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TEAM INSPEcr'ION OF CAVE JlJTTES DAM

1. INSPECrrON TEAM. On 14 February 1980, a periodic team inspection of Cave
:mttes Dam was made as required by ER 1110-2-100. The inspection team consisted
of the following personnel:

OCE

R. Beene

SPD

F. Mclean
H. Strid

Area Engineer, Arizona - Nevada

MAJ C. Rust

Project Resident Engineer

v. Cox

2. PROJEcr' CONDI'l'IONS.

Arizona Water Commission

B. Scott

Maricopa County Flood
Control District

H. FUller

LAD

R. Gray
R. Outschow
G. Harski
V. Minor
B. Tracy
H. Tatsugawa

a. This was the first periodic inspection of the dam facilities since the
completion of the project. The follov/ing visual inspection comments are pertinent
regarding this report.

b. The weather was cloudy and overcast with intermittent showers and a
high temperature of 70 degrees F and a low of about 50 degrees F.

c. The reservoir between Cave Creek Dam (old dam) and Cave Buttes Dam
(located downstream of old dam) contained a· smaD. amount of impoundment from
rains which occurred during the inspection. The reservoir appeared to be clean
and :f'ree of weeds.

d. The gates at Cave Creek Dam are permanently welded to remain open, there­
fore allowing low now to collect between the two dams.

3. MAXIMUM ~.JA'l'ER SURFACE ELEVATION. Since the completion of the dam and before
the dam inspection no appreciable water level had been recorded. However,
shortly after the inspection, the water level reached an elevation of 1601.4
feet on 20 February 1980.
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h. INSPECTION RESULTS.

a. Hnbankment.

(1) Crest. The crest was clean and free of weeds and brush. '!'he
roadway surface was in good condition and showed no signs of deterioration.
'[he shoulders of the road along the crest were generally free of erosion,
however, there were some soft spots.

(2) Abutment contacts. No slides, signs of instability or erosion
of the abutment surfaces vTaS observed.

(3) Upstream and downstream slopes. 'The upstream slope was generally
clean with the exception of some small weeds growing on the fill. Bike tracks
were noticed, below the access ramp to the outlet, about midway up the embankment.
The stone facing on the slopes appeared sound and durable with no sign of
deterioration or displacement. The gutters at the upstream and downstream
abutment contacts were clean and in good condition. 'I'here was some evidence of
run-off along the gutter, causing erosion along the contact. The grouted access
rfllTIP to the outlet works was in good condition. 'Ihe broomed grout surface of
the ramp has numerous shrinkage cracks which do not present any immediate
problem.

(l~ ) Upstream and downstream toes. There was no evidence of erosion,
nccpage, undennining, settlement or sloughing at the downstream or upstream
toes of the embankment.

b. Dikes.

(1) Dike No.1. 'The crest and slopeS were generally in good condition
and :free of '·leeds. At the edge of the crest, where the combination of fill and

r rock join each other, may cause material to be washed down the slope. Some
minor sloughing of natural material vas noted in the upstream and downstream
right abutment gutters.

(2) Dike No.2. The crest showed occasional areas of the dike,
cripecially on the downstream side, to be uneven. 'The crest material may have
migrated into the stone facing. This may have been the result of difficulty in
~ctting proper compaction, resultine in loeal settlement.

(3) Dileo No • .3. lhe crest B.nd slopes sho.red no erosion.

c. ~Jpi11lvay.

(1) 'J.'he spill\.TaY, located 1,700 feet northVlest of the right abutment,
1m::; excavated ill rock. A concrete sill Has placed the full width of the spillway
~nu found to be in good condition. Presently it was noted that the sill has
n.pprox:i.mA.tely lit tight shrinkage cracks at various spacings. Bullet holes were
noticed on the vertical end sill vFa.ll. Considerable sloughing was noticed in
Lhe "pilhmy chH.IU1el due to the highly weathered and closely fractured rock
I.':j)or;erl in the cut slope. 'I'his rock will continue to fall until the slope stabilizes.
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d. Hood Control OUtlet Horks.

(1) Approach channel. The approach channel e~d grouted stone was in
.:;ood condition and f'ree of any obstruction. Concrete in the tovrer and retaining
\~:.ll :.; L l'ucture' sholved no signs of structural distress. 'Lwo construction joints
In the retaining wall on the (west) side have a slight offset at the top. 1he
joint nearer;t the to'tfer and the next joint westerly have separated horizontally
und vertically approximately 1/4 of an inch.

(2) Control '.CoVler.

(a) Concrete in the rectal1.8u1ar conduit control section was in
~oocl condition. Since the project had just been completed, a few trFinsverse
hl..lirline crack::.; \.,rere noted. Experience has shown this to be normal; however,
all hairline cracks will be observed during future inspections.

(b) Trash rack structure. The trash rack vTaS inundated YTith debris
and \lar; inaccessible due to 'dater around the to\'rer.

(3) Outlet charu1el. 1he outlet cl~el was clear and free of debris.
Ihe [Sroutcd stone and concrete in the dovmstream channel appeared to be in good
condition. '.Ihere \las some erosion bet,,'een the grouted stone and the unlined
slope po.t'tion of the channel. h'vidence also shoYTed several minor erosion gulleys
alone; the slopes of the unlined channel.

5. CONCWGION~).

n. Lhe erosion on
d; 11 and lliker.; are ne.,ly
UJ' crOl;ion "ill occur.
Ill; .intcnance p.l:'occedures

the crest of the dam is insignificant. Inasmuch as the
constructed, it is anticipated that a certain amount
'lhis erosion should be repaired·l:irIder normal
to prevent further erosion.

will require maintenance until the

b. The amount of erosion on the side slopes of the channel (noted during
the inspection) was minor. However, the storms of February 1980 have now
eroded the slopes significant enough to require repair during maintenance.

c. Various low spots, near the downstream f'ace of the main embankment,
should be filled to prevent ponding of water in the area.

d. 'lhe main access road to Cave Buttes Dam has deposition in the dip
croasine.~' Accee ~ /""" cA.~~.. --/ ~/'f <-.7....-~ ...-;:
"'~ r""",,:: A/....J "-" -J;?_'~ 'r 7".l.ot:::.E. )

e. Areas, where cuts were made in rock,
slopes become stabilized.

f. In general, the dam and appurtenances appear to be in excellent condition
and are functioning as designed. There were no unusual conditions noted YThich
would affect the safety of the structures.
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6. TIEQUIRE:D ACTION.

a. Continuing observatiqn shou+d be made of the above mentioned items.

b. fibr safety" at least three wall steps should be installed at the end
o~ conduit within the outlet works. (S'rA 48+44).

c. Minor erosion should be repaired and the access road to the dam, at
the dip crossing, should be cleaned.

do All the required action above will be accomplished by the ~~ricopa

County Flood Control District (MCFCD).

7. FUTURE INSPEC'rIONS. The next team inspection is scheduled for February 1981.
Future inspections will be conducted by the l~ricopa Co.xnty Flood Control District
(MCFCD) according to ER 1110-2-100, 30 March 1977, with the Corps of Engineers
to participate. The inspections are to be conducted at one-year intervals for
the next four years, at two-year intervals for the following four years I and
then may be extended to each five years if warranted by the results of previous
inspect ions.
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Photo 1- Upstream face near left abutment at start of
accesss ramp to outlet work, slope protection and gutter

Photo 2- Upstream east (left) abutment, outlet works and
grouted inlet wall



r-------------------------------------------------~

Photo 3- Outlet works tower; note debris/trash (prior to
the days of storm)

-----r

Photo 4- Outlet works downstream channel, note
end of grouted, stone on west side of channel.
east - left side simiJ·ar.

eros loon at
Erosion on



Photo 5- Outlet works inlet retaining wall slight
separation (horizontal) at 1st construction jrint right
(west) of tower, slightly less than 1/4 inch

Photo 6- Outlet works retaining wall. Slight vertical
off-set on 2nd' joint right (west) of tower, down slightly
less than 1/4inch on west (pencil) side

.... -,. :."'.:._ • ,,0;,;.'0 ", -.



Photo 7-Cave Creek Dam and by-pass channel in background,
1st water from storm run-off C.B. Intake tower & outlet
works lower left.

,
Photo 8-0utlet works looking downstream from top of dam
e~b ankmen t .



Photo 9- Outlet works, outlet channel downstream of bridge,
note erosion along low flow and laterally along side alope.

Photo 10- Dike No. 1 upstream face and gutter, v~ew east
from right abutment.



e e

Photo 11- By pass channel for Cave Creek Dam/upstream portion of right (west) wall.



Photo 12- Dike No. l;view downstream of maln dam embankment.

Photo 13- Upstream face, esthetic treatment. Sand (bottom),
rock (top), access ramp to outlet works view west.
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Photo 15- Marker at entrance to project.

Photo 16- Downstream side of Cave Buttes Dam embankment?
looking -w.est-'towards outlet structure.

54$/,
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Photo 17- Dike No. 2~upstream slope looking west at Cave ­
Creek Road.

Photo 18- Looking SE at access road.



Photo 19- Cave Creek Dam, water outflow during inspection
from main gates. Gates were welded permanently.

Photo 20- Upstream face, view east along access road to
outlet works, taken from the right abutment.
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Photo 22- S/E east wall (left) sill

Photo 23- N/W west wall (right) sill.
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Photo 24- Dike No.1, west (right) abutment side VIew east
along downstream gutter.

Photo 25- Diversion channel from Dike No. II VIew SE.
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Photo 26- Looking NW at access road.

Photo 27- Looking west from Cave Creek Road Dike No.2.



Photo 28- East end of Dike No.2, downstream slope.

Photo 29- Diversion Channel from Dike No.2. View looking
NW from accesslroad.



Photo 30- Dip cross~ng on access road to outlet works

Photo 31- Dike No.2 west end looking east at both slopes

:;' "/'



APPENDIX I
AGENDA FOR INSPECTION OF

CAVE BUTTES DM1

Members will arr~ve at Phoenix, Arizona on Wednesday, February 13, 1980.

Arrangements for transportation will be made by each individual. Our

rendezvous will be at the following motel:

RAMADA INN
3801 E. Van Buren
Phoenix, Arizona
(602),275-7878

Thursday, 14 February 1980

0800 - Depart from Motel
0900 - Inspection of Dam
1300 - Assemble for Discussion of Inspection
1330 - Depart for Phoenix

1-1
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CAVE BUTTES DAM

PERTINENT DATA

Drainage area sq ml. 191

Dam (rolled earthfill)

Crest elevation ft msl 1,679.1

Max. he ight above streambed ft 109

Crest length ft 2,260

Freeboard ft 5

Spillway (detached)

Crest elevation ft msl 1,657.1

Crest length ft 510

Elevation of max. water surface ft msl 1,674.1

Outlet works (ungated conduit)

Diameter of conduit ft 3.75

Length ft 528.75

Intake elevation ft msl 1,560.7

Saddle dike No. 1

Crest length ft 930

Max. Height above existing ground ft 39

Saddle dike No. 2 or east dike

Crest length ft 9,035

Max. height above existing ground ft 55

Saddle dike No. 3 or west dike

Crest length ft 3,245

Max. height above existing ground ft 10
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PERTINENT DATA (CONT'D)

Reservoir area at spillway crest acres 1,820

capacity (gross) at spillway crest acre-ft 46,600

Storage allocation below spillway crest

Flood Contro 1 (net) acre-ft 40,900

Sedimentation acre-ft 5,700

Standard Project flood

Total volume acre-ft 42,900

Peak inflow cfs 54,000

Peak outflow cfs 486

Drawdown time days 48

Maximum probable flood

Total volume acre-ft 122,000

Peak inflow cfs 172,000

Peak outflow cfs 100,600

Drawdown time days 61
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CAVE BUTTES DAM
GENERAL PROJECT DESCRIPTION

1. PURPOSE AND SCOPE. This report is prepared in accordance with ER
1110-2-100, entitled "Periodic Inspection and Continuing Evaluation of
Completed civil Works Structures" and dated 30 March 1977, which defines
objectives, assigns functions, and establishes procedures by which the Corps
of Engineers carries out its responsibilities for assuring the continuing
structural integrity and operational adequacy of its major civil works
structures in service. Periodic evaluation of constructed structures is
accomplished by periodic inspection for the purpose of detecting conditions of
significant structural distress and to provide a basis for timely initiation
of corrective measures to be taken when necessary.

Cave Buttes Dam was designed and constructed by the Corps of Engineers who
has transferred the responsibility for operation and maintenance of the
project to the Maricopa County Flood Control District (M.C.F.C.D.). In
accordance with ER 1110-2-100, the operating entity is also responsible for
the periodic inspections and observations necessary for assuring the
continuing structural integrity and operational adequacy of the structure.
The M.C.F.C.D. should conduct the inspections and prepare the inspection
reports. The Corps of Engineers should be invited to participate in the
inspections. The initial inspection was conducted by the Los Angeles District
and the report was prepared by the Los Angeles District. Subsequent
inspections should be made at one-year intervals for the next four years, at
two-year intervals for the following four years, and then may be extended to
each five years if warranted by the results of the previous inspections.

2. GENERAL. Cave Buttes Dam is located in Maricopa County, Arizona,
approximately 19 miles north of downtown Phoenix. The dam is on Cave Creek
about 0.7 miles downstream (south) of the existing Cave Creek Dam (see pIs. 1
and 2). It provides flood protection to the City of Phoenix from floodwaters
emanating from the 191-square-mile drainage area upstream of the dam. The
northern half of the drainage area is characterized by rugged terrain where
ground elevations vary from 2,000 feet mean sea level (MSL) at the base of the
mountains to elevations of greater than 4,900 feet MSL at the mQuntain
peaks. The southemhalf is primarily composed of flatlands with scattered
hills and mountains. Desert plants of various species are scattered
throughout the drainage area with more concentrations of desert riparian trees
and shrubs occurring along the streambed. The wildlife found in the project
area includes snakes, lizards, small desert rodents and various birds.

The principal features of the project (shown on pl. 2) include the main
embankment, three dikes, the outlet works, an unlined spillway, a drainage
channel, access roads and unlined bypass channel for Cave Creek Dam.

a. The embankment is a compacted three-zone earthfill structure with a
crest width of 20 feet. The crest has a 12 foot wide paved service road. An
access ramp is provided on the upstream slope of the embankment to allow
access to the intake structure. The upstream slope of the dam is IVan 2.25 H
between the top of the dam and elevation 1,619.0 and IV on 2.75 H below
elevation 1,619.0. The downstream slope is IV on 2 H (see pIs. 3 and 4).
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b. Dike No. 1 is located about 90 feet east of the dam embankment and is
930 feet in length with the crest at elevation 1,679.1. The top of the dike
is 20 feet wide, and is used as a service road. The embankment cross section
is similar to that of the dam embankment (see pI. 5).

c. Dike No. 2 is 9,035 feet in length. The western 5,345 feet is
designed as a saddle dike, while the eastern 3,690 feet is designed for
diversion of floodwaters from the drainage area northeast of Cave Creek
Road. The western end of this dike is located approximately 6,000 feet
northeast of the dam embankment. The top of the western portion of the dike
is at elevation 1,679.1, forming an embankment with a maximum height of 55
feet above the existing ground. The eastern 3,690 feet is a variable height
ranging from 10 feet to 6 feet above the existing ground. The entire length
of the embankment has a top width of 20 feet, an upstream slope of IV on
2.25H, and downstream slope of IV on 2H. There are two cross sections for
this dike embankment: the first has a core with exterior zones of pervious
material, and the second consists of a homogenous section of trans.it ion
material. The first section covers the highest portion of the elUbankment,
west of station 88+00, and the latter covers the remainder of the dike above
the standard project flood .pool. The upstream slope of the dual zoned section
is protected by 1.5 feet of riprap overlying 8 inches of filter material. The
upstream slope of the homogenous section is faced with 1.5 feet of riprap.
The downstream slope of the dike between stations 50+15 and 88+00 is protected
with 12 inches of stone covered with 6 inches of topsoil. The remainder of
the dike (stations 88+00 and 140+50), which is less than 30 feet in height, is
protected by a layer of topsoil with landscaping.

d. Dike No. 3 is located approximately 2.5 miles northwest of the main
dam. The dike is 3,245 feet in length and its top is at elevation 1,679.1.
The maximum height is 10 feet above the existing ground. The crest width of
the dike is 20 feet and the upstream and downstream slopes are IV on 2.25H and
IV on 2H, respectively. The embankment is composed of transition material
with 1.5 feet of riprap for upstream slope protection. There is no stone
protection on the downstream slope. For details see plate 5.

e. The outlet works is founded on bedrock at the left abutment of the
dam. The outlet works consist of an approach channel, intake tower, conduit,
energy dissipator and outlet channel (see pl. 11). The outlet is designed to
release approximately 500 cfs with the water surface at the spillway crest.

(1) Due to the location of the outlet works, an approach channel was
excavated between the borrow area and the intake structure. The ~pproach

channel (see pl. 12) is trapezoidal in cross section with a base width of 30
feet. The left bank is excavated approximately along the bedrock surface with
a side slope of IV on 1.5H. The right bank is excavated in alluvium with a
side slope of IV on 2H. A concrete retaining wall is provided just downstream
of the intake structure to retain the fill forming the service ramp for
inspection and maintenance of the intake structure.

(2) The intake structure is located in the center of the approach
channe1, and is 10 feet upstream of the retaining wall. The reinforced
concrete structure is 13 feet in height and 10.75 feet square in cross
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section. The interior of the structure forms a chamber 7.25 by 7.25 feet in
cross section and. 13.0 feet in height. A total of eig\lt 2~square-foot

openings are provided at various elevations for the intake of floodwaters.
Two openings, one 7 by 6 feet and the other 7.25 foot-square, are provided at
the base and the top of the structure, respectively, for cleaning purposes.
Steel grating is provided in these large openings to prevent debris from
enter ing the intake, struc ture.'

(3) The total length of the 3.75-foot-diameter circular conduit is
528.75 feet. Precast reinforced concrete pipes form the interior surface of
the conduit and a reinforced concrete casing on the outside of the concrete
pipe supports the embankment fill. A bellmouth structure is provided at the
upstream end of the conduit to improve the entrance flow conditions (see pl. 12).

(4) An energy dissipator is located at the end of the conduit
(see pI. 13). It is rectangular in cross section, having a 71.55 foot long
transition section with base width increasing from 3.75 to 18 feet. Wall
heights increase from 7.59 to 12 feet. The total length of the structure is
102.55 feet. At the downstream end of the dissipator in the rectangular
section, there is one row of 6 dentates, each one 18 inches wide and 18 inches
high.

(5) An unlined trapezoidal outlet channel (see pl. 11) is constructed at
the downstream end of the energy dissipator. The channel has a base width
varying from 8 to 24 feet, side slopes of IV on 2H and a length of 1,380 feet.

l8-inches of grouted stone riprap protects the sideslope of the energy
dissipator and the sides lopes and bottom of the channel from station 47+68 to
the bridge. Grouted stone is provided downstream of the bridge for
approximately 20 feet to protect the base of the bridge structure from
erosion.

f. The spillway is located in a natural saddle approximately 1,600 feet
northwest of the main embankment and is alined to fit the natural terrain
(see pl. 10). Based on the 3.75-foot diameter conduit, the minimum crest
elevation that will control the standard project flood is 1,657.1 feet. The
spillway has a 5l0-foot crest length. The spillway is excavated in rock and
is unlined, except at the crest where a concrete sill is provided which
extends up the sides lope to the maximum water surface elevation. This
detached, broad-crested spillway is trapezoidal in cross section with side
slopes of 2V on lH. A l2~foot wide bench is provided at elevation 1,680.0 for
control of erosion on the excavated slopes.

g. The drainage channel is located north of dike No. 2 near its west
abutment. This channel (see pl. 14) is designed to drain a dead pool of 230
acre-feet which is created by the construction of dike No.2. The channel is
2,800 feet in length, unlined and trapezoidal in cross section. Base width of
the channel is 12 feet and side slopes are IV on 2H.

h. Access to the dikes, dam embankment, and unlined spillway 1S from the
junction of dike No. 2 and the existing Cave Creek Road. The tops of
embankments are utilized as service roads (see pI. 2). Dike No.2 and dike
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No. 1 are connected by an access road, 5,530 feet in length, around the north
side of a hill. ' The minimum elevation on the top of the bituminous-treated
road is above the maximum water surface behind the dam so that the road can be
used under the most adverse weather conditions. Dike No. 1 and the dam
embankment are connected with a 100-foot-Iong access road excavated through
the hill'between the dike and dam. The right abutment of the dam and the
spillway are connected' by an access road 4,366-foot-Iong around the south side
of a hill between the embankment and the spillway.

i. To preserve Cave Creek Dam as is, a bylpass channel (see pI. 15) is
excavated through the saddle about 500 feet west of the right abutment of the
dam. The channel is unlined and has a 400-foot base width, 2V on lH
sideslopes and a crest elevation of 1628 feet.

3. GEOLOGY • The damslte at streambed elevation (l, 570 feet) spans Cave Creek
between two rock ridges that parallel the valley. A thin veneer of older
alluvium (talus material) covers the upper slopes of the ridges and becomes
much thicker on the east side of the valley near the base of the slope. The
alluvial materials in the valley consist of various combinations of sand,
gravel, cobbles and some boulders extend:Lng to a depth of approximately 35
feet. Bedrock forming the ridges and underlying the stream bottom is a
metaigrteous rock, consisting of moderately hard schist and greenstone. There
is evidence of ancient folding and some faulting in the rock formations in the
vicinity of the Cave Buttes Dam.

The rock types encountered in the mountainous areas of the surrounding
,region are very similar. The basement complex is composed predominantly of
1>recambrian schistose and massive metaigneous rocks with lesser amounts of
gneiss and quartzite. These are covered and intruded by Tertiary igneous
rocks. The igneous rocks consist of granite, rhyolite, andesite, vesicular
basalt flows, tuff and tuffaceous agglomerate. The trend of foliation in the
rock formations is in a southwest-northeast direction, and generally is
steeply dipping. Older alluvium, which consists of moderately to well
consolidated residual soil and talus debris, is generally found along the slde
slopes of the valleys and underlies the Recent alluvium. In the valleys, the
older alluvium is mostly sand and silty sand containing varying amounts of
caliche. Recent alluvium, which consists of unconsolidated silt, sand,
gravel, cobbles and boulders, is found in the valley areas iri the streambed
channels and the flood plain washes. The deep dissection of the mountains,
and the great extent and depth of alluvial fans suggest that the Phoenix area
has undergone a long, stable geologic history.

4. EMBANKMENT. The dam embankment consists of impervious core, trans1t10n
zones on either side of the core, outer zones of pervious material, and
exterior zones of slope protection (see pI. 4). The core is founded on
bedrock within the cutoff trench. The upstream stone slope protection is 1. 5
feet thick; Downstream protection consists of 6 inches of topsoil for
landscaping over 12 inches of stone. Erosion control gutters are provided at
the juncture of the embankment and the abutments.
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a. Materials for the impervious (zone I) of the embankment were obtained
from the basin of the existing dam. The materials in the designated area were
predominantly sandy clays and sandy silts. The depth of suitable material
after clearing and grubbing, varied inthickrtess from 19 feet near the
existing dam to about 7 feet at the far end of the designated area.

b. Materials for the transition (zone II) of the main embankment were
obtained from the borrow area located approximately 6,000 feet upstream from
the site. The materials in the designated area were predominantly clayey
sands and silty sands with varying amounts of gravel and some cobbles. The
depth of suitable material, after clearing and grubbing, varied in thickness
from 4 to 15 feet. The materials were loose to very dense, having a standard
penetration test blow count range from 6 to 60+ blows per foot.

c. Materials for the pervious (zone III) of the main embankment were
obtained from the borrow area located between the existing Cave Creek Dam and
Cave Buttes Dam embankment.

d. Material to construct dike No. 1 was obtained from the same source as
the transition borrow (zone II) for the main embankment.

e. Material to construct
just north of dike No. 2 area.
silty sands.

dike No. 2 was obtained from the borrow area
The materials are predominantly gravelly,

f. Material to construct dike No. 3 was obtained from the borrow area
just south of dike No.2 area. The material is sandy clays and silts.

g. Embankment design values of materials are shown on plate No. 25. The
construction control data and record tests are presently being evaluated and
will be presented in the Foundation and/or Embankment Reports.

5. FOUNDATION CONDITIONS

a. Dam. The foundation exposed by the cutoff trench excavation below
streambed at the embankment site disclosed adequate conditions for the
construction of an earth embankment. The rock exposed in the cutoff trench
and the abutments is greenstone, gray to brownish gray, weathered near the
surface, fractured moderately hard to hard, platy and micaceous. Occasional
granite dikes intrude the greenstone on the right abutment and a few on the
left abutment.

b. Dikes. The following is a brief description of the condition of the
foundation and abutments for the three dikes.

Dike No. 1 is founded on moderately hard to hard greenstone bedrock.

Dike No. 2's right abutment is founded on rock similar to that at Dike No.
1. The embankment foundation and left abutment, station 53+50 to 115+00,
consists of older alluvium of the valley bottom. The alluvial materials in
the foundation east of station 54+00 are predominantly silty sand and clayey
sand. The soils are finer east of Cave Creek Road. The materials to a depth
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of approximate ly 5 feet have an average dry density of 102 pcf or 81 percent
relative compaction. Beyond this depth, the materials are progressively
harder due to caliche cE!mentation and cobbles become more numerous. At a
depth of approximately 10 feet the average dry density is 110 pcf or 87
percent relative compaction. At station 97+00 Cave Creek Road cros~esthe
alinement of dikE! No.2. The existing road embankment waf3 removed to permit
construction of the dike and the new road embankmen.t was ramped to the top of
dike.

Dike No. 3 has a maximum fill of about 10 Jeetabove th.e existing ground
surface near station 177+00. ':I'he near surface foundation materials are sandy
clay or clay underlain by sandy silt and clay sand highly cemented and
containing a small percentage of gravel size material. The in-place density
of the top 12 inches of material is in the order of 80 percent of maximum
density. The material becomes harder from 1 to 3 feet. At depths greater
than 4 feet the materials have blow counts greater than 50.

c. Outlet Works. The outlet works are located near the toe of the left
abutment. The 3.75-foot diameter reinforced concrete conduit is founded
mainly on greenstone bedrock. Between station 50+58 and 48+00 the rock
surface was deeper than anticipated and the area was overexcavated to a depth
of as much as 13 feet near station 50+00. The excavation was backfilled with
concrete to provide a foundation for the conduit. Grouting was conducted
along the outlet works contact of the rock and concrete under the impervious
core. The foundation rock for the ungated intake structure is also
greenstone.

d. Spillway. The spillway, located 1,700 feet northwest of the top of
the right abutment is excavated in rock. The rock is predominantly a moderate
to highly fractured and foliated schist with occasional moderately fractured
greenstone intervals, weathered to approximately 8 feet with foliation dipping
60 to 90 degrees to the northwest.

During the excavation minor slumping occurred on the west wall between station
19+00 and station 22+50. To remedy this situation the cut slope of the wall
was flattened. At the east wall of the spillway sill a slight overbreak
occurr~d. This overbreak was formed and filled with concrete.. At the
elevation and location of the concrete sill, the rock is adequate to resist
scour during the infrequent spillway flows. The alinement of the sill is
located near the highest point in the saddle.

6. FOUNDATION TREATMENT.

a. Main Embankment.

(1) The cutoff trench for the core and 12 feet of the transition
material across the streambed was excavated to sound bedrock.. The core
material was placed on sound rock.. All blocks, slabs and boulders were
removed from the bottom of. the trench to provide a uniform bedrock surface for
placement of fill. The exposed bedrock for the core and 12 feet on either
side of the transition zones was throughly cleaned by air blasting. Grouting·
consisted of a single line of holes along the center of the cutoff trench.

11-8



The grout holes were spacEi!d approximate~y 20 feet apart, forming a grout
curtain ranging from 25 to 75' feet in dep,th. Dental concrete was used to fill
scour pockets and channels t\ot accessible to roller equipment. Foundation
preparation of the streambed outside o~ the cutoff trench cons,isted of
removing all loose and dumped material from the recent excavations by
aggregate producers. To provide a uniform, dense surface the foundation was
excavated to a depth of approximately 15 feet from the original ground
surface. Cobbles larger than 6 inches were removed. The area was leveled,
moistened and proof-rolled.

(2) Right and Left Abutment, Dam. Loose and unsound rock was removed
from the abutment. The core contact was cleaned by air blasting. Dental
concrete was used to fill the depressions. The fractured rock was generously
treated with a fine sand cement slurry to mortar the joints in order to seal
off surface fractures at the core contact. A minimum pressure grouting
program consisted of drilling and grouting along the centerline of the core
zone with holes spaced approximately 40 feet apart and 40 feet deep.

b. Dike No.1. The foundation under the Zone II material was stripped
of all overburden to firm rock. The central third' of the foundation was
cleaned by air blasting. Dental concrete was used to fill depressions. A
grouting program consisting of a single line of grout holes spaced 40 feet
apart, drilled to 25 foot depth was used. The foundation treatment for the
areas under the pervious Zone III material consisted of removing all loose
rock, clearing, grubbing, moistening and proof-rolling.

c. Dike No.2. The entire foundation was stripped to a depth of 24
inches. An exploration trench was then excavated along the embankment
centerline to a depth of 10 feet from the toe of the right abutment to station
88+00. From station 88+00 to 90+00 the depth of the excavation trench was
reduced uniformly from 10 to 5 feet. From station 90+00 to 103+00 the depth
of the trench was 5 feet. The entire foundation, including the bottom of the
exploration trench was scarified, moistened and proof-rolled.

The right abutment, under Zone II material, was stripped of all overburden to
firm rock. A grouting program consisting of a single line of grout holes
spaced 40 feet apart, drilled to 25 foot depth was used. The central third of
the foundation was cleaned by air blasting. Dental concrete was used to fill
depressions. Open fractures were filled with a fine sand-cement grout
slurry. Within the abutment area of the contact with Zone III materials, the
treatment consisted of removing all loose rock, clearing, grubbing, shaping
and moistening.

d. Dike No.3. The entire foundation was stripped to a depth of 18
inches before dike construction. The grade was then scarified, moistened and
proof rolled.

7. SPILLWAY AND DETENTION BASIN. The unlined spillway, excavated in rock,
located about 1,600 feet west of the west (right) abutment of the main
embankment, has a concrete sill with a length of 510 feet at elevation 1,657.1
feet. The spillway, in conjunction with the outlet works, will pass a peak
discharge of 100,600 cfs with 5 feet of freeboard.
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'rPedetention basin ha.s a capacity of 46,600 acre-feet at tn.espil.lway crest,
of Which 5,700 acre;;.feet is for the accumulation of sediment over a 100~year
period, and 40,900 acre-feet is for flood control. The detention basin
reduces a standard project flood with a peak inflow of 54,000 cfs to an
outflow of about 500 cfs.

8. CONSTRUCTION HISTORY.

a. Contractor.

Washington Construction Co.
Missoula, Montana
Contract No. DACW09~77-C-0058

b. Schedule.

Started: September 1977
Completed: December 1979

c. Cement.

Type II
Arizona Port land, Rillito, Arizona

d. Concrete Data.

Government Assurance
Testing

Actual Field Values

CF
sacks/cy

W/C.
gal/sack

Contractor Control
Testing

Actual Field Values

fc psi
28 day

CF
sackslcy

W/C
gal/sack

fc psi
28 day

fc psi
28 day

Designed
Compressive
Strength

3000 4120 5.2 5.0 4110 5.2 5.0

e. Aggregates.

*4000 psi concrete was used in the conduit for the outlet works only.

Tanner Industries
Phoenix, Arizona
Along Cave Creek

6.05.04370*4000

f. Construction Problems~
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Concrete was placed during a nationwide cement shortage. There was a
cement allocation problem. Wet weather and flooding during the 1978 and 1979
wet seasons, caused 3 months delay in construction.

9. ENGINEERING DATA. Engineering data to be stored in the recorder house at
the project.

a. General Design Memorandum No.3, July 1976.

b. Operation and Maintenance Manual.

c. Periodic Inspection Reports.

d. Foundation Report.

e. Embankment Report.

f. As Built Drawings and Specifications.

10. INSTRUMENTATION. Settlement monuments were installed on the embankments
for determining post construction settlement and lateral displacements.
Hydrographic instrumentation has been installed to record water flows through
the outlet works.

a. Settlement Monuments. A total of forty-seven settlement monuments
were installed on the upstream crest edges of the dam (4), Dike No. 1(5), and
Dike No. 2(28). Four settlement monuments were also installed at the upstream
and downstream toes of Dike No.3. The locations of the settlement monuments
are shown on plates 25 through 28. The monuments were surveyed following
embankment construction and their installation. Initial elevations are shown
on plates 30 and 31. Subsequent readings will be made at intervals consistent
with periodic inspections.

b. Water depth recorders. Water depth recorders have been provided for
measuring depths at both ends of the outlet works. The recorders are located
in the recorder house.

c. A rain gage will be installed in the recorder house.

d. Twenty-four staff gages have been installed on the upstream face of
the dam. Each staff gage faces the recorder house.

11. INSPECTION CHECKLIST.

a. Embankment, Dike No.1, Dike No. 2 and Dike No. 3

(1) Crest
(2)- Abutment contacts
(3) Upstream and downstream slopes·
(4) Upstream and downstream toes
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b. Spillway

(I) Approach Channel
(2) Control Section
(3) Outlet Channel

c. Flood Control Outlet Works

(1) Approach channel
(2) Intake tower
(3) Conduit
(4) Energy dissipator
(5) Outlet channel
(6) Bridge

d. Drainage Channel

e. Existing Cave Creek Dam

(1) Multi-Arches

f. Instrumentation

(1) Staff gages
(2) Gaging st.ations
(3) Reservoir water surface recorders
(4) Rain gage

12. PLATES.

1. Project location~

2. General PIau.
3. Embankment Plan and Profile.
4. Embankment Cross Sections.
5. Dikes No.1 and No.3 - Plan, Profile and Typical Sections.
6. Dike No. 2 - Plan and Profile Part I.
7. Dike No. 2 - Plan and Profile Part II.
8. Dike No.2 - Plan and Profile Part II];.
9. Dike No. 2 - Cross Sec tions •

10. Spillway Plan, Profile and Sections.
11. Outlet Works Plan and Profile.
12. Approach Channel. and Intake Structure.
13. Recorder House, Outlet Conduit and Energy Dissipator.
14. Drainage Channel Plan, profile and Typical Section.
15. Bypass Channel Location Map
16. General Site Geology and Plan of Geologic Exploration
17. Geology and Foundation Exploration-Geologic Logs (Sheet 1 of 2)
18. Geology and Foundation Exploration-Geologic Logs (Sheet 2 of 2)
19. Dam foundation Plan of Soils Exploration.
20. Dikes No.1, No.3 and Spillway Foundation Pbn of

Exploration.
21. Dike No.2 Foundation and Borrow Area Plan of Exploration.

11-12



22. Dam, Dike No. I, No.3, and SpillwaY Foundation Exploration,
Soils Log.

23. Dike No.2 Foundation and Borrow Area Exploration Soil Logs.
24. Dike No.2 Foundation and Borrow Area Exploration Soil Logs.
25. Embankment and Dike No. 1 Instrumentation.
26. Dike No.2 Instrumentation Sheet 1.
27. Dike No.2 Instrumentation Sheet 2.
28. Dike No. 2 Instrumentation Sheet 3.
29. SutDIQ.ary .of Des ign Va lues.
30. Settlement Data - Sheet 1
31. Settlement Data - Sheet 2
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PLATE 27

Sf'K. NO. I),ACW09· ~.~~ .. _~_~
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DIKE NO 2

INSTRUMF..NTATION

REVISIONS

U. S. MMY ENGIHEBl. 0I5111Cf
lOS ANGElfS

COIl'S Of ENGINEflS

CAVE BUTTES DAM
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'~H~-~::~~~-~_~~'.:-~..:::",~:~,"':!f
VERT SCALE: IIN,t lOfT

IbHF.t.al~c;~';7;,::.-,!f·-~:~ -.'~mn_~ 30

o
o

i'

,/1
/

/

...~~/
~.."'.

o
o

~I

N9~_~22..-.

N

N989.600

DATUM IS HUN S£A LeVEl.

PLAN
SCALE: lIN,' 100 FT.

• SURFACE SETTLEMENT, MONUMENTS
• REFERENCE MONUMENTS

----aiViii'ONs
u. S. MMY INGMtI DlSlIICI'IOS_....

OOI:PS Of lNGMIlS
GILARlVER BASIN

NEW RIVER AND PH<lEN1)( cITY STREAMS,ARIZONA

2, ........

CAVE BUTTES DAM

DIKE NO.2

INSTRUMENTATION

Sliiiiifr'IDI'i', --"""'""""'"
SI'lC. NO. DM:W0\l. ~,, _

DI$TIIICnU MO. 242/215

PLATE 28



U. S. ARMY ENGINEER DISTRICT

UPSTREAM

• •
DOWN STRE;:AM

CORPS OF ENGINEERS

FOUNDATION AI.LUV~~, , .......

ZONE J[

ALLUVIUM

EIV1BANK.\V1ENT DESIGN VALUES

l
____ ·o___ ••••• •• ,_

UNIT WEIGHT· SHEAR STRENGTH PERM. SPEC.
: MATERIALS (et> IN DEGREES t C IN T/SF) COEFF. GRAY.

DRY WET SAT! 's, 'F· lie II (K) (G)
p.e.F, P. C. F. P. c. F. Cll C $ C C1> C FT. 'lDA'Y

ZONE I CiS 115 I '2 '2 I 30 - 14- 0.5 13 0.8 0.00/ 2.~8
---_._---

ZONElI 118 128 /31 34- - 17 0·4 - - 0.10 2.61
ZON£ m

I '2." I set 1+5 3Gf - 30 - - - 10.0 2.771
..""-_._. -

DtLt0 FOU~ATlal IZq 13Cf 145 3'1 - 30 - - - 10.0 '2.77 .
I-UVIU

- DIKE 2 1-00 /04 12.5 - - \B 0.5 - - 50.0 2.b8FOUNDATION (Q1_g

DIKE l 110 112 I~O - - /8 /.5 - - 3·0 2.b8fOUNDATION (8 1./5'

.. U~d \).)f,·",,~ts. S~C)u)V\ A'rf., e,ca.,<.cl 0", ~6 PIHc:.S.II\t. O~ V'fl~)(~lM"'W\

Dt'~ 'DEV\~tt~.

GILA RIVER BASIN

NE,VI RIVERa PHOENIX CITY STREAMS, ARIZONA

CAVE BUTTES DAM

SUMMARY OF DESIGN VALUES

U. S. ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:

PLATE 2~



P6+7"l7 3 D

PAYS

PAYS

ENGINEERING

SAFETY

VALUE
I i

APRIL 1910
CARRILLO

COORD I NATES

CONTROL BENCH MARKS NORTHING EASTING DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATIOH

IBM (IN9)' PK&LElD *'56'.518

IBM (1969)' PI( & LEAD ·'56.... 532

AM-I'" useE BRASS DISC. 1879.138

'11-1 useE BRASS DISC. 1679.859

RM_2 useE BRASS DISC. 1679.533

,11-, useE BRASS DISC. 1679."12

,11-, useE BRASS DISC. 1e81.Sq.S

'2159 useE COMe. MON. 1590.981

C8-20 useE BRASS DISC. 1063.037

'M-5 useE BRASS DISC. 1e79.806 "';
,

RM_7 useE BRASS DISC. 1e73.9n

C8_IO useE AlUM. NOlI. 1878.R3

C8..11 useE AlUM. MON. I679.OU

.11-8 useE BRASS DISC. 1710.188

RM..9 useE BRASS 0Ise.
I

1710.QU

12153' useE COPPERWELD ROD 986,1"'3.05 1J.67,120.21

I2IS...' useE COPPERWELD ROD 887.012.70 ,eq..182.76

62155' useE COPPERWELD ROD 981.6811-.58 1J65,120.29

SETTLEMEHT MONUMENTS ON DAM

CB_I useE BRASS DISC. 988,371.33 q.59,08&.79 0.00
9l.53

CB_2 useE, ALlIl. MON. .' 0.00

SM_I useE BRASS DISC. 1680.IS6

0.29NSM..2 USCE BlASS DISC. 1680.266
106.02

SM..S USCE BRASS DISC. 0.00 1680:.733
125.18

SM..~ USCE BRASS DISC. O.QIIlI 1681.167
190.01

811-' USCE BRASS DISC. O.05N 1681.236
199.62

8M-5 USCE BRASS DISC. O.05N 1681.121
250.95

SM..7 USCE BRASS DISC. 0.0'11I 1681.11'
2'9.37

8N-8 USCE 8RASS DISC. 0.02N 16111.2~

250.12
SM..9 USCE 8RASS DISC. 0.03N 16111.S29

2'9.67

SM.. IO USCE BRASS DISC. 0.07JI 1681.317
89.91

SM-II USCE BRASS DISC. O.~S 16111.012
85.'9

SM-12 USCE BRASS DISC. O.02S 1680.918
76.28

SM..13 USCE BRASs DISC. O.02S 1680.678
129.31

SM.. III USCE BRASS DISC. 0.00 1679.996
121.71

C8-3 USCE ALUM. MON. 0.00
55.88

C8..11 USCE BRASS DISC. 988,3n.39 11-6I,508.·f' 0.00
192.79

SM..15 USCE BRASs DISC. 6.79S 1679.'96

CB..5 USCE ALUM. MON. 918.233.58 ~1.563.'3 0.00
53.6S

C8..6 USCE ALUM. MOIl. 0.00
200.15

SM-IS USCE BRASS DISC. O.03N 1679.~8

190.06
S14-.17 USCE 8RASS DISC. 0.0'11I 1179.710

2"9.97
SM-18 USCE BRASS DISC. 0.0Il1 1679.537

129.89
S14-.19 USCE BRASS 0ISC. 0.03N 1679.628

155.10
RM.... USCE BRASS DISC. 0.00 1679.859

820.113
C8..7 USCE BRASS DISC. 989,109.20 1l62,523.Sq. 0.00

C8-8 USCE BRASs- DISC. 989,991.311- 11.66,521.22 0.00 ~

129.82
C8..9 USCE ALUM. WON. O.O'IS

*BASIS OF ELEVATIONS SY""" """"""" OA" _No
REVISIONS, U. S. /WAy ENGINEBt DISTRICT

LOS ANGELES
CORPS OF ENGINEERS_IT.

DlAWN IYI

CAVE BUTTES DAM.b.d. o.
CItKlIIO IT. SETTLEMENT STUDIES

SUIMIT1lD BY, DATE SPEC. NO. DACW09. __ 1- ____ SHOET
APPIIOVEDo

I

OISTRICT ... NO. 362/175
OF- ..... 2.

e

·e



VALUE ENGINEERING PAYS

APRIL INO
CAUILLO

COORD I NATES
I

SETTLEMENT MDNUMENTS ON DAM NORTHING EASTING DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION DISTANCE OFFSET ELEVATION

&8-9 USCE ALUM. NOlI.
160.01 0.0lIS

SN-20 USCE BRASS DISC.
109.87

O.oes 1679.895

SN-21 USCE BRASS DISC. O.IIS 1179.'"
129.86

SM-22 useE BRASS 0I5C. O.oes 1879.587
160.03

SM-2S USCE BRAss Dlst.
2'-9.81

0.16S UI79.'"

SN-" useE BRASS DISC. 0.118 1679.652
2'9.96

3M-26 useE BRASS 0Ise. O.ISS 1679.830
20.82

SN-26 useE BRASS DISC. O.09S 1819.1112
2"9.98

81&-27 useE BRASS DISC. 0.178 le79.W
260.09

SN-28 useE BRASS DISC. O.oes 11579.113
m.t2

8M-29 USC£ BRASS DISC. 0.12S I879.'S....
2'1.10

SN-SO USCE BRASS DISC. 0.00 1179.585
2" ••

SN-SI USCE BRASS arse. 0.02. 1619.57'
n9.95

8M-52 useE BRASS DISC. 0.... .1679.1172

2".98
SN-SS USCE IRASS DISC. O.IS" 1679.620

250.07
SM-3'& useE 8111SS DISC. 0.031' 1879.829

2'f.e.89
514-35 useE BRASS DISC. 0.011 1619.755

250.08
SN-S6 useE BRASS DISC. 0.01111 1679."8

2'9.87
8M-S7 USCE BRASS DISC. 0.0911 1679.593

.9t.90
5I4-.S USCE BRASS DISC. 0.0311 1678.62&

1111.66
CB-IO USCE ALUM. MOil. 0.038 1678.M8

97.87
CB-II USCE ALUM. MOIl. 0.00 1679.0lJ8

288.23
SN-S. USCEBRASSDISC. 0.16S 1679.5"

"98.97
SN-'IO USCE BRASS DISC. 0.27S 1681.098

1199.69
SM-IJI USCE BRASS DISC. 0.2611 1686. I OJI

'99.71
SN-02 USCE BRASS DISC. O.31l1 1691.067

500.18
S"""3 USCE BRASS DISC. 0.05. 1696.057

500.00
5I4-~~ USCE BRASS DISC. 0.5811 1700.788

'199.72,..... USCE BRASS DISC. 1.1211 1706.06'
500.",..... USCE BRASS DISC. 0.1011 1710.975....n

3M-'I7 USCE BRASS DISC. 0.00 mS.990
351.'11

C8-12 USCE ALUM. MOM. 0.00
11'1.9'1

C8-13 USCE ALUM. MOil. 989.989.32 1176.165.52 0.00

C8-1'I USCE BRASS DISC. 989,875.31 '66.650.1I~

105.52
C8-15 USCE ALUM. MOil. 0.00

1Jll.7.0'I
SM-230 USCE BRASS DISC. 7.82S 1623.199

997.80
SM-270 USCE BRASS DISC. 0.03" 1633.1J8'

1000.36
8M-31D USCE BRASS DISC. 1.298 1639.11.72

999.69
SM-350 USCEBRASSOISC. 0.• 00 16'19.0'18

1107.51 ~~-

C8-16 USCE ALUM. MOIl. 0.00
52.32

C8-17 USCE AlUM. MOtI. 989,929.55 11.71.360.07

C8-21 USCE ALUM. MOil. 990.132.56 'l66,7n.25 0.00
106.91

C8-20 U3CE BRASS DISC. 0.00 1663.037
371.6'

SM-23U USCE BRASS DISC. 2.92" 1627.937

997.79
SM-27U USCE BRASS DISC. 0.00 1636.260

1001.1)11.
SM-31U USCE BRASS DISC. 3.03N 161l3.531

999.31
SM-35U USCE BRASS DISC. O.OIS 1651.013

117tJ.92
C8-19 USCE ALUM. MOil. 0.00.....
C8-18 USCE BRASS DISC. 990.059.26 ..71 ....21.71 0.00

C8-22 USCE BRASS DISC. 991.31lS.52 '161,665.29

*BASIS OF ELEVATIONS SYMIO< I """"""'" ..Tl APftlOVAL •

REVISIONS

I U. S. MMV ENGINEER DISTRICT
LOS ANGElES

CORPS Of ENGINEERS...........
DRAWN IV. CAVE BUTTES DAM.it. ;If!].
CItKl<IO .., SETTLEMENT STUDIES

SUIMITTED IYI DATE SPEC. NO. DACW 09· __ 1-_____ SHEET
APPROVfllo 2

DiStRICT AlE NO. 362 I 176
OF
2-. ......
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