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Mormon Island Auxiliary Dam
Corrective Action Study Risk Issues

• Lower part of Upstream & Downstream 
Foundations Liquefiable During Large 
Earthquake. 

• Static Stability Concern for Seepage and 
Piping

• Overtopping and Erosion During Major 
Flood 

– (>2000 year flood) 
– JFP Spillway reduces this risk



Liquefaction
– Liquefaction is a phenomenon in which the 

strength and stiffness of a soil is reduced by 
earthquake shaking or other rapid loading. 
Liquefaction and related phenomena can trigger 
landslides and cause the collapse of dams.

– Liquefaction occurs in saturated soils, that is, 
soils in which the space between individual 
particles is completely filled with water. This 
water exerts a pressure on the soil particles that 
influences how tightly the particles themselves 
are pressed together. Prior to an earthquake, the 
water pressure is relatively low. However, 
earthquake shaking can cause the water 
pressure to increase to the point where the soil 
particles can readily move with respect to each 
other. 

– Liquefaction of MIAD Tailings was Determined in 
1980’s

– Remediation of Tailings was Proposed and 
Implemented in the early 1990’s

– Additional Investigation determined lower zones 
possibly liquefiable of alternatives and study of 
preferred alternatives under taken in 2004

Increased water pressure can also trigger landslides and cause 
the collapse of dams. Lower San Fernando dam (above) 
suffered an underwater slide during the San Fernando 
earthquake, 1971. Fortunately, the dam barely avoided collapse, 
thereby preventing a potential disaster of flooding of the heavily 
populated areas below the dam. 

(video link)



Static Seepage & Piping
– All earth dams have seepage resulting from 

water percolating slowly through the dam 
and its foundation. Seepage must, however, 
be controlled in both velocity and quantity. If 
uncontrolled, it can progressively erode soil 
from the embankment or its foundation, 
resulting in rapid failure of the dam.

– Erosion of the soil begins at the downstream 
side of the embankment, either in the dam 
proper or the foundation, progressively 
works toward the reservoir, and eventually 
develops a "pipe" or direct conduit to the 
reservoir. This phenomenon is known as 
"piping.“

– Seepage, if uncontrolled, can erode fine soil 
material from the downstream slope or 
foundation and continue moving towards the 
upstream slope to form a pipe or cavity to 
the pond or lake often leading to a complete 
failure of the embankment. 

– Seepage failures account for approximately 
40 percent of all embankments or dike 
failures.

(video link)



Earth Dam Current Design
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MIAD Typical Embankment Section



Geology 

– Foundation Rock
• Metamorphic Rock of the Amador Group
• Primarily Schists
• Numerous Dioritic and Diobasic Dikes

– Blue Ravine
• Old American River Channel
• Filled with Alluvial Gravel Deposits
• Gravels, Sands, Silts & Clays
• Dredged Tailings  - 1800’s and early 1900’s 
• (Sta. 445 to 455)



INVESTIGATIONS AND 
ANALYSES

• Drilling Investigations
– SPT, BPT, Geophysical, Cone Testing, Block Samples, Test 

Trenches

• Analyses
– Static, Dynamic, Liquefaction, Deformation, Structural, Other

• Risk Assessment
– Upstream & Downstream

• Conclusion:  Above ALOL Guidelines
• Recommend: Additional Treatment Measures Required

– Increase Density of Lower ~10 feet of Tailings
– Document Reduced Risk with Testing



MIAD Previous Modifications

Phase I Upstream
Treatment Zone
Dynamic Compaction

Risk B: Downstream Liquefaction

Upstream
Phase I Upstream Berm

Downstream

Jet Grouting Test 
Section

Risk A: Upstream Liquefaction

Phase II Downstream
Treatment Zone

(Stone Columns)

Liquefaction is a phenomenon in which 
the strength and stiffness of a soil is 
reduced by earthquake shaking or 
other rapid loading. Liquefaction and 
related phenomena can trigger 
landslides and cause the collapse of 
dams. 



MIAD PHASE I & II MODIFICATIONS
Phase 1 (1990-91): Dynamic Compaction 
Upstream Constructed a 55-foot High Berm

Phase 2 (1993-94): 
Stone Columns Downstream



Mormon Island Auxiliary Dam
Corrective Action Study

Seismic Alternatives Considered: 
(To be combined with Static and Hydrologic Alternatives)

In-situ densification of upstream and  downstream 
treatment zones – Jet Grouting 
Downstream overlay, Excavate and Replace with 
Soil or RCC
Series of Concrete Walls in Foundation 
Perpendicular to Crest
Continuously Dewater 



Jet Grouting Test Section
(Determined to be technically & economically not feasible)



Seismic Element Option
Jet Grouting - MIAD



Risk and Risk Reduction Modifications

Risk B: Downstream Liquefaction

Upstream Downstream

Risk A: Upstream Liquefaction

Risk C: Static Seepage & Piping

Filter elements allow water to safely pass and prevents 
internal soil erosion 

Fix A: Downstream Overlay

Fix B: 
Downstream 

Excavation

Fix C: Filters & Drains



Conventional Excavate and 
Replace

Advantages: Known methods, Reclamation experience, may be least costly

Disadvantages: Highest construction risk and environmental impacts including 
relocation of Green Valley Road



Walls Types
Diaphragm

Solider Pile 
& Lagging

Tieback

Sheetpile

Slurry 



Single Wall Excavate & Replace

Advantages: Known methods, less Reclamation experience, reduces footprint

Disadvantages: Construction risk remains similar, environmental impacts 
reduced at the expense of cost and complexity



Dual Wall Excavate & Replace

Advantages: Known methods, little Reclamation experience, reduces footprint 
significantly

Disadvantages: Construction risk reduced, environmental impacts reduced at 
the expense of significant cost and complexity



Cellular Excavate 
& Replace

• Advantages: No 
Reclamation 
experience, reduces 
footprint dramatically 
Construction risk 
nearly eliminated 
along with many 
environmental 
impacts 

• Disadvantages: 
Reductions come 
with increase time 
and cost



MIAD at Completion
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SUPPLEMENTAL ENVIRONMENTAL 
DOCUMENTATION 

• PREVIOUS ENVIRONMENTAL STUDIES
• PREVIOUS ENVIRONMENTAL ANALYSIS
• FOLSOM EIS/EIR DOCUMENT

– PLANNING DOCUMENT (ROD) WITH MOD 
REPORT

– SUPPLEMENTAL DOCUMENT WITH FINAL 
DESIGNS

• REVISED ENVIRONMENTAL COMMITMENT PLAN
• REVISED MITIGATION PLAN



Potential Impacts of MIAD Modification 
Project

• Water quality concerns, ground water concerns 
• Wetlands concerns (area across Green Valley Road)
• Air quality concerns:  

– Monitoring for naturally occurring asbestos
– dust, construction equipment emissions 

• Endangered species concerns
• Public safety during construction 

– Minimizing construction risks
– Hours of construction 
– Noise from trucks and excavation activities

• Recreation, hiking, closure of trail and parking lot
– When will closures begin
– How long will closures last
– Impacts to recreationists
– Trail detours

• Potential impacts to Green Valley Road
– Impacts to City of Folsom easement
– Impacts to commuters
– Traffic concerns
– Signage, flagmen, etc.



MIAD
Safety of Dams Proposed Schedule

Test Section

Development 
of 

Alternatives

FY05    FY06    FY07     FY08     FY09    FY10     FY11    FY12    FY13    FY14

Feasibility 
Designs

Modification 
Report Construction - Foundation

Final 
Designs

Supplemental
EIS

Construction - Overlay



END OF PRESENTATION

PLEASE VISIT OTHER 
STATIONS FOR FURTHER 
PROJECT INFORMATION
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Mormon Island Auxiliary Dam

Corrective Action Study Risk Issues

	

		Lower part of Upstream & Downstream Foundations Liquefiable During Large Earthquake. 





		Static Stability Concern for Seepage and Piping





		Overtopping and Erosion During Major Flood 

		(>2000 year flood) 

		JFP Spillway reduces this risk











Liquefaction

		Liquefaction is a phenomenon in which the strength and stiffness of a soil is reduced by earthquake shaking or other rapid loading. Liquefaction and related phenomena can trigger landslides and cause the collapse of dams.





		Liquefaction occurs in saturated soils, that is, soils in which the space between individual particles is completely filled with water. This water exerts a pressure on the soil particles that influences how tightly the particles themselves are pressed together. Prior to an earthquake, the water pressure is relatively low. However, earthquake shaking can cause the water pressure to increase to the point where the soil particles can readily move with respect to each other. 



		Liquefaction of MIAD Tailings was Determined in 1980’s



		Remediation of Tailings was Proposed and Implemented in the early 1990’s





		Additional Investigation determined lower zones possibly liquefiable of alternatives and study of preferred alternatives under taken in 2004



Increased water pressure can also trigger landslides and cause the collapse of dams. Lower San Fernando dam (above) suffered an underwater slide during the San Fernando earthquake, 1971. Fortunately, the dam barely avoided collapse, thereby preventing a potential disaster of flooding of the heavily populated areas below the dam. 



(video link)







Static Seepage & Piping

		All earth dams have seepage resulting from water percolating slowly through the dam and its foundation. Seepage must, however, be controlled in both velocity and quantity. If uncontrolled, it can progressively erode soil from the embankment or its foundation, resulting in rapid failure of the dam.



 

		Erosion of the soil begins at the downstream side of the embankment, either in the dam proper or the foundation, progressively works toward the reservoir, and eventually develops a "pipe" or direct conduit to the reservoir. This phenomenon is known as "piping.“





		Seepage, if uncontrolled, can erode fine soil material from the downstream slope or foundation and continue moving towards the upstream slope to form a pipe or cavity to the pond or lake often leading to a complete failure of the embankment. 



		Seepage failures account for approximately 40 percent of all embankments or dike failures.





(video link)













Earth Dam Current Design
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MIAD Typical Embankment Section
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Geology 





		Foundation Rock

		Metamorphic Rock of the Amador Group

		Primarily Schists

		Numerous Dioritic and Diobasic Dikes

		Blue Ravine

		Old American River Channel

		Filled with Alluvial Gravel Deposits

		Gravels, Sands, Silts & Clays

		Dredged Tailings  -  1800’s and early 1900’s 

		(Sta. 445 to 455)









INVESTIGATIONS AND ANALYSES



		Drilling Investigations

		SPT, BPT, Geophysical, Cone Testing, Block Samples, Test Trenches



		Analyses

		Static, Dynamic, Liquefaction, Deformation, Structural, Other





		Risk Assessment	

		Upstream & Downstream

		Conclusion:  Above ALOL Guidelines

		Recommend: Additional Treatment Measures Required

		Increase Density of Lower ~10 feet of Tailings

		Document Reduced Risk with Testing













MIAD Previous Modifications

Phase I Upstream

Treatment Zone

Dynamic Compaction

Risk B: Downstream Liquefaction

Upstream





Phase I Upstream Berm

Downstream

Jet Grouting Test Section

Risk A: Upstream Liquefaction

Phase II Downstream

Treatment Zone

(Stone Columns)

Liquefaction is a phenomenon in which the strength and stiffness of a soil is reduced by earthquake shaking or other rapid loading. Liquefaction and related phenomena can trigger landslides and cause the collapse of dams. 



*











MIAD PHASE I & II MODIFICATIONS

Phase 1 (1990-91): Dynamic Compaction Upstream Constructed a 55-foot High Berm

Phase 2 (1993-94): 

Stone Columns Downstream







Mormon Island Auxiliary Dam

Corrective Action Study

Seismic Alternatives Considered: 

(To be combined with Static and Hydrologic Alternatives)



In-situ densification of upstream and  downstream treatment zones – Jet Grouting 

Downstream overlay, Excavate and Replace with Soil or RCC

Series of Concrete Walls in Foundation Perpendicular to Crest

Continuously Dewater 







Jet Grouting Test Section

(Determined to be technically & economically not feasible)







Seismic Element Option

Jet Grouting - MIAD









Risk and Risk Reduction Modifications

Risk B: Downstream Liquefaction

Upstream





Downstream

Risk A: Upstream Liquefaction

Risk C: Static Seepage & Piping

Filter elements allow water to safely pass and prevents internal soil erosion 

Fix A: Downstream Overlay

Fix B: Downstream Excavation











Fix C: Filters & Drains



*











Conventional Excavate and Replace

Advantages: Known methods, Reclamation experience, may be least costly

Disadvantages: Highest construction risk and environmental impacts including relocation of Green Valley Road
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Mormon Island Auxiliary Dam Seismic Remediation 
Scoping & Pre-Design Constructability Review of  
Excavate and Replace Options  
 
 
It has been determined that Mormon Island Auxiliary Dam has a higher than acceptable 
risk of failure during the design seismic event.  Currently, methodology for seismic 
remediation consists of constructing a key block in the downstream foundation and a 
large downstream overlay.  Present thinking is that some type of Excavate and Replace 
(E&R) method will be executed for the seismic remediation at MIAD.   
 
Meeting Overview 
 
A Scoping & Pre-Design Constructability Review was conducted in Denver, Colorado at 
the TSC offices from March 4 through 6, 2008.  The purpose of this meeting was to 
discuss the constructability of several options and determine the most efficient method 
for employing this concept.  The E&R concept was not fully developed during the 
previous feasibility-level study.  Those who were assembled for this team to discuss these 
options have all been involved with MIAD in the past.   
 
Although several variations of this design were discussed, each is built on the general 
concept of an open excavation and replacement with cement modified soil in the lower 
portion of the excavation and then placement and compaction of clean granular fill to the 
existing ground surface. Construction of an overlay section with filters is required for 
seismic remediation with the general shape of the overlay not changing for each variation 
currently being considered.  Rough designs of the Excavate and Replace method were 
considered with the addition of one or two structural walls.  These structural walls may 
be constructed as seepage cutoff barriers to assist in the dewatering at the site and/or as 
structural walls to limit the amount of excavation required.  Excavate and Replace 
concepts being considered for these studies are summarized further below. 
 
Meeting attendees included: 
Larry Hobbs – MP-243  
Mark Curney – CC-108 
Matt Sheskier – MPC-100 
Steve Sherer – MP-221 
Richard Welsh – MPC-100 (comment provided prior to meeting, not in attendance) 
Nathan Snorteland – 84-44000 
Carlton Smith - 86-68170 
Dan Maag - 86-68170 
Dave McKelvie - 86-68170 
John Wilson - 86-68313 
Jonathan Harris - 86-68313 
Ron Oaks - 86-68312 
Gary Russell - 86-68313 
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Prior to the meeting a "Set of Concepts" packet for the Scoping & Pre Design 
Constructability Review was provided.  This document was sent to all involved members 
of this review to help "jump-start" the scoping meeting and to help expedite discussions.  
The options shown in the packet were in draft form and are included in Appendix A. 
 
Overview of Proposed Excavate and Replace Options 
 
The “Set of Concepts” packet provided for the Scoping Meeting included five cases with 
different options for constructing a high strength keyway in the downstream foundation.  
Table A1 in Appendix A summarizes key assumed parameters for each option.   The five 
cases are basically a variation on the first case described, Case1 – Large Open 
Excavation.  Cases 2 through 5 include the integration of a small temporary wall, a single 
large structural wall or a dual structural wall.   
 
The goal of reviewing these different options is to determine which of these should be 
carried forward for a more refined feasibility-level design, or if there are any other 
variations that may have merit to be considered.  Each of the cases shown in Appendix A 
includes both a draft cross-section and plan view.  The plan views show what the 
approximate area of the excavation would look like at the position selected as shown in 
the cross-section without the inclusion of design of a ramp or other details that will be 
required for feasibility-level design.  Table A1 includes an estimate of excavated volumes 
(not including ramp excavation) and other key elements, estimated construction sequence 
and a list of “Pros” and “Cons.”  Below is a brief summary of the five cases listed in the 
prep packet. 
 
Case 1 – Large Open Excavation 
This case includes:  the excavation of a portion of the lower half of the downstream slope 
of the dam, installation and implementation of a dewatering system, excavation of a deep 
excavation down to bedrock with 1.5H:1V slopes, with a base width of the keytrench on 
bedrock of about 70 feet wide and into competent rock, placement of cement modified 
soil (CMS) up to about elevation 340 feet (about 30 feet high), the remaining portion 
replaced with granular material compacted in lifts up to the current ground surface.  Once 
the excavation was backfilled to the current elevation of the dam toe the dewatering 
system would be shut-off.  Draft cross-section and plan view with details are shown in 
Figure A1 and A2, respectively. 
 
Case 2 – Large Open Excavation with Full Length Downstream Wall 
This case is similar to case 1, but includes the construction of a full length structural wall 
on the downstream side of the excavation.  The type and size of this wall has not been 
determined, however, the current area available for design requires some type of wall 
downstream of the excavation so as to not undermine the current location of the Green 
Valley Road.  Draft cross-section and plan view with details are shown in Figure A3 and 
A4, respectively. 
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Case 3 – Large Open Excavation with Full Length Upstream Wall 
This case is similar to case 1, but includes the construction of a structural wall on the 
upstream side of the lower excavation.  The type and size of this wall has not been 
determined.  However, the current area available for design requires some type of wall 
within the excavation to minimize the width of the area so as to not undermine the current 
location of the Green Valley Road.  Draft cross-section and plan view with details are 
shown in Figure A5 and A6, respectively. 
 
Case 4 – Double Wall Excavation at Existing Toe 
This case follows the similar concept as that for the others except it employs the use of 
two parallel walls constructed just downstream of the existing dam toe.  The size and 
shape of this wall has not been determined.  This case minimizes the amount of 
excavation, does not impact the road downstream and allows a significant portion of the 
wall system to be constructed prior to starting excavation.  Draft cross-section and plan 
view with details are shown in Figure A7 and A8, respectively. 
 
Case 5 – Double Wall Excavation Under Dam Toe 
This case is similar to Case 4 except that the two parallel walls would be constructed 
beneath the existing downstream portion of the dam.  This case requires the excavation of 
the lower half of the downstream slope of the dam prior to wall construction and deep 
excavation.  The size and shape of this wall has not been determined.  This case has a 
smaller amount of excavation compared to Cases 1 through 3, but not quite as small as 
Case 4 due to the required excavation of the dam.  However, this case is being considered 
because slope stability studies indicated that the base width of the excavation could 
potentially be narrower if located further upstream.  Draft cross-section and plan view 
with details are shown in Figure A9 and A10, respectively. 
 
Green Valley Road 
Green Valley Road is in a location that would potentially limit the width of excavation 
for a large open excavation.  The realignment of Green Valley Road to the south (at least 
on a temporary basis) may be required as part of this MIAD work.  If Green Valley Road 
is moved to the south, this might allow a large open excavation to be constructed without 
the need for a structural wall.   
 
Dewatering Issues 
Dewatering of the site surrounding the deep excavation is a critical part of the design.  
The design cut slopes will be made as steep as reasonably possible so as to minimize the 
footprint of the excavation and thereby minimizing the amount of material that would be 
required to be excavated and replaced.  The dewatering system will be designed and 
constructed with a significant amount of redundancy and with the provision that 
additional elements could be added at short notice during construction to maintain 
lowered groundwater levels near the excavation.  It is anticipated that dewatering may 
need to be started before removal of excavated materials is initiated to reach target 
groundwater levels and ensure a safe excavation.  A large volume of water will need to 
be handled during this work, especially during the early stages of dewatering. 
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Catch-22 Scenario 
This is the Catch -22 scenario for the design of the open excavation at MIAD:  The flatter 
the slopes the more stable the excavation, and in turn the larger the excavation, which 
then requires a wider key trench base due to the key having to move further downstream, 
which then undermines the roadway downstream more, and in turn requires a longer and 
longer downstream wall, which increases costs and length of duration and in creases risks 
during construction.  The original goal is to minimize risk.  This study used the maximum 
excavation slope (1H:1.5V) so as to anchor the study.  The catch-22 scenario does not 
hold true when a wall is installed on the upstream side of the excavation, as shown in 
Cases 4 and 5. 
 
Discussion Items 
 
General Comments 
Many topics were discussed during the 3-day session.  Listed here are some of the 
concepts and information shared/discussed. 
 
Utilities at the site are overhead power lines and a new gas line along the north side of 
Green Valley Road 
 
It is assumed that two 8-hour shifts a day will be used for the excavation-portion of the 
work.  Some portions may need to increase to 24-hours a day but for only a short time. 
 
Design should consider the strength of the rounded gravel stone columns, especially for 
the open slopes. 
 
Permits will be required for the handling of the large flow and treatment of the water 
pumped from the dewatering system. 
 
Recommend developing a computer groundwater model to design dewatering system. 
 
It appears that reservoir elevation is not a significant contributor to slope instability, but 
rather a factor for uncontrolled release if a slope failure were to occur. 
 
The strength of bedrock and its impact on design was discussed.  It was determined that 
there is little benefit from making the CMS backfill any stronger than the bedrock itself.  
This is because the critical failure mechanism for design is along the liquefied material 
upstream of the block and if the block was stronger than the bedrock then the failure 
surface would occur under the block within the rock or at the contact. 
 
It is likely that the excavation materials would be removed by conventional equipment 
(i.e., scrapers) in the upper portions with the lowest portions and the bedrock being 
removed using a dozer and excavator. 
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Weathered bedrock will be excavated about 2 to 8 feet deep.  Slush grouting the lowest 
portions of the excavation may be used to level off the irregular bedrock surface prior to 
placement of CMS. 
 
CMS will consist of relatively clean material from the excavation or from the 
decomposed granite stockpiled in D2.  Granular soils will consist of 4-inch minus 
material with fines percentage of 15 to 40%.  A pugmill will be used to mix about 5-6% 
cement with the granular soil. 
 
Weather will play a role by potentially delaying work during rainy winter months. 
 
Case 1 Comments 
Construction sequence will require construction of small wall system on the downstream 
side if the road can not be moved. 
 
Cost estimate previously developed assumed that it would take about 7 months to take the 
excavation down and backfill up to elevation 360 (~20 below ground surface) for Case 1 
with work being performed at 96 hours a week. 
 
Case 2 Comments 
Case 2 includes a downstream wall that could also be used as a groundwater cutoff and 
thus, reduce the amount of dewatering that would be required on the southern part of the 
excavation.  Since it is assumed that the majority of horizontal flow into the excavation 
would be from downstream, a cutoff on the downstream side of the excavation would be 
more effective. 
 
Depending on wall type, a contractor may try to develop an excavation/wall hybrid like 
that shown in Figure A3. 
 
Case 3 Comments 
If one wall is installed, it should be in the downstream direction instead of the upstream 
side so it could double as a groundwater cutoff. 
 
Cases 4 & 5 Comments 
 
Construction risks are lower than Cases 1 and 2 due to an engineered wall system being 
used and a limited amount that the crest could move due the small amount excavated at 
the toe. 
 
Fifty dewatering wells are likely a much larger than needed number for this case.  The 
number of dewatering well may be reduced due to the fact that the walls may be designed 
for water level behind wall as standard design.  The upstream wall does not need to be as 
impervious as the downstream wall. 
 
A sheet pile wall installed in a bentonite slurry wall could be utilized for wall 
construction. 
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A soldier-pile wall could be employed at the site. 
 
Thick slurry will be required for slurry wall if used due to the free-draining subsurface 
materials. 
 
If tiebacks are used they will likely have to be anchored into bedrock and pressure 
grouted.  This makes anchoring the upper two-thirds of the excavation very difficult.  A 
soil nail wall system will likely not be considered stable enough due to loose, granular 
soils at the site, however, it make be possible that a contractor my try to use one.  Struts 
could be employed near the upper portion of the excavation and then switch to tiebacks 
and rely on cantilevered section at the bottom of the excavation. 
 
Even though a narrower key trench would be required with the dual wall system option 
under the dam, there may be a limiting factor with regards to the effectiveness of 
equipment due to turning radius of the larger equipment.  Therefore, a slightly wider Case 
5 may become more cost-effective and therefore, Case 4 may be more cost effective. 
 
Selection of Two Preferred Options 
 
Although several variations of the designs are being discussed, each is built on the 
general concept of an open excavation and replacement with cement modified soil in the 
lower portion of the excavation and then placement and compaction of clean granular fill 
to the existing ground surface. Construction of an overlay section with filters is required 
for seismic remediation with the general shape of the overlay not changing for each 
variation currently being considered.  Rough designs of the Excavate and Replace 
method have been considered with the addition of one or two structural walls to assist 
with the construction of the open excavation.  These structural walls may also be 
constructed as a seepage cutoff barrier to assist in the dewatering at the site.  Excavate 
and Replace concepts suggested by the scoping and constructability team to be carried 
forward for further study are summarized below. 
 
Option 1a - Open Excavation 
Most likely the least costly option for construction would be an open-hole keytrench 
located partially beneath the existing toe of the embankment.  This option is shown in 
Figure 1.  Approximately 250,000 cubic yards of material would first be removed from 
the lower half of the existing dam face, which would leave a steeper lower face of the 
dam for construction.  Below this excavation a bench would be constructed for access 
around the deep excavation and installation of dewatering wells.  The deep excavation 
would be constructed below the bench down to bedrock, with a base width of the 
keytrench on bedrock of about 70 feet.  The deep excavation would consist of removing a 
total of approximately 750,000 cubic yard of material.  This estimate includes a rough 
estimate for a ramp entering the excavation.  The base of the keytrench would be 
excavated into competent rock prior to placement of compacted material.  It is planned 
that cement modified soil (CMS) would be placed and compacted in the lower portion of 
the excavation up to about elevation 340 feet (about 30 feet high).  This material would 
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consist of mixing a small quantity of cement with on-site granular material in a pug-mill 
and compacting in lifts.  The purpose of the CMS is to provide high strength material 
which would allow us to minimize the width of the excavation in the 
upstream/downstream direction and the thickness and location of this material could be 
changed during final design.  About 125,000 cubic yards of CMS are estimated to be 
placed.  The remaining portion of the open excavation and dam face would be replaced 
with granular material compacted in lifts up to the current ground surface.  Once the 
excavation was backfilled to the current elevation of the dam toe the dewatering system 
could be shut-off 
 
Option 1b - Open Excavation with Downstream Wall 
One variation on the deep excavation being considered includes the construction of a 
structural wall on the downstream side of the excavation, and is shown in Figure 2.  The 
size and shape of this wall has not been determined, however, the current area available 
for design requires some type of wall system for about 1/3 to 1/2 of the length of the 
excavation so as to not undermine the current location of the Green Valley Road. 
 
The method for construction of the keytrench would follow the same sequencing as for 
the Open Excavation discussed above.  The amount of material excavated would be 
reduced slightly due to construction of the wall. 
 
Option 2 - Open Excavation with a Dual Wall System 
This variation of the Open Excavation includes the construction of an upstream and 
downstream wall system in an effort to minimize the amount of materials required to be 
removed, and reduce the dependency on the dewatering system as shown in Figure 3.  
This dual wall system could be constructed under the existing toe of the dam or just 
downstream of the existing toe, thus potentially eliminating the need for excavation of the 
existing dam. 
 
The method for construction of the keytrench would follow the same sequencing as for 
the Open Excavation discussed above.  The amount of material excavated will be 
significantly reduced compared to the open excavation; however, the cost of the dual wall 
system would likely increase the cost of construction.  It is estimated that about 280,000 
cubic yard of material would be required to be excavated and replaced for this option.  
Also, the addition of the dual walls would likely increase the total duration of 
construction at the site, but not likely increase to time for dewatering and subsurface 
excavation and replacement. 
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MIAD Seismic Remediation – Feasibility Design
Excavate and Replace with Overlay Concept 
DRAFT



Pro-Con Construction Issues



CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
Options Open Hole (50 to 80-foot wide base) Open hole w/ Temp D/S Wall System Open hole w/ Temp U/S Wall System Dual Wall System - No Dam Excavation Dual Wall System - With Dam Excavation



Design Details
Temporary Wall System (sq ft) 25,000 65,000 65,000 125,000 125,000
Excav & Replace Dam (cy) 250,000 120,000 120,000 0 120,000
Deep Excav (cy) 500,000 360,000 360,000 180,000 180,000



below el 360 300000 216000 216000 126000 126000
CMS backfill (cy) 70,000 55,000 55,000 50,000 50,000
Granular Backfill 430,000 305,000 305,000 130,000 130,000



below el 360 230,000 161,000 161,000 76,000 76,000
Dewatering wells 90 77 77 50 50
Instrumentation Significant Significant Significant Significant Significant



Construction Sequence Install well system and instrumentation Install well system and instrumentation Install well system and instrumentation Install temp wall system Excavate lower D/S dam face
Start Dewatering Start Dewatering Start Dewatering Install well system and instrumentation Install temp wall system
Excavate lower D/S dam face Excavate lower D/S dam face Excavate lower D/S dam face Start Dewatering Install well system and instrumentation



Excavate upper 20 feet (el 380 t0 360) of Keytrench when GW lowered Excavate upper 20 feet (el 380 t0 360) of Keytrench when GW lowered Excavate upper 20 feet (el 380 to 360) of Keytrench when GW lowered
Excavate down to rock when GW lowered - No Restrictions due to 
Reservoir Start Dewatering



Install temp wall system Install temp wall system
Excavate down to rock when GW lowered - No Restrictions due to 
Reservoir



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Excavate lower keytrench including highly weathered rock Excavate lower keytrench including highly weathered rock Excavate lower keytrench including highly weathered rock
Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340
Place select granular fill up to el 360 Place select granular fill up to el 360 Place select granular fill up to el 360 Place select granular fill up to ground surface (el 380) Place select granular fill up to ground surface (el 380)
End of construction restriction based on lower reservoir level End of construction restriction based on lower reservoir level End of construction restriction based on lower reservoir level 
Place select granular fill up to original toe (el 380) Place select granular fill up to original toe (el 380) Place select granular fill up to original toe (el 380)
Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off
Place D/S shell material Place D/S shell material Place D/S shell material Place D/S shell material



Pros Use traditional equipment and methods
Combination of traditional equipment and methods combined with a 
single wall in lower portion of the excavation



Combination of traditional equipment and methods combined with a 
single wall in lower portion of the excavation Can utilize least-cost wall system and accept some movement Can utilize least-cost wall system and accept some movement



Simple QA/QC Less excavation and replacement of material Less excavation and replacement of material Least amount of excavation and replacement of material
Least amount of excavation and replacement of material but added D/S 
dam excavation



Open hole with no obstructions Open hole with no obstructions Open hole with no obstructions internal struts are more reliable than external system internal struts are more reliable than external system



Wall system has a dual purpose with D/S cutoff benefit
Placing wall on U/S side of excav. Moves key U/S and may save time a 
cost Two walls allow internal struts Two walls allow internal struts
U/S Slope instability - No Slumps in base of excavation with 
retrogression



No concern for slope instability - Sumps in base of excavation with 
retrogression 



No concern for slope instability - Sumps in base of excavation with 
retrogression 



Does lessen the "Catch-22" Scenario - helps move key upstream Does lessen the "Catch-22" Scenario - no impact to roadway Lessens the "Catch-22" Scenario - helps move key upstream
No excavation prior to wall construction No excavation prior to wall construction
Dewatering system should drop GW level to near bedrock but wall could 
be designed to withstand small level of GW behind wall - saving time, 
money and construction risk



Dewatering system should drop GW level to near bedrock but wall could 
be designed to withstand small level of GW behind wall - saving time, 
money and construction risk



Internal bracing can be added quickly if needed (i.e., if dewatering sytem 
failed)



Internal bracing can be added quickly if needed (i.e., if dewatering sytem 
failed)



Smaller excavation slot would reduce the risk of dam failure if excavation 
wall system failed U/S



Smaller excavation slot would reduce the risk of dam failure if excavation 
wall system failed U/S



Dewatering system farther from wetlands than open-hole options Dewatering system much farther from wetlands than all other options
May be able to steepen toe of D/S Overlay



Both walls can have dual purpose with cutoff benefit Both walls can have dual purpose with cutoff benefit
May be able to construct year-round with no restriction due to reservoir 
level



May be able to construct year-round with no restriction due to reservoir 
level



Cons No downstream cutoff wall Dual wall system act as cutoff for groundwater Dual wall system act as cutoff for groundwater
Highest Dam Failure Construction Risks Highest Dam Failure Construction Risks Moderate Dam Failure Construction Risks Moderate Dam Failure Construction Risks Moderate Dam Failure Construction Risks
Highest Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks



Impacts on Road
Construction of single wall requires external wall support (i.e., tiebacks, 
etc.) which will require large loads anchored into bedrock 



Construction of single wall requires external wall support (i.e., tiebacks, 
etc.) which will require large loads anchored into bedrock 



Time to excavate - may not be able to do in 1 season due to reservoir. Time to excavate - may not be able to do in 1 season due to reservoir Time to excavate - may not be able to do in 1 season due to reservoir
Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation



May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360
Dewatering requires dry key area - costs may become large Dewatering requires dry key area - costs may become large Dewatering requires dry key area - costs may become large
Slope instability - Slumps in base of excavation with retrogression Slope instability - Slumps in base of excavation with retrogression Lower portion of the excavation not restricted by res level Lower portion of the excavation not restricted by res level Lower portion of the excavation not restricted by res level
large excavation of existing dam small excavation of existing dam small excavation of existing dam small excavation of existing dam small excavation of existing dam



"Catch-22" - Open hole pushes key further D/S, which requires a 
wider key width, which causes more impact to roadway, which 
requires a longer higher wall system near the roadway, which in 
turn increases costs on excavation area & wall system, and 
increases duration of construction and therefore risk. Does not lessen the "Catch-22" Scenario except road impacts



D/S Slope instability - Sumps in base of excavation with retrogression
Excavation requires internal bracing and may impact excavation 
activities



Excavation requires internal bracing and may impact excavation 
activities



Cost to construct wall system with no D/S cutoff benefit May have higher costs than open hole options May have higher costs than open hole options
Does not significantly move the key block U/S compared to open-hole 
options
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Walls Types

Diaphragm

Solider Pile & Lagging

Tieback

Sheetpile

Slurry 







Single Wall Excavate & Replace

Advantages: Known methods, less Reclamation experience, reduces footprint

Disadvantages: Construction risk remains similar, environmental impacts reduced at the expense of cost and complexity








  MIAD Scoping & Constructability  
   March 2008 



 1 



Mormon Island Auxiliary Dam Seismic Remediation 
Scoping & Pre-Design Constructability Review of  
Excavate and Replace Options  
 
 
It has been determined that Mormon Island Auxiliary Dam has a higher than acceptable 
risk of failure during the design seismic event.  Currently, methodology for seismic 
remediation consists of constructing a key block in the downstream foundation and a 
large downstream overlay.  Present thinking is that some type of Excavate and Replace 
(E&R) method will be executed for the seismic remediation at MIAD.   
 
Meeting Overview 
 
A Scoping & Pre-Design Constructability Review was conducted in Denver, Colorado at 
the TSC offices from March 4 through 6, 2008.  The purpose of this meeting was to 
discuss the constructability of several options and determine the most efficient method 
for employing this concept.  The E&R concept was not fully developed during the 
previous feasibility-level study.  Those who were assembled for this team to discuss these 
options have all been involved with MIAD in the past.   
 
Although several variations of this design were discussed, each is built on the general 
concept of an open excavation and replacement with cement modified soil in the lower 
portion of the excavation and then placement and compaction of clean granular fill to the 
existing ground surface. Construction of an overlay section with filters is required for 
seismic remediation with the general shape of the overlay not changing for each variation 
currently being considered.  Rough designs of the Excavate and Replace method were 
considered with the addition of one or two structural walls.  These structural walls may 
be constructed as seepage cutoff barriers to assist in the dewatering at the site and/or as 
structural walls to limit the amount of excavation required.  Excavate and Replace 
concepts being considered for these studies are summarized further below. 
 
Meeting attendees included: 
Larry Hobbs – MP-243  
Mark Curney – CC-108 
Matt Sheskier – MPC-100 
Steve Sherer – MP-221 
Richard Welsh – MPC-100 (comment provided prior to meeting, not in attendance) 
Nathan Snorteland – 84-44000 
Carlton Smith - 86-68170 
Dan Maag - 86-68170 
Dave McKelvie - 86-68170 
John Wilson - 86-68313 
Jonathan Harris - 86-68313 
Ron Oaks - 86-68312 
Gary Russell - 86-68313 
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Prior to the meeting a "Set of Concepts" packet for the Scoping & Pre Design 
Constructability Review was provided.  This document was sent to all involved members 
of this review to help "jump-start" the scoping meeting and to help expedite discussions.  
The options shown in the packet were in draft form and are included in Appendix A. 
 
Overview of Proposed Excavate and Replace Options 
 
The “Set of Concepts” packet provided for the Scoping Meeting included five cases with 
different options for constructing a high strength keyway in the downstream foundation.  
Table A1 in Appendix A summarizes key assumed parameters for each option.   The five 
cases are basically a variation on the first case described, Case1 – Large Open 
Excavation.  Cases 2 through 5 include the integration of a small temporary wall, a single 
large structural wall or a dual structural wall.   
 
The goal of reviewing these different options is to determine which of these should be 
carried forward for a more refined feasibility-level design, or if there are any other 
variations that may have merit to be considered.  Each of the cases shown in Appendix A 
includes both a draft cross-section and plan view.  The plan views show what the 
approximate area of the excavation would look like at the position selected as shown in 
the cross-section without the inclusion of design of a ramp or other details that will be 
required for feasibility-level design.  Table A1 includes an estimate of excavated volumes 
(not including ramp excavation) and other key elements, estimated construction sequence 
and a list of “Pros” and “Cons.”  Below is a brief summary of the five cases listed in the 
prep packet. 
 
Case 1 – Large Open Excavation 
This case includes:  the excavation of a portion of the lower half of the downstream slope 
of the dam, installation and implementation of a dewatering system, excavation of a deep 
excavation down to bedrock with 1.5H:1V slopes, with a base width of the keytrench on 
bedrock of about 70 feet wide and into competent rock, placement of cement modified 
soil (CMS) up to about elevation 340 feet (about 30 feet high), the remaining portion 
replaced with granular material compacted in lifts up to the current ground surface.  Once 
the excavation was backfilled to the current elevation of the dam toe the dewatering 
system would be shut-off.  Draft cross-section and plan view with details are shown in 
Figure A1 and A2, respectively. 
 
Case 2 – Large Open Excavation with Full Length Downstream Wall 
This case is similar to case 1, but includes the construction of a full length structural wall 
on the downstream side of the excavation.  The type and size of this wall has not been 
determined, however, the current area available for design requires some type of wall 
downstream of the excavation so as to not undermine the current location of the Green 
Valley Road.  Draft cross-section and plan view with details are shown in Figure A3 and 
A4, respectively. 
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Case 3 – Large Open Excavation with Full Length Upstream Wall 
This case is similar to case 1, but includes the construction of a structural wall on the 
upstream side of the lower excavation.  The type and size of this wall has not been 
determined.  However, the current area available for design requires some type of wall 
within the excavation to minimize the width of the area so as to not undermine the current 
location of the Green Valley Road.  Draft cross-section and plan view with details are 
shown in Figure A5 and A6, respectively. 
 
Case 4 – Double Wall Excavation at Existing Toe 
This case follows the similar concept as that for the others except it employs the use of 
two parallel walls constructed just downstream of the existing dam toe.  The size and 
shape of this wall has not been determined.  This case minimizes the amount of 
excavation, does not impact the road downstream and allows a significant portion of the 
wall system to be constructed prior to starting excavation.  Draft cross-section and plan 
view with details are shown in Figure A7 and A8, respectively. 
 
Case 5 – Double Wall Excavation Under Dam Toe 
This case is similar to Case 4 except that the two parallel walls would be constructed 
beneath the existing downstream portion of the dam.  This case requires the excavation of 
the lower half of the downstream slope of the dam prior to wall construction and deep 
excavation.  The size and shape of this wall has not been determined.  This case has a 
smaller amount of excavation compared to Cases 1 through 3, but not quite as small as 
Case 4 due to the required excavation of the dam.  However, this case is being considered 
because slope stability studies indicated that the base width of the excavation could 
potentially be narrower if located further upstream.  Draft cross-section and plan view 
with details are shown in Figure A9 and A10, respectively. 
 
Green Valley Road 
Green Valley Road is in a location that would potentially limit the width of excavation 
for a large open excavation.  The realignment of Green Valley Road to the south (at least 
on a temporary basis) may be required as part of this MIAD work.  If Green Valley Road 
is moved to the south, this might allow a large open excavation to be constructed without 
the need for a structural wall.   
 
Dewatering Issues 
Dewatering of the site surrounding the deep excavation is a critical part of the design.  
The design cut slopes will be made as steep as reasonably possible so as to minimize the 
footprint of the excavation and thereby minimizing the amount of material that would be 
required to be excavated and replaced.  The dewatering system will be designed and 
constructed with a significant amount of redundancy and with the provision that 
additional elements could be added at short notice during construction to maintain 
lowered groundwater levels near the excavation.  It is anticipated that dewatering may 
need to be started before removal of excavated materials is initiated to reach target 
groundwater levels and ensure a safe excavation.  A large volume of water will need to 
be handled during this work, especially during the early stages of dewatering. 
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Catch-22 Scenario 
This is the Catch -22 scenario for the design of the open excavation at MIAD:  The flatter 
the slopes the more stable the excavation, and in turn the larger the excavation, which 
then requires a wider key trench base due to the key having to move further downstream, 
which then undermines the roadway downstream more, and in turn requires a longer and 
longer downstream wall, which increases costs and length of duration and in creases risks 
during construction.  The original goal is to minimize risk.  This study used the maximum 
excavation slope (1H:1.5V) so as to anchor the study.  The catch-22 scenario does not 
hold true when a wall is installed on the upstream side of the excavation, as shown in 
Cases 4 and 5. 
 
Discussion Items 
 
General Comments 
Many topics were discussed during the 3-day session.  Listed here are some of the 
concepts and information shared/discussed. 
 
Utilities at the site are overhead power lines and a new gas line along the north side of 
Green Valley Road 
 
It is assumed that two 8-hour shifts a day will be used for the excavation-portion of the 
work.  Some portions may need to increase to 24-hours a day but for only a short time. 
 
Design should consider the strength of the rounded gravel stone columns, especially for 
the open slopes. 
 
Permits will be required for the handling of the large flow and treatment of the water 
pumped from the dewatering system. 
 
Recommend developing a computer groundwater model to design dewatering system. 
 
It appears that reservoir elevation is not a significant contributor to slope instability, but 
rather a factor for uncontrolled release if a slope failure were to occur. 
 
The strength of bedrock and its impact on design was discussed.  It was determined that 
there is little benefit from making the CMS backfill any stronger than the bedrock itself.  
This is because the critical failure mechanism for design is along the liquefied material 
upstream of the block and if the block was stronger than the bedrock then the failure 
surface would occur under the block within the rock or at the contact. 
 
It is likely that the excavation materials would be removed by conventional equipment 
(i.e., scrapers) in the upper portions with the lowest portions and the bedrock being 
removed using a dozer and excavator. 
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Weathered bedrock will be excavated about 2 to 8 feet deep.  Slush grouting the lowest 
portions of the excavation may be used to level off the irregular bedrock surface prior to 
placement of CMS. 
 
CMS will consist of relatively clean material from the excavation or from the 
decomposed granite stockpiled in D2.  Granular soils will consist of 4-inch minus 
material with fines percentage of 15 to 40%.  A pugmill will be used to mix about 5-6% 
cement with the granular soil. 
 
Weather will play a role by potentially delaying work during rainy winter months. 
 
Case 1 Comments 
Construction sequence will require construction of small wall system on the downstream 
side if the road can not be moved. 
 
Cost estimate previously developed assumed that it would take about 7 months to take the 
excavation down and backfill up to elevation 360 (~20 below ground surface) for Case 1 
with work being performed at 96 hours a week. 
 
Case 2 Comments 
Case 2 includes a downstream wall that could also be used as a groundwater cutoff and 
thus, reduce the amount of dewatering that would be required on the southern part of the 
excavation.  Since it is assumed that the majority of horizontal flow into the excavation 
would be from downstream, a cutoff on the downstream side of the excavation would be 
more effective. 
 
Depending on wall type, a contractor may try to develop an excavation/wall hybrid like 
that shown in Figure A3. 
 
Case 3 Comments 
If one wall is installed, it should be in the downstream direction instead of the upstream 
side so it could double as a groundwater cutoff. 
 
Cases 4 & 5 Comments 
 
Construction risks are lower than Cases 1 and 2 due to an engineered wall system being 
used and a limited amount that the crest could move due the small amount excavated at 
the toe. 
 
Fifty dewatering wells are likely a much larger than needed number for this case.  The 
number of dewatering well may be reduced due to the fact that the walls may be designed 
for water level behind wall as standard design.  The upstream wall does not need to be as 
impervious as the downstream wall. 
 
A sheet pile wall installed in a bentonite slurry wall could be utilized for wall 
construction. 



DRAFT











  MIAD Scoping & Constructability  
   March 2008 



 6 



 
A soldier-pile wall could be employed at the site. 
 
Thick slurry will be required for slurry wall if used due to the free-draining subsurface 
materials. 
 
If tiebacks are used they will likely have to be anchored into bedrock and pressure 
grouted.  This makes anchoring the upper two-thirds of the excavation very difficult.  A 
soil nail wall system will likely not be considered stable enough due to loose, granular 
soils at the site, however, it make be possible that a contractor my try to use one.  Struts 
could be employed near the upper portion of the excavation and then switch to tiebacks 
and rely on cantilevered section at the bottom of the excavation. 
 
Even though a narrower key trench would be required with the dual wall system option 
under the dam, there may be a limiting factor with regards to the effectiveness of 
equipment due to turning radius of the larger equipment.  Therefore, a slightly wider Case 
5 may become more cost-effective and therefore, Case 4 may be more cost effective. 
 
Selection of Two Preferred Options 
 
Although several variations of the designs are being discussed, each is built on the 
general concept of an open excavation and replacement with cement modified soil in the 
lower portion of the excavation and then placement and compaction of clean granular fill 
to the existing ground surface. Construction of an overlay section with filters is required 
for seismic remediation with the general shape of the overlay not changing for each 
variation currently being considered.  Rough designs of the Excavate and Replace 
method have been considered with the addition of one or two structural walls to assist 
with the construction of the open excavation.  These structural walls may also be 
constructed as a seepage cutoff barrier to assist in the dewatering at the site.  Excavate 
and Replace concepts suggested by the scoping and constructability team to be carried 
forward for further study are summarized below. 
 
Option 1a - Open Excavation 
Most likely the least costly option for construction would be an open-hole keytrench 
located partially beneath the existing toe of the embankment.  This option is shown in 
Figure 1.  Approximately 250,000 cubic yards of material would first be removed from 
the lower half of the existing dam face, which would leave a steeper lower face of the 
dam for construction.  Below this excavation a bench would be constructed for access 
around the deep excavation and installation of dewatering wells.  The deep excavation 
would be constructed below the bench down to bedrock, with a base width of the 
keytrench on bedrock of about 70 feet.  The deep excavation would consist of removing a 
total of approximately 750,000 cubic yard of material.  This estimate includes a rough 
estimate for a ramp entering the excavation.  The base of the keytrench would be 
excavated into competent rock prior to placement of compacted material.  It is planned 
that cement modified soil (CMS) would be placed and compacted in the lower portion of 
the excavation up to about elevation 340 feet (about 30 feet high).  This material would 



DRAFT











  MIAD Scoping & Constructability  
   March 2008 



 7 



consist of mixing a small quantity of cement with on-site granular material in a pug-mill 
and compacting in lifts.  The purpose of the CMS is to provide high strength material 
which would allow us to minimize the width of the excavation in the 
upstream/downstream direction and the thickness and location of this material could be 
changed during final design.  About 125,000 cubic yards of CMS are estimated to be 
placed.  The remaining portion of the open excavation and dam face would be replaced 
with granular material compacted in lifts up to the current ground surface.  Once the 
excavation was backfilled to the current elevation of the dam toe the dewatering system 
could be shut-off 
 
Option 1b - Open Excavation with Downstream Wall 
One variation on the deep excavation being considered includes the construction of a 
structural wall on the downstream side of the excavation, and is shown in Figure 2.  The 
size and shape of this wall has not been determined, however, the current area available 
for design requires some type of wall system for about 1/3 to 1/2 of the length of the 
excavation so as to not undermine the current location of the Green Valley Road. 
 
The method for construction of the keytrench would follow the same sequencing as for 
the Open Excavation discussed above.  The amount of material excavated would be 
reduced slightly due to construction of the wall. 
 
Option 2 - Open Excavation with a Dual Wall System 
This variation of the Open Excavation includes the construction of an upstream and 
downstream wall system in an effort to minimize the amount of materials required to be 
removed, and reduce the dependency on the dewatering system as shown in Figure 3.  
This dual wall system could be constructed under the existing toe of the dam or just 
downstream of the existing toe, thus potentially eliminating the need for excavation of the 
existing dam. 
 
The method for construction of the keytrench would follow the same sequencing as for 
the Open Excavation discussed above.  The amount of material excavated will be 
significantly reduced compared to the open excavation; however, the cost of the dual wall 
system would likely increase the cost of construction.  It is estimated that about 280,000 
cubic yard of material would be required to be excavated and replaced for this option.  
Also, the addition of the dual walls would likely increase the total duration of 
construction at the site, but not likely increase to time for dewatering and subsurface 
excavation and replacement. 
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MIAD Seismic Remediation – Feasibility Design
Excavate and Replace with Overlay Concept 
DRAFT



Pro-Con Construction Issues



CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
Options Open Hole (50 to 80-foot wide base) Open hole w/ Temp D/S Wall System Open hole w/ Temp U/S Wall System Dual Wall System - No Dam Excavation Dual Wall System - With Dam Excavation



Design Details
Temporary Wall System (sq ft) 25,000 65,000 65,000 125,000 125,000
Excav & Replace Dam (cy) 250,000 120,000 120,000 0 120,000
Deep Excav (cy) 500,000 360,000 360,000 180,000 180,000



below el 360 300000 216000 216000 126000 126000
CMS backfill (cy) 70,000 55,000 55,000 50,000 50,000
Granular Backfill 430,000 305,000 305,000 130,000 130,000



below el 360 230,000 161,000 161,000 76,000 76,000
Dewatering wells 90 77 77 50 50
Instrumentation Significant Significant Significant Significant Significant



Construction Sequence Install well system and instrumentation Install well system and instrumentation Install well system and instrumentation Install temp wall system Excavate lower D/S dam face
Start Dewatering Start Dewatering Start Dewatering Install well system and instrumentation Install temp wall system
Excavate lower D/S dam face Excavate lower D/S dam face Excavate lower D/S dam face Start Dewatering Install well system and instrumentation



Excavate upper 20 feet (el 380 t0 360) of Keytrench when GW lowered Excavate upper 20 feet (el 380 t0 360) of Keytrench when GW lowered Excavate upper 20 feet (el 380 to 360) of Keytrench when GW lowered
Excavate down to rock when GW lowered - No Restrictions due to 
Reservoir Start Dewatering



Install temp wall system Install temp wall system
Excavate down to rock when GW lowered - No Restrictions due to 
Reservoir



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Excavate lower keytrench including highly weathered rock Excavate lower keytrench including highly weathered rock Excavate lower keytrench including highly weathered rock
Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340
Place select granular fill up to el 360 Place select granular fill up to el 360 Place select granular fill up to el 360 Place select granular fill up to ground surface (el 380) Place select granular fill up to ground surface (el 380)
End of construction restriction based on lower reservoir level End of construction restriction based on lower reservoir level End of construction restriction based on lower reservoir level 
Place select granular fill up to original toe (el 380) Place select granular fill up to original toe (el 380) Place select granular fill up to original toe (el 380)
Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off
Place D/S shell material Place D/S shell material Place D/S shell material Place D/S shell material



Pros Use traditional equipment and methods
Combination of traditional equipment and methods combined with a 
single wall in lower portion of the excavation



Combination of traditional equipment and methods combined with a 
single wall in lower portion of the excavation Can utilize least-cost wall system and accept some movement Can utilize least-cost wall system and accept some movement



Simple QA/QC Less excavation and replacement of material Less excavation and replacement of material Least amount of excavation and replacement of material
Least amount of excavation and replacement of material but added D/S 
dam excavation



Open hole with no obstructions Open hole with no obstructions Open hole with no obstructions internal struts are more reliable than external system internal struts are more reliable than external system



Wall system has a dual purpose with D/S cutoff benefit
Placing wall on U/S side of excav. Moves key U/S and may save time a 
cost Two walls allow internal struts Two walls allow internal struts
U/S Slope instability - No Slumps in base of excavation with 
retrogression



No concern for slope instability - Sumps in base of excavation with 
retrogression 



No concern for slope instability - Sumps in base of excavation with 
retrogression 



Does lessen the "Catch-22" Scenario - helps move key upstream Does lessen the "Catch-22" Scenario - no impact to roadway Lessens the "Catch-22" Scenario - helps move key upstream
No excavation prior to wall construction No excavation prior to wall construction
Dewatering system should drop GW level to near bedrock but wall could 
be designed to withstand small level of GW behind wall - saving time, 
money and construction risk



Dewatering system should drop GW level to near bedrock but wall could 
be designed to withstand small level of GW behind wall - saving time, 
money and construction risk



Internal bracing can be added quickly if needed (i.e., if dewatering sytem 
failed)



Internal bracing can be added quickly if needed (i.e., if dewatering sytem 
failed)



Smaller excavation slot would reduce the risk of dam failure if excavation 
wall system failed U/S



Smaller excavation slot would reduce the risk of dam failure if excavation 
wall system failed U/S



Dewatering system farther from wetlands than open-hole options Dewatering system much farther from wetlands than all other options
May be able to steepen toe of D/S Overlay



Both walls can have dual purpose with cutoff benefit Both walls can have dual purpose with cutoff benefit
May be able to construct year-round with no restriction due to reservoir 
level



May be able to construct year-round with no restriction due to reservoir 
level



Cons No downstream cutoff wall Dual wall system act as cutoff for groundwater Dual wall system act as cutoff for groundwater
Highest Dam Failure Construction Risks Highest Dam Failure Construction Risks Moderate Dam Failure Construction Risks Moderate Dam Failure Construction Risks Moderate Dam Failure Construction Risks
Highest Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks



Impacts on Road
Construction of single wall requires external wall support (i.e., tiebacks, 
etc.) which will require large loads anchored into bedrock 



Construction of single wall requires external wall support (i.e., tiebacks, 
etc.) which will require large loads anchored into bedrock 



Time to excavate - may not be able to do in 1 season due to reservoir. Time to excavate - may not be able to do in 1 season due to reservoir Time to excavate - may not be able to do in 1 season due to reservoir
Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation



May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360
Dewatering requires dry key area - costs may become large Dewatering requires dry key area - costs may become large Dewatering requires dry key area - costs may become large
Slope instability - Slumps in base of excavation with retrogression Slope instability - Slumps in base of excavation with retrogression Lower portion of the excavation not restricted by res level Lower portion of the excavation not restricted by res level Lower portion of the excavation not restricted by res level
large excavation of existing dam small excavation of existing dam small excavation of existing dam small excavation of existing dam small excavation of existing dam



"Catch-22" - Open hole pushes key further D/S, which requires a 
wider key width, which causes more impact to roadway, which 
requires a longer higher wall system near the roadway, which in 
turn increases costs on excavation area & wall system, and 
increases duration of construction and therefore risk. Does not lessen the "Catch-22" Scenario except road impacts



D/S Slope instability - Sumps in base of excavation with retrogression
Excavation requires internal bracing and may impact excavation 
activities



Excavation requires internal bracing and may impact excavation 
activities



Cost to construct wall system with no D/S cutoff benefit May have higher costs than open hole options May have higher costs than open hole options
Does not significantly move the key block U/S compared to open-hole 
options
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Dual Wall Excavate & Replace

Advantages: Known methods, little Reclamation experience, reduces footprint significantly

Disadvantages: Construction risk reduced, environmental impacts reduced at the expense of significant cost and complexity
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Mormon Island Auxiliary Dam Seismic Remediation 
Scoping & Pre-Design Constructability Review of  
Excavate and Replace Options  
 
 
It has been determined that Mormon Island Auxiliary Dam has a higher than acceptable 
risk of failure during the design seismic event.  Currently, methodology for seismic 
remediation consists of constructing a key block in the downstream foundation and a 
large downstream overlay.  Present thinking is that some type of Excavate and Replace 
(E&R) method will be executed for the seismic remediation at MIAD.   
 
Meeting Overview 
 
A Scoping & Pre-Design Constructability Review was conducted in Denver, Colorado at 
the TSC offices from March 4 through 6, 2008.  The purpose of this meeting was to 
discuss the constructability of several options and determine the most efficient method 
for employing this concept.  The E&R concept was not fully developed during the 
previous feasibility-level study.  Those who were assembled for this team to discuss these 
options have all been involved with MIAD in the past.   
 
Although several variations of this design were discussed, each is built on the general 
concept of an open excavation and replacement with cement modified soil in the lower 
portion of the excavation and then placement and compaction of clean granular fill to the 
existing ground surface. Construction of an overlay section with filters is required for 
seismic remediation with the general shape of the overlay not changing for each variation 
currently being considered.  Rough designs of the Excavate and Replace method were 
considered with the addition of one or two structural walls.  These structural walls may 
be constructed as seepage cutoff barriers to assist in the dewatering at the site and/or as 
structural walls to limit the amount of excavation required.  Excavate and Replace 
concepts being considered for these studies are summarized further below. 
 
Meeting attendees included: 
Larry Hobbs – MP-243  
Mark Curney – CC-108 
Matt Sheskier – MPC-100 
Steve Sherer – MP-221 
Richard Welsh – MPC-100 (comment provided prior to meeting, not in attendance) 
Nathan Snorteland – 84-44000 
Carlton Smith - 86-68170 
Dan Maag - 86-68170 
Dave McKelvie - 86-68170 
John Wilson - 86-68313 
Jonathan Harris - 86-68313 
Ron Oaks - 86-68312 
Gary Russell - 86-68313 
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Prior to the meeting a "Set of Concepts" packet for the Scoping & Pre Design 
Constructability Review was provided.  This document was sent to all involved members 
of this review to help "jump-start" the scoping meeting and to help expedite discussions.  
The options shown in the packet were in draft form and are included in Appendix A. 
 
Overview of Proposed Excavate and Replace Options 
 
The “Set of Concepts” packet provided for the Scoping Meeting included five cases with 
different options for constructing a high strength keyway in the downstream foundation.  
Table A1 in Appendix A summarizes key assumed parameters for each option.   The five 
cases are basically a variation on the first case described, Case1 – Large Open 
Excavation.  Cases 2 through 5 include the integration of a small temporary wall, a single 
large structural wall or a dual structural wall.   
 
The goal of reviewing these different options is to determine which of these should be 
carried forward for a more refined feasibility-level design, or if there are any other 
variations that may have merit to be considered.  Each of the cases shown in Appendix A 
includes both a draft cross-section and plan view.  The plan views show what the 
approximate area of the excavation would look like at the position selected as shown in 
the cross-section without the inclusion of design of a ramp or other details that will be 
required for feasibility-level design.  Table A1 includes an estimate of excavated volumes 
(not including ramp excavation) and other key elements, estimated construction sequence 
and a list of “Pros” and “Cons.”  Below is a brief summary of the five cases listed in the 
prep packet. 
 
Case 1 – Large Open Excavation 
This case includes:  the excavation of a portion of the lower half of the downstream slope 
of the dam, installation and implementation of a dewatering system, excavation of a deep 
excavation down to bedrock with 1.5H:1V slopes, with a base width of the keytrench on 
bedrock of about 70 feet wide and into competent rock, placement of cement modified 
soil (CMS) up to about elevation 340 feet (about 30 feet high), the remaining portion 
replaced with granular material compacted in lifts up to the current ground surface.  Once 
the excavation was backfilled to the current elevation of the dam toe the dewatering 
system would be shut-off.  Draft cross-section and plan view with details are shown in 
Figure A1 and A2, respectively. 
 
Case 2 – Large Open Excavation with Full Length Downstream Wall 
This case is similar to case 1, but includes the construction of a full length structural wall 
on the downstream side of the excavation.  The type and size of this wall has not been 
determined, however, the current area available for design requires some type of wall 
downstream of the excavation so as to not undermine the current location of the Green 
Valley Road.  Draft cross-section and plan view with details are shown in Figure A3 and 
A4, respectively. 
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Case 3 – Large Open Excavation with Full Length Upstream Wall 
This case is similar to case 1, but includes the construction of a structural wall on the 
upstream side of the lower excavation.  The type and size of this wall has not been 
determined.  However, the current area available for design requires some type of wall 
within the excavation to minimize the width of the area so as to not undermine the current 
location of the Green Valley Road.  Draft cross-section and plan view with details are 
shown in Figure A5 and A6, respectively. 
 
Case 4 – Double Wall Excavation at Existing Toe 
This case follows the similar concept as that for the others except it employs the use of 
two parallel walls constructed just downstream of the existing dam toe.  The size and 
shape of this wall has not been determined.  This case minimizes the amount of 
excavation, does not impact the road downstream and allows a significant portion of the 
wall system to be constructed prior to starting excavation.  Draft cross-section and plan 
view with details are shown in Figure A7 and A8, respectively. 
 
Case 5 – Double Wall Excavation Under Dam Toe 
This case is similar to Case 4 except that the two parallel walls would be constructed 
beneath the existing downstream portion of the dam.  This case requires the excavation of 
the lower half of the downstream slope of the dam prior to wall construction and deep 
excavation.  The size and shape of this wall has not been determined.  This case has a 
smaller amount of excavation compared to Cases 1 through 3, but not quite as small as 
Case 4 due to the required excavation of the dam.  However, this case is being considered 
because slope stability studies indicated that the base width of the excavation could 
potentially be narrower if located further upstream.  Draft cross-section and plan view 
with details are shown in Figure A9 and A10, respectively. 
 
Green Valley Road 
Green Valley Road is in a location that would potentially limit the width of excavation 
for a large open excavation.  The realignment of Green Valley Road to the south (at least 
on a temporary basis) may be required as part of this MIAD work.  If Green Valley Road 
is moved to the south, this might allow a large open excavation to be constructed without 
the need for a structural wall.   
 
Dewatering Issues 
Dewatering of the site surrounding the deep excavation is a critical part of the design.  
The design cut slopes will be made as steep as reasonably possible so as to minimize the 
footprint of the excavation and thereby minimizing the amount of material that would be 
required to be excavated and replaced.  The dewatering system will be designed and 
constructed with a significant amount of redundancy and with the provision that 
additional elements could be added at short notice during construction to maintain 
lowered groundwater levels near the excavation.  It is anticipated that dewatering may 
need to be started before removal of excavated materials is initiated to reach target 
groundwater levels and ensure a safe excavation.  A large volume of water will need to 
be handled during this work, especially during the early stages of dewatering. 
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Catch-22 Scenario 
This is the Catch -22 scenario for the design of the open excavation at MIAD:  The flatter 
the slopes the more stable the excavation, and in turn the larger the excavation, which 
then requires a wider key trench base due to the key having to move further downstream, 
which then undermines the roadway downstream more, and in turn requires a longer and 
longer downstream wall, which increases costs and length of duration and in creases risks 
during construction.  The original goal is to minimize risk.  This study used the maximum 
excavation slope (1H:1.5V) so as to anchor the study.  The catch-22 scenario does not 
hold true when a wall is installed on the upstream side of the excavation, as shown in 
Cases 4 and 5. 
 
Discussion Items 
 
General Comments 
Many topics were discussed during the 3-day session.  Listed here are some of the 
concepts and information shared/discussed. 
 
Utilities at the site are overhead power lines and a new gas line along the north side of 
Green Valley Road 
 
It is assumed that two 8-hour shifts a day will be used for the excavation-portion of the 
work.  Some portions may need to increase to 24-hours a day but for only a short time. 
 
Design should consider the strength of the rounded gravel stone columns, especially for 
the open slopes. 
 
Permits will be required for the handling of the large flow and treatment of the water 
pumped from the dewatering system. 
 
Recommend developing a computer groundwater model to design dewatering system. 
 
It appears that reservoir elevation is not a significant contributor to slope instability, but 
rather a factor for uncontrolled release if a slope failure were to occur. 
 
The strength of bedrock and its impact on design was discussed.  It was determined that 
there is little benefit from making the CMS backfill any stronger than the bedrock itself.  
This is because the critical failure mechanism for design is along the liquefied material 
upstream of the block and if the block was stronger than the bedrock then the failure 
surface would occur under the block within the rock or at the contact. 
 
It is likely that the excavation materials would be removed by conventional equipment 
(i.e., scrapers) in the upper portions with the lowest portions and the bedrock being 
removed using a dozer and excavator. 
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Weathered bedrock will be excavated about 2 to 8 feet deep.  Slush grouting the lowest 
portions of the excavation may be used to level off the irregular bedrock surface prior to 
placement of CMS. 
 
CMS will consist of relatively clean material from the excavation or from the 
decomposed granite stockpiled in D2.  Granular soils will consist of 4-inch minus 
material with fines percentage of 15 to 40%.  A pugmill will be used to mix about 5-6% 
cement with the granular soil. 
 
Weather will play a role by potentially delaying work during rainy winter months. 
 
Case 1 Comments 
Construction sequence will require construction of small wall system on the downstream 
side if the road can not be moved. 
 
Cost estimate previously developed assumed that it would take about 7 months to take the 
excavation down and backfill up to elevation 360 (~20 below ground surface) for Case 1 
with work being performed at 96 hours a week. 
 
Case 2 Comments 
Case 2 includes a downstream wall that could also be used as a groundwater cutoff and 
thus, reduce the amount of dewatering that would be required on the southern part of the 
excavation.  Since it is assumed that the majority of horizontal flow into the excavation 
would be from downstream, a cutoff on the downstream side of the excavation would be 
more effective. 
 
Depending on wall type, a contractor may try to develop an excavation/wall hybrid like 
that shown in Figure A3. 
 
Case 3 Comments 
If one wall is installed, it should be in the downstream direction instead of the upstream 
side so it could double as a groundwater cutoff. 
 
Cases 4 & 5 Comments 
 
Construction risks are lower than Cases 1 and 2 due to an engineered wall system being 
used and a limited amount that the crest could move due the small amount excavated at 
the toe. 
 
Fifty dewatering wells are likely a much larger than needed number for this case.  The 
number of dewatering well may be reduced due to the fact that the walls may be designed 
for water level behind wall as standard design.  The upstream wall does not need to be as 
impervious as the downstream wall. 
 
A sheet pile wall installed in a bentonite slurry wall could be utilized for wall 
construction. 
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A soldier-pile wall could be employed at the site. 
 
Thick slurry will be required for slurry wall if used due to the free-draining subsurface 
materials. 
 
If tiebacks are used they will likely have to be anchored into bedrock and pressure 
grouted.  This makes anchoring the upper two-thirds of the excavation very difficult.  A 
soil nail wall system will likely not be considered stable enough due to loose, granular 
soils at the site, however, it make be possible that a contractor my try to use one.  Struts 
could be employed near the upper portion of the excavation and then switch to tiebacks 
and rely on cantilevered section at the bottom of the excavation. 
 
Even though a narrower key trench would be required with the dual wall system option 
under the dam, there may be a limiting factor with regards to the effectiveness of 
equipment due to turning radius of the larger equipment.  Therefore, a slightly wider Case 
5 may become more cost-effective and therefore, Case 4 may be more cost effective. 
 
Selection of Two Preferred Options 
 
Although several variations of the designs are being discussed, each is built on the 
general concept of an open excavation and replacement with cement modified soil in the 
lower portion of the excavation and then placement and compaction of clean granular fill 
to the existing ground surface. Construction of an overlay section with filters is required 
for seismic remediation with the general shape of the overlay not changing for each 
variation currently being considered.  Rough designs of the Excavate and Replace 
method have been considered with the addition of one or two structural walls to assist 
with the construction of the open excavation.  These structural walls may also be 
constructed as a seepage cutoff barrier to assist in the dewatering at the site.  Excavate 
and Replace concepts suggested by the scoping and constructability team to be carried 
forward for further study are summarized below. 
 
Option 1a - Open Excavation 
Most likely the least costly option for construction would be an open-hole keytrench 
located partially beneath the existing toe of the embankment.  This option is shown in 
Figure 1.  Approximately 250,000 cubic yards of material would first be removed from 
the lower half of the existing dam face, which would leave a steeper lower face of the 
dam for construction.  Below this excavation a bench would be constructed for access 
around the deep excavation and installation of dewatering wells.  The deep excavation 
would be constructed below the bench down to bedrock, with a base width of the 
keytrench on bedrock of about 70 feet.  The deep excavation would consist of removing a 
total of approximately 750,000 cubic yard of material.  This estimate includes a rough 
estimate for a ramp entering the excavation.  The base of the keytrench would be 
excavated into competent rock prior to placement of compacted material.  It is planned 
that cement modified soil (CMS) would be placed and compacted in the lower portion of 
the excavation up to about elevation 340 feet (about 30 feet high).  This material would 
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consist of mixing a small quantity of cement with on-site granular material in a pug-mill 
and compacting in lifts.  The purpose of the CMS is to provide high strength material 
which would allow us to minimize the width of the excavation in the 
upstream/downstream direction and the thickness and location of this material could be 
changed during final design.  About 125,000 cubic yards of CMS are estimated to be 
placed.  The remaining portion of the open excavation and dam face would be replaced 
with granular material compacted in lifts up to the current ground surface.  Once the 
excavation was backfilled to the current elevation of the dam toe the dewatering system 
could be shut-off 
 
Option 1b - Open Excavation with Downstream Wall 
One variation on the deep excavation being considered includes the construction of a 
structural wall on the downstream side of the excavation, and is shown in Figure 2.  The 
size and shape of this wall has not been determined, however, the current area available 
for design requires some type of wall system for about 1/3 to 1/2 of the length of the 
excavation so as to not undermine the current location of the Green Valley Road. 
 
The method for construction of the keytrench would follow the same sequencing as for 
the Open Excavation discussed above.  The amount of material excavated would be 
reduced slightly due to construction of the wall. 
 
Option 2 - Open Excavation with a Dual Wall System 
This variation of the Open Excavation includes the construction of an upstream and 
downstream wall system in an effort to minimize the amount of materials required to be 
removed, and reduce the dependency on the dewatering system as shown in Figure 3.  
This dual wall system could be constructed under the existing toe of the dam or just 
downstream of the existing toe, thus potentially eliminating the need for excavation of the 
existing dam. 
 
The method for construction of the keytrench would follow the same sequencing as for 
the Open Excavation discussed above.  The amount of material excavated will be 
significantly reduced compared to the open excavation; however, the cost of the dual wall 
system would likely increase the cost of construction.  It is estimated that about 280,000 
cubic yard of material would be required to be excavated and replaced for this option.  
Also, the addition of the dual walls would likely increase the total duration of 
construction at the site, but not likely increase to time for dewatering and subsurface 
excavation and replacement. 
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MIAD Seismic Remediation – Feasibility Design
Excavate and Replace with Overlay Concept 
DRAFT



Pro-Con Construction Issues



CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
Options Open Hole (50 to 80-foot wide base) Open hole w/ Temp D/S Wall System Open hole w/ Temp U/S Wall System Dual Wall System - No Dam Excavation Dual Wall System - With Dam Excavation



Design Details
Temporary Wall System (sq ft) 25,000 65,000 65,000 125,000 125,000
Excav & Replace Dam (cy) 250,000 120,000 120,000 0 120,000
Deep Excav (cy) 500,000 360,000 360,000 180,000 180,000



below el 360 300000 216000 216000 126000 126000
CMS backfill (cy) 70,000 55,000 55,000 50,000 50,000
Granular Backfill 430,000 305,000 305,000 130,000 130,000



below el 360 230,000 161,000 161,000 76,000 76,000
Dewatering wells 90 77 77 50 50
Instrumentation Significant Significant Significant Significant Significant



Construction Sequence Install well system and instrumentation Install well system and instrumentation Install well system and instrumentation Install temp wall system Excavate lower D/S dam face
Start Dewatering Start Dewatering Start Dewatering Install well system and instrumentation Install temp wall system
Excavate lower D/S dam face Excavate lower D/S dam face Excavate lower D/S dam face Start Dewatering Install well system and instrumentation



Excavate upper 20 feet (el 380 t0 360) of Keytrench when GW lowered Excavate upper 20 feet (el 380 t0 360) of Keytrench when GW lowered Excavate upper 20 feet (el 380 to 360) of Keytrench when GW lowered
Excavate down to rock when GW lowered - No Restrictions due to 
Reservoir Start Dewatering



Install temp wall system Install temp wall system
Excavate down to rock when GW lowered - No Restrictions due to 
Reservoir



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Lower portion of keytrench excavation restricted based on lower 
reservoir level 



Excavate lower keytrench including highly weathered rock Excavate lower keytrench including highly weathered rock Excavate lower keytrench including highly weathered rock
Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340 Place CMS up to elevation 340
Place select granular fill up to el 360 Place select granular fill up to el 360 Place select granular fill up to el 360 Place select granular fill up to ground surface (el 380) Place select granular fill up to ground surface (el 380)
End of construction restriction based on lower reservoir level End of construction restriction based on lower reservoir level End of construction restriction based on lower reservoir level 
Place select granular fill up to original toe (el 380) Place select granular fill up to original toe (el 380) Place select granular fill up to original toe (el 380)
Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off Dewatering system shut-off
Place D/S shell material Place D/S shell material Place D/S shell material Place D/S shell material



Pros Use traditional equipment and methods
Combination of traditional equipment and methods combined with a 
single wall in lower portion of the excavation



Combination of traditional equipment and methods combined with a 
single wall in lower portion of the excavation Can utilize least-cost wall system and accept some movement Can utilize least-cost wall system and accept some movement



Simple QA/QC Less excavation and replacement of material Less excavation and replacement of material Least amount of excavation and replacement of material
Least amount of excavation and replacement of material but added D/S 
dam excavation



Open hole with no obstructions Open hole with no obstructions Open hole with no obstructions internal struts are more reliable than external system internal struts are more reliable than external system



Wall system has a dual purpose with D/S cutoff benefit
Placing wall on U/S side of excav. Moves key U/S and may save time a 
cost Two walls allow internal struts Two walls allow internal struts
U/S Slope instability - No Slumps in base of excavation with 
retrogression



No concern for slope instability - Sumps in base of excavation with 
retrogression 



No concern for slope instability - Sumps in base of excavation with 
retrogression 



Does lessen the "Catch-22" Scenario - helps move key upstream Does lessen the "Catch-22" Scenario - no impact to roadway Lessens the "Catch-22" Scenario - helps move key upstream
No excavation prior to wall construction No excavation prior to wall construction
Dewatering system should drop GW level to near bedrock but wall could 
be designed to withstand small level of GW behind wall - saving time, 
money and construction risk



Dewatering system should drop GW level to near bedrock but wall could 
be designed to withstand small level of GW behind wall - saving time, 
money and construction risk



Internal bracing can be added quickly if needed (i.e., if dewatering sytem 
failed)



Internal bracing can be added quickly if needed (i.e., if dewatering sytem 
failed)



Smaller excavation slot would reduce the risk of dam failure if excavation 
wall system failed U/S



Smaller excavation slot would reduce the risk of dam failure if excavation 
wall system failed U/S



Dewatering system farther from wetlands than open-hole options Dewatering system much farther from wetlands than all other options
May be able to steepen toe of D/S Overlay



Both walls can have dual purpose with cutoff benefit Both walls can have dual purpose with cutoff benefit
May be able to construct year-round with no restriction due to reservoir 
level



May be able to construct year-round with no restriction due to reservoir 
level



Cons No downstream cutoff wall Dual wall system act as cutoff for groundwater Dual wall system act as cutoff for groundwater
Highest Dam Failure Construction Risks Highest Dam Failure Construction Risks Moderate Dam Failure Construction Risks Moderate Dam Failure Construction Risks Moderate Dam Failure Construction Risks
Highest Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks Moderate Road Failure Construction Risks



Impacts on Road
Construction of single wall requires external wall support (i.e., tiebacks, 
etc.) which will require large loads anchored into bedrock 



Construction of single wall requires external wall support (i.e., tiebacks, 
etc.) which will require large loads anchored into bedrock 



Time to excavate - may not be able to do in 1 season due to reservoir. Time to excavate - may not be able to do in 1 season due to reservoir Time to excavate - may not be able to do in 1 season due to reservoir
Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation Excavate around wells and instrumentation



May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360 May require 24hr construction to meet schedule for work below el 360
Dewatering requires dry key area - costs may become large Dewatering requires dry key area - costs may become large Dewatering requires dry key area - costs may become large
Slope instability - Slumps in base of excavation with retrogression Slope instability - Slumps in base of excavation with retrogression Lower portion of the excavation not restricted by res level Lower portion of the excavation not restricted by res level Lower portion of the excavation not restricted by res level
large excavation of existing dam small excavation of existing dam small excavation of existing dam small excavation of existing dam small excavation of existing dam



"Catch-22" - Open hole pushes key further D/S, which requires a 
wider key width, which causes more impact to roadway, which 
requires a longer higher wall system near the roadway, which in 
turn increases costs on excavation area & wall system, and 
increases duration of construction and therefore risk. Does not lessen the "Catch-22" Scenario except road impacts



D/S Slope instability - Sumps in base of excavation with retrogression
Excavation requires internal bracing and may impact excavation 
activities



Excavation requires internal bracing and may impact excavation 
activities



Cost to construct wall system with no D/S cutoff benefit May have higher costs than open hole options May have higher costs than open hole options
Does not significantly move the key block U/S compared to open-hole 
options
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Cellular Excavate & Replace

		Advantages: No Reclamation experience, reduces footprint dramatically Construction risk nearly eliminated along with many environmental impacts 





		Disadvantages: Reductions come with increase time and cost









MIAD at Completion

Excavate & Replace Foundation







SUPPLEMENTAL ENVIRONMENTAL DOCUMENTATION 

		PREVIOUS ENVIRONMENTAL STUDIES

		PREVIOUS ENVIRONMENTAL ANALYSIS

		FOLSOM EIS/EIR DOCUMENT

		PLANNING DOCUMENT (ROD) WITH MOD REPORT

		SUPPLEMENTAL DOCUMENT WITH FINAL DESIGNS

		REVISED ENVIRONMENTAL COMMITMENT PLAN

		REVISED MITIGATION PLAN









Potential Impacts of MIAD Modification Project



		Water quality concerns, ground water concerns 

		Wetlands concerns (area across Green Valley Road)

		Air quality concerns:  

		Monitoring for naturally occurring asbestos

		dust, construction equipment emissions 

		Endangered species concerns

		Public safety during construction 

		Minimizing construction risks

		Hours of construction 

		Noise from trucks and excavation activities

		Recreation, hiking, closure of trail and parking lot

		When will closures begin

		How long will closures last

		Impacts to recreationists

		Trail detours

		Potential impacts to Green Valley Road

		Impacts to City of Folsom easement

		Impacts to commuters

		Traffic concerns

		Signage, flagmen, etc.









MIAD
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END OF PRESENTATION

PLEASE VISIT OTHER STATIONS FOR FURTHER PROJECT INFORMATION









RECLAMATION




RECLAMATION

Managing Water in the West

( m U.S. Department of the Interior

“Taoam ~ Bureau of Reclamation
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