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SPECIAL REPORT
EMBANKMENT CRACKING

VINEYARD ROAD DAM
WILLIAMS-CHANDLER WATERSHED

Background

The Vineyard Road Dam was constructed during the fall of 1967 and
the winter, spring and summer of 1968. This 20 ft. high embankment is
approximately 29,000 ft. long and i. located 4 miles south of Apache
Junction on the alluvial fan which spreads southwestward from the
Superstitution Mountains. The foundation soils consist of varying
gradations of clean sand (SP). silty sand (SH) and sandy silt (ML)
overlying siltstone and inte~bedded gravel (GP) layers. Construction
materials primarily consist of silty sands with some sandy silts used
as they occurred within the borrow.

During early September 1970, the watershed of this structure
received substantial rain (3"~) with runoff resulting in 3 and 4 ft.
of water in the reservoir.

During October an inspection of the structure by the MCFCD showed
surficial cracks existing along three general reaches of the embankment.
Cracks were found along both slopes and the top of the dam. The cracks
varied in opening width and depth with no apparent pattern at that time.
Since some of the cracking extended transversely across the top of dam
with an appearance of considerable depth it was felt necessary to make
further investigation to determine the hazard as to the safe function
of the dam in case of a high runoff producing storm•. In addition,
similar cracking has occurred on other struotures in Arizona watersheds.
Investigation would add to the information as to their hazard and would
hopefully provide solutions to the prevention of cracking on similar
future projeots.

Jack Stevenson, E&WPU Soils Engineer, visited the site during
October 1970 and assisted in outlining a program for further investi
gation. His recommendations were as follows I

(1) Make a surveyed profile
cross sections at selected spots.
zones of cracking. These surveys

of the present top of dam with detailed
These surveys can be limited to the

should locate the position of all cracks.

(2) Compare the survey data with the profile surveyed immediately
after completion of the structure.

(3) Review the construction records to establish the types of mater
ials, the degree of compaction and the moisture content with respect to
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optimum in all the zones of cracking. Compare this with the same data
for zones where cracking did not occur.

(4) Review the construction records and the pre-construction boring
logs and geologic reports and sections to determine the character of the
foundations, the amount of stripping and other foundation preparation
in the ZOnes of cracking. This should be compared with the Same data
for selected zones where cracking did not occur.

(5)
water to
excavate

Fill selected cracks, both transverse and
determine their extent. This will require
to trace the cracks.

longitudinal, with
a backhoe to

It would be desirable to take samples of materials in the zones of
cracking to verify classification.

(6) All the data should be assembled and fully evaluated to determine
the cause of the cracking and the likely hazard to the structure.

Making the Investigation

The study was conducted over the periOd of November 23-25, 1970.
Assisting in the study werel

J. J. Turner, State Conservation Engineer
*Ra1ph M. Arrington, Assistant State Conservation Engineer
*Don Clarke, Geologist, Watershed Planning Staff, Operations &

River Basins* *George England, Watershed Project Engineer
Lee Ohsiek, Assistant Chief Engineer, Flood Control District of

Maricopa Co. FCDMC
Barry Nauseda FCDMC

*Assisted for the duration of the study.'

Arrangements were made with
operators to conduct the study.
County were on the site to trace
excavations.

the FCDMC to furnish the equipment and
A backhoe and water truck from Maricopa
out the cracks and make necessary

The studies were concentrated along three areas of the Vineyard
embankment. (1) between stations 315+25 and 316+75; (2) between
stations 312+90 and 313.70; and (3) in the vicinity of station 266+00.

The study included sketching cracks which were apparent at the
surface. running water into both longitudinal and transverse cracks
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and recording time duration before water appeared at the surface,
recording locations of water outlet, digging test pits and tracing
possible subsurface courses of water, collecting test camples and
making field density tests.

Data collected or recorded during the study has been compiled for
easy reference and may be found in the Appendix to this report.

Conditions Near Station 316+27

Approximately a ~O ft. long longitudinal surface crack exists along
the front edge of the crest of the earth embankment. The alignment of
the crack is parallel with the centerline of the dam without deviation.
Numerous small transverse cracks of short length extend mainly in the
downstream direction. The large crack is receiving surface rain waters,
and consequent erosion and $mall sloughing results increasing the upper
width of the craok.

Numerous cracks ~ist on the upstream slope near this station. The
cracka range in widtc from hairline to 3/4 inch with a predominance of
transverse pattern .f cracking. (See plan map appendix.)

Water was ~ped into the north section of the longitudinal crack at
low pressure fcC approximately 15 min. without any water appearing
within the ~lape cracks. The rate was increased to full pressure for
another .~min. Water appeared approximately 11 ft. down the slope
emergiIll at a slow rate. A cone was built up around the outlet to allow
build~g the hydrauliclhead, but it was building so slowly that the
deci~on was made to move On to another section. It was assumed the
bot~ of the long crack and its system was encountered and that the
reServoir of the total crack volume was slowly filling. We allowed the
w~l surfaces to soak ready for excavation by backhoe and later
oliaervatlon.

Test pit No. 1 was excavated across the point where water emerged
11 ft. down the upstream slope of the dam. The excavation ahowed the
depth of crack at approximately 3.0'. The excavation below the 3.0' level
was moist at the natural embankment water content. The cracking disappeared
(as visible by.eve) and no wettir~ 8~6urred as in the visible cracks above.
Tlie upper port.~ofl of the crack C - ) was dry with a width of l/a".
The lower po)'tion had wetted to a width of approximately 6 inches. The
crack ali~ent and depth were easily followed from the saturated condition.

~(8ture samples from pit No. 1 showed a water content of approximately
7.6% in the upper 3.5 ft. excavated.
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Test Pit No. 2 was excavated near mid length of the longitudinal
crack, being also the point of water intake. Excavation extended to a
depth of 8.0 ft. The visible cracks extended to the 6.8 ft. level and
closed. The backhoe waS unable to continue the excavation beyond 8.0
ft. The crack waS ~" to 1/16" wide closing near the 6.8 ft. level. A
horizontal deflection in the crack occurred near the 1.3-1.8 ft. level
due to a calcareous horizon. No evidence of vertical displacement was
observed along the crack. Clean sands deposited within the 3.5-4.0 ft.
zone at the crack shows evidence of internal erosion occurring during
runoff.

Moisture samples taken show 7% 'later content at the 2.0 ft. level,
11.0% from 3 ft. to 7 ft. and near 12% at 8.0'. Placement moisture in
this vicinity is recorded at 12.6%.

No evidence of transverse cracking appeared in the test pit. The
single longitudinal crack along the crest is the only cracking observed.

Conditions Near Station 313+20

Approximately 60 ft. of longitudinal cracking occurs along the crest
of the embankment. Transverse cracking occurs in several places exte~ding

primarily from the longitudlnal cracking in an upstream direction. Some
shorter cracks exte ri transversely downstream •

. Water was entered into the mid point of the longitudinal crack and
left to run. With t1me it appeared as though the volume of the crack
underground was unlimited. After ninety minutes of tiae, a gush of water
appeared near the downstream toe at the embankment. It continued to run
a short time after the water intake was shut off. No surface cracks were
located down the slope to indicate the path of water flow. Difficulty of
backhoe equipment operating on the 2,1 downstream slope precluded exca
vation of the flow line.

Test Pit No. 3 was excavated on the embankment crown near the mid
point of the longitudinal crack in vicinity of Station 313+20. The pit
was excavated to a final depth of 8.0 ft. The profile showed the trans
verse crack was 1/4" wide at 2.0 ft. then hairline to 4.5 ft. The
wetting process had extended from 2.5 ft. to the 4.5 ft. level.

The longitudinal crack was approximately 1/2" wide at 2.0 ft., 1/4"
at 5.0 ft. and hairline at 8.0 ft. The crack had wetted from the 2.5 ft.
to the 8.0 ft. depth. Sand within the crack to the 6.0 ft. level indi
cated that erosion from the higher levels was occurring.

A horizontal zone at low density was encountered from 3.0 to 3.3 ft.
It was lense shaped with a maximum thickness of 0.3 ft. The horizontal
extent waS approximately 5.0 ft. at the pit excavation. An open pipe
(3" diameter) at the juncture of the soft horizontal zone and the trans
verse crack was found. Probing inward a length of 3 ft. was possible.

I,
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No transverse cracking was found beyond the 80ft zone level (3.0 ft.)
within this pit.

Fine roots were found within the longitudinal cracks to a depth of
2.0 ft. The type of plant to which they belong was not determinable.
The adverse effect of the existence of these roots on the cracking problem
is unknown but felt to be negligible.

The moisture content within the profile ranged from 5% near the
surface to 10.1% near the 8.0 ft. level. The depth of drying appeared
to have extended to 2.5 ft. The placement moisture content at the 8 ft.
level was 10.7%.

The semblance of a shelf or bench line was identified along the
mid-slope on the upstream face. The projection was less than 6" and
the length less than 24" in anyone location. However, a definite align
ment across the slope was distinguishable. No extensive nor decisive
cracking pattern near the bench location indicate it resulted from a
slump or shear failure condition.

Water placed in other locations of the longitudinal crack resulted
in water surfacing on the upstream face. Water was placed in one of the
predominant transverse cracks 6.8 ft. downslope at the upstream face.
Water showed early at one point downslope but with some shovel diking
the blowout was contained and additional water placed in the original
intake hole. After considerable time water was spreading to other cracks
and surfaced at several locations downslope. Test Pit U 4 was excavated
down the slope in an attempt to determine the extent of this crack system.
The pit was extended across the front toe of the embankment into the
reservoir pool.

Test Pit # 4 was excavated as a tranch down the front slope of the
embalUanent beginning approximately 25 ft. downslope of the crest. An
attempt was made to follow the alignment of a crack system. Depth at
excavation varied from 4.0 ft. to approximately 10 ft. at the toe of the
embankment.

As mentioned previously in this report, high water in the reservoir
had reached near elevation 1,567 ft. or approximately a ~ ft. depth
against the embankment during the September 5th storm. The duration of
the storm was such that the retardation lasted approximately 2\ days.
Since this test pit crossed the toe section the pool water wetted zone
was very much in evidence although the excavations were made in November.

The water content pattern ranged from 7.5% near slope surface at
waterline to 20.5% at 9.5 ft. depth approximately 50 ft. out from the elL
of the embar~ent. Generally it appeared the wetted bulk extended hori
zontally into the fill approximately 15 ft., and vertically the depth of
the cutoff trench. (Elevation 1,555 ft.)
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Placement moisture taken from the test made nearest to this station
within the cutoff trench materials was 14.1% at a density of 113.3 pcf.

Density tests within the trench ranged from 85.5 pef. at 13.8%
mo&sture to 95.3 pcf. at 20.5% moisture. The density in comparison to
118.3 pef. or 116.3 pcf. from laboratory soil curves results in 73% to
80% compaction. This would indicate a soil loosening had oecured since
placement was at 95% or greater compaction.

No visible eivdence of shear failure, slippage or displacement
could be found within the excavated trench.

Due to the soil-colored blends, moisture contents, and closeness in
density values the outline of the earth fill against the foundation soil
could not be easily traced. Attempts to do so resulted in only partial
correlation with as-built drawings.

Conditions Near Station 266+00.

An approximately 20 ft. longitUdinal crack with randon transverse
cracks exist at this station. j'ater was placed in the longitudinal
crack at junctions with transverse cracks. Pumping water at three
locations produced. water surfacing on the downstream slope. Water
appeared at two locations only after considerable time had elapsed. After
time for wetting had occurred Test Pit # 5 was excavated along the embank
ment crest and Test Pit # 6 at the downstream toe of the emb~lkment.

No 4urface cracks were observed along the downstream slope nor along
the upstream slope. The water outlets resulted from a wetting surface
breaking into a pipe condition at the surface.

Test Pit # 5 was excavated approximately 3.5 ft. deep at the junction
of a transverse and longitudinal cr_eks. The wetting pattern was to a
maximum depth of 3.0 ft. The crack closed at that point and only hairline
to no cracking existed. A horizontal lense 5 ft. long and 3 inches thick
existed at the 1.0 ft. level.

Test Pit # 6 was excavated about 14 ft. down the downstream slope
near the toe in an attempt to encounter the flowline from the transverse
crack at the crest to where it outletted at the toe. The crack was
uncovered, but the equipment was limited in its position of work and
wss unable to determine the total depth of the crack. Depth of exca
vation wa. 3.5 f~.

The crack waS found approximately 1.0 ft. below surface level. It
was 1/2" wide and dry at approximately the 1. 5 ft. depth. Further
probing with wire to a depth of 1.5 ft. and 2.5 ft. horizontally into
the crack gave no indication of water flow or wetting. The pit walls
were dry and brittle the full 3.5 ft. depth.



Embankment Surveys -

Cross section and profile surveys of the reaches containing cracks
were made prior to the study period. The data was plotted along with
as built data to show possible changes in section. Deviations were
minor and within the accuracy of measurements taken. Plottings show
no significant changes in section or profile. (See appendix.)

Construction Data -

As the embankment fill was placed compacted. densi ty and moisture
tests were taken to determine acceptability of fill. The tests were
taken at various elevations and. distances from centerli.ne. Test results
for the various reaches taken in the vicinity of the three reaches of
cracking show a range of silty sandy materials placed. Moisture contents
vary from 9.4% to 15.4%, the densities range from 104.3 pcf. to 121.8
pcf. and the percent fines varies from 6.5% to 32.5%.

The conStruction records show the xoils within the cracking reaches
were placed slightly over optimum moisture content. Of the twelve tests
taken near the first reach (sta. 316+00) eight were slightly over
optimum. The largest beiau 2.1% over. Of the ten tests near the second
reach (sta. 313+00) five were over optimum. The largest was 1.3% over.
Within the last reach (sta. 266+00) only one test of five was over
optimum and it was 0.61. over. A total of 41% of all tests taken during
construction of the embankment and cutoff were over optimum moisture. A
slightly higher percent was found within the reaches of cracking as
detailed above.

7



CiOLOGY

Foundation II&tedala between Sta 313+00 to Sta 320+00 are poa.ibly
relate<! vith the oceurr_e of orackiua. The fO\lf\datlon conalata of
seven fa t of lilty s.n4 (SM) ovu aUt-atone in tne aouthern area of
this reach. SUty ftnd SM (to unlilnovn depth - tar than 12 ft.)
occun in the a14lf1e of the reach. Interbedded gravela (GP) and sUt
Itone coapdae the fOUMation on the northern area of thh reach. Of
particular lnterut is the tact that the cut of the trench extended to
a depth of 7.0 ft. in thb area.

The occurrenoe of the dlty hlld to 81' ter deptbe where the sUt
atone or gravel. were n t encountered occun only in one other reaoh of
the mbankaent (Sta 210+(0).

The denstty of the.e aUty eand. could provide a potential conaoU
dation layer beneath the _banllaent 1f deep penetration and. eubaequent
saturation would occur.

8
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CONCLUSIONS

1. The non plastic properties of the placed soils at the reaches
where cracking occurred results in a brittle embankment which
upon drying due to convective evaporation and moisture capillary
action stresses the soil mass beyond its natural adhesive or
cohesive strength and forms an open crack. The cracks are
extended in length and depth by the further convective evapor
ation within the open crack. The crack mayor may not extend
to the surface layer. Thue cracks are limitec1 in d.epth to the
embankment surface drying zone now approximately 3.5 feet in depth.

2. The loose surface SOUl on the embanklllent face resulting from
placement and caDpacting equipment inability to work to the true
line of the designed embankment section delays anc1/or prevents
rapid surface drying due to the moisture barrier created by the
break of the capillary action and the still air within the loose
material. The addition of gravel or coarse sand surfacing would
compliment this condition and further delay the drying process
and limit the depth of cracking.

3. The surface cracking patterns primarily oriented perpendicular to
center line axis suggest additional stress outside those of desi
cation have been present in their formation. The limitation of
cracks to a concentration within three primary reaches also suggests
outside causes. On the other hand ne of these cracks were
observed to extend below the desication zone.

4. No transverse cracka investigated nor observed at the open surfaces
extend across the crown of the embankment. Only partial distances
were observed. Where longitudinal cracks ixiat the transverse
craeks originate at the longitudinal crack and extend over the
nearest embankment edge down the Sloping face. No reason is given
for the length of individual or group cracks.

5. An extensive underground network of desication cracks within the
reaches investigated exists. Although the general pattern of
surface cracking suggests downslope orientation, observed inter
connected underground cracks allow the possibility of additional
networks.

6. Transverse cracks do not extend beyond the freeboard zone (4 ft.)
of the embankment. The west elevation of the emergency spillway
is 1574.8. Maximum water surface elevation at design flow is
1575.5 ft. The top of dam elevation is 1579.5 ft. plus 8 inch
crown. No emergency hazard exists requiring immediate repair
of the surface cracks.
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7. The ~ide variety of soil gradations, moisture contents and
densities suggests zones of stress being established through
the natural maturing of the embankment sufficient to create
cracking reaches similar to those investigat~, particularly
the longitudinal cracks.

8. The uncohso~idated condition of the upstream toe slope soils
provide the potential for consolidation to occur when wetted to
the deeper depths due to horizonal forces exerted by the embank
ment on to these .oil.. Minor movements at the toe foundation
magnify the resulting embankment movements particularly in the
vicinity of the crown and 0 come manifest in open cracks at
these location••

A slump condition is not suggested but rather a relaxing of
internal stresses horizontally toward the tow resulting in fine
open cracks throughout the reach near the surfaces.

9. The major embankment movements have occurred with this first
deep water penetration and additional movements of tow materialS
is unlikely with further reservoir fillings. No additional forces
will be present upon further wettings unless greater depths of
water penetration into unconsolidated materials (unlikely to
exist) occurs.
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RECOMMENDATIONS

1. Close surface cracks to convective air currents by filling with
sand or silty sand (free flowing) materials (10 cy+). Fill
materials should be transported to the site. Adjacent embank
ment soils should not be used since their gradation is not
ideal, and their disturbance will effect the present vegetative
cover value.

2. Make periodic investigations of the site to observe further
aggravation at reacbes within this study and the appearance of
cracks in other areas along the embankment. Particular emphasis
should be given to periods following heavy runoff storms.'

3. Future embankment designs on collapaable foundations include
extended cutoff trench outside embankment upstream toe of
Sufficient distance to reduce borizonal stresses at the to¥
where wetting foundation may allow release of these stresses.

4. Maintain loose fluff of soil materials on the embankment slopes
where they cannot be economically replaced with a surface covering
of coarse grained materiala.

5. Continue thorough geological investigations of consolidating
foundations to determine extent of removal or treatment of these
materials.

6. Avoid placement of SM and ML embankment materials higher than
optimum moisture content to reduce the amount of moisture
subject to release in the de.iccation processes of surface soils.

7. Avoid where possible a wide variety of material types within an
embankment section. Such variations increase construction control
problems as well as varying soil properties throughout the section.
Design analysis usually considers homogenous conditions to exist.
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Mr. Marion Strong, State Conservationist
u.s. soil Conservation Service
Room 6029, Federal Building
230 North First Avenue
Phoenix, Arizona 85025

Flood Control District
of

Maricopa County
332!l WEST DURANGO STREET

PHOENIX. ARIZONA S!lOOIl

October 1, 1970

Dear Mr. strong:

Following the storm on September 5, 1970, an inspection was
made of the three floodwater retarding structures in Pinal
County and the Powerline Floodway. The conditions described
below have raised concern regarding these structures.

Vineyard Road Retarding Structure:

a. Between approximate stations 305 and 320, there are
extensive longitudinal cracks on the crown and at the tops of
the slopes. Although rain has washed material into the cracks,

ome are at least several feet deep arid as much as two inches
f' ide at the top.

b. At approximate stations 265 and 255, longitudinal
cracks were found, but they extended for only short reaches
at each point.

c. Between approximate stations 200 and 215, lateral
cracks across the structure were found. At approximate station
108, another short series of lateral cracks were found.

It is requested that you have an engineer, perhaps accompanied
by a geologist, inspect these cracks, and make an analysis of
the cause. Also, we would like an opinion as to whether the
stability of the structure would be affected, particularly in
the event a major storm filled the reservoir.

power line Floodway:

The concrete lining for the floodway continues to spall at ex
pansion joints. Large spalled areas, some as long as one or two
feet, and several inches deep, are appearing. It is requested

".
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Mr. Marion Strong, State Conservationist
October 1, 1970

e: Pinal county Structures & Power line Floodway
age 2--..

that you advise us of procedures that can be followed to prevent
this spalling, and also recommended methods of repairing those
areas which are severely damaged.

We will be glad to have an engineer accompany your inspection
team if you so desire.

Sincerely,

U'Vl... ,~~1b
c ief Enginee & General Manager

t
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SUWI!CT:

TO:

L

ENG - Trip Report - Vineyard Road FRS,
Cracks in Structure

J. J. Turner
State Conservation Engineer

DATE: October 12, 1970

-,

The day of October 6 WaS spent with George England exam,n,ng the cracks
in Vineyard Road Retarding 5tructure which were reported by personnel of
the Maricopa County Flood Control District. The Flood Control District
report indicated the cracks were not fresh at the time of their inspection
so presumably they occurred before the storm of September 5. Very little
water had been impounded previously to the September 5 storm. •

)

Conclusions: There appears to be no immediate danger to the structure.
The cause of the cracking is complicated by many factors but generally
the transverse cracks are the result of desiccation of clayey material
placed in the filion the wat side of optimum. The longitudinal cracks
are the result of settlelncnt of the toe and heel of the structure perhaps
couple-d-wffndesic-catTo-~- 11 d~ ; "- '"

... 0 (" ,-c..-u,../ -"-1- '1'1_rf:- ~j /-J
. ~-(.., /- ~ t11~ -:.- .,.-~ ,...1'<....

Discussion: The transverse cracks are seldom over a few inches -'Wide at/!~
the top and although they might extend several feet deep they probably ~~~~L

do not go much below spillway crest. As such they should not affect th~~
stability of the structure. The longitudinal cracks extend deeper into ~"J(-.

the structure but unless they intercept a deep transverse crack they ~~

should cause no problem. A maintenance program which causes the. cracks /'1'"
to be fi~led with loose material will inhibit air circulation in the
fill and reduce further desiccation.

The transverse cracks appear on the hard packed crest
and disappear on the loose, less well compacted sides.
was observed which went do wn the side.

of the structure
Only one crack

)

Similar cracks have been observed and are present on the dike above
Power line Retarding Structure. The height of this dike varies from
2 to 4 feet and the cracks are located at the upper end where the height
is 2 to 3 feet. George England reports that the section of dike with
the cracks had material placed in it on the wet side of optimum. The
slightly higher section of dike, which is not cracking, used the same
material but it Was placed in a drier state. Since the height of this
fill rules out settlement as a cause of cracking it seems as if desicca
tion is the most logical choice. It appears then that transverse cracks
can be caused by desiccation of some types of material that are too far

•
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J. J. Turner 2

above optimum when placed in the fill. Many of the locations where
transverse cracks appear in the Vineyard Retarding Structures were
locations where England remembered the fill was on the wet side.

The longitudinal cracks usually occur on the upstream side on or near
the top of the structure but a few occur on the downstream side. The
crown on the crest of the structure is more prominent than in the uncracked
sections. Longitudinal cracking is not present on the low dike mentioned
above so it appears that the cause might be different.

These cracks seem to have been caused by the toe and heel of the structure
, settling and the center section remaining stationary. The cause of the

r
.~~?settlementappears to be wetting of the foundation before the September 5th

, storm. Those areaS where cracks appeared on the upstream slde are such

1
0c{ ~ that impounded watRr was probably against the dam. Those cracks on the

, /}f-r6 V
downstream side,have small areaS of internal drainage impounded at the
heel of the dam or are near outlets through the structure where water from
the plunge pool can saturate the collapsible soils under the heel. Once
these cracks have opened desiccation might enlarge them.

)

; -

J

~u~ 1- k4!.v~
William F. Mildner
Geologist

cc: Jasper Holland
C. A. Maguire
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TRIP lU-:PvltT - Arl~();)a~ C!lanael Tr.~1nin~1,

Conferotlce .t!nd F.l:!~.'l:1~'_c..C:lt CrQC!d.flg Inopcctio;'\,
Willi1wu-ChanJlcr' I;:'!'. Vinny'lt'<l '(Qad 041:' - Oct.

E. J. (,;"ro

1. Aasi~t ill conduetiQS en "arth Cha[UI':: I ltValuAtion .....,rlu'ho", , .

2. Itlllpcet tloa crac;,1nz prol>lOf' in tho Vinoyard Road c'"b..n"....nt.

l'ortlcb"tlng "''''oo,mol - A lise of tna 1'4.Uclpant" at the channo1 design
wor~&ho;, 1s Att<:c[,,,J, i'artir'l,>atlnc i" tl", l"si,action of' elle Vineyard Road
dtur. \~r~:

..
'.
".',

Lets Ohuic:;., }~:.lr !.co~.a Cuunty
l.\arry lis useda , ~'ar ico.,a County
:t011'11 Ar r lngt"", ,\s. h tant State Consat'vut iol'l El'lgineer, SCS. ?he.ll1x
c.oorgo \:att, CM.~9t[i1l l~ns1neQr. ~CSt Ph~)~u~_

Gearga ::: Il£ 1alld, P r (l jec t EnB i naer. SCS. Iq'&cho .J unc t 11m
Don ia.d<1le, Chief laayectot" , ~)CS. Apachu Junction

Our obua.vutions were di»cussed with J. J. Turner, Scate Con~crv.tioD Eagineer,
SCS, Phoenix.

U!scu!::rtions and Obgerv~tl~

Chllnnel [laoi!;" \.,.,'-'."~'O,l and Field Tril' • The lectures and cli&cuscionc at c:ha
channel d"sJ.;;FI ""'.:'"''''.' lli';>eared to l>a lIit,hly productivo. C"nllidurable intel·.. t
was dC:',onst.atlhl by all tho pa~tlc:ipanto. Go",", cl"sa vartici[J<ltion oc:currod
with tlla aharing of r:any experience. in chaDr...,l wor" in the al·e...

Several 1ntero3tlnc c:,,-naol reaches '-'Ore vl... ited on tho Held tdr. Con<litions
observed va.ioL! i:rOl. rl'e~hly c:onotruc:ted earth fluodvayu with no l'rotcctioD to
concrete Hood flood channe\o. ~an)' tyl"ls of structural tr...atP.~nt ""re obs.Ned •.

I·
I

i
I

. !

........
In gencr" 1 tho:;e cban_1. vi.itc,' looLed tv bo In E;O'ld ahepo and appeared to be
functioaine ",,11. Certainly GOC"" crusioll will occur on the bere ea.th c:halUls1".
They ";,o,,ld cactiaIM to fUlletion i.f t14e neeo....·)' l!llIintaoance i" ..c~o"'I;'li&hGd.

1. Goner1l1 obsQrvations - 'n,o crac:l<s in tt. Vineyard llo"d <l,,"'. \....,·,·c
lnnpected .. ,\b<>ut 160 l;ollon, Qf wato&" wre run into one of the ":"'-".S. A
st"411 ai.'.ount 0: "':lti''' ,-,,1::." to the .u&"face downl> 10:,e.



rr:.,.,:". .~... "~,j1 w

fO',," SC~· 3~3

9-64 LABORATORY NO. ,/i!-/

/ /'//'r ".;r.1 (II ~ "j' I.),"'-~'

MATEHIALS U. S. DEPARTMENT of AGRICULTURE
TESTING HEPOHT SOIL CONSEItVATION SEItVICE SOIL CLASSIFICATION
PROJECT ond STATE

•

'}
FiELD SAr.,lPLE NO. ' IDEPTH 0 1GEOLOGIC ORIGIN

,;., c;: 1.7_/-

/'

TYPE Of SAMPLE

)';- -,,'

TESTED AT
• / I

~f -... I I -I APt1£ZA-. J) JI a,,-,,~qL 1
DATE

3<:-' /f:f..j .h'

SYMBOL DESCRIPTION
·c.uSr

T 7
~ " ,<'-'/'.,. S!'-/"_~,~.

~o

~ ~

~ 't;. ~
Z ~oWli=. ~

5!: ~

~ ~ <-)1
(,) ~ ........

000<

-+-t 010
0.

0<

'7

<f+H+H+lIIIIIIIII'~ I I I ""'" ~~ITf11TtlTf i 'I -t ~ I I o-e I

~11I1lHm~m~Jf ..11)1 r ~ ~ II ~
1TI ' r~ I o-e

t-- ·004:::£ ~, z~

Ci:::::i
:x:
I/)

.'

.9 ~-l-I-+HI-H+H++++t++H-+++++H+I+~++~ 000<

118i1

(611)

t8~1

(8'21
rOO"21

(220;;1)

~"IOI

H lI9.1.1

H (9L"1

o 0 0 0 0 0 ~ 000

f-,--,--T-rTT""':;·TT"'T"1r·;:,T'T~~ooo,

~: ...

,
>\

t-J~

~

~I rt>COll

01~ tfl(,ll." "\;.:.., ~ I ~ll.

~ I U0;;61

L.-

>
u

I--

z

~~.::J 0
lD

i=l\I ,,,,.I/) ,~

(5 '.; I ~ llf6c;ll
, ~

W 1':2t>':.I~ o£ \ 1"""--~ V.l'",
Z..
II:

'"

fi)
)

0
2

, \J"o,u
'i," - ("100)

o

"--

•0

<.
',\
\
XIu
-~
~.

r,~

I/)

'"!a
:::;;
W
II:.!.

0"

~
~~
~•'!i
~ I ~
Z ~

~\
'<:>

'-" '"'" ':"d'rJ .: '\'\
u-'" '"li: • ~I
- ~.. \
u .... -w- 'll.;:
1/)0:

'"

"0

-. zoO'O

<000

+1-++++1 000 0
.000

. , , , , 'I I I I I I 1'°0
>0O

<00

lH~13M A~O A8 ~3Nt:J IN3::>l:l3d

~
W

in

~

""--

~

o ,~

>----.i W I -Z e
i; !

d
Z
Z
W
n.
o

'J

(>;

-~~



, t •

(., tl

'So I ~ D~ ",I" I ~ '1 <::. ~ II O\"rL~'e I;;.

s - IIq·:> rc~
.fy sI. ~~)..o
J~ "4 Fi ...... \

I-II~.3"L~
..(~ ~ )10

:'0)'.. FI ~)
Itll~·l.,fc"

(, ,ok

ItIV'!''''f<~
",,~'7~' "

I:) "I" (,.,.~ ~

Z' 'll.~ f<{.
sLo,3<.:>
41°,1, ft."

104,3
\1'1':>

J 2.1.9
1~I.q

IIU

1I"\,y
11'1, S

\I'l.S
Ii '-,3
\ic/,S

1,'1,)

1\8' ,~

12.~

1z,z.
12. Z

l-l,b'

12,2

IZ,l

I V'l

I g,:,

\ 2.2.

/0.7

10.7

..-'!1:~

II '-,'

\18 ,~

111.'1 i
_~IJ· {I

\I <.. 'i
103.1

IIl.Z

118,t

IIS.~

\ 11, Z.

11".9
111.S

12, )

I+,~

\1,1

'3,+
I'P

I~-I!! ,z,'
157".7, I
Is1,-/, ~

1$1,.(..

1$11.\

1,e.g, '"
1.,C.7.~

"

i(i:':t:le.J~_:"'_~.T133l~ So.:.. 'J'., t- ~~o:..- -, _
~ Ic,.' ILex.. E; <.E 'I. r,d' !'.".1 ().~ ['.",

Tt~r I o~ fL~

I
/ '/S- 31 i. t',"" 4:.
I Z. S! 31 S+lo f:tZ'

Iz.l. 31~ l
//7 3,,'
118 317

108 ",10
102. 31'

97 ~I~ "'SG.'"!,!. 11

'1::;- 3\5' I? I.' 15("2,'1 13.4

'Ie. 311 4 J5'-ZA 12S

13 31:> 1~'("O,04 1/,3

:3 I .3\8t<o ~ I ., 5"'1./ 15.3--------=--'--"-_.-'-'-+---
)

/ 2.. "'I 3':> t G.D e+ 2'

II'] 315" i.
I:Cj -:"3
IOZ 31'S:
ILl 31"l.

1/ Z. ';31:'> I 4:
113 31l. 'u..'
CJ;)- 3\S' ft.'

.J~!p I~\~~Sb, ~._

IS 71.. 7~

IS71, I.
1570,8

1:>101.Z.

ISIo(".o\

l;(.,'i,g

ISr..3.'i
1~-'z·oI

15'(.0.4

1.,~'l,'1

".~
/'/,3
/O,t
I oj, 1-

11.&
1).3

1.'1
\3.4
I\,~

I 'i.'

11>-.3 I
110.']

II (,., . '" ,.
\.1. .'1

I
1\7, D J
11",,8

/I '" ."l
111. t
\\1.'1
In·~1

'Z. z.
1~,8

10"
Il,'1

Il.2
1'1.8

10.7

12.l.

10,1

\23

/1'1- )

1I" .3
Ill. '1

1\ 'i{ , r.,
11<;, S"
II {p. 3

12.\ ,'1
\ I'1S
1~1.1

I \'1: .:3

)

z. 37
V'>
? 07

/ 'i 'J
1"10

1)"(,.8.2.

'S("(,. "

15"~~, 7,
I)" '-4.0

I ~5~:! I

ID,8
II. :r
'j', 'f

'I."
I ~.'i

120."3 //.'1
'l.Leg 11.'1

I "I., i \ ~,<t
1 '1 '1'<': II,€'

i_.L0,ljlf8" j

Ill.?
11"l..·7

I\~ I ~

1l1,.'1'

II (,., S . I

".'~....
J
J



:j

-r;d•. 1\\oT:J :< \ \No, te.......,...)IH.. \· ...It.rjl\"t"

t-Io. 0"" Of·I, r,~ 0,,1.1\ Of~'
1

C,a<l"1,7u ,1-
II.. l ,,, .. ~,
--p~\;r;---

1- -, (p H%
3 <+ .... ,~,~'\ '6 - L~ 13 ~; 0/" 5.(,3'(.-- ~2 - if 2. ~ ~-r 1I1~ l--

'63. 9<1 7 (, ~ "', ,- ~~l'>

9.)"- Ill.> 13 <..,'. ......... •I.
111- lZ.'Z.. 2. ~o '/(> ......... (

1'2")- I'll /3 (.. .; f\ ..--- (

lelLl- IS/ 7.. 'l. ~ 'I. .........

I~-L- 11 :, /0
11y- Ill'Z. '-/ I ~2!"'(..

I&:>- 203 1 L.i S- '/0 <:>
@ 'Zo'! - 2.2.'/ q ~ ~ "I. 0

Z-L,\-' 2iC'i! Z

)
2. Z-9 _ 1'ig 10 )'1'1. 0

2.'I~ _ 'uz 2-
-z.n -2.10./ !S"
2"1S'-<1~ 'Z.
z~o - 3<:0 '+
~Q\ - 30'- Z
301 - 31..& ,-
32'1 • 3<12- 7

~

3~3· ~"3 I
3~'-!· 374 9
3~ - 'lol s-
YO?'. 411..

I
'5""

411- 'i~ 1
").f • <oj -,i I 9
'-152· '-In i 17 g1'/.
lil<t - '1 'L ')

""4"Ie - ';'1> 7 ,-
~

51.>\S-s<.o :;-
5ll-5~?... (,

" S'i3 - ,; ',I \! Z
5'tQ- 510 '6
571 ~ 5'60.+ ~

J
5SD l.'l.'t ~ 4\ oj.

~" .....



1-. --- -------- """1

)

)

--------------'

---.A po c be J u nc+ion - G i lbed WPP A~r:..J.I.ZJoolO:J..Du.QL.._ _

_.1-- - .__._

:'::1Vi n ey a yd-R ood--D..!o04umLL- _
..... J "7

y

--- --- - ---- ..

I--...::.s.f at i~n Location %G - %S % fines Gs % salts L L PI C/ Q55 Opt. Ma)C.. .: R emar.ks.. _ -
I~ -- ....... .-~ -

- .symbol Moisture Deositlj ~._... ~ .. ~...... ---. .-- .... _.- - .....

I
-.

"

(Des;qo 50 i' TesT51 ,
\ 00+ 00 1/2) (k 0 47 5) 2.n. - 35 15 C.L 11".5 10J. ? \JoJr.. , h b ,}

120tOD k) I. 0 47 53 2,.7/ - 2.5 q c.L. . ? ~ 11'1.0 ..
150+00 7} " 0 49 5/ 2,·0 - 2.~ g c.t.. 11, z.. 1o~. 8 ..
1<10tOO 1/

11
) .. 0 ;1 <:- r.. .J:; ?71 2 7 I I C I- S·7 I oz. ~ '.

2.4~+5D \ i) " 0 21. q <!is
;

/up hi P 'ifY7 10.7 I 1&',0 ' .2.,.71 ,. ,

270tOO I~) I. 0 :? I "'Q 2.·7'" . :;,c. 5 (L tilL I'. .., 110,"
l.,

.

300 +00 22) ..
0 40 Go 2·0 - ;2 ') e- M!. 8.2R 1114. I o.

320-1-00 l. <\-) " 0 S1 47 2,7/ I . JD I 6 C;, 11.4- 1/4 z.. ,. ,.

354 tZ,5 I ["10 I) " 0 Jq C I 2.'R I - fliP NP ML /2.4 lo,i;..'i ' , '.

I
I ,,

[{Co n struct-lr In . '>"i/ T 1!} + r
3 t;' 5 foot 'O'R-J.. r. 0 r., 7. <H "'2..57

.
SM Wa f },~,JII. 7 I 17· 5 Not.

• l.c; -j. JI JI !" '0' IH r. 0 73 27 SM 10·7 12.1·9 '. .. ':.. I

11 j.O"~ N. E mty". r n~'" r> (;,4- 3' JfI1 '0.8 119.1'l ,. •• ~.

G. An_
, ,

I
.

I liP. ~~4'."'J\ fl ,
q ~.Il.' 10. ?R 511.I I '. J:) " ",

3"J 7 -loo I ~ ,.J" '" [t' f./
, I

17 .'2.. I I Q. l\'0 82.'1'1 17.54 I .51'1 I "
, ,

~~ Q-±JlO R0 rr"lJ rhann~1 0 7/). 4; 2- ?<l.lA I I :,rq 14.8 lit. "l ,, I,

~7"'lj.Q '\ t J I. r.
, ,

I,
/4.5l I 5M 17.R 1111,<0 ! 8S·48 •• .,

()
I

14.<11 i I IR. ~ 104. ?< I rn #- ",,'" r. i RS. ~7 51<1 " '.
7. () / ~ "., r> "\' ,: r. () I Rr. .Sf. I "l.44 I SM 1/·8 In.CJ ., '0., ! i .

I I

,
! I II I - ;

"r

i -. ! ,
.

! .~ " -- f--- ---- - I

I J
'-. I

~ '.
I.-,.

t I\

•I ,

,

•

)

---



f ". ' -H-' .

!



I ! L. , :--.....
"~C'---J....L...; -'- ' , .



c. Diff,u·,.mtlAl sattl11t>8nt of tho [Ul \>QCQUWll of:

l:

~,,

..

,
., t.',

.~. I ; t',

. ,

.... .. ~.

2. pro,,"lJloa cllu"ell of c:racl:l'1&

Tho Ionllitud<,a.al era';::,,, generAlly paralleled tho <,.enter lloe fo..- sovel'al
tens of fcet "nd n~j>El"r.d to connect with cra",,:; running dillgonOl11y dowa the
faca:; of the do". Vurtlccl ~Qveu;entll of at h\4Illt 00 inch were apf,erent at 5C1r.l1J
of thC&fI crae>:,;. Sono of these CHIC:'8 w,'" 4il ",ide 4~ four inches lit tho
lIurfaco. Tbo:f a.,pcarad to dose ..itb dopth. i'roblng indicated GO".e of tbeao
crilcl<.l1 Io9rQ at 10'l:lt three Coat <l••p.

,"

,.
a. ')lloicC4ttUl1 - According to tu:. Ent,l"nd lOlO8t of the cracks occurred

..bera t!,c .... r;;ollt ~l'lbani,c.nt watt placed.

b. Settllinmt or the fo'llldatlon,

Tho trllllCVer&C erae:'" do lIot api'ear CO bo d30P cl\d they do not appear to
go vcry fa. dolo'll tho faco8 of cho atructuro. t-lo vertical l1over.lQut. ap~
to be llsuoc1<>ted ",ith the tr.nsverM cracks. Some of tho!>. cracKs ","n'o
about t"N inclUl9 vldo.

2

Basics 11)/ > the cr02C:,9 ,,~o t b>lltQd to thr.. t;Elnoral S~C!"9 a long tba du.
Tho~e llrC:l" eo,~~r 603vcral hundrod reet of the longth o[ the d_. Tiler.
a?i>O"rll to 00 t"o Cy,.Oll of "rllck.. 000. tranGvoroo cr"c\;.". cro••bi the
tol' of Ci,o Cd,,,,",,,,,,,,t aod tw, ton~itudlnal crackg both ui'"tream and down
.trOAr. fL'O<, ti.., center Una of tho dAtol.

(1) Diff,)l:cnt ty?QU of !ill =toriol&.

(2) VaCioblltty tn c:018tur. coutcnt.

u. Lo",:'! Ur sboar re .. {,; tancGI in tI,e founclilt ion with an n~<,,,c{QtQd

increase in utra1u.

Q. Strain in:luccd by ",'atOl: 10&<1 in Gaall doal<:CAtiort <:r",,;,o during
rain Ii torr.D.

f. COwblaation of tho abo-ve.

The prlocien i eau~ of the c:rac:.i:b& - Certainly tll" ,,"'obtnntton of tho c1&,.0:'
fll1 mac,,,:i,,ts, the COU;pACtion of partD of t~"" fill &bovo o"tlr.mr., ",,>{.. tule
content .m<l tlllll des~rt envirO,Vcllt ","'ulll cAuse <lestccation cracking. Tllis U
undoubtedly ono of the :,l"illcl~at factors in tho problOT.l. The vu't"bllit)' in
tho chllrc<:tC\' of f"~ml~tion a\\d fill enter ta ls and 1n the ",,,htUl'" content of
both tl-:e fill ",,(\ ("uadation materials would t(lnd to causa Ll1fCo,'ent141
;:J()ve01Cnt~. rhi5 quite Ukely occurred and Catlllcl! I'"rt of tit.. cruckli.

,
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1>. ,.ho racOl!l:llllnded ID\'catlg8tlO1lo tllclooo:

4, RacCr,1.1Hlt1aci,,:w and conclulllons • it \<In" conclu<Jod 1>)1 all purtio"
Involvod in tllo in~ >octiona an:! dhcUGlIiol\ thllt:

(1) S"rvcY',d profilo of the ?\'eSQIII: tOi' of tho dn"- "itll 11ctalloJ
cros~ v\let10n" at sol"ctod ,,~,ots, 'l'h<l~e Gul'VCy" l'.an be Utu1tcd to tle zones
of c:t'acl.in&. The5a surveys should locstel: ," pOa11:10n of all crtlck.. ,

(2) Cor.paro tho survlIY datA "'itL' tha profile 9u"",yecl lc-..cdlatfoly
aCter cO''':\Jle·tl.on o'f tha .. tructure,

a, !lec:a,,"a crack InS is occurr Ina 011 ftovorol structul'(~" in Arizona
lind becausa 0: tho "n:,nU'Wn h3~ard I'roollnta<!. I'ull Invoutlgatlou of the
tuagnit'J"'~ of tho c;:a,,"i... ::; in tho Vlnl1)'ar<l [toad d"", Ghoul<! be ""'do,

IlQWeVl1r. if tho Cl'a,,:lVCra., c:nlc~" oro a ro"",lt of c11Hcrontlnl mova.-.enl: in the
eClbAnt..t:.ent u;.· f\l:lndation. thoy cuuld. 00 decil on"hJ.gh. to ~,r-~50at a h.....7.Ard at
any tuOG ,.3tcr (;:",uld bo lopowl<Jed,

'1'h. Gfft.~t ot ...,In wat'" In d""iccatlon anJ otil"r cl';scka would Increase tb.
ahaar in!\ ~ tr""s as '"'" 11 00 ""cre,,~.. the aha"r lng rau 1~ tance. \lb110 tho
;;.A&D1t"J.. 0:: thaso ct"'''g8s uay noVOr hava 3' l,.o...c!lcd a cUdins fal1ul'"
condItion. E~,CY cculd have boon great eno.,gh to have Induud atl'amG reGult
ina in furthe,r crllc!,lng and dlXolnw41'il duplilcefillint.

J, Ha~a,J t.l t:,o) structure - If tte erac:'.s nre Vrb,."lly caused bY.'
da.iecaE lva ""J 1l.<l":liHo<J by lIhearlng prohlo::.I> C<luceJ by waUl" In thn crack.
er by set.tlo''lCn[ ",,,..: tl... toes u£ th" "'-. no S;:Qllt bozard woule be 1.s.·...~J1.tDl1
pr.a~lnt"d,

3

. ... ~ ~

:.• ~;::~: • f'

.". .,::: '. "', '\.1..'
~ ".!.. ~"" ~
•. -<) •

(3) Ravia", the con~:ruetLon recordll to' cstebliuh ti,e typos of
PlIter itt 1", tha do~~'co of ClXlpoct ion lind t:ll~ llIOis ture contont witl: raspoct to
optl<ou,,' In all tll3 1t0n81l of crecking, CO'OI(lore thb ",lth the Gar..'" data {or
zones "ha~'a cracking d ill not cccur,

I.

(4) llcviow tho conntructlon recordll auil tho l,t'C-CO\1!o1U'uctioa
borin~ loss and <;.,.>101;1c: rei'0l't3 and nectlo,,!! to) uoter:uine the "h".accer of
tho (ou.r.:lat tono. t:,o llJ..ount 0; lltr t;>? inS .. ,><1 othe. tOllndot ion praparGtlon in
::ho "ones of c'~c;'.l.nf:. This IIh,~uld bo com"1l1-od with til" SU"lll d"ta fo. t:l"actad
zones ",i;or" cr010:' il1<; J i<1 \1<.>t OCCU1'.

. '.
,

(5) rill s"tocted cracka, both lr4nllVCrGIl Qnd t.,,,!:it,,,,linal, with
water to doton::i.\<l t:lEllr extent. This ",Ul't'oqd,£c c hac;,:",.. co m:cavate to
tr4t.a the crac~9.

It \Jould be d£lsh'able to talo:o l!~plOIl of c.....t'~ri"l/j in tt:CI ;:oneg "r "l'ucklng tv
vor'U)' cl:lll"Hlcatlon,

,
!,

. '.
','
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(5) ,\11 tu.a data .hould bo easoloblod and fully
detor"tne the cou"o of tlJa .:..ac',1n8 and tlla UIUlly lUU:4.d to the

•
•

•
~'

; Attachcent

Revlmlod /lnd opprovad
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2. COARSE MATERIAL REMOVED
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No~e_- f';~ .:;'''3 dl Dc>'/ (Of- y;".'f C,

\-~"::l-".,: "'~: ~,r), J 1 .... ~":~,/: ,_',:::. ~(3.::"~S
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LOGGED BY

U. S. DEPjI -lENT OF AGRICULTURE
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I C. pT J.O - 3,5) redd'Sh brown I
I
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Test Pit :/I 1

Located 11 ft. upstream of t at Sta 316+27
across a transverse crack - depth 3.5'



Test Pit it 2
Located on top of dam and excavated
across a longitudinal crack Sta 316+22
depth 8.0 ft.



at soft horizonal
eroded. by piping

Looking into base of crack
layer 3.3 ft. depth. Hole
to a d.own stream outlet.
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it 4
Trenoh down the up, .am slope of Sta
913+20 ,erae. tr ~r..~ network.
Also lno1.... upjtreea toaof ..'ank
aent And cut off treJICh. Depth '.0 ft.
to 10.0 ft.


















