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Abstract:

Copper Canyon area is located u‘l the Magdalena Mountains and is a branch of
the Water Canyon. Tidentified unstable slopes in Copper Canyon, and surveyed
the study area and produce an engineering geologic map of a scale of 1:1650. All
of the engineering geologic symbols being used in this map is the Genesis-
Lithology-Qualifier (GLQ) System from Keaton (1984). Twenty-nine samples has
been collected for laboratory analyses and classified according to the Unified Soil
Classification System (USCS). The geologic map of Copper Canyon is modified
from Krewedl (1974). Debris flows in this area have shear strength around
1.43~1.95 kPa and they are not very fluid. The lab data reveal that void ratios of
most samples are pretty high. The major reason for the slope creeping is that the

soils are not well consolidated.

Introduction:

Within Socorro County, I can point out many kinds of slope failure. We often
go to Water Canyon for a picnic by taking U.S. Highway 60 west and sometimes
going deeper into Copper Canyon. It is very easy for us to see many phenomena

of rock falls, failures, slides and flows along the road, especially in Water Canyon
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Figure 1. Study arca located in the northeast of the Magdalena Mountains
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and Copper Canyon. There is a private land about 500m x 150m in Copper
Canyon. It seems that the slopes, both north and south, are unstable and we can"
also see several debris flows. If we want to rebuilt the houses or to use the land
for any other purposes. I am curious whether the south slope will do any damage
to the private property or not. The direction of this study is to identify the soil

creep and to approach the major debris flows on the slopes.

Study area:
\

Copper Canyon is a branch of the Water Canyon which is located in the
central Magdalena Mountains, Socorro County, New Mexico. This area lies in the
Magdalena 15-minute topographic quadrangle. It is about twenty-two miles west
of the Socorro city (Figure 1.). Access to the study area shown in Figure 2. and 3
is by U.S. Highway 60 west turning left into Water Canyon road for about 6.5km
(4 miles). Then before the road reaches the camp ground, we followed the right-
handed unpaved road into Copper Canyon and found that the trail is divided into
three directions, the east one 1s access to the abandoned Buckeye Mine , the west
one is to the private land and the south-then-west trail, which is called the Copper
trail No. 10, is going deeper into the canyon and connecting the North Baldy trail
No. 84.

Copper Canyon strikes roughly east-west and has a river flow through its north
side of the bottom. Ponderosa pine is the most common vegetation in the canyon.
Besides that, I also found many roses, junipers, chollas and cactuses and many
kinds of unknown plants. The north slope has relatively fewer plants on it than the

south slope. Because it faces against the sunshine and the vaporization is more



active. The water content of the soil is lower and the plants are not easy to survive

and to propagate.

The elevation range of the area in Figure 2. is about from 2100 m (6880 ft) to
2450 m (8040 ft) above sea level. The climate is not so seriously with a few
exceptions in the canyon. During winter seasons, there are many chances to sn
and to rain. The precipitation is abundant. They may seriously retard the field
work. When the canyon is covered with snow, even four-wheel drive vehicles are
hard and dangerous to get there. In addition to that, it is freeze in the canyon,
especially when there is no sunshine on it. On the other hand, there is only a few

periods that the temperature may higher than 40° C(104° F ) in the summer seasons.

I have ever seen snakes, rats and bees in the study area, so everyone should be

alert when working in this field.

The area that interests me is the bottom and the south slope of the canyon.
The land owner set wire fences to confine the boundary limit, and the Copper Trial
No. 10 lies along the fences. The trial is indicated in the Figure 2. Most part of
the slope in Copper Canyon is under creeping condition and we could also find

tens of flow channels on the slope through whole canyon.

Geological Settings:

In central Magdalena Mountains, the exposed unit can be divided into four
main groups. These include Precambrian argillite and granite; Mississippian to

Permian limestone, shale, and sandstone; mid-Tertiary volcanic, intrusive, and



sedimentary rocks; Quaternary talus, pediment gravels, and alluvial deposits
(Krewedl, 1974). Precambrian rocks are the oldest ones that we can find in this
area. Bowring, and others, (1983) described that the largest exposure in the
Socorro area is in the Magdalena Mountains, and they crop out continuously along
the eastern flank of the range from Water Canyon to the northern end of the range.
Kalish (1953) described the Copper Canyon has a large area of greenstone that is
first described by Gorden (1910) as "greenstone schists”". The greenstone is light
gray-green to dark green in color and weathers to buff or gray. The stone is
argillite in Krewedl's (1974) report. The thickness in the canyon is about 300m
(1000 ft). Granite lies under the argillite, both belong to Precambrian age, and
also has an estimated thickness of 300m (1000 ft) (Kalish, 1953).

We can also find Kelly Limestone (Mississippian), Madera Limestone, Sandia
Formation (both belong to Pennsylvanian), and the Quaternary alluvial deposit in
the Copper Canyon. Sandia Formation composed abundance of shale with
quartzite and limestone. Only a small exposure can be identified within study area.
Madera Limestone plays a major role in the study area and it overlies the Sandia
Formation. The stone is a blue-gray, fine-grained limestone and is a homogeneous
sequence with black cherts (Sumner, 1980). The Kelly Limestone dips from 20° to
45° W., and varies in strike from northwest to northeast owing to the folding of the
strata (Krewedl, 1974). He also described the stone as a light bluish-gray,
medium-to-coarse-grained crinoidal limestone and white to gray chert bands are
present. The Kelly Limestone is the most receptive host rock for sulfide
mineralization. The Buckeye Mine and others are found at the Kelly-Proterozoic

contact in the Kelly Limestone (Sumner, 1980).



x i~

Ggure 4. A small fault pass through the entrance of

abandoned Buckeve Mine.



The Spears Formation is a volcaniclastic unit composed of conglomerates,
mudflow deposits, sandstones, lavas, and ash-flow tuffs of andesitic to latitic
composition (Chapin and others, 1978). It is the oldest Tertiary unit found in this
area and has been dated at 37-33 m.y.. The Spears Formation is the lowermost
unit of the Datil Group and can be divided into three members, lower, middle, and

White rhvolite dikes and latite-monzonite dikes in the study area are both

Tertiary intrusive rocks (Krewedl, 1974).

There is a small normal fault strikes N45°E and has dip angle of
entrance of the Buckeye Mine (Figure 4.). Buckeye Mine belongs to the Water
Canyon mining district. Kalish (1953} described that Buckeye Mine has copper,
lead, silver, and some gold mineralization and it was abandoned in 1901 because
that the lower pit was filled with groundwater. The most recent activity was an

attempt by Vernon F. Foy in the 1940's and 1950's to develop the Buckeye Mine,

but it had only small amount of unprofitable production. North (1983) informed

that the ore deposits of the Water Canyon district include some skarn, vein and
replacement deposits assoctated with Tertiary intrusive rocks, as well as some

deposits in faults between the Precambrian and Paleozoic rocks. The deposits in

1

Copper Canyon are replacement deposits in Paleczoic inmestone.

Engineering geologic map:

Engineering geologic map use different kind of symbols from conventional

s}

¢ how to create an engineering geologic map after

fe)

gealogic map. | started learnin

~

. Haneberg, who 1s ene of my advisors, introduced the Genesis-Lithology

Lo P,

Qualifier (GLQ) system o me.



The GLQ system is proposed by Keaton (1984). The following paragraphs are
abstracted from Keaton's paper to introduce the system and explain all the symbols

being used in thi

1s repost.
he Genesis-Lithology-Qualifier (GLQ) system of engineering geology
mapping symbols, and the elements of the system were first described by the

originator, Richard W. Galster. Keaton (1980} compiled a data sheet describing

Galster's system and proposed a few additions to it. The chief difference between
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most conventional geologic mapping systems is in the detail

ot

¢iven to unconsoiidated surficial materials (soils in the engineering sense). Most
conventional geologic maps are constructed to portray the stratigraphic and

structural relationships of bedrock units. Y

{n many engineering applications, the age of geologic materials is either
unimportant or so important that conventional symbols are niot sufficient, so age
terins are not included in the GLQ system. The GLQ system consists of symbals
which have engineering sigmiicance as well as similarity to the Unified Soil |

o
Classification Svstem (USCS) in engineering use, and the same material in

different regions will be represented by the same symbol.

The general formula for symbols representing surficial materials can be stated
as:
eAb{c)(d)

1ol; usually single capital letter.

b = Lithology symbol; one or more lower case letters.



(¢) = Qualifier symbol, if desirable; one or more lower case letters in
pe arentheses.
{d) = Thickness, if applicable; Arabic number with feet or meter
symbol in parentheses.
e = Modifier symbol, if applicable; one or more lower case letters (o

denote deposits of critical engineering and construction

All symbols for surficial materials must have at a minimum & genetic symbol

. : . - : ,"
and a lithologic symbol. The genetic svinbols include followings: {
A - Allavial C - Colluwvial E-Eclian  F - Fill (man-made)

- Glacial L - Lacustrine M - Marine
R - Residual S - 5lide YV - Volcanic
Virtually all surficial materials may be classified by one of these genetic

symbols. In some cases, interbeded materials can be denoted as, for instances,
A/C means alluvial and collovial deposits or G/L means glacial and lacustrine

deposits. Occasionally, deposits of combined origin or uncertainty can be

designated by a hyphen, for example: "A-C" or " R-C".

The most abundant or significant lithologic symbols are:

k- cobbles b -boulders r-rock rubble t - trash or debris
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Commonly, & number of grain sizes are present in s single deposits. You can
abbreviate with the use of a hyphen: "m-b" means constituents from silt to
boulders and "rm-g" means signify rock rubbles in a matrix composed of silt, sand,

and gravel,

Qualifier symbols are the followings:
1. For elluvial; (D-fan morphelogy  (fp)-present flood plain - (te)-terrace
(df)-debris fan (p)-pediment deposits
5 For colluvial: ‘s )-slone was! a-tali Cor)-creen denosis
L. rOU COLUVIALL {SW)-510pe wasn (_LEL} taius (Crp-Crocn aeposiis
3. For eolian: {Ii-loess (dy-dune morphology

4 For fill deposits  (u)-uncompacted  (e)-engineered

5. For glacial deposits: {es)-esker  (0)-til (1c)-ice contact
(m)-moraine (k)-kame {0)-outwash
6. For lacustrine and marine:(b)-beach  {(mg)marsh {de)-delta  (ti)-tide lands

7. For residual deposits:  {sa)-saprolite
8. For slide deposits:{ro)-rotational (Is)-laterai spread  {fi)-flow
{tr)-trenslational (sh)-shump
9. For volcanic deposits:  (a)-ash (chelinker  {puj-pumice {ci}-cinders
Qualifier symbols may be used if noteworthy qualities are present and are

generally unique for each genetic classification,

here are only three modifier symbols proposed, they are: ¢ - cemented, ¢ -

o

expansive, and h - hydrocompactible. As indicated former, these symbols precede

o

9



i
the genetic symbol. For example, "hAmes(f)" means "hydrocompactible alluvial

sandy, clayey silt in an alluvial fan". ‘

Besides the surficial materials, the bedrock materials also got a formmla as:

where AA = Rock tvpe symbol; usually one set of two capital letters

representing geologic "shorthand”.

=

[§)+]

U<

(b) = Thickness, if applicable: Arabic number with feet or mete

symbol in parentheses

¢ = Modifier symbol, if applicable; one or more lower case letter.

3

The use of this formula is similar to the above, for example, "QT" 1s quartzite,

"SS" is sandstone, "BA" is basalt, and so on. "S8/SH" signifies interbeded
sandstone and shale. But you have to be careful that "SS-8T" denotes "silty

i

, N W uSS .
sanastone to sandy siltstone” and —7 means "sandstone over siltstone”.
) o7

i

. Cm-lfer) - This 1s the deposiis produced by creep on the slope. We classified
this kind of deposits as colluvium, It contains silt, sand, gravel and
cobbles.

2. Am-k - This s the alluvial deposits and 1s equal to the geologic symbol "Qal".

It also contans silt, sand, gravel and cobbles.

10



3. Sm-k{fl) - Main debris flow deposits. It is classified as "slide". The deposits

contain silf, sand, gravel, and cobbles.

In Copper Canyon, we can see that soil erosions are proceeding in debris flow
chanmnels (Figure 5.), creeping slopes, and also in the private land (Figure 6.). That
nay change the shapes of the flow channels, accelerate the rates of slope creep,
and affect the shape of the land. Figure. 5 and 6 show the erosion channels

formed after rains and snows in the winter of 1993-94,

Soil erostons can be proceeded through many ways, such as wind erosion,
rainiall and snowfall erosions, groundwater erosion, and so on. Gray and Leiser
(1982) described control factors for both rainfall and wind erosions and in the

naper, they also mentioned about how the vegetation plays a role against erosion.

S—Y

For rainfall erosion: 1. Climate - storm infensity and duration

2. Soil - inherent erodibility
3. Topography - length and steepness of slope

4. Vegetation - type and extent of cover

For wind erosion: 1. Climate - temperature, rainfall distribution, wind

velocity and direction

[

- Soil - texture, particle size, moisture content, surface

IOUE Nness.

11
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. Erosion channels in the private fand formed after snow and rain this winter



3. Vegetation - type, height and density of co"er,

seasonal distribution.

Vegetation offers the best long-term protection against surficial erosion on
slopes and provides some degree against shallow mass-movement. Vegetation

prevents surficial rainfall erosion by:

1. Binding and restraining soil particles in place.
2. Filtering soil particles out of runoff.

3. Intercepting raindrops.

4, Retarding velocity of runoff.

5. Maintaining infiltration.

Debris flows: ' |

There is complete gradation from debris slides to debris flows, depending on
water content, mobility, and character of movement. The term "debris flow"
defined as containing a relatively higher percentage of coarse fragments than mud
flow does and it commonly results from unusually heavy precipitation or from
thaw of snow or frozen soil (Varnes 1978). Flows usually follow preexisting
drainageways, and they are often of high density so the large boulders can be

rolled along.

Rahn (1986) also made some descriptions about debris flow. According to
some classifications, debris flow is a coarse-grained earth flow and mud flow 1s a

ﬁﬁe—grained one. Debris-flow deposits typically have 50 % of the solids larger

12



than sand, and they contain 90% by weight solids, and have densities of 2-2.5

g/cm®. The deposit consists of clayey matrix containing large angular boulders

and rubble.

Debris flows could happen anywhere in the mountain range and would do a
fatal harm to people and their properties. I think that is why so many geologists
and engineers are interested in studying characteristics of debris flows and
anxiously trying to predict when and where it will fail. Within the study area, we
can see four obviously debris flow channels (marked as L., II, III. and IV. in the
Figure 3), and many minor ones. Ifound that the owner built a concrete dam near
the place where I collected sample IC and is between IB and IC. I think it

probably to reduce or to prevent the damage.

It is very important for us to get familiar with the properties of debris flows.
Such as the densities of the deposits and clasts, critical thickness of the deposit,
slope angels, shear strength, cohesion values and friction angles. Because a flow
is just like carrying itself through a channel for a long distance and then settle
down as a deposit. Knowing the properties may help ourselves to become aware
of the flowing process. Before we can calculate the value of shear stress k at the
time it stopped flowing, we have to determine the density of each debris-flow
deposit first. The method being used here is from Johnson and Rodine (1984) as

follows:

STEP 1. Sample a representative volume of debris-flow deposit and separate
coarse clasts (greater than about 10 mm diameter) from fine material. Determine
the volume Ve of coarse clasts by measuring dimensions and computing volumes

or by displacing a volumetric fluid.

13



STEP 2. Determine the average density pc of coarse clasts. Generally select

samples of different rock types and determine their densities in the laboratory.

STEP 3. Admix water in small increments to all the fine fraction (containing
clasts smaller than about 10 mm diameter) of the sample until it becomes mobile.
Then determine the density pf of the reconstituted fine fraction by measuring the

weight of a known volume.
STEP 4. Determine the total volume V£ of the reconstituted fine fraction.

STEP 5. The density of the reconstituted fluid debris pd, including the coarse

clasts, is then:

V. +Vf

,Od"/?fJ{ 4 ](pc—pf)

Now we find the densities, we have two ways approaching to the shear s(tress k

(ctn/ cmz) values by using the equations below and they are also from Johnson and

Rodine (1984).
( I) use the thickness of the debris flow deposit
k=Tk*7vd*Sin(d)

where k is the shear strength. the unit is dn/cm?= 0.1 pascal

Tk is the thickness of the debris flow deposit. the unit is cm

14



O is the slope angel of the deposit.
Yd = pd g is the unit weight of the reconstituted debris. the unit is
dn/cm?

If the flow channel is roughly semicircular, then Tk = Rk /2
Rk is the radius of the channel.

If the flow channel is roughly rectangular or semi-elliptical in cross-section,

05w, D,
2 - 2
(") w1 (o)

We is the critical width and Dc 1s the critical depth.

then Tk=

( I ) measure the unusually large clasts in the debris flow deposit

k=0.219h(yb-nvyd)

where h is the height of the large block. the unit is cm
n is the volume fraction submerged in the deposit.
vd 1s the same as above.

vb 1s the density of the large block.

After we collect and calculate all data through upper procedures, we can use
the data and the graph in Figure 7. to obtain the values of cohesive strength C and

friction angle ¢.

15
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Figure 7. Graphs used to compute C and §.

h(Z —n)
STEP 1. Calculate the value of —7"T—— first.

STEP 2. From upper part (a) of Figure 7., use slope angle O and the value in
stepl to find ¢ value.



STEP 3. From lower part (b) of Figure 7., use ¢ value obtaining from step 2

Tc}’d
C -

and & to find a value which is equal to

STEP 4. Use the value and the equation from above to calculate the value of C.

Cohesion is the shearing strength of the soil. It is affected by the mutual
attraction of particles due to molecular forces and presence of moisture films
(Rahn, 1986). Cohesion may vary from O pascal in dry sand or wet silt to 103 L
pascal in very stiff clays. And internal friction is the resistance to sliding within
the soil mass. Gravel and sand impart high internal friction, and it will increase

with sand and gravel content. The stability of the slope is affected largely by these

two factors.

T=c+octan ¢ where o is the normal stress

7 15 the shear stress
The equation is known as Coulomb's equation and is worldwidely used.
When considering stability of the slope, we can use friction angle and slope
angle to calculate the factor of safety. The slope has to be an infinite and

homogeneous soil mass,

F=tan ¢ /tan B for dry slope
F=0.5tan ¢ /tan B for fully saturated slope

17



where F = Factor of safety
¢ = friction angle

B = slope angle

Laboratory studies:

In order to calculate the shear strength, friction angle, and cohesive strength of
each debris flow, I simply collected 5 samples each for debris flow I & 1T and only
2 samples each for debris flow IIT & TV. Because the deposits of flow IIl & IV
were disturbed and the boundaries are not easy to confine. Some data could not be
obtained and I just measured densities, estimated the larger clasts of them and

include these two sets for comparison.

I was able to get only 2 undisturbed samples of the debris flows, so the void
ratios of most samples cannot be determined. Through laboratory works, all of the
samples were analyzed and classified according to the Unified Soil Classification
System (USCS, Appendix 1). The densities of all samples range from 2.29 - 2.53
g/cm3 Because the fine fractions (particles pass sieve No. 200 which is 0.074 mm)
of all samples are less than 5%. 1 didn't run the Atteberg's' limit tests on most of
them. Table 1 & 2 give the summaries of the laboratory works and the detail
analysis results are referred to appendix 2. Samples IA & IIE have Cc values very

close to 1.0 and they meet all the other requirements, so I classified them into GW

& SW.

Table 3., 4. and 5. below, show the data and results from the laboratory and

field. Densities of | & 11 are the mean values from table 1 & 2.
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Table 3. Summaries of four debris flows using method (1) to get k values

DEBRIS FLOW I II 11 I\
pd (g/em’ ) 2.39 2.44 2.40 2.35
vd 2345 2394 2354 2305

Tk(cm) 65 35 - —-

o 6.5 8.5 —- —

Sin o 0.1132 0.1478 - -

k (dn/cm?) 17300 19500 - -

Table 4. Summaries of four debris flows using method ( I1) to get k values

DEBRIS FLOW 1 11 111 1IN
vd 2345 2394 2354 2305
pb (glem? ) 2.62 2.55 2.64 2.64
Yb 2570 2502 2590 2590
n 0.4 0.40 0.25 0.25
h(cm) 40 45 35 35
k (dn/cm?) 14300 15200 15300 15400

The k value is correspond with the flowing rate of the debris flow. Ifitis quite

Table 5. C and ¢ calculated from Figure 7.

and they should be the same.

fluid then the value of k is small. So we might say that debris flow I. is the

slowest. Practically, in this result, four k values are around 1.43 kPa ~ 1.54 kPa,

DEBRIS FLOW I 11 11 1\
¢ 2.4 1.0
C 13000 15000

19



the deposits of debris flow ! between the Copper Trial No.10 and the

NAVA

t
e pillars of the wire fence had flushed away.



Descriptions:

Debris flow L probably had ever did any damages to this area. Because the
land owner built a concrete dam to obstruct the flow, and the retaining wall to keep
the slope stable. The difference of the deposit inside and outside the dam is about
2.0-2.5 meters. If we look downstream from the dam, it 1s not easy to confine the
channel boundary. I suppose that the former debris flow happened a long time ago,
and most of the land is covered with grass, but we can still observe larger clasts
scattered. The channel is deeper and larger than all the others in this area. After
the channel across the trail in the land, the deposits become more obvious to
distinguish. Many more large clasts were found in the channel that finally reaches

the river.

Then we look upstream from the dam, the deposit is thicker and is more
distinctive just inside the dam. We can see the channel, the lateral deposit ridge
and the snout. The debris flow destroyed the pillars of the fences that is along the
Copper Trail No.10 (Figure 8). I believe that after the dam had been built and the
fences had been set, there was debris flow that had ever happened at least once.
There are some but not much volcanic rocks scattered along the channel deposit.
The rocks are reddish brown and look very conspicuously. If we trace the channel
upstream from the trail, we may found many locations that show deeper caves and
larger vertical differences. The soils flushed away and the bed rocks were
exposed. Entire flow channel is meandering, and many sharp curvatures along the
channel. Figure 9. shows two cross-sections of debris flow I. The estimated soil

layers are not very thick and we can see the bed rock is limestone.
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Figure 9. Cross sections perpendicular to the channel of debris flow I & II, AA’, BB' and
CC' are in the flow ], and DD' and EE' are in the flow II. All scales are the same.



Debris flow II. looks more interesting, the bed rocks exposed because of the
debris flow took away the soil and we can identify the contact of Kelly Limestone,
Sandia Formation and Madera Limestone. Although the deposit near the river
doesn't preserve very well, we can merely identify some ambiguous boundary and
collect samples for laboratory test. It looks like an alluvium fan deposit, partly
covers with grass and larger clasts dispersed. The pillars of the wire fences near

the trail were also demolished by debris flow.

When we take a look at the upstream of the flow, there are two channels from
different directions (Figure 10). They combine with each other at about 7 meters
before the channel across the trial. The one at the right-handed side is steeper but
smoother and the other at the left-handed side is more released but more zigzag.
The two contacts of three formations can be seen in the left-handed channel.
When we trace the left channel upstream, it has many places that have larger
vertical differences and we meet first exposed bed rock is Kelly Limestone
followed by Sandia shale which is more fragmental than the others, and then 1s
Madera Limestone. Figure 9. also have three cross-sections of debris flow II. We

can see the relative positions of two channels

Debris flow 1L looks very similar to debris flow [V. The channel flowed
northward as all the others but while it encountered the iron fences it turned
eastward along the trial for about 13 m. and then went downward again. It 1s

because of the trial is steeper here.

After the channels flow through the fences, both of the channels and the

deposits are not so obviously to recognize. I think that materials of the debris flow
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were disturbed and trapped by fences and trees, so only part of them kept going

and then settled down as deposits.

Debris flow IV. is not so large in comparison with flow . and II. But we still
can see the lateral deposit in the channel very clearly at certain spots. Just like the
debris flow III, when the flow went downward and met the trial, the channel was
disturbed and part of the flow was trapped by the iron fences and trees. Some
flowed through and some settled down on the trial. That's the reason why the
deposit on the tnal is very clearly. But through people's destruction, it is not easy
to preserve completely. The width of the deposit on the trial is about 8.5 m. I
estimate that the fences have a largest separation of 1.0 m and the trees in the
channel are deformed. The flow went far more than flow Il and very near the

abandoned house.

Creeps:

Creep as described in the "Glossary of Geology", which is edited by Gary,
McAfee and Wolf (1972), is the slow, gradual, more or less continuous, non-
recoverable (permanent) deformation sustained by ice, soil, and rock materials
under gravitational body stresses. Soil-creep is the best-known and most widely
distributed type of slow flowage in nature. The deformation rate on a hillside
depends not only on climate conditions and angle of slope but also on type of soil,

parent material, and many other factors (Sharpe, 1960).

Hansen (1984) defined by its velocity, owing to the slow nature of the

movement. There are usually three types of creep:



1. Seasonal creep, or movement within the depth of soil affected by seasonal

changes in soil moisture and soil temperature;
2. Continuous creep, where shear stress exceeds the strength of the material;

3. Progressive creep, which is associated with slopes reaching the point of

failure by other mass movements.
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Fig. 11. A typical model of the slope creeps

Figure 11. is a typical model from Sharpe (1960). It indicates many common
evidences that we usually use to identify soil creeps. ( A ) Moved joint blocks; (B

) trees with curved trunks concave upslope; ( C ) downslope bending and drag of



bedded rock, weathered veins, etc., also present beneath soil elsewhere on the
slope; (D) displaced posts, poles, and monuments; ( E ) broken or displaced
retaining walls and foundations; ( F ) roads and railroads moved out of alignment;
( G) turf rolls downslope from creeping boulders; ( H ) stone-line at approximate

base of creeping soil.

The movement of creep is not so instant and prominent and it could probably
take a period of time to be noticeable. People usually ignore where creep may exist

and they even don't know about the reason why their possessions were wounded.

Evidences:

Through field observation, we found that both slopes of the canyon are
unstable, especially in the south slope. A large range of area is creeping and the
bottom of the canyon as well. We have discovered many phenomena listed below

to prove the slope is creeping.

1. All of the trees on the south slope through entirely canyon look like the
one shown in Figure 11. No matter what they are big trees or small ones, their
trunks near the roots grow curved. Because trees have the tendency growing
against gravity and toward sunshine, their trunks always straight upward. The
slope is creeping downward now, and there are forces push aside the trunks, but
the roots stay where they are, so all trunks become like this. Some of them are

seriously curved (Figure 12).
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Figure 12, The trunk near the roots of the tree is seriousty curved.
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Figure 13, When the roots can not resist agamst the creep, 1t fell down



2. During the study time, I walked through whole canyon along the trial
periodically. 1had ever seen trees fell down to the ground, but not quite often. It
seemed to happen at which creep is more active (Figure 13). I noticed that
everytime afier it had heavy snow or rain, there probably had tree(s) fell down.
Water pulled the trigger to the unstable slope. The latest two fallen trees that I

noticed were between the dates of Jan. 27 and Feb. 17.

3. After trees fell down, they would leave holes there. It won't take "creep”
a lot of time to recover them. 1tried to estimate two holes of them. First one, it has
30cm in diameter and 15¢m in depth when I noticed it, and it only took creep three
months or so to get the hole back to normal with the help of rain. The second 1s a
bigger one which has 80cm in diameter and 40cm in depth, and it is getting

smaller day by day.

4. Almost all pillars of the wire fence which is used by the land owner to
confine the property boundary are found to have a certain degree of tilt and
separation. The pillars of the cattle pen at front of the house are also inclined, but

they don't seem seriously as the ones on the slope.

5. The rains and snows may help creeping whether they are small or heavy
because the water content of the soil would get higher and even saturated. Once
the soil became mobile, it is easier to creep or to flow. Everytime after it rained or

snowed, I detected some small scars on the slope.

6. The side-wall of the abandoned house has deformed, because there was
soils pushing on it . I measured the difference between inside and outside of the

wall 1s about 1.2 meter (Figure 14). Such phenomenon indicates that creep is
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Figure 14, The land on both sides of the wall is quite different in height.

Figure 15. The trec is bend and the base is deformed.



proceeding. I also found that the base of the house has a large separation and the
wall of the base is partly failed. It proves that the whole house is moving parallel

because of creep (Figure 15).

7. Creep also occurs at the deposit of debris flow III. and I'V. just inside the
fences. Because they have larger slope angles there combined with the creep of
the slope themselves. I think that the deposit was not so dense is one of the

reasons and it would promote the creep rate.

Field and laboratory studies:

Since the whole area is unstable and doesn't move equally, it is not easy for me
to measure the exact movement of the slope. In order to estimate the approximate
rate of the deformation, I randomly choose three points on the slope (these points
are near the places where I collected sample marked as No. 5, 8 and 12 in the
Figure 3.) and set symbols for observation and record. 1used three steel sticks and
originally 1 pushed them into slope and kept them straight upward. I measured

each point to a stationary point respectively and record their changes periodically.

According to the data and phenomenon that I got from field, the most active
place should be around the range between debris flow III. and IV. I estimate the

deformation rate is about 12.0 cm per year.

The deformation rate of the point which is between debris flow II and III 1s
10.2 cm per year. And the rate for west-side of the slope which is in the middle of
debris flow I and IV is 8.8 cm per year.
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From the creeping slope, I collected 19 undisturbed samples for laboratory
analysis. The results show the properties including void ratio, particles
distribution, dry density, Atterberg's limits, and moisture content. The same as
debris flows samples, each sample was analyzed and classified according to the
Unified Soil Classification System (USCS). Table 6. shows the summaries of the
laboratory analyses results. And the detail soil samples distributions are in the
appendix 3. 1did the same thing as samples [A & IIE. Samples No. 6 & 11 have
Cc values close to 1.0 and sample No. 3 has Cu value close to 6.0, so they all

classified as SW.

We can see that most of the void ratios are pretty high. Holtz and Kovacs
(1981) suggested that normally, typical values of void ratios for sands may range
from 0.4 to about 1.0 and for clays vary from 0.3 to 1.5 and even higher for some
organic soils. According to lab results, I calculate the mean value of the dry
density, which is defined as weight of dry soils divide by total volume of the
undisturbed sample, is around 1.08 g/cm3. It is pretty low. All these mean that

soils of the slope are very very loose.

Some of the samples have relatively higher moisture content. Because |
collected these samples only one week after the snow melted and some are just
under trees where the sunshine barely reached. I collected samples of debris flows
at just one more week later and I was fortunate to collect the samples because it

rained the very next day.

We can roughly divide all samples into two groups: the fine fractions over 5%
and less than 5%. Sample No. 5,7, 12, 15, and 2, they are classified as SP-SM or
SM , and all the others are SW with an exception of No. 8. The fine fractions



g

ranging from 1.7% to 15.7% are largely depending on the depth where 1 digged the
hole and collected the sample. I think that is because the slope is creeping. The
soil is shearing and all of the particles chafe against one another. The deeper it

goes into, the larger the forces are.

Discussion:

Many trees that are grown in the middle of the channel or debris deposits look
like the trees in the creeping slope whose trunks are bend. The reasons for both
situations are not the same. As I have mentioned above, the reason for trees whose
trunk is curve in the slope is their tendency of growing anti-gravity and photo-
sensitivity, and for the trees in the channel is the materials of the debris flow
pushed them. Trees in the debris flow must have grown before debris flow(s)

happened.

The ten samples collected from debris flows deposits are not all classified as
GW or GP. ID & lIE are very close to GP & GW respectively, they all contain
nearly 50% of grain size larger than No. 4 sieve (4.76mm in diameter). IC & IIB
were collected at the middle segment of the channel, and they do not match Rahn's
(1986) description (which is in the second paragraph under the title of debris
flows, says the typical debris flow deposit has 50 % of the solids larger than sand),

and maybe they are not typical enough fo be the samples of the deposits.

When I tried to create table 6, I considered arranging the samples according to
the percentage of fine fraction each sample instead of the sample numbers. The

benefit of arrange in this way is that all of the SW & SP samples, SP-SM samples



and SM sample are group together respectively, and it is easy to compare with each

other.

In USCS, the requirements of GW (well-graded gravels with little or no fine)
are Cu >4 and 3 > Cu > 1, and for SW (well-graded sands with little or no fine)
are Cu>6and 3 > Cu>1. Several samples don't completely meet all of these, but
very close to. What I considered is when I analyzed the samples and plotted the
data into a semi-log figure, I am not skillful at that and everything might not
accurately be done. Besides that, | also examine the curves in the semi-log figures
to make sure the curves are smooth. So I loose the rules a little bit and classified

them.

According to Coulomb's model, only when friction angle ¢ > slope angle d the
slope is stable. In table 5, ¢ for debris flow I is 2.4° and for debris flow 11 is 1.0°,
both are smaller than their slope angles. So the ¢ values for debris I and II are

possible.

In Table 3., some data are missing because the channels and deposits of the
flow IIl. and IV. had been disturbed. It's very difficult for me to collect what I need
for the table. So I neglected the C and ¢.

Only when trees and other plants are big enough and their roots go through the
creep layer and reach the bed rocks, they could promote the stability of the slope.
Otherwise, I don't think it will help a lot. On the contrary, their weight will add to

the slope and make it slip down.



The deformation rates for three places may use as references. Because I don't
have a precise tool to measure the deformation and I am not exactly sure the points

that chose as fixed are really firm.

Through the study in the copper canyon during past several months, I get
familiar with many characteristics about debris flow and several methods in the
field. 1 also testify that the south slope is as active as what I expected. Snows and
rains would do a large help to the creep. Besides these, I've learned that the whole
study area is unstable. If the owner wants to rebuilt the houses or to develop for
another purpose, the most important is to prevent the damages that would cause by

creeps and debris flows.
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0.132 3.% No. 6 49, = 45 ' >49
0.09% 2.38 | ¥o.8 ' '
0.079 . 2.00 No. 14 ©7.5 /0 | 158
Q.CLT 1.19 No. 16 ‘
0.033 0.8h Fo. 20 T LLE b2 ) : .?,15
0.023 0.59 No. 30 '
0.0165 0.42 ¥o. Lo ,
0.0117 0.297 No. 50 L7 6.0 35
0.0083 0.210 | mo. 70 - o
0.0059 0.1kg Fo. 100 /&0 r7 ' 19
"0.00L1, 0.105 | Fo. 140 6.5 " 0b e
0.0029 0.078 | Fo. 200 L2 08 1753
Pan %7 0.
Total weight in grams /0853
Partial percent retained = _ Wt in gra=s retained on & sieve

Wt in grams of saxple used for a given series of sieves % 100

wt in grams retained on a2 sieve
1 + -
Total percent retained —ovs =

lexlOO

For an individual sieve, the perceat Ziner by weish: = percest fimer than pext larger
sieve - percent retalned on individusl sisve

Remarks

Technicien Computed by Checked \-:y
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STVE SNALYSIS

Date
Project

Semple No. IC

Boring Mo.

Total vt in grass of seaple, W = 5(7)9\ L %
S,

Wt In grams of paterial > No. 4 sieve "183.3 3

wt in grams of secpls used for a given series of sieves

vt in gramas retaized ca 8 sieve

1 4 -
Total percent retained total Wt in grams of ovan-dcy sampls

% 100

sieve - percent retained on individual sieve

Rezasiks

Teehniclan

Cemputed by Crecked ‘:-:y

Sicve Openings sStg;zd.ard. R:.:i%:;d. Percent Retained P;;:::t
Tnches | Millimaters | oo st 1o gracs Partial motel by Welght
3.00 3-in. )

2.00 2-1in.

1.50. 1-1/2-1n.

1.00 .25.4 1-in. YD
0.750 - 9.1 3/b-1n. >6,7] - =22 76,2
0.500 12.7 1/2-1n. £9.4 7.9 8.3
0.375 9.52 | " 3/8-1a. 519 3,6 827
0.250 6.35 No. 3 4], 2 &9 263
0.187 5.76 | MNo. b >p. | .9 73,9

- Pm ' I ’

0.132 3.36 No. 6 >4, O 3,6 723
0.05% 2.38 | Wo. 8

0.079 . 2.00 Fo. 14 0.2 1, 2
0.047 1.19 No. 16

0.033 .84 No. 20 A% 9.9 4h 2
0.023 0.59 No. 30 _
0.0165 0.2 Yo. 40 .

0.0117 0.297 No. 50 =X >3t >9
0.0083 0.210 No. TO ]
0.0059 0.1L9 No. 100 &1 8.5 14 |
"0.00kY, 0.105 | Fo. 140 41,77 4O &
0.0029 0.0Tk Fo. 200 >6.9 3,9 43

Pra 20,3 %
] Total weizht in grams &7% !
Partial percent retained = wt in gra=s retaiced on e sieve x 100

For an individual sieve, the percsnt 2iper by wsigz:t = percent finer than pext larger
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SIZVE 2RALYSIS

Date
Projsct
Boring No. Sample No. ID
Total wt in graas of agmp_lf:,lwn = 17“‘[.5'2' [‘R in grams of zazerial > No. L siave = 32339
Sieve Openlings sftg;ld!sl;d R::i%i:d Percent Retained P;;:::t
Inches Millimetera ore;fmﬁif.e, in grezs Partial Total by Weight
3.00 3-in. '
2.00 2-1in.
1.50 ‘ 1-1/2-1n.
1.00 . 25.4 1-in. . : | yevo
0.750 - 19.1 3/b-1n. 78.3 <z 8.0
0.500 12.7 1/2-1a, £8.b 2.b 744
0.375 9.52 " 3/8+1n, R 10,7 4.8’7
0.250 6.35 No. 3 b7 03 U > T
Q.187 ' L.76 " No. b 4833 g2 ) &2 .
0.132 3.35 No. 6 Sol- 73 ‘ JIE R
0.054 2.3 | ¥No. 8
0.079 . 2.0 | To.14 £9. A 33
0.0bL7 .19 No. 16
0.033 0.84 No. 20 T 427 hb . ) >4, 7
0.023 0.59 No. 30
0.0165 0.h2 ¥o. Lo
0.0117 0.297 No. 50 23.b AT )23
0.0083 0.210 No. 70 ) '
0.0059 9.149 Fo. 100 28.8 L) ’ . 7.9
"0.00k1, 0.105 |. No. ko 49 T g b
0.0029 0.075 | No. 200 A 2.1 37
- a3 3.7
Total weight in grams £49.5
Partial percent retalned = vt 1o gra=s retaioed on & sieve X 100

wt in grams of sexpls used for & given series of sieves

= Wt in grems retained on a sieve
Total perceat rotaiged total wt in grams of oven-dry sampla x 100

For an individual stieve, the percant Ziner by weight = percent finer than next larger
sieve ~ percent retalzed on individual sieve

Rexzaris

Techniclan Computed by Crecked 't-ay
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SIZVE STALTSTS

Date

Projact

Boring No. Sample No.___l_g

Total vt io grams of ’@p_lf’,w, = L7272 c} Wt in g:rm_ot material > No. L sieve 73&(_‘5%

Sieve Openings Stzr-xd.iz.'d Welgmt Percent Retaimed Percent
Sieve Size Retalinsd Finer -
Inches Millimeters | or Number . in gre=s Partial motal by Weight -
3.00 3-1in. )
2.00 2-1in.
1.50 . 1-1/2-1n.
1.00 . 25.% 1-in. a . . 1000
0.750 - 19.1 3/4-1n. 44,0 .z 427
0.500 12.7 1/2-1n. g2.b 12.2 %05
0.375 9.52 | ' 3/8-tn. VIR 105 o0
0.250 6.35 No. 3 4.7 1,8 T ol g2 ¢
0.187 .76 | No. b 619 g | : 49
T Pnn ' i '.
0.132 3.36 No. § 5o 7L - 41,17
0.054 2.38 | ¥o. 8 :
0.079 . 2.00 No. 14 834 2.5 294
0.047 1.19 No. 16 -
0.033 0.8k No. 20 © 5L Al : : 2|8
0.023 0.59 No. 30 ]
0.0185 0.h2 No.' Lo ,
0.0117 0.297 | Ro. S0 28.5 13 27
0.0083 0.210 No. 70 .
0.0059 0.159 | Ro. 100 2773 4.0 ' 4.7
"0.00L), 0.105 | Fo. 140 TN "L b 3
0.0029 0.074 Fo. 200 10,6 I b L5
Pan 2.9 15
Total weight in grams 517/2 .
Pacrtiel percent retained = N wht in grz=s retained on & sieve % 160

Wt in grams of ss=ples used for a glves series of sieves

wi in grams retained oum & sieve
tal percent retained =
To rere * e Total wt in grams of ovan-dTy samp

hx:t.oo

For an iodividual sfeve, the percant fiper by welzht = pescent finer than nex%t larzer
sieve - percent retaized on lndividual sieve

Rezarizs

Tectatcien Coaputed Yy Checked by
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Rezarzs

Technician

Total percent retained =

vt in grams of sezple used for & glven series ol sieves

v in grams retalsned oo 2 sieve

total wt in grams of ovan-dsy sample * 100

Ccooputed by

Checked éy

Date

Project

Boring No. Sezple No. ILA _

Total wt in gra=s of sal.np.l_e,.ws = /4_(12? ['ﬂ: in grama'or z=zerlal > No. h sleve = 29 | ?

Steve Openings Sti',df,'d_ RZ:i%::d Percent Retained P;I:::t
Inches Millimaters if.cvgzma:e in grez=s Partial Total by Weight
3.00 3-1in. '
2.00 2~-1in.
1.50. 1-1/2-in.
1.00 .25.h 1-in. U, 0
0.750 19.1 3/b-1n. 23.3 X 83,9
0.500 12.7 1/2-1n. (8.7 129 7_'/\?0
0.3715 9.52 | 3/8-1n. 13,] 7.0 420
0.250 6.35 No. 3 18.9 /3.0 Jo
0.187 4.76 No. b N 2.7 392
- Pm ’
0.132 3,36 No. 6 S 39 3 4
0.05% 2.38 No. 8
0.079 . 2.00 No. 14 19,2 /3,2 3 >
0.047 1.19 ¥o. 16
0.033 0.8 No. 20 T 05 2 /8.0
0.023 0.59 Fo. 30
0.0165 0.h42 ¥o. Lo ,
0.0117 0.297 No. 50 L] 2.7 £3
0.0083 0.210 No. TO )
0.0059 0.145 ¥o. 100 4.0 22 25
"0.0041, 0.105 | Ne. 1o 5.9 o.b L9
0.0029 0.07% | No. 200 /] 2.8 I
Pan A6 Al
Total welight {n grams J s 2
Partial percent retained = Wt in gress retained on & sieve X 100

For an individual sieve, the percent Zfimer by waizh: = percent fimer than pext larger
sieve - percelt retained on individual sieve
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STTVZ sHALYSIS

Date
ProjJect
Boring MNo. Sample No. .IIB
Total vt in gramas of ufmpllf:,lws = 573\7 2 l'ﬂ: in grams of caterlsl > No. k sieve = }Qﬁ‘a%
Sieve Opeaings St(:x;diz.-d Welght Percent Retaiped Percent
Sieve Size ?:t&iﬁ bFi.:er )
Inches Millimaters | or Numder . gT Partial Total ¥ Weight
3.00 3-in. '
2.00 2~1in.
1.50 ‘ 1-1/2-in.
1.00 . 25.4 1-in. /0D, O
0.750 19.1 3/b1n. 2 25 9], 4
0.500 12.7 1/2-1n. 234 4.% b
0.375 9.52 |~ 3/8-1n. 28 b 4.] g2.5
0.250 6.35 No. 3 383 49 v
0.187 4.76 No. & 29.8 43 0
0.132 3.3 No. 6 2> 3 489
0.09% 2.38 No. 8 '
0.079 . 2.00 ¥o. 14 2.6 12 £b3
0.047 1.19 No. 16
0.033 0.84 No. 20 T Sk 10,9 B L
0.023 0.59 No. 30 '
0.0165 0.42 ¥o. 40
0.0117 0.297 No. 50 12, | .0 >2 L
0.0083 0.210 No. 70 ]
0.0059 0.1 | Fo. 100 3.2 1ok 12,8
"0.00kY, 0.105 | No. 1ko 3,6 S| 77
0.0029 0.07h No. 200 > 4.0 3.7
Pan S 3.1
Total welght in grams 927
Partial pestent retalned = ¥t in gre=s rrtained on & sieve % 100

wt in grems of sa=pls used for a glven series of aieves

whi in grams retained on & sieve

Totel perceat retained = total wt in grams of ovan—dry sample *

10

For an iodividual sieve, the percent finer by welzht = percent finer than nmext larger
sleve -~ percent retained on individual sieve

Reoarks

Techniclan Conputed by Checked t-ay
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Date

Project

Boring No. Saaple No. ]IC

Total vt in grans of a}ap_lle:,lwl = “‘/‘9\0 [%’t in grn.ma'of epaterial > No. h sieve ?éé"p %

Sieve Openings Stg;df;d R:’:i%:;d Percent Retained P;L:::t.
Inchea Millimstera iie;:mgi;e io gra=a Partial Total by Weight
3.00 3-1n. ’
2.00 2-1n. o0 e
1.50 1-1/2-1n. 30 6 >0 b &4
1.00 . 25.4 1-in. 92,7 A e
0.750 19.1 3/b~in, 44,8 '3.,9 57‘ 3
0.500 12.7 1/2-1a. 749 o 23
0.375 9.52 ~3/8-1a. >Ap o 2 4&'2
0.250 6.35 ¥o. 3 26, 32 dLo
0.187 L.76 No. b 339 =9 4l
Pan I [
0.132 3.3 No. 6 A 2,0 le!
0.05% 2.38 Ro. 8
0.079 . 2.00 No. 14 98.6 gL 308
0.04T 1.19 No. 16 ‘
0.033 0.8 Fo. 20 VA Lo >5.Y
0.023 0.59 Fo. 30
0.0155 0.h2 Yo. 4o ,
0.0117 0.297 | Ko. 50 143, 6 /25 13,0
0.0083 0.210 | No. 70 '
0.0059 0.145 | No. 100 &8 £ 73
"0.00k1, 0.105 | Fo. 140 370 EYS 4 |
0.0029 0.07h No. 200 :»S.g— 2,0 2
Pan >0 2
Total velzght in grams 145D
Partiel percent retalined a Wt in grz=s retained on e sleve x 100

wt in grams of stxpl=s used for a glven series of sisves

wt in grams retsined om & sieve
total wt in grams of ovea-dsy samplas

Total percent retained = x 100

For an individual sieve, the percent fimer by vaizght = Percent finer than pext larger
sieve - percent retalned on individual sieve

Remarxzs

Techniclian

Cemputed by Checked by
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SIZVZ 2HALYSIS

Date
ProJect

Zoring No. Sazple No. ID

Total wt in graas of “"f:p_l_e"", = _},og,?‘j«

Wt io grams of caterial > No. b sieve = (! 8?’

wt in grams of saspls used for a glven series of sieves

vt in grams retzined oa & sieve

Total percent retain -
pere stained = TRal vt in grame oF oviadsy sacpis

x 100

For an individual sieve, the percent Ziner dy wetz:
3ieve - percent retained on individual sieve

Rexarits

Technician

Cemputed by

Crecked Sy

Sieve Openings Sf:g.ixdgi-ge Rz::.ﬁ:d Percent Retained P;;:::t.
Inches Millimsters | or Number . in gress Partial Total by Weight
3.00 3-in. )

2.00 2-1in.
1.50 . 1-1/2-1n.
1.00 .25.4 1-1n. . /o?,0
0.750 19.1 3/4-1n. B2, | -37.7 ' bv,.2
0.500 12.7 1/2+1n. 177 L 8,.5 51.9
0.375 9.-52 |  3/8-in. 4.7 2% o
0.250 6.35 No. 3 2.0 D 48’.4 i
0.167 4.76 No. b 56 29 4
o y 7
0.132 3.36 No. 6 £.2 Y 43,2
0.0%% 2.38 Fo. 8
0.079 2.00 No. 14 29.3 (Y2 390
©.047 1.19 No. 16 ’ '
0.033 0.84 Fo. 20 T 9.7 9.4 19.4
0.023 0.59 No. 30 T ’ !
0.0165 0.h2 ¥o. ko0 .
0.0117 0.297 | . 50 22 1".g 2b
0.0053 0.210 No. TO '
0.0059 0.145 Fo. 100 ng 3. b 4.0
‘0.00k1, 0.105 | Fo. 1io 27 A3 2,9
£.0029 ©.0Th No. 200 2.2 I | A !Io
Pan 3. = L
Total welight in grams 2088
Partial percent retained = vt in grass retained on s sieve % 100

£ = percent finer than next larger
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Reza-izs

Techniclan

Total percent retalned =

WVt in grams of sa-ple used for a glvea series of siecves

wt in grams ratained om & sieve

total wt in grams of ovan-dry sampls

Cemputed YWy

*x 100

Crecked by

Date

Projact

Boring No. Sazple No, ]IE

Totsl wt in gramas of “,zpilf:’_us - 50?‘8« 2, wh in grama of material > No. b sieve =pnu0 %

Sieve Openings Stg.r.xdi;'d R‘:::%‘:;d Percent Retained P;;:::"A
Inches | Millimaters iic‘fmﬁﬁe i grazs Fartinl S by Weight
3.00 3-in. ’
2.00 2~in.
1.50 . 1-1/2-tn.
1.00 .25.4 1-1n. ‘4D D
0.750 19.1 3/b-1n. 3/ b bz ?3.7
0.500 12.7 1/2-1m. 71,0 /3.9 798
0.375 9.52 | 3/8-in. 44 8.7 41 ¢
0.250 6.35 Yo. 3 ET3 T > £9.9 "
0.187 4.76 No. b 3917 ng £z
g Pm | ’ -
0.132 3.36 No. 6 241 b 45,3
0.054 2.38 No. 8 !
0.079 . 2.00 No. 14 585 1344 309
0.04T 1.19 No. 16
0.033 0.8% Fo. 20 © 39, | b g
0.023 0.59 No. 30
0.0165 0.h2 ¥o. 50 _
0.0117 0.297_| Fo. 50 727 5> /0.
0.0083 0.220 | xo. 70 ]
0.0059 .19 Fo. 100 > 6 bz bt
"0.00b1, 0.105 No. 140 (o, | >,0 44
0.0029 0.07h No. 200 f.° hE > b
Pan 13 6
Total welight in grams 9%
Partial percent retalined = wt in gre=s r=tained on a sieve ® 100

For an individual sieve, the percent finmer by w=lght = percent finer than pext larger
sleve - percent Tetained on individual sieve
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Appendix 3



SITYZ_:WALYSTS

Date
Project
Baring No. Sample No. ‘

Total wt in graas of sémy.lg,vws = {91_;,‘{ 4 {'t't in srm_of rcazerial > No. h sieve = %‘( ﬁ’
Steve Opeatnga sstig.di;d Jetg= Percent Retatoed | PSSt
Inches Millimeters q?;’:mii?, in grezs Partial Total by Weight

3.00 3-ta. ‘
2.00 2-in.
1.50 ' 1-1/2-4n.
1.00 . 25.4 1-in.
0.750 19.1 3/b-1n. . [o% ©
0.500 12.7 1/2-1n. 32,8 /2> - #).6 ;
- 0.375 9.52 | ' 3/8-1n. /33 7= goi |
0.250 6.35 No. 3 /?,’7 0% e !
0.187 5.76 | No. b 0,/ /s A
‘ Pan
0.132 3.3% No. 6 /] A b2 _L’?l‘}
0.09% 2.38 No. 8
0.079 . 2.00 No. 14 bl 2 3l 355
‘ Q.0LT 1.19 No. 16
0.033 0.84 No. 20 " 2] 10,2 >£3
0.023 0.59 No. 30 '
0.0265 0.h2 ¥o. L0
0.0137 0.297 | Fo. 50 287 1S b 27 :
0.0083 0.210 No. 70 ' -
0.0059 0.1%9 | Fo. 100 1.4 £ 4L
'0.004), 0.105 | Ro. 1ko 28 NS 3.1
0.0029 0.0Th No. 200 2> /. 2 L9
Pea 25 L9 |
Total weight in grams /2'1_/,\ {

wi in grecos retained on & sieve

by x t iz =
Partiel percent retalzed Wt in grams of se=ple used for a given series of sieves

X 100

wt in grams retained op 2 sieve

Total percent retained = total Wt in grams of oven—<acy sagpls 100

For an Individual sieve, the pertent Ziper by weight = percent finer than next larger
sieve - percent retained on individual sieve

Rezarks

Technician

Computed by Crecked ﬁy
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Proj=ct

Date

Boring Mo.

Sample No. 2

Total vt in grams of agp‘lfz,lws = 3303 3 ['ic in grams of material > No. h sieve = ‘;‘oﬁ,

Ra=ac-ks

Technilclian

Total percent retained =

vt in grams of secple used for a glvsn seriea of sieves

wt in grams retained oo a2 sieve

total wt in grams of oven-dTy saxple

For an lpdividual sieve, the percent Zfiner by weight
sieve - percent retained on Iindividuzl sieve

Ceaputed by

% 100

Crecked fby

Sieve Openings sf:;:dgi:e R::if—:;d Percent Retaiped P;inc::t,
Inches Millicatesa | or Number . in grazs Partial Total by Welght
3.00 3-1o. )

2.00 2-in.
1.50 . 1-1/2-1n.
1.00 . 25.4 1-in.
9.750 19.1 3/b-1n.
0.500 12.7 1/2-1n.
0.375 9.52 " 3/8~1in. /?P.f-)
0.250 6.35 No. 3 0.5 0.2 977 "
0.187 k.76 No. L wns L7 9%
- pan . '
0.132 3.36 No. 6 3,3 hit P i
0.094 2.38 Fo. B
0.079 . 2.00 Fo. 14 2.7 3.2 I‘?z.b
0.0LT 1.19 No. 16
0.033 .84 No. 20 }
0.021 0.59 No. 30 73 4.0 b
0.0165 0.42 No. Lo ' .
0.0117 0,297 No. 50 7% 6 [ 725
0.0083 0.210 No. 70 ) )
0.0059 0.249 Fo. 100 Slo >33 4’_7-2
"0.00L3, 0.105 Fo. 140 Skg >3.7 Xy
0.0029 0.07% | No. 200 3.6 28 /57
Pan 25,3 1£7.
Total weight in grams 231>
Partied percent retained = vt i gress reteined on e sleve % 100

= percent finer than next larger
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Date ____ = =
Projeact
Boring No. Semple No. 5
Total wt in graas of ”f“p_l?’.wu a /7‘8‘4 g [’n’c in grams of raterial > No. k sieve = )_}‘9-?,'
Sieve Openings Sf::%ie R::iii:d Percent Retained P;i:::t
Inches Millimaters | or Number . in grezs Partial moral by Weight
3.00 3-in. )
2.00 . 2-in.
1.50 . 1-1/2-1in.
1.00 © . 25.4 1-in.
0.750 - 19.1 3/4-1n.
0.500 12.7 1/2-1a. [e0,0
0.315 9.52 |~ 3/8-1a. /0.4 L8 9 |-
0.250 6.35 No. 3 &5 36 - 1 o -
0.187 .76 | No. & b9 3.9 : '8’1%‘7 '
T Pnn ' l . -
0.132 3.% | ¥.6 7k 4.3 | 823
0.094 2.38 No. 8
0.079 . 2.00 ¥o. 14 22.9 /8.4 63.9
0.047 .19 No. 16
0.033 0.84 Fo. 20 T 296 b6 . ) 473
0.023 0.59 No. 30 )
0.0165 0.2 No. %0
0.0117 0.297 No. 50 f8.5 28 3
0.0083 0.210 No. 70 . ]
0.0059 0.1%5 | Fo. 100 N 2.9 ' __bb
"0.00k1 0.105 | To. 140 $.0 2> 44
0.0029 0.07h No. 200 3.3 L8 2.6
Pan 4.,7 2b
Total welight in grams }7g-‘|+
Partial percent retained = ¥t in Eress retained on & sieve % 100

Wt in grams of seaxple used for a given series of sieves

= Wt in prams retained on a sieve
Total percent retained total Wt in grams of ovean-d-y sanple ® 100

For an individual sieve, the percsnt finer by weight = percent finer than next larger
sieve - percent retaizned on individual sieve

Rezarks

Technician Computed Yy Crecked ﬁy
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Project

SI=VE ZHALYSIS

Date

Boring No.

Sexmple No. 4“

Total wt in grans of u.zxp_l.e,.wu - Jé'}.zﬁr ['n’: in grams of mazerial > No. h sieve .’33.3 ﬁ—

R - I SR
Inches Millirsters | or Number . in grems Partial Total by Weight
3.00 3~1n. ’

2.00 2-in.

1.50 . 1-1/2-1n.

1.00 . 25.4 1-in.

0.750 9.1 3/b-1n.

0.500 12.7 1/2-1a. /520

0.375 9.52 " 3/8-1n. 8.0 4.9 ﬁf.‘{

0.250 6.35 No. 3 2.8 L3 -187.8” o

0.187 .76 | No. b b. 7 4. ] Q'I?’) B
Pan ' 7

0.132 3.3 No. 6 L 44 1.3

0.054 2.38 Fo. 8

0.079. . 2.00 No. 14 349 -”7 ol

0.Gh7 1.19 ¥o. 16

0.033 0.8L No. 20 T 293 1> 44, |

0.023 0.59 Fo. 30 ’

0.0165 0.52 No. ko .

0.0117 9.297 No. 50 MY NAY J b

0.0083 0.210 No. TO ', ’ ]

0.0059 0.1k5 No. 100 7y 4 b >

"0.00k1, 0.105 | Ho. 140 3q C 23 -39

0.0029 0.07h Fo. 200 2% L? > 2
Pan 3.6 > %

Total weight in grams /b?,),.
Partiel percent retained = wt in grazs retalved on s sieve X 100

vt in grams of sazples uszed for a gives series of msieves

wt in grams retained cm a aieve

%t ret - &
Total percent retalned total wt in grams of ovsa-—dzy sample x 100

For an individual aleve, the perceat fiper by wefzht = percent finer than next larger
sieve - percent Cetalzed on individual siere

Remsris

Technielan Computed Yy Checked by
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Date

Prolect

Boring No. Semple No. 5 -

Total wt in grams of 53,3;,,17’_“5 = 337‘03 Wt in grm.of material > No. h sieve = :7“[,_?,

Sieve Openings St:dzsx;d R‘e’:iﬁ; Percent Retained P;f_;::",
Inches Millimeters iiﬁe;ﬁm:::e in gre=a Partial Total by Weight
3.00 3-1n. '
2.00 2-in.
1.50 ' 1-1/2-1n.
1.00 . 25.4 1-in. LR
0.750 19.1 3/b-4n. &/, 2 1y > 92“77
0.500 12.7 1/2-1n. 4.0 L7 F/. >
0.375 9.52 | 3/8-in. - [2 79,9
0.250 6.35 No. 3 L >. 778
0.187 L.76 No. b 4.0 AT Shl
T PE-R .
0.132 3.3 No. 6 4.5 i Yo
0.094 2.38 Ro. 8
0.079 . 2.00 Yo. 14 b | 2.b 2/ b
Q.0LT 1.19 No. 16
0.033 0.84% To. 20 C 9,6 ‘2 b3
0.023 0.59 No. 30 '
0.0165 0.h2 ¥o. Lo ,
0.0117 0.297 No. SO 487 >0 5 429
0.0083 0.210 No. ‘70
0.0059 0.14% Fo. 100 325 19 280
'0.0041, 0.105 | Fo. 140 St b ' (o'la 177
0.0029 0.07h No. 200 >33 2.7 8,0
Pan 14,1 8.0
Total welght in grams ’9‘,7@
Partial percent retained = wt i gra=s retained on e sieve x 100

vt Iin grams of sexpls used for a gilvesn Series of sieves

Wi in grams retained on & sieve

t T -
Total percent retained total wt in grams of oven-dry sampls % 100

For an irdividual sieve, the percent Zimer by wsight = Perteat finer thas next larger
siere - percent retained on i{ndividuszl sieve

Reza-is

Technician

Ceaputed Yy Crecked fJ_‘{
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Project

SIZVE :7ALYSIS

Date

Zoring No.

Saxple No. é

Totsl vt in graas of sample, w‘

I"'F- in gra=s of material > No. & sieve ?%-8’?

Wt in grams of se=ple used for a given series of sieves

vt in grams retained om a sieve

+ =
Total percent retained = —— = ETams of oven-G=y semple

x 100

For

© an individual sleve, the percsat finer by wsizht = percent finer than pext larger
sieve ~ percent retained on individuasl sieve

Remarics

Technician Computed Yy Checked by

Sieve Openings Sf:;i;dzi:e R:::.%:;d Percent Retained P;iﬁ::t .“
Inches Millimaters | or Number . in grezs Partial Total by Welght
3.00 3-1in. ’
2.0Q 2-in.

1.50 ‘ 1~1/2-1n.
1.00 .25.h 1-in.
0.750 19.1 3/b-1n. , 1%, o
0.500 12.7 1/2-1a. >\ 2> 14 2~ 8.9 !
0.375 9.52 | " 3/8-in. b5 4.4 9’7’! |
0.250 6.35 No. 3 L2 55 L0 " l
0.187 .76 No. b 3.9 > A
- i
0.132 3.36 No. 6 >b L7 n3. 1)
0.054 2.38 Fo. 8
0.079 2.00 Fo. 14 > 7k bl |
0.047 1.19 No. 16
0.033 0.84 No. 20 Ny ‘gl £2.7
0.023 0.59 Fo. 30 '
0.0165 0.42 No. Lo f
0.0117 0.297 No. 50 434 >9 [ 286
0.0083 0.210 No. 70 ' ]
0.0059 0.5 | wo. 100 >0, /3.9 14
"0.00L], 0.105 Fo. 140 8.6 _c,[p 9.
0.0029 0.07L No. 200 L.5 4. 49 :
Pan 2.3 4.9 o
] Total wveizht in grams lUﬁ\ |
Partial percent retained = vt in lp'a:.s retaized on 8 sleve % 1c0
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Data
Projact

Boring MNo. Sample No., 7

Total vt in grams of sazple, W = (97 | 4 ]'a in grems of material > No. b sleve = (9 g

Sieve Openings sf:gédgi:e R::i%‘;d Percent Retained P;;:::?
Inches Millimeters | or Number . in gras Partiel Total by Weight
3.00 3-ia. '

2.00 2-n.
1.50 ' 1-1/2-1n.
1.00 . 25.% 1-in. 19,0
0.750 19.1 3/b-1n. 271 19 o, |
0.500 12.7 1/2-in. ) 3.9 7b.2
0.375 9.52 | ' 3/8-1n. 6. B 2. 53.b
0.250 6.35 No. 3 2.2 /2 704
0,187 5.7 | No. & b 3.0 bRl
0.132 3.36 No. 6 4.5 2l ' 2
0.054 2.38 ~ Ko. 8
0.079 2.00 Yo. 14 12."7 6.8 £95
0.047 1.19 No. 16 ’
0.033 0.84 No. 20 A 42 STo
0.023 0.59 No. 30
0.0165 0.42 No. 40
0.0117 0.297 | No. 50 3¢ b 1j.0 3.0
0.0083 0.210 No. 70 )
0.0059 0.149 Fo. 100 >4 % /3.8 . >3, 2
"0.004Y, 0.105 | Fo. 1h0 /2,0 b /5%
0.0029 0.07h No. 200 /0.5 £.b /0.2
Pan 19, | x>
Total weigznt in grams ]317\ ’
Partial percent retained = Wt in gress retained on & sieve X 100

Wt in grams of sexpls used for a glven series of sieves

wt in grams retained on a sieve

Total percent retalned = total wi in grams of ovea-dry sample

x 100

For an individual sieve, the percent finmer by weight = percent finer than pext larger
sieve = percen® retained on individusl sieve

Rezarlks

Techniclian

Computed by Checked i':y
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g

SIZvz SALYSTS

wt in grams of secple used for a glven series of sieves

Total percent retained = wt in prams retained on a sieve

total vt in grams of ovena-<dTy sample x 100

For an individual sieve, the percent finer by weizht = percent fimer than pext larger
sieve = percent Tetalzed on individusl sieve

Remarks

Techniclen Computed by Crecked 53«

Date

Project

Boring No. Semple No. 8

Total wt in grsas of sfnﬁ»lve,‘wa'=s!72‘(,(,%, 'n’: in grams of material > No. L sieve "ijbﬂ/

Sicve Openings S?:id;i:e ﬁ::ﬁﬂ:d Percent Retafned :;:g:?t,
Inchea Millimaters | or Number . gre=s Partial Total y Weight
3.00 3-in. ’
2.00 2-1n.
1.50 ' 1-1/2-1n.
1.00 . 25.h 1-in.
0.750 - 15.1 3/h-1q. . . j o0, D
0.500 12.7 1/2-1. 8.8 £ 949 |
0.375 9.52 | " 3/8-1a. /.9 | ¢9 32:9
0.250 €.35 No. 3 /D, © 58 T ¥ T
0.187 5.76 | mo. u 49 28 : g L
- Pan ’ : - 1
0.132 3.3 No. 6 A AL ' 16,0
0.0%% 2.3 | Fo. 8
0.079 . 2.00 No. 14 1 > 65 8.5
0.0LT 1.19 No. 16
0.033 0.84 Fo. 20 R “4h5 . ) @48.9
0.023 0.59 No. 30 ' ’
0.0165 0.42 No. 1o ' .
0.0117 0.297 Ko. 50 5&.;7 32\? /b.© ‘
0.0083 0.210 Ko. 70 .
0.0059 0.145 No. 100 b3 ,Z; ' . b5
'0.00LY, 0.105 | K. 140 4ob Y 33
0.0029 0.07h No. 200 3] /‘é >0
Paz 3,5 >0 :
Total welzht in grams /7)\(11,
Partial percent retained = © Wt in prems retained on & sieve % 100




SIAUND NOILVGVYED

Y HIWORAAH

SYIIWNN IATIS Q¥YaNYIS 'S°N

iva
“ON oMY 1M =0 S| T
™ ea =T bh'o °t]
Z0 A
[W}ile: QU M
W u n T LYH NHOILYNESY DD HIIG ¥O ANV TOMN dvrYS
[ 3] I WO [ 3swod ] [T I invoy |
_\ AYID¥O LuS _ anvs _ T[AYED _ SN0
) i ] ] ) SHILIWITIW 3115 FIvdD
100°0 5000 100 $0'0_ 10 $0 . 3 0! os 00! 00§
oot ~ V]
-
04 ol
N
08 / oz
< (174 M.. |-k of
0 o
m
7 09 —{— / or m
0
g I | :
a oS oc m
x [
o <
M or \ 09 M
- ;
% ot < 0L
l/. BRI
T~
or _ V/ﬁf - - o
N 4
ol N 06
0 di 1 b1l oy o bl NN | ! 001
DOL OFiOOl0Z 05 Or OE oL oiricig 9 r € % % % V ® L L ¥ 9

SIHINI Nt ONINIJO FAIIS QYYANYILS SN

16



STEVZ ANALYSIS

Date
Project
Boring NMNo. Sample No. q
Total wt in grams of samp‘lfe,‘vu = ié@'\f 3_ l'n’t in grams of meaterial > No. 15 sieve = ;,41_‘2%
Sieve Openings sfca;dm-d R'::if;":d Percent Retained P;iﬁ:x’ft.
Tnches | Millimaters | on mi® | ta gre=s Partiel Total by Weight
3.00 3-fa. '
2.00 2-1in.
1.50 ‘ L-1/2-1n.
1.00 .25.4h 1-in.
0.750 - 19.1 3/b-in. - /o0
0.500 12.7 1/2-1n. AN s 7.3 9v.7 -
0.375 9.52 " 3/8-1n. iy 5 38>
0.250 6.35 No. 3 >5 L5 - e
0.187 5.76 | No. & > L : stl
0.132 3.3 No. 6 7. b 44 ' g0.9
0.09% 2.38 No. 8
0.079 . 2.00 No. 14 >2.9 /2. 68|
0.04T 1.19 No. 16 ]
0.033 0.8k ¥o. 20 SN 13,8 . ) S>>
0.023 0.59 No. 30 ’ ]
0.0165 0.L2 No. 4o
0.0117 0.297 | Ko. 50 £2.0 315 >>%
0.0083 0.210 No. 70 . ]
0.0059 0.145 | Fo. 100 4.1 (hb ‘ =
"0.00k], 0.105 | wo. 1ho b9 4] A
0.0029 0.07h No. 200 /-_{-.L > % 4>
Pan 21 4.%
Total weizht in grams 1big 9
Partie) percent retained = _ vt in E’T‘;':’ retained on 2 sieve x 100

wt in grams of sexple used for a glven series of sieves

wt in grams retaiped on a sieve
+ 3+ -
Total percent Tetalned total wt in grams of ovan-dry samp

For an individual sieve, the percent fimer by weight = percent finer than next larger
siesve = percent retained on individual sieve

Remarks

Technician Computed by Checked 'By
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Date

Project

Boring No.

Semple No._ [0

Total wt in grams of sample, W = Iu,q‘q 4 | in grams of zaterial > No. bosteve = 31y 9

Sieve Openings S?:g:dgzge R::ii—::d Percent Retained P;i:::t
Inches Millimeters | or Kumber . in grazs Partial Total by Weight
3.00 3-1n. ’

2.00 2-in.

1.50 v 1-1/2-1n.

1,00 . 25.4 1-in.

0.750 - 19.1 3/4-1n.

0.500 12.7 1/2-1o. 100
0.375 9.52 | ' 3/8in. T 6.0 i 4
0.250 6.35 No. 3 0.9 7> - | -/gé.? o
0.187 576 | No. b (2 25 : 793 -
0.132 3.36 No. 6 L’] 3.8 . 25,8
0.09% 2.3 | Fo.8

0.079 . 2.00 Fo. 14 > o 16,0 59,8
0.047 1.19 No. 16

0.033 0.84 Fo. 20 N i1 : ) il |
0.023 0.59 No. 30

0.0155 0.42 Yo. Lo )
0.0117 0.297 | Fo. 50 U2l 283 18,3
0.0083 0.210 No. 7O . )
0.0059 0.1k9 Fo. 100 13,8 g9 0 ' 4.8
"0.00k 0.205 | Fo. 1ko 4.0 Y 4]
0.0029 0.074 No. 200 2\:7 /,é" >3
Pan 21 33
| Total veight in granms Juf“?
Partial percent retained = vt in gracs retained on a sieve X 100

Wt In grams of sampls used for a glves series of aiesves

vt in grams retained ocn & sieve
+ -
Total percent retalned total wt in grams of ovea-~dry saople

® JoQ

For an individual sieve, the percent Ziner by wefzht = pertent finer thap pext larger
sieve -~ persent retalzed on individusl sieve

Rezacis

Ceaputed Yy Checked 't-:y
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Date

Proj=ct

Boriag No. Saxmple No. H

Total wt in grams of na.mpvl.e,'wu a (79‘0 1, l'n’t in grams of material > No. h sieve 3-44'07,
[

Sieve Openingsa sf:gé%:e R‘:::.ﬁ:d Percent Retained P;;:::t
Inches Millimeters | or Number . in gr==s Partial Total by Weight
3.00 3-in.

2.00 2-1a.
1.50‘ 1-1/2-1n.
1.00 . 25.k 1-1n.
0.750 - 19.1 3/4-1n. : . /eto
0.500 12.7 1/2-1n. > L 1.0 o4\ :
0.375 9.52 ~3/8-1n. /0.3 b° 78, ¢ '
0.250 6.35 No. 3 £S5 5% - i b kg ’
0.187 4,76 | No. b L6 22 : 767
- Pan . I
0.132 3.% | M. 3,/ 48 RN
0.054% 2.38 Ko. 8
0.079 . 2.00 Fo. 14 >5,7 1548 NS
0.04T 1.19 No. 16
0.033 0.84 No. 20 T ek 3,0 . : A L
0.023 0.59 No. 30 )
0.0165 0.h2 ¥o. k0
0.0117 0.297 | No. 50 43,4 >%. ] 163
0.0083 0.210 No. 70 . )
0.0059 0.145 | Fo. 100 JA3 83 ' &9
"0.00kY 0.105 No. 140 49 S : 2
0.0029 0.0Th No. 200 3118 - 2.0
Pan £ 3.0
Total welizht in grams (73,0
Partial percent retained = Wt in gre=s retained on & sieve X 100

Wt in grams of sezple used for & glven series of sieves

- VWt in grams retained on a sieve
Total percent retained total wt in grams of ovea-dry sample

x 100

For an individual sieve, the percent finer by weaight = percent finer than pext larger
sieve - percent retained on individual sieve

Re=arks

Technician Computed by Crecked 'By
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STTVE STALYSIS

Wt in grams of sexpls used for a gilven series of sieves

Wt in grams retained oo & sieve
+ -
Total percent retained total wt in gragms of ovenedsy sazple * 10

Tor an ipdividnal sieve, the percent fimer by wefzht = percent finer than next larger
sieve - percent retalined on individumd sieve

Re=ariks

Teckalelian Computed by Checked 'By

Date
Praject
foring Ho. Sexple No.  [2 _
Total vt in grams of sadple, ¥ = 198.% 9 Wt in grams of mazerial > No. 4 sieve » /é'] 4
Sieve Openings Stg.r-xdiz:d “R::i%i:d Percent Retalined F;ﬁ::tj
Inches Millimaters iiegmgiie in grazs Partial motal by Weight
3.00 3-1o. '
2.00 2-in.
1.50' 1-1/2-1in.
1.00 . 25.h 1-in.
0.750 - 19.1 3/h-1na. . Al
0.500 12.7 1/2-1c. L7 2, o |
0.375 9.52 | " 3/8-1a. 2.8 Xl 2 |
0.250 6.35 No. 3 2 O g i - 5?3‘6 T l
0.187 5.76 | No. b 4.z = : 955 i
- Pan . s |
0.132 3.36 Na. 6 2.5 33 - 9.7
0.094 2.38 No. 8
0.079 . 2.00 Fo. 14 (0.7 L4 823
Q.0LT 1.19 No. 156
0.033 0.84 Fo. 20 T L3 72 . . 2 |
0.023 0.59 No. 30 l
0.0165 0.42 Y¥o. ko .
0.0117 0.297 Ko. 50 724 39, | 36,0
0.0083 0.210 No. 70 ’ . )
0.0059 0.149 Fo. 100 4.5 >0,7 ' 15
"0.00L3, 0.105 | No. ko (D,0 ) I,:: : 10|
0.0029 0.07h Fo. 200 6.7 3.5 L
Pan 3. bib ;
Total welght in gra=s /9?‘ ))
Partial percent retained = ___wt in grecs retained on & sieve x 100
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Projact

Si=VZ SNALYSIS

Date

Boring No.

Sazple No._ /2

Total wt in grams of sgp.lg,_w‘ ™ /5%”- 3( I'n":. in g:rm.or zeterlial > No. 14 sleve = BD.UQ’
S. v

Sieve Qpenings Stu.xd.a.rd R::if‘;:'d Percent Retained P;z:::?
Inches Millimaters gienmii:: in gra=s Partial Total by Weight
3.00 3-1zn. )

2.00 2=in.
1.50 ' 1-1/2-1n.
1.00 .25.4 1-in. o0 o
0.750 15.1 3/lutn. /0.6 & ‘] 93>
0.500 12.7 1/2-1n. 2.0 Lz é”)lg .
0.375 9.52 | ' 3/8-tn. 6.7 4.4 83l
0.250 6.35 No. 3 3.6 23 1. |-
0.187 k.76 No. b 2,8 I 2.8 .
0.132 3.36 No. & 4.6 30 wE
0.09% 2.38 Ko. 8 i
0.079 2.00 Ko. 14 P! 187 &0, |
0.047 1.19 No. 16 ’
0.033 0.84 o. 20 T wab 147 400
0.023 0.59 No. 30
0.0165 0.h2 No. Lo ,
0.0117 0.297 | Fo. SO 4.3 >69 /8.5
0.0083 0.210 No. 70 )
0.0059 0.159 | Fo. 100 (5.7 10,2 83
"0.0041, 0.105 | No. 1o 4.8 3 Sz
0.0029 0.07h N¥o. 200 3.4 >3 29
Pan Faa .>.“I
Total welzht in grams /L/B‘Lﬁ
Partial percent retained = wt i gre=s retained on a sieve % 100

wt in grams of sazple used for a givan series of sieves

wt Iin grame retained oo 8 sieve

Total cent retalined =
pere = total wt in grams ol cvaa-dry satiple

x 100

For an individual sieve, the percent fiper by wsizht = percent finer than pext larger
sieve - percent retained on individual sieve

Rezazics

Technician Coaputed Yy Crecked E:y
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SIZVZ STWALYSIS

Date

Project

Boring No. Saxple No. /‘/7‘ -

Totsl vt in graas of Atfmp_lf,_ws = /{_'p/)l bﬁ, l’n% in grams of material > No. b sieve = /L L ?’

Sieve Openings Stg;xdts.\.;d. Rg:i%::d Percent Retained P;;c::t“
Inches Millimaters ii";;ﬁii" in gras Partial Total by Weight
3.00 3«1n. ’
2.00 2-1n.
1.50 . 1-1/2-in.
1.00 . 25.4 1-in.
0.750 - 19.1 3/4-1n.
0.500 12.7 1/2-1n. e
0.375 9.52 | " 3/8-n. 52 3¢ 6.5
0.250 6.35 No. 3 % 4.0 - L 456 "
0.187 5.76 | No. 4 L5 3.7 : /888 -
T Pﬂ.ﬂ - i -
0.132 3.36 No. 6 4.6 3. - 2&7
0.09% 2.38 | ¥o. 8
0.079 . 2.00 No. 14 >, 3.0 725, |
0-0L7 1.19 No. 16 i
0.033 0.84 No. 20 T 50,0 Z1- . ’ 2.6
0.023 0.59 No. 30 )
0.0185 0.42 No. ko
0.0117 0.297 | Wo. 50 £2.3 24U >3 |
0.0083 0.210 No. 70 ) )
0.0059 0.1L9 Fo. 100 /8.4 /2.5 ' . 1 0b
"0.00L), 0.105 | No. 1ko L7 X b7
0.0029 0.07% No. 200 43 >.2f 2.8
Fan $b X
Total weight in grams [ &N, b
Partial percent retained = __wt in gra=s retained on a sieve X 100

wt in grams of sezple used for a given series of sieves

y = Wt in grams retained on & sieve
Total percent retained total wt in grams of oven-dry sample * 00

For an individual sieve, the percent finer by weight = percent finer than next larger
s{eve - percent retained on individusl sieve

Rezarks

Technician Computed Yy Crecked by
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SIZVE SNALYSIS
Date
Project
Boring No. Szmple No, /5
Total wt in grams of “_mp,l?’_ws = 1/7?‘7 Wt in grams of materiel > No. b sieve ?12‘6 4
Sieve Cpenings sf:g:%ie R:::.%—:;d Percent Retained P;;:::t‘
Inches Millimateras | or Number . in gra=s Partial Total by Weight
3.00 3-in. '
2.00 2-1in.
1.501 1-1/2-in.
1.00 .25.h 1-in.
0.750 19.1 3/4%-1n. :
0.500 12.7 1/2-1a. IR |
0.375 9.52 | *3/8-1n. /00,0
0.250 6.35 No. 3 77 4.3 959 -
0,187 L. 76 No. b 49 27 {?32—
= Pan l . I l
0.132 3.3 No. 6 .3 4.9 5.2
Q.054 2.38 Yo. 8 )
0.079 . 2.00 No. 14 33,0 184 éf]?
Q.047 1.19 No. 16
0.033 0.8k Fo. 20 " 9 /3.9 - 0
0.023 0.59 Fo. 30 i . ,
0.0185 0.42 Yo. Lo :
g.0117 0.297 No. 50 | z7.0 EYR
0.0083 0.210 Ho. T0 . ' ’
0.0059 0.149 Fo. 100 >3.77 (3,2 /3.8
‘0.0041 0.105 No. 140 2.7 L 3.7
0.0029 0.07h No. 200 2.3 4. 4l |
Pan 8= 4.6 I
Total weight in grams /7?‘ I7
Partizl percent retalaed = vt in grams :; :ne:'psrl.ﬁs:t;i:ei gv::::‘;iea of sieves * 100 i
Total percent retained = ﬁuﬁimg’éii“i?fﬁijﬁﬂ;h % 100 '
For an irdividual sieve, the percent Ziner by weight = percent finer than next larger
sieve -~ percent retained on individual sieve
Remarks
Tecknilcian Coaputed by Crackad fay
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SIZVZ ANALYSIS

Date

ProjJact

/6

Boring No. Sanple No.

Total vt in graas of sample, w' = ['n’t in grams of mazerial > No. h sieve = 31‘7 (ar_

Sileve Openings sStg;xdzsu.'d R::i%—;:d Percent Retained P;;:::t
Inches Millimsters oie:h‘;mgi:e, in grezs Partial Total by Weight
3.00 3-in. ’

2.00 2-in.
1.50 ' 1-1/2-1n.
1.00 .25.4 1l-in.
0.750 19.1 3/4-1n. (oD
0.500 12.7 1/2-1a. 39 3.4 749 !
0.375 9.52 | ' 3/8-ia. 4.7 4. Pk
0.250 6.35 No. 3 2.5 £3 B3
0.167 576 | No. 4 3 b 3.1 oLz
’ Pan .
0.132 3.36 No. 6 40 3L 727
0.094 2.38 Fo. 8
0.079 . 2.00 No. 14 2.9 8.b 69,1
0.0L7 1.19 No. 16
0.033 0.84 No. 20 - LA <.b &35
0.023 0.59 No. 30
0.0165 0.42 No. Lo
0.0117 0.297 No. S0 >6,3 229 40,6
0.0083 0.210 No. TO e ' ]
0.0059 0.149 Fo. 100 /8.9 b >ife |
"0.00k1 0.105 | mo. 140 2.8 28 (bt
0.0029 0.074 No. 200 2.1 7 9.3
Pan /0.7 17. 3 ;
Total weight in grams //[JL‘Q
Partial percent retained = wt in gre=s r=tained on & sieve X 100

Wt in grams of sa=ple used for a givan series of sieves

wt in grams retained on a sieve

% t
Tota). perceat retained = total wt in grams of ovan-dry samp

hxlOO

For san iodividual sieve, the percent finer by wesizht = percent finer than pext larger
sieve - percent retained on individual sieve

Rezarkz

Tectaleian Computed by Checked by
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SITEVE ANALYSIS

Date

Project

Boring No. Sample No. /7

Total vt in grams of “_'mp_l.c’.ws - )52.8"}' ['nﬁ: in grm.or raterial. > No. h sieve ?fou}ﬁ«
S

Sieve Openings Si‘:gildgiie R:::.?:;d Percent Retained P;;::::t
Inches Millimetera | or Number . in grazs Partial Total by Weight
3.00 3-1n. ’

2.00 2-in.
1.50 - 1-1/2-in.
1.00 .25.k Lein. . : YD, D
0.750 | 19.1 3/4-1n. >6.5 | 463 2.7
0.500 12.7 1/2-1a. 4.3 b 2l
0.375 9.52 " 3/8-1n. 4.0 =8 ' ‘-b
0.250 6.35 No. 3 /0,8 bl i 1 ez o
0.187 576 | wo. 4.9 3.0 L 492
. Pan l ' L ]
0.132 3.36 No. 6 7.0 4> » éfk"i
0.094 2.38 . No. 8
0.079 . 2.00 Yo. 14 19.9 /22 L)
0.0hT 1.19 No. 16
0.033 0.84 No. 20 T 5] €8 . ) 26,9
0.023 0.59 Fo. 30 ' )
0.0165 0.h2 No. ko
0.0127 0.297 No. 50 >3 % >0, b
0.0083 0.210 No. TO ) )
0.0059 0.289 | Fo. 100 1.9 73 l 82
"0.00k), 0.105 | Ro. 1bo 4.5 N1 4o
0.0029 0.07h Fo. 200 4] g 35
Pan &7 24
- Total weight in grazs /62,8'
Partial percent retained = __ vt in gra=s retaiped on e sieve % 100

wt Iin grams of serple used for a given series of sieves

= ¥t in grams retained om & sieve
Total percent retained total wt in grams of ovea-dry sample x 100

For an ipdividual sieve, the percent fimer by waight = percent finer than next larger
sieve - percent retalined on individuml sieve

Rezarks

Technician Computed by Crecked ‘Sy
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Project

SIZVE AHALYSTS

Date

Boring No.

Sexple No.

18

Total vt in grans of ",mp_lf"’Aws = f37.8 j’ v 1n grams of materlal > No. L sieve = /7|L/.?

Sieve Openings sizgidzige R:::.%:;d Percent Retained P;iﬁ::t ‘
Inches Millicaters | or Number . in gre=s Partial Total by Weight
3.00 3=1in. :

2.00 2-in.
1.50 . 1-1/2-1in.
1.00 . 25.h 1-in.
9.759 15.1 3/4-1n.
0.500 12.7 1/2-1n. e
0.375 9.52 | 3/8-ta. q.7 70 9.9
0.250 6.35 No. 3 L9 4> 934
0.187 L.76 No. 3% = HE
0.132 3.36 No. 6 68 4.9 N
0.05h 2.38 No. 8 ' !
0.079 2.00 ¥o. 14 33.7 2,77 >
0.047 1.19 No. 16 ,
0.033 0.8L No. 20 R %) 16,0 Ul
0.023 0.59 No. 30
0.0165 0.k2 No. Lo
0.0117 0.297 | ®o. 50 370 >z 140
0.0083 0.210 No. 70 ' ’ ]
0.0059 0.149 No. 100 3 g2 L%
0.0043, 0.105 No. 140 2| P 2.b
0.0029 0.0 | No. 200 >b /9 L7
Pan 2 l\'f7
Total welight In grams /%f)lg'
Pariial percent retalned = vt in gra=s retained on & sieve % 100

vt in grams of sa—ple used for a given seriess of sieves

vt in grams retained on & sieve

Total, percest retained = total wt in grams of oven—dry samp

laxloo

For an individual sieve, the percent finer by wsizht = percent fimer than pext larger
sieve ~ percent retained on individusl sieve

Rezarks

Technician Computed by

Crecked by
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Projact

SIZVZ ~NALYSIS

Date

Boring No.

Semple No._ { q

Total wt in graas of sav.\:z:{lne,".{B = )5k o % ['it in grams of material > Fo. L sieve = 330 9
. S

Rezarks

Technician

Total, percent retained =

wt in grams of sexple used for a given series of asieves

wt in grams retained on a sieve

total wt in grams of oven-~dTy sample

Computed by

x 100

Crecked f:y

Sieve Openings si:;’:d;ﬁe Rzzi%-:;d Percent Retained P;::::t.
Inches Millimaters | or Number . in gra=s Partial Total by Welght
3.00 3-1n. ’

2.00 2-1n.
1.50 - 1-1/2-1n.
1.00 . 25.4 1-in.
0.750 19.1 3/b-1n. , [o%. O
0.500 12.7 1/2-1a. 68 4.4 95
0.375 9.52 |~ 3/8-1n. L5 2.6 950
0.250 6.35 No. 3 0> 6.7 95‘5 -
0.187 L.76 No. b /0.4 6% %y
‘ Pan
0.132 3.36 No. 6 4.5 29 7S b
0.094 2.38 Fo. 8 ' '
0.079_. 2.00 | ¥o.14 eI >3.8 £1&
0.0L7 1.19 ¥o. 16
0.033 .84 Fo. 20 © >0k 1.9 33.9
0.023 0.59 No. 30 ' '
0.0165 0.42 Yo. Lo
0.0117 0.297 | Fo. 50 335 >1.% =
0.0083 0.210 No. TO ]
0.0059 0.249 | Ko. 100 4.7 b3 0.8
"0.00k), 0.105 No. 1ho 3.3 >, | 37
0.0029 0.07h No. 200 2.? Ag” 19
Pan 2-? 49
Total welight in grams ,ls’L'L\a
Partial percent retained = wt in grecs retained on & sieve x 100

For an individual sieve, the percent finer by weight = percent finer than next larger
sjeve - percent retained on individual sieve
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