




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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Probable Construction Cost Estimate 

Upgrade Alternative No.3 - Side-Channel SpillWlY 
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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 
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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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