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TRILBY WASH DETENTION BASIN
LOWER AGUA FRIA RIVER

MARICOPA COUNTY, ARIZONA

GENERAL

1. Inspections of the Trilby Wash Detention Basin embankment conducted

in 1964, 1966, 1969 and 1971 have indicated surficial irregularities of

the crest. The irregularities were reported to be in the forms of surface
Py erosion and small holes and tunnels., A subsequent investigation, conducted

’ in March 1972, included a limited amount of tremching which exposed

transverse cracks within the embankment. The cracks were extensive enough

to warrent further investigations, as the safety of the embankment appeared

to be effected.

,’ PURPOSE -
2. The purpose of this report is to present information pertinent to the
embankment cracking and to recommend remedial treatment. Results of recent
‘investigations are presented as well as test results obtained during the

P design and construction of the project. »

PROJECT DESCRIPTION

3. The project was constructed under one contract beginning in July 1955
Y and finishing in July 1956. The project is located on Trilby Wash and
‘adjacent streams about 4 miles from Beardsley, Arizona and 10 miles northeast
of Luke Air Force Base.

The project consists of a compacted random earthfill dam, approximately
10 miles long; & detention reservoir with a gross capacity of 19,300 acre-
o feet; an ungated concrete channel outlet works; an outlet channel which
carries discharges from the dam to a point about 2 miles west of ‘the Agua
Fria River and an uncontrolled spillway located at the left abutment.




GEOLOGY

4. The embankment is located on a broad, southeast sloping alluvial
plain with a surface that is cut by numerous shallow ephemeral stream
channels. The unconsolidated alluvium are sediments derived primarily
from igneous and metamorphic rocks. The coarser materials (gravels,
cobbles and boulders) were derived from the metamorphic rocks of the
White Tank Mountains located to the west of the project. The sands are
predominantly quartz with admixtures of unweathered feldspar. Much of
the fines are low plasticity silts, but clays derived from the decompo-
sition of feldspars and mafic constituents of rocks also occur, Caliche
is found impregnating, to some extent, all soil types with especially
marked concentrations in those soils that consist chiefly of porous sand.
The thickness of alluvium is known to exceed 200 feet along the alignment
of the embankment.

DESIGN INVESTIGATIONS AND CONSTRUCTION DATA

5. Foundation explorations. The original design exploration consisted
of drilling thirty-eight power auger holes in 1952 and twenty-four power
auger holes in 1953 along the axis of the embankment. Ten in-place
densities were obtained from along the axis of the embankment and
undisturbed samples of the foundation materials were obtained from test
pits. For a detail description of the exploration, testing and selection
of design velues, see Design Memorandum No. 2 entitled "Design Analysis
for Trilby Wash Detention Basin and Outlet Channel," dated March 1953.
The location of exploration holes are shown on plate 1 and the logs of
the exploration holes are shown on plates 2 and 3.

a. Density testing. The results of the ten in-place density tests
conducted on the foundation material, prior to construction of the embank-
ment, are shown on figure 1 and 2. :

b. Consolidation testing. Consolidation tests were conducted on an
undisturbed sample of the foundation material and on an undisturbed sample
of the existing berm fill which existed prior to the 1956 construction.

The results of the consolidation tests are shown on figure 3. Both samples
had higher densities than :similar materials tested in-place. In additionm,
consolidation tests on two samples of undisturbed embankment materials were
.conducted for the construction record testing. The results of consolidation
testing of the two record samples of the embankment material are shown on
figure 4.

c. ans&ruction.testigg. A summary of the moisture and density
testing of the embankment materials is shown on plate 4.




* RECENT INVESTIGATION

6. Explorations. In September 1971 a detailed survey of all surface

- erosion, holes and cracks was made by Corps of Engineers personnel.

The results of the survey are on file in the Los Angeles District,
Foundation and Materials Branch., The location of the holes or cracks
are shown on plates 5 and 6., Subsequently, in March 1972, five
excavations along the crest of the embankment were made using a backhoe
at Stations 467+60, 459190, 451+48, 305100, and 283+28 (excavations
numbered 1, 2, 3, 4 and 5, respectively). The excavations were made in

" areas where holes were observed during the September 1971 survey.

Cracks of significant widths were encountered in four of the excavations.
- Excavation number 4 was made on a rodent hole which had a maximum depth
of 2.5 feet. The maximum dept hs of transverse cracking observed in
excavations 1, 2, 3 and 5 were 6.5 feet, greater than 12 feet, greater
than 14.5 feet and 9 feet, respectively. Disturbed samples of represent-
ative materials were obtained for laboratory testing. A detailed
description of the excavations is included as Appendix A.

During lune 1972 an exploration consisting of 40 shallow backhoe
test trenches (TT 72-1 through 40) was conducted on the embankment crest.
The purpose of the trenching was to determine if the embankment cracking
occurred in localized areas or along the entire length of embankment.
The trenches were all approximately 2 feet wide, 20 feet long and 3 feet
deep. In cases where a crack extended to a three-foot depth the trench
was increased in depth to 5 feet. The location of the trenches along
the crest are shown on plates 5 and 6. A profile of the trenches in which
cracks were encountered and the results of the mechanical analysis are
shown on plate 7. Cracks greater than 1/8-inch in width and continuously
extending to a depth greater than three feet, were encountered in the test
trenches located at Stations 356+75, 394+00, 419+32, 455+57, 482+00 and
497120, A detailed description of the excavations, logs, photographs and
the mechanical analysis results are on file in the Los Angeles District
Office, Foundation and Materials Branch.

During July 1972, twelve bucket auger test holes were drilled between
Stations 435+00 and 460+00. The purpose of the drilling was to establish
~soil profiles normal to the embankment in an area of extensive cracking

and in adjacent areas. Four lines of three test holes were drilled at
Stations 460+00, 451+48, 443+85 and 435+t00., The standard penetration

test was conducted for the full depth of the test holes. The materials
encountered were visually classified and disturbed samples of representative
"materials were obtained for moisture content, Atterberg limits and
gradation testing. The locations and logs of the test holes are shown on
plates 8 and 9. Cross sections drawn at each of the four stations and a
profile along the centerline of the embankment showing the distribution




of soil type in the foundation and embankment are shown on plates 10
through 12.

During August 1972, five undisturbed samples of foundation materials .
were obtained for consolidation testing. The samples were taken in the
streambed in areas of extensive cracking and non-cracking both upstream
and downstream of the embankment. The locations of the areas sampled
are shown on plate 10.

a. Laboratory testing. The laboratory testing in this investigation
consisted of mechanical analysis, Atterberg limits,shrinkage limits and
consolidation testing.

- (1) Mechanical agglxéis and Atterberg limits tests. The mechanical
analysis and determination of Atterberg limits were conducted on disturbed

and undisturbed samples. The results of these tests are presented through-
out the report whenever applicable. ‘

(2) Shrinkage 1imit tests. Four shrinkage limit tests were conducted
on disturbed samples of the embankment materials obtained from areas of
extensive cracking. The results of these tests are shown in figure 5.

(3) Consolidation tests. Nine consolidation tests were conducted
on the undisturbed samples obtained in August 1972. The purpose of the
testing was to evaluate the collapsibility of the foundation material
under saturated conditions and embankment loading as shown in plate 13.
The results of these tests are shown in figures 6 through 15.

GROUND WATER

7. Recent water well depths in the vicinity of the embankment are not
available. Water well depths obtained in 1964 are contained in Water
Resources Report No. Twenty-seven, by the Arizona State Land Department,
entitled "Basic Ground Water Data for Western Salt River Valley, Maricopa
County, Arizona," dated June 1966. The change in ground water depth for
the period from 1952 to 1964 is shown in figure 16.

AREA SUBSIDENCE

8. An undated report prepared by the Department of the Interior,
Geological Survey, entitled "Investigation of Vertical Displacement of
Ground Surface, Phoenix-Mesa Area, Arizona," contains survey data in the
area of the project. The amount of subsidence for the period 1948 to 1967
is shown on plates 14 and 15. '




ANALYSIS OF DATA

9. Foundation materials. The explorations revealed considerable
variation in the distribution of the various soil types and a lack

of continuity of the soil strata. Caliche is found impregnating all
soil types with the greater amount being found in the sandy soils.
Numerous small washes crossed the axis of the embankment and contained
shallow surface deposits of sand and gravelly soils. These pervious
zones were designated to be removed during construction.

In general, fine-grained soils consisting of sandy clay, sandy
s8ilt and clayey and silty sand comprise the upper portion of the
foundation. These relatively impervious soils vary in thickness from
2.5 to 16.5 feet with an average thickness of approximately 7.0 feet.
In areas of the foundation coarser materials consisting principally
of sllty and clayey gravelly sands underlie the fine-grained surface
soil. ' '

The foundation materials encountered between Stations 435+00 and
460100 consist of irregular deposition of various soil type. No
discernible difference in distribution of soil type is noticeable either
in a transverse or longitudinal section (see plates 10 through 12). The

moisture contents of the foundation materisls located under the embankment

are approximately 2 percent lower than those upstream and downstream of
the embankment. This may be an indication that the materials under the

-embankment have not been saturated in the past. The standard penetration

tests do indicate the materials in the upper 15 feet of the foundation
could have widely varying resistance to penetration and therefore,
differences in consolidation characteristics.

a. Density tests. The results of the in-place density tests on
the foundation materials indicated a range of dry densities between
74 and 115 pounds per cubic foot with an average of 90 pounds per cubic
foot. The percent compaction ranged from 63 to 90 with an average of 73.
The dry density and relative compaction is lower for the fine grained
materials (the sandy clays and sandy silts), see figure 2.

b. Consolidation testing. The two undisturbed samples obteined in
1953 during the design phase of the project, show the foundation and bxiat-
ing berm samples would collapse when saturated under pressure consistent :
with their in-situ pressure, see figure 3.

Extrapolation of the consolidation data for foundation sample (a),
a sandy silt, indicates a 30% reduction in void ratio when subjected to
embankment loading and saturation. This sample had an initial void ratio
of 0.96, see figure 3. '




Extrapolation of the consolidation data for existing berm sample (b),
a sandy clay, under same conditions as above, indicates a 25% reduction
in void ratio. This sample had an initial void ratio of 0.77, see
figure 3.

Consolidation tests conducted in the recent investigation gave
similar results to those discussed above.

Three undisturbed samples were obtained near the downstream toe area
of the embankment and two undisturbed samples were obtained near the
upstream toe area. The samples were sandy clays with LL's ranging from
25 to 36 and PI's from 8 to 16, and clayey sand with LL's ranging from
22 to 30 and PI's from 7 to 12. The locations where the samples were
obtained are shown on plate 10. '

- A1l of the downstream samples loaded to their in-situ pressure,
collapsed when saturated. The three samples had dry densities ranging
from 84.5 pef to 89.8 pef. These samples exhibited a change in void ratio
of 34%, 26% and 12%, varying directly with density, when subjected to
embankment load, see figure 7 through 11.

The two upstream samples, loaded to their in-situ pressure, showed
no collapse when saturated. These two samples had dry densities ranging
from 91.5 to 100.3 pcf. When these samples were subjected to embankment
loading under saturated conditions they experienced a change in void ratio
of 8 and 9 percent, see figure 12 through 15.

The test results indicate that the upstream materials have experienced
saturation and collapse of structure, whereas, the downstream materials
have not. The test results of the downstream samples compare very well
in gradation, density and behavior with the test results of the samples
obtained from the foundation during the design phase of the project.

The degree of saturation which has occurred beneath the embankment is
unknown but may be assumed minimal based on the available pool and standard
penetration data. .

¢. Construction control teSting, There were no foundation tests
conducted during the foundation preparation stage of the embankment
construction.

10. Embankment conditions. The investigations indicate a predominance

of transverse cracking between Stations 475t00 to 445+00 and between ~
Stations 295+00 to 265+00. Cracking occurs in other areas of the embankment
but not with the same frequency or having the depths encountered in the
above mentioned reaches. :




a. Construction testing. The results of the consolidation tests
- conducted on record samples of the embankment materials obtained at
two locations, Stations 117400 and 481+65 indicate that: Sample (a),
a clayey gravelly sand, collapsed when saturated under a loading of
400 psf, Sample (b), a silty gravelly sand, did not collapse. Sample
(a) had an initial dry density of 109 pef and sample (b) had an initial
_dry density of 118 pef, see figure 4. :

The results of the construction control testing of density and
moisture contents of the embankment material are shown on plate 4.
Fifty-five percent of the embankment materials had moisture contents
below optimum moisture content and 31 percent had moisture contents of
less than one percent below optimum moisture content. The majority of
the embankment materials were compacted to at least 95% of meximum
density and 18 percent were compacted to less than 93 percent of maximum
density. The record sample that indicated collapse had a dry density of
109 pef and a moisture content of 6.7 percent. It is estimated that
approximately 18 percent of the embankment materials were placed at
densities or moisture contents low enough to have collapsible behavior
_upon saturation.

Calculations of settlements of the embankment using the consolidation
test results discussed above are shown on plate 16. The calculations
reflect the collapse of material at Station 117400 below the theoretical
phreatic line., Although the collapse accounts for a significant part of
the settlements, recent data and the ponding history of the structure
would indicate that saturation of the embankment has not occurred.

b. Shrinkage limit tests. Results of shrinkage limit tests,
figure 5, indicate that the embankment materials undergo no further change
in volume below a moisture content of 16%. The shrinkage test results and
the information gained from the comstruction control record, plate 4, which
show 90% of the embankment materials were placed at a moisture content of
less than 16%, would indicate major cracking due to shrinkage is very
improbable.

c. Embankment materials. The embankment materials encountered
between Stations 435+00 and 460+00 consist mainly of sandy clays and clays
with plasticity index.ranging from 7 to 23 and liquid 1limit ranging from
26 to 44, and non-plastic silty sands and sand. The embankment materials
exhibited various amounts of caliche cementation. The average moisture
content of the embankment materials is 11 percent, with lower moisture
contents in the upper 5 feet of embankment, indicating a slight amount of
desiccation. The upper 15 feet of embankment materials had very high
standard penetration test blow counts ranging from 27 to 60 plus, and the




lower embankment materials had blow counts between 12 and 35. Based on
the construction testing results and using Sherard's classification of
susceptibility to cracking, see table 1, the embankment materials having -
low moisture contents, high densities and being silts, silty clays, clays
and sandy clays with the above mentioned rangé in Atterberg limits would
have a degree of susceptibility between 1 and 3. In Sherard's classi-

- fication 1 is the greatest and 6 is the least degree of susceptibility
to cracking. ’

11. Ground water end area subsidence. Data obtained from the referenced
ground water publication indicates that for the period from 1952 to 1964
the ground water depth increased 160 feet at the north end of the
embankment and 120 feet at the south end of the embankment. The ground
water contour was approximately at elevation 920 along the embankment

. alignment in 1964. Well records indicated the ground water was declining
at a rate of approximately 12 feet per year during the period. The amount
of increase in the ground water depth occurring after the embankment
construction is estimated to be between 150 and 200 feet.

Data obtained from the referenced report on vertical ground displace-
ment indicates for the period from 1948 to 1967 the subsidence along the
embankment alignment varied between 1.2 and 1.9 feet. The amount of
subsidence occurring after the embankment construction is estimated to be
between 0.8 and 1.3 feet.

Figure 17 shows the estimated decline of the ground water surface
and the estimated ground subsidence along the embankment alignment. Total
and effective pressures were determined based on the estimdated decline of
the water table since construction. The effective pressure, the pressure
that causes consolidation and shear deformations, increased about 100 times
the drained unit weight of alluvium (about 6 tons per square foot) at an
elevation of 800 feet (550 feet below the gromnd surface). The typical
change in vertical pressure with depth is shown in figure 18, Since
construction the change in effective pressure shows an increase from zero
at a depth of 300 feet to approximately 6 tons per square foot at a depth
of 500 feet. Below this elevation the effective pressure increase is
6 tons per square foot. As the depths involved are great, deformations
can be significant with the large pressure changes. For example assuming
the alluvium is about 1000 feet deep and the foundation materials have an
elastic modulus of 50,000 psi, the computed shorting would be about 1 foot
for a change in vertical stress as shown in figure 18. Unexplainable with
the available data is the lesser magnitude of ground subsidence at the
north end of the embankment. This may be due to geologic conditions or
differences in properties of the deeper foundation materials, however, no
data of this type is available. '




Associated with the ground water decline and subsidence is the
development of surface fissures and evidence of ground cracking on a
regional basis. A limited inspection of the area in the vicinity of
the embankment resulted in observation of cracking evidence on cultural
features such as paved road, ditches and canals. This data is shown in
figure 19 along with earth fissures 4 to 9 miles distant from the
. embankment reported by others. The cracking evidenced in the vicinity
of the embankment is in the form of displacements and patching of
pavements, ditches and canal linings and is not as pronounced as the
distant earth fissures which are over a foot in size. The embankment
cracks diminished in width with depth below the embankment crest and
are larger than the cracks observed adjacent to the embankment.

.- The apparent non extension of the embankment cracking into the
foundation may be due to the embankment being constructed after a
significant amount of regional subsidence had already occurred. It is
felt the larger embaniment cracks are due to the embankment soils being
mach more brittle than the foundation soils as they are denser. It
appears the embankment cracking could be attributed to the regional
subsidence,

CONCLUSIONS

12. The results of field exploration indicate a high frequency of
transverse cracking between Stations 475100 to 445+00 end 295+00 to
265+00.

13. Continuing gfound water decline and resulting surface subsidence
apparently has and will continue to influence the embankment.

14. The embankment materials are brittle and highly susceptible to
cracking.

15. The foundation and embankment materials have not yet been saturated.

16. Some of the foundation and embankment materials will collapse when
saturated. This collapse may be as great as 1 foot at several locations
along the embankment.

17. Collapse of foundation materials can not be economically prevented
and damage to the embankment will have to be repaired should it oceur.

18. Treatment to increase the embankment integrity between Stations
475+00 to 445+00 and 295+00 to 265+00 is required.




19. Areas outside those designated may require treatment in the future.

20. Field observations and instrumentation ﬁill be required to monitor
the behavior of the embankment and foundation.

RECOMMENDATIONS

21. Four methods of treatment were considered for the upstream slope

of the embankment between Stations 445+00 to 475+00 and 265+00 to 295+00,
The methods consisted of (1) removal and recompaction of the outer 6 feet
of material, (2) an overlay with 6 feet of compacted fill, (3) installation
of a buried membrane and (4) paving with asphaltic concrete. Comparative
cost estimates are shown on table 2. The recommended treatment would be
the asphaltic concrete paving. The treatment was selected as additional
settlements of the embankment and foundation are expected. The soil
treatment methods would experience cracking that would not lend itself

to detection or easy maintenance. The selected treatment provides a
desirable degree of flexibility, is visible for easy detection of cracking
and can be readily maintained. In addition, the asphaltic concrete paving
may be easily extended in the future.

The crest should be raised to elevation 1361 to re-establish the
design freeboard. Between 0.5 to 2.0 feet of compacted fill would be
required along the length of the embankment.

Settlement monuments should be established at approximately 500 foot
intervals along the embankment crest and at approximately 1000 foot interwals
along the upstream and downstream toes of the embankment for future
monitoring of vertical embankment and foundation movement. Vertical movement
of the monuments should be obtained on a yearly basis. The elevations of
the existing U.S.G.S. section corner monuments shown on plates 14 and 15
should be determined concurrently.

Future condition surveys should denote the occurrence of holes along
the crest by stationing.

10




TABLE 1.—CLASSIFICATION OF EMBANKMENT MATERIALS
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2 [ngeneral, the coarser the soil and the less the plasticity, the greater the increase in piping resistance due to increased compactive

effort.
b Susceptibility to cracking was not observcd to be decreased appreciably by increase in compactive effort. Rapndly disintegrating
residual soils may he especially susceptible to cracking.
. € No dams constructed of soils with plasticity mdex greater than 40 were included in the investigation.

{(After Sherard)




Table 2
° o
Comparative Cost Estimate

° 1. Upstream glope treatment.
: _f: ‘ | a. Remove and recompact outer 6 feet of embankment .

‘ Remove 88,000 CY @ 0.50 , $ 44,000

Replace and compact 88,000 CY @ 1.25 ' 110,000

e : $154,000

b. Overlay with 6 feet of compacted fill.
Compacted fill 88,000 CY @ 1.50 $132,000

c. Buried membrane (Poly propylene).’

Prepare subgrade 48,000 SY @ 0.15 _ 7,200

Installation of membrane 48,000 SY @ 1.35 64,800

2' of soil cover 32,000 CY @ 3.00 96,000
$163,000

d. Asphaltic concrete.

Prepare subgrade 48,000 SY @ 0.15 7,200

A.C. 48,000 SY @ 2.50 - 138,000
$145,200

2. Restore crest elevation.
o | a. 12,000 CY @ 2.50 - ,  $30,000
"3, Install settlement monuments.

a. 250 monuments 25,000 LS

o . b. Survey (initial) 15,000 LS $40,000
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U. S. ARMY ENGINEER DISTRICT

CORPS OF ENGINEERS

POUNDS PER CUBIC FOOT
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U.S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

20" ) UNIFIED SOIL CLASSIFICATION SYSTEM
T —(\-Aprox- BXIST étauﬂa'] : MAJOR  DIVISIONS ,;“u'“ms TYPCAL NAMES
-— - ; 2 “4'

81 GwW Woll-graded gravels, gravel-sand mintwes, vl or w0 Fines.
Gr Poorly-graded gravels, pravel-send mixtures, little or ne fimes.
E%! GM Silty gravels, gravel-sond-silt wixtoves.
GcC Clayey geavels, pravelosnd-cloy mixturss.
31 swW Well-groded smods, grovelly sends, Ktths or mo fimse.
se Poocly-graded_sonds, gravelly sends, Mitte or ne foss.

VELS

GRAY
More thon hotf | More then helf
of cosna frac- | of coerse frec-
tion is smallor | tiem is lerger
thon e, 4 sieve | then ne. 4 sieve
slse.

ONLY IF CRACK EHCOUNTERED |
TRENCH OBPTR WCREASED To &

TYPIGAL TRENGOH

COARSE GRAINED 30ILS
is losger then me. 200 sieve

sive.
SANDS

. M Sity sends, send-slit mixtures.
'! 1¥1 $C Clayey sonds, sond-cloy mintures.
¥ | i ML | T oy s s iy
@ NUMBER. oFf Te8T TRENCH 9 sends, or cloyey shight plastieity.
3 _‘ r } cL Insegomic cloys of low 1o modiom plesticity, grevelly cloys,
d ‘ s 8 3 sondy clep, sty cloys, luenclops.
< g! ‘ g 5 oL Orgonic silts ond segawic silty clays of low plasticity,
s 3 i < W | e s, micscenss o datemaceses fne sendy ot sty
y ! E 1. s, et skt
‘;'I * ;,i CH | tnengosic cleys of bigh plooticity, fat clows.
Vv ' oH Orgasic cloys of mediom to high plooticity, srgenic sllis.
" : Highly onganic_seils Pt Poot sod other bighly orgenic seile.

S B e, Rt o e WA G Ml

1. Bewndery Solls
GW-GC, woll-grsded gravel-sond mixtwe with clay bindor.
2 AN sleve tizes on this chart are U, S. Standend.
3. The torms "sit” snd “cley” sre weed respectively te distinguich metericls eubibiting lower plosticity from theen with higher plastiolly.
The misus ne. 200 siove materiel is siit if the lquid Nmit snd plasticity index plot below the “A” Kee on the plasticity chert (Toble VI, M-
tory Stondard 619A), ond s cloy i the Kquid Emit and plasticity index plot sbove the “A” line en the chert.

4. For o comploin doscription of the Unified Seil Clomsificstion System, ses “Militery Standard 619A” deted 30 Morch 1962

of twe groups wre desigmeied by combinations of group symbels. For wmuply,

® STA 491 +20 ()] s1A 482 +00 ()| sTA 455 + =1 (3) [ 214 420+ 0 )

LEGEND

®  LOCATION AND MUMMIR OF TIST NOLE.

MG PILD MOISTURE CONTINT 1N PERCENT OF BAY WHIGHT.
LU Lgue LT

PI PLASTICITY INOIX (LIQUIS LIMIT MINUS PLASTIC LIAIT).
NP NONPLASTIC

EACH CRACK APPROX. g WIDE
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R
STA 256+ 75 ()| sTA s51+00 (| oTA 34(+o00 (g °TA =i1+00 ()
TEST
TEENCA | DEPTH -4 ~2oe te eL CLASSIFICATION
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U.S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

1 UNIFIED SOIL. CLASSIFICATION SYSTEM
s,
' i S MAIOR  DIVISIONS SYMIOLS TYPICAL NAMES
. KINGMAN > B3
N
« §~z 5}-‘ :)ii}-i 3! GwW Well-graded gravels, grovel-sond mintures, little o no fines.
\ > T
a ‘VE’. §l ;1 ln: - G? Poscly-graded gravels, gravel-sand wixtures, little o no Fines.
oL
2% _ E‘ﬁ gis 3‘ 1 GM_ | Sity gravels, gravel-ssud-sit_winturss.
A RI Z:0 N A z i H s ! 'i k3 GC Cloyey gravels, gravel-sond-cloy mixtures.
5.; anven ) ESCOTT E g 3!,5_5 !i SW Well-graded sonds, gravally sonds, little or ne fines.
DAM
g - i; §_§ - [+] sP Poorty-groded sonds, grovelly sonds, fittie o ne finas.
o %”""‘” \ALANO RESERVOIN SITE S ; = £ 3 ; 5 .t " j % 1 M Silty sands, sond-3ilt mixtuces.
2 \
3 o = S EE sC Clayey sands, sond-cloy mnintures.
$ ;
§ - £ ICKENBERG 2 4 i ML Imorganic sits and very fine sends, reck floar, ity or cloyey
. s ,\. . » 33.! fime sonds, or cloyey silts, with shght plasticity.
LI n 'WENDEN ; = N
I 9 sy 0,72 Jo il £ 1 S T ————
- ““\ o b g8 3 sandy cloys, silty clays, leen clays.
;:ogmx éi P g 5 oL Ovganic silts and organic silty clays of low plasticity.
» <
Inooganic silts, micacesns or distomscesns fine sandy
. - VICINITY MAP o 14 g i I ot i
' + TorROECT AR £ 3 $
) o CZ3PROJECT AREA = i 'l j_; [T Inorganic cleys of bigh plesticity, fat cloys.
. scave Bt == -FwiLes g ° * OH Orgonic_cloys of mediom 0 high plesticity, ergonic silts.
é s o § g g Highly organic seils re Past snd othor highly orgamic seils.
&L - ¥ 2 - S +
X' Q : [~ o 0
. °.£2J 3 THT2® § % 7-"‘ " ¥ v NOTES:
’ . - g : I .
Po « \\\\-, e & TH72-10 S & 2 ¥. Beunday CI .s.&. ‘ of twe groups e designoted by combinetions of group symbels. For suample,
s o o P = R GW-GC, wollgraded gravshsend mixtwe with cloy bindar.
; Q ".O 2, AN sleve sines on this chart ore U. S. Standerd.
Il g . 3. The terme “sit” smd “c are weed respactively te distinguish materisls exhibiting lower placticity from thees with
?
: : P m-ﬁ-nmmm-mﬂmmmum-«:ﬂu«mu’hnumma&wuni-
2 tary Standard G13A), ond is cloy i the liquid Simwit and plasticity index plot sbove the “A” line ou the chart.
] ' 4. For s complete description of the Unified Seil Classification System, see “Mikitary Standard 194" dated 20 March 1962
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500 (] 500 1000 1500
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©  LOCATION AND NUMBIR OF TIST HOLE (SEE PLATE I0).
MC  FIBLD MOISTURE CONTENT 1N PERCENT OF DRY WRIGHT.
e LIQUID LIMIY.
' T.H. 72-| TH. 72-2 TH. 72-3 T.H. 72-4
T [4] PLASTICITY INGEX (LIQUID LIMIT MINUS PLASTIC LIMIT).
W LLPL 4-200 K NC LL P -4-200 N W LL PL_N-200K N LL P 4-200 N HONPLASTIC
[6 | CLAYEY SAND, light brown, medium dense, [~ CLAYEY SAND, 1ight brown, caliche sl 21 wp|es “_t STLTY SAND, fan, dense. gravel fo 172" T | GRAVELLY CLAYEY SAND, nm, caliche "
sc| 6 s 17| 89| o[ 9ravet 8 cobbles to 5 max. 300056 |38 m cemented. gravel to ! {/2"max. 2.0° ; max., |-5% cobble. 5.00sc| ? {35 '6182| 3F=] cemented, gravel to 2" mox. -4 PEECENT OF MAYEMAL BY WEIGHT PASIING NO. 4 SHIVE
4.0 [ SARDV CLAY. '175hi brown 7o Brows w/gray w|s ine o755 SANDY SILT."brwn. dense and cemented, pada 1 T AVEY SN b’"n STiohT cemmntation.
ol 16| 90 51 (5| MDY CLAV. brown w/whife caliche streaks. o |as | s streaks, very hard, gravel to I 1/2"max. 5.0! oj. | Y sravel 1o 2 . 5.0 |2 ]o8 ] 20i8s|wi [ ] CLAVEY' SARD, ‘brown.” 3Tig i 20 PERCENT OF MATERIAL BY WEIGHT PASSING NO. 200 SHVE.
B . -
7.0 L] 10 |36 |81 hard, gravel to ! . volse .17 |85 s Sﬂe}"cl;ﬂjubrovn very dense & cemented, el s | min 5 £ SANDY CLAY,"Oan '/-que cementution, N mumuummvuuu-
' | CLAVEY SAWD, Tight brown, caliche streaks. . [ . srovel te ’ 8.0 [ Sravel to 2% max. TOOT. | CUTIISN IAMTR OF 200N 1 2 INCHER:
el 1o I [ P S = gravel 1o 2% max. alasl s raor] [1is 757 Y ) - sc]10 w1 | 18] 5. w0 gl CLAVEY SAND, " tan wiwhite cementation, DS DIAMETIR 15 1-3/8 INCHIS. PROCEBURE 15
. + - = ! . .
z . _ 1.9 = & ‘ T CLAYEY SAND, brown, dense, gravel 1o 27 2| /1.0’ [P gravel o 2% max. oy b
s el is |29 11197 663 fﬂlﬂ GLAY, brown, caliche streaks, very ; 10 wloa vy B ,?’I,LTY SAND, brown, very dense, gravel to & 11 4o - 20 |s9 l38 % max. ‘é-' ; | = SANDY CLAY, brown, hard, gravel to 2% w PEITH
X\ 14.0' ] Z| 140 [ 1" max. S| 1400 L 2 g cL]i2 [us | 23] 91 5[~ max.
z - . 4.0'] foriss
| J a [SI{ GRAVELLY CLIVEY SAND. ishi brown. dense. 2 ! GRAVELLY CLAYEY SAND. brown w/whife H ' | GRAVELLY CLAYEY SAWG, fon, wedium dense. 35| !2:0 N 3
g “| |79l 29 | grave! to <21 se|is [ »mi“i“ [37] streaks, dense, gravel to I" mox. ;) 17,05 1014 2t 73335 ™ gravel fo 2" max. g 39 18 ‘s‘l": CLAYE& Z‘ND, dark brown, slightly
w } B 180 - [ H CLAYEY SAND, fan, wedium demse | [ cemented. gravel fo 3% max.
i f— - i B . gravel w | .
! 23] ae| yu [35] CLAVEY SAND. brown, dense, gravel to 2 3 clis L3 16. 08|50 [ ANOY CLAY. brown. very stiff. w fo 1" mox., several cobbles o 6% mox. sc T
F - 21.0¢ s Fr 10 37||7§39;u~
F—| GRAVELLY CLAYEY SAND, Brown, wediu [ CLAVEV SAND, ‘tan B Tight brown, medium 22.0 :
371 17| 83| W0 denge, gravel to 2* ma: " 230+ §5¢]12 138 16 92]%7 dense, gravel to 2" max. R i E SANDY CLAY, b to
iz 1 TS| SANDY SILT, brown, medium dense, gravel | 10 138 14|91 {58 [T6, 5, Dr0kn to fan, cemented zones,
] ¢ | 95| s2[gz] SAWOY STLT-SANDY CLAY, Grown, donse. wfs | weyas|safaw] fo 172" mx. 25.0 25.01 | 7| T gt gravel fo 2" max.
- o S et T o b oo, iowe 27.0' M e o7 ot SANDY CLAY, Tight brown, very stiff. L 1 1 =
’ . E . [ ; 8 |40 |17, 92|56 28]
[13] %[ 18] 92| 4[] catiche. sravei o 2% mox. i Tig| SILTY SAKD. brown. medium dense. gravel " SANDY SILT-SANDY CLAY, brown, stiff to ! +——{=
. o ) PPN [P o e o 0 Cwpl ot fwi T to | 1/2" max. 30,07t very stiff. 3001 12 (44 . 18-9%!85] —§—~
. -0 | i ; e . Tarl SANDY CLAY, mn /white caliche stredks, W GRAVELLY SAND-STLTY AND, brow
A Tl olsel e I CLAVEY SaND, brown with fan culiche, 500 . - 75'29—;:—: FAVELLY ST - brown. wédium dense. 32.0ct] 135 151 eravel fo v‘;nr e caliche strea szof sl ,., 69] 10 491 ME ’Snl’J faL v GR:L"ELLV SAND, brown,
ravel to 2 mo. - L] max. Y 5. “fan, dense, gravel! 0¥ B edium
XL grev X e el SRAVELLY SAND 61177 GRAVELLY SAWD. Trawn,  34.04% K oo |wle|ng 3::?,5'52,3"‘.’; o d'Z;,,-,'," nedivn
| SANDY CLAY, Iight b:wn w/dark brown 35.5¢ |4 8 WP 15510 gl Medium dense, gravel 8 cobbles to 4" max. 36.01 gu.u aum_u s‘m; fan, dense, grovel 35.01 . LA
ap.ou[Ct]"* || 16 % SO lenser, grovel to 1" max. o] s (35715 9558 Fgg| SMEY CLAV. T1gh¥ brown. very s¥i¥, Honf— | 8 coobles o 4" pu sg.5fcil 11sr 112 o8lss I3, SANDY CLAY. "brown, very s¥iff._
STUIY SMD, Tight brown, cemented, 2-4 3.0 LT IB gravet to f1/2 max. 6 -wejsslis [I, ST SAND. Fight brown, Rediun fo darie, KOH SILTY SAND, brown. cemented. gravel fo
¥ cobbles. B0 SANDY SiLT, tan, very dense, cemented. 3300 | 136 . Suplo| | NP 98 us EUH //2" max.
9 wp100| 28 - ey AVELLY SAND B+ ow,
.0 3 a0 |™ 1si P 100} 65 [gpg) a0 g; N e GRAVELLY sml;-fle GRAVELLY 5AND, brown, 40.01 -
- : | I - o > dense, grovel to 3“ sax. Gl
(S GRAVELLY SMOD-SILTY GRAVELLY MWD, ish i ¥ STLTY SAND, Fan 7o brown, very demse, 2 SILTY'SAND, tan fo light brows, dénse 1o 4z.ofsuf®] |*:76) "E#, LT (S0 STLTY SRVELLY SIND. bromn,
by 1" w9847 v Pl o
b | & N[5 6 [G8] brown, dense, gravel to 2" me. s ! | 4 gravel to 2" max. - IqI" very dense & highly cemented, gravel to 10 WP 100| 43 608 STLTY SAND. fan w/whife caliché
- o s w782 P SRAVECLY STLTY SAND Fam, comnted with o] |° {’2"3 5 Tems no g ™ 04 cementation, gravel to I" max.
¥ - -+ e = S e ]
. 7.0 X caliche, gravei & cobbles to 4" max. T i i T80 i ue 24
. . [X_| SILTY SARD, fight brown w/brown 8 biack w5 |? 93! 7 lgoa :f:e,s,”,‘:yzf‘:z; tight brown. very dense, wo owelss % e B e
- f . : '
8 Wr 100{43 2 streaks, very hard, gravel to 2 (/2" max. " |64 SiLTY SAND, tan, cemented, hard to drili, SH i z | 0H SANDY SILT, tan, cemented, gravel fo ["
T s SIS WP| B4 7504 gravel to 3* mox. T s M2 | P 10051 jgp| max -
X 0 0 S lae! b= 52.0 =T
. . PN — v GRAVELLY SAND-SILTY GRAVELLY SAND, light 12736, 5 [ 38 2 = hi br ighly cemente
. ™ s ss.0c | ¥ | w|ee] o [G2] brown. dense. gravel to 3¢ mex.. coving. : o 2 L ee ool ve X zi';z,sf';"?..',’,,ﬂ:' brown. highly cemented, :
- 2 - SO4CLAVEY SAND. fan wiwhite and black [S6; dense. grovel to | 1/2" nax. P e ': :
] w38 (w7 # scio o0 18| 92|98 [F streaks, very hard, gravel to 2% max. se0l 1° P 8920 [0 T "]w SYMBOL DESCRIPTIONS DATE _ [APPROVAL
s 3 6.0l | ... b1l S i
ol 59,0 } TSR TS — I 7;::7'_‘ STLTY GRAVELLY SMD. Tighi brown & gray. 59.0 H REVISIONS
" 6 w9 X R L1 rown, cemented, very PYY very dense, I to 3"
61.0 s 7| iW|95261X dense, gravel @ cobbles 1o 6% mox. 61.0] . very dense, gravel fo 3" mox. sl 1o PR~ iﬂfef”’-:"zf‘“ﬂ “brown & gray. very dense, U.S. ARMY ENGINEER DISTRICT
suu,-’surv SAND,. tan, gravel & cobbles - va sp) B » Y GRAVELLY SAND-SILTY GRAVELLY SAND, brown, 63.0 SM . LOS ANGELES
. :: N P "E to 4" max., caving. . o) 13 64.0]s 5 NP 6219 very dense, grave! & cobbles to 5" mox. ! - CORPS OF ENGINEERS
65.5° ® . 66.0° = | SILTY SAND, brown, very dense, gravel fo Bl | iorle DESIGNED BY:
CLAYEY SAND. Tight brown, very hard. L8 i P 6 lueioo| e BOY zu g, 7.0 : 0
el ve |96 [ 15 [1o0] 50 el i FX] SaMOY CLAY, Tight tan w/brown & white o ! 59 - g LAK
69.0° 54 . 69.0¢ 3|18/ 9856 0 streaks, very hard drilling. 1 - ol ! = SRAVELLY SAND-SILTY GRAVELLY SAND, brown.
T Tor ool vo B STETY SMID. Tisht brown.” camsiited, very ol 161 1eisisp ol 17| ¢ g very demse. sravel o 3" max. TRILBY WASH DETENTION BASIN
.l dense. 7. '
72.0 1 bodl i ¥ g Y ST " an + -
SANDY CLAY, ton, very hard, siow drilling. 0§
ol ] .gi,e i1 || e R T LOCATIONS AND LOGS
: L L ; ot 1L L4 e " OF TEST HOLES
LOGS SUBMITTED BY: SPEC. NO. SHEET
. - VERT. SCALE : < 3 = 1 FEET DRAWING NUMBER
DATE: BISTRICT FILE NO.
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U.S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

. T.H. 72-5 TH 72-6 T.H. 72-7 T.H. 72-8
WL P _8-200 8 ML P 4200 N . M LL P -% -200M . W LL PL 4200 ¥
[9| SILTY SAND, ton, loose, gravel to 3" max. [37| GRAVELLY SILTY SAND, ton. dense to [7| SILTY SAND, tan, loose, gravel & [ 6 CLAYEY SAND, tan, loose. gravel to
w3 wr| 90| 2717 3 WP 8% |42 ] medium dense, gravel & cobbles to . WP {90 (87 = cobbles to 5" max. i R A s
0 =2 - HE 4 mox. - &R . . _
o 7 las|12]s8 “% CDMVVEVI S’W./ Tan, Toose fo medium dense, . wr |79 (22 % % 550 fefiofoe SANDY CLAY, brown, stiff.
0] - [ {90 (%0 =2 T
] (34 fan. “zaliche 7.0 el 7.00 CLAYEY SAND, ton, dense, gravel to
scle 3% 13| anfu2 175} — . . . g
8.0'] 804 cemenfed. gravel 1o 3" sa {221"STLTV GRAVELLY SAND, fon, medium dense, S SaNgY CLAY, tan, cemenied, sravel fo s ® ¥ 11/2% mox.
(48] CLAYEY SAND. tan, dﬂun,'o medium dense, 28 grave! to 3% max. L] 5|35 112|895t (53] 1 /2% max. =2.4s¢ - e
10.0)] 15 |s5|is|m|zo 8y CLATEY SAND, tan. denge to,aed vl [we|r2|20 i 9 10 172" na [-=| CLAYEY GRAVELLY SAND, brown, dense fo
. il o[ ozF] SANDY SILT, fan. mediun dense. 1.0 Jsu EsY 11 prfsel e Tee vl a0 20180 CAvEY CRAVELLY SAND. fon, dense. gravel 11.00] |5 3920|515 (28] medium dense, grovel to 2 1/2"mox.
P 12.5° Hal . wr |os |36 B SHLTY SMMD, fight bmm dense to medium | 22\8 cobbles to 6" mox. A o [28] GRAVELLY SAND-CLAYEY GRAVELLY SAND, red-
B8d "SANDY CLAY, ton, caliche cemented. 14.0 (2| dense. grave! to 2% ma . w76 (12 [37) GRAVELLY SAND-SILTY GRAVELLY SAND. light sc|® |42 |28182112 [Z6] brown, medium dense, gravel to | I/2% mox.
" iz |8z | 10100 s2 57| - 3] Fesl brown, dense, grave! @ cobbles to 5" mox., 14.5° el
: 16.0" = 165 [ 17 s 1 ool b gc:”zlc';fé"’:::/""" coliche straaks, B Tl e 16,0+ JoUJ1S [29 [TV 8056 k= SANDY CLAY, Browa, Fard, gravel 16 2"
sicy b 1 i . : ROX. [Opwox. .
12 100 ¥0 571 SMND, brown, dense 1o medium dense. oo Ly IT7] W iob]s2 WOR SANOY SILT, light brown, comented. 1= wl el SILTY SAND, brows fo Tighi brown, vary
2] G4 SILTY SAND, light brown, very dense & 19.5¢ 3 W78t gl dense, gravel to 2" max.
) i 100l 27 5 9 WP Ji00 (32 fgg] comented. 210 Isc] 6|28t 8|8 CLAYEY SAND, brown, hard, gravel to 1" mox. N
i 22.0 P -0 fscl 61281 8(89/35 o
- He {56 | siay [] 10 NP (92
. 20l |7 9|13 58] - ] GRAVELLY SAND-SILTY GRAVELLY SAND, brown, ol 10| | nefioo]a SARD. brown. cenented. 24.0°
' R 1| s [55] SAR0-STLTV SAWD, brown 8 sray, dense, 2550 )5 ™ ]%2)° gl dense, gravel to 3% max. 25.0! - ST STIT. Tight bravm. cemeried. gravel
9 i les 1o 4% . ing. - n . .
o707 Fse] 970v & cobbles 1o 4" max., caving 2 o Jov oo B2 GRAVELLY SILTY SAND, light brown, i::‘::'c‘,;‘y tan w/white streaks, MLt NP o4 to | 1/2%
. 5a| CLAYEY SAND, tan w/black strecks, very . § cemented, gravel to 1" max. 29.0° cL) 17| w4 (18|97 © 28.0'
scl1o39 (27100 w6 oo hord driilling. 29.0 5 - -0 k2 139 | 1a oo SANDY CLAY, light brown, cemented.
31.0¢ ? 1214 |16 foolsr B :IL;Y SAND. tan, highly cemented, very 13 w938 SiLTy SAND,"Mn to brown, cemented, 3.0
I SILTY SAND, tan to brown, highly pLy har gravel to 2% max. SANDY SILT, tan, highly cemented.
0 wp [100| 35 [82Y cemented, a few gravels to 2* max. 60¢] MLIt5 (47 116 1100
ol ® | %0 24 5 34.0
- SHE 12 (36 [ 9 {10045 [gp 7l sl w86 SILTY SAND, light brown, vuy hard,
o wt |ioo 55 T o 5 92 IG? 37.0' gravel & cobbles to 5"
" are 39.0! 3
151 |ue{os |21 lgae] 9rave! to 2 mox. 0 GRAVELLY SANDSTLTY v SAND-SILTY SAND, brown, very dense, y
o fiz| [welioowo]sed 400" 3 S v For] vory denser aravel to o1 teman D brom: S| gravel B cobbles to 6% mox., caving. :
4.0 161w o5 v ] STLTY GRAVELLY SAND, iight brown, very suf ¥ 72 ’ : B i
10 os| 102 GRAVELLY SAND-SILTY s:uvsu.v SAND, brown,  42.0 §0] dense, grovel to 3° mox. 42.0° Feoe . M I
- ¥ very dense, gravel to 3" 43.5° 20 wr (88 [ 9 [zg| SAND-SILTY SAND brown, very dense, very wet. P [S4] SAND-SILTY SAND, brown, very dense, . v % !
. - . nl s 4 45.0° JotJz0[se [ 16 ioofss o sawor crar. ton w/iwhite, yery hord o | ® 82| 8 ﬁ gravel 8 cobbies to 5" max. “o P e T iy SARD brown cemented arevel 102"
x - 46.0* ed, grave max.
4.0 GRAVELLY SAND SILTY GRAVELLY SAND, brom
CLAYEY SAND, brown, stiff 1o very hard, , ot I 03 108 yory dense, grovel & cobbies fo 5% max. 7 n GRAVELLY SAND-SILTY SRAVELLY SMMD. brown.
scl27 |as | 18] 95{ 3 gravel to | 1/2"max., very wet at 47 feet. 49.0 - SAND-S1, ry AN ¥
sLo’ T sioJ3 e 3 12]50] SN0 B LatalD; SooER aa? Penee. wel. “h ™
o1 12[85Y SMD-SILTY SAND, brown, very dense, wet, sch 16| 95| 15) 96| v6 |50 CLAVEY SMD, brown, unnm, woist. 52.0° _ —
4 grovel to 2" max. 54.0 sa.0' M WP |100| SILTY SAND, brown, cementad lenses.
T.H. 72-9 . T.H. 72-10 T.H. 72-11 T.H. 72-12
W AL P18 -200 M : MC LL P14 -200 N W LL P4 -200 W W LL PI 4200 N_
2.0 1M 8 [s7] 1] s3] es o] ‘S;tgng.fH.z rc:;,i}rwn, dense, gravel 8 4 {26 [ 8 | oafse ‘2’;—5"1 :::e:lc%:v; ’17;",'::liche cementation, M S' ] 58167 [%] i:l:DY SILT, ton, dense, gravel to I 1/2" 2.0/Jo] 6 [sa] 18] ss] s SﬁW'EaLf' brown, cemenfed, gravel to NOTES:
Y] SILTY SAD, fan w/white cementation, L 17 . 3.0% [¥r] - ¥Z| CLAYEY SAND, f Tich ted, . See Sheet 8 for Locations of Test Holes.
) $410 |91 [ 15] 92| TS graves to 1/2% max. 7 o0 |18 o6 se ) 5T (W[ 961 [ag| STLTY SAND, Fan, denss, T-47 cobbTe. aof (8|82 S raver Yo it max, o e .y
5.0 F— . 5.0 (4 - 5.014 £ O AV Er CRAVELLY SAND. Mn ,“yh,y ee Sheet 8 for General Notes, Legend
GRAVELLY SAND-SILTY GRAVELLY SAND, re s |wi |19 | 74|26 135 CLAYEY GRAVELLY SAND, fan, medium 1o 3 we 78 17 (2] STCTY GRAVELLY SAND, hgﬁr brown, medium 5 |36 | 15|64 20 cemented, gravel fo 3% ond Basis For Classification.
s : '] brown, dense, gravel to 3" mox. s¢ (82| very dense, gravel & cobbles to 6" mox. Lo - (7} dense, gravel to 3 7.0'4sc
8.8 S 'm" S - g.0r| 16l [isleir o e st GH'AVELLY suu;cuvzr GRAVELLY SANG, - CLAYE)” .:Amz)" tan, hlghly canented,
o} 15 1393 | CLAY, o ery hard, grove — “CLAYEY GRAVELLY SAND, brown, scf 4121 | 8[77[18[= brown. loose, gravel to 2" max. 15 |43 | 18| 85|44 gravel to
1.0t | o1 cobbles to 5 rr.o J8] s (a8 [1m 712 (B0 U0 dcner grave! to 30 max. 1.0 N o .o 604
s CLAVEY S, lv7m broen, very dense @ 13.0+ Jer]12]sa |16 [o7]s2 08 SNV CLAV. 1. caliche cemented. P 5 o] 2| 77|12 GRAVELLY SAND-SILTY GRAVELLY SAND, brown, 3 o lsuliz | |we|1oo|ue [52] SILTY SAND, Iight brown, dense.
14.0° cemented, gravel to 1/2" 'max. —_— 14.04H [Y5| medium to dense, gravel to 3" max. 3¢} -
sel . Aseliz [ao |11 [esas CLAYEY SAND, brown, very dense. . o A ML — GRAVELLY SAND-SILTY GRAVELLY SAND, light
7 |ar GLAYEY GRAVELLY SAND, brown, very dense 15.0 o4 : JRVS N — et 20{ 30 | 5 [100] 60 | 2] SANDY CLAY, brown, dense. i |83 brown, dense, gravel to 2 1/2"max.
17.00 3 & cemented, gravel & cobbles to 4" max. 0a| SANDY SILT, light brown, highly cemented 16.0 53] A 2-5% cobbles. -
- STOTY SAD 7 7 4 o m W | o858 fegd & hard to drill. 8.0l 7 % lsf EL&W SAND, ‘brown, dense, gravel fo I 17.0 - N
., tan, very dense cemented. - - -
19.0' = - sw SAND-SILTY SAND, Iight brown, dense,
" - - . [36] SAND-SILTY SAND, light brown, gravel to 200 M Y| "% gravel 8 cobbles to 5% mox.
- o SANDY CLAY. light brown, highly cemented. b I 95|10 f5g] 2% mox. 0. - es ey —
. cL] 14 |v2 |22 |i0o|ss E| hard to drilf. 22 0™ el SILTY SAND, tan, very hard drilling,
23.0° 17 23.0' 4 - (30— o e e e = e SH10 (3911390 cemented.
" RN e SILTY SAND, light brown, very dense,
SANDY SILT, tan w/brown cementation, 4 CLAYEY SAND, tan, highly cemented, hard 17}37 1 12| 051 u2 {8 gravers 1o 2" max. 24.0* o i _
16 |xs hard to drill sed 1 |z |17 o5 |us 03] drifiing. - SILTY SANDY GRAVEL, llghl brown, highly
" 27.0 B4 - T el s |11 (w2 liels0 cemented. +40 material is cemented
03] SILTY SAND, light brown, highly d, 28.0 28.0' particles. Lo [
1 AVELLY SARD, ¥an, callche :
3o i (ns ™ AP 100] 49 0¥ 9ravel to I" max. 300039 11 P98 wjeo (19 T “nn"d ravel to 2 1/2% CLAYEY SAND, tan, highly cemented.
} 0 RMES LLY SMD, Tight Brovadense.
33.0¢ |se]ro [vs CLAYEY SAND, tfon, highly cemented, grave! 32.0' ® W95 ite % —— 3154 - X g,q"f AT S 0’5" ma 32.0° -
e [59] 3 SILTY SAND, Tight b highT Ted. - WO Brown highly
o RAVELY SARD S TLTV GRAVELLY SWD. Brown, ' e [ c;‘RAVE_LLv SAND-SILTY GRAVELLY SAND. brown 2l fwrlsolzr # ight brown, highly cemente GRAVELLY CLAVEY SWND. brown, highly
L] ey, Jense, gravel 8 cobbles to 5% max., |2 to light brown, very dense, gravel fo 3 35.0 — cemented. +40 material is cemented
- 360 |4 bl 13 67} 8 P30 Sl 102718 |8 26 [gm?m “Tight Erwn cemented, 36.0° porticles. N
. . SAND-SILTY SAND, very dense, gravel & M X 3 soe|_grave! 1o 2 1/2" ma _SIer SAND. brown, very dense gr}sfeha?'
‘ - - cobbles to 8" max.. caving. i T %8 W’G“” F_Eﬁa. den: 38.0'MJIZ) | |97 2P0 max. T o
- - . 4 . e B aw.ofN* 7017 [ GRAVELLY STRD STLTY GRAVELLY" WD, Tisht S siem ztnu Tight broen, very dense.
: il " ] highly fed, b grave! & cobbles to 4" m
.0 l50%] . 42.0° % - sl 10| [wp 00,36 5] 3,%7,*;,,,9. ! b7, Rishiy camenied, ard
. 3| GRAVELLY SAND-SILTY GRAVELLY SAND, brown, ol 4| SAND-SILTY SAND. brown, very dense, 4.0 [ IR [ [ ym e
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APPENDIX A

~ TRILBY WASH DETENTION BASIN
: LOWER AGUA FRIA RIVER
MARICOPA COUNTY, ARIZONA

REPORT ON PRELIMINARY INVESTIGATION

1. Purpose and scope. The purpose of this report is to present the -
results of the investigation of the embankment at Trilby Wash Detention
Basin. The investigation was made on 7, 8 and 9 March 1972 in a few
selected locations to determine the extent of the embankment irregularities.

2. Previous inspections and recommendations. An inspection of the
embankment was made by personnel from this office in April 1964, Minor
surface erosion in the form of shallow holes was observed on the slopes

and the crest of the embankment. It was recommended that the extent and
cause of the erosion be determined by means of shallow subsurface excavations.

A report that the holes in the levee were much more extensive than in
April 1964 prompted a second inspection by this office in March 1966. The
inspection revealed that the slopes and crest contained numerous small holes
and tunnels., This condition extended over large sections of the embankment.
Most holes were in the upper half of the channel slope and on the levee
crest. The depth of the holes and tunnels were reported to be generally
less than two feet. The inspection team concluded that the holes were made
by burrowing animals and did not create any major problem at that time but
that accelerated slope erosion might create serious problems if unattended.
On 15 March 1966 the maintenance agency was appraised of the inspection
findings and advised that action be taken to exterminate the burrowing
animals and excavate the material containing the holes and backfill in
accordance with the provisions of the Maintenance Manual.

Further inspection made by this office on 10 May 1966 showed the
downstream slope of the dam to be eroded and the holes in the dam unrepaired.
These findings were relayed to the maintenance agency on 8 June 1966.

The apparent delay in maintenance action prompted an August 1966
notification of the Maricopa County Board of Supervisors of the needed
repairs., The maintenance agency reported to us in October 1966 that they
had made a detailed inspection in September and had found the holes were
voids resulting from shrinkage cracks and that necessary repair work would
be initiated immediately.




,*5

The project was again inspected by this office in July 1969 and large
voids were found at the locations of holes which previously had been

_inadequately repaired. It was suggested that a more permanent filler such

as lean grout mix be used.

Inspection of the project by this office. in May 1970 indicated that
holes through the embankment starting at the crest were beginning to reappear.
It was again felt that the holes were due originally to rodents and had been
enlarged by erosion. The size of the hole could not be determined due to
the relatively small crest openings. In September 1971 another inspection
was carried out to determine whether the surface irregularities at the crest
and the embankment, as indicated by the survey (May 1971) were caused by
rodent holes, maintenance equipment, differential settlement or a combination
of the above. The investigation was also planned to determine if these
irregularities are extensive enough to affect the safety of the structure.
It was recommended that the holes be enlarged with a backhoe for inspection
and then adequately backfilled.

3. _Recent investigation. The investigation was carried out to determine
whether the surface irregularities were rodent holes and/or cracks and to
determine their extent. The voids being investigated were first filled
with a water dye solution in order to make tracing of the void easier.

A backhoe was then used to excavate, where possible, the full depth of the
void. In each case where a surface irregularity was excavated, pertinent
information was recorded and photographs taken to show the extent of the
damage. Soil samples, approximately 300 pounds, were taken from the
excavations for detailed laboratory analysis. This data and photographs
of the excavations are available in the Los Angeles District, Soils Design
Section files.

Five excavations were made in the embankment and in all but one, the
irregularity was a crack and not a rodent hole as previously thought. A
detailed description of the excavations is stated below.

a. Excavation No. 1 was made in the crest of the embankment at Station
467460, parallel with the centerline and perpendicular to the surface
irregularity. Cracks were found to run transversely and longitudinally
through the embankment ranging in depth from 6.5 feet to 4.5 feet, respectively.
Desiccation was very prevalent for the entire depth of the cracks.

b. Excavation No. 2 was made in the crest of the embankment at Station
460+00 parallel with the centerline and perpendicular to the surface
irregularity. A crack was found to run transversely through the embankment




and was traced to a minimum depth of 12 feet with an average width of
3/4-inch. The excavation was continued on the downstream slope following
the crack to the contact between the subject embankment and an old
embankment that was incorporated as a downstream berm during the 1956
e construction. A small trench was then excavated along this contact to a
' depth of four feet. 1t was observed that the crack continued into the old
embankment as well as branching off and running parallel with the contact
zone. This cracking had an average width of l/4-inch and an undetermined
depth. The material was desiccated to a depth of 8 or 9 feet, at which
point there was a slight increase in moisture content,

.
'S T

e

c¢. Excavation No. 3 was made in the crest of the embankment parallel
to the centerline at Station 451+48. This trench was perpendicular to a
transverse crack which had a minimum depth of 14.5 feet. The width of the
crack ranged from 1.5 inches at 6 feet to 1/4-inch at 13 feet. One crack
in the end of the trench was observed to run parallel withthe centerline
® of the embankment and extended 10 feet below the crest. The material was

desiccated to a depth of 9 feet at which point there appeared to be a slight

increase in moisture content. :

d. Excavation No. 4 was made in the crest of the embankment parallel
to the centerline at Station 305+00. This trench was perpendicular to a
® rodent hole which extended down to a depth of 2.5 feet then ran toward the
downstream slope where it had six apparent exits.

€. Excavation No. 5 was made in the crest of the embankment parallel
to the centerline at Station 283+28. This trench was perpendicular to a
: transverse crack which extended down to a depth of 9 feet with an average
® width of 1 inch. The crack stopped abruptly with no tapering. The material
was desiccated to a depth 2.5 feet at which point there appeared to be a
slight increase in moisture content.
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NO MAX | 3 [1% |{3/4]3/8] 4 |10 |16 | 40 |100 [ #200 | LL Pl . ' MC |DENS| MC |[DENS|oOPT
: ' SM - ' , :
4 v 82 (75 i 27 NP S%‘ltv Gravelly Sand 7.1197.4 8.60127.d 77
5 97 189 61 |2, |4 |Sandy Clay ‘ 10.6189.410.2023.4 73]
o CL S i
6 96 |92 65 142 [19 g‘cmm ~ p2.8186.314.4109.4 79
7 ' 82 |75 20 |48 |20 |Clayey Gravelly Sand  P1.1}90.d413.1117.1 77
8 98193 | | . 66 |28 |8 [Sandy Clay . B3.5173.913.0817.9 63
v - GW v o
9 _ 46 140 : 8 NP |Sandy Gravel - 16,9815.d 9.2128.4 90
10 ' 99 {95 5, | NP |Sandy Silt 8.5185.310.219.8 71
11 : {10097 | 60 NP |sandy Silt. 9.9175.410,8 121, 62
| - | CL _ :
12 98 |94 42 127 16 gcandy Clay 10.7 {83, 412.6 §21.d 69
13 82 |73 27 NP |Silty Gravelly Sand 7.2199.0 7,9 125.4 79
"y
e
b
3 , _ .
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Coefficient of Permeability, kyy, 107 cm/sec
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_ Coefficient of Permeapility, Ky, 107 cm/sec
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s LL 7.% 55\ s 2,10 Em Project VRILBY WASH 7~
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SHRINKAGE LIMIT TEST

ENG FORM 3839

Date 26 May 1972
Project - Trilby Wash : _
‘Embankment - TT-3 TT-5
| Depth 0-5" 5-10° 0-3' | 691
__Sample No. ' #1 # #3 #4
Dish plus wet soil _ 47.08 39.09 48.27 4147
Dish plus dry soil . 39.84 32.21 41.62 35.00
é _Water ' Yy 7 .24 6.88 6.65 6.47
B :
A | Shrinkage dish 18.92 12.47 18.96 11.15
5| Dpry sot1 ' Ws | 20.92 19.74 22.66 23.85 .
2 | Displaced mercury + evaporating dish| 336.8 327.9 353.7 357.8
' Evaporating dish 180.0 180.0 180.0 180.0
Displaced mercury 156.80 | 147.9 173.7 177.8
Shrinkage dish (wet soil pat) v | 15.47 14.29 15.31 15.25
o | Volume of dry soil Vs | 11.59 10.56 12.83 13.14
o4
8 V-Yy ' 3.88 3.73 2.48 2.11
Blv-v -
= g x 100 :
Ys 18.55 18.9 10.94 8.85
- - W
| Water content =ﬁ‘—s’x 100 v 34.61 #| 34.85%| 29.35 #| 27.13 %
Shrinkage .limit ' sn| 16.06 15.95 18.41 18.28
Shrinkage ratio R |
vV = weight‘ of displaced mercury
s ~ specific gravity of mercury (13.53 g/cc)
SL = water content of wet soil pat
- (volume of wet soll pat - volume of oven-dry soil pat)
wt of oven-dry soil pat
vV -V s
=w -( W X 100)
8
R= wt of oven-dry soil pat _ E
= volume of oven-dry soil pat v
Clagsification:
Remarké
Technician . Computed by — LAK Checked by — MPC
D41498

FIGURE 5




