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INTRODUCTION

AECOM prepared this technical memorandum in support of the design for the removal of the Iron Gate Dam and J.C. Boyle
Dam, which are located on the Klamath River in northern California and southern Oregon, respectively. The purpose of this
technical memorandum is to review existing geotechnical data related to the Iron Gate and J.C. Boyle embankments,
characterize the materials in the embankments, and evaluate the stability of the upstream slopes of the embankments under
various conditions of rapid drawdown of the reservoirs prior to dam removal.

Iron Gate Dam is a 189-foot high zoned earthfill embankment, as measured from the crest to the rock foundation. The crest
of the dam is at El. 2343 feet. The crest of the dam is 20 feet wide, and the dam is approximately 740 feet long. The
embankment upstream slopes are 2:1 (H:V) above El. 2328 feet, 2.5:1 from EIl. 2328 feet to 2300 feet, and 3H:1V below El.
2300 feet. The downstream slopes are 1.75:1 above El. 2323 feet and 2:1 below El. 2323 feet. The dam also features a 29-
foot wide bench and a 10-foot wide bench at El. 2275 feet on the upstream side and downstream side, respectively. The dam
consists of a central impervious clay core, an upstream and a downstream compacted pervious shell with filter zones and a
downstream drain. A 10-foot thick layer of riprap protects the upstream slope of the dam against erosion. A 5-foot thick riprap
layer is present on the downstream slope. In 2003, the dam crest was raised 5 feet from El. 2338 feet to 2343 feet by over-
steepening the upstream and downstream slopes. To provide additional freeboard, a sheet pile was installed upstream of the
dam centerline that extends five (5) feet above the dam crest to an El. of 2348 feet.

J.C. Boyle Dam consists of two portions: an earthfill embankment on the right side and a concrete spillway and gravity
section on the left side. This technical memorandum evaluates the earthfill embankment portion of the dam. The earthfill
embankment is a 68-foot high zoned earthfill embankment. The crest of the dam is at El. 3800 feet. The crest of the
embankment is 15 feet wide and approximately 413 feet long. The upstream slopes are 2.5:1 (H:V) above El. 3780 feet and
3H:1V below EI. 3780 feet. The downstream slopes are 2.5:1. The downstream slope also includes a 16-foot wide bench at
El. 3768 feet. The internal zoning of the dam consists of a central impervious clay core, an upstream and a downstream
compacted pervious shell consisting of sand and gravels. A filter blanket underlies the downstream shell. Erosion protection
of the upstream slope is provided by a 3-foot thick riprap layer above El. 3680 feet. A 2-foot thick riprap layer below El. 3768
feet protects the downstream slope against erosion due to elevated tailwater.

EXISITNG DATA REVIEW

All elevations in this memorandum are in the original datum unless otherwise indicated.
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A review of existing available pertinent information for Iron Gate Dam and J.C. Boyle Dam were performed as part of this
study to judge whether additional geotechnical investigation would have to be conducted for evaluating the dams for the rapid
drawdown conditions. The reviewed information included design drawings, laboratory testing data for the borrow source
materials, construction history, specifications, previous stability analyses, and post construction subsurface investigation. The
results from the review indicate the followings:

. Representative analysis cross sections can be developed at the maximum section using the design drawings
for both the Iron Gate Dam and the J.C. Boyle Dam.

. A reasonable material characterization of embankment materials, in particular the core and shell materials, can
be developed using the information in the construction history, drawings, and specifications for the two dams.
The source of materials, loose lift thickness and compaction efforts were discussed in those documents
(California Oregon Power Company, 1960a and Unknown Publisher, Unknown Date). The results from a post-
construction subsurface investigation conducted for J.C. Boyle Dam in 1994 (Black and Veatch, 1998) provide
additional information for shell material characterization.

. Material properties necessary for performing slope stability and seepage analyses can be reasonably
developed using the reviewed information. The reviewed information included laboratory shear strength and
permeability tests conducted on the borrow source materials (California Oregon Power Company, 1960b and
Unknown Date) and previous rapid drawdown analyses performed by others (Bechtel, 1968, Department of
Water Resources, 1986, Black and Veatch, 1998, and PanGEO, 1998) .

The existing information for both dams are deemed sufficient to perform rapid drawdown analyses with targeted sensitivity
analysis to address uncertainties associated with material properties as discussed later in this memorandum.

MATERIAL CHARACTERIZATION

Iron Gate Dam

Iron Gate Dam, which was built in 1961, is a zoned earth and rock fill dam. The dam consists of six (6) main zones: an
upstream pervious shell (Zone ), a downstream pervious shell (Zone Il), a central impervious core (Zone Ill), a transition
(Zone IA) upstream of the core, a downstream chimney two-stage filter (Zone IV and Zone IVA) and drain (Zone V), and a
downstream blanket filter (Zone IV) and drain (Zone V). The analysis section for rapid drawdown stability is the maximum
cross section as shown on Figure 1.

The shell materials mainly consist of locally borrowed, pervious talus rock and gravel placed in 3-foot loose lifts, moisture
conditioned, and compacted with four (4) passes of 72-inch vibratory roller (PanGEO, 2006). The weight of the roller was not
indicated in the documents reviewed. The impervious core mainly consists of high plasticity clay from a local borrow source.
The core material was placed in 8-inch loose lifts and compacted to not less than 95% of the maximum dry density as
determined by ASTM D698 (California Oregon Power Company , 1960a and PanGEQO, 2006). The upstream transition zone
consists of graded talus rock and is approximately 20 feet in thickness. The downstream chimney and blanket filters consist
of fine sand to gravel and were constructed in three (3) vertical layers (California Oregon Power Company, 1960a). Based on
the design drawings, the thicknesses of the chimney and blanket filters are 20 feet and 5 feet, respectively. The downstream
chimney and blanket drains consist of selected talus, gravel, or other excavations that is essentially free of materials smaller
than the #100 sieve (California Oregon Power Company, 1960a). The dam was founded on basalt that is generally hard,
blocky, heavily jointed, and moderately weathered (DSOD, 1986).

Iron Gate Dam Material Properties

The shear strength parameters of shell and core are very important for the rapid drawdown analysis. Shear strength
parameters for the core material were developed mainly based on results from isotropic consolidated undrained triaxial tests
(TX-ICU) conducted on samples obtained from borrow sources during borrow source evaluation (California Oregon Power
Company, 1960b). The results of the triaxial tests are included in Attachment A. However, no laboratory shear strength tests
are available for the shell and other embankment materials. Therefore, shear strength parameters for these materials were
selected based on available information such as the type of construction, parameters used in previous analyses, and
published data (NAVFAC, 1986 and EPRI, 1990). As mentioned above, the shell materials consist of talus rock and gravel,
which were compacted during placement. Based on the published data, the effective friction angle for compacted gravelly

AECOM
2/9



Technical Memorandum — Embankment Stability
Klamath River Renewal Project

materials would be greater than 37 degrees. For this rapid drawdown analysis, the shell materials were conservatively
assigned an effective friction angle of 35 degrees. In addition, transition zone, chimney filter and drain, and blanket filter and
drain were compacted during placement. Therefore, these materials were also assigned an effective friction angle of 35
degrees. The bedrock is modeled as impenetrable in the slope stability model. Table 1 summarizes these engineering
parameters (best estimate parameters) used in the slope stability analyses.

The unit weights for different embankment zones were selected based on the laboratory tests conducted on the samples
collected from proposed borrow areas, compaction test results on samples collected during dam construction, previous
analyses (DWR, 1986 and PanGEO, 2006), and published data (NAVFAC, 1986 and EPRI, 1990).

The permeability values for the core and shell materials were selected based on the results from the falling head permeability
tests performed on samples from the core and shell material borrow sources during borrow source evaluation. The results of
the falling head permeability tests are included in Attachment B. Permeability values of the filter, chimney drain, the blanket
drain, the riprap, and the random fill were estimated based on the characteristics of the materials, published data, and
engineering judgment. The permeability parameters were selected conservatively based on typical ranges (Holtz and
Kovacs, 1981), which is included in Attachment C. Table 1 summarizes permeability parameters used in the seepage
analysis.

Anistropic ratios (kn/ky) typically range from 1 to 4 for uniform soil deposits without significant interbedding or stratification but
can be higher for soil deposits with significant stratification. An anisotropic ratio of 10 for the core is selected considering the
nature of the materials and its placement method. For the shell and random fill, an anisotropic ratio of 2 was selected as
typical anisotropic ratios for similar materials range from 1 to 2. Anisotropic ratio for the filter/drain and riprap is selected to be
1 as the materials are expected to drain freely in both directions.

Table 1. Material Properties Used for the Analyses of Iron Gate Dam

Unit Effective Stress Total Stress Horizontal
Material Weight [ Cohesion, ¢’ Friction Cohesion, ¢ Friction Permeability, Kn/ky
(pcf) (psf) Angle, ¢' (°)*?2 (psf) Angle, ¢ (%) kn (cm/s)™
Core 130 0 22 300 16 1.00E-07 10
Shell 135 0 35 - - 8.00E-03 2
Filter/ Drain/ 35
Transition 135 0 - - 1.00E-02 1
Zones
Riprap 135 0 35 - - 1.00E-02 1
Random Fill 135 0 25 - - 8.00E-03 2

Note:

1.  The parameter that was used for sensitivity analyses is provided in parenthesis.

2. For compacted sand and gravel materials, the friction ang;les are typically greater than 34 degrees (NAVFAC, 1986 and EPRI, 1990).
3. For clean coarse materials, permeability ranges from 10™ cm/s to 1 cm/s per Holtz and Kovacs (1981).

J.C. Boyle Dam

The earthfill embankment of the J.C. Boyle Dam is a zoned earth fill dam built in 1958. The dam consists of two (2) major
zones: a central impervious clay core (Zone 1) and the upstream and downstream pervious shells (Zone 2). A filter blanket
with thickness of 12 inches was placed between the Zone 2 materials and its foundation for the whole downstream area. An
18-inch thick gravel drain zone was also installed over part of the downstream foundation. A waste rock fill was placed at the
downstream toe of the dam. Ripraps are placed on both the upstream and downstream sides of the dam. For analysis
purpose, the gravel drain is modeled as part of the filter blanket. The rapid drawdown analyses were performed on maximum
cross section of J.C. Boyle Dam, which is shown on Figure 2.

AECOM
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The impervious clay core is constructed of selected clay materials, which are described as rust colored sandy clay with some
pea gravel. The shell materials were constructed of a mixture of well graded gravel with sand and well graded sand. Based
on the specifications, the embankment materials were to be constructed in 8-inch loose lift and compacted with a minimum of
twelve (12) passes of sheepfoot rollers to obtain a minimum of 95% of the dry density which correspond to the optimum
moisture content of the materials placed The filter blanket is approximately 12 inches thick and consists of well graded sandy
gravel. The waste rock fill was constructed of gravel placed under water without compaction. Specific information regarding
size and compaction effort is not available for the upstream and downstream ripraps and the gravel drain. The dam is mostly
founded on basalt with the exception of the right abutment, which is founded on satisfactory overburden (Bechtel, 1968).

J.C. Boyle Dam Material Properties

The effective shear strength parameters for the core material are developed based on the results of direct shear tests
performed on samples from core borrow sources during borrow source evaluation. The results show that the effective
friction angle is greater than that of Iron Gate Dam’s core. This is consistent with the material descriptions which suggest that
the core in J.C. Boyle Dam consists of lower plasticity clay and pea gravel. The results of the direct shear test are included in
Attachment D. The total stress shear strength parameters are not available from the direct shear tests. For the purpose of
rapid drawdown slope stability analysis, those parameters were conservatively assumed the same as those of the Iron Gate
Dam core. No laboratory shear strength data are available for the other embankment materials. Previous slope stability
analyses performed by others selected the shear strength parameters based on the SPT blow count data (Black and Veatch,
1998). Review of available data suggests that the shell materials consist of up to 50% of gravel. The shear strength
parameters that were previously selected did not account for the presence of high gravel percentage in the shell material.
Considering the high gravel content, the borrow source, and how the shell material was placed and compacted, for the
purpose of the rapid drawdown analysis a friction angle of 34 degrees (the previous analysis used a friction angle of 37
degrees) was assumed. The strength parameters of the riprap are conservatively assumed to be the same as the shell
materials as the anticipated effect from the riprap on the overall stability performance is not significant due to its relative
thickness to the shell. The bedrock is modeled as impenetrable in the slope stability model. Table 2 summarizes the best
estimate engineering parameters used in slope stability analyses.

As no total strength parameters are available for the core materials, a sensitivity analysis is performed on the strength
parameters for the core materials. Total cohesion of 100 psf and total friction angle of 12 degrees were conservatively
selected considering very soft soil conditions for this sensitivity analysis. This sensitivity analysis also considers a lower
effective friction angle of 19.4 degrees for the core materials, which was selected based on the lowest values from the direct
shear tests. As the core is relatively thin compared to the shell, it is anticipated that reducing the strength parameters for the
core materials will not significantly impact the analysis results. Table 2 includes the engineering parameters used in the
sensitivity analysis in parenthesis.

Compaction tests performed on the samples from the core and shell borrow sources during borrow source evaluation were
used as the basis for unit weight of the materials. The results of the compaction tests are included in Attachment E. The
selection of the unit weight used in the rapid drawdown analysis is based on the compaction test results, published data
(NAVFAC, 1986 and EPRI, 1990), and previous analyses. Table 2 summarizes the unit weights used in the slope stability
analysis.

Falling head permeability tests performed on samples from the core borrow sources during borrow source evaluation were
used as the basis for permeability values of the core material. The results of the permeability test are included in Attachment
F. Permeability values for the shell materials and filter blankets are estimated based on results of the grain size analysis
using the Kozemy-Carmen permeability correlations, characteristics of the materials, published data, and engineering
judgement. The permeability of the riprap is assumed to be the same as the shell materials, whereas the permeability of the
wasterock fill is assumed to be the same as the shell. Table 2 summarizes the best estimate engineering properties used in
the seepage analyses.

Similar to Iron Gate Dam, anisotropic ratios of 10 and 2 are selected for the core and shell materials with the exception of
riprap, respectively. An anisotropic ratio of 1 is selected for the ripraps.

In addition, a set of sensitivity analysis was performed based on typical permeability ranges for gravel and sand materials
(Holtz and Kovacs, 1981). This set of sensitivity analysis conservatively assumes the lower permeability values within the
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typical ranges for the shell, riprap, filter blanket, and waste rock fill. Table 2 includes the engineering parameters used in the
sensitivity analysis in parenthesis.

Table 2. Material Properties Used for the Analyses of J.C. Boyle Dam

Unit Effective Stress Total Stress Horizontal
Material | Weight |~ Cohesion, ¢’ Friction Cohesion, ¢ Friction Permeability, Kn/ky
(peh) (psf) Angle, &' ()"* | (psf)’ Angle, ¢ (*)* kn (cm/s) -
27 300 16
Core 120 0 (19) (100) (12) 1.71E-04 10
6.62E-01
Shell 130 0 34 - - (4.00E-03) 2
Upstream 1.04E-00
Riprap 140 0 34 - - (4.00E-03) L
Downstream 1.04E-00
Riprap 140 0 34 - - (4.00E-03) L
. 1.04E-00
Filter Blanket 125 0 35 - - (4.00E-03) 2
Waste Rock 6.62E-01
Fill 145 0 40 - - (4.00E-03) 2

Note:

1.  The parameter that was used for sensitivity analyses is provided in parenthesis.

2. For compacted sand and gravel materials, the friction angles are typically greater than 34 degrees (NAVFAC, 1986 and EPRI, 1990).
3. For clean coarse materials, permeability ranges from 10 cm/s to 1 cm/s per Holtz and Kovacs (1981).

PREVIOUS SLOPE STABILITY ANALYSIS PERFORMED BY OTHERS

Iron Gate Dam

After the construction of the Iron Gate dam, stability analyses of the dam were originally performed by the Division of Safety
of Dams (DSOD) in 1962 (DWR, 1986). The slope stability analyses were performed for static, rapid drawdown, and pseudo-
static loading conditions with assumed effective friction angles of 30 and 17 degrees with no cohesion for the shell and core,
respectively. A minimum factor of safety of 1.67 was calculated for the rapid drawdown conditions. Bechtel Corporation
analyzed stability of the embankment in 1968 using effective friction angles of 35 degrees for the shell and 22 degrees for the
core. The rapid drawdown analysis performed as part of Bechtel's analyses calculated a minimum factor of safety of 1.99
(DWR, 1986). In 1986, DSOD reanalyzed the dam by assigning an effective friction angle of 35 degrees for the shell zones
and drained zones, and calculated a minimum factor of safety of 2.00 for rapid drawdown. These stability evaluations were
then updated in 1995 and 2004 to account for the then planned dam raises (Section 8 of STID, 2015). The existing dam
incorporates the sheet-pile raised crest, and has an effective crest elevation of 2348.0 feet.

As the latest stability analysis, PanGEO performed the preliminary assessment of the stability of upstream slope under rapid
drawdown conditions and presented the results in a technical memorandum (PanGEO, 2008).

J.C. Boyle Dam

Based on available information, two (2) rapid drawdown analyses were performed in 1968 and 1996 (Bechtel, 1968 and
Black and Veatch, 1996). The 1968 analysis assumed a very conservative strength for the shell materials, in which the shear
strength of the shell materials was assumed to be the same as the shear strength of the core materials (effective friction
angle of 26 degrees). The phreatic surface used in the analysis was derived by a flow net analysis, which considered partial
pore dissipation within the shell materials. The rapid drawdown analysis resulted in a factor of safety of 1.03. In 1994, three
(3) borings were drilled on the downstream side of the dam to collect additional subsurface information for better material
characterization for the shell materials. Based on the results of this subsurface investigation, the 1996 analysis assumed a
higher shear strength for the shell material (effective friction angle of 37 degrees). No additional seepage analysis was
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performed, and the phreatic surface from the 1968 analysis was assumed in the 1996 analysis. The rapid drawdown analysis
resulted in a factor of 1.88.

CURRENT RAPID DRAWDOWN ANALYSIS

Sudden or rapid drawdown is the most critical condition controlling the lowering of the reservoir prior to dam removal
because deep slides in the upstream slope of the dam during the drawdown could lead to dam failure. Rapid drawdown
reduces the total stress on the upstream face and lowers the head driving seepage through the embankment. The shear
stresses within the upstream slope increase which may lead to instability. In principle, the stability of the upstream slope can
be evaluated using either total stress (undrained) or effective stress (drained) strength parameters. The rapid drawdown
analysis approach used for this Project involves the following steps:

1. Develop analysis sections and material properties,

2.  Establish a base case by performing conventional rapid drawdown stability analysis under instantaneous
drawdown for two scenarios that provide the upper and lower bound for stability of the dams during rapid
drawdown:

a. The first scenario (least conservative bound) assumes full pore pressure dissipation within the
pervious shell after drawdown from the steady state condition.

b. The second scenario (most conservative bound) assumes no pore pressure dissipation within the
pervious shell from after drawdown from the steady state condition.

3. Perform transient drawdown analysis for various drawdown rates:

a. Seepage analysis to determine the location of the phreatic surface at different time steps during
reservoir drawdown

b.  Slope stability analysis for each corresponding phreatic surface during reservoir drawdown.

4.  Additional sensitivity analyses, if needed.

SEEP/W (Geo-Studio, 2016) presents a method for using uncoupled transient seepage analysis along with limit equilibrium
to evaluate the stability of slopes affected by changing hydraulic boundary conditions such as the conditions during rapid
drawdown. The latest version of the USBR Embankment Dam design standards (2011) recommends using the effective
stress approach with pore pressures from uncoupled transient seepage analysis to analyze stability following rapid
drawdown. For these reasons, a transient analysis was considered as listed above. Because the shells of the dams are
constructed of pervious materials rapid drawdown of the reservoir level behind the dams will result in concurrent (but slower)
lowering of the phreatic surface (groundwater level) in the upstream shell of the dams. To account for this, transient seepage
analyses are required. The computer programs SEEP/W and SLOPE/W (Geo-Studio, 2016) were utilized for the seepage
and slope stability. SEEP/W is a two-dimensional, finite element analysis software program that has the capability to analyze
both steady-state and transient seepage conditions. Slope/W is used to perform limit equilibrium slope stability analyses.
Slope/W uses the phreatic surface developed in SEEP/W as input to the stability analysis. The limit equilibrium slope stability
calculations use Spencer’s method, which satisfies both moment and force equilibrium simultaneously.

Acceptance Criterion

According to the Engineering Manual (EM-110-2-1902) of United States Army Corps of Engineers (USACE), the factor of
safety for the rapid drawdown analyses of the upstream slope of the dam should be greater than the range of 1.1 to 1.3.
Given, the importance of safety to both workers on site and the public downstream of the dams, the minimum rapid
drawdown factor of safety for transient seepage analyses is selected to be 1.3.

Analysis Results

Rapid drawdown slope stability analyses were performed to calculate the minimum factors of safety for the following five (5)
scenarios as described below:

AECOM
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1.

3.
4.
5.

Instantaneous drawdown from steady state condition with full pore pressure dissipation in the shell
materials (least conservative bound).

Instantaneous drawdown from steady state condition with no pore pressure dissipation in the shell
materials (most conservative bound).

Slow drawdown rate (3 ft/day for Iron Gate Dam and 2 ft/day for J.C. Boyle Dam)
Intermediate drawdown rate (6 ft/day for Iron Gate Dam and 5 ft/day for J.C. Boyle Dam)

Rapid drawdown rate (10 ft/day for Iron Gate Dam and 10 ft/day for J.C. Boyle Dam)

For Iron Gate Dam, the reservoir was drawn down from El. 2328 feet to El. 2202 feet. For J.C. Boyle Dam, the reservoir was
drawn down from El. 3793 feet to El. 3762 feet. The results of the rapid drawdown slope stability analyses for Iron Gate Dam

are summarized in Table 3. Table 3 also includes the results of the sensitivity analyses, which consider the potential lower

bound strength for the shell materials. The results of rapid drawdown slope stability analyses for J.C. Boyle Dam are
summarized in Table 4. Table 4 also includes the results of the sensitivity analyses, which consider the lower bounds for both
the core strength and the shell permeability. The analysis results for the best estimate parameters are also shown on Figures
3 through 7 for Iron Gate Dam, and on Figures 8 through 12 for J.C. Boyle Dam. It should be noted that the plotted phreatic
surfaces shown on the figures for the transient rapid drawdown analyses correspond to the phreatic surfaces at the specific
time when the calculated factors of safety are minimum.

Table 3. Rapid Drawdown Slope Stability Analysis Results for Iron Gate Dam

Factors of Safety for
Scenario Best Estimate Parameters
Mid-Slope Full-Slope

Instantaneous drawdown, full pore pressure
dissipation 191 2.02
Instantaneous drawdown, no pore pressure
dissipation within upstream shell 1.42 1.46
Slow drawdown rate (3 ft/day) 1.51 1.77
Intermediate drawdown rate (6 ft/day) 1.49 1.74
Rapid drawdown rate (10 ft/day) 1.48 1.70

Table 4. Rapid Drawdown Slope Stability Analysis Results for J.C. Boyle Dam

Factor of Safety for Best Estimate Factor of Saf_ety from S_ensmwty
) for Core Strength Analyses Using Potential Lower
Scenario or 9 Bound Strength for Core
Mid-Slope Full-Slope Mid-Slope Full-Slope
1. Instantaneous drawdown, full pore 2.06 1.86 1.97 1.85
pressure dissipation (2.06) (1.86) (1.97) (1.85)
2. Instantaneous drawdown, no pore 1.11 1.18 1.10 1.18
pressure dissipation within upstream shell (1.12) (1.18) (1.10) (1.18)
1.77 1.84 1.70 1.83
3. Slow drawdown rate (2 ft/da
(2 fiday) (1.76) (1.74) (1.70) (1.73)
: 1.78 1.85 1.70 1.83
4. Intermediate drawdown rate (5 ft/da;
(> fiday) (1.76) (1.66) (1.69) (1.66)
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1.78 1.85 1.75 1.82
(1.72) (1.61) (1.69) (1.61)

Note: The values in parenthesis refer to the results of the sensitivity analysis using the lower permeability for the shell materials.

5. Rapid drawdown rate (10 ft/day)

Conclusions

Rapid drawdown analysis results for the Iron Gate Dam and J.C. Boyle Dam indicate that the calculated factors of safety are
greater than the selected minimum factor of safety of 1.3 for all cases analyzed except some cases instantaneous drawdown
without any pore pressure dissipations for the J.C. Boyle Dam. However, in these cases, the minimum factors of safety are
still within the range recommended by USACE. In addition, it should be noted that these cases conservatively assume no
pore pressure dissipation within the upstream shell. Based on the analyses, reservoir drawdown could be as high as 10
feet/day. However, we recommend that reservoir drawdown be 5 feet/day, except as noted for J,C. Boyle Dam below.

It is our understanding that the demolition of J.C. Boyle Dam includes removal of concrete stoplogs within two diversion
culverts. The removal of the concrete stoplogs (likely by blasting) will result in drawdown of approximately 10 feet for the first
culvert and 8 feet for the second culvert within less than 24 hours. Although we conclude that the J.C. Boyle Dam will perform
satisfactorily under these rapid drawdown conditions, we recommend a hold period of one week be implemented between
removal of the stoplogs from the first culvert until the stoplogs from the second culvert are removed to allow for pore pressure
dissipation.

The analysis results indicated that no slope instability would result during reservoir drawdown. However, there is a potential
for shallow slumping along the upstream embankment slopes due to the potential strength loss of surficial materials during
the drawdown. Therefore, we recommend frequent visual inspection during the reservoir drawdown process. If any shallow
slumping is observed, riprap can be placed to provide additional resistance.

It is recommended that instrumentation should be installed to monitor the upstream slopes during reservoir drawdown for
dam removal. The types of recommended instrumentation include survey monuments, inclinometers, and piezometers. Daily
readings are recommended to closely monitor if there are any unanticipated slope movements or pore pressure
accumulation. It is also recommended that the instrumentation be installed the year prior to reservoir drawdown. The
piezometers would be monitored during reservoir drawdown to confirm that the transient phreatic surfacewithin the upstream
shell of the dam falls as the reservoir elevation drops.

Limitations

AECOM represents that our services were conducted in a manner consistent with the standard of care ordinarily applied as
the state of practice in the profession within the limits prescribed by our client. No other warranties, either expressed or
implied, are included or intended in this technical memorandum.

Background information and other data have been furnished to AECOM by Pacific Corp and/or third parties, which AECOM
has used in preparing this technical memorandum. AECOM has relied on this information as furnished, and is neither
responsible for nor has confirmed the accuracy of this information.

The analyses and results presented in this report are for the current study only and should not be extended or used for any
other purposes.

References
Bechtel Corporation, 1968a. Dam Safety Investigations, Iron Gate Dam Report.
Bechtel Corporation, 1968b. Dam Safety Investigations, J.C. Boyle Dam Report.

Black and Veatch, 1998. J.C. Boyle Development Klamath River Hydroelectric Project FERC Project No. 2082, Safety
Inspection Report.

California Oregon Power Company, 1960a. Specifications for the Construction of the Iron Gate Earth Fill Regulating Dam.

AECOM
8/9



Technical Memorandum — Embankment Stability
Klamath River Renewal Project

California Oregon Power Company, 1960b. Report on Investigation of Locally Available Materials for the Construction of Iron
Gate Earth Fill Regulating Dam.

California Oregon Power Company, Unknown. Big Bend Dam Earthwork Specifications.

Department of Navy, 1986. Foundation and Earth Structures. Design Manual 7.02. Naval Facilities Engineering Command.
Department of Water Resources (DWR), 1986. Iron Gate Dam 91-3 Safety Review Report.

Geo-Slope International Ltd., 2016. Geostudio 2016 Software. Version 8.16.1.13452

Holtz and Kovacs, 1981. An Introduction to Geotechnical Engineering.

Kulhawy and Mayne, 1990. Manual on Estimating Soil Properties for Foundation Design.

PacifiCorp Energy, 2015. J.C. Boyle Development Klamath River Project Supporting Technical Information Document.
PacifiCorp Energy, 2015. Iron Gate Development Klamath River Project Supporting Technical Information Document.

PanGEO, 2006. Preliminary Assessment of Slope Stability, Iron Gate and Copco Dams and Reservoir, Under Rapid
Drawdown.

PanGEO, 2008. Geotechnical Report Klamath River Dam Removal Project.

United States Army Corps of Engineers (USACE), 2003. Engineeing and Design Slope Stability. Engineer Manual 1110-2-
1902.

United States Department of the Interior, 2012. Detailed Plan for Dam Removal — Klamath River Dams.

Unknown Publisher, Unknown Date. Report on Investigation of Locally Available Materials for Construction of Big Bend Earth
Fill Diversion Dam by Unknown

AECOM
9/9



Technical Memorandum - Embankment Stability
Klamath River Renewal Project

Figures

June 2018



ELEVATION, feet (NAVD 88)

2500

2450

2400

2350

WSE = 2328 FT \~
2300

RIPRAP

2250

RANDOM  FILL
2200

2150

ROCK

2100

2050

2000

1950

1900 T T T T T T T T T T T T T
-600 —600 —500 —400 —300 —200 —100 0 100 200 300 400 500 600 700

DISTANCE, feet

DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\lron Gate\Figures\Figure 3.dwg

PLOT BY: BENJAMIN.CHOY — Aug 09, 2017 — 1:55:54pm

PROJECT NUMBER PREPARED BY

60537920 KANAX KANAGALINGAM FIGURE

KLAMATH RIVER DAM REMOVAL ANALYSIS MODEL GEOMETRY 1

REVISION CHECKED BY [RON GATE DAM

0 BENJAMIN CHOY




am

10:18:21

2017 —

3840

DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\JC Boyle\Figures\Figure 4.dwgq

PLOT BY: BENJAMIN.CHOY — Sep 11,

0

KANAX KANAGALINGAM

3820 1
UPSTREAM RIPRAP
3800 \
WSE = 238 T ~7
3780 DOWNSTREAM RIPRAP
SHELL ABOVE EL 3768 FT SHELL ABOVE EL 3768 FT
3760 4 FILTER BLANKET
SHELL BELOW EL 3768 FT SHELL BELOW EL 3768 FT
3740 -
[s0)
[ve)
[mm}
>
<C
£ 3720
z
2 3700
= BEDROCK
3680 1
3660 -
3640 1
| [N A N IR A S N I
~250 —400 ~100 0 200 300 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED BY GURE
60537920 BENJAMIN CHQY
ANALYSIS MODEL GEOMETRY
— CHECKED BY KLAMATH RIVER DAM REMOVAL IC BOYLE DAM )




2500
2450

2400

MID-SLOPE: FS = 1.91 FILTER DRAIN
2350 A

WSE

. _ FILTER DRAIN /‘
2300 FULL SLOPE: FS = 2.02 . -
)'

RIPRAP r
2250

2328 FT

I<

>
J/

DRAWING: K:\400-Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\lron Gate\Figures\Figure 5.dwg

PLOT BY: BENJAMIN.CHOY — Sep 07, 2017 — 2:12:23pm

B SHELL CORE ‘ SHELL
% 9900 DRAWN DOWN WSE = 2202 FT Z ?NDOM FiLL
\ .
§ 2150 -
= 2100 - ROCK
2050 4
2000 H
1950
1900 T T T T T T T T T T T T T
—600 —600 —500 —400 —300 —200 —100 0 100 200 300 400 500 600 700
DISTANCE, feet
ooz o KonaCHNGAY RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
KLAMATH RIVER DAM REMOVAL IRON" GATE DAM 3
REVISION CHECKED BY INSTANTANEOUS DRAWDOWN SCENARIO
0 BENAY CHOY FULL PORE PRESSURE DISSIPATION




ELEVATION, feet (NAVD 88)

2500

2450

2400

2350

WSE

2328 FT

MID=SLOPE: FS = 142~

2300

2250

2200 A

| DRAWN DOWN_WSE

2202 FT

I<

1<

FULL SLOPE: FS = 1.46~

RIPRAP

2150

2100

2050

RANDOM FILL

ROCK

2000

1950

1900

-600

T
—600

T T T
—500 —400 —300

T
—100

T T T T T
0 100 200 300 400 500 600
DISTANCE, feet

700

DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\lron Gate\Figures\Figure 6.dwg

PLOT BY: BENJAMIN.CHOY — Sep 07, 2017 — 2:19:24pm

PROJECT NUMBER
60537920

PREPARED BY
KANAX KANAGALINGAM

RAPID DRAWDOWN STABILITY ANALYSIS
IRON GATE DAM

REVISION
0

CHECKED BY
BENJAMIN CHOY

KLAMATH RIVER DAM REMOVAL INSTANTANEQUS DRAWDOWN SCENARIO

NO PORE PRESSURE DISSIPATION

FIGURE

4




ELEVATION, feet (NAVD 88)

2500

2450

2400

MID-SLOPE: FS @ DAY 3

2350

WSE @ DAY 3 = 2319 FT

I<

2300 - FULL SLOPE: FS @ DAY 15 = 177~

WSE @ DAY 15 = 2283 FT

I<

RIPRAP

2250

RANDOM FILL
2200

2150

ROCK

2100

2050

2000

1950

1900 T T T T T T T T T T T T T
-600 —600 —500 —400 —300 —200 —100 0 100 200 300 400 500 600 700

DISTANCE, feet

DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\lron Gate\Figures\Figure 7.dwg

PLOT BY: BENJAMIN.CHOY — Sep 07, 2017 — 2:22:05pm

PROJECT NUMBER PREPARED BY

60537920 KANAX. KANAGALINGAM RAPID DRAWDOWN STABILITY ANALYSIS FIGURE

IRON GATE DAM
SO CHECKED BY KLAMATH RIVER DAM REMOVAL SLOW DRAWDOWN SCENARIO 5

0 BENVAMIN CHOY 3 FT/ DAY DRAWDOWN RATE




ELEVATION, feet (NAVD 88)

2500

2450

2400

2350

WSE @ DAY 3 = 2310 FT

I<

23007 FULL SLOPE: FS @ DAY 9 = 1

WSE @ DAY 9 = 2274 FT

I<

2250

RANDOM FILL
2200

2150

ROCK

2100

2050

2000

1950

1900 T T T T T T T T T T T T T
-600 —600 —500 —400 —300 —200 —100 0 100 200 300 400 500 600 700

DISTANCE, feet

DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\lron Gate\Figures\Figure 8.dwg

PLOT BY: BENJAMIN.CHOY — Sep 07, 2017 — 2:26:05pm

PROJECT NUMBER PREPARED BY

60537920 KANAX. KANAGALINGAM RAPID DRAWDOWN STABILITY ANALYSIS FIGURE

IRON GATE DAM
SO CHECKED BY KLAMATH RIVER DAM REMOVAL SLOW DRAWDOWN SCENARIO 6

0 BENVAMIN CHOY ) FT/ DAY DRAWDOWN RATE




DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\lron Gate\Figures\Figure 9.dwg

PLOT BY: BENJAMIN.CHOY — Sep 07, 2017 — 2:29:50pm

2500
2450
2400 -
MID-SLOPE: FS @ DAY 2 = 1.48
i AN FILTER DRAN
WSE @ DAY 2 = 2308 FT <7 FILTER DRAIN \
23007 FULL SLOPE: FS @ DAY 6 = 1.70~
WSE @ DAY 6 = 2268 FT N~ AN ——
2250 - RIPRAP
3 N SHELL
= RANDOM FILL
< 2200 \
° N\
2
S 2150
s
. ROCK
2050 -
2000 -
1950 -
1900 T T T T T T T T T T T T T
~600 ~600 ~500 —400 ~300 ~200 ~100 0 100 200 300 400 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED 8Y
60537920 KANAX KANAGALINGAM RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
IRON GATE DAM
SO CHECKED BY KLAMATH RIVER DAM REMOVAL SLOW DRAWDOWN SCENARIO 7
0 BENJAMIN CHOY
10 FT/DAY DRAWDOWN RATE




10:26:44am
DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\JC Boyle\Figures\Figure 10.dwg

2017 —

PLOT BY: BENJAMIN.CHOY — Sep 11,

3840

3820 -
UPSTREAM RIPRAP
FULL SLOPE: FS = 1.86 — SLOPE: FS = 2.0¢
MID-SLOPE: FS = 2.06
3800 - ) N
WSE = 3793 FT /7
3780 - DOWNSTREAM RIPRAP
SHELL ABOVE EL 3768 FT \ SHELL ABOVE EL 3768 FT
DRAWN DOWN WSE = 3762 FT X~/ ’
3760 - FILTER BLANKET
\
SHELL BELOW EL 3768 FT SHELL BELOW EL 3768 FT WASTE ROCK FILL
_. 3740
[co]
[ve]
a
= ,
< 3720 4 /
2
S 3700
=
3680 -
3660 -
3640
3620 T T T T T T T T T T
~250 ~600 ~500 400 ~200 ~100 0 200 300 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED 8Y
60537920 BENAMIN CHOY RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
JC BOYLE DAM
KLAMATH RIVER DAM REMOVAL
REVISION CHECKED BY INSTANTANEQUS DRAWDOWN SCENARIO 8
’ AN IAGALIAY FULL PORE PRESSURE DISSIPATION




3840

DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\JC Boyle\Figures\Figure 11.dwg

PLOT BY: BENJAMIN.CHOY — Sep 12, 2017 — 4:29:57pm

3820
UPSTREAM RIPRAP
FULL SLOPE: FS = 1.18 ~ MID-SLOPE: FS = 1.11—
3800
=393 1 7
3780 DOWNSTREAM RIPRAP
SHELL ABOVE EL 3768 FT \ SHELL ABOVE EL 3768 FT
DRAWN DOWN WSE = 3762 FT <7 ~ ‘\
3760 - = \ FILTER BLANKET
" SHELL BELOW EL 3768 FT SHELL BELOW EL 3768 FT
WASTE ROCK FILL
. 3740
[co]
[ve]
a
Z i
< 3720 4 /
g
S 3700
=
3680
3660 -
3640
3620 T T T T T T T T T
~250 ~500 ~400 ~200 ~100 0 200 300 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED BY
60537920 BENAMIN CHOY RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
JC BOYLE DAM
KLAMATH RIVER DAM REMOVAL
REVISION CHECKED BY INSTANTANEQUS DRAWDOWN SCENARIO S
0 KANAX  KANAGALINGAM
NO PORE PRESSURE DISSIPATION




10:47:21am

2017 —
DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\JC Boyle\Figures\Figure 12.dwg

PLOT BY: BENJAMIN.CHOY — Sep 11,

3840
3820
MD-SLOPE: F§ © DAY 4 = 1.77 —_  UPSTREAM RIPRAP
<500 FULL SLOPE: FS @ DAY 11 = 1.86 ~
WSE @ DAY 4 = 3785 FT <7 ; .
37807 DOWNSTREAM RIPRAP
WSE @ DAY 11 = 3771 [T ~7 . SHELL ABOVE EL 3768 FT
_— \ ~ Iﬁii""f — .
— \ FILTER BLANKET
VSVHELL BELOW EL 3768 FT SHELL BELOW EL 3768 FT
WASTE ROCK FILL
. 3740 -
=]
[se]
a
s ,
< 3720 /
Z
S 3700 -
s
3680 -
3660 -
3640
3620 T T T T T T T T T T
~250 ~600 ~500 ~400 —200 ~100 0 200 300 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED BY
60537920 BENAMIN CHOY RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
JC BOYLE DAM
EVSION CHECKED BY KLAMATH RIVER DAM REMOVAL SLOW DRAWDOWN SCENARIO 10
0 KANAX KANAGALINGAN
2 FT/DAY DRAWDOWN RATE




10:53:07am
DRAWING: K:\400—Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\JC Boyle\Figures\Figure 13.dwg

2017 —

PLOT BY: BENJAMIN.CHOY — Sep 11,

3840

0

KANAX  KANAGALINGAM

5 FT/DAY DRAWDOWN RATE

3820
MID-SLOPE: FS @ DAY 1 = 1.78 — UPSTREAM RIPRAP
3800 - FULL SLOPE: FS @ DAY 5 = 185
WSE @ DAY 1 = 3788 FT <7 \
97807 >~ \ DOWNSTREAM RIPRAP
" SHELL ABOVE €L 3768 FT \
WSE @ DAY 5 = 3768 FT <7 \
5760 \\ FILTER BLANKET
—SHELL BELOW EL 3768 FT SHELL BELOW EL 3768 FT
WASTE ROCK FILL
. 37401
oo
[co)
a
= y
< 3720 4 /
2
S 3700 -
=
3680
3660 -
3640 -
3620 T T T T T T T T T T
250 ~600 500 400 ~200 ~100 0 200 300 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED BY
60537920 BENAMIN CHOY RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
JC BOYLE DAM
KLAMATH RIVER DAM REMOVAL 2o}
REVISION CHECKED BY SLOW DRAWDOWN SCENARIO




10:59:18am

2017 —

PLOT BY: BENJAMIN.CHOY — Sep 11,

DRAWING: K:\400-Technical\430 Engineering\3.2 Tech Assess\5. Embank Stability\JC Boyle\Figures\Figure 14.dwg

3840

3820 |
UPSTREAM RIPRAP
FULL SLOPE: FS @ DAY 2 = 1.85~_ \i0_SLOPE: FS ® DAY | = 1.78
3300 |
WSE @ DAY 1 = 3783 FT ~~
3780 - - :
WE@DAY 2 = SIS FT S7 HELL-ABOVE EL 3 ] SHELL ABOVE EL 3768 FT DOWNSTREAM: RIPRA
3760 - \ FILTER BLANKET
SHELL BELOW EL 3768 FT SHELL BELOW EL 3768 FT
WASTE ROCK FILL
3740 1
[+ @)
[ve)
o
=
< 3720 /
®
3
Z
2 37001
>
=
Lt
3680 -|
3660
3640
3620 \ \ \ \ \ T T \ T \
-250 ~600 ~500 ~400 -200 ~100 0 200 300 500 600 700
DISTANCE, feet
PROJECT NUMBER PREPARED BY
60537920 BENJAMIN CHOY RAPID DRAWDOWN STABILITY ANALYSIS FIGURE
JC BOYLE DAM
KLAMATH RIVER DAM REMOVAL 12
REVISION CHECKED BY SLOW DRAWDOWN SCENARIO
0 KANAX  KANAGALINGAM
10 FT/DAY DRAWDOWN RATE




Technical Memorandum - Embankment Stability
Klamath River Renewal Project

Attachment A Triaxial Test Results

June 2018



(BE A. BEANES, NG

£46 7% 8L 8070 8e €

LAERE

Aetadlurgieis

Bpectrographers

Soiis and Foundatinng
Conauliing - Tasting - Insgecting

May 11, 1960

1200 SANSOHME STREEY « SAN FRANCISCD 11 CALIFORNIA » [ABRGOR 7 7444

File No. 1732.1
Lab. No. 46938

Mr. W. L. Warren

Ageisrant Chief Eangineer

The California Oregon Power Compsny
216 West Main Street

Medford, Oregon

Re: 1Iron Gate Daae
Soil Semples

Dear Sir:

Enclosed are the findings from tests performed on goil
eamples marked Hole No. 1, which ig the only sample for which
all teets are complete. Tests of remeining samp?ea are in
various stages of completion.

Ae yeu may recall from vour recent visit, there appeares
to be a possibility that sampleg from Holeg 2 and 3 had been
mislabelled. It now appears that all samples marked Holes 2
and 3 are nearly identicel, and we are performing further
tests to distinguish between them. It is quite pspssible that
these solls are exceptionally sensitive toc seaeoning peried,
owing te the porous nature of the parent rock, and that test
regults, particularly optimum moisture content, &re influenced
by the length of seasoning period. We have completed triaxial
sgear and consolidation tests on the esample labelled Hole No.
2, but are not yet certain that the sampleg were compacted at
optimum moisture content and mexiwmum density.

We shzll advise you of razults of ocur ldentification
tests, and shall forwerd sets of test dats &g they sre com-
pleted.

Very truly yours,

ABEOT A. HANKS, INC.

S L
,/, f;,/
j\«ﬁ:’ (/{7 Ff‘/\g“&f L7

2 L

L. ©. Long/
LOL:has &
Encis.

Reports to:
3~The Californis Oregon Power Company
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Ivon Gate Dam
Klamsth River
File Ho. 17322.1

TEST RESULIS

Hole Ho. 1.
Specific Gravity:

S ]
“and
e f

Triexial Shezr Test

Chamber Pregsure, pal "
Unit Dry Weight at Compaction, lb/ft”
Moisture Content &t Compaction, %
Unlt Dry Weight at Test, 1b/ft
Molsture Content at Test, %

Degree of Saturation at Test, %
Maximen Deviastor Stress, psi

Pore Pressure at Max. Deviator Stressg, psi

Permeabllity Test

(Constant Aead 1

Unit Dry Weight at Compaction, ib/Lt
Molsture Content at Compsction, %

Moisture Content at Test, %

Degree of Saturation at Test, %

Permeability coefilclent, ft per yr
" " . cmfgec

&EB?;}

Lesg than .01
Less than E@»%

Lt

4bbor A, Hanks, Inc.
Leb, No. 46938
vy L0, 1960 -
Sample
A B C
15 50 80
103.3 103.6 106.3
21.3 2.1 20.8
103.0 108.6 116.5
23.7 21.6 20.4
97 100+ 100
36 &0 77
& @ 23
100.6
23.6
24 .4
@5
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BRAKCH LABORATORY 1086 MARTI(N AVENUEL « SARTA CLARA » CHEIRRY § »067 CARLE HAWS

ERANCH OFtiCE 10 DE LuCA PLACE « SAN RAFAE:! GLEMWOOL ¢ 865¢C

Engineers

ARgaoyers

ABRBOY A. ANE®S, ENC.

EEBTHE&ELISHMED 348

Chemugy
Berallurgesin

1300 SANSOME STREET o« SAM FRANCISCO 11 CALIFORBIA « EXBROOX 7 7964 Specirogrophers

File No. 1732.1 ’
Lab. No. 46938

Soris and Foundarions

L Consult:ng - Testing - Inspeciing

June 29, 1960

Mr, W. L. Warren

Agsistant Chief Engineer

The California Oregon Power Company
216 West Main Street

Medford, Oregon

Re: Irom Gate Dam
Soil Samnles

Dear Mr. Warren:

Encloged are results of triaxial tests that were
performed on Sample No. 2 before it was noted thet thisg
sample required an exceptionally small compactive effort
relative to the other samples submitted.

We are also enclosing miscellanecus test results
not shown on previously submitted reports.

If you require additionsl teste of Sample No. 2,
we should have a complere new sample of about 100 1b.

Very truly vours,
ABBOT A, HANKS, INC.
/'A e //,:
Al foeg o
L. 0. Long/
LOL hme
Encis.

Reports to:
15-The California Oregon Fower Company




lron Gate Daw fpbot A, Haoke, Ivc.

Klamgeh Blver Lab. Ho., 46938
File KBe. 1732.: July 1, 1968

LEST BESULTS

Hole ®o. 1.
Specific Graviey: 2.77.

Triexial Shser Test

Sample
& B C D

Chember Pressure, psi is 560 5¢ 80
Unig @xg Weight at Compaction,

1b/fe 98.0 85,1 98.8 98.3
Moisvure Content et Compsction, % 2} 21 21 21
Uunilt ﬁrg Weight ar Test,

ib/fe 99.4 109.6 106.3  10C.2
Molsture Content at Teet, 1b/fed  24.4  22.3 21.6  26.3
Degree of Saturation at Test, % 93 100+ g7 23
Maximum Deviator Strees, pei 18 4G &5 €9
Pore Pressure ai Mawximum Deviator

Stress, psi 8 26 24 15
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BRANCH LABORATORY 1088 MARTIN AVEMUE « SANTA CLARA - CHERZY §5.52¢

BRAWNCH GPFICE

ABRRBOY A. HANRKRSG., INTC.

1300 SARIOME STRELY - S&R FRAKCISSD 17, CALUFORWIA « LXBROGK 7.74864
File Fo. 1732.1
Lab:. Ko. 46938

10 D€ 1JUCh PLACE » SAW RAFACL » SLERWOOD 4.8380

&

ESTABLIBRED .5 & & Bletellurgists
Spectrographers

Soids and Foundations

June 3, 1960

Mr. W. L. Werren

hggigstant Chief Engineer

The California Oregon Power Company
216 VWest Main Street

Medford, Oregon

Re: Iron Gate Dem
. Soll Sswmnles

Deay My, Warren:

Enclogad ere the findings from tests psr-

formed ov soil samples marked Hole Bo. 3.

VYery truly youre,

ABBOT A. HANKS, INC.

Doneld W. Radbruch

himg

Eucls.

Eeports Lo

3-The Californis Oregon Power Company

CABIE. HARX

% Conexiting - Tewting - Inspecting



irou Gate Dsnm . Abbot A. B

Bankg, Inc.
Klemath River Lab. Ho. 66938
File No. 1732.1 June 3, 1960
Bole Mo. 3 &
Specific CGravity: 2.76
Iriaxial Shesr Test
Samples
_ A B c
Chamber Pressure, psei is 50 80
Unit Dry Weight at Compactiom, 1b/ftd 104.4 104.5 103.5
Meisture Content at Cump&eciong % 21.9  22.¢ 22.1
Unit Dry Weight at Test, 1b/ft 105.3 107.5 109%.2
Molsture Content &t Test, 1b/ft3 24,0 22,4 23.5
Degree of Saturation at Test, % 100+ 100+ 106+
Maxismum Deviator Strees, pei * 34 59 79
Fore Pressure at Max. Deviator Strees, psi 2 5 2

Unit Dry Welght &t Compection, 1b/f£ed 106.5

Moisture Content at Compactiom, % 22.0

Hoisture Content st Test, 23.1

Degree of Saturation st Test, I ) 100+

Parmeability Coefficient, ft per yr isee than .¢1
" i s cmfsec Lesg than 108
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BRANTH L AGOHAICEY JUBE MARTi BVEMUY ¢ TARIA CLARA ¢ UMIRHY % ° oo Capli HANK

BHRNOR abRE

foLule PLADE ¢ SAN RAUArL - GUEW

Enmnseers
Azsayors
Chesiinis

SBERRAVE A& EE. %ﬁ‘%’ﬁ%%g Ee.

E8 A . B £ Sierelluraoais

1350 SANSOME STREET « RAR FRANCISCO 11 CAUITORK:GA - [XERUOR T 2484 Spectrographers
File Ho. 1732.1
Lab. No. 46938

Suds and Sonndasions

Consciting  Teating  [n=pecting

June §, 1360

Mr. W. L. Warren

Agsistant Chief Engineer

The California Oregon Power (Company
216 West Main Street

Medford, Cregon

Ba: Irvon Cate Dam
Seil Samples

Dear Mr. Warren:

Enclosed are the findings from tests performed on
scil samples marked Hole No. 4.

You will note that the permeability coefficlent of
the first sample is 3000 times the permeability coaffi-
cient of the second sample. We actribute this large
difference to the differences in both density and mois-
ture content at compaction. he second sample, compacted
at 16% moisture content, appeared to be somewhat over

timum molsture.

Very truly yours,
ABBOT A, HANKS, INC.

f -1 Vi VA
Stsig o fuddrocel
Donald W. Radbruch

LOL i hms

Encls. .
Reports Lo:



iron Gate Dam

Albbor AL Heas Inc
Klamath River ’ Lab. Ho. 4f
File Mo, 1732. June &, 19
TEST RESULTS
Hole No. ¢4
Specific (Qravity: 2.77
iriaxizl Shegyr Tegt
Sample
A R C
Chamber Pressure, psi 3 15 50 &0
Unit Dry Weight at Compaction, 1b/ft 112.8 11z.3  116.5
Moisture Content at C@mpaaziené % 13.8 13.6 15.4
Unit Dry Weight at Test, 1b/ 112.8 114.2  119.4
Moisture Content at T@gz ib/fe3 16.5 17.6 16.0
Degree of Saturation at ?estg % 87 96 &Gg
Maximum Deviator Stress, pei 34 &5 152
Pore Pressure at Max. Deviator S¢regs, psi 3 i8 G
Permeabilicy Tests
{Constant Head Tests)
* 7 3 4 P P Ty o
Unit Dry Weight at Compaction, 1b/Ffg~ 113.
Moisture Content at Lam;&: ion, % 14.3
Molsture Content at Test, % ; 20.4
Degree of Saturstion &* a@;, % 100+
Permeahx;x cy Qoerflcibﬁz% £t per yr 3040 5
, cm/sec 34 = 107
Unit Dry Weight at Compaction, ib/ft 116.2
Moisture Content at Cumpac:ieni % i6.0¢
Moisture Content at Test, % 17.6
Degree of Saturation at Tastg % a7
Permeability Coefficient, ft pev yr L0104 g
a " . cmfsec -4 w 107
iié;gf . :és/é«%‘“&%_
f g yﬁW’ "‘%:»,WWH%W
"g,&' ,,,,,,, _ )

/’; B jéﬁf i‘? e
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Irom Sat
E‘

Flamat

i
File Ho. 1732,

Hole Ho. 7
Specific Gy

Chamber Pressure,
Weight
Content &t C@mp%rtiﬁn% %

Unit Dry
Moisture

Triaxial Shes

Teet

pei
&t Compaction,

Unit Dry Welght at Test, 1b/ fa*ﬁ
Moisture Content st Test 1%;a¥d
Degree of Saturatvion at Test A

Mazimem Deviator Sivess, p%i

ib/ e

Abbot 4.
Ho.

o)
w&»a g}g

Lah.

Samples

e

Hanke
46938
1850

Inc,

%

L
L)

£l

bt

;d«
.

b 0y
) Bt e et 3

£,

EF ot ok st ot
i Y
{f:;)u

e d

st
3

Pore Pressure at Max. Devistor - Stress,
psi &
Permeasbilicvy Tesge
(Constant Head Iest)
Unit Doy Welght at Comp aa&1@m$ ib/£e3 108.3
Moisture Conteni a: gﬁm@&ﬂt_$m§ % 17.8
ﬁ@i%ﬁﬁﬁ‘ Content at Test, % 19.7
Degree of Saturation at ?ewﬁ % 96
?&rm&&% ity Coefficient, fr per yr Legs than
" . cm/sec Less
e o D T o er S
¥ ;’%f’ Fo P E2 = - wf‘.(:
e % S, =S -y
3 2 ; i = e " j‘!'érf

01
than 107¢

80

110.0

E% g
Q

gﬁ@
77

23

l’

80
109.3
19.3
114.8
15.8
100+
79
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Iron Gate Dan Abbotr A. Hanks, Inc
Klamath River Lab. No 46938
File Ho. 173Z.1 May 18, 1960
TEST RESULTS
Hole No. 8
Specific Gravity: 2.753
Iriaxial Shear Test
Sample
A B C
Chamber Pressure, psi 3 15 50 80
Unit Dry Weight at Compaction, 1b/ft 98.6 99.7 98.9
Moisture Content at Compaction, % 19.9 19. 20.1
Unit Dry Weight st Test, Eﬁffﬁ'z 95.4 180.6  102.9
Moisture Content at Test, 1lb/ft” 28.4 26.1 25,0
Degree of Saturation at Test, 7 ag 160+ 100+
Maximum Deviator Stress, psi 21 48 66
Pore Pressure at Max. Deviator Stress, psi 5 13 30
Permeability Test
{Congtant Head lest}
Unit Dry Weight at Compaction, 1b/fel 100.8
Moisture Content at Compaction, % 21.1
Moisture Content at Test, ¥ 25.4
Degree of Saturation at Test, % 106
Permeability Coefficient, ft per yr . Less than .01
(24 it

, cm/sec Less than 10-8
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FEAMCH LABGRATOLY 1088 WARTIM AVENUD < SANTA CLANA + CHIREY & 5767 CABLE HARY

BRAGCH CFFICE 1D Dt LJlA FLALT » ZAW RAFZEL » CLEmRWHOL € €590

Erngisesrs

AgaerTs

AES

QF & HANKS., iNC.

TR SARSOME STRLE! - L4m FRANCISDD 11 CALMORMIA o EREROOU 7 2484 . Spectrogrophers

File No. 1732.1
Lab., Ro. 46938 May 19, 1960

Bz vng Fourdotions

Lonsuiteng  Testing - Inshecring

Mr, W. L. Warren

Asgistant Chief Engineer

The Californis Oregon Power Company
216 Wesgt Main Street

Medford, Oregon

Re: Iron Gate Dax
Sgil Sa ?}s

Dear Sir:

Enclosed arve the findings fyrom teste per~

formed on soil samples marked Hole No. il.
Very truly yours,
ABBOT A, HARKS, IRC.
A§ﬁwa{4¢y§/g/? ﬁﬁﬁé%ﬁff
Donald W. Radbruch

nms

Encls.
Reports fo:
3=The California Oregon Power Company



iron Gate Lam Abbot A inc.
Klamath %év@r Lab. ko,

Rile Wo. 1732.% Hay 19,

TEST RESULTE
Hole He. 11 -
Specific Grevicy: 2,75
Triaxiel Shegr Tesl
Samgle
A, B <

Chamber Presgsure, psi L 15 50 80
Unit Dry Weight at Compaction, ib/ft~ 1615 1017 102.1
Moisture Content at Qﬁﬁpﬁmwwﬁﬁﬁ % 22.2 21,7 24.0
Unic Dry Welght st Test, 1b/fo 102.3 105.1 1G7.8
Moleture Content &t u@gas b/ 25.0 2%2.% 21.7
Degree of Saturavion at Test, 100 100 160
Maziogn Devistor Stress, psi 21 55 73
Pore Pregsgurse a2t Max. Deviator Stress, psi 5 7 22
%@vmeaﬁé ity Test
{Constant Jdesc Test)
Dry Density st Compaction, ib/fed 101.0
Moisture Content ab Cowpection, % 22.4
Par m%ﬁﬁﬁikf& Qﬁééf§ﬁ¢@£a £ per vyr Lesgs
, oy sec Lase

%
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KEUFFEL & ESSER €O., N. X, NO, 359.81G

Semi-Logarithmie, m‘ﬁwom\m\m,x, 10 to the inch.
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KEUFFEL & ESSER CO., N. Y. NO, 359.816
Semi-Logarithmie, 4 Cycles X 10 to the inch.
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KEUFFEL & ESSER CO.,, N, Y, . NO. 359-81G
Semi-Logarithmic, 4 Oyeles X 10 to the inch.
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KEUFFEL & ESSER CO., N. Y. NO, 359-81G .
Semi-Logarithmic, 4 Cyeles- X 10 to the inch.
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KEUFFEL & ESSER CO., N. ¥, . NO. 359-81G
Semi-Logarithmic, 4 Cycles X 10 tothe inch,
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KEUFFEL & ESSER CO., N. Y. NO. 359-81G

Semi-Logarithmic, 4 Cyeles X 10 to the inch. }
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KEUFFEL & ESBER COw N, ¥, - NO., 358-81G

Semi-Logarithmic, 4 Cycles X 10 to the'inch.
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KEUFFEL & ESSER CO.. N. Y. NO. 359-81G
Semi-Logarithmie, 4 Cyeles % 10 to the inch,
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KEUFFEL & ESSER GO, N. Y. NO. 359-8106
Semi-Logarithmic, 4 Cyecles X 10 to the inch.
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KEUFFEL & ESSER CO., N. Y. NO. 359-81G
Semi-Logarithmic, 4 Gyeles X 10 to the inch.
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KEUFFEL & ESSER CO., N. Y.

Semi-Logarithmit, 4 Cyeles X 10 to the inch.
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BRANCH LABORATORY 1086 MARYTIN AVENUE o+ SANTA CLARA « CHERRY 8. 5262 CABLE  HANX
BRANCH OFFICE- 61 JORDAN STREET « SAN RAFAEL « GLENWOOD 4-86%0

e et

/7 Fngineers
;'q Assuvers
AUBEBAP'E A. EANBaeS. BN . fi Chemsss

¢E8TABGL!'SHED M ASB

s Metallurgists

1300 SANSOME STREET « SAN FRANCISCO 11. CALIFORNIA » EXBROOK 7 2464 A Spectragraphers

File No. 1732.2
Lab. No. 52348

N\ Sous and Foundations

Consulting - Testing - Inspecting

August 8, 1961

The California Oregon Power Company
Iron Gate Project

Post Office Box 201

Hornbrook, California

Re: 1Iron Gate Dam - P. 0. #39636
Soil Tests, Sample 16+00 300' L

Gentlemen:

Based on tests of four specimens compacted in the range of 81
to 82 1b per cu ft, it appears that the intergranular strength
factors of the above sample in a consolidated shear test with
pore pressures measured are as follows:

Friction angle 114 - 15% degrees
Cohesion ' 450 - 800 1b/sq ft,

This soil is a highly plastic, impervious clay. Consolidation
was extremely slow, requiring 10 days to complete the consoli-
dation and saturation of each 2 in. diameter by 4 in. length
specimen. An extremely long seasoning period was also neces-
sary to attain uniformity of moisture content prior to compac-
tion of specimens at the specified moisture content.

We are proceeding with tests of Sample 12+00 400' L, and will
submit details of all tests upon completion.

Vexry truly yours,
ABBOT A. HANKS, INC,
L. 0. Long/

LOL: hms

Reports to:

3-Iron Gate Project, Hormbrook, Calif.
1-The California Oregon Power Company, Medford, Ore.



BRANCH LABORATORY: 1086 MARTIN AVENUE « SANTA CLARA « CHERRY 8-5262 CABLE: HANX

'BRANCH OFFICE: 61 JORDAN STREET o SAN RAFAEL + GLENWOOD 4-8650

Engineers

Assayers

ABBOT A. MAMHS@. HN@- [ Chemists

EBTABLISHED 1668 Metallurgiste

1300 SANSOME STREET « SAN FRANCISCO 11, CALIFORNIA « EXBROOK 7-2464 Spectrographers
Soils and Foundations

File No. 1732.2 \ onsulting - Testing - Inspectin
Lab. No. 52348, 52871 Conauiting - Teating - Inspecting
October 20, 1961

Mr. M. L. Warren
Assistant Chief Engineer

" The California Oregon Power Co.

216 Main Street
Medford, Oregon

Re: Iron Gate Project Samples

Dear Mr. Warren:

Attached are the findings from triaxial shear tests per-

formed on soil samples marked ''12+00, 400'L", and ''16+00, 300'L"..

The triaxial tests were performed in the same manner as des-
cribed in our letter of June 29, 1960.

Complete saturation was not attained in the tests because,
when confined under the higher lateral pressures, the speci-
mens were virtually impermeable, and complete saturation could
not be attained even by application of a high vacuum on the
top of the specimens and a small positive pressure on the
base.

You will note that we did not submit data for a specimen
of sample 16+00, 300'L at 80 psi chamber pressure. The data
for this specimen was not consistent with the remainder of
the test data, and it appears likely that there was leakage

of the membrane during the test. If you feel that a repetition

TN



Mr, M. L. Warren October 20, 1961
File No. 1732.2 Page 2

of the test at 80 psi would serve a useful purpose, we should
be pleased to repeat the test.
We should be pleased to discuss any questions in connec-

tion with these tests.

Very truly yours,

ABBOT A. HANKS, INC.

£0. @7/

L. 0. Long

LOL:hms

Encls.

Reports to:

3-The California Oregon Power Co.



Iron Gate Project - Abbot A.Hanks, Inc.
The California Oregon Power Company Lab. No. 52348
File No. 1732.2 October 17, 1961

TABLE NO. I

Sample: 16 + 00 300'L.
Soil Type: Dark yellow-brown clay.

Sample A B C D
Chamber Pressure, psi 15.5 15 50 50
Unit Dry_Weight at Compaction,

1b/ 3 81.3 8l.2 82.7 82.5

Moisture Content at Compaction3 % 25.0 24.6 24,2 23.7
Unit Dry Weight at Test, 1lb/ft 76.8 74.7 84.7 84.7

Moisture Content at Test, % 42.3 36.8 ==~ 35.3
Degree of Saturation at Test, 7% 94 80 -- 97
Maximum Deviator Stress, psi 15 18 43 35

Pore Pressure at Maximum Deviator
Stress, psi 6 4 1 2




Iron Gate Project
The California Oregon Power Company
File No. 1732.2

TABLE NO, II1

Sample: 12 + 00, 400'L.
Soil Type: Very dusky red clay.

Sample

Chamber Pressure, psi

Unit Dry Weight at Compaction, 1b/£t3
Moisture Content at Compaction, %
Unit Dry Weight at Test, 1b/fe3
Moisture Content at Test, %
Degree of Saturation at Test, %
Maximum Deviator Stress, psi
Pore Pressure at Maximum Deviator

Stress, psi

hms

Abbot A, Hanks, Inc.

Lab. No.

52871

October 17, 1961

A B C

15 50 80
88.6 86.7 86.9
24.5 23.5 24.5
81.6 89.2 91.0
36.3 30.7 27.2
89 94 86
16 48 81

1 4 1
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Technical Memorandum - Embankment Stability
Klamath River Renewal Project

AttachmentB Falling Head Permeability Tests

June 2018
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Page 5

Undrained, consolidated triaxial shear tests with pore
pressure measurements, consolidation tests; and constant
head permeability tests were performed on representative
samples of material for each hole by Abbot A, Hanks
Laboratory in San Francisco. Before each test the material
was compacted to near optimum moisture and maximmm dry
density. The results of these tests are shown in Abbot A.
Hanks report as Plate IV, For convenient reference, the
permeabllity coefficient, the angle of internal friction

and cohesion for the material from each hole are tsbulated
below:

ANGLE OF
COHESION INTERNAL PERMEABILITY COEFFICIENT
DPoSols FRICTION FT/YEAR CM/SEC
Vyf« Less than Tess than
1% ¢ 10° .01 10-8
6 G0 17° - -
10 440 11° .01 10-8
L 540 300 0L = 0k 1=l x 10-8
5 7 - 210 ,01 10~8
3 4% 16° .01 10-8
L 20° LOL 10-8

NS RV
'Q 1% (19 s
The quantities of The impervious materials available in )
Ateas MA" and "S", are estimated to be 261,000 cubic yards.
The quantities in Area "1" are estimated to be 57,000 dubic
yards, However, most of Area #1" will be inundated by
backwater from the construction of the cofferdam so, in
order to utilize this material, it will be necessary that
it be stockpiled, which does not seem practical.

Pervious Shell Materials

Two types of pervious materials were investigated:

A, Gravels in the flood plain of the river
in Areas "1" and "5"

B, Talus deposits of basaltic rock in
Area "3", Bogus Creek Area, Summit Area
and Dodson Area.



Page T

Dry Wet Permeability
Sample % Passing % Density  Demsity  Coefficient
Area "M #4100 Sieve Moisture Lbs/cu f% Lbs/cu £% Fi/Day
Pit 2, 1-1L4' Depth 15 8 119.5 129,2 11,1
Pit 3, 3-12% " 21 7 128.5 138.2 17.6
Area "5
Pit 2, 216! Depth 9 9 129,5 1.5 12.6
Pit 3, 2-12f © 1h 9 (I37.5>  15L.0 . >
Pit L, L=20! " 33 11 105.0 118,0 8.0
Pit 5, L-16' " 3 9 125,0 137.C 3.95

The estimated quantity of gravel materials in Area "1 is
90,000 cubic yards, which can be obtained without stockpiling
the impervious material overlining the gravels, and in Area W5,
is 381,000 cubic yards, making a total of 471,000 cublc yards.

Talus deposits.

The talus material was tested in a manner gimilar to that
described in the section headed tGravels?. No settlement

was noted after the permeability test on any of the samples

of talus msterial, The results of the grain size distribution
tests are shown on Drawing C=8563, Sheets 7 thyough 11, and
attached hereto as Plate V, The results of the permeability
tests are tabulated below:

Dry Wet Permeability
Sample % Passing % Density  Demsity Coefficient
Area "3" 4100 Sieve Moisture Lbs/cu ft Lbs/cu £t Ft/Day
Hole 9, 0-12! Depth 7 8 125,2 135.5 21,2
Hole 11,0«6' " 9 - 13 116.5 134,0 5.5h5
Dodson Area
Pit 1, 0=-10! Depth 2 T 118.5 127.2 19.2
Bogus Area
Pit 1, 10" Depth 8 8 113.3 1210 10.5
Pit 1, 0-9% U 2 9 112,2 122.5 25.9

Summit Area

Pit 1, O-7' Depth I 9 117.5 128.5 9.65
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Klamath River Renewal Project

AttachmentC Typical Permeability Ranges
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Drainage property

Application in earth
dams and dikes

Types of soil

Direct determination
of coefficient of
permeability

Indirect determination
of coefficient of
permeability

COEFFICIENT OF PERMEABILITY

Wt W aten

cmi/s (log scale)
107 10 1.0 10" 10 2 10 * 10 4 10-% 10 ® 10 7 10 ® 109
' . T 1 '
]
Good drainage Poor drainage Practically impervious
-
!
Pervious sections of dams and dikes Impervious sections of earth dams and dikes
—— a
Clean sands Very fine sands, organic and inorganic : lour™ solls a.9.,
Clean gravel ean ‘ silts, mixtures of sand, silt, and clay homogeneous clays
clean sand and gravel mixtures . ) gt ' below zone of
glacial till, stratified clay deposits, etc. weathering
1 | |

ar

| | L] ]
“Impervious” soils which are modified by
the effect of vegetation and weathering;

fissured, weathered clays; fractured OC clays
1

1

|

Direct testing of soil in its original position (e.g.,
If properly conducted, riuble considerable experience required. !
— I

I
well points).

L 1
{Note: Considerable experience
also required in this range.)
1

Constant I'-'iud Permlilmnlr:

Constant head test in triaxial cell:

LI

{

little experience required. reliable with experience and no leaks
|Falling Head Permeameter;
Reliable; Range of unstable permeability;* Fairly reliable;
little experience  much experience necessary for considerable experience necessary
required correct interpretation {do in triaxial cell)
Computation:
From the grain size distribution
{e.g., Hazen's formula). Only
applicable to clean, cohesionless
sands and gravels Computations:
Horizontal Capillarity Test: _ e o et e
Very little experience necessary; especially use- itﬂﬂ:’ equipment and
ful for rapid testing of a large number of samples considerable exper-
in the field without laboratory facilities. 1 ience required.
+ 1 .| i T
10? 10' 1.0 10! 10 ? 102 1074 10 5 106 1077 10-° 109

*Due to migration of fines, channels, and air in voids.
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W&mmmmrwmuahsmpubymtm@a
Laboreteriss. Remlts wers unsbtainable au Type 3 aad Type h becsuse of
wmmwmmumwmmmm
zz.hthﬂmuummmwfmswkuw
wurmem“mmmﬁwmmﬁmm The shear
vesistanoe of Types 1 and 2 are as follows:

Zrpe No, L S AVE.

~ Cohesdon (Tons/sq/2t/) 37 1.6 1,00
 Angle of Internal Frieti

CIEEW e w4 e

wamzfmmm 1g approviaste methods, mMe
averace tost values and the section shoum on Plate V. Tids anslysis indieates
@nu:mozumyerwmaya.aswmwmm

The voluee of the material aveilable as determined from the drill holes
unmh\m

mlﬂw3 - %,Menmayam
" 55,000 * "

kﬁ--bm*.

mmummmmumzmwwmmam.

SONOLUCT ONS

nummmm«mmmmnfstgmmmm
m&uummmamhnnmmmummuw
: mate typlosl seetion as shown on Plate V, and to speaifications attached
~ Specifications for 3ig Bend Dsm® and ladelled
"Ml’, X , ,

, mmmmwmmm,mx,mummmm
of the materiels classified in this y a9 Types 1, 2 wod 3, The moisture
content of these materisls is sbout 2 aad the maximun dry density betwesn
85 snd 95 lbs per cublc foot. The ®yardstick® for censtrustion should be set
mzwmmmmmm%mpermm. hs construction
WRM,W'Wanu&&wmuMywm%
1014 resulte,

mzamw,wmmmm,mmmmm
of the naterial classified as Type h. timua moipture content of this

1 is about 16% with & dry density, in udlng the gravel, of 128 1bs per
enbie foot, Mu%m&hm&m,m"waﬁak”mb-
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In Flase  Clay Content Specifie Gravity £ Piner than

¥odstare  (Perosat) of Particles 3 Sleve
Avg. 19.7 18 2.6k .
Max, 26.9 L8 " .7 63

Suaber of Samples - 1k,

Fote: Material pasaing the No. h sieve was not plastis. Gould not roll 1/8¢
W}%&aum&m Specifie gravity of the rock (larger than

’ m@mumsﬂammemtmmwragmuw

ummz:mrmwm.hmummmyuum,mm &t an
optismus waisture combent of 18%, the dengity was 108.2 1b/eu £4, vith 3%
voids. When the material passing the %o, b sieve and the larger material are
M%wmwsymmamu&utmm:

Where Drs = Theeretical density of cosbinetion

Br Ds = Dengity of soil
M-Pﬁ;&:"m-ﬂbg »rnmgaxm
d o o (M::;S

208.2) (¢ . 130 1n/ou £t
Brs o é i9) (ma.z) + { ) {185) b/“

fhe above value 19 & theoretical quantity - « which normally csanot be
obtained in practies due %0 the interferance t0 oompasetion by the rock. A
more pructisal equation iz as fellows:

bys = (1eP) Dy + 0.9 P B2
Dre = (1-.k9) 108,2 + 0,9 ( .49) (165) = 128 1o/ou St.

II, Qualitative capillarity tests were performed on each of the four
types of material. The teet conslsted of plaaing a I* diameter by 4" high
Wm&c#ﬁemﬂﬁdhamafﬂm‘ mmmmm
of materdsl beomme ssturated in spprocimately L hours, Af%er 48 hours, no
w er breakdown of the ssmple had taken pha

mmwumwmmmmmemwmwm
typo of saterial by Pitisburgh Teating lLeborateriss, e permwability was
daternined ¢ bo s follows:

n -
M
Those comglfidients of permeability fmll within the impervious sectioms
#<WMWMMMWWWW,WNVWV.

e peyweahility test on Type lo. 4 material wae periomed ou the material
the No, L sieve, While this meterial seoms to have the mmmllest
, the graval ooutent is nwtmuwmmwmu-mua

1o ss to wntertightusss,

;





