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Foreword 

As is the case for the other five Class I dams being evaluated by the Panel, there is a rich and 
voluminous library of reports and studies dealing with Herbert Hoover Dike (HHD).  However, 
during 2006, there were published two very detailed and relevant reports: the so-called BCI 
Report (prepared for SFWMD) and the Supplemental Independent Technical Review (ITR), 
prepared by the USACE itself.  BCI is an engineering consulting company and SFWMD refers to 
the South Florida Water Management District. 
 
These two reports are excellent in technical content.  They bring to light several considerations 
of which the Panel had been unaware, even after its introductory briefing and site visit.  In this 
Report, the Panel has recited what it believes are the clear conclusions which are common both 
to its own knowledge, and to the contents of the two 2006 reports. 
 
The Panel believes that the goal to assure the long-term safety of HHD has been greatly 
facilitated by the two 2006 reports, and generally endorses their technical conclusions.  The 
Panel notes that a Conference of interested parties (including HQUSACE, District, Division, 
SFWD, BCI and Design Engineers, URS) was held in September 2006 and a draft report issued.  
District must verify that the points of consensus in these documents are all followed in the 
current design and construction phases of the rehabilitation. 
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Executive Summary 

iv 

The DSAC (Dam Safety Action Classification) External Peer Review Panel has found that the 
U.S. Army Corps of Engineers Class I designation (Urgent and Compelling) for Herbert Hoover 
Dike (HHD) under EC 1110-2-6064 “INTERIM RISK REDUCTION MEASURES FOR DAM 
SAFETY” dated May 31, 2007 is appropriate.  It is likely that a failure mode involving piping 
from seepage has initiated at certain locations.  The rate at which piping is occurring is 
dependent on lake level:  it is clear that the seepage volume and distress indicators in certain 
reaches of the structure at reservoir levels above about Elevation 17 feet are cause for concern to 
the degree that failure is considered very likely when operating at or above these levels for any 
significant time.  The higher the lake level, the shorter the time required for failure to occur.  In 
this context “failure” means an uncontrolled release of water resulting from a catastrophic breach 
of some portion of the HHD system. 
 
HHD is a unique structure within the USACE portfolio, and is managed under the USACE’s dam 
safety criteria (even though it is referred to as a system of dikes and/or levees) due to its 
permanent pool and its potential to cause catastrophic life safety, economic and environmental 
consequences should a breach occur. 
 
The Panel’s specific findings are as follows: 
 
• Certain discrete segments of HHD, notably in Reaches 1, 2, 3, and 7 properly belong in the 

DSAC Class I category.  The Panel believes HHD (as a system) has passed the “initiation” 
point on the failure continuum at certain locations as evidenced by piping (sand boils, turbid 
seepage flows, and sinkhole formation), and is there and now in the “continuation” phase.  At 
these locations, the rate of deterioration is related to the lake level: at the current very low 
levels, the rate is correspondingly minimal.  Other locations (including all embankment 
penetrations around outlets and culverts) may well have a high risk of embankment and/or 
foundation piping due to shorter seepage path lengths and their associated higher seepage 
gradients.  When the lake level exceeds Elevation 17 (calculated to be a 10-year recurrence 
interval storm event), the Panel believes that there is significant potential for failure 
progression at a number of locations around the dike.   

• The Panel concurs with the findings of recent engineering studies that failure would be 
certain, at specific locations, if Elevation 21.5 feet is reached without rehabilitation.  This 
corresponds to a 100-year event. 

• No segment of HHD is judged to have a high risk of failure with the lake at or below 
Elevation 11.6 feet – the lake elevation at the time of Panel’s site visit.  Most recently the 
lake has been at an elevation less than 10 feet. 

• The Panel recommends that the District perform detailed risk analyses of each potentially 
vulnerable reach and appropriate subreaches of HHD as soon as possible.  The design 
requirements for each reach should be identified as part of the risk analyses with particular 
focus on the potential for loss of life consequences.  For locations presenting a consequence 
of more than 1 life loss should failure occur, the Panel recommends that the design criteria 
for the dike be consistent with the reliability, performance and safety requirements of a “high 
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hazard” structure as defined in Chapter 8 of the USACE’s EC 1110-2-6061 .  As stated in 
the EC, this is to be “confirmed by inundation mapping which considers population at risk, 
time of flood wave travel and warning time.”  In effect, current efforts must reflect dam 
status and principles to adequately assure dike safety.  At locations of “low” or “significant” 
risk, appropriate reductions in remedial requirements should be considered, still, however, 
consistent with USACE standards. 

• Lake outflow capacity is approximately 6 times less than lake inflow potential.  This severely 
challenges lake management capabilities and options.  The downstream impact of a 
significantly increased outlet capacity remains to be evaluated and the Panel recommends 
that this study be done as soon as practical. 

• The design and implementation of the remedial efforts currently under consideration is 
logically prioritized on the basis of population at risk as reflected in the 8-reach 
segmentation.  The Panel supports the concept that rehabilitation efforts be expedited in the 
highest risk areas. 

• Different remedial design philosophies have evolved over the years.  However, the Panel  
recommends that current concepts should be adaptive and responsive to specific sections.  
Local conditions must dictate the details of the major design features, namely partial  cutoffs 
and seepage berms. 

• The Panel is fully supportive of the conclusions of the SPRA (Screening for Portfolio Risk 
Analysis) team, and endorses the findings of the pivotal ITR report of 2006.  It is essential 
that the recommendations of both these teams, as well as those of the BCI Group, are fully 
integrated into the current analytical, investigation, design and construction efforts. 

• The Panel confirms that the major failure modes, in descending order of concern (though all 
are primary modes) are: 
- foundation seepage and piping under the embankment; 
- seepage and piping at the embankment/outlet works/conduits; 
- seepage and piping of the embankment; 
- stability and liquefaction potential of the embankment. 

• Pending the completion of design and contract documents, implementation of “simple” 
remedial measures should be undertaken, such as the infilling of the toe ditch with a 
filter/drainage system and backfilling of adjacent quarries.  These actions should be 
undertaken so as to reduce the hydraulic gradients acting on the foundation.  Field testing of 
cutoff technologies should be conducted during this period also. 

• Careful monitoring of the embankments, outlets and culverts should continue, especially 
during periods of higher lake elevations.  A task force should be established to develop and 
direct the implementation of this task, and to evaluate the potential for automation and 
remote monitoring. 

• Studies must be carried out and/or continued relating to increasing outlet capacity, inundation 
mapping, and emergency preparedness and response planning.  None of these studies, 
however, should be permitted to detract from the current, prioritized plan for the design and 
remediation of the project. 

 
 The Panel acknowledges that a dam can be “high hazard” even if its “annualized life risk,” as determined from a 
risk analysis, is less than 1. 

v 
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1.0 Introduction 

1.1 Project Description 

Herbert Hoover Dike (HHD) is an earthen embankment system located along the perimeter of 
Lake Okeechobee, a large freshwater lake in south Florida (Figure 1).  Components of the 
embankment system have been constructed intermittently since the early 1900s.  Federal 
involvement began in the 1930s with the construction of dikes for flood protection along the 
north and south shores.  In the 1960s, the crest elevation of these dikes was increased and 
additional embankments were constructed on the northwest and northeast shores.  The current 
system now encircles Lake Okeechobee almost entirely except in the vicinity of Fisheating 
Creek on the western shore.  A recent technical paper providing a broad overview of the project 
is attached as Appendix A. 
 
The project therefore consists of approximately 140 miles of earthen embankment with a crest 
elevation ranging from 32 to 46 feet NGVD.  Adjacent land elevations typically range from 
Elevation 10 to 20 feet, with the lower elevations being found around the south half of the lake.  
Lakeside dike slopes vary from 10 Horizontal : 1 Vertical (10:1) to as steep at 3:1.  Landside 
slopes range from 5:1 to 2:1. 
 
Lake Okeechobee has a surface area of approximately 730 square miles.  The pool elevation has 
varied historically between about 12.5 and 16.5 feet NGVD for 80% of its life.  Storage volume 
at Elevation 16.0 feet is approximately 4,380,000 acre-feet.  Most of the annual precipitation 
falls in the period July to November, and the lake is historically at its lowest in the period June to 
August. 
 
There are 57 water control structures along the project’s perimeter, comprising: 

 

• 5 spillway outlets 
• 5 spillway inlets 
• 17 primary culverts 
• 12 secondary culverts 
• 9 locks 
• 9 pump stations 

 

The USACE is responsible for the lake management and the dikes of this unique structure, 
whereas the “sponsor” (i.e., the South Florida Water Management District) owns and operates 
many of the other structures.  The USACE is responsible for the operation, maintenance, repair, 
replacement, and rehabilitation of approximately 36 of the water control structures listed above.  
The lake, dike system, and related features are integral components of the Central and Southern 
Florida Project with functions related to flood control, navigation, agricultural and municipal 

1 
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water supply, prevention of saltwater intrusion, recreation, and enhancement of environmental 
resources. 
 
The prime purpose of HHD is for flood control. 
 
 

 
Figure 1.  Project Site Map for Herbert Hoover Dike 
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3 

1.2 References and Sources of Factual Data 

 
A listing of the primary sources used by the Panel in preparing this Report is provided in 
Appendix B.  The scope of the Panel’s work included the review of summaries and 
interpretations of the vast amount of information developed for this project by others including 
USACE personnel and their consultants.  The Panel has relied on the accuracy of these 
summaries and technical interpretations, supplemented by information exchanged during the 
briefing of October 2006 and the site visit of February 2007.  Additional information and 
comments on factual accuracy were provided by USACE in September 2007. 
 
Of particular relevance to the scope and purpose of this Report are the following three 
documents: 
 
• BCI Engineers and Scientists (2006) “Report of Expert Review Panel, Technical Evaluation 

of Herbert Hoover Dike, Lake Okeechobee, Florida.”  Prepared for the South Florida Water 
Management District, May 2. 

• U.S. Army Corps of Engineers (2006) “Supplemental Independent Technical Review.”  
September 26. 

• Herbert Hoover Dike ITR Conference 2006 (September 6-8) “Draft Meeting Summary” 
October 4, 2006. 

 
As described in Section 3.0, each of these reports provides, in its own distinct format and style, a 
detailed appraisal of the status of the ongoing efforts to remediate HHD.  Together, these reports 
touch upon most of the scope of the current Panel’s charge, especially the Supplemental ITR 
report. 
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2.0 Project Characterization 

4 

2.1 General 

 
The dike is constructed on layers of various types of soils, peats and limestones.  During the 
initial construction phase in the 1930’s, two cutoff trenches, one on the upstream and one on the 
downstream toe of the dam, were dug and filled with sand to create a fire barrier protecting the 
embankment from the possibility of a peat fire.  The excavated peat from these trenches was then 
used in the construction of the dike.  After the cutoff trenches were complete, the dike was 
constructed using hydraulic dredge and fill techniques.  These dredged materials were not 
compacted.  This method of construction did not allow for adequate compaction of the fill or for 
grading of the material. 
 
According to BCI (2006), the 1993 USACE Seepage and Stability Report established practices to 
address structural problems at individual sections of the dike according to the perceived risk and 
consequence at that time.  This classification remains in use today, with reaches designated 1 
through 8 (Figure 2) in descending order of priority reflecting differences in geology, geometry, 
priority (risk) and real estate.  Consequently, these reaches are not numbered consecutively 
around the lake, and adjacent reaches do not have contiguous numbers.  In clockwise order 
beginning at the northernmost point on the lake, the reaches and corresponding population 
centers shown in Figure 2 are: 
 
• Reach 5 (including Okeechobee) 
• Reach 7 
• Reach 1 (including Port Mayaca, Canal Point, Pahokee and a portion of Belle Glade) - high 

priority (peat on limestone) 
• Reach 3 (including the balance of Belle Glade and Lake Harbor) – natural flow to lake 

(critical) 
• Reach 2 (including Clewiston) – thinnest section 
• Reach 4 (including Moore Haven) – deep borrow canal at the downstream toe 
• Reach 6 
• Reach 8 
 
The most critical reaches have the following lengths: 
 
• Reach 1 – 22.5 miles 
• Reach 2 – 20.6 miles 
• Reach 3 – 6.6 miles 
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Reach 1 is further subdivided (MRR, 1999) into: 
 
• Subreach 1A – 4.9 miles 
• Subreach 1B – 4.0 miles 
• Subreach 1C – 6.2 miles 
• Subreach 1D – 7.4 miles 
 
Reaches 5-8 represent the most recent portions of the dike built.  This Report evaluates only the 
embankment and appurtenant features owned by the USACE.  Each reach has been evaluated in 
the SPRA process as a separate project using a separate spreadsheet. 
 
As a result of hurricane events in 2004 and 2005, public and political awareness of the situation 
at HHD has been heightened, and there reportedly is strong Congressional interest.  The USACE 
is working closely with the Florida Division of Emergency Management as well as Palm Beach, 
Glades and Hendry Counties.  The Federal Emergency Management Agency is contributing 
funding for LIDAR mapping and to help develop a scope of work for the rehabilitation plan. 
 

N 

 
             Figure 2.  Schematic of Damage Reaches for Herbert Hoover Dike 
                              (District Presentation to Panel, October 2006). 
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2.2 Findings from Past Studies 

6 

Since 19841, successive USACE reports have documented concerns related to embankment 
sections where seepage, piping and the potential for stability problems exist.  The problems are 
primarily a result of the extremely heterogeneous nature both of the embankment and its 
foundation.  The embankment is characterized by a variety of materials including silts, clays, 
peat, sand, shell, and gravel, as detailed below.  Also, dredge discharge pipes placed along the 
embankment centerline have created pockets of segregated, coarse material deep within the 
embankment. 
 
Beneath the embankment, foundation conditions are also heterogeneous, with pervious layers of 
limestone, sand, gravel and shell providing potential paths for under-seepage and erosion.   The 
BCI Report (2006) declares that portions of the geologic formations under HHD and portions of 
the material that comprise it “bear a striking resemblance to Swiss cheese.”  Note that in recent 
correspondence with the District, addressing the characterization of materials that “bear a 
striking resemblance to Swiss cheese”, the District has indicated that “to date we have never 
retrieved nor logged any limestone/sandstone beneath HHD as fitting this description.”  
Therefore, one may assume that the resemblance may in fact be somewhat less that striking. 
 
In some locations, embankment construction included the excavation of an adjacent navigation 
channel (rim canal) which parallels the lakeside toe of the dike (Figure 3).  The rim canal 
excavation may have exposed pervious subsurface layers, which can act as conduits for seepage 
flows.  As a result, seepage forces at the landside embankment toe may cause the displacement 
of embankment materials by erosion and the subsequent creation of an uninterrupted seepage 
flow path from lakeside to landside, under certain conditions. 
 
The heterogeneity of the structure is clearly illustrated in Figure 4 — primarily based on 
conditions in Reaches 1 and 3. 

 
1  In 1984, the first documentation was produced on dike stability on the eastern shore of the lake.  This was 

followed by a Reconnaissance Report in 1986, and a Special Report in 1993. 
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Figure 3.  Artistic Depiction of Existing Conditions, Herbert Hoover Dike (BCI, 2006). 

(Note that there is in fact continuity in the limestone and 
that the “stringers” of limestone are speculative.) 

 
 

 
Figure 4.  Herbert Hoover Dike Features (Major Rehabilitation Report 1999). 

 
At any single location, as shown in Figure 4, one or a combination of the following features may 
exist according to the Dam Safety Program Major Rehabilitation Report (MRR) 1999: 
 
“1. Peat/Limestone Interface.  A 6-inch layer of limestone at the base of the peat is a potential 

path of seepage/erosion.  This peat/limestone condition is very wide-spread. Sometimes the 
limestone is shown on the core boring logs. Sometimes the limestone only shows up as a 

7 
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high blow count seen at the base of the peat. Sometimes there doesn’t appear to be any 
evidence of the limestone layer at the base of the peat. It can exist even where there is no 
indication of it seen on the core logs. 

 2. Artesian Flow.  Some piezometers in the limestone at the toe of the dike show artesian 
conditions. The existence of artesian pressures indicates that the Fines Horizon is not 
breached.  The artesian pressures have a potential to heave the levee toe. 

 3. Blown Ditch.  Piezometers show direct connection to the deep limestone. The Fines 
Horizon has been breached. 

 4. Ditch Drawdowns.  In some areas, pumps can rapidly draw down land-side ditch water 
levels and increase differential heads between the lake and the ditch.  Pumping the ditches 
down during a high lake stage could fail the levee. 

 5. Blocked Land Side Toe.  Clayey land-side toe fill blocks seepage through the embankment 
and creates a high piezometric level within the embankment. 

 6. Soft Toe, Springs.  The blocked land-side toe results in a soft toe and water seeps at the 
land side toe of the embankment.  These are indications of high piezometric levels at the toe 
of the levee.  Soft toes can be located by driving a vehicle along the toe of the dike; you 
have located a soft toe when you bog down.  They can also be located by the grass mowing 
patterns; the tractors avoid these areas and leave patches of un-mowed grass. 

 7. Gravel Layers.  Gravel and shell layers in the embankment create seepage paths.  These 
layers come about because the borrow area used to construct the levee contained rock 
and/or shell horizons and the material was placed as hydraulic fill. 

 8. Pervious Zones.  Piezometers show sections of the embankment are highly pervious.  This 
is probably related to gravel/ shell layers, erosion or voids.  The size of these pervious 
zones cannot be determined.  Their existence is principally a function of the materials that 
were locally available at any given time when the fill was being placed by hydraulic 
methods.  Shell deposits are common at the site and significant portions of the levee would 
have been built out of highly shelly material.  Additionally, rock deposits placed as fill 
would produce a gravelly embankment. 

 9. Soft Embankment.  Soft embankment zones are identified by abnormally low blow counts 
encountered during drilling.  They could be related to non-compaction of the materials due 
to an arching effect that prevents compaction of the foundation materials.  This could also 
be an indication of internal embankment erosion that has removed material from the 
foundation creating seepage/piping paths. 

 10. Soft Foundation. Soft foundation zones are identified by abnormally low blow counts 
encountered during drilling.  They could be related to non-compaction of materials due to 
an arching effect or could be an indication of foundation erosion that has removed 
material from the foundation creating seepage/piping paths. 

 11. Filtercake Control.  Deep borrow excavations in the lake connect the deep limestone 
directly to the lake.  Subsequent filling of the borrow area excavation by shoaling and 
muck usually seals off the limestone and limits seepage under the embankment. 

 12. Clayey Upstream Toe. Clayey lake-side toe acts as an upstream clay blanket. This feature 
is a result of the original construction methods used to construct the levee. Longitudinal 

8 
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dikes were pushed up from whatever materials (including clayey/silty/peaty materials) 
were locally available to act as a containment dike to hold the hydraulic fill being placed. 

13. Overflow.  Blocked clayey upstream toe acting as a clay blanket causes the embankment to 
have a low piezometric surface until water overtops the clay.  Then there will be a step 
increase in the water level.  A section of levee that looks good at a given elevation can have 
significantly different performance characteristics when the clayey upstream toe is 
overtopped. 

 14. Sinkholes. Numerous sinkholes are seen along the crest of the levee in the Lake Harbor 
area.  This occurred in the same reach of the embankment where significant piping of 
materials occurred at the toe of the levee during the 1995 high water event.  Sand is 
settling into the gravelly layers deeper in the embankment, filling up voids and/or the 
material is being piped out of the embankment. 

 15. Quick Conditions.  Low blow counts at the toe of the levee indicate an active quick 
condition (unstable) and that materials at the toe are at the critical piping condition. See 
Reach 1 Line 16 - 19 “C” core borings. 

 16. Deep Excavations.  Deep excavations at the land side toe of the levee expose the Rock 
Horizon. This shortens the seepage paths and increases the seepage potential. Additionally, 
since seepage paths would be under water, we are not able to monitor any damages that 
may be occurring.  A serious erosion problem could be occurring under the Herbert 
Hoover Dike without any observable signs.  A dike failure could occur without any 
warning. 

 17. Fire Toe Trench.  A construction feature that breaches the peat to prevent peat fires from 
burning under the embankment.  They provide a direct connection from the fill to the 
limestone at the base of the peat.  This allows a seepage path to jump from the embankment 
to the peat/limestone interface or visa versa. 

 18. Seepage Trench.  An unusual construction feature that breaches the peat on the upstream 
toe of the levee similar to the fire toe trench.  This may also allows a seepage path to jump 
from the embankment to the peat/limestone interface or visa versa 

 19. Low Density Peat Horizon.  The peat located at the toe of the levee will heave/float with 
high tail water. 

 20. Two Phases of Levee Construction.  The embankment was built to elevation +34 in 1937.  
The embankment was raised to +38 feet in 1964.  This adds more complexity to 
understanding the embankment. 

 21. Cemented Horizons.  Cemented horizons within the Fines Horizon could serve as roofs that 
would allow erosion paths to form and propagate horizontal piping paths. 

 22. Erodible Shell Layer.  An erodible shell layer composed of very small rounded shell.  This 
was a thin layer and was only identified in one core boring (Reach 1, Line 6); but, there is 
no reason to expect it is limited to this single occurrence. It could easily be overlooked in 
other core borings. The material has no cohesion and its shape and uniform size would 
make it easily erodible. 

 23. Power Pole / Shallow Well Installations.  These man made features breach the confining 
layer and provide a path for water under artesian pressure to erode materials.   At the 

9 
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Florida Power & Light embankment failure, there were power poles installed at the 
downstream toe of the embankment in the area where the breach occurred.   These power 
poles would have penetrated a sandstone layer that was probably associated with the 
embankment failure 

 24. Horizontal Conduits Through the Embankment.  Either culverts or water supply pipelines 
active or abandoned. Some are unknown (S-352N site) and can provide a path for piping.” 

 
A detailed chronology of the evolution of HHD up to 1990 is attached as Appendix C. 
 
Concerns due to piping, and slope stability, have been documented since 1947 (BCI 2006, Table 
4-1).  However, according to BCI, these phenomena have become more pronounced since the 
mid-1990s: 
 
• 1995 Significant seepage, sinkholes and piping with the lake at Elevation 18.6 feet.  

Most  problems were observed at the toe ditch.  Emergency repairs were made 
to 8 of 9 sites in 1996. 

• 1998 Seepage at old and new locations, additional sinkholes, with lake at Elevation 
18.5. 

• March 2003 Progressive deterioration reported with lake at Elevation 15.3 feet at South 
Bay.  (This is not further quantified.) 

• 2004 Seepage etc. at multiple sites, with lake at Elevation 18.0 feet. 
• 2005 Distress signs near Pahokee airport with the lake at Elevation 17.0 feet. 
 
The 1995 event reinforced the need for the Major Rehabilitation Report which was began in 
1994 and issued in March 1999.  “Relief trenches” were introduced in 2002 in Reach 3 to contain 
seepage and boils.  The Panel notes that segments repaired in 1995, 1998 and 2003 did not suffer 
distress during the elevated lake levels in 2004 and 2005.  According to the District (2007), in 
2004 “there was moderate to significant seepage occurring in Reaches 1 and 3 with highly 
localized piping events. The damages suffered were limited to lakeside erosion (non-seepage 
related) from severe wave attacks during the storm events at eleven water control structures 
along the eastern and northeastern shoreline of Lake Okeechobee.”  Many of these locations 
have since been retrofitted with erosion protection in the form of gabion baskets around their 
perimeters. 
 
As can be judged from Table 1, a lake elevation of 17 feet has an estimated recurrence interval of 
1-in-10-years, and an elevation of 18 feet has a recurrence interval of about 1-in-30-years. 
 

10 
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Table 1.  Projected elevation recurrence frequencies (USACE, October, 2006). 
 

RECURRENCE 
FREQUENCY (YEARS) 

LAKE EL 
(FEET NGVD) 

1 12.8 
10 17.0 
100 21.5 
225 23.0 
300 23.5 

935 (SPF) 26.0 
 

The main issues were simply and clearly stated by USACE Project Lead Geotechnical Engineer 
Davis in his 2006 paper: 
 

“The main reason for concern due to failure by seepage and piping at HHD arises from several 
lacks of control. Lake Okeechobee is operated according to a complicated regulation schedule, 
but water managers lack the control needed to release enough water during periods of high 
inflows – the water simply stacks up inside the lake. Outlet capacity is simply dwarfed by the 
large inflows – no emergency spillway exists. To put the volume in perspective, each one foot 
increase of lake elevation roughly corresponds to 450,000 acre-feet – or 19.6 billion cubic feet – 
of water. The ability to properly regulate water levels is further hampered by serious 
geotechnical concerns of HHD stability even with water levels within the upper limits of the 
regulation schedule. Tailwater control in the seepage collection ditches surrounding HHD is 
problematic as these are connected to agricultural drainage canals which fluctuate with harvest 
seasons and the seemingly whimsical needs of independent drainage districts which operate 
several large pump stations. No controls exist downstream of HHD to relieve excess pore 
pressures and seepage flows during high lake events.” 
 
The Panel were informed by the USACE personnel during their October 2006 briefing that the 
outlet capacity (i.e., the St. Lucie Canal and Caloosahatchee Canal) is about 1/6 of the inflow 
potential.  On average, one inch of rain in the Kissimmee Basin will cause the lake to rise 3 
inches.  At present, the lake can be lowered by a maximum of 0.1 feet per day.  The inflow from 
the various creeks and canals is about 30,000 cfs excluding precipitation.  The outlets afford a 
maximum discharge capacity of 19,000 cfs excluding evapotranspiration. 

11 
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3.0 Review of Observations and Findings 

12 

This Chapter provides the Panel’s synopsis and observations on the key opinions contained in: 
 
• Early studies 
• The BCI Report, May 2006 
• The ITR Report, September 2006 
• Review Meeting, September 2006 
• Briefing to Panel by Jacksonville District staff, October 2006 and the subsequent Panel Site 

Visit, February 2007 
 
 
3.1 Overview of Earlier Major Studies 

An Expert Panel (1998) concluded: “We believe…there is a very serious risk of catastrophic 
failure and loss of the reservoir due to piping…”.  “…The Panel considers the dike to be unsafe 
from a piping and erosion point-of-view, and recommends that actions be taken without further 
delay to initiate remedial design and construction of repairs…” 
 
A Major Rehabilitation Report (MRR) was submitted in 1999 for the entire dike, with a specific 
focus on Reach 1.  The MRR plan of action involved utilizing a geotextile-wrapped pipe in the 
toe ditch with a seepage trench beneath the pipe to collect water and provide a piping barrier.  It  
also required the addition of a new drainage swale for the conveyance of storm and irrigation 
water, constructed along the landside toe of the dike. 
 
A Value Engineering (VE) study was completed on the MRR for Reach 1 in 2002.  The 
recommended plan utilized a gravel filter/seepage trench similar to that recommended in the 
MRR, but relocated the trench further lakeward to the toe of the dike.  The VE study also 
incorporated  the existing drainage toe ditch for conveyance of water, but not for tailwater 
management. 
 
During preparation of the subsequent Design Documentation Report (DDR), the VE 
recommendation was tested and found to result in too much water entering the toe ditch.  The VE 
scheme was modified to a combination of a partial cutoff wall  and seepage control trench (a 

 
 The cutoffs considered in this Report are in fact “partial” and are of limited depth.  To achieve “full” status, 
depths of around 180 feet would be required throughout.  For simplicity, however, the term cutoff is used in this 
Report with the understanding that it is a “partial” structure.  Its main function is to serve as a barrier to pre-
existing defects and pipes in the foundation.  It will block the two layers that can act as roofs in the progression of 
“pipes” from landside to lakeside: the peat layer representing the original floodplain and the limestone layers 
beneath the peat and sand layers.  Tip elevation has been set by USACE about 5-10 feet below the bottom of the 
limestone.  The cutoff is not very effective hydraulically, and, so, seepage control features are required to be 
placed on the toe of the embankment (i.e., seepage berm). 
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seepage berm being discounted due to real estate and potential groundwater problems).  Prior to 
September, 2006, this design concept was being considered for Reach 1A. 
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An initial remedial construction contract for Reach 1, sub-Reach A (4.9 miles long) was awarded 
in September 2005.  That work involved a partial cutoff wall, relief trench, ditch lining, ditch 
drain connectors, and an access berm.  Work also included erosion and sediment control 
measures, grassing, overhead power line modifications, and incidental related work.  The cutoff 
wall contractor, through the Request for Proposal process, was allowed to use one or any 
combination of the following methods: Soil-Cement-Bentonite Slurry Trench Cutoff Wall, 
Cement-Bentonite Slurry Trench Cutoff Wall, or Vibrated Beam Cutoff Wall. 
 
The work was suspended in Summer 2006 due to the inability to construct the initial 6,200 lin. ft. 
of cutoff wall in compliance with the Specification, especially the unacceptable heterogeneity of 
the backfill material being placed by the Contractor.  This section of cutoff was judged unable to 
provide the intended level of system protection. 
 
3.2 The BCI Report, May 2006 

The BCI Report was prepared for SFWMD and provides a comprehensive review of the MRR 
for Reach 1 and the DDR for Reach 1A.  As a precept, it judges HHD against current dam safety 
standards.  The major findings of BCI can be summarized as follows: 
 
• HHD, as constructed, does not meet current dam safety criteria, is fragile, and has no 

redundancy.  Of primary concern is seepage-related erosion.  There have been narrow 
escapes from piping failure several times in the past.  The impact of failure (i.e., breach) is 
described as “catastrophic.” 

• The probability of failure was calculated as 1 in 6 for each passing year, as dictated primarily 
by lake level. 

• HHD is now recognized as a dam and should be regulated as such: 
“As the manifestation of these legal and administrative rules, the levee/dam distinction is the 
thread that runs throughout the story of Herbert Hoover Dike.  As we show here, it produced 
built-in safety deficiencies from the very start, just as it stands today as the chief impediment 
to adequate safety improvements.  Until this roadblock is cleared and Herbert Hoover Dike is 
acknowledged in every respect to be a dam and treated as such, engineering efforts to provide 
the degree of protection commensurate with its risk to public safety will come too little.  
There is no more important lesson to arise from Hurricane Katrina than that the protection of 
public safety provided by levees as currently authorized and designed is patently 
unacceptable.”  In short, the authorization and design does not match the current 
classification of the dike. 

• The design flood condition should rise from Standard Project Flood (SPF) to Probable 
Maximum Flood (PMF). 

• Current repairs and timelines are not adequate to address the seepage problems or to ensure 
stability of the dike in the most critical areas (i.e., Clewiston to Pahokee).  Further, the design 
effectiveness, safety and process itself were all challenged. 

• Overall, however, the MRR findings were validated and interim risk reduction 
recommendations were made: 
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- Fast-track extensive repairs are to be made to the dike in critical areas.  These include a 
slurry wall deep enough to cutoff piping and high enough to withstand an extreme storm, 
and armoring of the lakeside slope to prevent erosion (entire dike). 

- Modify the Lake Okeechobee regulatory schedule and lower the lake level until repairs 
are complete (by 2 feet throughout the full operating range). 

- Local and county governments are to work closely with the Florida Division of 
Emergency Management to update emergency preparations and evacuation plans. 

- A restricting of local and state organizations and implementation of lessons learned from 
Katrina. 

• Other recommendations included: 
- Seek the necessary Congressional authorization to improve the dike to dam standards. 
- Develop engineering solutions to adequately protect the dike against wave action, storm 

surges and seepage-related erosion. 
- Position adequate materials and equipment before the start of the hurricane season to 

promptly implement seepage repairs. 
- Review and update the Emergency Action Plan (EAP).  Re-evaluate the current flood 

inundation maps to better delineate areas currently susceptible to flood impacts .  
Conduct table top or dry run exercises. 

- Continue state and local support for implementing Acceler8 projects that will supplement 
rehabilitation and emergency preparedness plans.  Conduct “dry runs.” 

 
It was reported in our Panel briefing that, although the Jacksonville District of USACE did not 
disagree with the conceptual technical recommendations, the District did feel that the “grave and 
imminent danger” position taken by BCI in its report was somewhat unwarranted. 
 
3.3 The ITR Report, September 2006 

The Independent Technical Review team comprised 11 USACE staff drawn from: 
 
• Regional Technical Specialists 
• Post-Katrina Evaluations Experience (IPET participation) 
• USACE Subject Matter Experts, and 
• Project Sponsor Subject Matter Experts 
 
 The scope and charges of this vital report are important to emphasize: 
 
“On or about May 2, 2006, the “Report of Expert Review Panel, Technical Evaluation of Herbert 
Hoover Dike Lake Okeechobee, Florida” was released to the public.  The report was prepared by 
BCI Engineers & Scientists, Inc. for the project sponsor The South Florida Water Management 
District.  The report is the result of an independent technical review of the stability and safety of 
the Herbert Hoover Dike around Lake Okeechobee, Florida.  The report made recommendations 
to address safety issues.”  The scope was for the Supplemental Independent Technical Review 
Team (ITR Team) to make a thorough technical review to ensure that the design for Reach 1 

 Revised inundation maps have recently been prepared based on breach analyses in multiple locations and at three 
lake elevations (18.5 feet; 21 feet; and 26 feet) corresponding to 30 year, 100 year and SPF, respectively. 
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(sub-Reach A) and, subsequently, other reaches, would address proper application of established 
criteria, regulations and professional standards and practices.  The ten individual charges were as 
follows: 

15 

 
  1. Review and comment on the assumptions, methods, analyses and design and conclusions 

drawn from the MRR, DDR and VE Study and how they pertain to the design presented in 
the current Plans and Specifications. 

  2. Address whether the current models, modeling, solutions and design are consistent with the 
state of practice. 

  3. Address whether the statistical/probabilistic methods used in the USACE documents are 
correct, and if not, what methods and/or analyses should be used. 

  4. Address whether the current location (and design) of the cutoff, on the downstream slope 
could, in fact promote seepage and instability of the downstream slope. 

  5. Review and comment on the elevations and locations of the cutoff walls and repair 
measures. 

  6. Address whether the Plans and Specifications adequately address dike integrity during 
construction activities. 

  7. Address whether the Plans and Specifications adequately address stability during the 
construction process. 

  8. Address whether the USACE documents provide an adequate basis for the construction 
plans and specifications. 

  9. Address whether the plans and specifications conform to the design. 
10. Address whether the USACE documents address applicable lessons learned from the Draft 

Final Report of the Interagency Performance Evaluation Task Force (IPET) for the 
Performance Evaluation of the New Orleans and Southeast Louisiana Hurricane Protection 
System.  If not, which lessons learned need to be addressed and what actions need to be 
taken to address those lessons learned. 

 
The “review materials” consisted of the Major Rehabilitation Evaluation Report (about 200 
pages), the Design Documentation Report (about 200 pages), the Value Engineering Study (~50 
pages), the BCI Report (~90 pages), Comments on BCI Report (13 pages), technical plans and 
specifications (~50 sheets, ~100 pages) and the Performance Evaluation of the New Orleans and 
Southeast Louisiana Hurricane Protection System, Draft Final Report of the Interagency 
Performance Evaluation Task Force, Volume 1 – Executive Summary (~50 pages).  In addition, 
previous technical reviews and other expert opinions and assessments were made available to the 
ITR Team. 
 
Clearly the ITR’s scope was far broader than that of our current Panel’s and so our Panel cites 
only those major conclusions which fall within its purview:  The Panel supports and endorses the 
following ITR findings, conclusions and recommendations (not prioritized): 
 
1. USACE accepted the recommendation of the ITR Team to remove restraints to design (e.g., 

right of way restrictions) and to let the Project Delivery Team work towards a design solution 
that is focused on public safety and risk reduction goals. 

2. USACE as a whole and the Project Delivery Team specifically are now on the “right path 
forward.” 
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3. Continued Independent Technical Review and Peer Review will be necessary to see the 
project through to completion. 
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4. There is general concern over the safety of the project due to potential failure from internal 
erosion and/or slope instability: remediation efforts should be expedited. 

5. The ITR Team expressed concern over the Reach 1A filter design at the toe of the dike.  
They recommended that the open ditch/canal at the toe of the dike be filled with appropriate 
filter material  (as opposed to a cloth-wrapped pipe) and a “seepage berm” be adopted, in lieu 
of the current design.  Attendees were in agreement with this recommendation.  District have 
since informed the Panel that a multi-layer berm design has been conducted wherein all 
layers meet the USACE filter criteria.  Silica sands are to be used.  Geotextiles are for 
separation media for construction expediency only. 

6. The ITR Team expressed concern about the design of the cutoff wall.  Specifically, they felt 
that there are not sufficient subsurface data available to fully support the design.  Attendees 
agreed that additional investigations would be conducted to re-evaluate the design.  The 
designers will re-evaluate the location, depth and top elevation of the wall, considering 
constructability, stability of the downstream slope with the excavation open, under seepage, 
and the design pool elevation with potential wind impact on lake elevations that  may 
influence the height of the wall.  The need to apply the lessons learned from Katrina was 
emphasized, particularly with respect to redundancy and resilience. 

7. Environmental concerns and the need for further coordination with the appropriate agencies 
were noted with respect to any changes in the design.  Specifically, the impact on the 
groundwater associated with any changes in the design of the cutoff wall as well as the 
impact of filling the downstream ditch would need to be reviewed.  The Jacksonville District 
is aware of these issues and recognizes the urgency in resolving them. 

8. The ITR Team, as well as other attendees, emphasized the need to evaluate the integrity of 
the dike at the interface between the embankment and the structures/culverts and of the 
structures/culverts themselves to ensure a consistent level of protection is achieved around 
the entire perimeter of the dike.  This will be considered as part of the system’s performance 
evaluations. 

9. Concern over the integrity of the dike was expressed specifically in areas where seepage and 
piping cannot be monitored, such as in the areas of the quarries and where deep drainage 
ditches and/or excessive vegetation exist.  Attendees concurred that these areas would 
receive a high priority for immediate remediation.  (The current Panel notes that monitoring 
of seepage and potential piping is also a significant issue at the discharge location along the 
shortened seepage paths associated with structures.  Typically, these locations are also 
submerged and not readily observable.  Evidence of piping may be destroyed when the 
structures are operated.) 

10. The ITR Team suggested further discussions be conducted on a dike closure plan if a breach 
occurs. 

11. District noted that this ITR Team will be retained and used for review of future District 
reports/documents/designs on the HHD project. 

The report also provided a most useful “comment” summary relating to the 64 pages of 
comments (by ITR) and responses (by Jacksonville District).  The fact that this summary itself is 
3 pages long is a fair reflection of the detail involved.  The Panel wishes to comment upon 
certain findings and recommendations presented in the “comment” summary as follows:  
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• The Panel recognizes that conditions along the downstream toe of HHD vary 
significantly with regard to the potential consequences of failure including loss of life, 
significant property damages, and environmental consequences.  The Panel concurs that 
the rehabilitation designs for HHD should provide a level of safety and protection 
consistent with the current practice for dams having similar hazard and potential 
consequences of failure.  The proposed rehabilitation concept described below would 
seem generally consistent with a “high hazard” classification provided details of the 
rehabilitation measures are matched to specific site conditions along the dike.  It would 
be appropriate to reduce the robustness or redundancy of the design only at locations 
posing a “low” hazard potential.  The Panel notes, however, that a structure must still be 
regarded as “high hazard” even if its “annualized life risk,” as determined from a risk 
analysis, is calculated as being less than one. 

• Notwithstanding right-of-way issues, a seepage berm ought to be relatively 
straightforward to design and construct.  The berm should be constructed before the 
cutoff wall in any given stretch to assure adequate slope stability.  The Panel concurs 
with the concept that the berm should be designed to address the seepage problem and 
increase embankment stability and that the (partial) cutoff wall should be installed to 
prevent piping and to provide redundancy.  The Panel agrees that the cutoff wall must 
extend through the peat, sands and fist limestone layer and may be even deeper as 
determined by local conditions.  Its optimum position relative to the crest demands 
special study. 

• The safety of HHD is of major concern especially with respect to the potential for 
continued or new piping and internal erosion at higher lake levels.  The Panel believes 
that “initiation” of a piping and internal erosion failure mode has been demonstrated at 
several specific locations along the dike and that there is urgent and compelling need to 
complete rehabilitation designs and construction as soon as possible in such areas.  The 
Panel would strongly encourage acceleration of rehabilitation efforts, in areas presenting 
the highest hazard potential.  It is understood that District are preparing a map 
summarizing the location of historic seepage/piping events. 

• The Panel strongly reinforces the need to remove design and construction constraints 
such as those caused by real estate logistics.  The Panel observed many locations along 
the toe of the dike where houses, roads, other infrastructure, vegetation and agricultural 
drainage provisions infringe on the type of easement that should exist for proper 
rehabilitation (including a seepage berm), operation and maintenance of the dike.  To the 
maximum extent possible, the USACE should acquire and relocate such houses and 
infrastructure, and acquire the additional property necessary to establish the needed 
property and easements.  The Panel have not been able to quantify this task. 

• Reprioritize rehabilitation efforts and complete rehabilitation construction in phases as 
may be appropriate to address the failure consequences of most significant concern: 
- Complete quarry infilling as soon as possible 
- Construct the toe ditch backfill with adequate filters designed for actual base soil 

gradations.  Incorporate seepage berms with ditch backfill as added protection against 
filter clogging at locations where previous piping and internal erosion initiated and 
continued upstream toward the lake. 

17 
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- Provide seepage filter and drainage diaphragms around the discharge end of all 
penetrations through the embankment and integrate with the remaining toe ditch 
backfill and seepage berm system 

- Install cutoff walls at locations where dictated by the risk analysis. 
 

The current conceptual solution for rehabilitation is shown on Figure 5. 
 

 
 

Figure 5.  Conceptual Solution for Dike Rehabilitation (ITR, 2006). 
   

Note:  The cutoff is shown as constructed from the crest for PMF reasons and extends to 
10 feet below the limestone shown. 

 
• Update the construction contractor acquisition strategy: 

- maximize the use of Specialty Contractors 
- phase construction using multiple contract documents and contractors.  It may be 

appropriate to have different contractors constructing the toe ditch backfill and 
seepage berms, and the cutoff walls   

• Revise rehabilitation solutions: 
- verify acceptable robustness and resiliency 
- concentrate on partial cutoff wall and seepage berm 
- consider the need for other defenses as dictated by local conditions (e.g., relief wells, 

cutoff trends, organic soil replacement) 
• Incorporate the IPET lessons learned from Katrina. 
• The Panel fully supports the development of a new regulation schedule and, in particular, 

the lowering of the maximum pool from Elevation 18.5.  In this regard, the Panel has not 
been requested to conduct a full engineering, or risk analysis, but proposes that the 
revised maximum pool should not be in excess of Elevation 17 feet, based on previous 
observation of performance, and assuming the continuing implementation of a high 
quality surveillance program.  The Panel further believes that this elevation be subject to 
critical review prior to each and every flood season until rehabilitation is complete.  In 
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addition, the annual evaluation of maximum operating level should be a formal, open and 
documented process.  A change in operational level may be required, however, at any 
time that an “event” occurs.  

 
 
3.4 Review Meeting September 2006 

A meeting was held in Jacksonville which included the participation of the SFWMD (as 
members of the Supplemental ITR Team), BCI Engineers (consultants to SFWMD), 
Supplemental ITR Team Members, URS (designers of the then-solution for Reach 1A), 
HQUSACE, CESAD and Jacksonville District.  It is reported that all ITR comments were 
resolved, and responses were formulated that were agreeable to all parties by consensus.  
Significant decisions were reached which define and frame the path forward: 
 
a) partial cutoff wall (PCW) relocated from the downstream slope of the dam to its center, as 

initially recommended in the BCI Report, 
b) top elevation of the PCW was set at elevation +32 feet due to possible uncertainties in the 

Standard Project Flood (SPF at +26 feet) and to add robustness to the design by ensuring the 
wall is not overtopped by a storm surge or a higher flood event, 

c) tip elevation of the cutoff wall to be set 5 to 10 feet below the limestone layers to ensure that 
potential piping pathways have been cutoff, 

d) slope stability criteria were reconciled to use the same conservative approach throughout the 
entire rehabilitation works, 

e) agreed to eliminate the use of geotextiles for filtering purposes and use only as a separation 
media during construction, 

f) agreed on a conceptual solution that consists of a PCW that serves the function of foundation 
treatment and seepage berms at the downstream toe of the embankment to address slope 
stability, seepage and internal erosion potential. 

 
Pages 7-12 of the document provide a very useful summation of specific strategic and tactical 
details and plans. 
 
 
3.5 The DSAC 1 Review Panel Findings 

Five members of the Panel (all except Dr. Poulos) and Mr. Harkness visited the site on February 
5 and 6, 2007 in the presence of USACE representatives Jacob Davis (Lead Geotechnical 
Engineer), Dave Dollar (Engineering Technical Lead) and other engineers including Steve 
Partney from South Florida Water Management District (SFWMD).  A trip around the more 
critical segment of the system from north of Port Mayaca to Moore Haven was taken, with 
frequent stops.  A selection of photographs is attached as Appendix D.  With the lake elevation 
relatively low (EL 11.6 feet), the dike appeared to be functioning satisfactorily, although places 
were observed where some minor though apparently active piping and small boils were 
occurring where the landside ditch had been dewatered.  There were other locations where 
boils/piping had previously occurred and had been at least partially remediated with a local toe 
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berm.  The Panel noted the reduced thickness of the levee adjacent to certain pump house and 
outlet structures.  No signs of distress or instability were observed, however, in these reduced 
sections.  

20 

 
Following the site visit, a meeting was held with USACE personnel, during which a series of 4 
questions was posed by the Panel to the USACE. 
  
Question 1.  Have any additional data or information been made available since the October 
2006 Panel briefing? 
 

Answer.  A copy of the Supplemental ITR dated September 26, 2006 was presented.  The 
BCI Report of May 2, 2006 was also noted as having been issued in final form in December 
2006.  It was received by the Panel on February 14, 2007.  Since the lake has been low, no 
additional seepage-related events have been observed recently. 

 
Question 2.  Are any of the data previously presented to the Panel now held to be questionable, 
wrong or unreliable? 
 

Answer.  No.  All data are still relevant. 
 
Question 3.  Have there been any fundamental changes in opinions or concepts? 
 

Answer.  The general opinion was no.  HHD is still a Category I project, under severe 
political pressures.  By email on February 9, 2007, Mr. Davis reasserted to the Panel that the 
District position remained as follows: 
 
“During the outbrief on Tuesday morning, Dr. Bruce asked a question, and several other side 
discussions ensued, concerning if Jacksonville District (SAJ) had any new data/analyses to 
suggest a change in our understanding of the need for the rehabilitation project (or some 
question similarly worded). 
 
I did respond that, no, we had no new information to report nor any data we wished to 
retract.  However, I wish to reiterate that SAJ still firmly believes in all the visual evidence 
and previous reports in support of the necessity of this project in order to fully meet the 
project goals and to ensure public safety. 
 
The Team, I think, realized that since the lake was very low during their visit (which is a 
good thing) there was no opportunity to observe any active distress conditions, such as on-
going seeps/pipes/boils.  It is important to remember that, to date, while the lake has never 
been (recorded) higher than 18.77, which corresponds to a slightly higher than 30-yr event, 
there has been calculated (by two different teams and methods) a 100% probability of failure 
in at least one location should the lake get to 21 feet, corresponding to the 100-yr flood 
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event.  The Herbert Hoover Dike is authorized to provide flood damage reduction up to the 
Standard Project Flood, commensurate with its designation as a levee, which currently 
corresponds to a lake level of 26 feet NGVD29, a 935-yr flood event.  All visual evidence, 
engineering analyses, and documentation reports support the conclusion that, in its current 
state, HHD is not capable of meeting its full design intent.” 

 
Question 4.  What new initiatives have been implemented and/or planned since October 2006? 
 

Answer.  In essence there are several parallel tracks, but essentially a three-prong approach: 
 

• Construction – development and implementation of the Reach 1 plan forward. 
• Design – modify and update all DDR’s and Plans and Specifications for Reach 1, and 

prepare design for Reaches 2 and 3. 
• Supplemental MRR – proceed on track, develop LEA (Limiting Engineering Analysis), 

coordinate NEPA. 
 
The broad goals of these studies are: 

 
• Better define the subsurface conditions. 
• Conduct site-specific strength testing (not random SPT). 
• Update inundation maps with new information (including LIDAR), 1-hour time steps, the 

ability to input any elevation; include updated road elevations. 
• Possible development of regional groundwater model. 
• Possible modeling of permeability to support cutoff wall design (deep vs. shallow) 

through qualitative results using SEEP2D and/or SEEP/W software. 
 
It was noted that implementation is clearly, and admittedly, stretching the human resources 
of the Jacksonville District and its Engineering Consultants: the schedule was described as 
“very aggressive” (Dave Dollar).  The details of the main initiatives summarized by the 
Jacksonville District personnel are provided in Appendix E. 
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4.0 Graphic Depiction of Continuum of Failure 
Timeline and Safety in Context of Failure 
Continuum 

The Panel has developed a graphical depiction of a seepage failure mode continuum and has 
presented this depiction in a separate memorandum (DSAC Peer Review Panel, December 14, 
2006).  The failure continuum (Figure 6) summarizes four stages of failure development and 
three corresponding intervention strategy categories as seepage characteristics progress along the 
continuum.   
 
The Panel believes that the current condition of HHD as a system is as shown in the failure mode 
continuum provided in Figure 7.   The Panel believes that the definition of “initiation” as shown 
on that figure has been satisfied in parts of HHD.  The confidence interval of the Panel’s current 
assessment of the failure mode continuum is also shown in Figure 7.  The rate at which 
“continuation” is occurring is a function of lake level.  The Panel believes that “continuation” of 
piping has been arrested by the current low lake level.  Further, it is likely that each of the 
seepage/piping failure modes listed in Section 7.0 of this Report has initiated, and is occurring at 
various locations around the lake.  Some of the foundation and embankment materials are highly 
erodible: if continuation were to reach the lake, there are currently no natural or structural 
provisions that would limit the progression of the failure mode.  A rapid progression and breach 
formation could then be expected. 
 
A particular comment by the ITR (2006) is especially significant (as is the response) in this 
regard:  “There is a major reason to continue the construction of this trench (cutoff wall).  For 
years HHD has experienced sand boils at the toe of the dike and mainly within the toe ditch.  
Over the years these boils have moved significant amounts of material from under the dike.  We 
were told that at numerous locations these boils now start at greatly reduced lake levels than 
during previous years.  This is a sign of the below ground pipes from those boils getting closer 
and closer to the lake.  This slurry trench (cutoff wall) would cutoff existing pipes and prevent 
any more material from being piped from under the dike.  For this purpose/function of the trench 
the current location of the trench is ideal.” 
 
Response (from District):  “Concur.  Implementation of the proposed repair strategy will reduce 
the potential for development of piping at the downstream toe of the dike and promote the 
stability of the structure.” 
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5.0 Individual Assessments 

Individual detailed assessments were prepared by the Panel members following the initial project 
briefing in October 2006.  The opinions and recommendations contained in these assessments 
have been duly incorporated into this Report. 
 
 
 

 25
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6.0 Dissenting Views 

26 

Members of the Panel have been contractually provided a framework to express a dissenting 
view or views in the form of a “Non-concurrence” report.  This report represents the “consensus 
opinion” of the entire Panel.  There are no dissenting views by any member of the Panel.  
Variations in Panel member opinions are represented by the confidence band presented on 
Figure 7. 
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7.0 Failure Modes and Proposed Risk 
Reduction/Mitigation Measures 

27 

In consideration of the following discussion, the Panel wishes to clarify that its definition of 
failure is in alignment with the precision provided in BCI (2006): 
 
“The term “failure” as used throughout this report corresponds to the following definition 
adopted by the Corps of Engineers for Herbert Hoover Dike in the 1999 MRR: 
 

“For purposes of this report…failure [implies] the occurrence of levee 
breach, which results in an uncontrolled flood release of water from Lake 
Okeechobee onto adjacent lands.” (USACE, 1990a, p.52) 

 
and: 
 

“The term ‘dike failure’ implies a catastrophic breaching of some portion of 
the Herbert Hoover Dike system.  This situation would result in flooding, as 
waters from Lake Okeechobee passed through the breach and onto adjacent 
lands.” (USACE, 1999a, p.56)” 

 
7.1 SPRA Failure Modes 

SPRA is an internal tool developed by USACE to perform initial risk characterization of their 
USACE dam inventory, and to thereby identify the highest risk projects demanding risk 
management decision-making. 

The Panel believes that the failure modes identified by the USACE’s SPRA team represent the 
most critical safety issues and found no other modes that should be considered.   

 
7.2 Failure Modes of Primary Concern 

 
It is the Panel’s opinion that the following potential failure modes are of primary concern: 
 
1. Embankment - Foundation Seepage and Piping.  When the reservoir rises above about 

Elevation 17 feet, some piping evidence in the form of strong seepage flow, boils, muddy 
seepage discharge, and/or sinkholes is locally found, particularly in the toe trench.  Relatively 
frequent small storms can cause the lake to reach this elevation under certain conditions.  
These events are therefore a normal occurrence and will continue to damage the foundation 
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as piping channels form and the finer material is removed creating higher permeability, 
shorter seepage paths, higher gradients and the danger of concentrated leaks.  At some point, 
a pool rise will be sufficient to create a conduit under the dike that releases the reservoir 
through the conduit or through the breach created if the dike caves into it.  Seepage and 
piping at normal loading conditions is a common failure mode for all four of the highest risk 
reaches (i.e., 1, 2, 3, and 7). 

 
2. Embankment - Outlet Works and Conduit Seepage and Piping.  This is listed as a failure 

mode under unusual loading for most reaches.  However, it seems there were problems in 
some reaches with the reservoir at just over Elevation 17.  The area around a conduit is 
always vulnerable to cracking from stress release.  It is also an area where seepage tends to 
concentrate due to the different construction techniques required to install the conduit, with 
upstream and downstream trending deficiencies (poor compaction, placement problems, 
differing materials, and the absence of filters). 

 
3. Embankment - Seepage and Piping.  This failure mode is mainly listed for the unusual and 

extreme loading conditions because it requires higher lake levels to create these problems on 
the dike itself.  Since seepage paths are shorter through the dike, an unusual event will likely 
trigger a more rapid failure in the dike. 

 
4. Embankment - Stability and Liquefaction.  Because earthquakes are not common in this area, 

the very low accelerations for the OBE and MDE of 0.01g and 0.03g, respectively, indicate 
that seismic instability is unlikely.  However, liquefaction can occur in loose, saturated 
deposits such as found at HHD.  Even nominal earthquake shaking could cause liquefaction 
(flow failure) if there were sufficient continuous zones of loose saturated sands or silts in the 
embankment. 

 
With regard to the description of events leading to the development of the critical failure modes, 
the Panel finds that these descriptions are essentially complete.  Given the complex and variable 
conditions in the foundation, it is very difficult to describe with engineering precision the process 
whereby piping initiates and progresses.  The evidence (sand boils, turbid flowing springs, 
sinkholes, and increasing seepage flow with each high reservoir level) clearly indicates piping is 
underway.  Adequate descriptions of failure modes and processes are provided in the Major 
Rehabilitation Report (1999) and are sufficient to define the failure modes and corresponding 
distress indicators as they move along the failure continuum. 
 
The Panel feels that there appears to be sufficient, clear and consistent opinion that the internal 
erosion failure mode created by piping in particular provides a strong mandate for either a rapid 
implementation of properly designed and tested remedial measures without further delay and the 
need to continue the re-evaluation of certain parts of HHD on a prioritized basis.  
 

28 
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The Panel also emphasizes the need to closely evaluate the embankment/concrete structure 
interfaces, even though no signs of instability in these areas have been historically observed or 
reported.  The good performance of structures in these areas supports the Panel’s conclusion that 
piping is the primary failure mode and not embankment stability.  In addition, there is merit in 
investigating the potential that differential compression of the peat may create longitudinal 
cracking of the dike, as well as the more critical lateral cracking.  (To date, there has been no 
evidence of either during the prolonged relatively dry spell.) 
 
This Panel’s opinions therefore differ little from that of the USACE as originally provided in the 
District’s Report on Seepage and Stability Analysis (March 1993): 
 
“The areas of most concern can be subdivided into two basic categories as described below: 
 

a. Culvert locations –  When the embankments were raised in the 1960’s, construction at 
the culvert sites was accomplished simply by adding material to the crown without a 
corresponding longer culvert.  This resulted in relatively steep (1V:2H) embankment slopes and 
short seepage paths at these locations.  These culverts were installed in the 1930’s and serious 
corrosion problems have also been detected during periodic inspections.  With O&M resources, 
CESAJ is now executing repairs and scheduling future repairs to address the most critical 
problems at some of the culverts.  These repairs are designed to correct the most severe culvert 
problems which have been identified though dewatering and visual inspection.  The scheduled 
operations and maintenance repairs are required to maintain the as-built structural integrity of 
the culvert and minimize maintenance problems created by the steep embankment slopes.” 
 
Our Panel notes that some modifications to culvert structures have since been performed.    
Considering that many, if not all of these structures were built in trenches excavated into natural 
foundation soils, an “Outlet Works and Conduits – Foundation Piping at Conduit” failure mode 
would seem appropriate.  It is not clear whether or not any joints, cracks, or other construction 
induced weakness in or along the culverts might present a shortened/preferential seepage path for 
the development of this failure mode. 
 
For completeness, the second category of concerns described in the District’s 1993 Report was: 
 

 “b.  Dike – The other areas of primary concern are those where problematic foundation 
conditions may exist.  Although subsurface information (which reveals the characteristics of 
underlying strata) is limited, some of the available data suggest that there may be sections of 
embankment prone to seepage and stability problems.  The most serious of these are those areas 
where a layer of highly permeable limestone underlies peat deposits.  In some areas the 
limestone layers are in direct contact with the lake by the excavation of a deep rim canal along 
the lake side toe of the embankment.  The layer would act as a conduit for seepage flows which 
could result in increased soil pressures [assumed by Panel to be piezometric pressures in the 
soil].  These pressures may induce loadings on the overlying peat layers which are characterized 
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by low shear strengths.  As a result, uplift forces at the landside embankment toe could cause a 
failure.  Although the available subsurface data indicates that these areas exist, the actual extent 
of their presence along the 140 miles of embankment is unknown.  The most likely locations are 
along the southern half of the dike system, where dredging for construction of the rim canal 
could have exposed the limestone layers.  Additional subsurface investigations have been 
proposed to address this issue.” 
 
Our Panel agrees that this analysis remains valid today. 
 
7.3 Proposed Risk Reduction Measures 

The Panel concurs with the general rehabilitation approach of filling the toe ditch and quarries 
and constructing cutoffs and seepage berms.  Full-scale field testing of all foreseen specialty 
techniques is essential prior to full construction commencing and consideration should be given 
to installing filter berms at the downstream side of each culvert/concrete structure.  In addition, 
the following points should be strongly considered: 
 
1. The seepage berm concept must be checked to confirm that there is adequate lateral drainage 

capacity.  Given the very flat topography and the long distances that seepage entering the 
berm system must flow for discharge, it appears likely that water pressures will build up 
during significant high water events possibly leading to unfiltered discharge of foundation 
seepage downstream of the berm system.  A gravel or pipe drain should be considered so as 
to increase the discharge capacity of the seepage berm system. 
 
The seepage berm system must also provide adequate filtering of all foundation soils that the 
system contacts.  Sand filters placed against the soil are necessary to provide proper support 
of the discharge face where seepage gradients can be high enough to cause soil movement.  
Geotextiles may be used as separators between sand filters and gravel drainage zones 
provided the permeability through the geotextile is sufficient that seepage flow through the 
drainage system will not be restricted.  It may be appropriate to establish alternative filter 
gradings and to have a field engineer direct the Contractor on the appropriate filter 
considering the actual “worst-case” materials that are encountered along the berm alignment.  
It is critical that both filter and drainage criteria be met by the seepage berm system to 
prevent piping and to prevent buildup of seepage pressures in the embankment and 
foundation upgradient of the seepage berm system. 
 
The filter and drainage provisions around penetrations through the embankments are a 
special consideration for the long-term risk reduction program.  Filter diaphragms should be 
designed and constructed to reduce the risk of an embankment or piping failure and such 
diaphragms should be appropriately integrated into the seepage berm systems to maintain 
continuity of the filters/drains and to eliminate any potential weaknesses.  The extension of 
filter diaphragms under the existing structures will be difficult and will require development 
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of special construction details and methods that should be field tested and peer reviewed 
during construction for adequacy. 

 
2. Emergency breach repair plans should be prepared as soon as possible and stocks of suitable 

backfill material should be verified as being adequate in quantity and location. 
 
3. Within a single reach, or even a single subreach, the dike and its foundation may be 

anticipated to vary considerably.  Although the Reach 1 work has apparently been funded, 
the cost of fully rehabilitating this 22.5-mile stretch with berm and cutoff wall will be 
extremely high and may take longer than the 5 years currently estimated.  While in no way 
suggesting that the tasks and schedule currently being contemplated by District should be 
delayed, the Panel feels that there remains scope for prioritizing the work, following the 
“worst-first” concept and using “adaptive” design principles (Vrymoed 2007).  Obvious 
factors to be considered in the prioritization process would include geology, hydrology, 
previous “event” location, construction details, structural details, instrumentation data and 
consequences of failure (e.g., flood routings, population density, cost, and environmental 
impact).  In effect, it would be a more focused, localized version of the studies already 
conducted in the screening process.  Until the prioritized areas are remediated, the lake 
should be held as low as possible (and certainly not more than 17 feet). 

 
7.4 Risk-based Reservoir Pool/Operation Restrictions 

The Panel proposes a maximum level of 17 feet, based on its understanding of past events, while 
noting again that the USACE has indicated that it has little ability to reduce the lake level in 
response to a developing emergency.  Consequently, it is vital that any long-term risk reduction 
measure includes multiple lines of defense (redundancy) with minimal reliance on human 
intervention.  An increase in outflow capacity to increase the ability to remove peak inflows 
more quickly during storm events would be such a measure. 
 
While the prioritized repair program is under implementation, it is clearly in the best interests of 
the structure as a whole to keep the lake level as low as possible — not necessarily at the very 
low levels of February 2007, but certainly not higher than Elevation 17 feet.  When all the 
rehabilitation work has been completed, there should not be restrictions other than those due to 
environmental, water supply and flood control issues.  The rehabilitation works should provide a 
solution adequate for the SPF (Elevation 26 feet). 
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7.5 Time for Response 

7.5.1 Service Life Without Intervening Actions 

The Panel believes that parts of the project have been demonstrated to be in the “continuation” 
stage of the failure continuum (Figure 7) when the lake level is above about Elevation 17 feet.  
Arguably, the situation has deteriorated since even the 1980s.  However, if the lake can be kept 
below Elevation 17 feet, it is logical to believe that the continuation stage will continue to be 
essentially dormant or, at worst, manageable by timely interventions.  It is documented that lake 
levels above this elevation are likely to occur within the next 10 years and there appears every 
likelihood of piping resuming at such lake levels.  The Panel believes that such events occurring 
in the interval Elevation 17-20 feet will not be catastrophic — in the nature of a breach of a high 
dam — but would, of course, require immediate intervention.  Failure, in the form of a breach-
type phenomenon, will almost certainly occur with the lake at or above Elevation 20 
(approximately an 80-year occurrence).  Furthermore, there may well be locations where a 
breach, even at these lake levels, could cause loss of life. 
 
In short, the Panel believes that the number of years of service life remaining is totally dependent 
on the occurrence of higher lake levels: if the lake can be maintained below Elevation 17 feet, 
there would appear to be only a small threat to its serviceability.  However, as previously 
documented, the outlet deficiency means that sustained lake elevations above this elevation can 
reasonably be anticipated within a 10-year period. 
 
7.5.2 Recommended Time Frame to Implement Actions 

The Panel fully supports the urgency shown by the District and other reviewers, as summarized 
in Chapter 3.0 since there is limited ability to maintain lake levels below Elevation 17.  In 
parallel to the preparation of investigations, designs, drawings and specifications, it is essential to 
conduct full-scale field trials of each technology envisioned for the cutoff construction.  
Remedial work should begin as soon as practical in what are found to be the most suspect and 
high risk areas, even if this is in the form of short-term actions pending full, long-term 
remediation.  Such actions include filling in toe ditches and other hydrologically unfavorable 
features, and construction of seepage berms. 
 
The Panel notes the aggressive schedule foreseen by District and encourages USACE to mobilize 
appropriate resources from all sources to efficiently help the existing core group at District.  
Especially in such a critical, fast-paced atmosphere, it is essential that the findings of BCI (2006) 
and ITR (2006) are fully reconciled and absorbed in a timely manner. 
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7.6 Distress Indicators/Triggering Events 
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The Panel fully supports the program outlined by USACE, which is essentially to monitor: 
 

• sand boils and concentrated seepage discharge locations 
• sinkholes 
• changes in seepage patterns 
• changes in embankment crest elevations and slope shapes 
• changes in any in situ instrumentation responses 
 

The Panel notes that project staff have been successful in acting quickly in the past, for example 
by placing sand bags on sand boils or increasing the tail water level in the toe ditch.  These 
“heroic” efforts have been chronicled in the BCI Report (2006).  The staff also closely watches 
the reservoir water levels and implements continuous surveillance on various reaches of the dike 
for the purpose of implementing emergency action to reduce the risk of failure.  This is a critical 
task, especially at times of higher lake levels, and along the more suspect reaches of the project 
where each distress indicator demands a higher frequency of monitoring.  The degree to which 
an automated data collection system can be effectively implemented should be evaluated if for 
no other purpose than to relieve the burden on human resources especially in critical periods. 
 
 
7.7 Other Questions for the Expert Panel Posed by the USACE 

7.7.1 What is the Panel’s opinion on the proposed remediation concept 
developed by Supplemental ITR? 

The Panel supports the concepts proposed in the Supplemental ITR (2006) and as developed 
thereafter.  Also as noted elsewhere in this Report, the Panel recognizes that the consequences 
and risk of failure, and the accessibility for remedial efforts, are not constant all along HHD.  
Therefore, it will be appropriate to modify the general design philosophy to best meet the needs 
and consequences at each of the various locations.  Alternatively, at locations where there is low 
risk and zero loss of life potential along with plentiful access for construction at the landside toe 
of the dike, it may be acceptable to eliminate or shorten the cutoff wall and increase the 
dimensions of the toe berm.  In this regard, it must be recalled that the function of the cutoff is to 
prevent the progression of pre-existing pipes, and it may not be prudent to eliminate it as long as 
continuity in the peat and limestone layers exists.  This form of “adaptive design” may help 
minimize overall project costs as well as the overall schedule to complete the modifications.  All 
“adaptive designs” must provide a comparable annual probability of failure (for comparable 
hazard potential) agreeable to the USACE.  The Panel notes the USACE has not yet established 
this criterion. 
 
Intervention during a hurricane will not typically be practically possible, and indeed several days 
may be forced to elapse pending mobilization of resources and materials to site.  Therefore, the 
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design concept must be robust, resilient and have appropriate redundancy (i.e., multiple lines of 
defense) to address the practical restriction on intervention during an emergency. 

34 

 
7.7.2 Should Herbert Hoover Dike be considered as a Dam as opposed to a 

Levee?2 

This is clearly a very emotive question and it is insightful to consider the following synopsis of 
the Panel member’s opinions following their initial briefing: 

 

MEMBER BROAD CONCLUSION COMMENTS 

Bradley Levee. 

Designed, built and traditionally operated as a 
levee.  This view has national and regional 
ramifications, given the present re-assessment 
of levees nationally and a national “Levee 
Safety Act.” 

Bruce 

Semantics should not 
impact the 
technical/urgency issues 
to be addressed with 
respect to risk 
management. 

Consider design/construction of remediation in 
light of similar challenges and standards in 
California and Louisiana.  The risks at HHD 
justify “dam” level efforts. 

Ferguson 

Design requirements and 
reliability should be 
commensurate with risk, 
and the consequences of 
failure. 

Any impounding structure that would cause 
loss of life, or significant economic or 
environmental consequences, should it fail, 
should be designed to a high level of reliability 
consistent with the current standard of care for 
“significant” or “high hazard” dams.  Design 
requirements for portions of the dike (levee) 
can be appropriately reduced when 
consequences are reduced. 

Poulos Levee-Dam 

The main purpose of a levee is flood protection 
of the people, built up property, and open land 
on the land side.  If the land is open and 
definitely will not be populated, then the levee 
should not be built there since the open land 
will continue to allow flood storage.   
 

The agricultural uses of the land side of a levee 
is a special case.  People could be there during 
a flood when a levee might fail.  If that failure 

 
2 HHD was officially registered with the National Inventory of Dams in April 2005. 
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MEMBER BROAD CONCLUSION COMMENTS 

would cause loss of life, the levee should be 
designed as a dam. 
 

In any case, if people and built up property are, 
or will be, on the land side and are to be 
protected by the levee, the levee should be 
designed as a dam, taking into account the risk 
and consequences of failure.  Thus one may 
call the levee a levee or a dike or by any other 
name, but if its failure will cause loss of life (or 
very large property loss), the design standards 
must be the same as for a dam.  In these cases, 
a levee is a dam. 

Talbot 

Doesn’t matter as long as 
failure modes are 
evaluated and the risks 
appropriately addressed. 

— 

Vrymoed* Levee. 

Built, intended, serves and looks as a levee.  
He cites many parallels with the Bay Delta 
system: 
 

“  The area is a tidal marsh subject to storms 
and high tides. 

• Levees were initially constructed in the 
early 1900’s by similar methods on the 
existing peat without foundation 
treatment.  

• Due to the land use, the land protected by 
the levees has and continues to subside.  
This subsidence causes distress requiring 
continual maintenance.  

• Ownership/maintenance like the subject 
project is spread over many agencies.  
Sections of levees have historically failed 
due to various reasons some of which 
have been undetermined. 

 

The Delta levees are considered levees and not 
dams - they are specifically exempted in the 
law from jurisdiction by the State of 
California, Division of Safety of Dams.  To 

* Further information on the California Division of Safety of Dams is provided in the presentation identified in 
the References as Vrymoed (2007). 

35 



Herbert Hoover Dike Consensus Report 
External Peer Review of DSAC-1 Project 
October 30, 2007 
 

MEMBER BROAD CONCLUSION COMMENTS 

  

remediate the existing levees to standards 
applicable to dams would require funding and 
the political will that does not exist.  This is 
contrasted by the fact the performance of these 
levees is critical to the water supply of 20 
million California citizens as well as the Delta 
ecosystem.” 

 
In considering this question, it may be noted that the BCI Report (2006) devoted three pages to 
this issue and began by observing that, although HHD “was originally required to retain only 
storm surges and high water following storms, since storage increases were implemented in Lake 
Okeechobee in 1979, it has retained a permanent pool in addition to storm surge capacity and by 
that measure undeniably qualifies as a dam.”  They further observe that its inclusion in the 
National Inventory of Dams in 2005 was official recognition of dam status.  They conclude their 
discussion thus: 
 
“…the levee/dam distinction is the thread that runs throughout the story of Herbert Hoover Dike.  
As we show here, it produced built-in safety deficiencies from the very start, just as it stands 
today as the chief impediment to adequate safety improvements.  Until this roadblock is cleared 
and Herbert Hoover Dike is acknowledged in every respect to be a dam and treated as such, 
engineering efforts to provide the degree of protection commensurate with its risk to pubic safety 
will come to little.” 
 
The Corps EM 1110-2-1913, “Design And Construction of Levees” (April 30, 2000) Section 1-
5.a(1) states the following: 
 

“The term levee as used herein is defined as an embankment whose primary purpose is to 
furnish flood protection from seasonal high water and which is therefore subject to water 
loading for periods of only a few days or weeks a year.  Embankments that are subject to 
water loading for prolonged periods (longer than normal flood protection requirements) or 
permanently should be designed in accordance with earth dam criteria rather than the levee 
criteria given herein.” 
 

The Panel concurs that current remedial efforts must reflect dam status and dam principles to 
assure safety, and that appropriate measures to provide “the degree of protection commensurate 
with its risk” are in fact fully underway. 
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8.0 Observations, Conclusions, and 
Recommendations 

37 

8.1 Observations 

The Panel would offer the following general comments and observations: 
 
1. We have seen no information relating to an evaluation of a flood evacuation, or rebuilding 

after a flood.  However, during District’s review of the draft of this Report, we were provided 
with information relating to a June 11-13, 2007 Florida Catastrophic Planning workshop held 
at the Miami-Dade EOC.  This examined the impacts of a scenario wherein hurricane-
induced breaches in Reaches 1 and 2 occur and the St. Lucie Lock and Dam fails.  Future 
workshops are planned to further identify planning needs, obtain new data, and implement 
different methodologies. 

 
2. The Panel supports the decision made by District to “regroup” in Reach 1A in 2006.  A 

“lessons learned” report is essential. 
 
3. This project will always have as a focus Emergency Action Planning, coupled with intense 

monitoring.  Evacuation must be considered since immediate remedial actions during an 
emergency are unlikely to be possible. 

 
4. In summary there would appear to be three broad groups of actions: 

 
1. Complete the remedial redesign (including seismic aspects) and field test the concepts 

and technology.  Implement the proven system systematically on a “worst-first” basis, 
with simple local repairs as appropriate.  There is no reason to delay this process. 

2. Continue very careful surveillance, and best possible control of lake elevations – 
including evaluation to increase outlet capacity. 

3. Continue other studies, e.g., funding, land acquisition, evacuation planning, breach repair 
planning. 
 

The Panel notes the high level of political pressure being exerted on the District, especially in the 
aftermath of Hurricane Katrina.  However, this pressure must not be allowed to cloud proper 
engineering judgment with respect to the design, implementation and monitoring of the various 
risk management initiatives currently judged to be acceptable.  It is very important to continue 
the implementation of these initiatives without delay. 
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8.2 Conclusions 
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1. The Panel believes HHD (as a system) has passed the “initiation” point on the failure 
continuum, and is now in the “continuation” phase.  The rate of deterioration is directly 
related to the lake level: at the current very low levels, the rate is likely minimal. 

 
2. The Panel concurs with the SPRA findings relating to Failure Modes, and notes that 

conclusions have not fundamentally changed since the 1993 Report. 
 
3. Many engineering studies have been carried out relating to the performance, operation, safety 

and remediation of this project.  Whereas they are generally aligned and consistent in relation 
to the performance and safety issues, there have been divergent views on the most 
appropriate remedial design.  The current concepts are favored by the Panel. 

 
4. There is total agreement amongst all the review groups that the safe performance of this 

project cannot be guaranteed with the lake elevation above 17 feet.  This is a 1-in-10-year 
event.  Furthermore, there is anecdotal evidence that the situation is deteriorating with the 
lake at Elevation 15.3 feet (2003).  It is believed that the system came very close to failure in 
1995 and 1998, when lake levels were at Elevation 18.8 and 18.4 feet respectively, and that 
some reaches of the embankment have been seriously damaged as a result of these high lake 
elevations.  It is recalled that the prime purpose of HHD is for flood control. 

 
5. The ability to manage lake levels is severely compromised by the insufficient capacity of the 

outlet system (1/6 of inflow potential) and no emergency spillway exists.  Tail water control 
in the ditches surrounding HHD is problematic and erratic. 

 
6. A fundamental conclusion of the ITR, supported by BCI, is that there should be no restraints 

placed on the design of the remediation, such as those previously imposed by right-of-way 
concerns or heavy vegetation.  Risk reduction and public safety must be the overriding 
considerations.  In reality, however, this ideal goal might not be achievable throughout the 
project. 

 
7. The Panel fully supports and encourages the ongoing participation of the ITR. 
 
8. The Panel fully supports and encourages the concept of using innovative specialty contractor 

procurement vehicles. 
 
9. The Panel fully supports the policy of prioritization in relation to the subreaches to be 

remediated and the techniques to be used (i.e., adaptive designs based on risk and 
consequences).  Limits on how precise and selective this can be will be imposed by the 
extreme heterogeneity of both the dike and its foundation and the need to comply with 
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applicable USACE guidelines.  The embankment/structure interfaces are potentially and 
especially worrisome. 

 
10. The Panel supports the general remediation approach being developed, namely filling the toe 

ditch and quarries, and installing a filter berm and partial cutoff. 
 
11. There are logical arguments for expediting (or at least, in no way delaying) the design and 

implementation of the remediation, assuming a) prioritization of focus, b) full 
incorporation/reconciliation of the 2006 BCI and ITR technical recommendations into the 
process, and c) the development of an overarching design and construction plan. 

 
12. The Panel fully supports, however, the decision to suspend the 2006 remediation effort in 

Reach 1A.  This “regrouping” exercise will be seen to have been of great benefit to the 
project in its entirety. 

 
13. The 1999 MRR addressed the seepage and stability of the embankment.  It did not, however, 

address the analysis of the culverts and structures (or their interfaces with the dike), and 
further studies are warranted. 

 
8.3 Recommendations 

1. The Panel recommends that District perform detailed risk analyses of each identified reach 
and appropriate subreaches of HHD as soon as possible and to focus on lake elevations over 
17 feet.  The design requirements for each reach should be identified as part of the risk 
analysis with particular focus on the potential for loss of life consequences.  For locations 
presenting a risk of more than 1 life loss should failure occur, the Panel recommends that the 
design criteria for the dike be consistent with the reliability, performance and safety 
requirements of a “high hazard” structure as defined in Chapter 8 EC 1110-2-6061. 

 
2. The development of remediation designs must be pursued for critical reaches and subreaches 

in accordance with the current, aggressive schedule.  In particular, the location, siting and 
depth of the cutoff wall component intended to inhibit piping must be determined with 
unambiguous engineering logic: this element has a vital control over system performance and 
project cost.  A re-evaluation of the engineering resources needed to conduct the designs 
would appear to be in order, given the intensity and scope of the project.  In this regard it will 
be essential to evaluate the level of reliance placed on safety factors in determining the extent 
of remediation measures.  For example, it may be that a remedial berm at the toe may alone 
provide an adequate level of safety and so obviate the need for a cutoff wall in certain areas. 
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3. Designs should be “adaptive
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.”  The Panel cautions against an over-reliance on the 
computation of safety factors alone to design remediation alternatives. These are highly 
dependent on assigned values of permeability.  A great deal of benefit can be gained by 
appropriately  incorporating observational methodologies.  For instance, setting the safety 
factor equal to 1.0 for segments where no piping has been observed, such as in Reach 1A, 
will result in very conservative designs. 

 
4. The Panel recommends that USACE re-evaluates the intensity of the site investigation 

planned for each subreach so that the full benefits of adaptive design can be realized in the 
subsequent remediation design. 

 
5. Special attention should be paid during the design process to fully address (and incorporate 

where appropriate) the voluminous comments and recommendations contained in previous 
studies and, in particular, the 2006 Reports by BCI and the ITR. 

 
6. During this design process, each construction technology envisioned as being viable for the 

remediation should be field tested to verify its constructability and performance under the 
project-specific conditions.  The solution must conform to HQUSACE’s edict to be “robust, 
resilient, redundant.” 

 
7. To increase the degree of control over the lake level, the Panel encourages the consideration 

of an extensive spillway and/or tainter gates and indeed understands consideration of the 
former is given in the MRR.  Clearly, the most effective method of providing safety and 
reducing risk in the short term, and prior to comprehensive rehabilitation, is to maintain the 
lake below Elevation 17 feet.  Providing a greater ability to control lake levels below 
Elevation 21.5 may provide 100-year protection.  Project-specific implications of a spillway 
include land acquisition and of water treatment: both result in significant cost. 

 
8. Without in any way slowing progress on the remediation, it should be verified if current 

inundation maps and Emergency Preparedness and Response and Environmental Impact 
Plans are comprehensive and up to date.  A Strategic Communication Plan is also essential. 

 
9. There should be closure to the legal and administrative issues relating to the dam versus dike 

status of HHD: as BCI (2006) opined strongly, there may well be major ramifications on the 
efficiency of the “engineering efforts” being made towards remediation. 

  At various places in this report, the Panel has recommended the concept of “adaptive design,” and that designs 
should be based on an acceptable level of risk in each area considered.  However, the Panel notes that the USACE 
does not seem to have a policy of what this risk value should be, thus placing District in an awkward position if 
part of HHD were to be designed to less than currently published criteria, even if the risk (of failure) was judged 
acceptable.  The Panel confirms that, in all areas, designs must be in accordance with relevant USACE risk-based 
criteria. 
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10. Pending the completion of detailed designs and the implementation of the permanent 
remediation, “easy” and obvious tasks, such as infilling of the toe ditch and filling the 
quarries, should be undertaken as soon as practical. 
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11. In the course of prioritizing the remedial areas, special attention should be paid to the 

dike/structure interfaces which have typically reduced embankment sections and the potential 
to transmit direct flow along culverts.  Extension of the structures as well as filter diaphragms 
and berms may be required. 

 
12. Until the project is fully remediated, there must continue to be a very strong reliance on high 

quality surveillance of the structure, especially at higher lake elevations.  A Task Force 
should be established to develop and direct the implementation of this task, and to evaluate 
the potential and practicalities of automation and remote monitoring. 

 
13. An inventory of existing instrumentation should be compiled/updated so that obvious gaps in 

the coverage can be identified prior to major remediation commencing.  Automation and 
remote monitoring of instrumentation should be evaluated and implemented as appropriate to 
facilitate continued monitoring of the structure at critical locations, especially during periods 
of weather which inhibit or prevent quality, on-the-ground surveillance.  In this regard, 
station markers should be installed at say 500 to 1,000-foot intervals around HHD to aid in 
precisely recording the location of events, instruments and so on. 
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Herbert Hoover Dike: Major Rehabilitation 
 

By Jacob Davis, P.E. (U.S. Army Corps of Engineers, Jacksonville) 
 

Introduction 

 Herbert Hoover Dike (HHD) encircles Lake Okeechobee in south central 
Florida.  Lake Okeechobee has the distinction of being the second largest fresh 
water lake wholly within the United States and measures approximately 720 
square miles.  The HHD was originally authorized in response to hurricanes of 
1926 and 1928 which caused over 3,000 deaths and was constructed in two 
general phases over the course of more than 30 years.   
 

 

Lake 
Okeechobee 

Figure 1: Location of Lake Okeechobee in Florida Peninsula 
 
 The first phase was constructed in the 1930’s and resulted in 
approximately 84 miles of HHD. Construction was carried out by a combination 
of dipper and hydraulic dredges with blasting required in some areas of the lake.  
Containment dikes were constructed within the footprint and dredged material 
was pumped to fill the containment dikes as they were periodically raised and 
narrowed in accordance with the design template.  Little to no formal 
engineering or design was performed at the time to properly determine adequate 
heights to prevent overtopping or internal erosion.  During the 1950’s several 
reports were prepared which studied the hydrometeorological impacts to Lake 
Okeechobee from hurricanes, lake surges, and wave runup.  It was determined 



that the design storm would be equivalent to a Category 3 storm crossing the 
lake at a prestorm static elevation of 17.5 feet.   
 

The second phase of construction was performed during the 1960’s 
utilizin  

 

Site Geology 
 

Regional geology in south central Florida has been determined by 
ne and 
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Embankment Composition and Cross Section 
 
he foundation and composition of HHD is nearly as complicated as the 

local g
er 

e 

g similar construction techniques.  The original dike was raised to the
outside and the remaining perimeter of the lake was enclosed resulting in the
current configuration of HHD and its final length of approximately 140 miles.  
The HHD embankment was officially registered with the National Inventory of 
Dams in April of 2005. 

  

 
alternating cycles of glaciation which resulted in alternating bands of mari
fresh water deposits. The limits of the project area for the Major Rehabilitation 
occur in the east and southeast quadrants of the lake.  From the top of ground 
surface downward, the local geology is composed of peat, a fines horizon, a rock
horizon, and sand.  The peat has been identified as 5,000 years old, is often 
fibrous or completely decomposed, about 8 feet thick, and often overlies a 
usually thin seam of limestone, locally known as “cap rock”.  The fines horiz
contains organic silts and is typically 10-15 thick in the south but pinches out to
the north.  This is underlain by a rock horizon which can be 10 to 20 feet thick 
and is composed of limestone and sandstone.  The sandstone can either be 
highly or poorly cemented.  The limestone can vary from a dense crystalline 
structure to sandy or shelly, and consequently exhibits varying permeability.  
Often the rock horizon is interbedded with sand deposits.  The rock horizon is 
underlain by sands greater than 20 feet thick which often contain shells, shell 
fragments, and limestone beds. 
 

T
eology.  Along the southern and southeastern shorelines, the HHD was 

constructed directly over peat and other soft soils which had been deposited ov
time as the lake periodically overflowed its shore in these areas.   To this day, 
the entire area south of the lake is fertile agricultural land still prospering from 
the peat deposits.  The foundation nearly everywhere else consists of mostly fin
to medium-grained sands.  The dike was constructed using hydraulic fill dredged 
from the lake bottom using a variety of methods.  The dike consists of almost 
entirely coarse-grained materials with very little fines.  Materials include sand, 
shells, and limestone fragments ranging from gravel to cobbles and are 
dispersed randomly throughout the dike resulting in an exceptionally 
heterogeneous mixture.  

 



 The HHD ranges in height from 32 to 45 feet above sea level.  Its base 
averag

 may or 

 

s 
es 

es nearly 200 feet thick with lakeside slopes near 1V:6H and landside 
slopes near 1V:3H.  Due to the nature of the materials used and type of 
construction methods employed, the HHD contains up to 24 features that
may not be contributory to problems associated with seepage and piping.  Any 
cross-section through HHD may contain one or a combination of several of these
identified features, see Figure 2.  Not all features deserve mention for purposes 
of this paper, but feature 7 could be a gravel layer created by a deposit of 
coarser materials from the dredge pipe; features 17 and 18 could be fire toe
and seepage ditches, the excavation and windrowing of which produces featur
5 and 12 right above.  A fire toe was constructed due to the occurrence of peat 
fires in the area and it was thought that by cutting through the peat layer and 
backfilling with sand that if a peat fire burned up to the dike it would not burn 
completely beneath the dike.  This serves to illustrate what a truly complicated 
geotechnical dilemma the HHD provides during seepage and stability analyses 
and constructability. 
 

 
Figure 2: Highly Idealized Cross-Section Showing Features Associated with HHD 

Known Problems 

 Concerns due to seepage and piping and slope stability at HHD have been 
documented since the early 1980’s and became more pronounced during the mid 

Construction 
 
 

 



to  1990’s.  Seepage concerns exist at all structures that retain water and 
especially at earthen embankments.  The main reason for concern due to failure 
by seepage and piping at HHD arises from several lacks of control.    Lake 
Okeechobee is operated according to a complicated regulation schedule, but 
water managers lack the control needed to release enough water during pe
of high inflows – the water simply stacks up inside the lake.  Outlet capacity is
simply dwarfed by the large inflows – no emergency spillway exists.  To put the 
volume in perspective, each one foot increase of lake elevation roughly 
corresponds to 450,000 acre-feet – or 19.6 billion cubic feet – of water.  The 
ability to properly regulate water levels is further hampered by serious 
geotechnical concerns of HHD stability even with water levels within the upper 
limits of the regulation schedule.  Tailwater control in the seepage colle
ditches surrounding HHD is problematic as these are connected to agricultural 
drainage canals which fluctuate with harvest seasons and the seemingly 
whimsical needs of independent drainage districts which operate several large 
pump stations.  No controls exist downstream of HHD to relieve excess po
pressures and seepage flows during high lake events. 
 
 Slope stability concerns arise from broken-back 

 late

riods 
 

ction 

re 

slopes which were 
onstructed during the 1960’s construction when HHD expansion to the outside 

 events 
erved to demonstrate the need for an immediate rehabilitation effort.  During 

d 

c
was limited by existing right-of-way so the slopes had to be steepened. 
 
 During the mid to late 1990’s, two nearly back-to-back high water
s
both events, the lake crested above 18.5 feet, an elevation which corresponds 
nearly to a one in 30-year event.  During these events, numerous sink holes, 
seeps, pipes, and boils were reported, observed, and repaired.  See figures 3 an
4. 
 



 
Figure 3: Sink Hole Near Lake Harbor, Herbert Hoover Dike, 1995. 
 
 

 
Figure 4: Liquefied Material Near Lake Harbor, Herbert Hoover Dike, 1995 
  

Geotechnical Analyses 
 
 Seepage analyses were conducted on idealized geologic cross-sections at 
three different lake elevations: 18, 21.3, and 26 feet.  A key point that was 



considered during the analyses was that the seepage collector ditches on the 
landside are always subject to unwatering by the local drainage districts, so the 
analyses were also run considering the ditches full at a top surface elevation of 
14 and also empty at an elevation of 9.  Critical gradients were derived for the 
native soils through a combination of literature searches and research conducted 
by USACE Waterways Experiment Station.  Exit gradients were computed from 
the last element of soil in the mesh taken from seepage analysis output 
generated from SEEP/W.   A factor of safety of 2.8 was required to provide 
adequate protection against piping. 
  
 Values of permeability for the various geological features were based on 
available data and engineering judgments taken from experiences with similar 
materials.  The range of horizontal permeabilities for the in-situ materials varied 
over 3 orders of magnitude from a minimum of 0.43 feet/day up to a maximum 
of 85 feet/day. 
 
 Stability analyses were carried out using the program UTEXAS4 developed 
by Dr. Stephen Wright.  Pore pressures generated from the seepage analyses 
were used in the stability analyses and Spencer’s Method of slices to provide a 
minimum safety factor of 1.5 for the normal pool under steady state seepage, in 
accordance with USACE criteria, and a safety factor of 1.4 for the maximum 
surcharge pool also under steady state seepage.  
 
 An adequate solution which met the piping and stability criteria was first 
obtained by the URS Group in 2003.  This solution consisted of a landside relief 
trench, gravel berm, and ditch lining, see Figure 5.  An opportunity presented 
itself to construct a test section of the proposed solution.  The test section was 
heavily instrumented and monitored with weirs to measure the flow of water.  It 
was discovered that this solution actually increased rate at which the water came 
to the ditch.  A design directive was given to URS Group by the USACE that the 
solution must be redesigned so that it does not increase the flow to the collector 
ditches while at the same time providing the required protection according to 
Corps criteria. 
 



 
Figure 5: Initial Rehabilitation Solution Proposed by URS Group, 2003 
 
 
 The design criteria was revised to include the following operational 
limitations: the final design shall not increase the flow of water through the dike 
and a deep, fully penetrating, cutoff wall is not preferred as regional 
groundwater impacts would occur. The recommended solution included a partial, 
or hanging, cutoff wall as an effective means to retard the flow of water, see 
Figure 6.  Additionally, the cutoff wall provides a barrier to piping propagation 
through the dike. 
 

 
Figure 6: Recommended Rehabilitation Solution by URS Group, 2004 
  
 The horizontal location of cutoff wall was selected after careful 
deliberations.  An upstream location could not be counted on because the 
upstream (lakeside) slope lacks armor protection in the event of wave attack 
which makes the cutoff wall vulnerable on this side.  A cutoff wall through the 



crest was ruled out based on economics – if the top of cutoff wall is only needed 
up to an elevation of 26, then why pay for the extra “stick-up” portion of wall 
that would be in place above 26?  Further, if the cutoff wall were located through 
the crest, during the SPF event, the phreatic surface rises fairly quickly on the 
backside of the cutoff wall and causes increased pore pressures on the 
downstream toe, resulting in a decreased factor of safety.   
 
 The depth of the cutoff wall chosen based on a sensitivity analysis that 
was performed until the depth of cutoff was reached that yielded a solution 
whereby the flow to the toe ditch remained in line with existing flows. 
 

Major Rehabilitation Construction 
 

      The current rehabilitation design involves constructing a relatively 
impervious, hanging cutoff wall within the landside slope of HHD.  The top of the 
cutoff wall will be at elevation 26 and the tip will be at -10.  Elevation 26 
corresponds to the Standard Project Flood (SPF), which is the maximum flood 
protection authorized for the HHD.  The design requirements of the cutoff wall 
call for a maximum permeability of 5x10-7 cm/s and a minimum of 24 inches 
thick.  Further landward of the cutoff wall, a relief trench will be installed.  The 
relief trench will be a shallow trench, typically 6-8 feet deep, 18 inches thick, 
lined with filter fabric and filled with ¾ inch to 1-inch sized gravel.  Construction 
began in January 2006 on the first 4.6 mile segment using a mix design for the 
cutoff wall of soil-cement-bentonite.  J.E. McAmis is the prime contractor and 
Envirocon is the cutoff wall subcontractor. 
  
      Project design constraints included minimizing real estate acquisition, 
relocating utilities, providing for a “walk-away” solution which minimizes 
maintenance, accounting for a variety of geologic conditions and geotechnical 
parameters, and ensuring the design solution would not adversely impact 
adjacent landowners.  Construction constraints will include threat of hurricanes, 
“in-the-wet” construction, tying into existing structures, limiting environmental 
impacts, threatened and endangered species, limiting public access (Lake 
Okeechobee Scenic Trail), and working within a limited area. 
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Summary of Ongoing Initiatives for Design and Rehabilitation 
 
 
1. Twelve sets of inundation maps are being prepared by SFWMD for the structures that are 

owned by SFWMD.  SFWMD will be preparing the maps in accordance with Design 
Criteria Memorandum 1 (DCM-1) titled “Hazard Potential Classification.”  The intent of 
the DCMs is to provide personnel both in USACE and SFWMD with a template for how 
to design CERP (Comprehensive Everglades Restoration Plan) impoundments and to 
provide a consistent framework for the overall review and management of the final 
design product.  They do not, however, provide new engineering criteria, but are founded 
on existing regulations and manuals. 

 
2. District stated it is coordinating an effort with SFWMD to assess and classify current 

structures: i.e., acceptable; can be removed; need remediation.  This is in conformance 
with the Supplemental ITR and will begin on February 1, 2007 and last for 6 months 
(Reach 1).  Reach 2 and 3 will follow. 

 
3. For Reach 1, a series of Plans and Specifications is being prepared featuring berms and 

cutoffs.  Each subreach within Reach 1 (i.e., subreaches 1A-1D) is anticipated as having 
both rehabilitation components.  Partial funding has so far been received for 
rehabilitation in Reach 1. 

 
3A.  Berms 
 
• 1A:  Parallel effort to 1D (in-house). 
• 1B:  Engaging another AE (EAC) in late Summer 2007 for 6-8 months. 
• 1C:  Task Order to be let to CSI/Arcadis in Fall 2007 for 6-8 month effort. 
• 1D: Documents were being prepared by CSI/Arcadis for completion by September 1, 

2007.  However, given the need to construct a seepage berm, the effort has been 
switched to 7,200 feet in Reach 1A for which a construction contract has now been 
awarded. 

 
Note:  The Corps will utilize an Indefinite Delivery, Indefinite Quantity (IDIQ) type 
delivery vehicle for the development of designs.  Construction documents for the dikes in 
these subreaches will be awarded under a Multi-Award Task Order Contract (MATOC).  
This MATOC approach may also be used to separately address the structural penetrations 
(landside rehabilitations and structural modifications). 
 
3B.  Partial Cutoffs 
 
District is progressing with redesign, i.e., length, depth below limestone, thickness, 
location, permeability and strength.  The construction work will be on a Performance 



Specification, on the MATOC methodology.  A Test Section, 4,000 feet long, will be 
conducted on the dike (to ensure adequacy of construction methodologies, and a contract 
was awarded in Fall 2007). 
 
The limitations to awarding task orders under the MATOC contracts will be completion 
of design, land acquisition and NEPA documentation. 
 
Each design package will include a task relating to the design of future instrumentation 
with remote automated reading.  This automation will be implemented after remediation 
is completed, although manual reading will occur from the time the instruments are first 
installed. 
 

4. A new phase of site investigations is currently underway involving drilling, a regional 
groundwater study (ERDC at Vicksburg, MS) and laboratory testing: 

 
• Combined SPT, rock coring, and deep sonic borings to investigate strata gaps and to 

assist hydrologic modeling. 
• In situ testing using a dilatometer and constant head recharge tests, SPT and rock 

coring at structures and at select locations. 
• Exploration of organic materials away from toe and installing new piezometers. 
 
The design teams’ first task is to evaluate existing geotechnical data, recommend further 
investigation, determine a design approach, sample computation, material property 
assumptions — all leading to conclusion.  This then goes through ITR before the final 
DDR is developed.  Then the ITR will intervene again (same group as the existing 
Supplemental ITR), leading to a corrected final version. 

 
5. Toe ditch infilling and partial seepage berm construction. This will be accomplished and 

phased depending on access and space.  The Engineering Consultant responsible for the 
design of a particular section of dike will be required to determine the lake stage for each 
phase of construction at which the factors of safety meet acceptable criteria. 

 
 District estimated completion of Reach 1 (assuming adequate funding) within 5 years, 

assuming construction beginning early 2008.  A full construction schedule is being 
developed.  EAP exercises will be conducted at frequent intervals. 

 
6. District is preparing a Major Rehabilitation Report (MRR) for Reaches 2 and 3.  District, 

following lengthy discussion with HQUSACE, will perform additional risk analyses 
during the preparation of the MRR for Reaches 2 and 3.  These analyses will be geared 
toward computing risk associated with the existing conditions, comparing risk reduction 
by various system solutions, and determining location and order of rehabilitation 
construction projects.  This MRR is not anticipated to be complete until fiscal year 2009.  
Dr. Bradley of our Panel notes that dam break assumptions were made in all reaches and 



routings as to inundation area, depth and time to inundation were conducted.  He believes 
that the present work in Reach 1 is more refined in this regard.  Detailed designs for 
Reaches 2 and 3 will not begin until authorization is received, believed to be after fiscal 
year 2009. 

 
7. There then followed a general discussion to generate “360 degree” input for the Panel.  

The following points were emphasized by the USACE personnel: 
 

a. The current focus on Reach 1 was determined by consequences of failure (i.e., in the 
original Major Rehabilitation Report) without looking at the specific geological/ 
seepage/piping phenomena. 

 
b. Mr. Talbot of our Panel asked a question regarding information presented to the Panel 

at the October 2006 briefing in Pittsburgh that each time the lake level increases, the 
seepage is more than during the previous raise in lake level to the same elevation.  
His question was whether they were sure this was happening and whether any 
measurements had been made to verify this observation.  The answer was that the 
staff believes there has been a deterioration in the dike’s performance during the last 
20 years, especially in Reaches 1 and 3.  This opinion is based solely on visual 
observation, without instrumentation.  As a caveat, however, it was reaffirmed that 
our current observational capabilities are far better than in the 1980s, so it may not be 
a true deterioration: rather just what we see.  Although these are “anecdotal” sources, 
the question remains: “has initiation occurred and are we in active piping in the 
continuation phase?” 

 
c. Clearly, there are indeed numerous parallel activities ongoing and anticipated.  The 

Panel observes that the Jacksonville District’s resources (despite support from 
Chicago, Savannah, and Mobile Districts) are stretched and that further support from 
USACE and from outside consultants may well be beneficial, especially in the short 
term. 

  
d. Momentum has been regained following the construction setback of 2006, driven 

largely by public awareness and doubtless the issuance of the BCI and Supplemental 
ITR Reports.  The USACE feels strongly that they must be allowed to continue the 
process at the current rate, without having to wait for further analyses (e.g., detailed 
PFMA  and Risk-Based Analyses, in Reach 1).  They feel it would be “very tough” 
to change the current plan for Reach 1.  The Panel supports the concept of pressing on 
with current studies without delay.  PFMA and Risk-Based Analyses will be 
conducted for Reaches 2 and 3. 

 

                                                 
 Potential Failure Mode Analysis 



e. Although an issue not specifically addressed, the Panel would trust that USACE will 
provide an overarching technical review and oversight function to ensure 
compatibility, consistency and “smart” construction decision-making, given the scale 
and complexity of the whole HHD rehabilitation program. 
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