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Technical Memorandum 
Subject:  Definite Plan for the Lower Klamath Project 

Analysis of Stability of J.C. Boyle and Iron Gate Dams During Reservoir Drawdown  

 

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. 23431 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 El. 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 El. 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 

                                                           
1 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 I), a downstream pervious shell (Zone II), a central impervious core (Zone III), 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 PanGEO, 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 
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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 (kh/kv) 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 

 Material 
Unit 

Weight  
(pcf) 

Effective Stress Total Stress Horizontal 
Permeability, 
kh (cm/s)1,3 

kh/kv Cohesion, c' 
(psf) 

Friction 
Angle, φ' (°)1,2 

Cohesion, c 
(psf) 

Friction 
Angle, φ (°) 

Core 130 0 22 300 16 1.00E-07 10 

Shell 135 0 
35 
 

 -  - 8.00E-03 2 

Filter/ Drain/ 
Transition 

Zones 
135 0 

35 
 

-   - 1.00E-02 1 

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 angles are typically greater than 34 degrees (NAVFAC, 1986 and EPRI, 1990). 
3. For clean coarse materials, permeability ranges from 10-3 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.  
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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 

 Material 
Unit 

Weight  
(pcf) 

Effective Stress Total Stress Horizontal 
Permeability, 
kh (cm/s)1,3 

kh/kv Cohesion, c' 
(psf) 

Friction 
Angle, φ' (°)1,2 

Cohesion, c 
(psf)1 

Friction 
Angle, φ (°)1 

Core 120 0 
27 

(19) 
300 

(100) 
16 

(12) 
1.71E-04 10 

Shell  130 0 34  -  - 
6.62E-01 

(4.00E-03) 
2 

Upstream 
Riprap 

140 0 34  -  - 
1.04E-00 

(4.00E-03) 
1 

Downstream 
Riprap 

140 0 34  - -  
1.04E-00 

(4.00E-03) 
1 

Filter Blanket 125 0 35 -  -  
1.04E-00 

(4.00E-03) 
2 

Waste Rock 
Fill 

145 0 40 -  -  
6.62E-01 

(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 10-3 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: 
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1. Instantaneous drawdown from steady state condition with full pore pressure dissipation in the shell 
materials (least conservative bound). 

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

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

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

5. 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 

Scenario  

Factors of Safety for  
Best Estimate Parameters 

Mid-Slope Full-Slope 

1. Instantaneous drawdown, full pore pressure 
dissipation 1.91 2.02 

2. Instantaneous drawdown, no pore pressure 
dissipation within upstream shell 1.42 1.46 

3. Slow drawdown rate (3 ft/day) 1.51 1.77 

4. Intermediate drawdown rate (6 ft/day) 1.49 1.74 

5. Rapid drawdown rate (10 ft/day) 1.48 1.70 

 

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

Scenario  

Factor of Safety for Best Estimate 
for Core Strength 

Factor of Safety from Sensitivity 
Analyses Using Potential Lower 

Bound Strength for Core 

Mid-Slope Full-Slope Mid-Slope Full-Slope 

1. Instantaneous drawdown, full pore 
pressure dissipation 

2.06 
(2.06) 

1.86 
(1.86) 

1.97 
(1.97) 

1.85 
(1.85) 

2. Instantaneous drawdown, no pore 
pressure dissipation within upstream shell 

1.11 
(1.12) 

1.18 
(1.18) 

1.10 
(1.10) 

1.18 
(1.18) 

3. Slow drawdown rate (2 ft/day) 1.77 
(1.76) 

1.84 
(1.74) 

1.70 
(1.70) 

1.83 
(1.73) 

4. Intermediate drawdown rate (5 ft/day) 1.78 
(1.76) 

1.85 
(1.66) 

1.70 
(1.69) 

1.83 
(1.66) 
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5. Rapid drawdown rate (10 ft/day) 1.78 
(1.72) 

1.85 
(1.61) 

1.75 
(1.69) 

1.82 
(1.61) 

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

 

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.  
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Attachment A Triaxial Test Results



File No. 1732. l 
Lab. No. 46938 

Er,4Ji.rt� 

.it,uayerh 

May 11, 1960 

Mr. W. L. Warren 
Assistant CJ1ief Engineer 
The California Oregon Power Company 
216 West Main Street 
Medford� Oregon 

Dear Sir; 

Re: Iron Gate Dam 
_S_ctil Sam__l?J.es 

Enclosed are the findings from, tests performed 
samples marked Hole No. l, which is the only sample 
all tests are complete. Tests of remaining aample8 
various 3tages of completion. 

cm soil 
for which 
are in 

As you may recall from your �ecent visit t there appeared 
to be a possibility that �amples from Holes 2 and 3 had been 
miilabelled. It now appears that all samples marked Holes 2 
and 3 are nearly identical, and we are performing further 
tests to distinguish between them. It is quite ppssible that 
these soils are exceptionally sensitive to seasoning period, 
owing to the porous nature of the parent rock, and that test 
results, particularly optim'Wn moiature content, are influenced 
by the length of seasoning period. We have completed triaxial 
shear and consolidation tests on the sample labelled Hole No. 
2, but are not yet certain that the samples were compacted at 
optim:wn moisture content and maxi..nv,Jm density. 

We shall advise you of results of our identification 
tests, and shall fot·ward sets of test data as they are com
pleted. 

LOL:hms 
Encls. 
Reports to: 
3-The Californi.a

Very truly yours, 

Oregon Power Company 
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Attachment B Falling Head Permeability Tests
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Attachment C Typical Permeability Ranges
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Attachment D Direct Shear Test Results
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Attachment  E Compaction Test Results
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Attachment  F Permeability Test Results






