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INSTITUTION CAMPUS  

Central Washington University Ellensburg 

PROJECT TITLE 

1200 Ton Chiller Addition 

 
SUMMARY NARRATIVE 

1. Problem Statement 

 

Central Washington University will not have enough cooling capacity when the Health Sciences 

building is complete in the fall of 2021Chillers at the physical plant make it possible to cool 

computer systems and maintain comfortable temperatures in classrooms, labs, and offices. However, 

with the addition of the Health Sciences Building, all of the six large high-traffic buildings on the 

same distribution line will not be able to be cooled during hot weather periods. The ability to 

maintain constant cool temperatures is absolutely critical to ensuring the functionality of sensitive 

lab instruments and the viability of research—undergraduate and graduate. The Health Sciences 

programs focus on human body systems, all of which are affected by ambient temperatures. As well, 

research involves lab samples, including blood, tissue and other biological samples sensitive to 

temperatures.  

 

The project promotes the reliability and securing of institutional cooling. Currently, mechanical 

failures during a peak-demand period would require one third of the current cooling capacity (one of 

three coolers) to be taken offline for repairs. Adding a fourth creates capacity to absorb the cooling 

load in the event of a system failure. 

 

In 2012, CWU commissioned the Abacus Load Impact Study (Appendix D), which indicated the 

need for an additional chiller once Discovery Hall (“Science II”) and Samuelson Hall became 

occupied, and before the completion of the new Health Sciences building. Discovery Hall was 

occupied in 2013 and Samuelson in 2017. CWU has requested state funding for chillers, but, lacking 

funding, none has been added to the system during that period. Cooling capacity is now being 

stretched to its maximum and has no redundancy in the case of a failure. 

 

Ellensburg is located directly in the Cascade rain shadow and experiences very hot weather from the 

spring through fall; outdoor temperatures can exceed 100 degrees from May through September. 

Unlike the mild weather in Western Washington, air conditioning is a necessity for day-to-day 

operations. 

 

One chiller is more than 20 years old and nearing the end of its useful life. It experiences mechanical 

failures more frequently and must be taken offline for costly repairs several times a year. With the 

chillers running at maximum capacity on an almost continuous basis during summers, the aging of 

the chillers is being accelerated and breakdowns are increasing. These breakdowns come at a 
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monetary cost for repairs, and disrupt faculty and students when the academic buildings heat to 

uncomfortable temperatures. 

 

In the 2006 supplemental capital budget, CWU requested funding to replace a chiller that had failed; 

that request was not funded. Central has requested chiller funding every biennium since 2015-17 as 

part of a comprehensive Energy Efficiency package of infrastructure upgrades, but the package has 

never received capital budget funding. Since the chiller component of the package is now urgently 

needed, CWU is submitting an individual decision package in order to highlight its need. 

 

Project benefits 

 

Full funding of the request will accomplish the following: 

• Produce sufficient cooling capacity to meet peak demand at all times. 

• Enhance the reliability of the system and reduce the need for costly repairs. 

• Establish a more environmentally friendly system that consumes less electricity. 

• Create capacity to designate the oldest chiller as a backup so that even if one chiller fails, the 

system will still have enough capacity to meet peak demand. 

• Generate surplus capacity that enables CWU to serve more students. 

 

2. History of the Project or Facility:  

 

CWU requested state funding in the 2006 supplemental capital budget, and in each of the last three 

consecutive biennia. None of these requests was funded.  

 

Since 2012, several large cooling loads have been added to the campus system including Science II 

(physics and geology), Samuelson Hall (computer science), portions of Randall and Michaelsen 

Halls, and Dugmore residence hall, which opened in the fall of 2019.  The anticipated demand of the 

Health Sciences building will be between 3,200 and 3,300 tons, exceeding the capacity of the 

university’s cool system.   

 

3. University programs addressed or encompassed by the project: 

 

The project supports virtually all university programs and activities, from residential life to 

academic programs, from administrative operations to recreational activities. None of these entities 

can function without environmental modification when temperatures rise into the 90s or even 

beyond 100 degrees. Appropriate cooling also can be essential to the preservation and operations of 

critical equipment and other resources, including digital technology, archival records, scientific and 

artistic display, research, and instructional materials.  
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GENERAL CATEGORY SCORING CRITERIA 

4. Significant health, safety, and code issues 

A. Identify whether the project is needed to bring the facility within current life safety (including 
seismic and ADA), energy, utilities or transportation code requirements. 

 
The addition of the new chiller supplying cooling demands for the new Health Science building 
fulfills the recommended requirements of the following regulations 
 
Occupation Safety & Health Admin. (OSHA) Section III, Chapter 2, subsection V 

Installing a new chiller for Health Science would address OSHA Technical Manual 
“Recommendations for the Employer,” which articulates engineering recommendations for 
ventilation, operational efficiency, air treatment, and source controls.  As noted above, 
several of the lab conditions with Health Science will have their own specific requirements 
beyond the conditions identified within subsection V. 
 
Expanding chiller capacity allows CWU to meet OSHA standards that set the range for 
office temperature controls between 68 to 76 degrees F.  This echoes research by 
ASHRAE, which provides recommendations for thermal comfort in offices and classrooms 
in ASHRAE Standard 55: Thermal Environmental Conditions for Human Occupancy.  
Temperatures substantially above this range can result in decreased productivity, increased 
absenteeism, and undesirable heat stress on the human body.  For life-safety purposes, 
CWU buildings operate with fresh air rates of 15 to 100 percent, depending upon the use 
and building occupancy, with labs, art studios, and food services having the most outside 
air. Additional support documentation in maintaining hospitable learning conditions is 
identified in OSHA Section III, Chapter 4 regarding heat stress.  The addition of the chiller 
is a direct representation of “Heat-related Illness” by ensuring 

• The use of air conditioning 

• Increase of general ventilation 

• Running local exhaust ventilation where heat is produced. 

American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
(ASHRAE) Standard 55, Section 5, subsection 5.1 – 5.4 & Section 6, subsection 6.1-6.2 

Thermal Environmental Conditions for Human Occupancy should allow students or 
employees wearing a normal amount of clothing to feel neither too cold nor too warm, 
based on a calculation of acceptable operative temperature ranges in comparison to the 
mean monthly outdoor air temperature.  Failure to secure a new chiller will jeopardize the 
ability to maintain the facility temperatures within an acceptable range. 
 

ASHRAE Standard 62, Section 5, subsection 5.7 – 5.17 
Adding a chiller enables CWU to meet this standard, which relates to the ventilation, 
humidity control, and removal of air contaminants. These are especially critical to the care 
of temperature-sensitive controls of various labs spaces, and to prevent overheating.   
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Food & Drug Admin. (FDA), Section 6-202.12 Heating, Ventilating, Air Conditioning 
systems. 

CWU cannot meet this standard without expanding chiller capacity. The FDA directs that 
heating, ventilating, and air conditioning systems shall be designed and installed so that 
make-up air intake and exhaust do not cause contamination of food, food-contact surfaces, 
equipment, or utensils.  The construction of Health Sciences, which the chiller supports, 
includes several food labs that required optimal operating temperatures in order to meet 
FDA guidelines. 

 
 

Clearly identify the applicable standard or code, and describe how the project will improve 
consistency with it. Provide selected supporting documentation in appendix and reference in the 
body of the proposal. 
 

The engineering and equipment sizing abide by Washington Administrative Code (WAC) 51-
11c-40331 for the appropriate capacity of the building it is designed to support (Health Science 
& campus redundancy)  
  
Detailed engineering will be performed to support building adherence to the calculation of total 
HVAC system performance ratios as calculated with WAC 51-11C-80500 
 

5.  Evidence of increased repairs and/or service interruption 

Identify prior facility repairs, work order repair history or contractor repair call-outs, increased 
utility and/or maintenance costs, and/or system unreliability. Provide selected supporting 
documentation in appendix, and reference them in the body of the proposal. 
 
A summary of work orders associated with chiller repairs is enclosed in Appendix F 

 

• In 2005 one of the two chillers (Chiller 3) in the central plant experienced a major 

mechanical failure ($250,000). 

• In 2012 Chiller 2 required a compressor rebuild ($77,831). 

• In 2015 a motor-bearing failure occurred in the 900-ton chiller.  Estimated repair costs 

exceeded the value of this chiller, which was replaced earlier this year with a new chiller 

with capacity of 3600 tons of cooling. However, increased cooling demand from anticipated 

new buildings will require an additional 1,200 tons of cooling for a total plant capacity of 

4,800 tons of cooling.  

• In the spring of 2020, a chiller-starter replacement was completed to ensure full capacity of 

chiller operation was available for the anticipated summer heat loads. ($43,000) 

• Since 2008, the sum of miscellaneous of small work order repairs on the chillers is 

approximately $203,000. 

 
6. Impact on institutional operations without the infrastructure project 

Describe how and the extent to which there would be an impact on existing operations and 
programs. Describe the potential impact on future, already funded or planned construction 
projects or program needs should this infrastructure project not occur. 
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Central Washington University will not have enough cooling capacity when the Health Sciences 

building is complete in the fall of 2021Failure to secure an additional chiller creates significant 

risk of temperature control for science facilities: scientific equipment, lab samples, consistent lab 

environments required to accurate lab testing, the microscopic temperature tolerances of 

sensitive research samples (e.g. blood, tissue, plant, microbiota, and other cultures). 

 

Without additional capacity peak demand cooling capacity could cause operation failure of 

existing equipment being overworked at constant volume leading to multiple buildings 

experience cooling issues.   

 
7. Reasonable estimate 

Provide as much detailed cost estimate information as possible, including documentation of 
professional assessment of costs (may contain opinions of external experts or experienced 
project management staff from the institution). 
 
The total project cost will not exceed the estimated project cost of $3,108,404.  A C-100 and 
CBS0003 can be found in Appendix B.  
 
An estimate accounts for construction escalation and is intended to include the formal 
engineering services (roughly $330k) for system connection, equipment procurement, 
installation, testing and balancing.   
 
The estimate is supported by the engineering evaluation by Abacus Resource Management in 
Appendix E.  
  

Summary of Estimate  
 
Chiller Module      $1,672,000 
Construction Contingency       $220,363 
Construction Escalation       $119,622 
Consultant Services (Engineering)      $367,647 
Extended Warranty          $56,000 
Module Insulation          $40,000 
Plant Electrical         $104,000 
Plant Piping           $86,000 
Project Administration        $195,810 
Shipping           $44,000 
Site Fabrication          $54,000 
Site Work           $20,000 
Structural Base             $8,000 
Tax          $201,191 
TOTAL      $3,188,633 

 
8. Engineering Study 
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Identify whether there is a completed comprehensive engineering study, site survey and 
recommendations or opinion letter. Provide referenced supporting documentation in appendix. 
 
The Abacus Load Impact Study and opinion letter can be found in Appendix D.  Within the 

study are references to CWU’s Central Plant on-going modernization, which includes updates to 

the campus cooling capacity and miscellaneous plant appurtenances.  Abacus Resource 

Management Company is the consultant and contractor services utilized by CWU to generate 

the 2012 study that identifies and demonstrates the need of a new chiller to meet the anticipated 

demand of campus at the completion of the new Health Science Building in fall of 2021.   

 

The primary information of the Abacus study is located on page 49 of Appendix D focusing 

on the chilled plant peak load.  The loads are divided into three categories:  immediate term (IT), 

near term (NT) loads, and unknow term (UT)loads.  The most updated estimate for the new 

Health Science building is between 3,200 and 3,330 tons.  At the time of the study estimates of 

UT for renovations of Randall and Michaelsen were illustrated, however similar data is being 

calculated and engineered for Health Education, which would be the next facility to demand 

increased cooling capacity. 

 

This project would result in 20-percent energy efficiency on the load of the existing chiller.  The 

measured output of energy usage is estimated to reduce operational wear and tear by providing 

consistent cooling loads throughout campus. 

 
9. Support by planning 

Describe the proposed project’s relationship and relative importance to the institution:  
A. Campus/facilities master plan 

 
Chapter 4:  of The Capital Master Plan under section Facilities Priorities in Appendix 
C specifically articulates concerns about the capacity of the utility infrastructure for energy and 
resource distribution, calling out the need to expand the heating and cooling plant. RCW 39.5D 
and RCW 70.235.070 require CWU to maintain, build, and renovate agency facilities and 
systems, and to make improvements that save money and enhance the operation of the 
university. The expansion of modern chiller technology supports these responsibilities by: 

• Providing efficient utility infrastructure to gain capacity for future facility growth, 

• Considering the impacts on the utility infrastructure distribution systems in any major 
capital project, 

• Increasing and improving the central plant operating capacity to provide for new 
buildings and renovations, and 

• Coordinating utility upgrades with other capital projects and developments. 
 

B. Ongoing academic and/or research program need and strategic plan 
 

The completion of the new Health Science building is scheduled for the fall of 2021 with first 
classes beginning January of 2022.  The chiller will ensure the typical operation of the 
laboratory and class spaces that make-up the academic programming of Exercise Science, 
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Clinical Physiology, Food Science & Nutrition, Emergency Medical Services Paramedicine, 
Integrative Human Physiology and Public Health Programs.  
 
The academic and research functions of these human-health related programs are directly 
impacted by climate. Increased temperatures place at risk for decomposition all types of 
biological matter, from the cadaver lab to blood and tissue samples. As well, several programs 
focus on human performance and the interactions of systems in the human body, all of which 
are directly impacted by ambient temperature, as well as temperatures in controlled 
environment: exercise science studies human functioning across the spectrum, from general 
health to athletic performance; nutrition science considers how the body metabolizes nutrients, 
how the preparation of food affects its nutritional value, and the relationship of nutrition to 
chronic disease. These and other measurements would be skewed by abnormally high ambient 
temperature.   

 
The expansion of chiller capacity supports four of the five themes of the university’s strategic 
plan (Please see Appendix C of the Capital Master Plan page 9):  

• Teaching and Learning, by ensuring classroom climate control that is conducive to 
teaching and learning;  

• Scholarship and Creative Expression, by ensuring climate control necessary to preserve 
sensitive research materials and equipment, and to maintain temperatures that allow faculty and 
students to conduct research related to human performance, both artistic and scientific; 

• Enhance the level of engagement, collaboration, and goodwill between the university 
and surrounding communities, by providing stable climate control required for community 
events and meetings at CWU, the location of which makes it a sought-after meeting place for 
state agencies, as well as corporate and non profit organizations;  

• Resource Development and Stewardship: Objective 5.4 within this theme prioritizes 
providing “the facility and technology infrastructure and services appropriate to meet the 
university objectives, while maximizing sustainability and stewardship.” The request to obtain a 
reliable and modern chiller responds directly to this theme, including the following three 
outcomes:  

- Outcome 5.4.1: Operate, preserve, and increase the functionality of state physical assets, 
buildings, and technology infrastructure. 
- Outcome 5.4.2: Provide facilities, campus buildings, and grounds that are welcoming, safe, 
and secure. 
- Outcome 5.4.3: Provide the technology infrastructure, systems, and campus services 
necessary for all units to achieve their objectives and the objectives of the university. 

 
10.Resource efficiency and sustainability 

Document project benefits associated with low-impact stormwater management techniques, 
improvements in energy and resource conservation, and use of renewable energy sources 
 
The proposed chiller project enhances sustainability and energy efficiency. The efficiency of the 
new technology is such that when moderate weather prevails, CWU will be able to operate on a 
single, new chiller, reducing overall electricity consumption. The new technology can produce 
the same amount of cooled water with a lower rate of energy consumption, while supporting 
control of indoor air pollutants of the new facility.  As ventilation is introduced into our 
buildings for control of pollutants, in the summer months with no air conditioning, the inside 
space temperatures can approach or exceed outside air temperatures when internal and solar 
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heat gains are factored.  The outside air temperatures in Central Washington regularly approach 
98 degrees in the cooling season that can stretch from June through September. 
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375 - Central Washington University

*

OFM

2021-23 Biennium

Cost Estimate Summary

Date Run:  8/14/2020  11:48AM

Report Number:  CBS003Cost Estimate Number:  

Cost Estimate Title:  

185

Modular Chiller

YesAgency Preferred:  1A CWU Working Version 2021 - 2023Version:  
40000075Project Number:  

Project Title: Chiller Addition

Project Phase Title: 

Contact Number:Contact Name:  Contact Info Steve DuPont 509.963.2111

Statistics

 0 Gross Sq. Ft.:

Usable Sq. Ft.:  0 

Space Efficiency:

MACC Cost per Sq. Ft.:  0 

 0 Escalated MACC Cost per Sq. Ft.:

Remodel?

A

Construction Type:

14.00%

A/E Fee Class:

Yes

A/E Fee Percentage:

Heating and Power Plants

Schedule End DateStart Date

Predesign:

07-2021Design:

Construction: 03-2022

Duration of Construction (Months):  15

01-2022

06-2023

Cost Summary Escalated
Acquisition Costs Total  0 
    Pre-Schematic Design Services  0 

    Construction Documents  0 

    Extra Services  0 

    Other Services  0 

    Design Services Contingency  33,936 

Consultant Services Total  367,647 
    Site work  0 

    Related Project Costs  0 

    Facility Construction  2,203,622 

    Construction Contingencies  220,362 

    Non Taxable Items  0 

    Sales Tax  201,191 

Construction Contracts Total  2,625,175 
    Maximum Allowable Construction Cost(MACC)  2,203,622 
    Equipment  0 

    Non Taxable Items  0 

    Sales Tax  0 

Equipment Total  0 
Art Work Total  0 
Other Costs Total  0 
Project Management Total  195,809 

Grand Total Escalated Costs  3,188,631 

 3,189,000 Rounded Grand Total Escalated Costs

Additional Details
Alternative Public Works Project: No

1
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*

OFM

2021-23 Biennium

Cost Estimate Summary

Date Run:  8/14/2020  11:48AM

Report Number:  CBS003Cost Estimate Number:  

Cost Estimate Title:  

185

Modular Chiller

YesAgency Preferred:  1A CWU Working Version 2021 - 2023Version:  
40000075Project Number:  

Project Title: Chiller Addition

Project Phase Title: 

Contact Number:Contact Name:  Contact Info Steve DuPont 509.963.2111

Additional Details
State Construction Inflation Rate:  2.38%

Base Month and Year: 06-2020

Project Administration By: AGY

Project Admin Impact to DES that is NOT Included in Project Total: $0 
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OFM

2021-23 Biennium

Cost Estimate Detail

Analysis Date:  September 18, 2019Cost Estimate Number:  

Cost Estimate Title:  

185

Modular Chiller

Detail Title: 1200 Ton Chiller
40000075Project Number:  

Project Title: Chiller Addition

Project Phase Title: 

Location: 

Contact Number:Contact Name:  Contact Info Steve DuPont 509.963.2111

Statistics
Gross Sq. Ft.:

Usable Sq. Ft.:

Space Efficiency:

Escalated Cost per S. F. Explanation

Escalated MACC Cost per Sq. Ft.:

Rentable Sq. Ft.:

Construction Type: Heating and Power Plants

Remodel? Yes

A/E Fee Class:

A/E Fee Percentage:

Contingency Rate:

Contingency Explanation

10.00%

14.00%

A

Projected Life of Asset (Years):

Location Used for Tax Rate:

Tax Rate:

Art Requirement Applies:

Project Administration by:

Higher Education Institution?:

Alternative Public Works?:

8.30%

20

 No

 No

 Yes

 AGY

Project Schedule End DateStart Date

Predesign:

07-2021Design:

Construction: 03-2022

Duration of Construction (Months):  15

01-2022

06-2023

State Construction Inflation Rate:

Base Month and Year:

2.38%

6-2020

Project Cost Summary
MACC:

MACC (Escalated):

Current Project Total:

Escalated Project Total:

$ 2,084,000 

$ 2,203,622 

$ 3,020,879 

$ 2,659,111 

Rounded Current Project Total:

Rounded Escalated Project Total:

$ 3,021,000 

$ 2,659,000 
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Escalated 
CostITEM Base Amount Sub Total

Escalation 
Factor

 CONSULTANT SERVICES

Construction Documents
A/E Basic Design Services  221,446

 0 SubTotal: Construction Documents

Other Services
Bid/Construction/Closeout  99,490

 0 SubTotal: Other Services

Design Services Contingency
Design Services Contingency  32,094 

SubTotal: Design Services Contingency  32,094  1.0574  33,936 

 367,647  1.0414 353,030 Total: Consultant Services

 CONSTRUCTION CONTRACTS

Facility Construction
D30 - HVAC Systems  2,084,000 

SubTotal: Facility Construction  2,084,000  1.0574  2,203,622 

Construction Contingencies
Allowance for Change Orders  208,400 

SubTotal: Construction Contingencies  208,400  1.0574  220,362 

Sales Tax  190,269  1.0574  201,191 

 2,625,175  1.0574 2,482,669 Total: Construction Contracts

Maximum Allowable Construction Cost (MACC)  2,084,000  1.0600  2,203,622 

 PROJECT MANAGEMENT

Agency Project Management  185,180 

Total: Project Management  195,809  1.0574 185,180 
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OFM

2021-23 Biennium

Cost Estimate Summary and Detail

Date Run:  8/14/2020  11:48AM

Report Number:  CBS003Cost Estimate Number:  

Cost Estimate Title:  

185

Modular Chiller

Parameter

Agency

Capital Project Number

Project Classification

Version

Biennium

Associated or Unassociated

Sort Order

Entered As

2021-23

375

1A-A

*

40000075

Cost Estimate Title

Interpreted As

2021-23

375

All Project Classifications

Title

Agency Budget

40000075

1A-A

Agency Budget

Cost Estimate Number 185185

Include Page Numbers

Associated Associated

User Id * All User Ids

User Group

YesY

N NFor Word or Excel

5



375 - Central Washington University

*

2021-23 Biennium

Capital Project Request

OFM

Version:  1A CWU Working Version 2021 - 2023

Project Number:  40000075

Date Run:  8/14/2020  10:59AM

Report Number:  CBS002

Chiller AdditionProject Title: 

 Description

Starting Fiscal Year: 2020

Project Class: Preservation
2Agency Priority:

CWU requested state funding in the 2006 supplemental capital budget, and in each of the last three consecutive biennia. None 
of these requests was funded. Since 2012, several large cooling loads have been added to the campus system including 
Science II (physics and geology), Samuelson Hall (computer science), portions of Randall and Michaelsen Halls, and Dugmore 
residence hall, which opened in the fall of 2019. The anticipated demand of the Health Sciences building will be between 3,200 
and 3,300 tons, exceeding the capacity of the university’s cool system.

Project Summary

Project Description

Identify the problem or opportunity addressed. Why is the request a priority? Identify: Priority, undeserved 
people/communities, operating budget savings, public safety improvements & clarifying details.  Include information 
about the current condition of the facility/system. 
 

Central Washington University will not have enough cooling capacity when the Health Sciences building is complete in the fall 
of 2021 Failure to secure an additional chiller creates significant risk of temperature control for science facilities: scientific 
equipment, lab samples, consistent lab environments required to accurate lab testing, the microscopic temperature tolerances 
of sensitive research samples (e.g. blood, tissue, plant, microbiota, and other cultures). 
 

Without additional capacity peak demand cooling capacity could cause operation failure of existing equipment being 
overworked at constant volume leading to multiple buildings experience cooling issues.  
 

In 2012, CWU commissioned the Abacus Load Impact Study (Appendix D), which indicated the need for an additional chiller 
once Discovery Hall (“Science II”) and Samuelson Hall became occupied, and before the completion of the new Health 
Sciences building. Discovery Hall was occupied in 2013 and Samuelson in 2017. CWU has requested state funding for chillers, 
but, lacking funding, none has been added to the system during that period. Cooling capacity is now being stretched to its 
maximum and has no redundancy in the case of a failure. 
 
Ellensburg is located directly in the Cascade rain shadow and experiences very hot weather from the spring through fall; 
outdoor temperatures can exceed 100 degrees from May through September. Unlike the mild weather in Western Washington, 
air conditioning is a necessity for day-to-day operations. 
 
One chiller is more than 20 years old and nearing the end of its useful life. It experiences mechanical failures more frequently 
and must be taken offline for costly repairs several times a year. With the chillers running at maximum capacity on an almost 
continuous basis during summers, the aging of the chillers is being accelerated and breakdowns are increasing. These 
breakdowns come at a monetary cost for repairs, and disrupt faculty and students when the academic buildings heat to 
uncomfortable temperatures. 
 
In the 2006 supplemental capital budget, CWU requested funding to replace a chiller that had failed; that request was not 
funded. Central has requested chiller funding every biennium since 2015-17 as part of a comprehensive Energy Efficiency 
package of infrastructure upgrades, but the package has never received capital budget funding. Since the chiller component of 
the package is now urgently needed, CWU is submitting an individual decision package in order to highlight its need. 
 

What will the request produce or construct (i.e., building predesign or design, construction of additional space, etc.)? 
 
The project promotes the reliability and securing of institutional cooling. Currently, mechanical failures during a peak-demand 
period would require one third of the current cooling capacity (one of three coolers) to be taken offline for repairs. Adding a 

1
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2021-23 Biennium

Capital Project Request

OFM

Version:  1A CWU Working Version 2021 - 2023

Project Number:  40000075

Date Run:  8/14/2020  10:59AM

Report Number:  CBS002

Chiller AdditionProject Title: 

 Description
fourth creates capacity to absorb the cooling load in the event of a system failure. 
 
When will the project start and be completed? 
 

The request will accomplish the engineering, procurement and installation of a modular chiller within the existing boiler house. 
Based up the anticipated 28-week, lead-time, construction would occur in 2022 during the first year of construction of the New 
Health Sciences building. Total construction duration is estimated 15 months. 
 

How would the request address the problem or opportunity identified in question #1? What would be the result of 
nottaking action? 
 

Full funding of the request will accomplish the following:
· Produce sufficient cooling capacity to meet peak demand at all times.
· Enhance the reliability of the system and reduce the need for costly repairs.
· Establish a more environmentally friendly system that consumes less electricity.
· Create capacity to designate the oldest chiller as a backup so that even if one chiller fails, the system will still have enough 
capacity to meet peak demand.
· Generate surplus capacity that enables CWU to serve more students. 
 

Central Washington University will not have enough cooling capacity when the Health Sciences building is complete in the fall 
of 2021Failure to secure an additional chiller creates significant risk of temperature control for science facilities: scientific 
equipment, lab samples, consistent lab environments required to accurate lab testing, the microscopic temperature tolerances 
of sensitive research samples (e.g. blood, tissue, plant, microbiota, and other cultures).
 
 
Without additional capacity peak demand cooling capacity could cause operation failure of existing equipment being 
overworked at constant volume leading to multiple buildings experience cooling issues.
 
 

What alternatives were explored? Why was the recommended alternative chosen? Be prepared to provide detailed
cost backup. If this project has an associated predesign, please summarize the alternatives the predesign considered
 
No other alternatives were explored because the proposal was previously submitted as a necessary requirement to provide the 
adequate infrastructure systems to support the Capital Master Plan expansion of campus. 
 

A summary of work orders associated with chiller repairs is enclosed in Appendix F
· In 2005 one of the two chillers (Chiller 3) in the central plant experienced a major mechanical failure ($250,000). 
 

· In 2012 Chiller 2 required a compressor rebuild ($77,831). 
 

· In 2015 a motor-bearing failure occurred in the 900-ton chiller. Estimated repair costs exceeded the value of this chiller, which 
was replaced earlier this year with a new chiller with capacity of 3600 tons of cooling. However, increased cooling demand from 
anticipated new buildings will require an additional 1,200 tons of cooling for a total plant capacity of 4,800 tons of cooling.  
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· In the spring of 2020, a chiller-starter replacement was completed to ensure full capacity of chiller operation was available for 
the anticipated summer heat loads. ($43,000) 

 
· Since 2008, the sum of miscellaneous of small work order repairs on the chillers is approximately $203,000. 

 
Which clientele would be impacted by the budget request? Where and how many units would be added, people or
communities served, etc. 
 

The impacted clientele would include 50 faculty and staff and 500 students who will be the primary occupants of the new Health 
Sciences building. Due to the layout of the campus distribution piping, cooling capacity issues also will impact residents of in 
Wendell Hill (residence) Hall, McIntyre Hall (music), Hogue Technology, Barge Hall (administrative), Shaw-Smyser Hall 
(business), Science II and Samuelson STEM (computational sciences).
Will non-state funds be used to complete the project? How much, what fund source, and could the request result in
matching federal, state, local, or private funds. 
 

Chapter4: of The Capital Master Plan under section Facilities Priorities in Appendix C specifically articulates concerns about the 
capacity of the utility infrastructure for energy and resource distribution, calling out the need to expand the heating and cooling 
plant. RCW 39.5D and RCW 70.235.070 require CWU to maintain, build, and renovate agency facilities and systems, and to 
make improvements that save money and enhance the operation of the university. The expansion of modern chiller technology 
supports these responsibilities by: 

 
· Providing efficient utility infrastructure to gain capacity for future facility growth, 
 

· Considering the impacts on the utility infrastructure distribution systems in any major capital project, 

 
· Increasing and improving the central plant operating capacity to provide for new buildings and renovations, and 

 
· Coordinating utility upgrades with other capital projects and developments. 
 

A. Ongoing academic and/or research program need and strategic plan 
 

The completion of the new Health Science building is scheduled for the fall of 2021 with first classes beginning January of 
2022. The chiller will ensure the typical operation of the laboratory and class spaces that make-up the academic programming 
of Exercise Science, Clinical Physiology, Food Science & Nutrition, Emergency Medical Services Paramedicine, Integrative 
Human Physiology and Public Health Programs.  
 
The academic and research functions of these human-health related programs are directly impacted by climate. Increased 
temperatures place at risk for decomposition all types of biological matter, from the cadaver lab to blood and tissue samples. As 
well, several programs focus on human performance and the interactions of systems in the human body, all of which are 
directly impacted by ambient temperature, as well as temperatures in controlled environment: exercise science studies human 
functioning across the spectrum, from general health to athletic performance; nutrition science considers how the body 
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metabolizes nutrients, how the preparation of food affects its nutritional value, and the relationship of nutrition to chronic 
disease. These and other measurements would be skewed by abnormally high ambient temperature.  
 
The expansion of chiller capacity supports four of the five themes of the university’s strategic plan (Please see Appendix C of 
the Capital Master Plan page 9):  

· Teaching and Learning, by ensuring classroom climate control that is conducive to teaching and learning;  
 

· Scholarship and Creative Expression, by ensuring climate control necessary to preserve sensitive research materials and 
equipment, and to maintain temperatures that allow faculty and students to conduct research related to human performance, 
both artistic and scientific; 
 

· Enhance the level of engagement, collaboration, and goodwill between the university and surrounding communities, 
by providing stable climate control required for community events and meetings at CWU, the location of which makes it a 
sought-after meeting place for state agencies, as well as corporate and non profit organizations;  

 
· Resource Development and Stewardship: Objective 5.4 within this theme prioritizes providing “the facility and technology 
infrastructure and services appropriate to meet the university objectives, while maximizing sustainability and stewardship.” The 
request to obtain a reliable and modern chiller responds directly to this theme, including the following three outcomes:  

 
- Outcome 5.4.1: Operate, preserve, and increase the functionality of state physical assets, buildings, and technology 
infrastructure. 
 

- Outcome 5.4.2: Provide facilities, campus buildings, and grounds that are welcoming, safe, and secure. 

 
- Outcome 5.4.3: Provide the technology infrastructure, systems, and campus services necessary for all units to achieve their 
objectives and the objectives of the university
 
Does this project include IT-related costs, including hardware, software, cloud-based services, contracts or IT staff? If
yes, IT Addendum 
 

This projects does not include nor funds IT-related costs, including hardware, software, cloud-based services, contracts or IT
staff. 
 

If the project is linked to the Puget Sound Action Agenda, describe the impacts on the Action Agenda, including
expenditure and FTE detail. See the Puget Sound recovery chapter of the 2021-23 Operating Budget Instructions. 

 
This project is not associated with the Puget Sound Action Agenda. 

 
 
How does this project contribute to statewide goals to reduce carbon pollution and/or improve energy use? Please
elaborate. 

4
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The proposed chiller project enhances sustainability and energy efficiency. The efficiency of the new technology is such that 
when moderate weather prevails, CWU will be able to operate on a single, new chiller, reducing overall electricity consumption. 
The new technology can produce the same amount of cooled water with a lower rate of energy consumption, while supporting 
control of indoor air pollutants of the new facility. As ventilation is introduced into our buildings for control of pollutants, in the 
summer months with no air conditioning, the inside space temperatures can approach or exceed outside air temperatures when 
internal and solar heat gains are factored. The outside air temperatures in Central Washington regularly approach 98 degrees 
in the cooling season that can stretch from June through September. 
 

Is there additional information you would like decision makers to know when evaluating this request? 
 

The Abacus Load Impact Study and opinion letter can be found in Appendix D. Within the study are references to CWU’s 
Central Plant on-going modernization[LS1] [DP2] , which includes updates to the campus cooling capacity and miscellaneous 
plant appurtenances. Abacus Resource Management Company is the consultant and contractor services utilized by CWU to 
generate the 2012 study that identifies and demonstrates the need of a new chiller to meet the anticipated demand of campus 
at the completion of the new Health Science Building in fall of 2021.

Location
City:  Ellensburg County:  Kittitas Legislative District:  013

Project Type

Infrastructure (Major Projects)

Growth Management impacts

Central Washington University (CWU) is required to adhere to the State Environmental Policy Act (SEPA). The SEPA process is 
where growth management act impacts are considered. CWU coordinates planning efforts with all applicable city and county 
jurisdictions

 Funding

Account Title
Estimated 

Total
Prior 

Biennium
Current 

Biennium Reapprops
New 

Approps
Acct 
Code

Expenditures 2021-23 Fiscal Period

057-1  3,189,000  3,189,000 State Bldg Constr-State

 3,189,000  0  0  0  3,189,000 Total

2023-25 2025-27 2027-29 2029-31

Future Fiscal Periods

057-1 State Bldg Constr-State

 0  0  0  0 Total

 Schedule and Statistics

End DateStart Date
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 Schedule and Statistics

End DateStart Date

Predesign

Design

Construction

7/1/2021 1/1/2022

3/1/2022 6/1/2023

 0Gross Square Feet:

 0Usable Square Feet:

Efficiency:

 0Escalated MACC Cost per Sq. Ft.:

Heating and Power PlantsConstruction Type:

YesIs this a remodel?

AA/E Fee Class:

14.00%A/E Fee Percentage:

Total

 Cost Summary

Escalated Cost % of Project

 0 0.0%Acquisition Costs Total

Consultant Services

 0 0.0%  Pre-Schematic Design Services

 0 0.0%  Construction Documents

 0 0.0%  Extra Services

 0 0.0%  Other Services

 33,936 1.1%  Design Services Contingency

 367,647 11.5%Consultant Services Total

 2,203,622 Maximum Allowable Construction Cost(MACC)

 0 0.0%  Site work

 0 0.0%  Related Project Costs

 2,203,622 69.1%  Facility Construction

 0 0.0%  GCCM Risk Contingency

 0 0.0%  GCCM or Design Build Costs

 220,362 6.9%  Construction Contingencies

 0 0.0%  Non Taxable Items

 201,191 6.3%  Sales Tax

 2,625,175 82.3%Construction Contracts Total

Equipment

 0 0.0%  Equipment

 0 0.0%  Non Taxable Items

 0 0.0%  Sales Tax
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 Cost Summary

Escalated Cost % of Project

 0 0.0%Equipment Total

 0 0.0%Art Work Total

 0 0.0%Other Costs Total

 195,809 6.1%Project Management Total

 3,188,631 Grand Total Escalated Costs

Rounded Grand Total Escalated Costs  3,189,000 

 Operating Impacts

No Operating Impact
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APPENDIX B 

C100 Estimate 



Agency

Project Name

OFM Project Number

Name

Phone Number

Email

Gross Square Feet 0 MACC per Square Foot

Usable Square Feet 0 Escalated MACC per Square Foot

Space Efficiency A/E Fee Class A

Construction Type Heating and power plants A/E Fee Percentage 14.00%

Remodel Yes Projected Life of Asset (Years) 40

Alternative Public Works Project No Art Requirement Applies No

Inflation Rate 2.38% Higher Ed Institution Yes

Sales Tax Rate % 8.30% Location Used for Tax Rate Elensburg

Contingency Rate 10%

Base Month June20 OFM UFI# (from FPMT, if available)

Project Administered By Agency

Predesign Start Predesign End

Design Start July21 Design End January22

Construction Start March22 Construction End June23

Construction Duration 15 Months

Total Project $3,020,879 Total Project Escalated $3,188,633

Rounded Escalated Total $3,189,000

Steve.Dupont@cwu.edu

Central Washington University

1200 Ton Chiller Addition

40000075

STATE OF WASHINGTON

AGENCY / INSTITUTION PROJECT COST SUMMARY

Contact Information

Steve Dupont

5099632111

Updated June 2020

Statistics

Schedule

Additional Project Details

Green cells must be filled in by user

Project Cost Estimate

C100(2019) Page 2 of 12 8/14/2020



Agency

Project Name

OFM Project Number

Central Washington University

1200 Ton Chiller Addition

40000075

STATE OF WASHINGTON

AGENCY / INSTITUTION PROJECT COST SUMMARY
Updated June 2020

Acquisition Subtotal $0 Acquisition Subtotal Escalated $0

Predesign Services $0

A/E Basic Design Services $221,446

Extra Services $0

Other Services $99,490

Design Services Contingency $32,094

Consultant Services Subtotal $353,030 Consultant Services Subtotal Escalated $367,647

Construction Contingencies $208,400 Construction Contingencies Escalated $220,363

Maximum Allowable Construction 

Cost (MACC)
$2,084,000

Maximum Allowable Construction Cost 

(MACC) Escalated
$2,203,622

Sales Tax $190,269 Sales Tax Escalated $201,191

Construction Subtotal $2,482,669 Construction Subtotal Escalated $2,625,176

Equipment $0

Sales Tax $0

NonTaxable Items $0

Equipment Subtotal $0 Equipment Subtotal Escalated $0

Artwork Subtotal $0 Artwork Subtotal Escalated $0

Agency Project Administration 

Subtotal
$185,180

DES Additional Services Subtotal $0

Other Project Admin Costs $0

Project Administration Subtotal $185,180 Project Administation Subtotal Escalated $195,810

Other Costs Subtotal $0 Other Costs Subtotal Escalated $0

Total Project $3,020,879 Total Project Escalated $3,188,633

Rounded Escalated Total $3,189,000

Consultant Services

Construction

Project Cost Estimate

Equipment

Artwork

Other Costs

Agency Project Administration

Cost Estimate Summary

Acquisition

C100(2019) Page 3 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

Purchase/Lease

Appraisal and Closing

Right of Way

Demolition

PreSite Development

Other

Insert Row Here

ACQUISITION TOTAL $0 NA $0

Cost Estimate Details

Acquisition Costs

Green cells must be filled in by user

Cost Details  Acquisition Page 4 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

Programming/Site Analysis

Environmental Analysis

Predesign Study $0

Other 

Insert Row Here

Sub TOTAL $0 1.0258 $0 Escalated to Design Start

A/E Basic Design Services $221,446 69% of A/E Basic Services

Other 

Insert Row Here

Sub TOTAL $221,446 1.0319 $228,510 Escalated to MidDesign

Civil Design (Above Basic Svcs)

Geotechnical Investigation

Commissioning

Site Survey

Testing

LEED Services

Voice/Data Consultant

Value Engineering

Constructability Review

Environmental Mitigation (EIS)

Landscape Consultant

LCCA

Traffic Impact Analysus (TIA)

Insert Row Here

Sub TOTAL $0 1.0319 $0 Escalated to MidDesign

Bid/Construction/Closeout $99,490 31% of A/E Basic Services

HVAC Balancing

Staffing

Other 

Insert Row Here

Sub TOTAL $99,490 1.0574 $105,201 Escalated to MidConst.

Design Services Contingency $32,094

Other

Insert Row Here

Sub TOTAL $32,094 1.0574 $33,936 Escalated to MidConst.

CONSULTANT SERVICES TOTAL $353,030 $367,647

Green cells must be filled in by user

4) Other Services

5) Design Services Contingency

Cost Estimate Details

Consultant Services

1) PreSchematic Design Services

2) Construction Documents

3) Extra Services

Cost Details  Consultant Services Page 5 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

G10  Site Preparation

G20  Site Improvements

G30  Site Mechanical Utilities

G40  Site Electrical Utilities

G60  Other Site Construction

Other

Insert Row Here

Sub TOTAL $0 1.0420 $0

Offsite Improvements

City Utilities Relocation

Parking Mitigation

Stormwater Retention/Detention

Other

Insert Row Here

Sub TOTAL $0 1.0420 $0

A10  Foundations

A20  Basement Construction

B10  Superstructure

B20  Exterior Closure

B30  Roofing

C10  Interior Construction

C20  Stairs

C30  Interior Finishes

D10  Conveying

D20  Plumbing Systems

D30  HVAC Systems $2,084,000

D40  Fire Protection Systems

D50  Electrical Systems

F10  Special Construction

F20  Selective Demolition

General Conditions

Other 

Insert Row Here

Sub TOTAL $2,084,000 1.0574 $2,203,622

MACC Sub TOTAL $2,084,000 $2,203,622

Cost Estimate Details

Construction Contracts

1) Site Work

2) Related Project Costs

3) Facility Construction

4) Maximum Allowable Construction Cost

Cost Details  Construction Contracts Page 6 of 12 8/14/2020



Allowance for Change Orders $208,400

Other 

Insert Row Here

Sub TOTAL $208,400 1.0574 $220,363

Other

Insert Row Here

Sub TOTAL $0 1.0574 $0

Sub TOTAL $190,269 $201,191

CONSTRUCTION CONTRACTS TOTAL $2,482,669 $2,625,176

Green cells must be filled in by user

Sales Tax

7) Construction Contingency

8) NonTaxable Items

This Section is Intentionally Left Blank

Cost Details  Construction Contracts Page 7 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

E10  Equipment

E20  Furnishings

F10  Special Construction

Other 

Insert Row Here

Sub TOTAL $0 1.0574 $0

Other 

Insert Row Here

Sub TOTAL $0 1.0574 $0

Sub TOTAL $0 $0

EQUIPMENT TOTAL $0 $0

Equipment

1) Non Taxable Items

Sales Tax

Cost Estimate Details

Green cells must be filled in by user

Cost Details  Equipment Page 8 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

Project Artwork $0
0.5% of total project cost for 

new construction

Higher Ed Artwork $15,943

0.5% of total project cost for 

new and renewal 

construction

Other $15,943

Insert Row Here

ARTWORK TOTAL $0 NA $0

Artwork

Cost Estimate Details

Green cells must be filled in by user

Cost Details  Artwork Page 9 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

Agency Project Management $185,180

Additional Services

Other

Insert Row Here

PROJECT MANAGEMENT TOTAL $185,180 1.0574 $195,810

Project Management

Cost Estimate Details

Green cells must be filled in by user

Cost Details  Project Management Page 10 of 12 8/14/2020



Item Base Amount
Escalation 

Factor
Escalated Cost Notes

Mitigation Costs

Hazardous Material 

Remediation/Removal

Historic and Archeological Mitigation

Permiting / Plan Review

Shop Support

Insert Row Here

OTHER COSTS TOTAL $0 1.0420 $0

Other Costs

Cost Estimate Details

Green cells must be filled in by user

Cost Details  Other Costs Page 11 of 12 8/14/2020



Tab G. Other Costs

Insert Row Here

Insert Row Here

Tab C. Construction Contracts

Tab E. Artwork

Insert Row Here

Tab F. Project Management

Insert Row Here

C100(2020)

Additional Notes

Tab A. Acquisition

Insert Row Here

Insert Row Here

Tab D. Equipment

Insert Row Here

Tab B. Consultant Services

C-100(2020) Page 12 of 12 8/14/2020
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Infrastructure – Stand Alone  

 

APPENDIX C 

Central Washington University 

Capital Master Plan 2019-2029 is located at 

www.cwu.edu/facility/master-plan 

See Chapter 4: CWU Capital Planning Priorities under section 

 “Facilities Priorities: Teaching & Learning” 

 

 

An Interactive online campus map is located at 

www.cwu.edu/map 
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APPENDIX D 

Abacus Load Impact Study 
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WR�FRXQW�%���DV�EDFNXS�FDSDFLW\�LQ�LWV�FXUUHQW�FRQGLWLRQ�DQG�WKHUH�LV�QR�UHDVRQ�LW�FRXOG�
QRW�EH�XVHG�IRU�SHULRGV�RI�WLPH�VKRXOG�%���RU�%���EH�WDNHQ�RXW�RI�VHUYLFH���+RZHYHU��LW�LV�
XQUHDOLVWLF�WR�SODQ�RQ�%���SURYLGLQJ�UHOLDEOH�FDSDFLW\�EH\RQG�WKH�QH[W�WHQ�\HDUV���

:LWKRXW�%����WKH�WRWDO�SODQW�FDSDFLW\�LV�UHGXFHG�WR���������SRXQGV�SHU�KRXU�DQG�WKH�ILUP�
FDSDFLW\��FDSDFLW\�ZLWK�WKH�ODUJHVW ERLOHU�RXW�RI�VHUYLFH��LV�RQO\��������SRXQGV�SHU�KRXU
ZKLFK�LV�EHORZ�H[SHFWHG�SHDN�ORDGV���7KHUHIRUH��WKH�8QLYHUVLW\�FOHDUO\�QHHGV�WR�EHJLQ�
SODQQLQJ�UHSODFHPHQW�FDSDFLW\�IRU�%�� DQG�WKLV�QHZ�FDSDFLW\�VKRXOG�EH�RQOLQH�QR�ODWHU�
WKDQ������ 7KH�EXGJHW�IRU�WKLV�SURMHFW�LV�HVWLPDWHG�WR�EH�����0�
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$OWKRXJK�%RLOHUV�1R��������DQG���DUH�D�IHZ�\HDUV�QHZHU�WKDQ�%����WKH\�ZLOO�DOO�EH�QHDU�
WKH�HQG�RI�WKHLU�VHUYLFH�OLYHV�E\��������7KH�SODQQLQJ�SURFHVV�IRU�UHSODFLQJ�%���VKRXOG�
DOVR�FRQVLGHU�DOWHUQDWLYHV�IRU�H[WHQGLQJ�WKH�OLYHV RI�WKHVH�ERLOHUV WKURXJK������ :H�
HVWLPDWH�WKH�EXGJHW�UHTXLUHG�WR�PDNH�XSJUDGHV�WR�WKHVH�WKUHH�ERLOHUV LV�����0�

&RPSRXQGLQJ�WKH�QHHG�WR�PDNH�LQYHVWPHQWV�LQ�WKH�&HQWUDO�+HDWLQJ�3ODQW�WR�DGGUHVV�
HQG�RI�OLIH�LVVXHV��WKH�8QLYHUVLW\�LV�XS�DJDLQVW�WKH�OLPLWV�RI�LWV�FXUUHQW�V\QWKHWLF�PLQRU�
HPLVVLRQV�SHUPLW���7KH�SRUWIROLR�RI�HPLVVLRQ�XQLWV��ERLOHUV��ZDWHU�KHDWHUV��DQG�
HPHUJHQF\�JHQHUDWRUV��FXUUHQWO\�ORFDWHG�RQ�FDPSXV�EULQJV�FXUUHQW�HPLVVLRQV�WR�QLQHW\�
WZR�SHUFHQW�RI�WKH�XSSHU�OLPLW�RI�WKH�HPLVVLRQV�SHUPLW���7KH�SODQQHG�DGGLWLRQ�RI�ZDWHU�
KHDWHUV�DQG�HPHUJHQF\�JHQHUDWRUV�DW�WKH�6DPXHOVRQ�%XLOGLQJ��6FLHQFH�,,��DQG�WKH�QHZ�
1(+6 %XLOGLQJ�DUH�OLNHO\�WR�SXVK�HPLVVLRQV�RYHU�WKH�SHUPLW�OLPLW�

([FHHGLQJ�WKH�OLPLWV�RI�WKH�V\QWKHWLF�PLQRU�SHUPLW�ZLOO�UHTXLUH�&:8�WR�VHFXUH�D�7LWOH�9�
HPLVVLRQV�SHUPLW�DQG�EHJLQ�FRQGXFWLQJ�PRUH�ULJRURXV�FRPSOLDQFH�PRQLWRULQJ�DQG�
UHSRUWLQJ�IXQFWLRQV���6HFXULQJ�WKH�QHZ�SHUPLW�VKRXOG�SRVH�QR�JUHDW�SUREOHP�RWKHU�WKDQ�
FRVW���7KH�7LWOH�9�SHUPLW�IHH�ZLOO�EH�DURXQG���������SHU�\HDU�DQG�LW�LV�HVWLPDWHG�
PRQLWRULQJ�DQG�UHSRUWLQJ�FRVWV�ZLOO�EH�DQRWKHU���������SHU�\HDU�

2SWLRQV�DUH�DYDLODEOH�IRU UHSODFLQJ�%�� ZKLFK�ZRXOG VLJQLILFDQWO\�UHGXFH�HPLVVLRQV DQG�
SUREDEO\�SUHFOXGH�JRLQJ�WR�D�7LWOH�9�HPLVVLRQV�SHUPLW�

2XWVLGH�WKH�&HQWUDO�+HDWLQJ�3ODQW��VHYHUDO�LPSURYHPHQWV�UHPDLQ�WR�EH�FRPSOHWHG�ZLWKLQ�
WKH�VWHDP�GLVWULEXWLRQ�V\VWHP���7KHVH�LQFOXGH�

5HSODFH�WKH���� LQFK�VHFWLRQ�RI PDLQ�KHDGHU�SLSLQJ�ZLWK����LQFK�����������

5HSODFH�WKH�GLUHFW�EXULHG�VWHDP�OLQHV�WR�)DUUHOO�+DOO�DQG�%URRNV�/LEUDU\������������

5HSODFH�WKH�UHPDLQLQJ�GLUHFW�EXULHG�VWHDP�OLQHV�DORQJ�1LFKROVRQ�%OYG�������0��

5HSODFH�WKH�GLUHFW�EXULHG�VWHDP�OLQHV�WR�0XQVRQ�5HWUHDW�&HQWHU������������

5HYLVH�FRQGHQVDWH�UHWXUQ�SXPSV�DQG�SLSLQJ�VR�WKDW�DOO�FRQGHQVDWH�UHWXUQV GLUHFWO\�
WR�WKH�&HQWUDO�+HDWLQJ�3ODQW DQG�DEDQGRQ�WKH�ROG�KRW�ZHOO�DW�WKH�2OG�+HDWLQJ�3ODQW�
�����������

2QH�ILQDO�LVVXH�IRU�UHOLDEO\�PHHWLQJ�WKH�VWHDP�ORDGV�LV�WKH�FRQGLWLRQ�RI�WKH�EDFNXS�IXHO�
RLO�VWRUDJH�V\VWHP���2LO�LV�FXUUHQWO\�VWRUHG�LQ�WZR���������JDOORQ�VLQJOH�ZDOO�XQGHUJURXQG�
WDQNV���$OWKRXJK�WKHUH�ZDV�D�JURXQG�ZDWHU�FRQWDPLQDWLRQ�HYHQW�RYHU����\HDUV�DJR� LW�
ZDV�UHODWHG�WR�D�WDQN�RYHUIORZ���0RQLWRULQJ�ZHOOV�SODFHG�DURXQG�WKH�WDQNV�LQGLFDWH�WKH�
WDQNV�WKHPVHOYHV�KDYH�SUREDEO\�QRW�OHDNHG�DGGLWLRQDO�RLO���+RZHYHU��KDYLQJ�VXFK D
ODUJH TXDQWLW\�RI RLO�VWRUHG�XQGHUJURXQG�LQ�VLQJOH�ZDOO�WDQNV�VKRXOG�EH�FRQVLGHUHG�DQ�
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XQDFFHSWDEOH ULVN WR�WKH�8QLYHUVLW\���0RVW 6WDWH�RZQHG�IDFLOLWLHV�KDYH�DOUHDG\�PLWLJDWHG�
WKLV�ULVN�ZLWK�GRXEOH�ZDOO�WDQNV���3ODQQLQJ�IRU�WKH�3ODQW�UHQRYDWLRQV�VKRXOG�LQFOXGH�
DOWHUQDWLYHV�IRU�PLWLJDWLQJ�WKH�XQGHUJURXQG�IXHO�RLO�VWRUDJH ULVN DW�&:8�

%� &+,//('�:$7(5�6<67(0

7KH�&HQWUDO�&RROLQJ�3ODQW�ZDV�FRQVWUXFWHG�LQ������DQG�LV�ORFDWHG�RQ�D�SDUWLDO�XSSHU�
IORRU�RI�WKH�&HQWUDO�+HDWLQJ�3ODQW���,W�FRQWDLQV�WKUHH�ZDWHU�FRROHG�FHQWULIXJDO�FKLOOHUV��
FRROLQJ�WRZHUV��DQG�DVVRFLDWHG�SXPSV��7KH�3ODQW�DOVR�LQFRUSRUDWHV�D�IODW�SODWH�KHDW�
H[FKDQJHU�WR�SHUIRUP�ZDWHUVLGH�HFRQRPL]HU�FRROLQJ�DQG�D�RQH�PLOOLRQ�JDOORQ�FKLOOHG�
ZDWHU�VWRUDJH�WDQN�ZKLFK�LV�FKDUJHG�DW�QLJKW�DQG�DFWV�OLNH�D�FKLOOHU�GXULQJ�WKH�GD\���
&KLOOHG�ZDWHU�LV�GLVWULEXWHG�WR����EXLOGLQJV�WRWDOLQJ�MXVW�XQGHU�WZR�PLOOLRQ�JURVV�VTXDUH�
IHHW���7KH�FRROLQJ�VHDVRQ�EHJLQV�LQ�$SULO�DQG�UXQV�LQWR�2FWREHU���+RZHYHU��WKH�3ODQW�
VHUYHV�VRPH�SURFHVV�FRROLQJ�ORDGV UHTXLULQJ�FKLOOHG�ZDWHU�WR�EH�FLUFXODWHG�\HDU�URXQG�
7KLV�ZLQWHU�RSHUDWLRQ�GRHV�QRW�UHTXLUH�UXQQLQJ�DQ\�FKLOOHUV�RU�WRZHUV���7KH�JURXQG�
VHUYHV�DV�WKH�KHDW�VLQN�IRU�WKHVH�VPDOO�ORDGV�

7KH�QDPHSODWH�FDSDFLW\�RI�WKH�WKUHH�FKLOOHUV WRWDOV�������WRQV���'XH�WR�SXPSLQJ�
OLPLWDWLRQV� DQG�WR�VRPH�GHJUHH�WKH�SLSLQJ�OHDYLQJ�WKH�3ODQW��WKH�FXUUHQW�PD[LPXP�
RXWSXW�LV�DURXQG�������WRQV���7KH�SHDN�FRROLQJ ORDG�LQ�HDFK�RI�WKH�SDVW�WZR�\HDUV�KDV�
DSSURDFKHG�WKLV�������WRQ�OLPLW��:LWK�DQ�DGGLWLRQDO�����WRQV�RI�ORDG�FRPLQJ�RQ�OLQH�E\�
6HSWHPEHU�������LW�LV�VDIH�WR�VD\�WKH�H[LVWLQJ�3ODQW�FDQQRW�PHHW DQ\ IXWXUH�ORDG�JURZWK
EH\RQG������ ,Q�IDFW��LW�LV�SRVVLEOH�GXULQJ�H[WUHPHO\�KRW�ZHDWKHU��WKH�3ODQW�PD\�IDLO�WR�
PHHW�VRPH�ORDGV�WKLV�VXPPHU���

1RW�RQO\�FDQ�WKH�FXUUHQW�3ODQW�QRW�PHHW�DQ\�IXWXUH�ORDG�JURZWK� WKH�3ODQW�KDV�QR�
UHGXQGDQF\ WR�PHHW�H[LVWLQJ�ORDGV� 7KHUH�LV�1���UHGXQGDQF\�LQ�WKH�FKLOOHUV��PHDQLQJ�
DQ\�RQH�FKLOOHU�FRXOG�IDLO�DQG�WKH�3ODQW�FRXOG�VWLOO�PHHW�WKH�ORDG���+RZHYHU��WKH�IDLOXUH�RI�
DQ\�SULPDU\�RU�VHFRQGDU\�FKLOOHG�ZDWHU�SXPS�UHGXFHV�3ODQW�FDSDFLW\�EHORZ�WKH�FXUUHQW�
SHDN�FDPSXV�ORDG�

$QRWKHU�FRQVWUDLQW�WR�PHHWLQJ�IXWXUH�FDPSXV�ORDGV�IURP�WKLV�3ODQW�LV�WKH�VL]H�RI�WKH�PDLQ�
FKLOOHG�ZDWHU�GLVWULEXWLRQ�SLSLQJ�OHDYLQJ�WKH�3ODQW���7KLV����LQFK�SLSH�LV�DW�WKH�XSSHU�
UDQJH�RI�SUXGHQW�IOXLG�YHORFLW\��HLJKW�IHHW�SHU�VHFRQG��XQGHU�FXUUHQW�SHDN�ORDGV���
,QFUHDVLQJ�WKLV�YHORFLW\�WR�PHHW�IXWXUH�ORDGV�ZRXOG�OHDG�WR�H[FHVVLYH�HURVLRQ�RI�WKLV�SLSH�
DQG�SUHPDWXUH�IDLOXUH�
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,Q�RUGHU�WR�UHOLDEO\�PHHW�WKH�FRROLQJ�QHHGV�RI�WKH�FDPSXV��QRZ�DQG�LQWR�WKH�IXWXUH��&:8�
VKRXOG�SODQ�WKH�IROORZLQJ�LPSURYHPHQWV�

,PPHGLDWHO\�LQFUHDVH�WKH�FDSDFLW\�RI�WKH�SULPDU\�DQG�VHFRQGDU\�FKLOOHG�ZDWHU�
SXPSLQJ�LQ�WKH�3ODQW������������

3ODQ�WR�PHHW�IXWXUH�FRROLQJ�ORDGV�ZLWK�D�VHSDUDWH�FRROLQJ�SODQW���7KH�QHZ�3ODQW�
VKRXOG�EH�ORFDWHG�VRPHZKHUH�RQ�WKH�HDVW�VLGH�RI�'�6WUHHW�WR�RYHUFRPH�WKH�
OLPLWDWLRQ�RI�WKH����LQFK�GLVWULEXWLRQ�SLSH�OHDYLQJ�WKH�H[LVWLQJ�3ODQW���7KLV�FRXOG�
DOWHUQDWLYHO\�EH�DFFRPSOLVKHG�E\�LQFRUSRUDWLQJ�FRROLQJ�HTXLSPHQW�LQVLGH�QHZ�
EXLOGLQJV� ���������������,I�&:8�GHVLUHV�WR�NHHS�DOO�FHQWUDO�FRROLQJ�HTXLSPHQW�LQ�WKH�
H[LVWLQJ�3ODQW��WKHQ�D�3ODQW�H[SDQVLRQ�ZLOO�EH�UHTXLUHG�DQG�QHZ�FKLOOHG�ZDWHU�SLSLQJ�
ZLOO�QHHG�WR�EH�UXQ�IURP�WKH�3ODQW�WR�WKH�HDVW�VLGH�RI�'�6WUHHW���DGG�DQRWKHU�
���������WR�WKH����������� EXGJHW�

,I�FRROLQJ�LV�DGGHG�WR�5DQGDOO�0LFKHOVRQ��RU�LI�RWKHU�EXLOGLQJV�DUH�DGGHG�WR�WKH�
FRROLQJ�V\VWHP�LQ�WKH�QRUWKHDVW�VHFWLRQ�RI�FDPSXV��WKHQ�D�FRROLQJ�ORRS�E\SDVV�
QHHGV�WR�EH�FRQVWUXFWHG�FRQQHFWLQJ�WKH�FKLOOHG�ZDWHU�OLQHV�RQ�WKH�QRUWK�VLGH�RI�
6WHSKHQV�:KLWQH\�WR�WKH�OLQHV�VHUYLQJ�%DUWR������������
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7KH�&HQWUDO�+HDWLQJ�3ODQW�ZDV�FRQVWUXFWHG�LQ������DV�D�UHSODFHPHQW�WR�WKH�
RULJLQDO�KHDWLQJ�SODQW���7KH�RULJLQDO�FRQVWUXFWLRQ�LQFOXGHG�WZR�QHZ��������
SRXQG�SHU�KRXU�VWHDP�ERLOHUV���7KHVH�ERLOHUV��%���DQG�%����DUH�&OHDYHU�
%URRNV�'�6W\OH�ZDWHUWXEH�ERLOHUV���7KH�WKLUG�ERLOHU��%����LV�RI�WKH�VDPH�
PDQXIDFWXUHU��VW\OH��DQG�FDSDFLW\�EXW�LW�ZDV�RULJLQDOO\�LQVWDOOHG�LQ�WKH�2OG�
+HDWLQJ�3ODQW�LQ����� DQG�PRYHG�WR�WKH�QHZ�SODQW�LQ�������,Q����� D �������
SRXQG�SHU�KRXU�&OHDYHU�%URRNV�ILUHWXEH�ERLOHU��%����ZDV�DGGHG�WR�WKH�SODQW�WR�
EHWWHU�PHHW�VXPPHU�ORDGV���7KXV� WKH�FXUUHQW�LQVWDOOHG�QRPLQDO�FDSDFLW\�RI�WKH�
KHDWLQJ�SODQW�LV���������SRXQGV�SHU�KRXU�

$OO�ERLOHUV�LQ�WKH�SODQW�FDQ�RSHUDWH�RQ�QDWXUDO�JDV�RU�1R����IXHO�RLO���*DV�LV�
VXSSOLHG�E\�WKH�&LW\�RI�(OOHQVEXUJ�DQG�LV�WKH�SULPDU\�IXHO�VRXUFH�GXH�WR�LWV�ORZ�
SULFH�UHODWLYH�WR�RLO���7KH�SODQW�KDV�WZR���������JDOORQ�XQGHUJURXQG�IXHO�RLO�
VWRUDJH�WDQNV���7KH�FXUUHQW�HPLVVLRQV�SHUPLW�ZRXOG�QRW�DOORZ�FRQWLQXRXV�
RSHUDWLRQ�RQ�RLO� 7KH�SHUPLW�OLPLWV�RLO�XVH�WR���������JDOORQV�SHU�\HDU�ZKLFK�LV�
RQO\�RQH�IRXUWK�RI�WKH�DQQXDO�HTXLYDOHQW�IXHO�FRQVXPSWLRQ�DW�WKH�3ODQW�

7KH�SODQW�LV�GHVLJQHG�WR�SURGXFH�VWHDP�DW�����SVL�EXW�KDV�WUDGLWLRQDOO\�EHHQ�
RSHUDWHG�DW��������SVL�

3ODQW�FRQWUROV�ZHUH�RULJLQDOO\�SQHXPDWLF�EXW�ZHUH�XSJUDGHG�WR�HOHFWURQLF�
VLQJOH�ORRS�FRQWUROOHUV�PDQXIDFWXUHG�E\�-RKQVRQ�<RNRJDZD�LQ��������3ULPDU\�
FRQWURO�RI�DLU��IXHO��DQG�IHHG�ZDWHU�LV�VWLOO�GRQH�YLD�SQHXPDWLF�DFWXDWRUV���7KH�
FRQWUROV�IRU�%���DQG�%���ZHUH�UHFHQWO\�XSJUDGHG��DQG�WKH�WZR�ERLOHUV�UH�
WXQHG���7KH�ERLOHUV�ZHUH�WXQHG�IRU�KLJKHU�HIILFLHQF\��ZKLFK KDV�UHVXOWHG�LQ D�
UHGXFWLRQ�LQ�VWHDP�FDSDFLW\�

6WHDP�LV�GLVWULEXWHG�WR����EXLOGLQJV�WRWDOLQJ�DERXW�����������JURVV�VTXDUH�
IHHW���7KH�RULJLQDO�GLVWULEXWLRQ�V\VWHP�HPSOR\HG�GLUHFW�EXULHG�VWHDP�DQG�
FRQGHQVDWH�SLSLQJ���7KDW SLSLQJ�EHJDQ�IDLOLQJ�LQ�WKH�ODWH�����¶V�DQG�WKH�
8QLYHUVLW\�KDV�EHHQ�V\VWHPDWLFDOO\�UHSODFLQJ�WKH�GLVWULEXWLRQ�V\VWHP�VLQFH�
WKHQ���2I�WKH�DSSUR[LPDWHO\��������OLQHDO�IHHW�RI�VWHDP�GLVWULEXWLRQ�SLSLQJ��RQO\�
DERXW�������IHHW�RI�WKH�GLUHFW�EXULHG�SLSLQJ�UHPDLQV���2QH�WKLUG�RI�WKDW�ZLOO�EH�
UHSODFHG�WKLV�VXPPHU�DQG�RQH�WKLUG�LV�YDOYHG�RII�DQG�QRW�FXUUHQWO\�LQ�XVH���7KH�
RQO\�UHPDLQLQJ�DFWLYH�VHFWLRQV RI�GLUHFW�EXULHG�SLSLQJ�DIWHU�WKLV�VXPPHU�ZLOO�EH�
WKH�OLQHV�VHUYLQJ�)DUUHOO�+DOO�%URRNV�/LEUDU\�DQG 0XQVRQ�5HWUHDW�&HQWHU���
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7KHVH VHFWLRQV DUH NQRZQ�WR�EH�LQ�SRRU�FRQGLWLRQ�DQG�DUH VFKHGXOHG�IRU�
IXWXUH�UHSODFHPHQW�DV�IXQGLQJ�DOORZV�

&RQGHQVDWH�UHWXUQ�SLSLQJ�SDUDOOHOV�WKH�VWHDP�SLSLQJ�DQG�WKXV�PRVW�RI�WKH�
RULJLQDO�GLUHFW�EXULHG�SLSLQJ�KDV�EHHQ�UHSODFHG���0RVW�RI�WKH�FRQGHQVDWH�
UHWXUQ�GRHV�VWLOO�IORZ�WR�WKH�2OG�+HDWLQJ�3ODQW�ZKHUH�LW�LV�FROOHFWHG�LQ�WKH�ROG�
KRW�ZHOO�DQG�SXPSHG�EDFN�WR�WKH�&HQWUDO�+HDWLQJ�3ODQW���7KLV�VLWXDWLRQ�ZLOO�
QHHG�WR�EH�FRUUHFWHG�LI�WKH�2OG�3ODQW�LV�HYHU�UHSODFHG�

%� &85(17�6<67(0�&21',7,21
%RLOHUV�%����%����DQG�%���KDYH�SURYHQ�WR�EH�YHU\�UHOLDEOH�EXW�DUH�DOO�ZLWKLQ�WHQ�
\HDUV�RI WKHLU�H[SHFWHG�XVHIXO�OLIH���3ODQQLQJ�VKRXOG�EHJLQ�WR�PDNH�PDMRU�
UHQRYDWLRQ�RI�WKHLU�NH\�FRPSRQHQWV�RU�IRU�WKHLU�UHSODFHPHQW�VRPHWLPH�EHIRUH�
�������%\�WKDW�GDWH�%���DQG�%�� ZLOO�EH��� \HDUV�ROG�

%RLOHU�%���KDV�QRW�RSHUDWHG�UHOLDEO\�IRU�WKH�SDVW�VHYHUDO�\HDUV���7KLV�LV�WKH�
ERLOHU�ZKLFK�ZDV�PRYHG�IURP�WKH�2OG�+HDWLQJ�3ODQW�DQG�LW�LV�QRZ��� \HDUV�
ROG���,W�FRXOG�EH�UHDVRQDEO\�DUJXHG�WKDW�%���VKRXOG�QRW�EH�FRXQWHG�RQ�IRU�
FRQWLQXRXV�VHUYLFH�DQG�PD\EH�QRW�HYHQ�DV�D�UHOLDEOH�EDFNXS�ERLOHU�XQOHVV�D�
PDMRU�UHQRYDWLRQ�HIIRUW�LV�FRPSOHWHG�RQ�LWV�NH\�FRPSRQHQWV�

7KH�IHHGZDWHU�DQG�GHDUHDWLRQ�V\VWHPV�DUH�LQ�JRRG�FRQGLWLRQ�

7KH�XQGHUJURXQG�RLO�VWRUDJH�WDQNV�KDYH�EHHQ�GHWHUPLQHG�WR�KDYH�OHDNHG���
+RZHYHU��WKLV�OHDN�FRXOG�KDYH�EHHQ�DQ�RYHUIORZ�LQFLGHQW�DV�FRQWLQXRXV�
JURXQG�ZDWHU�DQG�WDQN�VDPSOLQJ�KDV�UHYHDOHG�QR�VXEVHTXHQW�OHDNDJH���
5HJDUGOHVV��WKH�XQGHUJURXQG�VWRUDJH�WDQNV�UHSUHVHQW�D�VHULRXV�
HQYLURQPHQWDO�ULVN�DQG�VKRXOG�EH�UHSODFHG�LI�RLO�ILULQJ�LV�WR�EH�UHWDLQHG�

6SHFLILF�GHWDLOV�DERXW�FXUUHQW�RSHUDWLQJ�FRQGLWLRQV�RI�WKH�SODQW�DUH�SUHVHQWHG�
LQ�WKH�UHPDLQGHU�RI�WKLV�VHFWLRQ�

&RQWUROV�DQG�&RPEXVWLRQ�(IILFLHQF\� %RLOHU�FRQWUROV�KDYH�ORQJ�EHHQ�DQ�LVVXH�
LQ�WKH�&HQWUDO�+HDWLQJ 3ODQW��DQG�WR�VRPH�H[WHQW�DUH�UHVSRQVLEOH�IRU�OLPLWLQJ�
WKH�SODQW¶V�VWHDP�FDSDFLW\���6RPH�RI�WKHVH�FRQWURO�LVVXHV�KDYH�UHFHQWO\�EHHQ�
DGGUHVVHG��ZLWK�LPSOLFDWLRQV�IRU�HIILFLHQF\�DQG�RXWSXW�FDSDFLW\���%���DQG�%���
HVSHFLDOO\ KDYH�EHHQ�UH�LQVWUXPHQWHG�DQG�UH�WXQHG�WR�PD[LPL]H�HIILFLHQF\��
7KH�JHQHUDO�IHHOLQJ�VHHPV�WR�EH�WKDW�%���LV�OHVV�HIILFLHQW�DQG�RU�OHVV�UHOLDEOH�
WKDQ�%���RU�%���
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7KH�GDWD�XVHG�LQ�WKLV�UHSRUW�FRPH�IURP�D�UHFHQW�SHULRG�RI�GDWD�FROOHFWLRQ��ODWH�
�������HDUO\��������EXW�DOVR�IURP�DQ�H[WHQVLYH�SHULRG�RI�GDWD�FROOHFWLRQ�WKDW�
WRRN�SODFH�LQ�HDUO\��������7KH������GDWD��ZKLFK�ZDV�FROOHFWHG�DV�SDUW�RI�VWXG\�
RQ�D�ELRPDVV�ILUHG�&+3�SODQW�IRU�&:8��XVHG�WKH�FDOHQGDU�\HDU������DV�WKH�
EDVH�\HDU���$�\HDU¶V�ZRUWK�RI�GDWD�ZDV�FROOHFWHG�DW�WKDW�WLPH���

7KH�JHQHUDO�VWDJLQJ�SDWWHUQ�LV�WR�XVH�%���LQ�VXPPHU���$V�WKH�ZHDWKHU�JHWV�
FROGHU��RQH�RI�WKH�ZDWHUWXEH�ERLOHUV�LV�EURXJKW�RQOLQH�DQG�%���LV�WDNHQ�RIIOLQH���
7KH�RSHUDWRUV�FKRRVH�KRZ�WKH�ZDWHUWXEH�ERLOHUV�DUH�VWDJHG��EXW�WKH�FXUUHQW�
RSHUDWLRQV�IDYRU�HLWKHU�%���RU�%���DV�WKH�³OHDG´�ERLOHU���$V�WKH�ZHDWKHU�JHWV�
FROGHU�VWLOO��D�VHFRQG�ZDWHUWXEH�ERLOHU�LV�EURXJKW�RQ���7R�GDWH��LW�DSSHDUV�WKDW�
WKH�VWHDP�ORDG�KDV�QHYHU�JRWWHQ�KLJK�HQRXJK�WR�UHTXLUH�D�WKLUG�ERLOHU���7KLV�LV�
ERUQH�RXW�E\�WKH�FDOFXODWLRQV�EHORZ�

,Q�������WKH�HIILFLHQF\�RI�WKH�ERLOHUV�ZDV�FDOFXODWHG�DV�VKRZQ�LQ�)LJXUH���
EHORZ���7KHVH�FDOFXODWLRQV�ZHUH�EDVHG�RQ�SDVW�VWDFN�WHVWV�± WKH�ERLOHUV�ZHUH�
QRW�UH�WHVWHG�DW�WKDW�WLPH��QRU�ZHUH�WKH\�UH�WHVWHG��VSHFLILFDOO\�IRU�HIILFLHQF\��
IRU WKLV�UHSRUW�

)LJXUH����(VWLPDWHG�%RLOHU�(IILFLHQF\������

7KH�GLIIHUHQFHV�EHWZHHQ�WKH�FRPEXVWLRQ�HIILFLHQF\��PHDVXUHG��DQG�WKH�IXHO�WR�
VWHDP�HIILFLHQF\��HVWLPDWHG��DUH�WKH�ERLOHU�ORVVHV���7KHVH�DUH�KHDW�ORVV�IURP�
UDGLDWLRQ��IURP�WKH�VNLQ�RI�WKH�ERLOHU�WR�WKH�URRP���DQG�ZKDW�DUH�JHQHUDOO\�
UHIHUUHG�WR�DV�³XQDFFRXQWHG´�ORVVHV��DLU�OHDNDJH�WKURXJK�WKH�VKHOO��HWF����
&RPELQHG��WKHVH�DUH�JHQHUDOO\�LQ�WKH�UDQJH�RI�������WR��������RQH�WR�WZR�
SHUFHQWDJH�SRLQWV�RI�HIILFLHQF\����,Q�WKLV�FDVH��DQ�DVVXPSWLRQ�RI������ ZDV�
XVHG�

�(VWLPDWHG�%RLOHU�(IILFLHQF\������
DYHUDJH���� HVWLPDWHG
FRPEXVWLRQ IXHO�WR�VWHDP
HIILFLHQF\ HIILFLHQF\

%�� ����� �����
%�� ����� �����
%�� ����� �����
%�� ����� �����
��� 2YHU�WKH�IXOO�ILULQJ�UDQJH
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,Q�������KRXUO\�QDWXUDO�JDV�GDWD�ZDV�FRPELQHG�ZLWK�VWHDP�GDWD�WR�HVWLPDWH�
WKH�DYHUDJH�DQQXDO�IXHO�WR�VWHDP�HIILFLHQF\�RI�WKH�SODQW�DW���������7KLV�ZDV�DQ�
DYHUDJH�DFURVV�WKH�HQWLUH�\HDU��DQG�LV�QRW�VSHFLILF�WR�DQ\�RQH�ERLOHU�

6LQFH�WKDW�WLPH��%�� DQG�%���KDYH�EHHQ�UH�WXQHG��DQG�HDFK�KDV�D�WXQHG�DQG�
IXQFWLRQLQJ�R[\JHQ WULP�V\VWHP���7KHVH�DUH�WKRXJKW�WR�EH�WKH�PRVW�HIILFLHQW�
ERLOHUV�DW�WKLV�WLPH���$OWKRXJK�QR�VWDFN�WHVWV�ZHUH�DYDLODEOH�WR�FRQILUP�WKLV��ZH�
FDQ�HVWLPDWH�WKH�FRPEXVWLRQ�HIILFLHQF\�RI�WKHVH�ERLOHUV�EDVHG�RQ�UHFHQW�GDWD���
�7KHUH�DUH�PDQ\�GHILQLWLRQV�RI�³FRPEXVWLRQ�HIILFLHQF\´�± WKH�RQH�XVHG�KHUH�LV�
WKDW�WKLV�YDOXH�LV�ZKDW�D�VWDFN�WHVW�DQDO\]HU�ZRXOG�UHFRUG�DV�WKH�³HIILFLHQF\´�
GXULQJ�D�VWDFN�WHVW����1RWH�WKDW�GXULQJ�WKH�UHFHQW�GDWD�FROOHFWLRQ�SHULRG��%���
DQG�%���ZHUH�WKH�RQO\�ERLOHUV�RSHUDWLQJ�± QR�QHZ�GDWD�DUH�DYDLODEOH�IRU�%���
DQG�%���

&RPEXVWLRQ�HIILFLHQF\�FDQ�EH�HVWLPDWHG�IURP�QHW�VWDFN�WHPSHUDWXUH�DQG�
H[FHVV�R[\JHQ���)LJXUHV���DQG���EHORZ�VKRZ�WKH�UHVXOWV�RI�D�UHFHQW�WHVW�RI�%�
��DQG�%�����(IILFLHQF\�ZDV�QRW�PHDVXUHG��EXW�H[FHVV�R[\JHQ DQG�VWHDP�
RXWSXW�ZHUH���,Q�DGGLWLRQ�WR�KHOSLQJ�WR�HVWLPDWH�FRPEXVWLRQ�HIILFLHQF\��WKHVH�
ILJXUHV�FRQWDLQ�DGGLWLRQDO�LPSRUWDQW�LQIRUPDWLRQ�WKDW�ZLOO�EH�H[SDQGHG�RQ�
IXUWKHU�EHORZ�

)LJXUH����%���7HVW�5HVXOWV

�%���7HVW ���-DQ���
ILULQJ �VWHDP�PHWHU H[FHVV
UDWH���� NOE�KU OE�KU 2�
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������

�����7KLV�LV�WKH��ERLOHU�PDVWHU��RXWSXW��DW
��������WKH�DLU�DFWXDWRU�ZDV�DW�����
�RSHQ���KRZHYHU��WKH�GDPSHU�ZDV�DW�OHVV
�WKDQ�����



&(175$/�67($0�$1'�&+,//('�:$7(5
/2$'�,03$&7�678'<

67($0
6<67(0

:ƵůǇ�Ϯϰ͕�ϮϬϭϮ ϵ &/E�>�Z�WKZd

)LJXUH����%���7HVW�5HVXOWV

)LJXUH���EHORZ�VKRZV�H[FHVV�R[\JHQ DV�D�IXQFWLRQ�RI�VWHDP�RXWSXW���,W�ZDV�
PHQWLRQHG�DERYH�WKDW�%���DQG�%���KDG�R[\JHQ WULP�V\VWHPV���7KH�ERLOHU�
FRQWUROV�PRGXODWH�JDV�IORZ�WR�PDLQWDLQ�VWHDP�SUHVVXUH��WKH�ERLOHU�DLU�FRQWUROV�
KDYH�WZR�IXQFWLRQV���)LUVW��PRGXODWH�WKH�DLUIORZ�WR�SURYLGH�HQRXJK�FRPEXVWLRQ�
DLU�IRU�FRPSOHWH�R[LGDWLRQ�RI�WKH�QDWXUDO�JDV�DV�LW�PRGXODWHV�WR�PHHW�ORDG�� WKLV�
LV�FDOOHG�VWRLFKLRPHWULF�DLU�± WKH�H[DFW�DPRXQW�RI�DLU�WKDW�ZLOO�FRPSOHWHO\�
R[LGL]H�WKH�IXHO�ZLWK QR�H[FHVV���6HFRQG��SURYLGH�VRPH�H[FHVV�DLU�DV�D VDIHW\�
IDFWRU�± VKRXOG�WKH�ERLOHU�DLUIORZ�IDOO�EHORZ�WKH�VWRLFKLRPHWULF�UDWH��LQFRPSOHWH�
FRPEXVWLRQ�RFFXUV���7KLV�QRW�RQO\�FDXVHV�VLJQLILFDQW�IRUPDWLRQ�RI�FDUERQ�
PRQR[LGH��&2���LI�HQRXJK�XQEXUQHG�JDV�DFFXPXODWHV�LW�FDQ�H[SORGH�LQ�WKH�
ERLOHU�RQFH�WKH�DLU�OHYHO�UHWXUQV�WR�QRUPDO���

7KH�IXQFWLRQ�RI�WKH�R[\JHQ WULP�V\VWHP�LV�WR�³ILQH�WXQH´�WKH�DLU�FRQWUROV��WR�
PDNH�VXUH�WKDW�ZKLOH�WKHUH�LV�HQRXJK�H[FHVV�DLU�IRU�VDIHW\��WKH�H[FHVV�DLUIORZ�
LV�PLQLPL]HG���+HDWLQJ�H[FHVV�XQEXUQHG�DLU�UHSUHVHQWV�D�ERLOHU�KHDW�ORVV��VR�
WKH�JUHDWHU�WKH�H[FHVV�DLU��WKH�ORZHU�WKH�FRPEXVWLRQ�HIILFLHQF\���([FHVV�DLU�LV�
QRW�PHDVXUHG�GLUHFWO\��LQVWHDG�H[FHVV�R[\JHQ LV�PHDVXUHG��DQG�H[FHVV�DLU�
WKHQ�FDOFXODWHG�IURP�WKDW���7KH�R[\JHQ WULP�V\VWHP WKHUHIRUH�WULHV�WR�PLQLPL]H�
H[FHVV�DLU�E\�PHDVXULQJ�H[FHVV�R[\JHQ DQG�PRGXODWLQJ�WKH�WULP�V\VWHP�WR�
PDLQWDLQ�WKH�R[\JHQ VHWSRLQW�SURJUDPPHG�LQWR�WKH�FRQWUROOHU�GXULQJ�ERLOHU�
WXQLQJ���2[\JHQ�PDNHV�XS�DERXW������SHUFHQW�RI�WKH�DWPRVSKHUH�E\�YROXPH��
VR�WKUHH SHUFHQW�H[FHVV�R[\JHQ HTXDOV����������� ��������RU������SHUFHQW�
H[FHVV�DLU�

�%���7HVW ���-DQ���
ILULQJ �VWHDP�PHWHU H[FHVV
UDWH���� NOE�KU OE�KU 2�
����� ��� ����� ������
����� ��� ����� ������
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������
����� ���� ������ ������

�����$OO�RI�WKHVH�H[FHSW�WKDW�ODVW�GDWD�SRLQW
�DUH�WKH��ERLOHU�PDVWHU��RXWSXW�VLJQDO���WKH
������GDWD�SRLQW�UHIOHFWV�WKH�IDFW�WKDW�DW
�WKLV�SRLQW��WKH�IXHO�YDOYH�ZDV������RSHQ
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)LJXUH����([FHVV�2[\JHQ

7KH�JUDSK�VKRZV WKH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FXUYHV���%���
�PDURRQ��VKRZV�D�PRUH�³QRUPDO´�FXUYH���7KH�H[FHVV�R[\JHQ LV�KLJKHVW�DW�ORZ�
ORDGV���7KLV�LV�W\SLFDO��EHFDXVH�IODPH�VWDELOLW\�LV�ORZHVW�DW�WKH�ORZ�HQG�RI�WKH�
ERLOHU�RXWSXW�± WKXV�PRUH�H[FHVV�DLU�LV�SURYLGHG�WR�HQVXUH�VDIHW\���7KH�%��
FXUYH��KRZHYHU��LV�WKH�RSSRVLWH�± LW�LV�YHU\�UDUH�WR�VHH�OHVV�WKDQ���SHUFHQW�
R[\JHQ DW�WKH�ORZ�HQG�RI�ERLOHU�RXWSXW���6R�UDUH�WKDW�ZH ZRQGHUHG�LI�WKH�GDWD�
ZHUH�UHFRUGHG�LQ�DQ�LQYHUVH�IDVKLRQ��DQG�WKH�YDOXHV�UHYHUVHG���7KH�GDVKHG�
JUHHQ�FXUYH�UHSUHVHQW�WKLV�VFHQDULR��WKDW�WKH�2��UHDGLQJV�ZHUH�LQYHUWHG�
FRPSDUHG�WR�WKH�VWHDP�UHDGLQJV����:KLOH�WKLV�FXUYH�GRHV�QRW�VKRZ�WKH�
FKDUDFWHULVWLF�XSWXUQ�DW�ORZ�ORDGV��DV�ZLWK�%�����LW�GRHV�KDYH�WKH�ORZHVW�2��
YDOXHV�DW�WKH�KLJK�HQG�RI�WKH�RXWSXW��DV�QRUPDOO\�RFFXUV�

6LQFH�WKH�GDWD�ZHUH�UHFRUGHG�E\�KDQG��DQG�HDFK�UHDGLQJ�ZDV�WDNHQ�RQH�DW�D�
WLPH��LW�LV�KDUG WR�VHH�KRZ�WKH�GDWD�FRXOG�KDYH�EHHQ�LQYHUWHG�XQOHVV�WKH�ILQDO�
VKHHW�VHQW�WR�XV ZDV�LQFRUUHFWO\�WUDQVFULEHG�IURP�ILHOG�QRWHV���,W�ZLOO�EH�
DVVXPHG�WKDW�WKH�YDOXHV�VKRZQ�DUH�FRUUHFW��DOWKRXJK�XQXVXDO�

7KH�RWKHU�YDOXH�QHHGHG�WR�FDOFXODWH�FRPEXVWLRQ�HIILFLHQF\ LV�WKH�QHW�VWDFN�
WHPSHUDWXUH��VWDFN�WHPSHUDWXUH�PLQXV�LQOHW�DLU�WHPSHUDWXUH���,Q�WKH�FXUUHQW�
UHFRUGLQJ�SHULRG��ERWK�WKH�VWDFN�WHPSHUDWXUH�DQG�WKH�LQOHW�DLU�WHPSHUDWXUHV�
ZHUH�UHFRUGHG��E\�GDWD�ORJJHUV��RQ�ILYH�PLQXWH�LQWHUYDOV�IRU�QLQH�GD\V�LQ�
'HFHPEHU������DQG�DOO�RI�-DQXDU\��������6WHDP�RXWSXW�GXULQJ�WKLV�WLPH�ZDV�

%�����%���H[FHVV�DLU�Y�VWHDP�RXWSXW IUDFWLRQ�RI�H[FHVV�2��Y�OE�KU�
2�

�����

�����

�����

�����

�����

�����

�����

�����

�����

�����

�����

����� ������ ������ ������ ������ ������ ������ ������ ������ ������



&(175$/�67($0�$1'�&+,//('�:$7(5
/2$'�,03$&7�678'<

67($0
6<67(0

:ƵůǇ�Ϯϰ͕�ϮϬϭϮ ϭϭ &/E�>�Z�WKZd

QRW�PHDVXUHG��EHFDXVH�WKH�YDOXHV�IURP�WKH�VWHDP�PHWHUV�DUH�VXVSHFW���
,QVWHDG��WKH�KRXUO\�QDWXUDO�JDV�GDWD�ZHUH�XVHG�WR�FDOFXODWH�VWHDP�ORDG�IRU�WKH�
KRXU�± WKH�DYHUDJH�QHW�VWDFN�WHPSHUDWXUH�HDFK�KRXU�ZDV�FDOFXODWHG�IURP�WKH�
ORJJHU�GDWD���7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH���

)LJXUH����1HW�6WDFN�7HPSHUDWXUH

1RWH�WKDW�DW�DOO�ORDG�SRLQWV��%���DOZD\V�KDV�WKH�KLJKHU�QHW�VWDFN�WHPSHUDWXUH��
DQ�DYHUDJH�RI����GHJ�)�RYHU�WKH�����KRXUV�LQ�WKH�VDPSOH���7KLV�³GHOWD�7´�ZLOO�
FRPH�LQWR�SOD\�LQ�WKH�FDSDFLW\�VHFWLRQ�EHORZ���,Q�WHUPV�RI�HIILFLHQF\��LW�PHDQV�
%����ZLWK�WKH�ORZHU�WHPSHUDWXUHV��ZRXOG�DSSHDU�WR�EH�PRUH�HIILFLHQW�WKDQ�%�����
+RZHYHU��EHFDXVH�RI�WKH�ODUJH�DPRXQW�RI�H[FHVV�DLU�WKDW�%���SXOOV�DW�ORZ�
ORDGV��)LJXUHV���DQG���ZLOO�VKRZ�WKDW�DW�ORZ�ORDGV��%���LV�DFWXDOO\�PRUH�
HIILFLHQW�GHVSLWH�WKH�KLJKHU�QHW�VWDFN�WHPSHUDWXUH�

)LJXUHV���DQG���UHSURGXFH�WKH�GDWD�LQ�)LJXUHV���DQG����ZLWK�DGGLWLRQDO�
HIILFLHQF\�GDWD�DGGHG�

�1HW�6WDFN�7HPSHUDWXUH�5LVH�YV�/RDG��%�����%�� GHJ�)�Y�OE�KU�
GHJ�) ����VDPSOHV��'HF��������-DQ�����

\� ���������[�������������

5�� ���������

\� ���������[�������������

5�� ���������

���

���

���

���

���

���

������ ������ ������ ������ ������ ������
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)LJXUH����%���7HVW�5HVXOWV�ZLWK�HIILFLHQF\�GDWD�DGGHG

:H KDYH�DJDLQ�DVVXPHG�����SHUFHQW�FRPELQHG�UDGLDWLRQ�DQG�XQDFFRXQWHG�
ORVVHV�ZKHQ�FRQYHUWLQJ�FRPEXVWLRQ�HIILFLHQF\�WR�IXHO�WR�VWHDP��)76��
HIILFLHQF\���,Q�DOO�OLNHOLKRRG��JLYHQ�WKH�DJH�RI�WKH�ERLOHUV��WKLV�YDOXH�LV�SUREDEO\�
FORVHU�WR�����WR�����SHUFHQW�± ZH XVHG�WKH�VDPH�YDOXH�DV�ZDV�XVHG�LQ������
IRU�FRQVLVWHQF\��VR�GLUHFW�FRPSDULVRQV�FRXOG�EH�PDGH���

)LJXUH����%���7HVW�5HVXOWV�ZLWK�HIILFLHQF\�GDWD�DGGHG

$OWKRXJK�%���DQG�%���KDYH�WKH�VDPH�QDPHSODWH�FDSDFLW\��ZH�VHH�IURP�
)LJXUHV���DQG���WKDW�WKH\�QR�ORQJHU�KDYH�WKH�VDPH�DFWXDO�VWHDP�RXWSXW�
FDSDFLW\���7KHUHIRUH��)LJXUH���JUDSKV�FRPEXVWLRQ�HIILFLHQF\��FDOFXODWHG��Y�
ORDG�IUDFWLRQ��IDFWLRQ�RI�IXOO�ORDG���UDWKHU WKDQ�HIILFLHQF\�Y�RXWSXW�LQ�OE�KU���7KLV�
PDNHV�WKH�WZR�FXUYHV�GLUHFWO\�FRPSDUDEOH��DQG�DOORZV�WKH�UHDGHU�WR�YLVXDOL]H�
WKH�HIILFLHQF\�GDWD�LQ�)LJXUHV���DQG�����

�%���7HVW�ZLWK�FDOFXODWHG�HIILFLHQF\
ILULQJ �VWHDP�PHWHU H[FHVV ����ORDG QHW�7 FRPEXVWLRQ HVW�)76
UDWH NOE�KU OE�KU 2� IUDFWLRQ GHJ�) HII HII
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����

�����$V�D�IUDFWLRQ�RI�WKH�KLJKHVW�UHFRUHG�RXWSXW

�%���7HVW�ZLWK�FDOFXODWHG�HIILFLHQF\
ILULQJ �VWHDP�PHWHU H[FHVV ����ORDG QHW�7 FRPEXVWLRQ HVW�)76
UDWH���� NOE�KU OE�KU 2� IUDFWLRQ GHJ�) HII HII
����� ��� ����� ������ ����� ��� ����� �����
����� ��� ����� ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����
����� ���� ������ ������ ����� ��� ����� �����

�����$V�D�IUDFWLRQ�RI�WKH�KLJKHVW�UHFRUHG�RXWSXW
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)LJXUH����&RPEXVWLRQ�(IILFLHQF\

*RLQJ�EDFN�WR�WKH������GDWD��)LJXUH�����ZH�VHH�WKDW�WKH�ZHLJKWHG�DYHUDJH�
FRPEXVWLRQ�HIILFLHQF\�IRU�%���DQG�%���ZDV�FDOFXODWHG�DV���������:LWK�WKH�
DGGHG�FRQWUROV�DQG�WKH�IXQFWLRQLQJ�2��WULP��WKH�HIILFLHQF\�RI�ERWK�ERLOHUV�LV�
QRZ�KLJKHU�WKDQ�WKLV�DW�DOO�ORDG�SRLQWV�± WKLV�LQFUHDVH�LQ�HIILFLHQF\�UHSUHVHQWV�
D�VLJQLILFDQW�DQQXDO�GROODU�VDYLQJV���

,Q�ERWK�FDVHV��HIILFLHQF\�LQFUHDVHV�VLJQLILFDQWO\�DW�ORZHU�ORDG�IUDFWLRQV���7KLV�LV�
EHFDXVH�DV�WKH�DPRXQW�RI�JDV��DQG�DLU��GHFUHDVH�ZLWK�IDOOLQJ�ORDG��WKH�
UHVXOWLQJ�VWDFN�JDV�KDV�PRUH�ERLOHU�KHDW�WUDQVIHU�DUHD�SHU�SRXQG RI�VWDFN�JDV��
DV�ZHOO�DV�PRUH�GZHOO�WLPH�LQ�WKH�ERLOHU���7KH�UHVXOW�LV�D�KLJKHU�KHDW�WUDQVIHU�
UDWH�DW�ORZ�ORDGV�WKDQ�DW�KLJKHU�ORDG��DV�WKXV�WKH�ORZHU�QHW�VWDFN�
WHPSHUDWXUHV����7KLV�HIIHFW�FDQ�EH�RIIVHW��DQG�RIWHQ�LV��E\�KLJK�H[FHVV DLU
�KHDWLQJ�WKH�H[FHVV�DLU�UHSUHVHQW�D�ORVV����$�³IODWWHU´�HIILFLHQF\�FXUYH�ZRXOG�
LQGLFDWH�H[FHVVLYH�DLU�DW�ORZ�ORDGV���7KH�VWHHSQHVV RI�WKHVH�FXUYHV�VKRZV�
JUDSKLFDOO\�WKH�HIIHFW�RI�WKH�R[\JHQ WULP���1RWH�WKDW�DW�YHU\ ORZ ORDGV��ZKHQ�D�
VLJQLILFDQW�DPRXQW�RI�H[FHVV�DLU�LV�UHTXLUHG�IRU�VWDELOLW\��WKH�³H[FHVV�DLU´�HIIHFW�
RYHUZKHOPV�WKH�³JUHDWHU�KHDW�WUDQVIHU�DUHD´�HIIHFW��DQG�WKH�HIILFLHQF\�FXUYH�
EHQGV�RYHU�WKH�WRS��%���DERYH����,Q�WKH�7HVW�'DWD��%���QHYHU�JRW�EHORZ����
SHUFHQW�RI�IXOO�ORDG�± VWLOO�WRR�KLJK�WR�VKRZ�WKLV�HIIHFW���

%�����%���&RPEXVWLRQ�HIILFLHQF\�Y�IUDFWLRQ�RI�IXOO�ORDG
�FRPEXVWLRQ�HII

\� ����������[������������[������������[�����������

5�� ���������

\� ���������[������������[������������[�����������
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7KHUH�DUH RSHUDWLRQDO�UHDVRQV�WR�XVH�ERLOHUV�NQRZQ�WR�EH�OHVV�HIILFLHQW��WKH�
QHHG�WR�HQVXUH�WKH�ERLOHUV�UHPDLQ�XVHDEOH��DQG�WR�SUHYHQW�H[FHVVLYH�ZHDU�RQ�
D�VLQJOH�ERLOHU��DQG�VR�RQ���7KHUH�LV�DOVR�WKH�LVVXH�RI�WXUQGRZQ�± LQ�VXPPHU��
&:8�XVHV�%���EHFDXVH�WKH�ORDG�UHPDLQV�FRPIRUWDEO\�ZLWKLQ�WKH�ERLOHU¶V�
RXWSXW�UDQJH�DW�DOO�WLPHV��ZKHUH�LW�FRXOG�HDVLO\�GURS�EHORZ�WKH�PLQLPXP�
WXUQGRZQ�RI�WKH�ODUJHU�ERLOHUV���,Q�WKH�DEVHQFH�RI�VLPLODU�WHVWLQJ RQ�%���DQG�%�
���LW�KDV�WR�EH�DVVXPHG�WKDW�WKHLU�HIILFLHQFLHV�UHPDLQ�YHU\�FORVH�WR WKRVH�
WDEXODWHG�LQ�)LJXUH�����7KHUHIRUH��IURP�D�FRVW�VWDQGSRLQW��RSHUDWLRQDO�
FRQVLGHUDWLRQV�DVLGH��&:8�VKRXOG�PD[LPL]H�WKH�XVH�RI�%���ILUVW��WKHQ�%����
DQG�RQO\�XVH�%���DQG�%���ZKHQ�UHTXLUHG�E\�RWKHU�FRQVLGHUDWLRQV���

6WDFN�(FRQRPL]HUV� $OO�IRXU�RI�WKH�ERLOHUV�KDYH�IHHGZDWHU�KHDWHUV��VWDFN�
HFRQRPL]HUV�� $JDLQ��LQ�WKH�UHFHQW�GDWD�FROOHFWLRQ�SHULRG�RQO\�%���DQG�%���
ZHUH�RSHUDWLQJ��VR�RQO\�WKHVH�WZR�HFRQRPL]HUV�ZHUH�HYDOXDWHG���7KH�GDWD�
LQGLFDWH�WKDW�ZKLOH�WKHUH�DUH�YDULDWLRQV�LQ�WKH�HIILFLHQF\��WKH\�DUH�VPDOO���

7KH�RSHUDWRUV�UHSRUW�WKDW�WKH�IHHGZDWHU�IORZ�WKURXJK�WKH�HFRQRPL]HUV�LV�
PRGXODWHG�E\�D�FRQWURO�YDOYH��ZKLFK�DWWHPSWV�WR�PDLQWDLQ�D�FRQVWDQW�OHDYLQJ�
VWDFN�JDV�WHPSHUDWXUH�RXW�RI�WKH�HFRQRPL]HU������GHJ�)�ZDV�WKH�UHSRUWHG�
VHWSRLQW����7KLV�LV�LQWHQGHG WR�PD[LPL]H�KHDW�UHFRYHU\��ZKLOH�SUHYHQWLQJ�WKH�
VWDFN�JDV�WHPSHUDWXUH�IURP�GURSSLQJ�VR�ORZ�LW�IDOOV�EHORZ�WKH�GHZSRLQW�RI�
VXOIXULF�DFLG��+�62�����+RZHYHU��ZKLOH�OHDYLQJ�VWDFN�WHPSHUDWXUHV�UDUHO\�GURS�
EHORZ�����GHJ�)��WKH\�GR�LQ�IDFW�ULVH�DV�LQOHW�VWDFN�WHPSHUDWXUHV�ULVH��VR�WKH�
FRQWURO��LI�DQ\��LV�LQHIIHFWLYH���)LJXUH���VKRZV�WKH�³FRQWURO´�FXUYHV�IRU�WKH�%���
DQG�%���HFRQRPL]HUV��DV�QRWHG��WKH\�ODUJHO\�RYHUODS��LQGLFDWLQJ�VLPLODU�KHDW�
WUDQVIHU�UDWHV���
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)LJXUH����6WDFN�(FRQRPL]HU�3HUIRUPDQFH

$OWKRXJK�WKH�SHUIRUPDQFH�RI�WKH�WZR�HFRQRPL]HUV�LV�VLPLODU��WKH�%���
HFRQRPL]HU�KDV�WKH�SRWHQWLDO�IRU�JUHDWHU�KHDW�UHFRYHU\���7KLV�LV�EHFDXVH��DV�
)LJXUH���DERYH�VKRZV��%���KDV�KLJKHU�VWDFN�WHPSHUDWXUHV�DW�DOO�ORDG�
FRQGLWLRQV�

7KLV�LV�ERUQH�RXW�LQ�)LJXUH����EHORZ��WKHVH�FDOFXODWLRQV�DVVXPH�WKDW�WKH�
DYHUDJH�PDVV�UDWH�RI�VWDFN�JDV�LV������WLPHV�WKH�PDVV�UDWH�RI�WKH�VWHDP��DQG�
WKH�DYHUDJH�&S�YDOXH��VSHFLILF�KHDW��RI�VWDFN�JDV�LV�������%78�OE�GHJ�)��ERWK�
YHU\�DYHUDJH�YDOXHV��

�6WDFN�(FRQ�RXW�YV�6WDFN�(FRQ�LQ
GHJ�) ������ VDPSOHV�DW���PLQ�LQWHUYDOV

%��
%��
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)LJXUH�����6WDFN�(FRQRPL]HU�5HFRYHU\

8VLQJ�DYHUDJH�(OOHQVEXUJ�ZHDWKHU��2$7�ELQ�GDWD���DQG�WKH�DVVXPHG�ORDG�
SURILOH��VHH�3ODQW�&DSDFLW\�VHFWLRQ�EHORZ���RQH�FDQ�SUHGLFW�WKH�SRWHQWLDO�
DQQXDO�KHDW�UHFRYHU\�IURP�WKH�%���DQG�%���HFRQRPL]HUV���7KLV�DVVXPHV�WKDW�
%���LV�EURXJKW�RQOLQH��DQG�%���WDNHQ�RIIOLQH� EHORZ����GHJ�)��JDV�GDWD�VKRZV�
WKLV�LV�ZKHQ�WKH�KHDWLQJ�ORDG�SLFNV�XS���DQG�WKDW�%���LV�EURXJKW�RQ�OLQH�LQ�
XQLVRQ�ZLWK�%���ZKHQ�WKH�ORDG�UHDFKHV��������OE�KU���7KLV�LV�EDVLFDOO\�WKH�ORDG�
VWDJLQJ�VXJJHVWHG�DERYH��

*LYHQ�WKDW�VWDJLQJ�VFKHPH��DQG�³DYHUDJH�ZHDWKHU��ZLWK�WKH�FXUUHQW�ORDG�
SURILOH��%���LV�FDOFXODWHG�WR�UHFRYHU���������PP%78�SHU�\HDU���$W�WKH�
ZHLJKWHG�DYHUDJH�)76�HIILFLHQF\�FDOFXODWHG�IURP�)LJXUH���DERYH����������WKLV�
UHFRYHUHG�KHDW�ZRXOG�GLVSODFH��������WKHUPV RI�JDV SHU�\HDU���%����EHFDXVH�
LW�UXQV VR�PDQ\�PRUH�KRXUV�LQ�WKH�VWDJLQJ�VFHQDULR��DQG�GHVSLWH�OHVV�UHFRYHU\�
SHU�SRXQG�RI�VWHDP���KDV�WKH�SRWHQWLDO�WR�GLVSODFH�PRUH�KHDW���7KH�FDOFXODWHG�
UHFRYHU\�IRU�%���ZRXOG�EH���������PP%78��WKH�DVVRFLDWHG�JDV�GLVSODFHG�
HTXDOV��������WKHUPV��ZHLJKWHG�DYHUDJH�)76�HIILFLHQF\�RI����������$W�FXUUHQW�
SULFHV��WKHVH��������WKHUPV�DUH�ZRUWK�DERXW���������SHU�\HDU���

,Q�RYHUDOO�HIILFLHQF\�WHUPV��WKH�GLVSODFHG�JDV�UHSUHVHQWV�DERXW�������RI�WRWDO�
JDV�XVH�± D�����SHUFHQW�VDYLQJV���*LYHQ�WKDW�%���DQG�%���DOVR�KDYH�VWDFN�
HFRQRPL]HUV��DQG�DUH�QRW�LQFOXGHG�LQ�WKH�FDOFXODWLRQ�DERYH��WKH�DQQXDO�
VDYLQJV�LV�SUREDEO\�FORVHU�WR������SHUFHQW�

�+HDW�5HFRYHU\�Y�6WHDP�2XWSXW DYHUDJH�N%78�K�Y�DYHUDJH�OE�KU�
N%78�K
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%RLOHU���3ODQW�&DSDFLW\� 7KH�QDPHSODWH�FDSDFLW\�RI�WKH�ERLOHUV�ZDV�JLYHQ�
DERYH��KRZHYHU��DV�ILJXUHV���DQG���DERYH�VKRZ��%���DQG�%���DUH�HVVHQWLDOO\�
QRZ�OLPLWHG�WR��������OE�KU�HDFK��D�GH�UDWH�RI����SHUFHQW���7KLV�LV�QRW�WR�VD\�
WKDW�WKH\�FRXOG QRW SURGXFH�PRUH�VWHDP�LI�UHTXLUHG��EXW�LW�ZRXOG�UHTXLUH�D�UH�
SURJUDPPLQJ�RI�WKH�FRQWUROV��DQG�ZRXOG�OLNHO\�UHVXOW�LQ�D�ORVV�RI�HIILFLHQF\��
5HZRUN�RI WKH�IXHO�YDOYHV�DQG�DLU�GDPSHUV�PD\�DOVR�EH�UHTXLUHG�

7KH�IRRWQRWH�RI�)LJXUH���LQGLFDWHV�WKDW�FXUUHQWO\�%���LV�OLPLWHG�E\�WKH�DPRXQW�
RI�DLU�WKH�ERLOHU�FDQ�SDVV���$W�����SHUFHQW�DFWXDWRU�WUDYHO��WKH�DLU�GDPSHU�LV�
DFWXDOO\�OHVV�WKDQ�����SHUFHQW�RSHQ��EXW�WKDW�LV�KRZ�WKH�ERLOHU�KDV�EHHQ�WXQHG�
IRU�HIILFLHQF\�DQG�VWDELOLW\��VR�EDUULQJ�D�UH�SURJUDPPLQJ��WKH�DLUIORZ�FRQWURO�
OLPLWV�WKH�RXWSXW�WR�DERXW �������OE�KU����

/LNHZLVH��WKH�IRRWQRWH�RI�)LJXUH � LQGLFDWHV�WKDW�%���RXWSXW�LV�OLPLWHG�LQ�D�
VLPLODU�PDQQHU�E\�WKH�FRQWURO�RI�WKH�JDV�YDOYH���$W�����SHUFHQW�RSHQ��WKH�
ERLOHU�RXWSXW�LV�DERXW �������OE�KU�

7KH�HYLGHQFH�IRU�WKH�FDSDFLW\�RI�%���DQG�%���LV�PRUH�DQHFGRWDO��VLQFH�WKH�
VDPH�WHVWV�KDYH�QRW�EHHQ�UXQ RQ�WKHP���%����LI�DQ\WKLQJ��LV�H[SHFWHG�WR�
SHUIRUP�ZRUVH�WKDQ�%���DQG�%�����%���LV�EHOLHYHG�WR�EH�OLPLWHG�WR�DERXW�
�������OE�KU���)LJXUH�����WKHQ��VKRZV�WKH�QDPHSODWH�DQG�³FXUUHQW´��HVWLPDWHG��
ERLOHU�DQG�SODQW�FDSDFLW\���7KH�WHUP�³)LUP�&DSDFLW\´�LV�WKH�SODQW�FDSDFLW\�ZLWK�
WKH�ODUJHVW�VLQJOH�ERLOHU�RXW�RI�FRPPLVVLRQ�± LW�LV�FRQVLGHUHG�XQOLNHO\�WKDW�WZR�
ERLOHUV�ZRXOG�EH�GRZQ�DW�WKH�VDPH�WLPH��DOWKRXJK�LW�EHFRPHV�PRUH�OLNHO\�DV�
WKH�SODQW�DJHV��VHH�3ODQW�)XWXUH�EHORZ���

)LJXUH����%RLOHU���3ODQW�&DSDFLW\

�%RLOHU���3ODQW�&DSDFLW\
�FDSDFLW\��OE�KU

%RLOHU QDPHSODWH FXUUHQW�HVW ILUP
%�� ������ ������
%�� ������ ������ ������

����%�� ������ ������ ������
����%�� ������ ������ ������

SODQW�WRWDO ������� ������� �������
�����HVWLPDWHG�IURP�DQHFGRWDO�HYLGHQFH
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7KH�FXUUHQW�HVWLPDWHG�SODQW�FDSDFLW\�RI�������� SRXQGV�SHU�KRXU UHSUHVHQWV�
D�WZHQW\�WKUHH SHUFHQW�GH�UDWH�LQ�SODQW�FDSDFLW\�FRPSDUHG�WR�QDPHSODWH�

&� &855(17�6<67(0�/2$'6

6WHDP�'HPDQG� &XUUHQW�VWHDP�GHPDQG�ZDV�GHWHUPLQHG�LQ�GHWDLO�LQ�������
DQG�KDV�OLNHO\�QRW�FKDQJHG�PXFK�VLQFH�WKHQ���+RJXH�+DOO�KDV�EHHQ�
UHPRGHOHG�DQG�H[SDQGHG�DQG�%DUWR�+DOO�LV�EHLQJ�UHSODFHG���+RZHYHU��IRU�
SXUSRVHV�RI�WKLV�VWXG\��WKH�FXUUHQW�ORDG�SURILOH�LV�FRQVLGHUHG�WR�EH�YHU\�QHDUO\�
WKH�VDPH�DV�LW�ZDV�LQ��������

7KH�VWHDP�ORDG�LV�FRQVLGHUHG�WR�EH�FRPSULVHG�RI�WKUHH�HOHPHQWV�����EXLOGLQJ�
GHPDQG�����V\VWHP�ORVVHV��DQG �� '$�VWHDP���

'HDUHDWLRQ� 7KH�DPRXQW�RI�VWHDP�UHTXLUHG�WR�GH�DHUDWH�WKH�IHHGZDWHU�FDQ�EH�
FDOFXODWHG�LI�WKUHH�HQWKDOSLHV�DUH�NQRZQ�± WKH�HQWKDOS\�RI�WKH�ZDWHU�WR�WKH�'$��
WKH�HQWKDOS\�RI�WKH�IHHGZDWHU�IURP�WKH�'$��DQG�WKH�HQWKDOS\�RI�WKH�'$�VWHDP���
7KH�ODWWHU�YDOXHV�DUH�FRQVLGHUHG�FRQVWDQWV��LQ�WKDW�&:8�GRHV�QRW�FKDQJH�
WKHVH�YDOXHV���'$�VWHDP�LV���36,*��DQG�IHHGZDWHU�WHPSHUDWXUH�YDULHV�OLWWOH�
IURP�����GHJ�)��WKH�DVVRFLDWHG�HQWKDOSLHV�FDQ�EH�ORRNHG�XS�IURP�WKLV�GDWD����
:KDW�GRHV�FKDQJH�LV�WKH�WHPSHUDWXUH�RI�WKH�ZDWHU�JRLQJ�WR�WKH�'$�± WKLV�
FKDQJHV�DV�JURXQGZDWHU�WHPSHUDWXUH��PDNH�XS��FKDQJHV��DQG�DV�PDNH�XS�
ZDWHU�YROXPH�FKDQJHV���

'$�VWHDP�FDQ�EH�VWDWHG�JHQHULFDOO\�LQ�WKH�XQLWV�RI�OE�OE�± WKH�QXPEHU�RI�
SRXQGV�RI�'$�VWHDP�LW�WDNHV�WR�UDLVH�D�SRXQG�RI�LQFRPLQJ�ZDWHU�WR�WKH�
IHHGZDWHU�HQWKDOS\���7KH�PDVV�UDWH�RI�WKH IHHGZDWHU�LV�DVVXPHG�WR�EH�WKH�
VDPH�DV�WKH�VWHDP�UDWH�± LW�PD\�YDU\�IURP�PLQXWH�WR�PLQXWH��EXW�ORQJ�WHUP�
WKH\�PXVW�HTXDO�RU�WKH�ERLOHU�ZRXOG�WULS�RII�RQ�ORZ�RU�KLJK�ZDWHU���

,Q�������WKH�DQQXDO�'$�VWHDP�UDWH�ZDV��������OE�OE�± �����SHUFHQW�RI�WKH�
SODQW�VWHDP�ZHQW�WR�GH�DHUDWLQJ�IHHGZDWHU���7KH�UHFHQW�GDWD�FROOHFWLRQ�SHULRG�
ZDV�QRW�D�\HDU�ORQJ��EXW�IRU�WKH�GXUDWLRQ�RI�WKH�SHULRG��DW�OHDVW��WKH�PDNH�XS�
UDWH�KDG�GURSSHG�VLQFH�������LW�IOXFWXDWHV�ZLWK�OHDNV�LQ�WKH�FRQGHQVDWH�
V\VWHP��� )RU�WKH�'HF��������-DQ������SHULRG��WKH�'$�VWHDP�UDWH�ZDV��������
OE�OE�

6WHDP�'LVWULEXWLRQ� 7KH�RWKHU�³QRQ�ORDG´�FRPSRQHQW�LV�V\VWHP�ORVVHV��
SULPDULO\�KHDW�ORVW�IURP�WKH�VWHDP�SLSLQJ���7KHVH�ORVVHV�DUH�GLIILFXOW�WR�
FDOFXODWH�GLUHFWO\�± LW�ZRXOG�UHTXLUH�NQRZLQJ�WKH�OHQJWK��GLDPHWHU��DQG�DFWXDO�
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LQVXODWLRQ�YDOXH�IRU�HYHU\�VHFWLRQ�RI�VWHDP�SLSH�LQ�WKH�V\VWHP���+RZHYHU��LW�
FDQ�EH�HVWLPDWHG E\�ORRNLQJ�DW�D�WLPH�ZKHQ�QR�³EXLOGLQJ�ORDG´�LV�RFFXUULQJ��
RQH�FDQ�DVVXPH�WKDW�DQ\�ORDG�SUHVHQW�LV�D�ORVV��QRW�IRUJHWWLQJ�WKDW�VRPH�RI�
WKH�VWHDP�EHLQJ�XVHG�LQ�WKHVH�SHULRGV�LV�LQ�IDFW�'$�VWHDP�

7KH������GDWD�VKRZHG�D�GLVWLQFW�EUHDN�LQ�WKH�VWHDP�ORDG�SURILOH�DW����GHJ�)���
,W�LV�DVVXPHG�WKDW�WKLV�LV�ZKHQ�DFWXDO�VSDFH�KHDWLQJ�NLFNV�LQ��DOWKRXJK�DW�D�
YHU\�ORZ�OHYHO��RI�FRXUVH���,W�ZDV�IXUWKHU�DVVXPHG�WKDW�DQ\�RWKHU�³ORDG´�XVHU�
�'+:�KHDWLQJ��UHKHDW��ZRXOG�EH�]HUR�RU�QHDU�]HUR�EHWZHHQ�PLGQLJKW DQG�
����DP���6RUWLQJ�WKH������GDWD�IRU�GDWD�SRLQWV�WKDW�PHHW�ERWK�FULWHULD�\LHOGV�
)LJXUH����

)LJXUH����6\VWHP�/RVVHV�DQG�'$�6WHDP

7KH�FRUUHODWLRQ�EHWZHHQ�GDWD�SRLQWV�DQG�WKH�WUHQG�OLQH�LV�QRW�YHU\�JRRG���,Q�
SDUW��WKLV�LV�EHFDXVH�WKH�JDV�GDWD�LV�RQO\�UHSRUWHG�WR�WKH�QHDUHVW�����WK�RI�DQ�
0&)��WKRXVDQG�FXELF�IHHW�RI�JDV���RU�EDVLFDOO\�WR�WKH�QHDUHVW���������%78���,W�
DOVR�UHIOHFWV�WKH�IDFW�WKDW�VRPH�DFWLYLW\�H[LVWV��HYHQ�LQ�WKH�PLGGOH�RI�WKH�QLJKW���
7KH�WUHQG�OLQH�LV�EHVW�WKRXJKW�RI�DV�D�ORQJ�WHUP�DYHUDJH���

�(VWLPDWHG�6\VWHP�/RVVHV��'$�6WHDP�Y�2$7 VDPSOHV�WDNHQ�IURP�������WR�������-XO���$XJ������

OE�KU ���VDPSOHV��2$7�!����GHJ�)�RQO\��

ORVVHV�DW����GHJ�) ����� OE�KU

ORVVHV�DW�����GHJ�) ����� OE�KU

\� �����������[��������������

5�� ���������

�������

�������

�������

�������

�� �� �� �� �� �� �� �� �� ��
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$V�QRWHG�DERYH��WKLV�FXUYH�UHSUHVHQWV�ERWK�V\VWHP�ORVVHV�DQG�'$�VWHDP��WKH�
'$�QHYHU�VWRSV����7KH�FXUYH�KDV�D�QHJDWLYH�VORSH�± ORVVHV�LQFUHDVH�DV�DLU�
WHPSHUDWXUH��DQG�JURXQG�WHPSHUDWXUH��GHFUHDVH���7KH�JUDSK�VKRZV�WZR�
YDOXHV��������OE�KU�DW����GHJ�)��DQG�������OE�KU�DW�����GHJ�)���8VLQJ�WKH�
ILJXUHV�DERYH��ZH�FDQ�VXEWUDFW�RXW�WKH�'$�VWHDP��DQG�WKH�PRGLILHG�YDOXHV�
ZRXOG�EH�������DQG�������OE�KU��UHVSHFWLYHO\���

7KHVH�DUH�WKH�ORVVHV�IRU�WKH�VWHDP�SLSLQJ�RQO\�± WKH�ERLOHUV�GR�QRW�VHH�WKH�
FRQGHQVDWH�SLSLQJ�ORVVHV�GLUHFWO\���7KH\ PDQLIHVW�WKHPVHOYHV�DV�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�FRQGHQVDWH�UHWXUQ�WHPSHUDWXUH�OHDYLQJ�WKH�EXLOGLQJ��
DQG�WKH�WHPSHUDWXUH�RI�WKH�FRQGHQVDWH�LQ�WKH�KRWZHOO�LQ�WKH�SODQW���+HUH��WKH�
FRQGHQVDWH LV�WKHQ�PL[HG�ZLWK�PDNH�XS�ZDWHU��DQG�VHQW�WR�WKH�'$��VR�
XOWLPDWHO\��FRQGHQVDWH�ORVVHV�LQFUHDVH�'$�VWHDP���

$QG�RI�FRXUVH��DQ\�OHDNV�LQ�WKH�FRQGHQVDWH�V\VWHP��OHDNV�DW�&:8�DUH�DOPRVW�
H[FOXVLYHO\�LQ�WKH�FRQGHQVDWH�SLSLQJ��PXVW�EH�PDGH�XS�ZLWK�PDNH�XS�ZDWHU���
7KLV�DOVR�ORZHUV�WKH�RYHUDOO�WHPSHUDWXUH��DQG�WKXV�HQWKDOS\��RI�WKH�ZDWHU�WR�
WKH�'$�� (YHU\ %78�ORVW�LQ�WKH�V\VWHP�PXVW�EH�PDGH�XS�E\�EXUQLQJ�DGGLWLRQDO�
JDV���'XULQJ�WKH�UHFHQW�ORJJLQJ�SHULRG��WKH�DYHUDJH�FRQGHQVDWH�WHPSHUDWXUH�
ZDV�������GHJ�)��K� �������%78�OE����7KH�DYHUDJH�PDNH�XS�WHPSHUDWXUH�
GXULQJ�WKH�VDPH�WLPH�ZDV����GHJ�)��K� �������%78�OE���7KHUHIRUH��IRU�HDFK�
WKRXVDQG�JDOORQV��NJDO��RI�FRQGHQVDWH�ORVW�WR�OHDNDJH��WKH�SODQW�PXVW�
JHQHUDWH���������%78�WR�PDNH�XS�IRU�WKH�ORVW�HQWKDOS\���$W�DQ�RYHUDOO�SODQW�
HIILFLHQF\�RI��������ERLOHU�SOXV�HFRQRPL]HUV���WKDW�UHTXLUHV�������WKHUPV��RU�
DERXW�������ZRUWK�RI�HQHUJ\�SHU�NJDO���7KH�DFWXDO�FRVW�RI�WKH�ZDWHU�DQG�WKH�
FKHPLFDO�WUHDWPHQW LV�QRW�LQFOXGHG�LQ�WKLV�FDOFXODWLRQ�

%XLOGLQJ�/RDGV� +DYLQJ�FDOFXODWHG�WRWDO�VWHDP�RXWSXW�IURP�QDWXUDO�JDV�
UHFRUGV��'$�VWHDP�IURP�PDNH�XS�UHFRUGV�DQG�PHDVXUHG�WHPSHUDWXUHV��DQG�
HVWLPDWLQJ�ORVVHV�E\�VHOHFWLYHO\�VRUWLQJ�WKH�VWHDP�GDWD�VHW��ZH HVWLPDWHG�WKH�
DFWXDO�EXLOGLQJ�GHPDQG�E\�VXEWUDFWLRQ���7KDW�JUDSK�LV�VKRZQ�LQ�)LJXUH������

7KLV�JUDSK�VKRZV�QRW�RQO\�WKH������ORDG��VKDGHV�RI�EOXH���EXW�DOVR�WKH�
H[SHFWHG�ORDG�RQFH�WKH�WKUHH�EXLOGLQJV LQ�WKH�VKRUW�WHUP�PDVWHU�SODQ�RI�WKH�
8QLYHUVLW\�DUH�DGGHG��VKDGHV�RI�RUDQJH����7KH�JUDSK�VKRZV�WKUHH�FXUYHV�IRU�
ERWK�ORDG�VFHQDULRV���7KH�ORZHVW�OLQH�LV�ORVVHV�RQO\��DQG�VKRZV�WKH�VDPH�
VOLJKW�QHJDWLYH�VORSH�DV�LQ�)LJXUH������7KH�VHFRQG�FXUYH�LV�'$�VWHDP���
ORVVHV���'$�VWHDP�LV�D�FRQVWDQW�IUDFWLRQ�RI�WRWDO�VWHDP��VR�WKDW�FXUYH�IROORZV�
WKH�WRWDO�VWHDP�FXUYH�DW�D�PXFK�ORZHU�OHYHO���)LQDOO\��WKH�ODVW�FXUYH�RI�HDFK�
VFHQDULR�LV�WRWDO�SODQW�VWHDP���%XLOGLQJ�VWHDP��WKHQ��LV�WKH�DUHD�EHWZHHQ�WRWDO�
VWHDP�DQG�'$���ORVVHV���
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1RWH�WKDW�WRWDO�VWHDP�JRHV�XS�ZLWK�WKH�DGGLWLRQ�RI�WKUHH�EXLOGLQJV��DV�
H[SHFWHG���+RZHYHU��WKH�ORVVHV�GR�QRW�LQFUHDVH�E\�WKH�VDPH�SHUFHQWDJH���,Q�
IDFW��WKH\�ZRXOG�EH�FRQVLGHUHG�YLUWXDOO\�FRQVWDQW�EHWZHHQ�WKH�WZR�ORDG�FDVHV�
�WKH�DPRXQW�RI�DGGHG�SLSH�IRU�WKH�WKUHH�EXLOGLQJV��SOXV�WKHLU�VPDOO�VL]H��PHDQV�
WKH�DGGLWLRQDO�ORVVHV�IDOO�ZHOO�ZLWKLQ�WKH�PDUJLQ�RI�HUURU�RQ�WKH�JUDSK���H[FHSW�
IRU�WKH�IDFW�WKDW�&:8�KDV�ORZHUHG�WKHLU�VWHDP�SUHVVXUH��LQ�SDUW�WR�ORZHU�
ORVVHV���7KH�WZR�FXUYHV�DUH�VR�FORVH��WKH\�DUH�KDUG�WR�GLVWLQJXLVK��EXW�WKH�
³IXWXUH´�ORVVHV�DUH�DFWXDOO\�����SHUFHQW�ORZHU�WKDQ�WKH������ORVVHV�EHFDXVH�RI�
WKH�ORZHU�SUHVVXUH��WHPSHUDWXUH��VWHDP���

8QOLNH�ORVVHV��'$�VWHDP�GRHV�LQFUHDVH�ZLWK�DGGHG�EXLOGLQJ�ORDG��EXW�DV�QRWHG�
DERYH��'$�VWHDP�KDV�GURSSHG�GXH�WR�ORZHU�PDNH�XS�PDVV�UDWHV���6R�WKH�
SHUFHQW�LQFUHDVH LQ�'$�VWHDP�LV�OHVV�WKDQ�WKH�SHUFHQW�LQFUHDVH�LQ�EXLOGLQJ�
GHPDQG���$V�ZLWK�WKH�³ORVVHV´�FXUYHV��WKH�'$���ORVVHV�FXUYHV�OLH�VR�FORVH�WR�
HDFK�RWKHU�WKH\�DUH�KDUG�WR�PDNH�RXW�LQGLYLGXDOO\���

)LJXUH����6WHDP�'HPDQG�E\�&RPSRQHQW��LQVWDQWDQHRXV�

�/RDG�&RPSRQHQWV��6WHDP�Y�2$7��������3URMHFWHG������Y�2$7 OE�KU�Y�GHJ�)�
OE�KU ������VDPSOHV

WRWDO�VWHDP�DW�]HUR�GHJ�) ������
ORVVHV �����

'$���ORVVHV ������
ORDG ������

ORDG���RXWSXW �����

WRWDO�VWHDP�DW�]HUR�GHJ�) ������
ORVVHV �����

WRWDO�SURMHFWHG '$���ORVVHV ������
ORDG ������

ORDG���RXWSXW �����
�����WRWDO

'$���ORVVHV

ORVVHV
�

������

������

������

������

������

������

������

������

���� � �� �� �� �� �� �� �� �� �� ��� ���
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1RWH�WKDW�DW�WKH�SHDN�H[LVWLQJ�ORDG�DW�]HUR�GHJ�)�������SHUFHQW�RI�WKH�SODQW�
VWHDP�JRHV�WR�EXLOGLQJ�GHPDQG���7KLV�YDULHV�WKURXJKRXW�WKH�\HDU��RI�FRXUVH�±
WKH�SHUFHQW�RI�³ORVVHV´�LV�PXFK�KLJKHU�LQ�ZDUP�ZHDWKHU���$JDLQ�XVLQJ�DYHUDJH�
(OOHQVEXUJ�2$7�ELQ�GDWD��RQH�FDQ�FDOFXODWH�WKH�³V\VWHP�HIILFLHQF\´�RQ�DQ�
DQQXDO�EDVLV�XVLQJ�WKHVH�FXUYHV���7KDW�FDOFXODWLRQ�LV�VKRZQ�LQ�)LJXUH���
EHORZ�

)LJXUH�����6WHDP�'HPDQG�E\�&RPSRQHQW��DQQXDO�

$V�)LJXUH��� VKRZV��RQ�DQ�DQQXDO�EDVLV�������SHUFHQW�RI�WKH�VWHDP�JHQHUDWHG�
JRHV�WR�WKH�EXLOGLQJV���

,Q�������WKH�DYHUDJH�FRVW�RI�JDV�ZDV��������SHU�WKHUP���7KH�HVWLPDWHG�JDV�
XVDJH�EDVHG�RQ�WKH�ORDG�FXUYHV�ZDV�����������WKHUPV��WKH�HVWLPDWHG�VWHDP�
RXWSXW�ZDV���������NOE��WKRXVDQG�SRXQGV����$W�WKH�VWDWHG�JDV�FRVW��WKH�FRVW�
RI�VWHDP�RI�ZDV��

������������������������������ ���������NOE���7KLV�LV�EDVHG�RQ�³JURVV´�SRXQGV�
RI�VWHDP�

7KH�FDOFXODWLRQ�LQ�ILJXUH�����KRZHYHU��LQGLFDWHV�WKDW�RQ�DQ�DQQXDO�EDVLV RQO\�
�����SHUFHQW�RI�WKH�VWHDP�LV�FRQVXPHG�LQ�WKH�EXLOGLQJV���7KH�UHDO��RU�QHW��FRVW�
RI�VWHDP�WR�WKH�EXLOGLQJV��WKHUHIRUH��LV����������������RU����������NOE����7KLV�
GRHV�QRW�PHDQ�WKDW�VDYLQJ���NOE�RI�VWHDP�WKHUHIRUH�VDYHV��������± WKH�
V\VWHP�ORVVHV�DUH�XQDIIHFWHG�E\�HQHUJ\�VDYLQJV�DW�WKH�EXLOGLQJ�OHYHO����
$QRWKHU�ZD\�WR�ORRN�DW�LW�LV�WKDW�ZKLOH�JHQHUDWLQJ�VWHDP�XVHV�������RI�WKH�KHDW�
FRQWHQW�RI�WKH�JDV��RQO\�������������� �������RI�WKH�KHDW�FRQWHQW�GRHV�
³XVHIXO´�ZRUN�DW�WKH�EXLOGLQJ�OHYHO�

WRWDO�VWHDP ����������� OE�\U ������
V\VWHP�ORVVHV ���������� OE�\U ������

'$�VWHDP ���������� OE�\U ������
EXLOGLQJ�VWHDP ����������� OE�\U ������
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%RLOHU�/RDGLQJ� 2QH�ILQDO�FRPPHQW�RQ�ERLOHU�RXWSXW��DV�LW�UHODWHV�WR�%���DQG�
%�����,W�ZDV�QRWHG�WKDW�%���DOZD\V�KDV�D�KLJKHU�VWDFN�WHPSHUDWXUH�WKDQ�%����
DQG�WKLV�ZDV�DWWULEXWHG�%���EHLQJ�WR�D�OHVV�HIILFLHQW�ERLOHU���+RZHYHU��LI�IRU�
VRPH�UHDVRQ�LW�ZDV�SURGXFLQJ�PRUH�VWHDP�WKDQ�%���IRU�D�JLYHQ�ILULQJ�VLJQDO��
WKHQ�WKDW�ZRXOG�DOVR�DFFRXQW�IRU�VRPH�RU�DOO�RI�WKH�GLVFUHSDQF\���

7KH�WHVW�GDWD�LQGLFDWH�WKDW�WKH�PD[LPXP�FDSDFLW\�RI�%���LV�SHUKDSV�����OE�KU�
JUHDWHU�WKDQ�WKDW�RI�%����)LJXUHV���DQG����± WKLV�LV�RQO\�D������SHUFHQW�
YDULDWLRQ���2QH�ZRXOG�H[SHFW�WKDW�ZKHQ�PRGXODWLQJ�LQ�XQLVRQ��WKH\�ZRXOG�
SURGXFH�WKH�VDPH�DPRXQW�RI�VWHDP���+RZHYHU��WKH�GDWD�LQGLFDWH�WKDW�WKH\�
GRQ¶W���

)LJXUH���VKRZV�QHW�VWDFN�WHPSHUDWXUH�YV�ORDG���'XULQJ�WKH�UHFHQW�GDWD�
FROOHFWLRQ�SHULRG��WKH�DYHUDJH�GHYLDWLRQ�RI�%���QHW�VWDFN�WHPS�PLQXV�%���QHW�
VWDFN�WHPS�ZDV������GHJ�)���7KH�DYHUDJH�2$7�ZDV����GHJ�)���1HW�VWDFN�
WHPSHUDWXUH�ZDV�PHDVXUHG�LQGHSHQGHQWO\�IRU�ERWK�ERLOHUV���7RWDO�VWHDP�ORDG�
ZDV�GHWHUPLQHG�E\�XVLQJ�JDV�GDWD��DV�PHQWLRQHG�VHYHUDO�WLPHV�DERYH���7KH�
ILUVW�DVVXPSWLRQ�ZDV�WKDW�ERWK�ERLOHUV�SURYLGHG�RQH�KDOI�RI�WKH�WRWDO�VWHDP�
RXWSXW���,I�WKLV�ZHUH�WUXH��WKHQ�WKH�SORW�VKRZQ�LQ�)LJXUH���VKRXOG�VKRZ�D����
GHJ�)�GLIIHUHQFH�DW�WKH�ORDG�HTXLYDOHQW�WR����GHJ�)�± LW�GLG�QRW���7KH�³VSOLW´�
EHWZHHQ�WKH�ERLOHUV�ZDV�DGMXVWHG�XQWLO�WKH�H[SHFWHG����GHJ�)�GHOWD�DSSHDUHG�
�WKXV�)LJXUH���GRHV�QRZ�VKRZ�WKH�H[SHFWHG�GHYLDWLRQ����

7KLV�GRHV�QRW�DIIHFW�WRWDO�VWHDP�RXWSXW��MXVW�LQGLYLGXDO�ERLOHU�RXWSXW���%DVHG�RQ�
WKLV�GDWD��LW�DSSHDUV�WKDW�ZKHQ�%���DQG�%���DUH�LQ�³XQLVRQ´�PRGXODWLRQ��%���LV�
SLFNLQJ�XS����SHUFHQW�RI�WKH�ORDG��YHUVXV����SHUFHQW�IRU�%�����7KLV�LV�DQ�HLJKW�
SHUFHQW�GLIIHUHQFH�LQ�RXWSXW��������������IDU�PRUH�WKDQ�WKH�GLIIHUHQFH�LQ�
³FDSDFLW\´�RI������SHUFHQW���*LYHQ�WKDW�%���LV�PRUH�HIILFLHQW�WKDQ�%����LI�
DQ\WKLQJ�WKH�ELDV�VKRXOG�EH�VKLIWHG�WR�%���

'� 3/$11('�)8785(�/2$'6

1HDU�7HUP�$GGLWLRQV� ,Q�WKH�QHDU�WHUP��VWHDP�ORDGV ZLOO�LQFUHDVH�DV�WKH�
+RJXH�+DOO�UHQRYDWLRQ�FRPHV�RQ�OLQH��� 7KH�6DPXHOVRQ %XLOGLQJ UHQRYDWLRQ�
DQG�WKH�FRQVWUXFWLRQ�RI�6FLHQFH�,,�DQG�1(+6�PD\�DGG�VLJQLILFDQW�ORDG�RYHU�
WKH�QH[W�����\HDUV���7KH�DIIHFW�RI�WKHVH�ORDG�DGGLWLRQV�ZHUH�VKRZQ�SUHYLRXVO\�
LQ�)LJXUH�����D�QHW�DGGLWLRQ�RI�DERXW�������SRXQGV�SHU�KRXU�RU�MXVW�XQGHU�HLJKW�
SHUFHQW��



&(175$/�67($0�$1'�&+,//('�:$7(5
/2$'�,03$&7�678'<

67($0
6<67(0

:ƵůǇ�Ϯϰ͕�ϮϬϭϮ Ϯϰ &/E�>�Z�WKZd

/RQJ�7HUP�$GGLWLRQV� 7KHUH�DUH�QR�VSHFLILF�GHWDLOV�RQ�RWKHU�IXWXUH�ORDGV���
+RZHYHU��WKH�ORQJ�WHUP�&DPSXV�0DVWHU�3ODQ�VKRZV�SRWHQWLDO�JURZWK�LQ�
VHYHUDO�DUHDV���7KHUH�FRXOG�EH�ORDG�JURZWK�LQ�WKH�QRUWKHDVW��QRUWKZHVW��DQG�
HYHQ�LQ�WKH�PLGGOH�RI�FDPSXV�ZKLFK�FRXOG�DOO�EH�FRQQHFWHG�WR�WKH�FHQWUDO�
VWHDP�V\VWHP���7KHVH�ORDGV�FRXOG�WRWDO�DQ�DGGLWLRQDO��������SRXQGV�SHU�KRXU
�RU�MXVW�XQGHU����SHUFHQW��

(� 6<67(0�&21675$,176�72�0((7,1*�/2$'6

3ODQW�&DSDFLW\� 7KH�SURMHFWHG�SHDN�VWHDP�ORDG�ZLWK�DOO�SODQQHG QHDU�WHUP
IXWXUH�ORDGV�RQOLQH�LV�DURXQG��������SRXQG�SHU�KRXU���7KLV�LV�EDVHG�RQ�
FRQWLQXLQJ�UHFHQW�ZLQWHU�ZHDWKHU�ZKLFK�KDV�QRW�GHOLYHUHG�WHPSHUDWXUHV�LQ�
(OOHQVEXUJ�EHORZ�]HUR�IRU�VHYHUDO�\HDUV���(YHQ�LI�WKH�ORQJHU�WHUP�KLVWRULFDO�
ORZV�RI�PLQXV����WR����ZHUH�WR�UHWXUQ� WKH�SHDN VWHDP�ORDG�ZRXOG�RQO\�FOLPE�
WR��������SRXQGV�SHU�KRXU���7KH�WRWDO�SODQW�FDSDFLW\�LV�FXUUHQWO\���������
SRXQGV�SHU�KRXU���7KH�FDSDFLW\�ZLWK�WKH�ODUJHVW�ERLOHU�RXW�RI�VHUYLFH�LV�
��������SRXQGV�SHU�KRXU���7KXV� RQH�FRXOG�DUJXH�WKDW SODQW�FDSDFLW\�LV�QRW�D�
FRQVWUDLQW�JLYHQ�WKH�H[SHFWHG�QHDU�WHUP�VWHDP�ORDGV�

+RZHYHU��FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�IDFW�WKDW�%RLOHU�1R����LV����
\HDUV�ROG��LWV�FRQWUROV�DUH�REVROHWH��ILQGLQJ NQRZOHGJHDEOH�SHRSOH�ZKR�FDQ�
ZRUN�RQ�WKLV�ERLOHU LV�GLIILFXOW��DQG�LW�LV�NQRZQ�WR�KDYH�VHYHUDO�GHILFLHQFLHV�
ZKLFK�NHHS�LW�RII�OLQH�PRVW�RI�WKH�WLPH�DOUHDG\���,I�%�� LV�QRW�JRLQJ�WR�EH�
UHQRYDWHG�LQ�WKH�YHU\�QHDU�IXWXUH��RQH�FRXOG�DOVR�DUJXH�WKDW�LWV�FDSDFLW\�
VKRXOG�QRW�EH�UHOLHG�XSRQ���7KDW�DVVXPSWLRQ�WDNHV�WKH�WRWDO�SODQW�FDSDFLW\�
GRZQ�WR���������SRXQGV�SHU�KRXU�DQG�WKH�ILUP�FDSDFLW\��XVLQJ�1���
UHGXQGDQF\�ZKLFK�DVVXPHV�WKH�ODUJHVW�ERLOHU�LV�WKHQ�RII�OLQH��LV�RQO\��������
SRXQG�SHU�KRXU���7KH�V\VWHP�ORDGV�DUH�SURMHFWHG�WR�H[FHHG�WKLV�OHYHO�DQG�WKXV�
SODQW�FDSDFLW\�EHFRPHV�D�VHULRXV�LVVXH�

%DVHG�RQ�FXUUHQW�FRQGLWLRQV� LW�LV�SUREDEO\�QRW�QHFHVVDU\�WR�FRPSOHWHO\�LJQRUH�
DQ\�FRQWULEXWLRQ�IURP %�����+RZHYHU��LW�LV�DOVR�QRW�FRPSOHWHO\�UHDOLVWLF�WR�
FRQVLGHU�%���DQG�%���FRPSOHWHO\�UHOLDEOH�IRU�WKH�ORQJ�WHUP �EH\RQG���������
2XU�RSLQLRQ�LV�WKDW�%���QHHGV�FRPSOHWH�UHQRYDWLRQ�RU�UHSODFHPHQW�EHIRUH�
������VL[�\HDUV��DQG�WKDW�%���DQG�%���DUH�LQ�QHHG�RI�PDMRU�UHQRYDWLRQ�EHIRUH�
������WHQ�\HDUV��LQ�RUGHU�WR�VXVWDLQ�UHDVRQDEOH�SODQW�FDSDFLW\ DQG�UHOLDELOLW\�
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3LSLQJ�6\VWHP�&DSDFLW\�

-XVW�DV�WKH�SODQW�KDV�FDSDFLW\�FRQVWUDLQWV��WKH�VWHDP�GLVWULEXWLRQ�SLSLQJ�KDV�
FRQVWUDLQWV�DV�ZHOO���$Q�LVVXH�IRU�VWHDP�SLSLQJ�FDSDFLW\�LV�WKH�IDFW�WKDW�VWHDP�
LV�FRPSUHVVLEOH�± WKH�KLJKHU�WKH�VWHDP�SUHVVXUH��WKH�PRUH�RI�LW�\RX�FDQ�IRUFH�
GRZQ�D�SLSH���+RZHYHU��HDFK�LQFUHDVH�LQ�VWHDP�SUHVVXUH�KDV�D�
FRUUHVSRQGLQJ�LQFUHDVH�LQ�IXHO�UHTXLUHG��DQG�EHFDXVH�WHPSHUDWXUH�ULVHV�ZLWK�
SUHVVXUH��SLSLQJ�KHDW�ORVVHV�DOVR�ULVH�ZLWK�ULVLQJ�SUHVVXUH���*RRG�HQHUJ\�
SUDFWLFH�LV�WR�DOZD\V�XVH�WKH�ORZHVW�SUHVVXUH�WKH�V\VWHP�FDQ�KDQGOH���

7KLV�FDOFXODWLRQ�LV�QRW�DOZD\V�VLPSOH��EHFDXVH�WKH�VSHFLILF�YROXPH�RI�VWHDP�
�LQ�FXELF�IHHW�SHU�OE��WKH�LQYHUVH�RI�GHQVLW\��GRHV�QRW�YDU\�LQ�D�OLQHDU�IDVKLRQ�
DV�SUHVVXUH�YDULHV���)RU�WKDW�UHDVRQ�D�PRGHO�RI�WKH�SLSLQJ�V\VWHP�ZDV�
FUHDWHG�

2IWHQ��WKH�YDULDEOH�ZKLFK�GULYHV�SLSH�VL]LQJ�LV�SUHVVXUH�GURS���,I�\RX�QHHG���
SVLJ DW�D�EXLOGLQJ��WKH�VWHDP�KDV�WR�OHDYH�WKH�SODQW�DW�D�KLJK�HQRXJK�SUHVVXUH�
VXFK�WKDW�ZKHQ�LW�UHDFKHV�WKH�EXLOGLQJ��LW�LV�VWLOO���SVLJ RU�JUHDWHU���7KH�PRGHO�
VKRZV�WKDW�DW�DQ\�SODQW�SUHVVXUH�DERYH�DERXW����SVLJ��SUHVVXUH�GURS�LQ�WKH�
V\VWHP�LV�QHJOLJLEOH�± SUHVVXUH�GURS�LV�QRW�WKH�OLPLWLQJ�YDULDEOH�RQ�WKH�SLSLQJ�
V\VWHP DW�&:8���

$W�&:8��WKH�OLPLWLQJ�YDULDEOH�LV�VWHDP�YHORFLW\���$V�WKH�VWHDP�JHW�OHVV�GHQVH�
�KLJKHU�VSHFLILF�YROXPH���VWHDP�YHORFLWLHV�JR�XS���,I�YHORFLWLHV�JHW�WRR�KLJK��WKH
VWHDP�DQG�ZDWHU�GURSOHWV FDXVH H[FHVVLYH ZHDU�RQ�WKH�SLSH�DQG�ILWWLQJV���
(OERZV�DUH�HVSHFLDOO\�YXOQHUDEOH�WR�YHU\�VPDOO�ZDWHU�GURSOHWV�HQWUDLQHG�LQ�WKH�
VWHDP�DW�KLJK�YHORFLW\�± WKH�GURSOHWV�FDQQRW�³PDNH�WKH�FXUYH´�DQG�LPSDFW�WKH�
ILWWLQJ�ZDOOV���

([SRVHG�SLSLQJ�LV�OHVV�RI�DQ�LVVXH��VLQFH�OHDNV�FDQ�EH�VHHQ��DQG�UHSDLUHG�
LQH[SHQVLYHO\���7KH�GLVWULEXWLRQ�SLSLQJ�DW�&:8�LV�EHORZ�JUDGH�ZKLFK PDNHV�
OHDNV�YHU\�KDUG�WR�ILQG�DQG�H[SHQVLYH�WR�UHSDLU���)RU�WKHVH�UHDVRQV��WKH�PRGHO�
�DOWKRXJK�LW�FDOFXODWHV�SUHVVXUH�GURS��EHFDXVH�SUHVVXUH�DIIHFWV�VSHFLILF�
YROXPH��XVHV�YHORFLW\�WR�KLJKOLJKW�³KRW�VSRWV´�LQ�WKH�SLSLQJ�DV�ORDG�FKDQJHV��
SODQW�SUHVVXUH�FKDQJHV��RU�QHZ�EXLOGLQJ�FRPH�RQ�OLQH���

7KH�UDQJH�RI�UHFRPPHQGHG�YHORFLWLHV�DFFRUGLQJ�WR�6SLUD[�6DUFR�LQ�WKHLU�WH[WV�
LV����± ����IHHW�SHU�VHFRQG��ISV����&RQYHUWHG�WR�IHHW�SHU�PLQXWH��ISP���WKLV�LV�
������WR��������WKH�PRGHO�XVHV�ISP����%HFDXVH�WKH�SLSLQJ�LV�EHORZ�JUDGH��DQG�
LV�H[SHFWHG�WR�ODVW��� \HDUV�RU�PRUH��LW�LV�EHWWHU�WR�RSHUDWH WRZDUGV�WKH�ORZHU�
HQG�RI�WKH�UHFRPPHQGHG�UDQJH���
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&:8�KDV�KLVWRULFDOO\ JHQHUDWHG�VWHDP�LQ�WKH�UDQJH�RI����WR�����36,*���
3OXJJLQJ ���36,* VWHDP��]HUR�GHJ�)�2$7� DQG WKH�QHDU�WHUP�DGGLWLRQDO�
VWHDP�ORDGV�LQWR�WKH�PRGHO�UHVXOWV�LQ WZR�VHFWLRQV�RI�SLSH�EHLQJ RI�VSHFLILF�
FRQFHUQ���)LUVW�LV�WKH�a�����IRRW�ORQJ�VHFWLRQ�RI���´�SLSH�WKDW�OHDGV�IURP�WKH�
SODQW KHDGHU WRZDUGV�³'´�VWUHHW���7KLV�SLSH�MXPSV�XS�WR���´�DIWHU�WKH�ILUVW�
KXQGUHG�IHHW��DQG�WKHUH�LV�QR�LVVXH�ZLWK�WKH���´�VHFWLRQ��7KH�PRGHO�VKRZV�
WKDW�WKH�YHORFLW\�LQ�WKLV���´�VHFWLRQ�ZRXOG�EH�������WLPHV�WKH�OLPLW��RU�������
ISP� 7KLV�VHFWLRQ�VKRXOG EH�LQFUHDVHG�WR���´�

7KH ��´�SLSH�FURVVHV�³'´�6WUHHW�DQG�WKHQ�DW�D�WHH�LQWHUVHFWLRQ��FDOOHG�1���LQ�
WKH�PRGHO���LW�VSOLWV�QRUWK�LQWR�D���´�VHFWLRQ��DQG�VRXWK�LQWR�DQ��´�VHFWLRQ��7KH�
VHFRQG�³IDLOHG´�VHFWLRQ�LV�WKH��´�VHFWLRQ�RI�SLSH�WKDW�SURFHHGV�VRXWK�IURP WKH�
1���LQWHUVHFWLRQ���7KH�YHORFLW\�LV�WKLV�SLSH�LV�FDOFXODWHG�DW�������WLPHV�WKH�
OLPLW��RU�������ISP���5DLVLQJ�WKH�SUHVVXUH�WR�����SVLJ KHOSV��EXW�ERWK�
VHJPHQWV�VWLOO�H[FHHG�WKH�������ISP�OLPLW�

,Q�DGGLWLRQ�WR�WKHVH�VHJPHQWV�����VPDOOHU�VHJPHQWV��HDFK�IHHGLQJ�RQO\�RQH�
EXLOGLQJ��IDLO���7KHVH�DUH�RI�OHVV�FRQFHUQ���2QH�WKLQJ�WKH�PRGHO�FDQQRW�
DFFRXQW�IRU�LV�WKDW�SLSLQJ�ORVVHV�DUH�FRQVWDQW��DQG�GR�QRW�³PRYH´�ZLWK�WKH�
VWHDP�± WKH�ORVVHV�DUH�QRW�GHSHQGHQW�RQ�PDVV�IORZ�WKURXJK�WKH�SLSH��RQO\�RQ�
WKH�WHPSHUDWXUH�RI WKH�VWHDP���)RU�WKH�WZR�VHJPHQWV�RI�FRQFHUQ��WKH\�DUH�WKH�
FORVHVW�WR�WKH�SODQW��DQG�OLWWOH�RU�QR�³ORVV´�VWHDP�KDV�GURSSHG�RXW�RI�WKH�SLSH���
,Q�WKH�FDVH�RI�WKH�WHQ�UHPRWH�EXLOGLQJV��WKH�DFWXDO�IORZ�WR�WKH�EXLOGLQJ�LV�OHVV�
WKDQ�WKH�PRGHO�LQGLFDWHV��EHFDXVH�RI�WKH�ORVVHV�EHWZHHQ�WKH�SODQW�DQG�WKH�
EXLOGLQJ�KDYH�GURSSHG�RXW���7KH�PRGHO�DVVLJQV�WKH�EXLOGLQJ�VWHDP�DQG�ORVV�
VWHDP�WR�WKH�EXLOGLQJ���'$�VWHDP�LV�QRW�FRXQWHG�± LW�QHYHU�PDNHV�RXW�RI�WKH�
SODQW���

7KHUH�DUH�QR�SUDFWLFDO�³IDLOHG�VHFWLRQV´�LI�&:8�LV�ZLOOLQJ�WR�DFFHSW�DQ�XSSHU�
OLPLW�RI�������ISP����

6R�KRZ�VHULRXV�LV�WKH�YHORFLW\�UHODWHG�HURVLRQ�LVVXH"�� ,I�WKH��´�SLSH�VRXWK�RI�
1���IDLOV��LW�LV�SDUW�RI�D�ORRS��DQG�FDQ�SUREDEO\�EH�EDFN�IHG�DURXQG�LQ�DOO�EXW�
WKH�KLJKHVW�ORDG�FRQGLWLRQV���7KHUH�ZRXOG�OLNHO\�EH�QR�GLVUXSWLRQ�WR�QRUPDO�
VHUYLFHV�LQ�DQ\�EXLOGLQJ���+RZHYHU��LI�WKH���´�VHJPHQW QHDU�WKH�3ODQW�IDLOV��QR�
VWHDP�UHDFKHV�WKH�FDPSXV���7KLV�ZRXOG�EH�FDWDVWURSKLF�PDNLQJ�UHSODFHPHQW�
RI�WKLV���´�VHFWLRQ�RI�WKH�KLJKHVW�SULRULW\�
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,Q�VXPPDU\��WKH�GLVWULEXWLRQ�V\VWHP�SUHVHQWV�IHZ�FRQVWUDLQWV�WR�PHHWLQJ�
H[SHFWHG�VWHDP�ORDGV���7KHUH�DUH�KRZHYHU��VRPH�QHDU�WHUP�QHHGV�

�� 7KH����LQFK�VHFWLRQ�RI�PDLQ�VWHDP�KHDGHU�LQ�WKH�&HQWUDO�3ODQW�VKRXOG�EH�
LQFUHDVHG�WR����LQFK�

�� 7KH�UHPDLQLQJ�VHFWLRQV�RI�GLUHFW�EXULHG�SLSLQJ�DORQJ�WKH�QRUWK�VLGH�RI�
1LFKROVRQ�%RXOHYDUG�DUH�OLNHO\�WR�IDLO�ZLWKLQ�WKH�QH[W����\HDUV�ZKLFK�ZRXOG�
SXW�GHOLYHULQJ�VWHDP�WR�DOO�EXLOGLQJV�QRUWK�RI�1LFKROVRQ�DW�VRPH�ULVN���7KLV�
ZRXOG�OHDYH�RQO\�RQH�IORZ�SDWK�DYDLODEOH�WR�WKHVH�EXLOGLQJV�DQG�DQ\�
RXWDJH�DORQJ�WKDW�SDWK�ZRXOG�WDNH�RXW�PDQ\�EXLOGLQJV���

�� 7KLV�VDPH�FRQGLWLRQ�H[LVWV�RQ�WKH�VWHDPOLQH�VHUYLQJ�)DUUHOO�+DOO��%URRNV�
/LEUDU\��DQG�0XQVRQ�5HWUHDW���$OO�RI�WKHVH�GLUHFW�EXULHG�OLQHV�VKRXOG�
UHPDLQ�RQ�WKH�&RPELQHG�8WLOLWLHV�,PSURYHPHQW�3ODQ�

�� 7KH�FRQGHQVDWH�UHWXUQ�V\VWHP�VKRXOG�EH�PRGLILHG�VR�WKDW�HDFK�EXLOGLQJ�
FRQGHQVDWH�SXPS�GHOLYHUV�GLUHFWO\�EDFN�WR�WKH�&HQWUDO�3ODQW��HOLPLQDWH�WKH�
SDWK�WR�WKH�2OG�3ODQW�KRWZHOO��

$OWHUQDWH�2SHUDWLQJ�0RGHV��VXPPHU��

&:8�ZRXOG�OLNH�WR�H[SORUH�WKH�SRVVLELOLW\�RI�RSHUDWLQJ�LQ�DQ�³XQPDQQHG´�PRGH�
LQ�VXPPHU��XVLQJ�%�����7R�GR�WKLV��WKH\�QHHG�WR�UHGXFH�WKH�VWHDP�SUHVVXUH�DW�
WKH�ERLOHU�WR����SVLJ RU�OHVV���7KLV�UDLVHV�D�QXPEHU�RI�LVVXHV���0RVW�DUH�UHODWHG�
WR�WKH�VSHFLILF�YROXPH�RI����SVLJ VWHDP��������FI�OE��YV�WKDW�RI����SVLJ VWHDP�
��������FI�OE����7KH����SVLJ VWHDP�WDNHV�XS�����WLPHV�DV�PXFK�VSDFH�DV����
SVLJ VWHDP���:H�XVH ���SVLJ VWHDP�DV�WKH�EDVLV�EHFDXVH�LI�WKH�ERLOHU�LV�
³UDWHG´�IRU����SVLJ WKH�DFWXDO�VWHDP�SUHVVXUH�PXVW�EH����± �� SHUFHQW EHORZ�
WKH�UDWLQJ��WKXV����SVLJ ZDV�XVHG�DV�WKH�EDVLV� 6HYHUDO�TXHVWLRQV�DULVH�ZKHQ�
FRQVLGHULQJ�ORZHULQJ�WKH�SODQW�SUHVVXUH�WR����SVLJ�

&DQ�WKH�ERLOHU�EH�DGDSWHG�WR�ORZHU�SUHVVXUH"

7KHUH�LV�QR�LVVXH�ZLWK�WKH�ERLOHU�SHU�VH��EXW�WKHUH�PD\�EH�DQ�LVVXH�ZLWK�WKH�
UHJXODWRU\�DJHQFLHV���7KH�ERLOHU�PXVW�EH�SURWHFWHG�E\�SUHVVXUH�UHOLHI�YDOYHV���
7KHVH�DUH�FXUUHQWO\�VHW�WR�SURWHFW�WKH�ERLOHU�DW�����SVLJ���7KH�UHJXODWRU\�
DJHQF\�PD\�LQVLVW�WKDW�WKH�ERLOHU�UHOLHI�SURWHFWLRQ�EH�VHW�DW����SVLJ WR�HQVXUH�
WKDW�&:8�LV�QRW�VLPSO\�FODLPLQJ�WR�EH�EHORZ����SVLJ���2U�WKH\�PD\�VLPSO\�DVN�
IRU�WUHQG�GDWD�RU�ERLOHU�SUHVVXUH�FKDUWV���

,I�WKH\�GR�UHTXLUH�ORZ�SUHVVXUH�SURWHFWLRQ��WKH�VHFRQG�TXHVWLRQ�LV��³ZLOO�WKH\�
DFFHSW�SDUWLDO�UHOLHYLQJ�FDSDFLW\"´ 7KH�UHOLHI�RSHQLQJV�LQ�WKH�ERLOHU�ZHUH�VL]HG�
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IRU�KLJKHU�SUHVVXUH�VWHDP��DQG�LW�PD\�QRW�EH�SRVVLEOH�WR�UHOLHYH�WKH�
QDPHSODWH��������OE�KU�RI�VWHDP�WKURXJK�WKRVH�RSHQLQJV��HYHQ�LI�QHZ�YDOYHV�
DUH�LQVWDOOHG���7KH�VXPPHU�ORDG�LV�QRW�H[SHFWHG�WR�H[FHHG��������OE�KU��VR�LI�
WKH\�ZLOO�DFFHSW�SDUWLDO�FDSDFLW\��LW�PD\�EH�DV�VLPSOH�DV�UHSODFLQJ�WKH�YDOYHV�LQ�
VXPPHU�

+RZ�PXFK�VWHDP�FDQ�%���SURGXFH�DW����SVLJ"

2XWSXW�VWHDP�FDSDFLW\�LV�DQ�LVVXH�GXH�WR�WKH�GLIIHUHQFH�LQ�VSHFLILF�YROXPH���
7KH�VWHDP�QR]]OH��RXWOHW��RQ�D�����SVLJ UDWHG�����+3�ERLOHU�KDV�DQ��´�
GLDPHWHU���2Q�WKH����SVLJ YHUVLRQ�RI�WKH�VDPH�ERLOHU��WKH�QR]]OH�LV���´
GLDPHWHU�������WLPHV�WKH�IUHH�DUHD��WR�DOORZ�WKH�³OHVV�GHQVH´�VWHDP�RXW�RI�WKH�
ERLOHU�ZLWKRXW�H[FHVVLYH�YHORFLW\���([FHVV�YHORFLW\�WKURXJK�WKH�VWHDP�QR]]OH�
IRUFHV�ZDWHU�LQWR�WKH�QR]]OH�ZLWK�WKH�VWHDP��FDUU\RYHU���DQG�FDQ�HYHQ�ILOO�WKH�
GLVFKDUJH�ZLWK�D�VROLG�SOXJ�RI�ZDWHU��SULPLQJ����7KH�TXHVWLRQ�LV��³KRZ�PXFK�
VWHDP�FDQ�UHOLDEO\�JHW�RXW�RI�%���DW����SVLJ"´���7KH�ORDG�SURILOH��QHDU�WHUP�
ORDGV�LQFOXGHG��SUHGLFWV�WKH�DYHUDJH�VWHDP�ORDG�DW����GHJ�)�WR�EH�������
OE�KU���%DVHG�RQ�WKH�ORJJHU�GDWD�UHFHQWO\�FROOHFWHG��WKH�³PRUQLQJ�ZDUP�XS�
³EXPS´�LQ�WKH�ORDG�LV�H[SHFWHG�WR�EH�EHWZHHQ�����DQG�����SHUFHQW��VR�DVVXPH�
D�ZRUVW�FDVH VXPPHU�ORDG�RI����������7KLV�LV�������RI�QDPHSODWH�FDSDFLW\�

%DVHG�RQ�WKH�SDVW�H[SHULHQFH�RI�VRPH�ERLOHU�H[SHUWV�ZH FRQVXOWHG� RQH�
VKRXOG�EH�DEOH�WR JHW����� ���SHUFHQW�RI�QDPHSODWH�FDSDFLW\�ZLWKRXW�H[FHVVLYH�
FDUU\RYHU���$�ORW�GHSHQGV�RQ�ZDWHU�WUHDWPHQW���6RPH�FKHPLFDOV�KDYH�WKH�
SURSHUW\�RI�FDXVLQJ�YHU\�ODUJH�EXEEOHV�WR�IRUP��LQVWHDG�RI�PDQ\�VPDOOHU�RQHV���
6XFK�ODUJH�EXEEOHV�FDQ�OLWHUDOO\�JHW�VXFNHG ZKROH�LQWR�WKH�QR]]OH�LI�WKH\�IRUP�
ULJKW�EHORZ�LW���'HWHUPLQLQJ�WKH�DFWXDO�FDSDFLW\�RI�%���DW����SVLJ ZRXOG�UHTXLUH�
VRPH�WULDO�DQG�HUURU�SURFHVV���

,QVWDOOLQJ�D���´ GLDPHWHU�E\���WR���IRRW�ORQJ�VSRRO�SLHFH�DERYH�WKH�H[LVWLQJ�
LVRODWLRQ�YDOYHV�ZRXOG�QRW�SUHYHQW�FDUU\RYHU�RU�SULPLQJ�DW�WKH�QR]]OH��EXW�LW�
ZRXOG�OLNHO\�HOLPLQDWH�ZDWHU�IURP�JHWWLQJ�WR�WKH�KHDGHU�

&:8�FRXOG�VLPSO\�KLUH�DQ�$60(�ZHOGHU�WR�PDNH�D���´�QR]]OH�IRU�WKH�ERLOHU���
7KLV ZRXOG�PHDQ�FXWWLQJ�LQWR�WKH�VKHOO��EXW�LW�VKRXOG�HOLPLQDWH�DQ\ ZDWHU�
LVVXHV�DW�WKH�ORZHU�SUHVVXUH���&RVW�LV�HVWLPDWHG�DW�����������$IWHU�DQ�$60(�
VSRRO�SLHFH�RI���± ��IHHW�DERYH WKH�QHZ�QR]]OH��&:8�FRXOG�QHFN�EDFN�GRZQ�
WR��´�DQG�UH�XVH�WKH�H[LVWLQJ�QRQ�UHWXUQ�DQG�LVRODWLRQ�YDOYHV�

7KH�VDPH�ZHOGHU�FRXOG�RYHU�VL]H�WKH�UHOLHI�YDOYH�RSHQLQJV��LI�WKH�UHJXODWRU\�
DJHQF\�UHTXLUHG�IXOO����SVLJ UHOLHI�FDSDFLW\���
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$UH�WKHUH�RWKHU�SODQW�LVVXHV"

7KH�H[LVWLQJ�IHHGZDWHU�SXPSV�PD\�ULGH�VR�IDU�RXW�RQ�WKHLU�FXUYHV�WKDW�WKH\�
FDYLWDWH��RU�IORZ�IOXFWXDWHV��ZKLFK�PDNHV�PDLQWDLQLQJ�ZDWHU�OHYHO�LQ�WKH�ERLOHU�
KDUGHU������&:8�FRXOG�WU\�LW�DQG�VHH�LI�LW�ZRUNV�ILUVW�

&:8�FRXOG�SXW�D�9)'�RQ�RQH�SXPS��RSHQ�WKH�E\SDVV�DURXQG�WKH�%���
IHHGZDWHU�YDOYH��DQG�MXVW�XVH�WKH�9)'�WR�PDLQWDLQ�ZDWHU�OHYHO�

7KH\�FRXOG�EX\�D�³SRQ\�SXPS´�VL]HG�IRU�WKH�GXW\��DQG�LQVWDOO�LW�LQ�WKH�SODQW�

&DQ�WKH�GLVWULEXWLRQ�DQG�EXLOGLQJ�SLSLQJ�KDQGOH�WKH�ORZHU�SUHVVXUH�
ZLWKRXW�H[FHVVLYH�SUHVVXUH�GURS�RU�YHORFLW\"

7KLV�LV�VLPSO\�QRW�SRVVLEOH�ZLWK�5DQGDOO�0LFKHOVRQ�RQ�WKH�V\VWHP��7KLV�
EXLOGLQJ�DORQH�KDV�HQRXJK�ORDG�WR�UHTXLUH�LWV�RZQ�ERLOHU��,I�5DQGDOO�0LFKHOVRQ
ZHUH UHWURILW�ZLWK�VWDQG�DORQH�FDSDFLW\��WKHQ�DERXW �������OE�KU�ZRXOG��ZRUVW�
FDVH��ZRXOG�KDYH�WR�FURVV�³'´�6WUHHW� 7KH�PRGHO�VKRZV�WKDW�WKH�RQO\�LVVXH�LV�
WKH�LQIDPRXV���´�VHFWLRQ�RI�WKH�PDLQ�SODQW�WR�³'´�6WUHHW�VHJPHQW���(YHQ�WKHUH��
WKH�YHORFLW\�LV�RQO\�H[SHFWHG�WR�EH�������ISP��DERYH WKH�VWULFWHVW�YHORFLW\�OLPLW��
EXW�ZHOO�ZLWKLQ WKH�UDQJH�RI�OLPLWV�

7KH�PRGHO�SUHGLFWV�WKDW�WKH�SUHVVXUH�GURS�DW�WKH�IDU�HQG�RI�WKH�V\VWHP�ZLOO�EH�
DV�PXFK�DV���SVLJ��PHDQLQJ�WKRVH�EXLOGLQJ�ZRXOG�VHH�RQO\���SVLJ�

7KH�GLVWULEXWLRQ�WUDSV�DUH�DQRWKHU�SRWHQWLDO�LVVXH���5HODWLYH�VWHDP�IORZ�
WKURXJK�D�IL[HG�RULILFH�VL]H�LV�SURSRUWLRQDO�WR�WKH�UDWLR�RI�WKH�DEVROXWH�
SUHVVXUHV���'LYLGLQJ��������������������������� �������PHDQV�WKDW�WKH�WUDSV�ZLOO�
SDVV�RQO\������SHUFHQW�RI�WKH�³QRUPDO�YROXPH���+RZHYHU��WUDSV�DUH�XVXDOO\�
VL]HG�IRU�DW�OHDVW�WZLFH�WKH�H[SHFWHG�ORDG��VR�FDSDFLW\�ZRXOG�EH�FXW�WR�SHUKDSV�
���WR����SHUFHQW�RI�WKDW�DW����SVLJ���6LQFH�WKH�VXPPHU�ORDG�LV�RQO\�DERXW����
SHUFHQW�RI�WKH�SHDN��UXQQLQJ�WUDS�ORDG�FDSDFLW\�VKRXOG�QRW�EH�D�OLPLWLQJ�IDFWRU�

:DUP�XS�WUDS�ORDGV�FRXOG�EH�DQ�LVVXH��KRZHYHU��VLQFH�ORDG�W\SLFDOO\�GRXEOHV�
DW�WKLV�WLPH��WKXV�WKH�RYHU�VL]LQJ����6WDUW�XSV�LQ�VXPPHU�FRXOG�WDNH�
VXEVWDQWLDOO\�ORQJHU�WKDQ�WKH\�GR�QRZ���

,Q�WKH�EXLOGLQJV��WKH�359V�ZLOO�QRW�IXQFWLRQ�± WKH\�QHHG�WR�VHH�DQ�LQOHW�
SUHVVXUH�RI����± ���SVLJ JUHDWHU�WKDQ�WKH�RXWOHW�LQ�RUGHU�WR�ZRUN���7KH�VWDII�
ZRXOG�KDYH�WR�JR�WR�HDFK�EXLOGLQJ�DQG�PDQXDOO\�RSHQ�WKH�E\SDVV�DURXQG�WKH�
359���,I�WKH�E\SDVV�LV�QRW�³IXOO�VL]H´��&:8�ZRXOG�QHHG�WR�XS�VL]H�WKH�E\SDVV�
RU�SURYLGH�DOWHUQDWH�KHDW�WR�WKRVH�DIIHFWHG�EXLOGLQJV�
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$VLGH�IURP�WKH�DELOLW\�WR�UXQ�WKH�SODQW�XQPDQQHG��WKH�LQWHQW�LV�WR�VDYH�PRQH\��
ZKLFK�OHDGV�WR�WKH�TXHVWLRQ�RI�KRZ�PXFK�ZRXOG�WKLV�PRGH�RI�RSHUDWLRQ�VDYH���
7KHUH�DUH�IRXU�VRXUFHV�RI�VDYLQJV��DQG�WKH\�ZRUN�WRJHWKHU���,Q�GHVFHQGLQJ�
RUGHU�RI�HIIHFW��ILUVW��WKH�VWHDP�LV�FRROHU��D�UHODWLYH�WHUP�± LW�LV�VWLOO�RYHU�����
GHJ�)���VR�WKH�SLSLQJ�ORVVHV�DUH�ORZHU���6HFRQG��LW�WDNHV�OHVV�HQHUJ\�WR�PDNH�
���SVLJ VWHDP�WKDQ�LW�GRHV�WR�PDNH����SVLJ VWHDP���7KLUG��OHVV�RYHUDOO�VWHDP�
PHDQV�OHVV�'$�VWHDP���)LQDOO\��WKH�ERLOHU�LV�PDUJLQDOO\�PRUH�HIILFLHQW��
EHFDXVH�WKH�VWDFN�WHPSHUDWXUHV�DUH�ORZHU���+RZHYHU��LQ�WKLV�FDVH��WKH�ORZHU�
VWDFN�WHPSHUDWXUHV�PHDQ�WKH�HFRQRPL]HU�LV�YLUWXDOO\�XVHOHVV��VR�WKLV�ODVW�
HIIHFW�KDV�EHHQ�FRQVLGHUHG�³D�ZDVK´���

)LUVW��ZH�FDQ�HVWLPDWH�WKH�UHGXFWLRQ�LQ�ORVVHV���$W�����GHJ�)��WKH�FXUUHQW�
ORVVHV�DUH�HVWLPDWHG�DW�������OE�KU���/RVVHV�DUH�SURSRUWLRQDO�WR�WKH�UDWLR�RI�WKH�
WHPSHUDWXUH�GLIIHUHQWLDOV��VWHDP�WR�JURXQG����,W�LV�DFWXDOO\�PRUH�FRPSOH[��EXW�
WKLV�LV�JRRG�HVWLPDWH������SVLJ VWHDP�LV�������GHJ�)��DQG����SVLJ VWHDP�LV�
������GHJ�)���6WHDP�XWLOLGRU�WHPSHUDWXUH�ZDV�ORJJHG�LQ�WZR�SODFHV�UHFHQWO\��
DQG�DYHUDJHG�����GHJ�)���7KH�FDOFXODWLRQ�ZRXOG�WKHQ�EH�

�������± ����������������± ������� ��������RU������SHUFHQW�RI�FXUUHQW�ORVVHV��RU�
D������SHUFHQW�UHGXFWLRQ�

8VLQJ�WKH�VDPH�ORDG�SURILOH�ZH�KDYH�EHHQ�XVLQJ�IRU�WKH�UHVW�RI�WKH�UHSRUW��DQG�
XVLQJ�WKH�QHZ�ORVV�YDOXHV�DQG�'$�VWHDP�YDOXHV��ZH�FDQ�SOXJ�WKH�PRGLILHG�
SURILOH�LQWR�WKH�2$7�ELQ�PRGHO���7KH�UHVXOWV DUH�VKRZQ�LQ�)LJXUH��� EHORZ�
�-XQH�WKRXJK�$XJXVW�ZDV�FKRVHQ�IRU�VLPSOLFLW\��

)LJXUH�����6XPPHU�/RZ�3UHVVXUH�6WHDP�2SHUDWLRQV

�6XPPHU�/RZ�3UHVVXUH�6WHDP�6DYLQJV �SODQW�HII�HVW�DW�������
�([LVWLQJ�����36,*��������%78�OE �3URSRVHG�����36,*��������%78�OE�

VWHDP RXWSXW LQSXW VWHDP RXWSXW LQSXW
SURGXFHG HQHUJ\ JDV SURGXFHG HQHUJ\ JDV

OE N%78 WKHUPV OE N%78 WKHUPV
-XQ ��������� ��������� ������� ��������� ��������� ������
-XO ��������� ��������� ������ ��������� ��������� ������
$XJ ��������� ��������� ������ ��������� ��������� ������
WRWDO ���������� ���������� ������� ���������� ���������� �������

VDYLQJV ��������� ��������� ������
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$W��������SHU�WKHUP��WKLV�ZRXOG�UHSUHVHQW�QHDUO\���������LQ�JDV�VDYLQJV�
DORQH���

+RZHYHU��WKHUH�LV�RQH�PRUH�LVVXH�QRW�GLVFXVVHG�DERYH���7KDW�LV�WKH�VXPPHU�
WHPSHUDWXUH�UDQJH�LQ�(OOHQVEXUJ���8VLQJ�WKH�IRXU�\HDU�DYHUDJH�������WKURXJK�
������2$7�GU\�EXOE�GDWD�IURP�WKH�DLUSRUW��LW�FDQ�GURS�DV�ORZ�DV����GHJ�) LQ�
-XQH��DV�ORZ�DV����GHJ�)�LQ�-XO\��DQG ���GHJ�) LQ�$XJXVW���7KHVH�
WHPSHUDWXUHV�DUH�UDUH��WKH\�DUH�QRW�UHDFKHG�YHU\�PDQ\�KRXUV�LQ�WKHVH�
PRQWKV��EXW�LW�GRHV�QRW�WDNH�PDQ\�KRXUV�WR�FRPSOLFDWH�WKLV�FRQFHSW���

7KH�SURMHFW�ORDG�DW����GHJ�)��HYHQ�DW����SVLJ ZLWK�ORZHU�ORVVHV��LV�
a������OE�KU��ZDUP�XS�SHDN��a�����������%���PLJKW�EH�DEOH�WR�SURGXFH�WKLV�
ORDG��LI�WKH�VWHDP�QR]]OH�ZDV�HQODUJHG��DQG�WKH�ERLOHU�KDG�VXIILFLHQW�UHOLHI�
FDSDFLW\�DW�WKLV�OHYHO���7KHUH�DUH�WKUHH�RWKHU�LVVXHV��KRZHYHU�

6HYHQ�VHJPHQWV�RI�SLSH�H[FHHG�WKH�ORZHU�YHORFLW\�OLPLW�RI�������ISP��DQG�
WKUHH�IDLO�HYHQ�WKH�PRVW�OHQLHQW�OLPLW�RI�������ISP��WKH�XVXDO�VXVSHFWV����7KH�
��´�PDLQ�VHFWLRQ�DW�WKH�SODQW�ZRXOG�H[FHHG�������ISP�

7KH�ORDG�LV�DSSURDFKLQJ�WKH�FDOFXODWHG�OLPLW�IRU�WKH�GLVWULEXWLRQ�WUDSV�

7KH�LVVXH�RI�EXLOGLQJ�359�E\SDVVHV�JHWV�PXFK�PRUH�FULWLFDO���

1RQH�RI�WKLV�VD\V�LW�FDQ¶W�EH�GRQH��EXW�LW�PD\�PHDQ�D�ORW�RI�VFUDPEOLQJ�LI�FROG�
WHPSHUDWXUHV�RFFXU�XQH[SHFWHGO\���&:8�FRXOG�DOVR�DOZD\V�VWDUW�XS�D�
ZDWHUWXEH�LI�%���FDQQRW�KDQGOH�LW��EXW�WKLV�ZRXOG�PHDQ�$��JRLQJ�WR�HDFK�
EXLOGLQJ�DQG�VKXWWLQJ�WKH�PDQXDO�E\SDVV��HYHQ�LI�WKH�ZDWHUWXEH�RQO\�SURGXFHV�
���SVLJ VWHDP��IRU�LQVWDQFH��LW�ZLOO�VWLOO�EORZ�WKH�SUHVVXUH�UHOLHI�RQ�WKH�
GRZQVWUHDP�EXLOGLQJ�HTXLSPHQW�LI�WKH�E\SDVV YDOYHV�DUH RSHQ���DQG�%��
PDQQLQJ�WKH�SODQW����

$OWHUQDWH�2SHUDWLQJ�0RGHV��ZLQWHU��

7KH�TXHVWLRQ�KDV�DOVR�EHHQ DVNHG�DV�WR�ZKHWKHU�&:8�FRXOG�RSHUDWH�
XQPDQQHG�ZLWK ���SVLJ VWHDP�\HDU URXQG�

$V�ZLWK�VXPPHU�RSHUDWLRQ��5DQGDOO�0LFKHOVRQ�ZRXOG�KDYH�D�VWDQGDORQH�ERLOHU�
DW�WKDW�EXLOGLQJ�

7KH����LQFK�VHFWLRQ�RI�KHDGHU�SLSH�DW�WKH�&HQWUDO�3ODQW�LV�DOVR�LQFUHDVHG�WR�
���LQFK�
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7KHQ��DW�D�PLQLPXP��&:8�ZRXOG�KDYH�WR�FRQYHUW�DOO�IRXU�ERLOHUV�WR�ODUJHU�
VWHDP�QR]]OHV��DW�D�FRVW�RI�SHUKDSV�����������

7KH�ORJLFDO�QH[W�VWHS�PLJKW�VHHP�WR�EH�WR�PRYH�%���WR�WKH�$OIRUG�0RQWJRPHU\�
�$�0��VLWH�DQG�KDYH�LW�IHHG IURP�WKHUH���+RZHYHU��DV�WKH�VHFWLRQ�DERYH�VKRZV��
LQ�VXPPHU�%���PLJKW�KDQGOH�WKH�VWHDP�ORDGV��EXW�WKH���´�VHJPHQW�RI�SLSH
IURP�WKH�SODQW�WR�³'´�6WUHHW�FDQQRW��7KH�EDFN�IHHG�SLSH�IURP�WKH�$�0 WR�WKH�
FDPSXV LV�RQO\��´���7KHUH�LV�QR�SRLQW�LQ�SXWWLQJ�D�ERLOHU DW�$�0�DQ\�ELJJHU�WKDQ�
WKH��´�EDFN�IHHG�FDQ�KDQGOH�DW����SVLJ SOXV�ORDGV�DW�:HQGHOO�+LOO�+DOO DQG�DQ\�
IXWXUH ORDGV ZKLFK�PLJKW�EH�DGGHG�LQ�WKLV�DUHD�����

$VVXPLQJ�&:8�ZLOO�DFFHSW�������ISP�IRU�SHDN�ORDGV��VLQFH�WKH\�GR�QRW�ODVW�
ORQJ��WKH�FDSDFLW\�RI�WKH�$�0�EDFN�IHHG�LV�RQO\�������OE�KU���7KH���´�SLSH�IURP�
WKH�3ODQW�WR�WKH�FDPSXV�FRXOG�GHOLYHU��������OE�KU�EULQJLQJ�WKH�WRWDO�FDSDFLW\�
WR�WKH�PDLQ�FDPSXV�WR��������OE�KU�

6LQFH�WKH�DVVXPSWLRQ�ZDV�WKDW�5DQGDOO�0LFKHOVRQ ZDV�WR�EH�WDNHQ�RII�WKH�
JULG��:HQGHOO�+DOO�$�DQG�%�ORDGV�DUH�RQ�WKH�³RWKHU�VLGH´�WKH�$�0�VLWH� DQG�
GLVWULEXWLRQ�ORVVHV�DUH�PXFK�VPDOOHU DW����SVLJ� WKH�UHPDLQLQJ�SHDN�ORDG�DW��)�
DPELHQW�LV��������OE�KU���6R�ZLWK�D�IHZ�PRGLILFDWLRQV�WR�ZDUPXS�ORDGV��WKH�
FDPSXV�FRXOG�SRVVLEOH�UXQ�\HDU�URXQG�DW����SVLJ���

+RZHYHU��JRLQJ�EDFN�WR�WKH�ODVW�VHFWLRQ��ZH EHOLHYH�WKDW�WR�GR�WKLV��&:8�
ZRXOG�KDYH�WR�UHSODFH�DOO�RI�WKH�GLVWULEXWLRQ�WUDSV���7KHUH�LV�QR�ZD\�WKH\�NHHS�
ZDWHU�RXW�RI�WKH�SLSHV�DW�IXOO�ORDG�DQG�RQO\����36,*���

7R�VXPPDUL]H��WKH�VL[�SRWHQWLDO�FRVWV ZRXOG�EH���

�� 0RGLI\�5DQGDOO�0LFKHOVRQ WR�EH�VWDQG�DORQH�EXLOGLQJ�

�� 0RGLI\�WKH�VWHDP�QR]]OH�RQ�DOO�IRXU�ERLOHUV�

�� ,QVWDOO�D�QHZ�ERLOHU�DW�WKH�$�0�ORFDWLRQ�

�� 3RWHQWLDOO\�XSVL]H�VRPH�EXLOGLQJ�E\SDVV�SLSLQJ��DQG�SHUKDSV�HYHQ�
VRPH�VWHDP�EUDQFKHV�

�� 5HSODFH�DOO�WKH�GLVWULEXWLRQ�WUDSV��DQG

�� 5HSODFH�WKH�����IHHW�RI���´�SLSH�IURP�WKH�SODQW�ZLWK���´�SLSH�
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/RQJ�7HUP�)XWXUH�/RDGV� ,I�WKH�FDPSXV�JURZV�E\�DQ\WKLQJ�FORVH�WR�DQ�
DGGLWLRQDO��������SRXQGV�SHU�KRXU�RI�VWHDP�ORDG��WKHQ�WKH�QHHG�WR�UHQRYDWH�
WKH�KHDWLQJ�HTXLSPHQW�EHFRPHV�PDJQLILHG���7KH�SODQW�ZRXOG�RSHUDWH�PDQ\�
KRXUV�ZLWK�WKUHH�ERLOHUV�RQOLQH���$Q\�ERLOHU�EHLQJ�RXW�RI�VHUYLFH�ZRXOG�OHDYH�
WKH�SODQW�ZLWK�QR�UHGXQGDQF\���,W�LV�VDIH�WR�DVVXPH�WKDW�E\�WKH�WLPH�WKH�
FDPSXV�JURZV�WKLV�PXFK��WZR�RU�WKUHH�RI�WKH�H[LVWLQJ�ERLOHUV�ZLOO�EH�XQUHOLDEOH�
LI�D�PDMRU�UHQRYDWLRQ�LV�QRW�FRPSOHWHG�EHIRUH�WKHQ��

)� (0,66,216

2YHUYLHZ� %HFDXVH�WKH�&:8 FDPSXV�LV�D�VLQJOH�IDFLOLW\�W\SH�XQGHU�FRPPRQ�
RZQHUVKLS��DOO�DLU�SROOXWDQW�HPLVVLRQ�VRXUFHV�ORFDWHG�RQ�WKH�FDPSXV�PXVW�EH�
FRQVLGHUHG�WRJHWKHU�IRU�SXUSRVHV�RI�DLU�TXDOLW\�SHUPLWWLQJ���

7KH�IDFLOLW\�LV�FXUUHQWO\�SHUPLWWHG�DV�D�³V\QWKHWLF�PLQRU´�IDFLOLW\��ZKLFK�LPSOLHV�
WKDW�SRWHQWLDO�HPLVVLRQV�RI�RQH�RU�PRUH�LQGLYLGXDO�DLU�SROOXWDQWV�FRXOG�H[FHHG�
����WRQV�SHU�\HDU��EXW�OLPLWV�LQ�WKH�SHUPLW�UHVWULFW�PD[LPXP�HPLVVLRQV�WR�OHVV�
WKDQ�WKLV�WKUHVKROG���%HLQJ�FODVVLILHG�DV�D�V\QWKHWLF�PLQRU�IDFLOLW\�DOORZV�&:8�
WR�DYRLG�WKH�UHTXLUHPHQWV�RI�WKH�7LWOH�9�SHUPLWWLQJ�SURJUDP�

6R� DQ\�SODQV�WR�DGG�HPLVVLRQ�VRXUFHV�WR�WKH�FDPSXV�QHHG�WR�WDNH�LQWR�
FRQVLGHUDWLRQ�ZKHWKHU�RU�QRW�WKH�DGGHG�VRXUFH�LV�OLNHO\�WR�WULJJHU�7LWOH�9�

([LVWLQJ�3HUPLWWHG�6RXUFHV���7KH�IROORZLQJ�WDEOH�OLVWV�WKH�HPLVVLRQ�VRXUFHV��LQ�
DGGLWLRQ�WR�WKH�SDLQW�VSUD\�ERRWK��FXUUHQWO\�LQFOXGHG�LQ�WKH�H[LVWLQJ�DLU�TXDOLW\�
SHUPLW�IRU�WKH�&:8�IDFLOLW\���7KHVH�HPLVVLRQ�XQLWV�SURYLGH�VWHDP�IRU�VSDFH�
KHDWLQJ�DQG�HOHFWULFDO�JHQHUDWLRQ�IRU�HPHUJHQF\�SRZHU�ORVV�UHSODFHPHQW���
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�ŽŝůĞƌƐ �ŵĞƌŐĞŶĐǇ�'ĞŶĞƌĂƚŽƌƐ

�ĞƐĐƌŝƉƚŝŽŶ >ŽĐĂƚŝŽŶ
^ŝǌĞ
;ŚƉͿ

&ƵĞů DĂŬĞ DŽĚĞů

�ŽŝůĞƌ�ηϭ �ĞŶƚƌĂů�WŽǁĞƌ�WůĂŶƚ ϳϰϵ �ŝĞƐĞů �ĂƚĞƌƉŝůůĂƌ ϯϰϭϮd

�ŽŝůĞƌ�ηϮ �ĞŶƚƌĂů�WŽǁĞƌ�WůĂŶƚ ϳϰϵ �ŝĞƐĞů �ĂƚĞƌƉŝůůĂƌ ϯϰϭϮd

�ŽŝůĞƌ�ηϯ �ĞŶƚƌĂů�WŽǁĞƌ�WůĂŶƚ ϲϰϯ �ŝĞƐĞů �ĞƚƌŽŝƚ ϴϬϴϯͲϳϰϭϲ

�ŽŝůĞƌ�ηϰ �ĞŶƚƌĂů�WŽǁĞƌ�WůĂŶƚ ϰϵϬ �ŝĞƐĞů �ĂƚĞƌƉŝůůĂƌ �ϯϰϲ

�ŽŝůĞƌ�ηϱ ^ƚƵĚĞŶƚ�sŝůůĂŐĞ ϰϳϬ �ŝĞƐĞů �ƵŵŵŝŶƐ �Y�&

�ŽŝůĞƌ�ηϲ ^ƚƵĚĞŶƚ�sŝůůĂŐĞ ϯϮϱ �ŝĞƐĞů WĞƌŝŶƐ ϭϯϬϲͲ�ϴdd�ϯϬϬ

�ŽŝůĞƌ�ηϭ t�,>� ϭϭϱ EĂƚ�'ĂƐ �ƵŵŵŝŶƐͬ&ŽƌĚ

�ŽŝůĞƌ�ηϮ t�,>� ϭϰϴ �ŝĞƐĞů KŶĂŶͬ�ͬ� ϯϱϬϬ

�ŽŝůĞƌ�ηϭ ,ĞĂůƚŚ��ĞŶƚĞƌ ϯϮ �ŝĞƐĞů KŶĂŶ

�ŽŝůĞƌ�ηϮ ,ĞĂůƚŚ��ĞŶƚĞƌ ϲϱ �ŝĞƐĞů WĞƌŬŝŶƐ ϭϭϬϬ

�ŽŝůĞƌ�ηϭ �ƌŽŽŬůĂŶĞ

�ŽŝůĞƌ�ηϮ �ƌŽŽŬůĂŶĞ

�ŽŝůĞƌ�ηϭ ^ƚƵĚĞŶƚ�hŶŝŽŶ

�ŽŝůĞƌ�ηϮ ^ƚƵĚĞŶƚ�hŶŝŽŶ

�ŽŝůĞƌ�ηϯ ^ƚƵĚĞŶƚ�hŶŝŽŶ

�ŽŝůĞƌ�ηϭ WƌĞƐŝĚĞŶƚΖƐ�,ŽƵƐĞ

7DEOH�$��&HQWUDO�:DVKLQJWRQ�8QLYHUVLW\�± &XUUHQWO\�3HUPLWWHG�(PLVVLRQ�8QLWV
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7KH�H[LVWLQJ�DLU�TXDOLW\�SHUPLW�IRU�WKH�FDPSXV�FRQWDLQV�WKH�IROORZLQJ�HPLVVLRQ�OLPLWV�

(PLVVLRQ�8QLWV
12[

�WS\�
&2
�WS\�

62�

�WS\�
92&
�WS\�

30���30���

�WS\�

&HQWUDO�6WHDP�3ODQW�DQG�
6WXGHQW�9LOODJH�%RLOHUV�������
�ZKLOH�ILUHG�RQ�QDWXUDO�JDV�

����� ����� ���� ���� ����

&HQWUDO�6WHDP�3ODQW�%RLOHUV�
�������ZKLOH�ILUHG�RQ�1R����

GLVWLOODWH�IXHO�RLO�
���� ���� ���� ���� ����

2WKHU����6SHFLILHG�%RLOHUV�
�ILUHG�VROHO\�RQ�QDWXUDO�JDV�

���� ���� ���� ���� ����

��6SHFLILHG�(PHUJHQF\�
*HQHUDWRUV��ILUHG�VROHO\�RQ�

GLHVHO�
����� ���� ���� ���� ����

&XPPLQV�)RUG�(PHUJHQF\�
*HQHUDWRU��ILUHG�VROHO\�RQ�

QDWXUDO�JDV�
���� ���� ������ ���� �����

3DLQW�%RRWK � � � ���� �

7RWDO ����� ����� ���� ���� ����

7DEOH�%� &HQWUDO�:DVKLQJWRQ�8QLYHUVLW\�� &XUUHQWO\�3HUPLWWHG (PLVVLRQ�/LPLWV

$V�ORQJ�DV�WKH�VXP�RI�DOO�HPLVVLRQ�OLPLWV�DW�WKH�IDFLOLW\�IRU�HDFK�SROOXWDQW�UHPDLQ�
XQGHU�����WRQV�SHU�\HDU�DIWHU�WKH�DGGLWLRQ�RI�QHZ�HPLVVLRQ�XQLWV��WKH�IDFLOLW\�FDQ�
FRQWLQXH�WR�EH�SHUPLWWHG�DV�D�V\QWKHWLF�PLQRU�VRXUFH���,I�WKLV�ZDV�QRW�IHDVLEOH
�HPLVVLRQ�VRXUFHV�ZHUH�DGGHG�WR�WKH�SRLQW�RI�WDNLQJ�RQH�RU�PRUH�SROOXWDQWV�RYHU�
����WRQV�SHU�\HDU���WKHQ�WKH�IDFLOLW\�ZRXOG�QHHG�WR�DSSO\�IRU�D�7LWOH�9�DLU�RSHUDWLQJ�
SHUPLW�ZLWK�WKH�'2(���$OWKRXJK�WKLV�ZRXOG�QRW�DIIHFW�WKH�DELOLW\�RI�WKH�IDFLOLW\�WR�
RSHUDWH�RQVLWH�HPLVVLRQ�XQLWV��WKH�7LWOH�9�SHUPLWWLQJ�SURJUDP�GRHV�UHTXLUH�D�KLJKHU�
OHYHO�RI�FRPSOLDQFH�PRQLWRULQJ�DQG�KDV�KLJKHU�DVVRFLDWHG�DQQXDO�IHHV�WKDQ�DUH�
UHTXLUHG�XQGHU�WKH�FXUUHQW�V\QWKHWLF�PLQRU�SHUPLW��GLVFXVVHG�IXUWKHU�EHORZ����1RWH�
WKDW�LI�SRWHQWLDO�HPLVVLRQV�RI�DQ\�LQGLYLGXDO�DLU�SROOXWDQW�ZHUH�WR�H[FHHG�����WRQV�SHU�
\HDU��WKH�IDFLOLW\�ZRXOG�QHHG�WR�DSSO\�IRU�D�3UHYHQWLRQ�RI�6LJQLILFDQW�'HWHULRUDWLRQ�
�36'��DLU�SHUPLW��ZKLFK�FDQ�KDYH�VLJQLILFDQW�SHUPLW�DSSOLFDWLRQ�UHTXLUHPHQWV�
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7KH�FXUUHQW�HPLVVLRQ�SHUPLW�DOVR�FRQWDLQV�WKH�IROORZLQJ�XVDJH�OLPLWV�WR�HQVXUH�
HPLVVLRQV�ZLOO�QRW�H[FHHG�WKH�OLPLWV�VKRZQ�LQ�7DEOH�%�

(PLVVLRQ�8QLW�*URXS 3HUPLW�8VDJH�/LPLW

&HQWUDO�6WHDP�3ODQW�DQG�6WXGHQW�9LOODJH�
%RLOHUV��������ZKLOH�ILUHG�RQ�QDWXUDO�JDV�

������PLOOLRQ�������FXELF�IHHW�RI�QDWXUDO�JDV�SHU�
���PRQWK�SHULRG

&HQWUDO�6WHDP�3ODQW�%RLOHUV��������ZKLOH�ILUHG�
RQ�1R����GLVWLOODWH�IXHO�RLO�

��������JDOORQV�RI�1R���GLVWLOODWH�IXHO�RLO�SHU�
���PRQWK�SHULRG

2WKHU����6SHFLILHG�%RLOHUV��ILUHG�VROHO\�RQ�
QDWXUDO�JDV�

1R�OLPLWV�± PD\�RSHUDWH�DW�PD[LPXP�FDSDFLW\�
IRU�DOO�������KRXUV�SHU����PRQWK�SHULRG

��6SHFLILHG�(PHUJHQF\�*HQHUDWRUV��ILUHG�
VROHO\�RQ�GLHVHO�

����KRXUV�SHU����PRQWK�SHULRG�PD[LPXP�IRU�
HDFK�JHQHUDWRU

&XPPLQV�)RUG�(PHUJHQF\�*HQHUDWRU��ILUHG�
VROHO\�RQ�QDWXUDO�JDV�

����KRXUV�SHU����PRQWK�SHULRG�PD[LPXP

3DLQW�%RRWK ���JDOORQV�RI�SDLQW�SHU�PRQWK

7DEOH�&� &HQWUDO�:DVKLQJWRQ�8QLYHUVLW\�± 3HUPLW�8VDJH�/LPLWV

*UHHQKRXVH�*DVHV���$OWKRXJK�WKH�&:8�IDFLOLW\�LV�QRZKHUH�QHDU�HPLWWLQJ�����WRQV�SHU�
\HDU�RI�DQ\�LQGLYLGXDO�DLU�SROOXWDQW��WKHUH�LV�RQH�H[FHSWLRQ�WR�WKLV�WKUHVKROG���*UHHQKRXVH�
JDVHV��*+*V��DUH�WUHDWHG�GLIIHUHQW�IURP�DOO�RWKHU�DLU�SROOXWDQWV�XQGHU�DLU�TXDOLW\�
SHUPLWWLQJ�SURJUDPV���$V�D�UHVXOW�RI�WKH�8�6��(3$�³7DLORULQJ�5XOH´��VSHFLDO�HPLVVLRQV�
EDVHG�WKUHVKROGV�KDYH�EHHQ�VHW�IRU�*+*V���$�IDFLOLW\�ZLWK�*+*�HPLVVLRQV��H[SUHVVHG�
DV�&2� HTXLYDOHQW�HPLVVLRQV��&2�H��H[FHHGLQJ���������WRQV�SHU�\HDU�EHFRPHV D�7LWOH�
9�PDMRU�VRXUFH�

$V�VKRZQ�LQ�WKH�WDEOH�EHORZ��WKH�&:8�FDPSXV�LV�FXUUHQWO\�YHU\�FORVH�WR�H[FHHGLQJ�WKH�
��������WRQ�SHU�\HDU�WKUHVKROG�IRU�*+*V��ZLWK�HVWLPDWHG�SRWHQWLDO�*+*�HPLVVLRQV�RI�
�������WRQV�SHU�\HDU�RI�&2�H�
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7DEOH�'��&HQWUDO�:DVKLQJWRQ�8QLYHUVLW\�� (VWLPDWHG�3RWHQWLDO�*+*�(PLVVLRQV

','��ŵŝƐƐŝŽŶ�^ŽƵƌĐĞ;ƐͿ �ŶŶƵĂů�hƐĂŐĞ��ĂƚĂ ',' ůďͬDD�ƚƵ
�KϮĞ
;ƚƉǇͿ

EĂƚƵƌĂů�ŐĂƐ�ůŝŵŝƚ�ĨŽƌ�
�ĞŶƚƌĂů�WůĂŶƚ�ĂŶĚ�

^ƚƵĚĞŶƚ�sŝůůĂŐĞ��ŽŝůĞƌƐ�ηϭ�
Ͳ ηϲ

ϭ͕ϮϬϬ͕ϬϬϬ͕ϬϬϬ ĨƚϯͬǇƌ ϭ͘Ϭϯ�ͲϬϯ DD�ƚƵͬĨƚϯ �KϮ ϭϭϲ͘ϲϰϰ ϳϭ͕ϵϰϲ

ϭ͕ϮϬϬ͕ϬϬϬ͕ϬϬϬ ĨƚϯͬǇƌ ϭ͘Ϭϯ�ͲϬϯ DD�ƚƵͬĨƚϯ �,ϰ Ϭ͘ϬϬϮϮ Ϯϴ͘ϱϬ

ϭ͕ϮϬϬ͕ϬϬϬ͕ϬϬϬ ĨƚϯͬǇƌ ϭ͘Ϭϯ�ͲϬϯ DD�ƚƵͬĨƚϯ EϮK Ϭ͘ϬϬϬϮϮ ϰϮ͘Ϭϳ

&ƵĞů�Žŝů�ůŝŵŝƚ�ĨŽƌ��ĞŶƚƌĂů�
WůĂŶƚ�ĂŶĚ�^ƚƵĚĞŶƚ�sŝůůĂŐĞ�

�ŽŝůĞƌƐ�ηϭ�Ͳ ηϲ

ϲϬϬ͕ϬϬϬ ŐĂůͬǇƌ ϭ͘ϯϴ�ͲϬϭ DD�ƚƵͬŐĂů �KϮ ϭϲϭ͘ϭϱ ϲ͕ϲϳϭ͘ϲ

ϲϬϬ͕ϬϬϬ ŐĂůͬǇƌ ϭ͘ϯϴ�ͲϬϭ DD�ƚƵͬŐĂů �,ϰ Ϭ͘ϬϬϲϲ ϱ͘ϳ

ϲϬϬ͕ϬϬϬ ŐĂůͬǇƌ ϭ͘ϯϴ�ͲϬϭ DD�ƚƵͬŐĂů EϮK Ϭ͘ϬϬϭϯϮ ϭϲ͘ϵ

KƚŚĞƌ�ϭϬ�^ƉĞĐŝĨŝĞĚ�
�ŽŝůĞƌƐ�;ĨŝƌĞĚ�ƐŽůĞůǇ�ŽŶ�

ŶĂƚƵƌĂů�ŐĂƐͿ

ϭϬ͘ϭϯ DD�ƚƵͬŚƌ ϴ͕ϳϲϬ ŚƌƐͬǇƌ �KϮ ϭϭϲ͘ϲϰϰ ϱ͕ϭϳϱ

ϭϬ͘ϭϯ DD�ƚƵͬŚƌ ϴ͕ϳϲϬ ŚƌƐͬǇƌ �,ϰ Ϭ͘ϬϬϮϮ Ϯ͘Ϭϱ

ϭϬ͘ϭϯ DD�ƚƵͬŚƌ ϴ͕ϳϲϬ ŚƌƐͬǇƌ EϮK Ϭ͘ϬϬϬϮϮ ϯ͘Ϭϯ

ϵ�^ƉĞĐŝĨŝĞĚ��ŵĞƌŐĞŶĐǇ�
'ĞŶĞƌĂƚŽƌƐ�;ĨŝƌĞĚ�ƐŽůĞůǇ�

ŽŶ�ĚŝĞƐĞůͿ

ϭϵϮ͘Ϯϰ ŐĂůͬŚƌ ϱϬϬ ŚƌƐͬǇƌ �KϮ ϭϲϭ͘ϭϱ ϳ͕ϳϰϰ͘ϵ

ϭϵϮ͘Ϯϰ ŐĂůͬŚƌ ϱϬϬ ŚƌƐͬǇƌ �,ϰ Ϭ͘ϬϬϲϲ ϲ͘ϳ

ϭϵϮ͘Ϯϰ ŐĂůͬŚƌ ϱϬϬ ŚƌƐͬǇƌ EϮK Ϭ͘ϬϬϭϯϮ ϭϵ͘ϳ

�ŵĞƌŐĞŶĐǇ�'ĞŶĞƌĂƚŽƌ�
;ĨŝƌĞĚ�ƐŽůĞůǇ�ŽŶ�ŶĂƚƵƌĂů�

ŐĂƐͿ

Ϭ͘ϴϭ DD�ƚƵͬŚƌ ϱϬϬ ŚƌƐͬǇƌ �KϮ ϭϭϲ͘ϲϰϰ Ϯϰ

Ϭ͘ϴϭ DD�ƚƵͬŚƌ ϱϬϬ ŚƌƐͬǇƌ �,ϰ Ϭ͘ϬϬϮϮ Ϭ͘Ϭϭ

Ϭ͘ϴϭ DD�ƚƵͬŚƌ ϱϬϬ ŚƌƐͬǇƌ EϮK Ϭ͘ϬϬϬϮϮ Ϭ͘Ϭϭ

dŽƚĂů ϵϭ͕ϲϴϲ

7KHVH�HPLVVLRQ�HVWLPDWHV�DUH�EDVHG�RQ�8�6��(3$�IDFWRUV�SURYLGHG�LQ�WKH�IHGHUDO�
PDQGDWRU\�*+*�UHSRUWLQJ�UXOH�����&)5�3DUW�����ZKLFK�FRXOG�FXUUHQWO\�DSSO\�WR�WKH�
&:8�IDFLOLW\�GHSHQGLQJ�RQ�DFWXDO�IXHO�XVDJH�OHYHOV��DQG�WKH�HTXLSPHQW�XVDJH�
OLPLWDWLRQV�LQ�WKH�FXUUHQW�DLU�SHUPLW�

7KHUHIRUH��LI�DQ\�QHZ�VRXUFHV ZHUH�WR�EH�DGGHG�WR�WKH�&:8�DLU�SHUPLW��LW�ZRXOG�EH�
LPSRUWDQW�WR�NHHS�WUDFN�RI�WKH�HIIHFW�RQ�SRWHQWLDO�*+*�HPLVVLRQV�WR�HQVXUH�WKDW�WKH�
��������WRQ�SHU�\HDU�&2�H�WKUHVKROG�ZDV�QRW�H[FHHGHG�LI�SRVVLEOH��WR�SUHYHQW�
EHFRPLQJ�D�7LWOH�9�VRXUFH����$Q\�XVDJH�OLPLW�PD\�EH�DSSOLHG�WR�DQ\�HPLVVLRQ�XQLW�WR�
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UHVWULFW�SRWHQWLDO�HPLVVLRQV�DV�ORQJ�DV�WKH�XVDJH�FDQ�EH�PRQLWRUHG�DQG�UHFRUGHG��H�J��
EDVHG�RQ�PRQLWRULQJ�KRXUV�RI�RSHUDWLRQ��IXHO�XVDJH��HWF���

&RQVHTXHQFHV�RI�([FHHGLQJ�7LWOH�9�36'�(PLVVLRQV�7KUHVKROGV���$V�QRWHG�DERYH��WKH�
&:8�FDPSXV�HPLVVLRQ�XQLWV�DUH�FXUUHQWO\�SHUPLWWHG�XQGHU�D�V\QWKHWLF�PLQRU�DLU�SHUPLW���
,I�SHUPLWWHG�HPLVVLRQV�IRU�DQ\�LQGLYLGXDO�DLU�SROOXWDQW�ZHUH�WR�H[FHHG�����WRQV�SHU�\HDU��
WKH�IDFLOLW\�ZRXOG�EH�UHTXLUHG�WR�REWDLQ�D�7LWOH�9�SHUPLW���2EWDLQLQJ�WKLV�SHUPLW�ZRXOG�EH�
UHODWLYHO\�VWUDLJKWIRUZDUG��EXW�ZRXOG�HQWDLO�OLNHO\�DGGLWLRQDO�PRQLWRULQJ��UHFRUGNHHSLQJ��
DQG�UHSRUWLQJ��DV�ZHOO�DV�WKH�SD\PHQW�RI�DQQXDO�HPLVVLRQV�EDVHG�IHHV�WR�VXSSRUW�WKH�
'2(�7LWOH�9�SHUPLWWLQJ�SURJUDP�

'2(�7LWOH�9�DQQXDO�SHUPLW�IHHV�IRU�D�IDFLOLW\�RI�WKH�FRPSOH[LW\�RI�WKH�&:8�IDFLOLW\�ZRXOG�
LQFOXGH�DQ�DQQXDO�IODW�IHH�RI�URXJKO\���������SOXV�DQ�HPLVVLRQV�EDVHG�IHH�RI�DERXW�����
SHU�WRQ�RI�DFWXDO�HPLVVLRQV�RI�30����62���12[��DQG�92&��EDVHG�RQ�GDWD�IURP������±
��������)HHV�DUH�DGMXVWHG�DV�QHFHVVDU\�WR�FRYHU�WKH�FRVW�RI�WKH�7LWOH�9�SHUPLWWLQJ�
SURJUDP���$OVR��DV�D�7LWOH�9�VRXUFH��DGGLWLRQDO�VRXUFH�HPLVVLRQV�WHVWLQJ�PLJKW�EH�
UHTXLUHG��LQFUHDVLQJ�DQQXDO�FRPSOLDQFH�FRVWV E\�DQRWKHU���������

,I� LQ�WKH�IXWXUH� SHUPLWWHG�HPLVVLRQV�RI�DQ\�LQGLYLGXDO�DLU�SROOXWDQW�H[FHHGHG�����WRQV�
SHU�\HDU��WKH�IDFLOLW\ ZRXOG�EHFRPH�D�PDMRU�VRXUFH�XQGHU�WKH�36'�SHUPLWWLQJ�SURJUDP���
:KLOH�WKH�RSHUDWLQJ�SHUPLW�XQGHU�WKLV�SURJUDP�ZRXOG�VWLOO�EH�D�7LWOH�9�SHUPLW��WKH�
UHTXLUHPHQWV�WR�REWDLQ�D�36'�FRQVWUXFWLRQ�SHUPLW�IRU�QHZ�HPLVVLRQ�XQLWV�EHFRPHV�
VLJQLILFDQWO\�PRUH�EXUGHQVRPH�
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$� 29(5$//�6<67(0�'(6&5,37,21

2ULJLQDOO\��WKHUH�ZDV�D�VRXWK�FKLOOHU�SODQW�FR�ORFDWHG�ZLWK�WKH�ROG�ERLOHU�SODQW��DQG�D�
³QRUWK�FKLOOHU�SODQW´��ORFDWHG�RQ�DQ�XSSHU�IORRU�RI�WKH�FXUUHQW�ERLOHU�SODQW���7KH�VRXWK�
FKLOOHU�SODQW�ZDV�DEDQGRQHG� LQ�������DQG� WKH� ³QRUWK´� FKLOOHU�SODQW� LV�QRZ� WKH�RQO\�
FHQWUDO�FKLOOHG�ZDWHU�SODQW�

7KH�FKLOOHG�ZDWHU�SODQW��WKH�³&:�3ODQW´��RU�³3ODQW´��LQFOXGHV�IRXU�³FRROLQJ�XQLWV´���7KUHH�
RI� WKH� XQLWV� DUH� ZDWHU� FRROHG� FHQWULIXJDO� FKLOOHUV�� DQG� RQH� LV� D� IODW� SODWH� KHDW�
H[FKDQJHU��GHVLJQHG�WR�EH�XVHG�IRU�³IUHH�FRROLQJ´�ZKHQ�DPELHQW�FRQGLWLRQV�IDOO�ZLWKLQ�
FHUWDLQ�SDUDPHWHUV���7KH�WRWDO�PHFKDQLFDO�FRROLQJ�FDSDFLW\�LV��������������������� �
������WRQV���7KH�IODW�SODWH�KHDW�H[FKDQJHU��+;��DSSHDUV�WR�KDYH�EHHQ�GHVLJQHG�WR�
SURGXFH�D�����)�GHOWD�7�ZLWK�������*30��RU�����QRPLQDO�WRQV�

7KHUH�DUH�WKUHH�FRROLQJ�WRZHUV��&7V��WR�VHUYH�WKH�IRXU�FRROLQJ�XQLWV� (DFK�WRZHU ZDV�
PDWFKHG�WR�D�FRUUHVSRQGLQJ�FKLOOHU���2ULJLQDOO\��WKH�FRQGHQVHU�ZDWHU�SXPSV��&:3V��
ERWK�SXPSHG� LQWR�DQG�SXOOHG� IURP�FRPPRQ�FRQGHQVHU�ZDWHU�KHDGHUV�� �7KXV�DQ\�
FRPELQDWLRQ�RI�&7V�DQG�&:3V�FRXOG�ZRUN�ZLWK�DQ\�FRPELQDWLRQ�RI�FKLOOHUV��DV�ORQJ�
DV� WKH� &7�&:3� FRPELQDWLRQ� SURYLGHG� HQRXJK� FRQGHQVHU� ZDWHU� IORZ� DQG� KHDW�
UHMHFWLRQ�FDSDFLW\�WR�VDWLVI\�WKH�RSHUDWLQJ�FKLOOHU�V����/LNHZLVH��DQ\�&:3�FRXOG�DOVR�
VHUYH�WKH�³FROG�VLGH´�RI�WKH�IODW�SODWH�KHDW�H[FKDQJHU��+;��LQ�WKH�IUHH�FRROLQJ�PRGH���
:KHQ�&KLOOHU��$�ZDV�LQVWDOOHG�LQ�������KRZHYHU��QHZ�FKLOOHG�ZDWHU�DQG�FRQGHQVHU�
ZDWHU� SXPSV� ZHUH� LQVWDOOHG�� DV� ZDV� D� QHZ� FRROLQJ� WRZHU�� � 7KLV� WRZHU� FDQ� EH�
FRQQHFWHG�WR�WKH�FRPPRQ�FRQGHQVHU�ZDWHU�LQOHW���RXWOHW�SLSLQJ�VKDUHG�E\�WKH�RWKHU�
WZR�WRZHUV��EXW�RQO\�E\�RSHUDWLQJ�WKH�PDQXDO�YDOYHV�WKDW�LVRODWH�&7��$���1RUPDOO\��
DV�)LJXUH��� EHORZ�VKRZV��&7��$�LV�LVRODWHG��DQG�FDQ�VHUYH�RQO\�&+��$�

7KH�3ODQW�FKLOOHG�ZDWHU�SXPSLQJ�LV�FRQILJXUHG�LQ�D�SULPDU\���VHFRQGDU\�DUUDQJHPHQW���
7KHUH�DUH�WZR�FRQVWDQW�YROXPH�SULPDU\�FKLOOHG�ZDWHU�SXPSV��&+3V���RQH�YDULDEOH�
VSHHG�WKHUPDO�HQHUJ\�SXPS��7(3���DQG�WKUHH�YDULDEOH�VSHHG�VHFRQGDU\�FKLOOHG�ZDWHU�
SXPSV��6&+36����

7KH� WZR�&+3V��LQFOXGLQJ�&+3��$��KDYH�FRPPRQ�VXFWLRQ�DQG�GLVFKDUJH�KHDGHUV��
DQG�FDQ�WKXV�VHUYH�DQ\�FKLOOHU�RU�WKH�IODW�SODWH�+;���7KH�7(3�LV�SLSHG�VXFK�WKDW�LW�FDQ�
DOVR�GUDZ�IURP�WKH�FRPPRQ�FKLOOHG�ZDWHU�VXFWLRQ�KHDGHU��DQG�SXPS�LQWR�WKH�FRPPRQ�
GLVFKDUJH�KHDGHU���+RZHYHU��XVLQJ�DFWXDWHG�FRQWURO�YDOYHV��LW�FDQ�EH�LVRODWHG�IURP�
WKH�FRPPRQ�KHDGHUV�LQ�D�QXPEHU�RI�FRQILJXUDWLRQV��RU�FRROLQJ�PRGHV�± VHH�EHORZ����
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7KH�SODQW�DOVR�FRQWDLQV�D�����������JDOORQ�FKLOOHG�ZDWHU�VWRUDJH�WDQN���7KH�WDQN�XVHV�
WKH�EXR\DQF\�SULQFLSDO�WR�VHSDUDWH�WKH�FROGHU��GHQVHU�ZDWHU�RQ�WKH�ERWWRP�IURP�WKH�
ZDUPHU��OHVV�GHQVH�ZDWHU�RQ�WRS���&:8¶V�H[SHULHQFH�LQGLFDWHV�WKDW�DERXW����SHUFHQW�
RI�WKH�YROXPH�LV�XVHDEOH�VWRUDJH�

7KH�VHFRQGDU\�FKLOOHG�ZDWHU�SXPSV��6&+3V��DUH�D�VNLG�PRXQWHG�SDFNDJH��ZLWK�EXLOW�
LQ�FRQWUROV���7KH�SUH�SDFNDJHG�V\VWHP�LV�E\�WKH�PDQXIDFWXUHU�6\VWHFRQ�± DQG XVHV
FRPPHUFLDOO\�DYDLODEOH�SXPSV��YDULDEOH�IUHTXHQF\�GULYHV��HWF��ZKLFK�DUH SDFNDJHG
ZLWK�6\VWHFRQ FRQWUROV�WR�SURGXFH�D�FRPSDFW��IDFWRU\�DVVHPEOHG�SXPSLQJ���FRQWURO�
SDFNDJH���

7KH�FKLOOHG�ZDWHU��FRQGHQVHU�ZDWHU��DQG�WKHUPDO�VWRUDJH�V\VWHPV�DUH�FRQWUROOHG�E\�D�
GLUHFW�GLJLWDO�FRQWURO��''&��V\VWHP��PDQXIDFWXUHG�E\�$OHUWRQ���7KLV�V\VWHP�DXWRPDWHV�
WKH�FRQWURO�RI� WKH�SODQW�� �$V�RULJLQDOO\�SURJUDPPHG�� LW�FRQWDLQHG�D� ODUJH�QXPEHU�RI�
³FRROLQJ� PRGHV´�� EDVHG� RQ� FRPELQDWLRQV� RI� FKLOOHUV�� IUHH� FRROLQJ�� VWRUDJH�
FKDUJH�GLVFKDUJH�� DQG� VR� RQ�� � 'HSHQGLQJ� RQ� ³PRGH´�� WKH� VWDWXV� RI� WKH� LQGLYLGXDO�
SLHFHV�RI�HTXLSPHQW�DQG�WKH�IORZ�RI�ZDWHU�LV�FRQWUROOHG�E\�DSSUR[LPDWHO\�VL[WHHQ���
SRVLWLRQ�FRQWURO�YDOYHV���6HH�WKH�FRROLQJ�PRGHV�VXEVHFWLRQV�EHORZ�IRU�PRUH�GHWDLO�

)LJXUHV��� DQG��� EHORZ�VKRZ� WKH�FRQWURO�JUDSKLFV� IRU� WKH�FKLOOHG�DQG�FRQGHQVHU�
V\VWHPV��UHVSHFWLYHO\��
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)LJXUH�����FKLOOHG�ZDWHU�FRQWURO�JUDSKLF
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)LJXUH�����FRQGHQVHU�ZDWHU�FRQWURO�JUDSKLF�
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&RROLQJ�0RGHV�± $V�'HVLJQHG���$V�RULJLQDOO\�FRQFHLYHG��WKHUH�ZHUH����GLVWLQFW�FRROLQJ�
³PRGHV´�± D�PRGH�KHUH�LV�GHILQHG�SULPDULO\�E\�WKH�RSHUDWLQJ�HTXLSPHQW�DQG�WKH�IORZ�SDWK�
WKH�ZDWHU�WDNHV��ZKLFK�LQ�WXUQ�LV�GHWHUPLQHG�E\�WKH�SRVLWLRQ�RI�WKH����FRQWURO�YDOYHV���7KH�
ORFDWLRQ�RI� WKH�FRQWURO� YDOYHV�FDQ�EH�VHHQ� LQ�)LJXUH���� DERYH�� �7KHUH�DUH�DGGLWLRQDO�
FRQWURO� YDOYHV� DVVRFLDWHG� ZLWK� WKH� FRQGHQVHU� ZDWHU� IORZ�� EXW� WKLV� VXEVHFWLRQ� GHDOV�
VSHFLILFDOO\�ZLWK�FRROLQJ�PRGHV��DQG�WKXV�RQO\�WKRVH�YDOYHV�WKDW�FRQWURO�FKLOOHG�ZDWHU�IORZ�

7KH�SULPDU\� UHDVRQ�IRU� WKH� WKHUPDO�VWRUDJH� WDQN�ZDV�QRW��DV� LW� LV�RIWHQ� LV��EHFDXVH�RI�
SXQLWLYH�WLPH�RI�GD\�HOHFWULFDO�HQHUJ\�DQG�GHPDQG�FKDUJHV���,W�ZDV�WR�WDNH�DGYDQWDJH�RI�
WKH� IDFW� WKDW� LQ� WKH� .LWWLWDV� 9DOOH\�� QLJKWV� DUH� RIWHQ� UHODWLYHO\� YHU\� FRRO� DQG� YHU\� GU\��
UHJDUGOHVV� RI� KRZ� KRW� LW� JHWV� GXULQJ� WKH� GD\ �2$7V� LQ� H[FHVV� RI� ���� GHJ� )� DUH� QRW�
XQFRPPRQ����*LYHQ�WKH�FRRO��GU\�QLJKWV��WKHUH�LV�JHQHUDOO\�OLWWOH�RU�QR�FDPSXV�QLJKW�WLPH�
FRROLQJ�ORDG�WR�EH�PHW���%HFDXVH�WKH�DPELHQW�ZHW�EXOE�WHPSHUDWXUH�LV�DOVR�ORZ��WKH�FRROLQJ�
WRZHUV�FDQ�SURGXFH�YHU\�FROG�FRQGHQVHU�ZDWHU�ZLWK�PLQLPDO� IDQ�HQHUJ\�� �7KH�VWRUDJH�
WDQN�IXOO�RI�ZDUP�UHWXUQ�ZDWHU��IURP�WKH�GD\¶V�FRROLQJ�ORDG��SURYLGHV�D�ODUJH��VWDEOH�FKLOOHG�
ZDWHU�ORDG���

7KHUHIRUH��GXULQJ�QLJKW�WLPH�WDQN�FKDUJLQJ��WKH�DFWLYH�FKLOOHU�FDQ�EH�UXQ�LQ�WKH�PRVW�HQHUJ\�
HIILFLHQF\�PDQQHU��ORZ�LQOHW�FRQGHQVHU�ZDWHU�WHPSHUDWXUH�DQG�D�VWDEOH�IL[HG�FRROLQJ�ORDG���
&KLOOHUV�DUH�JHQHUDOO\�DW�WKHLU�SHDN�HIILFLHQF\�EHWZHHQ�DERXW����DQG����SHUFHQW�RI�IXOO�ORDG�
± LQ�WKH�FKDUJLQJ�PRGH��WKH�FKLOOHU�RXWSXW�FDQ�EH�IL[HG�LQ�WKLV�³VZHHW�VSRW´���7KHVH�FRROLQJ�
PRGHV�ZHUH�WKHUHIRUH�GHYLVHG�WR�PLQLPL]HG�HQHUJ\�XVH�E\�WDNLQJ�DGYDQWDJH�RII�WKH�FRRO�
QLJKWV��DQG�DUH�PDGH�SRVVLEOH�E\�WKH�WKHUPDO�VWRUDJH�WDQN����

7KH����FRROLQJ�PRGHV�DUH�VXPPDUL]HG�EHORZ��DQG�DEEUHYLDWHG�DV�&0���&0���HWF��

� &0����1RUPDO�&KLOOHU����RU���FKLOOHUV����&KLOOHG�ZDWHU�UHWXUQ��&+5��IURP�WKH�FDPSXV�
GLVWULEXWLRQ�IORZV�LQWR�WKH�FRPPRQ�&+3�VXFWLRQ�KHDGHU���2QH�RU�PRUH�&+3V�SXPS�
WKURXJK�WKH�DFWLYH�FKLOOHU�V����7KH�SULPDU\�FKLOOHG�ZDWHU�VXSSO\��3&+6��ZDWHU�IORZV�
WR�WKH�VHFRQGDU\�FKLOOHG�ZDWHU�SXPSV��6&+3V���ZKLFK�PRGXODWH�WKH�6&+6�IORZ�WR�
PHHW�FDPSXV�FRROLQJ�ORDGV���,I��DV�LV�XVXDOO\�WKH�FDVH��3&+6�IORZ�H[FHHGV�6&+6�
IORZ��WKH�H[FHVV�3&+6�IORZV�WKURXJK�WKH�SULPDU\���VHFRQGDU\�EULGJH�LQWR�WKH�&+5���
,I��RQ�WKH�RWKHU�KDQG��6&+6�IORZ�H[FHHGV�3&+6 IORZ��WKHQ�&+5�IORZV�WKH�RWKHU�
GLUHFWLRQ� WKURXJK�WKH�EULGJH� WR� WKH�6&+3�LQOHW�� �7KLV�³UHYHUVH�IORZ´�ZRXOG�GLOXWH�
�UDLVH��WKH�6&+6�WHPSHUDWXUH��DQG�LV�JHQHUDOO\�WR�EH�DYRLGHG�

� &0����1RUPDO�&KLOOHU����FKLOOHUV����6DPH�DV�&0���H[FHSW�WKDW�DOO�WKUHH�FKLOOHUV�DUH�
RQH���7KLV�LV�FRQVLGHUHG�D�GLVWLQFW�PRGH�

� &0����0DQXDO���6DPH�DV�&0��RU����GHSHQGLQJ�RQ�1R��RI�FKLOOHU�RSHUDWLQJ���H[FHSW�
WKDW�WKH�6&+3V�DUH�E\SDVVHG���7KH�RSHUDWLQJ�&+3V�SXPS�DOO�WKH�ZD\�RXW�WR�WKH�
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GLVWULEXWLRQ� V\VWHP� DQG� EDFN�� � 7KH� SULPDU\� �� VHFRQGDU\� EULGJH� VWLOO� E\SDVVHV�
H[FHVV�&+6�LQWR�WKH�&+5���

� &0����7DQN�'LVFKDUJH�2QO\���&+5�LV�GLYHUWHG�WR�WKH�WRS�RI�WKH�VWRUDJH�WDQN���$OO�
&+3V�DUH�RII�� �7KH�YDULDEOH�VSHHG�7(3�GUDZV�FROG�ZDWHU�RII� WKH�ERWWRP�RI� WKH�
VWRUDJH�WDQN���7KLV�FKLOOHG�ZDWHU�E\SDVVHV�WKH�6&+3V��DQG�LV�SXPSHG�GLUHFWO\�LQWR�
WKH�GLVWULEXWLRQ�V\VWHP��DQG�RXW�WR�WKH�EXLOGLQJV���%HFDXVH�7(3�LV�YDULDEOH�VSHHG��
QR�IORZ�WKURXJK�WKH�EULGJH�LQ�HLWKHU�GLUHFWLRQ�LV�UHTXLUHG�

� &0����7DQN�'LVFKDUJH�ZLWK�0L[LQJ���:KHQ�WKH�FRROLQJ�ORDG�LV�ORZ��WKHUH�DUH�WLPHV�
WKDW�WKH�EXLOGLQJV�GR�QRW�UHTXLUH�YHU\�FROG�FKLOOHG�ZDWHU���,Q�VXFK�WLPHV��WKLV�PRGH�
FDQ�EH�XVHG�WR�OHQJWKHQ�WKH�WLPH�WKH�VWRUDJH�WDQN�FDQ�RSHUDWH�EHIRUH�GHSOHWLQJ�
WKH�WDQN�� � ,Q� WKLV�PRGH��VRPH�RI� WKH�&+5�LV�GLYHUWHG� WR� WKH� WRS�RI� WKH� WDQN��EXW�
VRPH�LV�E\SDVVHG�WR�WKH�LQOHW�RI�7(3���7KLV�ZDUP�&+5�PL[HV�ZLWK�WKH�FROG�&+6�
IORZ� WKDW� 7(3� LV� GUDZLQJ� IURP� WKH� ERWWRP� RI� WKH� WDQN� ± WKH� UHVXOW� LV� ³ZDUPHU´�
�SHUKDSV����± ���GHJ�)��FKLOOHG�ZDWHU�� �7KLV� OHQJWKHQV�WKH�WLPH�EHIRUH�WKH�FROG�
VWRUHG�FKLOOHG�ZDWHU�LV�GLOXWHG�ZLWK�ZDUPHU�&+5���

� &0����7DQN�'LVFKDUJH DQG���RU���&KLOOHUV���7KH�FRQWURO�YDOYHV�LVRODWH�7(3�IURP�
WKH�FRPPRQ�&+3�VXFWLRQ�KHDGHU���7(3�GUDZV�FROG�ZDWHU�IURP�WKH�VWRUDJH�WDQN��
DQG�SXPSV�LW�LQWR�WKH�FRPPRQ�GLVFKDUJH�KHDGHU���2QH�RU�PRUH�&+3V�SXOO�&+5�
IURP�WKH�FRPPRQ�VXFWLRQ�KHDGHUV�� WKURXJK�WKH�RSHUDWLQJ�FKLOOHU�V���DQG�LQWR�WKH�
FRPPRQ�GLVFKDUJH�KHDGHU���7KH�WDQN�ZDWHU�DQG�FKLOOHU�ZDWHU�PL[��DQG�WKHQ�IORZ�WR�
WKH�6&+3V��RU�WKURXJK�WKH�SULPDU\���VHFRQGDU\�EULGJH��DV�LQ�&0��RU���� WKH�6&+3V�
PRGXODWH�WKH�6&+6�IORZ�WR�WKH�FDPSXV�WR�PHHW�ORDG�

� &0��� �7DQN�'LVFKDUJH DQG���&KLOOHUV�� �6DPH�DV�&0���H[FHSW�DOO� WKUHH�FKLOOHUV�
RSHUDWH�

� &0����&KDUJH�7DQN�ZLWK�&KLOOHU���7(3�GUDZV�ZDUP�ZDWHU�IURP�WKH�WRS�RI�WKH�WDQN���
,W�SXPSV�WKRXJK�RQH�RSHUDWLQJ�FKLOOHU���7KH�IORZ�SDWK�WR�WKH�6&+3V�DQG�WKH�EULGJH�
DUH� VKXW� RII� E\� YDOYHV�� DQG� FKLOOHG�ZDWHU� LV� GLYHUWHG� WR� WKH� ERWWRP�RI� WKH� WDQN���
%HFDXVH� WKH� FROGHU� ZDWHU� LV� WKH� GHQVHVW� LQ� WKH� WDQN�� LW� FRQWLQXDOO\� SXVKHV� WKH�
ZDUPHU�ZDWHU�WR�WKH�WRS��ZKHUH�LW�LV�GUDZQ�RII�WR�EH�FRROHG���7KH�FDSDFLW\�RI�7(3�
LV�VXFK�WKDW�LW�FDQ�F\FOH�DOO�WKH�WDQN�ZDWHU�WKURXJK�WKH�RSHUDWLQJ�FKLOOHU�WZLFH�LQ�DQ�
���KRXU�FKDUJLQJ�SHULRG��VHH�)LJXUH����

� &0����&KDUJH�7DQN�ZLWK�+;�����6DPH�DV�&0���H[FHSW�WKDW�WKH�WDQN�LV�FRROHG�XVLQJ�
³IUHH�FRROLQJ´�YLD�WKH�IODW�SODWH�+;� 7KLV�PRGH�ZDV�LQWHQGHG�WR�EH�XVHG�LQ�GXULQJ�
WKDW�SDUW�RI�WKH�\HDU�ZKHQ�WKH�WHPSHUDWXUH�DW�QLJKW�LV�LQ�WKH���¶V�RU�EHORZ��DQG�WKH�
GD\WLPH� WHPSHUDWXUH� LV� LQ� WKH���¶V�RU� ORZ���¶V� �0D\�DQG� ODWH�6HSW� ��HDUO\�2FW����
'XULQJ� VXFK� WLPHV�� WKH� QLJKW�WLPH� WHPSHUDWXUH� ORZ�HQRXJK� WR�DOORZ� WKH� FRROLQJ�
WRZHUV�DQG�+;��� WR�JHQHUDWH�ZDWHU�FROG�HQRXJK�WR�FKDUJH� WKH� WDQN�� �*LYHQ�WKH�
ORZHU�IORZ�UDWH�WKURXJK�WKH�+;��KRZHYHU��LW�FDQQRW�IXOO\�FKDUJH�WKH�WDQN�DV�D�FKLOOHU�
FDQ���7KXV��WKLV�PRGH�FDQ�RQO\�EH��XVHG�ZKHQ�WKH�VXEVHTXHQW GD\�WLPH�FRROLQJ�
ORDGV�DUH�PLOG�± L�H��ZKHQ�WKH�2$7�LV�LQ�WKH���¶V�RU�HDUO\���¶V���7KLV�LV�LQWHQGHG�DV�
DQ�HQHUJ\�VDYLQJ�PHDVXUH�

� &0�����&KDUJH�7DQN�DQG�6HUYH�/RDG����,Q�LWV�VLPSOHVW�IRUP��WKLV�PRGH�XVHV�RQH�
FKLOOHU���7(3�GUDZV�ZDUP�ZDWHU�IURP�WKH�WRS�RI�WKH�WDQN��DV�LQ�&0�����7KH�V\VWHP�
&+5�LV�GLYHUWHG�WR�WKH�LQOHW�RI�WKH�7(3��DV�LQ�&0�����7KH�WZR�ZDUP�IORZV�PL[��DQG�
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DUH�SXPSHG�WKRXJK�WKH�RSHUDWLQJ�FKLOOHU���8QOLNH�&0���KRZHYHU��WKH�IORZ�SDWK�WR�
WKH�6&+3V�LV�QRW�VKXW�RII�DW�WKH�YDOYHV���7KH�FROG�FKLOOHG�ZDWHU�IURP�WKH�FRPPRQ�
GLVFKDUJH�KHDGHU�VSOLWV�± VRPH�JRHV�WR�WKH�6&+3V�IRU�GLVWULEXWLRQ�WR�WKH�FDPSXV��
DQG�VRPH�IORZ�WR�WKH�ERWWRP�RI�WKH�WDQN��FKDUJLQJ�LW���$�PRGXODWLQJ�FRQWURO�YDOYH�
FRQWUROV�WKH�WDQN�LQOHW�IORZ�UDWH��ZKLOH�WKH�VSHHG�RI�WKH�6&+3V�FRQWUROV�WKH�IORZ�WR�
WKH�FDPSXV���)RU�WKH�UHPDLQGHU�RI�WKLV�UHSRUW��WKLV�ZLOO�EH�FDOOHG�&0���$���

� &0���%�� �&:8�DOVR�XVHV�D�YDULDWLRQ�RQ�WKLV��ZKLFK�ZDV�QRW�SDUW�RI� WKH�RULJLQDO�
FRROLQJ�PRGH�SURJUDPPLQJ���,Q�WKLV�PRGH��WZR�FKLOOHUV�DUH�XVHG��QRW�MXVW�RQH���%RWK�
SXPS�LQWR�WKH�FRPPRQ�FKLOOHG�ZDWHU�GLVFKDUJH�KHDGHU���7KLV�LQFUHDVHV�WKH�DPRXQW�
RI�IORZ�WKDW�JR�WR�WKH�FDPSXV�6&+6�ORRS��ZKLOH�VWLOO�PDLQWDLQLQJ�WKH�WDQN�FKDUJLQJ�
IORZ���

&RROLQJ�0RGHV�± $V�8WLOL]HG���,Q�SUDFWLFH��&:8�GRHV�QRW�XWLOL]H�DOO�WKHVH�FRROLQJ�PRGHV���
%DVLFDOO\��&:8�KDV�UHGXFHG�WKH�RSHUDWLQJ�PRGHV�WR�WKUHH�VLPSOH�VFKHPHV�

�� 7KH\�FKDUJH�WKH�WDQN�DW�QLJKW�XVLQJ�RQH�FKLOOHU��&0��

�� 7KH\�VHUYH�WKH�GD\�WLPH�ORDG�ZLWK�WDQN�GLVFKDUJH�ZDWHU�RQO\��&0���UHODWLYHO\�FRRO�
ZHDWKHU�

�� $V�LW�JHWV�KRWWHU��WKH\�VHUYH�WKH�GD\�WLPH�ORDG�ZLWK�D�FRPELQDWLRQ�RI�WDQN�GLVFKDUJH�
ZDWHU�DQG�XS�WR�WZR�FKLOOHUV��&0���

&:8�DOVR�XVHV�WKH�&0���$PRGH��EXW�WKH\�GR�QRW�FRQVLGHU�LW�D�VHSDUDWH�³PRGH´��VLPSO\�
D�YDULDWLRQ�RI� WKHLU� ³EDVLF� WKUHH´�PRGHV�� �$V�WKH�ZHDWKHU�JHWV�KRWWHU�� WKHVH�PRGHV�DUH�
DSSOLHG�DV�IROORZV�

0LQLPDO�GD\�ORDG���1R�QLJKW�ORDG���7DQN�LV�FKDUJHG�DW�QLJKW�XVLQJ�RQH�FKLOOHU���7DQN�LV�
GLVFKDUJHG�GXULQJ�WKH�GD\�WR�PHHW�ORDG�

0HGLXP�GD\� ORDG� ��0LQLPDO�QLJKW� ORDG�� �7DQN� LV�FKDUJHG�DW�QLJKW�XVLQJ�RQH�FKLOOHU���
6RPH�FKLOOHG�ZDWHU�LV�GLYHUWHG�IURP�WKH�QLJKW�WLPH�WDQN�FKDUJLQJ�DQG�XVHG�IRU�FDPSXV�
FRROLQJ���7KH�SURSRUWLRQ�RI�IORZ�WR�WKH�FDPSXV�PD\�EH�LQFUHDVHG�DURXQG������$0�RU�
ODWHU�WR�PDNH�VXUH�WKH�ORRS�LV�FRRO�SULRU�WR�WKH�EXLOGLQJV�VZLWFKLQJ�WR�2FFXSLHG�0RGH���
2QFH�WDQN�FKDUJLQJ�LV�FRPSOHWH��WKH�FDPSXV�PD\�EH�FRROHG�E\�WKH�WDQN�RQO\�GXULQJ�
WKH�HDUO\�PRUQLQJ��EXW�DV�GD\�KHDWV�XS��D�FKLOOHU�LV�EURXJKW�RQ�OLQH�WR�VXSSOHPHQW�WKH�
WDQN�

/DUJH�GD\�ORDG���0HGLXP�QLJKW�ORDG���$�VLQJOH�FKLOOHU�LV�XVHG�WR�FKDUJH�WKH�WDQN��ZLWK�
VRPH�GLYHUVLRQ�RI�FKLOOHG�ZDWHU�WR�WKH�QLJKW�WLPH�ORDG���+RZHYHU��LQ�RUGHU�WR�PHHW�WKH�
QLJKW�ORDG�DQG�PDNH�VXUH�WKH�WDQN�JHWV�IXOO\�FKDUJHG��D�VHFRQG�FKLOOHU��XVXDOO\�WKH�����
WRQ�XQLW�� LV�EURXJKW�RQ� OLQH�GXULQJ� WKH�FKDUJLQJ�SURFHVV� �JHQHUDOO\� LQ� WKH�PRUQLQJ����
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'D\�WLPH�ORDG�LV�PHW�ZLWK�WKH�WDQN�GLVFKDUJH�DQG�WZR�FKLOOHUV��JHQHUDOO\�D�������WRQ�
DQG�WKH�����WRQ�XQLW���

9HU\�/DUJH�GD\� ORDG� ��0HGLXP�QLJKW� ORDG�� �&KDUJLQJ� LV�DJDLQ�GRQH�ZLWK�RQH�FKLOOHU�
GHGLFDWHG�WR�WKH�FKDUJLQJ��DQG�VHFRQG�FKLOOHU�EURXJKW�RQ�WKH�KHOS�PHHW�FDPSXV�ORDG���
,Q�WKH�KRWWHVW�ZHDWKHU��a����� ����GHJ�)�SOXV���KRZHYHU��&:8�PXVW�XVH�WKH�WDQN�DQG�
WZR�������WRQ�FKLOOHUV�WR�PHHW�FDPSXV�GD\�WLPH�ORDGV���7KLV�QHHG�IRU�WZR�������WRQ�
FKLOOHUV�KDV�RQO\�FRPH�DERXW�LQ�WKH�ODVW�\HDU�RU�WZR��DV�QHZ�FKLOOHG�ZDWHU�ORDGV�KDYH�
EHHQ�DGGHG�

%� 3/$17�&$3$&,7< $1'�&22/,1*�/2$'6

7KHUH�DUH�FXUUHQWO\�WKUHH�ZDWHU�FRROHG�FHQWULIXJDO�FKLOOHUV��DV�VKRZQ�LQ�)LJXUH��� EHORZ���
$V�QRWHG�DERYH��RQ�PRVW�RFFDVLRQV��RQO\�D�VLQJOH�FKLOOHU�LV�QHHGHG��DQG�LW� LV�JHQHUDOO\�
&+��$�RU�&+�����:KHQ�WZR�FKLOOHUV�DUH�UHTXLUHG��LW�LV�RIWHQ�&+���WKDW�LV�XVHG DV�WKH�/DJ�
&KLOOHU������

)LJXUH�����FKLOOHU�GDWD�

:LWKLQ� WKH� ODVW�\HDU�RU� WZR�� WKH�SHDN�FRROLQJ� ORDG�KDV� UHDFKHG�D�SRLQW�ZKHUH� WKH� WZR�
ODUJHVW�FKLOOHUV�DUH�VRPHWLPHV�UHTXLUHG��WKXV�WKH�SODQW�PHFKDQLFDO�FRROLQJ�FDSDFLW\�KDV�
VOLJKWO\�OHVV�WKDQ�Q���UHGXQGDQF\��VLQFH�WKH�ORVV�RI�D�������XQLW�ZRXOG�OHDYH�&:8 XQDEOH�
WR�PHHW�WKH�ZRUVW�FDVH�ORDGV����$OWKRXJK�WKH�FKLOOHG�ZDWHU�VWRUDJH�WDQN�FRXOG�EH�YLHZHG�
DV�D�³IRXUWK�FKLOOHU´��DW�OHDVW�ZKHQ�FKDUJHG���LW�GRHV�QRW�DGG�WR�WKH�UHGXQGDQF\���7KLV�LV�
EHFDXVH�RQ�WKH�KRWWHVW�GD\V��WKH�ORDG�UHTXLUHV�WKUHH�³FKLOOHUV´�± WZR�FKLOOHUV�DQG�WKH�WDQN�
GLVFKDUJH���&KLOOHU�UHOLDELOLW\�LV�WKXV�DQ�LPSRUWDQW�LVVXH�

8VLQJ�WKH�GDWD�IURP�)LJXUH��� EHORZ��LI�ZH�XVH�����WRQV�DV�WKH�³FDSDFLW\´�RI�WKH�WKHUPDO�
VWRUDJH�WDQN��WRWDO�SODQW�FDSDFLW\�LV�������WRQV�

3HDN�&RROLQJ�/RDG�± &XUUHQW���$QHFGRWDOO\��&:8�EHOLHYHV�WKHLU�SHDN ORDG�WR�EH�DERXW�
������± ������WRQV���3DUW�RI�WKH�XQFHUWDLQW\�DULVHV�IURP�WKH�IDFW�WKDW�WKH�WKHUPDO�VWRUDJH�
WDQN�³VWRUHV´�WRQKUV�RI�FRROLQJ��QRW�WRQV���7KH�DFWXDO�GHOLYHUHG�FRROLQJ�LQ�WRQV�GHSHQGV�
RQ�WKH�UDWH�DW�ZKLFK�WKH�WDQN�FKLOOHG�ZDWHU�LV�SXPSHG�RXW����

�&KLOOHUV
QRP �HYDSRUDWRU �FRQGHQVHU
FDS \HDU WHPSV IORZ WHPSV IORZ UHIULJ� YROWV

WDJ WRQV PIJ LQVWDOOHG GHJ�) JSP GHJ�) JSP HUDQW #���SK
&+��$ ����� &DUULHU ���� ��!�� ����� ��!�� ����� ���$ �����
&+�� ��� 0F4XD\ ���� ��!�� ����� ��!�� ����� ���$ �����
&+�� ����� 0F4XD\ ���� ��!�� ����� ��!�� ����� ���$ �����
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7KH�WDQN�ZDV�GHVLJQHG�IRU�D����GHJ�)�GHOWD�7��WKH�FKDQJH�LQ�WHPSHUDWXUH�EHWZHHQ�WKH�
ZDUP�&+5�DW�WKH�WRS�DQG�WKH�FROG�&+6�EHORZ�WKDW�WRS�OD\HU���DQG�KDV�UHSRUWHGO\�DFKLHYHG�
D����GHJ�)�GHOWD�7���+RZHYHU��&:8�SHUVRQQHO�UHSRUW�WKDW�FXUUHQW�SUDFWLFH�LV�WR FKDUJH�
WKH�WDQN�DW����GHJ�)���,I�WKH�&+6�VHWSRLQW�LV����GHJ�)�LQ�KRW�ZHDWKHU��DQG�WKH�ORRS�DFKLHYHV�
WKH�WDUJHW�ORRS�GHOWD�7�RI����GHJ�)��WKH�WDQN�ZRXOG�RSHUDWH�DW�DERXW�DQ����GHJ�)�GHOWD�7���
$V�QRWHG�DERYH��&:8�FRQVLGHUV�WKH�³IXOO\�FKDUJHG´�FROG�VWRUDJH�YROXPH�WR�EH�DERXW����
SHUFHQW�RI�WKH�WRWDO�YROXPH��ZLWK�WKH�ZDUP�VWUDWLILHG�OD\HU�WDNLQJ�XS�WKH�RWKHU����SHUFHQW����

$W����GHJ�)��WKH�GHQVLW\�RI�ZDWHU�LV���������OE�IWA����7KH�SHDN�VWRUDJH�FDSDFLW\�ZRXOG�EH�
FDOFXODWHG�DV�

����������JDO�������XVHDEOH������ LQA��JDO���������LQA��IWA�����������OE�IWA�������
%78�OE�GHJ�)�����GHJ�)����������%78�K�WRQ� �������WRQKUV�

,I�WKH�WDQN�ZHUH�GLVFKDUJHG�DW�D�XQLIRUP�UDWH�RYHU�WKH�ZKROH�³FRROLQJ�GD\´��a������$0�WR�
������30��RU����KRXUV���WKH�WDQN�ZRXOG�EH�HTXLYDOHQW�WR�D������������ �������WRQ�FKLOOHU���
2I�FRXUVH��ZKHQ�WKH�WDQN�LV�WKH�VROH�FRROLQJ�XQLW��WKH�RXWSXW�YDULHV�DV�WKH�ORDG�GRHV��VR�
WKH�WDQN�GRHV�QRW�GLVFKDUJH�XQLIRUPO\���:KHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�FKLOOHUV��KRZHYHU��
WKH�GLVFKDUJH�UDWH�LV�IDLUO\�VWDEOH����)LJXUH �� VKRZV�D�PDWUL[�RI�³HTXLYDOHQW�WDQN�FDSDFLW\´�
DV�D�IXQFWLRQ�RI�GLVFKDUJH�SHULRG���,Q�DGGLWLRQ�WR�D�QXPEHU�RI�³ZKROH�QXPEHU´�SHULRGV�����
KRXUV�����KRXUV��HWF���WKH�PDWUL[�FDOFXODWHV�WKH�GLVFKDUJH�SHULRGV�WKDW�FRUUHVSRQG�WR�����
DQG�������WRQV�± WKH�FDSDFLWLHV�RI�WKH�H[LVWLQJ�FKLOOHUV�

)LJXUH�����VWRUDJH�WDQN�HTXLYDOHQW�FDSDFLW\�

�&KLOOHG�:DWHU�6WRUDJH
�7DQN�&DSDFLW\
GLVFKDUJH HTXLY
SHULRG FDSDFLW\
KRXUV WRQV

�� �����
�� �����
�� �����
�� �����
�� �����
� �����

���� �����
� �������

���� �������
� �������
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&:8�UHSRUWV�WKDW�RQ�D�W\SLFDO�³YHU\�KRW´�GD\��WKH�WDQN�ZRXOG�VWDUW�GLVFKDUJLQJ�DW�DERXW�
�����$0�DQG�E\�³�����RU������30´�� LW�ZRXOG�EH�GHSOHWHG�± D�WRWDO�RI����WR����KRXUV�RI
GLVFKDUJH���)LJXUH�VKRZV�WKDW�WKLV�LV�HTXLYDOHQW�WR�DQ�DYHUDJH�RXWSXW�RI�EHWZHHQ�����DQG�
����WRQV�

7KH XSSHU�ERXQG�RQ�WKH�FXUUHQW�SHDN�ORDG�����FKLOOHUV�DW�������WRQV�������WRQV�RI�WDQN�
RXWSXW� �������WRQV���+RZHYHU��ZH�NQRZ�WKDW�XQWLO�MXVW�UHFHQWO\�D�������WRQ�DQG�D�����WRQ�
FKLOOHU��SOXV�WKH�WDQN��ZDV�VXIILFLHQW�DQG�WKDW�WZR�������WRQ�FKLOOHUV�DUH�QHHGHG�RQO\�RQ�WKH�
YHU\�KRWWHVW�RI�GD\V���$�PRUH�OLNHO\�SHDN�ORDG�PLJKW�EH�

��FKLOOHUV�DW�������WRQV�������WRQV�RI�WDQN�RXWSXW��a�WKH�DYHUDJH�YDOXH�� �������WRQV���
7KLV� LV�D�JRRG�PDWFK�WR�WKH�DQHFGRWDO�YDOXH��VR�IRU�WKLV�VWXG\��ZH�ZLOO�FRQVLGHU�WKH�
FXUUHQW�SHDN�FKLOOHG�ZDWHU�ORDG�WR�EH�������WRQV�DW�����GHJ�)�2$7

7KH�FXUUHQW�HVWLPDWHG�ORDG�SURILOH� LV�VKRZHG�LQ�)LJXUH��� EHORZ��� ,Q�DGGLWLRQ�� WKH� ORDG�
SURILOH�FDOFXODWHG� LQ�D������VWXG\� LV� LQFOXGHG�� � �7KLV�VWXG\�PDGH�XVH�RI�GDWD� IURP� WKH�
FRQWURO�V\VWHP�WR�SORW�WKH�ORDG���2QH�PDMRU�GLIIHUHQFH�EHWZHHQ�WKH�WZR��DVLGH�IURP�WKH�
IDFW�WKDW�WKH�ORDG�KDV�LQFUHDVHG�VLQFH�������LV�WKDW�WKH�FXUUHQW�SURILOH�VKRZV�WKH�6KDZ��
6P\VHU��6�6�� ORDG�� �'XH�WR� LQWHUQDO� ORDGV�� WKLV�EXLOGLQJ�UHTXLUHV�PHFKDQLFDO�FRROLQJ� LQ�
DPELHQW�FRQGLWLRQV�DOO�WKH�ZD\�GRZQ�WR����GHJ�)�2$7���

)LJXUH�����FKLOOHG�ZDWHU�ORDG�SURILOH�

�&KLOOHG�:DWHU�/RDG�3URILOH���&XUUHQW�/RDG�Y�2$7
WRQV

HVWLPDWHG�FXUUHQW�ORDG

�����ORDG

6KDZ���6P\VHU�ORDG

\� ���������[��������������

5�� ��������
\� ���������[��������������

�

���

�����

�����

�����
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1RWH�WKDW�WKH������GDWD�VKRZV�D�YHU\�FORVH�FRUUHODWLRQ��5A�� ��������EHWZHHQ WKH�2$7�
DQG� WKH� FKLOOHG� ZDWHU� ORDG� ± WKLV� OLQHDU� UHODWLRQVKLS� LV� DVVXPHG� WR� KROG� IRU� DOO� RI� WKH�
SURMHFWHG�ORDG�SURILOHV�

&KLOOHG�3ODQW�3HDN�/RDG�± )XWXUH���)XWXUH�FKLOOHG�ZDWHU�ORDGV��EXLOGLQJV�WR�EH�DGGHG�WR�
WKH� ORRS��DUH�GLYLGHG�LQWR�WKUHH�FDWHJRULHV��� LPPHGLDWH�WHUP��,7�� ORDGV��QHDU�WHUP��17��
ORDGV��DQG�XQNQRZQ�WHUP��87��ORDGV���)LJXUH��� EHORZ�VKRZV�WKH�HVWLPDWH�SHDN�ORDGV�RI�
DOO�WKUHH�W\SHV�RI�ORDG��E\�EXLOGLQJ�

)LJXUH�����IXWXUH�FKLOOHG�ZDWHU�ORDGV�

7KH�YDOXHV�LQ�)LJXUH��� SRVH�D�VLJQLILFDQW�FKDOOHQJH�WR�&:8��ZLWKLQ����\HDUV��WKH�SHDN�
FRROLQJ�ORDG�FRXOG�LQFUHDVH�E\����SHUFHQW�RU�PRUH�± HDVLO\�H[FHHGLQJ�WKH�H[LVWLQJ�SODQW�
FDSDFLW\���$VVXPLQJ�WKHVH�HVWLPDWHV�DUH�YDOLG��WKH�SHDN�ORDG�FRXOG�LQFUHDVH�WR�a�������
WRQV�E\��������7KLV�H[FHHGV�WKH�FRPELQHG�FDSDFLW\�RI�DOO�WKH�FKLOOHUV�SOXV�WKH�WDQN��������
WRQV��VHH�DERYH��E\�����WRQV���

(YHQ�WKH�,7�ORDGV�SRVH�D�SUREOHP�± LI� WKH�FXUUHQW�SHDN�LV�LQ�IDFW��������WKH�DGGLWLRQ�RI�
+RJXH� DQG� WKH� QHZ�%DUWR� ZRXOG� LQFUHDVH� WKH� SHDN� ORDG� WR� ����� WRQV�� � 1RW� D� ODUJH�
LQFUHDVH��EXW�WKH�LVVXH�LV�WKDW�LW�SXVKHV�WKH�SHDN�ULJKW�WR�WKH�HGJH�RI�RU�VOLJKWO\�EH\RQG�
WKH�FDSDFLW\�RI�WKH�WZR�������WRQV�FKLOOHUV�SOXV�WKH�WDQN��HVWLPDWHG�DW�������WRQV����%\�WKH�
HQG�RI�WKH������FRROLQJ�VHDVRQ��&:8�PD\�UHTXLUH�WKH�WDQN�SOXV�DOO�WKUHH�FKLOOHUV�WR�PHHW�
WKH�ORDG�RQ�D�����SOXV�2$7�GD\���

�)XWXUH�&KLOOHG�:DWHU�/RDGV
�HVWLPDWHG�ORDG��WRQV
����LPP ����QHDU ����XQN

�%XLOGLQJ WHUP WHUP WHUP
+RJXH�5HQRYDWLRQ ��

1HZ�%DUWR�+DOO ���

6FLHQFH�,, ���
1(+6 ���

6DPXHOVRQ�5HQRYDWLRQ ���

5DQGDOO ���
0LFKDHOVRQ ���

WRWDO�� ����� ��� ��� ���
�����LPPHGLDWH�WHUP���QH[W�FRROLQJ�VHDVRQ
�����QHDU�WHUP���LQ�WKH�QH[W�WHQ�\HDUV
�����XQNQRZQ�WHUP���WKH�EXLOGLQJ�DQG�SLSLQJ�H[LVWV���&:8
�������FRXOG�KRRN�WKH�EXLOGLQJ�XS�WR�WKH�ORRS�DW�DQ\�WLPH
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+RZHYHU��WKHUH�DUH�RQO\�WKUHH�SULPDU\�FKLOOHG�ZDWHU�SXPSV��VHH�EHORZ���DQG�IRXU�³FKLOOHUV´�
�LI�RQH�FRXQWV�WKH�WDQN�DV�D�FKLOOHU���VR�LW�LV�QRW�FXUUHQWO\�SRVVLEOH�IRU�&:8�WR�UXQ�WKUHH�
FKLOOHUV�DQG�GLVFKDUJH�WKH�WDQN�DW�WKH�VDPH�WLPH���6LQFH�&+���KDV�PRUH�LQVWDQWDQHRXV�
FDSDFLW\�WKDQ�WKH�WDQN��RQFH�WKH�ORDG�H[FHHGV�DERXW�������WRQV��&:8�ZRXOG�KDYH�WR�VKXW�
GRZQ�WKH�WDQN��DQG�UXQ�WKUHH�FKLOOHUV���7KLV�H[WHQGV�WKHLU�FDSDFLW\�RXW�WR�������WRQV��EXW�LW�
GHIHDWV�WKH�SXUSRVH�RI�WKH�WDQN�E\�UXQQLQJ�WKH�FKLOOHU�IXOO�RXW�GXULQJ�WKH�GD\���,Q�DGGLWLRQ��
JLYHQ�WKDW� WKH\�KDYH�FRQGHQVHU�ZDWHU�IORZ�SUREOHPV��VHH�EHORZ��ZKHQ�ERWK�������WRQ�
FKLOOHUV�UXQ��WKH\�PD\�QRW�EH�DEOH�WR�UXQ�WKUHH�FKLOOHUV�LQ�DQ\�HYHQW�

(YHQ�LI�&:8�FDQ�VXFFHVVIXOO\�UXQ�WKUHH�FKLOOHUV��WKH\�PD\�QRW�EH�DEOH�WR�JHW�WKH�FKLOOHG�
ZDWHU�WR�WKH�FDPSXV���6HFRQGDU\�FKLOOHG�ZDWHU�SXPSV�KDYH�D PD[LPXP�VFKHGXOHG�6&+:�
IORZ�RI ������*30���$W�����*30 SHU�WRQ �ZKLFK�HTXDWHV�WR�D����)�ORRS�GHOWD�7���WKLV�LV�
HQRXJK�ZDWHU�WR�WUDQVSRUW�������WRQV�RI�FRROLQJ�± WKLV�LV�OHVV�WKDQ�WKH�FXUUHQW�SHDN�ORDG��
HYHQ�EHIRUH�WKH�,7�ORDGV�DUH�DGGHG���7KH�SXPSV�DSSHDU�WR�EH�DEOH�WR�PHHW�WKH�FXUUHQW�
SHDN��EXW� LW� LV�REYLRXV� WKDW�&:8�ZLOO� UXQ�RXW�RI�SXPSLQJ�FDSDFLW\�EHIRUH� LW� UXQV�RXW�RI�
FRROLQJ�FDSDFLW\�

,W�LV�WKHRUHWLFDOO\�SRVVLEOH�IRU�&:8�WR�XVH�WKH�SULPDU\ FKLOOHG�ZDWHU SXPSV�WR�SXPS�ZDWHU�
LQWR� WKH�FDPSXV� ORRS�� �7KH�FKLOOHU� IORZV�DUH�FRQVWDQW��DQG� WKH� ORRS� IORZV�DUH�YDULDEOH��
WKHUH�DUH�WZR�SRWHQWLDO�ZD\V�WR�UHVROYH�WKH�GLIIHUHQFHV�LQ�IORZ���)LUVW��&:8�FRXOG�VLPSO\�
OHW�WKH�SULPDU\�SXPSV�³ULGH�WKH�SXPS�FXUYH´�± WR�UHGXFH�IORZ�DV�V\VWHP�KHDG�SUHVVXUH�
ULVHV��DQG�YLFH�YHUVD���,Q�WKLV�VFHQDULR��WKH�FKLOOHU�IORZV�ZRXOG�EHFRPH�YDULDEOH���7KLV�LV�
FRPPRQ�WRGD\��EXW�LW�LV�XQNQRZQ�KRZ�D������FKLOOHU�ZRXOG�UHVSRQG�WR�YDULDEOH�IORZ���,Q�
WKH�VHFRQG�VFHQDULR��WKH�YDOYH�LQ�WKH�SULPDU\�VHFRQGDU\�EULGJH�FRXOG�PRGXODWH�WR�E\SDVV�
H[FHVV� SULPDU\� FKLOOHG� ZDWHU� EDFN� WR� WKH� V\VWHP� UHWXUQ� ZDWHU�� � 7KH� H[LVWLQJ� YDOYH� LV�
SUREDEO\�QRW�VXLWDEOH�IRU�WKLV��DQG�ZRXOG�OLNHO\�QHHG�WR�EH�UHSODFHG���

+DYLQJ�VDLG�WKDW�LW�LV�SRVVLEOH��&:8�KDV�QHYHU�WULHG�XVLQJ�WKH�SULPDU\�SXPSV�WR�SXPS�WKH�
ORRS��VR�LW�LV�D�YHU\�ODUJH�XQNQRZQ���:KDW�LV�NQRZQ�LV�WKDW�WKH�SULPDU\�SXPSV�KDYH�HQRXJK�
IORZ�FDSDFLW\�WR�SXPS�DOO�WKUHH�FKLOOHUV��DQG�WKH\�KDYH�VLJQLILFDQWO\�PRUH�KHDG�FDSDFLW\�
WKDQ�WKH�VHFRQGDU\�SXPSV�± ����)7 YV����)7���7KH�FRPELQHG�IORZ�FDSDFLW\�RI�WKH�SULPDU\�
SXPSV�SOXV�7(3�LV�������*30��PRUH�WKDQ�HQRXJK�WR�WUDQVSRUW�������WRQV���%\�WKH�HQG�RI�
������ WKHUHIRUH��&:8�PD\� EH� IRUFHG� WR� DWWHPSW� SULPDU\� SXPSLQJ� LQ� RUGHU� WR� JHW� WKH�
UHTXLUHG�FRROLQJ�RXW�WKH�EXLOGLQJV�RQ�WKH�FDPSXV�ORRS���7KLV�VKRXOG�EH�FRQVLGHUHG�D�VKRUW�
WHUP�IL[�RQO\�
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0DQ\� IDFLOLWLHV�SODFH�PRUH� LPSRUWDQFH�RQ� UHGXQGDQF\� LQ� WKH�KHDWLQJ�SODQW� WKDQ� LQ� WKH�
FRROLQJ� SODQW�� E\� WKH� HQG�RI������&:8�ZLOO� HIIHFWLYHO\� KDYH� ]HUR� FRROLQJ� UHGXQGDQF\�
EDVHG�RQ�WKHLU�H[LVWLQJ�FRROLQJ�XQLWV����

%H\RQG�WKH�,7� ORDGV��WKH�17�DQG�87�ORDGV�PHDQ�WKDW�ZLWKLQ�WHQ�\HDUV��QRW�RQO\�ZRXOG�
&:8�QRW�KDYH�D�UHGXQGDQW�FKLOOHU��WKH\�FRXOG�QRW�PHHW�ORDG�DW�DOO�RQ�WKH�KRWWHVW�GD\V����
7KH�HIIHFW�RI�WKHVH�IXWXUH�ORDGV�RQ�WKH�ORDG�SURILOH�LV�VKRZQ�LQ�)LJXUH��� EHORZ��

)JXUH�����IXWXUH�FKLOOHG�ZDWHU�ORDGV�

,Q�DGGLWLRQ�WR�WKH�ORDG�SURILOHV��)LJXUH��� VKRZV�WKH�FKLOOHG�SODQW�FDSDFLW\�XVLQJ�WZR�DQG�
WKUHH�FKLOOHUV�LQ�FRQMXQFWLRQ�ZLWK�WKH�WDQN�

)LQDOO\�� LQ� WHUPV�RI�SHDN� ORDG�� LW� VKRXOG�EH�QRWHG� WKDW� VRPH�EXLOGLQJV�KDYH�GHGLFDWHG�
FKLOOHUV�IRU�SURFHVV�ORDGV�± WKH�&RPSXWHU�&HQWHU��'HDQ�+DOO��6FLHQFH��$UFKLYHV��HWF���,Q�
VRPH�FDVHV��WKH�³SULPDU\´�FRROLQJ�LV�WKH�ORRS��DQG�WKH�EDFN�XS�LV�WKH�GHGLFDWHG�FKLOOHU��LQ�
VRPH�FDVH�LW�LV�WKH�UHYHUVH���7KLV�EULQJV�XS�WZR�LVVXHV�����VKRXOG�D�GHGLFDWHG�FKLOOHU�IDLO��
WKDW�FRXOG�LQFUHDVH�WKH�FKLOOHU�SODQW�ORDG�EH\RQG�HYHQ�WKH�ILJXUHV�VKRZQ�DERYH��DQG����
H[FHSW�ZKHQ�WKH�ORDG�LV�YHU\�KLJK��LW�ZRXOG�VHHP�WR�PDNH�VHQVH�WKDW�WKH�FDPSXV�ORRS�EH�
WKH�³SULPDU\´�FKLOOHU�± VLQFH�WKH�ORRS�UXQV�\HDU�URXQG���7KH�H[FHSWLRQ�ZRXOG�EH�FDVHV�LQ�

�&KLOOHG�:DWHU�/RDG�3URILOH���)XWXUH�/RDGV�Y�2$7
WRQV

����FKLOOHUV�SOXV�WDQN

����FKLOOHUV�SOXV�WDQN

�����ORDG
FXUUHQW�ORDG
,7���FXUUHQW
17���,7���FXUUHQW
87���17���,7���FXUHQW

�

���
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ZKLFK� WKH� FKLOOHG� ZDWHU� WHPSHUDWXUH� UHTXLUHG� E\� WKH� SURFHVV� LV� OHVV� WKDQ� WKH� ORRS�
WHPSHUDWXUH�± RQH�EXLOGLQJ�VKRXOG�QRW�³GULYH´�WKH�HQWLUH�V\VWHP�VHWSRLQW�

,Q� WHUPV�RI� UHGXQGDQF\�� LW� LV� LPSRUWDQW� WR� UHPHPEHU� WKDW� WKH� ³EDODQFH�RI�SODQW´� �%23��
HTXLSPHQW� FDQ� KDYH� DQ� HIIHFW RQ� 3ODQW� FDSDFLW\� DV� ZHOO� DV� WKH� FKLOOHUV�� � 7KH� %23�
HTXLSPHQW�LV�WKRVH�SLHFHV��VXFK�DV�SXPSV��FRROLQJ�WRZHUV��HWF��WKDW�VXSSRUW�WKH�FKLOOHUV���
(DFK�W\SH�RI�%23�HTXLSPHQW�LV�GLVFXVVHG�LQ�LWV�RZQ�VXEVHFWLRQ�EHORZ��EXW�%23�LQ�JHQHUDO�
LV�LQFOXGHG�KHUH�GXH�WR�LWV�HIIHFW�RQ�UHGXQGDQF\����

7KHUH�DUH�RQO\�WKUHH�&7V��DQG�WKUHH�FKLOOHUV��VR�WKH� ORVV�RI�DQ\�WRZHU PHDQV�WKDW�RQH�
FKLOOHU�ZRXOG�DOVR�QHHG�WR�EH�VKXWGRZQ���/LNHZLVH��WKH�ORVV�RI�DQ\�FRQGHQVHU�ZDWHU�SXPS�
�&:3��RU�SULPDU\�FKLOOHG�ZDWHU�SXPS�RU�7(3�ZRXOG�PHDQ�WKDW�RQH�FKLOOHU�ZRXOG�QRW�EH�
DYDLODEOH���%HFDXVH�WKH�SXPSV�ZHUH�VL]HG�IRU�WKH�DVVRFLDWHG�FKLOOHU� &+3����FRQIXVLQJO\��
&+3���LV�SDLUHG�ZLWK�&+����DQG�&:3���FDQQRW�VXSSRUW�&+��$�RU�&+���± WKH�IORZ�UDWH�LV�
WRR� ORZ�� �6R�GHVSLWH� WKH�FRPPRQ�SXPSLQJ�KHDGHUV�� LW�GRHV�PDWWHU�ZKLFK�SXPS�RU�&7�
IDLOV���0RUH�GHWDLO�LV�SURYLGHG�EHORZ�

&KLOOHU�,VVXHV���

$6+5$(�OLVWV WKH�VHUYLFH�OLIH�RI�D�FHQWULIXJDO�FKLOOHU�DV����\HDUV��RQ�DYHUDJH���&KLOOHUV�LQ�
WKH�1:�SDUW�RI�WKH�FRXQWU\�GR�QRW�DOZD\V�JHW�ZRUNHG�DV�KDUG�DV�WKRVH�LQ�RWKHU�DUHDV��VR�
��� \HDUV� LV� SUREDEO\� D� IDLU� OLIH� H[SHFWDQF\�� � 7KDW� ZRXOG� PHDQ� WKDW� &+��� VKRXOG� EH�
VFKHGXOH�IRU�UHSODFHPHQW�QR�ODWHU�WKDQ�DERXW�������DQG�&+���IRXU�\HDUV�DIWHU���7KDW�LV�
DERXW�WKH�WLPH�VFDOH�RQ�ZKLFK�&+���ZRXOG�QHHG�WR�EH�UHSODFHG�IRU�FDSDFLW\�UHDVRQV���8QWLO�
WKDW�WLPH��KRZHYHU��&:8�PXVW�NHHS�WKH�FKLOOHUV�UXQQLQJ��DQG�WKHUH KDYH�EHHQ�D�QXPEHU
RI�RSHUDWLRQDO�LVVXHV�ZLWK�WKH�FKLOOHUV�

&+��$�LV�WKH�QHZHVW�FKLOOHU���+RZHYHU��XVH�KDV�EHHQ�OLPLWHG�XQWLO�YHU\�UHFHQWO\�E\�IORZ�
SUREOHPV�DQG�DQ�DSSDUHQWO\�IDXOW\�VXUJH�VHQVRU���6XUJH�RFFXUV�ZKHQ�WKH�GLVFKDUJH�
SUHVVXUH�RI�WKH�FRPSUHVVRU�LV�OHVV�WKDQ�WKH�FRPSUHVVRU�LQOHW�SUHVVXUH�± WKH�UHIULJHUDQW�
WKHQ�DWWHPSWV�WR�IORZ�EDFNZDUGV�WKURXJK�WKH�FRPSUHVVRU��FDXVLQJ�D�VHULHV�RI�SUHVVXUH�
ZDYHV��RU�VXUJH��WKURXJK�WKH�XQLW���7KLV�FDQ�TXLFNO\�GHVWUR\�WKH�LPSHOOHU���7KXV�D�VXUJH�
VHQVRU�WULSV�WKH�XQLW�RII�OLQH�EHIRUH�VXUJH�FDQ�RFFXU���&+��$�KDV�D�KLVWRU\�RI�WULSSLQJ�
RII�OLQH� GXH� WR� LQFLSLHQW� VXUJH�� � 7KHUH� DUH� D� QXPEHU� RI� LVVXHV� WKDW� FDQ� FDXVH� WKLV�
SUHVVXUH� ³UHYHUVDO´�� LQFOXGLQJ� ORZ�FRQGHQVHU�ZDWHU� WHPSHUDWXUH�RU� IORZ�� �&:8�GLG�
VHHPLQJO\�KDYH�D�ORZ�FRQGHQVHU�ZDWHU�IORZ�SUREOHP��DQG�VR�VXUJH�PD\�LQ�IDFW�KDYH�
EHHQ�DQ�LVVXH���+RZHYHU��RQFH�WKH�IORZ�SUREOHP�ZDV�VROYHG��WKH�FKLOOHU�VWLOO�WULSSHG�
RXW�RQ�LQFLSLHQW�VXUJH���7KH�PDQXIDFWXUHU�IHOW�WKDW� LW�ZDV�VWLOO�D�IORZ�SUREOHP��ZKLFK�
GHOD\HG�WKH�XVH�RI�&+��$�IXUWKHU���,W�VHHPV�WR KDYH�ILQDOO\�EHHQ�GHWHUPLQHG�WKDW�WKH�
XQLW�ZDV�QRW�LQ�SUH�VXUJH��WKH�VHQVRU�ZDV�IDXOW\��FDXVLQJ�IDOVH�WULSV���7KH�RSHUDWRUV�
KDYH�UHFHQWO\�EHJXQ�XVLQJ�&+��$�DV�WKH�/HDG�&KLOOHU�
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&+���LV�WKH�ROGHVW�FKLOOHU��DQG�WKH�VPDOOHVW�LQ�FDSDFLW\��KRZHYHU��LW�LV�WKH�RQO\�FKLOOHU�
WKDW�KDV�QRW�KDG�DQ\�PDMRU�LVVXHV�WKDW�ZRXOG�DIIHFW�UHOLDELOLW\���

8QWLO�YHU\� UHFHQWO\��&+���KDV�EHHQ� WKH�PRVW� UHOLDEOH�FKLOOHU��DQG�ZDV�JHQHUDOO\� WKH�
/HDG�&KLOOHU���+LVWRULFDOO\��KRZHYHU��LW�KDV�VXIIHUHG�VHYHUDO�LQFLGHQWV�RI�GDPDJH�DQG�
VXEVHTXHQW�UHEXLOG���,Q�������GXH�WR�LQWHUQDO�IDXOWV��WKH�FRPSUHVVRU�LPSHOOHU�VKLIWHG�VR�
IDU�D[LDOO\�WKDW�LW�URGH�XS�DJDLQVW�WKH�WKUXVW�EHDULQJV�± DW�WKDW�SRLQW��WKH�LPSHOOHU�ZDV�
GHVWUR\HG��DQG�VKDUGV�RI�PHWDO�ZHUH�VWUHZQ�WKURXJK�WKH�XQLW���$OO�RI�WKHVH�VKDUGV�KDG�
WR� EH� UHPRYHG� IRU� IHDU� RI� IXWXUH� GDPDJH�� �6XEVHTXHQWO\�� WKH� FKLOOHU� KDV� KDG� WXEH�
IDLOXUHV�± RQ�D�KLJK�SUHVVXUH�PDFKLQH��VXFK�DV�DQ�5���$�PDFKLQH���WKLV�PHDQV�WKH�
UHIULJHUDQW�OHDNV�LQWR�WKH�ZDWHU��EXW�XOWLPDWHO\��ERWK�IOXLGV�HQG�XS�FRQWDPLQDWHG���&+�
� KDG� WR� KDYH� D� FRPSOHWH� UHIULJHUDQW� UHSODFHPHQW� DIWHU� WKH� WXEHV� ZHUH� IL[HG���
1HYHUWKHOHVV��DIWHU�VHYHUDO�UHEXLOGV�DQG�UHSDLUV��&+���ZDV�XQWLO�UHFHQWO\�WKH�FKLOOHU�RI�
FKRLFH� 1RZ�WKDW�&+��$�LV�RSHUDWLQJ�UHOLDEO\��LW�LV�QRUPDOO\�WKH�OHDG�FKLOOHU�

)ODW�3ODWH�+HDW�([FKDQJHU�

7KH�IODW�SODWH�KHDW�H[FKDQJHU��+;��ZDV�LQVWDOOHG�LQ�������DQG�ZDV�LQWHQGHG�DV�DQ�HQHUJ\�
VDYLQJ�PHDVXUH���*LYHQ�WKH�FRRO��GU\�QLJKWV�LQ�WKH�.LWWLWDV�9DOOH\��WKH�RULJLQDO�LQWHQW��EDVHG�
RQ�WKH�FRQWURO�VFKHPDWLFV��ZDV�WKDW�JLYHQ�WKH�ULJKW�FRQGLWLRQV��WKH�FRROLQJ�WRZHUV�FRXOG�
EH�XVHG�WR�JHQHUDWH�ZDWHU�FROG�HQRXJK�WR�FKDUJH�WKH�VWRUDJH�WDQN DQG�PHHW� ORZ�ORDG�
FRROLQJ�ORDGV���7KH�IODW�SODWH�+;�RIIHUV�D�ZD\�WR�WUDQVIHU�WKH�KHDW�IURP�WKH�FKLOOHG�ZDWHU�WR�
WKH�FRQGHQVHU�ZDWHU��ZKLFK� LV� WKHQ�FRROHG�E\� WKH�FRROLQJ� WRZHUV�� �&RROLQJ� WRZHUV XVH�
PXFK�OHVV�HQHUJ\�WKDQ�FKLOOHUV�� WKXV�VDYLQJ�HQHUJ\��GHVSLWH�WKH�QDPH�³IUHH�FRROLQJ´�� LW�
GRHV�UHTXLUH�FRROLQJ�WRZHU�IDQ�HQHUJ\��

7KH�+;��PDQXIDFWXUHG�E\�$OID�/DYDO��ZDV�GHVLJQHG�IRU�������*30 IORZ�RQ�ERWK�VLGHV��
KRW�DQG�FROG��ZLWK�D�ILYH�GHJUHH�GHOWD�7��RU�����QRPLQDO�WRQV����$�IODW�SODWH�KHDW�H[FKDQJHU�
ZDV� XVHG� EHFDXVH� WKH� XVHIXOQHVV� RI� WKH� FRQFHSW� GHSHQGV� RQ� WKH� VPDOOHVW� SUDFWLFDO�
³DSSURDFK´� EHWZHHQ� WKH� WZR� IORZV� �FKLOOHG� DQG� FRQGHQVHU� ZDWHU��� � 7KH� DSSURDFK�
WHPSHUDWXUH� LQ� WKLV�FDVH� LV� WKH�GLIIHUHQFH� LQ� WHPSHUDWXUH�EHWZHHQ�WKH�FRROLQJ�PHGLXP�
�FRQGHQVHU� ZDWHU�� DQG� WKH� PHGLXP� EHLQJ� FRROHG� �FKLOOHG� ZDWHU��� � )ODW� SODWH� KHDW�
H[FKDQJHUV��XQOLNH�VKHOO�DQG�WXEH�KHDW�H[FKDQJHUV��FDQ�SURGXFH�WUXH�FRXQWHU�IORZ�KHDW�
H[FKDQJH��WKXV�WKH\�SURGXFH�VLJQLILFDQWO\�VPDOOHU�DSSURDFK�WHPSHUDWXUHV���7KH�YDOXH�RI�
D�VPDOO�DSSURDFK�WHPSHUDWXUH�LV�VKRZQ�EHORZ�

&RROLQJ� WRZHUV� DOVR� WUDQVIHU� KHDW�� IURP�ZDWHU� WR� DLU�� DQG� WKXV� DSSURDFK� WHPSHUDWXUH�
DSSOLHV� KHUH� DV� ZHOO�� � %HFDXVH� FRROLQJ� WRZHUV� XVH� HYDSRUDWLYH� FRROLQJ�� WKH� UHOHYDQW�
DSSURDFK�WHPSHUDWXUH�IRU�D�FRROLQJ�WRZHU�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DPELHQW�ZHW�EXOE�
WHPSHUDWXUH�DQG�WKH�OHDYLQJ�FRQGHQVHU�ZDWHU�WHPSHUDWXUH���8OWLPDWHO\��WKHQ��WKH�DELOLW\�
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RI�WKH�V\VWHP�WR�XWLOL]H�WKH�+;�GHSHQGV�RQ�WKH�WRWDO�DSSURDFK�WHPSHUDWXUH�EHWZHHQ�WKH�
DPELHQW�ZHW�EXOE�DQG�WKH�GHVLUHG�FKLOOHG�ZDWHU�VWRUDJH�WHPSHUDWXUH�

6WRUDJH�7DQN�

7KH�VWRUDJH�WDQN�LV�DQ�DERYH�JURXQG������������JDOORQ�YHUWLFDO�VWRUDJH�WDQN���,W�ZDV�EXLOW�
RQ�VLWH��DQG�LV�RSHQ�WR�WKH�DWPRVSKHUH���,W�VWRUHV�WKHUPDO�HQHUJ\�E\�³IORDWLQJ´�D�OD\HU�RI�
OHVV�GHQVH��ZDUP�ZDWHU�RQ�WRS�RI�GHQVHU��FROGHU�ZDWHU�EHORZ���7KH�ERUGHU�EHWZHHQ�WKHVH�
WZR�OD\HUV��ZKLFK�PXVW�EH�NHSW�GLVWLQFW��LV�WKH�WKHUPRFOLQH���

7KH�SLSLQJ� LQ� WKH� WDQN� LV�DUUDQJHG� WR�DYRLG� WXUEXOHQFH��DQG WKXV�PL[LQJ�� � ,I�H[FHVVLYH�
WXUEXOHQFH�ZHUH�WR�RFFXU��WKH�WKHUPRFOLQH�ZRXOG�EH�XSVHW��DQG�WKH�WDQN�ZDWHU�ZRXOG�PL[��
UHQGLQJ�LW�ODUJHO\�RU�FRPSOHWHO\�XVHOHVV�DV�D�WKHUPDO�VWRUDJH�GHYLFH�

$V�)LJXUH��� VKRZV��WKH�SLSLQJ�LV�DUUDQJHG�VXFK�WKDW�WKH�7(3�DQG�&+3V�FDQ�GUDZ�IURP�
WRS�DQG�ERWWRP�RI�WKH�WDQN��OLNHZLVH��WKH\�FDQ�SXPS�LQWR�WKH�WRS�RU�ERWWRP�DV�ZHOO���

$W�WKH�HQG�RI�D�FRROLQJ�GD\��WKH�WDQN�LV�ODUJHO\�ILOOHG�ZLWK�ZDUP�UHWXUQ�ZDWHU��&+5����7KH�
WKHUPRFOLQH�LV�DW�D�YHU\�ORZ�HOHYDWLRQ�LQ�WKH�WDQN��LI�LW�VWLOO�H[LVWV���7R�FKDUJH�WKH�WDQN��ZDWHU�
LV�GUDZQ�RII�WKH�WRS�RI�WKH�WDQN��SXPSHG�WKURXJK�D�FKLOOHU��DQG�WKHQ�EDFN�LQWR�WKH�ERWWRP�
RI� WKH�WDQN�� �2YHU�WKH�HLJKW�KRXUV�RI�FKDUJLQJ�WKH�WKHUPRFOLQH� LV�JUDGXDOO\�HOHYDWHG�DV�
PRUH�FROG�ZDWHU� LV�SXPSHG� LQ�± HYHQWXDOO\�DERXW����SHUFHQW�RI� WKH� WDQN�ZDWHU� LV�FROG�
ZDWHU�EHORZ�WKH�WKHUPRFOLQH���

7R�GLVFKDUJH�WKH�WDQN��WKH�SXPS��XVXDOO\�WKH�7(3��QRZ�SXOOV�IURP�WKH�ERWWRP�RI�WKH�WDQN���
7KH�FROG�WDQN�ZDWHU�LV�SXPSHG�RXW�WKH�FDPSXV�GLVWULEXWLRQ��DQG�WKH�ZDUP�&+5�LV�SLSHG�
LQWR�WKH�WRS�RI�WKH�WDQN��DERYH�WKH�WKHUPRFOLQH���

7KH�VXEVHFWLRQ�&RROLQJ�0RGHV�± $V�'HVLJQHG�DERYH�GHWDLOV�DOO�WKH�SXPSLQJ�YDULDWLRQV�
WKDW�WKH�WDQN�PDNHV�SRVVLEOH���)LJXUH��� DERYH�WDEXODWHV�WKH�VWRUDJH�FDSDFLW\�RI�WKH�WDQN�
DW�YDULRXV�GLVFKDUJH�UDWHV�
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3ULPDU\�3XPSLQJ�

7KHUH�DUH�WZR�SULPDU\�FKLOOHG�ZDWHU�SXPSV��LQ�DGGLWLRQ��7(3�FDQ�DFW�DV�D�SULPDU\�SXPS���
)LJXUH��� SURYLGHV�GHWDLO�RQ�WKH�SXPSV�

)LJXUH�����SULPDU\�FKLOOHG�ZDWHU�SXPSV�

7(3�LV�D�YDULDEOH�VSHHG�SXPS ZKLOH WKH�RWKHU�WZR�DUH�FRQVWDQW�VSHHG���7KH�SXPS�KHDG��
DW�����IW��LV�KLJK�IRU�D�SULPDU\�FKLOOHG�ZDWHU�SXPS��EXW�DV�QRWHG�DERYH��LQ�VRPH�FRROLQJ�
PRGHV�� WKH� WKUHH�SXPSV�DUH� H[SHFWHG� WR� SXPS�DOO� WKH�ZD\� WKURXJK� WKH� FDPSXV� ORRS�
ZLWKRXW�WKH�XVH�RI�WKH�VHFRQGDU\�SXPSV��DV�DOVR�QRWHG�DERYH��&:8�KDV�QHYHU�DWWHPSWHG�
WKLV����

,Q� WHUPV� RI� 3ODQW� UHGXQGDQF\�� LW� ZDV� QRWHG� DERYH� WKDW� %23� HTXLSPHQW� DIIHFW� 3ODQW�
RSHUDWLRQV�DV�PXFK�DV�WKH�FKLOOHUV�WKHPVHOYHV���,Q�WKLV�FDVH��WKHUH�DUH�WKUHH�SXPSV��MXVW�
DV� WKHUH�DUH� WKUHH�FKLOOHUV�� �+RZHYHU��QRWH� WKDW� WKH�FRPELQHG�IORZ�RI�7(3�DQG�&+3���
�������*30�� LV�QRW�HQRXJK� WR�RSHUDWH� WKH� WZR������� WRQ�FKLOOHUV� �UHTXLUHG IORZ������
*30��± VR�QRW�DOO�SXPS�IDLOXUHV�DUH�³HTXDO´���

2Q�WKH�KRWWHVW�GD\V��&:8�XVHV�WKH�VWRUDJH�WDQN�DQG�WZR�������WRQ�FKLOOHUV���$Q\�VLQJOH�
SULPDU\�SXPS�IDLOXUH�ZRXOG�PDNH�WKLV� LPSRVVLEOH��KRZHYHU�� WKLV�PRGH�UHSUHVHQWV�YHU\�
IHZ�GD\V�SHU�\HDU�RI�RSHUDWLRQ���7KH�PRVW�FRPPRQ�VXPPHU�FRQILJXUDWLRQ�LV�WKH�VWRUDJH�
WDQN�SOXV�RQH�RI�WKH�������WRQV�FKLOOHUV���,Q�WKLV�FDVH��D�IDLOXUH�RI�HLWKHU�7(3�RU�&+3��$�
ZRXOG�PDNH�WKLV�FRQILJXUDWLRQ�LPSRVVLEOH��DOWKRXJK�WKH�WDQN�DQG�WKH�����WRQ�FKLOOHU�FRXOG�
EH�XVHG�± ORZHULQJ�WKH�SODQW�FDSDFLW\�E\�DERXW����SHUFHQW���$�IDLOXUH�RI�&+3����RQ�WKH�
RWKHU�KDQG��DIIHFWV�RQO\�WKH�7DQN�������FKLOOHU�FRQILJXUDWLRQ�

)LQDOO\��D�IDLOXUH�RI�7(3�GRHV�QRW�GLVDEOH�WKH�VWRUDJH�WDQN��EHFDXVH�HLWKHU�RI�WKH�RWKHU�WZR�
SULPDU\� SXPSV� FDQ� ERWK� FKDUJH� DQG� GLVFKDUJH� WKH� WDQN�� � 7KHVH� SXPSV� DUH� QRW� DV�
RSHUDWLRQDOO\�IOH[LEOH�DV�7(3��KRZHYHU��EHFDXVH�WKH\�DUH�FRQVWDQW�VSHHG�

�3ULPDU\�&KLOOHG�:DWHU�3XPSV���7KHUPDO�(QHUJ\�3XPS
IORZ �PRWRU

DVVRF UDWH KHDG LPSHOOHU YROWV
WDJ FKLOOHU PIJ JSP IW LQ +3 USP #���SK

&+3��$ &+��$ 3$&2 ����� ��� ����� ��� ����� ���
&+3�� &+�� 3$&2 ����� ��� ����� ��� ����� ���
7(3 QRQH 3$&2 ����� ��� ����� ��� ����� ���
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6HFRQGDU\�3XPSLQJ�

7KH� WKUHH� VHFRQGDU\� SXPSV� DUH� SDUW� RI� WKH� SUH�SDFNHG�� VNLG�PRXQWHG�� SDFNDJH�
PDQXIDFWXUHG�E\�6\VWHFRQ���2ULJLQDOO\��RQO\� WZR�SXPS�ZHUH� LQVWDOOHG��EXW� WKH�SDFNDJH�
ZDV� GHVLJQHG� IRU� D� WKLUG� SXPS��ZKLFK� KDV� VLQFH� EHHQ� DGGHG�� � 7KH� WKUHH� SXPSV� DUH�
GHWDLOHG�LQ�)LJXUH��� EHORZ�

)LJXUH�����VHFRQGDU\�FKLOOHG�ZDWHU�SXPSV�

7KH�RULJLQDO 3ODQW GHVLJQ�FDOOHG�IRU�WKH�FDPSXV�ORRS�IORZ�WR�EH�������*30��RQO\�6&+3�
��DQG����ZHUH�LQVWDOOHG����6&+3���ZDV�DGGHG�LQ��������8VLQJ�D����GHJ�)�GHOWD�EHWZHHQ�
6&+6�DQG�&+5�HTXDWHV�WR�����*30 SHU�WRQ��VR�WKH�RULJLQDO�ORRS�³FDSDFLW\´�ZDV�������
WRQV DQG� WKH� FXUUHQW� FDSDFLW\� LV� ������ WRQV�� � 7KH� FXUUHQW� SHDN� FDPSXV� FRROLQJ� ORDG��
HVWLPDWHG�DERYH��LV�������WRQV���7KXV��LW�FRXOG�EH�VDLG�WKDW�&:8�LV�DOUHDG\�RXW�RI�6&+3�
FDSDFLW\ ± E\�WKH�SHDN�RI�WKH������FRROLQJ�VHDVRQ��WKH\�PD\�EH�IDLOLQJ�WR�PHHW�ORDG�GXH�
WR�ODFN�RI�SXPSLQJ�FDSDFLW\��HVSHFLDOO\�DV�WKH�,7�ORDGV�FRPH�RQ�OLQH���

,Q�VRPH�FRROLQJ�PRGHV� �&0���&0���&0���� WKH�SULPDU\�SXPSV�E\SDVV� WKH�VHFRQGDU\�
SXPSV�DQG�SXPS�GLUHFWO\�LQWR�WKH�FDPSXV�ORRS���&0���LQ�SDUWLFXODU��LV�FDOOHG�WKH�³PDQXDO�
PRGH´��XVLQJ�������RU���FKLOOHUV���,Q�WKLV�PRGH��&:8�FRXOG�FRQFHLYDEO\�SXPS�WKH�HQWLUH�
FKLOOHU�FDSDFLW\��������WRQV��������*30��RXW�WR�WKH�FDPSXV�ORRS���

,I�WKH�SULPDU\�SXPSV�FDQ�LQ�IDFW�SXPS�WKH�ORRS��DQG�WKH\�KDYH����IW�PRUH�KHDG�FDSDFLW\�
WKDQ� WKH� 6&+3V��� DQG� WKH� VHFRQGDU\� SXPSV� DUH� D� QHDU� WHUP� FRQVWUDLQW� RQ� FDPSXV�
FRROLQJ��LW�LV�QRW�REYLRXV�ZK\�&:8�HYHQ�XVHV�WKH�VHFRQGDU\�SXPSV���+RZHYHU��LI�WKH\�
LQWHQG�WR�FRQWLQXH�XVLQJ�WKH�SULPDU\���VHFRQGDU\�SXPSLQJ��WKH\�ZLOO�KDYH�WR�XSJUDGH�WKH�
VHFRQGDU\�SXPSLQJ�FDSDFLW\�E\�QH[W�FRROLQJ�VHDVRQ�

�6HFRQGDU\�&KLOOHG�:DWHU�3XPSV
IORZ �PRWRU
UDWH KHDG YROWV

WDJ PIJ JSP IW VSHHG +3 USP #���SK
6&+3�� �%HOO�	�*RVVHWW ����� �� YDULDEOH �� ����� ���
6&+3�� �%HOO�	�*RVVHWW ����� �� YDULDEOH �� ����� ���
6&+3�� �%HOO�	�*RVVHWW ����� �� YDULDEOH �� ����� ���

VXP �����
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&RQGHQVHU�:DWHU�3XPSLQJ�

7KH�FKDUDFWHULVWLFV�RI�WKH�FRQGHQVHU�ZDWHU�SXPSV�DUH�VKRZQ�LQ�)LJXUH��� EHORZ�

)LJXUH�����FRQGHQVHU�ZDWHU�SXPSV�

8QOLNH�WKH�SULPDU\�FKLOOHG�ZDWHU�SXPSV��QRW�DOO�WKH�FRQGHQVHU�SXPSV�FRQQHFW�WR�FRPPRQ�
VXFWLRQ�DQG�GLVFKDUJH�KHDGHUV���&:3��$��LV�SLSHG�GLUHFWO\�WR�&+��$��DQG�&7��$����7KXV�
D� IDLOXUH� RI� &:3��$� PHDQV� &+��$� FDQQRW� EH� XVHG�� � �7KH� FRQGHQVHU� ZDWHU� SLSLQJ�
DVVRFLDWHG�ZLWK�&7��$�DQG�&:3��$�FDQ�EH�PDGH�³FRPPRQ´�ZLWK�WKH�RWKHU�XQLWV��EXW�WKH�
YDOYHV� DUH�PDQXDO�� WKXV� DQ�DXWRPDWHG� IDLOXUH� UHVSRQVH� FDQQRW� EH�PDGH�E\� WKH�''&�
V\VWHP��

&:3���DQG���DUH�FRQQHFWHG�WR�FRPPRQ�KHDGHUV��VR�&:3���FDQ�ZRUN�ZLWK�&+���RU�&+�
��� �&:3����KRZHYHU��ZDV�VL]HG� IRU�&+��� �������*30��DQG� WKXV�FDQQRW�VXEVWLWXWH� IRU�
&:3����������*30��LQ�WKH�HYHQW�RI�&:3���IDLOXUH���

7R�VXPPDUL]H��

$��D�IDLOXUH�RI�&:3��$�WDNHV�&+��$�RII�OLQH�

%��D�IDLOXUH�RI�&:3���GRHV�QRW�WDNH�&+���RU�&+���RII�OLQH��EXW�LW�GRHV�PHDQ�RQO\�
RQH�RI�WKH�WZR�FDQ�RSHUDWH��DQG�

&��D�IDLOXUH�RI�&:3���WDNHV�&+���RII�OLQH���

,Q� DGGLWLRQ� WR� WKH� LPSDFW� RI� SXPS� IDLOXUHV��&:8�KDV�KDG� DQ� RQJRLQJ� LVVXH� SURYLGLQJ�
HQRXJK�FRQGHQVHU�ZDWHU�IORZ�WR�UXQ�WZR FKLOOHUV�DW�D�WLPH��HVSHFLDOO\�WKH�WZR�������WRQ�
FKLOOHUV���$V�QRWHG�DERYH��&:8�LV�YHU\�FORVH�WR�KDYLQJ�WR�UXQ�WKUHH�FKLOOHUV�WR�PHHW�SHDN�
ORDG���*LYHQ�WKH�H[LVWLQJ�LVVXHV��LW�GRHV�QRW�VHHP�OLNHO\�WKDW�WKH�FRQGHQVHU�ZDWHU�SXPSV�
��SLSLQJ�ZLOO�VXSSRUW�WKLV�PRGH�RI�RSHUDWLRQ�

�&RQGHQVHU�:DWHU�3XPSV
IORZ �PRWRU

DVVRF UDWH KHDG LPSHOOHU YROWV
WDJ FKLOOHU PIJ JSP IW LQ +3 USP #���SK

&:3��$ &+��$���� 3$&2 ����� �� ����� ��� ����� ���
&:3�� &+�� 3$&2 ����� �� ����� �� ����� ���
&:3�� &+�� %	* ����� �� ��� ����� ���
�����7KLV�SXPS�FDQ�RQO\�VHUYH�WKLV�FKLOOHU
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&RROLQJ�7RZHUV�

7KH�FKDUDFWHULVWLFV�RI�WKH�FRROLQJ�WRZHUV�DUH�VKRZQ�LQ�)LJXUH��� EHORZ�

)LJXUH�����FRROLQJ�WRZHUV�

7KH�&7��$�FRROLQJ�WRZHU�LQVWDOOHG�DW�WKH�VDPH�WLPH�DV�&+��$�LV�SLSHG�RQO\�WR�&:3��$�
DQG�WKXV�WR�&+��$��XQOHVV�PDQXDOO\�YDOYHG�LQWR�WKH�FRPPRQ�KHDGHUV����7KH�RWKHU�WZR�
FRROLQJ�WRZHUV�KDYH�FRPPRQ�VXSSO\�DQG�UHWXUQ�KHDGHUV��DQG�FDQ�VHUYH�HLWKHU�&+����&+�
���RU ERWK���$V�ZLWK�WKH�FRQGHQVHU�ZDWHU�SXPSV��&7���ZDV�VL]HG�IRU�&+���DQG�WKXV�FDQQRW�
VHUYH�&+���DW�IXOO�ORDG���

&7���FRXOG�VHUYH�&+����EXW�RQO\�DW�SDUWLDO�ORDGV��LW�FDQQRW�FRRO�������*30 E\����GHJ�)�
�DV�UHTXLUHG��H[FHSW�SHUKDSV� LQ� WKH�FRROHVW�RI�ZHDWKHU�� � ,W FRXOG�NHHS�&+���RQ� OLQH�DW�
UHGXFHG�FDSDFLW\�LQ�WKH�HYHQW�RI�D�&7���IDLOXUH��

7R�VXPPDUL]H��

$��D�IDLOXUH�RI�&7��$�WDNHV�&+��$�RII�OLQH��

%��D�IDLOXUH�RI�&7���GRHV�QRW�WDNH�&+���RU�&+���RII�OLQH��EXW�LW�GRHV�PHDQ�RQO\�RQH�
RI�WKH�WZR�FDQ�RSHUDWH��DQG�

&��D�IDLOXUH�RI�&7���PHDQV�WKDW�&+���FDQ�RSHUDWH��EXW�RQO\�DW�DSSUR[LPDWHO\�ô�
FDSDFLW\���

�&RROLQJ�7RZHUV
�WHPSHUDWXUHV �PRWRU

DVVRF \HDU W\SH���� LQOHW RXWOHW ZHW�EXOE YROWV
WDJ FKLOOHU LQVWDOOHG PIJ GHJ�) GHJ�) GHJ�) +3 USP #���SK

&7��$ &+��$ ����� %$& ,' �� �� �� �� ����� ���
&7������ &+�� ����� %$& )' �� �� �� �������� ����� ���
&7�� &+�� ����� 0DUOH\ ,' �� �� �� ����� ���

�����,'� �LQGXFHG�GUDIW��)'� �IRUFHG�GUDIW
�����7KLV�FKLOOHU�RULJLQDOO\�KDG�WZR����+3�PDLQ�PRWRUV��DQG�WZR��SRQ\��PRWRUV���WKH�EHOWV�RQ�WKH�SRQ\�PRWRUV�ZHUH�UHPRYHG
�������ZKHQ�WKH�9)'V�ZHUH�LQVWDOOHG�RQ�WKH�PDLQ�PRWRUV
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&� 6<67(0�&21675$,176�72�0((7,1*�/2$'6

$V�SRLQWHG�RXW�LQ�SUHYLRXV�SDUDJUDSKV��VHYHUDO�WKLQJV�FDQ�JR�ZURQJ�ZLWKLQ�WKH�3ODQW�WKDW�
ZLOO�GHFUHDVH�FRROLQJ�RXWSXW���7KHUH�LV�PRUH�WR�ZRUU\�DERXW�WKDQ�WKH�IDFW�WKDW�WKH�H[LVWLQJ�
SODQW� FDQQRW� PHHW� WKH� IXWXUH� ORDGV� H[SHFWHG� ZLWK� WKH� QHZ� EXLOGLQJV� LQ� WKH� 6FLHQFH�
1HLJKERUKRRG�� � &OHDUO\�� WR� PHHW� WKRVH� ORDGV� WKH� 3ODQW� ZLOO� QHHG� WR� EH H[SDQGHG� RU�
DGGLWLRQDO�FRROLQJ�FDSDFLW\�DGGHG�HOVHZKHUH LQ�WKH�V\VWHP�

+RZHYHU��RWKHU�IDLOXUHV�ZLWKLQ�WKH�3ODQW�ZRXOG�KDYH�VLJQLILFDQW�LPSDFWV�RQ�PHHWLQJ�FRROLQJ�
ORDGV�� �)LJXUH��� VXPPDUL]HV� WKH�HIIHFW�RI�GLIIHUHQW� IDLOXUH�PRGHV�� �6HFRQGDU\�FKLOOHG�
ZDWHU�SXPSV�DUH�QRW�VKRZQ EHFDXVH�LW�DSSHDUV�WKH�SODQW�FDQ�IXQFWLRQ�ZLWKRXW�WKHP���7KLV�
SXPSLQJ�FRQFHSW� LV�QRW�SURYHQ��KRZHYHU��DQG�DV�VKRZQ�DERYH�� WKH�6&+3�SDFNDJH� LV�
DOUHDG\�RXW�RI�FDSDFLW\�DW�SHDN�ORDG���7KH�IDLOXUH�RI�DQ\�6&+3�ZRXOG�UHGXFH�3ODQW�FDSDFLW\�
E\�RQH�WKLUG��RU�ZRXOG�IRUFH�&:8�WR�DWWHPSW�SULPDU\�RQO\�SXPSLQJ�WR�PDNH�XS�IRU�WKH�
IDLOXUH���

)LJXUH�����IDLOXUH�PRGHV�

$V�)LJXUH��� VKRZV��RQO\�D�SULPDU\�FKLOOHG�ZDWHU�SXPS�IDLOXUH�FDQ�PDWHULDOO\�DIIHFW�WKH�
3ODQW�FDSDFLW\���2QH�RI�WKH�UHDVRQV�IRU�WKLV�LV�WKDW�WKH�VWRUDJH�WDQN��ZKLFK�IXQFWLRQV�DV�
WKH�³IRXUWK�FKLOOHU´��GRHV�QRW�³UXQ´��JHW�FKDUJHG��GXULQJ�SHDN�ORDG�WLPHV�± WKXV�RQH�FKLOOHU�

(TXLSPHQW�)DLOXUH�YV�3ODQW�&DSDFLW\
IDLOHG DYDLO�FDS VWRUDJH
HTXLS WRQV���� &+��$ &+�� &+�� WDQN
&+��$ ����� ���� ���� ����
&+�� ����� ���� ���� ����
&+�� ����� ���� ���� ����
V�WDQN ����� ���� ���� ����

&+3��$ ����� ���� ���� ���� ����
&+3�� ����� ���� ���� ����
7(3 ����� ���� ���� ���� ����

&:3�� ����� ���� ���� ����
&:3�� ����� ���� ���� ����
&:3�� ����� ���� ���� ����
&7��$ ����� ���� ���� ����
&7�� ����� ���� ���� ����
&7�� ����� ���� ���� ����

����7KLV�LV�WKH�PD[LPXP�FDSDFLW\�XQGHU�WKLV�IDLOXUH�PRGH
�7KLV�XQLW�FDQQRW�RSHUDWH
�$�YDOXH�RI������VSUHDG�DFURVV�WKUHH�XQLWV�PHDQV�RQO\�RQH�RI�WKH
�WKUHH�FDQ�RSHUDWH�LQ�WKLV�PRGH���$�YDOXH�RI������PHDQV�DQ\�WZR
�FDQ�RSHUDWH
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UXQQLQJ�DW�QLJKW�FKDUJLQJ�WKH�WDQN�HTXDWHV�WR�WZR�FKLOOHUV�WKH�QH[W�GD\�ZKHQ�WKH�WDQN�LV�
GLVFKDUJLQJ���,W�RQO\�WDNHV�RQH�FKLOOHU��RQH�WRZHU��DQG�RQH�&+3�WR�FKDUJH�WKH�WDQN��VR�WKH�
³IRXUWK�FKLOOHU´�LV�DOZD\V�DYDLODEOH�XQOHVV�D�SULPDU\�&+3�JRHV�GRZQ��RU�XQOHVV��DV�)LJXUH�
�� VKRZV��WKH�WDQN�LWVHOI�LV�GRZQ�IRU�PDLQWHQDQFH�

2QO\�SULPDU\�FKLOOHG�ZDWHU�SXPSV��LQFOXGLQJ�7(3��FDQ�GHOLYHU�FKLOOHG�ZDWHU��HLWKHU�GLUHFW�
WR� WKH�FDPSXV�RU� WR� WKH�VHFRQGDU\�SXPSV�± WKHUHIRUH�� WKH� ORVV�RI� RQH�RI� WKHVH� WKUHH�
SXPSV�OLPLWV�WKH�3ODQW�&DSDFLW\�WR�WKH�RXWSXW�RI�WZR�FKLOOHUV��RU�RQH�FKLOOHU�DQG�WKH�WDQN���

7KH�3ODQW� LV�SK\VLFDOO\�YHU\�FURZGHG��KRZHYHU�� LI�&:8�ZHUH�JRLQJ� WR�GR�RQH�WKLQJ� WR�
LPSURYH�3ODQW� UHGXQGDQF\�� LW�VKRXOG�SUREDEO\�EH� WKH�DGGLWLRQ�RI�D� WKLUG�SULPDU\�FKLOOHG�
ZDWHU�SXPS�DQG�D� IRXUWK�VHFRQGDU\�FKLOOHG�ZDWHU�SXPS�� �$� WKLUG�SULPDU\�FKLOOHG�ZDWHU�
SXPS�ZRXOG�PHDQ�WKH�SODQW�FRXOG�XWLOL]H�DOO�WKUHH�FKLOOHUV�SOXV�WKH�WDQN��DVVXPLQJ�����WKH\�
DGG�DQRWKHU�VHFRQGDU\�FKLOOHG�ZDWHU�SXPS��RU����WKH\�XVH�SULPDU\�RQO\�SXPSLQJ�LQ�WKLV�
PRGH��DQG����UHJDUGOHVV�RI�FKLOOHG�ZDWHU�SXPSLQJ��LW�ZRXOG�UHTXLUH�JRRG�FRQGHQVHU�ZDWHU�
IORZ�WR�PDLQWDLQ�WKUHH�FKLOOHUV�RQ�OLQH��ZKLFK�GRHV�QRW�DSSHDU�WR�EH�DVVXUHG���

3ODQW�,VVXHV�± IORZ�

7KH�&KLOOHG�:DWHU�3ODQW�KDV�D�ORQJ�KLVWRU\�RI�IORZ�SUREOHPV��ERWK�RQ�WKH�HYDSRUDWRU�VLGH�
RI�WKH�FKLOOHUV�DQG�WKH�FRQGHQVHU�VLGH���7KH�SUREOHP�KDV�RIWHQ�EHHQ�WRR�OLWWOH�WRWDO�IORZ��
EXW�VRPHWLPHV�LW�LV�VLPSO\�JHWWLQJ�WKH�IORZ�WR�JR�ZKHUH�QHHGHG���,Q�DQ�DWWHPSW�WR�DW�WKH�
OHDVW�SUHYHQW�H[FHVV�IORZ�WKURXJK�DQ\�RQH�GHYLFH��DQG�GLYHUW�LW�WR�WKH�ORZHU�IORZ�GHYLFHV���
D�QXPEHU�RI�IORZ�OLPLWHUV�KDYH�EHHQ�LQVWDOOHG�LQ�WKH�SLSLQJ���

7KHVH�GHYLFHV��PDQXIDFWXUHG�E\�*ULVZROG��ZLOO�OLPLW�WKH�IORZ�WR�D�SUH�VHW�YDOXH��DV�ORQJ�DV�
WKH�SUHVVXUH�GLIIHUHQWLDO�DFURVV�WKH�XQLW�IDOOV�ZLWKLQ�WKH�VSHFLILHG�OLPLWV���

7KHVH�DSSHDU� WR�KDYH�VLJQLILFDQWO\�KHOSHG�WR�VROYH� WKH� IORZ� LVVXHV��DOWKRXJK�DV�QRWHG
DERYH��ZKHQ�&+��$�ZDV�LQVWDOOHG��LW�KDG�ORZ�IORZ�LVVXHV�RQ�WKH�FRQGHQVHU�VLGH���7KLV�ORZ�
IORZ�FRQGLWLRQ�PDQLIHVWHG�LWVHOI�DV�LQFLSLHQW�VXUJH�LQ�WKH�FRPSUHVVRU���(YHQ�ZKHQ�WKH�IORZ�
SUREOHP�ZDV�VROYHG��WKH�FKLOOHU�VWLOO�WULSSHG�RII�RQ�LQFLSLHQW�VXUJH�± LW�QRZ�DSSHDUV�WKDW�D�
VHQVRU� ZDV� IDXOW\�� � 7KH� XQLW� ZDV� LQVWDOOHG� LQ� ������ DQG� RQO\� QRZ� DUH� WKH� RSHUDWRUV�
EHJLQQLQJ�WR�XVH�LW�DV�WKH�/HDG�&KLOOHU���

$Q\�IXWXUH�FKDQJHV�WR�WKH�3ODQW�PXVW�GHDO�ZLWK�ERWK�SLSH�VL]LQJ�DQG�IORZ�LVVXHV�LQ�RUGHU�
WR�EH�VXFFHVVIXO��HVSHFLDOO\�LI�WKH�DGGLWLRQ�WKH�,7�ORDGV�IRUFHV�&:8�WR�XVH�WKUHH�FKLOOHUV�
WKLV�VHDVRQ���
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3ODQW�,VVXHV��� :DWHU�7UHDWPHQW���

&RQGHQVHU� ZDWHU� ORRSV� DUH� JHQHUDOO\� ³RSHQ´� ORRSV�� PHDQLQJ� WKH\� DUH� RSHQ� WR� WKH�
DWPRVSKHUH�DW� VRPH�SRLQW� �LQ� WKH�EDVLQ�RI� WKH�FRROLQJ� WRZHU��JHQHUDOO\��� �7KLV� LV� YHU\�
FRPPRQ��DQG�WKH�ZDWHU�WUHDWPHQW�UHJLPHQV�WR�WDNH�FDUH�RI�ERWK�SDUWLFXODWH��GXVW�IURP�WKH�
DLU�� VLOLFD� LQ� WKH� ZDWHU�� DQG� ELRORJLFDOV� �RUJDQLVPV� WKDW� JURZ� LQ� WKH� ZDWHU�� DUH� ZHOO�
HVWDEOLVKHG���

&RQGHQVHU� ZDWHU� ORRSV� DUH� VPDOO� FRPSDUHG� WR� FKLOOHG� ZDWHU� ORRSV�� DQG� WKH� ZDWHU�
WUHDWPHQW�JHQHUDOO\�RFFXUV�ULJKW�DW�WKH�WRZHU�EDVLQ��ZKLFK�LV�D�VPDOO��ZHOO�PL[HG�ERG\�RI�
ZDWHU����:DWHU�VDPSOLQJ�DQG�FKHPLFDO�PHWHULQJ�DQG�PRQLWRULQJ�DUH�DOO�DXWRPDWHG��DQG�
JHQHUDOO\�HIIHFWLYH����

&KLOOHG� ZDWHU� ORRSV� DUH� XVXDOO\� FORVHG� ± WKHUH� LV� QR� FRQWDFW� ZLWK� WKH� DWPRVSKHUH���
3DUWLFXODWH�LV�JHQHUDOO\�ODUJH��UXVW�WKDW�VSDOOV�RII�WKH�SLSH��HWF��DQG�FDQ�XVXDOO\�EH�KDQGOHG�
ZLWK�VWUDLQHUV���:LWK�QR�VXQOLJKW�DQG�QR�H[SRVXUH�WR�DLU��ELRORJLFDOV�JHQHUDOO\�GR�QRW�H[LVW�
&KHPLFDO�WUHDWPHQW�LV�PLQLPDO�LQ�FORVHG�ORRSV��DQG�RIWHQ�IRFXVHV�RQ�FRPEDWLQJ�FRUURVLRQ�
LQ�PHWDO�SLSHV���0RVW�RI�&:8¶V�FKLOOHG�ZDWHU�SLSH�LV�SODVWLF��DQG�WKHUHIRUH�QRW�SURQH�WR�
FRUURVLRQ�

&:8��KRZHYHU��KDV�WKH�VWRUDJH�WDQN��DQG�WKDW�LV�RSHQ�WR�DWPRVSKHUH���$V�D�UHVXOW��WKH\�
GR�KDYH�ERWK�ZLQG�EORZQ�SDUWLFXODWH�DQG�ELRORJLFDOV�LQ�WKHLU�FKLOOHG�ZDWHU���%HFDXVH�RI�WKH�
ORZ�WHPSHUDWXUHV��WKH�ELRORJLFDO�JURZWK�LV�VORZ��EXW�LW�LV�DOVR�YHU\�GLIILFXOW�WR�WUHDW���7KH�
VWRUDJH�WDQN�LV�D�YHU\�ODUJH�YROXPH�RI�ZDWHU��LQ�ZKLFK�E\�GHILQLWLRQ��WKH�ZDWHU�FDQQRW�EH�
PL[HG�� � 7KLV� PDNHV� GLVWULEXWLQJ� DQ\� VRUW� RI� FKHPLFDOV� ZLGHO\� WKURXJKRXW� WKH� WDQN�
LPSUDFWLFDO�� � /LNHZLVH�� WKH� V\VWHP� LV� FRQVWDQWO\� FROOHFWLQJ� SDUWLFXODWH� WRR� VPDOO� WR� EH�
UHPRYHG�E\�VWUDLQHUV���

&:8�LV�WU\LQJ�WR�VROYH WKLV�RQJRLQJ�ZDWHU�WUHDWPHQW�LVVXH�± WKH�XOWLPDWH�VROXWLRQ�LV�QRW�
NQRZQ���,Q�WKH�PHDQWLPH��WKH\�FLUFXODWH�FKLOOHG�ZDWHU�DOO�\HDU�URXQG���,Q�ZLQWHU������± �����
*30 DUH� FLUFXODWHG� E\� WKH� VHFRQGDU\� FKLOOHG� ZDWHU� SXPSV�� � &:8� KDV� IRXQG� IURP�
H[SHULHQFH�WKDW� LI� WKH�ZDWHU�IORZ�VWRSV��DOO� WKH�SDUWLFXODWH�DQG�WKH�ELRORJLFDO�RUJDQLVPV�
WHQG�WR�VHWWOH�WR�ERWWRP�WKH�SLSHV��RU�LQ�GHYLFHV���2Q�WKH�QH[W�VWDUW�XS��ODUJH�FRQFHQWUDWLRQV
RI�WKHVH�SDUWLFOHV�DUH�SXPSHG�LQWR�YDOYHV�DQG�KHDW�H[FKDQJHUV��FORJJLQJ�XS�WKHVH�GHYLFHV�
DQG�FDXVLQJ�VLJQLILFDQW�VWDUW�XS�LVVXHV���6R�IRU�QRZ��WKH�6&+3V�UXQ�DOO�WKH�WLPH����
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7KHUH DUH WZR�IORZ�UHODWHG�FRQVWUDLQWV�RQ�FKLOOHG�ZDWHU�SLSLQJ��SUHVVXUH�GURS�DQG�YHORFLW\���
3UHVVXUH�GURS�LV�LPSRUWDQW�EHFDXVH�LI�WKH�GHOWD�3 �SUHVVXUH�GURS��RI�WKH�V\VWHP�JHWV�WRR�
ODUJH��WKH�SXPSV�ZLOO�QRW�EH�DEOH�WR�SXVK�WKH�FKLOOHG�ZDWHU�WR�WKH�PRVW�UHPRWH�EXLOGLQJV�
RQ�WKH�ORRS���9HORFLW\�LV�LPSRUWDQW�LQ�WKDW�KLJKHU�IORZ�UDWHV�FDXVH JUHDWHU�SLSH�ZHDU�DQG�
VFRXULQJ��*LYHQ� WKDW�DOO�RI�&:8¶V�GLVWULEXWLRQ�SLSLQJ� LV�SODVWLF��DQG� WKH�ZDWHU�FRQWDLQV�
VLJQLILFDQW�DPRXQWV�RI�SDUWLFXODWH��VFRXULQJ�LV�DQ�LVVXH���&:8�QHHGV�WR�VHW�OLPLWV�RQ�ERWK�
RI�WKHVH�SDUDPHWHUV�VR�WKH\�FDQ�HYDOXDWH�WKH�GLVWULEXWLRQ�SLSLQJ���

7KHVH�WZR�YDULDEOHV�FKDQJH�DW�GLIIHUHQW�UDWHV GHSHQGLQJ�RQ�WKH�RYHUDOO�VL]H�RI�WKH�SLSH���
:LWK�ODUJHU�SLSHV��a����LQFK�GLDPHWHU�DQG�JUHDWHU���SUHVVXUH�GURS�LQFUHDVHV�PRUH�VORZO\�
WKDQ�YHORFLW\���:LWK�VPDOOHU�SLSHV��SUHVVXUH�GURS�PD\�EHFRPH�DQ�LVVXH�EHIRUH�YHORFLW\�

3UHVVXUH�'URS���7KH�GLVWDQFH�³DV�WKH SLSH�OD\V´�IURP�WKH�3ODQW�WR�WKH�IDUWKHVW�FKLOOHG�ZDWHU�
ORDG��:HQGHOO�+LOO�+DOO�%��LV�DSSUR[LPDWHO\�������IHHW���,QFOXGLQJ�WKH�UHWXUQ�WULS�EDFN�WR�WKH�
SODQW��WKH�GLVWDQFH�LV�OLQHDO�������IW���,Q�SLSLQJ�GHVLJQ��WKH�FRQFHSW�RI�HTXLYDOHQW�IHHW�LV�
XVHG���(DFK ILWWLQJ��ZKHWKHU�D�FRXSOLQJ��D����GHJ�)�HOO��RU�D�WHH�� LPSRVHV�DQ�DGGLWLRQDO
SUHVVXUH� GURS� RQ� WKH� V\VWHP� WKDW� FDQ� EH� H[SUHVVHG� LQ� IHHW� RI� KHDG� ORVV�� � 7KH� WRWDO�
³K\GUDXOLF´�OHQJWK�RI�WKH�SLSLQJ�LV�XVXDOO\�H[SUHVVHG�DV�D�PXOWLSOLHU�RQ�WKH�DFWXDO�OHQJWK�RI�
SLSLQJ�� � )RU� VPDOOHU� �VD\� EXLOGLQJ� VFDOH�� V\VWHPV�� D� PXOWLSOLHU� RI� ���� LV� RIWHQ� XVHG���
+RZHYHU��DW�&:8��WKH�GLVWULEXWLRQ�SLSLQJ�RIWHQ�WUDYHOV�WHQV�RU�KXQGUHGV�RI�IHHW�ZLWK�QR�
ILWWLQJV����)RU�WKDW�UHDVRQ��ZH�ZLOO�XVH�D�PXOWLSOLHU�RI������LQ�WKLV�UHSRUW���8VLQJ�WKLV�YDOXH��
WKH�SXPSV�³VHH´������������� ��������IW�RI�SLSLQJ�WR�WKH�IDUWKHVW�ORDG���

7KH�KHDG�FDSDFLW\�RI�WKH�VHFRQGDU\�SXPSV�LV����IHHW�RI�KHDG���$VVXPLQJ�WKDW����36,*�
PD[LPXP�LV�UHTXLUHG�DW�WKH�EXLOGLQJV�WR�JHW�WKURXJK�FRQWURO�YDOYHV��HWF���WKLV�OHDYHV����±
������������ �a����IW�RI�KHDG�ORVV�DYDLODEOH�IRU�SLSLQJ�ORVVHV���'LYLGLQJ�E\�WKH�K\GUDXOLF�
OHQJWK�RI��������IW��WKLV�PHDQV�WKDW�LQ�JHQHUDO��SLSLQJ�SUHVVXUH�GURS�VKRXOG�EH�OLPLWHG�WR�
������������ ��������IW�RI�KHDG�SHU�IRRW���%HFDXVH�QXPEHU�OLNH�WKLV�DUH�VR�VPDOO��WKH\�DUH�
JHQHUDOO\�JLYHQ�LQ�IW�RI�KHDG�ORVV�SHU�����IHHW�RI�SLSH�± XVLQJ�WKLV�FULWHULD��&:8�VKRXOG�
DLP�IRU�D�IULFWLRQ�UDWH�RI������IW�SHU�����IW�RI�SLSH���

2EYLRXVO\��QRW�HYHU\�VHJPHQW�QHHG�PHHW�WKLV�FULWHULRQ�± WKDW�LV�DQ�DYHUDJH�RYHU�WKH�HQWLUH�
������ OLQHDO� IHHW� RXW� DQG� ������ IHHW� EDFN�� � 1HYHUWKHOHVV�� DQ� XSSHU� OLPLW� RI� ����� IW� RI�
SUHVVXUH� GURS� SHU� ���� LV� D� JRRG� JXLGHOLQH� WR� XVH� ZKHQ� HYDOXDWLQJ� LQGLYLGXDO� SLSH�
VHJPHQWV���
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9HORFLW\�� � 6RPH GHVLJQHUV� XVH� ��� IHHW� SHU� VHFRQG� �)36� DV� DQ� XSSHU OLPLW� RQ�ZDWHU�
YHORFLW\�ZLWKLQ�WKH�SLSH���7KLV�UXOH�RI�WKXPE�LV�JHQHUDOO\�DSSOLHG�WR�VWHHO�SLSLQJ���+RZHYHU��
LW�LV�QRW�XQXVXDO�WR XVH����)36 DV�D�OLPLW�IRU�SODVWLF�SLSH�DV�ZHOO���

+RZHYHU��&:8�KDV D�KHDY\�ORDG�RI�SDUWLFXODWH�LQ�WKH�SLSH��ZKLFK�LQFUHDVHV�WKH�UDWH�DW�
ZKLFK�WKH�SLSH�LV�HURGHG���)RU�WKDW�UHDVRQ��ZH�DUH�VXJJHVWLQJ�WKDW�&:8�XVH���)36 DV�DQ�
XSSHU�OLPLW��DW�OHDVW�XQWLO�WKH\�ILQG�D�ZD\�WR�PLWLJDWH�WKH�SDUWLFXODWH�LQ�WKH�SLSLQJ�����

([LVWLQJ�3LSLQJ���7KH�PDMRULW\�RI�WKH�FKLOOHG�ZDWHU�ORRS�SLSLQJ�LV�FRQVLGHUHG�WR�EH�PRUH�
WKDQ�DGHTXDWH�WR�KDQGOH�FXUUHQW�DQG�IXWXUH�ORDGV��KRZHYHU��WZR�VHFWLRQV�RI�SLSH�DUH�RI�
SDUWLFXODU�FRQFHUQ���

7KH�ILUVW�LV�WKH����LQFK�GLDPHWHU SLSH�FDUU\LQJ�WKH�FKLOOHG�ZDWHU�DFURVV�³'´�6WUHHW���7KH�
VHFRQG�LV�WKH���´�GLDPHWHU�SLSH�WKDW�UXQV�SDVW�5DQGDOO���0LFKHOVRQ �5���0��RXW�WR�:HQGHOO�
+LOO�+DOO��

7KH���� LQFK�SLSH�PXVW�FDUU\� WKH�HQWLUH�FKLOOHG�ZDWHU�SODQW� ORDG� �OHVV�RQO\�-RQJHZDUG����
7KLV�SLSH�LV�DVEHVWRV�FHPHQW�H[FHSW�IRU�WKH�VHFWLRQ�XQGHU�'�6WUHHW ZKLFK LV�VWHHO���7KH�
SLSH�SDUDPHWHUV�RI�WKH�'�6WUHHW�SLSH�XQGHU�FXUUHQW�DQG�IXWXUH�ORDGV�LV VKRZQ�LQ�)LJXUH�
�� EHORZ�

)LJXUH�����'�VWUHHW�FKLOOHG�ZDWHU�SLSLQJ�SDUDPHWHUV�

7KH�SHDN�ORDG�FRQGLWLRQV�GR�QRW�ODVW�YHU\�PDQ\�KRXUV�SHU�\HDU��DQG�WKLV�VHFWLRQ�RI�SLSLQJ�
LV�RQO\�DERXW�����IHHW� ORQJ�� �)RU� WKDW� UHDVRQ�� WKH�IORZ�UDWH�DVVRFLDWHG�ZLWK� WKH�FXUUHQW�
SHDN��DQG�HYHQ�WKH�FXUUHQW�SHDN�SOXV�WKH�LQWHUPHGLDWH�WHUP�ORDGV��DUH�OLNHO\�DFFHSWDEOH���
+RZHYHU��WKLV�VHJPHQW�RI�SLSH�ZLOO�H[SHULHQFH�H[FHVVLYH�HURVLRQ�LI�LW�FDUULHV�WKH�QHDU�WHUP�
DGGHG�FRROLQJ�ORDGV�

�3LSH�3DUDPHWHUV �����GLD�VHJPHQW�FURVVLQJ�'�VWUHHW��

FXUUHQW �FXUUHQW�SHDN�SOXV
SHDN ,7 ,7���17 ,7���17���87

ORDG WRQV ����� ����� ����� �����
IORZ�UDWH JSP ����� ����� ����� ������

GS IW�����IW ���� ���� ���� ����
YHORFLW\ IW�V ���� ���� ����� �����
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2QFH� WKH�SLSH�FURVVHV� ³'´�6WUHHW�� LW� VSOLWV� LQWR� WZR���� LQFK�VHJPHQWV� ± ERWK�RI� WKHVH�
VHJPHQWV�DUH�ZLWKLQ�OLPLWV�IRU�WKH�IRUHVHHDEOH�IXWXUH���

7KH�VHFRQG�SLSH�VHJPHQW�RI�FRQFHUQ�LV�WKH�����IRRW�ORQJ�VHFWLRQ�IURP�WKH�:DOQXW�0DOO�
ORRS�SLSLQJ�WR�WKH�5���0�WDNH�RII���7KLV 5���0�SLSH�VHUYHV�IHZHU EXLOGLQJV��EXW�LW�LV�WKH�³HQG�
RI�WKH�OLQH´��DQG�WKH�FDPSXV�LV�H[SDQGLQJ�LQ�WKDW�GLUHFWLRQ� 7KH�FXUUHQW�DQG�IXWXUH�SLSH�
SDUDPHWHUV�IRU�WKLV�VHJPHQW�DUH�VKRZQ�LQ�)LJXUH��� EHORZ�

)LJXUH�����5���0�FKLOOHG�ZDWHU�SLSH�SDUDPHWHUV�

7KH�GDWD�LQ�)LJXUH��� LQGLFDWH�WKDW�WKLV�VHJPHQW�RI�SLSLQJ�LV�ZLWKLQ�OLPLWV�IRU�DW�OHDVW�WKH�
QH[W� WHQ�\HDUV�� �7KH�SRWHQWLDO� LVVXH� LV� WKDW� WKLV�VHJPHQW� IHHGV D�YHU\� ORQJ� OHJ��DQG� LI�
FDPSXV�H[SDQVLRQ�SURFHHGV�WR�WKH�1RUWKHDVW��WKLV�OHJ�ZLOO�KDYH�PRUH�DQG�PRUH�SUHVVXUH�
SXW�RQ� LW� ,I�� RU�ZKHQ��5DQGDOO�0LFKHOVRQ�FRROLQJ� LV�DGGHG��RU�DGGLWLRQDO�EXLOGLQJV�DUH�
FRQVWUXFWHG�LQ�WKLV�SDUW�RI�FDPSXV��D�QHZ�FRROLQJ�FRQQHFWLRQ�VKRXOG�EH�PDGH�EHWZHHQ�
WKH���´�MXVW�QRUWK�RI�6WHSKHQV�:KLWQH\�DQG�WKH�OLQH�IHHGLQJ�%DUWR���,Q�IDFW��LI�&:8�DGGV�
QHZ�FRPPXQLFDWLRQ�GXFWEDQN�IRUP�6WHSKHQV�:KLWQH\�WR�5DQGDOO�0LFKHOVRQ��WKH�FKLOOHG�
ZDWHU�FRXOG�SDUDOOHO WKLV�URXWH�

�

�3LSH�3DUDPHWHUV �����GLD�VHJPHQW�LQ�IURQW�RI�5���0��

FXUUHQW �FXUUHQW�SHDN�SOXV
SHDN ,7 ,7���17 ,7���17���87

ORDG WRQV ��� ��� ��� �����
IORZ�UDWH JSP ����� ����� ����� �����

GS IW�����IW ���� ���� ���� ����
YHORFLW\ IW�V ���� ���� ���� ����
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APPENDIX E 

Abacus Support Letter 



 

August 28, 2019 
 

Central Washington University       
Facilities Management Department      
Attn: Delano Palmer        
400 East University Avenue       
Ellensburg, Washington 98926-7523 
 
Campus Heating and Cooling Needs 
 
Delano, 
This letter summarizing the improvements needed in the campus heating and cooling systems to 
support the New Health Sciences Building.  These needs were summarized in your latest capital 
budget request but, unfortunately, CWU did not receive funding for these improvements.  The 
following information is meant to inform your Supplemental Budget Request.   
 
I have provided the cost data in two ways.  The first number provided is the maximum allowable 
construction cost (MACC) which you could use in the typical project budget worksheets you 
create for a design-bid-build capital project.  The second number is the total budget you would 
need to complete this work using the ESCO process.  Both methods should up with about the 
same total budget request. 
 
CAMPUS COOLING SYSTEM 
We completed a Campus Cooling Master Plan in 2002 and an update in 2012.  Those 
documents detail the need for additional capacity in the Central Cooling Plant.  CWU has 
requested funding for this project in the past three capital budget cycles but has not received the 
funding.  Since 2012, several large cooling loads have been added to the system including 
Science II (Discovery Hall), Samuelson, portions of Randall/Michaelson Halls, and the new dorm 
opening this fall.  The Campus cooling system is on the ragged edge of not being able to provide 
adequate cooling to all the connected buildings.  If any chiller, cooling tower, or pump were down 
for repair, the cooling plant would be about 25 percent short of being able to meet the campus 
cooling loads.  Due to the layout of the campus distribution piping, the areas of campus most 
likely to experience cooling shortages are Wendell Hill Hall, Music Building, Hogue Technology, 
Barge Hall and Shaw Smeyser Hall. 
 
The Campus Cooling Master Plan identified the need for a second modular chiller once Science 
II and Samuelson became occupied.  It is paramount that CWU installs the planned second 
modular chiller before the New Health Sciences Building comes on line.   
 
The budget estimates for this project are on the flowing page. 
 
 

  



 

The MACC for the second modular chiller is estimated to be $2,084,000 broken down as follows: 
 
Chiller Module $1,672,000 
Site Fabrication $     54,000 
Module Insulation $     40,000 
Structural Base $       8,000 
Shipping  $     44,000 
Extended Warranty $     56,000 
Plant Piping  $     86,000 
Plant Electrical $   104,000 
Site Work  $     20,000 
 
Total MACC  $2,084,000 
 

 
The total budget amount needed for the second modular chiller, if implemented as an ESCO 
project, is estimated to be $2,900,000 for construction in 2020/21.  Note that it will take about 28 
weeks to manufacture and deliver the modular chiller. 
 
 

  



 

HEATING SYSTEM 
The New Health Science Building was designed assuming heating would be delivered from the 
Low Temperature Hot Water Loop (LTHW) rather than the campus steam system.  The LTHW 
system also serves Science II and Samuelson.  The 2019/21 Capital budget request also 
included a funding request for an expansion of this LTHW loop but, like the Modular Chiller, 
these funds were not appropriated. The design of the LTHW loop requires an additional heat 
exchanger and heating water pump be installed in the Central Heating Plant in order to meet the 
added load of the Health Science Building.   
 
The MACC for the LTHW Loop project is estimated to be $210,000 broken down as follows: 

 
Equipment  $   58,000 
Structural Base $   12,000 
Plant Piping  $ 106,000 
Plant Electrical $   12,000 
Insulation  $   22,000 
 
Total MACC  $ 210,000 
 

The total budget amount needed for the LTHW system, if implemented as an ESCO project, is 
estimated to be $320,000 for construction in 2020/21.   
 
I hope this letter provides the information you needed.  If not, feel free to call me at 503-819-
5593. 

 

Mark Kinzer, P.E. 
Energy Project Manager 
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Chiller Work Order Log 



Central Washington University Chiller Work Order Log

Work Order Description Date Created  Billed Total 
19235 9243 TOOLS PURCHASED FOR SUPPORT OF CHILLER 7/12/2007  $-   
19729 1534 CHILLER 3 ROUTINE MAINT 7/13/2007 $5.94
19453 13212 CHILLER #2 PROBLEM 7/13/2007  $-   
19666 13297 CHILLER RESET 7/13/2007  $-   
20172 5810 CHILLER #1 ANNUAL MAINTENANCE 7/16/2007 $14,081.79
20509 7858 MODINE HEATER ON CHILLER DECK 7/16/2007  $-   
20298 13192 WO#7274 REPLACEMENT-CHILLER PLANT IMPROVEMENTS 7/16/2007 $1,971.25
20174 5812 CHILLER #2 ANNUAL MAINTENANCE 7/16/2007 $11,478.15
21061 1957 CHILLER SUPPORT (OLD ONE WAS CLOSED DUE TO END OF BIENNIUM). 7/27/2007 $17.14

21111
INSTALL ELECTRICAL METERS ON 4160 CHILLERS, BTU METER TO ION ENTERPRISE SYSTEM.  PROVIDE NETWORK 
CONNECTIVITY AS REQUIRED (FIBER) MODIFY ENCLOSURE FOR ELECTRICAL METERS NEED ASAP 7/31/2007 $18,378.08

21420 9277 FLOOR DRAINS IN CHILLER DECK WITH SUMP PUMP AND SURGE  TANK QUESTIONS SEE PAT NAHAN 8/8/2007  $-   
21652 ELECTRIC METER IN CHILLER 2 NEEDS REPAIRED OR REPLACED 8/16/2007 $103.16
21716 CHILLER #1 IN ALARM 8/20/2007 $132.46
23038 CHILLER PLANT METER REPAIRED - ION METER REPLACED/REPAIRED IN THE LINE SWITCH 9/25/2007 $44.29
23389 SENSORS CHANGED IN CHILLER TOWER 10/4/2007 $475.77
23851 CHILLER DECK - CLEAN "WITCHES HAT" STRAINER 10/18/2007 $166.00
23960 CHILLER PLANT WINTERIZED 10/22/2007 $8,610.85
24072 PUMP SEAL. OUTBOARD SEAL ON CWP #3 SBAD AND NEEDS REPLACED; CHILLER DECK 10/24/2007 $1,652.99
25912 REMOVE END BELTS AND ROD CHILLERS 12/13/2007 $9,242.76

2007 TOTAL WORK ORDER COSTS $66,360.63

27833 HEAT PLANT - VFD'S CLEANED ON CHILLER DECK 2/11/2008 $365.30

28753

COOLING PLANT 
SERVICE CHILLER PLANTS 
 
REOPENED MECH-4 FOR TIME CARD USEAGE. 3/11/2008

29613 CHILLER #3 ANNUAL MAINTENANCE 4/7/2008 $8,949.80
30368 FLUX CAPACITOR FOR #3 HEATING UNIT NEEDS TO BE REPLACED -HEAT PLANT CHILLER DECK 4/29/2008 $140.76
30494 CHECK STRAINER PLATE CHILLER ON CHILLER DECK NEW HEAT PLANT 5/2/2008  $-   
31328 CHILLER ALARM #1 5/27/2008 $361.38

2007 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS

2008 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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Central Washington University Chiller Work Order Log

31333 CHILLER ALARM #2 5/27/2008 $228.56
31902 REPLACE FLOW METER CHILLER PLANT 6/10/2008 $1,067.91
33091 CLEAN STRAINER ON CHILLER DECK 7/9/2008 $695.46

33139
CHILLER ALARM #3 
CALLBACK FOR RYAN MACE ON 7/8/08 9:00 -10:00 PM 7/10/2008 $127.09

33223 CHILLER #1 ALARM 7/14/2008 $353.61
33407 CHILLER PLANT PROBLEM 7/21/2008 $231.03
34010 CHILLER DECK INSTALL 2" UNION 8/12/2008  $-   
34371 CHILLER PLANT ISSUES 8/25/2008 $168.89
36554 CHILLER PLANT PROBLEMS 10/13/2008 $168.89

2008 TOTAL WORK ORDER COSTS $12,858.68

40398 CHECK AIR VENT ON CHILLER #1 ON CHILLER DECK 1/20/2009 $67.23
41218 REPAIR SYSMIC BRACING NEW HEAT PLANT CHILLER DECK 2/5/2009 $69.20
45901 CHILLER PLANT - REPLACE COUPLING ON TOWER #1 6/9/2009 $705.78
47243 MAIN CHILLER - CLEAN STRAINER ON CHILLER #1 7/13/2009 $172.56
47498 CHILLER DECK - REPLACE AIR ELIMINATOR ON CHILLER DECK 7/21/2009 $334.61
47778 INSULATION FOR COLD WATER COPPER PIPES FROM CHILLER TO HEAT EXCHANGER MECHANICAL ROOM - CONDENSATE FROM PIPES, DRIPS TO CABINETS AND PAPER WORK7/31/2009 $974.22
48891 REPLACE MAKE-UP METER ON THE CONDENSOR SIDE IN THE CHILLER PLANT. 9/14/2009 $115.33
53334 CHILLER DECK - REPAIR TOOL COMPRESSED AIR REGULATOR 12/31/2009 $63.98

2009 TOTAL WORK ORDER COSTS $2,502.91

57433 CHILLER DECK - REPAIR VFDS 4/29/2010 $401.75

58943
CHILLER PLANT ROOF - TOWER 1 SAFETY PLATFORM MATERIAL AND LABOR 
SEE PAUL JOHNSON 6/9/2010 $4,307.54

60303 HEAT PLANT CHILLER 2 ALARM 7/12/2010 $168.89
2010 TOTAL WORK ORDER COSTS $4,878.18

68801 SHOP SUPPORT FOR THE CHILLER CONDENSER MODIFICATIONS 2/17/2011 $3,814.66
69647 BUILD STANDS FOR CHILLER END CAPS CHILLER #1 3/10/2011 $3,575.11
70496 NEW HEAT- INSTALL CONTROL LOOP FOR CHILLER #1 CHEMICAL FEED 4/5/2011 $2,541.96
70619 NEW HEAT-REPLACE EXPANSION JOINTS ON CHILLER #3 4/8/2011 $2,291.27

2009 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS

2010 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS

2011 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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Central Washington University Chiller Work Order Log

72246 HEAT PLANT - CHILLER DECK, CHANGE ELECTRICAL OUTLET BEHIND CHILLER #2 AND CHILLER #3 5/18/2011 $723.51
72901 NEW HEAT - CHECK AND CALIBRATE FLOW METERS ON CHILLER DECK 6/2/2011 $184.52
73002 CHILLERS IN ALARM 6/3/2011 $276.78
74114 CHILLER- RUN CONDUIT FOR CHEMICAL SYSTEM 6/23/2011 $493.10
74210 CHILLER FAILURE 6/27/2011 $168.89
74524 NEW HEAT- CHANGE FLOW DIRECTION ON CHEMICAL PIPING ON #1 CHILLER TOWER 7/7/2011 $46.13

74686
PRESSURE VESSEL INSPECTION 2011 -HEAT PLANT CHILLER #3 
VESSEL MAWP 180, HAS 185 PSI SV INSTALLED. CURRENT PERMIT 4/13 7/13/2011 $146.46

74841 NEW HEAT PLANT - CHECK BELTS ON CHILLER TOWER #2 7/18/2011 $69.20
74844 NEW HEAT PLANT - INSPECT VALVES ON CHILLER TOWER #2. NOT CLOSING PROPERLY. 7/18/2011 $830.36
75377 CHILLER #1 ALARM 8/2/2011 $142.14
75977 CLEAN STRAINER ON CONDENSOR SIDE OF CHILLER #1 8/25/2011 $161.46

2011 TOTAL WORK ORDER COSTS $15,465.55

81845

NEW HEAT - CHILLER PLANT UPGRADES 
 
USE 81904 1/24/2012 $77.11

82399 NEW HEAT CHILLER DECK- CHANGE MEDIA IN THE SAND FILTER 2/6/2012 $858.16
82716 NEW HEAT CHILLER DECK DRAIN PLUG 2/14/2012 $115.33
83835 CHILLER 3 TOWER UPGRADE 3/15/2012 $45,149.21
86488 CHILLER PLANT ALARM 5/22/2012 $190.86
87760 RESET CHILLER #1 FAILURE 6/18/2012 $97.39
88289 ORDER CHILLER CHEMICALS 7/3/2012 $76,813.48

88370
SHORE UP LADDER ON CHILLER #3 TOWER AT NEW HEAT 
SEE ED CASTANEDA 7/6/2012 $282.08

88401 CHILLER PLANT FAILURES 7/9/2012 $892.09

88477

NEW HEAT - CHILLER PLANT FAILURE 
 
CALLBACK AND OVERTIME FOR PAUL JOHNSON 
07/08-09-12   9-12, 12-1 7/11/2012 $762.76

88494 DIAGNOSE/REPAIR  CHILLER #2 7/11/2012 $2,973.75
88509 NEW HEAT - INSPECT CHILLER #1 CONDENSER TOWER 7/11/2012  $-   
88617 CHILLER PLANT CALLBACK 7/16/2012 $343.95

2012 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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Central Washington University Chiller Work Order Log

88840

NEW HEAT - RESET BREAKER AT CHILLER PLANT 
 
CALLED 99 7/20/2012 $57.79

88857 NEW HEAT - REPAIR LIGHTS AT WEST ENTRY STAIRS TO CHILLER PLANT 7/23/2012 $69.60
88940 CHECK VFD ON THE CHILLER PUMP PACKAGE. SEE PAUL JOHNSON. 7/24/2012 $80.99

89722

NEW HEAT - CHILLER IS ALARM 
 
CALLBACK AND OVERTIME FOR RYAN MACE 
08/12/12 8/27/2012 $142.14
CONTRACT 11078-01 CHILLER #2 COMPRESSOR REBUILD 8/23/2020 $77,831.00

90930 CHILLER #1 FAILURE 9/24/2012 $133.44
2012 TOTAL WORK ORDER COSTS $206,871.13

96538 NEW HEAT INSTALL HOT TAPS ON CHILLER #3 2/20/2013 $322.92
99966 CHILLER #1 IN ALARM 5/15/2013 $142.14

102601 CHILLER #1 IN ALARM 7/22/2013 $142.14
103094 NEW HEAT - RUN CIRCUIT TO CHILLER TWO STARTER 8/8/2013 $299.26
106556 CHILLER DECK CLEANING 10/30/2013 $799.57

2013 TOTAL WORK ORDER COSTS $1,706.03

112728 HEATING/COOLING - THE CHILLER DECK OF THE BOILER HOUSE REPAIR THE LEAKS IN THE FLOOR 4/9/2014 $283.51

113367

NEW HEAT - CHILLER DECK REPLACE AUTO SWITCH CHILL PUMP # 2  
 
CONTACT BUBBA TOWNSEND WITH ANY QUESTIONS 4/23/2014 $50.38

116784

NEW HEAT- CHILLER 3 ALARM  
DAVE KOPCZYNSKI 
6/27/14 
7:00PM-8:00PM 
CALL BACK 6/30/2014 $170.19

116868 HEAT/COOLING - RESEAL DRAIN ON CHILLER DECK. CONTACT MARK WINTERER FOR SPECIFIC LOCATION 7/2/2014  $-   
116888 ROOM#: GENERATOR ROOM CHILLER DECK DRIPPING INTO TEMPORARY CONTROL ROOM 7/2/2014  $-   

2013 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS

2014 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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Central Washington University Chiller Work Order Log

116903

NEW HEAT- CHILLER 1 ALARM 
DAVE KOPCZYNSKI 
7/1/14 
9:45PM-10:45PM 
CALL BACK 7/2/2014 $205.94

118750

BOILER- CHILLER # 3 ALARM 
DAVE KOPCZYNSKI 
8/23/14 
11PM-12AM 
CALLBACK 8/25/2014 $170.19

118751

BOILER- CHILLER #2 ALARM TRIP 
DAVE KOPCZYNSKI 
8/24/14 
3PM-4PM 
CALL BACK 8/25/2014 $170.19

119220

NEW HEATING/COOLING - CHILLER #1 IN ALARM 
CALLBACK 9/6/2014 
RYAN MACH 9/8/2014 $115.54

120229 CHILLER PLANT PROBLEMS 9/29/2014 $115.97
2014 TOTAL WORK ORDER COSTS $1,281.91

127697
 LOCATION:ROOF 

SHOP SUPPORT FOR RE ROOF BOILER CHILLER PLANT. 3/31/2015 $340.78
128893 NEW HEAT - CHILLER DECK LEAKING HEADER PIPE 4/27/2015 $1,401.00

130659
ROOM#: 0 #2 TOWER LEAKING ONTO ROOF AT UNION ON EAST SIDE WALL.  # 1 CHILLER LEAKING AT UNDERSIDE SEAM.  
MACE RESPONDED 6/8/2015 $74.00

131804 NEW HEAT-SHOP SUPPORT FOR CHILLER PROJECT 6/30/2015 $4,575.98
131920 CHILLERS NOT RUNNING AT HEAT/COOL PLANT 7/6/2015 $48.29
132192 ROOM#: 0 CHILLER 3 IN ALARM EMCS HIGH OIL TEMP 7/13/2015 $96.58
132193 ROOM#: 0 TEP GROUND FAULT ELECTRICAL EMCS CHILLER DECK. 7/13/2015  $-   
132503 BOILER HOUSE- SNAKE DRAIN ON CHILLER DECK 7/23/2015 $43.42
132971 ROOM#: CHILLER DECK CHILLED WATER TANK LOW.. MARK WINTERER CALLED IN BY ED CASTANEDA 8/10/2015 $154.20
132972 ROOM#: CHILLER DECK CHILLER 3 FAILURE    LOUIE  MCDONALD CALLED IN TO RESET CHILLER  BY ED CASTANEDA 8/10/2015 $219.24

2015 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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133231

BOILER- CHILLER ALARM # 3  
RYAN MACE  
CALL BACK 8/16/15 8/18/2015 $173.31

2015 TOTAL WORK ORDER COSTS $7,126.80

141080 NEW HEAT- ROD CHILLERS 2/24/2016 $2,059.62
142824 ROOM#: NA LIGHT SWITCH ON WEST ENTRY OF CHILLER DECK ELECTRICAL SHORT. TAGGED OUT AND TAPED OVER FAULTY SWITCH. SPARKED BEHIND COVER PLATE WHEN  ATTEMPTED TO OPERATE.4/6/2016  $-   
146190 ROOM#: 0 CHEMICAL ROOM SAMPLE VALVE FOR CHILLER 2 & 3 IS DRIPPING, BUCKET UNDER IT. 6/20/2016 $65.55

146263

BOILER- CHILLER #1 ALARM 
CALLBACK  
RYNA MACE 
6/18/16 6/21/2016 $908.10

146601 NEW HEAT-CHILLER #1 ALARM REPAIR 6/30/2016 $567.59

151966

 LOCATION:CHEMICAL ROOM 
PLEASE PUT BOIL AND EMCS ON THIS W/O. REPLACE AND RELOCATE CHILLER 1&3 CHEMICAL HEADERS AND CONTROLLER 
FROM EAST WALL TO THE WEST WALL. 12/8/2016 $498.64

2016 TOTAL WORK ORDER COSTS $4,099.50

154706 NEW HEAT- RODDING CHILLERS, REMOVE END CAPS 3/2/2017 $6,752.26

156597
 LOCATION:0 

EAST CHILLER DECK DOOR DRAGS ON FLOOR WILL NOT CLOSE. 5/1/2017 $28.11

158466

 LOCATION:NORTH WEST CORNER  
REINSTALL OUTSIDE OVER HEAD LED YARD LIGHT IT WAS TAKEN DOWN DURING NEW CHILLER INSTALLATION. 
ELECT SHOP  
BOIL SHOP 6/16/2017  $-   

158687
 LOCATION:2ND FL 

W/O CHILLER 3 IN ALARM,ED CASTENEDA CALLED IT IN, FROM HOME. 6/26/2017  $-   

158819
 LOCATION:CHEMICAL ROOM  

PLEASE ADD BOIL TO THIS W/O. #1 CHILLER DIE READING SENSOR IS DISPLAYING AN ERROR ON THE CONTROLLER. 6/29/2017 $1,138.36

2016 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS

2017 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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159352

 LOCATION:CHILLER DECK 
INSTALL SHELVING  
 
 
BOIL SHOP 7/19/2017 $304.77

159356

 LOCATION:CHILLER DECK 
PAINT HOUSE KEEPING PADS 
 
 
BOIL SHOP 7/19/2017  $-   

159433

 LOCATION:NA 
THE LIGHT SWITCH JUST INSIDE THE WEST ENTRANCE TO THE CHILLER ROOM NEEDS REPLACED, IT HAS BEEN TAGGED 
(EMITTED SPARKS WHEN SWITCHED) 7/24/2017 $80.39

159767

 LOCATION:CHILLER PLANT 
PLEASE ADD EMCS TO THIS W/O. THE OSA TEMPERATURE SENSOR FOR THE CHILLER PLANT NEEDS TO BE REPAIRED / 
REPLACED. 8/7/2017 $327.75

159887 NEW HEAT - CHECK CHILLER #2 , CONDENSER WATER AND VFD 8/10/2017 $432.86

160792

BOILER- RESET CHILLER  PER LOUIE   
CALLED BACK  
9/2 9/12/2017 $57.44

161383

 LOCATIONS:CHILLER DECK 
CONDEX GLYCOL PUMP IN ALARM WILL NOT RUN 
 
ATT. JEFF R. FROM ELECT. SHOP 
 
WO FOR ELECT. AND BOIL. SHOPS 9/21/2017 $62.71

162190 BOILER HOUSE- TURN THE HEAT ON-  CHILLER DECK 10/9/2017  $-   

162278

 LOCATIONS:CHILLER #1  
PLEASE ADD EMCS TO THIS W/O. GIVE TO PAUL JOHNSON. #1 CHILLER TOWER HAS A PRETTY SIGNIFICANT BIOLOGICAL 
GROWTH FLOATING AND GROWING IN IT. 10/11/2017 $163.88

162695 BOILER PLANT - REPLACE CORES IN CHILLER MODULAR OUTSIDE OF BOILER PLANT 10/19/2017 $86.16
2017 TOTAL WORK ORDER COSTS $9,434.69

2018 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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167231

 LOCATIONS:CHILLER DECK 
REMOVE END BELLS, ROD CHILLERS 1&3 AND PUT END BELLS BACK ON 
 
 
MECH SHOP 
BOIL SHOP 
EMCS SHOP 3/1/2018 $3,993.20

168767 BOILER HOUSE - EVAP CHILLER #1 ON TOP OF HEAT PLANT ROOF LEAKING WATER ON EAST SIDE OF CHILLER 4/17/2018  $-   
170053 CHILLER TANK OVERFLOWING - NO CHILLED WATER 5/24/2018 $471.53
171258 BOILER HOUSE - INSTALL NEW RELAY FOR CHILLER LOOP CHEMICAL CONTROLLER AND NEW FLOW SWITCH 6/25/2018 $1,060.74

172362

NEW HEAT- CHILLER #3 TRIPPED OUT 
LOUIE MCDONALD  
CALLBACK 8/4/18 8/7/2018 $167.61

2018 TOTAL WORK ORDER COSTS $5,693.08

179887 HEAT - CHILLER PLANT REPLACE GAUGE ON CONDENSER WATER SYSTEM 3/15/2019 $644.34
179965 BOILER HOUSE- CHILLERS 1,2,3 3/19/2019 $10,562.14
182339 BOILER HOUSE- CHECK CHILLER 3 POWER ISSUES 5/22/2019 $916.52
184697 BOILER HOUSE- CHILLER #2 HIGH TEMP ALARM 7/23/2019 $794.41

184761
 LOCATIONS: 2ND FL 

#94 CALLED FOR PAUL #126 TO COME IN AND TAKE A LOOK AT THE CHILLER PLANT,IT,S NOT RUNNING CORRECTLY. 7/24/2019 $1,470.99
189126 BOILER HOUSE- PM-  CHILLER DECK 11/6/2019 $9,533.76

2019 TOTAL WORK ORDER COSTS $23,922.16

193663 BOILER HOUSE- REPAIR LOCK ON CHILLER #2 DOUBLE DOORS 3/12/2020 $267.17
195214 BOIL/HEAT PLANT- CHILLER STARTER REPLACEMENT 5/22/2020 $40,019.41

195903
 LOCATIONS:CHILLER DECK 

LIGHT OUT OVER CHILLER #3. 7/6/2020  $-   
2020 TOTAL WORK ORDER COSTS $40,286.58

2019 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS

2020 CWU WORK ORDER SUMMARY OF COSTS FOR THE CHILLERS
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