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Background and purpose. El Rillito (Spanish for "the little river") is a tributary to the Santa
Cruz River, Tucson, Arizona's main drainage channel, and has been referred to variously as a
"creek" and as a "river" in past reporting. The segment currently under study has been
tentatively labeled el Rio Antiguo ("the old river"). Because there are only 11 annual inches of
rainfall, e/ Rillito is normally dry (USACE, 1986, p. 12). The part of e/ Rillito that is currently
under study (figs. 1, 2) is that between the N. Craycroft Road crossing in the east and the N.
Campbell Ave. crossing in the west, a distance of about 4 miles. E! Rillito flows another
approximately 8 mi westward from the N. Campbell Ave. crossing to the point where it joins the
Santa Cruz River (fig. 1). The purpose of the current study, a joint venture between the Pima
County Dept. of Transportation and Flood Control District (hereafter, "PDTFCD") and the US
Army Corps of Engineers, is environmental restoration along e/ Rillito channel and banks and in
certain specific areas away from the banks but contiguous with them (see fig. 2).

The environmental restoration zone includes land between E. River Rd. and the north bank of e/
Rillito, which is the wide alluvial fan terminus of Finger Rock Wash (see fig. 2). This zone may
be one of the more technically challenging parts of the study (see Collins/Pina and others, 2000,
for some of the concepts being considered here and in the rest of the study area). Ultimately,
some flood control elements may be added there or at other places, but for the time being the
study focus is on: 1) development of suitable plant communities that will support overall
environmental restoration goals (hold water, cool and clean water, encourage wildlife and native
plant life) and, 2) the necessary irrigation to establish and maintain those communities.
Irrigation will be a key technical issue because el Rillito is ephemeral (Hoffman and Ripich, in
press) and water for any environmental restoration that ultimately may occur will have to be
artificially supplied for the most part. The local water table generally may be too deep for the
system to be self-maintaining for many sought-after plant species. Therefore, selection of the
water source and assuring both adequate supply and quality of that source will be of major focus.
In that regard, this geotechnical appendix, which is intended to support the environmental
restoration effort as specific designs evolve, is focused on: 1) near-surface alluvium and its
geohydrology; as well as; 2) near surface soil stability conditions and their potential to remain
stable or destabilize under irrigation; and 3) potential near-surface contamination and its
potential to mobilize under irrigation or impact cultivated plant species. Should structural
elements be added to the design as this study progresses, further documentation of deeper
geologic conditions may be added to this geotechnical appendix, as needed.

A site characterization follows.

Regional setting. EI Rillito flows 12.2 river miles, east-to-west (fig. 2) beginning with the
junction of flows from Tanque Verde Wash and Pantano Wash, just east of the N. Craycroft Rd.
crossing. Sabino Creek, Bear Creek, and Agua Caliente Wash are other significant tributaries to
el Rillito flow; all join Tanque Verde Wash east of the study area. With the inclusion of Cienega
Creek, which combines flow south and east of Tucson with Aqua Verde Creek to form Pantano
Wash, el Rillito watershed is a total of 934 sq mi (USACE, 1986, p. 14) (see fig. 1). Numerous
tributaries from the south slope of the Santa Catalina Mountains also contribute flow directly into
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el Rillito within the study area boundary, including Finger Rock Wash (see fig. 2), which itself
has been the subject of a flood-control study (USACE, 1996).

The study area is on a Basin-and-Range valley floor called the Tucson Basin, with surface
elevations of about 2,000 to 3,000 ft, and drainage to the northwest. The Tucson Basin, a north-
northwest-trending structural depression, is filled with 20,000 ft or more of Cenozoic-era
deposits topped by a maximum of about 100 ft of Late Quaternary alluvial deposits, with the
maximum thicknesses of alluvium along drainage channels. The alluvium is composed of sands,
gravels, cobbles, silts, and clays. Cementation of these alluvial deposits with calcium-carbonate
cement (caliche) is known to occur in places in the near surface. (See PDTFCD, 1991, p. A2-8,
and Anderson, 1987.) This type of cementation is a common phenomenon in hot-climate desert
environments.

Bounding mountain ranges of Tucson basin are the Santa Catalina's, the Rincon Mountains, and
Tanque Verde Mountains (north, northeast, and east), Santa Rita Mountains (south), and the
Tucson and Sierrita Mountains (west and northwest) (PDTFCD, 1991, p. A2-7). Those ranges
were impacted by crustal extension and subsequent normal faulting between 30 and 6 Ma'
(Pearthree and Biggs, 1999). Rocks within these mountain ranges are Precambrian-age
metamorphic rocks, with a generally granitic composition, Tertiary volcanic rocks, and lesser
amounts of Paleozoic-age limestones and sandstones (USACE, 1986, p. 9). These rocks, with
few exceptions, are deeply buried in the Tucson Basin, although a few bedrock inselbergs are
known (Pearthree and Biggs, 1999, p. 10). But bedrock is not anticipated to be a factor in any
way with regard to this study due to general depth of burial beneath unconsolidated to weakly
consolidated, younger sediments. The nearest geologic formations classed as bedrock are those
of the Pantano Formation, which are north of the study area in the foothills of the Santa Catalina
Mountains (Fonseca and Melgin, 1996, p. 1-9).

Geomorphology, historical and current. It has been postulated that the mountain foothills
around the Tucson Basin were a planar and un-dissected piedmont landform in late Pliocene” to
early Quaternary times, gradually sloping downward to the elevation of the ancestral Santa Cruz
drainage system, and that over the past 2 million years a general and long-term river downcutting
cycle dissected this geomorphic landform to expose Tertiary-age sediments (Pearthree and
Biggs, 1999, p. 10). Those sediments had previously accumulated as "valley fill" via erosion of
the adjoining mountains (USACE, 1986, p. 9). As existing alluvial fans were cut into by the new
cycle of erosion, foothill streams also began to downcut in response to change in base level.

This downcutting included flows of el Rillito (Pearthree and Biggs, 1999, p. 10).

! "Ma" = "million years before present".
? The geologic time scale:

Quaternary Period Holocene epoch (last 10,000 years)
Pleistocene epoch (2 Ma to 10,000 years before present)
Tertiary Period Pliocene epoch (5 Ma to 2 Ma)

Miocene epoch (23 Ma to 5 Ma)
Oligocene epoch (38 Ma to 23 Ma)
Eocene epoch (54 Ma to 38 Ma)
Paleocene epoch (65 Ma to 54 Ma)



Superimposed on this long-term down cutting trend were periods of aggrading’ in the drainage
systems, again including e/ Rillito. Reasons are not known but the theory for this change to an
aggrading environment has been advanced: global climate changes away from glacial periods
and into interglacials altered local environments to make them warmer, dryer, and with less
water in streams, and with different vegetation. The last cycle of change in this regard has been
identified as occurring between the last 8,000 and 15,000 years, and there may be evidence of
many such interglacials in the past 2 million years (the period of geomorphic alteration currently
under discussion). With these changes, thunderstorm activity would have increased and
vegetation would have decreased, making much more sediment available for removal from
hillsides (Pearthree and Biggs, 1999, pp. 11-12). It has been suggested that this climate change
was the mechanism setting off much of the increased erosion known to have occurred in
southern and western Arizona (Bull, 1991).

Channel morphology. The channel of e/ Rillito averages 250 feet in width and 4 to 7 feet in
depth, but flooding and simultaneous lateral erosion and downcutting have increased widths to as
much as 600 ft in places. In historical times, there has been change in the channel morphology
of el Rillito, as documented in Pearthree and Baker (1987, p. 9 and pl.): in 1858, el Rillito was a
continuously vegetated cienega environment with grasses, cottonwood, ash, willow; beaver dams
were present. The floodplain supported grasses, mesquite, four-wing salt bush, wolfberry. As
early as 1872 environmental damage was being done to this environment via overgrazing (Smith,
1910). By the 1890's anthropogenic change had substantially altered the channel morphology: it
was by that time a wide channel with vertical banks (i.e., an entrenched channel system (Klawon
and others, 1999, p. 7)), formed in response to cattle overgrazing, destruction of flood-plain
grasses, concentration of surface flows into rills and channels, and newly enhanced impact of
summer flood flows on this newly erosion-susceptible surface.

The changes in more recent times have been documented more thoroughly, as more data sources
are available. It is clear that lateral migration of e/ Rillito channel is a major channel
morphology element. Pearthree and Baker (1987, p. 44, pl.) discuss a significant role of bank
composition in resisting this lateral channel movement via resisting erosion: the contrast is
between el Rillito banks composed dominantly of sand and banks composed dominantly of silt
and clay. Those of silt and clay, with their relatively higher cohesive bonds require higher water
velocities to erode them, so, under identical conditions, the silt-clay banks will resist erosion,
while the sand banks will give way and go into suspension. The result is lateral migration of the
stream channel, and this migration can be serious, opening zones for flood breakout of flows
from the channel confines that may otherwise have been protected. The range of lateral
migration within the study area was documented by Pearthree and Baker (1987, pl.); see fig. 3.

EI Rillito channel has straightened in numerous segments (USACE, 1986, p. 14), a result of
flood-induced lateral erosion (Pearthree and Baker, 1987, p. 25). Straighter channels mean
higher flow velocities. Higher flow velocities can result in downcutting of stream channels,
which can be very serious, setting off wide-ranging cycles of erosion on tributaries and damage
to infrastructure and environment, including draining of local aquifers and destruction of
ecosystems. Another possible, yet much less well documented impetus to downcutting of e/ o

3 Sediment accumulation, as opposed to downcutting, which removes sediments from the drainage system.
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Rillito channel is sand and gravel mining, which formerly took place in the channel, 300 to 800 ft
downstream of Campbell Ave., the downstream extent of the current study area. The complete
history of the operations was not researched for this paper. A study during the first half of 1973,
while mining was in progress, noted degradation of e/ Rillito stream bed elevation on the average
of 0.5 ft at the bridge piers at Campbell. Downcutting of a much more severe nature was noted
in the vicinity of sand and gravel mining on Pantano Wash and Tanque Verde Creek (Pearthree
and Baker, 1987, pp. 44-45), both parts of the e/ Rillito drainage system, but outside of and
upstream of the current study area. It is notable that sand and gravel currently are being mined
on the banks of e/ Rillito, inside the current study area, but not within the stream channel (fig. 4).
Details of that operation were not obtained for this paper.

Flood-control improvements. The newest significant impact on channel morphology of el Rillito
is soil-cement bank stabilization for flood-control purposes. As of 1984, soil-cement protection
had been added to selected, discontinuous locations on both banks of e/ Rillito. This protection,
designed to contain the 100-year-flood within e/ Rillito banks in all the study area except the
"bend" and the "northwest" area, totaled 26,500 linear ft as of 1984 and was primarily the work
of PDTFCD. Of that protection, 9,060 linear ft was within the study area, all confined to the
"bend" area (USACE, 1986, figs. 5a, 5b). In the early-to-mid 1990's, more soil-cement erosion-
control was added to e/ Rillito banks within the study area by PDTFCD and the US Army Corps
of Engineers: between the N. Campbell Ave. crossing, eastward to Country Club Rd., a distance
of about 1 mile, which was part of an overall 13.2 mi of planned soil-cement stabilization
(PFCD, 1991, p. 5). This construction ultimately was designed to protect the incised, steep river
banks from erosion, and to restore them to pre-1983 flood condition. The total of soil cement
emplacement as of 2002 was not completely tabulated for this paper, but aerial photographs
suggest that protection is near-continuous within the study area on both banks of e/ Rillito. A
gap in the soil cement is known on the south bank (see fig. 4, which shows the western end of the
soil cement protection). The length of that gap was not measured, but it is less than 2 mile long,
as soil cement is again present at the Dodge Blvd. bridge. There may be other gaps.

Linear river park. A semi-continuous linear park with a variety of facilities (figs. 5, 6, 7) has
been constructed in the study area along el Rillito banks. Linear-park improvements have been
made for about 2-% mi farther to the west of this study area, starting at the N. Campbell Ave.
crossing (Gousha, 1990).

Study area geology. The study area surface and near surface is composed Pleistocene- to
Holocene-age river channel and floodplain deposits and terraces within el Rillito drainage
channel and banks and on contiguous lands to the south (table 1 for details). But on e/ Rillito's
north bank, only the youngest of the river channel, floodplain and terrace deposits are present.
This is because el Rillito has been migrating northward, eroding what is north of it and
depositing reworked sediment to the south. It is now at a position where it is or nearly is in
juxtaposition with piedmont alluvium of the Santa Catalina foothills. Piedmont materials are of
Pleistocene-, Pliocene-, and Miocene-ages (see fig. 8, geologic map). (See Klawon and others,
1999, sheet.) A geologic cross section reprinted in Fonseca and Melgin (1996, p. 1-18) is useful
for visualizing the general subsurface structure within the study area (added to the current report
as fig. 9). From the use of table 1 and fig. 8, it should be noted that that vast majority of the
study area near-subsurface is underlain by only two geologic units, both of which are riverine
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Figure 4.--Active sand and gravel mining operation adjoining the north bank of e/ Rillito. The operation is within the
confines of the study area boundary. View is to the north. E! Rillito flow is from right of frame to left. Photo by US Army
Corps of Engineers, 16 May 2001. Details of the sand and gravel mining operation were not researched for this paper.
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Figure 5.--Soil cement protection on both banks of e/ Rillito, reportedly emplaced by US Army Corps of Engineers in 1996 and 1997, on 1:1 slopes
and extending 15 ft below grade. Picture taken on the north bank of e/ Rillito, looking upstream. Note Hacienda del Sol pedestrian bridge, another
of many improvements along the banks. This is near the northern extent of the "bend" area (see fig. 2), so this in-the-upstream-direction view of
el Rillito actually is to the south, due to the bend. Photo by US Army Corps of Engineers, 16 May 2001.




Figure 6.---Other improvements along el Rillito, north bank, a short distance downstream of Swan Rd. Vehicles normally are not driven here except for
maintenance; vehicles in view were on site for a large-group study team site visit. View is to the northwest. EI Rillito is to the back of the photographer. Photo by
US Army Corps of Engineers, 16 May 2001.
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Horse shower

Figure 7.--Other facilities along el Rillito include these on the south bank, immediately downstream of the
Swan Rd. bridge: a shelter and picnic site (lower frame) and horse shower (upper frame). View of lower

frame is northeast; upper frame is west-northwest. Photos by US Army Corps of Engineers, 16 May
2001.
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Table 1.--Geologic materials in El Rio Antiguo study area. See fig. 8 for map of geologic units described below.

Data from Klawon and others (1999, sheet, and pp. 4-9) unless noted otherwise. Abbreviations used: "ka" = "thousands of years before present; "Ma

specified.

n_mn

millions of years before present"; "<" = "less than" amount

Name (listed youngest on top,
to oldest on bottom)

Age/
Thickness in study
area

Erosional cycle
(from Hoffman &
Ripich, in press unless
noted)

Groundwater conditions

Materials description

Ecosystem characteristics (Note:
local sponsor undertook soils
mapping/sampling to determine these
same characteristics in late Feb. 2002;
those data not available for this report;
info. below is from literature and May
2001 geotech field observations.)

materials

shallow enough to probably or possibly be a factor in this study:

Qyecr (from Klawon and
others, 1999)
stream channel deposits

<100 years;

not over 100 feet;
PDTFCD staff indicates
only 30-ft to Ft. Lowell

active channel

not specified but probably
usually dry

dominated by gravel and coarse
sand (Davidson, 1973)

See photo, fig. 10;

desert broom can dominate;
generally sparsely vegetated due to
low density and high porosity of

valley fill Fm materials; salt cedar (tamarisk) can
be problematic
Qy?2 (from Klawon and <2 ka; most recent cycle of | not specified but probably cobbles, sand, silt, and boulders on | supports variable-density of

others, 1999)
riverine or piedmont

channel deposits, low
terraces, alluvial fans from

modern drainages

valley fill

thickness not specified

erosion and
deposition

usually dry

lower ground,
on piedmont near mtns., sand,
cobbles, with some boulders;

according to (Davidson, 1973),
piedmont area dominated by gravel
and coarse sand

vegetation; along larger washes can
reportedly incl. mesquite,
cottonwood, willow, sycamore, with
smaller bushes and grass, which can
both be very dense; smaller washed
support palo verde, mesquite, large
creosote, other bushes

Qyr (from Klawon and
others, 1999)

floodplain and terrace
deposits north and south of
the current active channel

(apparently subdivided in
Hoffman and Ripich (in press)
into "floodplain and terrace
deposits" and "floodplain terrace
deposits")

valley fill

<10 ka;
thickness not specified

most recent cycle of
erosion and
deposition; but some
elements of
multiple-stage
arroyo cut-and-fill
over past 5,000 yrs;
was floodplain until
last 100 yrs of
arroyo development
(Klawon and others,
1999, p.7)

not specified but probably
usually dry

weakly consolidated to
unconsolidated sand, silt, and clay
with gravel lenses in former
channels;

weak soil development

See photos, fig. 11, 12;

generally sparsely vegetated due to
low density and high porosity of
materials; tamarisk can be
problematic

"highly susceptible to lateral
erosion" (Klawon and others, 1999,

p-8)




Table 1.--Geologic materials in El Rio Antiguo study area. See fig. 8 for map of geologic units described below.

Data from Klawon and others (1999, sheet, and pp. 4-9) unless noted otherwise. Abbreviations used: "ka" = "thousands of years before present; "Ma

specified.

n_n

millions of years before present"; "<" = "less than" amount

Name (listed youngest on top,
to oldest on bottom)

Age/
Thickness in study
area

Erosional cycle
(from Hoffman &
Ripich, in press unless
noted)

Groundwater conditions

Materials description

Ecosystem characteristics (Note:
local sponsor undertook soils
mapping/sampling to determine these
same characteristics in late Feb. 2002;
those data not available for this report;
info. below is from literature and May
2001 geotech field observations.)

Qlr

late Pleistocene river terraces,
known as Jaynes terrace; cut-
and-fill relationship with
Cemetery terrace

valley fill

10 ka to 130 ka;
thickness not specified

deposit of 2" cycle
of erosion and
redeposition of
basin-fill materials

no information

gravel, sand, silt, clay

reddened soils with weak argillic
horizons, moderate calcic horizons

no data

Ql

late Pleistocene alluvium,;
dissected terraces and alluvial
fans

10 ka to 130 ka;
thickness not specified

probably deposit of
2" cycle of erosion
and redeposition of
basin-fill materials

no information

pebbles, cobbles, finer-grained
sediment; surfaces have loose, open
lags of pebbles, cobbles;

soils light orange to slightly

supports dominantly creosote
bursage, ocotillo;

adjoins study area boundary to north

valley fill reddened moderately developed
clay loam argillic horizons; stage 11
calcium carbonate development
Qmr ~130 ka to 500 ka; deposit of 1% cycle no information sand, silt, clay, gravel; outside of current study area

middle Pleistocene river
terraces, known as Cemetery
terrace

valley fill

thickness not specified

of erosion and
redeposition of
basin-fill materials

reddened soils w/ clay-rich argillic
horizons; variable calcic horizon
development (often stage II or IV);
can have strong soil development

boundary

Qm

middle Pleistocene piedmont
alluvium; incl. relict
dissected alluvial fans,
terraces

~130 ka to 500 ka;
thickness not specified

no information

no information

pebble and cobble lags with dark
orange to reddened clay argillic
horizons and clay skins; stage I1I
carbonate development but strong
petrocalcic horizons are rare

support bursage, ocotillo, creoste,
cholla, saguaro;

adjoins study area boundary to north

Ft. Lowell Formation, 30 ft
deep below a cover of
unconsolidated of alluvium at
Dodge Blvd. crossing (Leo
Smith, PDTFCT, pers.
commun. 16 May 2001)

Pleistocene age (Fonseca
and Melgin, 1996, p. 1-
17);

100-350 ft (Hoffman &
Ripich, in press)

basin-fill

partly saturated;

part of the main Tucson
Basin aquifer where
saturated (Davidson, 1973)

unconsolidated to poorly
consolidated, interbedded gravel,
sand, sandy silt, and clayey silt
(Hoffman & Ripich, in press)

n/a
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Table 1.--Geologic materials in El Rio Antiguo study area. See fig. 8 for map of geologic units described below.
Data from Klawon and others (1999, sheet, and pp. 4-9) unless noted otherwise. Abbreviations used: "ka" = "thousands of years before present; "Ma" = "millions of years before present"; "<" = "less than" amount

specified.

Name (listed youngest on top,
to oldest on bottom)

Age/
Thickness in study
area

Erosional cycle
(from Hoffman &
Ripich, in press unless
noted)

Groundwater conditions

Materials description

Ecosystem characteristics (Note:
local sponsor undertook soils
mapping/sampling to determine these
same characteristics in late Feb. 2002;
those data not available for this report;
info. below is from literature and May
2001 geotech field observations.)

upper Tinaja beds (informal
use as per Anderson, 1987)

Miocene and Pliocene
age (Fonseca and Melgin,
1996, p. 1-17);

100-400 + ft (Hoffman &
Ripich, in press)

basin-fill

saturated throughout;
part of the main Tucson
Basin aquifer (Davidson,
1973)

unconsolidated to poorly
consolidated, clayey silt, sandy silt,
sand and gravel (Hoffman & Ripich,
in press)

n/a

QT

early Pleistocene to Pliocene
piedmont alluvium; relict
heavily dissected alluvial fans

1 kato5 Ma
thickness not specified

no information;
probably valley
fill(?)

no information

weakly to moderately indurated, but
erosion resistant due to large
gradation; gravel dominant, range
of boulders to pebbles (gneissic
clasts, usually), w/ minor lenses of
reddish sand and silt;

gray-to-white soils with pedogenic
carbonate development (stage V) on
ridgecrests; carbonate litter
common

support mesquite, palo verde,
ocotillo, creoste, cholla, saguaro;

adjoins study area boundary to north

Tsc

Miocene alluvium;

dissected and tectonically
deformed alluvial fans
(deformed via late-phase
uplift of Santa Catalinas); cut
by minor faults

5 to 20 Ma;
thickness not specified

no information;
probably valley
fill(?)

no information

moderately indurated, cobbly to
bouldery gravel with finer sand
deposits; clasts of gneiss and schist,
usually

no plant data;

adjoins study area boundary to north

materials too

deep to be a factor in this study:

middle Tinaja beds (informal | Miocene and Pliocene basin-fill not determined during gypsiferous and anhydritic clayey n/a
use as per Anderson, 1987) age (Fonseca and Melgin, research for this paper; silt and mudstone (Hoffman &

1996, p. 1-17); thickness probably saturated Ripich, in press)

not determined during throughout

research for this paper
lower Tinaja beds (informal Miocene and Pliocene basin-fill not determined during silty gravel and conglomerate n/a

use as per Anderson, 1987)

age (Fonseca and Melgin,
1996, p. 1-17); thickness
not determined during
research for this paper

research for this paper;
probably saturated
throughout

(Hoffman & Ripich, in press)
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Table 1.--Geologic materials in El Rio Antiguo study area. See fig. 8 for map of geologic units described below.

Data from Klawon and others (1999, sheet, and pp. 4-9) unless noted otherwise. Abbreviations used: "ka" = "thousands of years before present; "Ma

specified.

n_n

millions of years before present"; "<" = "less than" amount

Name (listed youngest on top,
to oldest on bottom)

Age/
Thickness in study
area

Erosional cycle
(from Hoffman &
Ripich, in press unless
noted)

Groundwater conditions

Materials description

Ecosystem characteristics (Note:
local sponsor undertook soils
mapping/sampling to determine these
same characteristics in late Feb. 2002;
those data not available for this report;
info. below is from literature and May
2001 geotech field observations.)

Pantano Formation Eocene to Oligocene basin-fill not determined during conglomerate, sandstone, n/a
age (Fonseca and Melgin, research for this paper; mudstone, gypsiferous mudstone
may be the unspecified 1996, p. 1-17); probably saturated (Hoffman & Ripich, in press)
bedrock ("R") shown along thickness not throughout except where
northern study area boundary, | determined during exposed on the flanks of the
fig. 8 research for this paper Santa Catalina Mtns.
many older basin fill deposits | not tabulated for this basin-fill not determined during not determined during research for n/a
paper research for this paper; this paper
probably saturated
throughout
bedrock complex Precambrian to bedrock n/a n/a

Paleozoic age
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Figure 10.--Vegetation supported in e/ Rillito on geologic unit Qycr — g - e S AR ST
(refer to table 1 for definitions of geologic units). Upper frame is e = — ;
immediately downstream of Swan Rd., from right bank, looking ot s
downstream (west); note sparse vegetation. Lower right frame is

more densely vegetated invert in the same vicinity, taken from left
bank. Note vegetation dominated by desert broom. Photographs by
US Army Corps of Engineers, 16 May 2001.

e

£2F L e

.
e T S Nt il

- S |

ol e e i e e O i g = I 2R




Figure 11.--Vegetation supported on geologic unit Qyr (refer to table
1 for definitions of geologic units). Upper right frame is Columbus
landfill, left bank, looking downstream (west); note generally sparse
vegetation. Lower left frame is a small mesquite bosque in same area.
See also fig. 12, below. Photographs by US Army Corps of Engineers,
16 May 2001.




Figure 12.--Tamarisk at the Columbus landfill, taken a short distance east of fig. 11, upper frame. View
to west. Photograph by US Army Corps of Engineers, 16 May 2001.
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alluvium: Qycr and Qyr, which are, the active channel, and Holocene (i.e., "very young") river
floodplain and terrace deposits, respectively. Utilizing drill and other subsurface data, a dozen
geologic profiles and cross sections of the study area, showing stream-channel cut-and-fill zones
and older terraces, have been constructed by Hoffman and Ripich (in press). Those were not
included herein as only a draft manuscript of their work, subject to review, was available at the
time of this writing.

Immediately beneath the riverine and piedmont materials described in the paragraph above, are
older sediments that represent the original filling of the Tucson Basin by erosional debris from
the surrounding mountain ranges. These older sediments are termed "basin fill" and most
sources indicate their age as Tertiary. Streams in the Tucson Basin are continuously reworking
basin fill materials through erosion and redeposition; three different cycles of this reworking
have been interpreted (Hoffman and Ripich, in press). After reworking and redeposition, these
sediments are referred to as "valley-fill" materials. Considering the depths of materials and the
current concepts and objectives for this study, it is only the "valley-fill" materials that would be
dealt with in terms of study-related irrigation, support of constructed plant communities, physical
movement of soils, or perhaps construction; none of the basin fill will be impacted.
Nevertheless, the basin-fill is important as it is Tucson Basin's aquifer.

Engineering parameters of el Rillito channel and banks. For this F-3 phase of the feasibility
study, no geotechnical explorations were undertaken. Future, evolving design elements may
warrant new explorations to define engineering parameters of study area materials. If so,
explorations would be done as an in-kind service by PDTFCD and documented in a Feasibility
F-4 level geotechnical appendix, or a subsequent generation geotechnical appendix. Substantial
amounts of sampling and testing in this regard have been completed previously, including the
following, as listed below.

Corps of Engineers work. In preparation for soil-cement bank stabilization, the Corps of
Engineers in 1988 completed 6 borings and 32 trenches between the Campbell and Craycroft
crossings of el Rillito. The logs reveal sands with and without gravels, and a few clay layers
(see attachment 1 for logs and lab test results). Laboratory tests, at an unspecified location,
included gradation tests (i.e., particle size analysis) and soil classification, Atterberg tests, and
moisture content. Most excavations were 15 to 17 feet deep; the deepest was 30 ft and the
shallowest 7 ft. Hole locations are shown on fig. 13.

Pima County contracted work. For the same soil-cement bank stabilization effort, Pima County
Flood Control District contracted Desert Earth Engineering in 1988 to complete a dozen more
borings, with sampling for engineering parameters (PDTFCD, 1991, p. A2-14, and appendix A).
The drilling and lab work was done by Desert Earth Engineering under contract to PDTFCD in
Sept. and Oct. 1988, using a 6-5/8 in. O.D. HSA (hollow-stem auger) rill rig, with a split-spoon
penetrometer. Most holes were 20-25 ft deep, but a few were 12 ft deep. Most materials were
logged as sands and silty sands; fewer horizons were logged as gravels (see attachment 2 for
reproduced logs and lab test results). At the lab, tests included gradations, plasticity index,
moisture, density, and consolidation characteristics. Hole locations are shown on fig. 13.
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Camp Dresser and McKee work. In studying the area for groundwater recharge potential
sometime prior to mid-1989, the upper 18 inches of sediment was sampled in the study area on e/
Rillito banks and on the invert between Swan Rd. and Craycroft Rd., as reported in Camp
Dresser and McKee (1989A). See attachment 3 of this current report for sample location map
and test results.

U.S. Geological Survey work. In a water-resources related study of shallow sediments beneath
el Rillito, U.S. Geological Survey drilling included two spring-of-1999 ODEX air-hammer
borings on el Rillito invert within the current study area confines: a 7.5-inch-diameter, 158-ft-
deep boring near the Columbus landfill, and a 9-inch-diameter, 56-ft-deep boring at the upstream
boundary (Hoffman and Ripich, in press) (see boring locations, fig. 12, this report). Results of
the particles-size analysis of samples from those borings are tentatively included herein in
attachment 4 (tentatively because the Hoffman and Ripich work is a draft manuscript, subject to
review and permission has yet to be obtained to release any of the data in a form such as this
Corps of Engineers geotechnical appendix).

Work on Columbus landfill. An abandoned landfill within the study area was probed via 9
trenches by Terracon (2000); their logs, including soil classifications are reproduced as
attachment 5 (see attachment 5 map for precise sample locations). Previous landfill
characterizations at the site included 38 other trenches, logs for which were not available for this
study.

Other work. Pearthree (1982), in a study of e/ Rillito channel geomorphology, reported several
surface sample gradation test results, which are included in this current report as table 2, below,
as the data are pertinent to discussions below of geohydrology.

Soils. The utility of local soils for accomplishing this study's environmental restoration goals are
tied to groundwater levels and the high permeability of the uppermost soils (see groundwater
section in this text, below, for details, and see also table 1, above). See also the text section
"Engineering parameters of e/ Rillito channel and banks", above, for more information.

The soil groupings shown on fig. 14 are discussed below.

e River wash (Rv) consists of loose sandy, gravelly, and stony material. It is so coarse,
loose, and leachy that it does not support plant growth.

e Rough (R) consists of steep, rough, and badly eroded areas. They consist of very
gravelly or stony material and have developed little or no soil profile and does not
support plant growth.

o Gila (Gs, Gv, Gm, G, Gf, Gd, and Gc¢) soils. The Gm and Gc designations of this soil
are finer and better suited to retaining moisture. The Gs, Gv, Gl, Gf, and Gd designations
could require irrigation. These soils support native plant species.

e Pinal (Py) soils. These soils retain moisture and support native plant species.

e  Mohave (Mo) soils. These soils retain moisture and support native plant species.

e Laveen (Li and Ls) soils. These soils retain moisture and support native plant species.

o Anthony (Al) soils. These soils retain moisture and support native plant species. Though
these soils are variable in their moisture retaining ability.o
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Figure 14-Soils map of the El Rio Antiguo study area, el Rillito, Tucson AZ, scanned part of Youngs and others, 1931 (Soil Survey of the Tucson Area,
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e Tucson (Tl) soils. These soils retain moisture and support native plant species.

e Cajon (Ca) soils. These soils do not retain moisture.

e Comoro (Cs) soils. These soils retain a low amount of moisture though they do support
native plant species

e Pima (Pc) soils. These soils retain moisture and support native plant species.

Two other factors impact a soils ability to support plant growth. Both of these factors vary
between soil classifications and can vary within each soil classification. The first factor is the
amount of organic material in the soil. The second factor is whether or not calcium carbonate
cementation is present in the soil and the degree of calcium carbonate cementation which exists
in the soil. Soils in which the calcium carbonate cementation is continuous do not allow for root
growth and do not retain water.

Potentially problematic soils. Soils with the potential to be collapsible have been identified in
the study area; others, with the potential to be expansive also have been identified. The potential
problems are related to the type and amount of clay within the soils and how that clay originated
(Pearthree and Biggs, 1999, p. 13). Cemented soils also are discussed below.

Collapsible soils. Soil-collapse problems have been identified in buildings on e/ Rillito
floodplain and terraces (Murphy, 1975, p. 9). Collapsible soils are a problem when they compact
and subside in response to initial loading, as in the case of building a new home or other building
on formerly pristine desert land. The collapse phenomenon usually occurs when a soil that
typically has been dry is wetted or saturated when under a load, as in the case of watering the
new lawn or other plantings surrounding a new home that has been built on formerly pristine
desert land. Leaking swimming pools and tennis-court runoff also have been known to set off
the phenomenon.

The phenomenon is related to the soil structure, particularly with regard to clay particles. A soil
is a randomly oriented collection of particles of different sizes, including clay particles. Those
clay particles loose their cohesive strength when wetted; adjoining, non-clay soil particles are
displaced, and the soil compacts, thereby leading to the descriptive term "collapsible soil"
(Pearthree and Biggs, 1999, p. 13). As the soil "collapses", the ground compacts and subsides.
If this is an area where weight of a building is bearing, damage, even severe damage, can occur.
Mapped geologic unit Qyr, which occupies the bulk of the study area surface (see fig. 8) has
been identified, within e/ Rillito's system, to be potentially collapsible (Anderson, 1968).
Collapsible soils problems also have been identified by several authors® for mapped geologic
unit Omr (see fig. 8), which is an older terrace deposit, called the Cemetery terrace, which is not
exposed at the surface of the study area, but is nearby, to the south (fig. 8). It could be
encountered at depth near some of the southerly extended parts of the study area boundary.
Consolidation tests results for samples of the Jaynes terrace and the Cemetery terrace in Tucson
(geologic map units Qlr and Qmir, respectively, on fig. 8) have identified them as the two most
soil-collapse-prone geologic units in the Tucson area (Murphy, 1975, p. 9). The Jaynes terrace is
within the study area surface (fig. 8).

* Platt (1963); Abdullatf (1969); Crossley (1969).



To evaluate Qyr and Qmr soils in the study area for collapsible soils characteristics, some
parameters have been supplied. Collapsible soils are generally know to be:

e low in moisture content (<15%)

e high in porosity (>40%) (i.e., high in void space)

e low in bulk density with loosely packed particles, never previously subject to loading

(above list from Pearthree and Biggs, 1999, p. 13).

e geologically recent in age (Murphy, 1975, p. 9).
It is noteworthy that the streambed materials of e/ Rillito, within the study area confines, have
been described as loose and "exceptionally well-drained" (Fonseca and Melgin, 1996, p. 1-11).
In general, low density/high void space in Tucson soils is thought be due to original deposition in
a water-deficient environment (Murphy, 1975, p. 9).

Ways exist to mitigate identified collapsible soils: add a substantial amount of water to the soils
and allow it to settle for weeks or months prior to construction. Pre-loading also may be
beneficial (Pearthree and Biggs, 1999, pp. 13, 14). For the study area concepts currently under
consideration, the collapsible soils problem may ultimately be just a maintenance problem in
areas where surface depressions may develop.

Expansive soils. Expansive soils demonstrate shrink and swell characteristics that can cause
damage such as displaced walls. As an general example, concrete-block basement walls have
been caved inward under the forces. Overall clay content and specific clay mineralogy are
thought to be factors useful in identifying expansive soils characteristic. It is the clay-rich soils
that can have this troublesome characteristic (Pearthree and Biggs, 1999, p. 14). A relationship
between some Tucson-area expansive soils and high concentration of smectite clays in those
soils was reported in the uppermost 10 ft below the surface (Brooks, 1989, p. 118).

Mapped geologic units Om and Omo, which occur in small areas along the northern boundary of
the study area (see fig. 8) are piedmont materials rather than riverine, and they have been
identified, in general, in the Tucson area, as potentially expansive. But it has been suggested that
this problematic characteristic may be minimized by the in-situ gravel content of these same
materials (Pearthree and Biggs, 1999, p. 14).

Cemented soils. In arid environments, sands and gravels in the near-surface can become
cemented to widely-varying degrees of hardness with calcium carbonate. The significance is
with regard to excavation and groundwater movement. Excavation can become extremely
difficult in places, and groundwater movement can be impaired. The availability and the
evaporation of water are thought to be important elements to the formation of the cemented
layers. Cementation always diminishes at some depth in other sands and gravels beneath the
cemented layer. A type of problem may exist wherein cemented layers can be concealed in the
following manner. There have been several alternating downcutting and aggrading episodes in
the study area over the past 5,000 years. Arroyos formed in the downcutting stages and refilled
with new sediment in an aggrading stage, after which a wider and flatter floodplain is again a
dominant feature (Pearthree and Biggs, 1999, pp. 7, 8, 14). If a layer of cemented soils exists,
the downcutting phase may stop where it is first intersected. That cemented layer may
subsequently become mantled by younger, unconsolidated sediment. If any substantial
excavation is added to the concepts of this study, at least some exploration for cemented
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materials should be considered. Unexpectedly finding such cemented layers after construction
begins can lead to substantial, unanticipated project costs.

Of the geologic units present in the vicinity of the study area (note fig. 8, the geologic map), five
have been identified as having some degree of calcium carbonate cementation (according to
Pearthree and Biggs (1999, pp 5, 6, 8, 14):

e Qyr (floodplain and terrace material of a geologically young age) with CaCOj3 "filaments
and fine masses " in the near surface;

e Qm (piedmont material at the northern edge of the study area) with fype III *and as much
as type IV calcium-carbonate cementation;

e Qmr (Cemetery terrace, as close as a few hundred feet south of the study area), with as
much as #ype IV calcium-carbonate cementation (the petrocalcic horizon has formed but
with little or no laminar cap);

¢ Qo (older piedmont materials, possibly equivalent to Qmo materials of Klawon and
others (1999), which adjoins the study area to the north), reportedly have cemented
materials;

e QT (oldest piedmont materials) which adjoin the study area to the north, reportedly have
cemented materials. These are basin-fill (Klawon and others, 1999, p. 11)

Geohydrology and groundwater. Hoffman and Ripich (in press) define the aquifer of the
Tucson Basin as being that part of the Ft. Lowell Formation that is saturated, plus the underlying,
and presumably saturated upper Tinaja beds. PDTFCD verifies that both the groundwater
surface and top of the Ft. Lowell are expected to be at about -30 ft depth below the invert of e/
Rillito, at least in the central part of the study area in mid-year 2001. The overlying materials
above the Ft. Lowell and groundwater table represent a vadose zone, which is important and
discussed further, later in this section of text. Basic characteristics of the aquifer beneath e/
Rillito are (SLI, Inc, 1984, p. 8):

e high-yield;

e flowing to the northwest;

e generally paralleling surface drainages in both direction and slope (a characteristic

informatively displayed in graphics within Hoffman and Ripich (in press));

> "Types" or "stages" of carbonate morphology (Machette, 1985, pp. 4 -5):

I--thin discontinuous coatings of calcium carbonate, sparse to common; trace to 4% overall CaCOj; depending on

gravel content; a calcic soil.

[I--continuous, thin-to-thick calcic coatings on pebbles; nodule formations begins; some carbonate in matrix but
matrix remains generally noncalcareous to slightly calcareous; 2 to 20% overall CaCO; depending on
gravel content; a calcic soil.

III--massive calcic accumulations between clasts, firmly to moderately cemented; continuous calcic dispersion in
matrix; 10 to 60% overall CaCO; depending on gravel content; a calcic soil.

IV--indurated, with laminae in upper horizon (<0.2 to 1 cm) that may drape over fractured surfaces; cemented platy
to weak tabular structure; >25 to >60% overall CaCO; depending on gravel content; horizon is 0.5 to 1-m
thick; a pathogenic calcrete or indurated calcic soil (some classifications schemes consider stage [V as the
maximum degree of cementation).

V--indurated, with case hardened surfaces; pisoloites, laminae (>1 cm thick ) coat vertical surfaces; dense, strong
platy to tabular structure; >50 to >75% overall CaCO; depending on gravel content; horizon is 1-2 m thick;
a pedogenic calcrete or indurated calcic soil.

VI--indurated, case hardened, with multi-generation laminae, pisoloites, breccia; recemented surfaces; dense, thick,

strong tabular structure; >75% overall CaCOs; horizon is >2 m thick; a pedogenic calcrete or indurated calcic soil.
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e a"sole-source aquifer" a per EPA definitions®;

e overlain by surficial, in-stream geologic materials with a high infiltration rate; percolation
is historically the major source of groundwater recharge in the study area (Camp Dresser
& McKee, 1989B, p. 4-1) and about half the 100,000 ac-ft/yr of annual recharge is
attributed to infiltration of storm runoff in el Rillito's invert (i.e., stream bottom)
(PDTFCD, 1986, pp. 7-8). See results of infiltration tests in and near the study area, table
2.

Groundwater level decline. Historical decrease in study-area groundwater levels is due to
groundwater overdraft in the overall Tucson Basin (pumping more groundwater each year than
can be naturally replaced), as graphically displayed in Fonseca and Melgin (1996, p. 1-16)
[reproduced here as fig. 15], but it should be noted that upstream-most parts of the study area
showed much less decrease, and even some recovery (fig. 15). Recovery is further demonstrated
in records of well 26cbb3’ between 1988 through 1992, as shown in Fonseca and Melgin (1996,
fig. 9), a phenomenon for which this author has no explanation.

The vadose zone. For the purposes of this study, the most important aspects of groundwater are
its depth and its interaction with the vadose zone. The vadose zone is described as "dynamic"
due to the following characteristics:

¢ high permeability;
shallow depth to groundwater;
variability in flow events;
groundwater pumping (the above list Fonseca and Melgin, 1996, p. 1-19)
essentially all recharge is through sandy channel bottom with very little recharge in
overbank areas®.

Collectively, from these characteristics, we learn that groundwater pumping and seasonal dry
periods can cause substantial decrease in groundwater levels in e/ Rillito, while both groundwater
recharge and storm events can cause rapid rise in levels. Snowmelt from the Santa Catalinas also
is known to cause groundwater elevations to rise to the invert in e/ Rillito (Fonseca and Melgin,
1996, p. 1-19). Determining precisely the allowable range for such fluctuation and maintaining
water levels in that range will be crucial to the success of environmental restoration of plant
communities along this part of e/ Rillito. For survival in the widest range of fluctuation of
groundwater levels, targeted native plant species likely will be limited to only those with the
deepest root systems, or else impermeably lined, off-channel basins will have to be constructed
for supporting "pockets' of plant communities and elevated subsurface water supplies. The
alternatives are monitoring and artificial maintenance of an acceptable level of groundwater, or
manufacture of suitable soils. Materials of the channel in the study area, as they are understood
at this point in the study, appear to be less than ideal for sustaining high groundwater levels
without regular recharge. Other characteristics of the vadose zone deposits and underlying
aquifer have been compiled from literature in tables 2 and 3, below; some may prove useful in
assessing conceptual designs for environmental restoration for this study. Samples from the o

® Supplies greater than 50% of the drinking water for an area (PDTFCD, 1986, p. 5).
7 Near the southern edge of the study area and east of Swan Rd.
$ Due to impermeable nature of silt-clay areas in overbank plus very little inundation of those overbanks (SLI, 1984, p. 8).
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Table 2.--Gradations of surface samples from banks and streambed, as reported in the literature, el Rillito

location streambed right bank left bank
-- % % %silt | Dsy | % % %silt | Dsy | % % % silt | D5
gravel sand &clay | um gravel sand &clay | ym gravel sand &clay | um
el Rillito 500 ft upstream of Campbell, where ch. is 220 ft wide, 8 ft deep | 18.0 81.5 0.5 1.75 | 33.6 57.6 8.8 1.00 | -- -- -- --
(Pearthree, 1982, p. 31)
el Rillito 910 ft downstream of Dodge, where ch. is 135 ft wide, 14.7 ft 12.6 81.2 6.3 1.32 | 134 70.1 16.5 0.25 | 17.0 65.9 17.1 0.35
deep (Pearthree, 1982, p.31)
el Rillito 200 ft upstream of Swan, where ch. is 420 ft wide, 6 ft deep 4.6 88.7 6.7 0.85 | 28.7 67.6 3.6 1.65 | 34.1 59.5 6.4 1.70
(Pearthree, 1982, p. 31)
Table 3.--Vadose-zone geohydrologic parameters, as reported in literature, el Rillito.
Geologic unit depth, thickness, and description porosity permeability specific transmissivity Source
yield
Generalized vadose at surface; 0.30 (avg.) | not reported 0.27 n/a Camp Dresser McKee, 1989B, p. 3-
zone, 40 to 80 ft thick in study area; 16
modern and Holocene unconsol. sands, gravels silts (see gradation in table 2),
incr. in avg. grain size to the north (towards the mts) to
coarse sand with gravels, boulders
Vadose zone specific at surface -- 1587 gpd/f® -- -- Camp Dresser McKee, 1989A, p. 3-
test 1.1 (') at surface 212 ft/d 8
Vadose zone specific 18 in. deep -- sample lost -- -- Camp Dresser McKee, 1989A, p. 3-
test 1.1 (') 18 in. deep 13
Vadose zone specific at surface -- 93 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 1.2 (') at surface 12 ft/d 8
Vadose zone specific 18 in. deep -- 147 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 1.2 (') 18 in. deep 20 ft/d 13
Vadose zone specific at surface -- 1587 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 1.3 (1) at surface 212 f/d 8
Vadose zone specific 18 in. deep -- sample lost -- -- Camp Dresser McKee, 1989A, p. 3-
test 1.3 (') 18 in. deep 13
Vadose zone specific at surface -- 221 gpd/ft? -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.1 (') at surface 30 ft/d 8
Vadose zone specific 18 in. deep - 8453 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.1 (1) 18 in. deep 1130 ft/d 13
Vadose zone specific at surface -- 587 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.2 (') at surface 78 ft/d 8
Vadose zone specific 18 in. deep -- 1239 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.2 (') 18 in. deep 166 ft/d 13




Table 3.--Vadose-zone geohydrologic parameters, as reported in literature, el Rillito.

Geologic unit depth, thickness, and description porosity permeability specific transmissivity Source

yield
Vadose zone specific at surface -- 269 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.3 (') at surface 36 ft/d 8
Vadose zone specific 18 in. deep -- 483 gpd/ft? -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.3 (') 18 in. deep 65 ft/d 13
Vadose zone specific at surface -- 269 gpd/ft* -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.4 (1) at surface 36 f/d 8
Vadose zone specific 18 in. deep -- 3533 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 2.4 (') 18 in. deep 472 ft/d 13
Vadose zone specific at surface -- 1258 gpd/f® -- -- Camp Dresser McKee, 1989A, p. 3-
test 2A (1) at surface 168 ft/d 8
Vadose zone specific 18 in. deep - 2973 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 2A (1) 18 in. deep 397 ft/d 13
Vadose zone specific at surface -- 2165 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.1 (') at surface 289 ft/d 8
Vadose zone specific 18 in. deep -- 3102 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.1 (') 18 in. deep 415 f/d 13
Vadose zone specific at surface - no sample -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.2 (1) at surface 8
Vadose zone specific 18 in. deep -- no sample -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.2 (') 18 in. deep 13
Vadose zone specific at surface -- 2668 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.4 (') at surface 357 ft/d 8
Vadose zone specific 18 in. deep - 2283 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.4 (') 18 in. deep 305 ft/d 13
Vadose zone specific at surface -- 1258 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.5 (') at surface 168 ft/d 8
Vadose zone specific 18 in. deep -- 2077 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.5 (') 18 in. deep 278 ft/d 13
Vadose zone specific at surface -- 93 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.6 (') at surface 12 ft/d 8
Vadose zone specific 18 in. deep -- 85 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 3.6 (') 18 in. deep 11 f/d 13
Vadose zone specific at surface -- 3385 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 4.1 (') at surface 452 ft/d 8
Vadose zone specific 18 in. deep - 4154 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 4.1 (') 18 in. deep 555 ft/d 13
Vadose zone specific at surface -- 3903 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 5.1 (') at surface 522 ft/d 8
Vadose zone specific 18 in. deep -- 2765 gpd/ft’ -- -- Camp Dresser McKee, 1989A, p. 3-
test 5.1 (') 18 in. deep 370 ft/d 13
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Table 3.--Vadose-zone geohydrologic parameters, as reported in literature, el Rillito.

Geologic unit depth, thickness, and description porosity permeability specific transmissivity Source
yield

Vadose zone specific at surface -- 1731 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 6.1 (') at surface 231 ft/d 8
Vadose zone specific 18 in. deep -- 4002 gpd/ft® -- -- Camp Dresser McKee, 1989A, p. 3-
test 6.1 (') 18 in. deep 535 ft/d 13
Ft. Lowell 30 to 100 ft deep; probably most likely in the range of | 0.30 (avg.) | 150 ->700 -- 20,000 - "c" = from Camp Dresser McKee,
Pleistocene-age; 40-80 ft deep; f gpd/ft® ¢ 1,000,000 gpd/ft | 1989B, p. 3-16;
unconformable upper 300 - 400 ft thick, thinning towards the Santa Catalinas 20 - 94 ft/day -f c "f" = from Fonseca and Melgin,
and lower contacts -f avg vertical 1996, p. 1-17.

gravels to clayey silt -f perm.:

crops out in Santa Catalina foothills - f 1.5 - 70 gpd/ ft* -c
upper Tinaja probably 400 - 500 ft deep; 24-35% - | 10-400 gpd/ft® - | -- 2,000 - "¢" = from Camp Dresser McKee,
Miocene and Pliocene thickness not reported in literature; f c 1,000,000 gpd/ft | 1989B, p. 3-16;

age

sand and clayey silt, grading to gravel and sand
towards mtns.

1.3 -50 ft/day -f
vert.: horiz perm

1:40 -f

-C

"f" = from Fonseca and Melgin,
1996, p. 1-17.

I Seventeen tests from 7 different test sites in the study area are repeated here, from the literature. See attachment 3 map, this current report, for sample locations. Samples 1.1, 1.2, etc. are
from location "1" on the attachment 3 map; samples 2.1. 2.2, etc., are from location "2" on the attachment 3 map, and so on.
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upper parts of exploratory borings and trenches done by previous workers (see attachments 1, 2,
3, 4, this report) contain similar information that will be useful in this regard.

Of particular interest to this study may be the plant communities currently associated with the
geohydrologic units currently under discussion (see figs. 10-12). That topic is expanded to
include plant communities currently associated with all geologic units that are in the study area
(table 1). Collectively, this table shows what plants are likely to be supported by the various
geologic units (and thus be supported by existing surficial materials or soils in the study area) as
well as what invasive species may be troublesome to eradicate. Tamarisk, an invasive and
highly troublesome species, is present, at least in some parts of the study area (fig. 12). Desert
broom (fig. 10) appears to be one of the more prolific of the acceptable ("native") plant species.
See table 1 for more literature-based information on what plant communities are known to be
supported in the study area and vicinity.

Geologic hazards.

Land subsidence and earth fissures. These inter-related problems share their source with over-
pumping of groundwater from the Tucson Basin. In general, more groundwater is taken out of
the Basin each year than naturally recharges and groundwater levels fall each year. The resulting
drawdown of the water table elevation leads to compaction of the formerly saturated sediments,
including the aquifer, as the groundwater supplied a "supporting" force which is eliminated when
the groundwater is removed. Following compaction, the surface of the overlying land can
subside, in general by even by as much as tens of feet, in places. In the Tucson Basin, where
groundwater elevation levels have been lowered several hundred feet (Pearthree and Biggs,

1999, p. 14), subsidence has been known since 1952; as of 1980, the total maximum surface
subsidence was 0.5 ft (Platt, 1963; Anderson, 1988). Newer studies of the problem suggest the
problem of surface subsidence is accelerating, having increased markedly since 1980, and that
effects will be noticed more strongly in the future. One study determined a surface subsidence
rate of 1 cm/yr over the time period of 1987 to 1991, while another determined a rate of 2.4
cm/yr for the three years immediately preceding March 1997°. Some parts of the Tucson Basin
may expect 10 ft or more of total subsidence by year 2030 (Pearthree and Biggs, 1999, pp. 14-
16).

Earth fissures are a related problem, being found where surface subsidence exceeds a few feet;
none are known within the Tucson basin, but of all the deep, Arizona groundwater basins in
which overdraft is occurring, the Tucson Basin is the only one to as yet not demonstrate this
phenomenon,; this is expected to change (Pearthree and others, 1999, p. 16). Slaff (1993, pp. 11,
12,14) ties the existence of earth fissure directly to groundwater overdraft. As the land adjusts to
the collapse of void space at depth, unequal forces are distributed among the various geologic
materials and shear stresses can cause a "tearing" of the soils. The result is an earth fissure.
These can be substantially large features, in the range of 175 to 1,500 ft deep. They can be
several feet wide, and one has been noted as 1,000 ft long (near Picacho, AZ, far from the study
area). Much more important with regard to the current study is the ability of earth fissures to
absorb large quantities of sediment (and thus water). Also of concern is the "life-span" of these

Based on 9 cm total subsidence in that three-year time period, using SAR (satellite-based synthetic aperture radar)
interferometry.



features, i.e., how much time will pass until they are sufficiently filled in to cease being an outlet
for sediment and water. Time periods of a few years to more than 50 years have been estimated.

Co-related problems of subsidence and earth fissures are best circumvented by replenishing the
groundwater overdraft and stopping the drawdown (Slaff, 1993, p. 19). Nevertheless, it should
be remembered that once an aquifer compresses in response to groundwater overdraft, it does not
necessarily return to its original capacity, so not all subsidence can be repaired.

Faults. There are no faults occurring within the immediate vicinity of the study area, according
to Collins/Pina and others (2000, p. 12). The closest fault to the study area is the Catalina
detachment fault, 3 mi to the northeast, and its related splay, named the Finisterra fault, which is
as close as 2.6 mi to the study area. Both are normal faults. Movement along the Catalina fault
strongly deformed some of the late Oligocene to early Miocene sediments deposited at the base
of the Santa Catalina Mountains, and to a lesser degree deformed younger, unconformably
overlying Miocene sediments. But geologic units along the Santa Catalina front that are known
to be of Pliocene age and younger are not deformed (Klawon and others, 1999, p. 11). Therefore
the fault has not been active for about the last 5 million years or perhaps more.

Seismicity. Seismicity was addressed previously by the Corps of Engineers in the Design
Memorandum for soil-cement bank stabilization, in the bend area and at the confluence of the
Santa Cruz River and e/ Rillito (USACE, 1992, p. A4-5, pl. 3); those conclusions, drawn from
numerous literature sources, also are applicable for the current study area:

e the study area is astride zone 1 and zone 2 (low to moderate seismic potential) on the
Seismic Zone Map of the Contiguous States

e carthquakes with magnitudes greater than 4.0 on the Richter scale have been concentrated
in this particular zone 2;

e carthquake intensities with Modified Mercalli shaking intensities greater than VI have
been known in this particular zone 2 (on a scale of I - XII, with XII being the greatest
shaking);

e estimated recurrence interval of surface-rupturing earthquakes (which can be among the
most damaging to structures) has been 3,00 to 4,000 years (over the past 20,000 years);

e the strongest shaking intensity likely felt within the confines of the study area was
intensity VII, resulting from the 130-mile-away, Sonora, Mexico earthquake of 1887,
with its maximum epicentral shaking intensity of XII and estimated magnitude of 7.2;
note that this earthquake caused landslides and rockfalls in the Santa Catalina Mountains
and widespread damage to structures, even in Phoenix. Some smaller walls around the
San Xavier Mission grounds collapsed at the time (cite AGS publ. on the event here);

e the three largest known historical earthquakes within 100 miles of the study area are:

o in 1916, 60 mi south of Tucson, max. epicentral intensity of VI,
o in 1961, in western Pima County, 90 mi W-NW of Tucson, M 4.7;
o 1in 1969, near Globe, AZ, 85 mi NE of Tucson, M 4.4;
= others, within 25 miles:
o in 1888, two earthquakes 3 mi southeast of Tucson, max. epicentral intensities of
1V;
o 1n 1965, 25 mi west of Tucson, M 4.4,
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Analysis of the historical information by USACE (1992, pp. A4-5 to A4-6), involved
development of attenuation curves based on horizontal acceleration in rock:
e maximum bedrock accelerations of less than 0.1 g would have resulted from any of
the historical earthquakes mentioned above;
e the maximum credible earthquake, theoretically to be generated by 12 to 36 miles of
rupture along the Santa Rita fault, would produce maximum bedrock accelerations of
0.2 g in the study area;
e designs should be based on a seismic coefficient of 0.1 g.

Potentially hazardous materials. Potentially hazardous materials and petroleum releases into the
environment, also referred to as "HTRW" (potentially hazardous, foxic, or radioactive wastes)
are an integral part of a Corps of Engineers Geotechnical Appendix. For this study, the
responsibilities of assessing the potential HTRW situation in the study area are being addressed
as an in-kind service by the "local sponsor" (Pima County Dept. of Transportation and Flood
Control District--PDTFCD). The results are appended to the feasibility report separately from
this geotechnical appendix. Of interest will be documentation and risk analysis of potentially
problematic businesses or former businesses within or near the study area. The type of
businesses that would be of interest in this regard are those working with, transporting, or storing
potentially hazardous materials.

There are sanitary landfills within the study boundary (fig. 16). As previously summarized by
the Corps of Engineers, these landfills have the following characteristics (USACE, 1992, pp.
A4-15 to A4-18):

Landfill general characteristics, along e/ Rillito.

Name total max. type of status
volume depth materials
(yd)
Columbus 2,581,000 20 ft "trash" (but *abandoned;
landfill see text *obliterated by flood flows in 1960s but see text below);
below) *concern is potential leachate if groundwater levels are raised
Walnut 202,000 70 ft "trash" (but *abandoned;
landfill see text *concern is potential leachate if groundwater levels are raised.
below)

To assess risk to the current study, site assessments including soil and groundwater sampling and
some trenching into the debris in order to examine them would be in order. All have been
undertaken regarding the Columbus landfill, determining (PAG, 2000, pp. 13-19):
e no groundwater contamination found in wells near or downgradient of the landfill;
o no strong evidence of landfill leachate or VOC contamination subsequent to
assessment of numerous groundwater samples from wells;
e no strong evidence of methane production subsequent to soil vapor probe monitoring;
e spilled fuel observed in one area at the surface [an occurrence not further described];
e boundaries are difficult to ascertain (reportedly storm flows in the 1960's washed way the
landfill on the north bank and anything in e/ Rillito's streambed).
e three soil samples from 38 trenches (in 1993 by AJAY) were tested and had no TPH
(total petroleum hydrocarbons) or other hazardous waste above regulatory levels,
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although one near-surface sample had BTEX (benzene at 0.38 mg/kg; toluene at 1.05
mg/kg; ethylbenzene at 0.79 mg/kg; and total xylene at 2.37 mg/kg);

three other samples from recently dumped dirt on the surface had 100 ppm TPH;

many suspect ACMs (asbestos containing materials) were encountered during trenching
with tests revealing 10 to 40% asbestos in these materials.
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Attachment 1. US Army Corps of Engineers 1988 boring and trench logs and laboratory test
results in the Campbell-to-Craycroft vicinity of the study area (USACE, 1992).

Specific data in some instances were illegible due to printing problems with the original
document, including washout and opaque source illustrations (photocopied in black-and-white
for the publication, using, apparently, densely-colored, blue-line originals). Thus, locations of
many of the workings were obliterated, along with the precise identification number of others.
See fig. 13 for the locations that are known with certainty. None of the printed logs in USACE
(1992) were of a quality that would allow scanning or photocopying for incorporation into this
report. The logs, therefore, all were re-typed for this report (see below), and a summary table
was made describing the locations, as best as possible. The re-typed log format is extremely
simplified for expediency. Each row has a "depth" entry. For example, for log TT88-01, there
are depth entries on the first two rows of "2" and "3". For the row marked "2", the data are for
material between 0 ft and 2 ft of depth; for the row marked "3", the data are for materials
between 2 and 3 ft. Elevations are given for the top and bottom of the excavation only, as in the
original log format. The complete list of explorations includes:

Attachment 1.--USACE geotechnical explorations: location information.

to- | explora- type location (stationing as per the soil cement bank stabilization DM by USACE, 1992)
tal | tion no. (t=trench; b=
boring)

1 TT 88-01 |t on left (south) bank of el Rillito, about 700 ft d/s (west) of Craycroft bridge

2 TT 88-02 |t location not apparent on the DM drawings; it is west of and in the vicinity of the Craycroft
bridge, probably between TT88-01 and TT88-02

3 TT 88-03 |t slightly left of ¢/l of el Rillito, about 1,700 ft d/s (west) of Craycroft bridge

4 TT 88-04 |t slightly left of ¢/l of el Rillito, about 1,700 ft d/s (west) of Craycroft bridge

5 TT 88-05 |t near toe of right (north) bank of el Rillito, about 2,100 ft d/s (west of ) Craycroft bridge

6 TT 88-06 |t location not apparent on the DM drawings; it is west of and in the vicinity of the Craycroft
bridge, probably between TT88-01 and TT88-02

7 TH88-01 | b on ¢/l; immed. west of Craycroft at the u/s end of project

8 TH88-03 | b slightly right of ¢/l of e/ Rillito, about 1,500 ft d/s (west) of Craycroft bridge

9 TT 88-07 |t left of ¢/l on el Rillito invert, 600 ft u/s of Swan Rd. bridge

10 TT 88-08 |t some uncertainty; there is a USACE trench dug at toe of left (southern) bank of el Rillito,
600 ft u/s of Swan Rd. bridge. It's identifying number is obliterated buy the opacity of DM
drawings, but this is very likely no. TT88-08, particularly since the locations of TT88-07
and -09 are known

11 TT 88-09 |t at toe of right (north) bank of e/ Rillito 400 ft d/s of Swan Rd. bridge

12 TT 88-10 |t location not apparent on the DM drawings; it is in the vicinity of Swan Rd. bridge on e/
Rillito and likely is between trenches TT88-09 and TT88-11

13 TT 88-11 |t near toe of left (south) bank e/ Rillito 1,5000 ft d/s of Swan Rd. bridge

14 TT 88-12 |t there is one USACE trench at the toe of the right (north) bank of e/ Rillito 1,700 ft d/s of
swan Rd. bridge; the identifying number is illegible in the DM; it is either TT88-12 or
TT88-13

15 TT 88-13 |t there is one USACE trench at the toe of the right (north) bank of e/ Rillito 1,700 ft d/s of
swan Rd. bridge; the identifying number is illegible in the DM; it is either TT88-12 or
TT88-13

16 TT 88-14 |t location not apparent on the DM drawings; it is in the vicinity of Swan Rd. bridge on e/
Rillito and likely is over 2,000 ft d/s of that bridge, d/s of trench TT88-11

17 TH88-02 | b location not apparent on the DM drawings; it is in the vicinity of Swan Rd. bridge on e/
Rillito and likely is over 2,000 ft d/s of that bridge, d/s of trench TT88-11

18 TT 88-15 |t on toe of right (northerly) bank of e/ Rillito, in vicinity of Alvernon Way and e/ Rillito

19 TT 88-16 |t location not apparent on the DM drawings; it is in the vicinity of Alvernon Way and e/
Rillito

20 TT 88-17 |t on toe of right (northerly) bank of e/ Rillito, 200 ft east of boring TH88-04
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Attachment 1.--USACE geotechnical explorations: location information.

to- | explora- type location (stationing as per the soil cement bank stabilization DM by USACE, 1992)

tal tion no. (t=trench; b =
boring)

21 TT 88-18 | t cannot be determined with certainty; either this trench or TT88-19 is on the left (southerly)
bank of el Rillito, about 600 ft east of TH88-04 (vicinity of Alvernon Way and e/ Rillito);
the opacity of the DM drawings does not allow discerning of the number TT88-18 from
TT88-19; it is one or the other

22 TT 88-19 |t location not apparent on the DM drawings; it is in the vicinity of Alvernon Way and e/
Rillito

23 TT 88-20 |t location not apparent on the DM drawings; it is in the vicinity of Alvernon Way and e/
Rillito

24 THS88-04 | b on toe of right (northerly) bank of e/ Rillito, in vicinity of Alvernon Way and e/ Rillito

25 TT 88-21 |t at the toe of the right (northerly) bank of e/ Rillito, in the bend area, west of where Dodge
Blvd. intersects el Rillito

26 TT 88-22 |t on the right bank of e/ Rillito; adjoins trench TT88-21 (see above)

27 TT 88-23 |t at the toe of the right (northerly) bank of e/ Rillito, in the bend area, east of Country Club
Rd., about where Edith Blvd projects to e/ Rillito

28 TT 88-24 |t location is not apparent on the DM drawings; likely is between trench locations TT88-23
and TT88-25; it is in the bend area of e/ Rillito, east of Country Club Rd.

29 TT 88-25 |t at toe of right(easterly) bank of el Rillito, in the bend area, east of Country Club Rd. and
about 1/8 mi south of Allen Rd.

30 TT 88-26 |t location is not apparent on the DM drawings; likely is between trench locations TT88-25
and TT88-27; it is in the bend area of e/ Rillito, east of Country Club Rd.

31 TT 88-27 |t near the toe of the right (easterly) bank of el Rillito, approximately sta. 623+00, in the north-
south trending segment of the bend area, east of Country Club Rd.

32 TT 88-28 |t location is not apparent on the DM drawings; likely is upstream from (north of) trench
location TT88-27; it is in the bend area of e/ Rillito, east of Country Club Rd.

33 TH88-16 | b slightly right of ¢/l on el Rillito invert, approximately sta. 626+50, in the north-south
trending segment of the bend area, east of Country Club

34 TT 88-29 |t slightly right of ¢/l on el Rillito, within 5 ft of trench TT88-30 (see below), approximately
sta. 613+75, which is in vicinity of where Country Club Rd would project northward to el
Rillito.

35 TT 88-30 |t at toe of right (northerly) bank, el Rillito, approximately sta. 613+75, which is in vicinity of
where Country Club Rd would project northward to el Rillito.

36 TT 88-31 |t at toe of right (north) bank, el Rillito, approximately station 597+75, about where Country
Club Rd. would project northward to e/ Rillito

37 TT 88-32 |t adjoins TT88-31; on upper part of wash bank

38 TH88-05 | b on el Rillito ¢/l, approximately sta. 544, about 200 ft u/s of vicinity of Campbell
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TT&8-01, a trench. Explorations of August and September 1988.

ELEV. | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2426.0 | 0 -4 -200
2 SP 2 83 3 Poorly graded sand with gravel, grayish brown, gravel to % in.
3 67 1 brown gravel to % in.
5 7 78 2
8 SW-SC | 21 62 31 70 8 Well graded sand with clay and gravel: brown gravel to % in; few cobbles to 4 in.
11 Sp 22 52 3 Poorly graded sand with gravel: brown, gravel to 1 %2 in.
GROUNDWATER at -11 ft
15 SW 71 3 Well graded sand with gravel: brown, wet, occasional cobble to 5 in.
2411.0 -

TT88-02, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
24300 | 0 -4 -200
2 SP-SM | 5 NP 83 5 Poorly graded sand with silt and gravel; dark brown occasional cobble to 4 ' in.
5 SM 22 2 100 31 Silty sand: brown, moist, fine grained.
8 SP-SM NP 80 5 Poorly graded sand with silt and gravel; brown, moist, gravel to % in.
11.5 NP 90 12 Poorly graded sand with silt
14 SW- NP ille- | 8 Well graded sand with silt and gravel: dark brown, moist, gravel to % in, occasional cobble to 4 in.
SM gible
17 SP 14 68 4 Poorly graded sand with silt and gravel,
2413.0 -

groundwater not encountered




TT88-03, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2414.0 | 0 -4 -200
1 SP 6 75 3 Poorly graded sand with gravel: brown, gravel to 1 % in.
3 81 3
6 8 67 4 few cobbles to 6 in
9 SW- NP 73 8 Well graded sand with silt and gravel: dark brown, wet, gravel to 1 2 in.
SM
12 SP 64 4 Poorly graded sand with gravel: brown, gravel to 1 % in.
15 GP 40 3
GROUNDWATER at -12 ft
17 SM NP 91 27
2397.0 -

TT88-04, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
24140 | 0 -4 -200
1 SP 89 3 Poorly graded sand: light brown, few gravel to % in.
3 4 89 2
6 70+ 4 Poorly graded sand with gravel: brown, moist, gravel to 1 %2 in.
(ille-
gible
9 67 3
12 SW- NP 77 5 Well graded sand with silt and gravel: dark brown, wet, gravel to % in.
SM
15 SW 9 66 4 Well graded sand with gravel: dark brown, gravel to % in.
2399.0 -

groundwater not noted
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TT&8-05, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION

FT FT CLASS ANAL

24140 | 0 -4 -200
1 SP 2 76 2 Poorly graded sand with gravel: grayish brown, gravel to 1 % in.
3.5 75 0 damp to moist
7 GP 46 2 Poorly graded gravel with sand: dark brown, wet, gravel to % in., occasional cobble to 5 in.
10 Sp 60 4 Poorly graded sand with gravel: dark brown, wet, gravel to 2 in., occasional cobble to 5 in.
13.5 74 3
17 SP_SM NP 81 5 Poorly graded sand with silt and gravel: dark brown, wet, gravel to 1 % in.

2397.0 -

groundwater not noted

TT88-06, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
24200 | 0 -4 -200
2 Sp 2 85 3 Poorly graded sand with gravel: light brown, gravel to % in.
5 55 1 brown, moist, gravel to 1 %2 in
7 3 59 1
8.5 61 2 dark brown
11.0 83 3 gravel to % in
14.0 78 2 gravelto 1 %2 in
16.0 SW 76 2 Well graded sand with gravel: dark brown, wet, gravel to 1 % in
2404.0 -

groundwater not noted
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TT88-07, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2406.0 | 0 -4 -200
2 SP 82 3 Poorly graded sand with gravel: light brown, gravel to 1 % in.
3 3 83 1
6 98 4 Poorly graded sand: brown, moist, few gravel to % in.
7.5 14 74 4 Poorly graded sand with gravel: dark brown, gravel to % in.
10.5 67 2 wet, gravel to 3 in
14 70 4 gravel to % in
17 78 3
2389.0 -

groundwater not noted

TT88-08, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
24120 | 0 -4 -200
2 SC-SM 24 6 95 43 Silty, clayey sand: brown, dry, fine to medium grained, few gravel to % in.
4 Sp 83 3 Poorly graded sand with gravel: light gray, dry, gravel to 1 %2 in.
7 2 63 0 gray, gravel to 2 in
9 82 1 moist
12 70 1 brown, gravel to 1 2 in
15 3 75 2 dark brown, occasional cobble to 5 in
18 80 2 moist
2394.0 -

groundwater not encountered
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TT88-09, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL P1 MECH DESCRIPTION
FT FT CLASS ANAL
2398.0 | 0 -4 -200
2 SW- 4 NP 77 10 Well graded sand with silt and gravel: brown, gravel to 1 % in.
SM
3.5 SP 84 2 Poorly graded sand with gravel: grayish brown, moist, gravel to % in.
5.5 9 65 4 dark brown, gravel to 1 % in, occasional cobble to 6 in.
9.5 SW 60 3 Well graded sand with gravel: dark brown, wet, gravel to 1 % in., occasional cobble to 6 in..
12 74 4
16 SP 68 4 Poorly graded sand with gravel: dark brown, wet, gravel to 1 ' in.
2382.0 -

groundwater not noted

TT&8-10, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION

FT FT CLASS ANAL

24040 | 0 -4 -200
1 SP-SC 26 7 74 11 Poorly graded sand with silty clay and gravel: brown, dry, gravel to 1 % in.
3 CL-ML 19 5 100 | 52 Sandy silty clay and gravel: brown, dry to moist
6.5 SP 1 71 2 Poorly graded sand with gravel: grayish brown, gravel to 1 % in.
10 92 ille- | Poorly graded sand: moist, occasional cobble to 5 in.

gible

13 2 65 3 Poorly graded sand with gravel: dark brown, gravel to 1 % in.
16.5 65 2 moist, gravel to % in.

2387.5 -

groundwater not encountered
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TT88-11, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23940 | O -4 -200
1 SP 78 4 Poorly graded sand with gravel: dark brown, moist, gravel to 1 ' in., occasional cobble to 4 in.
3 SW 5 84 1 Well graded sand with gravel: dark brown, gravel to 1 % in.
6 SM NP 96 21 Silty sand: brown, moist, few gravel to 3/8 in.
10 13 NP 78 13 Silty sand with gravel: gravel to 1 % in., few cobbles to 4 in.
13 SP-SM NP 90 10 Poorly graded sand with silt: brown, moist, few gravel to % in.
17 SW- NP 73 11 Well graded sand with silt and gravel: brown, wet, gravel to 1 in., few cobbles to 5 in.
SM
2377.0 -

groundwater not noted

TT88-12, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2398.0 | 0 -4 -200
1 SP-SM NP 100 11 Poorly graded sand with silt: brown, moist, fine grained
3.5 SC-SM | 4 25 6 85 27 Silty clayey sand with gravel: brown, gravel to % in.
8 26 5 88 13 Silty clayey sand: moist, few subrounded to subangular gravel to 1 % in., one 12-in. by 16-in. boulder.
12 GP-GC 27 11 44 10 Poorly graded gravel with clay and sand: brown to rust, moist, subangular gravel to 2 in., occasional cobble to 8 in.
2386.0 -

groundwater not noted
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TT88-13, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2390.0 | O -4 -200
2 SW- 3 NP 84 9 Well graded sand with silt and gravel: brown, gravel to % in.
SM
5 SP 96 1 Poorly graded sand: grayish brown, moist, occasional gravel to 3/8 in.
7 58 1 Poorly graded sand with gravel: brown, gravel to 1 % in., occasional cobble to 6 in.
10.5 SM NP 98 22 Silty sand: grayish brown to blackish brown, moist, occasional gravel to % in.
12 26 2 72 42 Silty sand with gravel: dark brown, slight cohesion, gravel to % in., occasional cobble to 5 in.
16 SW 16 76 3 Well graded sand with gravel: dark brown, medium to coarse grained, gravel to 1 % in.
2374.0 -
groundwater not noted

TT88-14, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2400.0 | 0 -4 -200
2 SM NP 89 29 Silty sand: brown, moist.
5 CL 29 8 100 | 66 Sandy lean clay: brown, moist, cohesive, occasional gravel to 1 in.
8 SC-SM | 3 22 4 100 | 47 Silty clayey sand: brown, fine grained, occasional gravel to 1 ' in., occasional cobble to 5 in.
11.5 SP 85 3 Poorly graded sand with gravel: light brown, moist, gravel to 2 in.
14.5 88 4 Poorly graded sand: dark brown, few gravel to 1 % in.
17 SP-SM | 8 NP 94 10 Poorly graded sand with silt: dark brown, few gravel to % in.
2383.0 -

groundwater not noted
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TT88-15, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION

FT FT CLASS ANAL

2386.0 | 0 -4 -200
1.5 SP 4 79 4 Poorly graded sand with gravel: brown, gravel to % in.
3.5 70 4 wet
7 SP-SC 14 61 32 81 12 Poorly graded sand with clay and gravel: brown, gravel to 1 ' in., occasional cobble to 6 in.
10 SW- NP 76 7 Well graded sand with silt and gravel: dark brown, wet, gravel to 1 ' in., few cobbles to 5 in.
13 SM NP 67 5 few cobbles to 8 in.
17 NP 73 8 gravel to % in., trench walls caving

2369.0 --

groundwater not noted

TT88-16, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2390.0 | 0 -4 -200
1 SP 3 100 1 Poorly graded sand: light brown.
4 79 2 Poorly graded sand with gravel: damp, gravel to 1 % in.
7.5 62 2 subrounded to subangular gravel to 3 in, occasional cobble to 4 in.
10 SW 5 41 17 63 4 Well graded sand with gravel: dark brown, gravel to 1 % in.
13 SW-SC 47 27 83 7 Well graded sand with clay and gravel: dark brown, moist, cohesive, gravel to 1 ' in.
17 SC 29 8 82 40 Clayey sand with gravel: dark brown, moist, cohesive, gravel to % in
2373.0 -

groundwater not noted
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TT88-17, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23820 | 0 -4 -200
3 SW- 3 82 9 Well graded sand with silt and gravel: brown, gravel to % in.
SM
4.5 SP 5 86 2 Poorly graded sand: brown, few gravel to % in., occasional cobble to 5 in.
6 11 NP 82 1 Poorly graded sand with gravel: gravel to % in.
8 SW- 28 5 89 41 Well graded sand with silt and gravel: brown, moist, gravel to % in., few silt lenses.
SM
11 SM NP 74 6 Silty sand: brown, moist, slight cohesion, few gravel to % in.
14 SP-SM 69 3 Poorly graded sand with silt and gravel: dark brown, moist, gravel to lin., few cobbles to 5 in.
17 SP Poorly graded sand with gravel: dark brown, moist, gravel to % in.
2365.0 -

groundwater not encountered

TT88-18, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2387.0 | 0 -4 -200
2 SM 85 37 Silty sand with gravel: light brown, moist, gravel to 1 % in.
5 SP 80 2 Poorly graded sand with gravel: brown, moist, subrounded to subangular gravel to lin., occasional cobble to 5 in.
8.5 SW 2 79 4 Well graded sand with gravel: brown, gravel to 1 %% in.
11 SP-SC 20 4 89 5 Poorly graded sand with silty clay: dark brown, moist, slight cohesion, few gravel to % in.
13.5 SW- NP 79 6 Well graded sand with silt and gravel: dark brown, moist, gravel to % in.
16 SM 4 NP 73 8
2371.0 -

groundwater not encountered
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TT88-19, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2376.0 -4 -200
1.5 SP 83 4 Poorly graded sand with gravel: brown, moist, gravel to % in.
3.5 85 1 gravel to 2 in.
7 SW- 10 NP 78 6 Well graded sand with silt and gravel: dark brown, gravel to 1 in., few cobbles to 4 /% in.
SM
9 GP- NP 45 5 Poorly graded gravel with silt and sand: dark brown, wet, gravel to 1 %2 in., occasional cobble to 5 in.
GM
12 GP 49 1 Poorly graded gravel with sand: dark brown, wet, gravel to 2 in., few cobbles to 4 in.
16 SP-SM | 11 NP 59 5 Poorly graded sand with silt and gravel: dark brown, gravel to 2 in., few subrounded to subangular cobbles to 8 in.
2360.0 -

groundwater not noted

TT88-20, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23820 | 0 -4 -200
3 SP 64 4 Poorly graded sand with gravel: brown, moist, gravel to 1 % in.
4 61 1 dark brown, few cobbles to 4 in.
7.5 SW- 4 NP 81 6 Well graded sand with silt and gravel: brown, gravel to 1 ' in., some wire debris
11 SM NP 82 6 wet, gravel to 2 in., few cobbles to 5 in.
14 SP-SM | 9 NP 61 8 Poorly graded sand with silt and gravel: dark brown, gravel to 2 in., few cobbles to 5 in.
17 GP 52 4 Poorly graded gravel with sand: dark brown, wet, gravel to 3 in., occasional cobble to 4 in.
2365.0 -

groundwater not noted
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TT88-21, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23700 | 0 -4 -200
2 SP 4 66 3 Poorly graded sand with gravel: brown, gravel to 1 % in., few surface debris.
5 SC-SM 19 4 88 27 Silty clayey sand: brown, moist, cohesive, fine grained, few gravel to % in., occasional cobble to 4 in.
7 GW 11 34 3 Well graded gravel with sand: dark brown, gravel to 1 ' in., few cobbles to 5 in.
10 SP-SM NP 62 6 Poorly graded sand with silt and gravel: light brown, wet, gravel to 1 % in., few cobbles to 5 in.
13 GP- NP 50 5 Poorly graded gravel with silt and sand: light brown, wet, gravel to 1 2 in., cobbles to 5 in., few cobbles to 12 in.
GM
17 GW- NP 49 7 Well graded gravel with silt and sand: light brown, wet, gravel to 2 in., cobbles to 5 in., few cobbles to 12 in.
GM
2353.0 -

groundwater not noted

TT88-22, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23878.0 | 0 -4 -200
2 SP-SM NP 67 8 Poorly graded sand with silt and gravel: brown, dry to moist, gravel to 1 % in., few cobbles to 5 in.
5 SM NP 96 18 Silty sand: brown, moist, fine grained, few gravel to 1 in.
8 Sp 2 91 4 Poorly graded sand: light brown, few gravel to % in., occasional cobble to 5 /% in.
11 76 0 Poorly graded sand with gravel: brown, moist, gravel to 1 % in., ., occasional cobble to 5 in.
14 81 0
17 2 ille- | 2 dark brown, gravel to % in.
gible
2361.0 -

groundwater not encountered
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TT88-23, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2366.0 -4 -200
2 SP 7 87 3 Poorly graded sand: brown, few gravel to % in.
4.5 ML NP 98 54 Sandy silt: brown, wet, occasional gravel to % in.
7 17 45 18 99 62 Silty sand: dark brown to black, stopped excavating a 7 ft depth due to water .
groundwater encountered at - 7 ft
2359.0 -

TT88-24, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23740 | O -4 -200
2 SM 6 NP 90+ 48 Silty sand: brown, fine grained, roots to 6-in. depth, on surface occasional cobble to 5 2 in.
(ille-
gible)
5 Sp ille- 4 Poorly graded sand with gravel: brown, moist to wet, gravel to % in., occasional cobble to 4 in.
gible
8 GP 44 4 Poorly graded gravel with sand: moist to wet, gravel to 1 % in., occasional cobble to 4 in.
groundwater encountered at -8 ft
11 7 40 3 gravel to 2 in.
13 GW 23 2 Well graded gravel with sand: brown, wet, coarse grained, gravel to 3 in., few cobbles to 6 in.
16 SW-SC 29 9 ille- 8 Well graded sand with clay and gravel: brown, wet, cohesive, fine to medium grained, few cobbles to 6 in.
gible
2358.0 -
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TT88-25, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2366.0 | 0 -4 -200
1.5 SP-SM NP 99 5 Poorly graded sand with silt: brown, moist, fine to medium grained, occasional gravel to Y4 in.
3.5 Sp 3 20 3 69 6 Poorly graded sand with silt and gravel: gravel to 3 in.
7 90 4 Poorly graded sand: brown, moist, few gravel to % in., occasional cobble to 5 }; in.
10 94 4 wet, few subangular gravel to % in.
13 10 66 2 Poorly graded sand with gravel: gravel to 1 % in.
17 GP 49 2 Poorly graded gravel with sand: brown, wet, gravel to 1 % in.
2349.0 -

groundwater not noted

TT88-26, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2370.0 | 0 -4 -200
1 SP 79 2 Poorly graded sand with silt: brown, moist, gravel to 1 in., occasional cobble to 5 Y% in.
3 3 66 2 gravel to 1 % in., few cobbles to 4 V% in.
7 GP 36 3 Poorly graded gravel with sand: dark brown, moist, gravel to % in., few cobbles to 4 % in.
10.5 SW 80 4 Well graded sand with gravel: dark brown, moist, gravel to % in., few cobbles to 6 in.
13.5 SP-SC 31 12 53 5 Poorly graded sand with clay and gravel: dark brown, moist, cohesive, gravel to % in., few cobbles to 6 in.
17 SW-SC | ille- 35 15 66 8 Well graded sand with clay and gravel: dark brown, cohesive, gravel to 1 % in., few cobbles to 6 in.
gible
2353.0 -

groundwater not noted
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TT88-27, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION

FT FT CLASS ANAL

23540 | 0 -4 -200
2 SP 82 4 Poorly graded sand with gravel: brown, wet, cohesive, gravel to % in.
4.5 8 81 4
7.5 61 1 subrounded to subangular gravel to 1 % in.
10.5 GW 29 1 Well graded gravel with sand: brown, wet, gravel to 1 % in., few cobbles to 6 in.
13 SP 58 3 Poorly graded sand with gravel: brown, wet, gravel to 1 %2 in.
16 10 70 4

2338.0 -

groundwater not noted

TT88-28. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2366.0 | 0 -4 -200
3 SP 94 3 Poorly graded sand: brown, moist, few gravel to % in., few cobbles to 5 in.
7 68 3 Poorly graded sand with gravel: subangular gravel to % in.,
10 17 94 4 Poorly graded sand: few gravel to 1 % in.
13.5 95 2 wet, few gravel to 3/8 in.
18 10 96 1 occasional gravel to 2 in.
2348.0 --

groundwater not noted
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TT88-29, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
23500 | 0 -4 -200

2.5 SM NP 100 | 36 Silty sand: brown, moist, fine grained, occasional gravel to 1 % in.

5.5 SP-SM | 4 NP 81 5 Poorly graded sand with silt and gravel: brown, gravel to 1 % in., few cobbles to 5 in.

8.5 SC-SM 26 7 63 17 Silty clayey sand with gravel: brown, moist, gravel to % in.

11 SW- NP 74 6 Well graded sand with silt and gravel: brown, wet, gravel to % in., trench walls caving.

SM

14 SP-SM NP 64 6 Poorly graded sand with silt and gravel: brown, wet, gravel to 1 % in., large rock or pipe, trench walls caving.

2336.0 -

groundwater not noted

TT88-30, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2362.0 | 0 -4 -200
2 SM 23 2 98 44 Silty sand: brown, moist, fine to medium grained.
5 Sp 3 59 1 Poorly graded sand with gravel: brown, gravel to 1 % in.
8 63 2 moist, gravel to 2 in., few cobbles to 5 in.
11 75 1
14 57 1 wet, gravel to 3 in., few cobbles to 8 in.
17 GP 7 45 3 Poorly graded gravel with sand: brown, gravel to 3 in.
2345.0 --

groundwater not noted
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TT88-31, a trench. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2344.0 -4 -200
1.5 SW- NP 84 8 Well graded sand with silt and gravel: brown, moist, gravel to 1 % in., one piece of concrete 18 in X 18 in X 4 in..
SM
3.5 GW 8 31 3 Well graded gravel with sand: brown, gravel to 1 % in.
7.5 GP 43 3 Poorly graded gravel with sand: brown, wet, gravel to 2 in., occasional cobbles to 5 in.
10.5 Sp 74 4 Poorly graded sand with gravel: brown, wet, gravel to 1 %2 in.
13 74 3
17 8 52 2 gravelto 1 % in.
2327.0 -

groundwater not noted

TT88-32, a trench. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH DESCRIPTION
FT FT CLASS ANAL
2364.0 | 0 -4 -200
2 SW- 5 NP 77 9 Well graded sand with silt and gravel: brown, gravel to 1 2 in.
SM
5 SP 76 2 Poorly graded sand with gravel: brown, moist, gravel to % in.
9 SW- 22 3 65 9 Well graded sand with silt and gravel: brown, moist, gravel to % in., stopped excavating due to large rock or pipe.
SM
2355.0 -

groundwater not encountered
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TH88-01, a boring. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH N DESCRIPTION
FT FT CLASS ANAL
24280 | 0 -4 -200
3 SW- 5 NP 81 5 9 Well graded sand with silt and gravel: brown, loose, gravel to % in.
SM
55 SP 10 84 3 Poorly graded sand with gravel: brown, wet, gravel to % in.

groundwater encountered at -5.5 ft

7 SP-SM NP 75 12 Poorly graded sand with silt and gravel: brown to black, gravel to % in.
10 SP 84 4 Poorly graded sand with gravel: dark brown, gravel to 1 % in., few cobbles to 5 in.
13 SP-SM NP 72 6 19 | Poorly graded sand with silt and gravel: dark brown, gravel to 1 /% in., few cobbles to 5 in.
16 SP 62 3 Poorly graded sand with gravel: brown, gravel to 1 % in., few cobbles to 5 in.
19 55 3 few cobbles to 6 in.
21 SW- NP 64 5 Well graded sand with silt and gravel: brown, gravel to 1 %2 in., few cobbles to 6 in.
SM
24 SP 59 3 Poorly graded sand with gravel: brown, gravel to 1 ' in., few cobbles to 6 in.

2404.0 -

TH88-02, a boring. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH N DESCRIPTION
FT FT CLASS ANAL
2400.0 | 0 -4 -200
3 SW- 4 NP 89 5 Well graded sand with silt: brown, few cobbles to 4 in.
6 SM NP 71 7 Well graded sand with silt and gravel: dark brown, gravel to 1 % in. few cobbles to 6 in
9 GP- NP 37 6 Poorly graded gravel with silt and sand: dark brown, gravel to 1 %2 in., few cobbles to 6 in.
GM
12 SP-SM NP 88 5 Poorly graded sand with silt: dark brown, few gravel to 1 ' in., few cobbles to 6 in.
15 SW- NP 93 10 Well graded sand with silt: few gravel to 1 %2 in.
SM
18 SP 75 4 Poorly graded sand with gravel: dark brown, gravel to 1 % in., occasional cobble to 6 in.
21 60 3 brown, occasional cobble to 8 in.
24 GP 47 2 Poorly graded gravel with sand: brown, gravel to 1 % in., few cobbles to 8 in
27 SP 57 1 Poorly graded sand with gravel: dark brown, gravel to 1 ' in., few cobbles to 8 in.
28 GW- 50 5 Well graded gravel with silt and sand: brown, gravel to 1 % in., few cobbles to 8 in.
GM
2372.0 -

groundwater not noted
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TH88-03, a boring. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH N DESCRIPTION
FT FT CLASS ANAL
2318 0 -4 -200
3 SW-SM | 4 NP 85 6 Well graded sand with silt and gravel: brown, few gravel to % in.
6 SP-SM 5 NP 77 5 15 | Poorly graded sand with silt and gravel: brown, gravel to % in.
9 16 NP 92 6 16 | Poorly graded sand with silt: brown, few gravel to 3/8 in.
12 SW-SM NP 79 9 Well graded sand with silt and gravel: gravel to 3 in.
15 GP-GM NP 48 7 Poorly graded gravel with silt and sand: brown, gravel to 1 ' in., few cobbles to 6 in.
18 GP 47 4 Poorly graded gravel with sand: brown, gravel to 1 % in., few cobbles to 6 in.
21 GP-GM NP 47 5 Poorly graded gravel with silt and sand: brown, gravel to 1 % in., few cobbles to 6 in.
24 SP 56 4 Poorly graded sand with gravel: brown, gravel to 1 % in., few cobbles to 6 in.
27 57 4
2291.0 -

groundwater not noted

TH88-04, a boring. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH N DESCRIPTION
FT FT CLASS ANAL
2386.0 | O -4 -200
3 SP 5 88 4 Poorly graded sand: brown, few gravel to % in.
5 SM 6 42 15 90 15 30 | Silty sand: brown.,
8 SP 56 3 Poorly graded sand with gravel: brown, gravel to 1 % in., few cobbles to 6 in.
11 SP-SM | 13 NP 66 7 27 | Poorly graded sand with silt and gravel: brown, gravel to 1 % in., few cobbles to 6 in.
14 GP- NP 43 7 Poorly graded gravel with silt and sand: brown, gravel to 1 % in., few cobbles to 6 in.
GM
17 SP-SM NP 60 6 Poorly graded sand with silt and gravel: brown, gravel to 1 % in., few cobbles to 6 in.
20 GP 43 4 Poorly graded gravel with sand: brown, gravel to 3 in., few cobbles to 6 in.
23 SP 56 2 Poorly graded sand with gravel: brown, gravel to 1 ' in., few cobbles to 6 in.
26 GP 50 1 Poorly graded gravel with sand: brown, gravel to 1 % in., few cobbles to 6 in.
29.5 44 1 gravel to 3 in.
2356.5 -

groundwater not noted
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THS88-05, a boring. Explorations of August and September 1988.

ELEV DEPTH | SOIL MC LL PI MECH N | DESCRIPTION
FT FT CLASS ANAL
23260 | 0 -4 -200
3 SP-SM | 7 20 2 76 11 Poorly graded gravel with silt and sand: dark brown, gravel to 1 % in., asphalt debris.
6 SP-SC 7 28 9 54 6 Poorly graded sand with clay and gravel: dark brown, gravel to 3 in., occasional cobble to 4 in., asphalt debris.
7 CL 39 15 92 56 Sandy clay: dark brown, cohesive, organic matter, fine grained sand, few gravel to % in.
9 GC 10 39 16 60 23 Clayey gravel: dark brown, cohesive, gravel to 1 % in., few cobbles to 5 in.
12 SW- NP 61 5 Well graded sand with silt and gravel: brown, gravel to 1 5 in., few cobbles to 5 in.
SM
15 SP 54 3 Poorly graded sand with gravel: dark brown, gravel to 1 /% in., few cobbles to 5 in.
18 SW- NP 87 7 Well graded sand with silt: brown, few gravel to % in., few cobbles to 6 in.
SM
21 SP 62 4 Poorly graded sand with gravel: brown, gravel to 1 % in., few cobbles to 6 in.
24 SP-SM NP 60 8 Poorly graded sand with silt and gravel: reddish brown, gravel to 1 ' in., few cobbles to 8 in.
27 SM 28 5 90 19 Silty sand: reddish brown, gravel to % in., cobbles to 8 in.
30 24 3 76 16 Silty sand with gravel: reddish brown, gravel to 1 % in., cobbles to 8 in.
2296.0 -

groundwater not noted

TH88-16, a boring. Explorations of August and September 1988.

ELEV | DEPTH | SOIL MC LL PI MECH N | DESCRIPTION
FT FT CLASS ANAL
2356.0 | 0 -4 -200
3 SP 3 62 2 Poorly graded sand with gravel: gray, gravel to 1 % in.
6 SW- NP 83 12 Well graded sand with silt and gravel: gray, wet, gravel to 1 % in., occasional cobble to 5 in.
9 SM 27 3 67 9
12 GP 46 4 Poorly graded gravel with sand: dark brown, wet, gravel to 1 ' in., few cobbles to 5 in.
15 GW- NP 51 7 Well graded gravel with silt and sand: dark brown, wet, gravel to 1 /% in., few cobbles to 5 in.
18 GM NP 41 7
21 GP- NP 52 9 Poorly graded gravel with silt and sand: dark brown, wet, gravel to 1 % in., few cobbles to 5 in.
GM
24 SP-SM NP 59 5 Poorly graded sand with silt and gravel: dark brown, wet, gravel to 1 % in.
27 NP 60 8
30 SW- NP 72 8 Well graded sand with silt and gravel: light brown, wet, gravel to 1 %2 in.
SM
2326.0 -

groundwater not noted
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o

Attachment 2. 1988 Desert Earth Engineering borings logs and laboratory test results in the Campbell-to-Cactus vicinity of the study
area (scanned from PDTFCD, 1991). See attached .pdf file. Hole locations shown on fig. 13 of the current report.

See attached .pdf file, which is a separate electronic document
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Appendix A.
Soil Boring and Trenching Logs
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Densitz spt*

very loose <4

loose 4 - 10
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very dense > 50
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DRILLING, SAMPLING, AND FIELD TESTING EQUIPMENT

ORILLING: The drilling is performed using a Central Mining Equipment CME-55
or CME 75 drill rig capable of auger drilling, rotary wash drilling, and rock
coring. Auger drilling is performed using 6 5/8" 0D x 3 1/4" ID hollow-stem
augers with carbide-tipped teeth. Rotary wash drilling employs a tricone gear
bit and core drilling a diamond bit. These latter methods use high pressure
water as a drilling fluid.

SAMPLING: Oisturbed samples are achieved using a standard 2* 0D x 1 3/8° ID
split spoon sampler, The ID dimension is that of the inner brass liner,
"Undisturbed® samples of cohesive fine-grained soils are obtained using a ring
sampler of 3" 00 x 2.5" ID. The series of 1* long, 2.416" ID brass rings in
the sampler have a 2.5" 0D and therefore readily fit into laboratory direct-
shear and consolidation equipment. '

FIELD TESTING: An approximation of the soil's density and consistency, from
which strength estimates can be made, is obtained using the penetration
resistance to driving of the samplers. The Standard Penetration Test (SPT) N-
value is the number of blows to drive a standard 2" 00 x 1 3/8* 1D split spoon
sampler 1 ft. using a 140-pound weight dropping 30*. Where driving resistance
is difficult, blows/inches-driven values are presented,

A 3* 0D ring sampler will generally have a larger blow count than will the
split spoon sampler if the same driving energy is used for both.

Continuous-penetration resistance can be obtained using a 2.0* 0D bull-pose
penetrometer. When using the SPT driving energy the blow counts on a bull-

nosed penetrometer are approximately equal to or greater than the N-value
(blows/ft) resistance obtained.
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JOB NO, CLIENT OL AT N
DESERT EARTH ENGINEERING niilfto wash
88-“35 .C.D.O-T&F.C-D - Cactus Blvd.
~OCATION OF 8ORING DAILLING METHOD & EQUIPMENT . 8CRING NO.
CME-75 Drill Riq equipped B-1
See Site Pl ] ] with 6 5/8" 0D 3 1/4" 1D | SnEET ]
ee >1te Flan, ragure 1. hollow-stem continuous f11gnt 1 oof 1
auqgers . ENGINCLE
SAMPLING MET HOD DRM
Split-spoon Penetrometer Ting
0ATE
oatus Channel bed ecevation +1.5" CASING DEPTH ' 9/30/88
. jﬂ: - SURFACE CONDITIONS . . ;
£, 12 /o L3 3E xd North hank cemented with soil cement steep 121
e g/gg LLOw3/e* e FC Ea high. Channel exposes coarse to fiine SAND wit
ir /g amrves ax |48 | %5 [trace silt. South bank has deposition on_insi
/e -- of meander .with large cobbles, concrete chunkd
0 3 {(cobble-boulder size) with SILTY SAND MATRIX
| (SW-SM) Brown SAND with trace silt and gravel;
1 1B —— medium dense, drv, ponplastic (large cobbles
SSi-1813/85/17 14 top opne foot) becomes ‘slightly moist
3 2l
Z 33 occasional gravel lavers . 1.5-5.0'feet
l 3 — "some gravel®
f///4 .33
{ 0
P 5 (22 _
— (sW) Brown GRAVELY SAND with trace silt mediun
L?/’ 6 dense moist, nonplastic,
ss|A8| 7/10/12 i
7
3:: continued gravely to 0.0 feet
-
9
10

uary

= ANDY GRAVEL with trace silt;
1 medium dense, W

€L, S1ightly plastic.

RS A2 1 18/15

12

]

13

g

14

I

5

[ 6

17

18

[T T 1111




88-435 P.C.O0.T.&F.C.D. .

DESERT EARTH ENGINEERING| ... |0 .. iittte, vpst

Cactus Blvd
LOCATiON OF BORINC DRILL‘ING METHOOD & EQUIPMENT . BORING NO,
CME-?75 Drill Riq equipped ’ B-2
See Si Pl £ ) with 6 5/8" 0D 3 1/4" 1D |SnEETY
ee site Flan, Figure 1. hollow-stem continuous f11ght 1o 1
auqers b (CTATT4¢]
SAMPLING METHOD DRM
Split-spoon Penetrometer Tine
0ATE
oanju Channel bed ELEvaTion 0.0 CASIHNC DEPTH 9-30-88
" SURF ACE CONDITIONS . -
LA xr E;‘E g |SURFACE CONDITION® yopTH BANK: 6 feet high and
;g*!§g§ uLOws/e" e fc ﬁs steep with trash and .roded soil cement.
ir |/ 2g  emreen az | 49| %3 [cyannel: SANDY on north side with cobbles and
cY g - few boulders in middle of channel and €xXtendin
0 to south bank.
11 {(SW-SM) SAND with some gravel, trace silt;
1 1 medium dense, moist nonplastic
SS {7181 4/6/8 16 ‘ -
3 2 - increase in gravel
/
i 3 25

n
(@}

._,_i.u_._
=N
n
@

(SP-SM) Brown GRAVELY sgug with trace silt;
L§/ 5 - |medium dense, wet, nronplastic.
18 e

5/8/13

(SP) Brown SAND with some gravel, trace silt;

1 g medium dense, wet. nonplastic.
SS 8{ 4/10/10 A .

1l

12 N
Material consistent

RS 21 12/17

14
15
' 6
17
18

[ 1

ottom of Boring

[ 11

19

T I T Til




408 NO, CLIENT LOCATION ¢
DESERT EARTH ENGINEERING Billito wWash
88-435 P.C.D.O.T.&F.C.D Camgbell to
- Cactus Blvd.
+0CATIOn QF 8ORINC DARILLING METHOD & EQUIPMENT . HOAING KO,
CME-75 Dri)) Rig equipped B-3
See Site Plan Fi | with 6 5/8* 0D 3 1/4" 10 | neeT
€e a1te Fian, rigure 1. holYow-stem continuous f1ignt 1 op 1
auqgers R EnGinlis
SAMPALING MET ROD DRM
Split-spoon Penectrometer Timg
| RaTE
oatuw Channel bedg gyarian CASING DEPTH 9-30-88
M < > .
TR EDA - 25 BURFACE CONBITIONS 1 north side of channel on sand
;§.3§c§ ULOw3/ e’ E: fc bar with SILTY SAND with coarse gravels and
e i/3§ vamALER 8z 53 cobbles. Southern half of channel is "clean"®
-t 1, 5;. L K]

SAND with a highi12 feet tall silty SAND

\‘\3‘; S\

0
2
Qg 5/6/5
) 14
| A 318
{ .
I 17
1 4 —
{/ M
'/ s(118
o 18 6
ss |28 1/7/11
7 14
™
8
=
yd 9
. ™1
0 -
/ ng
12
RS 120 11/16 2

south bank.

(SW-SM) SAND with some gravel and trace silt:
medium dense, dry, nonplastic.

increase in sand and moist

cuttings show GRAVELILY SAND with trace silt.
moist to 4.0 feet.

(SW) Brown SAND with trace silt and egravel:

medinm dense., moist nonnlastic

hecomes "yet"

(SW) Brown SAND with some gravel, trace silt,
medium dense, moist. nonplastic. '

RAANANAN

o v ©® —w &6 ;o =
g5 I I O N I I IO O A

Bottom of Boring




3y A AR e R B e AR e A T s 0 i A P DA e, s T e e T e e T e e e T e e e

e J08 NO, CLIENT LOCATION °
DESERT EARTH ENGINEERING 88—1435 P.C.D.O T&F.C.D Réél%g({ W%Sh
. s cTeT acgus élvg
LOCATION OF BORING DAILLING METHOD & EQUIPMENT . 8ORING no.
CME-75 Drill Riq equipped B-4
, . with 6 5/8" 0D 3 174" 1D | sneer ]
See Site Plan, Figure 1. hollow-stem continuous flight 1 of 1
augers i EXGINLLR
SAMPLING MET HOD DRM
Split-spoon Penetrometer Tine
oATE
oatum Channel bed grLevarion +1.0 CASING DEPTH 9-30-88
nd SURFACE CO o
gu Y2 /o L3 §£ - unRFa NOITIONS ON SAND BAR: Drainage converges
;g-!§Q§ ULOwS/¢** ey fc ﬁé on the north bank with 4-6 feet high bank.
%" |/ ¥3 SamrLen oz |49 | #9 [Soutn bank has large cobble and boulder size
A - concrete with other "trash" 12 feet high.
0
{SW-SM) Brown SAN with some gravel and trace
1 1 ii silt; medium dense, dry, nonplastic.
SS_|x8 | 3/6/6 L becomes moist with more sand.
) 2 2l |
/
[ H 3 38
i .
|/‘ PR R
J :f-_- (SW) Brown SAND with trace silt and gravel;
ﬁjy/ G [Eh 44 edium dense, moist, nonplastic.
ss. |/18[ 9711715 ‘
/// 6
7
V

| (SW) Brown SAND with some gravel and trace
silt: medijum dense, wet, nonplastic.

RS 2 /11

/
11 Material consistent

18 4/6/6 T

135 Bottom of Boring

I

w——h
o
]

o
[T T 11

|

o
o
1




" |0ESERT eats NGINEERING oo, [ T

88-435 P..C.D.O.T.&F.C.D.campb--ell to

Cactus Blvd.
_ LOCaTion OF BORING DRILLING METHOD o EQUIPMENT : B0RInG N0, ]
[CME-75 Drig) Riq_equippegq | B-5
, _ _ With 6 5/8" 0D 3 1/4% 1p | 3nEET ]
- >ee Site Plan, Figure 1. : holTow-stem continuous flignt . Topt
augers . EXGInC(a
SAMPLING METHOD DRM
— Split-spoon Penetrometer Ting
f
Darte
Channe} bed eLevarion 14-16.0" [cAnMCDEprn-' 10-3-88
SURFACE CONGITIOnS ) , )
zr E ad URFA o 1one On _soufh bank = 400 feet east
ULOm3/ger .y e ;3 —Qf_ _Campbell Ave.Steep bapk 14'16.0' high
o |43 | 3T,

{_

[ '

[

!%SM) Brown GRAVELLY SAND with SOome _silt,

medium dense, dry, nonplastic *disurbeg SampJle.

gcomes fiper g&rained SAND With trace gravel,
ome sijilt.

SW) light Brown SAND With trace sSilt angd
avel: medium dense dry, nonplastic.

JQLLLLan_ahQu_occasional Rieces of adobe bricy
and cQurse LLavels ot 14 0 feet

Materiajs consistent

AN

Lﬁﬂgﬂml_ﬂngun,QANDY GRAVE] with Lrace ssii¢.
: an i Donnlastyic -
Aﬁ:#—-—BOEEOE of gofing.‘




JOB NO, CLIENT LOCATION ° .
DESERT EARTH ENGINEERING Rillito Wash
88-435 |P.C.D.O.T.&F.C.D. chggge%i gq
\'4
LOCATION OF BORING DRILLING METHOD & EQUIRMENT 8OAING nO.
CME-75 Drill Riq equipped B-6 _
See Si Pls Fi \ with 6 5/8" 0D 3 1/4" 1D | SnEET
ee >ite Flan, rigure 1. hollow-stem continuous flight 1061
auqers ) (€AY 1Y)
SAMPLING METHOD DRM
Split-spoon Penetrometer Time
DATE
Oatum Channel bed g evarion *+16-18.0" lcusing oeprn 10-3-88
« '35 A Tr gE 2 SURFACE CONBITIONS o south bank steep 16-18 feet
;g gidg e Eg fc wd Thigh with large concrete slabs and steel pipe
3- j,gé SamrLERn Qz 23 ¢S [on bank. Other debris 1ncludes bricks, wilre,
VAN O - plastic, wood and brush pilles.
0 —
///ﬁ ] 21 (SC) Brown SAND with some cj1gy and gravel;
ss 16/ 1_4 very dense, dry, medium plastic.
16| 9/14/25"% B ' '
, 2] 508
/ .
! . 3:: less gravel, slightly plastic,
| .
L il -
K (SM) Brown SAND with some silt, trace gravel;
E// 5 medium dense, dry, slightly plastic.
85 5/6/5
/ 6
7=
-
9
(SM)_Dark brown SILTY SAND with some coarse
10 1HqH4gﬂ_ﬂEjJﬂm_ﬂﬂnE2*_mQLQL;.QQERlQE&lE;_____.
RS 4/16 - .
11 coarse gravels in SILTY SAND matrix
12
] T
3|
14 1
9
(SW-SM) Brown coarse SAND with some gravel,
ss 1 é 476710 16 trace silts: medium dense, moist, nonplastic.
17
% 18
1 19 (GW-GM) Brown SANDY GRAVEL with trace silt;
RS lZ12117/20 medium dense moist nonplastic
-— 20 " 7E ottom Ol BOrINng




JOB KO, CLIENT WOCATION
e : : : * * QAPFUQ %lvg.
LOCATiON QF BORINC DAILLING METHOD & EQUIBMENT : BORING noO.
CME-?75 Drill Rig equipped B-7 |
_ ) , with 6 6/8" 0D 3 1/4" 1D | SnEEY
See Site Plan, Figure 1. hollow-stem continuous flight C1ofd
auqers C o ENGIRLLR
SAMPLING MET HOD DRM
Split-spoon Penetrometer Tine
DATE
oatus Channel bed ¢ eyarion *1° CASIHG DEPTH 10-3-88

s - SURFACE CONDITIONS . . .
R - gE 4 0n south bank=-15'10 feet high with debris on
Iy géag ULOWS/ 8 sl | %9 “d bank including: large pieces of concrete, steel
1- WAL Samricn 0z 23 id [pipe, bricks and rusted steel.. A converging
AL - drainage 30-40' wide by 10' deep drains into
///4 0 Rillito with a broken retaining wall. N
(SM) Brown SAND with some silt, trace gravel;
8 114 medium dense, dry, nonplastic.
ss_[718| 3/9/20 '
. 2131
7 less.silt
! 31423

oY
—
w

(SH-SM) Brown SAND with trace silt and gravelp

medium dense. drv, pnonplastic,

3/5/8

10

 (SW-SM) consistent with slightly more gravel

RS 12

11 and moist.

9/14

12

(2]
2]
®
~ OO o,
EEEE - EEEEEEE . S
e

13

14

15

(SW-SM) consistent

18
SS 1

16

8 4/3/13

/ 17

18

19 Consistent but wet.

13/17/11

0 | A —IBottom ol BOTINE




" |OESERT EARTH ENGINEERING| sp.ass lpoc. Thiibe, v
A ' ' il ] -w%gh
-4 .c.D.0.TaF.c.p. pampbERL
88-435 [PoC.D.O.T&F.C.D actus Blvd.
— LOCATION OF BORING DRILLING METHOD & EQUIPMENT : BOAING NO,
CME-75 Drill Riq equipped B-8
) X , with 6 5/8" 0D 3 1/4" 1D | SnEEY
— See Site Plan, Figure 1. : hollow-stem continuous flight C 1oe1
augers . [T
SAMPLING MET HOD DRM
? - Split-spoon Penetrometer Time
i DATE
- oatum Channel bed grLevarion +12.0 CASING DEPTH 10-3-88
T SURFACE CONDITIONS - .
€. Y2 /o L3 ZE xd URFACE conpiTION On south banks: 12' high
- e -;"5/,.5' ULOw3/ e e ’.‘c .“13 with large chunks of concrete and other debrip.
RS It L P LR RS
EV ’ : 5:_ -
- / 0 . :
: 17 (SM) Brown SAND with some silt and trace
i 6 _ 1 R gravel: very dense dry,  nopplastic. ¥Sampler
% SS /6| 1/8 R/ houncineg on buried concrete
- . 2 :
/
| 3 NI
? { ‘ cansistent but loose
3 ~— ]
4
r/ 5] v
- — - : ings, cloth, blue marble
: / 6 || and an increase in gravel.
[ — —
- 74
8 |-
- 5 \)
: (SM) Brown SILTY SAND with some debris;
1 8 10 loose, dry, nonplastic.
SS 18 3/3/5
T / 1
:
12 r
— increase in SAND and becomes slightly molst.
13
/ 14
- (SW-SM) Brown SAND with trace silt and gravelgs
15 . di dense maist, nonplastic '
bs 5 has23 pediun - Canss,
- ' 6
17
. 1 N
£ ° v
é; 1 R g Consistent but loose with a & inch jense of
f - SS 81 4/5/22 | "wet" STILTY SAND IN SHOE OB SAMPLER
L—‘ 0 Bottom of Boring



1
RS /96’12/17

— JOB NO. CLIENT LOCATION .
OESERT EARTH ENGINEERING| mocass |r.c.v.omar.ceo | hiasissioss
: L Eacgus éLv .
LOCATION OF BORINC DRILLING METHOD 6 EQUIPMENRT BORING nO,
CME-75 Drill Riq_equipped B-9 ]
. , ) , with 6 5/8" 0D 3 1/4" 1D InEEy
See Site Plan, Figure 1. hol low-stem continuous flight 1062
augers L ENGINECH
SAMPLING METHOD DRM
Split-spoon Penetrometer TiMe
DATE
oaTuw Channel bedgrLevaTion +14.0 CASING DEPTH 10-3-88
'n: - SURFACE CONDITIONS . .
£ Ty /o L3 RE cd North bank: 14 dinch high
¢ i3 womwer  |EE | 50| B3 | coment protectionwith 4 feet of CLAYEY SAND
YA I a: | 45| %9 | bank to the north. '
- 1 5;’ -
0 :
! (SM) Dark brown SILTY SANDP4
18/4 1'1£L dense, dry, nonplastic
ss|/18l 4710720 Lk becomes medium plastic CLAYEY SLUD
/ 2l :
Z l
4 310" 7
| . (CL) Dark hbrown SANDY CLAYS
i)}yﬂ 4 hard, dry, medium plastic.
SS /12| 18/34 /- l
/|
5 |

ﬁ
|
7

q:amrn =]

No recovery of

hecaomes q1ighf1v moist

a4 1+ _=2nd

MQM\ ']’ighf' hrown SAND with - tracs
some fine gravel; medium dense, moist,

[nonplastic.

S B S,

see_npage tuWQ




JOE NG, CLIENT LOCATION .
DESERT EARTH ENGINEERING| ss-u35|p.c.p.0.7ar.c.p. (EanDBETL ES
: Cactus Blvd,
LOCATION OF BORING DRILLING METHOO & EQUIPMENT BORING noO.
CME-75 Dril) Rig equipped B-9 |
. , ) _ with 6 5/8* 0D 3 1/4" 1D SnEET
See Site Plan, Fagure 1. hollow-stem continuous flight 2 o2
auqers ' ENGINELH
SAMPLING MET OO DRM
Split-spoon Penetrometer Time
0ATE
DaTum ELEVATION CASING DEFTH 10-3-88
nd - - SURFACE CONDITIONS
£. 3y I a xd
:f: dy U ULOw3/ "’ Q-S f"E| ‘.‘_"Lﬁl
. NEN s . u - - <
it s samrlen Qz | g s
vt ] i; ~ o
2 20 (SW-SM) Light hrown SAND with trace silt and
RS 12 7/15 gravel; medium dense, moist, nonplastic.
J 21 *plasic moist clay in top of ring sample
e '
S 22
/
I A 23
| : material consistent but wet
I/ 24
1
8 5
ss [ 2Asl 7/10/10 P71 T
/// 261 —|--——Bottom of Boring
/// 27 -
8 1
/// 9 |
014
=1
/ 1
[/ 2 ]
\/r 3
//// !
5
6 |-
-
/ 7
/ g I
Z ]
g |
—— 0




108 NO. CLIENT LOCAT, .
DESERT EARTH ENGINEERING TI1EE, vasn
88-435 P.C.D.O.T&F.C.D Factus Blvd.
LOCATION OF BORING DRILLING METHOO & EQUIPMENT BORING nO.
CME-75 Dril) Riq equipped B-10
. _ ) with 6 5/8" 0D 3 174" 1D ShEET
See Site Plan, Figure 1. hol low-stem continuous flight 1 o 2
augers . ENGIALEN
SAMPLING METRHOD DRM
Split-spoon Penetrometer Time \
OATE
DaTuM Channel bed ELEVATION +13 CASING DEPTH 10-3-88
v - SURFACE CONDITIONS )
€y | 8L | «f Horse Corral on north banks
fe o ULOw3/ e oy fE Ea height of bank estimated to be 12-14 feet high,
I samrLen Qz 4§ | 35 with no previous bank protection present.
P [' o~y
0
SS 5/1/1 13 (SM)Dark brown SILTY fine SAND:
’//W 1 o medium dense, dry, nonplastic,
- 15
,/q 212
/
F/

(SW-SM) Light brown SAND with trace silt and

cravel;

loose, drv,

nonplastic.,

¥small recoveny

RS |41 4/6

increase in gravel

(SP-SM)

Light brown GRAVELLY SAND with trace

silkhks

medium dense, drv,

nonplastic,

with a

17/10/12

emall lense of slightly plastic SANDY SILT-

CLAY

in sampler.

l
o

(SW-SM) Brown SAND with trace silt and gravel;

medium dense, moist,

nonplastic,

AP
RS 6l 8/15

¥ poor recovery - No rings




JOU NO,

CLIENT

DESERT EARTH ENGINEERING 115t
Rilldt Wash
Cam % Y %
88-435 P.C.D.O.T&F.C.D us Blvd
“OCATIOn OF uQINC DRILL}INC METHOD 6 EQUIFMENT uoﬂlNC no,
CME-75 Drill Rig equipped B-10
e Site Plan T with 6 5/8" 0D 3 174" 1D SnEET ]
WY 3 A - 3
see dite Plan, Figure 1. hollow-stem continuous fllght 2ap 2
auqgers EnGinCln
SAMPLING MET RHROD DRM
Split-<pnon Penetrometer Timg
DaTE
CaTum ELEVATION CASINC DEMTH 10-3-88
Lk w SUAF ACE CORDITIONS
SR A AR
ge 454: ULOwI/ 6"’ tf )
Ve LN PR T Bt
4 20
(SW) Brown SAND with some gravel. trace silt:
18/ 2 medium dense, moist, nonplastic.
ss|-18| 6/6/7 :
22
7

N
o

S A

—_—— — e ———

Consistent

RN\

¥ Poor

recovery

no

5/8

1
|

pndisturhed rings
~

Rottom of Rnring

N N
umj]JIHHJ_@j‘HTIm

SN

a
5 1)
6]
]
7~—1
8|
g [}
._EL///J 0




408 A0, CLIENT LOCATION
DESERT EARTH ENGINEERING géééééflwi‘i“
. 88-435 P.C.D.O.T.&F.C.D. ctus Blvd
“OCATION OF uONInG ODRILLING METHOO a EQUIPKMENT ' HORING nO.
CME-75 Drill Rigq equipped BT ]
— , . with 6 5/8" 00 3 1/4" 1D snkey
See S1te Plan, Figure 1. hollow-stem continuous f1ignt 1 or 2
augers i EAGINCCH
- SAMMLING WMET HOD DRM
Split-<pnon Penertrometer Time
— 27 &S
oarum Channel bed ¢ cyarion +12 CaASinG DERTH 10-7-88
T - SUAFACE CONOITIONS
-— 4 r? - AL | w4 konverging drainage to the west of horine. 014
S5 1S Llomase So | 0| B35 cars on bank to the south of borins anchored tp
ey ed emreen Gy H§ ) IS khe bank for bank protection. Bank is 12 feet
VA £ - nigh with a sand bar beneath in channel then
0 2_feet to channel hottaom

(SM) Brown SILTY SAND
Medium dense, dry, nonplastic.

i
%)
%

< \r.

812/5/6

Increase in nlasticity

8/15 (CL) Dark brown SANDY CLAY

|
|
l o
| 2 Iy
T RS | /2.
l : 1_6_ Stiff dry medium nlastic
l 4 , v, P
R becomes sandy
1 / ——
—-- 1
/// &~
- /// 7
) | »
- (SW) Light brown SAND with trace silt and gravel;
Ty medium dense dry - nonaplastic
SS 120 10/14/14
10 4
- - occasiopal gravel Jlayers to 14 0
/ 1
/// 12»«
— L 1
—{
\//// 131
— /// 14
(SM) _Brown fine_ SAND with same silt —trace
/// 1 gravel; medium dense, dry, nonplastic,
¥ small lenses of CIAYEY SAND. maist medium
= 1 16 plastic in shoe of samnler
38 214/6/7 - T
M
P 17
- /// 18|
|
1 g |-
il —
,__/ 0




v

JOU nQO. CLIENT LOCATION '
DESERT EARTH ENGINEERING fampbetl tol
88-435 |P.C.D.0.T.&F.C.D |camPRElh; 88|
COCATION OF uOHinG DHILLING METHOD & EQUIPMENT : WORING 10.
CME-75 Drill Riq equipped B-11 |
. v ] N with 6 5/8" 0D 3 1/4" 10 InkeT
See Site Plan, Figure 1. hol 1ow-stem continuous flight 2 oF 2
auqgers ' [€XAT (4T
SAMPLING METHOD DRM
Split-<poon Penetrometler Time
BATd
ELEVATION CASING DEFTH 10-7-88
| SURF ACE CONDITIONS
a -
o255
oy |Hg ] i
20
\ (GM) Brown SANDY GRAVEI with some silt. ‘
yy4 21 medium dense, moist, nonplastic |
s |73 |4/6/6 ¥ poor recovery due to non-cohesive pature \
5?2 of soil.
L
4 23 |-
\ f
! 1
Ve
—_—}
l//
{(GP) RBrown GRAVELY SAND with fhnﬁo‘silf—;

N

:

j

0

1Q/10/15

medium dense, drv, nopnplastic

l______r__i

R A D R A ANANANANAN

h_
|
{
'*\

Bottom of Rnr‘ing




‘

J0D nO, CLIENT LOCATION ' A
DESERT EARTH ENGINEERING Canpbely ca
88-435 |P.C.D.0.T.&F.C.D./GaCEUS B1vd
LOCATION OF uQitinC OHILLING METHOO & EQUIPMENT ) BORING NO.
5 CME-75 Drill Riq equipped B-12 ]
- _ , with 6 5/8" 0D 3 1/4“ 1D nkEY
See Site Plan, Migure 1. : ho)low-stem continuous flight 1 o 2
auqers B EnGiniln
— " |SAMPLING METHOD DRM
Split-<pnon Penetrometer Time
;
- i DATE
GaTuM Channel bed eLeEvaTion +12 CASING DEPTH 10-7-88
"L /q o TSURFACE CONDTIONS . .
£ s | A wd On_north bank, 12 feet high steep bapk with |
—' ge !fﬁf ULOw3/e"" e | “¢ ) F>adjacent sand bar.Some small brush piles and
. 5 N b - ~«
PR VA samrben 8z |49 | %5 |isolated junk. Cut bank shows a good sail
- I

ELCOS

Ay profile with SIITY SAND Qa2 feet —then grauel
avers 2-8 feet, then toe of bank shows cavin

(SM) Brown SILTY fipe SAND:
loose, dry, nonplastic
consistent !

1
35 /815 1/2/2

RS |12 2/5

-
b

becomes sapndv and gravely

v

(SP-SM) Brown GRAVELY SAND with trace .siltb.
depse, dry, nonplastic

ss |74 1/15/24

contipnued gravely to 13.5 feet

- /// 111 becomes moist.
/ 12?
\ ‘/// 13
/// 4 (SP) Brown, coarse SAND with some gravel
-— trace silt; medium dense, moist, nonplastic.
1 15
SS 1 21218/10/7 -
— 16 |-
//// 17 |-
/ | o |
19 1
- \{I
_._,/ OH
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00 NO. 9 o
OESERT EARTH ENGINEERING| oo lon s o ar oo fcansbess tol
- . - i . : N : : ‘ICactus Bud
| LOCATIGN OF uAMInG DHILLING METHOD & EQUIPMENT : HOAING no.
CME-75 Oril) Rig equipped B-12 |
- o “ with 6 5/8" 0D 3 174" 1D SnEev
See Site Plan, figure 1. : nollow-stem continuous f1ight . oar 2
auqgers T EnGinlin
r - © lSAMPLING METHOD DRM
Split-spnon Penetrometer Time ‘
— OATE
OaTum ELEVATION CAsiNC DEPTH 10-7-88
_ ] .’..glc/ 5 » SURFACE CONQITIONS
JZ '.‘5/,,5 ULOn3 e’ *‘C o>
1,’ i‘//.té LamPLLA :’J,ﬂ ':'j
(SP) Brown GRAVELY SAND with trace siltg
1M medium dense, moist, nonplastic.
— SS ,/1} 8/10/14 ;
-
3 l !
- — 1/:
? | f
l/
—
- ____/ (GP)_Lieht brown GRAVEL (highly fractured)
“ 189 o6 with some sand, trace silt; dense, moist,
SS __L 14/20/17 nonplastic
- 2 7L
/ | Bottom of Boring.
28 |
— 2 -
/r grﬂ
| / B30 |
E N / l_1
_ e 2

o




Appendix B.
Laboratory Results




Summary of Laboratory Testing Results

Gradation and Plastic Index Tests

Boring Depth % Passing USCS
No. (ft) #200 Sieve LL PI Symbo]l
B-1 10-11 6.3 - NP GW-GM
B-5 0-1.5 23.3 - NP SM
B-6 0-1.5 24.9 34 14 SC
B-7 15-16.5 5.3 - NP SP

Consolidation Characteristics of Soil Subject to Saturation

Initial Surcharge
Boring Depth Dry Density Pressure Consolidation

No. (ft) (pcf) (psf) (%)

B-2 12-13 118.6 700 0.5

1400 0.9

1400SAT 1.0

B-7 10-11 102.9 700 0.4

1400 1.1

2100 1.5

2100SAT 4.0

B-12 1-2 88.9 700 0.9

1400 1.6

2100 2.4

2100SAT 5.8

Results of Moisture/Density Testing
Boring Depth Moisture Content Dry Density

No. (ft) ) (pcf)
B-1 10-11 7.2 119.6
B-2 12-13 8.9 118.6
B-3 11-12 7.2 111.2
B-6 9-10 15.7 85.6
B-7 10-11 2.8 102.9
B-12 1-2 2.6 88.9



PR TN TR R

Boring

B-1
B-3
B-6

Coefficient of Permeability (Falling Head)

Depth
{ft)

10-11
11-12

9-10

k(cm/sec)
-7
5.66 x 10
-2
1.22 x 10
-5
7.76 x 10
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11-3-88

JMM DATE

88-4135 BY

JOB K.

o

COLLAPSE-CONSOLIDATION TEST DATA

PRESSURE - Ysf

36801 1.0 10.0 100.0

2361 f) — T T TIITiE 1 T 1 | 0.0

.356 IROR=s «~NEGLIGIELE

.355 COLLAPSE DUE™TO SATURATION 1.0
=
o
l—

L [ )]

* =

[}

E =

73 (=1

2

e £ Y

> £

DESCRIPTION OF

SAMPLE: SAND with some gravel and trace silt

ORING: ‘ PTH: ELEVATION:

BORMNG: OEPTH: .5 VATION

MOST Pl}?BABLE PRECONSOLIDATION EXISTING OVERBURDEN STRESS

STRESS (VSF) SHOWN THUS: Pc| (KSF) SHOWN THUS: Pql

COMPRESSION IRDEX (Cc) SWELLING INDEX (Cs)

" IAOISTURE INITIAL 8. Q VOID INITIAL - & 168
CONTENT % [FINAL 13.7 RATIO FINAL - e¢ 355
DRY DENSITY |INITIAL 118, 6 | DEGREEOF [INITIAL 63.0

(PCF.) _ {FINAL 119 .7 | SATURATION % [ FINAL SAT

e emersme - Mapes = PN

Cere meene. - e @ - -

are wmoes

desert earth engi

neering




— "‘.
COLLAPSE-CONSOLIDATION TEST DATA
- PRESSURE - st |
0.1 1.0 10.0 100.0
577 0.0
—
-~ . 570+ [ me
K
.561 SN 1.0
- . 554 k"\(?
: l\\ 2.0
- = COLLAPSE DUE TO SATURATION 5 |
i //
{ o¢} =
: ! o
f - ™ -
: ' -
- ® o
L 1 :“
2 w
- - ad
gl Z &
(o= S R
-
5
. 5
: ™
1 -
] 1
3
.
c
' o
=
- DESCRIPTION OF , .
i SAMPLE: SAND with trace silt and gravel
%' BORING: DEPTH: ELEVATION:
_ B-7 10-11.0
MOST PROBABLE PRECONSOLIDATION EXISTING OVERBURDEN STRESS
STRESS IN'SF) SHOWN THUS: P-) (K SF) SHOWN THUS: Pq|
COMPRESSION INDEX (Cc) SWELLING INDEX (Cs)
- © MOISTURE INITIAL 2.8 voID INITIAL - &g 577
! CONTENT % FINAL 19.8 RATIO FINAL - e .514
; DRY DENSITY |INITIAL 102.9 DEGREE OF  [INITIAL 12.6
; — (PCF.) FINAL 107 .1 SATURATION % |FINAL SAT
desert earth engineering '




B COLLAPSE-CONSOLIDATION TEST DATA

- PRESSURE  ksf
} 824 0.1 1.0 10.0 100.0 0.0
- T
I~
.807 - N 1.0
N
- .795 | \Q\ 4 A
2.0
.780 \—_\
': B
N
- © Nl | COLLAPSE DUE TO SATURATION "
% 7 .
© / =
| 2
o = // =50
T D/—/ -
o, 71 . w
:: o =1 6 . 0
- — = o e
3 = S
g >
:
l =
g =
| !
- )
E \
‘Z' o
- !
| g
§ o
;, =]
-~ DESCRIPTION OF
SAMPLE: Silty SAND
BORING: DEPTH: ELEVATION:
o B-12 1-2
: MOST PROBABLE PRECONSOLIDATION EXISTING OVERBURDEN STRESS
;, . STRESS 1¥SF) SHOWN THUS: P} (K.SF) SHOWN THUS: Pql
COMPRESSION INDEX (Cc) SWELLING INDEX (Cs)
- MOISTURE INITIAL 2.6 VOID INITIAL - & 824
CONTENT % | FINAL 27.6 RATIO FINAL - e, 719
DRY DENSITY [INITIAL 88.9 DEGREE OF  [INITIAL 8.3
-~ (PCF.)  |FINAL 94 .4 | SATURATION % [FINAL SAT
- desert earth engineering




Attachment 3. Late 1980's (pre-1989) Camp Dresser and McKee surface and near-surface (18-in.-deep) sediment
characterization test results, taken in and along e/ Rillito between Craycroft and Swan (data from Camp Dresser and McKee,
1989A). Hole locations shown on map, directly below. All are within the current study area.

=
i V:i/';/‘
),

I

0

TRz ==T"

PR - - .
s I GG TR AN
| o | AadlErT Ee==r = S
1000 500 1000 1500 2000 / - ‘
P e ( ATION @ ATION
g}TEST LOCATION’ No' B SCALE N FEET - ( 'NFILTR 0 OC TIO S

Attachment 3 map showing sampled sites in the study area.
Scanned from Cam Dresser & McKee (1989A) and slightly
modified. For more detail on the illustration, use zoom feature in
WORD. To activate the zoom feature, go to view, toolbars,
standard. add more buttons. then turn on the "zoom" hutton.
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Sediment Particle Size Analysis for
Surface Samples

Refer to attachment 3 map, above
for sample locations. Tests 1.1, 1.2,
1.3, etc., are from well location
identified as ""1" on map above;
tests 2.1., 2.2, etc., are from well
""2", and so on.

PERCENT PASSING GIVEN SIEVE SIZE (mm)

TEST NO. 38.10 9.42 4.70 2.36 1.17 0.59
1.1 100 97 91 78 58 35
1.2 100 100 98 96 95 92
1.3 (Same as 1.1)
2.1 100 93 86 72 53 33
2.2 100 91 81 69 55 41
2.3 100 98 96 88 75 58
2.4 (Same as 2.3)
2A 100 99 89 65 32 8
3.1 100 96 84 60 34 17
3.2 (No samples taken)
3.3 100 94 88 76 53 22
3.4 100 91 80 66 46 23
3.8 100 92 84 70 46 X |
3.6 100 100 100 99 99 98
4.1 100 98 88 65 26 4
B, 100 98 90 73 42 15
6.1 100 96 88 68 38 16
MAXIMUM 100 100 100 99 99 98
MINIMUM 100 91 80 60 26 4
AVERAGE 100 96 89 75 54 35
LIM AVG' 100 95 87 71 47 25
COUNT 14

'Limited average excludes tests 1.2 and 3.6, made on river bank.
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Sediment Particle Size Analysis for

Samples Taken from 18 In. Below Surface

Refer to attachment 3 map, above
for sample locations. Tests 1.1, 1.2,
1.3, etc., are from well location
identified as ""1" on map above;
tests 2.1., 2.2, etc., are from well
2", and so on.

PERCENT PASSING GIVEN SIEVE SIZE (mm)

TEST NO 38.10 9.42 4.70 2.36 1.17 0.59
1.1 (Sample lost)
1.2 100 100 100 100 100 99
1.3 (Same as 1.1)
I | 100 86 78 65 45 28
2.2 85 80 71 53 3l 18
2.3 100 91 80 64 45 24
2.4 (Same as 2.3)
2 100 86 73 53 32 16
3.1 100 89 77 56 32 14
3.2 (No samples taken)
3.3 (Sample lost)
3.4 100 82 73 52 24 8
3.5 100 84 72 52 28 11
3.6 100 100 100 100 87 84
4.1 100 93 83 63 39 18
5.1 100 94 88 73 39 14
6.1 100 94 88 73 39 14
MAXIMUM 100 100 100 100 100 99
MINIMUM 85 80 71 52 24 8
AVERAGE 99 90 82 66 44 29
LIM AVG 99 88 78 59 34 29
COUNT 12

!Limited average excludes tests 1.2 and 3.6, made on river bank.
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Refer to attachment 3 map, above. The
two wells characterized in the data below
are within the study area boundary, and
presumed to be in or near el Rillito but
their precise locations were not identified

Well Cuttings Particle Size Analyses in the literature.

(Data trom Tucson Water)

WELL NO DEPTH PARTICLE SIZE DISTRIBUTION
RANGE % GRAVEL % SAND % FINES
PR-001 0-30 47 37 16 Recent alluvium
30-70 32 56 22 Ft. Lowell
70-110 47 39 14 Ft. Lowell
110-160 83 34 13 Ft. Lowell/Tinaja?
160-193 52 30 18 Tinaja?
PR-004 0-32 26 60 15 Recent alluvium
32-100 33 47 20 Ft. Lowell
100-115 52 31 17 Ft. Lowell ‘
115-159 58 26 16 Ft. Lowell/Upper Tinaja
MAXIMUM 58 60 22
MINIMUM 25 26 13
AVERAGE 44 40 17
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Attachment 4. U.S. Geological Survey borings in study area (Hoffman and Ripich, in press, p. 54). Hole locations shown on fig. 13
of the current report. Data for hole (D-13-14)26daa not available in the draft Hoffman and Ripich report. If data become available

later, they will be added here. Data for hole (D-13-14)28dba are below, next page, scanned directly from Hoffman and Ripich (in
press, p. 54).
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—___ __. Particle-size analysis of core samples from boreholes, Rillito Creek, Pima County, Arizona
[N/A, not applicable. Dashes indicate no data. Deposit type: SC, stream-chnnel deposits; BF, basin-fill deposits]

Overall sample particle size, Gravel fraction, in percent Less than 2-millimeter particle size,
Typeof Depth, in in percent in percent
deposit feet Greaterthan | 9.5-19.0 | 4.75-9.5 2.0-4.75
Gravel Sand Sitt Clay 1149 millimeters | millimeters | millimeters | millimeters Sand Sik Clay

For more detail on the illustration, use zoom feature in WORD. To activate the zoom feature, go to view, toolbars, standard, add more
buttons, then turn on the "zoom" button.

I II I

(D-13-14)26daa (data not available as of March. 2001)

(D-13-14)28dba
sC 1.0 36 55 4 4 6 6 8 16 86 7 7
sc 8.0 18 29 29 24 5 0 1 12 35 35 30
sC 13.0 51 43 2 4 20 6 9 15 88 4 8
sC 18.0 68 25 2 5 16 11 14 27 78 7 15
sc 230 6l 33 4 1 27 12 9 12 87 10 3
BF 27.5 7 77 14 2 0 0 1 6 84 15 2
BF 38.0 23 62 12 2 7 2 4 10 " 81 16 3
BF 475 38 53 8 1 17 8 6 8 85 13 1
BF 57.5 12 72 14 2 0 0 2 9 R 16 2
BF 78.0 35 52 11 1 3 6 8 18 81 17 2
BF 98.0 27 65 3 4 7 7 4 10 90 5 6
BF 118.0 47 36 7 10 6 1 10 19 68 14 18
BF 138.0 46 44 3 7 5 7 12 21 82 " 14
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Attachment 5. 2000 Terracon trench logs and soil classification in the Columbus landfill of the study area (scanned from Terracon,
2000). See attached .pdf file. Hole locations shown on map, below on next page.

See attached .pdf file, which is a separate electronic document
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LOG OF TEST PIT NO. TP-1

5161.GPJ TERR2000.GDT _8/14/00
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Tucson, Arizona Proposed Rillito River Habitat Enhancements
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CLIENT
Collins Pina Consulting Engineers
SITE Columbus Boulevard and Rillito River PROJECT
Tucson, Arizona Proposed Rillito River Habitat Enhancements
SAMPLES TESTS
Q 3 5
9 DESCRIPTION g S| ®|E >
0 & £l & % =2 L
- 4 3}
T < [ > o | W o [
3 E (812 ¢ (8] 8 52|z, |35|28] <
5 ¥ |8(2/7| 8| 2 |$8|8% |83(72| §
(%]  CONCRETE AND BRICK FRAGMENTS sc[1
s IN A CLAYEY SAND MATRIX; brown —
s -
e -
2
B SAND WITH GRAVEL AND CLAY; brown SP|2
5——-
A
Bottom of Test Pit
©l The stratification lines represent the approximate boundary lines
2] between soil and rock types: in-situ, the transition may be gradual.
gl WATER LEVEL OBSERVATIONS, ft BORING STARTED 8-25-00
BWL ¥ NoneWD ¥ None AB BORING COMPLETED 8-25-00
wl
gl WL | Y err acon RIG CAT BH|FOREMAN MYW
&(WL | Backfilled Upon Completion Approved  RWP |JOB# 63005161,




¢
'{‘:'
i
[ Yex

Xy

L

BOREHOLE 2000 83006161.GPJ TERR2000.GDT ©/14/00

LOG OF TEST PIT NO. TP-3

-

Page 1 of 1

CLIENT
Collins Pina Consulting Engineers

SITE Columbus Boulevard and Rillito River
Tucson, Arizona

PROJECT

Proposed Rillito River Habitat Enhancements

DESCRIPTION

GRAPHIC LOG

DEPTH, ft.

SAMPLES TESTS

RECOVERY (in)
BLOWSI/FT.
WATER
CONTENT, %
DRY DENSITY
pcf

LIQUID

LIMIT
PLASTICITY
INDEX

-200

TYPE

@
0
>0

WOOD, CONCRETE, BRICK, AND
REBAR IN A CLAYEY SAND MATRIX;

brown

QQ
>,

20
&

S8

)
55

$S

S5

)
o

R
Oo?

’0 {0

3
&%
S0L55XS

.0’0 @,

)
0‘0

o

0.0’0 XD

0%
3

o
0.0’0

O
OO
SRR

Q)
o200%%

SN
2R

. 0. 0.0

)

02008,
ol b

S
0%

.0
0.0
'0

o%ede

$

0’0 )

@

0%,
e%0%e %%

*
o
)
0’0

O

KD

(X
.0
'0

0,
K0
*,

)
0

0

S
030,
3

°
{0

OO
200,
0%

)
'0

&1 uscs sYMBOL
-[NumBER

Bottom of Test Pit

The stratification lines represent the approximate boundary lines
between soil and rock types: in-situ, the transition may be gradual.

WATER LEVEL OBSERVATIONS, ft
WL [¥ None WD Y None AB

WL Backfilled Upon Completion

BORING STARTED 8-25-0011

~

BORING COMPLETED 8-25-00

wL ¥ A4 -Irer racon RIG CAT BH | FOREMAN MYW

Approved RWP |JOB# 63005161




en
Y

3
%
i

BOREHOLE 2000 63005161.GPJ TERR2006.GDT ©/14/00

LOG OF TEST PIT NO. TP4 Page 1 of
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Collins Pina Consulting Engineers
SITE Columbus Boulevard and Rillito River PROJECT
Tucson, Arizona Proposed Rillito River Habitat Enhancements
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SITE Columbus Boulevard and Rillito River PROJECT
Tucson, Arizona Proposed Rillito River Habitat Enhancements
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Page 1 of 1
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LOG OF TEST PIT NO. TP-7 Page 1 of 1
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LOG OF TEST PIT NO. TP-8 Page 1 of 1
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The stratification lines represent the approximate boundary lines
between soil and rock types: in-situ, the transition may be gradual.
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LOG OF TEST PIT NO. TP-9
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Page 1 of 1
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SITE Columbus Boulevard and Rillito River PROJECT
Tucson, Arizona Proposed Rillito River Habitat Enhancements
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1 The stratification lines represent the approximate boundary lines
between soil and rock types: in-situ, the transition may be gradual.
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