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Maricopa County Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009

Attn: Nick Karan, P.E.
Chief, Engineering Division

Re: Shrinkage Testing
Spookhill Flood Retention Structure
Maricopa county, Arizona

June 16, 1986

Job No. 2125J296
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According to your request, we have completed the field sampling and

laboratory testing services for the existing Spookhill Flood Reten­

tion Structure. These services were performed in accordance wi th

your contract FCD 85-45 dated January 20, 1986.

The purpose of this investigation was to obtain disturbed and rela­

tively undisturbed soil samples from various depths in the existing

embankment for shrinkage limi ts testing. The subsurface explora­

tion and sampling were performed at Station 265+00 and Station

280+00 along the Spookhill Flood Retention Structure. The shrink­

age limi ts tests were run according to the procedures provided by

the Soil Conservation Service. A copy of these procedures is

i~cluded in the Appendix.

Subsurface exploration at the site was accomplished with a backhoe

and an auger drill rig. The backhoe was used for the shallower

exploration where block samples were taken, and the auger drill rig

was used for the deeper exploration where Dennison samples were
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obtained. The block samples were approximately 1 foot to a side,

and the Dennison samples were approximately 2 feet long and 6-1/2

inches in diameter.

The predominant embankment material encountered was silty sand with

varying amounts of gravel. Clayey sand with low plasticity was

encoun tered in Bor ing 1 fr om a depth of 2 feet to a depth of 15

feet. Thi s clayey sand was under la in by s i 1 ty sand. The sur face

soils at both si tes were sand and gravel to a depth of 2 feet.

Logs of Borings are included in the Appendix.

Shrinkage limits tests as described by the SCS procedures could be

performed wi th the remolded samples, but they could not be per­

formed with the undisturbed samples. The lack of cohesion and the

gravel size particles in the undisturbed samples did not allow the

samples to be trimmed to regular shapes that could be measured for

volume calculations. Attempts were made to seal the undisturbed

samples in cellophane and paraffin to obtain submersed volume meas­

urements. This method did not produce acceptably accurate results

because the cellophane and paraffin could not be made to conform

well enough to the shape of a trimmed sample.

The remolded samples were prepared in accordance wi th the design

specifications for the. fill. This data was provided by the Mar i­

copa County Flood Control district and is reproduced in the Appen­

dix (Construction Monitoring Test Results) along with the specific

gravity determinations (Physical Properties). The remolded shrink­

age limits tests were run with material passing the #4 sieve. The

results of these tests are presented in the following table.
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Initial
Depth Initial Dry Moisture Volume change1

Station (ft) Density (pcf) Content ( %) After Drying ( %)

265+00 6.6-7.6 112.5 7.4 +2.7

265+00 9.2-10.2 120.2 8.5 +1.4

265+00 16.2-18.2 121.0 8.0 -0.4

265+00 18.3-20.3 115.7 9.6 -0.4

265+00 20.3-22.3 124.5 8.4 +0.5

280+00 5.5-6.5 118.2 8.6 +3.0

280+00 12.0-13.0 125.3 10.1 +0.5

280+00 16.0-18.0 119.9 9. 7 +0.2

280+00 18.0-20.0 119.3 11.0 +0.4

280+00 20.5-22.5 123.6 11.0 +0.6

1 + indicates volume increase, - indicates volumes decrease.

The volume changes indicate that the soils have a tendency to

increase in volume, not shrink upon drying. Irregularities in the

samples and measuring techniques are probably responsible for the

apparent increase in volume upon drying. A variance of 0.01 inch in

the length and diameter measurements would change the volume by 0.7

percent, and a variance of 0.02 inch would affect the volume by 1.4

percent. The individual measurements for each sample varied within

ranges from 0.01 inch to 0.05 inch. Accordingly, volume determina­

tions can be expected to vary approximately one percent or slightly

more. With this in mind, only two samples exhibited any significant

change in volume upon drying. These samples showed volume increases

of 2.7 and 3.0 percent. A combination of measurement errors and

sample irregularities may be responsible for the apparent volume

increase of these two samples.
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The sampling and testing program of the

Structure embankment material indicates

clayey sands used for construction have
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shrinkage potential. Shrinkage limits tests on undisturbed samples

were not possible but do not seem necessary in light of the test

results on the remolded samples.

We have enjoyed providing these services for you and are prepared to

assist in other aspects of this project as needed. If you have any

question concerning this report, or if we may be of any additional

service, please call us.

•

•
Reviewed by: Kenneth L. Ricker, P.E.
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Copies to: Addressee (5)
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• APPENDIX

BORING LOG NOTES A-I

LOGS OF BORINGS A-2• SCS SHRINKAGE LIMITS PROCEDURES A-4

PHYSICAL PROPERTIES A-II

CONSTRUCTION MONITORING TEST RESULTS A-12

• EXPLORATION PHOTOGRAPHS A-I3
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BORING LOG NOTES

The number shown in "LOG OF BORING NO." refers to the approximate
location of the same number indicated on the "Site Plan" as posi­
tioned in the field by the client.

"STA" refers to the approximate stationing of the boring along the
embankment.

"TYPE/SIZE BORING" refers to the exploratory equipment used in the
boring wherein HSA = hollow-stem auger and 16" bucket = backhoe pit.

"Sample Type" refers to the form of sample recovery, in which B =
Block sample and D = Dennison sample.

"Dry Density, pcf" refers to the laboratory-determined dry density
in pounds per cubic foot. The symbol "NR" indicates that no sample
was recovered. The symbol "*" indicates that determination of dry
density was not possible.

• "Unified Classification" refers to the soil
"Method of Soil Classification". The soils
ually in the field and, where appropr i ate,
modified by visual examination of samples in
by appropriate tests.

type as defined by
were classified vis­
classifications were

the laboratory and/or

• These notes and bor i ng logs are in tended for use in con j unct i on
with the purposes of our services defined in the text. Boring log
data should not be construed as part of the construction plans nor
as defining construction conditions.

•
Boring logs depict our interpretations of
the locations and on the date(s) noted.
conditions and soil characteristics may
Groundwater levels may fluctuate due to
other factors.

subsurface conditions at
Variations in subsurface
occur between borings.
seasonal variations and

•
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•

•

In general, terms and symbols
"Standard Defini tions of Terms
Rock Mechanics" (ASTM D653).

A-l
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Elevation

LOG OF BORING NO. __l __S_ta. 265+00

Geotechnical Services - Spookhill Dam Job No. __2_1_2_5_J_2_9_6__

Not Determined Datum Crest of the Embankment
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16" Bucket/7" HSA J h D r 510/CME 75Type/Size Boring __---=:...::.----=:....=..:~::...::..:'--'--_:.::.::.. Rig Type o_n__e_e_e__--'-- _

Groundwater Conditions __....:.Nc:..:o"-'n~e::......:E:=.;n:..:.c::::.o=u.:..:n_=_t_=e_=_r_=e_=_d'--- Date /18/86; 3/18/86

Q)
(I)

<f-
c

Sample 0- >- 0...
~ >- ... -0 "Z

Interval r- V">
(I)'" (I)~

(I)
c .... ... c ._ u Description.I:: Cliu ~(I) .....-.- ....a. (ft) 0- 00- ~c c·-

(I) E >- 0 ~~
0 ~

... U ~

Top Bottom Vl 0 0

SP- SAND AND GRAVEL FILL; some cobbles, trace silt and
- GP clay, greenish gray, medium dense, damp

SC CLAYEY SAND FILL; with silt, some gravel, brown,
- dense to very dense, damp to slightly damp
-

~

Finer gravel
-

6.6 ~

- B * 7.2
7.6 ~

-

r-
~

r-l0
9.2 Light brown, slightly higher moisture content

1-lL * 6.6
10.2

r-

r-
Brown, slightly more clay

f-

r-
15 Grades into silty sand and gravel

SM SILTY SAND AND GRAVEL FILL; grayish green, very dense,
f-

~ slightly damp
16.2

f- D * 7.8
18.2 Some cobbles (granitic composition)

r- F=

f- !18.3
D * 9.2

2° 20.3
I---

- 20.3
D * 8.4

I 22.2- f--

1 22 . 2 23.0 D NR

I Sampler refusal @ 23 feet on large cobbles-
~5 I
-
-

-

r-
30

A-2



• LOG OF BORING NO. _-=-2_--=Sta. 280+00

Project -"'G'-'::e~o'_'t:.::e:.::c::.;h~n:..::l~·~c~a==l-"'S:..::e~r:....:v~i::..:c::.:e::.:s:::.___-__.::.S_I::p~o:..::o~k::..:h:..:.l::..:·l::..:l=----D=a.:::m~ Job No. __=.2=.1=-2=-5=-J-=2:.::9~6,---_

Elevation ~N:.::o'_'t~D~e=_t=_e:::=..rm=i..:.:n:.::e:.::d:.._ Datum C.::..r.::..e.::..=.s-=t---=o:.:f'----Ct:c:h.::..e"---'E=.m=b-=a.::.:n:.::.k:.:m.::.:e:.:n.::..t"---' _

2/18/86· 3/20/86None Encountered

16" Bucket/7" HSA J h D 510/CME 75Type/Size Boring __----=--"----------"'~~~_...!._____'=~__ Rig Type __---:=.-o~n~=e_=:e_.::.r_=:e'_____.:::...::..::~=~:....:::.._ _

Dero nd ater Conditionsu w a e ,

QJ
QJ

>- ?f2.
c::

0. 0

2 Sample >- :!: ... ""0 ·z
f- VI QJ- <11'"Interval ~

c:: ..... _c:: ._ u Description..c:: Cl.J u "'QJ ......-.- .....a. (ft) 0. 00. ~c:
c::.-

QJ E >- 0 ::J~
0 Top Bottom '" '- U '"V'l 0 0

SP- SAND AND GRAVEL FILL; trace cobbles, trace silt and
- GP clay, greenish gray, medium dense, damp

- SM SILTY SAND FILL; with gravel, trace clay, brown,

- dense to very dense, damp to slightly damp

f-

c--5
5.5 l-

f-

,JL * 5.86.5
f-

f-

-
-10

-
12.0

- -
13.0 B * 5.9

- -

-
Grayish green color, no plasticity

-25

16.0
- -

- D * 7.9
18.0

f- ~

18.0- D * 8.6
--1.0 20.0

I ~

I 20.5 -
-

22.5 D * 9.1
- SM GRAVELLY SAND; silt, off white,

22.5 23.0 D NR with tan to very
dense, slightly damp, very heavy cementation encoun-
ered at 22.0 feet

-

---.?5 Sampler refusal @ 23.0 feet on heavily cemented
gravelly sands

-

-

-

-
30
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Service

West National Technical Center
511 N. W. Broadway, Room 547
Portland, Oregon 97209-3489

• To.

ENG - Soil Mechanics - Shrinkage Limits

Ralph Arrington, State Conservation Engineer,
SCS, Phoenix, Arizona

o.t.:

FII. Cod.:

February 26, 1985

•

•

•

•

•

•

•

.~

Attached is a letter from the Lincoln Laboratory indicating the procedure for
making shrinkage limits on compacted soils. The letter does not give the
instructions I was hoping for but should be sufficient with the following
additions:

1. Prepare a compacted specimen using soil from the same area of the fill an
undisturbed sample was obtained. Prepare the sample in accordance with the
ASTK Stanqard test procedure used for design of the fill. ~e dry density and
moisture·con~ent shall be in accordance with the design specifications for the
fill.

2. Extrude the specimen and dry according to the instructions in the
attached letter. Determine Gs and moisture content of the soil.

3. Determine the volume of the mold in accordance with section 3.1.3 ASTK
0698.

4. After the .pecimen has been dried, determine the average diameter, height
and volume. The average of the diameter, height and volume shall be
calculated from at least .ix diameter and three height measurements made to
the nearest 0.001 in. <0.02 mn).

5. Make shrinkage calculations in accordance with attached letter.

6. Obtain an undisturbed sample of the fill. Determine Gs and moisture
content for the sample.

7. Determine the average diameter, height and volume using measurement
procedures similar to -item 4.

8. Dry the undisturbed sample according to the attached letter.

9. Determine the average diameter, height and volume using measurement
procedures similar to item 4.

A-4
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Ralph Arrington
February 26, 1985

10. Make shrinkage calculations in accordance with attached letter.

11. Plot the moisture contents and shrinkage limits percent vs. the dry
density values for the remolded and undisturbed samples.

12. Calculate the theoretical minimum volume possible for the soil by using
the following equation:

(W ) (SL) 'ws I.. S
y. - ----- + ........_-min yw Gsyw

where Ws - W+ ot solids
SL - Shrinkage limit at Placement density in decimal.

2

•

•

•

13. Calculate volume associated with the in place density and assume one for
the placement density volume.

14. Evaluate the volumetric shrinkage to determine the amount completed since
construction and what is left yet to reach m minimum volume.

15. Following is an example set of calculations and comparison:

a. Placement density - 1.83 gm/cc

b. Present in place density -1.87 gm/cc
\

c. Gs -2.949'and SL - 19%

d. (1.83)(.19) 1.83
V

+
- 0.9683-min 1 (2.949)

•
e.

y
dmax

w
s

v .
mln.

- 1.83 1 89 /
.9683 - • gm cc

•

••

f. wy __S__

Y
~:~~ - 0.9786 ft

3

• A-S
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g.
Condition Yd Ws Vol. * Min. Vol.

- Sh.

Constructed 1.83 1.83 1.000

Present 1.87 1.83 0.9786

Min. Vol. 1.89 1.83 0.9683 7.2%

•
* 1.0 - .9683 x

1.0 - .9786 • 22-12 x • 14.8 A - 22-14.8 - 7.2

h.
% C - 1. 0 - .9786 x 1.00 6

8 - 7.5% - Amount of Vol. Shrinkage that1.0 - .96 3

•
has occurred to date.

i.. - pJot of data and resulting calculations.

•
1.83 1.0

• ",.....,.... 0 ,jJ-;

" ~

'" C1J
)- ~.-"d- E'-'"

• -,$ :J-)0 ~

1.87 .°118'

1.80) .q(,8~

•

•

• A-6

~~.~>H~Z(-:--~-'-#""--""'._"".--":.'-"""_._'.-''''.'-''' ---~-~~-=--~.;--.-,.,.'



•

•

••

•

•

•

•

•

•

•

Ralph Arrington
February 26, 1985

If I can be of further assistance please let me know .

CLIFTON E. DEAL
Soil Mechanics Engineer

Attachment

cc:
Susanne Leckband, Design Engineer,

SCS, Phoenix, Arizona
Verne Bathurst, State Conservationist,

SCS, Phoenix, Arizona
Jack C. Stevenson, Head, Engineering Staff, WNTC

>.
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Uniled Siaies
Departmenl 01
Agricullure

Soil
ConSeNalion
Service

Midwest National Technical Center
Soil Mechanics Laboratory
512 South 7th Street
Lincoln, NE 68508-2919

•

~J~I ENG - Soil Mechanics - Shrinkage Limits,
Volumetric Shrinkage and Lineal Shrinkage

To. Clifton E. Deal
Soil Mechanics Engineer
WNTC, SCS, Portl~nd, OR

Oat., February 12. 1985

FII. Cod.: 210-22

. \

•

•

•

•

•

•

.~

Shrinkage limits, volumetric shrinkage and lineal shrinkage on puddled soils
using the procedure of ASTM D427 are highly dependent on how much moisture
the soil contains at the start and have little direct application for
determining the shrinkage characteristics of a compacted soil. Better
predictions can be made for compacted soil by compacting the soil at the
proposed placement moisture and making direct volume and density measurements
before and after drying to a constant volume.

The soil ~s~ be dried slowly and carefully to avoid drying cracks from
forming that'will affect the actual volume of the dried specimen. A moist ­
room can be used for the initial drying to prevent cracking. Usually,
several days are required in the moist room. An alternate method of drying
is to place the newly compacted specimens in sealed plastic bags and open
the plastic bags for a few minutes at a time several times a day until the
bags can be left open to dry at room temperature without cracking. Final
drying in a standard oven should continue until no further moisture loss is
obtained.

The following relationships are used to calculate the shrinkage properties.

VSH -
Vi - Vf

x 100
Vf

(1 - ~ 100 )L.S. - x 100
VSH + 100

S. L. - wsat -GS - ydf
x 100

GS x ydf

Where:
VSH - Volumetric shrinkage

Vi - Initial volume

Vf - Final volume

L.S. - Lineal shrinkage

S.L. - Shrinkage limit

yd f - Final dry density

GS - Specific gravity of soil
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For soil specimens with shapes that are not conducive to accurate measurements
with a ruler, the relationships can be determined using densities determined
by displacement methods such as coating the soil with wax and determining
volume by the difference of the weights of the soil in air and in water.

The volumetric shrinkage relationship and the density relationships are derived
as follows:

Volume shrinkage is defined as the change in volume divided by the final volume •

.
". I

( tVi)
Vi - Vf Vi -

Vf]\ Regroup Rearrange

VSH • Vi - Vf x 100 100 Vi
• 100 Vi • Terms

Vf Vf 1

.. Vi .. Vi

r-1]
(x Wfd)

Wfd _ Wfd
(sub. yd)-100 Vf-.1-Vi

100
Vf Vi

100 [Yd f - YdiJ
• Wfd ydi

-" Vi Vi

. 100 [Ydl - 1Jydi

•

•

•

Where:

VSH - Percent volumetric change

Vi • Initial volume

Vf • Final volume

rd f - Final dry density

yd i • Initial dry density

Wfd - Final dry weight of soil

See attachment No. 1 for an example of the calculated values.

• Attachment
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PHYSICAL PROPERTIES

Job No. 2125J296

;J>
I
~

~

(i)

Particle Size Distribution, % AttPrberg Moisture - Density Rei. Permeability 'R'Value

Boring Depth, ft. Soil Passing by wt. Limits Dry Optimum .J:: Specific Dry
Remarks

No. Class. Density Moisture "' Gravity Density K Corrected

3" #4 #10 #40 #200 LL PI pet % ~ pet Cm/Sec 'R'

1 6.6-7.6 8C 2.67 1, 7

1 9.2-10.2 8C 2.69 1, 7

1 16.2-18.2 8M 2.71 1 , 7

1 18.3-20.3 8M 2.68 1, 7

1 20.3-22.2 8M 2.72 1 , 7

2 5.5-6.5 8M 2.70 1 , 7

2 12.0-13.0 8M 2.64 1, 7

2 16.0-18.0 8M 2.72 1, 7

2 18.0-20.0 8M 2.70 1 7

? ?() ')-?? Ci SM 2 ()q 1 7

Boring
Depth, it. (ommenls

No.

REMARKS

Classification/Particle Size
1. Visual
2. Laboratory Tested
3. Minus #200 Only

Moisture Density Relationship
4. Tested ASTM D-689/AASHTO T-99
5. TestedASTMD-1557/AASHTOT-180

6. Other _

Specific Gravity
7 Minus #4
8 Plus #4

Permeability
9. Constant Head

10. Falling Head

. R' Value
11. Expansion Pressure psf

12. Exudation Pressure psi

Note' NP = nonplastic
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• CONSTRUCTION MONITORING TEST RESULTS1

Corrected3 Dry Optimum Maximum
Depth2 Moisture Density4 Moisture Dry Density Percent Percent

Station (ft) Content (%) (pef) Content (%) (pef) Compaction Fines

• 265+00 6.2 7.4 125.0 8.7 130.7 95.6 19.3

265+00 9.2 8.5 122.7 9.6 128.1 95.8 16.1

265+00 16.2 8.0 121.9 8.7 128.8 94.6 27.4
265+00 18.3 9.6 128.9 11.4 124.8 103.3 18.7

• 265+00 22.5 8.4 122.8 10.0 129.3 95.0 26.4
280+00 5.5 8.6 123.8 9.6 126.8 97.6 33.8

280+00 12.0 10.1 118.3 10.6 124.7 94.9 30.2
280+00 16.0 9.7 120.5 11.0 124.9 96.5 22.4

• 280+00 20.5 11.0 120.7 10.7 126.6 95.3 24.0
280+00 27.0 10.2 123.1 10.6 123.5 99.6 29.4

ITest results provided by Mr. Nick Karan (Chief, Engineering Division Maricopa County

• Flood Control District)

2Depth below crest of embankment

3Moisture content of material passing #4 sieve

4Dry density of material passing #4 sieve

•

•

•

•
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SPOOKHILL DAM
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SPOOKHILL DAM
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• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

•

•

Flood Control District of Maricopa County
3335 West Durango Street
Phoenix, Arizona 85009

Attn: Mr. Nick Karan, P.E.

Re: Shrinkage Limit Tests
Spook Hill Dam

October 11, 1984

Job No. 2184J017

•

•

•

•

•

Shrinkage limi t tes ts were conducted according to ASTM Designa tion
D427-83 which states that the initial water content for the test
should be equal or slightly greater than the liquid limit. Using
this procedure often results in shrinkage limit values greater than
the plastic limit for sandy and silty clays (Holtz and Kovacs).

The soils tested were silty or clayey sands with 20.5% to 35.3%
passing the 200 mesh sieve. High shrinkage limit values could be
expected for soils that are predominately sands. The grain to
grain contact would occur primarily between sand particles and the
size of capillaries that produce tension upon drying would be rela­
tively large in diameter. Capillary tens ion and res ul ting shrink­
age would be /low; therefore, little shrinkage would occur and the
shrinkage limit would be high.

Shrinkage limit test results are meaningful only for clays and pub­
lished interpretations may be applied only to clay soils. For
clays, Holtz and Gibbs present the following information for arid
region soils: A shrinkage limit greater than 12 has little volume
change potential. Bowles says that it is not possible to quantify
the term "little volume change potential".

Re ferences:
HoI tz and Kovacs, "An Introduction to Geotechnical Engineer­
ing", 1981, Prentice-Hall, pages 178-185

Bowles, "Physical and Geotechnical Properties of Soils", 1979,
McGraw-Hill, pages 223-225.

•

•

•

We hope this informa tion
attached test results.
don't hesitate to contact

Respectfully submitted,
WESTE N TECHNOLOGIES INC.

C',

Attachments

Copies to: Addressee (3)

ass is t you in the interpretation of the
If we may be of further service please
us.
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WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 1 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Job No. -=2:...::l:...::8::...c4~J~0~1:'=...7!.....___
2184W017Lab/Invoice No. _

Date 9_/_1_1_/_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DamProject _

Mesa, Arizona WTILocation Sampled By __...:...:....::....=. Date

Type of Material Submitted By __W_T_I Date

Station 265-6.6 FCD/KSource of Material Authorized By .:.-_a_r_a_n Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2'/2 " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'/2"
Specific Gravity of Soils (minus No. 4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance'R' Value of Compacted Soils

'/2" ASTM D2844-
'R'Value

Ye" Other:

v:./I Moisture Content, %

No.4 I
ASTM D22l6 7.4

8

10
Shrinkage Limit, %
ASTM D427 12.6

16

30

40

50

100

200 35.3
Finer than 200
ASTM 01140-

•

•

•

•

•

•

•

Copies to: Client (3)



•

•

WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 2 of 9

•
Client

Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Spook Hill Dam

Job No. 2_1_8_4_J_O_l_7 _

Lab!1 nvoice No. _2_1_8_4_W_O_I_7 _

Date' 9--'-/_1_1--'-/_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Project _

Location M_e_s_a--.:...,_A_r_i_z_o_n_a Sampled By __...:..W.:...:T=..=I Date

Type of Material Submitted By _--=-W:....:T:...:I==- Date

Station 265-9.2 FCD/KaranSource of Material Authorized By __..:....-=-.:..:-.:...~..:..:.::. Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL -

3" ASTM D424-
PI

2'12 " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

7':."
Resistance 'R' Value of Compacted Soils

'12" ASTM 02844-
'R'Value

¥a" Other:

~" Moisture Content, %

NO.4 ASTM 02216 7.8

8

10 Shrinkage Limit, %
ASTM 0427 22.7

16

30

40

50

100

200 30.4

Finer than 200
ASTMDll40-

•

•

•

•

•

•

•

Copies to: Client (3)
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•

WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 3 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

2184J017Job No. --,- _
218 4~vOl7

Lab/Invoice No. _

Date _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DamProject -=--- _

Location M_e_s_a---=-,_A_r_i_z_o_n_a Sampled By __....:.V\.:.-JT=-=I Date

Type of Material Submitted By _........:..\rV:...:T:...:I:::....- Date

Source of Materl'al Station 265-16.2 A h . dB FCD/Karanut orrze y Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2V2" Maximum

Moisture - Density Relations Dry Density, pel

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1112"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

~"

Resistance' R' Value of Compacted Soils
1h" ASTM D2844-

'R'Value

¥a" Other:

v." Moisture Content, %

NO.4 ASTM D2216 7.8

8

10 Shrinkage Limit, %
ASTM D427 25.7

16

30

40

50

100

200 28.9
Finer than 200
ASTM 01140-

•

•

•

•

•

•

•

Copies to: Client (3)
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WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 4 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

2184J017Job No. _

2184W017
Lab/Invoice No. _

Date --=..9L-/-=1'-=1:..L/--=8:....:4=------ _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DamProject _

Mesa, Arizona WTILocation Sampled By Date

Type of Material Submitted By __W_T_I Date

Station 265-18.3 FCD/KaranSource of Material Authorized By Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2'12 " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus No.4 material)

1" ASTM D854- Specific
Gravity

~"
Resistance' R' Value of Compacted Soils

lh" ASTM 02844-
'R'Value

¥aU Other:

v. " t-1oisture Content, %

No.4
ASTM D2216 8.3

8

10 Shrinkage Limit, %
ASTM D427 22.7

16

30

40

50

100

200 20.5
Finer than 200
ASTM D1140-

•

•

•

•

•

•

•

Copies to: Client (3)
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WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 5 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Job No. 2_l.:....:8=--4.:....:J.:....:O-=-l=-7.:..--__

Lab/I nvoice No. _2_l_8_4_W_0_l_7 _

Oate 9---.:/~1=--1/:..__8_4 _

Reviewed By, _

Spook Hill DamProject -=- _

•
Location M_e_s_a---=-,_A_r_i_z_o_n_a Sampled By _---=-W:....:T:..;I=--- Date

Type of Material Submitted By WTI Date

Source of Material Station 265-22.5 Authorized By ---'-F_C_D_/_K_a_r_a_n Date

Sieve Analysis ASTM 0422-

8/28/84

8/29/84

8/28/84

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM 0424- PI-

2V2" Maximum

Moisture - Density Relations Dry Density, pcf

2" o ASTM 0698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

1Y2"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM 0854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

1;'2" ASTM 02844-
'R' Value

%" Other:

~"
Moisture Content, %
ASTM 02216 7.1

No. 4

8
Shrinkage Limit, %

10 ASTM 0427 25.5
16

30

40

50

100

200 21. °
Finer than 200
ASTM D1140-

•

•

•

•

•

•

•

Copies to: Client (3)



•

•

WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 6 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

2l84J017Job No _

Lab/Invoice No. 2l84W017
Date 9_/_l_l_/_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DamProject _

Mesa, Arizona WTILocation -'-- Sampled By __...:..--.-:::...:::. Date

Type of Material Submitted By __W_T_I Date

Station 280-5.5 FCD/KaranSource of Material Authorized By Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2'h" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'12 "
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

~"

Resistance' R' Value of Compacted Soils
Y1" ASTM 02844-

'R'Value

VB" Other:

~" Moisture Content, %

No.4
ASTM D22l6 5.8

8

10 Shrinkage Limit, %
ASTM D427 21. 3

16

30

40

50

100

200 20.9
Finer than 200
ASTM 01 14l}-

•

•

•

•

•

•

•

Copies to: Client (3)
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WESTERN
TECHNOlDGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 7 of 9

•

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona S5009
Attn: Mr. Nick Karan

Job No. 2_1_S_4---.:J:....-O.=--1=--7__

Lab/Invoice No.__2_1_S_4_W_0_l_7__

Date· ---'9'-..C/---'1::..:1=/---'S=--4=----__

Reviewed By _

•

Spook Hill DamProject -=--- _
Location M_e_s_a--'-,_A_r_l_'_z_o_n_a Sampled By __...:W.:...:T=--=.I Date S/ 28/84

TypeofMaterial Submitted By WTI Date 8/29/84

Source of Material Station 280-12. a Authorized By __F_C_D...:/_K_a_r_a_n Date 8/28/84

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2Vi " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1Vi"
Specific Gravity of Soils (minus No. 4 material)

1" ASTM D854- Specific
Gravity

~"
Resistance' R' Value of Compacted Soils

'Y2" ASTM 02844-
'R'Value

¥a" Other:

1!4" Moisture Content, %
ASTM D2216 5.4

NO.4

8
Shrinkage Limit, %

10 ASTM D427 18.6
16

30

40

50

100

200 21. 7
Finer than 200
ASTMD11~

•

•

•

•

•

•

•

Copies to: Client (3)



• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

• Page 8 of 9

Client Flood Control District Job No. 2184J017

3335 West Durango Street Lab/Invoice No. 2184W017
Phoenix, Arizona 85009

9/11/84• Attn: Mr. Nick Karan Date

Reviewed By

Project Spook Hill Darn

Location Mesa, Arizona Sampled By WTI Date 8/28/84

• Type of Material Submitted By WTI Date 8/29/84

Source of Material
Station 280-16.0 Authorized By

FCD/Karan Date 8/28/84

Sieve Analysis ASTM D-422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL -

3" ASTM 0424- PI-

2'/z" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM 0698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

1'/z"
Specific Gravity of Soils (minus No.4 material)

1" ASTM 0854- Specific
Gravity

~"
Resistance' R' Value of Compacted Soils

"h" ASTM 02844-
'R'Value

¥a" Other:

lh" Moisture Content, %

No.4
ASTM D2216 8.5

8

10 Shrinkage Limit, %
ASTM D427 19.9

16

30

40

50

100

200 24.5
Finer than 200
ASTM 01140-

•

•

•

•

•

•

•

Copies to: Client (3)
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WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 9 of 9

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009• Attn: Mr. Nick Karan

Project Spook Hill Darn

Location Mesa, Arizona

• Type of Material

Source of Material Station 280-20.5

Job No. 2l84J017

Lab/Invoice No. 2l84W017

Date --=9:...!./-=1=..=1:.L/-=8:.....:4=------__

Reviewed By _

Sampled By __~:..:..'J..::.T_=I:__ Date 8/28/84

Submitted By WT I Date 8/29/84
FCD/Karan / /Authorized By Date 8 28 84

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soi IClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2'12 " Maximum

Moisture - Density Relations Dry Density, pet

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

~"
Resistance' R' Value of Compacted Soils

'12" ASTM D2844-
'R' Value

¥a" Other:

1;4" Moisture Content, %

No. 4 ASTM D22l6 9.7

8

10 Shrinkage Limit, %
ASTM D427 26.1

16

30

40

50

100

200 32.6
Finer than 200
ASTM D1140-

•

•

•

•

•

•

•

Copies to: Client (3)
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• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 2-I3B7
Phoenix, AriLona 85036
(602) 437-3737

l.ETTER OF

TRANSMITTAL

Lab./lnvoice No.

• To Maricopa County Flood Control District

3335 West Durango Street

Phoenix, Arizona 85009

Job /';0

Date 8/1/86

2125J296

• Attn. Mr. Nick Karan, P.E.; Chief Engineering Division

I~d No.

Maricopa County, Arizona

Project/Subject Shrinkage Testing

Spookhill Flood Retention Structure

x Other

•

•

Please be informed that we are: x

3

Enclosing

Forwarding Separately

Per Your Request

No. of Copies

fnginc-er'ing r~eports

Laboratory Reports

rip.lei l~elJorts

Propos,1ls

On these sheets a negative volumetric change, % signifies an increase

in volume.•

•

•

•

More fully described as follows:

For your:

Material forwarded by:

fLOOD CONTROL DiSTRICT
RECE ED

AUG 4'66

Shrinkage limits tests data sheets for remolded samples.

x Use Information

Approval Action

Files Other

Our Messenger Express Mad

Your Messenger Air Priority

x First Class Mail United Parcel Service

Priority Mail Motor Freight

Certified Mail Air Freight

Special Delivery City Delivery

Other

•

•

Copies t CH ENG

ADMIN

By

/
,/

l.:__.

Frank Costello

/ I /(
. _/. I

- ~_ .......{ " '( , •• 1
.. <. ./ .... , .... -



~;I-lr< I Nf:::()(3E L. I t"i ITS

~3a.(m.11 e I D, :!.[If. ..~f..?.+:oO {(P,t" - 7. (; )

Initial Measurements.in.
Height Width
4.642 3.985

•

•

•

•

•

Placement Densitv,pef
Placement Moisture.%

Present Densitv.gm/cc
Present Moisture~%

Soil Sp.Gr. ,qm/cc

Max. Dry Density,gm/ec
Minimum Volume,cu.ft.
Wt. of Solids,lbs.

Initial Volume.eu.ft.
Int. Drv Density,gm/cc

Final Volume~cu.ft.

Final Drv Density,gm/ec

Shrinkage Limit,%
Volumetric Shrinkage,%
Linear Shrinkaqe,%

Volumetric Change.%
Wt. After Drving,Lbs.

7.4

J • HO~.:~

7.It
:'? t.)66

1.74::;:
.1.,1491.:>

.q. o:~:

J.80:/

0.0:::;:.42
1..74::::'

1 c~ • E38
-2.7

--2. -;
:::;:. T2

/:1· .. 601.
4 •.:':.:l ::2
4. 6=;'::~

4 .. 62::'::
i:lVq.

Fi nal
Height
it. 691
1.1·.694
'1" 65~)

4 .. 6~.;::::

4.6T::
~i\/o ..

Unci i st.ut-hE·!d
F~:t=!mo1 d ed

~:: .. 971
3 .. 97~5

~~:. ei7'1
:~:;. CIU1.1

::;;.98:1.
(-'~vq •

Measurements.in.
Llli dth
4.011.
4.009
4.()lO
4. O:l.~!:

4. 0::: 1
<l.016

4.01.::;;
?.~ ....r' ct ..



•

•
~:;Hr~ I !\If::(~(3E L I 1"1 [TS

~3amDleI D.. :?J7}__c:::k~+OO (C),Z - /0, z-)

• Placement Densitv~pcf

Placement Moisture.% EL.5
Lindi stur--bE.. d
r;:E'rno I ded -'1'-

::;.. Ci26
:::.. 9~:::6

:::::" ;::;:::::S

Measurements.in.
~\Ii dt.1-1

if· :0 .<~. 5:~

[!Iitial
HeiCJht
4.496
ll_ .. 476

Final Measurements.in.
Height Width
4.458 3.977
4.459 3.974
4.454 3.979

4.495 3.933
Ayg. Avo.

l .. 926
Li. :5

14.66
--1 .. 4

l . 9~:: 1
1.0185

4-. L"-::

0 .. u::::;::;;~O

1 .. 931

0 .. O:~:'lSInitial Volume.cu .. ft.
Int. Drv Density.gm/cc

Max. Dry Density,gm/cc
Minimum Volume,cu .. ft.
Wt. of Solids.lbs.

Shrinkage Limit.%
Volumetric bhrinkage,%
Linear Shrinkage~%

Final Volume,cu.ft.
Final Dry Density,gm/cc

Present Density.qmicc
Present Moisture .. %
f;oi 1 bp. Gr- .. ,qm/cc:•

•

•

•
Volumetric Change.%
Wt. Af'ter I:)rvirlg~L.bs,.

--1 .. 4
~'. Ei6

:::; . '~/F:ll

()\/CI.

•

•

•

•



•

,j Db l\/o. '2-1.4:.c.?~?:c:!r;,

•

•

.J-J-~oiJ ze:,(j f-00

~3<:\mD 1 E' I fj .r~~.k_~1.f!=Z

Placement Densitv.pef
Placement Moisture.%

3HRINKAGE LIMITS

1:?1. S'
E3 II l)

t..ln d i ,=, t Lti'" t, f~d
F:emDl decJ

...*-_..-

•

Present Densitv.um/cc
Present Moisture.%
Soil So. Gr .. um/cc

['1 a >~. :0 r- v DE) n .". i tv. (] m/ c c. .

Minimum Volume.cu.ft.
Wt. of Solids.lbs.

J • c,i;Q3

:::3.0
.,:::.7.1.0

4.2

In:i.i::.ial
i··lei clht
/1.• ill:.;cf

·t+.466
4.4-/1
il • .I:j·66

r;lec;\SUt-'E~m(·::llit~::;. in.
~'J i d t. i-I

"~r Ci ~'.~ "'7
',.,'11 .'! I

Final Measurements.in.
Height Width
4.412 3.984
4.475 3.982
4.414 3.987

:;:;. (:/80

r::'j\iQ.

3.98b

4. i!-(:>U
f.'lV·O.

14. :::::(1
0.4

1 .. C?56

O. ·4
3.91

I). O~:;2~;:

:I.. Cd8
InitIal Volume.cu.ft.
Int. Drv Densitv.qm/cc

Volumetric Change.%
Wt. After Drving.Lbs.

Final Volume.cu.ft.
Final Drv Densitv.qm/cc

Shrinkaue Limit.%
Volumetric Shrinkaoe.%
Linear Shrinkage.%•

•

• t"4\'/ [I • AvCi.

•

.-

•

•



•

•
SI··lh: I NK(.lbl::: 1.... I [.J I TS

~:,am[J1 e I D. .;?-"",:!!Lf~s.:TOO (/8."3 - 20.3)

• Placement Densitv~pc+

Placement Moisture.%
128. (I
9.6

Un d]. ';;; t 1...I.t- b E~cI

F;:E~mc.d ded *

~:;. 971.

.•~"C~Ul
~::: .. c; '7 ~-Jl

-;;" 07-'j'
",.,'11 l ... .'

::~;. 978
(ivq.

1-'·\ E~ i::\ sur·· E-~ rn E!n t !::. • :i. n •

~')i dth

/.1. ~.598

r4vg.

I Ii], t~ :i. i::\l
Hf=~i qht
'l" hOH
4 .. bO"/
't. ~j(?2

<:1·" ~=.jFj4

Final Measurements.in.
Height Width
.<.1-. 60:~;
4.600
't. 571
il ...-\.-':.
r. c~ t•. ..:..

J .. 85:~:;

1.b. il·]

0. "'1

1 . 1 :1. i ';?
4. 1. rj)

0.OT:'1

Max. Drv Density,qm/cc
Minimum Volume. cu. ft.
Wt. of Solids.lbs.

Initial Volume,cu.ft.
Int. Drv Densitv,gm/cc

Present Densitv.qm/cc
Present Moisture.%
Eioil Sp.C·jr .• qm/cc:

Final Volume.cu.ft. 0.0329
Final Drv Densitv,gm!cc 1.859

Shrinkage Limit.%
Volumetric Shrinkaqe.%
Linear Shrinkage,%

Volumetric Change,%
Wt. After Drving.Lbs.

0.4
:~:;. f32

1{.5C?4

(4\1g"

:::;. 971.
r-:lVCI.
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~lacement Oensitv,ocf
Placement Moisture~%

Present Densitv,gm/cc
Present Moisture.%
Soil Sp.Gr. ,gm/cc

Max. Dry Density,gm/cc
Minimum Volume~cu.ft.

wt. of Solids,lbs.

1 :2:~·~. 8
El.4

:L. '795
~3. if

.I. • '7'8(:3
(J.9U97

if. i. 1

II-litial
HE.'i qht

11.277
if. ~?/:::,:

Un c! i so· t Ur- b E?d
r:(emuJ. c![)c:i *

Measurements~in.

(~Ji dth

::::; .. ()(:r l.)

~::; " '::.1 t') ~5

:::::. ,; t::.. '7'

::::;" ~)8()

Final Measurements.in.
Height Width

.::~. :::':'~ /:;. ~:>j

f~\\/9 •

--() .. ~~

-0. ~.:i

Volumetric Change.%
Wt. After Drving,Lbs.

Initial Volume,cu.ft.
Int. Dry DensitY,qm/cc

Shrinkage Limit.%
Volumetric Shrinkaoe,%
Linear Shrinkage~%

Firlal VO:l'_tfrle~CLlnft. ()~()~;06

Final Drv Density,gm/cc 1.988•
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Placement Densitv,ocf
Placement Moisture.%

F'r-E'?':3ent DE?nsit\/.clm/c:c
Present Moisture,,%
~-:.1oil ~-3p.(;Jr-. ~gm/cc

Max. Dry Density,gm/cc
Minimum Volume!cu.ft.
Wt. of Solids?lbs.

.I.2:~:" :J
8"b

J.894
U. ::;

1, iJ913
:I. " i).<l~j>:

::::;. Crt

Initia.l
I'-k~i C1h t
·'l. 4~:;'7

i~. ••'l :::::
'l • .<:I:::,.(.j
4 ..,:j.::;::/::.

Un d i ~::. t I.Jr- b E?d
Rernu.i. d;.:!d -j(.

Measurements.in"
~\.Ji. citl!
:::.• '~F:~:(t

Final Measurements.in"

::!..9Ul
~S" cjlU 1

1,'Ji dth
3. ":,1131

~~,. Cji..j<)

:::;.. c"/9

~.:':. (r~::i.

~'.p/O "

·<'1-.4::::0

r:h'C:J •

HE~i(Jht

/1-,442
4.47:1.
4.443
4.447

J."H9D

-:~; .. t)

._-::;.. (I

O. O::~: 1. 1
1. Ejc;i4

Initial Volume"cu.ft.
Int. Drv Densitv.gm/cc

Volumetric Change.%
wt. After Drving.Lbs.

Shrinkage Limit.%
Volumetric Shrinkage,%
Linear Shrinkaoe.%

Final Volume.cu.ft.
Final Drv Densitv.om/ce:•

•

•
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Placement Density.pef
Placement Moisture.%

Present Densitv.gmiec
Present Moisture~%

Soil Sp.Gr. ,gm/ec

11 H. :::;:
:L O. 1.

2.007
10. 1.
:::::.1.::,4:::':

Undi :-~t:,ur"bed

FE~molclE:~(j 'it

Initial Measurements,in.
Heioht Width
4.108 3.932
4. 1 1. :L ':~; • '7; 4

•

•

•

•

•

•

•

Max. Dry DensitY,9m/cc
Minimum Volume.cu.ft.
Wt. of Solids,lbs.

Initial Volume.cu.ft.
Int. Dry Density.gm/cc

Final Volume!cu.ft.
Final Dry Density,gm/cc

Shrinkaqe Limit.%
Volumetric Shrinkaqe,%
Linear Shrinkage.%

Volumetric Change.%
Wt. After Drying,Lbs.

:L.99)'

4· • 0:::;

o . ,)~::::9::::

2.007'

(;.02 cr4
1 .997

_... (). 5

4.'/17

4.161
(:jvC] •

Finc:d
Height
it. 154
4.146
"l.Z:::l
4. ::::::::::.:;:

,£I.• 191
(-\VCI •

::; . cr; ,~:)

:::~:. (Y":;~6

:::;. "l2'i

~~vo .

Measurements.in.
IfJi dth
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Placement DensitY,pcf
Placement Moistu~e,%

Present Densitvlgm/ce
Present Moistu~e,%

Soil So. Gr. ,gm/ce

Max. Dry DensitY,9m/cc
Minimum Volume.eu.ft.
Wt. of Solids.lbs.

Initial Volume.cu.ft.
Int. Drv Density,om/ee

Final Volume.cu.ft.
Final Drv Density.gm/ec

Shrinkage Limit.%
Volumet~ic Shrinkaoe.%
Linear Shrinkage.%

Volumetric Chanoe,%
Wt. After Drying,Lbs.

i.::;~O. 5
'7'.7

(;,'" "/

2./17

1 . C:i:2i~.

:i. • (H.:>:36

o. OTY~:
1 • 9::;:~ I.

1..924

1~). 1.7

'--0. ::;:
:::!:.99

In:i. t.i a.l
Hf::\i qht.
il. ~::.;H:;:~

4.bO(J

4.606
?"1VO ..

Fina.l
Heioht
4.612
4.619
·<f.607
-+. ,i:) 1 7

4·.614
{~'v'(] "

Unc:li s;t.ur··bed

F~€~mC)l ch?d

1'1e<::1.s.~UI"·emer-lts.. In.
~··Ji dth

::::. ':?d2
:!;. ·::.17:!:

:~;. ".17:~

::;:;.9Ui·

{)VO ..

Measurements.in.
I;Ji dth
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• Placement Densitv.pcf
Placement Moisture.% .I. 1 . (!

Un cI:i. ~::> t ur" b (;:c1
r-;~ El en CJ ]. d E!d "t!;.

f~\/C.l •

r·'! t:': d ~;; tH" t·? r!H',:·: r-l t ". " inn
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4. ~:.;72

'l. ~i413

4. ~'5(! 1
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Final Measurements.in.
Heioht Width

I n :i. t. :i. i:,\ 1
Hc:i. clht

:I.4.8b

1 n 911
.[ 1 " 1

..... (: .. 4

1. '-',:?4
1. (lU::.:.; 1
4. :::::::

\)" l~:':~;26

1 . <:.;;.1. 1
Initial Volume.cu.ft.
I t r··· r')' . , .n '.. .!r·v . en~:;l T. v, qm/ c::c

Max. Drv Density"om/cc
Minimum Volume.cu.ft.
wt. of Solids.lbs.

Shrinkage Limit,%
Volumetric Shrinkaoe,%
Linear Shrinkage,%

Final Volume~cu~ftu O~()32'j

Final Drv Densitv"om/cc 1.924

Present Densitv"gmicc
Present Moisture,%
Soil Sr::r.br. ,cJm/c:c::•

•

•

•
Volumetric Change.%
Wt. After Drving,Lbs.
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il·. ~.iit8
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SHRINKAGE LIMITS

~:;amD 1 c-'.' I D ,;?1J.1.....?.8PrOO (W, 5 -2. 2,5)

• Placement Densitv.pcf
Placement Moisture.%

120,,7
:l 1 . ()

L.!n d i ~:;+:. Uf'·· bE:!d
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:::~;" 971
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Measurements,in.
~\ji cJth
~~;. 97'+

Fi r·,al
He.ioht
4. :~:06

4" :-~:::;

4 ,,;!~3

·{l ro ~:? :~:; Lt­
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Initial. Measurements,in"
Heioht Width

1:::'" T5

J " "?80
1 I. • 0

4.16

1.9b4

-()" t:J

Initial Volume,eLl,ft.
Int" Dry Densitv.gm/c::e

Shrinkage Limit.%
Volumetric Shrinkage,%
Linear Shrinkage.%

Max. Dry Density~um/c::e

Minimum Volume,cu.ft"
Wt. of Solids.lbs.

Present Densitv,gm/cc
Present Moisture,%
~;Ct i 1 ~'D" Eir·" • CI In / c c::

Final Volume.eu.ft.
Final Drv Densitv.gm/cc

•

•

•

•
Volumetric Change,%
Wt. After Drvinq,Lbs.
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::~;, ]<1
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:::.981
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• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

•

•

Maricopa County Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009

Attn: Mr. Nick Karan, P.E.
Chief, Engineering Division

Re: Geotechnical Services
Spookhill FRS

June 27, 1985

Ref. No. 2125Al28
Revision No. 1

•

•

•

We are pleased to present this proposal to perform some geoteChni­

cal sampling and testing services for the existing Spookhill Flood

Retention Structure. This proposal presents a recommended plan of

operations and fees for the services described.

Based on our discussions, it is our understanding that undisturbed

and disturbed samples are required for shrinkage testing from vari­

ous elevations at two locations on the existing embankment. The

following sample locations are required:

•

•

•

Station

265+00

280+00

Depth (ft)

6.6

9.2

16.2

18.3

22.2

5.5

12.0

16.0

20.5

27.0

•

•

• ,...; '·-::'~.4'-J..[;:.'L\I""

Drilling and sampling are to be performed from the crest " f the" :..D
embankment, and the depths shown are below crest elevation"~~:2'85

CH ENG HYDRO

ASST LMgt

ADMIN SUSP

C&O FILE, ENGR DESTROY
FI~iANCE I-

I\ .... ",,\I\,.~
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•

Maricopa County Flood Control District
Ref. No. 2125Al28

PLAN OF OPERATIONS

The following procedures would be utilized in an attempt to obtain

relatively undisturbed samples of existing embankment material at

the locations and depths specified:

•

•

1.

2.

The four relatively shallow samples (6.6, 9.2 and 5.5,

12.0) would be taken in backhoe test pits by block sam­

pling using SCS recommended methods. Excavation and sub­

sequent backfilling of the test pits would be performed by

Maricopa County personnel.

The deeper samples at each location would be taken with a

drill rig using one of the following methods (listed in

order of attempt):

•
a.

b.

c.

Shelby Tube

Dennison Sampler (7-inch diameter)

Soils Core Barrel

•
3. Disturbed samples would be taken at each location corre­

sponding to an undisturbed sample.

•

•

•

•

It should be noted that due to the reported granular nature of the

embankment fill material, we may be unable to obtain a representa­

tive undisturbed sample using any of these methods.

Shrinkage testing (shrinkage limit, volumetric shrinkage, lineal

shrinkage) would be performed on both the disturbed and undisturbed

samples from each location in accordance with the SCS procedures

included in your transmittal.

-2-
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•

•

•

•

•

Maricopa County Flood Control District
Ref. No. 2125Al28

FEE SCHEDULE

The following fees would apply to the services previously

described. The initial attempt would include an experienced field

engineer to perform block sampling on the four shallow samples.

The fee for this phase would be $250.00 per block sample attempt.

It is understodd that the backhoe and operator would be provided by

others.

If we are unable to obtain shallow block samples due to the granu­

lar nature of the fill material, it is highly unlikely that suit­

able deeper undisturbed samples could be obtained by drilling meth­

ods. At this point we would recommend that the exploration program

be terminated.

If we are successful at obtaining shallow block samples, the next

phase of the exploration would include the following:

•

Mobilization/Demobilization

Drilling (est. 3 days)

Subtotal

5650.00

$3730.00*

$4380.00

•

During the drilling operation we would attempt to obtain undis­

turbed samples at the depths requested utilizing one of the follow­

ing methods (listed in order of attempt):

•

Shelby Tube (per sample attempt)

Dennison Sampler (per sample attempt)

Soil Core Barrel (per sample attempt)

$ 35.00

$ 165.00

$ 120.00

•

•

*Based on $40.40 per foot

• includes all footage

• includes field engineer

• does not include sample attempts

-3-
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•

Maricopa County Flood COntrol District
Ref. No. 2125Al28

Laboratory testing would be performed in accordance with the SCS

procedures included in your transmittal at the following rates:

•
Disturbed Sample (per each)

Undisturbed Sample (per each)

$ 147.50

$ 177.50

•

•

•

•

•

•

•

•

Based on these fees, the anticipated work would be performed for a

total fee not to exceed $9750.00. Any additional work which might

be indicated by the discovery of unanticipated conditions in the

field will be performed, upon your authorization, in accordance

with our current fee schedule. This proposal is intended to remain

valid until July 31, 1985, at which time it would require review

and possible revision. This revision should replace our original

proposal dated June 19, 1985.

Respectfully submitted,

WESTERN TECHNOLOGIES INC.
Geotechnical Services

rkpuJ~. -
arabi P. Wiedeman, P.E.

jh

Copies to: Addressee (2)

-4-
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•

•

• May 22, 1985

•
Mr. John C. Rosner, Ph.D., P.E.
Western Technologies, Inc.
3737 East Broadway Road
Phoenix, AZ 85036

Dear John:

• Enclosed please find a copy of the information from SCS outlining procedures
for additonal testing to be performed at the Spook Hill FRS.

•

After you have a chance to review this information, please give me a call so
that we may further discuss this matter.

Sincerely,

•
Nick Karan, P.E,
Chief, Engineering Division

Enclosure

• NPK/jet FILE: INFO: CGF
SLS
DES

•

•
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United States
Department of
Agriculture

Soil
Conservation
Service 201 E. Indianola Ave.

Suite 200
Phoenix, Arizona 85012

March 12, 1985

•

•

•

Dan Sagramoso
Chief Engineer and General Manager
Flood Control District of Maricopa County
3335 West Virginia Street
Phoenix, Arizona 85009

Dear Dan:

We have received the attached laboratory procedure for determining
shrinkage, limits volumetric shrinkage and lineal shrinkage from our
Portland Office. This is a follow-up to your report on abandonment of the
Spookhil1 FRS Irrigation System. We had agreed to obtain procedure
whereby undisturbed test data could be used for comparative shrinkage
analysis.

After you review please contact this office for a meeting to discuss the
subject further.

Sincerely,

•

•

•

•

Verne M. Bathurst
State Conservationist

Enclosure

The Soil Conservation Service
is an agency of the
Department of Agriculture

SCS-AS-1A
10-79
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•

,~;.,' United States
Department of

'/ Agriculture

Soil
Conservation
Service

West National Technical Center
511 N. W. Broadway, Room 547
Portland, Oregon 97209-3489

•
Subject:

To:

ENG - Soil Mechanics - Shrinkage Limits

Ralph Arrington, State Conservation Engineer,
SCS, Phoenix, Arizona

Date:

File Code:

February 26, 1985

•

•

•

•

•

Attached is a letter from the Lincoln Laboratory indicating the procedure for
making shrinkage limits on compacted soils. The letter does not give the
instructions I was hoping for but should be sufficient with the following
additions:

1. Prepare a compacted specimen using soil from the same area of the fill an
undisturbed sample was obtained. Prepare the sample in accordance with the
ASTM Stan~ard test procedure used for design of the fill. The dry density and
moisture con~ent shall be in accordance with the design specifications for the
fill.

2. Extrude the specimen and dry according to the instructions in the
attached letter. Determine Gs and moisture content of the soil.

3. Determine the volume of the mold in accordance with section 3.1.3 ASTM
D698.

4. After the specimen has been dried, determine the average diameter, height
and volume. The average of the diameter, height and volume shall be
calculated from at least six diameter and three height measurements made to
the nearest 0.001 in. (0.02 mn).

5. Make shrinkage calculations 1n accordance with attached letter.

6. Obtain an undisturbed sample of the fill. Determine Gs and moisture
content for the sample.

7. Determine the average diameter, height and volume using measurement
procedures similar to ..item 4.

• 8. Dry the undisturbed sample according to the attached letter.

•

9. Determine the average diameter, height and volume using measurement
procedures similar to item 4.

· ~
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•

•

•

Ralph Arrington
February 26, 1985

10. Make shrinkage calculations in accordance with attached letter.

11. Plot the moisture contents and shrinkage limits percent vs. the dry
density values for the remolded and undisturbed samples.

12. Calculate the theoretical minimum volume possible for the soil by using
the following equation:

(W ) (SL) W
s s

V. = ----- + ....----mIn yw Gsyw

where Ws = W+ of solids
SL = Shrinkage limit at Placement density 1n decimal.

2

•

•

•

13. Calculate volume associated with the in place density and assume one for
the placement density volume.

14. Evaluate the volumetric shrinkage to determine the amount completed SInce
construction and what is left yet to reach m minimum volume.

15. Following is an example set of calculations and comparison:

a. Placement density = 1.83 gm/cc

b. Present In place density = 1. 87 gm/cc
\

c. Gs = 2.949·and SL = 19%

d. 0.83)(.19) 1.83
V

+
0.9683mIn 1 (2.949)

• e. Wy s 1.83d = 1.89 gm/ccmax V .9683mIn.

t. W Ws s 1.83 0.9786 ft 3

• y -V V T:""Siy

•

•
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•

Ralph Arrington
February 26, 1985

3

Condition Yd Ws Vol. * Min. Vol.

- Sh.

Constructed 1.83 1. 83 1.000

Present 1.87 1.83 0.9786

Min. Vol. 1.89 1.83 0.9683 7.2%

•

•

g.

* 1.0 - .9683
1.0 - .9786

x
= ""-2-':-2----1"""-2 x = 14.8 A = 22-14.8 = 7.2

has occurred to date.•

h.
% C = 1.0 - .9786 x 100 =

1.0 - .9683 67.5% = Amount of Vol. Shrinkage that

•

•

•

L. -. pJot of data and resulting calculations.

1.2. IC) ZZ
12 "--~L

0/0 M01~T
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•

•

•

•

•

•

•

•

Ralph Arrington
February 26, 1985

If I can be of further assistance please let me know.

CLIFTON E. DEAL
Soil Mechanics Engineer

Attachment

cc:
Susanne Leckband, Design Engineer,

SCS, Phoenix, Arizona
Verne Bathurst, State Conservationist,

SCS, Phoenix, Arizona
Jack C. Stevenson, Head, Engineering Staff, WNTC

-,
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United States
Department of
Agriculture

Soil
Conservation
Service

Midwest National Technical Center
Soil Mechanics Laboratory
512 South 7th Street
Lincoln, NE 68508-2919

•

SubJect: ENG - Soil Mechanics - Shrinkage Limits,
Volumetric Shrinkage and Lineal Shrinkage

To: Clifton E. Deal
Soil Mechanics Engineer
WNTC, SCS, Portland, OR

Date: February 12, 1985

File Code: 210-22

x 100

•

•

•

•

Shrinkage limits, volumetric shrinkage and lineal shrinkage on puddled soils
using the procedure of ASTM D427 are highly dependent on how much moisture
the soil contains at the start and have little direct application for
determining the shrinkage characteristics of a compacted soil. Better
predictions can be made for compacted soil by compacting the soil at the
proposed placement moisture and making direct volume and density measurements
before and after drying to a constant volume.

The soil ~us~ be dried slowly and carefully to avoid drying cracks from
forming that'will affect the actual volume of the dried specimen. A moist­
room can be used for the initial drying to prevent cracking. Usually,
several days are required in the moist room. An alternate method of drying
is to place the newly compacted specimens in sealed plastic bags and open
the plastic bags for a few minutes at a time several times a day until the
bags can be left open to dry at room temperature without cracking. Final
drying in a standard oven should continue until no further moisture loss is
obtained.

The following relationships are used to calculate the shrinkage properties.

Vi - Vf

• 1. s.

S. L.

(- ~ 100 ) x 100
VSH + 100

GS - yd f x 100
GS x ydf

•

•

Wh~re:

VSH Volumetric shrinkage

Vi Initial volume

Vf Final volume

L. S. Lineal shrinkage

S.L. Shrinkage limit

yd f Final dry density

GS Specific gravity of soil· ~



•
. Clifton E. Deal 2

•

•

•

For soil specimens with shapes that are not conducive to accurate measurements
with a ruler, the relationships can be determined using densities determined
by displacement methods such as coating the soil with wax and determining
volume by the difference of the weights of the soil in air and in water.

The volumetric shrinkage relationship and the density relationships are derived
as follows:

Volume shrinkage is defined as the change in volume divided by the final volume.

V. - Vf Vi - Vf](fVi) l. Regroup Rearrange

VSH = Vi - Vf x 100 100 Vi 100 Vi = Terms
Vf Vf 1

Vi Vi

•

•
Where:

= 100 [Yd t
ydi

Wfd _ Wfd

Vf Vi

Wfd

Vi

(sub. yd)

= 100

•

•

•

•

•

VSH Percent volumetric change

Vi Initial volume

Vf Final volume

yd f Final dry density

yd i Initial dry density

Wfd Final dry weight of soil

See attachment No. 1 for an example of the calculated values.

~~N~~~
Head, Soil Mechanics Laboratory

Attachment
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.@.unltedStates
~Wl Department of
~ Agriculture

Soli
Conservation
Service

Suite 200, 201 East Indianola
Phoenix, Arizona 85012

January 3, 1985

•

•

•

•

•

Mr. Dan Sagramoso, P.E.
Chief Engineer and General Manager
Flood Control District of Maricopa Co.
3335 West Durango Street
Phoenix, Arizona 85009

Dear Dan:

We have reviewed your "Report on Abandonment of Spook Hill FRS Irrigation
System." We desire to address the one issue regarding the shrinkage test data
presented.

The shrinkage test conducted under the procedure of ASTM 0427 is
made on saturated, disturbed samples. The embankment fill
materials are placed at a moisture content below saturation. In­
place stresses are imparted to the fill that may change the
shrinkage limit values.

Laboratory tests have been made on undisturbed samples taken from
existing dams with the relationship as shown on the attached
shrinkage limit diagram.

Without comparative shrinkage analysis on undisturbed samples from
the existing structure, it is not possible to determine whether
cracking due to desiccation has reached a steady state.

Undisturbed tests were conducted on the Rittenhouse FRS by the FCD and the
results showed additional shrinkage was expected for that structure.

My staff will discuss this topic at the next coordination meeting.

Sincerely,

Acting For

•

•

•

Verne M. Bathurst
State Conservationist

Attachment

(j The Soli Conll&rvatlon Service
II an agency 01 the

~ United States Department 01 Agriculture
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Interoffice Me'rrio~and'urT: .','
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,/

SUBJECT: 510 #1; 4;t(. F~5: fkrfli~' "'XF1LE "'_CMT,
:.. :NO.

•

•

•

•

•

.'
•

•

P/u-k c<cl4 ~e- .p(!b~/nJ '-/0 (fp=r
f!'l0/I ()p) >;0001: I/il/ PR~:

A-.J. h""- retv<~~! of 6l-lV '0 f\ t1 7X</;Sf;.'r7/
()J R$f~vJ? -,;. c. /, P1 0 ! 0 ) ; ( S/ ( " C, I h Ha. '1 /7B­

fur !o/rY1-ed J~ S ff-'" yY1c::>ls-fure +./sl-s. .

Or) -z.. -() :;;avnj>k5 ohI-4;" --4 aT 5t-q
- ~ . ~8 0 -r 0-0 'Q P1 c1 --z-<-- <;' '1""f/'''S
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of -f1-.--e- /iJ 5/~ ,yf10 ;J/-L( y'e. <:::0"1 f -<'~h
/S Me ¥T ~ If"" c /, -P -1, !;r ~d/ j6,-<

L.t:1 s.e:7 l0e ;" ;;~ l/VI o ,"5 !--v(re eo"1..-17r

.,~ rJ2--.~c.on5;d",,rC)t!7 !"'<-(h'/" f't,Cl'l fhc>~
t? /-- ~ e- -f ~ /'Yl f: ' of' C 0"1 J' rrvr e-}f;'~

Lf~ Add,'.f.-JorJ ell. +~s+.5 tA,/f'rC jOl"'r';;'rft1<'tf
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FLOOD CONTROL DISTRICT of Maricopa County
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%

MOISTURE
CONTENT

%
5.7
7.6
3.6
7.5
9.9
7.7

10.0
8.8

MOISTURE
CONTENT

s~J'-,,~~
I RR I GA TED f.-.,':

bEPTH ..
IN

FT
2.5-3.5
5.0-6.0
7.5-8.5
10.0-11.0
12.5-13.5
15.0-16.0
17.5-18.5
20.0-21.0

3.4
3.7
4.2
4.9
5.8
3.0
1.2

IKKllIAltU "NV NUNIKKILAltU AKtA::>.

. 5--f-d~~~;r Z8~"'9tf? "A d

liPN 1RR I GATED ,':
DEPTH •
IN

FT
1.0
2.5
5.0
7.5
10.0
12.5
15.0

;.?
~~~.

, ..

•
side slope of dam
1.0
2.5
5.0
7.5
10.0
12.5

1.9
2.6
4. I
4.0
3.5
3.6

0.0-1.5 5.5

5.0-6.0 9.6
7.5-8.5 8.9

10.0-11.0 7.3
12.5-13.5 8.9
15.0-16.0 7.0
17.5-18.5 8.6
20.0-21.0 7.6

• toe of dam
1.0 5.3
2.5 4.3 2.5-4.0 6.4

#5 5.0 3. I 5.0-6.0 8.3
7.5 5.4 7.5-8.5 8.2

• 10.0 5.7 10.0-11.0 8.9
12.5 3.8
15.0 .. 3.9
17.5 4.2
20.0 5.7

• * Core boring end moisture determinations by Maricopa County Highway Soils
Leb using 2n Auger drill method.

•
~~~ Core boring ~nd moisture determinetions by Western Technologies using
methods similar to the above (as observed by FCD personnel).

•

•

•

.:

) .P5
---------\

. \
\

\
\

\.

---------.
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• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

LETTER OF
TRANSMITTAL

•

•

Date '1-II-~{­

Job No. JJB '/-JO I)

Lab./lnvoice No.

Ref. No.

M8Fef~llydei~riQegadQIIQ!I(6:\)\c..", I "I~ eV'oC..L.o~e\",\ ~ ~"uL.'\~ 0", ~\\ \\1\(...

~""" f Le s ec.tcft- Sct""-f l.l. #- .:J Bo ~ ;).7.0 ~t!!e+. The LtIo. b We...s

UIVc...bL< ~ r"u", Tls+s ()tJ St4.""""Lc. fY'oll~J~1 S6 W~ Witt ho."~
-rc; 10 &,.,J 1e f o.lV6-f lu y Or-Jt.. -r "",'1£ uoV'J,,"l4 f( WI Gob f~tr.
For your: ~ Use Information

•

•

•

•

•

Please be informed that we are:

Material forwarded by:

lOOD CONTROL DISTRICT
RECEIV 0

S~.~ 1 ~. '84

~c10Sing
Forwarding Separately

Per Your Request

No. of Copies

Other

Approval

Files

Our Messenger

Your Messenger

First Class Mail

Priority Mail

Certified Mail

Special Delivery

Other

Engineering Reports

Laboratory Reports

Field Reports

Proposals

Action

Other

/' Express Mail

Air Priority

United Parcel Service

Motor Freight

Air Freight

City Delivery

•

•

Copies to:
c--

CH ENG HYDRO
ASST LMgtt ADMIN SUS?

II
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•
LABORATORY REPORT

•
PHYSICAL PROPERTIES OF SOILS

Page 5 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

Job No. 2_1_8_4.:....J.:....O=.1.:....7__

Lab/I nvoice No. _2_1_8_4_W_0_l_7 _

Date 9....:../_1_1....:../_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84

Spook Hill DamProject -=- _
Location M_e_s_a----=-,_A_r_i_z_o_n_a Sampled By _---=-W:...:T:...:I=--- Date

Type of Material Submitted By _W.:....:....::T;.,:I::.- Date

Source of Material _S_t_a_t_l_'_o_n_2_6_5_-_2_2_o_5 Authorized By ........:F:....:C=DL/....::K..:.:a:::.r:::...:::rc...::e~n~ Date•
Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL-

3" ASTM D424- PI-

2Vi" Maximum

Moisture - Density Relations Dry Density, pcf

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1Vi"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

Vi" ASTM D2844-
'R'Value

Ye" Other:

v." Moisture Content, %
ASTM D2216 7.1

NO.4

8
Shrinkage Limit, ml

10 ASTM D427 25.5
16

30

40

50

100

200 21. 0
Finer than 200
ASTM 01140-

•

•

•

•

•

• Copies to: Client (3)

•



•

•

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS

Page 4 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

2184J017Job No. _

2184W017
Lab/Invoice No. _

Da~ 9/11/84

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DamProject _

Mesa, Arizona WTILocation Sampled By Date

Type of Material Submitted By __W_T_I Date

Station 265-18.3 FCD/KarrenSource of Material Authorized By ...:.....- Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM 0424- PI-

2112" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM 0698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM 0854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

'12" ASTM 02844-
'R'Value

Ya" Other:

v. " Moisture Content, %

NO.4
ASTM D2216 8.3

8

10 Shrinkage Limit, ml
ASTM D427 22.7

16

30

40

50

100

200 20.5
Finer than 200
ASTMD11~

•

•

•

•

•

•

•

Copies to: Client (3)



•

•

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS

Page 3 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

2l84J017Job No. _

2l84~v017
Lab/Invoice No. _

Date _

Reviewed By, _

8/28/84

8/29/84

8/28/84•

Project S-'p~o_o_k_H_i_l_l_D_a_m _

Location M_e_s_a-=-.,_A_r_l._'_z_o_n_a Sampled By __...:..V'.:..7T=-=I Date

Type of Material Submitted By _---=-W:....;T::...;I=-- Date

Station 265-16.2 FCD/KSource of Material Authorized By ...:.....-_a_r....:.r:....e:....n Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL-

3" ASTM D424- . PI-

2112" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1112"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

v."
Resistance' R' Value of Compacted Soils

112" ASTM D2844-
'R'Value

¥!S" Other:

v." Moisture Content, %

NO.4 ASTM D2216 7.8

8

10 Shrinkage Limit, ml
ASTM 0427 25.7

16

30

40

50

100

200 28.9
Finer than 200
ASTM 01140-

•

•

•

•

•

•

•

Copies to: Client (3)



•

•

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS
Page 2 of 9

•
Client

Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

Spook Hill Darn

Job No. 2l84J017

Lab/Invoice No. 2l84WOI7
Date' 9--:../_l_l--:../_8_4 _

Reviewed By _

•

•

•

•

•

•

•

Project _

Location M_e_s_a....:,_A_r_i_z_o_n_a Sampled By __-'-W:....:T:....:I=--- Date 8/28/84

Type of Material Submitted By WT I Date 8/29/84

Source of Material Station 265-9.2 Authorized By FeD/Karren Date 8/28/84

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2V2 " Maximum

Moisture - Density Relations Dry Density, pet

2" D ASTM D698- ; D ASTM D1557- ; Method Optimum
Moisture, %

1W'
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

V2" ASTM D2844-
'R'Value

Ya" Other:

'I." Moisture Content, %

No. 4
ASTM D22l6 7.8

8

10
Shrinkage Limit, ml
ASTM D427 22.7

16

30

40

50

100

200 30.4
Finer than 200
ASTMDll40-

•

Copies to: Client (3)



•

•

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS

Page 1 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

Job No. 2l84J017
2l84W017Lab/Invoice No. _

Date 9....:.../_l_l....:.../_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DarnProject _

Mesa, Arizona WTILocation Sampled By -=- Date

Type of Material Submitted By WTI Date

Station 265-6.6 FCD/KSource of Material Authorized By :..-_a_r_r_e_n Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424-
PI

2Y2" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1Y2"
Specific Gravity of Soils (minus No.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

Y2" ASTM D2844-
'R' Value

Ye" Other:

1,;." Moisture Content, %

No.4
ASTM D22l6 7.4

8

10
Shrinkage Limit ml
ASTM D427 12.6

16

30

40

50

100

200 35.3
Finer than 200
ASTM D114(}.

•

•

•

•

•

•

•

Copies to: Client (3)



•

•

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS

Page 9 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

Job No. 2184J017

Lab/Invoice No. 218 4WOl 7

Date ----:9::....</'-.,Cl=..:1=.,,/"-=-8-=.4 _

Reviewed By _

•

•

•

•

•

•

•

Spook Hill DarnProject -==- _

Location M_e.:.-=-s_a:...c:, A:..::..=.r--=i:...;:z.-:o.-:n...:..a::..::..- Sampled By __..:.:W:..:T:...:I=--- Date 8/28/84

TypeofMaterial Submitted By WTI Date 8/29/84

Source of Material Station 280-20.5 Authorized By FeD/Karren Date 8/28/84

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL-

3" ASTM D424- PI-

2lh" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1lh"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

lh" ASTM D2844-
'R'Value

Ye" Other:

v. " Moisture Content, %

NO.4 ASTM D2216 9.7

8

10 Shrinkage Limit, ml
ASTM D427 26.1

16

30

40

50

100

200 32.6
Finer than 200
ASTM 01140-

•

Copies to: Client (3)



• LABORATORY REPORT

•
PHYSICAL PROPERTIES OF SOILS

Page 8 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009

Job No. --=2:...=1::...::8=--4:...:J=-0:....:1=-7-=----__

Lab/I nvoice No. _2_1_8_4_W_O_l_7 _

Date ---=9:...£.../--=l:..=1:..!./--=8:.....:4=---__

Reviewed By _

8/28/84
8/29/84

8/28/84•

Project S~p=_o_o_k_H_l_·_l_l_D_a_m _

Location ---=M..:.e=s~a=__,!...._::..:A:.:r:...:l=_·z=o..:.n~a=-- Sampled By __--'-W'-'T:..I=-. Date

Type of Material Submitted By __W_T_I Date

Station 280-16.0 FCD/KSource of Material Authorized By o:.-_a_r..:r:....e:....n Date

Client (3)

Sieve Analysis ASTM 0422-

Sieve Size
% Passing Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM 0424- PI-

2lh" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

llh"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

v. "
Resistance' R' Value of Compacted Soils

1;2" ASTM D2844-
'R'Value

Ye" Other:

v. " Moisture Content, %

No.4
ASTM D2216 8.5

8

10 Shrinkage Limit, ml
ASTM D427 19.9

16

30

40

50

100

200 24.5
Finer than 200
ASTM 01140-

Copies to:

•

•

•

•

•

•

•



• LABORATORY REPORT

•
PHYSICAL PROPERTIES OF SOILS

Page 7 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

Job No. 2_l_8_4_J_0_l_7__

Lab/I nvoice No. __2_1_8_4_W_O_l_7 _

Date --=-9.!...../-=1:..=1:.!.../--:8:.....:4=-----__

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DarnProject =- _
Location M_e_s_a~,_A_r_l_'z-----=.o_n::....:a:..::....- Sampled By W--'T=-I=-- Date

Type of Material Submitted By WT I Date

Source of Material _S_t_a_t_l_'_o_n_2-----=.8--=O_-....:1=-=2--=.....:0=-- Authorized By _....:F:...C=D..<../....:K;..:.;a=r..::r:....:e:::..:n:.:..- Date

Client (3)

Sieve Analysis ASTM 0422-

Copies to:

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2lh" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM 0698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1lh"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM 0854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

1;2" ASTM 02844-
'R'Value

Ya" Other:

lI. 1I Moisture Content, %
ASTM D2216 5.4

NO.4

8
Shrinkage Limit, ml

10 ASTM D427 18.6
16

30

40

50

100

200 21.7
Finer than 200
ASTM 01140-

•

•

•

•

•

•

•



•

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS

Page 6 of 9

•
Client Flood Control District

3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karren

2l84J017Job No. _

Lab/Invoice No. 2l84W017

Date 9--.:/_l_l--.:/_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84•

Spook Hill DamProject _

Mesa, Arizona WTILocation ----'-- Sampled By Date

Type of Material Submitted By __W_T_I Date

Station 280-5.5 FCD/Kar eSource of Material Authorized By ..:....-__r_n Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL-

3" ASTM 0424- PI-

2lh" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM 0698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

1W'
Specific Gravity of Soils (minus NO.4 material)

1" ASTM 0854- Specific
Gravity

Y.!"
Resistance' R' Value of Compacted Soils

lh" ASTM 02844-
'R'Value

Va" Other:

1;4" Moisture Content, %

NO.4
ASTM D22l6 5.8

8

10 Shrinkage Limit, ml
ASTM D427 21.3

16

30

40

50

100

200 20.9
Finer than 200
ASTM 01140-

•

•

•

•

•

•

•

Copies to: Client (3)



D, L Sagr<\n10So, P.E., Chief Engineer and CencrJI Manager

AUG 211984

BOARD of IJII,ECTORS

Fred Koury, Jr., Chairman
Hawley Atkinson

George L. Canipbell
Torn Freestone

Ed Pastor

FLOOD CONTROL DISTRICT
of

Maricopa County

1:\'1'; \i\'('~1 1)I,r.1Ilgn 'itrce! • Pho('nix, /\r·i/O'l.1 I\')()()<)

Telephone ((J02) 2(J2- J SOl

.
~.. '-....... :..cr (o • _. \'

~ FLOOD COH.TROL'~'.....

OIST~i~T.' . ,

0" :• " ''ilo''\)' .
MARICOPA . ,. .

COU/iTY
, Q 5 9

•

•

•

•
Mr. Gabri e1 R. Escami 11 o. Jr.
Manager. Geotechnical Exploration
Western Technologies Inc.
3737 East Broadway Road
Phoenix, Arizona 85036

•
Re: Soils Investigation at Spook Hill Dam

Dear Mr. Escamillo:

•

You are hereby authorized to proceed with the soil sampling and laboratory
testing for this project in accordance with your proposal dated
July 26. 1984 and your subsequent discussions, with Nick Karan of my staff .

Soil samples are to be taken at the following locations and depths below the
top of dam:

Station 265 + 00 Station 280 + 00

• 6.6 Feet
9.2 Feet

16.2 Feet
18.3 Feet
22.5 Feet

5.5 Feet
12.0 Feet
16.0 Feet
20.5 Feet
27.0- Feet

• The depths given above correspond to the top of the sample. The maximum
height of the sample shall be eight (8) inches.

The following tests are to be conducted on all the samples obtained:

1. In situ moisture content.
2. Shrinkage Limit.
3. Percent finer than the #200 sieve.

It is requested that a twenty-four hour notice be given to Bob Payette of my
staff so that a representative of the Flood Control District be present at
the job site in order to unlock gates. point out the two locations where
drilling is to be done and verify the depths before the sampling operations
are conducted.

We request that the sampling operations be conducted on a day other than
Fri day.
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Page Two
Letter: Soils Investigation at Spook Hill Dam

It is our understanding that the sampling and testing operations will be
described in a letter that will accompany the lab results.

It is further understood that the total cost for this project will not
exceed the sum of $1,800.

We are returning herewith a copy of your July 26, 1984 proposal with the
General Conditions page properly signed for your files.

Sincerely,

d:ou-J., nlc.

•

•

•

•

•

•

•

D. E. Sagramoso, P. E.

Enclosure

~ COORD: INFO~
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The meeting was called to order at 2:00 p.m. Tuesday June 25, 1984 by Bob
Payette in the Flood Control Districts' Conference Room. The participants
were as follows:

•

Ralph Arrington
Bi 11 Payne
Stan Smith
Nick Karan
Catesby Moore
Bob Payette
Dan Lawrence

SCS
SCS
FCD
FCD
FCD
FCD
ADWR

•

•

•

•

•

Copies of the vegetation report and the construction records for moisture
contents were distributed and discussed.

The report indicates the enhancement of vegetation by irrigation is no longer
needed. No shrinkage limits were found in the construction records but it is
concluded that the embankment shrinkage limit has been exceeded since the
present embankment moisture is approximately 3-4% below the constructed
moisture in the irrigated reaches and approximately 6-7% below the
constructed moisture in the non-irrigated reach.

Bill Payne placed the tentative results of the subsidence survey on the
blackboard. The survey showed the approximate settlement of the top of dam
monuments to be 0,03 feet between station 110+00 and station 210+00. As soon
as the subsidence survey is checked, copies will be sent to FCD and ADWR.
The conclusion made is that since subsidence has not occurred it should not
be a future problem on Spookhi11. Therefore it is likely not to be a cause
of cracking if cracking occurs.

The results of the discussions reduced to three positions which are:

ADWR-They have no objection to stopping the irrigation at this time, however,
in the future the damage must be assessed for the need to repair.

· ~
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Meeting on the need to Continue Irrigation on Spookhill FRS

To the Files

FCD-They desire to stop the irrigation since it is not needed for the
vegetation and will reduce the large operation and maintenance expenses they
are incurring.

SCS-Although continuing the irrigation is not a guarantee against embankment
cracking. some benefits are decernible,and if the irrigation is stopped
cracking must be expected. If repairs are needed. sponsors must share in the
cost liability.

The FCD will prepare a report of findings and conclusions from the present
data and send copies to ADWR and sese A meeting will be scheduled after the
FeD report has been received and reviewed.

Q~l~l
State conservatio~~nginee)
cc: FCD ~

ADWR
Joe Knisley
Steve Revie
Jack Stevenson
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Ralph Arrington, State Engineer, requested an evaluation on vegetative measures
for determining what the impact of discontinuation of irrigation on the structure
would have on present vegetative cover. Members participating in the evaluation
were:

Catesby Moore, Landscape Architect, Maricopa Flood Control District
Carl Pachek, Agronomist, Soil Conservation Service, Phoenix
Jake Garrison, Plant Materials Specialist, SCS, Phoenix
Steve Revie, District Conservationist, SCS, Chandler

Starting on the southeast end, the vegetation is good to fair. A better stand is
found on northeast exposures. All of the plants are in good vigor. Quailbush
and desert broom are the dominant plants. The furrows have accumulated irriga­
tion water, broke and left large rills on the slopes The borrow area east of the
dike looks about the same as it did in 1981. Bursage and annuals have volun­
teered. Annuals still grow in the ripper marks, generally.

A good stand of quailbush was found along the top of the dike about 1/4 mile
south of Brown Road. Plants growing vigorously on the slope were quailbush,
desert broom, triangleleaf bursage and desert saltbush; Australian saltbush is
present but plants were severely grazed. The erosion on this section is worse
than at other locations. Catesby indicated that this area receives more irriga­
tion water.

The reach north of McKellips Road has only fair cover of triangleleaf bursage,
wild buckwheat and desert broom with a good litter of annuals, and erosion is not
as severe. Blue, foothill and mexican palo verde were planted along the toe
slopes on both sides of the dike. All of the plants are still growing on the
downstream side. Plants on the upstream toe are vigorous except those located
below the high water line. Blue and foothill palo verde located below the high
water line are dead. Mexican palo verde was not affected by floodwater or stand­
ing water.

Saguaro and barrel cactus located on the dike near McDowell Road do not look
vigorous. Most of the barrel cactus are dead. This is partly due to sprinkle
irrigation and damage done by rodents near the base of the plants. The area
north of McDowell Road was aerial seeded and not irrigated. The area has an
excellent litter cover from annuals. Little erosion was evident.
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•. -2- Spook Hill Ev~luation 4/12/84

The survival of palo verde trees on the north and east sides of the entire dike
structure. as counted in the field. was 391 found alive and 113 found dead. This

• indicates a survival rate of 78%. The dead trees were 5 to 10 feet tall and had
been flooded. The blue and foothill were affected by standing water but mexican
was not affected. The 1anscape plan included a total of 547 palo verdes planted.
which indicates a survival rate of 72%. The latter is the official survival rate.
Th~ south and west sides were not checked - some lost in installation of CAP.

• There would be several impacts.if irrigation water is removed. They are:

1. Saguaro and barrel cactus will benefit.

•

•

•

•

•

•

•

2. After the water is removed from the fill there will be a reduction of
quailbush and fourwing saltbush. This will be significant within five
years.

3. The irrigation water provided on the site has encouraged annuals and a
large supply of seed will continue to be available to provide cover with
green plants in winter and litter cover in summer.

4. Areas on the dam that have bursage probably will not be affected by
removal of irrigation water.

5. The dike has been irrigated long enough that a few riparian plants such
as Verba de pasimo and lotebush have established on the dike. These
plants will die when irrigation is discontinued.

6. The erosion rate on the dike will be slowed to a minimum because of less
concentration of water and annuals will provide better ground cover than
the shrub canopy.

7. The irrigation system has been shut down for two-week time periods or
longer and the vegetation was not eliminated.

8. These observations do not evaluate the moisture content of soil material
in the dike.

Recommendations:

Discontinue irrigation and allow native plants to adjust to natural rainfall
conditions. An acceptable number of plants should survive indefinitely with
plants such as saguaro and barrel cactus benefiting. Less erosion will occur, at
least on the southeast two miles of fill structure. The entire structure should
look similar to the area north of McDowell, as a minimum, as less irrigation
water has been available there. This recommendation relates to vegetative cover
and erosion only. It does not include impacts on the change in moisture condi­
tion of the material in the dike.

~!::~. PHS c~::~st

•

cc: ~alph Arrington State Engineer, SCS
atesby Moore. ~aricopa Flood Cont. Dist.
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SUbJectING-Meeting on the need to Continue Irrigation
Spookhill FRS for Vegetation and Cracking

To:

Files

Date:Ma rch 20, 1984

File Code:

210

•

•

•

•

•

•

•

•

The meeting was called to order at 9:00 a.m. Tuesday March 20, 1984 by Bob
Payette in the Flood Control District's small conference room. The list
of participants is attached.

Bob Payette stated the aim of the meeting was to determine the need for
future irrigation of the Spookhi11 FRS to maintain the vegetation and
prevent cracking.

The Flood Control District has drilled some auger holes at station 286+90
(non-irrigated) and at station 280+00 (irrigated). The holes were drilled
at three locations at each station and samples were taken at 2.5 foot
depths. Moisture contents were run on all samples. The data is
attached. The amount of water used for irrigation from 1980 to the
present time with costs was listed and is attached.

Catesby Moore stated the vegetation south of McDowell Road was very lush,
green and of the perennial variety due to the soil type (loamy sand) and
the irrigation. Annual varieties of plants are almost non-existant. The
vegetation north of McDowell Road is not as lush and has more annual
plants and less perennial varieties due to the soil type (sandy loam) and
the irrigation. In the non-irrigated area the vegetation is predominately
annuals.

The slope erosion measured an average of 30% loss in the irrigated areas
and an average of 2% loss in the non-irrigated. The erosion was caused by
normal rai nfa 11.

Subsidence surveys need to be rerun by the SCS as soon as possible. Ralph
would see if SCS could pay the FCD to run the surveys due to SCS work load
at present time.

SCS would check testing records for construction moisture contents and
shrinkage limits. If more drilling and testing need be done then
guidelines of location, depth, moisture content, shrinkage limit, etc.
will have to be given to acquire the needed information required.

A report will be written of findings and conclusions after all data
gathering has been completed.
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The renovation of the pumphouse will be delayed to determine the need if
any.

Dan Lawrence ADWR agreed to review the design features of Spookhill to
determine these items positive and negative that may be of concern in
determining the irrigation of the dam.

g~~~L
State Conservation Engineer

cc; Jack Stevenson
~~ayne Ki 11 gore
Steve Revie
Joe Kni sl ey
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MOISTURE
CONTENT

%
5.7
7.6
3.6
7.5
9.9
7.7

10.0
8.8

~t'UUKti I LL INCORt [jUKINL.~ AI

s,Ja.,l'-":"~
,1 RR IGA TEO i ...,'..

DEPTH '
IN
FT
2.5-3.5
5.0-6.0
7.5-8.5
10.0-11.0
12.5-13.5
15.0-16.0
17.5-18.5
20.0-21.0

%
3.4
3.7
4.2
4.9
5.8
3.0
1.2

MOISTURE
CONTENT

RESULTS OF T~O SEPARATE SETS Of MOIS1UK~

IRRIGATED AND NONIRRIGATED AREAS .
.5-ft:?1~~~ 2.B~""tt?4? "A (/
NON RII'A EO ,',
DEPTH
IN
FT
1.0
2.5
5.0
7.5
10.0
12.5
15.0•

••

·~/
side slope of dam
1.0 1.9

I. tEet
2.5 2.6
5.0 4.1
7.5 4.0
10.0 3.5
12.5 3.6

•
toe of dam
1.0 5.3
2.5 4.3

.#.1 5.0 3. 1
7.5 5.4
10.0 5.7
12.5 3.8
15.0 .. 3.9
17.5 4.2
20.0 5.7

•

0.0-1.5

5.0-6.0
7.5-8.5

10.0-11.0
12.5 -13.5
15.0-16.0
17.5-18.5
20.0-21.0

2.5-4.0
5.0-6.0
7.5-8.5
10.0-11.0

5.5

9.6
8.9
7.3
8.9
7.0
8.6
7.6

6.4
8.3
8.2
8.9

* Core boring 2nd moisture determinations by Maricopa County Highway Soils
L2b using 2n Auger drill method.

• ~~ Core boring end moisture determin2tions by Western Technologies using
methods similar to the above (as observed by FCD personnel).
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SPOOKHILL WATER UILLS.- -Meter read date c?lnOunt water ( i n 1,000 of gallons) Cost

12/28/83 1.165 663.2811/29/83 983 564.8610/29/83 1,014 581.62• 9/30/83 1,099 627.598130/83 768 . 448,588/ 03/83 125 ~86.647/29/83 1,408 794.707/14/83 166 109.02Fiscal 83-8it Totals 7827 4,503,88• ,..

6/29/83 1,167 613.026/23/83 9 11.515/26/83 1,769 913.534/27/83 1 39.42

• 3/30/83 39.422/23/83 37.901/26/83 12 37.9012/29/82 8 37.9011/24/82 .286 169.2610/27/82 450 '2.47.50

• 9/30/82 557 299.348/31/82 606 325.827/30/82 726 380.46
Fiscal 82-83 Totals .5,591 3, 152.98

6/28/82 1,'092 524.70

• 5/28/82 1,818 851.404/27/82 1,114 534.603/29/82 972 470.702/24/82 1,117 535.921/25/82 1,265 602.5512/23/81 1,143 547.65

• 11/23/81 624 314.1010/21/81 727 360.459/22/81 2,032 947.708/21/81 2,256 1,048.507/28/81 2,038 950.406/23/81 1,492 641.88

• Fiscal year 81-82 Totals 17,690 8,330.55

5/27/81 2,176 922.324/23/81 1,047 459.433/27/81 1,154 503.302/24/81 417 201.131/29/81 909 402.85• 12/23/80 652 297.4811/25/80 1,182 514.781 /27/80 2,376 1,004.329/29/80 1,653 1,182.268/22/80 480 226.967/24/80 743 336.84• F i s ca I yea r 80-81 Totals 12,794 6,051.67

•
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WEEKLY SUMMARY OF DENSITY DETERMINATIONS
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Sub·w.llIsiled _
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RESULTS OF H.JO SEPARATE SETS OF MOISTUKE CORE UUt{ I NL.~ AI ~r'UUKHILL IN

IRRIGATED AND NONIRRIGATED AREAS.

NON IRR IGA TE.D ....; tft£ J/f~ -+10 t RR IGATED i.,': 5+1 ~0-t ~
DEPTH MOISTURE DEPTH MOISTURE

v'

IN CONTENT IN CONTENT

FT % FT %

I .0 3.4 2.5-3.5 5.7
2.5 3.7 5.0-6.0 7.6
5.0 4.2 7.5-8.5 3.6

7.5 4.9 10.0-11.0 7.5
10.0 5.8 12.5-13.5 9.9

12.5 3.0 15.0-16.0 7.7

15.0 1.2 17.5-18.5 10.0
20.0-21.0 8.8

side s lope of dam
1.0 1.9 0.0-1.5 5.5

2.5 2.6
5.0 4.1 5.0-6.0 9.6

7.5 4.0 7.5-8.5 8.9

10.5 3.5 10.0-11.0 7.3

12.5 3.6 12.5-13.5 8.9
15.0-16.0 7.0
17.5-18.5 8.6
20.0-21.0 7.6

toe of dam
1.0 5.3
2.5 4.3 2.5-4.0 6.4

5.0 3. 1 5.0-6.0 8.3

7.5 5.4 7.5-8.5 8.2

10.0 5.7 10.0-11.0 8.9

12.5 3.8
15.0 .. 3.9
17.5 4.2
20.0 5.7

* Core boring and moisture determinations by Maricopa County Highway Soils
Lab using 2n Auger drill method.

•

10: Core boring 2nd moisture determinations by Western Technologies using
methods similar to the above (as observed by FCD personnel) .



WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

Flood Control District of Maricopa County
3335 West Durango Avenue
Phoenix, Arizona 85009

Attn: Mr. Robert Payette

Re: Spook Hill Dam

Dear Mr. Payette,

May 19, 1983

Job No. 2183J011

•

ThaBk you for your patience on this project and we look forward

to working for you again. The last time that the driller went

out he took samples of the other three borings and if you

require moisture content testing on those samples please

contact me.

Respectfully submitted,

~c~rOt~1&D~>\
Gabriel Escamillo

mb

Attachment

Copies to: Addressee (1)
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SPCOK HILL Ill\M
~ ~

JOB NO. 2183JOll
~W+eo

TEST MJISTURE
BORIN:; DEPTH CDN'I'ENI'
NUM3ER (FEET) %

1 2~ - 3~ 5.7
1 5 - 6 7.6
1 7~ - 8~ 3.6
1 10 - 11 7.5
1 12~ - 13~ 9.9
1 15 - 16 7.7
1 17~ - 18~ 10.0
1 20 - 21 8.8
2 o - 1~ 5.5
2 5 - 6 9.6
2 7~ - 8~ 8.9
2 10 - 11 7.3
2 12~ - 13~ 8.9
2 15 - 16 7.0
2 17~ - 18~ 8.6
2 20 - 21 7.6
3 2~ - 4 6.4
3 5 - 6 8.3
3 7~ - 8~ 8.2
3 10 - 11 8.9



SPOOKH I LL WATER lllLLS

Meter read date 211l0unt water ( i n 1,000 of gallons) Cost

12/28/83 1,165 663.28
11/29/83 983 564.86
'0/29/83 1,014 581.62
9130/83 1,099 627.59
8130/83 768 448,58
8/ 03/83 125 :86.64
7/29/83 1,408 794.70
7/14/83 166 109.02
Fiscal 83-84 Totals 7827 4,503,88.. '

6/29/83 1.167 613.02
6/23/83 9 11.51
5/26/83 1,769 913.53
4/27/83 1 39.42
3/30/83 39.42
2/23/83 37.90
1/26/83 12 37.90
12/29/82 8 37.90
11/24/82 .286 169.26
10/27 /82 450 '247.50
9/30/82 557 299.34
8/31/82 606 325.82
7/30/82 726 380.46
Fiscal 82-83 Totals .5,591 3,152.98

6/28/82 1;092 524.70
5/28/82 1,818 851.40
4/27182 1,114 534.60
3/29/82 972 470.70
2/24/82 1,117 535.92
1/25/82 1,265 602.55
12/23/81 1,143 547.65
11/23/81 624 314.10
10/21/81 727 360.45
9/22/81 2,032 947.70
8/21/81 2,256 1,048.50
7/28/81 2,038 950.40
6/23/81 1,492 641.88, Fiscal year 81-82 Totals 17,690 8,330.55

5/27/81 2,176 922.32
4/23/81 1,047 459.43
3/27181 1,154 503.30
2/24/81 417 201.13• 1/29/81 909 402.85
12/23/80 652 297.48
11/25/80 1,182 514.78
1 /27/80 2,376 1,004.32
9/29/80 1,653 1,182.26
8/22/80 480 226.96
7/24/80 748 336.84
F i s ca I yea r 80-81 Totals 12,794 6,051.67
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WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

Flood Control District of Maricopa County
3335 West Durango Street
Phoenix, Arizona 85009

oc tober II, 1984

Attn: Mr. Nick Karan, P.E.

Re: Shrinkage Limit Tests
Spook Hill Dam Job No. 2184J017

Shrinkage lintit tests were conducted according to AS'IM Designation
D427-83 which states that the initial water content for the test
should be equal or slightly greater than the liquid limit. Using
this procedure often results in shrinkage limit values greater than
the plastic limit for sandy and silty clays (Holtz and Kovacs).

The soils tested were s il ty or clayey sands wi th 20.5% to 35.3%
passing the 200 mesh sieve. High shrinkage limit values could be
expected for soils that are predominately sands. The grain to
grain contact would occur primarily between sand particles and the
size of capillaries that produce tension upon drying would be rela­
tively large in diameter. Capillary tens ion and res ul ting shrink­
age would be low; therefore, little shrinkage would occur and the
shrinkage limit would be high.

Shrinkage limit test results are meaningful only for clays and pub­
lished interpretations may be applied only to clay soils. For
clays, Holtz and Gibbs present the following information for arid
region soils: hri age limit greater than 12 has little volume
change potential. Bowles says that it is not possible to quantify
the term "Ii ttle volume change potential".

•
Re ferences:

HoI tz and Kovacs, "An In troduct ion to Geo technical Engineer­
ing", 1981, Prentice-Hall, pages 178-185

Bowles, "Physical and Geotechnical Properties of Soils", 1979,
McGraw-Hill, pages 223-225.

•
We hope this informa tion
attached test results.
don't hesitate to contact

ass is t you in the interpretation of the
If we may be of further service please
us.

, Ph.D., P. E.C.

Respectfully submitted,
WESTERN TECHNOLOGIES INC.

nj

At t achmen ts

Copies to: Addressee (3)

•
,



.- WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 1 of 9

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Job No.__----:2=..:l~8~4~J~0~1:!:....7!.....___
2l84W017Lab/Invoice No. _

Date 9_/_l_l....:.../_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84

Spook Hill DarnProject _

Mesa, Arizona WTILocation Sampled By __~=-= Date

Type of Material Submitted By __W_T_I Date

Station 265-6.6 FCD/KaranSource of Material Authorized By _-=-=..:-.::.~=-=::..:.. Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

21,12" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1V:z"
Specific Gravity of Soils (minus No. 4 material)

1" ASTM D854- Specific
Gravity

¥."
Resistance' R' Value of Compacted Soils

'/2 " ASTM 02844-
'R'Value

Ye" Other:

lA" Moisture Content, %

NO.4
ASTM D22l6 7.4

8

10
Shrinkage Limit, %
ASTM D427 12.6

16

30

40

50

100

200 35.3
Finer than 200
ASTM 01140-

,

•
•
,

Copies to: Client (3)



WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 2 of 9

Client
Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Spook Hill Dam

Job No. 2_l_8_4_J_0_l_7 _

Lab/I nvoice No. _2_1_8_4_W_O_I_7 _

Date 9....:..I_l_l....:../_8_4 _

Reviewed By _

8/28/84

8/29/84

8/28/84

Project _

Location M_e_s_a.......:....,_A_r_l_·_z_o_n_a Sampled By __....:.W.:...:T::....:::.I Date

Type of Material Submitted By _---=-W:....:T::..;I=- Date

Station 265-9.2 FCD/KaranSource of Material Authorized By __~......:.....~_:....:..: Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soi I ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

21;2" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus No. 4 material)

1" ASTM D854- Specific
Gravity

314 "
Resistance' R' Value of Compacted Soils

1;2" ASTM D2844-
'R' Value

Ya" Other:

lit" Moisture Content, %

NO.4
ASTM D22l6 7.8

8

10
Shrinkage Limit, %
ASTM D427 22.7

16

30

40

50

100

200 30.4
Finer than 200
ASTM D1140-

,

•
•
,

Copies to: Client (3)



•• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 3 of 9

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

2184J017Job No. _

2184W017
Lab/Invoice No. _

Date' _

Reviewed By _

8/28/84

8/29/84

8/28/84

Spook Hill DamProject --.:.-=---- --=-..:..:.:..~ _
Location M_e_s_a.-..:...,_A_r_i_z_o_n_a Sampled By __....:.V\.:..../T=-=I Date

Type of Material Submitted By _--=-~rV:...;T::...cI=_ Date

Source of Material _S_t_a_t_J._'_o_n_2_6_5_-_1_6_._2 Authorized By __F_C_D..:./_K_a_r_a_n Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL -

3" ASTM D424- PI-

2Y2" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1Y2"
Specific Gravity of Soils (minus No. 4 material)

1" ASTM D854- Specific
Gravity

~"

Resistance' R' Value of Compacted Soils
Y2" ASTM D2844-

'R'Value

¥a" Other:

v. " Moisture Content, %

NO.4 ASTM D2216 7.8

8

10 Shrinkage Limit, %
ASTM D427 25.7

16

30

40

50

100

200 28.9
Finer than 200
ASTM D11040-

,

•
•
,

Copies to: Client (3)



•• WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 4 of 9

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

2184J017Job No. _

2184W017
Lab/Invoice No. _

Date ----.:....9L-1=1=1;L../....;:8--'4:.....- _

Reviewed By _

Spook Hill DamProject _

Mesa, Arizona WTI 8/28/84Location Sampled By Date

Type of Material Submitted By __W_T_I Date 8/29/84

Station 265-18.3 FCD/Karan 8/28/84Source of Material Authorized By Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3// ASTM D424- PI-

2 V:z " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1V:z"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance /R / Value of Compacted Soils

'h" ASTM D2844-
'R'Value

¥a" Other:

11." Moisture Content, %

NO.4
ASTM D2216 8.3

8

10 Shrinkage Limit, %
ASTM D427 22.7

16

30

40

50

100

200 20.5
Finer than 200
ASTM011~

,

•
•
•

Copies to: Client (3)



WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 5 of 9

8/28/84

8/29/84

8/28/84

Job No. 2-=1:....:8:....:4:....:J:....:O:....:l=-7.:..--.__

Lab/I nvoice No. _2_1_8_4_W_O_l_7 _

Oateo 9--.:../_1_1--.:../_8_4 _

Reviewed By _

Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Client (3)

Sieve Analysis ASTM 0422

Client

Copies to:

Spook Hill DamProject -:- _

Location M_e_s_a--=-,_A_r_l_'_z_o_n_a Sampled By _---.:..:W:...::T:..:I:::.- Date

Type of Material Submitted By _W.:...:..::T~I=-- Date

Source of Material _S=--=t..::a.:....t.:....l=·..::o..:.n=--2~6...:5_-_2=_=2...:....:5=___ Authorized By .....;..F_C_D_I_K_a_r_a_n Date

-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM 0424- PI

2'12 " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM 0698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus No.4 material)

1" ASTM 0854- Specific
Gravity

~"
Resistance' R' Value of Compacted Soils

'12" ASTM 02844-
'R' Value

YI" Other:

'I." Moisture Content, %
ASTM D2216 7.1

No.4

8
Shrinkage Limit, %

10 ASTM D427 25.5
16

30

40

50

100

200 21. °
Finer than 200
ASTMD1140-•

,
,

,
,

,

•

•



~. WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 6 of 9

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

2184J017Job No. _

Lab/I nvoice No. _2_1_8_4_W_0_l_7 _

Date 9_/_1_1_/_8_4 _

Reviewed By _

Spook Hill DamProject _

Mesa, Arizona WTILocation --:...- Sampled By Date

Type of Material Submitted By __W_T_I Date

Source of Materl'al Station 280-5.5 FCD/KaranAuthorized By Date

Sieve Analysis ASTM 0422-

8/28/84

8/29/84

8/28/84

Sieve Size
% Passing Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL -

3" ASTM D424- PI-

2'12 " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1'12"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

lh" ASTM D2844-
'R' Value

Ya" Other:

~" Moisture Content, %

NO.4
ASTM D2216 5.8

8

10 Shrinkage Limit, %
ASTM D427 21.3

16

30

40

50

100

200 20.9
Finer than 200
ASTMD1140-

,

•
•
•

Copies to: Client (3)



WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 7 of 9

8/28/84

8/29/84

8/28/84

Job No. 2_1_8_4_J_0_l_7__

Lab/Invoice No.__2_1_8_4_W_0_l_7__

Oate ------=--c9/e-=.-1=-1/<---..::....8....::.4__

Reviewed By _

Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Client

Spook Hill DamProject -=--- _

Location M_e_s_a......:....,_A_r_l_'_z---.:o_n_a:..:...... Sampled By __---.:W..:....T::...=:I Date

Type of Material Submitted By WTI Date

Source of Material _S_t_a_t_l_'_o_n_2_8_0_-_1_2---.:._0~ Authorized By __F_C_D_I_K_a_r_a_n Date
,
,

Sieve Analysis ASTM 0422-

Sieve Size
% Passing

Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL -

3" ASTM 0424- PI-

2112" Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM 0698- ; 0 ASTM 01557- ; Method Optimum
Moisture, %

1112"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM 0854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

'12" ASTM 02844-
'R' Value

Ye" Other:

v. " Moisture Content, %
ASTM D2216 5.4

NO.4

8
Shrinkage Limit, %

10 ASTM D427 18.6
16

30

40

50

100

200 21.7
Finer than 200
ASTMD11~

,

•
• Copies to: Client (3)

•



,. WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

LABORATORY REPORT

PHYSICAL PROPERTIES OF SOILS

Page 8 of 9

8/28/84

8/29/84

8/28/84

Date -=-9L.-/-=1-=1:.L/-=8:....:4=------__

Reviewed By _

Job No. 2184J017

Lab/Invoice No. 2184W017
Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Client

Spook Hill DarnProject ~ _

Location ----=M:..::.=e-=:s:..:a::...L,--=..A:.:r::..:l::.'=z..=o:..:.n.:..:a=--- Sampled By __--!.W!...cT~I Date

Type of Material Submitted By _----=-W:...:T~I=-- Date

Station 280-16.0 FCD/KaranSource of Material Authorized By Date
,

Client (3)

Sieve Analysis ASTM 0422

Copies to:

-

Sieve Size
% Passing Specification Soil ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL=

3" ASTM D424- PI-

2V," Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

1V,"
Specific Gravity of Soils (minus No.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

V, " ASTM D2844-
'R' Value

%" Other:

v. " Moisture Content, %

No.4
ASTM D2216 8.5

8

10 Shrinkage Limit, %
ASTM D427 19.9

16

30

40

50

100

200 24.5
Finer than 200
ASTM 01140-

•
•

,

•



..

WESTERN
TECHNOLOGIES
INC.

3737 East Broadway Road
P.O. Box 21387
Phoenix, Arizona 85036
(602) 437-3737

PHYSICAL PROPERTIES OF SOILS

LABORATORY REPORT

Page 9 of 9

Client Flood Control District
3335 West Durango Street
Phoenix, Arizona 85009
Attn: Mr. Nick Karan

Job No. 2l84J017

Lab/Invoice No. 2l84W017

Date ----=9:.L/-=1:..:1:..!,/-=8:..-.:4=--__

Reviewed By _

8/28/84

8/29/84

8/28/84

Spook Hill DamProject .=...::....::...::..::...-...:..::..:=-=-=--=-==-=-- ---'- _

Location ---:M:...:....::.e.....:s:....:a~,--=.A=.=r=-l::.·.=z.....:o.....:n_a~ Sampled By __...:W:..:T=.;I=--- Date

Type of Material Submitted By _---=-W:....:T~I=- Date

. 28 2 FCD/KaranSource of Material _S_t_a_t_1._o_n O_-__O_._5 Authorized By ~__---:. Date

Sieve Analysis ASTM 0422-

Sieve Size
% Passing Specification Soi I ClassificationAccumulative

Liquid Limit and Plasticity of Soils LL-

3" ASTM D424- PI-

21;2 " Maximum

Moisture - Density Relations Dry Density, pd

2" o ASTM D698- ; 0 ASTM D1557- ; Method Optimum
Moisture, %

11;2"
Specific Gravity of Soils (minus NO.4 material)

1" ASTM D854- Specific
Gravity

Y."
Resistance' R' Value of Compacted Soils

'lh" ASTM 02844-
'R'Value

Ya" Other:

v. " Moisture Content, %

NO.4 ASTM D22l6 9.7

8

10 Shrinkage Limit, %
ASTM D427 26.1

16

30

40

50

100

200 32.6
Finer than 200
ASTM 01140-

,

•
•
•

Copies to: Client (3)




