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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 D 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 Weight, pef Compressive Strength, psi
ID Location Sample |  Average Sample |  Average
Concrete Mortar
C-1 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
S-1 372’ -375 176.51 10,110 ]
S-2 52.6"-52.9° 179.10 8,560
S-3 56.7° -57.0° 184.65 180.09 9,250 9,307

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

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 ot 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
% Concrete Mortar % Plum Stone __pef
5 B 95 178.20
| 10 | 90 176.31
20 80 172.53
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 161 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 any one of the current industry standards published by the U.S. Army
Corps of Engineers (USACE), U.S. Bureau of Reclamation (USBR), 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

Service Life Period

1908 to 1934 1934 to Present
~ Gravity Section Only Gravity Section with Earthfill Buttress
Parameter Maximum Partial Loading Case Loading Case
Description Section Section Nos.1& 4 Nos. 2,3,5.6, &7
Top (Chimney) Width 7 ft 7 ft 7 ft 7 ft
Parapet Height 0ft 0ft 0ft 0ft
Slope of Upstream Face 0H:IV OH:1V 0H:1V OH:1V
Slope of Downstream Face 0.67H:1V 0.67H:1V 0.67H:1V 0.67H:1V
Top (Parapet) Elevation 643.5 ft 643.5 ft 643.5 ft 643.5 ft
Top of U/S Slope Elevation 578.5 ft 615 ft 5785 ft 578.5ft
Top of D/S Slope Elevation 633.0 ft 633.0 ft 633.0 ft 633.0 ft
Base Elevation 578.5 ft 615 ft 578.5 ft 578.5 ft
Rock Elevation 578.5 ft 0 ft 578.5 ft 578.5 ft
Soil Elevation, Upstrcam 584.0 ft 0 ft 584.0 ft 584.0 ft
Soil Elevation, Downstream 3785 ft 0ft 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 fi 646.25 ft 646.25 ft 646.25 fi
Tailwater Elevation, Normal 578.5 ft 0ft 600-621 ft 600-606 ft
Tailwater Elevation, Design 5785 ft 0ft 600-621 ft 600-606 ft
Tailwater Elevation, PMF 578.5 ft 0 ft 600-621 ft 600-606 ft
Base Friction Angle 35°-45° 35°-45° 35°-45° 35°-45°
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°
Ice Pressure 0.0 pst 0.0 psf 0.0 pst 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 0 psf 0 pst
Operating Basis Earthguake 0.04g 0.04g 0.04g 0.04g
Maximum Credible Earthquake 0.16g 0.16g 0.16g 0.16¢g
Concrete Unit Weight | 161-177 pcf 161-177 pef 161-177 pef 161-177 pef
Upstream Soil Moist Unit Weight 113.0 pef 113.0 pef 113.0 pef 113.0 pef
_Upstream Soil Saturated Unit Wt. 125.7 pef 125.7 pct 125.7 pcf 125.7 pef
Downstream Soil Moist Unit Weight 113.0 pef 113.0 pef 113.0 pef 113.0 pef
Downstream Soil Saturated Unit Wt. 125.7 pct 125.7 pef 125.7 pef 125.7 pef
At-Rest Lateral Earth Pressure Coeff. 0.45 0.45 0.45 0.43

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
Since the concrete mortar 1s
approximately 21% lighter than the granite plum stone, a conservative ratio of 1:1 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 pef with all other

plum stones which likely varies throughout the structure.

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 performing 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 determined 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 Gravity Section w/o Buttress Gravity Section w/ Buttress
Normal Pool Level, feet 639.0 641.0
Cyclop. Concrete Unit Weight, pcf 169.0 165.0
Corresponding Conc./Stone Ratio 30:70 40:60
Base Friction Angle, degrees 45 | 35
Cohesion, psi 16 J 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 teet (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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Stability Analyses Results Summary

Table 5.8

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

Full or Maximum Gravity Section with Base Elevation 578.5

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. Conc. = 161 pcf, Base Friction Angle = 35.0°, Base Cohesion = 0 psi
l Middle V2 OK 74.8 -2.6 1.7 273.6
2 Middle 1/3 Qutside 1.2 54.6 2.0 0.9
3 Middle Y2 Qutside -15.2 61.6 1.7 0.8
4 Within Base OK 78.0 -3.9 1.3 20.0
5 Middle Y2 QOutside -14.7 62.2 1.7 0.8
6 Within Base OK -37.5 34.9 1.3 0.6
7 Within Base OK -24.4 69.6 1.3 0.7

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

1 Middle Y2 OK 74.8 2.6 1.7 564.2
2 Middle 1/3 Outside -7.2 54.6 2.0 2.0
3 Middle ¥2 Outside -15.2 61.6 1.7 19
4 Within Base OK 78.0 -5.9 1.3 412
5 Middle V2 Qutside -14.7 62.2 1.7 1.8
6 | Within Base OK -37.5 84.9 1.3 14
7 | Within Base OK -24.4 69.6 1.3 1.7

Scenario III: Unit Wt. Conc. = 177 pcf, Base Friction Angle = 35.0°, Base Cohesion = 0 psi
l Middle Y4 OK 82.3 -2.8 1.7 3017
2 Middle 1/3 OK 04 54.5 2.0 1.0
3 Middle V2 OK -1.7 6l4 1.7 0.9
4 Within Base OK 86.0 -6.5 1.3 19.7
5 Middle Y2 OK -7.7 62.5 1.7 0.9
6 Within Base OK -31.8 86.6 1.3 0.7
7 Within Base OK -16.9 09.4 1.3 0.8

Scenario IV: Unit Wt. Conc. = 169 pcf, Base Friction Angle =45.0°, Base Cohesion = 16 psi,

Normal Pool Level = 639 ft.

1 | Middle Y2 OK 78.5 2.7 1.7 584.3
2 | Middle 1/3 OK 2.7 49.3 20 23
3 Middle V2 OK -11.5 61.5 1.7 1.9
4 Within Base OK 82.0 -6.2 1.3 40.3
5 Middle Y2 OK 49 56.9 1.7 2.0
6 | Within Base OK -27.5 795 | 1.3 1.5
7 | Within Base OK 20.6 69.5 i 1.3 1.8

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. Conc. = 161 pcf, Base Friction Angle = 35.0°, Base Cohesion = 0 psi
1 Middle V2 OK 38.7 -2.6 1.7 40.6
2 Middle 1/3 OK 5.1 19.8 2.0 1.1
3 Middle Y2 OK 2.7 26.5 1.7 0.9
4 Within Base OK 399 -3.7 1.3 17.5
5 Middle %2 OK .4 23.5 1.7 1.0
6 Within Base OK -9.6 34.5 1.3 0.7
7 Within Base OK -11.9 344 1.3 0.7
Scenario II: Unit Wt. Conc. = 161 pef, Buse Friction Angle = 45.0°, Base Cohesion = 16 psi
L Middle V2 OK 38.7 \ 2.6 1.7 109.4
2 Middle 1/3 OK 5.1 19.8 2.0 3.7
3 Middle ¥2 OK -2.7 26.5 1.7 3.0
4 Within Base OK 39.9 -3.7 1.3 47.1
5 Middle V2 OK 1.4 23.5 1.7 3.3
6 Within Base OK -9.6 34.5 1.3 2.4
7 Within Base | OK | -11.9 344 1.3 25
Scenario III: Unit Wt. Conc. = 177 pcf, Base Friction Angle = 35.0°, Base Cohesion = 0 psi
1 Middle V2 OK 42.4 -2.7 1.7 447
2 Middle 1/3 OK 8.8 19.7 2.0 1.3
3 Middle V% OK 1.0 26.3 1.7 1.0
4 Within Base OK 43.8 -4.1 1.3 17.5
5 Middle V2 OK 4.8 23.6 1.7 1.1
6 | Within Base | OK 1.0 354 1.3 0.8
7 | Within Base | OK -8.1 343 1.3 0.8
Scenario I'V: Unit Wt. Conc. = 169 pcf, Base Friction Angle = 45.0°, Base Cohesion = 16 psi,
Normal Pool Level = 639 ft.
1 Middle ¥4 OK 40.5 -2.6 1.7 112.2
2 Middle 1/3 OK 12.3 153 2.0 4.5
3 Middle Y2 OK | -0.8 26.4 1.7 31
4 Within Base OK 41.9 -3.9 1.3 46.1
5 Middle V2 OK 8.7 18.8 1.7 39
6 Within Base OK 2.0 29.6 1.3 2.8
7 Within Base OK -10.0 34.4 1.3 2.6

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 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. Conc. = 161 pcf, Base Friction Angle = 35.0°, Base Cohesion = 0 psi
| Middle 2 OK 87.3 21.8 1.7 4.5
2 Middle 1/3 OK -0.2 90.8 2.0 2.1
3 Middle V2 OK -8.3 97.8 1.7 1.9
4 Within Base OK 91.8 17.3 1.3 3.8
5 Middle V2 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. Conc. = 161 pcf, Base Friction Angle = 45.0°, Base Cohesion = 16 psi
| Middle V2 OK 87.3 21.8 1.7 8.2
2 Middle 1/3 OK -0.2 90.8 20 4.1
3 Middle Y2 OK -8.3 97.8 1.7 3.7
4 Within Base OK 91.8 17.3 1.3 7.1
5 Middle Y2 OK -1.9 98.5 1.7 3.5
6 Within Base OK -31.0 121.6 1.3 2.5
7 | Within Base OK -17.4 105.8 1.3 3.3
Scenario III: Unit Wt. Conc. = 177 pef, Base Friction Angle = 35.0°, Base Cohesion = 0 psi
1 Middle V2 OK 948 21.7 1.7 4.8
2 Middle 1/3 OK 7.3 90.7 2.0 2.3
3 Middle Y2 OK -0.7 977 1.7 2.0
4 Within Base OK 99.8 16.7 1.3 4.0
5 Middle V2 OK -0.8 98.9 1.7 2.0
6 Within Base OK -253 123.4 1.3 1.4
7 Within Base OK 9.9 105.7 1.3 1.8
Scenario TV: Unit Wt. Conc. = 165 pcf, Base Friction Angle = 35.0°, Base Cohesion = 0 psi,
Normal Pool Level = 641 ft., Tailwater Level = 606 ft. (passive)/621 ft (active)
| Middle Y2 OK 98.5 5.2 1.7 2.8
2 Middle 1/3 OK 3.1 87.2 2.0 23
3 Middle V2 OK -5.0 94.2 1.7 2.0
4 Within Base OK 102.4 1.3 1.3 2.6
5 Middle V2 OK 4.8 95.1 1.7 1.9
6 Within Base OK -28.7 119.0 1.3 1.3
7 Within Base | OK -14.1 102.2 1.3 1.8

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

I. 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.

The unit weight and compressive strength of core samples take from the concrete
gravity section for the Lower Dam.

The cross-sectional geometry of the earthfill buttress section for the Lower Dam,

The unit weight of soil samples taken from the earthfill buttress section for the Lower
Dam.

mo  Q

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 dam to
relieve uplift pressure. The stability analyses were performed using this assumption.

1]

When reasonable values are assigned for the structural parameters for the original
configuration of the Lower Dam (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 Dam 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 gravity section with earthfill buttress), the dam
does meet the current structural stability criteria published by the U.S. Army Corps of
Engineers [Ref. 6] for all loading cases. Therefore, in its present configuration, the
Lower Dam s 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 | vertical (3H:1V) 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 Mountajn 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
6430 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 | 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 spiliway 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 is10 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 | 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 altemative 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 satistactorily be implemented to correct any stability deficiencies.

Additional miscellaneous work that would be included with the buttress armoring
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 expensive 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 tlood 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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Table 6.2
Probable Construction Cost Estimate

Upgrade Alternative No. 1

- Buttress Armoring

(2003 Price Lewl)

item Estimated Unit
No. Item Description Unit Quantity Price Item Price
| 1. |Mobilization & Demobilizaton | | 1
| a Genefal ) B LS ) Job XX $104,000]
[ b Bonds & insurance LS Job XXX $23,100
Upper Dam - Construct Partial Breach
| 2. |Erosion & Sediment Control - LS |~ " uobl x| $7,500
| 3. |Clearing and Grubbing ' 'f’w_ﬁL Acres |  125|  $5,000.00 —$6,250]
4 |Partial E?é-ézﬁ Excawation ey T 9000 $3.00 $27,000
1 '
5. |Spoil/Stockpile Breach Material - oY | 4230 $2.00 __$8,460|
" 6._|Permanent Seeding & Mulching Acres | 225| $500000] $11,250]

Lower Dam - Flatten Buttress Slope and Replace Existing Spillvay with RCC Armored Spillway (Crest El. 644.2)

[,

7. [Care & Diversion of Water - SR
| a Erosion & Sediment Control LS _Jobl XXX $10,000
b _Diversion and Care of Water LS Job[__ XX $15,000
‘8. [Clearing and Grubbing Acres Job XXX __,,&3_:99%
9. [Demolition T '___F_ﬁ I T
a Existing Dam Crest L o CcYy 110 $7500] $8,250
| b Existing Spiliway - | s ] Job XXX  $7.500
¢ Chiorination Building o LS Job| XXX $5,000
10. |Excavation - R N
_____ a Stipping " [ CY [ 2000  $300] 88,700
| | o Stucwraigath CY 3100| $1000] 4L $31,000
N c Earth Buttress B CcY Bl 3,750 $3.00 . $11,250
| d Preload o Cy 6,500 $4.50 .. $28,250
I S R R

11. |Fill ~ o o ~
a Select T ey 72000 3400  $28,800]
b StucturalBackit cY 1,320 $8.00] $10,560|
|~ | ¢ Topsoil ] Tl e [ 1,000 $4.00 $4,000|
| 'd_Preload cy | 6,500 | $400] '$26,000

7 . _ N2 S A ALY

ﬁj@\g&sﬁmm T ’ - B S
| | a Drainage Material b ¢y | 3700]  $3500{  $129,500
b_ Miscellaneous (Collector Pipes, etc) LS Job| XXX $5,000
| | ¢ MonitoringWeirs LS Job| XX _$9,000
| 13, [Riprap Channel Lining ey TTaso| T _Tsanool $19.200
| 14 [Conventional Concrate . ]
a StuctwralSlab | ey | 350 $400.00 $140,000
b Structural Wall _ CY | 430 ' $500.00 $215,000
"~ [Te Mass } ey | Tie0 ] §350.00 $567,000
15 [Steel Reinforcement S N 8.700 | §$1.00]  _ $86700)

RCC Asmmoring Cost Estirate - DPR.xis, Alt No. * Report
2/28/2003, 11:17 AM 1of2




Table 6.2
Probable Construction Cost Estimate

Upgrade Alternative No. 1 - Buttress Armoring

(2003 Price Lenel)
Item Estimated Unit
No. Item Description Unit Quantity Price Item Price
——— — — | S &_{_‘
[jﬁﬁ_.:’ﬁbmoﬁqc‘tgd_ Concrete (RCC) T ]
| a RCC - } cY 7650 $100.00 $765,000
b Bedding Mortar SY 5,500 | $2.50 $13,750
18. [4-FootHighFencing — [ LF |~ 50| "$1500|  —  $8.700
19. |Tunnel Modifications ] ) L s | aebl T ooox| $10,000
20. | Utilities Relocation L 1w Job XXX $70,300
21, |[Permanent Seeding & Muiching | Acres | 1.3| $500000 _  $6500
Mobilization and Demobilization Total: $127,100
Upper Dam Total: $60,460
. Lower Dam Total: $2,248,960
Construction Cost Subtotal: $2,436,520
Contingency (15%): $365,500
TOTAL PROJECT COST: $2,802,020
Removal/Replacement of Existing Earthfill Buttress
| 22. [Remove/ReplaceFin | 1
| "a_Earth Buttress Excavation ~ ¢y 43,000 $3.00] 129,000
b SelectFil B — cY 47,550 $4.00 $190,200
g ¢ Drainage Matefial Cy 1,000 | $35.00) $35,000]
| 23, |Drilled Drain Holes - WF | 1,100 ~ $30.00 ~$33,000
| 24. [Deduction of Appropriate Quantities itemized Above I
a_ Earth Buttress Excavation R (3.750)  $3.00 -$11,250|
b Preload Excavation . - Cy |  (6500) %450 -$29,250
..y C SelectFill I _]..CY _ (7.200) $400, -$28,800
| d PrelogdFi# 1 €Y (6,500) $4.50 -$29,250
Contiﬁgency {15%): $43,300
| 1
TOTAL PROJECT COST WITH EARTHFILL BUTTRESS REMOVAL/REPLACEMENT: $3,133,970

RCC Asrmoring Cost Estimate « OPR xIs, Alt No. 1 Report
2/28/2003, 1

1:17 AM 20f2



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

The roller-compacted concrete (RCC) 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
I-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 overflow 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 flood 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 armoring 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 relatively 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
e 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 cxisting concrete gravity section.

e 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.
e Less disruptive to existing water lines at the site.

Disadvantages
e Higher estimated initial construction cost compared to Alternative No. 1.
¢ 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.

February 2003 65 DRAFT




i

i

NOTE: ELEVATIGNS HASED ON 2002 LUCAL VERPCAL OATUM.

i\

—tdiii—

ﬂ/‘
4/

R Nl
e s wlley

G g Lef .~

| .
{PN‘\(

SCALE IN FEET

LOWER RAGGED MOUNTAIN DAM
RIVANNA WATER & SEWER AUTHORITY
CHARLOTTESVILLE, VA

UPGRADE ALTERNATIVE NO. 2:
RCC BUTTRESS

FIGURE NO. 6.4

GANNETY FLEMING, INC.
HARRISBURG,  PENNSYLVANIA




Zeng 02/26/63 DB 216 £ST

e Job$\AC550 — Rogged Min Doris’éDB5G 110%ewg\40S80 - Uogrode Alerncuve Ne

w426 At

DAM
e AIS

N I ——— —FT-
e

" 650 £ - : - —

oA = 8" THICK CONY.

CREST
Q. 870

,,4|,_r

CONCRETE DECK

£O0L
CURRENT [L 644.2

g:‘u.u::l

POOL —=
0. 10 =
B e

e ———

L
W i
L P
=
2600}
G ; g A
H d ) ; UPSTREAM FACE
o. 578
. \\ % FDUNM"“"“;OCK ‘:
/" L A
0+00 0450

MOTE: ELEVATIONS BASED ON 2002 LOCAL VERTICAL DATUM.

/&) Gamnett Fleming, Inz

ELEVATION (FEET)

20 10 0 20

]

SCALE IN FEET

LOWER RAGGED MOUNTAIN DAM

RIVANNA WATER & SEWER AUTHORITY
CHARLOTTESVILLE, VA

UPGRADE ALTERNATIVE NO. 2:
NON—-QVERFLOW SECTION

FIGURE NO. 6.5

GANNETT  FLEMING, INC.
HARRISBURG, PENNSYLVANA




T g pem——

|

1C\dngha3850 ~ Upgrade Migrrgsne Ko Zaomg  C2/26/03 0B 21 te EST

WALZE Aot ve SERNAGELE - Rogges WA DEmai4085T

S : o
S H CREST
¢ L 657.0
— Q. 830
L ?
Ll ;
e P EL 6250
S ; gl
Zz- - :
1 ) :
[ =600 fror s y
[ 5 7 :
k ~-ﬁj‘// UPSTREAM FACE —~_
£ 588
. £ EusING FOUNDATON /‘V—" a. 5750
N7 , =
™y ; i L PR S
;o J : ! : Jrgmm——— FOUNDATEN DRAN [ asmo ¢ T
/& U SV Ny
‘ 55oo-,o-c’)o 0+50 . 1+00 1450

NOTE: ELEVATIONS BASEQ ON 2002 LOCAL VERTICAL DATUM.

{4 Ganneit Fleming, Inc

QVERFLOW SECTION

(STA. 1470 YO S 2410)

g 650
&
w
L,
=z
600 £
S =
G
—
w
AAAAA -~ 550
3+00
20 10 0 20

SCALE IN FEET

LOWER RAGGED MOUNTAIN DAM
RIVANNA WATER & SEWER AUTHORITY
CHARLOTTESVILLE, VA

UPGRADE ALTERNATIVE NO. 2:
OVERFLOW SECTION

FIGURE NO. 6.6

GANNETT  FLEMING, INC,
HARRISBURG,  PENNSYLVANMA




Table 6.4

Probable Construction Cost Estimate

Upgrade Alternative No. 2 - RCC Buttress

{2003 Price Laval)
Item Estimated Unit
No. item Description Unit Quantity Price Item Price
1. |Mobilization & Demobilization } |
a_ General LS Job XXX $129,100
b Bonds & Insurance LS Job XXX $28,700
Upper Dam - Construct Partial Breach
2. |Erosion & Sediment Control R Job] T xXxXX|  $7,500]
3. [Clearingand Grubbing Actes 125 $5,000.00 86,250
4| Partial Breach Excavation T [ XY B <X $27.000)
| 5. |SpoiliStockpile Breach Material 7l ey 9,000 $2.00] ~ $18,000
Wdﬁrﬁaﬂdﬂ:s;e_eding& Muiching Acres 225| $5000.00] $11,250
: _ |
Lower Dam - Repliace Earthfill Buttress and Existing Spillway with RCC Buttress with Overflow Spillway
| 7. |Care& DiversionofWater T T ]
_ | a Erosion & Sediment Control _ s Jobl XXX __$10.000]
b_ Diversion and Care of Water e LS Job XXX $15.000
| 8. |Clearing and Grubbing - LS ~ Job XXX ~$5,000]
9. |Excavation R e -
a Earth Buttress o o cy | 43,000 | $3.00 $129,000
| b Structural Earth - o cY 1,200 $10.00 _ $12,000
¢ _Rock - o 1 ey 1,500 $75.00 ~ $112,500
kfoﬁ Fill - B N i
B a Structural Backfill _Cy 2,500 ~_$8.00 L $20,000
b Stockpile Earthfill Buttress Materiaf cY 43,000 $2.50 $107,500)
Wf.IDTainage System - 1 - ]
a_ Drainage Material cY 500 $35.00 _$17,500
|| b_Drilled Drain Holes LF 1,100 $30.00f $33,000
¢ Monitoring Weirs . LS Job} XXX $9.000
12, [Exit Channel _ S T T ]
| a Excavaion | cv [ 10001 8650  _  $6500
b _Riprap Lining o ~ cY 350 $40.00 $14,000
13. C"c;hven_@ional Concrete.v_‘ L ;___ T - o L - ]
| | a StucturalSlab cY 450 $400.00| $180,000
~ | b_Structural Wall ey | 300]  $500.00 $150,000
| c Mass 1 ¢y | 180 $350.00 ~_$63,000
[ d_ Dental N 4 100 $200.00| .. 520,000
14, [Steel Reinforcement LB | 132000  $1.00 $132,000
o S |

RCC Buttress Cost Estimate - RAK xis
2/28/2003, 11:12 AM
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Table 6.4

Probable Construction Cost Estimate

Upgrade Alternative No. 2 - RCC Buttress

(2003 Price Level)
Item Estimated Unit
No. Item Description Unit Quantity Price Item Price
45_ Roller-Compacted Concrete (RCC) i T 1 T
| | a RCC o CYy 13,750 |  $80.00 $1,100,000
| | b Spillway Facing Concrete - CY 575 | $250.00 $143,750
¢ BeddingMortar sy ) 9,000 _§250 $22,500
d_Chimney Section Facing SF | 13000]  $2200]  $286,000]
16. [Intake Tower Modifications Ls” [~ Job| XXX| . $42,500]
17. |Dam Crest Modifications I T
a Pedestrian Spitlway Bridge - 1 Ls Job XXX _ $30,000
b_4-Foot-High Fencing o LF 675 $15.00 $10,125|
| 18. [Demoliion = B LS | Job| OxXxx|  $84,750]
19, |Utilities Relocation _ *‘i:fff_t:fs“ 1 ~ Job XxXx| " $36,500]
rfoh.n Permanent Seeding & Mulching T Acres 1.00 $5,000.00 $5,000
A3 [rermane J
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

RCC Buttress Cost Estimate - RAK xis
2/28/2003, 11:12 AM
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6.4 Lower Dam - Upgrade Alternative No. 3 — Side-Chanuel 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 | 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 1 V: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:1V) 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. |. 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 spiliway
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
alternative. 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
Alternative No. 1 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 expensive 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 incrcase 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.
¢ [ess material required to be spoiled at Upper Dam.

Disadvantages

* 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
arca 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, it 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 alternatives. Another significant countribution 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.

February 2003 68 DRA FT



£ST

111607 AM

W\426\Active Jobs\40850 - Ragged Min Dams\405€C,1 10\ dwg \REMEDIAL ALT~3.dwg  02/24/2003

ShwiWAY CREST EL 841 e
(bt 0T, 53
i ) TG -
LU
REuve Dasting
SFtmar CKELT
(EL. 6410)
&' WiOE PIDESTHaN HAGOGE,
ABANOGK
PO
LOBER MAE KR
CURRENT MORWAL FQOL EL 6410 . .
PRORQSL D NONMA FUE €i g4l G o el FDMC
HLLOCAIL
EARCIks;
Lo
MRS TONIKL. 6106 HASE CONCHETL GRMATY
-~ b bus SECHG 10 €L, 831.0
WKEMUOVE AND RLNGTALL
VLM TP TOWER \
- B e RLLOCAIE 147
nt S~ AT (n
N FLATIEN DOWRS Tl
T LGP T I .
T o
# »,sf"‘dj/
£ AT w2
= o
2\ CLLARGC Lt
U DS
5 2% ° ‘) 100G

SCALE N FEET

LOWER RAGGED MOUNTAIN DAM
RIVANNA WATER & SEWER AUTHORITY
CHARLOTTESVILLE, VA

BN ELlwaTiGng BASED On 2007 LOCAL vRANZAL DAIUM
UPGRADE ALTERNATIVE NO. 3:
SIOE CHANNEL SPILLWAY

FIGURE NO. 6.7

CAMILYT  FLEMING,  iNC
HAFRISAURS  MERNGTLVANIS

s
’@_J Gannett Fleming, Inc.




W\42B\active Jobs\4055C - Ragged Min Dams\ 40550 TTONAW\SECTICN FOR ALT NO-3.dwg 02/27/2003 12:08:12 ©M EST

675 - = 1 - — R — ~ 1675
; i k
' i
4' HIGH FEWCING | [ .
| | ! ) s |
-~ ! j | | i
NEw T0P OF 0AM EL 8330
- ) ; | L I : S - |
esof | e e e - | L b= | 650
(\4 S \r: o or o et ez | | j ; J |
=, I ¢ |
\\ \ S ! \ i \
|73 ) ) ! ! | :
s25 - —\— - oIl s ‘ b - - : ‘ - ~ 1625
o | > N " | | | | o
] { ™ ! ¢ ' ! Lt
w 57 ! ‘ ~ E
= L ': | | | | >
z ’\ ' ™ ~ ‘ ! ! i ! [ 5
o / SEVECT FLL S 1 | o
5 | ’ ~ | | | | ! Z
< | ~_ i i =z
2 600 =\ - S [ \ N T T TN ) | g - {s00 @
L | ; : N | { i o
CXISTING. EXSTNG | H H X N l ! &
Frouis - wv:;(ss{ & ! Y ~ i [
, |
i : QG GROUND ~ -
' - | e oo R e T
= ] R L R T R
\/ | | | SE.ECT fuL ] — i | = #\‘“‘“L__M
: | : | -
! , ! [ : AN SVW'PP\NC[ i
' [ ! i
| | z \ | | | 5
; ! : ‘ | ! ' !
550 : —- : : - 550
0+00 0+50 1400 1450 2+00 2+50
NOTE. ELEVARIONS BASED ON 2002 LOCAL VERTICAL DATUM
IYP(CAL BUTTRESS SECTION
LOWER RAGGED MOUNTAIN DAM
RIVANNA WATER & SEWER AUTHORITY
CHARLOTTESVILLE, VA
UPGRADE ALTERNATIVE NO. 3:
20 10 o 20 a0 BUTTRESS SECTION
FIGURE 6.8
SCALE iN FEET S .
@ Em Hminn p Inl. CRARISEURG, - PEMNGYLoia




7000 - - . : i T s

12:09.12 PM EST

EXISTING GROUND

3

I o 675L -

dwg  02/27/200
ELEVATION (FEET)

ELEVATION (FEET

650

1

i —
o
P

|
I

10P I COMCRTTE

£L 8500 ~ |

MASS CONCRETE ]
137 CONCHEIT WALL

625

o640

[ - e e s -7

— e §

OENTAL ‘coucm:v[ i l |

{;\ 5" CONCRETE SLAB _' ‘ 20 _a“ (e} i
. |

600 ; ! | 1 600
0+00 0+50 1+00 1450

NOTE: ELEWATIONS BASED OW 2002 LOCAL VERTICAL DALM

TYPICAL SPILLWAY SECTION

LOWER RAGGED MOUNTAIN DAM
RIVANNA WATER & SEWER AUTHORITY
CHARLOTTESVILLE, VA

UPGRADE ALTERNATIVE NO. 3:
20 10 o 20 0 SPILLWAY SECTION

! — FIGURE 6.9
SCALE IN FEET

GANNETT  FLEMING, INC.
HARRISBURG, PENNSYLVARIA

w.\426\Active Jebs\4C550 — Rogged Min Doms\40550 11C\dwg\SECTION FOR ALT NC=-

@ Gannett Fleming, Int.




Table 6.6
Probable Construction Cost Estimate

Upgrade Alternative No. 3 - Side-Channel Spillway

(2003 Price Level)
tem Estimated Unit
No. Item Description Unit Quantity Price item Price
1. |Mobilization & Demobilization I -
a General LS Codebl  XXX] $153,600
| b Bonds & Insurance LS Job XXX $34,200
Upper Dam - Construct Partial Breach
| 2. |Erosion & Sediment Control R $7,500
e | s I L
| 3. [ClearingandGrubbing 1" Acres 05| $5,000.00] $2,500
4. |Partial Breach Excawation _ - cY 9,000 $3.00 $27,000]
| 5. |Spoil/Stockpile Breach Material - cY 2,500 C$200 $5,000
_— e [ S UNUA S B | SR
6. |Permanent Seeding and Mulching Acres 15 $5.000.Ogr $7.500
Lower Dam - Replace Existing Spillway with Side-Channel Spillway (Crest El. 644.2)
7. |Care & Diversion of Water - R ) -

a FErosion & Sediment Control o LS | Job x| $10,000
| b Diversion and Care of Water - LS _dobl - XXX| .. $15,000,
[ 8 ClearingandGrubbing ] LS | TUeb [ XXX $7,000)
9. [Excavation J

| a Stripping e CY ] 1,650 $3.00| 84950
B b EarthButtress & Msc o | Cy | 6,310 ~$3.00 ~$18,930
c Rack ) - 5% 15,525 $125.00 $1,940,625)
10 [Fill o o . .
a_Select . Gy | 118507 84001  $46,600
b_Topsoil o I I < 850 $400[  $3400

B R
11, |Conventionai Concrete I o ) |
_ | a Stuctural Slab _ cY. 380} 8400001  $152,000)
- b Structural Wall Cy [ 400  $500.00 $200,000
[ ¢ Mass T _ CY 1450 $350.00 $507,500

d Dental T CY | 300]  $200.00 $60,000)
| 12, [StesiReinforcement | 1B 180,000 $1.00| __ $180.000
'13. |intake Tower Modifications s | T $32,500)

e . I ]

14, [Dam Crest Modifications - I ]
_|.a Pedestrian Spilway Bridge LS Lo dobp XX $30,000
| b 4FootHighFencing | LF 1,280 $15.00 .. $18,750
5. [pemolition T T T s T el X[ 833128

Side Channel Spillway Cost Estimate - MMB.xls
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Table 6.6
Probable Construction Cost Estimate

Upgrade Alternative No. 3 - Side-Channel Spillway

{2003 Price Lavel)
Item Estimated Unit
No. item Description Unit Quantity Price Item Price
e U ._A..._m%_g_;_ | | —
. 6. ||- | . T T [ T T A T .
| 16. \Utilities Refocation lL LS JobL X[ $95.400)
17. |Permanent Seeding & Muiching B Acres | 15| $500000]  $7,500
Mobilization and Denpbilization Total: $187,800
Upper Dam Total: $49,500]
Lower Dam Total: $3,363,280
Construction Cost Subtotal: $3,600,580
Contingency (15%): $540,100
TOTAL PROJECT COST: $4,140,680
Removal/Replacement of Existing Earthfili Buftress
L . L e
| 18. |Remove/Replace Fill B |
a_Earth Buttress Excavation | Cy 43000 $3.00 . $129,000
| | b _SelectFill ey | srs0 ~ $4.00 $231,000
| ¢ Drainage Material cy 1,000 $35.00 $35,000
19. |Drilied Drain Holess 1w 1 100 $30.00 $33,000
| 20. | Deduction of Appropriate Quantities itemized Aove _ T R R
| .a_Earth Butlress Excavation cy (6,310) /$3.00 -$18,930
| | b SeleatFii CY (11,650) 34_;0,!3_%,_‘”‘_;&6_@&0
- Conti%geng {15%): $54,400
| | I
TOTAL PROJECT COST WITH EARTHFILL BUTTRESS REMOVAL/REPLACEMENT: $4,557,550

Side Channel Spillway Cost Estimate - MMB.xis
2/28i2003, 11:12 AM Page 2 of 2
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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. | 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
ts about 50% of the present cost for the RCC spillway structure only.

Since Upgrade Alternative 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%, respectively, the present worth of the cost
to repair the RCC spillway for Upgrade Alternative No. 1 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. | 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 overali 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
alternative 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. Theretore,
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 alternatives considered for
this study are:

Upgrade Alternative No. 1 ~ Buttress Armoring

A. Use Existing Earth BUttress: .......cccoooooovoivieieoscies e $2.80 million
B. Replace Existing Earth Buttress:........cocoovvvivieioieieee e, $3.13 million
Upgrade Alternative No. 2= RCC Buttress.....................ccccoocooovieernnn. $3.48 million

Upgrade Alternative No. 3 — Side-Channel Spillway

A. Use Existing Earth Buttress: .........c.cooeeeeiiviiiiieivici v 540 14 million
B. Replace Existing Earth Buttress:.......cocooviviviiinniiiieecir e $4.56 million

Since Upgrade Alternative Nos. | 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: «..ooocccveeviiieiiei e $3.07 million
B. Replace Existing Earth Buttress: .......ccocoooviviiiiiiiiiociie e $3.40 million
Upgrade Alternative No. 2 — RCC Buttress............ccccoocoeviieeiiiiiiinonirenieeeee $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.

[t 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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