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ATTACHMENT A

Analysis of Gradient Direction 1990 – 2000
Former Shell Service Station, 2540 El Camino Real, Santa Clara, CA

EKI evaluated groundwater gradients in the vicinity of the property located at 2640 El
Camino Real in Santa Clara, California (the “subject property” or “Site”) during the 1990s by
examining groundwater levels measured at a corollary site located on the opposite side of
Saratoga Creek at approximately the same distance. The corollary site, the former Shell
Service Station site located at 2540 El Camino Real in Santa Clara, CA, had a network of
groundwater monitoring wells from which depth-to-water ("DTW") measurements were
collected on a roughly quarterly basis from September 1990 through January 2000. To
evaluate groundwater gradient direction at that site, DTW data from three of the monitoring
wells, those which had the longest period of record (wells MW-1, MW-2, and MW-3) and a
favorable geometry for gradient determination, were analyzed.

The first step in the analysis was to convert the DTW data into groundwater elevation data.
Although measuring point (i.e., top of casing) elevations for each well were given in the data
table included in the Site Closure Summary report, it appears that a local vertical datum was
used rather than a datum corresponding to mean sea level. Therefore, an adjustment of -23
feet was applied to the measuring point elevations to make them more consistent with ground
surface elevations for the site (approximately 77 ft above mean sea level) determined from the
USGS topographic map. The adjustment was applied equally to all three wells.5 The adjusted
measuring point elevations were used along with the DTW data to calculate groundwater
elevations for each well on each measurement date. Groundwater gradient directions and
magnitude were then calculated using the 3-point method.

Results from the analysis indicate that the groundwater gradient direction in the early 1990s
was typically to the northeast on the east side of Saratoga Creek. Over the course of the
decade, the direction shifted counterclockwise. By the end of the decade the gradient
direction was approximately north-northwesterly. The total angular shift from 1990 to 2000
was approximately 60 degrees (see Table A-1, at back of Attachment A).

Table A-1: Calculation of Groundwater Gradients Based on Depth-To-Water Data from
the Former Shell Service Station Located at 2540 El Camino Real, Santa Clara,
CA

5 Note that this adjustment did not affect the gradient direction analysis in any way. However, it did allow
comparison of groundwater elevation data from the former Shell Service Station to nearby features such as the
bottom elevation of the Saratoga Creek streambed as discussed in Section 4.
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ATTACHMENT B

Summary of Unsaturated Flow and Transport Travel Time Analysis

In order to estimate the time that it would take a release of contaminated water to travel through
the unsaturated zone and reach the groundwater table at the property located at 2640 El Camino
Real in Santa Clara, California (the “subject property” or “Site”), an analysis of steady-state
unsaturated flow and advective solute transport with retardation was performed. The analysis
involved the following steps:

1) Determining a representative soil profile for the unsaturated zone region of interest,
which extends from 5 ft bgs (i.e., the depth of the hypothetical leaking sewer pipe) to the
bottom of the coarse (sand) soils at approximately 33.5 to 35 ft bgs;

2) Estimating a representative or reasonable value for the rate of leakage from the
hypothetical leaking sewer pipe;

3) Determining the maximum steady-state vertical flow rate through the soil profile which
is equivalent to the saturated hydraulic conductivity of the least permeable soil in the
profile;

4) Setting the vertical flux rate to be the lesser of the rates determined in Steps 2 and 3;
5) Determining the water content of each soil type within the profile at the specified vertical

flux rate through use of the van Genuchten (1980) equation for unsaturated soil water
retention and conductivity;

6) Calculating the advective velocity of water through each soil type at the water content
determined in Step 5;

7) Calculating a Retardation Factor for each soil based on the water content, bulk density,
and partitioning coefficient for the contaminant of concern (“COC”);

8) Calculating the advective velocity of the dissolved COC based on the advective velocity
of water divided by the Retardation Factor;

9) Calculating the time required for the COC to travel through each layer based on the
advective solute velocity and the layer thickness; and

10) Calculating the total transport time as the sum of the transport times through each
individual layer within the soil profile.

Details of each step are provided in the paragraphs below.

Step 1

The representative soil profile was determined from the borehole logs for boreholes B32, B42,
and MW5a. Boreholes B32 and MW5a were 50 and 44 ft deep, respectively, and so
encompassed the entire unsaturated zone region of interest. Borehole B42 only extended to 30 ft
bgs, and therefore it was assumed for this analysis, based on the conceptual cross section shown
on Figure 6, that the soil type from 30 to 31 ft bgs was a silt and from 31 to 33.5 ft bgs was a
sand.
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Step 2

A representative or reasonable value for the rate of leakage from the hypothetical leaking sewer
pipe is estimated based on the lower end of the range given in USEPA (1989b) for older vitrified
clay pipes in northern California. The range given in USEPA (1989b) is 2,400 to 8,300 gallons
per day per inch diameter per mile, and therefore the value assumed herein is, to be conservative,
the lower end of the range – 2,400 gallons per day per inch diameter per mile, which translates to
approximately 18 feet per year assuming the leakage spreads over a width of 10 feet. Obviously,
when subsurface soils are unable to transmit water at this rate, the water will spread out to
greater widths until the increased area is capable of transmitting this flux.

Step 3

The maximum steady-state vertical flow rate was determined to be 5.76 ft/year, based on the
limiting hydraulic conductivity of the silty clay soil layers. Saturated hydraulic conductivity
values for each soil type were based on the values in Carsel and Parrish (1988).

Step 4

The vertical flux rate is the lesser of the two rates determined in Steps 2 and 3, namely 5.76 ft/yr.
Because the vertical flux rate turns out to be limited by the hydraulic conductivity of the silty
clay soils, from Step 3, it does not matter that the lower end of the leakage rate range was used in
Step 2.

Step 5

The water content of each soil type within the soil profile at the steady-state flux rate from Step 4
is determined using the van Genuchten (1980) equations. For the silty clay layers which are
limiting in terms of the vertical flux rate, the water content is equal to the saturated water
content. For all other soil types, the water content is unsaturated to some extent.

Step 6

The advective velocity of water through the soil type at the water content calculated from Step 5
is calculated using Darcy’s Law as follows:

(6,4/2 9
$&

*

where vwater is the advective velocity of the water, Q is the vertical flux rate, i is the hydraulic
gradient (equal to 1 in the case of vertical unsaturated steady-state flow), and is the water
content.

Step 7

The Retardation Factor for each soil type is calculated as follows:

% 9 " 8
+-

*
#.
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where R is the Retardation Factor, b is the bulk density, and Kd is the soil-water partitioning
coefficient. For this analysis, Kd was assumed to equal 0.590 L/kg based on observed plume
travel distance (discussed further in Attachment C), and b was calculated from the Carsel and
Parrish (1988) saturated water content value and an assumed particle density of 2.65 g/cm3.

Step 8

The advective velocity of the retarded solute is calculated as follows:

(31054/ 9
(6,4/2

%

where vsolute is the advective velocity of the retarded solute.

Step 9

The time required for the COC to travel through each layer is calculated as follows:

'0,7/2 9
)0,7/2

(31054/

where tlayer is the time required and zlayer is the layer thickness.

Step 10

The total time required for the COC, i.e., PCE, to travel through the soil profile is calculated as
the sum of the travel times through each layer in the profile.

Results

Results of the analysis are presented in Table B-1. As shown on Table B-1 (at back of
Attachment B), the time required for PCE to travel through the 5 to 35 ft bgs portion of the B32
soil profile is approximately 5.9 years. In the B42 soil profile, the required travel time through
the 5 to 33.5 ft bgs portion is approximately 6.1 years. In the MW5a profile, the required travel
time through the 5 to 35 ft bgs portion is approximately 5.7 years.

To provide an estimate of uncertainty in the travel time estimates, two single-parameter
sensitivity analyses were performed. The first parameter that was adjusted for the sensitivity
analysis was the saturated hydraulic conductivity, as that parameter is arguably the one with the
greatest variability. The values of saturated hydraulic conductivity for each soil type were
adjusted upwards and downwards by 20 percent from the original, “base case” values (i.e., the
values shown in Table B-1, upon which the above travel time estimates are based). Because the
vertical flux rate is limited by the minimum saturated hydraulic conductivity (see Step 4), the
flux rate was also adjusted. The water content within each soil type is also dependent on the
steady-state flux rate (see Step 5); however, the difference in water content between the different
steady-state flux rates is negligible, and therefore the base case water content values were used in
all cases. Table B-2 below shows the effect of those adjustments on the calculated travel times
for the B32, B42, and MW5a soil profiles.
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Table B-2. Sensitivity of Estimated Travel Time to Saturated Hydraulic Conductivity

Saturated
Hydraulic
Conductivity
Relative to
Base Case

Estimated
Travel Time
for B32 Soil

Profile
(years)

Estimated
Travel Time
for B42 Soil

Profile
(years)

Estimated
Travel Time
for MW5a
Soil Profile

(years)

Average
Estimated

Travel Time
(years)

Percent
Difference
from Base

Case

20 Percent
Lower

7.4 7.6 7.1 7.4 +25%

Base Case 5.9 6.1 5.7 5.9 -

20 Percent
Higher

4.9 5.1 4.8 4.9 -17%

As shown in Table B-2, the estimated travel time is slightly more sensitive to downwards
adjustments to the soils’ hydraulic conductivity than to upwards adjustments. It should be noted
that, while the hydraulic conductivity of any particular soil type is subject to some uncertainty, it
is unlikely that every soil within the profiles would be uniformly lower (or higher) than the base
case values, and therefore the range of travel time estimates shown in Table B-2 is likely
inclusive of all probable scenarios.

A second single-parameter sensitivity analysis was performed to investigate the effect of solute
retardation on travel time. For this analysis, the value of the partitioning coefficient was adjusted
upwards and downwards by 20 percent. Results from that sensitivity analysis are presented in
Table B-3 below.

Table B-3. Sensitivity of Estimated Travel Time to Partitioning Coefficient

Partitioning
Coefficient
Relative to
Base Case

Estimated
Travel Time
for B32 Soil

Profile
(years)

Estimated
Travel Time
for B42 Soil

Profile
(years)

Estimated
Travel Time
for MW5a
Soil Profile

(years)

Average
Estimated

Travel Time
(years)

Percent
Difference
from Base

Case

20 Percent
Lower

4.9 5.2 4.8 5.0 -15%

Base Case 5.9 6.1 5.7 5.9 -

20 Percent
Higher

6.9 7.0 6.7 6.9 +17%

The results shown in Table B-3 indicate that the travel time is somewhat less sensitive to changes
in the partitioning coefficient than it is to changes in the saturated hydraulic conductivity.
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If the hydraulic conductivity values and the partitioning coefficient values are adjusted
simultaneously towards the ends of their ranges that produce shorter travel times (i.e., higher
hydraulic conductivity and lower partition coefficient), the resulting travel times range from 4.0
to 4.3 years. If these parameters are adjusted simultaneously towards the ends of their ranges
that produce longer travel times (i.e., lower hydraulic conductivity and higher partitioning
coefficient), the resulting travel times range from 8.3 to 8.8 years.

Table B-1: Calculation of Unsaturated Flow and Transport Travel Time
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ATTACHMENT C

Summary of Chemical Transport in Groundwater Calculations

An analysis of the evolution of chemical of concern (“COC”) concentrations in groundwater was
performed for the specific scenario of flushing of a COC plume with COC-free water following a
shift in groundwater gradient direction. This scenario is based on what would be expected to
have occurred if a COC release had occurred at the property located at 2640 El Camino Real in
Santa Clara, California (the “subject property” or “Site”)during the period of UATC ownership
or tenancy, between 1962 and 1978. Under this scenario, a plume with a northwest orientation
would have been created due to the prevailing northwest groundwater gradients. Then, in the
mid-1990s, as the groundwater gradient direction shifted to its current northeast direction, the
northwest-oriented plume would be subject to flushing by COC-free groundwater flowing from
the upgradient (southwest) direction.

To evaluate the scenario described above, the REMCHLOR model (Falta, 2007) was used.
REMChlor is a model of advective-diffusive-reactive transport specifically designed for
chlorinated solvents such as PCE and its daughter products. The model allows for simulation of
the fate of a COC source of a user-specified mass and concentration. The reader is directed to
Falta (2007) for more information on the REMChlor model. The model set-up and results for
this analysis are described below.

Model Setup

This section describes the REMChlor model input parameters. Parameterization was based on
site specific data, where available, and on professional judgment otherwise. It should be noted
that certain input parameters, or the parameters on which they are based (e.g., hydraulic
conductivity, soil-water partitioning coefficient, source zone mass), are inherently uncertain, and
therefore results should be considered approximations rather than exact predictions of COC fate
and transport processes at the Site.

Source Parameters

Source parameters in REMChlor include the source zone concentration (i.e., the flow-averaged
concentration of the chemical leaving the source zone); the source zone mass; a parameter, ",
which controls the rate of change in source zone concentration as source zone mass is depleted;
the source zone width and vertical height; the effective porosity; and parameters related to source
remediation. For this evaluation, the parameters were set as follows:

% Source zone concentration: 1,000 micrograms per liter (“ug/L”)
% Source zone mass: 4.97 kg, based on the calculated concentration of PCE sorbed to the

soil within a 5,400-m3 source zone (60 m wide x 30 m long x 3 m thick), assuming an
aqueous concentration of 1,000 ug/L and a partitioning coefficient of 0.590 L/kg. The
source zone dimensions were approximated based on the observed dimensions of the core
of the current northeast-trending plume.
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% " parameter: 1, based on the default value; this value results in a linear relationship
between the change in source zone mass and source zone concentration. Other values of
" were used as well, with little effect on the overall results.

% Source zone width: 60 m
% Source zone height: 3 m
% Effective porosity: 0.353, based on the difference between the saturated and residual

water content for loamy sand from the Carsel & Parrish (1988) soil property database
% Source remediation: none, i.e., no mechanisms for source zone mass depletion except for

flushing

Transport Parameters

REMChlor uses the concept of one-dimensional streamtubes to model the advection-dispersion
transport process. The user specifies a number of streamtubes and the model applies a log-
normally distributed velocity field over the streamtube to represent hydrodynamic dispersion.
Transport parameters in REMChlor include the Darcy velocity; the Retardation Factor; a
parameter, sigmav, equal to the coefficient of variation for the velocity field, which allows for
scale-dependent dispersivity; minimum and maximum normalized streamtube velocities; the
number of streamtubes; and the dispersivity in the transverse horizontal and vertical directions.
For this evaluation, the parameters were set as follows:

% Darcy velocity: 7.285 m/yr, based on a hydraulic gradient of 0.0057 (from the 3rd Quarter
2012 Groundwater Monitoring Report; P&D, 2012) and a hydraulic conductivity of 3.5
m/day, from the Carsel & Parrish (1988) soil properties database

% Retardation factor: 3.611, based on the observed travel distance (375 ft) of the center of
mass of the current northeast-trending plume, a travel time of 20 years, and a
groundwater velocity of 68 ft/yr, calculated from the Darcy velocity and effective
porosity

% sigmav: 0.44721, based on REMChlor guidance and resulting in a longitudinal dispersity
which is 0.1 times the average travel distance

% Minimum normalized streamtube velocity: 0, based on REMChlor
% Maximum normalized streamtube velocity: 3, based on REMChlor guidance
% Number of streamtubes: 100
% Transverse horizontal dispersivity: 1 m
% Transverse vertical dispersivity: 0.1 m

Simulation Parameters

Simulation parameters in REMChlor include the spatial and temporal discretization. For this
analysis the spatial domain was discretized using 2-m intervals in the longitudinal direction, 3-m
intervals in the transverse horizontal direction, and had a single layer in the vertical direction.
The modeled domain was 300 m in length and 60 m wide. The total simulated time was 50 years
with a timestep of 0.25 years.
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Plume Reaction Parameters

For this analysis, the output variable of interest is the total concentration of chlorinated solvent
COCs, rather than individual compounds such as PCE. Therefore, in the interest of simplicity,
the reaction parameters were set to zero so that no reactions that transform the source zone COC
into daughter products occur.

Results

Given that the purpose of this analysis is to assess whether the absence of significant
concentrations in the area to the northwest of the Site is evidence that a northwest-trending
plume never existed, the results of the REMChlor simulations were evaluated in terms of the
maximum total chlorinated solvent concentrations that would be expected to be present
following 10, 15, and 20 years of flushing of a northwest-trending plume by COC-free
groundwater. Table C-1 below shows the maximum total chlorinated solvent concentrations at
10 years, 15 years, and 20 years along the plume centerline as well as 15 m and 30 m away from
the plume centerline.

Table C-1. Simulated Maximum Total Chlorinated Solvent Concentrations

Elapsed Time Since
Release

Simulated Maximum Concentration (ug/L)

Centerline of Plume
Axis

15 m Away from
Plume Centerline

30 m Away from
Plume Centerline

10 years 227 216 114

15 years 140 126 71

20 years 94 84 49

The REMChlor simulation results shown in Table C-1 above indicate that detectable
concentrations of chlorinated solvent COCs would be expected to be present even following 20
years of flushing of the source zone and even at distances of 30 m (approximately 100 ft) away
from the plume centerline.
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Ground Water Issue

1.0 - Introduction

Groundwater contamination from classes of chemicals such as
chlorinatedsolvents, polychlorinatedbiphenyls (PCBs), creosote,
and coal tar is frequently encountered at hazardous waste sites
(40, 43). These types of contaminants have low solubilities in
water and have densities greater than that of water. Therefore,
they can exist in the subsurface as Dense, Non-Aqueous Phase
Liquids (DNAPLs) and have the potential to migrate as a sepa-
_NaR YV^bVQ ]UN`R a\ `VT[VmPN[a QV`aN[PR` ORY\d aUR dNaR_ aNOYR V[
both unconsolidated materials and fractured bedrock. Because of
the physicochemical properties associated with DNAPLs, they
migrate through the subsurface in a very selective and tortuous
manner (13, 27, 29). Thus, the majority of DNAPL present in
the subsurface may not be found immediately below the entry
location and directly encountering DNAPLs with conventional
Q_VYYV[T aRPU[V^bR` ZNf OR QVSmPbYa&

Determining the presence or absence of a DNAPL is an impor-
tant component of the conceptual site model and is critical to the
proper selectionofthe remediationapproach. SubsurfaceDNAPL
acts as a long-term source for dissolved-phase contamination and
determines the spatial distributionandpersistence of contaminant
concentrations within the dissolved-phase plume. Once ithas been
determined that DNAPL exists within the subsurface, subsequent
characterization activities are typically conducted to better de-
lineate the boundaries of the DNAPL source zone. The DNAPL
source zone is the overall volume of the subsurface containing
residual and/or pooledDNAPL. It should be recognized that there
will be uncertainty associated with the delineation of the DNAPL
`\b_PR g\[R& =[ NQQVaV\[ a\ aUR 7B4D@$ aUR_R ZNf OR `VT[VmPN[a
amounts of contaminant mass that have diffused into low perme-
ability zones. Back diffusion of contaminant mass from these
g\[R` ZNf `b`aNV[ QV``\YcRQ%]UN`R ]YbZR` S\_ `VT[VmPN[a ]R_V\Q`
of time, even after DNAPL has been removed. Establishing the
presence and locations of such non-DNAPL sources is beyond
the scope of this document.

In January 1992, EPA published a Fact Sheet entitled ‘Estimat-
ing Potential for Occurrence of DNAPL at Superfund Sites’ (42)
with the goal to help site personnel determine if DNAPL-based
characterization strategies shouldbe employed at a particular site.
In September 1994, EPA issued a subsequent Fact Sheet entitled
‘DNAPLSite Characterization’(39)discussingdirectand indirect
methods toassess the presence ofDNAPLin the subsurface. Since

the publication of the initial fact sheets, there have been advance-
ments incharacterization tools, site investigation approaches (14)
and knowledge of DNAPL source zone architecture within the
subsurface. This document builds on information from the previ-
ous fact sheets to provide a framework for not only assessing the
presence of DNAPL, but also for delineating the spatial extent
of the DNAPL source zone, a priority at many sites due to the
more prevalent use of in-situ remediation technologies (38). The
strategy described in the present document utilizes converging
YV[R` \S RcVQR[PR aUNa V[P\_]\_NaR aUR `PVR[aVmP NQcN[PRZR[a` V[
aUR mRYQ N[Q expands the applicability of the document to include
bothunconsolidateddeposits and fracturedbedrock. An iterative,
nReVOYR `VaR V[cR`aVTNaV\[ N]]_\NPU "/# V` R[P\b_NTRQ&

2.0 - Nature of the DNAPL Source Zone

Uponrelease to the subsurface, DNAPL willdistribute itself in the
form of disconnected blobs and ganglia of organic liquid referred
to as residual DNAPL, and in connected distributions referred to
as pooled DNAPL (Figure 1). Residual DNAPL is found both
above and below the water table within the pathways of DNAPL
migration, and typically occupies between 5% and 30% of pore
space in porous media (6, 27, 44) and in rock fractures (21). Re-
sidual DNAPL is trapped by capillary forces, and typically will
[\a R[aR_ N[ NQWNPR[a Z\[Va\_V[T dRYY$ RcR[ b[QR_ aUR V[nbR[PR
of aggressive groundwater pumping (6, 27).

Pooling of DNAPL can occur above capillary barriers, which are
typically layers and lenses of slightly less permeable material
(Figure 1). Pooling can therefore occur at any elevation in the
subsurface, and not just at the base of permeable zones. Absence
of pooling above clay aquitards and bedrock may be due to the
presence of dipping fractures, bedding planes, joints and faults
which may allow the continued downward migration of the
DNAPL. Pools represent a continuous distribution of DNAPL,
and typically correspond to DNAPL saturations of between
30% and 80% of pore space in both porous media and fractures.
The frequency of pool occurrence and the thickness of pools
are increased by the presence of horizontal capillary barriers,
lower DNAPL density, higher interfacial tension, and an upward
P\Z]\[R[a a\ T_\b[QdNaR_ n\d ")/$ **#& GUR aUVPX[R`` \S ]\\Y`
typically ranges from fractions of an inch to a few feet, depending
\[ nbVQ N[Q ZRQVN ]_\]R_aVR` "+.# N` dRYY N` aUR c\YbZR _RYRN`RQ&
Because pools represent a connected distribution of DNAPL, the
pooled DNAPL is susceptible to mobilization through drilling
activities and can short-circuit along existing monitoring wells
and piezometers. In addition, pools may also be mobilized in
response to changes in hydraulic gradient. The gradient required
to mobilize a pool is a function of the DNAPL-water interfacial
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tension, the pool length, and the permeability of the surrounding
material (6, 27). Pumping groundwater from beneath DNAPL
pools, for example, can lead to an increase in capillary pressure
and subsequent downward DNAPL mobilization.

The spatial distribution of residual andpooledDNAPLis strongly
V[nbR[PRQ Of TR\Y\Tf$ N[Q NY`\ Of 7B4D@ ]_\]R_aVR` N[Q_RYRN`R
history (frequency, intensity, duration, volume and location).
DNAPL migration can occur through lenses and laminations of
porous media at the scale of inches or less (17, 29). For DNAPLs
that are non-wetting (see wettability in glossary) with respect to
water (which is usually the case), migration below the water table
is typicallythrough the larger pores (andhence higher permeability
regions) in unconsolidated media and larger aperture fractures in
bedrock. The orientation of stratigraphic and structural features
will largely determine the degree of lateral and vertical DNAPL
spreading. DNAPLmigration from the release location can occur
V[ N[f QV_RPaV\[$ N[Q V` af]VPNYYf [\a T_RNaYf V[nbR[PRQ Of Y\d
ambient hydraulic gradients except for creosotes and coal tars
which have densities close to that of water.

The overall region of the subsurface containing residual and
pooled DNAPL is referred to as the DNAPL source zone. For
high density and low viscosity DNAPLs (such as chlorinated
solvents), migration in relatively permeable media can cease as
soon as a few months to a few years following the time of release
(3, 17, 27, 29). Some geological conditions, such as horizontal
to sub-horizontal fractures, gently dipping strata and sand seams

in low permeability media can give rise to longer time scales
for migration of chlorinated solvent DNAPLs, particularly for
large volume DNAPL sources. For low density and high viscos-
ity DNAPLs (such as creosote and coal tar), migration has the
potential to continue for many decades (12). The overall depth
of DNAPL migration is dependent not only on the presence or
absence of capillary barriers, but also on the volume released, the
interfacial tension, the degree of lateral spreading, and the bulk
retention capacity (see glossary) of the medium. Because frac-
tured rock has very low bulk retention capacity, small volumes of
DNAPL can migrate greater distances in bedrock in comparison
to the same volume released into unconsolidated deposits (18).

;_\b[QdNaR_ n\dV[T ]N`a _R`VQbNY N[Q]\\YRQ 7B4D@dVYY _R`bYa
indissolved-phaseplumesofcontamination. Complete dissolution
\S NYY7B4D@N`N _R`bYa\S [Nab_NYT_\b[QdNaR_ n\dV` Re]RPaRQ a\
take from several decades tohundreds of years for mostDNAPLs.
For multi-component DNAPLs, the presence of more than one
component typically suppresses the aqueous solubility of the
other components in the DNAPL (6, 27). Exceptions to this can
occur, however, when co-solvents such as alcohols are present in
the DNAPL. In the absence of co-solvents, the concentration of
any particular component dissolving into groundwater can often
be approximated using Raoult’s Law (2, 6, 27). Early in the dis-
solution process, the plume chemistry will be dominated by the
higher effective solubility components which tend to be those
present in the largest mass fraction within the DNAPL, and those

Figure 1 – Schematic illustration of contamination associated with a DNAPL release. Note that DNAPL migrates in three dimensions,
and that residual DNAPL accumulated above bedrock is the result of the release at ground surface. The reader is referred
to Figure 2 for a depiction of matrix diffusion. Figure is not to scale.
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with the highest single-component (handbook) solubility values
(24). The concentration of any or all components in groundwa-
ter downgradient of a multi-component-DNAPL source zone
will typically be lower than expected using a single component
solubility limit. With time, both the DNAPL composition and
the plume composition will change in response to the dissolution
process. The dissolved components that comprise the plume will
migrate ingroundwater subject to advection, dispersion, sorption,
volatilization, and degradation processes.

Both residual and pooled DNAPL, and dissolved-phase plumes
that are in direct contact with clays, silts, or a porous bedrock
matrix, can diffuse into the low permeability media (forward dif-
fusion). If concentrations outside of the low permeability zone
become lower than those inside, diffusion will occur back into
the higher permeability zone (back diffusion) and can result in
plume persistence (5, 33). The forward and back diffusion pro-
cesses are collectively referred to as matrix diffusion (Figure 2).
The persistence of DNAPL in fractures in bedrock, saprolite and
clay can be shortened by the matrix diffusion process (19, 28).
In addition, the rate of advance of a dissolved-phase plume in
fractured rock with a porous matrix can be strongly attenuated
Of aUR ZNa_Ve QVSSb`V\[ ]_\PR`` "*($ +-#& GUR V[nbR[PR \S ZNa_Ve
diffusion on dissolved-phase plume migration in fractured rock
and clay relative to other processes such as advection, dispersion,
sorption, and possible degradation processes will vary depending
\[ `VaR `]RPVmP TR\Y\TVPNY P\[QVaV\[` N[QP\[aNZV[N[a ]_\]R_aVR`&

=[ TR[R_NY$ ZNa_Ve QVSSb`V\[ UN` N T_RNaR_ V[nbR[PR \[ QV``\YcRQ%
phase plume migration in the case of wider fracture spacing,
smaller fracture aperture, lower hydraulic gradient, higher matrix
porosity, and higher matrix organic carbon.

Above the water table, volatile DNAPL can vaporize into air
mYYRQ ]\_R `]NPR` "9VTb_R )#& 9\_ 7B4D@` dVaU `VT[VmPN[a
vapor pressure, this can lead to expanded vapor-phase plumes
in the unsaturated zone. The concentration of contaminants in
the vapor phase will be governed by the vapor pressure, and for
a multi-component DNAPL can often be approximated using
Raoult’s Law. In relatively warm and dry environments, the
persistence of some DNAPLs (e.g., chlorinated solvents) can
be relatively short (on the order of months to a few years) in
unsaturated media. The absence of residual and pooled DNAPL
V[ aUR b[`Nab_NaRQ g\[R ZNf [\a$ aUR_RS\_R$ OR `bSmPVR[a RcVQR[PR
to conclude that DNAPL has not migrated below the water table
at the site of interest.

3.0 - Types of DNAPLs

CoalTar is a complexmixture of hydrocarbons produced through
aUR TN`VmPNaV\[ \S P\NY aUNa dN` ]_\QbPRQ N` N Of%]_\QbPa \S
manufactured gas operations as earlyas 1816 in the UnitedStates.
It is still produced as a by-product of blast furnace coke produc-
tion. Coal tar contains hundreds of hydrocarbons, including light
oil fractions, middle oil fractions, heavy oil fractions, anthracene
oil, and pitch. The low density (typically 1.01 g/cc to 1.10 g/cc

Figure 2 – Matrix diffusion of dissolved-phase contaminants adjacent to DNAPL and along length of plume in fracture. Matrix diffu-
sion can attenuate the rate of plume advance in fractured rock (bottom left concentration vs distance plot), and can result
in delayed breakthrough curves (bottom right concentration vs time figure). These factors need to be considered when
relying upon groundwater concentration data to assess DNAPL presence.
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compared to 1.00 g/cc of water [at 4°C]) and high viscosity (up
to 200 to 300 times, or more, than that of water) facilitate long
time-scales of migration, with the possibility of movement con-
tinuing for many decades following initial release. Due to the
lengthy list of compounds present in coal tar, many investigators
select a sub-set of coal tar compounds based on mobility and
toxicity to assess water quality. These compounds may include
benzene,toluene,ethylbenzene, xylenes(BTEX), benzo[a]pyrene,
naphthalene, and phenanthrene. Depending on the age of the
DNAPL and groundwater velocity, some of the lower molecular
weight and more soluble compounds of the coal tar may have
been leached out of the DNAPL by the time a site investigation
is initiated. Naphthalene is often the dominant compound in
present day coal tar (9). In addition, the various components in
the plume will migrate at different velocities because of varying
degrees of sorption and degradation (often aerobic conditions).
Thelower molecularweight, lesssorbingcompounds (e.g., BTEX)
PN[ ZVT_NaR `VT[VmPN[aYf Sb_aUR_ V[ T_\b[QdNaR_ aUN[ aUR UVTUR_
molecular weight, more sorbing compounds (e.g., PAHs).

Creosote is composed of various coal tar fractions and was
commonly used to treat wood products. It is still used today in
certain wood treating operations and as a component of roof-
ing and road tars. Creosote is a multi-component DNAPL that
contains many hydrocarbons, primarily polycyclic aromatic hy-
Q_\PN_O\[` "D4<`#$ ]UR[\YVP P\Z]\b[Q`$ N[Q PN__VR_ nbVQ` `bPU
as diesel. The low density (typically 1.01 g/cc to 1.13 g/cc) and
high viscosity (typically 20 to 50 times that of water) of creosote
facilitate long time-scales of migration, with the possibility of
movement continuing for many decades following initial release.
Most investigators select a sub-set of creosote compounds, based
on mobility and toxicity to characterize water quality, such as
naphthalene, benzo(a)pyrene, and phenanthrene.

Polychlorinated Biphenyls (PCBs) are a class of 209 chemical
compounds referred toas congeners, inwhichbetweenone and ten
chlorine atoms are attached to a biphenyl molecule. The majority
of PCBs were manufactured between 1930 and 1977 under the
trade-name Aroclor for use in capacitors, transformers, printing
inks, paints, pesticides, and other applications. Aroclors differ
based on the amount and types of congeners present. PCBs by
themselves are DNAPLs, and were often blended with carrier
nbVQ` `bPUN` PUY\_\OR[gR[R` N[Q ZV[R_NY\VY]_V\_ a\ QV`a_VObaV\[&
The density of most PCB oils ranges from 1.10 g/cc to 1.50 g/cc,
while the viscosity ranges from 10 to 50 times that of water. Most
congenersare veryhydrophobicand their transportcanbe retarded
strongly relative to the rate of groundwater migration. In some
cases, however, PCB transport in groundwater can be facilitated
through the formation of emulsions or the presence of colloids.

ChlorinatedSolvents suchas trichloroethene (TCE), tetrachloro-
ethene(PCE) andcarbon tetrachloride (CT) havebeenproduced in
large quantities since the mid 1900’s. Some chlorinated solvents
contain trace amounts of stabilizers, preservatives and impuri-
ties. Typical uses vary widely and include dry cleaning, metal
degreasing, pharmaceutical production, pesticide formulation,
and chemical intermediates. Chlorinated solvents can be encoun-
tered as single component DNAPLs (e.g., as primarily PCE at a
dry cleaning facility, or as primarily TCE at a vapor degreasing
facility), or as part of a multi-component DNAPL containing
other organic compounds. The relatively high density (typically

1.10 g/cc to 2.20 g/cc) and low viscosity (typically ranging from
half to twice that of water) of chlorinated solvents can result in
a relatively short time-scale of migration following release com-
pared to coal tar and creosote. In a dissolved-phase plume, most
chlorinated solvents are not retarded strongly relative to the rate
\S T_\b[QdNaR_ n\d&

MixedDNAPLs ADNAPLthatcontains twoormorecompounds
is referred to as a multi-component DNAPL (e.g., creosote). A
mixedDNAPLis a multi-componentDNAPLthat contains a wide
variety of organic compounds as a result of blending and mixing
prior to disposal operations, or as a result of cotemporaneous dis-
posal. Examples include DNAPLs encounteredat former solvent
recycling facilities and industrial disposalsites. SuchDNAPLs can
contain aromatic compounds normally associated with LNAPLs
(e.g., toluene) along with chlorinated solvents, PCBs, alcohols,
ketones, and tetrahydrofuran. The density of mixed DNAPLs
typically ranges from 1.01 g/cc to 1.60 g/cc, and the dissolved-
phase plumes associated with mixed DNAPLs usually contain a
wide variety of compounds with varying mobility.

4.0 – DNAPL Source Zone Investigation Methods

This sectionpresentsvarious site investigationmethods andrelated
interpretation techniques that can be useful when characterizing
a DNAPL source zone. These methods and techniques will be
relied upon in Sections 5 (Assessing DNAPL Presence) and 6
(Delineation of the DNAPL Source Zone). Additional informa-
tion is provided in (6, 26, 37).

Visual Observation

DNAPL obtained from the bottom of a monitoring well
or as an emulsion from a pumped water sample is con-
clusive evidence of DNAPLpresence (pooled DNAPL).
Monitoring wells can be sampled for DNAPLusing bot-
tom loading bailers lowered to the bottom of the well or
pumpingfrom thebottom ofthewell. If aninterfaceprobe
indicates DNAPL presence, then the sample should be
_Ra_VRcRQN[Q Va `U\bYQORP\[m_ZRQ"cV`bNYYf$ \_aU_\bTU
laboratory analysis) that the substance is DNAPL. If
DNAPL is visually observed in drill cuttings or in a soil
`NZ]YR S\_ aUR m_`a aVZR$ aUR[ N `NZ]YR `U\bYQ OR `R[a a\
aUR YNO\_Na\_f S\_ P\[m_ZNa\_f RcVQR[PR& This line of
evidence is applicable in both unconsolidated deposits
and fractured rock, but it should be noted that visual
observation of DNAPL in rock core is rare because of
aUR NTT_R``VcR nb`UV[T [Nab_R \S aUR Q_VYYV[T ]_\PR``&
Because of the typically sparse and tortuous nature of
DNAPL distribution in the subsurface, DNAPL is not
encounteredandvisuallyobservedwithinmanyDNAPL
source zones.

Chemical Concentrations in Soil Above Threshold
DNAPL Saturation

Chemical concentrations in soil exceeding the value
corresponding toa thresholdDNAPLsaturation are con-
clusive evidenceofDNAPLpresence (see Calculation1).
The thresholdDNAPLsaturation foruseinCalculation1
should be set to be between 5% and 10% of pore space
for all DNAPL types. The particular threshold satura-

A

B
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tion chosen should result in a chemical concentration
in soil that is an order of magnitude higher than that
determined in line of evidence C. It follows that high
organic carbon content soils and highly hydrophobic
chemicals may require the use of threshold saturations
toward the higher end of the above range. This method
is applicable to unconsolidated media both above and
below the water table, but is not applicable in fractured
_\PX&GURPNYPbYNaV\[ _R^bV_R` X[\dYRQTR\S `VaR%`]RPVmP
parameters and a quantitative chemical analysis of the
soil. Care should be taken to sample soil horizons in
core exhibiting the highest headspace readings and the
strongest visual indicationof DNAPLpresence. The use
\SmeRQQR]aU V[aR_cNY` \_P\Z]\`VaV[T S_\Z`RcR_NYQR]aU
intervals is discouraged when collecting soil samples to
evaluate the presence ofDNAPL. Methanolpreservation
or a similar technique to reduce VOC losses during han-
dling and transport of soil samples should be employed.

Chemical Concentrations in Soil Above Partitioning
Threshold

Chemical concentrations insoil exceeding the value cor-
responding toequilibrium partitioningrelationships(see
Calculation2) are consistentwithDNAPLpresence (11).
The composition of the DNAPLneed not be known (see
Calculation 4). The calculation is applicable to uncon-
solidated media both above and below the water table,
but is not applicable in fractured rock. The calculation
_R^bV_R` X[\dYRQTR \S `VaR%`]RPVmP ]N_NZRaR_` N[Q N
quantitative chemical analysis of the soil. Measured
concentrationsthatonlymarginallyexceed the calculated
partitioning threshold may be false positives primarily
because of uncertainty associated with estimating the
`\VY%dNaR_ ]N_aVaV\[ P\RSmPVR[a&

Site Use/Site History

Investigations during the past 30 years have shown that
the subsurface occurrence of DNAPLis oftenassociated
with the industries, practices, and processes outlined in
Table 1. Site Use/Site History can be ascertained using
methods suchasemployeeinterviews, companypurchase

andsale records, aerial photographs, and building plans.
9\_ZR_ YNT\\[`$ b[QR_T_\b[Q aN[X`$ n\\_ Q_NV[` N[Q
YRNPU mRYQ` N_R `\ZRaVZR` P\V[PVQR[a dVaU aUR Y\PNaV\[
of DNAPL source areas.

Vapor Concentrations

The location of a vapor-phase plume may be coincident
with the current or former presence of DNAPL in the
vadose zone. Mapping the vapor-phase plume may
be useful in deciding where to collect additional data.
Because some DNAPLs can completely vaporize in
relatively short time periods (yet the vapors will persist
much longer), the presence of vapors and the mapping
of a vapor-phase plume should generally not be used in
isolation toconcludethatDNAPLispresent in the vadose
zone, or to delineate the spatial extent of the DNAPL
source. Care should also be taken to avoid mistaking
vapors derived from off-gassing of a groundwater plume
with vapors derived from DNAPL sources. In-situ
vapor concentrations can be sampled using invasive
techniques (soil vapor surveys), and can be monitored
during drilling. This line of evidence is not applicable
a\ 7B4D@` YNPXV[T N `VT[VmPN[a cN]\_ ]_R``b_R "R&T&$
coal tar, creosote, PCBs).

Hydrophobic Dye Testing

Hydrophobic dyes such as Oil Red O will partition into
DNAPL, imparting a redcolor to the organic liquid. Dye
techniques are particularly useful when encountering a
colorless DNAPL. Hydrophobic dye techniques include
the jar shake test in whicha soil or water sample is placed
into a jar with a small amount of dye (6), and down-hole
samplers that force a dye-impregnated absorbent ribbon
against the borehole wall in either fractured rock or a
direct push borehole (30). It should also be noted that
the absence of staining on a down-hole ribbon sampler
is not evidence of the absence of DNAPL, since only
pooledDNAPLcanmigrate towards thesampler(residual
DNAPL may be present in the formation adjacent to the
sampling interval, and remain undetected).

C

D

E

F

Table 1 – Industries and Industrial Processes Historically Associated With DNAPL Presence (modified after USEPA, 1992).
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The following lines of evidence G1 through G6 all make use of
groundwater quality data and can be evaluated every sampling
round.

Magnitude of Groundwater Concentrations

Sampled groundwater concentrations in excess of 1%
effective solubility (see Calculation 3) indicate that the
sampled groundwater may have come in contact with
DNAPL. If the compositionofthe DNAPLis notknown,
Calculation 6 can be used. The distance to the possible
DNAPL locations cannot be determined from the mag-
nitude of the concentrationalone. Sampledgroundwater
concentrations downgradient of a DNAPL source zone
PN[ OR `VT[VmPN[aYf YR`` aUN[ aUR RSSRPaVcR `\YbOVYVaf
because of hydrodynamic dispersion, wellbore dilution,
non-optimal monitoring well placement, and degrada-
aV\[ ]_\PR``R`& =[ PN`R` dUR_R `VT[VmPN[a QRT_NQNaV\[
is occurring in the dissolved-phase plume, daughter
product concentrations can be converted to equivalent
parent product concentrations before comparing to the
1% effective solubility threshold (see Calculation 8).
However, it should be noted that daughter product com-
pounds may also be part of a multi-component DNAPL.
Monitoring well points where groundwater concentra-
tions exceed 1% effective solubility can also be useful
in locating additional sampling points potentially nearer
to the possible DNAPLsource zones. The interpretation
of groundwater concentrations exceeding 1% effective
solubility is discussed further in (27).

Persistent Plume

The presence of a contiguous and persistent plume
extending from suspected release locations in the
downgradient direction is evidence of a continuing
`\b_PR "R&T&$ 7B4D@#& =S k`bSmPVR[a aVZRl UN` ]N``RQ
since the last possible introduction of contaminant to the
subsurface and the plume has not ‘detached’ itself from
the suspected release locations, a DNAPL source may
OR ]_R`R[a& GUR k`bSmPVR[a aVZRl V` QR]R[QR[a \[ `VaR%
`]RPVmP P\[QVaV\[` `bPU N`T_\b[QdNaR_ cRY\PVafN[Q aUR
amount of sorption occurring (see Calculation 7). This
line of evidence is applicable to both unconsolidated
deposits and fractured rock, but can be inconclusive
V[ R[cV_\[ZR[a` `bOWRPa a\ `VT[VmPN[a NZ\b[a` \S ONPX
diffusion (e.g., fractured bedrock with a porous matrix,
S_NPab_RQ PYNf#& FVT[VmPN[a NZ\b[a` \S ONPX QVSSb`V\[
can be the source of a persistent plume even if DNAPL
is not present. This line of evidence is therefore most
applicable to high permeability settings.

Presence of Contamination in Apparently
Anomalous Locations

The presence of contaminated groundwater in locations
that are not downgradientof knownor suspected sources
may be evidence of DNAPL presence hydraulically
upgradient of the monitoring point in question. An
example includes the presence of dissolved-phase con-
tamination ingroundwater that is older than the potential

contaminantrelease(usingage dating) or ingroundwater
\[ aUR \aUR_ `VQR \S N n\d QVcVQR Y\PNaRQ ORadRR[ aUR
monitoring location and suspected release locations. In
Figure 1, for example, the presence of contamination
in the illustrated monitoring well cannot be explained
without the upgradientpresence of DNAPL. This line of
evidence is notcontingentonanyconcentrationthreshold.
Temporal changes in hydraulic heads and groundwater
n\d QV_RPaV\[`$ N` dRYY N` PUN[TR` V[ UV`a\_VP ]bZ]V[T
patternsshouldbeconsideredat sites wheregroundwater
extraction has, or is, occurring. Consideration should
also be given to the presence of unknown or off-site
sourcesthat mayaccountfor theobservedcontamination.

Groundwater Concentration Trends with Depth

Abrupt reversals of groundwater contaminant concen-
tration levels with depth or increasing concentrations
with depth can be associated with DNAPL presence.
Concentration trends can be best detected using small
interval sampling techniques [e.g., direct push sampling
devices; short well screens; multilevel completions;
cone penetrometer equipped with measurement probes
(16, 26)]. Multilevel monitoring completions can be
incorporated into open holes in bedrock to provide
concentration as a function of depth. Other methods in
bedrock include the use of temporary straddle-packer
N``RZOYVR` a\ `NZ]YR `]RPVmP QR]aU V[aR_cNY`$ N[Q aUR
b`R \S QVSSb`V\[ ONT `NZ]YR_` ]YNPRQ Na `]RPVmP QR]aU`&
Use of these latter methodologies should be made only
dUR[ V[a_NO\_RU\YRn\dP\[QVaV\[`UNcRORR[NQR^bNaRYf
characterized.

Groundwater Concentration Trends with Time

Groundwater downgradient of a multi-component
DNAPLmayexhibita temporal declinein the concentra-
tion of the higher effective solubility compounds and a
stable or increasing trend in time of the lower effective
solubility compounds. Highly soluble and mobile com-
pounds, such as low molecular weight alcohols, furans,
ketones and some solvents such as methylene chloride
may show a decreasing concentration versus time sig-
nature downgradient of a DNAPL source zone while
at the same time higher molecular weight alcohols and
semi-volatile compounds may show a stable concentra-
tion trend. This line of evidence is primarily applicable
to mixed DNAPLs. Consideration should be given to
P\Z]\b[Q `]RPVmP OV\QRT_NQNaV\[$ dUVPU ZNf _R`bYa V[
the concentration of certain compounds decreasing and
others (such as low molecular weight daughter products)
increasing within the plume. Dissolved-phase concen-
trations downgradient of a single component DNAPL
may decline due to removal of some of the source mass
duringdissolution;a decliningconcentrationversus time
signature does not preclude the presence of DNAPL.

Detection of Highly Sorbing Compounds in
Groundwater

The detection of highly sorbing and low solubility com-
pounds which have low mobility in groundwater may be

G1

G2

G3

G4

G5

G6
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associated with a nearby DNAPL source. This line of
evidence can be useful in delineating the extent of the
DNAPL in the downgradient direction. Examples of
compounds that have very low mobility in groundwater
(absent transport facilitated by colloids, cosolvents, or
emulsions) include PCBs and high molecular weight
PAHs.

Other Types of Methods

Partitioning interwell tracer tests (PITTs) [1, 4, 15]
involve the injection and withdrawal of a tracer that
has the ability to partition into the DNAPL. While the
method can be used to detect the presence of DNAPL,
TVcR[ aUR `VT[VmPN[a RSS\_a V[c\YcRQ V[ P\[QbPaV[T a_NPR_
tests, PITTs are typically employed after some level
of source zone characterization has been completed.
Literature sources suggest (for certain sites with appro-
priate geologic conditions and contaminant properties)
measuringa depletionofRadon-222 ingroundwater(34).
Direct push platforms can be used to deploy a variety of
]_\OR` a\ cR_aVPNYYf ]_\mYR P\[aNZV[N[a P\[PR[a_NaV\[`&
GUR`R ]_\OR` V[PYbQR YN`R_ V[QbPRQ nb\_R`PR[PR "@=9#
measurement devices (6, 31, 32) such as ROST (rapid
\]aVPNY `P_RR[V[T a\\Y# N[Q GN_;CFG "aN_%`]RPVmP T_RR[
\]aVPNY`P_RR[V[T a\\Y#$dUVPU V` `]RPVmPNYYfQR`VT[RQS\_
detecting the presence of coal tar and creosote (32); and
probes employing Raman methods (31). LIF techniques
respond well to the presence of NAPLs containing aro-
matic hydrocarbons, but may not be suitable for many
chlorinated solvent DNAPLs. Direct push platforms
can also be used to deploy a membrane interface probe
(MIP) or a hydrosparge probe (8), bothof which transfer
P\[aNZV[N[a` a\ N n\dV[T TN` `a_RNZ S\_ N[NYf`V` Na aUR

surface. Another measurement probe is the precision
injection/extraction (PIX) device (23). The use of mea-
surement probes withdirect push platforms is becoming
increasingly popular, but care should be taken in inter-
preting results with respect to DNAPL presence given
that most of these devices provide a relative measure of
total concentration. Consideration of the potential for,
and consequences of, false positives should be given to
each of these methods.

5.0 - Assessing DNAPL Presence

Determining the presence or absence of DNAPL is an important
component of the site characterization process and subsequent
development of a conceptual site model. The length of time and
degree of effort required to determine the presence or absence of
DNAPL will vary from site to site. Once it has been determined
that DNAPL resides in the subsurface, the objectives for further
investigation and potential remediation strategies can be estab-
lished. This section focuses on methods to assess the presence
of DNAPL; Section 6 of this document focuses on methods to
delineate the DNAPL source zone.
Converging lines of evidence can be used to determine whether
or not DNAPL is present in the subsurface. Figure 3 presents a
graphical summary of the converging lines of evidence approach.
Example calculationprocedures are contained inAppendixA. All
lines of evidence are discussed in Section 4, and are applicable
to both unconsolidated deposits and fractured rock, unless noted
otherwise. As indicated in Figure 3, either line of evidence A or
B will lead to the conclusion that DNAPL is present. If A and B
are both found to be negative, then the determination of whether
DNAPL is present must be made on the basis of a weight of
evidence approach, with multiple converging lines of evidence

H

Figure 3 – Converging lines of evidence approach to assessing DNAPL presence. Methods B and C are not applicable to fractured
rock.
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combining to form either a positive or negative determination.
B\aR aUNa Va V` [\a YVXRYf aUNa NYY \S 6 aU_\bTU < dVYY OR `NaV`mRQ
at any one particular site, and that neither A nor B are neces-
sary requirements to conclude that DNAPL is present. Most
P\[m_ZRQ 7B4D@ `\b_PR g\[R` dVYY UNcR `\ZR \S 4 aU_\bTU <
determined to be negative. Because conditions vary from site to
`VaR$ aUV` Q\PbZR[a Q\R` [\a ]_R`P_VOR N `]RPVmP [bZOR_ \S YV[R`
\S RcVQR[PR aUNa Zb`a OR `NaV`mRQ a\ N__VcR Na RVaUR_ N ]\`VaVcR \_
negative determination.

If the various lines of evidence contradict each other, it may be
necessary to collect more data. It is possible that a minority of
positive determinations can outweigh a majority of negative de-
terminations if the positive lines of evidence cannot be explained
without the presence of DNAPL. It should also be noted that
not all sites lend themselves to collecting all of the types of data
outlined here. In fractured rock, for example, soil vapor data and
partitioning calculations would not be relied upon.

Evaluating the presence of DNAPL is an iterative process that
incorporates new data as they are obtained. It is recognized here
that certain types of data are more likely to be collected in the
early stages of site investigation, while others (e.g., groundwater
concentrations) can be collected on a routine basis throughout the
investigation process. The fact that a number of lines of evidence
are outlined in Figure 3 does not suggest that they should all be
]b_`bRQ Na N[f \[R ]N_aVPbYN_ `VaR& FVaR `]RPVmP P\[QVaV\[` dVYY
dictate what lines of evidence should be pursued. Care should be
taken, however, to ensure that a negative response to the various
lines of evidence is not simply attributable to inadequate charac-
aR_VgNaV\[ N[Q N[ V[`bSmPVR[a NZ\b[a \S QNaN&

6.0 - Delineation of the DNAPL Source Zone

Depending on the spatial density of sampling points installed
during initial investigation efforts, the general area within which
aUR 7B4D@ _R`VQR` ZNf UNcR ORR[ VQR[aVmRQ& C[PR Va UN` ORR[
determined that DNAPL is present in the subsurface, the objec-
tives for delineation of the source zone can be established. These
objectives can vary from site to site, but typically involve one or
more of the following:

h Delineation of the DNAPL source zone to ensure that the
n\d ]NaU` N[Q ^bNYVaf \S aUR T_\b[QdNaR_ Q\d[T_NQVR[a \S
the source zone are monitored for the presence of dissolved-
phase contaminants to assess protection of current and
potential receptors.

h Delineation of the DNAPL source zone to facilitate proper
design of containment systems involving groundwater ex-
traction and/or physical barriers.

h Delineation of the DNAPL source zone to facilitate imple-
mentation of DNAPL mass removal technologies.

h Delineation of the DNAPL source zone as part of establish-
ing boundaries for institutional controls.

h Delineation of the DNAPL source zone as part of Technical
Impracticability assessments (41).

Given the selective nature of DNAPL migration, it is not feasible
to determine the exact location and extent of individual DNAPL
ZVT_NaV\[ ]NaUdNf`dVaUV[ aUR\cR_NYY P\[m[R` \S aUR `\b_PR g\[R
in either unconsolidated deposits, or fractured bedrock. Because

QNaN P\YYRPaV\[ RSS\_a` af]VPNYYf V[c\YcR N m[VaR [bZOR_ \S Y\PNY%
scale measurements taken at discrete locations (e.g., water quality
samples, soil samples, etc.), some uncertaintywill exist regarding
the delineated spatial extent of the source zone.

To address the issue of uncertainty, it is recommended that both
N k6\[m_ZRQ'D_\ONOYRl 7B4D@ `\b_PR g\[R OR QRYV[RNaRQ$ N`
well as a ‘Potential’ DNAPL source zone (see Figure 4). The
6\[m_ZRQ'D_\ONOYR `\b_PR g\[R V` aUR c\YbZR dVaUV[ dUVPU
compelling and multiple lines of evidence indicate that DNAPLis
present. Note that what may be a compelling line of evidence at
one site may not be so at another site (e.g., G2 Persistent Plume,
is a stronger line of evidence in a high permeability setting than at
a site where back-diffusion may dominate). The Potential source
g\[R V` \S YN_TR_ `]NaVNY ReaR[a$ N[Q V` QRm[RQ N` aUNa c\YbZR \S
the subsurface within which some lines of evidence indicate
that DNAPL may be present, but the lines of evidence are not
N` [bZR_\b`$ P\[`V`aR[a$ \_ P\Z]RYYV[T N` dVaUV[ aUR 6\[m_ZRQ'
D_\ONOYR `\b_PR g\[R& 7Rm[V[T N D\aR[aVNY `\b_PR g\[R \ba`VQR
\S aUR 6\[m_ZRQ'D_\ONOYR `\b_PR g\[R NQQ_R``R` aUR b[PR_aNV[af
N``\PVNaRQ dVaU m[VaR NZ\b[a` \S QNaN& GUV` PN[ OR ]N_aVPbYN_Yf
useful in the hydraulically downgradient direction where it is
\SaR[ QVSmPbYa a\ QRaR_ZV[R aURQV`aN[PR a\ aURRQTR \S aUR 7B4D@
source zone based on groundwater quality data (e.g., using lines
of evidence G1 through G6).

With respect to the various criteria forassessing DNAPLpresence
outlined inSection4, lines of evidenceAandBwillboth fall within
aUR 6\[m_ZRQ'D_\ONOYR `\b_PR g\[R& 4YY \aUR_ YV[R` \S RcVQR[PR
"6 aU_\bTU <# P\bYQ SNYY dVaUV[ RVaUR_ aUR 6\[m_ZRQ'D_\ONOYR
source zone, or the Potential source zone. Note also that positive
determinations for lines of evidence A and B are not necessary to
QRm[R N 6\[m_ZRQ'D_\ONOYR `\b_PR g\[R& GUR QRm[V[T SRNab_R
\S aUR 6\[m_ZRQ'D_\ONOYR `\b_PR g\[R V` aUNa ZbYaV]YR YV[R` \S
evidence indicate that DNAPL is present. In practice, this will
manifest itself as various lines of evidence all plotting within the
`NZR TR[R_NY `]NaVNY N_RN \[ ]YN[ cVRd N[Q P_\``%`RPaV\[ mTb_R`
(see Figure 4 for plan view example). Within the Potential source
zone, there will be fewer lines of evidence, and their occurrence
ZNf[\aORN`P\[aVTb\b` N`dVaUV[ aUR6\[m_ZRQ'D_\ONOYR `\b_PR
zone. Consideration should be given to known DNAPL release
locations andstructural aspects of the geology (e.g., dipping beds,
QV]]V[T S_NPab_R`# dUR[ QRYV[RNaV[T O\aU aUR6\[m_ZRQ'D_\ONOYR
and Potential source zones.

There is no prescriptive number of lines of evidence that separate
the twosource zone delineations. The individual lines of evidence
cannot be weighted either, as the strength of the uncertainty/cer-
tainty determination is dependent on how often more than one
line of evidence occurs at a particular location and how many
contiguous locations have multiple lines of evidence; assigning a
weighting factortoeach linewouldnegate this objectivity.Further-
Z\_R$ ZN[f SNPa\_` V[nbR[PR aUR a_N[`]\_a \S aUR 7B4D@ N[Q aUR
associated concentrationof the dissolved-phase constituents such
that a weighting factor could not be fairly assigned for all types of
hydrogeologic environments and types of DNAPL contaminants.

The amount of acceptable uncertainty in delineating the source
zone boundaries is likely to be dependent on the remedial actions
considered. If hydraulic or physical containment of the DNAPL
source zone werea componentof theremedialactions,for example,
an accurate delineationof the Potential source zone wouldbe war-
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ranted (the likely target for hydraulic containment) and accurate
QRYV[RNaV\[ \S aUR 6\[m_ZRQ'D_\ONOYR `\b_PR g\[R ZNf [\a OR
necessary. If the remedial actions included implementation of
a DNAPL mass removal technology, however, then an accurate
QRYV[RNaV\[ \S aUR 6\[m_ZRQ'D_\ONOYR 7B4D@ `\b_PR g\[R "aUR
likely target for mass removal) would be warranted. A similar
approach may be appropriate for designating a zone of technical
VZ]_NPaVPNOVYVaf "G=#& CcR_R`aVZNaV[T aUR `VgR \S aUR 6\[m_ZRQ'
Probable source zone could overstate costs for technology appli-
cation and may result in a particular technology being screened
\ba& H[QR_R`aVZNaV[T aUR `VgR \S aUR 6\[m_ZRQ'D_\ONOYR `\b_PR
zone, on the other hand, could lead to underestimation of costs
and the perception of poor performance following completion of
technology application. Monitoring points outside of an under-
estimated source zone may provide data showing little, if any,
OR[Rma _R`bYaV[T S_\Z `\b_PR g\[R _RZ\cNY \_ a_RNaZR[a&

Gf]VPNYYf$ a\ _Rm[R aUR Y\PNaV\[` \S aUR O\b[QN_VR`$ NQQVaV\[NY
Q_VYYV[T N[Q `NZ]YV[T ZNf OR _R^bV_RQ ORadRR[ aUR 6\[m_ZRQ'
Probable and Potential DNAPL areas. Figure 5 depicts an itera-
tive process of data collection. Usually the degree of uncertainty
in delineating these two zones will be greater in a more complex
hydrogeologic environment. Althoughadditional samplingpoints
may be easily installed in shallow, unconsolidated materials, the
same level of effort may not be feasible or may be cost prohibitive
in deep fractured rock. Care must also be taken to ensure that
drillingandsampling activities do not mobilize DNAPLdeeper in
to the subsurface. Strategies inplace of extensive drilling to depth
within the source zone include drilling adjacent to the suspected

source zone and using lines of evidence such as G1 through G6
to infer DNAPL presence in the upgradient direction.

Inallenvironments, the risksofpotentiallymobilizing the DNAPL
and the associated incremental costs of additionalsamplingpoints
`U\bYQ OR P\Z]N_RQ a\ aUROR[Rma` \S V[P_RN`RQ NOVYVaf a\ RcNYbNaR
the spatial extent of the DNAPL. Additionally, site investigators
`U\bYQ UNcR N 7B4D@ 6\[aV[TR[Pf DYN[ \[ UN[Q V[ aUR mRYQ a\
addressactionstobe taken ifpooledDNAPLisencounteredduring
drilling. At some sites, it may be desirable to adopt an ‘outside
in’ approach to reduce the number of invasive borings that need
to be placed within the DNAPL source zone.

In addition to delineating the spatial extent of the source zone,
investigators may need to assess whether or not DNAPL is still
migrating within the subsurface. The assessment of mobility can
be carried out using screening calculations (27) and observations
such as an expanding area of lines of evidence indicating DNAPL
presence. Other features of the source zone that may be of interest
V[PYbQR aUR ZN`` \S 7B4D@ ]_R`R[a$ aUR ZN`` nbe Q\d[T_NQVR[a
of the source zone, and the relative proportions of residual versus
pooled DNAPL. Calculation1 canbe used todistinguish between
residualandpooledDNAPLinsoilsamplesbyselectinga saturated
thresholdabove whichDNAPLis consideredpooled. Alsoofnote
is the fact that residual DNAPL will not enter monitoring wells,
implying that the accumulation of DNAPL in a well indicates the
presence of pooled DNAPL in the formation. Details regarding
how to estimate the mass of DNAPL present in a source zone or
aUR QV`a_VObaV\[ \S ZN`` nbe Q\d[T_NQVR[a \S aUR `\b_PR g\[R$
however, are beyond the scope of this document.

Figure 4 – Example of plan view schematic illustrating confirmed/probable and potential DNAPL source zones. Note that not all lines
of evidence are depicted. Types and distribution of lines of evidence will vary from site to site.
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Figure 5 - Flowchart depicting iterative data collection process used in refining the DNAPL source zone boundaries.
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7.0 - Glossary

BulkRetentionCapacity V`QRm[RQN`aURa\aNYc\YbZR\S7B4D@
that has been retained as residual and pooled DNAPL in a unit
volume of the subsurface. The bulk retention capacity accounts
for the fact that not all lenses, laminations and geological units
within a source zone contain DNAPL (27), and it is a function of
the release history, geology and DNAPL properties. In uncon-
solidated media, the bulk retention capacity can be in the range
from 0.005 to 0.03 (36). In fractured media, the bulk retention
capacity can be in the range of 0.0002 to 0.002 (36). Fractured
rock and clay cannot retain as much DNAPL per unit volume as
unconsolidated deposits.

Capillary Barriers N_R m[R T_NV[RQ YR[`R`$ YNfR_` N[Q YNZV[NaV\[`
upon which lateral spreading and pooling of DNAPL can occur.
Even if the capillary barrier is penetrated by the DNAPL, it is
likely that lateralspreadingwillhave occurredalongthe topsurface
of the barrier prior to the capillary pressure having exceeded the
R[a_f ]_R``b_R \S aUR ON__VR_& GUR m[R_ T_NV[RQ aUR PN]VYYN_f ON_-
rier, the higher the pool height of DNAPL that it can support (17).

Capillary Pressure is the pressure difference between two im-
miscible liquids and arises because of interfacial tension. It is
calculated as the non-wetting phase pressure minus the wetting
phase pressure. If the DNAPLis the non-wettingphase and water
is the wetting phase, for example, the capillary pressure would
be the DNAPL pressure minus the water pressure.

DNAPL (Dense, Non-Aqueous Phase Liquid) is anorganic liquid
that is more dense than water and does not mix freely with water.
A single-component DNAPL is composed of only one chemi-
cal. A multi-component DNAPL is composed of two or more
chemical components.

DNAPL Source Zone The DNAPL source zone is the overall
volume of the subsurface containing residual and/or pooled
DNAPL. Not all portions (e.g., lenses, laminations, or fractures)
of the source zone will contain residual and/or pooled DNAPL.
The (?>GA=76%-A?434<7 ),'-+ /?DA57 2?>7 is the part of
the source zone within which it is known or highly likely that
DNAPL exists. The Potential DNAPL Source Zone is the part
of the source zone within which it is possible that DNAPL exists,
but the lines of evidence indicating DNAPL presence are either
SRdR_ \_ N_R [\a N` `a_\[T N` aU\`R N``\PVNaRQ dVaU aUR 6\[m_ZRQ'
Probable DNAPL Source Zone.

);BB?<E76$@93B7 -<D=7 The zone of contamination containing
QV``\YcRQ%]UN`RP\[`aVabR[a` _R`bYaV[T S_\Z T_\b[QdNaR_ n\dV[T
past residual and pooled DNAPL. The contaminants present in
the plume are subject to advection, dispersion, and possibly sorp-
tion, decay, and matrix diffusion. Dissolved-phase plumes can
be sustained by back diffusion from low permeability regions in
the absence of DNAPL.

*8875C;E7 /?<D4;<;CF For a multi-component DNAPL, the equi-
librium solubility in water of any component of the DNAPL is
referred to as the component’s effective solubility. In general, the
various components of a DNAPL suppress each other’s aqueous
solubility implying that effective solubilities are typically less
than single-component (handbook) solubilities. For structurally
similar compounds, the effective solubility can be estimated us-
ing Raoult’s Law (2).

Interfacial Tension (IFT) is a tensile force that exists in the
interface separating DNAPL and water. Because of interfacial
tension, DNAPLs do not mix freely with water and exist in the
`bO`b_SNPR N` N `R]N_NaR YV^bVQ ]UN`R& =9G V` N `VaR%`]RPVmP cNYbR
that can be assessed with a simple laboratory test if a sample of
DNAPL can be obtained. Literature values tend to overestimate
the IFT encountered at sites. In general, higher IFT leads to more
lateral spreading of DNAPL in horizontally bedded deposits,
stronger capillary trapping forces, and a greater tendency for
DNAPL pooling.

Mole Fraction refers to the proportion of a component, on the
basis of moles, in a multi-component DNAPL. The sum of all the
mole fractions is unity. Mass fractions, as provided by laboratory
analysis, can be converted to mole fractions using the molecular
weight of each component (see calculation 5).

&" .D<7 ?8 09D=4 is a generality that sampled groundwater
concentrations in excess of 1% effective solubility (see Calcula-
tion 3) indicate that DNAPL may be present in the vicinity of
(any direction) the monitoring point of interest. The distance
between the monitoring point in question and the DNAPL source
g\[R cN_VR` S_\Z `VaR a\ `VaR N[Q V` TR[R_NYYf QVSmPbYa a\ ^bN[aVSf
with a high degree of accuracy.

-??<76),'-+ referstolocal,continuous distributionsofDNAPL
that accumulate above capillary barriers. The capillary barriers
are typically lower permeability horizons, and they can occur at
any elevation in the subsurface. Within the pool, the DNAPL
saturation is typically between30%and80% of pore space inboth
porous media and fractures (27). Because pools are contiguous
through the pore structure they are potentially mobile and can
migrate into monitoring wells, and can be mobilized by increases
in the hydraulic gradient or lowering of IFT.

Raoult’s Law is given by C
i

= m
i
S

i
where C

i
is the effective

solubility (mg/l) of component i, m
i
is the mole fraction (unitless)

of component i in the DNAPL, and S
i
is the single-component

(handbook)solubilityofcomponent i (2). Thisexpressionassumes
ideal partitioning behavior and is used to estimate the maximum
concentrations in groundwater immediately adjacent to residual
and pooled DNAPL.

.7B;6D3< ),'-+ refers to disconnected blobs and ganglia of the
DNAPL, trapped by capillary forces in the pore space of both
porous media and fractures (21, 27, 44). The blobs and ganglia
are typically from 1to10graindiameters insize inunconsolidated
deposits (44), and are left behind in the pathways that DNAPL
has migrated through.

.7B;6D3< /3CDA3C;?> refers to the volume of residual DNAPL
present in a unit volume of pore space. Residual DNAPL satura-
tions typically vary between 5% and 30% of pore space in both
porous media and fractures (21, 27, 44).

/?DA57 2?>7 'A59;C75CDA7 refers to (i) the overall shape and
dimensions of the source zone, (ii) the ratio of residual to pooled
DNAPL (also referred to as the ganglia to pool ratio), (iii) the
lateral continuity of zones of residual DNAPLand DNAPLpools,
(iv) the thickness of zones of residual DNAPL and DNAPLpools,
and(v) the portionof lenses and layers containing DNAPLversus
aU\`R c\VQ \S 7B4D@& GUR `\b_PR g\[R N_PUVaRPab_R V[nbR[PR`
the downgradient dissolved-phase plume concentrationsandmass
nbe QV`a_VObaV\[&
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17CC34;<;CF _RSR_` a\ aUR NSm[Vaf \S aUR 7B4D@ S\_ N `\YVQ `b_SNPR
in the presence of water (6, 27). Many DNAPLs are non-wetting,
implyingthat theywillpreferentiallyoccupy theporespaceswithin
coarser grained lenses and laminations, and larger aperture frac-
tures. Some DNAPLs are wetting with respect to water, however,
implying that they will preferentially coat the aquifer materials
N[Q aUR_ROf \PPb]f aUR ]\_R `]NPR` \S aUR m[R_ T_NV[RQ ZRQVN&
Coarser grained horizons and larger aperture fractures represent
capillarybarrierstoDNAPLsthatarewettingwith respect towater.
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Appendix A - Example Calculations

Note that the following calculations are generally subject to uncertainty because of input parameter variability. This variability may
`aRZ S_\Z `]NaVNY \_ aRZ]\_NY cN_VNaV\[ V[ `VaR%`]RPVmP P\[QVaV\[`$ \_ cN_VNaV\[ V[ aReaO\\X ]N_NZRaR_` `bPU N` P\[aNZV[N[a PURZVPNY
properties. The investigator is advised to make conservative choices with respect to input parameters and consider using a range of
either measured or estimated values when performing calculations.

2CMEUMCTKPO!(!Z!2JGNKECM!2POEGOTRCTKPO!KO!?PKM!2PRRGSQPOFKOI!TP!@JRGSJPMF!3<0=9!?CTURCTKPO!

C
D

= soil concentration (mg/kg) corresponding to threshold
DNAPL saturation [calculated],

S
r

= threshold DNAPL saturation [set between 0.05 and 0.10],

# 3 RSSRPaVcR ]\_\`Vaf "b[VaYR``# L`VaR `]RPVmP ZRN`b_RZR[aM$

'
N

3 7B4D@ QR[`Vaf "T'PP# L`VaR `]RPVmP ZRN`b_RZR[aM$

%
b

3 Q_f `\VY ObYX QR[`Vaf "T'PP# L`VaR `]RPVmP ZRN`b_RZR[aM$

CT = amount of contaminant (mg/kg) present in the soil sample
in the aqueous, vapor, and sorbed phases [see Calculation 2
to evaluate CT].

Example Calculation

PCE DNAPL (%
N

= 1.62 g/cc) in a soil sample with S
r

= 0.05, # = 0.25 and %
b

= 2.0 g/cc corresponds to (ignoring the CT fraction)
C

D
= 10,125 mg/kg. Note that the quantity CT is typically negligible compared to the DNAPL saturation term. The above equation

is applicable to single-component DNAPLs in unconsolidated porous media. See reference (25) for the relationship between C
D

and
7B4D@ `Nab_NaV\[ S\_ N ZbYaV%P\Z]\[R[a 7B4D@& =a `U\bYQ OR [\aRQ aUNa (&(- i S

r
i (&)( V` `bVaNOYR S\_ TR\Y\TVP QR]\`Va` UNcV[T

typical ranges of f
oc

values (i.e., less than 2%). In general, the value of S
r
should be chosen such that the resulting C

D
is at least an

order of magnitude higher than the CT in calculation 2 arrived at using the highest f
oc

value measured at the site.

2CMEUMCTKPO!)!Z!@JRGSJPMF!2JGNKECM!2POEGOTRCTKPO!KO!?PKM!1CSGF!PO!=CRTKTKPOKOI!>GMCTKPOSJKQS!#SGG!>GH&!(($

C
i
T = soil concentration (mg/kg) threshold for component i

[calculated],

C
i

= effective solubility (mg/l) [see Calculation 3] of component
i [calculated],

'
b

3 Q_f `\VY ObYX QR[`Vaf "T'PP# L`VaR `]RPVmP ZRN`b_RZR[aM$

K
d

3 `\VY%dNaR_ ]N_aVaV\[ P\RSmPVR[a "ZY'T# LPNYPbYNaRQ b`V[T

K
d

= K
oc

f
oc

],

&
w

3 dNaR_%mYYRQ ]\_\`Vaf "b[VaYR``# LPNYPbYNaRQ S_\Z `VaR `]RPVmP

measurement of moisture content],

H' = unitless Henry’s constant [handbook],

&
a

3 NV_%mYYRQ ]\_\`Vaf "b[VaYR``# L`VaR `]RPVmP ZRN`b_RZR[aM$

K
oc

3 \_TN[VP PN_O\[ % dNaR_ ]N_aVaV\[ P\RSmPVR[a "ZY'T#$

f
oc

3 S_NPaV\[\_TN[VP PN_O\["b[VaYR``#L`VaR `]RPVmPZRN`b_RZR[aM&

C
i
T represents the maximum amount of contaminant i that can be present in a porous media sample in the sorbed, aqueous, and vapor

phases without a DNAPL phase present. The calculation can be applied below the water table by setting &
a
= 0. Note that the water-

mYYRQ ]\_\`Vaf N[Q aUR NV_%mYYRQ ]\_\`Vaf `bZ a\ aUR a\aNY ]\_\`Vaf& B\aR NY`\ aUNa aUR PNYPbYNaV\[ \S C
i
T is typically more sensitive

to f
oc

than it is to the porosity values.

610 Tr N
D

b

S
C C+ *

T i
i d b w a

b

C
C K H+ * * $
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Example Calculation

Consider a single-component DNAPL composed of TCE (C
i
= 1100 mg/l, K

oc
= 126 ml/g, H' = 0.31) in a soil sample having $

w
= 0.15,

$
a

= 0.10, %
b

= 2.0 g/cc, and f
oc

= 0.003. The corresponding value of CT is 515 mg/kg. For a multi-component DNAPL, a separate

value of C
i
T would be calculated using the above equation for each component detected in the soil sample.

2CMEUMCTKPO!*!Z!4HHGETKVG!?PMUDKMKTX!2CMEUMCTGF!ASKOI!>CPUMTYS!9CW!#SGG!>GH&!)$

Ci = effective solubility (mg/l) of component i [calculated],

m
i

= mole fraction (unitless) of component i in the DNAPL
L`VaR `]RPVmP ZRN`b_RZR[aM$

S
i

= single-component solubility (mg/l) of component i
[handbook].

Example Calculation

Consider a 3-component DNAPL composed (by mass) of 25% TCE (S
i
= 1100 mg/l), 35% PCE (S

i
= 200 mg/l), and 40% toluene

(S
i
= 500 mg/l); the corresponding mole fractions (see Calculation 5) are 0.23, 0.25, and 0.52 respectively, and the corresponding

effective solubilities are 250 mg/l, 50 mg/l, and 260 mg/l respectively. Sampled groundwater concentrations in excess of 1% of any
of these effective solubilities are evidence of possible DNAPL presence in the vicinity of the monitoring point. The distance to the
DNAPL cannot be determined on the basis of the magnitude of the groundwater concentration alone. In cases where some of the
components of the DNAPL are not known, the unknown mass fraction can be assigned an estimated molecular weight, or the aver-
age of the molecular weights of the known components.

2CMEUMCTKPO!+!Z!@JRGSJPMF!2JGNKECM!2POEGOTRCTKPO!KO!?PKM!1CSGF!PO!=CRTKTKPOKOI!>GMCTKPOSJKQS!BJGRG!
2PNQPSKTKPO!PH!3<0=9!KS!<PT!8OPWO

CT
obs, i = reported concentration (mg/kg) of component i L`VaR `]RPVmP

measurement],

CT
S, i

= single component soil partitioning concentration (mg/kg) of
component i (see CT

i
in Calculation 2),

n = number of components observed in the soil sample [site
`]RPVmP ZRN`b_RZR[aM&

For a multi-component DNAPL of unknown composition, the sum of the mole fractions must equal unity. DNAPL will therefore

be present in a soil sample if sum of ,

,

T
obs i

T
S i

C

C

exceeds unity.

Note that CT
S, i

is calculated for each component in the summation using Calculation 2 with the single-component solubility as input.

The presented technique can be prone to false negatives in cases where the soil sample was not analyzed for some of the components

of the DNAPL. Because of this, it may be prudent in some cases to only use the calculation for demonstrating that DNAPL was

present in a soil sample and not rely upon it to demonstrate that DNAPL was absent from a soil sample.

Example Calculation

The table below provides an example calculation for a soil sample in which 5 components have been detected. The sample is char-
acterized by a porosity of 25%, a fraction organic carbon of 0.003, and a dry bulk density of 1.99 g/cc. The last column of the table
sums to greater than 1.0, indicating that DNAPL was present in the soil sample.

i i iC m S+

,

1 ,

1
Tn
obs i

T
i S i

C

C+

#"
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2PNQPUOF
CT

?4B# ;

#NI'LI$

K
OC

#M'LI$

6COFDPPL!?PMUDKMKTX!

#NI'M$

CT
/# ;

#NI'LI$

>QICHKNQNESHWKEME ),- )*. ))(( --, (&*.*

>ESQACHKNQNESHWKEME )-- +., *(( *,, (&.+.

4AQBNM!>ESQACHKNQIDE *(( ,+1 /1( )),( (&)/-

4HKNQNBEMXEME )// ++( -(( --0 (&+)/

)$)$)%>QICHKNQNESHAME *)+ )-* )+*( /.0 (&*//

()'!& #"$$%

2CMEUMCTKPO!,!Z!;PMG!5RCETKPO!#n%EPNQPOGOT!3<0=9$

m
i

= mole fraction of component i (unitless) in the DNAPL
[calculated],

ms
i

= mass fraction of component i (unitless) in the DNAPL
[measured],

mw
i

= molecular weight (g/mol) of component i [handbook].

Example Calculation

Consider a 3-component DNAPL composed by mass of 25% TCE (mw = 131.5 g/mol), 35% PCE (mw = 165.8 g/mol), and 40%
toluene (mw = 92.1 g/mol). The corresponding mole fractions are 0.23, 0.25, and 0.52 respectively. In cases where some of the
components of the DNAPL are not known, the unknown mass fraction can be assigned an estimated molecular weight, or the aver-
age of the molecular weights of the known components.

2CMEUMCTKPO!-!Z!("!4HHGETKVG!?PMUDKMKTX!@JRGSJPMF!<PT!8OPWKOI!3<0=9!2PNQPSKTKPO

C
i
obs = sampled groundwater concentration (mg/l) of component i

L`VaR `]RPVmP ZRN`b_RZR[aM$

S
i

= single-component solubility (mg/l) of component i
[handbook],

" = cumulative mole fraction of the sample [set],

n = number of components in groundwater sample.

Calculation assumes that the degree of borehole dilution, dispersion, and degradation is identical for each component of interest
in an obtained groundwater sample. If the 1% rule-of-thumb is used, DNAPL may be present in the vicinity of a monitoring well
if " > 0.01. The procedure can be applied on a sample-by-sample basis without having to make the assumption that the DNAPL
composition is spatially uniform in the subsurface. If it is believed that a value other than 1% effective solubility indicates DNAPL
presence, " can be set to the corresponding value. The presented technique can be prone to false negatives where the groundwater
sample was not analyzed for some of the components of the DNAPL. Because of this, it may be prudent in some cases to only use
the calculation for demonstrating that " has been exceeded in a sample and not rely upon it to demonstrate that ! was not exceeded
in a sample.

,

,

T
?4B ;

T
S i

C

C

1

1

...

i

i
i

i i n

i i n

ms

mw
m

ms ms ms

mw mw mw
*

*

+

* *

1

obsn
i

i i

C

S+

+"
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Example Calculation

The table below presents an example calculation for 5 components. Although each component has been detected at a concentration
less than 1% of S

i
, the cumulative mole fractions sum to 3.4%, providing evidence of possible DNAPL presence in the vicinity of

the monitoring location. If the groundwater sample is not analyzed for all components present in the DNAPL, or if any compounds
are degrading in the aqueous phase, the calculation procedure will underestimate the likelihood of DNAPL presence.

2PNQPUOF
C

i
?4B

#NI'M$

S
i

#NI'M$

i

i

C

S

>QICHKNQNESHEME ,&, ))(( (&((,

>ESQACHKNQNESHEME )&0 *(( (&((1

>NKTEME +&- -(( (&((/

4HKNQNBEMXEME ,&( -(( (&((0

>QICHKNQNLESHAME ,0&( 0((( (&((.

obs

i

i

C

S
" "!"#$

2CMEUMCTKPO!.!Z!=MUNG!3GTCEJNGOT!@KNG

t = time (yrs) required for contaminants to migrate through
source zone of length L V[ aUR QV_RPaV\[ \S T_\b[QdNaR_ n\d$

v 3 NcR_NTR YV[RN_ T_\b[QdNaR_ cRY\PVaf "Z'f_# L`VaR `]RPVmPM$

R = retardation factor (unitless) for the contaminant of interest
L`VaR `]RPVmP ZRN`b_RZR[a j `RR PNYPbYNaV\[ ORY\dM$

L 3 YR[TaU "Z# \S `\b_PR g\[R V[ QV_RPaV\[ \S n\d L`VaR `]RPVmP

measurement].

6NYPbYNaV\[N``bZR`b[VQV_RPaV\[NY$ `aRNQf%`aNaRn\dP\[QVaV\[``bOWRPa a\NQcRPaV\[N[Q`\_]aV\[\[Yf "QV`]R_`V\[N[QZNa_VeQVSSb`V\[

N_R VT[\_RQ#& GUR PNYPbYNaV\[ N``bZR` aUNa P\[aNZV[N[a ZN`` V` [\a ORV[T NQQRQ a\ aUR `Nab_NaRQ n\d `f`aRZ S_\Z N[f b[`Nab_NaRQ

zone sources (e.g., leaching and desorption). Note that R is often approximated in unconsolidated media by

1 b
oc ocR K f+ *

where %
b
is the dry bulk density (g/cc), # is the porosity (unitless), K

oc
V` aUR \_TN[VP%PN_O\[ ]N_aVaV\[ P\RSmPVR[a "ZY'T#$ N[Q f

oc
is the

fraction organic carbon (unitless). Calculations considering dispersion and degradation can be found in (10).

Example Calculation

Using L = 50 m, v = 25 m/yr, and R 3 -$ aUR `\b_PR g\[R `U\bYQ OR nb`URQ \S QV``\YcRQ N[Q `\_ORQ P\[aNZV[N[a` V[ N]]_\eVZNaRYf
10 years following the last release of contaminants. Dispersion, which always occurs, will lengthen this time as will back-diffusion, if
Va V` \PPb__V[T& =[ PN`R` dUR_R P\Z]YVPNaRQ n\d P\[QVaV\[` ReV`a N[Q dUR_R Va V` QR`V_RQ a\ NPP\b[a S\_ QV`]R_`V\[ N[Q ONPX%QVSSb`V\[$
numerical models can be used to perform the assessment.

2CMEUMCTKPO!/!Z!2POVGRSKPO!TP!=CRGOT!2PNQPUOF

Daughter product concentrations can be converted to equivalent parent product concentrations by converting the daughter mass/
volume concentrations to moles/volume, attributing that number of moles to the parent, and then converting the parent concentra-
tion to mass/volume.

LR
t

v
+
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Example Calculation

Consider a groundwater sample containing 500 ppb PCE, 400 ppb TCE, 1300 ppb cis-1,2 DCE and 44 ppb VC at a site where it is
known that only PCE was released to the subsurface. It is assumed that biodegradation has not progressed beyond VC. The PCE
concentration of 500 ppb is less than 1% of the PCE solubility (1% PCE solubility is 2000 ppb). Given TCE, cis-1,2 DCE and VC
molecular weights of 131.5, 97.0 and 62.5 g/mol, respectively, the groundwater concentrations of these compounds are equal to
3.042E-06 mol/l, 1.340E-05 mol/l and 7.040E-07 mol/l, respectively. Assuming that each mole of daughter product derives from one
mole of parent product, the equivalent total concentration of parent product is 2.016E-05 mol/l. This corresponds to an equivalent
parent (PCE) concentration of 3343 ppb (PCE molecular weight 165.8 g/mol), which exceeds the 1% solubility value of 2000 ppb.
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EXHIBIT F



Chemicals Used In Drycleaning Operations

January, 2002
Revised July 2009

Chemicals Search Menu

The following resource was developed for the State Coalition for Remediation of Drycleaners
(SCRD) using material safety data sheets (MSDS) and other sources. The report was prepared by
Bill Linn, Florida Department of Environmental Protection (FDEP). Scott Stupak, North Carolina
Superfund Section, provided technical support for database development.

INTRODUCTION

A wide variety of chemicals has been used and is currently utilized in drycleaning operations. Using
material safety data sheets (MSDS) and other sources; a drycleaning chemical data base was
developed that includes many of the chemicals that have been used in drycleaning operations.
These data and the accompanying text are intended to aid those engaged in the assessment and
remediation of contaminated drycleaning sites and to assist regulators conducting compliance
inspections at drycleaning facilities. Some of the chemicals/products listed on the spreadsheet are
no longer manufactured, marketed or used in drycleaning operations.

Drycleaning Chemical Data Spread Sheet

The spread sheet is divided into the following categories:

" Chemical product or trade name (as listed on the MSDS)

" Chemical manufacturer or distributor

" Use or function of the product

" Additional information

" Chemical constituent(s) as listed on the MSDS

" Chemical Abstract Numbers (CAS #s) for listed constituents

" Relative concentration of the constituent in the product

All product ingredients or constituents that appear on the MSDS were listed on the spread sheet –
both hazardous and non-hazardous. The manner in which product constituents are reported on
MSDS varies widely. Many manufacturers/vendors simply list all ingredients as being proprietary
(trade secrets). Others indicate that there are hazardous constituents in the product, but do not
identify the constituents. Some MSDS include statements to the effect that there are no hazardous



constituents in the product based on current regulations as they (the vendor/manufacturer) interpret
them. Therefore, some of the products listed on the spreadsheet have no data listed for constituents.
Some of the chemical manufacturers, however, do offer fairly comprehensive data on constituents in
their MSDS.
___________________________________________________________________________

Chemicals used in drycleaning operations can be grouped into five broad categories:

" Drycleaning Solvents

" Other Chemicals Used In the Drycleaning Machine

" Pre-cleaning/Spotting Agents

" Garment Treatment Chemicals

" Chemicals Used In Solvent & Equipment Maintenance

DRYCLEANING SOLVENTS

Historically, a number of different chemicals have been utilized as drycleaning solvents. These
include: camphor oil, turpentine spirits, benzene, kerosene, white gasoline, petroleum solvents
(primarily petroleum naphtha blends), chloroform, carbon tetrachloride, perchloroethylene,
trichloroethylene, 1,1,2-trichlorotrifluoroethane, glycol ethers, 1,1,1-trichloroethane,
decamethylcylcopentasiloxane, n-propyl bromide and liquid carbon dioxide.

Petroleum Drycleaning Solvents

Petroleum-based compounds have been the most widely used solvents in drycleaning. At the
beginning of the twentieth century, raw white gasoline was the drycleaning solvent of choice in the
United States. Because of fires and explosions associated with the use of gasoline, drycleaning
facilities were unable to obtain insurance and many cities banned drycleaning operations within their
city limits. Due to these circumstances, a drycleaner from Atlanta named William Joseph Stoddard
worked with Lloyd E. Jackson of the Mellon Research Institute and the petroleum refining industry
to develop a less volatile petroleum drycleaning solvent in 1924 which is now known as Stoddard
solvent. In 1928, the U.S. Department of Commerce promulgated Commercial Standard CS3-28
which required that petroleum drycleaning solvents must have a minimum flash point of 100 degrees
Fahrenheit. Drycleaners began using Stoddard solvent in 1928 (Martin, 1958). From the late 1920s
until the late 1950s Stoddard solvent was the predominant drycleaning solvent in the United States.

Stoddard solvent is a mixture of petroleum distillate fractions (petroleum naphtha) which is
composed of over 200 different compounds. These solvents are composed predominantly of alkanes
and cycloalkanes, with some aromatic compounds. Although many people refer to any petroleum
drycleaning solvent as Stoddard solvent, this is incorrect. More properly, Stoddard solvent is a
mixture of C5 – C12 petroleum hydrocarbons containing 30 – 50% straight- and branched –chained



alkanes, 30 – 40% cycloalkanes, and 10 – 20 % alkyl aromatic compounds (Sciences International,
1995).

The high aromatic content petroleum solvents are no longer widely used in drycleaning (Schreiner,
2001). Since the introduction of Stoddard solvent, the industry trend has been towards the
development of higher flash point petroleum drycleaning solvents which have little to no aromatic
hydrocarbon content. In 1950, the National Institute of Cleaning and Dyeing worked with the U.S.
Bureau of Standards to develop standards for a higher flash point petroleum drycleaning solvent
known as 140-F solvent (Michelsen, 1957). Beginning in the early 1990s petroleum drycleaning
solvents with even higher flash points were developed such as:

" Drycleaning Fluid-2000 or DF-2000™ Fluid: This solvent is manufactured by
ExxonMobil Chemical Company and was first marketed by Exxon Chemicals in 1994. It is
described as synthetic, hydro-treated aliphatic hydrocarbons. More specifically, it is
composed of C11 to C13 hydrocarbons (isoparaffins and cycloparaffins). It contains no
aromatic compounds. It has a flash point of 147° F.

" EcoSolv® Dry Cleaning Fluid: This solvent is manufactured by Chevron Phillips
Chemical Company LP. It was originally marketed under the name of HC-DCF High
Flash. It is described as a mixture of aliphatic hydrocarbons, but more specifically it is
composed of a mixture of C10 – C13 isoparaffins. It has a flash point of 142°- 144° F.

" Hydroclene® Drycleaning Fluid: This solvent is manufactured by Shell Chemical
Company but is marketed by Caled Chemical. It “…is a mixture of normal-, iso- and
cyclo-paraffins…” (CARB, 2005). It has a flash point of 145° F.

" Shell Sol 140 HT: This solvent is manufactured by Shell Chemical Company. It is mixture
of predominantly C9 – C12 hydrocarbons. It has a flash point of 145° F.

One of the problems associated with petroleum drycleaning solvents is biodegradation. Bacteria
introduced into the drycleaning system through the clothing or in water introduced into the system
will feed on the petroleum solvent, detergents, oils and fatty acids producing “sour smells”. To
combat this problem, bactericides or antioxidants are added to the system, normally in detergents.
The biocides used today are reportedly similar to those used in shampoos, laundry products and
cosmetics. In the past, PCE was added to drycleaning soaps used with petroleum drycleaning
solvents as a bacterial inhibitor (Albergo, 1997). Butylated hydroxytoluene (BHT), an anti-oxidant
or oxygen stabilizer is added (10 ppm) to EcoSolv®, the high-flash petroleum drycleaning solvent
manufactured by Chevron Phillips Chemical Company LP (CARB, 2005).

Two products currently marketed to inhibit biodegradation of petroleum drycleaning solvents
include:

" Desolan NT: This product is manufactured by SEITZ GmbH Chemische Fabrik and is
described as an odor eliminator. It contains an ingredient described as “bacteriostatics”.



" Varnicide: This product is manufactured by Adco, Inc. It is described as an
“antioxidant/microbial – to prevent the development of rancid odors.”

Carbon Tetrachloride

Carbon tetrachloride was the first chlorinated solvent used in drycleaning operations. It was first
imported to the United States from Germany by Ernest C. Klipstein in 1898 and was sold as a
drycleaning and spot-removing agent under the trade name of Carbona (Doherty, 2000). It was
commonly used in drycleaning by the 1930s. By 1940 annual carbon tetrachloride use by the U.S.
drycleaning industry was estimated to be 45 million pounds versus 12 million pounds of
Perchloroethylene and 5 million pounds of trichloroethylene (Michelsen, 1957). Carbon
tetrachloride was sometimes blended with other solvents for use as a drycleaning solvent. Because
of its high toxicity and tendency to contribute to machinery corrosion, carbon tetrachloride is no
longer used in drycleaning operations. Carbon tetrachloride was phased out as a drycleaning solvent
in the early 1950s (Kirk-Othmer, 1965).

Trichloroethylene

In 1930, trichloroethylene (TCE) was introduced as a drycleaning solvent in the United States
(Martin, 1958). TCE causes bleeding of some acetate dyes at temperatures exceeding 75 degrees
Fahrenheit. It was never widely used in this country as a primary drycleaning solvent. TCE is,
however, still widely used as a dry-side pre-cleaning or spotting agent and in water repellent agents.
TCE is the principle ingredient in Fast PR, 2-1 Formula, Picrin, Puro, SemiWet Spotter, Spra-Dri
and Volatile Dry spotter (V.D.S.).

Perchloroethylene

The first commercial production of perchloroethylene (PCE) in the United States occurred in 1925
(U.S. E.P.A., 1989). However, the first documented use of PCE as a drycleaning solvent in the
United States was in 1934 (Martin, 1958). The superior cleaning ability of PCE, coupled with some
municipal fire codes prohibiting the use of petroleum solvents in drycleaning operations resulted in
the increasing use of PCE in drycleaning operations. By 1948, perchloroethylene replaced carbon
tetrachloride as the leading chlorinated solvent used in drycleaning (Chemical Week, 1957). In
1962, PCE became the drycleaning solvent of choice in the United States and drycleaning accounted
for 90% of PCE consumption (Chemical Engineering News, 1963).

In general, there are four grades of manufactured PCE: a drycleaning grade, a vapor degreasing
grade for metal degreasing, a technical grade for the manufacture of other chemicals and a high
purity grade used for extraction. Drycleaning-grade PCE is produced in the United States by Dow
Chemical (trade name DowPer™), Vulcan Chemicals (trade name PerSec®), and PPG Industries, Inc.
Drycleaning-grade PCE is also produced by ICI (Ineos Chlor Americas) under the trade names
Perklone™ D and Perklone™ DX, and exported to the United States.

Material Safety Data Sheets for drycleaning-grade PCE indicate that it has a purity ranging from
99% to 99.9%. Some of the documented impurities are: 1,1,1-trichloroethane, carbon tetrachloride,
dicholoromethane, trichloroethylene, water and other chlorinated solvents (European Communities,



2005). Perchloroethylene is a highly oxidized compound and has been called the most stable of the
chlorinated solvents. However, PCE degrades in the presence of light, heat and oxygen to form
trichloroacetyl chloride and tetrachloroethylene oxide. If water is present hydrochloric acid is
generated (Knight, 1969). Water is present in the drycleaning machine and distillation of spent
solvent at high temperatures can result in PCE breakdown. The presence of impurities in PCE, such
as 1,1,1-trichloroethane and trichloroethylene and the presence of those compounds in some dry-side
spotting and pre-cleaning agents used in drycleaning contributes to the formation of hydrochloric
acid and corrosion of metals in the drycleaning machine. Both 1,1,1-trichloroethane and
trichloroethylene degrade at lower temperatures than PCE.

To combat this problem, drycleaning solvent manufacturers add stabilizers to PCE. These
stabilizers function as antioxidants or oxidation inhibitors and acid acceptors, neutralizing the acidic
PCE. Some of the early drycleaning-grade PCE stabilizers were benzotriazole related compounds
(Knight, 1969). Other compounds that have been used to stabilize drycleaning-grade PCE are 4-
methylmorpholine, diallylamine, tripropylene, cyclohexane oxide, betaethoxyproprionitrile, and 4-
methoxyphenol. Concentrations of stabilizers in PCE range from 0.005% to 0.5% (by volume). In
general, the concentrations of stabilizers in drycleaning grade PCE are lower than the concentrations
of stabilizers in PCE and PCE/solvent blends using in degreasing operations. Other compounds that
have been used as PCE stabilizers are 2,3-epoxypropyl isopropylether, 2,6-bis (1,1-dimethylethyl)-4-
methylphenol, 2,4-di-tert-butylphenol, di-isopropylamine, tert-amylphenol and tert-butyl-
glycidylether (European Community, 2005).

Some drycleaners purchase and use reclaimed PCE. This reclaimed solvent has a reported purity of
95 – 99%. Typical impurities in reclaimed PCE are: methyl ethyl ketone, mineral spirits, toluene,
1,1,1-trichloroethane and other chlorinated solvents. The spent PCE that is reclaimed does not come
solely from drycleaning operations. Generally, stabilizers are not added to reclaimed PCE prior to it
being sold. Reclaimed PCE is often blended by the drycleaner with commercial (stabilized) PCE
prior to use in drycleaning. Drycleaning wholesale supply facilities sell PCE stabilizers. An
example of such a product is Perchlor Type 236, marketed by PPG Industries, Inc. It is described as
a perchloroethylene stabilizer concentrate and contains cyclohexane oxide, beta-ethoxy
proprionitrile, n-methyl morpholine, and 4-methoxyphenol (PPG Industries, 1999).

PCE use in the United States peaked in 1980 and drycleaning was the largest user of PCE
(Dougherty, 2000). Based on data collected in the 1980 Census, approximately 86.7% of U.S.
drycleaners used PCE in 1980 (USDC, 1986). In 1990, the United States Environmental Protection
Agency (U.S. E.P.A.) proposed national emission standards to limit PCE emissions from
drycleaning plants. More drycleaners replaced transfer machines with dry-to-dry machines and
improvements in the design of these machines resulted in reduced PCE emissions and higher solvent
mileage, the amount of fabric cleaned per a quantity of solvent. As late as 1996, the drycleaning
industry was still the largest user of PCE in the United States (Leder, 1999). In September of that
year, E.P.A. issued National Emission Standard Hazardous Air Pollutants (NESHAP) Requirements
which obligated PCE drycleaners to monitor emissions and keep records of drycleaning machine
maintenance. In January of 2006, the California Air Resources Board voted to phase out PCE
drycleaning by 2023 (California E.P.A., 2007). Under the Final Rule - National Perchloroethylene
Air Emission Standards for Dry Cleaning Facilities, transfer machines could no longer be used in
PCE drycleaning operations after July 27, 2008 (E.P.A., 2006). These actions have resulted in a



decline in the amount of PCE used by drycleaners and stimulated the introduction of alternative
drycleaning solvents. According to the Halogenated Solvents Industry Alliance, by 2007, PCE was
used by approximately 70% of U.S. commercial drycleaners and only 10% of the PCE used in the
U.S. was for drycleaning/textile processing (HSIA, 2008).

Perchloroethylene Demand in U.S. Drycleaning Industry 1985 - 2006

Source: Textile Care Allied Trades Association

1,1,2-Trichlorotrifluoroethane

In 1964 E.I. DuPont de Nemours & Company introduced a chlorofluorocarbon drycleaning solvent
known as 1,1,2-trichlorotrifluoroethane or Freon 113 (Johnson, 1971). Its trade name was
Valclene®. Since the vapor pressure of Valclene® is approximately 20 times that of PCE, clothes
cleaned in Valclene® could be dried at lower temperatures and it was therefore promoted as the
solvent of choice for the drycleaning of delicate fabrics. Freon 113 is one of the
chlorofluorocarbons subject to the Montreal Protocols and is no longer manufactured. It was never
widely used in drycleaning and Valclene® drycleaning operations have either shut down or
converted to other solvents.

1,1,1-Trichloroethane

In the early 1980s, Dow Chemical began marketing 1,1,1-trichloroethane (a.k.a. methyl chloroform
or TCA) as a drycleaning solvent under the name Dowclene LS®. It was used particularly in leather
cleaning operations. Reportedly, only approximately fifty (50) drycleaning plants in the United
States ever used TCA as a primary solvent. TCA is not a very stable solvent and was heavily



stabilized. Despite this, there were problems with machine and equipment corrosion. TCA has been
used as a pre-cleaning and spotting agent. It has also been used as a carrying agent in fabric
waterproofing and in stain repellents.

Glycol Ethers

" RYNEX® Biodegradable Dry Cleaning Solution: Rynex® was the first glycol ether based
drycleaning solvent. It was first marketed in 1999 (Hayday, 2007). It is a mixture or blend
of aliphatic propylene glycol ethers. An earlier formulation of Rynex® reportedly contained
propylene glycol t-butyl ether (PGtBE). The current product reportedly contains dipropylene
glycol tert-butyl ether (DPTB) and is called Rynex® 3 (CARB, 2008). Rynex® has a
flashpoint of >200° F and a specific gravity of 0.91.

" Impress™ is described as aliphatic propylene glycol ethers. It has a flash point of 190.4° F
and a relative density of ~ 0.922. It is manufactured by Lyondell Chemical Company and
was first marketed in April of 2004 (Liotta, 2007).

" GEN-X Drycleaning Fluid is a blend of aliphatic Propylene Glycol Ether and hydrotreated
heavy naphtha. It has a flashpoint of 160° F and a relative density of 0.830. It is marketed by
Caled Industries.

" Solvair™ Drycleaning System is actually a drycleaning process that uses Solvair™ Fluid or
dipropylene glycol n-butyl ether (dripropylene glycol normal butyl ether or DPnB) as a base
cleaning fluid and then utilizes liquid carbon dioxide to rinse the garments. The system is
marketed by R.R. Street.

Decamethylcylcopentasiloxane (GreenEarthTM)

GreenEarth is a silicon-based solvent which was first marketed as a drycleaning solvent in 1999
(Maxwell, 2007). The chemical name for GreenEarth is decamethylcylcopentasiloxane, a.k.a D5. Its
molecular formula is C10H30O5Si5. GreenEarth has a flash point of 170.6° F. and a specific gravity
of 0.95.

n-Propyl Bromide

In October 2006 Drycleaning Technologies™, a division of Environ Tech International, Inc. began
marketing Dry-Solv™, an n-propyl bromide (1-bromopropane) based drycleaning solvent (Roccon,
2007). The molecular formula for n-propyl bromide is C3H7Br. It has a specific gravity of 1.33.
The MSDS for Dry-Solv™ indicates that the product is greater than 95% by weight n-propyl
bromide. Dry-Solv™ is stabilized with nitromethane (<0.6%) and 1,2-butylene oxide (<0.6%).

In 2008, Tech Chem began marketing Tech Kleen for Dry Cleaning. Based on its MSDS, Tech
Kleen for Drycleaning is >94% n-propyl bromide by weight and is stabilized with 1,2-epoxy butane
(<1%).



PureDry™

PureDry™ was developed by Niran Technologies and was first marketed in 2000 (Eastern Research,
2005). It is described as a “hybrid” solvent and is a mixture containing 95% isoparaffinic
hydrocarbons, (C9 – C12 hydrocarbons), hydrofluoroethers (HFEs) and perfluoroisobutylethers
(Eastern Research, 2005). PureDry™ has a flashpoint of 350 degrees F and a specific gravity of 0.80.

Liquid Carbon Dioxide

Liquid carbon dioxide is a cleaning process whereby carbon dioxide in a liquid state (operating
under a pressure of between 700 to 800 pounds per square inch) is utilized as a solvent. The first
commercial liquid carbon dioxide drycleaning plant opened in Wilmington, North Carolina in 1999
(Wentz, 2001).

OTHER CHEMICALS USED IN THE DRYCLEANING MACHINE

Detergents

Detergents are used in the drycleaning process. They perform three different functions:

" carry moisture to aid in the removal of water soluble soils;
" suspend soil after it has been removed from the fabric;
" and act as a spotting agent to penetrate the fabric so that the solvent and water can remove stains.

Based on their charge and how they carry water, there are three classifications of detergents:

" anionic detergents – are negatively charged and carry water by means of solubilization;
" non-anionic detergents - carry no charge and carry water by solubilization;
" cationic detergents – are positively charged and carry water by means of an emulsion. Most

cationic detergents are pre-charged with moisture.

Detergents are introduced into the drycleaning machine by two different systems:

" In charged systems, detergent is added to the solvent or “charged” as a certain percentage of the
solvent (normally 1 to 2%) to maintain a continuous concentration of detergent. Charged
systems use anionic detergents. “Pre-charged solvent” (solvents containing the detergent) have
been marketed in the industry, particularly for use in coin-operated drycleaning machines.

" In injection systems, also known as batched detergent injection, solvent is added to the wheel of
the drycleaning saturating the garments and then detergent is injected into the flow line or into
the drum of the drycleaning machine by a pump or dump method. Cationic detergents are used
in injection systems.

The earliest drycleaning detergents were soaps. There were three different types: paste soaps, gel
soaps and liquid soaps. Most of these soaps were composed of surfactants, Stoddard solvent, free



fatty acids and some moisture to create an emulsion. When filtration was first utilized in the
drycleaning process to purify dirty solvent, it was discovered that paste and gel soaps, also known as
“true soaps”, tended to plug or “slime” the filters, so these soaps became obsolete. The liquid soaps,
also known as “filter soaps”, sometimes contained a co-solvent such as butyl cellosolve, hexylene
glycol, isopropanol, cyclohexanol, ethanolamine or n-butanol, which was used to disperse moisture.
By the early 1950s, the industry trend was from liquid soaps to the use of synthetic detergents.

Synthetic detergents are surfactants or mixtures of surfactants with solvents. The following
surfactants have been used in commercial drycleaning detergents: soap-fatty acid mixtures;
“mahogany” or petroleum sulfonates; sodium sulfosuccinates; sodium alkylarenesulfonates; amine
alkylarenesulfonates; fatty acid esters of sorbitan, etc; ethoxylated alkanolamides; ethoxylated
phenols; and ethoxylated phosphate esters (Kirk-Othmer, 1965).

The constituents listed for the drycleaning detergents in the drycleaning chemical data spreadsheet
include surfactants: phosphate esters, linear alkylbenzenesulfonic acid salt, oxyethylated
isononylphenol, diethanolamine, alkearyl sulfonate, sodium sufonate, and sulfosuccinate. They also
include drycleaning solvents and co-solvents that function as carriers. These include
perchloroethylene, petroleum solvents and the following cosolvents – butyl cellosolve, hexylene
glycol, 2-propanol, isopropyl alcohol, 2-butoxyethanol, diethylene glycol monobutylether,
dipropylene glycol monomethylether and glycol ether. The most common solvent contained in the
drycleaning detergent mixtures listed on the spreadsheet is petroleum drycleaning solvent
(petroleum naphtha blends).

Sizing

Sizing is a type of finish used in drycleaning to restore shape, body and texture to a fabric. Sizing is
actually applied to fabrics when they are manufactured and is depleted after several fabric cleanings.
Most sizing used in drycleaning operations today is composed of hydrocarbon resins (plastic-based).
Alpha methylstyrene and styrene have been used in sizing in the past. There are two forms of sizing
used in drycleaning operations, a solid (in a powder or bead form), and a liquid. The solid form of
sizing - the bead form - is commonly used in PCE drycleaning systems. Most of the liquid sizing
used today has a petroleum solvent carrier. It is not uncommon for liquid sizing to contain over 50%
petroleum solvent (petroleum naphtha blends) by volume. Anti static agents and optical brighteners
are commonly added to sizing.

Sizing can be applied in three different ways: by a continuous bath in the drycleaning machine; by
dipping garments in a tank of sizing; or by spraying sizing in an aerosol form (generally containing a
propane/isobutane carrier) on the garments after they have been drycleaned.

In the continuous bath application method a 0.5 to 1.5% charge of sizing is added to the drycleaning
machine. The concentration of sizing used in the dipping application method ranges from 1 to 4%
(Eisenhauer).



Other Chemicals

Other chemicals used in the drycleaning machine include: optical brighteners, bactericides, fabric
conditioners, and anti-static/anti-lint agents

Optical brighteners, also known as fluorescent whitening agents, optical bleaches or optical dyes are
used to “make whites whiter”. These chemicals absorb the ultraviolet and violet region of colors in
a fabric. These chemicals are normally added to drycleaning detergents or sizing. Optical
brighteners have been widely used in laundry detergents for many years. In recent years, they have
been used in drycleaning.

Some fabric conditioners are added to the drycleaning process. These are used primarily to
condition or restore luster and shine to suede, leathers and silks. These products are typically
solvent based – petroleum naphtha or perchloroethylene.

Anti-static agents and anti-lint agents (to prevent lint buildup and retention) are available for
drycleaning operations. Some chemicals used in anti-static agents are sulfonated polystyrene or
sulfonated polystyrene/maleic anhydride polymers.

PRE-CLEANING/SPOTTING AGENTS

The greatest number and variety of chemicals used in drycleaning operations are used in pre-
cleaning and spot cleaning or operations. Prior to being placed in the drycleaning machine, heavily
stained garments are usually pre-cleaned or pre-spotted with cleaning chemicals. The types of
chemicals used depend on the type of stain and the type of fabric being cleaned. After they are
drycleaned, garments that are still stained or soiled are spot cleaned using the same chemicals as in
pre-cleaning. There are three types of pre-cleaning/spotting agents: wet-side agents, dry-side agents
and bleaches.

Wet-side Spotting Agents

Wet-side pre-cleaning/spotting agents are used to clean water soluble stains from clothing. Wet-side
agents can be subdivided into three different classes: neutral, alkaline, and acidic.

Neutral Wet-Side Agents – Neutral spotting agents include water and neutral synthetic detergents
(which contain surfactants). These agents are used to remove water-soluble stains, food, beverages
and water-soluble dyes.

Alkaline Wet-Side Agents – Alkaline spotting agents include lye, ammonia, potassium hydroxide,
sodium hydroxide and so-called protein formula home detergents. Protein formula detergents
contain digester enzymes - Amylase, Cellulase, Lipase and Protease. Digesters can be used to
remove: starch, cellulose, fats and oils, and protein stains.

Acidic Wet-Side Agents – Acid agents include acetic acid, hydrofluoric acid, oxalic acid, glycolic
acid and sulfuric acid. Tannin or plant-based stains can be removed with wet-side spotting agents
also known as tannin formula agents.



Dry-Side Spotting Agents

Dry-side pre-cleaning/spotting agents are used to remove oily-type stains, stains including fats,
waxes, grease, cosmetics, paints and plastics. The primary constituents of dry-side agents are non-
aqueous solvents and alcohols and include, or have included: perchloroethylene, trichloroethylene,
1,1,1-trichloroethane, carbon tetrachloride, methylene chloride, amyl acetate, acetone, ethanol,
methanol, isopropyl alcohol and petroleum solvents. In general, from a contamination and
regulatory standpoint, dry-side spotting agents include some of the most toxic chemicals used in
drycleaning operations.

Bleaches

Bleaches are used in stain removal when other spotting techniques have failed to remove a stain.
This process is known as “spot bleaching”. Bleaches are also used in conventional laundry
operations which are conducted at most drycleaning plants. Bleaches can be classified as either
oxidizing or reducing.

Oxidizing Bleaches Reducing Bleaches
Sodium Perborate Sodium Bisulfite
Hydrogen Peroxide Sodium Hydrosulfite
Sodium Percarbonate Titanium Sulfate
Sodium Hypochlorite Oxalic Acid

GARMENT TREATMENT CHEMICALS

A number of different chemicals are used to treat garments after they are drycleaned. The functions
of these chemicals include waterproofing, flame retardants, refurbishing, deodorizing, stain
repellents and pest control.

Waterproofing

Waterproofing of garments by the clothing manufacturer is a relatively recent development.
Historically, much of garment waterproofing was performed by drycleaners. In the past, the water
proofing agent was usually a wax-based product and the predominant carrying agent for
waterproofing agents has been nonaqueous solvents – perchloroethylene and petroleum solvents.
Several methods have been used to apply the waterproofing agent, including immersion in the
waterproofing agent in a dip tank; spraying the waterproofing agent on the garments in a tank;
applying the waterproofing agent in the form of an aerosol spray; and in some cases applying the
waterproofing agent in an auxiliary tank in a drycleaning machine (Rising, 1997).



Flame Retardants

Flame retardants are normally applied to garments by garment or textile manufacturers. Flame
retardants can be depleted through repeated conventional laundering and drycleaning of garments.
In the past, some drycleaners have treated or re-treated garments with flame retardants. Some of the
chemicals used in flame retardants include: decabromodiphenyl oxide (DBDPO), organo-
phosphates, phosphate salts and phosphated esters. Dry-side application of flame retardants used
drycleaning solvent as the carrying agent. The flame retardant chemicals were applied by immersion
or dipping in a tank or by spraying the garment with the flame retardant (IFI, 1995).

Fabric Conditioner

Chemicals are applied to refurbish garments after drycleaning. Typically, these garments can
include suedes, leathers, silks, wools and vinyls. These chemicals are usually applied by spraying
the garment (using a spray bottle or aerosol spray). Plasticizers such as di-N-butyl phthalate and di-
2-ethylhexyl adipate are used to re-condition vinyl garments.

Stain Repellents

Stain repellents are generally applied by the garment manufacturer, but some drycleaners do apply
stain repellents. Historically, these products have been silicone based and the carrying agent has
been 1,1,1-trichloroethane (no longer used) or petroleum naphtha (IFI, 1994). Stain and water
repellent chemicals used in drycleaning today use non-aqueous solvents as carrying agents (PCE,
TCE, methylene chloride and petroleum solvents). A common constituent of many of these
repellents is aluminum alcoholates. Most stain repellents can be applied as an aerosol spray.

CHEMICALS USED IN SOLVENT & EQUIPMENT MAINTENANCE

Solvent Maintenance & Treatment

From the early part of the twentieth century until the early 1950s, both alkalis and sulfuric acid were
used to clarify spent petroleum drycleaning solvent. The most common alkali used was caustic soda
(sodium hydroxide) in an 8-10% solution. The solvent was bubbled through or agitated with the
caustic soda solution to help remove soap-fatty acid type detergents. Sulfuric acid was mixed and
agitated with the spent solvent and the solids were then allowed to settle out (Martin, 1958).

Distillation of PCE solvent at high temperatures (> 300° F.) can result in the formation of
hydrochloric acid in the distillation unit. Several chemicals have been used to neutralize acidic
solvent/still bottoms in the distillation unit. These chemicals include sodium carbonate (soda ash),
calcium carbonate and Alkanon, an alkali-aluminum silicate. The neutralization process consists of
introducing an aqueous solution of the buffering compound into the distillation unit distilling the
solvent.

Anti-foaming agents (commonly fluorosilicates) are sometimes added to the distillation unit to
prevent contaminants in the spent solvents (pigments, fatty acids, filter powder, detergents water
repellents and retexturing agents) from causing excessive foaming during the distillation process.



Detergents are sometimes added to the system to clean the drum and button trap of the drycleaning
machine.

Filter Maintenance

Trisodium Phosphate was once used to clean tubular (regenerative) filters – used in powder filtration
systems. It is doubtful that any of these tubular filters are still being utilized in drycleaning
operations.

Detergent Maintenance

In charged systems, where anionic detergents are used, it is important to maintain a constant
detergent concentration. Test kits are utilized to titrate solvent/detergent mixtures to measure the
amount of detergent in the system. Chemicals used in these test kits can include: 1,2-dichloroethane,
methylene chloride, and chloroform.

Boiler Maintenance

The use of untreated water in a boiler can cause scale buildup and corrosion. Treating the boiler
water with chemicals - known as boiler feed water treatment - will increase the life of the boiler and
reduce maintenance costs. Scale is formed from calcium and magnesium salts that are carried in
solution in the water used in the boiler. Treatment of the boiler water by raising the pH with the
addition of alkaline salts – such as sodium or potassium hydroxide – will prohibit most of the
calcium and magnesium salts from precipitating and causing scale buildup in the boiler. Sodium
sulfite is a constituent of some boiler feed water treatments. This constituent acts as an oxygen
scavenger. The presence of oxygen in boiler water will lead to corrosion of the boiler (Faig, 1990).
A chelating agent, sodium hexametaphosphate is sometimes added to boiler water to inhibit hard
water salts from precipitating to form scale. Hydrochloric acid is sometimes utilized in acid boils to
remove scale form the boiler.
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EXHIBIT G



Safety Meeting Topics (Bilingual)

Dry Cleaner Safety

Dry cleaners use chemicals, heat, and steam to clean and press clothing and other fabrics. While helping their customers
look spotless, dry cleaners need to be aware of their workplace hazards.

The use of chemicals is the primary hazard in a dry cleaner. Almost all dry cleaning is done with perchlorethylene (PERC),
a solvent. Inhaling PERC can lead to serious health effects such as liver and kidney damage, dizziness, headache,
sleepiness, confusion, nausea, difficulty in speaking and walking, unconsciousness, and death. PERC is also a suspected
carcinogen.

To avoid overexposure, use PERC in closed-loop dry cleaning equipment that controls the vapors. Check equipment for
leaks and fix them promptly. Keep the lids tightly closed on fresh and waste solvent containers. Maintain good ventilation
in areas where PERC is used.

Dry cleaners often use “secret-recipe” stain removers and spot cleaning solutions. These recipes may contain highly
concentrated PERC and other unknown chemicals. You have the right to know what chemicals are in the spot cleaner you
use and their potential hazards. To avoid dermatitis, a skin-irritation caused by chemical exposure, wear gloves and avoid
skin contact with PERC and spot cleaning chemicals.

Fire is another hazard in dry cleaning. PERC has low flammability, but Stoddard solvent, an older dry cleaning solution and
sometime spot-cleaning solvent, is very flammable. Store solutions and waste in properly closed containers. Check dry
cleaning equipment for leaks and repair them immediately. Keep heating elements clear of clothing and lint so heat does
not build up and cause a fire.

Dry cleaners suffer ergonomic injuries at a high rate if they do not use safe work practices. The high volume and fast pace
of work can lead to fatigue. Take micro breaks every 20-30 minutes. Moving heavy clothing and fabrics requires the use of
proper lifting techniques. Folding, pressing, and bagging clothing are repetitive motions. Rotate tasks throughout your day
to give your different muscles a break. Try to keep your work at waist level to avoid awkward postures such as reaching
and bending.

Watch for pinch and caught/crush injuries when using overhead conveyor systems. Make sure that you and your clothing
are clear of the conveyor before activating it. Watch for pinch points on presses and folding machines. Keep an eye on
your hands and your mind on your work when you are doing your job.

Dry cleaners are often hot, humid environments, so wear light layers of clothing and drink fluids throughout the day.
Watch presses for hot surfaces and steam that can cause burn hazards. Label equipment hot surfaces with warning signs.
Water and chemicals can cause spills in the workplace, so clean them up immediately to reduce the chance of a slip, trip,
or fall.

The above evaluations and/or recommendations are for general guidance only and should not be relied upon for legal
compliance purposes. They are based solely on the information provided to us and relate only to those conditions
specifically discussed. We do not make any warranty, expressed or implied, that your workplace is safe or healthful or that
it complies with all laws, regulations or standards.

Copyright © 2000-2013 State Compensation Insurance Fund

Supervisor's Signature: Date:

Location:

Meeting Attended By:
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decVR^8 <R_ j`f X` SRT\ R_U dY`h hZeY eYV a`Z_eVc11

hYVcV eYV decVR^ UZcVTeZ`_ Zd812

FK) DBG@5 MYV decVR^ Zd ]`TReVU (( j`f13

TR_ dVV eYV cVU dj^S`] W`c eYV dZeV ((14

FK) F<@K9MA5 KZXYe)15

FK) DBG@5 (( eYV dZeV Zd Z^^VUZReV]j e`16

eYV hVde `W eYV decVR^' d` eYV decVR^ Zd cZXYe e`17

eYV cZXYe `W eYRe cVU Z_UZTRe`c) MYV UVVa hV]]d18

h`f]U eYV_ SV Tc`dd(XcRUZV_e R_U fa(XcRUZV_e' R_U19

eYV W]`h h`f]U SV e`hRcUd eYV _`ceY) MYV cVXZ`_R]20

XcRUZV_e Zd e`hRcU eYV _`ceY' e`hRcUd eYV ;Rj)21

FK) F<@K9MA5 9_U Zd eYRe decVR^22

T`^a]VeV]j TYR__V]ZkVU Re eYZd a`Z_e823

FK) DBG@5 G`' Ze Zd _`e) MYV dZUVd `W24

eYV decVR^d RcV cVZ_W`cTVU' B SV]ZVgV eYV eVc^ Zd25
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XRSZ`_d' R_U eYV S`ee`^ `W eYV decVR^ Zd `aV_)1

FL) PAQM>5 PV$cV X`Z_X e` eR]\ R ]Zee]V2

SZe ^`cV RS`fe eYV YjUc`(XV`]`Xj `W eYV decVR^ Z_3

d`^V d]ZUVd T`^Z_X fa' e``' Rd hV]])4

FK) F<@K9MA5 H\Rj' X``U)5

FK) DBG@5 9_j `eYVc bfVdeZ`_d8 LZeV6

YZde`cj5 eYVcV YRgV SVV_ eh` ac`aVcej `h_Vcd dZ_TV7

eYV ac`aVcej hRd UVgV]`aVU Z_ eYV ,41+$d) N9M<8

UVgV]`aVU eYV dY`aaZ_X TV_eVc Z_ eYV VRc]j ,41+$d'9

`h_VU eYV dY`aaZ_X TV_eVc f_eZ] ,420' R_U hRd10

FRdeVc EVdd`c f_eZ] ,423) F``_]ZXYe 9dd`TZReVd11

YRd `h_VU eYV dY`aaZ_X TV_eVc dZ_TV ,422) MYV12

F``_]ZXYe <]VR_Vcd =cj <]VR_Z_X SfdZ_Vdd `aVcReVU13

Re eYV dZeV W`c .0 jVRcd Wc`^ ,41- f_eZ] ,442)14

MYV I<> T`_TV_ecReZ`_d Re eYZd dZeV RcV15

gVcj dZX_ZWZTR_e R_U hRccR_e RXXcVddZgV `gVcdZXYe16

Sj `fc RXV_Tj) AZXY T`_TV_ecReZ`_d `W I<> YRgV17

SVV_ UVeVTeVU Z_ eYV Z_U``c RZc' Z_ d`Z] XRd' Z_18

Xc`f_UhReVc' R_U Z_ eYV RU[RTV_e LRcRe`XR <cVV\)19

M` afe eYVdV Z_ aVcdaVTeZgV' eYZd eRS]V dY`hd20

^RiZ^f^ T`_TV_ecReZ`_d T`^aRcVU e` `fc21

V_gZc`_^V_eR] dTcVV_Z_X ]VgV]d)22

MYV T`_TV_ecReZ`_d `W I<> Z_ eYV Z_U``c23

VcR `W eYV dY`aaZ_X TV_eVc hVcV ViecV^V]j YZXY'24

`_V `W eYV h`cde hV YRgV dVV_) 9_U hV YRgV25
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cVbfZcVU ^ZeZXReZ`_ ^VRdfcVd e` RddfcV eYV dRWVej1

`W eYV TfccV_e eV_R_ed) F``_]ZXYe 9dd`TZReVd YRd2

Z_deR]]VU R d`]Rc gRa`c ViecRTeZ`_ djdeV^ e` SVXZ_3

e` T]VR_ fa eYV dZeV' Sfe RUUZeZ`_R] dZeV T]VR_fa4

Zd _VVUVU e` ac`eVTe Yf^R_ YVR]eY R_U cVde`cV5

Xc`f_UhReVc bfR]Zej)6

MYZd d]ZUV dY`hd eYV ViecV^V]j YZXY7

T`_TV_ecReZ`_d `W I<> Z_ d`Z] XRd) M` XVe j`f8

`cZV_eVU `_ eYV d]ZUV' eYV ]`TReZ`_ `W eYV Ucj9

T]VR_Vc Zd dfcc`f_UVU Sj eYV T`]`cVU TZcT]Vd hYZTY10

cVacVdV_e eYV d`Z] XRd T`_eR^Z_ReZ`_) 9_U B U`_$e11

\_`h ZW j`f TR_ dVV eYZd' eYVcV Zd R dVhVc ]ReVcR]12

eYRe VieV_Ud e` eYZd dVhVc ]Z_V eYRe Zd `h_VU Sj13

eYV <Zej6 eYV dVhVc ]ReVcR] Zd R WRTZ]Zej) MYV14

dVhVc ]Z_V VieV_Ud U`h_ e` ;`hV 9gV_fV R_U cf_d15

aRcR]]V] e` LRcRe`XR <cVV\ hYVcV Ze Y``\d fa e`16

eYV ^RZ_ cf__Z_X U`h_ >] <R^Z_` KVR]) 9XRZ_' _`eV17

eYV ]`TReZ`_ `W LRcRe`XR <cVV\)18

FK) F<@K9MA5 >iTfdV ^V' j`f$gV X`e19

Zd`a]VeYd YVcV `W T`_TV_ecReZ`_)20

FK) DBG@5 MYRe$d T`ccVTe)21

FK) F<@K9MA5 9cV eYVcV RUVbfReV _f^SVcd22

`W d`Z] gRa`c dR^a]Vd e` SV RS]V e` ^Ra eYV23

Zd`a]VeYd hZeY R ]`e `W RTTfcRTj8 Hc Zd eYVcV R24

WRZc R^`f_e `W Z_WVcV_TV X`Z_X `_ YVcV825
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FK) DBG@5 MYVcV$d R YZXY UVXcVV `W1

RTTfcRTj) MYVcV RcV ^R_j d`Z] XRd dR^a]Vd eYRe2

YRgV SVV_ T`]]VTeVU _`e `_]j ]ReVcR]]j' Sfe3

gVceZTR]]j)4

FK) F<@K9MA5 9]] cZXYe) K`fXY _f^SVc85

FK) DBG@5 @cVReVc eYR_ 0+) I<> hRd6

UVeVTeVU Re fa e` WZgV ^Z]]Z`_ ^ZTc`XcR^d aVc7

TfSZT ^VeVc Z_ d`Z] XRd' ^`cV eYR_ -'+++ eZ^Vd `fc8

d`Z] XRd dTcVV_Z_X ]VgV] W`c I<>) MYV YZXYVde9

T`_TV_ecReZ`_d hVcV UVeVTeVU Z^^VUZReV]j SV_VReY10

eYV W`c^Vc F``_]ZXYe <]VR_Vcd WRTZ]Zej) MYV11

T`_TV_ecReZ`_d UZddZaReV hZeY UZdeR_TV Wc`^ eYV12

W`c^Vc Ucj T]VR_Vc' Z_UZTReZ_X eYRe eYV cV]VRdV13

`TTfccVU Wc`^ eYV WRTZ]Zej) G`eV eYRe eYV YZXY14

T`_TV_ecReZ`_d `W I<> R_U d`Z] XRd RcV _`e W`f_U15

Z_ eYV gZTZ_Zej `W eYV <Zej `W LR_eR <]RcR LVhVc16

]`TReVU Z_ eYV SRT\ R]]VjhRj R_U R]`_X ;`hV17

9gV_fV) PV$]] UZdTfdd eYZd ^`cV ]ReVc)18

MYZd d]ZUV dY`hd eYV YZXY I<>19

T`_TV_ecReZ`_d Z_ Xc`f_UhReVc) I<> hRd UVeVTeVU20

Re `gVc ,'+++ ^ZTc`XcR^d aVc ]ZeVc) MYZd Zd ^`cV21

eYR_ -++ eZ^Vd `fc Xc`f_UhReVc dTcVV_Z_X ]VgV] W`c22

I<>) MYV YZXYVde T`_TV_ecReZ`_d RcV ]`TReVU23

Z^^VUZReV]j U`h_(XcRUZV_e e` eYV WRTZ]Zej' eYV24

RcVR dY`h_ Z_ cVU) MYV Xc`f_UhReVc a]f^V VieV_Ud25
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Raac`iZ^ReV]j .++ WVVe WfceYVc e` eYV _`ceYVRde)1

FK) F<@K9MA5 9_U RXRZ_' eYV _f^SVc `W2

dR^a]Vd e` UcRh eYVdV Zd`a]VeYd83

FK) DBG@5 B h`f]U dRj Raac`iZ^ReV]j4

RS`fe eYV dR^V _f^SVc) Be$d dacVRU `gVc R XcVReVc5

RcVR) MYVcV YRgV SVV_ dVgVcR] Z_gVdeZXReZ`_6

deRXVd) MYVcV TfccV_e]j RcV dVgVcR] ^`_Ze`cZ_X7

hV]]d eYRe YRgV SVV_ Z_ a]RTV SRdVU `_ eYV cVdf]ed8

`W eYV Xc`f_UhReVc Z_gVdeZXReZ`_)9

FK) F<@K9MA5 9cV eYV dR^a]Vd _VTVddRcZ]j10

UZWWVcV_eZReVU Sj UVaeY811

FK) DBG@5 QVd' eYVj RcV) MYVcV YRd SVV_12

^R_j dR^a]Vd T`]]VTeVU gVceZTR]]j' Rd hV]] Rd13

]ReVcR]]j)14

G`h' B hZ]] ScZVW]j UZdTfdd eYV MV_eReZgV15

HcUVc) PV _VVU R <]VR_fa HcUVc Z_ `cUVc e` RddfcV16

eYRe eYV dZeV XVed T]VR_VU fa) PV TZcTf]ReVU eYV17

MV_eReZgV HcUVc Z_ ]ReV Cf_V W`c R .+(URj T`^^V_e18

aVcZ`U' eYV MV_eReZgV HcUVc _R^VU N9M< R_U19

F``_]ZXYe 9dd`TZReVd Rd =ZdTYRcXVcd) Be dVe20

T]VR_fa ]VgV]d W`c Xc`f_UhReVc' d`Z]' d`Z] XRd'21

R_U Z_U``c RZc' R_U Ze dVe gRcZ`fd eRd\d e` ^R\V22

dfcV eY`dV T]VR_fa ]VgV]d RcV ^Ve Z_ R cVRd`_RS]V23

eZ^V) MYV \Vj ZddfV Z_ eYZd TRdV Zd hYVeYVc e`24

_R^V 9M< Rd eYV =ZdTYRcXVc Z_ eYV <]VR_fa HcUVc)25
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MYV _Vie WVh d]ZUVd Via]RZ_ `fc cReZ`_R]V W`c1

_R^Z_X 9M<)2

PYRe RcV eYV TcZeVcZR W`c _R^Z_X R aRde3

`h_Vc `c EVdd`c `W eYV =ZdTYRcXVc8 MYV LeReV4

PReVc ;`RcU$d acVTVUV_eZR] `cUVcd ]Rj `fe eYcVV5

TcZeVcZR eYRe ^fde SV ^Ve SVW`cV hV TR_ _R^V R6

aRde `h_Vc `c EVdd`c Rd eYV =ZdTYRcXVc) MYVj ^fde7

YRgV `h_VU `c ]VRdVU eYV ac`aVcej UfcZ_X eYV eZ^V8

eYV UZdTYRcXV `TTfccVU) MYVj ^fde YRgV YRU9

\_`h]VUXV `W eYV RTeZgZeZVd `_ eYVZc ac`aVcej10

hYZTY cVdf]eVU Z_ eYV UZdTYRcXV) 9_U eYVj ^fde11

YRgV YRU eYV ]VXR] RSZ]Zej e` acVgV_e eYRe12

UZdTYRcXV) B$]] X` eYc`fXY VRTY `_V Z_ efc_ Z_13

eYV _Vie dVgVcR] d]ZUVd)14

MYVcV Zd dfSdeR_eZR] VgZUV_TV eYRe R I<>15

cV]VRdV `TTfccVU UfcZ_X N9M<$d eV_fcV) MYZd d]ZUV16

]Zded eYV VgZUV_TV hV fdVU e` cVRTY eYRe17

T`_T]fdZ`_) MYVcV RcV YZXY T`_TV_ecReZ`_d `W I<>18

Z_ eYV dfSdfcWRTV R_U Z_U``c RZc) MYVcV Zd R19

YZde`cj `W I<> SVZ_X fdVU Re eYV dZeV SVXZ__Z_X Z_20

,41-) =cj T]VR_Z_X `aVcReZ`_d Z_ eYV ,41+$d21

eV_UVU e` YRgV I<> cV]VRdVd' R_U eYRe$d U`Tf^V_eVU22

Z_ eYV LR_eR <]RcR OR]]Vj PReVc =ZdecZTe =cj23

<]VR_Vc defUj) 9_U eYV daVTZWZT Ucj T]VR_Z_X24

VbfZa^V_e fdVU UfcZ_X N9M<$d eV_fcV hRd ac`_V e`25
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]VR\d R_U daZ]]d) B$]] Via]RZ_ eYRe Z_ eYV _Vie1

d]ZUV)2

MYZd d]ZUV dY`hd d`^V `W eYV `]UVc Ucj3

T]VR_Z_X VbfZa^V_e fdVU UfcZ_X N9M<$d eV_fcV)4

>RTY `W eYVdV ^RTYZ_Vd YRU hRjd I<> T`f]U TRfdV R5

cV]VRdV) MYVdV `]UVc ^RTYZ_Vd RcV eYV ejaVd `W6

^RTYZ_Vd eYRe eYV LR_eR <]RcR OR]]Vj PReVc7

=ZdecZTe =cj <]VR_Vc LefUj T]RZ^d TRfdVU d` ^R_j8

cV]VRdVd) H]U ,41, Ucj T]VR_Z_X VbfZa^V_e Wc`^9

eYZd dZeV hRd ]Z\V]j deZ]] SVZ_X fdVU Z_ ,420)10

F``_]ZXYe <]VR_Vc$d `aVcReZ`_ hRd _`e R11

T]`dVU djdeV^6 W`c ViR^a]V' hVe I<> ]RUV_ T]`eYVd12

hVcV ^R_fR]]j ecR_dWVccVU Wc`^ eYV Ucj T]VR_Z_X13

^RTYZ_V Z_e` eYV cVT]RZ^Vc W`c UcjZ_X) LfTY14

ecR_dWVc Z_VgZeRS]j ]VU e` I<> UcZaaZ_X `_ eYV15

W]``c) 9]d`' eYV KVT]RZ^Vc$d afca`dV hRd e`16

cVT`gVc Rd ^fTY I<> W`c cVfdV' Sfe eYV_ _VgVc17

cVT`gVcVU ,++ aVcTV_e `W eYRe I<>) MYV cV^RZ_Z_X18

I<> ^ZiefcV VZeYVc hV_e Z_e` R SfT\Ve' `c Z_e` R19

UcRZ_' Z_ RUUZeZ`_' eYV deZ]] T``\VU R_U eYV20

]VWe`gVc I<> ^ZiefcV Wc`^ eYV Ucj T]VR_Z_X21

ac`TVdd) MYV I<> ^ZiefcV c`feZ_V]j S`Z]VU `gVc22

R_U hRd cV]VRdVU Z_ e` eYV V_gZc`_^V_e' VZeYVc23

`_e` eYV W]``c `c UcRZ_) MYV deZ]] ac`UfTVU hVe24

I<> ]RUV_ ^fT\ hRdeV eYRe h`f]U UcZa hYZ]V SVZ_X25
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UZda`dVU `W) 9_U eYV gRa`c ^Re ^`UV] 3++ e``\ I<>1

`fe `W eYV RZc' XV_VcReZ_X ^`cV I<> T`_eR^Z_ReVU2

hRdeV)3

MYZd d]ZUV dY`hd Y`h I<> ^ZXcReVU e` eYV4

dfSdfcWRTV) I<> ^`de ]Z\V]j daZ]]VU `_e` eYV5

T`_TcVeV W]``c UfV e` eYV d]`aaj _RefcV `W eYV Ucj6

T]VR_Z_X VbfZa^V_e R_U ac`TVddVd) I<> d]`h]j7

dVVaVU Z_e` eYV T`_TcVeV W]``c' `c eYc`fXY TcRT\d'8

`c aVcW`cReZ`_d Z_ eYV W]``c' eYV_ Z_e` eYV d`Z]9

SV_VReY eYV d]RS) I<> T`f]U YRgV SVV_ S`f_U fa10

W`c jVRcd Z_ eYV d`Z] SV_VReY eYV d]RS)11

G`h B$]] ^`gV `_e` eYV ZddfV `W hYVeYVc12

N9M< YRU \_`h]VUXV `W eYV RTeZgZeZVd eYRe cVdf]eVU13

Z_ eYV UZdTYRcXV) PV T`_T]fUV eYRe Ze \_Vh' `c14

dY`f]U YRgV \_`h_) B_ ,41,' eYV LeReV ?ZcV15

FRcdYR]] IVc^Ze afe N9M< `_ _`eZTV eYRe R16

UR_XVc`fd d`]gV_e' I<>' hZ]] SV fdVU `_ eYVZc17

ac`aVcej' R_U _`eVU eYV _VVU e` T`_ec`] e`iZT18

gRa`cd XV_VcReVU UfcZ_X `aVcReZ`_ `W eYV Ucj19

T]VR_Vc R_U Ze _`eZWZVU N9M< eYRe eYVj hVcV deZ]]20

cVbfZcVU e` W`]]`h R ]`TR] `cUZ_R_TV cf]Vd'21

cVXf]ReZ`_d R_U cVdecZTeZ`_d) N9M< dY`f]U YRgV22

\_`h_ eYRe eYV d`]gV_e cVbfZcVU TRcVWf] YR_U]Z_X23

R_U eYRe eYV fdV `W d`]gV_e YRU cZd\d _`e Z_YVcV_e24

Z_ `eYVc SfdZ_VddVd) B_ eYV dR^V eZ^VWcR^V' N9M<25
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cVTVZgVU R ;fZ]UZ_X IVc^Ze R_U R <VceZWZTReV `W1

HTTfaR_Tj W`c eYV Ucj T]VR_Vc) MYZd dY`hd eYRe2

N9M< hRd RTeZgV]j Z_g`]gVU Z_ eYV VdeRS]ZdY^V_e `W3

eYV Ucj T]VR_Vc)4

MYV ,420 <Zej HcUZ_R_TV ac`YZSZeVU eYV5

UZdTYRcXV `W R_j I<> e` eYV dR_ZeRcj dVhVc R_U6

ac`YZSZeVU eYV UZdTYRcXV `W I<> Z_ dfWWZTZV_e7

bfR_eZej e` TcVReV R YRkRcU W`c Yf^R_d' R_Z^R]d'8

`c WZdY Z_ R_j hReVcd cVTVZgZ_X VWW]fV_e Wc`^ eYV9

dVhVc)10

G`h' B$]] ^`gV `_ e` eYV ZddfV `W hYVeYVc11

N9M< YRU eYV ]VXR] RSZ]Zej e` acVgV_e eYV12

UZdTYRcXV) PV T`_T]fUV eYRe Ze UZU) N9M< hRd eYV13

`h_Vc `W eYV dZeV R_U ]R_U]`cU e` F``_]ZXYe14

<]VR_Vcd) N9M< YRU ]VRdVd hZeY Zed eV_R_ed) N9M<15

ViVcTZdVU f]eZ^ReV T`_ec`] `gVc eYV dZeV R_U YRU16

eYV ]VXR] RSZ]Zej e` acVgV_e eYV UZdTYRcXV `W I<>)17

B_ T`_T]fdZ`_' eYVcV RcV dfSdeR_eZR]18

VgZUV_TV W`c R]] eYcVV `W eYVZc TcZeVcZR W`c19

_R^Z_X R aRde `h_Vc Rd R =ZdTYRcXVc6 eYVcVW`cV' hV20

_R^VU N9M< Rd R =ZdTYRcXVc Z_ eYV MV_eReZgV HcUVc)21

B_ cVda`_dV e` eYV MV_eReZgV HcUVc' hV22

cVTVZgVU ^Z_`c T`^^V_ed Wc`^ eYV 9UgZd`cj MVR^'23

R]] `W hYZTY hVcV Z_T`ca`cReVU) F``_]ZXYe24

9dd`TZReVd' eYV TfccV_e `h_Vc' XV_VcR]]j dfaa`ced25
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eYV MV_eReZgV HcUVc' d`^V `W Zed T`^^V_ed hVcV1

Z_T`ca`cReVU) N9M< dec`_X]j `S[VTed e` SVZ_X2

_R^VU)3

PV YRgV acVaRcVU R UVeRZ]VU KVda`_dV e`4

<`^^V_ed' hYZTY Zd Z_ j`fc RXV_UR aRT\RXV) B hZ]]5

W`Tfd _`h `_ N9M<$d T`^^V_ed R_U `fc cVda`_dVd)6

N9M< YRd cRZdVU W`fc ^R[`c ZddfVd RS`fe7

SVZ_X _R^VU' dY`h_ `_ eYZd d]ZUV) =`Vd dZeV UReR8

dfaa`ce R I<> cV]VRdV UfcZ_X N9M<$d eV_fcV8 =ZU9

N9M< YRgV eYV cVbfZcVU \_`h]VUXV e` SV YV]U10

]ZRS]V8 =ZU N9M<$d -++, SR_\cfaeTj dYZV]U Ze811

P`f]U _R^Z_X N9M< T`_W]ZTe hZeY aRde acVTVUV_e812

B_ RUUZeZ`_' Ze Zd RcXfVU W`c _R^Z_X eYV <Zej `W13
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N9M<d WZcde RcXf^V_e Zd SRdVU `_ Zed `h_ ^`UV]Z_X21

`W Yja`eYVeZTR] I<> ]VR\RXV Wc`^ eYV dVhVc) Be22

Z_T]fUVd eYRe dfTY ]VR\RXV h`f]U `_]j eR\V dZi23

jVRcd e` cVRTY Xc`f_UhReVc' hYZTY Z_UZTReVd R24

cV]VRdV RWeVc N9M<$d eV_fcV) PV UZdRXcVV R_U25
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<cVV\ Z_ eYV ,41+$d R_U ,42+$d h`f]U YRgV11
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SV_VReY eYV dZeV' ac`UfTZ_X R _`ceYhVde ecV_UZ_X13

a]f^V) PV UZdRXcVV) PV T`_T]fUV eYRe R _`ceYhVde14
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;RdZ_)2
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FK) F<@K9MA5 9Y) L` eYV ^VTYR_Zd^ eYRe6
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dfaa`ce eYV RcXf^V_e eYRe Xc`f_UhReVc T`f]U YRgV13
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FK) DBG@5 MYRe$d T`ccVTe)19

FK) F<@K9MA5 9_U eYRe U`Vd_$e RaaVRc e`20
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cVXZ`_R] ecV_Ud R_U Ze cVW]VTed eZ^Vd hYVcV eYVcV22

RcV RTefR]]j deReZT ^VRdfcV^V_ed' d` Ze$d _`e23
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WZXfcV' `_ eYRe WZcde WZXfcV' R]] RcV deZ]] RTeZgV19
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eYVdV hV]]d RcV RTeZgV' eYVcVW`cV eYVj RcV _`e22

dYfeU`h_' hYZTY h`f]U ^VR_ eYRe eYV23
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MYV TcVV\ hRd RS`fe 3+ WVVe RS`gV eYV Xc`f_UhReVc'7
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MYV ac`UfTe hV]] UReR eYRe Fc) DZ_X Zd cVWVccZ_X19

e`' B f_UVcdeR_U' Zd _`e UReR eYRe Zd Z_ eYV20

cVT`cU' `c eYRe$d SVV_ dYRcVU) PV$gV ecZVU e`21

cVbfVde Ze Wc`^ eYV aV`a]V hY` YRgV Ze R_U eYVj$cV22

Z_ eYV ac`TVdd `W ac`gZUZ_X Ze' Ze hRd [fde23

cVWVcV_TVU Z_ eYZd ^ReVcZR] eYRe hRd dfS^ZeeVU24

]Rde hVV\) L` B XfVdd ^j bfVdeZ`_ Zd hYVeYVc Ze$d25
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eYc`fXY eYV ac`TVdd `W dZX_Z_X R W`c^ R_U eYV22
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eYV^dV]gVd' Sfe eYVj YRgV e` dZX_ eYV W`c^)2
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eYV _`_UZdT]`dfcV W`c^' hV YRgV_$e cVTVZgVU eYV13
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KVd`]feZ`_ 4-/4)2

MYV ]Rde ^R[`c ZddfV Zd hYVeYVc eYV <Zej3

`W LR_eR <]RcR dY`f]U SV _R^VU Z_ eYZd `cUVc)4

N9M< RcXfVd eYRe eYV <Zej dY`f]U SV _R^VU SRdVU `_5

Zed cVgZVh `W eYV dVhVc gZUV` R_U eYV aReeVc_ `W6

I<> Z_ Xc`f_UhReVc _VRc eYV dZeV) PV UZdRXcVV)7

MYV d`Z] XRd T`_TV_ecReZ`_d RcV eYcVV `cUVcd `W8

^RX_ZefUV XcVReVc Re eYV WRTZ]Zej eYR_ _VRc eYV9

<Zej dVhVc ]Z_V) MYZd aReeVc_ `W I<>10

T`_eR^Z_ReZ`_ Z_ d`Z] XRd R_U Z_ Xc`f_UhReVc U`11

_`e Z_UZTReV eYRe eYV cV]VRdV `TTfccVU Wc`^ eYV12

<Zej dVhVc ]Z_V' Sfe Z_UZTReVd eYRe eYV cV]VRdV13

`TTfccVU Wc`^ eYV WRTZ]Zej) MYV aReeVc_ `W14

T`_eR^Z_ReZ`_ ^Rj Z_UZTReV R a`ddZS]V dVT`_URcj15

cV]VRdV ^VTYR_Zd^ Wc`^ eYV SfZ]UZ_X$d dVhVc16

]ReVcR]' Sfe _`e Wc`^ eYV <Zej dVhVc ]Z_V)17

B_ T`_T]fdZ`_' eYZd dZeV acVdV_ed R18

eYcVRe e` Yf^R_ YVR]eY R_U eYV V_gZc`_^V_e UfV e`19

eYV dZX_ZWZTR_e I<> cV]VRdV Wc`^ aRde Ucj T]VR_Z_X20

`aVcReZ`_d) MYVcVW`cV' Ze Zd Z^a`ceR_e eYRe eYZd21

I<> T`_eR^Z_ReZ`_ Zd T]VR_VU fa R_U eYV ;`RcU$d22

RU`aeZ`_ `W R LZeV <]VR_fa HcUVc hZ]] YV]a ^R\V23

eYRe YRaaV_) H_V `W eYV \Vj ZddfVd Z_ eYZd24

^ReeVc' hV T`_T]fUV eYVcV Zd dfWWZTZV_e VgZUV_TV25
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e` _R^V N9M< Rd R =ZdTYRcXVc)1

Q`f YRgV R KVgZdVU MV_eReZgV HcUVc Z_2

j`fc aRT\RXV) Be cVW]VTed ^Z_`c TYR_XVd Z_3

KVda`_dV e` <`^^V_ed) PV cVT`^^V_U RU`aeZ`_ `W4

eYV KVgZdVU MV_eReZgV HcUVc) MYZd T`_T]fUVd eYV5

deRWW acVdV_eReZ`_) B$U SV YRaaj e` R_dhVc R_j6

^`cV bfVdeZ`_d)7

OB<> <A9BK QHNG@5 9_U hV YRgV R8

Lfaa]V^V_eR] dYVVe eYRe T]RcZWZVd TYR_XVd Z_ d`^V9

`W eYV UReVd `_ eYV eRd\d `W BeV^ <810

FL) PAQM>5 MYRe$d T`ccVTe' jVd' [fde11

d`^V T]VcZTR] Vcc`cd `_ eYRe)12

OB<> <A9BK QHNG@5 CZ^)13

FK) F<@K9MA5 B RaacVTZReV eYV14

T]RcZWZTReZ`_ `_ eYV YjUc`(XV`]`XZT bfVdeZ`_d6 B15

eYZ_\ R]] `W ^j bfVdeZ`_d Z_ eYRe RcV_R YRU SVV_16

R_dhVcVU) ;fe B hR_e e` SV VUfTReVU R ]Zee]V SZe17

YVcV `_ eYV ^VTYR_Zd^d `W W]`h R_U eYV ^VTYR_Zd^d18

`W UZdd`]gZ_X Z_ I<>) I<> h`f]U ^`gV eYc`fXY eYV19

d`Z] Z_ eh` UZWWVcV_e hRjd' Ze h`f]U ^`gV Sj20

XcRgZej R_U B R^ Rddf^Z_X YVcV eYRe' Rd R =G9IE>'21

eYRe I<> h`f]U ^`gV gVcj d]`h SVTRfdV Ze h`f]U22

YRgV R gVcj YZXY gZdT`dZej' Sfe Ze h`f]U ^`gV ^`cV23

cRaZU]j hYV_ Z_ R UZdd`]gVU aYRdV) ;fe B$^ _`e24

hV]] VUfTReVU e` Y`h eYRe `TTfcd) L` dZ_TV eYRe$d25
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aRce `W eYV RcXf^V_e eYRe$d SVV_ fdVU' Zd eYZd1

^fde YRgV SVV_ Z_ R UZdd`]gVU aYRdV' R_U h`f]U2

eYVcVW`cV W]`h ^`cV cRaZU]j' R_U eYRe hRd ^`UV]VU'3

hZeY`fe R XcRUZV_e' hZeY`fe Xc`f_UhReVc' B ^VR_'4

j`f$gV X`e R aRgVU dZeV' d` j`f$gV X`e _` UZcVTe5

cRZ_WR]] TcVReZ_X R XcRUZV_e' eYV_ eYV W`cTV6

ScZ_XZ_X eYV I<> U`h_ h`f]U [fde SV XcRgZej)7

P`f]U R_j ]VR\RXV eYRe cV^RZ_VU f_UVc eYV d]RS8

eYRe YRU _`e T`^V Wc`^ R _`Tf`fd d`]feZ`_ SV9

^`gZ_X gVcj gVcj d]`h]j8 B ^VR_' hYRe$d eYV10

_RefcV (( R_U h`f]U Ze cV^RZ_ Rd R YVRgj UV_dV11

W]fZU cReYVc eYR_ R UZdd`]gVU aYRdV W]fZU f_eZ]12

dfTY eZ^V Rd Ze Z_eVcdVTeVU eYV Xc`f_UhReVc8 MR\V13

^V eYc`fXY eYRe ac`TVdd `W R =G9IE> SVT`^Z_X R14

]ZbfZU aYRdV R ]Zee]V SZe YVcV)15

FK) DBG@5 Hfc T`_TVaefR] ^`UV] Zd eYRe16

eYV cV]VRdVd `TTfccVU RS`gV d]RS Wc`^ eYV17

`aVcReZ`_ R_U fdV `W eYV ^RTYZ_Vd) 9d eYV I<>18

^`gVU eYc`fXY eYV dfSdfcWRTV' Ze h`f]U d`cS `_e`19

eYV WZ_Vc XcRZ_ d`Z] T]Rjd) Be ^Rj _`e YRgV YRU20

V_`fXY g`]f^V e` cVRTY e` XcVRe UVaeYd Re eYV eZ^V21

hYVcV Xc`f_UhReVc hRd gVcj UVVa' R_U `fc ^`UV] Zd22

eYRe Ze hRd YV]U fa RS`gV eYRe6 Z_ `eYVc h`cUd' Ze23

UZU _`e T`_eZ_fV eYc`fXY eZ^V' eYc`fXY eYV jVRcd'24

Sfe eYVcV hRd_$e R ]RcXV V_`fXY cV]VRdV e` cVRTY25
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Xc`f_UhReVc) 9e eYRe a`Z_e' Ze h`f]U SV d`cSVU e`1

eYV WZ_Vc XcRZ_ aRceZT]Vd' R_U Ze h`f]U g`]ReZ]ZkV2

R_U h`f]U TRfdV R T`_TV_ecReVU d`Z] XRd a]f^V)3

MYRe$d hYRe hV dVV e`URj R_U eYRe$d hYRe eYV dZeV4

Z_UZTReVd)5

FK) F<@K9MA5 9 d`Z] XRd g`]ReZ]ZkReZ`_6

Zd gVcj YZXY)7

FK) DBG@5 QVd)8

FK) F<@K9MA5 G`h' B h`f]U R]d` Rddf^V9

eYRe =G9IE> hZ]] g`]ReZ]ZkV ^fTY ^`cV XcVRe]j eYR_10

eYV UZdd`]gVU aYRdV8 9_U Ze U`Vd cVacVdV_e ((11

`_V `eYVc a`Z_e) Be U`Vd_$e RaaVRc (( j`f12

T]RcZWZVU eYRe R ]`e `W dR^a]Z_X YRd SVV_ eR\V_'13

S`eY e` VdeRS]ZdY eYV d`Z] XRd ]VgV]d R_U e`14

VdeRS]ZdY eYV a]f^V' R_U Ze TVceRZ_]j ^VVed R YZXY15

UVXcVV `W T`_WZUV_TV Z_ eVc^d `W deReZdeZTR]16

T`_WZUV_TV) MYV T`_df]eR_e W`c eYV eYVRecV17

T`^aR_j YRU R ^`UV] eYRe eYVj fdVU' eYV`cVeZTR]18

gR]fVd e` ^`UV] W]`h eYc`fXY R_U cVRTY TVceRZ_19

T`_T]fdZ`_d eYRe eYZd `TTfccVU RWeVchRcUd) B cVRU20

WRZc]j TRcVWf]]j' Ze$d ^j f_UVcdeR_UZ_X Wc`^ hYRe21

B cVRU eYRe eYVcV hRd _` d`Z] dR^a]Z_X' d` _` `_V22

YRd RTefR]]j dR^a]VU eYV d`Z]' ]``\VU Re hYVeYVc23

`c _`e Ze hRd WZ]]' R_U ecZVU e` WZXfcV `fe hYRe24

RTefR] d`Z] ecR_d^ZddZgZej %)'%& hVcV) Bd eYRe25
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T`ccVTe81

FK) DBG@5 Be$d ^j f_UVcdeR_UZ_X eYRe2

eYVcV YRd _`e SVV_ d`Z] dR^a]Z_X SV_VReY eYV d]RS3

ZedV]W) MYV T`_df]eR_e eYRe UZU eYV h`c\ Zd YVcV4

e`URj R_U' ZW B$^ hc`_X' a]VRdV T`ccVTe ^V)5

FK) F<@K9MA5 L` RUUZeZ`_R] eVTY_ZTR]6

h`c\ T`f]U SV U`_V e` ^VRdfcV RTefR] (( eYV _RefcV7

`W eYV d`Z]' ]``\ Re Y`h ^fTY eYV dZeV ^ZXYe YRgV8

SVV_ WZ]]VU' B ^VR_' Ze$d WRZc]j T]`dV e` eYV9

TcVV\ R_U B h`f]U Rddf^V eYRe eYVcV hRd d`^V WZ]]10

hYV_ eYVj UVgV]`aVU Rd R dY`aaZ_X TV_eVc' R_U11

SVXZ_ e` ]``\ Re eYV RTefR] aReeVc_ `W cVdZdeR_TV12

e` W]`h cReYVc eYR_ R eYV`cVeZT aReeVc_) 9_U _`_V13

`W eYRe (( [fde R deReV^V_e (( _`_V `W eYRe Zd14

acVT]fUVU Sj hYReVgVc RTeZ`_ hV eR\V e`URj) MYR_\15

j`f)16

OB<> <A9BK QHNG@5 QVd)17

FL) 9;>(DH@95 L` B XfVdd ^j bfVdeZ`_d18

YRgV e` U` ^`cV hZeY eYV ac`TVdd (( R_U eYZd Zd19

R]] _Vh e` ^V (( Sfe Z_ eVc^d `W B XfVdd ]Z\V20

aVc^ZeeZ_X R_U (( d` X`Z_X SRT\' B f_UVcdeR_U j`f21

YRgV e` XVe aVc^Zed e` `aVcReV' eYV `aVcRe`c `W22

eYV SfdZ_Vdd h`f]U U` eYRe) ;fe eYV_' Zd eYV23

`h_Vc `W eYV ac`aVcej R]d` (( B XfVdd ^j bfVdeZ`_24

Zd Y`h Z_g`]gVU RcV eYVj Z_ eYV ac`TVdd `W XVeeZ_X25
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R d^R]] SfdZ_Vdd fa R_U cf__Z_X `_ eYVZc dZeV'1

`eYVc eYR_ R ]VRdV' RcV eYVj Z_g`]gVU hZeY eYV2

;fZ]UZ_X IVc^ZeeZ_X R_U d` W`ceY' hYZTY B U`_$e3

eYZ_\ eYVj RcV' e` ^j \_`h]VUXV' Wc`^ eYV h`c\ B4

U` Re eYV <Zej) L` eYV bfVdeZ`_ Zd cVR]]j RS`fe5

\_`h]VUXV `W hYRe (( R_U B f_UVcdeR_U' j`f \_`h'6

eYVcV$d eYV \_`h]VUXV `W eYV Ucj T]VR_Z_X7

`aVcReZ`_' Sfe Y`h U`Vd eYV ]R_U `h_Vc \_`h hYRe$d8

X`Z_X `_ Z_ eYV SfdZ_Vdd8 Bd eYVcV ]Z\V R_9

Z_daVTeZ`_ eYRe$d U`_V VgVcj d` ^R_j jVRcd Sj eYV10

<Zej e` YRgV SVV_ RS]V e` UVeVTe eYRe eYVdV11

^RTYZ_Vd (( R_U B XfVdd eYV bfVdeZ`_ Zd ]Z\V hVcV12

eYVdV ^RTYZ_Vd R]hRjd WRf]ej8 Hc hYRe hRd eYVZc13

aVcTV_eRXV `W WRf]eZ_Vdd8 PY` h`f]U YRgV \_`h_14

eYRe eYZd hRd YRaaV_Z_X R_U eYVcV hRd daZ]]RXV15

X`Z_X `_ eYRe dY`f]U_$e YRgV SVV_ X`Z_X `_8 9_U16

hYV_ dY`f]U eYVj YRgV \_`h_ eYRe' eYRe Ze T`f]U17

YRgV SVV_ acVgV_eVU d``_Vc eYR_ ]ReVc818

FL) PHG5 BW B ^Rj' B ^VR_' eYRe Zd eYV19

\Vj bfVdeZ`_) PV U`_$e \_`h) B ^VR_' eYZd hRd20

eYV ,41+$d' hV U`_$e \_`h ViRTe]j hYRe YRaaV_VU'21

Sfe ZW j`f ]``\ Z_ eVc^d `W eYV SfZ]U(`fe `W eYV22

F``_]ZXYe LY`aaZ_X <V_eVc R_U eYZd Ucj T]VR_Vc'23

Sfe ZW j`f ]``\ Re eYV ;fZ]UZ_X IVc^Ze eYRe Zd Z_24

j`fc aRT\Ve' eYV Raa]ZTReZ`_ Zd Sj N_ZeVU 9ceZded25
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R_U Ze Zd dZX_VU Sj (( Ze$d <`_ecRTe`c R_U 9XV_e'1

d` Ze hRd Z_g`]gVU Z_ XVeeZ_X eYV aVc^Ze W`c eYZd2

WRTZ]Zej)3

FL) 9;>(DH@95 H\Rj' B f_UVcdeR_U eYRe'4

Sfe eYV_ B XfVdd Ze$d ^`cV RS`fe Z_ eVc^d `W eYV5

`aVcReZ`_d' j`f \_`h' eYV Ucj T]VR_Z_X `aVcRe`c6

U`Z_X eYVZc SfdZ_Vdd' fdZ_X eYVdV ^RTYZ_Vd' eYVj7

h`f]U YRgV \_`h_ ZW daZ]]RXV YRaaV_VU `c _`e' Sfe8

Y`h h`f]U eYV `h_Vc `W eYV ac`aVcej YRgV \_`h_9

eYRe810

FL) 9NLMBG5 BW B ^Rj' ;`RcU ^V^SVc' e`11

T]RcZWj hYRe `fc LeReV ;`RcU YRd dRZU RS`fe eYV12

]VgV] `W \_`h]VUXV)13

OB<> <A9BK QHNG@5 LeReV j`fc _R^V)14

FL) 9NLMBG5 IRcU`_ ^V' MR^RcZ_ 9fdeZ_'15

R_U B$^ <`f_dV] hZeY eYV 9UgZd`cj MVR^) 9_U B$^16

]`dZ_X ^j g`ZTV RXRZ_) H_V `W `fc LeReV ;`RcU17

HcUVcd ac`gZUVd d`^V XfZUR_TV W`c fd d` eYRe hV18

U`_$e YRgV e` UV]gV Z_e` eYV ZddfVd `W ViRTe]j Y`h19

^fTY \_`h]VUXV Zd \_`h_ Sj eYV ]R_U`h_Vc `c eYV20

EVdd`c' R_U eYZd Zd eYV C`Y_ LeVhRce %aY& HcUVc'21

LeReV ;`RcU HcUVc G`) 31,0) 9_U eYV LeReV ;`RcU22

dRjd eYV RTefR] \_`h]VUXV `W eYV T`_eR^Z_ReZ`_23

_VVU _`e SV dY`h_ hYVcV Ze Zd cVRd`_RS]V W`c R24

aVcd`_ e` SV RhRcV `W eYV UR_XVcd XV_VcR]]j25
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Z_YVcV_e Z_ eYV RTeZgZej) 9_U eYVcV$d R W``e_`eV1

Z_ eYZd `cUVc' Rd hV]]' eYRe eR]\d RS`fe eYV2

]VXZd]ReZgV Z_eV_e `W `fc <`UV Zd e` ac`gZUV3

decZTe ]ZRSZ]Zej Z_ eYZd dVTeZ`_' d` XVeeZ_X RhRj4

Wc`^ eYV \_`h]VUXV cVbfZcV^V_e' ZW eYRe ^R\Vd5

dV_dV)6

FL) 9;>(DH@95 H\Rj' eYZd Zd ac`SRS]j7

X`Z_X e` X` e`' eYV_' eYV `eYVc bfVdeZ`_ RS`fe eYV8

<Zej$d cVda`_dZSZ]Zej' eYV_' R_U B$^ ecjZ_X e`9

f_UVcdeR_U eYV ac`TVdd eYVcV) B \_`h' UVaV_UZ_X10

`_ hYRe \Z_U `W k`_Z_X Ze Zd' j`f h`f]U YRgV e`11

cV_Vh j`fc aVc^Zed' Sfe h`f]U eYV <Zej YRgV ((12

eYVj h`f]U YRgV \_`h_' ,& eYRe eYVcV hRd R Ucj13

T]VR_Z_X `aVcReZ`_' Sfe hYRe Zd eYVZc14

cVda`_dZSZ]Zej eYV_ e` dVV ZW eYV `aVcReZ`_d hVcV15

YRaaV_Z_X T`ccVTe]j `c _`e T`ccVTe]j816

FL) 9NLMBG5 L` j`f$cV eR]\Z_X RS`fe eYV17

<Zej) B_ eYZd aRceZTf]Rc TRdV' eYV <Zej Zd _`e18

SVZ_X _R^VU Rd eYV =ZdTYRcXVc' d` eYRe R_R]jdZd Zd19

_`e SVW`cV fd) BW j`f$cV Rd\Z_X RS`fe eYV20

bfVdeZ`_ `W eYV dVhVc `aVcRe`c `c `h_Vc SVZ_X eYV21

^f_ZTZaR]Zej' eYRe$d R UZWWVcV_e R_R]jdZd) B [fde22

hR_e e` ^R\V dfcV B$^ R_dhVcZ_X eYV cZXYe23

bfVdeZ`_)24

FL) 9;>(DH@95 B XfVdd Sj <`UV' ZW j`f$cV25
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dRjZ_X eYVcV$d \_`h]VUXV `W R_ `aVcReZ`_ eYRe$d1

X`Z_X `_' eYRe T`f]U TRfdV a`eV_eZR] UR^RXV `c2

UR_XVc' eYV_ h`f]U_$e eYVcV SV d`^V3

cVda`_dZSZ]Zej84

FL) 9NLMBG5 FVR_Z_X \_`h]VUXV Sj eYV5

]R_U`h_Vc86

FL) 9;>(DH@95 KZXYe)7

FL) 9NLMBG5 KZXYe)8

FL) 9;>(DH@95 PV]]' R_U eYRe h`f]U9

VieV_U `fe e` eYV <Zej' e``' h`f]U_$e Ze810

FL) 9NLMBG5 L` Z_ eYZd aRceZTf]Rc TRdV'11

RXRZ_' hV U`_$e YRgV eYV <Zej SVW`cV fd Rd R12

a`eV_eZR] =ZdTYRcXVc) Q`f T`f]U ((13

FL) 9;>(DH@95 ?`c ((14

FL) 9NLMBG5 (( R_R]jdZd' Sfe eYV15

bfVdeZ`_ SVW`cV fd Zd hYVeYVc `c _`e eYV16

]R_U`h_Vc' eYV_' YRU eYV cVbfZdZeV \_`h]VUXV `W R_17

RTeZgZej `TTfccZ_X Re eYZd dZeV eYRe Zd \_`h_ e`18

YRgV R YRkRcU`fd TYV^ZTR] Z_g`]gVU)19

FL) 9;>7DH@95 H\Rj' d` eYV afcV WRTe20

eYRe Ze hRd R Ucj T]VR_Z_X SfdZ_Vdd R_U j`f$cV21

dRjZ_X eYRe eYVcV hRd \_`h]VUXV' `c eYVcV dY`f]U22

YRgV SVV_ \_`h]VUXV' eYRe eYV a`eV_eZR] UR_XVc hRd23

X`Z_X e` `TTfc824

FL) 9NLMBG5 L` ]fT\Z]j W`c fd' eYV LeReV25
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;`RcU YRd VgR]fReVU eYZd' e``' eYVcV$d R_`eYVc1

HcUVc' Ze$d eYV ^ReeVc `W ARc`]U R_U C`jTV2

E`XdU`_' R_U eYZd Zd LeReV ;`RcU HcUVc 3/1) 9_U3

eYZd Zd RTefR]]j R TRdV eYRe hRd Z_g`]gZ_X R h``U4

ecVReZ_X WRTZ]Zej hYVcV eYVcV$d TYV^ZTR]d SVZ_X5
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h`h' ^RjSV Ze cVR]]j Zd ^`cV T`^a]ZTReVU eYR_ R16

dYZWe Wc`^ _`ceY _`ceYhVde e` _`ceYVRde) L` hV17

a]`eeVU eYV UReR' eYV f_UVc]jZ_X UReR' cReYVc eYR_18

[fde cV]jZ_X `_ eYV Z_eVcacVeReZ`_ `W <YVgc`_$d19

T`_df]eR_e' R_U hYRe hV dRh Zd eYRe eYVcV$d `_V20

hV]]' Z_ aRceZTf]Rc' <,' eYRe dVV^d e` SV gVcj21

R_`^R]`fd Z_ Zed SVYRgZ`c' Ze$d d`ce `W defT\ Re22

0+ WVVe RS`gV ^VR_ dVR ]VgV] W`c R T`fa]V `W23

jVRcd' R_U Ze$d `_]j RWeVc eh` R_U R YR]W jVRcd24

eYRe Ze dVV^d e` XVe d`ce `W aZT\VU fa hZeY eYV25
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cZdZ_X Xc`f_UhReVc V]VgReZ`_ Z_ eYRe RcVR) G`h' B1

[fde hR_e e` a`Z_e `fe eYRe' W`c eYV WZcde jVRc2

R_U R YR]W' eYVcV hVcV `_]j eYcVV hV]]d Re eYV3

dZeV' <,' <-' R_U <.)4

L` YVcV Zd eYVZc aZVk`^VecZT dfcWRTV ^Ra'5

eYZd Zd R Xc`f_UhReVc V]VgReZ`_ ^Ra Wc`^ ,44,' R_U6

j`f TR_ dVV eYRe eYV T`_df]eR_e YRd T`_T]fUVU eYRe7

eYVcV Zd R hVdehRcU Xc`f_UhReVc W]`h UZcVTeZ`_)8

9_U eYZd Zd eYV Z_W`c^ReZ`_ eYRe j`f dRh eRSf]ReVU9

Z_ eYRe VRc]ZVc eRS]V) PV]]' hYV_ j`f cVR]]j ]``\10

T]`dV]j Re eYV UReR' j`f dVV eYRe' Z_ WRTe' j`f11

T`f]U TR]Tf]ReV XcRUZV_ed X`Z_X `WW Z_ R]] d`ced12

`W UZcVTeZ`_d SVTRfdV eYZd <, ]`TReZ`_ Zd WZgV13

WVVe YZXYVc eYR_ R]] eYVdV `eYVc dfcc`f_UZ_X hV]]d14

R_U' Z_ WRTe' `gVc YVcV Re DZV]Vj ;]gU) j`f h`f]U15

acVUZTe R W]`h X`Z_X SRT\ eYV `eYVc hRj) L`16

T]VRc]j' e` dRj eYRe eYZd UReR cVacVdV_ed R17

hVdehRcU W]`h UZcVTeZ`_ [fde' j`f \_`h' U`Vd_$e18

^R\V dV_dV)19

9XRZ_' Z_ eYV VRc]j URjd eYVcV hVcV `_]j20

eYcVV hV]]d' <,' <-' R_U <.' d` SRdVU `_ eY`dV j`f21

h`f]U acVUZTe R d`feYhVde Xc`f_UhReVc W]`h22

UZcVTeZ`_' Sfe T]VRc]j `_TV eYVdV RUUZeZ`_R] hV]]d23

hVcV Z_deR]]VU' Ze SVTR^V T]VRc eYRe eYRe24

d`feYhVdehRcU XcRUZV_e hRd _`e cVR]) 9_U eYV25
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;`RcU fdVd eYRe VRc]j $4+d d`feYhVdeVc_ XcRUZV_e1

Z_ Zed RcXf^V_e e` SRdZTR]]j UVWV_U eYV TZej dVhVc2

a`eV_eZR] cV]VRdV ^VTYR_Zd^' R_U B$]] XVe SRT\ e`3

eYRe dY`ce]j)4

L` T]VRc]j' eYZd Zd [fde R dfXXVdeZ`_5

Wc`^ R ^R_fR] `W WZV]U YjUc`]`Xj e` ]``\ TRcVWf]]j6

Re Sf]]d VjVd' j`f \_`h' f_fdfR] UReR' e` ^R\V7

dfcV eYRe Ze$d cVR])8

L` YVcV' Z_ Zed$ T`_T]fdZ`_' eYZd aRce'9

PV]] <,' eY`dV Xc`f_UhReVc V]VgReZ`_d RcV RXRZ_10

]Z\V WZgV WVVe YZXYVc eYR_ eYV dfcc`f_UZ_X hV]]d11

W`c^Z_X R ^`f_U' R_U W`c R]^`de eYcVV jVRcd eYVj12

hVcV defT\ Re Rc`f_U 0+ WVVe RS`gV ^VR_ dVR ]VgV]'13

T]VRc]j R_`^R]`fd' T]VRc]j cV]jZ_X `_ UReR Wc`^14

`_]j PV]] <,' <- R_U <.' R_U T`_T]fUZ_X eYRe eYVcV15

Zd R d`feYhVde XcRUZV_e Z_ eYV VRc]j ,44+$d Zd R_16

Vcc`c)17

MYVcV Zd R dfXXVdeZ`_ Z_ eYV <YVgc`_18

cVa`ce eYRe eYVdV UZWWVcV_e W]`h UZcVTeZ`_d hVcV19

TRfdVU Sj UVVa ac`UfTeZ`_ hV]]d' Sfe eYVcV$d _`20

VgZUV_TV W`c eYRe acVdV_eVU Z_ eYRe cVa`ce) 9_U21

eYV_ ZW j`f eR\V RhRj eYV <, UReR a`Z_e R_U22

TR]Tf]ReV XcRUZV_ed' hYRe hV W`f_U Zd eYRe eYVj23

XV_VcR]]j ecV_U _`ceY `c _`ceYhVde) ;fe S`ee`^24

]Z_V Zd eYRe eYVcV$d _` VgZUV_TV W`c R ]`TR]25
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d`feYhVde XcRUZV_e Re eYV W`c^Vc <YVgc`_ deReZ`_'1

^fTY ]Vdd eYV F``_]ZXYe dZeV) L` eYV UReR Wc`^2

<YVgc`_ U`_$e UV^`_decReV eYRe Ze$d ^`cV3

T`^a]ZTReVU eYR_ VddV_eZR]]j R _`ceY _`ceYhVde e`4

_`ceYVRde dYZWe ((5

FL) 9C9FB5 <R_ B Rd\ j`f R bfVdeZ`_86

FL) I>9;H=Q5 LfcV)7

FL) 9C9FB5 L` eYV Xc`f_UhReVc8

T`_eR^Z_ReZ`_ TR^V hYV_ eYV Xc`f_UhReVc ^Ve eYV9

d`Z] T`_eR^Z_ReZ`_' cZXYe8 MYV Xc`f_UhReVc10

T`_eR^Z_ReZ`_ hRd TRfdVU Sj eYV d`Z] T`_eR^Z_ReZ`_11

WZcde' cZXYe8 MYV d`Z] hRd T`_eR^Z_ReVU R_U12

VgV_efR]]j ]VRTYVU e` Xc`f_UhReVc813

FL) I>9;H=Q5 Be T`f]U SV eYRe hRj' eYVcV14

RcV R T`fa]V `W ^VTYR_Zd^d' R_U B eR]\ RS`fe eY`dV15

Z_ R ^Z_feV ZW ((16

FL) 9C9FB5 Fj bfVdeZ`_ Zd' j`f \_`h' eYV17

Xc`f_UhReVc ]VgV] hRd d` ]`h UfcZ_X eYV aVcZ`U18

eYRe d`Z] T`_eR^Z_ReZ`_ hRd YRaaV_Z_X eYRe Ze19

^ZXYe _`e YRgV YRU V_`fXY TYR_TV e` XVe e` eYRe20

a`Z_e' cZXYe8 L` B$^ h`_UVcZ_X ]Z\V' j`f \_`h'21

^RjSV B$^ _`e XVeeZ_X d`^V `W eYZd' Sfe B$^ ecjZ_X22

e` h`_UVc' `\Rj' j`fc a`Z_e hV]] eR\V_' Ze$d R23

_`ceY' j`f \_`h' hVde a]f^V' Sfe ZW eYV24

Xc`f_UhReVc Zd _`e cVR]]j XVeeZ_X eYV25
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T`_eR^Z_ReZ`_' Ze U`Vd_$e ^ReeVc hYZTY UZcVTeZ`_1

Ze$d X`Z_X SVTRfdV T`_eR^Z_ReZ`_ Zd _`e X`Z_X hZeY2

Xc`f_UhReVc R_jhRj) PYV_ j`f deRce YZeeZ_X eYV3

T`_eR^Z_ReZ`_' eYRe Zd hYV_ hV cVR]]j TRcV hYZTY4

UZcVTeZ`_ Xc`f_UhReVc Zd X`Z_X' R_U B XfVdd SRdVU5

`_ hYRe j`f YRgV [fde acVdV_eVU' eYRe$d RS`fe eYV6

eZ^V eYRe eYV Xc`f_UhReVc XcRUZV_e deRceVU SVZ_X7

_`ceY ((8

FL) I>9;H=Q5 MYV UReR eYRe hV$gV cV]ZVU9

`_ Z_UZTReVd eYRe' Sj eYV ]ReV 2+$d' eYV10

Xc`f_UhReVc eRS]V hRd Z_ WRTe ^fTY dYR]]`hVc eYR_11

hYRe eYV ;`RcU YRd acVdV_eVU) MYV ;`RcU Zd12

cV]jZ_X `_' RXRZ_' UReR W`c hV]]d eYRe RcV Z_ R13

T`^a]VeV]j UZWWVcV_e RbfZWVc ((14

FK) F<@K9MA5 PV$cV ]``\Z_X W`c eYRe15

UReR' hYRe j`f$gV X`e fa eYVcV Zd UReR `_]j Wc`^16

,44. R_U $4/ hYV_ hV R]] \_`h eYRe Ze$d ,. jVRcd17

RWeVc eYV jVRc Z_ bfVdeZ`_' R_U hV R]] \_`h eYV18

Xc`f_UhReVc hRd cZdZ_X SVTRfdV `W cVTYRcXV) L`19

hYVcV$d eYZd ^jdeVcZ`fd UReR Wc`^ ,421 eYc`fXY20

,44+8 MYRe$d eYV UReR B$^ ]``\Z_X W`c)21

FL) I>9;H=Q5 PV]]' eYV acV(,44. UReR Zd22

UVdTcZSVU Z_ `fc cVa`ce eYRe hRd ac`gZUVU e` eYV23

;`RcU B eYZ_\ RS`fe dZi ^`_eYd RX` ((24

FL) 9C9FB5 9_U eYRe$d UReR Wc`^825
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FL) I>9;H=Q5 9_U eYRe$d UReR Wc`^ R1

LYV]] deReZ`_) Be$d `_ eYV `aa`dZeV dZUV `W eYV2

TcVV\' Sfe RS`fe eYV dR^V UZdeR_TV Rd F``_]ZXYe Zd3

Wc`^ eYV TcVV\' R_U eYRe UReR T]VRc]j dY`hd eYRe4

eYVcV hRd R dYZWe Z_ Xc`f_UhReVc W]`h) MYV5

Xc`f_UhReVc hRd _`e f]ecR UVVa R_U hV dVV eYV6

dYZWe `gVc eYVcV' R_U eYRe R]]`hd fd e` T`_T]fUV7

eYRe eYV dR^V eYZ_X YRaaV_VU `_ `fc dZUV `W eYV8

TcVV\)9

FL) 9C9FB5 ;fe eYV `_V eYRe j`f RcV [fde10

dY`hZ_X' eYV dYZWe YRaaV_VU Rc`f_U eYV dR^V eZ^V'11

eYV $4.($4/' cZXYe812

FL) I>9;H=Q5 KZXYe' d` hV dVV Ze `_ S`eY13

dZUVd `W eYV TcVV\)14

FL) 9C9FB5 L` U` j`f YRgV eYV15

Xc`f_UhReVc ]VgV] Wc`^ eYRe LYV]] deReZ`_ eYRe hV16

TR_ ]``\ Re817

FL) I>9;H=Q5 Be$d Z_ `fc cVa`ce) B18

U`_$e YRgV Ze Rd aRce `W eYZd acVdV_eReZ`_' j`f19

\_`h' hV `_]j YRgV R ]Z^ZeVU R^`f_e `W eZ^V R_U20

hV$cV ecjZ_X e` cVda`_U e` eYV _Vh eYV`cZVd eYRe21

hVcV [fde cRZdVU ]Rde hVV\)22

OB<> <A9BK QHNG@5 9]] cZXYe' ]Ve$d ^`gV23

`_ hZeY eYV acVdV_eReZ`_) FRcXRcVe Zd (( dYV$d `_24

R_U `WWZ_X eYV eZ^Vc Rd hV X` eYc`fXY bfVdeZ`_d'25
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74=%1

FL) I>9;H=Q5 H\Rj) L` WZ_R]]j' eYV2

RcXf^V_e YRd SVV_ cRZdVU eYRe I<> T`f]U YRgV SVV_3

S`f_U fa W`c jVRcd e` UVTRUVd Z_ eYV d`Z]4

Z^^VUZReV]j SV_VReY eYV T`_TcVeV d]RS R_U RS`gV5

R_j dVhVc ]Z_Vd) L`' hYV_ hV ]``\ Re eYV UReR W`c6

Xc`f_UhReVc' hV dVV eYRe Ze$d cV]ReZgV]j ]`h7

T`_TV_ecReZ`_d hYV_ T`^aRcVU e` eYV `_V aVcTV_e8

^RiZ^f^ d`]fSZ]Zej Z_ hReVc `W eYZd aRceZTf]Rc9

=G9IE> I<>) Hfc T`_T]fdZ`_ Wc`^ eYRe Zd eYRe Ze$d10

^`de ]Z\V]j R hRdeVhReVc (( I<> UZdd`]gVU Z_ hReVc11

cV]VRdV) 9_U hYRe hV' Rd B dRZU VRc]ZVc' hV UZU12

TR]Tf]ReZ`_d fdZ_X dZeV(daVTZWZT UReR' cVRd`_RS]V13

Rddf^aeZ`_d' R_U T`_T]fUVU eYRe Ze h`f]U eR\V dZi14

jVRcd e` cVRTY Xc`f_UhReVc' hYZTY Re eYRe15

Xc`f_UhReVc V]VgReZ`_ hRd RS`fe 0+ WVVe SV]`h16

Xc`f_U dfcWRTV) 9_U hV SV]ZVgV eYRe eYRe$d17

T`_dZdeV_e hZeY eYV Xc`f_UhReVc V]VgReZ`_ Z_ eYV18

]ReV $2+d)19

9]eVc_ReZgV]j' WcVV ac`UfTe =G9IE> T`f]U20

YRgV SVV_ cV]VRdVU' Ze YRd_$e SVV_ UVeVTeVU Re eYV21

dZeV' Sfe ]Ve$d dRj Ze YRU SVV_ cV]VRdVU' =G9IE>22

Zd _`e R gVcj gZdT`fd ^ReVcZR]) MYZd =G9IE> YRd23

R_ ViecV^V]j ]`h gZdT`dZej R_U h`f]U ^`gV' Z_24

WRTe' WRdeVc eYR_ hReVc X`Z_X U`h_ f_UVc XcRgZej)25
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Be TR_ ^`gV WRdeVc eYR_ eYV UZdd`]gVU I<> TRdV)1

?fceYVc^`cV' Rd B eYZ_\ Ze hRd cRZdVU VRc]ZVc' j`f2

\_`h' afcV aYRdV d`]gV_e eYRe XVed UZdTYRcXVU e`3

eYV Xc`f_U Z^^VUZReV]j deRced e` g`]ReZ]ZkV)4

L` YVcV RcV d`^V `W eYV `SdVcgReZ`_d eYRe5

YRgV SVV_ ^RUV `gVc eYV jVRcd SRdVU `_ R ]`e `W6

UZWWVcV_e defUZVd ((7

OB<> <A9BK QHNG@5 FRj B Z_eVccfae hZeY R8

bfVdeZ`_ X`Z_X SRT\ e` j`fc ^`UV] TR]Tf]ReZ`_ eYRe9

Ze h`f]U eR\V dZi jVRcd' j`f dRj' eYRe UZdd`]gVU10

I<> h`f]U eR\V dZi jVRcd e` cVRTY Xc`f_UhReVc Re11

0+ WVVe SV]`h eYV dfcWRTV' d` eYV UZdd`]gVU I<> Zd12

T`^Z_X Z_ eYV ]ZbfZU eYRe$d SVZ_X daZ]]VU hZeY eYV13

I<>8 Bd eYRe j`fc Rddf^aeZ`_814

FL) I>9;H=Q5 QVd) Hfc T`_TVaefR] ^`UV]15

W`c eYRe aRceZTf]Rc TR]Tf]ReZ`_ Zd eYRe eYVcV hRd16

hRdeVhReVc Z_ R dVhVc' eYRe hRdeVhReVc T`_eRZ_VU17

I<>' R_U Ze hRd UZdTYRcXVU Wc`^ eYV dVhVc ]Z_V'18

R_U eYV_ ^RUV Zed hRj gVceZTR]]j U`h_ e` eYV19

Xc`f_UhReVc eRS]V)20

OB<> <A9BK QHNG@5 9]] cZXYe' d` e`21

UVcZgV j`fc dZi jVRc WZXfcV' j`f hVcV Rddf^Z_X22

bfZeV R bfR_eZej `W hReVc SVTRfdV j`f hVcV23

Rddf^Z_X eYRe Ze hRd T`^Z_X Wc`^ dVhVc ]VR\RXV'24

_`e [fde Wc`^ eYV R^`f_e `W hReVc `c eYV R^`f_e `W25
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]ZbfZU eYRe ^ZXYe YRgV RTT`^aR_ZVU eYV I<> Rd Ze1

hV_e eYc`fXY R T`_TcVeV d]RS) <`ccVTe82

FL) I>9;H=Q5 KZXYe' eYRe hRd _`e eYV3

T`_TcVeV d]RS dTV_RcZ`' eYRe$d cZXYe)4

OB<> <A9BK QHNG@5 9]] cZXYe) MYR_\ j`f)5

FL) I>9;H=Q5 L` [fde XVeeZ_X SRT\ e`6

eYZd d]ZUV' eYVcV RcV defUZVd Sj IRf]d`_ R_U7

<``aVc eYRe dY`h eYRe d^R]] =G9IE> cV]VRdVd `_ eYV8

`cUVc `W `_]j R WVh XR]]`_d YRgV eYV a`eV_eZR] e`9

aV_VecReV e` UVaeYd `W ^R_j WVVe SV]`h Xc`f_U10

dfcWRTV hZeYZ_ Y`fcd `c URjd) B_ RUUZeZ`_' d`^V11

=G9IE> hZ]] g`]ReZ]ZkV R_U' RXRZ_' eYV ^`UV]Z_X12

defUZVd R_U WZV]U defUZVd YRgV dY`h_ eYRe13

T`_eR^Z_ReVU gRa`cd UZWWfdV eV_d `W jRcUd `c ^`cV14

Wc`^ R =G9IE> d`fcTV Z_ eYV Z_ %Z_UZdTVc_ZS]V&15

hZeYZ_ R aVcZ`U `W hVV\d e` ^`_eYd) L` eYVdV RcV16

cRaZU ac`TVddVd R_U d` Ze$d YRcU e` Z^RXZ_V eYRe17

I<> T`f]U YRgV SVV_ S`f_U fa W`c UVTRUVd R_U _`e18

SV cVgVR]VU VZeYVc eYc`fXY =G9IE> ^ZXcReZ`_ `c19

g`]ReZ]ZkReZ`_ `W R a]f^V' hYZTY ZedV]W TR_ eYV_20

T`_eR^Z_ReV Xc`f_UhReVc)21

L` WZ_R]]j' eYV deRWW YRd T`_T]fUVU eYRe22

dVhVc ]VR\d hVcV _`e R acZ^Rcj d`fcTV `W23

T`_eR^Z_ReZ`_ Re eYV dZeV' R_U eYVj ^R\V R_24

RcXf^V_e Z_ eYZd ^`de cVTV_e aRT\RXV eYRe j`f TR_25
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Via]RZ_ eYZd dVT`_URcj a]f^V U`h_ e` eYV d`feY'1

hYZTY Zd f_UVc_VReY dVhVc ]Z_Vd' Sj dRjZ_X' hV]]'2

eYVcV T`f]U YRgV SVV_ (( j`f cV^V^SVc eYRe3

d`feYhVde XcRUZV_e B daV_e bfZeV R SZe `W eZ^V4

eR]\Z_X RS`fe `gVc YVcV eYRe efc_VU `fe e` SV _`e5

cVR]' hV]]' eYRe d`feYhVde XcRUZV_e T`f]U YRgV6

d`^VY`h af]]VU d`^V T`_eR^Z_ReZ`_ `WW Wc`^ eYV7

^RZ_ a]f^V R_U eYV_' hYV_ eYV Xc`f_UhReVc dYZWe8

`TTfccVU' Ze dYZWeVU eYZd T`_eR^Z_ReZ`_ SRT\ e`9

eYV _`ceYVRde' R_U eYRe$d hYj j`f dVV eYZd10

T`_eR^Z_ReZ`_ YVcV f_UVc_VReY eYV dVhVcd) 9_U `fc11

gZVh Zd eYRe R ^fTY dZ^a]Vc Via]R_ReZ`_ W`c hYj12

eYVcV RcV eYVdV V]VgReVU T`_TV_ecReZ`_d f_UVc eYV13

dVhVcd Zd eYRe eYV dVhVcd eYV^dV]gVd ]VR\VU)14

FK) F<@K9MA5 PYRe$d eYV UZcVTeZ`_ `W eYV15

W]`h `W eYV dVhVc ]Z_V816

FL) I>9;H=Q5 Be X`Vd (( jVRY)17

FK) F<@K9MA5 L` R_ R]eVc_ReZgV18

Via]R_ReZ`_ T`f]U hV]] YRgV SVV_ =G9IE> eYRe19

Z_eVcdVTeVU R ]VR\ Z_ eYV dVhVc ]Z_V `c UZcVTe20

UZdTYRcXV e` eYV dVhVc ]Z_V' eYV WRTe `W `_V21

U`Vd_$e SV]ZV eYV WRTe `W eYV `eYVc) L` ]Ve ^V22

^R\V ^j cVRd`_Z_X T]VRc `_ eYV cVT`cU' eYVcV$d23

VgZUV_TV Z_ eYV ViYZSZe eYRe dY`hd R dVT`_URcj24

a]f^V `W WRZc]j YZXY T`_TV_ecReZ`_' R]`_X hZeY eYV25
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dVhVc ]Z_V' Ze U`Vd RaaVRc e` SV (( Ze$d T]VRc]j1

U`h_ XcRUZV_e Wc`^ eYV Ucj T]VR_Vc' d` Ze$d _`e2

acVT]fUVU eYRe eYRe T`f]U YRgV SVV_ R UZdTYRcXV3

Z_e` eYV dVhVc ]Z_V eYRe eYV_ TR^V `fe Re R_`eYVc4

^VTYR_Zd^6 Z_ `eYVc h`cUd' eYV acVdV_TV `W R5

dVT`_U a]f^V U`Vd_$e SV]ZV eYV `cZXZ_ `W eYV WZcde6

a]f^V' eYVj T`f]U SV dVaRcReV ^VTYR_Zd^d' hYZTY7

hRd ^RUV gVcj T]VRc Z_ eYV deRWW cVT`^^V_UReZ`_'8

R_U B eYZ_\ Zd gVcj T]VRc YVcV) Be$d Z_eVcVdeZ_X9

Z_W`c^ReZ`_ R_U B eYZ_\ VgZUV_TV `W ViWZ]ecReZ`_10

Wc`^ eYV dVhVc ]Z_V' Sfe R d]`aaj `aVcReZ`_ UZU_$e11

TRfdV %aY& eYV daZ]] Z_e` eYV dVhVc ]Z_V' B XfVdd12

Ze UVaV_UVU `_ Y`h UZ]feVU Ze X`e SVW`cV Ze X`e13

`fe `W eYV dVhVc ]Z_V)14

FL) I>9;H=Q5 PV]]' B eYZ_\ eYV15

UZdeZ_TeZ`_' eY`fXY' Zd eYRe B eYZ_\ hYRe eYV16

;`RcU Zd dRjZ_X Zd eYRe eYVcV ^ZXYe YRgV SVV_ d`^V17

cV]VRdVd `fe `W R dVhVc ]ReVcR] eYRe h`f]U YRgV18

SVV_ T`_ec`]]VU Sj eYV ac`aVcej `h_Vc' Rd UZdeZ_Te19

Wc`^ R <Zej dVhVc ]Z_V' hYZTY Zd hYRe hV$cV20

]``\Z_X Re YVcV)21

FK) F<@K9MA5 ;fe ZW eYRe dVhVc ]Z_V Zd22

U`h_(XcRUZV_e Wc`^ eYV Ucj T]VR_Vc' d` R UZdTYRcXV23

Wc`^ eYV Ucj T]VR_Vc Z_e` eYVZc dVhVc ]Z_V SVTRfdV24

`W R Tc`dd T`__VTeZ`_ SVTRfdV eYVj fdVU eYV dVhVc25
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]Z_V e` UZda`dV `W d`^V ^ReVcZR]d' h`f]U YRgV X`_V1

Z_ eYRe UZcVTeZ`_) 9_U ZW eYVcV hRd R Y`]V Z_ eYV2

dVhVc ]Z_V' ZW Ze hRd acVeej eZXYe fa e` eYRe3

a`Z_e' eYRe h`f]U SV j`fc d`fcTV' T`ccVTe8 9^ B4

^ZddZ_X d`^VeYZ_X YVcV85

FK) K>BL<A5 PV]]' R_U eYVcV Zd RTefR]]j6

R aZTefcV `W eYV dVhVc ]Z_V) B eYZ_\ j`f$cV7

dRjZ_X eYRe eYV dVhVc T`f]U YRgV ]VR\VU R_U eYRe$d8

hYRe hV$cV dRjZ_X) B eYZ_\ eYV ;`RcU deRWW$d9

a`dZeZ`_ Zd eYRe Ze hRd `_]j eYV ]ReVcR] eYRe10

]VR\VU' eYV dVhVc ZedV]W hRd _`e R acZ^Rcj d`fcTV'11

d` e` eYV VieV_e j`f$cV dRjZ_X eYRe j`f eYZ_\ eYV12

dVhVc ^ZXYe YRgV ]VR\VU' eYRe$d hYRe hV$cV dRjZ_X13

e``) 9_U eYRe$d R gZUV` eR\V_ `W eYV dVhVc ]Z_V)14

FK) F<@K9MA5 ;fe eYV bfVdeZ`_ Zd hYVcV15

eYV T`_eR^Z_R_ed X`e Z_e` eYV dVhVc ]Z_V fa(16

XcRUZV_e)17

OB<> <A9BK QHNG@5 BW B f_UVcdeR_U CZ^$d18

cVRd`_Z_X R_U' CZ^' B$^ [fde TYVT\Z_X `_ eYZd'19

eYRe j`f$cV dRjZ_X VgV_ ZW Ze UZU ]VR\ `fe `W eYV20

dVhVc' eYV `cZXZ_R] d`fcTV T`f]U hV]] YRgV SVV_21

eYV Ucj T]VR_Vcd' R_U d` Ze cVR]]j U`Vd_$e ^ReeVc)22

FK) F<@K9MA5 B TR_$e Z^RXZ_V Ze SVZ_X23

R_j `eYVc d`fcTV SVTRfdV j`f$gV X`e UZWWfdZ`_ `gVc24

eZ^V hZeY R_j \Z_U `W W]`h aYV_`^V_`_6 j`f ]``\25
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W`c eYV T]`dVde d`fcTV ZW j`f$gV X`e d`^VeYZ_X Rd1

YZXY Rd eYZd a]f^V) Be TR_$e T`^V Wc`^ WRc RWZV]U'2

Ze YRU e` T`^V Wc`^ _VRc WZV]U)3

FK) K>BL<A5 Cfde e` SV T]VRc' eYRe$d4

hYRe hV$cV dRjZ_X' e``) PV$cV _`e dRjZ_X Ze5

hRd_$e eYV Ucj T]VR_Vc' hV$cV dRjZ_X eYV Ucj6

T]VR_Vc hRdeVhReVc ]VR\VU [fde SV]`h hYVcV j`f dVV7

eYRe dVT`_U a]f^V)8

OB<> <A9BK QHNG@5 9]] cZXYe' B [fde hR_e9

e` ^R\V j`f RhRcV eYRe hV$cV _`e dfSecRTeZ_X ((10

`fc bfVdeZ`_ eZ^V Zd _`e dfSecRTeZ_X Wc`^ j`fc11

eZ^V' Sfe j`fc eZ^V Zd deZ]] hR_Z_X)12

FK) K>BL<A5 HY' `\Rj) A`h ^fTY eZ^V813

MV_ ^Z_feVd' `\Rj) PV]]' B$]] aZT\ fa) B$^ X`Z_X14

e` X` SRT\ e` eYV ]VXR] ZddfVd6 B eYZ_\ <RcVj YRd15

YZe eYV eVTY_ZTR] ZddfVd) 9_U eYV WZcde `_V Zd16

eYZd \_`h]VUXV bfVdeZ`_' R_U eYV \Vj (( j`f YVRcU17

(( B eYZ_\ eYV deRWW RcXfVU eh` UZWWVcV_e a`Z_ed'18

`_V Zd eYRe eYV eYVRecV `aVcRe`c YRU RTefR]19

\_`h]VUXV `W eYV RTeZgZej R_U R]d` eYRe eYVcV hRd20

T`_decfTeZgV \_`h]VUXV) 9_U B$]] XVe e` eYZd gVcj21

Z^a`ceR_e UZdeZ_TeZ`_ SVehVV_ \_`h]VUXV `W eYV22

RTeZgZej gVcdfd \_`h]VUXV `W eYV UZdTYRcXV' hYZTY23

Zd cVR]]j Wf_UR^V_eR])24

;fe Z_ eVc^d `W eYV aVc^Ze eYRe eYVj cV]j25
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`_ Z_ eYV PRdeVhReVc KVXf]ReZ`_' j`f \_`h' ZW j`f1

]``\ Re S`eY `W eYV^' R_U B V_T`fcRXV j`f e` U`2

d`' _VZeYVc `W eYV^ eR]\d RS`fe Xc`f_UhReVc3

T`_eR^Z_ReZ`_) MYV ?ZcV FRcdYR] hRd T`_TVc_VU4

RS`fe WZcVd' j`f \_`h' `SgZ`fd]j' R_U eYVcV Zd5

UZdTfddZ`_ `W gRa`cd R_U eYZ_Xd ]Z\V eYRe' Sfe6

eYVcV$d _`eYZ_X RS`fe eYRe ?ZcV FRcdYR] IVc^Ze7

eYRe h`f]U afe R_jS`Uj `_ _`eZTV eYRe eYVcV hRd R8

cZd\ `W Xc`f_UhReVc T`_eR^Z_ReZ`_) 9_U dZ^Z]Rc]j'9

eYV WRTe eYRe eYVcV hRd R hRdeVhReVc cVXf]ReZ`_'10

R_U j`f \Z_U `W YRgV e` h`c\ j`fc hRj eYc`fXY Ze11

e` dVV eYRe Ze ac`YZSZed eYV UZdTYRcXV `W12

TY]`cZ_ReVU d`]gV_ed eYV hRj Ze hRd UVdTcZSVU' Sfe13

`_TV j`f U` eYRe' ZW j`f U` eYRe j`f deZ]] YRgV R14

hRdeVhReVc cVXf]ReZ`_ eYRe$d eV]]Z_X j`f hYRe TR_15

X` e` R IHMP' acVdf^RS]j W`c eYV ac`eVTeZ`_ `W eYV16

IHMP) B U`_$e eYZ_\ eYRe afed j`f `_ R_j _`eZTV17

eYRe eYVcV hRd R cZd\ `W Xc`f_UhReVc18

T`_eR^Z_ReZ`_) 9_U Ze TVceRZ_]j UZU_$e Z_ eYZd19

TRdV)20

MYV `eYVc ZddfV eYRe eYVj T]RZ^ Zd' hV]]'21

^RjSV eYVcV hRd_$e RTefR] \_`h]VUXV' ^RjSV Ze hRd22

T`_decfTeZgV \_`h]VUXV' R_U YVcV B eYZ_\ j`f YRgV23

e` TRde j`fcdV]W SRT\ e` eYV $1+d SVTRfdV hYRe j`f24

\_Vh `c dY`f]U YRgV \_`h_ UVaV_Ud fa`_ eYV25
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eZ^VWcR^V' R_U hV YVRcU VRc]ZVc e`URj eYRe eYVcV1

hVcV eYZ_Xd eYRe hV \_`h RcV `W T`_TVc_ e`URj eYRe2

hV UZU_$e \_`h RS`fe jVdeVcURj) PV YVRcU RS`fe3

eYVc^`^VeVcd ^Rj SV `fc T`_TVc_ R_U eYZ_Xd ]Z\V4

eYRe) PV]]' hYRe hRd eYV T`_decfTeZgV \_`h]VUXV5

`W R eYVRecV `aVcRe`c Z_ eYV ,41+$d' hYRe UZU eYVj6

\_`h `c dY`f]U eYVj YRgV \_`h_ RS`fe R Ucj7

T]VR_Vc8 PV]]' hYV_ j`f ]``\ Re [fde eYV afS]ZT8

cVT`cU' j`f dVV eYRe eYV ;`RcU$d WZcde TRdV9

RXRZ_de R Ucj T]VR_Vc hRd Z_ eYV ]ReV $3+d'10

eYVcV$d ^RjSV R ^V_eZ`_ eYRe eYV Ucj T]VR_Vcd11

SVTR^V \_`h_ Rd d`fcTVd `W T`_eR^Z_ReZ`_ Z_ eYV12

^ZU($3+d' j`f \_`h' W`c eYV WZcde eZ^V' d` hYV_ Ze13

SVTR^V R T`^^`_]j \_`h_ YRkRcU Ze h`f]U acVdf^RS]j14

SV RWeVc eYRe) ;fe Ze hRd _`e hV]] \_`h_ Z_ eYV15

$1+d eYRe Ucj T]VR_Vcd hVcV Re cZd\ `W Xc`f_UhReVc16

T`_eR^Z_ReZ`_' R_U TVceRZ_]j ZW Ze hRd_$e hV]]17

\_`h_ e` eYV cVXf]Re`cd' Ze hRd_$e hV]] \_`h_ e`18

eYV eYVRecV `aVcRe`c)19

L`^VS`Uj Rd\VU SVW`cV' B eYZ_\ `_V `W eYV20

;`RcU ^V^SVcd Rd\VU RS`fe' hV]]' hYRe dY`f]U eYV21

]R_U]`cU YRgV U`_V8 9_U j`f ]``\ Re eYV TRdVd R_U22

j`f dVV hYRe eYVj dRj Zd j`f$cV T`_decfTeZgV23

\_`h]VUXV UVaV_Ud fa`_ hYRe h`f]U YRgV SVV_ R24

cVRd`_RS]V Z_gVdeZXReZ`_ Re eYV eZ^V aVcZ`U)25
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MYVcV$d VgV_ R TRdV eYRe eR]\d RS`fe hYRe \Z_U `W1

Z_gVdeZXReZ`_ j`f U` `W XRd deReZ`_d R_U eYZ_Xd2

]Z\V eYRe' R_U eYVj dRj Ze cVR]]j UVaV_Ud fa`_ eYV3

eZ^V) L` Z_ eYV $1+d R_U $2+d' hYRe h`f]U R4

cVRd`_RS]V Z_gVdeZXReZ`_ YRgV SVV_8 PV]]' B TR_5

eV]] j`f eYRe aV`a]V hVcV _`e U`Z_X dfSdfcWRTV6

Z_gVdeZXReZ`_d `W Ucj T]VR_Vcd Z_ eYV $1+d R_U7

$2+d' R_U ZW eYV ]R_U]`cU YRU cVRd`_' R_U B U`_$e8

eYZ_\ eYVj UZU' Sfe ZW eYVj YRU YRU cVRd`_ e`9

T`_UfTe R aYjdZTR] Z_daVTeZ`_' eYVj ^ZXYe YRgV10

dVV_ T`]`c]Vdd I<>8 G`' B U`_$e eYZ_\ d`) MYVj11

h`f]U_$e YRgV dVV_ TcRT\d' dfSdfcWRTV TcRT\d Z_12

eYV T`_TcVeV) MYVj h`f]U_$e YRgV dVV_ ]VR\Z_X13

dVhVcd eYc`fXY R_ Z_daVTeZ`_) L` hYV_ j`f ]``\ Re14

T`_decfTeZgV \_`h]VUXV' eY`dV RcV eYV eYZ_Xd eYRe15

j`f YRgV e` ]``\ Re' R_U RXRZ_' SRdVU `_ eYV16

eZ^VWcR^V hV$cV eR]\Z_X RS`fe' eYRe$d _`e hYRe R17

cVRd`_RS]V Z_daVTeZ`_ h`f]U YRgV SVV_' R_U eYRe$d18

_`e eYV \Z_U `W \_`h]VUXV eYRe R eYVRecV `aVcRe`c19

h`f]U YRgV YRU) 9_U YVcV$d cVR]]j eYV \Vj) Q`f20

YVRcU cVWVcV_TV e` eYV LefRce TRdV R_U eYV E`XdU`_21

TRdV' R_U B hR_e e` eR]\ RS`fe S`eY `W eYV^ R_U22

RTefR]]j ]``\ Re hYRe eYVj RTefR]]j dRj)23

LefRce IVec`]Vf^ Zd RS`fe R T`^aR_j eYRe24

Zd R XRd deReZ`_' R_ `Z] T`^aR_j' LefRce IVec`]Vf^25
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eYRe ]VRdVd ac`aVcej' dfS]VRdVd ac`aVcej eYc`fXY R1

XRd deReZ`_ `aVcRe`c' R_U hYRe eYV ;`RcU RTefR]]j2

dRZU hRd eYRe LefRce IVec`]Vf^ hRd ]ZRS]V SVTRfdV3

ac`S]V^d `W ]VR\Z_X f_UVcXc`f_U eR_\d YRgV SVT`^V4

T`^^`_ \_`h]VUXV' aRceZTf]Rc]j Z_ eYV `Z]5

Z_Ufdecj) L` eYRe$d hYRe eYV ;`RcU cV]ZVU `_)6

L`^V`_V Z_ eYV dR^V Z_Ufdecj' R_U hYRe hRd T`^^`_7

\_`h]VUXV' hRd eYZd ac`S]V^ `W ]VR\Z_X eR_\d)8

MYVj UZU_$e dRj R EVdd`c Zd ]ZRS]V [fde W`c R ]VR\9

Z_ eYV XRd deReZ`_' hYZTY Zd hYRe Zd Re ZddfV10

YVcV' j`f \_`h' eYRe eYV eYVRecV `aVcRe`c Zd11

]ZRS]V [fde SVTRfdV Ze ]VRdVU e` R Ucj T]VR_Vc)12

MYVj ]``\VU WfceYVc R_U eYVj dRZU' `Y' _`' hV13

eYZ_\ eYVcV$d T`_decfTeZgV \_`h]VUXV YVcV SVTRfdV14

Re eYZd eZ^V Z_ eYV ^ZU($3+d' hV \_`h eYRe ]VR\Z_X15

f_UVcXc`f_U de`cRXV eR_\d hVcV `fc ac`S]V^' d`16

Ze$d \_`h]VUXV `W eYV T`_UZeZ`_' eYV cZd\ `W17

Xc`f_UhReVc T`_eR^Z_ReZ`_' _`e [fde \_`h]VUXV `W R18

XRd deReZ`_ `c R Ucj T]VR_Vc) 9_U B eYZ_\ eYV19

E`XdU`_ TRdV' B$^ X`Z_X e` WZ_U Ze W`c j`f' dRjd20

d`^VeYZ_X gVcj dZ^Z]Rc R_U B$^ X`Z_X e` cVRU Ze e`21

j`f' eYV ZddfVd eYfd SVT`^V hYVeYVc IVeZeZ`_Vcd Rd22

]R_U]`cUd YRU `_V RTefR] \_`h]VUXV `W eYV23

UR_XVc`fd T`_UZeZ`_' R_U R_ `aa`cef_Zej e` `SgZReV24

Ze) 9_U XfVdd hYRe8 B_ eYRe TRdV eYV ]R_U]`cU25
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hRd Z_ eYV dR^V SfdZ_Vdd Rd eYV eV_R_e' h``U1

ecVRe^V_e' YZd RXV_e YRU cVTVZgVU _`eZTV Wc`^ eYV2

KVXZ`_R] PReVc JfR]Zej ;`RcU `W T`_eR^Z_ReZ`_3

ZddfVd) L` e` TZeV eYVdV TRdVd R_U dRj' hV]]' j`f4

\_`h' eYVj$cV acVTVUV_e W`c eYZd' eYVj$cV _`e)5

MYVj$cV acVTVUV_e W`c eYV `aa`dZeV' hYZTY Zd eYRe6

j`f YRgV e` YRgV RTefR] \_`h]VUXV `c T`_decfTeZgV7

\_`h]VUXV `W eYV T`_UZeZ`_' R_U Ze$d _`e V_`fXY8

[fde e` dRj d`^V`_V ]VRdVU eYV ac`aVcej e` R Ucj9

T]VR_Vc' R_U eYVcVW`cV eYVj$cV ]ZRS]V) B eYZ_\10

eYZd Zd ac`SRS]j eYV Wf_UR^V_eR] (( `_ eYV ]Rh' Re11

]VRde' hV$]] XVe e` eYV SR_\cfaeTj ZddfV (( eYV12

Wf_UR^V_eR] UZdafeV SVehVV_ eYV aRceZVd `_ eYV13

]VXR] dZUV)14

PV R]d` dZeV R T`fa]V TRdVd `c aZVTVd15

eYRe RcV R]`_X eYV dR^V ]Z_Vd) MYVdV RcV R16

cVd`]feZ`_ dY`ed %aY& TRdV Zd R TRdV eYRe17

Z_eVcacVeVU ,..+/ `W eYV PReVc <`UV R_U eYV18

GfZdR_TV ]Rh %aY& Z_ eYV dR^V hRj' R_U eYVj dRZU19

eYV =VWV_UR_e ^fde SV RhRcV `W eYV daVTZWZT20

UR_XVc`fd T`_UZeZ`_' SV RS]V e` U` d`^VeYZ_X RS`fe21

Ze SVW`cV R ]ZRSZ]Zej hZ]] ReeRTY) MYV <Zej `W22

Le`T\e`_ Zd eYV GfZdR_TV TRdV Wc`^ eYV GZ_eY23

<ZcTfZe' j`f YRgV e` \_`h `c dY`f]U \_`h `W eYV24

RceZWZTZR] T`_UZeZ`_ R_U eYV _fZdR_TV) 9XRZ_' _`e25
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V_`fXY e` \_`h eYRe eYVcV hRd R T`^^VcTZR]1

RTeZgZej eYVcV' j`f YRgV e` \_`h `W eYV cZd\ `W2

eYV _fZdR_TV)3

PV TR_ ^V_eZ`_ `_ eYV eYZcU ZddfV RS`fe4

T`_ec`]' j`f \_`h' hV U`_$e YRgV R T`aj `W R ]VRdV5

YVcV' eYZd Zd jVRcd RX`' hV U`_$e \_`h eYRe R6

]VRdV VgV_ ViZdeVU) BW j`f ]``\ RTefR]]j Re eYV7

AR_d`_ %aY& ]VRdV eYRe hRd cVWVcV_TVU VRc]ZVc' Ze8

U`Vd_$e dRj eYRe R ]VRdV ViZdeVU' Ze dRZU eYRe eYV9

MV_R_e hRd X`Z_X e` ac`gZUV T`aZVd `W R_j ]VRdVd10

e` eYV ]R_U]`cU) =`Vd eYRe ^VR_ eYVcV hRd R ]VRdV11

`c eYVcV hRd_$e R ]VRdV8 B eYZ_\ Ze ^VR_d eYVj12

XRgV eYV^ hYRe eYVj YRU' B U`_$e eYZ_\ hV \_`h)13

9_U hV TVceRZ_]j U`_$e \_`h eYVdV eYZ_Xd' eYRe14

N_ZeVU 9ceZded YRU eYV RfeY`cZej e` V_eVc eYV15

acV^ZdVd' eVc^Z_ReV eYV ]VRdV' R_U cV^VUZReV eYV16

T`_eR^Z_ReZ`_' hYZTY RcV hYRe eYV ;`RcU$d17

acVTVUV_ed dRj) 9_U Z_ S`eY eYV TRdVd hV$gV18

eR]\VU RS`fe' aRceZTf]Rc]j E`XdU`_' eYVj ]``\ Re19

eYV RTefR] eVc^d `W eYV ]VRdV e` UVTZUV eYZd' hV20

U`_$e YRgV eYRe Z_W`c^ReZ`_ YVcV)21

Q`f YVRcU cVWVcV_TV e` eYV SR_\cfaeTj'22

B$^ _`e X`Z_X e` daV_U R ]`e `W eZ^V `_ eYRe23

SVTRfdV Ze$d Z_ `fc aRaVcd' Sfe N_ZeVU 9ceZded24

hV_e eYc`fXY R SR_\cfaeTj Z_ -++,) Be$d25
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Z_eVcVdeZ_X W`c ^V e` dVV eYRe eYV ;`RcU Zd1

dRjZ_X' hV]]' f_UVc eYV ]VXR] eYV`cj eYVj eYZ_\2

Raa]ZVd' eYVj dRj' hV]]' j`f \_`h' eYV ;`RcU3

T`f]U_$e YRgV T`_eV^a]ReVU R T]RZ^ SRT\ Z_ -++,'4

hV UZU_$e \_`h R_jeYZ_X RS`fe eYV dZeV) 9e eYV5

dR^V eZ^V' eYVj$cV dRjZ_X' Sfe j`f dY`f]U YRgV6

SVV_ `_ _`eZTV Z_ ,41,' `c ,41- Wc`^ eYZd ?ZcV7

FRcdYR] IVc^Ze' j`f dY`f]U YRgV \_`h_ eYRe eYVcV8

hRd R T`_eR^Z_ReZ`_ ZddfV' Sfe hV UZU_$e \_`h' j`f9

\_`h' UVTRUVd ]ReVc) B eYZ_\ eYRe$d R Wf_UR^V_eR]10

Z_T`_dZdeV_Tj)11

L` e` hcRa fa' ZW ^j eZ^V R]]`hd ^j ]Rde12

d]ZUV' B eYZ_\ d`' j`f \_`h' hYRe <RcVj acVdV_eVU13

Zd B eYZ_\ R UReR UcZgV_ R_R]jdZd RS`fe hYRe14

RTefR]]j YRaaV_VU Re eYZd dZeV) Q`f \_`h' hV TR_15

eR]\ RS`fe defUZVd' hV TR_ eR]\ RS`fe hYRe Ucj16

T]VR_Vcd fdfR]]j UZU' eYV bfVdeZ`_ YVcV Zd _`e17

hYVeYVc eYZd Ucj T]VR_Vc ]VR\VU' Sfe hYV_ UZU Ze18

]VR\' R_U e` eYV ;`RcU bfVdeZ`_d eYRe hV cVTVZgVU'19

B hR_e e` ^R\V dfcV aV`a]V f_UVcde``U eYV20

bfVdeZ`_) Q`f \_`h' eYVcV$d _` UZdafeV eYRe21

Xc`f_UhReVc dYZWeVU) MYV bfVdeZ`_ Zd' hYV_ UZU22

eYV I<> YZe eYV Xc`f_UhReVc8 9_U B eYZ_\ `_V `W23

eYV ;`RcU ^V^SVcd hRd ecjZ_X e` dRj eYRe) 9_U B24

eYZ_\ hYRe <RcVj hRd eV]]Z_X j`f hRd' _` ^ReeVc25
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hYZTY W`c^ eYZd cV]VRdV e``\' Ze ZW hRd R =G9IE>1

`c R hRdeVhReVc' Ze h`f]U _`e (( Ze h`f]U YRgV YZe2

bfZT\]j' R =G9IE> U`Vd_$e dZe eYVcV dfdaV_UVU W`c3

UVTRUVd hRZeZ_X W`c Xc`f_UhReVc W]`h e` TYR_XV)4

9_U d` eYVcV$d _` VgZUV_TV `W eYRe) 9XRZ_' B5

eR]\VU RS`fe eYV %Z_UZdTVc_ZS]V& eYZ_X R_U B h`_$e6

X` eYc`fXY eYRe) B U` hR_e e` daV_U R ^`^V_e `_7

eYZd ViaR_dZ`_ `W ]R_U]`cU ]ZRSZ]Zej) Q`f \_`h'8

eYV acVTVUV_e YVcV B eYZ_\ Zd gVcj Z^a`ceR_e)9

Q`f$cV ]``\Z_X Re Y`]UZ_X R ]R_U]`cU ]ZRS]V [fde10

W`c SVZ_X R ]R_U]`cU R_U [fde W`c ]VRdZ_X e` R Ucj11

T]VR_Vc' hYV_ hV YRgV TRdVd eYRe dRj Ze$d _`e12

Z]]VXR] e` cV_e e` R XRd deReZ`_' Sfe _`h Ze$d13

X`Z_X e` SV R ac`S]V^ e` ]VRdV e` R Ucj T]VR_Vc14

R_U B eYZ_\ `eYVc RTeZgZeZVd) B eYZ_\ j`f$cV15

SRdZTR]]j dRjZ_X' j`f \_`h' ZW eYVcV hRd R16

T`^^VcTZR] fdV `W eYV ac`aVcej' `c Z_UfdecZR] fdV'17

`c R_ RXcZTf]efcR] fdV' j`f \_`h' eYV ]R_U]`cU18

T`f]U SV ]ZRS]V SVTRfdV eYVj$cV X`Z_X e` SV19

TYRcXVU hZeY \_`hZ_X RS`fe eYRe) Q`f \_`h' hV20

YVRcU RS`fe eYVc^`^VeVcd VRc]ZVc' B eYZ_\ _`h21

]R_U]`cUd YRgV e` dRj' `Y' hV]]' B XfVdd U`Te`cd22

R]hRjd fdV eYVc^`^VeVcd) Q`f \_`h' ZW Ze efc_d23

`fe eYRe R eYVc^`^VeVc Zd Sc`\V_' eYRe hRd dhVae24

Z_e` eYV UcRZ_' hYZTY B$gV dVV_ YRd SVV_ R_ ZddfV'25
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j`f \_`h' hV WZXfcV eYRe `fe W`fc jVRcd ]ReVc'1

hV$cV X`Z_X e` X` SRT\ R_U Y`]U eYV ]R_U]`cU W`c2

eYV U`Te`c$d `WWZTV cVda`_dZS]V W`fc jVRcd ]ReVc83

B eYZ_\ eYRe$d R gVcj Z^a`ceR_e ZddfV YVcV)4

ERde a`Z_e' eYV TRdV RXRZ_de ^j T]ZV_e' B5

eYZ_\' Zd cVR]]j f__VTVddRcj) PYRe eYV ;`RcU Zd6

cVR]]j U`Z_X Zd UVa]`jZ_X Zed cVd`fcTVd e` YV]a7

F``_]ZXYe 9dd`TZReVd aRj W`c eYZd' hYZTY eYVj$cV8

TRaRS]V `W U`Z_X `_ eYVZc `h_' R_U eYZd Zd _`e R9

aRcej eYRe UVdVcgVd j`fc YV]a) MYVj ]VRdVU eYV10

ac`aVcej e` R Ucj T]VR_Vc UfcZ_X eYV ^`UVc_11

V_gZc`_^V_eR] VcR' j`f \_`h' UfcZ_X eYV $4+d' eYVj12

UZU_$e U` R_j eVdeZ_X f_eZ] -++/' R_U eYZd hY`]V13

g`]f_eRcj eYZ_X' B$^ d`ccj' eYVcV$d R deRefeV eYRe14

cVbfZcVU eYV^ e` cVa`ce eYRe T`_eR^Z_ReZ`_ Z_ -++/15

eYRe eYVj UZU_$e RSZUV Sj' R_U eYVj e`]U j`f RS`fe16

Ze WZgV jVRcd ]ReVc) L` eYVj$cV _`e bfZeV hYRe17

hRd acVdV_eVU YVcV) 9_U eYVj$gV _VgVc cVR]]j SVV_18

Rd\VU e` eV]] fd VgVcjeYZ_X eYVj \_Vh RS`fe eYV19

dZeV) MYVj YRgV_$e SVV_ Rd\VU e` ac`gZUV R dZeV20

YZde`cj cVa`ce' eYVj hVcV_$e Rd\VU hYj eYVj UZU21

eYV eVdeZ_X Z_ -++/) MYVj YRgV_$e SVV_ Rd\VU22

hYVeYVc eYVj \_Vh RS`fe cV]VRdVd SVW`cV eYRe) PV23

U`_$e YRgV R_j `W eYRe Z_W`c^ReZ`_ SVTRfdV eYVj24

YRgV_$e SVV_ Rd\VU Sj eYV deRWW)25
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9_U eYV_' WZ_R]]j' hV U` eYZ_\ eYRe LR_eR1

<]RcR dY`f]U SV YVcV Wc`^ hYRe hV dRh VRc]ZVc'2

eYVcV$d R_ `SgZ`fd cV]VRdV' j`f \_`h' j`f$gV X`e3

eYZd SZX Y`e da`e cZXYe f_UVc_VReY eYV dVhVc'4

d`^VY`h eYZd ZUVR eYRe eYV dVhVc ]ReVcR] TR_ ]VR\'5

Sfe eYV dVhVc ZedV]W R WVh WVVe RhRj UZU_$e' j`f6

\_`h' B U`_$e eYZ_\ eYRe$d cVR]]j SV]ZVgRS]V) L`7

eYRe$d ^j acVdV_eReZ`_) B$^ YRaaj e` eR\V R_j8

bfVdeZ`_d eYRe ;`RcU ^V^SVcd YRgV)9

OB<> <A9BK QHNG@5 KZXYe) =` hV YRgV10

RUUZeZ`_R] bfVdeZ`_d Re eYZd a`Z_e811

FL) 9C9FB5 B [fde hR_e e` ^R\V R12

T`^^V_e) Q`f \_`h' B f_UVcdeR_U d`^V `W eYV ]VXR]13

ZddfVd j`f acVdV_e) F`UV]Z_X Zd ^`UV]Z_X' j`f14

\_`h' eYVcV RcV d` ^R_j Rddf^aeZ`_ eYRe X` e` j`fc15

^`UV]Z_X eYRe hV cVR]]j U`_$e \_`h hYRe eYVj RcV'16

]Z\V eYV WRTe `W Y`h ^fTY j`f$cV eR]\Z_X RS`fe eYV17

I<> UZdd`]gVU hYZTY' j`f \_`h' eYVcV$d _` VgZUV_TV18

eYRe eYVcV hRd hRdeVhReVc ]VR\RXV eYVcV) Fj a`Z_e19

Zd' j`f \_`h' eYV RcXf^V_e eYRe eYVcV hRd ]VR\RXV20

R_U eYV_ Ze e``\ eYV I<> R_U e``\ Ze e` eYV21

Xc`f_UhReVc' R_U R]] eYV `eYVc Rddf^aeZ`_ eYRe RcV22

Z_ j`fc ^`UV]' hV U`_$e YRgV RTTVdd e`' hV U`_$e23

\_`h hYRe eYVj RcV' R_U eYRe TR_ gVcj ^fTY Z^aRTe24

hYRe cVdf]ed T`^Vd `fe `W j`fc ^`UV]' R_U eYV dR^V25
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Rd ;`RcU$d ^`UV] ((1

FK) K>BL<A5 B U`_$e eYZ_\ eYVj cf_ R2

^`UV]' Sfe TR_ B RUUcVdd eYRe a`Z_e SVTRfdV B3

eYZ_\ j`f ^V_eZ`_VU Ze VRc]ZVc' R_U B U`_$e \_`h4

eYRe hV R_dhVcVU Ze Wf]]j' R_U B eYZ_\ Ze$d R5

cVR]]j Z^a`ceR_e a`Z_e) ?Zcde `W R]]' Z_ eVc^d `W6

`fc ^`UV]' j`f \_`h' hV ac`gZUVU R]] eY`dV7

TR]Tf]ReZ`_d e` eYV ;`RcU) PV YRgV_$e YVRcU S``8

eYRe R_j `W `fc Rddf^aeZ`_d hVcV hc`_X) MYVZc9

a`Z_e Zd _`e (( B eYZ_\ eYVZc a`Z_e Zd' YVj' Ze10

h`f]U YRgV [fde Yf_X fa eYVcV' R_U hYRe <RcVj YRd11

e`]U j`f Zd eYRe$d _`e eYV hRj =G9IE> h`c\d) L`12

eYVcV$d eh` eYV`cZVd' cZXYe' eYVcV$d eYV =G9IE>13

eYV`cj R_U eYVcV$d eYV hRdeVhReVc eYV`cj) Be [fde14

U`Vd_$e cVR]]j ^ReeVc hYZTY `_V j`f aZT\ SVTRfdV15

j`f XVe eYV dR^V R_dhVc) BW Ze hRd R =G9IE>' ZW16

Ze daZ]]VU `_ eYV dfcWRTV hYZTY Zd R ac`UfTe \Z_U17

`W eYZ_X' Ze h`f]U_$e deRj eYVcV W`cVgVc) BW Ze18

^RUV Ze eYc`fXY T`_TcVeV' Ze$d X`Z_X e` X` U`h_ e`19

eYV Xc`f_UhReVc `c Ze$d X`Z_X e` gRa`cZkV R_U eYV_20

eYRe$d X`Z_X e` X` U`h_ e` eYV Xc`f_UhReVc) BW Ze21

hRd R hRdeVhReVc' hV UZU eYV ^`UV]' eYVj YRgV_$e22

TcZeZTZkVU R_j RdaVTe `W eYV TR]Tf]ReZ`_d) 9_U ZW23

Ze$d X`Z_X e` eR\V dZi jVRcd W`c R hRdeVhReVc' hV24

\_`h eYRe R =G9IE> ^`gVd WRdeVc) L` B eYZ_\ j`f25
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TR_ XVe eYVcV ZW j`f$cV W`]]`hZ_X VgVcjeYZ_X B1

[fde dRZU' eYRe eYV ^`UV] Zd gR]ZU' Ze YRd_$e SVV_2

TcZeZTZkVU' R_U hYV_ j`f ]``\ Re R =G9IE> R_U3

T`^aRcV Ze' j`f \_`h eYV =G9IE> Zd X`Z_X e` SV4

WRdeVc) L` Ze U`Vd_$e ^ReeVc hYZTY `W eYV5

^VTYR_Zd^d' hV YRgV ]``\VU Re S`eY ^VTYR_Zd^d' R_U6

VZeYVc hRj hV$cV _`e X`Z_X e` YRgV eYZd ^RXZT7

=G9IE> eYRe dZed fa eYVcV R_U hRZed W`c -+ jVRcd'8

eYRe$d _`e eYV hRj =G9IE> h`c\d)9

OB<> <A9BK QHNG@5 MYR_\ j`f W`c j`fc10

acVdV_eReZ`_)11

FK) K>BL<A5 MYR_\ j`f) MYR_\ j`f gVcj12

^fTY)13

FL) I>9;H=Q5 MYR_\ j`f)14

OB<> <A9BK QHNG@5 MYV _Vie eYZ_X hV hZ]]15

SV ^`gZ_X `_ e` Zd R acVdV_eReZ`_ Wc`^ F``_]ZXYe16

9dd`TZReVd' R_U B h`_UVc ZW Ze$d j`fc17

cVT`^^V_UReZ`_ eYRe hV X` RYVRU R_U U` eYRe' `c18

eYRe hV eR\V R ScVR\ W`c VgVcj`_V e` YRgV ]f_TY19

WZcde820

FK) PHE?>5 Ef_TYVd YRgV RccZgVU' d` Ze21

UVaV_Ud `_ eYV ]VgV] `W R_Xde Z_ j`fc de`^RTY' Sfe22

`_ `_V YR_U' ZW hV U` YRgV ]f_TY' eYRe dVV^d e` SV23

R_ Raac`acZReV eZ^V e` U` `fc <]`dVU LVddZ`_6 `_24

eYV `eYVc YR_U' eYRe h`f]U d`ce `W ScVR\ fa eYV25
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W]`h) Q`f$gV [fde X`eeV_ eh` `W eYcVV1

acVdV_eReZ`_d' R_U Ze ^Rj SV Raac`acZReV e` YVRc2

eYV eYZcU acVdV_eReZ`_ R_U cVd`]gV eYRe)3

OB<> <A9BK QHNG@5 PV]]' `fc Yf^^Z_X SZcU4

(( RcV eYVj `\Rj8 @` RYVRU85

FK) F<@K9MA5 ?`c R_`eYVc /0 ^Z_feVd8 B6

YRgV e` eR\V Re ]VRde WZgV)7

FK) PHE?>5 B eYZ_\ ^RjSV eYV `]U ^V_ Z_8

eYV Tc`hU ^Rj _VVU e` eR\V R ]Zee]V ScVR\ YVcV)9

OB<> <A9BK QHNG@5 EVe$d eR\V R WZgV(10

^Z_feV ScVR\ R_U eYV_ hV$]] ecj e` T`^V SRT\ d`11

eYRe hV TR_ YVRc VgVcj`_V d`ce `W R]] Re `_TV)12

%;cVR\ Re ,-5/- a)^)&13

%KVT`_gV_V Re ,-50- a)^)&14

OB<> <A9BK QHNG@5 PV RcV _`h X`Z_X e`15

YVRc Wc`^ F``_]ZXYe cVacVdV_eReZgVd' E`cZ @fR]T`16

R_U IVeVc DcRd_`WW)17

FL) @N9E<H5 @``U RWeVc_``_' FRUR^ <YRZc18

(( `c OZTV <YRZc (( R_U ^V^SVcd `W eYV ;`RcU) Fj19

_R^V Zd E`cZ @fR]T`) B R^ eYV Ree`c_Vj W`c20

F``_]ZXYe 9dd`TZReVd' EE< R_U B hZ]] SV acVdV_eZ_X21

e`URj R]`_X hZeY IVeVc DcRd_`WW `W PVde22

>_gZc`_^V_eR]' hY` Zd R_ >_gZc`_^V_eR] <`_df]eR_e'23

hY` YRd SVV_ h`c\Z_X hZeY F``_]ZXYe 9dd`TZReVd24

UfcZ_X (( _`e deRceZ_X Z_ -++4' Sfe dY`ce]j25
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eYVcVRWeVc) 9_U B hZ]] dRj eYRe F``_]ZXYe1

9dd`TZReVd' EE< Zd R aRce `W eYV g`]f_eRcj T]VR_fa2

ac`XcR^' eYVj YRgV SVV_ h`c\Z_X `fe Re eYV dZeV3

dZ_TV -++4' T`_UfTeZ_X R _f^SVc `W Z_gVdeZXReZ`_d'4

R_U eYVj YRgV R]d` Z_deR]]VU eYV djdeV^ hYZTY Zd5

RUUcVddZ_X eYV d`Z] gRa`c Re eYV dZeV' e` ^R\V6

TVceRZ_ eYRe eYV `TTfaR_ed RcV Z_ R dRWV7

V_gZc`_^V_e `fe eYVcV) Be Zd `fc Y`aV eYRe `fc8

acVdV_eReZ`_ hZ]] R_dhVc bfVdeZ`_d eYRe YRgV SVV_9

cRZdVU eYfd WRc Sj eYV ;`RcU R_U hZ]] ac`gZUV j`f10

hZeY WRTefR] Z_W`c^ReZ`_ cVXRcUZ_X eYV dZeV' R_U11

eYV ]VXR] SRdZd W`c _R^Z_X N_ZeVU 9ceZded Z_ eYZd12

HcUVc' Rd hV]] Rd eYV V_gZc`_^V_eR] Z_W`c^ReZ`_13

R_U UReR eYRe YRd SVV_ UVgV]`aVU Re eYV dZeV' R_U14

eYc`fXY VieV_dZgV R_U eY`c`fXY cVgZVhd `W15

U`Tf^V_ed cVXRcUZ_X Xc`f_UhReVc' d`Z]' VeT)16

B$^ X`Z_X e` deRce hZeY `fc WZcde d]ZUV'17

hYZTY B _`eVU Fc) DZ_X R]d` fdVU Z_ YZd d]ZUV18

acVdV_eReZ`_) B eYZ_\ hV S`eY ]Z\VU Ze SVTRfdV19

hYReVgVc YRaaV_VU e` ;RSj CR_V Zd fa `_ eYV20

^RcbfZd' R_U eYRe Zd deZ]] R T``] T]RddZT' B hZ]]21

dRj' R_U eYZd Zd R aY`e` Wc`^ eYV ,41+$d' R_U B22

deZ]] ]Z\V eYRe ^`gZV R_U B deZ]] ]`gV eY`dV eh`23

RTecVddVd)24

L` N9M< dY`f]U SV _R^VU Rd R =ZdTYRcXVc'25
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eYRe$d hYj hV RcV YVcV e`URj) MYV KPJ<; HcUVc Zd1

_`e SRccVU Sj eYV N9M< SR_\cfaeTj' eYVj V_eVcVU2

SR_\cfaeTj Z_ Raac`iZ^ReV]j -+++' R_U R ;R_\cfaeTj3

<`_WZc^ReZ`_ HcUVc hRd V_eVcVU Z_ CR_fRcj `W -++,)4

N9M< Rd eYV `h_Vc R_U FRdeVc EVdd`c aVc^ZeeVU eYV5

UZdTYRcXV `W I<>) MYV `_]j U`Tf^V_eReZ`_ hV YRgV6

`W eYV ]VRdVd' f_W`cef_ReV]j' Zd eYV FRdeVc EVRdV)7

G`h' N9M< YRd ^RUV R cVacVdV_eReZ`_ eYRe eYVj8

UVdec`jVU U`Tf^V_eReZ`_ cVXRcUZ_X eYVZc dZeV' Ze9

hRd eYVZc T`^aR_j a`]ZTj Z_ -++1' d` eYRe$d `_V10

cVRd`_ hV U`_$e YRgV eY`dV ]VRdVd) ;fe ZW hV11

ViR^Z_V eYV FRdeVc EVRdV' Ze ac`gZUVU N9M< T`_ec`]12

`gVc dfS]VRdVd R_U eY`dV dfS]VRdVd Z_T]fUVU eYV13

Ucj T]VR_Z_X eV_R_ed)14

G`h' YRgZ_X SVV_ R ]RhjVc W`c .. jVRcd' B15

TR_ eV]] j`f eYRe ZW j`f cVgZVh eYV FRdeVc EVRdV'16

eYVcV Zd R gVcj X``U TYR_TV eYRe eYV ]VRdVd eYRe17

hVcV Z_ a]RTV UfcZ_X eYRe eZ^V aVcZ`U Z_ eYV $2+d18

R_U SVW`cV eYRe Z_ eYV ,41+$d Z_T]fUVU eVc^d eYRe19

hVcV Z_ eYV FRdeVc EVRdV SVTRfdV eYRe$d hYRe20

aV`a]V eV_U e` U`' fdV ]RhjVcd' ]RcXV T`ca`cReV21

V_eZeZVd fdV ]RhjVcd)22

MYVcV hRd R cVWVcV_TV e` dZ^a]j eYV23

eYVRecV `fe Re eYV dZeV6 Z_ WRTe' N9M< `h_VU R_U24

`aVcReVU eYV dY`aaZ_X TV_eVc' eYVcV hRd R eYVRecV25
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eYVcV' R_U Fc) DZ_X' B hRd dfcacZdVU e` dVV eYZd'1

YV W`f_U d`^VeYZ_X B UZU_$e' B ]Z\V eYRe' Sfe YV2

R]d` W`f_U eYRe N_ZeVU 9ceZded `h_VU R_U `aVcReVU3

eYV dY`aaZ_X TV_eVc' R_U B SV]ZVgV Ze hRd4

FZ]]ScRV' <R]ZW`c_ZR eYRe R]d` YRU R eYVRecV' R_U5

R]d` YRU R Ucj T]VR_Z_X `aVcReZ`_ Re eYRe FZ]]ScRV6

]`TReZ`_' d` \fU`d e` j`f `_ WZ_UZ_X eYRe)7

N9M< YRU \_`h]VUXV `W eYV Ucj T]VR_Z_X8

RTeZgZeZVd eYc`fXY gRcZ`fd hcZeeV_ U`Tf^V_ed eYRe9

hV hVcV RS]V e` `SeRZ_ Wc`^ eYV LeReV ?ZcV10

FRcdYR]' R_U eYV <`f_ej `W LR_eR <]RcR ;fZ]UZ_X11

KVT`cUd) PV \_`h eYRe F``_]ZXYe <]VR_Vcd `aVcReVU12

Re eYV dZeV UfcZ_X eYV N9M< eV_fcV `W ,41, e`13

,423) A`h U` hV \_`h eYRe8 PV \_`h SVTRfdV eYVcV14

RcV cVT`cUVU U`Tf^V_ed hZeY eYV LR_eR <]RcR <`f_ej15

KVT`cUVc$d HWWZTV hYZTY YRgV SVV_ dfS^ZeeVU e` eYV16

KVXZ`_R] ;`RcU' T]VRc]j dY`hZ_X eYRe Ucj T]VR_Vcd17

hVcV `aVcReZ_X UfcZ_X eYV V_eZcV eZ^V aVcZ`U eYRe18

N9M< hRd Rdd`TZReVU hZeY eYV ac`aVcej VZeYVc Rd R_19

`h_Vc `c Rd R FRdeVc EVdd`c) 9_U B h`f]U RUU eYRe20

eYV FRdeVc EVdd`c deRefd `W N9M< RWeVc Ze d`]U eYV21

ac`aVcej Z_ ,420 VddV_eZR]]j ^Zcc`cVU eYV22

`h_VcdYZa deRefd) MYVj hVcV cVda`_dZS]V W`c eYV23

eV_R_ed' eYVj hVcV cVda`_dZS]V W`c dfaVcgZdZ_X24

eYV^' T`]]VTeZ_X cV_ed' VeT)25
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9_U eYRe ScZ_Xd fa R_`eYVc Z^a`ceR_e1

a`Z_e eYRe N_ZeVU 9ceZded' `c N9M<' hRd Z_ eYV2

decVR^ `W T`^^VcTV hZeY eYZd ac`aVcej) PYV_ j`f3

`aVcReV R dY`aaZ_X TV_eVc' j`f UVcZgV cV_ed Wc`^4

`aVcReZ_X eYRe dY`aaZ_X TV_eVc' R_U eYRe$d ViRTe]j5

hYj aV`a]V U` `h_ cVR] ac`aVcej' eYVj Y`aV e` ^R\V6

Z_T`^V `WW `W Ze' d` eYVj hVcV Z_ eYV decVR^ `W7

T`^^VcTV U`Z_X eYZd' R_U eYVj eYV_ ]Ve eYV8

acV^ZdVd e` gRcZ`fd eV_R_ed' Z_T]fUZ_X eYV Ucj9

T]VR_Vc)10

MYV ZddfR_TV `W R_ `cUVc e` R W`c^Vc11

]R_U`h_Vc' N9M<' Zd T`_dZdeV_e hZeY LPK<;12

acVTVUV_e W`c _R^Z_X UZdTYRcXVcd Re dZeVd) MYV13

`cUVc Zd _`e SRccVU Sj SR_\cfaeTj) MYV N9M<14

SR_\cfaeTj hRd WZ]VU Z_ =V]RhRcV Z_ eYV jVRc -+++)15

MYZcU <ZcTfZe ]Rh Raa]ZVd Z_ =V]RhRcV' eYZd Zd16

[fde deR_URcU ]Rh) MYV TRdV `W B_ KV M`chZT`17

>]VTec`_ZTd' B_T) TZeVU Re 3 ?U .cU ,/1 MYZcU18

<ZcTfZe ,44.' hYZTY acVTVUVd eYV WZ]Z_X `W eYV19

SR_\cfaeTj' T`_ec`]d R_U Zd UZcVTe]j `_ a`Z_e Z_20

eYZd ^ReeVc) MYRe TRdV W`f_U eYRe R cVXf]Re`cj21

RXV_Tj `cUVc U`Vd _`e T`_deZefeV R T]RZ^ R_U Zd22

eYVcVW`cV _`e SRccVU) 9_U R T]RZ^ Zd R gVcj23

Z^a`ceR_e ZeV^ Z_ R SR_\cfaeTj SVTRfdV SR_\cfaeTj24

]Rh VddV_eZR]]j dRjd eYRe ZW j`f YRgV eYV25
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`aa`cef_Zej e` ^R\V R T]RZ^' j`f dY`f]U YRgV ^RUV1

R T]RZ^ R_U eYV_ eYV SR_\cfaeTj Zd cVd`]gVU R_U2

eY`dV T]RZ^d RcV UZdTYRcXVU' R_U eYV_ Ze$d3

VddV_eZR]]j `gVc) ;fe hYRe M`chZT` dRZU hRd gVcj4

gVcj Z^a`ceR_e) PYV_ R cVXf]Re`cj `c X`gVc_^V_eR]5

RXV_Tj ZddfVd R_ `cUVc' eYRe U`Vd _`e T`_deZefeV R6

T]RZ^' R_U d` eYVcVW`cV Ze Zd _`e SRccVU Sj7

TfccV_e `c acZ`c SR_\cfaeTj ac`TVVUZ_Xd) B_ eYZd8

aRceZTf]Rc TRdV Z_ M`chZT`' eYVcV hVcV `_X`Z_X9

<YRaeVc ,, SR_\cfaeTj ac`TVVUZ_Xd R_U eYV10

X`gVc_^V_e ZddfVU R_ `cUVc' UZU _`e ^R\V R T]RZ^11

Z_ eYV SR_\cfaeTj' R_U eYV <`fce W`f_U eYRe Ze hRd12

_`e SRccVU)13

MYVcV RcV d`^V dZ^Z]RcZeZVd YVcV)14

M`chZT` hRd R W`c^Vc EVddVV `W eYV T`_eR^Z_ReVU15

ac`aVcej Z_ GVh CVcdVj) MYV GVh CVcdVj =VaRce^V_e16

`W >_gZc`_^V_eR] Ic`eVTeZ`_ R_U >_VcXj ZddfVU R_17

`cUVc e` T]VR_ fa eYV ac`aVcej) MYV <`fce UVTZUVU18

eYRe eYV `cUVc UZU _`e T`_deZefeV R T]RZ^ SVTRfdV19

M`chZT` hRd `cUVcVU e` T]VR_ fa R YRkRcU`fd hRdeV20

dZeV' hYZTY a`dVU R_ `_X`Z_X YRkRcU dZ^Z]Rc e`21

hYRe Zd `TTfccZ_X Re `fc dZeV' eYV W`c^Vc22

F``_]ZXYe <]VR_Vc dZeV) 9_U SVTRfdV eYZd T]VR_fa23

`S]ZXReZ`_ hRd _`e R T]RZ^' Ze hRd _`e dfS[VTe e`24

UZdTYRcXV Z_ eYV SR_\cfaeTj)25
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L` [fde e` df^ fa' eYV KPJ< YRd ZddfVU R1

MV_eReZgV HcUVc e` N9M< W`c eYV Z_gVdeZXReZ`_'2

T]VR_fa R_U RSReV^V_e `W I<> T`_eR^Z_ReZ`_ Re eYV3

F``_]ZXYe dZeV) MYV -++, ;R_\cfaeTj <`_WZc^ReZ`_4

HcUVc U`Vd _`e SRc eYV ZddfR_TV `W eYV HcUVc Sj5

eYV KPJ<; e` N9M<)6

G`h' eYV _Vie dVTeZ`_ B$^ X`Z_X e`7

UZdTfdd Zd N9M< Rd Hh_Vc R_U FRdeVc EVdd`c8

aVc^ZeeVU eYV UZdTYRcXV `W I<>) 9d B$gV9

UZdTfddVU' N9M< hRd eYV `h_Vc `W eYV dZeV Wc`^10

,40- eYc`fXY ,420) Be eYV_ SVTR^V eYV FRdeVc11

EVdd`c Re eYV dZeV Wc`^ ,420 eYc`fXY eYV V_U `W12

,423) 9_U N9M< Rd Hh_Vc R_U FRdeVc EVdd`c YRU13

]VRdV RXcVV^V_ed hZeY eYV Ucj T]VR_Vc `aVcRe`cd)14

B_ eYV FRdeVc EVRdV' Ze daVTZWZTR]]j cVWVcV_TVd15

dfS]VRdVd Z_ LVTeZ`_d /)+-' ,3)+,' --)+,' -.)+0'16

R_U -.)+1) EVe$d ]``\ Re eYV FRdeVc EVRdV YVcV)17

B_ dVTeZ`_ /)+-' Ze T`_eRZ_d R UZcVTe cVWVcV_TV e`18

dfS]VRdVd hZeY eV_R_ed' eY`dV eV_R_ed h`f]U19

Z_T]fUV F``_]ZXYe <]VR_Vcd' Rd hV \_`h Wc`^ eYV20

cVT`cUVU U`Tf^V_eReZ`_ `_ WZ]V hZeY eYV LR_eR21

<]RcR <`f_ej KVT`cUVc$d HWWZTV) B_ LVTeZ`_ ,3)+,'22

,3. ( 5948/ 18 0/6/$ 18 7,<7$ #+&*'=# (( R_U Ze$d23

Rd eYV FRdeVc EVdd`c (( #=70,22 ,8 187 4;3 -47824

R_U ViaV_dV ac`^ae]j T`^a]j hZeY `c TRfdV25
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T`^a]ZR_TV hZeY R]] cVbfZcV^V_ed `W R]] deRefeVd'1

]Rhd' `cUZ_R_TVd' `cUVcd' cf]Vd' cVXf]ReZ`_d'2

R_U*`c cVbfZcV^V_ed `W eYV ?VUVcR]' LeReV' <`f_ej'3

R_U Ff_ZTZaR] 9feY`cZeZVd)" 9_U eYRe$d R UZcVTe4

bf`eV) N9M< YRU R_ `S]ZXReZ`_ e` TRfdV T`^a]ZR_TV5

Sj eYV dfSeV_R_ed) MYVdV dfSeV_R_ed Z_T]fUVU6

F``_]ZXYe <]VR_Vcd R_U eYVj YRU R_ `S]ZXReZ`_ e`7

TRfdV T`^a]ZR_TV hZeY _fZdR_TV ]Rh' Ze h`f]U YRgV8

SVV_ Z_T]fUVU Z_ eYV gRcZ`fd RcVRd `fe]Z_VU RS`gV)9

B_ eVc^d `W \_`h]VUXV `W RTeZgZeZVd' B10

h`f]U cVWVc j`f e` hYRe Zd 9aaV_UZi ? Z_ eYV ;`RcU11

aRT\Ve' R_U 9aaV_UZi ? T`_eRZ_d d`^V gVcj12

Z^a`ceR_e hcZeeV_ U`Tf^V_eReZ`_ cVXRcUZ_X13

\_`h]VUXV `W RTeZgZeZVd) MYV WZcde `_V Zd eYV14

9aa]ZTReZ`_ W`c eYV ;fZ]UZ_X IVc^Ze' R_U eYZd15

9aa]ZTReZ`_ W`c ;fZ]UZ_X IVc^Ze hRd ZddfVU e` eYV16

Hh_Vc' cVTZeVU Rd N_ZeVU <R]ZW`c_ZR MYVRecV' R_U17

eYV_ R_ 9XV_e `W eYV Hh_Vc' eYV <`_ecRTe`c' dZX_VU18

eYRe U`Tf^V_e) 9_U f_UVc_VReY eYV dZX_RefcV ]Z_V'19

Ze daVTZWZTR]]j dRjd "<`_ecRTe`c' 9XV_e)" 9_U20

eYZd ;fZ]UZ_X IVc^Ze Zd Z_ eYV R^`f_e `W21

#,'+++)++) G`h' eYVcV$d SVV_ d`^V eR]\' "Be$d22

`_]j #,'+++' hYRe$d #,'+++8" EVe$d eR\V `fcdV]gVd23

SRT\ e` ,41,) 9 eY`fdR_U U`]]Rcd Z_ ,41, hRd R24

]`e `W ^`_Vj) B UZU_$e X` `_]Z_V' B dY`f]U YRgV25
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Rd\VU ^j d`_ hY` Zd ^R[`cZ_X Z_ >T`_`^ZTd Z_1

T`]]VXV' "I]VRdV WZXfcV eYZd `fe W`c ^V' Y`_Vj62

hYRe hRd #,'+++ Z_ ,41,8" ;fe B UZU_$e U` Ze)3

;fe B \_`h eYRe Ze hRd R_ RhWf] ]`e `W ^`_Vj4

SVTRfdV B$]] SVe j`f aV`a]V hVcV ^R\Z_X ]Z\V5

#1'+++ `c #2'+++ `c #3'+++ `c #,+'+++ SRT\ Z_6

,41,) 9_U eYZd hRd eYV `h_Vc `W eYV ac`aVcej hY`7

eR\Vd `fe eYV ;fZ]UZ_X IVc^Ze R_U Ze daVTZWZTR]]j8

Zd W`c F``_]ZXYe <]VR_Vcd Re F``_]ZXYe LY`aaZ_X9

<V_eVc)10

MYV dVT`_U aZVTV `W U`Tf^V_eReZ`_ eYRe Zd11

Z^a`ceR_e Zd eYV <VceZWZTReV `W HTTfaR_Tj' R_U12

eYRe <VceZWZTReV `W HTTfaR_Tj `_TV RXRZ_ Zd ZddfVU13

e` N_ZeVU <R]ZW`c_ZR MYVRecVd' B_T)' _`e F``_]ZXYe14

<]VR_Vcd' Sfe eYV `h_Vc `W eYV ac`aVcej) 9_U15

eYVj$cV eR]\Z_X RS`fe eYRe Ze$d cVRUj W`c eYV16

`TTfaR_Tj)17

9_U eYV eYZcU U`Tf^V_e Z_ eYV 9aaV_UZi ?18

Zd eYV LeReV ?ZcV FRcdYR] U`Tf^V_e) G`h' eYZd19

h`f]U YRgV SVV_ R afS]ZT cVT`cU U`Tf^V_e' R_U eYZd20

U`Tf^V_e Zd gVcj Z^a`ceR_e Z_ eVc^d `W21

VdeRS]ZdYZ_X hYRe d`ce `W RTeZgZeZVd hVcV X`Z_X e`22

SV Rdd`TZReVU hZeY eYV Ucj T]VR_Z_X VbfZa^V_e `fe23

eYVcV) 9_U ZW j`f cVRU eYZd aVc^Ze' Ze T`gVcd eYV24

Z_deR]]ReZ`_ `W W`fc daVTZWZT aZVTVd `W VbfZa^V_e25
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eYRe `_]j fdV I<>) MYV WZcde `_V Zd eYV A`WW^R_1

FRdeVc CVe <]VR_Z_X N_Ze' hYZTY fdVU I<>' eYV _Vie2

Zd eYV A`je L?,.+ KVT]RZ^Vc' hYZTY cVT]RZ^VU I<>'3

d`ce `W RTeVU ]Z\V \Z_U `W R UcjVc ejaV djdeV^'4

Sfe cVT]RZ^VU Ze SVTRfdV j`f YRgV e` cV^V^SVc eYRe5

I<> hRd ViaV_dZgV W`c Ucj T]VR_Vcd' R_U d` eYVj6

hVcV X`Z_X e` fdV eYRe I<> RXRZ_' d` eYZd7

VbfZa^V_e hRd ecjZ_X e` cVT]RZ^ Ze)8

N_W`cef_ReV]j' Ze UZU_$e cVT]RZ^ R]] `W Ze)9

MYV _Vie aZVTV Zd eYV IcVT`^S` %aY&10

?Z]eVc LeZ]] <``\Vc hYZTY S`Z]VU eYV I<>' R_U eYV11

]Rde aZVTV Zd eYV ORa`c FRe ^`UV] 3++ hYZTY12

TRaefcVU eYV I<> gRa`cd) PYRe$d Z^a`ceR_e RS`fe13

eYZd d]ZUV Zd' Zd eYRe ZW j`f ]``\ Re R cVT`cUVU14

U`Tf^V_e Z_ ,420 hYZTY hRd R dVTfcZej Z_eVcVde15

XZgV_ Sj Fc) KVZU %aY&' hY` hRd eYV TfccV_e Ucj16

T]VR_Vc' R_U eYV dVTfcZej Z_eVcVde hRd XZgV_ e`17

eYV ;R_\ `W 9^VcZTR) Be ]Zded eYV dR^V ViRTe18

VbfZa^V_e eYRe hV RcV dVVZ_X YVcV ,/ jVRcd ]ReVc19

R_U' Z_ WRTe' eYVj RUUVU VbfZa^V_e e` Ze' d` eYVcV20

Zd VgV_ RUUZeZ`_R] Ucj T]VR_Z_X VbfZa^V_e Rd `W21

,420 SVZ_X fdVU `fe `W eYV dZeV' R_U eYRe dY`hd22

T`_eZ_f`fd `aVcReZ`_ `W eYRe VbfZa^V_e Re eYV Ucj23

T]VR_Z_X dZeV)24

G`h' B$U ]Z\V e` [fde eR\V eh` ^`^V_ed25
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SVTRfdV B \_`h `fc eZ^V Zd dY`ce' `_ eYV dVT`_U1

aRXV `W eYV LeReV ?ZcV FRcdYR] IVc^Ze' eYVcV Zd2

^fTY ]R_XfRXV Z_ YVcV eYRe dY`hd eYV YRkRcU`fd3

_RefcV `W I<>) B TR_ eV]] j`f eYRe eYV WZgV R_U4

UZ^V eYRe hRd ac`SRS]j `fe eYVcV Re eYRe eZ^V5

UZU_$e YRgV R_jeYZ_X ]Z\V eYZd) Be dRjd Z_ _f^SVc6

`_V eYRe VgVcjeYZ_X _VVUd e` eR\V a]RTV Z_7

VbfZa^V_e Raac`gVU W`c eYRe afca`dV Sj eYV LeReV8

?ZcV FRcdYR]) Gf^SVc eh` dRjd Ze YRd e` SV R9

gV_eZ]ReVU V_T]`dfcV R_U eYRe j`f YRgV e` SV10

TRcVWf] Z_ eYV VgV_e R e`iZT T`_TV_ecReZ`_ `W11

gRa`c UVgV]`ad' eYVj RcV TR]]Z_X eYRe `fe SVTRfdV12

Ze hRd d`^VeYZ_X e` SV gVcj T`_TVc_VU RS`fe' R_U13

eYRe U`Vd_$e [fde ^VR_ R WZcV YRkRcU' eYRe ^VR_d14

Ze$d R e`iZT T`_TV_ecReZ`_ `W gRa`c' R_U eYVj hR_e15

e` ac`eVTe aV`a]V Wc`^ eYRe) Gf^SVc eYcVV eR]\d16

RS`fe Rfe`^ReZTR]]j ViYRfde gRa`cd e` eYV17

gV_eZ]ReZ`_ UfTe ac`gZUVU) Gf^SVc W`fc eR]\d18

RS`fe ViYRfde UfTed eYRe YRgV e` SV `_ eYV19

VieVcZ`c e` eYV SfZ]UZ_X) PV]]' `W T`fcdV' eYV20

`h_Vc YRd T`_ec`] `gVc eYV VieVcZ`c `W R_j `W eYV21

SfZ]UZ_X eYVcV) Gf^SVc WZgV eR]\d RS`fe ZW ^fT\22

Zd cV^`gVU' j`f YRgV e` YRgV R_ Raac`gVU ScVReYZ_X23

^Rd\' hV]]' eYRe$d acVeej Z^a`ceR_e Z_ eVc^d `W24

hYRe eYVj hVcV UVR]Z_X hZeY `fe eYVcV' `SgZ`fd]j25
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YRkRcU`fd) 9_U _f^SVc dZi eR]\d RS`fe eYVcV ^fde1

SV Raac`gVU aZaZ_X) 9_U _f^SVc dVgV_ dRjd eYRe2

eYVcV YRd e` SV R WR_ `_ R_U eYV UR^aVcd `W eYV3

gRa`c ^Re ^fde SV `aV_ SVW`cV eYV f_Zed TR_ SV afe4

Z_e` `aVcReZ`_) L` eYZd Zd R YZXY]j cVXf]ReVU5

RTeZgZej eYRe hRd X`Z_X `_ `fe eYVcV)6

B$gV SVV_ `gVc ^`de `W eYZd [fde _`h' R_U7

eYV `_V eYZ_X eYRe B h`f]U [fde dRj Zd eYRe eYZd8

ejaV `W RTeZgZej hRd YVRgZ]j cVXf]ReVU' eYV LeReV9

?ZcV FRcdYR] hRd Z_g`]gVU' R_U eYV `h_Vc `W eYV10

ac`aVcej YRU R YVRgZ]j cVXf]ReVU RTeZgZej hYZTY11

hRd `_X`Z_X `_ eYV ac`aVcej eYRe Ze `h_VU R_U hRd12

R EVdd`c `_)13

B$^ [fde X`Z_X e` TReTY fa hZeY ^j _`eVd14

YVcV ZW j`f$]] [fde XZgV ^V R ^`^V_e) F``_]ZXYe15

<]VR_Vcd `aVcReVU Wc`^ ,41, e` ,423' eYVcV hRd R16

<VceZWZTReV W`c EZ^ZeVU IRce_VcdYZa W`c F``_]ZXYe17

<]VR_Vcd =cj <]VR_Z_X I]R_e hYZTY hRd cVT`cUVU `_18

HTe`SVc ,,' ,41, W`c eYV LTYc`VUVcd %aY& R_U Fc)19

;VeeV_T`fce %aY&) MYVcV hRd R <VceZWZTReV `W20

HTTfaR_Tj' Rd hV \_`h' eYRe hRd cVT`cUVU Z_ ,41-)21

9_U hV YRgV ac`gZUVU eYV KVXZ`_R] ;`RcU R_U R]d`22

N_ZeVU 9ceZded hZeY T`aZVd `W gRcZ`fd U`Tf^V_ed23

eYRe hV W`f_U hZeY eYV <`f_ej KVT`cUVc$d HWWZTV)24

N9M< aVc^ZeeVU eYV UZdTYRcXV) MYV LeReV25
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PReVc KVd`fcTVd <`_ec`] ;`RcU YRd T`_dZdeV_e]j1

eR\V_ eYV a`dZeZ`_ eYRe R ]R_U`h_Vc hY` YRd2

\_`h]VUXV' `c dY`f]U YRgV \_`h_ `W eYV RTeZgZej3

eR\Z_X a]RTV' R_U YRd eYV RSZ]Zej e` T`_ec`] eYV4

RTeZgZej' YRd aVc^ZeeVU eYV UZdTYRcXV hZeYZ_ eYV5

^VR_Z_X `W PReVc <`UV LVTeZ`_ ,..+/' R_U eYRe Zd6

R]d` W`f_U Z_ eYV PReVc JfR]Zej HcUVc 34,- B_ KV7

LR_ =ZVX` N_ZWZVU I`ce =ZdecZTe) B_ eYRe I`ce8

=ZdecZTe TRdV' eYVcV$d R W``e_`eV eYRe R]d` cVWVcd9

e` gRcZ`fd HcUVcd hYZTY RcV 34(,' 32(0' 32(1' 31(10

,1' R_U 3/(1' Rd hV]] Rd eYV 9ehReVc FV^`cR_Uf^11

eYRe$d UReVU FRj 3eY `W $32)12

MYV deRWW TZeVU eYV C`Y_ LefRce TRdV'13

hYZTY hRd UZdTfddVU Sj eYV N_ZeVU 9ceZded14

Ree`c_Vj' R_U Z_ eYRe TRdV Ze Rd\d eYV bfVdeZ`_'15

UZU IVeZeZ`_Vc YRgV eYV ]VXR] a`hVc e` de`a16

T`_eR^Z_ReZ`_8 MYV R_dhVc Z_ eYRe UVTZdZ`_ hRd17

jVd' SVTRfdV eYV ]VRdV ac`gZUVU IVeZeZ`_Vc h`f]U18

T`^a]j hZeY R]] deRefeVd' ]Rhd' VeT) MYRe$d19

ZUV_eZTR] e` hYRe hV W`f_U Z_ eYV FRdeVc EVRdV)20

MYV HcUVc R]d` dRZU eYRe eYV IVeZeZ`_Vc YRU ]VXR]21

Z_eVcVded Z_ eYV ac`aVcej R_U UVcZgVU Z_T`^V Wc`^22

Ze' W`c ViR^a]V' VT`_`^ZT SV_VWZe' R_U eYRe eYV23

T`_ecRTefR] a`dZeZ`_ `W IVeZeZ`_Vc Rd EVdd`c R_U24

LfS]Vdd`c `W eYV dVcgZTV deReZ`_ XRgV YZ^ V_`fXY25
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]VXR] T`_ec`] `gVc eYV ac`aVcej e` Y`]U YZ^1

cVda`_dZS]V W`c hYRe e``\ a]RTV)2

N9M< aVc^ZeeVU `c eYcVReV_VU e` aVc^Ze3

UZdTYRcXV `W hRdeV Rd eYV `h_Vc `W F``_]ZXYe4

LY`aaZ_X <V_eVc R_U Rd eYV FRdeVc EVdd`c) PReVc5

<`UV LVTeZ`_ ,..+/ RfeY`cZkVd R_ HcUVc RXRZ_de R_j6

aVcd`_ hY` YRd TRfdVU `c aVc^ZeeVU' TRfdVd `c7

aVc^Zed' `c eYcVReV_d e` TRfdV `c aVc^Ze R_j hRdeV8

e` SV UZdTYRcXVU Z_e` eYV PReVcd `W eYV LeReV R_U9

TcVReVd `c eYcVReV_d e` TcVReV R T`_UZeZ`_ `W10

a`]]feZ`_ `c _fZdR_TV) B_ eYV E`XdU`_ TRdV' eYV11

bfVdeZ`_ hRd Rd\VU' `c IVeZeZ`_Vc deReVU eYRe eYVj12

hVcV _`e ]VXR]]j cVda`_dZS]V W`c eYV RTed `W eYVZc13

MV_R_e' `W hYZTY eYVj YRU _` \_`h]VUXV' R_U eYRe14

eYV ;`RcU R_dhVcVU Z_ eYRe HcUVc R_U dRZU R15

]R_U]`cU \_`hd' `c Zd TYRcXVRS]V hZeY eYV16

\_`h]VUXV eYRe hRdeV hRd SVZ_X UZdTYRcXVU `c17

a]RTVU hYVcV Ze T`f]U SV UZdTYRcXVU `_ eYV18

ac`aVcej' R_U \_`h]VUXV `W R_ RXV_e Zd Z^afeVU e`19

Zed acZ_TZa]V Sj `aVcReZ`_ `W ]Rh' VgV_ Z_20

dZefReZ`_d hYVcV eYV \_`h]VUXV hRd _`e' Z_ WRTe'21

T`^^f_ZTReVU) BW eYV _RefcV `W eYV hRdeV Zd22

YRkRcU`fd' dfTY UZdTYRcXV TR_ SV acVdf^VU23

YRkRcU`fd' R_U eYRe Zd Z_ eYV B_ KV E`XdU`_ HcUVc24

G`) PJ3/1' R_U Ze R]d` TZeVd <ZgZ] <`UV LVTeZ`_d25
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-..+' -..- R_U -..3) 9_U hV cVWVccVU SRT\ Z_ `fc1

TRdV e` eYV LeReV ?ZcV FRcdYR] IVc^Ze' eYV2

;fZ]UZ_X IVc^Ze' R_U eYV <VceZWZTReV `W HTTfaR_Tj)3

N9M< Zd ac`aVc]j _R^VU Rd R UZdTYRcXVc4

f_UVc eYV M`chZT` TRdV' Ze$d _`e SRccVU' eYV5

FRdeVc EVRdV UV^`_decReVd eYRe N9M< Rd eYV Hh_Vc6

R_U FRdeVc EVdd`c aVc^ZeeVU eYV UZdTYRcXV `W I<>7

SVTRfdV eYV FRdeVc EVRdV UZTeReVd eYRe N9M< TRfdVU8

T`^a]ZR_TV f_UVc R]] ]Rhd) F``_]ZXYe <]VR_Vcd9

`aVcReVU eYVcV Wc`^ $1, e` $23) MYV LeReV ?ZcV10

FRcdYR] IVc^Ze ]Zded I<> fdZ_X VbfZa^V_e Re11

F``_]ZXYe R_U eYV YRkRcUd Rdd`TZReVU hZeY eYRe12

fdV' R_U eYV ZddfR_TV `W eYV HcUVc e` N9M< Rd13

W`c^Vc ER_U`h_Vc Zd T`_dZdeV_e hZeY LPK<;14

acVTVUV_e W`c _R^Z_X UZdTYRcXVcd Re dZeVd f_UVc15

PReVc <`UV LVTeZ`_ ,..+/ R_U PReVc JfR]Zej HcUVcd)16

BW j`f YRgV R_j bfVdeZ`_d' B$U SV YRaaj17

e` R_dhVc eYV^' `eYVchZdV B$^ X`Z_X e` efc_ Ze18

`gVc e` Fc) DcRd_`WW)19

FK) DK9LGH??5 @``U RWeVc_``_' OZTV <YRZc20

Q`f_X' ^V^SVcd `W eYV ;`RcU) Fj _R^V Zd IVeVc21

DcRd_`WW) B$^ hZeY PVde >_gZc`_^V_eR] R_U B YRgV22

eR\V_ eYV `ReY) B$^ YVcV Rd R T`_df]eR_e e`23

F``_]ZXYe 9dd`TZReVd) B$^ X`Z_X e` W`Tfd `_ R24

dZ^Z]Rc dVcZVd `W eVTY_ZTR] e`aZTd T`gVcVU Sj25
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GReYR_ DZ_X VRc]ZVc e`URj R_U T`gVcVU Z_ eYV deRWW1

cVa`ce)2

E``\Z_X Re eYV eZ^Z_X `W eYV cV]VRdVd'3

R_U B eYZ_\ eYRe d`^V `W eYV bfVdeZ`_d eYRe X`e4

Rd\VU VRc]ZVc e`URj hZ]] Y`aVWf]]j SV RUUcVddVU5

eYc`fXY eYZd acVdV_eReZ`_' eYVcV RcV ^f]eZa]V6

]Z_Vd `W VgZUV_TV eYRe eYVcV hVcV cV]VRdVd UfcZ_X7

eYV ,41+$d R_U ,42+$d) PV \_`h eYRe F``_]ZXYe' Rd8

Fd) @fR]T` Via]RZ_VU' hRd R eV_R_e Wc`^ ,41,9

eYc`fXY eYV N_ZeVU 9ceZded MYVRecV <ZcTfZe' `c10

N9M<$d T`_ec`] `W eYV ac`aVcej eYc`fXY ,423)11

MYV VbfZa^V_e eYRe hRd fdVU' eYV Ucj12

T]VR_Z_X VbfZa^V_e' fdVU I<>) 9_U B$]] X` eYc`fXY13

d`^V RUUZeZ`_R] dfaa`ce `_ eYRe) MYVcV hRd R WRZc14

R^`f_e `W UZdTfddZ`_ RS`fe eYV UVaeY e`15

Xc`f_UhReVc R_U Zed cV]ReZ`_dYZa e` eYV16

T`_eR^Z_ReZ`_' R_U eYVcV hVcV ]`hVc Xc`f_UhReVc17

V]VgReZ`_d Z_ eYV ,41+$d R_U $2+d' R_U hYRe hV18

WZ_U' R_U eYRe$d T`_dZdeV_e hZeY R_ VRc]ZVc19

cV]VRdV' Zd eYVcV$d RTefR]]j YZXYVc I<>20

T`_TV_ecReZ`_d Re UVaeY R_U' Rd eYV Xc`f_UhReVc21

V]VgReZ`_d c`dV Z_ eYV LR_eR <]RcR OR]]Vj ;RdZ_'22

eYV T`_TV_ecReZ`_d RTefR]]j X`e af]]VU fa hZeY eYV23

cZdZ_X Xc`f_UhReVc' hYZTY Zd gVcj T`_dZdeV_e hZeY24

eYV ]Z_V `W VgZUV_TV `W R_ VRc]ZVc cV]VRdV)25
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MYVcV$d R]d` SVV_ R UZdTfddZ`_ Sj eYV N9M<1

T`_df]eR_e RS`fe eYV ]V_XeY `W a]f^V R_U eYV2

ecRgV] eZ^V) 9 cVgZVh `W eYV UReR dY`hd eYRe eYRe3

]Z_V `W VgZUV_TV R]d` dY`hd eYRe Ze hRd R acV(,4234

cV]VRdV' R_U B$]] UZdTfdd eYV Xc`f_UhReVc W]`h5

UZcVTeZ`_ R_U Y`h eYRe Zd R]d` T`_dZdeV_e hZeY R6

acV(,423 cV]VRdV)7

L` eYV aRceZTf]Rc Ucj T]VR_Z_X VbfZa^V_e8

fdVU R_U cV]VRdVU I<>' R_U hV$gV UZdTfddVU eYV9

,41, ?ZcV =VaRce^V_e cVT`cUd' d`^V `W eYV10

aRceZTf]Rc VbfZa^V_e' eYV A`WW^R_ FRdeVc CVe' eYV11

A`je L?,.+ KVT]RZ^Vc' hYZTY Zd SRdZTR]]j R UcjVc)12

B$]] eR]\ R ]Zee]V SZe RS`fe eYV IcVT`^S` ?Z]eVc13

LeZ]] SVTRfdV Ze a]Rjd R aRceZTf]Rc c`]V Z_ SVZ_X14

R d`fcTV `W T`_eR^Z_ReZ`_' R_U eYV ORa`c F`UV]15

3++' hYZTY Zd WfceYVc Z_UZTReZ`_' ZW j`f hZ]]'16

eYRe eYVcV hVcV I<> gRa`cd SVZ_X cV]VRdVU e` eYV17

Re^`daYVcV' R_U eY`dV I<> gRa`cd hZ]] aVc^VReV eYV18

T`_TcVeV' hV \_`h eYZd) PV \_`h eYRe R ]`e `W19

hYRe hV U` Z_ RUUcVddZ_X Ucj T]VR_Vc dZeVd _`h Zd20

hV$cV ecjZ_X e` RUUcVdd eYV gRa`cd eYRe RcV T`^Z_X21

fa Wc`^ d`Z] XRd) PV]]' eYRe dR^V aYV_`^V_R h`c\d22

Wc`^ Z_dZUV eYV Ucj T]VR_Vc' U`h_) 9_U d` j`f23

`aV_ fa eYV S`ee]V `W R^^`_ZR Z_ eYV c``^' eYV24

gRa`cd X` `fe' R_U eYV I<>' Ze$d YVRgj' Ze dZ_\d25
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eYc`fXY eYV T`_TcVeV Rd R gRa`c' T`_eR^Z_ReVd1

d`Z]' d`ce `W ]Z\V T`^Z_X SRT\ Z_e` R Y`eV] c``^2

RWeVc d`^V`_V YRd d^`\VU R TZXRcVeeV' j`f \_`h3

eYVj hVcV Z_ eYVcV) MYVcV hZ]] T`_eZ_fV e` SV4

cV]VRdVd jVRcd RWeVc eYV I<> Ucj T]VR_Vc `aVcReVU)5

PV YRgV U`Tf^V_eReZ`_ eYc`fXY ,4206

T`_WZc^Z_X eYRe eYZd dR^V VbfZa^V_e' _`h d`^V ,/7

jVRcd `]UVc' R_U eYRe$d dZX_ZWZTR_e SVTRfdV eYZd8

VbfZa^V_e U`Vd T`cc`UV' Ze U`Vd UVeVcZ`cReV' eYVj9

fdVU cfSSVc Y`dVd hZeY I<> `_ eYZd Ucj T]VR_Z_X10

VbfZa^V_e' R_U eYRe$d Z^a`ceR_e SVTRfdV eYVdV11

Y`dVd' cfSSVc Y`dVd' RcV _`e T`^aReZS]V hZeY I<>)12

9_U B$gV SVV_ Z_g`]gVU Z_ R _f^SVc `W Ucj T]VR_Vc13

^ReeVcd `gVc eYV jVRcd' R_U cVRU V_`fXY14

UVa`dZeZ`_d R_U eR]\VU e` V_`fXY Ucj T]VR_Vc15

`aVcRe`cd' R_U eYVj$cV R]] X`Z_X e` eV]] j`f'16

"QVRY' eYV Y`dVd UcZVU `fe R_U TcRT\VU R_U hV YRU17

cV]VRdVd)" L` hV \_`h eYRe ZW j`f YRU R aZVTV `W18

Ucj T]VR_Z_X VbfZa^V_e eYVcV W`c ,/ jVRcd' R_U Ze19

hRd Z_ T`_eRTe hZeY I<>' eYVcV hVcV cV]VRdVd `W20

I<>)21

MYZd Zd R T`aj `W eYV ,420 U`Tf^V_e22

dY`hZ_X F``_]ZXYe <]VR_Vcd R_U eYV ]Zde `W eYV23

dR^V VbfZa^V_e SVZ_X eYVcV ,/ jVRcd ]ReVc) L`24

B$]] SRT\ fa R ]Zee]V SZe `_ eYZd Ucj T]VR_25
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ac`TVdd SVTRfdV eYRe$d d`ce `W Re eYV YVRce `W eYV1

^ReeVc YVcV) Be Zd dZ^Z]Rc e` eYV Y`^V hRdYVc2

UcjVc ac`TVdd' R_U aRceZTf]Rc]j UfcZ_X eYZd eZ^V3

aVcZ`U) PV YRgV R hRdYZ_X ^RTYZ_V' R_U d`^V `W4

eYV Ucj T]VR_Z_X VbfZa^V_e RTefR]]j ]``\VU [fde5

]Z\V eYZd' R_U eYV_ eYVj YRU d`^VeYZ_X TR]]VU R6

KVT]RZ^Vc) 9_U eYRe$d SRdZTR]]j R UcjVc) 9_U Rd7

GReYR_ DZ_X Via]RZ_VU VRc]ZVc' hYV_ eYVj hVcV8

WZ_ZdYVU hRdYZ_X eYV T]`eYVd Z_ eYV I<>' R_U eYV9

cVRd`_ eYVj fdVU I<> Zd WRZc]j `SgZ`fd' Ze _VVUVU10

e` SV "R Ucj ac`TVdd" SVTRfdV j`f U`_$e hR_e e`11

afe j`fc h``] dfZe Z_ Y`e hReVc' Ze U`Vd_$e T`^V12

`fe' j`f \_`h' eYV dR^V dZkV j`f afe Ze Z_) L`13

Ze$d gVcj Z^a`ceR_e eYRe hV$cV UVR]Z_X hZeY R14

daVTZR] TYV^ZTR] YVcV' I<>) 9_U Sj eYV hRj' R15

gVcj X``U Ucj T]VR_Z_X TYV^ZTR] `eYVc eYR_ eYV16

V_gZc`_^V_eR] ZddfVd hV$cV UVR]Z_X hZeY)17

PYV_ eYZd VbfZa^V_e hRd ecR_dWVccVU'18

eYVcV h`f]U SV dRefcReVU T]`eYVd T`_eRZ_Z_X fa e`19

WZgV e` dVgV_ aVcTV_e I<> Z_ eYV T]`eYVd'20

eYV^dV]gVd' a`f_Ud R_U a`f_Ud `W I<>) MYVj21

RTefR]]j YRU eYVdV eYZ_Xd TR]]VU "McR_dWVc MRS]Vd"22

eYRe YRU ]Zee]V UcRZ_d Z_ eYV^ R_U' j`f \_`h'23

eYZ_Xd h`f]U UcRZ_ `_e` eYV W]``c Wc`^ eYV eRS]V'24

d` eYRe hRd gVcj T`^^`_ Z_ R Ucj T]VR_Vc)25
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MYVcV hVcV R]d` `eYVc d`fcTVd `W cV]VRdVd1

`W hRdeV UfcZ_X eYV Ucj T]VR_Z_X `aVcReZ`_ UfcZ_X2

eYV ,41+$d R_U $2+d) PV \_`h eYRe eYVcV hRd3

dVaRcRe`c hReVc' d` hV$gV eR]\VU R ]Zee]V SZe4

RS`fe eYV dVhVcd) PV$gV eR]\VU RS`fe eYV d]fUXV5

R_U eYV gRa`cd R_U eYV daZ]]d R_U ]VR\d) B$^6

X`Z_X e` daV_U R dVT`_U `_ eYV S`Z](`gVcd SVTRfdV7

eYVdV RcV R aRceZTf]Rc]j ac`S]V^ReZT ZddfV hZeY8

Ucj T]VR_Vcd eYRe YRU eYVdV deZ]]d)9

I<> R_U hReVc RcV gVcj f_ZbfV Z_ eYRe10

eYVj W`c^ R f_ZbfV TYV^ZTR] T`^SZ_ReZ`_ cVWVccVU11

e` Rd R_ RkV`ec`aV) 9_U hYRe eYRe ^VR_d Zd I<>'12

hYZTY YRd R S`Z]Z_X a`Z_e `W ,-, UVXcVVd13

TV_eZXcRUV' R_U hReVc hYZTY YRd R S`Z]Z_X a`Z_e `W14

,++ UVXcVVd TV_eZXcRUV' hYV_ eYVj XVe e` R TVceRZ_15

T`^SZ_ReZ`_' B eYZ_\ Ze$d RS`fe eYcVV `c W`fc16

aVcTV_e ^ZiefcV' eYV S`Z]Z_X a`Z_e RTefR]]j Uc`ad17

e` 33 UVXcVVd' d` j`f$gV X`e eYZd Ucj T]VR_Vc18

`aVcRe`c ecjZ_X e` S`Z] `WW YZd I<> e` cVT]RZ^ Ze'19

R_U Ze XVed e` eYZd ^RXZT a`Z_e hYVcV j`f YZe eYZd20

RkV`ec`aV R_U B$^ dfcV R ]`e `W eYVdV Ucj T]VR_Vcd21

defUZVU eYRe Z_ eYVZc <YV^Zdecj T]Rdd' R_U hV$cV22

R]] acVaRcVU W`c eYZd' eYVj X`e eYZd cV]ReZgV]j23

Via]`dZgV d`ce `W eYZ_X TR]]VU R S`Z]Vc(`gVc'24

eYVj$cV d` T`^^`_' eYVcV$d _R^Vd W`c eYV^' R_U25
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B$gV eR]\VU e` Ucj T]VR_Vcd R_U eYVdV eYZ_Xd1

UZU_$e `TTfc `_TV R jVRc' eYVj `TTfccVU `_TV R2

^`_eY' eYVj YRaaV_VU SVTRfdV R_j eZ^V j`f X`e Z_e`3

eYZd UZdeZ]]ReZ`_ ac`TVdd' eYVcV hRd eYZd TYR_TV4

j`f$cV X`Z_X e` cf_ RTc`dd eYRe ^RXZT RkV`ec`aV5

T`_TV_ecReZ`_) 9_U d` hV \_`h eYRe eYVcV hVcV6

cV]VRdVd) >gVcj Ucj T]VR_Vc dZeV eYRe B$gV ]``\VU7

Re' eR]\VU e` `aVcRe`cd' hV \_`h eYRe eYVj YRU8

eYVdV S`Z]Vc(`gVcd)9

L` eYZd Zd RTefR]]j Wc`^ eYV Ucj T]VR_Vc10

^R_fR] W`c L? ,.+' d` hV \_`h R WRZc R^`f_e RS`fe11

eYZd ejaV `W VbfZa^V_e' Y`h Ze$d `aVcReVU' hV$gV12

cVgZVhVU eYV ^R_fR]d' R_U `_TV RXRZ_' Ze$d13

f_R^SZXf`fd' eYZd Zd W`c fdV hZeY14

IVcTY]`c`VeYj]V_V) L` hV \_`h eYRe eYZd Ucj15

T]VR_Z_X `aVcReZ`_ UfcZ_X eYV eV_fcV hYV_ N9M<16

T`_ec`]]VU eYV ac`aVcej YRU I<>' fdVU Ze' R_U17

eYVcV hVcV cV]VRdVd)18

L` B$]] eR]\ RS`fe eYV gVceZTR]19

UZdecZSfeZ`_ `W I<> SVTRfdV eYZd `_TV RXRZ_ (( R_U20

eYVcV$d SVV_ R WRZc R^`f_e `W eR]\ RS`fe eYV21

cV]ReZgV V]VgReZ`_d `W Xc`f_UhReVc) MYV I<>'22

]``\Z_X Re eYZd gVceZTR] UZdecZSfeZ`_ Rd R ]Z_V `W23

VgZUV_TV eYRe eYVcV hVcV cV]VRdVd UfcZ_X N_ZeVU24

9ceZded MYVRecV <ZcTfZe' eYV Xc`f_UhReVc25
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V]VgReZ`_d hVcV ]`hVc Z_ eYV 1+$d R_U 2+$d' R_U1

hV$]] eR\V R ]``\ Re d`^V `W eYV Z_W`c^ReZ`_ `_2

eYRe) I<> ^ZXcReVU U`h_ e` eYZd T]Rj ]RjVc)3

GReYR_ DZ_X VRc]ZVc e`URj eR]\VU RS`fe eYZd4

cV]ReZgV]j Z^aVc^VRS]V ]RjVc' R_U B eYZ_\ eYVcV5

hVcV d`^V bfVdeZ`_d Rd\VU Sj ^V^SVcd `W eYV ;`RcU6

RS`fe hYV_ eYV I<> h`f]U X` U`h_ eYVcV R_U XVe7

Yf_X fa) QVRY' eYVcV$d R WRZc]j eYZT\ ^ReVcZR]8

gVcj ^fTY ]Z\V eYRe RbfZeRcU eYRe Fd) IVRS`Uj hRd9

eR]\Z_X RS`fe) PV \_`h eYRe eYV Xc`f_UhReVc10

V]VgReZ`_d c`dV' R_U hYRe hV dVV Zd YZXYVc I<>11

T`_TV_ecReZ`_d Re UVaeY R_U ]`hVc Z_ eYV12

dYR]]`hVc)13

OB<> <A9BK QHNG@5 B$^ X`Z_X e` XZgV j`f14

R eZ^V TYVT\' hYZTY Zd eYRe j`f YRgV gVcj ]Zee]V15

eZ^V ]VWe) L` ZW j`f T`f]U ^`gV eYc`fXY e` j`fc16

dec`_XVde RcXf^V_ed' hV$]] XZgV j`f R T`fa]V `W17

ViecR ^Z_feVd)18

FK) DK9LGH??5 B hZ]] ^`gV eYc`fXY e`19

dec`_XVde RcXf^V_ed' d` ]Ve ^V [fde YZe eYV20

YZXY]ZXYed) MYV LR_eR <]RcR LfS ;RdZ_' hV U` YRgV21

Xc`f_UhReVc V]VgReZ`_ Z_W`c^ReZ`_' eYZd22

Z_W`c^ReZ`_ Zd RgRZ]RS]V `_]Z_V R_U Ze$d SVV_ aRce23

`W eYV cVT`cU' d` B \_`h eYVcV hRd R WRZc R^`f_e24

`W bfVdeZ`_ RS`fe eYRe) MYZd dY`hd eYV gVceZTR]25
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UZdecZSfeZ`_ R_U eYV YZXYVc T`_TV_ecReZ`_d Re1

UVaeY ((2

FK) F<@K9MA5 ;VW`cV j`f ]VRgV eYRe'3

SVTRfdV B h`f]U Rd\ eYZd bfVdeZ`_ R_jhRj' Ze dRjd4

(( B hR_e e` \_`h hYVcV eYZd Tc`dd dVTeZ`_ Zd R_U5

Ze dRjd YZde`cZTR] hReVc ]VgV]d' $2,' $2.' $21 ((6

eYV _Vie `_V (( d` eYZd dY`hd UVVaVc ((7

FK) DK9LGH??5 QVd)8

FK) F<@K9MA5 9_U Ze R]d` dY`hd (( B TR_9

dVV _`h j`fc S`cV Y`]Vd (( hYVcV Zd eYRe Tc`dd10

dVTeZ`_ ecV_UZ_X811

FK) DK9LGH??5 MYZd Zd cZXYe Z_ Wc`_e `W12

eYV Ucj T]VR_Vc' d` eYRe$d eYV SfZ]UZ_X cZXYe13

eYVcV' eYZd Zd ecV_UZ_X Z_ eYV _`ceYVRde)14

FK) F<@K9MA5 L` Ze ecV_Ud e` eYV _`ceY)15

FK) DK9LGH??5 QVRY' _`ceYVRde' R_U B$]]16

dY`h j`f hZeY eYV K`dV UZRXcR^d eYRe hZ]] RUUcVdd17

eYV Xc`f_UhReVc W]`h UZcVTeZ`_ YVcV Z_ R dVT`_U)18

L` B$]] daV_U R dVT`_U `_ eYV ]V_XeY `W eYV a]f^V'19

eYVcV hVcV R WRZc R^`f_e `W TR]Tf]ReZ`_d eR]\Z_X20

RS`fe hYV_ eYV cV]VRdV `TTfccVU SRdVU fa`_ eYV21

]V_XeY `W a]f^V' Ze$d RTefR]]j bfZeV R SZe ]`_XVc'22

eYZd Zd hYRe hRd Z_T]fUVU Z_ eYV >DB' >c]Vc23

DR]Z_`hd\Z U`Tf^V_e) ;fe eYVcV hVcV UReR eYRe24

hVcV _`e Z_T]fUVU Z_ eYVZc a]f^V ]V_XeY' eYVcV$d25
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RTefR]]j I<> eYRe$d ^ZXcReVU `WW Z_e` eYZd1

cVdZUV_eZR] _VZXYS`cY``U) Q`f U`fS]V eYV ]V_XeY2

`W eYV a]f^V R_U j`f Z_TcVRdV eYV R^`f_e `W eZ^V3

eYV I<> YRd SVV_ Z_ eYV V_gZc`_^V_e) L` eYRe$d R4

gVcj Z^a`ceR_e a`Z_e)5

@c`f_UhReVc W]`h UZcVTeZ`_) B$^ _`e6

X`Z_X e` daV_U R ]`e `W eZ^V `_ eYV ]`dZ_X R_U7

XRZ_Z_X SVTRfdV B eYZ_\ hV$gV eR]\VU RS`fe eYRe'8

`eYVc eYR_ e` dRj Ze$d gVcj ]Z^ZeVU Z_ VieV_e)9

MYVdV RcV eYV UZRXcR^d j`f$gV dVV_' eYVdV RcV10

RTefR]]j eYV K`dV UZRXcR^d SRdVU fa`_ eYV11

Xc`f_UhReVc V]VgReZ`_ UReR eYRe ViZded R_U' jVd'12

eYVcV Zd W]`h e` eYV _`ceYVRde hYV_ eYVcV Zd R13

]`dZ_X decVR^ T`_UZeZ`_ fa f_eZ] $406 jVd' eYVcV14

Zd W]`h e` eYV d`feYhVde) ;fe eYVdV UZRXcR^d RcV15

RTefR]]j a]`ed `W eYV UReR R_U eYV WcVbfV_Tj `W16

eYV VgV_ed R_U eYV UZcVTeZ`_) L` eYVcV hRd _`17

W]`h e` eYV _`ceYhVde Rd Yja`eYVeZTR]]j acVdV_eVU18

Sj N9M$d T`_df]eR_e6 dR^V eYZ_X hYV_ hV RcV19

XRZ_Z_X decVR^' Ze U`Vd_$e cVgVcdV eYV hRj eYVj20

dY`hVU eYV Rcc`h' hV YRgV eYV UReR Wc`^ eYV LYV]]21

deReZ`_' eYVdV a]`ed RcV eR\V_ Wc`^ eYV UReR22

Z_T]fUVU Z_ eYV eVTY_ZTR] cVa`ce acVdV_eVU Sj23

N9M<' R_U Ze U`Vd_$e cVgVcdV eYV hRj Ze dRjd Ze24

U`Vd) 9_U B SV]ZVgV eYRe hRd R]d` T`gVcVU Z_ eYV25
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deRWW cVa`ce)1

L` hV eR]\VU RS`fe eYV UZdTYRcXV `_ N9M<2

T`_ec`] `W eYV dZeV) PV$gV eR]\VU RS`fe eYV3

^f]eZa]V ]Z_Vd `W VgZUV_TV) B `_]j YRgV `_V `eYVc4

eYZ_X e` T`^^V_e `_ SVTRfdV eYV dTYVUf]V YRd SVV_5

RUUcVddVU) PV hVcV cVbfVdeZ_X R T]RcZWZTReZ`_ Z_6

eYV HcUVc SVTRfdV Ze Z_T]fUVd S`eY T]VR_fa X`R]d'7

daVTZWZVU T]VR_fa X`R]d' R_U eYVcV$d R eRd\ eYRe8

dRjd eYRe hV dY`f]U cVT`^^V_U WZ_R] T]VR_fa X`R]d'9

hV hVcV [fde Y`aZ_X' dY`f]U GReYR_ DZ_X _`e SV `fc10

deRWW aVcd`_ U`h_ eYV c`RU' eYRe eYVcV SV d`^V11

T]RcZWjZ_X ]R_XfRXV Z_UZTReZ_X eYVcV eYRe eYV12

TfccV_e X`R]d RcV Z_eVcZ^ T]VR_fa X`R]d) 9_U13

eYRe' B SV]ZVgV' T`gVcd eYV YZXY]ZXYed) BW j`f14

YRgV R_j bfVdeZ`_d' a]VRdV ]Ve ^V \_`h)15

FK) F<@K9MA5 P`f]U j`f X` SRT\ e` eYRe16

Tc`dd dVTeZ`_ eYRe B hRd d` V_R^`cVU hZeY SVTRfdV17

B hR_e e` SV gVcj T]VRc `_ hYRe eYV UReR dRjd Z_18

eYV aVcZ`U acZ`c e` ,44+ Rd e` eYV UVaeY `W19

Xc`f_UhReVc) L` hYRe Zd eYV UVaeY e` Xc`f_UhReVc20

dY`h_ YVcV8 Q`f$gV X`e UReR a`Z_ed W`c eYV21

T`_TV_ecReZ`_d) PYRe hRd eYV UVaeY e`22

Xc`f_UhReVc823

FK) DK9LGH??5 MYRe$d RS`fe T]`dV e` 0+24

R_U 2+ WVVe' d`^VhYVcV Z_ eYRe cR_XV' 3+ WVVe)25
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FK) F<@K9MA5 L` Ze hRd 2+ WVVe deZ]] e`1

Xc`f_UhReVc ((2

FK) DK9LGH??5 =fcZ_X eYV eZ^V aVcZ`U3

N9M< hRd eYVcV) MYRe$d SRdVU fa`_ eYV dR^V hV]])4

B \_`h N9M<$d T`_df]eR_e U`Vd_$e _VTVddRcZ]j RXcVV5

eYRe eYRe _VRcSj hV]] eYRe hV fdVU eYZd a]`e W`c6

Zd cVacVdV_eReZgV `W dYR]]`h Xc`f_UhReVc' Sfe ZW B7

W`]]`h R]`_X eYV dR^V eYV`cZVd eYRe N9M<$d8

T`_df]eR_e YRd' eYRe eYVcV hRd dYR]]`h9

Xc`f_UhReVc' eYRe eYRe hV]] Zd_$e cVacVdV_eReZgV'10

hV]]' eYV_ j`f$gV X`e e` ]``\ Re eYZd UReR R_U dRj11

eYV I<>' Z_ R_j TRdV' h`f]U YRgV ^ZXcReVU U`h_ e`12

eYZd T]Rj ]RjVc)13

FK) F<@K9MA5 ;fe Ze ]``\d ]Z\V eYVcV$d14

dVgV_ hV]]d cVacVdV_eVU YVcV)15

FK) DK9LGH??5 L`^V `W eY`dV RcV XcRS16

Xc`f_UhReVc dR^a]Vd' d`^V `W eY`dV RcV ^`_Ze`cZ_X17

hV]]d)18

FK) F<@K9MA5 H\Rj)19

FK) DK9LGH??5 PV U` YRgV Xc`f_UhReVc20

V]VgReZ`_ UReR Wc`^ eYRe _VRcSj <YVgc`_ R_U LYV]]'21

Sfe eYZd Zd cVR]]j [fde W`TfdZ_X `_ eYV TYV^ZTR]22

UZdecZSfeZ`_)23

FK) F<@K9MA5 L` Z_ eVc^d `W eYV24

decReZXcRaYj' d`^V `W eYVdV h`f]U YRgV TRdZ_X25
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cVT`cUd R_U d`Z] dR^a]Vd' R_U d`^V `W eYV^ h`f]U1

_`e82

FK) DK9LGH??5 PV YRgV' B eYZ_\' gVcj WVh3

d`Z] dR^a]Vd Wc`^ eYV S`cZ_Xd' Sfe hV YRgV R ]`e4

`W IB= cVRUZ_Xd) PV U` YRgV d`^V d`Z] dR^a]Vd)5

PV YRgV ]`ed `W EZeY` ]`Xj) PV YRgV ^RaaVU eYV6

gVceZTR] decReZXcRaYj Z_ UVeRZ] Re eYV dZeV)7

FK) F<@K9MA5 MYR_\ j`f)8

OB<> <A9BK QHNG@5 9_j `eYVc bfVdeZ`_d Re9

eYZd eZ^V8 9]] cZXYe' Zd Ze eYV ;`RcU$d10

acVWVcV_TV e` ^VVe Z_ T]`dVU dVddZ`_ hZeY `fc11

9UgZd`cj MVR^8 Hc _`e8 QVd812

FK) F<@K9MA5 B h`f]U ]Z\V e` ^VVe hZeY13

eYV 9UgZd`cj MVR^ R_U _`e hZeY eYV cV^RZ_UVc `W14

eYV deRWW)15

OB<> <A9BK QHNG@5 MYRe$d Y`h Ze h`f]U16

X`)17

FK) F<@K9MA5 MYRe$d Y`h hV c`]])18

FK) PHE?>5 MYRe h`f]U TR]] R T]`dVU19

dVddZ`_)20

FK) K>BL<A5 <R_ B Rd\ [fde R ac`TVUfcR]21

bfVdeZ`_822

OB<> <A9BK QHNG@5 QVd)23

FK) K>BL<A5 LT`ee KVZdTY W`c N9M<) PZ]]24

j`f SV T`^Z_X SRT\ `fe `W T]`dVU dVddZ`_ e` eR]\25
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e` fd81

OB<> <A9BK QHNG@5 QVd' hV hZ]])2

FK) K>BL<A5 H\Rj' eYR_\ j`f)3

OB<> <A9BK QHNG@5 9_U hV hZ]] SV ^VVeZ_X4

hZeY `fc RUgZd`cd hY` RcV ;cfTV P`]WV R_U YZd5

eVR^' Rd hV]] Rd MR^RcZ_ 9fdeZ_ hY` Zd eYV LeReV6

;`RcU Ree`c_Vj' Rd\Z_X eYV^ bfVdeZ`_d Z_ T]`dVU7

dVddZ`_ e` T]RcZWj hYReVgVc hV _VVU T]RcZWZVU)8

MYV_ B eYZ_\ hV$]] ScZ_X VgVcj`_V SRT\' ^R\V R9

UVTZdZ`_ `_ eYZd ZeV^' R_U Re eYRe a`Z_e hV$]]10

WZXfcV `fe hYRe `cUVc hV U` eYV cVde `W `fc11

SfdZ_Vdd Z_) L` YR_X Rc`f_U `fedZUV) 9_U hV$]]12

TR]] j`f SRT\)13

FK) PHE?>5 9_U [fde e` ecj e` ac`gZUV14

`aa`cef_ZeZVd W`c R_jS`Uj e` dVV\ ]f_TY `c _`e'15

Y`h ]`_X' U` j`f YRgV d`^V dV_dV `_ Y`h ]`_X hV16

^Rj ((17

FK) F<@K9MA5 PV YRgV R_`eYVc >iVTfeZgV18

LVddZ`_ ^ReeVc' U`_$e hV819

OB<> <A9BK QHNG@5 QVRY' hV T`f]U ]f^a20

eYV eh` e`XVeYVc Z_ `cUVc e` XVe VgVcj`_V ((21

FK) F<@K9MA5 EVe$d XZgV eYV^ R YR]W Y`fc22

W`c ]f_TY Re ]VRde)23

OB<> <A9BK QHNG@5 (( V_`fXY eZ^V e` X`24

`fe R_U XVe d`^V ]f_TY' `c hV T`f]U T`^V SRT\ R_U25
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((1

FK) PHE?>5 H\Rj' Sfe B [fde hR_e e` R]d`2

SV acVaRcVU e` YRgV (( ZW eYRe$d eYV TRdV (( `fc3

dVT`_U T]`dVU dVddZ`_ TfVU fa) L` B$^ ecjZ_X e`4

]``\ Rc`f_U e` dVV hY` Zd `fc aRcej (( jVd' EZ]R5

Zd eYVcV' B dVV)6

OB<> <A9BK QHNG@5 ;cfTV' hV$]] U` Ze Z_7

hYReVgVc `cUVc j`f ]Z\V)8

FK) PHE?>5 H\Rj' hV]]' B h`f]U RXcVV9

hZeY eYV ;`RcU eYRe cZXYe _`h Ze h`f]U SV10

Raac`acZReV e` X` Z_e` T]`dVU dVddZ`_ e` UZdTfdd11

eYV F``_]ZXYe ^ReeVc' d`^V `W eYV eVR^ Zd dRjZ_X12

Rd hV T]VRc eYV c``^' Zd eYRe V_`fXY TYR_TV e`13

XcRS R dR_UhZTY814

FK) F<@K9MA5 QVd) B$]] ^R\V dfcV `W15

eYRe)16

FK) PHE?>5 H\Rj) L` W`c VgVcj`_V Z_ eYV17

c``^' eYRe Z^a]ZVd eYRe eYV T]`dVU dVddZ`_ hZ]] SV18

eYV ;`RcU R_U eYV 9UgZd`cj MVR^ `W ^jdV]W' MR^RcZ_19

R_U 9]Vi) 9_U d` ZW eYV ;`RcU hR_ed e` T`_df^V20

Zed ]f_TY Re eYV dR^V eZ^V' R_U eYV_ X` Z_e` eYV21

dVT`_U T]`dVU dVddZ`_' hV TR_ U` eYRe)22

%HWW eYV cVT`cU W`c T]`dVU dVddZ`_ Re ,5-4 a)^)&23

%KVT`_gV_V Wc`^ T]`dVU dVddZ`_ Re -5-. a)^)&24

OB<> <A9BK QHNG@5 9]] cZXYe' hV RcV25
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cVT`_gV_Z_X _`h) PV deZ]] YRgV `fc bf`cf^) PV1

h`f]U ]Z\V e` (( VgV_ eY`fXY VgVcj`_V fdVU fa YZd2

`c YVc eZ^V' hV h`f]U ]Z\V e` ac`gZUV eYV3

`aa`cef_Zej W`c VRTY `W eYV aRceZVd e` fdV' ZW j`f4

hZdY' fa e` WZgV ^Z_feVd e` Rd\ bfVdeZ`_d `W5
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OB<> <A9BK QHNG@5 H\Rj' ]Ve$d `WWVc eYV16

`aa`cef_Zej e` eYV deRWW WZcde e` Rd\ R_j17

bfVdeZ`_d eYRe j`f hR_e R_U*`c ^R\V R T]`dZ_X18
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]`e `W UZWWVcV_e hRjd e` \Z_U `W aRcdV Ze `fe' Sfe16
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Q`f R]d` YVRcU d`ce `W R XV`TYV^ZTR]23
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RZc T`_TV_ecReZ`_d' d` hV U` _`e RXcVV hZeY eYV8
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\_`h' hV YVRcU [fde _`h RXRZ_ eYRe eYZd VbfZa^V_e15
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OB<> <A9BK QHNG@5 9_U RXRZ_' j`f$cV ((6

[fde ((7

FL) @N9E<H5 HY' B$^ d`ccj' E`cZ @fR]T`'8

Ree`c_Vj W`c F``_]ZXYe 9dd`TZReVd' EE<)9

OB<> <A9BK QHNG@5 MYZd Zd SVZ_X cVT`cUVU10

R_U d`^V aV`a]V hY` RcV ]ZdeV_Z_X e` eYV cVT`cUZ_X11

h`_$e cVT`X_ZkV VgVcj`_V$d g`ZTVd' d` B$^ d`ccj)12

FL) @N9E<H5 B Ra`]`XZkV) B \_`h `_13

<`fce <R]]' hV R]hRjd YRgV e` R__`f_TV `fcdV]gVd14

SVTRfdV `eYVchZdV _` `_V \_`hd hY` Zd daVR\Z_X)15

9_U B h`f]U [fde cVWVc eYV ;`RcU SRT\ e` `fc L]ZUV16

,, B_ KV LR_ =ZVX` N_ZWZVU <`fce =ZdecZTe' hYVcV17

Ze dRZU eYRe eYV LeReV PReVc KVd`fcTVd <`_ec`]18

;`RcU YRd T`_dZdeV_e]j eR\V_ eYV a`dZeZ`_ eYRe R19

]R_U`h_Vc hY` YRd \_`h]VUXV' `c dY`f]U YRgV \_`h_20

`W eYV RTeZgZej eR\Z_X a]RTV' R_U YRd eYV RSZ]Zej21

e` T`_ec`] eYV RTeZgZej' YRd aVc^ZeeVU eYV22

UZdTYRcXV hZeYZ_ eYV ^VR_Z_X `W PReVc <`UV LVTeZ`_23

,..+/) MYRe dR^V cVRd`_Z_X Zd Z_ eYV LefRce TRdV'24

hYZTY hRd TZeVU Sj KVXZ`_R] ;`RcU deRWW' eYRe25
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SVTRfdV R ]VRdV ac`gZUVU IVeZeZ`_Vc T`^a]ZVU hZeY1

R]] deRefeVd R_U ]Rhd' eYRe eYV IVeZeZ`_Vc YRU eYV2

]VXR] Z_eVcVde Z_ eYV ac`aVcej R_U eYVj YRU eYV3

RSZ]Zej e` T`_ecRTefR]]j T`_ec`] eYRe ac`aVcej4

eYc`fXY eYV ]VRdV) 9_U Re eYZd a`Z_e' B$^ X`Z_X5

e` efc_ Ze `gVc e` IVeVc DcRd_`WW e` cVda`_U e`6

[fde R T`fa]V `W eYV eVTY_ZTR] ZddfVd) MYR_\ j`f)7

FK) DK9LGH??5 AZ) IVeVc DcRd_`WW hZeY8

PVde >_gZc`_^V_eR]) B [fde hR_eVU e` RUUcVdd eh`9

`W eYV eVTY_ZTR] ZddfVd cRZdVU Sj N9M<$d10

T`_df]eR_e) MYVcV Zd UZdRXcVV^V_e `_ eYV dYZWe Z_11

Xc`f_UhReVc W]`h UZcVTeZ`_) B eYZ_\ hV dY`hVU12

eYRe hYV_ j`f a]`e fa eYV UReR fdZ_X Raac`acZReV13

dTZV_TV' eYVcV Zd _`e eYV dYZWeZ_X Xc`f_UhReVc14

W]`h UZcVTeZ`_ eYRe$d SVV_ cVacVdV_eVU)15

MYV dVT`_U eVTY_ZTR] ZddfV B hR_eVU e`16

RUUcVdd Zd eYV fdV `W eYV _VRcSj hReVc ac`UfTeZ`_17

hV]]d) MYV V]VgReZ`_ UReR hYZTY YRd SVV_18

RgRZ]RS]V `_]Z_V R_U hV$gV defUZVU W`c R hYZ]V'19

T`ccV]ReVd gVcj hV]] hZeY eYV cZdV Z_ Xc`f_UhReVc20

V]VgReZ`_d eYRe hV RTefR]]j dVV Re eYV dZeV'21

hYVeYVc Ze$d Re eYV <YVgc`_ dZeV `c eYV LYV]]22

dZeV' `c Re `fc dZeV `gVc eYV jVRcd) L` eYVj RcV23

YjUcRf]ZTR]]j T`__VTeVU) Be Zd cVR]]j X``U24

dTZV_TV) MYV RTefR] cReV `W cZdV `W Xc`f_UhReVc25
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V]VgReZ`_d Re eYV <YVgc`_ deReZ`_' hYZTY Zd Z_ eYV1

T`c_Vc `W eYV dY`aaZ_X TV_eVc' ^Zcc`cd (( j`f TR_2

`gVc]Rj eYV eh` XcRaYd `W Xc`f_UhReVc V]VgReZ`_3

cZdV' eYVj `gVc]Rj aVcWVTe]j) L` eYVj$cV4

UVWZ_ZeV]j YjUcRf]ZTR]]j T`__VTeVU' eYVj RcV ]`hVc5

Re eYV dZeV' Sfe _`e Sj ^fTY) L` eYVj RcV gVcj6

fdVWf] UReR) L`' eYR_\ j`f)7

OB<> <A9BK QHNG@5 9]] cZXYe) PZeY eYRe'8

^Rj SV YRgV R deRWW cVT`^^V_UReZ`_89

FK) PHE?>5 ;VW`cV R cVT`^^V_UReZ`_' B U`10

YRgV R bfVdeZ`_ W`c eYV <]VR_fa MVR^) F``_]ZXYe11

9dd`TZReVd Z_ eYVZc T`^^V_ed a`Z_eVU `fe eYRe'12

hYZ]V eYV HcUVc daV]]d `fe T]VR_fa X`R]d' eYRe13

MRd\ 2 dRjd "cVT`^^V_U WZ_R] cV^VUZR] RTeZ`_d Z_14

T]VR_fa ]VgV]d'" R_U B h`f]U Rd\ W`c T]RcZWZTReZ`_15

`W <]VR_fa MVR^$d Z_eV_eZ`_ `_ eYRe) LY`f]U eYVcV16

SV R_ Z_eVcZ^ T]VR_fa X`R] ZUV_eZWZVU8 Hc Zd 2>17

hYVcV Ze dRjd "cVT`^^V_U WZ_R] cV^VUZR] RTeZ`_d18

R_U T]VR_fa ]VgV]d'" dY`f]U eYRe dZ^a]j cVRU19

"cVT`^^V_UVU WZ_R] cV^VUZR] RTeZ`_d8"20

FK) ABEE5 MYZd Zd LeVaYV_ AZ]] hZeY eYV21

<]VR_fa deRWW `W eYV PReVc ;`RcU) 9_U hV U`_$e22

dVV R gVcj ]RcXV UZdeZ_TeZ`_ YVcV) PV _VVU d`^V23

T]VR_fa ]VgV]d _`h SVTRfdV Ze hZ]] YV]a XfZUV eYV24

UZdTYRcXVc$d h`c\ e` WZ_ZdY eYV eRd\d _VTVddRcj e`25
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T]VR_ fa eYV dZeV) PV YRgV XZgV_ eYV^ eYV `aeZ`_1

`W T`^Z_X fa hZeY dZeV(daVTZWZT T]VR_fa ]VgV]d Rd2

R aRce `W eYVZc T]VR_fa a]R_' `c eYVj ^Rj UVTZUV3

eYRe eYVj$cV bfZeV YRaaj hZeY eYVdV dTcVV_Z_X4

]VgV](SRdVU T]VR_fa ]VgV]d eYRe RcV Z_ eYV5

MV_eReZgV HcUVc SVW`cV j`f e`URj) L` hV eYZ_\6

eYRe eYV HcUVc Zd decfTefcVU Z_ dfTY R hRj eYRe7

eYVj YRgV eYV TY`ZTV' R_U Ze$d T]VRc eYRe ZW eYVj8

U` ac`a`dV RUUZeZ`_R] `c dZeV(daVTZWZT T]VR_fa9

]VgV]d' R_U hV T`_dZUVc eY`dV R_U eYZ_\ eYVj$cV10

cVRd`_RS]V' eYV_ hV$]] ScZ_X eYZd HcUVc SRT\ R_U11

R^V_U Ze' R_U eY`dV hZ]] SV eYV _Vh T]VR_fa ]Rhd)12

FK) PHE?>5 L` ((13

OB<> <A9BK QHNG@5 B_ dY`ce' j`f U` _`e14

eYZ_\ eYRe eYVcV _VVUd e` SV R_j h`cU TYR_XV815

FK) ABEE5 MYRe$d T`ccVTe) PV eYZ_\ eYV16

`cUVc Rd decfTefcVU RUUcVddVd eYRe T`_TVc_)17

FK) PHE?>5 H\Rj) ;RdVU `_ eYRe' B eYZ_\18

`fc cVT`^^V_UReZ`_ Zd eYRe eYV KVgZdVU MV_eReZgV19

HcUVc (( eYRe eYV ;`RcU RU`ae eYV KVgZdVU20

MV_eReZgV HcUVc hZeY eYV cVgZdZ`_d e` eYV UfV21

UReVd Rd Z_T]fUVU Z_ eYV Lfaa]V^V_eR] eYRe YRd22

SVV_ XZgV_ e` j`f' eYRe VddV_eZR]]j T]RcZWZVd23

hYVcV -+,. dY`f]U SV deReVU Rd -+,/) 9_U eYRe Zd24

VddV_eZR]]j SRdVU `_ Re ]VRde eYV aVcdaVTeZgV eYRe25
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B dVV eYRe eYV aRceZVd YRgV _`e Sc`fXYe fa R_j1

bfVdeZ`_ eYRe I<> hRd fdVU R_U daZ]]VU Re eYZd2

dZeV' R_U hYZ]V eYRe$d WcVbfV_e]j Re ZddfV' cVR]]j3

eYV PReVc ;`RcU$d c`]V' eYV_' Zd ZW I<> hRd4

daZ]]VU e` dVV eYRe Ze$d T]VR_VU fa R_U eYRe5

SV_VWZTZR] fdVd RcV ac`eVTeVU) 9_U d` <]VR_fa6

MVR^ YRd cVT`^^V_UVU fdV `W eYV ,..+/ HcUVc e` U`7

eYRe' e` afdY eYV T]VR_fa) MYV HcUVc _R^Vd8

UZdTYRcXVcd' Sfe U`Vd _`e RddZX_ R_j ]VgV] `W9

cVda`_dZSZ]Zej e` eYV UZdTYRcXV ZedV]W) 9_U eYRe10

Zd T`_dZdeV_e hZeY eYV Raac`RTY hV YRgV11

YZde`cZTR]]j eR\V_ Re eYZd ;`RcU) L` Rd B dRj'12

hZeY eYRe B h`f]U cVT`^^V_U RU`aeZ`_ `W eYV13

KVgZdVU MV_eReZgV HcUVc hZeY eYV UReV TYR_XVd eYRe14

RcV dfaa]ZVU Z_ eYV Lfaa]V^V_eR])15

FK) F<@K9MA5 B h`f]U d` ^`gV)16

OB<> <A9BK QHNG@5 Bd eYVcV R dVT`_U817

FL) 9C9FB5 B dVT`_U eYRe)18

OB<> <A9BK QHNG@5 QVd' hV RcV X`Z_X e`19

YRgV UZdTfddZ`_ _`h) CZ^)20

FK) F<@K9MA5 PYV_ B WZcde YVRcU R_U cVRU21

eYV ]V_XeYj ^ReVcZR] Wc`^ N9M<' B eY`fXYe Ze hRd R22

_`e f_cVRd`_RS]V ac`a`dZeZ`_ eYRe' Rd R ScR_U _Vh23

UVgV]`a^V_e' dVhVc ]Z_Vd h`f]U SV eZXYe' eYV24

T`_TcVeV h`f]U _`e YRgV dVee]VU' Ucj T]VR_Z_X25
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VbfZa^V_e h`f]U SV _Vh' R_U Ze ^Rj hV]] SV1

a`ddZS]V eYRe Ze UZU _`e ]VR\ W`c R aVcZ`U `W2

eZ^V) MYV bfVdeZ`_ eYV_ SVT`^Vd hYV_) L` B$gV3

]ZdeV_VU gVcj TRcVWf]]j R_U' Rd j`f \_`h' Rd\VU R4

_f^SVc `W bfVdeZ`_d) B dfaa`ce eYV deRWW5

cVT`^^V_UReZ`_ R_U B$^ X`Z_X e` eV]] j`f hYRe B6

eYZ_\ Zd eYV T`^aV]]Z_X Z_W`c^ReZ`_ eYRe ]VRUd ^V7

e` eYV T`_T]fdZ`_ eYRe' f_U`fSeVU]j' R UZdTYRcXV8

`TTfccVU UfcZ_X eYV aVcZ`U eZ^V hYVcV N9M< hRd eYV9

`h_Vc `W eYV ]R_U) 9_U Y`aVWf]]j V_VcXj hZ]] SV10

daV_e `_ T]VR_Z_X Ze fa' cReYVc eYR_ WZXfcZ_X `fe11

Y`h ^fTY R_ R]]`TReZ`_ SVTRfdV eYRe$d R ]Zee]V SZe12

`W R_XV]d UR_TZ_X `_ R aZ_YVRU)13

;fe YVcV Zd hYRe B WZ_U e` SV eYV14

T`^aV]]Z_X Z_W`c^ReZ`_5 ?Zcde' eYV PVde Tc`dd15

dVTeZ`_ Z_ ?ZXfcV -). dY`hd Xc`f_UhReVcd a]fd `c16

^Z_fd /+ WVVe ]`hVc Z_ eYV ,42+$d' d` f_eZ]17

Xc`f_UhReVc YRU RUgR_TVU e` eYV a`Z_e hYVcV Ze18

Z_eVcdVTeVU hZeY hYReVgVc ^ReVcZR] (( hYVeYVc Ze19

hRd =G9IE> `c RbfV`fd aYRdV Z_ eYV Xc`f_UhReVc'20

eYV deRWW$d eYV`cVeZTR] ac`a`dR] eYRe ^ReVcZR] hRd21

dZWeZ_X eYc`fXY eYV Xc`f_UhReVc' ^`gZ_X Zed hRj22

eYc`fXY T]Rj' Zd R_ V_eZcV]j cVRd`_RS]V23

ac`a`dZeZ`_ R_U WZed eYV WRTed6 dVT`_U' R_U B24

eYZ_\ eYV ^`de T`^aV]]Z_X' Zd eYVcV$d R ^fTY25
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]RcXVc a]f^V R_U Ze$d dY`h_ Z_ eYV PVde UcRhZ_X1

WZXfcV .),' R_U Ze$d R dfSdeR_eZR]]j XcVReVc2

VieV_e eYR_ eYV ^`cV ]Z^ZeVU RcVR dY`h_ Z_ eYV3

T`ccVda`_UZ_X >c]Vc R_U DR]Z_`hd\Z (( B Y`aV B4

ac`_`f_TVU eYRe cZXYe (( UZRXcR^)5

F``_]ZXYe acVdV_eVU R_R]jeZTR]6

Z_W`c^ReZ`_ VdeZ^ReZ_X eYRe Xc`f_UhReVc a]f^V Rd7

20+ WVVe Z_ ]V_XeY R_U fdZ_X R Rddf^aeZ`_ `_8

^`gV^V_e eYc`fXY d`Z]' TR]Tf]ReVU eYRe Ze h`f]U9

eR\V /1 jVRcd W`c eYV a]f^V e` cVRTY eYRe ]V_XeY)10

G`h' B$^ _`e X`Z_X e` dRj eYRe B R^ T`^aV]]VU eYRe11

,3)1 `c ,3) hYReVgVc Zd R aVcWVTe VdeZ^ReV' Sfe Ze12

T`f]U SV `WW Sj 0+ aVcTV_e' Sfe B R^ T`_gZ_TVU13

eYRe eYV ]V_XeY `W eZ^V e` TcVReV eYRe a]f^V Zd14

dfSdeR_eZR]]j XcVReVc eYR_ [fde d`^VY`h ^RXZTR]]j15

RWeVc ,423' R_U B eYZ_\ eYRe$d eYV ^`de16

T`^aV]]Z_X)17

9 T`fa]V ^`cV a`Z_ed) B WZ_U eYV18

eYV`cVeZTR] cVgVcdV `W W]`h' aRceZTf]Rc]j eYV19

RcXf^V_ed RS`fe eYV hV]] `_ eYV `eYVc dZUV `W eYV20

TcVV\' f_aVcdfRdZgV6 Zed$ eYV _RefcV `W UVa`dZeZ`_21

`W hReVc SVRcZ_X R]]fgZf^ Z_ eZ^V `W cRaZU dVR22

]VgV] cZdV Rc`f_U LR_ ?cR_TZdT` ;Rj eYRe eYV23

R]]fgZf^ h`f]U d]`aV e`hRcUd eYV TcVV\' d` `_ eYV24

`eYVc dZUV `W eYV TcVV\' Ze h`f]U d]`aV e`hRcU eYV25
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TcVV\' `c e` eYV VRde) 9_U hZeY`fe R T`^aV]]Z_X1

]ZeY`XcRaYj eYRe ^R\Vd R UZdeZ_TeZ`_ R_U dY`hd2

ViRTe]j Y`h eYV W]`h Zd' B WZ_U Ze _`e `_]j VRdj3

e` UZdeZ_XfZdY eYRe' Sfe _VTVddRcj e` UZdeZ_XfZdY4

eYRe)5

B UZdRXcVV hZeY eYV RcXf^V_e ^RUV Sj6

T`f_dV] W`c N9M< `_ UfV ac`TVdd `_ eYV bfVdeZ`_d7

`W Xc`f_UhReVc) PV U`_$e _VVU e` \_`h acVTZdV]j8

eYV UVaeY e` Xc`f_UhReVc) PV U`_$e _VVU e` \_`h9

acVTZdV]j eYV cV]VgR_TV `W aVcTY hReVc gVcdfd10

`eYVc hReVc) MYVj UZU_$e ac`gZUV Z_W`c^ReZ`_ Z_11

eYV aVcZ`U SVehVV_ ,423 R_U ,44+' jVe eYV12

T`_df]eR_ed W`c F``_]ZXYe UZU' hYZTY Z_UZTReVU13

Xc`f_UhReVc hRd hV]] SV]`h) FZ_`c cVgVcdR]d `W14

Xc`f_UhReVc UfcZ_X eYZd aVcZ`U `W eZ^V `W cRaZU15

cZdV RcV `W _` T`_dVbfV_TV Z_ eYV ]RcXVc bfVdeZ`_16

`W hRd eYVcV R UZdTYRcXV UfcZ_X eYV aVcZ`U `W17

eZ^V' R_U dY`f]U eYVj YRgV \_`h_8 IVcYRad B R^18

R^`_X eYV ;`RcU ^V^SVcd Z_ \_`hZ_X eYRe' hYV_ j`f19

cV_e ]R_U W`c ac`WZe e` R_ RTeZgZej \_`h_ e` SV20

UR_XVc`fd `_ R WZcV dRWVej aVcdaVTeZgV' `_ R_ RZc21

bfR]Zej aVcdaVTeZgV' `_ R h`c\Vc dRWVej22

aVcdaVTeZgV' Ze Zd _`e f_cVRd`_RS]V e` V_dfcV23

eY`dV cZd\d R_U aVcYRad VgV_ hReVc bfR]Zej6 B U`24

WZ_U eYRe T`_decfTeZgV \_`h]VUXV' Re ]VRde Z_ eYV25
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hRj B ]``\ Re eY`dV eYZ_Xd) MYV <]VR_ PReVc 9Te1

aRddVU Z_ ,42-' eYVcV hRd eV_fcV `_ eYV ac`aVcej2

f_eZ] Re ]VRde ,420' R_U eYVcV hRd Y`e UVSReV3

RS`fe eYV RZc bfR]Zej Z^aRTed R_U eYV g`]ReZ]Zej)4

L` B WZ_U eYVdV e` SV YRkRcU`fd dfSdeR_TVd) B hRd5

hV]] RhRcV `W eYV^ Rd YRkRcU`fd dfSdeR_TVd Re eYV6

eZ^V) L` W`c eY`dV cVRd`_d' B WZ_U eYV UZdTYRcXV7

`TTfccVU' eYVcV hRd T`_decfTeZgV \_`h]VUXV' R_U8

TVceRZ_]j eYV VbfZa^V_e ac`SRS]j ]VR\VU ^`cV Rd9

eZ^V hV_e `_ R_U B ]VRgV Ze e` eYV aRceZVd e` h`c\10

eYRe `fe' WZ_UZ_X d`^V`_V e` SV R cVda`_dZS]V11

aRcej U`Vd _`e R]]`TReV eYV cV]ReZgV ]VgV] `W12

cVda`_dZSZ]Zej) Be [fde dZ^a]j ecZVd e` XVe eYV13

_VTVddRcj defUZVd U`_V d` eYRe h`c\ TR_ SV U`_V)14

OB<> <A9BK QHNG@5 FRcXRcVe' UZU j`f hR_e15

e` ^R\V R_j T`^^V_ed816

FL) 9;>(DH@95 MYZd Zd UVWZ_ZeV]j R gVcj17

TYR]]V_XZ_X ZeV^ R_U Z_ eVc^d `W (( SVTRfdV B X`18

SRT\ e` eYV TcZeVcZR W`c _R^Z_X R cVda`_dZS]V19

aRcej R_U' hV]]' B$^ fdZ_X eYV d]ZUV eYRe hRd20

XZgV_' eYV eYcVV ZeV^d YVcV' `h_*]VRdV eYV21

ac`aVcej Re eYV eZ^V `W UZdTYRcXV' B eYZ_\' R_U22

eYV dTZV_TV' R_U B RU^Ze B U`_$e YRgV R ]`e `W23

SRT\Xc`f_U Z_ eYZd' Sfe Wc`^ hYRe YRd SVV_ dY`h_24

R_U UZdTfddVU' B eYZ_\ eYVcV Zd R ]`e `W VgZUV_TV25
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June 2525, 2013
File No. 43S1090 (NMK)

Moonlite Associates, LLC
c/o SClay Management
Attn: Mr. Bill Mehrens
1111 Bayhill Drive, Suite 450
San Bruno, CA 94066
Bill_Mehrens@sclay.com

United Artists Theatre Circuit, Inc.
c/o Hogan Lovells US LLP
Attn: Scott Reisch
One Tabor Center, Suite 1500
1200 Seventeenth Street
Denver, CO 90202
Scott.reisch@hoganlovells.com

SUBJECT: Transmittal of Tentative Order – Site Cleanup Requirements for Moonlite
Associates, LLC, and United Artist Theater Circuit, Inc., for the Property Located
at 2640 El Camino Real, Santa Clara, Santa Clara County

Dear Mr. Mehrens and Mr. Reisch:

Attached is a Tentative Order (Site Cleanup Requirements) for the subject Site. The Tentative
Order names United Artists Theatre Circuit, Inc., and Moonlite Associates, LLC, as dischargers
and requires the investigation and cleanup of tetrachloroethene contamination at the Site.

This matter will be considered by the Regional Water Board during its regular meeting on
September 1111, 2013. The meeting will start at 9:00 am and will be held in the first floor
auditorium of the Elihu Harris Building, 1515 Clay Street, Oakland, California. Any written
comments by you or interested persons must be submitted to the Regional Water Board offices
by July 25, 2013. Comments submitted after this date will not be considered by the Regional
Water Board.

Pursuant to section 2050(c) of Title 23 of the California Code of Regulations, any party that
challenges the Regional Water Board’s action on this matter through a petition to the State Water
Board under Water Code section 13320 will be limited to raising only those substantive issues or
objections that were raised before the Regional Water Board at the public hearing or in timely
submitted written correspondence delivered to the Regional Water Board (see above).

Water Code section 13304 allows the Regional Water Board to recover its reasonable expenses
for overseeing the investigation and cleanup of illegal discharges, contaminated properties, and
other releases adversely affecting or threatening to adversely affect the state’s waters. The Site
involved in this matter falls into the category for which the Regional Water Board may recover
oversight costs.
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If you have any questions, please contact Nathan King of my staff at (510) 622-3966
[nking@waterboards.ca.gov].

Sincerely,

Dyan C. Whyte
Assistant Executive Officer

Attachment: Tentative Order

cc w/attachment:

Mr. George Cook
Santa Clara Valley Water District
gcook@valleywater.org

Ms. Julia Hill
City Attorney’s Office
City of Santa Clara, California
jhill@santaclaraca.gov

Mr. David Parker
Santa Clara City Fire Department
Hazardous Materials Division
dparker@ci.santa-clara.ca.us

Ms. Lori Gualco
The Law Offices of David E. Frank
ljgualco@gualcolaw.com

Mr. Peter Krasnoff
West Environmental
peterk@westenvironmental.com

Ms. Carey Peabody
Erler & Kalinowski Inc.
cepeabody@ekiconsult.com

Fkikvcnn{!ukipgf!d{!Uvgrjgp!Jknn!
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
SAN FRANCISCO BAY REGION

TENTATIVE ORDER

ADOPTION of SITE CLEANUP REQUIREMENTS for:

MOONLITE ASSOCIATES, LLC, AND
UNITED ARTIST THEATER CIRCUIT, INC.

For the property located at:

2640 El CAMINO REAL
SANTA CLARA, SANTA CLARA COUNTY

The California Regional Water Quality Control Board, San Francisco Bay Region (hereinafter
Regional Water Board), finds that:

1. Site Location: The Site is a located at 2640 El Camino Real in Santa Clara (Figure 1).
The Site is a 3,000 square foot tenant space located in the 14.34 acre Moonlite Shopping
Center (Figure 2). The Moonlite Shopping Center is bounded to the west by Kiely
Boulevard, to the east by Bowe Avenue and Saratoga Creek, to the north by El Camino
Real, and to the south by an alley. Saratoga Creek is located immediately east of Bowe
Avenue. El Camino Real is a large boulevard flanked by residential neighborhoods
located one block to the north and south.

The Site is presently occupied by Cosmo’s Gifts, a retail store. Within the Moonlite
Shopping Center there are several large tenant spaces and twenty-five additional smaller
tenant spaces.

2. Site History: Moonlite Cleaners, a dry cleaning business that used the dry cleaning
chemical tetrachloroethene (PCE), operated at the Site for 35 years, from 1962 to 1997.
In 1961, the State Fire Marshal issued a permit for establishment of the Moonlite
Cleaners dry cleaning facility, and permitted the installation and use of dry cleaning
equipment using PCE.

United California Theaters, Inc., (now United Artist Theater Circuit, Inc. [UATC])
developed the shopping center in 1960. UATC owned the shopping center, including the
Site, from 1961 to 1975, and then continued as the master lessor until 1978. UATC
owned and controlled the shopping center where the dry cleaner operated for 16 years,
from 1962 to 1978. On September 5, 2000, UATC and affiliated entities filed for chapter
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11 bankruptcy in the United States Bankruptcy Court for the District of Delaware. The
court confirmed UATC’s plan of reorganization.

Moonlite Associates, LLC, (Moonlite Associates), the current property owner, has owned
the shopping center, including the Site, since 1977. As such, Moonlite Associates owned
the shopping center where the dry cleaner operated as a tenant for 20 years (1977 to
1997).

Moonlite Cleaners used PCE in conducting its dry cleaning operations. These operations
resulted in PCE discharges to soil and groundwater beneath the Site. There is substantial
evidence that PCE discharges occurred during UATC’s ownership and control of the Site
from 1962 and 1978, and Moonlite Associates’ ownership and control of the site from
1977 to 1997. The evidence that PCE discharges occurred during UATC’s ownership
includes the physical evidence of PCE at the Site and downgradient from it, the history of
solvent usage beginning in 1961, common industry-wide operational practices, and the
inefficiencies of older dry cleaning equipment from the 1960s. The June 24, 2013, Staff
Report more fully discusses PCE discharges that occurred during UATC’s ownership.
Similarly, the physical evidence of PCE at the Site and downgradient from it, the history
of solvent usage, the common industry-wide practices, and the inefficiencies of older dry
cleaning equipment, provide evidence that PCE discharges occurred during Moonlite
Associates’ ownership of the Site when Moonlite Cleaners operated. PCE discharges
continue to occur from the Site to off-site areas.

3. Named Dischargers: UATC is named as a discharger because it owned the Site during
the time of the PCE discharges, had knowledge of the activities that caused the discharge,
and had the legal ability to prevent the discharge, as more fully discussed in the June 24,
2013, Staff Report.

Moonlite Associates is named as a discharger because it is the current owner of the
property on which there was and continues to be discharge of waste, had and has
knowledge of the activities that caused the discharge, and had and has the legal ability to
control the discharge.

UATC and Moonlite are hereafter collectively referred to as dischargers.

The previous owners and operators of the Moonlite Cleaners dry cleaning business are
not named as discharger because they are deceased.

If additional information is submitted indicating that other parties caused or permitted
any waste to be discharged on the Site where it entered or could have entered waters of
the state, the Regional Water Board will consider adding those parties’ names to this
Order.

4. Regulatory Status: This Site is currently not subject to Regional Water Board order.
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5. Site Hydrogeology: The topography of Santa Clara is predominantly flat, sloping gently
to the north northeast towards the Guadalupe River and the San Francisco Bay. Locally
at the Site, the topography slopes gently to the east, towards the adjacent Saratoga Creek,
that flows to the north. The elevation of the Site is approximately 80 feet above mean sea
level.

The headwaters of Saratoga Creek originate is in Santa Cruz Mountains at 3,100 feet,
approximately 10 miles to the southwest. Saratoga Creek is the principal drainage for the
Saratoga Creek Watershed. Santa Clara Valley Water District uses Saratoga Creek
upstream of the Site to recharge groundwater in the reach between the city of Saratoga
and Highway 280, approximately. Saratoga Creek currently is a gaining creek adjacent to
the Site. Saratoga Creek joins the San Tomas Aquino Creek before joining the
Guadalupe Slough, ultimately draining to the San Francisco Bay.

The sediment beneath the Site consists of ancestral Saratoga Creek stream channel
sediment overlying older Late Pleistocene alluvial plain sediment. The ancestral
Saratoga Creek sediment is fine to coarse grained channel deposits, with fine grained
flood deposits outside the channels. The pattern of fine and coarse grained lenses of
sediment observed at the Site represent the deposits of the meandering ancestral Saratoga
Creek flowing northward over alluvial plain sediment. These ancestral Saratoga Creek
sediment has been encountered from approximately 5 to 50 feet below ground surface
during investigations.

The depth to groundwater in Site monitoring wells is approximately 12 feet below ground
surface. The calculated groundwater flow direction at the Site is northeast, with a
gradient of approximately 0.005 feet per foot.

6. Remedial Investigation: Multiple onsite investigations have occurred since PCE was
first detected in 2004. PCE has been detected above the Environmental Screening Levels
(ESLs) in soil gas, indoor air and groundwater.

PCE has been detected in soil gas at concentrations up to 5,700,000 ug/m3 beneath the
Site, 2714 times higher than the commercial/industrial ESL of 2,100 ug/m3. The extent
of soil gas PCE contamination has not been delineated to the adjacent tenant spaces
within the Moonlite Shopping Center, and is not delineated offsite to the east before the
residences, to the south before the residences, or downgradient across El Camino Real.
Further investigation is warranted to delineate the extent of soil gas contamination.

PCE has been detected in indoor air at concentrations up to 150 ug/m3 within the Site, 71
times higher than the commercial/industrial ESL of 2.1 ug/m3. Additional indoor air
delineation may be needed following completion of soil gas delineation. An engineering
control (soil vapor extraction) is presently mitigating vapor intrusion of PCE from
beneath the building foundation into the retail shop currently operating at Site.
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PCE has been detected in groundwater at concentrations up to 1,280 ug/L downgradient
from the Site, 250 times higher than the drinking water ESL, with the downgradient
extent delineated to approximately 1,600 feet northeast. Groundwater samples collected
from boring B24 located in the residential neighborhood 1,200 feet northeast from the
Site, contained concentrations of PCE at 120 ug/L.

PCE has been detected at concentrations up to 1,130 ug/L approximately 40 feet below
ground surface (bgs) in monitoring well MW-5A (located 75 feet northeast of the Site).
PCE has been detected at concentrations up to 22 ug/L at approximately 55 feet bgs in
MW-4A (located about 375 feet northeast of the Site). It appears that the vertical extent
of PCE contamination is less than 60 feet bgs at the Site.

Groundwater PCE contamination has been adequately defined by grab groundwater
sampling, but is not adequately monitored downgradient of Site monitoring well MW-4.
MW-4is the furthest downgradient monitoring well of seven Site monitoring wells,
contains the highest concentrations of PCE at 799 ug/L as reported during the December
2012 monitoring event. Additional monitoring wells are warranted to adequately monitor
the offsite PCE groundwater plume in the down gradient direction.

PCE has been detected in the adjacent Saratoga Creek at 49 ug/L, less than the ESL of
120 ug/L for protection of aquatic receptors.

No soil samples have been collected at the Site. Soil samples will be needed as part of
curtailment activities to determine if concentrations of PCE in soil have been cleaned up
to the soil cleanup levels.

7. Risk Assessment:

a. Screening Levels: A screening level evaluation was carried out to evaluate
potential environmental concerns related to identified soil, soil gas, groundwater,
surface water and indoor air impacts. The chemical evaluated in the risk
assessment is PCE, the primary chemical of concern.

As part of the initial assessment, Site data were compared to ESLs compiled by
Water Board staff. The presence of chemicals at concentrations above the
screening levels indicates that additional evaluation of potential threats to human
health and the environment is warranted. Screening levels for groundwater address
the following environmental concerns: 1) drinking water impacts (toxicity and taste
and odor), 2) impacts to indoor air, and 3) migration and impacts to aquatic habitats.
Screening levels for soil address: 1) direct exposure, 2) leaching to groundwater,
and 3) nuisance issues. Screening levels for soil gas address impacts to indoor air.
Chemical-specific screening levels for other human health concerns (i.e., indoor-air
and direct-exposure) are based on a target excess cancer risk of 1x10-6 for
carcinogens and a target Hazard Quotient of 1.0 for noncarcinogens. Groundwater
screening levels for the protection of aquatic habitats are based on promulgated
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surface water standards (or equivalent). Soil screening levels for potential leaching
concerns are intended to prevent impacts to groundwater above target groundwater
goals (e.g., drinking water standards). Soil screening levels for nuisance concerns
are intended to address potential odor and other aesthetic issues.

b. Assessment Results: The results of the screening level risk assessment are
summarized in the table below.

Media /
Constituent

Result of Screening Assessment*
Human
health –
direct

Leaching
to ground

water

Indoor
air

Aquatic
life

Drinking
water

Nuisance

Soil Gas:
PCE X

Groundwater:
PCE X X X X

Indoor Air:
PCE X

Soil:
PCE X1

* Note: an "X" indicates that ESL for that particular concern was exceeded
X1 Assumed - no soil data has been collected at the Site

c. Conclusions: The dischargers have opted to forego a site-specific risk
assessment and instead will address these screening level exceedances using a
combination of remediation and risk management.

8. Adjacent Sites: A Chevron gasoline facility operated at 2798 El Camino Real on the
northwest corner of the Moonlite Shopping Center (Figure 2) until approximately 1984.
In 1985, three gasoline underground storage tanks (USTs) and one waste oil UST with
associated conveyance pipes and dispenser were removed. Soil samples collected
beneath the gasoline and waste oil USTs indicated that unauthorized releases of waste oil
and gasoline had occurred. There is no reference to a release of chlorinated solvent, such
as PCE, at this site. The County of Santa Clara, Department of Environmental Health,
closed this case in 2007.

9. Interim Remedial Measures: A soil vapor extraction (SVE) system was installed in
February 2010 beneath the Site and has been operating continuously since then. The
SVE system consists of five horizontal extraction pipes and eight vertical extraction
wells. The purpose of the SVE system is to provide vapor intrusion mitigation to indoor
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air and to remove PCE mass. Approximately 293 pounds of PCE have been removed as
of December 2012.

In March 2013 Moonlite Associates initiated an in situ pilot study to evaluate the
effectiveness and implementability of injecting a slurry of zero-valent iron (ZVI) and an
electron donor (e.g., emulsified oil) to remediate contaminated groundwater at the Site.

Further interim remedial measures need to be implemented at this Site to reduce the
threat to water quality, public health, and the environment posed by the discharge of
waste and to provide a technical basis for selecting and designing final remedial
measures.

10. Remedial Action Plan: A remedial action plan including a feasibility study will be
needed following completion of the pilot study that will determine the effectiveness of
the ZVI injections.

11. Basis for Cleanup Levels

a. General: State Water Board Resolution No. 68-16, "Statement of Policy with
Respect to Maintaining High Quality of Waters in California,” applies to this
discharge. This order and its requirements are consistent with Resolution No. 68-
16.

State Water Board Resolution No. 92-49, "Policies and Procedures for
Investigation and Cleanup and Abatement of Discharges Under Water Code
Section 13304," applies to this discharge and requires attainment of background
levels of water quality, or the highest level of water quality which is reasonable if
background levels of water quality cannot be restored. The cleanup levels
established in this order are consistent with the maximum benefit to the people of
the State, will not unreasonably affect present and anticipated beneficial uses of
such water, and will not result in exceedance of applicable water quality
objectives. The groundwater cleanup levels in this Order are set at drinking water
standards, which are greater than background concentrations. This order and its
requirements are consistent with the provisions of Resolution No. 92-49, as
amended.

b. Beneficial Uses: The Regional Water Quality Control Plan for the San Francisco
Bay Basin (Basin Plan) is the Regional Water Board's master water quality
control planning document. It designates beneficial uses and water quality
objectives for waters of the State, including surface waters and groundwater. It
also includes programs of implementation to achieve water quality objectives.
The Basin Plan was duly adopted by the Regional Water Board and approved by
the State Water Board, Office of Administrative Law and the U.S. EPA, where
required.
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Regional Water Board Resolution No. 89-39, "Sources of Drinking Water,"
defines potential sources of drinking water to include all groundwater in the
region, with limited exceptions for areas of high TDS, low yield, or naturally-high
contaminant levels. Groundwater underlying and adjacent to the site qualifies as
a potential source of drinking water.

The Basin Plan designates the following potential beneficial uses of groundwater
underlying and adjacent to the Site:

o Municipal and domestic water supply
o Industrial process water supply
o Industrial service water supply
o Agricultural water supply
o Freshwater replenishment to surface waters

The deeper aquifer is used for the above purposes, with shallow groundwater
underlying the Site only expected to replenish Saratoga Creek; however, the
aquitard separating the shallow groundwater from deeper groundwater in the
vicinity of the Site is apparently not competent and/or compromised by deep
old production wells in the vicinity. This allows communication between the
shallow and deep aquifers; therefore, the shallow groundwater beneath the Site is
potentially used for the above purposes.

The existing and potential beneficial uses of Saratoga Creek include:

o Agricultural supply
o Fresh water replenishment to surface water
o Groundwater recharge
o Wildlife habitat
o Cold freshwater and warm freshwater habitat

c. Basis for Groundwater Cleanup Levels:
The groundwater cleanup levels for the Site are based on applicable water quality
objectives and are the more stringent of EPA and California primary maximum
contaminant levels (MCLs). Cleanup to this level will protect beneficial uses of
groundwater and will result in acceptable residual risk to humans.

d. Basis for Soil Cleanup Levels: The soil cleanup levels for the Site are intended
to prevent leaching of contaminants to groundwater and will result in acceptable
residual risk to humans.

e. Basis for Soil Gas Cleanup Levels: The soil gas cleanup levels for the Site are
intended to prevent vapor intrusion into occupied buildings and will result in
acceptable residual risk to humans. An attenuation factor of 0.001 was used from
soil gas to indoor air.



8

f. Basis for Indoor Air Cleanup Levels: The indoor air cleanup levels for the Site
are intended to prevent unhealthy levels of VOCs in indoor air as a result of vapor
intrusion.

g. Basis for Sub-Slab Soil Gas Cleanup Levels: The sub-slab soil gas cleanup
levels for the Site are intended to prevent vapor intrusion into occupied buildings
and will result in acceptable residual risk to humans. An attenuation factor of
0.05 was used from sub-slab soil gas to indoor air.

h. The remedial action plan may propose revised cleanup levels for Regional Water
Board consideration.

12. Future Changes to Cleanup Levels: The goal of this remedial action is to restore the
beneficial uses of groundwater underlying and adjacent to the Site. Results from other
sites suggest that full restoration of beneficial uses to groundwater as a result of active
remediation at this Site may not be possible. If full restoration of beneficial uses is not
technologically or economically achievable within a reasonable period of time, then the
dischargers may request modification to the cleanup levels or establishment of a
containment zone, a limited groundwater pollution zone where water quality objectives
are exceeded. Conversely, if new technical information indicates that cleanup levels can
be surpassed, the Regional Water Board may decide that further cleanup actions should
be taken.

13. Risk Management: The following human health risks are acceptable at remediation sites:
a cumulative hazard index of 1.0 or less for non-carcinogens and a cumulative excess
cancer risk of 10-6 to 10-4 or less for carcinogens. The screening level evaluation for this
Site found contamination-related risks in excess of these acceptable levels. Active
remediation will reduce these risks over time. However, risk management measures are
needed at this Site during, and possibly after active remediation to assure protection of
human health. Risk management measures include engineering controls (such as
engineered caps or wellhead treatment) and institutional controls (such as deed restrictions
that prohibit certain land uses).

The following risk management measures are needed at this Site:

a. A risk management plan to ensure that vapor intrusion mitigation systems
(including the current SVE system) operate reliably and protect human health.

b. A deed restriction that notifies future owners of sub-surface contamination,
prohibits the use of shallow groundwater beneath the Site as a source of drinking
water until cleanup levels are met, and prohibits sensitive uses of the Site such as
residences and daycare centers.
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14. Reuse or Disposal of Extracted Groundwater: Regional Water Board Resolution No.
88-160 allows discharges of extracted, treated groundwater from site cleanups to surface
waters only if it has been demonstrated that neither reclamation nor discharge to the
sanitary sewer is technically and economically feasible.

15. Basis for 13304 Order: Water Code section 13304 authorizes the Regional Water Board
to issue orders requiring a discharger to cleanup and abate waste where the discharger has
caused or permitted waste to be discharged or deposited where it is or probably will be
discharged into waters of the State and creates or threatens to create a condition of
pollution or nuisance.

16. Cost Recovery: Pursuant to Water Code section 13304, the dischargers are hereby
notified that the Regional Water Board is entitled to, and may seek reimbursement for, all
reasonable costs actually incurred by the Regional Water Board to investigate
unauthorized discharges of waste and to oversee cleanup of such waste, abatement of the
effects thereof, or other remedial action, required by this order.

17. California Safe Drinking Water Policy: It is the policy of the State of California that
every human being has the right to safe, clean, affordable, and accessible water adequate
for human consumption, cooking, and sanitary purposes. This Order promotes that
policy by requiring discharges to meet maximum contaminant levels designed to protect
human health and ensure that water is safe for domestic use.

18. CEQA: This action is an order to enforce the laws and regulations administered by the
Regional Water Board. As such, this action is categorically exempt from the provisions
of the California Environmental Quality Act (CEQA) pursuant to section 15321 of the
Resources Agency Guidelines.

19. Notification: The Regional Water Board has notified the dischargers and all interested
agencies and persons of its intent under Water Code section 13304 to prescribe site
cleanup requirements for the discharge, and has provided them with an opportunity to
submit their written comments.

20. Public Hearing: The Regional Water Board, at a public meeting, considered all
comments pertaining to this discharge.

IT IS HEREBY ORDERED, pursuant to section 13304 of the Water Code, that the dischargers
shall clean up and abate the effects described in the above findings as follows:

A. PROHIBITIONS

1. The discharge of wastes or hazardous substances in a manner that will degrade
water quality or adversely affect beneficial uses of waters of the State is
prohibited.
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2. Further significant migration of wastes or hazardous substances through
subsurface transport to waters of the State is prohibited.

3. Activities associated with the subsurface investigation and cleanup that will cause
significant adverse migration of wastes or hazardous substances are prohibited.

B. REMEDIAL ACTION PLAN AND CLEANUP LEVELS

1. Implement Remedial Action Plan: The dischargers shall implement the
remedial action plan as required by Task 9.

2. Groundwater Cleanup Levels: The following groundwater cleanup levels shall
be met in all wells identified in the attached Self-Monitoring Program:

Constituent Level (ug/L) Basis

Tetrachloroethene (PCE) 5 Drinking water MCL

Trichloroethene (TCE) 5 Drinking water MCL

cis-1,2-Dichloroethene (DCE) 6 Drinking water MCL

trans-1,2-DCE 10 Drinking water MCL

MCL = Maximum contaminant level
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3. Soil Cleanup Levels: The following soil cleanup levels shall be met in all Site
vadose-zone soils.

Constituent Level (mg/kg) Basis

PCE 0.70 Leaching to
groundwater

TCE 0.46 Leaching to
groundwater

cis-1,2-DCE 0.19 Leaching to
groundwater

trans-1,2-DCE 0.67 Leaching to
groundwater

4. Soil Gas Cleanup Levels: The following soil gas cleanup levels shall be met in
all Site vadose-zone soils.

Constituent Commercial or
Industrial Level

(ug/m3)

Residential
Level

(ug/m3)

Basis

PCE 2,100 210 Vapor intrusion

TCE 3,000 300 Vapor intrusion

5. Sub-Slab Soil Gas Cleanup Levels: The following soil gas cleanup levels shall
be met in all Site vadose-zone soils that are beneath building foundations.

Constituent Commercial or
Industrial Level

(ug/m3)

Residential
Level

(ug/m3)

Basis

PCE 42 8.2 Vapor intrusion

TCE 60 11.8 Vapor intrusion
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6. Indoor Air Cleanup Levels: The following indoor air cleanup levels shall be
met in occupied buildings.

Constituent Commercial or
Industrial Level

(ug/m3)

Residential
Level

(ug/m3)

Basis

PCE 2.1 0.41 Inhalation

TCE 3.0 0.59 Inhalation

C. TASKS

1. WORKPLAN FOR ADDITIONAL SOIL GAS INVESTIGATION

COMPLIANCE DATE: September 30, 2013

Submit a workplan acceptable to the Executive Officer to conduct an additional
soil gas investigation to delineate the soil gas plume down to or below the
appropriate residential or commercial cleanup level for soil gas. The workplan
should specify investigation methods and proposed time schedule. Work may be
phased to allow the investigation to proceed efficiently, provided that this does
not delay compliance.

2. COMPLETION OF SOIL GAS INVESTIGATION

COMPLIANCE DATE: December 31, 2013

Submit a technical report acceptable to the Executive Officer documenting
completion of necessary tasks identified in the Task 1 workplan. The technical
report shall include recommendations for additional work to delineate soil gas
contamination greater than the corresponding cleanup level, as warranted.

3. WORKPLAN FOR ADDITIONAL INDOOR AIR SAMPLING

COMPLIANCE DATE: January 31, 2014

Submit a workplan acceptable to the Executive Officer to conduct additional
indoor air sampling following completion of Task 2 to delineate PCE and TCE in
indoor air down to or below the corresponding cleanup level in indoor air. The
workplan should specify investigation methods and proposed time schedule.
Work may be phased to allow the investigation to proceed efficiently, provided
that this does not delay compliance.
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4. COMPLETION OF INDOOR AIR SAMPLING

COMPLIANCE DATE: April 30, 2014

Submit a technical report acceptable to the Executive Officer documenting
completion of necessary tasks identified in the Task 3 workplan. The technical
report shall include recommendations for additional work to delineate indoor air
contamination greater than the corresponding cleanup level, as warranted.

5. WORKPLAN FOR GROUNDWATER MONITORING WELLS
INSTALLATION

COMPLIANCE DATE: October 31, 2013

Submit a workplan acceptable to the Executive Officer to install additional
groundwater monitoring wells downgradient of monitoring well MW-4 to monitor
groundwater pollution down to or below the corresponding cleanup level in
groundwater. The workplan should specify investigation methods and a proposed
time schedule. Work may be phased to allow the investigation to proceed
efficiently, provided that this does not delay compliance.

6. COMPLETION OF GROUNDWATER MONITORING WELLS
INSTALLATION

COMPLIANCE DATE: February 28, 2014

Submit a technical report acceptable to the Executive Officer documenting
completion of necessary tasks identified in the Task 5 workplan. The technical
report shall include recommendations for additional work to delineate
groundwater contamination greater than the corresponding cleanup level, as
warranted.

7. COMPLETION OF ZERO-VALENT IRON PILOT STUDY

COMPLIANCE DATE: July 31, 2013

Submit a technical report acceptable to the Executive Officer documenting the
completion of the tasks identified in the December 3, 2012, Pilot Study Work
Plan (Workplan) approved by the Regional Water Board on December 18, 2012.
The report should evaluate the effectiveness and implementability of injecting a
slurry of zero-valent iron (ZVI) and an electron donor to remediate contaminated
groundwater at the Site.

8. REMEDIAL ACTION PLAN
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COMPLIANCE DATE: April 30, 2014

Submit a technical report acceptable to the Executive Officer containing:

a. Summary of remedial investigation
b. Summary of risk assessment (if applicable)
c. Evaluation of the installed interim remedial actions
d. Feasibility study evaluating alternative final remedial actions
e. Recommended final remedial actions and cleanup levels
f. Proposed risk management plan
g. Implementation tasks and time schedule

The remedial action plan shall include recommended remedial work that has a
high probability of eliminating unacceptable threats to human health and restoring
beneficial uses of water in a reasonable time. Reasonable time shall be proposed
based on the severity of impact to the beneficial use (for current impacts) or the
time before the beneficial use will occur (for potential future impacts).

Item d should include projections of cost, effectiveness, benefits, and impact on
public health, welfare, and the environment of each alternative action.
Items a through d should be consistent with the guidance provided by Subpart F
of the National Oil and Hazardous Substances Pollution Contingency Plan (40
C.F.R. § 300), CERCLA guidance documents with respect to remedial
investigations and feasibility studies, Health and Safety Code section 25356.1(c),
and State Water Board Resolution No. 92-49 as amended ("Policies and
Procedures for Investigation and Cleanup and Abatement of Discharges Under
Water Code Section 13304").

9. IMPLEMENTATION OF REMEDIAL ACTIONS

COMPLIANCE DATE: December 31, 2014

Submit a technical report acceptable to the Executive Officer documenting
completion of necessary tasks identified in the Task 8 workplan. For ongoing
actions, such as soil vapor extraction or groundwater extraction, the report shall
document system start-up (as opposed to completion) and shall present initial
results on system effectiveness (e.g., capture zone or area of influence). Proposals
for further system expansion or modification may be included in annual reports
(see attached Self-Monitoring Program).

10. PROPOSED DEED RESTRICTION

COMPLIANCE DATE: November 30, 2014
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Submit a proposed deed restriction acceptable to the Executive Officer whose
goal is to limit on-site occupants’ exposure to site contaminants to acceptable
levels. The proposed deed restriction shall prohibit the use of shallow
groundwater beneath the site as a source of drinking water until cleanup levels are
met, and prohibit sensitive uses of the site such as residences and daycare centers.
The proposed deed restriction shall incorporate by reference the risk management
plan. The proposed deed restriction shall name the Regional Water Board as a
beneficiary and shall anticipate that the Regional Water Board will be a signatory.

11. RECORDATION OF DEED RESTRICTION

COMPLIANCE DATE: 60 days after Executive Officer approval of
the proposed deed restriction

Submit a technical report acceptable to the Executive Officer documenting that
the deed restriction has been duly signed by all parties and has been recorded with
the appropriate County Recorder. The report shall include a copy of the recorded
deed restriction.

12. RISK MANAGEMENT PLAN IMPLEMENTATION

COMPLIANCE DATE: August 31, 2015, and every year thereafter

Submit a technical report acceptable to the Executive Officer documenting
implementation of the Risk Management Plan over the previous 12-month period
ending on June 30. The report should include a detailed comparison of Risk
Management Plan elements and implementation actions taken. The report should
provide a detailed discussion of any instances of implementation actions falling
short of Risk Management Plan requirements, including an assessment of any
potential human health or environmental effects resulting from these shortfalls.
The report may be combined with a self-monitoring report, provided that the
report title clearly indicates its scope. The report may propose changes to the
Risk Management Plan, although those changes shall not take effect until
approved by the Regional Water Board or the Executive Officer
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13. FIVE-YEAR STATUS REPORT

COMPLIANCE DATE: July 31, 2019, and every five years thereafter

Submit a technical report acceptable to the Executive Officer evaluating the
effectiveness of the approved remedial action plan. The report should include:

a. Summary of effectiveness in controlling contaminant migration and
protecting human health and the environment

b. Comparison of contaminant concentration trends with cleanup levels
c. Comparison of anticipated versus actual costs of cleanup activities
d. Performance data (e.g., groundwater volume extracted, chemical mass

removed, mass removed per million gallons extracted)
e. Cost effectiveness data (e.g., cost per pound of contaminant removed)
f. Summary of additional investigations (including results) and significant

modifications to remediation systems
g. Additional remedial actions proposed to meet cleanup levels (if

applicable) including time schedule

If cleanup levels have not been met and are not projected to be met within a
reasonable time, the report should assess the technical practicability of meeting
cleanup levels and may propose an alternative cleanup strategy.

14. PROPOSED CURTAILMENT

COMPLIANCE DATE: 60 days prior to proposed curtailment

Submit a technical report acceptable to the Executive Officer containing a
proposal to curtail remediation. Curtailment includes system closure (e.g., well
abandonment), system suspension (e.g., cease extraction but wells retained), and
significant system modification (e.g., major reduction in extraction rates, closure
of individual extraction wells within extraction network). The report should
include the rationale for curtailment. Proposals for final closure should
demonstrate that cleanup levels have been met, contaminant concentrations are
stable, and contaminant migration potential is minimal.

15. IMPLEMENTATION OF CURTAILMENT

COMPLIANCE DATE: 60 days after Executive Officer approval of
proposed curtailment

Submit a technical report acceptable to the Executive Officer documenting
completion of the tasks identified in Task14.
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16. EVALUATION OF NEW HEALTH CRITERIA

COMPLIANCE DATE: 90 days after evaluation report required
by Executive Officer

Submit a technical report acceptable to the Executive Officer evaluating the effect
on the approved remedial action plan of revising one or more cleanup levels in
response to revision of drinking water standards, maximum contaminant levels, or
other health-based criteria.

17. EVALUATION OF NEW TECHNICAL INFORMATION

COMPLIANCE DATE: 90 days after evaluation report required
by Executive Officer

Submit a technical report acceptable to the Executive Officer evaluating new
technical information which bears on the approved remedial action plan and
cleanup levels for this site. In the case of a new cleanup technology, the report
should evaluate the technology using the same criteria used in the feasibility
study. Such technical reports shall not be required unless the Executive Officer
determines that the new information is reasonably likely to warrant a revision in
the approved remedial action plan or cleanup levels.

18. Delayed Compliance: If the dischargers are delayed, interrupted, or prevented
from meeting one or more of the completion dates specified for the above tasks,
the dischargers shall promptly notify the Executive Officer, and the Regional
Water Board may consider revision to this Order.

D. PROVISIONS

1. No Nuisance: The storage, handling, treatment, or disposal of polluted soil or
groundwater shall not create a nuisance as defined in Water Code section
13050(m).

2. Good Operation and Maintenance: The dischargers shall maintain in good
working order and operate as efficiently as possible any facility or control system
installed to achieve compliance with the requirements of this Order.

3. Cost Recovery: The dischargers shall be liable, pursuant to Water Code section
13304, to the Regional Water Board for all reasonable costs actually incurred by
the Regional Water Board to investigate unauthorized discharges of waste and to
oversee cleanup of such waste, abatement of the effects thereof, or other remedial
action, required by this Order. If the site addressed by this Order is enrolled in a
State Water Board-managed reimbursement program, reimbursement shall be
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made pursuant to this Order and according to the procedures established in that
program. Any disputes raised by the dischargers over reimbursement amounts or
methods used in that program shall be consistent with the dispute resolution
procedures for that program.

4. Access to Site and Records: In accordance with Water Code section 13267(c),
the dischargers shall permit the Regional Water Board or its authorized
representative:

a. Entry upon premises in which any pollution source exists, or may
potentially exist, or in which any required records are kept, which are
relevant to this Order.

b. Access to copy any records required to be kept under the requirements of
this Order.

c. Inspection of any monitoring or remediation facilities installed in response
to this Order.

d. Sampling of any groundwater or soil which is accessible, or may become
accessible, as part of any investigation or remedial action program
undertaken by the dischargers.

5. Self-Monitoring Program: The dischargers shall comply with the Self-
Monitoring Program as attached to this Order and as may be amended by the
Executive Officer.

6. Contractor / Consultant Qualifications: All technical documents shall be
signed by and stamped with the seal of a California registered geologist, a
California certified engineering geologist, or a California registered civil
engineer.

7. Lab Qualifications: All samples shall be analyzed by State-certified laboratories
or laboratories accepted by the Regional Water Board using approved U.S. EPA
methods for the type of analysis to be performed. Quality assurance/quality
control (QA/QC) records shall be maintained for Regional Water Board review.
This provision does not apply to analyses that can only reasonably be performed
on-site (e.g., temperature).

8. Document Distribution: An electronic and paper version of all correspondence,
technical reports, and other documents pertaining to compliance with this Order
shall be provided to the Regional Water Board, and electronic copies shall be
provided to the following agencies:

a. City of Santa Clara, City Attorney’s Office
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b. Santa Clara Valley Water District

The Executive Officer may modify this distribution list as needed.

Electronic copies of all correspondence, technical reports, and other documents
pertaining to compliance with this Order shall be uploaded to the State Water
Board’s GeoTracker database within five business days after submittal to the
Regional Water Board. Guidance for electronic information submittal is available
at:
http://www.waterboards.ca.gov/water_issues/programs/ust/electronic_submittal

9. Reporting of Changed Owner or Operator: The dischargers shall file a
technical report on any changes in contact information, site occupancy or
ownership associated with the property described in this Order.

10. Reporting of Hazardous Substance Release: If any hazardous substance is
discharged in or on any waters of the State, or discharged or deposited where it is,
or probably will be, discharged in or on any waters of the State, the dischargers
shall report such discharge to the Regional Water Board by calling (510) 622-
2369.

A written report shall be filed with the Regional Water Board within five working
days. The report shall describe: the nature of the hazardous substance, estimated
quantity involved, duration of incident, cause of release, estimated size of affected
area, nature of effect, corrective actions taken or planned, schedule of corrective
actions planned, and persons/agencies notified.

This reporting is in addition to reporting to the California Emergency
Management Agency required pursuant to the Health and Safety Code.

11. Periodic SCR Review: The Regional Water Board will review this Order
periodically and may revise it when necessary.
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I, Bruce H. Wolfe, Executive Officer, do hereby certify that the foregoing is a full, true, and
correct copy of an Order adopted by the California Regional Water Quality Control Board, San
Francisco Bay Region, on _________________.

________________________
Bruce H. Wolfe
Executive Officer

===========================================
FAILURE TO COMPLY WITH THE REQUIREMENTS OF THIS ORDER MAY SUBJECT
YOU TO ENFORCEMENT ACTION, INCLUDING BUT NOT LIMITED TO: IMPOSITION
OF ADMINISTRATIVE CIVIL LIABILITY UNDER WATER CODE SECTIONS 13268 OR
13350, OR REFERRAL TO THE ATTORNEY GENERAL FOR INJUNCTIVE RELIEF OR
CIVIL OR CRIMINAL LIABILITY
===========================================

Attachments: Site Vicinity Map
Site Map
Self-Monitoring Program
Staff Report
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Site Vicinity Map
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2: Site Loccation Map



CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
SAN FRANCISCO BAY REGION

SELF-MONITORING PROGRAM FOR:

MOONLITE ASSOCIATES, LLC, AND
UNITED ARTIST THEATER CIRCUIT, INC.

for the property located at

2640 El CAMINO REAL
SANTA CLARA, SANTA CLARA COUNTY

1. Authority and Purpose: The Regional Water Board requires the technical reports
identified in this Self-Monitoring Program pursuant to Water Code sections 13267 and
13304. This Self-Monitoring Program is intended to document compliance with
Regional Water Board Order No. XX-XXX (site cleanup requirements).

2. Monitoring: The dischargers shall measure groundwater elevations quarterly in all
monitoring wells, and shall collect and analyze representative samples of groundwater
according to the following table:

Well # Sampling
Frequency

Analyses Well # Sampling
Frequency

Analyses

MW-1 Q 8260B/5030B MW-5 Q 8260B/5030B

MW-2 Q 8260B/5030B MW-5A Q 8260B/5030B

MW-3 Q 8260B/5030B C1 Q 8260B/5030B

MW-4 Q 8260B/5030B C2 Q 8260B/5030B

MW-4A Q 8260B/5030B C3 Q 8260B/5030B

Key: Q = Quarterly
8260B = EPA Method 8260B or equivalent
5030B = EPA Method 5030B or equivalent
C1, C2, C3 = Saratoga Creek sampling locations

The dischargers shall sample any new monitoring or extraction wells quarterly and
analyze groundwater samples for the same constituents as shown in the above table. The
dischargers may propose changes in the above table; any proposed changes are subject to
Executive Officer approval.



2

3. Quarterly Monitoring Reports: The dischargers shall submit quarterly monitoring
reports to the Regional Water Board no later than 30 days following the end of the
quarter (e.g., report for first quarter of the year due April 30). The first quarterly
monitoring report shall be due on October 30, 2013. The reports shall include:

a. Transmittal Letter: The transmittal letter shall discuss any violations during the
reporting period and actions taken or planned to correct the problem. The letter
shall be signed by the dischargers’ principal executive officer or his/her duly
authorized representative, and shall include a statement by the official, under
penalty of perjury, that the report is true and correct to the best of the official's
knowledge.

b. Groundwater and Surface Water Elevations: Groundwater and Surface Water
elevation data shall be presented in tabular form, and a groundwater and surface
water elevation map should be prepared for each monitored water-bearing zone.
Historical groundwater and surface elevations shall be included in the fourth
quarterly report each year.

c. Groundwater and Surface Water Analyses: Groundwater and surface water
sampling data shall be presented in tabular form, and an isoconcentration map
should be prepared for one or more key contaminants for each monitored water-
bearing zone, as appropriate. The report shall indicate the analytical method used,
detection limits obtained for each reported constituent, and a summary of QA/QC
data. Historical groundwater and surface water sampling results shall be included
in the fourth quarterly report each year. The report shall describe any significant
increases in contaminant concentrations since the last report, and any measures
proposed to address the increases. Supporting data, such as lab data sheets, need
not be included (however, see record keeping - below).

d. Groundwater Extraction: If applicable, the report shall include groundwater
extraction results in tabular form, for each extraction well and for the Site as a
whole, expressed in gallons per minute and total groundwater volume for the
quarter. The report shall also include contaminant removal results, from
groundwater extraction wells and from other remediation systems (e.g., soil vapor
extraction), expressed in units of chemical mass per day and mass for the quarter.
Historical mass removal results shall be included in the fourth quarterly report
each year.

e. Status Report: The quarterly report shall describe relevant work completed
during the reporting period (e.g., site investigation, remedial measures) and work
planned for the following quarter.

5. Violation Reports: If the dischargers violate requirements in the Site Cleanup
Requirements, then the dischargers shall notify the Regional Water Board office by
telephone as soon as practicable once the dischargers have knowledge of the violation.
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Regional Water Board staff may, depending on violation severity, require the dischargers
to submit a separate technical report on the violation within five working days of
telephone notification.

6. Other Reports: The dischargers shall notify the Regional Water Board in writing prior
to any Site activities, such as construction or underground tank removal, which have the
potential to cause further migration of contaminants or which would provide new
opportunities for Site investigation.

7. Record Keeping: The dischargers or their agents shall retain data generated for the
above reports, including lab results and QA/QC data, for a minimum of six years after
origination and shall make them available to the Regional Water Board upon request.

8. SMP Revisions: Revisions to the Self-Monitoring Program may be ordered by the
Executive Officer, either on his/her own initiative or at the request of the dischargers.
Prior to making SMP revisions, the Executive Officer will consider the burden, including
costs, of associated self-monitoring reports relative to the benefits to be obtained from
these reports.



CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
SAN FRANCISCO BAY REGION

June 24, 2013
File No. 43S1090 (NMK)

Cleanup Staff Report

Basis for recommendation to Adopt Site Cleanup Requirements Naming Moonlite
Associates, LLC, and United Artist Theater Circuit, Inc., as Dischargers, 2640 El Camino
Real, Santa Clara, Santa Clara County

I. Summary
Cleanup Staff (Staff) recommends that the Regional Water Board adopt Site Cleanup
Requirements (SCR) naming Moonlite Associates, LLC, (Moonlite Associates) and United Artist
Theater Circuit, Inc., (UATC) as dischargers for the former Moonlite Cleaners site (Site). This
recommendation is based upon the following:

" A dry cleaner using tetrachloroethene (PCE) operated at the Site for approximately 35
years, from 1962 to 1997.

" The Site is contaminated with PCE, based on indoor air, soil gas, and groundwater
monitoring results.

" UATC owned the property from 1961 to 1975, and then continued as the master lessor
until 1978.

" Moonlite Associates has owned the property from 1977 to the present.
" Both UATC and Moonlite owned the Site at the time of the PCE discharges, had

knowledge of the activities which resulted in the discharges, and had the legal ability to
prevent the discharges.

II. Background
The Regional Water Board has provided regulatory oversight for this case since March 2009, at
which time Moonlite Associates voluntarily enrolled in our cost recovery program. Moonlite
Associates has been conducting the investigation and cleanup, and has now asked the Regional
Water Board to name UATC as an additional discharger for the Site in the SCR. UATC objects
to being named as a discharger; therefore, this staff report provides the rationale for naming
UATC as an additional discharger. Moonlite Associates does not object to being named as a
discharger in the SCR.

III. Site Location
The Site is located at 2640 El Camino Real in Santa Clara (Figure 1). The Site is located in the
Moonlite Shopping Center (Figure 2). The Moonlite Shopping Center is bounded to the west by
Kiely Boulevard, to the east by Bowe Avenue and Saratoga Creek, to the north by El Camino
Real, and to the south by an alley. Saratoga Creek is located immediately east of Bowe Avenue.
El Camino Real is a large boulevard, primarily used by commercial businesses and as an east to
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west thoroughfare, and is flanked by residential neighborhoods located one block to the north
and south.

The former Moonlite Cleaners Site is an approximately 3,000 square foot tenant space and is
presently occupied by Cosmo’s Gifts, a retail store. The largest tenant spaces in the Moonlite
Shopping Center are occupied by Save Mart Super Market, Rite Aid Drugs, Palo Alto Medical
Group, Home Town Buffet, and Office Max. There are twenty-five additional smaller tenant
spaces.

IV. Site History
A. History of Owners and Operators
Moonlite Cleaners, a dry cleaning business, operated at the Site for 36 years, from 1961 to 1997.

UATC developed the 14 acre shopping center in 1960. UATC owned the property from 1961 to
1975, and then continued as the master lessor until 1978. UATC owned and, as master lessor,
controlled the shopping center where the dry cleaner operated as a tenant for 17 years, from 1961
to 1978. On September 5, 2000, UATC and affiliated entities filed for chapter 11 bankruptcy in
the United States Bankruptcy Court for the District of Delaware. The court entered an order
confirming a plan of reorganization for UATC on January 25, 2001.

The previous owners and operators of the Moonlite Cleaners dry cleaning business are not
named as discharger because they are deceased.

Moonlite Associates has owned the Site from 1977 to the present. Moonlite Associates owned
the shopping center where the dry cleaner operated as a tenant for 20 years, from 1977 to 1997.

B. Fire Marshal Permit and Dry Cleaning Equipment Used
On May 11, 1961, the State Fire Marshal issued a permit (Fire Marshal Permit) for establishment
of a dry cleaner facility and installation of dry cleaning equipment at the Moonlight Shopping
Center. This Fire Marshal Permit, the equipment used, and the discussion below, support that
PCE was used at the Site beginning in 1961. The Fire Marshall Permit indicates the following
equipment was installed at the Site:

" Hoffman Master Jet Cleaning Unit
" Hoyt SF-130 Reclaimer
" Per Combo Filter-Still Cooker
" Vapor-Mat Model 800

According to an employee of Hoffman/New Yorker, Inc. (personal communication with Richard
Grecco, Hoffman New Yorker, February 2013,), a manufacturer and distributer of dry cleaning
equipment for over 100 years, the Hoffman Master Jet Cleaning Unit and the Hoyt SF-130
Reclaimer are machines designed to be used only with chlorinated solvent dry cleaning fluids
such as PCE, and not with petroleum hydrocarbon-based fluids such as Stoddard solvent.
Additionally, according to Tom Mohr (personal communication with George Cook relaying
message from Tom Mohr, February 6, 2013), the principal author of the Santa Clara Valley
Water District Study of Potential for Groundwater Contamination from Past Dry Cleaner
Operations in Santa Clara County, the Per Combo Filter-Still Cooker was only used for PCE. A
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1979 operation manual for the Hoyt SF-130 Reclaimer also indicates the equipment is for the use
of PCE only. The Fire Marshall Permit specifically refers to solvents and contains requirements
for its proper handling, such as piping and ventilation.

C. PCE Discharges Occurred During UATC’s Ownership and Control
As discussed in Section VI, the evidence indicates that there were substantial discharges of PCE.
These discharges of PCE are consistent with common industry-wide operational practices for dry
cleaners that operated from the 1960s to the 1990s. The prevalence of dry cleaner discharges is
discussed in the 2007 Santa Clara Valley Water District Study of Potential for Groundwater
Contamination from Past Dry Cleaner Operations in Santa Clara County (Water District Study).
Examples of common release mechanisms from dry cleaner operations include:

" PCE spilled onto the floor from dry cleaning equipment maintenance and operation,
equipment failure, solvent transfer and storage, or drips from wet clothing with residual
PCE;

" PCE spilled onto the floor then seeped through concrete or cracks and reached the soil
and groundwater below;

" PCE soaked into concrete and then volatilizing into indoor air;
" Spent PCE dumped onto soil behind building;
" PCE-saturated spent cartridge filters stored behind building;
" Water containing PCE (e.g., from water/solvent separator) discharged to the floor drain

with leakage from the sewer lateral to soil and groundwater; and
" PCE in soil and groundwater volatilizing and intruding into indoor air.

The concentrations and distribution of PCE in groundwater, soil gas, and indoor air at the Site
(the highest PCE concentrations in soil and groundwater are beneath the Site and downgradient
from the Site), indicate that the Moonlite Cleaners’ dry cleaning operations were no different
than the dry cleaners discussed in the Water District Study that discharged PCE.

In addition, as discussed on pages 43 – 47 and 142 – 148 of the Water District Study, older dry
cleaners used more solvent and released a greater percentage of the solvent used due to relative
inefficiencies of the older equipment compared to newer equipment. The year during which a
dry cleaner began operations is a useful indicator of the potential mount of PCE mass released.
In general, the earlier a dry cleaner operated the more likely it is that larger quantities of PCE
were released to soil and groundwater due to older equipment and common PCE handling and
disposal practiced for that time period. For example, Table 13 on page 47 of the Water District
Study shows how typical dry cleaners from the 1960s used much more PCE per pound of clothes
cleaned and had a much higher leakage rate than a typical dry cleaner from the 1990s.

Thus, based on the physical evidence at the Site and downgradient from it (see Section VI below), the
history of solvent usage at the Site beginning in 1961, the common industry-wide operational practices
that led to PCE discharges in the 1960s and 1970s, and the inefficiencies of older dry cleaning equipment
from the 1960s, the cleanup staff conclude that there is substantial evidence that PCE discharges
occurred during UATC’s ownership and control of the Site from 1962 and 1978 and afterwards when
Moonlite Associates took ownership.
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V. Hydrogeology
The topography of Santa Clara is predominantly flat, sloping gently to the north northeast
towards the Guadalupe River and the San Francisco Bay. Locally at the Site, the topography
slopes gently to the east, towards the adjacent Saratoga Creek, that flows to the north. The
elevation of the Site is approximately 80 feet above mean sea level.

The headwaters of Saratoga Creek originate is in Santa Cruz Mountains at 3,100 feet,
approximately 10 miles to the southwest. Saratoga Creek is the principal drainage for the
Saratoga Creek Watershed. Santa Clara Valley Water District uses Saratoga Creek upstream of
the Site to recharge groundwater in the reach between the city of Saratoga and Highway 280,
approximately. Saratoga Creek currently is a gaining creek adjacent to the Site. Saratoga Creek
joins the San Tomas Aquino Creek before joining the Guadalupe Slough, ultimately draining to
the San Francisco Bay.

The sediment beneath the Site is ancestral Saratoga Creek stream channel sediment overlying
older Late Pleistocene alluvial plain sediment. The ancestral Saratoga Creek sediment is fine to
coarse grained channel deposits, with fine grained flood deposits outside the channels. The
pattern of fine and coarse grained lenses of sediment observed at the Site represent the deposits
of the meandering ancestral Saratoga Creek flowing northward over the alluvial plain sediments.
These ancestral Saratoga Creek sediment has been encountered from approximately 5 to 50 feet
below ground surface during investigations. The ancestral Saratoga Creek sediment was
deposited in the same orientation as the present orientation of Saratoga Creek, and the north-
trending ancestral stream channels of Saratoga Creek should influence the direction of
groundwater flow to the north.

The depth to groundwater in Site monitoring wells is approximately 12 feet below ground
surface. The calculated groundwater flow direction at the Site is northeast, with a gradient of
approximately 0.005 feet per foot. The flow direction of groundwater at the Site is most likely
controlled by north-trending Saratoga Creek, the north-trending ancestral Saratoga Creek stream
deposits, the gently north sloping topography, and deep production wells located in the vicinity.

Concentrations of PCE have been detected in groundwater down gradient of the Site to the north,
from the northeast to the northwest. This distribution of contamination in groundwater is
consistent with the controlling factors that influence the groundwater flow direction.

VI. Investigation and Cleanup
Significant releases of the dry cleaning chemical PCE can be attributed to the former Moonlite
Cleaners. PCE has been detected in indoor air samples, in soil gas samples, and in groundwater
samples in quantities far exceeding Environmental Screening Levels (ESLs) for each media.
PCE is day lighting in the adjacent Saratoga Creek. Other potential dry cleaning chemicals, such
as Stoddard solvent, were not detected during the investigations.

The highest historical detections of PCE in groundwater, soil gas, and indoor air are in the
immediate vicinity of or directly beneath the Site, indicating a discharge directly beneath the dry
cleaner. This statement is supported by the following Site data:
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" PCE has consistently been detected in groundwater immediately down gradient of the
Site in MW3, MW4, MW4A, MW5, and MW5A. Recent groundwater monitoring results
from June 2012 detected PCE in groundwater at 1,280 ug/L in MW4, over 200 times
higher than the ESL of 5 ug/L.

" The highest soil gas concentration of PCE was detected immediately beneath the former
dry cleaner at 5,700,000 ug/m3, over 2,000 times higher than the ESL of 2,100 ug/m3.
Soil gas concentrations decrease with distance from the former dry cleaner.

" The highest indoor air concentration of PCE was detected in the former dry cleaner at
150 ug/m3 PCE, about 70 times higher than the ESL of 2.1 ug/m3. Indoor air
concentrations of PCE in the adjacent tenant spaces decrease with distance from the
former dry cleaner.

" The highest surface water concentration of PCE collected from Saratoga Creek was
detected downstream of the former dry cleaner at 49 ug/L, approximately half of the ESL
of 120 ug/L. Surface water samples collected upstream from the former dry cleaners
have never contained any PCE.

The Site data clearly indicate that the highest concentrations of PCE are immediately beneath,
down gradient, and downstream of the former dry cleaner, and decrease with distance away from
the former dry cleaner. This pattern indicates that significant releases of PCE occurred directly
beneath the former dry cleaner and are likely from common release mechanisms discussed in
Section IV.C.

A soil vapor extraction (SVE) system was installed in February 2010 beneath the former dry
cleaner facility and has been operating continuously since then. The SVE system consists of five
horizontal extraction pipes and eight vertical extraction wells. The purpose of the SVE system is
to provide vapor intrusion mitigation to the tenants and to remove PCE mass. Approximately 300
pounds of PCE have been removed by the SVE system as of December 2012.

VII. Response to March 12, 2013, EKI Report
UATC retained Erler & Kalinowski, Inc. (EKI) to assess the likelihood of a PCE release between
1962 and 1978. EKI concluded in its March 12, 2013, report that there is no evidence of a pre-
1978 PCE release for the following reasons.

" EKI infers from a review of groundwater data that groundwater at the Site would have
flowed to the northwest prior to the mid-1990s; therefore, if there was a pre-1978 PCE
release, there would be evidence of a northwest-trending groundwater plume, which
according to EKI does not exist.

" EKI infers from a review of groundwater data that groundwater flow at the Site shifted to
the northeast in the mid-1990s, and since the current groundwater plume travels to the
northeast, the PCE release that caused the groundwater plume happened in the mid-1980s
or early 1990s.

" EKI infers from a review of groundwater data that groundwater levels at the Site were
deeper during the pre-1978 period, therefore if a PCE release occurred pre-1978, it would
have resulted in a deeper groundwater plume, which according to EKI does not exist.

These conclusions are not technically supportable, as explained below.



6

A. PCE Plume Can’t Be Age-Dated Based on Current Groundwater Flow Direction and Depth

The release timeframe of the PCE groundwater plume cannot be age-dated based on the current
direction of groundwater flow and depth of groundwater compared to an inferred pre mid-1990s
direction of groundwater flow and depth of groundwater. The PCE releases likely occurred from
the common release mechanisms previously discussed during the span of 35 years of operation
of the dry cleaner. The PCE would have leaked on the floor of the dry cleaner and would have
slowly seeped into the concrete floor. It could take years to decades for small amounts of PCE to
seep through the concrete and then enter soil beneath the concrete, before migrating through soil
to groundwater. This probable decades-long delay from the release of PCE to when PCE
entered the groundwater raises questions as to the validity of EKI’s age-dating of the
groundwater plume hypothesis.

The EKI report assumes a continual leak of wastewater from a leaking sanitary sewer line as the
driver for carrying PCE through soil to groundwater. Cleanup Staff disagree and assert that the
extremely high PCE indoor air concentrations more likely indicate a direct release to the floor of
the dry cleaner. The PCE could have been bound up for years to decades in the soil immediately
beneath the concrete slab and above the sewer line. This would cause a delay in PCE reaching
groundwater. Therefore the northeast-trending groundwater plume that is seen today is most
likely partially attributable to PCE discharges from the 1960s and 70s.

B. PCE Plume is Detected in the Northeast, North, and Northwest

EKI infers from a review of groundwater data that groundwater at the Site would have flowed to
the northwest prior to the mid-1990s; therefore, if there was a pre-1978 PCE release, there would
be evidence of a northwest-trending groundwater plume, which according to EKI does not exist.
Staff disagrees with EKI’s analysis and concludes that PCE does exist to the north and
northwest, as well as to the northeast.

EKI used time-series groundwater elevation data from a deep well to make inferences about
groundwater elevations in shallow groundwater at the Site. The index well that EKI used to
compare the Site with is a deep well located approximately six miles to the southeast and
screened in a different aquifer. The index well is located in the recharge zone, while the Site is
located in the confined zone. This is too great a distance away to be able to draw conclusions for
shallow groundwater at the Site.

EKI used 1990 to 2000 groundwater data from a Shell gas station 1000 feet away from the
Moonlite Cleaners Site, and on the opposite side of Saratoga Creek, to estimate the groundwater
flow direction at the Moonlite Cleaners Site in the 1960s and 70s. The time and distance
involved in this comparison is too large and could lead to variations in the correlations of
groundwater flow directions between the two sites.

EKI’s depiction of a northwest trending groundwater plume in Figure 10 of the EKI report is not
supported by the groundwater flow variations seen at the Shell gas station. Staff reviewed the
groundwater flow directions from the Shell gas station contained in Attachment A of the EKI
report and observed a roughly 45 degree variation in the groundwater flow direction from the
time when Saratoga Creek was purportedly losing or gaining. This is less than the 60 degree
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variation EKI cites in Attachment A of the report, and less than the 90 degree variation EKI
shows on Figures 10 and 11 for a hypothetical groundwater plume under losing-creek conditions
compared to the present day groundwater plume under gaining-creek conditions. Using a 45
degree amount of variation in the groundwater flow direction from a losing to a graining creek,
the groundwater flow direction at the Moonlite Cleaners Site could have varied from its present
northeast direction under gaining-creek conditions to a northerly direction under losing-creek
conditions. This is consistent with the areal spread of groundwater contamination seen in the
current groundwater plume with groundwater concentrations in northerly borings B2, B17, B18,
and B32 at 27 ug/L PCE, 4.6 ug/L PCE, 18 ug/L PCE, and 96 ug/L PCE, respectively (see figure
3).

EKI concludes that there is no evidence of groundwater contamination in the northwest direction.
This statement is not accurate, since borings B2 and B17 described above are located to the
northwest. Also, since the common release mechanisms from dry cleaners occur and accumulate
over time, the discharge of PCE to shallow groundwater would have been delayed in time,
causing the northeast trending plume seen today.

C. Northeast-trending PCE Plume Partially Caused by PCE Discharges from the 1960s and
70s

EKI infers from a review of groundwater data that groundwater flow at the Site shifted to the
northeast in the mid-1990s, and since the current groundwater plume travels to the northeast, the
PCE release that caused the groundwater plume happened in the mid-1980s or early 1990s. This
conclusion is incorrect because the PCE could have been bound up for years to decades in the
soil immediately beneath the concrete slab and above the sewer line. This would cause a delay in
PCE reaching groundwater. Therefore, PCE released during UATC’s ownership and control
from 1962 to 1978 would not have started to migrate in groundwater until the northeast gradient
was established.

D. PCE Contamination is Found at Deeper Depths Beneath the Site

EKI infers from a review of groundwater data that groundwater levels at the Site were deeper
during the pre-1978 period, therefore if a PCE release occurred pre-1978, it would have resulted
in a deeper groundwater plume, which according to EKI does not exist. This is incorrect.
Groundwater in boring B32 located 50 feet north of the Site contained 96 ug/L PCE at
approximately 40 feet below ground surface. Groundwater monitoring well MW5A located 50
feet northeast of the Site contained 1,130 ug/L PCE at approximately the same depth. These
concentrations of PCE at depth are immediately above a relatively thick clay layer that extends
from approximately 40 to 60 feet bgs at B32 that would slow any further downward vertical
migration of PCE regardless of the time of release. Given that the PCE could have been bound
up for years to decades in the soil immediately beneath the concrete slab and above the sewer
line, these PCE concentrations at 40 feet below ground surface are most likely partially
attributable to PCE discharges from the 1960s and 70s.

VIII. UATC is a Discharger under Water Code section 13304
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Water Code section 13304 authorizes the Regional Water Board to issue cleanup and abatement
orders to any person who caused or permitted waste to be discharged or deposited where it is, or
probably will be, discharged into waters of the State and creates, or threatens to create, a
condition of pollution or nuisance. Whether a person caused or permitted such waste discharges
has been broadly construed by the State Water Resources Control Board (State Water Board) in
numerous precedential orders to include owners and operators at the time of discharge. A prior
landowner and lessees may be named as a discharger if it (1) owned or were in possession of the
property at the time of discharge, (2) had knowledge of the activities which resulted in the
discharge, and (3) had the legal ability to prevent the discharge. State Water Board Orders WQ
85-7, 86-15, and 93-13. In this case, UATC meets all the criteria to be named as a discharger as
discussed below.

A. UATC Owned the Property during the Time of Discharge
As discussed previously, UATC owned the property from 1961 to 1975 and then continued as
master lessor until 1978. During this time, Moonlite Cleaners used PCE in its dry cleaning
business and discharged PCE to soil and groundwater, as previously discussed.

B. UATC had Knowledge of Activities that Resulted in the Discharge
UATC had knowledge of the activities that resulted in the discharge. As previously stated, on
May 11, 1961, the State Fire Marshall issued a permit to Moonlite Cleaners for the establishment
of a dry cleaning business, which required numerous interior and exterior building improvements
such as the installation of a piping system and exhaust fans and ducts. In furtherance of this, on
June 27, 1961, UATC obtained a building permit for Moonlite Cleaners. On July 10, 1962,
UATC received, on behalf of Moonlite Cleaners, a certificate of occupancy from the City of
Santa Clara. UATC was therefore actively involved in the establishment of the dry cleaner site.
Importantly, the Fire Marshall Permit put UATC on notice that the business had risks related to
solvent handling not inherent in other businesses. The permit required all processes to take place
only in the equipment approved by the Fire Marshall and required reclaimed solvent to be
transferred only through an approved piping system. The permit also alerted UATC of the
potential for “toxic concentration of vapor” developing around the cleaning equipment and the
need for floor level ventilation or an approved “breathing mask.” Thus, UATC had actual
knowledge of the hazardous nature of solvent handling at the Site and the need for careful
handling of solvents. Even if one accepts that UATC did not have actual knowledge, the
historical record shows that UATC should have known of the use of chemicals at the Site and its
dangers, including the potential for unauthorized discharges. As the State Water Board held,
actual knowledge of contamination need not be shown where it is reasonable for a person to be
aware of the dangers generally inherent in the activity. State Water Board Order No. 86-15.

C. UATC had the Legal Ability to Prevent the Discharge
As the owner of the Site (as well as master lessor) and landlord to Moonlite Cleaners, UATC
exercised ultimate control over the property and had the legal ability to prevent the discharge.
UATC would have had a lease with Moonlite Cleaners for operation of the dry cleaning
business. This lease would have given UATC legal control over Moonlite Cleaners’ activities
and would have given UATC the legal ability to prevent the discharge.
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IX. UATC Did Not Discharge its Cleanup Obligations as a Result of its Bankruptcy
UATC filed for bankruptcy in 2000 and emerged from Chapter 11 bankruptcy as a newly
reorganized entity in 2001. An obligation to cleanup and ameliorate ongoing pollution is not a
claim that is dischargeable through bankruptcy. (In re Chateaugay (2d Cir. 1991), 944 F.2d 997).
Even if it were a claim that could be discharged through bankruptcy, the claim never arose in
time for it to be discharged. The Regional Water Board was not aware of the Site and its
contamination until 2009—almost a decade after UATC filed for bankruptcy. Under the “fair
contemplation” test commonly used by bankruptcy courts, a claim only arises if the government
has actual or constructive knowledge of a release or threatened release and could tie the debtor to
the release prior to confirmation of the bankruptcy. (In re National Gypsum Co. (N.D. Tex 1992
139 B.R. 397; In re Jensen (9th Cir. 1993) 995 F.2d 925.) Knowledge, notification, investigation,
cleanup activities, and incurring response costs are all indicia of “fair contemplation.” (In re
Gypsum Co. at 407.) None applies here since the Regional Water Board only became aware of
the Site and the contamination nine years after the bankruptcy filing. In sum, UATC’s cleanup
obligation was not a claim that could be discharged and even if it could be, the claim never arose
for it to be discharged by the bankruptcy proceeding and UATC remains liable for cleaning up
the Site.

X. Conclusion
Based on a review of all relevant information Staff recommends that the Regional Water Board
adopt Site Cleanup Requirements naming Moonlite and UATC as dischargers for the Site.

Attachments:

Figure 1: Site Vicinity Map
Figure 2: Site Location Map
Figure 3: PCE in Groundwater
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