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1.0 Introduction 
The purpose of this Safe Operations Plan is to document how the Lake Oswego-Tigard Water 
Partnership (Partnership) will assure the long-term integrity of its proposed expanded Water 
Treatment Plant (WTP).  

The cities of Lake Oswego and Tigard are committed to the safe operation of all elements of the 
proposed Partnership facilities. In fact, the basic mission of the Partnership is to design, build, and 
maintain a safe, reliable, long-term water supply system that is resilient to multiple potential hazards, 
consistent with the critical importance of the system to public health and safety. 

The citizens of Lake Oswego and Tigard will depend on the new water supply system at all times, 
but perhaps no more so than during and following an emergency or natural disaster. And the 
citizens of West Linn, in the event of damage to or malfunction of any key element of its water 
system or the South Fork Water Board supply facilities, will also rely on the Partnership’s water 
treatment facilities, for its backup source of supply. The Partnership’s facilities will create the 
opportunity to access all four major sources of water in the region. 

The proposed WTP is a key piece of infrastructure for Lake Oswego and Tigard. Designed to meet 
both Lake Oswego and Tigard’s water needs, it represents a substantial investment to be made by 
Lake Oswego and Tigard water customers. Therefore, a strong commitment to maintenance 
through proactive and sustained asset management is warranted. This commitment is reflected in the 
Intergovernmental Agreement (IGA) that formed the Partnership. The IGA commits Lake Oswego 
and Tigard to an asset management program intended to maximize the service life of the entire 
water system by performing timely monitoring, assessment, maintenance, and upgrades. 

Safety during ongoing operations is focused on ensuring the continuous mechanical, structural, and 
electrical integrity of all the equipment and structures within the WTP. As with any water facility, the 
critical objectives to be addressed through detailed design, construction, inspection, and 
maintenance include the following: 

 Site Security 

 Structural Integrity 

 Process Redundancy 

 Operational Control 

 Hazardous Material Management 

 Maintenance 

Strategies to achieve these critical performance objectives are summarized below: 

 Compact and secure site to enhance public safety. 

 Selection of durable building materials and an advanced seismic support system designed 
to meet the industry’s highest seismic standard, during its 75- to 100-year design service life. 

 Mechanical and electrical redundancy including multiple backup power supplies to 
mitigate risk of a power failure while minimizing on-site fuel storage. 

 State of the art operational controls and instrumentation systems running a robust 
treatment process. 

 Fully contained hazardous materials handling systems which mitigate the risk of an 
uncontained spill and provide early detection in the event of a chemical leak.  
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 Thorough construction inspection and testing program. Careful construction 
inspection and a wide range of performance testing will validate that the facilities are 
constructed as intended by the design engineers. 

 Proactive asset management and routine ongoing monitoring, assessment, and 
maintenance of every aspect of the facility documented and checked by a comprehensive 
Asset Management Plan will ensure this facility remains in good working order. 

Each of these items is described in more detail in the sections that follow. 

2.0 Safety and Security  
A secure treatment facility including secure fencing, a remotely monitored security system, separate 
visitor and operations areas, and an efficient, effective lighting plan will combine to safeguard the 
site, plant staff, visitors and the neighborhood. 

Some of the key considerations incorporated into the WTP design are presented below. 

2.1 Site Security 

After the events of September 11, 2001, a Presidential Directive created the Department of 
Homeland Security.  Because of the critical importance of drinking water facilities to the security of 
communities nationwide, public law (PL 107-188), the Bioterrorism and Public Health Security Act, 
required all community water systems to assess the vulnerabilities of their critical water infrastructure 
to intentional malevolent acts.  Lake Oswego submitted the findings and recommendations of its 
Vulnerability Assessment to EPA in 2004.  The modernization of Lake Oswego’s WTP, creates the 
opportunity to also modernize its site security systems which include the following elements:  

Secure Fencing & Controlled Access Gates.  Good neighbor fencing around the WTP will use 
decorative wood paneling on the neighborhood facing side and chain link fencing on the plant 
facing side. This will give the site an architecturally pleasant look while maintaining a secure 
perimeter around the site. Automatically locking gates and signage will direct public traffic to 
publically accessible areas of the site while restricting access to critical systems within the treatment 
plant only to authorized personnel. 

Site Monitoring. Monitoring for detection of unauthorized access or activity within on the site is a 
key component of a robust security system.  The plant will employ a variety of sophisticated devices 
to continually monitor the site and specific operations (e.g. chemical truck unloading).  The security 
features will greatly enhance the safety and security of the staff and WTP facilities.  

2.2 Practical Site Layout and Efficient Facility Design  

The approach taken on site layout as well as the efficient design of each treatment processes 
provides general operational safety and improves the safety of the surrounding neighborhood. 

Separation of Work and Visitor Areas. The WTP is purposefully laid out to keep plant process 
areas and publicly accessible  areas separate. Chemical and other delivery trucks are kept away from 
personal vehicles by creating a separate loop road, interior to the WTP, which avoids the public 
parking areas. Tour routes allow visitors to see the inner workings of the facility without being 
accessible to operating equipment, chemical storage, electrical equipment, or plant control systems. 
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Line-of-sight. A simple but important concept incorporated into the WTP layout is creating line-
of-sight. This applies to roadways, sidewalks, pedestrian paths, hallways, and all areas with vehicle 
crossings. Safety is greatly enhanced when people can see where they are going and what is coming 
their way.  

A variety of lighting systems will assure appropriate illumination for the many needs of an operating 
water treatment facility including area lighting, task lighting, and security lighting.  Lighting system 
design is key to worker productivity, safety, energy efficiency, and minimizing undesirable uplighting 
and glare to offsite properties. 

Access for Emergency Responders. The proposed walking path on the southeast side of the 
property doubles as an alternative access point for emergency responders to access the interior of 
the WTP site and travel between Kenthorpe Way and Mapleton Drive. In case of an emergency in 
which access to the WTP is blocked via Kenthorpe Way emergency responders can access the WTP 
site via Mapleton Drive. This access-way also serves the surrounding neighborhood by giving 
emergency responders access through the WTP site should regular traffic routes to either Mapleton 
or Kenthorpe be blocked. 

Clearance. Providing sufficient clearance around equipment, along walkways, and under overhead 
piping is important in creating a comfortable and safe work space suitable to every day access by 
plant operations staff as well as emergency response personnel. 

3.0 Durable Design 
WTP infrastructure is designed to last 75+ years. The Partnership has adopted the approach 
recommended by the American Society of Civil Engineers and the International Building Code for 
very important structures. This approach effectively mitigates the hazards of an earthquake to the 
highest level accepted worldwide. This is the standard applicable to life sustaining structures such as 
hospitals and emergency response facilities. The robust structural design and construction includes 
consideration of the magnitude 9.0 Cascadia Subduction Zone (CSZ) megathrust event, and  will 
allow the WTP facility to remain operational and occupiable even after a CSZ event. 

3.1 Pile Foundations 

To mitigate site specific seismic hazards pile foundations are used beneath both new and existing 
structures. Detailed analysis of the existing Lake Oswego WTP site determined that seismic 
liquefaction under the CSZ event may cause settlements throughout the site of about 5 to 9 inches 
and differential settlements ranging from 1 to 5 inches. To prevent damage to both new and existing 
structures due to seismic liquefaction and settlement, auger-cast piles, embedded sufficiently into the 
non-liquefiable dense gravel underlying the liquefiable silty sand, will be used. The use of piles 
coupled with robust concrete design described in section 3.2, provides additional safeguards, so the 
WTP structures will not suffer a catastrophic failure even during the 9.0 CSZ event.  For additional 
details, see the Lake Oswego & Tigard Water Treatment Plant – Seismic Geologic Hazards and Mitigations 
Technical Memorandum (Shannon & Wilson, July 2012), submitted as part of this supplemental 
application, as well as the Lake Oswego & Tigard Water Treatment Plant – Draft Geotechnical Engineering 
Report (Shannon & Wilson, March 2012), submitted as part of the original Land Use Application, 
submitted to West Linn dated March 29, 2012. 
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3.2 Concrete Design 

Robust reinforced concrete design maximizes the durability and performance of concrete structures. 
The conservative concrete design of every treatment plant structure provides added strength and 
durability to each structure. Some of the elements of advanced concrete design utilized on WTP 
structures includes enhanced concrete mix requirements which eliminates the use of fly-ash for 
improved strength and durability, tighter spacing of reinforcing rebar to minimize concrete cracking, 
and the application of concrete damp proofing and waterproofing to protect foundations and walls.   

3.3 Corrosion Control 

Corrosion potential is mitigated by using multiple barriers. To improve the design life of treatment 
facilities, corrosion prevention measures are included on both the concrete structures and buried 
pipelines. 

Corrosion of below ground concrete structures is mitigated by reducing external moisture 
penetration using waterproof concrete coatings as well as drain boards to shed stormwater away 
from structures. Above ground concrete structures also receive waterproofing or damp proofing 
treatments utilizing breathable membrane materials.  

Corrosion protection of pipelines within the WTP will be accomplished by several barriers including 
coatings and linings, as well as dielectric isolation and, in some cases cathodic protection. The 
application of the various corrosion protection measures varies by pipeline size and material. 
However, the following standard corrosion prevention methodologies apply: 

 Cement mortar lining and coating 

 High-performance urethane or epoxy 
lining and coating 

 Tape coating 

 Poly-ethylene encasement 

 Dielectric isolation 

 Cathodic protection systems 

Careful selection of the specific corrosion prevention measures for each pipe type ensures long 
pipeline service life and effectively mitigates the risk of pipeline failure. 

4.0 Process Redundancy 
The WTP includes a number of redundant systems which allow flexible operations in a variety of 
modes under varying conditions. Redundant systems are valuable from both a maintenance 
perspective, when systems or processes are taken offline for scheduled routine maintenance as well 
as during emergency conditions when a system or process unexpectedly fails. Redundant systems at 
the WTP account for occurrences in both categories without negatively impacting plant 
performance or risking public safety. This provides a significant benefit to West Linn residents, who 
rely on the Partnership facilities, including the WTP, for their emergency water supply in the event 
of damage to or failure of any key element of the South Fork Water Board’s or West Linn’s supply 
system. 
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4.1 Process and Equipment Redundancy  

Redundant treatment units and mechanical equipment allows plant staff the flexibility to by-pass 
most areas enhancing the WTP’s ability to provide emergency water supply. Some of the redundant 
processes include: 

 Two parallel Ballasted Flocculation basins allowing for treatment of up to 30 million gallons 
per day (mgd) while one basin is out of service. 

 Ozone contactor can be bypassed while other WTP processes still provide essential 
treatment to meet public health requirements. 

 Six individual filters can treat up to 8 mgd each; providing up to 32 mgd of water even if two 
are out of service. 

In addition to the redundant main treatment processes, equipment within each process also provides 
internal redundancy – such as redundant pumps, instrumentation, and electrical equipment. 

4.2 Power Supply Redundancy  

Redundant electrical supply from the local utility Portland General Electric (PGE) is a key feature of 
the Partnerships approach to sustaining treatment operations except in the most extreme 
circumstances.  In addition to the primary power supply which enters the site via overhead power 
lines, a second buried power feed provides a robust and reliable supply of electrical energy capable 
of operating the WTP in the event that the primary supply is interrupted. The two power feeds are 
fed from two separate power substations and follow two physically separate routes along Highway 
43 and to the plant site. On-site switchgear allows the plant to automatically switch from one power 
source to the other without adversely interrupting plant production.  In this way, the risk of a 
localized event causing a loss of power, such as wind damage or minor seismic event, is mitigated. 

In the unlikely event that both electrical feeds fail simultaneously, a diesel backup generator will 
power critical emergency monitoring and communications equipment (including key 
instrumentation and alarms) within the WTP’s control room. This redundant power strategy 
minimizes the generator size requirement which, in turn, limits the total volume requirement for on-
site fuel storage. Furthermore, because PGE lists the WTP as a critical facility, the PGE response 
protocol in the event of an outage gives restoration of power to the WTP a priority.  

4.3 Overflow Strategy  

A series of on-site containment basins provide water storage in the event of an emergency plant 
overflow. In the unlikely event that these storage structures are overwhelmed before plant operators 
can safely shutdown pumps and control valves water is conveyed through an overflow pipeline to 
the Willamette River. This overflow strategy mitigates the risk of flooding to the WTP site or 
surrounding neighborhood during an overflow event. 

Overflow events, though unlikely, could conceivably occur in an emergency situation when flow 
cannot be passed to downstream water treatment structures due to valve malfunction, pipeline 
obstruction, or catastrophic pump failure. However, even under these circumstances, the WTP is 
designed to contain and convey overflows to safe storage locations, preventing damage to the site or 
surrounding properties. 



Technical Memorandum  Page 6 

 

In the unlikely event of an emergency overflow water levels in the core process areas (Ballasted 
Flocculation, Ozone Contactor, and Filters) would rise above normal operating levels and begin to 
flow over an overflow weir. Water passing over this weir is conveyed to the Washwater Equalization 
Basin. Alarms indicating an overflow is occurring will alert plant staff to this condition and allow 
them to immediately initiate a plant shutdown to prevent further overflows. If the plant shutdown 
cannot be completed before the Washwater Basin is completely full, this basin will overflow to the 
existing Lagoons. Finally, if the Lagoons become full they will overflow via the existing overflow 
pipeline to the Willamette River. This overflow process is similar for the Clearwell. 

All overflows, up to the plant treatment capacity can be contained in the on-site containment basins 
or discharged to the Willamette River without causing flooding of the site or surrounding 
neighborhood. 

5.0 Operational Control System 
While the WTP will feature a state of the art supervisory control and data acquisition system 
(SCADA) for monitoring, controlling, and automating intake, pipeline, WTP and reservoir 
operations, the plant will only operate when WTP staff are on-site. WTP operators are highly trained 
to safely operate water supply and treatment systems and can efficiently diagnose, troubleshoot, and 
repair plant systems in the event of an emergency. Combined with an array of process monitoring 
equipment and instrumentation located throughout the WTP and relayed through the SCADA 
system, staff is able to quickly detect operational issues and solve problems before emergencies 
occur. 

Plant operations staff are certified as Drinking Water Operators by the state of Oregon. Water 
treatment plant operators must pass certification exams as well as periodically renew their 
certification with continuing education courses and seminars. 

Operation of the WTP is flexible and can allow both remote, local, and automatic control. 
Programming of the SCADA system will automate many of the key processes during normal 
operation. However, under non-routine circumstances staff can manually operate equipment either 
remotely, through the SCADA system screens, or on local control panels directly adjacent to the 
process equipment. This flexibility ensures that even during unique situations staff can maintain full 
control of treatment processes. 

5.1 Warning and Alarm Systems 

The process monitoring equipment and instrumentation communicates with the SCADA system 
and provides warnings and alarms to staff when issues occur within the WTP, at the intake, 
pipelines, or remote storage reservoirs. These warnings can be initiated automatically based on 
feedback from online analyzers and instrument sensors. For example, several online analyzers at the 
plant continuously report on the effectiveness of treatment systems and can provide warnings or 
alarms in the event of any inconsistency in the treatment stream. Another example is instruments 
which monitor the physical state of processes and equipment such as high temperature or high water 
level indicators, indicating issues with equipment or process flows. Again these instruments are 
integrated with the SCADA system, providing an early warning system which allows operations staff 
to react to the problem, diagnose the cause, and correct the issue. 
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5.2 Uninterruptable Power Supplies 

In addition to the power redundancy strategies discussed in Section 4.2, Uninterruptable Power 
Supplies (UPS) allow the SCADA system, local control panels, the communication systems, and 
critical instrumentation/alarms to remain in continuous operation even during complete power 
failures. These UPS systems are engaged instantly after a power failure and provide power for a 
minimum of 15 minutes. This allows adequate time for non-critical systems to properly shut-down 
and also allows time for the backup generator to start-up, providing long-term power to critical 
systems, even during catastrophic emergencies. 

5.3 Fire Detection & Suppression System 

Fire suppression systems serve to protect and mitigate fire hazards throughout the WTP site. These 
systems consist of external fire hydrants, fire suppression sprinklers in several buildings, and smoke 
detection systems. The smoke detection systems will be tied into the WTP communication system to 
alert staff and visitors as well as fire and rescue professionals in the event of a fire. Buildings at the 
WTP with advanced fire suppression systems proposed include: 

 Chemical Building including the Chemical Storage Room and Ozone Generation Room 

 Administration and Operations Building 

 Filter Gallery and Ballasted Floc/Ozone Gallery 

6.0 Hazardous Material Management Plan 
The primary purpose of the Hazardous Material Management Plan (HMMP) is to provide 
information to interested regulatory agencies concerning the storage, handling and spill response 
procedure for chemicals used in the treatment and disinfection of water at the WTP.  

The current HMMP was developed during the last major capital improvements project at the WTP 
in 1997. A completely revised and updated HMMP will be developed as part of the proposed plant 
expansion. An overview of the hazardous materials at the expanded WTP as well as basic details 
regarding the separation, containment, monitoring and emergency response for these materials and 
material handling systems is provided in the sections below.  

6.1 Chemical Deliveries  

The Chemical Building is located near the center of the plant site, within the secure area and a 
contained perimeter. Chemicals are delivered via tank trucks to permanent chemical storage tanks 
within the Chemical Building. The chemical fill station is located directly adjacent to the Chemical 
Building in a covered area enclosed on two sides. This allows easy drive-thru access for delivery 
trucks, providing protection from environmental elements such as wind and rain and facilitates 
containment in the unlikely event of a spill. Chemical delivery truck drivers are well trained and 
follow strict industry standards to ensure safe and effective transfer of chemicals. The fill station will 
receive bulk deliveries for the following chemicals: caustic soda, sodium hypochlorite, liquid alum, 
and a secondary coagulant such as aluminum chlorohydrate or polyaluminum chloride.  Tank level 
indicators, located at the fill station, monitor the tank filling operations. 
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The tank filling area is divided into two sub-areas: one with filling connections for acids, including 
the alum and secondary coagulant; and one with filling connections for bases, including the caustic 
soda and sodium hypochlorite. In the event of a spill, drains located in each tank filling sub-area will 
convey spilled chemical into the appropriate containment sump within the chemical building. This 
methodology for containment exceeds common safety practices for chemical fill stations and further 
mitigates the risk of a spill causing harm on or around the plant site. 

6.2 Chemical Storage Areas  

Inside the Chemical Building, chemical storage tanks, separated into acid and base categories 
depending on their relative pH and reactivity, are placed in large containment areas which further 
mitigate the risk of a potential spill. These containment areas are designed to hold the contents of 
one full tank and 20 minutes of flow from the fire suppression sprinklers, while maintaining a 
minimum of 6 inches of freeboard.  Within each containment area a sump with a chemical resistant 
pump allows chemical spills to be pumped out of the containment sump and into a tanker truck for 
safe transport to the appropriate disposal facility. Chemical feed pumping facilities as well as 
ancillary equipment related to chemical feed are also located in this same containment area 
mitigating the risk of minor leaks associated with the pumps or pump piping connections. 

6.3 Chemical Piping 

Chemical piping outside the containment areas is double contained within both the primary 
chemical feed pipe and an additional pipe sleeve. Double contained chemical pipes are sloped 
appropriately to ensure any leaks in the pipe are ultimately contained in sumps at either end of the 
piping. In the event that the primary chemical feed pipe develops a leak, the leaked chemical would 
flow by gravity into a containment sump where sensors would trigger an alarm to plant staff 
indicating the issue. From there, plant staff can shut down the feed pump and isolate the section of 
leaking pipe to further diagnose and resolve the problem.  

Redundant chemical piping for key chemical systems and their associated dosing points ensures the 
WTP can remain online in the event of a chemical pipe failure. 

6.4 Specific Considerations for LOX and Ozone 

The ozone treatment process at the WTP consists of several highly specialized, sophisticated pieces 
of equipment. Each piece of equipment features a myriad of highly specialized control and 
monitoring equipment, designed specifically to provide a safe and secure operating environment. 
The system can automatically detect issues and initiate immediate shut down, isolating each element 
of the process as needed. The key elements of the ozone system are: 

 Liquid oxygen (LOX) Tank 

 LOX vaporizers 

 Ozone generators 

 Ozone dissolution and injection 
equipment 

 Ozone contactor 

 Ozone destruct units 

LOX. At the WTP, LOX will be present on the site as the primary constituent for making ozone. 
The LOX tank features double wall construction utilizing specially formulated high-nickel stainless 
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steel. The annular space between double walls is insulated and under vacuum to isolate the outside 
of the tank from the cold temperatures inside the tank. This allows the outside of the tank to be safe 
to touch without the risk of frostbite. 

The LOX tank features redundant safety valves to prevent over-pressurization during filling and 
redundant shut-off valves, including an emergency shut-off valve separate from any control 
interlocks, to isolate the tank. 

The LOX tank is located centrally on the site, safe within the secure perimeter. The location of the 
tank includes adequate distance from other structures and sufficient ventilation to prevent 
accumulation of oxygen in the unlikely event of a leak. Warning signs around the tank indicate the 
risk of combustion in the immediate area. Because liquid oxygen quickly vaporizes, dilutes and 
dissipates in the atmosphere, the increased risk of combustion rapidly decreases at short distances 
away from the tank itself and is minimal beyond the secure perimeter. 

LOX is conveyed via foam-glass insulated seamless stainless steel piping to the LOX vaporizers 
where it is converted to gaseous oxygen. The careful design of the LOX conveyance system and use 
of specific pipe materials and fittings mitigates the risk of a LOX or gaseous oxygen leak. However, 
in the unlikely event of a leak additional safety systems are provided to safely isolate and shutdown 
the LOX system. Small leaks in the LOX tank or LOX piping is easily detectible since escaping 
LOX will cause moisture in the area to freeze causing noticeable frost in the area of concern. More 
significant leaks are immediately detected via the increased speed of pressure loss from the tank. In 
this case the system can quickly be shut down while a more thorough inspection, diagnoses the 
problem and remediation can be undertaken. 

The gaseous oxygen conveyance piping is similar to the LOX piping, heavy wall seamless stainless 
steel with thoroughly tested, corrosion resistant (passivated) welded joints. No connections are 
provided between the vaporizers and the ozone generation room to mitigate the risk of leaks in this 
piping. 

Ozone Generators. Using fully contained specialized reactors gaseous oxygen is converted to 
ozone in the ozone generators. These generators are located in the ozone generation room, part of 
the chemical building. The ozone generation process is monitored by numerous sensors including 
pressure, temperature, flow rate, and ozone concentration. Any deviation from standard operating 
parameters will trigger an immediate shutdown of the ozone generator. Temperatures in the ozone 
generators are kept cool by a continuous cooling water stream which maintains a temperature 
approximately between 60oF and 120oF. 

Inside the Ozone Generation room redundant ambient sensors detect elevated levels of oxygen or 
ozone and trigger alarms, shutting down the systems in the event of an abnormal detection. The 
ozone is conveyed via stainless steel piping to the ozone dissolution and injection equipment in the 
Ballasted Floc/Ozone gallery. Similar oxygen and ozone sensors in this gallery can trigger alarms and 
shutdown ozone systems as needed. Both areas feature additional ventilation systems that can 
rapidly bring outside air in, diluting and venting ozone or oxygen gas harmlessly to the atmosphere. 
These ventilation systems are triggered automatically by the sensors but can also be manually 
initiated via emergency stop buttons located near the building exits at each location. 

Ozone is readily identifiable by smell and can be detected by people at levels well below the human 
health and safety standard. Operations staff are trained to be alert and aware of increased levels of 
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ozone in the gallery or generator areas and can manually initiate the emergency stop procedures if 
needed. 

Ozone Contactor.  The ozone is dissolved in the water stream and allowed time to react inside the 
Ozone Contactor. The ozone contactor is sealed to prevent gas escaping. It is also kept under 
constant vacuum pressure to actively draw out any ozone gas present in the headspace between the 
water surface and the sealed lid of the contactor. The vacuum pressure is provided by the Ozone 
Destruct Unit blowers which employ a thermal catalytic reaction using magnesium dioxide to ensure 
the complete conversion of ozone back to oxygen before it is vented harmlessly to the atmosphere 
through vents in the chemical building roof. Monitoring equipment on the Ozone Destruct Unit 
exhaust ensures all ozone is destroyed before leaving the building. Any reading above acceptable set 
points immediately shuts down the ozone system. 

7.0 Construction Inspection and Testing 
Engineering designs are an important start in the process to achieve a reliable, long-lived water 
treatment facility. The next step is careful construction inspection and a battery of performance tests 
that will be used to assure the finished product meets the design intent. Thorough inspection and 
testing helps ensure the WTP expansion will be constructed as designed 

The process begins during submittal review, with verification that all proposed materials and 
equipment provided by the contractor meet or exceed the project specifications for a variety of 
requirements including features, dimensions, uniformity, strength, composition, source, and other 
measures of quality prior to shipping. This process continues during installation where an 
experienced construction engineers/inspectors monitor construction for compliance with contract 
requirements. For complex equipment, manufacturers’ representatives, experts on their own 
systems, ensure that the equipment is installed correctly.  

Start-up and performance testing is the final step and includes many different checks to assure the 
quality and performance of constructed facilities meet or exceed design requirements. 

8.0 Asset Management Program 
An asset management program is being developed by the Partnership to maximize longevity and 
reliability of the expanded WTP, intake, pipelines, reservoir, and pumping station that comprise the 
new supply system. The objective of asset management is to care for valued assets properly so they 
can reliably meet the required level of service at the least cost over their useful lives. Definition of 
several of these terms helps put this objective in perspective: 

 Level of service. Treatment facilities are vital to public health and safety; therefore, they 
must remain in service at virtually all times, even during emergencies and natural disasters. 
As noted above, the selected design seismic event at the WTP is designed to withstand the 
Cascadia Subduction Zone megathrust event. Even after a magnitude 9.0 seismic event the 
plant will continue to be operational and occupiable. 

 Least cost. The substantial initial capital investment required to build a WTP warrants the 
utmost vigilance in operations and maintenance (O&M) to maximize the return on the 
ratepayers’ capital investment. Nothing is more costly for ratepayers than premature 
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replacement of valuable facilities. Least cost for the treatment facilities can be realized only 
through longevity.  

 Useful life. While the useful life of WTP equipment varies, the asset management program 
maximizes the useful life of each piece of equipment. Structures at the WTP are designed for 
a useful life of at least 75 years. 

Proactive maintenance and regular condition assessment are two practices that will help meet the 
Partners’ asset management objective for WTP and are discussed further below. 

8.1 Proactive Maintenance 

A comprehensive, proactive maintenance program will continue to keep the WTP in good working 
order. All O&M procedures will be documented in an O&M manual to ensure best practices are 
standardized and available to future generations of plant staff. 

8.2 Routine Condition Assessment 

Routine condition assessments inform WTP managers and operation staff of the true condition of 
equipment and facilities.  These assessments can be used to identify the timing of future equipment 
upgrades and required repairs. Condition assessments on all critical WTP facilities will be conducted 
at regular intervals. As these assessments are tracked over time they will help inform decisions about 
timing for maintenance, rehabilitation, or replacement. 

Additional details about the scope and frequency of these condition assessments are documented in 
the Chemical and Materials Management Protocols Memorandum (City of Lake Oswego, July 2012) (see 
Appendix A), developed specifically for the Lake Oswego Water Treatment Plant. The memo 
discusses the required daily, weekly, monthly, quarterly and yearly inspections of chemical and 
materials handling systems currently conducted by plant staff. The memo outlines the extensive list 
of protocols used for the inspections as well as the established safety plans and procedures at the 
Lake Oswego Water Treatment Plant. The WTP has a well-established culture of excellent health 
and safety practices related to daily operations and these strict assessment practices will continue to 
be an important part of facility operations. 
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Chemical and Materials Management Protocols 



 



 

CITY OF LAKE OSWEGO 

 
380 A Avenue 

PO Box 369 
Lake Oswego, OR 97034 

 
503-635-0270 

www.ci.oswego.or.us 
 

 
TO:    Joel Komarek, P.E., Project Director – Lake Oswego – Tigard Water Partnership 
 
FROM:   Kari Duncan, Water Treatment Plant Manager 
 
SUBJECT:  Chemical and Materials Management Protocols  
 
DATE:    July, 9 2012 
 

 
Introduction 
 
At your request, I have prepared this memorandum which summarizes the protocols and practices 
currently in place at our Water Treatment Plant (WTP) relating to the delivery, storage, and handling of 
water treatment chemicals.  These protocols and practices were developed jointly between management 
and staff and reflect knowledge of the potential exposure hazards from these chemicals, knowledge of 
practices currently in place at other WTP’s in the region and knowledge of best practices within the larger 
water treatment industry gleaned from literature review of professional publications on this subject. 
 
Background 
 
The Lake Oswego Water Treatment Plant (WTP) has an exemplary safety record of no safety or health 
violations relating to the delivery, storage, and handling of chemicals typically found at water treatment 
plants globally.  We are proud of our 40‐plus year record of no accidents attributable to storage and use of 
water treatment chemicals.  But our record didn’t just happen.  It depends on adequate and continuing 
professional education for management and operations staff and constant vigilance. 
 
All of the Lake Oswego WTP Operators have met extensive training, education requirements and passed 
written examinations to be certified by the State of Oregon for the treatment and distribution of drinking 
water.  Included in the education, training and testing to become a certified water operator is 
comprehensive understanding of safety and health requirements for working around water treatment 
chemicals such as chlorine, alum and CO2. 
 
WTP Safe Operating Practices 
 
Below is a list of the frequent inspections that are performed on chemical storage and feed areas at the 
WTP as well as the safety procedures and manuals associated with these practices.  The Operations Staff 
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works every day in close proximity to the treatment chemicals stored at the plant and it is essential that the 
City maintain a safe environment for both the employees at the plant and the surrounding neighborhood. 
 
Inspections Performed: 
 
Daily: 

 Continuous monitoring by Operations Staff of all chemicals stored at the plant occurs via “SCADA” 
Supervisory Control and Data Acquisition” system.  The SCADA system digitally connects the 
Operator on duty to the plants chemical systems allowing real time observation and control.  If a 
chemical spill occurs, or if a tank is too full or a feed system is not working properly, the SCADA 
system will immediately alarm and notify the Operator on duty of such conditions, and the Operator 
can then take appropriate action, such as terminating filling procedures, stopping feed pumps or 
initiating spill clean‐up.  The SCADA system operates 24/7 365 days a year and in the event of a loss 
of utility power is still operational through an on‐site emergency backup generators. 

 In addition to SCADA monitoring and control, visual inspection of all chemical storage and feed 
systems is performed daily by on‐duty Operators.  This redundant task provides Operators 
confidence in the digital SCADA information received in the control room and the opportunity to 
physically touch and inspect these systems.  These inspections are documented twice per day. 

 
Weekly: 

 Safety shower inspection 
 
Monthly: 

 Fire extinguisher inspection 

 WTP Operations Staff have hand held gas detectors that are calibrated monthly.  These multi‐gas 
detectors inform Operators if a confined space such as a vault or clearwell is safe to enter. 

 CO2 booster pump‐ exercise and check operation 
 

Quarterly: 

 Lake Oswego Safety Committee Quarterly Inspection ‐ This inspection covers all areas of safety at 
the WTP including hazardous material safety. 

Yearly: 

 Annual Inspection by TVF&R: This inspection consists of a walkthrough of the entire WTP and 
outbuildings to check for fire‐life safety issues, improper chemical storage or problems, and 
anything else that could result in an emergency response.  The inspections are documented and the 
findings are on file at the WTP.  All inspections have found that chemicals are properly and safely 
stored. 

 An Annual Hazardous Substance Survey is submitted to the Oregon State Fire Marshall with detailed 
information about all chemicals stored in reportable quantities.  This record is public information 
and is available on the Community Right to Know information site:  
http://www.oregon.gov/OSP/SFM/CR2K_InfoAvailable.shtml  

 Contracted maintenance and inspection on mechanical systems associated with CO2, records are on 
file at the WTP.  
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 Fire sprinkler and alarm system inspection and maintenance by an outside contractor.  Records are 
on file at the WTP and are reviewed by TVF&R annually. 
 

Additional Inspections: 

 Voluntary OSHA Inspection in 2008 of all plant systems including chemical storage. 

 Pressurized storage vessel inspection by State every 3‐5 years.  The last inspection was in 2011 and 
the external inspections revealed no evidence of leakage or corrosion and found that the proper 
safety pressure relief valves were installed. 

 Before each chemical delivery, the Operator on duty inspects the valves and the receiving tank to 
ensure that it is sound and ready to receive a delivery.  In addition to the Operator check, the 
vendor representative also performs their own inspection of the City Owned equipment before 
each delivery to verify that the system is ready to receive a delivery and in good working condition. 

 
Safety Plans, Procedures and Training: 

 

 Material Safety Data Sheets (MSDS) sheets for all chemicals are located at the entrance to plant and 
in Laboratory.  MSDS sheets provide Operators detailed information on the name and type of 
chemical, its uses, handling procedures, first aid response procedures and contact information for 
public health agencies and emergency responders. 

 Hazardous Materials Management Plan (HMMP).  This document was developed in 1997 as a 
condition of approval for a prior plant upgrade.  It was reviewed and approved by TVF&R.  It is 
updated as needed to reflect changes in types and quantities of chemicals used at the WTP. 

 Standard Operating Procedures (SOP).  These documents are developed by Operations Staff and 
plant management and establish best practices for Operators to follow when operating or 
performing maintenance on plant systems.  SOP’s also establish reporting and record keeping 
procedures for all activities that occur at the WTP as they relate to plant operations. 

 Emergency Response Plan for the Lake Oswego Water System – Prepared for compliance with the 
Public Health Security and Bioterrorism Response Act of 2002. 

 City of Lake Oswego Safety Manual prepared by the City Safety Committee in 2011.  This manual 
covers the whole City but has chapters relevant to the WTP such as laboratory safety and health 
plan, lead compliance plan, and hazard communication plan. 

 Water Treatment Plant Lockout Tag out and Confined Space Entry Plans. 

 Operator safety training on various topics monthly in addition to special safety training and safety 
schools attended by individual staff.  This training is to meet a variety of state and federal 
requirements including OSHA requirements, Oregon State Drinking Water Program requirements 
and City and WTP safety and health goals. 
 

As you can see by the extensive list of safety protocols and documentation, the Lake Oswego Water 
Treatment Plant has a well established culture of excellent health and safety practices related to daily 
operations.  The City of Lake Oswego is committed to sustaining a safe work environment for its employees, 
visitors and surrounding neighborhood and community of West Linn.  The descriptions of the many safety 
and health practices in use at the plant demonstrate this commitment and our record of over 40‐years of 
operations with no safety or health violations manifests that commitment. 
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Appendix B 

Material Safety Data Sheets (MSDS) for all 
Anticipated Chemicals at the LO-T WTP 

 

Alum 

BSP Captor® 

Caustic Soda Liquid 

Clarifloc® WE-137 Polymer 

Magnafloc E30 

Oxygen, Refrigerated Liquid 

Pass C 

Sunny Sol® 150 



 













































































HYDOR-TECH LIMITED
MATERIAL SAFETY DATA SHEET

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

Product Identification 
Product Name: PASS C
Chemical Name: polyhydroxy aluminium chloride
CAS Number: 1327-41-9

Company Identification 
Hydor-Tech Limited
7164-120th Street Scottsdale Square Business Centre
Surrey, B.C.
V3W 3M8
Business: (604) 592-8327 (For product information)
24 H - CANUTEC (CAN) (613) 996-6666 (For emergencies)

SPECIAL NOTES: 
Product Use: Flocculant 
Prepared and/or updated on March 5, 2010 by Technical, (780) 452-9888. 

2. COMPOSITION/INFORMATION ON INGREDIENTS

(See Section 8 for exposure guidelines)
(See Section 15 for regulatory information)

3. HAZARDS IDENTIFICATION 

EMERGENCY OVERVIEW: 
Corrosive, clear yellow liquid with pH of < 1. Irritant. Avoid contact with eyes, skin and clothing.

HMIS Rating: 
Health - 3
Flammability - 0
Reactivity - 0

POTENTIAL HEALTH EFFECTS

EYE:
Severely irritating to the eyes. 

SKIN: 
May cause skin irritation.

Hazardous Ingredients Amount CAS Number
POLYYDROXYL ALUMINUM 
CHLORIDE 25-40 % 1327-41-9
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INHALATION: 
May be irritating to the nose, throat, and respiratory tract. 

INGESTION: 
Under normal industrial use, ingestion is not considered a probable route of exposure. Corrosive to mouth, 
throat, and stomach. 

SIGNS AND SYMPTOMS OF EXPOSURE:
Skin: Symptoms may include redness, watering, itching, or a burning sensation.

CHRONIC EFFECTS: 
No known chronic health effects.

REPRODUCTIVE HAZARDS: 
No known reproductive hazards.

CARCINOGENICITY INFORMATION: 
No known cancer hazards.

TARGET ORGAN: 
Routes of entry: Eye contact. Skin contact. Ingestion

MISCELLANEOUS:
(See Section 11 for toxicological information.)

4. FIRST AID MEASURES 

EYE CONTACT FIRST AID: 
Immediately flush with lukewarm, gently flowing water. After initial flushing, remove any contact lenses 
and continue flushing for 15 minutes while holding eyelids open. Get immediate medical attention.

SKIN CONTACT FIRST AID: 
Immediately and thoroughly wash affected area with water. Remove contaminated clothing and launder 
before reuse. Get medical attention if irritation persists or in cases of substantial or prolonged contact.

INHALATION FIRST AID: 
Remove to fresh air. Rest victim in half-upright position. If breathing is difficult, give oxygen by trained 
personnel and get immediate medical attention. Apply artificial respiration if indicated. 

INGESTION FIRST AID: 
Do not induce vomiting. Give conscious patients fluids. Call a physician and/or transport to medical facility. 
If victim is unconscious, never induce vomiting or give fluids. Place victim in a stable side position and keep 
warm. 

5. FIRE FIGHTING MEASURES 

FLAMMABLE PROPERTIES 
COC Flash Point: N/A
Autoignition Temperature: N/A

FLAMMABLE LIMITS IN AIR 
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LEL: N/A
UEL: N/A

FLAMMABLE PROPERTIES: 
This product is not classified as flammable or combustible according to WHMIS. 

EXTINGUISHING MEDIA: 
As required for surrounding fire. 

FIRE & EXPLOSION HAZARDS: 
SENSITIVITY TO STATIC DISCHARGE: Not sensitive. 

SENSITIVITY TO MECHANICAL IMPACT: Not sensitive. 

FIRE FIGHTING INSTRUCTIONS: 
Evacuate non-emergency personnel to a safe area. Contact emergency personnel as necessary. Avoid 
breathing smoke, fumes, and decomposition products. As in any fire, wear self-contained breathing 
apparatus pressure-demand MSHA/NIOSH (approved or equivalent) and full protective gear. 

COMBUSTION PRODUCTS:
Hydrogen chloride is evolved on boiling. Hazardous combustion products may include but are not limited to 
oxides of aluminium, carbon, nitrogen, ammonia, hydrogen chloride, and other products.

6. ACCIDENTAL RELEASE MEASURES 

SAFEGUARDS (PERSONNEL):
Wear appropriate personal protective equipment. Evacuate non-emergency personnel to a safe area. Secure 
area. 

INITIAL CONTAINMENT: 
Shut off leak and/or contain spilled material if safe to do so. 

LARGE SPILLS PROCEDURE: 
Absorb spill with inert material (e g, dry sand or earth), then place in a chemical waste container. 

SMALL SPILLS PROCEDURE: 
Absorb spills with inert material.

MISCELLANEOUS: 
Treat or dispose of waste material in accordance with all local, state/provincial, and federal requirements.

Spill can be neutralized with sodium carbonate — caution — carbon dioxide will be evolved. 

7. HANDLING AND STORAGE 

HANDLING (PERSONNEL):
Handle in accordance with good industrial hygiene practice. Wash thoroughly after handling. Avoid contact 
with eyes, skin, and clothing. Wash thoroughly after handling. Avoid inhalation of vapour or mists.

STORAGE PRECAUTIONS: 
Keep container closed when not in use. Keep from freezing. Keep from incompatible materials (refer to 
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Section 10).

8. EXPOSURE CONTROLS / PERSONAL PROTECTION 

ENGINEERING CONTROLS: 
Good general ventilation should be sufficient to control airborne levels. If operations generate dusts, fumes 
or mists, use ventilation as necessary to keep exposure to airborne contaminants below the exposure limits.

EYE / FACE PROTECTION REQUIREMENTS:
Chemical goggles or safety glasses essential. Face shield recommended. 

SKIN PROTECTION REQUIREMENTS: 
Wear protective clothing as required to prevent skin contact. Rubber boots recommended. Rubber gloves 
recommended. 

RESPIRATORY PROTECTION REQUIREMENTS: 
Generally not required. Wear an approved NIOSH/MSHA respirator with mist cartridge if necessary. 

MISCELLANEOUS: 
Facilities storing or utilizing chemicals, including this material, should be equipped with an eyewash facility 
and a safety shower. 

EXPOSURE GUIDELINES: 

POLYHYDROXY ALUMINIUM CHLORIDE
ACGIH TWA: (as Al) 2 mg/m^3 

9. PHYSICAL AND CHEMICAL PROPERTIES 

10. STABILITY AND REACTIVITY 

STABILITY: 
Stable. 

POLYMERIZATION: 
Hazardous polymerization will not occur. 

FORM: Liquid 
COLOUR: Clear
ODOUR THRESHOLD: Odourless
BOILING POINT: 105°C / 221°F
VAPOUR PRESSURE: Not available mm Hg
VAPOR DENSITY: Not available (Air = 1)
SOLUBILITY IN WATER: Appreciable
SPECIFIC GRAVITY: 1.22 – 1.26 (Water = 1)
MELTING/FREEZING POINT: Approximately -20° C / -4°F
pH: < 2.2-2.8
% VOLATILES: Not Available
EVAPORATION RATE: Slow 
ODOUR THRESHOLD: Not available
COEFFICIENT OF WATER/OIL DISTRIBUTION: > 1 
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INCOMPATIBILITY WITH OTHER MATERIALS:
Avoid contact with strong acids, strong bases, aluminium and zinc.

CONDITIONS TO AVOID: 
Avoid temperatures below 10°C / 50°F. Avoid temperatures above 35°C / 95°F.

11. TOXICOLOGICAL INFORMATION

MISCELLANEOUS: 
No specific information is currently available. Contact Hydor-Tech Limited at (780) 452-9888 for further 
information. 

12. ECOLOGICAL INFORMATION 

MISCELLANEOUS:
No specific information is currently available. Contact Hydor-Tech Limited at (780) 452-9888 for further 
information.

13. DISPOSAL CONSIDERATIONS 

WASTE DISPOSAL: 
Treat or dispose of waste material in accordance with all local, state/provincial, and federal requirements. 

14. TRANSPORTATION INFORMATION 

PRODUCT LABEL: PASS C

TDG Status 
SHIPPING NAME: CORROSIVE LIQUID, ACIDIC, INORGANIC, N.O.S.
TECHNICAL SHIPPING NAME: (Polyhydroxy aluminium chloride)
HAZARD CLASS: 8
UN NUMBER: 3264
PACKING GROUP: II

15. REGULATORY INFORMATION 

WHMIS HAZARD SYMBOLS:
Class D-2(B) - Materials Causing Other Toxic Effects, Class E - Corrosive Material 

MISCELLANEOUS INFORMATION: 
This material or all of its components are listed on the Inventory of Existing Chemical Substances under the 
Toxic Substance Control Act (TSCA). This material or all of its components are listed on the Canadian 
Domestic Substances List (DSL). 
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This product has been classified in accordance with the hazard criteria of the Controlled Product Regulations 
(CPR) and the MSDS contains information as required by the CPR. 

Maximum use levels for potable water applications is 250 mg/L.

16. OTHER INFORMATION 

PREPARED BY: Technical
APPROVED BY: Technical
TITLE: Technical
APPROVAL DATE: March 5, 2010
SUPERCEDES DATE: N/A

ADDITIONAL INFORMATION: 
The data in this Material Safety Data Sheet relates only to the specific material 
designated herein. 

**********************************************************************
Every effort is made to ensure that the data presented herein is current and factual; 
however, no warranty nor any other legal responsibility is to be construed from this document. Numerical 
values reported represent nominal and/or typical properties and do not constitute specifications. Any use of 
the information presented herein must be determined by the user to be in accordance with applicable Federal, 
Provincial, State and local laws and regulations.

**********************************************************************
END OF MSDS
**********************************************************************
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