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EXECUTIVE SUMMARY

Optimization Background
The U.S. Environmental Protection Agency’s definition of optimization is as follows:
“Efforts at any phase of the removal or remedial response to identify and implement specific
actions that improve the effectiveness and cost-efficiency of that phase. Such actions may also
improve the remedy’s protectiveness and long-term implementation which may facilitate progress
towards site completion. To identify these opportunities, regions may use a systematic site review
by a team of independent technical experts, apply techniques or principles from Green
Remediation or Triad, or apply other approaches to identify opportunities for greater efficiency
and effectiveness.”1
An optimization review considers the goals of the remedy, available site data, conceptual site model
(CSM), remedy performance, protectiveness, cost-effectiveness and closure strategy. A strong interest in
sustainability has also developed in the private sector and within Federal, State, and Municipal
governments. Consistent with this interest, optimization now routinely considers green remediation and
environmental footprint reduction during optimization reviews.
An optimization review includes reviewing site documents, interviewing site stakeholders, potentially
visiting the site for one day and compiling a report that includes recommendations in the following
categories:
•
•
•
•
•

Protectiveness
Cost-effectiveness
Technical improvement
Site closure
Environmental footprint reduction

The recommendations are intended to help the site team identify opportunities for improvements in these
areas. In many cases, further analysis of a recommendation, beyond that provided in this report, may be
needed prior to implementation of the recommendation. Note that the recommendations are based on an
independent review, and represent the opinions of the optimization review team. These recommendations
do not constitute requirements for future action, but rather are provided for consideration by the EPA
Region and other site stakeholders. Also note that while the recommendations may provide some details
to consider during implementation, the recommendations are not meant to replace other, more
comprehensive, planning documents such as work plans, sampling plans and quality assurance project
plans (QAPP).
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Site-Specific Background
The French Gulch/Wellington-Oro Mine Site is located near the town of Breckenridge in Summit County,
Colorado. Environmental contamination of surface water, groundwater, soil and sediment at the site
resulted from mining activities dating to the 1880s. Site investigations have concluded that the
underground workings (tunnels, adits, drifts, stopes and crosscuts) of the site constitute the largest source
of metals loading to groundwater and surface water. An on-site seep, FG-6C, is the primary conduit of
mine pool water into French Gulch. The surface water and groundwater remedy consists of the water
treatment plant (WTP), which treats acid rock drainage (ARD) collected by pumping FG-6C. The WTP
removes zinc and cadmium from FG-6C to improve surface water quality in French Gulch and the Blue
River.

Summary of CSM
The CSM for the French Gulch/Wellington-Oro Mine Site was not reviewed as this optimization review
focuses on the operations of the WTP.

Summary of Findings
Key findings from this optimization review include:
•

Water from FG-6C flows year-round at a rate of approximately 50 gallons per minute (gpm). FG6C water is pumped from a pump box/diversion weir to a 9,000-gallon feed buffer tank at a
maximum rate of approximately 150 gpm for flow equalization and short-term storage. Any flow
in excess of 150 gpm entering the pump box flows over the weir directly to French Gulch without
treatment.

•

Reagents used in the WTP include sodium hydrosulfide (NaHS), soda ash (Na2CO3) and
flocculent.

•

Since startup in 2008, the WTP has experienced a series of mechanical problems (primarily
associated with the filters); these problems have caused frequent and extended periods of
shutdown and failure to meet the effluent standards for discharge to surface water. During 2012,
the WTP recycled partially-treated (99+ percent zinc removal) effluent to the mine for
approximately 50 percent of the time it was operating.

•

The pressure filters do not appear to have adequate controls or back flushing capabilities for
proper upkeep of the media. Back flushing water is supplied from the effluent of other filters in
operation rather than from a dedicated supply pump; this approach cannot provide enough flow to
achieve effective back washing.

•

The WTP building is compact and access around the equipment is severely constrained. In
addition, during the site visit, the interior space was cluttered with spare parts and miscellaneous
materials that were stacked due to a lack of storage space.

•

During the site visit, the WTP building appeared to be poorly insulated and to have inadequate
ventilation. The ambient air in the WTP has low levels of hydrogen sulfide (H2S) from the
process units.
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•

The WTP control system is a proprietary system provided by BioteQ Environmental
Technologies, Inc. (BioteQ); this requires WTP staff to contact BioteQ whenever any system
change is needed.

•

There are level sensors on the tanks. However, during the site visit, there did not appear to be
adequate local indicators for operators to be aware of the conditions in the tanks and of the
processes to quickly monitor operating conditions. Therefore, tank levels are often unknown until
overflows occur.

•

The WTP typically operates at less than 50 percent of capacity and could treat ARD from
additional seeps if they were identified.

•

The WTP cannot meet the zinc standard (0.225 milligrams per liter [mg/L]) without filtration.

•

Total annual operating costs (including equivalent labor costs) are $260,000. The major cost
components are $104,000 for labor (using typical, standard loaded operator labor rates); $80,000
for maintenance/subcontractors; $41,500 for chemicals; $24,500 for utilities; and $10,000 for
laboratory analyses. The maintenance costs are extremely high and represent a system that has
ongoing, non-routine operating problems associated with the filters, soda ash addition and the
overall building condition.

Summary of Recommendations
The following recommendations are provided to improve remedy effectiveness, reduce cost and provide
technical improvement:
Improving effectiveness:
•

Consider alternative filters or improve existing filters:
o

Consider retrofitting bag type filters to replace the existing pressure media filters to
reduce overall operator time associated with filter maintenance and allow the WTP to
operate at a much higher percent up-time. A simple test of bag filter capacity can be
performed to determine how frequently the bags would have to be replaced. If bag
replacement is infrequent, bag filtration will be more cost-effective than the multi-media
filters (with associated backwash and associated maintenance). A pilot test using a small
capacity filter could be conducted for approximately $5,000. If the pilot test indicates that
adequate metals removal can be achieved with reasonable bag filter use (for example
replacing the bag filters weekly or less frequently), conversion to a four-plex bag filter
system could be accomplished for approximately $30,000.

o

If the existing filters are kept in service, several improvements should be considered:




Provide individual differential pressure monitors on each filter.
Install a pressure indicator upstream of the existing pressure maintaining valve to
help ensure that the valve is operating correctly.
Consider adding orifice plates in the effluent lines from each filter for better flow
distribution between the filters.
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•

Consider soda ash system changes:
o

•

Consider having a standby skid of four filters that are already charged with the
media; these would be available for immediate replacement if the inline filters
become clogged and require media replacement.
Consider adjusting the pH after (rather than before) the filters. This may reduce
the potential for clogging the media.
Continue using muriatic acid to clean the filter media on a routine basis.

Consider using sodium hydroxide (NaOH; caustic soda) as an alternative for pH control
throughout the process. The existing soda ash system is a constant source of mechanical
problems related to pipe clogging or scaling. Also, daily flushing with hot water requires
considerable labor and energy expense. Adding a caustic soda system would include a
drum feed system and metering pumps. The existing soda ash solution piping could be
used to feed caustic soda. The cost for furnishing and installing a caustic soda feed
system would be approximately $10,000.

Develop a plan for meeting standards at the point of compliance:
o

Determine if treating FG-6C is improving water quality in French Gulch and the Blue
River and to what degree based on surface water sampling results.

Reducing cost:
•

Provide natural gas service for heating. Natural gas heating would offer savings of approximately
80 percent compared to propane. The cost to provide service to the WTP should be investigated;
with long-term WTP operation likely, even a $25,000 or higher cost for a 5-year plus payback
period would be worthwhile.

Technical improvement:
•

•

Improve tank level controls:
o

Consider retrofitting the filter feed and backflush tanks with magnetic float type sight
glass level indicators to allow the operators a visual local indication of tank levels.

o

Consider keeping the feed buffer tank in service during routine operation for surge
dampening.

Improve building ventilation to reduce hydrogen sulfide (H2S) fumes:
o

Consider modifying the ventilation system to bring outside air into the control room and
electrical room and discharge into the operations area to protect electrical gear.

o

Consider installing individual in-line exhaust fans in the vent lines from each process unit
currently leaking H2S fumes to ensure a slight negative pressure in the headspace over
each unit. These vent lines would then feed the existing H2S scrubber system.
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•

o

Consider using nitrogen in the sodium hydrosulfide (NaHS) storage tank as originally
designed. This tank is likely the major source of H2S fumes.

o

Consider improving heating in the chemical storage areas (insulating of the overhead
door was completed in the winter of 2013).

Standardize controls, maintenance, and parts:
o

Make immediate efforts to use standard, readily available equipment wherever possible
and add or stock redundant parts. A high portion of operation and maintenance (O&M)
cost is for maintenance including subcontracted services and parts. In addition, the WTP
downtime is excessive.

o

Make programming and engineering changes to automate the plant to switch from
“discharge” mode to “recycle to mine” mode. Operators currently manually change the
position on two valves when the plant goes out of compliance (pH primarily) to send
water from the discharge back to the feed buffer tank and to the mine. The “recycle to
mine” option would allow the WTP to operate while the problem is resolved instead of
shutting whole process down.

o

Consider converting the control system to commercially available control software that
could be serviced or modified by local control system integrators and implement the
proposed control change to include automated recycle to the mine to improve system
operation.

o

Standardize process equipment and chemical feed and control components (pumps,
probes, flow meters, level sensors, pressure sensors and switches, mixers) as feasible and
or have spares readily available. For example, the oxidation-reduction potential (ORP)
probes are indicated to be installed in a “hot tap assembly” for insertion and removal
from a full tank. Consideration should be given to providing a “hot-swappable”
arrangement so that another ORP probe can be immediately available at each location for
change out with the actively installed probe. This allows immediate and quick
replacement with no loss of signal.

Site closure:
No site closure recommendations are provided. The WTP operation is expected to continue indefinitely if
it is determined that treating FG-6C water is effective in meeting the site’s remedial action objectives
(RAO). If treating FG-6C (and potentially adding a similar ARD source to be determined) is shown to
have little or no effect on French Gulch and Blue River, continued long-term operation of the WTP
should be reconsidered and source control alternatives should be re-examined.
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NOTICE
Work described herein including preparation of this report was performed by Tetra Tech for the U.S.
Environmental Protection Agency under Work Assignment #2-58 of EPA contract EP-W-07-078 with
Tetra Tech, Inc., Chicago, Illinois. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.
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PREFACE
This report was prepared as part of a national strategy to expand Superfund optimization from remedial
investigation to site completion implemented by the EPA Office of Superfund Remediation and
Technology Innovation (OSRTI). The project contacts are as follows:
Organization
EPA Office of Superfund
Remediation and
Technology
Innovation
(OSRTI)

Key Contact
Kathy Yager

Tetra Tech, Inc.
(Contractor to EPA)

Jody Edwards, P.G.

Tetra Tech, Inc.

Doug Sutton, PhD, P.E.
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Contact Information
EPA
Technology Innovation and Field Services
Division (TIFSD)
11 Technology Drive (ECA/OEME)
North Chelmsford, MA 01863
yager.kathleen@epa.gov
phone: 617-918-8362
Tetra Tech, Inc.
1881 Campus Commons Drive
Suite 200
Reston, VA 20191
jody.edwards@tetratech.com
phone: 802-288-9485
Tetra Tech, Inc.
2 Paragon Way
Freehold, NJ 07728
doug.sutton@tetratech.com
phone: 732-409-0344
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1.0

1.1

INTRODUCTION

PURPOSE

During fiscal years 2000 and 2001, independent site optimization reviews called Remediation System
Evaluations (RSE) were conducted at 20 operating Fund-lead pump and treat (P&T) sites (i.e., those sites
with P&T systems funded and managed by Superfund and the States). Due to the opportunities for system
optimization that arose from those RSEs, the EPA Office of Superfund Remediation and Technology
Innovation (OSRTI) has incorporated RSEs into a larger post-construction complete strategy for Fundlead remedies, as documented in Office of Solid Waste and Emergency Response (OSWER) Directive No.
9283.1-25, Action Plan for Ground Water Remedy Optimization. Concurrently, the EPA developed and
applied the Triad Approach to optimize site characterization and development of a conceptual site model
(CSM). The EPA has since expanded the definition of optimization to encompass investigation stage
optimization using Triad Approach best management practices (BMP), optimization during design and
RSEs. The EPA’s definition of optimization is as follows:
“Efforts at any phase of the removal or remedial response to identify and implement
specific actions that improve the effectiveness and cost-efficiency of that phase. Such
actions may also improve the remedy’s protectiveness and long-term implementation
which may facilitate progress towards site completion. To identify these opportunities,
regions may use a systematic site review by a team of independent technical experts,
apply techniques or principles from Green Remediation or Triad, or apply other
approaches to identify opportunities for greater efficiency and effectiveness.” 1
As stated in the definition, optimization refers to a “systematic site review”, indicating that the site as a
whole is often considered in the review. Optimization can be applied to a specific aspect of the remedy
(for example, focus on long-term monitoring [LTM] optimization or focus on one particular operable unit
[OU]), but other site or remedy components are still considered to the degree that they affect the focus of
the optimization. An optimization review considers the goals of the remedy, available site data, CSM,
remedy performance, protectiveness, cost-effectiveness and closure strategy. A strong interest in
sustainability has also developed in the private sector and within Federal, State and Municipal
governments. Consistent with this interest, OSRTI has developed a Green Remediation Primer (www.cluin.org/greenremediation), and now routinely considers green remediation and environmental footprint
reduction during optimization evaluations.
The optimization review included reviewing site documents, visiting the site for one day and compiling
this report, which includes recommendations in the following categories:
•
•

Protectiveness
Cost-effectiveness

1
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•
•
•

Technical improvement
Site closure
Environmental footprint reduction

The recommendations are intended to help the site team identify opportunities for improvements in these
areas. In many cases, further analysis of a recommendation, beyond that provided in this report, may be
needed prior to implementation of the recommendation. Note that the recommendations are based on an
independent evaluation, and represent the opinions of the optimization review team. These
recommendations do not constitute requirements for future action, but rather are provided for
consideration by the EPA Region and other site stakeholders. Also note that while the recommendations
may provide some details to consider during implementation, the recommendations are not meant to
replace other, more comprehensive, planning documents such as work plans, sampling plans and quality
assurance project plans (QAPP).
The national optimization strategy includes a system for tracking consideration and implementation of the
optimization review recommendations and includes a provision for follow-up technical assistance from
the optimization review team as mutually agreed upon by the site management team and EPA OSRTI.
Purpose of Optimization at the French Gulch/Wellington-Oro Mine Site – Water Treatment Plant
(WTP)
Environmental contamination of surface water, groundwater, soil and sediment occurred at the French
Gulch/Wellington-Oro Mine Site as a result of mining activities. The surface water and groundwater
remedy consists of the water treatment plant (WTP), which treats acid rock drainage (ARD) collected at
the site by pumping a natural seep named FG-6C. ARD is acidic metal-laden water that results from
oxidation of metal sulfides in rock surfaces exposed to air and water. Mining activities often expose
previously buried mineralized rock to air and water initiating the generation of ARD. Acid mine drainage
(AMD) refers to ARD strictly from mine disturbance. For the purposes of this report, the more general
term ARD is used. The WTP removes zinc and cadmium from FG-6C in an attempt to improve surface
water quality in French Gulch and the Blue River.
The site was selected by the EPA OSRTI for optimization review based on a nomination from the EPA’s
Abandoned Mine Lands Team. The optimization review is focused on current WTP operational
effectiveness and efficiency. The optimization review includes discussion and evaluation of influent
sources, metals mass loading, discharge criteria, solids handling and an operating cost breakdown. Other
components of the site remedy are considered only as they relate to the WTP.

1.2

TEAM COMPOSITION

The optimization review team consisted of the following individuals:

Table 1: Optimization Review Team Composition
Name
Affiliation
Peter Rich
John Nemcik
Doug Sutton*
Carolyn Pitera*
*Did not attend site visit.

Tetra Tech, Inc.
Tetra Tech, Inc.
Tetra Tech, Inc.
Tetra Tech, Inc.
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Phone

Email

410-990-4607
720-931-9307
732-409-0344
703-390-0621

Peter.Rich@tetratech.com
John.Nemcik@tetratech.com
Doug.Sutton@tetratech.com
Carolyn.Pitera@tetratech.com

In addition, the following individuals from EPA Headquarters and the EPA Environmental Response
Team (ERT) participated in the optimization site visit:
•
•
•

1.3

Steve Dyment, EPA Headquarters
Gary Newhart, EPA ERT
Tom Kady, EPA ERT

DOCUMENTS REVIEWED

The following documents were reviewed in support of the optimization review. The reader is directed to
these documents for additional site information that is not provided in this report.

1.4

•

Quantification of Metals Loading in French Gulch, USGS, July 1996

•

Ecological Risk Assessment for French Gulch/Wellington-Oro Mine Site, EPA with Syracuse
Research Corporation, May 2002

•

French Gulch Engineering Evaluation/Cost Analysis(EE/CA) Fact Sheet, EPA/State of Colorado,
June 3, 2002

•

Action Memorandum, Victor Ketallapper, EPA, November 24, 2002

•

Action Memorandum Addendum #1, Victor Ketallapper, EPA, November 30, 2004

•

Applicable or Relevant and Appropriate Requirements Compliance Document, EPA and
Colorado Department of Public Health and Environment, July 13, 2005

•

Consent Decree, EPA and State of Colorado, 2005

•

Wellington-Oro Water Treatment Project Pre-Final Engineering Report, BioteQ/Lyntek, January
30, 2007

•

Record Construction Drawings of the WTP, Stantec Engineering, 2007

•

Operation and Maintenance Manual, BioteQ, February 14, 2009

•

Discharge monitoring reports and table, 2008-2012

•

Daily reports, 2012

•

Town of Breckenridge cost data, 2008-2012

QUALITY ASSURANCE

This optimization review utilizes existing environmental data to evaluate remedy performance and to
make recommendations to improve the remedy. The quality of the existing data is evaluated by the
optimization review team before the data are used for these purposes. The evaluation for data quality
includes a brief review of how the data were collected and managed (where practical, the site QAPP is
considered), the consistency of the data with other site data and the use of the data in the optimization
review. Data that are of suspect quality are either not used as part of the optimization review or are used
with the quality concerns noted. Where appropriate, this report provides recommendations to improve
data quality.
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1.5

PERSONS CONTACTED

The following individuals associated with the site were present for the site visit:
Table 2: Persons Contacted During Optimization Review
Name
Affiliation

Email

Joy Jenkins

EPA Region 8

jenkins.joy@epa.gov

Steve Dyment

EPA Headquarters

dyment.stephen@epa.gov

Gary Newhart

EPA Environmental Response Team (ERT)

newhart.gary@epa.gov

Liz Fagen

EPA Region 8

fagen.elizabeth@epa.gov

Tom Kady

EPA ERT

kady.thomas@epa.gov

Mary Boardman

Colorado Dept. of Health and Environment (CDPHE)

mary.boardman@state.co.us

Carl Johnson

Town of Breckenridge

carlj@townofbreckenridge.com

Gary Roberts

Town of Breckenridge, Public Works, Water Manager

garyr@townofbreckenridge.com

Dale Stein

Town of Breckenridge, Public Works, Assistant Engineer

dales@townofbreckenridge.com

Laura Lynch

Town of Breckenridge, Public Works, Assist. Water Manager

laural@townofbreckenridge.com

Brian Lorch

Summit County, Open Space & Trails Director

brianl@co.summit.co.us

The Town of Breckenridge operates the WTP, including all collection and conveyance systems and site
maintenance. Summit County funds the WTP operation jointly with the town. EPA and CDPHE oversee
WTP operation and EPA monitors site-wide environmental media.
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2.0

SITE BACKGROUND

This section is a summary based on information in the reviewed documents.

2.1

LOCATION

The French Gulch/Wellington-Oro Mine Site is located near the town of Breckenridge in Summit County,
Colorado. The site is located approximately 2.2 miles upstream, east of the confluence of French Gulch
and the Blue River. The Blue River is a Trophy Water trout stream and extremely important to the
economy of Summit County. The French Gulch valley includes several abandoned mine and mill sites,
the largest of which was the Wellington-Oro mining complex. The site location and a schematic of the
French Gulch water treatment plant (WTP) with surface water sampling locations are shown on figures
included in Appendix A.

2.2
2.2.1

SITE HISTORY
HISTORIC LAND USE AND FACILITY OPERATIONS

The majority of mining activities at the Wellington-Oro site occurred between the 1880s and 1930s; with
some mining continuing until the 1970s. During those periods, lead (Pb), zinc (Zn), copper (Cu), silver
(Ag) and gold (Au) ores were removed from over 12 miles of tunnels, adits, drifts, stopes and crosscuts,
approximately half of which are below the elevation of the groundwater table. A 100-ton per day gravity
mill operated at the site from 1908 until 1929 to concentrate Pb, Zn and pyrite. A 50-ton per day roaster
and magnetic separation plant removed iron (Fe) and sulfur from the Zn ores from 1912 to 1927, when it
was replaced by a more economical flotation mill.
The French Gulch valley floor was mined and dredged from the late 1850s to the 1940s, altering the
valley topography and leaving behind large piles of boulders, cobbles and gravel.
2.2.2

CHRONOLOGY OF ENFORCEMENT AND REMEDIAL ACTIVITIES

The EPA and the Colorado Department of Public Health and Environment (CDPHE) began investigations
to determine the nature and extent of contamination at the Wellington-Oro Mine site in the late 1980s. An
Engineering Evaluation/Cost Analysis (EE/CA) that focused on surface wastes containing elevated levels
of Pb and arsenic (As) was completed in 1998. Subsequently, the EPA issued an action memorandum and
administrative order to consolidate and cap the roaster fines, mill tailings and waste rock; and the work
was performed in 1999. A second EE/CA that focused on the impact of metals being released from the
site on the water quality in French Gulch and the Blue River was completed in 2002. This second EE/CA
concluded that the underground workings (tunnels, adits, drifts, stopes and crosscuts) of the site constitute
the largest source of metals loading to groundwater and surface water and that a natural seep, FG-6C, is
the primary conduit of mine pool water into French Gulch. Zn and Cd were identified as the primary
contaminants of concern (COCs).
In May 2002, EPA completed an Ecological Risk Assessment and subsequently issued an Action
Memorandum in November 2002 and Addendum #1 in November 2004 to address water quality issues at
the site. The actions stipulated in these documents, collectively referred to as the “Action Memorandum”
are non-time critical response actions referred to as “Water Quality Action” providing for the collection
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and treatment of water at seep FG-6C. Removal actions and other stabilization measures were completed
at several of the other mine sites in the French Gulch valley in the 2000s.

2.3

POTENTIAL HUMAN AND ECOLOGICAL RECEPTORS

Dissolved metals in surface water in French Gulch downstream of the Wellington-Oro mine complex,
especially Zn and Cd, are acutely toxic to fish and invertebrates. Concentrations of metals exceed
benchmark levels in sediment associated with toxicity to benthic invertebrates. Groundwater is not used
for potable purposes in the area, and past studies and risk assessments have not identified any significant
human health risks.

2.4

EXISTING DATA AND INFORMATION

2.4.1

SOURCES OF CONTAMINATION

Drainage from flooded underground mine workings and seepage of leachate from surface tailings and
mine waste piles are groundwater contaminant sources which in turn are the source of metals loading into
French Gulch and the Blue River.
A 1996 United States Geological Survey (USGS) tracer test study concluded that the largest metals
loading to French Gulch was from springs affected by drainage from the Wellington-Oro mine where the
Bullhide Fault crosses the stream. Conflicting information exists regarding the relative contribution of
surface leaching of metals from the mine waste rock, roaster fines and mill tailings. The site team is
currently conducting studies to determine the relative contributions of the various sources.

2.4.2

GEOLOGY SETTING AND HYDROGEOLOGY

Local geology is comprised of bedrock ore with mineralized veins and metamorphic deposits associated
with the historical lode mining at the site, which contributes to the generation of ARD and the other
contaminant source materials listed in Section 2.4.1. Several north to northeast trending faults cut through
the site area, including the Oro Fault Block, Wellington Fault Block, Great Northern and "J" Faults,
Bullhide Fault and the 11-10 Fault.
At the western limit, the water level in the mine is above the level of French Gulch resulting in water
discharges from the mine to the valley: (1) through faults and fractures that discharge to the alluvium; (2)
as shallow alluvial groundwater flow; and (3) in the form of a series of springs which discharge minepool water all year round and intermittent springs located in dredge tailings piles that line the French
Gulch valley floor.
Detailed discussion of the geology and hydrogeology of the site is beyond the scope of this review.

2.4.3

SOIL CONTAMINATION

Discussion of soil contamination at the site is beyond the scope of this review.
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2.4.4

SOIL VAPOR CONTAMINATION

No soil vapor contamination is expected because the site contaminants are ARD-related and do not
include volatile organic compounds.

2.4.5

GROUNDWATER CONTAMINATION

Groundwater impacted by ARD including metals negatively impacts the surface water quality in French
Gulch. The low pH typically associated with ARD is largely neutralized by limestone in the area. The
detailed nature of the groundwater flow and its interaction with surface water are beyond the scope of this
review.
Groundwater discharging at FG-6C is a key contributor to surface water contamination in French Gulch
and the Blue River at the confluence with French Gulch. The percentage contribution from FG-6C has not
been determined. The mass of Zn from the FG-6C seep is approximately 89 pounds per day (based on
approximately 48 gallons per minute [gpm] at approximately 154 milligrams per liter [mg/L] Zn
[averages from December 2008 to January 2012 discharge monitoring reports (DMRs)]).
2.4.6

SURFACE WATER CONTAMINATION

Surface water drainage through the French Gulch valley flows from east to west, discharging to the Blue
River. The Blue River then flows north for 10 miles, discharging to the Dillon Reservoir near the town of
Frisco.
Surface water in French Gulch downstream of the Wellington-Oro mine and in a portion of the Blue
River downstream of the mouth of French Gulch is impacted by levels of Zn and Cd that are toxic to
aquatic life.
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3.0

DESCRIPTION OF PLANNED OR EXISTING REMEDIES

The purpose of the Wellington-Oro Mine WTP is to treat a portion of the ARD collected at seep FG-6C,
which is considered to be the main contributor of acid mine seepage in the area. The treatment objective
is to reduce the Zn and Cd levels to the required effluent limits before discharging the effluent to French
Gulch. The water treatment process consists of a metal precipitation and recovery circuit where inorganic
sulfide is used as the precipitating agent. The WTP equipment components include a feed buffer tank, two
contactors, a flocculation tank, a sludge conditioning tank, a clarifier, a filter press, a filter feed tank, four
granular media pressure filters and a backflush tank. The process configuration is shown in a Process
Flow Diagram included in Appendix A.
The following sections describe water collection and WTP features and operations.
3.1.1

COLLECTION

Seepage from FG-6C is collected by an underground drain system and flows to the pump box/diversion
weir. From there it is pumped to the feed buffer tank in the WTP at a maximum rate of approximately 150
gpm. The feed buffer tank has a capacity of 9,000 gallons and provides some flow equalization and shortterm storage of the feed water. If the plant is down for any reason, the water from the pump box can be
pumped (“recycled”) back to the mine. Any flow in excess of 150 gpm entering the pump box flows over
the diversion weir directly to French Gulch without any treatment. The FG-6C seep flows year-round at a
rate of approximately 50 gpm.
3.1.2
3.1.2.1.

WATER TREATMENT PLANT
Chemical Additions

Reagents used in the WTP include sodium hydrosulfide (NaHS), soda ash (Na2CO3), and flocculent.
NaHS is delivered as a 35-44 percent solution and Na2CO3 and flocculent are prepared as solutions from
dry reagent of strength suitable for plant operation. Although the use of nitrogen was included in the
original design to minimize the release of hydrogen sulfide (H2S) into the atmosphere, that element of the
system was never constructed. All reagents are metered to the process using automated control systems.
3.1.2.2.

Sludge Conditioning Tank, Contactors and Clarifier

The feed water is pumped to contactor TK-201 and flows by gravity to the second contactor, TK-200.
Each contactor has 1,845 gallons of working volume. Sludge from the clarifier is returned to the sludge
conditioning tank where the NaHS is added. The NaHS reacts with the recycled sludge and is available
for reacting with the influent Cd and Zn inTK-201. The sludge conditioning tank effluent combines with
the raw influent in the contactors. In the contactors, Zn reacts with dissolved sulfide supplied by NaHS to
form insoluble zinc sulfide (ZnS) precipitate. The Cd and Pb present in the feed water are precipitated as
cadmium sulfide (CdS) and lead sulfide (PbS). The feed rate of sulfide reagent is set by the operator to
maintain the oxidation reduction potential (ORP) in a set range. Na2CO3 is added to the effluent of TK-
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200 to neutralize the acidity generated by the precipitation reaction. The rate of Na2CO3 addition is
automatically controlled using pH sensors.
The ZnS slurry flows out of the contactors by gravity to flocculation tank TK-203 where flocculent and
Na2CO3 are added. Na2CO3 can be added to increase the pH above 6.5 standard units (S.U.), which is the
minimum discharge pH criterion. The slurry then flows by gravity from the flocculation tank to clarifier
TK-205 to settle out the ZnS solids. The clarifier is 16 feet in diameter with 8-foot high sidewalls.
3.1.2.3.

Filtration, pH Adjustment and Discharge

The clarifier effluent flows by gravity to filter feed tank TK-501, which has a 650-gallon capacity.
Na2CO3 can also be added to TK-501 if the clarifier overflow pH is less than 6.5 S.U. Filtration is an
important final step in the process and is needed to meet the stringent discharge permit limits for Zn and
Cd. The filter effluent flows to the clear well or directly to the discharge.
The four filters operate in parallel and there is no apparent means for controlling the rate through any
given filter (rate of flow control valve or orifice plates). When the filters are returned to service following
a backwash there may be some minor maldistribution of flow, however, this probably is not a major
drawback. Granular media filters operate most effectively when their flow rate is equally distributed.
Excessive flows tend to prematurely blind the upper portion of the filter media resulting in shorter filter
runs and a need for more frequent backwashing. The filter effluent flows by gravity through an 8-inch
diameter high-density polyethylene (HDPE) outfall pipe to one of two injection wells installed in gravel
adjacent to French Gulch. The second injection well is used if the first injection well becomes plugged.
The final effluent flow meter is mounted in a vertical section of piping and full pipe flow is needed for
accurate flow measurement; this is achieved by a pressure sustaining valve. When the filters are not
functioning properly, the WTP is put in “recycle mode” with effluent pumped back to the mine pool. Zn
levels are typically approximately 1,000 micrograms per liter (µg/L) (99+ percent removed) without
filtration. Other operating modes are “emergency shutdown” when FG-6C water is pumped directly to the
mine pool and “offline” mode when FG-6C water overflow and discharges to surface water.
One filter is backflushed (or backwashed) at a time each day while the other three remain in service. Each
filter is sequentially backflushed until all have been cleaned. The filtered effluent from the three filters in
service is diverted to the one filter being backflushed. The flow rate of backflushing is the WTP flow rate
at that time, but a flow-limiting valve installed on the backflush discharge line limits the flow to 42 gpm.
If the WTP is running at 40 gpm, the backflush flow rate is 40 gpm.
Each filter has an area of 3.15 square feet (ft2). At a backflush flow rate of 42 gpm, the rise rate in the
media is 13.3 gpm/ ft2 of media. Typically, the recommended backwashing rate for multimedia filters is
18 to 22 gpm/ ft2. The lower rate available for these filters may not be cleaning the media effectively.
However, the WTP operators have observed that at flows above 42 gpm the anthracite media begins
washing out of the filters, so the backflush rate cannot be increased.
The backflush water discharges to the backflush tank which is sized to contain the volume from one
complete wash cycle for the four filters. A small capacity, air-actuated diaphragm pump returns the
content of the backflush tank to the contactors. Once the backflush tank is full, it takes considerable time
for the tank level to be drawn down to allow another backwash cycle to begin. Normally, this is not a
problem, unless the clarifier is upset and discharging high concentrations of suspended solids to the
filters. Much more frequent backwashing would then be required, but the existing system will not allow
it. Under this circumstance, the WTP would have to go into recycle mode until the clarifier operation is
improved.
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3.1.2.4.

Residual Solids

The ZnS solids collected in the clarifier are dewatered in a filter press (EQ-200) achieving a filter cake
with solids content of 35 to 50 percent weight (wt). The ZnS product is stored in one-ton plastic lined
sacks before being shipped to a smelter. The process generates no residuals that must be landfilled. The
process is intended to avoid Fe oxidation and precipitation since the presence of Fe in the final cake
product complicates the smelter’s operation.

3.2

REMEDIAL ACTION OBJECTIVES AND STANDARDS

This site does not have a Record of Decision (ROD), so it does not have formal Remedial Action
Objectives (RAO) that would have been developed as part of a remedial investigation/feasibility study
(RI/FS) and then incorporated into the ROD. The remedy RAO as presented in the 2002 EE/CA fact sheet
is to limit the concentrations of dissolved Cd and Zn to 4.0 µg/L and 225 µg/L, respectively, in the Blue
River. The concentrations are temporary water quality standards set by the Colorado Water Quality
Control Commission and are also the remedy WTP discharge standards. The WTP only treats ARD from
one seep (FG-6C) and it has not operated effectively over a continuous period so that its effectiveness in
meeting the Blue River water quality standards cannot yet be evaluated. The Zn and Cd loading from
other sources are not known, however, they could be high enough that the WTP alone cannot meet the
stated objectives. Studies by the site team to determine if the RAO can be met by treatment of FG-6C
alone are ongoing (FG-6C is approximately 2 percent of French Gulch flow volume).
For this review, the optimization review team assumed that updated sampling data will show that treating
FG-6C groundwater has a positive effect to meet the RAO, thus the focus of this review is on improving
the WTP effectiveness.

3.3

PERFORMANCE MONITORING PROGRAMS

The Discharge Monitoring Reports associated with the site’s National Pollutant Discharge Elimination
System (NPDES) permit address requirements for:
•
•
•
•

Daily flow and pH measurements;
Weekly WTP effluent sampling with analysis for Cd, Zn and total suspended solids (TSS);
Monthly WTP effluent sampling and analysis for hardness, total dissolved solids (TDS); and
Quarterly WTP influent sampling with analysis for TSS, TDS, hardness, Cd, Zn and pH.

In the past, the site team had conducted influent sampling and analysis monthly instead of quarterly (they
switched to quarterly in January 2013). In addition, the site team collects monthly influent and effluent
samples for sulfate, Cu, Fe, manganese (Mg), nickel (Ni) and Ag analyses. Samples are also collected at
three surface water locations (BR1, BR2, FG-9 [see figure in Appendix A]) and analyzed for Zn and Cd
monthly.
In addition to the laboratory analyses above, the WTP operators maintain testing equipment on-site to
analyze influent and effluent daily for Zn, Fe and pH as indicators to provide immediate notification of
operating ineffectiveness. Samples at other process points are taken periodically. Additional surface water
sampling and analysis is conducted by others as part of continuing investigations of the sources of French
Gulch metals loading.
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3.3.1

TREATMENT PLANT OPERATION STANDARDS

The NPDES standards for discharging WTP effluent to surface water are listed in Table 3.
Table 3: Current WTP Effluent Limits
Parameter

From NPDES DMRs (30-day average)

Cd

4 µg/L

Zn

225 µg/L

Oil and Grease

10 mg/L

TSS

20 mg/L

pH

6.5 to 9.0 S.U.

When Zn and or TSS levels are above the effluent standards (or if any other parameter were above the
effluent standards), the WTP is put into recycle mode for discharge to the mine.
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4.0

CONCEPTUAL SITE MODEL

This optimization review focused on current ARD collection and WTP operations. Discussion of a CSM
including ARD sources, transport and fate are beyond the scope of this review.
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5.0

FINDINGS

The observations provided below are the interpretations of the optimization review team and are not
intended to imply a deficiency in the work of the system designers, system operators, or site managers,
rather they are offered as constructive suggestions in the best interest of the EPA and the public. These
observations have the benefit of being formulated based upon operational data not available to the
original designers. Furthermore, it is likely that site conditions and general knowledge of treatment have
changed over time.

5.1
5.1.1

GENERAL FINDINGS
WTP PERFORMANCE

Startup in 2008, the WTP has experienced a series of mechanical problems causing frequent and extended
periods of recycling of effluent to the mine pool. ARD or partially treated ARD has been diverted back to
the mine to avoid discharge of water directly from FG-6C. The primary mechanical difficulty appears to
be with the operation of the filters. These pressure filters do not appear to have adequate controls or back
flushing capabilities for proper upkeep of the media. Over relatively short periods of time, the media
becomes cemented together and must be replaced. Backflushing water is supplied from the effluent of
other filters in operation rather than from a dedicated supply pump. It is possible that inadequate
backflush flow is provided during winter months when the plant flow is below 40 gpm. The filter system
has been a continuous operational problem and is the primary reason for the WTP failing to meet the
effluent standards. Deficiencies in the backflushing system may be a contributing factor to the filter
problems.

5.1.2

WTP MAINTENANCE

The WTP building is compact and access around the equipment is severely constrained. The mixer motor
for the sludge conditioning tank (TK-220) is pressed against the underside of the ceiling of the building. It
will be a major problem for the operations staff to remove this mixer when service is needed. In other
cases, chemical feed pumps are located in building corners behind tanks, with limited access for
maintenance activities. There is no storage space in the building and spare parts and miscellaneous
materials are stacked throughout the building resulting in a cluttered and inefficient work environment.
The staff indicated that no additional buildings can be added on the site for storage or maintenance
because of zoning issues; however, the working conditions appear to be having a significant impact on the
ability of the staff to operate and maintain the building and its equipment effectively.
The process vessels and tanks are completely enclosed due to the need to contain fugitive H2S emissions.
As a result, the operators have limited information available concerning the operating conditions
occurring in the basins and tanks. Tank levels are often unknown until overflows occur. There are level
sensors on the tanks, but there did not appear to be adequate local indication for the operators to be aware
of the conditions in the tanks and processes to monitor the operating conditions quickly.
The building is poorly insulated and seems to have inadequate ventilation. The ambient air in the building
has low levels of H2S from the process units. Although the building is equipped with monitors and the
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level is maintained below the long-term exposure limits to H2S, air quality improvements should be
considered for human health and to minimize equipment corrosion.

5.1.3

WTP CONTROLS

The control system is a proprietary system provided by BioteQ Environmental Technologies, Inc.
(BioteQ), requiring the staff to contact BioteQ whenever any change in the system is needed. It seems that
it would be more efficient to convert the control system to commercially available control software that
could be serviced or modified by local control system integrators. There does not appear to be any benefit
at this stage in the life of the facility in continually relying on BioteQ to make changes to the system. The
proposed control change to include automated recycle to the mine would be useful to improve system
operation and BioteQ’s proposed costs are reasonable; however, the many months required to work with
BioteQ to implement this change exemplifies the inefficiency of the current situation.

5.2

ARD COLLECTION AND RECYCLING

The system typically operates at less than 50 percent of capacity and could treat ARD from additional
seeps if identified. Surface water data were not provided to determine how higher flow rates affect metal
concentrations in French Gulch. Based on the limited data available it appears that Zn concentrations in
FG-6C are higher during times of high flow.
The WTP cannot meet the Zn standard (225 µg/L) without filtration. At times, when filtration is not online and at other times, when the system is not meeting standards, discharge is diverted to the mine with
no discharge limits. Without the filters operating, the WTP typically removes Zn to approximately 1 mg/L
(>99 percent removal). While this removal is significant, it does not meet the stringent water quality
discharge criteria established for the system. If the mine were inert, recycling the water to the mine would
be effectively diluting contamination. With ARD-generating material, however, the added exposure of
rock to water could generate ARD with higher concentrations and ultimately increase the Zn
concentration at the compliance point.

5.3

COMPONENTS OR PROCESSES THAT ACCOUNT FOR MAJORITY OF ANNUAL
COSTS

Table 4 provides a breakdown of the approximate annual cost estimates for operating this remedy based
on total costs provided by the site team and general averaging by the optimization review team.
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Table 4: Summary of Annual Operating Costs
Item

Approximate Annual Cost

Project Management and Labor
Maintenance/Subcontractors (repairs, parts, media replacement)
Process and Surface Water In-house Laboratory Analysis
Outside Laboratory Analysis
Propane heat
Electricity
Telephone
NaHS
Soda Ash
Flocculent
Total
Total* (including equivalent labor cost)

5.3.1

$104,000*
$80,000
$4,000
$6,000
$7,000
$17,000
$500
$23,000
$16,000
$2,500
$156,000
$260,000

UTILITIES

Electrical power costs are approximately $17,000 per year at an approximate rate of $0.082 per kilowatt
hour (kWh) from Xcel Energy representing a demand of approximately 24 KW. Large consumers of
electricity in the system include the process pumps and air compressor. Propane costs for building heat
total approximately $7,000 per year (approximately 2,100 gallons at approximately $3.35 per gallon).
Telephone service is approximately $500 per year. These are very low costs compared to similar WTPs.
Even though the building is poorly insulated, it is kept at a low temperature so that propane use is
minimized.
The site team reported problems with air compressor downtime. Air is used to operate four valves, four
pumps and the filter press. The site team is considering replacing the valves and pumps with electricpowered alternatives to avoid the cost of an air dryer replacement, extend air compressor life and reduce
utility costs. Valve replacements would total approximately $5,000 and pump replacements
approximately $20,000. Potential power cost savings depend on pump run times but would be minimal;
costs saved in compressor maintenance and replacement would likely be exceeded by maintenance on
more expensive electric-powered pumps. Instead of the valve and pump replacements, the optimization
review team recommends consideration of a redundant compressor.
5.3.2

LABORATORY ANALYSIS

The combined $10,000 annual analysis cost is very low in comparison with similar WTPs. The analysis
conducted by the site team meets regulatory requirements and provides additional useful water quality
information.
5.3.3

CHEMICAL COSTS

Total chemical costs of approximately $41,500 annually are a major component of total operating costs
but they are consistent and dependent on the flow being treated as long as the WTP process remains the
same.
5.3.4

LABOR

The site team reports combined operating labor and management (including reporting) requirements of
approximately 40 hours per week. The operating labor requirements are quadruple what was estimated in
the 2007 Pre-Final Engineering Report prepared by BioteQ/Lyntek. At a $50 per hour loaded rate, the unit
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labor rate is equivalent to $104,000 annually. The labor costs alone are relatively comparable to other
WTPs, but when combined with the maintenance and subcontracted services costs, it is clear that the
system operation problems are increasing overall operating costs.
5.3.5

MAINTENANCE/SUBCONTRACTED SERVICES

The site team reported large subcontractor expenses in 2012, including:
•

Cummins and Ingersoll Rand ~ $7,700:
o Combined for preventative maintenance for the generator and air compressor and repairs.

•

Triangle Electric ~ $14,000:
o Installed heat tape and heater for NaHS line and tank to help prevent from freezing.
o Installed switch to enable exhaust fans to be turned off from outside of building.
o Installed pipe, wire, breaker for roof heat tape, replaced thermostat and repaired heaters.
o Installed additional outlets, troubleshoot chemical pump’s variable frequency drive
(VFD) and installation of two new VFD chemical drivers.
o Annual Preventative Maintenance: check for loose wires and infrared scan, troubleshoot
Na2CO3 screw feeder overload.

•

Arvada Pump ~ $29,000:
o Approximately one half from rebuilding the influent sump pumps that are in the FG-6C
vault. All four pumps (two in use and two spares) have been rebuilt with stainless steel
wear plates to prevent corrosion.
o Replaced the hose in the sludge reseed pump, replaced a leaking Na2CO3 pump and
rebuilt the leaking one.
o Replaced the filter feed pump and rebuilt the defective one, and performed annual
inspections and maintenance.

•

Clearwater Cleanup ~ $7,500:
o Vacuumed out the media from the filters, vacuumed out and cleaned the Na2CO3 tank
(because of scaling), and cleaned out the septic tank.

•

Various Parts ~ $24,500

These costs are extremely high for a WTP of this size and are similar to 2010 and 2011 costs. The high
maintenance costs represent a system that has ongoing, non-routine operating problems associated with
the filters, Na2CO3 and the overall building condition.

5.4

APPROXIMATE ENVIRONMENTAL FOOTPRINT ASSOCIATED WITH REMEDY

The following subsections describe the environmental footprint of the site remedy, considering the five
core elements of green remediation defined by the EPA (www.cluin.org/greenremediation).
5.4.1

ENERGY, AIR EMISSIONS, AND GREENHOUSE GASES

The primary contributor to the energy footprint is the electricity usage of approximately 207,000 kWh of
electricity per year. XCel Energy is the electricity provider for the site, and based on a preliminary review
of Xcel Energy’s 2011 Annual Report, it appears that approximately 50 percent of the electricity is
generated from coal, 22 percent from natural gas, 12 percent from nuclear plants, 10 percent from wind
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sources, 4 percent from hydroelectric plants and 2 percent from other sources (solar, biomass, oil and
waste). Based on this generation mix, the electricity is also a major contributor to greenhouse gas (GHG)
and other air emissions associated with WTP operation. The other largest contributor to GHG and other
emissions is associated with chemical manufacturing and transportation to the site and on-site propane use
(approximately 2,100 gallons per year).
The EPA Spreadsheets for Environmental Footprint Analysis (SEFA) were used to estimate the energy
and air footprints. The results for key energy and air footprint metrics are summarized in Table 5.
Table 5: Summary of Energy and Air Annual Footprint Results
Green and Sustainable Remediation Parameter
Greenhouse Gas Emissions (carbon dioxide equivalents [CO2e]
Total Nitrogen Oxides (NOx) + Sulfur Oxides (SOx) + Particulate
Matter (PM) emissions
Total Hazardous Air Pollutant (HAP) Emissions
Total Energy Use
Voluntary Renewable Energy Use
Notes:

Approximate Annual Value
220 tons
3,800 pounds
80 pounds
3,600 MMBtus
NA

CO2e = carbon dioxide equivalents of global warming potential
MMBtus = 1,000,000 Btus

Based on the assumptions made in SEFA, approximately 15 percent of the carbon dioxide equivalents of
global warming potential (CO2e) footprint is from chemical usage, 3 percent is from on-site propane use
for heat and approximately 74 percent is from electricity usage, 4 percent is for transportation of
chemicals and 4 percent is for personnel and subcontractor transportation. Other contributions are
negligible.
5.4.2

WATER RESOURCES

Relatively un-impacted site groundwater from well WO-01 is used for chemical batching and cleaning
purposes (500 to 1,000 gpd). Water that is intercepted as part of the remedy is discharged to surface
water, which would be the natural fate of the water in the absence of the remedy. Potable water is brought
to the site from outside sources and kept in two 250-gallon tanks for the washroom and safety shower;
very little potable water is used.
5.4.3

LAND AND ECOSYSTEMS

Operation of the remedy does not have secondary effects on local land and ecosystems.
5.4.4

MATERIALS USAGE AND WASTE DISPOSAL

The primary materials usage is the NaHS, Na2CO3 and flocculent. Residual solids from the WTP are sold
to a smelter for recycling.

5.5

SAFETY RECORD

The site team did not report any safety concerns or incidents. However, as discussed in Section 5.1.2, the
limited and cluttered space and low level H2S emissions inside the WTP building are safety concerns
noted during the site visit.
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6.0

RECOMMENDATIONS

This section provides several recommendations related to remedy effectiveness, cost control and technical
improvement. Note that while the recommendations provide some details to consider during
implementation, the recommendations are not meant to replace other, more comprehensive, planning
documents such as work plans, sampling plans and QAPPs.
Cost estimates provided in this section have levels of certainty comparable to those done for
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Feasibility
Studies (-30 to +50 percent), and have been prepared in a manner generally consistent with EPA 540-R00-002, A Guide to Developing and Documenting Cost Estimates During the Feasibility Study, July,
2000. A summary table of the recommendations with associated capital cost and changes in operating
costs is included as Table 6.

6.1
6.1.1

RECOMMENDATIONS TO IMPROVE EFFECTIVENESS
CONSIDER ALTERNATIVE FILTERS OR IMPROVE EXISTING SYSTEM

The existing filters are a frequent cause of WTP shut down. During the site visit, the potential benefit of
retrofitting bag type filters in lieu of the existing pressure media filters was discussed. Bag filters are a
simple means of providing polishing filtration and could reduce overall operator time associated with
filter maintenance and could allow the WTP to operate at a much higher percentage up-time. While cost
reduction is possible, the more important improvement would be to WTP effectiveness.
Many long-term operating treatment systems with flows exceeding 100 gpm use bag filters instead of
granular media filters. However, the bags must be removed and replaced manually. While this is not a
major issue, this labor requirement must be factored into the decision to make this change. It is
recommended, therefore, that bag filters be pilot tested before a final decision is made. If bag filters are
installed, adequate hose down and drain facilities should be available and a suitable lifting system for the
bag filters could be considered. A brochure for an example of this type of filter (Rosedale multi-bag
filters) is included in Appendix B.
A simple test of bag filter capacity can be performed to determine how frequently the bags would have to
be replaced. If bag replacement was infrequent, bag filtration would be more cost-effective than the multimedia filters with their costs for backwash and associated maintenance. A pilot test using a small capacity
filter could be conducted for approximately $5,000. If the pilot test indicates that adequate metals removal
can be achieved with reasonable bag filter use, conversion to a four-plex bag filter system could be
accomplished for approximately $30,000.
One of the major benefits of the bag filter system is that backflushing is not required. The limitations of
the existing backflushing system have been described earlier in this report. With a dual bag filter system,
one set of bag filters could be replaced while the other side of the filter remained in service with no
interruption in plant operation. The bags would be a new, but small, volume/mass waste stream.
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If the existing filters are kept in service, consideration should be given to making several improvements:
•
•
•
•
•
•
•

Provide individual differential pressure monitors on each filter.
Install a pressure indicator upstream of the existing pressure maintaining valve to be sure that
valve is operating correctly.
Consider adding orifice plates in the effluent lines from each filter for better flow distribution
between the filters.
Consider having a standby skid of four filters already charged with media that would be
available for quick replacement if the inline filters become clogged and require media
replacement.
Consider adjusting the pH after rather than before the filters. This may reduce the potential
for clogging the media.
Continue the use of muriatic acid for cleaning the filter media on a routine basis.
Install a level indicator/switch to prevent backflush from happening if TK-551 is too high.

These changes could be implemented for approximately $25,000.
Another option would be to provide a complete replacement skid of filters that could be quickly installed
in place of the online filters if the media becomes completely clogged. With the current operation it takes
approximately a month for a complete change media replacement operation. During that time, the plant is
in “recycle to mine” mode with the treatment system in operation (minus the filters) with 99% of the zinc
removed. The cost of the existing filters was approximately $16,000.00.
6.1.2

CONSIDER SODA ASH SYSTEM CHANGES

During the optimization site visit, the plant staff reported that the Na2CO3 system has also been a
significant operations and maintenance problem. Currently the Y-strainer before the centrifugal pump is
cleaned Monday, Wednesday and Friday to keep the flow of liquid at a constant pressure. Even though
the Na2CO3 is at an 8 percent dilution and should not drop out of solution based on solubility graph
information, the Y-strainer always contains un-dissolved Na2CO3. Calcium deposits are also building up
in the Y-strainer after only approximately 4 months of cleaning the tank. The Na2CO3 pump seal has been
replaced after only 8 months of use. The WTP staff is currently running hot water through the pump
during the hot water flush. The original BioteQ programming stopped the pump during a hot water flush
(this has been changed so the pump continues to run). This may help to remove any kind of deposit where
the seal is sporadically leaking and could lengthen the life of the pump seal. The valve that controls the
Na2CO3 feed rate to maintain the pH set point has to be replaced more than once a year due to a part of
the valve leaking likely due to wear and tear. The Na2CO3 loop is flushed daily with hot water in an
attempt to keep up the operation. It may help to add a VFD to the pump drive to control the flow of
Na2CO3 into the process. The WTP staff has expressed a concern that VFD may slow the existing pump
to such a low flow rate that the Na2CO3 may settle in the piping. Caustic soda (NaOH) may be an option
to reduce the potential for pipe clogging since no solids are involved.
A caustic soda system would include a drum storage and feed system and chemical metering pumps.
Caustic is normally delivered at 50 percent concentration and diluted at the site to approximately 25
percent concentration. There is limited space for a drum and feed pumps, however, several locations
could be made available. If the feed tank had to be located in a tight location, incoming caustic could be
transferred via pumping to the fixed feed tank. A simple plastic tank containment could be provided for
the feed tank if it had to be located outside the existing containment area. The cost for such a system
would be approximately $10,000.
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Another minor improvement for the existing Na2CO3 system would be to provide a seal water system for
the Na2CO3 pumps to get longer service life out of the pump seals. This is an inexpensive improvement
and could easily be performed by WTP maintenance staff. Following the site visit, the WTP staff
implemented this improvement.
6.1.3

DEVELOP PLAN FOR MEETING STANDARDS AT POINT OF COMPLIANCE

Determine whether and to what degree the treatment of the FG-6C seep is improving French Gulch water
quality based on surface water sampling results. The mass balance had indicated that standards would be
met at the point of compliance once the WTP was in operation. The optimization review team
recommends determining:
•
•
•

If the mass balance analysis is reasonable, or if it is not, then update it.
If treating FG-6C is improving French Gulch substantially but not enough to meet standards,
identify, capture and treat other sources, if possible.
If no significant improvement in French Gulch is indicated, reevaluate FG-6C capture and
operating system, and consider other alternatives.

This effort has been started by the site team.

6.2
6.2.1

RECOMMENDATIONS TO REDUCE COSTS
PROVIDE NATURAL GAS SERVICE FOR HEATING

The site team reported that natural gas service is available in the vicinity of the WTP. Natural gas heating
would offer savings of approximately 80 percent compared to propane (based on $3.35/gallon propane
and $0.80 per hundred cubic feet (ccf) natural gas and 1 ccf natural gas = approximately 1.1 gallons
propane heating value). At the current propane usage rate, approximately $5,500 per year could be saved
if natural gas was provided at the WTP. The cost to provide service to the WTP should be investigated;
with long-term WTP operation likely, even an upfront cost of $25,000 with a 5-year payback period
would be worthwhile.
Improving ventilation systems and weatherproofing the building (see Section 6.3.2) are not likely to
reduce the heating costs because current practice has the building kept at a low indoor temperature.

6.3
6.3.1

RECOMMENDATIONS FOR TECHNICAL IMPROVEMENT
IMPROVE TANK LEVEL CONTROLS

Plant influent is discharged to the Feed Buffer Tank (TK-101) which has a 9,000-gallon capacity. This
tank acts as a storage reservoir in the event of a WTP shutdown so that the influent pumps can continue to
run while the problem is resolved. This tank, the filter feed tank and the backflush tank should be
retrofitted with magnetic float type sight glass level indicators to allow the operators visual local
indication of the tank level. This type of indicator includes a dual standpipe to isolate the stored liquid
from the viewing standpipe to isolate the fouling that normally occurs in the viewing standpipe and is
offered by Penberthy/Tyco Model MG; a brochure for this type of level indicator is provided in Appendix
B. During the site visit, the operators noted that they were often hampered by a lack of ready knowledge
of the levels in the tanks. The only way to find out the level is for staff to go to the control stations in the
electrical room and look at the readings on the control screens. The installed cost per tank would be
approximately $2,500 for a site level gage.
20

The WTP operation and maintenance (O&M) manual indicates that feed buffer tank is normally off-line
and only brought into service during a shutdown. This tank could provide benefit to control surges into
the WTP and even out the flow. Consideration should be given to keeping this tank in service (and
changing the system programming to allow it) during routine operation for surge dampening.
6.3.2

IMPROVE BUILDING VENTILATION TO REDUCE H2S

The building is poorly insulated and ventilated. At a minimum, the following should be considered to
reduce H2S in the building to provide a better work environment and improve electrical/mechanical
system lifespans:
•

The ventilation system should be modified to bring outside air into the control room and electrical
room and discharge into the operations area to protect electrical gear.

•

Individual in-line exhaust fans should be installed in the vent lines from each process unit
currently leaking H2S fumes to ensure a slight negative pressure in the headspace over each unit.
These vent lines would then feed the existing H2S scrubber system.

•

Consider venting the NaHS storage tank to the outside. This tank is likely the major source of
H2S fumes.

•

The overhead door should be insulated (implemented winter 2013) and heating in the chemical
storage areas should be improved.

The costs of these improvements may vary greatly depending on the degree of improvement, but will
likely be at least $50,000. While annual maintenance costs are expected to be reduced, the amount of
reduction cannot be quantified. With long-term, possibly indefinite, WTP operation likely, improvements
to the building are warranted and a major renovation should be considered.

6.3.3

STANDARDIZE CONTROLS, MAINTENANCE, AND PARTS

A high portion of O&M cost is for maintenance including subcontracted services and parts.
The most fruitful improvement in this category would be to convert the control system to commercially
available control software that could be serviced or modified by local control system integrators and
implement the proposed control change to include automated recycle to the mine to improve system
operation. The site team should obtain proposals from vendors to accomplish this change.
Many process equipment and chemical feed and control components (pumps, probes, flow meters, level
sensors, pressure sensors and switches and mixers) should be standardized as feasible and or have spares
readily available. For example, the ORP probes are indicated to be installed in a “hot tap assembly” for
insertion and removal from a full tank. Consideration should be given to providing a “hot-swappable”
arrangement so that another ORP probe can be immediately available at each location for immediate
change out with the actively installed probe. This allows immediate and quick replacement with no loss of
signal.
Consideration should also be given to programming and engineering changes that automate the WTP to
switch from “discharge” mode to “recycle to mine” mode. Operators currently have to manually change
the position on two valves when the plant goes out of compliance (pH primarily) to send water from the
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discharge back to the feed buffer tank and to the mine. The “recycle to mine” option would allow the
WTP to run while the problem is resolved instead of shutting whole process down. The Town of
Breckenridge indicated that this automation change was considered in 2012 and a proposal from BioteQ
was received. However, implementation was postponed until the five-year review and optimization
review were completed.

6.4

CONSIDERATIONS FOR GAINING SITE CLOSE OUT

The WTP operation is expected to continue indefinitely if it is determined that treating FG-6C water is
effective in meeting the site RAO. If treating FG-6C (and potentially adding a similar ARD source, to be
determined) is shown to have little or no effect on French Gulch and Blue River, the site team should
reconsider continued long-term operation of the WTP and re-examine source control alternatives
If the WTP operation is indefinite, the site team should make significant efforts to achieve consistent,
cost-effective WTP operation. The optimization review team does not have further recommendations
regarding site close out.

6.5

RECOMMENDATIONS RELATED TO ENVIRONMENTAL FOOTPRINT
REDUCTION

The above recommendations are likely footprint neutral given the level of accuracy of current footprinting
methodologies. Significant footprint reductions would be associated with reducing electricity use and
chemical use. A combined heat and power unit (likely rated between 50 and 100 kW) could provide
electricity and heating from natural gas more efficiently and with lower emissions than grid electricity
and propane or natural gas heat. However, the optimization team does believe there would be a favorable
financial payback for the capital investment.
Table 6: Summary of Recommendations and Associated Costs
Recommendation

Reason

Cost Change

6.1.1 Consider Alternative Filters or Improve Existing

Effectiveness

$30,000

6.1.2 Consider Soda Ash System Changes by adding Caustic
Soda Feed System

Effectiveness

$10,000

6.1.3 Develop Plan for Meeting Standards at Point of
Compliance

Effectiveness

Not Quantified

6.2.1 Provide Natural Gas Service for Heating

Cost Reduction

($5,500)/year

6.3.1 Improve Tank Level Controls

Technical Improvement

$2,500 per tank

6.3.2 Improve Building Ventilation to Reduce H2S

Technical Improvement

$50,000+

6.3.3 Standardize Controls, Maintenance, and Parts

Technical Improvement

Not Quantified
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2UGGED 6ERSATILE
/PTIONS FOR A 7IDE
2ANGE OF !PPLICATIONS
0ENBERTHY -5,4)6)%7 -AGNETIC ,IQUID ,EVEL 'AGES
CAN BE BUILT TO SERVE PRACTICALLY ANY PROCESS INDUSTRY
SITUATION &ROM THE SIMPLEST OPERATION TO THE MOST SEVERE
CORROSIVE ENVIRONMENT 0ENBERTHY CAN CONSTRUCT A SYSTEM
TO BEST SUIT YOUR COMPANYS REQUIREMENTS !S PIONEERS IN
MAGNETIC GAGE LEVEL INDICATION AND AS CREATORS OF THE UNIQUE
CONCENTRIC MAGNET DESIGN 0ENBERTHY HAS THE EXPERTISE TO
KNOW WHAT DESIGN SPECIFICATIONS AND OPTIONS BEST FIT ANY
GIVEN APPLICATION #ONTACT A 0ENBERTHY REPRESENTATIVE TO
DISCUSS SPECIFIC DUTY REQUIREMENTS IN YOUR OPERATION


#ONVENTIONAL &OLLOWER

!MBIENT

 &

0ENBERTHY !NODIZED 'OLD

!MBIENT

 &

6ESSEL #ONNECTION

-AGNETIC
#OUPLING

.

3
)NDICATOR 3HOWING
,IQUID ,EVEL

3

.
(ERMETICALLY 3EALED
'LASS 4UBE

/PTIONAL 3NAP !CTION 3WITCHES

6ESSEL #ONNECTION

3TANDPIPE

6ESSEL #ONNECTION



-ODEL -'
&OLLOWER 4YPE

&OLLOWER 4YPE



-5,4)6)%7 Ò -AGNETIC
,IQUID ,EVEL 'AGES UTILIZE
A STANDPIPE CONSTRUCTED
OF   PIPE WHICH IS
CONNECTED TO THE PROCESS
TANK WITH EITHER SIDE OR END
CONNECTIONS ! FLOAT WITH
A SELF ENCLOSED MAGNET IS
CUSTOM SIZED AND WEIGHTED
TO FLOAT AT THE SURFACE OF
THE PROCESS LIQUID TO BE
MONITORED 4HE FLOAT IS THEN
INSTALLED IN THE STANDPIPE
)N -' &OLLOWER 4YPE
MODELS THE UNIT CONSISTS
OF A HERMETICALLY SEALED
TUBE IN A PROTECTIVE VIEW
HOUSING 7ITHIN THIS
TUBE IS A GOLD ANODIZED
ALUMINUM FOLLOWER WHICH
WILL MIRROR LEVEL CHANGES
IN THE PROCESS TANK 4HIS
ENTIRE ASSEMBLY IS ATTACHED
TO THE STANDPIPE WHERE THE
FOLLOWER IS MAGNETICALLY
COUPLED WITH THE FLOAT
"ECAUSE THE FOLLOWER AND
FLOAT ARE MAGNETICALLY
LINKED LIQUID LEVEL CHANGES
IN THE PROCESS TANK WILL
CAUSE BOTH FLOAT AND
FOLLOWER TO RISE AND FALL IN
UNISON 4HE RESULT IS A
PRECISE INDICATION OF THE
LIQUID LEVEL WITHIN
THE VESSEL
4HE ANODIZED GOLD
FOLLOWER CAN WITHSTAND
EXTREME HEAT UP TO  &
WITHOUT ADVERSE WEAR AND
DISCOLORATION &OLLOWER TYPE
MONITORING IS SUITABLE FOR
MOST APPLICATIONS EXCEPT
WHERE VIOLENT CHANGES IN
LEVEL CAN CAUSE THE FOLLOWER
TO DE COUPLE FROM THE FLOAT
)N THESE TYPES OF
APPLICATIONS FLAG TYPE
INDICATION IS RECOMMENDED

-ODEL -'
&LAG 4YPE

&LAG 4YPE



-' &LAG 4YPE MONITORS
PROVIDE A MORE SECURE
LINK BETWEEN INDICATOR AND
FLOAT 4HE VIEW HOUSING
IS SEALED AND CONSISTS OF
A SINGLE COLUMN ASSEMBLY
OF ALUMINUM FLAGS WITHIN
AN EXTRUDED ALUMINUM
CHANNEL 4HESE FLAGS ARE
ANODIZED WITH BLACK ON ONE
SIDE AND GOLD ON THE OTHER
%ACH FLAG HOUSES A SMALL
MAGNET AND IS ASSEMBLED
ON A SINGLE INDIVIDUAL AXLE
!S THE FLOAT IN THE STANDPIPE
RISES AND FALLS THE MAGNETIC
INTERACTION BETWEEN FLOAT
AND FLAG MAGNETS CAUSE THE
FLAGS TO ROTATE   4HESE
CHANGES ARE SHOWN THROUGH
CONTRASTING COLORS n BLACK
ABOVE AND GOLD BELOW THE
LIQUID LEVEL
&OLLOWER 4YPE AND
&LAG 4YPE INDICATORS ARE
BOTH AVAILABLE WITH STAINLESS
STEEL HOUSINGS
4O INSURE TROUBLE FREE
OPERATION 0ENBERTHYS FLAGS
ARE MAGNETICALLY INTERLOCKED
AND UTILIZE MECHANICAL
STOPS 4HIS PREVENTS
OVER ROTATION 0ENBERTHYS
REDUNDANT AXLE SYSTEM
PREVENTS BINDING WITH EACH
FLAG ALLOWED TO ROTATE ON
THE AXLE AND EACH AXLE FREE
TO ROTATE IN THE CHANNEL
4HIS METHOD OF INDICATION IS
ALWAYS ACCURATE REGARDLESS
OF THE SPEED OF PROCESS
LEVEL CHANGE OR VIBRATION
)NSTALLATION OF A POINT
LEVEL SWITCH CAN PROVIDE
HIGHLY ACCURATE NON
INTRUSIVE HIGHLOW POINT
MONITORING &OR CONTINUOUS
LEVEL MONITORING FROM A
REMOTE LOCATION A LEVEL
TRANSMITTER CAN BE INSTALLED
ON EITHER MODEL AS WELL
&OR MORE INFORMATION
ON SWITCHES AND
TRANSMITTERS SEE PAGES
 AND  OR CONTACT A
0ENBERTHY REPRESENTATIVE
FOR SPECIFIC DETAILS

-AGNET $ESIGN #OMPARISON
#ONVENTIONAL #ORRUGATED
-AGNETIC 2ING

0ENBERTHY
#ONCENTRIC -AGNET

-AGNET
#ORRUGATED 2ING
-AGNET
3TIFFENING 2ING
-ORE
#ONSISTENT
-AGNETIC
3TRENGTH

7EAK !REAS IN
-AGNETIC &IELD

3TANDPIPE $ESIGN

&LOAT $ESIGN

0ROFESSIONALS IN THE PROCESS INDUSTRY REALIZE
THE IMPORTANCE OF SOLID CONSTRUCTION IN THEIR
CONTAINMENT VESSELS 4HAT APPLIES NOT ONLY TO
THE TANK BUT TO THE LEVEL MONITORING EQUIPMENT
AS WELL ,EVEL GAGES MUST BE BUILT TO WITHSTAND
THE RIGORS OF CONTINUOUS USE OFTEN IN LESS THAN
IDEAL CONDITIONS
0ENBERTHYS ANSWER TO THESE CUSTOMER
DEMANDS IS TO DESIGN AND BUILD EQUIPMENT THAT
MEETS THE HIGHEST CONSTRUCTION STANDARDS 4HAT
IS WHY ALL METALLIC -5,4)6)%7Ò STANDPIPES ARE
RATED TO THE !.3)!3-% "OILER AND 0RESSURE
6ESSEL #ODE AND !.3)!3-% " AND "
MAKING THEM PERFECT FOR USE IN ALL KINDS OF
STORAGE AND PRESSURE VESSEL APPLICATIONS IN THE
MOST EXTREME DUTY CONDITIONS 4HESE METALLIC
STANDPIPES ARE CONSTRUCTED OF   3CHEDULE
 OR  PIPE AND ARE AVAILABLE IN A WIDE ARRAY
OF MATERIALS ANDOR LININGS SEE CHART ON NEXT
PAGE  7ELDNECK FLANGES WELDOLETS THREADOLETS
SOCKOLETS  THREADED PROCESS COUPLINGS
AND OTHER PLUMBING OPTIONS ARE OFFERED TO MEET
SPECIFIC VESSEL CONNECTION REQUIREMENTS
!DDITIONALLY 0ENBERTHY OFFERS 06# AND
#06# VERSIONS CONSTRUCTED OF  3CHEDULE 
PIPE FOR LOW PRESSURE APPLICATIONS WHERE COST
EFFECTIVENESS AND CORROSION RESISTANCE ARE OF
PRIMARY CONCERN 4HESE VARIED OPTIONS MAKE
0ENBERTHY -5,4)6)%7Ò PRODUCTS SOME OF THE
MOST VERSATILE ON THE MARKET

#ONVENTIONAL FLOATS HAVE  TO  SMALL MAGNETS
CONTAINED BY A CORRUGATED STAINLESS STEEL RING
AS SHOWN ABOVE 4O PROVIDE INTERNAL SUPPORT
NECESSARY TO OPERATE AT HIGHER PRESSURES A
TYPICAL FLOAT CONTAINS STIFFENING RINGS THROUGHOUT
)T IS NOT POSSIBLE TO PLACE AN EFFECTIVE STIFFENING
RING WITHIN THE CORRUGATED RING DESIGN )N OTHER
WORDS THERE IS NO INTERNAL SUPPORT IN THE PART OF
THE FLOAT CONTAINING THE MAGNETS 4HIS CAN CAUSE
THE FLOAT TO COLLAPSE UNDER HIGHER PRESSURE !LSO
THE MAGNETIC FIELD IN THE CORRUGATED MAGNET
DESIGN HAS WEAK AREAS CAUSING FLOAT AND
FOLLOWER TO LOSE MAGNETIC CONTACT !ND IF A SWITCH
OR TRANSMITTER IS MOUNTED IN LINE WITH A LOW POINT
THE MAGNETIC FIELD MAY NOT BE STRONG ENOUGH TO
ACTUATE THESE DEVICES
4HE CONCENTRIC MAGNET DESIGN OF
-5,4)6)%7Ò ALLOWS FOR THE USE OF STIFFENING
RINGS 4HIS MEANS STRONG INTERNAL SUPPORT TO
PREVENT COLLAPSE WHEN OPERATING IN HIGHER
PRESSURE APPLICATIONS )T ALSO ALLOWS FOR
MORE CONSISTENT MAGNETIC STRENGTH THAN THE
CONVENTIONAL DESIGNS
/THER FLOAT TYPES OFFERED IN THE -5,4)6)%7Ò
PRODUCT LINE INCLUDE STANDARD !.3) #LASS 
   PRESSURETEMPERATURE RATED FLOATS
3UPER -AGNET FLOATS WITH   TIMES THE " (
PRODUCT FOR HIGH VIBRATION OR OTHER ENVIRONMENTS
AND 6ENTED FLOATS !LSO AVAILABLE ARE )NTERFACE
FLOATS DESIGNED SO THAT  OF THE FLOATS LENGTH
RIDES IN THE HEAVIER OF THE TWO LIQUIDS  IN THE
LIGHTER LIQUID !T LEAST  DIFFERENCE IN SPECIFIC
GRAVITY IS REQUIRED


0RESSURE 2ATINGS &LOAT ,IMITED

#ONSTRUCTION -ATERIALS !VAILABLE
s , 343
s , 343
s !LLOY 
s -ONEL
s 4ITANIUM
s (ASTELLOY #

s 06#
s #06#
s 06$&
s 4EFZEL¤ ,INED
s (ALAR¤ ,INED

&LOAT -INIMUM 3PECIFIC 'RAVITY
&LOAT -ATERIAL
, 343
, 343
4ITANIUM
-ONEL
!LLOY 
(ASTELLOY #
06#
#06#
/THER

3TANDPIPE
3CHEDULE 

3TANDPIPE
3CHEDULE 

PSIG  &
K0AG  #

PSIG  &
K0AG  #

, 343

 

 



, 343

 

 



4ITANIUM

 

 



-ONEL

 

 



!LLOY 

 

 



(ASTELLOY #

 

 



06#

.!

 

 PSIG

#06#

.!

 

 PSIG

&LOAT3TANDPIPE
-ATERIAL

-IN 3PECIFIC 'RAVITY








#ONSULT &ACTORY

/THER
-ETALLIC STANDPIPE BASED ON

0

%ND
#ONNECTION

 

-AXIMUM

  



-INIMUM

 

  

-AXIMUM

  



&LAG 4YPE
WITH 4RANSMITTER
 3WITCH

  









#ONSULT THE FACTORY FOR LENGTHS OUTSIDE OF STATED MAXIMUM OR MINIMUM

4EMPERATURE 2ANGES
&LOAT3TANDPIPE
-ATERIAL

-INIMUM 4EMP &
#

-AXIMUM 4EMP &
#

-ETALLIC

 &   #

 &  #

06#

 &   #

 &  #

#06#

 &   #

 &  #

3TRESSES FROM !.3) " OR
!3-% 3ECTION )) $

&OR (ALAR¤4EFZEL¤ LINING AND OTHER FLOAT MATERIALS CONTACT THE FACTORY FOR DETAILS

6ESSEL
#ENTERS MM

-INIMUM

 3 %T
$ YT

4HESE PRESSURE RATINGS ASSUME THAT ALL FITTINGS ARE EQUAL TO OR EXCEED THE STANDPIPE RATINGS

3TANDARD #HAMBER ,ENGTHS

3IDE
#ONNECTION

!.3)PSIG

#ONSULT &ACTORY

3TATED 3PECIFIC 'RAVITY IS FOR METALLIC !.3)  3CHEDULE  EXTENDED LENGTH FLOAT EXCEPT
FOR POLYMERS

/VERALL MM

&LOAT
 &

&OLLOWER 4YPE
WITH 4RANSMITTER
 3WITCH

.OTE 3PECIFICATION DATA SUBJECT TO CHANGE WITHOUT NOTICE



-ODEL -'6"
6APOR "YPASS

6APOR "YPASS



4HE -5,4)6)%7 6APOR
"YPASS -AGNETIC ,IQUID
,EVEL 'AGE IS DESIGNED
FOR PROCESSES WHERE
mASHING MAY OCCUR
3TANDARD MAGNETIC LIQUID
LEVEL GAGES FAIL IN THESE
TYPES OF PROCESSES 7HEN
mASHING OCCURS THE VAPOR
BUILD UP BENEATH THE mOAT
CANNOT ESCAPE QUICKLY
ENOUGH DUE TO THE LIMITED
CLEARANCE BETWEEN THE
mOAT AND THE CHAMBER WALL
CAUSING THE mOAT TO ROCKET
TO THE TOP OF THE CHAMBER
WHERE IT IS CRUSHED OR
DAMAGED 4HE 6APOR
"YPASS VARIATION OF THE
0ENBERTHY -5,4)6)%7
-AGNETIC ,IQUID ,EVEL 'AGE
FEATURES A LARGE CHAMBER IN
COMBINATION WITH A UNIQUE
CAGE SYSTEM WHICH CONlNES
THE mOAT TO ONE SIDE OF
THE CHAMBER 4HIS ALLOWS
MAXIMUM AREA FOR VAPOR
TO BYPASS THE mOAT AND
ENSURES PROPER MAGNETIC
COUPLING TO THE INDICATOR

.O MORE CRUSHED mOATS
4HE UNIQUE GUIDE CAGE
DESIGN OF THE -5,4)6)%7
6APOR "YPASS -AGNETIC
,IQUID ,EVEL 'AGE ELIMINATES
THE RISK OF CRUSHED mOATS
DUE TO mASHING VAPORS

!N %FFECTIVE 3OLUTION &OR
'AUGING &LASHING ,IQUIDS
&EATURES n -'6" 6APOR "YPASS

)LLUSTRATION +EY

s ,ARGER CHAMBER AND UNIQUE
INTERNAL mOAT CAGE
s -AGNETICALLY INTERLOCKED mAG
TYPE INDICATION
s #USTOM WEIGHTED MAGNETIC mOAT
s $ESIGNED IN ACCORDANCE WITH
!3-% "
s %ASY INSTALLATION
s 6IRTUALLY MAINTENANCE FREE
s /PTIONAL TRANSMITTER OR SWITCHES



3TANDPIPE



6ESSEL #ONNECTIONS



)NTERNAL 'UIDE #AGE



#LAMP



-AGNETIC &LOAT



&LAG )NDICATOR



)NDICATOR 3CALE

4YPICAL !PPLICATIONS
4HIS MAGNETIC LIQUID LEVEL GAGE PROVIDES
BENEFITS WHEN USED IN THE FOLLOWING
APPLICATIONS
s ,IGHT (YDROCARBONS
s ,IQUID .ITROGEN
s 0ROPANE
s -ETHANE
s #ARBON $IOXIDE
s !NHYDROUS !MMONIA
OR ANY PRESSURE LIQUEFIED GAS









4ECHNICAL $ATA
s #ONSTRUCTED OF  .03
3CHEDULE  PIPE
s 3IZE 2ANGE 6ESSEL #ENTERS  n 
; MM n  MM=
s -INIMUM SPECIFIC GRAVITY OF 
s 5P TO  !.3) RATING
s 4EMPERATURE RANGE  & n  &
;  # n  #=
s 2EFER TO PREVIOUS PAGES IN THIS BULLETIN
FOR OTHER FEATURES SHARED WITH THE
STANDARD -5,4)6)%7




"ASED UPON 4ITANIUM FLOAT



&,!3().' 6!0/23 "90!33 &,/!4



-ODEL 4--' 4OP -OUNT
-ODEL --' -INI -AG

4OP -OUNT
-AGNETIC 'AGE 4--'

-INI -AGNETIC
'AGE --'



7HEN SIDE MOUNTED LEVEL
MONITORING IS NOT FEASIBLE
OR IMPRACTICAL 0ENBERTHY
OFFERS THE -5,4)6)%7 Ò
4OP -OUNT -AGNETIC
'AGE 4--'  4HE 4--'
FEATURES THE SAME TROUBLE
FREE METHOD OF OPERATION
AS A STANDARD -5,4)6)%7Ò
-AGNETIC ,IQUID ,EVEL 'AGE
! STILLING WELL IS
RECOMMENDED FOR PROTECTING
AGAINST BOTH FLOAT AND TUBE
DAMAGE THE PRIMARY
CAUSE OF TOP MOUNT FAILURE
)N VESSELS WHERE LARGE
PARTICULATES CAN BECOME
TRAPPED BETWEEN FLOAT AND
STILLING WELL 0ENBERTHYS
UNIQUE GUIDE SYSTEM LIMITS
THE CONTACT AREA VIRTUALLY
ELIMINATING THE CHANCE THAT
PARTICULATES WILL CLOG AND
HINDER FLOAT MOVEMENT
)N APPLICATIONS WHERE
MONITORING WILL OPERATE
AT OR NEAR AMBIENT
TEMPERATURE THE -INI
-AGNETIC 'AGE --'
IS RECOMMENDED 4HIS
SYSTEM REDUCES INITIAL
CUSTOMER COST WITHOUT
SACRIFICING PERFORMANCE AND
IS PERFECT FOR APPLICATIONS
SUCH AS AIR CONDITIONING
AND REFRIGERATION FILTER
MANUFACTURERS WASTE WATER
TREATMENT OILCHEMICAL
STORAGE SKID SYSTEM AND
TANK MANUFACTURERS AND
BOILER FEEDWATER TANKS
/NLY FLAG TYPE LEVEL
INDICATION IS OFFERED WITH
BOTH THE 4--' AND --'

&EATURES n 4--' 4OP -OUNT

&EATURES n --' -INI -AGNETIC 'AGE

4HE 4--' FLOAT IS LOCATED IN THE CONTAINMENT
VESSEL WHILE THE MAGNET ASSEMBLY IS AT THE
OPPOSITE END OF A TUBE IN THE STANDPIPE !S
THE FLOAT LEVEL CHANGES SO DOES THE MAGNETIC
POSITION 4HE LEVEL CHANGE IS VISUALLY CONVEYED
TO THE OPERATOR VIA THE INDICATOR MOUNTED TO THE
STANDPIPE

--' -INI -AGNETIC 'AGES FEATURE A NOMINAL
 3CHEDULE  STANDPIPE WITH FLAG TYPE LEVEL
INDICATION "ECAUSE OF THE SMALLER FLOAT DIAMETER
THE --' FEATURES A CONVENTIONAL  MAGNET
CONFIGURATION WITH A MAGNETIC FIELD SIMILAR TO
OTHER -5,4)6)%7Ò MODELS 4HE --' CARRIES
A TRUE  !.3) RATING 3TANDARD MATERIAL OF
CONSTRUCTION FOR THE STANDPIPE IS , 343
ALTHOUGH , MAY ALSO BE SPECIFIED &LOAT
MATERIAL OF CONSTRUCTION IS , 343

/PTIONS n 4--' 4OP -OUNT
s "OTH POINT LEVEL AND CONTINUOUS
ELECTRONIC LEVEL INDICATION CAN
BE ADDED BY USING 0ENBERTHYS
THIRD PARTY APPROVED SWITCHES
AND TRANSMITTERS
s /PTIONAL STILLING WELL CAN BE
INSTALLED FOR ADDITIONAL PROTECTION
OF BOTH FLOAT AND TUBE
s 5NIQUE GUIDE SYSTEM CAN BE
ADDED TO MINIMIZE THE RISK OF
PARTICULATE MATTERCRYSTALIZATION
ADVERSELY AFFECTING FLOAT OPERATION

/PTIONS n --' -INI -AGNETIC 'AGE
s  !MP 0OINT ,EVEL 3WITCH AVAILABLE FOR
LEVEL CONTROL
s 0ENBERTHYS STANDARD THIRD PARTY APPROVED
4RANSMITTER CAN BE ADDED FOR CONTINUOUS
LEVEL MONITORING

--' 3PECIFICATIONS
-ATERIALS OF #ONSTRUCTION 3TANDPIPE , 343
, 343
&LOAT  343
3TANDPIPE $IAMETER
.OMINAL  3CHEDULE 
-INIMUM 3PECIFIC 'RAVITY 3TANDARD ,ENGTH 
%XTENDED ,ENGTH 
-AXIMUM # # $IMENSION    MM
)NDICATION ,ENGTH
0RESSURE 2ATING
 !.3) 0. 
4EMPERATURE 2ATING
$ETERMINED BY CHOSEN
DESIGN OF FLAG TYPE INDICATOR

'UIDE 3YSTEM

&LOAT -INIMUM 3PECIFIC 'RAVITY
&LOAT $IAMETER MM
-IN 3PECIFIC 'RAVITY
















)NDICATION LENGTHS GREATER THAN THIS REQUIRE A STAGGERED BRIDLE ARRANGEMENT
#ONSULT FACTORY FOR ADDITIONAL INFORMATION
.OTE 3PECIFICATION DATA SUBJECT TO CHANGE WITHOUT NOTICE

#ONSTRUCTION -ATERIALS !VAILABLE n 4--'
3TANDPIPE
&LOAT
, 343
s

3PECIFIC 'RAVITIES ARE BASED UPON MULTIPLE !.3)  4ITANIUM FLOATS 9OUR ACTUAL MINIMUM
SPECIFIC GRAVITY WILL BE APPLICATION BASED

-INIMUM 6ESSEL /PENING 2EQUIREMENTS
&LOAT $IAMETER MM
-IN &LANGE #ONN 2EQ
















, 343
4ITANIUM
-ONEL
)NCONEL 
!LLOY 
(ASTELLOY #
/THER n #ONSULT &ACTORY

-INIMUM CONNECTION SIZES ASSUME THE USE OF A SCHEDULE  STILLING WELL EQUAL TO THE FLANGE
SIZE )F A HIGHER SCHEDULE OR 0ENBERTHYS GUIDE SYSTEM IS USED CONSULT FACTORY FOR SIZING
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s
s
s
s
s

s
s
s
s
s
s

-ODEL -'3 3WITCHES 
-ODEL -'4 4RANSMITTERS
-'3 $
-'3 0

-'3 ,

-'3 -

-'4 

-'4 "#

-'4 



"OTH POINT LEVEL CONTROL
ANDOR CONTINUOUS LEVEL
MEASUREMENT ARE AVAILABLE
WITH -5,4)6)%7 Ò 4HESE
OPTIONS CAN BE ORDERED WITH
YOUR MAGNETIC GAGE OR CAN
BE ADDED TO EXISTING UNITS
-'3 3WITCHES PROVIDE
NON INTRUSIVE POINT LEVEL
CONTROL AND CONTAIN NO
MERCURY 4HEY ALLOW YOU
TO BE ENVIRONMENTALLY SAFE
WITHOUT SACRIFICING ACCURACY
s -'3 
30$4 &ORM # ! SERVICE
s -'3 $
$0$4 X &ORM #
! SERVICE
s -'3 ,
30$4 &ORM # ! SERVICE
5SED WITH STANDARD
-5,4)6)%7
s -'3 -
30$4 &ORM # !
SERVICE
5SED WITH EITHER
4--' OR --'
s -'3 0
! LATCHING
PNEUMATIC SWITCH
-'4 4RANSMITTERS
PROVIDE CONTINUOUS
LEVEL INDICATION TO REMOTE
LOCATIONS VIA  TO  M!
LOOP POWERED TRANSMITTERS
s -'4 
! REED SWITCH BASED
UNIT AVAILABLE IN
INTEGRAL AND REMOTE
MOUNTING STYLES
s -'4 " OR #
!N IN TANK REED
SWITCH BASED UNIT 4HE
-'4 " IS AN .04
MOUNTED ASSEMBLY 4HE
-'4 # IS A FLANGE
MOUNTED ASSEMBLY "OTH
ARE AVAILABLE IN INTEGRAL OR
REMOTE MOUNTING STYLES
s -'4 
! MAGNETOSTRICTIVE
TRANSMITTER AVAILABLE WITH
(!24 PROTOCOL
-'4  (!24

-'3  3WITCH 3PECIFICATIONS
-'3 $
-'3 , &- !PPROVED
$IVISION  
#3! #ERTIFIED %X D #LASS ) 'ROUPS " # $
%XPLOSION 0ROOF #LASS )) 'ROUPS % & '
#LASS ))) 4YPE 
7HEN INSTALLED IN ACCORDANCE WITH
0ENBERTHY $RAWING % 

&- !PPROVED
$IVISION  
#3! #ERTIFIED %XI A #LASS ) 'ROUPS ! " # $
)NTRINSICALLY 3AFE #LASS )) 'ROUPS % & '
#LASS ))) 4YPE 
%NCLOSURES

/UTPUT

2EPEATABILITY
2ESPONSE 4IME
$EADBAND
/PERATING
4EMPERATURE

-'4   "  # 4RANSMITTER 3PECIFICATIONS
&- !PPROVED
#3! #ERTIFIED %X D
%XPLOSION 0ROOF

$IVISION  
#LASS ) 'ROUPS " # $
#LASS )) 'ROUPS % & '
#LASS ))) 4YPE 

7HEN INSTALLED IN ACCORDANCE WITH 0ENBERTHY $RAWING & 

&- !PPROVED
#3! #ERTIFIED %X D
)NTRINSICALLY 3AFE

7HEN INSTALLED IN ACCORDANCE WITH
0ENBERTHY $RAWING % 

$IVISION  
#LASS ) 'ROUPS ! " # $
#LASS )) 'ROUPS % & '
#LASS ))) 4YPE 

7HEN INSTALLED IN ACCORDANCE WITH
0ENBERTHY $RAWING % 

7HEN INSTALLED IN ACCORDANCE WITH
0ENBERTHY $RAWING % 

7ATERTIGHT 4YPE 
%XPLOSION 0ROOF
CAST ALUMINUM
-'3  -'3 $
30$4
$0$4 X
&ORM # &ORM #
!
!
 
 6AC 6AC NON
NON
INDUCTIVE
INDUCTIVE LOAD
LOAD

7ATERTIGHT 4YPE 
%XPLOSION 0ROOF 343

"ETTER THAN 
MM
 MILLISECONDS
 MM OF FLOAT
MOVEMENT
 # TO  #   &
TO  & WITH THIRD
PARTY APPROVALS
 # TO  #
  & TO  &
WITHOUT THIRD PARTY
APPROVALS

"ETTER THAN 
MM
 MILLISECONDS
 MM OF FLOAT
MOVEMENT
 # TO  #   &
TO  &

$IVISION  
#LASS ) 'ROUPS ! " # $
#LASS )) 'ROUPS % & '
#LASS ))) 4YPE 
7HEN INSTALLED IN ACCORDANCE WITH 0ENBERTHY $RAWING & 

%NCLOSURES
,OOP 6OLTAGE
/UTPUT
2ESOLUTION
2ESPONSE 4IME
/PERATING
4EMPERATURE

30$4 &ORM #
!  6 ACDC
NON INDUCTIVE LOAD

7ATERTIGHT 4YPE 
%XPLOSION 0ROOF CAST ALUMINUM
 TO  6DC
 TO  M! CONTINUOUS
 M! FAILURE INDICATION

 MILLISECONDS
 # TO  #   & TO  &
TRANSMITTER
 # TO  #   & TO  &
SENSOR UNPROTECTED

-'4  4RANSMITTER 3PECIFICATIONS
&- !PPROVED
#3! #ERTIFIED %X D
%XPLOSION 0ROOF

$IVISION  
#LASS ) 'ROUPS " # $
#LASS )) 'ROUPS % & '
#LASS ))) 4YPE 8

%NCLOSURES

7ATERTIGHT 4YPE 8
%XPLOSION 0ROOF CAST ALUMINUM
 TO  6DC
 TO  M! CONTINUOUS
 &3 OR  MM
"ASE (!24 #OMMAND #APABILITY

,OOP 6OLTAGE
/UTPUT
2EPEATABILITY
(ART 0ROTOCOL

4HIRD PARTY APPROVALS PENDING

/PERATING
4EMPERATURE

-'3 0 3WITCH 3PECIFICATIONS
/PERATING -EDIUM
%NCLOSURES
/PERATING 0RESSURE
2ANGE
!IR #ONSUMPTION
#ONNECTIONS
$EADBAND
/PERATING
4EMPERATURE

$IVISION  
#LASS ) 'ROUPS " # $
#LASS )) 'ROUPS % & '
#LASS ))) 4YPE 

&ILTERED 0LANT OR )NSTRUMENT !IR
7ATERTIGHT 4YPE  343
 TO  PSIG  TO  K0A'

 # TO  #   & TO  &
ELECTRONICS
 # TO  #   & TO  &
SENSOR

7HICHEVER IS GREATER
.OTE 3PECIFICATION DATA SUBJECT TO CHANGE WITHOUT NOTICE

 SCFM  PSIG
 .04 &
 MM OF FLOAT MOVEMENT
 # TO  #   & TO  &



/PTIONS AND !CCESSORIES
3ANITARY -5,4)6)%7
4O MEET SANITARY REQUIREMENTS
NECESSARY IN THE PRODUCTION OF
FOOD BEVERAGE DAIRY BIOMEDICAL
AND PHARMACEUTICAL PRODUCTS AND
IN OTHER SANITARY APPLICATIONS
0ENBERTHY RECOMMENDS THE
3ANITARY -5,4)6)%7Ò $ESIGNED
TO ! STANDARDS THIS SYSTEM IS
CONSTRUCTED OF STANDARD , 33
MATERIALS WITH OTHER CONSTRUCTION
MATERIALS AVAILABLE &ITTINGS AND
CLAMPS MEET INDUSTRY SANITARY
REGULATIONS AND ALLOW FOR QUICK
DISASSEMBLY AND CLEANING

%XPLOSION 0ROOF
80 )LLUMINATOR
4O IMPROVE VISIBILITY IN LOW LIGHT
ENVIRONMENTS AN %XPLOSION 0ROOF
)LLUMINATOR CAN BE A VALUABLE
ADDITION TO MANY LEVEL MONITORING
SITUATIONS 4HIS OPTION ALSO WORKS
WELL WHEN AN INSULATION BLANKET IS
IN USE 4HE ILLUMINATOR IS
&- !PPROVED#3! #ERTIFIED FOR
EXPLOSION PROOF USAGE #LASS
 'ROUPS " # $ 
6AC MAXIMUM  OR  WATTS
DEPENDING ON THE LENGTH REQUIRED

&ROST &REE %XTENSIONS
)NSULATION "LANKETS
0ENBERTHY )NSULATION "LANKETS CAN
WITHSTAND TEMPERATURES RANGING
FROM  & TO  &   #
TO  #  &LEXIBLE BLANKETS ARE
AVAILABLE IN THICKNESSES OF  
OR  -ATERIALS AVAILABLE INCLUDE
FIBERGLASS CLOTH COATED WITH EITHER
04&% 4EFLON¤ OR SILICONE RUBBER
2IGID BLANKETS IN THICKNESSES OF
  ARE AVAILABLE IN OTHER
MATERIALS ON REQUEST

)N SUPER FRIGID APPLICATIONS SUCH AS
LIQUID NITROGEN OR LIQUEFIED ETHYLENE
&ROST &REE %XTENSIONS SHOULD BE
UTILIZED "OTH TYPES OF MONITORING
SYSTEMS CAN BE EQUIPPED WITH
0--! FROST FREE FEATURES 4HIS
LOW COEFFICIENT THERMAL TRANSMITTING
MATERIAL RESISTS FROST BUILDUP TO
MAINTAIN CLEAR VISIBILITY 7ITH
WIDTHS RANGING FROM  TO 
THESE EXTENSIONS CAN BE PAIRED
WITH VIRTUALLY ANY THICKNESS OF
INSULATION BLANKET

$RUM ,EVEL )NDICATOR
4HERMAL 4RACING
-5,4)6)%7Ò -AGNETIC ,IQUID
,EVEL -ETERS CAN BE EQUIPPED
WITH ELECTRICAL HEAT TRACING OR PIPED
FOR EITHER REFRIGERANT USE OR STEAM
USE 4O DETERMINE THE TEMPERATURE
DIFFERENTIAL SUBTRACT THE MINIMUM
EXPECTED AMBIENT TEMPERATURE
FROM THE DESIRED MAINTENANCE
TEMPERATURE !N INSULATION BLANKET
IS HIGHLY RECOMMENDED IN CASES
SUCH AS THESE

#OMBINING -5,4)6)%7Ò
MONITORING WITH AN INTEGRALLY
MOUNTED ARMORED GAGE
0ENBERTHYS $RUM ,EVEL
)NDICATOR OFFERS IMPROVED SAFETY
CONVENIENCE AND VERSATILITY
MEETING !3-% "OILER #ODE
3ECTION  0'  REQUIREMENTS FOR
7ATER ,EVEL )NDICATORS
"Y ADDING THE -'3  SWITCH
AND -'4  TRANSMITTER REMOTE
LEVEL MEASUREMENT TRANSMISSION
AND PRECISE CONTROL CAPABILITY
IS POSSIBLE
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