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Introduction
On Tuesday afternoon, April 26, 2005 an off-channel wastewater reservoir located 5 miles
southwest of Hermiston, Oregon failed catastrophically resulting in the sudden and uncontrolled
release of approximately 293 acre-feet (95 million gallons) of water.  Impacts to downstream
property included the breach of an existing flowing canal resulting in the loss of irrigation water,
closure of a state highway due to erosion of pavement, destruction of planted crops and
agricultural lands and water/mud damage to farm houses and outbuildings.  At this time, no
injuries attributable to the failure of the lagoon have been reported.  Results from laboratory
analysis of the discharge from the lagoon did not warrant additional testing or require other
special health precautions.  A copy of the Oregon Department of Environmental Quality (DEQ)
Characterization Report is included in Appendix A. 

Project Description
The project was designed by J-U-B Engineers, Inc. for JR Simplot Company.  The design plans
and specifications were approved for construction in 1991 by the Oregon Water Resources Dam
Safety program and Permit R-12130 was issued for 535 acre-feet of storage.  Construction of the
square-shaped earthen embankment was completed in 1992 using onsite soils consisting of silt
and silty sand.  The insides slopes were lined with a non-textured, high density polyethylene
(HDPE) membrane.  The project’s intended purpose was storage of wastewater generated by
food processing industries until such time the effluent could be properly disposed by sprinkler
application to irrigated lands in an accepted manner approved by the state DEQ.   Prior to failure,
the most recent inspection performed by state Dam Safety occurred 10/16/03, a copy of which is
included in Appendix B.  Significant project data are listed in Table 1 (below).
 

Maximum Height Above Natural
Ground Surface

46 feet Maximum Design Pool Elevation 667.5 feet

Inside Slope
Outside Slope

2H : 1V
2H : 1V

Reservoir Volume @ Maximum
Design Pool Elevation

535 ac-ft

Construction Materials Silt & Silty
Sand (ML-SM)

Reservoir Surface Area @ Maximum
Design Pool Elevation 

19.8 acres

Crest Width 12 feet Emergency Overflow Spillway Crest
Elevation

669.5 feet

Dam Crest Elevation 670.5 feet Reservoir Volume @ Emergency
Spillway Crest Elevation

574 ac-ft

Primary Outlet Pipe (D.I.) 24" Reservoir Bottom Elevation 632.5 feet

Primary Inlet Pipe (PVC)
Wastewater from Industry

16" Reservoir Liner Thickness
(High Density Polyethylene)

60-mil 

Secondary Inlet Pipe (PVC)
Freshwater from Canal

12" Min. Design Freeboard between
Max. Design Pool & Spillway Crest

2 feet

— Table 1.



Photo 1: Westerly view showing the 20-acre lagoon and extent of the downstream inundation zone.  Each
side of the lagoon is nearly 950' long.  The flood wave entered the canal filling it with water and mud
which reduced its carrying capacity and eventually caused the canal to overtop and wash out. 

Chronology of Failure
The initial stages of lagoon failure were not observed.  The first report of a problem occurred
approximately 4:00 PM on Tuesday, 4/26/2005 when a neighbor north of the project noticed
traffic on Highway 207 suddenly slowing down.  The neighbor was concerned that cattle were
on the road, which prompted further investigation leading to the discovery of water flowing
across the highway.  Suspecting a break in Westland Irrigation District’s B-Line Canal located
uphill and adjacent to the highway, the neighbor drove the canal road and eventually traced the
origin of the water to the south side of the lagoon.  When first witnessed, water was flowing over
the top of the emergency spillway, down the outside slope of the embankment and into a natural
swale before entering the canal.  As reported, the spillway was eroded only to an estimated depth
of 4-to-5 feet.  However, the channel continued to erode and enlarge as portions of the
embankment broke off and were flushed away.  The neighbor instructed his nephew to call and
report the situation to the owner (Simplot).  After being notified, the project operator contacted
Oregon DEQ to report the failure.  DEQ activated the Oregon Emergency Response System
(OERS) at 4:50 P.M.  A log of the OERS communication is included in Appendix C.

On the afternoon of the lagoon failure, the B-Line Canal was carrying a flow of approximately
35 cubic feet per second.  The canal ruptured in two (2) locations, but it is not known how long
the canal bank was overtopped before it broke.  Based on available information , the canal
washed out sometime between 4:00-5:30 PM.   Water in the canal likely contributed to the initial
surge of mud and water from the lagoon, expanding the amount of physical damage to
downstream properties.  The extent of damage attributed to the failure of each structure can be
speculated, however the discussion is academic because it was the sudden failure of the lagoon
that caused the breach of the canal.  Operators for the Westland Irrigation District closed the
headgate to the canal at approximately 5:30 PM, thereby preventing additional flooding to
downstream property.  Also at 5:30, another observer was flying over the project and captured a
photograph of the lagoon and the discharge plume (Photo #1 & #2).  



Photo 2: Image looking south parallel to Highway 207 and in the direction of flow in the B-Line Canal. 
Maximum embankment height is ±46 feet at lagoon lower right (NW) corner.  Compare  w/Photo #1 for detail
showing the lagoon’s failed spillway, the point of flood wave entry into the canal, the sediment plumes
where the canal was overtopped, plus mud around houses, outbuildings and covering the highway.

Post Failure Inspection
Site observations ended on 4/26/05 at approximately 9:47 PM due to darkness.  At day’s end, it
was estimated that some residual flow from the lagoon would continue until the pool level
reached equilibrium with the surrounding ground surface.  Downstream residents that had been
evacuated were instructed not to return to their houses.  The following morning, an inspection
was performed by members of the state Dam Safety Program to better determine the extent of
damage and to gather information that would help identify the causes for the failure.

The eroded walls on either side of the breached zone were nearly vertical, demonstrating
evidence of well compacted embankment fill.  A representative sample of fill material from the
exposed embankment was collected for laboratory testing, results of which are included in
Appendix D.  A circular feature resembling a stilling basin, or plunge pool, had been eroded
deeply into the foundation soils.  Although filled with water, the surface of the plunge pool was
about 2½  feet lower than water level remaining in the lagoon and appeared to generally coincide
with the surrounding ground surface on which the embankment was founded.  At the centerline
axis, the breach measured 19 feet from the dam crest (elevation 670.5') to the water surface in
the plunge pool.  The width of the breached zone at the top of the dam measured 65 feet on the
reservoir side and 84 feet on the downstream side.  The liner was ripped, approximately down
the middle of the breach.  Water was still flowing from the lagoon at an estimated rate of 3 cubic
feet per second.  Exact measurement of either the head differential or flow rate between the
lagoon and plunge pool was not attempted for safety concerns.  The depth of the pool was
subsequently determined to be 14 feet, corresponding approximately to elevation 637'.  At the
downstream edge of the pool were remnants of non-woven geotextile and rock-filled wire
baskets (gabions) that originally served as protection against erosion of the emergency overflow
spillway.  



Photos 3-5 were taken on the morning following the failure (4/27/05).

Photo 3: View from near the toe of
dam at the downstream edge of
the plunge pool showing the right
side of the breach (defined using
downstream convention).  Note the
vertical cut, water from the lagoon
flowing into the plunge pool over
the edge of the HDPE liner and the
wire basket gabions in the fore-
ground.  The vertical measured
distance between dam crest (670.5'
and the water level in the plunge
pool is 19 feet.  At the time of the
photograph, the lagoon’s water
surface was approximately
elevation  654.0'. 

Photo 4: View from same location
as above, looking back through
the breached zone and into the
lagoon.  Shown is the left side of
the breach and the exposed fill
materials comprising the 
embankment.  The water surface
in the plunge pool (foreground)
corresponds closely with the
original ground surface elevation,
±652 feet.  The depth of water in
the plunge pool was later found to
be approximately 14 feet,
corresponding to elevation ±637
feet.

Photo 5: Southerly view from the
left cut-slope looking across the
breached zone at the exposed
section of the remaining
embankment.  The embankment
slopes are 2:1 with a 12' crest
width. The outside slope is
covered with approximately six
inches of rounded-subrounded 
gravels.  The inside slope is lined
with 60-mil HDPE which is secured
by burial in a trench at the top of
the embankment and weighted
with 6" diameter ballast socks
that run from top of slope to
bottom.



Figure 1

Photo 6: (5/2/05) Two examples of holes in HDPE liner
attributed to poor fusion techniques and/or individual welds
being torn loose.  The blemish on the right occurs below the
rung of a safety ladder at its point of attachment to the liner.

The post-failure inspection also included those portions of the perimeter dike and liner that had
not suffered failure.  Liner that was exposed to view appeared intact without obvious rupture of
any of the welded seams or patches.  However, we observed many patches that apparently had
been added since the project was
initially built.  Several of the
safety ladders and the 6"diameter
ballast “socks” attached to the
liner surface (Figure 1) showed
evidence of having torn free of
their straps and/or their welded
contacts.  Most had been
reattached, but several points
were not yet repaired.  A few of
those that were repaired had
again torn free leaving small
holes in the liner, an example of
which is shown in Photograph
#6.  At two locations (one on the
west-facing inside slope and the
other on the south-facing inside slope) the liner was lumpy and uneven, as if the underlying
slope had settled or otherwise experienced some degree of post-construction slumping or sliding.

Horizontal stains observed on the liner surface provided a visual record of past lagoon levels,
however incomplete.  These stains are similar in appearance to the “bathtub rings” that typically
remain following rapid drawdown of a reservoir.  It is speculated that the boldness and
permanence of some stains over other fainter marks are due both to the chemical composition of
the effluent and the length of time the pool was held at any particular level, and not necessarily a



 

 
Photo 7a: (4/27/05)
 Effluent structure at west
 side of lagoon showing high
 water stain relative to the
 top of concrete, elev. 671.0'.
 
 The upper horizontal stain
 on the HDPE liner surface is
 18 inches below the top of
 slab and equals the design
 crest elevation of the
 emergency overflow
 spillway, 669.5'. 

Photo 7b: Right side of
breached zone showing
numerous horizontal lines
consisting both of stains
and floating debris.
Stain lines are relatively
permanent features
compared against debris
which is easily washed
away.  Note the position
of the uppermost line(s)
and their relationship to
the top of the dam,
elevation 670.5'.  Also 
shown is a 6" diameter
ballast sock and a safety
ladder, both of which are
attached to the liner.
Each are spaced @ 50-foot
centers around the inside
perimeter of the lagoon.

strict indication of chronologic superposition, i.e. older is covered/ erased by newer.  Photograph
7a clearly shows that the pool level substantially exceeded the design maximum operating level
on at least one prior occasion.  Not only did the pool surface exceed the maximum operating
level (667.5'), but it was filled to the crest of the emergency overflow spillway (669.5').  We
were unable to discern from the stain(s) when the overfilling occurred, the frequency of
overfilling or the length of time the pool level exceeded the design maximum.



Closeup showing extent of deposited mud and debris.

Reverse view looking downstream at large headcut in
native soils created by flood wave.

Photo 9: Southerly view of breached portion of B-Line
Canal.  Note the thickness of sediment in the canal. 

Reverse view of B-Line Canal looking north across
eroded flood channel.  Base width of canal is ~16 feet.

Photo 10: View from Highway 207 looking west at
flooded residence.

Photo 8: Examples of erosion caused by flood wave. 
Upstream, the breached zone is shown in background. 

Effects on Downstream Property
Damages directly attributed to the sudden release of stored water from the lagoon included the
failure of an existing flowing canal, severe undermining of an existing state highway, substantial
channel erosion from the flood wave and the deposition of mud/ debris in homes, outbuildings
and on agricultural lands.  Damages indirectly related to failure include loss of irrigation water
and  loss of highway use until repairs to the canal and highway were completed.  The following
photographs taken ~ 20 hours after the incident are examples of some of the unexpected
consequences resulting from a sudden “sunny-day” failure of an off-channel storage lagoon.



Photo 11: Centerline view of Highway 207 looking north,
perpendicular to direction of the flood wave.

Track hoe is breaking out pavement that was
undermined by flowing water (right to left).

Photo 12: Example of erosion on downstream slope noted during dam safety inspection 16 months prior to
failure.  The deeply incised rill was a result of leakage from a temporary 8" water supply line used to clean
the HDPE liner. At the toe of the slope is the B-Line Canal; in the background is Highway 207.  The layer of
rounded rock on the surface of the downstream slope offers little protection for the underlying fill material
(ML-SM) against the forces of concentrated flow.

Conclusions
The embankment was initially well constructed.  The silt and silty sand soils (ML-SM) used as fill
to construct the dam appear to have been placed in uniform lifts and compacted according to
project specifications.  Although these fine-grained and non-cohesive materials typically exhibit
relatively high values for maximum dry density and coefficient of internal friction, they are
susceptible to liquefaction (quick conditions) when they become saturated.  Other disadvantages to
using soils with these characteristics for construction of hydraulic structures is a relatively high
risk for piping and, as illustrated in Photo 12, poor resistance to rapid erosion when subjected to
dynamic forces associated with flowing water.



In our opinion, the fill materials in the embankment and the underlying foundation soils are poorly
suited for impounding water regardless of how well or carefully the project was initially
constructed.  Backup systems such as leak detection, alarms, double liner, automatic pump shutoff,
etc. were not included in the approved design.  Therefore, the long-term success of the project to
safely store water was entirely dependent upon the permanence of the HDPE liner to prevent liquid
in the lagoon from entering the embankment and the ability of the operator to keep the pool
surface constantly at or below the design maximum operating level.  If either the liner or the
operator did not consistently meet the requirements, instructions, and/or assumptions on which the
design was based, then it follows that the risk for failure increased significantly.

The sudden release of water from the reservoir was not a direct result of the inability of the HDPE
liner to contain the contents of the lagoon. Although the liner appeared to have been excessively
patched for its age (13 years) and was less than adequately maintained, the failure of the lagoon
cannot be attributed directly to a flaw in the liner.  There was not any evidence to confirm earlier
newspaper accounts that placed the blame for the failure on the activity of a badger digging or
chewing through the liner’s 60-mil thickness.  Neither do we have any good reason to believe that
other burrowing rodents or vandalism (gunshot/ knife holes) were responsible for creating
punctures in the liner sufficiently big or numerous enough to cause the lagoon to fail, coincidently
at the precise location of the emergency overflow spillway.  It was noticed however, that the
gravel road on the top of the dam was placed directly on the liner at some locations, without
benefit of a protective layer that would prevent transfer of wheel loads to point loads capable of
rubbing small holes in the liner.  

Approximately two weeks before failure, records indicate the lagoon was being filled at an
accelerated rate averaging nearly 15 acre-feet per day (0.75 vertical feet), as shown in Appendix E. 
Instruments relayed the lagoon depth electronically to the dam tender’s office, which is located
several miles from the site.  According to the operator, the depth readings were visually displayed
on a computer monitor and then logged by hand onto a spreadsheet because the electronic display
was not programmed for automatic recording or data storage.  The record also indicates that
several days would elapse between data entry.  The accuracy of the pressure transducer is not
known, and it is not known if the depth vs. water surface elevation was calibrated precisely. 
Regardless, there was not an alarm mechanism in place to notify the operator when the design
maximum pool elevation was exceeded, nor was a mechanism in place that would trip the pump
and automatically prevent fluid from continuing to enter the lagoon. 

The importance of instruction to the owner/operator to maintain no less than two (2) feet of
freeboard between the surface of the pool and the crest of the emergency spillway was based on
the expected height of wind generated wave runup coupled with the need to prevent any portion of
the embankment from becoming saturated.  The emergency overflow was not designed or intended
to carry live flow for an extended or regular period down the steep slope and across the highly
erodible materials that comprise the embankment.  Per the design, any fluids that crossed the
threshold of the emergency overflow would trickle through the rock gabions and non-woven
geotextile, soaking the underlying silt and silty sand soils.  Prolonged soaking would result in
saturation of the supporting subgrade, leading to an increased ease for erosion on the
embankment’s downstream slope.  

The opacity of the geotextile hid from view small rills that had formed previously on the
underlying slope as a result of fluid passing over the crest of the emergency overflow spillway, 



Photo 13: Emergency overflow spillway observed during dam safety inspection.  Note high water marks at or
near the spillway crest (elev. 669.5') and the rock-filled gabions resting directly on or in close contact with
the HDPE liner.

thus preventing visual notice that a problem had developed.  Due to the permeability of the sandy
soil and the arid climate, wet areas would not be noticed unless they were carefully  viewed shortly
after the time that fluid was released.  Also, close visual observation would require an employee to
drive from the office to the untended site and walk to the top of the embankment. 

During a dam safety inspection performed on 10/16/03, the inspector noticed that “some of the
liner appeared to have pulled away, possibly giving water a path to erode the inside face of the
dam”(Photo #13).  Uncorrected, this development eventually would have eroded the spillway
resulting in a crest elevation somewhat less than the design value of 669.5 feet.  Another event that
may have resulted in reducing the effective height of the spillway crest by several inches was the
abrasive wear in the liner caused by wheeled vehicles driving on gravel in close contact with the
liner, which in turn may have allowed water to enter and erode the upper portions of the
embankment.  In either instance it must be pointed out that even if both defects were absolute, they
would not be a contributor to overtopping unless the pool level was allowed to substantially
exceed the design maximum operating elevation of 667.5 feet.

We conclude that operator error was the primary factor contributing to the failure of the lagoon on
April 26, 2005.  The error determined to be most responsible for failure was the lagoon being filled
in excess of its design maximum operating level.  Other factors that may have contributed to
failure of the lagoon were inadequate maintenance or repair the HDPE liner.  Photographic
evidence indicates the lagoon had been filled to the crest of the emergency overflow spillway on at
least one occasion prior to failure.  Other observations suggest the pool level may have existed at
or near the spillway crest for extended periods and/or on multiple occasions, leading to localized
saturation of the downstream slope and formation of erosion rills.  Once rills were established that 



Photo 14: (5/2/2005) View looking south from left side of breach showing limits of plunge pool that resulted from
uncontrolled release of lagoon contents.  The foundation soils underlying the embankment offered little resistence
to erosion once rills became established on the downstream slope.  Compare with Photo #5 taken 5 days earlier. 

connected the base of the slope to the spillway crest, additional flow tended to concentrate in the
formed rills.  Further enlargement of their basic channel dimension occurred primarily at locations
of lesser density or where flow velocity was greatest, particularly at the toe of the embankment and
its contact with the surrounding less dense and less well-compacted native soils.  

Visual observation of the plunge pool that was eroded below the spillway (Photo #14) provides
strong anecdotal evidence that the general sequence of failure consisted of:
• Formation of small rills under or parallel to the geotextile/ gabion mattress,
• Gradual removal of native soils at the toe of the slope and upward migration of headcut

toward dam crest,
• Undermining of supporting subgrade below the geotextile/gabion mattress and the HDPE

liner causing the liner to sag,
• Tearing of the liner and  release of additional water leading to further erosion and removal

of embankment materials supporting the liner until the breach was complete.



Recommendations
1). The design of any hydraulic structure that is solely dependent upon a thin liner to prevent

saturation of the embankment and/or foundation soils should incorporate an underdrain and
a leak detection system for monitoring seepage.  If the embankment or foundation soils are
ill-suited for placement of an underdrain, then a double liner should be included in the final
design plans and specifications.

2). Preparation of a well documented operation and maintenance manual should be a minimum
requirement for any hydraulic structure for which a thin reservoir liner is integral to the
safety, stability and/or longevity of the design.

3). Where the integrity of the structure is dependent upon strict adherence to a pool maximum
operating level, then a mechanism to prevent overfilling should be included in the design
plans and specifications.  Such systems could include audible and/or visual alarms,
automatic switches to trip pumps and/or pre-programed activation of gates or valves.

4). Future designs for “soft” emergency spillways will not be approved.  Emergency spillways
built on the embankment must be hardened and capable of carrying the design rate of flow
for an extended period without causing channel erosion and headcutting that would
threaten the stability of the embankment or the safety of downstream life and property.  

5). For out-of-channel structures the spillway design capacity will be set equal to the design
maximum rate of flow into the reservoir, whether it be gravity feed or from pumps.


























