








Since no record drawings are known to exist for the construction of the earthfill buttress, 
its cross-sectional geometry was taken from a detailed topographic map of the project site 
developed from a field survey performed by Gannett Fleming in October 2002. In terms of 
stability, the earthfill buttress provides a favorable "passive" stabilizing force for loading cases 
involving partial, normal, or flood stage reservoir levels. In contrast, the earthfill buttress also 
can provide an unfavorable "active" destabilizing force for loading cases involving an empty 
reservoir. For these cases, the concrete gravity section becomes a retaining structure for the 
earthfill buttress. 

Further, since the earthfill buttress has a relatively narrow cross-section with a sloping 
downstream face, the full height of the buttress cannot be included in the development of the 
horizontal component of the soil force for either the active or passive loading cases. To estimate 
a reasonably conservative value for the horizontal soil force, the shear-rupture surface for the 
acti ve (45° + c:P/2) and passive (45° - c:P/2) loading cases was used to establish a comparative 
height of soil material against the downstream face of the concrete gravity section that would 
theoretically extend continuously downstream. For earthfill buttress material located above this 
established height, only the vertical component of the soil force for the material resting directly 
above the concrete gravity section was used in the stability analyses. Figures 5.3 and 5.4 provide 
a graphical illustration of the limits used to estimate the soil forces created by the earthfill 
buttress for the passive and active loading cases, respectively. 

Since the field investigations for this study were performed during record drought 
conditions, piezometer readings collected thus far are not believed to represent normal phreatic 
conditions in the buttress. Therefore, conservatively high phreatic levels were used in the 
stability analyses to evaluate possible "worst-case" uplift conditions at the base of the concrete 
gravity section. 

5.3 Material Properties 

As previously discussed, the Lower Dam is a composite structure comprised of a concrete 
gravity section with an earthfill buttress against the downstream face of the concrete gravity 
section. The material properties used for each portion of this structure are described below. 

5.3.1 Concrete Gravity Section 

Based on a visual inspection of 1908 construction photographs and core sampling 
performed by Gannett Fleming in October 2002, the concrete gravity section of the Lower Dam 
is constructed of "cyclopean" masonry or concrete. Cyclopean concrete consists of embedding 
large stones (up to 6 ft plus in diameter) commonly referred to as "plum" stones into wet 
concrete. Subsequently, the spaces between the plum stones were also filled with wet concrete 
to form a continuous matrix of concrete and plum stones throughout the structure. Often times, 
these structures did not have horizontal lift joints nor vertical contraction joints within the mass. 
Based on the 1908 construction photographs and record drawings and field observations, this 
also appears to be the case for the Lower Dam. Figure 5.5 provides a view of the cyclopean 
concrete placement process in the Lower Dam. 
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Figure 5.5 - Cyclopean Concrete Construction 

Since the concrete gravity section for the Lower Dam is a composite structure of granite 
stone and concrete mortar, the core samples were visually inspected to identify and select the 
three best representative samples of stone and concrete for laboratory testing. The locations of 
the core samples selected are shown in Figure 5.2 in Section 5.0 of this report. Compressive 
strength testing was performed on core samples of concrete mortar in accordance with ASTM C 
42 and on core samples of granite stone in accordance with ASTM 0 2938. Compressive 
strength testing was selected over other strength property tests since compressive strength is 
commonly used to estimate other strength properties. unit weight testing of both the concrete 
and stone core samples was also performed in accordance with ASTM C 138 prior to the 
destructive compressive strength testing. Since for practical reasons the core samples used for 
laboratory testing represent only a very small percentage of the material in the structure, caution 
should be used when using this information to assign material property values that are intended 
to represent the whole structure. Table 5.4 provides a summary of the laboratory testing results 
for the cyclopean concrete materials. 
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Table 5.4
 

Laboratory Testing Results Summary for Cyclopean Concrete Material
 

Sample Sample Unit Wei~ht, per Compressive Strength, psi 
ill Location Sample Average Sample Average 

Concrete Mortar 
C-I 43.6' - 44.0' 140.53 2,730 
C-2 67.5 '- 67.9' 143.43 3,530 
C-3 69.6' - 69.9' 142.89 142.28 4,260 3,507 

Granite Plum Stone 
5-1 37.2' - 37.5' 176.51 10,110 
5-2 52.6' - 52.9' 179.10 8,560 
5-3 56.7' - 57.0' 184.65 180.09 9.250 9,307 

Note: Laboratory testing performed by McCreath Laboratories, Inc., Harrisburg, Pennsylvania. 

With regard to the unit weight testing results, it is noted that the variance in the results for 
both the concrete mortar and granite plum stone is favorably negligible. However, the average 
unit weight of the stone is about 27% higher than for the concrete. Therefore, it was necessary to 
determine a weighted average for the density of the composite structure since a single density 
value must be used for stability analysis computation purposes. Since the actual ratio of concrete 
mortar to stone throughout the structure is difficult to quantify, the weighted average for a range 
of ratios was determined to evaluate the sensitivity of the density value to this ratio. Table 5.5 
provides the results of the composite unit weight for varying ratios of concrete mortar to stone. 

Table 5.5 

Composite Unit Weight 

Ratio of Concrete Mortar to Granite Plum Stone Unit Weight 
pef% Concrete Mortar % Plum Stone 

5 95 178.20 
10 90 176.31 
20 80 In.53 
30 70 168.75 
40 60 164.97 
50 50 161.19 
60 40 157.40 
70 30 153.62 

Based on the results in Table 5.5 and the 1908 construction photographs, a conservative 
estimate of the ratio of concrete mortar to stone was selected to be 50:50 with a composite unit 
weight of l6l pounds per cubic foot (pcf). Most likely the actual ratio is somewhere between 
40:60 and 30:70 or a composite unit weight between 165 and 169 pcf, respectively. 

With regard to the compressive strength testing results, a relatively high degree of 
variance was noted in the concrete mortar and to a lesser degree in the plum stone. For the 
concrete mortar, given the materials and methods used at this site in 1908 to mix and place this 
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material, when concrete construction was still in its infancy as evidenced in the 1908 
construction photographs, the results obtained are not considered unusual. The lowest strength 
test result of 2,730 psi for the concrete mortar is still reasonable for mass concrete structures. 
For the stability analyses for this study, a conservative value of 2,500 psi was used for the 
concrete mortar. Since the compressive strength of the granite stone is considerably higher (2.65 
times higher between averages) than the concrete mortar, the compressive strength of the 
concrete mortar was considered to be the controlling factor. 

5.3.2 Earthfill Buttress 

The material properties for the earthfill buttress were taken from the geotechnical 
investigations discussed in Section 3.0 of this report. 

5.4 Input Parameters 

Gannett Fleming has developed an in-house computer spreadsheet model for analyzing 
the structural stability of concrete gravity dams. This spreadsheet model is capable of analyzing 
a gravity structure using anyone of the current industry standards published by the U.S. Army 
Corps of Engineers (US ACE), U.S. Bureau of Reclamation (USSR), and the Federal Energy 
Regulatory Commission (FERC). This spreadsheet model was used for the stability analysis of 
the Lower Dam. Hand computations were also performed to verify the accuracy of the 
spreadsheet model. The relevant input parameters used to model the Lower Dam are provided in 
Table 5.6. 

It is worth noting that the Corps' "CSLIDE" computer program was not used for the 
stability analyses for this study because it is better suited for cases when the foundation plane of 
the concrete gravity section base is inclined with single or multiple material foundation layers 
resting against the downstream toe of the structure and for cases with soft foundation materials. 
Since the Lower Dam has a horizontal foundation plane that is founded on rock, the in-house 
spreadsheet model was considered to be more appropriate for use in this study. 

A parametric study was performed to determine the effect of changes in key parameters 
on the structure's stability. For this study, the key parameters include the unit weight of the 
cyclopean concrete and the friction angle and cohesion for the base of the concrete gravity 
section. The concrete unit weight mainly affects overturning stability and to a lesser extent 
sliding stability, whereas, base friction angle and cohesion mainly affect sliding stability. 
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Table 5.6
 

Input Parameters
 

Parameter 
Description 

Service Life Period 
1908 to 1934 1934 to Present 

Gravity Section Onlv Gravitv Section with Earthflll Buttress 
Maximum 

Section 
Partial 
Section 

Loading Case 
Nos. 1 & 4 

Loading Case 
Nos. 2,3,5,6, &7 

Top (Chimney) Width 7ft 7 ft 7ft 7ft 
Parapet Height Oft Oft Oft Oft 
Slope of Upstream Face OH:IV oH:IV oH:IV OH:IV 
Slope of Downstream Face 0.67H:IV 0.67H:IV 0.67H:1V 0.67H:1V 
Top (Parapet) Elevation 643.5 ft 643.5 ft 643.5 ft 643.5 ft 
Top of VIS Slope Elevation 578.5 ft 615 ft 578.5 ft 578.5 ft 
Top of DIS Slope Elevation 633.0 ft 633.0 ft 633.0 ft 633.0 ft 
Base Elevation 578.5 ft 6] 5 ft 578.5 ft 578.5 ft 
Rock Elevation 578.5 ft Oft 578.5 ft 578.5 ft 
Soil Elevation, Upstream 584.0 ft Oft 584.0 ft 584.0 ft 
Soil Elevation, Downstream 578.5 ft Oft 621 ft 606 ft 
Pool Elevation, Normal 639-641 ft 639-641 ft 639-641 ft 639-641 ft 
Pool Elevation, Design 643.5 ft 643.5 ft 643.5 ft 643.5 ft 
Pool Elevation, PMF 646.25 ft 646.25 ft 646.25 ft 646.25 ft 
Tailwater Elevation, Normal 578.5 ft Oft 600-621 ft 600-606 ft 
Tailwater Elevation, Design 578.5 ft Oft 600-621 ft 600-606 ft 
Tailwater Elevation, PMF 578.5 ft Oft 600-621 ft 600-606 ft 
Base Friction Angle 35°-45° 35 0 -45° 35"-45° 35°_450 

Base Cohesion 0.0-16 psi 0.0-16 psi 0.0-16 psi 0.0-16 psi 
Base Slope Angle (+ down to toe) 0.0 0 0.0° 0.0 0 0.0 0 

Ice Pressure 0.0 psf 0.0 psf 0.0 nsf 0.0 psf 
Ice Thickness 0.0 ft 0.0 ft 0.0 ft 0.0 ft 
Wind Pressure 30.0 psf 30.0 psf oosf onsf 
Operating Basis Earthquake 0.04g 0.04g 004g O.04g 
Maximum Credible Earthquake O.16g O.16g 0.16g 0.16g 
Concrete Unit Weight 161-177 ocf 161-177 pcf 161-177 pcf 161-177 ocf 
Upstream Soil Moist Unit Weight 113.0 pcf 113.0 pcf 113.0 pcf 113.0 pcf 
Upstream Soil Saturated Unit WI. 125.7 pcf 125.7 pcf 125.7pcf 125.7 pcf 
Downstream Soil Moist Unit Weight 113.0 pcf 113.0pcf 113.0 pcf 113.0 pcf 
Downstream Soil Saturated Unit WI. 125.7 pcf 125.7 pcf 125.7 pcf 125.7 pcf 
At-Rest Lateral Earth Pressure Coeff. 0.45 0.45 0.45 0.45 

As previously mentioned, the unit weight of the cyclopean concrete is difficult to 
quantify since it is dependent upon the composite unit weight of the concrete mortar and granite 
plum stones which likely varies throughout the structure. Since the concrete mortar is 
approximately 21 % lighter than the granite plum stone, a conservative ratio of l: 1 or 50:50 was 
used to estimate a composite unit weight of 161 pounds per cubic foot (pcf). Since for some 
loading cases, a unit weight of 161 pcf produced marginal or unsatisfactory results with regard to 
overturning stability criteria, a required unit weight was determined to be 177.0 pcf with all other 
variables set at conservative values. 
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With regard to the base friction angle and cohesion, representative values are also 
difficult to quantify without perfonuing costly core sampling and laboratory testing. Even if 
core sampling and laboratory testing is performed, the testing results may be skewed since these 
properties can be altered in the core samples during the extraction, handling, storage, and testing 
process. A typical approach is to assign very conservative values for these properties. For this 
study, the initial values used were 0.0 pounds per square inch (psi) for cohesion and 35.0° for the 
friction angle. Since for some loading cases, these values produced marginal or unsatisfactory 
results with regard to sliding stability criteria, a required combination of base friction angle and 
cohesion was determined to be 45.0° and 16.0 psi, respectively. 

A final set of input parameters were detenuined that represented the minimal values 
necessary to meet all the stability criteria for all loading cases. Table 5.7 provides a summary of 
the minimal values needed. 

Table 5.7 

Minimum Input Values 

Input Parameter Description Gravitv Section wlo Buttress Gravitv Section wi Buttress 
Normal Pool Level, feet 639.0 641.0 
Cyclop. Concrete Unit Weight, pef 169.0 165.0 
Corresponding Conc.lStone Ratio 30:70 40:60 
Base Friction Angle, degrees 45 35 
Cohesion, psi 16 0 

As shown in Table 5.7, it should be noted that the original configuration of the Lower 
Dam without the earthfill buttress satisfies current stability criteria for all loading cases if the 
normal pool level is maintained 2 feet pool the design normal pool elevation of 641.0 feet (Local 
2002 vertical datum), whereas the current configuration of the Lower Dam with the earthfill 
buttress satisfies all loading cases using the design normal pool. 

5.5 Results Summary 

Table 5.8 provides a summary of the results of the stability analyses performed for the 
Lower Dam concrete gravity section with and without the earthfill buttress. 
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Table 5.8 

Stability Analyses Results Summary 

Concrete Gravity Section without Earthfill Buttress (From 1908 To 1934) 

Full or Maximum Gravity Section with Base Elevation 578.5 

Loading Overturning Stability Slidin~ Stability 
Case Resultant Position Concrete Stress Slidin~ Safety Factor 
No. Criteria Computed Heel, psi I Toe, psi Criteria Computed 

Scenario I: Unit Wt. Cone. :=: 161 pcf, Base Friction Angle > 35.0°, Base Cohesion> 0 psi 
I Middle '12 OK 74.8 -2.6 273.6 
2 

1.7 
Middle 1/3 Outside -7.2 54.6 2.0 0.9 

3 Middle '12 Outside -15.2 61.6 0.8 
4 

1.7 
Within Base OK 78.0 -5.9 1.3 20.0 

5 Middle '12 Outside -14.7 62.2 1.7 0.8 
6 Within Base OK -37.5 84.9 0.6 
7 

1.3 
Within Base OK -24.4 69.6 0.7 

Scenario II: Unit Wt. Cone. :=: 161 pef. Base Friction Angle :=: 45.0°, Base Cohesion> 16ysi 
1.3 

I Middle '12 OK 74.8 -2.6 564.2 
2 

1.7 
2,0 

3 
Middle 1/3 Outside -7.2 54.6 2.0 
Middle 12 Outside -15.2 61.6 1.7 1.9 

4 Within Base OK 78.0 41.2 
5 

-5.9 1.3 
Middle 12 Outside -14.7 62.2 1.7 1.8 

6 Within Base OK -37.5 84.9 1.4 
7 

1.3 
Within Base OK -24.4 69.6 1.7 

Scenario III: Unit Wt. Cone. :=: 177 pcf, Base Friction Angle:=: 35.0°, Base Cohesion =0-.-psi 
1.3 

I Middle '12 OK 82.3 -2.8 301.7 
2 

1.7 
Middle 1/3 OK 0.4 54.5 2.0 1.0 

3 Middle ~/2 0.9 
4 

OK -7.7 61.4 1.7 
]9.7 

5 
Within Base OK 86.0 -6.5 1.3 

-7.7Middle '12 OK 62.5 1.7 0.9 
6 -31.8Within Base OK 86.6 0.7 
7 

1.3 
-16.9 0.8 

Scenario IV: Unit Wt. Cone. = 169 pcf, Base Friction Angle =45.0°, Base Cohesion = 16 psi, 
Normal Pool Level =639 ft.
 

I
 

Within Base OK 69.4 1.3 

Middle \.'2 -2.7 584.3 
2 

OK 78.5 1.7 
2.0 2.3 

3 
Middle ]/3 2.7 49.3OK 

-11.5 1.7 1.9 
4 

Middle 12 OK 61.5 
-6.2 40.3 

5 
Within Base 82.0 1.3OK 

2.0 

6 
56.9 1.7Middle '12 OK -4.9 

-27.5 1.5 

7 
Within Base OK 79.5 1.3 

1.8-20.6Within Base OK 69.5 1.3 

Note: A negative stress value indicates tension. 
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Table 5.8 cont'd. 

Stability Analyses Results Summary 

Concrete Gravity Section without Earthfill Buttress (From 1908 To 1934) 

Partial Gravity Section with Base Elevation 615.0 

Loading Overturning Stability Sliding Stability 
Case Resultant Position Concrete Stress Sliding Safety Factor 
No. Criteria Computed Heel, psi Toe, psi Criteria Computed 

Scenario I: Unit Wt. Cone. = 161 pcf, Base Friction Angle = 35.0°, Base Cohesion =0 psi 
I Middle lI2 OK 38.7 -2.6 40.6 
2 

1.7 
Middle 1/3 OK 5.1 19.8 2.0 1.1 

3 Middle lI2 OK -2.7 26.5 1.7 0.9 
4 Within Base OK 39.9 -3.7 1.3 \7.5 
5 Middle lI2 OK 1.4 23.5 1.7 1.0 
6 Within Base OK -9.6 34.5 0.7 
7 

1.3 
Within Base OK -11.9 0.7 

Scenario II: Unit Wt. Cone. = 161 pcf, Base Friction Angle = 45.0°. Base Cohesion = 16 psi 
I 

34.4 1.3 

Middle lI2 OK 38.7 -2.6 1.7 109.4 
2 Middle 1/3 OK 5.1 19.8 2.0 3.7 
3 Middle V2 OK -2.7 26.5 1.7 3.0 
4 Within Base OK -3.7 47.1 
5 

39.9 1.3 
Middle V2 OK 1.4 23.5 1.7 3.3 

6 Within Base OK -9.6 34.5 2.4 
7 

1.3 
Within Base OK -I 1.9 34.4 2.5 

Scenario III: Unit Wt. Cone. = 177 pcf, Base Friction Angle =35.0°, Base Cohesion =0 psi 
1.3 

I Middle V2 OK 42.4 44.7 
2 

-2.7 1.7 
Middle 1/3 OK 8.8 19.7 2.0 1.3 

3 Middle V2 OK 1.0 26.3 1.0 
4 

1.7 
Within Base OK -4.143.8 17.5 

5 Middle V2 
1.3 

4.8 23.6 1.7 1.1 
6 

OK 
0.8 

7 
Within Base OK -7.0 35.4 1.3 
Within Base OK -8.1 34.3 0.8 

Scenario IV: Unit Wt. Cone. = 169 pef, Base Friction Angle =45.0°, Base Cohesion = 16 psi. 
Normal Pool Level =639 ft. 

1.3 

112.2 

2 
40.5 -2.6I Middle V2 OK 1.7 

2.0 4.5 

3 
12.3 15.3Middle 1/3 OK 

3.1 
4 

Middle 1/2 OK -0.8 26.4 1.7 
46.\ 

5 

Within Base -3.9OK 41.9 1.3 
3.9 

6 

Middle Y2 OK 8.7 18.8 1.7 
OK 29.6 2.8 

7 
Within Base -2.0 1.3 

34.4 2.6-10.0 1.3Within Base OK 

Note: A negative stress value indicates tension. 
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Table 5.8 cont'd. 

Stability Analyses Results Summary 

Concrete Gravity Section with Earthfill Buttress (From 1934 To Present) 

Maximum Gravity Section with Base Elevation 578.5 

Loading Overturnmg Stability Slidin~ Stability 
Case Resultant Position Concrete Stress Slidin2 Safety Factor 
No. Criteria Computed Heel, psi Toe, psi Criteria Computed 

Scenario I: Unit Wt. Cone. == 161 pcf, Base Friction Angle == 35.0°, Base Cohesion == 0 psi 
I Middle Y2 OK 87.3 4.5 
2 

21.8 1.7 
Middle 1/3 OK -0.2 2.0 2.1 

3 
90.8 

Middle Y2 OK -8.3 97.8 1.7 1.9 
4 Within Base OK 91.8 17.3 3.8 
5 

1.3 
Middle 112 OK -7.9 98.5 1.7 1.8 

6 Within Base OK -31.0 121.6 1.3 1.3 
7 Within Base OK -17.4 105.8 1.3 1.7 

Scenario II: Unit Wt. Cone. == 161 pef, Base Friction Angle == 45.0°, Base Cohesion == 16 psi 
I Middle Y2 OK 87.3 8.2 
2 

1.721.8 
Middle l/3 OK -0.2 2.0 4.1 

3 
90.8 

Middle Y2 OK -8.3 97.8 1.7 3.7 
4 Within Base 7.1 
5 

OK 91.8 1.317.3 
Middle Y2 OK -7.9 3.5 

6 Within Base 
98.5 1.7 

-31.0OK 2.5 
7 

121.6 1.3 
Within Base -17.4 1.3 3.3 

Scenario III: Unit Wt. Cone. == 177 pcf, Base Friction Angle == 35.0°, Base Cohesion == 0 psi 
OK 105.8 

Middle Y2 OKI 94.8 4.8 
2 

21.7 1.7 
Middle 1/3 2.3 

3 
OK 7.3 2.090.7 

Middle Y2 -0.7OK 2.0 
4 

97.7 1.7 
Within Base OK 99.8 4.0 

5 
16.7 1.3 

Middle ~/2 2.0 
6 

-0.8OK 1.798.9 
Within Base -25.3 1.4 

7 
OK 123.4 1.3 

1.8 
Scenario IV: Unit Wt. Cone. == 165 pcf, Base Friction Angle == 35.0°, Base Cohesion == 0 psi, 

Normal Pool Level == 641 ft., Tailwater Level == 606 ft. (passivej/Sz] ft (active)
 
I
 

Within Base OK -9.9 1.3105.7 

98.5 2.8Middle Y2 5.2 1.7OK 
2 Middle 1/3 3.1 2.0 2.3 
3 

OK 87.2 
Middle Y2 -5.0 2.0 

4 
OK 94.2 1.7 

2.6 

5 
Within Base 102.4 1.3OK 1.3 

Middle Y2 -4.8 1.9 
6 

OK 95.1 1.7 
Within Base -28.7 1.3 1.3 

7 
OK Il9.0 

1.8Within Base -14.1 102.2 1.3OK 

Note: A negati ve stress value indicates tension. 
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5.6 Conclusions and Recommendations 

1.	 Contrary to previous investigations, sufficient information was obtained during this study 
to determine: 

A.	 The cross-sectional geometry of the concrete gravity section for the Lower Dam. 
B.	 The materials and method used to construct the concrete gravity section for the Lower 

Dam. 
e.	 The unit weight and compressive strength of core samples take from the concrete 

gravity section for the Lower Dam. 
D.	 The cross-sectional geometry of the earthfill buttress section for the Lower Dam. 
E.	 The unit weight of soil samples taken from the earthfill buttress section for the Lower 

Dam. 

This information in combination with conservative estimates of other key parameters 
allowed for the analysis of the structural stability of the Lower Dam. Given the available 
information and the age of the structure, it was considered reasonable to assume that the 
original construction did not include a grout curtain in the foundation rock beneath the 
dam and that drain holes were not drilled in the foundation rock beneath the darn to 
relieve uplift pressure. The stability analyses were performed using this assumption. 

2.	 When reasonable values are assigned for the structural parameters for the original 
configuration of the Lower Darn (concrete gravity section without the earthfill buttress), 
the dam does not meet the current structural stability criteria published by the U.S. Army 
Corps of Engineers [Ref. 6] unless the normal pool level is lowered by 2 feet. 
Furthermore, assigning conservative values for the structural parameters for the original 
configuration results in a stability inadequacy, most notably for the normal operating 
loading condition. This suggests that the Lower Darn may have been slightly 
overstressed during its operation from 1908 to 1934. Any overstressing, particularly the 
development of tensile stresses in the heel of the structure, may have caused horizontal 
cracking within the concrete gravity section of the dam at or near the upstream face at or 
near the base of the structure. Such a condition reduces the structure's ability to resist 
overturning and sliding failure. Depending upon the upgrade alternative selected for 
implementation, consideration could be given to performing additional borings in the 
concrete gravity section near the upstream face to provide additional information 
regarding the condition of the interface between the cyclopean concrete and the concrete 
foundation slab and the concrete foundation slab and the foundation rock. 

3.	 When conservative values are assigned for the structural parameters for the current 
configuration of the Lower Dam (concrete gravi ty section with earthfill buttress), the dam 
does meet the current structural stability criteria published by the U.S. Army Corps of 
Engineers [Ref. 6J for all loading cases. Therefore, in its present configuration, the 
Lower Dam is structurally stability for the loading cases analyzed. 
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4.	 Any upgrade alternative involving the removal of the earthfill buttress should include 
drilling drain holes in the foundation rock beneath the existing concrete gravity section to 
relieve uplift pressure and improve the stability of the structure. 
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6.0 UPGRADE ALTERNATIVES 

As a result of the engineering analyses performed for this study. the following 
deficiencies have been identified in the Ragged Mountain Dam System: 

1.	 The existing spillway for the Upper Dam is only capable of passing 5.2% of its spillway 
design flood, which is the probable maximum flood (PMF); 

2.	 The existing spillway for the Lower Dam is only capable of passing 1.6% of its spillway 
design flood, which is the probable maximum flood (PMF); 

3.	 The static and dynamic (earthquake) stability of the embankment slope for the earthfill 
buttress for the Lower Dam is inadequate using U.S. Army Corps of Engineers criteria. 
Initial analyses indicate that placement of additional soils to flatten the buttress slope to a 
3 horizontal to I vertical (3H: I V) slope would most likely prove to be an adequate means 
to address the slope stability issue; and, 

4.	 Testing of samples of the in-situ soil material for the earthfill buttress for the Lower Dam 
indicates a relatively low density (average 89% proctor). Preloading or surcharging the 
buttress could possibly address differential settlement concerns regarding the 
construction of remedial measures on the buttress. After a period of time, this surcharge 
could be removed to permit construction of the upgrade alternative in the footprint of the 
preload. 

However, for upgrade alternatives involving the continued use of the existing earthfill . 
buttress, the potential for liquefaction of the buttress soils will need to be investigated 
during the preliminary design phase. If further analysis indicates that a liquefaction 
potential exists, complete removal and replacement of the buttress soils may be required 
as part of the remedial measures. 

To address the deficiencies described above, conceptual-level designs were prepared for 
three upgrade alternatives for the Ragged Mountain Dam System as part of this study. Due to 
topographic and other restraints related to the Lower Dam site, upgrade alternatives are limited. 
A description of each upgrade alternative as well as an estimate of the associated probable 
construction cost is provided in this report section. 

6.1 Upper Ragged Mountain Dam 

As discussed in Sections 2.0 and 4.0 of this report, the storage capacity of the Upper 
Ragged Mountain Dam (Upper Dam) is partially redundant. The Lower Dam can currently store 
about 45 percent of the Upper Dam's storage capacity, based on the original normal pool level 
(Elev.654.7 ft) for the Upper Dam, if the Upper Dam were removed from service. The 
remainder of the Upper Dam's storage capacity could also be stored by the Lower Dam with a 
nominal increase of 3.2 feet in the normal pool level of the Lower Dam. Consequently, and in 
light of the expected significant cost that would be required to upgrade the spillway capacity of 
the Upper Dam relative to the benefit this facility provides, all of the recommended upgrade 
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alternatives presented herein for the Ragged Mountain Dam System include breaching the earth 
embankment at the Upper Dam. For alternatives involving the continued use of the existing 
earthfilL buttress at the Lower Dam, soil materials from the breach construction in the Upper 
Dam could be used to flatten the buttress slope. 

Hydrologic and hydraulic analyses performed during this study indicate that only partial 
removal or lowering of the embankment crest at the Upper Dam could be performed without any 
significant adverse effect on downstream flood potential. Partially breaching the Upper Dam 
would be less costly than a full breach or complete removal of the dam embankment material. 
Additionally, setting the proposed breach crest slightly above the normal pool elevation of the 
Lower Dam would allow for continued use of the existing pedestrian trail across the Upper Dam 
embankment. Accordingly, the recommendation for the Upper Dam is to remove the upper 
portion of the embankment as shown in section and profile views on Figure 6.1. The 
recommended elevation of the proposed partial breach crest is set 2 feet above the normal pool 
elevation of the Lower Dam. If the normal pool elevation of the Lower Dam is maintained at the 
existing elevation of 641.0 feet, the recommended breach crest elevation at the Upper Dam is 
643.0 feet. Likewise, the recommended breach crest elevation is 646.2 feet if the Lower Dam 
normal pool is raised to 644.2 feet. 

The cost to decommission the Upper Dam is included in each of the three alternatives 
presented in the following sections. The cost to partially breach the dam includes clearing and 
grubbing an area to spoil the excavated earthfill and permanent stabilization of both the breach 
and the spoil areas. It is currently anticipated that permanent stabilization of these areas can be 
satisfactorily accomplished by seeding and mulching. To construct the proposed partial breach 
at the Upper Dam, improvements to vehicular access to the site will likely be required. 
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6.2 Lower Dam - Upgrade Alternative No.1 - Buttress Armoring 

The buttress armoring alternative fundamentally consists of flattening the embankment 
slope of the existing earthfill buttress to a 3 horizontal to 1 vertical slope, armoring a large 
portion of the flattened buttress slope with a roller-compacted concrete (RCC) lined spillway, 
and raising the remaining dam crest to contain flood pool levels. The alternative developed 
herein also includes raising the normal pool elevation by 3.2 feet to compensate for lost storage 
resulting from breaching the Upper Dam. A plan view of this alternative is presented in 
Figure 6.2 and a section at the centerline of the proposed RCC spillway is shown in Figure 6.3. 
The flattened buttress slope and proposed RCC lined spillway are intended to address the 
primary deficiencies of the existing Lower Dam, consisting of earth buttress slope instability and 
inadequate spillway capacity, respectively. Significant features of this alternative are discussed 
in this section of the report. 

It should be noted that another embankment armoring option has been developed in 
recent years that involves the use of mats of pre-cast articulated concrete blocks (ACBs). Cost 
comparisons between the use of RCC and ACBs for similar projects indicates that they are 
nearly equal, especially in cases where overtopping flow depths are relatively high. Discussions 
with the Virginia Division of Dam Safety at the initiation of this study indicated that the ACB 
armoring option would not be acceptable. This position may be due to the lack of performance 
data for this relatively new armoring scheme. However, the Division of Dam Safety offered that 
the use of the "Armorwedge" manufactured by Armortec may be acceptable. This system 
involves the use of very large concrete "wedges" similar in shape to terra-cotta roof shingles that 
are placed on the embankment slope in a fashion similar to roofing shingles. Since this type of 
armoring system has not yet been constructed anywhere in the United States and since the 
associated construction cost for this system is probably significantly higher than the use of RCC, 
this alternative only considered the use of RCC as the armoring material. 

6.2.1 General Description 

As discussed in Section 3.0 Geotechnical Investigations. the embankment slope of the 
existing earthfill buttress must be flattened to a 3 horizontal to 1 vertical (3H: 1V) grade to satisfy 
slope stability criteria. Also discussed in the Section 3.0 is the possibility that the existing 
buttress will need to be removed and reconstructed prior to constructing an RCC spillway on top 
of the earthfill and the possibility that if the existing earthfill buttress is not reconstructed, a 
preload may be required prior to construction of the spillway. In consideration of the 
geotechnical findings regarding the existing earthfill buttress, this alternative includes flattening 
the downstream slope to 3H: 1V, application of a preload over the area where the RCC spillway 
would be constructed, and alternative quantities that include removal and reconstruction of the 
earthfill buttress. The sectional view shown in Figure 6.3 is based on the assumption that the 
existing earthfill buttress will not be removed and reconstructed, however the probable 
construction cost estimate for this alternative was developed for both cases (buttress removal/no 
removal). 
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As shown in Figure 6.2, the RCC spillway covers most of the downstream slope of the 
earthfill buttress. The 220-foot-wide spillway crest will pass the spillway design flood (PMF) 
with a head of about 7.8 feet. As shown in Figure 6.2, the existing control building is located 
within the proposed spillway. This alternative was developed assuming that no major changes to 
the existing control building would be required and that damage to the control building may 
potentially occur during significant flood events. The spillway crest elevation is 644.2 feet 
within the two 20-foot-wide channels labeled as primary spillway crests on Figure 6.2 and 
646.2 feet in the auxiliary portion of the spillway. Based on preliminary spillway design 
calculations, overtopping flows up to about 300 cubic feet per second (cfs) (about a 5-year event) 
would stay within the two primary channels while flows greater than 300 cfs would spread out 
over the entire 220-foot wide crest. 

The structural aspects of the proposed spillway include 15-foot-wide RCC lifts, 5-foot­
high reinforced concrete spillway training walls, and a 5-foot-thick RCC stilling basin floor. The 
height of the spillway training walls islO feet above the spillway crest at the top of the spillway 
chute to contain the 7.8-foot-deep design flow with 2.2 feet of freeboard. The walls are 12 feet 
high above the stilling basin floor. All of these dimensions are based on preliminary calculations 
and should be re-evaluated during preliminary design. As shown on Figure 6.3, the conceptual 
layout also includes 2 feet of drain material under the stepped RCC spillway. 

The dam crest would need to be raised about 12.5 feet from the existing elevation of 
about 643.8 feet to 656.2 feet to contain the spillway design flood (PMF) pool and have 2.2 feet 
of freeboard. Raising the top of the existing concrete sections would involve trimming the 
existing dam crest down about I foot to sound concrete then adding a new concrete section on 
top of the existing concrete. For this alternative, the new dam crest would remain 7 feet wide, 
same as the existing crest. At the ends of the existing concrete dam, new concrete gravity 
sections would be constructed to raise the crest. It is assumed that the new sections would be 
founded on rock about 10 feet below existing grade and would extend left and right of the 
existing dam to about 10 feet beyond the existing elevation 656 contours. 

Given the overall required dam height (approximately 77 feet) for this alternative, initial 
analyses indicate that structural stability may be marginal for the existing concrete gravity 
section. Therefore, if this alternative is selected, further analyses should be performed during the 
preliminary design phase to determine if structural stability is fully adequate and/or if further 
remedial measures could satisfactorily be implemented to correct any stability deficiencies. 

Additional miscellaneous work that would be included with the buttress arrnoring 
alternative include demolition of the existing spillway within the limits of the new work area, 
demolition of the chlorination building, installation of 4-foot-high fencing on the dam crest, 
modifications and/or abandonment of the existing tunnel, and utility relocations. It is also 
assumed that a partial breach of the Upper Dam (crest Elevation 646 feet) would be included 
with this work. Additionally, if it is deemed necessary to remove and reconstruct the existing 
earthfill buttress, drilling of foundation drains into the rock under the existing concrete gravity 
section should be considered along with a drainage system to relieve uplift pressures under this 
portion of the structure. 
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6.2.2 Advantages and Disadvantages 

Advantages and disadvantages of the buttress armoring alternative as compared to the 
RCC buttress and side-channel spillway alternatives are summarized in Table 6.1. The primary 
advantages of building an RCC spillway on top of the existing earthfill buttress are re-utilizing 
the existing in-situ material and an apparent lower initial construction cost. The primary 
disadvantages include the risk associated with building an expensi ve concrete spillway on top of 
a less than ideal earthfill base; the potential for the earth buttress to mask present or future 
problems with the existing cyclopean concrete structure; limited, difficult, and at times no access 
to the control building along with potential for flood damage to the building during significant 
flow events; and about 12.5 feet of raising required on top of the existing concrete structure. 

Table 6.1 

Alternative No.1· Advantages and Disadvantages 

Advantages 
• May be able to re-utilize existing earth buttress. 
• Estimated lower initial construction cost compared to other alternatives. 

Disadvantages 
• Risks associated with building on existing earth buttress (refer to geotechnical report). 
• Potential for earth buttress to hide future problems with existing concrete section. 
• Significant dam raising required and possible associated instability. 
• Limited access to control building. 
• Potential damage to control building during significant t100d events. 
• Reservoir must be completely lowered during construction if earth buttress must be 

replaced. 

6.2.3 Probable Construction Cost Estimate 

The estimate of the probable construction cost for the buttress armoring alternative is 
presented in Table 6.2. The total probable construction cost including a 15 percent contingency 
is estimated to be about $2.80 million if the existing earthfill buttress is not removed and 
replaced and about $3.13 million if the existing buttress is removed and reconstructed. Nearly 
one-third of the estimated construction cost is for conventional concrete. If the final design 
calculations include significant hydraulic design changes to the new spillway, the concrete cost 
and the total cost could likewise vary significantly. Another nearly one-third of the estimated 
construction cost is in the roller-compacted concrete. The quantity of RCC should not vary 
much from the estimated quantity contained herein, however the unit cost could vary 
significantly depending on the contractor's perceived degree of difficulty getting materials to the 
site and erecting, operating, and maintaining a concrete plant with the limited staging area 
available at the site for this alternative. 
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Item Estimated Unit
 
No.
 Item Description Unit Quantity Price Item Price 
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-..-. --- - -'--~-' .. -----.-----1-----­
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r------t--:- Bonds & Insurance --~-. ----.- ·--·-+---=-LS=--I---- --'---:=+---"":":'::"'::":l- ­b Job XXX $23,100 

Ullper Dam· Construct Partial Breach 
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1----­ ------------+-------I-------~--I__-.-.---.--------.--~~-_1 
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. .,..--:- ----.' -----------.---------------- - ---1------_. - 1----­

359_ _ $400.00	 $140,000 
$215,000430 1-- J§O-=-'O:-:-.O::-:O+-~~___:~~_=_:: I 
$567,0001,620 $35<:l.-.:c0_Oo+-__----':.::...:..:...c::..:~.:: 

I 

Acres 2.25 $5,000.00 

RCC Arrroring Cost Estjrrate • DPR.xls. Alt No.1 Report 
212812003, 11:17AM 1 of 2 



- ------- - -------

Table 6.2 
Probable Construction Cost Estimate 

Upgrade Altematiw No.1· Buttress Armoring 

(2003 Prlce le'4l1) 

Item Estimated Unit 
No. Item Description Unit Quantity Price Item Price 

-----f--­/---t---­ - --f--­
- ----------.~--=----------.- ------------j----f--­

Cy 
SY 

18. 4-Foot High Fencing _. --- LF--­
f--- - ---.-- - --------- --------.- ---------------'--­

f 19. Tunnel Modifications -- ------- - LS--­ xxx $10,000Job
f--- ----------.-----------.------.----------- ---- - -- --------t-----------­
f~-, -------- --.--------f-----c-=----+-----,-.,-f-----~_+_----__=__=c::_:c__:_t xxx $70,300~:. .'-Jti!.~~s_~~~o~!!on__________ __ __ LS _ _ J~~ 

----- ------------------.-------------. ---------+-----1-------.----;-:0+---:::-:::---::-::-::-::-::+------ ------­

Mobilization and Derrobilization Total: $127,100 
Upper Dam Total: $60,460 
Lower Dam Total: $2,248,960 

$2,436,520Construction Cost Subtotal: ---~~~~ 
Contingency (15%): $365,500 

TOTAL PROJECT COST: $2,802,020 

Removal/Replacement of Existing Earthfill Buttress 

$43,300Continaencv /15%): 

TOTAL PROJECT COST WITH EARTHFILL BUTTRESS REMOVAUREPLACEMENT: $3,133,970 

RCC Arrroring Cost Eso",,!•• DPR.xls, Ail No. 1 Report 
212812003, 11:17 AM 20f 2 



6.3 Lower Dam - Upgrade Alternative No.2 - RCC Buttress 

The roller-compacted concrete CRCC) buttress alternative fundamentally consists of 
removing the existing earthfill buttress from the downstream face of the existing concrete gravity 
section and replacing it with an RCC (concrete) buttress. This alternative would convert the 
present composite concrete gravity and earth embankment structure back to a solely concrete 
gravity dam. By converting the structure back into a concrete gravity dam, the existing spillway 
can be abandoned and replaced by a much larger spillway integral with the gravity section of the 
dam. The alternative developed herein also includes raising the normal pool elevation by 3.2 feet 
to compensate for lost storage resulting from breaching the Upper Dam. A plan view of this 
alternative is presented in Figure 6.4 and schematics of the non-overflow and overflow sections 
of the proposed new gravity dam structure are shown in Figures 6.5 and 6.6, respectively. The 
RCC buttress is intended to address the primary deficiencies of the existing Lower Dam. 
consisting of earth buttress slope instability and inadequate spillway capacity. Significant 
features of this alternative are discussed in this section of the report. 

6.3.1 General Description 

Since the Lower Dam was designed and constructed in 1908, prior to the development of 
a full understanding of the forces acting on gravity dams as well as potential extreme flood 
magnitudes, both the concrete gravity section and the existing spillway are undersized. 
Furthermore, due to the age of the structure, more likely than not, original construction did not 
include a grout curtain or drilled drains in the foundation rock beneath the gravity section to 
reduce and relieve foundation uplift pressures, respectively. 

To remedy these deficiencies, this alternative consists completing removing the existing 
earthfill buttress, which has an estimated volume of 43,000 cubic yards. In conjunction with the 
buttress excavation work, any poor quality concrete on the crest and downstream face of the 
existing concrete gravity section would be removed. The estimated depth of this concrete 
removal is approximately one foot. Following removal of the existing earthfill buttress and poor 
quality concrete, drains would be drilled into the foundation rock beneath the existing concrete 
gravity section to improve structural stability by providing a positive means to relieve foundation 
uplift pressure. Prior to placement of the RCC buttress against the downstream face of the 
existing gravity section, weathered rock at the base of the buttress would be removed and the 
rock surface cleaned and any surface irregularities treated. The RCC buttress would be placed in 
1-foot-thick horizontal lifts across the entire downstream face of the existing concrete gravity 
section. The width of each RCC lift varies with structural height and a minimum 13-foot-width 
is maintained for ease of construction. 

As a common advantage to concrete gravity dams, the spillway can be located within the 
structure as opposed to constructing a spillway separate from the main structure in an abutment 
area as is the present case and as is common with earth embankment dams. Therefore, the new 
concrete gravity dam proposed for this alternative would have what is commonly referred to as a 
non-overflow section as shown in Figure 6.5 and an overflow section for the spillway as shown 
in Figure 6.6. Due to 1) the location of the existing intake tower; 2) the orientation of the 
existing dam relative to the main valley downstream; and. 3) the limited width in the main valley 
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immediately downstream of the dam, the length of the spillway or overf1ow section is limited to 
approximately 75 feet. Therefore, the conceptual-level design assumed the use of an ogee­
shaped spillway with a 75-foot crest length. Given this spillway type and crest length, the dam 
crest must be raised from Elevation 643.8 feet to Elevation 657.0 feet or 13.2 feet for a raised 
normal pool elevation of 644.2 feet to safely pass the spillway design flood (PMF). No 
freeboard was included in setting the dam crest elevation since any minor overtopping during an 
extreme f100d event would not endanger the concrete gravity structure or its foundation rock. 
The spillway is lined with conventional concrete for high durability and stair-stepped to dissipate 
flow energy. Flow energy is further dissipated at the end of the spillway chute by use of a U.S. 
Bureau of Reclamation Type III stilling basin. 

With regard to structural stability, a flatter and more stable downstream slope of 
0.8 horizontal to 1 vertical (0.8H: 1) was used for both the non-overflow and overflow sections. 
Due to the constraint of a minimum allowable RCC lift width of 13 feet used to construct the 
RCC buttress at a 0.8H: 1V downstream slope, the conceptual-level design for this alternative and 
associated estimated probable construction cost is applicable to both the current normal pool 
(Elev. 641.0 feet) and the raised normal pool (Elev. 644.2 feet) options. For stability 
improvement and for ease of construction, the chimney section for the raised dam crest has a 20­
foot width. 

Additional miscellaneous work that would be included with the RCC buttress alternative 
consists of raising the intake tower and associated gate hardware to the new dam crest elevation 
(Elev. 657.0 feet), demolition of the existing spillway within the limits of the new work area, 
demolition of the existing tunnel beneath the earth buttress, installation of 4-foot-high fencing on 
the dam crest, and utility relocations. It is also assumed that a partial breach of the Upper Dam 
(crest Elevation 646 feet) would also be included with this work. 

6.3.2 Advantages and Disadvantages 

Advantages and disadvantages of the RCC buttress alternative as compared to the 
buttress arrnoring and side-channel spillway alternatives are summarized in Table 6.3. The 
primary advantage of converting the existing structure back into a concrete gravity dam is that it 
eliminates any uncertainty associated with the present performance capability of the earthfill 
buttress. This alternative also extends the useful life of the facility by at least another 100 years; 
whereas, the useful life of the other two alternatives is considered to be about 50 years since they 
rely on the use of the earth buttress. This alternative best allows for raising the structure in the 
future to further increase storage capacity. 

The primary disadvantages include the higher initial construction cost; the removal and 
disposal of a large volume of earth material; and the need to completely lower the reservoir 
during construction since the existing concrete gravity is unstable without the earth buttress. 
However, the reservoir emptying issue is negated if either of the other alternatives requires 
removal and replacement of the existing earth buttress. Furthermore, given the relati vely short 
construction duration for the placement of the RCC buttress, partial filling could possibly begin 
prior to construction completion, especially since the RCC buttress would be less susceptible to 
damage should a large storm event cause overtopping of the dam. With regard to earth material 
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removal, if disposal can be accomplished immediately downstream of the damsite, the earth 
material could be used to create a large level staging area. 

Table 6.3 

Alternative No.2 - Advantages and Disadvantages 

Advantages 
• Structure is entirely founded on rock. 
• Uncertainty of existing earth buttress performance capability is eliminated. 
• Allows for installation and maintenance of foundation drains to enhance stability by 

relieving uplift pressure beneath the existing concrete gravity section. 
• Extends useful life of facility by at least 100 years compared to 50 years for other two 

alternatives. 

• Best allows for raising dam to convert facility for pumped storage. 
• Less disrupti ve to existing water lines at the site. 

Disadvantages 
• Higher estimated initial construction cost compared to Alternative No. l . 
• Removal and disposal of a large volume of earth material. 
• Reservoir must be completely lowered during construction. 

6.3.3 Probable Construction Cost Estimate 

The estimate of the probable construction cost for the RCC buttress alternative is 
presented in Table 6.4. The total probable construction cost including a 15 percent contingency 
is estimated to be about $3.48 million. Approximately 45 percent of the estimated construction 
cost is for the RCC buttress. The quantity of RCC should not vary much from the estimated 
quantity contained herein, however the unit cost could vary significantly depending on the 
contractor's perceived degree of difficulty getting materials to the site and erecting, operating, 
and maintaining a concrete plant with the limited staging area available at the site for this 
alternative. 
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Table 6.4 
Probable Construction Cost Estimate 

Upgrade Alternative No.2· RCC Buttress 

(2003 Prical.<rtal) 

Item
 
No.
 

1. 

Item Description 

MObilization & Demobilization ~~~~__~ 

a General
-b Bonds &"lnsurance- ~-~~---

Up oer Dam- Construct Partial Breach 

Unit 

LS 
LS 

Estimated 
Quantity 

Unit 
Price Item Price 

-­
-

Job 
Job 

XXX 
XXX 

$129,100 
$28,700 

LS Job xxx 

1.25Acres $5,OOO.OQ ~ ~===-I 

4. Partial Breach EKcavation CY 9,000 

CY 9,000 _ :£.?:..o.o+-~_~---"---'----=-C:---=--j 
I----:::----lr.::--~---..- ..-.-------------.------ --.-_. 

Acres6. Permanent Seeding & Mulc~!l!.g __~ ._ . --+-----'-':..c...::.c'---+ 2.25=-=-+_....::$c:.5=,OQO:_.OO---l ~_$11~ 

Lower Dam- Replace Earthfill Buttress and Existing Spillway with RCC Buttress with Overflow Spillway 

f---~f-----~~~~~~~------. -.. - -- -' -----~~--~_+_~-_____+~~~~~f___~----~_+_---~-~~~_1 

7. Care & Diversion of Water 
f---....:-<--=---=:c..::..::.:....:::....:....:~:c..::.'-"--..c-'---.:..=-==--=--~--,----~--~~~--~-r----____:_::____t-~~-.__;-.---.- -------:-=--::-+-----.---:;c- -----,----­

____ .a _Er_os_jo_n~&_S_ed_im_en_I_Co_n_trQL ..~~~~_. .__~~__.-----4Q.t\-----:---':--'c--ct- ~1Q,QQQ 
_ ~iver~i9!!.~n.d~a~e_.9fW.~er _. __..__ _ LS Job $15,000 

8. Cle~~~':'9_ and Grubbing LS Job 

~--=,-------j'--::----------;~------~-_._--.-_.--_._-~------- - - _ .. ----- ­ --_... _--­ ------~---.-f_-------

/---t--------;=-----,-:-:;c--:-,--~--~-----. 

--- ._-_.- --- .__ ._-.--------'-'---'---'--+----------'-----'-' 

'---- .----- ------~-----~-.----~~-~~---.--~_+~----~_____t~~.----._+~-----~----

~~ ..Em __... .-~--~,____I____ --- _ ------c:~f____--~---- __ 

a Structural Backfill .____ _ CY 1------.b§2Q. ~$8.:QQ.f___. $20,000 
,---_ ~ Sto~eil.e Earthfill Buttress Material CY 43.000 $2.50 r---- $.1.12!,5qQ 

-- _. __ .-. _._-.-.----------+-~~---1~--~._--

500 $35.00'---C--:::__+-- -----------':--:c--;-\- ­
__.1,100 _$30.00 

I--'~--~ ~- -~ -- ­

'--~	 --- -_.._------------_._--------..._-- -- -- -- -- _... .- -._-~~.. - -----_._~--_.-

13. Convellt!onal Concrete ~_._.______ -----'-__ ---=-=-f-----~--	 _ 

r--	 _. a Structural~l13b__. __.______ f____ _C'(~__ 450 $400.00 ~ $180,OOO 
b Structural Wall CY 300 $500,00 $150,000r. -c- Mass____ __~-:_:-~~__~ ...:.=~_____ __ -::~ CY -=-=- 1/fO ~ __ $3s6j)Q:=~ ~ _$63,000 

f--- __~.__ Qental . .. _ _ .__. _ __ C,,!:,_ ___ _ _ 100 $2.OQ-.QQ.f---____ ___$20,000 

.----------- .--. --.----- .--..---._--..-.------.	 ----f---.------------ ­
14. Steel Reinfo~cEl~ent.____.__._. . __~~__ LI3 132,000 $1.oof-----__ _ $132..!.QQQ 

._---_.'----~--'~~-----'-----_.--- ---_.-- ~------------

Rec Buttress CostEstimate·RAK.xls 
2/2812003,11:12AM Page1 of 2 
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Table 6.4 
Probable Construction Cost Estimate
 

Upgrade A1temative No.2- RCC Buttress
 

(2003 Price Level) 

Item 
No. 

'---c-: . 

Roller-Compacted Concrete (RCC) 15.
1---­

a RCC-_. - f----­
b Spillway Facino Concrete 

1----. 
_c Bedding Morta!_______________

1---­
~ _Chimney Sect~~f1..f~cin.s_. ._1----­

._----­ --­ . 

16. Intake Tower Modifications 
... "---_._ .._---- _.".­

-~----------

17. Dam Crest Modifications 
a Pedestrian Spillway Bridqe 

_.b._4-~oot·High£~l1cil1.9..
1--' 

- - - - ­ -­ --­

f-1!:.. Demolition----_._- --_._----.-_.­
---------­ .. 

19. Utilities Relocation 
-----~ 

I---, - .. 

-~f!~a~~ntSe~lng & Mulching 

Item Description 
-. - -.-._.- . 

_.. _._-_. 

------- . .- ----­

--_ .. 

- - ._-­

_.'--­

---~----------

------_. 
. _.. -_.._---~ 

. ­

--<- --- . +- +. 

Estimated Unit 
Unit Quantity Price Item Price 

--­ - '-­ _. _._-­
.__._--­ ----.-'---$1JOO:OOOCY _~,750 $80.00 --_._­

CY 575 $250.00 $143,750--1---­ -­
SY 9,000 $2.50 $22,500.- ... _--- ._-'.1-------­ ._~~~- =:..~286,000SF - ­... - ~ ~,Q99- 1--___ $22.00---­
---._-- .. '--'--' ­ -----­ .•...__ ..•-------­
LS Job XXX $42,500- ----_ ..-._---1----_.­ ......­ ._ ..... _--'-'-­

•.. . ... ­ -_ .._---­ . 1-----­ --------._.­
---_ .._-,-. --"----­ .. 

LS Job XXX
f--­

$30,000
.""--"." ._---­

~'LF 675 $15.00 $10,125 
. .­ -.- . ---'­

_ .. - ......_-_.. ----­ ~~--- ----$84J5QLS Job .. __ ._-~_.--.'-. ~-_. -­ -­ --­ -­ -. ----'--­

_-------,--­ ------.- -­ -- .. ---'-­ ------ . --_._. '._-,-­

.L ___ LS Job XXX $36,500 
." 1-. __ .•._­ -­

.- -_._-------­ ~- -­
Acres 1.00 $5,000.00 $5.000 

Mobilization and Demobilization Total: $157,800 
Upper Dam Total: $70,000 
lower Dam Total: $2,797,125 

Construction Cost Subtotal: $3,024,925 
Contingency (15%): $453,800 

TOTAL PROJECT COST: $3,478,725 

Rec Buttress Cost Estimate· RAKxls 
2128/2003,11:12 AM Page 2 of 2 



6.4 Lower Dam - Upgrade Alternative No.3 - Side-Channel Spillwav 

This upgrade alternative fundamentally consists of replacing the existing spillway for the 
Lower Dam with a new side-channel spillway within the same location of the existing spillway; 
flattening the embankment slope of the existing earthfill buttress to a 3 horizontal to I vertical 
slope; and, raising the dam crest to contain flood pool levels. A plan view of this alternative is 
presented in Figure 6.7. The flattened buttress slope and side-channel spillway are intended to 
address the primary deficiencies of the existing Lower Dam, consisting of earth buttress slope 
instability and inadequate spillway capacity, respectively. The conceptual-level design for this 
alternative was based on the current normal pool elevation (641.0 ft) for the Lower Dam. Since 
a 3.2-foot raise in the normal pool level would have minor effects on the side-channel spillway 
geometry and associated material quantities, the probable construction cost for either pool level 
should be reasonably comparable. Significant features of this alternative are discussed in this 
section of the report. 

6.4.1 General Description 

The most significant modification to the Lower Dam would be the installation of a side 
channel spillway as illustrated in Figure 6.7. An ogee-shaped spillway with a 100-foot crest 
length and a crest elevation of 641.0 feet founded on rock would discharge flood flows into a 
concrete-lined side channel also founded on rock and located at the left abutment of the Lower 
Dam. The side channel would have a trapezoidal cross section with 1V:0.5H sideslopes and a 
bottom width of 20 feet as shown in Figure 6.9. In order to safely convey the spillway design 
flood (PMF), the side channel must be constructed to a depth of approximately 30 feet below the 
spillway crest elevation at the upstream end of the channel. A pedestrian bridge would span the 
spillway, thereby maintaining access to the dam crest. The trapezoidal open-channel spillway 
would continue downstream for a distance of approximately 200 feet where it would discharge 
into the existing natural channel at Elevation 600 feet. 

Another major modification to the Lower Dam would be the proposed 9.2-foot increase 
in the dam crest to Elev. 653.0 feet. In order to raise the dam crest to Elev. 653.0 feet, the 
chimney portion of the concrete gravity section of the dam would be vertically raised 9.2 feet, as 
shown in Figure 6.8. This option is designed to store flood flows and prevent overtopping of the 
Lower Dam during the spillway design flood (PMF). This also requires raising the intake tower 
and associated gate hardware to the new dam crest elevation. 

As with Upgrade Alternative No.1, given the overall required dam height (approximately 
74 feet) for this alternative, initial analyses indicate that structural stability may be marginal for 
the existing concrete gravity section. Therefore, if this alternative is selected, further analyses 
should be performed during the preliminary design phase to determine if structural stability is 
fully adequate and/or if further remedial measures could satisfactorily be implemented to correct 
any stability deficiencies. 
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The final significant modification to the Lower Dam would consist of flattening the 
earthfill buttress to a 3 horizontal to I vertical (3H: IV) slope to satisfy the stability criteria 
discussed in Section 3.0. Figure 6.8 presents the proposed earthfill buttress modification. A 
small portion of the existing buttress would be removed to facilitate construction and the new 
grade would be created using select fill obtained from the Upper Dam breach material. As 
discussed for Upgrade Alternative No. L depending upon the results of further analysis of the 
liquefaction potential for the buttress material, removal and reconstruction of the buttress may be 
necessary. 

Additional miscellaneous work that would be included with the side-channel spillway 
alternative consists of demolition of the existing spillway, modifications and/or abandonment of 
the existing tunnel beneath the earth buttress, installation of 4-foot-high fencing on the dam crest. 
and utility relocations. It is also assumed that a partial breach of the Upper Dam (crest Elevation 
643 feet) would also be included with this work. Additionally, if it is deemed necessary to 
remove and reconstruct the existing earthfill buttress. drilling of foundation drains into the rock 
under the existing concrete gravity section should be considered along with a drainage system to 
relieve uplift pressures under this portion of the structure. 

6.4.2 Advantages and Disadvantages 

Advantages and disadvantages of the side-channel spillway alternative as compared to 
the buttress armoring and RCC buttress alternatives are summarized in Table 6.5. The primary 
advantages of this alternative include minimal disturbance to the existing system and the 
assurance that the Lower Dam will not be overtopped. For example, the Upper and Lower Dam 
reservoirs will not have to be completely drained in order to perform the remedial work for this 
alternati ve. In addition, the modifications planned for the Lower Dam will result in the least 
amount of disturbance to the existing gravity section and earthfill buttress if removal and 
reconstruction of the earth buttress is not required. Otherwise, this advantage is negated since 
removal of the earth buttress would require complete emptying of the reservoir since the existing 
concrete gravity section is unstable without the buttress. This alternative is more superior to 
Alternati ve No. I since the spillway is founded on rock as opposed to earth. which eliminates the 
concern for possible future differential settlement. Another advantage to this alternative is that 
the flattening of the Lower Dam earthfill buttress will require the use of most of the Upper Dam 
breach material, thereby resulting in less spoil from the breach construction. 

The primary disadvantages of this alternative include the high construction cost and the 
higher potential for construction claims related to rock excavation. A large quantity of granite 
rock must be excavated in order to create the side channel spillway at the Lower Dam. This task 
is both tedious and extremely expensi ve especially since the rock excavation limits must closely 
match the intended spillway geometry. Otherwise, any over-excavation in the rock within the 
limits of the proposed concrete lining must be backfilled with dental concrete. Furthermore. 
controlled blasting techniques will be required to excavate the rock to prevent any adverse 
disturbance to the existing concrete gravity section, earth buttress, and private residences nearby: 
which will hinder excavation production rates and therefore further increase the potential for 
construction claims. A pre-blast survey may be needed to monitor whether blast damage has 
occurred to any area structures. 
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Table 6.5
 

Alternative No.3· Advantages and Disadvantages
 

Advantages 
• Minimal disturbance to reservoir operation if existing earth buttress can remain. 
• May be able to re-utilize existing earth buttress. 
• Spillway structure founded on rock. 
• Less material required to be spoiled at Upper Dam. 

Disadvan tages 
• Highest estimated construction cost compared to other two alternatives. 
• High potential for construction claims associated with rock excavation. 
• Controlled blasting required to minimize disturbance to area structures. 
• Potential for earth buttress to hide future problems with existing concrete section. 
• Significant dam raising required and possible associated instability. 

• Reservoir must be completely lowered during construction if earth buttress must be 
replaced. 

6.4.3 Probable Construction Cost Estimate 

The estimate of the probable construction cost for the side channel spillway alternative is 
presented in Table 6.6. The total probable construction cost including a 15 percent contingency 
is estimated to be about $4.14 million if the existing earthfill buttress is not removed and 
replaced and about $4.56 million if the existing buttress is removed and reconstructed. 
Approximately 43% of the estimated construction is for rock excavation. A conservative unit 
price of $125 per cubic yard was used for this study given that there is no site specific 
information yet available on rock depth and quality within the footprint of the proposed spillway 
area and that this work item will likely involve pre-splitting the rock to obtain the required 
spillway geometry and to avoid the additional costs associated with over-excavation. 
Furthermore, past experience has shown that unit prices quoted by contractors can vary 
significantly for this particular work item. However, if the unit price is reduced from $125 per 
cubic yard to a possible low range of $90 per cubic yard, this alternative is still more costly than 
the other two proposed altematives. Another significant contribution to the total estimated 
construction cost (- 20%) comes from the amount of concrete required to line the new spillway 
channel and raise the dam crest elevation. 
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Table 6.6 
Probable Construction Cost Estimate 

Upgrade Alternative No.3 - Side-Channel SpillWlY 

(2003 Price Level) 
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Side Channel Spillway Cost Estimate· MMB,}::ls
 
212812003, 1112 AM
 Page 1 of 2 

Item 
No. Item Description Unit 

Estimated 
Quantity 

Unit 
Price Item Price 

-
1. Mobilization & Demobilization 

-_.~~------~--~ 

a General 
b Bonds & Insurance 

lS 

lS 
Job 
Job 

- ----;-c-t--

XXX 
------···-·+-

XXX 

------~_:::_

$153,600
$34,200 

----··----·-'-:::c~~~ I 

:t-~-~_:_=_=__=_=-

Up

----. --.-;---~-~__;;_~--;-~-_;_---;-~~~-.~~~----_+-__:__::___j.--.... . .-. -­

per Dam - Construct Partial Breach 

-.-. -­ -----c-c--=-+--~-~----,-~__I 

2. JobLSErosion & Sediment Control 

I'-__:-f=---:--~- -­ .... ---'~~'... . -.. 
Acres 0.5 

9,000 

2,500 

6. 1.5AcresPermane.!1t~eding and M.l1chi~.9 ~~__~~-+-~==-, $7,500 

Lower Dam- Replace Existing SpillWlY with Side-Channel Sr:: illway (Crest EI. 644.2) 

~--=e-t-=--- .--------~~~--.... 

9. Excavation --. ---~- ---------f---------. ..---...----..--..~ 

._.-.. _._-----­ . ­ ~-- --_._-_.... 

I---_-+_ac Stripping ___._.. _._.. <:'y' __ 1,650 $3.00 __ $4,950 
b -Earth Buttress & Msc CY 6,310 $3.00 $18.930 
cRock _~_. ~__-~- CY ~---"5,525 --­ $.1 25.00 fl-.940._6~ 

r---'------ ­

--.,.c-----~---..-_,_~- -
CY 11,650 $4.00 $46,600... . ..._..... ­ ._­ . -. -.._----,--,­

CY 850 $4.00 $3,400_. I------.~~__. ._ ._'-'­ . c"--'­

10. Fill 
_.­ --------_.~-- .. - -- "- -­

---i=~_~~s~il -=~.:~~-~~~~.-_'__ ._ _ .. 
I---i-=-:c--·-- --- _.- . - -.--~--~--.---------------.-----.--+_-----_+-.-- - --1---.----­

t--:--:-i-::----------- ­ ~-.~--~---.------.~'----I---- -- ­ --'.' -. ­ .------t--- ----. 

'----c __ '-::: ­ __ -----.-.. -... . -­ .• -- ­ ..• ---..--.----.----- ­ ••.--.- ­ f------~-r_.---.-.. --... --~- .. 

g:.. ~t~e.IReinforcement ._. .. ~_ ..__ _ LB_ 180,QQQ+__ $1.00. __ _$]~-,-9Q.() 

13. ~Inta_ke T~~r'lI{odifications =--. ------:= LS~_ -== jO};-:"_--' XXX $32AQQ 
I--~'=--_.--~_._._._--_ .. _-_._ .. _._--_ -.­ .. -­ --~-~ -. -" ------1--.-----­ -­ -­ ....~ 



f Table 6.6 

Probable Construction Cost Estimate 

Upgrade Alternative No.3· Side-Channel Spillv.ey f 

r Item 
No. Item Description 

(2003 Price Level) 

Unit 
Estimated 
Quantity 

Unit 
Price Item Price 

$7,500 

$187.800 
$49,500 

$3,363.280 

$3.600,580 
$540,100 

Mobilization and Derrobilization Total: 
Upper Dam Total: 
Lower Dam Total: 

Construction Cost Subtotal: ---~~~~ 
Contingency (15%): 

16. Utilities Relocation LSt---------t---- ...- ....--. - ..--­ -----------.­ - .---- -. --f--- ...-.­
--.-.-~-----------.-..---.-­ --~--------- --f---c---­ -----------.. .-..------ --­
17. Permanent Seeding & M.llctling___ _ +--'A__'_c.::cr~es~------'-1~.5-!__._ ~~-'_O_O_O_'O_0-j--- -----'~---I

I 
f 

TOTAL PROJECT COST: $4,140,680 

Removal/Replacement of Existina Earthfill Buttress 

1a. Remo....elReplaceFiii - -----------------_t__----t-------i----­ ...-.--- ­ -.-----­

f------a-E-arth-BurtressE:cav-a-tio-n---------------j-·-C~yc-;---t--

b Select Fill -­ -­ - -C,'y­
- - -co-Drainage M:iteiial------· - -­ , _. -. --~I--cy-I---

--_. -.---­ 1-----­------~~~ 

~ Drilled_Drain Holes --f-.bf-­ J.,.1_O'Q $30.00 $3~~qOQ 

-----t-------------.-­ --I-­ -f-------f------.. I-------------.­
20. Deduction of ,tIppropriate Quantities Itemized Alove ----f--­ ... _ _. __...__ 

a Earth Buttress EJCavation CY (6,310) $3.00 -$18,930 
.. -­ bOO-Select Fill----­ CY (11.650) $4.00 -$46.600 

-­ -­ .. - -------------._ .. - -_ .. __.._---­

Contingency{15%): $54,400 

TOTAL PROJECT COST WTH EARTHFILL BUTTRESS REM:>VAUREPLACEMENT: $4,557,550 

Side Channel Spillway Cost Estirnate . MMB.xls 
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6.5 Life Cycle Cost Analysis 

To provide a complete comparison between the two least expensive upgrade alternatives 
evaluated for this study, consideration should be given to the expected design life of each 
alternative and the equivalent life cycle cost, especially since the estimated initial construction 
costs for these two alternatives are reasonably close and since these two alternatives offer 
differing levels of long-term performance. Since Upgrade Alternative No. I involves 
constructing an RCC spillway on an earth foundation, the expected design life for this structure 
is 50 years. After 50 years, it is reasonable to assume that some type of repair work would be 
necessary. Although it is difficult to predict the full nature and extent of possible future repair 
work, an estimated present repair cost of $700,000 was assumed for this comparison. This cost 
is about 50% of the present cost for the RCC spillway structure only. 

Since Upgrade Alternati ve NO.2 involves constructing an RCC gravity dam founded on 
rock. the expected design life for this structure is 100 years. Assuming an annual average 
inflation rate and savings interest rate of 4% and 6%, respecti vely, the present worth of the cost 
to repair the RCC spillway for Upgrade Alternative No. I in 50 years is $270,000. Adding this 
future repair cost to the initial construction cost yields an equivalent life cycle cost of 
$3.07 million and $3.4 million depending or whether or not the existing earth buttress must be 
removed and replaced. Therefore, the equivalent life cycle costs for these two upgrade 
alternatives are nearly the same since the estimated probable construction cost for the Upgrade 
Alternative No.2 is $3.48 million. 

Since the equivalent life cycle costs between Upgrade Alternative Nos. I and 2 can be 
viewed as nearly the same using the comparison approach described in conjunction with 
conceptual-level probable construction cost estimates, other factors should perhaps be considered 
for final selection of the alternative to be implemented. Depending upon overall project schedule 
requirements and present available funding, additional engineering investigations could be 
performed to better define the conceptual-level probable construction cost estimates for these 
two alternatives. The additional engineering investigations could include further evaluation of 
the existing earth buttress to determine whether or not its removal and replacement is required. 

6.6 Conclusions and Recommendations 

Conceptual-level designs and associated probable construction cost estimates were 
developed for three upgrade alternatives for this study. The development of each upgrade 
alternati ve was intended to address present deficiencies in the design adequacy of the Lower 
Dam. Two of the upgrade alternatives rely on the use of the existing earth buttress. 
Geotechnical investigations performed for this study indicate that further analysis is needed to 
determine whether or not the existing earth buttress must be removed and replaced. Therefore, 
for these alternatives, two probable construction cost estimates were prepared to address this 
Issue. 
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The estimated probable construction cost for the three upgrade alternati ves considered for 
this study are: 

Upgrade Alternative No.1 - Buttress Armoring 

A. Use Existing Earth Buttress: $2.80 million 
B. Replace Existing Earth Buttress: $3.13 million 

Upgrade Alternative No.2 - RCC Buttress $3.48 million 

Upgrade Alternative No.3 - Side-Channel Spillway 

A. Use Existing Earth Buttress: $4.14 million 
B. Replace Existing Earth Buttress: $4.56 million 

Since Upgrade Alternative Nos. I and 2 were the least two expensive alternatives and 
since they offer differing levels of long-term performance, an equivalent life cycle cost analysis 
was also performed to provide a more complete comparison. Using the approach previously 
described, the equivalent life cycle cost for these two alternatives is: 

Upgrade Alternative No.1 - Buttress Armoring 

A. Use Existing Earth Buttress: $3.07 million 
B. Replace Existing Earth Buttress: $3.40 million 

Upgrade Alternative No.2 - RCC Buttress $3.48 million 

If equivalent life cycle cost is taken into account, the two alternatives evaluated are nearly 
comparable in cost given the limitations of this level of estimating. In this case. other factors 
could be considered for selection of the alternative to be implemented. 

It should be noted that the probable construction cost estimates provided in this report do 
not include design and construction phase engineering and administration costs nor do they 
include the additional cost for wetlands delineation and mitigation for the raised normal pool 
(Elev. 644.2 feet) scenario since this cost items were not part of the original scope of this study. 
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