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Earthquake! What is a Dam Owner’s Next Step?
By Michele Lemieux, P.E.
Montana Dam Safety Program Manager
Most folks in Montana felt their houses shake at 12:30
am on July 6, 2017. How does a dam owner know what
action they should take? Run out to inspect the dam
immediately? Call your engineer? Within moments of
an earthquake, the Dept. of Natural Resources and
Conservation (DNRC) engineers will receive a text/
email notification from the US Geological Survey
with the earthquake location, magnitude and depth.
If the earthquake is large enough, the local Disaster
and Emergency Services also will call Regardless of
the time, the engineers then run a computer program
that estimates the peak ground acceleration (PGA),
at all dams near the epicenter of the earthquake. Peak
ground acceleration is a measure of ground shaking.
It is dependent on the earthquake magnitude, depth
and geology in the area. Shallow earthquakes tend to
produce more
ground motion.
The engineers
will then notify
impacted dam
owners of their
estimated PGA.
Table 1 compares
peak ground
acceleration
with perceived
shaking and
potential damage.
Experience
worldwide has
shown that wellbuilt dams can
withstand up to
0.2 g without
damage.

Table 1. Correlation of acceleration to
perceived shaking and damage

A dam owner’s
next step depends
on this ground
shaking:

For PGA < 0.05 g, a cursory inspection by dam owner
or tender suggested. Damage is not expected; it is
acceptable to wait until morning to get out to the dam.

as needed, depending on the dam. Note that for
larger earthquakes, other infrastructure such as roads,
buildings and cell phone towers may be impacted.
Dam owners don’t need to depend on DNRC engineers
to call, the US Geological Survey has tools available for
everyone. To sign up for text and email notifications
of earthquake activity in your area, go to https://
earthquake.usgs.gov/ens/help. After registering, you can
enter your area of interest and a magnitude threshold.
A magnitude of 4.0 is recommended. Montana has
many smaller magnitude events that don’t generate
worrisome ground shaking. If you set your threshold
low, expect many notifications. The email or text you
receive from the USGS has a link that will take you
directly to a webpage with a variety of information on
that earthquake. There is even a map where you can
estimate the PGA at your dam (note this map shows
PGA in percent).
The July 6th earthquake generated enough ground
shaking to warrant concern. DNRC subsequently
worked with dam owners to conduct inspections of
their dams. The earthquake contributed to the failure
of one small dam in Madison County. Fortunately,
there was no downstream damage. An inspection of
the dam site following failure revealed that the dam
was in poor condition prior to the earthquake. The
ground shaking at this dam was much lower than the
thresholds discussed above. The ranges of ground
shaking and associated actions are meant for dams
in good condition.
One state owned dam had a dramatic drop in
piezometric water levels in the foundation following
the earthquake (4 feet). Daily monitoring and
inspection followed. The water levels have since
stabilized at a lower level. Engineers are evaluating
the data, but believe the dam was not compromised
by the earthquake. Monitoring on this dam continues.
Montana is the fourth seismically active state in the
country. Although rare, earthquakes do occur and
damage to a dam is possible. It is important to have
a plan in place in case rapid response is necessary.
Consider participating in the annual Montana Shakeout
preparedness event. For more information please visit:
https://www.shakeout.org/montana/index.html.

For PGA 0.05 g to 0.1g, dam owners should get up
to their dam as soon as possible. Look for cracking,
unusual seepage and slope movement. Take photos and
compare with previous photos. Don’t forget to measure
piezometers and other instrumentation. Damage not
expected, but possible.
For PGA 0.1g to 0.2g, dam owners should do an
immediate inspection and also get their engineer to the
site as soon as possible. The possibility for damage is
significant enough to warrant concern. Note that not all
damage may be visible.
For PGA > 0.2g, dam owners should be concerned
about damage that could lead to dam failure. Get your
engineer up to the dam as soon as possible. DNRC
engineers will be in touch to coordinate further actions
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“Exempt From Filing” Water Right Claims –
An Explanation for Water Users*
By Krista Lee Evans
Blake Creek Project Management, Inc.
Prior to the 1972 Constitution there was no requirement
for a water user to file their water use. Some water users
filed with their county or in areas where water use was
contentious there were District Court decrees outlining
priority dates, place of use, etc.
The 1972 Constitution recognized existing water
rights and charged the state with creating a record of
all water rights in the state. This is what created the
need for the statewide water adjudication. The water
adjudication is the process that is set up to create a list
of all water rights that were put to use prior to 1973. The
adjudication has been going on since the early 1980’s.
Any new water use that has started after 1973 is part of
the new appropriations process and is not part of this
claims filing process.
At the beginning of the adjudication process the
Montana Supreme Court issued an order that all water
users who wanted to claim a right to use water that
was put to use before 1973 had to file a claim with the
Montana Department of Natural Resources (DNRC).
The Court did provide two exceptions to this
requirement - 1.) instream stock use and domestic use;
2.) stock and domestic use from and groundwater

source – a well or developed spring.
It is likely that they provided this exception because
of the significant work load that faced the DNRC and
the Montana Water Court. Some water users went
ahead and filed their claims – even though they weren’t
required to file.
As the adjudication progressed and Water Court
decrees were issued it was recognized that the instream
stock and domestic rights weren’t part of these decrees
because water users with a right that pre-dated 1973
hadn’t been required to file. There have been multiple
pieces of legislation over the last 6 years to create a
process for these water users to file their claims so that
they could be part of the Water Court decrees and have
their rights protected.
The notice and claim forms that DNRC recently sent
out were the result of legislation passed in the 2017
that put a deadline of June 30, 2019 to file a claim
for the “exempt from filing” claims – instream stock
or domestic. If a water user does not file their claim
they do not lose their water right but the right will be
subordinated to all other water rights on the stream.
Outlined below are basics associated with the claim
form and information to consider when deciding
whether to file a claim:
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1.

Applies ONLY to instream or groundwater stock and
domestic uses.

2.

Instream stock use must be “direct from source” – if
the water has been diverted then a claim may not
be made on that use – for example, if you divert
water down a ditch and your cows, horses, goats,
etc drink from the ditch it would not be covered
under this claim filing. It must be “direct from the
source” – meaning that they drink the water directly
from the creek, river, drainage, etc.

3.

Applies to water rights that were put to use
before 1973.

4.

Applies to water rights that were not filed
on previously.

5.

If you have a pre-1973 well that is used for both
domestic and stock (for example house and corrals)
a claim needs to be filed for each use – so you
would need to file 2 for that 1 well. Please note that
any groundwater development established after
January 1 , 1962 had to be filed with the county clerk
and recorder (before July 1, 1973) or with DNRC
after that to become a water right. If you are unsure
if this occurred, check with DNRC.

6.

The fee is $130 per claim with a maximum total
for all claims filed by one person in a water court

division of $1560. (If you file more than 12 claims the
13th claim and above are not charged a fee.)
7.

Double check all of your water rights to make sure
that they reflect your water use. If there are any
instream stock or domestic rights that were put to
use that have not been claimed in the adjudication
process you should seriously consider submitting a
claim under the current process.

You can search for your water rights online by going to
DNRC’s website water right query at: http://wrqs.dnrc.
mt.gov/default.aspx.
*Disclaimer:
Ms. Evans is not an attorney and this document is not
intended to serve as legal advice. Please contact an
attorney as needed to address your specific legal needs.
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Canal Seepage Reduction by Soil Compaction
Presented to the IA Technical Conference, Anaheim, CA. Nov. 2008
Charles M. Burt, Professor of Irrigation
BioResource and Agricultural Engr. Dept.; Chairman,
Irrigation Training and Research Center (ITRC),
California Polytechnic State Univ., San Luis Obispo, CA
93407 cburt@calpoly.edu
Marcus Cardenas, Former Irrigation Specialist, ITRC
Mohamed Grissa, Irrigation Engineer, ITRC
Abstract. Large-scale tests were conducted of in-place
compaction of irrigation district earthen canal bottoms
and sides. Five canal pools with sandy loam soils were
compacted. Seepage reduction of about 86% was
obtained when the sides and bottoms were compacted;
reductions of 12 – 31% were obtained when only sides
were compacted.
Keywords. irrigation, canal, compaction, seepage,
irrigation district
Introduction
Irrigation districts that rely upon long, open canals share
a common problem: canal seepage. Canal seepage can
create difficulties including:
• Reduced water deliveries to farmers
• Increased pumping costs if the water in the canals is
lifted by pumps
• Increased drainage problems, possibly causing crop
yield and health problems

• Loss of water supply in a basin if the seepage goes
to a salty aquifer or into the ocean
• Increased diversion from rivers, resulting in
decreased in-stream flows
The two most common solutions for reducing
seepage are lining canals or replacing them with
pipes. These options bring along with them additional
benefits, such as stabilization of banks (canal lining)
or reduced need for access and fewer drownings
(pipelines). However, these solutions are expensive.
A typical piping cost in California for an irrigation
district is in the neighborhood of $120 - $200/
foot for pipe sizes in the 4’ – 5’ range (flows in the
20 – 30 CFS range). Canal lining costs are often in
the neighborhood of $1 million per mile, which is
prohibitive for most irrigation districts.
Therefore, the Irrigation Training and Research Center
(ITRC), with support from CALFED and the California
Agricultural Research Initiative, has experimented with
an uncommon method of seepage reduction – inplace compaction of canal banks and canal bottoms.
Concepts of Soil Compaction
The general concepts of soil compaction for seepage
reduction and soil consolidation are well documented
in civil engineering, under the category of “soil
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mechanics”. Everyone is familiar with compaction of
soils for roadways, even if they do not understand the
technical details. Additionally, many people are aware
that two of the major dams in California (Oroville Dam
and San Luis Dam) are earth-filled dams rather than
concrete structures.
Soil laboratory tests for compaction (Proctor and
Modified Proctor) have specified procedures by
ASTM. Samples of soil are compacted by specified
layer thicknesses, by specified weights dropped a
specified number of times from a specified height. In a

compaction test, this is typically done with a number of
samples, each of a different moisture content. A graph
such as Figure 1 is developed, illustrating what the
moisture content should be during construction.
It is relatively common knowledge that some soils
compact better than others and that as the level of
compaction increases, the soil hydraulic conductivity
(seepage rate) decreases. Optimum compaction
will also depend upon the moisture content during
compaction. If the soil is too moist or too dry, it will
not achieve the “optimum bulk density”. Different
compaction techniques are suited for one soil or
another, as shown in Table 1.
Additionally, the optimum moisture content for high
bulk density does not necessarily translate to the
optimum moisture content for reduced seepage. There
are differences between laboratory and field activities
and results. Some engineers believe that a slightlymoister-than-“optimum” soil in the field provides the
best seepage reduction.

Figure1. Compaction Curves (USBR, 1998)

Table 1. Compaction equipment (Bader, 2001)
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Soil Compaction for Sealing Canals
Perhaps the best source for information on earth lining
of canals is a publication by ANCID (Australian National
Committee on Irrigation and Drainage, 2001) entitled
“Open Channel Seepage and Control”. This publication,
as well as others, focuses on bringing soil material to
the site one layer at a time and compacting each layer.
The publication does mention “in situ” compaction –
which is in-place compaction of existing canal banks
and bottoms. The senior author has talked to engineers
from dozens of irrigation districts in California about
this, and has not encountered anyone who has tried it
before this experiment.

were therefore lightly smoothed off. There was no
opportunity to obtain the “optimum” moisture content
for compaction. Field conditions and availability
required that the compactor begin work as soon as the
canal had dried down enough to use the equipment
without making mud. Certainly, moisture contents were
different at various depths in the bands and bottom.

Field Experiments in California
ITRC contacted four irrigation districts in the San
Joaquin Valley of California who were experiencing
seepage problems:
• Panoche WD
• Chowchilla WD
• San Luis Canal Co (also known as Henry Miller
Reclamation District)
• James ID
Seepage tests were conducted on two Panoche WD
canals, and it was determined that the seepage rates
were very low. Plus, the soil was a heavy silty clay loam
and it would have been impossible to dry the soil out
enough for compaction without just making mud.

Figure 2. James ID Main Canal during pre-compaction seepage test.

The other three districts had sandier soil, so compaction
trials were conducted there. The results of one canal
compaction effort in Chowchilla cannot be reported
because the well that would have supplied the water
for post-compaction seepage tests failed and was not
repaired.
All the compaction work was “in-situ”, meaning that
there was no addition of soil, and no overexcavation and
replacement of compacted soil layers. The compaction
was performed on the soil surface “as-is” with the
exception of some smoothing of canal banks.
Seepage Tests. Prior to, and after compaction, ponding
tests were conducted to determine the seepage rates.
The ponding tests involved the following:
• The entire canal pool that was compacted was filled
with water to the normal operating depth.
• The ends of the pool were sealed to prevent water
from entering or leaving the pool.
• Weather data was recorded from the nearest CIMIS
station, to estimate evaporation losses.
• Redundant water level sensors were installed to
measure the change in water depth versus time.
• The water was replenished occasionally with a
metered supply to maintain a fairly constant
water level.
• Water temperatures were measured, to
correct for different viscosities in pre- and
postcompaction tests.
• Measurements began after water had been
standing in the pool for several days, and
continued for 1-3 days.
Soil Preparation. During the first compaction work
at Lateral H in James ID, it was learned that if the
canal banks were smoothed off, the compactor could
operate much more quickly. Subsequent locations

Figure 3. James ID Main Canal during side compaction.

Figure 4. Pressure transducer data for ponding test – San Luis Canal Co
(Henry Miller RD)

Laboratory Tests. Soil samples were taken in the field
for a number of reasons. In some cases, undisturbed
core samples were taken to measure bulk density before
and after compaction. Texture samples (about 20 per
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canal section) were taken at various depths. Laboratory
experiments were run with the modified Proctor test to
determine optimum moisture contents for compaction,
and the effects on hydraulic conductivity. Those
laboratory results and their correlations with the field
results have not yet been completed.
Equipment and Costs. The soil was compacted using
a 45-thousand pound Kobelco excavator with an MBW
36-inch roller attached to the end of the boom. Installed
immediately between the UVW-36 roller and the end of
the excavator boom was a UV-10K exciter. This exciter
is a hydraulically driven vibration mechanism. Since the
vibratory exciter was hydraulically driven, the excavator
operator could engage and disengage the exciter when
he felt it was necessary.

Figure 6. Compacting the sides and bottom of Lateral H at James ID.

The compaction accessories cost about $25,000
(not including the cost of the excavator) installed. An
experienced operator was able to compact the sides
of 1 mile of canal (both sides, meaning 2 miles total) in
about 8 days. The cost for the operator, transport of the
excavator, and the excavator rental was about $1.20/
foot of canal, with about 10 feet of compaction on each
side of the canal (cost = $1200 for 1000’ long pool).
Results
Table 2 shows the results of the in-situ compaction.
Seepage reduction varied from 12% to 89%. Clearly, the
three sites at which the canal bottom was compacted
had much better results than the two sites at which only
the sides were compacted. The seepage differences
were probably due to additional factors, but this
appears to be one possible explanation.
Conclusion
For sandy loam soils, in-situ compaction with a
vibratory roller reduced seepage. The seepage
reduction was significant (86 – 89%) when both the
sides and bottom were compacted. The compaction
extended to a depth of about 2 feet, so it is suspected
that the seepage reduction will withstand normal
maintenance activities from year to year.

Figure 7. Compacting the canal banks on the James ID main canal with
a MBW vibratory roller

Table 2. Compaction results
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ADVERTISE
WITH MADCS
MADCS is now accepting
new advertisers! Advertising
packages include:
Gold Member: $400
1/2 page newsletter ad
Website ad
Silver Member: $300
1/4 page newsletter ad
Website ad
Bronze Member: $100
Business card in newsletter
Contact Mary BakerYouderian via email at
mary@youderianconst.com
to secure your spot now!
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