the Mehrten forr;1ation
to fill drainagé channels 70 feet or greater in depth and overflow onto

the flat surrounding land.

In general, the bedding in the Mehrten formation is too
lenticular for satisfactory determination of its attitude by graphic
means and its dip is too shallow and variable for accurate compass
readings. .Correlation of the relatively thin mudflow unit in the river
section consequently was most useful and indicated the strike is

N 20° W with a dip of about 1° S W.
-9 -




The mudflows so characteristic of the Mehrten formation do
not appear-to be confined to any particular horizon. For example, on
the Buena \/:iSta Road, just east of the Amador-San Joaquin county line,
the mud}flows are in contact with the Valley Springs formation at
elevation 200. Following up the same hill at less than 1500 feet away
they also cap the ridge at elevation 320. In this particular area, three
separate mudflows were mapped and several other§noted. The materials
between the flows are sandstones and conglomerates which make up the

bulk of the Mehrten formation.

The Mehrten conglomerates are formed primarily of andesitic
rock with a minor amount of re-worked Valley gprings and older
formations. The rocks are generally of pebble-cobble size in a matrix
of fine-to coarse<grained sandstone. The degree of cementation varies
widely, some units form resistant ledges and:others:are very friable.
The average conglomerate bed is gray to brown, moderately friable,
locally well cemented and has a relatively low permeability. Correlation
between conglomerate exposures in the Mehrten formation is difficult

as they are highly lenticular.

The most widespread sediments in the Mehrten formation are
the sandstones which comprise over 50% of the material. They also
occur as lenticular bodies and may be seen grading into siltstones at

one extreme and into conglomerates at the other. The typical sandstones
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are composed of sub-rounded to sub-angular grains chiefly of andesitic
origin, but with significant amounts of quartz and hornblende. Some of
the basal beds consist primarily of re-worked '-Valley Springs material
and are high in quartz and pumice fragments. The most typical sands
are dark gray but have a bluish cast due to a very thin siliceous coating.
These sands are river and flood-plain deposits. The coarse-grained,
cross-bedded types represent the former, and the more continuous ,'}

fine-grained varieties represent the latter.

The siltstones and claystones of this formation are generally

gray to dark brown and well cemented with thin to massive bedding.

With some of the sandstone and siltstone horizons, there are
deposits of siliceous sinter precipitated along paths of water percolation.
These siliceous deposits occur most often as fine streaks striking at
random through the beds in the form of thin horizontal fracture fillings,
but occasionally they occur as definite beds up to 6 inches thick. There

is a tendency for the rock to be weakened by these porous deposits.

The following two tables are typical geologic sections of portions

of the Mehrten formation exposed in each abutment.

- 11 -




TABLE II

GEOLOGIC SECTION OF THE MEHRTEN FORMATION
LEFT ABUTMENT

Top Elevation: 267 feet

Thickness A DescriEtion
71 ft. Mudflow, with boulders, up to 2 feet in diameter, poorly

sorted silt to coarse sand matrix, hard, impervious.

21 ft. Sandstone, dark brown, moderately well cemented,
well 'sorted, : fine-to-medium+grained,. .

2 ft. Conglomerate, brown, well cemented volcanic fragments.

6.5 ft. Siltstone, brown, well cemented.

1.5 ft. Conglomerate, brown, well cemented volcanic fragments.

.1.9 ft. Siltstone, brown, well cemented, hard.

1.1 ft. Sandstone, blue, medium-grained, well sorted, poorly
cemented.

3 ft. Claystone, gray, hard, silty.

2 ft. Sandstone, bro@, well graded, silty.

5.2 ft. Siltstone, brown, well cemented, locally very fine-grained
sandstone.

5.3 ft. Sandstone, brown, fine-grained, silty, well cemented.

30. 5 ft. - Sandstone, brown, fine-grained, silty with thin claystone

beds and very small interconnected root casts.

2.5 ft. Siltstone, brown, hard, well cemented, trace of clay.
4 ft. - Sandstone, brown, fine-grained, poorly cemented.
2.7 ft. Claystone, brown, hard, brittle, locally silty.
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Thickness
1.8 ft.

6. 2 ft.

5.5 ft.

0'9 fto

12. 7 ft.

4 ft,

19 ft.

10 ft.

13.5 ft.

6.5 ft.

4.5 ft.

TABLE II (continued)
Descrigtion
Sandstone, brown, fine-grained, poorly cemented.

Siltstone, brown, moderately well to poorly cemented
locally fine, sandy.

Sandstone, brown, fine-to medium-grained, moderately
well to locally poorly cemented.

Claystone, brown, hard, brittle, silty.

Sandstone, brown, locally fine-grained to medium=-grained,
silty, poorly cemented, locally clayey.

Covered.

Siltstone, light brown to gray, locally clayey and locally
poorly cemented sandstone.

Claystone, light gray, silty, sandy at base, hard, occasional
zones of brecciation and rehealed.

Sandstone, fine-to medium-grained, thin siltstone and
claystone beds, small pumice fragments, moderately well
cemented but poorly cemented in siltstone zones. Medium-
to coarse-grained at base.

Claystone, light brown, silty, siliceous material in
fractures.

Sandstone, dark gray, tuffaceous, fine-to medium-grained,

- moderately well cemented,

Bottom Elevation: 22 feet
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TABLE III

GEOLOGIC SECTION OF THE MEHRTEN FORMATION

RIGHT ABUTMENT

Top Elevation: 313 feet

Thickness

?Q k9 1t
7oL 24

7 15 ft.
i
9.5 ft.

24(/ 1.5 ft.

13 ft.

Qq@ 15 ft,

0.5 ft.

11.5 ft.

14.5 ft.

13\_0 16 ft.

Desc riEti on

Mudflow, with boulders and blocks 4 feet in diameter and
in a poorly sorted pebble-sized conglomerate matrix.

Covered.
Sandstone, varying from bedded silty fine-grained sand-
stone to sand-size mudflow units to friable medium-grained

gray sandstone. Thin interval is poorly exposed.

Conglomerate, andesitic cobbles and pebbles, in a poorly
sorted predominately coarse-grained sandstone matrix.

Siltstone, brown clayey and firm.

Sandstone, medium-=-grained. Generally poorly sorted but
with local coarser zones. ''Case hardened', but only
moderately firm to moderately friable beneath.

Sandstone, friable, laminated to cross-bedded. Predom-
inately coarse-to medium-grained with local thin siltstone
beds and conglomerate pockets.

Clazstone, brown, brittle.

Sandstone, medium-to fine-grained, locally case hardened
but generally moderately friable. Siliceous sinter zone
to 1 inch thick present.

Conglomerate, pebble-to cobble-size, andesitic material,
poorly cemented. Matrix is bluish, medium-to coarse=-
grained sandstone.

Sandstone, medium-to coarse-grained, brown, moderately

well cemented to friable. Local siltstone and conglomerate

-lenses.
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Thickness

13 ft.

20.5 ft.

\T5

e T e T

TV 15 5

\{5\ 0 ft.

)44/7.5 ft.
) 37311 1t

| 2 6 ft. .

€/ //f

/
1¢

TABLE III (continued)

Desc riBti on

Mudflow, brown, granular size with occasional cobbles,

angular blocks and well cemented. Occasional interbed

of well cemented silty sandstone.

Sandstone-Siltstone, interbedded and intergraded fine-to

medium~-grained sandstones and siltstones. Brown, ?

moderately-to poorly-cemented with occasional isolated

all solution cavities.
small solution cavities: 4 comdrmaty o

. Clay, soft, yeliow;, ) (H Vﬂ, //.c;yw jp}ﬁ,A4~‘75 7

Sandstone-Siltstone, interbedded, some minor claystones,
moderately-to poorly-cemented and with isolated small
solution cavities. /}

{
Claystones, brittle, brown, thinly bedded with trace of

cross bedding. Occasional silty zones.

Sandstone, silty, medium-to fine-grained. Dark Brown
and moderately well cemented.

Cla.zstone, light brown to white with interbeds of siltstone,
well cemented, brecciated and rehealed.

Sandstone, fine-grained silty, brown to blue-black in color.

‘Generally firm with zones of medium-to coarse-grained

poorly cemented sandstone in the lower 7 feet.

Clax, yellow, soft.
' 7

'),.M )T « JU\‘( ’

Tt
Jv -
9 101t
7,, 19.5 ft.

Sandstone-Siltstone, brown to blue-black clayey siltstones
grading to sandstones. Vein of siliceous sinter.

Sandstone, medium-grained, blue-black, well sorted,
poorly cemented, slightly pumiceous.

Clazstone, white to buff in color, laminated to massive.

‘Locally brecciated and recemented. Root holes and small

solution voids are common.

- 15 -
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TABLE III (continued)

Thickness Descrigtion
8 ft. Sandstone, fine-to medium-grained, light blue in color,

poorly cemented and slightly pumiceous. Angular quartz
and andesite grains,

Bottom Elevation: 63 feet
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Older Alluvium. The term Older Alluvium as used here refers

to the post-Mehrten deposits including the Victor formation described

in U.S.G.S. Water Supply Paper 780. These deposits, shown on Plate II
by the symbol Qoal, include sands, gravels and semi-indurated siltstone.
The materials classified in this category represent several different
stages of deposition but are essentially composed of the same type of
material. In the sands and gravels the chief characteristics are high
percentage of quartz and the red color due to iron oxides. The presence
of considerable bleached mica, the general lower degree of consolidation,
and the stratigraphic position all help to distinguish this material from
the older formations. The Older Alluvium deposits are chiefly the
result of river deposition and lateral variation over short distances is

common. That is, the texture of the material varies widely.

The Older Alluvium forms a veneer over much of the reservoir
area. East of Dike No. 1 the ridge is capped by 20 to 30 feet of sands
and gravel which have been worked for their gold content and are now
largely left as dredge tailings. Within the reservoir proper and at the dam
site the Older Alluvium appears to have been deposited by the ancestral
Mokelumne River located in essentially the same channel that it follows
at present'. A period of aggradation by the ancient Mokelumne River
built up the relatively flat areas that exist upstream and downstream

of the axis and buried much of the low relief of the older topography.
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It is likely that at one time Bear Creek entered the Mokelumne River
through a gap in the vicinity of Dike No. 2 near Drill Hole 110. Drilling
shows that more than 85 feet of Older Alluvium overlies the Mehrten form-

ation in this area which was encountered at elevation 100.

Alluvium. The alluvium consists of unconsolidated gravel,
sand, silt and clay. The material varies from large boulders and cobbles
of the dredge tailings to the silts and clays of the recent flood-plain
deposits. Alluvium in the area occurs primarily as stream deposits
and also as a thin veneer of fine-grained deposits covering several
levels of terraces. Much of the area near the Mokelumne River has been

reworked during two or three periods of dredging operations.

- 18 -




IV - ENGINEERING GEOLOGY

Dam Site. The axis of the dam is in a relatively narrow valley
some 1,200 feet wide carved through a mudflow-capped ridge in the
Mehrten formation. River elevation at the dam site is approximately
M{? [’"‘)’m“ P'd‘a
95 feet above sea level and the crest elevation of the proposed dam is
248 feet. The slope of the abutments steepens near the river from the
relatively flat-topped crests to a 40 foot vertical cliff on the left abutment.
The river section contains dredge tailings composed of cobbles underlain

by a zone of finer materials, predominately sand-size particles. For a

geologic section along the axis, refer to Section AA, Plate III.

Right Abutment

The right abutment is composed of two formations, the Mehrten
and the Older Alluvium, Much of the rock is well exposed for surface
inspection. Four 5-1/2 inch diameter diamond core holes were drilled
to explore the abutment foundation, numbers DH-119 and 120 along a
proposed axis line, and numbers DH-117, 118 and 119 along the outlet

works line,

Mapping showed three separate mudflows on this abutment;
one capping the hill about elevation 300 feet; a second in a partially eroded
channel-fill on the west side of the hill between elevations 210 and 280; and

a third, consisting of one or more fine~-grained, thin flows in the 180
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through 200 foot interval, This third or lower interval of mudflow is
approximately at the gradational contact between the coarser grained
sediments such as the conglomerates and sandstones above, and the
generally finer grained sediments below. This group of mudflows largely
controls.the spring seepage on this abutment. The thin-bedded flows
pinch-out about 800 feet. east of the axis and are cut off by contemporaneous

Mehrten erosion approximately the same distance northwest of the axis.

Hole DH-120 was located in the Mehrten formation, but holes
DH-117, 118 and 119 pen'etrated the Older Alluvium to varying depths
before reaching the Mehrten formation. The Older Alluvium on this
abutment varies from silty, fine-grained sandstone to conglomerate.
In the drill holes, the sandstones encountered were very soft and poorly
cemented, although semi-indurated silty sands crop out near by. Hole
DH-117 (downstream of the outlet works discharge structure) penetrated
Older Alluvium to a depth of 36 feet, the lower 16 feet of which was a
very poorly cemented pebble-to cobble-size conglomerate. In this hole,
the Older Alluvium was found to elevation 83, lower than at any other
- point of exploration. The highest of the Older Alluvium outcrops in the
vicinity of the dam is at elevation 160 feet which indicates that the present
river had to cut its way through at least 77 feet of Older Alluvium sedi-

ments to exhume its old channel.
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The outlet works as presently envisioned is located on the
right abutment and is to be constructed by cut and cover methods. The
excavation for this conduit will be primarily in tﬁe Older Alluvium, but
the foundation should be within the Mehrten formation. Between the
centerline of the axis and the outlet structure, the excavation will be
through Mehrten deposits as much as 30 feet above conduit invert. For
a geologic section along the outlet structure, refer to Section B-B,

Plate III.

Cut slopes in the Mehrten mudflow material will stand satis-
factorily on slopes of 1 horizontal to 4 vertical; however, in the claystones,
siltstones, sandstones, and.conglomerates slopes of 1 to 2 are recom-
mended. Temporary construction slopes of 1 horizontal to 4 vertical
should be satisfactory in these materials. Cut slopes in the Older
Alluvium should be stable at about 1 to 1; however, berms will probably

be required for cuts exceeding 40 feet in height.

River Section. Three formations were encountered in the river

-section drilling; the recent alluvium, which is about 30 feet thick and
extends do@ to the 80 foot elevation; the Mehrten formation which extends
to the 20 foot elevation; and the Valley Springs formation which extends
below the depth of drilling. The recent alluvium consists almost entirely
of reworked river sands and gravels which are now in the form of dredge

tailings. The Mehrten formation is composed of claystones, siltstones,

aat -2] -




and fine-to medium-grained sandstones. No conglomerates or coarse-
grained sandstones were noted in this interval Qf the Mehrten. The
claystones and siltstones generally cored well z;.nd were firm and often
jointed. Root holes and local rehealed brecciated zones were also quite
prominent. Sandstones were often silty and varied from very firm to

friable.

The contact between the Mehrten and the Valley Springs forma-
tions in this area is within fine-grained members and rather indistinct.
In drill holes 108 and 109 an erosional contact was noted but in holes
DH 105 and 107 this feature could not be identified. In general the

. contact zone is expected to be relatively impervious.

The Valley Springs formation was encountered in all the river
section drill holes and consisted of light colored claystones, siltstones,
volcanic tuffs, fine-to coarse-grained sandstones and a trace of black
organic shale. In general the beds in the Valley Springs are much less
lenticular than those of the Mehrten formation, and consequently easier
to correlate from hole to hole. Dip and strike determinations made on
two of the more continuous Valley Springs beds as determined from
drilling in the channel section give the following: N 20° W to N 40° W

for the strike, and a dip of about one degree to the southwest.
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Left Abutment

Exploration on this abutment consisted of two core holes,
DH- 121 and 101, detailed mapping and logging of an existing inclined
adit-shaf; located near river level and slightly downstream of the axis.
The only formation exposed on this abutment is the Mehrten. It is
composed of a very thick mudflow cap underlain by a relatively coarse
zone which is underlain by a sequence of mudflows and sandstones and
siltstones. A nearly vertical cliff rises from a debris covered base at
flood-plain level to about elevation 150. Light colored siltstones, fine-
to medium-grained sandstones and claystones are exposed in the cliff
face. Drill Hole DH-105 near the base of this cliff indicates that a
similar sequence is present below the flood-plain level and extends
down to the contact with the Valley Springs formation at an elevation
of about 20 feet. ‘A well cemented zone composed generally of fine-grained
mudflow material lies above this finer zone. The sediments overlying
the mudflow units are somewhat coarser and include some medium-to

coarse-grained sandstones and conglomerate.

A series of small springs occurs onthis abutment slightly above
the contactv ibetween the thin mudflow unit and the sandstone. Their
presence is believed related to the decreasing permeability of the
Mehrten formation at this horizon. A pebble-boulder mudflow with a
base elevation varying between 195 and 220 feet caps the abutment. In

general the mudflow deposits are poorly sorted, well cemented, and
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relatively impervious. Occasional sandstone and conglomerate stringers
representing stream sorting and deposition between mudflows are present

in this unit capping the abutment.

Dike No. 1

Dike No. 1 is the eastern-most dike on the south side of the
reservoir and extends for about 7000 feet across four draws and three
small rises to the eastern end of Dike 2, (see Plate XI, section JJ).
Over the two eastern-most draws, the dike will reach a height of 80 feet
and over the two western-most draws a height of about 65 to 70 feet.
The eastern-most abutment will consist of siltstones and fine-to medium-
grained sandstone of the Mehrten formation above elevation 220.
Continuing west from the base of the Mehrten across the road to the
town of Camanche and to the 180 foot contour at the base of the first
rise, the material is entirely within the Valley Springs formation.
Surface exposures of the Valley Springs formation along the dike are
composed primarily of a white vitric tuff which has been case-hardened.
Friablé sands which are within the Valley Springs formation are exposed
for about 300 feet along the sides of a small ravine just north of the road
to the town of Camanche. These sands were not found elsewhere in the
area and are believed to be a local occurrence. From the 180 foot
contour on the east side of this rise to the 200 foot contour on the west

side, the materials are the rust colored, quartzose sands of the Older
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Alluvium. This material has been removed by erosion to the north but
thickens to the southwest of the proposed dike line. Continuing west
from the 200 foot contour on the west side of the first rise, the white
tuffs of the Valley Springs formation crop out for the next 400 to 500 feet,
until they dip under a thickening section of the Mehrten formation. From
this point west, which is approximately 200 feet east of the San Joaquin
County line, Dike No. 1 would be founded in the Mehrten formation

composed largely of siltstones, claystones and fine-grained sandstones.

Three core holes, numbers DH-114, 115, 116 and one auger
hole, number A-11, were drilled and logged at Dike No. 1. Also three
existing wells in the area, numbers 1, 2 and 3 were logged. Surface
exposures were generally good and the dike line was mapped in detail.
Occasional d(_)zer trenches were excavated to augment the natural sur-

face exposures.

Dike No. 2

Dike No. 2 is the longest of the 6 dikes, about 8, 700 feet in
length, and has a maximum height of 70 feet. Its foundation will be
composed of three formations: the Valley Springs, the Mehrten, and
the Older Alluvium. Six diamond core holes were drilled along the
dike line for a total depth of 454 feet. Additional exploration consisted
of ten bucket auger hoies and three Denison core holes to bedrock,

eight dozer trenches, detailed field mapping, and information obtained
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by logging an old 65 foot deep dug well and spillway hole DH-101.

The western portions of the dike in the vicinity of the spillway,
and in the area near drill hole DH-110 are founded directly on mudflows
of the Mehrten formation or included thin conglomerate lenses. Water
tests of core holes DH-104 and 106 in this area indicated that the
subsurface material is relatively impervious. Below elevation 180
on the reservoir side of the dike there occur clayey sands of the Older
Alluvium and a soil mantle that forms a natural blanket along this

interval.

The dike changes alignment near hole DH-110 from its south-
easterly bearing and swings to the east, The swale between this change
in alignment and hole DH-111 is somewhat complex as may be seen on
the geologic section H-H, Plate V. Thé abutment near hole DH-110 is
composed of sandstone and siltstone which appears to be relatively
impervious. The center of a buried channel is about 150 feet east of hole
DH-110. Exploratory work with the bucket auger and drilling using a
Denison barrel sampler showed this channel to bottom about elevation
110 at the West;rn end, becoming shallower near Hole DH-111. The
channel was cut into sandstone of the Mehrten formation. The material
filling this channel is the Older Alluvium composed of moderately sorted

fine-to coarse-~grained sand in a clay to silt matrix. There are occasional

sand and gravel zones. As this material was stream deposited, considerable
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lateral variation in grain size exists. Nineteen Denison tube samples
were laboratory tested for density and shear strength. The dike
location has been aligned to take advantage of the shallowest bedrock

in the area.

Dike No. 3
This dike is founded entirely on the exposed hard mudflow
capping the left abutment and is primarily a freeboard dike. Exploration

of this site was limited to surface study.

Dike No. 4

One diamond core hole was drilled along the centerline of the
axis and a dozer cut was made on the left abutment of the dike and
angled down across the north side of the saddle on which the dike is
founded. The materials beneath the axis of the dike and the abutments
are moderately well cemented Mehrten sandstone and siltstones with the
exception of the base of the saddle which is a 10 foot thick mudflow
grading into pebble conglomerate. Water testing the core hole between
elevation 185 and 163 indicated a zone of high permeability. This
pervious zone is sealed off, however, by a natural blanket of Older

Alluvium and silty slope wash present above and below these elevations.

Dike No. 5
Drill Hole DH~122 was drilled along the centerline of the axis

and a dozer cut made down the left abutment. Bedrock under the channel
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section and the left abutment is composed of moderately well cemented
sandstone of the Mehrten formation to a depth of 45 feet where tuffaceous
sandstone of the Valley Springs formation is penetrated. The right
abutment is composed of tight sandstones of both the Mehrten and

Valley Springs formations.

The contact of these two formations is strikingly apparent in
this area. The exposure exhibits the western wall of an old Valley
Springs channel that has been filled by Mehrten deposition. The contact
has been case-hardened and now is a relatively resistant ridge that strikes
to the southwest and dips approximately 30 degrees to the southeast.
In Drill Hole DH-122 the same contact was penetrated at a depth of

45 feet.

Dike No. 6
One diamond core hole DH-123 was drilled and two dozer

trenches excavated along the alignment of this dike,

The abutments consist of firm, interbedded fine-grained
sandstones and siltstones of the Mehrten formation beneath a thin soil
cover averaging less than one foot in thickness. The channel section
of the dike is founded on a series of poorly cemented sandstone and

conglomerate beds of the Mehrten formation,



Stripping

It is estimated that the amount of stripping required under the
main dam section will be rather small., Stripping for the core trench
should penetrate into the Mehrten formation approximately 2 feet
deep to remove surface weathered and loose blocks. The abutment
slopes are very steep,in places overhanging,and hence will require

shaping.

In the channel area an estimated 30 feet: of dredge tailings

will have to be removed.beneath the core section.

Estimated stripping depths for the shell section are:

Right Abutment.

Zone Stripping Estimate
Flood-plain (elevation 100) to 125 foot contour. 5 ft.
125 to 200 foot contour. 2 to 3 ft.
200 to 250 foot contour. 1 to 2 ft.

River Section. Remove pockets of organic materials and

silts ponded in tailings,

Left Abutment.

Zone Stripping Estimate
Flood-plain (elevation 100) to 150 foot contour. 1 to 10 ft.
150 to 215 foot contour. 1 to 3 ft.
215 to 250 foot contour. Less than 1 ft.
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Dikes. Stripping depths for the core zone along the dike
alignments are estimated to average between 1 and 2 feet into the Valley
Springs or Mehrten formation. This excavation should remove the open
jointed foundation rock material near the surface. In areas where the
overburden material above foundation rock is greater than a few feet,
individual considerations on foundation excavation requirements will be
made. Where the natural soil blanket occurs it should be left undisturbed
on the reservoir side of the dike line. Wells within the reservoir shouid

be plugged.
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V - SPILLWAY

The spillway is to be located on the left abutment some 1,100
feet south of the crest of the dam and between Dikes 2 and 3. Investi-
gation along the spillway consisted of three core holes (DH-101, 102 and
103), three auger holes (A-12, 13 and 18), dozer trenches, and surface
mapping. Two additional core holes are currently being drilled at the

crest structure location to obtain. foundation information.

The lined portion of the spillway and the spillway approach will
be entirely within the Mehrten formation. Water from the spillway will
discharge onto firm Mehrten sandstcnes, This material should not
erode excessively under conditions of moderate flow; however, the

material will erode to some extent to form a natural stilling pool.

Surface exposures and information obtained from auger holes
A-13 and 18 indicate that the base of the pilot channel will be in Mehrten
sandstone and siltstones. The cut slopes are expected to be largely

in poorly consolidated deposits of Older Alluvium.

Cut slopes in the Mehrten mudflow material elsewhere stand
satisfactorily on slopes of 1 horizontal to 4 vertical in the claystones,
siltstones, sandstones, and conglomerates; slopes of 1 to 2 are stable.
Temporary construction slopes of 1 horizontal to 4 vertical should also
be stable. But slopes in the Older Alluvium should be stable at 1-1/2

horizontal to 1 vertical, although these slopes may erode readily.
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VIl - SEISMICITY

Faultstalong which earthquakes of destructive intensity have
originated are present to the east along the eastern edges of the Sierras
and to the west of the San Francisco Bay region. Earthquakes of minor
intensity have also been known to originate to the north in the Grass Valley-
Nevada City area. Historic record for the Mokelumne River area,
however, does not indicate that any earthquakes of strong intensity have
been felt. During the detailed mapping of the area no evidence of faults
indicative of earthquake activity was found in any of the post-Cretaceous
rocks., Considering the location of the dam relative to known centers of
seismic activity and the characteristics of the underlying foundation

material an earthquake design factor of 0.1g is ample.
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VII - RIPRAP

An investigation of possible sources of riprap was conducted
in the vicinity of the dam site. Two sites located in the areas of crystalline
rocks were selected for drilling. The location of the two quarry sites

and the geologic logs of the six drill holes are shown on Plate XIII.

Quarry site No. 1 is located near State Highway 88 about 11 miles
north of the axis of the dam. Three NX size diamond core holes totalling
293 feet were drilled at Quarry No. 1. Two of the holes were angled
40 degrees from the horizontal and a third was vertical. The volume of
rock under investigati;all is approximately 400, 000 cubic yards with a

possible additional 500, 000 cubic yards available adjacent to the

delineated quarry area.

The rock is massive, dense, metamorphosed volcanic material
of Jurassic age frequently referred to as ''greenstone'". A summary of
the physical properties of the rock is shown in Table IV. The predom-
inate joints strike N 40° E and N 30° W and both dip about 80 degrees to
the west. The distance between joints averages about 1.5 to 2,0 feet.
Secondary joints lie nearly horizontal and are spaced approximately
5 feet apart. This joint pattern indicates that blasting should produce tabular
shaped blocks about 1 to 2 cubic feet in size. There is very little over-

burden to remove except at the base of the slope where the outcrop
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plunges beneath the meadow. Removal of this overburden can be eliminated
by raising the base of the quarry 15 feet and broadening it eastward out

of the area investigated if additional volume is required.

Quarry site No. 2 is located approximately 11 road miles from
the axis of the dam along the road to Campo Seco in the vicinity of
McFinnerty Gulch. Surface outcrops indicated that the natural rock is
of similar rock type but of poorer quality than that of quarry site No. 1.
Three NX size core holes were drilled for a total of 198 feet. One hole
was angled 40 degrees from the horizontal and two were vertical. The
rock encountered in two holes was very badly fractured and deeply weathered,
partially altered to clay. The third hole contained hard, dense, very badly
fractured rock with the fractures spaced approximately 8 to 10 inches
apart cut by a vertical joint pattern spaced approximately 1 foot apart.
There were numerous secondary fractures at many angles. The over=~
burden averages approximately 12 to 15 feet in thickness. The volume
of rock outlined by drilling and surface outcrops is approximately
450, 000 cubic yards. It is estimated that a large quantity of this material,

perhaps 50 percent, would not be suitable for riprap.
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VIII - CONCRETE AGGREGATE

Petrographic examinations were completed for Mokelumne River
aggregates from three sources near the Camanche Dam site. These
were: (1) Claude E. Wood Company Gravel Plant located about five miles
downstream from the dam site axis, T 4 N, R 8 E, Section 16; and (2) the
Teichert Plant site located about three miles downstream from axis,

T 4 N, R 8 E, Section 11; and (3) a potential site, site No. 3, located

about four miles upstream from the axis, T4 N, R 9 E, Section 11.

A study of the Mokelumne River aggregates was recently com-
pleted by the Corps of Engineers, Sacramento District and the results of
this study are reported in appendices accompanying the Corps ''Design
Memorandum No. 4, New Hogan Project, Calaveras River, California'.
The Corps of Engineers test data given in that report were used in

evaluating the aggregates in our present study.

Aggregate Record

The performance record of Mokelumne River aggregates used for
the construction of Pardee Dam indicates they are not chemically reactive
with the type cement used there. The source of these concrete aggregates
was a deposit located approximate@iles upstream from the Camanche
Dam site. Aggregates from this source have a satisfactory performance

record with a minor exception. The deposit apparently contained siltstone
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bearing pyrite which caused occasional surface pits, pop-outs, and iron
stain to occur on the surface of the concrete at the dam. These deleterious
siltstones are not present in the three samples obtained from the deposits

near the Camanche Dam site.

Preliminary Petrographic Analyses

Coarse aggregate samples from three sources were examined
megascopically and with a stereo-microscope. The fine aggregate was
examined microscopically. The rock and mineral components of the

samples were identified and tabulated by weight.

Coarse Aggregate. The coarse aggregates from the three sources

contained particles varied in shape between well rounded and sub-angular,
The material is composed primarily of quartzite with lesser amounts of
schists, meta-volcanics, several tybes of igneous rocks, and quartz.

A summary of the relative percentages of the various rock types of the

coarse aggregate is given below.

- 36 -




COARSE AGGREGATE

: Source
: C,C. Wood Plant Teichert Plant Site: Site No. 3
1/4'" to 3/4" to 1/4" to : 3/4'" to 1/4'" to 3/4'" to
Rock Type 3/4" 1-1/2" 3/4" . 1-1/2" 3/4" 1-1/2"
Acid Igneous 1 13 10 12 3 15
Quartz 16 2 15 6 15 1
Volcanic 0 3 0 2 0 T
Quartzite 33 33 26 37 28 32
Schist 17 12 18 13 20 26
*Meta-rocks 33 37 31 30 34 26
Total 100 100 100 100 100 100

Fine Aggregate.

Samples of the fine aggregate from the three

Mokelumne River sources are of the same general rock types as those

found in the coarse aggregate.

The particle shapes are sub-rounded to

angular and generally fresh and unweathered. The particles are composed

largely of quartz with smaller amounts of feldspar, mica, ferromagnesian

minerals and undifferentiated metamorphic rocks.

percentages of the various quantities is listed below.

% Undifferentiated metamorphic rocks.
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FINE AGGREGATE

Mineral : C.C. Wood Plant ; Teichert Plant Site : Site No. 3:
Quartz 83 82 85
Feldspar 7 10 5
Mica 1 1 1
Ferromagnesian 2 2 1
Magnetite 4 3 4

* Meta-rock 3 2 4
Total 100 100 100
Conclusion

The samples analyzed are petrographically satisfactory for con-
crete aggregate. They are generally non-reactive or innocuous, but the
U.S. Corps of Engineers found that selected samples of volcanic rocks
from déposits along this reach of the Mokelumne River had a deleterious
reaction by the quick chemical test. Therefore, it is recommended that
a low alkali cement be utilized. Type II low alkali (State) cement having
a maximum alkali, expressed as sodium oxide equivalent, of less than

. 6% by weight is available in the area at no additional cost.

% Undifferentiated metamorphic rocks.
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IX - ROCK PROPERTIES

Table IV contains a summary of the results of laboratory
permeability tests, unconfined compressive tests and specific gravity

determinations of various core samples.

Permeability Tests

Approximately 100 tests were performed to determine the
vertical and horizontal permeabilities of selected core samples. A
large portion of the samples were composed of sandstone. These were
selected because this type of material was expected to be more permeable
than other types. The samples were 4-inch diameter core obtained with
a "C'" series core barrel using a specially designed face discharge’bit.
Samples were cut to 2-1/2 inch cubes and placed in a square perfnea.meter.
The samples were saturated from the bottom using distilled and de-aired
water at room temperatures. Permeability determinations were made
using the falling head method. Maxirﬁum hydraulic test gradient was
‘20 and the average was 12. The results indicate the ratio of horizontal

to vertical permeabilities ranged from less than 1 to 1 to over 300 to 1.

Specific Gravity and Density

Specific gravity determinations were made on samples of
Mehrten sand and conglomerate. The results ranged from 2. 65 to
2.72 and averaged 2.69. Dry densities of these materials ranged from

104 to 136 lbs. /ft. 3 and averaged 125.
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TABLE IV

ROCK PROPERTIES

ve

..

:: Specific Gravity(z)

Unconfined Compressive Strength

Permeability (feet per year)( 1)

(pounds per square inch)(2) & (3)

: Horizontal H Vertical e :
: No. of : - : No. of : :t No. of No. of :
: : Material : Samples : Min, Max. : Aver. ::Samples: Min, Max. : Aver. :: Samples : Aver. ::Samples: Min. Max. Aver,
Sandstone 53 0.3 3000 305 48 0 5500 200 2 2.69 7 483t 1845 890
o |Siltstone 5 0.5 16.8 6.2 5 0.4 13 4.2
3
o
£ | Conglomerate 2 0.8 1391 696 2 0.6 126 63.3 2 2.69 5 267(5)] 1590 910
5]
Fy
g
f’:’ Tuff 1 - - 2050 1 - - 6.0 - - - -
~
3
Mudflow 1 - - 0.5 1 - - 1.6 7 898 4270 1535
Claystone 3 112 1170 550
"Greenstone!' - - - - - - - - 2 2,72 9 8700 42,120 24, 365
(Quarry No. 1)

(1)
(2)
(3)
(4)

(5)

Tests performed by Bechtel Corporation, Pollock Pines.
Tests performed by Hales Testing Laboratory, Oakland.
Tests performed by McCreary + Koretsky Laboratory, San Francisco.

A value of 113 psi was obtained in one test, results not included in
table as the sample was not tested until four months after sample was
cored.

Value is not representative, this low value may be due to unequal
stress distribution.




.

Samples of rock from Quarry site No. 1 have an average

specific gravity of 2. 72 and a dry density of 169 lbs. /ft. 3.

Unconfined Compressive Tests

Unconfined compressive tests were performed on several
rock types of the Mehrten formation and material from Quarry site

No. 1.

Test results from 23 samples of the Mehrten formation
indicated a minimum compressive strength of 112 psi, a maximum of
4270 psi and an average 1050 psi. The minimum shear strength of -the
mudflow, conglomerate and sandstone members of the Mehrten
formation is estimated to be in excess of 100 psi. The estimate is

based on the results of 19 unconfined compressive tests.

Test results from nine samples of the rock from Quarry site
No. 1 indicate the materials are of superior quality., The compressive
strengths ranged from 8, 700 to 42,170 psi. The wet shot tests results
were 12.7 percent loss after 10, 000 revolutions and the percent absorption

was less than 1 percent.

-4] -




X - FIELD PERMEABILITY TESTS

Objective

Field permeability tests were conducted to determine the
in-place permeability of foundation materials at Camanche Dam site.
The tests were conducted on the left abutment near the spillway align-
ment and on the right abutment just downstream from the axis. Both
the non-equilibrium and the equilibrium méthods were utilized in the
determinations of the permeability of portions of the Mehrten formation.
These permeability data will be used in the seepage studies for Camanche

reservoir.

Procedures

The usual ground water pumping tests consist of pumping water
from a well and recording drawdowns in observation wells to establish
in-place permeabilities. This method is the most accurate method of
conducting field permeability tests. Due to the position of the water
table with respect to the zones to be tested these pump test methods
could not be used at this site. Therefore, a substitute method was
used by which water was introduced into the material and the resultant

buildup was recorded in observation wells.
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An existing 5-foot diameter shaft on the left abutment provided
a means by which moderately large quantities of water could be introduced

into one of the more permeable zones of the Mehrten formation.

On the right abutment five wells were drilled including:.a pump-
in well as there were no existing large diameter wells or shaft in the
area to be tested. The position of the water table with respect to the
zone to be tested was quite low and prevented the utilization of the usual

pump test methods of determining permeability.

Equipment
Two Marlow centrifugal pumps Model 4 EI S and 4 E I which are

powered by gasoline engines were used as a water supply. These pumps

were located on the bank of the Mokelumne River.

Two pumps were installed in order to provide stand-by equip-
ment during the constant and prolonged pumping that was anticipated and
also to provide continual pumping while one unit was being refueled and
serviced. Water was pumped through 8-inch,\/§;@num pipe to the test
site. A bypass line was provided near the shaﬂflftz to convey excess water
away from the test site. The water delivered to the shaft was metered :
through a Trident 4-inch water meter. The dial for the meter was calibrated
to read in tenths of a cubic foot. The flow of water at the shaft was
accurately measured by recording the metered per hour rate and the
total quantity of water introduced.
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Water surface elevations in the observation wells were recorded
on Stevens type ¥Rk water stage recorders. The use of this type of
equipment provided a continuous record of the water levels in the observation
wells prior to the test and all during test periods, and also during the

recovery period.

Wells

Wells on the left abutment consisted of an existing shaft approx-
imately 5 feet in diameter and 88 feet deep which was the pump-in well,
and four observation wells, The observation wells were 6-inch diameter
holes, drilled with a rotary drill utilizing rock bits. Hydrologically
the test site consists of two ground-water zones; an upper zone which
is free or unconfined and a lower zone which is confined. The unconfined
zone, approximately 90 feet thick, occurs between the surface and an
aquiclude. The aquiclude or impervious material functions as the con=-
fining stratum of the primary water bearing zone. It was decided to
test this perched water zone because: (1) water test data obtained during
the core drilling program indicated that this was one of the more
permeable zones; (2) complete penetration of water bearing zone could
be achieved by using the existing shaft. Observation wells No. 1 and
No. 4 were located 30 and 60 feet, respectively, from the shaft,
Observation wells Nos. 2 and 3, 20 a'.nd 40 feet, réspectively, from the

shaft, were located along a line 90 degrees from the line of wells
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Nos. 1 and 4. Observation wells Nos. 2, 3 and 4 penetrated the
permeable portion of the perched zone but did not penetrate the im-
permeable materials which support a perched water zone. Observation
well No. 1 penetrates both a perched zone and the main ground water
zone. A piezometer was installed in this observation well to the main
water body then a seal was placed between the upper and lower water
bearing zones. The upper zone of observation well No. 1 would record
the perched water levels, and the deeper zone, the main water level,

could be recorded from the peizometer. Water levels were recorded

—

=
by Stevens type ﬂ water stage recorders and supplemental data on the

position of the water level was obtained by measuring the distance to
water with a steel tape. Thus the hydrograph of each well was obtained

prior to, during the pump test, and after the pumping ceased.

On the right abutment, hole ADH-120 was used as an observation
well, This well penetrated both the perched water zone and the main
water body. A peizometer was installed to record the water surface of
the main water body and the interval between the perched and main
water zone was sealed. The upper portion of the well penetrated only
the perched water zone. Three additional observation wells were
drilled in two lines which were normal to each other. The fifth well

was a 6-inch diameter well into which water was pumped.
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All observation wells were flushed and cleaned prior to the

testing.

- Testing Program

Left Abutment. It was planned to conduct a permeability test

at the site by pumping water into an existing 5-foot diameter well and
recording the resulting ground water levels in 4 observation wells.

At least 2 stages or rates of flow were to be used after equilibrium

had been approached at the original stage. It was planned to analyze

the permeability test data using both the equilibrium and non-equilibrium
methods. In addition the usual recovery methgds were also t{ﬁbe

i v
utilized in evaluating the test data. 7 /\‘\\

- .
1
1

o Ly

Actual testing began January 12, 1961 when water was intro-
duced into the shaft. A flow of approximately 200 gallons per minute

was discharged into the shaft and the water surface of the resulting

-mound was recorded in 4 observation wells. The well locations and

the depths are shown in the accompanying sketch (see page 46),
Hydrographs of the 4 observation wells are shown on Plate XIV. As
noted on this plate a condition that was essentially that of equilibrium
was obtained. It was then possible to analyze the permeability data

using both the equilibrium and non-equilibrium methods.
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Right Abutment. Originally it was planned to conduct a non-

equilibrium pump-in test high on the right abutment slightly downstream
from the proposed axis of the dam. Drill hole ADH-120 was to be
utilized as an observation well in which both the perched water surface
and also the main water surface could be observed. Observation well
No. 5 is located at a point 60 feet away from drill hole ADH-120 and the
pumping well was located along the same line an additional 30 feet away.
Observation well No. 7 and 8 were located along a line 90 degrees to
the line formed by observation well 5 and ADH-120, . Observation

well No. 7 was located 20 feet from the pump-in well and observation
well No. 8 was located 40 feet from the pump-in well. Water was tov be
introduced into the pump-in well énd the changes in the water surface

at the 4 observation wells were to be recorded. Permeability test

data would then be analyzed using the non-equilibrium methods. After
pumping approximately 24 hours without any change in water surface at
even the closest observation well becoming apparent, it was decided

to abandon this method of testing, The "'slug test"' method was then

utilized to calculate the permeability in the five wells.

Test Results

A summary of the permeability test results is shown in

Table V.
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Permeability, in gallons per day, is obtained by dividing the
transmissibility (T) by the average thickness (m) of the saturated water
bearing material. On the left abutment a thickness of 80 feet was used.
This thickness was selected because it is representative of a zone of
the Mehrten formation which includes some mudflow material and ;ilt-

stone as well as the more pervious sandstone and conglomerate.

On the right abutment all of the mudflow cap was excluded
from the thickness (m). A small amount of mudflow material which
occurs within a sequence of sandstones and conglomerates was included

in thickness of the water bearing materials.

TABLE V

RESULTS OF PERMEABILITY TEST
LEFT ABUTMENT

: : : Non-Equilibrium :
: : Equilibrium : Distance-Drawdown : Time-Drawdown :
Transmissibility 3465 gpd 2656 gpd 3066 gpd
(Rounded) - 3500 gpd 2700 gpd 3100 gpd
1 ' 2 2 2
Permeability 44 gpd/ft 33 gpd/ft 38 gpd/ft
(Assuming thick-
ness of 80 feet) 2130 ft/yr 1620 ft/yr 1870 ft/yr
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TABLE V (continued)

SLUG TEST RESULTS
RIGHT ABUTMENT

e

: Permeability (feet per year) : . ..
Lost Fiwe ,01&»4/:

: Well : Max., : Min. : Aver. :
(Test Resuls y i
OwW-5 278 37 142 @%M)W'[@#Mp_elhl
) ok, Whicl doey
OW-6 376 64 160 VM b ‘
Not Sopm 0 heet
ow-7 326 46 146
Ow-8 292 34 127
ADH-120 191 29 81
Average 293 42 131

Methods of Analysis

Non-Equilibrium Method. The Theis or non-equilibrium methods

are based on an analogy between ground water flow and heat conduction.
X

This analogy is applied to the .pumping/(o,f wells and the recording of the

drawdown in nearby observation wells or to the introduction of water

into a well and the recording of buildup in observation wells.

A detailed discussion of the non-equilibrium method and the
development of the Theis formula is found in the United States Geological
Survey Water Supply Paper No. 887. To apply this method successfully
the water bearing materials should be homoéeneous and isotropic, i.e.,
the materials should have the same physical and hydraulic properties

n '\ ak oS

in all direétion%. Such conditions are highly improbable in nature
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but the laboratory permeability tests on core samples of the main
water bearing rocks indicated nea.rl‘y equal vertical and horizontal

permeabilities.

The aquifer theoretically should be of infinite areal extent,
It is recognized that such conditions can not be found in nature and
as indicated earlier in this report the geologic units are lenticular.
Test wells should penetrate the entire water bearing formation and in

the tests at Camanche this requirement was fulfilled.

Water level observations ‘were obtained by use of continuous
water stage recorders and also distances to water were measured
with a steel tape at frequent intervals. In general, the accuracy of
results of permeability tests can be evaluated by studying the graphic

plots of the drawdown or buildup against distance and time.

The following formulas were used in computing the permeability

using this method:

. 114.6 Q W(u)
-]

T

in which: T = transmissibility,

Q

flow in gallons per minute,

W (u)

the well function,

s = drawdown in feet.
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P:l
m

in which: P = permeability in gallons per day,

- m = thickness of the water bearing formation.

Non-Equilibrium, Distance - Drawdown

_114.6 Q W(u)
S

T

Q =197 gpm W(u) = 5.3 s - 45
- 114.6 (197) 5.3

T
45
T = 2656 gpd
T 2656
P=—===3" =33.2 gpd/ft? or

gl
"

1620 ft/yr.

- 52 -




0}

IN MINUTES

TIME

DRAWDOWN IN FEET (s)

= > o I~ © 0
H AT
~
1N i Iual 1
IRRAR LT
NI HRANR ERNBE NS
o
.
-
co-HH
g i
171
1
o
T
w04
T
<t
us
HHH
HHH
Ht
Ty
i
m-_:_
o
r 3 .
7
IIlIIl:
T
I
H
}
H
11
o
- 3 0 M~ [t

OoOwW-|

TIME-DRAWDOWN TEST DATA




IN MINUTES

3

TIME

DRAWDOWN IN FEET (s)

ow-2

-3 00 N O W <t ) -] W NN O < o
=
H H 1
iatssiaans snmmn
~
1
| 1RGNN REAEE EREE)
IJI’I I
|
|
T |
HHH |
{08 pumas aum
TIT T |
|
I ¥
—-
oA
O
coH
~4{
117 T
[Ty

JENIRERE RN 1]

3

1 ITRRE NN

o~

TIME—DRAWDOWN TEST DATA

H
JTTTTHT
o
| HEREE A
wo-HH
T
|
<t

—t ~ ©0 w < o o~ - - o 0 N~ ©o w < [3r]



IN MINUTES

TIME

DRAWDOWN IN FEET (s)

v O 00 I~ o [I'ed - o

— 3 W0 N O 1 <)

T
I JREAS SNE NI

| IASNEERRAN ENEN]

Ow-3

T
1111

g

7 8 91

6

INE TRREN AEI

3

T

4

8 9

7

TIME—DRAWDOWN TEST DATA

| RERNE N

- M 0 N O w < o™ ~N - 3 0 N~ o w < o




DRAWDOWN IN FEET (s)

- D 00 PN O [Te] < L

m

"
-t
ol

I

un ansi |
i

N

1 T

I
[ 1NARY RRARE AR

OowW-4

Jall
T

111

L)

IN MINUTES

TIME

8 91

-

T

T
[

‘t

TIME- DRAWDOWN TEST DATA




(4) 1334 NI 39NvViSIQ

1] ] ]

e St

IN FEET (s)

Q

DRAWDOWN




VINWNYO4 WNIYEITIND3-NON ¥0d 3AHND 3dAl

6 8 [ 9 § 4 € 6 8 £ 9 S ¢ | ¢ 16 8 £ 9 § ¢

¢ £
.u.. ..Q
G 4Ot
9 9
L L
6 6
I 1
—
c
L=
A L2
£ e
y - v
S an. .smm K
] 1] “
H] E
] ’
g g
6] 6
I ﬂ-.._

S EE




IN FEET (s)

DRAWDOWN

DISTANCE (rz) IN FEET

(NN ENERN |

i

R
(1T

IREENENEEE |

30

20

o O N ® 0O

DISTANCE-DRAWDOWN TEST DATA




W(u)

10.0
9.0

8.0
1.0

6.0
5.0

4.0

3.0

2.0

1.0
0.9

0.8
0.7

0.6
0.5

0.4

0.3

0.2

0.1

dzes :
&
£
I
TYPE CURVE FOR NON-EQUILIBRIUM FORMULA




Non-Equilibrium, Time

- Drawdown

T =

Observation Well No. 1

T =

T

o)
u

Observation Well No. 2

T

=
T

P =

g
n

Observation Well No. 3

T =

T

1l

P =

yo)
I

114.6 Q W(u)
s

114.6 (197) 3.4

31.5

2440 gpd

_ 2440

80

T
P-m

30.4 gpd/sq/ft. or 1485 ft/yr

114.6 (197) 5.5

45.5

2755 gpd
2755

———

80

34.4 gpd/sq.ft.

114.6 (197) 5.8

40.5

3230
3230

80

40.4 gpd/sq. ft.
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-Observation Well No. 4
T = 114.6 (197) 6.2

36.5
T = 3840
3840
P =
80
P =48 gpd/sq.ft. or 2340 ft/yr
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Equilibrium Method. The general equilibrium formula is

based on Darcy's Liaw which may be written as:
Q = PIA

in which: Q = quantity,

I = the hydraulic gradient,

P = the permeability

A = the area.
In the use of the equilibrium formula I is made unnecessary by the
substitution of a factor involving the drawdown of this on the cone of
depression. To apply this method successfully the water bearing
material should be of uniform permeability and should be underlain

“by a relatively impermeable formation of infinite areal extent. The

well should penetrate to the bottom of the water bearing material.
The pump must be operated at a uniform rate of flow during the test
period in which the water surface takes the form of a cone around

the well. The ThierE formula as derived from Darcy's Law may be

expressed:
T - 527.7Q "2/*1
S]1 - 82
in which: T = transmissibility,

Q

flow in gallons per minute,
m = average of the thickness of the saturated

part of the water bearing material at the
two observation wells,
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Tl = the distance from the pump well to the near

observation well,

» T2 = the distance from the pump well to the
distant observation well,
) S1 = the drawdown at the near observation well,
52 = the drawdown at the far observation well.
P = ..'I;
m

in which: P = the permeability in gallons per day, per sq.ft.,
T = transmissibility,

m = thickness of the water bearing formation.

The following graphic data and computations were used to

determine the permeability at the test site on the left abutment.

o - 527.7Q log r2/rl

51 - 82
Q =197 gpm
200
log r2/rl =10g720
§1 =51.75
82 =21.75
200
oo 527.7(197) log 20 _ 527.7 (197) (1)
- 51.75 - 21.75 - 30
. T = 3465 gpd
T 3465
P=— = """
m 80
P =43,7 gpd or 2133 ft/yr.
(rounded) P =44 gpd or 2130 ft/yr.
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1
Slug Test Method. Ferris—/ developed a method of determining

permeability under special conditions. These conditions are: (1) the
transmissibility must be low, that is less than 50, 000 gallons per day;
and (2) the well must completely penetrate the water bearing material;
and (3) the well must be fully screened or uncasgd. An additional

requirement is that the wells be of small diameter.

-r®s
Q 4Tt
-42g Ferris utilized the Theis equation s = IT the term
e*Tt  can be eliminated where r is very small. Therefore, when this

method is used with small diameter wells the expression becomes

Q

S=ﬁ.

. A"
Substitute: Q = <

_114.6 V (1/tm)

then, T = s
in which: s = residual head, feet,
Q = flow of water, gpm,
V = volume of water in gallons,
t = time in minutes,
T = transmissibility.

1/ John G. Ferris, Hydraulic Engineer, United States Geological Survey,
Ground Water Branch.
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P
m

in which: P = permeability in gpd/ft2 ,

T = transmissibility in gpd,

8

thickness of water bearing formation in feet.
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COMPUTATIONS

Slug Test - Well No.-OW=-5

Pmax

Paver

Pmin

114.6 V (}/tm)
S

114.6 (71.6) .667 _ 189 gpd

29.00
114.6 (71.6) .416

28. 60 = 120 gpd
114.6 (71.6) .154

27. 56 = 46gpd
114.6 (71.6) .80 _ ,5 . 4

26. 35 &p
T
=y m =47.8' - 14.8' = 33,0
T _ 189 o ¥\~
— =33 - 5.7 gpd or 278 ft/yr,
% =-§% = 2.9 gpd or 142 ft/yr,
T 25
E = ?3- = 0.76 gpd or 37 ft/yr.

Slug Test - Well No. OW-6

114.6 V (1/tm)
S

114.6 (49.5) 1.05

21. 85 =273 gpd
_114.6 (49.5) .3 - 92 god
18. 60 &P

114. 6 (49.5) . 166 _
~15.60 60 gpd
114.6 (49.5) 0.1 - 47 gpq

12,12
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m =52.1' - 16.7'= 35, 4!

p:.T_
m
_ 273

Pmax =354 - 7.7 gpd

118
Paver = —— = 3.3 d
Ver =354 gp
Pmin =36 1.3 gpd
| 35.4 -2 8P

Slug Test - Well No. OW-7

T = 114.6 V (1/tm)
s
T| = 114.6 (84) 1.
37.75
T. _ 114.6 (84) .490
2 - 35. 30
T3 = 114.6 (84) .125
25.65
- 21.42
P =Tl;; m = 56. 7'
255
Pmax =38.2 6.7 gpd
Paver =-31_8_1%. = 3,0 gpd
Pmin =%§ = ,94 gpd

Slui Test - Well No. OW-8

T

_114.6 V (1/tm)

114.

S

6 (113) .926

T

49. 80

- 60 -

or 376 ft/yr,

or 160ft/yr,

or 64 ft/yr.

= 255 gpd
= 134 gpd

47 gpd

36 gpd

- 18.5' = 38.2'

or 326 ft/yr,

or 146 ft/yr,

or 46 ft/yr.

= 240 gpd




.

_114.6 (113) .400

= 106 gpd
48. 95 gp

_114.6 (113) . 167 _
T, =1 = 45 gpd
3 47.69 &P

114.6 (113) .100 _
T, = = 28 gpd
4 46,50 gp

P=2L  m=60.0"-20.0"=40.0
m

Pmax = % = 6 gpd or 292 ft/yr,

Paver = % = 2.6 gpd or 127 ft/yr,
. 28

Pmin = 7= = .7 gpd or 34 ft/yr.

Slug Test - Well No. ADH-120
_114.6 v (}/tm)

T
s
_114.6 (69.1) .910 _
1= 27.24 = 265 gpd
114.6 (69.1) .300
T2 = ;3?80) = 100 gpd
_114.6 (69.1) .100
T3 = §6.94) = 47epd
114.6 (69.1) .0705
T = =
4 13. 82 40 gpd
P = T
iy m=77,0'-7.0"=68.0'
265
Pmax =75 3.9 gpd or 191 ft/yr,
113
Paver =& = 1.66 gpd or 81 ft/yr,
. 40
Pmin = 7= = .59 gpd or 29 ft/yr.
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Evaluation of Test R esults

The slug test method used on the right abutment is a very
useful method of estimating the permeability of water bearing materials.
The materials tested are of low permeability and hence the slug test
method can be utilized with confidence. The attempt to conduct a
non-equilibrium type of permeability test was unsuccessful in that
it did not produce a quantitative result, however, it was useful in

that it did establish qualitatively that the permeability was very low.

As may be noted in the table, entitled "Results of Permeability
Tests, Left Abutment", the transmissibility as determined by different
methods varies somewhat. This difference may be in part due to the
fluctuations in the rate of pumping water into the shaft. During the
critical period of the test the flow varied from a minimum of 165 gpm
to a maximum of 200 gpm and averaged 197 gpm. The over-all results

are remarkably uniform and substantiate that the error is minor.

The non-equilibrium method provides a means of evaluating
the permeability primarily in the vicinity of the pumped well. The
area at the test site on the left abutment would include the area of the
shaft and surrounding observation wells. The equilibrium method
provides a means of evaluating the average permeability in the entire

area of influence of the pumped well.
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Both the non-equilibrium and the equilibrium methods are
based on the assumptions that the water bearing materials are homogeneous

and isotropic and that there are no boundary condition problems.

'Obviously these conditions are not completely satisfied in any practical

application of these testing methods. The over-all dispersion of the
data obtained from the permeability tests is relatively small and the
results appear to be consistent. Therefore, it is believed that the
permeability results contained here are reasonably accurate and repre-

sentative,

- 63 -




~

“Egyout of holes for field
permeability fes#,

RSy 7

P | \ h
N\

3 N

M e 2%
e o G

4724
ADH1ZO

\

7. Dike#4 \j2d

oz hov 3 i
Iy I OBOVER, | -

i

\
000E

\

4864

000 £

L

638000 N

636,000 N

634000N

632000N

2% 528 000N

0o -

EXPLANAT/ON »

Drifl Hole Number —2_o;
s 152.5
Completed Depth

‘Auger Hole Num bera AH 2 |

Cajhplefed'oepfbf5"

Scale

+000 -~ 2000. 3000 4000

E”‘!: oYo =_f<

BECHTEL CORPORATION

SAN FRANCISCO

) Je2z,000n ™|

EAST BAY MUNICIPAL UTILITY DISTRICT

MOKELUMNE RIVER PROJECT

620,000 N

CAMANCHE . DAM

GEOLOGY
FOUNDATION EXPLORATION
E.B.M.U.D. won C.RM. |ERS% 3
S saaa | 4465-6-602

PLATE I




i
{) E M
==
< 5 : «
i _3._ ) R Al tih Zsth 2L - : =1 633,000 N
. _28lzs Z :
T 3zi33 Eol L e
; I
i Y _
- ' A = EXPLANATION
| 636,000 N 0 ~ ] RECENT ALLUVIUM. Consists of river sand, gravel
_""_, . and silt; flood-plaln deposits, and dredge toilings.
e 7 : :
; i OLDER ALLUVIUM. Pleistocene river deposits of

S ° 5 quarizose sand, gravel and silt. Unconsolidated to semi-induroted.

j 634,000N 1 MEHRTEN FORMATION. Mio-Pliocene fluviatile deposits of

andesilic conglomerates, sondst and siltst and claystones (Tu)
with inferspersed volcanic mudfiows of andesitic detritus.(Tuma)

o)

VALLEY SPRINGS. Miocene deposits of rhyolitic tuffs, uffaceous
siltstones, claystones ond sondstones high in quartz. Occasionol
conglomerate beds of quartz and metamorphic rocks. Locally

632, 000N high in pumice.
1

Geologic Contact

ww == == - |nferred Contact

sasssmsssses Concecled Contact

630,000N i_""] Geologic Cross:-Section

628,000 N

1000 0 1000 2000 3000 4000 5000
(2 o o . e e

: K . i s 626,000N
P ; SR b b7 A% 1IN.=1, FEET
\§ = P ot U Sl R CONTOUR INTERVAL 10FEET

DATUM IS*MEAN SEA LEVEL
2000 FOOT GRID 1S BASED ON
THE CALIFORNIA STATE PLANE COURDINATE SYSTEM

(ZONE I}

624,000N

wo, | BavE AEVIRIONE wy o

. ' S Ak . BECHTEL CORPORATION
; i < LN s (NI PR (1 o { Ve SAN FRANCISCO

: . 622,000N EAST BAY MUNICIPAL UTILITY DISTRICT
MOKELUMNE RIVER PROJECT

: CAMANCHE DAM
© S Se o GEOLOGY

p - . il 2\ 7 J GEOLOGIC MAP
f

%H .‘ /? :l.: 1= Tvé&érg (((( i\;\/{\? Q% (o l@) 620,000 N = momn | e e —

T T APPROYED DATE D.6.C

] . A7) i 6.
1,846,000E 1,848,000E 1,850,000E 1,852,000E 1,854,000E 1,856,000E 1,858,000EF 1,860,000E 1,862,000E 864000 = . . e e T 3444 4465-G-603

PLATE T




300, | 300
DH 12/ DHIZ9 .
Proj.47" 95 Proj. 185"Ys
250| 250
T
Mudflow Spri /{@‘:
— - pring |
200| | > oHuS /_)r — :,:i’”:m"‘: 200
+ . ! led orn
LSanda#onN DH 105 DHI07 DH 109’ Pro-/' 123 /S/ ;L Mudflow
Cong/ fe Siltstor . 40'Y 9
150 |07 J‘f[_—_ Sittatane Proj.40'Ys Proj 145" 75 = gmdtene |
— C/ag&f‘ane DH /08 ; *s 2”3 é —_
N ] Saorndstorne £ . Or 55 U/ , é:—-_-ﬁ Claystone
. j——
AN | siststone 4 > ~ — m— 1
N ————ab , S T :
o 122 E—s?ff;’f:::e\ M ‘ alida 7 ! Sandstone 129
b —_—t Claystone \ I Qal. _—__L_________,__—.__./—-L _____ S e | | 5
v 1 e ———— | | | 1= i} Sondstone ]
~ |
y 50| | Claystone & .Si/f‘s:‘on'e t 1| 1 %0
I 2 {——" Siltstorel Claystone 7m
- | Sandstore o : — 1 -
N t
o | ;\/ﬂ- Il Sandstone - Clays fo?eg.S/'/f.s tone : JI v 1o
t t | |
1 Sandsfone-C/ag.sAone & 5iltstomne : :
59 L | I 1 %o
| 1
|
L
/100 /00
SECT/ION A-A
¢
Q
1S
0 Note. For /ocation of Geologic
' Sections ¢ Legend rerer fo Plate I
(|
DH 117 DHI1I9 DH//8
150
/_/\-/Qoa/ é:,:,s-,glfana/ -
Q ] Sand § Grave/. //L—.—\
Q /00 2 g 1 Sandstone - -
~ J : ? 1 Sandsto,
~ Siltstone Siit T | Sii#stone
g ! i17stone vz Sand/sfone
v 50 | e 2 Claystonre
l: - m
Q— no. | patR REVISIONS 3 s | Soume
BECHTEL CORPORATION
SECTION B-8 SAN FRANCISCO
EAST BAY MUNICIPAL UTILITY DISTRICT
MOKELUMNE RIVER PROJECT
SCALES
/00 o /100 200 300 400 CAMANCHE . DAM
L e ' — - GEOLOGY
1IN.=/00FT Horiz. 5EOLOGIC SECTIONS,A-AS B-Bj
50 o 50 100 150 200 E.B.M.U.D. |prsianmo mor C.R. M. | ERB%. [ ERYR.
f J — ) DRAWN F L. JoB No. DRAWING NO. REV.
APPROVED DATE
1IN. = 50 FT. Vert. BH! 3444 4465-6-604 O
——————— oATE 3- 661

[ ———— PLATE II




2
DH-/OZ , é D H 1o/
Proj.45'S - Proj. 5'N
)
©
LS
bl
20 Mud flowor~__ ~ . _ MudFflow. -]
o ﬂndsfane -S/ltstorne | Sandstone T _ Congl/ome:
N MudFflow ——— ! /'—Tofua’f/ow
N ! fﬁgl::r;{verafe
1 Sandst B WY e
S T andsrone 1 Sandstore & Siitstore T Sandstomne _
{, i Comnglomerate ! Claystore
g _— T Sandstore
100 Tm T T Clagstore _loo
| Siltstone
|  Sardstone
50 _50
N.70°wW
SECTION C-C
O
]
2
N
Q
™
"L‘
9
2
DH /04 3 D H 10/ OH 2/
' Pro_/'. /20 w
2590 LeFt Abutrment
Mud Fflow 4‘_,-4/
Cong/omerafe T —s Mudflow
o 200, Mudflow | Med Flovg
—_—t C :
:g _1 Conglomerarte 2 meta l MadFlovw ‘.‘r/(? ‘Sanrdstone
g s Cong/omerate Siltsfone-Sandstone-
v | Claystone
\ v ,
Alterhating beds-5to /0 fee# +hick of
\1 : 5ana’sfane9: Si/tstorne-Claystone Sandstone
100 |
| Siltstor e-Sandstone-
— 1l Claystore
50
N. 7°w Note. For /ocation of Geologic
Sec#t/ons refer #o Plate IT.
SECTION D-D
BECHTEL CORPORATION
SAN FRANCISCO
EAST BAY MUNICIPAL UTILITY DISTRICT
MOKELUMNE RIVER PROJECT
SCALES
100 o /00 200 300 400 AMeEoLocy
1/N.= /100 FT. Horiz. GEOLOGIC SECTIONS, C-C&D-[
50 0o 50 10 150 200 E.B.M.U.D. cceeey _Jown C.R.M. [ LB,
- 4 t — orawn F. L. Jom No. DRAWING NO. REV.
APPROVED DATE
7IN. = 50F7, Vert. 8.H1 3444 4465-6-605 | O
1 R oatx3:6-6 |
PLATE 1V




~|

| DH 106 & DOH 104
B Proj. 505 W Proj. 156w _250
L_ P Mua’f/ow;z
—_ ] MadFlow - —
’_\_’\;’N__‘ ?‘ﬁ—_L__ - - ——Conglorerate— .
: (22 ow Mud Flow o 00
Conglomerorte = = * )
S o / erate ; N
; C/agsfmsand Lone RILe ¢ ;
Sandstore-| Si/tstone ™ 150 S
: N
| _Joo
| H °
_N49°w _ | N.22°W
SECT/ON H-H (WESTERN PART) 50
<
_ Q
pH11 DH IO _250
< Proys.50°'S ;
' AH 10 Q DH 127 DH 128 DH /26 Sandstone
1/_’5//7‘.57‘0/—7&' . ESiltstone
I Comglomerate r - | _200
-, s, e L 7™M
7V
: TaFF \: ~—— —— © —— — _ _ Qoa/ \ 7 Sandstone :
—+—__ 1 /
I Samndstorne ~ N ™ T —— J ! Claystomne /50
' ~ - '—*t__—b—
|I A T~ - // 1 Sandstone
! ~ =~ _’
] TufFf & Sandstone A T — e e — ] - - 7
| 7v N2 M ! _/00
| ! i |
1
_50
N.78°E _N.83°w
< SEC7T/ON H-H (M/DDLE)
Q
! , DH I/
250
Cong/omerate WELL #4 ,g;/:f:/'//EOO'/\/ -
Sondos Proj 200°5 Conglomerate 2/
anr one
& Siltstone Z—( Qoal. 7 M Sittston
' / TV T~ =
T | T T - L Gidd
| Ve
- = P —_— = — h Thin-Bedded I Sandgstone 77 Sand/stond /50
' ] Claysrtone-Sandstone | ™ ) —
|‘I S//tstone : TurF &
| [23
4 ! i Sandstone & Claystore Sandstone
100
: 7v
50
N.60°W
\5 E C 7_/ ON H -H ( E A 5 7-5 R N pA R 7-) NO. DATR REVISIONS .y m a'.":
BECHTEL CORPORATION
SCALES SAN FRANCISCO
/QO Q /QO 290 390 4Q0
——— . - EAST BAY MUNICIPAL UTILITY DISTRICT
1IN.=/00FT. Horiz. MOKELUMNE RIVER PROJECT
50 ¢ 50 /00 /50 200 CAMANCHE  DAM
7/IN.= 50F7 Vert GEOLOGY
Nove: For Jocets ; Geolow GEOLOGIC SECTION H-H
ote. For /ocatiorn o eol/ogic p— war C.R.M. |ERG% SRR,
Sections refer #o Plate 17, EB.M.U.D D:AW: :‘, L. NGRJo- No. | * DRAWING Nlo REV.
APPROVED DATE B H
_______ el 3444 4465-6-606 | O

PRINTED ON DIEPO NO. 1000H CLEARPRINT

PLATE V




Mudflow Mud Flow Sandstone &
250 DH 24 250 ZInaTon DH 122
—_ _ - N
Co ratd Conglomlerate N - /\’/
N R 5//F5fon?gc1gmgsfone N Siltstone g Sravelld,
§ 200 =L Sandstore 320_0 ™ /// ( Tuffaceous)
S TM ?C/agj;‘one Y Sandstore - VA 2
N Y —_ e e 7 — e b~ Sandstone
N Clagstone . / (Tuffaceous) .
150 Sandstore 150
SECT/ON E-E SECT7T/ON F-F
N\ DHIE
¢ |Proj.700'N ~ < PT. U
250 WELL#Z Q DH 15 pH114 X| Conglomerate
= Proj. 150N | AL Proj. 300N
DH /23 N l
250 32_9 Qal. |
N
N
§ N ! Stone O Sanrd/stone
IN 200 Sandstorne (Purmiceous) /20 | Tuff \ ™ ] g — -
N ™ - . : \{ 5 d =
q Conglomerate 7v 1 T Sordstone Tv
150 T Silt5fone _ 100
N.70 W N.81°w 3.63°w
—_———i —_— ——et—
SECT/ON  G-G SECT/ION J-J
Note. For location of Geol/og/ic
Sections refer to Plate IT.
500 o0 500 1000 /1500 2000
1 /N.= 500 FT. Horiz.
BECHTEL CORPORATION
S8AN FRANCISCO
Sections E-E, F-F& G-G EAST BAY MUNICIPAL UTILITY DISTRICT
SCALES MOKELUMNE RIVER PROJECT
/100 200 300 400 CAMANCHE DAM
b -]} GEOLOGY
IN.= 100 £T. Foriz. SEOLOGIC SECTIONS E-E F-F 6-GJ3J
.B.M.U.D OEsiaNED morC R. M. | ERg% | EKER.
50 /00 /50 200 £ 8 orAwWN F L. Jos No. DRAWING NO. REV.
APPROVED DATE
1/N.= 50 FT. Vert BHI 3444 4465-6-607 |0
——————— oare 3- 6- 61 :
PLATE VI

PRINTED ON DIRPO HO. 1000 CLEARPRINT

S

e o e



-

100

200
-J00

Tk 17 Seel
VerZico/ Lraggerasion . /67

LLGEND

freen T Aecvvrems

ConsisIs of river sond, povel, # 547 /ood -
I? FeDOSSTS,; AT HEdge /Iliags.

Deorr_Aecovrom

Aistocene /7ver devasits of quarrzose s,
e, ¢ Y Wrconsanikd 7o semv-indbraored

MENRTEN SORMATION

Mo - Aliocene 1o/ dboasits of avadlsite con-
Doty s, Sl FovRes, s/ IO s, £ /gy ST ES.

wrerspered volkonk modsions of
aATESISIE ST YS.

WaeL£y SPRINGS SORMATION

Mocerre dgpassils of Apoltic K fosiaceors
SISTONPES, CLOYSTENES, ¢ SVILTORES Hgts 77 GV 72
ecarropra/ corrg D Ledls o georis and
TESIPRUIHE rOCK S, Locaty gl 17 porvce.

Ceotogre Con/ac”

eoke as stbowr

No. | DATR REVISIONS (%

BECHTEL CORPORATION
SAN FRANCISCO

EAST BAY MUNICIPAL UTILITY DISTRICT
MOKELUMNE RIVER PROJECT

CAMANCHE DAM
GEOLOGY
PANEL DIAGRAM

E.B.M.U.D.

oxsianeoD.GC enan. C.R. M. | ERGA. [eREE,

orAwN | A . B/ Jos No. DRAWING NO.

APPROVED

DATE

D.G.C
S = 3444 | 4465-6-608

PRINTED ON DIEPO NO. 1000H CLEARPRINT

PLATE VII




o105

L& 109
CRITZ Vs
24107 1L 4y 105 D120 4 24119
[ a4 CRIER Lrev. 2TF oy Povemmma
o8 P PPy Lo 104 ~ o 105 e oBX i CREF U ‘7 R g LR HF
200 mﬂ% we. Geper ; Sepe A L1108 0-22" Myoriow. Srowr, wel F 0-36 QLoER Asivwront
- 1 colté oz, (67 v e g5 62 e one I Comentied, ogobr Fapmnts oz
7 . i e . . | | J'///}' ﬂ” ROV LW,: Jore- /7/’0(4, e’
T 020 g’;;:’dbjzzrm n3%00 T, 7Y, [J/Q,)mg, gt oty ] 223" INOITOME; 77, A7 R /,v/mrem.; ‘ g,,,fi,f;jfog;f
o ‘,,.‘i w020 Sz grevel (59 e rzinnd (). n; p-"w ' . ¢ rved, very poory cemenied % e mcaceols; very sor% poorly
“ 20° 23 ST, blck.wnz) 162 CarsronE; &owr, 222737 SANE, ATY, (), P W S| comerred
27 1z, 2} o ‘ 20 od devd 13115 L2, Hlock, e, W), 2 CowsLomERATE  pELHE 7
27:26" JaN0; 7). 201 928" T ronely oYY a5 516" Mo core cobble size, poory cerrenied HH 1
-2 26°96° e, dorse, (). A il ] AN sizar S| s votnic paprrernts: | 2
P ) F TUTITONE; B, W) ———— . S i
24y, rowrg Lyt 1 s e Lanpsrone; vy, fore- | N GRrRAVEL; pebble-
wry tavd ) 4 N prrined, mod wel cermented, vy. p we. R M cottle-svize very poovy
- 2 266’ A F a5 CLarrrone mbib ¥ oo camernibar dekw 2o 276427 o-éd\ || Cormerrsed, comve Jondy 13
SLTSTONE ; h' oy, B S ewg Soved i TINCSTONE ; rme dbinmr- 7o coorse l V(s
“ soi 55" ,| ooy cemented. N 274 - auired, mmodl wel! comented T e
TuzsroNE; Jpht Lrom fo N 2 25029 Surmne; gray e Cavsrone;whib 16 6rF 12760 occanivan/ complomerak L. L g _
a2y, accasion poory PPN et w013 40 604 04 Snasrone ;s 715y, tovd
9 o s SUTITONE ,; bromys, 704, N || oadlrosey welf cemensed.
o0 Cemerrted serdbtbne £res 29° U5 20 , S| ey ol Keom ml
43 — Cayyrone, Lvomy fved!, —— - w7-s55" , / R | 4 s .
B T s ] §$ %?wm%mﬂﬂmwk IAJ demweer? #3435 gt «? i
J i . Lo e Sze SHagmenss, wecemenitd ! { JUTITONE; Lrowr, modk
arias’ Jupsronte 715, Fne /o ol B i S 5528 SN e i o well cemented st cioy deheer
s Caysrane; 7105 4t ? med-greviaed, Lyomwrs, zomes 2N /W;/(!;’ e <y MWM  poavif comenit 9 we. 5752
Py, v, sy o S, N || of poory comentea v How A g by nevos. 1 7/-7-60
; s, 01 27677 ‘g2z &0
¥ Ho'622
40 s “ Lt whit % Cotrsrems; whi b4 ) LH-18 1
arimms o |5 - Ko 50 LT oy CRI97% Llov 188 62722
4 INOTTONE ; Y, forre-b N ¥ drowrs, J e we) comerked SAF 916 ,
“9 ii mngﬂ” avj”m Z4 —1H 2 o5 SsTEn ; T Tl L ronE; Y, KR /o -85 ) ° TINOSTONE, wel sor7ed, Live-
gmng%éyéf ””'U&m%@# ] WZ€XZd T 622783 MPITONE, Yy e 1 rttorm-grained 27 wel/ Janpsrone; e granned, R || stk paoryy comenrea
Shyre zepres. ) 1 dromn el el 1Y gradlly okt 117} 8 g it wel sty o || comeonted, sokrdatror m# vl poory comert zeees. | ||
" : , 225 80° SUTITONE ; BIS5E 1 B8 ooy comenb Sebwas! M| ctprtorne £ tbrtrre o I
o0 nsos’ | || 7irer Sampsrone; dromn ey, L 2 ok antyao/ sl connrs. i Y carrone srown, fivd,
1 CLAYSTONE ; 11y, 4b) Lrowrr. i wel cemernta 0 7 w-4ﬁﬁ;%?ﬁmm%@f ol - 3 SUNCITONE ; Fiiae /2 kw@%@ﬁw& 4
o A inr s oot A oz gz | gardmmesmy i L | oo T e
é——__— ] yoired mod wel comantd §..meﬁﬁmﬂ%- &m”.' . rp comened 4@1 i
3 B8535 ANBSTONE: vy 77 - 7 o L3 I8
Q ) N N gainad crp a'mix/ 4 TuTewe; favey b7t & ’; ” 1T S TITONE: Lrows wel/ LEGEND
N F[ o225 25" A CLAYSTONE ; WHIE. g || oo yedow cloy e we
% o0 ______CZ;YJ’W?'W’; 7, V005’ CLAYSTONE WAL, PRy T % S || Avamze oz pre T Warer feve/ on date shown.
S, lenses of poorly S, ; M . e | #oiers’ smasrone, wer
> o0 TUEF, yétbw 7o @y, b S0-102.5 976205 . ;
Qll 4 %}Mﬁ//j/&?”w o LU “ 2ol comensed Ler, perlon, poavry #2001 Carsrome; tromn i #in <Y | §| od mobraty il 3 4 Rock sarmple.
2 W e 4 o \ P—— hedtrd iy crons dedabed S comentng, sbw-Shack.
s S| 2es 27 00| § _ ” : #0 I §I Relalive permeablity (Feet/year).
N «t | 2t Mé;:’f/t 1077 108 LAYSTONE WhE ford H1 s orr ' cusrone: whit ar? o o5’ Yl szsigre’ Czapsrane; doms,
Py ] po ) cemen/ed. 4 w0’ 2 LT one- o e || a2/ et AN &o_;,vo_w’, e 26 Kpe- Ayd A CR. Core recovery.
o mawel oYy ainea nel comrntd 5T W02 SANOSTONE s Yy, 78 e i ey we
. comeribod T s 226 RE BT (LA YSTME, Loom 7>, g ne) comenid comened. NOTES
T s curmne; prvet Cavsmon; whi, Aer, wel comented. 0z 10 LLayzone whik ey w ez e
N P // ﬂW g S ”; ; é/ 7&0- , 1 Sk tone 7, Hom s Aewrer o (L aysTone; wel comenba These Geologic Logs fave been prepared
g g 1~ 3N | mad we) camental HBT-128 . 151207 SISO 72 - Ll Dyowirr o bk from detaliled /ogs on File, Bechte/ Corp,
-0 al 1227 /%8 Al :.Q‘LM//?;'JW”’ - 120 o vy ooy conbol San Frarcisco, California.
18 Twpranes; poorty 12361328 graiwee mod wel % pooy 1203125 TLTSTONE AN TONE 1222 b’
o) S-Sk
comonind, oty Ay SN TONE Fope- /5 - i VI, L8 LRk U1 atbrartia becs: LNGSTONE ; 71y, S
oAt coyey 1 i pormtieoes, Ao, - . pained, wel comented with
|| | e commnibrr , , | zwer poory conentd. b7
’ | @me P yelbw (by s ® 8z 59!
§|| wroremz 7004 Qaygzenves, H pelow s Quapsrone; Jp vy -
wol ||| Cramsrome; mhit dott Py, e Sbenls S0 < bty prer “
-0 wegh) fved p
[+ 1] . i
1TS54l JGUE, Lo ok, == sz’ Sae bk
1508168 NI TONVE; N o ) wo. | oara navisions - oS
1604 Lot 2/ dere, Stover 921647 .
A tesiors g SLZITNE; Wi o ey, BECHTEL CORPORATION
-60 g Lo comeariéd, oy
b clor +i03\ 6o SAN FRANCISCO
w287 T i Lvgecamites, meay )
j LNTNE; Lok Fogrenrr L_ mw/zvr/:bm Jorad zovze EAST BAY MUNICIPAL UTILITY DISTRICT
R A Setweer 163357 MOKELUMNE RIVER PROJECT
ity bbw 775"
E‘ CAMANCHE DAM
ool |3 GEOLOGY
w GEOLOGIC LOGS ___ I10OFS
E.B.M.U.D. oxsiongo B H.[enar. C.R.M. | ERS. | R,
orawn L. A . B. J08 NO. DRAWING NO. REV.
— 3444 4465-G-609 (0]
——————— oars 3-7- 61

PLATE VI




DA oy 2295

CR.EIZF 0.2 Qevdueer
‘s’ OH/1/
T J| Coeawenr: woy DH-106 P m— 2216 220
220 ] cemenibd cbbibrze wkemic ooz Lrev. 28/ S48 © 0-5° —_—
t, e Ty o CONGLOMERATE, Weahered.
o-44’ Qverdurder - ’
we'-r6’ “#179" I-Z.i;rm:' Hight browrs
. Merzon; browr, vé R TULTSTONME; A
20 Horion, brown oz, M,Zg ey bcollyy clyey sbr sy, we
arpkr wheankc Hagmerr/ts ITTT ) P78 Pl
pb o e stHitertin, T ' o s gﬁ -//4 Ll 203
A} d
200 NI ' 129°275" 1 225255 CONGLOMERATE, o O s, sine graired, 200
] 20 Conaomerars; poory 71 wel) cermensed rolankc 5y T | st o, pord wel -
Lo aemened, bibe Sk b, | || mened, occanonrd conipe
x;m”mf_ggz - a0rf ol Jepmons ] a:;a_-;: mhie 2 yetow, OH-112 | gaas’
. | et Ve A LE; 4 - N - .
0 cemernied, cobblt rize, ke 4 Sonpsrone; cone-gined R . M Ly, 187 wry Dkt wegpht Vird, Qs enr . MA‘,M /o cre
S, ot ot ~HRNOSTONE P OH-//0 2 1002 N || g ononp cononte
vz, ardkaitc molar. s|| % Lok poory cemented 7;—— Lhev 64 CA decomes sy @/ CR 99% 0-24" Drertvraty, o
e CR S. . . . tuse. 7 20 22525 CLApTomeE; ewny
§ g5 o245 o5 erbyy ; o-cos 40 Graret, sify. 150
S _wo ﬂ/;j/;:;mr//'/‘;:yw}x/ ’ Crarsrone modrbf Lrom, o dornd! o Dersporaten, red rmiived 2455 AOSTONE; e onodtraty o7 E“
l\\( tomntovd] Bhteigh? “7 S0l ik, mony cioy-Hted s {| + B Gwels 7 0! qined, /e modkraty 25224" N
PN o Sockres. ." TINGSTONE: e 1o 1 Wl comented, - a0 co- Swpsrawe; iy §
lQI‘ i’ s o o grovzed, sie- - it e betheer 1257 155 1 | S| #onn fore N
RN TINCITONE; re aained Y X Gomn amsente. 15201 Mo Cove -n P IT| o5 us Qarsrone: Mgy / <
1 . o ) y S it in 1, g, FwE ) 224395 UTITONE  Cbyey,
N %jﬁfm o amenk l -218° SNQSTNVE  very STre- 20 21237 CArsTONE Joht SINATTONE : rene/f, very z04] | Zf/ ﬂ’” . A 7 3 Gronr, foved 54
Spa'o o 4 ganed, vow, ford, Lronn, dptiweihil very S O_E covse- e yelon Loviy g w
160  Tursrome, Jpht brow 'aa’-zza}ﬁnvm?/‘s ” wl;*'d L 227 748" s cermerntd. . A msiee waTonemd-lo (60
60+ 1o white, T dedtied, 5:’/,_ o ‘M Kla i TUTITONE: It gy Lromns, ! o ”’;'?ZZ;(”“”M“’:M 4
well comered. o CLarsrone; Iph? rown, S| with Clyrtone, e g St &O" e was 2503 CAYITONE WHE,
Er P ctyey tonses wel) cemented. ] %%AZ/M% »m Yinf dotred o
! Lo . . He, moatraity mes g "
1 | o || moiz7 SNoSTONE AR 8| g amentdacainn
Ry wd || gmmdtdbe wy cementa, wd N\ thirdat of whik e,
i SINOTTNE ; 7078~ 76 177 T W L e 75389 covifes ’
urr-grawred drown, Lty o «a7i572° a0 LEE, green-yolow, wry ‘ ubied Lbr o405
140 e N A 3 Saasrone od- 1o D v ooty Sred fo —L42. CRI6 e
/J aaer Loy #5A5H / I pm  quraicecus by, sradbrbvre b |  seine” Cuaysronei il | o7 G zony
&0 - pog 558’ =l 3 Hoapmerns. Lew ! Ledka ik, frvd, , Fl sims Samasrons; cave-
SN ) B 372'62.5" CLaysTons; I drown, i 9 5" ﬂ”%ﬂ"//‘z}’ , i f%%ﬁ” ”’/;
el ph! o el Grecciokd dekweo, occarand 4 Supas rone; Yy, pord e decttnt o) :r% S . '
1 a7 comf. wel) cemented, yelom. TGOS oo AL | a5irs Qarvsrone: domn,
655" AT TN o), oWy R || a7ies Cransrone 1 bromn | Avez st
/20 v o occonondl by Sited e 120 & whit, odaty wel/ o 25 Swwsrons. cre
- iy, g e Cermernied mony cavites. o || sregainnd/ste st
7 WL ] 118 125 55 4 s
70-74-60 - A cameed
JeF, greer-yelw, 1
200 WeLL-g Loy 200 =4 Y A A »47°
<90 [ ot Ierrrone; whit. T £ 7T o peow s0r,
o415 Llev [T f.g;g AYSTONE; St generally ofiered.
.2’ . ——f 077 526 o
z/;,f;;m;z@' | 68 Spsrone; med eviaed re0-
Al _T WLL-2 1 872" CLAYSTONE, itk o27. ? 043
2. g08° WL/ —=== flv /85 2-17 JUEF, whik, vy poval M [
] e WELLY sy 185 . w53
3 SANDSTONE,; coorve- ; ﬂ s o S /o
/80 S || gromedovmicens mell cament’ o-6' Wl comented. L850 o 1 P i ety greined, wkbw,
18 || &% wolzmes "{' ooy ) ol S TINASTONE; S37E 16 17760 - 70 wry pooriy cemereal
11 cemer/ed w8 Lebw 10, 607" \Wp;;wv[’.j//,jg ] L a7 M@ % wry
3 sall s are inerdeabd Y, poorfy cemenred 060" o e grenned o deve, ow,
S With Lgre Lyomm S rsromes - 0.7:13 LINDS TONE ;70 7o 730 421 S, eSeceons paorsy
R T || owage thtrens 2 e poorly comenteal WL we. ] Zesy whit, poer okd,
X -2 w360 Ler bty oo g o cemepiea bbe -grevrs s
N 20 (wer), 20/ 70 /6 ST ars : S Wt
N 1 TUTSTONE N bromrs, cryey, b oo’ oy iy wer
N 20 A A ¢ it S 2o 29, po Ty ceoman i
N0 3 sty rva £ e Leow 29 ozcariio!
23255 CoNGLOMERIIE Wl il Y .-_/QL“" wo. | oare navisions v AR
o comerrea M. Kt
0| | wotrre’ Carsrone; o 1 BECHTEL CORPORATION
Ll -yelow, sor? by S e 1 2a5 40" SINOSTONE e SAN FRANCISCO
s 219"-49.9° peed porly cemeréd, N
NOSTONE : mdhinrr 7 yrelas algem L. f9-50) NOT EAST BAY MUNICIPAL UTILITY DISTRICT
W coarre-pewred, pelow, PRy “0 Refer to Plate VIl for Legend MOKELUMNE RIVER PROJECT
140 woor) cervensed ® T v bbe 16 obve. a0 and Nofes. YT TR
o n Juark e GEOLOGY
-G POV RPN, |
ks 24qem * 00-80) GEOLOGIC LOGS 20F5
47520 LTI TONE ; Sr7a), E. B.M. U.D. oxsioneo B . H [enam. C. R. M. [ERS%. | SRR,
de-greer. oRrAWN /45 Jom No. DRAWING NO. REV.
APPROVED DATE
P B.H.
3444 4465-6-610 0
——————— oare 3-7-6|

PRINTED ON DIEPO HO. 1000H CLEARPRINT

el ) (e

PLATE IX




220

200

N

LLLVATION

60

G

/£0

Wizl -4

20 1

£

WL

- 122

CRI9%

Ly /956 /8
o-2’
TINOSTONE, 708 - o coorre-
omred Lo cemerrd 2ol
20
e’
Sapprrone fize- 70 -
red ooy conersal
wibrdarttr byt v

f—— 65 ———

2¢-36°
CoaySsTONE, lrows,
Soord, Lrritit.

401
24

2639 TINQSTONE ; /e -
grerined miod we) emenntd . |

18-/9:

I9- 585"
(2 AaysTONE, Avad Lyewsn.

550 SINOSTINE CaTE-
e, poay ) cermerrrea
062" SUITTONE romi fvd
6265 SINDSTONE, 777 -
poed well cemensed.

LY /2T
[/(1‘( 22_7 CRIPS L 226
-4 JLr.grovely 025 I sonfs vty
&°9.5" L TSTONE : tromn, Sord o5 ML OMERATE - A 220
ooty cemented. barbbé vz, very poory —=
¢ Y ﬂ//-/Z-:f[/ 5
/7
70 NPT TONE, gl 7o er
25762 ) orre-grenned, Loory RI7Y 045 SN0, py DOH- /25
JANDITONE, 7€ - 70 § g weld cemeréidl CRBY Loy /0
coorre-grained, frova wel/ O-&" JLT; sn7a).
cermenied, Oecasrina/cross  <° 7 97 TN TONE
dediting, oy ponnice wianr’ o| asisme’ ,;,‘ e
ragments. TN TONE; Fre-gretiaedd TANOI TONE | e e, ’ ' __0
i ol well B very sy | o e cermenriéd ocazner-
cemarid Jecariaw/ iz o4 oty crow bedded /rkow 22°708"
\ §| empmet o K| =7 aty €370 8! y TS TONE; im0t~
s52 45" <Ay 204 & | grewnedandtsie rery ,
TINOITONE, 19796 - o R I { N | g comenrea net or WL N
ranned podviy comend i T . s
5525 T Cwiome ez, attl b ] ] —— 7 /A 180
Tavpsrone; Lire-fo N bbb ze, rery pooriy comerit P LW L6
coorre -gramed, pomieoss. _ el S| e cooe foadlrbre matri. 2T we. i LA /6
b (e;;/)//?o’ :://Io// &40 “1s QLarsrome, 7709, tvd  izi9-60 SO TONE, cOvTe Lrev. /74 Sk - I
4 : 71 S Loy mzve 21 R, pIerOns SOV LY / IIPES L E,3 ) I%
L ‘ pa comereal ZINp ; el groned,
H5.2°526 n quarieose, mceos. §
1 3 7 TN TONE Y, e Tomphes 1254 e, 2o o
) gremred, mod wer) cameriéal 1 TAND, CIOyeEy, micaceols l.\\‘l
s’ I qurveose, deme coorre- )
S TTTONE; H dromys, dvd! 2 gained, zg ] “|
Soarry rf{m/fdﬂmﬁﬂe 1 Somptles 1 Hrounh 10 7/
trs 66,5269 A o' ZIND, 47870 mmedtn-
7 Ey )
s SnsrowE; e pred g 7eose.
« goped
40
6
- “o
|
Jomple 5 7]
P ZING, CovTE-Tr R,
JUHTTEOSE AL, TETVE. s
601
K4
& ot 6 /20
IV, e~ 7 et s77- —_—
groinec, guor /eose e, ]
601 ___| #mess’
618" SINQSTONE . moderetly v, grnell; FEnE.
wel cemenrteal .
804
865
Lwosrene, pford 00
NO. | DATR REVISIONS - .| dmos. | e
BECHTEL CORPORATION
SAN FRANCISCO
/VOff_ EAST BAY MUNICIPAL UTILITY DISTRICT
Refer to Plate VI For Legernd MOKELUMNE RIVER PROJECT

and MNoles.

CAMANCHE
GEOLOGY

DAM

GEOLOGIC LOGS

30F5

E.B.M.U.D. oesianeo B_H enon C . R. M. | ENGk. B3
orawn L. A.B Jos No. DRAWING NO. * rEV.
APPROVED DATE B.H.
444 -6G-
_______ =l s 4465-6-611 |0

PRINTED ON DIPO NO. 1000H CLEARPRINT

PLATE X




W w il ¥4
0@ Orrburatrs CRE Lo 227
s Ho core DEEP SHAFT
220 KA LONTLOMERATE ; - = J7- 7-9
poorly cemened Lhr 2195 072’ Ler
] ' Mpezon; o wer/ cp957 58
PRy ey a/,yr/,é'rre/raa/c a2’ .
SwrLow: tard aerse, 0-29° e ”;’”’ﬁ i ”/Z; ) Qerdeveer. o s ety
o M—_f’ g ments of i Mprzom: orgohor - i Lol sy 7ed enads e sk . g creage Jonitings
401 ] votborvc sock Jo 57 ek oo /o 2vip srize, N 2B
Gromz 76 gray, very Jovdl
200 o5 tice’ Jomgy IS merv 2" 130 ' N core.
COMULOMERATE, pELLIE /o 201 90
S| bl dire, capitr ratarve ] w0 1795
N et ar s comeriéd 402 T SINBSTINE; 8 - 70 someonr-
U | ettt v otz Ler 2902 A govred very pooviy comend,
" ] ssvtse R 987 03" Qerdurers 1 o rtrms o Gk Hhip Leahs of 5.
1 Mrrow; very e we) z726° @ A - TINDSTONE; 15778-76 72dlinnr-
" % T % e grezined, TINOSTONE ; 7Y /e SEEEEELE
o ol s & s e e M| e s
—— CONGLOMERATE; pelste b 2 o 40 ‘ Q—m’yﬂﬂf/'j/./%
W | catté ze poorp cemmemter, gl f/'{; A—””W//["w - E ;/:/”4’ j:z’/ g AIIHE,
K : V| gw7eq Lrons7 ., .24 2 /2 2Ty -
52255 BMOITONE vy SLever 152 RS AMOTTNE vy, e ¥2-oo s o st (o Frnrevns
| 4¥ oz ctyey 20l || orained, Sintk. Inlbrteated pedbi 1o [ | K S 62 ¥063.2 000k
s01 o625 LMTONE, e - G50 Sangsrons; Hhe- Bk, OH-107 ] cobble size poor) cemented 3 JJC,:,’:,/.M,[. v Browss 160+ - '
|| giwdl gy, vy o T #et ermented, amctritc. =L Cnoiomerare # Tt g, S didh of e vt
e coment 2028 L4y d/‘ﬂﬂ’/zk‘&//}/ CRIBE [kl’(é‘f/ AMM/// cerpontd a7- gyf;ﬁ;ﬂs’ ///2/’”/}0/ Hitor #3223
N #ale | szstwo { 17| sttt # Samdiroe ol %”M . &0 e S dedts of ordsrone, Cysrans Lt polbw g, e
IS Coarsrowe: thin e, S | s S e by r a7 Complornerare bt oty #ottrad
T | ot tromr, s e yyx@fd{ﬁﬁc{ et wel comentd | A P S /;0;.5 Y7 &a&&v/ e -
1] ;;’; /-;;; %%ﬁm T ssm s6°75° = 1565 Grplrmerat pelitl W’f’ﬂvfml ;Wfﬁ; Zf/w,’
40/ 4 4 4 s TN e Noterdeded vy 7o bbb 1726 srndsSovae AP 7 poe 4’ cEIEL.
§ o1 | =s-55" 378 496 " SIMPTTONE ok, b carre-grined 6.2, - Lrowr, tare Lritte rrone Cveer 8¢ .3 -y, /801 176" #0435 C2AYSTONE, greess .
& o ; e -grained ey /6. mad-nel cemmenmbd o v -gined bebw ) # e spriner ey, ot s0 Lrow, somodrersbery Srved, d far e, 2 ies 7o 25
N S, gray, mechinm-fve we. 126505 CONGLOMERATE ; vy, ot mer) ekl M{L’V‘" oblile a5 0.2’ Lo Zize-
N | 9250 TX pestle-cobblesize. antorte s] | B I D 2 ed
J N Gndlrrre antrix. '””“’l % : PR 80241973 CLAVITONE, 177
N 59006 78 85" ANDITONE; sire- S TWE eyt bvea, Ly, S At
Cuassrowe: dphweinh? 9-9-'60 goned, gray, well cemerntal » Ay poersy 7o madretepy 19331988 " SINASTONE; med - T
very tover W wel) cemenfed, Lo/ beds @are grevined, poorsly Sored, s
“ i ,——2'/‘& of Cysione. 200~ stie, yelow, omvceoes
. visy 0] ) voids ey Ao 6"
o1 CoNGLOMERATE; ool i Lo g2/ vy
/20 b cobble vize, madbrit,
/o T ar Lok Jortirbrre 2arn,
d wesnar ) wel cemeriba e i
Q Javasrone; dgray 7o ] i
R Sk vy poorly cemenred f
/za-—_L nor-128.5
Jrareer o DRI T -SHAFT COMBINATION o
oo Ipneiht #n bedded,
E— HH Ler. /00 0-3" IUTITONE, chyey, Lrowrn,
E L Soord ad Ltk
'e 75 -,
i Jr//:;.mv[‘, otf poorly 255" CLaysrame; dromy K. L,
cemeriad, S - - S5 -108  TANDSTONE, /e - 70 1medinm- i .
R oy o e yaiaed, oo commd. ‘! TINBSTNE ; 17776 ~70
140 Lo, L, Q| mertirrr-greivar ety
||| weiese Snpsrone; e o 08" -15" L2AYSTONE SUTITONE; Browr] wo{ || A, poory comensid
2 coarse -groved, vk gray, v, wel) cemerrieal I Cystbrre Ledveers
S0 poory cenerred g7 ¥ 17
- ra5a’- 525 SUTsrens o, /543’
Lt 1| grheghicbyey. i SINOSTONE, 19e-70 Very
Fine -qranintd, pow iy sv7ed,
i Lo -k meadbraey
wey cemerred.
no. | oarz REVISIONS v | o | Soee |
204 BECHTEL CORPORATION
43145 QAT TONE T, SAN FRANCISCO
Jelon, ford, L. NOTE
asinr SWAAC R~ EAST BAY MUNICIPAL UTILITY DISTRICT
1 SO TONE S 25 Refer fo Plate Y/ For [Legend MOKELUMNE RIVER PROJECT
drtrie Aerbveers 543! and Nofes.
CAMANCHE DAM
GEOLOGY
GEOLOGIC LOGS 40F5
E. B.M. U.D. oesianeo B. H. enow. C. R. M. | ERS%. B3
L.A.B, JoB No. DRAWING NO. REV.
Arrroven il B.H. .
3444 -G-
_______ e 3-7-61 4 4465-6G-612 (0]

PRINTED ON DIKPO NO. 1000H CLEARPRINT

PLATE XI




AH-/ A2
Ly /75 Lew 0
O-&" LGN, 1Y, Y5, M. 15| o2 w1, Homrn om
7 219 L, cyey, reatsss
: 7 z o2’ Grom, ptuie, sc.
1./0/4 SNG, copey, reatlsh
o8 Homwn otur, s¢
2
lo/o/0]
K4 o o0| s
L% 2 s’ vee fﬂ{p,— Y, 200 VT,
06 NG, IS chopey, &, g Horr stk &
Ky ottt s of oy om-se o 17 A
oo oo
0 0 0
O :Oib .....
o 000
P % B5 45 S, redlssb PR RAR
Lo\ sonm e reve, 0% P
OLo| oy s AR
%% s’ A
{0.0.° Lo, gray, ol 7 0o
00,0 by et grenrs 2 A
o o 0 Y
0.‘.0 ”56_’ . ) 0.0
2 0
o0 Sz, SOy, ALY 1800
e, pwd o oS 000
S, ML oo
AH-/F AH-18
- v L2 Ny
a; T v Jv7 o-z'.ﬂ;ég; ;ﬁ//e}{m&
5B e, M. Gromwn, pss, sc.
S| 63 B tre-greiang 205’
100} | 52 e, 2 1 %
OO e . L 7, SO, Iy, ML
LI Gy Y 2R A /A
SBovia, s
7S Sapsront; Sz,
//é// 2o
a5’
T sovral, Lronrs,
1 SAHNY 708, ML
pa s’

NG TONE, ST 7777

S0+

Ly [P0
o-10’

JaNp, cloyey, reailssy
Lrows, o7 sc.

w10’

2007 IOSTE, S -5C.

E72X>7

4 JANG; choyey, reaint
o Lown otsie, S8z sc.
0]

N wis”

I 17, Aph vy,
Pl oty ptvrtc 7o morr-
47 TN, S,

767 Suz, songy, ark
gy, oyt 7 mor-
A, ML

6763’ SavosroneE

AH-19
: Lty /65
o-9°  SAND;
clayey, Se.
(sAnDSs ToMF
at 9'.)

2.

10~

%L Sano, gray 7o vz 50k
2oV oro| wnta, AT ol Fo

o Lo /190

0-8° AN, chyey /e
Komr, o7, Sc.

825’ ’

AN, coyeEy, ey 7o
2, prurve, 5-10% v,
AT SC.

25w’

SN, gray. SHpTY
o o aon pu v
TG e, 57

w e’
Gaver cloyey, sy,
b comyme e ot

AH-20

O\ o\] o

/01

SNONONE

o
SN\ O
N\

Ly /68

3" LAY SRATY JTY
N, e

5 Savo, cbvey, with
g iry ple S
5li5 o cbyey, 2o,
s, sc

155 LOUMOERS ¢ (QRALES
&' Lawprrons

AL - AH-

s Lev 186 Lrev. (92

: Z : , oo O-re’
b6l 98 £ o ctyey, redblih
%f TD, chyyey. sttt 0 bromg s iz

-5,/ /6] Y P > Jo /9] 5
: 7 lrow, pls 7, ¢ A ottt s
lo/o /0] CYLYL

© /| ar2a’
2L Vo8| o v bty A
201 e 207 0%%| b 07005 e, 58 g 5254,
s’ T ’T"JP 2828 JNT, 5o, gy,
*c Sy plosr, .

Jo oo brorsl 2929 LN chyey sy ST
ool i Y2 29la0 U, Sl e .
X S, S 10 2y, .vé;/ :J’A/Vﬂ,‘y/v}:f,gﬂ//{fd,:ﬁ

®? | oz, 5P s
00 2ot 7/ A ZA
ey 4 SX e, M.
e oo wrlses Lo oy
.‘.’. T Amottid s X mig o

1) 4
(X XJ
rxg
A f6s5'-79"

000 TUT; sy, gray
g0 .' .' . 501 W Sy sHEOES,
A ol TE
g, ML
-6
@ L#r 5L
o1 " DrAre/ Y. s 7983’
Ay, AL, we SING, rily iR I
7 CompLomERATE, Sve Ti-ga L 8355 SANPS TONME IS S
we) cemerrred
NOTE
I Refer fo Plate VIl for Legend

arnd MNotes.

2. 5ymbols and class/Ficaltiorn based
on Unified Sor/s Class/Ficat/on
system.

AH-10

Ly 9

i o6 Lo, ctyey. etk
Lomy plp e, sE iy Sc.
67 ST T2, Y, M.

10- 7.9 Samps7one; S e greired

ON\ON\e
N

H

N
N
X

Ly 202

ov°
S, clhyey, reatlish
Lrowr, g, 78 e, <.

FONSORAINACACACAY

1923’

SINOSTONE ; 00y, wibh
some grove/
2328 T ISTOME, o7

SRONSNON N NN\ C\Q
AONONON\ N\ O\ NN\ N\ NI

e

AH-/2

- Lev 64

07" Sang, chyey, redilsb
Lrom posie, 578 v, sc.
79 L7 sy, ray M.

9 1.5 Mg TONE

AH-E
ey L0 192
;/Zoo o7’
%/z S, chyey, reas
o semnobte, 5-w0%
4 /o | omigSc.
e /o/0]
fo/° /0
0,/a,/0) . ,
225
20 TUT, SondY, 7y, 5K
g, AP I, ML
1 zrslar  Lwosrone
AH-9
e LV SO
'0,/0/0
0/0 /o
0,/0 /0
L4 o
o T by sttt
0/0 /0| Gewg sbsse, 5%
% Wl
l0/0
20 %f
©,/0/0]
lo/0 o
Y
/0 /)
046 %
0,/0 /o .
-0
TUT Y, gy 5B
g Y P, M.
L iz O
SINDSTONE ; AP S75.
NO. DATE

REVISIONS (24

BECHTEL CORPORATION
SAN FRANCISCO

EAST BAY MUNICIPAL UTILITY DISTRICT

MOKELUMNE RIVER PROJECT

CAMANCHE DAM
GEOLOGY
GEOLOGIC LOGS _50F5
E. B.M.U.D. DESIGNED ewor. C. R.M. |ER8R | EHER.
Duvmd/ﬂ' R JOB NO. DRAWING NO. REV.
APPROVED DATE
_______ | 3444 4465-6-613 | 0

PRINTED ON DIEPO NO. 1000H CLEARPRINT

PLATE XII




-~

LT o N
129 A
N/P % 0 0 NS
QuAarRY SI7L / R
2 %
. e /\”N N\ Z
‘\@\(\O ' N T e W ’
: ' ; Rifahh e
, i ameer sy - L NI i
S
DY -/23 OH-/30 L4513/ K,
(CRJOF [ 045 SUT, chyey CR-100 [ 0-10 LT cyey. CR-1004[— O/ LT Hoyey. PP e
[ o857 [ 1oz \ormeenr BM|2
#5287 ] 1o 975" ] C oy
CRENSTNE, TENE, 77 )
20 4 ey fora graerr e/ 20 CCEENT TONE, e, 20 ORENSTONE,; Tense, Pit
yokboe, Lreawsed WY T e - SN, green et k.
W A 2 whtone ezrerr/ Sorme sy st
] %fﬁd/ ;&///5 y 1 I;{Z,?//(;/fd/f/mm 1 |z of reiinions.
VIR S TN 7 o, L7777, 727 )
wd | @ttty wd |venit of e wl | T e
Py oy ot /%{Z%//,df‘/dfy Wit 0 Sy
Good gy sock, . 4 7 5shels i Sontry S ires
SUIBE for Sz %j’ very 4ife mertio - e A7z dove
60 AHerage ave forph - 60 erape cove ks wl |7 by At
257 45 Hevgpe cove foapth-
BT goh Yy roek, | /7
) SN o sppregp oo guntsy sock,
Sl 26 sppran
80 80 4 &0+ -
Gerweny 76-80. zome
) AN T ok Z [6 Z_/Vﬂ
00— B j— (A Sform Soviz: 20°) /ao_\——(/ﬂﬁ/f/‘;vﬂﬂf/.?v/ﬂ‘) o | - ‘
\v\a\ N S Quarry e
~ L L o) S ¥
) S % o S D o~ o Lo/ ok
50¢
W)”Mﬁ J/(i(/\i% =9 «ilh( QUARRY S/7E 2 M
. - = )
/ﬂé? AR L8133
B ; i ] ] ! N
o515 ) ) i z/’;g/vg:a/v[-//f/f&' )
Gernsrone. doenly o0-72 weatteed ooty
\ werhered, por o/ 204 GEEENSTONE ; FONE, 40 %ﬁ%?f/f
p arered 7o cby, ol very Lo, very Ly PR
?(/’J//K/f//t///é/ racired /Z i ot
74 7 1 0 QU /DK, 170/
_ fﬂ/fié/f/g/'ﬂ/ﬂﬂ
3 "/
Py getlp rack, 07 20 v 4
I/ oAk S rppew. vod geaty /oK, L //,
ST J S e J Vi VA 17
defagmw‘,%a ,@% :..‘ f
ey L, vy Aa M
o | parred 7T 4
rgle foomm hoviz -0 T
( & TISAY LY 7~ U4l (ke
R 3 q
= Sl z»’({fﬁ.
\ /ﬂ N O
e e \ - /7 V¢ 24\
W AN/ o Wl
e \ e 1z 2 ]
e \\\‘ " % O r\ .;Z[ Pros. | Cuiar
R 5 R/ S ﬂlél'/j/ :,% el L0 U
{ LV TE Ao DA BECHTEL CORPORATION
3 V2 /_vjj : \W\ﬁ%{ SAN FRANCISCO
3 > = VAN, NN EAST BAY MUNICIPAL UTILITY DISTRICT
o ,_}8 < MOKELUMNE RIVER PROJECT
A<=, (CL (o CAMANCHE DAM
o == GEOLOGY
ABOA S QUARRY EXPLORATION
Q Y c E.B.M.U.D. oxmanso__ [mnon.C. R .M. |ERGh. EL3
" - ._.A.B. JOB NO. DRAWING NO. REV.
> e Iy -y APPROVED DATE C.R
=1 - —— 444 465-6G-
1 216 AKX - CJONKININWAL G714 \\(Coad ¥ 6P 8 4~ p 2 18 - QR | __ _ e3-8-61 3 4465-G-614 | O
PLATE XIII

PRINTED ON DILPO NO. 1000H CLEARPRINT




e

Sap 11 L. 72 N1 N 1 w15 ) .15 W24 Y] an/e . 20 . 2s 22 bnzs
/90 M V.4 M N V.4 V.4 M N M N M V.4 oM N N »M N o0
e T l o\* NEENL I — l | IR | I I T
ARISRR %, s 2
/80 — —/80 — — /o0
170 — —70— _—70
/60 — —/60 — )
- \
Q
N
NN
150 — — /50 N N
S
D
- /75— \ § —/75 §
R
/£ — '& — s
N
N R
X N
3 W
§ IN) Q A\
33
% § — /60
N
I
X _ | 1 | ! l N ! ! |
N M 4 4 N w V4 »M N
, w9 .20 v Avzz .23
/50 — — /50
Nor£s:
1 OW-[2 3 AL ave odseervariar
- - wells o e JeFF abviment ot
were vsed r e sek perraeg-
HiRly Fest Leqrvang s 4 196/,
140 — — 10 2. /or Hcorror? of abrerw /i
§ wells refer /o F2ared no. | pavs REVISIONS - s, | Sveer |
~ BECHTEL CORPORATION
- \K - SAN FRANCISCO
U EAST BAY MUNICIPAL UTILITY DISTRICT
NN MOKELUMNE RIVER PROJECT
o W & & & & N - CAMANCHE DAM
N N s § ~
§ “f\fo@ o ) & GEOLOGY
| . N Y LY | | X | | Y | WELL HYDROGRAPHS
Y ” M w w ~ m » o & "M 7z M W » E.B.M.U.D. DEsioNED man.C.R. M. [EAZ%. | ERR.
Y 74 w13 w14 nss w15 sy an 1o —{owL.A.B; sceme oRAwe vo. i
TIML 4465-6-615 |0

C.R.
H\ﬂ3‘7'6| 3444

PLATE XIV

L




