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west and south by the main Bodo Canyon drainage, itself a steep-sided
ephemeral stream, the bed of which is, in some places, over 100 feet lower

than the site,

Prior to revegetation and stabilization by the Colorado Division of
Wildlife, there were severe erosion problems in this area due to the steep
hillsides and channels. However, the area is now considered to be a zone
of moderate erosion that will have . low annual soil loss as long as it is

not overgrazed or otherwise denuded of vegetation,

2.5 SUBSURFACE GEOLOGY

2.5.1 Structural geology

The Bodo Canyon site is located on the extreme eastern edge
of the Colorado Plateau physiographic province. It lies on the
southeast limb of the Durango anticline which is a relatively mi-
nor structural feature superimposed on the Hogback Monocline along
the north-nortnwest boundary of the San Juan Basin (Figure 2.3).
The bedrock in Bodo Canyon dips to the southwest at an angle that
varies between 5 and 15 degrees. Dips farther to the south of the
site gre in the same direction but range up to as much as 40 de-

grees from the horizontal,

DUR BODO CANYON DSCR, Draft, May 1985



29,8

Tne northern San Juan Basin shows evidence of extensive fault-

ing along its northeastern and eastern boundaries but areas along
its northwestern boundary, including the Hogback Monocline, have
not been subjected to major faulting. However, a series of north-
east trending faults, thought to have been formed during tne
Laramide Orogeny, have been mapped in the Durango area. Among
these, a northeast trending fault, herein called tne "Ridges Basin
Fault" has been mapped (Zapp, 1949) from Ridges Basin into Bodo
Canyon, It has been postulated by some (CGS, 1981; SHB, 1984a)
that the Ridges Basin Fault may extend into or near the Bodo
Canyon disposal site, Several small faults with displacements of
less tnan 10 feet are exposed in a man-made cut slope to the south
of the site, bhut are not thought to be related to the fault mapped
by Zapp since their displacements are in the oppasite diraction
(Dames and Moore, 1983b). Thus, all evidence avéilable at this
time indicates that the fault dies out just south of the site,
This has been confirmed by field reconnaissance, low sun reconnais-

sance, and trenching at the Bodo Canyon site,

Site stratigraphy

Tne Bodo Canyon disposal site is underlain by sedimantary
rocks which are thought to have been formed from deposits orijinal-
ly laid down at the bottom of a quiet inland sea during the Upper
Cretaceous Age. Bedrock units evidenced by rock outcrops in the

Bodo Canyon area include (from youngest to oldest): The Lewis
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Shale, a dark-gray shale; the Cliff House Sandstone, a gray rock

unit grading from sandstone to mudstone to shale; the Menefee
Formation, a highly variable wunit made up of light-gray
sandstones, siltstones and shales; and the Point Lookout
Sandstone, a light to yellowish-gray sandstone. Tne last three
rock units mentioned are more generally referred to as the Mesa
Verde Formation, and immediately underlie the Bodo Canyon disposal
site with the Cliff House Sandstone being nearest the surface

(Figure 2.4).

Tne lowermost Mesa Verde rock wunit, the Point Lookout
Sandstone, is a thin-bedded to massiva, 270- to 40b-foot-tnick
sandstone unit. The erosion-resistant Point Lookout Sandstone
caps the Smelter Mountain hogback located southwest of the exist-
ing tailings site and northeast of Bodo Canyon. Overlying the
Point Lookout Sandstone is a complex assemblage of lenticular sand-
stone beds, dark-colored shale and siltstone beds, and coal beds
callad the Menefee Formation. Tie Menefece Formation ranges from
250 to 600 feet in thickness and contains the major coal beds that
occur in the Durango area. The 20- to 410-foot-thick Cliff House
Sandstone, overlying the Menefee, consists of interbedded
calcareous sandstone, siltstone, and silty shale, Although a re-
sistant, ledge-forming unit in the vicinity of Mesa Verde National
Park, the Cliff House Sandstone in the area southwest of Durango
is much less resistant to erosion than is the underlying Point

Lookout Sandstone,

DUR BODO CANYON DSCR, Draft, May 1985




Surficial materials consist of as much as 65 feet of unconsol-
idated quaternary alluvial and colluvial deposits made up of
silty clay and silt soils that are locally interbedded with lay-
ers of mixed sandstone and shale bedrock fragments. The soils gen-
erally can be classified (in the Unified Soils Classification
System) as varying between low plasticity silts (ML) and clays
(CL) with some sand. The surface soils are, in turn, underiain by
5 to 35 feet of fractured weathered shale derived from the lower,
shale dominated transitional portion of the Cliff House sandstone
which, at a depth of about 140 feet or less, grades into the
shales of the Menefee Formation. The details of subsurface geo-
technical and hydrological investigations and laboratory testing

are discussed further in Sections 5.0 and 7.0, respectively.
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3.1

3.0 LAND SURVEY DATA

TOPOGRAPHIC SURVEY

The Bodo Canyon disposal site area was aerially surveyed by Kougle
and Pouls Engineering, Inc. of Albuquerque, New Mexico, on October 6,
1981, The same company conducted the ground surveys on the same date,
The topographic map was prepared with a scale of one inch equals 400 feet
with a five foot contour interval, A copy of the map is on file in the
UMTRA Project Office in Albuquerque, Additional topographic coverage of
the Bodo Canyon disposal site and County Road 211 from Highway 160/550 to
County Road 212 has been prepared by Land Surveying Company, Santa Fe, New
Mexico, at a scale of one inch equals 200 feet with two-foot contour inter-
vals. The site has also been digitized at a grid spacing of 25 feet,
This additional topographic coverage 1is contained in Appendix D,

Laboratory Test Date - Foundation Soils.

The topographic map elevations are based on the 1927 North American
datum for vertical control. The benchmark is a USGS brass cap monument lo-
cated in the northwest 1/4 of Section 29, Township 35N, Range 9W. This
monument is located on Bth Street between Main Avenue and the railroad in

Durango, Colorado.
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AERTAL PHOTOGRAPHS

Copies of the aerial photographs used to prepare the one inch equals
400 feet topographic map are in the UMTRA Project Office in Albuquerque,

New Mexico. Aerial photographs in support of the revised topographic map-

ping are also on file with the UMTRA Project Office. These photos indi-

cate the typical features of the area.

DATA EVALUATION

Tne topographic coverage by the Land Surveying Company will be satis-
factory for preparation of site conceptual design should Bodo Canyon be
selected as the disposal site., The U.S. Corps of Engineers, in Omaha,
Nebraska, is in the process of reviewing the legal description of the Bodo
Canyon disposal site, site access, and utility easements as part of their

site appraisal.
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4.1

4.0 RADIATION DATA

BACKGROUND MEASUREMENTS

An environmental characterization program to establish background ra-
diation levels and variations in the environs of tne Bodo Canyon site and
the transportation corridor was initiated in October, 1982, and continued
through October, 1983. The radiological sampling program for Bodo Canyon
is summarized in Table 4.1. Tne radiological characterization program in-
cluded measurement of the radionuclide concentration of airborne
particulates; radionuclide concentrations in surface and subsurface soils,
surface sediments, vegetation, and animals; external gamma expcsure rate
levels; and ambient radon-222 (radon) concentrations. The sensitivity of
instrumentation used for these background measurements met specifications
of the U.S. Nuclear Regulatory Commission (NRC, 1980). Baseline surface-
and ground-water samples were taken and analyzed as part of tne water-
quality program (see Sections 5.0 and 6.0). Water sample analyses includ-
ed natural wuranium, radium-226 radium-228, lead-210, poloniun-210, and

thorium-230.

Figure 4.1 identifies five monitoring stations used during a study to
determine existing radioactive air particulate concentrations in the Bodo
Canyon area. Three monitoring stations were located at the Bodo Canyon
site and one monitoring station was located at each of two remote loca-
tions. The remote locations were approximately 1.5 miles east of the Bodo

Canyon site (remote east sampler no. 4) and approximately 5 miles west of
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the Bodo Canyon site (remote west sampler no. 5). Results of radioactive
air particulate measurements at these five monitoring stations for one
year are shown in Table 4.2 (Dames and Moore, 1983b; JEG, 1984). Soil sam-
ples were also taken at these five locations and resuits of Ra-226 concen-

tration-analyses are shown in Table 4.3 (Dames and Moore, 1983b).

Additional sampling locations at the Bodo Canyon site for radionuc-
lide concentrations in soil, sediments, and biota are shown in Figure 4.2,

Data are presented in Tables 4.4 through 4.8 (Dames and Moore, 19830).

Four external gamma exposure rate measurements were made at the Bodo
Canyon site in September, 1983, with a Reuter Stokes RSS-111 pressurized
jonization chamber (PIC) at locations shown in Figure 4.3, Measurements
resulted in a mean and one standard deviation gamma exposure rate of 15.7
+ 0.4 microR/hr (JEG, 1984). The RSS-111 is considered to be the stan-

dard instrument for gamma exposure rate measurements in the field.

In contrast, Table 4.9 presents data from a study by Argonne National
Laboratory (ANL, 1983) which measured slightly higher gamma exposure rates
at the Bodo Canyon site, possibly caused by moisture damage to thermolumi-
nescent dosimeters from heavy snows. The exposure period during this
study was approximately 6 months, from October, 1982, to April, 1983. The
September, 1983, PIC measurements in Bodo Canyon are considered to be more
representative of site conditions. Thermoluminescent dosimeter measure-
ments by Argonne at the transportation route locations shown in Figure 4.2
and Table 4.9 are considered to be representative because moisture damige

did not occur.
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4.2

Tne Argonne study also measured the ambient radon concentrations us-
ing Terradex Track-Etch detectors for the same 6-month period at the five
monitoring stations shown in Figure 4.1 and along the transpoftation route
shown in Figure 4,3, Average radon concentrations are presented in Table
4.9, As expected, the ambient radon concentration as well as the gamma ex-
posure rate are closely correlated with distance from the tailings pile
along the transportatios route. The Bodo Caiyon area was snow-covered dur-
ing much of the Track-Etch exposure period in the Ffield. Radon emanation
is reduced by both snow cover and frozen ground; therefore, the radon con-
centrations in Table 4.9 may be lower than radon concentrations measured

during snow-free periods of tne year.

A year-long Terradex Track-Etch study was conducted from December 15,
1983, to January 11, 1985, to determine the spatial variability of back-
ground radon air concentration in the vicinity of the Durango tailings
site (DOE, 1984). One radon monitoring station was located at the west
edge of the Bodo Canyon site, near air particulate monitoring station No.
1 as depicted in Figure 4.1. Track-Etch cups were changed and analyzed
quarterly during the year-long period. The study resulted in an annual av-
erage radon air concentration of 0,50 pCi/1 at the Bodo Canyon monitoring

location.

ADDITIONAL SITE RADIOLOGICAL CHARACTERIZATION

The quality of data acquired from the Bodo Canyon site is good, and
collection of data for radiological site characterization in Bodo Canyon

is complete.
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Table 4.1 Summary of radiological sampling program

Sampling

Method

Air particulate

Soil

Sediment

Biota

vegetation

Wildlife

External gamma

External gamma

Ambient air
radon-222

Eberline Model RAS-1
regulated air samplers

Surface - ring method

Subsurface - trench method

Ring method

Thermoluminescent
dosimeters (TLDs)

Pressurized ionization
chamber

Track-etch

Number of
sampling
points Frequency
5 Continuous
(12 months)
46 Once
13 Once
4 Once
3 3 times/year
(spring, sum-
mer, fall)
3 Once
10 Continuous
(6 months)
4 Once
10 Continuous
(6 months)

Ref. Dames and Moore, 1983b; ANL, 1983; JEG, 1983.
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Table 4.3 Radionuclide concentrations in surface soil samples
from air-particulate sampling locations

Concentratiog
(pCi/g dry wt™)

Location Radionuclide

Air-particulate location No. 1 U-238 1.2 + 0.1
Th-230 1.3+ 0.1
Ra-226 1.3 +0.1
Pb-210 0.7 + 0.1
Air-particulate location No, 2 1J-238 2.0 + 0.1
Th-230 2.3+0.1
Ra-226 1.4 + 0.1
Pb-210 4.2 + 0.2
Air-particulate location No. 3 U-238 1.3+ 0.1
Th-230 1.4 + 0.1
Ra-226 1.6 + 0.1
Pp-210 1.3 +0.2
Air-particulate location No. 4 u-238 0.9 + 0.1
Th-230 1.0 + 0.1
Ra-226 1.0 + 0.1
Pb-210 2.6 + 0.2
Air-particulate location No. 5 1)-238 2.0 + 0
Th-230 2.4 + 0.1
Ra-226 1.8 + 0.1
Po-210 3.2+ 0.2

3The error is twice the counting standard deviation,
NOTE: Sample locations are indicated on Figure 4.1.

Ref. Dames and Moore, 1983b.
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Table 4.4 Radionuclide concentrations in surface
soil samples from Bodo Canyon

Sample direction Concentration

in meters Radionuclides (pCi/g dry wt?)
East
300 Ra-226 1.3+ 0.1
6U0 Ra-226 1.0 + 0.1
900 Ra-226 1.3 +0.1
1200 Ra-226 1.3+0.1
1500 Ra-22€ 2.3%0,1
U-238 1.6 + 0.1
Th-230 1.9 + 0.1
Pb-210 2.6 + 0.2
Southeast
300 Ra-226 1.1 + 0.1
600 Ra-226 0.8 + 0.1
900 Ra-226 1.3 % 0.1
1200 Ra-226 1.2 + 0.1
1500 Ra-226 1.1 0.1
U-238 1.3 + 0.1
Th-230 1.5 # 0.1
Pb-210 1.3+ 0.2
North
300 Ra-226 1.4 + 0.1
600 Ra-226 1.0 + 0.1
900 Ra-226 0.7 + 0.1
1200 Ra-226 1.0 + 0.1
1500 Ra-226 0.9 + 0.1
U-238 1.1 # 0.1
Th-230 1.1 + 0.1
Pu-210 3.1+0.2
Northeast
300 Ra-226 1.2 + 0.1
600 Ra-226 1.0 + 0.1
900 Ra-226 1.3 + 0.1
1200 Ra-226 1.0 + 0.1
1500 Ra-226 1.7 + 0.1
24
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Table 4.4 Radionuclide concentrations in surface soil
samples from Bodo Canyon (Concluded)

B L

e

B S —— B ————
'

Sample direction Concentration
in meters Radionuclides (pCi/g dry wt?)
South
300 Ra-226 1.3 + 0.1
600 Ra-2726 1.1 + 0.1
90 Ra-226 1.6 + 0.1
1200 Ra-226 1.4 + 0.1
1500 Ra-226 0.9 + 0.1
U-238 0.8 + 0.1
Th-230 1.0 + 0.1
Pp-210 1.7 + 0.2
Southwest
300 Ra-226 1.0 + 0.1
600 Ra-226 1.0 + 0.1
900 Ra-226 1.2 + 0.1
1200 Ra-226 0.9 + 0.1
1500 Ra-226 0.9 + 0.1
wWest
600 Ra-226 1.0 + 0.1
900 Ra-226 0.9 + 0.1
1200 Ra-226 1.u + 0.1
1500 Ra-226 1.0 + 0.1
y-238 0.9 + 0.1
Tn-230 1.1 +0.1
Pb-210 2.6 + 0.1
Northwest
300 Ra-226 1.9 + 0.1
600 Ra-226 1.2 + 0.1
900 Ra-226 1.4 + 0.1
1200 Ra-226 0.9 + 0.1
1500 Ra-226 0.9 + 0.1
Site Center Ra-226 1.2 + 0.1

3the error is twice the counting standard deviation.

NOTE: Sample locations are indicated on Figure 4.1.

Ref, Dames and Moore, 1983b,

25

DUR BODO CANYON DSCR, Draft, May 1985



B S

Table 4.5 Radionuclide concentrations of subsurface
soil samples from Bodo Canyon

— -

Sample direction Concentratiog
and depth Radionucl ides (pCi/g dry wt")
650 meters - Northeast
0 - 20 cm U-238 1.3+ 0.1
Th-230 1.3 +0.1
Ra-226 0.5 + 0.1
Pu-210 1.8 + 0.2
40 - 60 om U-238 1.0 + 0.1
Th-230 1.1 +0.1
Ra-226 1.0 + 0.1
Pb-210 1.0 + 0.2
80 - 100 em bedrock encountered
750 meters - Southeast
0 - 20 om u-238 0.8 + 0.1
Th-230 1.2 + 0.1
Ra-226 1.1 +0.1
Pb-210 1.1 +0.1
40 - 60 om U-238 1.2+ 0.1
Th-230 1.2 + 0.1
Ra-226 0.8 + 0.1
Pb-210 1.1 +0.1
80 - 100 cm U-238 0.8 +0.1
Th-230 1.0 + 0.1
Ra-226 0.7 + 0.1
Pb-210 0.9 + 0.2
1500 meters - Northwest
0 - 20 cm y-238 1.0 + 0.1
Th-230 1.2 + 0.1
R‘.zzs 1.2 t 0:1
Pb-210 2.2 + 0.1
40 - 60 om U-238 0.6 + 0.1
Th-230 1.0 + 0.1
Ra-226 1.4 + 0.1
Pb-210 1.0 + 0.1
80 - 100 cm bedrock encountered

26

DUR BODO CANYON DSCR, Draft, May 1985

e —— 2 e Sl S .t . . P S .



Table 4.5 Radionuclide concentrations of subsurface
soil samples fram Bodo Canyon (Concluded)

- ———— e ey DU ——

Sanple direction Concentratiog
and depth Radionuclides (pCi/g dry wt®)
650 meters - Southwest
0« 20 om U-238 0.8 +0.1
Tﬂ-230 lol : 001
Ra-226 0.8 + 0.1
Pp-210 0.8 +0.1
40 - 60 om U-238 0.9 + 0.1
Th-230 0.9 + 0.1
Ra-226 0.8+ 0.1
Pb-210 0.7 + 0.1
80 - 100 cm U-238 0.8 +0,1
Th-230 0.9 +0.1
Ra-226 0.5 + 0.1
Pp-210 0.9 + 0.2
Site center
0 - 20 cm U-238 0.9 + 0.1
Th-230 1.0 + 0.1
Ra-226 1.2 + 0.2
Pb'zlo 0-8 + 001
40 - 60 om U-238 0.7 +0.1
Th-230 1.0 + 0.1
Ra-226 0.9 + 0.1
Pb-210 0.9 +0.2
80 - 100 cm -238 0.9 + 0.1
Tﬂ-zm 00’ : 0.1
Ra-226 0.5+ 0.1
PD'ZIU o.a t 001

- . —— —— - —

- A A o o - St . — - 4 —

%he error is twice the counting standard deviation,

NOTE:
Ref, Dames and Moore, 1983b,

Sample locations are indicated on Figure 4.1,
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Table 4.6 Radionuclide concentrations in sediment samples

Sample location Sample Concentration,
(north, east coordinates) Number Radionuclides (pCi/g dry wt™)
53490 N, 51390 € 1 v-238° 1.2+ 0.1
Th-230 1.3 + 0.1
Ra-226 1.0 # 0.1
Pb-210 1.2 ¥ 0.2
54850 N, 52850 € 2 u-238° 0.8 + 0.1
Th-230 1.0 + 0.1
Ra-226 0.5+ 0.1
Pb-210 1.2 + 0.2
56000 N, 60120 € 3 v-238° 1.5 + 0.1
Th-230 1.6 + 0.1
Ra-226 1.9 + 0.1
Pb-210 3.6 + 0.2
55320 N, 60330 € 4 v-238° 1.2 + 0.1
Th-230 1.4 ¥ 0.1
Ra-226 0.7 + 0.1
PD'ZIO 1.3 : 0.2

3The error is twice the counting standard deviation,
hloturn uranium as U-238.
NOTE: Sample locations are indicated on Figure 4.1,

Ref. Dames and Moore, 19830,
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Table 4,7 Radionuclide concentrations in vegetation samples
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5.1

5.0 GROUND-WATER HYDROLOGY

GROUND-WATER REGIME

The Bodo Canyon disposal site is located in an area of regional
ground-water recharge., Tne site is underlain by unconsolidated alluvial
and colluvium soils above fractured and weathered bedrock. The surficial
materials at the Bodo Canyon site consist primarily of sandy and silty
clay. The soil overburden varies in tnickness across the sit2 from about
1.0 at the drainage divides to 65 feet in the center of the site., Tne al-
luvial and colluvium materials are in turn underlain by a zone of frac-
tured and weathered bedrock about 5 to 35 feet thick, Tne bedrock
consists of tne Cliff House Sandstone Unit of the Mesa Verde Group, which

are sedimentary strata of Mesozoic age (see Figure 7.2 in Section 7.0).

The Bodo Canyon area appears to be a recharge area. However, re-
charge rates are restricted by the surficial clay-rich soils. There is a
shallow water-table system about 20 to 30 feet below the surface, which
rests within surficial alluvium and the fractured shale zone of the Cliff
House Unit, above the less permeable, unweathered sandy shale bedrock.
Flow directions within this system are aligned similarly with the surface
topographic gradients in the immediate area. Small amounts of infil-
trating water migrate through the surficial overburden soils and weathered
bedrock, move toward the Animas River, and eventually discharge in that

vicinity,
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Ground water also occurs within sandstone lenses of the Cliff House
Sandstone and within coal seams of the Menefee Formations (D&M, 1984).
Flow appears to be to the northeast toward the northern drainage of Bodo
Canyon in accordance with the topography. Recharge to these lenses is
fron direct infiltration of precipitation and surface runoff in outcrop
areas and possible leakage from the overlying unconfined water-table
system. Potential aquifers located 300 to 400 feet beneatn the site in
the Point Lookout Sandstone may be partially recharged by leakage from the
overlying water-bearing strata. Ground-water flow in these deeper
aquifers is controlled by regional pressure gradients as well as struc-
tural and stratigraphic factors. Tne ground water in this deeper regime
flows along the dip of the more permzable Deds and formations towards the

center of the San Juan Basin which is southeast of the site,

Twelve potentiometers were installed by Dames & Moore (D&M) at the
Bodo Canyon site (Figure 5.1). The potentiometers ranged in depth from ap-

proximately 33 to 200 feet below the ground surface. Some were used for

monitoring water levels and taking samples from the soil overburden and

weathered bedrock interval while others were for the deeper saturated
zones in the unweathered bedrock. Well completion information is present-

ed in Table 5.1.

The Technical Assistance Contractor (TAC) drilled four additional
boreholes at Bodo Canyon, completing two as shallow monitoring wells (45
and 52 feet deep), and two as deep wells tapping the Menefee Formation
(192 and 255 feet deep). Tne deep wells have been core sampled and hydrau-

lically tested using double packers, Quarteriy water-quality sampling of
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the wells was initiated in January, 1985. Monthly water-level
measurements in the four wells were also initiated at the time (Table

503).

Figure 5.2 shows the approximate locations of the four TAC wells at
the Bodo Canyon site. Well completion information is presented in Table
5,2, Sandy shale bedrock of the Cliff House Sandstone was encountared at
depths of 52 and 42 feet during drilling at the site. Tnin layers of fine-
grained sandstone were noted in the upper 50 feet of this formation.
Beginning at depths gréater than 145 feet, in the Menefee Formation, coal
seams from one inch to 6.5 feet thick occur in tne sandy shale. Packer
testing of intervals containing these coal beds yielded the highest flow
"takes," indicating zones of higher permeability within the Menefee

Formation.

Hydraulic conductivity values determined fron packer test data ranged

5

from 0.03 feet per day (1.1 x 10° cm/sec) in the upper bedrock surface

(50 to 55 feet deep) to 0.0032 feet per day (l.lxlu6 cn/sec) in compe-

tent shale (105 to 125 feet deep) to as high as 1.39 feet per day (4.9 x
104 an/sec) in a six-foot coal seam approximately 180 feet deep. Tnese
values vary over almost tnree orders of magnitude, and are consistent with
values reported by Dames & Moore in the 1984 draft EIS for the Durango
site. The method used to calculate conductivity values is derivec from
the Department of Interior's Ground Water Manual, Chapter X (1981). Table
5.3 presents a summary of field data obtained from packer testing, slug
testing, and water-level monitoring of the four TAC wells at Bodo Canyon.

This table also includes field chemistry parameters from initial water
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sampling of these wells. Table 5.4 presents the results of water-quality
analyses performed on ground-water samples collected from the TAC wells in

January, 1985.

Static ground-water levels at the Bodo Canyon site were monitored by
Dames and Moore in their wells from October 29, 1982, to June 8, 1983.
The water-level data obtained during the above monitoring period are tab-
ulated in Table 5.5. A contour map of the potentiometric surface in the

bedrock for June 8, 1983, is presented in Figure 5.3.

As shown in Table 5.5, the elevation of the static ground-water table
in the D&M wells fluctuated significantly over the site during the nine-
month monitoring period. Tne minimum depth of the water table below the
ground surface was recorded in Boring SW-1 (18.7 feet) at the north-
central part of the site, A maximum depth of 76.1 feet was measured in
Boring B8-1 which is also in the north-central part of the site. The large
fluctuations in tne water-table levels that were measured during the mon-
itoring period indicate that the recharge of the water-table system is
both localized and seasonal. Ground-water flow rates within this uncon-

fined system will tnerefore vary seasonally.

The hydraulic conductivity values of tne soil overburden materials be-
neath the Bodo Canyon site range from about 2.8 x 10'4 to 0.43 feet per
day. Hydraulic conductivity values for the fractured and weathered zone
of the bedrock range from 0.2 to 5.6 feet per day and for the massive bed-

4

rock formation range from 2.8 x 107 to 0.43 feet per day which is
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consistent with the overburden soils. In the oedrock, the conductivity is
almost entirely controlled by fracturing oblique to the bedding planes

(D&M, 1983b).

5.2 GROUND-WATER QUALITY

Ground-water samples were collected from seven D&M potentiometers in
November, 1982, and March, May, and August, 1983. These samples were an-
alyzed for major cations and anions, metals, and radiochemistry. The an-
alytical results for each of tne samples were compared with the EPA

recommended primary and secondary drinking water standards.

Ground water within the unconsolidated overburden is classified as a
calcium-sulfate type, with total dissolved solids ranging from 350 to 1800
milligrans per liter. The concentrations of CaCO3 are all greater than
180 milligrams per liter, indicating the water is very hard. Concentra-
tions of sulfate, total dissolved solids, hexavalent chromium, total iron,
total lead, total manganese, gross alpha, and combined Ra-226 and Ra-228
exceed state or Federal drinking water standards (Table 5.6) (Dames and

Moore, 1983b).

Ground-water samples from the Menefee Formation and Cliff House Scnd-
stone indicate that the water is generally a sodium-bicarbonate type and
very hard (greater than 180 milligrams of CaCO3 per liter). Total dis-
solved solids concentrations range from 676 to 1540 milligrams per liter.

Constituents that exceed state or Federal drinking water standards include
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5.3

2.4

sulfate, total dissolved solids, ammonia, total iron, total manganese, to-
tal lead, total barium, hexavalent chromium, combined Ra-226 and Ra-228,

gross alpha, and gross beta (Table 5.7).

GROUND-WATER USE

Three domestic and stock-watering water wells, have been identified
within a one-mile radius of the Bodo Canyon site (Figure 5.4).
Information about these wells is listed in Table 5.8. Tnz four wells and
eight piezometers installed by Dames and Moore were plugged and aban-
doned. Four monitoring wells were installed in Bodo Canyon by the TAC in
November and December, 1984, and will be used for water-lev:] measurements
and water-quality sampling through summer 1985. Upon completion of tne
monitoring program, the wells will be plugged and abandoned in accordance
with the regulations of the Colorado Division of Water Resources and tne

site access agreement.

DATA EVALUATION

The existing data supplemented by the ongoing data collecticn program
are adequate to define the ground-water regime and establisn the impact of
any infiltration through the stabilized embankment into the shallow ground-
water system, These data also indicate that there should be no need for
dewatering during construction. A source of water for construction will

be identified by the Remedial Action Contractor.
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5.5 ONGOING DATA COLLECTION

To supplement the ground water and level information collected by
Dames and Moore, monthly water-level measurement and quarterly water- qual-
ity sampling and analysis will continue at the four TAC wells through the

summer of 1985,
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Table 5.1 D&M monitoring well and piezometer details, Bodo Canyon

PVC

Elevation Total depth Blank Slotted

G861 AeW *34®40 “¥ISQ 28 ¥NQ

ldentification
number

Date
drilled

Location

Northing

fasting

(top of
casing)

of borehole
(ft)

interval

(ft)

in

terval
(ft)

well
SW-1
SW-2
SW-3
DW-1

10/29/82
11/04/82
11/04/82
11/02/82

10/28/82
10/15/82
10/21/82
10/22/82
10/18/82
10/19/82
10/24/82
11/06/82

54391.63
54338.29
54281 .91
54407 .42

54148.39
54513.31
54181.26
54459.32
53650.59
54251.39
53822.25
53772.95

52622.45
52362.97
52128.35
52659.76

51588.00
52597.70
52541.57
51346.24
52024.81
53441.60
52843.79
51648.58

7042.12
7053.69
7062 .88
7041.14

7077.17
7049.82
7055.89
7115.96
7107.24
7094.70
7068.10
7106.69

© ©o © ®» © v w ©

0.
0.
0.

o 0 0 © O o e O

67-13.5
50-33.8
70-38.9

.00-62.0

.00-23.0
.00-69.5
.15-73.5
.00-43.0
.25-102.8
.00-101.0
.60-85.0
.00-25.8

102
101
85
25

.0-33.0
.5-84.5
.5-93.5
.0-63.0
.8-122.8
.0-121.0
.0-100.0
.8-40.0
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Table 5.1 D&M monitoring well and piezometer details, Bodo Canyon (Concluded)

TS Ty T a——

Gravel Clay Cement Steel casing PVC casing
pack Bentonite backfili grout stickup (feet stickup (feet Interval
I.0. a interval interval interval interval above ground above ground screened
number (ftr) (ft) (fr) (ft) surface) surface) or packed
well
Se-1 10.5-44.0 7.5-8.5 3.0-7.5 0.0-3.0 0.8 0.67 Colluvium
8.5-10.5
Sw-2 6.5-64.0 2.3-4.3 1.5-2.3 0.0-1.5 0.65 0.50 Colluvium
4.3-6.5
SW-3 9.0-69.5 5.2-7.4 1.7-5.2 0.0-1.7 1.80 1.70 Colluvium
7.4-9.0
Dw-1 47.5-200.0 40.3-42.5 2.0-40.3 0.0-2.0 1.15 1.00 Bedrock
‘2.5-‘795
Piezometer
AH-3 20.0-33.0 11.0-13.0 0.0-11.0 None None 0.00 Colluvium
13.0-20.0
B8-1 68.0-84.5 None 0.0-65.0 65.0-68.0 None 0.00 Bedrock
B-2 72.0-93.5 69.0-72.0 0.0-69.0 None None 2.15 Bedrock
8-3 42.0-63.0 39.0-42.0 0.0-39.0 None None 0.00 Badrock
3-4 101.0-122.8 98.0-101.0 0.0-98.0 None None 0.25 Deep bedrock
8-5 100.0-121.0 97.0-100.0 0.0-97.0 None None 0.00 Deep bedrock
8-6 84.0-100.0 81.0-84.0 0.0-81.0 None None 2.60 Bedrock
8-5 24.0-40.0 21.0-24.0 0.0-21.0 None None 0.00 Bedrock

3or monitoring well and piezometer locatiomns, see Figure 5.1

.ei.

Dames and Moore, 1983b.
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Table 5.2 .lt Construction Data for Sodo Cm TAC Monitoring wells?

weil 1D Total depth Slotted Formation Elentie'

(date installed) Location (ft) interval screened (t.o.c.
DURU3-60L N 42,330.18 $2.0 39.5-48.5 alluvium 704991
(11715/84) £ 86,1220 ft. below sfc @ top of

bedrock
RU3-602 N 42 314,78 192.0 165-180 Mone fee 7048.68
(11/30/84) £ 4,1258.02 ft. below sfc shale with

coal seams
RU3-603 N &2 243,18 198.0 165-195 Menefoe shale 7062 .81
(l/e/85) £ &5, 8i5. ft. below sfc with coal seams
DRU3-604 N 42,2390 4.0 32.0-42.0 alluvium 7064 .15
(12/2/84) £ 45,798, 98 ft. below sfc on top of shale

3211 wells comstructed of 2-inch diameter, Schedule 40 PVC.
.ﬂeutiu surveyed at top of casing (t.o.c.). In feet above MSL.
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; 3 Table 5.3 Sewmary of Preliminary field data fram TAL wells at Sodo Canyon (DURO3)
. - - g
o el Pacasr test resslts Slug test reseits® Field | ... Depth to water (ft below top of well casing)
> o (morizontal ) (hor izontal K) chemistry 172485 271178 /14785 4/15/85
-
” - —— - - —
- sl wot tested andy 511t aliuviem oH = 7.59 .02 3.0 33.66 2.8
T screened r.g‘ma, 0.7« T=8.0%
~« 9.5-8.5% 10 om/sec) Cond = 2510 whos
— 2 lawium (Hvorsiev) Ak = 372 mg/l
2 1.1 ftiday (8.2 x
S U~ om/sec)
i {Bouwer -f ice)
‘ - - o R p— . n B SIS o
| w2 range: 0.008-0.40 ft/day  shale with coal seams pH = 7.47 72.91 3.7 2.8 67.9'
s reened min: [20-125 ft (shale) 0.3 fr/day T = 8.9°C
le>-180° ®max: 180-185 ft (coal) {Cooper et al.) Cond = 3250 wmnos
top of bedrock: 0.11 fr/ Ale = 374 mg/)
-~ day (62-68 fr)
- - o= i = ot A S <-opliip Sl S S ch A P
3 0.0032-1.39 fr/day shaie with coal seams o = 716 87.34 88.08 87.92 93.8°
s reeted min: 120-125 ft (shale) 0.3 fi/day T = 10.5°C
lo5-195" max: 180-185 ft (coal) (Cooper et al.) Cond = 4320 mhos
top of shale: 0.u32 ft/day Alk = 381 mg/!
(56-55 fr)
o0l Not tested dry dry dry dry dry dry
screened
32-43"
allovium

‘Slq test data analyzed by methods referenced.
Alkalinitly measured as mg/l ca, at pH = 4.5,

IR T
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Table 5.4 Water-guality data fram TAC monitorin
(sampling dates: January 23-24, 1985

?-ﬂ Is at Bodo c-mn°

cl

K Mg

Ca

6ul-Ul
(alluvium)

601-02
(split)
screened
qu-%"

n sandy
silt
6u2-0l
(Menefee)

165-180"
shale and coal

603-01°
(Menefee)
165-19%*

shale and coal

12

iL.5

2000°

106

167

106

2.36 159

2.3 159

6.98 258

10.1 424

307 0.02

302 0.02

312 0.07

Wiy

__ Results (all concentrations in mg/l; radionuclides in pCi/l)

L SiT T Pe, e T ATTTTSE

0.28

0.29

U.26

0.30

0.1

0.2

1.9

3.4

<1 6.3 <0.15

<1 6.1 <0.1%

<l 7.9 <0.1%

a 12.7 <0.1%

<0.1

0.1

<0.1

<0.1

<0.003

<0.003
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Table 5.4 Water quality data from TAC monitoring wells at Bodo Canyon®
(Sampling dates: January 23-24, 1985) (Continued)

well and sample ~ Results (all concentrations in mg/l; radionuclides in pCi/l) B TP & e
number As Ha Cd Cr Co  Cond Alk Cu Fe Po Mn Hg Mo NI Se

6u1-01
(alluvium) 0.0l <0.01 <0.001 <0.01 <0.05 2510 372 <0.02 0.14 <0.01 0.20° <0.0002 <0.01 <0.04 <0.00%

601-02

(split) <0.01 <0.ul <0.001 <0.01 <0.05 2510 372 <0.02 0.11 <0.01 0.18° <U.0002 <0.01 <0.04 0,007
screened

q0-%"

in sandy

silt

602-01

:m..-m) .01 <0.01 <0.001 <0.01 <0.05 3250 ¢ w.02 10.4° <0.0 0.90° <0.0008 <0.01 <0.04 <0.005
65-180"

shale and coal

4]
603-01
{!enfee) @.01 <0.01 0.001 <0.01 <0.05 4320 Bl w02 2.5  <w.0 0.52¢ <0.0002 <0.01 <0.04 <0.005
b5-195*
shale and coal




Table 5.4 wWater quality data from TAC monitoring wells at Sodo Cnyan‘
(Sampling dates: January 23-24, 1985) (Concluded)

o ———

Results (all concentrations in mg/l; radionuclides in pCi/1)

™ Field
In T0S U-238  U-234 Po-210 Pb-210  Ra-226 Ra-228 Th-230 pH

601-ul 2
(alluvium) <0.1 1.3 <0.w5 <0.01 0.191 2180 <1 <1.5 <1 <1

6861 AeW ‘3040 “¥ISO 28 ¥NO

501-02 ¢
(sphit) . <0.01 0.19% 2140
screened

40-50"

n sandy

siit

602-01

(Menefee) .01 0.187 2980°
lo5-180"

shale and coal

b
6u3-01 "
(Menefee) <0.1 12.2 <0.w5 <0.01 0.182 4580 <1.5 7.16
165-195%"
shale and coal

:uulytical lab: Bendix Field Engineering Corporation, Grand Junction, Colorado.
clmm of two duplicate values. s
Exceed Federal secondary MCL's for drinking water,




Table 5.5 D&M Water-level information, Bodo Canyon Area g
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Ref .

or well and piezometer locations, see Figures 5.1 and 5.2,
Indicates well was Dailed afler water-level measurement.

of

211 measurements n feet below top of casing.
~=- Indicates measurament determined to bDe invalid,

M adicates not measured.

NOTES:
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Table 5.6 List of parameters which exceed state or Federal drinking water
standards, alluvial and colluvial aguifer, Bodo Canyon Area E
Federal State Date well number®
Parameter staard. standard sanp led Se-1 T SW-2 Sw-3
Total irom 0.3 0.3 11/05/82 69 56 100
03/13/83 13.0 4.7
Total lead 0.05 0.05 11/05/82 0.06 0.05 0.06
03/13/83
Total manganese 0.05 0.05 11/05/82 1.5 0.9 1.33
03/13/83 1.05 0.20
Total chromiem 0.05 0.05 11/05/82 0.08 0.06 0.10
(hexavalent)
Total dariem 1.0 1.0 11/05/82 1.0 0.8 0.9
Tota! dissolved 500 500 11/05/82 856 1776 994
solids 03/13/83 1646 1028
Total sulfate 250 . 11/05/82 398 971 43
03/13/83 859 435
Selfate o 50 11/05/82 352 939 405
03/13/83 872 436
Radium 226-228 5.0 ¢ 11/05/82 8.7+ 4.0 8.0+ 4.0 7.2+ 4.0
combined (total) 03/13/83
Gross alpha 15.0 ¢ 11/05/82 29.1+23.1 15.9+19.9 7.8+17.9
(total) 03/13/83 19.7+11.9 0.0+ 5.6
:F-r well locations see Figure S.1. Ref. Dames and Moore, 1983b.

All valees reported on a dissolved Dasis in milligrams per liter, unless otherwise noted.

alee not determined.

NOTE: Reported valuwes for total combined radium and gross alpha in picocuries per liter.
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Tadle 5.7 List of parameters which esceed State or Federal dritiing water standards, Dedrock aquifer, Sodo Cenyon Ares €

—

- _————

Federal State Date well number®
Parameter no stamdard standard sampled s-1 8-2 _83 w1
Tetal irom 8.3 0.3 11/05/82 s L) LY 1.0
oi/ives w5 ~ nS
03/23 & 271183 % 43 85 L
Tota! lesd .05 0.05 03¥/iyan L33 L ns
Q323 8 2783 1.15 6.5 0.2% L3
Tots! sanganese .05 0. 11705782 n5 L w5 0.65
03¥/ivsa L3S L L
93/23 8 27183 i 0.27 0. L3
Total owramiom 0.5 0.6 03/1983 L3 L L3
(nexawalent) QW23 s 273 0.9 0.0 0.8 ~s
Tota! bariem 1.0 1.e 03723 8 2183 iLe 0.8 i.5 L)
Total @vssoleed soligs oG SO li/os/82 =S LY L3 1168
oViws? L 3% L NS
Q3723 8 21183 a9 &% 1540 L3
iota) sulfate 2% -— 108/ 82 L 33 L L 254
B3/lvas LY L 3% L33
03/23 8 21193 320 u? »sl L 39
Saifate .- 250 11705/82 ~s L - 248
03/l 83 L 3% ~5 NS
03/23 8 27783 o4 a2 121 NS
Amnoni g — 0.5 11705/82 S N5 ~5 0.5
Radiom 226-228 combined 5.0 -— 11705782 L 3 NS ns 6.3+4.1
(total) 03/13/83 NS L N
03723 & 21/83 §9.3« &.8 19.9+ 5.0 6.2« 5.9 NS
Radign 226-278 comdned 5.0 - 03/23 & 27/83 2.0« 2.3 5.1* 2.6 5.2+ 2.8 L )Y
Gruss alpha (total) 15.0 — Q3/13/83 LY L L
Q323 & 21483 336.5+184.2 41.5+24.% 7.0+29.1 NS
Gross beta (total) 50.0 - 03/13/83 ns N° NS
03/23 & 27/83  514.5+419.9 0.0e63.1 121.6+85 6 s

NOTES:

*or well locations see Figures 5.1 and 5.2.

!

All valees reported on a3 dissolved Dasis i milligrams per iiter, unless Otherwise noted.
NS indicates not sampled.

- dicates valee nol determined.

Reported values for combined radium, gross alpha, and gross beta inm picocuries per liter.
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Table 5.8 Records of selected water wells in the Sodo Canyom area

-— - - —— - —— o . e —_— - - —— - -— —

Depth
Total to water
State of Owner /User deptn Casing Ground (feet
Colorado well name and Year of well diameter elevation below land Pump test
permit number Locatien address drilled (fr) () (ftr) surface) date
22300 T. 38R luw. M. L. Sodeo 1916 185 5 NA NA NA
SE ME Sec.? Durango, CO
2231 T. 3400, 10w, M. L. Sodo 1900 185 E NA NA N
MW NE Sec.l Durango, CO
22302 T.348.R . luw, M. L. Sode 1949 88 7 6700 30 1964
NE N Sec.l Durango, CO
NOTES:

Data obtained from the State of Colorado Office of the State Eagineer, June, 1981.
NA indicates data not available.

Ref . Dames and Moore, 19870,




6.0 SURFACE-WATER HYDROLOGY

6.1 GENERAL

The Bodo Canyon site is located in the foothills of the San Juan
Mountains on the west siope of Smelter Mountain, It is in a broad canyon
between Smelter Mountain and Carbon Mountain which is typified by ravines,
gullies, and box canyons which are well defined with steep side slopes and
gradients up to 20 percent, Tne main Bodo Canyon drainage flows east to
the Animas River just to the north of the disposal site, It is an ephemer-
al stream that will contain some flow from April through July and s sub-
ject to large fluctuations of flow caused by the intense thunderstorm

events which occur in the Southwest,

6.2 DESCRIPTION OF WATERSHED

There are four drainage basins that impact the Bodo Canyon site. The
two larger drainages are to the north, one is to the south, and one is the
disposal site which is a small basin that drains to the north (Figure
6.1). The four drainages have a combined area of about 285 acres. Tne
north drainages have a drainage area of about 170 acres. The south drain-
age basin covers about 75 acres while the disposal site drainage covers
about 40 acres, A small coffer dam has been constructed across the dispos-

al site drainage and usually contains small amounts of water, Vegetative
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6.3

cover in the area 1s good, averaging about 90 percent. The area had been
overgrazed and was showing evidence of severe erosion; however, it has

been stabilized over the past ten years,

HISTORICAL FLOOODS

No data on historical floods are available for either the Bodo Canyon
disposal site or the portion of the transportation corridor that is in
Bodo Canyon, For the tnree subwatersheds around the Bodo Canyon site,
floods of varfous recurrence intervals were calculated by synthetic methe
ods since no flood records are available (Dames and Moore, 1983a), The
synthetic method used was the Soil Conservation Service rainfall excess-
unit hydrograph method with the actual computations performed using the
computer program MEC-1, Dam Safety Version, from the Mydrologic
Engineering Center (1981), Mydrographs were calculated for the Probable
Maximum Flood (PMF) that would result from a 6-hour local Probable Maximum
Precipitation (PMP),

The 6-hour local PMP for these areas is estimated to be 10.7 inches
(U.S. Department of Commerce, 1977), Tne distribution of the 6-hour local
PMP for these areas into Seminute incremental and accumulative values 1s
shown 1n Table 6,1, The PMF hydrographs for the first two Subwatarsheds
were combined to obtain a PMF peak of 3845 cfs for the total drainage area
of 170 acres., The PMF for the third watershed ‘s estimated to be 1740
efs, A summary of the nydrographs for each subwatarshed 1s glven in Tab'le
6.2,
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6.4

Uniform-flow computations us'ng an approximate cross section of tne
strean flowing west to east on the north side of i(1e Bod: Canyon disposal
site with an average channel slope of 0.12 foot per foot aad Manning's “n®
factor of 0,04, indicated that the water-surface e'evaticn corresponding
to the PMF peak of 3845 cfs for thisy .atershed would be about 7039 feet,
The corresponding channel velucity is estimated to be 17 feet per second,
Similar computations for *he ‘t-eam flowing from the nori.hwest to the
southeast on tne west side of (ne tallings disposal site with an average
channel slope of 0,10 foot per ‘out and Manning's “"n* factur of (.04, indi.
cated that the water.urface elevation cy -esponding to ine PMF peak of
1740 cfs would be adout 7002 fee.. Tne corresponding channel velocity is

estimated to be 13 feet per second,

SURFACE -WATER QUALITY

Monthly surface-sater samplos wun collsctes for a leyear period from
four sampling locations in the Bodo canyon (res (Figure 6.2). Two sites
are located in the canyon's main zrainage channe! and two in Lhe drainage
channgl to the north of Bodo Cenyon, herein referres to as "north

drafnaga.”

On the ephemeral north drainage channel, the first sampling location
(Site 6) Is located in the head of the canyon near the cu/ier dam in the
disposal area and the other location (Site 3) fs o pproxirately 150 yards

upgradient fram the confluence of the north dryinage and the Animas River,

DUR BODO CANYON DSCR, Deoft, May 1985
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Table 6.1 Precipitation distribution at S5-minute intervals, Bodo Canyon

Precipitation (inches) Precipitation (inches) Precipitation (inches)
Minutes Incremental Accumulative Minutes Incremental Accumulative Minutes Incremental Accumulative

— s — —— - ———— e e . e T . - — DU P —— . - — — —

§ 125 245 10.19
v 130 250 10.24
1 135 255 10.29
) 140 260 10.33
25 145 265 10.37
30 150 270 10.40
» 155 275 10.43
40 160 280 10.46
45 165 285 10.49
50 170 290 10.52
55 175 2495 10.5%
60 180 300 10.57
65 185 305 10.59
70 190 310 i0.61
75 195 315 10.63
8 200 320 10.65
85 205 325 10.67
W 210 330 10.69
95 215 335 10.71

100 220 340 10.73
105 225 345 10,75
140 230 350 10.77
115 235 355 10.79
120 240 10.14 360 10.80
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Table 6.2 Orainage areas, lag times, curve numbers, and
PMF peaks for Bodo Canyon watersheds

Drainage area Lag time Curve PMF pegk
Sub-watershed (acres) (hours) number (cfs)
1 52 0.12 93 1138
2 118 0.09 93 2707
3 75 0.10 93 1740

3cubic feet per second

Ref, Dames and Moore, 1983b.
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Table 6.3 List of parameters which exceeded state or Federal
drinking water standards in the Bodo Canyon area

Parameter

Federal
standard standard

NORTH DRAINAGE

Total iron

| Total lead

Total manganese

Total dissolved
solids

Total sulfate

Sulfate

Radium 225-228

combined (total)

Gross alpha
(total)

Gross alpha

SOUTH DRAINAGE

Total iron

Total lead

Total manganese

0.3

0.05
0.05

500

250

15.0
15.0

0.3

0.05
0.05

—— . —— . . . T - . 7 . o e, S e

Sta

0.3

0

0.05

0.3

0.05
0.05

DUR BODO CANYON DSCR, Draft, May 1985

Date
sampled

te

02/22/83
.05 02/22/83
02/22/83
03/23/82
02/22/83

03/24/s2
02/22/83

03/23/82
02/22/83

03/23/82
02/22/83
02/22/383
-- 03/24/82

03/23/82
05/03/82
11/01/82
02/22/83

02/22/83

03/23/82
J2/22/83

64

Location numbera

S-3

0.33
<0.01
0.02
2075
1446

1267
877

1267
877

3.0+44.8
18.2+18.8

0.38
0.52
NS
NS

NS

0.03
NS

0.79
NS
NS
NS

NS

0.U9
NS

S-6

14.0
0.07
0.17

2159

1074

1376
613

1340
610
4.142.2
7.3¢2.1

19.7+10.4
9.2+13.0

NS
NS
0.55

15

0.07

NS
0.20



Table 6.3 List of parameters which exceeded state or Federal
drinking water standards in the Bodo Canyon area (Concluded)

Federa) State Date Location number?
Parameter standard standard sampled S-4 S-7 S-7A
Total dissolved 500 -- 03/23/82 1801 2400 NS
solids 05/03/82 2312 NS NS
06/08/82 2454 NS 2486
06/22/82 2562 NS 2630
11/01/82 NS NS 3066
02/22/83 NS NS 994
Total sulfate 250 -- 03/23/82 1053 1490 NS
05/03/82 1385 NS NS
06/08/82 1495 NS 1496
06/22/82 1613 NS 1547
11/01/82 NS NS 1788
02/22/83 NS NS 610
Sulfate .- 250 03/23/82 1u53 1473 NS
05/03/82 1378 NS NS
06/08/82 1485 NS 1481
06/22/82 0577 NS 1538
11/01/82 NS NS 1786
02/22/83 NS NS 610
Radium 226-228 5.0 - 02/22/83 NS NS 6.6+2.2
combined (total)
Gross alpha 15.0 -- 06/08/82 27.2+423.2 NS 25.4+30.5
(total) 06/22/82 70.4+48.6 NS 50.8+42.3
02/22/83 NS NS 36.7+18.9

3 or sampling locations see Figure 6.2.

NOTES: A1l values reported on a dissolved basis in milligrams per liter, unless
otherwise noted.

NS - Not sampled.
--= No value.

Reported values for combined radium and gross alpha in picocuries per liter.
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7.0 GEOTECHNICAL DATA

7.1 PURPOSE

evaluation of the geology and site subsoils is required to:

Fvaluate tne end of construction, long-term, and seismic

stability.

Fstimate possible settlement or consolidation of tne soils.

Evaluate geomorphic longevity.

Provide tne design basis for road access to the site,

Evaluate suitability of radon borrow materials,

Evaluate tailings fill characteristics.

SEISMICITY AND SEISMIC HAZARDS

A seismic hazard study of the Durango, Colorado, area was undertaken

as a part of an assessment of the long-term stability of an existing urani-

um mill tailings pile and two alternate disposal site areas. Both

determministic and probabilistic approaches were used.
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Severa' accelerations of 0.01 to 0.02g have probably occurred in the
site area since 1960, based on an assessment of recent seismic activity.
The maximum potential horizontal acceleration in rock expected at the site
area during a Maximum Credible Earthquake (MCE) related to a specific
known seismogenic feature is found to be 0.09g, resulting from a magnitude
7.5 earthquake in the Dulce, New Mexico, area. Accelerations greater than
0.5g could result from earthquakes of magnitude 6.5 occurring on previous-
ly unrecognized faults within a few miles of the site; however, the prob-
ability of such events occurring during the design life of the planned

facility is calculated to be very small.

The probability of occurrence of various levels of acceleration for
various time periods was calculated using the computer code ACC.LINE.AREA,

Summarized values are as follows:

o Ten-year time interval - less than 10 percent probability of occur-

rence of an acceleration exceeding 0.05g.

0o Two hundred-year time interval - less than 10 percent probability

of occurrence of an acceleration exceeding 0.09g.

0o One thousand-year tim2 interval - less than 10 percent probability

of occurrence of an acceleration exceeding 0.12g.

Field studies including surface reconnaissance, low sun aerial recon-
naissance, and on-site and near-site trenching show no indications of ac-

tive faulting in the vicinity of Bodo Canyon.
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7.3

DUR BODO CANYON DSCR, Draft, May 1985

Appendix B8, Seismic Risk Evaluation, presents a detailed discussion

of the seismic hazard associated with the Bodo Canyon site.

MINERAL RESOQURCES

The Menefee Formation, which underlies the Cliff House Sandstone at a
depth of about 140 feet below the Bodo Canyon disposal sit2, is a primary
source of coal in the San Juan Basin (ARPC, 1976). The disposal site
could be underlain by as much as 400,000 tons of potentially recoverable
coal based on the total reserve calculations for T35N, RIOW (Zapp, 1949).
Coal beds ranging in thickness from 0.25 to 6.5 feet occur in the upper 75
feet of the Menefee Formation in Bodo Canyon (see Lithologic Field Logs,
Appendix C) and at least 10 abandoned coal mines and prospects in tne
Menefee Formation are located within a l-mile radius of the disposal site,
Drilling at tne Bodo Canyon disposal site in December, 1984, verified the
presence of coal seams beginning at about 145 feet below the surface. One
boring at the east end of the disposal site, extending a total depth of
200 feet, intercepted five coal seams totalling about 15 feet in the inter-
nal between 145 and 200 feet. A boring at the west end of tne disposal
site intercepted nine coal seams totalling about 26 feet in the interval
from 145 feet to the total hole deptn of 255 feet (see Appendix C). The
thickest of the coal beds encount2red, 6.5 feet thick, occurs about 50
feet below the top of the formation or about 17U feet below the ground sur-
face at the disposal site. Based upon the limited deep drilling, the con-
tinuity of the coal seam underlying the disposal site cannot be fully

defined.
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La Plata County has a large number of producing oil and gas wells.
However, most of the wells have been drilled some distance east of the dis-
posal site, principally into the Dakota Sandstone. No wells are known to
have been drilled in the immediate vicinity of Bodo Canyon (CGS, 1981).
However, two unsuccessful test holes were drilled in the Ridges Basin.

Both were plugged and apandoned; however, one was left open to a depth of

1950 feet for use as a water well (USBR, 1980).

The surface alluvium contains a perched water table that is not con-

sidered to be a significant water resource for the area.

GEOTECHNICAL CONSIDERATIONS

In-situ subsurface soils

Subsurface soil conditions at the proposed Bodo Canyon dispos-

al site were investigated in two efforts both contracted by tne

DOE.

One investigation was undertaken by Dames and Moorz beginning
with field explorations in late October and early November of
1982, Twelve borings, designated as B8-1 through AH-8, were
drilled at tne Bodo Canyon disposal site (which has previously

been referred to as "Area E"). These borings were advanced to

depths ranging from 35.0 to 122.8 feet. Boring AH-8 was drilled

and sampled to a depth of 64 feet for geotechnical purposes then
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completed as a ground-water monitcring well. Test pits TP-10 and

TP-11 were excavated to obtain bulk samples of the existing near

surface soils.

Efforts undertaken by the TAC beginning with field investiga-
tions in July of 1984, included 10 test pits (designated DUR 03-
500 through DUR 03-509) used to obtain bulk samples for lab
testing, and four borings (designated DUR 03-601 through DUR 03-
604). Tne test pits went to depths ranging from 3 to 12 feet,
while the borings went to depths ranging from 42.3 to 255 feet,
The shallower boreholes (DUR 03-601 and DUR 03-604) were logged,
the soils were visually classified, and selected disturbed and un-
disturbed samples were taken for later testing. The deep
boreholes (DUR 03-602 and DUR 03-603) were augered down to bedrock
(witn no soils logging) and cored, logged, and pressure tested to
depths of 20U and 255 feet respectively. All four holes were com-
pleted and converted to monitoring wells. (Refer to Figure 7.1
for the locations of both the D&M and TAC boreholes and test pits.
Copies of tne logs of the above mentioned boreholes and test pits

can be found in Appendix C, Lithologic Field Logs.)

Fight different soil series are located in the vicinity of
the disposal site with three types, Falfa, Zyme, and Sili, repre-
senting the majority of the soils in the area. Tne physical prop-
erties of the three soils series that were sampled are listed in
Table 7.1 and results of the chemical analyses performed are summa-

rized in Table 7.2.
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The clay and silt overburden soils vary in depth from as much
as 65 feet (in the center of the site) to as little as one foot
(along the north edge of the site) below the existing grade. As
mentioned in the geology section, the surface soils are underlain
by sandy shale bedrock. The upper 5 to 35 feet of the shale are
fractured and unweathered to moderately weathered. Below the
weatnered layer, the sandy shale is essentially monolithic to a
depth of at least 145 feet (Boring DUR 03-602) with an occasional
layer of dense sandstone and infrequent fractures. However, the
normal structure of shale is such tnat there are extensive areas

where closely spaced, neiarly horizontal partings occur.

Typical sections (A-A', B-8', and C-C'), locations of which
are indicated on Figure 7.1, showing subsurface profiles are pre-

sented in Figures 7.2 through 7.4.

Engineering characteristics of in-situ soils at Bodo Canyon

As mentioned above and indicated on tne profiles, the soils
at the Bodo Canyon site consist of very low to medium plasticity
clayey silts and sandy to silty clays (CiL, CH, ML, and ML-CL) that
extend to a maximum depth of about 65 feet. Tnis material is gen-
erally of medium density with the dry unit weights ranging from
about 98 pcf to 114 pcf. The soil moisture contents ranged from
about 8.6 percent to 24.4 percent, These values indicate a range
fron dry to near saturation. Since field explorations were per-

formed during the late fall season as well as in mid-summer, the
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moisture contents probably indicate a range between the extremes

of wetness caused by weather changes with the seasons. The upper
zone of the surficial soils most likely experiences significant

drying during the summer months and reduced moisture contents,

Classification and specific gravity tests were performed by
Dames and Moore and are shown in Tables 7.3, 7.5 and 7.9. The
same tests (including moisture contents) were performed on bulk
samples by the TAC and the results are presented in Tables 7.4,

7.6, 7.7, 7.8, and 7.10,

Strength, consolidation, and permeability properties of in-situ

site soils

Soil permeability values based on two permeability tests were
9.7 x 10'9 centimeters per second and 3.0 x 10'7 centimaters
per second which is relatively low. Tne largest permeability val-
ue was recorded on a sandy silty clay sample taken at a depth of
46.5 feet in Boring B-1l. The soil permeability valuss are given

in Table 7.11.

Consclidation tests were performed by Dames and Moore (D&M)
on two relatively undisturbed samples from Borehole B-2 at depths
of 11.5 and 36.5 feet below grade. These samples had dry densi-

ties of 101 pcf and 102 pcf and soil moisture contants of 22.9 and
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24 percent respectively. The soils tested were low and medium
plasticity silty clay and clay (CL, CH). Tne consolidation test
results, presented in Table 7.12, indicate the site soils are
slightly overconsolidated at depth while, near tne surface they
ar2 highly overconsolidated. The virgin compression index values
were 0,257 to 0.252, as determined using percent consolidation ver-
sus log of pressure graphs. Tne overconsolidation has most likely
been caused by high capillary tension induced by the desiccation
and wetting proc :ss that the near surface soils experience on a pe-

riodic basis.

Soil strengths were determined by D&M using field shear tests
as well as triaxial shear tests performed in the laboratory on se-
lected relatively undisturbed samples. Twenty-two field shear
tests were run at various depths in the 6 D&M borings while 10 tri-
axial shear tests were performed on relatively undisturbed samples
of soils of similar unit weight, moisture content, and classifica-
tion from the same borings. Tne triaxial shear test results are
shown in Tables 7.13 and 7.14. Tne field shear test results are

presented in Table 7.15.

Dispersivity of on-site soils

On-site soils seem to vary in their susceptibility to water
erosion (or dispersivity). Tests performed by D& indicated non-
dispersive soils whila those performed by the TAC indicated highly

dispersive soils. For a more detailed discussion of dispersivity
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and test results see Section 7.6.2, Radon Barrier Materials, under
the subsection entitled Lime Stabilization of On-site Borrow

Soils,

7.4,2 Radon barrier materials

0ff-site borrow soils

In their 1982 investigation of alternate disposal sites, D&M
dug a number of test pits at the Bodo Canyon site (see Figure
2.1). In aadition to being a possible altesrnate disposal site,
they also considered this area as a possible borrow site for radon
barrier (cover) materials. In order to determine the soil types
and properties of these soils, bulk samples were obtained at
depths of 4.0 to 4.5 feet and 11.5 to 12 feet from test pit number
4 (TP-4) and tested in the laboratory. Tne soils from TP-4 were
found to be low plasticity silty clays (Table 7.16) with moisture

contents of 15.9 and 18.0 percent (Table 7.17).

In order to determine how these soils would behave as con-
struction materials, modified Proctor compaction tests were run
and the moisture-density relationships were determined (Table
7.18). Foilowing this, a series of tests were run on remolded sam-
ples to determine their engineering properties at 90 percent of

maximum density as determined by the modified Proctor method.
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The soils from Area E were found to have permeabilities rang-
ing from 1.0 x 10'10 to 1.0 «x 1079 centimeters per second
(Table 7.19). Consolidation tests indicated that these soils have
a virgin compression index of 0.113 and show a preconsolidation
pressure of 43,000 psf (Table 7.20). However, the relatively high
compactive effort needed to attain 90 percent of modified Proctor
maximum density results in a very high preconsolidation pressure,
and thus it should be noted that the post construction settlements
may best be calculated using the lower rebound compression index
since post-construction effective stresses will not exceed the pre-
consolidation pressure (Table 7.20). No strength testing was done

on samples from Area E.

On-site borrow materials

Soils that can possibly be used for radon barrier material ex-
ist on the proposed Bodo Canyon disposal site, As mentioned earli-
er, low to medium plasticity silts and sandy to silty clay soils
underlie the site to depths of as much as 65 feet below the pres-

ent ground surface.

In orger to investigate the feasibility of using these on-
site soils as cover material, both D& and tne TAC utilized bulk
samples from test pits in laboratory testing programs. Test pit
locations are shown on Figure 7.1, [Individual test pit logs are

contained in Appendix C, Lithologic Field Logs.
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D&M tested samples from test pits 10 and 11 (individually and
combined) in order to determine their properties. It was found
that, although the samples from TP-10 and TP-11 were classified as
low plasticity clays, the combined sample was a high plasticity

clay.

The TAC tested remolded bulk samples from three of six TAC
test pits. The soils tested were low plasticity sandy and silty

clays from DUR 03-500, DUR 03-503, and DUR 03-508 (see Table 7.4).

Compaction tests were performed by D&M on a sample from TP-10
as well as a combined sample and the results are presented in
Table 7.21., The results of the compaction tests performed by the

TAC are likewise presented in Table 7.22.

In order to determine the engineering behavior of the on-site
soils, both D&M and the TAC performed a series of similar tests on
recompacted test pit samples. D& tested both individual and com-
bined samples from TP-10 and TP-11 at 90 percent of modified
Proctor maximum density while the TAC tested individual samples
fran test pits DUR 03-500, DUR 03-503, and DUR 03-508 at 95 per-

cent of standard Proctor maximum density.

The TAC remolded permeability tests indicated a wide range in
saturated permeabilities with the highest being 7.7 x 10'6 centi-
meters per second for a low plasticity borderline silt-clay soil

9

(CL-ML) and the lowest being 1.9 x 107" centimeters per second

for a low plasticity clay (Table 7.23).
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However, since research has shown that as the saturation lev-
el of a soil drops below 100 percent the permeability or hydraulic
conductivity tends to decrease, it is therefore necessary to deter-
mine the ursaturated hydraulic conductivity of the site soils.
Since unsaturated hydraulic conductivity tests are very difficult
to perform and the results are not highly reproducible, it was de-
ciged that empirical metnods should be used. Several methods were
considered (SHB, 1984a) and it was determined tnat the Modified
Millington - Quirk method (LBL, 1984) would be used to detzrmine
the unsaturated hydraulic conductivities, The Modified Millington
- Quirk method uses the results of capillary moisture tests and
the saturated permeability of the soil to calculate the unsaturat-
ed hydraulic conductivity at various water contants, Thus, for
this and other uses, the TAC performed capillary moisture tests on
three remolded samples. Tne results of these tests are presented

in Tacle 7.24.

Tne calculated unsaturated hydraulic conductivities varied

fron a low of 4.8 x 107

on/sec for a sample from DUR03-500 at
73 percent saturation to a high, equal to the saturated permeabil-
ity, of 7.8 x 10'3 cm/sec for a sample from DURO3-503 at 100 per-
cent saturation. The calculatead unsaturated hydraulic

conductivity values are presented in Table 7.25.

Consolidation tests performed by D&M showed the virgin com-
pression index to vary between 0.153 and 0.206 with preconsolida-

tion pressures being in excess of 20,000 psf. As has been Deen
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previously noted, these preconsolidation pressures created by
compaction to 90 percent of modified Proctor maximum density will
cause post construction settlements to be in a range best calculat-

ed using the lower rebound compression indexes (Table 7.26).

Consolidation tests run by the TAC on renolded samples from
test pits DUR 03-500 and DUR 03-503 indicate that tne virgin com-
pression index for these low plasticity clays is in the range of
0.107 to 0.233 (Table 7.27) which is in good agreament with the
values obtained by D8M. However, due to the lower compactive ef-
fort required to attain 95 percent of standard Proctor maximum den-
sity, the preconsolidation pressures were as low as 2200 psf,
Thus, if the cover embankment 1is compacted to the same density
specifications as were the TAC test samples, it will not be obvi-
ous whether to use the lower rebound compression index until the

actual cover thicknesses are determined.

Both D&M and the TAC performed unconsolidated - undrained
("Quick" or UU) triaxial shear tests as well as consclidated -
undrained ("Rapid" or CU) triaxial shear tests (with pore pres-
sures monitored) on specimens remolded from test pit bulk samples.
The results of the D&M and TAC UU tests are found in Tables 7.28
and 7.29, respectively, while results of the CU tests are present-

ed in Tables 7.30 and 7.31, respectively.

In reviewing the results of these triaxial shear tes's, two

major differences between the D&M and TAC samples should be noted:
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1. The D&M samples were classified as CH soils while the TAC

samples classified as CL.

2. Tne D&M samples were compacted to 90 percent of modified
Proctor maximum density wnhereas the TAC samples were com-

pacted to 95 percent of standard Proctor maximum density.

Due to the above stated differences, no diract comparison of

the test results is recommended.

The consolidated undrained tests on the TAC samples showed
friction angles of 22.5 and 31.6 degrees with cohesion intercepts
of 300 and 100 psf respectively, Tnese values are considered rep-
resentative of the valuss expected for silty clay soils., Tne D&M
sample exhibited a friction angle of 18 degrees with a cohesion in-
tercept of 2225 psf in the CU test, Tnese values are within the

range of reasonable 2xpacted values for a CH soil,

Tne UU test results indicate that the CL soils tested by TAC
have a lower cohesion value than do the CH soils tested by D&M,
This result is as would be expacted given the differences in sam-

ple preparation and soil type.

Lime stapilization of on-site borrow soils

Soils with a plasticity index greater than 15 have been found

to have a potential for swelling when the water content is caused
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to increase from an existing water content that is below the plas-

tic 1imit of the soil (G.F. Sowers, 1979).

The in-situ soils have plasticity indexes that vary between §
and 33 while having moisture contents at or somewhat below their
plastic limits (Taples 7.8 and 7.4). This means that some of
these foundation soils may have a high potential for swell, espe-
cially if they dry out somewhat and are later saturated. If tnese
same soils are used as cover material and compacted at a moisture
content near optimum there will be at least a moderate poteatial
for swell, especially if the modified Proctor optimum moisture is

specified.

In order to verify the above stated empirical relation, swell
tests were performed by the TAC on a recompacted bulk sample fran
test pit DUR 03-500. These tests indicated that the unconfined
soil may expand up to 1.5 percent or, if confined, will generate
an expansion pressure of about 1700 psf (Appendix D, Laboratory

Test Data, Foundation Soils).

The swell potential of tne on-site soils indicates the need
to treat these soils in order to reduce this potential to a reason-
able level. Past experience has shown that small amounts of lime

blended with a soil prior to recompaction can reduce its swell

potential.
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Therefore, in order to test the effectiveness of lime stabili-
zation of the soils at the Bodo Canyon disposal site, the TAC ran
a series of tests on soils that were mixed with 4 percent Time and
recompacted to 95 percent of standard Proctor maximum density.
Swell tests on these samples mixed with 4 percent lime indicated
that the swell induced by increased moisture content is essential-
ly zero and that swell pressures will thus be very nearly zero

(Appendix 0, Laboratory Test Data, Foundation Soils).

Another important aspect of design is the ability of the co-
ver and foundation soils to resist erosion. Both D& and the TAC
testad various samples to determine whether tne on-sit2 and borrow
soils are dispersive or non-dispersive and thus detzrmine their

ability to resist erosion by flowing water,

D&M performed two pinhole dispersion tests; one on an undis-
turbed sample recovered from a depth of 16.5 feet in borehole 8-2
and a second on a recompacted sample from test pit TP-4 in area D.
Both of these soils were found to be nondispersive (Table 7.32).
The TAC performed three different tests on remolded samples from
test pit DUR 03-503. A1l three tests (Double Hydrometer, Pinnole
test, and Crumb test) indicated that this soil is highly disper-

sive (Table 7.33) and thus easily eroded by water,

The addition of lime to a soil will tend to reduce its disper-
sion or erosion potential, To determine the effect of lime treat-
ment on the on-site soils, the TAC performed dispersion tests on

recompacted samples from the same test pit.
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The test results indicate that the addition of 4 percent lime
to the soil makes it nondispersive (Table 7.34) and thus very re-
sistant to erosion by flowing water, This reduction in
dispersivity is further evidenced by the reduction in the plastic-

ity index of all the samples (Table 7.35).

Compaction tests on lime treated samples showed a decrease in
maximum density and an increase in optimum moisture in every case
(Table 7.35). A triaxial back pressure saturated permeability
test on a lime trecatzd sample from test pit DUR 03-508 showed a
permeability of 1.7 x 10'6 centimatars per second indicating an
increase in permeability in the lime treated soil sample of aimost
2 orders of magnitude over tne untreated sample (Table 3.35).
Capillary moisture tests were also performed on the lime treated

soils and the results of these tests are presented in Table 7.36.

site radon barrier borrow materials

Since a maximum average flux of 20 pCi/mzs for ragon emanat-
ing from the stabilized tailings has been set forth as a guideline
by EPA, it is necessary to determine the thickness of cover materi-

als required to meet this standard.

Past experience has shown tnat the most important factors af-

fecting radon flux and thus cover tnickness, excluding the factors
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controlled by tnhe nature of the tailings tner selves, are the cover
moisture content and the radon diffusion coefficient of the cover
material. It has also been found that these factors are interde-
pendent, thus underscoring the important effect the long-term mois-

ture content has on cover thickness design,

Capillary moisture test information, calculations based on
various theoretical approacies to capillary moisture content, and
previous experience were combined to estimate tne probable range
in long-term moisture contents of the on-site cover soils. The es-
timatad long range moisture contents of various soil samples are

presented in Table 7.37.

Once the long-term moisture content of the cover is deter-
mined, it is necessary to test the soil over a range of moisture
contents around the long-term moisture content in order to deter-
mine ti2 expected range of radon diffusion coefficient values.

The results of these tests are summarized in Table 7,38,

As indicated in the above mentioned tables, the long range
moisture content varied between 14 and 23 percent while the radon
diffusion coefficient variead between 1.8 x 10'4 and 2.2 «x 10'2

cmz/s when tested at moisture contents ranging from 6.5 to 21.7

percent,
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N RSN,

7.4.3 Frosion protection materials

Off-site dorrow areas

Two potential quarries for rock resources were located as
shown in Figure 2.1 (Dames and Moorz, 1983b). Laboratory tests,
including Los Angeles abrasion and sodium sulfate soundness, were

performed and tne results are presented in Tables 7.39 and 7.40.

The same tests were performed by the TAC on samples of slag
fron tne Durango processing site, Tne results of these tests are

presented in Table 7.41.

On-site erosion protection materials

There is no significant source of suitable rock located with-

in the site boundaries.

7.5 DATA EVALUATION

The site appears to be seismically stable and the data provided are
sufficient to design the road improvements, define tne appropriate site
preparation program in order to minimize settlement problems, and design
the cover and rock erosion protection as well as determine the approximate

volumes and properties of the materials available for this use.
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7.6

A visugl examin¢tion to determine the presence of coal seam outcrops
and abandoned coal mnes in the Bodo Canyon area should be conducte! by
the TAC to determine the accessibility/exposure of the near surface re-
source (if any) underlying the disposal area. Tne information provided by
the examinaticn would be used to evaluate or design a program to detemmine
the potential for subsidi ice under the disposal area caused by mining or

burning ¢f the cos) resource,

DATA NEEDS

Adaitional laboratory test data on the Bodo Canyon in-situ foundation
suils needs to be sumiarized in order to better understand the behavior of
the pile during and following comstruction, Tne field seismicity studios

need to be summarized ana presented in Apoerdix 8,

Tailings materials need to be sampled and tested in order to confim

values selected for use in design &nalysis,
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Table 7.1 Physical properties of iypical soils in the Bodo Canyon area

—— —_— -

Soil series Textural Saturation Drainage Dry
and symbol Depth class percent class consistency
Falfa 0- 4" Loam 40.2 Well-drained Soft
(R8CD) 4-12" Clay loam 37.2 Hard
12-44" Clay 82.0 Very hard
44-60" Clay 72.9 Very hard
Zyme 0- 3" Clay loam 27.2 Well-drained Soft
(E6CE) 3-16" Clay 73.7 yery hard
Sili 0- 3" Silty clay loam 60.3 Well-drained Slightly hard
(v7C) 3-17 Clay loam 70.2 Very hard
17-39" Clay loam 71.9 Very hard
39-60" Clay loam 64.4 Very hard

—————————————— e A — . A— e o A e et AR e e e, e A R PO e e

Ref. Dames and Moore, 1983b.
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Table 7.2 Chemical properties of soils sampled in the Sodo Canyon area

Seil
Sample series fC
s!”u and umhos Na Ca Mg Se R cu:o, o™ K NJ L4
nmber symbo | Depth pH per om meq/ ! meq/ | meq/1 SAR ppn ppm | (3 ppm pon ppm CEC wNa
1 Falfa 0-4~ 6.7 0.43 0.7 1.4 0.6 0.7 ND (0.04) 0.02 ND (0.2) 1.62 10.0 13.3 4.6 19.5 0.1
(R8CD) 412" 6.5 0.3 0.8 1.9 0.6 0.72 ND (U.04) 0.12 ND (0,2) 1.03 2.6 ND (0.1) 39.6 9.1 0.1
1748~ 7.0 0.3 i3 1.2 0.7 1.10 ND (0.04) 0.32 N0 (0.2) 1.3 1.6 2.7 8.4 3.4 0.3
4460 1.9 0.49 2.4 1.8 0.8 2.10 ND (0.u4) 0.94 NO (0.2) 0.74 3:8 0.5 3u.0 27.% 0.5
2 1 yme 0-3* 6.1 .20 0.5 0.9 0.4 0.62 ND (0.U4) 0.02 N0 (0.2) 1.35 2.2 4.0 29.6 14, N0 (0.1)
{EoCE) 3-16" 6.0 0.19 0.4 0.8 0.5 0.49 ND (0.04) 0.02 ND (0.2) 1.93 2.2 2.7 25 2.2 3
3 Sili 0-3* 6.7 0.63 0.7 2.3 2.5 0.45 ND (0.04) 0.0? ND (0.2) 2.3 18.7 35.5 40.0 24.1 0.1
{vIg) 31 1.5 2.94 4.8 20.0 20.4 1.10 ND (u.04) 0.36 6.1 .79 3.5 4.0 37.4 4.9 0.9
17-39* 7.3 9.09 52.1 180.0 80,2 7.40 NO (0.04) 0.70 8.8 1.38 2.2 6.7 331.8 23.9 5.5
39-60" 1.3 10.50 62.7 18.7 97.4 8.30 ND (0.04) 0.02 8.0 1.8 2.6 5.3 27.4 19.6 5.8
Legend:
FC = flectrical conductivity,
SAR = Sodium ad<orption ratio,
4 = Organic matter
CFC = Cation exchange capacity, in milliequivalents per 100 grams.
NG = Fachange sodium, in mi)l)liequivalents per 100 grams.
meq/1 = Milliequivaleats per liter,
pa = Parts per million,
ND = Not detected at level given in parentheses.
Na, Ca, Mg = Soluble sodium, calcium, magnesium,
Se = Selenium,
B = Borom.
K = Potassiom,
IOJ- Nitrate,
P = Phosphate,

Ref. Dawes and Moore, 15830,



Table 7.3 Atterberg limits test results (D&M)

Boring or Liquid Plastic Plasticity Unified
tast pit Depth limit limit index soil
number (feet) (%) classification

27
44
33
28
30
25
26

B-1

.0
.5
.5
9
5
9
5
9
5
9
29
9
5
0
w9
.0
3
3
.0
oD
5
.0

8-7 .0

Ref. Dames and Moore, 1983b.
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Table 7.4 Atterberg limits test results (TAC)

Depth Liquid Plastic Plasticity Unified

Sample interval limit limit index soil

No. (feet) (%) (%) (PI) (%) classification
DUR-03-500-001 4-8 36 17 19 CL
DUR-03-503-001 1-4 24 19 5 CL-ML
DUR-03-50¢-001 5-8 49 16 33 CL

i ————————— — —— . — ——— e S — v . ————— . . T —— - e

Table 7.5 Gradation test results (D&M)

Boring Depth Percentage passing standard sieve sizes (%)
number (feet) No. 4 No. 8 No. 10 No. 40 No. 10U  No. 200
B-1 46.5 100 99 98 98 96 87

Ref, Dames and Moore, 1983b.
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Table 7.6 Gradation test results (TAC)

——

Percent passing standard sieve sizes (washed)

Depth

Sample interval #4 #3 #16 #30 #50 #100 #200
No. (feet)
DUR-03-500-001 4-8 100 99 98 97 96 94 90
DUR-03-502-001 1-4 —-- 100 93 97 96 96 34
DUR-03-508-001 5-8 100 98 96 95 94 93 90

Table 7.7 Hydrometer test results (TAC)

Percent passing

Depth hydrometer gradation (diameter (mm) or sieve size)
Sample interval —- — - —-

No. (feet) #200 0.037 0.019 0,009 0.005 0.002 0.001
DUR-03-500-001 4-8 90 76 59 49 44 39 36
DUR-03-503-001 1-4 84 58 42 27 24 21 19
DUR-03-508-001 5-8 90 8l 73 64 58 52 47
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Table 7.8 In-situ moisture content (TAC)

Depth interval Unified
Sample number (feet) soil classification Moisture (%)

DUR-03-500-001 4-8 19.0
DUR-03-503-001 1-4 8.6
DUR-03-508-001 5-8 .

Table 7.9 Specific gravity test results (D&M)

Unified
Boring or test Depth soil Specific
pit number (feet) classification gravity

B-2 16.5 CH 2.89
8-2 3 36.5 CL 2.78
TP-10 & TP-11 12.5 & 14.0 CH 2.77

Bgulk samples from test pits 10 and 11 were combined to perform this test.

Ref. Dames and Moore, 1983b.
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Table 7.10 Specific gravity test results (TAC)

Depth Unified
Sample interval soil Specific
Number (feet) classification gravity
DUR-03-500-001 4-8 CL 2.76
DUR-C3-503-001 1-4 CL-ML 2.66
DUR-03-508-001 5-8 CL 2.71

Table 7.11 Permeability test results (D&M)

Boring or Unified Dry Confining

test pit Depth soil Moisture density pressure Permeability
number (feet) classification (%) (pcf) (psf) (cm/sec)
B-1 46.5 CL-ML 20.0 108 4,000 3.0 x 1075
8-1 46.5 CL-ML 20.0 108 8,000 9.7 x 10

Tested samples were relatively undisturbed drive samples.
NOTES: pcf = pounds per cubic foot.

psf = pounds per square foot.

cm/sec = centimeters per second.

Ref. Dames and Moore, 1983b.
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Table 7.12 Consolidation test results

(Dem)

Initial
Bor ing or Soil Imitial dry Final
test pit Depth classi- moisture densily moisture
number (feet) fication %) (pcf) %
" 1.5 o 22.9 102 25.5
3-2* 3.5 o 24.0 101 19.4

*rosted samples were relatively undisturbed drive samples.
Ref. Dames and Moore, 1983b.

Final Preconsolidation Campression Index
dry density pressure L=l NS T
(pcf) (psf) Virgin “Rebound
104 31,000 0.2%7 100
112 4,200 0.232 .45



Table 7.13 Triaxial compression test results (unconsolidated-undrainad) (D&M)

=

=

3

2

a Boring or Dry Stresses at failure (PSF)

-« test pit Depth Soil Moisture density Minor-principal Major-principal Cohesion

2 number (feet) classification (%) (pcf) stress stress (psf)

5 .

.x B-1 26.5 cL 24.3 938 4,000 10,668 3334

o

= 8-l 31.5 cL 16.8 113 4,000 14,306 5653

O

& 8-l 36.5 cL 18.7 107 8,000 10,910 1455
B-1 41.5 cL 21.9 104 12,000 14,148 1074

2 Tested samples were relatively undisturbed drive samples.

Ref. Dases and Moore, 1983b.
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Table 7.14 Triaxial compression test results (consolidated-undrained) (D&M)

-— - — —

_Stresses at failure (psf)

foul Total Effective Effective Effective

Baring or Unified Dry minor - major- minor- major - friction Effective
tast pit Depth soil Moisture densily principal principal principal principal angle cohesion

cumber (feet) class. (%) (pcf) stress stress stress stress (degrees) (psf)
B-5 16.5 CL 19.0 110 5,000 14,480 3,370 12,850
8.2 3.5 L 19.5 110 10,000 21,880 4,170 16,010 30.5 825
8-1 51.5 CL 17.9 113 15,000 29,100 5,640 19,740

B-6 6.0 CL 24.4 104 4,000 9,450 1,480 7,150

B8-6 11.5 CL 22.4 111 8,000 16,150 5,090 13,240 25.0 550
8-2 21.5% CH 8.9 114 12,000 28,140 8,400 24,540

Tested samples were relatively undisturbed drive samples.

Ref. Dames and Moore, 1983b.



Table 7.15 Field shear strength of fine-grained soils? (D&M)

Undrained

Boring Depth UsCs shear strengtn
number (feet) classification (psf)
8-1 21.5 cL 2200°
31.5 cL 30007
36.5 CL 3500
41.5 cL 3500°
51.5 CL 400
61.5 ML 800
B-2 36.5 CL 800
41.5 ML 400
46.5 ML 600
51.0 CL-ML 1200
8-3 11.0 CL-ML 1700
B-5 6.5 CL 1700
9.0 CL 1700
11,5 CL 1800
16.5 CL 1200
21.5 CL 1100
B-6 6.0 CL >2000
11.5 cL >2000
16.5 CL-ML >200U
21.5 CL >2000
26.0 CL-ML 1600
31.5 CL-ML 1400

aApproximate value of undrained shear strength obtained by testing fine-
grained soils with a pocket penetrometaer or Torvane.

bUndrained shear strength determined using Torvane except where noted in
Boring B-1, Undrained shear strengths listed with the symbol “>" preceding the
tabulated value indicate the sample shear strength exceeded the 2000 psf upper
measuring limit of the Torvane.

cUndrained shear strength determined using pocket penetrometer.

Ref. Dames and Moore, 1983b.
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Table 7.16 Atterberg limits test rusults (D&M)

Liquid Plastic Plasticity Unified
Test pit Depth limit limit index soil
numbar (feet) (%) (%) (%) classification
P-4 4-4.5 35 20 15 CL
P-4 11-12.5 38 22 16 CL

Table 7.17 In-situ moisture content

o an—————— A S S A S A P S A S N A A R A W=

Unified
Test pit Depth soil Moisture
nuiiber (feet) classification (%)
TP-4 4,0-4.5 CL 15.9
TP-4 11.5-12 CL 18.0
vl
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Table 7.18 Compaction test results (D&M)

———— - — i ——— .

Max imum
" dry Opt imum
Test pit Depth density moisture
number (feet) (pcf) (%)
TP-4 4.0-4.5 119 12.4
P-4 11,5-12.0 118 14.8

e —————— A —————— . S A - S W T . - — ——p, —  ————— . . o —————— ———. —— .

- — - ——— -

'Conpcction tests were performed on bulk samples.

NOTES:
The compaction tests were performed in accordance with American Society

for Testing and Materials (ASTM) method D1557,
pcf = pounds per cubic foot,

Ref. Dames and Moore, 1983b.

Table 7.19 Permeability test results (D&M)

S T ————————————e e AR IS S SRS et e

Boring or Soil Dry  Confining

test pit Depth classi- Moisture density pressure Permeability
number (feet) fication (%) (pcf) (psf) (em/sec)
-4 11.5-12 €L 19.7 120 1,000 1.0 x 1073
P-4 11.5-12 CL 19.7 120 10,000 1.0 x 10

TR ——————————— e SRSl S kit ettt

t:;;;d samples were bulk samples remolded to approximately 90 percent ASM
0 ’
NOTES:

pef = pounds per cubic foot,

psf = pounds per square foot,

em/sec = centimeters per second,

Ref. Dames and Moore, 1983b,
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Table 7.20 Consolidation test results (DgM)
Initial
Boring or Imitial dry Final Final Preconsolidation Compression [ndex
test pit Deptn Sail moisture density moisture dry density pressure e =
numbe (feet) classification % (pcf) (% (pcf) (psf) Virgin  Rebound
Tw-4 4.0-4.5 L 14.5 116 19.5 115 43,000 0.112 075

Tested materials were Dulk samples remoldea to approximately 90 percent ASTM DiSS7.

Ref. Dames and Moore, 19830.



Table 7.21 Compaction test results (D&M)

Max imum
" dry Optimum
Test pit Depth density moisture
number (feet) (pcf) (%)
TP-10 4.0 120 12.5
10-10 & TP-11° 12.5 & 14.0 113 15.2

;Compaction tests were performed on bulk samples.

Samples from test pits 10 and 11 were combined.
NOTES:
The compaction tests were performed in accordance witn American Society
for Testing and Materials (ASTM) method D1557 (modified Proctor)
pcf = pounds per cubic foot.

Ref., Dames and Moore, 1983b,

Table 7.22 Compacticn test results (TAC)

Depth Max imum Opt imum

interval dry density moisture
Sample number (feet) (pcf) (%)
DUR-03-500-001 4-8 101.7 19.8
DUR-03-503-001 1-4 113.4 12.9
DUR-03-508-001 5-8 100.2 22.0

i ———————— i g e < - S . A < A A A i A A A A e

Note: Compaction tests were performed in accordance with ASTM method 0698 (stan-
dard Proctor).
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Table 7.23 Triaxial backpressure saturated permeability test results? (TaC)

Depth unified Moisture Dry Effective
Sample interval soil content density consol idation Permeability
Number (feet) classification (%) (pcf) pressure (psf) (centimeters/second)
DUR-03-500-0ul a-8 o 21.8 97.5 403 1.8 x 1077
DUR-03-503-001 1-4 cLm 15.0 108.7 03 7.7 x 107
DR -03-508-001A 5-8 o 23.6 95.7 403 2.9x 1078
DR -03-508-0018 5-8 o 27.7 9.9 3000 3.9 x 1072
DUR -03-508-001C 5-8 o 26.7 98.3 6000 1.9 x 1072

drests performed on samples that were compacted to 95% of standard Proctor maximum density,

T e
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Table 7.24 Capillary moisture test results (TAC)

Depth
Sllple‘ interval
number (feet)

Moisture Dry Water retention (%)

content density Capillary tension (bars):
(%) (pcf) 2 4 7 10

DURO3-500-001 4-8
DURU3-503-001 1-4
DURU3-508-001 5-8

20.8 97.6 22.4 21.7 20.9 20.2 19.9
14.9 108.2 16.2 15.8 15.3 15.0 14.8
24.1 9.7 26.3 25.2 24.6 24.0 23.6

aTests performed on samples

remolded to 95 percent of standard Proctor maximum density.
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Table 7.25 Calculated values of unsaturated hydraulic conductivity for recompacted site soils

Sample Depth Unified soil Dry density Saturation Unsaturated hydraulic

number (feet) classification (pcf) (%) conductivity (cm/sec)

DURD3-500-001 a-8 e 97.6 100 1.8 x 107,
97 2.3 x 1079
94 3.6 x 10_;,
91 8.9 x 107},
88 1.9 x 1077
85 4.3 x 1075
82 6.6 x 107,35
79 8.9 x 10_13
76 1.9 x 107 ¢
73 4.3 x 10

0UR03-503-001 1-4 cL-ML 108.2 100 7.3x 1073
47 6.8 x 107,
94 9.6 x 10 5
92 3.5 x 107¢
89 8.6 x 107¢
86 1.6 x 1075
83 1.9 x 107g
81 1.6 x 10 9
78 1.3 x 10:9
75 5.3 x 10

DUR03-508-001 5-8 o 95.7 100 2.7 x 1073
93 1.8 x 10_10
96 4.6 x 107,
94 1.8 x 10_u
93 6.8 x 107})
91 1.8 x 107},
59 3.9 x 10_13
87 5.4 x 1073
85 1.4 x lo-u
83 1.4 x 10
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Tabie 7.26 Comsolidation test resaits (DEM)

Initial
Boring or Tartial dry Final Fmal Preconsalidation
test pat Jepth Soil moisture density moisture dry density pressure _ Compression index
numder (feet) classification (% (pct) %3] (pcf) (psf) Virgin ‘Rebound

w-1? &0 o 1.8 11 17.5 18 20,000 0.20 035
w-1*® 12.5

s s ™ 16.4 114 21.6 12 35,000 0.153 080
-1l 14.0

o ————— et e - o . . S " S . S A O — . S ————— —— . . —— . < —— ——— . ——————— e —— = R——— ————— i — — . . —— . S———

:textn welteorials were bulk sampi=s remolded to approximately 90 percent of modified Proctor maximum density.
Bulk samples from test ¢ivs U and 11 were combined to perform this test.

Ret . Dames and Moore, 19830,
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Table 7.27 Consolidation test results (TAC)

Unif ied Imitial Final
Depth soil Imitial dry Final ary Preconsolidation ,
Swle. interval classifi- moisture density moisture densily pressure — . K W
number (feet) catien (%) (pcf) (8 %) (pcf) (psf) virgin Rebound
DUR -¢3-500-001% 4-8 CL 21.7 97.4 19.7 111.3 2200 233 .030
OuR -03-503-001 1-4 CL 15.0 106.9 19.5 107.8 8000 o7 01l

- . 4 - —— . - S —— —— - — - - - —— o o o — . o —— o ———— T ——— - —. T — — — ———— ——— ————————————. —— - -

canples tested were remolded to approximately 95 percent of standard Proctor maximum density.
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Table 7.28 Triaxial compression test results (uncon<olidated-undrained) (D&M)

Stresses at failure (PSF)

Bor ing or Ory

test pit Depth Soil Moisture density Minor -principal Major -principal Cohesion
number (feet) classification (%) (pcf) stress stress (psf)

TP-10 & 11 12.5-14.0 CH 19.5 110 2,000 15,790 6895

Tw-10 & 11 12.5-14.0 CH 18.1 110 4,000 19,996 7998

™w-1o & 11 12.5-14.0 CH 16.9 119 8,000 33,240 12,620

™w-io & 11 12.5-14.0 CH 16.1 110 12,000 36,668 12,334

Tested bulk sampies were remolded to approximately 90% of standard Proctor maximum density bulk samples fram test pits 10 and
11 were combined to perform this test.

Ref. Dames and Moore, 1983b.
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Table 7.29 Triaxial Compression [2st Results {unconsolidated - undrained)? (TAC)

Depth Unified Dry __Stresses at failure (psf)
Saple interval soil Moisture deasity “Total minor Tota! major Cohes ion
aumber (feet) classification 4 & (pcf) principal stress principal stress (psf)

DRU3-508-0ul 5-8 (23 23.2 9.7 1000 4760 1880
MR 3-508-001 $-8 L 23.4 9.1 3000 1720 2360
DRU3-308-001 5-8 L 23.0 9.2 6000 10830 2415

SSanpies tested were remolded to approximately 95% of standard Proctor maximum density.
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Table 7.3 Triaxial compression test resuits (comsolidated-undrained) (O8M)

Stresses at failure (psf)

Total Total Effective Effective Effective
Bor ing or Unifred Dry minor - major- minor - ®a jor- friction Effective
test pii Deyth satl Moisture density principal prircipal principa priacipa angle cohesion
namOer (feet) class. s 8 (pcf) stress stress stress stress (degrees) (psf)
w-10 8 il 1258 14 o) 23.5 w7 4,000 7.9% 10 4. 410
w-k sl 1258 14 ] 2.8 lu8 8,000 15,7% 4,620 12,3% 18.0 2225
P-les il LZSs s n 21.2 109 12,000 22,850 6,930 17,380

———— . — o ——_————,. . < .~ T————— . —. —— <. S, o 2 — - ——. s

——— - ———

Suit samples fram test pits 10 and 1l were combined 1o perform tnis test, tested Dulk sample was remolded to approximately 90 percent ASTM DISS?
Sef. Dames and Moore, 19835,
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Table 7.31 Trian.3! compression test results (comsolidated - .&abmﬂ‘ﬂ&)

sfmug?:_t failure (4% st’nh) fpsf)

Efrective Effectiee Effective

Jeptn uni fied Dry Total minor- Tota! sajor- miaor - jor - friction Effective
Sawle interval satl Moistyre densily principal principal principal priscipal angle cohesion .
et (feet) class. (8 3] (pct) stress stress stress s.ress (degrees) tosf) .
—-_ —_— - -— I
URUi-500-0ui 8- a 2.0 7.8 1000 2180 1580 400
DFul wv-l -8 a 2.3 9.8 3000 5430 3380 1800 22.% 00
HRMO3I-0-W1 &-8 a 22.4 9.6 o000 10270 7160 28%0
BRO3-23-wl 14 (24 15.0 107.5 994 2366 S04 1876
DRII-Sui-ul 1-¢ (=} 5.0 107.8 29% 51 1166 3945 il.e w0
ouRUi-u3-l 14 a 15.0 109.1 5004 13399 319 10592

——

— o e

.S.‘CS tested were remclded to approximately 95 percent of stamdard Proctor maximum densitly.
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