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REFER TO FILE NO.

NEDED-D 12 June 1964

SUBJECT: Colebrook River Dam and Reservoir, Farmington River,
Connecticut River Basin, Connecticut and Massachusetis,
Design Memorandum No, 9, Embankment and Foundation

TO: Chief of Engineers
ATTN: ENGCW-E
Washington, D, C.

1. There is submitted herewith for review and approval Design
“Memorandum No. 9, Embankment and Foundation for the Colebrook River
Dam and  Reservoir, Farmington River, Connectlcut River Basin, in ac-
cordance with EM 1110-2-1150.

2., This design memorandum was substantially completed prior to
receipt of a supplementary report of the U. 8. Fish and Wildlife Ser-
vice, dated 1 June 196L. The report, including supporting justifica-
tion and recommending additional storage capacity, has been forwarded
to your office. The provision of this storage will require a change
in spillway crest elevation to Elevation 761, five (5) feet higher
than iridicated herein. This change is considered to have no appre-
ciable effect on the stability and cohstitution of the embankment
sections. - Necessary revised pages and plates incorporabting this

change will be submitted at a later date.

N WM, LESLIE
ef, Engineering Division

- FOR ?HE'DIVISION ENGINEER ¢

Incl (10 cys)
-Des Memo No. 9
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 GOLEBROOK RIVER DAM AND RESERVOIR
. WEST SRANCH FARMINGTON RIVER
CONNEGTIOUT RIVER BASIN
GONNEGTICUT

DESIGN MEMORANDUM NO. 9
EMBANKMENTS AND FOUNDATIONS

JUNE 1964

A. INTRODUGTION

1, Location and Description of Pro; ect. The Golebrook River
Dam and Reservoir project 1 located on the West Branch of the
Farmington River in the town of Colebrook, Commecticut. The damsite
is about 349 miles above the confluence of the West Branch of the
Farmington River and the Still River and approximately 1 mile up-
stream of the Goodwin Water Supply Dam. The Colebrook River Dam
lies within the existing West Branch Reservoir. The completed struc-
tures will conslst of an esrth and rockfill dam and an earthfill dike,
with appurtenant structures, and highway relocations. Locations,
arrangements and details of the structures are shown on Plate Nos.
9-1 through 9-5 and 9-18,

2+ Pertinent Data.

a. Purpose. Flood Control and Water Supply

b. Drainage Area at Damsite. 118 square miles

. ¢, Spillway Crest - Goodwin Dam - E1 641 MSL

c_i. R_eservoir Eleidtion_s « GColebrook River Dam

;



(1) Water Supply - Maximum Normal Pool = EL 700 MSL
(2) Flood Control -

Spillway Crest - E1 756 MSL-

Maximm Pool - EL 780 MSL

e. Damn
~ Top of Dam E1 785 MSL
Maximum Height « 218 feet
Length = 1285 feet
f. Dike

Top of Dike - E1 785 MSL
Ma;imum'Height - 49 feet
Length - 1100 feet

3¢ Qeneral Notes. Subsurface investigations and soils en~
gineering studies undertaken for the design of this project are dis-
cussed in this memorandum. The subsurface investigations included
programs of subsurface exploratzons and laboratory tests conducted
to determine the distribution and characteristics of foundation and
embankment materisls, soil conditions pertinent to excavations and
to the design and construction of embankments and certain of the
concrete structures. Soils engineering studies, based on the data
obtained from these investigations, were carried out to develop
safe and economical earthwork designs and construction methods.

Be SUBSUEFACE INVESTIGATIONS

4, Subsurface Explorations Subsurface explorations were
laid out and performed in accordance with the current criteria and
practices described in the pertinent sectlons of the Engineering
Mamal for Civil Works Construciion. The explorations consisted
of drive sample borings and machine or hand excavated test pits.
‘The subsurface exploration program completed to date is considered
adequatp for design and construction control purposes for the dam
and dike. Additiomel explorations are in progress to obtain data
-for the design of the adccess road.: The locations, types and gen~
eral purposeés of the explorations completed to date, as well as the
geology of the site and area pertinent to the types and digtritution
of soils are described in Design Memorandum No., 3, Site Geologye
The locations of all explorations completed to date are shown on
Plates Nos, 9«5 through 9-8.




5. laboratory Tests. A1l laboratory soil tests, except as
otherwise noted,were performed in accordsnce with the Mamal of
Laboratory Tests for Soils for Use on Civil Works Projects. All soil
gsamples were clasaified vi.sua.lly according to the Unified Soil Clas-
sification System with the visual classification being confirmed by
grain size amalyses and Atterberg Limit determinations performed on
samples considered to be representative of the major soil types enw
countered., Additional tesi’s performed on selected samples included
determinations of natural maisture content, natural den$ity, con=
paction tests, minimum and maximum density tests, permeability tests
and shear tests.

6+ Presentation of Date. The results of subsurface investiga-
tions, except for geological sections, are presented in this memoran-
dam. A& wimsary of the results of laboratory tests is presented in
Appendix A. Detailed shear test dats reports and compaction test re-
ports are presented in Appendix B.

Engineering sqils reports are presented in.Appendix De’
These reports were prepared for all pertinent explorations by the
design soils engineer with the aid of laboratory test data apd the
assistance of an experienced soil classifier. Included in these re-
ports are descriptions ¢f the soils and soils strata based on the
engineer's examination of the samples and on his interpretations of
all test results and the exploration data. These descriptions in-
c¢lude the consistency of the material, estimated or measured percen~
tages of the soil compopents, color, stratification, presence of
foreign matter, geological names, and other imformation of signifi-
cance in the determination of the characteristics of the materials
for design and construction purposes. Soil profiles of the dam and
dike foundations, based on the engineering soll reports, are- ‘shown
on Plates Nos. 9-9 throtgh 9-12. Plates Nos. 9-13 through 9-15,
showing selected laboratory test data,are included in this memoran-
dum,

C. CHARACTERISTICS CF EMBgquENT FOUNDATION SQILS

7 . Dam Erﬂbankmem .
a. Distribution and Description

(1) Right Abutment. In the right, abutment area of
the dam embankment foundation, the overburden consists of a rela-
tively shallow heterogeneous depésit of variable gravelly silty
sands and silty sandy gravels. This deposit ranges from 1 to 25 feet
in thickness and averages about 8 feet in thickness. Topseil and
forest debris cover the ares. -to an average. depth of 18 inches. Occa-
sional boulders are scattered over the surface of this abutment.
Bedrockyis exposed at several locations and is near the surface in

3




that portion of the abutment above Elev, 700. Throughout the right
abutment area, the bedrock surface is generally irregular containing
troughs and pockets. The foundation soils are principally vardable
grayand brown, moderately compact to compact, gravelly silty sands
and silty sandy gravels containing mmerous cobbles amd occasional
boulders, For the most part, the gravelly silty sands contain from
10 to 40 percent gravel sizes and have silt contents ranging from 20
to 30 percent of the component passing the No. 4 Sieve. The bulk of
the silty sanfy gravels cohitaln from 25 te 40 percent sand sizes and
have silt contents ranging frem 15 teo 25 percent of the compenent
passing the No. 4 Sieve. While scme of the gravelly 8ilty sands ap-
pear to occur as a nom-plastic glacial till, there is little or wo
difference in gradation between these and the other gravelly silty
sands on this abutment.

- (2) Valley Section. The overburden in the valley
section of the dam embankment foundation area is a heterogeneous de-
posit of variable silty sandy gravels and gravelly siliy sands.

This deposit ¥i1}s the narrow bedrock valley to a maximum depth of
about 45 feet. Topsoll and forest debris cover most e¢f this area to
an average depth of abeut 12 inches. It appears that the bedrock
surface in this part of the foundation area is similar in character
to that on the abutments, The foundation soils are principelly
variable, brown, mederately compact to compact, silty sandy gravels
and gravelly 8ilty sands with occasional phases of silty medium to
fine sands and sandy gravels, These soils contain mumerous cobbles
and occasional boulders. For the most part, the silty sandy gravels
contain from 10 to 40 percent sand sizes and have silt contents
ranging from 5 to 20 percent of the component passing the No. 4
Sieve. The.bulk of the gravelly silty sands contain from 10 to 40
percent gravel sizes and have silt contents ranging from 10 to 20
percent of the component passing the No. 4 Sieve..- There are a few
small isolated pockets of non-plastic glacial till in this area
composed of gravelly silty sands having somewhat hlgher 8ilt contents
than the surrounding soils.

. (3) ;.eft Abutment. The bedrock surface in the left
abutment area of the dam/ embankment foumdation is irregular contain-
ing mmerous trougha and pockets and is exposed almost contimously
except for small isolated pockets of overburden in some of the de-
pressiong in the rock. Numerous large boulders and rock blocks are
scattered over the surface of this abutment. A proncunced trough in
the bedrock surface filled with 1dp to 15 feet of soil forms a signif-
. icant portion of the downstream part of this area. The empankment
has been laid out so that this trough is within the area upon which
rockfill is to be placed. The overburden in this trough and in the
smaller pockets consists of about 2 feet of topsoil and forest de-
bris overlying bouldery, cobbly, brown, compact, grawelly silty
sands and silty gravels having silt contenls ranging from 15 to 25
percent of the component passing the No, 4 Sieve,.
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b. Shear Strengths. Shear tests were not performed on
samples of the dam embankment foundation soils. On the basis of gx=
perience with similar soils, it is estimated that the dam foundation
materials will have undigturbed shear strength parameters of at
least @ = 30° and C = O for both the R (consolidated-undrained) and
S (consolidated~drained) conditions.

ce Permeability. Permeability tests were not performed
on samples of the dam embankment foundation soils. On the basis of
exploration logs, visual examination of samples, grain-slze distri-
bution curves, and experience with similar materials, it is esti-
mated thal the vertical coefficients of permeability range from
0.1 x 10™* to 50 x 104 cm/sec. Alfhough the foundation soil de-
posits appear to be heterogeneous, it has been assumed that hori-
zontal coefficients of permeability are 9 times the vertical in order
to furnish a conservative basis of design and to account for possible
stratification not detected in the explorations.

de Consolidation. Cons¢lidation tests were not per-
formed on samples of soil from the foundation area of the dam. The
compressibility characteristics, generally high natural densities,
and relatively shallow deposits of the foundation materials are such
that no detrimental settlements of the foundations are anticipated
under the proposed embankment loadings.

8. Dike Emba!ﬂﬂﬂen'b.

ae Distribution and Description. The overburden in the
dike embankment foundation area consists principally of a very
sandy glacial ti1l deposit of considerable thicknezs. The soils in
this deposit are wvariable, brown, compact, gravelly silty sands,
silty fine sands and silty sandy gravels with cobbles amd boulders,
capped by absut 1R inches of topsoll and forest debris. The grawvelly
8ilty sands have gravel contents varying from 15 to 45 percent and
811t contents ranging from 15.te 25 percent of the component passing
the Noo. 4 Sieve. The 8ilty fine sands contain little or no gravel
#lzes and have silt contents ranging from 15 to 50 percent of the
component passing the No. 4 Sieve with occasional phases having
Higher silt contents. The silty sandy gravels have silt contents
ranging from 15 te 30 percent of the component passing the No., 4
Sieve with occasional phases having higher silt contents.

be Shear Strengths. Shear testas were not performed on
samples of the dike embankment foundation soils., On the basis of
experience with similar soils, it is estimated that the dike founda-
tion soils will have undisturbed shear strength parameters of at
least ¥ = 30° and C = O for both the R (consolidated-undrained) and
S (consolidated~drained) cenditions.
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¢ Permeability. Permeability tests were not per-

formed on samples of the dike embaniment fourdation soils. On the
basis of exploration logs, visual examination of samples, grain size
distribution curves and experience with similar materials, it is es-
timated E&at the vertical coefficients of permeabllity range from

1,0 x 10 to 20 x 10~4 cm/sec. While the sandy 'glacial till deposit
in the dike foundation is generally heterogenecus, a horizontal to
vertical. permeability ratic of 9 has been adopted for design purposes
in view of the possibility of stratification not detected in the ex-
plorations.

de Consolidation. Gonsolidation tests were not performed
on samples of soil from the foundation area of the dike embankment.
The compressibility characteristicg and generally high natural den-
sities of the foundation materials are such that no significant set-
tlements are anticipated under the proposed embankment loadings.

' D. CHARAGTERISTICS OF FOUNDATION BEDROCK -

9. Bedrock Foundation for Dam Embankment. Bedrock at the site
consists malnly of gneiss with large areas of granite and schist.
The gneiss ranges from schistose to granitic. In the schistose phases
the gneiss is finewgrained and thinly foliated. The granitic gneiss
is coarser and the foliation is generally obscure and varisble., In
the areas of granite the rock ranges from a fine-grained, gray, normal
granite to pink, very coarse pegmatite. The schist is composed largely
of biotite which occurs both finely disseminated and in coarse, felted
lenses and pods.

The trend of the foliastion of the bedrock is across the
river, generally N40°E to N45°E with dips vertical to westward at

60°, The bedrock surface is very irregular with mumerous troughs and
hellews between abrupt ribs and ridges. Removal of loose blocks and
8labs from the ribs and excavation of weathered material from the
troughs will tend to accentuate further the natural roughness of the
rock surface. The bedrock is weathered along closely spaced joinmta
and foliation planss to depths generally in the order of 10 feet and
weathering along more widely scattered seams is common to depths of
R0 feet.

10, Bedrock Foundation for Concrete Structures. Foundations
for all concrete structures are lecated in very deep excavations in
bedrock. The rock at these depths is satisfactory for support for
heavy structural loads. The aligmment of structure excavations in
relation to the attitude of the bedrock, is generally faverable. . Pre-
splitting and line drilling will be utilized as necessary to preserve
the execzvated slopes in the best possible condition. Where close-
Jointed pegmatite or felted blotite occurs in the rock, some fall-out




mist be expected. Drain holes will be provided as required fopr re-
lief of pressure at.concrete slabs and walls. Detailed discussidn
of bedrock conditions in relation to concrete structures and the out-
let tumnel is presented in Design Memorandum No, 3, #S5ite Geolo‘gy".
and will be presented in Design Memorandum No. 10, "Detailed Design
of Structures.t

E. CHARACTERISTICS OF EMBANKMENT MATERIALS

11, General. A very large quantn.ty of rock excavation will
be required Tor the construction of the spillway for this project.
The availability of rock material from this nearby source led to the

' gelection of large rockfill zones for the dam embankment section.

The quantity of materials available for use in the embankmemts from
required earth excavations will be relatively small, Reconnaissance
and exploration made to locate sources of borrow to furnish the quan-
tities of materials required to complete the dam and dike embanlarerrts
established the presence of an extensive terrace deposit of relatively

pervious sandy gravels in the reservoir area upstream of the damsite
(Area B on Plate No. 9~1) and of & large relatively impervious glacial
i1l deposit near the dike site (Area. C on Plate No, 9-1).

| 12, Im_pervious Embankment Material.

as Distribution and Descr:n.ption. The impervious embank-
ment material in Area C consists of non-plastic to slightly plasti¢®
glacial ti11 composed principally of gravelly silty sand and gravelly
8ilty medium to fine sand. The depths of the materials range generally
from 18 to 38 feet and average about 27 feet, although in the vicinity
of BD=3 depths of overburden may be as great as 65 feet. The area is
heavily wooded with numerous boulders visible on the ground surface.
The depesit is covered with about 12 inches of topsoil and forest de-
bris. Impervious embankment materials in the deposit consist princi-
pally of brown and gray-brown moderately compact to very compact,
gravelly silty sands and gravelly silty medium to fine sands with
pockets or lenses of silty medium to fine sands, sandy silt, and minor
lenses of silty clayey sands and sandy silty clays. -The deposit con-

" tains buried cobbles and boulders some of which are weathered. The

materials, in general, have gravel contents that range from 5 to 35
percent and silt contents that range from 25 to 55 percent based on
the component passing the No, 4 Sieve. The bulk of the materials,
however, have silt contents ranging from 40 to 50 percent of the come-
ponent passi.ng the No. 4 Sieve. While most of the material is non-
plastic, there are some phases that are slightly plastic with liquid
limits of from 19 to 24 and plasticity indices of from 3 to 6, -Sub-
surface water levels in the area range from 4 to 18 feet below the
ground surface.



be Permeability. On the basis of the results of a perme-
ability test, visual examination of the samples and their grain size
curves, it is estimated that the coefficient of permeability of the
compacted impervious embanknment materisl will be on the order o;‘
0.05 x 10-4 em/sec, vertically and 0,45 x 104 cm /86ec, horizontally,

¢e Consolidation. Consolidation tests were not performed
on samples of impervious embankment material. Experience with simi-
lar materisls indicates that this material is of low compressibility
when compacted and that no significant settlements will occur in com=-
pacted f:.lls of this material., '

d. Gompaction Gharacteristics. Standard compactioﬁ tests
were performed on two samples of impervious embankment materials from
test trench BIT-20 in Area C with the following results:

‘ Group Maximum dry Optimum Water
Sample Letter Symbol Density - pef Content -~ Percent
B-3 oM S 119.2 124
B-7 o 125.5 1049

Samples B-3 and B-7 are considered to be representative of the bulk
of the impervious embankment material occurring in Area G, Natural
water contents of these two samples were 1l0.4 and 8.9 percent, re-
spectively, for the componenis passing the No., 4 Sieve, or 2 percent
below optimum. Since the samples were obtained in a very dry period,
it is anticipated that these are probsbly the minimum water contents
and that due to seasonal changes and other factors, the average place-
nent moisture content will be somewhat higher., Experience with simi-
lar materials from glacial till deposits indicate that the placement
moisture contents can be expected to range between two percentage
points above and below optimum and that they will probably average
close to optimum. Density determinations were made on plugs of ma-
terial from some of the drive sample borings. These indicated that
natural densities in this area range from 128 pcf to 141 pcf for the
total samples.

. e. . Shear Strengths. Sample B«7 from BIT-20 was selected
for shear testing as being representative with respect to gradation
and other physical characteristics of the average of the ilk of the
impervious embankment material. Since the soils in Area C fall within
a relatively narrow gradation range, it is considered that the sghear
- characteristics of the impervious material as a whole will not differ
significantly from those of the sample tested. The tests were per-
formed on specimens compacted at moisture contents of two percent be=
low optimum, at eptimum, and tweo percent above optimum. The Q and R
tests were controlled strain triaxial compression tests utilizing rates
of strain of 0,08 and 0.0l in./min., respectively. The 8 tests were
of the direct shear type ubdlizing a rate of strain of 0,017 in./min
Specimens for the R and S iests were saturated prior to testing.
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13. Pgrvious Embankment Material.

a. Distribution and,DescI"iption.

(1) Area B. The pervious embankment material in Area
B consists principally of sandy gravels occurring in a relatively
shallew terrace deposit ranging from 5 to over 25 feet in thickness.
The major portion of Area B is cleared and only scattered beulders
are visible on the surface. The deposit is capped with about 12
inches of topsoil and forest debris. The materials in the deposit
consist principally of brown, loose to compact, sandy gravel with
minor lenses and phases of gravelly sands apnd silty gravelly sands.
The material contains buried boulders and numerous buried cobbles.
The sandy gravels, in general, have sand contents that range froem 30
to 45 percent and silt contents that are less than 15 percent of the
component passing the No., 4 Sieve. The gravelly sands, in general,
have gravel contents that range from 10 to 40 percemt and silt con-
tents that range from 5 to 1§ percent of the component passing the
Noo 4 Sieve. Area B is located within the reservoir l;imits of the
existing Goodwin Dam and it was found that subsurface water levels
during the exploration period yaried almost directly as the water
elevation of the Goodwin Reservoir. One of the more significant
characteristics of the materizl in this area is the presence of large
mimbgrs of stones and cobbles. It was established on the basis of
examination of test pits, exploration data, and gradation curves that
an 18~-inch stone would be the smallest maximum size that could be
specified without requiring screening of this material.

(2} Required Earth Excavations. Most of the embank-
ment material available from the required earth excavations will con-
s#ist of silty sandy gravels and gravelly silty sands from the valley
section of the dam foundation area. The silt content of the bulk of
this material ranges from 5 4o 20 percent of the component passing
the No. 4 Sieve. Although this material tends to be somewhat siltier
than the pervious embankment material from Area B, it is not con-
sidered necessary to establish a different category for it, in view
of its general similarity to the material from Area B and the compar-
atively small quantity of material inveolved. For purposes of design,
it has therefore been assumed that characteristics of pervious em-
bankment material from the required earth excavations are the same as
those of the pervious embankment materiszl from Area B.

be  Permeability. On the basis of the results of perme-
ability tests; visual examination of the samples and their grain size
curwes, it is estimated that the coefficient of permeability of the
compacted pérvipus embanlment materisl will be on the order of -
100 x 104 am/sec, vertically, and 900 x 10-% cm/sec, horlzontally.
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ce Oonsolidation. Consolidation tests were not performed
on samples of pervious embankment materials. Experience with similar
materials indicates. that these materials are of low compressibility
when compacted and that no significant settlements will occur in com-
pacted fills of these materisls.

d. Compaction Characteristics. Ome Standard Compaction
Test and four Providence Vibrated Density Tests were performed on
samples of pervious embankment material from Area B from which all
paerticles wetained on the 3/4-inch Sieve had been removed. The samples
tested and the test results are as follows:

Providence

Group _ Standard Compaction Test Vibrated  Minimum
Letter  Max. Dry = Opt. Water Density = Density
Sample Symbol Density-pcf Content-Percent pef pef
BIT-34, B-2  GP 13047 8.0 139.1 118.2
BIT-5 , B-1  GP S 13347
BIM-6 , B-2 GP S 138.2
BIT-9 , B-2  GP _ L - 181.7

‘ _ On the basis of these test results and experience with simi-
lar materials, it is estimatdd that pervious embankment material can
be compacted in 18-inch layers with a heavy rubber«tired roller without
moisture control to densitied corresponding to 100 percenmt of the maxi-
mum Standard Compaction Test Density or 95 percent of the maximum
Providence Vibrated Density ‘fest density.

‘ 8s Shear St.rengtl}s. Sample B-2 from test trench BIT-3A was
selected for shear testing a# being representative with respect to gra-
dation and other physical characteristics of the bulk of the pervious
embankment material. Since this material falls within a relatively
narrow gradation range, it is cons:.dered that the shear- characteristics
of the material, as a whole, w:i.ll not differ significa:;tly from those
of the sample tested. Since the pervious embankment mgterial will have
high gravel contents, shear ’éests were run on B-imsh diameter specimens
frem which all particles retained on the l-imch Sieve had been removed.
Because of the relatively high permeability of this material, only
consolidated drained tests wére performed. Shear samples were saturated
prior to testing using the- ba¢k pressure method. All tests were of the
conttrolled strain triaxial type using a rate of strain of 0.03 inches
per mimte, The shear tests were performed on samples compacted to
densities representative of those anticipated for the materials after
compaction during constructién and at water contents representative of
the usual placement moisture contents of gravel materials where no mois-
ture control is used.
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14, Gravel Fi1l, tiravel Bedding, Road Gravel, Processed
Sand and Rock Filter. _ , N :

a, General. Irwestigations made in Area B indicate that
materials suitable for use as gravel f£ill .and gra.vel bedd::.ng can be
obtained by selective excavation im this area and that road gravel can
also be obtained from this ares with selective excavation and the re-
moval of oversize stones, - While processed sand can be obtained from Area
B, it is considered that it would be more economically obtainable from
cormnercial sources. . Although rock filter materials caa e obtained by
screening the cobbles from the material in Area B, 1t probably will be
more economical and fegsible to process this material from the required
rock excavatlon.

bo Graqla‘hiou Specificé.tions.

(1) General. Investigations of the sources of gravel
.t‘ill, gravel bedding road gravel, processed sand and rock filter ine-
dicate that the followlmg gradation specifications can be satisfied
by materials obtained with some selection and processing from Area B
and from required rock excavations for the project, or from commercial
sources within 20 miles of the project.  The specifications for ma-
terials which will act as filters have been established in accordance
with the filter design criteria set forth in the Engineering Mamal
for Civil Works Constrauction.

(2) Gravel Bedding. Gravel bedding material for use
in the embankments.and elgewhere on the project shall consist of
reasonably well graded sandy grayels or gravelly sands obtamed by
selective borrow excavations in Area B. Of the portion of the materisl
passing the 3-inch S:I.eve., from 25 to 60 percent; shall pass the No. 4
Sieve and of the component passing the No. 4 Sieve, no more than 15
percent shall pass the No. 200 ¥ 3ieve.

(3) ‘Gravel Fill. Gravel f£ill material for use in the
embankment and elsewhere on the project shall consist of reasonably
Wwell-graded sandy gravel obtained by selective borrow excavations in
Area B, Of the portion of the material passing the 3-inch Sieve.
frem 25 to 60 percent shall pags the No. 4 Sieve and of the component
passing the No. 4 Sieve, no more than 10 percent shall pass the No. 200
Sieve..

(4) Processed Sand. Processed sand material for use
in the drainage blanket and foundation drain of the dike embankment
and elsewhere on the project shall consist of materisl meeting the gra-
dation specifications for fine concrete aggregate,

11



(5) Rock Filter. Rock filter material for use in the
embankment, and elsewhere on the project shall be composed of rock
fragments obtained from required rock excavations for the project or
cobbles obtained from borrow excavations in Area B. In order ito pro-
duce the required materials from either of the preceding sources, se-
lection and processing of materials from either source will be required.
The material shall not contain rock fragments or cobbles greater than
12 inches and shall be reasonably well graded with rock fragments or
cobbles varying in size from 3 inch to 8 inch. The material may contain
a maximum of 20 percent by dry weight of particles retained on an 8 inch
grigzly and a maximum of 15 percent by dry weight of particles that pass
the 3-inch Sieve.

(6)_ Road Gravel. Road gravel for use on the top of the
dam and dike and on the access rcad shall consist of a reascnably well
graded sandy gravel or gravelly sand obtained from Area B and processed
to meet the following gradation requirements:

U. S. Standard Percent Passing
Sieve Size by Dry Weight
5-TInch 100
‘No. 4 30~60
No. 200 210

_ (7) Oversize Stones. All stones over 18 inches maximum
dimension will be removed from the gravel fill and gravel bedding ma=
terials either at the source or from the fill.

Co Pemeabilitx. Permeability tests were not performed on
samples of gravel™fill, gravel bedding and processed sand materials.
On the basis of visual examination of the samples, grain size charac-
teristics, the specified gradations and experience with similar materi-
als, it is estimated that vertical coefficients of permeability for
these materials will be over 100 x 10~% cm/sec with horizontal coeffi-
cients being 4 times the wertical for the compacted materials.

d. Shear Strengths. Shear tests were not performed on
samples of gravel beddirg, gravel fill, processed sand fill or rock
filter materials. Experience with similar materials indicates that the
following estimated shear strengt-h parameters are reasonably conserva~=
tive.

Material . @ = Degrees c
Gravel Bedding, Gravel Fill
and Processed Sand Fill 37° | 0

Rock Filter 40° 0
' 12



15. Rock Materials. Rock for rockfill and rock slope protec-
tion will be obtained from required excavations in rock, boulders
fram stripping and exzcavation, and large boulders and rock blocks re-
moved from the uphill side of the spillway excavation. The rock con-
sists predominantly of gneiss with large areas of granite and schist.
These rocks are all hard and generally fresh. The schist and gneiss
are foliated, however, and contain considerable quantities of mica.
The tendency will be for the schist and schistose gneiss to break
along the foliation during blasting and handling to produce slabby
and elongated fragment shapes. In pegmatitic phases of the granite,
blasting and handling will break the rock along mica partings, so
generally small sizes will result. In the schist, schistose gneiss
and pegmatite, a considerable proportion of micaceous fines must be
expected. The fine grained granite snd granitic gneiss will produce
more blocky, angnlar fragments and .ge',nerally cleaner rock material,

A bulking factor of 1.4 over in situ volume is assumed for
the excavated rock. Losses in blasting and handling, however, will
considerably rednce the bulking. Rock from tmnnel excavation will not
generally be suitable for use in the rockfill or slope protection,

Rock for the rock filter will be obtained by processing rock from the

excavations or from cobble from Area B. If additional rock is re-
quired, it will be obtained by excavation in the spillway approach
channel,

F. DESIGN OF EMBANKMENTS

16, Design Criferia. The designs of the embarkments for this
project were developed in accordance with the criteria set forth in
the pertinent sections of Engineer Mamal ‘EM 1110=2=2300 =~ Earth Em-
bankments and the other Engineer Mamals and technical publications
referred to therein,

L7 Materials for Embanlanent Gonstruct.:l.on.

2o Required. Earth Excavation. Of the estimated 162,000
cubic yards of required earth emava‘t,ion, about 126,000 cubic yards
will consist of topsoil, stripping material, and other material un~
suitable for use in the construction of the embankments. The remain-
ing 36,000 cubic yards of required earth excavation will be utilized
as pervious embankmerrb material and will I?e placed directly in the
compacted pervious £i11 zome of the dam embankment. Losses due Lo
ovemize stones, waste and ghrinkage are amticipated to amount to ap-
proximately 10 percent.: As a result, the 36,000 cubic yards of suit-
able material availgble from the required excavation will represent a
volume of 32,000 cu‘pie yards of compacted pervious f£ill in place in
the dam emba.nkment.

13



b. Required Rock Excavation. Exclusive of tunnel muck,
preliminary estimates indicate that about 854,000 cubic yards of ma-
terial from required rock excavation will be available for use as
rockfill and rock slope protection materials. ;-At the contractor’s op-
tion, rock filter material may be obtained b}igx:rocessing material

from required rock excavation. If this option £s taken, the oversize
would be used as rockfill material and the fines would be used as per-
vious f£ill materisl. The rockfill and rock slope protection sections,
a8 presently designed, will require about 945,000 cubic yards of ma-
terial and the rock filter zones will require about 80,000 cubic yards
of material. After computation of final rock excavation volumes,
slight adjustments will be made of the internal limits of the upstream
rockfill section of the dam embankment, if necessary, to assure com=
plete utilization of material from required rock excavation. Provi-
sions will be made for obtaining additional material by extending

the rock excavation in the spillway approach channel, if the actual
balance factors are less than those adopted for design.

¢o Borrow Excavation.

(1) Arda C. Approximately 650,000 cubic yards of
compacted impervious £ill will be required for this project, materials
for which will be obtained from Area C. Anticipating that losses due
to oversize stones, wagte and shrinkage will average about 10 percent,
approximately 610,000 ¢ubic yards of impervious fill material, exclu~
sive of stripping, will have to be excavated from Area C in order to
produce the required quantity of compacted imperviocus £i1l, " Stripping
operations required to obtain this volume of material may involve as
much ag 90,000 cubic yards, thereby resulting in a total of 700,000
cubic yards of borrow excavation in Area C.

{2) Area B. It is estimated that about 871,000 cubic
yards of compacted pervious fill, compacted gravel fill, road gravel
and gravel bedding will be required for the dam and dike embankments,
materials for whig¢h will be obtained from Area B. In addition,the
contractor, at his option, may process material to produce about
80,000 cubic yardg of dock filter material from this areas The pay-
ments for the various materials from this area will be based on em-
bankment volume measurements and no separate payment will be made for
borrow excavation in Area B, since the wvolume of this excavation, in-
cluding stripping, will be dependent upon the contractor*®smethod of
operation, It is estimated that there is at least 2,000,000 cubic
yards of suitable material available in this area.

do Material Furnished by the Gontrac'é.or. Processed sand
material for the toe drain and drainage blanket will be furnished by
the contractor from approvéd sources.

14



e, Materials Ugsage. A chart showing the proposed usage
of materials from required excavations ahd borrow excavations is
shown on Plate No. 9-28. The quantities shown are preliminary and
will be subject to modification during the final design studies.

is. Selection of Embankment. Sections.

. 8o General. 'l‘he select:l.on of the embarkment sections
for the dam and dike were influenced by the large volume of required
rock excavation for the project amd by the relative positions of the
embankments, required excavation,.the limited quantity of materials
from required earth excavation, the availability of large quantities
of jmpervious fill material and gravels from sources close to the
site the effect of wgather upon construction, embankment foundation
conditions and economical ' considerations. Typlcal embankment sec-
't-:.ons for the dam and dike are ahown on Plates Nos. 9-5 and 9_=—18o

bs .Dam. The embarﬂcment section selected for the dam
congists of a central corg, of compacted impervious f£ill with a con-
tlguous impervious foundation cutoff to bedrock, upstream and down-
stream compacted pervious £ill, compacted gravel fill, rock filter
and rockfill zones. This s$ection is designed to utilize the ma:_r.innnn
quantity of material from the required rock excavations wh:n.ch are
locgted adjacent to the damsite. Large zones of pervious and gravel
fill materials from Area B have been included so as to facilitate
con;t-ruction and to reduce the overzll embankment volume. The rock
filter zone between the downstream gravel fill aid rockfill zones has
been included so as to rm:lt a steeper downstream slope for the em~
bankment. Provision will: be made for the placemeént of materisl from
the required earth excavations in the lower portion of the pervious-
£ill zone to the extent possible and, if necessary, in the upstream
pervious f£ill zone ad;jacent to. the impervious fill. If the contrac-
tor elects to grizzly material from the required rock excavations
to produce rock filter material, the fines from this operation will
be placed in the upstream pervious fill zone adjacent to the imper-»
vious £ill,

Go Dike. The émbankment section selected for the dike
consists of a compac.ted impervious- £ill zone with a contiguous reser-
voir side impervious fill blanket, a downstream dompacted pervious
fill zone, a horizontal. drainage blarket and rock slope protection
and’ gravel bedding. In a limited reach where thé dike embankment
reaches its maximum heﬁ.gh'%p a small downstream rock toe and foundation
drain has been provided. This embankment section is designed to
utilize the maximum feasible quantity of impervious £ill material in
view of the proximity of Area C to the dike site.

i
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12, Slope Protection.

8o . Dam. The upstream slope of the dam embankment will
be subject to the action of waves up to 3.7 feet high. The rockfill
material on the puter slopes of the embankment will consist of rela-
tively uniformly graded rock fragments covering the extremely large
fragments anticipated in the adjoining Rockfill (Zore Bl The rock-
£i11 material in this outer zone (Zone C), at the contractor's op-
tion, will consist either of fragments graded from 1 cubic foot to
10 cubic feet or from 1/3 to 1 cubic yard in size. Either gradation
will be more than adequate to resist the anticipated wave action ac-
cording to currenit criteria.

b. Dike. The upstream slope of the dike embanlment will
be subject to the action of waves of up to 3.7 feet high. For this
wave height and a slope of 1 vertical on 2.5 horizontal, current cri-
teria requires a minimum thickness of 20 inches of graded riprap
consisting of stones weighing from 14 to 440 pounds and averaging 110
pounds. The rock slope protection layers for the dike embankment
will consist of well graded rock fragments having a maximum size equal
to that of the largest fragment that can be placed in a 2 foot layer.
It is considered that this construction is more than adequate to re-
sist the anticipated wave action according to curremt criteria.

20, Seepagse Control.
| a. Dam.

(1) Seepage Through Embankment. Seepage through

the embankment will be controlled by the arrangement and differences
in permeabilities of the impervious, pervious and gravel fill ZONes
and by the rock filter and large rockfill zones. The pervious, gravel
and rock filter zones have been incorporated into the dam embankment
section in order to lower the phraetic line and to act as filters pre-
venting the migration of the materials into the adjoining zones. In
view of the high permeabilities of these zones, it is considered that
no seepage pressures can develop which could affect significantly the

© stability of either the upstiream or downstream portions of the embank-

ment.

(2) Seepage Through Foundation. Seepage through

the overburden in the foundation of the dam embankment will he con-
trolled by the impervious foundation cutoff having a maximum bottom
width of 40 feei, extended to bedrock and by the downstream pervious
£ill, gravel £ill, rock filter and rockfill zones. Seepage through
the bedrock in the foundation of the dam embankment will be controlled
by a grout curtain. The drainage effect of the downstream rockfill
zone will prevent the development of any significant seepage pressures
beneath the downstream portion of the embankment which would otherwise
result from any seepage passing through the foundation. A rock filter
layer has been provided beneath this rockfill zone to prevent movement
of foundation soil into the rockfill.
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(3) Secepage Along Beditotk Surfaces. In order to
avoid the detrimental effects of seepafé along bedrock surfaces
against which impervious f£ill material will be placed, the bedrock
surfaces will be prepared by:

(a) The removal of all soil and loose rock
fragments.

(b) The removal of all overhangs and irregu-
larities in the bedrock surface which would interfere with the proper
placement and compaction of the impervious fill material.

(¢) The cleaning and mortaring of all cracks and
openings in the bedrock surface,

(d) The filling of large depressions and cracks
and areas beneath large overhangs with concrete where the use of mor-
tar is impractical without extensive special rock excavation.

{4) Filters for Drawdown Conditions. The upstream
compacted gravel f£ill and rock filter zomes have been incorporated
into the embarnkmernt section to prevent the migration of materials into
adjoining sections as a result of drawdown conditions.

be Dike.

, (1) Seepage Through Embankment. Seepage through the
dike embankment will be controlled by the arrangement and differences
in permeabilities of the impervious and pervious fill zones, the hori-
zontal drainage blanket, and in a limited reach by & downstream rocke
£ill toe. The pervicus fill zone has been incorporated 1pto the em=-
bankment. section to lower the phraetic line and to act as a filter
preventing the migration of impervious fill material into the rock
slope protection layers. In view of the high permeability of the per-
vioug £ill, it is considered that no seepage pressures can develop
which would affect significantly the stability of the downstream por-
tion of the embankment. The drainage blanket has been designed to
provide drainage for the pervious f£ill Zone as well as for the founda-~
tion. :

(2) Seepage Through Foundation. Seepage through the
overburden in the foundation of the dike embankment will be controlled
by the upstream impervious blanket and in a limited reach (across
existing Route 8) by a foundation drain. This method of fourndation
seepage control was adopted because no impervious materials occur in
the foundation at devths considered to be egonomical and practicable
for the construction of a féundation cutoff. The impervious blanket
has been designed so that séepage gradients through the foundation
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will not exceed 10 percent with the reservoir pool at its maximum
level except in the limited reach across existing Route 8 where the
seepage gradient may approach 15 percent. In this reach, however,

a downstream foundation drain has been provided to prevent the de~
velopment of detrimental seepage pressures beneath the downstream
portion of the embankment. The blanket will be provided with 2 3
foot cover of earth stripping material for frost protection. Strip-
ping in the area of the blarket, except in the area of existing
Route 8, will not be required.

21, Eubankment Stapility.

., 8. General. The embankment sectiohs selected for the
dam and dike have been analyzed for stability against shear failure
using the wedge method for the dam and the infinitestimal slice me=-
thod for the dike. The design shear strengths and unit weights for
the impervious and pervicus embankment materials were selected on
the basis of laboratory test results. The design shear strengths
and unit weights for rockfill, rock filter, rotk slope protection,
embankment drainage materials and foundatlon soilg were selected on
the bagis of experience with similar mat-erials;

be Gonditiong Analyzed.

(1} End ¢f Construction. The dam and dike embank-
ments were analyzed for stab:.l:.‘t-y at the end of construction on the
assumption that the time required to construct the embankments would
be toc short to permit either consolidation of the impervious embank-
ment materizls under the® applied embankment loads or the dissipation
by drainage of the induced pore pressures in the game materials.
Since the conditions of this assumption are analogous to those of
the unconsolidated-undrained (Q) shear test, the analyses were made
using design shear strength for the impervious embankment materials
based on this test condition.

(2) Qperating Conditionds

{a) General. It was agreed in conference with
representatives of OCE that, in view of the large upstream and down-
stream zones of rockfill and pervious and gravel fills in the dam em-
barkment, the- -end’ of constmction condition would be the most critieal
with respect to stability and that analygis of the dam embaniment for
the warious operating conditions would.”r{;'ot be necessary if stability
criteria for the end of construction conditions were met.



(b) Steady Seepage. The dike embankmemt was
analyzed for stability under the steady seepage condition. Since
the downstream pervious fill zone, drainage blanket and rock toe
have been designed to prevent the development of seepage pore pres-
sures in the embankment where they could affect embankment stability
significantly, these analyses were made assuming seepage pore pres-
sures in the foundation only. Design shear sirengths based on the
consolidated~drained (8) and consolidated-undrained (R) shear
strengths which shear strengths are considered to govern the ulti-
mate or long term stability of the embankments were used in the
analyses.

{c) Partial Pool. The dike embankment was
analyzed for stability at various pool levels to determine the pool
level at which embankment stability would be at a minimum. Design
ghear strengths for the consolidated-undrained (R) and consolidated-
drained {S) conditions were used for the impervious and pervious £ill
zones respectively, in these analyses.

(d) Sudden Drawdown. The dike embankment was
analyzed for stability during sudgdn drawdown of the reservoir pool
using design shear strengths for the consolidated-undrained (R) and
consolidated-drained (8) conditions for the impervious and pervious
f£ill zonss respectively. Drawdown conditions from maximum pool
(E1 780) and from spillway crest (EL 756) to existing ground surface
elevation at the upstream toe of the maximum section (EL 738) were
considered. This elevation was g&ssumed to be the elevation of ground-
water at the upstream toe after drawdown.

ce Selection of Design Values.

(1) Unit Weights. The impervious materials for the
embankments will be compacted with sheepsfoot or rubber=tired rollers
in accordance with a_ compaction specification which has been used by
this Division in the past for embankments of similar materials. The
pe‘.rvious embanktent materials will be compacted with rubber-tired’
rollers. . Experience with this specificatioh indicates that thé dene
sities of the upper layers of the impervious fills compacted at mois-
ture conténts within the range anticipated for this project will aver-
age about 98 percent of maximum test densities while the densities of
the lower layers will approach 100 percent. Experience also indicates
that the densities of compacted pervious £fill will be in excess of 95
percent of maximum test densities obtained by P.V.D. The design unit
weights for the impervious ahd pervicus materials, therefore, have °
been selected on the basis of maximum test densities as adjusted to
include the weight of the average stone content. The design unit
weights for the other embankment materials and the foundation ma-
terials have been selected on a similar basis, using estimated densi-
ties based on experience with similar materials. The various design
unit weights selscted for this project are tabulated below:
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Degign Unit Weight in Pounds Per Cubic Foot

Haterial Dry ‘Moist Saturated Submerged
Rockfill, Rock Slope . 120 - 140 T
Protection and Rock : '

Filter

Compacted Pervious, 135 142 147 85
Gravel and Processed :
Sand Fill and Gravel

Bedding

- Compacted Impervious 130 140 145 83
Fill
Foundation Soil 135 142 147 85

(2) sShear Strength. The design shear strength para-
meters for the various embankment, drainage and foundation materisals
were selected on the basis of conservative interpretations of labora-
tory shear test results and experience with similar materials. .The
design shear strength parameters for the compacted grawel, processed
sand £ill, gravel beddihg, rock materisls, and foundation soils were
selected on the basis of experience with similar materials. The de-
sign shear strength paremeters selected for the various materisls are
tabulated below: ‘

DESIGN SHEAR STRENGTH PARAMETERS

s condition (GD) R Condition (cq) Q condition (vu)
a. degrees c TSF ¢,degrees O.TSF ' w. gggrees ¢ ,TSF

Rockfill, Rock Slope 400‘3_ 0 - - - i -
Protection and Rock :

Filter

Compacted Perviocus Gravel o oa7° "0 - D - - -

and Processed Sand Fill
and Gravel Bedding

Gompacted Impervious Fill 36° . .. 0 21,3° .20 . 30° 9,75
Foundation Soil '30° 0 50° 0 - -

de Sections Analyzed

(1) Dam. The downstream portion of the dam embankment
at Station 7400 was chosen for analysis as being tie most critical with
respect to stability becanse the maximum slope height occurred at this
location. 20
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(2) Dike. The upstream and downstream portion of
the dike embankment at Station 7420 was chosen for analysis as being
the most critical with respect to stebility because 1t combines the
maximum slope height and an appreciable depth of foundation soil.

S Results of Embankment Stability Analyses. The results
of the embankment stabllity analyses are summarized on Plate No. 9418
for the dam and on Plates No. 9=21 and '9-R% for the dike. Typical
stabllity amlyses for the dam and dike are shown on Plates No, 9-20
and Plates Nos. 9-23 through 9-26. The minimm factors of safety
against shear failure as determined by the analyses are tabulated be-
low,

Gc;ndit_ion Analyzed Minimum .Factoz" of Safety
‘ Dam‘ | |
End of Construction (Downstream Slope) , | 1.82
_Dike
End of Construction (Land Side Slope) 1.57
End of Construction (Reservoir Side Slope) 2,18

Opersting Condition
Steady Seepage (Land Side Slope) ' 1,59
Partial Pool (Reservoir Side Slope)

Refer to Plate No. 9«24 = for

Critical Pool Elevations ' 1,57
Sudden Drawdown

Maximm Pool (El. 780) to Assumed
Groundwater Elevation (El. 738) 1.09

Spiliway Crest (El. 756) to assumed
Groundwater Elevation (El. 738) 1.35

The foregoing minimum factors of safety are considered to
be adequate and the results of the stability amalyses indicate that
the selected embankment sections are safe against shear failure.



22+ Settlement of Embankments. The foundation and embankment
materials for the dam and dike are, of types which normally exhibit
very low compressibility. To avoid appreciable sdttlement in the rock-
£i11 zones, the materials in Zone A will be placed in 3-foot lifts and
each 1lift will be compacted by a 10 ton vibratory roller. No signifi-
cant settlements are therefore expected to develop either in the foun-
dation or within the embankment,

23+ Stability of Embankment Abutments. The abutments for the
dike and the left abutmeni of the dam are adequately stable for reser-
voir drawdown conditions. The lower portion of the upstream right’
abutment of the dam, however, is of marginal stability in this respect.
To avoid possible slides in this atutment which could affect ‘the dam
embankment, a fillet of rockflll has been incorporated into the dam em-
bankment section as shown on Plate No. 9-3.

24, Construction Consideratipns.

a. _Dewatering Construction Area. The specifications will
require the dewatering of all areas in which embankment fill is to be
placed. for the dam and dike, ingluding the foundation cutoff for the
dam and the foundation drain for the dike., The dewatering of other
construction areas will be required to the extent necessary to facili-~
tate construction operations. All earth excavations in the dam foun-
dation srea, except those for stripping and the removal of unsuitable
materials, shall be done in the dry to reduce the quantity of excavated
earth to ‘qe spoiled bacause of excessive noisture contents.

b. Re.t.e of Emba.nkment Constmction. .. In general the
leng’c,hs of the dam and dike abutments and the topography of their foun-
dation areas are such that embankment construction in partial reaches
is neither practicable or desirable. Except as otherwise stated below,
therefore, construction of the embankments to their full lengths and
widths will be specified. Exceptions to this will be pem:.tted in the
following cases: |

(1) In order to minimize delays due to weather condi-
tions, impervious fill material may be placed in the dam embankment
up to 5 feet in advance of the adjacent pervious fill.

(2) Pervious £ill material from the required earth

excavations for the foundation cutoff of the dam may be placed in ad=-
vance, of the ad,joining fills.
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(3) At the end of the gecond construction season, the
dam embankment is to be completed to its full lemgth and width to
Elev. 635, Construction of the dam embankment above th:.s elevation
in this season will bhe pem:l.tted to Elev. 685 providing that a tem-
porary emergency. spillway iz .left at Elev. 635 having a width of 200
feet and that the resulting temporary construction slope is 1 yertical
on 4 horizontal or flatter. One gide of this temporary spillway shgll
be one of the abutments. No embankment construction abqve Elev, 685
will be permitted until the temporary spillway is plugged in the third
constructlon season.

‘ Cs Rockfill Placement. - In general, rock material in the
rockfill sections of the dam embanlment will be placed in 3-foot 1lifts
and compacted with a vibratory roller. .To avoid secondary blasting of
rock fragments too large for placement in 3-foot lifts, the rockfill
sections have been divided imto three zones. - Zome A, i‘orming the bulk
of the rockfill sections will consist of all material from required
rock excavations that can be placed in 3-foot 1lifts. Rook fragments
too large for placement in Zone A will be placed in Zmae B. To cover
the large and variable fragments in Zome B. a cover zone (Zone G) of
more uriform gradation will be placed. Gompaction of rockfill in
Zones B and C will not be required. .

G. PERMANENT GUT SLOPES

5. -Earth Cut Slopes. . Rock slope proteotion and gravel bedding
will be placed on all earth cut slopes which may be subject to damage
from the action of waves, curremits, runoff or seepage. In general, all
other permanent earth cut slopes will be topsoiled and seeded for pro=
tection against erosion. Permangnt earth cut slopes in Area ¢ will be
left at 1 on 3 or fla:t.ter and topsoiled and seeded.

6. Rock Cut Slgpes. The side slopes of permaneént rock cuts are
up to 200 feet in depth. The relation between the attitude of the bed~
rock strycture and the alignment of the excavation is generally favor-
able. In areas of close-jointing and felted mica concentrations, how-
ever, overbreak and fall-outs must be expected. Rock cut slopes will
be excavategl to 4 on 1 glopes. In the upper part of the excavations
where the yock is close-jointed and weathered, it may be necessary to
roll back the crest to flatter slopes. Berms with a minimum width of
10 feet will be cleaned of overpurden along the rock surface of the
crest of the cuts and boulders amd loose rock blocks will be removed
from the steep slopes on the qphill side of the slaillway excavations.

Ik is presen’oly plarmed t-ha’o pre--spli‘oting W'.Lll be used _
where feasible to assist inicontrol of overbreak and possibly to obw
tain more stable slopes. Eock bolts will be ut-ilized ag required amd
gafety mesh secured with rotk bolts will be provided to reduce hazards
from fall-outs during consti'uction.
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-1 1d=3 17,013, 9 7 63{30[0.731
i J=5 {29,777, 7157115 |0.9%75
J=7 125.5-3044 61691 510.190

31{3210.017

FD6L | 766,21 J-3 | S.0-10.0
I R 0,035

d~5 - 120,0+21.3

O~
-3
f
0N
[

FDe65 | 737.1] J-2 | 2.3- 5.4
J-3 S.=10,3 ¢
J-5 | 20,0-25.9"

_ ' 12,5 05,8
L4 k7] 910.790 e
L b6 [20]0.029 9.6 hl.z
) _

=66 | 763.3| J-3 5.0-19.0
J=7 | 21.5-73.7

Ll {12 {0.060 5.116,1
28160112 |0,060 e 7.3 g2,

FD=67 | 775.6{ J=2 | 5.0-10.4 @4 (ahi39{17{0.035 | | | | u.8]5.2
‘ J=3 |17.0-18,94 s |- | 16.8]8.3
o  |3-4 [1%.9-18.4 SP-3M37{51 |12 (0,060 | .
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¢ | SOIL TESTS RESULTS I

_ MECHANICAL ATT. | RAT. COEP@_____ACT'ON DATA} NAT. ORY [gyuer
_i- s ; ) ﬁ s . _‘é - NALYSIS LIMITS ::5: cv:)‘:l‘-rEERNT ; T . t LDBES':’%:JT:T TESTS
- = == : o 1
n o L o o £ -t a 't "_I_ 0 joaBx g% w = 7 |2lzlw
o - o z |"*o3 @l .4 2 i gf>
[ 4 Q -

| PD-A837h1,L | J=h | 6.R-10,0| G4 {5L|27 19 0.025 o
J=7 {20,0-22,01 SM  |{34|51] 15]0.080 : 18,1 {192.0
J=8 [25.0=30,0] GP |52]4h3] ${0.27%
) 136, 7=UN.0[SP=SM|{2L{ 70 4/0.130} . | -
J«13{L0,0-13,0] SM e 13.5 |1hh
J-15146K.2-50,091 SM . {28is81ki0.060)F . | s :
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1

p
N

PR-69 1740,2 | 3- [10.2-12.7)sP-sm{1gins] 7lo.z000 . |- o | | R B I U
- J-6 {16.n00.0] a7 75123 2{0.500] | o | N
J-7 120.0.25,0 sM. |0 |B6| 14 0,060 : | -

5

FIT-1[752,5 | B-1 | 0.2- 3.5} SM  {36{h} 29

‘_ .-",‘- ‘ } . .: . 2 ‘;' T .‘
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SOIL TESTS

RESULTS

JUL 63

-

) . MECHANICAL ATT. _ NAT. COMPACTION DATA! NAT. DRY OTHER!
. w ) ANALYSIS LIMITS |, | WATER § RYY - | DENSITY | oere
R R B . 40 _ T | CONTENT[ ]y "+|% & | LBS/CUFT | '=%
xS isw-l 22 o b 15F U S o> | % ORY wrj ¥z bl 52 1
xz|o,u| Xz - 0% WB oo el | S les s wxio 22l 50 |- 4 « |eldls ;
Wl a o FENET oTe | S| a |88 7 | 3 RESIxulas | £ o) o fdle|E| PH
o 3 = 339 ;___3. . _.3 - 3;81
BD-6 {Continued) ) | ‘
J-6 J16.0-15,00 3 |23} 27 2 0.000 :
J=7 130.0-15,0] 2M SeTl 74F
J=8 J15,0-17.6) o5 |ociL?A Gic.olh _
"BDLT|9R2,7) J-2| 5,0.10,0|MI-CL{ 9] 37 5L 21 115 1s7 8.2
' g5 |1C,0-13,5|8M-8C] 6] LY Lo] c.cob : -
J=T {1h.6-17 ,01SMSCT 7] 39 BLj ¢.203 '
J=3 118.0-20,C{VT-CLy Sl Ly s o, onz¥ 2k | 17 8,51 gk
B8 OLC,7[ 7= | 1.%- S,0] 3M | L7 hoic.oC ’
L Jemdy { Z,0=1C,0{ 7L | 7l L2 2y .00 on Aastic _
J=t | 5,0-1C.¢{ ¥L : ' 12.1112.5 !
J=7 {1C.0-12,2] ™M | Bi94 280,007 | - 9,7110.2 ,
J=9 [15.0-17.0] SM (35 37 L 0.C0k{ 19 | 16 - :
_ Cde11l2L.2-26,5] Sm 0 [2Li 39 37 C.0M: L
2.9 oh3hl d-1 | 6.2- 1,0| #L bW
S J-2 | 1.0- 2.2 ML _ .9 -
J=31 2.2 .0 S¥ {10} k9 L1 0,007 . ' 5.5
J-h | 2,3- 35,0] sM 1 11.5012,3 5e2.
JeB | 5.0« £,01 SM _ B2
‘J-£ | 9.8-1L.5F 8M | 7| ¥ LY ¢.0059 o L G5
a7 | 9.5-1k.50 S ’ 7. 7.6 Jima p L) 6.3
- ~1-3-8 115.0-13,0f SM |12 £ 37} C.012 | e oy ST
_ : | 3«9 {15.C-18,C] SM . : ) ¢,L{1c,C ' 6,2
BD10 ?50.0 }J-z.,. 1,85 5.6] S¥ 13s)h7 18 0.0ko '
J-6 10 o-lJ. - SM |33 kY 290,021
- (1) Tst Uei"fomed on}plug tamfl'e approximitely 1 ywerr' after srnpl_e t,san
Fom 510 I Pn_ovgoznce‘-wahggga _DENSITY TEST.
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T out o d=3 ) 5.6-10,0f S¥-

E B J-iR] 5.,0-10,01 M
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" MECHANICAL ATT. 17 NAT. [COMPACTION DATAl NAT. DRY OTHER
) w i ANALYSIS LIMITS |, | WATER |STANDAROD] DENSITY [ Trore
25 - . E'o' o R 49 1 o | CONTENT §{> (% w- | LBS/CUFT
. a. - — B . =T lo xFix w = N
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APPENDIX B
DETATLED COMPACTION AND SHEAR TEST DATA
IMPERVIOUS AND PERVIOUS EMBANKMENT MATERJALS
COLEBROOK RIVER DAM AND RESERVOIR

PLATE NO. TITIE
IMPERVIOUS EMBANKMENT MATERIALS

Bel . . S Compaction Test Report BIT-R0, B-3

B-R Compaction Test Report BIT~-20, B-7
(ﬁma to B-8) Triaxial GCompression Test Heports
AES BIT-20, B-7

B=3 Q Test - Optimm - 2%

B4 'Q Test - Optdmum

B-5 . Q Test - Optimun + 2%

BB - R Test < Qptimum - 2%

B=7 R Test -Optirmm

B-8 R Test '-N-bP‘b..'li_Il"‘l_}.ﬁz’In v 2%

(B-9 to B-11) Bilre%tl?Shear Test Reports, BIT-20,
B9 8 Test - Op‘bilﬁu; - 2%

B-10 S Test - Optimum

B-11 S Test - Optimum + 2%



PLATE NO.

B-12
(B-13 to B-14)

B-13

B=-14

PERVIOUS EMBANKMENT MATERIALS

TITIE

Compaction Test Report BIT-3A, B-2

Triaxial Compression Test Reports,
BIT=-3A, B=2

5 Test - w, = 4.1, ¥d =150

S Test -~ Wy = 7.3, ¥d =133
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”2/0 I Ve /3z AL i /%
Water content, per cent of dry weight .
) 7‘{7/74{05;/ ' campaction test

__. &5  blows per each of 3 layers, with =5 1b remmer end
— /& inch drop. =, 0 inch dismeter mold
Semple | Brev—er |- % > % >
No. Depth Classification G LL PL No. & 3/11- in.
B-3 |28-590"| gravesy =ity SAND (3a1) fi’éimj

Sample No. £8-2
Natural water content in per cent ’
Optimum wpter content in per cent /2,4
Max dry density in 1b/cu 't ' /9.2

Remerks - # perdormedt | T Cole brook DLam Corsr.

7 7

o 2lnits No d Matzriaf

Ates

Boring No. Z 77 zo

Date 7 Ao verprber D62

COMPACTION TEST REPORT

" ENG FORM
1 MAY &3 2091

,PREVIOUS EDITIONS ARE OBSOLETE, (TRANSLUCENT)
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D
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Water content, per cent of dry welght
T er Herad compaction test
25 blows per each of = layers, with S5 1b ramer and
—fZ _  inch drop. .0 .inch dismeter mold
Sample | Elev or % > % >
Yo. Depth Classification G LL PL Yo. & |3/b in.
B-7 17¢'-2.7 Fravelly Silty FAND (M) 275
Sample No. B-7
¥atural water content in per cent
Optimm water content in per cent /6.8
Max dry density in 1b/eu £t /235
/ Project
Remerks Tests performeel Je Colebroot Dom, Cenn.
rd T
or) minies Mo 4 %ém[
Aresn
Boring No. B77-z2C Date o Aouenper /1963
COMPACTION TEST REPORT

ENG FORM
1 MAY 63

2091
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4 & -
o 4o o & ok
o L o
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) A 2 — -
g / 2 8
+: 30 7 ricld OF] +: 5 4
]
g L
s 1 "' °; |- . T
Sl o 4 - g s
g EXAZH g " ;
/
R s s w ,
[ T3t W1 EE o ~ 7
’ I \
1 1
10 . I M .
g 70 /5 2o 25 deo s
Normal Stress, ¢ , tons/sq £%
- Test No. ] 2 3
§ Weter content V| 92 4| 90 %] 2.2 4 %
of ~ )
g g Veid ratio e, | 0.473 o457/ O.473
o 3 | ssturation So| 53 # 53 F| 52 % %
ol
H Dry densit;
g ojeu 7o Yo | s06.5 | o7 | #6eS
4 2 Water content Vol 222 % 20 #| o2 % %
£ &
~| saturation 8, | 53 %] 53 %| s3 %
& Consolidati?n EA - —_ _
% | press,., tons/sq £t
A | yoid ratio ¥ . .
) Z5 €c | €. 473 . & 47/9' & 473% .
~ | Water content W .2 5.0 Pl a.z
Axial Strain, % g -
g | void ratio ep | 2.473 | p.a7/ o, 473
Shear Values Major principal
=8 TAones sfrsse, tons/sq £t |01 | /2/8 | 308G | 5277
nor principad
p=_Joo ° stress, tons/sq £t O3] g.2¢ &6 /%20
tan @ =_ 2,600 Time to failure, min /77 ’/ 7’3
¢ = 075  tone/sq fY! rnicia) atameter, cm V% 7.1/ 7.0/
Initial height, Ho, cm /600 /600 1&.00
Type Test
Method of Saturation _Neae [ ] Controlled Stress > controlled Strain
Type of specimen Remolded Rate of strain ¢, 0 6 tn./min

Classification oryuely s5,/ty SA¥E (sn1)

[ex

] P10

EMG FQRH 2089

LL JEL Zio)2
Remarks Z o o || Project Colebropk iKiver Dam, {onn.
r1terr) of $.92 |
rex & vl Soc Area
< iried Lo o Boring No. BT T - 20 Sample No. B-7-
- : s 22 gei_pth Ziol-2.7" Date 2C Dea.e.mke,r 1963
TRIAXIAL COMPRESSION TEST REPORT

1 MAY 63
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o e ERA
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a; 20 H [Tas ¥ v E 2o -
b i B T
£ If 2] =
T 4
3 1o ]L!’ M7l Ak é /e B
S AmT i" Y
L o l
/e B Jo Fa Er2) &0 7o
Nermsl Stress, o , tons/sq Ft
. Test No. / pes ] 3
_ﬂ’* Water content vy Y/ g1 4/ | e g %
g 3 Void ratio e, | o392 2.392 | ¢ 39)
t »
o A | Saturation 8, | 7& ¥ g4 F| o 7 % %
] H
H Dry densit
8 Wen £5 "alz3.3 | 1222 | 1234
g 2 Weter content Vol wt B w7 % 10 % %
&= o
£t | saturation S8, | 78 % 76 %} 77 %
Q
5| Consolidatign Ou - - -
fo&; press., tons/sq £t
M1 Void ratio e — — -
/o 2t ki
~ | Water content Vol s F5 s *| g0 % %
Axial Strain, ¢ g
& | Void ratio & | £.392 | 2382 | £.39¢
Major principal
Shear Values S P toneian rt |01 | /494 | 2322 | see
° ﬁmr principal
p-_ 38" ° stress, tons/sq £t Iy| 3.24 B.64 168
tan P =_ 0,628 Time to failure, min A i /i
¢ =_/ZF  tons/sq £t nit1a1 qiameter, cm 707 7.4/ 7.0/
. Initial height, H , cm /.00 } 7600 16, 00
[} o
Type Test___ Q"
Method of Saturation .oleme [ | Controlled Stress Controlled Strain
Type of specimen Femo/dewd Rate of strain o, o4 in./min

Classification ?"’U"/‘/ 5//{./ SAND (-SM‘)

LL

[PL

]PI

[ D10 éamz

F)

Remarks Jrec/mens pmofdedalappros .

‘Project (L/efroot Biwer Laniy, Conn.

&, -] 2. £7 2K ,
epsiter of /285 pef as el || ATES
o9 o erpicton 7est a7 || Boring No. B 7 -20 Sample No. Z-7
d;y//mz/m- gipth Zie'-9.7' Dete 2o Decepiber /963

TRIAXIAL COMPRESSION TEST REPORT

ENG FORM
Twavea 2089

PREVIOUS EDITIONS ARE OBSOLETE.
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g n'l sf e | g
, 5]
e 5 s
H . G=camamE
H] .
E Hf g - - e
S a2 /0 1
8 : 8
2 mt 7 | © L2 4
A é X
E vy é g — ;/
] \
= / I
[ LA L 1] . .
5 /o JZ3 2o 25 Bo ETY
Normal Stress, o , toms/sq ft
o Test No. 3 Z F
g Water content Y 1229 4| /3.0 %|-/32 & 1,
g 3 Vold ratio € | 0.433 o434 | 0.43L
4§
3 E Ssturation 5, | &2 ¥ s2 % sz % %
[ densit;
fg en 2o Y "a| no.8 | pez | Hes
A 8 Water content Wol 12,0 ¥| 13,0 %] r3.2 %
4 2 - ,
| Saturation S, 8z %] 82 %| &3 %
& [Consolidatign R _ ~
w press., tons/sq £t
—~ M| Void ratio e | £0.433 | 2454 | 2.436
Water content W % % % 4
£ 1, F.0 F| 1z2
Axial Strain, % q 2 / |18
& | Vold ratio e | 0,433 | o434 | 0430
Major principal ’ .
Shear Values ;ﬁgiessl-) tons?:q et |01 | /4B 25,07 | 40126
BOT Principal ,
$a_235 ° stress, tons/sq £t o3| 3.24 &.64 /620
tan § =_0.438 Time to failure, min /8 2o | 12
¢ “—/Lé‘—-;——_-m"‘ms/ 84 £t| 1rit1al diameter, cm 7 4/ 21! 7t]
. Initial height, Ho’ cm 1600 1600 t6.00
'y ’ n
Type Teat__
Method of Saturation _Mene [ ] Controlled Stress (> controlled Strain
Type of specimen,Remolded Rate of strain 0.66 : in./min
Classification gravely =//foy SAND (3Mm)
IL | e1 | e [D1o o.0i2
Remarks Specimens Molded atapprex. || Project Colebrook Bwer Dam, Caun.
n af 129% and approx. dr
dens liE(' of (197 pcf as determined {iom Ares
\c ¥ al " Boring No. B TT17T-286 Sample Ro. B -7
Depth
Plus 2%, ey 7o0'- 2.7’ Date Z3 December 1963
TRIAXIAL COMPRESSION TEST REPORT
ENG FORM gngg PREVIOUS EOITIONS ARE OBSOLETE,  (TRANSLUCENT) B slew

AY 63
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§ I '/'/ ) s NG £ ﬁ » i
J e
T g
2 sh b 5 ]
& & 3 A4 1
4 F1— F 4
A
A { . | R
& /e /5 Zo zZs Iz EL]
Normal Stress, o , tons/sq ft
- Test No. / 2 g
§ Water content v, &2 4| &9 4| 82 ¢ %
&
i g Void ratio ep | 09¢2 | o5 | 00g49
o r E Saturation 8,1 58 % 58 % P % %
5 deneit
g A Ya| 6.8 | wes | sig
5 o | Water congent ol s6t ) 9 B oms B . %
= I}
E: Saturation S, | rec %| 92 %| re0 % %
H | Consolidatign g '
% press,, tons&q ] ¢ 324 8.64 le:20
o }
7 =5 Void ratio _ e | &, 443 i did 0:398
| Water content” . |wo | ../ % 140 %| a5 ¥ %
Axial Strain, % g
o] Void ratio Cp | 2,443 2,414 &, 898
Shear Values Major principal ]
e E an, tOnB/BLft d]_ 724 17, 58 356
ﬁimr principal
$=_203  _° stress, tons/sq £t Oy | H.24 & ¢4 /520
tan P =_&.390 Time to fallure, min so LE /00
¢c=_0:2  tons/sq £t 1nitial diameter, cm 7.0/ 7.4 2.0/
Initial height, Ho, ol JC.00 /.00 7600 ,

L
Type Test ~

Method ofam% [ controlled stress [T controlled Strain
Type of specimen Femo/d e Rate o-f_strain G.0/ in. /min
Classification grouel, =ity SANE 577)

| e I NN

Remarka < old E approx || Project _Co)e brook. River Dam', Conv.

water Content of 6.9 % aud gaprox

drif episit of 1di8 pef o A Arem

from stomdard ctonpaction fost || Boring Fo. BTT-zo sample No. B-7
L Depth ; ,
eplimiun munus 2% El 76 -357 pate March, 1964
TRIAXIAL COMPRESSION TEST REPORT
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7o)
& . &
o o
a2 4 4 L4~ = -
[~ ~. =
§ L]
8 a 8 = B
- 60 4 M zﬁi Jo -4 .
a rd B b
n e y 3
5 7 ;
L2 VP / § 2a
17 7 1]
Q +
B 11 )
;] anmENE D S mE
v oy
] PUCZT & H& ’
= : { I
[ I ) A .
/¢ 20 aeo do Jo 6o 7o
Normal Stress, o , tons/sq £t
R, Test No. / £ 3
-.9: Water content Vol r0:9 4| /0.5 4| /0O ¢ %
8 4| voia ratio e | 0,390 | 6.390 | 0.3%0
5] +
o E Saturation 5, | »7 % 77 % 77 % $
e
H densit
g I1)1";7::11 e "a| /255 | 1235 | /23,5
a 2 Water content ¥ | /3.8 ¢l ;25 | 0 ¥ %
4 ]
3 Saturation s | /60 b 100 %) soo B
b [ consolidatign v
§ press., tons/eq £t © F.2¢ .64 /6 Zo
- 55 A | Void ratio e | 2.380 | 0365 | 6,327
E Water content e | /3.8 % 453 % o ¥ %
Axial Strain, ¢
& | Vold ratio e | 0,380 0.3L85 0,327
Major princi; ) ;
M J P tons?:ift °'1 /5:36 35,77 £z e85
ﬁimr princIpal '
$=_.388 ° stress, tons/aq £t 93| J-24 8.64 /6. 20
tan § =_2.805 Time to failure, min B -7 as
ca_0:5  tons/sq £t| 1nigial alsmeter, om 74 v 4 7
Initisl heignt, B, cm | s4.00 | 7¢.00 | s4.00
" I
Type Test
Method of Se.t:uration % [:] Controlled Stress Controlled Strain
_Back ores.
Type of specimen ,ec'mﬂgfgo/ Rate of strain’ &/ in. /min

Classification  grave//y

sty TAND (5m)

LL [pL

| p1

[P0 eosz

Remarks Jrecuzens melded alappror.
Mﬁd g: Q@éqf £ Q da @iy %E
dﬁ;t dcmﬁéc of /75,5 ock 05&&[@;7&4/ Area

Boring No. BT 7-Zo

M Lampas : Depth
EL

Project Colebrook River Deawmn

Sample No. B-7

7.0 - 2.7

Date Mareh 1964

gaémm&m.‘a_adfeﬂ%

TRIAXIAL COMPRESSION TEST REPORT
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PREVIOUS EDITIONS ARE OBSOLETE.

{TRANSLUCENT)}

B=B

50
o
o 40 - "&mm i 40
. A =
g 7 g
+: S04 R Y .
o - E -
-] .!/ L b = 5
g 2o I E zo /__’:____
H &
‘8 P ke 3+ Ha a B
2 1L/ =
h v
E s if ” g 1o = v
a— -
A N, It
7 i’ y |
|o' 2<>I 30 45 50 Lo o
Formal Stress, ¢ , tons/sq £t
-y Test Fo. ' . / Z 3
fi‘ Water content Y, /2.8 1, /2.9 ¢! /25 4 ’,
- .
H 3 Void ratio €y | o423 0. 433 &, 433
t bt ;
j - o | saturation 15| 22 # 82 %| 82 % %
H densi
g ?i‘/’cu £t v Ta | we7. 2.7 | we.7
A & | Water content vol ;27 B /28 %| /25 % %
& @ :
? Saturation | 00 B 00 %[ 00 B 4
B | Consolidatiqn G -
5:4: press,,tons/sq £t| ¢ | 224 8.44 JeZo
i -+ == | Void ratio € | p.370 | 0,357 | 0.346
,g Water content We | 13.7 % 188 %| r2s % %
Axial Strain, ¢
& | Void ratio e, | 2.379 £:35/ &, 346
Shear Values Ma jor princiyal ] -
— . s gongpz% £t dl /8.85 339.69 5555
ﬁmr‘ Princ
$=_28: ° stress, tons/aq £t Oy 224 &4 /G20
tan § =_0.550 ‘ Time to failure, min 106 r @3
. |
¢ =_£70 tons/ég 6| rnitial atemeter, cm % 7 i 7
Initial height, H, cm /6,00 S600 /500
. L) «
Type Test R — .
Method of Saturation ;':%J.g.}l_ou_éf_ Controlled Stress Controlled Strain
‘ Bog prwes.sufe-'l:] @
Type of specimen [ e m edded Rate of strain 0.0 in./min
Classification qravelly silfy Sanp (sm)
LL | pL | or [ Do 2,012
Remarks Seec ég;gzo[/ed’a{m.ﬂ&‘ Project Colebrook Dam ., Conn.
197 pef o3 eofermiad fram 2budard || bres
' o o : 2% || Boring Fo. BTT-Zo Sample No. B-7
' Depth
B 70 -7 Date March 1964
TRIAXIAL COMPRESSION TEST REPORT
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8 £ 8
t: 14 F -?,_ (B < a2 ‘
g AEarT =
s i
e & ] & P
; f’ [ |~
- |
2 ’ 5
h 4 ? 4
1 3]
iy :
q
z E 2
o} A
%
B
/
Z 3 o =) io T2 4
R Normel Stress, o , T/sq £t
vof
. 9 Test No. l 2
- N Weter content v.| 8.9 % &89 ¥ % b3
¢ ez - .
g S |9 | vota ratto e, | 472 | 275
< | :
" ] 1 | A | saturation s, | sz ¥ sz % * ¥
w03 2 - - -
g Dry denaity vg | 165 | wiis
[} N
s Vold ratio after
& 4 ggngolid.g&ion S | #8Z | #96
' k Time for 5 e
consolidation, min | 50| 93 -2-2
BHY " | Water content vl 16 .y P % %
of ¥, 4 A 'g ‘ ‘
7 Void ratio e | 224 | 323
Horiz Deformstion, in. Saturation Sf s7 4 o8 $| % . %
Actual time to + 27 2/
Shear Values -ﬁgﬁ]iuig;e'::n' £ -
4 - _seoe T/sq 1t o| o0 | o0 | -
Maximum -she
tan §' = _0:728 strength, T)8q 2% | ess | ciad
et = O .

Test Type (Check One) D Controlled, stregs Controlled, strain
Type of Specimen Remolded E N in. Square| €50 - in. Thickness
Classification grave/ly silfey SAND [(st1) '

L1 . | PL PI : Dig -20-Y 54

v
E

' R@ksm;_@p_/{gémx__ Project Colelpronl. River Dam: .

water content of [ &9 ond Gzorek. .:Jf,v

&M&g@;ﬁi@mw{ Ares

Lrom SEY Oom packon Curve at Boring No. BTT-20 Sample No. B-7
_’ Depth ‘
p]p/r:num s 2% El 70’ 8.7’ Date March 196%

DIRECT SHEAR TEST REPORT
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»

méc. j&szgﬂt-eﬁ £0:3 Yo ang p- L

OX

F
wERAD AL

8 t: 5 XA < |SE.D

o ﬂl —T 1 i
o n Nol| o
g & 7
E—T [ fl -~ &
- 7 Lad 4
w -
o [ =
5 &
Hh 4 JI 8 4
g i ®
& , i 5 —
£ 2 =
o}
7
’/‘
2 4 A ) 1z 14
|}
3 Normal Stress, o , T/sq Tt
: =N Test No. ! Z .
'1 v § Water content v, | r0.0 ‘,‘ 1.9 % ‘ﬁ ‘ ‘ﬁ
& a0 = 0 - )
g R | 2 | vold ratio e, | 0385 | 0267
8 N o
o \\ E Saturation So 78 % 78 % * %
@ Sl ] densit
E 5 :"u. Dr{ycu fty 'y‘d -z 1258.7
[4]
= Vold ratic after
g'sa.oz conaolidg;ion € | 9276 | 2,252
Time for 5 t
consplidation, min | 50 ¢-2 83
Water content vo | i/ oo P % %
e, 2 o4 - 0o '3 '
E Void ratio e | 248 28
Horiz Deformation, in. Saturation Sf r00 * Yy % * ‘
Actual time to
failure, min. tj‘ 3 g@
Shear Values Normal stresas R
g - 25.0° sq 1t of o0 | o
Maximum she 72/ 7,03 i
tan §' = 2:78/ strength, T?raq £t T ’ ’
C' = 0 V .

Test Type (Check One) D Controlled, stress E Controlled, strein
Type of Specimen F.emolded. F00  in. Squere aYe-Yal in. Thickness
Classifisation grovelly silby SAND (s™m) _
1L FL ki Do O-0/2
Remarks Project Colebreak sRiuer Dawm

P . d fermuad Bxen
| froa SEW compactoir aurve of I‘;;:;G ¥o. BT ’T_—. 2(5- Sample No. B-77
afﬂl‘/mém El 7.0'-9.,7 Date Movrch 1964
DIRECT SHEAR TEST REPORT
ENGFORM 2007 bREVIOUS EDITIONS ARE OBSOLETE.  (TRANSLUCENT) | B~
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. X
8 F 8 - I
€ ELEH - o pd=LEN
g e E :
E: . o '/ 7¢ o1/ § - ok 4
o v "
-] —W ey [/
5 Ed
h 4 s 4 3
g 2
@ . 2 %
z 2 7
n
£ 4 & e /e /4’[
- Normal Stress, o , '1‘/lq_ .
b
w8 H
. K Test No. !/ £ L
4 )
N Water content v, 2.0 % 29 % % ‘ %
¢ 102 ! . R
g y @ | void ratio e, | 43/ s
yel .
. ot .
S o3 n 5 | saturation 8, | sz % 8¢ % 4 #]
o Dry density
E Tofeu £t Y| 1182 /eré
-t Void ratio after
£ , ggngolidg;ion e | o282 [ 337
Time for 5 + o
consolidation, min | 50 0,22 _
Water content Ve | 162 b e B % %
.2 2. A
¢ g Void ratio e, 0.819 256 ¥
: ‘ 3
Horiz Deformetion, in. saturation Sf Joo B coo % _ % $
Actual time to
B failure, min. tf J4 z/
Shear Valzes Rormal st;'ess 00 2.00
¢ - 364" 7/8q o ol Z ;
: Maximum she . -
tan ' =_0.737 strength, T&ft. v| cid [ 7e7
, el = & .
Test Type (Check (ne) [:I Controlled, stress m Controlled, atrain
Type of Specimen Kerro/dad - Foo in. Square 2.50

in. Thickness

Classificstion gruvelly s//ty THND (5i7)

LL

FL

PI

Dlo .07

Remarks Sperymens melded af approe.

Project Cofebrooif_ River Dam-

/

aﬂcz;/a@w};? 2f /DT pck a5 Area
Q’Q‘é{mﬂi‘g ﬁf@fﬂ‘.ﬁfd’ -@ggggcﬁap Boring No. BTT-2z6 Sample No. R-7
— | Depeh )
curve af oplimum plys 2% . EL ro'-2.7 Date Mareh 969

Verticaf chaf readmss ereatrc
fr 72t Ay o/ Hurrivg Ce‘/m/ag/d/gdﬁ

DIRECT SHEAR TEST REPORT
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134 , X
s .
. R L
=
£ Exlcegalye |warep /dss) \‘p
E 132 ithin d"om paptidn —11 =
A NS
N Shpht /as5 bf duater] \"
bed duing Cdm :ac}ml:g 3
a (P
g ¥
® 130 < AL
; G g
1
. / A
. - \

¥ :

28 p \y/ \

26 5 5 7 s W i3 s

Water content, per cent of dry welght

5+<;ndn cd compaction test
B85 _ blows per each of 3 lsyers, with __ 5.9 1b rammer and
— & ___ inch arop. &.0 inch diameter mold
Bample Rievor % > % >
No. NE Clasaification . G LI PL No. & |3/4 1n.
B2 |60-90] sandy GRAVEL (GP) 275 54.2 | 331

Sample No.

Ketural water comtent in per cent

Optimum water contert in per cent

Max dry demsity in 1b/cu %

Remarks

Teal 'pe_;GrmeJ arn

r

' } f . .
7Inys ,%’mq}gctd t.u“lH-\

Frodect Colebrook River Dawvn, Conr.

no rep {g:&. 'g_]né;h{' for vfa; || Aren

Date | -July 1963

34" el

[

Boring No. 'B‘r.'p-_api.

EMNG F
IS 1O 2091
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50
b EZiZAE I -
ot s¢ - e - ot 40
= =2 Z
] a APFEY] 3
§ 4 3 1
R 7 . - 3¢ pd
4 3 " ——
§ = - B - =
- 4]
Rl 2 P X
: ; : ‘
Y Fa s
AT T | e [ ] 10 i b,
8 % b= F13 g I
Y i !
Yol FAe7 6 z6 36 H0. % % 2
B : o s [ o 2 br\_\ _Q 7@
f{"’ Formal Streas, o, m/aw )

1o \ 7asfielz - s e T -
w HidHHHH Test No. . L 2 I e o
g N | Water content i, | v g| 4./ 4] 454 ]
g 20 " 4| Votd ratto  le, | sa28 | 0.3263 ) 5.3297 '
o » - Py T :

15 N mEsny H Saturation 8o | o % 5;’_‘,‘}_‘ 3z 3 %
: § b _ ll)f,jw Doty Ya | s30,0 | 168007 1295 i
k ® Water content Vo | sng 3| s0.2 %] j05 % %
‘ i Saturation C|Bs | rEe % 29 ¢ /ao % $

- 4| consolidati 4 i
% press., tons?ﬁq re] ¢ 3-24 |-844 /620
-y S e | F | Vold ratio ¢ | 2.53/6 | 0.305 | ‘¢.294
. , .g Water content vo | g Pl oo.g B 2.7 $ xil
Axial Strain, $ : :
& | Vold'ratio colep | pgss | 0292 | 0259
" inct: -
. Sbear Vaines O P tonsleqg £t |01 | /15724 | 32.28 | 46,49
: : ﬁmr Principal. :
p_37.8_ ° '| stress, tons/sq £t 931 3.24 ‘5-«‘44 /%20
tan P -_-_.Mé___ | Time to failure, min 20 30 47
‘?.'_——L——t‘m/ 8¢ Tt Initial diameter, om | /.55 | /A55 | /4,55
|Initial height, B, on’ | 34,00 | Jf00 | 34,00
R :
ﬁpe 'I'est
Method of Saturation ﬁﬁﬂﬁﬂ:}_—i [ controlled Stress - [><] controlled Strain
. Type of specimen . ,ee,ﬂa/deq/ Rate of strain o.603 in. /min
Classification sandy G RAVEL (GP)
L NP PL NP o1 we [P0 onm

Project Colebranle River Dam; :_Cc,'ﬁ*ﬁ,

100

Area -

Boring Fo. BT T -3A

Semple No. 'B-é.

Depth
EL

' 6;0 -5. °"

Date 3 O ctober 1913

e t"nc.ij material

“TRIAXJAL COMPRESSION TEST REPORY

ENG FORM
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5o

5,
. o0 ST ES
i £ 4 2 B T
g g ¥ 4
"g . "‘g St
'P- [I 'li .30 /’,/
- - 4 i , = =N
H =S ¢ 0257271
g\. ‘ 5 J/' . . .;. . ,‘4
25 - & 20 4
| s + & Tk 7
§ 1 & p =
- yd
E a et - g 10 -
. 8- 17
A K kY
70 z6 36 A = 385 & .. 70
Normal Stress, o ., fons/sq ft
Test Wo. © - A 4 ,9:‘
Water content w;' 7.3 54 “
3 | Votd ratio - i le fa.zos |,
g Satiration . {8, | c&. %
| " Py S P
- ?ﬁ%ﬁ'ﬁ“’ Ta | /252
. ’2 mmuoi 8 e 9]
' nsolifati T 2T
' i_ggengtom?nq!t' d.24 .| &
Void ratio o ‘5.286 |

Water c_ontent o

-/éo-‘:?_*

Pinel |

Void ratio

5&9;

Major princi -

-k tons/sg £t §
='ﬂﬂmrpr"i—nc1m1 *

stress, tons/sq ¢ tt' g

324‘

| Mme to fallure; mif

Initial dlemeter, &-

m%m beight, B, : 'c-j’

\ "\-'.34,04

B AL
. Rm of &mtion

,-;'u rernarkg_. 1:] Controued streas )

KX

fm)eor-reci-en ,Remold’cd Rateofntmin . 603 S
) C]mifiuﬁoﬂ 5@.“&\‘ GR&\JEL LG P) S e Tt +4‘ ;'

Boring Ro. BTT

Smplem-B z

Depthél

‘90

3A

' Date 3 Oc*"obgr iﬁea ' ' _..'

.ENG FORM - m’

Tuaves. am.vswcmr)
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mod,

Vo

Co

m=f

(25.-35)

APPENDIX B

ENGINEERING 1LOGS OF SOILS EXPLORATIONS
COLEBROOK RIVER DAM

LEGEND

moderately

very

compact

with

fine

medium

coarse

medium to fine

Soil Symbol, Unified Soil Classification System

Nabural water content of sample except for certain soils
containing gravel for which W, represents the water con-

tent of that part of the sample from which portions of the

coarse gravel sizes have been removed,

Natural water content detemmined for that portién of the
soil passing. the No, L U.S. Standard Sieve

Natural dry density (pef)

Effective grain size in millimeters
Atterberg Liquid_Limit

Atterberg Plasticity Index

A single numeral following a soil component in the des—
cription of a soil represents the percentage, by weight,
of that component in the soil as determined by a
mechanical snalysis '

A range of numbers in parenthesis following a soil com-
ponent in the description of a soil, represents the
estimated limits between which lies the percentage, by
weight, of that component in the soll as determined by
visusal inspection



FD-1

FD-2

FD-L

0.0t
0,21
1.21
5,0
10,0°
15,0°
18,0t
18.51
20,5¢

0.0

9051
10,9
151
19,5
20,0
27,51

29,51
38,34

0.0t
1,59
3,5¢

0,0t

2,07

Elev, 6]-'-9 09
0,21
1,28
g 0t
10,0t
15.0!
18,0°
18.5¢

20,51

Elev, 594.0
9,51

10,91
11,59
19,5
2ly,01
27,5
29,51
38,31
Elev. 618,5
1,51

3,51

Elev. 572.2
2.0t

6,21

Forest debris

Topsoil :

Brown, mod, comp., gravelly 31 silty 16
sand, M, w/cobbles

Brown, mod, comp., gravelly (20-30) silty
(15-28) sand, SM, Till, w/cobbles

Brown, mod. comp,, gravelly 39 silty 1h
sand, SM, Till

Brown, comp., gravelly 25 silty 21 sand,
SM, Ti1l -

Brown, comp., gravelly (30-L40) silty (15-
25) sand, SM, Till, w/cobbles

Brown, comp., gravelly (20-30) silty (15-25)
sand, M, Till, w/cobbles

Top of bedrock

Brown, loose to comp., silty 10 sandy Llh
gravel, GP=GM, w/roots weathered rocks,
cobbles and boulders BD.. = 0,068

Gray, V. comp,, sandy (38-10) gravel, GP,
w/cobbles

Gray, V. comp,., silty 10 sandy 35 gravel,
GP-GM, w/cobbles, B = 0,080

Gray, mod, Comp., g}gvelly (30-L0) silty
{15=25) sand, M, w/cobbles )

Gray, mod. comp., silty 8 sandy L3 gravel,
GP-(M, w/cobbles, D 0" 0,085

Brown, loose to noRs comp, silty (20-30)
send, w/occagional piece of gravel

Brown, comp., gravelly (25-35) silty (15-25)

sand, SM

Brown, comp., gravelly 38 silty 16 sand, SM
Top of bedrock

Brown, loose, sandy (f, 10-20) silt, ML,
w/hair roots

Brown, loose, silty (20-30) m-f sand, M,
w/roots

Top of bedrock

Gray, mod, comp., gravelly (15-25) silty

{10-20) sand, SM
Cray, comp., sandy 28 gravel, GW, w/dobbles
or boulders,‘nlo = 0,650

D~1



FD- (Continued)

L~ 6,21 = 11,2¢
11,27 « 19,69
19,6 - 38,07
38,0° |

FDa5 - Elev.
0,08 = 1,5°
1,5t « 10,0'
10,0 - 25,00
25,00 = 28,91
28,90 ‘
FD-6 - Elev,
0,0 = 1,3!
1,30 '
D=7 ” Elev,
0,00 - 2,01
2,0 = 5,09
5,01 -
FD-8 _ Elev.
0,0" = 0,8¢
0,81 '
D9 - Elev,
0.0 = 5,0¢
5,00 = 6,2
6.2 « 10,00
10,0° ’

578.9

630.8

638.4

627.7

572.5

Gray, mod. comp., gravelly 39 silty 6 sand,
SP-SM, D._ = 0,110

Brown, m%go comp., gravelly 13 silty 7 sand,
SP-SM, D, . = 0,093

Brown, m%go comp., silty 10 f, sand, SP.SM,
w/cobbles or boulders, D, = 0.075

Top of bedrock

Gray, loose, silty (20-30) m-f sand, SM,
w/roots

Gray, loose to mod, comp., sandy 3L gravel,
GW, w/cobbles, Byy = 0,190 |
Gray, v. comp,, silty 10, 10 sandy 37, 36
gravel; GP-GM, Till, w/cobbles, Dy = 0.80;
0,80

Brown, v, comp., silty 7 sandy 3L gravel,
GP-GM, w/cobbles, Dyq = 0,110

Top of bedrock

Brown, loose, gravelly (10-15) sandy (10=
20) silt, ML, w/roots
Top of bedrock

Topsoil and boulders '
Brown, mod, comp,, sandy (f. 30-40) silt,
ML, w/roots

Top of bedrock

Brown, loose, sandy (30-40) silt, ML,
w/roots and cobbles
Top of bedrock

Brown, v. comp., gilty 6 sandy 31 gravel,
GP-GM, Byg = 0,150

Brown, v, comp., gravelly 35 silty 13 sand,
S}IQ Dlo = 00053

Brown, v, comp., gravelly (30-40) silty (10
20) sand, SM, Till

Top of bedrock

D=2



.

FD-10
0,0
2,91
5.81
FD-11
0,0t
15,51
22,51
26,81
FDw12 '

Q0,0
2,07

o
FD--13 "

0,00
2,27

3,11
FD-1L '
0,0t
3,01

5,0
10,08

15,07
20,0°

25,09

FD=15

Elev, 6L6.2
2,9¢%
5,81

Elev, 575.6
15,50
22,51
26,89

Elev, 639 05,

2,0°¢
8,7¢

Elav, 6L8.3
2

Pt
1t

Elev, 574.5
3,01
5,0

10@0;
15,0¢

20,01
25 .09
39,00

Flev, 673,0

Brown, loose, sandy {f, 20-30) siltg MI,
w/roots and gravel '
Brown, mod, comp., sandy (30-40) gravel,
GP, w/cobbles
Top of bedrock

Brown, V. comp., sandy (10-20) gravel, GP,
w/cobbles

Brown, comp., silty § sandy L6 gravel,
GP=@, Dyq = 0,085 w/boulder ‘
Brown, Ve comp., gravelly 3h silty 10 sand,
SP-SM, Dyg = 0.075

Top of bedrock

Topsoil

Brown, comp., gravelly (10-20) silty (15-25)
n-f sand, M, w/roots and cobbles or boulders
Top of bedrock

Topsoil and forest debris

Brown, comp., gravelly (10-20) silty (15-25)
sand, SM

Top of bedrock

Brown, loose, gravelly (10-20) silty (10-20)
sand, SM, w/roots '

Brown, comp., sandy Ll gravel; GP, Dyg =
0,200

Brown, comp., sandy (25=35) gravel, GP
Brown, comp., silty 1L sandy 37 gravel, GM,
Ti11l, Dyg = 0.O0k3

Brown, comp,., gravelly (0=5) silty (15-25)
sand, SM, Till, w/weathered cobbles

Brown, comp., gravelly 37 silty 1l samd;

SP-SM, n%mpw 0.0
Brown, c®&p., silty (15-25) sandy (30-L0)
gravel, GM, w/cobbles or boulders

Top of bedrock

D



FD-16

0.0'
2,01t

5.0
FD.17
0,01
5.0t
10,0
13,31
FD-18 N

0,0t
1,08

5,09
15,01
20,01

28,01

FD-19

FD-20
0,0°

5,0

10,0

15,08

20,0

25,01

30,01

35,01

15,6

Elev. 650.8

- 2.0¢
- 5.0t

Elev. 583.9
- 5,0?

- 10.0¢

13,3

_ Elev., 595.9
- 1,01

5.0t

15,01

~ 20,0°

Elev, 569.1
- 209‘

Flev. 586,2

- 5901

10,0
15,00
20,0!
25,01
0,01
- 3500'

- 11506"

L

L]

Boulders ‘

Brown, mod. comp., silty (10-20) sandy
(30-40) gravel, @, w/hair roots and cobbles
Top of bedrock

Brown, mod, comp., silty (5-10) sendy {(30-
Lo) gravel, GP-GM-

Brown, mod, camp., gravelly 3L silty 8
send, SP-SM, Dy = 0.083

Brown, comp, 0 V. comp,, silty (5-10)
sandy (25-35) gravel, GP-GM

Top @f bedrock

Topsoil and forest debris '
Brown, comp., silty 9 sandy 29 gravel,
GP-0M, D30 = 0,092

Brown, mod, comp., sandy 33 gravel, GP,
nlo = 0.18

Gray brown, comp., gravelly 37 silty 11
sand, SP-SM, D;j = 0,061

Gray brown, cofip., gravelly 38 silty 16
sand, Till , w/cobbles or boulders, Dy =
0.045

Top of bedrock

Brown, comp,, gravel, GP w/cobbles
Top of bedrock

Brown, mod, comp., silty 9 sandy 4O gravel,
GP-GM, w/cobbles, Dy = 0,085

Brown, mod, comp., gravelly (30-40) silty
{10-20) send, SM, w/cobbles

Brown, loose, m=f sand, SP, Dyq = 0,13
Brown, loose, silty (15-20} £: sand, SM
Brown, mod, comp., silty (5-10) sandy (30-
W0y gravel, GP-GM, w/cobbles

Brown, mod, comp., gravelly 3k silty 10
sand, SP-SM, w/cobbles, Diq = 0.075

Brown, mod, comp.; silty %9-10) sandy (30-
L0} gravel, GP-@, w/cobbles

Brown, mod, comp., gravelly 37 silty 10 sand,
SP-SM, w/cobbles, Djo = 0.085

Top of bedrock

De=d



FD=21

FBa22
FD-23

FD-2L

FD=25

FB-26

0.0t
O.L?

2,7

0,0
L5
8,00
8.51

10,0

1,1

0,0°
5,0
6,91

0.0°
5,0t
7.5
10,0t
15,01

Elev, 671 ol

o‘ht
2.7t

Elev, 582,2

0.8'

Elev. 7h2.9

0.5*

Elev. 580.0
k.50
5.0t
8.51
10,01
1h.1t

Elev. 58505
5.0'_
6,91

Elev, 577.3
5.0"
75!
10,07
15,0t
20,0!

Forest debris

Topsoil and forest debris, w/boulders,
cobbles and roots

Top of bedrock

Forest debris
Top of bedrock

Topsoil and forest debris
Top of bedrock

Brown, loose, silty L6 m-f sand, SM,

B1o = 0.007

Brown, mod, comp., gravelly (10-20) silty
(15-25) m~f sand, SM

Brown, mod, comp.s, silty (5-10) sandy
(25=35) gravel, GP-GM _
Brown, comp., gravelly (10-20) silty

' (10-20) sand, SM

Brown, mod. comp., silty 7 sandy 42 gravel,
GP-GM Djp = 0,1
Top of bedrock

Brown, loose, gravelly (15-25) silty
(15-25) £, sand, M

Brown, moed. comp., silty {15-25) sandy
(30-40) gravel, G

Bottom of exploration

Dark brown, loose, silty (15-25) m-f

sand, SM, w/roots and organics

Brown, mod, comp., gravelly 25 silty 6 m~f
sand, SP=-SM, D 0= 0.085

Brown, mod. coiip., silty (5-10)} sandy
(30-=L0) gravel, GP-(M

Brown, mod. comp., sandy L2 gravel, GP,

Do = 0.13

Brown, mod, comp., gravelly 43 sand, SP,
w/occasional cobbles, Byg = 0,075

D=5



R

FD.26 (Continued)

20,0 - 21,k¢

21,81
29,0
FB-27
' 0,0

3.07

8.91
FB.28
0,00

8.0t

23.‘2'
FD~29 '

0.0
1,1t

5,0
13,01
16,51
FD-30 )

¥D-32

29,0°

Elev. 575.1
3,0t
8.‘-9i

Elev. 5?0.&
8.0'
23,21

Flev, 664.9

1.1'
5.0!

13,01
16,51

Elev. 705,0
1,91t
Elev. 678.0

1,0

Elev. 6hh n,-l

0.8¢
2,0t

Brown, mod, comp,, gravelly (10-20)
silty (15-25) sand, SM :
Brown, mod, comp., silty 29 f, sand, M,
Dy = 0.075

Top of bedrock

Browm, loose to mod, comp,, silty (10-20)
m-f sand, SM, w/organics -

Brown, mod, comp to comp., silty 9 sandy
4O gravel, GP-GM w/occasional cobble,
Do = 0,09

Top of bedrock

Brown, mod. comp., sandy (20-30) graval,
GP, w/cobbles :

Brown, mod. comp., gravelly h3, 4o, 3k
silty 11, 11, 11 sand, SP-SM w/cdbbles,
Dyg = 0,070, 0,065, 0,065

Top of bedrock

Topsoil
Gray brown, mod, comp,., silty 13 sandy LO-
gravel, @M, Dyp = 0,056
Gray brown, mod. comp., silty (15-25)
sandy (30—&0) gravel, GM w/cobbles
Black, comp,, sandy 28 gravel, GP,

o= 0.21

‘Top of bedrock

Topsoil amd forest debris
Top of bedrock

Topsoil end  forest debris
Top of bedrock

Topsoil
Brown, mod, comp., gravelly (15-25) silty
(BOnhO) send, M

D=6



FD.32 (Continued)

2,01
3.3

b5
11,0t

Fb-33

| 0.0t
5,0t
10,01
11.5¢
25,01
30,01
h2,21

FD-3l '

0,0t
0,6%

5,61
Fb-35 ‘
' 0.0t
0,8¢
2,0!
2,61
ERR
6.7t

FD-36

0.0
4.0t

FDw37
0,0!
10,0t

-

3.3!
L5
1.0

Elev, 575.0
5.0t

100

11,5

25,01

30,01

42,21

Elev, 72507

0.6t
5.6¢

ElGV. 82703
0,81
2,0!
2,61
3.
6.7

Elev, 690.5

140!

Elev, 58lL.h

10,0¢

. Brown, loose to mo

Brown, mod. comp., gravelly (15-25) silty
(25-35) m-f sand, &M _

Brown, comp., gravelly (10-20) silty (30~
40) sand, M

Cobbles, w/gravel

Top of bedrock

Brown, mod, comp. gravelly 27 silty 7
gsand, SP-SM, w/cobbles o = 0.12
Brown, mod, comp., silty L4 sandy 28
gravel, GP, w/cobbles, Byg = 0.18
Brown, mod. comp., gravelly 31 silty 6
m-f sand, SP-SM; Diq = 0,098

é, comp,, silty 8 m=f
sand, SP-&M, Dy = 0,081 ‘
Brown, mod, cofip., silty 6 sandy 16 gravel,
GP-GM, w/cobbles Dy = 0.2l
Brown, comp,, silty 6 sandy 36 gravel, GW-
M, w/cobbles Dyg = 0.12
Top of bedrock

Topsoil and forest debris

Brown, comp., silty (5-10) sandy (25-35)
gravel, GP-GM, w/cobbles

Top of bedrock

Topsoil

Boulder

Brown, loose, silty (35-L5) f. sand, SM,
w/roots _

Brown, loose, gravelly (10~20) silty (20-30)
sand, SM '

Brown, mod, comp,, gravelly {10-20) silty
{10-20) m-f sand, SM, w/cobbles or boulders
Top of bedrock

Cobbles or boulders mixed w/soil
Top of bedrock

Brown, mod, comp., silty (5-10) sandy
(25-35) gravel, GP-( w/cobbles
Tap\of'bedrock

D=7
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FD-38

FD-39

FD-LO

0,0?

0.0

5,01

. 10,0t

FD-h1

FD)y2

15,0t
17,1

2.0t

44O
5,01

12,0t

0,0%

3,01
5.0

10.0¢

15.0'
20.0!
25,0
29,21

|

Elev. 722,6

0.2t
2.0!

Elev, 909,7

Forest debris and silt
Boulders, w/layers of silt between boulders
Top of bedrock

Top of bedrock

Elev. 595.8
5,0! Brown, mod, comp., silty 8 mf sand,
SP.SM,- Dip = ¢.09
10.0! Brown, comp., gravelly (30-40) silty
_ (5-10) sand, SP-SM |
15.0¢ Brown, comp., silty 7 sandy 38 gravel,
. GP-@{’ Dlo = 0011
17,1t Brown, comp,., gravelly (15-25) silty
. (10~20) sand, SM
Top of bedrock
Elev. 60303
2,0¢ Topsoil ' '
4,0t gﬁfwn,-mod. comp., silty, (35-L45) £, sand,
5.0t Brown, c¢omp., silty (15-25) m~f sand, SM
12,0! Brown, comp., silty (5-10) sandy (30~4O)
. gravel, GP-GM, w/cobbles
Top of bedrock
Elev. 596.0
o 3,00 Brown, loose, -=silty (10-20) m~f sand, SM,
. w/organic material
5.0t Brown, mod. comp., gravel, GP, w/cobbles
- 10,01 Brown, v. comp., gravelly 21 silty 7 sand,
. SP-SM, w/cobbles, Dyg = 0,13
15,0! Brown, comp,, silty ?5—10) gandy (20-30)
: gravel, GP-GM, w/cobbles some micaand
weathered rock
20,01 Brown, v, comp., gravelly Ll silty 10 sand,
. SP-SM, w/cohbles, Dy, = 0,08
25.0¢ Brown, v, cOmp., 8119y 9 sandy 32 gravel,
) GW-GM w/cobbles, Dyg = 0,09
29,21 Brown, comp,, silty (10-20) sandy (30-L0)
. gravel, GM, w/cobbles
Top of bedrock
D=8



Elev.

0.7
5.0!

6,51

Elev.
20'7 '

~

Elev.

1.0t

Flev,
1,01t

Elev,

0,7?
2,51

5,01
10,0¢
12,0t

23,01

Elev. 599.7.

5.0t
15,0¢
20.0¢
28,0°

30,01

70717

602,5
607.5

662,0

. send, SM, w/cobbles

Topsoil and forest debris

Brown, mod, comp,, gravelly (10~20) silty
(20-30) send, SM w/forest debris and cobbles
Brown, mod. comp., silty (5-10) sandy (30-
j0) gravel, GP-GM

Top of bedrock

Topsoll end boulders
Top of bedrock

Brown, loose, sandﬁ', silt, topsoil
Top of bedrock

Topsoil and boulders
Top of bedrock

Topsoil and forest debris

Brown, loose, silty 11 sendy hO gravel GP-
M, w/roots, Dyg = 0.075

Brown, mod. camp., gravelly 38 silty 18
send, SM, w/cobbles, Djg = 0,035 :
Brown, comp., silty 9 sendy L2 gravel, GP-
GM, W/CObbleS, BJ.O = 0007

Brown, comp., gravelly (25-35) silty (15-25)

Brown, V, comp,, silty 8 sandy 36 gravel,
GP-GM, w/c obbles or boulders, Dyjg = 0.092
Top of bedrock

Topsoil, cobbles and boulders '
Brown, ‘®ged. comp,, silty 9, 8 sandy 27, 28
gravel, (P-GM w/cobbles and boulders,

Do = 0,090, 0.090 . ,
Brown, mod, comp., gravelly 35 silty 7 seand,
SP-SM, Pyo = 0.90

Browm, mod. comp,, silty 12 ssamndy L8 gravel,

GPGM, Dy = 0.075

Brown, mod. comp,, gravelly (20-30) silty
(15-25) sand, SM
Top of bedrock

D-9



FD<49

0.07
0.4t

1.5¢
FD-50
040!
“1e81
' 4;5'
5501
24.6"
FD-51
00"
Ro8!
 5,dr
10.0"
14,1¢

15,01

18.0*
_ R0.0!
23,01
28.0"
30.0¢

FD=52

0.0t

0.8'
2451

Elev. 912 -1

- 00.4'
- 1.5‘

Elev. 601.7
- 1,87
- 4.5
- 5,0

- 24.6'

Elev. 754.8

2.8

5,0
o
- 14,1
- 15.0°
- 18.0"
- 20.0!
- 23,0
- amor
= 30,0

Elev. 83344

0.8!
R45!

Topsoil! and forest debris
Brown, loose, sandy (f) silt, ML,
w/orga -

Top of Bedrock

Brown, 1oose silty (25-35) Lo
sand, .SM, w/organics
Brown, loose, gravelly 17 silty

. 25 m=f $and, SM, D,, = 0,02 .

Brown, loose, sandy (25-35)
gravel, GP, w/cobbles _
Brown, oose Yo mod. comp.,
gravell;r 31 silty 8 sand, SP-sM,
w/cobbles or boulders, Dy, = 0.085
Top of hedrock _

‘Brown. 1oose. silty (35-45) f. g

sand, SM-
Brown, v.comp.. gravelly 42 silty
17. sand, = 0,052

'Brown, ve %gmp., gravelly (15-25)

to (20-30) silty (15-25) sand, SM
Brown, domps, gravelly 36 silty
16 sand. SM, w/cobbles, D 10 = 0.04
Brown, v. comp., silty (5-10)
sandy (30-40) gravel, GP-GM
Brown, ¥e comp., gravelly (15-25)
gilty (15-25) sand, SM

Brown, V. © comp., gravelly 9 silty
368 m=f $and, SM, D. . = 0,018
Brown, V. comp., sﬁt (20-30)

f. sandy SM .
Brown, w. compe, gravelly 13
silty 2§ m-f sand, SM, Diy = 04035
Brown, Ve eomp., silty (% =30)

f. sand. M

Bottom of exploration

Topsoll and forest debris
Brown, loose, sandy f. silt, ML
w/organics

Top of bedrock

D-10
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FD-53

0.0!
1.2

9,0!
FD-54
040!
0.9
5.0t

10.07

R2.0!

38.21

FD=55

0.0!
03!

0.91

4.2¢

FD-58

0.0t

5.0!

Elev, 661.2

10'2'
9.0!

Blev. 614 0

091
5.0!

10,0

2R <01

38.21

Elev., 768.,3

031
0.9'

4,2t
Elev. 683.8
§.0°

Eleve 658.4

5451

Elev. B834.7

5.01

Topsoil

Brown, CoMpa, gravelly (20-30)
silty (15-25) sand, SM, w/cobbles
Top of bedrock

Topsoll and forest debris

Brown, mod. comp., gravelly (10~20)
silty (30-40) m~f sand, SM
w/organics

Brown, v. comp., silty (5-10) sandy
(20~30) gravel, GP<GM, w/cobbles
Brown, comp., gravelly 44 silty 10
sand SP-SM w/cobbles or boulders,
Dig = 04090

Brown, comp., gravelly 38 silty 9
sand, SP-SM, w/cobbles or boulders,
Dlo = 0.075

Top of bedrock

Topsoil
Red brown, loose, gravelly (10-20)
sandy (30-40) silt, ML, w/roots
Brown, mode. comp., gravelly (20-30)
silty (15-25) sand, SM

Top of bedrock

Topsail, cobbles and boulders
Top of bedrock

Brown, comp., gravelly (15-25)
silty (20-30) sand, SM, w/boulders
and cobbles

Top of bedrock

Cobbles, boulders and silt
Top of bedrock

D-~11
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FD~59

0.0
0.2!

1.8'
FD=-80

0.0
0.8!

5.0!

7ol
10.0"
11.6!
18.0"

20.0!

3.0

25451
2644
290!

3040!
32a7!
39,0!

39.8¢

Eleve 77945

Oek!
1.8¢7

Elev. 78T.0-

0.’8 t
5.0¢

741!
10.0"

11,6¢

- 1800'

20,0!

R35.0!

25 05 t

26.4!.
29.0*
30,0!

3.7
39.0°F

39.8¢

Forest debris

Brown, loose, gandy f. silt, ML,
w/qrganics and cobhles

Top of bedrock

Forest debris and topsoil

Brown, mods comps to comp.,
gravelly 39 silty 14 sand, SM, till,

w/cobbles. g = 0405

Brown, med. Comp., silty (10-20)
sandy (30-40) gravel, GM +111 like
w/boulder :
Brown, to gray brown, mod. COMPe,
gravelly (30-40) to (20-30) silty
(15-25) sand, 8M, Till

Brown, mode. comp., gravelly (15-25)
silty (15-25) sand, SM, sandy {itl
Brown, mode. comp. to comp. grayelly
40 silty 15 sand, SM, till,

Dlo = 0,03

Brown, ve comp., silty (10-20)
sandy, (30-40) gravel, GM, till
Brown, ve comp., gravelly (10-20)
silty (10-20) sand, SM

Brown, ve comp., gravelly (15-25)
silty (15-25) sand, SM, til1,

w/cobbles

Brown, ve. comp., gravelly (10-20)
5ilty (30-40) m=f sand, SM

Brown, v. comp., silty 39 n~f sand,

&M, till, D,, = 0.028

Brown, vecofip., gravelly (10-20)
silty (50-40) f. sand, M, sandy
+111

Brown, v. comp., silty (20-50) fe
sand, SM, w/cobble

Brown, Ve compe, silty (30-40)

f. sand, SM, sandy till

Brown, v. comp., silty (20-30)

f. sand, SM

Bottom of exploration

D12



FD-61 - Elev. 858.7

0.0 = 044! Forest debris
0.4! = 1,27 Topsoil
1.2' - 8.9 Brown, mod. comp., sand, f. silt,
‘ - ML, w/boulders and cobbles
B.9? o Bottom of exploration
FD~-62 Elev. 763.3 )
0.0 - 2,8 ' Brown, loose, gravelly (10~-20}
' ‘sandy (f. 20=-30) silt, ML,

- w/roots

2.8' = 12,0! Brown, comp., gravelly (R0 -30)

silty (20-30) sand, SM, Till,
w/boulder and cobbles

12,01 - 19,5 Brown, comp., silty 7 sandy 36
' gravel, GP-GM, Sandy, Till, w/
' ) cobbles, D 0~ 0.11
19,3" - 23,68! Brown, Ve COmp., silty 7 sandy
L 38 gravel, GP-GM, Till, w/cobbles,
. Dip = 0.11Q
235.87 = 25,0¢ Brown, comp., sandy 28 gravel gP,
Till, D., = 0,250
25,01 Bottom B explaration
FD-63 Elev, 734.1 '
007 = 0,71 Topsoil
07! = 5.,0¢ Brown, loose to mod. comp.,
' gravelly (10-20) silty (5-10) sand,
' 8P-8M, w/octasional cobbles _
5,0' - 10.0! Brown, mede compe to comp., silty
' 9 sand, SP-SM, w/occasional cobbles,
. D1g = 0.080
10,0 - 15,0! Brpwn, comp., silty 30 f. sand, sM,
: . W/c()bbleﬂ' Dlo = 00051
15.0' - 20,0 Brown, comp., gravelly (10-20)
silty (R0-30) m~f sand, SM,
. w/boulder
20.0' - £5,0! Brown, ve comp., gravelly 17 silty
- 16 m~f sand, SM, Dy, = 0.055
25.0' = 25,51 ~ Brown, comp., silty (20-30) f. sand,
M
R5.51 « 30.0! ‘Gray brown, ve comp., gravelly 26
_silty 5 sand, SP-8M, sandy till,
= 0,100
30.0! Bogtom of exploration’

D-13 |



FD-64

. FD=-65

040!
1.2

1.81
5,07

10.0'
16.5!

20,0

RB.41

R4,.6!

25,01

0.0!
1.0

Red1
540!
10.0!

R0.0!

25,01

i

30 00"

Elev. 766.2

1.2¢
1.8t

5,0!
10,0!

16451
20,07

23441

R4,.58!
25.01
Elev, 737 01
1.0t
25!
5.0!
10,0

20.0!

25.07

30.0°¢

Topsoil
Brown, loose, gravelly (20-30) silty
(15~25) sand, SM, Till

 Brown, comp., gravelly (15-25) silty

(5-10) sand, SP-8M, Till, w/boulder

' Brown, COMD., silty 32 sandy 31
_gravel, GM, Till, D

0,017

Brown, COmp., graveHy (15-25)

silty (20-30) sand, SM, Till,
w/cobbles or boulders

Brown, comp., gravelly (10-20) silty
(10-20) sand, 8M, Till, w/cobbles

or boulders

Brown, ve comp., silty 26 f. sand,

SM, w/cobbles, D3n = 0,035

Brown, v. comp., silty (10=-20)
sandy (30-40) gravel, GM, Till,
w/cobbles

Brown, v. comp., silty {30-40) f.
sand, M, Sandy Till

Bottom of exploration

Topsoil

Brown, loose, gravelly (20-30)
gilty (20~30) sand, W/roots and
debris

Brown, mod. comp., gravelly (20-30)
silty (5-10) sand, SP-8M, w/cobbles
W@ = 12,5, Wy = 15.8

Brown, mod. comp., gravelly 44
silty 9 sand, SP-SM, Till like w/
cobbles, Dyg = 0.09

Brown, mod. comp. t0 ve comp.
gravelly (30-40) silty (15-25) sand,
SM, Till, w/cobbles :

Brown, v. compe., gravelly 34 silty
20 sand, 8M, Till w/colbles,

Dyp = 0,029, Wy, = 946, W, = 11.2
Brown, ve. comp.; gravelly (1020}
silty (20-30) sand, SM, Till

"w/cobbles

Bottom of exploration

D~=14



Elev, 76303
' . 1t

- 10,0?

- 15!0'
- 17.0!
- 21,51

25,01

Elev, 775.6

1.1t

! - 5,08

- 10.0*

18,91

19,0t

20,0t

Elev. 7hloh

't . 1,2t
r - h.6;

- 5.5t
— 6.8t

Topsoil w/roots :

Brown, mod., comp, te comp., gravelly

Ll silty 12° sand, SP-3M, Sandy Till, w/
cobbles, Dy, = 0.06, Wp = 5.1, W = 6.1
Brown, comp., gravelly (20-305 sklty
(15-25) sand, SM, Sandy Till, w/cobbles
Brown, comp., s$ilty (10-20) sandy
(30-40) gravel, @M, Till, w/boulder
Brown, v, comp., gravelly (10-20)

silty (15-25) sand, SM, Till,
w/weathered cobbles and boulders

Brown, v. comp,, gravelly 28 silty

12 sand, SP-8M, Till, w/cobbles and
boulders, Dy, = 0.06, Wy = 7.3,

W = 12,3

B%ttom of exploration

Topsoil

Brown, comp., gravelly (20-30)
silty (15-25) send, SM, Ti1l w/boulders
Brown, v. comp., silty 17 sandy 39 -
gravel, @, Sandy Till, Dy = 0.035,
Wr = 4.8, W, = 6,2

Brown, mod. comp., gravelly (20-30)
silty (10-25) sand, SM, sandy Til3,
w/boulder, Wp = 6.8, W, = 8,3
Brown, v, comp., gravelly 37 silty
12 sand, SP-SM, Till, w/boulder,
nlo = 0.06

Brown, v, comp., gravelly (20=30)
silty (15-25) sand, SM, Till

Bottom of exploration

Topsoil

Brown, loose, gravelly (30-40) silty
(10-20) sand, SM, Fill, w/roots and
organics ' '
Brown, loose, silty (15-25) f, sand,
SM, w/roots ‘
Brown, loose, silty (30-40) £, send,
SM, w/organics

D=15
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FD-88 Gont'd
6488 = 15,0!
15.0' = 20,0!
20,0t ~ 25,0!
5.0t = 30.0!
30,01 = 31.5°
31.5! = 35,01
35.0! = B6,7¢
36,7 - 40,0!
40,0!' = 45,0!
45.0' - 48,2¢
46,2' = 50,0!
50,01
FD-89 Elev, 740.2
0407 ~ 3,2!
3.2' = 5,0t
5.0 = 10,01
10,00' - 14.0'
1400‘ - 16.0'
16.0! - 20.0!
20,0t ~ 29,0t
29,0! = 30,0!
30,0!

Brown, Ve comp., silty 19 sandy 27
gravel, GM, Till, w/coblles and boulders,
Dy = 0,025

Gray brown, ¢omp., silty (10-20) sandy
{30-40) gravel, GM, Till '

Gray brown, v. comp., gravelly 34 silty
15 sand, SM, Dqyg = 0.05, HT = 8.1,
W, = 10,0

Gray brown, v. comp., sandy 43 gravel
GP, IJ10 = 0.20

Brown, Ve COMp., silty (15-25)

eand, SM

Brown, ve cOmp.s silty (20-50) £
sand, SM

Brown, comp.s silty (10-20) f.

gand, SM

Brown, ve comp., gravelly 24 silty

6 sand, SP-SM, w/cobbles, D. . = 0,13
Brown, ve. comp., silty (50-&8) f.
sand, SM, WT = 13,5, W, = 14.4

Brown, ve. comp., silty (30-40) f.
sand, SM, w/small pieces of gravel
Brown, Ve comp., gravelly 28 silty

14 sand, SM, %till like, w/occasional
cobbles, Dy, = 0.06

Bottom of exploration

Black, loose, gravelly (15-25) silty

(35~45) sand, SM, w/organics

Gray brown, mod, comp., gravelly

(15-25) silty {30-40) m~f sand, SM,

Sandy Till.

Gray brown, comp., silty (5-10)

gandy (30-40) gravel, GP-GM, Sandy

Ti11

Brown, compe., gravelly 45 silty 7

sand, SP-SM, Sandy Till, w/cobbles,
= (.10

B}gwn. GCMPa g sandy (20-30) gravel,

GP

Brown, comp., sandy 23 gravel, GW,

Dy = 0450

Brown, mode. comp., silty 14 m=f

sand, SM, w/boulders and co bbles,

DlO = .06

Brown, comp., gravelly (15-25)

silty (15-25) sand, SM

Bottom of exploration

D-16



FIT-1 Elevs 752.5
00" = 0,21

Forest debris
Q.2' - 3,51

Brown, mod. comp., gravelly 36
silty 20 sand, SM, w/roots
5457 Top of bedrock

D17



R

FI-1

FI-2

FI-3

FI-4

0,.0!

Q3"

1.97

FR1!

4,61

0.0
0.2!
0491

Se47

0.0!?

0431

Re51
4,01

5451

0.0!
1.0'

7.0t

040"
1.0
3.6°

7.0'

Eleve 65845
0,31
1'.9"
3,21

4,61

Elev. 739.3

DR
10494

.41

Elev. 781.3
03!

Re51
4.0!

5.31

Elev, 690 o7

1.0!
7.0t

Eleve. 700.1

1.0t
3.6!

"7.0' _

Forest debris

Topsoil and organic matter
Brown, mode. cogps., sandy fm~f o
30-40) silt, ML, w/organic matter
Brown, mod. comp., gravelly
(15-25) silty (25-35) sand, SM,
w/cobbles and hair roots

Top of bedrock

Forest debris

Topsoil

Brown, mod. comp., sandy (m-f
30-40) silt, ML, w/roots -
Top of bedrock

Forest debris

Topsoil and organics

Brown, comp., gravelly (10=20)
silty (25-85) f. sand, SM,
$i1] like, w/hair roots

Gray brown, comp., gravelly
(20-30) silty (15-25) sand, SM
Pill

. Top of bedrock

Topsoil and forest debris

Brown, mode. comp., silty (15-25)
sandy (30-40) gravel, GM, w/hair
roots, cobbles’ and Jaxge fractured
boulders

Bottom of exploration

Forest debris

Topsoil

Gray brown, comp., gravelly (15-25)
silty (10-20) sand, SM, Tili,
w/cobbles gnd boulders

Bottom of exploration

D-18



" FT-8

040!
2421

640!

0.0!

2.1

640"
FT-8

0.0!
1,0!

3.0'

FT-9

0.0¢
0.6?

FT=-10

0.0f
0.9!

FI-11

0.0"

1.0%
R.8¢

52t

Elevs 67445

23!
6.0!

Elev. 674.6

Rell
840!

Eleve 704,9

1.0t
3.0¢

Elev. 749,.7
.81

 Elev. 764.1

0491

Eleve 72642

1.0t
2.8¢
521

TPopsoil and forest debris

Gray brown, mode COMpe, ,

gravelly (10-20) silty (15~-5)
sand, M, Till, w/cobbles

and boulders

Bottom of exploration

Topsoil and forest debris

Gray brown, mod. comp., gravelly
(10-20) silty (15-25) sand, SM,
Till, w/cobbles and boulders
Bottom of explaration

Topsoil and forest debris
Brown, mode. comp., gravelly
(10-15) silty (25-35) f. sand,
SM, w/roots, ©olibles and large™
boulders

Refusal due to large boulders

Forest debris
Top of bedrock

Foreét debris
Top of bedrock

Forest debris

Topsoil

Gray brown, mod. comp.,

gravelly (10-20) silty (20-30)
sand, SM, Till, w/roots, cobbles
and boulders

Top of bedrock

D=-19



BD-1

0.0!
Py
1.8¢?

5.0!

8.0!

13,31

15,57

0.0
0.R!
ReR!

5.0!

RO 0"

30,0

35.0!

50.0t

50,8

Elev. 710.4

= 0.2
- 1.8¢
- 5.0'

- 8.0'

13.3°

- 15.5'

Elev. 72649

0!
2421
5.0

- 29.0'

50.01

35.01

50,01

- 50-8'

Forest debris

Dark brown, loose, silty (35-45)
fe sand, SM, w/roots and organics
Brown and gray, loose to mod.
compes, silty (20-30) m~f sand,
8M, Ti1l w/boulders

Gray brown, mod. comp., gravelly
(10=-20) silty (20-30) m-f sand,
sM, Til1l1, w/weathered boulder,
gravel sizes are weathered to
decomposed

Gray brown, mod. comp., gravelly
(15-25) silty (20-30) m=~f sand,
SM, Till, w/boulders

Brown, mod. comp., silty (5-10)
sandy (25-35) gravel, GP-GM,
Tiil

Top of bedrock

Forest debris

Topsoil

Gray brown, mod. comps, gravelly
(10-20) silty (30-40) m-f sand,
SM, Till

Gray brown, mod. comps to ve

~ compe, sandy (m-f 35) silt, ML,
- Till, w/¢obbles or boulders,

Dy = 0.005

Gray brown, comps., silty
(35-45) m~f sand, SM, Till
Gray brown, Ve comp., gravelly
(15-25) silty (%5-45) m=f sand,
M, Till, w/cobbles

Gray brown, ve. compe., sandy,
(m=f, 32) silt, ML, Till,
w/cobbles

Gray, ve. comp., gravelly
(15~25) sandy (30-40) silt, ML,
Till :

Refusal

D=20
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ED-3

5.0¢

84!

10.0!

15.0!

31.8'

3541

44,01

50.0!

52 .41

59;0°

59,5
650!

Eiev,_ 814 ol

151‘ ‘
5,0!

84!
10,01

15,01

31l.6!

35.4!

44,0

80,01

52.4!

59.0'
59451

65.0!

' 9,7, D = 8.0021, 0.007

~ Topsoil and forest dsbris

Brown, mod. comp., gravelly 8
silty 46 sand, SM, Till,

Dlo = 0,0031

Brown, loose, gravelly 19

silty 30 sand, SM, Till,

Uhr=-9.4,.Wél= 10.7, 910 = 0,014

Gray brown, loose, gravelly 20
silty 30 m=f sand, SM, Till,

Dlo = 0,022

Gray brown, mod. comp., silty

43 m-f sand, SM, Till, W, = 843,

Wy =848, ¥y = 140.6, Dy = 0,0025

Gray, brown, comps 10 Ve COMpas '

gravelly 12, 15, silty 38, 38 m-f
sand, SM, Till w/cobbles or

boulders and weathered cobbles or

boulders, W = 6.0. 9.4. W4 = 7.7,

(ray brown, ve. comp., silty
(30-40) m-f sand, SM, Till,

Wn‘= 8.2, W, = 9,0

Gray brown, v. comp., gravelly
15, 15 silty 38, 34 m-f sand, SM,
Till, w/boulder,'wn = 1149,

U4 = 13.1, Dyg = 0.008, 0,009
Gray brown, V. comp., gravelly 9
silty 43 m-f sand, 8M, Till,

Wy =89,W, = 9.5._D%9fﬂ 0.0075
Brown, v. cOmp., stratified,
silty (30~40) f. sand, SM, and

Silt, ML, layers are approx. O.2!
thick, material also contains
weathered rock

Weathered rock

Brown, ve. coOmpe., stratified silt

ML, and weathered rock

Weathered rock

Bottom of exploration

D-21



BD-4

ED-5

0.0
0.2

2421

5,0t
10.0°
15,0t
21.51

R7 421

30.0!

315!
54.4!

0.0!
0.2
048"

5.0

Elev. 846.,0

Oek?
221

- 5.0

10.0!

15.0°

R1l.b!

I

RT421

- 30,0

= 31.51

- 34.41

Elev. 844.5

- 092'
.61
= 5,07

I

10.0!

Forest debris

Topscil and brown, loose, gravelly
(15=-25) silty (R0=30) m=f sand,
SM, w/roots

Brown, mod. comp., gravelly 21
silty 25 sand, SM, Till w/
occagional cobbles, D,~ = 0.021
Brown, mod. comp., gravelly 22
silty 29 ‘m-f sand, SM, Till
w/occasional cobbles, Uh = 6,92,
w4 F 709 D = 0,014

Brown, mod. gomp., gravelly 27
silty 21 sand, SM, Till, w/occa-
sional cobbles, D.. = 0.030
Brown, comp., gra%glly 25 silty
22 sand, SM, Till, w/occasional
cobbles, W = 840, Wy = 7.4,
Dig = 0.025

Brown, ve COMPe, slightly'variable
gravelly (10-20) to 32, silty 26
sand, SM, Till, w/some mica,

I .l, = 1201 D = (0,013
Broﬁn, Ve COMpe, 5ilty ?20—50)
m~f sand, SM, Till, w/weathered
rock
Brown, ve comp., stratified
silty (30-40) f. sand, SM and
silt, ML, layers are approx. 0.2!
thick material also contains
weathered rock
Weathered rock
Top of bedrock

Forest debris

Topsoil : _

Brown, locse to comp., gravelly
32 silty 2R sand, SM, w/roots,
W = 14.0, W = 1842, Dan = 0,022
Brown, comp., gravelly %8 silty
21 sand, SM, Till, w/ogcasional
pobbles, W, = 6.7, W4 F 9.9,

Dlo = (0.030

D=2



BD=5 Gontimied

10,01 = 18,21
18.2' -~ 20.0!
20,07 ~ 22,0t
2R 01
BD=§ Elove 905.7
000' - 002'
Q.2' = 0,7t
0.7' hd 1.5'
]
1.5 = 2.5¢
2.5' - 500'
5.0 = 15,0¢
15,0 - 17,.6!
17.6!
BD=7 Eleve. 983.7
0.0' = 043!
043" = 50!
5.0' = 10,0!
10.0! - 13,5!

Brown, comp., sandy (f. 32) silt,
ML Till, w/cobbles or boulders,
Wy = 12.0, W, = 15.4, Dyq = 0,036,
nonplastic

Brown, V. compe, gravelly (10-20)
silty (25-35) sand, SM, Till,
w/mica and weatliered rock

Brown, comp., 8ilty (30-40 )} sand
sM, Till

Top of bedrock

Forest debris

Topsoil

Brown, loose, sandy (25-35) silt,
ML, w/roots and organics

Brown, loose, gravelly {10-20)
silty (20-30) m=~f sand, SM, till-
like w/roots

Brown, mod comp., gravelly (10-20)
silty (15-25) sand, SM, tili-like,
w/occasional cobbles

Brown, mod. comp., gravelly 16,

13, silty 30, 30 m-f sand, SM,

Till, w/occasional cobbles,

W, =844, 5.7, W, = 9.5, 7.5

Dlo = 0.015, 0.020 ’
Brown, mode. compe., to comp.,
gravelly 20 silty 38 m~f sand, SM
Till, b 0= 0.014

Top of %edrock

Forest debris and topseoil

Gray brown, mod. comp., gravelly
(10-20) silty (20-30) sand, M,
Till, w/mica and occasional cob-
bles

Gray, mod. comp., gravelly 9
sandy 37 silty clay, ML-CL, Till,
W) ® 7.3, W, = 8.2, 1L = 21,
=6, p % <0000

Gray, ve. comp., silty clayey 49
sand, SM-SC, Till, Dlo = 0.006

D=23



S

BD-7

ED-8

Contimied

13,5t » 14.6!

14.6' - 18.0'

18.0' - 2000'

20,01 - 21.3!
R1.5!
Eleve 1040.7

0.01 0.21
0.2' - 105'

1.5t 5.0'

5.0' - 1000'

10,0t = 15.0¢
1-5 .0‘ - 2000'

20,0! = 28,5

26,51 = 27.0¢

27,01 = 27,.,4!
2.? 04' '

Elev. 1043.4
0 .0 ! - O .2 !
D27 = 1,01

1.0' = 2.3!

D-24 ‘

Brown, V. comp., silty clayey
(35-45) sand, SM-SC, Till, w/
weathered cobbles

Brown, Ve comp., gravelly 7
sandy m-f 39 silt, ML, w/colbles
and boulders, Dyg = 0.003

Gray, Ve cOMp,., sandy m=f 41
silty clay, ML-CL, Till

W —809’ W4=go4 1L = 34,

Pf = 7, D, "= 0.0013

Gray, Ve %gmp., gravelly (10-20)
silty (30-40) m-f sand, SM, Till
Top of bedrock

Forest debris
Brown, loose, sandy (30-40} 51lt,

ML, w/roots
" Brown, mode comp., silty 49 m-f

sand, SM, Till, Dy, = 0.0038

Brown, mod. comp., sandy 42 silt,

ML, Tlll. = 12.1 W4 = 12.5,

Dyg = 0.005& nonplastic

Gray, mod. comp., gravelly 8

silty 36 m~f sand, SM, Till,
w/occasgional cobbles, Wﬁ_# 9.7,

w4 = 10-5’ DlO = 0,007 '

G¥ay, Ve COMp., gravelly 15

silty 48 sand, SM, Till, w/occasional
cobbles, LL = 19, PI = 3,

DlO = 0,004

Gray, V. comp., gravelly 24 silty 37

m-f sand, SM, Till, w/occasional
cobbles, D, = 0.014

Gray, Ve coﬁg., gravelly (10-20)
silty (30-40) m=f sand, SM

Weathered rock

Top of bedrock

Forest debris

Brown, soft, gravelly (10-20)sandy
(50«40) silt, ML, w/roots and
organics

Brown, med. stiff, sandy (f.50-40)
silt, ML,~w/roots



B9 Contimied

2.3' - 15,01 Brown, mod. compe T0 Ve COMPay
' gravelly 10, 7 silty 41, 43, m-f

sand, SM, Till, w/cobbles and
boulders, W, = 11.5, 7.4,
Wy = 12.3, 7.6, Uy = 154.1,
Dy4 = 0.0075, 0.0055

15,0 - 19.1! Brown, Ve comp., gravelly 12
silty 37 sand, SM, Till,
w/cobbles and boulders, _
D5 = 0.011, W_=9.4,W =100

19,11t Top of bedrock™ 4
BD-10 Elev. 750.0

0.0% = 02! | Forest debris

Qe = 1,5t Brown, loose, gravelly (10-20)

silty (R5-35) sand, SM, w/roots
and organics

leS5' = 5,0 Brown, mod. compe to compe,
gravelly 35 silty 18 sand, SM,
Till, w/cobbles and boulders,

, = 0,040

5.0' - 7,0! Brown, mod. comp., silty (20-30)

sandy (30-40) gravel, GM, Till,
w/cobbles and boulders
701 = 15.0¢ Brown, mode compe tO Ve COMPo,
gravelly 33 silty 22 sand, SM,
Till, w/cobbles and boulders,
D = 0,021
15.0" - 19,7! BY¥own, mod. comp., gravelly
: {10~20) silty (20-30) sand, SM,
Till w/cobbles, boulders and
weathered rock

19,7 Top of bedrock
BD-11 Elev, 878.4

0.0' = 0.3¢ Forest debris

D21 ~ 1.5t Brown, loose gravelly (10-20)
sandy (30-40) silt, ML, w/roots

1.5 = 5,0 Brown, mod. COMpae, s:.lty (30-40)
m-i‘ sand, SM, Tiil, W = 11.6,

= 12.4

5.0 - 15,0t B%own, mode comp., gravelly 19
silty 32 sand, SM, Till, W, = 10.0
W; = 11.0, ¥4 = 131.6, D 4 = 0.010

D-25



BD=11 Contimed

Elev. 908.0

15407 « 20,0!
20,01 = 22.5¢
R2.51 = 25,0!
25.0' « 29,0!
20.,0' - 32,8
32.81
BD~12
0.,0! = 0,5
0-5' - 104'
les4t - 5.0
5.0" - 10,0
10.,0' = 13.8!
15,8' = 15.0'
15.0' - 24,0
24,01 - 26,4!
264t « 29,3!
29.3!

D-26

Brown, Ve comp., gravelly 26 silty
35 sand, SM, Till, w/cobbles,

Wy = 942, W, = 9.6, ¥y = 15645,

Dlo = 0.015

Brown, mod. compe, gravelly {10-20)
cobbles

Gray, ve comp., sandy 39 silt,

ML, Till, w/cobbles, D., = 0.005
Brown, Ve COMpDa, grave%%y (10-20)
silty (35=45) sand, SM, Till,
w/cobbles

Brown, comp., gravelly 17 silty

35 sand, SM, Till, w/cobbles,

Dlo = 0.014

Top of bedrock

Forest debris

Black, loose, gravelly (10-20)
silty (25-35) sand, SM, w/organmics

Gray brown, mod. comp., Silty
(30-40) £, sand, SM, w/cobbles
Stratified, W = 15.6' W4 = 15,7
Gray brown, mod. comp., gravelly
29 silty R0 sand, SM, till-like,

Wn = 9'05, W4 = 14.1. Dlo = 0-028

Gray brown, mod. comp., gravelly
12 silty 28 m=-f sand, SM

W, = 12.3,'W4 = 4.4, Dl = 0,018

Gray brown, mode COMpDe, gilty
(30<40} m=-f sand, SM, Till

Gray brown, compe to ve compe,
gravelly 6 silty 36 m-f sand, SM,

Till,V = 11,3, W4 = 11.6,

3 = 135.2, Dlo = 0,065

Gray brown, Ve coOmpe., gravelly
(10-20} silty (25-35) sand, SM,
Till

Gray brown, v. comp., silty
(25-35) m~f sand, SM, Till, w/

weathered rock

Top of bedrock



BD-13

040?
0.8!

1.3

5.0!

15.0!

20.0'

L R9,0!

38401

Elev. 957.0
0.8¢
1.3
5.0

15.01

20.0!

R9.0!

58401

Topsoil

Brown, loose, gravelly (10«20)
silty (25-~35) m=f sand, SM,
w/roots

Brown, mod. comp. Lo compe.,
silty (25-35) m=f sand, SM,
Brown, mod, comp., gravelly 19
silty 35 sand, SM, Till,

W =8,3,W, = 10.7, D, = 0,091
BPown, mode*comp., 5114 (20-30)
f. sand, SM, w/strata of fine
sandy silt, ML and inclusion of
T111 and w/occasional cobbles
Gray brown, mode comps. to ve
comp., gravelly 6 silty 44 m-f
sand, SM Till, W = 8.6,

W, = 9.9, D, = 8.0055

Gray brown, 9 COMPey gravelly
11 silty 45 sand, SM, Till,

W, = 844, Wy = 9.6, Dyg = 0,008
Top of bedrock

D=7



BTT-1

0.0t
0.8

2,01
b9t
BTT-2

- 0,0t
1.0

2.1!

14,01

BTT.3
0,01

19,01
BTT-34

0'0'

12.01
19,0!
BTT.} '

0.0'
2.1t

3,2t

9,6

16,54
20,0!
BIT-5

0
0'!

)
O\OA

Elev,. 6390)-1

0.8?
2,01

k.ot

Elev, 659.3

1.0
2,11

14.0°

Elev., 660.8

19.0°

Elev, 660%

12,01

19 .0"

Flev, 625.’.].

2.'1'
3.2t

9,61
16,51

20,0t

Flev, 630,5

0.6'. ’
1.3t

Sod and topsoil

Brown, loose, gravelly (10-20) silty
(15-25) sand, SM, w/cobbles and boulders
Brown, comp., sandy (30-LO)} gravel, GP,
w/cobbles and high concentrations of
boulders: ‘
Refusal

Sod and topsoil L
Brown, loocse, gravelly (15-25) silty
(20-30) m-f sand, SM s

. Brown, loose, sandy (30-L40) gravel, GP,

w/mumerous cobbles and boulders.
?ottdh.of exploration

Brown, mod. comp., sandy L8, 42 gravel)
GP, w/cobbles and boulders Dy = 0,18,

0,18 : R
Bottom of exploration S '

Brown, mod. comp., sandy 4O, L2, L7 gravel,
GP, w/cobbles and boulders Dyp = 0.30,
Brown, mod,. comp., gravelly Ll silty 7 samd,
SP-SM, w/cobbles and boulders, Dyg = 0.095

Bottom of explorsation

Topsoll mixed with roots

Brown, comp., silty (5-10) sandy. (30-40)
gravel, GP-GM, w/cobbles o
Brown, comp., sandy 37 gravel GP, w/numerous
cobbles, Dyq = 0,20 e

Brown, comp,, m-f sandy L1 gravel, GP,
w/numerous c¢obbles. Bedrock encowntered at
16,5 at the west end of trench, D g = 0.15
Brown, comp., silty 5 f. sand SP-&M, .
Top of bedrock

Topsoill o .
Brown, loose, gravelly,sandy, silt, ML,
w/roots, cobbles and boulders '

D28



BTT-5 (Continued)

1.3% - 8,0
8.0; o 9.1;
9.1 -~ 20,0?
20,01 |
BIT.6 Elev, 618,1
0.0t ~ 0,9
0.9 = 1.,6?
1.6 - 20,0!
20,01 .
BIT-7 Elev. 622,3
0.0I R 0.6’
0.6! - 108!
1.81 - 7.0t
7.0' ~ 12,0t
12,01 « 17,09
17.0% - 21,51
21.51 ‘
BIT-8 Elev. 62);,7
' 0,0t = 1,0t
1.0t - 20,61
20,61 )
BTT"’9 ‘ EIGV. 61703
0.0' - 0,31
0.3' = 2,87
2.8' -

17,91

Brown,

Brown, comp,, sandy U5 gravel, GP,
w/cobbles and boulders, ., = 0,17
Gray, comp., silty (25-35 f. sand, SM
Brown, comp,, sandy LO gravel, GP, w/
coﬁbles, boulders and sand lenses, Dip =
0,40 S

Bottom of exploration

Topsoil

Brown, loose, sandy silt, ML - '
Brown, mod. comp., sandy Lk, 39, 39 gravel,
GP, w/numerous cobbles and w/a pocket, of
medium send between 8.3' and 9.6! approx, 9t
long and w/ a pocket of coarse sand between
11,41 and 12,4 epprox. 61 long, Dyy = 0.1k,
0.25, 0,46
Bottom of exploration

Topsoil

Gray brown , loose, sandy (f.
ML, w/ a trace of gravel
Brown, comp,, sandy 30 gravel, ar, w/-
numerous cobbles, boulders and w/pockets of
cobbles Dyni=m 0,25 :

Brown, comp,, sandy U8 gravel, Gp w/numerous
cobbles, boulders and w/pockets of oot send,
Dyg = 0.33 -

comp.y sandy (30-L0) gravel, GP
comp.y, gravelly 33 sand, SW, Do =

30-40) silt,

Brown,
0.25 d
Bottom of exploration

Brown, mod, comp., silty, sandy gravel
Brown, mod, comp,, sandy 30, 31 gravel,
GW, w/numerous cobbles Dyp = 0.30, 0.31
Bottom of expleration '

Topsoil

Brown, comp., silty, sandy gravel, GP.GM,
w/cobbles

Brown, camp,, sandy L3, 42 gravel, GP,
w/numerous cobbles, D,y = 0.29, 0,38
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BIT-9 (Continued)

N 17,9% - 20,01 Brown, loose, gravelly (20-30) sand, SP,
. w/strata of f. gravel
20,01 ~ 23,57 Gray brown , loose, sandy, SP, w/strata of
f. gravel, Djq = 0.31
23,5 Bottom of exploration
BIT-10 Elev. 625,9
0.0 = 1.3' Topsoil :
1,3t -~ 12,0 Brown, mod, comp., sandy 42 gravel, GP,
. . w/cobbles, Do = 0,12
12,01 - 21,0Y Brown, mod, camp., m-f sand, 5P,

stratified as follows:
13.8¢ ~ 1h,1' :Dark gray silty f sand
15.5t - 15.9! Sandy gravel

16,6 - 17:3' Sandy gravel, Do = 0.16
21,0% Bottom of exploration
BIT-11 Elev, 617.1
o 0.0% - 1,3 Brown, sand#, silty gravel, GM, w/cobbles
1,3t - 16,2! Brown, mod. comp., sandy {30-L0) gravel,
) ) GP, w/cobbles .
16,21 - 20,0¢ Brown, mod, comp,, m-f sand, SP, w/trace
. . of gravel '
20,01 Bottom of exploration
BIT-12  Elev, 640.7
‘1.4t - 3.0 Brown, mod, cgmp., sandy (f. 30-h0) silt,
T i ML : :
3,0 = 7,.5¢ Brown, mod., comp., gravelly (30-LO) silt
T |  (5-10) sand, SP-SM .
7.5% = 11,51 - Brown, mod, comp., sandy (30-L40) gravel, GP
11,5t - 21,0!¢ Brown, mod, comp., gravelly (30-40) silty
_ | (5-10) send, SP-SM, stratified
21,0t . Bottom of exploration
BIT-13 Elev. 657.6
0,01 = 2,2¢ o Brown, comp,, silty, sandy, gravel, GM
2,2t - 8,5¢ Brown, mod. comp., sandy 4O, 39 gravel
. . GP,gw/cobbles and boulders B,y = 0.3k,
0.3 '
8.5 ~ 21,0t Brown, mod., comp,, sandy 39 gravel, GP,

‘Do = 0.29, stratified w/m-f sand pockets
27 thick by 9' long and 2.5 thick by
11t long '
21,0t _ Bottom of ‘exploration
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19.0°
BTT.17

0.0?
2,5!

15,21
20.0¢
BTT-18

c.0t
1.8?

8.0¢
17.51
20,0°

| |

Elev, 624,3

2,11
22.,0!

Elev., 627.3

2.3"
9.

Elev. 632.3

Lokt
7.0

13.0°

19,0t

Elev., 632,6

2,5t
15.2!

20.0¢

Elev. 63306

1‘8"
8,01

17.5¢
20.,0¢

Brown, loose, sandy (f) silt, ML w/trace

of gravel : '

Brown, mod, comp., sandy L2, L2, gravel,
'GP, w/cobbles and boulders, Byg = 0.12, 0,22
Bottom of exploration

Topsoil

Brown, mod, comp., sandy (30-L0) gravel,
GP, w/numerous boulders and w/ a pocket
of stratified sand SP, 9' long between
ht?' and 509' i

Bottom of exploration

Topsoil '

Brown, mod, comp., sandy LO gravel, GP, w/
cobbles and boulders, Byy = 0,18 -

Brown, mod., comp., sandy 25 gravel, GP,
w/cobbles and boulders, D., = 0,28

Brown, mod, comp., sandy %9 gravel, GW,
w/cobbles and boulders, and w/ a 5' pocket
of med, sand, large boulder on bottom of
trench

Bottom of exploration

Topsoil

Brown, mod, comp., sandy {30~L0) gravel, GP,
w/cobbles and boulders

Brown, mod, comp., silty (5-10) sandy (30~
40) gravel, GP-GM, w/cobbles and boulders
Bottom of exploration

Topsoil '

Brown, mod. comp., sandy. {25-35) gravel,
GP, w/cobbles

Brown, mod, comp., sandy (30-LO) gravel,
GP, w/cobbles end boulders

‘Brown, mod. comp., gravelly (25-35) sand,
SP, w/cobbles

Bottom of exploration
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BIT-19

e
0,21
2,01

BTT-20

0,0¢

0.8t -

2,51
5.0t
7.0t
9.7t

Elev. 940.0

0.2t
2.0

‘Elev, 10LoZ

0.8t
2.51

5,01
7.0

9,71

Forest debris

Brown, loose, gravelly (10-20) silty (30-
40) sand, SM, w/roots and organics

Top of bedrock

Topsoll and forest debris

Brown, mod. comp., gravelly (10-20) silty
(25-35) sand, SM, w/roots and cobbles
Brown, mod, comp,, gravelly 10 silty 36
sand, M, Till, w/cobbles, D,, = 0.01
Brown, comp., gravelly 17 si}gy 32 sand,
SM, Till, w/cobbles, Dy, = 0.012

Brown, comp., gravelly Q9 silty 32 sand,
SM, Ti11, w/boulders,-nlo = 0,011

Bottom of exploration
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