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Water World
Serving the Municipal Water/Wastewater Industry
Reprinted with revisions to format, from the January 2002 edition of WATERWORLD
Copyright 2002 by PennWell Corporation

Polymer Coating of Pumps Boosts Efficiency, Performance
In a typical surface water treatment
and distribution system, approximately
70 to 90 percent of the energy used is
for pumping. With the rising cost of electricity, more municipalities are searching for technologies to improve operational efficiency. One method for improving the efficiency of pumps is to line
the pumps with a polymeric coating system.
Polymeric systems have been
shown to provide increased flow at the
desired pressure, increased pressure at
the designed flow, increased efficiency
over a wide range of flow rates and reduced power consumption. In many cases, new water pumps can also benefit
from an efficiency coating for performance and protective purposes, even
though pumps are normally not expected to outperform the original efficiency status certified by pump OEMs.
During the lifetime of a centrifugal
pump, the cost of the energy it consumes is far in excess of the capital cost
of the equipment itself. Therefore, efficient operation of the pump is essential
to optimize operational costs since any
increase in fluid efficiency gives immediate savings in power consumption. According to case studies, the typical payback period for a polymeric coating,
based on reduced power consumption,
can range from a few months to two
years depending on the size of pump.

sufficient to cover surface projections,
and the surface is said to be hydraulically smooth.
Where the surface is rough, however, the sub-layer can be so broken up by
projections that they act as bluff obstacles, giving rise to form drag. Surface
roughness, therefore, either by the effect
it has on skin friction or form drag, is the
most important factor in accounting for
energy losses in a pump.
Even polished metal pump surfaces
are found to be relatively rough when
examined under high magnification.
Further surface roughening can result
from erosion-corrosion or cavitation
effects, thus causing a reduction in efficiency of the system.
Polymer efficiency enhancement
coatings are specifically designed as
hydrophobic, slick surface coatings with
low surface energy and abrasion resistant fillers. They produce an ultra
smooth surface that reduces the boundary layer of the pumped fluid and reduces internal turbulence, thus increasing
hydraulic efficiency.
The smoothness on the surface of
this type of coating is 20 times greater
than polished stainless steel. The coating’s hydrophobic nature makes the water simply roll off the surface and wear
by abrasion is minimized by its encapsulated blend of lubricating agents and
abrasion resistant fillers.
When applied to fluid flow equipHow Polymeric Coatings Work
ment, this type of coating has been provMost of the energy used in moving
en to improve hydrodynamic perforwater is actually expended in battling
mance by increasing overall efficiency
frictional drag in the water lines. Water through reducing power consumption,
flow in a pump is subject to resistance
increasing fluid flow rates or pressure.
caused by volute and impeller surface
Some polymeric coatings have been
friction and viscosity.
deemed safe for potable water contact.
In fluid dynamics, water molecules This type of coating possesses worldon the pump surfaces are stationary.
wide approvals for drinking water conDiscrete water molecules in the flow tact, including those from NSF, AWWA,
behave as separate entities creating vor- and authorities in European countries.
tices and cross-currents which result in
Today’s polymers can produce comenergy losses in addition to those arispositions which can tackle virtually any
ing from skin friction, which still contin- pump problem. Besides the repair and
ues to be exerted next to the boundary
protection from the damaging effects
layer, in a thin film known as the lamicaused by abrasion, cavitation, corronar sub-layer. On relatively smooth sur- sion and chemical attack, hydraulic effifaces, the thickness of this layer can be
ciency improvement by reducing fric2

By William Xia

tional energy losses has become a more
and more acknowledged purpose of using polymers in pumps.
Selection, Application and Operation
Due to large number of protective
polymers and epoxy-based coatings in
the market, selecting the right polymer
coating for pump efficiency improvement can be confusing. However, there
are only a few polymer coatings particularly engineered for pump efficiency
improvement and effective in new
pumps. Using coating products specifically for efficiency improvement and
energy savings can attain the ultimate
performance potential, while common
protective polymer and epoxy coatings
can always help old pumps improve performance.

Polymer Coating, cont.

Polymeric coatings can be brush or
spray applied in-situ to give a perfectly
smooth high gloss finish. Coatings can
be cured at ambient temperatures, and
post cured to allow minimal downtime
and fast return to service. Being able to
carry out polymer coating in-house has
led to faster contract turnaround, more
competitive pricing, and better quality
control.
In a typical application, two coats of
different colors are applied by brush,
applicator or spray at a typical thickness of 10 mil per coat. The self-leveling
features of the coating product ensure a
smooth surface finish. This finish and
the coating thickness are critical factors
behind the performance without changing the water flow characteristics of the
equipment.
To ensure adhesion, surface preparation on the substrate is always required by grit blasting, rotary filing, etc.
In cases where the pump’s location is
susceptible to dust contamination,
sponge blasting offers a good option
with a minimal amount of dust generation.
In pumps that have previously been
in service, any severely worn or pitted
areas can be brought back to the original con- tours by using a paste grade
repair polymer compound before coating.
In order to document the effectiveness of the polymer efficiency coating in
the real world, municipalities and water
plants can use the coating on certain
water pumps - either old or new to help
assess the technology for a broader
practice.
Operators should document ratings
with an electricity current gauge or
hour-run meter, and use precise measuring instruments for flow rate and water head changes, if feasible, before and
after applying polymer coatings. The
return on investment can be computed
from the comparison of the cost savings
on energy, flow rate increase and the
cost of the coating installation.
Case Studies
Polymer coating technology is not
strange to the water industry. Many
local municipalities, water consumers
and equipment manufacturers have
independently tested the effectiveness
of efficiency coatings. Following are
some examples:

Fayetteville, NC, 1996
After 20 years of service, a highpressure pump at the Hoffer Water
Plant revealed 14 percent efficiency
loss compared to the original test and
factory curve. An unusual noise had
developed as well. The reconditioning
of the pump included replacing wear
rings, repairing minor impeller damage,
and lining the entire interior surface of
the pump with an efficiency improvement coating.
The result after reconditioning was
significant: pump efficiency is up 17
percent. After reviewing all the data, the
local authority believed that the use of
the polymer coating was responsible for
at least 5 percent to 8 percent of the
increase. In this application, a 1 percent
increase in actual pump efficiency
translated to nearly $1,000 per year in
electrical savings. The cost of coating
the pump was less than $2,500.
TVA Colbert Steam Plant, Alabama
Before 1995, four 60 inch vertical
circulating water pumps were coated
with a polymeric coating to protect
against erosion/corrosion and improve
their efficiency. As soon as all wetted
surfaces of the pumps - diffusers, deflectors, impellers, casings, etc. were
coated - remarkable improvements in
efficiency were observed.
For example, in pump 5a, there was
a 12 percent decrease in electrical usage from 100 amps (before) to 88 amps
(after). The motor has been operating at
4160 volts. Assuming the resale of
saved electricity at 4.4 cents/kWh, the
total electrical savings were $28,411
within a year.
This increase in efficiency does not
take into effect the increase in capacity
provided by the polymeric coating. The
other three pumps that were coated
have had anywhere from a 10-15 percent increase in capacity. Five years
later, the pumps were inspected and all
coated components were in excellent
shape without an obvious efficiency
drop.
Trials on New Omega-Pump by
KSB, 1999 Trials were performed by
applying an efficiency improvement
coating to four new Omega pumps in
sizes 250-480 hp. Afterward, an improvement in efficiency from 84 percent to 86.9 - 87.5 percent was measured. KSB acknowledged that the polymeric coating provided a 2.9 percent 3.5 percent increase in efficiency in
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these four brand new pumps. Sulzer
standardized on the use of polymer
coatings after extensive performance
testing. Coatings have been applied to
numerous new pumps, resulting in performance gains. In one case, three identical pumps were coated with an efficiency coating before being shipped to
customers. The three new split casing
pumps were tested, and all had
achieved a 3.5 percent increase in efficiency.
Testing on New ITT A-C Pump, 1996
The casing of one new 24 X 16
WSID centrifugal pump was lined with
two layers of a polymer coating, and the
impeller blades were cleaned and polished. The OEM performance test exhibited a 3.1 percent gain at duty efficiency
and 3.3 percent at the best efficiency
point. The contributions from each individual procedure to the total success
were uncertain. However, the gain from
the efficiency coating was estimated to
be at least 1.5 percent. Two other new
units handled with exactly the same
procedure passed the performance test
with the same results.

About the Author: William Xia is a chief
engineer of water and wastewater industry for Belzona Inc., Miami, FL. He is
responsible for applying polymeric
maintenance solutions to mechanical
equipment and structures in the industry. Pump renovation and pump efficiency improvement are his major specialties.
Reprinted with revisions to format,
from the January 2002 edition of WATERWORLD
Copyright 2002 by PennWell Corporation
Submitted by: Dean Grayson,
President, Belzona Rocky Mountain

Preparing for the Adjudication
Submitted by John Westenberg, Senior Water Rights Specialist, WGM Group, Inc.
I must begin with a confession. I laughed when I it was suggested that I address the topic of “preparing for the adjudication”. Not because I don’t think it’s a serious topic, it’s just that Montana’s statewide water rights adjudication began over
30 years ago, in 1979, with the passage of Senate Bill 76. From late 1979 to April 30, 1982, thousands of Montana water
users submitted claims describing how water was historically used on their land.
I began working for the DNRC’s Water Rights Bureau in 1981. My main job was assisting water users in the claim-filing
process. Part of that assistance included assuring claimants that the process was going to be speedy and painless. I, along
with my colleagues, told water users the adjudication process would take at most 5-10 years. We were wrong.
I don’t believe that those water users would have been pleased to know that, over 30 years later, many of their claims
would still not be adjudicated, and that I would be writing about, “Preparing for the Adjudication”.
Obviously, I, along with many others, misinformed those people 25 years ago since the adjudication has taken longer than
anyone anticipated. However, I believe the unexpected length of the process is not the result of a dysfunctional bureaucracy or water court. I believe current procedures, particularly those in place since the claim examination rules came into use
in 1991, are going to result in the accurate and fair adjudication that was originally envisioned.
The problem lies with the unrealistic expectations that existed at the outset of the adjudication. The fact is Montana’s water right records as of the 1970’s, to the extent that any record really existed, were outdated, inaccurate, and typically inflated. The journey to administrable decrees has simply been much longer and more difficult than most folks acknowledged in the run-up to the adjudication.
Hindsight is 20-20…But I have found at least one commentator who realized what the state was up against when it took on
the task of adjudicating its water rights. State Engineer Archie Mahon described the status of water rights in Montana
as…“an indiscriminate scramble for water rights without regulation or even an intelligent idea of what they really require.
The county records become littered with filings of unknown value or validity…There is no regulation, no supervision and no
protection to anyone. Our present recording system is farcical.”
The quote accurately characterizes water rights in Montana going into the 1970s. What I find fascinating is that the quote
is from the 5th Biennial Report of the State Engineer, published in 1912. Still, it wasn’t until the Water Use Act was passed
60 years later, in 1973, that Montana established a water right permit system and began the process of creating order out
the chaos that Mr. Mahon complained of in 1912. The backlog of issues only continued to build in the intervening years.
The adjudication is taking a great deal of time because it is taking on a huge problem, or perhaps more accurately, thousands of problems which have built up over an even longer period of time.
It could be argued that the adjudication is the most significant allocation of a natural resource that the State of Montana
has ever undertaken. Nearly all water use in the state still has its basis in pre-1973 appropriations, and that is the water
use the adjudication concerns itself with. Before it is done, the adjudication will visit every corner of the state and involve
nearly 80,000 parties.
Here is a quick inventory of data sources that may be useful as you enter into the adjudication of your water rights.
The most readily available source of information would be several of the historical data sources used by Water Rights Bureau claim examiners, such as the circa 1979 series of USDA aerial photography that was flown across much of the state
and the Water Resource Surveys that were conducted in most Montana counties during the period from 1950 to 1973. The
surveys were conducted by the State Engineer’s office, a precursor of the DNRC. Both of these data sources provide information about ditch locations and irrigated lands. Water Resource Survey maps and field notes can, in fact, now be viewed
online at the DNRC website (http://dnrc.mt.gov/divisions/water/water-rights/records-unit/survey-books). In and of
themselves, the surveys and ‘79 series of photos are good first steps toward gaining an understanding of historic water
use and evaluating the accuracy of your water rights claims.
However, stopping with those two data sources will not take you much beyond the level of analysis that DNRC claim examiners will or have already conducted. I suggest also obtaining older aerials to get another snapshot in time of historic irrigation. I also suggest obtaining more recent aerial photographs to determine if there have been any expansions of irrigated ground beyond the historic scope of the rights.
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Preparing for the Adjudication, cont.
In many cases, the water use infrastructure, such as headgates and ditches, speaks for itself as evidence of the fact and extent of irrigation. Flood irrigations systems are all about topography, and topography does not typically change. However,
many of Montana’s historic ditches and headgates have been discarded or altered in the process of a conversion to pump
and sprinkler systems. In order to successfully protect the underlying water right, particularly the evidence of its historic
origin and claimed priority date, those features should, to the extent possible, be preserved. If it is for some reason necessary to take out an old diversion or fill in a ditch, document their existence and their location photographically before doing so.
Perhaps the most obvious source of historic information regarding historic water use is becoming increasingly difficult to
find--namely, the party who actually conducted or closely observed the historic irrigation on your land. Historic water use,
for purposes of the adjudication, is defined as water use pre-dating July 1, 1973. That is now more than 33 years into the
past. Many times, historic owners of a property have by now either passed away or have moved elsewhere. Don’t limit
your search for eyewitnesses to previous property owners. On many properties, irrigation may have been done by a hired
hand or a ranch manager. Ask around locally to find out who might have worked on a property.
Finally, my last recommendation has to do with how your information is presented. The claims filed between 1979 and
1982 were rarely professionally prepared and were submitted with much less understanding of what kind of information
was needed than we now have. Maps, which are critical to a claim examiner, were typically hand drawn and very uneven
in quality. Simply by providing the DNRC with a good, readable map, you will have made the claim examiner very happy.
Don’t forget the neighbors. A very challenging and frequently overlooked aspect of the adjudication is the problem presented by the competing claims filed by the friends and neighbors that use the same water source as you. Those competing
claims are ignored at your peril. Even if all the necessary corrections and improvements are made to your claims, and you
have the good fortune to have your claims sail smoothly through the adjudication process, it can all be for nothing if inflated claims filed by one or more competing water users go unchallenged.
The bottom line is that a lack of past water disputes should not be allowed to lull your client into what could be a false
sense of security.
In many basins, agencies such as the BIA, Forest Service, Bureau of Reclamation and hydropower water right holders such
as Avista and PPL actively object to nearly all problematic claims, or at least those identified as such through the DNRC
claim examination process. You will frequently hear these objectors referred to in the jargon of the adjudication as
“institutional objectors”. If your claims receive objections from these entities, their participation may seem unwelcome.
However, because their participation in the process includes filing objections to the claims you are competing with, their
participation makes it possible for you to be more selective and targeted when objecting to competing claims and to focus
more effort on protecting your own water rights.
Finally, the last legislature established that all claims with issue remarks affixed to them through the DNRC’s claim examination process must be called in by the Water Court. In theory at least, all inflated claims will be addressed and reduced,
and you need not be overly concerned about the claims filed by competing water users.
In combination, DNRC claim examination, the participation of institutional objectors, and the new provisions regarding
calling in issue remarks should prevent the most egregiously inflated claims from surviving the adjudication. Nonetheless,
you should seriously consider objecting to any competing claims that would directly affect you. The DNRC claim examination process is not perfect. Problematic claims can be overlooked. Institutional objectors might not drive as hard a bargain
with a competing claimant as you, as someone who stands to be affected most directly, might. And issue remarks called in
by the Water Court will not include any adverse parties. So notwithstanding the just described safeguards, the only way to
make certain your rights are protected is for you to participate in the process as fully as the value of your water rights will
justify.
Even after all the water rights in Montana have been the subject of a preliminary decree by the Montana Water Court,
there will continue to be water disputes far into the foreseeable future. Indeed, after 30 years of adjudication, and with
apologies to Mark Twain, it seems safe to say that “Whiskey is for drinking, water is for fighting”, and Water Court is forever.
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The World’s Largest Canal Lining Project
Author: William Johnson, Firestone Building Products Company,
250 West 96th Street, Indianapolis, Indiana 46260, (317) 575-7252, johnsonbill@firestonebp.com
The Australian Trangie-Nevertire Irrigation Scheme (TNIS) serves 90 farms covering a total land mass of 101,984
hectares (251,900 acres) with the project irrigating approximately one 10th of that total. Crops grown under irrigation in
the TNIS include grains, cotton, oil seeds, wheat, pasture, lucerne and vegetables, with an annual irrigated agricultural production of $35AU million.
The TNIS project, has its beginning in the mid 1960s with 240 kilometres (149 miles) of irrigation canal, was builtout in 1970 at a cost of $AU 1.1million. The first commercially available water began flowing in 1971. The main canal is 108
kilometres (67 miles) long, with 35.5 kilometres (22 miles) of subsidiary delivery canals. In the mid 2000’s, the TNIS traded
water entitlements that were to be conserved by this planned modernization and received $115AU million to upgrade their
irrigation-delivery system from the Federal Government's PIOP (Private Irrigation Operators Program). The TNIS modernization project was 10 years in the planning with the cooperation of the Australian government and the team reviewed canal lining options, information and experience from around the world.

A Premier Global Canal Lining Project

TNIS Chairman Jim Winter says, "Reconstruction and lining much of the channel system was an integral part of
saving water from seepage and other in-stream losses. After trials we chose Firestone rubber lining, an EPDM membrane,
because of the speed at which it could be installed, the local support and a great warranty. It's the largest undertaking for
this type of project any where in the world by Firestone, and has already achieved beneficial outcomes for the farmers and
the environment."

Upgrading for Water Use Efficiency and Sustainability












Trangie-Nevertire Co-operative Limited acquired funding under the Australian Government’s Private Irrigation Infrastructure Operators Program (PIIOP) by trading water for on-project construction work. $AU 115,000,000 was granted, anticipating significant seepage reduction from the historic losses this project has experienced, and from improved
water management driven farm productivity.
Project Brief: Construction of a secure 250km (155 miles) stock and domestic pipeline system, plus modernization and
rationalization of project irrigation canals – notably the re-shaping and lining of nearly 160kilometers (99.4 miles) of
water delivery canals.
The final canal lining choices for long-term seepage elimination were pared down to Firestone 45 mil GeoGard EPDM
geomembrane and a cement polymer system. Two ~6000 square meters (1.48 acres) installation trials were conducted
in April 2011. Lining Solutions, an Australian distributor of Firestone GeoGard EPDM membrane teamed with installation agents Irribiz, successfully establishing Firestone GeoGard EPDM geomembrane as the product chosen to complete
the canal modernization. The rubber liner was chosen for its high speed of installation, local product support and the
backing of its multi-national manufacturer, including a twenty year product warranty.
Through tender Macmahon Adasa Joint Venture were selected as prime contractor, completed design and began construction in March 2012. The first lining was done by Irribiz in May 2012.
Phase one of the multiphase installation continued into 2013 with lining installation teams achieving up to 20,000
square meters (4.94 acres) installed per day. Special methods and tools were developed in keeping with the manufacturer’s installation specifications, the massive scale of this project and the aggressive installation deadlines.
Lining Solutions developed and implemented a unique construction quality assurance (CQA) program. This inspection
program was employed to insure that the entire system facilitates the timely installation of the geomembrane and
maintains the product warranty. These inspection duties comprise consultation and monitoring of all parties
(principal, earthworks and subcontractors) – regarding design, specifications and quality assurance requirements, testing and reporting.
Based on experience, the farmers chose to erect an electric fence to protect these lined canals from kangaroos, wandering livestock and other large animals.
The plan for modernization, in particular the transformation of these earthen irrigation canals to efficient lined water
transmission conduits, is proving to be an evolutionary transition. The TNIS project is moving from 40 years of an unpredictable water supply in the Trangie Nevertire district, to a water transmission system that ensures a sustainable
future for this vital agricultural area of Australia.
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The World’s Largest Canal Lining Project, cont.
TNIS Statistics









Number of farms served – 90
Area served (total acreage of properties) – 101, 984 hectares (249.6 acres)
Irrigated area – 21,540 hectares (53,226.3 acres)
Length of main canal – 209k meters (129.87 miles)
Subsidiary delivery canals – 35.5 kilometers
Crops grown under irrigation – coarse grains, cotton, oil seeds, wheat, pasture, lucerne and vegetables
Annual additional production attributable to irrigation on this project – $35 million
Total cost of construction of project in 1971 – $AU 1.1 million

TNIS Summary

The Australian Trangie-Nevertire Irrigation Scheme (TNIS) services an area of 125,000 hectares (308,880 acres), of
which approximately 17,000 hectares (42,008 acres) has an integral irrigation infrastructure. The TNIS project services
over 90 properties, with 66 holding a general security water access license and an additional 21 high security stock and
domestic water licensees.
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NEW AQUALASTIC APPLICATOR IN MONTANA
Submitted by, Jill Carding-Winfield
Shotcrete Montana has offered its services to Hydro Consulting LLC, the owners of AquaLastic, to become
an applicator of the AquaLastic Canal Repair System in Montana.
By the Fall of this year, Shotcrete Montana will be fully equipped and trained to install AquaLastic throughout the State.
The company’s already considerable presence in the State means that AquaLastic products can be applied
more cost-effectively because applicators no longer have to travel from out of State.
AquaLastic applications range from crack sealing to total surface coverage. It can be used on concrete, metals
and other materials. AquaLastic has now been applied to over 18 million feet of canal in the USA. It’s unique
formula, developed in the USA, brings extreme elongation, adhesion and strength and provides for longerterm solutions.
Enquiries to Shotcrete Montana on 406-328-7344.

WATER DELIVERY SYSTEM STUDY AVAILABLE IN MONTANA
Submitted by, Jill Carding-Winfield
Rubicon Water is offering its Scoping Study to irrigation districts and companies in Montana.
The Scoping Study determines whether the Rubicon water control technology can cost-effectively improve
water delivery systems.
The Rubicon technology is already showing positive results in other States. For example, at Oakdale Irrigation District in California, around 1700 acre feet of water is being saved from just one 8 mile lateral.
General Manager, Damien Pearson said: “This is a no obligation study that is carried out at no charge. The
study looks at the current system and historical data and determines how it could be improved for efficiency
of water delivery and usage.”
Rubicon Water has developed a strong engineering and support team in the USA. Its technology was instrumental in improving water efficiency during Australia’s major drought years and continues to be an integral
part of Australia’s agricultural economy today.
Montana Irrigation Districts that are interested in a Scoping Study should contact;
David Bridge on 970-685-1639, or Jill Carding on 509-467-8487.
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SMITH LAKE DAM REHABILITATION
Submitted by: Paul Sanford, PE, CFM
Allied Engineering Services, Inc.
Smith Lake Dam is located in Flathead County approximately 7.5 miles northwest of Whitefish within the
Stillwater State Forest. The lake is located a half mile north of the north end of Whitefish Lake. The 125 feet
long earthen dam was constructed in 1937 and increased the size of the natural lake from 5 acres to roughly
19 acres. The resulting reservoir provided a research and fish rearing facility for the Montana Fish and Game
Department (now FWP). Fishery activities were abandoned in the 1960’s. In 1958 the original wooden outlet
structure was replaced by a 5-feet wide, 10-feet tall concrete spillway located in the middle of the embankment. The dam was classified as high hazard in 2000, and a short time later DNRC took temporary actions to
lower the dam’s risk including removal of several stop logs in the spillway to reduce reservoir storage. These
actions were required until the dam could be brought in compliance with dam safety requirements that included adequate spillway capacity and embankment stability.
Dam rehabilitation was funded by an RRGL Grant (House Bill 7 of the 61st Legislature) and a Future Fisheries
Administrative Appropriation through the Montana Department of Fish Wildlife and Parks. In 2010, DNRC
completed a preliminary dam rehabilitation design for the preparation of the RRGL grant application.
In late November 2011, Allied Engineering Services, Inc. (AESI) was contracted by DNRC to complete final design for the rehabilitation of the dam. The scope of work included a design report, plans and specifications for
the project. Major elements of the design included: removal of the existing concrete outlet structure, broadening the crest to 12 feet, flattening the downstream embankment side slopes, raising the crest of the dam 2.5
feet, and installation of a rock-lined spillway into the natural ground east of the dam. A snow free site allowed
AESI to complete topographic survey, site reconnaissance, and geotechnical explorations in late 2011 which
allowed for design and construction in 2012.
In addition to bringing the dam into compliance with dam safety requirements, the rehabilitation project restored opportunities for recreation at the family-friendly mountain lake, preserved the fishery, and provided
habitat for several bird and animal species. This project required some excellent interagency cooperation and
coordination to progress to successful completion. It should be noted Nicole Stickney a Special Uses Forester
with DNRC’s Stillwater Unit was a key individual in managing and supporting this effort. Thanks goes out to
all those that helped make this project a success including:
 DNRC Trust Land Staff: Brian Manning, Nicole Stickney, and Tony Nelson;
 DNRC Water Resource Staff: Marc Pitman, Michelle Lemieux, John Sanders, and Larry Schock;
 DNRC Resource Development Bureau: Robert Fischer;
 FWP Future Fisheries: Mark Lere and Mark Deleray; and
 Glacier Excavating, Inc.

Embankment and Concrete
Spillway in late 2011 before
rehabilitation.

Concrete Spillway (5-ft wide, 10ft tall) with flashboards removed
to reduce dam safety concerns
prior to rehabilitation.

Embankment being filled after
removal of concrete spillway.

Rehabilitated embankment
and new rock-lined spillway
in September 2012.
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Installation of polypropylene liner
on new spillway. Dewatered
reservoir in background.

Please Contact: Ted Zanto (406)532-7118 ted.zanto@truenorthsteel.com www.TrueNorthSteel.com

MADCS
P. O. Box 6472
Helena, MT 59604-6472
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