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NOTE:

The geologic data included in this report was acquired using conventional
literature search, field reconnaissance, observation of core drilling and
interpretation/correlation of core borings. The geologic interpretations
and recommendations are the result of application of professional judge-
ment to this data. As with all geological work, differences of opinion
and interpretation are possible.

The user of the information contained in this report is advised that neither
the Owner nor HNTB warrant the accuracy or applicability of these interpre-
tations and recommendations and any use of this information is made with
this understanding and at the user's risk.
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HOWARD NEEDLES TAMMEN & BERGENDOFF
9200 Ward Parkway

P.0. Box 299

Kansas City, Missouri 64141

ATTENTION: Mr. Gay D. Jones, P.E.
Chief GeoTechnical Group

RE: Preliminary Report / Progress on Geological Investigations -
Evaluation of Steel Bridge Site at Roosevelt Lake, Arizona
for Re-Alignment Highway 188.

EXECUTIVE SUMMARY

The planned re-alignment of Highway 188 with the proposed steel bridge
across Roosevelt Lake will be founded on the rocks of two major formations of
Central Arizona--the softer, thin-to moderate-bedded uppermost units of the
Martin Formation and the basal, harder, moderate-bedded units of the Redwall
Limestone. Both the East and West piers are founded on thinly-bedded '
limestones that alternate with thin interbeds of Shale/Claystone or Sandstone;
clay seams and partings are common. The frequent joints and bedding planes
with associated weathering have weakened and deteriorated the rock masses to
depth of at least 35 feet; below the rock quality improves. The two rock
formations are tilted and beds dip 30° to 40° Northward at both the East and
West pier/approach-sites. In addition the rock masses are further broken
by three prominent joint sets and by numerous small- to moderate-scale faults
(reverse, normal, and bedding plane movement). The region has a very low

seismic potential--an Intensity IV (Mag 2.5); features are paleo-faults and
not active.

The West pier subsurface area has been investigated by two cored borings
(B-1/-2) and the East pier area by three cored borings (B-3/-4/-5). The Salt
River Canyon and thickness of channel-fill sediments have been explored by a
geophysical survey. Areal geological evidence indicates the Salt River gorge
near Roosevelt Dam has been downcut across the Mazatal Mountain block by the
ancestral stream throughout the past 20 million years; no evidence is known
for fault(s) within the channel that would traverse the proposed bridge
alignment.

1.0 INTRODUCTION

In response to an invitation of October 1984 and subsequent requests of
January-February, 1985 from Robert W. Luscombe, project manager HNTB/Phoenix
and Gay D. Jones, chief of geotechnical Kansas City, George A. Kiersch agreed
to serve as the geological reviewer and consultant to the field investigations
(STAGES I and I1). A contract for geological services was authorized by ADOT
to begin on May 9, 1985.

ENVIRONMENTAL-ENGINEERING GEOLOGY © GEOMECHANMNICS © INDUSTRIAL MINERALS-RESOURCES
INVESTIGATIONS © DESIGN @ EVALUATION © REVIEWS € TESTIMONY



GEORGE A. KIERSCH

The pre-contract discussions with HNTB generated a considerable amount of
background information on the project. Field data was compiled from scattered
sources, such as: the Phoenix office was visited on January 22nd and RWL
provided a general explanation of plans; the site was initially visited parts
of January 29-30th to assess the main geologic features and conditions pertinent
to drilling and field mapping; relevant published and unpublished geological
data was assembled; and requests were made of HNTB for base maps, aerial-
photographs, and pre-dam construction photographs of the Salt River channel and
vicinity that would show the rock units and channel walls, now flooded by the
lake. 1In addition other reports and items of value to the geological studies
were forwarded by RWL, such as two sets of base aerial-photographs, and an
enlarged photographic base map for both the East and West pier areas.

No requests were made of GAK for an input into the location of the 4-borings
and/or specifications for the cored borings scheduled for STAGE I. However as
part of the contract details GAK advised on May 2nd of the advantages/desirability
to: drill two or more of the STAGE I borings at inclinations of 30-degree from
vertical (about normal dip of bedrock); utilize a swivel, double-tube core
barrel and appropriate bits to attain maximum core recovery; and for the on-site
drilling inspector to give close attention to recording all "fugitive" drilling
data, such as hard-vs-soft penetration rates, color changes of return water that
may indicate a rock change, contacts, clay seams, interbeds, faults, mineraliza-
tion, deeply weathered zones, etc., all important rock features not available
from or recorded by a study of the permanent core.

Past discussions with HNTB and this review and investigations of May-
June have focused on: the areal geologic history and deformation of the rock
units/formational members that occur in the vicinity of the proposed alignment;
the nomenclature and critical properties/characterization of the units; the
inherent structural features of the rocks; as well as the subsurface conditions
that may be involved with the approach-sector and main bridge foundations. The
interpretations reported have benefited from a review of Borings B-l, -2, -3,
and upper -5 drilled in June 1985. A total of 9-field days was spent on the
area, site, borings, and travel (May 27-28, June 6-8, June 10-13, and June 19-20)
and some ll-office days were utilized acquiring background information, analyzing/
assimulating data, plotting sketches of field information, preparing photographic
documents, etc. (May-June). Preparation of the progress report and supplemental
materials/graphic illustrations, documentation totalled 5 days (June=July 3).

2.0 BACKGROUND SOLRCES - = = PRINCIPAL REFERENCES

The following representative reports and publications/maps have been
reviewed to provide background on the geological conditions and features of
the proposed bridge site and vicinity for re-alignment of highway 188--
Roosevelt Lake, Gila County, Arizona. These sources along with personal field
observations (January-June, 1985) and an interpretation/correlation of available
cored borings during June 1985 are the basis for comments on and evaluation of
the geologic setting and subsurface conditions in vicinity of approach-sectors
and main pier foundations of bridge site.

.. Huddle, J. W. and Dobrovolny, E. 1952 Devonian and Mississippian Rocks
of Centr.:. -rizona: U.S. Geological Survey, Prof. Paper 233-D.
(Measured sections of Martin and Redwall Formations East Wall-Windy Gap.)
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.o ABM, 1959 Geologic Map of Gila County, Arizona: Arizona Bureau of
Mines, Univ. of Arizona, Tucson.

.o Tahmazian, G. A. 1964 Petrography of Troy and Martin Clastic Sequence
at Roosevelt Dam, Gila County, Arizona: M.S. Thesis, Univ. of
Arizona, Tucson. (Measured section on West Wall of dam/channel.)

. Teichert, Curt 1965 Devonian andMississippian Rocks of Central Arizona:
U. S. Geological Survey Prof. Paper 465. (Measured sections
East Wall and Windy Gap with thick Becker Butte Member Martin
as channel fill near dam.)

.. ABM 1971 Geologic Guidebook 4- Highways of Arizona 88 and 188:
Arizona Bureau of Mines, Bull. 184, p. 33-38 on Roosevelt Dam
Area.

«» Meador, S. J. 1976 Paleocology of the Upper Devonian Percha Formation
of South-Central Arizona: M.S. Thesis, Univ. of Arizona, Tucson.
(The series of green shales and thin-bedded, yellow-brown
dolomites uppermost of Martin section at Roosevelt are designated
Percha Formation to the southeastward.)

.. Elston, D. P. and Bressler, S. L. 1978 Stratigraphic and Paleomagnetic
Relations Between Basal Cambrian and Devonian Strata in Central
Arizona, in Guidebook on Geology of Central Arizona: Ariz. Bur.
Geology Special Paper No. 2, p. 138-143,

. Scarborough, R. B. 1981 Reconnaissance Geology--along Salt River
between Roosevelt and Granite Reef Dams: Fieldnotes, Ariz. Bur.
Geology, vol. 11, no. 4, p. 6-10.

.o S & W 1981 Proposed Alchesay Pumped Storage Project, Salt River,
Arizona, Volume I: Stone & Webster Engr. Corp., Denver, Colorado
(May 26, 1981) (unpubl).

. USBR 1982 Topography- Geology Map-- Theodore Roosevelt Dam: U.S. Bur.
Reclamation, Phoenix, 3-sheets, scale 1"=100 feet (unpubl).

. DuBois, S. M. et al. 1982 Arizona Earthquakes, 1776-1980: Ariz. Bur.
Geology Bull 193. (Maximum intensity recorded/expected in
Roosevelt Dam area--Intensity 4-5.)

Aerial-Photographs Evaluated/Interpreted for Field Evidence- Base Map Plotting

. 1977 Photos of 1648 Project: Ariz. Dept. Transportation; 10-14-77,
set of 3:; no. 1-2-3, Scale 1l inch-250 ft.

‘e 1983 Photos of 2093 Project: Ariz. Dept. Transportation; 6-6-83,
set of 3; no. 1-1/1-2/1-3. Scale l inch-1,000 ft.

Photographs of Roosevelt Dam Site and Vicinity--Prior and During Construction
.. 190.-28 Pr-tographs of the channel, East and West Walls that shaw gre-

corstruction and pre-lake exposures of rocws in vicinity of
both west and east pier foundation sites.
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3.1 General- History of Rock Deformation

The Roosevelt Lake/Dam area is located within a region of very old
sedimentary rocks that overlie Precambrian granites (TABLE 1). The principal
formations in the vicinity of the bridge site are the Younger Precambrian
Apache Group-Troy Quartzite, the Devonian Martin Formation and the
Mississippian Redwall Limestone. These rocks have been deformed, faulted,
and displaced several times throughout geologic history. However, only the
more recent events of past 20 million years (mid-Tertiary Orogeny) are
particularly relevent to the features and conditions of the rocks nearby the
bridge site (shown in photographs--Figures 4 thru 10).

\
|
- 3.0 GEOLOGIC SETTING
|
|

The Apache Group and Troy rocks were deposited on the Old Granite
followed by the overlying Paleozoic Martin and Redwall Formations that once
covered the entire region (See TABLE I). The two Paleozoic rock units have
been largely removed by massive erosion throughout the region since the
strong mid-Tertiary deformation with uplifting and accelerated erosion was
initiated. Only isolated blocks of Martin-Redwall rocks remain today near
the West and East Walls of Salt River canyon and Roosevelt Lake and at
Windy Gap.

| The strong tectonic upwarping of the Mazatzal Mountains and Roosevelt

Lake region about 19 mil, yrs. ago reactivated some old Precambrian and

Mesozoic faults and developed the main regional-areal structural features

| ‘ known today. This deformation was part of the strong Laramide Orogeny that

| P affected other western states during Eocene-Miocene time (57 to 5 mil. yr.

| ago). The rock column was initially folded/deformed by NW-trending fold
axes that formed such features as the Tonto Basin. This regional folding
with tilting formed a homoclinal-block of the Precambrian-Paleozoic rocks
(Granite/Apache-Martin-Redwall) along the northwest-trending Mazatzal
Mountains and the Salt River canyon to the southeastward (Fig. 7). The
regional tilting northeastward that occurred 19.2 to 14.2 mil. yrs. ago
(Scarborough, 1981) caused a major NW-synclinal fold axis to form within
the rocks of Tonto Basin (site of Lake Roosevelt today); contemporaneously

| numerous subsidiary folds formed throughout the fault-broken, homoclinal

| mass of rocks. Regionally the rock column (Apache-Martin-Redwall beds) are

| upfolded and block-faulted northward of Tonto Basin and crop out in the

Sierra Ancha Mountains as the bold cliffs and mesa-like caprock of fault-

block masses along the Mogollon Rim of Colorado Plateau.

} The prominent NW-trending faults (parallel lake) impart steep NE dips
| to the beds, but sometimes flatten with depth and become bedding-faults.
Numerous NW-faults occur in the vicinity of bridge site on both the West and
| East Walls. These faults commonly dip steeply and may exhibit either normal
or reverse movement; the latter movement has repeated parts of the rock
column in East Wall outcrops of the Martin Formation between Highway 88/dam
access road junctionand the East Pier site.
|
|
|
|
\

Faulting associated with the regional folding (19 to 14 m. yr. ago)
was followed by a period of younger Basin and Range faulting that occurred
13 -. 4 =:1, yrs. ago. Many N-S faults :rmed at this time further displaced
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and segmented into fault-blocks the northward dipping homoclinal mass of
Granite-Apache-Paleozoic rocks of the Roosevelt Lake region. One such N-§S
fault occurs in the canyon immediately east of the approach-sector and
boring B-4 location (Fig. 3). 1In the past few million years, Pliocene-
Pleistocene sediments were deposited throughout the valleys of Salt River
and Tonto Creek (Tonto Basin). The strong terraces carved in these Basin
beds along the Salt River and Tonto Creek channels--and well represented in -
the pre-lake channel north of both the West and East pier sites (SRP-Photos,
1904)--are not related to faulting. Terraces occur at several elevations in
the Tonto Basin and represent Pleistocene levels of the former river system.

3.2 Origin of Salt River Channel Near Dam

The origin of the Salt River gorge near Roosevelt Dam and downstream
across the Superstition Mountains (up to 2,000 feet deep) is relevant to
possible conditions that might be encountered for any bridge pier in the
channel. An evaluation of all available information indicates the ancestral
Salt River drainage adjusted by accelerated downcutting across the Mazatzal
Mountain block as arching and uplift occurred (beginning about 20 mil. yrs.
ago). Furthermore, boulders and cobbles of granite, basalt, and limestone
along with channel debris and cemented gravels--are remnants of an earlier
channelway--that flowed over the bench-like area carved in Mescal Limestone
at about elevation 2,400 feet situated on the West Wall directly above the
spillway of dam. This evidence shows the location of the higher, much
wider ancestral channel of the Salt River.

No direct evidence is known for fault(s) within the main bedrock
channel of the Salt River upstream of Roosevelt Dam that parallel the
channel and thereby traverse the alignment for proposed bridge. All evidence
indicates the Salt River channel has been selectively carved in the bedrocks
as uplift accelerated the downcutting process of ancestral drainage.

3.3 Principal Rock Units

The Devonian Martin Formation and overlying Mississippian Redwall
Limestone are the two principal rock units occurring at or in vicinity of
the Highway 188 approach-sectors and bridge pier foundation sites (Fig's 1,2,3).

The column of Martin rocks in vicinity of Roosevelt Lake has been
measured, analyzed, and described by some 10 separate investigators over
the past 70 years. The individual limestone/dolomite beds with associated
sandy limestone, sandstone, shale and siltstone beds comprise a thick
sequence of about 486 feet (Teichert, 1965) in the Roosevelt Lake region;
however, the total rock column has not been defined and subdivided in the
same manner by any of the past investigators. After a review of the varied
studies, the general limits of Teichert (1965) and Huddle and Dobrovolny
(1952) are followed by the writer with some additions/modifications from
Tahmazian (1964) and Meador (1976). The Martin Formation rock column is
composed of two prominent and distinctly different members as follows:

Jerome Member (Upper/MIidle —ember of others)--characteriz. by

an uppermost brownish-gray, ..ne-grained Sandstone beds (s. _ 25

w
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feet thick) that are underlain by softer, greenish-gray Shale
- beds with minor sandy Sandstones that total some 35 feet thick.
Beneath these two topmost units, the Jerome Member is mainly
composed of varied colored Sandstone beds (brown, green, reddish,
pink, and gray) with thin interbeds of Dolomite and thicker
Sandy Dolomite beds. The Jerome Member total Some 388 feet thick
near dam, but faulting repeats some parts of section and masks
the exact thickness on both East and West Wall exposures.

Becker Butte Member (Included Lower member of others)--mainly a series
of channel-fill units and clastic beds throughout the region. Occurs
on East Wall as deposits in a steep-walled channel carved in the
underlying Troy Quartzite and Mescal Limestone with basalt that is
exposed immediately upstream of dam. The seven clastic units that
comprise the Lower Martin are varied Sandstones which are poorly-
sorted to cross-bedded with a Basal 10-foot unit of weathered
siltstone and limestone boulders.

The Redwall Limestone that overlies the Martin Formation occurs as a
thin cover (15-30 feet) of medium-to thick-bedded limestone beds on the East
Wall uphill from the re-alignment (Fig. 3 ). The Redwall crops out at the
abandoned cement quarries (Photo 4 ) and possibly as a fault-displaced
block near Highway 88 (Fig.l-B). On the West Wall, the lowermost beds of
Redwall Limestone are apparently in fault contact with the Martin Formation
and shale-sandstone units on Hotel Point and were cored in boring B-2. The
lower Redwall Limestone beds that overlie the Martin Formation consist
mainly of thin-to medium-bedded, white, buff, yellow-brown, and grayish
crystalline limestone units; crinoidal and coral fossils and chert nodules
are common and distinctive of these rocks. The Redwall beds are exposed
along Highway 188 northwest of Hotel Point (Fig. l-A).

TABLE I - ROCK COLUMN NEAR ROOSEVELT LAKE

Engineered- Formational Name Age
Works
3 Redwall Limestone Mississippian
)
Bridge
Foundations Martin Formation Devonian

Jerome-Upper/Middle Member

Becker Butte~-Lower Member

Tapaets Sandstone Cambrian

Troy Quartzite Younger Precambrian

Diabase Intrusive
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TABLE I - ROCK COLUMN NEAR ROOSEVELT LAKE (continued)

Engineered- Formational Name Age
Works
Roosevelt
Dam-Foundation Méscal Limestone - Younger Precambrian

Upper Basalt

Dripping Spring Quartzite

Barnes Conglomerate

NS
dnoag ayoedy

Pioneer Shale

Scanlan Conglomerate

Granites 0ld Precambrian

(£ 1.4 Bil, yrs. old)

3.4 Areal Features

The main fault pattern of the area-region consists of NW-, NE-, N-S and
E-W trending structures that are old (youngest 4 mil. yrs.) and not active
(paleo-faults). The area possesses a very low seismic potential--an
Intensity IV (Mag. 2.5) according to the published records (DuBois, et al.
1982). The principal joint sets in the Paleozoic and Apache rocks trend
similar to the main faults-~generally N4, NE, and E-\.

Bedding plane faults are common in the Martin rocks due to the northward
sliding on limb of the regional homoclinal structure. These bedding plane
shifts downdip occurred as an adjustment to the regional folding and has
resulted in a repeating/duplication of some parts of the Martin rock column--
particularly evident along the shale interbeds within the more massive
dolomite and sandstone units and within the shale and shaly sandstone units
represented by the uppermost Martin beds. Such faults and displacements are
exposed in the Highway 88 outcrops near the East Wall pier site.

Local solution action and small voids/cavities were encountered by
borings in the Martin rocks (B-3 at 63-64 ft. and B-2 at 99-102 and 108-110
feet). These cavities in calcareous units of the Martin occur at some
depth beneath any proposed foundation grade.
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4.0 SITE-SPECIFIC INVESTIGATIONS

4.1 Subsurface Investigations

Field investigation of the Paleozoic rocks and an evaluation of features/
properties relevant to the bridge site has included general plotting of
formational boundaries and structural features and subdivision of significant
units on base maps, aerial photographs and sketch geologic sectioms.
Observation of field occurrences and features has utilized road cuts and
quarry exposures, on-the-ground traverses, jeep trails and helicopter landings
to areas of rock outcrops important to the evaluating the site conditions.
Personal observations have been correlated with the interpretations and

findings of earlier investigators (published/unpublished reports--listed
Section 2.0).

4.2 Subsurface Exploration

The Stage I exploration plans of HNTB scheduled four cored borings to
be drilled in early June, as shown on Exhibit C of May 8th. Two borings were
allocated for both the West and the East Wall sites; a deep vertical or
inclined hole of 200 feet was located at each proposed pier site and a 100-
foot vertical boring near each approach-sector.

After reviewing the geological conditions of the East Wall area with
geologist John Sztro (June 6-8) and G. D. Jomes (June 10-12), HNTB decided
to shorten hole B-1 and add a fifth hole B-5 to explore the East pier sits
in more detail. The purpose of B-5 at 30-degree inclination was to
traverse and sample the full section of softer shale-sandstone beds (Marcin)
that occur at this site and furthermore acquire data on such associated
features as expected NW-trending faults, bedding plane slips, and the
general physical properties of the softer units.

Hole B-2 at Hotel Point/West pier site was drilled at 20-degree
inclination to a total depth of 117 feet--where abandoned when the driller
lost bit and reamer shell in hole. B-3, a vertical hole at the East pier
site was drilled to 105 feet. Hole B-5, drilled at a 30-degree inclination
(normal to bedding) experienced difficulty with core recovery in softer
shale-sandstones and with a caving of the hole during the four days of
drilling (June 18-21); the hole was abandoned at 184 feet due to uphole
caving and time restrictions.

The writer reviewed the core logging of borings B-l and upper part
B-2 (June 11-12 visit) and remainder of B-2, B-3 and upper 69 feet of B-5
(available June 20 visit). Comments and recommendations were made to the
drill inspector and John Sztro for identification of faults, classification
of select beds and rock features and the general description and care of
core; an additional request to collect the "fugitive" boring data was made.
A generalized geologic log of the four borings reviewed and evaluated by
GAK was preparec for correlation with the engineering data as recorded by
the Western Technologies log. Boring B-5 below 69 feet and Boring B-4 of
July have not been reviewed/logged.



GEORGE A. KIERSCH

‘Core recovery was generally low to moderate throughout the upper 30 to

35 feet of Borings B-1 and B-2; B-3 and B-5 penetrated fill/rubble to 21

~and 15 feet respectively. The Poor core recovery partly represents the near-

surface effects of the weathering processes--with an abundance of oxidized
joints and bedding planes and zones of soft, weathered rock which cause a
deterioration of the rock mass. However, the in-situ rock units should
provide a much greater overall strength and stability than the sketchy core

pieces imply, even though some of the loss is likely due to small fault
zones, clay seams and soft shaly interbeds.

The low core recovery throughout the shale-sandstone unit penetrated
from 84 to 144 feet in B-5 was disappointing. Besides the soft properties
of the rocks penetrated, the losses very likely represent faults with
gouge zomes, interbeds, partings, and numerous bedding plane faults, slips
and seams. An actual record and forecast of the in-situ rock conditions may
be needed for the foundation design at East pier--and excavation planning.

4.3 Submarine Studies i

On June 12th, GAK met with Earl D. Van Reenan of Van Reenan International
and reviewed the general geologic conditions of Salt River channel and
alignments to be investigated by sub-bottom profiling, side scan sonar, and
a fathometer survey. Van Reenan was supplied with copies of 1904 photographs
by GAK showing the channel walls of both East and West sides (before lake)
to aid his submarine studies. No results of this geophysical investigation
have been made available to GAK for correlation with the geologic setting
and channel interpretations given herein.

5.0 COMMENTS - RECOMMENDATIONS

+«. Although evidence was not collected by the B-5 boring, one or more Nw-
trending fault(s) occur in vicinity of the proposed East pier
foundation as well as the approach~sector structure. The zone(s)
is expected to be several feet wide and consist of clayey gouge with
small limestone and sandstone fragments (an example of such fault
gouge is in B-1 at 40 feet).

«++ The drilling of one or more additional borings should be considered
for the East pier site, due to the somewhat unclear and lack of
factual knowledge gained from Boring B-5. These holes would identify
and delimit fault(s) and secure representative samples of these zone(s)
and the soft host rocks.

«+« The near-surface 10-35 feet of rock at sites is important to the
engineered design and plans for excavation. Because this zone and
other parts of subsurface are not wholly represented by core--
consideration should be given to performing a suite of geophysical
logging measurements on each boring soon after completion; do not
backfill hole immediately. Such logging information correlated with
the sketchy core can provide a meaningful insight for interpretation
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of the in-situ rock features/conditions where there is no recovery.
(Two reputable logging companies of Grants, New Mexico are available
for such work). An appropriate geophysical logging program would

include density, porosity, natural gamma, spontaneous-potential, and
resistance logging.

Future drilling would benefit from an improved set of guidelines~
specifications to drill contractor, such as: means of keeping holes
open to complete target depths; and providing return drill water

so all "fugitive" data can be recorded for correlation with the
permanent core (described Section 1.0).

I would be pleased to supply additional details on any geological

aspect as you may request,

Respectfully Submitted,

Cense A FXenacks

George 'A. Kiersch

GAK/em

Attachments: Fig. 1 - Plan Maps-West(A)/East(B) Sites

Fig. 2 - Cross-Section/West Pier

Fig. 3 - Cross-Section/East Pier

Fig. 4a/b - Photographs East Wall/Canyon

Fig. 5 - Photograph East Wall/Shale-Sandstone Unit

Fig. 6 - Photograph Shale-Sandstone Unit/East Site

Fig. 7 - Photograph West Wall-Site

Fig. 8 - Photograph Beyond West Wall/Shale-Sandstone Unit
Fig. 9 - Photograph 1908-Hotel Point Rocks of B-2 Drill Hole
Fig. 10 - Photograph 1909-Hotel Point Rocks of B-2 Drill Hole

10
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INTRODUCTION

During March and April 1984 the Materials Branch of the
Central Direct Federal Division, Federal Highway
Administration, conducted a materials investigation for
approximately 3.9 miles of proposed new alignment for
Arizona FH-9 (State Route 188) along Roosevelt Lake.

~The 3.9 mile section beqins in the vicinity of Cholla Bay at
Station 1420% and runs roughly parallel to the existing
roadway in a southeasterly direction to Station 1625t in the
vicinity of Hotel Point. A location map is included in

appendix A.

Present plans are to construct this section in two parts.

Construction is tentatively scheduled to begin on the first
portion (Station 1420 to 1513) during FY 1985 and complete
our portion of the route to Hotel Point in 1986. The State
will finish the Route with a bridge from Hotel Point to SR

188.

The purpose of this investigation was as follows:
1. Conduct a soils survey over the proposed
alignment.
2. Conduct foundation investigations for the
proposed bridges at No Name and Mill Canyon sites,
and partial investigations at the Bachelor Cove
and Vineyard Canyon sites.

ys




SOILS SURVEY

The soils survey consisted of a visual survey together with
subsurface drilling and sampling. The results and
recommended slope ratios are summarized on soils and
engineering geology sheets that follow. '

A total of 16 samples were tested for gradation, Atterburg
limits and R-values and the results are included in appendix
D. R-values are low throughout the section tested (Station
1399 to 1625t). Based on the R-value test results an R-7
was selected for design (see art » Design of Flexible
Pavement Structure).

A1l fills extending beyond the present high water level of
Roosevelt Dam (elevation 2136 should be constructed to high
water elevation with competent rock and no steeper slopes
than 2:1. Borings taken in these fill areas show granular
material, so no long term settlement is anticipated.

ODuring our investigation the proposed alignment at Station
1504 to 1505+50% was causing a sliver fill into the lake.
The alignment through this area should be shifted
approximately 20 ft., right to avoid this problem.
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FLEXIBLE PAVEMENT DESIGN

The following data was used in developing a'flexible
pavement design for the proposed project.

ADT 1984 558

ADT 2004 1860
Z Trucks 2%

D 55%
Regional Factor 1.0

Eq. 18k Single axle loads per day = 14
Structural number required = 2.83

Using the design R-value of 7 the following structural
section is recommended. This is the. same section used for
previous project 9-8(4) stations 1298 to 1343 and 1343 to
1399 as recommended in our report of March 1982,

Hot Bituminous pavement 4-1/2" x .40 = 1.80
Crushed aggregate base 4" x .12 = .48
Crushed aggregate subbase 6" x .10 = .60

Total = 2.88




PROJECT

tedcerol

Central Direct

quh-O,

-’-a.'m‘mslrolnon
Federal Division

4

PREPARED pgy_folkman

" ARIZONA FLH-9 CHOLLA BAY TO HOTEL POINT-Stn.1399 to 1625 5, g _June 11, 1984

Checked by T. Samuel Holde

DESIGN OF FLEXIBLE PAVEMENT STRUCTURE

REGIONAI___ FACTOR

TRAFFIC FACTOR
Precipitation 16" INJYR =085 | ADT (1984)+ ADT (2004) XD = AVPD
Mean Elevation 2,200 't =0 558 ;1860 X(.55) = g65
Orainage Fair® =—;?-g——— Average VOP one way, 20 yr design
Total Regional Factor : : —AVDP X% trucks = 18 kip ioad from frucks(TIBKT
. 665 y 0.02. = _13.3
DESIGN TERMINAL SERVICEABILITY | avop- —°  TI8K
pr = %9 (_665 - 13.3 )x .0002 = —=13
Total I8 Kip Design Load = _13 43 Use_14

STRUCTURAL. NUMBER REQUIRED FOR SECTION .

Soil Resistance ROADWAY SECTION Weighted Struci..ml‘i
Classification Value Number Required
from to SSy
7 1399 16252 2.71 2.83

RECOMMENDED ULTIMATE DESIGN

DEPTH .. Coef for |yo101 Struc. Number
Pavement Component Structural Structural
Coef. Range Altnl |Altn 2 |Altn3| Component la1rg ) |Aln 2 |Altn 3
Seal Coot . '
| _Plont Mix Seal 25 - .30
Plant _Mix_Surf. 35 - .45 41 0,40 1.80
Road Mix Surf. 20~ .25 .
Stab. Base PM. .25 - .30
R.M. 45 - .20
Stob. Base, Emulsion 12 - .17
Cement T-Base 12 = 17
S0 (OH)o T-Base 12 -7 . .
Crushed Agg. Bose .~ | 10 —15: | ¥ | K 12 48 |
Gravel Base . ' .07 -2, : ' : i : !
|_Subbase 07 =12 o 10 50
LSelect Borrow .05 -10 '
Total Depth 143" Total SN [2.88




Denver, Colo.

Centrol Direct Federol Division

¥

(RESISTANCE VALUE)

§ELECTION OF DESIGN SUBGRADE RESISTANCE VALUE_
prosect AZ FLH-9 CHOLLA BAY - HOTEL POINT sra, 1399 ro 1625
By Folkman oare: 6/11/84 LAG NO.
Checked by__Holder TEST VALUE NUMBER ~ PERCENT
TEST IN DESENDING GREATER.THAN EQUAL TO OR
VALUE ORDER OR EQUAL TO - GREATER THAN
1414+15 25 69 1 ~ (1/16)100 = 6
1421+00 40 41 2 (2716)100 = 13
1451+15 31 40 3 (3/16)100 = 19
1451+15 22 36 - 4 (4416100 = 28
1456+00 : 69 31 5" (5/16)100 = 31
1465+35 14 25 6 (6/16)100 = 38
1476+35 12 22 7 (7/16)100 = 44
1476+35 5 14
1500+00.. I3 14 9 (9/16)100 = 56
1505+00 7 13 10 (10/16)100 = 63
1509+15 g 12 11 (11/16)100 = 69
1511+95 10 10 12 (12/16)100 = 75
 1523+00 5 9 13 (13/16)100 = 81
1581+00 k{3 7 14 ' (14/16)100 = 87
1582+75 3] 5
1605+00 I3 5 16 (16/16)100 = 100
100 1\ 1 Use 75h Percentile
it Pt. 2 2.0
8.}.‘; Use 87.5 Percentile
,-?, it Py = 2.5
g \o e
m 80 \
Z Y
— \
(4]
2
m o\
;‘ 60 \‘
2 N\
- N
ps of »
>
Z 40 =
o N
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\\
8 N
s \L\
~ 20
Design Percentile =.8_7.|.5_.
-4 ’
2 Design R-Volue = R-7
° 31U 20 3 — 3 5
Red it
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BRIDGE FOUNDATIONS

Bachelor Cove

The northerly abutment (Station 1421%t) for this structure
will be founded in a dense to very dense, cemented sand and
gravel formation (see photo #1).. A spread footing with
structural loadings up to 5 TSF (with less than 1 inch
settlement) is recommended.

In the boring for Pier 1 (B.217) the cemented sand and
gravel formation was encountered at elevation 2128t (5.5
feet below top of bore hole).

The lake was too high, Pier 2 and abutment 2 (southerly)
were under water and not drilled. The subsurface
investigation for this structure will be completed this
fall., After completing the subsurface investigation, final
foundation recommendations for the piers will be made.

The design high water elevation for the reservoir is 2136
(100 year flood). The ground line elevation in the vicinity
of the southerly abutment is 2120%; during the subsurface
investigation for Pier 1, the water elevation was 2124. The
anticipated height of the approach fill is about 55 feet.
Because up to 16 feet of the approach fill may become
inundated with water, we recommend constructing the fill to
elevation 2136 with durable, angular rock for the following

reasons.

1. Fill constructibility If the water elevation
is higher than 2120 (highly Tikely), a portion of the fill
will have to be constructed under water, and dumped rock
will be the most economical method of constructing a stable

fill under water.
2. Fill stability

C Fine grained soils are much more susceptible
to slope stability problems when saturated than rock fills
(such as slope failures caused by rapid draw down or seismic
activities).

3.Consolidation If angular, durable rock is
end-dumped into the water, the rock will consolidate as the
fill is built (cohesionless material).

The soil overlying the cemented sand and gravel formation at
Pier 1 is cohesionless (talus debris, sandy gravel with
cobbles and boulders--see Boring B 217). Similar material
underlying Pier 2 at the southerly abutment is anticipated.
This material will also consolidate as the 55 foot high
approach fill is constructed. If the approach fill above
the rock fill at elevation 2136 is constructed in accordance
with Figure 1, spread footing in the approach fill with
structural loadings up to 3 TSF (with <1" settlement) are

recoqmended.

v



For a deep foundation to be constructed at abutment 2 (and
southerly pier), the foundation would have to penetrate
through the rock fill (see Figure 2). Limiting the maximum
size of rock in the vicinity of Pier 2 and abutment 2 to 6
inches would help; however driven piles would still have to
be pre-bored and advancing drilled shafts through the rock
fill would be much more difficult.




Minizum Breakpoint of Berm and End

Slope Fay be Located 2' Above the

Top of Footing and 4' Out Prom the

Front Edge.

Linits of Bighwvay Embankment Material

Placed per Note 4 Above Bottom of ’ )
Footing Elevation After Abutment Backfill Abutment to a

Construction Point 5' Bebind the
5 Pad of Sal : Wingwall with Select .
' Pad of Select Haterial per Note § Veni
Material Placed to Subgrade Slope 1 Venical

3 Horizontal or

Beneath Abutments
on Spread Foolings

Provide End Slope
Protection
(See Note 2

k See Note 4
<Z—— .
\ R?Ck f! 11 ;:?36 Working Lines Drawn Perpendicyar to
?Sevalt\?:n ) . Projected Centerline of Bearing to
Highway Embankment Maleml ote Determine End Limit for Placement of

Select Material and Highway Embankment

Placed per Note 4 Matenal in Accordance With Note 3

NOTE 1: Angular rock fill to
high water for fill
stability.

Select Structure Fill

Highway Embankment Material
6" Topsize

Note 2: Slope protection treatment shall be as specified by the Highway Embankment Material

Endge Engineer. (Minioum 90T cocpaction)

Note 3: Highway embankment material placed within these limints
shall have a maximum dimension of 6 inches and shali be
_compacted 10 95% of maximum densnty Quantity 1o be
“included in hnghway estimate.

,

Note 4: Highway embankmem materisl and select material shall °

be placed simultaneously of the vertical payment line.

o

éibNSC?EH?TZHD‘AJ?FU?CL4(ZHIliﬂdﬁhle!ﬂhﬂETVl’llE??ﬁlLl?
Figure |
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No Name

The northerly abutment is underlain by 14-1/2 feet of
alluvial material (Boring B-219) consisting of sand and
gravel with occasional cobbles and small boulders. A
cemented sand and gravel formation underiying the alluvial
material extends to at least elevation 2090z (35.4'). (See
the subsurface profile in appendix E.) The water table was
encountered within 1/2 foot of the surface (elevation 2125%).

The southerly abutment boring encountered 18-1/2 feet of
alluvial material (B-222) (sand and gravel with occasional
cobbles and small boulders) underlain by the cemented sand
and gravel formation.

Because the natural ground elevation for the abutments is
2125.4 (northerly) and 2129.5 (southerly), constructing the
abutments under 5 or more feet of water may be necessary.

As noted for the Bachelor Cove structure, the fills should

be constructed out of angular, durable rock to elevation 2136.

Because installing deep foundation through the rock fill will

be difficult and the anticipated height of the approach fills
(50 ft.z), the recommended foundation for the abutments is
spread footing in the approach fill with up to 3 TSF structural
loading. The approach fills should be constructed in accordance

with Figure 1.

A more costly and much more difficult to construct alternate
foundation is driven H-Piles (HP 12 X 53). The piles should
be driven a minimum of 5 feet into natural ground. The
allowable loading for the piles is 70 tons. The piles should
"have reinforced tips and pre-boring should be anticipated
(through the rock fill). If deep foundations are opted, the
maximum size of the rock fill in the vicinity of the piles
should be specified as 6" minus (see Figure 2).




PIERS

At the piers the sand and
1, B-220) and 22-1/4 feet
the sand and gravel layer is the cemented sand and gravel
formation. (See the subsurface profile in appendix E.) The
recomnended foundations for the piers are 4 ft. diameter
drilled shafts as shown in tables 1 and 2.

gravel layer is 34-feet deep (Pier

deep (Pier 2, B-221).

Underlying

Table 1 - 4 Ft. Diameter Shafts for Pier 1; No Name

Elevation Allowable Skin Allowable End Total A]]owab]g Loaq
Friction (Tons) Bearing (Tons) . (1" Maximum Deflection)
(F.S. = 2.0)
2070 160 126 286 Tons

5.9 tons additional skin friction allowable for each additional foot penetration

Table 2, 4 Ft. Diameter Drilled Shafts for Pier 2; No Name

Elevation Allowable Skin Allowable End Total A]]owab]e Loaq
Friction (Tons) Bearing (Tons) 21" Max1gug)0ef1ect1on)
F.S. = 2.
2073 158 126 283 Tons

6.8 tons additional skin friction allowable for each additional foot penetration




If the structure's dead load is added in such a manner that 2 inches of

total settlement per pier is acceptable, Table 1 and 2 can be modified
as follows: ’

Table Pier 1 2" Deflection
Elevation Allowable Skin Allowable End |Total Allowable
(f Friction (Tons) Bearing (Tons) | Load (Tons)
eet)
2080 96 213 309
Additional skin friction per foot = 4.5 tons

Table Pier 2 2" Deflection
Elevation Allowable Skin Allowable End Total Allowable
Friction (Tons) Bearing (Tons) Load (Tons)
(feet)
2183 97 213 310
“:iditional skin friction per foot = 4.0 tons.

Because the drilled shafts are relying on both skin friction and end bearing
for support, the casings must be removed.




Mills Canyon

The abutments for Mills Canyon are to be founded in the
exposed conglomerate (see photo 23). Spread footings with
up to 10 tons per square foot loading are recommended with (
1" settlement). )

At all 3 piers' locations, an alluvial deposit of sand and
gravel overlays the conglomerate formation. The depth to
the conglomerate varies as follows:

(Northerly Pier 1 36" 1" (B-207)
(Middle) Pier 2 57-1/2 feet (B-208A)
(Southerly) Pier 3 6'11" (B-209)

Four-foot diameter drilled shafts are recommended for all
three piers. The drilled shafts will have to be cased to
the conglomerate formation.

A minimum of 10 feet penetration into the conglomerate
formation is recommended with 300 tons total allowable
loading. Thirty-five tons of additional skin friction is
available for each additional foot of penetration. Because
the shafts are relying on a combination of skin friction and
end bearing, the casings must be removed.

Vineyard

The northerly and southerly abutments for the Vineyard
Canyon structure has been drilled. Because of high water,
the piers have not been drilled.

At the northerly abutment (B 226), 13 ft. 2 in. of dense '
sand and gravel was encountered, underlain by a very dense wo

cemented sand and gravel formation. At the southerly
abutment (B-227), 27 ft. 2 in. of moderately dense to dense,
clayey gravel was encountered. The material was partially
cemented with depth.

The material encountered would support spread footing.
However, a deeper foundation may be required because of
slope stability problems.

The final foundation recommendations with a subsurface
profile will be completed after completion of the subsurface
investigation. '
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