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Summary

The Central Organisation for Radioactive Waste (COVRA) currently stores high-level waste (HLW),
intermediate-level waste (ILW) and low-level waste (LLW) for at least the coming 100 years, while
further disposal options are being researched. One approach is based on a natural concept, where the
radionuclides are immobilised in the host rock. Based on this case, the underground repository is being
designed for long term safe disposal and possible retrieval of the waste before the final closure of the
repository [1].

Multiple barriers are used to improve the containment of the waste, consisting of a concrete hous-
ing with a steel canister(ECN canister) inside. These barriers are usually referred to in total as the
engineered barrier system. The scope of this project was to find a suitable cementitious fluid that
could cover the aluminium cladding around the UAIy fuel in spent research reactor fuel rods, which are
placed inside the ECN canister. This is needed to inhibit the formation of hydrogen gas by corrosion of
the cladding around the fuel meat, since this would most likely jeopardize the integrity of the barriers
due to pressure build up. Since safety is the number one concern in the storage and handling of nu-
clear waste, this additional fail-safe barrier is researched here in case the engineered barrier system is
compromised.

The main way to ensure the containment of the waste, is by preventing the corrosion of the outer
aluminium cladding of the waste elements. Cement-based solutions were preferred due to the expertise
COVRA has in working with them. Corrosion prevention can occur, either by forming an insoluble layer
on the aluminium cement interface or by providing a controlled environment that inhibits corrosion
by pH induced passivation [2]. Magnesium potassium phosphate cement(MKPC) was identified to be
most suited barrier. It was selected for it's eventually low pore water pH (between 7 and 9) and
comparatively workable setting time. With a cement selected, then came the consideration for the
ratios of magnesium to phosphate (M/P) and water to cement (W/C), both having an effect on the
setting time and the pH of the pore water. From a literature review it was gathered that a M/P ratio
of 1.50 gave a pH of 7 to 8. With increasing W/C the porosity and setting time rose, which had to
be balanced with each other. Keeping the W/C in line with M/P, the W/C has to be around 0.20.
Further additives were also researched to design for even more preferable characteristics. Therefore,
we suggest adding 15 w% of boric acid to provide a tripling of the setting time.

In terms of economics, the MKPC cement was found to be more compelling than the previously re-
ported benchmark solution of a Portland cement blend with LiNO3. Furthermore, the annual expenses
of implementing such cement were calculated. However, there is still the option of significantly re-
ducing the cost by using COVRA's existing equipment or purchasing pre-mixed components from other
companies. Further experiments are needed to validate the properties of the final cement mixture and
to determine whether the findings from the literature are applicable in the long term safe storage of
the fuel assemblies.
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Introduction and Project Charter

Radioactive waste is generated from a variety of human activities including nuclear power generation,
mining, nuclear weapons processing, as well as from the use of radioactive materials in industries
like medicine, agriculture and research. Depending on its level of radioactivity, the length of time it
remains hazardous, and the heat generation, radioactive wastes can be separated into three categories:
low-level waste (LLW), intermediate-level waste (ILW) and high-level waste (HLW) [21].

Regardless of type, it is essential to have a safe, secure and sustainable management plan for
radioactive wastes as they are potentially hazardous to the environment and subsequently, public
health. Although the wastes are primarily managed in accordance with the national government’s
policies, which usually have been prepared in compliance with relevant international legislation and
standards, these approaches are recognized to be a result of a complex network of multinational
measures. In the Netherlands, the current policy on the nuclear waste management is divided into two
parts [22]:

1. Storage of all types of radioactive waste at a centralised surface facility for the next 50 to 100
years.

2. Research into long-term waste management options.

The Central Organization for Radioactive Waste (COVRA) was established as the sole organization
in order to carry out the first part of the above-listed policy. At COVRA, all types of Dutch radioactive
waste are collected, processed and being stored for at least 100 years in facilities specifically designed
for this purpose. In order to ensure long-term safety, the wastes are isolated and well-controlled. While
COVRA has been storing LLW and ILW at its site in the Vlissingen-Oost region for many decades, the
HLW is separated and stored in a dry vault storage facility (the HABOG facility). This allows for further
surface storage, returning spent fuel to the supplier country for reprocessing, and, most importantly,
future disposal in a deep geological formation for long-term safety (up to 1,000,000 years) [22].

Regarding the second part of the policy, COVRA is targeting its research on the disposal of the
waste in the Dutch host rock. This is a similar approach adopted in many other countries like Belgium,
Finland etc. [1]. COVRA also focuses their research on retrievable repository designs in both rock salt
and clay formations, as well as extended surface storage [22]. In terms of research budget, 3 times
more has been spent on rock salt compared to clay.

HLW includes not just nuclear waste and medical waste, but also spent nuclear fuel components
utilized in research reactors (either for test, research or energy generation purposes). There are
currently three operational test and research reactors in the Netherlands: two reactors (High and Low
Flux) in Petten and one (Hoger Onderwijs Reactor (HOR)) in Delft. The spent research fuel that is the
focus of this waste management project is coming from these reactors. Because spent fuel components
are no longer usable, they must be removed and replaced with new fuel rods. Spent fuel can also be
considered as an asset. In fact, approximately one third of the spent fuel is reprocessed to recover
the reusable substances including, isotopes for medical applications, uranium and plutonium, which
then results in new fuel and HLW [23]. The waste is still highly radioactive and generates a significant
amount of heat, therefore it is usually transferred to a fuel pool for several years. After this period,
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it is transferred to a wet or dry storage facility. The canisters containing the HLW are usually stored
in air-cooled vaults or casks. In the HABOG facility it is stored using a dry vault storage technology
[22]. The exact composition of spent fuel is determined by the fuel type, enrichment (fraction of fissile
content), reactor type, and operating conditions [24].

It has been discovered that the best way to ensure long-term safety for spent fuel and HLW is by
isolation in deep geological repositories (DGR) [1]. The Dutch geological disposal facility (GDF), planned
with this universally adopted approach in mind, can be seen as a schematic in Figure 1.1 below. The
facility consists of both underground and surface components. The depth of the underground facilities
depends on the envisaged impact by climate change (ice ages). In the North of the Netherlands,
these facilities may need to be deeper than in the South of the Netherlands. A minimum depth of 200
metres for isolation purposes is used. A maximum of 1000 metres for acceptable underground working
conditions is currently assumed. A point of departure of 500 metres depth was used [1]. The long
term safety is provided by both natural and engineered barrier systems. The disposal tunnels, located
in the host rock formation, are planned to be separated and optimized for different types of fuels: for
high-level wastes, for spent fuel from research reactors, for the disposal of low and intermediate level
wastes and depleted uranium [1].

Figure 1.1: Artist’s rendition of the planned Dutch Geological Disposal Facility [1]

As it can be seen from the artist’s rendition above, in the long-term plan, the nuclear wastes are
isolated and the radionuclides within them are contained by multiple barriers. These barriers can be
discussed under two categories: natural barrier systems and engineered barrier systems (EBS) in order
to maintain safety. A schematic displaying the various layers of the GDF can be found in Figure 1.2
below.

Figure 1.2: Multibarrier approach of the GDF [1]



Natural barriers are made up from the host rock layer found in the site location and the overlaying
geological formations. Because the design utilizes naturally found components for the containment,
it is highly dependent on the geological environment in which the facility is placed. For Netherlands,
clay and rock salt have been determined as the most likely host rock formation [1]. In this report,
clay will be taken as the principal natural barrier and will be referred to as Boom Clay, because much
knowledge is available about this clay for disposal. All Paleogene clays are considered [25]. Boom
Clay provides a stable and low permeability barrier that protects both the EBS and the wastes from the
natural processes and any interactions with flowing water. It is also able to hold and slow down the
diffusion of radionuclides. The overlying geological formations, denoted in light green in Figure 1.2,
are generally mixed layers or sand, silt and clay, and they serve to diffuse and dilute the radionuclides
that are able to leave the host rock layer [1].

The engineered barrier system, on the other hand, is made out of many components that provide
both physical and chemical containment for the radionuclides in the waste. It is mainly made out of
cementitious material along with steel containers for disposal of waste in a GDF hosted in clay. A
more detailed explanation on the various components of the EBS can be found in Section 2.1; Overall,
each component of the EBS is chosen for their non-overlapping weaknesses to ensure safety over long
periods of time. However, despite the geological settings of the Boom Clay and the many layers of the
EBS protect the waste from erosion and climate change, there is still a possibility of waste and (pore)
water contact. However, the fuel elements (either filled with uranium-aluminide or uranium-silicide) are
covered in aluminium cladding. As a result, anaerobic corrosion of either the cladding or the uranium
aluminium matrix due to oxygen-free water may occur.

In the present case, it is assumed that the steel canister is already compromised and water has come
in contact with the waste. In case of this potential deterioration, extra waste processing/protection
barriers are required to limit the hydrogen gas buildup that can form as a result of the aforementioned
corrosion. Spent research reactor fuel contains aluminium with a high surface area exacerbating the
problem further. For this reason the focus of this study will be on this part of the waste package.

Two main approaches to prevent the formation of the H,-gas during anaerobic corrosion of alu-
minium have been demonstrated. An insoluble layer could be formed on the aluminium cladding which
would prevent the corrosion, or an engineered barrier which prevents the water from coming into con-
tact with the cladding can be introduced. It has already been discovered that LiNO5; forms an insoluble
layer on the aluminium cladding, preventing the H,-gas from being formed. However, the availability
of lithium is expected to drop in the future due to the increased usage of batteries. Furthermore, it is
impossible to ensure that an engineered barrier will remain impermeable to water for elongated periods
of times. Consequently, a new solution must be found in order to prevent Hy-gas generation during
nuclear waste disposal.



1.1. Scope of the Project 9

1.1. Scope of the Project

Although the other layers of the engineered barrier system (EBS) are already designed to prevent water
from coming into contact with the aluminium, the possibility of corrosion occurring simply due to the
extremely long disposal time must still be addressed. Therefore for this study it is assumed that the
other barriers have failed and the aluminium is in direct contact with highly alkaline water, which is the
main driver of the aluminium corrosion.

The scope of this study is to report on existing options that can be used for preventing the aluminium
corrosion. The intention is to present only those options that are feasible now, or expected to be
available soon. The main challenges to overcome during this study are data availability regarding gas
perturbation in the clay host rock and coating application technologies, as well as uncertainties with
the location where the waste will be disposed, thereby predicting the environmental conditions for the
next 100,000 years.

The main constraints that are given by COVRA are:

e The criticality: it is the state in which the nuclear chain reactions are able to sustain themselves.
The amount of fuel elements and their arrangement have to be considered to prevent criticality.

« The availability of materials: although the use of LiNO3 is a known solution against Al corrosion,
it has low availability hence no lithium containing materials can be included in this study.

 Ease of use: room temperature handling is preferable to minimize hazards and failures.

« No organic materials: since organic materials could act as food source for microbes, they can not
be used.

¢ Strength: Determination of the strength of the material is outside the scope, however any infor-
mation on this is welcome.

Based on these constraints, a suitable cementitious covering is sought so the aluminium cladding
and the inner fuel meat remain stable.
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7KHUH DUH WZR NH\ IHOAWWKBW RIHMIGW WR EH GLVFXVVHG )LUVW LV WK
FHPHQWLWLRXV PDWHULDO FRQWDLQHG LQ WKH VXSHUFRQWDLQHUV 7Kl
%HOJLXP LQ@ ,® IDFW +LQWWQQHOV WKH ZDVWH PDWHULDO RQO\ PDNH
VXSHUFRQWDLQHU YROXPH WKH VWHHO DQG WKH FHPHQWLWLRXV P
FRQFUHWH DQG FHPHQW WUDQVODWHY WR DQ DSSUR[LPDWHO\ PHWH
%RRP &0@\ KH VHFRQG IHDWXUH LV WKH HIWHQVLYH QXPEHWY/RI EDUULHL
DQG WKH VSHQW IXHO IURP WKH RXWVLGH HQYLURQPH QW8 RAHORIQAW D VF
IXHO VXSHUFRQWDLQHUYV



3K\ WVLFDO DQG FKHPLFDO FRPSRQHQWYV RI WKH GLVSRVDO FHOO

JLIXUH 6FDOHG VLGH YLHZ FURVV VHFWLRQ RI WKH (%6

BWDUWLQJ ZLWK WKH LQ Q¥ 8IPQ YW XOUMWHKUER FIVEEHVWHU FDQ EH VHHQ ZKL
KRXVHG LQ WKH VWHHO RY HUKHF EOMXKHR Y DXBQUHY DUH WKH ZO®RW HOHPHQ
+(8 ZKLFK DUH VXUURXQGHG E\ WKH GDUN JUHHQ OLQHV DQG UHSUHVHQV
ZDVWH HOHPHQWYV LQ SODFH 7KH OLJKW JUHHQ LQ EHWZHHQ WKH VWHHC
ZDVWH HOHPHQW WKH IXHO SODWHV KRXVLQJ WKH PDWHULDO DUH DUUD
GRZQ YLHZ LQ ) EHORD >

JLIXUH 6FKHPDWLF WRS YLHZ RI WKH IXHO soODw@&V IRUVSHQW UHVHDUFK UHDFWRU IXHC
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7KH ILUVW WZR EDUULHUV VHSDUDWLQJ WKH IXHO HOHPHQWYV KHOLXP
IURP WKH RXWVLGH HQYLURQPHQW DUH WKH (&1 FDQLVWHU DQG WKH VW
JLIXUHE ,W LV DVVXPHG WKDW WKHUH LV QR WUDQVIHU RI PDWHULDO DIW
WKDW DQ\ EUHDFK RI WKH FRQWDLQHU FDQ EH GHWHFWHG E\ PHDVXULQJ V
GLVSRVDO WKH FDQLVWHU DUH HQYLVDJHG WR EH SODFHG LQ D FDUERQ "
WUDQVIHU RI IOXLGY GXULQJ WKH WKHUPDO SKDVH ZKHUH WKH VSHQW IX|
ILVWVLRQ SURGXFWV LQVLGH WKH VSHQW IXHO

$IWHU WKH RYHUSDFN WKH FHPHQWLWLRXV OD\HUV WKDW PDNH XS P
ZLWK WKH EXIIHU ZKLFK LV D FRQFUHWH FRQWDLQHU ZLWK DGGLWLRQTC
WKHVH FHPHQWLWLRXV OD\HUV LV WR SURYLGH D KLJK S+ HQYLURQPHQ\
SHUPHDELOLW\ ZKLFK LV HVVHQWLDO IRU PLQLPL]LQJ@VKHKFHRVYDRVLRQ |
FHPHQWLWLRXV PL[WXUH LV DOVR SRXUHG RYHU WKH EXIIHU WR DFKLHYF
WKH SHGHVWDO )RU VLPSOLFLW\ LW FDQ EH DVVXPHG WKDW WKH VDPH
SHGHVWDO DQG WKH RXWHUPRVW OD\HU WKH OLQHU +RZHYHU IRDPHC
EDFNILOO EHWZHHQ WKH EXIIHU DQG OLQHU 7KH EDFNILOO SURYLGHV VX
WKH FOD\ DQG WKH FRQFUHWH OLQHU L V(%W ILLW \P\WU OH.\D B [RU KEAHWHRRHW R
WKH FOD\

$ERYH DUH DOO WKH OD\HUV FXUUHQWO\ UHVHDUFKHG DQG LQWHQGHG
>@ $V VWDWHG LQ WKH VFRSH Rl WKH SURMHFW LW LV DVVXPHG WKDW I
DQG ZDWHU ZLOO FRPH LQWR FRQWDFW ZLWK WKH DOXPLQLXP FODGGLQ
DGGLWLRQDO EDUULHU LV SURSRVHG WR SUHYHQW WKH FRUURVLRQ RI W|
ZKLFK FDQ OHDG WR SUHVVXUH EXLOGXS DQG WKH FUHDWLRQ RI KD]DUG
PXVW EH ORFDWHG EHWZHHQ WKH VWHHO RI WKH (&1 FDQLVWHU DQG WKH
FRUUHVSRQGY WR WKH OLXKVWVRIWKB LIRPI9G KDWLINWK FHPHQW D SUHIHU
KDV EHHQ H[SUHVVHG WR FRQVLGHU D FHPHQWLWLRXV PDWHULDO ZLWK F

,W LV FOHDU WKDW FRUURVLRQ PXVW EH SUHYHQWHG WKHUH DUH VHY}
E\ S+ FRQWURO DGVRUSWLRQ LQKLELWR®@V DLQ® \WM. OPKIHR 8 R L\QLF DQKS & R WH
EH HODERUDWHG RQ ZKLFK JLYH D FOHDUHU SLFWXUH RI WKH VLWXDWLR

SK\WLFDO SURFHVVHYV

7KH SK\VLFDO SURFHVVHY UHOHYDQW WR WKH ZDVWH FRQWDLQHU DQG V
IROORZV )LUVW WKH JURXQG ZDWHU PXVW SHQHWUDWH WKURXJK WKH |
ZKLFK FRQWDFW ZLWK WKH DOXPLQLXP FODGGLQJ LV UHDOLVHG $W Wk
FODGGLQJ ZLOO UHDFW DQG IRUP K\GURJHQ JDV GXH WR FRUURVLRQ

GLVSODFHG DQG WUDQVSRUWHG DJDLQ WKURXJK DOO WKH OD\HUV 'K
QXFOHDU ZDVWH PXVW DOVR EH NHSW LQ D VXE FULWLFDO VWDWH 7K
WKH QXFOHDU UHDFWLRQV LV DOVR SUHVHQW $ VFKHPDWLF LV SUHVHC

JLIXUH 6XPPDU\ RI SK\VLFDO SURFHVVHYV
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:DWHU GLIIXVLRQ

7KH &295%$ GLVSRVDO SODQ IRU WKH VSHQW UHVHDUFK UHDFWRU IXHO LQ
VXFK DV WKH EDFNILOO FRQFUHWH OLQHU DQG WKH VXSHUFRQWDLQHU
FHPHQWY DUH LQIOXHQWLDO LQ GHWHUPLQLQJ WKH SK\VLFDO DQG FKH
SHUIRUPDQFH IRUWKH GXUDWLR@RI WKH VWRUDJH SHULRG >

W FDQ EH H[SHFWHG WKDW W K% 66 & RQD &L W KRIQR FWKEJHY WKDW RFF )
UHJLRQ ZLOO EH GULYHQ E\ WKH GLIITHUHQFHV LQ WKH FKHPLFDO FRQGLW
PDWHULDOV DQG WKH JURXQGZDWHU LQILOWUDWLQJ LQWR WKLV UHJLR
WKH JDV JHQHUDWLRQ WKURXJK ZDWHU FRQWDPLQDWLRQ RI WKH IXHO U]
LQWR WKH VIVWHP LV DQ HVVHQWLDO SDUW LQ XQGHUVWDQGLQJ WKH SD
H[SHFWHG GLIIXVLRQ SDWK RI WKH ZDWHEHHORYQ EH VHHQ LQ )LJXUH

JLIXUH 'LIIXVLRQ SDWK RI ZDWHU

6LQFH WKH UHIHUHQFH GDWH IRULPSOHPHQWLQJ WKH JHRORJLFDO GLV
WKDQ \HDUVIURP WRGD\ WKH H[DFW ORFDWLRQ RI WKH VLWH DQG WKH
URFN DORQJ ZLWK WKH SRUH ZDWHU LV VWLOO XQNQRZQ +RZHYHU WKH
FDQ EH FRQVWUDLQHG WR D FHUWDLQ GHJUHH

JRU LQVWDQFH LW FDQ EH DVVXPHG WKDW WKH FOD\ ZLOO KDYH VXIILF
WKDW SRUH ZDWHU LV HII@F WILKLNOR H/DA\DV] VEKQW WKH GRPLQDQW SURFHYV
VSHFLHV ZDWHU K\GURJHQ JDV PLQHUDOV HWF ZLOO PRYH WKURXJK
GLIIXVLRQ GULYHQ E\ FRQFHQWUDWLRQ JUDGLHQWYV

7KHUH DUH WKUHH K\GUDXOLF SURSHUWLHY WKDW GHSHQG RQ WKH FO
WR WKH SHUIRUPDQFH Rl WKH VIVWHP 7KH K\GUDXOLF FRQGXFWLYLW\ |
UHVDWXUDWLRQ RI WKH UHSRVLWRU\ WKH PDVV WUDQVSRUW WR DQG IUR
WKH VSHFLHV IRXQG LQ WKH EDFNILOO RUWKHEXIIHU 7KH SRURVLW\DQG
JDVIORZRXWRIWKHQHDUILHOGDQG WKH SRVVLEOH IRUPDWLRQ RIJDV S
ZDWHU FRPSRVLWLRQ FDQ DIIHFW WKH FKHPLFDO FRQGLWLRQV RI WKH VX
UDWHV RI WKH FHPHQWLWLRXV EDUULHUV DORQJ ZLWK WKH FR& URVLRQ L

7KURXJK PRGHOOLQJ GRQH E\ &295% WKH YHUWLFDO SHUPHDELOLW\ R
ZDV IRXQG WR EH LQ EHRIZMM® — P > @ 'XULQJ WKH H[SHULPHQWDO VV
SHUPHDELOLW\ZDV IRXQG WR £ H@ WKXYE YDOXHV VXSSRUW WKH DVVXPSW
SRUH ZDWHUV DQG FDQ EH XVHG WR FDOFXODWH WKH K\GUDXOLF FRQGXF

i P p f
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ZKHWHY SHUPHDELOLWK\BUDXOLF FRQGXIPWWKHWA\@PDYLF YLVFRVLW\ RI W
NJ PwVLV WKHDVVXPHG FRQVWDQW GHQVLW\ RDW&H SRRKIHH XBRMHHDUWH U D WNLJ
GXH WR JUDYLW\ 6LOFFN WKH PDLQ PHWKRG RI WUDQVSRUW RIVSHFLHV L
GLIIXVLRQ WKH FKDUDFWHULVWLFV RI WKH SRUH ZDWHU VLIJQLILFDQWO
VHYHUDO zD\V )RULQVWDQFH GLIIHUHQW FRPSRVLWLRQRIPLQHUDOYV FF
JUDGLHQWYV EHW® QIBQWKKIHFOD\ ZKLFK WKHQ DITHFW WKH GLIIXVLRQ UDWH
FRPSRQHQW FRXOG FDXVH XQZDQWHG UHDHRWERQW ZWLIRK ERXOWR®D AN I M
PRGLI\WKH GLIIXVLRQUDWH 7KH S+ RIWKHJURXQGZDWHU FRXOG DOVR L
WKH FHPHQW SRUH ZDWHU ,Q IDFW LWLV H[SHFWHG WKDW D S+ YDOXH EF}
WR WHQV RI WKRXVDQGVY RI'\HDUV 7KURXJK WKLY GHFUHDVH FRUURVLR
WKH DOXPLQLXP FODGGLQJ ZLOO EH DOWHUHG

$IWHU WHVWLQJ WKUHH GLITHUHQW VFHQDULRYVY %HKUHQGV HW DO UH
WKH FOD\ IURP =HHODQG VXJJHVWHG D VWURQJ VHDZDWHU VLIQDWXUH 7
ZDWHU WKDW LV H[SHFWHG WR EH IRXQG LQ WKH FOD\ GHDR XK H V\VWHP I

7TDEOH ORGHOOHG SRUH ZDWHU FRPSRVLWIRQ IRU WKH VHDZDWHU VFHQDULR >

&RPSRQHQWV 3URSRPWXWWG 9DOXHV PPRO| NJZDWHU
$0 [
&
&D
&0

)H [
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$OWKRXIJK PRUHUHSUHVHQWDWLYH FRQGLWLRQV IRU WKH SRUH ZDWH
K\GUDXOLF SURSHUWLHVY DUH QRW DYDLODEOH \HW WKH FKDUDFWHULVW
RYHUYLHZ RI WKH ORQJ WLPH HYROXWLRQDU\ & WKZ M\ FRIDQK H G/LKDER VB (
UHVXOW RID FRQWLQXRXV LQWHUDFWLRQ EHWZHHQ WKH %RRP &0D\ SRU
ZLOO LQFOXGH WKH JUD G*38Q) R P D@XXNQ\RIDMXNI UWDKNH G VWDWH WR D VDWXUL
DHURELF R[\JHQ SUHVHQW WRDQDHURE®F R[\JHQ IUHH FRQGLWLRQV >

+ JHQHUDWLRQ E\ WKH FRUURVLRQ RI DOXPLQLXP
%HFDXVH RI LWV OLJKW ZHLJKW DQG VWUHQJIJWK DOXPLQLXP LV ZLGHO\ >}
RQH RI WKH PRVWDEXQGDQW PHWDOV LQ WKH HDUWK ...V FUXVW :LWK DQ
KDV SURYHQ WR EH D JRRG @QHWIKIFWDULDHWH ORZ VWDQGDUG UHGR][ SR
9 PDNLQJLWDQ H[FHOOHQW UHGXFLQJ DJHQW 7KLV PHDQV WKDW ZKH !
SURGXFHV K\GURJHQ JDV ZKLFK FDXVHV LQWHUQDO VWUHVV WKDW FDQ
WKHFHPHQW PDWUL[ EXWDOVR WR WKH IRUPDWLRQ RI DDYRWIRRLPHHFSOR
GXULQJ WKH FRUURVLRQ SURFHVV LQ DQ DONDOLQH RUQHXWUDO HQYLU
JDVDUH DOO SURGXRHELHB\FWKR QO +

7KHUHDUHPXOWLSOH SRVVLEOH URXV2HN ORLRW XKILUH IMFRWMALWR IQHU B R G\LOAD

IDYRXUDEOH 8QGHU URRP WHPSHUDWXUH DQG DONDOLQH FRQGLWLRQV

SURGXFH $OD¥+GHSLFWHG LQ (TKDWURIQFWLRQ LV DOVR KLJKO\ HIRWKHU
N- PRO

$02+% +223%0 2% -+

7TKH RYHUDOO UHDFWLRQ XQGHU DONDOLQH FRQGLWLRQV IDIWGHULYHC
WKH FDWKRGLF UHDFWLRQ EDODQFHV WKH DQRGLF DOXPLQLXP GLVVRO.
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EDODQFHG E\ WKH R[\JHQ UHGXFWLRQ (TXDWLRQ
+2 dhg TM -+

2 +2 dhz2 TM
/IDVWO\ WKH DQRGLF GLVVROXWLRQ RI $0 FDQ EH VHHQ LQ (TXDWLRQ

$ay 236" dA

0DQ\ PHWDOV LQFOXGLQJDOXPLQLXP ZKHQ LQ SUHVHQFH RI R[\JHQ I
D WLIJKWO\ DGKHULQJ VXUIDFH R[LGH ILOP WKDW SUHYHQWYV R[LGL]LQJ UL
7KH WKLFNQHVYV RI WKH SURWHFWLYH OD\HU FDQ UDQJH EHWZHHQ WR
FRQWDFW ZLWK R[\JHQ 2ZWLIRRWY VNHFR[$IHQ LQIOXHQFHV WKH FRUURVLR
ZKHQ WKHGLVVROYHG R[\JHQ FRQFHQWUDWLRQV DUHKLJK $VDUHVXOW I
VXUIDFH WKHWRWDO WKLFNQHVV RI WKHSURWHFWLYHOD\HULQFUHDVH
FRQVWDQW 7KH VFKHPH RI WKH SURWHFWLYH OD\HU IRUPDWLRQ PHFKDQ

JLIXUH 2 SORWHFWLYH OD\HU IRUPDWLRQ

$OWKRXJK WKH R[LGH ILOPV DUH JRRG HOHFWULFDO LQVXODWRUV WKt
WLYLW®\ $OXPLQLXP DOOR\V FDQ FRUURGHLQD YDULHW\RIZD\V VRLWLYV
SDWKZD\LQ RUGHU WR ILQG DQ DSSURSULDWH VROXWLRQ $OXPLQLXP L
WR WKH SDVVLYDWHGXOWHWIRM $ROXEOH LQ ERWK VWURQJO\DFLGLF EHC
S+ DTXHRXV VROXWLRQV ,W LV XQNQRZQ ZKDW WKH S+ RI WKH VXSHUFF
ZDWHU DQG DOXPLQLXP FRPHLQWR FRQWDFW 7KLV PRPHQW FRXOG ODVW
GXH WR WKH KLIJK DONDOLQH QDWXUH RI FHPHQWY WKDW VXUURXQG WKH
FRUURVLRQ SRWHQWLDO EHJLQV GXULQJ ZDVWH SURFHVVLQJ ZKHQ D FHTF
RQWR DOXPLQLXP 'XH WR WKH UDSLG GHSOHWDRRQ\RBERRGKGHD IGLXIKL QD W
SURFHVV DQDHURELF FRUURVLRQ 7KLV PHDQV WKDW FRUURVLRQ LV DQ
EXW DOVR GXULQJ WKH SRXULQJ SURFHVYV

7KH PHFKDQLVP RI $0 FRUURVLRQ LV GH WSFOWKHSDLAN)ROXQH HQYLURQPt
EH VHHQ LQ (TXDWKIHRDRQV DWWDFN DQG GLVVROYH WKH SDVVLYDWHG OTC
K\GUR[\ DOXPLQDWH LRQV ZKLFK WKHQ H[SRVH WKH $0 VXUIDFH

$Q@ 2+ +22 s$0 2%

7KHQ WKH $O0 PHWDO VXUIDFH JHWYV I%(LLR/(QK/HDJQEQSV\AM&O—FKIIBIWHEW WIKH RK WK
WR D IRUPDWLRQ LQ PRUH VROXEOH K\GUR[\ DOXPLQDWH LRQV DQG K\GU
$V WKH FHPHQW VXUURXQGLQJ WKH DOXPLQLXP KDUGHQV WKH UHDFWLR
K\GURJHQ EXEEOHV DUH XQDEOH WR IRUP D SRURXYV OD\HU DURXQG WKH LC

$0 2+ +223%0 2% +

7KH ILQDO VWDJH RI WKH $O0 FRUURVLRQ LV WKH UHDFWERZJ_WIKWKH K\ C
WKH VXUURXQGLQJ FHPHQW 7KLYV WKHQ€OIRIQGVD\KDFG\NMI-W(KH-HFFU-HH}VQ-MRIKH
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WKH K\GUR[\O DOXPLQDWH LRQV GHFRPSRVH LQWRKRDIVBIXPURXFE MIGKH R H\®
VXUIDFH

JLIXUH $0 FRUURVLR® LQ FHPHQWYV >

YXUWKHUPRUH GHSHQGLQJRQ WKH VXUURXQGLQJS+ GLIIHUHQW W\SH
GLDJUDP LQ )GIHSIHFWY WKH WRWDO FRUURVLRQ EHKDYLRU RIDOXPLQLXP
FRUURVLRQ W\SHV IRU WKLV VWXG\ DUH XQLIRUP FRUURVLRQ DQG JDOYI
UHSRVLWRU\ FRQGLWLRQV 7KH XQLIRUP FRUURVLRQ KDSSHQV ZKHQ WK
DQG FDWKRGH UHJLRQV ZKLFK WKHQ FRPH LQ FRQWDFW ZLWK WKH HOHFV
FRUURVLRQ FDQ EH OLPLWHG RU HYHQ SUHYHQWHG E\ WKH XVH RI FKHP
IXUWKHU LQ 6HKFHWIDROY DQLF FRUURVLRQ RQ WKH RWKHU KDQG FDQ RFFXU
ZLWK VHDZDWHU :KHQ $0 FRPHV LQWR FRQWDFW ZLWK RWKHU PHWDOYV
UHVXOWLQJLQ D KLIJKO\FRQGXFWLYH PHGLXP ,Q WKLV FDVH WKH $0 FR
‘KHQ FRPSDULQJ WKH WZR FRUURVLRQ W\SHV WKH JDOYDQLF FRUURVLRQ

FRUURVLRQ

JLIXUH &RUURVLRQ W\SHV WKDW RF®XU DW GLIIHUHQW S+ OHYHOV >

7KH UDWH RI FRUURVLRQ RI DOXPLQLXP FODGGLQJ BDY BEH REXDNIORHD E
RU WKH IRUPDWLRQ RI DQ R[LGH OD\HU 3UHYLRXV UHVHDUFK KDV UHYHEL
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WKH $O FODGGLQJ FRPSRVHG RI $0DQG $00J LQ FOD\RU EULQH V

PP SHU \HDU 7KLV LV RZLQJ WR WKH FODGGLQJ...V LPSXULWLHV ZKL!
R[LGDQWYV DQ@DQKRQPHDQV WKDW DIWHU D IHZ \HDUV WKH FODGGLQJ G

$SDUW IURP WKH FRUURVLRQ Rl WKH $0 FODGGLQJ WKH XUDQLXP DOX
IXHO PXVW DOVR EH DGGUHVVHG ZKHQ GHWHUPLQLQJ WKH GHJUDGDWLR
WKDW WKH FRUURVLRQ UDWH RI XQLUUDGLDWHG 8$OpPDSH Up\& ¥ D DLW V E +
S+ DQG DQR[LF FR@GI(WARWMRCRZY FRUURVLRQ UHDFWLRQ IRU VXFK IX
FRQGLWLRQV

8$0[v2+ v +2@8 2+ v + v$o 2%

JRUWKH IXHO FRQWDLQLQJD VLIJQLILFDQW SURSRUWLRQ RI WKH DOOR\
KDV EHHQ SURYHQ LQ PXOWLSOH VWXGLHV WR EH@RPEBUDHO R DWRWL K R B
WKHUHIRUH EHHQ FDOFXODWHG WR KDYH D OLPLWHG Q@ | HSW WP KIHX@IMWPL O L
IRU WKLV VWXG\ LV WR PDLQWDLQ WKH OLIHWLPH RI \HDUV LQKLEL
FODGGLQJV DUH UHTXLUHG

'LVVROXWLR@MMRSRUH ZDWHUYV
"XULQIWKHFRQWDLQPHQW RIWKHVSHQWUHVHDUFKUHDFWRUIXHO JDV -
$GGLWLRQDOO\LQ WKH SURFHVVLQJRIZDVWH ZLWK KLJKO\DONDOLQH FH
GXHWR WKH GHSOHWLRQ RI R[\JHQ $IWHU FORVXUH RI WKH UHSRVLWRU\
WR R[\JHQ EHLQJ FRQVXPHG E\ LQLWLDO R[LGDWLRQ +HUHDIWHU WKH F
DQERDHURELF FRUURVLRQ RI PHWDOV LQ WKH FDQLVWHU 7KLV FDXVHV D
FDXVHV D SUHVVXUH JUDGLHQW WRZDUGV WKH VXUURXQGLQJ KRVW URFN
PDWHULDO OHDGLQJ WR VRPH DGGLWLRQDO WUDQVSRUW PHWKRGYV DQC
'"HSHQGLQJ RQ WKH PDWHULDO JDV WUDQVSRUW WKURXJK&KH IROORZLQ

*DV JHQHUDWLRQ SURHFHRDWAH/ DQG DPRXQW RIJDV JHQHUDWLRQ HIIHF
WUDQVSRUW GXH WR SUHVVXUH 7KH JHQHUDWLRQ LV GHDSH®RGDQW R
+2 QHHGHG IRU FRUURVLRQ WHPSHUDWXUH DQG S+ :KHQ PRUH JD\
SUHVVXUH LV EXLOG XS 7KLVJHQHUDWLRQ GHSHQGV RQDYDLODEOHF
DQG R[\JHQ IRU FRUURVLRQ WHPSHUDWXUH DQG S+

*DVFRQVXPLQIJUHBEWLROEDUULHUV ZKLFK FDQ UHDFW ZLWK WKH SUR
JDV VRUSWLRQ UHGXFH WKH QHW JDV PROHFXOHV WKHUHIRUH UHGXF

'LVVROXWLRQ RI JIDVHRXYWPHROHFXZBDWHU FDQ GLVVROYH JDV WR LWV
WKHVLWX WHPSHUDWXUH DQG SUHVVXUH ,Il WKHVROXELOLW\LVY QRW

$GYHFWLRQDQG GLIIXVLRBGYE&RMROKQWRKQRXIK ZDWHU FDQ WUDQVSRL
,lQRIORZ LV VHHQ GLIIXVLRQ LV WKH PDLQ FRQWULEXWLRQ WR WUDZC

9LVFR FDSLOODU\ WZR ,KOPRNHRORPDWHULDO ZKHQ JDV GLVSODFHYV .
IORZ FRQGLWLRQ FDQ RFFXU PHDQLQJ WKDW WKH JDV KDV RYHUFRPF
"KHWKHU WKLV LV DQDEXQGDQW RUWRWDOO\ODFNLQJ SKHQRPHQD 1

3SDWKZD\ GLOPDWG&GRIRUPDEOH PDWHULDO WZR SKDVH YLVFR FDSLOOD
JDVWUDQVSRUWLVY PDLQO\WKURXJK SDWKZD\GLODWLRQ 7KHQGLVS

*DV IUDFWXWLRUJKO\ GHIRUPDEOH PDWHULDO JDV JHQHUDWLRQ FDC
ZKLFK ZKHQ UHOHDVHG FUHDWHY KLJK ORFDO SHUPHDELOLW)\ 'HSHQC
WKH PDWHULDO WKH SHUPHDELOLW\ LV DJDLQ UHGXFHG DIWHU VHDO

&RQVLGHULQJDOO WKHVH SURFHVVHV WZR GLIIHUHQW VHWYV FDQ EH PI
JRUFRQFUHWH LW LV H[SHFWHG WR EH KDUGHU DQG UHODWLYH WR FOD\
ZLOO EH VWRUHG DQG JDV FDQ GLVVROYHLQWR LW 7KHIROORZLQJ ZD\V
DQG 7KH K\GURJHQ FDQ QRZ EH GLIIXVHG E\HLWKHU WKH FRPSRVLWLRQ
UHIHUUHG WR DV GLIIXVLYH DQG EXO® PLJUDWLRQ UHVSHFWLYHO\ >
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7KH GLIIXVLYH PLJUDWLRQ LV GULYHQ E\ D FRPSRVLWLRQDO JUDGLHQ
PLJUDWLRQ LV GHSHQGHQW RQ D PDWHULDO VSHELILF GLIIXVLRQ FRHIILF
SHUDWXUH DQG WKH PD[LPXP FRQFHOWUDWLRQ ZKLFK LV JRYHUQHG E\ ER
DQG VROYHQW 7KH SURFHVV FDQ EH H[SUHVVHG E\ WKH (TXDWLRQ

6H 6 oH

5r ov 0@

| EHLQJ WKH GLIIXVLRKQ*RRHEHIEQ H QK H 6 R Q F H QMEDIMWE LR DEWOQ J

WKH GLVWD@DHERODWLRQV RQ WK H MKWHOHWRRIHG U HRXLBBY ERWK DQ DS ¢
RI WKBQB OHDVXUHPHQWY RQ LQWHU GLIIXVLRQ RI K\GURJHQ DQG QLWU!
3RUWODQG &HPHQW PRUWDUY VKRZHG WKH IROORZLQJ GLIIXVLRQ ERHIIL
UDWL® >

7TDEOH 'LI'XVLRQ FRHIILFLHQWYV LQ ZDWHU FHPHQW PL[WXUHV

'LIXVLRQ FRHIILFLHQWWHWFHPHQW UDWLR

[
[

/IDWHU YDULDQFH WR WKH SUHVVXUH VKRZHG D GHFUHDVH LQ GLIIXVLR(
WKLV LV LQGLFDWLYH RI .QXGVHQ IORZ LQ FDSLOODULHYVY Z@QWRKKULNODWLY
PHDQV WKDW WKHPROHFXOHY KLW WKH VLGHV RI WKHZDOOV PRUH RIWHQ
7KLV EHKDYLRXU LV H[SHFWHG LQ DOO VLPLODUO\ VWUXFWXUHG FHPHQW

&ULWLFDOLW\
$ SRWHQWLDO SUREOHP IRU QXFOHDU ZDVWH VWRUDJH LV FULWLFDOLW\
SURGXFHG WKDQ FRQVXPHG GXULQJ WKH QXFOHDU FKDLQ UHDFWLRQV :}
DWDVWHDG\ VWDWH IRUQXFOHDU ZDVWH VWRUDJHDQG GLVSRVDO WKH
RI WKH QXPEHU RI QHXWURQV EHWZHHQ WZR VXEVHTXHQW WLPH LQWHUY

i~ ! 6XSHUFULWLFDO VWDWH

i A &ULWLFDO VWDWH

i A 6XEFULWLFDO VWDWH

,Q WKH IROORZLQJ WH[W WKH QHXWURQ WUDQVSRUW KDX\L\E DR € YW O RG
IDFWRU ZLOO EH LQWURGXFHG DQG WKH ZD\LQ ZKLFK LW FDQ EH FDOFXOL

7KH QXPEHU RI QHXWURQWRHRXWUHSBRRQWRILRGDFH 5 ZLWK HQHUJLHV E|
( WUDYHOLQJ LQ WKQICGZIUWWMER\WRQRIQJOH GV HTXDOV

DYa

[ r SUV J r c[cUcd
D» %+ Q

ZKHUHNM ( W LVWKHQXPEHU GHQVLW\RI QHXWURQV LOQWKHAHLWISKDVH V
X QLWOWRR d &>

7KH QXPEHU RI QHXWURQV WKDW SDVV WKURXMLEY V¥R MNLH 6 65 HY WRKG G
HTXDOV

SUV J r c[cUcJdVrQtSUV J r cXcUcJdecr

ZKHUH Y WKH QHXWURWKWS KA GW QK.FWRU SHUSHQGLFXODU WR VXUIDFF

HTXDOV
uv J r tUV J r

7KH WRWDO QHW QXPEHU RI QHXWURQV KDW OHDN WKURXJK D VXUIDFH



3K\ WVLFDO SURFHVVHYV

O VrQ UV J r cXcUcld
o Ye R

%\ XVLQIJ WKH GLYHUJHQFH WKHRUHP ZKLFXKWKHD M IV RKIDQN IURHUOD WH. R\

)rQ cX ‘1 cf
%\ DSSO\LQJ WKLV WKHRUHP WR WKH WRWDO IOX[ - WKHIROORZLQJ UHC

< <

0] “rV UV J r c[cUcl Vr” UV J r c[cUcd
o Yae U o Yae U

7TKH QHXWURQ EDODQFH IRUD YROXPHGY9LQS5FDQ EHZULWWHQ DV IRO

Uuv J r R . .
_t—rCUCJC[ W'rdmelL gl¢g W rdme Qmaqq

TKHQHXWURQ ORVHV FDQ EH FDXVHG E\HLWKHU FROOLVLRQV RUOHDNLEL
E\WKH VXUIDFHLQWHJUDO RI WKH IOX[ DV LW Z BRH&HPHRQNV WRIPWVHREOLOQL GTHK
DQXFOHXVWKH\FDQHLWKHU VFDWWHU HODVWLFDOO\RULQHODVWLFDO
HYHQW SURGXFHV DSSUR[LPDWHO\ OHY 7KH SUREDELOLW\WKDW D QH X
DOQRWKHU QXFOHXV LV

cuU I X
ZKHUH p LV WKH DUHD Rl WEKFRKDHPEHD@QRSE QXFOHL DW WKH VXUIDFH $ +R

| SXc

ZKHUH 1LV WKH QXFOHXV GHQVLW\DQG Gv D GLWHRWDRR@ GLHIGWBQWKB
SUREDELOLW\LVY QRZ HTXDO WR

cn J Sc QJ c

ZKHWHLY WKH PDWHULD Ch F*URVY G/ HBW HRHQHUJ\ RI WKH QHXWURQ )RU
QXFOHL WKH WRWDO FURVV VHEFWLRQ LV DGGLWLYH $OVR HDFKHYHQW DI
VHFWLRQ ZKLFK ZKHQ D@BHG ZRXOG WRWDO

JURP WKH UDWH RI QHXWURQ QHXWURQ FROOLVLRQV WKDW KDSSHQ
HTXDOYV

Qc SUV J r c[cUcd
R e OfS UV J r c[cUcd,, WV J r c[cUcJ

&RQVHTXHQWO\

WrdmeQmegqU¥QA r Vr” UV J r @c[cUcl

7KH UDWH RIJDLQ LQ QHXWURQV IRU LQ WKH YROXPH G9G(GV FDQ EH FD
RU IURP ILVVLRQ 'XULQJ VFDWWHULQJ QHXWD®G \H QURPI D (G.LFIKDGIHWWRI
GLUHPMDLR®HQHUJ\ ( 7KH QHZ GLUHFWLRQ G HS.HR B § \RHTO\ HROMODK HOHXINDUH
WUDYHO LQ D FRQH DIWHU VFDWWHULQJ DV VHHQ LQ )LIXUH



3K\ WVLFDO SURFHVVHYV

YLIXUH 1HXWURQV VFDWWHDQ Q HIQREJIG [ WHRF GLQREOF\@ HRIG@ (... >

.l WKH SUREDELOLW\ WKDW D QHXWURQ WUDYHOLQY D GG \HWQBIQBH(Gv LV
LV GHILQHG DV IROORZV

cU QJXnV..\F?2J ¢ cUclJ

ZKHUH S LV WKH SUREDELOLW\ GLVWULEXWLRQ 7KH PDFURVFRSLF G|
GHILQHG DV

QV..\¥?2J Q XEnV..\F?21
$FFRUGLQJ WR HTXDWWRBWDWH RI JDLQ GXH WR VFDWWHULWQJ WR HQH
FDQ EH GHILQHG DV

7] @.>SUV.Fr ov..\F?J cBcF@c cUclc]
cr

ZKLFK DOVR HTXDOV

<

o QV..\f?2J UV.Fr cttFcUclc]
° Yae
| DQHXWURQ ZLWK HQHUJ\ (... FROOLGHV ZLWK PDWWHU WKH QXPEHU
FROOLVLRQ LV C.. 7KHSUREDELOLW\WKDW RQH RIWKHHPLWWHG QHX
cU J cJ

7TKHJDLQ RI QHXWURQV GXH WR ILVVLRQ HTXDOV LQ G9G(GV LV
<

B
—O0 ¥y J UV.Fr cteFcUclc]

o 3

%\ FRPELQLQJ WKH DERYHHTXDWLRQV WKH QHXWURQ WUDQVSRUW HTX

uv J r < B

TR —0JyJ U/.Fr QV..\F?2J UV.Fr clelkt
° e -

¢ Q@ UV J r ¥r” UV J r

$IWHU KDYLQJ GHILQHG WKH QHXWURQ WUDQVSRUW HTXXWMRGOW LV (
FDWLRQ IDFWRU 7KHILUVW VWHS LV GLYLGLEAI.W KRHUI DWW R Q GM VWPDIVDHH T

—

<

B
. O J¥yJ U/ .JFr OV..\F?2J UV.Fr cul¥

o 3/4.|/\

On UV J r Vr” UV Jr

7KHIQ LV GHILQHG DV WKH ODUJHVW SRVVLEOH YDOXH IRU ZKLFK D QRC

PHDQV WKJ_D_W WIKHQ PRUH QHXWURQV OHDN RXW WKDQ DUH SURGXFHG LC
JHRPHWU\ 7KH RSSRVILWHL& WUXH IRU



SURGXFW FRQFHSWV DQG

SUHH[LVWLQJ 6ROXWLRQ /LWKLXP 1LWUDWH

2QH VROXWLRQ WKDW KDV DOUHDG\ EHHQ IRXQG LQ PXOWLSOH VWXGLHYV
LQVROXEOH OD\HU 7KH SUREOHP ZLWK WKLY VROXWLRQ LV WKH XVH RI Ol
LQ EDWWHULHY 7KHUHIRUHD QHZ VROXWLRQ KDV WR EH IRXQG ,Q WKLV F
OLWKLXP QLWUDWH FDQ LQKLELW WKH FRUURVLRQ RIDOXPLQLXP 7KHQ \
IRUD QHZ VROXWLRQ

WLV UHSRUWHG WKDW ZKHQ OLWKLXP QLWUDWH LV DGGHG WR FHPHQW
IRU$SOLQ DONDOLQHHQYLURQPHQWY 7KHOLWKLXPLRQWUHBRW ZLWK DC
OLWKLXP DOXPLQDWR RUH$HOX @ 7KLV OD\HU LV VLIQLILFDQWO\ OHVYV V
HQYLURQPHQWWVWKDEWRWHRZLQJILW WR LQKLELW FRUURVLRQ ODWVXR
WR WKHLU FHPHQW PL[WXUH DQG IRXQG WKDW WKLV UMHIGXFH@ WKH FRU
> @

/L $0 2% +2pb /L+ $02 +2 2+4°

ODWVXR HW DO DOVR ORRNHG DW WKH XVH RI RWKHU DONDOL PHWDO\
DQG SRWDV®LXKH\ FRPSDUHG WKHLU UHVXOWV WR WKH XVH RI OLWKLXP
DEOHWRIRUPDQLQVROXEOH OD\HULQ DONDOLQHFRQGLWLRQV 7KH\VX
LQ ELQGLQI VWUHQJIWK ZKLFK RULJLQDWHYV IURP WKH UDWLR RI LRQLF |
GHVFULEHG WZR FRQGLWLRQV WKDW VKRXOG EHIXOILOOHG WR LQKLELW

, W VKRXOG IRUPDQ LQVROXEOH VDOW E\ WKH UHDFWLRQ ZLWK DOXPL
SUHVHUYDWLRQ ILOP IRUPHG RQ DOXPLQLXP VXUIDFH PXVW EHLQVRO

, W VKRXOG GLVVROYH UHDGLO\ DQG JUHDWO\ LQ DONDOLQH VROXWL!
EHFDXVH WKH S+ RI FHPHQW SDVWH LV DERXW LVH WKHOERDWHQW
LVHDVLO\DQWLFLSDWHG WKDW WKH IRUPDWLRQ UHDFWLRQ RI WKH S
ORZHU FRQFHQWUDWLRQ RI WKH FRUURVLRQ LQKLELWRU WKDQ WKDW

7TKH\DOVR PHQWLRQHG WK DW GR&BHR DFBICBOWKH ILUVW EXW QRW WKH V
2Q0\DONDOL PHWDOV IXO@LOO WKLV FRQGLWLRQ >

SURGXFW FRQFHSWYV

7ZR DSSURDFKHV WR FRUURML\R QRUPOMELRVQ RIUH GLVFXVVHG LQ WKLV F
PHWKRG LQYROYHVY DOWHULQJ WKH HQYLURQPHQW VR WKDW WKH SDVVL
GLVVROYHV 7KLV WUDQVODWHV LQWR VWXGLHV LQYROYLQJWKH XVHRIC
DQRWKHU SDVVLYDWLQJ OD\HU ZKLFK LV GLVFXVVHG IXUWKHU LQ WKH 6F



SURGXFW FRQFHSWYV

IRZ S+ &HPHQWYV

7KH SUHYLRXV PHQWLRQHG VROXWLRQ ZLWK OLWKLXP QLWUDWH DQG WK
VRGLXP DQG SRWDVVLXP ZHUH ERWK EDVHG RQ WKH XVH Rl FHPHQW &
SRWHQWLDO IRU D XQLIRUP FRYHUDJH DURXQG WKH DOXPLQLXP FODGGL
JRU WKLV UHDVRQ WKHLU XVH LV KLJKO\ SUHIHUUHG DV WKHLU DSSOLFD
FHPHQW EHWZHHQ 3RUWODQG DQG %ODVW )XUQFDVH VODJ &(0,,, % WKD
S+ ZKLFK FDXVHV WKH DOXPLQLXP HPEHGGHG LQ LW WR FRUURGH 7KHUH
WKH SRVVLELOLW\ Rl ORZHULQJ WKH S+ RI WKH SRUH ZDWHU LQ WKHVH F
UDQJH S+ WRLQKLELW K\GURJHQ JHQHUDWLRQ

$FFRUGLQJWR &RXPHVHWDO FHPHQWV ZLWK SRUH ZDWHU S+ LQ WKH S
SKRVSKDWH FHPHQWY FDOFLXP SKRVSKDWH DSDWLWH DQG E@XVKLWH F
30DVWHU FHPHQWY DUH QRW UHVLVWDQW WR ZDWHU PDNLQJ WKHP XQVX
VXJIJHVWHG DV D SRVVLEOH VROXWLRQ IRUORZHULQJ WKH S+ OHYHO WR
RI SURWHRWD®QIB WKXV VLIQLILFDQWO\ UHG&FHE&HRU WRSHRRY B B WHHYWsV
PDGH E\ FRPELQLQJ PDJQHVLXP R[LGHDQG FRQFHQWUDWHG PDJQHVLXP F
LQFUHDVHG E\DGGLQJDGGLWLYHV VXFK DV SKRVSKDWHV ERUD[ DQG FD
DFFRPSOLVKHG E\ FRQYHUWLQJ K\GUR[\FKORULGH@\G B2 WHNUW RK.ARARLGA
VDOWY FDQ FDXVH FRUURVLRQ DQG EHFDXVH WKH VWXG\...VJRDO ZDV WF
DOWHUQDWLYH ZLOO QRW EH SXUVXHG IXUWKHU $V IRU DSDWLWLF FHPF
H[KLELW YHU\ KLJK SRURVLW\ PRUH WKDQ RI WKH YROXPH DQG KLJK L
WHPSHUDWXUHY QHHGHG IRW@WWKHLU PDQXIDFWXUH >

7DEOH JDV JHQHUDWLRQ FRPSDULVRQ EHWZHHQ FHPHQWYV ZLWK SRUH ZDWHU S+ LQVLGH W}
FHPHQW

&HPHQW 7\SH | S+[ + *DV *HQHUDWEK®RQ
BRUWODQG &HPHQW
O0DJQHVLXP 3KRVSKDWH &HPHQWYV
&DOFLXP 3KRVSKDWH &HPHQW %UXVKLWH
6RUHO &HPHQW
30DVWHU

7KH FKRLFH RI FHPHQW LV EDVHG RQ D PXOWLWXGH RI FKDUDFWHULVW
RI WKH FHPHQW LQ WKH IXHO FRQWDLQHU DQG WKH IXQFWLRQDOLW\ LQ L
VWDWH D ZLGH FRYHUDJH RI WKH DOXPLQLXP FODGGLQJ LV QHFHVVDU\ «
FHPHQW $GGLWLRQDOO\ WKH VROXELOLW\ RI WKH IXQFWLRQDO FRUUR
KDUGHQHG VWDWH WKH VLWXDWLRQDO S+ RI WKH FHPHQW DQG SRUH ZDW
DQLQKLELWLQJRU SURPRWLQJHIIHFW 6HFRQGO\ ZKHQ LW SHUWDLQV W
GLIIXVLRQ FRHIILFLHQW PXVW EH PHW 7KHUHIRUH LQ WKH FDVH RI K\G!
WUDQVSRUWHG RXW DQG LQ WKH FDVH RI ZDWHU KDV WR EH OLPLWHG LG
IROORZLQJ RSWLRQV IRUFHPHQW ZHUH H[SORUHG

ODIJQHVLXP SKRVSKDWH FHPHQWYV

ODIJQHVLXP SKRVSKDWHFHPHQWY 03&VY DUHDFODVV RIFHPHQWY WKDW I
EHWZHHQ D VROXEOH DFLG VXFK DV DPPRQLXP RU SRWDVVLXP R[LGHDQG
RIZDWHU

0J2 1++ 32 +2pP 14+40J32r +2

7KH UHVXOWLQJ VDOW IURP WKLV UHDFW L@ Q7HKMVPPH. RHEGYLDLVRR X I/HS/URRI ¢
PDWHULDO UHOHYDQW WR RXUDSSOLFDWLRQ LQFOXGH 1HXWUDO S+ KL.
DQG QR VKULQNDJH GXULQJ K\GUDWLRQ ORZ VHWWLQJ WHPSHUDWXUH



SURGXFW FRQFHSWYV

JLIXUH 6HWWLQJ WLPH ZLWK UB®VSHFW WR WHPSHUDWXUH >

7TKHVH W\SHV RI FHPHQWY H[KLELW D YHU\ IDVW VHWWLQJ WLPH 7R PL)\
ERURQ DUH &WH® RXU FDVH WKH H[WUD FRVW RI WKHVH LV QRW D QHJDW
NQRZQ QHXWURQ DEVRUEHQW 7KLV PHDQV WKDW WKH SRWHQWLDO IRU
PRUHURGV WR EH SODFHG LQD FDQLVWHU )LQDOO\ GXULQJWKH VHWWLC
KHDW LV JHQHUDWHG +RZBYHD@WKHNN\MDRHWKRVH SUREOHPY %\ XVLQJ
WKHIROORZLQJ FHPHQWLWLRXV VDOW LV IRUPHG

0J2 .+ 32 +2pP 0J.32r +2

&HPHQWYV XVLQJWKHDERYHDFLGDUHFDOOHG 0.3 FHPHQWY )LQDOO\
FHPHQWYV DUHDOUHDG\EHLQJ XVHG IRU @RDKLIVXRHN QW B/XIDWW IRV U R ARWV>(
WR GHYHORS D FRPSOHWHO\QHZ SURFHVV LQ RUGHU WR GHSOR\ WKLV WF

&DOFLXP SKRVSKDWH FHPHQWYV EUXVKLWH
&DOFLXP SKRVSKDWH FHPHQWV &3& ZLWK D EUXVKLWH FU\WVWDO VWUXF\
WLRQ

&D6L2+ 32 v +2pb 6L2r v+ 2 &D+32 + 2

6LQFH WKH\DUHDOVRDFLGLF FHPHQWYVY VXFKDV 03& WKH\DOVR H[KLEL'
GXULQJ WKH VHWWLQJ SURFHVV WKH S+ JRHV IURP DQG VWDELOLVHYV D\
EHWZHHQ WKHVH WZR FHPHQWV LV WKHLU QHHG IRU UHWDUGDWLRQ GXH
EH XVHG LQ WKLV FDVH DV ZHOO 7KHLU VHWWLQJ WLPH FDQ UDQJH IURP
ORUHRYHU K\GUDWBIY% XB3+33 YDOXH RI PDNLQJ LW VOLJKWO\ VROXEO
SRWHQWLDOO\ FDXVH OHDFKLQJ HVSHFLDOO\LQ D YHU\ ODUJH WLPH KR
FHPHQWY DUH DOUHDG\ ZLGHO\ XVHG DV ERQH UHSODFHPHQW @Q/R WKH\ D!

&RQYHUVLRQ FRDWLQJV
&RQYHUVLRQ FRDWLQJVDUHFRDWLQJV WKDWDUH XVHG DV ZLWK WKH PDl
RIPHWDOV 7KHPRVW SUHFLVH GHILQLWLRQ LV D SURFHVY ZKQMWKRWXUQV
D FRDWLQJ ZLWK GLITHUHQW SURSHUWLHV ZLWK LQ®BRUSRUDWLRQ RI WKH
,Q7DEOHGLITHUHQW FRQYHUVLRQ FRDWLQJW\SHV DUH GLVSOD\HG ZLWK V
GHWDLOHG H[SORUDWLRQ RQ WKH GLITHUHQW FRQYHUVLRQSFRDWLQJV OL



SURGXFW V

HOHFWLRQ

7DEOH "LITHUHQW W\SHV RI FRQYHUVLRQ FRDWLQJV DQG WKHLU FKDUDFWHULVWLFV

&RDWLRQYRUPXOD,QKLELWLQJ HIIL FRAGFW\ SYDLODELOLW\ | 5HI

W\SH

&KURPDWW22+ | &KURPDWH FRDWLIQURPGMWHY DUHRKKIRKIKP LV WKH@| VW

K\GUR[LLGH SOD\ H[FHOOH QWVRRIUAURVIKRQ DU RDWFREXQGDQW HAOHPHQW
LQKLELWLRQ GXBH®WRF W KPHUWWD JH QLG (DIUQMKY FUXVW WKXV TXLWH
ORZ HTXLOLEULXPHSBWRJIJHQLF | DYDLODEOH

&HULXP &H 2+ | &HULXP K\GUR[|L GHWKOM HV RIWHQ @UBHWMVEHLQJ| ® €UDUH

K\GUR[LLGH D FRPSDUDEOH |ARUNWKRGDRAPHQW RIDUMKHKVWPRIWBDO FHU@XP LV WKH
LQKLELWLRQ H|IERURGPWMWRRDWLQYYX MRVMW DEXQGDQW HOH
FKURPDWHYV WR[LFLW\LV YHU\PRQWRQRHIUWKY FUXVW DQG

OLJLEOH WKXV QRW UDUH|DW DOO

=LQF =Q +32 | 7KH LQKLELWLQBKRMIKBWHY DU KRR/GDWHY DUH BQWHQVLYHO\

3KRVSDWH RI SKRVKDWHYV L \GQMW\LY MAK DR LQ XO\RZGOH@HHMWWLOL@HUYV DQG
FHULXP DQG FKWRPIDWHHQ..W WRWKHLU RFFXUHQ|FH LV OLPLWHG
FRDWLQJV

SOXPLQISXOPR2 | SOXPLQLXP PROEGEWHQXP LV DORR\EBRQXP LV |[WKH| WK

PRO\E VKRZV FRPSDUPEDHWHGQWR FKURPIRVMN DBXQGDQW KOHPHQW

GDWH KLELWLQJ HIILFWKEEU RHRFKDQILVR WHHPMUWK ...V FUXVW PDN
FKURPDWH FRDWW®J\VEH FRPSDUDEQHLWXWHODWLYHO\ UDUH

WKHLU WR[LFLW) LV ZD\ OHVV

7KH DSSOLFDWLRQ PHWKRGV RI DOO RI WKHVH FRDWLQJY DUH TXLWH
ZRXOG KDYH WR EH VXEPHUJHG LQWR D QXPEHU RI GLITHUHQW VROXWLRQ
WR IRUP WKH FRDWLQJ 'LSSLQJ WKH IXHO DVVHPEOLHV LQWR ZDWHU ZR.
LVGXHWR WKH UDGLRO\VLV RI ZDWHU ZKLFK LV WKH GHFRPSRVLWLRQ RI
UDGLFDOV LRQV DQG K\GURJHQ JDV E\ DOSKD UDGLDWLRQ 7KH DPRXQW
GDQJHURXV ZRUN HQYLURQPHQWYV IRU WKH RS®{UDWRUV DSSO\LQJ WKH FI
6RPHRIWKHFRDWLQJVFRXOGDOVREHDSSOLHG E\VSUD\FRDWLQJ 7KH ¢
D KLJKVXUIDFH FRYHUDJH DV LW ZRXOG EH KDUG WR VBUD\ EHWZHHQ WK

SURGXFW VHOHFWLRQ

7TR PDNHD ILQDO VHOHFWLRQ IURP WKH DERYH RSWLRQV D 3XJK PDWUL]J Z
FRPH WR D ILQDO FRQFOXVLRQ $ 3XJK PDWUL[LV D FULWHULD EDVHG GH
WKH EHVW RSWLRQ IURP PXOWLSOH SRWHQWLDO RSWLRQV 7KH SRWHQV
HILVWLQJ VROXWLRQ $VFDOHLV FKRVHQ ZKLFK LQGLFDWHY LI D SRWHQ
WKDW VSHFLILF&FULWHULRQ >

'LITHUHQW FULWHULD ZHUH FKRVHQ DQG DVVLIQHG D ZHLJKW EHWZHHQ
/L12ZDV WDNHQ DV WKHVWDQGDUG IURPWKHUH03& &3&DQG 3& ZLWK GLI
FRQVLGHUHG DQG UDWHG RQ KRZ WKH\ GHYLDWH IURP WKLV VWDQGDUG
EHLQJ SRRUDQG EHLQJJRRG &RUURVLRQ SURWHFWLRQ LV REYLRXVO\
FRDWLQJV RIITHU WKH KLIJIKHVW FRUURVLRQ SURWHFWLRQ :KHQ FRPELQH
ZDV EHORZ WKH GHWHFWLRQ OLPLMR/IW“KH>@HBNRUSQDWH\CLHFP|-I-IQWV KDG |
EHWWHU SHUIRUPDQFH WKDQ SODLQ SBRUWODQG FHFFRDOWWEXW QRW DV JF

7TKHVDIHW\RIDSSOLFDWLRQLVDOVRUDWHG ZLWK WKHKLJKHVW ZHLJK!
QR FRPSURPLVHV RQ VDIHW\ FDQ EHPDGH 7KHUHLVY QRW PXFK PDUJLQ IR
FHVV GXH WR WKH H[LVWLQJ IDFLOLWLHY ,W ZRXOG EH GLIILFXOW DQG
&RQVHTXHQWO\ SXWWLQJLWLQDEDWK DV UHTXLUHGIRUFRQYHUVLRQ
VLWLRQ )RU WKLV UHDVRQ WKH DSSOLFDWLRQ RI FRQYHUVLRQ FRDWLQJ
WKH FDQLVWHU ZLWK D OLTXLG WKDW VROLGLILHV RQ VLWH LV ERWK HD\
IRUWKH HDVH RI DSSOLFDWLRQ DV ZHOO ZKLFK ZDV KRZHYHU ZHLJKWHG

$IWHU WKHVH FULWHULD WKH FRVW DQG GXUDELOLW\IROORZ ZLWK D
DV WKH PDLQ SUREOHP ZLWK WKH XVH RI OLWKLXP QDWW BMHQZIIRWK Y& NVRU |
UDQJH EHWZHHQ VWR 'XUDELOLW\LV DOVR VLIQLILFDQW DV WKH SURG X
ORQJWLPH SHULRGV '"XH WR WKHLQWULQVLF SRURVLW\ &3&&KRZV VOLJ



SURGXFW VHOHFWLRQ

7TR[LFLW\ FRXOG SRWHQWLDOO\EH GDQJHURXV LI WKH SURGXFW GLVVR!
DVVXPHG WKDW WKLYV FKDQFH LV TXLWH ORZ ZKLFK H[SODLQV WKH UHOD
FRDWLQJV XVH WR[LF FRPSRXQGV OLNH FKURPDWH EXW DV RWKHU DOWHU
LV QRW YHU\ LPSRUWDQW 7KH PD[LPXP FRQWDPLQDQW OHYHO IRU &KUR
> @

7KH UHVRXUFH DYDLODELOLW\ DOVR ZDV UDWHG ZLWK D ZHLJKW RI |
ODUJH YROXPHV RIPDWHULDO DUHUHTXLUHG FRPSDUHG WR RWKHU LQGX
LOQFOXGHG LQ RXU VHOHFWLRQ WKDW LV DQWLFLSDWHG WR EHLQ VKRUW

7KH UHDVRQ &3& DUH UDWHG VOLJKWO\ ORZHU RQ VDIHWA\ DQG FRUURYV
WKHLU LQLWLDO YHU\ ORZ SK RI ZKLFK LV EHOORZ WKH SDVVLYLVDWLF
JHQHUDWLRQ GXULQJ WKH DSSOLFDWLRQ DQG VHWWLQJ SURFHVVHYV

7TDEOH 3XJK ODWUL]J

&ULWHULD "HLJKW] 3& /L12 | 03& &3& 3& &RQYHUVLRQ | FRDW
LQJV

(DVH RI $SSOLFOWLRQ
6DIHW\ Rl $SSOLFDWLRQ
&RUURVLRQ 3URWHFWLRQ
7RILFLW\
&RVW
"XUDELOLW\
SHVRXUFH $YDLODELOLW)]\

[7RWDO

KHQ DQDO\WLQJ WKH 3XJK PDWUL[ LW FDQ EH VHHQ WKDW WKH FRQY'}
GXH WR WKH GLIILFXOW\ RI DSSOLFDWLRQ DQG GDQJHU WKH\ SRVH WR W|
WKH FKRLFH zDV PDGH WR IRFXV RQO\RQ WKH GLITHUHQW RSWLRQV RI FHI
SUREOHPV +HUHO03& ZDV LGHQWLILHG DV RXUEHVW RSWLRQ RI WKHWZR |

DQG ORZ FRVW



ERQFHSW VWI

ODUNHW $QDO\VLYV

4XDQWLW\ RI SURGXFW UHTXLUHG

7KH DPRXQW RI UHVHDUFK UHDFWRU ZDVWH WKDW QHHGVY WR EH GLVSR\
6DIHW\ &DVHKEY@ 7KLV LV WKH YROXPH RI WKH WRWDO DPRXQW RI (&1 FC
KDYH D KHLJKW RI PDQG D GLIEP PMBPQRQJ WRDW WKH\ KD D YROXPH
7KLV PHDQ¥ WKHDMQLVWHUY QHHG WR EH GLVSRVHG $IWHU WKH DPRXQW
LVNQRZQ WKH QH[W VWHS LV WR ILQG KRZ PXFK RI WKH YROXPH RI WKRV
WKH SURGXFW $VVXPLQJ IXHO DVVHPEOLHY SHU FDQLVWHU WKH HPSW
WLVIRXQG WR FEKH 7KH (&1 FDQLVWHUYV WKDW DUH XVHG KDYHDQ LQQHU
LQQHU KHLJKW R 7KR ¥ROXP&# LV WKBVLQJ WKH HPSW\ YROXPH IUDFWLRC
ZKLFK PHDQV WKD@HHGY WR EH ILOOHG ZLWK WKH SURGXFW

&ERPSHWLWRUDFWLYLWLHV

W LV LQWHUQDWLRQDOO\ DJUHHG XSRQ WKH IDFW WKDW $0 FRQWDLQL
VXLWDEOH IRU GLUHFW GLVSRVDO GXH WR WKH DQWLF@SDMKHIG5KD]DUG
UHDFWRU LQ 6ZHGHQ LV DQ H[DPSOH RI WKLV 7KH IXHO WKDW ZDV XVHG
RI DOXPLQLXP $IWHU WKH FORVXUH RI WKLV UHDFWRU LQ WKH ZDVW|
LW ZDV QRWLFHG WKDW JDV ZDV OHDNLQJ IURP WKH VWRUDJH FRQWDLQF
ZDWHU ZDV OHDNLQJLQVLGH @DXVLQJ FRUURVLRQ >

$QRWKHU H[DPSOH LV WKH VWRUDJH RI DOXPLQLXP FODGGHG IXHO DW V
6WDWHVY 3DUWV RIWKLV ZDVWH VKRZHG VHYHUH FRUURVLRQ DIWHU RQO\
VLWHV VRPHWLPHY OLWWOH RU QR FRUURVLRQ RFFXUUHGL @V VDLIDHWK®D W
D PDMRU LQYHVWLIJDWLRQ LQWR FRUURVLRQ GDPDJH WR PRUH WKDQ
WKDW LQ SHUFHQW RIFDVHV WKH FRUURVLRQ ZDV VR VHYHU®WKDW LW

+RZHYHU ZKLOH FRUURVLRQ LV NQRZQ WR FDXVH SUREOHPV IRU ORQJ
WR LGHQWLI\ ZKDW WKHVH FRXQWULHYV SODQ WR GRWR LQKLELW FRUURVI
IHZ DSSURDFKHY WKD®@® D)RKW W[DNH®H WKH 5DGLRDFWLYH :DVWH 0DQDJH
LQYHVWLIJDWHY PXOWLSOH GLIITHUHQW URXWHV 7KH\LQYHVWLJDWH GH
ZHW FRQGLWLRQV +$/2; LV D GU\GHFODGGLQJ WHFKQLTXH ZKLFK UHDFV
WR FRQYHUW WKH PDWHULDOV LQWR YRODWLOH FRPSRQHQWYV ,Q ZHW GH
VRGLXP K\GURILGKXY WKHVH WHFKQLTXHV WDNH D YHU\ GLITHUHQW DSS!I
DLP WR UHPRYH WKH FODGGLQJ LQVWHDG RI SURWHFWLQJLW IURP FRUU

&ROODERUDWLRQV
7TKHILUVW VWHS LQ FROODERUDWLYH HITRUWYV LV WR VKDUH DFTXLUHG N
LFDQWO\DFFHOHUDWH UHVHDUFK DQG ILQDO GLVSRVDO 7KLV LV DOUHD
DOVR DW JORE@ O &ORXYPWULHY OLNH )LQODQG 6ZHGHQ DUH WKH ILUVW W
WKH UHSRVLWRULHY VR JRRG WUDFNLQJ RI WKHLU SURJUHVY FRXOG EH
UHSRVLWRULHYVY +RZHYHU WKHVHFRXQWULHY RQO\ZLOO GLVSRVH QXFO
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DQG D =LUFDOR\ FODGGLQJ ZKLFK DUH ERWK D O@ R VQVOQ RVHUUHDDAFXVULEY HO\R R
FDQEHIRXQGRQ WKHGLVSRVDO RI VSHQW UHVHDUFK UHDFWRU IXHO LQ W
LV FXUUHQWO\ WKH OHDGLQJ SDUW\ LQ WKLV DUHD

%HOJLXP LV DOVR UHVHDUFKLQJ WKH JHRORJLFDO GLVSRVDO RI WKHLU
RUDWLQJ FORVHO\ ZLWK WKH %HOJLDQ DJHQF\IRU GLVSRVDO RI QXFOHDL
URFNDQG PDQ\HOHPHQWYV RI WKH *') DUH YHU\ VLPLODU IRU ERWK FRXQW!|
LV KXJHO\ EHQHILFLDO IRU HIILFLHQF\ RI WKH UHVHD@FK DQG WR DYRLG

,QDGGLWLRQ WRDOO FRXQWULHY WKDW SODQ WR EXLOG WKHLU RZQ UH
VPDOOHU DPRXQWV Rl QXFOHDU ZDVWH )RU WKHVH FRXQWULHV WKH FR
UHDO FKDOOHQJH 7KH (XURSHDQ 5HSRVLW@EUA 'HWY WER SPHQRY\V2US SR W DV
FRXQWULHV DQG H[SORUHV WKH RSSRUWXQLW®@H\$ /RVEKH 0 & G BDW HEGW
SUREOHP WKDW PLJKW DOVR EH FRQVLGHUHG LV WR WDNH RYHU WKH ZD
SD\PHQW IRU H[DPSOH 6LQFH WKH DPRXQWV Rl ZDVWH SURGXFHG E\ WK
KLJK WKLV FRXOG EH HIILFL HED V$ QRUWEKRIW KR STML\R QHVK-DW FRXOG SRWHQWL
RSSRUWXQLW\ LV IXHO H[FKDQJH SURSRVIEG LQ WKHVSHB\HU EW KU HZDQ/HANA
EH H[FKDQJHG EHWZHHQ FRXQWULHV LI WKDW ZRXO®EEQ BWHQHWILFHDOURR
ZDVWH FRXOG EH H[FKDQJHG ZLWK RWKHU FRXQWULHV IRU ZDVWH WKDW
ZRXOG H[SDQG WKH PDUNHW IRU WKH SURGXFW

SURGXFW '"HVLJQ

0.3& &HPHQW

$V GHWHUPLQHG DERYH 0.3& LV D SURPLVLQJ VXEVWLWXWH IRU 3RUWOTL
HQYLURQPHQW LQ ZKLFK $O FRUURGHYV HIBALLO\L Q@K SR R/BI MWLLYDHD ZFDI VAW H B
ODWLRQ WHFKQRORJLHV LQKLELWLQJ FRUURVLRQ KDV EHHQ GHPRQVWUL
> @ XVHG D PL[WXUH RI 0.3& FHPHQW DQG RWKHU DGGLWLYHV WKDW PRU
JHQHUDWHG E\ XUDQLXP FRUURVLRQ FRPSDUHG ZLWK 23& FHPHQW 7KH
GD\V® OF&DJXH HW DO DOVR H[DPLQHG WKH FRUURVLRQ EHKDYLRXU R
PLIWXUHV $OXPLQLXP HPEHGGHG LQ DQ 03& PL[WXUH H[KLELWHG D QHJC
23& ZKLFK UHDFKHG D FRUURVLRQ UDWH RI PP \U (YHQ WKRXJK WKH FHF
LV DERYH WKH SDVVLYLVDWLRQ UDQJH RI DOXPLQLXP VW&KH FRUURVLRQ U

2WKHU LPSRUWDQW DVSHFWV UHJDUGLQJ FHPHQW SURSHUWLHYV DUH |
ZKLFK DUH GLUHFWO\ UHODWHG WR WKH PROI2U WB W IDRE Wi WLZW HRI WHKHH 2T
DQG WKH RYHUDOO S+ 7KH SRVVLEOH K\GUDWLRQ SURGMDMGDW FRQVWI
03D DUH UHSRUWHG DQG GL¥S@D¥H® QQ HWEDDM GHWHUPLQHG WKH VWHSYV
SURFHVV RI 0.3& FHPHQWYV E\ .3 XVLQJ WKH@PRG\QDPLF PRGHOLQJ >

:DWHU DGGLWLRQ WR WKH PLIWXUH RI 0J2DQG ."3 FDXVHV WKH ."3 WR
VROXELOLW\ 7KH GLVVROXWLRQ RI ."3 FDXVHV D UHGXFWLRQ RI WK
VROXWLRQ DFFRUGLQJ WR WKH IROORZLQJ UHDFWLRQ

+32p +32°¢

0J2 SDUWLFOHY GLVVROYH LQWR WKH VRO XW LRRQFW @WXKIF\W MROREZB G
YDOXHRIVROXWLRQ VWDUW WR LQFUWMBVEEGNKBLQUWKXWWYVY WIRIAHWHKH-9 |
RQO\DIWHU LWV VDWXUDWLRQ LQGH[ LV PHW

7KH SUHFLSLWDWLR@ RI2RRFFXAIFZKHQ WKH O 3PRODUUDWLR LV ORZH
D FRUUHVSRQGLQJ S+ SUHFLSLWDWLRQ LQWHUYDO IURP WR WR

ERWK OWwW32 DQG 04 32 w +2 DUH IRUPHG 7KH S+ YDOXH LQWF
WKLV FDVHV LVDURXQG 'KHQ 0 3 UDW L RvL# 2KH PLKVHAU RAVGKD\QG X U L@+
LOWHUPHGLDWH VWDJHV RI WKH VHWWLQJ SURFHVYV

1H[W WKH SUHFLSLWBRWWR @RIDYVHYV IXUWKHU LQFUHDVH RI S+ YDOXH
VLQFHA2F WUDQVIRUPV i Q@R $3P2J.+ 32 w +2 DOVR VWDUWV WR SUHFL
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ZKHQ WKH VROXELOLW\ SURGXFWV RI WKH DERWR MRQZ BHHRLISWYV YDO
WDWHV IRUO 3 PRODUUDWLRVDQG S+ LQWHUYDOV UDQJLQJIURP
DQO 3PRODUUDWLREHWZHHGQ 32DWQG2 DQGJOJ®#2+2 ERWK FRH[LVW
IRUS+ YDOXHV UDQJLQJ IURP

7KH 3UHFLSLWDWWRQ BOMR3IZUWKHU LQFUHDVHVY WKH S+ )RU WKLV UH
WLRQ RI \'7:VI{IRQ?/ DOVR LOQFUHD VHWKHQ3¥YWDUWYVY SUHFLSLWDWLQJ RQC

SURGXFWY¥ RI 3PQG OPDWFK WKDW RI+0J3232v +2 SUHFLSLWDWHV IURT
WKH VROXWLRQ ZKHQ WKH 0 3 PRODU UDWLR LV KLIKHU WKDQ OR
LWFDQ DOVR H[LVW VWDEO\LQ VROXWLRQ

,QDQO0.3& VAIVWHFRQ®PtRQV FDQ WUDQVIRUP WR WUDRMID® RX@WN RI 0
DPRXQW LV VPDOO WKH S UFIV® Q6 HORKIHJF2H+WKH S+ YDOXH RI WKH VRO X

7TDEOH +\GUDWLRQ SURG&FWYV RI 0.3&V >

[ 0 3UDWLR )LQDO K\GUDWLRQ SURG XM H

0J+32w+ 2 €
€ 0J+32w+ 2 0J .+ 32 w +2 €
€ 0J.+ 32 w +2 .0J32w +2 €

! .0J32w 42 5HVLGXDO 0J2

$OXPLQLXP FRUURVLRQ LQ FHPHQWLWLRXV PDWULFHYV EDVHG RQ WKUH
FHPHQW PDJQHVLXP SKRVSKDWH FHPH QKD Y LEAMKH @ LD D DWKRKGV ZLIWVK UHV ¢
GLK\GURJHQ UHOHDVH 7KH HOHFWURDQDO\VLV XVHV 2SHQ &LUFXLW 3R\
$00 RI WKH PHDVXUHPHQWY VKRZHG WKDW IRU WKH $0 HOHFWURGH WK
ZDWHU 7KLV WKHUHIRUH LQGLFDWHVY WKDW WKH PDMRU FRUURVLRQ RI
JHQHUDWLRQ >

2&3 UHDFKHYV 9 3WLQ WKHPDJQHVLXP SKRVSKDWH FHOHDEWRS\WVWH :

GD\VLQLFDWLQJWKDW $O FDQ EH SURWHFWHG DJDLQVW FRUURVLRQ ZK
UHSUHVHQWY WKH PHDVXUHG 2&3 YDOXHVRQDQ $O HOHFWURGH DOXPLQ
R[LGH OD\HU 'XH WR WKH S+ UDQJH R1 0.3 SRUH ZDWHU WKH VROXELOLW
UHVXOW 0.3 LVEHWWHU DW SUHVHUYLQJ WKH R[LGH OD\H®@ DQG WKXV DW

7KH UHVXOWYV IURP WKLV VWXG\ DOVR VKRZ WKDW WLPH SOD\V DQ HV VI
2&3WR V YDOXHRIE 9 3WIRU3RUWODQG FHPHQW HQFDSWRK®DMNIRRXY 7|
REVHUYHG LQ WKH WZR 0.3 PDWULFH \R EE WKVDRG@OZ LDMKW KW HIDLL2O\ VWD JH F
IDWHWBUWYRGXFWLRQ UHDFKHVY D FRQVWDQW YDOXH FRUUHVSRQGLQJ WR D
GHOD\ EHWZHHQ 0.3 DQG/ HBSANDPQHG E\ WKH GLIITHUHQW QDWXUH Rl WKH
GLIIHUHQFH LV FDXVHG E\ WKH NLQHWLFW@R| IRUPDWLRQ RI WKHVH OD\HU
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JLIXUH 2&3 PHDVXUHPHQWY RQ DOXPLQLXP HO@FWURGH DV D IXQFWLRQ RI WLPH >

+RXVH RI 4XDOLW\
7KH ILUVW VWHS LQ GHWHUPLQLQJ WKH SURGXFW VSHFLILFDWLRQV LV W
LQWR WHFKQLFDO UHTXLUHPHQWY )RU WKLV UHDVRQ WKH KRXVH RI TXD
FXVWRPHU UHTXLUHPHQWY WKDW DURVH GXULQJ RXU GLVFXVVLRQV ZLWI

:RUNDELOLW\ (DVH RI DSSOLFDWLRQ RI WKH FHPHQW ORUH FRQFUH
SODFHG FRPSDFWHG DQG DSSOLHG ZLWKRXW VHSDUDWLRQ RI LWV FF

&RUURVLRQ 5HVLVWDQFH $V VWDWHG EHIRUH FRUURVLRQ PXVW EH ¢
JHQHUDWLRQ

&QULWLFDOLW\ 3UHYHQWLRQ 7KHIXHO URGV LQ D FDQLVWHU FRXOG F
WKHILOLQJ PDWHULDO VKRXOG QRW HI[DFHUEDWH WKH SUREOHP

)XHO 3BODWH &RYHUDJH 7KHILOOLQJPDWHULDO VKRXOG FRPSOHWHO

'"XUDELOLW\ 7KHFHPHQW VKRXOG EHDEOH WR UHVLVW WKH KLJK XQG
ORQJ VWUHWFKHV RI WLPH

6DIH$SSOLFDWLRQ $VWKHDSSOLFDWLRQRIWKLVFHPHQW KDSSHQV |
WKH DSSOLFDWLRQ SURFHVV VKRXOG EH VDIH
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"RUNDELOLW\
6DIH $SSOLFDWLRQ
&RUURVLRQ 5HVLVWDQFH
&QULWLFDOLW)N BUHYHQWLRQ
)XHO 30ODWH &&RYHUDJH
"XUDELOLW\

7KHDERYHUHTXLUHPHQWY DUH WUDQVODWHG LOQWR WKH IROORZLQJ W

3RUH ZDWHU S+ $V SUHYLRXVO\ VWDWHG FRUURVLRQ RIDOXPLQLXP
IURP DSSUR[LPDWHO\ WR S+ LVRIYLWDO LPSRUWDQFH WR FRUURYV
ZDWHU PXVW UHPDLQ DW WKLY SDVVLYDWLRQ UDQJH

IHXWURQ DEVRUEDQFU-kkUR?‘RVDWI-RFL\GLFRQ.WLFDOLW\ IURP RFFXUULQJ C
PDWHULDOV ZLWK KLJK DEVRUSWLRQ FURVV VHFWLRQV FRXOG EH X\
FRQWUROOHG E\ WKH DPRXQW RI URGY SODFHG LQ WKH FDQLVWHU V
GHWHUPLQLQJ WKHILQDO FHPHQW IRUPXODWLRQ

6HWWLQJWLPH PLQ $UHDVRQDEOH VHWWLQJWLPHLYV VLIQLILFDQW
QRW EH VR ORZ LQ WKH RUGHU RI PLQXWHV WKDW WKH DSSOLFDWLF
HQRXJK ,W LV DOVR LPSRUWDQW LQ FRUURVLRQ SUHYHQWLRQ VLQF
PXVWEHFRYHUHG ZKLFKZLOO EHLPSRVVLEOH LI WKHFHPHQW KDUGH
VHWWLQJ WLPH DSSURDFKHYVY GD\LQ RUGHU WR UHGXFH WKH ULVN RI

+HDW IJHQHUDWLRQ N: 'XULQJWKHVHWWLQJSURFHVV D ORWRIKHDW
LVVXHV 7KLV FDQDOVR EHH[DFHUEDWHG E\WKH DOUHDG\KHDW JHQ

/HDNDJH /HDNDJHLVWKHDPRXQWRIFHPHQW WKDW GLVVROYHV LQ ZD
JRUORQJ WHUP ZDVWH GLVSRVDO WKLV DPRXQW PXVW EH YHU\ VPDO (

9LVFRVLW\ 3DV 7KHFHPHQWLWLRXVIOXLG PXVWKDYHORZYLVFRVL
IXOO FRYHUDJH

9ROXPH &KDQJH 7KH YROXPH FKDRDM ERHH®HDHFS\WRWKRWHG WR LQFUHDVF
7KLV PHDQV WKDW IRU 0.3& FHPHQWY WKH YROXPH FKDQJH LV TXLWH \

&RPSUHVLYH 6WUHQJIJWK 03D 7KHFHPHQW PXVW HQGXUHDW KLJK GH
PHQW IRU ODUJH WUDFWV RI WLPH &RQVHTXHQWO\LW PXVW EH DEOH

&HPHQW OL[WXUH 3IDUDPHWHUYV

7\SH RI 3BKRVSKDWH

03& ZHUH LQLWLDOO\PDGH ZLWK SKRVSKRULF DFLG 7KH SUREOHP ZLWK
DQG WKH KLIJKO\H[RWKHUPLF VHWWLQJUHDFWLR® ZKLYKDXVHWBG/WEBUYH
IRUDQRWKHU SKRVSKDWH WKDW FRXOG GR WKLV UHDFWLR®32QH RI WKH !
,WVKRZHG D UHODWLYHO\ORZUHDFWLRQUDWHDQG KLIKHDBYD\VWUHQJV
LVWKHUHOHDYVM RZIKILFK LV KLIK@ WR{EB XVH RI WKLV LVVXH DQRWKHU D
038 VUHTXLUHG $VDUHVXOW FHPBQW GHUADYHBEKRRRQHRU WKLV VWXG\
WKLV FRPSRXQG KDV ZHDNHU DFLG SURSHUWLHY WKDQ SKRVSKRULF DFL
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VORZHU UHDFWLRQ UDWH DOVR DGGUHVVHV WKH KLJ& KHOWKHOPRBVH G
DW WKHHDUO\ VWDJHYVY WKHVH PDJQHVLXP GRWBDYHXPRKRD/NSKDWHFERE
ORZ GU\LQJ VKULQNDJH DQG KLJKHU FRPSUHVVLYH VWUHQJWK

0J2 WR .82 UDWLR 0 3
7KH O 3 UDWLR LV D VLIJQLILFDQW SDUDPHWHU IRU 0.3& FHPHQW PL[WXUH
WKHRUHWLFDOO 3PRODUUDWLRIRUFRPSOHWH 0J2 URDHFYWHRDQ M [ DHFRR U
RI PDJQHVLXP LV XVXDOO\ XVHG 7KH UHDVRQ LV WKDW WiKH2FU\VWDOOL
PDLQ FRPSRQHQW RI10.3& FHPHQWY FDQ RQO\WDNH SODFH LQ D VDWXU

'DQJ HW DO VWXGLHG WKH S+ Rl WKH SRUH ZDWHU RI 0.3& FHPHQWV 2
UHVXOWY DUH SUHVHQWKIE SRUMHDOUVHHU S+ LQFUHDVHY ZLWK LQFUHDVLC
UHVXOWYV ZHUH REWDLQHG IRUD PL[WXUH ZLWK : & DQG@ ORRWD[ ZHLJ
VWXGLHV ZLWK GLIITHUHQW PL[WXUHV KDYH DOVR BRVW BRY & ® MV HDGJ HD N LW
LQ RUQHDU WKH SDVVLYDWLRQ UDQJH ([FHSWLRQV LQFOXGH WKH VXVSt
PLIWXUH ZLWK S+ RI $00 WKHVH WKUHH PL{WXUHV KDYH QRW DQ\ W\
VWXGLHV $ SRVVLEOH H[SODQDWLRQ LV WKDW UHWDUGDQWY DUH XVXDC

7TDEOH 6XPPDU\RI0.3& SRUH ZDWHU S+ VWXGLHYV

[03]: & [ GHWDUGIQAV] SHWDUGDQW6MBEOLQJ W[PH+ | 6RXUFH

ERUD] > @
ERUD| > @
> @
> @
> @
ERULF DALG > @
ERULF DALG > @

7KH YROXPH GHIRUPDWLRQ ( B/ PP RI 0.3& DIWHU GD\V RI FXULQJ

0 3UDWLRV RI DQG KDV EHHQ UHSRUWHG WRGH E UHVSHFWLYHO\

7KH YROXPH RI 0.3& LV UHGXFHG XQGHU DLU FXULQJ FRQGLWLRQV ([SD
K\GUDWLRQ SURGXFWYV ZKLOH E\HYDSRUDWLRQDQG ZDWHU GLIIXVLRQ L
FRQGLWLRQV WKH VKULQNDJ# HITHFW GRPLQDWHYV >

7KHO 3 UDWLR DITHFWV ERWK WKH VWUHQJWK RI WKH FHPHQWYV DQG LW
7KH O 3 UDWLR KDV QRW D VLJQLILFDQW HIIHFW RQ WKH VHWWLQJ WLPH
HITHFW LV PRUH SURQRXQFHG 7KH VWUHQJWK LQFUHDVHYV XQWLO D SHD
DURXQG 0 3UDWLR 7KHVH UHVXOWYV ZHUH REWDLQHG IRU D PL[WXUH Z
UDWLRV UHV&HFWMHYHWWUVBEQIJWK RI 03& HYHQ IRU ORZ 03 UDWLRV 03D L
IDEULFDWHG ZDVWH SDFNDJH PRUWDU PD@&H DW &295$% 0SD >
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JLIXUH (INTHFW RI WKH 0 3UDWLR RQ @KHHRQRWKHADHNWHWLIX WHPW BQG DQG VWUHQJIJWK RI W
ULJK@& >

SHWDUGHU
5HWDUGHUV DUH XVHG WR GHFUHDVH WKH UHDFWLRQ UDWH DQG WKHUHI
E\SURORQJLQJ WKH VHWWLQJ WLPH ,WDOVRFRQWUROV WKHUHOHDVH F
DUHJHQHUDOO\XVHG DUH VRGLXP WRULLYBO\BERBREKDRWBIQGDEBRULF DFLG

+ %2

673 LVUHSRUWHG WR LQFUHDVH WKH S+ RI WKH SRUH ZDWHUV LQ WKH
WKHDGGLWLRQ RI673 LQFUHDVHG WKH VWUHQJIJWK RI WiKH FKHP HQM/ X QWL
RI673 LV KRZHYHU OLPLWHG E\ WKH VROXELOLW\ @Q WKHUBIFR G 5 KIRW B X ID\K
WRLQFUHDVH WKH VHWWLQJ WLPH WR DERXW P@QXWHY ZKLFK LV VWLO

%RUD[ LV DEOHWR UDLVH WKH VHWWLQJ WLP@& HYWQ &WLRKHNUY XS\VRI B B\
DQG WKHUHIRUH RQO\ KDV WR EH DG®@® H G KHUWPDWOWH G XIDKWH QW MWKHR UL H
PHFKDQLVP RI WKLV SKHQRPHQRQ 6@]DRDJ[BiQWl—DG\IWKIEDlWANIﬂV@UDERUDWI—
UHDFW ZLWK WKH GLR\SRIHFHSLIOWDWH DURXQG WKH PDJQHVLD +DOO HW L
VXJIJHVWHG W KRMW4%S 2RUP D SURWHFWLYH OD\HU D USR XQGHVEK N PG Y Q B WLIDJ }
RI WKH XVH RI ERUD[ LV WKDW LW FRXOG GHFUH®VHAHKWKH NHWWHQ IBRUR [ 1A
VKRZQ LQ PRUH GHWD L% R QD)L DMUVMWDWHG EHIRUH GHFUHDVHV WKH VWUH
PDLQO\ RQ WKH ILUVW WZR GD\V RI FXULQJ ORUHRYHU WKH VHWWLQJ W
ZLWK LQFUHDVHG ERUD[ FRQWHQW 7KHVH UHVXOWY ZHUH REWDLQHG IR
ZHLIJKW U@W ISPWR WKH XVH RI ERUD[ LV EHFRPLQJ UHVWULFWHG LQ (XUR
UHSURGXFWLY® WR[LFLW\ >
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JLIXUH VHWWLQJ WLPHDQG FHPHQW VWUHQJ®WK ZLWK UHVSHFW WR ERUD[ FRQWHQW >

%YRULF D®W2GFBQ DOVR EH XVHG WR UHWDUG WKHFHPHQW +DOOHWDO |
LV FRPSDUDEOH ®R ERUDYHU WKH DPRXQW RI ERUD[ QHHGHG WR DFKLHY
HITHFW LV KLIJKHU WKDQ IRU ERULF DFLG ,W DOVR OHG WR DQ LQFUHD
WLV VXIJIHVWHG E\ :DJK WKDW WKH ERULF DFLG IRUPV D FRDWLQJ RQ WK
WKHUHIRUH WKH UH® FWKR ¢ RDWIHQ?I WKDW LV IRUPHG LV /I XQHEHUJLWH |
UHDFWLRQ

0J2 +%2 +32 +2pP 0J% 32 2+ r +2

$FFRUGLQJ WR :DOOLQJ ERULFDFLG LV DOVR EHFRPAQJUHVWULFWHG LC

$GGLWLYHYV

7TKHUH DUH DOVR RWKHU DGGLWLYHV WKDW FDQ EH DGGHG WR WKH FHP
JHQHUDOO\LQFOXGH IO\DVK DQG VLOLFD IXPH ,Q PRVW RI WKH OLWHUD
LQHUW EXW WKHUH DUH UHSRUWV WKDW GLVDJUHH DQG VWDWH WKDW V
SODFHWKDW EULQJV DERXW WKH FKDQJH® L@ ShRISVH W\ HH\R R DWRERP FEEK R/ AV
SURGXFW ZKLFK LV DOVR XVHG D ORW LQ UHJXODU 3RUWODQG FHPHQW
VHWWLQJ WLPHVY DOWKRXJKRWKL® UBWXWKHWDPH WLPH LW DOVR LQFUH
DELOLW\ RI WKH REIPHW@WOVR LQFUHDVHY WKH ILQDO VW@HQIWKBQG OR
%LQRJ® UHSRUWHG WKDW )$ LQFUHDVHY WKH ZDWHU UHVLVWDQFH RI WK
OHVV DYDLODEOH LQ WKH IXWXUH DV WKH EXUQLQJRIFRDO6JUGO EHFRP}
DGGHG WR 03& LWLV UHSRUWHG WRLPSURYH WKHZDWHU UHVLVWDQFH
VWUHQJWK 6RPH UHVHDUFKHVY DOVR VWDWH WKDW LW UHGXFHV WKH HJS
> @

:DWHU WR FHPHQW UDWLR

$QRWKHU UDWLR WKDW LV IDLUO\LPSRUWDQW IRUWKH SURSHUWLHV RI Wl
7KDW LV VWUHQIJWK GHFUHDVH® ZDWEBL@QFDEROG BIURNXZVWVH¥HQ VWDWHG Wt
UDWLR ZRXOG PDNH WKH FHP@& QW XQERIHIW RQ/HWQRFUHDVHG WKH VHWWL
WKHLU FHPHQW SDVW WR PLQXWHYV ZLWK D Z F RI 7TKH\ DOVR IRXQG
RI WKHLU SDVWH KDG DQLQYHUVH UHODWLRQVKLS ZLWK Z F 7KLV LV EHF
WKDW DUH IRUPHG E\ KLJKHU ZDWHU FRQWHQW
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