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ABSTRACT

This is volume two of a three volume set detailing the activities
* . and'results_of the System Analysis of Shallow Land Burial Project.
| -Activities under.four. project tasks are described: Task 1 - Identify

Potential.Radionuclide Release Pathways, Task 2 - Systems Model for
Shallow Land Burial of Low-Level Waste, Task 3 - Sensitivity and Optimiza-

p : tion Study and Task 4 - Reference Facility Dose Assessment.
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Si.PNARY*

This report volume details the activities and results cf the System
Analysis of Shallow Land Burial Project. Activities under four project tasks are
described: . Task 1 - Identify Potential Radionuclide Release Pa thways , Task 2 -
Systems Model for Snallow Land Burial of Low-level Waste, Task 3 - Sensitivity
and Optimization Study and Task 4 - Reference Facility Dose Assessment.

Early in the project, information was gathered concerning burial sites,
waste packaging and transportation. This was done through literature review,

telephone conversations, and visits to various sites by study teams. Sites were
classi fied into two categories: (1) wet sites characterized by high rainfall,
nearby bodies of water, and a watertable near the sur face, and (2) arid sites
with very low ground moisture content due to very low rainfall and high
evaporation, wind erosion and very deep aqui fers (more than 100 meters).

Pathways result from two main categories of occurrences: (1) chronic
occurrences of near-unity probability, and (2) natural and anthropogenic events
of low probability. Packaging and processing contain both types of releases as
does the burial operation. Transportation tends to involve only the second type
( prooabilistic) . Either category of events is potentially high-probability, the
chronic events tend ts be low-consequence while the probablistic events tend to
be o f higher consequence. In either case, the risk (probability x consequence)
is-usually very low.

A large number of scenarios for transportation, packaging, burial
operations, and post-operations phases was identified. For each scenario a data
base is supplied which includes nuclide inventory, release fraction, and the
pathway sequence. Since pathway sequence is input from_ the data base, any
additional scenarios can be easily added to the model. The scenarios in the data
base are developed from detailed event tree analysis similar to the approach used

in WASH-1400.

The system model consists of'a number of transport and the dose
subprograms for one-dimensional unsaturated zone water seepage (UNSAT), saturated

aqui fer transpor_t (AQUIFR), atmosphere transport (ATHOS), a wind erosion
.
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(EROSIO), and dose assessment (DOSET). Other subprograms handle input / output
data base manipulation and subprogram interfacing. The model is run by a main
driver executive program (EXEC) which interfaces the appropriate subprograms.
Data input to the Systems Model is handled through a number of data packages for
weather, surface geology, sub-surface geology, and demography. The user can use
standard data sets or substitute site specific data when desirable. Output of
the Systems Model is annual dose commitment by nuclide, organ group, age group,
pathways, and various aggregate totals. This report gives overviews and detailed
description of the model and its components.

In the sensitivity study, a large number of independent variables were

grouped to reduce the total number of inputs to the sensitivity testing. While
this reduces the resolution, an attempt was made to group things that naturally
track together, such as wind and dryness, soil size and loft percent, cows per
acre, and beef cattle per acre, and so forth. Other values were held constant
when it was clear that the output would be proportional to those values ( for '

example, total population). The result was a set of 16 variable groups. Using
standard fractional factorial techniques and Analysis of Variance, a test matrix
of 648 air path and 144 water path cases was used in the systems model and
analyzed for main effects and significant interactions. Interactions represent
significant effects observed for one variable at a high or low level of the
o ther.

Some variables were found to act like switches in the model . At one
level, they would reduce doses to zero while at a slightly different level woul d
resul t in measurable results. These were adjusted to " turn on" the problem, in
a range where such tariables " turned-on" the problem, the effect of their value
was insigni ficant. In the water path switch-like variables were rain fall,
aquifer K , aquifer water travel time (length divided by flowrate), soil columnd
K and nuclide sollubility. In the air path switch-like variables were rainfall,d

nuclide solubility, site wind resistance (shelter and field angle to wind) and
soil column K *d

Some variables showed insensitivity. In the air path the layering of
the soild column was found to be insignificant indicating that the geology of the
soil column may not need to be defined in great detail but rather averaged
properties could be used. Total colummn depth causes a pure delay in the output
(with nuclide decay superimposed). The population dist*ibution in distance was
also relatively insigni ficant. That is, closeness to the site had little e f fect

4
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Table 1. Summary of Demonstration Cases
(Population 41.000).

-

No. Description Cumulative Direct Shine
Dose (man-rem) (rem)

4
1 Release from 100 ft incinerator 2.4 x 10

stack with filtering, 560 hrs,

Site No. I wind
4

2 Release from 100 ft incinerator 7.8 x 10
stack, no filtering, I hr, Site
No. I wind

3 -6
3 Release from im of waste for 6.6 x 10

2 min, Site No. I wind
(Inspection of packages)

4 Exposure to high intensity load 7

at 3m for 2 min with k" steel
shield (3000 C1, Co-60)

-8
5 Chronic ex osure to a person 10m 7.3 x 10

from 2100m of uncovered trench
2 min, 1/16" Aluminum shielding
equipment

6 Routine wind erosion Site No. 1, 0
10 yrs

7 Routine wind erosion Site No. 2, 0
10 yrs

8 Routine water seepage Site No.1, 0
10 yrs

9 Routine water seepage Site No. 2, 0

10 yrs

10 Truck accident / fire, 90m- of LWR 120 1.42 x 10-4
~

operations waste, 30 min exposure
Site #1 wind

xv



for airborne transport, In the water path dispersion in the aquifer had little
effect on the results. Since dispersion coefficients are di'ficul t to determine,
this is fortuitous.

Signi ficant variables of note included wea ther pattern (dryness,
wetness, wind velocity) agriculture in the air pa th , nuclide quan ti ty in the
water path (held constant in the air path), and stack height in the air path.

Interactions in the air path included weather (wind and rain) with cap
erodibili'v (geometry of cap), soil size with burial depth, soil size with si te
wind rest s64nce, burial depth with site wind resistance, and burial depth with
soil column retardation factor.

Water path sensitivity interactions were aqui fer water travel time with
nuclide sol ubility, aqui fer water travel time with water body turnover flowrate
and nuclide solubility with water body turnover flowrate. The interactions of
solubility with travel time or water body turnover are very signi ficant. It

means that reasonable site resistance precludes any need to know solubility
(nuclides could just as well be in solution) or also that high dilution rates in
a water body destroys signficance of solubility. Perhaps, the need for better
understanding of solubility is not clways as necessary as might appear.

Ten cases were studied in the Reference Facility Dose Assessment.
These included two incinerator stack releases, two routine on-site exposures, o".
high intensi ty load incident, wind / water chronic pathways for two sites and a
major truck accident. Two sites were used to obtain comparison for a semi-arid

site (No.1) and a wet site (No. 2). The semi-arid site was patterned after the
Hanford and Idaho Falls locations while the wet site was patterned a fter the
Savannah River Plant (SRP). Detailed descriptions of the sites are given in
Section 3 of this report.

Table 1 sunscrizes the cases studied and results obtained.
Using realis;ic meteorological and hydrological data, no dose from

routine releases to air and water paths could be calculated since concentrations
were too small . Detailed nuclide soil concentrations are givt.. ior one case to
illustrate the binding of nuclides to the soil and decay of many nuclides as they
are held-up due to sorption in the unsaturated zone (vadose) or aqui fer.

.
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1. INTRODUCTION TO VOLUME 2.

This volume of the final report " Systems Model for Shallow Land Burial
of Low-Level Waste" is intended to provide detailed technical information

pertaining to development and implementation of the systems model. Volume 1 is a
user . manual containing sufficient in formation to run problems in the model
assuming an active version is available to the user. Volume 3 is an appendix

containing backup data for Volumes 1 and 2.

The information in thi s volume includes the technical detail on the
model content and its development. Background information on the various phases
of the project is detail ed. The contents are essentially a compilation of

individual task reports issued as drafts during the course of the project to

develop the model .

1.1 BACKGROUND

This report is the culmination of a 15-month project spansored by the

Nuclear Regulatory Commission to develop a system model for assessment of

population dose- from shallow land burial disposal activities. The objective was

to develop a relatively simple model which would facilitate development of

licensing criteria by allowing comparison of relative merits of procedural and
siting al ternatives. The model is intended to be a tool for comparison as

opposed to a comprehensive risk model. All phases of the system are considered:
packaging, transportation, burial and post-burial . It will be integrated with

other analytic capabilities at NRC for licensing support analysis.
The project was carried out in four steps marked by four district task

areas. First. information was developed from literature and ' site visits to

develop a oetailed description of all possible events and chronic release
mechanisms which could be identified. This comprehensive pathways list formed
the basi s for developirg a catalog of scenarios resulting in a variety of

initiating events and long-term releases. The catalog was developed using event
tree analysis coupled wi th engineering judgement to consolidate sequences

resulting in the same basic type of release. Some sequences were considered to

1-1
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have small probability and/or very small consequences and were deleted. Tne ,

resul ts of this activity was a list of scenarios with source terms describing a
representative catalog of releases to geosphere and biosphere pathways. These

are the driving forces that are then carried through geosphere/ biosphere

attenuators and interpreted as dose to the population. The second step was to
!aevelop the transport and dose model to perform the calculations. Existing

models were surveyed and gathered. Necessary modifications were made and the
various sub-nodels were integrated into one code for dose assessmen', Then in a
third step a sensitivity study was per fo rmed to determine the importance of
certain variables and variable groups including main affects and, in some, cases
interaction. A series of 792 runs were made as a fractional factorial design of
variable groups. The fourth step was to perform demonstration test runs for

selected scenarios using reference sites. A series of ten cases were studied in a
wet re ference si te and semi-arid reference site. These cases are described in
this report in detail and are provided in Volume 1 as test cases for code

checking.

-

r

1.2 MODELING APPROACH

i In choosing and adapting existing model s the principal guidance

criteria were:
.

e Availability (quantity and quality) of dat:.

e Convenience of existing model application (e.g., machine compatibility,
running time, core storage, etc.).

e Veri fication/ validation means available.

e Compatibility with other subprograms.

e Compatibility _with objectives and scope of this project.

Emphasi s in choosing model s was on " sufficient" rather than "best". |
'

The search for the "best" model involves extensive search and ' exhaustive
comparison of which many models may do the job needed. . A sufficient model needs

- only to meet the casic requirements and be reasonably efficient.

t

1-2
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The availability of data is a large concern. Many existing models far
exceed data availability and their complexity is wasted since many features are

not used. Models used in thh :tudy were choscn to maximize use of available

data and avoid featues which could not be used at present or in the forseeable
future because of lack of data. The type of data that would be supplied with
license applications was visualized in formulating opinions on suitability of

various models.
Flexibility was an impo rtar, i consideration in the system model

development. Modularization of subprograms and data have been employed to allow

future changes and program trouble-shooting. The subprogram sequencing is done
by a data base input to allow aodition of any scenario so long as a source term
and sequence is identi fied. Thus, revision of the pathways sequencing is very
si mpl e. Approaches to the individual subprograms is discussed in detail in
Section 6 and supporting Appendices (Volume 3). The model s used for the

subprograms are generally comon in the industry and well established. Some
alterations in original approaches have been necessary to meet the specific needs
of the Shallow-Land Burial Model.

1.3 ORGANIZATION OF VOLUME 2

This volume is organized around the results of the four steps described
above. A section on site desciiption (Section 2) provides background information
that was used in developing scenarios, model features and reference sites for the
demonstration phase. Section 2 also is a record of the resul ts of literature

review and site visits made by various project teams early in the project (Trip
reports from the project teams are included in Volume 3 as Appendix A).
Section 3 is a brief discussion of the dose pathways problem as an orientation to
Sections 4, 5, and 6 which describe the detail s of scenario wi model

development. Sections 4 and 5 describe the results of the activities during the

first step in the project. The method of scenario and source ter a development
and results obtained are described. Detailed scenario and source term results
are in Appendix B and C, Volume 3 and in Sections 4 and 7, Volume 1 (the user
manual). Section 6 is a detailed description o f the System Nodel itsel f as it
was developed during the second project step. Section 7 described the third

step: sensitivity studies and Section 8 describes the fourth step: re ference
facility dose assessment.

1-3



2. SITE DESCRIPTIONS

1

2.1 INTRODUCTION

In this section, exisiting commercial shallow land burial si tes are

described as well as the DOE si te at Richland. The locat son, topography,

climate, geology, and hydrology of these sites were studied and the descriptions
were generated to focus on factors of concern with respect to nuclide release and
tran s,'o rt. The descriptions are not intended. to be in great detail. Many

detailed descriptions can be found in the literature (Papodopulos and Winograd,
1974; Morton,1968; Adam, et al ,1978) . Factors relevant to development of the
systems model and the release pathways are empha rized in the sections that
follow.

It became apparent during the study that two basic types of sites are
encountered: (1) high-rainfall, high-watertable locations whei e runo ff, seepage,

.

leaching, and groundwater transport are of. paramount concern and (2) ari d , very
deep-watertable locations where only surface water ( flash floods, snow melt) are
of concern and airborne pathways predominate. In this study we will call these

(1) "We t" Sites and .(2) " Arid" Sites. Category (1) connercial sites include
Maxey Flats, Sheffield, Barnwell, and West Vallej and category (2) commercial
sites include Beatty and Richland. - Savannah River (SRL) and Oak Ridge (ORNL) fit
category (1) while DOE sites at-Hanford, Los Alamos.and Idaho (INEL) (with some
exception) fit category (2).

,

2.2 MAXEY FLATS

2.2.1 Location
The : low-level radioactive waste disposal site of Maxey Flats is located '

16 kilometers northwest of the town o f Morehead -in Fleming County, northeastern

Kentucky. The area ' o f the site, which is owned by. the State of Kentucky ~, is
about 200 acres. In 1963, the Nuclear Engineering Company was i ssued a license

2-1
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by the State of Kentucky to operate the disposal facility. In 1971, it was

decided that additional studies were needed at Maxey Flats to insure that
precipitation which in fil trated the completed trenches woul d riot resul t in
contamination of the groundwater by radionuclides. In December, 1977, the
disposal site was ordered shut down so that a two-year period of study on the
safety factors of the waste disposal technique could ensue. Operations did not#

~esume at the end of the two-year period.

2.2.2 Topography and Climate

The topography of the region consists of gently rolling hills and

valleys. Maxey Flats is situated on top of a broad mesa. Moderately steep
valleys border the Maxey Flats mesa on the eastern and southern margins. The
area is drained by Rock Lick Creek.

The climate at the Maxey Flats site is humid, consisting of high
rainfall and low evaporation. The mean annual precipitation amounts to about 1.1
meters per year, mostly in the form of heavy storms. There are sharp centrasts
between winter and summer seasonal temperatures in the Maxey Flats region.

2.2.3 Geology and Hydrology

The stratig.aphy of the Maxey Flats site consists of approximately 4.5
meters of dry, firm and moist sil ty clay overburden. The Bordon Formation,
estimated at 20 meters in thickness, underlies the silty clay. There are two
primary units in the Bordon Formation. The upper layer is the Nancy Member,
about nine mete s thick, consisting of al ternating layers of soft, bluish-green
to gray shale and hard, fine-grained, yellowish-brown sandstone. The 10.5-meter
thick Farmer Member which underlies the Hancy Member is comprised of alternating
layers of sandstone and vertically jointed shale. The Henley Bed, about three
meters in thickness, underlies the Farmer's Member and is characterized as a
greenish-gray shale layer. The upper contact of the Sudbury Shale Formation
occurs at about the 27-meter depth and is identified as a moderately hard, dark
green to black sha'te.

2-2



The uppermost watertable at the Maxey Flats site is a " perched" table

located at a depth between U.6-1.8 ceters below the surface and in the soil zone
above the Nancy Member. The main watertable is located at depth- of 10.5-15
meters below the surface and has an erratic slope gradient. Nearly all o f the
water which discharges from the Maxey Flats disposal site does so by means of one

of several pathways. These flow paths include surface runoff, movement through
cracks and joints in the bedrock, and movement through shallow soil zones.

The radioactive waste of Maxey Flats is stored in be.-ied trenches wi th
dimensions of 6 meters deep,15 meters wide, and 90 meters long. The basal unit
in the trenches is the tight, impermeable Farmer Member of the Bordon Formation.
The impervious nature of this layer creates a problem due to an accumulation of
water which collects in the trenches, especially during periods of abundant
rain fall . The excess water must then be pumped out of the trenches and processed

in an evaporator facility on site.

2.3 BARNWELL, SOUTH CAROLINA

. .

2.3.1 Location -
The commercial nuclear disposal site near Barnwell, South Caralina is

located about 10 kilometers west of the town of Barnwell in Barnwell County, west
. central South Carolina. Chem-Nuclear Systems, Inc. operates this commercial

nuclear waste disposal facility on a 278-acre parcel of land which is owned by
the State of South Carolina and leased to this . firm for .. 99-year te rm. The

State of South c.arolina and the NRC regulate the licensing requirements for the
.Barnwell waste disposal site.

Initially, the nuclear waste delivered to Barnwell was buried in
trenches which were 6 meters deep , 15 meters wice, ' and 150 meters long.
Presently, the facility buries the incoming waste in trenches which are much
larger in size than those originally used, with dimensions equal to 6 neters by
30 meters by 305. meters. Certain high specific activity shipments of radioactive
waste are . buried in narrow slit trenches having dimensions of 6 meters deep,
0.8-0.9 meters wide, and 305 meters long. Af ter the trenches are filled with
nuclear waste, a shield of two to three meters of clay is placed over the trench.
A vibratory compactor cocpresses the clay to elininate se ttl ing . Finally, the

.
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; clay is capped by a sand layer, which is contoured to prevent surface water from
seeping into the trench.

2.3.2 Topography and Climate

The Barnwell area is part of the topographic region known as the
Coastal Plains, on area of South Carolina characterized by gently rolling
low-lying hills and fl at, somewhat swampy meadows. The main river system
draining the area around Barnwell is the Savannah River,which flows from
northeast to southwest through wide valleys which are o ften bordered by

'
swampl ands.

The climate in this area is characterized as humid and subtropical with
long summers and mild winters. The average annual precipitation in Barnwell
County is 1.15 meters, which is a relatively high amount of rainfall.

2.3.3 Geology and Hydrology

The uppermost layer of sediment near the sc-face at the Barnwell site,

is a dense, reddish-brown clay known as the HawJ.orne layer, which is
approximately 1.2 meters in thickness. Underlying the Hawthorne clay is the
Barnwell (sandstone) -layer. In digging- the waste burial trenches, the cl ay is

removed and the trench is dug La a six-meter depth in the Barnwell sandstone.
' The watertable lies relatively close to the surface at the Barnwell

site in comparison to the depth to the watertable at Beatty, Nevada, for example.
The depth to the watertable is about 15 to 18 meters' below the surface. Be tween

the floor of the waste trenches and the upper boundary of the watertable, tne
geology consists of clay with lenses of sandstone.

Due to the humid _ climate and the relatively shallow watertable which
. characterize the Barnwell waste site, radionuclides buried there are more -likely
to be released and to migrate downward through the sediments into the groundwater
than at the arid to. semi-arid waste sites'in Beatty and Richland. There fore,

test well s have been pl aced around the edge of each completed waste trench.
These wells are sunk to the base.of the trench to monitor the possible existence
o f water. Any water collected at the base of the trench may be pumped out to
avoid contact with the buried waste.

.
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2.4 BEATTY, NEVADA (INDUSTRIAL / NUCLEAR DISPOSAL SITE)

2.4.1 Location
Nuclear Engineering Company (NECO) operates the waste disposal si te

located about 18 kilometers south-southeast of Bea tty , Nevada, within the

Amargos Desert in Nye County. The Beatty site is licensed by the State of
Nevada for the disposal of industrial waste and solid, low-level radioactive

waste. Disposal of low-level radioactive wastes was begun in 1962. The wastes

were buried in trenches with dimensions of 6 meters deep,12 meters wide and 200
meters long. At the present time the waste trenches being filled are much larger
in si ze , having dimens'ons of 15 meters in depth, 37 meters in width and 245
meters in length. After the trenches are filled with waste, a one to two meter
thick cap of soil is placed over the trenches to protect against exposure to the
nuclear waste frcm soil erosion, runoff, etc.

2.4.2 Topography and Climate
The area in proximity to Beatty, Nevada, is in a broad northwesterly

trending valley in the Amargosa Desert. The valley is bounded by the Grapevine
and Funeral Mountains on the southwest. and Bare Mountain on the nor theast.
Average altitudes - here - raage between 845-849 meters above sea level. To the
southeast of the nuclear waste disposal site the topography is characterized by a
series of ridges which contrast somewhat from the 76-meter-high smooth, sandy Big
Dune located on the valley floor.

In general, the topography of the area surrounding the Beatty si te is
characterized by broad, flat valleys separated by rugged mountains. This is a
typical landscape usually found in a basin and range province. The slope of the
si te . i s towards- the southeast, ranging between 0.3 to 0.6 reters per hundred
meters and providing for good drainage of the area.

Average precipitation in .the_ Amargosa Desert near Beatty ranges betwee-
64 .to 127 mm per year. Yearly evaporation at the site averages about 2.5 meters
per year which removes much of the near-surface moisture.

2-5
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2.4.3 Geology and Hydrology

The surficial deposits in the Beatty area consi st of poorly sorted
mixtures of fine to course grained fanglomerate materials. These sediments are
primarily semi-consolidated deposits of boulders, gravel, sand sil t, and clay.

The exact thickness of these sediments is not known, but it is estimated to be
about 175 meters. Based upon a driller's log in the Beatty area, two aqui fers
were identi fied in the semi-consolidated sediments at the 99-meter to 104-meter
level and at the 144-meter to 141-meter level .

The gravel and sand sediments are permeable and tran smit water more
readily than the clay fraction which is impermeable and transmits water very
slowly or not at all . The aquifer materials identified above at 99-104 meters
and 144-149 meters consi st of various-sized boulder with little clays. The
permeability for the aqui fer material s penetrated by the well ranges from
2440-20,300 liters / day per square meter.

The bedrock geology, which underlies the 175 meters of sediments
describec chove, presumably consists of rocks which are similar to those exposed,

.in the mountains that surround the valley. The rocks have been classified as the
Nopah Formation, Stirling Quartzite, and Bonanza King Formation of Pal eozoic
Tertiary age. These units consist of structurally complex sedimentary and
metamorphic limestones, dolomites, and marbles which have been frac tured and
faul ted by recent tectonic activity. Al though the Beatty si te is in a

seismically active area which is susceptible to severe earthquakes, it is not on
an active faul t zone. - The only significant effects of earthquakes upon water
contamination by the buried waste would be those resulting from fissures in the
earth which would permit the -inflow of rain fall . However, the probability that

.
an earthquake of sufficient magnitude to create tissures woul d occur is very
remo te.

The groundwater flow in the Beatty area parallels 'sh! northwesterly
trend of the valley. The piezometric surface has a computed hydraulic gradient
sloping about 2.7 meters per kilometer with a direction of flow down-gradient to
the southeast. As stated previously, the depth to the uppermost watertable is
about 99-104 meters below the surface. It is clear from the meager annual
rainfall in the Beatty area and the deeply-buried watertable that the downward
migration of radionuclides through the soils to the aqui fe- is very unlikely.

2-6
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2.5 SHEFFIELD

2.5.1 Location

The low-level solid radioactive waste burial site in Bureau County,

Illinois, is located about 4.8 kilometers southwest of the rural town of

Sheffield' in north-central Illinois. The region is a sparsely popul ated
- agricul tural area.

The Sheffield waste burial facility is owned by the State of Illinoi s
and is operated by California Nuclear, Inc. The facility, which has a site area
of nearly 27 acres, started operations in 1967. Burial operations were suspended
in 1977. trenches at the site have dimensions of 6 meters deep,12 meters wide,
and 150 meters long. After the trenches were fill ed , they were back filled,
compacted, and mounded to lessen the infiltration of precipitation and subsequent
leaching of buried wastes. Monitoring wells and drains to detect any water tha t
might collect in the trenches have been employed at Sheffield.

- 2.5.2 _Toppgraphy

The -landform around the Sheffield waste burial si te consists of
east-west trending rolling hills with altitudes ranging from about 235 to 27F
me ters. The hills slope toward the south and merge with an intermittent drainage
branch of the Lawson Creek. The surface flow of the Lawson Creek occurs only

during, ' or subsequent to, periods of rainfall. At other times, the drainage is
intermittent. The Lawson Creek drains to the north into the Green River Lowland

~ at the northern portion of the Sheffield site.

2.5.3 Climate

The Sheffield ' site is located in an area of humid climate with
relatively high rainfall and low evaporation. The annual precipitation is- about
0.9 - meters of raf n fall . The rainfall is scattered -througout the year with most
of it falling in June and the least in February.

2-7
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2.5.4 Geology and Hydrology

The surficial deposits of the Sheffield site are comprised of about 15
to 18 meters of Pleistocene age, unconsolidated glacial sil ty-clay loess,

sediments on the hills in which the site is located. The sediments have
relatively low permeability to percolating groundwater.

The bedrock geology of the site, which underlies the glacial sediments,
consi sts primarily of Pennsylvanian shales. There are minor amounts of,

sands tone, clay, limestone, coal , and black slaty shale which are interbedded

with shale. The maximum thickness of the shale bedrock in this area is about
125-150 me ters. These shales are relatively imperneoble at the site, so that it
is unlikely that water would migrate downward from the glacial sediments above to
carry radionculides to these Pennsylvanian rocks. Some mining of coal had been
carried out in the vicinity of the site some time ago.

The structural picture in the vicinity of the Sheffield site is rather,

stable. No major faults in the bedrock geology underlying the site are known to
exist. The rocks have gentle dips in an east-southeasterly direction toward the
Illinois coal basin.

'

Studies have indicated that a " perched" water body occurs in the
- glacial sediments which overlie the impermeable shale bedrock at the She ffield

.

si te. This would appear to be the water body of main concern in the disposal of
radioactive waste in the trenches.

In the hills of the southwestern and east-central parts of the si te ,
the depth to the watertable is about 12 to 18 meters below the land surface. The
groundwater gradient slopes northward over much of the site, however, so that the
watertable' appears - to be wi thin 7.5 meters of the land sur face in the
northeastern part of the site.

.

2.6 RICHLAND/HANFORD

2.6.1 -Location
.

The ' commercial radioactive waste burial facility near Richland,
Washing ton was opened in 1962. It is a 100-acre site which is located about 40

'

- kilometers North of Richland in Benton County, southcentral Wa shington. The-

conmercial. Richland waste site is operated by the Nuclear Engineering Company

1
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(NECO) and licensed by the State of Wasnington. The Han ford-DOE l ow-level

radioactive waste burial site is located in the 200 Area of the Hanford
Reservation and is only several kilometers from the commercial NECO burial site.

The waste trenches at the commercial Richland site :ee straight-walled
trerches with dimensions of 7.5 meters deep, 24 meters widt, and 137 meters long.

It requires about six to eight weeks to dig a trench of this magnitude. After
the trench has been filled with wastes, 2.5 meters of fill is placed over the

waste as a trench cap.

2.6.2 Topography and Climate

The Richland waste burial sites are located within the Columbia Plateau
physiographic region of central Washington. The area is characterized by

moderate elevations, flat plateaus, gentle slopes, and rolling hill s. To the

northwest of Richland lies the Rattlesnake Hills, while the Horse Heaven Hills
lie to the southwest of Richland. The area is drained by the Columbia River, the
Snake River, and the Yakima River.

The climate of the Richland area could be classified as arid. The
annual precipitation ranges between 150-200 mm. Dust storms may occur in parts

of Eastern Washington in the windier month , when the light surface of the soil
is dry.

,

2.6.3 Geology and Hydrology
The surface material at the Richland sites is a silty sand, gravel, and

cl ay nixture. .The soil at the surface has the appearance of a beach sand. The

sandy horizon extends from the surface to depths of between 45 to 91 meters. The
bedrock which underlies the sediments and forms the hills around Richland
consists of the Columbia River Basalts.

The depth to the watertable at the NECO and 00E (200 Areas) sites is

between 70 and 110 meters below the surface o f the soil . Due to the arid
climate, the meager amount of rainfall, and the depth to the groundwater, no
water collects .in the trenches. Migration of the radionuclides from the buried
waste to the hydrosphere appears to be an unlikely concern at the Richland
radioactive waste burial sites.
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2.7 WEST VALLEY

!-

2.7.1 Location

The Western New York Nuclea,- Services Center is a low-level radioactive
waste burial facility located at West Valley in Cattaraugus Coun ty , New York.
This site, wnich began operations in 1963, was run by Nuclear Fuel Services, Inc.
and licensed by the State of New York. The low-level radioactive waste on the
over ten acre West Valley site was buried in trenches whose dimensions are 6
meters deep,10.5 meters wide, and 214 meters long.

2.7.2 Topography and Climate

The West Valley site, which lies at an approximate elevation of 460
meters, is located within the physiographic area of the Appalachian Plateau. The
topography consists of rounded ridges and hills which are cut by steep-sided
ravines. There are several rivers and tributaries which are associated with the
Appalachian Plateau province in the area near West Valley, including the

Allegheny River, the Genesse River, and Cattaraugus Creek.
'

~1 he climate around the West Valley site is humid with about one meter

of precipitation annually. Most of the rain -falls in the period from May through
September. Average summer temperatures are about 18 C, while mean winter0

0temperatures are 2 C.

2.7.3 Geologw and Hydrology

The burial medium into which the waste burial trenches have been dug at
the _ West Valley site is believed to be a lake deposit which has been reworked by
. laciation. The soil consists (./ glacial till horizons ranging from 7.5 to 52g-

,

meters in depth. The till has very low permeability, is gray in color, and
consists of a dense mixture of clay, silt, sand, and gravel . Vertical shrinkage

' cracks in the till horizons have been observed in the upper 4.5 meters of soil.
Below the glacial till lies Paleozoic shale and sandstone bedrock. The

shales have been'shown to be largely impermeable and they extend to more than 600
neters in depth.

,
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The faul t ,i g activity r.earest to the site is about 48 kilometers east-

in the north-south trending Llarendon-Lindon faul t. However, the faul t appears

to have been 'nactive for over 350 million years. The natural seismicity in
.

Western New York is known to be low to moderate.
The depth to the watertable at West Valley is variable and slopes with

the surface drainage. Due to the low permeability of the glacial till soil into
which the trenches are dug and to the high amount of rainfall that characterizes
the climate of West Valley, it is possible for rain to percolate downward into
the trenches. The leaching of radionuclides into the groundwater is prevented by
certain operational procedures. The moisture content in the floor of the waste
trenc es is monitored and the water is pumped out as it collects in order toh

prevent the migration of radionuclides from the buried waste to the water table.
;

i

I
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3. DOSE PATHWAYS - GENERAL DISCUSSION

The main objective of the burial of low-level waste at shallow land

burial sites is to isolate the waste from the biosphere and prevent the exposure
of the population to this waste. Generally, such isolation is no t total and

- speci fic segments of the population may be exposed to the waste during the
collecting, transporting, processin3, and burying of the waste. It is al so

possible that rel ease ' o f radionuclides from the waste after burial may take
pl ace . Such releases could conceivably result in release to the biosphere. For
these reasons, it is necessary to determine what pathways to humans exist and to
determine the significance of tne pathways. Task 1 has as an objective the
compilation of an exhaustive list of possible pathways to humans from all phases
of the shallow land burial process. This section presents an overview of

pathways to humans in a general discussion so that individual pathways identified
can be placed in perspective

~

Figure 3-1 illustrates a comprehensive pathways model. The model is
general since the -' event source is not defined. The event source can represent
varied events such as transportation accidents, burial accidents, and simply

normal or chronic releases. In all events, the released radionuclides need to be
initially transported. This transport is generally via air or wa ter. However,

certain scenario-dependent transport mechanisms may take place, such as transport
via truck tires, feet, etc. Direc t gama -radiation- exposure would al so be

covered by localized transport.
Once:in the environment, a number of secondary transport mechanisms may

act upon the radionuclides. - The environment through which the radionuclides may
be . transported are ~ air, terrestrial , and aquatic media. The terrestrial
environment includes only the near-surface mechanisms. Transport via underground

-migration is included in the aquatic environment. As can be seen, the three
media are coupled to one another .via coupling mechanisms -such as deposi tion,
resuspension, and runoff.

C
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Having been transported to the biosphere, the radionuclides may expose
speci fic segments of the population during secondary transport. These exposure
possibilities are listed as transfer mechanisms in Figure 3-1. Exposure from the

air environment is by either external exposure or via internal exposure due to
inhalation or absorption of the radionuclides. Exposure from the terrestrial

endfronment is by either external exposure or via food chain pathways. The
aquatic environment exposures include external exposure, exposure via ingestion
and absorption, and exposure via Iquatic food chains. Figure 3-2 illustrates the
possible external exposure pathways. Figure 3-3 illustrates the possible
internal exposure pathways.

In order to classi fy or categorize the possible dose or exposure
pathways for the shallow land burial process, it is necessary to discuss the
di f ference between chronic and acute or discrete terminology. Pathways that are
considered chronic are pathways with continuous releases such as evaporation of
trench water and migration of radionuclides away from the trenches. Discrete

'

pathways include anthropogenic events such as transportation accidents and
natural events such as floods, tornadoes, and earthquakes.

Di screte events or pathways are best described using a fault-tree-type
approach. These events are probabilistic in nature and, there fore, have a
probability associated with their occurrence. Their relative importance can be
determined by considering the resulting consequences such as health effects times

the probability of occurrence. The resulting calculation is essentially the risk
associated with the discrete event. Chronic pathways, on the other hand, can be
considered to have a probability of uni ty or near unity. Therefore, while
discrete events or pathways occur rarely, chronic pathways are present for
greater periods of time. Of course, because of the existance of radioactive
decay, chronic pathways generally diminish in magnitude of consequences over a
period o f time.

'

Al so important to the classification or categorization of pathways for
shallow ~1and burial are the various processes in the system. Exposure pathways

' may occur during all the processes including packaging, handling, transportation,
burial, and maintenance of the site. It is anticipated that the chronic pathways

|- for all processes up to and including the burial and covering of the waste' would
be mainly external exposure due to proximity to the waste and possibly some
inhalation of radionuclides due to leakage.

3-3.
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After the waste has been buried and covered, two time periods are
assumed to follow. The first time period is an administrated storage period
during which access to the burial site is controlled. The site will be monitored
for possible radionuclide releases during this time. The second period involves
public use. During this time, access to the burial site is unrestricted.

Chronic release pathways during the administrated storage period may
include radionuclide migration to water supplies and airborne releases such as
those from the evaporation of water in trenches. The anthropogenic events would
include the digging up of waste by accident because of bad surveys, e tc . The

natural occurrences are probabilistic events not caused by humans.
During the unrestricted use period of the burial site, the chronic

release pathways would be similar to those during the administrated storage
period. The discrete events include anthropogenic and natural eccurrences.
Though the natural occurrences would be similar to those identi fied in the

adninistrated storage period, the anthropogenic events would be drastically
di f ferent. Use of the land by people would introduce new pathways because of
actions which night include farming the land, digging localized wells, retrieving
usable waste items such as tools, and in general, excavation of the land for
various reasons.

This section his given an overview of possible exposure pathways
associated with the shallow land burial process. The variety of pathways appears
to be very extensive and covers a range of possible consequences. The sections
that follow deal with speci fic sites and pathways.

!

|

i
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4. NUCLIDE SOURCE TERMS

I

4.1 GENERAL

To successfully analyze the shallow land burial process, it is

important to understand the types of radionuclides buried, including amount and
; concintration, and the forms of waste in which they are includsd. The waste is

re ferred to as " low-level radioactive waste." Historically, icw-level waste was
defined as all solid and liquid wastes not considered high-level. Such t
definition, of course, is rather general and leaves a lot to the imagination.

A more satis fying definition of low-level waste is all waste except:
(1) that defined as high-level waste, (2) spent fuel, and (3) waste with more
than ten nanocuries per gram of transuranic al pha-emi tting radionuclides.

Appendix F of 10 CFR Part 50 defines high-level radioactive waste as " tho se
aqueous wastes resulting from the operation of the first cycle solvent extraction
system, or equivalent, and the concentrated wastes from sub sequent extraction
cycles, or equivalent, in a facility for reprocessing irradiated reactor fuel."

The ten nanocuries per gram of transuranic alpha-emitting radionuclides
limit car best be described by quoting the report of an NRC Task Force (NRC Task
Force Report,1977):

"The AEC issued a proposed rule on September 12, 1974 which
would have limited burial of transuranium wastes at connercial si te s.

Following -creation of the NRC and ERDA, ERDA withdrew the draft
environmental statement needed to ful fill requirements of the National
Environmental Policy Act (NEPA). Al though the rule has not been

implemented, all the commercial burici sites except the Han ford si te
presently limit the burial of transuranium nuclides. Development of a
rule and supporting environmental statement is still being pursued by
NRC in concert with other reviews such as-this one."

As -is noted later in this report, the Hanford site will soon follow the proposed

rule of ten nanocuries per gram. This was confirmed .during conversations held

,
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when sta f f members visited that site. The expected order of importance of the
.

major generators of connercial low-level waste is (1) r.dcl ea r reac tors, (2)
1

4 institutions such as hospitals, clinics, and universities, (3) industry, and (4)
government laboratories. Calcium fluoride waste from fuel fabrication plants is
expected to be a possible major source of waste in the future. At present,;

i Westinghouse is disposing of this type of waste at Barnwell.
: Summaries of low-level waste buried at shallow land burial sites can be
; found in a number of re ferences (Holcomb, 1978, and Smi th,1979) . Of most

concern in this report are on the types of radionuclides that may be placed at
the sites in the future. The generators can be lumped into two categories: fuel

i cycle facilities and non- fuel cycle facilities. The fuel cycle facilities

essentially consi st of nuclear reactors, particularly PWRs. The non-fuel
j facilities include institutions, generators of depleted and natural uranium,

thorium metal fabrication wastes, government laboratorie s, DOE research,

contractors, and industry such as the radiopharnaceutical industry. It is

believed about 80 percent of non-fuel cycle waste is from institutions (Andersen,4

et a1,1978) .
_ _ _

; Recent work by the NRC (Smith,1979) estimated the projected low-level
| waste activi ty and volume for 1979 on the basis of 1975 - 1977 data. Table 4-1

illustrates the breakdown of the waste by activity. Table 4-2 illustrates the

breakdown by volume. A more detailed discussion is presented in the following
sec tions.

i

;

!
i

| 4.2. FUEL CYCLE WASTES
' The majority of low-level waste is generated by fuel cycle facilities ,
( particularly at LWRs. Ihis type of waste includes fil ters/ filter backwash,

{ fil tered phase-separator decant . liquid, evaporator bottoms, demineralizer waste,
I laundry wastes, general trash, and activated components. Table 4-3 illustrates

typical liquid wastes which are processed and treated as low-level waste. In
i -general most of the activity from LWR low-level waste is in a small portion of

[ the total volume of the , waste, namely highly-activated components. Such

! components include control rods, fuel channels, poison curtains, etc.
I

In 1976, filter sludges, resins, fil ters, evaporator bottom.5, and trash
accounted for greater than 99 percent af the LWR low-level waste volume while

! activated components accounted for about 45 percent of the total activity. In
l.
,
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Table 4-1. Projected Low-Level Waste Activity for 1979.
(Curies)

NON FUEL CYCLE-

FUEL CYCLE
INSTITUTIONAL OTHER

Mn-54 3.7 + 03" H-3 6.5 + 03 Unknown

Co-58 7.3 + 03 C-14 1.1 + 02

Co-60 3.0 + 05 Cs-137 1.0 + 02 :

Cs-134 1.1 + 04 Other 2.2 + 03

Cs-137 1.8 + 04
Pu-239

9.4 + 00Pu-240

TOTAL 3.5 + 05 TOTAL 8.9 + 03 TOTAL 4.2 + 05

* 33.7 + 03 = 3.7 x 10
3

Total Estimated Volume = 9.9 + 04 m

i
9

't

-;4
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Table 4-2. Projected Lcw-Level Waste Volume For 1979.

SOURCE OF WASTE * % OF TOTAL

Fuel Cycle

Dry Solids and Trash 30

Evaporation Bottoms 16
'

BWR Filter /Demineralizer Wastes 8

Resins 4

Miscellaneous 2

TOTAL 60

Non-Fuel Cycle

Dry So? ids and Trash 17

Liquid. Scintillation Vials 15.4
Absorbed Liquids 4.2
Biowastes 3.4
TOTAL 40.0

_

* Excludes Calcium Fluoride Waste

4-4
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Table 4-3. Low-Level Liquid Wastes Collected at Pcwer Reactors.

TYPE
REACTOR TYPE LIQUID WASTE SOURCE TREATMENT

Boiling-water High purity Equipment drains; low- Filtration and
reactor conductivity back-wash ion exchange

water

Boiling-water and Low purity Floor drains; water Filtration icn

pressurized water from dewatering of exchange or
reactors slurry wastes evaporation

Boiling-water and Chemical Wastes Laboratory and nonde- Evaporation
pressurized water tergent decontamina-
reactors tion wastes; ion

exchange resin
regenerant solutions

Detergent Laundry wastes; deter- iltration and/cr
Wastes gent-type wastes from ceverse osmosis

decontamination or possibly
evaporation

Pressurized water Miscellaneous Floor drains, aerated Evaporation
reactor systems and equipment

drains, wastes frcm
sampling and primary
(boric acid) systems

Secondary Wastes from turbine Filtration and
system wastes. building, steam- ion excnange

generator blow-down
(except for ion-
exchange regeneration)

4-5
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1977, activated components accounted for nearly 80 percent of the ac ti vi ty. It

appears that activated ( 2ponents are easily the most significant sources of
gross activity in LWR lo- :nel waste. The breakdown of activated component
activity by curies is assume ( to be:

..

Mn-54 5 percent
Co-58 10 percent
Co-60 30 percent
Cs-134 15 percent
Cs-137 25 percent
Other 15 percent

The average specific activity for activated components was estimated to be 3000
3

C1/m in 1977. For, all other LWR low-level waste the estimated average was
31.3 Ci/m .

For comparison, if the Three Mile Island (TMI) cleanup waste from
resins, filters, and sludge is between 200,000 and 500,000 curies, it is equal to
about four to ten times the activity in resins, filters, sludge, and evaporator
bottoms disposed of in 1977.

The estimated Pu-239 and Pu-240 activity in LWP. waste in Table 4-1 was
assumed to be 0.312 - Ci per GWe-yr for BWRs and 0.155 Ci/GWe-yr for PWRs. The
generation numbers for 1979 were 15 GWe-yr for BWRs and 30 GWe-yr for PWRs. The

concentration estimates were taken from work by others. (Lapides, et al,1978).
In generating the inventories, it was assumed that fuel cycle wastes

are represented by the LWRs. These assumptions should be reviewed and updated
periodically to incl ude any signi ficant changes. For example, in the future,
calcium fluoride waste from the fuel fabrication plants could becoma a major
waste -in terms of volume.

It is convenient for the purpose of modeling to subdivide LWR wastes
into (1) activated components, (2) LWR operational wastes, (3) waste from reactor
decomissioning.

Highly activat ed LWR components reper.sent a small volume of waste.
. Typically, in 1976 they t.omprised only about 0.04 percent of the vol ume , but
contained some 65 per:ent of the total activity. These wastes include control
rods, fuel channels, anJ other activated materials. Their volume is expected to
increase in the fu' ur e. Highly activated wastes are assumed to be stainless
steel with cobalt-60 as the predominant element. These assumptions will need to
be reviewed from time to time since, if the control rods comprise the majority of
the activity, then the activation products of the neutron absorbing elements may

4-6
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!
' be more signi ficant than cobalt-60. Average specific activity of these wastes is

3estimated at 3000 Ci/m and summarized in Volume 1.
The majority of LWR operational wastes by volume is comprised of

low-level activity items such as fil ters , fil ter backwash, fil tered ;

phase-separator decant liquid, evaporator bottoms, demineralizer wastes, l aundry
wastes and general trash. Tne estimated average activity for operational waste
is 1.3 Ci/m . The isotopic co-rent ations are listed in Volume 1.

The method of deriving the isotopic concentrations together with
various assumptic 7s are discussed in Smith 1979. A key assumption is that the
percentages of the it.r major isotopes, Co-60, Cs-137, Kn-54 and Cs-134 which are
typically found, and BWR and PWR evaporator bottoms and spent resin wastes may be

applied to the total activity.

The concentrations of additionc ' radioisotopes were included on the
following bases:

) 1. Selecting representative values from published data, when spread in
data is very large.

2. Selecting maximum values, when only a few values are available.
'

3. Calculating the concentration from theoretical considerations or from
combination of actual concentration data and theoretical
extrapol ations.

Radionuclide inventory for these wastes is summarized in Volume 1.

LWR deconcissioning was*.es are derived from activation of structural
components 'and decontamination. Isot;7:s contained in activated components are ,

sunmarized in Volume 1. They were derived in AIF 1976 and NRC 1977 on the basi s
of material composition and neutron fluxes in the reactor. The accuracy of

: predictions is expected to be good for the activation products of the major ,

3
structural material s. The average specific activity was estimated at 3.8 Ci 34

with major contributors being Co-60, Ni-63 and Fe-55. The remaining isotopes are
listed in Volume 1.

,

The decontamination wastes in ~ the LWR decommissioning models are
assumed to have a similar composition to LWR operational waste s', listed in

3
Volume 1. However, an average speci fic activity is 32 Ci/m which is

3considerably higher than 1.3 Ci/m for operational wastes.

,

4-7
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4.3 NON-FUEL CYCLE WASTES

In 1978, there were more than 16,000 licensees in the United States
licensed for the use of radioactive materials by either individual states or the
Nuclear Regulatory Commission ( Andersen, et al,1978). These licensees are the.

.

producers of non-fuel cycle wastes. It is estimated that a signi ficant portion a

of the non-fuel cycle wastes is produced by a relatively small number of large

medical and educational institutions and certain industrial licensees.

4.3.1 Institutional Waste
A study was per formed to charac terize the wastes produced by a

signi ficant portion of institutions and shipped for commercial burial (Andersen,
et al, 1976). The study was accomplished by the use of a survey of selected
institutions and covered data for 1975. In 1975, it was estimated tha t 39

percent (by volume) of all low-level waste was from non-fuel cycle sources. The
*

major results and conclusions are discussed in the following paragraphs.
The waste containers used for shipment were:

e 210-liter (55-gallon) steel drums (62 percent).

115-liter (30-gallon) steel drums (30 percent).e

e Other containers (8 percent).

The other containers included fiberboard drums, cardboard boxes, wooden c ra te s ,
paint cans, e tc. The use of 115-liter versus 210-liter cans appeared to be
strictly for ease of handling.

The physical forms (by volume) of the shipped waste were:

e Dry solid waste (42 percent).

e Scintillation vials (28 percent).
,

Solidified and absorbed liquid waste -(21 percent).e

e Biological waste (9 percent).

Assuming at least 50 percent of the solidified and absorbed liquids consisted of
expended scintillation cocktail, then nearly 40 percent of all waste by volume
consisted o f packaged scintillation cocktail at scintillation vials.

l
i
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Table 4-4 lists the estimated radionuclides shipped in 1975 by

category. The miscellaneous radionuclides included:

Ca-45 Xe-133 Na-22

Co-57 Se-75 Yb-169

Cs-137 Sr-85 Mn-54

Fe-59 Co-60 I-123

In-111 Rb-86 Ir-} 92
Hg-203 Mg-56 Ce-141

Cd-109 Ra-226 An-241

Table 4-5 lists the estimated ac tivity concentrations using the assumptions

included wi th the table. Figure 4-1 is Andersen's projected volume of

institutional waste for the years past 1975. Andersen noted that the volune
trends given are likely to be conservative since the study based trends on 0
constant population. The average specific activitiesare summarized in Volume 1,
with the tritium activity adjusted to account for tri tium accelerator targets.

The isotopes for which concentrations are identi fied as "very small" were
reported by the survey respondents, but the concentrations could not be projected
because of insufficient sampling.

4.3.2 Other Non-Fuel Cycle Wastes

No breakdown on the o ther non- fuel cycle wastes was available.

Therefore, institutional waste is currently assumed te be representative of all
non-fuel cycle wastes. The inventories are summarized in Volume 1.

4.4 ESTIMATED RADIONUCLIDE CONCENTRATIONS IN LOW-LEVEL WASTE

Table 4-6 is a listing of estimated radionuclide concentrations in
low-level waste. The data is taken from an NRC document (Smith,1979). It was

assumed that no decay during transit to a site occurs. Nuclides wi th hal f-lives ~
less than 50 ciys or for which only_ limited evidence of their existence was found

t were excludad. Table 4-7 lists these radionuclides.

4-9

_ _



-

/
|
.

'
j

6.0 '
-

./
'

e

'
*

f
*5.0 - /

*

/
*

/
*

/
VOLUME ,

4.0 - *

(m3)
-

X 103
~ HEDIC)' SCHOOLS

*

3.0 -

.

TEACHINO HOSPITALS
t

2.0 -

-.'t. . . ._. . .-.-

-

UNIVERSITIES
& COLLEGES1.0 _._._._..... . .

--

.

_._. ._. ._. .~. .-.- . .

t i [
' \

' N CAL HOSPITALS

'72 '73 * , ,'S , ,'6e74 '77 e7g

YEAR
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Table 4-4. Estimated Institutional Radionuclides Sh , ped
for Commercial Shallow Land Burial in 1975
(Activities in mci) (Andersen et al, 1976).

CLINICAL TEACHING MEDICAL UNIVERSITY /
NUCLIDE HOSPITAL HOSPITAL SCHOOL COLLEGE TOTAL

'H-3* 1,313 13,788 46,659 23,516 85,276

C-14 214 1,523 19,585 4,788 26,114

P-32 41 2,085 11,256 1,024 15,407

S-35 0 360 4,426 1,149 5,935

Cr-51 113 438 3,495 612 4,658

Ga-67 21 264 33 0 318

Tc-99m 9,021 76,614 4,813 0 90,448

I-125 174 4,998 2^,56a 2,816 10,342

I-131 -105 15,324 1,3 t0 561 17,300

Misc. 403 2,890 25,182 8,771 37,246

.

" Tritium accelerator tragets excluded.

a-11,
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Table 4-5. Estimated Institutional Activity Concentrations
of Wastes Shipped for Burial (Anderseri et al, 1976)
(mci /m3)

TOTAL
CLINICAL TEACHING MEDICAL UNIVER",ITIES/ POPU-

NUCLIDE HOSPITALS HOSPITALS SCH01LS COLLEGES LATION

H-3 4.48 8.72 10.97 31.99 12.43

C-14 0.74 0.96 4.61 6.51 3.81

P-32 0.14 1.32 2.65 2.75 2.25

S-35 0 0.23 1.04 1.56 0.26

Cr-51 0.39 0.28 0.82 0.83 0.68

Ga-67 0.13 0.32 0.01 0 0.07

Tc-99m 57.09 91.42 1.78 0 21.26

I-125 0.59 3.16 5.54 3.83 1.51

I-131 0.66 18.29 0.49 1.14 4.07

Assumptions for Concentration Estimates:
.

(I)No radiopnarmaceutical nuclides in scintillation fluids.
(2)30f. of solidified and adsorbed liquids are scintillation fluids.
(3) Remaining nuclides are uniformly distributed through waste.

4-12



Table 4-6. Estimated Radionuclide Concentrations
in Low-Level Waste.

CONCENTRATION
RADIONUCLIDE (Ci/m3) SOURCE *

H-3 ** 1. 2 - 01 !

C-14 3.8 - 03 1

S-35 8.6 - 04 1

Mn-54 7.5 - 01 2

Fe-55 4.3 - 01 2
' to-58 4.3 - 01 2

Co-60 1.3 + 00 3

Ni-59 1.3 - 02 2

Nf-63 2.4 + 00 3

Zn-65 2.0 - 02 2
|

Sr-90 4.8 - 03 2

Nb-94 1.4 - 04 3

Zr-95 2.0 - 02 2

Tc-99 3.1 - 05 2

Ru-105 2.0 - 02 2

St-124 5.0 - 03 2

Sb-123 5.0 - 03 2

I-125 1.5 - 03 1

1-129 6.4 - 06 2

Cs-134 4.8 - 01 2

Cs-135 3.2 - 05 2

Cs-137 8.6 - 01 2

Ce-144 2.0 - 02 2

Eu-152 4.8 - 05 2

Eu-154 4.8 - 04 2

Eu-155 4.8 - 04 2

Ra-256 1.15 - 04 4

Th-230 7.3 -105 a

conti nued . . .

4-13
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Table 4-6. (Continued) Estimated Radionuclide
Concentrations in Low-
Level Waste.

CONCENTRATION
RADIONUCLIDE (04/m3' SOURCE *,

Th-232 8.4 - 06 4

U-235 3.2 - 05 4

U-238 7.2 - 04 4

Np-237 4.6 - 08 2

Pu-238 3.1 - 04 2
'

Pu-239 4.3 - 05 2

Pu-240 6.7 - 05 2

Pu-241 1.65- 02 2

Pu-242 2.4 - 07 2

Am-241 3.0 - 05 2

Am-242m 1.6 - 06 2

Am-243 2.1 - 06 2 .

Cm-242 2.5 - 03 2

Cm-243 6.0 - 07 2

Cm-244 1.9 - 04 2

* Source of Waste:
1 -- Non-Fuel Cycle

2 -- LWR Operations

3 -- LWR Deccmmissioning

4 -- Non-Fuel Cycle (taken from actual site data
files)

** 1.2-01 = 1.2x10-1

4-14
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Table 4-7. Other Potential Radionuclides
in Low-Level Waste Not in
Table 3.6

CONCENTR4 TION
RADIONUCLIDE (Ci/m3)

P-32 2.3 - 03*

Cr-51 5.8 - 04
Fe-59 -

Ga-67 7.0 - 05
; S r-89 -

Nb-95 -

Ag-110m -

~

I-131 4.0 - 03
Cs-136 -

Cs-141 -

.

* 2.3-03 = 2.3x10-3-

.

9

4
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4.4.1 Composite Inventory<

Composite wastes from different sources are placed in a single trench
which might be 20 to 30 m wide,10 to 15 m deep and several hundred meters long.
After a period of time the packaging disintegrates and for the purpose si

modelling, the wastes in the trench can be represented by a single characteristic
compo si tion. This representative inventory is summarized in Volume 1. Only the

parent isotopes of the decay chains are identified.

4.4.2 Physical Properties of Wastes

The pathways that the radionuclides can enter when released accidently
from their containers are dependent on the physical properties of the waste

material s, i .e. :

1. Wastes are solid, e.g., imbedded in concrete, asphalt or similar
binder.

2. Wastes are liquids, e.g., contained in vials.

3. Wastes packages contain gases as for example from di sintegration of
packaged materials.

4. Wastes are soluble in water

5. Wastes are burnable, e.c., paper, rubber gloves, etc.

6. Wastes are dispersable by wind, e.g., powder, dust, light papers, etc.

4.4.3 Packaging of Wastes

The packaging provides containment and/or shielding of wastes during
transportation and pre-burial operations. Sometimes a fter the burial, the

packages disintegrate and do not provide either containment or shielding.
A large variety of packaging methods and containers are in use, ranging

from heavily shielded casks to loosely bound bundles. These were described in

detail in D. Lester (1979). To reduce thi s variability to manageable

proportions, the following generic categorizations were adapted in the

descriptions of release scenarios in Volume 3, Appendix C.

1. A heavy cask with shielding material encloses a removable liner
containing wastes. This type of packaging is used for the shipments of
highly activated LWR components, e.g., those with specific activities
of several thousand curies per cubic meter of wastes. Typically, the

.
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cask is large and is carried singly on the transport vehicle. Only the"

liner with the wastes is buried and the cask is released for reuse.

2. Wastes with low specific activities are packed in drums, wooden boxes,
cartons, or in a variety of smaller containers such as paint cans, etc.
Some are bound into bundles or packaged in plastic bags.

3. For transportation, the individual packages may be placed in overpacks
which are then transported on trucks. The overpacks may be shielded.

4. Waste packages may be transportad loosly in a covered van. At the
burial site, the individual packages are removed from the van or
overpack for placement in the trench.

The potential accidents may involve a large number of packages such as
burning of the total content of the transport vehicle or flooding of an unburied
part of the trench; or may involve only individual package such as rupture of a
drum or a box during on-site handling.

4.5 RELEASE FRACTIONS (SOURCE TERM DATA BASE)

The inventories of radionuclides identi find are seldon released in
their entirety. However, some guidance can br provided for the analysis of
generic cases based on the evaluations of similar esents in the study of the
Waste Isolation Pilot Plant (00E,1979) and the management of buried transuranic
waste at the INEL (DOE, 1979). Estimates of releate fractions (RFs) which might
be considered as representative examples are summarized in Table 4-8 for all
relevant initiating events. The assumptions made in the development of each
speci fic value are described in the text. T'te value of RF i's defined as the
ratio of quantity of radionuclides released to die pathway to the total content
of the radionuclide in the inventory whicn is being analyzed. For example, when
considering fire in the overpack, during on-si te arrival phase, the quanti ty
involved is' the content of the overpack. When considering the fire in unburied
trench, the quantity of waste involved will be the content of unburied trench.

With the exception of activated components, they are mostly in the form
of particulate material adhering to cloth, glass, metal, plastic, etc. .They may
be _ contained in liquids, although thi s waste form is generally unacceptable

,

unless' present in very small quantities. More likely, they might be in a

sludge-like form. One important class of wastes is those fixed in cement or in
asphal t.

4-17<
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Table 4-8. Summary of Representative Release Fractions.

Chronic Release of Direct Radiation: 1-3 mr/br

Chronic Contamination:
(a) Si te 10-3 (of processed quantity)
(b) Ai rborne 10" (of processed quantity)i

i

Container Rupture:

10-k (of container contents)(a) Si te
(b) Airborne 10- (of container contents)

.

Waste Fire:

2x10-f (of burned content)(a) Site of burned contents)
2x10- ((b) Airborne

Waste Explosion / Airborne: 10-3 (of exploded contents)'

}
.

Rain / Flood: ,

3x10 j (of flooded contents)(a) Si te 10- (of flooded contents)
(b) Ai rborne

i

Wind: _2x10-1 (of a f fected contents)
,

L
,

|

!

|
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Because of the large variations in the physical forms and properties of
the wastes, the release fractions resul ting from the accidental or chronic

release must be determined on the basis'of the specifics of the rel ease. For

example, a much smaller fraction of the radionuclides will be released from a
rupture of the drum containing wastes fixed in asphalt or cement than from a
similar rupture of waste package containing powder-like solids.

4.5.1 Chronic Release of Direct Radiation
It is expected that a number of measures will be taken to control these

occupational hazards to within normally accepted levels. The radiation levels to
which workers are exposed will be monitored by heal th-physics personnel;

radiation doses will te held to levels as low as practicable by the requirement

to follow speci fled procedures. The daily accumulated doses will be monitored.
As an example of what values are to be expected, DOE estimates the radiation
level at the surface of a drum to be about 3 mr/hr and at the surface of a box 1
mr/hr.

4.5.2 Chronic Contamination
To ninimize the possibility of contamination, the site personnel will

work in dust-tight enclosures, will wear protective clothing, and will be

provided with respiratory protection as needed. Workers will be surveyed
frequently whenever the possibility of external contamination exists. Continuous
air sampling and radiation monitoring instruments in the work areas will promptly
detect and annunciate abnormal or accident conditions. Special procedures will
be established for evacuating personnel, controlling spread of contamination and
correcting accident conditions.

In DOE, 1979, it was assumed that an average 1 percent of the

containers will be breached during handling. It was further assumed tha t 10
percent of the radionuclides will be released to the environment with 1 percent

| of those released becoming resuspended. Based on these values, the release

fraction to the soil is 10-3 and release fraction to the air is 10-5 o f the
quantity handled at the site.

|-
|
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4.5.3 Container Rupture and Waste Spill

Reference DOE,1979 estimates the effects of possible releases from
container rupture. According to the assumption made in the reference, 0.1 of the
activity will be released to environment with 0.01 of the released radioactivity
becoming resuspended. This results in an overall release fraction of 10-1 per

container released to the soil and 10-3 per container becoming airborne which

average release rate in pCi/sec and maximum cumulative concentrations in soil
2(nCi/m ) for each isotope can be calculated from these values for quantities of

wastes which are being analyzed.

4.5.4 Waste Fires

DOE's predecessor, ERDA, has performed studies of prolonged fires circa
1975 (DOE, 1979). In these studies release fractions to the atmosphere of 0.1 to

'

O.5 were assumed. Because typically about 70 percent of the waste is

combustible, a release fraction to the atmosphere of 0.02 to 0.1 might be
appropriate for the analysis of generic cases. Since flooding with water assumes
a release fraction to soil of 10-4 the release frac tica to soil for fires

extinguished with water is 2x10-5,

.

4.5.5 Waste Explosions

Explosions have been studied by Mi shima and others (DOE, 1979).
Reference 7 assumed on this basis that 0.1 percent of the waste remains airborne -

and might be carried offsite. Consequently, for the analysis of generic cases, a
release fraction of 10-3 may be used.

4.5.6 Rain / Flood

The flooding of buried wastes could cause a radiological hazard to the
public by means of two pathways: (1) ingestion of contaminated drinking water,
and (2) inhalation of airborne nuclides released via resuspension.,

The ingestion pathway would include (1) infiltration of water into tue ;
waste buried in trenches, (2) leaching of radionuclides from buried waste, and

,

contaminated solid, and (3) percolation of the leached _ radionuclides into the !

aqui fer and subsequently into drinking well s.

-4-20
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In estimating the release fraction for this mechanism, it is assumed
that the flood waters would percolate in a saturated flow (i.e., at full flow

capacity in porous media) toward the aqui fer. Radionuclides migrating with
percolating water would be in dissolved or colloidal suspension fo rm. Some of

the dissolved species may be chelated or otherwise complexed. Radionuclides that
are sorbed or filtered would not have a flow pathway to reach the aqui fer and the
migration will be signi ficantly retarded. In DOE it was assumed that less than

10 percent of the radionuclide inventory woul d be in apwopria te dissolved,
chelated or colloidal suspension form. At low concentrations, ion exchange and
absorption mechanisms would be extremely effective. It may therefore te assumed
that less than 0.1 percent of the migrating waste would reach an aqui fer lccated
several hundred meters away. A release fraction of 10~4 is therefore suggested

for generic cases.
The resuspension pathway would include (1) scouring of waste via

movement of soil from the waste trenches to a new area (assume 1 percent of the
waste can be scoured), (2 ? subsiding of water level in the contaminated area
leaving transport 2d waste in the top or.2 inch of the sediment (assume 10 percent
of transported waste), (3) drying of the mud and lofting particles less than 10
microns in diameter (assume fractio. of particles smaller than 10 microns is
3x10-3). This resul ts in the release fraction for resuspension pathways of

3x10-7

4.5.7 Winds

These events are applicable to the sites which might be located in the
high wind local i t.1 es. An extensive study of tornadoes in the Western United

,

States was performed by Fujita,1971. Based on this study, it is estimated that
the average tornado will result in a damage zone of 0.01 square mile and would
have a velocity of 100 mph. The clay protective cover over the waste will resist

-tornado winds ~ during the short term and no radioactive releases would be
expected. -If the high winds should occur during the time when wastes are
uncovered 20 percent - a number similar to that assumed as being combustible -
ndght be considered wind dispersable.
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5. AADIONUCLIDE RELEASE SCENARIOS

5.1 RADIONUCLIDE PATHWAYS
.

'I

5.1.1 Introduction
In each aspect of the shallow land burial system there is a potential

for release of radionuclide material to the population. Such release can occur
throurja a number of mechanisms many of which are very improbable. The system has
been divided into five parts for the purpose of pathways analysis (1) packaging,
(2) transportation, (3) burial operations, (4) administrated post-closure, and
(5) limited oublic use.

Whil e packaging and . transportation are closely intertwined, it is
possible to distinguish release pathways associated with each. In the pathways

. analysis, any pre-burial- storage not on the actual burial site is considered part
of packaging. Interim storage at the burial site (including parked trucks) is

- considered part of the burial operation. ' Transportation begins and ends at the
boundary between public roads and private roads at the packaging / collection or
burial location. There fore, loading and ' unloading are not considered to be '
transoortation operations. Packaging and transportation will be considered
non-si te-speci fic as it is possible to do a reasonable generic analysis based on
a national . system. Therefore, only one set of pathways will be describec for

transportation and for packaging.
-The pathways associated with burial operations and subsequent site

activities can be highly' site-specific. There fore, in the following sections

separate pathways are presented for each existing site and for reference sites.

S' .1.1.1 . Packaging and Transportation
~

Figure 5-1 is a . logic.' diagram of the interaction of packagi 1, interim
storage,' and transportation of low-level ' waste. Al though tran sportation and
packaging can be . interspersed, .the release pathway scenarios for each can be

,
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separated for the purpose of modeling. The diagram is presented to illustrate
that the frequency associated wi th transportation pathways can be a variable

dependent on waste gathering / packaging / transport logistics.
In nany cases, brokers collect waste from a number of sources (two i

shown in Figure 5-1). Broker activities can include additional processing,
' inntediate shipment to the burial ground, or storage with subsequent shi pment.

Because of the nature of collection from several sources, there is some interim

storage of at least a short duration.

5.1.1.2 Burial Operations

Pathways from burial operations can be highly site-dependent from the
standooints of (1) nature of the operation and (2) site characteristics.

Figure 5-2 presents burial operation with variations normally encountered at
existi ng sites and antic' .ed to occur in the future. Depending on the path o f
operation sequence through tnis diagram, there will be varying release pathway
po ssi bili t.ie s. The pathways analysis for the individual existing sites reflects
this uniqueness. Reference site pathways analysis should attempt to generalize
on all possible sequences in Figure 5-2.

Burial generation begins with arrival of waste on the site and includes *
all receiving and unloading operations in addition to burial activities. During

receiving, the site personnel may have to deal with truck contamination, package +

leakage, and other related problems. Decontamination procedures and subsequent
unloading di fficul ties can potentially include a number of radionuclide release
pathways, especially if sandblasting, steam cleaning, or overpacking activities
are involved. Package problems encountered during unloading (such as rupture or
leakage) can sometimes result in releases which depend heavily on the types of'

waste handled (intensity, type, and liquid content). One of the largest
,

operational variables involves unloading procedures. These can vary from dumping
I to lowering to driving waste into trenches. The trench structure (depth, type of

soil, etc.) can also have a si gni ficar1t effect on potential releases during

unloading. Subsequent operational practices, such as frequency of waste

covering, a ffect emplacement release. However, it is during the

post-emplacement,- . post-burial period, while the-site is still in operation that

site geologic /neteorologic characteristics dominate radionuclide release path
scenarios.

:

i
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5.1.1.3 Post-Closure - Administrative Period
During thi s period, the site is still under administrative control.

Management of radionuclide releases can be exercised through groundwater

management, surface runo f f management, and leachate processing. In addition,

access to the site and use o f the land is -under tight administrative control.
tiaxey Flats is an example of a site currently operating under such conditions.
Release pathways during the post-closure period depend mainly on the as-buried
condition of the waste, the geologic / hydrologic environment, and the nature of
post-closure administration.

5.1.1.4 Limited Use Period

During this period, there is little or no si te management activity.
The land is released for public use which would be tailored for minimal

disturbance of the burial areas (i.e., no significant excavation or drill ing) .
An example of such use would be a park or gol f course. Radionuclide release
pathways will depend strongly on the as-buried condition of the waste and si te
geol ogy/ hydrology. Because of lack o f administrative control, a fairly extensive
list of event-type and chronic pathways is possible during this period. Examples
of such pathways are human intrusion, animal intrusion, crop or plant absorption,
and natural disruptions -( flood, seismic activity, etc.).

5.1.2 Packaging and Handling

Packaging and handling operations include gathering , processing, and
interim storage. The gathering operation may be quite simple i f the waste is'

j generated and processed at a single source or complex as in the case of a large
university with a 'nunber of laboratories, a reactor, and a hospital . There are at

variety of processing operations ranging from simply packaging of the waste in a
form - suitable for shipment to involved incineration or solidi fication processes.

' Interim storage may occur at the waste-generating site itself or it may occur in,

several stages. Interim storage will occur in several stages when waste broker
services are used for final disposal, and may result in a rather complex set of

transfer and storage operations.

,

;

(' s
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; Section 5.1.2.1 discusses low level waste (LLW) packaging forms and the
types of facilities from which they originate. Section 5.1.2.2 describes various
processes which may be used for volume reduction, imobilization, and increased

,_

safety for LLW. Finally, Section 5.2.2.3 lists and describes the -various
!

pathways by which radionuclides wi thin the low-level waste could reach the

; environment in the course of the packaging and handling operations.

.

! 5.1.2.1 Packaging
I The low-level waste packaging criteria are determined by the Department

of Transportation (00T) regulations as well as by the site regulations and state
rules. DOT classifies waste as low Specific Activity (LSA) lype A, Type B, or

j large quantities by a set of definitions in 49 CFR 170-199. LSA wastes do not
require any more than strong, tight industrial packaging when shipped by a

: sol e-use vehicle, but DOT-approved packaging must be used when they are shipped
on a comon carrier. Type A wastes are defined as those having a content of ~ not

'

more than 20 - curies, but more hazardout nuclides have lower limits (e.g., 3 Ci
j- for Co-60 and Cs-137 and significantly less for heavy metal s with long hal f

i lives). Type B quantities are typically a _ factor of ten above Type A, and large
; quantities are those1that ' exceed Type B quantities.

The packaging for- the shipment of Type A quantities must meet the DOT
-'speci fication 7A for Type A general packaging, 49 CFR 178.350. Prior to 1976, a
large variety of DOT-approved Type A containers were listed in 49 CFR 173.395
including metal. and fiber drums and fiber and wooden boxes in a range of sizes.

I' Specifications for each are given in 49 CFR 178. The specifications list si ze ,
con fi gura tion ,- types and -thickness of material s of construc tion , . type of
closures, pre-use testing, limitation on contents, and external markinos. Other

; - Type A packaging - available ind udes steel and concrete bins and shielded
containers. Beginning in D76, paragraph 173.395 was modified to delete approval

4

for speci fic containers and now gives approval only for containers meeting the
gencral 7A speci fication. However,- this paragraph _ had a large affect ' on the -

1

i state-of-the-art 7 of containers, particularly in the use of DOT Speci fication 17ti
.

! steel .drtims (Holcomb,1978) . -

Type B-. quar.tities and 1arge. quantity _ shipments- must suse a 00T
.

. specification 6:4 container or specially-approved Type B containers. ~ Approval of.4

i.
$

J

-
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these containers and a Certificacion of Compliance may be received from the NRC
by compliance with the regulations in 10 CRF 71.

The most common container used for packaging low-level wastes for
disposal by shallow land burial is the steel drum. The 210-liter drum is most

common but 125-liter and smaller drums are also used. These are usually painted
on all surfaces for corrosion resistance. For some applications, plastic bags or
rigid liners are used for additional containment. Steel drums are relatively
inexpensive, easy to load and handle, and have been acceptable for disposal at

all burial grounds. DOT-approved steel drums serve as Type A packaging for the
shipment o f Type A quantities and LSA waste. The wastes can be loaded into the1

drums at the waste collection area, the drums can be shipped by conmon carrier to
the disposal site, and he drummed waste can be placed directly into the burial
trench. Where radiation levels must be reduced to meet 00T external dose rate
requirements a concrete liner or other suitable shielding material may be pl aced
in the drum within the weight limitation of the drum. Met wastes which require
solidification prior to af sposal are often mixed wth a solidi fying agent, such as
cement or urea formaldehyde resin, and cast directly into a drum. Often the drum
is used as a receptacle into which loose trash is compacted prior to disposal.
Dewatered ion exchange resins and sludges are loaded directly into drums at some
sites but these have not been acceptable for disposal at all burial grounds
because of their - moisture content. For some highly mobile wastes, such as
tritium, it is common practice to utilize a sealed inner metal or plastic liner,
or a polymeric sealed concrete matrix within the outer metal drum as an

-additional barrier for the containment of the waste.
Steel drums are also utilized as packaging for Type B or larger-

quantities and high-radiation-level Type A quantities of radioactive wastes where
the drum does not qualify as a shipping package. In this case, the drums are

shipped in an overpack which serves as the approved shipping container. For
example, unshielded Type B overpacks are available which can hold 42 drums of
210-liters each for transport by truck, rail, or cargo vessel . Shielded Type B
overpacks are typically smaller in size and capacity so that the to tal weight
does not exceed the limits- for truck shipments. When delivered'to the burial
ground, the drums are withdrawn from the Type B coctainer and pl aced into the
burial trench; the shipping container is returned for reuse.

5-7
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larger metal containers have found increased use where large volumes of
waste products must be disposed of on a routine basis. It has been found more
economical to use containers with ten or more times greater capacity than the

210-liter drum. Waste packages of this size must be shipped in an overpack so
the containers are designed as disposable liners for speci fic DOT-approved

shipping containers. These large containers are comonly used for shipping used
ion exchange resin from commercial power reactors. Low-ac tivity resins may be

3shipped in 4.5 to 5.1 m liners in a overpack with shielding eve: valent to 50 m
of lead. Resins with a higher specific activity may qualify as Type e or large

3
quantities and may be shipped in 2.0 m liners which require an overpack with

shielding equivalent to 100 m of lead. These large metal containers are made in
a cylindrical con figuration of carbon steel with welded seams. The containers
have a relatively thin (nomina'ly 5.4 m) wall and are equipped with lifting lugs
and fittings for filling, venting, and removing water.

5.1.2 .2 Treatment Processes

The treatment of high-level waste prior to packaging is performed to

reduce the volere required for storage and disposal, to increase the margin of
sa fety in handling and storage operations, and to reduce the mobility of the'

wastes subsequent to burial operations.

Solid Wastes
Solid wastes consist of many materials discarded from a facility and

contain both combustible and noncombustible materials (Cooley and Clark,1976).
Combustible solids consist of a large variety of items, such as paper,

rags, plastic sheeting, protective clothing, gloves, rubber shoes, wood, and

fil ter cartridges, as well as some partially combustible items, such as HEPA
fil ters encased in wooden frames. The actual constituents in combustible waste
vary, depending on the location of operations generating the wastes.

The noncombustible fraction consists typically of metal and glassware,
construction and insulation materials (concrete, mortar , e tc . ) , metal-encased
HEPA fil ters , and small discarded equipment, tools, metal filters, and other
mechanical devices.
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General trash almost always consi sts of both combustible and

noncombustible materials, and pretreatment operations are often required prior to
primary treatments. Pretreatment of waste, that is, the physical or chemical

processes necessary to prepare waste for primary treatment and/or storage,
includes such operations as assay, sorting, shredding, and cl assi fication. In

general, the technologies for pretreatment operations are readily available and
-have been used at DOE facilities and commercial sites.

Frequently, it is desirable to segregate solid wastes into combustible
and noncombustible frac tions. After suitable pretreatment, combustible wastes
can be burned, decontaminated, compacted, or packaged. Siailarly, noncombustible
material s can be decontaminated, compac ted, melt-cast, dissolved, and/or

packaged.

Shredding is used on potentially-combustible waste materials to produce
small pieces for subsequent processing or storage. The principal types of
shredding equipment are kni fe cutters, hammermills, or combinations of these
devices.

Commercially-available kni fe cutters used for si ze reduction are

grouped into three broad categories (1) fly knives mounted tangentially on a
rotor to work against stationary bea knives, (2) finger knives mounted axially on
a rotor to work against stationary anvils, and (3) finger knives mounted axially
on two counterrotating rotors. Fly-kni fe cutters have the disadvantage of being
susceptible to damage from tramp metal in the feed. The knives must be sharpened
or replaced periodically.

Hammermills consist of pivoted or rigidly-mounted hammers on a vertical
or horizontal shaft or rotor. The hinners may be rectangular or chi sel-shaps.d.
Crushing or shredding takes place by impact betwesa the hammers and a breaker
pl a te. These shredders are more effective oc brittle and noncombustible wastes.
They are less use ful for shredding plastics Lecause of the tendency of these
materials to bind the hammers.

Compaction is the simplest process for_ reducing the volume of trash for
disposal. Compac tors are widely used in the nuclear industry for reducing the

. volumes o f general trash and combustible wastes. The technology is well

established for commercial application. In compaction, the waste is compressed

inside a container (such as a 210-liter drum) which is then closed. Some wastes
are al so amenable to a baling operation in which the wastes are compressed and
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then banded sc '. hat they cannot expand. The bale can be subsequently packaged
for further disposition. For axample, they are often packed in plywood boxes.

There are a variety of combustion treatments used and under development

for radioactive wastes. These include incineration, pyrolysis, acid digestion,
and mol ten-sal t combustion. Incineration involves the burning of combustible
materials in air or in a' ~ gen-rich atmosphere. Pyrolysis is the heating of
the wastes in an oxygen-deficient atmosphere and results in a gasi fication of
part of the waste material . Acid digestion consists of oxidation by nitric acid
in a concentrated sul furic acid medium. Mol ten-sal t combustion uses air
oxidation in a mol ten-salt environment.

The application of combustion or incineration to the trea tment af

combustible solids requires the coupling of several processes or unit operations
into a total waste-treatment 'ystem (Figure 5-3) that includes feeding,,

incineration, o f f-gas treatmeat, and ash / residue packaging or innobilization.
Some waste material s (e.g., chlorinated rubbers or plastics) impose more

stringent requirements on the design because of the generation of soot and
because o f corrosion by hydrochloric acid vapor produced during combustion.
Special design features are required to contain the radioactivity and to provide
ade .: te personnel protection. The incineration of combustibles has been widelys

used as a radioactive waste treatment.

Liquid Waste Solidification Processes

Liquid wastes consist of aqueous solutions and slurries, evaporator
concentrates, spent demineralizer resins, filters and filter sludges, and organic

- oil s and solvents. Technologies for solidi fying these wastes include

evaporation, reverse osmosis, combustion, ion exchange, chemical sol idi fication,

c ement, and bi tumen. The choice of the process depends on the type of waste,
facility, volume, and costs. Although calcination and vitri fication have been
proposed for some wastes, especially TRU wastes generated at DOE facilities, the
high cost and energy-intensive nature of these processes make them unattractive
for most applications.

,
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Evaporation is a process whereby a solution or slurry is concentrated
by vaporizing or boiling away the solvent, normally water or mineral acid.
Evaporators coupled to efficient deentrainment devices provide capability for a
high degree of separation for most radioactive materials. The inherently high
operating cost of evaporation limits the applications to those liquids that have

i a high concentration of dissolved solids and require high decontamination factors
(Cooley and Clark,1976).

An evaporator consists basically of a device to transfer heat to the
solution a.,d a device to separate the vapor and liquid phases. The principal
element involved in evaporator design are heat transfer, vapor-liquid separation,
and energy utilization. Care ful design of equipment is mandatory for the'

evaporation of waste liquids with potential for fo aming , corrosion , or severe
scaling. To resist corrosion and attack from acids, evaporators are usually
constructed of stainless steel and are operated at as low a temperature as is
prac tical . The noncorrosive acids may be neutralized prior to evaporation.
Foaming can occur in evaporators due to traces of detergents, or surfactants, but
this can be controlled by the use of foam breakers (devices inside the evaporator
for raising and lowering the temperature of the foam), b.< operating at low liquid
levels, by the addition of antifoaming agents, or by spraying water or steam jets
on the foam surface. Scale is removed periodically by memanical scrapers, acid
or alkali washing, and thermal shock.

Reverse osmosis is a purification method based on the phenomenon known
as osmotic pressure. The process involves the sepi. . tion of solutions of

di fferent solute concer.trations by a semipermeable membrane. When pressure is
apolied to the more cor.entrated solution in excess of its osmotic pressure,
solvent will flow ac ,ss the membrane to the less concentrated side.

Waste organic liquids can be burned by spraying into specially-adapted
oil burners or conventional incinerators used for combustible wastes. The

special nature of spent solvents containing radioactivity and phosphorus imposes
demanding requirements for o ff-gas treatment. Al though the technology is
generally available for solvent incineration, it has not been fully reduced to
operating practice. Current work at the Savannah River Plant and the Barnwell

Huclear Fuel Plant is expected to demonstrate such processes. Al ternatively ,
evaporation of small volumes of volatile organic liquids is also a viable
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decontamination option. More commonly, because of their s.1all volume, liquids or
semi-liquids have been absorbed on vermiculite or similar absorbents for disposal-

without further treatment (Cooley and Clark,1976).

Ion-exchange methods have been widely used for removing dissolved I

radioactivity from low-level liquid wastes. The process involves the exunar.ge of
ions between the liquid and a solid matrix containing ionizable polar grouns. j

Both cation- and anion-exchange resins and zeolites are used. Lhen the

exchangers have become fully loaded, they are removed from service and treated as
radioactive waste; alternatively, tney may be regenerated by strong acids and
strong bases thus yielding radioactive liquid wastes of high salt. content.

Solidi fication by chemical means was an alternative developed because

of some of the difficulties of solidi fication wi th cement. The nost common

system is urea-formal dehyde (UF). The process consi sts of mixing |E and a

catalyst (which are both liquids and stored separately) witt an in-line nixer,
and pouring thi s solution . into a container of waste. Volumetric packaging j

efficiencies are generally in the range of 55 to 65 percont.
The mobile radwaste solidification systeme operated by Chem Nuclear

Sy ster.'s , Inc., use urea-formaldehyde wi th in-container mixing. With thi s

technique, air spargers are installed in the bottom of the disposable liner. The ;

waste and UF are mixed in the liner using air. When thoroughly mixed, the acid
catalyst is injected through the air sparger system to initiate solidi fication.
It has been reported that the free water wi'.'1 this technique is generally limited
- to two to four percent.

Urea-formaldehyde would probably be in general use today had no t a
number of problems been encountered in the solidification systems developed to
use.this agent. Urea-formaldehyde is a condensation polyner system. As such, it
shoul d have been realized that water would be produced as one of the by-products

of the polymerization reaction. However, many of the other di fficul ties only
became apparent in the operation of actual systems. As a result, a variety of
other processes are being developed or~ are already comercially available, albeit
- at . signi ficantly greater costs. These al ternative processes are shown in

-Table 5-1. l

|
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Table 5-1. Chemical Solidification Systems for LLW.

Process Key Features Limitations !

Generic Urea-fonnaldehyde Low viscosity pennits use of Free-water produced during
in-line mixers polymerization
Low cost for. soli <Wication Waste released due to shrinkage

of matrix

? Dow Vinyl Ester Agent liigh-qua li ty . produc t Three-part mixture
'

Wide-waste adaptability Requires powered mixer
Moderate ' equipment cost Cost about 6 to 7 times UF

lilTIMAN POLYPAC Reduction of free water Not coninercially avoilable
Reduced matrix shrinkage

Direct replacement for UF Cost about 3 to 4 times UF
4

WSU Polyester- Three-part mixture added Requires further systems
as two parts development

fligh-quality product pro- Requires moderate shear mixing
duced in laboratory tests

Cost about 3 times UF
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Bitumen immobili zation is a one-step volume reduction and

solidi fication process. It uses a screw extruder-evaporator to nove free water,

.

mix radioactive wastes with bitumen, and homogeneously disperse the wastes in a

bitumen matrix. This waste solidi fication process is used to convert all
particulate and wet wastes into a monolithic solid on a continuous processing
basis. It is also used to encapsulate spent cartridge filters and similar small
solid wastes that can be inserted into the waste containers prior to filling them
with bitumenized wastes.

A facility has been conceptualized for the bitumen immobilization of
fuel toprocessing facility wet wastes (Voss,1979). The now diagram for the

Bitumen Immobilization Facility (BIF) is sketched in Figure 5-4. The facility is

designed to be entirely remote in operation. The BIF contains eight major

. subsystems:

e Waste feed system.

e Bitumen feed system. '

e Screw extruder-evaporator.

e Filling and capping stations.

e Inspection and decontamination stations.

e - Container transfer cart.

e ' Bridge cranes.
.

e Control module.

Cement immobilization' is a mul ti-step solidi fication process. The
Cement -Immobilization Facility (CIF) has been conceptualized for 'the

solidtfication of TRU wet wastes: from the Fuel Coprocessing Facility (Voss,
1979). The reference system functions by metering dry cement powder, a mixing
weight, . dry radioactive ' sol id (if avail able) , radioactive liquids and/or
nonradioactive water into a drum. The metering step is followed by mixing the
constituents by. drun . tumbling. A double fill process is specified to achieve
maximum fill . The process produces'a monolithic solid waste form for. all fuel

coprocessing facility TRU wet wa',tes. The flow diagram for the CIF is sketched

in Figure 5-5. The facility is designed to be entirely remote in oper ition. The.
design uses concrete ' shield walls, four separate storage areas for segregating

5-15-
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wastes according to radiation levels and TRU content, and an enclosed truck bay.
The CIF contains six major subsystems:

o Cement filling station.

e Waste feed system.

e Drumming station.

e Inspection and labeling station.

e Bridge crane.

e Control console.

Volumes handled by BIF and CIF are given in Table 5-2.

5.1.2.3 Pathways of Radionuclides to the Environment

Figure 5-6 shows 29 pathways which have been grouped into seven
subclasses involving both the actual processing and interim s+. rage operations.

'This section will elaborate on these pathways and provide -specific examples when
available.

*
,

Ps: cessing Accidents and Mishaps

As with all findustrial processes, one can expect that low-level waste ~
handling operations will have their share of unexpected but routinely occurring
problems. In the course of the moving of waste from generators (especially
institutions) to the burial site, several interim transfer and storage operations
may occur. In the case of a universi ty , transferring the wastes from
laboratories to a central storage location and then on to final shipment may
occur through.a waste broker. In the ' course of these operations, misrouting
could .cccur, especial.ly 'i f the wastes .are shipped on common carriers. -This
misrouting could ul timately result in . . these ' waste packages being stored. in

.

warehouses, storage.-yards, or other facilities for extended periods of time, and.
could result in_ the release of radionucludes from failed packaging or direct
exposure to facility personnel .

5-18
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Table 5-2. Secondary Radioactive Waste Estimated to
be Generated at'the BIF and CIF.

Secondary Radioactive Facility

Wastes Generated BIF CIF

General Trash, m / plant-year (a) 10 10
3

3HEPA Filter, m / lant-year (b) 2 3.2_

Wet Wastes, m / plant-year

Concentrated (a) ) )

Process Distillate (c) 560 -

3Scrap, m / lant-year 0.03 -

(a) Estimated _on the basis of . total drums processed and total
operating time.

(b) ' Estimated on the basis of total drums -processed.

(c) This_ distillate is routed to the general purpose concentrator
and excess water vaporizer-for_ evaporation.

,
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Wi thin compaction operations, the problems have been in the areas of
equipment jaming due to either component failure or the loading of material
unsui table for compaction or shredding. The resul t of these failures is

generally an increase in contamination of personnel. However, it is conceivable
that during these operations, contaminants are dispersed to the environment.

Comoustion and incineration could pose potentially far greater problems
because of their potential to release o f f-gases to the environment. The

necessary conditions for achieving complete combustion in any incinerator are
adequate residence time, adequate temperature (to promote complete combustion),
turbulence (to promote good mixing), and sufficient oxygen. Problem areas in the
past have included spalling and warping of construction material s, incomol ete

combustions (leading to excessive carbon in the ash and creating problems for the
off-gas cleanup system), clogging, fires outside the furnace chamber (including
flashback in the feeder and soot fires in the off-gas cleanup system), inadequate
ash-handling and off-gas cleanup systems, and corrosion (particularly if sul fur-
or halogen-containing compounds are part of the waste). Experience with systems
for the incineration of radioactive materials has shown a need for improved
per formance.

Problems in early cement systems included difficulty in handling the
slurry resulting in further spills and personnel contamination and exposure, and
the spread of dry cement to floor drains, equipment, control s and

in strumentation. Chemical solidification systems, speci fically urea-
fornal de' yde, have problems associated with tne formation of excess water withinh

the solidified t,arrel . This water is a - byproduct of the polymerization and
becomes contaminated wi th the waste product. Al though urea- formaldehyde

physically. encapasulates the waste, it is not chenically bound and the matrix is
subject to shrinkage. Liquids tied up in the matrix car. be released during this
shrinkage process and can in turn leak out causing excessive releases by means of
contamination, evaporation, and excessive exposure to personnel . The solidified
product is not of uni form quality. Differing viscosities and chemical properties
as a resul t of ' aging of the polymer as well as the precise procedures for
~ ddition of the catalyst make the' process difficult to control. Finally, thea

catalyst itsel f (an acid) will attack shipping container walls resulting in a
leak.
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Effluent Releases
llormal LLW processing plant effluents vary according to the process and

throughput. However, a conceptual design study performed at Pacific florthwest
Laboratory (Voss, 1979) did include estimates for a Cement Imobilization

Facility (CIF) and a Bitumen Immobilization Facility (BIF).
Effluents fall into two categories: di rec t and indirect. Direc t

effluents are mainly airborne radionuclides resulting from waste processing as"

well as secondary radioactive wastes such as miscellaneous decontamination

solutions . and contaminated scrap material s (me tal , paper, etc). Indirec t
effluents include heat generated in waste processing which is typically dumped to
the atmosphere via a secondary cooling system, and radioactive e ffluents from
treating secondary radioactive wastes.

Direct airborne e f fluents of the BIF and CIF are estimated to be
identical at 1x10-9 of the input radioactivity, except for tri tium and iodine.

4An additional decontamination factor of 10 is assumed for the particulate

radionuclides prior to release because of at; nheric protection system

fil tration. An estimated 1x10-4 of the radiciodine is released to the plant
atmospheric protection system from both processes. An equal fraction of tri tium
is estimated to be released in the CIF, while nearly 100 percent of the tritiun

is released in the form of evaporated water from the BIF.

In addition to gaseous effluents, volume reduction operations such as
shredding or incineration may lead-to the release of particulates, especially in
the event of a partial failure of the filtering system ( al though thi s may be

considered an accident rather than a routine release). Liquid effluents include
~

those released to sewers by institutions as part of their normal disposal

practice of very short-lived nuclides. Depending on the process, other liquid
effluents may be released from LLW processing centers at fuel cycl e facil ities .
De spi te- precautions at radiation. facilities, it is possible that personnel will
- track contamination out of the pl ant. This may ' al so be true of vehicles, j

especially if they have _ transported poorly-packaged waste. - Exposure of plant ,

!

personnel in the course of processing the waste material will be dependent on the '

process used and the nature of the facility. In the. case of a reactor (Buring
and Gutwein,1979), exposures on the order of 30 person-rems per year. Excessive
exposures would occur in the event of inadequate shielding, equipment, clothing,
or operating procedures.

|
!
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Personnel Problems

A potential class of pathways from the LLW operations to the public is
by reOns of deliberate actions on the part of operating personnel . The most

obv{ous of these is sabotage. There has already been an instance of |

sabotage-related activity at the Sua ry nuclear power station. A related activity
is the theft of LLW from the site with malicious intent for political or o ther

reasons.
~

A seeningly nore innocuous acti vi ty- is the scavenging of otherwise
useful equipment from the waste si te. Incidents have been reported where

military radium-painted gauges have been removed from the Beatty site. Hisuse of
contaminated plant equipment has also resulted in exposure to the public. In the
case of the Beatty si te , a cement mixer used for solidification of liquid

radwaste was also used for pouring concrete for surrounding residential and

public structures.

Precaration and Packaging Problems

In addition to process and personnel-related problems, there are those
connected to. the quality control of the outer packages in which the wastes are
stored. These include inproper closing and sealing operations (which may be
quite _ involved in 'the case of large quantity wastes), improper or inadequate

storage conditions, or the lack of an adequate label which would prevent the

package from being opened and result in release to the public.

Handling Problems

In the course of moving the radioactive material through the various

interim storage locations between the point of generation and the final burial,
numerous handling. operations occur. Generally, these involve the use of cranes,
forkl i fts, and other machines which can in flict considerable damage on the

package and result in a potential for release. Thus, it is possible tha t the
package will be overstressed due to improper handling or a bad storage,

configuration, dropped, crushed, speared, or punctured. 'It is also possible that
vibration in the course of its movement through the various was'e handling

facilities will cause package failure.

5-23
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' Material / Packaging Incompatibility

A poor choice of packaging material may resul t in a chemical

interaction between it and the waste with a resultant leak or spill that could
ul timately a f fect the general public. These interactions may consist of

corrosion, the generation of gases, or other problems. Gases generated from the
waste and internal heating must also be taken into account in the package design
and can resul t in breaching packages in some circumstances. Subsequent to
package failure, radionuclides can be released to the surrounding environment
either during transportation or via the building HVAC system.

Environmental Degradation

The storage of wastes in poor environne1tal conditions will result in

] their release from the packages. Should the wastes become submerged during their
storage, or be in a fire, then it is probable that some of their radionuclide

inventories will reach tne surrounding envir'>nment. There are more sub tle
pathways as well. In the event that these wastes are stored out of doors (as in

the case of a Chem-Nuclear site at Arlington, Oregon), rainwater may cause some
leaching and animal activity may cause significant transport of radionuclides.,

!

5.1.3 Transportation Pathways

To date, wastes have been shipped almost exclusively by truck with
occasional shipment by rail . This will very likely continue to be the case for
low-level waste, with the choice of transport mode dependent on convenience and
economic considerations. Some nuclear power plants are on navigable water, but
burial grounds- -are usually not. However, it is possible that shipment part way
by boat or barge will in some cases be economical . Truck -transport is highly

versa til e, and the only signi ficant po tential problen now foreseen from the
equipnent standpoint is providing adequate tiedown. It has been observed tha t
heavy' containers are some times not tied down securely enough to withstand bad4

road conditions or minor accidents. Tiedowns apparently must be -several times

i stronger for railcars than for trucks, in relation to package or cask weignt,
because of the large accelerations imparted to railcars during coupling
operations.

:

t

,
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The number of radioactive material shipments per annum is estimated to,

be about one million, of which 50,000 are Type 3 (McCluggage, Unpubl i shed)
(U.S.A.E.C., 1974). During the past few years there have been many more

incidents involving packages damaged in handling or being run over at terminals
than incidents involving vehicle accidents. Although many packages containing

,

Type B _ amounts of radioactivity have been involved in accidents, none has as a
resul t released a detected amount of radioactive material . There have, however, |

l

been a few cases of partial escape because of a faulty packaging procedure ratner '

than accident. The possibility of a large release from Type B packages in very
severe accidents is a matter of primary concern. There have so far been eight or
ten accidents with Type B packages that mignt be considered severe, and no |,

release or excessive external radiation level resulted. |
Type A packages are not designed to withstand severe accidents and,

,

there fore, occasional accidental release can be expected. At the same time, the
amount of radioactive naterial is so small that no serious consequence is

expec ted. Soft waste material generated at nuclear reactors and associated fuel

i cycle facilities, (e.g., contaminated paper and clothing) are compac ted and
typically placed in 210-liter drums for shipment. Each drum may contain 230 kg
of compacted material with up to one curie of activation and fi ssion products.

The low specific activity and low radiation levels allow the contaninated trash
to be shipped without shielding. Because the radioactive contamination is bound
on the compacted material, it is unlikely to be released in the event the drums
are broken open by accident or criminal acts. Even if an entire truckload of 50,

drums were to be consumed by fire,- the amount of _ radionuclides that would become
widely dispersed would be quite small . It has been estimated that as much as 99
percent of the 50-curie inventory would remain in the ashes, and only one percent I

(primarily Cesium-137) would become airborne -(U.S. A.E.C.,1972).
,

'

Liquid fuel cycle and reactor wastes such as contaminated resins and
sludges are dewatered, consolidated by mixing with concrete (or other solidifying
agents), and typically placed in 210-liter drums. The majority of these drums
contain less than 20 curies and are shipped as Type A packages. A small |

percentage contain up to 100 curies (20 curie average) and are shipped as Type B
packages. The cemented, solidi fied ' form of the waste materials contributes

significantly to the retention of the radioactive inventory in case of container

failure. If each container of a 50-drum Type A shipnent of cemented wastes were j
'

broken open by acts of sabotage, the total activity released to the atmosphere

i 5-25
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woul d be quite small. Approximately 2 x10-3 curies of gaseous and volatile
fission products would become airborne (U.S.A.!..C.,1972).

It would be extremely difficult to breach the Type B package to the
extent of breaking open the inner container and exposing the solified wastes. In

the -unlikely event this were to occur, approximately 0.2 curie of fi ssion
products (primarily Cesium-134 and -137) would be released to the atmosphere for
each 210-liter drum ruptured (U.S.A.E.C.,1972). For a 42-drum load, which would
probably be the limit for a Type B truck shipment, the total activity released
would be 8.4 curies. Because of the form of the material, it is unlikely that
the presence of an open fire would significantly increase the activity that would
becone airborne. The breach of the Type B package and the exposure of the
cemented wastes woul d contaminate the transport vehicle and nearby ground and
produce a radiation field. However, the hazard would be limited to the vicinity
of the vehicle.

Quantities of low-level radioactive waste exceeding Type A limits (high
intensity) must be shipped in Type B packaging. Type B packaging must be
designed to withstand normal' transport conditions without loss of contents or
shielding efficiency and to suffer no more than a specified loss of contents or
shielding efficiency if subjected to the following speci fied sequence of
accident-damage test conditions: impact, punc ture , fi re, and ( for fi ssile

. material) immersion in water. Type B packages and large-quantity packages must
survive a series of tests designed to simulate the damage that might be expected
in a severe accident situation. According to the regulation, survival means that
(1) the shielding is not damaged in such a way as to allow radiation leakage of
more than one rem /hr -at a distance of 0.9 meters from the package and (2) no
material is released from the packaga except for very limited amounts of gases
and coolants.

There have been numerous collisions of trucks with private automobiles
and derailment of railcars, which as it turned out posed no threat to the cargo.
There has apparently been no accident that subjected a Type B container to the
most severe impact that it is designed to resist,. but there have been one or two
fires approaching the design value. Because of the for's of the materials and the
relatively low levels of radioactivity, low-level wastes are considered unlikely
targets for sabotage. Even if subjected to criminal acts, no' major hazard would
result.
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Radionuclide release nechanisms as a resul t of transportation are

depicted in Table 5-3. As previously mentioned, perhaps the most significant
cause of accident is insufficient cargo tiedown resulting in vibration or loss of
load. Transport mechanisms of released rariionuclides are also shown in Table
5-3. While there are many potential release and transport mechanisms, the

resultant hazards are not considered to be severe because of the relatively small
amounts of radioactivity involved.

5.1.4 Maxey Flats Pathways

There are four general pathways that potentially could resul t in
exposure of the public or the employees at the burial site to abnormally high
radiation levels. These pathways include:

e Radioactive particles that may become airborne during receiving,
processing, burial, or post-burial activities at the site.

e Radioactive material s that may be leached from the wastes during or
after burial by the action of groundwater or by dispersion of the
radioactive isotopes into underlying aqui fers. These contaminated
waters may then be used by people directly or be taken up by plants or
animals that eventually become a portion of the food chain.

e Improperly or inadequately shielded radioactive materials resulting in
direct exposure of the public to fonizing radiation, or more likely,
exposure of burial ground operating personnel .

e Radioactive contamination o ff-si te through release of improperly
cleaned vehicles or by removal of salvageable materials from the burial
ground during or subsequent to the active phase of the operations.

These pathways are shown in expanded form in Table 5-4.
The Maxey Flats burial site has been closed since 1977. The

possibility of the site being reopened for acceptance of waste appears to be very
slim. The site was closed because of controversy concerning its effects on the
surrounding environment. As early as 1971, it was decided studies were needed to

- ensure that precipitation that infiltrated completed trenches would not result in
contamination of the groundwater. .The basic problem at Maxey Flats is that the

.

basal unit of the trenches is the tight, impermeable Farmers Member of the Borden

Formation. Because of the impervinus nature of thi s l ayer, water that

in #il trates the trenches will . collect in the trenches. During periods of

abundant rainfall, waste in the trenches may actually be surrounded by water. An
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Table 5-3. Radionuclide-Release and Transport Mechanisms
Due to Transportation of Waste.

RELEASE MECHANISMS (TRUCK-TRAIN-BARGE)

(1) Accident Driver error, mechanical o-oblems, heavy load,-poor-

road conditions (weather), poor tiedown (loss of load,
vibration), collision with another vehicle or obstacle,
barge sinking.or grounding, train derailment

(2) Leakina Inadequate package or seal, excessive waste or package-

temperature or pressure, inadequate shielding, contam-
inated package or vehicle, fire, explosion '

(3) Personnel - Sabotage, hijack, theft,-neglect

TRANSPORT MECHANISMS

(1) Air Dispersal ~ Wind, fire, explosion.-

(2) Water Discersal Groundwater transport, food cycle, immersion-

(3) Personal-Excesure - Direct radiation dose, ingestion, inhalation

(4) Environ.v.ent. Absorption by soil, flora and fauna, food cycle-

i5-28
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Table 5-4. Radionuclide Release Paths -- Burial Operations.

OPERATIONAL PRINCIPAL PATHS
ELEMENT RELEASE MODE TO BIOSPHERE / MAN

Package Acceptance Leaking packages Direct exposure, spread
by vehicles / personnel

Hot Load (mislabeled) Direct exposure

Equipment Contaminated vehicle Direct exposure, spread
by vehicle / personnel

Decontamination of vehicles Wind (suspension)
Direct exposure
Water contamination

Handling / Packaging Package rupture due to: (Windborne procedure violations j Water path
e operator error i Direct exposure

[ tion)
(inhalation or injec-o equipment failure

e sabotage i

e explosion

Trench Emplacement Crushing Windborn
Compaction Water
Gas venting Direct exposure (inhala-

tion or injection)
High radiation level Direct exposure (shine)

Unce ared Waste Fire e Wind born
Sabotage e Direct exposure
Theft e Food chain
Explosion e Water
Animal intrusion
W2ather

Post-Burial Water intrusion and leaching e Wind born
Administrative Corr osion e Water

Animai intrusion e Food chain
Earthquake e Direct Exposure
Flood
Storms
Erosion

Post-Burial Human intrusion (excavating) e Wind born
Limited Use Corrosion e Water

Animal intrusion e Food chain
Earthquake e Direct exposure

Flood
Storms
Water intrusion & Leaching
Erosion

-
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example of the properties of trench water samples taken at Maxey Flats is given
in Table 5-5.

At present the water is pumped out of the trenches and processed via a
-continuous evaporation unit. The use of the evaporator at Maxey Flats releases
small amounts of tritium into the atmosphere. Traces of other radionuclides ady
be rel eased. Evaluation of the tritium release has shcan that acceptable doses
are released to the general public. Any resulting residue from the process will
be disposed of properly, most likely by burial.

Because of the suspension of comerical operation, the main pathways of
radionuclide release are those shown in Table 5-4 that are not related to the
operating phase. The radionuclide release pathways of main concern are the
release via the evaporator unit plume and the migration of radionuclides via the
water. The second pathway is the most serious and by far the most complex. The

'

potential mechanisms through which radionuclides may be released from Maxey Flats
via water include (1) transport of dissolved nuclides to wells, gaining streams,
or springs and (2) transport upward through the soil via capill ary fl ow. Bo th

mechanisms allow the transfer of radionuclides to the biosphere. The processes
'

that control transport of solutes in hydrogeologic systems include (1) convection
by a moving fl ui d , (2) hydrodynamic dispersion, which combines the effects of
mechanical dispersion and molecular diffusion, and (3) chemical reactions which
take place between various solutes, between solutes and the solid matrix of the
system, and within the solute, such as radioactive decay.

The hydrogeology at Maxey Flats is poorly understood. A good

discussion of the potential pathways of release via groundwater has been

published (Papadolpulos and Winograd,1974). The discussion will not be repeated
tere and the reader is referred to the reference for more detail.

5.~1.5 Barnwell

The .Barnwell site, as is the case with all other operating sites, has
the ' potential for exposing selected segments of the population via the pathways
listed in Table 5-4. To date the impact of Barnwell on the surrounding

environment has been undetectable from a radiological point of view. Potential
. impacts are discussed in the following paragraphs.

;
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Table 5-5. Ranges of Values of Selected Properties of Trenca Water Samples
from Maxey Flats, Kentucky. Disposal Site,1977(Robertson 1973).

PROPERTY RANGE OF MEASUREMENTS

pH 2.2 - 12.4 .

1

2
Specific Conductance 4.0 x 10 - 3.9 x 10

(micromhos/cm at 250C)
3

Dissolved Organic Carbor. < 1 - 5.8 x 10
(mg/1)

5
Gross Alpha < 1 x 10 - 6.4 x 10
(pCi/1)

2 7
Gross Beta 8.3 x 10 - 5.7 x 10
(pCi/1)

Gross Garrma < 10 - 1.6 x 10
(relative cpm)

5Tritium 2.5 x 10 - 7.4 x 10
(pCi/1) ;

2 '

Am-241 (pCi/1) < 1.7 x 10 - 4.7 x 10'
2 4 i

Cs-137 (pCi/1) < 1.5 x 10 - 9.2 x 10 !

5
Co-60 (pCi/1) - < 20 - 8.4 x 10

Bacteria Aerobes and anaerobes
abundant in most camples j

1

!
1

I
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The exposure of the working force at the site is monitored and,
therefore, is the easiest pathway to discuss. Table 5-6 illustrates average
occupational exposure at Barnwell during 1978. Exposure levels should remain the
same in the future unless an unforseen event dealing with high exposure rate
waste should take place.

A possible expo sure pathway at Barnwell is from the sandblasting
facility located in a trench. It is possible activity could be carried o ff-si te
given certain weather conditions. However, a permanent sandblasting facility is
being built and this potential pathway will be eliminated.

Other potential pathways during operation include windblown ac tivi ty
from damaged waste packages. Also, weather occurrences could result in transport
of radionuclides and waste forms off-site. An example is a tornado that hits the
site and carries away exposed waste.

The potential pa thways via goundwater transport are not similar to
Maxey Flats because water does not tend to collect in the trenches except during
periods of extremely heavy rains. Therefore, the potential for leaching nuclides
is much lower than at Maxey Flats. Samples of trench dater have generally had
much lower concentrations of radionuclides.

In general, the pathways at Barnwell are simiidr to those at other
si tes with the di fferences in local meteorology and geology being the
differentiating factors for the site.

5.1.6 Beatty

The si te speci fic operating and geophysical characteristics at the
Beatty burial . ground may influence the importance of the pathways shown in Table
5-4 in contributing to the potential exposure of operating personnel or the
general public to radioactive material s. These si te characteristics are
discussed in the following paragraphs.

All shipments to the Beatty burial ground are made by vehicles operated
and controlled by other parties. Consequently, the burial ground operating
management has no direct control over the condition of shipments or waste
containers that arrive at the site for disposal. The site is operated on the
presumption that the vehicles and the waste containers have been properly handled
and that the federal and state ordinances and regulations regarding the packaging
and transport of radioactive materials have been satisfied. The site management
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Table 5-6. Occupational Exposure at Barnwell,1978 (Ebenback,1979).

E 3
CATEGORY NUMBER mR/mcn$

_

..P. Techs. 4 198

Office, Mgm., Supv. 9 26
(Includes Dispatcher,
Janitor, Warehouseman)

Offloaders 15 174

Truck Orivers 8 21

Equipment Operators 6 176
,

Maintenance 6 6

Personnel
(Mechanics, Welder,
etc.)

;

i
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does reserve the right to refuse delivery of materials or vehicles tha t do not,

sa tisfy the stated conditions. This -ight of refusal is seldom exercised as it
14 recognized that remedial actions to correct any deficiencies and to prepare
the waste materials properly for burial are preferable to refusing delivery of a

1

substandard shipment or package. If the shipment were re fused, then a

potentially hazardous shipment would be forced to travel considerable distances I
,

over the public roads before remedial actions could be undertaken, in those
int ances in which improper or damaged containers have been discovered during
unloadinq operations at the site, the radioactive materials have been repackaged
by site personnel and than buried following standard disposal procedures. No
other packaging or waste processing activities are normally per formed at the
Beatty si te.

J|Only one burial trench is open at a time at the Beatty site. Dapl aced

waste is covered periodically with backfill depending on the rate of receipt of
| waste material s. The waste is covered on Friday afternoon prior to the normal

weekend shutdown.,

The waste burial procedures regarding depth of backfill and control of
airborne ractioactivity have been devised such tha t no credit is taken in,

radioactive release calculations for the integri ty of *he waste packages or.

containers. Consequently, the procedure normally used for emplacing waste in the I

5 trench is to roll or tumble the waste containers down a ramp located at the
active end of the burial trench. Very heavy or bulky containers can be hoisted
into position at the bottom of the trench using a crane if the normal tumbling
procedure is considered 1mpractical . If wa';te packages or containers are
breached during emplacement operations, then the waste is moni tored. If the

quantity exposed is higher than procedural limits, emplacement activities are
discontinued and the exposed wastes are buried.

The practice followed at the Beatty site after unloading is to monitor
each vehicle leaving the facility for traces of radioactivity. If a vehicle is

found to have ionizing radiation levels in excess of natural background, the
vehicle is decontaminated using high pressure steam. If the contamination cannot
be removed by steam cleaning, then the affected portions are stripped from the
vehicle and are buried at the site. This procedure is effective in preventing
the inadvertent spread of radioactive materials when the vehicle is returned to

;. service hauling general cargoes.
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The Bea tty burial ground is located in an extremely arid region that
extends tens of ki!vmeters in all directions from the si te. Because of the

conbination of lack of appreciable precipitation and speci fic soil
'

i
characteristics, the probability is very low that radioactive isotopes would be
leached from the buried wastes by intrusion of surface or ground waters into the,

wastes. Also, the lack of sur face waters that could serve as a tr an sport'

mechanism precludes migration of radioactivity from the waste trench to the
aqui9r underlying the site at a depth of about 175 ne ters. These tentative
conclusions are substantiated by the fact that no surface waters have been
detected in any of the test wells on or surrounding the active portions of the
burial site.

There is vs=y little vegetation at the Beatty site. As a consequence,
erosion of the ground surface by the wind after the waste is buried and the site
is closed is a possible method for removing the soil cover and exposing the

,

wastes. The soil material is a mixture of sand and gravel. When the surface is
disturbed by the wind, the light sandy fraction becomes airborne. The gravel is

too heavy to be displaced and the gravel fraction predoninates at the exposed
surface. This condition is termed " desert polish" and the material becomes
stable when the light fraction has been renoved from the top inch or two of the
original surface soil. Fur ther gross disturbance is necessary before more
erosion could occur.'

The Beatty site is typical of much of the land in the vicinity. The

natural rainfall is nut sufficient to allow the area to be used for farming or
grazing. Mining and mineral extraction are the only activities that are
practiced within several kilometers of the site. These activities are not likely
to occur at the Beatty burial ground. In developing the site, a well was drilledI

to bedrock about 175 meters below the surface. Well sample studies indicated
that the mixture of sand, gravel, and clay persisted through the entire distance.
No ninerals were discovered that have commercial value or are not typical of the
materials found a* other sites in the vicinity. It is considered improbable that

the Beatty burial site or nearby area would be selected for any use other than c
burial site in the forseeable future.
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1

5.1.7 Ricoland/Han ford

The characteristics of the Richland shallow land burial sites (NEC0/00E
sites) are generally favorable for sa fe burial of solid radioactive wastes.
Factors which make the sites favorable include limited rainfall and high solar

'

heat input which result in a high deficiency of soil moisture in the soils and
sediments. Another favorable factor is the depth to the watertabl e. As a

consequence, meteoric water does not percolate to the watertable in most areas,
but rather enters the ground to a maximum depth of two to four meters where the
water is held by strong capillary forces. Moisture is then slowly returned to

t the atmosphere via evapotranspiration. In this environment, the potential for
dissolution and transport of radionuclides from dry wastes by meteoric water is

4

small especially since leaching is dependent on water vol ume. Under these
conditions, surface runoff is negligibly small. Limited local runoff and ponding
may occur during periods of rapid snowmelt over frozen ground; however, deep
erosion of burial grounds by this mechanism is unlikely (Gerger, et al,1977).

Solid wastes contaminated with radioactivity have been disposed of by
shallow land burial at the Richland-DOE site since 1944, and at the HEC 0 site
since 1965. Burial grounds in the 100 and 300 Areas (DOE) are relatively close
to tne Coitubia River and are mainly underlain with permeable material s. Depth

to watJr varies from about five to 25 meters. Burial grounds located on the 200
Areas plateau are underlain by considerable thicknesses of low permeability
ma terial s. ' Wastes buried here are 70 meters or more ab'ove the watertable.
Vadose water movement beneath these burial grounds has virtually undetec table-

flow and the soil has a large capacity for ion exchange, which will remove and
retain radionuclides. Since 1973, essentially all of the solid waste generated

I at Hanford has been stored or buried in the 200 Area.

( In addition to possible groundwater transport of released
radioactivity, there is limited potential for other radionuclide transport

i pathways as shown in Table 5-4. The most broadly distributed vegetation type is
sagebrush /cheatgrass. Deeply-rooted plants such as tumbleweed, sagebrush, and

rabbitbrush accumulate and concentrate certain radionuclides. Deciduous shrubs
and herbaceous plants provide valuable food and nest sites for game and summer
forage and cover for mule deer. The mule deer is the only big game mannal
normally found near the burial sites, living mostly along the Columbia River with

smaller concentrations near the 200 Areas. The cottontail rabbit is the most
abundant small game mammal with a small population scattered throughou t the
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entire area. Other namals present in apareciable numbers include the raccoon,
beaver, muskrat, mink, porcupine, badger, and coyo te. Small mamal s are
abundant, particularly the Great Basin pocket mouse. Deer mice, ground squirrels
and pocket gophers are also abundant.

There is limited potential for animal intrusion into buried wastes.
The ground squirrel digs a burrow up to one meter deep while the badger digs a
burrow up to three meters deep. However, both animals are scarce in the 200 Area*

pl ateaus. Problems of radionuclide transport by other animals (birds, snakes,
lizards) or insects could arise if deeply-rooted plants were permitted to grow or '

if the soil cover was so thin that grass roots could penetrate to a depth where
contaminated sediments are present. Radionuclioes could subsequently be carried

] to the surface, making then available in food supplies. This problem probably
constitutes the greatest long-tern threat of transporting radionuclides into the
uncontrolled environment.

Less likely causes of radionuclide release and transport are natural
phenonena. No credible natural forces event other than najor flooding by the
Columbia River can be postulated tha t will release a significant amount of

,I radioactivity from the groundwater or ground storage sites. Forces such as those
resul ting from seismic activity, heavy rains, heavy snownelt, tornadoes and high |
winds are considered to be inconsequential. Based on a ten-year record, an

average of twelve fires per year have occurred over a median area of about six,

; acres. Ine targest fires have originated from lightening strikes. Because of
limited vegetation and standard procedures for covering waste, the amount of
combustible waste that might be ignited is limited.

Other potential release / transport mechanisms of buried waste are those

cl assi fied as human intrusion. Examples of such are drilling, exploration,
farming, recreation, and exhumation. The remaining sources of radionuclide

release and transport pertain to unburied waste and consist of facility. operating
procedures and practices. Radioactive waste packages may be " ho t"

(o ff-speci fication, mislabeled) or leaking upon arrival . In' addition, equipment
such as the truck or other handling equipment may be contaminated. If

,

decontamination is attempted, procedures may result in dispersal of radioactive
materials. There are many instances in which rupture of the waste package could

,

occur during handling activities. Examples of'such are accidents due to operator
error, procedures violations, equipment failure, sabotage, and - explosion. For

,

5-27

. . . . _ __ _ . . . _ . - _ _ . _ ___



_ . . . . . _ . . _ _ _ _ _ _ _ ._--_-- _ __ , _ _ _ - __

i

i

|
exampl e, at the Richland-D0E site, there is occasional above-ground release from
filtar systems associated with the caisson method of disposal of TRO waste.

i Since much of the handled waste material is very low-level waste,

packaging may not be designed for containment after emplacement in the trench.
!Releases may occur during handling prior to emplacement or after emplacement and

prior to or during the burial procedure. There are many mechanisms by whichs

uncovered waste may be released. Examples of such include fire, sabotage, theft,
explosion, and animal intrusion. In many cases, normal weather conditions will
result in release and/or dispersion of radioactive nuclides. Crushing or

compaction of waste packages during burial procedures will also result in
signi ficant radionuclide release.

,

t

5.1.8 West Valley 1

Commercial burial operations were begun at West Valley, New York, in
1963, and voluntarily terminated in the spring of 1975, because of radioactively

,

3contaminated water seepage from~ two burial trenches. Approximately 67,000 m of i

waste containing about 580,000 curies of radioactivity was buried. Burial
operations consisted of the receipt, temporary storage, burial in trenches of

packaged radioactive wastes, and continuous monitoring of the radioactive
;

characteristics of the surrounding ground, air, and wa ter. The packages were

normally buried as received with no reprocessing or repackaging of the contents.
In some cases, the primary package containing the wastes was shipped in a
reusable overpack or secondary container, and in these instances the primary
package was removed from the reusable overpack before burial. The purpose of the
packaging was to provide ease of handling. minimize personnel exposure, and I

'

prevent spread of the radioactive material to the environment prior to buri al . ,

Credit was not tiaken for containment provided by the packages once they were
buried.

During 1973 and 1974, a study was undertaken to determine the extent of-
any migration of radionuclides from existing trenches (Jump,1976). Based on,

measurements of soil ion exchange capacity prior to the commencement of
operations, it was known that most radionuclides were sorbed by the soil .-
Therefore, tritium, which has no affinity for the soil, was chosen to determinei

the extent of mi gra t,io n. .Results of the study showed some evidence of tritium ;
4

migration adjacent to trenches that contained water. Howev'er, the concentrations

i

b
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of tritium were very low. Trench water samples were found laden with various
|.
,

organic solutes, radionuclides, and other inorganic solutes. Laboratory studies
,

of the soil revealed excellent sorption characteristics for many of the other

]
radionuclides.

In 1975, it was discovered that high water levels in burial trenches
had resulted in formation of surface seeps. The state had noted increased levels
of tritiun in water samples taken from on-site monitoring stations. The seepage
resulted from the compaction of waste and the filling up of the trench with water
and subsequent seepage through the low end of the trench. An investigation was
begun to determine the ex tent and pattern of migration of waterborne

|

radionuclides fron trenches and to identi fy the geohydrologic characteristics'

that influenced such migration. In the course of the investigation, two sources
of accumulated water were identified (1) infiltration of precipi tation through

.

'

the trench soil cover and (2) to a much lesser extent, groundwater movement from
adjacent silty fill. As a result of this radionuclide migration, operation of
the West Valley si te was suspended until such time that requirements for

operation of the site were met and agreed to by the state. To date, no agreement
;

has been reached and the site remains closed.
In addition to the precipitation in fil tration and groundwater

I mechanisms for radionuclide release and migration, potential for other mechanisms
exi sted as depicted in Table 5-4. Typical operation at West Valley upon receipt
of a waste shipment included scanning of packages with a radiation survey meter, i

s.near testing, if surface contamination was suspected, and special handling when
necessary for safety. Trucks and major site equipment were monitored after each

'

use that involved exposure to radioactive materials and were decontaminated, i f
necessary, before further use. -

At humid disposal sites with relatively high rain fall and low
'

evaporation, such as West Valley, . infiltration of surface water can cause buried
wastes to be completely submerged in extreme cases. The combination of high

' rain fall and impermeable soil maken it necessary to be especially efficient in
. operational measures to exclude wa ter from the trenches. Leaching of

radionuclides .from buried wastes may be caused by removal of material from the
surface of contaninated waste containers : or, ul timately, by the soaking and-

' dissolution of radioactive contents from inside the containers.

,
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: 5.1.9 She f field
i Comercial burial operations were begun at Sheffield, Illinois, in
'

1967, and terminated in 1977, when its licensed area became fill ed.
3

| Approximately 74,000 m of waste containing about 50,000 curies of radioactivity
was buried. The burial site is located in a rural area utilized mainly for

i forage and pasture and adjacent to land previously strip-mined and returned to
'

pasturage by a coal company. The site itsel f was no t disturbed by mining4

operations. Soil permeabiiity is such that accumulation of water in waste-filled

; trenches is generally prevented, except during periods of heavy rain fall and

rapid snow-mel t such as happened in the spring of 1979. Groundwater gradients
j through the site are such that water leaving the site moves toward the adjacent
: strip-nined land at calculated rates of movement of three to 15 mm/ day. At this
| rate, travel time to the closest surface-di scharge point for groundwater is

calculated to be 125-150 years.,

Of particular interest and difficulty at Sheffield is the analysis of

unsaturated flow regimes from the trenches to the watertable. Water from well s

| up' to 23 meters from the downhill side of trench 11 have shown gross beta

activity and tritium concentrations well above background (up to 40,000 pCi/1).

} A ~ down-hole ganna spectrum log run on a well within three meters of this trench <

indicated the presence of Co-60 in one zone. During excavation, elevated tritium
ac tivity was detected in samples collected directly beneath the trench within

;

three meters.of the trench floor.
As with all of the other commercial burial sites,' various radionuclide

;

I release and migration mechanisms existed during all phases of operation at

i She f field. These general mechanisms are shown in Table 5-4.

i

|

5.1.10 Reference Site
-There are three principal pathways through which radiological exposure

.

may result from the shallow land disposal of low-level waste at a reference site.
They are inhalation, ingestion, and direct exposure. The direct exposure pathway
is of significance primarily to workers involved in.the actual disposal and, to a

L lesser extent, the transportation of LLW. The inhalation and ingestion pathways
may be of signi ficance to. both the general oublic and occupationally-exposed
individuals. The events and subpathways that may lead to exposure through any 'of
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the three principal pathways are numerous and varied, and were listed previously
in Tables 5-4 and 5-7.

It should be noted tha t the pathways for the reference wet and dry

sites are essentially the same. The major difference between the two si tes is
associated with tne relative magnitude and signi ficance of radionuclide leaching
and soil movement resulting from interaction with water in the soil.

5.2 DEVELOPMENT OF SCENARIOS

This section contains the discussion of the methodology used in

deriving release scenarios and source terms for these scenarios. Following the
description o f the methodology in Subsection 5.2.1, the phaset of LLW management
activities to which release scenarios apply are identified in Subsection 5.2.2.
The initiating events (IEs) are the starting points for the development of

release scenarios and are described in Subsection 5.2. 3. The radionuclide

content of various types of wastes, their packaging, and physical properties are
important parameters in the calculations of the magnitude of release. They are
described in Subsection 5.2.4. Finally, examples of representative release

fractions (RFs) for chronic and accidental release scenarios are described in
Subsection 5.2.5.

~

5.2.1 Scenario Development Methods

This subsection _ summarizes the methodology for the derivation of events
that resul t in the release of radioactive isotopes from low-level waste (LLW)
management activities. The isotopes released to the environment enter pathways
which may lead directly or indirectly to the expcsure of site workers or the
general public. The release events may occur during any activity in the various
phases of the LLW management cycle (i.e., from generation, through burial and
limited public use of the disposal site). The signi ficant phases of the LLW
management li fe cycle are illustrated in Figure 5-7 and described in Subsection
5.2.2.

The representative radionuclide release scenarios are summarizese
Volume 3, Appendix C. These scenarios were derived using a modified version of
the event tree methodology developed in the Rasmussen reactor safety study (NRC

1975). The event tree methodology was modi fied to matrix format to'accomodate .

5-41



.- . .. . - .. --_- .-. - _ . _ . . - ,_ - .- - . --_ . - - . . - ._-..

:

1

;

i
;

,

- |
.

| . Table 5-7. Reference Site Subpathway Leading to Inhalation or Ingestion.
,

J

4

J

<

- 1.0 Releases to Air *

,

e direct inhalation,

e. cloud submersion

plant foliar retention /ing2stion
e. soil deposition

resuspension/ inhalation
plant uptake / ingestion

,

j e surface water deposition

| ' drinking water / ingestion
irrigation / ingestion

|
,

i 2.0 Releases to Soil
: .e migration toward surface

| resuspension/ inhalation
'

plant uptake / ingestion'-
e migration- toward water,

drinking water / ingestion
i - . irrigation / ingestion '

,

3.0 Releases to Water-
,

'e drinking water / ingestion-
e irrigation / ingestion: ,

,

i
.

.c

v
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the large number of variables which must be used to develop sequences leading to
i fully characterized release scenarios in LLW management. These variables include

the following:

1. Both chronic and accidental releases must be considered.

2. Wastes can be found in many di fferent locations; e.g., truck, trench,
e tc.

3. There are various types of waste; e.g., fuel cycle wastes,
institutional wastes, etc.

4. The wastes are in di fferent quantities ranging from isolated small
packages to large, filled trenches.

,

5. The physical properties of the wastes such as solubility, flamability,
volatility, etc., vary.,

The large number of variables make it more convenient to structure the

event trees in the forn of matrices where " success" or occurrence of the event is
identified as (+) and the " failure" or absence of the event is identified as (-).
The equivalence between the Rasmussen style event tree and the event sequence
matrix is illustrated in Figure 5-8.

The variables considered in the analysis of event sequences leading to
the derivation of release scenarios are illustrated in Figure 5-9. The analysis
is performed for each LLW activity phase, e.g., vehicle arrival, trench backfill,
post-burial, limited site use, etc. Development of event matrices start with the
identification of initiating events. These initiating events are then considered
for each combination of packaging, physical properties, and radionuclide contenc
( source terms) that lead to the release of radioactivity. Illogical sequences
are rejected. For example, a rei9ase of radionuclides by flooding of wastes
contained in a sealed steel drum would be cc sidered inadmissible although
similar flooding of wastes contained in a carton weald cause the release. Groups
of events with similar consequences are indicated by a dominant scenario which is
representative of the group. A detailed development of event matrices for an
o n-si te waste handling activi ty is provided in Volume 3, Appendix C-2 as an
illustration of the. application of event matrix methodology.

The consequence of each scenario is the entry of radionuclides to the
release pathways, and eventual dose commi tment to the site personnel or the
public. The subprograms used for these dose calculations are described in
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A B C D E A B C D E

. Succeeds
Basic Tree -

+ + + + +sm,g,
Fails

Succeeds * * + * -

Succeeds
* * * - *Fails

Fails
Succeeds * * * - -

+ + - + +

+ + - + -pjg,

* * - - *~-
Initiating Event

PA * * - - -

m
L + - + + +
m

- + - + + -

+ - + - +

* - * - -Fails

+ - - + .s +

PC2 * - - * -

+ - - _ +

Note 1: Succeeds = +
+ ._ - - -

Fails =-

Note 2: Since these are 4 indeperulent events, total number of sequences is (4)2 = 16
The sable is easily structured by alternating pluses & minuses as follows: +& - in column "E"

(2) + & (2) - in column "D"
(4) + & (4) - in column "C"
(B) + & (8) -in column "B"
All s in column "A" (initiating event)

Iigure 5-8. Equivalence of Everit Trees arid Everit Tables.
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Section 6. The pathways which the radionuclides follow after being released from
the source to migrate to the receiver are sequentially identified after each
release scenario by the sequence of numbers which identi fy the sequence of
subprograms used in the calculations. (See tables of release scenarios in Vc'.ume
3, Appendix C. For example, in the case of fire in the waste in the overpack on
the truck which is subsequently extinguished with wa ter; some of the

radionuclides are released directly to the atmosphere with the smoke and steam
and some soak into the ground with the water. In the first case, the subprogram

used in the calculation of the inhalation dose is ATMOS and is identi fied as a
sequence with only the entry (1). In the second case, the radionuclides enter

the unsaturated layer of the soil and can be transported to the population via
the aqui fer or blown into the atmophere by erosion. The appropriate sequences in
which calculations will oe made is by the use of subprograms LHSAT and AQUIFR
(i.e., (9) and (1)) and LHSAT, EROSIO, and ATMOS (i.e., (2), (5), and (2)).

The sequence in which the subprograms are to be used are indicated for
each release scenario in Volume 3, Appendix C.

5.2.2 LLW Management Activity Phases

The activities assuciated with the LLW management e cycle begin with
generation and interim storage of wastes at the point of orig. and may continue

until the disposal site is returned to a limited public use. 1 LLW management

activities have been divided into five distinctive phases (1) packaging,
! (2) transportation, (3) burial operations, (4) administered pos closure, and

(5) limited public use. In this preliminary report only the es ts associated

with activities which begin with the waste arrival at the buri, si te were
considered. For completeness, however, all activity phases are discuss-

5.2.2.1 Packaging and Transportation
Packaging 'and transportation interactions are shown in the logic

diagram of Figure 5-10. The accidental and chronic releases can occur at:
(1) tne sites where low-level wastes originate, (2) during LLW transport to waste
broker, interim storage, process or packaging facility or to the burial si te ,

!3) at the brcker's location, (4) during interim storage, and (5) in the

processing and packaging facility.
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In many cases, brokers collect waste from a number of sources. Broker

activities can include additional processing, immediate shipment to a burial

ground, or storage with subsequent shipment. Because of the nature of collection
from several sources, there is some interim storage of at least a short duration.

5.2.2.2 Unloading and Burial
The typical sequence of operations at the burial site is illustrated in

Figure 5-11 and includes: (1) arrival and inspection of the shi pment,

(2) transit to the unloading station in or near the trench, (3) amplacement in
the trench, (4) covering of the trench with back fill , (5) survei' lance of
backfilled trenches, and (6) decontamination procedures.

Releases of radioactivity may also occur during activities associated
with decontamination of equipment or site areas; during repackaging of leaking or
damaged containers; or during the period when the wastes remain uncovered in the
trench prior to burial . )

'

Typical procedures used during on-site burial operations are discussed
below for the purposes of illustration.'

4

Shipment Arrival and Inspection Phase
Typically, when the truck carrying wastes arrives at the site, it is

parked in a specially designated receiving area and inspected to determine the
following:

1. That radiation levels for the waste packages are known and are within
the specifications set by the site for the particular type of waste.

2. There are no leakers that would contaminate the si te (between the
receiving station and the trench).

3. The vehicle is not externally contaminated.
;

4. The radiation level s at the vehicle perime'.er are within .the site
speci fications.

5. That it is known what kinds and the mix of packages are in the vehicle.
These could be casks, drums, boxes, cartons or in some cases, the waste
may be loose in the vehicle.

-
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Upon successful completion of receiving inspection, the truck is

allowed to enter the burial site and discharge its cargo.

Transit to the Unloading Station In or Near the Burial Trench
The first operation is to drive the vehicle to the unloading station in

or near the trench. This can be done in several ways:

1. Drive the vehicle to the end of the trench in which waste is actively
being placed.

2. Drive the vehicle into the trench by using a ramp at the end of the
trench.

3. Drive the vehicle to the unloading point along one of the longitudinal
' sides of the trench.

Waste Emplacement in the Trench

When the vehicle is in any of the unloading positions, several methods
can be used to . unload the vehicle. Combinations of the methods can also be used.

1. For dump trucks - elevate the dump truck body and let the waste slide
off into the trench.

I' 2. Manually unload the vehicle letting the waste fall or roll into
position in the trench.

3. Use a fork truck or payloader to li ft waste or waste packages from the
vehicle and place or dump the waste into the trench.

4. Use a crane and slings to lift waste packages from the vehicle into the
trench.

5. Using rectangular waste packages, a wall is built across the trench at
some distance from the covered face. The space behind the wall is
filled with a mixture of irregular containers covered with soil.

For shielded casks, the following operations ~ are necessary:

1. For. casks, loosen or remove cask hold down bolts or devices to ' release
the cask from the vehicle.

2. Use a crane and lifting aevices to lower a shielded cask to a specially
. prepared and shielded unloading area in or near the trench.

5-51
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3. Remove cover bolts or cover hold down devices from the cask lid
manually or by using remotely operated tools.

4. Li ft the cask lid from the cask using a crane and handling slings or
tool s.

5. Li ft the interior canister from the cask using the crane and remotely
operated grapples.

5. Carry the canister to the desired point in the trench using the crane.

7. Put the canister down in the desired burial position and disengage the
grapples.

8. Return the crane to the cask unloading station.

9. Lift the cover back onto the cask.

10. Reinstall cover bolts or cover hold down devices.

11. Li ft the cask from cask unloading area and place into vehicle using the
crane.

12 . Install the cask hold down bolts or devices to secure the cask to the
vehicle.

13. Inspect the cask for external contamination.

After a vehicle is unloaded, it is driven to the discharge inspection
station for clearance to leave the site.

After placement of wastes in the trench they remain uncovered for a
length of time which varies depending on the radiation level surrounding the
packages and the procedures followed at the burial site.

A. For the trenches containing low radiation level packages, the following
procedures might be followed:

1. Sections of partly filled trench, several meters in length are
uncovered for a duration of several days or weeks.

2. Alternatively, all wastes are covered at the end of er.ch week.

3. Alternatively, wastes in the trench are covered when site monitors
indicate excessive radioactivity.

<

4. Site personnel do not come in direct ' contact with uncovered
wastes.

5. Site personrel . wear protective clothing and air breathing
apparatus or work in prntective cabs when operating equipment in
the vicinity of trenches or when unloading waste shipments.
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B. For the trenches containing high radiation level canisters (these are
buried in narrow trenches which are about 1 meter wide), the following
procedures might be followed:

1. Containers are covered by soil immediately after placement in the
trench.

2. Personnel procedures described in A.4 and A.S above apply.

Covering of the Trench with Backfill
Bulldozers or earthmovers are used to cover the exposed wastes with the

back fill . The compaction is acccmplished by riding heavy machines over the
back fill .

Surveillance of Backfilled Trenches
The trenches are monitored during and ofter operations for level s of

radiation exceeding standards set forth in operating licenses. Failure to bury
high intensity materials (like reactor poison curtains) deep enough or excessive
exposure of other material s could resul t in chronic high levels in trench
vicinity. Prior to covering a trench monitoring is used to protect workers from

o
high exposure from uncovered waste. Standard monitoring equipment common to the
industry is used. The instruments are maintained and checked by si te heal th
physics personnel.

Decontamination Procedures

A variety of items nay requi*e.decontaminatfor. because of the presence
of radioactive materials on -the exterior surfaces of vehi:les or equipment either
on si te or when being released to offsite. Contamination may be present in

' interior surfaces of vehicles that are being released fer hauling general cargo.
Radioactivity may al so be present at points on the site external to the trench '
that may require decontamination. A number of procedures may be followed to
perform decontamination of an area or object.

1. The vehicles or equipment can be decontaminated at the point where a
survey: for radioactivity indicates a problem, or the vehicle can be
driven to a decontamination station. The decontamination station may
be in the burial trench or may be La special location on the site
sur face.
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2. The site can be decontaminated by scraping the a ffected area and
removing the soil either by hand or using earth handling equipment; or
the surface of the affected area can be coated by additional earth or a
permanent coating such as asphalt or concrete.

,

3. The contaminated cloths can be disposed of by placing them in plastic
bags and burying the bags in the waste trench. The condensate from
steam. cleaners can be collected in sumps or drains. The water can be

'fil tered. If the fil tered wa ter is considered clean, it can be
discarded without care. If the water is considered contaminated, then
the contaminated solution can be solidified and buried in the waste
trench.

4. Waste that does not meet the site specifications for control of the
spread of contamination (leaking packages or packages with external
contamination) or limit the radiation levels at the package surface or
at the vehicle boundary may be repackaged at the site before burial.

5.2.2.3 Post-Closure - Administrative Period
During this period, the site is still under administrative control.

Release pathways during the post-closure period depend mainly on the as-buried
condition of the waste, the geologic / hydrologic environment, and the nature of
post-closure administration.

5.2.2.4 Unrestricted Use Period
During this period, there is no site management activity. The land is

released for public use which would be tailored for minimum disturbance of the
burial areas (i.e., no significant excavation or drilling). An example of such
use would be a park or gol f course. Radionuclide release pathways will depend
strongly_. on the as-buried condition of the waste and site geology / hydrology.
Because of lack of administrative control, a fairly extensive list of event-type

and chronic pathways is possible during this period. Examples of such pathways

are human intrusion, animal intrusion, crop or plant absorption,, and natural
disruptions ( flood, seismic activity, etc.).

,
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5.2.3 Initiating Eve % s
The initiating events that lead to the release scenarios identified in

Volume 3, Appendix C fall into th? following categories: (1) chronic releases,
(2) natural events, (3) operational events, (4) intrusion events. The magnitude
o f the dose associated with these events will depend on the amount and

composi tion of the released material (inventory and release fraction) and on
various attenuating fac tors including use of remotely operated handling
equipment, wearing of protective clothing or breathing apparatus, administrative
control of entry etc. These variable factors will have been speci fied as an

additional variable input to each release scenario.

5.2.3.1 Chronic Releases

The events of concern are as follows:

1. Chronic Release of Direct Radiation to Site Workers This may-

originate from activities associated with handling of wastes prior and
during the burial or from inadequate shielding by trench coverage.

2. Chronic Release of Radionuclides to Atmosphere - These releases and
their subsequent inhalation by site workers or the public may be caused
by the outgassing of volatile substances, continuously or
intermittently, from buried wastes or from on-site wastes handling.

3. Chronic Site Contamination - If the burial site is allowed to be
contaminated it . may cause a chronic contamination o f site workers and
eventual penetration to the public after the removal of administrative
control s.

5.2.3.2 Natural Events

1. Rain / Flood These events are of greatest significance to the post-

burial phases when containers are assumed to be ine ffec tive. The
magnitude of release will depend on the amount of water seepage through
the trenches and the solubility of the radionuclides contained in
wastes. A flood might be considered to be the limiting case of a heavy
rain. The waterproofing qualities of packaging and the sol ubility of
wastes will have to be specifled in evaluating flooding accidents in
pre-burial phases.

2. Wind - The events that might lead to the dispersal of radionuclide by
strong winds are most likely to occur during the pre-burial phase when
loosly bound packages of.a light paper or powdery substance are in the
uncovered trench awaiting burial.
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5.2.3.3 Operational Events |

1. Container Rupture These events are of interest only during the-

pre-burial phases, e.g., transportation or on-site handling of the
waste packages. After the burial, the containers are assuwd to be
disintegrated and do not provide containment of radionuclides. Whether
the radionuclides are released in the event of container rupture
depends on the size of the split and the properties of enclosed wastes.
Obviously, volatile substance will escape most readily while solid
waste imbedded in concrete or asphalt may not cause any signi ficant
contamination even in the event of container disintegration.

2. Waste Spill s Similar to the containev ruptures, these events apply-

only to pre-burial phases. They may be caused by accidental openings
of the packages or by activities of the personnel.

3. Waste Fires - Similar to the previous events, the fires are pertinent
only to pre-burial activities. The waste can be involved in fires that
are initiated and supported by external causes, e.g., truck fires or
the waste material itself may support combustion and provide the source
of energy as for example, in the case of fires in an unburied trench.
The amount of radionuclides released in these events depends very
strongly on the assumptions relative to the fire resistance of
packaging and combustibility of wastes, e.g., presence of wooden boxes,
bundled papers, etc..

4. Waste Explosions - The initiation of these events can be caused by the
build up of significant gas pressures inside airtight containers, or by
the presence of explosive materials among waste packages. Unlike the
previous events, the explosions can occur during pre-burial as well as
po st-burial phases. The force of the explosion will have to be
specified for the analysis when evaluating a specific circumstance.

5.1,3.4 Intrusion Events

1. Theft of Usable Items - The events of concern are theft by site workers.
of items' such as tool s, , instruments or items containing valuable
materials from the waste consigned to burial. These stolen items may
cause direct irradiation or contamination of site personnel or the
public.

2. - Animal Intrusion - These events describe the possibilities of small
animal s such as rabbits, gophers, etc., burrowing into the trenches
containing wastes. They may become contaminated and become carriers to
the pathways resulting in the dose to humans.

3. Human Intrusion' - These events are concerned with the use of the site
after its return to limited use. The activities of humans associated
with -the use of the land include farming, forestry, recreatjon, etc.
In very long periods of titises , e.g., on :the order of 10 years,
habitation and digging for artifacts may occur.
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6. MODEL DESCRIPTION

6.1 OVERVIEW

6.1.1 Obj ectives

The Shallow-Land Burial (SLB) Systems Model is being developed to

provide a means of evaluating licensing al ternatives in tercs of site and

operational parameters. The objective is to provide a user-oriented code which
makes efficient use of available data to perform dose assessments of various
assumed scenarios. The SLB Model is designed from existing models and codes so
that it is composed of previous established methodologies. The SLB Systems F al
is not intended to be a risk model in the sense that all possibilities .re
considered and the most rigorous calculation made. The SLB Model is rather
directed toward making comparisons of situations to weigh alternatives. A set of
scenarios is being provided with the SLB Model. These have been developed from
detailed event-tree type analysis and are considered to be a reasonably complete
list of major initiating events which have been condensed from a larger list.
The SLB Model is programmed so that additional scenarios can be analyzed by

,
supplying a source term and a pathways calling sequence.

6.1.2 Assumptions

Detailed ' assumptions involved in the individual transport and dose

submodels are discussed in the appropriate parts of Section 6. Assumptions

stated here are major overall system assumptions. The SLB Systems Model is
composed of a series of pathways subprograms which view the environment as a
system including a seepage column with waste at the surface or at a subsurface
location which communicates with a saturated aqui fer which then connects wi th
sur face water bodies. In addition, the land' surface communicates with the
atmosphere. The key assumptions are:

!

i
<

m
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e Waste in trenches is homogeneous in nuclide distribution and package
type distribution.

I

a The seepage . column is a vertical column with properties and events
uni form horizontally. |

e The effect of discharge to the aqui fer on the soil column is coupled.

e Daughter products are not calculated from initial inventory but decay
is applied to nuclides in all paths.

e The aqui fer is a one-dimensional " pipe" direct to a surface body of
Concern.

The effect of loss of nuclides from the soil surface is not coupled toe
the seepage subprogram.

e The a tmospheric path is one-dimensional sector-averaged and direct to
the population of concern.

a Air and water concentrations are carried through food chain and
exposure paths as viewed by standard dose assessment procedures.

The analysis begins with a scenario as 'an initiating event and carries
the source term through appropriate paths or series of paths to ob tain air and
wa ter concentrations which are converted to dose connitments using standard dose
assessment methods (see Section 6.8).

6.2 EXECUTIVE PROGRAti (EXEC) '

The executive program integrates the transport and dose calculation
subprog rams. The reading of input data, writing of output data, sorting and data
preparation, and calling sequence of subprograms are handled by the executive
prog ram. The executive program draws from a number of data bases:

e Dose factor and nuc!ide data prepared by PRED05 from the master data
base.

' Weather data (input by user).e

e Geologic data (input by user).

e Scenario source term (internal data base).

e Scenario calling sequence (internal data base).

e Demographic data (input by user).

S-2
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e Miscellaneous options switches (input by user).

e Mt.;cellaneous other input data.

Prior to running the executive program, all the necessary data is supplied by an
input deck (for batch mode) or on a system disc file (interactive mode).

A logic flow of the executive program is diagramed in Figure 6-1, in
an interactive terminal mode. After typing a title banner on the terminal, the

executive program call s subprogram INPUT which requests the user to supply key
information defining the run (i.e., program parameters and input file names). A

data checking routine then applies predetermined criteria to test for
completeness and consistency of the input. The executive program call s the

nuclide transport (ATMOS) and dose (DOSET) subprograms according to the pathways
sequence read from the release scenario file. After each pathway is completed
subprogram OUTPUT is called to write dose resul ts to the output file. The
executive program ' returns for an additional case, if appropriate. The

" conversation" scheme is repesented in Figure 6-2.

6.3 AQUlFER TRANSPORT SUBPROGRAM ( AQUIFR)

This subprogram, called "AQUIFR", calculates radionuclide transport
through a flowing aquifer and ultimate discharge rate to a body of wa te r. The

program starts with a band release boundary condition defined by time of initial
release, duration of release and magnitude (for each nucl ide) . The subprogram

returns a history of Ci/yr discharge rate to a body of water some distance fron

| the discharga point.
|

6.3.1 Basis for Subprogram

|
This subprogram is a simplified version of the GET00T code. GETOUT has

i been used internationally and appears in many variations. The version used is
the documented Pacific Northwest Laboratory (PNL) version "GET005" as described
in PNL-2970 (De Mier et al . ,1979).
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Figure 6-2. A Typical Terminal Session in the Conversational
Mode. The Underlined Data is User Supplied.

LGO.

WHAT SCENARIO ARE YOU RUNNING?

10

WHAT IS THE EXPOSURE TIME? (HRS)

.5

WHAT IS THE VOLUME OF THE B0X OR PACKAGE INVOLVED IN THIS
SCENARIO 7

1.

WHAT IS THE VELOCITY OF THE WIND AT THE ACCIDENT? (M/SEC)

1.

WHAT IS THE DIAMETER IN METERS OF THE DUST CLOUD RELEASED
IN THIS SCENARIO?

' 10..

SCENARIO: 10 COMPLETED

00 YOU WISH TO RUN ANOTHER SCENARIQ?
N0

GOOD BYE FROM SHALLOW LAND

' STOP .

END OF EXECUTION
CPU TIME: 6.17 ELAPSED TIME: 1:27.00'

~
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The main di fferences between AQUIFR and GET005 are the deletion of
input / output file manipulation, changes in method of input band description, and
deletion of daughter product chain calculations. The first two changes are
necessary to accomodate the role of this subprogram in the Shallow Land Burial
Systems Model. Deletion of daughter produc ts is justi fied by the lack of
significant amounts of nuclides which present daughter product concern in the
Shallow Land Burial System. Calculation of daughter product transport requires
tremendous increase in program size and complexity. GET005 is four separate

programs running several hundred pages, deletion of daughter product calculations
reduces the size by more than 75 percent.

The key assumptions for the model are:

e One-dimensional flow and transport (conservative) -

e Axial dispersion (constant dispersion coefficient)

.

e Equilibrium adsorption on the soil

e Constant water velocity in the aquifer

No " discharge effect" - the aqui fer is assumed infinite in length withe

no feed back to transport within the aquifer as a result of type of
discharge. This assumption is valid for reasonable aqui fer length; if

dispersion length is short compared to aquifer length (Oston,1979).

|

6.3.2 Di scussion

The discharge point of a subsurface, partially saturated soil column
(see Subsection 6.6) is assumed to be connected by a one-dimensional aqui fer

" pipe" to - a surface body of water. The input to the aqui fer is described as a
band of constant magnitude beginning and ending at a specified time. The water
flows at a constant rate through the aquifer to the surface body (or well). The
dissolved radionuclides are in sorption equlibrium with the soil at all points ;

and undergo decay. Trace concentrations of the dissolved nuclides are assumed so
that the sorption equilibrium constants are independent of concentration. A |

constant axial dispersion coefficient is assumed.

6-6 |
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In terms of a rectangular coordinate system stationary at the aquifer
inlet, the migration of a nuclide is described by (Lester et al.,1975).

- Vh - Kh - KAN 0 (1)D
=

where
2 *disperison coefficient (cm /yr)0 =

discharge rate (Ci/yr)N =

water velocity-(cm/yr)V =

aqui fer length (cm)Z =

' sorption equilibrium constant (no units)K =

nuclide decay constant (yr-1)A~ =

time (yr)t =
,

The sorption equilibrium constant is related to the distribution coefficient (K Id

by
.

K3d
K~= 1+ (2)g

where

is ribution coefficientK =
d-

,

c = solid bulk. density

void fraction of solidc- =-

As de fined. - th<e equilibrium constant (K)-relates relative nuclide and water
, velocity (without dispersion) as:

6-7
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water velocity
K nuclide velocity (3)=

For a band release of duration T, the inlet boundary condition is given by:

tN exp(-At) at (4)
=

,0

Owhere N is the totsi amount of radionuclide discharged over time period T.
Note that decay at the input source is accounted for in the inlet condition
(Equation 4). The other boundary conditions are:

0 at t=0 0<Z<=N =
--

(5)
finite at t>0 Z==N =

This equation has been solved analytically by Laplace transform techniques
(Lester, et al., 1975). The solution for curies discharged at the end of the
aquifer is:

exp(-Re) erfcN = -

.

+ |+ exp(P) erfc
.

P ( e-0,. )

| -exp -R(e-e ) erfc ~

T 4(e 7) 4K

P(e-e ) ,\[ !

! + exp(P) erfc + T

4(e e ) 4K IT
,
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AL
7 dimensionless decay numberwhere R ==

tV
p dimensionless time6 ==

.y

T p dimensionless release timeB = =

Peclet numb'erP
* = =

aquifer len3thL =

time of release durationT =

A radioactive decay constant=

While the calculation of discharge rate for any given time using

Equation (6) is a relatively simple operation, there are several special features
which support the calculation. Fi rst , for most problems of interest one

encounters severe accuracy problems which can result in total loss of the results
in machine error. This is because error function complement (erfc) values for
very large arguments are often required. The result is often a very small nuncer
which can cause machine underflow. Most machines then assign a zero value tnus
eliminating the time resul ts. Usually the very small numoer (say,10-50) $ 3
multiplied by an exponential which is very large (say '1048) resulting in a

(10~2).. This problem is handled in a special subroutinereasonable answer
"FERRNT" which is taken from the literature and incorporated into "GET005" (and

there fore . "AQUIFR"). FERRNT calculates ' accurate (exp)x(erfc) products in

asymtotic regions using sealing of arguments prior to- execution. Some machine

dependent factors involving binary word length, and machine overflow are used by
FERRNT. Second, there is a general accuracy problem which is handled by running
the entire code in double- precision; thi s is a necessity. Third, the code

carries most numbers as exponents until the final result is obtained; this helps
avoid machine numerical over flow. Fourth, AQUIFR incorporates a peak

conditioning routine so that well proportioned time scans of nuclide' discharge
-peaks. are produced.- AQUIFR was tested against an unmodi fied GET005 test run

obtained from PNL.
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6.3.3 Interfaces
-AQUIFR is called by the executive program (BURYIT) in situations where !

nuclides have been discharged to the aquifer. The following input is required:

e Number of nuclides and their labels.

e Sorption equilibrium coefficients for each nuclide.

e Aqui fer water yelocity.

e Dispersion coefficient.

e Length of aqui fer.

e Input band information, inventory discharged, band input period, and
width of band.

In the Shall ow-Land Burial Systems Model, the band width and inventory are
calculated by UNSAT, the unsaturated zone transport code. The a qui fer lies at

the bottom of the soil col umn. UNSAT calculates population behavior and
determines discharge amounts and time by nuclide over a -prescribed time for a'

given nuclide inventory.'

Subroutine AQUIFR returns discharge rates to a body of water as Ci/yr
over an appropriate time period (as determined by the peak' conditioning routine)
for each nuclide. The di scharge rates are converted through the executive
program and the DOSE subprogram into dose from ingestion and other water rela ted
pa thways .

6.4 ATMOSPHERIC TRANSPORT SUBPROGRAM (ATMOS) -

6.4.l' Basis for- Suborogram

The -fur'*"an of subprogram ATMOS and its subroutines SIG4AZ and DDIT i s

to calculate the . tion of radionuclides released to the a tmo sphere. M sic
inputs to the subpi sgram are quantity of radionuclides released and weather data;

~

the basic output is the spatial-dependent air and ground 'concer,trations of the
various radionuciIdes..-

The ba.;i c approach to -the atmospheric t'assport subprogram is the
Gaussian plume mocel as described in "Slade, D. H. (198d)," and as used in a

number , of computer programs such as X0QD0Q (J. R. Sagendorf and J. T. Goll 1976).
I
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In the Gaussian plume model, advantage is taken of the fact tha t natural

d f fusion in the atmosphere leads to a known (Gaussian) di stribution of

pollutants in the a tmosphere. This Gaussian plume model is combined wi th
available formulations for plume rise, deposition and cloud depletion to complete
the atmospheric transport model.

6.4.2 Di scussion

Gaussian Plume Model Chi (X) over Q
The Gaussian plume model gives the a tmospheric densi ty of a

contaminant, X , as a function of location downwind from a source of strength, Q,
and as a function of other parameters such a release height, crossrange di stance
from plwe centerline, and weather conditions. There are several Gaussian plume
formulations for different release conditions and for different use applications.

One formulation gives the time-dependent x' /Q following an instanteous "puf f"
release; another gives the time steady-state X/Q for a continuous steady-sta te
rel ea se. Some fomulations give- the total x,y,z location dependence of X/Q,
while' other formulations - give the plume centerline (maximum) or the

sector-averaged X/Q.
.0ne X/Q desired is the time-integrated value as seen by a stationary

' observer who experiences the cumulated effect of the passino debris cloud from a
puff release. - The time-dependent' fomula for a puf f relea se is:

)(' ( x,y,z,h t) = exp - (x-ut)'f
f - 20 - -} exp {

Y

2
2 2#Y(2r) ooe
x

I

~f(I + exp - z'
[ y)-x exp -

* - 2 20
-. z - - z

where (using.mks units):;

3
x' is cloud concentration, Ci/m ;

Q, is initial' release quantity, curies;
~F is a depletion factor, dimensionless;

d
x is downwind' coordinate, meters;

'y- is crosswind coordinate, meters;
'

- z ' is elevation coordinate, meters;
,

6-11.
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h is release height, meters;
u is wind velocity, meters /second;
t is time after puff release, seconds;

e 'Cy ' #z are x-dependent plume width standard deviations for thex
downwind, crosswind and vertical directions, respectively
(meters) .

Expressions for e and c from Sagendorf and Goll (1976) are given in Table 5-1.j z
Integration of Equation 1 over the. time of the cloud passage yields

x(x.y.z.h) -
2, ,, exp exp - '-

(2)
.,,,.n+p'l -

. 2c, .j

where is the time-integrated cloud concentration at location (x,y,z) with units
3of Ci-sec/m .

For cloud concentrations at the ground level (z=0), Equation 2 reduces
to

QF -2 2.gd h

y ,z expj - h + 2 ~f (3)X(x,y,0,h) =
2y - y
z

The sector averaged X/0 is obtained by integrating (3) over y and dividing by the
sector width 2r x /n at downwind distance x. For n=16 sectors, this is

2.0318Q F -

h
2.

i(x,0,h) =
c ux 2 (4)exp -

7 2cz'
;

The time integrated formulas (Equations 2, 3 and 4) are identical with
the Gaussian plume expressions for steady-sta te cloud concentrations for a

. stea dy-sta te relea se. Except for the inclusion of the depletion factor, F '
d

Equations 2 and 3 are identical to Equations 3.115 and 3.116 in Slade 1968. When
applied to steady-sta te relea ses, however, Q . in Equations 2, 3 and 4 is theg

3release rate-(e.g., Ci/second) and x is the cloud concentration in Ci/m .
Equations 3 and 4 (with y=0. in the former) are the Gaussian plune

expressions used. in this study. For a puff release, e.g., with the release tern
Q expressed in curies, the resulting value of i s ~ the time-integratedg

- 5- 12.
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Table 6-1. Plume Width Standard Deviations (from X0QD0Q)

4 - Crossrange standard deviation:

b
ax , metersc =

y
f
"

-0.3658 Stability Class A

, J.2751 B

0.2089 C
-a = 0.1471 0

0.1046 E

0.0722 F4

0.0498 Gs,

'b 0.9031=

i
down wind distance, metersx =-

:

i Vertical standard deviation:

b-aj.= ax +c, meters

1

A B C D E- F for-
'

'O.192 0.156' O.116' 0.079 0.063 0.053 x <100 meters
a- 0.00066- 0.0382 0.113 0.222 0.211- 0.986 100<x<1000j..

,0.00024 0.055 0.113 -1.26 16 73 :18.05 1000 <'x
_

'0.936: :0.922 0.905 0.881 0.871 0.814- x <100
.b . 1.941 1.149 0'.9111 0.725 ~ 0.678~ J.74 :100<x<1000-

, _

!^ 2.094.- 1.098- ;0.911 0.516 0.305 0.18- 1000<x

'O.. .0 O' 'OI 0' 0' x <100'

c< 9.27 3.3: 0 -1~7'. -1.3- -0.35- -100<x<1000.
_

-9.6' 2- :0- -13- -34 -48, 1000 < x.

.
..

For-stabilityclassG:|oG ' C IU"
E

.

t
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3air-ground interface concentration in Ci-sec/m . When x is multipled by a'

3breathing rate in m /sec, the result is the number of curies inhaled. When

mul tiplied by cloud shine dose factor N Rem / hour per Ci/m and a convi. sion'

factor of 1 hour /3600. sec, the resul t is c.oud shine dose in Rem. For a

steady-state release e.g., with the release term Q expressed in Ci/sec, theg

resulting value of is the steady-state air-ground interface concentration in
3 3

; . Ci/m . When x is multiplied by a breathing rate in m /sec and an exposure time
in seconds, the result is curies inhaled. When x is multiplied by the cloud shine
dose factor and an exposure time, the result is cloud shine dose in Rem.

Dry-Deposition and Depletion
! The method for calculating the c;letion factor , F, ay gr und

d
deposition was not described in the above discussion. Al so , the deposition of
. pl ume ma terial onto the (round is of interest because it is the dr. posited

material from this depositica which results in ground exposure. Deposition is of
two type s , dry or wet, depending on the absence or presence of precipitation.
The method for calculating dry deposition and depletion, discussed below, is the
methoc described in Section 5-3.2 of Slade 1968.

The deposition of' plume material onto the ground is related to the
concentration in the air at ground level by an effective velocity, v .g

D(x,y) = vd .x ( x ,y ,0) (5)

!. .
3For a puf f release, the units of X were Ci-sec/m ; thus, with velocity uni ts of:

2neters per second, the units of D are Ci/m . For a steady-state relea se, D i s
2the deoosition rate in curies /m per second.

5 The deposition yelocity, yd, i s diseussed in Section 5-3.2.3 of. 51ade

19b8. The deposition velocity is about 0.002-0.01 m/sec for small particles and
about the gravitation settling velocity for larger particles. A value of zero is
usually used for noble gases Kr, Xe, and Rn.

The dry ~ depletion fac tor , F, resul ts from plume depletion by
d

deposition of plume material onto the ground. The quantity of plume ma te rial ,
Q, pa ssing a point at distance x from the' source is reduced with distance from
the source as follows:

:

6-14'
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dQ* =
a

D(x,y) dy
dx .,,

vQ 2
d=-6 **P I- )uo

z 20
z

The total depletion from the source to point x is determined as follows:

dQ v x
[x X d dx

0 = . q _"_ 2 2
10 x 0c exp(h /2c )

or-

.x

= exp{ - 6 }F =
d Q u 2 2g 0 exp(h /2o ) (6)z

Equation 6 is equivalent to Equation 5.48 in Slade 1968.
Unfortunately, the integral in Equation 6 does not have an analytic

solution for practical expressions of o (x), and accurate nur..erical solution is
7

time consuming. The integral has therefore been evalua ted numerically for an
array of values of x, h and stability ca tegory. Values of this depletion
integral are derived by double interpolation (on x and h) of the stored values.

,

Wet Deposition and Deoletion

The deposition of plume material onto the ground during periods of
,

precipitation .is related to the total -quantity of material in the plume by a
washout coef ficient A (Equation 5.63 in Slade 1968).

..

D(x,y) = A X( x ,y , z)dz .(7)
0

Typical units of A are sec~1 Integration of the above expression using x (x,y,z).

from Equation 2 yields

AQ 2
'YD(x,y) = exp (- 2)/Euc '2ayy

,

The sector averaged D(xl is, fo' a 16-sector polar grid,

2.5465AQ
_(x) = g)g
D

ux
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The cloud depletion factor for wet deposition is derived in a manner similar to
the dry dcpletion factor, j

.
3Q* =

."
'

0(x,y)dy
3x.

, , , ,

O^'x 1 -Y I(23Y I d(1),, e
g. cy.u, ,,

; QAx*~

: u
I' Thus

x A
q = 5 3xx

I ex 3Q 'X g
- - 3x=

g
- 9

x-

9
'

Q

d
' "'**PI- ) (l0).F *

,

.
0

The washout factor A is discussed in Slade_1968, Section 5-4.5 through 5-4.9. . It
,

is clearly.a function of rainfall' rate and plume particle characteristics. For a'

3reasonable particle size (e.g., density 5 g/cm and diameter of 3 microns), Acan
~

be calculated from the following:

i

A = 0.00016 (RR).85 ,c-1 (11)3

.

where RR is the rainfall rate in millimeters per hour. For an annual rainfal1 of
RF meters per year and an effective fraction of time that.it is raining, FR, the

washout coefficient, based on the average rainfall rate, is

A = 2.35x10-5(RF/FR) .85 (12)

.

i

!

'
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6.4.3 Appl ica tions j

The Gaussian plume mcdel just described can be applied for either puff j

release conditions or for long-term releases. For puff rel ea se s, the wea tner i s !

usually regarded as fi xed , i.e., having a speci fic wind direction, stability |

class and velocity. It will either be raining or will not be raining. For

long-term rel ea se s, a mi xture of wea ther conditions will apply. The

corresponding disperson is usally called " annual average."
Both conditions may be solved using the same formulas. The air

concentration is given by

AC(I,J,K) = 0 (I)*(1-FR)* Fdry (I,J,L,M)* J,L,M)*F(K,L,M)
0

we t( K ,J , L ) *h J , L ,M) *F( K ,L ,M) (13)+ 0 (I}* *E
0 L,M 0

and the ground concentration is given by

GC(I,J,K) = 0 (I)*(1 R)W II)* dry ( 1,J ,L ,M) *h J ,L ,M) *F( K ,L ,M)0 d L,M o

2.5465*Q (I)*FR*A(I) F(K,L,M)
(14)0 y

X(J) OIL,M

In the above, I, J, K, L, M a re indices on i sotope, di stance,

direction, wind speed, and stability category, respectively; FR is the fraction
of the time that it rains; F and Fdry _are the wet and dry depletion factorswet
(Equations 10 and 6, respectively); and F(K,L,M) i s the weather frequency array
giving the fraction of the time that the wind blows in direction K with speed L
and stability cat?qory M.

While Equations 13 and 14 art structured for a long-term release, they

can be used for a puff release by simply summing over one term, i .e., F(K,L,M)

of unity for. the K, L, M of interest and zero elsewhere, and with FR having a
value of zero (if not raining) or 1.0 (if raining at th'e time of the puff

rel ea se) . For either puff or long-term releases, the total release 'n curies is
entered as Q (not relea se rate in curies /second). For a chronic, long-termg
rel ea se , O is the totai relea se over a time period of i n tere st. The

g

corresponding air concentration re sul t, AC, is the time in tegrated air
3concentration for tFat time period, in units of curies-sec/m . The corresponding

2" ground ' concentration," GC, is the cumulated ground deposition in curies /m for
that time period instead of a true ground concentration.
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This procedure has been programed in the ATMOS modul e , c.f., flow

diagram in Figure 6-3. The plume ri se , X/Q, wet and dry depletion, and
deposition are calculated in subprogram ATMOS. The subroutines SIGMAZ and DINT |

of ATMOS evaluate o and the dry depletion integral (the integral in Equation 6),g

respectively. Two simplifications have been made in ATMOS. First, air transport
in only one direction is considered. Thus, the wind always blows from the i

hypothetical source to the hypothetical exposed popula tion . Second, all

nuclides, with exceptions, must have the same deposition vel ocity. The

exceptions are nuclides, like noble gases, which have a zero deposition velocity.
Also, nuclides with a zero deposition velocity are assumed to have a zero washout
coefficient, while nuclides with a non-zero deposition velocity are a ssumed to
have the washout coefficient given by Equation 12.

6.4.4 Interfaces
Subprogram ATMOS requires the following input data:

N1 - number. of isotopes, maximum 54

C1 - array giving source for each isotope, curies
VD - deposition velocity for each isotope, meters /second

-FR - fraction of time that it rains
eV - annual rainfall, meters

NU - number of wind speed categories, maximum 10

NS - number of stability cateogies, maximum 7

KS - stability category number

Enter KS=0 for all NS categories
Enter 1<KS<7 for category KS only j

U - array of wind speeds, meters /second
F - double dimensioned array of wind frequencies, dimensionless,

sum normalized to 1.0

,
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Figure 6-3. Subprogram ATMOS Flow Diagram
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NR - number of radial distances, maximum 20

Rt1 - array of radial distances, meters
SH - release (or stack) height, meters
SQ - stack energy release rate, calories /second

,

The following are output by ATMOS

GC - double _dimensioned array (isotope, radial distance) of
2cumulative ground deposition, Ci/m ,

AC - double dimensioned array (isotope, radial distance) of
3time integrated air concentration, Ci sec-/m .

6.5 EROSIO

-6.5.1 'In troduction
The ERODE subprogram calculates the amount of radioactivity blown from

.the repository fields due to the erosive action of. the w nd. The program isi

L essentia lly a modification of the WEROS (Wind Erosion) program' developed by the
' U. S. Department of Agriculture to predict potential _ soil loss from the great

plains region o f- the U. S.- (Woodruff, ' N. D., and -Siddoway, F. H. - 1965) . The

program is the integrated result of using 30 years of soil loss data and the

theoretical factors that enter .into a predictive calculation. Therefore, the

- program has suf ficient experimental ba se _ to predict reliable : soil loss figures.

5-20-
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The original WEROS program calculates the soil loss based on the

evalua tion of five factors that relate to the soil and its local environment.
The -five factors are (see Subsection 6.5.2 for definition):

e Soil erodibility (I)

Soil-ridge roughness (K)e

e Climate (C)

e The unsheltered travel distance across the field (L)

e Vegetation (V)

The influence of these factors on soil loss can be expressed in a functional form
and were originally read from tables. With the development of a computer program
the tables are stored as data arrays in the program itself. The soil loss is

computed by an equation of the . form:

E = I * K * C * f (L) * f IYIy 2

The soil loss, E in tons / acre / yea r, is then mul tiplied (with appropriate
2dimensional' factors) by the duration of the- wind (years), area of the field (m ),

percentage of soil-lofted (dimensionless), and nuclide concentration (uCi/ gram of
'. soil) . from UNSAT, .to obtain the amount of radioactivity by neclide type tha t i s

.
, .

used .a5 input to ATMOS. Since the main purpose the EROSIO is to act as'a
- transoort pa th for radioactive ' dust into the a tmosphere, the amount- of

radioartivity that becomes airborne ' from the' soil 1oss must be determined.
. Unforcunately, thi s is not a wil understood . phenomenon. Estimates of the .

fraction lofted from blown soil range between 3 and 40 percent (Chepil, W. S.,

6-21'
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1945). In the program, this numtar is left as an input that ranges from 0 to 100
percent but it is suggested that numbers greater than 40 percent not be used.

|

The use of 100 percent would be conservative since it indicates that all of the ,

1blown soil becomes airborne which overestimates the quantity of radioactive ;

particulate in the air. The output of the ERODE subprogram in microcuries by |

nuclide type is then used as input to the ATMOS subprogram.

6.5.7 Theory of Soil loss by Wind Erosion

Soil erosion by wind forces is a complicated phenomenon depending on a
veiety of factors mentioned in the introduction. These five factors are the

mair, influences a f fecting soil erosion by wind. The role that each of these

factors play in soil erosion are discussed below.
The soil erodibility (I) is a quantity which relates to the crustiness

of the soil and is also dependent on the size of aggregates in the surface soil.
From field experience (Chepil, W. S., 1945), it ha s been di scovered tha t

aggregate sizes greater than 0.84 mm diameter do not greatly contribute to soil
loss. By measuring the percent of dry soil not passing through a 20 mesh screen,
the percenta ge of aggregates grea ter than 0.84 mm can be determined. Thi s
percentage is used to find the value (from a table) of the soil erodibility in

tons /ac re. If the field has a slope facing the dominant wind direction erosion
is accelerated. This wind and knoll effect is taken into account by mul tiplying
the erodibility factor - by a number greater than or equal to 12. For slope

greater than 500 ft, the accelerated erosion is so slight tha t a value of
uni ty i s used. For slopes shorter than 500 f t, the -value of the slope measured
at the midpoint is used to determine the knoll slope effect. The value is

obtained by using a curve empirically developed by Woodruff and Siddoway (1965)
to account for the windward knoll slope effect. This value is multiplied by the
erodibility ractor to give a modifled erodibility factor used in the soil loss

equa tion.

The soil-ridge roughness factor (K) is a mea sure of the roughness

factor (K) of the soil surface due to ridges. The value of the roughness is
determined by measuring the height of roughness elements on the soil sur face.
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The value of the roughness (K) is less than or equal to 1 and is obtained from an
empirically determined curve relating ridge height to soil roughness.

To account for the local climatic conditions, a factor relating to

mean annual temperature, mean annual precipitation and mean average wind speed
have been included. The climatic factor (C) is expressed by the equation:

3 2
C = 34.483 V /PE where (1)

V = mean monthly wind velocity at a height of 30 feet above ground surface for
all winds in excess of 12 mph (5.36 m/sec). PE =Thornthwaite's

(1931) precipitation effectiveness index given by

PE = 115(P/T - 10)10/9 where (2),

P = mean annual precipi ta tion (millimeters of rain) and T = mean annual

tempera ture ( C). The value of C ' wa s derived from continental weather
observations' over a number of years.

The unshielded travel distance of the wind across the field is defined
as the di stance parallel to the preponderant wind direction in excess of the
shielded distance. To find the preponderant wind direction, the wind ercticn
forces most be known first. The magnitude of the wind erosion -vector symbolized

by r) i s de fined - to be:

n

EG (3)"j jj
=.

1=1

q = durationSUj = mean annual windspeed (> 12 mph) within'.the ith speed group.
factor expressing the percentage of time that the wind blows in the j'h direction
within the ith speed group. The subscript i refers to the various speed groups
used in clinatalogical records. The subscript j, which runs from 0 to 16, refers
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to the 16 orincipal compass directions with j=0 corresponding to due east.
Normally the Gg3 are normalized to unity so that:

.

1 (4)G =
4

i.)
-

The ' prevailing wind erosion direction is obtained by considering an
.imaginuy line p in a polar coordinate system with 0 corresponding to the angle,

between due east (8 degrees) and p. The wind erosion force for each principal
direction parallel and perpendicular to p is given by:

15,

[rF
3 3 (5)

= cos 0
|| j=0

154

'

sin tj (6)F =. rj -

,

*

' F11.=-wind erosion force parallel to p.

F = wind erosion force perpendicular to p.

thr -=. wind erosion. vector defined above in the j direction.
'

3

.e3 = angle between p and r ..

3

The values of the trigonometric functions are almys taken as positive to prevent.
' wind . erosion force vectors in opposi te~ directions cancelling each other.
. Figure 6-4 i s a - diagram' of .the geometry f o r. determining prevailing. wind
- direc tion. Since the subscript j ~ refers.to a; principal direction r must be ~at-

~
3

angle of 22.5j degrees Tfrom due east.~: (Principal ' cirections are '' separated by,

22.5.1 degrees). The angle .between ~ the' wind erosion force vector r and the ray p .
3denoted by 1 i s 22.5j -. 0. . The preponderance is defined as the ratio . of .,

3

parallel fwind forces to: perpendicular wind forces and'is denoted by R: (Skidmor,- :
, .

' 1%5):.
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(7)R =

Fg

By orienting the ray p through various angles 0, R may be made a

maximum. The value of 8 that makes R a maximum (R ) is the prevailing wind
erosion direction. This value of R has maximum wind erosion forces parallel
to p and minimum wind forces perpendicular to p. A value of 1.0 for R
indicates that there is no prevailing wind erosion direction. A value of 2.0 for
R indicates tha t pa rallel wind erosion forces are twice as great as theg

perpendicular wind erosion forces in the prevailing wind erosion directions. To

establish the unsheltered travel distance across the field from this data, it is
necessary to know the distance across the field along the direction of wind
erosion force vec tors. The distance depends on the angle of deviation of the
wind erosion force vec tors from rights to the field strip. Tiiis can be

vi sualized by representing a field strip as two parallel lines with a wind force
vector r passing across the field (USDA 1968). The unsheltered travel distancej

for each wind erosion rose r) is:

0) = W sec(A)) (8)

where .

W = fie'd width and

A) = angle of deviation of wind force vector from right
angles to field strip. As shown in Figure 6-5.

As shown in Figure 6-5.

.
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A) is related to the field direction and wind force angle by:

e + 90 - A) 22.5j (9)=
p

.

The angle between the right anqle to field direction and prevailing wind erosion
direction is A. This was ori al input to the WER05 program. A is related to

,
'

the field direction and preva' . i wind direction by:.

A (10)-90 + 97-eg=

Combining the two angular equations give the angle of deviation of the wind force
vectors at right angles to the field strip as:

j R + A - 22.5j (11)A O=

,- If_the G is clockwise and counterclockwise to right angles to the field strip, Ag

i s- subtracted ' and added cspectively in the above equation. Combining the last
equation with the equation for D ~ gives the unsheltered distance across the field

j

width'in tae dinction of the . wind vosion force as:

D -= LW sec(22.5j - eR: A) (12)-
j

By multiplying (the distance . by the duration of each wind erosion vector, a
distribution of wind erosion' forces traveling various distances to -traverse the-

field - i s obtained. This. distribution is then plotted as to give the percent of
wind erosion forces that travel 'some specified multiple.k of -field width as a
function of- preponderance (R ) and . angle of deviation ( A). The value of k for"

'which the ^ percentage-is _50 is the median of the distribution for all wind force
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vectors across the f' eld. The value of k (k50) is then multiplied by the field
width (W) to obtain the median unsheltered travel distance. If there are any

barriers present, the median unsheltered travel distance (k50 ) is reduced by an
amount 10 times the barrier height and this value is then used as the median

unsheltered travel distance (USDA 1968).
The vegeta tive factor (V) includes the amount of vegetative cover as

well as the type of vegetative cover. The curve is empirically determined using
the vegeta tive cover as a type of roughness factor. Two curves are employed in'

the theory depending on whether the vegetation is flat or standing. Standing

vegetation _ i s more ef fective than flat vegetation in reducing soil loss since
momentum is delivered from the wind to move the standing vegetation and less
momentum is available for soil movement.

The output of the WEROS program is in tons / acre-year of soil loss. The
ERODE program uses this output and with other data generates as an output the
curies released by nuclide type by the following formula:

C4 = (E)(A)(t)(y)(X,)

where

E = soil loss calculated from WEROS

A = area of field

t = duration of erosive wind

y = percentage of soil loss into suspension

Xg = radioactivity per gram of ith nuclide in the surface soil

Cg = radioactivity blown into atmosphere of ith nuclide

The percentage - of soil loss tha t actually becomes suspended in the air for
transport is included since not all soil loss resul ts in suspended pa rticle s.

Mcst of the soil loss results from saltation and creep. Few mea surements of the
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fraction of total soil loss that actually becomes suspended have been made so

tisat the percentage y, i s uncertain. However, most researchers feel that the

percentage is less than 40%. For this analysi s, the percentage of soil tha t

becomes airborne is left unspecified as a user input.

6.5.3 Comouter Solution of EROSIO

The computational structure of EROSIO follows the WEROS program very
closely since the soil loss computation forms the basis for the EROSIO output.

Parameters specific to the wind erosion problem are read in the first step in the
program. These input data are listed in the appendix in section C-5. Parameters

pertinent to the original WEROS subprogram are converted from SI units to English
units since the soil loss program was written for English units. The next

portion of the subprogram calculates the double sum (labelled Sthi) of the wind
speeds over each speed group greater than 12 mph and over principal directions
multiplied by the duration factor:

U G (13)SUM =
j jj

1.]

where U = wind speed

G = duration factor

i = direction index, 0 'through 15

j = speed group index, 0 through number of groups chosen.

A similar sum (labelled SUMG) is al so performed for the duration

factor:

G (14)SUMG =
$j

1.a !
. ,
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The previous expressions are used to calculate the climactic factor as shown

below. In addition, another quantity (labelled SUM 1) i s generated by summing
over speed groups to create a direction dependent variable used to compute the
prevailing wind direction:

[U G (15)SUM 1 =
jj4

J

The quanti ty (SUM /50MG)3 represents the cube of the annual average of
wind speeds greater than 12 mph for all directions and dura tions. This factor

and the mean annual precipitation and temperature are then used to calculate the
climactic factor (labelled CFCT) in the program. The original WEROS calculation
of climactic factor required the use of 12 geographical maps which displayed
iso-climac tic factors for monthly average wind speeds temperature and

precipi ta tion. The monthly climactic factor was read from the map by noting
loca tion. The 12 monthly factors were then added to generate the yearly
clinactic factor which was then used as input data to the WEROS program (USDA,
1968c)ref The present calculation takes advantage of atmospheric data that exists

as pa rt of the total burial package calculation to disperse with the cumbersome
and time consuming graphical procedure for obtaining the climactic fa ctor.

Values for the mean annual precipitation and temperature must be greater than
00 mm and 10 C, respectively to avoid overflow errors in the program.

The next portion of EROSIO calculates parallel (Fjj) and perpendicular
(F ) wind forces (lat:elled WNDPAR and WNDPER respectively) as a function of

j

principal direction and a quantity labelled THSUBR. By performing a D0 loop 72
times- the wind forces may be calculated as a function of THSUBR in increments of
5 to generate' a complete wind force pattern. Further accuracy is unjustified;

since the principal directions are in 22.5 increments and field strip

orientation is usually not known this accurately.
By choosing the maximum value of WNDPAR from its 72 values, the maximum

0parallel wind force has been calculated to 5 accuracy. This is done in the next
portion of the subprogram. The value of THSUBR which produces the maximum value

| for WNDPAR (labelled MAXPAR) al so produces the minimum value of WNDPER
(labelled MINPER) and is the prevailing wind direction. The preponderence-
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(labelled WNDFRC) of wind forces in the prevailing wind direction is *. hen
calculated as the ratio of MAXPAR to MINPER.

The next portion of the subprogram calculates the angle of deviation of
the prevailing wind erosion direction from right angles to the field strip. In

the WEROS program, thi s is an input parameter. In EROSI0, the computed angle of
the prevailing wind is used to generate the angle of deviation using the field

strip angle (labelled ANGL). The field strip angle is measured from due east as
00. The right angle values (labelled RANGL1 and RANGL2) are measured 90 from

either side of the field strip. The difference (DIFF1 and DIFF2) between ei ther
right angle and prevailing wind angle is then computed. The vnaller difference

0is chosen since only deviation angles up to 50 ha s been correlated wi th wind
0

erosion forces. , Deviation angles greater than 50 will produce an error message.
The smaller difference is then used as the angle of deviation (ANG) to compute
the unshielded travel distance.

At thi s point in the computer program, the data necessary to compute
soil loss using WEROS has been generated. The WEROS subprogram calculates soil
erodibility fac tor, roughness factor and multiplies these two values to produce
an intermediate soil loss quantity (E2). E2 is then aultiplied by the climactic
factor to generate another intermedia te quantity (E3). Next, the unshielded
travel distance factor is calculated. Using the value obtained from the travel

di stance , E2, and E3, the soil loss is calculated from a bare, smooth field with
no vegetative cover. After the various checks for vegeta tion type s have been
made, the subroutine which calculates vegetative factor is run to compute the
soil loss in tons / acre / year as the WEROS output.

All tables and graphs discussed in fection 5.4.1 are included as data
arrays within the EROSIO subprogram and the subprogram al so ha s its own
interpolation subroutines for input data not in the data arrays.

After the soil loss has been calculated, further modifications of the

WEROS output are performed. The r.ex t calculation compute s a maximum time
! (MAXTIM) that the wind can erode the field. This is necessa ry since the

potential soil _ loss from a field can not continue inde fini tely. Thi s i s

accomplished by requiring the erosive depth to be less than 2.52 m which is 30
times the height of the smallest unmoved particle of 0.84 m. The distanca is
converted to time by the following calculation:
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(2.52)(0)(1-x) (16)t =
max (0.224)(E)

p = density of surface soil (g/cc)

x = percentage of aggregates greater than 84 m.

E = soil loss (tons / acre-yr)

0.224 = conversion factor

This maximum time has the dimension of years and is compared to the duration time
given by the user. If the maximum time is greater (less) than the user specified
time, the former (latter) is used to calculate the radioactivity released to the
a tmosphere.

The radioactivity released to the atmosphere (XNC0UT) is then performed
as explained in subsection 5.4.2 where the factor for time is chosen as described

above. The ATMOS subprogram then reads this out;, .t from the comon block to use

as an input source to calculate atmospheric dispersal of radioactivity.

6.6 UNSATURATED ZONE TRANSPORT SUBPROGRAM

The un sa tura ted zone transport subprogram, UNSAT, is used for
calculation of nuclide dist'ibution in the so'l and discharge to the aquifer

resulting from seepage of leachates from trenches or from other surface /near
surface sources. The subprogram calculates transport resulting from leaching,
water movement, and sorption / desorption. Concentration profiles of nuclides in a
one-dimensional soil column are calculated. Al so calculated are discharge

versus time to an aquifer at the bottom of the soil column.
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6.6.1 Basis for Model
UNSAT is a version of the HYDR 0 code developed by SAI ( Amirijafari and

Cheney, 1979) for calculation of transuranic (TRU) waste transport in government
reserva tions. The code is an adaptation of an irrigation control model developed
for the USEPA (King and Hanks,1973) and later modified by Childs and Hanks (no
publica tion) .

No modifications in the problem solution method were made. Changes

made were deletion of unused code sections and options and necessary changes to
adopt from CDC-specific language characteristics to DEC-10 acceptable langua ge.
No te tha t programs which run on the DEC system will run on CDC (except for file
statements) but the reverse is not generally true.

6.6.2 Di scussion

This model simulates the flow of water in an unsatirated formation as a
resul t of gravity head and capillary forces in a one-dimensional vertical

heterogeneous column. The multi-layered column consists of K layers, each having
its own hydraulic conductivi ty , soil density, thickness, and nuclide sorption
cha rac teri stic s. The transport of the radionuclides is based upon the

flow of water. The individual nuclides can be injected into any of the K layers
by dissolving each nuclide (depending on its solubility) in the wa ter passing

through the injection layer. The n'4clide movement is corrected for radioactive
'

decay as a function of elapsed time, and for reta rdation depending on the
sorption of the nuclides on the particular rock matrix.

The general structure of the model is shown in Figure 6-6. The

calculation boxes are actually loops which complete the calculation individually
for each layer of the column.

The model sol ves for the time-dependent flow of water by stepping
through time in discrete increments. The value of time and the l eng th of the
time steps are both important to the program. The important time variables are
TIME, DELT, and DETT.

TIME i s the actual time, starting with zero, and is the sum of all
elapsed time steps. It is calculated near the end of the
prog ram.
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DELT is the length of the current time step. For in stance, the
amount of water flowing through any layer can be calculated
by the ( flux times DELT). CELT can be varied by the program
to satisfy a limit on the amount of change in any time step.
CONQ is the limit.

OETT is a fixed value used to set DELT. DELT br. gins as DETT, then
is decrea sed to satisfy the CONQ condition or increased to
speed calculations along if the water sat uration ha ppens to
be changing sl owly. DETT i s calculat'd for each r,ew flux

period as the length of the entire flux pe.dod divided by
TIMINC, an input variable.

Pressure and Moisture Content
The problem solved by the code is a one-dimensional soil column

partially saturated with flux boundary conditions at the surface and a saturation
moi sture content at the bottom (i .e., at aa aqui fer). The general flow equation
is taken from Hanks, Klute, and Bresler (1969).

I I
E=1 K(s) 2.!i (1)at az

( az)

where

0 = volumetric water content ( fraction)
t = time (hrs)
z = depth ( feet)
K = hydraulic conductivity (no units)

The head, H, is

H=h+2

where h = pressure head ( feet).
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l Equation (1) is the result of comoining Carcy's law for flow in an
un u tura ted soil with the continuity equation. The assumptions inherent in the
model are:

e The fluid of interest, water, is continuously connected tnrougnout tne ;

flow region and is incompressible.

e Inertial forces are not significan: as compared to viscous forces.
i

o F1ow i s isothermal, vertical, and one-dimensionai .

i e Biological phenomena have no effect on soil water flow.

e Ai r freely and in stantaneous'.y e scapes from tne system i s water

accumulates in it.

Equation (1) is transformed to one variable by a metnod develoced oy
Richa rds . (1931) . Cefine

C(9)=h (2)

a s a soil--ater di f ferential capacity. By the chain rule of calculus

N = N 4 = C(s) h. (3)st on h 2

Suostitution of Equation (3) into Equation (11 gives

/ I

C(s) h = h K(s) (a)

wnere the hydraulic. head (H = h + z) is the only dependent variable.
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The finite-different form of the left-hand side term of Equation (4) is

/d+C" h -hd d Id - h 'I Id
-

C h

C(s)h=
i I i

C (5)~~ =
2 ( aT ) 3g

where the subscript i ' represents the depth of a node, and the superscript j
represents time.

The first step in finite differencing the first term. on the rignt side
of Equation (4) is:.,

Kh - Khh K(0) =

k I ( l 2)

where the identi fier 1 is the mesh increment between nodes 1-1 and i, the*
,

identifier 2 is the mesh increment between nodes i and i+1, and the identifier 3
is the ' mesh increment between nodes 1-1 and i+1. Solving for the second and
third term on the right-hand side of Equation (6) yf elds:

Hd-I + gdi-1_ 4-l dIffg1) +M1-1 i igg* ,

2 23
(0Z1) ( j

)

(7),

H -I + Hd h -I dd d3H Ib- ) . ,,1+1 + Hi_1i iKg ,

2 (#2) ( 2 2
2 j

.

wnere Ki is the average of the'K values corresponding to the values at noces

(1-1, .j-1), '(1-1, j), '.(1, j-1). and (1, j )', and X is s ilarly associated with
2
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nodes (1, j-1), (1, j), (1+1, j-1) and (i+1, j) . Another way of defining Kg and

X2 nat has been used is:T

.

j-1/2j-1/2
Kand KK *

K)
=

i-1/2 2 i-l/2 W

The substitution of Equations (7) rid (8) into Equation (6) yields:

f j-1 j j-1. g ) j-1/2j gf g gg .
"I I~I ~1 K = -

-

z 2 ; azaz az az
3 ( i

(9)
j j I[g-1.g g -1/2 'j

g +-1 g +1
j j

i1 i i+1/2
~k~i

i
~

2 2 ) az
2

Hanks and Bowers (1962), and Hanks, Klute and Bresler (1969) assumed

constant depth increments, therefore, having:

* 6z= azaz) 2 3

In this model variable depth increments are considered , nence, z,g
z ,and z are not equal and are defined by;

2 3

3 (*1+1 ~ *i-1)/2 (10).j 2 * i +1 ~ *l l 02
*- z ,j ; az *az = z

z g

Substituting Equations (5) and (9) into Equation (4) and substituting
for H = h + z, yields:
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If-hd~ fh +h]-1-h -h + 2z 'h
j-1/2 , I j-1/2

X( at ) i az
3 ( 24z) j i-1/2 (11)

|

l l-l
3 - h +'I

d d Ih +h - h +1 + 2i i il i z j-1/2

K +1/2
~

?SZ i( 2 /

9

Equation (11) is the basic equation used in the interaction scheme of
the model for obtaining head and moisture content p' afiles.

The model works with a pressure versus moisture content characteristic
typical of soils and sketched in Figure 5 7. To avoid problems or a symptote s,

'

cut-off values at the high and low end of the scale are defined and logic in the
program represents the curve as a constant at either end ( see Figure 1). The

curve is stored as a table and is the basis for generating C(0). Also stored is
a conductivity versus moisture content characteristic curte. Individual layer
conductivities are calculated by mul tiplying a e nduct!vity factor times the
cha racteri stic. The factors are input for each layer as a part of the soil
column data.

Calculation of 0
Wa ter fl ux , Q, through layers within the column, is calculated after

the tridiagonal matrix solution yielding the head values, H, for each layer. The
formula used is:

0=Cht (12)

where C is conductivity, H is head (pressure head plus gravity head in feet, d is
distance in feet, and t is length of the time step in hours. In particular,

Q (J), the flux at any layer, J, is always the flow between layer J-1 and layer
J. . Positive Q is flow downward from J-1 to J; negative Q is flow from J to J-1.
C is an average condtetivity defined as:
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C ,y + CJg
C= (13)2

H and d are differences defined as:

.

AH = H g - Hg. g

ad = D3 - 0 .g3

and t is equal to DELT. The boundary condition, Q at the top, Q (1), is
calculated as:

Q (1) = E0R * t

where EOR is the water flow rate at the surface calculated in the conductivity
section of the program. The flux through the bottom, Q (KK), is zero until the3

two bottom layers are saturated. - After the two bottom layers are sa turated ,
Q (KK) depends on the gr&vity head, H (K), only.

Injection of Nuclides

At each time step, the buried nuclides are allowed to dissolve to their

solubility limit in the water in the specified injection layer. The solubilities
^

of the several nuclides are . adjusted to partial fractions of the total

solubilities of all- nuclides remaining undissolved up to the start of the time
step:

i

P I17I4= N

ES j
I=1

.where P is the partial' solubility ( fraction), S is an individual -solubility
5 9
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3(Ci/ft ), and n is the number of nuclides prew t at that time. The amount of a
. nuclide injected into the column is:

.

S =P * W * d - RAW (18)
enter g

where S is the amount of nuclide injected (Ci), W is the water saturation in<

enter
the injection layer (fraction), d is the thickness of th? layer, and RAW is the

3amount of'nuclide already in the water in that layer (f t ). If S i s grea ter '

enter
than the amount of undissolved nuclide available, it is set equal to that amount.

Finally, S is subtracted from the undissolved nuclide to give the new amount.

enter
of undissolved material .

r

Nuclide Decay

A decay factor '(DEC) is calculated for each nuclid'e by:

DEC = 2-T/t (19)

Nuclide Adsorption

The adsorption routine assumes' tha t in -each time step, the t4 *al

{ nuclide in each layer-distributes itself between the water and the solid, and i,
able to reach an equilibrium throughout the layer. This a ssumption is most

reasonable - for -long time steps. Short time steps will give results erring-

conservatively (toward farther migration).
,

Two nuclide transport simulations are u sed . One, called short-time

model, is - used in the shorter runs (up to 1000 years, DELT up to 24 hours) the
.

other in the longer runs (up to 250,000 years [DELT greater- than 24 hours]). In,

the cilort-time simula tion, at each time step, the model . calculates the
,

concentration of unadsorbed nuclide in each layer, then allows fluxes within' the
column to carry amounts of nuclide from one' layer to an adjacent layer. In thi s

way the nuclide " front" can _ advance only one layer per time step. In the
~

long-time model,;the calculations of unadsorbed nuclide are repeated within each
time step as the nuclide is passed from layer to -layer, allowing the . " front" to
pass fthrough the entire column in one_ time step. The choice of short or.
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long-term model is made on the basis of length of +,ime step and layer thickness
depending on conductivity. !

For each nuclide an adsorption equilibrium constant is given for each
layer of the column as input data. The distribution coefficient, K ,i s defined

d
as:

1

'

RAS

ts
Kd =

RAW

(20)
W

where RAS is the nuclide sorbed to the solid in curies, Wt is the weight of the
3

solid (in grams), and V, is the volume of the water (in milliliters). Since the
nuclide in wa ter , plus the nuclide on tne solid, is the total nuclide in the

layer, RAW, and RAS can be found independently:

+

RNCLD Kd (21)= # )RAW
W75

W

RN O
RAS =

1 +fi wts

( Kci * V (22)w

where RNCLD i s the total nuclide ir. the layer.
In this model the nuclides are not adsorbed permanently. It is a ssumed

tha t the nuclides will be desorbed from tne rock. Equations (21) and (22) allow
both adsorption and desorption, but the rate of desorption may not be the same as
a dsorption, so another variable 50RPFC is read as input data and is used to

specify the amount of RAS which is unavailable for desorption:
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RAW = (RNCLD - (1-SORPFC) . RAS) Kd + j (23)
wts
VW,

?

RNCLD - (1-SORPFC) . RAS + (1-SORPFC) . RASg3 old,

new
I */1 wtsj*

\Kd' Vw / (24)

So a SORPFC=1 means all sorbed material can be desorbed, and is

available for new K distribution, and 50RPFC4 means all sorbed material is
d

permanently bonded to the solid and cannot be desorbed.
After RAW is found, RAWCON, the concentration of nuclide in wa te r , is

calcula ted by dividing RAW by V . This RAWCON is multiplied by Q to determinew
the amount of nuclide carried by water from layer J-1 to J. Once the amount is
6etermined, RNCLO(J ) and RNCLD(J-1) are adjusted by that amount te keep the
bookkeeping correct on RNCLD. Obvious limits are imposed; no more nuclide can be

ta ken from a layer than is there in the layer to begin with. RAWCON as a layer

can be calculated with each pa ssing - step for long time calcula tion s. The

frequency of RAWCON calculations a f fects the rate of movement of the nuclide
front.

6.6.3 In terfaces

6.6.3.1. Input

A 1arge amount of input data is required by this subprogram. Thi s is
primarily due to tne complexity of the problem it solves. The incut can be
classified under: Geological Da ta , Meteorological Da ta , Nuclide Da ta , and

Program Control Data.-
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Geologic Data

The soil column is described as a series of layers which can differ in
density, porosity, initial moisture content, and moisture conductivi ty fa ctor.
The conducti vity fa c tor, CONC 0F, is a mul tiple of the wa ter conductivities
calculated in the program. So, if an interbed of material is half as conductive
as the rest of the column, the layers corresponding to the interbed are given a
CONC 0F of 0.5 and the rest of the layers are assigned a CONC 0F of 1.0.

Meteorological Data

Meteorological da ta consi sts of the precipi ta tion, fl ooding, and
evapora tion hi story for the case in qu2stion. Surface wa ter flux can be
represented in three ways:

(1) Given a depth of a standing pool and surface permeability
inflow rate is calculated (this is the flood scenario).

(2) Rain fall (in meters) can be given as occurring in a fixed
cycle of alternating wet and dry periods. The subprogram
then calculates surface moisture flux ( the "V" matrix)
versus time for the entire problem time length.

(3) The entire flux hi story (meters of rain, meters of
evaporation) can be input as a time, flux matrix (i.e., read
the V matrix).

Nuclide Data

Nuclide data includes hal f-lives, nuclide label s, and distribution

coefficients for each nuclide and soil layer. The distribution coefficient is
defined in Equation (20). Al so included is an initial inventory tha t was

deposi ted.
,

e
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Program Control Data

Other data includes various parameters to activate various options and
7.he maxinum calculation time. These are defined in the code listing and will be

controlled by BURYIT.

6.6.3.2 Outout. Two types of output from UNSAT are used in the systems mod (1:

(1) surface soil concentrations of nuclides as a function of time and

(2) discharge rate to the aqui fer as a function of time. Output type (1) is used
by ERODE to calculate wind loft sources and possibly by DOSE to calculate ground
shine. Output type (2) is processed by the executive routine to form input for
AQUIFR.

6.7 DIRECT EXPOSURE MODEl. (DIRECT)

6.7.1 Basis far Model
The function of subprogram DIRECT is to calculate the external gama

dose resul ting from direct exposure to undispersed wa ste . Example dose

si tua tions include dose to a person approaching a waste container accidently
dropped from a truck, de,e from a canister on a truck ( wi th , perha ps , the
container containing more than the normal quantity of radioactive material), and
dose to a per :n standing near an open waste disposal pit.

A fairly simple approach using point kernels, exoonential shielding and
dose buildup factors wa s chosen. Three source geometries (coint, line and
volume) were included using, as a basis, primarily formulas from Rockwell (1956)

and Foderaro (1976). It is assumed that gamma exposure predominates. This will
normally be true for external dose if the source and receiver are separated by a
modest distance or shield.

6.7.2 Di scussion

Subprogram DIRECT incorpora tes separate formulations for eacn of the
three source geometries. A computed "GO T0" statement in the subroutine directs
the logic flow to the appropriate dose formation. A flow diagram is shown in

~

.

Figure 6-8.
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Figure 6-8. Subprogram DIRECT Flow Diagram
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Point Source Fomula

Foderaro gives the dose rate, D , for uncollided photons from a ,W itu

source witn a slab shield between the source and receiver.

-b t

d = K(E)ESOb IIIu

there E is the source photon energy, MeV;
K(E) is the energy flux to dose rate conversion factor (R/hr per

2MeV/cn sec);

S is the source emission rate, photons /sec;
0

a is the distance between source and receiver, cm; and

b is the optical thickness of the shield.
i

2In the above, the quantity S /(4 w a ) is the photon flux at distance a
0

2for an unshielded point source, the quantity (ES )/(4 w a ) is obviously the
0

photon energy flux at distance a for an unshielded point source, and the quantity
2(K(E)E5 )/(4" a ) is the dose at distance a for an unshielded point source. The

0 -b
attenuation factor is e i, where b) is:

y=[JXu, (2)b jj

X) is the thickness of the j-th shield, ce; andthere

u) is the linear attenuation coefficient of the shield material

Foderaro gives the total dose rate as

0 = SK(E)ES '^ * (3)* *
O a i=1

where the coefficients A and b result frcm a Taylor-form expansionj gj
of the buildup factor B,

D bt (3a)B=A e *1-

3 ,A
1 2,

.

En the above, A and a are Taylor-form expansion coefficients, with A "l~A *j j 2 l
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Line Source Formula
Foderaro (1976) and Rockwell (1956) both give a formula for the dose

rate from a 1ine source witn a : lab shield parallel to the 1ine. This shield

geometry, which is not necessa rily applicable here, introduces computa tional

complexity in the fonn of the integral

62
DI -b sec u

e du (3b)tK(9,b ) = e
1

'O

which must either be evaluated numerically, or stored as a two-dimensional array.
An equally likely shielding geometry, and one much ea sier to solve, ha s the,

receiver (exased person) inside a wrap-around shiel d s's that the same shield
thickness applies for all angles of radiation incidence.

Foderaro (1976) gives the uncollided dose rate from a line source wi th
shield parallel to the line,,

K(E)ES.
,bd

t l [K(9 ,b ) + K(9 ,b )], (4)*
u. 4na y 2 7

| where Sy is the line source strength, photons per second per unit length of
so urCG .

For no shield, i .e. , b =0, thi s _ reduces to the line kernel K(E)ESt

(e+0)/4na. Choosing a west-case geometry in which the receiver is at distancej 2-
a from the center of the line source, and speci fying the l ength of the line
source as 2L, gives

2 = arctan (h) (4a)
i

9 *0-

1

o

and

*k- (ab)S
t
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Adding the wrap-around shield factor, Ae4II, which is the same a s for theg

point source, gives the line source for uN

arctan(h)i=1
A e'Dli (5)6= '

g

Volume Source Formula

Description of the dose from all possible shapes of volumetric souces

and all possible source versus receiver configurations would require an infinite
number of highly complicated, if derivable, formulas. Therefore, a fomula wa s
derived based on a simple, compact source geometry. The geomety is that of a
cylindrical source cflength 2L and diameter 2L. An analytical integration of the
photon flux is possible for a receiver on an extension of the cylinder axis and
at distance a from the cylinder center. The result is

&=4ha Fv(f) (Sa)z

.

where

Fv(X) = X2 {[ tan ~1(1-X) + tan-1(1+X)]+0.5(1-X)In[1+(th)2)

+0.5(1+X)In[1+(1fx)2} (6)1

The volume source dose with wrap-around shield is thus, by analogy with the point
source formula,

Fv(f)i=1
- Ae (7)d= '

g

The above point, line' and v'slume dose formulas must, of course, be
cvaluated and.the results summed for each of the nuclide contributors and, for

those nuclides with multiple gamma emissions, for each different gama energy.
-To reduce the da ta requi rements and computa tion effort, the gama energy
treatment is performed for discrete energy groups. Ten gama energy groups are

used, with gama energie.s _in the respective ranges 0-0.02, 0.02-0.065,
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0.0o5-0.15, 0.15-0.35, 0. 35-0. 75, 0. 75-1. 5, 1. 5-2.5, 2. 5-3. 5, 3. 5-4. 5, a nd >4. 5

MeV. Corresponding data for K(E), u , A , and 29 are for the respective midpointg

energies 0.01, 0.03, 0.1, 0.2, 0. 5, 1. , 2. , 3. , 4. , a n d 5. Mev.

Da ta for five shielding materials (plus air) are included. These are
aluminum, iron, lead, ordinary concrete a'nd water. Air is a ssumed to occupy all
spice between the source and receiver not occupied by another specified shielcing
material, and need not be specified as a " shielding material ."

A few words about nuclide treatment is in order. The quantity EX(E)S
O

has been divided into the parts

EK(E)S, = (EK(E) h)C g
i

10= (3.7x10 EK(E)f) C
9

there C is the total number of curies of the nuclide in the source and f is the
4

10photon emission fraction for the photon of energy E. The quantity 3.7x10 EK(E)
has been evalua ted for each gama, then summed for the gammas in each energy
group. Thi s sum is stored for each energy grova and nuclide in the

two-dimensional array GE.

6.7.3 Interfaces -

Subprogram DIRECT requires the following input data:
IS - source type,1= point, 2=line, 3= volume;

'

R - distance from source, meters;
A - source dimension, meters (point source - not used; line souce -

line half length; volume source - characteristic radius);
NS - number of shielding materials, maximum of 5;
MAT - array of shielding ID numbers (1= aluminum, 2= iron, 3= lead, 4= ordinary

concrete , 5=wa ter) ;

THK - array of shielding thicknesses, meters;
T - exposure time;

til - number of radionuclides;

CI - array giving curies of each;
inGE - double-dimensional array giving the cuantity 3.7x10 EK(E)f for

each isotope and energy group (read from dose file along with.

other dose factors for DOSE routine).

Subprogran DIRECT gives the following output:

DOSE - whole body dose in Roentgens.
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6.8 THE POPULATION 00 SET SUBPROGRAM (DOSET)

6.8.1 Basis for Subprogram

The population and maximum individual doses froi radionuclides released
to the environment are calculated in subprogram DOSLT, and the results are

cumulated and printed in subroutine SUMDOS. Basic input to 00 SET includes the
radioisotope releases in terms of the time-integrated plume de concentration,
the ctmulated ground deposition, and the quan*ity of radionuclides celeased to
the source of water. Other inputs include the population, age distribution, and j

food production rate ( for beef cattle, milk, leafy vegetables, and other food I

products) .

jFour major dose pathways are considered, direct exposure to the

radioactive cloud, direct exposure to ground contamination, inhalation (bo th of |

the cloud and resuspended particl es) , and ingestion of contaminated food and |

drink.
The DOSE subprogram is based partly on the methodology and data in NRC

Regulatory Guide 1.109 (NRC 1977), partly on the methodology and data in
WASH-1400 (NRC 1975), and partly on independent derivations. The method used |

1

here for calculating population dose has two major features: (1) the methodology, |

unlike that in Reg. Guide 1.109, is not based on a continuing steady-state
radionuclide release but is instead based on a uniform release rate o,er time T

where T may be long or short. (2) Unlike the methodolgy in Reg. Guide 1.109 and
WASH-1400, the ingestion dose model for population dose is based on the

production (not consumption) of contaminated foods. )
|Dose models are usually based on one of two release-time dependencies.

The WASH-1400 model, for exampl e , is based on a puff release while the

Reg. Guide 1.109 and AIRD05 (Hoore 1979) model s are based on a steady-state
release. The release from a shallow-land burial (SLB) site for the scenarios
here may be of a very short or a very long duration. Thus, neither the

puff-release model nor the steady-state release model is entirely satisfactory.
In a steady-state environment, however, the total e ffect of a

radionuclide release is not a function of the time dependence of the release.
That is, i f the population is constant (neither growing nor moving), i f there are
no seasonal or diurnal effects, and if only the latent dose is of interest, then |

th* total time-integrated population or maximum individual dose will not be a
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function of the time dependence of the release. Each curie released will have a
certain effect independent of when it was released.

In thi s e f fort, two release-time dependencies were considered (1) a
puff release and (2) a steady-state release over time T. Formulas for two doses
are derived, (1) the total dose (integrated over infinite time and therefore
independent of the release time) and (2) the first year dose. (DOSET currently
calculates only the total dose). This approach is, thus, more similar to that in
WASH-1400 than to that in Reg. Guide 1.109; however, the food ingestion doses in
WASH-1400 were developed for only a few principal radionuclides from a reactor

,

rel ease. While this may be sufficient for the spectrum of nuclides in a nuclear
reac tor, it is not adequate for analysis of SLB events, where the WASH-1400
principal isotopes might not even be present. There fore, the methodology
developd here is similar in some respects to that in WASH-1400, but uses the
more extensive radionuclides data in Reg. Guide 1.109.

Most populution dose calculation procedures, including those in
Reg. Guide 1.109 and WASH-1400, are consumption oriented in the sense that

population doses for the ingestion pathway are calculated as the product of
(1) the number of people in the local area, (2) the per-capita ingestion of food
stuffs, (3) the concentration of radionuclides in locally grown food s , and

(4) appropriate ingestion dose fac tors. This approach yields incorrect

population doses when contaminated foods are exported and eaten el sewhere and
when the consumption of uncontaminated imported foods is not considered.

A simpler and more consistently correct approach to the calculation of
total population ingestion dose is the production oriented model used here. In
this model, the population dose for the ingestion pathway is the product of
(1) the quantity of food produced locally (and thus contaminated), (2) the
concentration of radioisotopes in this food, and (3) the appropriate dose

fac tors. In the production model approach, it is assumed that all foods grown
are consumed by humans. The correct population ingestion doses are thus

calculated regardless of local population, per capita consumption, or food

e.gort/ import situations.
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6.8.2 Discussion of Method

As mentioned above, doses for four major pathways are calculated.
These include external dose from the contaminated grouan, inhalation dose, and
ingestion dose. Inhalation dose from inhalation of both particles in the i

radioactive plume and resuspended particles is calculated. The ingestion dose ;

includes dose from drinking water, milk, leafy vegetables, meat (beef),and other
foods (grain, root crops, fruit and nuts). The dose from lea fy vegetables
results from the deposition of contamination onto the plant leaves, while the
dose from "other foods" results primarily from root uptake of radionuclides.

The dose formulas for the above pathways are described in the following
paragraphs.

6. 8.2 .1 External Dose from the Radioactive Cloud. The ATMOS routine provided
the time-integrated radionuclide concentration in the air, AC, in units of

3curie-sec/m . Toe cloud shine total time-integrated population dose for organ L
is given by,

CDOSET(L) = AC(I,J) * P(J) * DFC(1,L) (1)
I.J

where CDOSET is the dose in Rem, P is the population at distance J, and DFC is
3the dose . factor in Rem-m /Ci-sec. If the duration of the radiological release,

T, exceeds one year, the tnnual cloud shine dose is the above divided by T (in
years).

Formula 1 may al so be used to calculate maxinum individual dose.

However, for maximum individual dose, the suxiation is taken only over I (not J),
P(J)) is 1.0, and the plume centerline AC is used.
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6.8.2.2 External Dose from Contaminated Ground. The ATMOS routine provided the
2cumulated ground deposition of radionuclides, GC, in Ci/m . Note tha t tni s is

not ground concentration, but is, as stated, the time-integrated deposition,

i.e., the number of curies of isotope I deposited per square meter during some
period of time.

Two deposi tion formats are considered, an instantaneous deposition of
2 2GC, C1/m , and a constant deposition rate of GC/T, C1/m year for some time T

(years). For the instantaneous deposition rate, the ground concentration as a
function of time is equal to GCe'A t where the decay constant t includesE E

leaching as well as radioactive decay. The relationship of time-integrated
population dose to time t is

-A t

GDOSET(L) = [ II'' E } GC(I,J) * P(J) * DFG(1,L) (2 )
1.J E

The first year dose and total dose (for infinite time) can be calculated from tne
above.

2For the constant deposi tion rate of GC/T Cf /m year, the deposition
rate g(t) can be written

I C/T 0<t<T
'

G
I

_

g(t)=h

(0 T<t

The time dependent ground concentration G is then given by the di f ferential
equation,

,
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h = g(t)- A 0E 1

For time t<T, with g(t)=GC/T, this yields the result

-A t

G(t) = Gc [1-e E] (3)

For time t> =T The ground concentration is (4)

E ],-A (t-T)
-AT

Gc E

G(t) = - 7 (1-e
E

The corresponding time integrated dose to time t is
-

f -A t)

/{ t- 1-e

I,J - - * GC(I,J) * P(J) + DFG(I,L) (5)37
E for t<T' -

- A tl- -

GDOSE(L) = 4 I-A(t-T)-e E

T-1I Ee-

b GC(I,J) * P(J) * DFG(I,L)
AT(I,J - E for t>T-

Equations 2 and 5 both reduce to the following for total dose integrated to

infinite time:

GDOSET(L) = [' 0 'U} * P(J) * DFG(1,L) (6)
I,J

These equations, with P(J) = 1 and sunned over I but not J give maximum-
individual dose.

5-57



. - -- . -. _ . - ..

6.8.2.3 Inhalation Dose. There are two sources of inhalation dose, one from
radionuclides in the atmospheric transport plume and one from resuspended j

particles. The total dose from inhalation of plume particles is given by the
following:

AC(1.J) * p(J) * DFB(1,L) (7)BDOSET(L)= 3153 000
I,J

3where BR is the breathing rate, m / hour
,

DFB is the inhalation dose factor, Rem / curie
AC is the time-integrated air concentration, curie sec/m
P. is the population
31,536,000 is the number of seconds per year

In the above, I, J, and L refer to isotope location and organ, respectively. If

the duration of the release, T, exceeds one year, the annual direc t inhalation
dnse is the above divided by T (in years).

WASH-1400 (Appendix VI, pp 8-9, et. seq.) defines a resuspension factar
3K as the ratio of the air concentration (Ci/m ) to the ground concentration

3(Ci/m ),

K = 10-5 exp(-0.677*t) + 10~9 *Im (8)
.

where t is time in years after deposition.
For a puff release, the time-integrated resuspension population dose is

10-5 E
t'

{dARDOSET(L) = BR x -e (9)
1.J E - -

'

. A t'I
+ 10~9'1-e - GC(1.J).* p(J) * DFB(I,L);
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where AE"AI + 0.677 years
For a constant deposition rate over time T, with the ground

concentration given by Equations 3 and 4, the resuspension population dose is
given by

RDOSET(L) = BR* X ( 1,T, t) *GC ( 1,J )*P (J )*DFB ( 1,L ) (10)
I,J

where

10-5 t-h 1-e 10*9 I'
1

. t\ L' t %. - e L for t<TAT ATg g

.T.t) 1 I *A (t-T) -A t ' 3 ,f A (t-T) -A tV
" '

10-5 T1 E t 10 9 T- e -e
g g

e -e

agT Ai
-~

t g

for t>T

For infinite t, Equations 9 and 10 both reduce to the following:

9

RDOSET(L) = BR[(1+ If )GC(1,J)*P(J )*DFB(J ,L) IllI

E II,J

These equations, with P(J) = 1 and sunned over I but not J, are used
for calculating -the maximum individual dose.

6.8.2.4 Ingestion Dose. As described in Subsection 6.8.1, calculations of the
population dose will be based on the production of contaminated footis rather than
local consumption. Food and drink pathways considered are water vegetables and-
produce, milk, and beef.'
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Wa ter

If curies, C1, are added to a stream (above ground or below ground) of
flow rate F liters / year, and P people each consume U liters / year of water from
this stream, Ci*P*U/F curies will be consumed. The population dose is thus (dose
factor DFI)

00SETW(L) = [ C (I J)*P(J)*DFI(I L)*U
$

(12)
F

I,J

If the release time -T exceeds one year, the first year dose is the above result
divided by T in years. This formula, with P(J) = 1 and summed over I but not J,

gives maximum individual dose.

Leafy Vegetables

The ATMOS subprogram provides the cumulated ground deposition, GC, in
2Ci/m . If a fraction R (Reg. Guide 1.109, p. 68) is deposi ted on crops, of

2which area A (m ) is planted, a total of GC*R*A curies wil be deposited onto the
leaves of crops. If the crop is consumed at time t a fter contamination,

C( t)=GC*R* A*exp(- AE) curies would be ingerted. But if there is a uni formlyt

random time of deposition relative to harvest time, an average of

t' (t)dt
- ~

C ~A t'
_C(t,) = = GC*R*A Eg

1-e
t. A t. . (13)E ,

dtg

curies would be consumed, where t' is the crop duration, i .e.,1/N years with N
being the number of crops per year. Thus

/N'
.

(14)~E
-C = NGCRA 1-e cu ; d

A -

E
-

(~'-A/NI('} ( }*
00SELV(L) = N

'
, . .

I,J E
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Equation 14 gives both the first year and total population dose for a puff

release.
2For a uniform deposition rate of GC/T Ci/m yr over time period T, C(t)

is given by the differential equation

g ,GC*R*A
C-

dt T E

cith the solution, at harvest time t = 1/N

.

~A /N
C = GC*R*A I~* (15)

E

TA _ ..
E

For T = 1/N, Equations 13 and 15 are the same, so Equation 14 applies. For T <
1/N, Equations 13 and 15 bracket the situation, so Equation 14 also applies. Fort

T > l/N, say T = M/N, C in Equation 15 is 1/M times that for Equation 13, but
dose is cumulated over M growing seasons for the same total resul t. The fi rst

year dose, however, for M > N (T > 1 year) is N/M (i.e.,1/T) times that given by
Equation 14.

Data per Reg. Guide 1.109 gives R=0.2 for all nuclides except iodine,
for which R=1.0. Reg. Guide 1.109 al so gives A * A (yr~1)+ 18.4. For N < 5,

E i
-A t1-exp(-A /N) = 1.0. Adding a decay factor e lb with t =24 hours for delay

E b
between harvest and consumption gives

005ELV(L) = N b GC(I,J) * R(I)*A(J)*0FI(I,L)
I,J

(16)
(1-exp(-A /N)) * exp(-24*A )

E E

A
E

The annual population dose is given by Equation 16 for T < 1 year or by 1/T times
_

Equ~ation 16 for T > 1 year.

- The above expressions for population dose are based in the population
eating all of the contaminated foods. The maximum dose individual eats a
fraction VL /(CLOV*N*A) of the total foods produced, where

VL is the maximum individual leafy vegetable food consumption in -
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kg/ year |

CLOV is the crop density, kg/M

2
A is the area planted to crops, m , and

N is the number of crops per year.

The maximum individual dose may be found by evaluating the above population dose
^

formulas (except taking the summation, over only I, not J) and multiplying by
this fraction.

Fruits, Nuts, Grains, and Root Crops

One source o f contamination in all crops results from root uptake.

This is the primary source of contamination for fruits, nuts, grains, and root
2 2crops. For a puff release of GC Ci/m and a soil pool areal density P (240 kg/m

per Reg. Guide 1.109), the time-dependent soil concentration is GC exp (-\ t)/P
3

Ci/kg. As crop growth progresses, minerals (and the contamination) are drawn
into the plant and used . to fonn the _ fruit. Reg. Guide 1.109 gives a

concentration factor, B Ci/kg per Ci/kg, relating the concentration in the9y,

crop to concentration in the ground. It is assumed that, as the crop grows, the,

ini:remental growth will reflect the ground concentration at the time of growth.
Hence, for a growth rate of X kg/ year of crop, the total curies incorporated into
the crop in time t' is

XGCB XGCB -A t'] curies4y 4y 3
o exp(-A t)dt = [1 - e (17)

p 3 p

The decay constant, A is the radioisotopic decay constant plus a soil sink
3,

decay constant. . WASH-1400 gives 10 percent per year for Sr and 61 percent per
; year for Cesium. Data for other elements are needed. It is assumed here that

A =0.2 year ~1
s

2F;, r a constant-' de;msition rate of GC/T Ci/m year for some time T in

years, the ground concentration (Ci/m') is (from Equations 3 and 4).
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-A t (18)*

SC s
I 1-e t<T

,

G(t) =< r-
-

'AT -A (t-T)I GC s E,

AT'I~' e t>T'
-

( s

The corresponding time integral has the solution

II ,K
~

~{f*'-At
| g 3 g

I
\ /, t$Is(t)B j PA T

9'dt = 4 (19Curies*

}xa,,sc
'

-A (t-T)
p

-1 t), t>T1lr27,ag(e
o

2 s s.
-e

Defining the quantity in the appropriate intogral (Equations 17 or 19), to be 0,

the population dose is

DOSERC(L) = { Q(I,J)*DFI(1,L)*EXP(-A g) (20)
$

I,J

where the term exp(-A t ) accounts for decay between harvest and consumption.jb

Reg. Guide 1.109 gives a value of 14 days or 0.038 years for t 'b
The above expressions for pcpulation dose are based on the population

eating all the contaminated produce. The maximum dose individual eats a fraction
FVG/X of the total produced, where FVG is the maximum individual produce

consumption- rate: and X is the annual crop growth rate. The maximum individual
dose may be found by evaluating the above population dose formulas (except

suming only over I, not J) and multiplying by this fraction.
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Milk
The population dose from milk is dependent on the quanti ty of

contaminated milk produced, which is, in turn, dependent on the number of cows in
contaminated areas. It is conservatively assumed that all milk produced is

consumed as milk after a short delay time between dairy and consumer. Ac tually ,

some fraction of the milk will be used to make cheese, candy, condensed milk,
~

etc., thereby increasing the decay time between production and consumption.
The concentration of radioisotopes on grass, as a func tion of time

after a puff release deposition, is

C(t) = GCRg e curies /kg,

where Rg is the deposition fraction on grass (as given by Reg. Guide 1.109) and y
2is the areal grass density (0.7 kg/m per Reg. Guide 1.109).

Assume each cow eats Q kg/ day (50 kg/ day per 1.109). Per 1.109, a
f

frac tion fm (with dimensions of days / liter) appears in milk, so that C Q fm
f

Ci/ liter results. With X cows each producing Q, liters per year, this becomes C
O fm Q, X curies per year.f

The total curies appearing in time t' is thus

GCRgQ fmQ,X -A t'..

t'
f E

C(t)Q fmQ,Xdt = ,-e curies1
f g3E ,

o

wi th A inyearsk
E

Sinilarly, for a steady-state release over time T, with the ground
'

concentration given by Equation 18, the total curies by integration over time

is

. .

T
RgQ fmQ ,XGC / -\ t

f E I t<T

t-{3 kl - * ( -

yA Tg

(22)
. -

RgQ fmQ,XGC y E
f -A I ) ~E If ,

t>T
* ~ { \' ~* /yA T

E

|
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Calling the quantity in the appropriate integral (Equations 21 or 22), Q, the
population dose is

{Q(1,J)*DFI(1,L)*EXP(-Ag)00SETM(L) = (23)
9

I,J

Where t is the delay time between dairy and consumption ( four days or 0.011b
years per Reg. Guide 1.109).

The above expressions for population dose from milk are based on tte
population consuming all the contaminated milk. The maximun dose individual
drinks a fraction XMILK/(XQs) of the total milk produced, where XMILK is his milk
consu:1ption in liters per year, X is the number of cows in the local area and Qs
is the production rate (liters / year) per cow. The maximum individual dose from
milk can be found by evaluating the above population dose formulas (except -

suming over I, not J) and multiplying by this fraction.
The results from Equation 21 were compared with results published in

2WASH 1400 (Appendix VI, page E-30). Data used were E=1 C1/m (basis), Rg=0.5,

O =50, Q,=12,. X=1, Y=0.7, t'=in fi ni ty. A decay factor of EXP(=-1 *3 days) was
f E

used with \ E=0.0504Mg days-I. This yields curies per cow based on a one Ci/n2

deposition. Dividing the respective results by 12 liters / day (cow output) and
'cultiplying by 0.7 liters / day (WASH-1400 maximum indivioual consumption rate) *.

gave the following results.
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Nuclide Calculated Value WASH-1400 Value Ratio i

1-131 0.848 0.692 1.2

1-133 0.016 0.0042 6.8
Sr-89 0.299 0.402 0.74
Sr-90 0.396 0.588 0.67

Cs-134 5.85 4.22 1.4
Cs-136 2.48 1.42 1.7

Cs-137 5.94 4.22 1.4

Beef

The population dose from beef is dependent on the quantity of beef
produced in contaminated areas. In practice, beef cattle for slaughter are often

" finished" on grain in dry feed lots. It is conservatively assumed that all beef
is raised on pasture grass.

As derived for milk cows, the concentration of radionuclidet on grass
as a function of time after a puff release is

-A t
CRg

C(t) = e curies /kg .
y

Assume a steer of weight W kg eats Q kg/ day of wet grass (50 kg/ day per 1.109).
f

If fraction F is absorbed into his flesh, the concentration X (Ci/kg) in hi s

flesh is given by the differential equation

|

j d_1 , FQ C(t) curies /kg (24)f
,y y

j dt W e day

I
where A, is a biological decay constant. Solution of this differential equation
with the boundary condition that X=0 at t=0 gives

A ~ A t'FQ GCRg
E -e curies /kgf t e

'

X(t) = Wy(A,-A ) e
E -

If there are H animals in the herd, each of weight W, with dressout fraction f
d

and slaughter fraction f per year, there will be HWf I kg/ year beef produced.
3 ds

! The total contamination consumed as a result of. the puff release is then
,
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Hf O GCRg (2 5)= ds f
HWf I X(t)dt = curies

ds

Data for the above are as follows: herd size H is input; dressout fraction is

-about 0.5 kg meat per kg steer; slaughter fraction is about 33 perrant per year
or 0.1 percent per day hated on an average life of two years for steer or heifer,
an average life of nine years for calving cow (with seven calves per cow), and a
little bull . Q is, as stated earlier, 50 kg/ day, GC is input from ATMOS, Rg is

f

-element-dependent from Reg. Guide 1.109, y is 0.7 kg/m2 ( from 1.109), and x is
E

A +18.4 year-I.
g

To determine F/ A, (in years), the solution for a steady-state problen
may be derived and compared with the result and data in Reg. Guide 1.109. If

there is a steady-state concentration, C, of Ci/kg in grass and a steer of weight

W eats Q kg/ day, with fraction F absorbed into flesh, the time steady-state
f

concentration will be given by

FCQ
dX d - A X = 0 ,
ft- W e

i.e.,
FQ Cf

X=g
e

: sing the approach used in Reg. Guide 1.109, the concentration in meat is

X=FCQf F

Thus, equating values for X,

F/>e = F Wf

The element-dependent values of F , in days /kg, are gi'ien in Reg. Guide 1.109.
f

. uantity of the integral (in Equation 25) Q, theDe fining the q

population dose from beef is
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DOSEBF(L) = { Q(I,J)*DFI(I,L)*EXP(-A t ) (25)gb
IJ

where t is the delay time from slaughter to consumption (20 days or 0.055 yearb
per Reg. Guide 1.109).

For a steady-state release over time T, the di fferential equation
(EqJation 24) can be solved with C(t) given by RgG(t)/y where G(t) is given by
Equations 3 and 4. The resul t is a lengthy expression with A appearinge
separately. Equation 26 will give the correct dose integrated over infinite time
after a step function release. The first year dose ( for T>l year) can be
estimated by multiplying that result by 1/T.

The above expressions for population dose from beef are based on the
population eating all the beef produced. The maximum dose individual eats a

frac tion XBEEF/(H fd Wfs) of the total beef produced, where XBEEF is his beef
consumption in kg per year. The maximum individual dose from beef can be found

by evaluating thi. above population dose formulas (except summing over only I, not
J) and mul tiplying by this fraction.

6.8.3 Application

The above methodology has been progranned in Subprogram DOSET, with
cumul ations over iso tope, di s tance, pathway, organ.and age group performed in
Subroutine SUMDOS. Figure 6-9 is a flow diagram for DOSET. Except for a Do loop
on isotope, the flow of the program is largely once-through, with the various
pathways treated sequentially.

6.8.4 Inter faces

Subprogram DOSET requires the following input:

3AC(I,J) - Time-integrated air concentration, Ci-sec/m
2AREA (J) - Area associated with each radial increment, km

2BEEF - Number of. beef cattle per km
BIV(I) - Food concentration factor, dimensionless

. COWS - Number of cows /km
~1DC(I) - Nuclide decay constant, year
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Figure 6-9. Flow Diagram for Subroutine 00SE
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DOSFAC(I,K,L) - Dose factor array, following units
3Cloud shine - rem /hr per Ci/m

,

2Greand shine - rem /hr per C1/m
Inhalation - rem per Ci inhaled

Ingestion - rem per CI ingested
FAGE(M) - Age group fraction
FF(I) - Meat concentration factor, day's/kg
FLOWR - Water flow rate, liters / year
FM(I) - Milk concentration factor, days / liter
FVA - Fractional area planted to leafy vegetables, dimensionless

2GC(I ,J ) - Cumulated ground deposition, curies /m

IID(I) - Nuclide identification number, integer
NCPY - Number of crops per year
NI - Number of isotopes
NJ - Number of radial increments
P(J) - Population

2 d

PRODUC - Food crop production, kg/yr per km
T - Time duration of release, years
WC(I)~ - Contamination added to water stream, Ci

Subscript for above
I - isotope

J - distance increment
K - pathway
L - organ

M - age group

'

Subroutine SUMD05 cumulates the following for printing:

DOSEi(I) - Sum of total dose by isotope

DOSEJ(J) - Sum of total dose by- distance

DOSEK(K) - Sum of total dose by pathway

DOSEL(L) - Sum of total dose by organ

DOSEM(M) - Sum of total dose by age group
DOSET - Cumulated population dose
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All above doses are in Rem.

6.9 .DAIA SORTING SUBROUTINE (PRED05)

PRED05 is a preliminary data handling code that is called as soon as a
release scenario has been generated. Da ta a rrays are processed tha t will be

needed in other subroutines. Those data arrays are

110 - i sotope identification integer

NUC::AM - alphanumeric isotope identification
GE - gamma exposure constants

DC - decay constants

CS - number of curies in source
C - number of curies in operation of interest
VD - dry deposition coefficient

DOSFAC - dose conversion factor
BIV - stable element transfer constant for vegatation

F!1 - stable element transfer constant for cow's milk
FF - stable element transfer constant for meat

-PRE 005 requi res access to several data file and interaction with the executive
progran BURYIT to fill those data arrays wi >.n the requi red info rmation. The

executive program will provide PRED05 with the list of nuclides that have been
identified in the selected relea se scena rio. From thi s information PRED05
sea rches extensive data files to -fill common block arrays that are to be used in
other subroutines. - PRED05 has been written to process large amounts of da ta in
the most efficient manner possible.

6.9.1 Dose Table Construction
Do se equivalence _ factors are stored on a large disk file, NUCDAT.FIL.

The' dose information is in a three-dimensional array. This da ta base contains
dose ! equivalence - factors for 350 nuclides in each of 8 seperate subfiles.
Additionaly there are gamma exposure constants and decay constants listed for
each nuclide in the first subfile.
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Any particular dose equivalence factor is defined by j
!

l

i = the nuclide index
j = the pathway index
k = the organ index
a = age group index

6.9.l.1 .Nuclide Indexing (1). Every set of dose equivalence factors is indexed
by nuclide name, and accompanying ID number. The number is composed of the
atomic number, Z, the isotope number, and a metastable flag. The metastable flag
is a zero for ground state isotopes and unity for metastable isotopes.~ All of
the isotopes are listed sequentially by their ID number.

6.9.1.2 Organ Indexing (k). For every pathway and every nuclide, the do se.
equivalence factors a re given for the total body and eight organs. The organs
are boia, liver, kidney, gonad, lung, GI tract, thyroid and skin. Not evey

isotore and pathway will result in a dose to every organ. In a case that no dose
to a particular organ is recorded, the dose factor is zero. Fo r some pathways,
there is no dose from a certain nuclide. In those insta nce s, the dose

'

equivalence column has been left blank.

k, organ

1 - total body
2 bone

3 liver

4 kidney

5 gonad

6 lung
7 GI tract

8 thyroid
9 skin

:

.
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6.9.1.3 Pathway and Age Group Indexing (j). Data for eight speci fic pa tnways
in included ~ in NUCDAT.FIL. Two cases of external exposure are defined: surface
skin and closed innersion. Two ca ses of internal ' exposure a re de fi ned ,
inhala tion and ingestion. Three age groups are also defined to account for the
difference in doses cae to age.

j, pa thway a age group

I cloud immersion 1 child'

2 surface shine 2 teen

3 inhalation 3 adul t
4 i ngestion

It should be understood that when the dose arises from an external pa thway , the
resulting dose is age independent.

6.9.1.4 Sequential Ordering. Da ta in the disk file NUCDAT.FIL a re in

sequential order to meet possible computer system compatibility reqirements. In
the event thec the disk file is altered in a way that disturbs the sequential

ordering, erroneous results could be produced without any wa rni ng. To prevent

this, a sequential ~ checking routine is included in PRED05. In tha event that a

nuclide becomes disordered in any of the pathway sub fil es, error flags will
occur.

To check the sequential . order of a recently-altered file, a job 1

control (JC) index can be set to prat tie a sequential scan of the nuclide li sts .
At the present time, the JC index set with a MAMELIST instruction, but this

may be modified.

6.9.2 Information Base

The external pathway dose equivalents were compiled fron a listing in
the Light .Ja te r Breeder Reactor Program EIS (ERDA 1976). .These factors are
included in Table IX.H-4 of Volume 4, and were generated fran the EXRD4 III code.
Internal . pa thway dose equivalents were compiled from Hoenes and Sol da t,
" Age-Specific Radiation Dose Factors for a One-Year Chronic In ta k e ," (NUREG

1977). Thi s da ta . ie s calculated according to the ICRP 2 model of ingestion
pa thways .

L. < 3



Gama exposure constants are interpolated for every given energy value,
ba sed upon the figures given in Foderaro (1977). Gamma exposure constants are
used to calculate the energy constant GE value, for analysis of direc t exposure
pa thways .

Other data arrays are based on infonnation in the event scenario.

6.9.2.1- Methodology for External Exposure Pathways. Data included for pathways
1 and 2 a re generated from the EXREM III computer prog ram. For each

radionuclide , the code considers exposure from beta, positron, electron, X- and
garmia radiation.

,

' Air Immersion Pa thway. Addi tional information is included for

nuclides not listed in the EXREM III data bank. The dose to the total body from
radiation when measured at the body surface can be calculated using:

3EK\ N"

(3600
0l

K d )I
i jXj (1)0 fE!

=

2 2a i=1/

10
K = 3.7x10 di s/secO

K = 1.6x10-6 ergs /MeV
y

K = 100 ergs /gm/ rad
2

3
d, = density of air = 1293 gms/m
N = photons emitted per dis
r

f = probability of emission of i-th photon
4

E = energy of i-th photong

3Xj = concentration of nuclide Ci/m
3600 = seconds per hour
1/2 = 1/2 sphere

This formula makes several assumptions that will over estimate the external dose

received, resulting in a conservative estimate of the actual gama dose.

.1. Assuming an infinite cloud volume biases the gama dose upwards,
2. A uniform density cloud is seldom encountered,
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3. The dose at the body surface is considerably higher than the dose to the
critical organs.

To obtai n a skin dose, the additional exposure due to beta particles
must be added to the ganina dose. The beta skin dose can be calculated using:

2 1-vd 2 + in I+ exp(1 - vd) (2)3600aD.* c 3 - expD = -

c = energy dependent parameter
= nonnalizing constant

D = dose rate to surface body from beta emitters in an infinite cloud8
( rem /sec)

2v = absorption coefficient (cm /gm)
2d = depth from surface, expressed in (mg/cm )

2(assumed to be 4 mg/cm to correspond to the inert layer of skin)
(Salde 1968)

I (3)a =
2 23c - (c - 1)e

.

0,,=0.135X (4)g

37.2V= (5)
-(E - 0.036)1,37

g

i

energy parameters

c = 3.0 E0 < 0.17
c = 2.0- 0.17 1 E010.5-

.

c = 10.5 0. 5 . < E0 1 10.5
c;= 1.0 1.51 E0

(Trubey 1977)
,
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|E0 = maximum beta energy
3X = concentration of beta-emitters in cloud (C1,m )

'"

{
0 if E 0 1 0.036 MeVF ta= =

8
Energy 1/3 E0 (1-0.02 z) (1_0.25 E ) if E0>0.036MeV)O

The skin dose, the total body dose from ganma exposure was a ssuned to
be the dose to other organs except the skin dose.

Dose from Surface Contamination Pathways.

The dose ' rate from a surface deposit of gacca-emitting nuclides is
calculated from a plane source fomula

NKC i
E fC (6)D =

4 gg
10 i=1

10where ,K = 3.7x10 dis /sec-Ci0
-N = number of photons per disintegrationr

f = probability of 1-th photon being omittedg ,

C = concentration of the surface deposit
4 2 210 = conversion factor of cm to n

R = _ energy-dependent conversion factor rel'. ting the dose rate frcag

a photon of a particular energy being omitted from an infinite
2. plume source _ ( rem /hr/r/cm sec)

R is calculated using _
4

K

E (p iU SI (7)R$= g a a

where- K = dose rate conversion defining rem /hr from two photon of energy Ei_ t
2person /cm
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't
= -

E (x) dt (S)=
g tx

2E = unshielded flux from a unit surface source (cm sec)t

2
u,4 = absorption coefficient of photon with given energy (cm /9n)

= density of air 1.293x10-3 gm/cc
a

'

S = perpendicular distance from surface deposit (taken to be 100 cm)

(Rockwell 1956)

6.9.2.2 Methodology for Internal Dose Pa thways. Dose factors for internal dose

pa thways were obtained from Hoenes and Soldat (1977) with the exception of the
dose factors for the gonad dose. These factors a re important because of the

gsnetic consequences. Gonad doses were.obtained from ICRP 30 and are summarized
in the last chapter of this section.

4

1

General Fonnat.

D,4 p) = K P (9)j j aipj aipjp

'

D. = dose commitment factor
a = age group index-
i = nuclide index
p = pa thway

j = organ index
K = age independent constant

'

j)p
P = p rtion of dose commitment factor which is dependent on age group (a)-aipj

nuclide (i), pathway (p), and organ (j).

(Hoenes:1977).

There are' di fferent dose commitment' formulas used. to calculate the dose
to. the GI . tract, and for cases involving noble gases. These. two special- cases

~

ara de:cribed in Subsections on GI Tract and Nobel-Gases.
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Age-independent Constants

Ingestion Pathway

[18.7 * f /(T *A,)hg) (10)K =
$4) u y

f = fraction of ingested nuclide reaching the organ of interestu
T = time of intake (given as 1 year) |y

A = effective decay constant (1/ day) for the organ of intereste i

5= (22.2 dpm/pci)(5.26x10 min /y)(1.602x10-8 (s-rad)/Mev)(10318.7 mrem / Rem)

4 = ingestion pathway index

Inhalation Pathway for Soluble Nuclides

13j bl0*7 * #a/(Ty *A)3 (ll)K "
e U

f, = fraction of inhaled nuclide reaching the organ of interest
1 = soluble nuclide index
3 = inhalation pathway index
j = organ index

Inhalation Pathway for Insoluble Nuclides

0.0064Ahf'
(K ,3j *j L_ y( o e) _i'jT ~

e
.

f' = fraction of inhaled nuclide' transferred from blood to orgari
of interest

A = biological decay constant for the lung
B
L

A, = effective decay cceistant for the lung
0.0064 = (2.22 dpm/pCi)(1.44x10 . min /d)(1.602x10-8 3. rate /MeV)

~

3

3(10 mrem / Rem)(1/8) fraction remaining in lung

~
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o
l e = effective decay constant for organ of intarest
i' = insoluble nuclide index
3 = inhalation ;;athway index
j = organ index

(hoenes 1977)

Age-dependent Constants. For computa tional purposes the total
popula tion is partitioned into three distinct age groups. Dose comitments are
calculated for the times during which an individual is a child, a tee n, and an

adul t, and the. resul ts are summed. A complete discussion of the methodology is
given in Hoenes and Soldat (1977).

If the intake occurs when the individual is an adul t , the dose

.comitment during infancy, childhood and during the teens is zerc. cor ingestion
and inhalation of soluble nuclides,

[T*Ay-exp(-(TA - T ) A'e) + exp(TA
.

(13)A)P =
3ipj

- 3 - 1 pj13

(E/m)3 = ratio of ef fective absorted energy to mass of the organ
of interest for an adult

T = total time over which dose commitment'is calculated (50 years)g
.T = time of intake (one year) '

y

3 = index for adults
p = 3 or 4 for inhalation or ingestion, respectively

(Hoenes 1977)

2
For inhalation of insc'"ble nuclides,

-
- '

2

h)A-
l

- exp -(T -T ) A',- - A - IA ) (14)P T3A
-

g 1 + exp -T *A=
33. j e

-

-
-

-

2
'0TyA - exp -(T ~ I ) A + exp -TA*A A)-

A- I e
.
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3, = index for adults
i = index for insolub'se nuclides
p = 3 or 4 for inhalation or ingestion

Noble Gases. Dose to the lung from inhalation of noble gases

Dai3,6 = (Gaio E,4)3,6 (15)

E,4 = energy for disintegration absorbed in lung (MeV) for age-group a
and nuclide i

G,$ - = constant deterened by age-specific biological parameters, listed
in Hoenes ard Soldat (1977)

3 = inhalation pathway index
6 = organ index for lung,

. Dose to the GI Tract.

-Ingestion

D,44,7 0.0256Yjf*(h) exp(-Atj) (16)
'

-=
R

Inhalation

0.0256tjf*f,(h) exp(-At;)D =
a13,7 R

Y', = days of travel time in LLI for age group a

_(E/m), = ratio of effective absorbed energy to mass of the
,

constants of LLI for age group a
= radiological decay constant

R

-t', = travel time to LLI for age group a
f* = l-fg = fraction of radionuclide remaining at entrance to LLI
f, = - fraction of inhaled nuclide reaching the. LLI
7: = -organ index for GI tract
3 ^ = inhalation . pathway index .
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4 = ingestion pathway index

Daughter products may contribute significantly to the dose received and
were included in the calculations. For a more detailed discussion see Hoenes and
Soldat (1977) .

Dose to the Gonads.. The age. dependent dose comittment to the gonads

was not cal culated. Instead, the recent ICRP Report #30 was used to provide a
comitted dose equivalent to various ta rget organs for every nuclide. The

.comi tted dose equivalents have been transfomed from sieverts/ becquerel to
rem /pCi. For a discussion of the method used in the calculation of the committed
dose equivalents refer to ICRP 30 (1978).

6.9.2.3 Gamma Exposure Constants. Gamma exposure coastants loaded in the gamma

exposure.(GE) array are calculated by'

GE = k(E)(Energy)(Yield)(3.7x1010)

Values of k(E) were .obtained from Foderaro (1976). These consta nts were
calculated as fellows:

D(R/hr) = 6.57x10-5( ) air Et(E) (17)

E i n MaV

* (E ) in cm(-21sec(-1)
( u/pl in cm g,-12

air

GE values . are grouped _ into ten energy-dependent levels and used in the DIRECT

subprogram. -
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6.9.2.4 Stable Element Transfer Constants. To calculate the dose to humans from
the relea se of radionuclides into the environment, the elemental intake of

various elements is required. These intakes are assigned in subroutine STABLE as
Stable Element Transfer Functions. These values are obtained from NRC Regulatory

Guide 1.109 (1931.

6.9.2.5 Decay Constants. Decay constants for every radionuclide are stored in
the first subfile of NUCDAT.FIL. The decay constant array DC(I) is filled along
with the dose factor array DOSFAC(I) by subroutine DSSFAC. The decay constants
are l isted in tems of years , and were compiled from many sources, including

,

the Knolls Atomic Power Labratory Chart of the Nuclides.

6.9.3 Interfaces

6.9.3.1 Interfaces with Data Base. All of the nuclide data is contained in the
-large disk file NUCDAT.FIL. There are eight dose pathway subfiles, corresponding
to the eight pathways listed in section 6.2.1.3. In each subfile, information is

listed wi th the correct nuclide identifiers, IID and NUCNAM. The nuclides are

listed sequentially in each of the subfiles according to the IID number.

Non-pathway dependant information is listed only in the first subfile, to prevent

wasteful duplication of cpu time. The array filling routires are set up to reaa

non-pa thway dependant information only from the first subfile.

6.9.3.2 Comon Bl ock Da ta . The function of PRED05 i s to fill data arrays that

are needed in other subprograms. Because of the large amount of da ta requi red

from each nuclide, it is not practical to store- this information internally or to

fill up the core memory with data from every possible nuclide. In order to be as
e f ficient as possible, the required data must be selectivly obtained from the

data base for only the nuclides identified in the particular relea se scena rio

being run.
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6.9.3.3 Output. PRED05 outputs a number of common block data arrays.

IID(I) Isotope identification number (6-place integer)
Columns 1 2 Atomic Number Z
Columns 3-5 Isotope Number

Column 6 Metastable Flag (0 or 1)

NUCNAM(I) Alphanumeric isotope identification number
.(This is input array formatted 7.A3)

00SFAC(1,J,K) Dose conve. sion factors formatted IPE9.2

I Nuclide index
J Pathway inder.

K Organ index

GE(I E) Gamma exposure constants-

I Nuclide index
E Energy grouping .index

,

DC(I) Decay constant

VD(I) Dry deposition coefficient
CS(I) Number curies in source
C(I) Number curies in operation
BIV(IEL) Transfer constant for vegetation

_

FM(IEL) Transfer constant for cow's milk
FF(IEL) Transfer constant for meat
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7. SENSITIVITY STUDIES

7.1 INTRODUCTION

The main objective of the sensitivity studies in thi s task is to

provide information on the relative importance of various independent variables

in the model and the rel ative importance of key independent variable
interactions. Subsidiary objectives are to guide the final form of the shallow

land burial systems model in terms of required input and output and the

calculational approach.
With a model of the size and complexity of the systems model, it is not

fsssible to exercise every singl e independent variable of which there are

hundreds. Whatever statistical sample one uses, no signi ficant results can be
generated for hundreds of variables without running thousands of computer cases.
Part of the objective . is- then to determine a reasonable number of independent
variables or sets of variables which should comprise a sensi tivity study

sufficient to meet the needs of shallow land burial systems analysis. Of key

importance is to examine variables for which accurate data may be di fficul t ' to
obtain.

7.2 METHODOLOGY

Due to the large number of variables involved in the Systems 4cdel ,
initial efforts were nade to truncate the -number' of inputs to only include

var f ables . that were believed to be important in the medel. This truncation was
done cased on past experience with the codes, engineering judcement, and

preliminary test runs of the codes.
Following .the reduc tion , common variables were grouped to form

categories such as weather, geol.ogy, etc. These categories were treated as

single variables rather than as the mul tiple variables of which they are

composed. Additionally, portions of the model and analyses which have no

interaction were' separated to reduce the size of the sensitivity study'due to the
sindividual' rather 'than combined analysis of each piece.

7-1
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Additional reduction of the size of the sensitivity study was made by j
'

enploying statistical design of experiments techniques. Fractional factorial

designs were developed which significantly reduced the nunbar of required runs.
These designs were analyzed using standard analysis of variance techniques. The
results of this evaluation indicated which variables and interactions have
signficant inpact on the Systens itdel results.

7.3 INDEPENDENT VARIABLES

In order to carry out a comprehensive sensitivity study on the Systems
Model it was necessary to identify independent variables to be exercised. The

key in put variables normally used in the Systems Model are listed in Table 7-1.
While the code uses many other variables they are generally utility flags for
code control or problem mode ce are insignificant to variations expected in;

shallow land burial system. Table 7-1 contains a rather large number of

variables. Even a small fraction sample of a two level factorial design would
require thousands of computer. runs. This was impractical from a cost and

schedule standpoint. Furthermore, such fine-structure in sensitivity results was
judged too voluminous to be usable and far beyond expected analytical needs.

Two things were done to reduce the necessary cases in the sensi tivity
study (1) the variables were grouped into 16 variable sets, each set then being
treated as one independent variable and (2) water path and air path sensi tivity -
were separated resulting in addition of two case sets rather than multiplication.

:

' 7.3.1 Yariable Groupings
Table 7-2 shows the variable groups used in the study. The cambination

of variables was carried out with . logical groupings in nind. For instance,

rai n- fall , evapo-transooration and wind speed / stability frequency function were
conbined to form a weather group. Groupings for-agriculture, geology, and others
were sinilarly.made. In other cases two or more variables were used in the nodel
as a unit grouping because they never have an individual role. For exanpl e ' in -,

aqui fer' transport the . problem is solved in terms of water travel time which is-
<

aquifer length divided by aquifer velocity. Thus, travel time was used as 'a

variable group.

L-
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Table 7-1.

Key Variables Used in the
Shallow Land Burial System Model*

s

i Variable
14ame Description Units

4

2
ORIENT !!uclide quantity in trench (by nuclide) Ci/ft

-,

RAIN Rainfall over normal wet period ft/hr

-

DRY Evapotranspiration in dry period ft/hr

TIMWET Duration of wet period hr

-TIM'~" Duration of dry period hr

F Frequency array of wind speeds and stabilities --

O
MAT Mean annual temperature C

IP Population - distance array ? of people

SH Stack height n

SQ- Heat release ( fires, etc) cal /sec

FLOWR Water turnover rate in water body 1/yr

2
.PR000C Crop production kg/kn -yr

FVA Fraction of land area with crops --

NCPY Number of harvests'in a year f/yr

BEEF Number of cattle per km - #/km.

COWS Number of dairy cows per km #/km

XZ Length of aqui fer m

' elocity of aqui fer water m/secVVZ

2El Dispersion coefficient 'in aqui fer cm /sec-

RNWV Reciprocal equilibrium constant for.nuclide
sorption in the aqui fer. --

.JK- Number:of. layers'in soil' column under the trench --

- DD(JK); Array of distances to soil layers from ground

~7-3-
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'

surface ft

| CONC 0F Water flow conductivity factor by layer --

- -KD(JK) Nuclide sorption retardation factor by layer ml/gm.

SOLFAC Nuclide solubility gm/cc

LYR Layer number where nuclides are buried --

.

-HTBR Height of wind barrier at site (e.g., a fence,
wall, trees) n

ANGWND Prevailing wind direction deg

'

ANGL - Field angle to wind deg

FW Field width n
(FWxFL= total trench area),.

FL Field Length m

R Equivalent vegetation cover kg/d<

XLSP Knollsiope of trench cap *
.

' RDGHT- Soil surface ridge height n

RDGSP Soil ' surface ridge spacing a

RDGRGH- Soil surface roughness m

PAG 84 ' Amount of aggregates greater than 0.84 m
di ameter.. *

.

SAIR' Amount of soil remaining in suspension *
.

-

"

g.
-

.

bg

#.,.

N

#
,.
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Table 7-2.
4

Variable Sets Used in Sensitivity Testing.
,

I

: Variable Set Variables in
' Nunbar, Name- Set

,

1 INVENTORY ORIENT
,

,

'

2 WEATHER RAIN, DRY, TIMWET, TIMDRY
F, MAT

3 dei 40 GRAPHY IP
,

4- STACK SH, SQ
4

5 WATER BODY TURNOVER FLOWR

; 6 AGRICULTURE- PRODUC, FVA, NCPY, BEEF,
COWS

7 AQu!FER TRAVEL TIME XZ, VZ
1

[ :8 AQUIFER DISPERSION El

9 AQUIFER SORPTION RNWV

10 SOIL COLUMN GE0 LOGY JK, DD(JK), CONC 0F,

11 SOIL COLUMN SORPTION KD(JK)

12 NUCLIDE SOLUBIITY SOLFAC -

13 BURIAL DEPTH LYR

14 SITE WIND RESISTANCE HTBR, ANGWND, AllGL,- FW,
FL, R

'
15- SURFACE GE0 LOGY KLSP, RDGHT, RDGSP,

'RDGRGH.

16- S0ll SUSPENSION CHARACTERISTICS PAG 34. . SAIR
. .

'

-= 7- 5 .
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! 7.3.2 Air Path Variables
The air and water path were separated because there is no coupling

between them in the model . With no coupling no cross-e f fec ts or interac tions
! between the two were expec ted. Of course, the effect of unsaturated flow is

still important since the soil column behavior is largely responsible for wind

erosion inputs. The aqui fer transport, however, is unimportant because of weak
dependence of soil surface concentration on the amount of nuclides lost to the

aqui fer.

Table 7-3 lists the variable groups required for air path sensitivity
and the levels used in the sensitivity tests. Note that all sensitivity testing
was carried out wi th one nuclide. Some variables had two levels (high-low or
"best-worst") and some had three. Three levels were speci fied where non-linear
response was considered probable or where the variables were especially

,

ir .or tant.

j 7.3.3 Water Transport Variables

Variable groups and their levels for water transport sensi tivity are

listed in Table 7-4. In some cases a different number of levels were used for'

some variables that were also used in the air transport sensitivity. This was
; because of different estimated response characteristics.

7.3.4 De fault Variables 'and Constants
For the sensi tivity :,tudie s some variables were held at a constant

'

value or were returned to a default value when not specified. These values are

given in Table 7-5.

'
,

7-6'
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Table 7-3. Levels Used in Air Path Sensitivity.

,

f

Values
Variable
set No. Variable Units Level 1 Level 2 Level 3

2
1 CRICNT Cf/ft 1.CE-0 1.CE+0-

2' RAIN ft/hr 1.0E-7 6.CE-6 4.CE-6

CRY ft/hr 5.0E-3 5.CE-4 1.CE-4 i

i
TIMWET hr 3.0i+3 5.CE+3 7.3E+3

TIMCRY hr 3.0E+3 3.8E+3 1.5E+3#

F. See Table 3-Ja-

MAT 'c 1.5E+1 1.!E+1 1.!E+1

3 IP See Table 3-3b-

4 SH a- 0.0E+0 1.5E+2-

50 cal /sec 0.CE+0 0.CE*0-

6 PRCCUC Kg/Km2-yr. 1.CE+2 1.CE+4 1.CE+5
'

FVA~ 5.0E-4 5.CE-2 5.CE-1-

-NCPY yr*I 1.CE4 2.CE4 3.0E+0

SEEF' Km*2 0.CE+0 5.CE+1 1.CE*2

COWS - Ka 2 . 0.CE+0 1.CE+1 2.CE+1

10 - JK' 10 15 20-

~ C0('K) See Tacle 3-3c-

CCNCCF . See Table 3-3d-

: 11 K3 m1/gm See Table 3-Id
12 - SCLFAC - gm/c: -1.CE+1 5.CE+1-

13- LYR 5 - ' 10-

,

-14 HTSR m 1.CE+1 0.CE*0-

ANGWND deg- 0.CE+0 5.CE+1-

ANGL. deg ' 9.CE+1
'

. 2.CE*1-

'
- FW m '1.CE+2 5.CE+2-

FL a 1.CE+2 5.0E+2.-

2
R Kg/m 2.EE-2 2.3E-3-

15 KL5P i -0.CE-0 - 5.CE+0 - 1.CE+1

-ROGHT - m 5.CE-2 5.CE-2 0.CE+0

RDGSP . m 1.3E-1 1.3E-1 - 0.CE+C

'RDGRGH a 9.CE-2 5.CE+1 1.CE*1

16 PAG 84 - : 7.CE+1 4.5E*1' 1.CE+1 -

- SAIR :- 5.0E+0 2.5E+1 ~ 5.CE*1

'

,

m

Y M
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Table 7-3a. Weather Frequency Array F(I, J)
for Air Path Sensitivity

Level 1

Velocity 0.35 1.11 2.0 2.89 4.25 6.72 I
m/sec

Stability
class

A 0. 0.00128 0.00432 0.00397 0.00304 0.
B 0. 0.00794 0.02744 0.01214 0.00385 0.00012
C 0. 0.00899 0.00230 0.00864 0.00269 0.
0 0.01693 0.13031 0.09633 0.05126 0.04075 0.00339
E 0.10426 0.09727 0.02300 0.0308 0.00420 0.00035
F 0.12085 0.01857 0.00175 0.00012 0.00012 0.
G 0.16371 0.00724 0.00023 0. 0.0 0.

Level 2

Velocity 0.75 2.25 4.0 6.5 9.2
m/sec

Stability
class

A 0.0103 0.0915 0.11 0.0473 0.00021

3 0.0021 0.0154 0.0112 0.001 0.

C 0.001 0.0154 0.0082 0. O.

0 0.0195 0.0586 0.0370 0.0164 0.0010

E- 0.0057 0.0832 0.0740 0.0257 0.0010

F 0.0430 0.0627 0.0164 0.0 0.
G 0.1132 0.0987 0.0031 0.0 0.

7-8



Table 7-3a.(continued)

Level 3

telocity 0.67 2.46 4.47 6.93 9.61 12
m/sec

Stability
class

A 0.17 0.0361 0.021 0.0135 0.0071 0.0052

8 0.17 0.0361 0.021 0.0136 0.0071 0.0052

C 0.171 0.0362 0.0211 0.0136 0.0071 0.0053

0 0.0487 0.0294 0.0226 0.0194 0.0117 0.0095

E 0.0277 0.0304 0.0429 0.0602 0.0327 0.0167
F 0.0393 0.0503 0.0597 0.0506 0.0182 0.0085

G 0.0254 0.0351 0.0382 0.0205 0.0019 0.0002

.
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Table 7-3b. Population - Distance Array for
Air Path Sensitivity.-

IP(NR)

> - Distance Distance Level Level Level
i - Index (m) 1 2 3

_ ,

1 4E+2 5.0E+1 2.0E+1 1.0E+1

2 lE+3 5.5E+2 1.8E+2 9.0E+1

-3 2E+3 1.0E+4 3.0E+2 0.0E+0

4 8E+3 1.0E+4 0.0E+0 0.0E+0
,

5 1E+4 5.0E+4 2.0E+4 9.0E+23

6 1.5E+4 2.4E+4 2.0E+4 5.0E+3,

1

7 '2.5E+4 - 5.4E+3 4.0E+4 1.0E+4-

8' 5E+4 0.0E+0 1.0E+4 2.4E+4

9 6E+4 0.0E+0 9.5E+3 5.0E+4-

10 8E+4 0.0E+0 0.0E+C 1.0E+4

i:

!-

!

.

J '

M

't

4

.' .
i

$.
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Table 7-3c. Locations of Layers for Air Patn
Sensi tivi ty.

DD (JK)

Layer Level Level Level
Index 1 2 3

'
1 5.0E-1

2 1.0E+0

3 2.0E+0

4 8.0E+0

5 1.0E+1 y
6 1.5E+1

7 2.0E+1

8 2.5E+1

9 2.7E*1

10 3.0E-1 s

11 3.5E+1 '
12 4.0E+1

13 4.5E+1 N
14 4.7E+1

15 5.0E+1 ,
16 E.0E-1

17 7.0E'l
18 3.0E+1

19 9.0E+1

20 9.5E'l

7-11
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Table 7-3d. Conductivity and KD Arrays in Air Path Sensitivity
.

,

LEVEL 1 LEVEL 2 1EVEL 3
,

i LAYER INDEX CONC 0F- KD CONC 0F KD CO?tC0F KD

j 1 1.0E4 5 0E+0 1.0E+0 2.0E+1 5.0E-1 5.0E+1

2
,

y y

| 3 8.0E-1 1.0E+1

4

5 y y
.

6 y y 3.0E-1 2.0E+2
9

y.

7 6.0E-1 5.0E+1 2.0E-1 3.0E+2
.

8

I 9 y - p

; 10. 1.0E+0 .5.0E+0- y y

11.'- 5.0E-1 1.0E+2 y y,

12 1.0 E-1- 5.0E+2'

l3 f .f-.

.14 1.0E+0 2.0E+1

i f15 p y

'16 6.0E-1 7.0E+2-
>

17

18

19-

20- I 4

&

-

.

[

/

, , - t7-12*
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Table 7-4. Levels Used in Water Fath Sensitivity

:

;

Variable UnitsSet Level 1 Le e 2 Level 3
. , .

1 ORICNT Ci/ft 5.0E-3 1.0E+0
v

? RAIN ft/hr 1.0E-2 6.0E-1 4.0 E+0

DRY' ft/hr 1.0E-3 5.0E-4 1.0 E-5

TIMWET ft/hr 3.0E+3 7.3E+3
'

TIMDRY f t/h r . 3.0E+3 3.8E+3 1.5E+3

5 FLOWR ~ /yr 1.0E+12 1.0E+14e

7- XZ m 4.0E+1 2.0E+21.

VZ. m/sec 5'.0 E-2 5.0E-3
2'

8. El- em /sec 1.0E-3 1.0E-5

9 RNWV 1.0E+0 5.0E-1 1.0E-1-

s
.

-10 JK 10 15 20--

DD(.JK) ~(see Table 3-3c)
-

' CONC 0F .(see Table 3-4a)
11- KD(JK) (see Table 3-4b)
12 SOLFAC gm/cc 1.0E+1. 5.0E+2

,

.

v

I

L

L I

e

7 13.
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Table 7-4a. Water Flow Conductivity Array for Water Path
Sensitivity.

~

CONC 0F
o .

; LAYER INDEX f.EVEL 1 LEVEL 2 LEVEL 3 ]
: ;.

i 1 1. 0, E+0 . 1.0E+0 5.0E-1

2 y.

3 8.0E-1g
4 t

1.

| 5 y
1 6 If. 3.0E-1 y
*

7- 6.0E-1 2.0E-1
', .8

9 y.

'10 1.0E+0 y

11 5.0E-1 y
'

12- '1.0E-1
13' y

14' 1.0 E4 -,.

I 15' f y._

16 6.0E-1

.- 17 -

18

19'
'

20 l-
5

5

i ,

!

.5

'/

, ..+. '7-14
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Table 7-4b. KD /rray for Water Path Sensitivity.

.

' ~

Layer Index Level 1 Level 3

'l 1.0E+1 1.0E+3

-2
L

*

3
c. ,,

, ,

4 1.0E+0 1.0E+1

f 5-

6

7i

u. ,,
,

'

.8 1.0E-1 1.0E+03

i-~ 9
t-
< $

10-4

:-

11:.
,,

12 5.0E-1 +
.

13'

3

[ 14

15
,,,

16 - 1.0E-1

. 17

18-

19'
-

20 " "

. .

.
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fable 7-5. Constant Values for Sensitivity Studies.

Constants

No. of population vs distance grid points = 10NR =

PAGE Age distribution fractions=

Child, Teen, Adult = 0.25, 0.15, 0.60

DNSTY = Soil density = 1.8 all layers

7-16
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7.4 EXPERIMENTAL DESIGN

The number of cases to be run in the Systems Model sensitivity study is
potentially overwhelming from a cost, tine, and data standpoint. Despite the

reductions discussed in Section 7.3, a signi ficant. number of possible

combinations of variable values remain that could be evaluated. If all possible
combinations were to be considered in the water path sensitivity study, the

63 x2 or 1728. For the air pathnumber of Systems Model runs required would be 3
0 x26 or 46,656.sensitivity study, the number of combinations would equal 3

' Thus, further reduction was necessary in order to keep the sensitivity study at a
reasonable level .

7.4.1 Approac h .

No reductions coul d be made at this point by eliminating variables,
reducing the' nmber of levels, or by additional splitting of variable groups

without losing significant information. Therefore, the method chosen for further
reduction in this _ case was the - application of statistical techniques from
experimental _ design methodology. Specifically, fractional factorial designs were
developed for' both the air and the water path sensitivity studies, This

methoddogy reduces the size of the study to.a nanageable level.
Factorial experimental designs look at all combinations of levels of,

the input variables. Information gainea m thi s technique can be used to

evaluate the . e f fec t that the mai" wtables and all their interactions have on
the res:.'" By reducing statistical in formation dealing with interaction'

effects which are felt to be insignificant, the sample size of the experiment can
be reduced. The information that is lost is confounded or blended wi th the
remaining ' information in a manner which prevents extraction using statistical
techniques. Thus i f an- interaction effect, which was- fel t to. be of little
importance, is confounded with ~a _ main variable effect, .the statistical effect of
the main -variable-is really the effect of either the main variable, or the

interaction, or both. No statistical test can separate the confoundet pair.
In experiments ' where high order interactions are thought to be

insigni ficant, _ sample _ sizes can be greatly redaced. - The e ffects of high order
'

' nteractions~ are confounded with the' effects of the main variables. Sample sizes -i

7-17
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4 are reduced by fractions equal to powers of the number of level s of the

variables. In experiments where the variables have multiple prine levels, as is "

I the cases in both the air and water path sensi tivi ty studies, the frac tional
factorial designs are developed by grouping variables of equal levels. The total
design is simply a factorial combination of the separate designs.

A fractional factorial design is developed by equating a nuncer of nigh
order interactions of the variables with an identity effect. Rules are applied
to develop the remaining portion of the defining contrast. Once the contrast is

9 known, the remaining aliases of the variables and interactions can be found by a
simple overlap technique. A discussion of the details of this development is

7

found in design of experiments texts (Anderson,1974). Sone details are provided
in the following " sections.

,

7.4.2 Air Path Experimental Design
The air path sensitivity study has a total of twelve variables of wnich i

six have three level s and six have two leve s. Thus, there is a potential of
6 63 x2 or 46,656 tests o f the Systems Model as stated earlier. This experiment

is divided into ' two parts for the purpose of developing the design. The six
,

three level variables were hanf ed separately from the six two level variables. ;

The design was a 1/72 repl : ate of the total factorial. This was defined by ;
'

6 6forning 'a 1/9 replicate of the 3 factorial and a 1/8 replicate of the 2
! fac torial desi gns. . The final sanple size consisted of 648 out of the A6,666

possible samples.
j The six three level variables were covered first. Table 7-6 presents

6 ~

the design of a 1/9 replicate of the 3 factorial . The letters A through F
represent the six variables. 'The superscript on the letter indicates the level
with zero being the lowest level.

To de fine the contrast,. two interactions must be chosen since the

design is a (1/3)2 replicate. The interactions selected were ABCD and CDEF. The
I - remainder of the contrast is found by finding the following. interactions. First

is the-interaction of_ the. two crimary interactions and second is the interac tion'

of the first primary - interaction with the square of the ' second pricary
interaction. The renainder of the interactions are just _ the squares o f _ the
previous ' interactions It should be noted ' hat A32~ is equivalent to A B in this2

t

4

6
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6Table 7-6. 1/9 Replicate of 3 Factorial Design.

#2
ABE F = EABCD1 = ECDEF) = EABC D EF) = E ABE f 3ABCD = .CDEF ABC D EFDefining Contrast ! ===

Aliases or confounding scheme -

BE fBC D LFAC D E IBCD =AB EF- =AB CDE F =
ACDEF =#d C DA = ===

2 2222 BC D [2f2 AE fAC D EFACDAB E g =
AB C D EF = =

BCDEF
=B = + 00 ===

2222 ABC g gABCD EFDEFC'= ABC D ABD =ABCE F =
ABD EF =CD E I ====

II22- 2 2 ABD E fABC DEFCEF. =
ABCABDE F =

ABC EF- =
CD EFABCD =0 = -==

2 222 2 ABEfABC D FCDFABCDE
=

ABF
=e GE F - ABC 0 E F =

E ABCDE
===

2
2 2 2 2 ABE FABC D ECDEABCDF

=
ABE

=
ABC D EfF CDLf =

ABCDF. === ==

2222 EFCl4 FABC D E F =CDABEFABCDE F =
ABCDEF

=AB = .ABC 0 ====

2 2 22 22 22222 BEFAB2, , gg D gggDgg BCDE F =BC 0AEF-ACDE g ,
AB LDEF = ====

22 k![ bet BC E IBCD EfAD E FAB C EF BD
==AB DE F =

AC AB CD === =-

2 BCE fACI= AB D BD EFACD E FBC D =
AB CEF =

AB C DE FADLF
===-==

222 222 2 22 BD E Igg DEFAC 0 F =
BCAB D EF ,

ACD EF AB CE F =AB g DAD =i a.==
2 2 2 BDE ,22AC gg ,222 2 2 gg EIBCD

=
AB DEF3g 00 E F ,=gggyAD = AB g ==,,

2222 2 I 2 2 2 22 BEfBC D FAC 0 7BCDEgg F =
AB CDEf =gggg FAB g 0 g =

AE =,== ,

2 2 22 ~

AB CDFAE2, gg c?DE BlBCDEFAC D EFBCDE =gg E F ==ACDf == ,=

2 222 22 222 2 BL 7gg 0 EAC 0 EtlCDF =
AB E

,
AB CDE FAF AB 0 0 f ACDEF

=== == =

#2' 22 AB'CDE 2 2 tilBC D EfAC D E FBCDFAB gg ==Al ABCDF ACDE
=== ===

2 2222 2 #2 Au?CD gg ACE fAD EFBCD E fgg D =gggg7 =
BC AB D UDEF

=,= ,=-

2 I2DD2, 3,g C ADL IAC EFBC DE I *ACDAB D E FAB C DEFBCEF
======

AEh2 2 AC D FBC D IF.DE =Ali fAB C D E F =
DE AB CDL BCDE F = === ==

22 '

AB L AL FAC D EBC D LACDf =
Bf AB C D ifAB CDI =

15CDLF == == ==

ABC DE ,2# 2222 22 ABu?CD2, - ggc2 . tg ,2 ABCEFDL 7ABCD E 7 =
ABDE F

== -=-,
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6Table 7-6.11/9 Replicate of 3 Factorial Design (Continued).

2 2 2 2 2 I 2 ICE - = AbC DE .. 'CD gg DF A8CD F ABC EFAbCF A8DE. = ABD E F =- == =-

CE , - 22 2 2 ' DE F ABC ,22CD F '- ABCD E FA8DE3,g DE A80 F A8CEF == == = = =

2 2 2 2 2
A8CD E'CF = ' ABC DF A8DF =. DE ABC E FCD E F = A80 EF ABCE ==== =

2 2 2 22
2 2-CF2,- 3,g DF . .,. - DEFCD (2

2 A80 E- ABCE F ABDF- ABCD gp A6C E=- == = ==

2 2 2 2 222 ~ ABCD g22 . CD F ~ ABC F~ A8CE'DE CE 7 33g DE FABDEF A80 g= , = =- = = ,=

2 2 2bf . ABCD F ~. CD E ABCF CEF ABC DEF A80 EABC E A8DE F= == = =- =

2 2 2 222 2 2 2EF =. ABCDEF CDF ABC D F ABE3,7 . ABCDE Fggg 3,g 0 g =, , = = =,

2 22 2 2 2T 22 2 2 2 3,2 2gFACE AB CD g = AC DE F gg EFA8 DEF BDE AD g 8CD 7= , = = ,= -

' ACE 2 2 2 22 2 2 #2
A8 CD rJ =; AC DF . AD EF BC FAB C E F BDE BCD E FAB DF= = === ==

2 2 2 3,2CF 2 I 2. AC E = A8 u'E ADE F ~= AB C DEF ,. BD F bCEFBC DE ACD F = ==- = =

2 2 2 gg,22
ADF'_- .AC E A0 D E AB CE F - ACD EF BD E 7AB C DF BC DE= = a ,== = =

o
2 2 2 2 2 2

ACF
'

AB CD F - .. BC E F.AC 0FF gg 0E F ~ AB C E AD E BCD EBDF= =, = = = =

2 2
~ A8 DE2 22 2 2 2 22

- ACF A8 CD F .'AC DE BCD gggg g EF gg gBDF AD E F= = , =. = ,=

2 222 2 22 2 2 2 2 22 I 2ADEF ;, 3g C DE pAC 7 ,. _3g 0 f 3g CE BC 0F ACD E= BD E BCE F
, = = = =

,

22 22 22 2 2 2 2AC 7 , 3g 0 7 ,-
ADE. ' =- A8 g DE BD EFA8 cgp BC DF BCEACD E F === = =

AI M = An C DE ACD F' . A8 CF2 2 2 2 2A8 D E F BCE AC EF gg 0E F 80 F-= . = = = =,

2 222 2 3g?CD EF2 2 2 2AD E = A8 c g ; 3cg p BDEFAB DF. BCD E gg 0F BC F, , = = = =,

2 2 22
Auf2= 22 2 2 BCF AC E F BC ggg BD g= = ==A8Ccf. . .ACD E Ad CE A8 0 EF ;= =

2 2 2 2 ' = 2 2 2 2AU F Ah C F ALLi ' AD CD L F A8 DE AC DE BC E BDE pBCD F= -= = = == =
,
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methodology. That is AB2 = ( AB )2 None of the interactions displayed are shown2
.

with a squared first variable by convention.
The result of Table 7-1 is developed by finding the interaction of

variables and interactions hat have not been involved in previous parts of the
table with the defining contrast. Looking at the first row with the main

variable A, the development proceeds as follows . A's interaction with the
2'

i denti ty , I, is simply A. The interaction with ABCE is initially A BCD. By j

convention this is squared to find the interaction without a squared first tern.

2 4222 222The square of A BCD equals A 8 C 0 which in MOP 3 equals AB C 0 as shown in the
tabl e. Another example is the last term in the first row. A's interaction wi th !

3244 222#4(ABE p2)22 or with equals A g E F which in MOD 3 equals B EF which byA8EF
convention equals BE 7 . The development continues in thi s manner until all |

22

interactions are covered. |

Note tha t the main vwiables are not confounded with any two factor

interactions. Some two factor interactions are confounded with other two fac tor
interactions, however.

-Table 7-7 is the development for the six two level variables. In this I

case, the design is a (1/2)3 replicate which indicates that three interac tions
must be confounded with the identity. The variables run from G through L and the
' three defining interactions are GHI, JKL, and GHKL. Note that one of the

resul tant interactions in the defining contrast is IJ, a two factor interaction.

Also note that the variable I is confounded with the variable J and that many two j

factor interactions are confounded with the main variables.
It was then possible to assign the actual model parameters to the

experimental design variables. The result of this assign.ent is shown in

Table 7-8. The parameters were assigned in a manner to allow the maximum
information to be gained on two factor interactions which were fel t to be

signi ficant. The parameter, nuclide quantity, is confounded with the parameter,
stack height. Thus, one of these parameters was set constant in order to gain
any in formation at al? about the other parameter. Since nuclide quantity was a

parameter in the water path sensitivity study, it was set to a constant value in
thi s design. Interactions evaluated were as follows:
AC, AD, AE, AF, AG, AK, AL, CE, CF, CG, CH, . CL, EF, EG, EK, FG, FK, GK, and GL.

All other interactions are fel t to be insigni ficant or are confounded with

evaluated effects.

7-21
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6
: Table 7-7. 1/8 Replicate of a 2 Factorial Design. |

|

|

'

Defining Contrast I = GHI = JKL = GHIJKL = GHKL = IKL = GHJ = IJ

Aliases or Confounding Scheme |
i4

m

G .= HI GJKL HIJKL GIKL=- HKL HJ GIJ= = = = =
,.

GIH HJKL ' = GIJKL GKL HIKL GJ HIJ= = = = = =

I GH IJKL GHJKL GHIKL KL GHIJ J= = = = = = =

GHIK ..JLK GHIJL .GHL IL GHJK IJK != = = = = = =.

:L = GHIL JK' GHIJK GHK IK GHJL IJL~= = = = = =

~ GK: HIK GJL HIJL HJKHL GIL 'GIJK= =- = = = = =

' GL HIL' GJK = HIJK HK GIK HJL GIJL= = = -= = =

:

4

i-

1

I

~

m

. ($ '

y.

e

%

s

R
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Table 7-8. Air Path Sensitivity Study
variable Definitions.

|

i: - Variable Variable Name

A Weather

l' B Agriculture

C Layers in soil column
4

|. 0 '0emography

E Cap' characteristics
.

F Soil size-

G Burial' depth

H- 'Nuclide solubility _

I .Nuclide quantity
--"

J Stack.

i
K Site wind-resistance

L . Retardation. factor-
k,

.

!

s

*
6

-

+
,

s,S"
~

..

~
'
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0: Table 7-9. Sample Blocks for 1/9 Replicate of 3 Factorial.

Deftstng feuettons

ASCO: I + 1 * 3 * 3 = 0, 1, 2. M00 3g 2 1 4

COUt 1 + I * I + 1 = 0,1. 2. KO 3
3 4 $ 6

Levels of ASCO: 0 0 0 1 1 1 2 2 2

Levels of CDEF: 0 1 2 0 1 2 0 1 2

1 000000 000001 000002 000102 000100 000101 000201 000202 000200

2 000012 000010 000011 000111 000112 000110 000210 000211 000212;

3 000021 000022 000020 000120 000121 000122 000222 000220 000221

4 001200 001201 001202 001002 001000 001001 001101 001102 001100

5 001212 001210 001211 001011 001012 001010 001110 001111 001112

6 001221 001222 001220 001020 001021 001022 001122 001120 001121
-

'7 002100 002101 002102 002202 002200 002201 002001 002002 002000,

8 002112 002110 002111 002211' 002212 002210'- 002010 002011 002012

9 002121- 002122 002120 002220 002221 002222 002022 002020 002021'

. 10 010201 010202 010200 010000 010001 010002 010102 010100 ' 010101

11' 010210 010211 010212 010012 010010 010011 010111 010112 010110

J 12 010222 010220 0!O221 010021 010022 010020 010120 010121 010122

:13 011101 ~011102 - 011100 011200 011201 011202 '011002 011000 011001,.

14 011110 . 011111 011112 011212 011210 011211 - 011011 011012 011010

15 ' 011122 ' 011120 011121 011221 011222 011220. 011020 011021 011022

16 012001, . 012002 012000 .012100 012101 012102 012202 012200 012201

- 17 - 012010 -012011 012012 012112 012110- 012111 012211 012212 012210

> 18 012022 012020 012021 012121 012122 012120 012220 012221 012222

19 020102' 020100 020101 020201 - 020202 020200 020000- 020001 020002

' 20 020111- 020112 020110 020210 - 020211 020212 020012 020010 020011

21. 020120 020121 020122 '020222 070220, L020221 020021 020022 C20020

22 021002 021000 021001 021101 ~ 021102 021100 021200 021201L 021202

23 ' 021011 021012 021010 021110 021111 021112 021212 J21210 .021211

24- 021020 '021021 021022 021122- - 021120 021121 021221 021222 021220

25 . 022202 022200 .022201 022001 022002 ,022000 .022100 022101 - 322102

.1 ~
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Table'7-9. Sarnple Blocks for 1/9 Replicate of [ Factorial (Continued).

i

Levels of ASCO: 0 0 0 1 1 1 2 2 2

Levels of COU: 0 1 2 0 1 2 0 1 2

26 022211 022212 0??210 022010 022011 022012 022112 022110 022111

27 022220 022221 022222 022022 022020 022021 c22121 022122 022120 |

28 100201 100202 100230 100000 100001 100002 100102 100100 100101

29 100210 100211 100212 100012 100010 100011 100111 100112 100110 1

30 100222 100220 100221 100021 100022 100020 100120 100121 100122

31 101101 101102 101100 101200 101201 101202 101002 101000 101001

32 101110 101111 101112 101212 101210 101211 101011 101012 101010

33 101122 101120 101121 101221 101222 101220 101020 101021 101022

34 102001 102002 102000 102100 102101 102102 102202 102200 102201

35 102010 102011 102012 102112 102110 102111 102211 102212 102210

34 102022 102020 102021 102121 102122 102120 102220 102221 102222

37 110102 1101CW 110101 110201 110202 110200 110000 110001 110002

38 110111 110112. 110110 110210 110211 110212 110012 110010 110011

39 110120 110121 110122 110222 110220 110221 110021 110022 110020

40 111002 111000 111001 111101 111102 111100 111200 111201 111202

41 111011 n1012 111010 111110 111111 111112 111212 111210 111211

42 111020 111021 111022 111122 111120 111121 111221 111222 111220

. 43 112202 112200 112201 112001 112002 112000 112100 112101 112102

44 . 112211 . 112212' ~112210 112010 112011 112012 112112 112110 112111

45 112220 -112221 112222 112022 112020 112021 112121 112122 112120

_ 44 120000 120001 120002 120102 120100- 120101 120201 120202 120200
_

47 120012 120010 ' 120011 . 120111 120112 120110 - 120210 120211 120212

48 120021 .120022 120020. 120120 120121 120122 120222 12:220 - 120221

49 .121200 121201 121202 121002 121000 In201 121101 121101 121100

- 50 - 121212 '121210" 121211 121011 121012 121u10 121110 -121111 121112

51 121221 121222 121220 ~ .12:020 121021 121022 121122 121120 121121

52 '122100 122101- '122102 122202 .122200 122201 122001 122002 122000

53 122112 122110 122111: 122211' 122212 122210 122010 122011 122012

7-25 -
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l. 4la 4-6~ Semdia glOUS 30J l/6 badttaets 03 t desso et )3oupunap(*8

isais oe m c: e 0 c t t t Z Z Z

leets 04 03J8 0 ! Z C t Z 0 1 Z

lt 1ZZ121 1ZZIZZ 1271Z0 IZINC 1ZZZZI IZZZZZ TU0ZZ 1ZZOZC IH021

1$ 200102 Z00100 . Z001:t ZCDZ01 200202 200Z00 200000 ZC0001 200002 I

59 200111 Z0011Z Z00110 ZC0llO ZC02fI 2OCZIZ 200012 200010 Z000!!

li 200120 2001ZT 2001ZZ ZC0ZZZ ZCOZZC 203ZZL 200071 Z000ZZ ZC002C

lI 201002 Z01000 2C1001 201101 ZCtt02 ZCticO 201Z00 201Z01 ZClZ02

16 Z01011 20101Z Z01010 201110 ZC!!tI Z01112 Z01ZIZ Z01210 201Z!!

90 2010Z0 201C21 ZCt0ZZ 2011ZZ ZCIIZC 201121 201Z21 ZC1ZZZ ZCIZZC

91 ZOZZOZ 202Z00 ZCZZCI ZOZC01 Z02002 70Z000 Z02100 702101 ZOZ!oZ

92 20 Hit ZOZZIZ ZOZZ10 ZOZOIC ZOZCtt ZCZ0tl ZCZ11Z Z0211C 202I!t

92 ' ZCZZZO 202ZZ1 ZCZZZZ ZOZOZZ 207020 ZOZ021 20Z121 Z0Z1ZZ ZO!!ZC

9t Zt0000' 'Z10001 210002 Z10102 '21Ct00 ZIC101 !t0ZC1 2tCZDZ !t=00

6$ 2lC01Z 210010 liC011 '210111 21011Z ZICtiC !!071C !t0211 21CZIZ

99 210021 !tcoZZ 210020 UCIZO 2101Z1 !!0flI liCZZZ 21CZZC 210221

91 711200 . NIZC1 211Z02 Z11002 211000 211001 !!!!01 H1102 711100

99 ZtinZ ztirtC ! tit 11 211011 !!tciZ 211C10 ZIttiC ZIttit Z11112

96 211ZZI . !tiZZZ !ttnI 21102C 211OZI Z110N !!!!ZZ !lliZC Z!tiZI
!0 ' !!!tcO 421Z101 21Zt02 '!iZZCZ 21ZZC0 ZIZZ01 ZIZC01 !!Z002 !iZC00

tt ~ tiZITZ Z1Z110 !!Z111 Z1Z711 , !iZ21Z ZIZ210 Z1ZC!C liZ0!! ZIZ012

iZ !!!121 - ZIZ1ZZ ZIZ1ZC UZUC 21281 21ZZZZ 21ZCZZ 21Z ZC 21Z0Z1

. lE . 220201 ZZOZCZ ZZ0200 ZZC000 ZZ00D! 2N002 ZZCIOZ ZZ0100 ZZCICI

lt ZZ0210 ZZ0711 . ZZCZIZ ZZ001Z ZZC010 ZZC0!! ZZCtII ZZ0112 - N 0 tic

- 1$ ZZCZZZ ZZCZZC ZZOZZT ZZ0021 ZZOOZZ ZZOOZC ZZClZC ZZCt21 ZZC1ZZ

49, !Z1101 Z!!!02 2Z1100 . ZZ!!00 Z21ZCI Z!iZM ZItc0Z ZItC00 ZIt001

14 . Z7111C '221171 2Z1112: ZZ1ZTI nil!C - ZZZZ!i !!!011 22:012 Z21010

!B ZZ!iZZ UTIZC e 2311Z1 ZZTZZt ZEiZZZ ZZIZZC ZIt070 , CIC!! ZZtMZ

- t6 - ZZZ001 ZUC02 , -ZZZC00 ~ ZZ2100 ZZ71CI !!!t02 ZZZZ02 - ZUZCD ZZZZCT'
I

'

,

.ZZZ012 ZZZ11Z ZZZ11C ' ZZZTII , ZZZ!!t- ZUZIZ ZZZ!tC- 90 2Z2010 EZCII

pt nZOZZ . ZZZCZC '22Z021 ZZZtZI ZZZIZZ ZZItZC ' ZZZZZC nZZZI ZZZZZZ

|

l
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0Table 7-10. Sample Blocks for 1/8 Reolicate of 2 Factorial.

Defining Equations

GHI: X7+X8*#9 0, 1, MOD 2=

JKL: X10 + Xyy + X12 0, 1, MOD 2=

GHKL: X7+X8+ X * *12 0, 1, MOD 2=
11

Levels of GHI: 0 0 0 0 1 1 1 1

Levels of JKL: 0 0 1 1 0 0 1 1

Levels of GHKL: 0 1 0 1 0 1 0 1

1 000000 000101 000100 000001 001000 001101 001100 001001

2 000011 000110 000111 000010 001011 001110 001111 001010

3 011101 011000 011001 011100 010101 010000 010001 010100

4 011110 011011 011010 011111 010110 010011 010010 010111

5 101101 101000 101001 101100 100101 100000 100001 100100

6 101110 101011 101010 101111 100110 100011 100010 100111

7 110000 110101 110100 110001 111000 111101 111100 111001

8 110011 110110 110111 110010 111011 111110 111111 111010
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Table 7-11. Air Path Sensitivity Study Cases.

Variable A B C D E F G H I J K L

No. of levels 3 3 3 3 3 3 2 2 2 2 2 2

6 6
1/72 replicate of a 2 x3 factorial

Case Variable Case Variable Case Variable
No. Level 11 0 . Level No. Level

1 111311111311 25 133213111311 49 232211111311

2 111323111311 26 133222111311 50 232223111311

3 111332111311 27 133231111311 51 232232111311

4 112211111311 28 211212111311 52 233111111311

5 112223111311 29 211221111311 53 233123111311

6 '112232111311- 30 211233111311 54 233132111311

7 113111111311 31 212112111311 55 31'113111311

8 113123111311 32 212121111311 56 311122111311

9 113132111311 33 212133111311 57 311131111311

10 121212111311 34 213312111311 58 312313111311

11 121221111311 35 213321111311 59 312322111311

12 121233111311 36 213333111311 60 312331111311.

13- 122112111311 37 221113111311 61 313213111311

14 122121111311 38 221122111311 62~ 313222111311

15 122133111311 39 221131111311 63 313231111311

16 123312111311 40 222313111311 64 321311111311

17 123321111311 41 222322111311 65 321323111311

18 123333111311 42 222331111311 66 321332111311

-19 131113111311 43- 223213111311 67- 322211111311

20 131122111311 44 223222111311 68- -322223111311

21 131131111311 45 223231111311 69 322232111311

22 132313111311 46 231311111311 70 323111111311

23 132322111311 .47 - 231323111311' 71 323123111311

24 - 132331111311 48 231332111311 72 323132111311.
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Table 7-11. Air-Path Sensitivity Study Cases (Continued).

Case Variable Case Variable Case Variable
No. Level Nc. Level No. Level

,

73 331212111311 103 132313111333 133 233111111333

74 331221111311 104 132322111333 134 233123111333

75 331233111311 105 132331111333 135 233132111333

76 332112111311 106 133213111333 136 311113111333
E- 77 332121111311 107 133222111333 137 311122111333

78 332133111311 108 133231111333 138 311131111333 ;

-79 :333312111311 109 211212111333 139 312313111333

80 333321111311 110 211221111333 140 312322111333

81 -333333111311 111 211233111333 141 312331111333

82 111311111333 112 212112111333 142 313213111333

83 111323111333 113 212121111333 143 313222111333

84- 111332111333 114 212133111333 144 313231111333 ;

85 112211111333 115 213312111333 145 321311111333

86 112223111333 116 213321111333 146 321323111333
'

i -87- 112232111333 117 213333111333 147 321332111333

88 -113111111333 118 221113111333 148 322211111333 i

89 - 113123111333- .119 221122111333 149 322223111333
,

90: 113132111333 120. 2211311113331 150 322232111333

91 12121211'333 121 222313111333 151' 323111111333

.92 121221111333 122 222322111333 152 323123111333

i
~

93 121233111333 123 222331111333 153 323132111333

94' 122112111333 124 223213111333 154 331212111333

95 122121111333 125 223222111333 155 331221111333 ,

96 122133111333 126 223:31111333 .156 331233111333-

97 '123312111333 127.. '231311111333 157 332112111333

98- -123321111333. ~128. 23132311133,3 158 332121111333

99 123333111333 129 .231332111333 .159 '332133111333
'

100 131113111333 130- 232211111333 160- 333312111333.

~

101 -131122111333 131. 232223111333 161: 333321111333

102 131131111333.. ~132 ~ 232232U1333 162 333333111333
,
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Table 7-11. Air Path Sensitivity Study Cases (Continued).

Case Variable Case Variable Case Variable
No. Level No. Level No. Level

163 111311133113 193 212112133113 223 313213133113
164 111323133113 194 212121133113 224 313222133113
165 111332133113 105 212133133113 225 313231133113
166 112211133113 196 213312133113 226 321311133113
167 112223133113 197 213321133113 227 321323133113
168 112232133113 198 213333133113 228 321332133113
169 113111133113 199 221113133113 229 322211133113
170 113123133113 200 221122133113 230 322223133113
171 113132133113 201 221131133113 231 322232133113
172 121212133113 202 222313133113 232 323111133113
173 121221133113 203 222322133113 233 323123133113
174 121233133113 294 222331133113 234 323132133113
175 122112133113 205 223213133113 235 331212133113

176 122121133113 206 223222133113 236 331221133113
177 122133133113 207 223231133113 237 331233133113

178 123312133113 208 231311133113 238 332112133113

179 123321133113 209 231323133113 239 332121133113

180 123333133113 210 231332133113 240 332133133113

181 131113133113 211 232211133113 241 333312133113

182 131122133113 212 232223133113 242 333321133113
183 131131133113 213 232232133113 243 333333133113

184 132313133113 214 233111133113 244 111311133131

185 132322133113 215 233123133113 245 111323133131

186 132331133113 216 233132133113 246 11133213313'.

187 133213133113 217 311113133113 247 112211133131

188 133222133113 218 311122133113 248 112223133131

189 133231133113 219 311131133113 249 112232133131

190. 211212133113 220 312313133113 250 113111133131

191 211221133113 221 312322133113 251 113123133131

192 211233133113 222 312331133113 252 113132133131
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Table 7-11. Air Path Sensitivity Study Cases (Continued).

l
i

Case Variable Case Variable Case Variable
No. Level No. Level No. Level

- 253 121212133131 283 222313133131 313 323111133131
'

254 121221133131 284 222322133131 314 323123133131

255 121:33133131 285 222331133131 315 323132133131 l

256 122112133131 286 223213133131 316 331212133131

257 122121133131 287 223222133131 317 331221133131

'258 122133133131 288 223231133131 318 331233133131 |

259 123312133131 289 231311133131 319 332112133131

260 123321133131 290 231323133131 320 332121133131

261 123333133131 291 231332133131 321 332133133131
;

262 131113133131 292 232211133131 322 333312133131

263 131122133131 293 232223133131 323 333321133131
,

264 131131133131 294 232232133131 324 333333113131

265 ~ ~ 132313133131- ?95 223111133131 325 111311313113

266 132322133131 296 233123133131 326 111323313113

2671 132331133131 297 233132133131 327 111332313113

268 133213133131 298 311113133131 328 112211313113

269 133222133131 299 311122133131 329 112223313113

270 133231133131 300 311131133131 330 112232313113

271 211212133131 301 312313133131 331 113132313113'

272- 211221'133131 3'02 312322133131 332 113111313113-

273- 211233133131 303 312331133131 333 113132313113

274 212112133131 304 313213133131 334 121212313113

275 212121133131 305 313222133131 335 121221313113
~

276 212133133131 306' 313231133131 336 121233313113

,- 277 213312133131 307 321311133131 337 122112313113

278 213321133131 308 321323133131 338 122121313113

279- '213333133131 309 321332133131- 339. -122133313113 |
280 221113133131 310. 322211133131 340 123312313113

-281 221122133131 311 322223133131 341 123321313113

282~ 221131133131. ~ 312 .322232133131- 342 123333313113 !

-

|
i
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Tabla 7-11. Air Path Sensitivity Study Cases (C:ntinued).

Case Variable Case Variable Case Variable
No. Level No. Level No. Level

343 131113313113 373 232211313113 403 333312313113

344 131122313113 374 232223313113 404 333321313113

345 131131313113 375 232232313113 405 333333313113

346 132313313113 376 233111313113 406 111311313131

347 132322313113 377 233123313113 407 111323313131

348 132331313113 378 233132313113 408 111332313131

349 123213313113 379 311113313113 409 112211313131

350 133222313113 380 311122313113 410 112223313131

351 133231313113 381 311131313113 411 112232313131

352 211212313113 382 312313313113 412 113111313131

353 211221313113 383 312322313113 413 113123313131

354 211233313113 384 312331313113 414 113132313131

355 212112313113 385 313213313113 415 121212313131,

356 212121313113 386 313222313113 416 121221313131

357 212133313113 387 313231313113 417 121233313131

358 213312313113 388 321311313113 418 122112313131

359 213321313113 389 321323313113 419 122121313131

360 213333313113 390 321332313113 420 122133313131

361 221113313113 391 322211313113 421 123312313131

362 221122313113 392 322223313113 422 123321313131

363 221131313113 393 322232313.'13 423 123333313131

364 222313313113 394 323111313113 424 131113313131

365 222322313113 395 323123313113 425 131122313131

366 222331313113 396 323132313113 426 131131313131

367 223213313113 397 331212313113- 427 132313313131

363 223222313113 398 331221313113 423 132322313131

369 223231313113 399 331233313113 429 132331313131

370 231311313113 400 332112313113 430 133213313131

371 231323313113 401 332121313113 431 133222313131

372 231332313113 402 332133313113 432 133231313131
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Table 7-11. Air Path sensitivity Study Cases (Centinued).

. Case Variable Case Variable Case Variable
No. Level No. Level No. Level -

433 211212313131 463 312313313131 493 113111331311

434. ?11221313131 464 312322313131 494 113123331311

-435~ 211233313131 465 312331313131 495 113132331311

436- 212112313131 466 313213313131 496 121212331311

:437 212121313131 467 313222313131 497 121221331311

438 212133313131 468 313231313131 498 121233331311

439 213312313131 469 321311313131 4}9 122112331311

440 213321313131 470 -321323313131 500 122121331311

441 213333313131 471 321332313131 501 122133331311

442 '221113313131 472 322211313131 502 123312331311

443' 221122313131 473- 322223313131 503 123321331311

144- 221131313131 474 322232313131 504 123333331311

445 .222313313131 475 323111313131 505 131113331311

446' 222322313131 476 323123313131 506 131122331311

447 222331313131 477- 323132313131 ~ 507 131131331311

4'48 223213313131' 478. 331212313131~ 508 132313331311

-449 223222313131 479 331221313131 509 132322331311

450 223231313131 480 331233313131 510 132331331311

451 231311313131: 481~ -332112313131 511 133213331311

.452 231323313131- 482- 332121313131 512 133222331311

'453 231332313131' 483 332133313131- 513 133231331311-

454 232211313131 484 333312313131 514 211212331311

~455 232223313131' 485 -333321313131 515 211221331311-

456 232232313131 486 333333313131 515 1211233331311

457 233111313131- 487 111311331311 '517 212112331311

=458 :233123313131- 488 :111323331311- '518 212121331311

459: . -233132313131 -489 111332331311 519 212133331311

.460- -311113313131 ~490 -112211331311: 520 213312331311

461 311122313131 491 112223331311 521' 213321331311

46 2 311131313131- 492. 112232331311 522 213333331311
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Table 7-11. Air Path Sensitivity Study Cases (Continued).

.

Case. Variable Case Variable Case Variable
No. Level No. Level No. Level

523 221113331311 553 322211331311 583 123312331333

524 221122331311 554 322223331311 584 123321331333

525 221131331311 555 322232331311 585 123333331333

-526 222313331311 556 323111331311 586 131113331333
*

527 222322331311 557 323123331311 587 131122331333

528 222331331311 558 323132331311 588 131131331333

529 223213331311 559 331212331311 589 132313331333

530 .223222331311 560 331221331311 590 132322331333

531 223231331311 561 331233331311 59'. 132331331333

'532 231311331311- :562 332112331311 592 133213331333

.533- 231323331311 563 332121331311 593 133222331333

534 231332331311 564 332133331311 594 133231331333

535 232211331311 565 333312331311 595 211212331333

.536 232223331311- 566 333321331311 .596 211221331333

537- 232232331311- 567 333333331311 597 211233331333

'538 233111331311 568 111311331333 59s 212112331333

539: -233123331311 569 111323331333 599 212121331333

540 233132331311- 570 111332331333 600 212133331333

541 311113331311 571 112211331333 601 213312331333

542- 311122331311 572 112223331333 602 - 213321331333

543 311131331311 573 112232331333 603 213333331333

544 312313331311' 574 .113111331333' 604 221113331333

545 .312322331311- 575- 113123331333 .605 221122331333

546 312331331311 576 113132331333' 606 221131331333

547 '313213331311 - 577. - -121212331333 607 :222313331333

548' 313222331311 578 121221331333 608- - 222322331333-

549 313231331311: 579 -121233331333- 609 -222331331333

550 ~321311331311' 580 - 122112331333 610 223213331333

t 551'- :321323331311: .581. ~122121331333 611' 223222331333-

552 '321332331311- 582 122133331333 612 -223231331333

- ,
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Table 7-11. Air Path Sensitivity Study Cases (Continued).

Case Variable Case Variable Case Variable
No. Level No. Level No. Level

613 231311331333 625 312313331333 637 323111331333

614 231323331333 626 312322331333 638 323123331333

615 231332331333 627 312331331333 639 323132331333

616 232211331333 628 313213331333 640 331212331333-

617 232223331333 629 313222331333 641 331221331333

618 232232331333 630 313231331333 642 331233331333

619 233111331333 631 321311331333 643 332112331333
'

620 233123331333 632 321323331333 644 332121331333

621' 233132331333 633 321332331333 645 332133331333

622 311113331333 634 322211331333 646 333312331333

623 311122331333 635 --322223331333 647 333321331333

624 '311131331333 636 322232331333 648 333333331333

: -
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The actual cases to be run for the sensitivity study design are found
in the following manner. The interactions used in the contrast definition
equation are used as defining equations to determine the sample blocks of the

6design. Tables 7-9 and 7-10 show the blocks for the design for each of the 3
6and 2 fac torial s. Looking at Table 7-9, the two interactions ABCD and CDEF are

the drivers for the defining equations. Since the design is a 1/9 replicate,

nine blocks are shown. One block will be chosen randomly to be used as the

actual test case definition. The six digit numbers in the table represent levels
of each of the variables A through F. In Table 7-10, the six digit nunbers

correspond to levels of the variables G through L.
An example of the methodology used in generating the tables is as

follows. In Table 7-9, row 17, 4th column ( ABCD = 1, CDEF = 0) is the sequence

012112. Substituting this sequence into the defining equations at the top of the
table yields:

Xi+X2+X3+X4 = 0 + 1 + 2 + 1 = 4 = 1 (MOD 3)
X3+X4+X5+X6 = 2 + 1 + 1 + 2 = 6 = 0 (MOD 3)

Thus, the sequence 012112 should appear in the column for ABCD level equal to 1

and CDEF level equal to 0. The remainder of the table is filled using the

defining equations in this manner.
Randomly selecting blocks from Tables 7-9 and 7-10 and then combining

the blocks y'iel ds Table 7-11. Note that the numbers used in Table 7.11 are
modified to allow easier coding of the input. A number one is equivalent to the
number zero in the previous tables. Two is equivalent to one in Table 7-9, and
three is equivalent to two in Table 7-9 and one in Table 7-10. The carbined

'

' design has 648 tests as shown.

7.4 3 Water Path Experimental Design.

The water path sensitivity study had a total of nine variables of which
three had three levels and six had two levels. Thus, there was a potential of

3 63 x2 or 1728. tests of the Systems Model . This experiment was.also divided
into two parts for. the purpose of developing the design. The three variables

with three levels were handled separately from the six variables wit 7 two levels.
The design was a 1/12 replicate of the total factorial . This was de fined by
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forming a 1/3 replicate of the 33 factorial and 1/4 replicate of the 26 factorial
designs. The final sample size was 144 out of the 1728 possible samples.

Table 7-12 presents the design of a 1/3 replicate of the 33 fac torial .

Since the design was a (1/3)1 replicate, only one interaction was confounded with
the identity. The defining interaction was ABC. Note that the main variables

were confounded with two factor interactions.
Table 7-13 presents the design of a 1/4 replicate of the 26 factorial.

Two interactions were confounded with the identity since the design was a (1/2)2
repl icate. No main variables were confounded with two factor interactions in
this design. The defining interactions were DEFG and FGHI.

Based on the above two designs, the parameters of the nodel were

assigned to the variables in the design as shown in Table 7-14. Interactions
were evaluated as follows: AF, BF, CE, UF, CH, EF, EI, FH, and HI. All other

interactions were assumed to have insignificant effects in the Systems Model or
are confounded with effects of interest.

Sanple blocks for the two designs are shown in Tables 7-15 and 7-16.

Table 7-17 shows the actual test cases based on a combination of random blocks
from Tables 7-15 and 7-16. Final tests numbered 144 out of the 1728 possible

tests.

7.5, RESULTS AND DISCUSSION

This section discusses the methodology for evaluation of the test runs
and the results obtained. Many runs where made prior to the sensi tivity study
runs. These tests were necessary to define ranges for the input variables which
would yield results that could be evaluated. In many cases, realistic values for
sone variables gave zero outputs which tended to degrade the sensitivity study
in formation. This aspect of the study will be discussed further in the following
sec tions. Actual data from the Systems Model runs is shown in the Appendix of

this report.
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3Table 7-12.1/3 Replicate of a 3 Factorial Design.

[ABC]?Defining contrast I ABC
-= =

.

Aliases or confounding scheme

A AB C BC= =

2
B AB C AC= =

2
C ASC AB= =

2 2
AB AC BC= =

,
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0Table 7-13. 1/4 Replicate of a 2 Factorial Design.
,

DEHIFGHIDEFGDefining contrast I ===

Aliases or confounding :cheme,-

EHIDFGHI~EFG0 ===
3

DHIEFGHIDFGE ===

DEFHIGHIDEGF ===

DEGHIFHIDEF'G ===

DEIFGIDEFGHH ~ = ==

DEHFGHDEFGII ===

DEFGHI = HI~DE- = FG =

EFHIDGHIDF = EG ==

EGHIDG =- EF = DFHI- =

DFGI = EIEFGHDH ==

EH~EFGI = DFGHDI ==

DEFIGIDEGHFH ===

DEFHGHFI DEGI' ===

EFIDGIEGHDFH ===

EFHDGHDFI =~ EGI- ==

.

!
.

I

..

E'

4

l '
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Table 7-14. Water Path Sensitivity Study Variable Definition.<-

,

i

Variable Variable Name

:.
A' Weather, ,

.

B Layers in soil column
s.

C. Equilibrium co_nstant

D Nuclide' quanti ty.-

. E Water travel time.

~FJ ..' Retardation factor -
'

,

I '. Aquifer-dispersion.G

H~ Nuclide solubility ~,

f I' _ ater body flow_W

.

j,

:
_

.

,

1

.

+

4

*
~

d

.g -

.

''^
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Table 7-15. Sample Blocks for 1/3 Replicate of 3 Factorial.

Defining equation

ABC: X) +
* X 0,1, 2, Mod 3=

,

3

Levels of ABC: 0 1 2

1 000 001 002

2 012 010 020

3 102 100 200

4 120 022 122

5 021 202 212

6 201 220 221

7 210 211 011

8 111 121 101

9 222 112 110

.
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Table 7-16. Sample Blocks for 1/4 Replicate of 2 Factorial.

!

Defining equations

DEFG: X + X + X6 + X7 0, 1, MOD 2=
4 5

FGHI: X6 * E7 0, 1, MOD 2+ X8 + Xg =

Le<els of DEFG: 0 0 1 1

Levels of FGHI: 0 1 0 1

1 000000 000001 '000101 000100 -

2 000011' -000010 000110 000111

3 001100 .001101 001001 001000

4 001111-- 001110 001010 001011

5 010101 010100 010000 010001

6 010110 010111 010011 010010

7: '011001, 011000 011100 011101

8' 011010 011011 011111 011110

9 100101 100100 100000' 100001

.- 10 100110 '100111 100011 100010

111 101001- 101000- 101100- 101101

12 101010: 101011 101111 101110

13 110000~ 110001 110101 110100

.14 110011 1'0010 -110110 110111<

15' 111100 111101 111001: 111000

16 111111 111110 :111010 111011

~

Y

'x -

-

> 17-42
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Table 7-17. Water Path Sensitivity Study Cases.

Variable A.B C D E F G H I

No. of levels 3 3 3 2 2 2 2 2 2

61/12. replicate of a 2 x3 factorial

Case- Variable Case Variable Case Variable
No. Level No. Level No. Level

1 113111113 25- 122113313 49 233131333
'

2 131111113 26 212113313 50 323131333
'

3 311111113 27- 221113313 51 332131333

4 233111113 28 113113331 52 122131333

5 323111113 29 131113331 53 212131333

.6 332111113 30 311113331 54 221131333

'7~ 122111113 31 233113331 55 113133111

8 212111113 32 323113331 56 131133111

9 221111113 33 332113331 57 311133111

10 113111131 34 122113331 58 233133111;

11 131111131. 35 212113331- 59 323133111
,

12 311111131 36 221113331 -60- 332133111

13 233111131 37 113131311 61 122133111

-14 323111131 38- 131131311 62 212133111

15- 332111131- 39 311131311 63 221133111

16 122111131 40 23a 31311 64 113133133.

17 212111131 41 323131311 65 131133133

18 221111131 42' 332131311 66- .311133133-

19 113113313 ~43 122131311: 67 233133133.

120 -131113313- 44 212131311 68 323133133

J 2'l 311113313' .45 221131311 .69 '332133133

22 .233113313 46 113131333 70 . 122133133-

23 323113313 47 '131131333! 71. 21213:133

24' 332113313 48- -311131333 72 221133133

~ 7-43 >-

.



_ . __ _ . .. . .

l

.

Table 7-17. Water Path Sensitivity Study Cases (Continuted).
.

Case Variable Case Variable Case Variable
No. Level No. Level No. Level

' - 73 113311311 97 122313111 121 233331131

74 -131311311 98 212313111 122 323331131

75 311311311 99 221313111 123 332331131.

'

76 233311311 100 113313133 124 122331131
"

77 323311311 101 131313133 125 313331131

78 312311311 102 311313133 126 221331131

'79 122311311' 103 233313133 -127 113333313
'

80 212311311 104 323313133 128 131333313

81 221311311 105 332313133 129 311333313

- 82 113311333 106 122313133 130 233333313

83 131311333 107- 212313133 131 323333313

84- 311311333 108 221313133 132 332333313

: 85- 233311333 ~ 109 113331113 133 122333313

|86. 323311333' 110 131331113 134 212333313

,
871 332311333 111 311331113 135 221333313

88 ' 122311333 112 233331113- 136 113333331
'

-89' 212311333 113 323331113 .137 131333331

90 221311333 114 332331113 138 311333331

.91 '113313111 :115 122331113 139 233333331

92 131313111 116 212331113 140- 323333331.

93- 311313111: 117 221331113 141 332333331

94 233313111 118 113331131 142 122333331

~95 ~323313111 119 131331131 143 212333331
'

:96 332313111 120 311331131; Ll44 221333331

i

4

d

1
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7.5.1 Evaluation Aoproach

i A standard Analysis of Variance approach was used for the evaluation of
fractional factorial designs. In the air and water path sensitivity studies,

variables which were felt to have significant effects in the Systems Model were
evaluated in the analysis. The model for the two studies are random rather than

,

fixed models due to the large ranges that exist for most parameters. The

Expec ted Mean Squares for the variables were derived based on the above two
statements. The error terms in the analysis or variance were composed of all

interactions which were felt to be insignificant.

7.5.2 Air Path Resul ts
Table 7-18 presents the model assumptions for the air path analysis of

variance. Thirty variables and interactions were chosen to be evaluated as

shown. Based on this selec tion, the error term was defined as listed in the

tabl e. Using a random model analysis format, the E(MS) or Expected liean Squares
column of the table was determined. These E(MS)'s are important in deternining
what the test statistics should be for each variable. Variables in Table 7-18+

are defined in Table 7-8.
The equations in_ Table 7-19 are the Sum of Squares (SS) computational

formulas for the analysis. Note that variable I is equivalent to variable J due

to the design. Thus, a SS does not exist in Table 7-19 due to the appearance ofg

SS .g

. The results of the Systems Model runs for ' the air path sensitivity

study are shown _in Table 7-20. This table is presented in a standard analysis of

variance format. Variables of interest are listed along with their corresponding

degrees o f. freedon ( d. f. ) . The sum of the degrees of freedom of the variables
and error equals the total degrees of freedc;n. The column labeled SS is the sum
of squares associated wi th each variable based on the formulas in Table 7-20.
The MS column-is the mean square for each variables and is found by dividing SS
by d.f. The F column is a ratio of mean squares and is used to indicate if

TEST
the effect of the variable is significant. _The F=.1 column is the value which
indicates if~F i s - signi ficant. These values cone from a table of the F

TEST
distribution. The F' columns are tests using a pooled error estimate found by
combining all insignificant interactions with the old error estimate.
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Table 7-18. Analysis of Variance for Air Path Sensitivity
Study.

uriales "d.f. E(4)
22 2 . ;gg ,2 . ggg ,2 3 3 ,2 + 216 c2+ 72 sg * 72efg+ 72afE + 72 e gA. 2 c

2,216d'8 2 c

_

72 s g - 72 ?!j + 108 2;*108:!+108ok+216I,t
C 2 2+ 72 :2 +

e j

2+ 72 {g + 216 :20 2 c 3

2+ 72{g+72J{g+ 72efp +108ef;*108efg+216efE 2, c

3g + 72c,y.72dp +108ff;+105c *216ef2 2
F- 2. c2 * 12 s~2 g

2 . ges ,2g . ggg ,2eg .'ggg .2 +108;f;*152:2 .m/.mG l' c t3 K

s . 1= s ,. no .,2- 1

1/J ~ IL 2 + 324 222

gg.ggg,|g.ggg,2 +162sfg+no*2.K. '1 ' 2 + 108 e2
g C

2 108 ek + 108 cg + 162 =2 32 4 (
2

.L 1' c

? . n algtn+u .s
..

AD + A0 4 ,2 + 72afg2

u.u . 2 n.I,2

z 2 . n s,,. ,, n a 2

2 . ggg ,u '2 .c
2. gag',jgAt 2 s

2 ; ggg ,'AL- 2 a

2
*2 + - 72 c g2

C3 + CE 4
.

2 2+ 72efyCF + CF 4 e

~ 2 + 108 IC3- 2 : g.

.' CM ' '2 =Z.ggg,3
2 , ggg ,CL ' , _ 2 e

' s . n ,;,-c, . c,2 4

ts ~ 2; ,2jgg,g,a
.

z
tx ~ '2 ejggg,gg.

: ,: . 2- /.12a,
;,E '2 c#(108fg

2 + 162 e, .2
sx - 1: e

'E 1 'c2 + 162 c2 '.. g
2

~

58o ' 3tuca -

.

'
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Table 7-18. Analysis of Variance for Air Path
Sensitivity Study. (Continued)

Error tenn is cegased of the following interactions wnicn are asswed to be zero
ERROR = AB2, AM AI BC2, 802, BE SF BG BH ,, . , , ,

BI BK BL CD2, CI CK DE2 OF2, DG ,, , , . , .

OH O! OK CL EH El EL FH FI ., , , , . , , ,

22 2 22 AB L, ACEAB K,FL AB G, AB H , AB 1, ,,

2 222 2 22 2 AC F, AC F ,ACE , AC E, AC E , ACF , ACF ,
2 2 2ACG , AC G, ACH AC H. ACI , AC 1. ACK, ,

2 2 2 2 22 AC L , ADE , AD E, ADF , A0 p ,AC K. ACL ,
2 2 2ADG , A0 G, ADH AD H, ADI , AD 1. ADK, ,

2 2 2 2AD K, ACL , A0 L , AEG . AE G, AEH , AE H ,
2 2 2AE L. AFGAE! . AE 1, AEK AE K, AEL . ,,

AF g, Apg , Ap2g,22 2AF G, AFH , AF H , AFI ,

2 2 2 2BC I ,AF L. AGK AGL , BC G, BC H,AFL , ,

2 2222 22 BD K, BD t ,80 1.SD H,BD G ,BC L,BC K,

BEG , BEH , BE! BEK , BEL , BFG , BFH, ,

22 CD s ,CD G,BFI , BFK , BFL BGK , BGL ,,

2 2 2 2 2CD 1, CD K, CD L , CEG . CE G, CEH , CE 3 ,
222 CE t, CygCE K, CEL ,CE 1. CEKCEI . ,,

2222 CF K ,CF 1. CFK ,CF H , CFI ,CF G,- CFH .
22 22 DE g ,DE G, DE H,CF L, dGK CGL ,CFL , ,

2 2 2 2 2 2 2DE K, OE L, DF G , DF H, OF 1, OF K, DF L ,
22 EF H, EFIEF G, EFH ,DGK , DGL , EFG ,,

2 2 2EF !,- EFK, EF K , EFL , . EF g,, EGK , EGL ,

22 22 AC gg,AB GL, ACEG, ACE G.FGK , FGL, AB GK,
22 2222 ACE H 2 AC E H. ACEI ACE g ,-AC EH ,AC E G , ACEH ,- ,,

2 222222 AC EK , AC E g , acgtAC E 1 , ACEK ACE K ,AC E! ,,.

22222222 AC E L , ACFG ~ AC F g,AC FGACF G ,AC EL ,. ACE L .,,

22 22 22 AC pt ,AC F H, ACFI ACF IAC FHACFH . ADF H' , ,,. .

22 222 2 2 AC F K, ACFL ACF L ,AC F g , . ACFK ACF K AC FK .. ,, ,

2422 AC p2L, ACGK2 ACE , ,AC GLAC GK , ACGLAC FL -, .,,-

22 2222 2 AD EK ,AD E! . ACE KADE 1 ,-AD EHA0 EG ACE g ,,, ,

ACF g , Ag2pg agp2g ,222 22 AD FG ,AD EL ADF GADE L . ,, ,

2 2 2 22
'

2 A0 FK , ACF L , .A0 FL , ADGK AD g ,ADF K '.AD FI ,
,

2Z2 AE st , ArggAE GK , AEGLA0 GL AEGKADGL ,,, .,

BD gg g;2gt ,222
~

Z2 BC GL ,AF GL . , BC GK ,F GK. . AFGL ,,

1CD GK',2 CD GL. . CEGKBEGK , BEGL BFGK' SFGL ,, , ,

2222 CF GL ,CF GK , CFGLCE GL CFGK' ,CE GK CEGL ,
, , ,

2DE ct pp2GK 22 2 EF GK.. EFGLOF GL , .EFGKDE GK ,,, ,.

222 2 2 'AC g GK, ACEGL ..AC EGK,EF gt . ACEGK . ACE GK~,.
.

2222 22 AC FGK ,-ACF GK ,AC E GL, ACFGK -AC EGL..-. ACE GL ,
22 2222 2 AC F GL, ACE GK ,AC FGL,-AC F GK, ACFGL ACF GL ,,

A0 EGL , ADF gg, gg2pgg , ;gp25t ,2 222A0 EGK , ADE GL .
2A0 FGL ,-
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Table 7-19. Computational Formulas for Air Path A.'!0VA.

L

ss, ! (14. . . . . . . . . . . ) 2,2 3, , g , , , , , , , , , , , , , 3 j ,,,2

a

(1.4..........)2/216 - (x... . .....)2/648ss *
8

b

ss, ! (x. .c. .. . . .. . 1 /216 - ( x. . . . .. . .. . . 1 ,,,,2 2
* c-

t-,
ss * (I...d........)2/216 - (x............)2/648- g

4

- ssi ! (x... .a. . .. . 1 /21. - (x. . . . . . . . . . . . )22
/648

a

3
ss,- (x.....f......)2/216 - (x........... 1 /648

24-

f.

2
2ss, : ( r.. . . . . . . .. 1 /324 - ( x. . . .. . . . .. . )2/648;

s-
2' ~

2ssg
h (x.

.....n... 1 /324 '- (x............)2/648,

.

2~
2ss : ( x. . . . . . .' . t . . 1 / 32 4 - ( x .'. . . . . . . . . . . ) 2 ,,,g f'

.

ss = ! (x.. . . . ... ..k.1 /324 - (x. . .. . .. . . 1 /648i ' 2 ' 2
g

.m-

2
2

~

2ss -. : : (x. .. . .. . . . . 11 /324 - (x. ... . . . .. .. 1 /648t
1,

33 3 3
ss a5:(Ia.c.........)2/72 - :(ra...........)2/216'- :(z..c.........)2/216 + (I.'...........)2 '648

* g /
at a- e

33 -
-- :2 3 3

- ssg = ' ;*( xa. . d. . . . . .. 1 / 72 :( Xa. . . .. . . . . . . )2 2
/216 :( x. . .d... . . . . 1 / 216 E (I. . . . . . . . . . . . )2/648

ao - a e

33 . 2 3

::(Ia...e.......)2/ 72 - :( xa. .. . . . . . .'. ) 2/216 - :(I....e.......)2/216 + (I.. .........)2/648ss ag
ee . ~ a. 3

~ 33 3- -3
ss,p * . ' ::(xa . . . . f. .. . . . ) 2/ 72 '- :( Is . . . . . . . . . . . ) 2/216 - :(I.. ..f.... .)2/216 m (I............)2/648

at- a-
^

f

' 32 -
:2 3 - 2

ssg= ::(ta . . . . . g.'.. . 1/1:8 - :( ra . . . . . . . . . . . )2 2/216 - :(z......g.... 1 /224 + (x........ ...)2/648
,ag a g.
= 32 ' - 3 2

-

g*.::(xa.........k.)hl:8-:(Ka.........'.)2/216~.:(z..........k.)2/324 + (X.'...... )2/648,
ss'

as a. k
- ...

n' . .. 3 2

ssk '*. : ::(Is.... ... .1)ht:8 :(ta. . ........~.)2/216 - :(z.......... 1)2/ 324 + (x. .. . .. . .. . . 1 /648
2

a) .6 1

.

2

-
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Table 7-19. Computational Formulas for Air Path ANOVA.
(Continued)

33 3 3
2 2 2

:rt x..c.e. . . . .. 1 / n - c( z. .c. . . . . . . . 3 /216 - :< x. . . .e. . . . . 3 /216 + < x. . .. . . . . . . . . )2/648sseg -
- a e e

33 3 - 3

ts , tu 1. .c. .f. . . . . . )2/12 - ux..c.........)21216 - u x. .. .. f. . . .. . ) /Zie + ( x. . . . . . .... 2
1 1648e

cf c f
'

32 3 2
ss . 1:(z..c...g.....)2/1c8 - r( x . . c. . . . . . . . . )'/216 - It z. . . . . . g. . . . . )2/ 324 + ( x . . . . . . . . . . ) 2/648

-

e* cg c ge

32 3 2
I:(x..c....n....)2/108 - I(X..c.........)2/216 - :(I.......n....)2f3 4 , gg,,,, , ,, g/6482

55 *
3 ,

cn c n

- 32 3 2-
I:(I..c....... 1)2/108 - t( X . . c. . . . . . . . . )2/216 - :(x.......... 1)2/324 + (1............)2/64853 =g
cl c 1

-. 33 3 3

$$gg..=-II(z....ef......)2/72 - I(I....e... ..)2/216 - I( z. . . . . f. . . . . . )2/216 + (x. ..... .. )2/648
ef e f.

' 32 ' . 3 . 2 ,

::( x. .. . e . g. .. . . ) /108 - :(x. . . .e. . . . . . .) /216 - :( X. ...g... .)2/ 324 + (X. . . . . . . . . . )'/ 648, 15 =
EG eg e g

32 3 2

m ....e.....k. / M .D....e....... 6 - u x..........k.) h 24 + D...... .. .. h 8$$ =
; EK~

ok_ _e k=

' 3 2E
E2I#* * * * * #I* * * * * I IIO8 * I( x. . . . . f. . . . . . ) /216 - :(x. . . . . . g. . .. .)2/324 + (x.......... .)2/648SS '

FG fg f. g

32 - -3- 2
I:(s.....f....k.)2fggg ,ggg,.,,,,f,,,,,,)2/ 216 - I( x . . . . . . . . . . k . ) 2/324 + (x. . . . . . . . . . . 1 /6482

$$ g *
7 - fk - f k

22 - '2 2
/324 - t(I..........k,t /324 + (x............)2/648::(1. . . . .g. . .k.1 /162 :( X. . . . . .g. . . . . )2 22-

$$g * <

gk g k

2 2
$3 : = . (x......g... 11 /162 J (I. . . . . . g. . . . . )2/ 324 - (X...... ... 1)2/324 + (x........... 1 /648-** gi g_ 1

e ,

ss.0TAL- = tx 2 -( z . . . . . . . . . . I'/648encoefgritj k1.
,, .,n

ERROR 35*CT4 - 411 sther 55 '. 53 "

.
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Table 7-20. Analysis of Variance Results for Air Patn Sensitivity Study.

F .,j F' TEST F'2,,3Variable d.f. 55 MS FTEST 3

A 2 2.810E+12 1.405E+12 1.02 5.15
~

B. 2 6.010E+13 3.005E+13 18.46* 2.30

C 2. 5.060E+09 2.530E+09 966.00* 5.13 0.0016 2.30

0 2 1.154E+10 C.770E+09 6.13** 4.32 0.0037 2.30

E 2 1.214E+12- 6.070E+11 0.84 3.78

F 2 3.403E+13 1.702E+13 0.69 5.34

G 1 3.912E+13 3.912 E+13 0.52 49.50

H 1 3.352E+13 3.352E+13 22600.0* 8.53 21.65* 2.71

I/J 1 3.468E+13 3.468E+13 21.30* 2.71

K 1 3.883E+13 3.883E+13 0.79 8.53

L 1 3.501E+13 3.601E+13 1.09 39.35

A0 * 2.304E+09 5.750E+08 0.00035 1.94

A0 4 3.764E+09 9.410E+08 0.00058 1.94

AE 4 2.617E+13 6.542E+12 4.02* 1.94

AF 4 2.510E+12 6.275E+11 0.39 1.94

2 _ AG ~ 2 2.573E+12 1.226 E+12 0.79 2.30

'AK 2 2.406E+12 1.203E+12 0.74 2.30

AL 2 2.611E+12 1. 306 E+12 0.80 2.30

CE 4 5.076E+09 -1.269E+09 0.000078- 1.94
CF 4 4.500E+09 1.125E+09 0.000069 '1.94

CG 2- 4.036E+09 2.018E+09 0.00012 2.30

CH -2 2.972E+09 1.486E+09 0.000091 2.30

CL 2 3.906E+09 1.953E+09 0.00012 2.30

EF 4 3.464E+12 8.660E+11' O.53 1.94

' EG 2 1.107E+12 5.535E+11 0.34 2.30 -

~EK 2 9.544E+11 4.772E+11 0.29 . 2.30

FG 2 -3.291E+13 1.646E+13 10.11* 2.30

FK 2 3.240E+13 1.620E+13 .9.95*- 2.30

GK '1 3.761E+13 3.761E+13 23.10* 2.71

GL 1 3.479E+13 3.4790+13 ~21.37* 2.71-

ERROR 580 9.441E+14 ' 1.62E+12
-TOTAL. 647 1.404E+15

_

4

Significant at' 2=.1 level and at 2=.05 level*

Significant at 2=.1 level-but not at 2=.05 level."

3
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The in fornation in Table 7-18 is used to generate the F column inTEST
. Table 7-20. Ratios of mean squares are determined by the variance effects shown
in the E(t15) or expected mean square ce,lumn of Table 7-18. In all cases where
the variance of the effect is summed with the error variance, the ratio is simply
the MS of the efect divided by the MS for error. This is true for the following
e f fects: 8, I/J, and all interactions. Other ratios all found by finding an

E(MS) which has all the variance terns equal with the E(MS) of the variaDie of
' ' interest except for the variance of the effect of interest. If no candidates

exist for thi s ra tio , then combinations of the E(MS)'s are found which can
produce this result. The degrees or freedom for these composite ratios is found
using an approximation developed by_ Satterthwaite. For example, the F f0FTEST
variable L is found by

(HS + MSerror + MS I/IMSAL + MSCL + MSGL *error - L I

Based on the above derivations, variables B , C , 0, H, I /J , AE , FG,
FX, GK, and GL were found to have signi ficant e ffec ts at an F = .1 level.

Retesting C, 0, and H based on a pooled error variance estimate resul ted in2

di fferent conclusions for variables C and D. Thus, it is concluded that the C

and D effects'are not really significant in this model.

7.5.3 Water Path Results

Table 7-21 presents the water path sensitivity- study model assumptions
for an analysis of variance. Eighteen variables and interactions were chosen far,

evaluation as indicated in the table. The error term was composed of the terms
listed ~ in t*.e table, all of which were assumed to have no impact on the Systems- '

ibdel . -The E(MS)'s for the - variables are 'shown. Variables are defined in-

' Table 7-14.
.

Table 7-22 presents the computational formulas for the variable sum of
squares. The results of-the analysis are shown in Table 7-23. The effects of

signi ficance were' D, CE, EH, EI, 'and HI with CE being less signi ficant than the
. others. ' Interpretations of these results are provided in the following section.

.
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Table 7-21. Analysis of Variance for Water
Path Sensitivity Study. ,

Variable d .f . E(M5]

AS.fA 2 . 24 .

r . wJ . !8 2 ..

.r . mj . 2=J . wg . a.C 2

a , .z . n.

.z.2A.J . wg . wd . n.!E .i

.z . w ; . w ; . w ; . w ,2 . n.c
F ,

.r . n.g -. i

wg . ws . w| . n.2.c . 2A.; ., ,

72.f '
2 2

1 1' 2 , p .. g +
g

2bs h' SJ .2' 2 .
3

. + 24.gfBF 2
'

CE 2 .2 '24.CE+

24.gfCF .2' '.2 .

CH, -2 . . 24.
.

.
EH 1~

2
36.EH '

.

. w['. EI 'l . .

wg,H 1,
2 .

2
H! 1- 's . p ,

. Error 117'- -

4

Error term is composed of 'following ' interactions =Mich are assumed to be zero.

2
~

A8 . AD. AE. . AG . . AH '- Al. 80 BE. BG. BH. 8!,Error .

2 2 3,2 , ag .,,2CD. CO, CI. CF - CG..FI. A8 3, ag g, p

A8 H. A8 I, ACF. ADG. AEH. AEI. AFH. AFI. -AHg.

SDF. 80G. BEH. SEI. 8FH.' 8Ft. 3HI. CDF. COG. CEM.
I 2 ~ 2'CE!. CFH, CFI.' CHI..;DFH. 0Ft.. AS ;F. A6 3, A8 [H,(.

9- . .- g 2A8'E!.' A8'FM.! A8 FI. A8 MI, grH. MFl. 50FH. 83Fl.
2 2CCFM. I- CDFI. - A8 bFM. A8 0Ft.

s.
4
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Table 7-22. Ccmputational Formulas for Water fath ANOVA.
:
|

;

1

3

T(Xa........)2,3 (x,,,,,,,,,)2fi,,^

ss 7- ,

3 Y
3 -

(X.........)2fjg4[(X.b.......)2/48ss = -
g

0

3

1(x..c......)2,, - (x.........)2nuss .
c

c

2

/72 - (X.........)2fj44I[(X. ..d . . . . )2ss =
g

0

'2-

ss, = - 1(x._.e_..)2,72 (x._.._ _)2,i44-

-
e

(X.........)2;44ss = (X.....f...)2/72 f-

y

;f(x.....4..)2m (x....... .)2nuss, = -

9

'(X.........)2fg44(X..... .h.)2/72 .-ss =
g

. .

-2
z z

ss, . 1( X , . . . . . . . n m (x........a o o-

-1

(t.....f...)2/72-Xa . . . . f. . . ) 2/24 ' - - (Xa........)2/48ss -=-
47

af' a ~f

+' (X.........)/144,

.

ss,, = - f Ttx.b. . .f. . . )2,,, .f
-

22 (x,,,,,,.. 3 mcx,3,,,,,,,3 ,,3 ..

YY b
~

-|(x.........)2nu|- +

.

(I..c......)2 ,3. , f(x,,,,,,,,,3/722
(X..c.e....)2/24 :- 755 -.

"
CE- w -

ce .c- *

(X.........) /i44.'+

+
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Table 7-22 Computational Fonnulas for Water Path ANOVA.
,.

(Continued)

3 2

SSCF = (X..c..f...) /24 - (X..c......)2/48 {(X.....f...)2/72-

e f

(X.........)2/144+

SSg= (X..c....h.)2/24 - - (X..c......)2/48 - (X.......h.)2/72.

ch C h
+ (X.........) /l44

gg 2 9

[(X....e....)2SS = - ) ) (X. . . .e. .h. )2/36 /72 - (x.......h.)2/72
-g

e h e h

(X.........)/144+

4

* * " ' " ) /36' (X ~ ~e m o )2/72 (X. m m . mi)2/72SS * - -
EI

-e i e i

+ (X.........)/144

(X.......h.)2/72(X. . . . . f. . . )2/72SS (I"" f h-) /36 '-'' -

g

+ - ( X. . . . . . . . . ) /144

.SSgg =' (X.......hi)2/25 (I.......h.)2/72 (X........i)2/72- -

n1 h
~

11 '
(X.........)2),,+

,

-Xabcdefgh12, -gg,,,,,,,,,)2),4- '55 , 7=
7 3

55Emr . = - SS * '' ~

~

Total

.

I
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Table 7-23. Analysis of Variance Results for
Water Path Sensitivity Study.

- Variable d.f. SS MS F F F F',
3TEST a=.1 TEST ,

A 2 2.854E+07 1.427E+07 3.34 9.00 1.89 2.35

B- 2 1. 399E +07 6.995E+06 5.20 9.00 0.93 2.35

C 2 1.139E+08 5.695E+07 1.81 3.62

0- 1 3.596E+08 3.596E+08 46.84* 2.75

E 1 9.001E+07- 9.001E+07 0.23 8.53

F 1 5.044E+06 5.044E+06 2.33 3.16 0.67 2.75

G 1 4.530E+04 4.53'0E+04 0.0059 2.75

H 1- 8.498E+07 8.498E*07 0.24 9.00
.

I 1 3.520E+08 3.520E+08 2.06 8.53

AF 2 8.544E+06 4.272E+06 0.56 2.35

BF~ 2 2.690E+06 1.345E+06 0.18 2.35

CE 2 3.677E+07 1.838E+07 2.39** 2.35

| CF 2 8.540E+06' 4.270E+06 0.56 2.35

CH 2 3.453E+07' 1.726E+07 2.25 2.35

EH l' 3.455E+08 -3.455E+08 45.00* 2.75

EI 1. 8.648E+07 8.648E+07 -11.26" 2.75

. FH- 1 4.351Et04 4. 351E+04 0.0057 2.75

HI- l' 8.845E+07~ 8.845E+07 11.52* 2.75

ERROR zil7 -8.983E+08 7.678E+06
'

' TOTAL ~ -143 2.558E+09

*
SignificantTat a=.1 level and at a=.05--level:

**
Significant at a=.1 l'evel but not at a=.05 level
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7.6 CONCLUSIONS

Valuable information dealing with the Systems |1odel was obtained as a
resul t of performing the sensitivity studies. Pre-study test runs and the study

results provided insight into the operation of the code and the importance of the
input variables. Code run time was decreased without significantly changing the
calculated doses. No major changes were found to be necessary in the Systems
Model in order to yield an effective analytical tool . The signi ficance of the
input variables was determined with some surprises and is discussed in detail in
the following text.

A key finding in the pre-study test run was that input variables must
have exaggerated values in many cases in order for the model to compute a

lon-zero dose. An ini.tial water path study had many zero results. Inputs were
modifled in order to force non-zero answers. When analytical resul ts were
compared for the two studies, no signi ficant changes were made in the

conclusions. Thus, the large number of zeros in the air path study shown in the
Appendix is felt to have little impact on the conclusions.

Certain variables were found to act almost like switches in the Systems
Model . Many of these variables were not significant in the sensi tivity studies
but had to be carefully controlled in order to get non-zero resul ts.

Specifically, weather, aquifer sorption equilibriun constant, water travel time ,

retardation factor, and nuclide solubility (variables A, C, E, F, and H in water
path study) acted as switches in the watec path sensi tivity study. Wea ther,

nuclide solubility, site wind resi stance, and retardation factor (v,ariables -
A, H, K, and L in air path study) al so acted as switches in the air path
sensitivity runs. Thus, while these variable appear to have little significance,
they, in fact, have large signi ficance since they are able to " switch-off" dose.
When changed enough to " switch-on" dose their effect as a variable is weak.

Some variables were found to have no significant impact on the System
Model results over.their considered ranges. Layers in soil column (variable C in
air path study and variable ~B in water path study) fell into this category.
Apparently, the retardation. factors of the geology are the drivers for the model
and the: number of soil layers makes little or no difference in dose output. It

is- felt that the number of layers acts only as a ' delay factor which would be
important for short-lived or intermediate range hal f li fe isotopes. For most
cases, -this variable will have no impact. Thus, a " smeared out" approach to soil
column geology would probably introduce very little error in the results.
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Aqui fer dispersion (variable G in water path study) is ano ther variable which

seems only to delay dose output but does not significantly impact cumulative
population dora. The variable demography (variable 0 in air path study)
represents the population distance distribution and was found to be

insigni ficant. This is prcbably due to a large percentage of the population dose
coming from the food chain rather than cloud shine or ground shine or inhalation.
Trucks transporting foods acted as a distance nulli fier and resul ted in
population distance not being a significant variable. Note that total population
was held constant since it is obvious that population dose will be proportional
to the total popul ation. It was also necessary to hold the age distribution
constant to reduce the number of independent variables. It is well-known tha c

moving the age scale down toward younger people increases the dose commitment.
Weather was important to the models primarily from a switch standpoint.

Rainy weather was necessary for the water path sensitivity study to have resul ts
and ' dry, windy weather was necessary for the air path to accumulate a dose.
Agriculture (variable B in the air path study) was found to be a signi ficant
contributor to the model . Also, nuclide quantity (variable I in air path and 9
in water path study) was found to be significant in the water path results. This
variable was set constant in the air path study in order to obtain information
about stack height (variable-J in air path study). Stack height was found to be
significant in the air path results along with nuclide solubility.

Many interactions were identi fied as being signi ficant in the

sensitivity studies. Significant interactions indicate that the e ffect tha t a
variable has on the resul ts is dependent on the value of another interacting
variable. Thus a combined effect of two interacting variables is no t just

additive' but more like being mul tipi icative. Signi ficant interaction can
dominate the individual effects of the interacting variables. Thus, many of the
variables in the studies are not individually significant due to the significance
or their interactions with other variables.

For the air path sensitivity study, the 'significant interac tions are
discussed below. Weather X cap characteristics (variable A and E) interaction
indicatas an'important relationship between wind and rain with the geometry and
spacing of the caps on the trenches. Soil size X burial depth and soil size X
site wind resistance and burial depth X site wind resi stance (variables
F,.G, and K) interactions re flec t the relationships- involved in the erosion j

l
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portion of the air path study. Burial depth X retardation fac tor (variables
G and L) interaction is another significant relationship.

The water path sensi tivity study also had signi ficant interactions.

Water travel time X nuclide solubility and wa ter travel time X wa ter body

turnover flowrate and nuclide solubility X water turnover body flowrate

(variables E H, and I) interactions show the importance of the combined effects.
For exampl e, if the nuclide is very soluble and the aquifer is very slow, no

effect will be seen. If the nuclide is insoluble and the aqui fer is fast
following, still no effect is seen. A dose results when the aqui fer is traveling

fast and the nuclide is soluble. Therefore, where reasonable soil or aqui fer

retention (delay) exists, there would be little difference between dissolved

nuclides and insoluble nuclides in the trench. This is a signi ficant resul t

especially considering that it is found at very low Kds.
In summary, the sensi tivity studies have indicated that the Systems

Model is driven by several key variables. Other variables of little importance

can be assigned constant values or do not need very accurate input. It should be
noted that the analysis in these studies did not look at si te exposures. This

means that high soil surface (or near surface) concentrations at the site show no
si ~icance since' direct exposure was not included in the study. however, it can
tre . icluded that direct effects will be essentially proportional to surface /neara

surface concentrations. Also, as discussed above, many variables had to be

assigned' exaggerated values in order to obtain model results. Thus, it appears

that burial systems even with weak retention = parameters display very resistance
to transport. ' Movement results generally from gross washout or flooding (as in
Maxey Flats or West Valley) and not when a good soil path is provided and

trenches are properly -covered.

.

U
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8. REFERENCE FACILITY DOSE ASSESSMEUT

, .

8.1 INTRODUCTION

8.1.1 Background

The purpose of this project was to develop a means to analyze the
radiological effects of proposed low-level-waste burial sites, burial procedures
and associated activities. The objective of this effort is to develop a computer
program and data base to calculate population dose for a broad spectrum of
radionuclide release events and conditions, ranging from a short-term event such
as' a fire in the burial pit or transport vehicle to a long-term event involving
the transport of dissolved radionuclides in ground water flows over periods of
tens of thousands of years.

The Task 4 activities reported'in this section represent work to define
and describe test cases to (1) demonstrate the use of the model and (2) to give

. users a check on versions of the code converted.to run on their machine. Two
reference shallow-land burial sites were defined and 10 test cases associated
wi th those sites -were developed to dencnstrate and test different parts of the
code.

8.1.2 . Relationship' to Other Tasks .
In Task 1, seve'ral ' existing shallow . land burial (SLB) sites were

'visi ted and literature reviewed to assess the problems of shallow land burial.
Potential . release' pathways from SLB sites and potential radionuclide inventories
subject to release were defined.

In Task 2,' the shallow land b,urial analysis model was developed.- This
' effort' consisted largely of assembling and evaluating existing model s - for -- the
various Lpathways and adapting then for use -in a systems model . In some cases,
' entire. computer codes 'were used with some modification, while in other cases only

_
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the core theory of existing models were retained and a new subprogram was

constructed. The Task 2 report describes the model in detail .

In Task 3, the sensitivity of calcul ated resul ts to the various

parameters was tested by running the code with statistically-sampled variations
o' code input parameters. In this manner, those parameters which nost strongly
impacted the first result (population dose) were identified.

8.1.3 Approach

The intent in selection of demonstration test cases was to use

realistic data and thereby derive answers which are indicative of potential

population doses from low-level waste burial activites. It was necessary,

however, to take into account two constraining fac tors, code run time and

magnitude of the answer. Some SLB problems are very quick running, but some

problems involving the chronic release and transport of mul tiple radionuclides
over a period of many (e.g., + ens of thousands) years can be long running. Test
cases which will be used by persorito check the operation .of the code on their
machine should run, at most, a few minutes CPU.

For low-level wastes, population doses from chronic or accidental
release are usually low, but for some pathways and conditions, the dose is so low
that the ~onputer-derives only zeros, even.with the result printed on "E" format.

In the case of chronic releases to air and water, intermediate results are given
for soil concentrations since no "real" inputs could be made to produce non-zero
dose results.

Ten cases were derived to demonstrate di fferent types of- code

application. The test case for calculating the dose to a person at the edge of
the SLB pit is very quick running and exercises the-DIRECT dose subroutine. For

thi s ~ case, a detailed description o f site characteristics (meteorology,

: demography, crops, soil and aqui fer) was not' needed. The analysis o f the
_

radiological effects of a fire in a waste : transport vehicle is also fast running
and . involves the use of the AT!iOS air tranport routine and the DOSET population
dose routine. _The analysis _- of long-term releases via ground water, is slower
running and involves tihe repeated .applicatiun of the U!1 SAT _ unsaturated zone
transport subprogram, the AQUIFER aquifer transport subprogram and the ATHOS and

DOSET subprograms. Stack releases. from the incinerator'. are obtained by using
ATMOS and'DOSET.
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Detailed description of the re ference si tes used can be found in

Section 8.2 and det - s of the results obtained are in Section 8.3.

,

8.2 REFERENCE SITES

Two reference sites were described for the demonstration cases; a semi-
arid site and a wet climate site. It was felt that two sites were necessary in

order to fully illustrate operation of the model. Some scenarios used would not
actually occur at the burial ground (such as an on-the-road truck accident or
release from packaging plant). In these cases, the meteorology and demography of
one of the sites was used for the purposes of the demonstration.

An effort was made to make the sites realistic. Therefore, much of the

data is taken from real locations with some necessary adjustments and

simpl i fications. The sources of data along with the relationship of the data to

real features of sites are identified in the site descriptions. Where data could

not be found, estirriates were made and identi fied as such.

8.2.1 Semi Arid Site (Site No. 1)
Typical existing DOE or comarcial semi-arid or arid sites are located

at Hanford, Idaho Falls, and Beatty. Most of the semi-arid site characteristics

are borrowed from these with emphasis on Hanford and Idaho Falls. (In some ways,

Beatty is in a class by itsel f) . Most of the data needed could be readily
obtained from information published on these sites.

8.2.1.1 Meteorology,

The rainfall pattern used for this site is based on a typical year at

' Idaho Fall s . Monthly rain -of 0.72 inches is assumed to occur over a five-day
period followed t,/ a 25-day dry period (i.e., 8.6 inches of rain per year). Soil
svaporation of about 7.2 inches occurs over a 25-day dry period. The cycle

reports each month.

' Wind velocity / stability frequency data are taken from the Hanford High
Performance Fuel Laboratory (HPFL) El s. Wind data for the site are given in

0Table 8-1. The mean annual temperature used was 11 C which is for Hanford in
1972.

8-3
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Table 8-1. Wind Frequency Data for Semi-Arid Site (No. 1).

,

Velocity C.67 2.46 4.47 6.93 9.61 12
m/sec

Stability
class

A 0.17' O.0361 0.021 0.0135 0.0071 0.0052

B- 'O.17 0.0361 0.021 0.0136 0.0071 0.0052

C 0.171 0.0362 0.0211 0.0136 0.0071 0.0053

.0 0.0487 0.0294 0.0226 0.0194 0.0117 0.0095

E- 0.0277 0.0304 0.0429 0.0602 0.0327 0.0167

F 0.0393 0.0503 0.0597 0.0506 0.0182 0.0085

G 0.0254 0.0351 0.0382 0.0205 0.0019 0.0002:

.

v

~
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8.2.1.2 Demography

A one-dimensional population distribution was assumed which is typical
of the semi-rural region with nearby small population centers. The distribution
used is actually the same as for the wet site which was a year 2000 projection

0for a 22.5 sector due east of the Savannah River Plant. Table 8-2 gives the

demography.

8.2.1.3 Hydrology
13 5A nearby river, 41 Km away, has a flowrate of 9x10 1/yr (10 c fs) .

These are numbers corresponding to the Columbia river and Hanford reservation 200

area burial grounds. The principal aqui fet lies 350 feet tMew the surface and
flows an average of 1.8x10-4 m/sec (50 ft/ day). The depth corresponds to

Han ford. The flowrate is large compared to most arid region aquifers but would
give conservative results. The aquifer dispersion coefficient is assumed to be
1x10-3 cm /sec which is a typical value for western desert soils. The aqui fer2

bulk density is 1.7 gm/cc and void fraction is 0.5. Table 8-3 gives sorption

equilibrium coefficients for nuclides in the aquifer.

8.2.1.4 Agronomy and Topography

Surface till is assumed to be sandy fulviatile and glaciofluvatile

sediments composed of 95 percent aggregates smaller than 0.84 mm diameter.
Surface roughness features are assumed to be 0.1 m high. The kno11 slope of
trench caps is assumed to be 8 feet high with a 60-foot half width or, therefore,
14 percent. The percentage of soil remaining suspended when lifted is assumed to
be 70 percent.

-No wind barrier is present at the site. The prevailing wind is assumed
0 0to ' be from 50 and the field angle to the wind is 50 . A field area typical of

Beatty is assumed (1200 ft wide by 1600 ft long). Vegetation cover on the site
is assumed to be 10-3 kg/m ,2
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l Table 8-2. Distribution of Population Along Prevailing
| Wind Path for Site Nos. I and 2. i

!
l
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,
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'

Distance Population;
-

(Km)
;

16 0
,

32 3000
,

1 48 9000
!

64 5000
.

80 8000
:

100 6000

:
120 10000
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Table 8-3. Nuclide Equilibrium Coefficients * in the Aquifer
(Note: All isotopes of the same element have the

same coefficient)

:

<

Element Equilibrium Constant

H 1

C 340
5 340
Cr 35
Mn 35<

Fe 510
Co 340
N1 340
Zn 340
Sr 8
Zr 340
Nb 340
Tc 1.3
Ru 1021
Sb 10
I 1.3
Cs 70
Ce 340
Eu 4100
Ra 170

'_

Th 4100
0 8
Np 240
Pu 680 -

Am 240
Cm 240

*K= 1 + KdP Where X = equiv. coeff., Xd = retardation factor
P = bulk density (1.7 gm/ml)c

e = void fraction (0.5)
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8. 2 .1. 5 Vadose Zone

The unsaturated zone between the trenches and the aqui fer (vadose zone)
'

is 350 feet deep (Hanford) with the first 200 feet being fulviatile and

glaciofluvatile sediments. The next 60 feet is made up of so-called Palouse soil
which is a fine sand and silt. The bottom 90 feet of the zone is coarse silt,
sand, gravel, and clay (the Ringold Formation at Hanford). Properties for these
layers are summarized in Table 8-4. Nuclide retardation factors (K 's) for thed
layers are given in Table 8-5.

8.2.1.6 Agricul ture
The fraction of land under agriculture in the vicinity of Site Number 1

2is 0.1 wi th two crops per year. The harvest is 100 Kg/Km of leafy green
vegetables in one year. There are 50 beef cattle per kd on the average and 10

2dairy cows per km ,'

8.2.2 We't Si te ( Si te No .2 )

The reference wet site is modeled after the Savannah River Plant. Most
of the characteristics used were taken from the SRP EIS for high-level waste.
Weather (wind and rainfall) and much of the hydrological and agricultural data
are taken from the EIS.t

8.2.2.1 Meteorology

An annual rainfall of 47 inches (at SRP) is distributed as a monthly
rain of 3.9 inches. Each month the rain occurs over a 20-day period with a
10-day dry period. An evaporation of .29 inches occurs during the dry period.
The 20-10 day cycle is assumed to repeat each month. Wind data for the site are
given in Table 8-6. .The mean annual temperature is 18 C.

<

^
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Table 8-4. Composition of the Unsaturated Zone (vadose)
Above the Water Table.
Semi-Arid Site (Site No. 1)

-

Layer Depth Relative Water Bulk Density
No. Description (ft) Conductivity (gnVcc)

1 Sandy sediments fulviatile
and glaciofluviat D e 200 1.0 1.77

,

2 Palouse Soil
(Fine sand and silt) 60 0.3 1.73

c2

da

3 Ringold Forumtion 90 0.2 1.8



Table 8-5. Nuclide Retardation Ftctors In Semi-Arid Site (No.1)
Unsaturated Zone.
(Note: all isotopes of same element have the same value)

Kd(ml/gm)

Element Zone #1 Zone #2 Zone #3
(top) (bottom)

H 0 0 0

C 100 100 300

S 100 100 300
"

Cr 10 10 100

fin 10 10 100 2

Fe 150 150 1500

Co 100 100 1000

Ni 100 100 1000

Zn 100 100 1000

Sr 2 2 20

Zr 100 100 1000

Nb 100 100 1000

Tc 0.1 0.1 1

Ru 300 300 300

Sb 3 3 3

I 0.1 0.1 1

Cs 20 20 200

Ce 100 100 300

Eu 1200 1200 10000-

Ra 50 50 500

Th- 1200 1200. 10000-

U 2- 2 4

Np 70 70 700

Pu 200 200 2000-

Am .70 70 '700

Cm- 70 70 700
.

~
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Table 8-6. Wind Frequency Data for Wet Site (No. 2).'

!.

Velocity- 0.35 1.11 2.0 2.89 4.25 6.72
m/sec,

Stability
class

A 0. 0.00128 0.00432 0.00397 0.00304 0.
3 0. 0.00794 0.02744 0.01214 0.00385 0.00012

C. - 0. 0.00899 0.00230 0.00864 0.00269 0.
D 0.01693 0.13031 0.09633 0.05126 0.04075 0.00339

'

E. 0.10426 0.09727 0.02300 0.0308 0.00420 0.00035

'F. 0.12085- 0.01857 0.00175 0.00012 0.00012 0.
'G .0.16371 0.00724 0.00023 0. 0.0 0.

l
1

<

1,

-

,,

* '

.
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8.2.2.2 Denography

The population distribution for the wet site is the same as for the
0semi-arid si te which was given in Table 8-2. This is actual data 'or a 22.5

sector centered on due east from SRP as projected for year 2000.

8.2.2.3 Hydrology
4The nearest large river is 1.6x10 m away (distance from SRP burial

12grounds to the Savannah River) with a flowrate of 9x10 1/yr (10,000 cfs). The
principal aqui fer closest to the surface is 50 feet below the sur face with an
average flow velocity of 4x10-4 m/sec. The dispersion coefficient is assumed to
be 1x10-3 cm /sec. The aquifer bulk density is 1.7 gm/cc with a void fraction of2

0.5.
Sorption f.quilibrium coefficients for the aqu1fer are the same as those

for the Site No. I aqui fer.- These were given in Table 8-3.

8.2.2.4 Agronomy and Topography

The ;urface soil is a clay, sand, gravel mixture with fine organic

particle content. Particles of less than 0.84 mm diameter comprise.15 percent of
the surface soil. Surface roughness is assumed to be 0.01 m on the average. The
knollslope of trench caps is 14 percent. The amount of soil remaining suspended
when lifted by wind is 20 percent.

No wind barrier is present at the site. The prevailing wind is from
025 and the angle of the trench caps to the wind 0 . As wi th Si te No . 1, the

,

trench cap area is represented by a 1200 foot wide by 1600 foot long site area.
Vegetation on the site is 0.2 kg/M.

.

. .

8.2.2.5 The Vadose Zone
,

The 50 foot deep unsaturated zone is composed of uni form material
~ composed of a clay-sand mixture. The bulk dend ty if 1.7 gn/cc. Nuclide-

retardation factors for the unsaturated zone are given in Table 8-7.

i

n
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Table 8-7. Nuclide Retardation Factors In Wet Site (tlo. 2) Unsaturated
Zone.
(Note: all isotopes of the same element have the same value)

4

Element Kd(ml/gm)

H- 0
C 100
5 100
Cr 10

I Mn 10
Fe 150
Co 100
Ni 100
Zn 100
Sr 2

Zr 100
Nb 100
Tc 0.1
Ru 300
Sb 3

I 0.1
Cs 20
Ce 100
Eu 1200
Ra 50
Th 1200
U 2
Np 70
Pu 200
Am 70
Cm 70
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8.2.2.6- Agricul ture
The fraction of land under agriculture in the vicinity of the wet si te

is 0.30 (taken from the SRP-HLW EIS). A two crops / year harvest yields 5x10-5 kg
2 2per km of leafy green vegetables. There are 10 beef cattle per kn and 20 dairy

2cows per km on the average.
4

8.3 RESULTS

8.3.1 Description of Cases

Eight basic scenarios giving ten cases (two si tes for two o f the
*

scenarios) were chosen _ for the demonstration runs. These covered packaging,
i transporta tion, burial operations, and post- burial. Where applicable, the two

separate sites were examined. The eight basic scenarios were:

e 0-4 Accident stack release from incinerators large volume - filtered
,

e 0-5 Accident stark release from incinerators small volume - unfiltered,

e A-ll Chronic escape to _ the atmosphere during pre-entry inspection of
loads

,

e B-2 Exposure of personnel to an improperly shielded package (High>

Intensi ty);

e C-6 Exposure of personnel' to uncovered trench area

e E-1 Chronic release to atmosphere- from burial g round due to_ wind
erosion of the soil

e E-2 Chronic release to water sources from the burial ground

e T-2 Truck . accident ' accident on the road with major fire, explosion -

involving the entire truckfincluding all . waste and vehicle fuel supply.
~

8-14
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Table 8-8 sumarizes inputs and results for the cases studied. The detailed
resul ts are given in the computer output at the end of this section.

8.3.2 Releases From Incinerator Stack
This scenario is related to a packaging operation where the waste is

burned and then fixed in some matrix ( such as bitumen) . Case 1 represents.

release of a fraction of material due to some incident but with proper stack

fil tering involving packaging plant waste ( **WS-4) . This scenario number 133
4- yields a total integrated population dose of 2.44x10 man-rem for a 14,000

2popol ation. The principal nuclides responsible are CS 137 (8x10 man-rem),
3 2 4CS u4 (10 man-ren), Np 237 (10 man-rem) and Pu 242 (2x10 ~ man-rem). The main

2biological paths are direr' inhalation (10 man-rem) leafy vegetable ingestion
3 4 2(1.4x10 man-rem) resuspensi i inhalation (2x10 man-rem) nilk ingestion (2.4x10

2man-rem) and ground shine (4x10 man-rem).

Case 2 is similar but much more severe since the stack is not filtered.
All of the same biological paths and nuclides are important but the e ffec t is
about 3.5 times larger.

. . .

.

3.3.3 On-Site' Activities
Cases 3, 4, and 5 all relate to direct exposure of personnel to waste

material . Case 3 is a problem of atmospheric transport due to waste disturbed by
inspectors while Cases 4 and 5 are shine exposures.

Case 3 is scenario 40 involving exposure due to loose caterial escaping
during inspection from a large box containing reactor decomissioning,

Most of the contribution is from Co-60 (6x10-6 man-ren)decontanination waste.'

and the major path is ground shine. Some minor exposure from ingestion paths is
also present.

Case 4 is scenario 44 involving accidental exposure from . inadvertent
shielding removal from a high intensity load (Co-60, 3000 Ci). The exposure is
large: 7 rem to 'any workers within 3 m for 2 min.

C*No te : See Volume 1 of this report for inventory description,

8-15-
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Table 8-8. Summary of cases Studied
Population: 41,000

Case Scenario Title Inventory *< Input Data Pa th. Cumulative Direct Shine
No. No. No. 0 (rem)

1 133 '0-4 WS-4 Volume = 14,000m3 2 2.4 E + 4
560 hrs exposure

100ft stack
Site #1 wind

32 134 0-5 WS-4 Volume = 25m 2 7.3 E + 4
1 he exposure
100 ft stack
Site #1 wind

3 40 A-11 WS-3 -Volume = 1m3 2 6.6 E - 6
2 min exposure
Site #1

4 44 3-2 WS-1 Line Source 10m 3 7.0 E + 0
Distance = 3m
2 min exposure
k" steel container

5 98- C-6 WS-6 Volume = 2100m3 3 7.3 E - a
Distance = 50m
2 min excosure
1/16" Aluminum

'6' 111 E-1 WS-6 Site #1 951 0.0 E * O6

'

10 yr exposure

7 111 E-1 WS-6 .$1te'd2 951 0.0 E + 0
10 yr exposure-

8 112 E-2. WS-6 Site #1 31 0.0 E + 0
10 yr exposure

9 112 .E-2 WS-6 Site #2 91 0.0 E + 0
10 yr exposure

10 133 T- 2 WS-2 30 min exposure 3 1.42 E - 4
6Heat Release = 510 BTU

Volume = 90mJ
Site 11 wind

2 1.2 E + 2

*Psth Codes: 2 = atmospneric, 3 = shine, 91 = seepage to aquifer, 951 = seccage, wind erosion
'

" Note: ' Inventories have been renureered since Tast 2 Report. See Tables 4-2 througn 4-6

8-16
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Case 4 is also a shine case but less severe than Case 3. The source is
'

3a section of exposed trench (2100 m volume of waste) or inventory WS-6. This is
of the nature of routine exposure and is 7.3x10-8 rem at a 10 m distance assuming
equivalent average shielding similar to 1/16" of aluninum.

8.3.4 Routine Transport From Wind and Rain

Cases 6 through 9 involve routine influence of weather or buried waste
at Si te No .1 (semi-arid) and Site No. 2 (we t) . In all of these cases, the

quantity of nuclides entering the biosphere was too small to calculate a dose.
In Case 7, a detailed output of soil and water concentrations from UNSAT (called
" HYDRO OUTPUT") is provided to show what happens to nuclides.

Cases 6 and 7 are calculations involving seepage of water to trenches,
dissolving waste, carrying nuclides to surface by evapotranspiration and carrying
them to the atmosphere by wind erosion. The second page of Case 6 shows the

- a tmospheric concentration. The largest are from Fe-55, Co-60, Co-58, Cr-51, and
Cs 134. These very low conc 9ntrations are no t sufficient to give measurable
dose._ Case 7 is similar. Examination of detailed output, especially soil

concentration **, shows how nuclides are tightly bound to the solid or are carried
to the aqui fer.

Cases 8 and 9 al so give no population dose since the inputs to the
water paths are again very small and the half lives of most nuclides escaping are
such that they decay before reaching the biological path.

8.3.5 Vehicle Accident
Case 10 is scenario 139, a major truck accident with a truck carrying

LWR operational waste, (WS-2). It.is assumed that the truck is to tally consumed

by fire and two percent of the waste is' released to the atmosphere. Dose from
direct shine is found to be negligible while a- popul ation dose of about 12 0

man-rem results from atmospheric transport. tbst of this dose is due to Cm-244,
Co-58, Cs-137, Cs-134, Sr-90, Np-237, and th-54 ' and 80 percent is due to the
inhalation of resuspended material.

**These are the tables of "DD" versus mci /gm of each nuclide found 'at the end of
each . time step output

.8-17
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DETAILED RESULTS ,

|

Note: " MREM" in these outputs means man-rem not millirem.
1

.

8-18



>_~.-.J.. ------Eawa pea- J L. w-a.3'.4J 4- A -.a. J _ J._ . -A4hz__4 h Aa h_;_.A2, .a._m&--.am4a J , ._ma-ma,4 h4,.i.a_.4 h+-Am-.__.--m-*A-4-- .--4----aa

!

T

4

1

h

f
a

h

r

CASE 1

1
1

l

i

h

i
s

h,

'h

i

t

** f.
.

f'

&

j

L

''

,
%

i

e

!'

,

d

8 13
-

l

-

- - ,, -- - , .-- , s e - w < m e , , w s - , , , , - - - -



I

1
4

.

l
.

t

i
e

t
4

i

i

i
t
4

.
s

b

e
W
eum

d

at
?
O
u

Cf
T* *
%I e
t'
%i
em i

-
e

W O

.' .?

'.g = 1
6: 0 * tr *
"*

4. *O*.
L a v. *= s r
;* e ee 4 .*

| .t C t. 6 * * *
6 L J* *1

*= a .3 : o=
2+ eIb a en
a|: . u

-
, , . -

w. 3 es* w wt t
4 se em E &

e. gg e* T
% e 1
Ga 5 > m
mj*

L
J 2 O
2 C t

'ef|,#: t * *= s=
O a= F 1 ee

dei t em a = b
e w D e e
'w I ed * G % 8%e

e- e.m
b Y [g
f, e g
a' e e*
ma F.

.2 e
F Se

I
.

t
i

g. = =7. . . ~ e ' T' * ;* Ff 2*T*T-*'t~fE** S 1 2 & 1 2 1 E 1T E 3 E I I I 3 I I E E I E A E # A I2 *

e % ~ )***=



.. - . _ ,

e P 41 : t4H ar*h i

hist t l uF a * *..p.i t"*

Cl##**l-

k.L %I 4.4hnt-na
e C r'% d 4.4>et-oA
, ragg e . a t.n e -on
= 2 su% 2.per.t * si

**| lo9% ?.7eet-o?
m dolom 2.2=et-u?

hul7e 2. 7 e.it -e.7i

** bel?>- 2. 24 e t -4 7
tul%7' a.ans.t-len

t s'l %* 4.e nds -po=

'*; - Ful5% 1. e g e. t -a e
= suva e.oraf-up

C514F 9. ?c s' t =" Aa

a mo is 7.7 met-oh
C4131 % . l e e f .a =*

H H3 $,4406F-fs p
?.in E-nan Cle a

'*I59 6.eeDF-dvr-

n IC99 6.1 b o t -4 4
a 11/9 3.2 net -i n

00 p C%l15 3. 7 so n t - l o
da =! - .wP737 1. 7 0 t' f - i n

m; pop 3M e. leet-10'
>d

ps./ 4 9 a.e99E-10=

| 9 PH/ 4 ee h. e spef - l o
J u, ' sis / e l 1.776t-d7

d, **n t e / 1.7977-47
e. lu a -99$ * *'/e l r

q .a>/a7 f . Pa c t. -in *
* Arts) 3. Pott-lo
d C'?ot P.8aeE-09 '

af Cat 9) 3. 7 t' n F -l o
a C"/4e 1. '8/ D t- A q .

t

F. 45'ostiuC T Inf IS 4.56**DE+u ttanu sn
,

. - W J t.Ow[ .F PacpAGE lb C la04L+ #E Ccelt *ETERS

r
!".

e

*
t
H

if

9

.:
' 14

-94

19



, . . . _ . . _ . _

, ns.st . este sel Iswte)
. . . _ _ _ . . ---.--- .- - #' 'I'' 3

--

,, g

,I
o , o , C , t. ,-. .< a , t , ,.

.. . e ,. . 4 , i . . . . .. a ,...t+... .

, a .. e , . ,a r a s < l , -,., ~ ,. . I o. ....,,
. .

.

l
.* 7Jial Pout'l a f f re er .e k r. a n t;'1a N et y '' a's ! *shu CL i ssF , rg>Ta.cf rest,s

.] usSE paTe1 av, riti' . , 4 **'. t .a a =4 P oene,s. s i l'ais ar.E Cwnt.P.

.,

'a'
e' ea a'i t 'aresCL 11E
.N r=st 7.htr-ol r"Sa 5.17t+49I F e,'i$ 2. e. a F + 10 1 "** 5 4. t 4 E +8:4

..| 1.. . s i.,,..
-

e. l .. i . 3, , - ,,1
a; 31124 1,10E+0n bla l ?S 4.14 F + p *8
*; fut%d ~8. s t i - 4 4 8.n l % se 2. io ul

'

t e,l S5 1.5 8 F -814 S w 9 ti - 6. H b + * l
e ris $7 N t ir , .sp e.51 4. se l p ,.e l

rst34 9. a Fr +12 * * * 5.24f 'e2,

og Cl4 2. l .s t. 97 til 59 l . w <s t se ?
a; TC99 7.89F-ma 1149 8.ulfaut
ni Cs: 55 7.??F-Se to/17 1. .a .* r + '. 7
ai po/Sa I Pr/19 3.79p+44,.ca6+0o .

)
. ...,,..e ....,+.e., .. a I . . e s , . .. ..

oy>mp 2.ppe+0e a* del 1. t I e + a l,
n 447ap 5 g3r-oe. a t/m 3 l.3pr,.on

f? f.agna e.%gr+04 Cwda3 1.17t+ula
N r C * *u a 5.euF+41

83

H

DI9f aceCE (P)a

lob 4 2.est+0? 1204 .a . 4 t t + o l
a

a .a4Jn. 7.4pE+03 emno. 3 171+vt
w 4194 l.74F+45 l ie u p 0, / , 8 6 f + e81

124po. 2. 7/F + 4 %a

M

P a sse

"' CLOUD %et*4E
9. 20 E-02 C8"iler#0 S'.il> E

3.66E+02
~

D. 1 * ee ala i I tine t.atFeut W. T raecal r Y l'fe, 2.2%t+pea

wattw f *.r;t *4 t t u'e 0.4pF +d8e L. W. I's..F N f i tte 1. 3 9 e + <* l
= fa cin g I . 4 r 3 f g ri a 7.sw6-43 witz l .v. 9 81 s e. 2. 's tr + pp
a. l'iGF $ f 5 0'. 7.%9E*01.,|st*F
a r: <e.a.
is e, .. . t o u s ... g 2, gy,pa sis.e g :. , sg a g, e og
i' t ist v l <ne+oi e le at t *. . . s p + n .e
u e.u a 's 3 . e.9t e te ) I av.e. e,%I,eosg

.

n (. . l . f f' a c t 1. gq# eo s T eiv wsil ri 3. eg yg . -);
Snt4 a.49t+42.

i.

p A ..e f.<eop

a C * ll s. 5. = HF + .e 3 i t i es 1. ii g g a s, l
i. a c.st.1 l .%i t ,046
"

- - _ _ _ . _ _ _



_
-

-- --

T.st al, es.' esp . eli pte l ( He t * 3
, st R Cats 5 l ine 6#F Pnc> o sea s * et F .* J l t /h / Die
's

: Litant A 8 IbF PoputAfich a i S e> 2. .e u t. e v a
till f Cf F xPf)5ts*E 00SE tat */vtidsruel 0.ont+une

s

e

e tu r al es.Psil e T it'te .+5F 'iP[ am l a%w e v s, a t.lg.u.sCL is'F . I'. t h i s MC F Fe s t .
nnst 6afw-Av. **piir t oc ai4 at,s. Pnpiet e t t ars AGE ce%58.

..

is

a sa'iloraett.lDt
cast 7.5mF-on ( 8-s* 5.37F+98

n FE%g 7 e.wF e ien te .% re .c g r e n see

's 1d25 1.2/F * no 6te'l o n 1.34F-dl
a '96844 1. l uF , in b'sp5 e.3mt+co
a 'EulS2 9.%3E-Se f eil%e 2.72E-ul

Fulgs 1.53F */ Se' n e.cgt+01a

C%li? 4.17teil H sas a. elf +nt
.g.; r,i34 a..n . . r ..s . a . . .. i.

n Cle R.lqF-14 *s t S * 1.=4E-op
n 8C 84 4 . A 4F -*he 1944 1.61F-ol
a Cal 3% 2.77F-4/ ppt 97 8. 42 L e ts ?
n - p.s? S e I f. m F + he e evi9 3. 7 % F e ss a
= p u ).4 4 7.ent e lu PteJe t F . as % E + n n
a pieJ4 2 2.7/s ead A*/al I.IIF+ot

A'47ep % 159-os e /4 %. l.32f+4a
f C*/47 4.5/f + s's C"/.43 1. l ? t: + u l

Cr7g1 5.6cE+0iro a
W e.

u

i. fil i14 *d L (p l

a, lo e1 7.ger+n2 1/60 g. elf +H1r

q q a .c o . 7 gtr,1) Masi.s. 3. l f f +ti)
= 4 'i o n . 1. 7.af ,15 tonno. 2 16F+8')

idiin. 2.7s.e43en
"

.
*

% P A T.4

V CLO"4 9 81:sE 9.?nE-02 f.pfiu en 5. ele r 5.60t+p?

hf
D.a le it*La tic e 1.oIE+ot p, It4wat a T 3 ne. 2.25Leve .

maitd 1.a.;E s t f uh 0.iuF*00 4 v . - l'a .t S T I'b4 1.36e ed t

W,
nous g .gr s t irire 7. s'sF -0 3 % I L > t.d.e5110% ?.42t +97
etFF l'++ ' $ t 114 7 . *> 9 6~ ' " 1

t-

L
** fleti A's
,d eiesa LF H4v ?.e44t en a 48.e t P.M81F+4%i

.d I lvtW l./nt+n$ w ls eF T 4. .s-ag e de
Le ss a's 3. u t e ti 7 I s 's .. e. 516 e nd

g f..l.144LT F . Ve* * fs ! T ii v .i t. l e. g . e, F t + 0 7
Sei de . 's wr e n 2.

'*

r
%

s A tor s',,qhip

..; C . u .. 5. .,. i ,,,s 3. .r . 1
,, o ..o i . % .. F . ..,

..



- ,- w A - -.m -- - -e--- a -- - - _s -A-- - .mA---

CASE 2

.

t

5

I

!

(

r

I |

[ t

8-24

- . ._ . ... . _

- - .



., - . = . -- _ . - - - .- -. . - . . . _ - . . . . _ . ,. ._ -- .- _.

J

P

&

1

1

|

|

t

4

.

f.
I
t

s

.6
e

4

.

1 e

i f
|

, .

>

*4
t'
%
C -e

' % W
e*4 >
e ==

' F
f!

i r >
%. 3 2
W ; E=C
:. T w 31
&1 et == * r.

.. == g a= .- ,*
O 4 ~' b %d * et

MO *4
> $ b 1 4 98

'3 W 3h
2,| 1 W Wa w e -
'adi M > F# "F
k: ** J S a0

an . e. ee ?' 3y b &
C.; 3 > 9
m - e6 ** A 4

t t G C e,

At E 4 s= em
*test 2 F =e

.A
E W W p e

e . . e
W- "J 85 ? E M 8%d

3* |
- o. em .

I W
vt - a w

l F m.ao

W| W' M
' W e

K ^A

e = = A* = * = =*I I E E I E E I E E E E E E E E E E E E E E E E E E E E E E E E E E E S S 3 E E E E E E E E E 2 E E

C *nt % % ***E

8-25

. .



- - - - - m _ _.

I
<

e

le
S
6
>
W
L

U
=
T
J
U

n
3 %

C.
&
*

2 . 4=

c S=====o99%CCC=No*21 0at e==**wme9 = 3
F M 44 ? 20 333C CSS 332F SPS 92 3CC 3?SC OSTSC 3 C

m ie # + + * 9 9 9 9 0 0 0 0 0+++ 0 t t t t t t t t t t i t t 9 9 0 8 + t
Sq% 9 Md=seds&'d oMWL wk edwWGMdMGm%%wndeds 6 %
.I. . Gce=C &G4 T O L& 4 : 1 %C E C C C C CC TS A 2GE O& C a e
s is % G& E F W TMS & &C L C W%2 4OGJGG 446%P4& 3% a sb 3 4
2 'e m - W TS%ANANTFW S A A = e. #. W P N N % = W W h.h.=.N.N C N 9 O
: w e e o e e e o e e e o e . e e e e . . . e e e =
7 eesNNNANerest%f#Addem9ved==e=pNm= *

c M
T =
>
e W b
.4 4 GTANe@ h W #N et 3=N=NmNMW W J

-tdW#cAntv#oma* OSOF #e*T ST Tae=we = e=

J ###49======Pa#= 4#7%=NNNNNANNNN%.N E
% CCm4 3 02 5 OOJ3#4Ar==W=th : 2OOL* m i t t L . W W
L 4, w m % N 1 # #e =WMAw'WIW2>=WTAS&44*4 g u b' u E *
2 m 6

h
%

W O
E
O. a
m a
C
4 J
e 7
6 3

- - - 7 , 7 , , , g L=_7_, , , ,_e = =;te . . . . . y . . . g .- r.- r x x & = = z zz ae aaa= x s a a - , , ,, ,

8-25

.



,

t

i

r

|OE
!%
-a e
's .A
= .
== .es

4'
T

I 4e*
2 u
tem 2
5 4
9 e-
7 A
2 *O ee

O = W eI a. ee 3
2 as .nd eJ
C 9e w

' 'A ** C 7
.:w e e me

8'* 2 P* C .s
? U the
w 3 ** '3
t? C %4
Y m =

e. ;en . *
e, O .O. 4 es e

: =r ere ; & e=
A em Js * ** a er A

Iu ^.A > .a eG&C"
= * 3 K; + ++ e

O am == . * 7. ;.,
& #- 7& F: *=> c= # n.o set om.ee * == % a&

. er 9 == == r. C e e o e a f er sa
0 4 -. 20 == Pm e > c: s?

O E. .J 2 a 2 % en so == == A A ** A a= N se .* en e =e e e am +e o+ 9
' 3 ** * * = e EP O T 33*2 T e3: 3 CS 3 . . 'ad . 4

C 6 tee e + 0 e t * * 0 0 0 ee oe + + + + e * == ? == +*

! Id 4 ? .a. .me en, ed . . . . .ns == . . . ., = tee 6 ned 7 C 2 = *e .ma

i &Q f* ** <D == 8> d C *= Pm T ** s** C e V e T ====S C 2* * * * * e
I J == ar* W M e ris F 4 8 N # N 4 er* N P* TCF d =. N * N s= N.
! emp 63 e e e

se as N e3 art g esg n g ,,e o
as. 0. *e*, s==.

e e e e e e e e e o e e e
g .e . 4-* .* as en s == T

| C, . => .7ma
: = . ., =-

4 iP T art O e.
' .A *?: *=t

*.* * e o e CI e- c
|

- O. ** * 1 af e A # C 3 O P 8' ** 14 W e C eo O == 1e E . C ena
7 = == 4 Jn e ** e == == =84 an ao E? e > == Z

t ' W 8 > ef 4 ** == == ** .F #N%N%NN% NT3 0 .,f ,.* Ie .A{ *. ene
== * J.23 23 ; or a= 1,,; ; & se, 4, c g e ,, e.t 4

* d *J - w ** 2 4 m. #. 3 L 2 se e b b e at u == L3 2 .d 1 .: == 0*
T : n .n e-w e

! * 2 J e= == A 3 % N
** & * C C C. e 4
3 3 6 * * 0 o

.J i.# a r V . e* e # se = * = ^
* *a. . 2 2 3a # == % N T tm *** sa* == 2 .* .Fe e e - = e s e e'b 3 :T S se N =P san N e - eene eeee vre--

*. = 5
. + ee; ma - -

+ + e e + + 6 0 e+++0 e e * **+ e e e o e .4. e. e. + +: *: *
w wand. .t Nes*e A A 7 < s c sa .w eer . .o.r= C 66 . im m nas * * . w m- and na,

g Nye am y es* 3 gi p# em 3 en we msg om g y ag, y g gp 3 y
8* # == 4 e e e o e Pm em8se ( @ SCE C a= 4( 4* T 9 C P* T ft

W e e e o e e o e e e e e e e e o e o e e e *= art *Ia == e e
= A e' sa e ** T fu s8l d N C est E #= == == == *= P N == E r == W
== K O ** 2
.J *= 7 == 2 0 1
.a tad e-==== == ?

'".'. u ha *= L1 s= e- C*
e=

: e o e e .* e= s,s e * + u % 2 e.*

* c eA + vs e f1 e A *b N 8 *CL ts me o e se mee a' 9 * C!
P *= == /t # N ( /* ** =86 7 =84 art T T W 3 % e=*> 2 ? 3 Y E .e J JJ 4 7 ***w

em .T 2*' Cg/* **======a=E* 2 == % *b P A *b PV 96 @ 2* C f* e- # an == * * f .- ?
.e eF -J u atI- e *. .A T 7* e 4 . u st : T 1 1 * = = = = "I r N e t = = = = 7 J.

J b to ** We is * w b b'*= b & 1 A e 4 4. C ** ' & d' .; 2 C= Jp . = = = *
t L == = .i. E==.' ea

J o= %. S ., .* C e
.J e 4 0 end
UC&E n

e = =A* = * * * * f Tf?~T T E 2 = 1 E 2 = 3 E a . R = 2 K 2 1 2 1 3 a 3 WW2Y2 3 3 : = 3 2 3 5

8-27 - - -



_ __ . .

i

|

i

I

I

e
E
%
4 s
% =#
* -
== a=

W
e

ea.
I %#
* A
s e

e o=
* A
7 ec ==

* 3 3 4s e
F e= o e S
ed F es as *3
7 I O 4 b %
! 1 % 3 a3
w w e e == o

s *= 3 e
e= Uh
* 1 3 43
&C 2 au
= = * O
: == 1
: J

es= e e=
LL

a
e d d. 2 k>
ur. e Gw 4 en e se v4
L6 a en > =8 ecog

*= * 2 K: + ee+
-* 4A L gas w =a a'
*1 23 >ogN.= f

* * == % e ak .= sa c=
= a= s= F C e e e e 4 # er e* * e4 2 L' a= > T> = c:
* .= a a1 #4 .= . - = A A .= A == #% == == = c == aeem e . e e

Tw * * 3@ 2 SSS 34@ OC 33 &3 33 3 w. 6 =S W tad * * O 4 0 e+0 9 9 e * * **+ + + e N == T P e,* en 2 2 ed ins w m ed tai es k + 6 w a. es es. 6 nas w en w 2 C S e '4 w=

SC ^? * <= c == 9 ex=>C n e r e It ? cr c c? e e e e e== =, e
tai ae=*G ** # e ** e 'W 9 e, a N 45 N 6 # #V W e&

g ; e- e.= % * 8% == tw.r ==
1e e e o e e e e e e e o e o e e e e e e

|
8 . MW mmemAN=-4Mem%m4M mee 4mA= -
*F J e= o= b a
= ? *b Te !. I

ef' C ert .J e 4,f
".8JO e 2 as == I
O AL CE e e e c3 ==

.C.F w *=
. a#3 p=. 7 == == M M 33c ; .; e en *

1 es, a= e g er g gccg y y se ** C 3 3 3 esc ; a= J> a ~ *
..

W *b # # = == ** 7 V J' Nee % N % N '% %P 3 !# J a, * .* .f =
O A e a er * ==4 =1 L &**=

.=4W =,= M 4
.C.

es e e == &% = *= s=.
W 6 me a en w en L = r == 2 IL & 4eu *o 4 .A 7 :. = :
end & E S e ==
.E C *= == N 3 N N
*= &4 C C 4 *= 3
O 1 8 ** 9 *

=b wt *f****
en .a.

w u V

>F e t* OC *De C f ? ? C f* f 'a3# N N 9 e an* .aJ .6 3 o 3 m as sa =6 N am ag *= =
*, C e * f* T f!' 'k *** * * * * * .**

=syf = c 3 : es
2

3 "' e* * * 0 0 **$ $ 0 + 4 * 0 e * * e + * e * * * e m. 6 =4 e *
e= mis an. k m en enJ a . is b es, a * * * *b A 4 mw N * C #4 f4 & * t * ar a 4,

p an & em e e P= 6 .1> *% CP 3 3 r. =2 7 2 g % y em >= ? ==*F 1 #P
am g e a o a 6 == 4 #4 W@ C *= 4 P* sa er em 4 e o e e e c= P*

eaa e e o e o e o e o e e e a e e e e e e o e P= 86 == die a= e *
O N a ** en om a N sa, e N 2 ** C M == se == s= p N == c Z == 4
== E O ~ r* J
.J w 7 == C" := *

E
3 e= = e.g,a, w

*

be ' e
end e* ee > em . C to O

.* 2 e e e Z==W44 7 u T " . = =
''D 8* A # ** e ef ? e4 8% 8% F as e e C C == * t,* u W f == %* .= J*

== == / th N f / se am 2 a6 ** F3 7 3 @ h= 3C G= 2 * .A J' .3 3 er T == 3
C # # ? == == == == == * 9 a= N % "A '% N N W* 4 C 's e s= -f, d == & 2 13 .; 2 * * * 47.9
* 1 ** T *: "J "" J* ' a == U T* 2 "'* 7 1 3 T ====P 1 .A at 4 e* '3 'J *e

N.
as 1 *= = **

;A W m *eF a 'a 6. W t. D= b ib 1 4 1 L. 6 ; g;,3 % % 7*=== *e

3 == e, m a a == 2 et
Q *= C en, R -d a 40 er.
.o e 4 O ene
WOERS

~ Tf's~ Bit. F2 : 7 2 2 Ite =; t. =*==*T - r T x 2 2 2 m t a = = xna aeE E A aaas a a a aea3 2 3 r r

, - m em.

8=28



sn- 4 - - - -- - -- _ __ -- --- - _- ----m Km.mi_sa- - s---. _ . -4A-_L--- >.-.- w---."

CASE 3

.i

h

,

!

i-

8-2')

;;- g - , n m w - -



._._ ->- m_...,_...._s_ m._m._ _m _m_ . . _ ..-.._- ,. _ m . ___m...___. ____m.__m_.___, _ _ , _ . _ . . _._m.__ .. m_...

I

I

4
f

,

)

I

1

1

4

i

i

.
4

1

I WD

Y.
'

.
ed

* W lt 3 ~

% 3
e e
g es
** O

- e
'

3
' t

Y- "i s 1
In e- FWC
t'. tad e* eOP%

1 41 4 6 d *= 4W
". 4 an. aJ 4 s= as !

d 4;
. 4 A .44 e3
4 eh w b a= *

-

> ee .* => 3 & e=
T =w - S tm
CI 1 84 of
ai a se a- 9 ==
taat * 4T . * 'r
.2' e* 2 en,

, . es i"'** eo *

. 3 as W- - &
i C , ' & '. 4 > M

'
4: e; <nd 4. 2 %-

. m * ' &3 3I f .
eg ~ e- >

tar h W 2 . 2 S4
a : F e% en *e9 e= . c

' me t > $ 'se '

. W O ' u em
en ,? ' i. 'M N

en
ma T se J
9 a ' /E-
g . ; , en
e= W 37

U e. O
'en . ub

* ^ 'ee

- ~ ~ *f a 'E~h*2* MC t~f a aa aa aaa a a a a az z a a ea ea u amxz as2< r = =A. a ...= . *W = 2 f~f ~r rT e

.8-30
i

s _. 3 , , - * . . m &. 4_ - , -. , , . ., - , . _ _ . ,



, - . . . . -~ . . - . - . ~ . . . . . . _ , .. .-- _ _ . . . . . ~ . .. . -, . . _ . . . . - ,, . . . . . _ , ~ . . - - - ~ ~ ~ . - , ~ . . . . ~ . _ ..- _

.

d

d

*4

>

F

.

+

k i
i

l-

p

4s
1,

l'
' . . o

1 '.4
t I

l'
t -

I .*
4

*
b

4

i

I
a <

4

9

4 >
L

4

t

e!
l, '

- !. >

c .

! :

4

-1 '.
g

..,

.l.

g. !i

+ -. J-
t.

~ *
!,

. [' ~ ,

.

's
.t.

i
4-

-i?- j j
- I

f,. . .

.

s
6

7

L

8.i
.

4.
..

+ y

4 g

T.
m *

4 : g
tas
a= '

. . y
1 - t
1-
> '.U. ;
,. ,

|, 'W-
i- J .

W b

et s - ,.

'

2~,*=.
. *

enf.:
;- ,. .

- - 3 ,4.
- ; .

') - .. t##>t ? - ... c .
- em ** - .- 33 r, ? 3- S'

O
='4.

** G e ' , es a s me 4 w ' ' g ' ' ee0 6 8 9 0 0 -0--

O *. ' 3 - 7 a se
't * e-e -

. er 4% C &>-G- e
4 - ;=e'%- ' 4 3.J 2 N .J _ es '-
'

4 %**- . M d%s 3 8% a= # ' F : n
2e g' 1e o e ee e ' apt j,

Pg e es - e..i .; 2
.

. a. yp .-

*
,

- . me _ .

e- | -
'

o hna -
._ -J
w-,

12- e y'' h - - - - W : e v

'

e e90- q: ', ,

J- ,# 8 R et t 9 m
, . t' W :- - h O am ** * S ta - W,'

? 6 %> C 3 Q f. 3 .4-

4
-

3 a me 6. >,e-.~ '

4 ,^ &I
_

,

imo . ' *J
' " ",3-

- ee

i I .L_
D ~' 3W

a-
, L1 -' JJ

,
_

*y
, . ;s -w- 9

es a

'!
.

. -y; y s
''

'M s *'

!:-
, F * % LG ** * *G # E I I E I 8 $ I I I E E E A E $!. ImYrIYrI~I YMNY I $ $ . ' .' 8 I I h* J r * S *

Q

~ "
,

t .

_

*-

i=
j _} -

1

."
.

: 8- 31;- --. . - -
,

-

- -
% ''

z- V .* ) '
,

*,- T1 I
,,

'e w w ., k, N. . ,,-- ( 1 m &'m e- uw-m-w-- r+ r.4-- n,--eev'w-e- w- --*w-4 -w w ei e +-- w e-=+ - T- -, e- ---e * v rw-a e= =s -e-

; . , / . _
-
,

,

-+v ew.- - ,a , e-c



.

s

I O
tt
f%
4 e

.' %
.J

.- a
= e.

U
*'T

6
i u
um 4
2 4
2 >
T /4
'2 ee e=

oa C e
*= 9 + 3
-E ad as *J

C* O e wC
& #2 OY
. e e == c

** % 4o .J
V W imJ
+l 2 IC
A 3 2 4
5 6 :
== e= 0

WD r. C
e= tas tad a 4 **
O * est sa * 3 e-
A = = & 1>a.

*= I" W & .* > .J C = 3 ?.
O* 7 1: O O 9 9
? = *= 6' *.

* w* c'a,# .J
**

=*
1 te O1 2T sa

e4 * == s a& 4 e#
8" 2 e= ** 1 L e e e e #t4 4

T' 4 a L6 @ <= S & 3C 3C
C. E s2 m .* 47C 4 pm W g 8 3 3 >

0w 4 4 2 2S O2O .A a,; e e O
, &6 6 9 9 + 0 9 0 - e == T == 0
i O em a! 6 w m.- 6*a 2 c#oc .n.

1C 5 4 ***C ar* ** P C3 7 * * e o e
! O J PW2 W G5 7 E ** .s . fts W @ f A

L.J |a. 3 * * * * e * E O t= e= e
D
ein gg *=#a # a= C a= > W 4 == W3 == P.,

a= p= .e,, g-
a- ;

*. C fa 2
3 ;e fs

*E t -

.I I' 2 4 ** 2
* O1 ; T e o e CI == 0

1 sr == = = c 42 e > = 2
06
tJ

~s= * C F T C C= 0 a= > u a C +
4 > .3 # 7 at. e s ; a J7 13 J

3 e= 4 J == 1 ea 4 C 2 e e == iCO> e-
. .J

' J e = , . a == .|| ~4 J& O ** ; L
e me 4: E a .J e-

3 0 >= O 7 O tid e
* *= 44 == C C *= 3

1 ' O.
..J = en* w mJ na, w eE# C4

b 8 4 * 9 5
4

!, e aa ? M == N 4 ** P. 4 7 = c *d f. 23C = C &
.= m e =- : - e- e ee*- e e e e' e:

? OO 8 0 0 8 9 0 0
. & fts O 7 == P #@ E == m 6
e e e * * eeJ J uJ *ad as 8 9

* = = * ** se a w att
. 3 3 2 s**== % == # #= @ e
p 4 e> g o am
; . C. # & .e . ,e> .ee e o e e e e e
. CT47 a et 8'ta e @ 2' = * *

~i *= 1 3TF

!'
.e w 2 me M : A
W W 3*== > ?

* 7 u taJ *= m == == C e- C
7 / e o e e- 7 a= taJ * "5 O, u E * * >.
T *C C C C ==*'*=s 7 4 e 'J .

= = . * * * = = = s: T!JFJJ 4 2 == 2
P##T to 4 m e c a= trt au == .* ? t3 uJ ? * *= 67?
er as == == = = = = = c "iJ au I ** = T J es e e .1 3Je

I 2m4W L == E C* 7 .J P . * = * = *E
. O=4w a 1-- *s

w -==6 e. t ., J .i. #.
J e4: Mj WCSa E

i

t- = ->. - . - = = r : e = re2 = mTe: = :- z a= a: = = Fe m sx= ra : ,._ : : r ======r : T ?

e =e ==as % *e

8-32



. - _ _ . _

. _ ~ .

t Ie1I Al i t' l e, $ entg {$tJ T ( ti(g m )
y t p 11 r e NF $ F n.e w(e s).a i peo 4M d 4 19/A/CQa

'Ce'..PL a t i v e piipest a f j se . spe.SE n.596 96s

(. teled[L T l tpos9 a *L ud5ElwEN/ Ped 5(N) u uo eosc
8

e

t e f 4L 8'uP.it af loh e'' S t 'iPF an t'an.e ai r k an toasisCL l *F, HIST 4hCF Cllle.

OleSt 6pg [64b a y , esipes s t'est,3.s gesta f*06*t#L a t [r,aq a t,F (,.4 f eta 6a ,
n

iD

. iJ ' u an t o atscL I fi[
Fe%s a,ner.% . I sina %,94F on..

. =. l a $ A,geF. * 7 *.159 I . .a i f . t 9is

** r11 4.64F-lI t'i'9 4 ~ 0.0of+00
is

's

t'I S t a.act ( % )**

l h ee n , J , m .5, .4 7 1400, losa 56 .u 6a

si e g o.e , 2 sts.em euen, 7,q tt .se F
n ** e J a , 89.74 -47 laupo, se.94f au f8

12000 -5,6if=37'n
e.

n

CD a P 4 Tet

[a - 8' CL f 8"' StI 8E 8' . 'h t - 188 L.vtsp40 S"ThF %,64t=0hs

W . ts , I N'* 4L a f l tsN 2, %.F. 0 9 in , !!ait a t a f i m. 3, t y .0,ng . a

{
NAits t ,c,t,$ g i nN 6. 0 's t' * o u L . v. leent 5f t'Its n.6St=47a

m 8e ssf 6 ! l'et,F S T J 's e 9, te,E-s t e tLM f rer.cs s t t,N o , g it.o se.

% AEFF l '''J S T i n'. 8.o'F-08s
'

n

h hn

s n' . ,3,, q a .,

*g h t**lt,0 .i-)ft v 6,59L=u6 en ts * f. 2,541.=65
! L i vl6f 6. 0 4 t =(.o k il**.f V d , $ l 8. = D 8s

=d d. ie a. a 'n e,$9t. no . Li,e t, n,96e-u6,
. .a se.T.TeaCY 7,0 s' t -u 6 Tevketin 5,0lf.=oA

' |d $r I a e. . e. l t .ta h

I'o, ~ A t, F ~ G tH1yP

,bi t.*4 ll ss 1.olf-oh i t F ** %,55f-u?
4.sest i 1,7 ot .1a

.-

| e

.

?.

g.

5-
3

&-

4",

,

;
G



we.r&. v- -6 _

CASE 4

,

4

a

f

I

!
..

.

7-

!
b

5 - 8-34
4-

I
t _ - _



_

.- s. . - ,y . . ~. .. . . - r- , .. . ~ . - - - . . . s~...~... _n. . . ~ , - u--

; [:. ; . 'j. I
s. r

.,'^p ~'
4

,
t

s ,

c

,

r

.

, . _ _ _. _ - - . - - - - ~ ~ ~ - -~
,

,

I
. , , , 1

.
-

,a ,- T g $ TJ a 57 i t e*se f.F set +g T ' * ee* ) ed ' = 3 t g 4 / ans, , , , , . ,, , ,,j _. \ ,, y. ,.
m, _ , . _ . . _

e

3Cl,eawIV *eH * pt of . t s# # -i

-

.
--

,
, - . . . .

s~ .. C e19ese,3 C Alke,f f M etel ailfen .its weeW tsi% ( N G af.L O I 8
*| We.Nv i.ese. f at :. t l'.ar d C si.e t a s.1% , e s e:e t y

aCi twa tf s 'l * #
.ca... . ,. ... ..i t.,.. Casm .... ,e,.i ....Ii,s.i,.. ..

' '
"; . . I Ni(), . Tof mist i et I 86 **C e, -
n.

. . .

.

- I:svtLie Ir. y ' t =S. t-

ieg.-
'

tl

I 'm' - p a T ee .', mtLF*SF.
'

'' ; $ 8'ar i 104
,

* 's - .6094~ :0.86+vi-

,,

a; - . 3 . . esas e r - ras .T ac T f stelt t )
8 -

3

94
_

. I

I , y .

'

I

N_,@'
8 pg'.

s.f. W ;
.

la

''

,'

. gyg .

08

-

2 3 ' ,,

e ",V '.! i

'
-: . , ,

' . O i
..

M

. 36 .

N
~

E

N 8

e
se j

' e
el 4

es

#
s

-

t

I"
<

t
n' t !
=

* u

s N

t( [
;' a

. ,,
7

"
.

k

y- , , _ - , , , - , r,- r 1--,- - - . .. , , . - r . -.



- ... . . - - . . . ~ _ . _. ~ -.~ . .. - . . . = . , . - . . . ~ . . - . . _ , _ . . . .-

1 :- .

4

.

4

A

4

1 1

i

. I

'[ f

r

i i
.I

'

t

i -4 .

.

_t

r
e

r.

,

(

' }.

r

d

|
,6

. . -

.

.

t

T'
. ,

|

t
ts
:
:
1 -
-

,
1

4

i.

,

.. ,e.i - .

-h_
9

+ w.
t

U
., , - ao
13 g .-

3
u; . w -..

.

> - .. . t% .
* *.:

- es,

- = =

..c. s-
, w a

~+ .s- .s' e
,

== * r e . .;
.e =

. iTe .. w . eri . ...
't, c, -. ir %7. .-

- .ut4 'e =. , e. . .
.se.
sa .

<
_ : w. ,

4 .* set e-
' . e _ . en

. ' 1" .

. - .' me
t.. *

.

e %o . w:
. a is - - c, -A. , .o -

-= . _e<
J-

C. ..+ b
c

u .' - t |eC%# - ,

?-
a' == 's.e. -: -

. _ . ' 'g !.
..

i

. ,.
.

.: O w.
er .s-E'

.4 ~.J :

3
.

.r_-. . e .' ;

- >
s

. w-a s

4
'

- -

A ~
,

#
- e - =2<. .....wr nz ra n2 e e a: a ax a a tTa a Ta~k*T~' aTa's.s fy' -Cs s.r_s;s_3 r, G :~ 2 ' Ts t

'

. .

.

. wy--. L

--

1.*
' 8-36' --.

, . - -
_

%' e

* '

,
. ~ , .- 2

# I

, , . , . . , _ . _. ,, s- . . - .- , . - - - - , --m+



|

|

|

|- ,
. _ . - -

'
e nose i.ntes t (nae 4s
! F Un* Ya f *e 1 ..

i IESI C ast s Fot* HErnkT NOMtJf4. _ . . _ . .11/6/40
.. .

4
f *

I '' CH''HL a T i V L PnPut a f In ut'S E o.unt+00s

|' DIMICI EaPbSe.WE COSF(Wi"#PLhSl'el T.uit+oOe

, s

! 'j
| $ Tofal Popa1afini4 I t'56 dpEaws;nnes av resoluwHCL 7uF, ribfAhCE CEtL.

rei$t P4 T H ea r, soupy Cur.4 4 ap.o PoontaTInte ACE ebd6mP.i

.

.

$'
Ra9toutsCLIPE

' ,Cdou st . t.pr e 0 0'
l =

u
I O!S t at4CE (M) -*

a o. n.not*00
00

r.

H PAIN
" Cloun SHINE 0.d8E*90 CROHNn SHihF n.00t+00

D. t het Ala T ION 0.06E+00 k. thMaL4TInh c.00L*00M

" waltu t a r.0 5 f l o4 c.4pE,no L, v. g n..t ri f low 0.cof+nem
e a Pont I *st,F 5 f i ne. n.auE + n0 **ILp INCt91tCN 0.0ut+ce
d . " 6LLF t ru,F S i lita 0.1oE+00

I "

. M

* = OetG 44

| = si%nLF nonf U . c o t + 0 's RukE 0.noL+0p
J = L I v t ** o.u dt + sio a ll.Nt f u. net +uoj - F. . . . . a . , ....,+o., L..... 0..n,.on

G.I.TdACT o.00 tend Tevmulin 4. u il,t + 0 ns'

** hr X M u . u d t; + 0 t8
m

u
a AGE GHSUP
= culLn 0.n0F+no 7tFn u. opt +pa

a''oL T 4.9eF+10a
et

40

et

ed

$$

et

af

80

et

M

ll

to

lt

64

%)

le

67



. - - - - , - -. . .

'f . . . . _ _ _ _

- La
f asist 08691. uOIPut ( diat al '

e it ST f. 8 S F S F O R W F P4*e f '8(I*t.F u a tt/h/40
'.[
it ( Hm?L a ilvr pues.t.a f s ti . asn',r n.unr.op
.I Diktrf e xpos.swt c O S E t W E a/ Pt.8t dO 8 1 F . '' % + U n
r

0

,, ic:v at peip..I a f ina s"*5r aprso nnau er o.aerowurt f or, l'is ta*Cr ret t,
e. llis 3( P A I **, A V , Retf 8 f ( H8,4 #e A **D File *HLa f fliel 4 ,L GWU4JP.4
. .

. -

. - .a an g ne.uCL l H E

CH60 '. n. net ,90
t

be

(11S f 4'eC E f *4 )u

,
. J. 4.f et enes*

?
N

e. - P 4 f et

r Clou0 Ost4E 4. 00f.+ 40 Cwbl88'' SHIkE 0.00t+up
D. I Art *L a T issN -n.autono P a f lam o.cuteoor

' i maltW I d';t,Siloh 4.ooF+0c ct5T104 0.00t+on
. co r '000). I'40F :n T [04 ' s . n .i E + 0 * .eGeSTICN it.utreoni

b R[t t .14t rbT Ill'8 4. lui,
ca . ~

l *

-g ORG44n

eitt0LE 990f 0.ont+00 Mai*et 0.04L+04=

L a t IvEW . n. n ot + pts , a ll.*ef f . u.unt euo
a t.te4 4') . 0. pet *04 I e'wG 0. nit.00..

{ u r. . I f eta C T 0.out +p9 <fnvenin 0.udt.dn
a $n t ra U.uptouda

n

'
44F Gr*.lup

C ag l L.) . 0. sin F + 1') T[FN n.00E+0p,.

4 'it'l T - u.a.ent e nu,
,e

ee'
U,.
y-

' et

y

: (*.
. i*
"
.,
W

$

k

Ist
"

b.



CASE 5

8-39
,

i



, ~ - - .~ . , . , , ~ . _ ~ _ ~ -. . . -- - , . - . .. . .
-_

-

M

1 - ,

4

4

.

!
$

.f.

a

t

f

1

t

o

*

.-
} f
-

.
*

t'
..-

r

|

e .

i
8

'
e

*
eg. .

, .

i
. 1

'|

'. )
<t .

4

5 , '3
'

.

-

!
.

!

|
. w

1 A
.> e

c ' r
< - / s

em o .
We

-Ce-,

6 A
: %E

.2? 4 %;
. ; e. - -.qw~

. % .C1
, ' ._m. = qag na; .

,j . .N- . p
- D

..

- one - .g y..
*

Is , -, . ;
.'.* . El s *

I

. - T ' . en lr <.: w. = : 4*
, ta i .A C - 2 == F'a . 1s, 3 C =
:. 2 L *Oa . F. == + 2 -' .

~'7 > * =
, 1

4 e* in.d. - a= +

-. => . .- . L. .
==

: ; .:

=
-

1
.

.-
. .T- - = eJ -

,. .R & Q-.'4Oe ,E a= a= 1 g-
,' .L . 9_ e>'. , e == ?

a... s .r.
. et t==

i

.-e. . e7 - .r. . 3
.u

. . .T. 1 ==
!. .~. 'II. -b.

. > 7, '. 7 ' p=
- ; -> m

* 6 es :
. t ' L == . L ' e

, A , ?9,
' *R d' ' : f ._ - 2 ~ .

-e-.a e-
si . ', 3 OE-*

- ' . + ' E. - .ee a. y: ' W .. C
- em o

el ' * T **. D.

'' ;J .R
- L me - ' me < 1 . en eq .em _ . * ; >

._ |.-.-=3=
== * -,

- e , - - e- :: em
c. ; - 3 ~

. ' f ', q '
= .. '3 f.4

W ie'
.

"

.- h ..- a.
- w

i

.

g
''

4.
- -

^di

,7- .2

e a n~ ' ?:'1 * sa,. .. ..- w - .2e . . .; .-'. , =T9Yr a m a n sTa-("Mi Ne a a a a zs aaaae: : x s ea
.

f

d. 4 " $M' '

x

2

5

~

4 f

?8-40.--

#- ,
..

. -z
-

,

f ..

. .
(. _ + w ,. -- w ' - ,.= - * - ~



|

|
e

I
t
,

s e

*,

t
.

7 3

!
.

4

|
t
i

i

i
A
3
W
e-

mw
E

U
en
E
3
W

vb -
* *
I ?
O e

= -

2= =
J

=ea T == - == == S 8% C f% m W 'b # f% e sa ** t = # *= N # 7 JW# C#wE T##%M## # er o. 3
==e' *: .C SS33O 2 e335;C 2eCC CC 3SC* =cccc?.C = c: = = c *: .* P "* S 2

_ e .g e- e ea eeoee ee a ea eae ee a e 3 3 6 8 3 4 g 6 8 9 8 8 0 g 9 0 0 0 0 et 6 9 9 8 ==
2 - e e a a 'Lan a a m us % a a 4 ao n,e a a w a s w sa w an s m . a s s o a m s a .a. s . s s s. a e N
e '{ %I C C 3 & 3 C C G EG & E E C C C C e. C E GG G E G LGG GC 4 * OCCCC 34 J EC G e

a .* a ." G. e2 - Je2 . L % a=& J 4 3 LaJ & 2 ; O : 44 4, .i. aJ J 4 . .a * 3 J7
4==- 1% K C 09. 7ne * en en' s C t 3 C ft t C S V o t. 0% e 2 t t & em en t nw a= s 0% en" em C e e 4 *= V : 9 9

0; w e e e e e o e ee e e e e e e o e e o e e e e o e o e e e o e e e e e o e o e e o e o e 9
eg- ==**1 W *\' W # an e- N N g a= f%s e *gs ( @ am 4eerNg 3 Fe> g een > 3 ** g e ao f% af= a= ft % C == 0

,I ' C /**~
we

em :
#h- y,
1 2 ' 4 3 =9 7 ar* ** f N 3 / 4 2N ** C 7 : == N == % ** % * * ef*

.J*= - == ? # E * 7 **V = * @ 2 2 % N @ 7 se =p er g( # / #% em an p g, == or ce wyev# we7 7 e.
.e T / /*J* # / 4 # & 477 -7 7 ======*%*%===========*e N N se em N *b % N N % % % *w *( % % y
6 * * = * . .* w 0 4 == = 4 J K .wLJ 4 == #. er. 4 . ; ; ; en a a % #% a .* ; ; ; . 3 a - . . .
- F W 4: U EEUVi er *= W * *w = *t A A == == w b, y u J u. 3 == e- 7 3 y g a % 1 *L e e e ., w a er
as 1

==
ab

&S C
C
T inA
e i
.' T
L .3
w 7
en. D

Q J 6* * * = * * ?~~**~O 2 2 2 TYE = = Z g 2 2 2^2 3 4 2 3 'I=~s 3^*2 [E, W '37~'I]Ij[f_Y_f[2,,,13 ' f 'J~2Yi
~ *

, e .- . m e- .

8-41

- .- . . __.



|

|
|

1

' '.l
tj

.i
*
e

| %
& 6
% d
*= .d

j - = = .s
u

i "F

l.1
4'
.J

% 4
4 4
7 >
T A
7 OC a=

3 2 e
*= + 4 &
-E ea ad eJ
*, T *= a
"A 3 =* 22

e e == tr
** 1 % J,

7 UW
as % O 'e*2 C 2
E E O
w es t

.n LC
== w ans - 4 ==

| O-6 AJ Ma
a * . . 4 & Ct Ch ** O. u 3A > & 3C O

f O= y TO + ++ +
0 * == .- 1 6.-.

*

"A W* O1 2 CO2 =
neJ w == % d & 3CC 2
#! 3 == == 3 O e e e * CCO&OO 4 CO C T 3 O OO aO s- .J C a2 eOCCCSCOOOCC CC CoeC CC 1o + + + +

* * - 4 4 .2 33 3O2 T 3*2 33 3 32 33: C 2 23 *6 I
;

*
, .k 6 + + + + + + +.4 ++++ + + + + ++ + + ++ eT ? O,

+ ; an .x 7 w W 41eo s maa .a .mi me me; m % en W a w u w s s a LaJ 3 3
3 O C* 4 C* C =OCSC C TT =S : C CCCCTC C3 C : e o e e

s t s o=CO333033CC 2oso: C= 3 ro e == . cc0 0
1 4' ir , T - e o e e e e e o e e o e o e e e e e o e e e w t- ==

*s r. a CD L 3 <= aoC 3oa ? *) C o *. C : C3 . - 4; -
** 1 3 ***=6 /

t = = * - A + i ei t - -
W W* *: er' %* i

-

,
I JO 2: *- - ,O1 02 C3 == 0'| 4 .** as == e .f* ce*ON tC%N%* ra e > ==
* 6 Ow > e == t#* C e85 C # C N(P r W # % ed" C# C 3 1 74 == > a- 6 C* * u 4 e= 3#A4O7 7 == == N == == *= *M N =8l N *%s % N N .N O .a . 4. .3 &

0 1 - r . O e i n'. *. IaFk 1 e o e={ a.'e- . = * -2 mO-2 2 a=.... ..
t .4 w k= - .J 4 % . A ** w 4 .L a= ;&4 . swu a4 s ;
) . ne, C. T 1 s =A >f t 2, .3 a= 2: C 9
i. == 4e C*C C 3
1 g=, . 4 + + + ++

, .J msw. e c: 3* S
i e in. 3 3C 32 *. ** t M C ** C T *. 22 9C** *C C C ?? *O

3 C C 332 3OOOS &3 203*. *C 23 3 4 :' * > W' C C *: CC C + + * * *! OO + ++ + + + + + + + ++ + + + + ++ + e * + + e o e o *e e .J a, es
. *O
l - -

w . a- ** . -en.* *.n.m + w . *** *. es on, 3C% t ==*C J
C n 4: : : : J & = ;2 2 3 : : 1 L 2 3 3 2 3 2a ** C O O *|| 3 C C C 3 33CC = =3 C & G 4O C, * * * e *

< .W e e e o e e e o e e e o e e o e-e e o e e e e ; : C = 0
t c c es e 3 c e C C c o C. c : ovo: Cncoo - 1 .*
t ** 9 7 *4

e w : ===
v a ; . = - i.

O LJ k == f e= > C *
~ : e -~ on , ,.,

.e. O O , e ., . : -
e

e e*nes =e -ee .* -< =

-z:=e s7avre.-~.ne/a ne .e: 3 s r: s .e.
C e r r e c e t= - ev ~-venh%%rv% e w r e me r? : s 1, 0 ~*** 0 -- ? zut-na: 32 Ns ae s A r .e - . ; --- t .s . e e ?
2 T F. 3 W d sie Ea=W">=w U 6 Ee- 3 .* 1 t 4 g LJ O 1 ; .- t* C, O P . - **

.- . O. : -O es
-

- * - .: . r.* .

, ..e.
! |'

: a
wesas

t i

^M2 2 : ? T ST3T1 = 2 m ICS z 2 = * = 2 2 2 R 3 s FIS r 2 3 T 3 2 - ; ; 3 =22 ':v - *A= = *= * * T

. .=.e -a- g a .

8-42



f

!
l

.

i

. ,
4
i

,

#

I' i
r

t

i
s

I.

e

e

.

1

e

t

.

k

I

i
e

I
4

&

4

9

4

T
**

's
e
J
C

e
C

a-

?
5
e

*t3 a g g "..g..g y - "a*'=**'s"*

e " ">L' ~~* * * * TY EM 2 2 2 * r g ; = (g g i fg*g'g7 g ="*g g-2 3 3
1._ g_ .3 g

.

ethe W S M adee

8-43



i
d

i

O-
s'
%.
L' s
%. .o
-
==

.

.
w

?
w

1 u
be E
It <
r o=
T' - W
2 Ct a=

* *:" o O e
f >I + 0 S
e. 2 es me e-JWr J == 6 0
7L ** * OY
w nn.s e e- == Q

1, O em .A
e= v tes
73 ?J
&C 2g
== 6: O
3 == 7

! O 6" OO
- j ** wa ==

e. s* te ? 2 e=,

4 * =. * C a* '.n : A > .J Oc: a' O T' TT +++*
I * - .a *& .

J #. C1 FO. Oceoe ha -%. aa oeoaa= * = - om I o e e o eoCC2 4W aC e oa oo=3,
* .* 1 s2 asooC : aeSeaoeeaeoaeace ++ ++ 2* 4 4 maea====uaao=3ac3e;2mo . e, es a' & InJ W ++++++++++++++++++++++ = 1c +0 en 27 .e. 4 * inJ tea * nn, med w teJ .4 ee es W ina .as u. i.4 . .n, W 2 = 3C 3 m.&C Fe o e e o o o c c S o o e c ? c= o e es e e e c o :* e o e e *:""

'J ca;co=2eoo3oeooaoccoec .: -b c a ** r. cJ
. ee h ta e e e e e o e e o e e e e e e e e e o e e e w a a= == e

+ ans da ** O& ooc 3oa3 2 3 O 3 O 3 3 O C C '3 ". p 4 =* d *= 2=
= 2 P. e- > w hii** * **;.

e et' : en a e' 4.e : ' O 'O e==.*
i J1 0 % CI a= aa es =e e te en e er cN eDNNNW F & * > == 3OW > * * te C em C af T. N 9 en W # ft on a erb e s 3 ee O e- D a * 2 .W ** 3#rOCP7 ** == N =e == = A N * N N N *b %N O -. as JA .a* > -, e == 4 g g == 2 2 J f == er O e : N: .O I a& 2 * e= .a.> >W s w e a w a; 4 ** * #a == u == A : ;. * w .3 JA.. . == ; .
, em. G. 3 . e ., sim'

r ,1 a= oo O3
! == & e C C (* C C
6 a

. J
_

S C34 : & C* 2 =C & C -

E + +e e +
wwsa n. S e ** u f=

* en# . 2 Oe%34OSOeeoS=SOOat3LJ3
t om se e c S *, e 3oC O 85 C C ?e *,C*e C * * * (* C S 8* C.eT ***** I -.

T.a: + + + + + + + + + + + + + + + + + + + + + - + + e o e . a# e, . + +
* C= w * . w w in, tm# = ene w tea w h w is w tal s as s m ena e. COC'*C eG 4 ; **

C 7. o *J G 3 7, G =&OO&S 3C %C =t 3 & Q 4 0 t. 2
- CC
3 -

C 3 C C o 7 o 4- Ceo6 : C3eoCT . CC C e o e e *
smJ e e e e e e e e e e o e e e o e e e e-e e e e L. 3. e e
Cct eCoCCeCCoC S ** O C O 9 C C C C ** C 7 C 2
=e T * 2
.J w
v W -F==** ; "=8

e-==== a. '2i ? U In, m. y e. a.
C*

a= T
, , ,* e. . -4 A w ? * = =. : e a

-. j' , Cs . or er > N # o e cr .= = se. ee == e e.4 '.. 1 * J .Je .e - - - ,= or
e c s r e s N e m.oe r r.%mn N % *. % % N

~ es - t x .s * : a < a ~~
C it r/# ee e *= N m ae w e en ee n e =* <* J so * * = k : .

{ *** **)**.' * U t == 79 f, 3 ** Z *ns 1 ? *|* F * 9 . me 4 Z ** - T . "a 4 e* J 'J *
'

' 2 &# . W 4 en .! *= ar. == w 4 == ;4 1 e. *eu C & Cs4 C. = *.'=e "E
I a= 8= 4 { mm 7 e3-! 'C s= L e. 6 d LE C af.+

... v C .4
.,3 e ? 4'j 2 x

C- ca A. .: . : .~.- e "ir w f r g, f*aTm F*z = a = n = r a : a a a a a a a a i i =Tr''i s 2 esx : n~n 2 % 9 74

8-44 " *--

. 1
1



4 -- .

CASE 6

e

i
6

I

8-45
j.

._ _ _ . _._



.i

i
!
t

|
.

i
l
i

e

Y

!

|

i

.

c

t
t

.

s

1

0'm

O

e eW
, as= m
I d'un 4
4 |- 3 e-
' ? 3
i :- O.

T : L
N 4 m
C 7

.
4j. s e

-

O.= . o
-

'

M

tb b
T d om
* W 7 4% e
'= * BID E
. z c-e -
: e = en en A
. . s t= * s :

O g4 e; i
4 > mO C M9 #

4 e. g. Z .7
e := 0 8 OCe

1 w O 8 me == 2

I. u == m >= m ==
2 * 69 E 4 3

e ; e .- e. Fev
I T = 0 ai .A

C a 1 e > e= 6
.. e. as Y 4 2 ==

f e* O W Z!
#1 O t1 m T ='* 7

} M' : sa, Z
.T

C: E4
- r .= T : .s

!
e*

C > e 4*
me .d ? L 3 ? ? **

a# s.
*= *=

? g .

' e e -gs
* *

b M S'
*= w I W

* *J y o
. W. 1
6

'
==

1,

_

9

(* = kI(= a * - e o ~~ T ! I f * t't %Y2 = 2 If t A 2 2 % E 2 % I A 3 3 E CI E f 3 I k E 2 I I I9''t T
~

,

. w w m *===

u



i

I

4

<

1
.
4

! i
. 8

s

.

1

f

L

s

S

I \
, s
.

I !
?

t
,

* f e
1 -t e

s .-
I O

2"
.

# I
"

i s *
, aIe w
. I C

#

I
s >

Ta

-f - > *

I
~

e;

l
.

i.
* *

'

.|
*4 e. a

. . .

- I t .
_
.

I. ==. >
e f 4** 3 **e*** V or / # m 4 E df/ e 6 et t me t n 2 4 > > K z 4 3 > > > c : t7747m. * r /

s=** s G. 2oe3SC==c3Oec=2eso=c: a c o = c t o s o == = c c e == 2 S T2sc- 'A 3 o
me 2 e a ea e p 3 3 3 g g eg a g g a 3 3 g a 3 g g g a 3 3 g g g g 3 g g 3 3 3 3 g g g g g 3 7 e e

A
*

as m af .I d es a, *- u 4. as ma a. at u, w e .' .a as % * O ** *3 : *
edans * * de'M 4 W ana. ases'c' dean

W a, e W w

4A % 3 3 17 "J 7 : 3 J 4 3 JJe 2, L ; %3 =4 4 = * = c6 Jc& c;ecc C c* & cc e e c: 1 s r. 4 ec. s.;;c = cc ., ;e4 e cscse..,

* #*N: F C& 7 == # 1 L 4 2 7 . : 4 J,

8* *E*= 4 - W 4 hf N % @ 7NC 3 f(- C 4 C # ef / @ S E(C 3 3 *P W == # f == 88* C%C @ %C 1 88* F S h 4* h h

J e e e e e e o e o e e o e o e e e e o e e e e o e e e e e e e e e e o e e o e e e e e e : s t
: =* == % == b == .= se se em 4 .= 3 4 9 4 - - ; e % 4 == == = se 4 % y #% == p == N 3 P= 7 F 4 h = # o e

? C .c
T -e
om .=

Wb
1. := 03# 3Dh 3%3# D 3% % K" 7 O == % =e % e% % **% 3 K J9 e'

- * = -*= W # E C 9 * ar o T # @ c N A p p er esa e3g g / % em se / t e se =85 wT4 T e33 7 ? * * *=

-|W . - - n e .# # 4 / 4, C 7 ? .P 7 == == ee % % == == == == == == == N % % am a* *b % % % N N N % 'a % N N.d 7 W* # # e =d
. c : - *= : 2 x. : z : - - e < <. : : : . : z%%s:_:2 rs r. i s . *
I- : O#= ** .A W i 4 % A .' . e==* 4 en == - W .J V .J w 4 .J Y * *= * 7 * 1 L 1 1 *. 4 4 * t.J w 6 - T k i
% 2 ee ==

g .- ==

* as
* ? '.o
A T :

er e'
.J 2

*L 1
.-. w =
$ 4. 40

e - . . . . .=e: eTr~e~r f e e a: =Y:G g,g T m' = . ,2. _;. .j 2 i . _z_z _s s"s :-s 4;e , _ ai': . .

*+ .
e e., mee, % eseus



I
t

I

|

.

I

,

e

4

s

.=

b.e

.

e.
.

3
e'
%
4 e

& % .e
= .

i '== =

w
4 T

-s
I u
too d

-
4

s >
'' n

Oe *=
a

T. |
2 L' e

t a= e 1
- j 1 w 4J e&

: =c .c.

, 1 2 3 02'
t 4. e e == t,3
8 * T Oo J
? r ww
j w 2 72
s H C 24

Y C.

j -t*
M - CO

| * w w= em
* : =* r . * * tt e-

4 ** '. e secc*Iu O *n >a p
0= 2 T 3. +

3
. e

L * *= 0a . *4. .
& en T& F "" c=c :

* *- == % aE oouo
r 2 == o= z c e e e o eoec

I2 es C occo s o. c c. !: * a mi s e e C = c c o c o e c e s c e e c e. : : e cec + +s. 4 . === ==
= = e = = =. =+ =+ c = c e e .3 e3 3 .c ., w |

1w naa +. + + . + + + + + +++e + + + + + + . O e-=
;A 2 : t,w w w w -4, .. 4 . w . a w .no A.a 7 C3 eac ** c C *" c5 2ee r: e ?T ?e;e;e eo -ee ;2 o e e e

; u ? Dos: .: so=Ts? =?o: ; caco as a p .; . 3 ? =
+

*
te. 2' e * * e e e e o e o e e e e e o e e e e e e o e e .>e-I
.s e #. 4 3DSC&C= L44 : C 2 3 3c4 p= COO cou 4 =f=

*

'
- 2

-
e e. .#

f - * * * * e ? .- |4 'n ; ee *t.*
- i JO 2 4 4 == 0

L& C1 e o e : I e-
. C

. I e = a Je rT ? e *n, c = *n.,
f'"a
N eu a oCe 4 ? e s= - ==

0 > * == If D ** C / C 8% 2 =* *J / *% * 3, en y W W CC O O == > a w &
W 4 > W r # 4 4 #P * ** =* "ns == == = % N ** N *n. % N % N d'ne ? C O J =7 J2

> %* * c . O == a . .J ==w-. * *. A.; ; 1. . sa 4 C ~. .2 e e ** 4 - >.
' u a4 4.s t. * # #. % 4 .1 =ew J. . e= .2 . A 4 .J w == J4ei 4= . I

w 1 I C rs >
t => ost = t

y
{ e.= &* cOC = =

I.
("3 1 * ** * *

*

J .

- tas s e. s s : m* ? ?

f
- 4 ad 33C 4 $C * 22 s. C 2 92OO 3=3 3O?e C 3* :. 31 *T S
e= M 83 e C

C. d2 ?. C + + . C. C. C C. C. C. C. r T. T. C. C. C C. C. O
** C o C **T * * ** *

22 + + . + + + + + + e e e e e .w.,.,
ea 4 en. ed to, we w w A 6 44 en, ** = 4 es tad A h am i ** ese e. h at OC7 C & C 3C * Cg

C 3 32 ;C 33 3S 3 33 3CC 3O 3 C =3 3 C 2 37'
CC C D%C% C = 4. = C i OCCC C CC2 CC CC * * * * *

ine e o e e e e e o e o e e o e e e e o e e o e e e e o O&4 &&
|- OC3tOCCC C =OCec@C CCCCO ~

*'s t C r. C E

-| I- T T T*==

g
2 == *== e-

O
e.a| w w

; L 4' == r = s= * *=; -
.?

= * o. m, i/* c e. p - .- se=== - e .? #- oe == e a.* ** * ? .
w*1

. -- e e e e O == w ." ?
g i * *

-= T C ** J9 9 & D A * *P # .9 * .* d'n e c F 3 3 == = 1 33- 3d/ 4 f
2 ti" # rrC? 7 == a. == = == == %. ** "L M M %A *L 3T ==#.*=.*

F. .#.
2 * t '''

|*
1 w I

.

1 J.- **ee**.*,==. - a: e .= ; *, N1 ??* e ;
a .2 1 tr 3 y e- % J e- #. - ;, ' .,# t. 16. a= ; e i a ** e w r;

.
.%

= = = =,

2 ;3 Ja = * * =
{

= 0 ..
i

* ==a.==. ; == J es
C e= 2. 5 J J .*, M

ee* a .

- . WQ53 & : |-.

Ih~T.:%v.TsT=Tfse: * . = *Tasaas s : : : aa rt 2 : : : 2 : 2' * 1. !e e e t. m = z T m T t T ir'a

8-48 ,-

-



i

i

1

1

9

I

a

i
.

4

6

%
?

I

a

4

I

I' .

.
.

f

f
.;

hf
O,
.

T.
as
M

49
e ,

4

1

!
.-

6'
ef4

I
-

.

ev
Ie o

k the
a i.
*O
.e e

G S

tm

em

(, ta=J
. .lg**

*:
-

? !s
.s!~

.,
;

.

e = *s t' * ** * * T T 2 2 2 2 T T E a T1 E 2YR~I2Y2Y 3' Y4'YS ' E d'3~3"s' } {'gj 3~ t~'y . .: 7 ~1*;. . 7.'''S~t)t

mm

8-49

u



i.
1

I

i
.

I
.e

8

.$.
**

e

Ja

Os
Et
%
a s

f % J
=n .

[ **

I. -
W

4
2: U
.a .
;. .a
* o=

' *) 't
~~ CC em

a 2 4 e
e ** * * C
wr a 48 op
C O' C 2 . *
W L OC 2 7
we w e o == * |3

Y O .a ,
*= . L' *

s y 1_ - - .

I GD ze
= T
: == t
: n 2.

,

.* s == .e ==
/ ? 4 a=t

.W.* a. e C C= L'|
T .J L to >s C 3 7 3

( C * 2 ' I ** * * * *
* * 4.; h *.43s
I #

'== % a1 OOGC
O% *O C 2Co

M 44
a= a= o= 3 C e o e e C .: O f

'

an a n;; = OOO3 C =t .:
o= 2 sJ ~ OCC CeOC CCeCCCeCSSec=te CC e * * * *

? =* 4 * 3 2 3 3 3?33 3 3 33 : C CO 3CC C D2 2D3 se,I s
*f. 6' 6- * e + + + + + + + + + + + +++++ + +++ + + + 0 - *..

;A .E 2 w and ein;W h w *.n,m.=a. e 43 **IaelaJw * w w '* w .nis T COC 3
S ") 7 4 c C Ct O*2C CCDt SC C CCCtC C ** CCC C' e* e e e e

C3 't - TT = 0 .*S5 C= S LT 3= C C= 32 7O '; O= / ** w - 332 L
' 4 @ e e e e o e o e o e o e o e e e e o e e o e e e e in C e= ==

J' 4, s. ,, a33OO3 oaO3OTSO 333= 0C CO ? c a- e ==##.=-
-- 2- - e- a= h. W= = * u. * d * .

, ef *

'
a

*
r ,,,J ' .;;:f : * :_' 4 =*

7i. a e o e CI == 6

| rw = . O# eseON eONNNT scO *? e > =
e :". 4 o= = == tr O 88* C ad' C % & F Wer N m a m e e 3 C e CCC. I o= D + E O

u e em T # 41 4eP7 == == N == *= ** N N 9 N N N N N N NW 3 0 .A enJ ." *J 2
** . e' = = *_J % 7 == F * * * O 8% 1 1 *. * 1 . F 4C J * * = = ; . . Ja

g u ~; * ' == :n aw
W . an. W 4 A em 2 ett ** U w k o= L L A .k *E w 4.,a == 43 .2 e. O~* i

+ 2 7 E y . * =
t- 1 O o= 3 3 2
4 1

., s - 1 4 C D2
T C.

**
a + + + e

.a . . .e,r w w w * e2 * * * *'
C C e e * O e e e = e e .O COSTCCSSTC e3 3Oc OOOO C = = -2 :ea a33 = 3 ** 2C * &.C.-ees: e , e .= e.: ee= F OOC OC e e

" '3O + ++ + + * * * * * * * 4.0 * + ++ + +++ +++ + e o e e e 4a. .M
*= 3 tar w es. te e8 e an. 4 ta. ee. en. e****44 4 4 a em 6 * ha. & C3C O O -c 44'.b3C .a&4OO = & 2 O 3 a f. 3OC3 2& 4 C C e3 o O 3 7 2

C C4C *nC C O OCC OG**CC C4G E C 3 C CCG e * * * *
taJ e e o e e e e e * * e e o e e * * e * * e e o e * * 4 3: a3

-| CCCOeeOeeCeoeCcCCSCC= ce. s= c o C O 2'
'= K 3'g

s. .,J %= 2***.~
u Z o= = ** *

,
*

. ha
-W en gt9 e.= e=

:8 .* '
, b*

~* 7 == e4 .a A
.* o= -

2 e e e . .mp

(* 9h&#? h f* 9 *P - ef C 4 C9 me d' '."b 'a 7 T 4g" .g*'== . ,- t >ra sNewerreemme s ., e e = = = - =3 : : _ e':

| 2 1 v. 3 %; e* *= . e= V. ** b' W . tm ** O E O "k 4 . "
f .C 1 ** ** *

**3
4 4

3 == % == em = = *V *** % *k *lk .. *s C f e= / l' L~ it' af f f 4' C
s a'== n e i * 7 N 1 - .' 'a er**e2* = 1 .; aJ as == == t t 1. == t* ") ., _ e == .9 *

* O e-- 1 C .* 1 L".4'==. *t
'

J' . * * *
1

* . .'. == .; *= A i

4 e- *. ea. & .*. .| eR
e e*1*

UC&3 L

7=*=)='= Y T.' 'f l~f*T'~t T T -#'t = 2 = 2 i 2 a 2 1 E 2 4 S~~T E 2 7 3 2 2 3~T S 5 e : " 3 ; 2 3 * 3 1stT T T I & =

,8-50..o - |
,

_ _ _



I I
.

P

e

h
.

.i

t i
|

*

1 ,

.
0

* i
i
r

I

I,

i t
i

i
.
!
I
i

e
T
4
s
C
3
e
3

0
6
=
W

$ C
C t
**
bW
~.
C 3
e o

OC

&,

. *.=
=*

6 ? ~.
3Ja
e

e - a - - - - - e: e =r = r;? e n T=~=~~E Ta''r ' di~=~1~m = 2 =" d' n *m 's sl_O~$.~ sir _f T s =r .. ='^ ~f "~-

.=wmee

8-51-



v

CASE 7
,

t

,

,

i

-

8-52
i

.



.
_s= - . .nw . _ , , . . ~ - -. . = _ + .

l
l

.s

1

e

!

t
f
1

d '
I
4

5 r

, ';

!,

k
I
;

l-
!. .=

1 . I *
i i >
- =y 4

,- 4
u,-

==i.
_ == . . O.e

W
.. >

.m 3>
;- 3 3
r' e &;

- %| 1 W1

? 41 'w 3
s.e. , m 4

9 g- - g-a
! ==t - so
' |'. 3

T! 'w 3
>

*
i 3' 4 '

.w
>

m? 3 -
.-WO33

764!- f6 e
' e == * >- 4 =e

Os- 3e 4 > ea W W
C4 4 * .--aC

e= ;. ,a e s
* > 44 ' ep 3 C De @

2 6 .8 R em E
O 34

. & .%- . ~4 ~
4sm: 0

4+ - . %/ A - -eP - >>
' a {t . = = .

= e e= 3' ' e
. k3' e &y
y'- T || - . .. ; a

21. >-a'
*f . 3 4 .: .2 -

e= m
e=a

=. e, -, .:
W r w'O '. > . r3-
s ' ' : .~

'

? 't .e34
Wii - .1 - T1 3> d om

2, 'W > S
4

', O. - O == : 2- 'A e@ me -W
. e- e.

' e- Yc AW',

< - ef .e ? .s
m. ,2- AL

g. em t 4 mm 4jy- . ? e= ~
p- ==,

en
i

t

e

c -1. - . - = . 7 : 2 = x e s = ir e z z n =xzz2 m a aa u a a a e a maea s sst ea ssy = : : x ss1
5

'

| MM
.

$'

!

%. , ~ 8-53-., . .
.

L

. - , , r,, , , - ,-



<

|

.

I
'

!
t

1

i

d
2
2
0
%

a

f
?
e
e
o
O
n-
t
e

D

2 A
T

2**
7

= .

. m z
N@ /hh%h-*=9 379 4@ @ E8%ht%*4fff4% 299f&&*C 4%> 3 tl. A f* * OS TDCO2 DC 23 30t = 3eO 333C O 3O= T.coccc=O OC : 433 3: S 4 2

"'I e 8 6 0 0 9 0 0 0 9 8 0 t g 0 0 e 9 0 9 9 5 0 8 9 3 0 0 8 9 0 0 4 8 8 8 0 e4 e ae e e 4 . +
Si e deeme desassamaaamdeme adedsdmWm'ad=ee ado 6 6ddo w ? W

3 & C : & & 43 3 C & S & ". S c.cGC E . &C AC * O C T & csb. . % 22 3 & d @ 3 & 36 24 S 44 LJ 34 as43 24 1 /= 3 C OO4& .= . ; J ai t .3C .2
.

%
*.'5 Ef2 4 LT

.

.O

*j u ' %L t*19 ***3Ci t t .L C Cef?t% CCK S E== Wha t%*% CE 2 3*/ 2 1 s** = '
o e e e o e o e o e e e e e o e e o e e e o e o e o e e e e o e e e o e o e o e * **e . &

06 -*EFAW 4==NAs=N*Aff=48*fNS 3 Taktmh 4mT e=A*=%Nd= 0 *

*| *
c.1

.u =a

9% .
1.0 CSA T/% WNafeON htpc=N=N*%*T 7 e

tetC3*ftcW@ .h%f0 * **tff/%99ft ew * 2e3 ? 2 4'* 1 3 == m
I= 1//d ??Cf 34 73 3 3==*%%=======% %%**%% % % % % % % *s 'e %\ =,
jw ***3 OwdT==F2 E tw* : 1==# #cm% T IA4& O? !; 2 1 3 i e 4 w

E '
A #. = = 4 v s w m .T J 4 e 'e v 's v0 ZuWu'swJT7me,!N= t c z m = O 3. * A 1 114 g ? .

2 =

1 ' =
* J
t 1

?+ .
9

J Z
J '- L
= a

.A .

x- * = > < * **-=*f : E T Y fT * 2 3 4 't = x g [ t"T* 'I ST i Ti'i~s 3 , {g *i't ' 3 g [s}; t ' 3 ',3 '31 [*T,

s w * m e=e.

5

8 54
,

.=



..

I .=
W
>
=

| A
. ! I

' 3
s L
* %
'

'C e
% J
= =
= w

b.

i T
W

j T 6

|
- w 4
2 4
7 >
S 4

1 7 oo =
I ?3 J e
' > + + &

E 4e +3
h O C C wL **
J L 3 LZ

6 - e e wC
= ? S3 J
1 WW
& 1 3J
3 . 2*
* 6
w w=

| V. ' 2, w;. - .=
* * = . ' Ma a>

A 4 L- 4 CoCC
e *?J LA P, J Co3 2

: = 2 L + +e +
0 * = . . L wd.w

&# C1 20 2000
m o =% - EL OC3C

i 98=- et S e e e e CCC O
* *1 ** CO O DO S OC G 2
'e .26 J1 W I C DOC cace3CCCoCoCCCe30 3 30 * * * *

O= 44 = 3Poa%* T OC OP2 O T 3POC O ?3 203 s u .A

&w W + + + + + ++ + + + + + + + ++++++++ + ++ c=e:
e ze =w.w.ww...w...awww..a. www : C : e

1 0 0 74 T eC Ct eccTc-ea ccoceet to eCe er * e * %
e e

'

.

4-2 e o e e e o e o e e e o e o e e o e e e o e e * e 60
J T O? 34 70 4 F o ?. D: = oC 3 E Df 3 3 G3 4 "J C S

w *=

. pA . AW 0 3: 332 ?? : 33 3 : 2 3ccacoDo C ao d =A=

} >% ;~ w T4 * c
=>=F

=.
49 ? e. 4 .
J* 20 4- 7.
OS CT e e e = I = c,

Tm = 4@ ce*4N CsNNNw OSO F4 e > w.g
g 3b > e =V2*C#CN@eT/NmomasaeT coo Ow>a w * 0W W P C##0 4??==N===NNeNNNNNN NTo C J v2 r

| > 4 ===O-aJ O =Ew;4LN;;; & LL M40 m o em . 4.*
r W 3 E Q W m W O W NE F.w W w.2 e 34 1 & 4 W W w -J 4 JT O-07

'. &
T Am,>' %

: = c9?CCb' * Z'
| ! = 44 CC3C O
- a & + + + + +
1 J 'a W W h i 9 %* **

i

I i #w e==3 : s: Coose:cesc=seso oeos es= = .- oseso
+ + + ++e.c c.e ?j he C eccecreeoceceocesseco caec

e e e sJa=a + ++ + + + + + + + + + + ++ + ++e + ++ + +++ .=

*O wwbw44e swawwh wm WhemwwW W W e4w C OC OO ?C b J2
3 2C 3: 2 3 2 2 3 3 0 sG LSL 3 aoO3 c 3 = 33 33
c4ocC C* CCCCC JC C SC T CC CC CCC C e e * e e

w e e e o e e e o e e e e e o e e e e o e o e e o e e . = 3t 43
OC C Se?CCCC 3OceCCocccc3@ ecoco 2
m 7 : ." *

1 J w 2=T
,

- W J 7=== >
n : L k-T>m *. *

y C e ?mAvs he==** e cC* e =*tu* a - 0 V2 e e e e .* w = .4 4*
+ *

* * Iw PF7 PC *NA**f/*#MM? T T T M SO 43 *?J * .* * J1 ?>..!
O 6* .* / ? t P ? = % = = = = P4 * N a %A%% r. t r C 3 kPm=
4e* PO**t We= A r?"LN1 77 LF 1 ==WT N -e ? == x.*d * *

3 L .' '# L a s = ==A & f- L 6 7N E>#.=sbe wh 3. 4L **W = =~ *

| O===6 1 s
i - !. =s . ;* e -e =

J e4 3=
WQEE L

~=~ ~="z"E 3 i 2 |t~1 2 2 2 8 E W 5 3 2 C 2 3~8 8 2 3 : 3 2 3 8 8 Ie . .j;.~.~er. . T*f*t T r e~r T s s*t T = T Z a

8-55 , -4



1
:
I

f

8

|
4

i

I
9

+

l.

t
$

*e
.

4

f

e

S*
St
er
e
em

6
ta

n

ei

I,

'

-

,6

h
.

=e
e4*
w
e**e
2IC

e e
? O

%
;
.

eEM
==e2

U * t-= s a
s

c - "_s* = = = * *^?T? 2 2 ? F Y T D Y E'*^2 :: 2 2 2 IT 2' t ~2~1t*2 a e ag & T 2 . t %'T't 9~s *2 1 _2~~2

k

8-56



i

ed
i

6sl
==.
-e
ef ,

e

D
1E t
%
e =
%e J

t-- .
<1 , ,

b |
*: I
v v !

4tas 4
41 4
3 e=
'3 JB
1. Cc =

* 2O s. e
9 e- + + 1

T *
e lad e3MT
2C laJ C

? %- = 3 LZ
** af e e == 3

1 30 .J
** - u tes
2 ''' ;**
1C 2 =a
*= s :
2 m. ;
Cb C. :

w ine == ' e ==
e, ." J' . y a.
F ah 4 = C C. C
0 'o 2A > .? 323 3* * * * + + +

1 . = * 3
44 1 *M ..

{ F O& FO 3OO3
ed .' es g ag agOc
a= e= e- Y O e e e o C C 3C
7 : *w .2 O300 OC= O
e- ! ,,4 7 y z CCC OC CCCOC CCCC OC COc=cc C22 * * * +

f L == 4 * C OC 30 3 ST 3 C* 3 C 3: O 2O= 23 ac C= 3 4A as m e.' * g* 6; *****++++++++e * + ++ + +++ + ++ O * T T
' O Je g F t.d w .as and ad 6 e, u. es es taf as W * ied one saa w n. m. w' tea in and an. 2 OC@ C

eC C e e e e e o e e C C c 3 C e e a: C e c e ** C T CcO 'O .* * e * *
3 J coa 3 3O@ POO33PP303O32e 2e = c ** t == .e 2 *? c 3

4, 63 e e e e e o e e e e e e e e e e o e e e e o e e o h t===
'

== J
*

C3OO3303C3033& 33 33 coo 3C D . == r3 -s a v.

a= e. w er
1 - ; * w * e f

e er! * O ef _' 7 ;*
J * L e == .:
: 1 : L e e e 2. Z = = . C
E av == 4, W31 ' 'u e3NNN* 3O2 ** e e- ==
0 tat s= = W ef , G 886 C te C 8% 9 889 3 tr .N ** 1 m a e W

e= , W ? CCC O == > a b O
%8 4 m. e 4 ? P ** * N ** == == N 8% =* N N N N % N NW O

== * *= 3 L == 1 L I == WD im L * I F. 1 . L 3 .* 7 s* 4 C **1 .J el .* s9 2
**

w * * * = . J >
, , u .:. = u t., em u *. JD tw . 40 =* u =J 4. L a= .a d. i 4 .J %s me J2.4 .7 == 4 .
t tad & T C as >

T & n= 3=2 O *:
== & 4 CCC = 0

i d|3 & + + + + +
J '.3 ta: 48 % E' S* * 7 ?

' '

g eaJ O C (* OO3CC O3CCCC 3 S O *3 eO OO COOO e? 3 : C = * 3 f 2
am er* OC C*****?** ? *C C ** ? C C 4* t *. O e ** C t* C ? c * ? *'' 9 * * ****
C, O ++++++++++++++++++++++ + +++ e e e e e is e 4, ad a
p* O tad h d. Ik e4 4J h a tad and LaJ tee te. e tad im W 6 es M w naJ 4 is k m. 3C343 "* b T C U

O3@ G 3 3O& 3C 3.,a33O% S& 3a aC 33 2 &T O
OCOOOO#2C =C @C&GOCOO &cC ? CCC O e * * *e **,. las e o e * e e o e e o e e o e o e e e e e e e o e e e * * 2 -

C C*C e e O C C C S 3 C*C C C C e C C O O C C afOC 3 2
** E .3 .* ?
.J *=

, y e
F =* C "*,

* > = = = = = D.4 ,

I LJ b n= F p= >= ? **"*

** e% e e
* 4 .*4c 2 = , . , N , - - , # - - s, e, - . c. e, S

.* m. 46 .% J1 .' 2*

| C W y= em N p C9 pm e . . e s= g == m. <
e.3 t _, .2 2 .3=. ,

?- . nf* La*

J" tt' .f t' ** == 8%' == == == - N
=8*

*V *n. % N 8% 8't' .
*/9 f s' e e m. ta as ** * * .* i. - * *i 4 *%** : =e * ? 'J =* en er9 99 ? 3 : %% : : * e * ====2 t' *'u - a = = = * v .8 as 4 e?

1 3 & eft i Le d == d == J1 == u es ==*==.4 a It ** i. C == CL C' 4 2 C. O * . ==
| ==4.= 4. L=0 *&

. , & =; * &wJJE
J e4: ao
U O 3 sE .En

e = =1w = . = .* " ~e *= y ;~ Y2Tr' r*~2TmT *'iE's'a~z~t aa a= a=aa z a P P Ts3 t's 5 - : *~2 2 : F=~'MT L
*

.

8 - 5 7 -*-



I,

l

.

1

.

.

i'

e
' i

4

.

I
I

f.

.

t

P
t

C
=
+
ed
C
"J

e
S

I
. ,

ed I
'e
i

.
I
f

CC
(* r
+ +,
em di
a %1
C r* e
e se
C I

%
'.
1 .3 ==
4J,-

b em

JW*
e

L

- l- m. -. - . . , . .- .- .- e r-ee_: ==- = ,s , c , r , _ , =_ 8--* .* *'s 22 : .,;,3 47 gy-
- -- -

*
.. .

___

e=%%

8-58



. . . . . _. - - - _- _ . _ - - .- . -

4

,
L

]
CASE 8

4

i

i
|

J

I

d

Y

$

J

-

t

1

f

''

.

;.
8-59.

2

e ., _ _ . . _ _ _ _ _ . _. - _ -. - ,_ . _ . .



.--- -- .. ~ ~ . . _ . . . _ _ . , _ . - . . _ _. _ - _ - -~ .-_,---,- + - _~ - - -.

|
i

!

I
J

\

s

i

!
m

.

1

|
6

i.
s ,

d

- i
i
i
e
t

k'

'j.
.

Ad;
.-

d w'
> a-. .

e e
O - >

s : 5
-2, ' . y- - t
al a

' % .e e
f^ .F F
% == e

-me- g
. ees - .o , e= '
e - .

'
.

? ene
.,

s
% 6 *
m* ' w 'fAe
f * ens : c 3

4

&* X en e== 9 e=
. e e= 4 e 4.

** - m is. a. F .- ' C.
k-.

L ,'
.

.s e ;. -

w 4 e me e
23 > 3m- F?
? ? - O LCe

0- 0 e == Yt ==

w- = . et o= m e=
- n . .=. "J. v e?-

''* * - '

- '3 tas 4 .t -

-**
. W.

.
==

.0;
.1

Z e - t- e== -m.e: a e:-.I s . . e* C -eey .

Af *- 6& em ' i' -s J.

.'s t. ^ .3 ' '4 3 taf .
p *

'. Iso , LR -1 e39e
e * * - *

et t 7 D e iP

w|a . . * - - me
" . ' .e .-. E sep
==

'.
p. . 'y t' ==

* We' e- **.

wi ' # - - Wg
? em t 'w .- : sa

,g J . . * * .
- et .-=r. ,

""
,t

u_ . -i. . . . . . NNCFmTTA t a s aa t u a a a aa a e a w rx a aa eua a zz x x m_ ,

a

| * $ w

- ' - 8 60
l
i

1

1
=;. . . . , _ _ . . .



.. .- -.

. . . . .

s

e to 6 8 -t 0 * e'*: **t t
E.

~~

e. set t | sf ~~ a m 4 80 f
'

|. t3/*e*1
.

. Ht . l . eis. b t 9 e
e tie 1.laat .0%
e gn 7.se t .o ig

as Ce51 1. /'* a t .ea l
u . ...S e 7 % .ag,..se

is - F(% l.?s*4 e4
u Ca%9 8 . ?'+ 1t 0 %
i. C a.no 1. e s.r t .a t

.. ) % g % . g e .it . .i su

is. ee i n) P.7 sat.nt
.u, g o.s5 . n. n t ..t 0%

b8 40 1.48"L.4%
t.,,9 sa 46. 24 8't .o ?
t 9% 4.eteet 0%

,, i r =eo e. o s. g r M
n enes t nee n.unat as
n yng2n I.goe:t. ,%

5ea l ?'n 8.%D8t*05H

n 1825 4. g o. p t .n g
a lite 1.92ef.an
" .Catle t . a ss e t .o 1

"a CSlh 9.6 b ea t .0 8ie

$_ CSili # .S h 6 t .r.1
6 CFl44 4.0 bet.W

g v, t erl%2 1. east.n?
J m. tie s %.6 3 . 4 4 8. t . n t.
} a' . Etel5% l.smet.v,
8

m, ida2?e 1. e'.a t .n l
a, th/3d 7. l SoE ss)

4 e.,/12
= i t* 2.5?t7.un

1s . . . . < . .
.e, n ,.i3ot. ,

e.P/ 57 1.180t.loa

=a Po2 M 9.n( ag.p y

l's 6t iv I.79et.u?.
*

,
'e, Vutuu 2.olet n1
ae' postgl e . 0 % .i t . o s,. d Ps.242 7.2upp.10

a.vol 9. sa n e.g .n o
l a=/ se u.9e'l=p9

ar/sS 4.le.et.u9,,,

CNag 7.%t e t .pn

C*/e5 8.ar it no
t e t.s e 5. 7 4. p t .en 7,

r

x a l s. t w ' t .: Pes. tt e- I shonet.o. u'?sa l e '16' O . 0 7 6 8e E * '* 5 HUHerS .
1u
*e

U

M

1.

*!
*i



|

|

|

> = = = =% %% %% %% NN NN %% NN NN N N NN N
So
e . c. c. e. O. O. .O O. .O C. C. O. O. C. 0 3 3 0 0 0 3 0 3 0. 0=

m
D 6 6 A 6 A sh 66 6 e b k' M 6 66 6 mde M k h6 4
=> %J ts2 9 %> 3? ?J Pt =Q Ne tff4 C CO
ANde=#amWAP& =N4974 44#NM9322
O=O4W=4ACOAM 48@ECf98 4CPf>h 4
m Oddse=9#NPMN @ M#mtUNNMemMeW
h e e o e e e e e e e e e o e e e e e o e o e e e e e
=#dh C======NNmMMMMW448 WW We4
O

> e N N A N N N = = = = = = e, c C C C O O c e O C c ei OOccOOs o>OOoccOO
e e e e e e e e = . .O o. O. S. O. O. O. O. O. c. Oi - seee0 .

D W W W e W W W W W 4 4' W W W W 4 W W W W W W W W h d
t =OOOC CC C OO CCC CCC CC oC W3C C C C O

W We#*S * *NNpt =N49 =O%&=#=8OOO
Ump C #T re cetAWE tr@ C C=e=O==cc
"w M7h?heNM#4%#3#%MMO#C / 3@C O,2 e e e e e e e e e e e e e e e e e e e e e e e e e e
e P == ve#c==NM#m==Neweekkg ret
;
Y
mererNNNNRAN====cenG====C e

t
a. e. D. a. O. O. O. C. s e. C s. e. e. O. O. a. O. O. O. O. O Oe e e e . .O

Oco
. e

| *6 ah d o w d d d W =- Md&%&wG6deG%dMaj
-

C C** J, c q C.
S CD C G C C =C C C CC C eC C,

s 3 : : : : c30_ : - = e == = == .-N
' we=#=4 =##F C4 W edeNC S t et et? C C

'l > =TS 7=#c2rCmOSFTNNN##SSOSOC
! C e e e e e e e e e e e e e o e e e e e e e e e e e e
. &mN===g g#me==4mN=h TNapp*-3=
1 eeee ee ee eeee ee ee eeeee e ee
a

i NNNNNNAANANNNANANNNNNAA%==
g 3= 33: 2 2 33 333 30 3 32 33033 3 s2

eeoeeeeeeeee ee eoee eeeeeeee
t T L a n d s's = w a s m M w m u s s s M W s = w a s a

m 2E C C t o- J E3 E* C % C E t b & C C & C C 4 C E
=CO 2 3TO 3 OSOCS SO 3GC OP OTC =SC O
WC@ CC CC T OCCCC .OS CCCC CCeCS SN
1%W C E TA7 4T 3%TCSSN* IT DN Tft T S

e e o e o e e e e e e e e e o e e e o e e e e e e e
1 #f9#4de44Nh hhhett SSP?@PP==

1
*

s

.

t

i,,

| >N===== OOC CCOOOOCCO-=======

C. .O 3e .O O S 7. C. O. O C. O. D. O?.O C O. ?. Ot = O3 3 2 SS
+ = ee ee oe * * . . e e .
S >Wdamoussonsradwa% MWWass ard
. = : r: ## t * *3% r9% =>>*: ~ tn C=#9 a
g em WC#@ NNh##7k ee? ##FT W=4#%%@

w 2=eq *f =?9#>>tvmm=re=%>=t t ec i
|

.t *=PM ?7 N= W## 32h ##4s MmM/ 7 C M?>
)L = e o e e o e e e e e o e e e e o e o e e e o e e e e

=* =b =mpee====Nemw#eme====Neme
.. .

>>%> tt C928ffff9/10 19 89 99 d*m Stf#ffV/ff//fJVf19#491-

L W W = 3Se: 3 SC O2 &33 3SS C33Sc3 : 3OOO w 3 33 3 ?: rt : 2 = 15

=-a- we e .e e "e .e e e
= SC pra

j al : = = ee ee e ee eeee ee ee e e ee ee eeee : . eeee ee eee e e e ee
aaw=~awaw.a-awausa-W aama.aan aae W.=s. . . au: r

,
*, F ==c = & =C cccccccOC cccSCec=C oc weC CcC =C CO *. ce : & a C C =w

1 O *T e? t# 777t %% =cF%4N =3%e>Z @ Te 2 3 SO 3 = T o*23 2 ; & a= 3 = a t 2
, . 4 4L =*C Wh 4=EF =F #E 98 O=E=9& =40 >C C OGCCCC COO CC & T C 2= 0 =b C

OMM-97M2%9Nh / CN/ 3# %967 PCSMM 433COS 3?C C C ". C ". & : 7 *. ?S O

| EN O e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e .e e e e e e e e e e
= 4 * OF==Ne#-==N9e>==NM3 C?Neae &================*====

C eeeeeeee eeeo ee ee eeeee
u

C+fff#f##Ptf9 4* e4 00 4* ***** *e4 1 09 0? n*t " C-t ? C*O* C*C
,

J33 c3C O L3 Oteco3 = ce2 % 3 t C O S 9 4 : 3
e .3 t c 3 = S O. 3 G. 2 c 3. e: 7. :e C. .S
3

o* e* 4 e 4 e e e Ja eeee ee ee e e e e e e ee ee e e e- * ee ee
~ ON =4WM MM dMGMM G MdWMGMdedd6MdMd 6 6dMM MM64M dM d6 6 M W d= 6 Wde

Cr > CO 2ccccO= G1 C eccccG 4 3: ccesO secsce==CC : : E =T3 : T cc:

*C 3 3 #=A3 => N# 3C=cCt ceef=@CM ==A e=T OCC SC f = T 2 1 C T C * 34 3tcOerACoe J3OOPSC3C Sea 3 4 C: 0; CZSO 33 1 3 3 33 3" 3 SS3 33 a *C S

W C =### ft 9f MN3= deMS EMCf=7TNO 7T 344 C3FCE ST Df t C ST S e34 3
O e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e
&=O44**NN====t e#S*NN===rO#4 SeSNeNtN aN4NJN #N4NsNON

T* ee ee eeeeeeee ee eeesee ee ee ee e e e e e e e e e e e

a*
== c me * * % A NN a s N s n N Nn NN NN A n s % N cANeeeeeeee=e**********

Wo e .+++e + e e * e * * e e e. - t n.3c: 3 333 3: : ?- -13s.33SS - ; mseco3- s33s 32 sa see: SS?
I *1 ee oe ee ee ee e e ee ee ee e e ee ee e*

w e" ? ". ." s' $ f. .' f. *. *. f. f. c' ' C* ? 'e' ' ?. .? ?. ?. ?. ". w .' C' 'C c ?. Y. .' ~ Y ' .* ?. a.' '. ?. : .~tf:2* d
. o - S C e c .

e- - -- t m= seS- ?? --; n3 - ses=3 - o; ase3 e -- . - r? ?sss-e-,-- -e-S
| 40GT C CC C CO S4 1 tSC 27 CC CCC C3 2 @ =T * C3 %d SF Cr 2 AC T N# 2 3 4 C E%

.
6 33 && JJNP C a* G N T JE 3%T4tDNW CL 3 =&NAT 7=C1 4 0 3*T 3#N % F 7%OJ

e e e e e o e e e e o e o e e e e e e e e o e o e e e o e e e o e o e e e o e e o e e o e e e e
C&& $$ ===="N%%NNO@ Y$$3 3 3 3 $# 4% = = = % *s % # $*A T#$#$ $ $5 %

.

v - -1. - . . T r's e T rTrTeVm = = CET*CE* Ct a a m CsTsa eaem eeeeves= a a: fTETk2 L

8-62ee.,=e

L.



,- - -- - - -

I

|
!

-

t

0

i i
i

I,

I
,

|
9

1

i

e

! <

l
u
6

-
.

k
4 ,

t.
I

$
e
e

. .

J '# J 't f f f t / # # # f f t f f f f f f d f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f V f f t
3 2 = 2 2cs: scesssassoosesaTrosost ossemosmoscosassa asc == = c)
8 8 l'8 0 0 0 0 0 0 9 0 0 8 0 0 0 8 4 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 4 0 6 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 4 4 9 g
s o -o es us es de m u s e d u d e m m e d d s s d a m m a s' s adesasm aedsm u d s a 'c a s s e c s s c % .muasssese
,& & Le: C E CT scGcs=cc&&=cc=&GGat soc ===cocct = ac=C C C = cae =|

| c e s c: - *. s. * * -= : : : :

3& 2 433 TS L* J 2& D 30 33 CSS Oc30& TC SDS 3 4Cc3 &SO 3 33 3% SST C O C 79 3= = 7L Si
6%ssestsecsccccacoccccecC occ.c=cocceccace.cecc : s eresse: ct

- : 3. s. 4. s. 2. =. e . : c. t. e. :. :. . . . e :. a. c. e. s s. :. :. t. e. r. :. :. :. a. e. c =. s. o. n. s. :.s.-
.9 .f . . . . . . .. . . . . .e * . . . e e

4.m m mm mm mmmmmmmmmmm===mm ===mm= ======mm==mm ====mm mmmm mamm mm ===m

0 0 0it 0 0 9 9 0 0 0 9 0 9 0 0 0 0 0 0 0 9 0'9 0 4 9 0 9 0 0 0-a 0 9 0 0 0 0 0 0 0 0 0 9 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0

* F= t * to t * t 1 Oft *C 9 0 see O*O4 O*P * 6. c*t te*t *e4 o9e**4 t*9 1 D * O . t * r .* O
- ? * 3 : 3J : 1 5 O &G 2 : t TC 3C Oc3 S 3c4 2 t it e==43 34 3ca22 3 3? ScS 4 2 3 1 on==: 3
0 9 0.9 9 0 9 0 0 0 0 8 9 9 0 0 0 0 0 0 8 9 0 0 0 0 9 0 0 0 0 0 0 0 4 0 0 8 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 9 9 9 0 9|

!L . *.'uomaaeddeMG odedds deassasadddeadGda MaedaAwa Gets am ua asads ea
.- o
*. : . . h 4 -: 2 2 : = 2 3 acca3 33 a3 : 2 9t 3C E E .2 .aSaa: CS SO SC S T O . . b .s 4" w * .- est n aJ 4 % . ; - L 4 .t & i =cose 1 % . e4G & enesG .ess

.i t 7 2 * = L CcC C cct : MT cce=2 Sc5 ct C ecc.saceccccC C%2 Cct e *? : 32 . .: ..1 3% L 3 4
*

=t 3
C sC J : : :

T. *e .,4 . 5. T. 2. C. T. :. 3. C. 2. t. e. r. :. 1. L. &. T. L. . 0. 7. a. r. c. X.1 4 4 1 3. t. J. C. ,. C. S. C. ?. t. %. K. e. &. ?. 4 3 4. *..t
; *

.. E. T.. . . .

a s. :8N4N.NsN4N cN aN N oN4NewcN4NeNcNaN4N4NaneN4NeN NoseNe.: nan c\
0 0 0 9 0 0 0 9 9 0 9e 0 0 0 0 0 0 9 0 9 0 0 9 0 0 0 0 0 0

- a, ,L , ,. ,. , . . . ., ,. , , , m- ,., .,., ,- ,. ..,.,.m ,. ., . . . .,e- . . ,, . . .,e- ., ., ,. ,. . , , . . ., . ., . . ., ,. -~ ,. = . , , - . : , .. , , ,c = , = , . . c . ,
= 4 9 *ee e 4 . * * * * 4 . e e , * * * * * * * * * * * * * * * **e . * * * * * * * * * * *** . * ***.****

C * * t i * * t cT S * d*6
de & dub *Mm e adMA &dw% uwddddddm%dddd Ad%d@ dG Oddd b 26 U N s .e e Osm do M *0 A

T C S S C * T EC T ? L C T ci a E 1 * T G T T & ce=C C* 4 i 1 4 5 0 e**T* * :
D eOT *N NC * eSS E Na * NO *P CD ENT * O* I' N " * NO7f 89 %N. J Nf 9 e P*M%** " '*

N J ,? * A W .N C * 2 -* F M 's O S W*
E %>f 7 K w? 5 4E *VCNMC .h w &E # 4CPE f fM A* T PM 42 T C**S P #EN#

N % C .* 74 C *PA T 3 Dem N N N N * 4 3. y. T. /. /.- f. e. d. h. h. %. C. E. C. P. 7 7. %. @. &. w. m. N. N. N. *. *. M. #. 2 1 #. #. #. 4. &. % . &. F"J...........ee . * . . * * * *
f f ? ?m mmmm mm mm mm mmm mmm mmmm mm mmmm m N N 4J N N N N N N N N N N N N N A \ N N N N N A' N N N

i
I

x, * cr ccr cccrrrrru_c_,.ne:o t = a = = := ro_cce . .x. . . . . . , n , 1 = , = , . . . = = -

.

8-63



i e

1 |t
,

#

$ -

|
I

, .

I 8

.

I )
.

i *

.
f I
e

Y
?
i

sQ

n s

e

t

.

l.
5

I.

l

.
.
4,

i .
) 1
e

e

e

. I
J .*.* f t s t t l e t t 4 4 J t / t.4 f J e f t / s t f r e f t e t t @ t + # t t @ t t d u V # 1 4 J r J r t r i t t s
* ? T * : 3T 3 % 2 9 3 C = 3 37= =et oo=3 css 3o2mossaz=3cossa;=3: 3 : 2 3 = : : : 3 '

8 0 0 4 0 3 0 8 0 9 8 0 0 8 8 0 0 0 e O C 0 0 0 8 0 0 0 0 0 8 0 0 0 0 e 9 e 3 0 0 0 3 0 0 0 0 9 0 0 0 t 0 0 0 0 0 8 e 6

,4 %& m s d m a s s' adde e d%amassauM4=& Mads swM amas%addedwdess a doww e o *s- ssw h o

s* * * %* 4 *30G E &G %C GO GC &= = C C CC & b t icLG E C GGC 's LC* G C C cf *r. C *L t * ? * % a J J .3 * C -*gJ S . L -
*

* % * 4 3 % ? ? T * T T D T * T 3 3rD T T. * = 39*% 3C T = =% L S OS 3 TC .* 7 7 L . ?

% *. 1 J C 444C CC CC C TOC %G CC C CGC CCCC L CC6 3CCC C C CCC &C C OC GC 24 : 3L & F 2 Cl.
! 48! T . C = 2 2 3 * L &C T 3 ? O 3GO S3T =S G* ; ; 2 3? ? OC OC 7 3 3300 2 J & 3& 2 2 3 1 3 : 2 2

.o e ee e o e o e o e e o e e e o e o e e e o e e o e e e e e e o e e e e e e e e e e e o e e e e o e e e o e e e e o e
.m e mm mmmm mm mmmmmm mm mm mmmmmm mmmmmm mmmmmmmmmmmmmm mmp m** *m**

"8
m mm

.I 9 0 9 0 0 0 0 0 9 0 0 0 0 0 0 0 0 4 0 0 0 0 0 9 0 0 8 0 0 8 9 0 t B G B 4 0 0 8 0 0 0 0 0 8 0 0 0 0 8 8 0 9 f 0 0 8

.. c g . g . . F. .- . 7 *Of *#*F * * *

.9 9 9 9 9 0 0 0 0 9 9 0 t 0 0 0 0 0 0 0 s 0 0 0 0 9 0 0 g 8 0 9 0 9 9 0 , ,,0 ,8 , 3a 3 , 8, e ", f
? t* C * * C 7 09 W S 274T4. ; - . . . ca # . g. 3 . 8 .*4 T 4 * #. T t. . 4 .* .C * E. *AFg ; ; . . . . . . 3 .C .* f W e T P

,8 0 t t 0 0 9 0 9 0 0 0 0

*

.,,

0 0 0 0 0 0 0 8
m m *.m us'dsuG ededs doUs e s 'a m as6aaad usa d & *d e soudMas L u6 4ad es dus *e t ; o ms s
. * - - . 4 & * a 7 * * . * sc i - * e ga i * ; L c?t 2 6 s g e * % : Oct 0 7 : c ; - . ; * i J *

: . at . 1 .&% *i "%
31 4 * .22 3 . 3 * 32 f t ! *LJ 23 S& 234 4 2: 37 3 2 4 4 = 3% = 4 3 2 c.*!% ; '.:1 % 3 4 7 32

*~ 3
" F. % f * r. % * F E T 1 7 %C e*C & EG f ; r% TC *.& T Ofet E * T E S r: t S i * 6 7*C ? * S* * ? Te T 7C OC T i ; C 3% % C * SGC &C O* 3C SC CCCCC TG T 3 3%

? *7 \* h * ? L *,
e e ..o e o e e o e o e e e o e e e o e e e e o e e o e e o e e e o e e e o e o e o e e e e o e e e e o e e e o e * * * We

.*% JN fNONSNCN4N ON GNfNCN 0% 3%CN EN CNON eNCNCNON CN *N ON ON 2N C 'e 2 ". N' *%
e e f 9 0 0 0 e f 9 9 0 3 -0 0 8 0 0 0 0 0 0 0 9 0 0 0 8 0* I

* * T ** T T TT *T ?T TS TS M T TT ea: T T2 W* * eP e@ ? eW asTT 2* et C * r * ? .* S ? "* " . * "2g"
* . e e e e ** * * * + e e ee e e e e o e e e e e e e oe e 303 3 * ?3? 3 * * * 1* * L. */ . 39 %* T1 4 T ** * *O 4w. *s F 311 = @ ?C 3 .* 5 3 O O O 7 T S D D O J C.e * * * * e e ee ee e ce e a e e e e ** e e * e *.e ee

ddusse udWwsb w$6 86 mdaddMddS4s & d*ddde us e' .e d m
*

e o *s &6 *M eme d U d M O e 'e Caca 2C 3 2 C acect TT CC CeeCC3C *C Of t * * T 3T O O r*?& * * *e *e * T* **
'1 ?* * 4

2* C f D f %% * %* O P S OS* %* T NO * O CD S NS T NOTS OS L NC TNP 9 E Pt TN*T NO
.T 1

* ' .* S * %* 3

f.t % > J " #M NT PN C@ W %dC%% 7 3 4 = f"F W A f f
e. 6. E:4 , ,3 .: e. & C s M r S - e s t. e. t. coe-=UT GATE * 4 8 *#TNM C

.-~~ . m men ~sM tec .-- t= =-Ns%, e- witto:.s- - -m

ee o e o e e o e o e e o e o e e e e o e o e e e e e o e e e eo e o e o e e e o e e o e o e e o e e e e e * 3 e * e e
* M * M # M M M M #. M M M M e' M M M M M M M M M M M M M S S T S WSWW TSSSTIWS SSSW TW4W II II[OM@

i

. . e T S 5*f r s ; e r 's~z = = z e a : eTms = = x = z a x a e f*: = x s aa es: 2 = = : 2 r s ss
__

G**.* *.F 7. .
'

s ee % ehem9**o*

8-64



i

I

.
t
4

1

#

|
,

9

i.

$

f

t* |

I !

* 1

h
I s

I I

1a
:

I
t
:

1

i.

I
,

6

..

?

.

:J. '1 4 4 4 ffffJ@///@ttttfff@fffffffffftettfJttffffff//44 fttsfri#
' 1 ^; 3?a t 2st 2C oocsC oOO3cccOo=oOO3=O scO 3oeono=34 32 3 =oSocS 3mS o3C s e:
ft & J.8 I O O 9 9 0 0 0 0 4 6 6 6 6 8 8 6 0 4 8 9 8 9 O O 4 0 8 4 0 8 9 0 0 t 0 0 D 0 0 0 6 0 e 4 6 0 8 9 8 e t a a e 4
e e' s m m. deawo mwde ammusdeamaswmeadam ek &oadsseasaamauasadsam mes s .:* * e c : c4 s : sesasc=C C na= = coCC e: C = ssCC ccOss C C sossC : = b r .. .. p'. *..: .* L &3 2 3% t G 3LC 3S & SCO 3 3OO S & C L3S S ET Tt ? P2 7 3C T O * .*T SP & 3 f t 2 S 3 ? c ;**
. L .CC G &C CC GC GE C eC GC C SC CCC OE & C C C LOT eTO CC LGC O 2eaC C C C % T S C C C L & G J
1 * . * ; T 3 L 0 3 3GC6COC 2h 1 33 3 ;CSCOC 3 33 0 3 SCC 34 24 3 & J. O b a: J: J-t 4 3 . J'e .G >e e e e .e .e e e e o e e o e e o e o e o e o e e o e e e e o e o e o e e e o e e e e e o e e e e o e e e o e e o e
mee m mm m===mmm m ==================================mm mmmm mm mm mm,
,6 at a e e e e3 ee ee e3 3 3 e e e3 3 3 g g g 3 3 3 3 3 3 eg 3 g g eg g g ee3 g a3 ee eee3 g g g g ag e

i

e r * * * 4* 01 c i. e. ?. P. e t. OT o. .e t. : O * t. t. .O T. 9 .F e v .e r e ?
,5 ,9

, , gg 3 ; ; gg . . . . C. * r. *. f
* P #P Aet*PseT f r e * .* * O *

e. . . . . ; ., g . g 3 . 3 g g 9e, .

,8 % 4.0 0 9 9 9 9 8 9 8 9 0 8 0 9 8 9 f I e 9 8 9 0 8 8 9 $ 9, g gg9 9 9 9 9 8 0 t 0 9 e O 9 9 I 9 0 0 e e 8 e e e a e B-
. o * d6 de 6 ** 6 m' are.aamo o s s a a m a s e? MaaG 6% Massasudaa6 4aaasom sam % oe s s'6
'e *. # E a . . o E C $ ". 4 % m&. 3 L 3 1 4 6 3 .f T w E ON *. b -4 * E % as". CC D E T CC C JT E C w E TCC o* E 7 7 4 *

E*
. b. T b . .

. "a J .,*. 4
*

. . . . C
.3 rC tet = t re t S4sCt% C g CCf0 P PTT T a C CC OC = 4 1 * C. O. C O ***G C 5 s .- ; * .!

al e4 4 tJ L 0 1 L 4 4 3 3 3 3 3 3 2 3 * ' . 2 a.1 2 % *

t . 1 . . C. C *.C OC. C CC S t aC eeOc 3 ;C CC f SC C. C ** *. T* * * % g it: forLf * C S C 3 7 E O I O . ;_

n e e' e e e e e e e e e e e e o e o e e e e e e e o e e e e e e e e e e e e e e o e e e o e e e e e e e e e e e e e e en
J N 4 jN 4 N 4N ONONONeN440NONONJNON@NON4NONONON4NdNaNON 3 N C ** J N ( N 0%C %i

W - 4 0 0 0 0 9 9 9 0 0 0 e f B S 8 0 0 4 0 0 9 9 9 t t 0 e 8
1

** T? #*?T W* erT e*T ee*9 ?? -T ? #F TP eg M e?? ST TP FW ST TT PM ?? " * * * T T e*****
'

'
6

? ? 2'?t9& P DS 30S0C200%3 COO S* DOOOOO 3b OS SD 39CDOT 327C?S S* 27 3 1 ?5 1. 3
Se e e$e * ** * * eo e e e eee ee+e e , e e ee ee e e ee ee e+ eee e o e e e o e e o e e e e e o e * * .

. e e aaM M wG d 6 ddw b s d a M sE MMaded adMw 0%dddaba6 aaWMdard464 mw e d6 ds u ..
**? 4&E J 2? tC & F 2 3 CC C S T C CCL = TFC C = C C T 3 3 2 CC = 33 2 SC T TC OC C E ?? P J r .* 3 J

% M * C 9 3%A**N S T t OSTNM ?Nc*T S*PN"9 NO TT OT 7 NC *NO*D OSE N9 9 % O 7 ? O*t N~* *

18 *V2 NN & Wh ATT = st *4074 S f>N4 ?N47 3 J *# 5 2/E A#GNWF P 6 =T&m & & # #& %N a!"
mm NWMMM S 79 #@eD eehh CT& 99@ 293mmmNN*MM7 7 3@#et eeN% 9099 7J L L m ee m%% %
ea ee 4 e e e o e o e e e o e e e o e e e e o e e e e o e o e e e e o e e e e e-e e e o e e e e e o e e e o e e e o *;

@#fW#4@@iO@@@@@@@@@@@@@@@dd444444 Cede 4444@44444444444MNNh *MNO'
I

I e

L - .Ae . . . . .~s : e=ress ee a :: = z=aa : e a. m :rs rsT r_Cr -*T Cs_x fr3 m _:_::.Of O

e = e e m emo

8-65



i

i I
'

.

I
I *

. O
+

! W
i o

=
| o
e o
- e

I
-

.

{ o
e o
| *,

* a,

e
i o

t

i, o
e

a o

{,
[
.

! c
! o
e e
t .'

l C

k
i =
* C
n 3
t e
* 3

e
o
e
es
e
O
C
b*
e

&

O
J
'e
tad
c
o
T
e
e
o

e
3
+
w
&
o
c
o
e

*e

sa e
C a

E 8 *
.ma tee w
wo e
3e e

& a
e o a
*

e e
, % 7

- 6

i w - o
+ s e 2 =

* O w e
et am O e

se e em e ?.
F= *= =a
; 4 Ae e
u mm to /3

e e os e
t == c

3
* u
' . * : JJ / / / f f f f f f / f f f d' c/ f f f f f f f .mr ef* t w* / f f f / @ / / f f f f f f C ** e= > t
:

.8 6 0 $ $ 4 8 . .: ; Js3 . :* 3 s = seaoaa 2caosesJ 3o6ooooc3 3 O 2 *J7 L t t; 1

8 9 % 9 0 0 0 0 $ e$ G $ $ 0 0 8 0 0 0 0 0 0 t t e S S S S S 0 8 0 0 0 0 * I O

ened
*

. . ea * 4. e4 e. * nne a w 4. A m ed * w ea W 4 w wteJe. e * = 4Ina 4 es w w tadtaa w w eaJ J 48 - ed.... m

*. .a=ta3o . J . L 3 e& C a a6 & 4 J4C & .o G E E sa2 L4eoo& C E > e= C .*C
* * ; = . L 6 en b. .; . L . s? 6= noS 3saocsosoooa3 e300toeooso >C ec dT Uot r.L e3s eCecaoC = cce&ScCC& o c c e C Co oeC cecoceceooc= om c ic as C e C

: % 3 teJ L 4 : c = 4 &4 =2 et : c 4e 4 oJ = L & 2: a3maoaoL 2 & @
es -ee .e ee o ee e e .e .e e o e e e o e e o e e e e e e o e e e e e e e o e e e e e o e e e e e o e e

se en m , se se se se se me en me me me se se se se se en se se en es se se en me es se em as se se se se se se en se se as se e es se $ E E2
'8 0 0,0 0 8 0 0 t 0 0 0 0 0 9 0 8 9 0 8 0 0 9 8 9 9 0 0 8 9 8 4 0 9 9 8 0 0 9 0 0 8 8 9 **

1 *f*e*Oe4*OW4 T . 3 T. ?.3T -
OT 4W 8T4eSeaTe94*4Weea9 e W 4 ** 4 W e W e T 8 == a se W* e

,9 9 t-t 9 0 9 9 0 0o a34 3 7 o 3 cm 3 c 3 a G o 3 3 0 0 0 O S SC @c34==oeCC 3 o o C em C
8 0 9 0 9 9 0 0 0 0 0 4 9 9 9 9 9 0 8 9 9 9 8 0 8 8 0 0 8 4 0 0 8 0 0 + + w *

, =e .o en a se id and a = *ar a tea e. as W d eJ e# es 4 ed W ed Bad 4 es en w as e ind es e isJ e W 4 and enJ tad taa 4 4 44 3W - as W & e, 3y
*L M C DC C .T C 2 DC 3VC o@'334 CC Dt 2C e o o o C T 4e ooc CooCCOG 2o 16 C 34* se C

,4a*?
& 4 CC 2 3* 1 2 ToCCOSCoT1 CoeoSCC oooC T*

1 L3 3O & 4 % 2 2 SE & && 3 3 3 Ge L43oDGC 33e2o& 34Saoeoeo33 3o 1& e= C * 3
CCCSTCCoooCS %) S Xo GPS C f

? * f * 4 %& 8 *a T 2T & EF
E. *. F. C L *. f. O KG f 3 Et af C 4 9 ft CS CO 2oC D o o ed O .J O

e e e o e e e o e e-o e o e e e e e e e e e e o e e e e e e e e e o e o e e e e e e a e
% ; 'e C% 4 % P % C % D *J C % t % 4 % D% 0 % & % 4 % 0 % S N Q N D N C '% C N 3 % 0% = C D *= 9e
6 - 8 6 4 0 0 t S 8 0 0 0 0 0 .0 9 9 9 9 8 9 9

uJ
* * * ** ** ** 9 W * 1 *9 9 to *9 R 3 * T t* T W eTT TT *T S& T e 4* W eT S <T N it* em 2C

e $ * * a* * *J 1 33 S *b 3 7 DeoeTM3129CD@ S S S O o o D D ? C 4 o o ** O 9 e et 3
#-e e oe e e e e e o eo e e e e oee e e e o e** 9 e ++ e e + +e+ e9 e + + e o e * > t *

* *NP * 7 O *
&. *aJ el el e3 eJ en M M 4J ne *af en ed el ej e) W 4 thJ M M 43 e3 Les 4 M 4J ed eJ es ej el e3 el J ** e3 >W 3 4 es .4~. de es d av' *as 3 - e L 2e & z* 4 : J& =

. e
. e t .*C O J ? T T SC * =cc c5 CC = > c M C -* 3 er, -e*.r

o e 3 F. N* T &SENSS N O "P f* Ot fNSC%STN d* 9 S *S uba %* * S e" f* iaJ Je y ega g e e d N 4 1* D
4 e "e C* Y J ea &% es*

e*4 e * a c p om Me 3 er ea3 d3 #% te T % en F e 4 em is ||2 C 2e y* = 2 3
#", em

em

9 'e' *o *e "o *e f% ***e & L- &7J3 3 es en a= N % *ns ** M 2? ? T(/ c& 4 Po P= Pm P= 3 = ee * * .3
e e e o e o e e e o e e o e o e.e e e e e e e e o e o e e e o e e e e e e e o e e. _ e e o

N% Phh % Ph P* % Pbom Pe ob ** PD em Pt PDeh Pa Pm ( T* E% oE Id E En E $ T e E T f f." C' C T C f C %* $ . ee O ** , -I
$

"{.,*j,t e".7*.^* e *y''s] T r*t*r7 r~t u a2= f~m a 1 2 r 7 x s a m - x T 3 7 3 I S f 3 T I N ; 7 3 2 ; 2 2 T 5 L- o

8-65.



N====.N
eeee00 2300
0 + 0 0 0 0 0 0 0 0
aems amaaas
en sf/> ch % e-

2 @P T N F d W C ** h
GF %%====J E ,

G t eededee#
e e e e e e a e e 4
4 ? ?? ? P s net*-

0 0 0 0 0 t 8

me ev ew e m eu
O3 = M 3%O3c?
* * + 0+ ++ + + +
es e .e e ao es
( =( 1 4=>$ 7G

& L L h 32/ 3 = *< 3
==== =C Cpth
mamm ==m33 3
e e e e o e e a e e

Weet eW WW #7
0 0 0 0 0 0 0 0 0 0,

999m*999 *9
OOOC O2 33 3
0 0 0 0 0 0 0 0 0 0
W W w w w 'e m m w
3C eC 2C C?oC

T ? ? ?? / P P/ ??
og O ceTeve
AA A9 dem**A
e o e e e e e e e e
4tittttt 28

N%%%%NNA%=
SE 3e*C Sac 7,

t 0 0 0 0 0 0 0 0 0,

e de mo m es .o.
| > t 3 * *3 ! = V?
*% %%%# 1 3 /h 4C

97 739e7 ret
Y ????*?3**?

e e o e e e e e e e-
ST TS TT TT Tm

* St9Eh 4FCOC

. |' ' i T3 3 3 23 373 3
- * 9 0 et 9 0 ++ +
6 *=eme deadh
;d*G# M2 7 8 4 C C C
ae W O W NePNMTag

'4 Ot L* % t m t e C C
==*% C*TTT*
e e e o e e o e e e
SNh9 mh T330

OT99C% 4CCO
OCTC O= ====
* 9 0 0 0 0 0 +++
w..www wwm

lE * C 2 43 /4 21?C
4 wCO T4h &#tCh

'A SE C d a %* . S S
24m F =J#230
e o e e e e o e o e
am%2 3 .*d N 24 4

CW@ E h e*CC
33S 5 34 O? 3S
+ 0 0 0 0 0 0 ** *

* as es a des m e
4==M k Cha =? =c
'U W 3 3 JM 4.**t?T
f O? rCn*7eer
'3 SS T* 7 #. 3 7 3G

e e e e e e e e o e
and T NN 7& 3 3-

NNe**mre*?
Oca: 33 3= 20

m - * +e +* * * *+ +
4 NMaandoudw
1 44G=0 GU GO 89
JI %?-N*N=P##

|L Ms4 Chh 4-==
|> f m * 62 og 3 2

e e e e o e e o e e
Mheshh mm mm

9 9 etaf .'**'P P f f
3CosLa35 C;

* C + e+ee + + + + +
9 4 dada = des ea

-@ *. 4 er & - # e ? 4eO O
;a 9. ZA4@ h G C S % *M 4
'b > C3 % 6 4 C == = >t

M 3 N#4= 8 7 4C E T
% e o e e o e o e e e
= = N = % % % *V' 7%

e
3

e==t -. w. .=
A c 3G= 3 JSOSOS
= . e 0 e ** ++ e e *

*d a me da6 d e s*
w ONCO C a f *. 3t c=
* * h 07 2 3 37 S *T
w w CC 3 C CC CE T O
W 332 : DPDi 2 3

e o e o e e o e o e
-S[wf*"NM S[

tTEY1 2 s1~~t t E A z*cza** *K~E a a x~~u Yn~h~~ tle _sl33:1 JJXt Sj. ? _ ~K~C Si*e = =>w= = * ~ o e

8-67



( - .a -. .. - ~.- n = ,_ . _- ,

I Ii .

f
(

.

I PNNNNNNN=P C N N = = A A A. N N N e N n = 4 e e = = e = = A # e m a r e c e = N'
@Secesesec = Tass 3 Sees 303&o343oc3=2 SOTS 93eT* 3330 t e5 0 0 0 et t = & * * * * * ** ++ + * * * 0 +++ 0 0 e++++e** * * e * *+
ao awdemeda 4 adadaadwaadweaeddaddadada medae m aaa4 crT # e### ae e wasoss? s=sccseceasf esecsssee*:I 3 e%NNNN NN Am 4 2 2o3 3 3 .3e3 344 ea32ctasseaca3 23 2 * c : e*33j e=======m3 4 ees e=secasasse=cesscoesar a*4 - c ccoe ef

4 ; E S. a t. s t. N.m. 3 3. e. S. o. #.1 9. @es. o. a. T. .o. m. e. 3 33 = = = = = = = = = = $ = = = e ,. s. e. S. e. a. c. N. N. N 4. % v. s 3 3 3e e e e : e e e ea s wN NN % N Nm 4 ==NS$====c==NNov= 0 8 0 9 0 0 0 0
*

|
**amewerme > ? tapp eta ===Natgeseg%*m%t*N%%%* C*Te
o c e o m e e r 3 s. saoocest eesassoassooooooeco3= ==ct s= =

- J + ee+++++e = *eeoee es t +.+e e ee+++ 0 e t e eeg e+ee s0 9 0I e . . . . as . . s . ... .. .. . ... s s .. . s aa 4 4AmANNe7. e- = Ta ceT rt :. cse sa . . .e e -. .. s..
s . e?. e-te esat T t- e : c=e ti E sis # 2s=%es t a2 a: s= =ssse == .at sassa==s4 t : 44

e a s e s o c e s c e z = e s o c o s. s c o s s e e s =s * :
8 =====espr> 2
|'

-2 =======4 3 3 J
cereco

2 N a m s t o n - N o. m. - e e o e e e e e e e e e e e e e e e a
e s s e :e s v>=ec/ac4* Net am* e e e e e e e e e e c e e e e e e e e

esWetwWeer d N N O A 4 m T = = e > N = = = =# m > M = = = = & = = # N = N m 4 4i r . e es e4 0 0 sI e
:

1 1 99999m99hh m acecaoceeeeeeeeenseemeeeeceanecenct* Gamesoccmo w ooseast os33ososo3cm3co3o3ro=c=see
| eet 0 e eaet 6 ; + + ++++ + + ++++ e +++++ ++++++ +++++++++* dwddam m .sd 7s s a a d m e s* d G W s e d a d o w w M e d s d o w = d a d o wM. # pdecoe- T ; =0=ceeteTeee=sc=csest eco: =st ee ? ?- - e

*

J 3 etop####r= F=4ssocesess3amsoeTee33sseT ecao=tesa=

I > e=eerest oc : =tc ecce-eesc;-zenoceecces~ect ert-ce
e m. e * * * * * # # : : A sts& =etco=4 :, = sfn a s a. c e, s e a c. 3. ea. s. a i s c 2 4; e . e e e e e o e rt e e e e o e e e e e e e e e e e e e e e e o e e eC4 C4 Cfd4 ?? * 4 4c?: 31 & Sec32 3333crL40aStat eteS t % :?

N
khhNNNhhN= Tfemt*9*f*ftSfefff4S*e99>4eNNN3=GMn

ese203@ =C 3 2 ? T& S.4C sete2 2 Jo=S = 3 2@ t SGT 33C====*C 0 0 S 0 0 0 0 0 0 0 = 6 0 4 0 0 0 0 0 0 9 8 0 + 8 0 0 9 9 0 9 9 0 0 0 0 0 0 0 0 0 8 0 0 0* *
wadwamawad .* s masass 644we%wdudausdame =aos se sdMe #f EM e> F* * ? m ae 2 * s-w % ? =ce n m * PT T e S t Jr t e d =7 7#e ** t' 2 NNN=WT#CCS .324 4Nt%T%amta1 4ecSPF smoth eet?&NE # #* F7 92ee79?? 2.T Tt 4 E M 6me7kredec7h> A=GN=r*% **FC #19= ????PP???3 ="#=N9=Na tP=f9 ?F S m = T c P W 4 # h T T T * = = f = * #{W. e o e e e e o e o e Ib e o e e e e e e o e o e e e o e e e o e e e e e o e e a e o e e e g= WT vtTT @@ *= 4 *=Nhh==meh@= SSP #==*==PN#===9%=?==P4 1

*

*
7

A "S
EC TNhrNeeC beF4#WMPMFMVFkFE F##4EPePVM4 4hhA3=eh! 220e333 3s3 aw 33e3313393 3 3o2 3 333 39332 3* D 33====3 i

' * mF e 0 9 0 et t 4 ++ * WCB S 6 et 9 9 0 6 9 0 0 0 3 e4 4 8 0 0 0 0 0 0 9 0 0 0 0 0 0 0 4 0I W: w deswawww.d 3 wwwwswsmedegwemdw &mwWewdeweWW sA We Mf * Eb= W=E w WV==rst a WCccCS 2 C Gt ecearcC C t scCeC at t T es(> W % C4e W 4WeeF==PMC To =# EQo?TeTeeS3S TeP2o221SToeTS SC 1%' #m
' . =s e W Amf-sea 4C C 20 =949 C # 8 C C C3WTeC&CC SNeof &WT ### #2## Cg4 *? SOM@ W=F 333 dJf=(N#NNFFNeW N e O S @ # # 7 9 8 # S '9 7T*==4=*4r

e
= 7 e e e e e e e e e o e ? e e e e e o e e e e e e o e e e e e e e e e e e e e e e e e e e e qA 4= ==#=ceac33 ue=N=%==mmm4=e47 a==g==pNe===m%=w==?. w g

i 2 s

! 4 2 = Wres>>rece WeeeeecoceOcceoeocecoceeO SSOSeer430I TO 3 03o=3oac3G OWC eO333C S U SPS 3eTocoC OOoTE @ 3ceT22 C 23m
> b> 9 $ 9 0 0 0 0 0 +e* Pe+++9 9 + + + ee*+e oe+++*ee+9 + +0 + 0 0 0 0 0 + *e>=w webm db em s= -4=em em eh ewowe semWe do mew 62 2 = o c o c o = c c e c e r r o o o e c c e s s e* m = W w e m e W e Mc eCs s==T a==#(seo cesecey =e=S Ee W=&#N=E#A2 3 3 =34 3C a4 6Ch 4oeC J LootDO40@ t 3 *FO SC& c D o s t e s s e s s a c c o e .e c. c G. E& & ET &=Mah acC erC Gamat . es=#-ee

| EEN ## #hNNN33C E Ca@e3 3 323Oo33 3OOOOOOo@G Stece3##-SS=m e ee e e e o e e e e o r e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e di u;*' er=*=m=3&S 3 4 ase&@ n=tomaracotcac3a344 L Jov%7%20I
|
< a ene>=cNoce ecemwe ec=ce>#cevreemer#*4 e*> eras-! 9 2 c?o303S toa J C DCOSOCCCOSTOSC 33cco3OosesG3ct 3=3W % ' 0 *- 0 $ 8 4 0 0 0 ** * e> 8 9 9 O S 9 0 e t 9 4 9 0 0 0 9 3 0 4 0 9 0 0 0 0 4 8 0 4 4 8 0 0 0= A LA4 3 orsedas s ed 73 wem as used duesawdadaduduse ss as ss me a? + era d=Nt - eame: e e =r=4cose : cese=esese===eceece ee-e e=eT >=o W u P c 4N e m e c c e: J: se3oscoccocetocasseesoa m: sec3= seee b

=

w*C F . F SMF #M Ace 3 =3 T Pt pTWeeece ge?C o@ EPA *CT C *P P F#%7*T *
8

= 'e =3 = 4 #=73 C=p s;4 A g g =#Npm%##NT s%cco###p t e#=* r t a=#6 =* sts % L e e e e e e e e e e e C e e e e e e e e e e e q e e e e e e e e e e o e e e s e e e e e e e
a *'t d 3 *NeNam=3= 4 m=N====mmmen were==w==eNe===MN%#N=74e s
e =

_

c
.4 o o334324339 C4Oomocoo33oSc333 ooc 3ef 3: 3o330 3303

@ k%MMNN IT TT ===== p ==c===$=O====C =@ Sa .W === toe $ $=A
m 2F* * e** + + +e ** * 4 8 0 0 0 0 0 0 0 + 0 0 0 + 6+4 et 4 + 0 * G ef G 9 0 * * + + + 0e

. 7- =Em 4 wwmwwwws ww *O.d4WW amadMuwwwwwwwwd4Www*deM4wwdd.

. La sa#mennneona eet wono enmeensamosere seasm aas sC sa s s
} > TJ@. JTW$ -NS=O### dWPPMWN=E CO#"44=O =ce.#TTN J K S% g%#e? 2& & C 2pA m. *?# 0 edEd hede == b e4 JdO n 484C@ #4 6 49 Ca cankt %26 T cC =23 = wN D @C mm333 W 35 3m2 PO2/ & %2C7 37 & =@ 47EO * =o7#72@ 7243 3@e 'G e e s e e e e e e e e e e e e e e e e o e e e e e e e e e e e .e e e e e e e e o e o e o e n= 1 2 N - m>9ehm==== #9&deesp=9Peo4=ththap=e97Pe@=====7

|' ' C | f.=
?. =3

I' 4 9*@fffffff #N* net %OO@*f=#9m*4*=F#f*p*9% 9 9 %*Cf,l't 'CS Smasses3 3 % Soserosossc32cm33ac=e=csJamt =====3
|S ?" O 2 4 ee++e* * + + ** e++++++4 + 6 4 4 e + + + e + + t e ,e ee++**+e * *g e

'} 9
}C =OM d 4Mdddanswd % dsedMd ed64ddWswdddGw%ddddedN de d 6 mod4 Je CTt@ **@7 W@ Pt =m==7Nh ==TC 9NA*h# TamW e=TCW Ah ne F TM 3hA* j* Th T eJm4*4 SC3**@ e=%%mpMNattNNE #N4P esm erse#C 4#3 #TN9== o - e - a m e - * <. . e. N - e e - M = ~ 4 r c = - s = * =. m '4

- 4 - eacceo===. _

"' S F CN - s N*T=WW 4F ft . sms=o33=eh*h@&323 S#SCT at Sh &St=7mW TNNF E@* e-
. W4m' =N=NNNm3 IN
77 e o e e o e e o e e e o e e o e e o e e e o e e e e e o e o e e e o e e o e e o e o e e ue e -=#N4hN=TMC#\4==$=N===NNO=h 3=%= C# wh

'

* C
= o '7
= c = .T .S=ce======

- 4 S TCC So33 3SS
9 + t o e+ ee es e.

6 . =' ~7 0 '
^% Md&44&a6 ee d &1$- m' -d*4

' ' J = 7 1' * h S? t t r*=T T * $'' - '9 - LJ3 Ch13t 3933399 ed - 41 # *@h TNT @ S?N NP
*,

- Y esT' .=Secacecst e ag. =greTrect #FPcN9 #pr=*@ d#WN*r#%*M
=

= T . .O SS & 39#? 3* 4 We W# Ape #4#CO? ?? ?==* %%=======% %%**AN!' w 'O o- ,e e e a e e e o e o ; ge=m2Jw ==4 2 1243L .==64# w. 3=4114NESe O # C e7=#==NM W#- T .=WWW7 *WWFTNAEN=EMAm=WWWWwww2mm3344
.

'V - =A* * * Ee~*~TYTT2'T7 2 ? 2 I Z = = 2 C 2 2 2 2 I E 2 & E E W E "E I' k 3 3 W X I E 2 3 2 : N2 F E L
.-

8-68
,

t

I

. -



1

r....''. .eoe..wa6 a.e.......... ... .-
-

Se@merN OppFFCF OC cet h
commSOO OOOSSOO 6900==

W * * 0 e S e t F 0 0 0 0 0 0 4 S e* * + 0 0
JdWWWWwd @ddWWWEW NudedhWW

p%ccmmmem 9%SFPT @@ e M%OG CS(m
4=3Omh op# Num>OTM@M NmOOOO 3m
mUOm448 29 m y O @ @@ NN M EUC6809O
XE ge4#-hp ar OST@@me mice &O@m

e e e e e o e e o e e o e e o e e o e o
te O N M S = = N a mN N N M 3DO3Om

A 4 %{A m m m e = = ecer-tw thh> dd 4 Oee(m>
SP SISSOOCSC JOOm=3G @@ 99000 03 3==O
e * * * + ++ e*** Z * * * 0 et e F O 9 0 0 0 et 3 ++ * t 0 0I

Is a s!a s desm = 4 meMmea 4medowse O@uss a d a.
m

. . = eat i t Ps e res*e= #% */ev d* t *%eg sk r
Se rgo e st SJF #=.00=08 7 Na#*AchJ a Nuo&J ees
1 2 8 ,s SC S J f C mb SC mi es ab 3>># N# k abC T C %%#
3 .T r|3 33333 3 JL J 2SNc3S = K 98 33m/ 9 >ES2 3=#M
e o eo e e e e e e o e e e e e o e3 .e .e@me m .e .e ,o N .e .e .e .e .e- N ,e
ssyNh-----

m

E P e** # T A % ? ? * t#NT fa 12 STSWF T T f%7h
er? P|& 33 3 300 Dom MSS S @ O SOCmc 03m=OS

e O S 0 0 0 0 0 * ** 0 0 0 0 5 7* * * * * 0 0 ? * * 0 0 0 0
' .t ..'..0 . .. a I... # . a . W. 4 . . C 4.4 .. ei .. . a
t ? r'* s e s T ro 2% ccer=4A N%CC .C# m %% 2 : 1 4*9
+3 J .|3 3 3 38 30 . 4=C 5 7#d ?= =m 5 3 23A) = Nm3SN%3#

PO & 43C@ c 0WS&NmSh 8 EWSS OCO@ E 4 WOt@ en dj* *PN
* T. =. N. m. O. N. M.

WT
3 3. #. 3. #. O. S. W & 3 3. S. D. O k ?. 2 L O. C. M. O. @. N.;N s v;mee . e e

em= ce somvee= Soso==m osmeNe

,C C.C . CC.. CC,~, .- .No. S cr eC e ce .
CSC *!*s c . s s & F C omm3Jo =m e m e C C- OGC==S

9 + 9 ++ * E** 0 0 0 0 9 70 S S S 3 4 0 Y** + 3 et#*
e e s ' a s s* d s d 4 Jwsadadb OdddauGnw f L* 4 'a W d s d
P = rece t *? P 9 % e c r e e m# N%T **S een #% eC C (A N*s J P 3 ? * ? ?S t P=24 9 v+ f 3 mut t *P N/7 mmtc*t n p
?* * 9 *t i* P P C CLCt f9 eng TW-t tnOO= *US? e/* r

* ? ? % C im *ACC AC C*??m@ =3 2 . t 2 .o e o e e o e e = e e e o e o e e * * * * * e o e
, s?? t #fC

e e e o e
C DP D t gt tf 3 ?OmmNON *m+11N=M CGe9*9

1

' c/Nececem eC ae;em CC cc-a e escrea
= ? teet sse? es-mm= T TS 3mm =c OcemeC
9 0 0'S 0 + 0 0 0 0 ? * * 8 0 0 0 0 F+++ 0 0 0 0 2+++0 es

**% % . * **- *. As sedsms O2deaus. WJwowmea.. .a m. .e m
/ % *c ? * f re &% * e t% >J e /s Je c a. e

**/ f ? 2 3.** f #m3S9 ST == tmC S SE PF # met 3C WE k
*== 47 Fr?PC whee #p t F% L*U ? e c T = A r " WOC C* -At? # * .* * 2*T* O k"SC O SSb7 2*CS SO TTF WTS = ?tf
e e m e e e e e e e a o e e e e e e e e e e e e e e e e e e
*?T= CD ee=# #S=97 N* C2 3Nahm 9% 3 *=*

C*d4C FreFP #MNOmre At et thh CCC deh
-9 *-m 33 7 23 3 me==S35 . 19 333&3 SP?mm3
8 0 0 0 0 0 0 0 0 9 T 9 0 5 0 et 0 72 0 0 0 0 O f F ** +0 0 0
4 4 s awame== Jmwwsomw JAwwA *ws Nuwdwwww
am se: C as a T %C weesde P%d* e>=aA ws t 4c d -T M

.*1 ? ? 4 1er #mh Nm NPPC Pm*mP* 4% N ==CC S NS ***
km / f C TCC C C * be#E Cafe WWPh NN3=> " UFC C T c #
.T ? ? P3 C*Pfm EV &DD t??? W i t%Ot>%w M7D? ?S?t
e e o e e e e e e e e e e o e e e e e e e e e e o e e e e e

M .* 9 m?? 9%mp m ehfe Nm NNmNrma S39 '7 = M
o

WeC teCCWe4 @MNOm#e CohT2h e G h e t' h W
? 3 %m 2 PE G *2 m mmmO?2 20mme&* Ommm12
O f * G + ++ +* * f 9 0 et 9 0 0 E * *4 0 0 et F + 0 6 4 0
=*. 4e momsw Jamesw m J m e w w w w w. TJw0 64 ww
=* 3*3C TCC .

/ =* T*mAdd P=C 3 St CA& mm C o %%4
mNM CM CC=# @% ST ST CE # T%g =C c/7

f* ; W C &C 4 : 4
LIS L C $ C C 2 S 4 we7C ==## ab4C s%>>C wd4 #W 4 & *
N? 6= L 3 T = 2V WTC 43 & C? NT PSP?sh M w* 3C@ VL #
== *o e e o e e e e o e e e e e e o e e o e e o e e e e o ee e

% k & >J* P = =&2=%N STWAmme G#cmN=
1 *

==scspese>' ecorN7e .seeSCc0 F ec s # e
04 wmb sbGC P 3Cammee 3CO3s40 = = = O' 3 3

. ~.. *. d4.84 0 0 0 0 0 0 0 4 3 * * 9 0 0 0 0 E* ** * * ** E 0 0 4 4 0Jmm0 ~sd= =n C..wwde m Jewdw.*d h

? f .4% * esp =i ? e% T ; ;; C c; e% ?* * * ? * ca im N
** W 2 03 CSS 4 #=2CC## 3A 7mCC C0033 =>44>h AN
?-Ter*9 * *? *U9errm*@ rue 2 Ct : C2 9 U7 =9=vm
b 5

.e o .e o e e e e e o e e t o e o e o e o e e e e e o e e
N tep%N W e LEO erSp 4 E F *J O2 4 .3 W& m7# %=F

e e
= wt= # eem =#. 173Ns&# e2 30 sat @@meme

t

'Seme=*t=== evt*maf *Nwetft e c f *C W ' *

23 2 3 = 333a0 ce3=== b ====3 c O= mmmO
# 8 0'* 0 * * 4 0 0 t oe+0 0 0 e f 6 0 0 0 0 0 8 I + * 0 0 O f
.e d. maadwou 4Wwesdad GodWedWm - @@wssWGW
!* 3E 4C =&Ch#O %GC CPA 4 4 O%NT 97 #d P M%C & SC40

9 -f T & 2*h F S=3E S @N NJ @m%fP9(N4 *=C=N@ ? ?
& @ m4 9 LC 94W obrOC&=#4 aka9 4C4% 4 EbCCr#CM
'P 7 P'S F SOm@ @ WLOOOM#m3 MEOS SFM&k WEOS#Mm@jee qe e e e e e e e e e e e . - e e e e e e e e o e e e e
=OP-94=??9 COO-NtM .mmmt emm sompeN

Th p , d a. m. m. F, #.
' * 0 .

eOhweh e
N. O. O O s. e. e t. e c. c. e. e. 3 03mmmC 3 3 33

S. +3 . .. . . .;* . . .. . * *. +0 ee e t r+++++0.
,. s. mude ~~d a.awdauw addawdww wawam use
34 f*=N 4 E 4? 6 %NCC GE C @% cc 34 Ab r *%? 4 GePN
,J w & 28 -7 6 b e =m 34 TST 3 em 37ME N/ 3 mms & C SC W
.5 # r@ L e*% C #UT C4 Cs=c ZwTC 00 #4 A WL 24 C C CG

=h h O7 pCp. gT CO3 0300 N8 34 8t N* # UForS OC Ea,w he e ee e e e e e e o e e o e e o e e o e o e o e e e e e e
[e#-74m4*%= NOOSSCG Sa@4=Nm 3333SM

| C -00=== Cm OP-== mecomm
T. 3 0. 3 :3 S. - S. S .3 S. 3 .T 3 3. O.

23 93
0 0

| - m .' d adw&m mau as d.= med'auGW
. m *? ? *t 3 % *w? * b? i t * ConL c? C 1

T-L = mN*N*1 9 m* 9 3 SSD S *a s * 9 ?? = L* OhSco?a r
* * 19 3 T F M JF et C *4 E- C @ e SF @e*C C 'm2 & Cf fC
g% % *e*N M N N N N "w % 3 1 CM #D 39 Se 34 3 3@ 2 spa j
}. 2%& A k L& A e o e e e o e e e e o e e e o e e e e e

_;&A&&144WWW O@m@mmN @@m@m=N @m@mmN

-I'. .A* * e = . * r : E YFM'~tTES = = z a4% 8*69 #~2 If aY( g W3 g,Qg 3 ~2 WC1' ; J WIE2-

_ - - - _ -



-
_ _

4 . . *V. . . . * M 2 9 F T 2 2 1 3 5 9 . 6 .4 .*..,............

I

f
+

| <saa=s~~=< C~~-=NmNaN+Can= Nee--e==n-re=*,ecem
CcOOOCooOO = OooO0000OOOOOOOOO4eOmOOuinnOSO 3990e# 3 0 0 0 0 et 0 ** ++ ++ * * *+++ e e t + + + 0 0 > ++ e + e oe * * * * **

h d.madddowe
-

adawdwwwwdm .ees4damdades o .e 4. .. -..d
e

ad (> >> mm Pm e e a r. sce teC O t ee. " ou t et sC s * ' * - s- 2 t MJ #s=NamNm af e 1300pov - nossasOSco: *wcO 24 1 9 % 3 s: .2 3cqssehMMMM mr a C cec sC cs C oC C 4 CcC TC s e. C act . : S t e 7 .; 4e c( ## ## ## Ne sOo33#O3 2O33 Cass=Ct%e3 2%%%2%%s ,M.- e e e e o e e e o e g a e e e e e o e e e e e e e e o e e e e o e o e e e e o e e a e a
: ======mmm* a 3 = = = = = = = * m e N = = = A f M * .s %N%====#=m%%%%0 0 3 0 0 0 0 0 0 8=

f we weeeev *e > vtgynese==>A*rgree 4%weg se%%%9 % e***
]

* e ++ *+ + + + + + m + e e+e* ** 8 + -e + + +++** *
CCO3OS2 GC C h OO3OOOSCGOcceOOOC3&S 3093 J 3GOLG & 2 & S=

g ,
.$

* 0 e* 0 0 0 o g 8 0 0 0 0
. . *. . * * * 6 . 6 . a. *... .=*a .. . ... . .. .. ..

* ?
, ..

. . . .. . CP et = * CJe=C C 4 %ctC SCOOCC stC : * t i t * 2 1 9 ; *...* f C#rCC "
.% S**@ JJ S 9 98 . CC CO41 3 34 3344&4 GOC % "C OC. 1 3 S ET * T & & S

w ANN ==OOD EN O OCCOC 2 CCCOceCOOOOC CN CeCC CC C CCSc&C G3 . mm ====*1GC J dN=m4pth=N3=40dPmO 4NPNm&# 3% 4*%2 C te
= | e o e e e e e e e e o e e e e o e e o e e o e e o e e e e o e e o e e o e e e o e e o e <

) T4 95 WT WW ** e NN2@ de*==CNN====@ mph ===m sam /N=N*& Ce
e . | 9 0 9 0 9 9 8 9 0 9

| E er er er -e mn w CCCCCCC eeCCeceeCCC CCCCeetesCeee-Ce
- e . CLCGO SO = 3 = m OOOOO3343OCO40GOCCCOCOOL && %OsC aC 2e

9 I a e3 0 0 0 0 0 C * *** ** * * * * + ** * **** ** * * **** ***** * * *
= wm a W444m+. FawdWWwwdwdd.4Wmdwww adeed ........WP F/CC@ 7 2e9 ? **ect e?** T TOCCP * CCC T eet CCC F *? CT SC P : t

O I?// T### ?? *= CC Set ** SS 2 3 f t 3 2O 3 * : S C 2 2 2 T T-
m et ecteet #t TheOceCC tet Orm& CCCet t C CCM * ?t *TT S : a? 2

4 #Mfm#9m# // * * 6 3& COS& SC 7 0 C& 63OC & C 433 3: 2 C a23 * *% C C
** *

? 3C1 e e e o e e o e e e rf e e o e e e o e e e e e o e o e e o e e o e o e e e o e e o e o e 4
2244 4C tt ?? e L?@SC* 35S b? W: SeO2C COCeS3 7? ?D r*. e

2

hh Nh h% %h h w O ftWE92W fmfPCfC e* f t 4 t@c9fh ttmhC7 % 3%
CCoco?T .et 8 = 0 * 5 8 4 0 0 9 0 0 t t * 0 0 0 0 0 0 0 eet 4 0 0 0 9 8 9 0 S et

3 3 I T S@ c2*c3 Set eC 3?cacceCC SCM 2 3Se=3=C* 9 0 0 0 0 8 8
i 46 wbd** ** 2+*wwu s**debd**de.w.dww*.we*.** .M* e 3 1 & *h =% v3 m efM e *>=f a r C T = ? ? G =* 4m P m ? = 4 * 2 L T s t ; * 2 ht

d &==NMT #4 5 0 7D*3% #mer*&#3h 3*C NM@ S && S/m# 347 T &? C * Me CFPW F99PTC 24t reemErPC emeCmckdeCNT Th >P r%e*%ct s P*
773@ ?"??@ 3 "*f*Tm2NCT7m/ CCm443Sw?T 4##TTT*=#4 2 * .* f*

M.
e o e e e e o e o e 3 U e e e e e e o e e e e e e e e e o e e e o e e e e e e o e e e o e d
TT TT ST T S Tm e * = N e h o p m e m p = C 3 p r = = m e = P N p = = = m N A P e m ?'

L
ft *

I T 8 Cthhk#Amet WeremwererecckVCYrretrCF#h eth>f*he,

I *3 2 3 SJSO3 23 : 23 Sw33S333S33O 3= Se=C3= 3= 3 == = T ar= 3-0
b? 9 5 0 0 0 8 0 9 * * + WC 8 4 8 0 0 0 0 0 t 9 0 0 0 0 0 0 0 0 0 ef F 8 8 0 0 0 8 8 9 8 0 ewwwwwwwwwwwd*=mdwwe***w840= 6.wowdswww 2 ..w4* ..+.4e = e'ki

- t ws sC MT NLC C ucceC C C wE s Oc C sC ecCC C ooCCr : C % : t
a e = eb P P F9 F# O. 4 C h 4SO? 3 2* LS7GC e? FC 3eTC 2C 32 1 eL T * 4 wC M

1 % E 1 31
.h S 8 a# ## det ecC F eeOC FC972eC C W 3 CCCCCCNS =CC* T t #e%& C2 21e 4 2# #4f4 SNE M DO WJ4mpN#NNP7NeW NO4G##f?F 4/TT*T Tm/ f 3*O

= c e e e e e o e e e o e : o e e e e o e e e e e o e e e e e e e e e e e e e o e e e e e o e <* ** 40=*@ @ mSPO We=Nahomemh4-8494==W==PN4===*NN7*m@
= 0
2
* 3 = et chkh@cee 6ceCOCeeOC OCOCCCCCCeccoceeCC es=c Cec

7 3 SECC O=3 T SC JW 3C OO3CO3OOCT3COOSMOC SSS PC S T33 & O TC2.
> b 8 3 0 * $ $ 8 0 * * * Te++++*e e+++++++++++ * * * * + e++ e * * * * 4 ++

, >> e MkwwW6we ae =6*wwdwh w ww dw w.w w w w ww w w dm ..ww m. ww .6 W
8 C eT# Em>* ?PM 3=cC C ?2eOCC 3cCC =C t 3CCecesCecceC ? et ce=e%CC

E L F. 46F#*4 L. ? 2 C =OCCCO3CCCCC3 34CC 3=OCas=h cCeC & C 34 ? f t
N a CAmeeC ECC C emcecceOCet &&CCCCOCOCC E CC C E & S C .C L AL L

TsN LA S MCh9 *24C E CaCOCCSSD42 T.CC3CC @ @C OOO3 2 2 S SC L & T@
t Om e e e o e e o e e e = w2 e * * * e e o e o e o e eo e o e * * e e e *o e e * e o e e 6 e o fW; * m%em=9-PC O 2 33CDeesSt=&c? 3C 3443 M =3 . 24 4 31 %?=2 L

- - .-h- .,CC.. ...-. mm.m..-.C.... C-C-,-~--C. 4=~
0 O CSCO3OCCTS J OOCOSSGOCCC ae?OCGS P **24 "% 2 4 LT S = "d*

C 8 0 0 0 9 S 8 0 *+ + => 0 0 0 0 0 e eet el ee S O S 0 0 9 0 0 0 8 6 8 8 0 f t 4 e 0 0F =

M'
8

L Pd 2 dwwwdWw. .d ??desddwW= * 46 m. dew & *.ewd... .. ***** . *. .**e'*t.-e * * * Ja91 97 2 = ?? *b =T3 %? t 3 t P y S CC Te ? * * ?? ?* * R S 9 T ?*
s %e 3 WW92 ACOthC DO Q*OO3OOCDOCOC3G O3OOOCCtt 2 2* L C 3 3 33 9? C

L e wT* p e P> edet?eC >T eFre?*FP M Cr*CP TOcceRP *erP *Tfr%f *T @
- T & # *Umm3 *.39 & 4 4 * p N @swm 7 ? N 3 F WGd3### P? +#* * *? ? -d's=*e= .

7 e o e e e e o e o e e ; e e o e e e e o e e e e e e e e o e e e o e o e o e e e o e e e e e' ;
? J = == Nam a=bJ C mmNmh mmmehe=W47 emadm=#N===9%%3A=P
* W 9

e r
# C 44 #PF# FP TT . ======= ?me =C =Cm=m - 2e P==.===TC? C &=

, . A O GSO3SE 2 334 OO393C O3 TOC 3C@OOOO43 ? Osac37 33& L % 2 =
0 2F+ > + + + + + + + + + e eeeO 8 0 $ e b ee 3 + eet 0 + 0 e ee I eet *+e * o g

w w w w .s + 8
--

'3 m EW 4 wkedwdddWW >Cwwm ddedwwwWWd4W44WW.wwde ** ..W
E Of 3d>>v@ O=CO S2 e>=@PP&WR W C4e=C9C @hm=OPO==># C 4& GC C & G8

2d@ Je =m b=3m 39 f# WWW 7tm#m fNPA* Sit CAZm% ? CL m i %* C? * %* ***=

A ik bCm O F4&4 4M *=== weg @@ mhtheOP&4 CC C#t &kCAcaOJ F &@ G
$ & W >WN D @@ mm3OOW WM OhP90hMhWOOP=PONOW3N BOW 37NJ 7& P * C b C40eL : 4 7
g + 2 e e e e e e e o e e e o e e e e e e e e e e o e e e e e e e e o e o e o e e o e e e o e e a

w 3 N m>m4Nhmmma PPheptht=P@Penw& mph =P=9PFPPPmmm==Pj c
3 S C

*? 12 * m es@@## Prep rpmNegeverdremp**WemeS#mr*WWF 9%*er
* 4 3 && CO24 Sh 3 3 29402O90 303 &% 34 3SeS-2= 32332 3&me **2

e FT9 C + + + + + + + ++ + ++ ++ ++ ++ + + + + e++e+++++++++++++++****
***4 =Id J mWWWddWe aa d EWede dedWdweed w w w d e d W w d 'd e da .* we .. *.d'

*e e t C e#5 -w &J *e9e wh==9N>m=OcTNAekt ewe #d. eca %>N*+e. mAe
:*- 2 6 3 WJm4 * O C459ma emNh>PMN3eSN% C#N494t& = @ P C**C s#4 & A*=

W 4 > CE C C= C ===O g.C=Og = derm are*>vWW%r@ JW Amp te e==% ?m4= = * N t NW* E Ts f& eT OO=Sh*h#21C WT#C f 8 TT Sh aft a t*3 ONA7 T#S "e? 3? e e o e e o e o e o e e e o e o e e o e o e o e o e o e e e o e e e * * e e o e e e * *
-d t we9 mNmNNN=@ WN =#NehN= Wha #NMm=C=N===NN6*h 5mh =4MmN.,
m .o
> % 7 f TmC C=mwm==

* # . 3 o On303OOOPS
= 0 + 4 + e*** * * *

6 * * d*d ad6
*

~

4? =* 3 *h C* *k & w M e* w d d M
C 2 S T C * C C -

1 3d* Ot173L 79 9 * * 3 m M OSP ?#% *NTPOTN N T
* cmA w SS = P= T wC C ? we merre@ *# & P(9 3%NJ Je** 74J /A**J e * *
J * D' 3 LL & 3#*w J T We 8#####C#.&Cp F*J ===%%====*==4%%* 4%%

| w- a e - e o e e e * e * * * 'L4mam&4*GOm=s ad JwG4 4==Am#. 4-0 *A24Ab ;
O O 4 O#*@mmNmWF 2 T W W W E h W" W 2 .* N M 2 N h C W e m w W W W W W W W 2=>. 371

I i :-

. . . . . . cccun rrn, cn n, c,8 70 ... , , , , , ,,.c,.c m ,,,,,=,,,,,=m !
|

|

|



,

. . - - .,-

|

t

I

m .o..e,s ::es . es=raaeneaeaaamessesemme:eeeeee=aaay_.A._e_...eeeeee..... -

.

Sheme#N eC epers e e e e > Ne
o=== Soc eOceseO occe==O

3 et 9 0 et 9 E 8 0 0 90 0 0 5 ++ee t 9 e
e Jewwwwww JawwWWww NGwwwwwwwM%C e#evWe 9%9==# 4#e M%CC theNTdmOpeNh fM N=m#C#eem NmOOCedPS

mWO M t t N %M muWeNoeO# 3WeCeeMee
KF D N# p e NP M CMSPe4M e >FeOOceph

e e eo e e e e e e e e eo e o e e e e e
O #M Ne v a NaermNm OOOOPN4

gamA====== CCheeme 44444#4 e t e e # mb3 3 : 1 3JaSee O&===Og eceeoso ocOSmme
t e one e0 + e e e 2 e+ 4 0 0 0 4 I $ 9 0 8 0 9 9 F +e+e 9 0 0
. .smagedem Jdwdesde Joadwwea edadawowaac Ja* t ra2 7 5 &% E vemt #m #% 4& At >43 r%CC s-.sMei t tes S h a S . E #m34NPM#C N==S 4 N =F O %=SecetM326 Jet COC S S & =4 C A ME - f =W#M #m EP 6 2QCCC 5 8 9#?& t'2 3 333 X S 2feesNmC 3 mLd=327 CE > E34 : 2##%ee g e o e e e o e e e o e o e e e e e o e e o e e o e e e e
% % %s% > h h h > N $@@t=== 49 N N N* = JJCS#SP

1

at*b #e%New tes=s#N oCCCo## Ceme-e*3 3 C'P f 35 003 GCamO3 3 WCeeemo cO===SS
9 0 0 0 9 9 0 0 0 9 7**O S 9 0 0 F+**** 9 0 Y ++ 9 9 3 0 9
. . . .... ** J. 6* * ... #.......* 44.5 3t see * C. ec C% st eesad N%G?C eccN N%CCsedeN

.. ....

144 32 43 3@e 4=4CANC 3 4 ==G 3COONW N=Esme>#2;S4 Jr3 2 SCE C We c h ME Ce tbs efCO4 # 4 WC a>NN##%**gmNmC%h WLDOP&3 %3 noO E80389 3 LCOp6DGN

p e .gmo .e e o ,e .e
e g e e * * o eo e e o e e e e e

3 = .e .e .e
o e e e

W .e
e

m- O=-NNm O-M O m m-

%e Caat C C.eN, <e eNCe a# etCCeeakS 9 3>C 384R Se Sem mO33 ===OOCO eOOOmm3** e+ ** * * * * & ** 9 0 0 9 8 f 6 0 0 8 8 0 9 & ++++ O S 8=am .aws ese assoaasa 9 dew %dwad #44Mawadaff TT f ST TS S f%Te? TP F# #d % ## Th fed #%CCCO= ==,1 3 *** r32 F 2 ? #=C2N=f=2 ==%%2 S #h ? ==3S324#3C* P C 2 2 2 Cf C CWT ? e =P C 9 Sup/ A C 4*7 .WCCST C tr
1

*

:4 . 4 9. 1 . .f & w464 4 #=4# AL N1GE e A 4- mE 2C C&##C
*eo * e e o e o e *e o e o e e o e e o e e y e o e e o e e e e

,3 & **%C . G. S && C% 93 *hd%% SG ??##M
3

I

h%d* m 3S 3 21 S E S =mf@ 3 4 4C# *?e CCCCa mO
SE CO 89% CC#NO 4@ k A9E V> d teSeeOOTT

'I t 9 9 0 * 0 e t 8 F ++ 9 5 0 8 9 T e+9 4 0 f 9 E *+ ++ 5 9 9
4.= *.6 mm 6. % Awdkamm6 CddG esMw eQawnowMd
;* L1 3 4 1 # !=

. : mp % F 2% 6 4 t % km - #% E * c*e T#' % 4 ? r e 6 7 d s

c = = = ,1 ./ m 2 T 2&# C# **C 2 27 =## mm& SS$7 m2
h.C eces uC 3aanse Zwese,--a ;We=esee.

%**%* 3* th e w74 3 47#*M 3T 33 3*he# w13;tC#4e
ee e o e e e o e e o e e s e e o e e o e e o e e e e e e e e
m%T*t f etm# Sta m*#M SeSm e== TScap pM

3

P h#TT 29 d?> W Amph #e WHEE C>e CC C E#=>J . 2=T S 3 F3 3 ==m327 T 32 3 33 23 Oc33m mS
0 $ 0 t 4 0 0 8 9 3 0 0 9 9 8 8 4 1 0 0 0 0 8 0 0 1 ++++ 8 0 0
. *..'5r e uma d am us WwWm Uwswwwwa N@swuasww
f * < t d T .

#=h McNmme F=#mern>#p mmcTComOm
a%& er>c an 9%&A *w4e4 e? % C asC>d

st ' * T *3
1m d u C. * 2C % ? Le =W 89 &# %sC#94 43 2 " ut eSCO d#- -

2 FN>m#*TE' *FS%~3 CT 4 WESCCO#CT*% 2 ? N F % M # 5 *
ee me o e a e e e o e e e o e e o e o e e e e e o e e e e e

'm%#* ? 9th e# N ae s # T m N=44Sm# OOSCM@* j
| I

.
' CTS C F3CC CC W Na@h #M OC 4POh e C..Meh.
* SrtTOC C 2 6 m ==@ OSC 3 = ==m3C DC=mm32
0 0 * + + e + e**e 3 0 4 0 8 0 0 0 t o e 0 9 8 9 E** 0 0 0 0 0

G w w .3. m w e di w s w w w Cewwwwww wwww Suwwwwwwe"= Sc2* M atCW =%E *AOM N# #%4C 9M eem e% Cop eMkN
.3 T-E J 4 7C4 e =# MM Nw C3 # =E & 2k EWJ mmh &#NM*4
- %- ? I'& C 23 C S S 4 w4 head Am SbOCC C d& M wWC Gh at*9
C4 2 S PS 2 W aJ WT2 3*?W AC NLOCP7 %2m WLCC*Am ?W

t ee se o e o e o e o e eo e o e e e e e o e e e e e o e e e
4** .;2 1 * 2 ?CC =*#MW 4= SC *4MM- 3. FeeMa

.?

Mhdet 37 te> Caree st C ==tSCC te%s>#*
2 3*=* ? t cc4 sam mac& Osasece = = = s e -3 C
0 4 4-0 0 0 9 0^ 0 8 9 e+ 0 0 8 0 e & * eo e* *+ 1 9 0 8 0 t t 8as am a.=* Jo s as ass * *as.ese*. *.. .. *.r ..s m

: .T ? T 1 C = % = e3 mc=? e%c = = CT TC M% ae# e-#C
3 3 3 2 2 32 SCS #===-emh* 7m&TC TCCS =maSNad#C
*-f*? ?? M T T' 9 WT r*#h*H TUteTCC CC FWC 79 N9th
,N *PW* EM#E h W a %CMM# *N d e 3 3 3 .5 3C W4 E 77**#Te e ee o e e o e e o e ce e e e e e o e e o e o e o e e o e,'= N S M # #eh a# G3A re m m # 4.s4JGJ ##mmMbe

I

2.m im &==== C CM S. E# N=COh4# C edWNPh
.

! ?3 3S 2 33= SS 3 3===S 3 mw mCO2 3 3S=m-O S
se8 0 e 8 + 0 0 0 0 7 * * 0 0 0 0 0 E G 8 4 8 0 0 0 F + + 8 0 0 0 4
, = * . wm 4 -m w w w Jwemwe=A Qwwww aw #dwwwwwww
,17*SM $ 7 y* = M %CG4M.C C C% Nh m e 4 t h F%schtOO=
,* 1 %T 8 %$ t% = 9 W=2 3%37 F N FmN*thCC @ mmb&PC3hC
'. 7 41C ? 49CS 4 =WC &Gh & W C &A 4 N V M N4 E F. 6 6 C -4 0 W 4
{.J P 3747&29 We 34G##Ls de ##MmE@ # W L e s s > M %#oe e e e e o e e e
g= > . e .e .e .e .e .o

e .e .e ,e e e .a~ M M # # ~ mM M .o .e=~,eo e e eg

NN

4

'*h # @=he## NOperSC OS(*Sh e SSC*C **

1..a T Ce.CO. 3 4 3. G r.COC,G3 r . O. *0= m S. S. r . C. C S. e. O C.
T C 9 C O

. . e * e * e e * . 0 e e
J .ed. ..-..a. ..aa saa-a-aa - : . ......

e h e ,* A & 4 44 4 %>C dkb GL .# % w E T& sed M%4E s& ss&
'J = .3 P =2 6 & C mNS as: L 2 O-J WNN#3 == 34 L 4 aT

.%i ?#% 24 4 *NS -*keCC C C C &Ww =4 *E C 46CCC C C T C
* "e *e & &. P & #. 13 &JCS 23 4 N3 3 : @ 6 =& T WE 3aC L T ON=%

ee et e e e o e o e e e o e e e e o e o e e e o e e e o e
N f =lT M = 4 M N - NSD7v CO G 3 TM PMm C3% T 2 3M

e*Tt=== C =S C === c=cC===
O S O O C O C. 3 SSOTP SC SSO 37
+0 e e + * e e t o e* * * - e ee e e e +

A mdeGd 6 6 *m .' m w eb e e ad G a m s' d .
1>C & T. L ct T O*T T cC T 2 f>==== =

S*9 %=Nm%9NMT OE TS TS ST 9 Get * f M? T3 74 29 ? S S T *
f. s % 3 3 .&

f 4 3 7 T * 3 f f wsT 3 2 4C w
2 =e = C

C 44 wet = = ? e

- a. 1.esN%%v 3 = <a T#= : : : = #.
. & 4 e e o ee e e e ' S6 e e e e o e e - e o e e e o e

..ub34 44 WWW 3#=#m=N Opme" = = .N O f a ,* = =%

c.. .A. . . . . . y = = = x = r2 y r u a a TfTAT2' 'fxaTVs*T a.~y_t * s. *iF" f T: "8Y: : 6Y:T'

<



- - -

r_ . ..y. . . . . t e s a s T W i e e a a e a a s a e a a a a e'A's 4 m e a e s 3 3 3.s e e e e 9 A S 2S92223431113aasr=-. 4 .4 -e6e-

~

1

eNNNNNNA=d C N N = = N m N N N N e NN = A O e = = e * = N e e r m e e e c = N
OODCOC SCOO > COOOOOOOOOSCCO 93OOTSweSOCSCSTSM O@
eee ee ee8 8 8 J ++++++++++++++e+++e8 * * ++ ++ + e+++++
me ded==edd 4 6 ewWuweddwdd=wwwwawGWMwom 6mwme6 m=4
sA ss#### ce e asC Oct C C cO : ct C ceTC scorst casesie O

3 2a ed emed em e OOOOocessS t amT sot STOcoT ot = eses *? ctap>>>>hh >= Z sCCeCC rCC 3CCa ct3 seeC C O? st ec: q C CC
e O#######%P SoaOs#CoCosC3 COO S32OO 3?s%NNs%%r3 SO
Z e e e e e e e e e e C e e e e e e o e e e e e o e e e e e e e e e e e o e e e e e e e e n

#========N g y===mm=====gm==memangNN====#m=%N=N
= 'e eeeeeeeee

s
* ## *rm###m# > 9 7%FhePe==m%#f %E PedArmA C# ANN 9% ( > se
= OO&COC OCOO >

T O C O O O O O O O C S C O & O O O. *S 339eCC 3 JST ? S S3g + + + ++ *+ + + + w ++++++++e++++++++ + e+e++e ee+e8 e e ee
s e e e m e e e m 4 m 6 e se h e a b W ==e se es e m e = W e e e e e h e . .A

?= I Sf3CCe S T SC C m C CCOC 2 4CCC eCC C SOSc%CCOTC TC CO*SC- S. BC
w . i E e**7 e7 8 T Se Z CC SOC C SOOctCGOOO OS 2 332 4C . DOC 2 3 L t e3

| NAN ==S O@ th O COOOCCCOC SSCCC OOcced = SToceeO?C eSee
E ======*Spe w ANam4@KMmNO=45SP=Q CNPN*E/SC OMNTC SM

| e e e e e e e e e o C e e e e e e e e e e e e e e ee e e e e e e e e e o e e e e e e e ew
WS Te48 seWe e N N P # 4 m W = = C M N am m *# e N hawa=4==#NmNME e

1 ,. e eeeeeeeee
C= MW m99mW9AA w CCOOCCCCCCCCCCCCCCttCOCCCOSCCCCCCC

|' OOOOOO 34SO E @ O O O 4 3 O O O O O & O O. O S O 3 O O O c t O. S eOOO3= OOCe
, eeeeeee eee c +++++++++++++ ++ ++ + + + + e + + + + ++ ++ ++

* ===wwww.ww i swwdwwwwWWwwwwdWW4w wwWwe*WWw+=w 44g
9

f @% C OOe 397? MCCC OOCCeC eOtteC COOOceCO?eTE C DCCCC D Os

; e . 2 #*#######P ?>C CCOTSM@ C SSC3CS SC * T S = S932C C 3: S F S C S=

eeeceC ser# r>C eetceCecesCeeeeecreeOreceC eeTeece
< s ememmm**st : : CsaOcec: sa* : C 10 SerzeDo: C =ccuse: me
3 e e e e e o e e o e Er e e e e e o e e o e e o e e e e e e e e e o e o e e e e e o e e e e

l' A Ctd44dd@ ? * LC43C C RteeCC SCC CCC T i e?C4 e: 372 ?? 20*

l 8
9

NNNNNNNNN= oraceeeeseveerceererecer><ammescem.
OOOc3OcecOOcCC eeeO CC C =Ococc=desOOOcC2Oc 2

O O O O. e e e e e . C.I e eeee eeeoe = ee e e eeeeee+e e eeeeoeee ee2+WWWWWmwwwwwwwee
* ?? Z i *A => t ? m *? 4=**s %n = r rm * t ? to C C ** i t a m 44 * * 3 * * w el'F dwWwwdWWww ddes *dedwwww=dewh

ST|2 *
4 mm=Nef/4CO JOE Pe*E 2=eCh T#97T 4N9 3O*S/m2%? pet &C, -

g Feeeer7FPe O s**Ce% deeCN =ACAPNM#rAFC#4 Te#W* Nee r tle
' * ?? FPPPPPPS 3*#=P3*=if7mPTTNSAt**?NSP-P** T=#fmee$e e o e e e e e o e o e e e e e e e o e e e e e e e e e o e e e a e d,e ,e s e e ,e ,e ,e ,e .a w e ,eN - ~ ~ ~ .eN ,e=-=-NN+N=+- - =-mem----- =P

,

7 ,| etteJ
,

, e.
r F 'e WhekeWActe

*
bereme##mFmerk#Cr@rtret*#b 44Wh

7 W9 33003S SSS 3 MJ 29333Se33 3 32 3 339?D3
3 O. S C

322 SSTS = Tt
f

.

WLw wwWwwwwwWM E mwwWwwwwwwwWwwwWwwwwwwwWwwwWwmmu=4
* m F e eee ee ee+++ wG ee eeee eeee eee eea ee ee 8 eeaeeee . e si

!
# JLA O=Nare e4 * c. c c wCecccccceseccC CCc scc acessscTC ecc ! sd

* e ewPercemNC oo =denece=ceso=ceCScovectemePCCeTe=eam
e d** 3 mkeA erhCCC X eC ereSpeecC ewrC CecceneOrt eweceNest et

* - 4 0E *=chP#4?OC dJ@m#N#NNP7NTTNO40###94 Sf*We*Taff=94
3 e e o e e e e e o e e ; e e e o e e e o e o e e e e e o e o e o e e o e e e o e e e e e e e=

P Mm #=WN#N=cee um*N=hammeh e=F47#==e==PN#===9NNPNm9
! e. -

2
e * e t O WCepch4CC O SCOOOOC@OCOOOOCOeCC CCCOCCCC 3OecccOOe

w * 2* O OSOOOC CeOS GucOOOTO SOOOOoscoeo=Po=92 Cec 2C SS F SSN
>' 3

"
ww+ e ee ee ee+++ Ze++++++++++++++++++++++++++++++4 + +M

edPW w wwhWwwWh wW MhwWmWmwCWWWWWwbwWWwe w w w e m 'e m W w w w h m
| e:

e * t A * v s=<=csme eCC C 22 =COpeC ece=esceoO soc =C sC st scOC r=C = 3
A 4W / ( 9 w* A k iC T =JT ? C2 TrcaCC LC neC t rS COC C f 3 : *1 .* : *

E. P 2 ==%#r? SCL C g et Cc3C CCSCC ==tCCCCCC 3C C COCC4CCTTC CC
| - Eh J 4 GC@O@ O 2Ca3 21

# T e N. e c T C C. O. 0 4 S O. O 3. c. a. 7 3 S S S c @e @e 2 3. F. F C 2' f Om e e e e e e wr e e e e e e e e e e e e e e e o e e e e e
} wa= met >Nat Soc 40ectoC seceOC oocos?C esce?=: cess =acc3r

.h.
I

* * * emch 4WNSC O e#4mer**(m##>Pr###t r#C+#M 4th>S t dCh
k . - e' e

e 2 GOCES D T e MO GOCO 3C OO 344C S 2 4S et 2GJ 26 40CJ S=1
@ $. 2 e e a e . L. e e e e e . &.. ee eee. + < - e eee ee ee ee eee ee8 ee e eeei * 2 LPa : - sans do s .s a 4;dswss 44ad d a s* sds de sse e adsasa ed=. s s

* I ,* **d' J w e a. 4#TC *** C =?eCe?C TCeC CteeC TC S* et C C T?t e: T P C 2 : 3 2-
4 34 7 Ube=CC e=*=OO JOSCC3OctCO42CCOOCC S TOCOT E 24COC OC T TO

[ U e b7f 2 RNremfmic? =F E PerteeCCera ce*cC teAvef re*er*N*vt C
*7 *m & ##*mec@ 2 S T 2 * C=@N#NNP7NS FN3 COP ##FP S#3? F F=# f=* 8"!e

C 3 e e e e e e o e o e e ; e e e e e e o e e e e e e e e e e e e e o e e e e e o e o e e e e e
. a *J a e merNcN=mca m=N=>==mmeem eere==r==7 wa===mNN#N=F

* b e
e f

#. O AM ev#* T T is ===N====c===c=C ====S=S======2C e: S=
a :v. O Ossoospsme

C O C 3. C C ee++.coesocO 33secesce=cessaseO S =
3.= F7 + > ++++++++++ s eee e ee+e ee+e+e eee+e+eeoe + e e
A Iw 4 w=Wwwwwwwd POWwwWwwwwWdedwwWWwewwwWe** We**W=mde"at.1 W=N>cee=arer 4>Ae4NCArNc=e>Cecte=s OP G 4=cENNaC C cce

> 2Je JEm>S=3m t e## ubN3makrtNS7m3tsO W-1 #372/#2 5=&SO 2SCM
P * .wCM C ett i d><=== *e>9 JFreAhG4AceWeesAd C Cow et hg ?e eC C ed
3 d *WN D #3 =MC S Sese umh famN#meGP#@ COO @h 2M CNO77M es3 326 4 32
+ Q 4 e' e o e e e o e o e e o e e e e e e o e e o e o e e o e o e o e e o e o e e e o e o e e e
* 5 N MMedh>==== 99mNMENP=98PON=Natamtw?e@ 979=====@
s
D O

' e 99ffefffff rnwN*eover* fem?**4*meOf*feshesh*Cf *

- |'4
9

CO 393 OOC SSec OC #OceO9C SCCOOOOSec=Om?OSOOct====Da 4
*P * f ++++++++++ + + + + + + ++ ++ + + e+++++++++++e+ + + b+ + + + *1 e s

3 =2s*.
,T **C

wdwas= dss a s e d w d d a s d a d d u w a d d a s 'a d uddasdom da sasse
'd.

't+' 2+N' AJ4 4M 44C 24 # f e=%MmeeN 37 3%% C/%47#C i w4F 8 ** f l#3 .* * Sh NQ #9 emes 2 Pee =h==eNW ==&sSNNe>#Samr e=eEm%hNesse. a
%**(# =? = SCC *>#ec%eepe%=he*C=e%Wh ?,5 .* e- > CT4 tot a== 2 -3 d4 = T o = .4r : a. .o u. s. m e w e.r.e ? e s. m a. m. - #. 3 z e. v. =e # m c r i e e m e. c. r. e e.m. s. s N %. e. c.e.

= 2 . r
,e- r .- e e . e e e o . e e e e e e e e e e e e e

I 3 We= =N=NN%M9 1% =#N4hN=iNC#%*=mE=N=w=NNO=h emh= Jm=>*
* v e
4 = *e

. j' * % o C=ce======
7

O. . +e+++++++*
SS pes 33ces.

i 4 W =

? L ,* ' E dn a =se,w ss* wa u
3% Pm "? T e C ? *%f 1= 'w w

8- 1 ? J* -M a*39 1* 3 **** m g 99# *A% *%*M .9 " N **

d * 3 Oh 5%O#? %3 9 de '
-F # 8 e?*J ? F# rt %%/ * * *** *4 #9 %** # % **= Eb & wS T C S t1 P* ! C st - F###4 nGf4 4 * 3P 3 ===%%======*%%N**%%-'t.. ('*e2 e e o e e e e e e o e J## =# Es a: L==J 222W32 3*=FF# sa2" *2 1%N1 =

a N 'O#=#==Nmge '2. 3wouthww22NadN=anw==wwwweWea**: 321
' 1 *

*- 8-72 *a.sf a ae a s*T% e i e a3 saa a x xx = x a = x L-y . .4 . . . . . e r T't'r e*m T w T a Y n'r~I T f ra'*
-

,-



r...".e===m.w .e .........---..
,

!

1

| de=peem eheeeem m e e s e me
i =mmeeoo eeee=== oceem me
| E 4 0 t oe8 0 2 8 8 0 0 0 8 0 3 ++ ++ 0 0 0t dowwwwwe Gwwwwwww NJwwwwwwwm%eeNee*= e%re==Nec m%ceeC=eeem%#NN=P# Nmhm#NN=o Nmoscoh 44mudeemeNm mWSer>*** 2 W e e e e r mkageh remet m 8 m m N e mh N > S e e s e e Nhe e e e e e o e e o ee e e e e e e e e e%==9mNm ameNPNM coOONeo

4%m8%====== ede=p49 edheSee seekeem? ? t'g e O O S S O 3 ===904 STeeDoe 004 -==9* * ** ** * * * * 1 * 0 at 6 0 f 4 8 9 8 0 9 0
Jews w0 E ** * 8 0 0

m J=mwwwww edaw.w0.-.ww wews m wa
3,s a T a '2

s.c ze* 2 c F% C h k s %s #% sc *esey *% cc e%%g** ?,2 3eS #m & O ONP#3 Nm42 *#hT * Nmst
e ,=,s % he

,r f c:Teacet T m bsedh sk 9 abt? ENoce Zbc4 -N
r s e.a.t. o. s.a.s. s. : :

a. c. h. e. #. %. s. m a c. %. r e. m. o. s a s s. o. 3. . m e. .g%%e e e e e

L , *%g h h - - k h
..m. m. e,N.-= .. .NN#,

,,%%.. . e.,b .* ... .e., eh . %,._
9 e r. e T o s o f t emmosco emoto-s s===mec

jet. ecP eOSec
S%2 4h Net - N%ecoco*N N%sw e mc mN

9 0 0 D eG O G W * e ee S e e Fe++** $ 8 ret t et 6 4
.. . . . s . o .e J a. a m . s o e # :=. . ss o s & * s s ee e m*T
of J 1 3 3 & T 339 4m&h 47%=C ==Stenot % N=G T#NNMS'*ecct@ SEC e CWC N%dE #7 EWtecoO? e 8 WCh POW @N'%, e "e T,= N m 3 % h W14C#P ANC 6106 30044 EEch#4NMmm

e e e o e e o e e e e o e e e e e e a o e e e e e e e e%sSm amms4P c t e m# me OOsce=M e s a mN NP
a

~.& .

ccsee efweEtt C99e>44 eett% aCteet
,eesc3000e3 a===smo mecocco oocmeco********** F + 0 et 8 0 0 f t 8 0 0 0 0 3 Y + + +4 4 4 0.ss ows e J.m. waso BCwwwwwww #QwwwwwwmPreacowwT ccee eseAced>m N% Nd eteNo #%eesw? Ng
f * * t ? ?T tt? #m e3%7*3 # mm $*Em -tK mm=C 3C**f

.* * * t e%C tt 4 CLC ?ht%ft &Qt>%At-> ZumeCfg@f sf 3 *:s 1 = 1 Tre w*2 *kh*4 & 444mFN#M *. . T Scr4*h 4 j***e *e- e *e o e o *e e e e e e e e e e e e o e e e e e e e e e e t. 4 C T * ? T E rme=* %% 4 4 *N# ectem ** a

,t &

]Mh#4feedem C #ectre C C #mch e Oced%F4 -

"Pc=*?cect Da==CC C C 2 m m mO S coconst9 9 0 t t e f ee t F * 8 8 0 et 0 F + + 0 9 0 0 0 F ee +4 0 3 0
* * *se sssow Qmewmwww &Juswwwww* 4% T i L /* st= eJamssaww.= .e

= * T ** f% * =* * re t C% et e s ee
eP* J e $$h* ? /mT PKh 3h/ mm4& ## MAT em33C A4%W*e*cp 57 tr* wbrNe=t #C ZbeC Net == Owccese%T*-S *% * TNP% @ hT 2C47 =C= 213S CSM*N wY 23?h* Che e = e e e e e o e o e e o e o e o e e e e o e e e e o e o e
m%*h t S S*-# 3*4mCN* O=m9C#= octemme

i
t

* * r,'e r e e s e, > -e.chee* os.eeen c e. e , * e n.en s I
3 .- m 3 3= . m 3s=== 33e= s 3so m

,
,S 8 4 0 9 9 0 t S 0 7 8 0 8 9 8 et F # 0 0 8 0 S e r++**0 0 g

= e, s w w * w w % s @sWwwwww bwkWWwww Nuwswh ww.'*e ce*= T f at T% eame-Te 9% e*%* 4% e v% & ; sem 44
?rt *st = cese em* pgNNet e = T m N e mm e emacess=T* * ;* S 3 C C t t CLS% 9 => 99 Ub 83C ?ft 1 IUCC St =>3%**NT E*#FA TT*M*P=he N E S* PCh @ N WToC CS TENee e e a e e e e e o e e e o e e o e e o e e e e e e e o e e
m%=h * sghop #mmNgmm #4*meme e: Scm en

s

Ct 4cCCCccc 4=Oth t@ ed WAPhr e # * me d e'Te2 3 *33CCC ==mocco Sm==STO 2===C3e** ***++**** 1 8 8 0 0 0 0 2 * 6 8 9 9 0 0 1 * B 0 0 S e tQwww.0.w....ww4 ww www Owwwwwww OOwwwwwww.St icS ects2 =%eF%em o? r% e4%=*T = 0%ct %: **P# # t ? P S 3 S* =
.C S C C .SC&C C

.*==F %W h4 1> - P em 2 & N4 s%d ==**2 P, e a . .P
4 L C&4 %d>m .g w M E PC -Oh wLC d - W r. g o

*& N& W3te S T. 2 4. p ?. 2 4 3 w C F. 4 0 d. g h. W. @ m #. N. 3. *e % c a N. e. . 5. m.e e . e . . e o e et e r .,c e 3 : s== sh eesa= cemhNee C -m N4 --
I b

'*" W e*'t t 9947m DCr*LS 4 octteCC %e9mi ed
L '.m 3 * &C 3 ? co--=& L 3CCCO 2C

i t ea 0 0 0 0 0 9 f ** 9 0 et 8 I * * * * * e* I m w 33 33C ;
S O 9 9 8 0 e

is ,a a Js o e s @ss os a.a % .*as s a 2-. -. -. -.... m = .sm e -% e% - - eP e e *%=~f e ,s * ,s
|

- -et - %

*t* ? *? *2 *Tse== #mtrat eht & =Ct ec=t s. ame: 7 e% em .m .* i P e* *Mt? ? *tDe TUC t tT9C? 9%e%***>? i
'

'. ". *e % * **pt * ,A . 3
7. e. s N a m. L w T. 2 9# e . S we e sp CT p 8e e . . e- . - ,e .e .--,e % .e= , . .e. . . .e .e .e *_e.,.. ;. e e e .

% Ge.

= * ** * . t ==== sh sA Tk# as > h dpg c/*NTak .T * a3 3 ? T33 2 3pm ast = ==3 psee om- mmes |-0 9 0 * 8 e 0 0 0 S E * 0 0 0 0 0 0 F 0 0 9 8 9 0 0 1 * 0 0 0 4 0 0 .

* .m .s em *= w Om.ww.wm Jw wwssw #Jwww www9 5>J ec4( de scoce-e( c% Edc-N-> escret4 es
I* ? 4.o*27 3#= em se-esco eam-mens.# ===*e*#dP-
P r e rt .*cepe e -be tvamp e aw are--4 Ebeseem =>
I??=0707'e4 u;3emts7G WEN #eocc# .ua24%#m#3
tee m e o e : e e e e e o e o e e e o e e e e e. e e e o e e e

79H2Op#@ 7 oved=MM me=4MmN e # = # M mN

,T m e a=>e Neeooeo 04*= Pet cessee*

!. o. &ds. e s. e. e. r eJ. C.. e . a. s. o c. o. m . v . . =. =. o = o v . c. c. a. c 3 0
*

t . c o o
* * * 0 . 0 *

..aaw- .=w w.acuaw aamwwa.w e>w...w.f *'- N a t c 4 % t asc ;cs #% 27 s**et *%GC 1 = * =r** T mJ .a 7 =P4 = = = = 2 dm &N WemaT =m3 3 &C = & %m .

f. a 4 t eL & mA & *ge= c-.g at dwet s e NM e euCC COsch
' "e %

=** f* P d # *
o e- e e e o e e '

1 CD C2 23 1 NT 2?mNT*? WKGO 3S : 3*

I*.P=1*=J*Nm %ae*esD ' : *mNf== 27 2? T S*
e e e e e e e e e o e e e e e e e e e o e

emea ..- ? .t e--- emec=m.
C c P. 3 3G % O2 C 23%% ~

23 o3SC
e t e e ** * * 8 9 ** e e * 3 ** * *e

* .? ?. ?. $. . .Y .e $. a. $ ?. T. e_ $.e Y. . " o ?.i
.Pm%= t ea s? * = .e

t* 9 =mm%*%*T
* * * ? P S P ~4 2 w t s te C L C ' $ 4* = ?** ? ?s **99a 1 *

AC E E ?C 2 =CT C & t ?

M*;;3 sat & a - 24 34 T #T = E&C 33#3 3C TF S #1%%%N%ww%%%
e e e o e e e e o e e e o e e o e o e e o

4444eeebww

- I
,

3#=#m=N 4#m#m= N 4#m#m =N

4 - - - - . . , e , n mem = nw n 8 73 < .m cm_,xm = rr= n wt:
'

,

he M



-- -- . . - _ . _. .-

r....,r. e...g3333eeb9eSSS43mS&RRSslep3maaea3 ewe eee.. .......... ,,... .

J

e N wN NN NN =m ENN==NN%NNNeNN=NC9==O== Nom **ertO=h00000 s2000 = OOOOOSOOSoweO OOOeOOO= OOC O3OOOO SOsaeee e O eee e d ++e*+e ********e**e ee++++*e + + +++++d
emade46 h ee d 4 &md adm. ddwededsde MMed6.=sso m=6 de omt%t# w e ar t e E escC Ct ed sC =C . cs3 : 3 case 4C sC TC cas cc *3 3d NN AN NN NN 4 C 300 33 T SCC 3p= SaOSCCat esst at 3 St : SC O
C# == ====mP g ecC O seC S CC SCC escC st seeraasesseeC ade seCeOC SC Ne cosas#33333330C 32 o=OsO 33%N%3%%sGCca e e o e e e e e e e L e e e e e e e e e o e e e e e e e e e e o e e e o e e e e e o e e <X m % NN NN NN NM g O*mmmm=====N===mem==NNN====#==NNmq= 8 eeeeeee

?
,* MF ** r*#* ## > 9 ?%PhrTe===AMEA ETedA*MA (W M A%%h 4% S 3= OCOSO&C SCO > COSOO3COSOaB 3ESOC S &C 3G 3G4C SG 2 3 2 2 43J e ++ ++ *+**+ = *ee ee* * * e**********e*e**ee e6 eee0 e e
&e

e 6 .. ma .e e. w a se .s e seeme. aee &= e. . . e. e . .. e.. .. ..4AhNhAEs TC = C *C CC oteC OS TC Comecrea=*SC 2 C S tat e*ME 72 C@@ 6-N# # $ CC OS 234 SOOSCGOSOOC T C &C S 3 L & *3 JC : 33& ====m3OF Ch 3 COOOSOCOBOCCCOOGOOCOSO CCCC COCCCCCOZ =======3C O J ON=Me#Em=N3=tCWP=O4N7N95#CC4MN7249w e e e e e e e e e e C e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e e e e 4eeswassese e NN?c4*3m=OmN===m#mp h====C==dNmN*Se
r e eeeeee ee e
I et er ec re AN w CCCececeCOCCCCCCCCCC .CCCC COCCCCCC.m 3C SSOO3 COO . GOCOOaSOOOOOC OOO@ .eCOOOOOGOGOGF4 COOe ee eeee C + +++** *+ + ++ ++ + 4 0d m d a w w w .e e e + * * * * +*** 9 + + +* *** .d TmednedmwaswwwwowwdwdwdadowusewdeedM 4>9eOCS ece h*C 30O *O CCT cccaceOCCC OcOCO 9 CO CTC C 9@w 2 4 5 T/ ####3 3 7p t: 2O43 3 3 CCS C 3 T 3C ES E 25J ae3C 33 = 3G 34> ACtt DCC 2 44 ?mtCCOCC CCCOCCCCC CCCCCCOCCSCOC tSttCC4 $*#M#MWM## J*CC 2 25 24C 69? 9JC&OCCCC30 %34C C 3 4 3 4 32*

* I dese44 ser: e = =C ocs&OtacCO s CassceOC ot acaeCccc:
e e 4 e e e e e e e K g e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e I

3
N

!'
NAAANANAN= eth@tmTM#e##C42#4rh tete #M44NMEE SCmOCOOcCOGCO 2

O. O O O 3 C 3coceeO S SOOPOCOOSCOcaDCO! Sm9- P e eeeeee ee e = eeeee eeeeee+eeee
w w m e d w ww w e d w et w e e e ed w d w u s .e .e e e

eee e0 0 e e el
g ? w w w m e m b as e d ?*de, .d.wsw4J* , # # 4% em TC i s =?% ?# *e de m& te ac e& #Aw ab r s ta s aA* L at * M
a f E %AN* #8 #C E S I*h P#mCTMN #8CM@h S3##4032%M#+3 P OE & A 4 81 '
i ! PrererPc9C 3.eepTeTm4OhpNe#C ewe =%#C#dra aT*Acrae*

= - ??*797 P*?D 03#-M SN=8 47maPf?#9m*M P N f # P T * W. 7 = # C = * ps
'e e e e e e e e e o e ase o e e e e e e e e e e e e e e e e e e e e e e e o e e e e o e e 4
| 4W TT 57 TT Tm 4 eme=@=N*MM*=C99 WNmG==PN*=mm*AN7N=Pw

I e

= |
2 1 m htt> 4W AceC becomeceerm##hrC@##demcetheeh>OE 4CkI- * i W2 SG 2O4 43 2 3 & Sw22 3 32 S C S J 3 1 3 -4 3 3 3 332 333 33S 2 3 349 3 ==2

EE e e eeeeee*** w& eee eee ee e ee8 0 eeee eeeoe eeee ee eeeeee
)1 usw w.=wwm=wmd a mwwm.mmewwwwwwwww*wwwwwdew w we www* d 4 b> emteMr =h mCS C wCCC C C aC CC GOceC C C etaceC C E CC eC C C ot t rCe N 4 W M C #F N*MJ DC =4 4C S Set TOUSC OCS SOTSCO4 COO 3S 33 9 T 1 ? ?2

Jm4 3 MC#=Sh #f &C 2 eC ?e SC O ?ct eeet CCC SC LAWCC CW9 **#AC*fC,
* 47C O#%9?M OCSC WJEm#N#NNP7NCTN349###9T 4#CT F W F=#C="fg

6 3 * * * * * * * * * * * Q * * * * * * * * * * * * * * *"# * * * * * * * * * * * * * * * * *
M= #eem4Nm CSC we=N=h== mmh 4=ed? A m m v = = > % 4 = = = m N N P N m' 7'

| ew
' y t

f, =,4
; E C ST@rCh SCC C WCCOOctC 3COeeeCCCCOCCC @ CCCCCO 2CCCCC
g 2;

.& .

OSCOSCE SC &
Q u. C. O. G. C. 3 3. C. S. C. O. W. O. C. @. O. O. . C. C C. S. S C. C. C. O. O. O.3 3. C. C. C. C.

=
. ee ee em . w w = m .e . . .e- 1 + +

| **. www mwwmewww.wawwmwwwwwwwwdww.www.mm.wwwe ;
. 2.4
eer .r = = = A ? wessee zzCeeart sc=CozzetesecceO= C = Ose: S = SCe. . o a: smas.s =: & sses sec4.& 4 secGa.c& asa.. su.c.. &

#
7 .@-'

3 CW WeG ENCCG emC&C 28 GCCC CCCC SSOCC C C4CCCCC C C 3C .C C 3
@%#W73 4& JC C C 3CO3 3 = 3= 320= 4@ @ C @T & 44 adsO 2 24J 44J

3m o e e e e o e o e e e wT e e e e e e e e o e e e o e e e e o e e o e e e o e o e * * .e e # 4
W; = P. = 4 # N # K 4 C C a*: 2C D@SiewCE st 430 & 3CO 2 3734. 4 432 J . C &

j * os Ch 4wAMOS e#eenere#mgem#Cft#4 see*#>&gmm ss&C%
e S EPOCSc3 SSO J eC SSSSCOJe=eM CCC 22= &TC P&C % = S ST 2 4 = C#4

# % 2 e e eee e ee ++ * => ..'www..eeaeee e..eeee e .e...ee eleee e ee e oee eeee e e ee e
= 1' A# 2 s. .eM*.. 4 EE . .Ieum a.e.m.. . ...

* 4 2 C Jm t a t% NE =T T C =TF TT Cect eC PTC C CC 3 t c2C T S ?e t *+. ?* 2r? 5 : ?|2 w 44 7 WWedST mh #399 JCOCCOTC COCOCCCOOOOTC2?D 322OC9 2 3 3@ 3&
b* , E w2 m I =##k >>#9?C m3 4Wg g ry*=ccee rt ecCC eATc3 FF T *#eM T*T C|
.* 49 - =m A #N NM9% G%S ? 2 eC=#N#%%77NOw%G GD###99 GP5 7 3 mo=# 6 == s|1 .t * e o e e e e o e o e o e e e e o e o e e e e o e o e e e e e e o e e e e o e e e e e e e 3

k :o
s 9 mesm C w=SG 2 m=N=>==mm>4= esp e==g==pm.===m% %#Nare
W e

e im
F C %AWW Id T T IF ===Na m == Cme S==.-== PCT C T=

e e e e-e . o. a c" C = C = = = = ? " C.2
a. f.

I & .!4 O
O 2. O. S. C. 3. a. 3 3. C.

SSO9? C OS F 3C 39443 3SOS J
c. O. O. O.usdeesswwWude.2.*.i : - zi.- h + e eee e eee ae+ e e,9 .

- 3 m Kw C esedwwwwow >Csedde .dasa4 .sede. de
34 S&#PGhhM# 3 WG g> WWGma& = F. O G & 444OS& @> c5 G=F F= F WC CCC b &4. = %J@ JS $1 NS=3### W a % 2 r ? * *.k d 4 # # N S F WN4=# % 1 3*ENN 2 t r23C F%

#- * =GM G F 4 E" 6 M h 4=** m%2 9mme>=&C 64C CVC 4=G C&4 e34 4A43 &C e6 C4 *

3 * WWN D #2=MO SC4 8W DwM FSTS&&W 27mC C 40NTp 3 2/4 L Ch e*>SS 3& 47
+ 4 4 e e ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e * * e e e e e e e e e
a 3 N mmmdhmmm== 9FN=4gmempepemmh=C=me=P49P7Pa==*=P

* - 3
3 ?
e ? - O g*#ee###W# ehemeTeverm#=*ewas*=eSt*#1 9h ee%*3#
3 4 4& OssC O ss1 3 o s C e s c. o g s s 3 3 O g e s p ; te=c-strocC S=====
* - *Ce O + * * * * ** 4 4 ? *ee e + . 4 + ++e e+++*****e*w ++ + * e * *+ * *
O - 3 m a J aa,sedas se wdsseggg,6wegaaasasay asdo.a eaJaa.o de

T We f Ca #g =# pp a@ 79 sme-pN>.=t ;cAAe># st y p Ce g ceANAe t .? ? C PA

'O - e !.
8* 3mg WJMJ#4 443 9Me 4=%>mpmNeeONN E #N##/ EC=4P E 91 L 4 #. 1 C TA*=

s ,# * es&Ce ===== r=& =Sem eme=cee**w acne ***N=*weC --Acm*
- ? w Ns==seasx3 nv=4~-~#: : cec #t et se,~asso r+=1N%: r#, '? T .* e o e e o e e e e o e e o e e e o e o e e o e e o e o e e e e e e o e e e e e e e e e e a
. O' W4 * =N*%N%*1 FN =$NOWNm8hC#N%*mem%==*N%O*h 2=>*$A*%
e .3
m . e ?

e m. # m - , Care ======
' * * S C2 2 % 9 3 'J DSI ./ 7 e + 0 . ee e e e6 e'. :
I ? '* de M A d d d d w et &de. .I P | J =77 E=. 2 .S t eT act .4

n 8 'l JP Ta *T S *S SSSS = -e . de r T@A *% 9 fe?N h *
- 1 fat = *St t * 3 1P C.. ,L a t#t S ? * J ? ' * */ 7 9 %%J : = ** *; #/h ** 'l T * *
M. & h &334 4#3 . E 2 de 3##### &# e4PJFP===\%==a*= = * N ie %## NNa e e o e e e e o e e o JXmemass wm=4 3 &O w ; a A = = J. v. #, s . ; w=1 XNN&a

- 4.- I O O [ "@ #mbN I@ d $WNWImWW2INWENMXOFa==WWWWh eWIM- MEb |

1

_....... - -c _ _ .:c.n -.n.nc n. _ n..~ 0
,

, .



_ ,
._ . -

!

|

l

r. . . ev-....ez,e ,eeseaeeaeme-e........-

4 P=F4SN eS99eS* SeGGWer
mmweOOO GOcemmm Seeemme

2 0 0 0 0 0 0 0 W G O 6 9 8 8 0 E * * * e t t 9
@WWWWWWw GWWWWWWW NGWWwwaWwm%ederW N9 9%*&99@No m%OcceNhp

emMSGeh cN NmMECM@ me NMOOcepm#
m WN Ne e M E m myWW GMWE 4 EWeceSh&M
FE=heeMd? M EM9 MWOmW NEOSOO@@h

e o ee e e e e e e e e ee e e o e e e e
eNN@mNH ****@** 3eDeNOO

A A A.N = = = = = = o r m -p es rekeeed meekeek
STT@ 969894 emmmOO S e99990m OOOmmmO
O 44,4 + + e # 4 + 3 * 8 O G 0 0 0 10 9 9 8 0 0 0 E 6 * + 9 9 8 9
as .m mawe.m Jewaddam Udosawww 94dammadw
i t t d rect C = 7% c=>ps se @%%%ee as k e%esca%pe

| ? S *,3 ?3e95 3 #m 4 449 e47 nmo =vN4#h NmSC JE 7 64
? * %,* cet &C 2 mbCep na me =Wah %4 #C N Evicske=A'

S T.I G. C 3
& 3 333 1esN@4 se m8 S S @ t. m, e h * E 4 G. a N S # h.

to e e e e e e e e e
$NN3hhhhhh .e .e .eNoe .e e .oN .e#

e e e e e e e
= =mM-9- SOO

, , ,-#.sN., 4*=,. .* Te.OO,, e,,, ,h

et E T'S 4 4 S SCO ===O SO 3 9W090-6 cm=wac9

je4. ? * ?C 2 Cee e%#=T g#et N% eCecO S F N%C== =W mr

0;t t 9 0 t eO F G 9 9 0 0 0 0 fe** ** 4 9 7*9 9 0 0 9 8
a. . . .. . ..* ... .s... #46 *%+64 . 4J **.m A *
* t

?? 3 'T T 2 aESO 4=3 % = #. = 1 C mmOSOC4#N Nmem *#4 @M
.3 1 3C SC SeCO OWNeCC#wh SWeecOO*9 eWC so=OMO
N * =,3 - N m O N h WE4 W M 4 e ek #1 G30GOh# 3%O NM ah am
e e es e e e e e e e e o ee e e e e e e e e e e e e e e e e e,% E t w r w > Te9 ===N4=P OOOO3=M ONNNNNP,

|
|

'ssacasecae C WNeede Ctesnd 4 Cee4 Nee
*r e s s e a a 4 4 0 a==woop mooCOct 00 s==OO
* * * ++ ++ + + + r+ee3 ea e F 0 et 8 0 0 4 1 ++ + 0 ee t
*.m .s .m s. se demeddme tCaswaaww #@amwwaad

* * V f 3 C Ct O e%% dNNf Ef N% B*hCo*C f%WC cht Nf
T 2 1 L a3 2 T 23 #madeCs *C -wh =??S T= ==S2 FC f th

"f F T T T SC PT ? Ob? re=P ?? TUNF=C Wh # TbOC C T# A

f
.* ? S 3 3 3 : W. LC 47 C I# ED s * 4 h e M P = WT TC a7 @m Ji s *

ee e. e e e e o e e e e e o e o e e e e e e * * e o e e e e e
,2 2 . r? 3 2 4 C 2 ===m4P4 WN>We=7 aceTm We

h h< t e,...h .<-.. <- eC <NOhe CC e<N..
eP = =oacc4C - am mmcc= COmmmCC 30t =mO 0
5 0 8 9 9 * G 9 9 8 F + 3 el e 6 F + e9 O S 9 0 7 ++ + 0 ea OGas.ww.t 4Ja***mwW W 'J 6 6 . **dw. . .* 6. am a *
. * 1 i * 3 h e a a f% & 42 3 4 7 9 6% 't **th ! /% i % 6 /*N d
7 t *# F $ 42 & #m2 Cheea2 mmCE SCds? ===@ 2 9m eh

? 8* *O 2 91 1 9 sLerm=h eK DWCCM O40 4 CWCCthe%%
NT r%* P *4 sh p kr23 7#h ?T 23et NN 4 *= WTSSP Sh NA
e oe e e e e o e e e e e e e e o e e e o e o e o e o e e e e
=%TN T T 8# m@ 3 45 MPNA OONM@fm $7 3pm TM

h

hk( CE P Ot#k w@ ghere 4WeFPO= OceEFCh
3 J 2=292 SDS m3 33 292 OOOOSam OO4==m9

'O 8 9 9 0 0 0 0 0 0 "7 0 t I e e8 0 7 0 0 0 8 9 9 0 F ** *9 f t 9 .JeeWWWam @wEwwdas N Q w e' w w e wwse h hw w ee.m
'1 6 n et S C G C 3 C f%# 5 dha E C P%=9 #F Fe W F % TC C (C #M
9 79 ? D2 3 2 T S #mehM S#NF FwfeTemC P mmST 7-Che
?=/E C T C f C T #bE WE r>#h WW ?S AA 4T 4 3 4' t C 4h%Em
%2 7%sr*#th TT*Cp derN N FtemeO* 4 WE S e e rh NN
*e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
=%Th F*4h =@ ? NmM9mm ANN 4N## 003P=WM

.
t
C C JTC1 CC TT AmCCh @# Od@N@h@ OVM P 48
Y =& T2 3C4 CO ===e505 Ca*=7CC Omm=3OO
te D e * * ** +* * I e8 8 9 0 4 0 1+ S 0 et t e E *a l e3 0 e
' . . ....mm..= Owwwwwww dwwwwkww WJw+www.w'*

k .T T * C M T 30 m%= th f=#7 @% fcpT*d C W%C#C =2 em*

b .6 % G & JE 4=4=NCe d. &-u&w/ fs%# =ms#N=w2 4

'a*L = 2 * C . 3 3%%O99%Q 3 3% CNO=>af .."& Ph>4 h4. 4 % 4 & L &
a& C WIMA* NM ## N1 S = N M. 9 e 4 C C C. C # O.WT S

is e e e

!: . . .
-e o e e o e o e e m ,e ,. ,. O .e .e- *N .o--ree e ee e e e

: : : : : Whh --

t

hh ( '4 C 7 34WM C C # M C 14 OCOCOOO NO@btSM
? *% = t eS = C 3- CG--mOC 0C30040 ===C=3 3
84 0 0 8 0 0 3 0 8 0 & * * 3 3 0 t 9 I + + * *+ * * T O O es a6 0
*....se e s os 2 .' s a M s e s Asaw4wka h '* u s a rasa

* * * - - i t : 1 % T T T %=TN W% C 3* C SCC *%A ra C- te
P ! O T S$4CC O @mOCN SE 40 9MCdOSC CC mm&k# 4 N NM
*= PT T e?C?? * b' T C T**3? FUeTeeP Ce FUcFNdfer
.= /N g &*d th W. 3 3 3Nm et d a CC3 3C 1 2 WA T &W ==##
<e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e
=%Tm# % dh a # 3CN@eN= G2= SS C3 ONfNee4

I --I..===.=- . . , ~,~, -e-h ... . .-~.ch
S 3 *r: 3 a, 3 3,==mcDo C,= = = m c 2390 03Ocasa

'l 4 3ee.g g g g g g g g g g g g 3 g g g g g g g g g g g g g g
m e, *14 . = ewe *. w w a * * w JwdWwwww @*Jwswwwwa
*#M3 && 4&=e 4 Neep Ah O%>MOch@ % 7 % G E #. 4E h4
* * *'E NT 7mMm ? 4Sch Nh rh @ mNM TOP SN mm=Nh er @r'a a e' Let 040N - h c e a md CF &bA.0VMb 4 MbG 4e## F#

}??MTP &. # C
FE WE3 M S & N M. c. G 1 M. E. p 4 0 4 @ W1CN2 4O4e

e e et e e e o e e e ee e . e e e e e e e e e
777-Petete ONesNeM Newke=N se=>e=N

*h s* W 4*h*f# NeeOcet @@*m@ D@ C@ *OOO*
4 &T s=C aste soDC Cea 2===C e 3 TC =CS S S
* * e ee + e * * * T e+++++* T + B see 9 D T * * * +** 6
= = = .s auwsse @awad4GM ^Jddamam4 9Jsausew 4*

s 6 * ,= % E S 4 2 4 % =ecosec 9% Cst a==@ 9%cC C LLC s

*. - 4!E T** 24 C4 me S && CS S dm&M 3##N# *m44 &L SC 4

*h ah h t *
*A 4 MbMC COCJC ZwLF 44 4%# #. b C C 2 74 C =. t / 1 F 4 6

(# ZTI SO9e=O NTC##9*9 C WT = C*3= D**

e e e6 e o e e o e o e e e e e e e e o e e o e o e e o e o e e
N/=W 4- 4MNw NDOSGO& Om =Nh=2 32 297=*

c-eO=== C=eem == c==Se==-
SO SS 2 3 3 CTS TT 2S C S ST T 'J O
e 3 ++ **e e 0 + +e * * * G eO + e e

=msadadu nudeowww nas us eo a
?>F " *T 3 C r Om f ? S P C rt *> O C 4 * 4 ? %

* ? *'* * * ** * *
*m=4== ? T S 36 243? 9 = * h g73 t ? % t* T =N=N*Ne 9 .

=St CC T 3 C =C C eCT T e =c*c??C =
\f= = % N % N N 2T T T L#3 S. 34&/ 2 wT ,e e e e

4 Jd Je w

- . J. u e. .a O f m * _o
4 & R E e o e e e e

O @ m @ _e _o
o e o e e o

N O ,e _ @ m _o..
p

.WWW mN N

m = = , , , , , em em . 8- 7 5 m , y, _._ = m 3 , ,. _c_, , f. _u_ _._yn. m_ yg, - -x- . . - . .
_ -_ c

[

.



CE'e.%[.. eeM3%JTTT290$4EaaeaeaaMe. .m=aee. **.ee e .4 ........ - . . .

|
4

i !
I '

.

!
1

| dhh%hh N%=4 t%%==%%NNNNe%N=%99==9 *%9e9 weete=N
s 56209 30063 = SOOOSOSOSOOOOOOO3cSO-OOS= COO T2CC CO

9 0 0 0 0 0 0 0 0 J s e e e eee * * e+t oe e t eee t t * * eee e +++ e * * * e
=. =wwwwwwe e w ww==wwwe wwwmawww.wwwwow. . a. ..w . sf
C%e4 =4 4 . =s e s& eC CC C eCOsOt C rcC oCC est : = sC ass C cv

3 C# 48 ed dete e = 3 20230esOC 3 TO3 3 3 T 33SOJ a2 % : S ti cJ a
Chhk kh >h he Z f ec28 C C TC 3sC t eC OC S C C C ST 4 2 C C C C1 4 S C tle 2#######N4 3 039 &#3 ??O2OS SO 3?SS 3SO33%NN3%%: T EDC e e e o e t o e e e a e e e e e e o e o e o g-==meme- g N s . .o. = = = # - = g g = 9e e o e e e o e o e e e e o e e e o e e eY # ^-m====* g 3====-m===m

= 0 0 0 0 0 0 0 0 0 0
* ** *@ ** **** w spmphese==mretNes*g%e*% ge%%%%m qm p p

C T 3 3 O f f. T f
= P p SOOOSS3

T C O S O. S POO SCO S 33 S af LG 3 TC 4 2 : *
e t + ** eee e + + = * * ** *+ * * 0 ++ e**ee e + 0 + 0 e e t t e*0 0 0 0 0 0
S -

. . .s . . . . .. . . .. . . .... .. . .s. .. . . ... . tC CC % 1 2 2. &C.

3/C CC 2 T %C f = ?C OO DOCC COC 3C CO CC C = &%SC . . . . e . . . . .k=E S* *2 W# WW eW 2 acOOC O2 9@ OC 2 3CC O2 C T @ 3 Ob 4 3 C C C 3? ?T P S
s %%%==43P Eh O COOOOOCOSOCC TCOOSCSC soc 2C CC SCTC 3 23
0 -
m o

======mO30 J 4Nmed#Eh=NO=4E3 PmOd%7h* E#C4 4*%WECWi

e e e e e o e e e e c e o e e e e e e o e e e o e e e e e e e e e e e e o e e e e e e e e'
? 8W % W WW ST ST A %NF@4##==CNN===m#eh h==== *=*#%= 4** d'
i s - 0 0 e 0 0 0 0 0 0 0 :

: I
e D e c c e e c|,

, u ** **** men % m eeeecceCeceCCetececCscoecC
g Os2CataaOO s seesOaC eOOOOOOsOscassesO= CaOCCassaa

9 0 9 0 0 0 0 et 0 C eeee*e** * + + * * ** + + ee e t o ** * * ** * * * * * =g ,

* someomswww Tesm em swamamassues es as se me .m ass ow.J, # Th @ =S PC = PP =C*CC eC T E C C ,S C 3C S C C 2CCC C C T P C e@ @ Te7 ? * fi
* 2 *# S I # e* ##1? .*w ? 3 DC SSC 23: * 2 3 * C 3 3 : C 3CC 3Se2 C CC 2 1 S te> Ce@ F Oerc## T*f T C SCC 4CCCCeecC 32 2 C P Cer9C C CC Cst e r et
*4 M# #4## 4e ## O247 SO3 44?C && at &4 af C 4 C SS *G4 04 3 2e 4 4 68

, e e e o e o e e e e T t e o e e o e o e o e e e o e e e e o e o e e e o e e e e e e e e e 4
C44244 483? e i sbe$C a*eCi s? C3 *t : t t i vat S C3et3: at :

3

N A %h h A NN h w T #>#t sew e # M / # C dC #d#h seS e#h 44h> E C dCh
OCOC DeJCeu 2 COOOC CCceoC St?C ocSt 2993scOCO 3 oc=5

E O 9 0 0 0 0 0 0 0 L = 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z moweasmsee 2w-sgema. wagases.mses wwessa em mes es se
e * 9 2 d FA eh *c m * * Fe ? */ fa *ww .* * # : T P - : . 2 3 2he*3eC4 & 2 fNT * rm3 e F e f a s : eg

I I =**%#T#CE@ 23m ?h =f4m FC**%=1 2 C=4C =
* 99 ??F PO p ec Ow?*** E eT#e>9%c y ckp%%%=e#4C rvP*A &et g-
* &P???PP??S TO#=NP3=%fPm#TC? ONC*SPNS#SF*M Wa#Ca*O6 ,

e e e e e e e e e o e e nue e n o e e e o e e e e e e e e o e e e e e e e e o e e e e e e o e
. * SeTt WEST 1m 4 *=Serm%**>4 =ce? T = = c = = P % e = = m m N N ? % = P.

1 e

|
|=

2 i e neunaerece uncamereeenvencerevaamce#h a a s h e s 4 C nf
3
7

- # 3 35 303343 3 3 3 13@@ D3 293 394 3 3Spe33339P 3= 3 2O S2 7 3=>
w3 0 0 0 0 S t S t * * * EC 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-i W.W eswee*Wmmww T W h d ' W w '& s W W w w W s w w w W w w w s w e hh dwwe.e m

e M. -d ib> P* T 2 C * We*LC & h 0=C = OC C 3C 4C =t & C CC erC acist 3 ** I tf9pOTTOMO.C ce C Ge.C c
4 7 4 WF E P P NF MSF O # 4 2 = C 3 cost e=OOceecev

b S S ##M> dE WCC 2 70 E Ps erTeeceC ae t = O2eCMcC f tese#*%C a t s,
h * i 4 3S N%#Sep CSOO wJC=#N#NNPPNSTNe@ *J # # # ? * P / ST9 WWa# f = * ff

a Z e e o e e e o e e e e ; e s e o e e e e e e e o e e e e e e o e o e e e e e e o e e e o e e
A 4% WressN-eOS um=Nahmmech (mesed==s==e%4===MNN?%-p
= 0
2
e . 2 3 eC 99th deec weoeececcceccewcoescOeOCocceoceSet e> .j .T O S S 3 4 c c, O O O SS OCCCO4c .C O ObsceGGCC OOcc?COSCOO SC C C S 38w

** 9 0 0 0 0 0 0 + + + 2eee4 + + +e eoe+e eoe****+++++e + ++ e eeee
' **w www wwwwww mas wewwswwwW.swwwwwwwwwwwsw==msw.Wwd

9 | 4 2C E==* EecNeC et Z1C ecCCetnSococeC OC CC CecccCCC C ST CCC :-
4 1 1 g w*C 43 Ce =ccc elf C= CCC C CG T=e4 33 2 3 @ c=CE 2 24 4 C f 2 L4 C r ai

e # 3 Ce g4M S &CC S 4 Met TOCCCeC O3 rea=ecetOO=SC 22Och a& L Cf
e - E s2

e* M 'o &
A N# #CC @ E 32C SOC 3@CeSCO4CO3G46432' J23 @ C= = 3 3d

* e e e e e o e o e et e e e * * e * * * e * * * * * e e o e o e * * * e e o e * * * e e 4m o
| uta m%*emer: CO 4 : DomOost 1CC aee440= JCc3OJct 3JO 1? J ss:

I
t.

t * wh t> &e% COO Ottntw**f*tehfE f#f4 t*t*/>&4hkE 8 4S%
0 8 214 3d TC 2 CC 4 OSC OO 2 3 = = 33 ra ers=2 TC 24: st?C a 14 : 2 - 21

# 8 0 0 0 et et * ** ** 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
"T . 0 . sw.4.ss os 7*s .A sw6. .. W.. .A- *. s. .s .. .. .. s.. ..

,

.d1# 6*

} * * 7f Jm * =*? 2 r= =7CC ?C * S = S eeC F C Tet = cec = ? : T4 T *? ? c e ?e
: # * k,

ae ,3Oaee,t.[ J *. >~ e uuh a: eeeeeeee%-cece-,casesesez* #*-a,as aO 8O: =C OaocaacSOsac=
#-%--= =#WT * .' T# *AFP Fe e ee - et-

"3' * ? *f A #e t *G 9 4 2 3 C 4 5 m#%@%%79%?*%3eO###O T O#3 t * 1 ? -f<=*4%
1 C 8 e e e e e e o e e e o O- e e o e e o e e e e e e e o e e e o e e e e e e o e e o e e e o e e

4 m e=TabN-aag m=N=h a-mmhem vere ==e==p%4===m%%s%=ya
.* U 0
*e

# $ %%de** F3 39 ===4em p m Cam e C mCemmm C = Se =e m=* Ted EC =*
' T 'S O 233 03JD32C SOCOSSSO232 3090C 3C 3C 3: 3cSC & T2 4 3% J!3

: 11. - e * * *++oe e 2 0 0 0 0 0 0 0 0 + 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * * * *e f=

O r mIw 4 wwwwww.eew >;weemm ==.wswwwwwwwwwww w .e**Ws om e =,
L 4 3# E .e>#g p-C P WP 4*hWMCF Chc=9 & @ C eome## c%2&*T%=PCC & C S T ''= Iw# JE MhA=#was#4 wwh 3h a3ON SENE CO=40= =S 3#2 4/E C***2 & 2 : a!i
# im war -C

c.
e= m d e d m. s .e % @

et 4 = = e =& -e>C 4C aC#Gr4T 4 C 4 && 5 7 &*P 624 f 4
a w -W= > a ~ 0=N4%,e34 =~4*a: : : s 4 7:... . rem * ~ e m e r e. =e ,e=3
e- 'c * e . . e e o e e e e e e e e e e e e o e e e . e o e e e o e e e ee e e e .
a a N ammemm==== eemm44ee-ece==*>=r-=cescette====mr
n
o C

*% O .9?cer## pee rhewe**erfec meeeee-eepe#eeh reser#
* * SO O?COGacose ' OOOOccCcOcS SOOOOC Osecm= T3Se@ C====4
e *T * 2 e ee ee e e e e e eeese O e e eee e t ee**ee+ee 4 e*6 * * * * e e # #
* 9 *Se A s sewWassww wamaasenses w d s w e.s awwaawse se ess o.

. %'I *de' SS#$ *@ @ O SQ &O me=m&%>me C C 4 % % eT h # BCO# 6=M $@h>%*f a & G*
.

|' [* A e & - A J*$ * t #23**J g -%hm2*%1# 3 %% K INC P#h K -JF 8 *1 4 4 .* - 4 ? *. * = ,d' a- 3
"

im # > 264 ew & === c 3.3 meg =te s=4ee*N#4 5% epee %=> WeC =eneh
*? T NF S ~33 CE 3 3 =C=4% Mh#33t S T #& C F 7 3 th SJC=We 3 2%%F * #ft' T

0* 2-* * * * * e e e e e e e e o e o e e e e o e e e e e o e o e e o e e * * * e e e o e o e ef 't
= 5 We= 'mN=NN%*3 TN =#N4h N=She#N*m= t=N==mN%J=h fa% =C*ma

1 #
= - e

. * M f 8 E=C C==pme =

| 3 C . 4 4 0 S O O S, e m a*

4 e # m ' d*w ** d o 4mo .s en a a en
0 0 0 * ** e e o e-

i * 1
* * b .=0& *> 2 .* C .c r=re r. La

9 I & -?JM Oh ?? N 'O S9 f a r 'm 4*A N #m *NP M S*N NT,J= F, h t =f aJ S T A%& S t =F#T 99e# * F#9 kNAe roem Te ( #%** . e * *
:J *- 4 32464#34@ & .We &#44?? ? ? = = = '0 N = = = = = = * b % N d * *= %T # # # #. #L.4=md 23 3wJr&-=#tA.31.4 A &%%S 2w a - e o e e o e e e e e e 32mme&d

w N @@=4==%# 4@ K T W A W K w W w 2 F N W .* N = 2 M A m = J w w = = w s 2 - * O'=b
i= *

s. . . . . . . c c m v e c e m r e c c c c c, 8-75 , . . . . . . . . . . .. cr. . . = < , , , ,1



i

| ...~...........o...,-..............._......m..w.t.m ... m . w .....=......-.

|

eMmee=N enese=N e m e e e me
momeeee Seemamm eOOOmme

M S 4 0 0 0 G O E 9 0 0 0 $$ 9 E *+ + + $ $ 8
Jewwwwww dwwwwwww NJewwMwww

M%=MCMge( 9%=9PMO W@ M%&OGGM6W
dmWM ehm@@ NmOFm@@Md NMOOOOPC@
=UmMkh9Nm muS>WNeda EUOOOONO>
28WaN@@F9 MENmWPNP3 >EOSComMN

e e e e o e e e e ee o e o e e e e e e e
mgMemNm amMSNeh eeOOMhd

% N A.A m = = = = = etMmFeW F4FC99O ete> MON
&1 3:e a c c e t e cam =OSS O@ ececm OOO m= =O
* e el+ + e e + e+ 1 + 0 0 8 0 6 8 7 9 0 8 0 80 8 1 + + + 0 S e e
m e deedsm ew ~3maadama JMMWadwa eJww*e4W6
f f f C 4 Ser C E 9% 3# Sk Ak C @%> NAM W e* *%CeT F %2 W
4 # atGS?SGS #m 14 tCh#9 N=N Ch?h MW N=3C t 9NT4

2;C e e 3 C 2 r m. C. wt h t e =bNC E 4m*E L WC C C v p NN
e t.

T S. JE7h SNN #3 MSh Wh 3#C# mEGO3h a mh3 3t@ Oe33

, N ,d e _e _* 3 = = ,e .e* * * *
hhhh mm -M. N .e .e.e . . M h #

e e o e e e * * * e e * * e e e

p mm

,, ..NNT. ..m. h .- OO.O. .# C .. ,,.h

S 3 S|O O
3 3Occ === COO 3 OO SOOm3 eme ==3C

| t 9 0 0 9 f t 8 0 0 7 8 9 9 6 e t e f * * ** + 0 9 2 +e 9 0 0 9 9
2. .r .. ?2. . Cs.s osmo e.. . .s . .. .. .

|C. c :|s..
*T 2CCO T%7s Meech N%CC CcONm N%3 4=Oceo

3 2 C 3C TOCO Cm(Am 34=N mmTC CO S SE Nmse@ 47 =&g
,w e stt O O O e C O Cue =*eNeM BJt ecOth & 4 UC Me me e c

N * m e. m.N =e W & 4 - F M m. S N WSOOOOOC# 2ONM
E O. 4 m. h. =. &. O.to e= e e e o e e e o e e o e e o e e e

N s e'm emnesq eN=Meme C e c e 3 mm O e M NM Ne

W6St eceCCC eWWCEde C9paked CCC dNet
9 8 M.C O O O C C C 3m=m300 =G OCOSO Occm=30
I4 94 ** * * * ** E * 9 8 9 0 0 0 FO 8 0 4 0 0 0 7 + + + 0 t 6 9
es. .s meewe w JmWwsmew WOwwwmwwd @Oww 4www

T * tttC C C CC t%CE RNffM N%*=Cthft #%2C ? fT >Nt?
F 2 3 ?2 2 2 #mr##Nh 3 F ==> P=S fNee2 === 2 = *.*

ve-e ~,3*a

ese-cee : vCM -#e, rum seesee - =
-3 2 . * A 2 3 ? 4 s* w e 3 3 *N%8 ? eAM TNh B L# wECCC 37 1C
e eeae e e e e e *e o e o e e e e o e e o e o e o e e e e o e
4 *. * :"& ek t &amA#3# ##7 4M=M C 23 4m TM

i

t

*ktC E t eS Oh C#Ach#P CCrNeh t CCC d4F 4 |C es=4 C ; e73 c===O 33 T C mmoco coomaco ,
9 9 8 8 0 * 9 eea 2 e ee et se 3 * * 9 0 0 0 t I ++ + 9 et 0
ssessaem me amesesea esawaswa e MCwwas4ww

- f - = -m -e - # % ? * * T ** * 9% * t * ** rn #% e * r e- = > *
? ?*.%E ? M FN f=f#4 h *Ph ==C 23 SMTh ==C"CTNTF
? ?% ? ? re?>e a b' e m Te re* SU? reFANW I v*cC #m em
N2 T N? 2Neht w3 C=%%==S %*SP=#me= wf99C #5 th
e e o e o e o e e e e o e e e o e e e e e o e e o e e o e e e
mN?h T $ $*=[ TPmMm#M SSM"a da COC $NT*

kk(Cep eeek eP Eh ree t>S Pee = eech-e>
3 2*m 3 3 ? 2? * m 12 23 23 * 32 33 3== S 3C m= =3
8 0 9 0 e t et 8 8 7 8 8 6 3 0 0 0 9 0 et se e T + + * 6 et 9
me ** Ws'wess Jewwsewm "J e w w u w w s Nuwwwwwww
a * ? * e e * 2 : e es? .et 4? e Psm e*Aw?- r% ssa ma s c

P = .* E " sScr3 cmeegeheN pmp EM 9m#m emCwch tea" Sa rT * * C F C .- L' .* r h ther bb#e d #%#= 26C = Sk( fk
NT?N? T *rfh L**? O/2 7% m EM S Tf-hh- WT33 @ @2 2h
e e e e o e e o . e e e e o e e e o e e e e e e o e e e o e e
m N T,h PW #h =# =NNW=== 4#=*m%N O ? ? NN W M

SCCCCCCJCO Neerkte O deNeh# O @ M -p 49
%Te e.T

S %coce2 mm=OO OO Sm==OSC Omm m3? 3
* * * * * * * T a 4 0 0 e ee F * 4 S t 8 0 0 3 + 0 D e es i.+

k .wwwwws om @mwm*mwm Cwo . mwm* WOwwwow6w

.T * i & S2 3 C ec =% 4vem ete F% C Ch =Ch e esom 4= =TMT i
f i t s * 4' I t #mh =3 # %3 2 &m ?-m e t *J N == ==7 -2 =? |

. 2 T te?% JE 3 vtes t ers 2 w= k#mp V& Wh3 #4/k NN ,

a2 2 ? ?4 Se2C UTe8 #N? * 7 N"3 CNPokM UEO *NC3 CO
*e e o e e o e e e e e o e e e e e o e o e e o e e o e e o e e

*!b,2C Cc2C #K>=*#M C #@t N*N C AN M@ ==* ?

'* * # '4 2 79 t?> St r*CC 4 'C SCC COC Neph# We
: C = ? : 3 : 2 3 4 =m mm 3C 32CC C Ds == CC SO 3 s

*4 0 8 5 4 e t 4 0 0- 8" **6 9 e 0 9 ? * * + + ++ * 8 9 e ea 0 e t
.... s .m .s A.~~amas h ;s s e de e a
? : T i t. t e z"c % *.=ss e s .

T% c=ct C T T #%f ANrd ri |C ek e? ?
##L 9m3 COC CS O mmt S4**N% |?m#? *S E T 4*C #m33@PC C S m

C 1**C. MU*tt= to C DUTV Cet?C n L' ** ' t9ftN
* T%4 L *f1 % D. * C GNP O K 18 3L 2T T S 3 Ub ' *m3**7P

.e e e- o e a e e o e o e o e e e o e o e o e e e e e e . . e e i
=%rmseok=c S ememNm OcC SCee e e m Nm ee

Ieg
. i i

**= Om e*m== C C F-?># C >>> C## C feNCCN
30 T 4 FS & S TO G m e-s = S D 3 OC 333P S C=mm=O 3

't t e e 9 * e 9 0 0 E * 8 e t 8 0 0 . 8 9 9 9 6 e a F + 0 9 0 et 8
se amuJe wmW JWemwwww O W 's e w w w w #CwwwwwWW
3 J J 'S o C CfKV %L =mh 44 N 6%k /&>d OA M%G GC Gd *N
7 7 2. Nb?h G3 SmS%?#4C# P=h C ON>Nm ==C MNE eet
'C C **C 3 E ?#E m 6% f rMkg e & 4W ?> (FAC Mk= 40 6*A/

C. & C W&S& sm 4M3 W%M W @ W ehm WEO Geat&WJN 2 737
|#

r

ee et e e e e e e e e e o e o e e e e e e o e e o e e e e
727=tsPT ee 3sa= Nee M=N@ *mN O m N P e mN

i
*% #F C e h e # 't Weaeg9? L *# M m 9 f# CSCC?O*
T & ?l3 3 O c 3 9 ? SescgSS. C===T2 3 CO@SCO O
,e e e{* * 4 * * e e P G e+ * * ** F e O t eS t 9 7 +* + 4 4 4 9
'.o ==s4 d e' Me Jss ums ea 3ade44 w @ Jades de 4

jo a .. ?C e =A d MvM e=eece rueh

s**At E d & 4 % e6 C ocCc #% = d p *E O# e%ecG et OP
iN sk === 3 3 & D Pit 9 =7 K T 3 m ; 3G 3C C 3 Gw en ,t MweThse, e=echt 'tA& h at 3 Zr %s t Ct t ? 3 3 NW 3 %=f3/4 Y133Ct TONh

=.%e e e e o e o e e o e e o e e e e e o e e o e e o e e e o e e
./ m-? * = CM%= NC DOC : 7 . 3 NN*C =7 SOCGGSM*

i mei.-= ra ce == ce tromm
3230s 3 Ocse34 1 0303 33 3
* 6 *4 * * * * 9 ** ** * * 9 ** * **

l' * mk* NAN ** Oh **r2 C* C***? * * : *: P T .** 4
* W e' d d = *4*We * w a *d w J .

Cm *
s wa "m.

;* * T * * 9 ?
. P e S ?* TC *

. mc= SC"* e* *2
T Cw*?

. % " rN %%NNNN
w * kt P T = = wf 4 fT TC C =? ? .1C f * *** L

3 7b 3 */ 7 3 3 * &C #p 4* 3 t #
s S e e e e e e o e e e e e e e e e .e e e o e. ~ pk n L e

- =41h 44 4WhJ C#m#mmN -C#m#m=N . O#m#==N

| 8-77
. .. . . . . . , = = . . . . . . . = = = m mn ~n n .m n . . . .m. m. , c

.

_



.- ~ -

.

C==v'..ee92ee1?es9ss.....==......-,,

I

I

e4 MAAAAA=t ONAm=NNNNNNe%N=Nep-me==%e****ece=N
o@ g es3@ coe = cogeoesococoec3ecocomoSSe9SOSSecem
4 0 0 0 $ C O 9 0 0 o+**+e*******+0 +++ 0 0 ***e+e * * * ee e eem

ww.mewwddw 4 dewwwwwwwwwwwewswem=www.w med 6. *4e. e**csc== m secoeocccoceccoatscesoseesrwereccei
3 asdeSe44 th e 33 ope 3scoocascoo@promotoSsDat esoch

th > >>> >>>= 1 CC S Sc@ C C &ct esS t et teG eeC 2 = 2 4 SC T T G r|e o# ## ## ## N P 9039ee30esaaseossa20 soso%N%e%%2 33o
J e o e e e e e e e e 3 e a e e e e e e e e e e o e o e e e e e e o e e e o e e e e o e e a
2 fmm=== ===N g ammammm==mmN=mmmmmme%N%mme=#mm%%%%

0 0 0 0 0 0 0 0 0 0
=. <* 99 *w9***** w TempheT*mmhN*E%Cw*tN**%

o . %. % % A mc o m o .t > t
t* o

= emeSeO Sees > seacotoebesomoooSotomot .e.
L' ee4 * * *4 ee e m eee+***6 0 ***eeee4+ +5 0 0 ++ 0 0 0 + 0 0 0

s .0
0 0

*. .. =ww J *** ** ** *wew*=es*****w=4 ** **** **s' c a t. *** m
J s#= tec = s=ce= sat teassomoset t rose t t t er e*sst

Z *** Pep eswe 3 eeooacacaoooooooest sas&& = ass = a: 2 sa
b NANemeePt> 3 GeeeeeeOSeoeceeeeooC o o C O e. S tocet tet
i ===mam mSoo J eNmM4f&h=NCm SeePmW4NPh*S#3eeM%T E SW
= e o e o e o e e e e C e e $ e e o e e e e e e o e o e e e e e o e e e o e e e e e e e e d

WW WT WS WW TW e NNP@4MSamChNammm@Mhhmmmme==@N=NME 4'
T ' 0 0 0 0 0 0 0 0 0 e '

: *
3 e 99999999%N s m e n e e O t o m e s e e m o t e c t e C e c c e a m o c e e c e e.

| 33econozoo
% c a. s. o. s e s. c. o. o a o s. s. a c o c c. o. n. o. c e c. c o. c. o. o s. e. c M

*
eet 0 e8 0 0 0wwwwwwwww0 fwwwwwwwwww44 *ww*m*wm*ww.*Wew*m *wd

+ +e + ++ + +++ 6 + e ++, ,
a

i A =hecocceep >Cocooecccoococconeccese=eceescot e c ci
- = a er e#####27 *>asseemt s o n a = c a s o c o e s s o s c e = c o = S c = c sjl % orrenc? ? #f ?>rscetsteetmesecocoecee?cecesse*et e
* # *e******## : : ssemat = to033 Scacict s: Seca=*C 2 2 SA SI
- ; e o e e4444 d e 4 .o .e .e .s x 2 .eo o .e o 3 .e4 .o .eo .e .oc e .eee= s o .e .e

e
= o = = = .e .e .4

o e e e e e e e e e e e e e e o e e e e o' =
l .

AAhNhAAANo tfhh89fetmfft4E fktE E9E9th &4>h tstS>
saccS ee=?2 7 scoccmssoccce=casscc=ocotoeO2ssT=3

O 9 0 0 0 0 0 0 0 0 0 = 0 0 0 0 0 0 0 0 0 ew66%we466.00 S t e t 6 0 8 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 6~ ,
* 2 66ssw=*m6k Ewwe6ew 6M *bwamsd6&memsm

4 T7 ? ( S% =>*2 =F %er**NA* e>*e&=C %e%*T e e? P * E d #2 J T C ==,

I -
T ===%MW/4 & S 2* 404#===*2 $=#3*3 Se%33=S==Tf Tc3 3 27 S T

r e c, e p t e e, e O . s e c t f e e A, t a f s t e o f a h: = N e o n e 4 % # w e N e e s %ee
39 ee,* *= : : ,mccess =-, =*eSo mmess#,**Nw=#4.*r4-

9 e e e e e e e o e e su e e o e e e e e o e e e e e e e e e e e e e e o e e e e e e e e e 4
8 w WT SW 99 WW Tm e emem*****hN=C=9MNehm*9NN===9%%?N=P

&

"2 t P ME ktfW Nece WefeMGM*Pf ffff.$eCegh 44hME E 4e>Og33SSO933.Mffk#R? WO OSSSSo@ @ To oT 31323 30 3 939 333 333 3% 3m i
T b7 0 0 0 0 0 0 0 0 +++ W. 0 0 9 0 0 0 0 0 0 0 0 e t 4 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
% ,

we m whe*ww6Whw 4 wwweWweswEawawwwwewh dhe ***was***w d
2 bT e=s2C Fht Vt sc hCacecec=ccccet t s C Cect TeTs i c its ss SC Ce, ,

= 4 # *Wmft *Wmpoco =#SocoSoSG o 9t f 3 ococS SOE S =T T Se5 S ?Te
ok & S eS-t de=t C e 20 @ Ott S99ect art teetG CNSCt 3 cW TVWAt*t et

e 8 7C ***ST*#T 3* wJC=#N#N%?tNetNeet###TF e#s**Tr=# C=*q
* z e e e e e e e e e e e @ e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e
M de me*N%#=Sco W*=Nmh==**h am TC9 8==Tm=>N4===*NN9%m?!w 6
3' * 1 0 seece>dcea wCocoot secomesecccoceeO33CCCCCecace

! e &Te ecoe3CoSoe OUcS&SOORGo C 5coC oS 3C acoGo2 2cSc32eC9
8 > wh o 8 0 0 0 0 8 0 + + + Fe*********+ ++++++ ++ ** +*** **+*++ * * * W,

>>w wwhWwWWebW b w b w ww 6 m mwwwwedWWwbuwekWhwkwwww.mm i

o ! est twe=mpe=esac "r e c c e e m o s o c c e e s S e e e s c e c o e c c e s t e c c o c c'
j

- l Sa# dwe*4AeNW &C 3 =2SocoSCC ece64GCo3CCCOWS4ofcC oreeC 4 I

* 3 L6ht &h AL Lc eeS4 & SE S Sct && S C &CM 1 ??c % &cc 4 2 3G= 4 E = 21
The 54PhN.f4 2e T S3403@ C4 4 33c2 203: 2 2o42C SeSC UT r?TO =
Om e o e e eo e o e e e wr e e e e e e o e e e e e e,e e e e e e-o e o e o e e o e e e e e e
W * meemeth : C 3 2 esoO4cteseoss@ 3: 23cocost attea34J e *a

f

* tt VE90 AOeo ef4*Eedefeffmfeff94Ent*f>tthnesteht ,
S 3 So3 GSCOG SC J Sooo34SCCostSc 3 C4G oS3T = 32 2 DS 2 3 -3 m et'

~f = C B 4 * .06 9 0 0 0 0 *** ep t e eB 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0
A* O .we ***s 2Je** 46.** Mwaawwwwe.*****=www.** s+u1- = 2 .

+ ** r Ja taf %' ? t*= ee m?reecce? cer-racisiererT r? ? a re * ? ? sas
I h 34 7 WWENmW Mh 4CCo JOceCoe3 recoaccoC S SoSe3 32C & 3 2 4 33 23 3 C5

m *
'W7N F ?> dthe=ceS m3 S weeceececcet g e o t e e P- ect = eT ? c e A t e e ?tW *

=h 3 ***3 T*fGO S
' '; % 9 e e e e o e e e e o e *A

eW-AMpN%e7N1 3 %363##ce& Sf3 e7 TT=pC=M M
e e e e e e e e e o e e e e e e o e e e e e e e e e e e e e e e e A

4 % .' s e#m%Nc= ace e=N==== mmh a=seee==s==PNs====%NpN=P*
s e W G
$ e f

eereTW st ==Ae==N=== .eNo-Amme=e=======tecc=
' F S

% N. o 2; 4 A 2 4 3e3 39& oGSS33 : e30T=como3 SE333* S T S ?@C 3 3 2 s Ts
2?+ > + + e * + + e * * * E t t t ee t 8 8 8 0 0 0 + 0 + $ 9 0 0 * 0 + 0 0 0 0 et 8 * * + * *2 -=

4 I I M E a * ww=mMwdwww WC**wWJwwhmmwwwwWhwwas ww4h.hwaJ . w
I Of 2w e>F9e=E 9 80 g>E 56#h = Sa# G #- N C E c h @ @ & c%ct=ph a>@ & & G 4 0f*

A SJ# JT*h 3*?mC 2## WWm **e==4ep opmonomewh e # 3 * m N m c e r c e a c aj
* 1* bLe C F 44 4dh 4= == be 49eNCd=>SNE 4 TAC EE =#edehd SN=@ @ C &GGg S . W MWN P fomMSCSW #4 OmWetN4h PhpechgNoa#egem 3km#%%77 3 3 : 3*
* C 4 e e o e e o e e o e o e e e eo e e o e o e o e e e o e e e o e e e e e e e e e o e e e a
W 2 N MhM4hh==== $9@mWhMCFPM9oNw@=hamhat9@94P2mammi
c
9 C

.ewosos,ff@ @h*N*e*te@*f=m9**E** tot *fftht ?N*ef-9 |1 % weFfFff
4 e sS 3== omoososososee smercamomesaseSe====e
e *C e e 'e De 4 + + 4 4 4 + + + + 0 0 + + 0 ++ eet + ++*e+4 eee+4 e e++4 e+ + +

UM J WWWWMWebWw &WMWbWMwWWWewWmMWWWA*WWMb**ee =e be ede-C3
"e = E C&fe=P99 99 pS Jh==eNh==?coAN*hr*Wmf G=#C* %h A9G W S EMN- ; G

s* An d eJMe*44d2**e em%hmeMN3eCNME #NCP#E Sm &PC# # & J/ 2 @ s%**' # = = = Sc .dccm= =c EJr-See*dwe=c77 *># ethe@ F*4=h 8* .SJA%PS #= *%W N O

'|
'=- & F fP W NT &*WW AET W &3=dhehf30ss&ct eTT W Th edCmW*

2 3F e o e e e o e e 6 e e e e e o e o e o e e e e e o e o e e * * e e e e e e e e o e e e e 43
* ~ W8 * =NmN%N95 TN . =WNehN=Wks#N*==W *N===NNSm* * mh mC9=h- :- f

= - e
W *e I 8 C=oe======

| <
*- e 0 .
? 2 2* 2

3. D 3. G
3

.

23
. -e e e e^ g
'T * A d*w n d % d d a M * s' %' ed' &
* ..t w m?t tw sa ewee re c

f 1 TJs 14 sesesseess as . - aw# v#% T %*#esN *t
2

l' * . C% 3 . w?t ? 5S e9 %SS de --wft erareRft t % *.'#t#W* W4/#n**ff **
i .* 3 - - o- .- o e e e o.*S J J 3 w e F####4 C#D C7 7P* ===%%==**===% \ N# 9 \ V. ' > "2 53 4-3 3

; 7;g a1%%1 Le o e o e Od*= mwd w;Omm. d 1.6 ; r r = = 4 #, .a .
O- O N W@m@m=NMWW F EWeWEhwu?2% e/%>teW==UWh umww2==* " 24

i, g

r v .-= .v . , ,; n , , , w u m , , . 8 78 .we . . . . . . . , wr e- , , , 2 2 2 2 , e 2 , s o

f'

?



_ _. _

a . . c r. .="*939239999988.2 S e a a e a e a B B E is e & S 3 3 6 9 si 3 3 $ 3' S e 9 a M 3 3 S. # 3 3 3 3 5 3 3 3 3 3 3 3 3 e & a 6
~

a6 4. ...

Mmee4=N ekNeee4 9999998.* womeees Gem = m-m e e O O m me |F0 0 0 0 0 0 0 Ee0 0 0 0 t e W++** 9 0 9dowwwwww dwwwwemw N@ww wwwwM % e d e m e Ne e%%eeerNm m%eeseemeeme#4@eem Nmec@eCN4 NeeOgecep
mueN=e4 et mVeeE==44 TueseON#422ONewmES

m E m e s. e. e N m P S e e S e e. d. he o e e e o e e e e e e e o e e e
amc@dem am e@ewh eeeemme

A % AjA = = = = = = e WNe e de 4h=NMer eee4Nem
1's. .S e. e. 3. O. O. O. S. e.

c ece Gemem==
z . =. m m. OO ==OO1+.O.J-.0 0 a .0 r 0 e .ta .0

0 6 O S . 0 0 0...ea-~~ae = e,s e c e s c a a. aw eaww.aawa'.
e%s ec=ce= r%eN e4>sk e%ecedame'. 3 1'C acaems cach eeses Nmmmmmese NMOocmamml'a 3 f f fC 4 ed # m45 AS Nk S4 obeNSe me> 2Weee#= AN

9 4 3:e . 0 3 4. S. B. S.
444s 3

S. N. a. m. m. m. 3 M & e. s. N. e. >. #. 9 > & O. W S. e m e. m.e e e3%vN-***~~ eenNm*= ee==NmN o o s o = me
i

eed~eeNNoe e4eene* essee-e <e*=re~IetaseseosOI mmmeeoo e s e G o me Omm moOOO 6 0 t 0 4 eet e F 0 0 0 8 0 0 0 T+++ee O G 7 e 9 9 0 0 0 0
g' 3. T reees.OO e%e*O 4%mt N%eseOsp= N%eem>mWN

n.i..***=* 'J . 4 m* ** eJoe.. **w 4Je =**== a
=4 3k&2 3 3 & & O 4==AN%%em mm&ResaO* W Nm3 tem #OheS E EeT@ eS C O CW%SepreA S SC seem# e W e #.* e m m e

l'N #. =.T. =.N = O.N.N. W E E.W.h. e. 3.C S O. O. O. S. e. m. *.
M 2509

4. O. N. G O.e e e e e e e4Nev===mese e cN Nm %e ooooema e m e Nm @e6

I
,n e e s e a c e s e deNes4e eece>>> aescNedSeSC OOOSOS mm==O3G 09004 99 Os3mmOO# + ** *+++++ 2 S t 0 3 0 0 1 0 9 6 et F ***8 9 0 0u s w w w w .0 e @ m e w w w .0 9A.4*Jwe **w w w @Gwww.wwweC ta cecoce e%e#>=SeN N%N7=e*>h c%ceadmeN2 : 3 2 T efo3e cwee# ENC # mapp ces=W m ae s e N# Necete=eccee
* 2 : 3 0 33 2C *

C uw e s e 4 %N tutroeece Zuceeve? 4WEkmeP#NC m L # w NN =N o mE =S 2 =4 (*;e e e e e o e e e e e e e e e e e e e e e e e e e e e o e e e? 3 3& c St46 & #pmNmem N & m e =m m oc3# Nam
! I

>=#sseeeen a r m e n te eseNemr eSerNeae LC=C ?Se S memo SOe OcamG OO SGemmeo0 0 et 0 e t 0 8 0 F e0 0 0 0 0 0 2++0 0 e et I ++ +e e0 e. sasu .s omo @oommase 446mwdwdm eJasanssa* s \ * s Lr%r? f% q ss%4 em e% Cm eeze ? f%C r i s=e*t? ? f #s? 7 t #m7 PNem 44 mm 2C e s e p .* m m s s e c a m?.* f Tse Ce%f n m %4 9 4= 8 *# * % t i S A Ed E LwSS e## =4*e V % *J T 3N 0% 9 wem*e%C #4 5t e 'e NA=#= wES 3. D t. o =#e6 e e e e o e e o e e e e e o e e e e e e e e e e e emS *E S4==# #NmNT#N eo memte Oecespm

> > #tsee40% G wn4# ee 4%=Nmwf eteneen? J ?m74 3 3 39 wuST 3 21 Scam mma 30 Jo= =S-t 0 0 0 0 6 6 0 9 8 1 0 0 0 0 0 4 70 0 0 5 0 0 0 E++*0 0 0 0Jw0..s *+ww**w wawww Wwwwwwww NWwwwwwww- . : - C e tcs e% spevent Ps s e s c es e #%Ce e Acheseeoeoseco emeemecee e==mmmoce mecocesce9=#cceeC 46 rueNa re # 4 uusTreANe O uc e c me E m
% "e*o NT e*/r* F T*=T=ce# mFhN4Nhte. WFSC T N**4e e e e e e e e e o e e e . e o e o e o e e e e e e . *-nth etem=# W#NNNNm de=NeeN OOS@eem

23 3etet ESC AmeGehm ermoth a eWNec4#TC 22 2 8 3 1 3e ====O3e Sa==G SO Ce= =Oc3!******+*** F 0 8 0 0 0 0 2+9 0 0 0 te I+ 0 et et tJ.0w. .m** 6. w wmw*w dwwwwwww e @ w w w w'w h w9 3 5 S E E C G G 2 m%E hh 4e#A #% C# NOf%F e%C %#eW SPOt *aC GC c( G G #m> #E me NE e=Os4pc4N mmeeNk=M#4 T & ? 3 1 3& G 2 w=#3ma &# ab Es 3=%2m eb& dr&& de

'*# .e 'I
S J 2

2. C w WL3Mm.C=G3W 4 NL 44 m3Na# W E & e' = 4 N O #
- .

*e eo
rT 3 "e e *,e e e e e e o e e e e oe oe e o e e e e e

I %Nmeom# CN==mm* C 3 % = N %* f
I .
--/s=eeee* e<=Navn eeeeeoc ee*4# ea*. T 1= 3COccT emm= == 3 SO. O300 meg 3?O c
'9 0 0 $ 0 0 0 0 e t 2 * 9 et 0 $ 0 E* ** ** *+ 1 0 0 et O B 0

J+.w dww. Je= =m*=W > f**w*w J** *e .s.. .. .
% e@ Cm 4 T* e% CTC ecco # %cCh *=??? "'" e e e t t ?

S ECS 3 : 03 3 #meef=33 em3 =mt am>4=t-wewee-ca eue8GCG30e=v'eeseT P e eSece ev--~e=~mNT #NTA ept = Mgg (N m m %F 44 32@ DOOG U4=NmT*Wee e o e o e o e e e e e e o e e e e e o e e o e o e e o e . o
fm N 3 e? e>=c ONmmmmm OOOOpSO @=mNWee

e m e 1=* ==== t er=4 h# 4C ear ## e*Nmesk
-* % c4 3 090 Ommme2 r essSesc mam mOOO0 0 4 + 9 + 0 0 et 2 + 8 0 8 $ 0 Et e0 0 0 et at t 4 9 0 0 0J e w w w w .$w**ew dadw w Jwwwwwww #Jw=wwwwwh 9 ENS =ML 4 %G #6G She O%e# WF E 4 e m%ee& mG &#* ? # .S T Ceeb e ==OhcomCm eme#SOANO me m e a m e b O NJ e ? 'C E cethN =bc fe#3 yC e"bedEssed MbsNN4e47

t,. 7. T C P. 3. e. m. A. 4 y1
3 0. =. 4 3 m.1. m. m. =. 2. #. u 3 > M N. 4 0. d. m.

33 M3
e e e . e

ret-eoeNet ONeseem mN Ne mN m mee**mN

, ~,ne--=#, N. .. ,,e .. NOe.. .e...,=
$ $ G :S e @ OS 30 GOOOOJO OmmmOCS 60 236 4ee *e* 6 e 0 4 7 9 4 *e eee 70 0 0 $ 8 et 7++ ++*e 9
6 us sus ae *M s '4 6 e s d e ou Jamwadad ede m a s' a d a4 Cam %Et 4 t % 4cTooeo F% ot he>NA *%C e s2 C = *j.=4 . ? 1 4=% C .mbMcCCCC

* 4m74 8 # me2 SO
D a .o 24CW4= 290pr mm&C 4= = S C

t esk* *e * TNet 4 mwLC CoCC h
=P* e7 7 $f TTh 39333 3 NJ 3e44Ph 4 US G 7 3 ? 3: >' e e ei o e e e e e e e e e e e e e e e e e e e e e e e e e e e

%#ae3*=J#%= NOSO 324 DMama=# Oe33 CON
|

em ee=== ,=ce==m emeOm **
OuoOJ32 &ScaOce C eepoc3
o 0 ee e o e 4 ee oe ee 4 0 e e o e o

| mosadas 4 nadmas aw *e eo =dda
f Ob C S E L & T C CM SC T SC TC Oh 3e- 23 2 ? -2'* " *S.=N*N* * *mS" *S *** 74 2** % 3 * 3 Os2 *: ? ?

* i f" 3 1 5 8 9 1 *Ce&Gefe w== t 23 &c wC 1 7T 12 CN N % % N N N N =e N &= ESC #3 S4 330#C O& C 3=#.3 7t*& l e 5 4 I e e e o e e e e e e o e e e o e o e e e e,

4&144 44 WWW O@m@m=N Oem@mmN Orm@mmN

e = %e = + - = * r T = = = r 2 e t Ia 2 F2 T2 Tit 3 T~f* ATW 's t 'a'YT t_f _3177 "2 i~ 3~2~ 3~3~2IS^1T



- - - - . - , .-.

r- . . .y. . = e * 9 8 3 $ 2 f G 2 9 t O"ai a m 4 a R R S a 3 3 8 4 4 a e a e e e , e.. . ........... ....

p -
,
1

'

.

.
' )

#NNANNN%=4 eNN--NAssNsenN=neemmemanece-rece-%
SOOOe86 993 > Oceeeetooemessacessem3333 3SSCO2com
0 4 $ $ 9 0 0 0 0 0 a e e9 * e ** + + + +e e e t e+ + 0 e++9 eeee + e e e* **

msmm a.m.sa4we owddamed 4 awawdaemaamamam ao meadda.4ss&c essST 4 t = stamp mee4 6-E A att escessess4 4 4 asC
3 O=d dose 47 4 4 OOceT 33eesseocoesssanocsGesatsat sa

S>h m>>>>> W & S c6 SC C S eC eC aet eecceSCOC 3 . TC St * ! C * C4
e s pp ce # A p% 4 30eo3#3 3@ 323 33333eae3333%%No%% 2 2 3m
j e e e e e e e e e e C e e e e e e e e e e e e e e e e e o e e e e e e e e o e e e e e o e
2 pm======m 9 s 3mmmmm-mmmmNammmmmmmNN%.-mm/==%%%q

m 9 0 0 0 9 0 0 0 0 0
* |e -*. e.--*** * ., .. . ,*mm. s,,s ,,,%*,% ,,Ns%u,-,,
= OS3essesse = C =Oscessamoorspacesseest & &cosSa& r3
.* ** *e+e ee e+ = 4 *e ee * * 0 0 + + ee * * * * ee $ + 0 ee 9 0 0 0 0 0 0 8 0 l'

e s e s ss.s s.4 . a s s s se s s s es. .asme .s.s .s os de es ee e s s'
f O C %s sacs: scocce& 4 o *. t : .3"2ne=Ja43 s c "a 2

t : t ; * ? ? *' C eoT OSC C eC =
eoC 3esemerc30s3 1 1 2? Sc2 e** Pet s ter Z

w NNNam GS F th 3 CooOSSC DGe&COOOOOST @ cOct&093 2&TC ?S
E maammmmC 33 J 4N=M4AEhmN4mdeWSmo4N#h4C/ SS 4*%W& SW
= e o e e e o e e e e C e e e e e o e e e o e e e e e e e o e e e o e e e * * * * * e e o e

W WW 9eSe WW W W NNP@ 4Memmeh Nammm@MmN===m 8mm@N=%*Se
f. 8 9 * e0 0 0 4 0 0

5 *** 9999 9N% % teetest eeacetoecetCesettscettteetC
36 00048 800 m oseeopsesomet ateassonocc33cosecc3q* g to 8 0 0 e8 0 0 0 C + e+++++ ++ ++ +++e**+***+++++++e* ** **

3eeOseTe=d' * asawaewase *wdWwade a wa s a s a m aa ws dadamm es WWe sMe
'

1 # 9mfq=Cre? P wCecrocceocococococcepoecC .

.**3 S t DS 8? 2 2 9 Set 92 3 33 m 32 ?D3 1 9 8 9tt Et t TJ * 2 0 Pe fPP#f*3
* 3"& 1 9 f?e## *>T 2? Cee*SearCr?PCC TT 2CCC FC C2 0TT at ? ti
* **M*M** M/ / "C 2* 22 FrG 2=t & F ? 3S Ora &32 f & 9: 3 % ? * ? " r8

e o e e o e o e e e Kg e e e e e e e e e e e e e e o e e o e e o e e o e o e e e e o e e d*

404 de44 f?P 4 2OS OCf&Of SC 3@G&C PCC S SS5 2e2 7@ TS & 2 7 31
#

3 |N
NNNNNaN~N. .c....cer-4cCs.<e. 4..*#.,,~~4 r t e h.
espoece*as 2 somm3se sqO&eattaaS SGoc2T 3 S3 3 3 4 &T=2

t et + 0 et 9 0 0 + 8 4 4 8 0 0 0 0 0 8 8 0 0 0 0 0 ea8 I SC 0 0 0 0 0 0 0 0 8 8 = Fwwwwma*etI emawwwwwas eawmweaamem mewewewa**=e**w
* assav s->"? ** em e t s*s*? ce cemeen%g ree-4 e-r-t et e & za

*
5 m== Ne W# SCG E2N* eSMP%#tMe%3 E J 3%& 4 &%4/ 7 & 3%% 2 S T E O

* P@F e#77 9PC 2s%eres4>Tep-micece Ce%ece# t%? **mtre e-
m S ?M O? Te%? T=f fm9** ?*?PP?? ?*3 **Nmh 2@h mS* 3h* 2?##h

# e e e e e o e o e e suo e e e e e e o e e e o e o e e e e o e o e e e e o e e o e e e e e
= , W #9 TW WW TT= 4 *=e3mh -eemmmTN?me?mmNPNm-mmMN%?Nm?'
A &' = '| 7 W m>449whema umf4*w9999999>9Kffet tverth et>>% tt3%
: MS SeaseTseas Cws3SSSSR 3rs3o33 cocoa 323 33 : PsOS2 3emo
? =? 9 8 0 0 9 0 t t o ++ wC 6 9 0 8 0 0 0 0 0 0 0 0 8 0 0 0 0 6 0 e t 8 9 0 0 0 0 0 0 0 0 8 8 0

6- a Wa* Whawwwwwaw 2 wawwmwwaww.=wwwa=*aaww=*www e=*+**4-

PS 2C : C & G S & C S 4C t erwCC CC C CC4 da s o n s e e s .& G. C C G3,O&Cosee..G6| 2hm Mad @ A ddNMC SC*
3 3 =33 T Tese ssT e= = = <weewww-N 3. m

! wh C 3 MbC Sh 39 3 2 3 F S S T E ST9? CeccWSScOS SeNWSTRW WTr#NC#E 3.
e e T9 9** bh?*C 3C aJfm/N/NN79NeTN343###PT ##9TT ? T=#4**4

' = T o e o e e e e o e e e C e e e e e oe e e e e e e o e e e e o e e e o e e e e e e e o e e e
h* W e ghmmer=c3= uem N a h m -e m m e m y ap e==Tm=PNo-mmm%%2Nm*
= 0
T
4 S e ettemmet ee maeemoeteCoeeeceometsaat teceset t e S O;

YOO OSSOO SSS SO Guc3OSCSocc333FOGOOOC 93023 3 eC St ? 3C 3 3=
> we 0 0 4 9 0 0 g t o e+ 2e********++++e ee+++e+++ ee e+++****0 +

=** weamawwwww m w w w w w .w 6 e ww .e k w w .4 Wm w . w a m. we m.. +. J
i em- f#me@ mete 2tcasesaceaeect ococeCC SS SeSt 1- S et TC T cl- *? -

4W*4?pt %* rte mat C C DOS TCO3SCJCeCSC4C &OSceSe@ C4 af 13of7
% A %@ amm&PC Eo ert JOSO SOGoGd &&wSE 46 . 4 h .&4 4 4 L J % 7 '. 9 * :s

L C33 32 33 E t 3t t it % 7* 9?%.333 32a.amgtm t h * * % f **4 S 23 7 3 SO
e e e e e e e e e e e e e e e e e e e e e e e e e e e=w e e e o e e e e e e a wp e e e

u?> *mN#m?4 43 243 23 a t. Deusos2: asas329 tar: : : = T err *: 3

% Wh4 4@tNCeC 89&mW***#M#fh@Kfft459t*#> C4>>E tt$hs
' 8 3 c3 assooe30 J seescoe= sag asosososonJC 3 ? 2 94 3 P=1

0 eeaee 8 ee 3 S e s t e e3 3 0 t et e t a 4 0
Z w . . w w w .t a .0 a+e0w e w . . .t .e t# = C 0 t oe3 0 3 $ e e+ e=

ss da d. =* 6 .*==.** 2 &#m 3 .. .a.**66 Z
T * ? * *f T *
S e .T* * ? I mms *? hT F S C *T ="T TO T * T* T *@ T 3 ( S8 C T 3 2 % ? I I T * = : seas1 m D4 9 WWmWM *W4*eSG QOOOOOOCC SS OS 23e&OO434COC2 2

b 2 w29 F nan 9Pa* eTS =FeP TF=pp Tc4? TTSCWee?MTC T ? T **#eNT# T ?
m 3 mN 2 NP7 mh P*e&D at s m -r m p % N e p N a W N e e S p # p p e S # 2 W T 9 T=#6m* G

s ? e o e e e e e o e e e = e e e e e e e e e e e e e e e e e e e e e e e o e e e e o e e* 4 - m * * ,e e m m e N s = = .e& J = enamesencs mmNmmm m eep amm MNwe%#7
e 6 0

m f
e ' e Nm****w*=e -m me- *=== m eemmy.eomC..... .e??c.

I & M e 44SSOCTO93 30@ @ 3 33 23O&a@ SOO3e& & 3D23 & 2 2S 20 PC 2 2
3 0 e * $ 8 0 3 0 S et o 0 0 8 9 0 $ + 0 e t 4 e et t t o * e e t4 = 27. > +e eo+. 9 e ** 7wwt wWwwWww. 4wwawa6 * . a . * . . w d .' m m * * .* *

s ze s.*seee-ss,a < ~ a a r e a s < e a s % > a'N e e e s tmFW d +wwwkweWa D
s -asteasnt& & scze<

.
I = Ts# 'JT *% cm9 mePPA WW Nb F Sh* ?kPN#=Om74= Code: W TT T C=?* &% 3%
$ 4 h w&M C M4& 44h 4=== heVFC CmNcO@ cam &MF4AGAGeS#%w+3 99C 2dS Ss

3 = W WN D @D=M949 ST 3 Cw&P M.=CShpC%(47PU/-3 m g e' N J##??? 3 r * b
-* G 4 e e e e e e o e o e e e e e e o eo e e e o e e e o e e e e e o e e o e o e e o e e o e e
a 1 N 'm>M e>>=mma et M O N e t h e p a p o e @ NN 4 N ac m y m 3 S h & P a == = ?

' O.' | & C
| N e werreerere en* Nee *ereerameae,*meO#+#9 enz?N*se~

-3
s. a. a. . s. .e s. o s s.- e. 3 3 s. e e. c s o s e a s o. c o. c. o s. =. =. m. m e s. s. a. 3. 3 m m m.so*

; ,* e e e e ee ee e e e
suawasa- .....$au.auaussaaaaaaaaawwW- ...aa-e. e e ee

. m,
*

m: a a w.awudawwa
* .* O&#9 =#9 FT &PP Jhem9%k- =eC ON%# m( ##F# Sm W 2*Nh%# " U 7* *%

i 2e9 W Jr Omd8 C399 8 - 4m% hhp 9%9PSNA C#NeP# CE m S& tM T f of2 22%**,

' w*** F = GmC tet===T Ewt-9 3 =4 mp-OW @ #># ##NW J@ *%e * **d=*%**3

I * e. N. T. 3. m. W. P. e r. e. T. 3. m. O. h. *. h. @. C. 3. C. T. S. #. 5. S. 4 9 8 3. N. A. S C. m. 8 4. T. L. % %. *. f. #f= --

:
A 4

.e e e e e e ee
I h M W9% =Nm NN NM S%N m@NOh%*4he@N4*emOm%="mbSE*hT*%= e# "h

F # -n = e
* *e C 4 cmCCammmm-

O S 4 *s C 30 2 23 53
#. 'e=- '9 0 0 ee ** ee ee,

* ** % d* d ma a%eawa%es a
* *a m* t ?**3 % %2 t E t? 3 :

%' i Ja Oh"9 1T P 9* T SS mJ 41 # F#h S NMP"?N * f-
* Me f mfT T T F FTder .h = eft ?t*#ea#pt%%#**** # # # e* % * * / t **
a * 3 9C 33 3PS 3% at T P???# CPuC??37ma m%%=**=*m* %%M**%%

i * 3 e e * * * e e e e e e ade=ra#w=C=m44 & AVL. 1==( # #. - J J C 41 4 % % a l
i3 O N @@m@mmN*er E. EQWWEwwudZNA EN=XdemmwW6 amwwTem * * *1

t
- 8

. .*~r *T"t T2%TCw'r' CE~a*='''2 tam * f*f f~A a e f*e a a TTC i 1 et E A E 2 3 YYY*IY(' U"".7M . e e

i
|
|

.
I



a -

4..cr.e.=~93TS0t#t99R1238ea&Oee4f)M3m@AM908m30hA9DJM3suaee.s. g.ee .eeay...... . .

Neeh@*N 4%eeeem Sete9ee=megene OSeemem e e e mm meT et ee et J 5 0 eoet e6 3 eeet t eeGwWWWes:J W e w w W W W DJ N'J W W w w w w w*%49 4mehm 9%%#GC#ed *%49th NEkd=mpeeseO Nmeteecee N m e e s mo m >=WeeMW9em e t* W e e e e 'e e EUOST#4*p# E9 e t s e =e ab Mose438 mEmetteWhe o e e e e o e o e e 3 ee e e e o e o e
, #*eeN=* ==99V4m so30One
1
.

% % %.A = = = = = = F Amph ee ereseeN eterne >$9 *9 99T S*9 mm=OOOO O SNeeSN SO 9==WSet ee ee eoee F 0 0 9 0 6 0 0 ? 8 8 0 ++ et 2 eeet 4 0 ta== a adom a Jeddaman Jawau%ew eJemammea2 2 ;|C C S SE S S ?%##h *P As F%k? etO S M *%f t T 4 9 *eit F*e334 3@ #wt th eSmd N=me* COST NwOt 2 %>3=! ? Fteet t*e =%t th>##M =Q-#S t ee* I Gtt 2 19 6=$ * t's 3 4 3 9 31 2 E SPh =A ND M E 47 #OS Se mEOS9 =*?heee e o e e o e e e e e o ee e e o e o e s e o e o e e e e%%%Nhhhhhh *meNeem hemOSSP 092h#N#
!

, a*~#-Nr.e N,,h#,* ..e..e# W *NS,*hr .* * 3 9 tet ece ==OO 9&O Gescemo ====St 3|0 0 0 9 9 et 9 0 F 0
1

-..'9 9 9 8 4 0 Fe*eee 8 0 F G 9 0 0 00=**.0 0. =.. *e w=& = Ja a #Jwwwe w.= eJ. mume * re*O h%=** N* #9 N% T ecSeem M%#3 e Nh h &1 2 2 2S SteOO 4==#h m e =h ==e@ 400t 9 Nmhm W 9 e NN*r? & 39COOO CU% dC =### TUeSeoch e euphNM9hN*.*=F=NmSNm W&##hh oth GFOGO Semt EE 4ff#4C#;e e ee e e e e e e e e e e e e e e e e e e ee e e e e e e e*. S #m Tmh ed P N=*==sh O@Oce#N = # 4 m W msj
ie a r't e c e e c e #en=eh e eeeeeep eCeswee43 3 someDas ===m3e0 easoOSe eOO-=OOeeee e eeeee 2 9 9 et 9 0 0 F 0 0 eea ee F ee+4 0 et=oo .. J W6 4 J.+ww.uw e 6* w w W . w w w #;9wadawwwT T M f erefe9 e%FO*e& fA N%e*C ( TTh #%e? T C#NW* T at ar 2 Tet # m N %h h * F# mmF*%% 4%# mmO40 %*h?* * 91 te*9 t ? TUh===htN tu##Wh >NN "Ute*>*=N
.e.* t F 19 * 3 P T We 3 *#4=7 3 W iNP SP Ja# w e. C PT Ch t?- *e e e e o e e *e o e o e e o e e e e o e e e o e e o e e e e* 1 *C e =(=g y =* ====*#N c;s*NmN

>># rt ephth S nee d#e CFMe@k# WCeemt ar* ?m *** SOC ==mpeC 3 emameSO OcS==3cO g e8 0 e t 0 t t ? S 0 0 0 0 0 F e t e t e et F eee t at 4GS==* www.w6m WewmWw 4Gewwwwwd eJww.wwww4 ee etep#eC #%h e*wh em 0% c9 h eh#e #% ese%4m a* ? **=*s ?* t #mh ##%h W* =====rNP * ==*2 2 mm Nh1 % fth P 7N=T mb*R e F*= * OUCk#***= OWer*Ntee%f * N * * % .* h N b ' e*7 MN#1 7"S*#T 4@m We TS S =ThN Iee m e o e e e e o e e o e o e e e e e e o e s e o e e o e e tmNeh tS ee=# ##m=m eN o*Neece O S e w e =e ;
-

I.h#,. .. ... e~,.#,e .~OeSee eCe,N.-.22 7 m 34 33 S3 39 30 33 3 033 3Omm SOT ==3 3 t
'9 0 0 $ 9 0 0 0 0 8 7 9 0 0 0 9 0 0 7 8 9 e ee G O T eee9 4 0 0*Memdw%swew Uwwwwhew @wwwwwem NUw***wwd"t e : S ac zart T%= f*et Te es e>Oeera r%cscy 7pe ,

*e? S S eSO SS #m et FNp =e FmeNG Des W =mecceM#e9m#t?OTete Fu/>h ==#e u u o e c' c e a e Oucc**#C s t%**ST Feath F*t e* Nth e m ThNeceTh wres?*Nt ?e ece e e o e e e o e o e e e e o e e e e e e e e o e o e e I
= % ?,h 9dh =P Pem 8MmN @#SeS TM OSSTMa*

* t
,
ICGTMCeCeeC COOOCoe h# SAOPC e* met t# *F ST 2 set * 3G OcOOOC O - ====m S 3 ==m mOC 3epee * * *** * F ++ ee ce o E G O 9 0 0 et E 9 0 et 0 4 0=== =m dewww Owwwwwww dwwwwwww WCwwwwwww*T T T 2 3 3 34 S m%CTTeece P%=t CNNT # T%#*T #ef e,auC'* * * e30 3 GCC @mOOecSGO FmNNE G MA# -eep to #N=P
{T F T T & % P A WS S SC T e2 24%F 4%# 3* mes. C* -1 0 C13 4 aSSW S SG WECO 40 ?CO NL#OEh oa 4 Wie#*& 2 CJ g

?ee g e o e e e e e e e e e e e o e e e o e ee o e e e o e e ,

1 * P * 1 4 49 4 3? SO=J J Nm *=mth & #=d*=N4

km/WW 99 @@ h p SemmPE eC@ eOOO eh e#eMeL 9 t e r3 4" SS = ====3 3 OSOCO S S 34 ?? DCC
*

't e et t e 4 0 9 0 f t 9 9 0 6 0 0 8 ee* ** *e T e9 0 3 et 0=s. *.e vo *e = r %9 Ne7* Sr e% Tee 2 T ? 7 7%* t * ef N .*
,1 % 2 L &f 24' * a

Je m. ma s s w*wwwswda mJaam ada4 ** * * * * *
3C #m# -h NE E C 9mOSeSOS S -me ***? ST ie=re ?* F me*? *Umh*m*Nm rueteeD*e mue *nh ebt *

%* P% 9 *#th W &#h ===TN d E 3 SO T 22 3 ut> *4 *t e* |e e e e e e e o e e e e e e e e e e e e e e e e o e e e e e e *
= w t .h J T e m=# 8 #m#*-N k 33 CS SG N*=me=#

t I
|= = * * . =* =%== /*=? 2 4# ######c N==ctTht ? * rTt 3 OSO ====a? 2 ?@ O 33 3 o ====OT S9 0 8 * 9 e 0 8 9 0 F 0 0 9 0 0 8 8 8 0 0 0 0 0 6 0 F G 4 8 4 3 0 |

'? N f'& L St? WM emv%e eh m2 ?mer 0 * # *= E=
#Jeww0 p-.* mm emwww *Jua.w**w Jme e W 'o *w wwwsporrep er. %ntm#Od# e% GW C 4N# 9%h &c4e>=
-mm P9 CP -S4 M =4 d C @ @ #d =WN* wad #4 S b. CMG4 4ee mWN##%9&G? ? \? ? " ? C#N une=P 4 EP

*
W S#N=Ted WTC Nm 47 Fmoe He o e e o e o e o e o e o e e e e o e ee e o e e e e ePOS =PSPe9 7 6 4m e e =N NN==mme ==8@4 8N

thf9 omh*## Ne?Ohe r @* Ne t O @ nOSeOS*1% & M G 4 0 C S S 3 0040403 ==mmO D@ S3G3SC Ste 0 4 e ** * * e e T t o ee se e ? S 9 0 0 t ee f ee 4e ** 0
se 64 Ma6 & G Jwwwdmed Jew %wMad WQawawdaM,C. & * '= N F e et e % eE OsTC O #% SC C#9h r e%ee 3C OC =i* = .* * *=P OF 2 ==3 &@ E S 3 4=*=D*#%7 ==S T ?C 3C P.. &J 1 4 * f =% P *w.. L4 1 3 a' 24hd ha S/4 #.WCeC2 ?d & 9

1,' m.*
*

h. %. G. 7 9 4. #. *4
4 4. *. a. *. 2. &. N % e. m ?W *N*

W F O. P. 3 3. F. *e 7e w e e e . . e e e.#=**m e*%= NO sasso seeeN== OTSsse=

c=TS=== C =CCm= = Cae? - - - *
90 23 133 S SOOS SO OOSE *1 3
0 8 ee t o e e t e ee e e e g ** ** *

=* 6 0'
e m. *d e

a m o3 ==Wm
=%m4*N# 9 *a? S* 1 TS ? ~.

f. m = e : : t * d *wwW A- 6 w M*mt t 9 3 t ? **? cs& %c"* *
Sm? ta, wf J C S ?% C =? ? * *S*" S $sS S t= *= ?* * * * ** 9 J * T Tc 2 wet OM e" *

% 's NW%%NNNN $3%% 3#4 SLO 33#G O= S? a#3%..g*9 e& 8 & A e e o e o e o e e e e e o e e e e e e o e*. %1 .e ** JWW .S@=#m mN p#=#==N e#mpm =N

aj7~ ===T 2 'r TSTE27Tl"I'Yh* L*,*_4111 Q A~sXe sig j_L 3 ._. b S ( v - . /. 1 S-2~ 3~T ' ''15w =



~..*eseerfeeeGe&aeaaaaeaaaaeaeaaeaes9830eaeeeae33es2eaea32330g9geaee2eeaRerr.,...'r.

enNNNNNAam ONN==4NNNNsesNmsee=memeswe*meveo=N
SOSesOOSOO m SOOOSOC OOOsecOOOOOOOmO 3ccoSSa2 7C OO
9 9 0 0 0 et see J + ** * **e***++++8 + * * 0 S e+*e ** * * * ee***+
de d4444444 4 ddWeeddWWWaoma=WeddedWdesmodeda www
cs re%Neene e esc ecessecassCOOcC sseece at sc 4 t ese

2 37 %N NN NN NO 4 OOs3OS&OscascessacreOOT 3s4 ss3as3 sc
ce======he 2 SeceC C aseasesGCeteeccGet C C ctC CC ccC

e WPstet CC NW es30s#C 333o3 33 3333 2 WS D32 %N%3N%C 34 &
4 e e e e e e o e o e C e e o e e e e o e e e e o e o e e e o e e e o e e e e e e o e o e e
; M N NN NN NN Nm a am m m m m = = m m = N a m m m 9 * = = N N N m = = m # m m g N = N

e0 0 0 S eee7
t e r re pr ee em > wp %ph *pe==hmerNewetN**Nde%%%g=gm?w
= GoOOO@ SOes k seeO3sasespesseceorecescoSto&Orors

t e4 0 0 0 0 + 0 3 0 g 0

. 4 ..e m. a ... . * **d** ** ** ...**de* . www ..0 .......t** + eeeee+eee m e+eoeeee t * *** e*eee e

ONNNhNetPC > Coce&t scCE T & T E COCT *FOC CC 2 C SocssC G O*

E 97 C # O e =N m4 1 2a303 3s94943e@ e63e4039 34 &e2O 34 4O sa
mamm eC O S th 3 Cs&OSCt eSSOC 3eOOOC 2 CCOSO SOCecessst.

I mmam memGOO d 4 Nam 4#EhmNOm 4CWPmO fNPhmC/C Gem %3 E a*
> e e o e e e e e o e C e e e e e e o e o e e e e e e o e e e e e o e e e e e e e e * * * a

WW We et es 4e e NN e e d m e m me M N a m mm #m m h m m m m 4 = m# N m% m s e
F G S 9 0 0 9 9 0 0 9

%
3 M99m*999 %h w seceeeeeeeeeceCeOeSeeeCeteeeeeeses
a SOO@eOSSOO m OOOOG e&OOOOOOSSO Scas3OOOOOOOOOC OSO

D 9 0 et et 0 e 9 C +++e+++++*ee++***e o+++++e+++eeee ++
a WWW4 Wwwwww Twwwwwwdsmw.wwwwwdWdwwWWmuwwdww.www
t twme =Tence wroCC atst ecasSes?eme=CoaCC ?C ceef : = Co

| T CT #9 #T##? ? Zm ?see: OP S003e3 &te94 2 3ses3 3a329 3esca=
e h? ? tete * tt ?w teCecesSS S tet tet t?cetteceetsM S SMC %
e T* dem***## * or3 Ocecm334 & SCO TS cTSS SC Tote =c=C t e

e e e e e e e e o e & & e e e e o e o e e e e o e o e e e o e e e e e e o e e e e o e o e e
44 44 444479 e 44 GOC 4&4 24 ? 4 3 3? t? ac33%& 3443 ad ae&&

I AA NN %N NN %. WeOO#W smemh#Ceede4C CWC*bhphmbsadek

* ? OSO 2e3OcTO 4 @@cOOOceOS: OsecocoC OOCoett s4 S t ?s=2
0 t o + 0 t o 0 0 0 0 0 e e t a+0 * 0 8 4 5 0 0 8 9 6 0 0 0 0ZwwwwwwmWWWows*dwawew0 wwm.ww4.3* 0 # 5 0 0 0 0 0 9 0 >

. .. ai * t muw**WwWW4
1 /d 4% J h T3 C T = 9 #*f 6% 7 & Na4%5 f 2 f ?CE C OTe*M h & e 41 & * C kW
$ R NN N* d W # f f e F T m@ G Gmat 2 2 8 ##* 2 ?T 2=*993? ?NT TN? 3 : 2 TN
* e OE 99999 9 9e 2.%9?ett e=9*#me*9 eeme%4 19#e r4 s%R t * tA

P*???PP**O ?*hmOOT#S SC9*NSC#PT*SFdaN3=P=Fm/ femN=
e e o e e e e e o e e au o e o e e e e e e o e e o e o e e e e e e e o e e o e e o e e e o e
e f TW WW SW$9 Tm 4 N=OOmmCNeemm 3SPmCW FmN9Nh=9h*%N7%=P
2
m
C h &&RfWWheOO WFf498M99fmff>fefffOtWe*@h&4h>S6 4C%
? A 3 904 39 34230 Q439 3OSes343 33F 3 30 3e7343434 3 32 33 3 3m3
? LT 0 4 9 0 0 9 G G +*+ wc0 et t t et 0 8 0 0 0 9 0 9 0 9 0 0 0 0 0 0 0 0 4 9 0 0 t t 8 0 0

M&W WW WWWWWWwW X dwwWWwhmewswWWWWaww&wwh6 6th W.* ewe W
% # 6A Mp W= FN =? CC C C wCFC C C C 3G & 3 3 % & $ cFe3t * C CC 4 4 & C w E 6 t G 4 4 P
* 4 W eueTS # Pee 390 *d COOeOt99&SS2 9103@TC SCS4bCOOS TG 2W 3%

b W 3 #W #W W9 = ESC F G CW CFe2 #C1c3WTCOW9CCNW SEC WWSA#ACFCC
* m4Te ##W* SW3920 W J t m eN # N NF P N 2 * % : #D##f?TerOF9 evert =*8

m e e e o e e e e e e e e C e e e e e e e e e e e e e o e e e e e e e e e o e e e e e e e e e e
W W= dm>MNmmSOO u mm Nmm m m m m > 4 m T CPemm W=mPN4===mNN?N=?,

e e*
2
4 T= et eehedeWO WOOSSOOOCOceesteseOccmecoggeCeeccee'

TCO SS 19 9 9 2 SOe WucO2OSTO3OO 372e2 OOC SeSCSOC SSeTEC WTT.
> wp + 0 0 0 0 0 0 0 ++ + 44 e+++++++*****+++*****+**+++****e * *

>>w wwWWwwwwww mmWh wWeWA. WW WwwwwwwadWWmwwwemmm. mmW
* *Cm 9mm* T= FedC es 37 eOOct 2SseeseCeceVOTC ro?C TC 2 C t e*PCC

As? 4 w .% 4 #wMshame m; eOOeOOGOOOaccCOOsecOOO3ctecc34 3CC
g 1 2 %d F9 9=#Sec ee&@ 4 & S ar E &C 2 2 - = =eS F % PTC f et s3 3 3 2 3 & & S
| FA7 h#3 2 Nm* CGS Z 24930 33 3433 3330e2? : Sc3 23SS .3 44 A. 4

: s e o e e o e e e e e e wT e e e e e o e e e e e e o e e e e e e o e e e o e o e e o e e e e ea =wm NT s a em W 33 s; OO3aossOO : st DOST 43Oc 47sar. .
|

| N Wea# ,-~,e. W e m . - -- r - # e h e c ee < < e m . - e h a ~ ~ . . a s h
* 8 SscSOSC CSO J LoaceFO SS35 3ctOO3M teTO24 7 3 3C t ad L-

F % 7 0 0 0 * 9 0 et * * e em i t s4 S G 9 9 6 0 9 9 0 0 9 9 0 t 5 0 0 0 0 0 0 0 e6 3 0 0 0 0 0
s s s d 7 .* m e oams se ud 44 m s md% s ss ed ss sam... a s o* ? 19 6 3 .s .'m.roA eT ** CO *?*eeC* 3C C Seet C @ TC ? eC * e ?? TC 2 2 ? G e TC* 4 PJ Ja*T

T = Deh WuT*SmNS m2OS @O BOCOC S4@ SOFSS CSSae2 3Oece3C C 32 3 ? ? 22
b* T WFW F SA>9FF =cce M 9 FW W9TPfeS eeW ? TCOe*CNeeF O*F W#e%FeS C

1 =9 1 N O WP ##C E S S 2eCacNcN NW F N 3 S N e e c c c # F W ecs? W T F = # 6 = "e b=

C 7 e e o e e e e e a e e C e e e e e o e o e e e o e e e e e e e e e o e e o e o e e e o e a
;
a & 4 % Ne h m Na m C O O mmMahemmmP4-We@ d e * W m m P N e = = = m N N W .N a #

t o V 9
e 'm

j O NNr*## WT TW ===ON-C ===# =GS*Nemee=Om%=====S tC C=*

L 4 O 0303e73 233 TO33 S 37 33933300994 29ec?TTTMT 3 30 323
* * 77+ h + e* ***e * * * g S t e e t te et 9 0 0 + 0 0 0 + 9 ** 0 * 9 0 0 e t 9 0 e o e 4 0

M EW W w+medeW4ww > WWWWWmmWWW46 WWWWWwdWWWdem *we=6 dw&i j 2d NJ#hChhh 2% WP em>O E CCp C#4(@ E COE ASU 2 3#O95 # # E4 dC & & 4#3
= 3 de JE WT* Nome ### uuteep## sh P=Ns3 394CW SSmomf*TesPS 3c St

i > wCm O P4 4 4hk 4e== w4#9GOMMChFMOW CO944% CerCa> Athh?C St ec
& 4 hWN D @5 mms 43 9 WW Jw#aeG9h4m?4#CT 3PNie.%9 COP =he777 & & 3 24

< + a e e e e e e e e e e o e e o e e e e e e e e e e o e e o e o e o e a e e e e o e o e e o e a
h I N mhmeM> ==== hpOOmNS@@@@e439m3N3=*mt=h deP7m===&
3
9 C
* * = W*e######c e>>Ney*Werm#m** *mveeve## #T*h rTg* =#
* d CS ScSOSSO tea SOOS $3JOOOC3 3 3@ @O? 3=am35 2 *C3: ===m3

** * 9 e+e ee+e e eo e e++e+e ++ +* 6 9 * * + ** et oeee *e+ee+ee 4 ee
3 ,* *?d J &&6 ddk &&6 4 6 Mdddd buww@Wds duWd6 6 &MG d e* dw&G 64 ms om M
' t
| 84 4 &O QtFW=eF9 5799 dam-WN>m= OOeNA*># WWr#4=W GrNNNP aW re*N

nJed*4 eg 3 e mg e-ghM3mg3pONhC #NgP/t f=Jt C# W A 4#7 4 L%# "
se la m

# % e = CC gata===e 3JeacW .=9 morpehrWTA*We*Na> TW =e%?>W
- T ** b %%# C#0 09 E NF & =WT SE TT $4memm*@SST W &#f STT P Fh e#1=

? ?? e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e o e e e e e e e e
mN=%NN*e JN =#N4hN=Th SON *mm &mNammNNgehem% =imm*|& W4 -._

"*- 1
* e .-
* / m T C=CS = = = = = =

4 4 11eC 3SSSC 3
.

* * 9 + t o ee ee e e o
dd *d6 4W kWM 4 && M" "

J ** t. C* * L 93 * : 9 t 2 :=
*= e= 4 0-# * #% 9 % T a O?N *T

7 * * *.* 9 *4%9*# e- F69 * St t=t ttec J* =speSov/e*#@ t NNr?*me9/#fn*w/a **' = 8 F m
s### 7@ Pa mm %%=======% % % * m -% *.

gam. mad.##4#&C2(d K 4 33S SL/S&O S Je
&suJ AmacAvm; ; &ANA .

W u h. - ~p a om-dwad.. e. tW w.&== 1
.e Oem .e m m N m e .e

e o e o e e e ,e ; . = ua=s. ..<(,
8-82 .............e . . . . a = = = = , = ==m

e _ _,. . . - _.. = , = 1 , ,,... .=1 m . m .

e

,



. _ _ _ _. _ __

l

r.--.'r. ~=.~saysseeoeeeaaeaeeaeaeaaeaaeaeaeaee5eeaeoeaasaeaapes3see33e9maeRaaeamec

9 t h e e MN 4e00996 e @ e ON ee
Geeeeet ee ee me m seemmme

S 9 4 et et e B ese #9 0 9 3**et 9 0 0JWwwwwww dwwwwwww NGwwwwwwwm%40%Okee 9%et e9 96 4 m % e e e mm Nw
4 MOO 48@ 96 Nm@ meg *ee Nmenehemem We ek W eh my>9 Ge mt e E ye s e Nh E NF F m mN 9 e d e umWheemeW haceomp>h

e e e e e e e e ee e e e e o e e eo e e
m em @m Nm =memeen eeemmee

44A %====== N G9 4h re Weeeece esem=pp
t a. Seeteso =meeese seSee@e seemm es09 G o++++9 9 3 9 0 9 0 0 0 0 E eoo**** T*ee eae eW.= mewwwww Jwwwwwww 'J w w W W w w w OWweewwww3 4 t ecesses 9%= s e me se F% es et ese m%sscenes& 2 J eho3 3ss #msSNhmer Nasse3 33 3 Nmeas&mmeS t T c0 # S ed 4 m b>>NeWE W =W Casd & 34 2 Wet & #=ce* SF Seea48 3 2&#E 94= TT mte3 3383S mEs3 3=3 esee e o e e e o e e e o e e e o e o ee e e e o e o e e e o e%%N %hhhhhh h mmme=P 99 93999 essamhp

& 4* M#WNNSW t PS dc T* ee S t eT# %mttshk
p. d. a. e. 8

2
r .s e. e. s. t. e. v .O S .S e. e. m a.

4 000 m

<J-
n. c. e O S.

ms.a
.

e 0
.. ...w.. es...aw .. .. .. .w e- tw ceccess e%% ==he#T N% es taat 4 N%=3=>ds#

M . 4 J&434ee 4=e>M 47mW mmSS 90444 NmemW ed=Ws
944GS eete C WP =W Nm #5 SWee4969 4 eUS WPNehe%# =8mNm a%h WE9e#h%he e n eJ 3eem = REOeMmemWe ee e e o e e e e e e e o e e e e e o e e e o e e e e e e o%58 mWah W4 & MPP me h t e3ee98= e W N NN NN

E 8@. Setece eSeeece esSeece Wereced&&SSOmd ase +4 99e480 eseeSoo OOmmmes
etee** e S ee eeee e &O 00 ++++ E *e$ 0 3 3 $= w . *m e w w .o 6 e.w dwwwwwww edwwwwwww #Jwwwwwww? w t,r t eeces e%seeecae N% eeeet et f%eewr+9e|3 1 44 3 aasas #-e emeste ==sseSeae omas=4m es
seeccefece Cuee*eers Tb eeeeste .T W e c o r e = =* 3 2 'S tJ aace WLC esessi m a ec S 4 DS S LGS /Ampp'ee me e e e e e o e e o e e e e e o e e e e e e e

.e
e e e e

L : ia r4 St & t 3=aat asst eTC cf m=No.

-~r......- Ne,e a. . N= ~. eSemer.* aam T 3cs4 m ecosca ma mma3. Sammm eele
.e . . .e . .e e J w .e e .e a e w .e e .e e s e e J . w w w .e e

e. ee ee se ee e se re* ee 0
. ..w w wwa www ww.

e : a erce t=* f%m em te*= e% et ta ** = r% set = gr
? E 3 T rSNN em c=mmy =N # 7 mmee?* TJ * meaas%4gg
a t .'2%eP #4 e wWeet em th 7WfE We W9 P OWT C#Pede
%T FA? 2N%80 wtT mW 99 T* 2T*N%h Pe1 wreSC N# mpe eme e o e o e e e e e o e e e e e e e o e e e e o e e e e
=%*>Seem-T ANepete TT meWNW SSNr=*N

J. S . . .__ 3._ . _
S. e. e. . e

. . . . . . . SS..m._.. m. 3 3 3 3 33 3 3. 3. mm G3.mm .3
it.4 w!m w .0 J w w w w w .0 9 2++et 0 9 e4,5 0 9 0 0 9 f t 9 0 0 et 0 Et 0+ +0

wwww wwwwwwww Nuwwwwwww
- : - a r s ec : t est m4 et se # % == csc>a v% %& ceeve
e? 2 s3 socsa cmeesomem emeeeeOce ==ceseNeh# ;e e e c e C3N'DP%7Te#1h t he o c 4m re Wom>ccoma O Wc t e re ets

TFN epheme >fer ??S TN WTSeeShpp
ge e el e e e e e o e e e e o e e e o e e e o e e o e e e ee e
,"NTpteemme =NNe=%w mmessem eseammN
t |
Sasceaeoes eseeeeo ocecoce mNmeene
'J C 38C ee3eSS O Se e e c 3 34 eJC O3 ***=mO eg

Le e e | * * * e e + + C .e + +
3 ee eeeee y e+ e+ E e8 ee ee s== .wwmem. cwwwwmWw ww4www edwwwwwww

W W F SS eP 4e3 *%eesce# 7 @% eG 9 e? eeC 4% e93fh h 1
,se:ineecasc:c C L eneseeOsc emoseeeco =m4 sees **ss a asse s we cess-* 3 . ss r.a s: . w=*ema et
% J J W 333 2 TS WasSDS 3e3 N5e4 4e3 30 WEW e*eshhe e e e e o e e e o e e e o e e e o e e o e e e e e o e e e
. . . . . L 23 4 % 33e26 2 43 233&C mme dwN=

e.h,. ....h, .......,. .. e...e . . . . . - -
sse ssac3 o3 9.c == eeos= === se3

:s a ee e e oeee E *e e+ee + 1 e ++ +e ee 3 eet 3 9 e e
sw.e..s4 J.m .d.s e N J s.o e e o o .s se e . s .m m o

eP 2 C F C _*2 2 3 % 1 3ce2C T *% ?? ?? C SS #%f k* C WF M=
'2 f f C 2 4 Tate #ms acesse @ met acs&& ==47=dw et
O=#eG F*eTe * We S e e g e ? S .J e t acete e ue Aes=44
W3#WJ WA#1 m daT 332554 4& b3 SSO43 WAM N * c t' e e
E

m ,e ,4p .e .o
e O e e e o e e e o e o o e e e e e o e

e-mm e s e e .eO .e e .e0 9 .o .e 4 .ee3 W w h Nm

m=_== . ..== Nee,_,, ..,..,h C .. .ch-i S t if teSeas =mmO3? 2 3C OS Ds3 m =too@@
t 4 8 e+ea e6 F ea 0 e e 8 F s 8 et s 8 et S 9 0W o .4 "S w w w w w .0 Jws8w e .e # J .0mw.www e ww .wwWWw
4 E 4 #t h#es %s>>N=E W e % = *. 9 ehar r%W Ch erha
19 49 Sepd=e S m e m 3 s e Nm eme=PS ST S ==E edK& N/
d Q7eNO@ See =44 -9 =C k # eN@ rNekE S CW49eNW @N
Ps af F 87mPN WTN OW Ef *h M* T2h49%& we? =4 WN m#
e o et e o e o e o e e e e e e e e e e o e e o e o e e e o e e,&PM PFOP trE N @# pN eN tweemm a m9= Sm**

*>p P f=>mec Nemeaa e TN=o?>h ?teca=*
Sf f eCSSOS 2 3 Seece@ ====4 DS @ StG 3 e3wee *ee ee++ * t o e+ee e * 3 se O 9 9 9 7 ee ee ** e
. .e d. .a sem Jwwawaww Jaowwwd 9 4 . 4 w d w . a,4 6 ** % e& SQ 4 %eG ecee e%.ee,=c. m%.Oca6 c. -

J a s.T e# st 3 =t 43 2 2 2 2
'iwerC9 Et % M W4 c e s e e s
e=/%%==& = **2 54 3 a =

; & # # d 4 =NS *We sece=%
wh = N N JP 78# EEm 39e*Ft NTN C SfGNm UE4 342 ? 3=
e e t e o e e o e e o e e e e e o e e e e o e o e e o e e e e

%#= ?9=4MNm N 330 739 4==Nkse 2000@ Sh

O met ==m S= 22 === S-TC===
O SSOO?S eSOSO& 9 OS 325 SS
* 3 e e ee o e $ e ee e e * 0 ee **e

wwwwwwww e .m u s s * w w w e - e e'ww :aw ww w.
-ee..=,w esee=. 3 : .e* *= %=N*%*T 3m1 9 e 91 ? S 76 9^ SS9 ?* Qw?S ? ** L"

** ? * 8 F # F ** =S ?Se?C 2 w TE TE e24 4ed ?* 24
'e % % %%%%NNN e3322/D 9' S .* 3 # ". 2& JC S # .'

L3 .& a S ee & o e e o e e e e e e e e e o e e o e e e e
.% &m 4e 44 wWW Ope @m=N C #. m @ am .N Ocme==N

~ * ~FWr a m. -.- 3 2 m ; x s a = z e a & a = x : a 1- 1 ~2 2 2 S T s~t~ ~ ~Y F J J_s_sYt F ~hT F2 2T au

_ , _



f. . . ev. a . e.Td)TSf9999M3383 mat 99SAAeemeesee. .e ee .. ...... -.. ..s .. .

6

,

i

I
eNaNNnNN=e eNN==NNNNNNeNN-Nee--e==N9* *=-*ee-N8 339999tece > eOeeOSecScessemeSere=OSS 39 9ee3 209o'

et S S 4 0 4 0 g e a e ee +e*e e ++e + + + 0 + + + 0 e+++e o e e+e ee e *w
momededwww e mead-awwwwom em meamowdoommom am em adt *w n--==g e e asseascaces% eseest Te T S es a st t ; & ct :3 E T N NN N N N N e e ac a e o s t o o m a O 3amo3esome3&& 2 J asa: ScE #===m- -he g teseest cart saasese*r ocet seeceT st s c4e ePt s e s. &. E. N e esees#40sest

a s s e a a. C O 3 0 3 s N N. %. e. N N 2 s3MJ e e e e e e e : e o e e e e e e e e e e o e e e e e e e e e e e e g4 *NNNNNNNNe e 3====-m====N==-mem-=NNN-m==#==%NmN4 eo ft 0 4 0- ,

| ****meweee w ey geme =m.==gesgegesgeeg gesegm= r==,
4 eeSeeroPea e asset 36 speast seek S teert 3 DesserG 3T

=

J ee *e ++ ++ e e = e oe+e e e + 0 + e e+e ee + e e t e t ee 0 0 0 e t e 8 0 00'
. *...**4 . .. J .+.W ...=w*.e *.***. . * *.. *. .= *..e . .* 4 Nh=> N* f 7 c = C& SC TS &ctOSC C otent s2 1 31 % T S trt s2 75,E FFe#S 4m NM T K CS 3OS@ S weSG34eOSO4ES S&S S 4W s9. 4 .&Jew ===mm aseek 3 esseeeeeeeeeeeeeeestooeoco@etcC Oec1 ==wmmm=3SO J @Nwed@ EMmNeede@@mOeNFhMG#OS4M%e&44e e e e o ee e e e e o e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e

eseGeessee e NNPeOP e==GMNm=ww# mmh-mm=4m=@N=NmC4F G G e0 9 0 0 9 0 0= $
9 ****mverNN w seeeeeeeeeeeeeeeeesecoestesececcee* 36 68083000 % aspecaaOOOceceOOOODO S9eoseCOO3C sso

, t o0 9 0 s 6 eet C * ++++++++++++++++ ++++ ++* *++ + + + ++*+* dwwduemada t w w w a d w u s: wwaw.wauswsa Haas dodaas Ges
t ? .

8 89##### f#e Fm S&SO(cG e >. S ST 3 OS A S T S 2 *S38 S E C ST 3? C S k
kh=OO cecce >3etOOceCOcecceseOcS TC ecceC T CCeC Sect= 8

> N2 ic4 er*( f
"> T.Co. . e t. e. n. s e. c. e. c. m. 3 o s = = , c.:.:..e ? ?. e. s. e. e. . s. . 6. *. 3. .

t T T S# ece? re fS t eTet? ee*t t e? =
1, :+

- c. *. *. *. a. m. =. . #. #. , e . . e e e e + e . . . .
4 te&&&&GP? # C@eee84CSOSOnt 3UV4C3494OCeSG 3 3 $ t re*

s

&

NANNNNNNN= erechet*Fett estaedt epares>hh>WE COM
Of OOS E SS Te 7 eO@GSececTeseOS 30 &E at 34?cT ect *seme*
9 0 0 0 0 0 0 0 9 9 = 0 e++0 0 * 0 0 5 4 * * e t 0 + 0 e 8 0 0 0 0 0 9 0 t 8 0 0 0 0

. *-awdeme'm FeedWde... wee ***ww**we
0

m.ma .** ** o .** F ft %2h T ? T * =0 -44 3a=3 4%h t et Lh t eE % W 4e*-%% * * * T ? T
E NNN** S# d i e 7: WE ac=P&=7h"# E TP CC SsSC 2h 2 C* Set ** 2 The 99999999e? Q J#9 eD e4* ee>%%9 eeSe *ehteete*d-*% %**1 #* ? 'P?P* ?*P* .?S=E OFCTM C #4 =29#N"Ni&* STS## #e=?fm* ee e e e e o e e o e e 3w e e e e e e e o e e o e e e e e e e o e o e o e o e e e e e e e e e= wTT 1s#7 TTm e N=SONPCame-meSP42=3=TtNEt ##MNNPNat3

. >

i **| * * N fffw999C6e Uef4*e9 Wed@ff>feftfde***th td>>es 46%e3 32 Sea 29 32S *W33 3 33 3 * t s3 3 30 33 99 3 ? eDS894T SS2e 3=3i F i 4F 0 0 0 0 9 et t o++
b c .4 w e W w w w w w w m e w w w w w w .0

et 0 9 0 0 0 0 0 0 0 0 0 0 9 9 0 0 0 0 8 0 8 4 8 0 0 0 0 0 0 9
4 W e' w wwWwWWwwww S wwwwweewww***wM
| 2 4 b. M=# F tdhe#asc matdecs & & cct sasasG4 ca& cect ecarsc* T se
i e i ewS Tamp emece a d eS C 2OT ret e"cTeewert TOM 9C e9*3 ??" 9 92

-w= t We-Ste#cce 7 0 fa89 ep* Sc& St t coce3*Ameet essceAs#2 &
{ * *T9 *==#wF=TSS W J @ = # N # N N F F N S T N e S e # # # F T e # 9 e e e e = # C, a p en = e e ee e e ee e e e e C e e e e e e e e e o e e e e e o e e o e e e e e e e e o e e e e ei P WN ==T=cNh eOC WM=N=%= = mmh 4=T d$e==T==9N4=m-MNNPNaiw 0i

t
* I - etehhedece w&ceeeCCecOceCeOOSeceoeottetoeC 2C Sew T* S eE OooSSOC S JucEGOeOG4 30eCOOmeSprOeOSC SerOSerC SC

i > w=* et 0 e D 0 + + + ree +e ++ ++ e +++ +++++ ++++ + +++e+ +e* * * +++w - w m w .e. **a .wwa -...ww=m.www.=ww.ww. ww. w.. .w..w **wi 2 e: N 2=-h t T T e%S C T 73 ensceceseccieeeezea teS et et eettsSee
| =, a4@ e we#N*E( 4d G4 =* beecsbS EL46 GG e@ e4 & . *.c4 3& 3C e4 S . . T.2 1* * # E#t ensace edadesessasosassaet seemest acace=.& s4 ;.
- P +P OmmNe#7 3 rS E &@ SOS St @ @ 34C JScesO 39SA 39 20 e34 &# : 2 5 i

! Tu e ee e e ee e e e e w2 e e o e e e e e e e e e e e e e e e - e * * * * * * e * * * ** * e I

! w"m NeeN4=Nast acissot tossoste+Ooiet zt w o'eco=3? = C 45 )

% e##Tw**e90 erder***Wm@Vm@ tete #2*terh t 4%% rt et>8 O OOCO S eet to J 33 3 GESSO 3e@maeSG: p a3 & o s a. de374 t erms# N : 8 9 . . * a .0 0

a z w w w w s e w e w w w. 0 ..w.s ..wa.0 . w .00 0 9 8 + * e e> 0 9 0 et G G S 9 0 0 0 0 9 0 0 # $ 0 0 0 0 0 0 0 0 8 0 0 0 0= 1 AFs ..a a ww m .. Ae **e J=???>ee-cee = screeesnes2 eet eeare eec-re t ee -c e e
= Der u w e em me = d o e s u=useoseconococoosee esoSce=secet esc

4' * w?e a re=regreer wrewareePeocceempe=cenverer*rreA* mea
= s me 2 = = = # e s =. s. s. e o = c N e M % e r N a s N o e o f # # c. s e # t. a. *e *e w = #.e. = m ese
1 * T e e e e o e e e e e e e e e e e e e e e e o e e ee o e e e e e a,

J . 4 N=wacNmssa m = N = > = -m m e e - s e p e = = e m m p N + -- - m N % s % = e
e w e

|' e -
e o N%****e=ew ==eeeNt-==r-eemeeNesNe-e.----eetc=a A o os93Saesos oossssasss3coecomoSaoSyseresssasS D
T = 22+ > ++ ++ ++ + +++ r .swwwwewwwwwwwwwwawwwwwws.60 s w .O

e++0 e*0 0 ea e++0e+0 ++ e+0 e 0 0 0 * ** *
i =rw e .w.www..ws > www6.I 34 sam >shkhasee ewyecomrcs=creecksoet a s o -v a s ae-4 = ser

+ ^* Wwe Jf st -Ne==### uurm s o # s s e r e s % S e e m s # = s e r m r % A 4 d. s t s s s N##ce sesec* > w&M O ees4>h6=== wessomat skemaecceest essava& '= pun a co=messese ownpecesseeNasoneesNssseemisserasetN,a * & * e o e e e e e e e o e e e e e e e e e e e e e e o e e e e e e o e e o e e e e e e e e < e
. * a N mmmemm==== pr e amm o N e e mm o o p mo s o m m => = r e N e t = = = e 4{.
.t 3 ::

w N * ! r'- - = = c|
s !

5, *
= 1 Te+++9ere enmm*w*eer*+=*omme*meS#ef**me** 4 et scossacc mesooaorssasecSoaor-S-re esse:m *- c ee ++ ++ e+++ + e++e + + + + + + + 0 ee+ e + + +++++++ + ++ + + ++ee

}st ** w a weaaaeW .au saaweawayawwawwanauayawa,sesace o s.a w
e *.= bart=esesete a m -- e N > = = c e e A % = > d arese=ese%>N* r T . ubN* 36 % nJecec44amed e=Nmme*NrseN=&#NePPes -G?em8A 4#2 : 2A *=* * s w sea c o es ==e zas-se=s=e*antenceen*eres=>ew=*n->&= 4 a *7- t N1 a=e4 sess semame>cO 3A 4S/sseTeemaet as* sit %3 2#n as. e o e e o e e e o e e e e e e e o e e o e e e e e o e o e o e o e o e e e e e e e e o e e*

*= Je* =N=NNNmeeN' =cNahN=eme#Nm==r=N===NN4=> t=> == *=>
*

*= e
* # = w eacewm--- =

e o epee 3SSot r:
m e T e

' =6 d u a w & W .' w a a
+0 ++ ee +++e

. * =*w
= J = * = ;>Tcra c*e*se :

* MJ% * S* S SO* 1 SOS =W Oe # * Ah *%"w%**POT N h*
- e eh a we*csueect s wa =sef e e * # c' r e e c % % v e * * * T W # / T **
a e & oaroLeSt 4s- ue e##r##a#6e> 2 23 === uv=======s % w++%%
* J e o e e o e e e * *e 04m=ma.mG===2a44ust a - - e v e < * *= a ; * & 1%NLL, s a e oc=#e=Nmee F E u e u r w u u 2 F = n 4 N e a m e = ea u w w w w w w a = = 3 3 X a

|

%- . .k. . . - .N 's *T*F*F~f e *N 72 2 'a a E T M *1r r x r s3 e u n = = = = z a a * *I~Er i e t uaa=azat a



1
t

l

- -

5 . . pr. .,. o . g3yyggegggea3eaaa5eaea3e8aehAMMS 918903?490992883*ISE5138333 aseaarasa.en=

. hdre*N 4eeeeee Geermet
seeeems seemmem esemmes

K t e eeet 6 E t t eeW eS Kee et t oe
Gwwwwwww @wwWWwow NGewwwwwa

r%e=pmeNe 9%N>escee *%seeg v#N
emmemmem% Nweeeedse Numeeemem
mu= mets *W mu h * e e m e s Eyeseee94EMmW@ me4% Mf9heemse Mme9Seemd

o e e e e e e e e e ee o e e o e e e o e
t# Peedem mMeegem s e e me m e

A onh====== OOt>&ff eteCet e tetmeeme

2 T f'9 e c e S e e oce e e e e e 666ee00 eemmmeo
oeo e * ee ++ e F t e ee ee e to ** ee ** Tee ae ee t
. oo .dwaamd UoweGama Jauddade DJGmasad4
* i * 3 asa4 % = 9%> ==#Ns = @% ecoest e a% & sm Nee %
sti a s e e se s #m> NNeeph Nueseeeee Nueseep me
* 9 t e reset t mL4 4 4 efte m%t t 9 Seet 2yC{ % ogO@.23 $ 980sete A&4 94 87 45 mr5 9eeeGG >RSeadmee
,o

s qN - _e _e
e g o e o e e

.e# N N N N .e .o .e .e .ee .e
e

9 .e e.e .om .e
e e e o e o o e

---

. . .-,mN.. .__.,.. .. . ... . . . . t . --
at aS DODS 869e036 S3eeeme acesecst *

9 0 9 e 8 0 0 9 et ? S 0 4 8 9 9 8 Fee + + e 0 8 8 8 e ee ef e
. . . .s .. .sm . 6 .s do es @ Jsa .w.s a e -J a .e s . eessarecerces 3%e sg>g me Nweccestw Ngg .. e e e p y
s i s*e S essee C=*Esm#e4 ==seeSom= N=Nsmemme
9 9 t le s e e e c e Cueavenea fur seeeNm dueveneNe
Neme=NmeNN WINemermN #3 # Jet >#m stmNemese
e W e o e e e o e

N .o . = .em _e .e .e .e e .o
e e e e e e o e e ee s e e o _e ,e N = ,em e - .e=m- --N

.......... .O .... e ..e.e.. ...N.._
e? Sja 4 24 45 3 Oceesas Oce3OS & ON amese
+4 e.* * * * ee e &eeee@ @ e E eceeeee Tee 3 3 3 g 0
e asesdsasaw &oweedsw tJasN % e e' u d d s e #Jewge usu
96 t e?vro*s t% recorec t rece #%eom se*N
a a2 3 8 ? t ?F T #=f 2 9e6 3 3 meef DFT P 2 === T N 4%r#
St %t t t % ** t CVtets?t t tyee bet t C Cuteh#t t e
B. G 't....&... w 4 3. d. 2 0 4 &. 4 S. C. 4. C. & 2. o * T S. C. T. / \. T M.

31 4.
g? Ke e1 . e e e o e e

asSe TS S eChoseS S S 8 8c3 3 Sce =ANP
E

~~# ,....,~ ...~aa. a.-=..- ...N. . .
it @ 3e aCeesG =@ Geoce ====m t e Ocam=3 3

le e e e s .e .e e r a s m .e ee ree e e r eeeee ea s**ee e
.: =ss .. msw w .a a:ma-auem o t a s a - a .a e.

* * re 1*~ #% Ned *es 4 3% Jd =9 *~ E #% s* ** 9 s
P% K Ph 3 W 4E C #=NSM #C 09 ==S# 4r### met & NS F KW
F r%@ #ceTN4 m4h E 9 th E T 34 #f?>#6h WPC #teet
%T*=E 2N3*C %7 SPTPfe* E ' = N % d = 8 k* 4: 3 ?#h t 94
le e qe e o e e o e e e e e e o e e e e e o e e e e e o e e e
y%N>sse3=* ==== men =T em e== ceNNeem

~ ~ w .. - e , < , ~ -~~nn~a -~e.... . . < aman
3 3 = = 2 33 T P 3 23 9243e 3 3 3 33m m 33m==? S

!S % $ $ 9 0 0 9 9 I 9 9 8 9 0 * 8 7 0 0 e * *8 I F e+ 0 0 0 0 0

|h a a m m m .$ e 'J e W W W w w a desam**s NUma m** waWee
sse=mnr# 9% erg Cs4 = Vseth =cae% 2 st ecs et c

~'re 1 S ag 3ecC e=*eNemtN parmomet e =maew*pmW
1=#aSe ?t &C 1LO mth e me U%% 4S t t =s CUC te#==4

"% 2 * NST* #FN FFt efff EN >7MFoC STF att eth #3N

f =eec e e e e e e e
o e e e o e o e e e o e o e o e o e e e e

%%% ? W 4%=# #FNNMNP MmSS38" 22%*@ ON

.OO.e.e.... .e.e.e. . . . ... . . .~m. . ..
HS*3 39 3 32 2 coeOSSO eC@ 3CTO m== mm 3C
@ eeo e* * eo e T** e4 eee T4 ** eeet F 0 $ 5 0 8 0

W e w .0Jm .a . w . m 6 Gw.www.s ..ww.L. . . . . . . . w . wevececeeo =% seeccec escrece=c esescae=s
tr u s.c c s a wa4 cmcsccs=s 3*cece& s ==>r: r e a:
|$ t 34 &S t 14 8 t o. S e e s t G C SwS ASC D E e EW= SE pd F#
C 3&T 222 0C 2 WTToC322 1 NT@ s2 39C 3 UEW =#4 m#h
* e s e o e o e o e o e e e e e e e e o e e e e o e ee e e e
. C P|& 3 3C 34 C cave 33 m 3 334 38 2 7=## cm

I
**#=a eecam eeeesca eeeeeeC eweweem
* * ?*m eT S ** T GS WWSce S C 3&SC 3 SOC S 23 3
s 9 0,0 0 t e 9 e 8 3 **4 e * * * 1 e eoee** f 6 e ea 9 9 9

ts *e . oo m o sa s asusde da Jdrde os s k as de sess
* T y * * * = *. c % T * rseT T T% : t act t r%# =t#T *=ema"ceece3'S E 3 5 84@ @@ @ #mC@ C SC SS mes47N4#4

,*=ft * P e?2 * *G?t t 3CM C TU? et re? C eUF FA mN**

!eo e.v 2 &. =e #' t.- N. T. 3. s. G 3. T. 9 %
3

&. F S. & S. P 7
%* p mm St 3 4 9 20 W&

e e e e e e e e e e e e e e
e *w?% J 9 sh = #a 26 GGCC & OtGG3 90 meme=Nm A

--. .. , = == a..,~a, .va-... , , , ..~. -
? a: S t .9 2 943 mesosas 2t cSSS m 33coOos I
16 4 OgG B e 0 e 8 0 ' .sS S S O O 8 0 f 8 8 0 0 0 0 5 8 0 0 8 e 9 8 0 #

esae do uaw Qowwde en '2 s s udam e #2mosuwd6 3
l=s #=#Aaraok %eadca At 9%hw erN=a 7%E dWE COM e
E2 f? * C =OMM Te##M N*mt Fm2 C# 9M8 7 mm1 *N=% #2 a
b8-saseces =k%=#3>>> a6e=N#= Se EsE AD O=ea C
P f t :7 c a p e ? > W&m4E s#EW naWN3dM&P W&E h e a S M9 4
eede e o e e e e e e o e e e o e e e o e e e o e e e e e e >

79#PPOPOMS me>>EWN he*N@mM P meMho c e
o
e

Th # D e=>*FP Nt SOOT ? WM N m M P O SSTS fS T
*& 4 SS JT : Seac1 sS em ma= 73 &42C 33 3

W|3e * ee o eee * S e ee t o e F 8 8 0 0 0 0 t ? e***** e04
e o uts^d a d as u Ja amaand CG4eadaa 92mo o s a d s' #

4"bA 1 8 41 4 %=5 LG G 3 C @%C & 1#NNN P% T 2 G o3 2W *
a = 489 T =7 i L S mE S C4 Ect amA>h#K F# mm3 C TC 2O &
T E d ie FC C=% 4 #bte C S CC P EVNa#et te MVST E ccom b
=m=& % &#9 3# K1 83 63 73C NLo#Nmm%7 utsest St A T
e e we e e e e e e o e e o e e e e e e e e e e e e e e e e e w
N # = ,T M m C*%= =3CStec NNamam* SS%C Som *

a
O mfTN ep om?@m*= @ =@C ==h

9*DOC eT abSD S 33 L4 12 40 9 G O,* e e ** * *3 e ce e o e e ee eo e F

Yb P C T C E 3 *d a & G a d S e* d he damawm I%. hdas &
Ob 3 T f T $ C I M Y ? T e S E E

1 * NmNeat** p m *s e e s ? ? ? ;s m*sm** = Tsst S* ? ? ? =

* &* * * * F* * = 3 2 CC 4 F s' =C r? C3 3 * met &c**? Af'. f 4 O. C. f 3 4 #. C.' &. ? t #3p ;,%4 NN NN.N. N. e ,o
N 3634 3( O 2

& s e e e e e e e e o e e

i
voo mem =~ O,mem-N e c e ,es i m m e e .e *m~

L......m ...c...- 8-8s. m . m c. m .x.m - .m. . .



. .- - . _ _ - ..___m. . . _ _ .- _ _ _ . .___m. m_m__._i.=.;., _m. .. . - , _ _

. . . 4 . . . * WTP tTW f 9 9 9 I A B E & 4 a a eP'g~h e 3 g g a @ e e s y 3 8 t # % e e @ s e a 3 e e e a . e e e . e . e e e * * *
^

* * **---*

I I

|
J

l

|

|

|

9

?

I
.

|
4

|

l1

|
,

I |-i
$

.

5

5
i e

?
.

t +

f i

t
9

1

8
,

t P

I e art c
3 333

I ( eee
j | t; w

.. 4s=
1

} 3 42
f d em

* CE F
, e e e

e9e

.= # # te #*

. a.
e oa?e
g ee ee

=
, os c ae

t; ==*s,

e4 J >%F $
8 &4m'* rasc

l' o e.e e*

| e s 3 es=

&
8'.g

,3 # aP # tP
.4 ease

ee eeq

. an d s er0-

sa .t. ?
e em**

( re s sa
e, e e e e.

! s awaa
q :: e e e e {s. eena n

.
I -

. .- r:<< :.
. ' ' steo 8

eeee @
= a.= se - s w a, or e
1 Aaa% e
' e' 6 *m R "W uf
I = AW4h G

'{ & & S 4D 4
9 e e e e es

' a eGGe S

Y.
*
e

.e aP 9 9 9
i eees

eeee
er s a, as a A
%$ =aw 4 =,

4 e J e ==
Av4m W-.

- r s e. e. ' =t
* .*

i ar - e e
s 44 ae3o

=

. . r .. 3, .
*

".S
I

~

a , en g g / 9
' aaem *., e oe e 'e,

I a o: = a ':
4?e 8 -3wr%et =

-
~ee4 m m-

'-
-r6 s e as

0-00e e e e
eeee-

.| | ~..

.w . 4 . . - . e7 e z a u x m m"1~FmTm*a*m a a a e = ==========w a w 1 x a aa ea u a x x 2 = = x = mE
*

,

_. u



u p p3 &4 umu.._. ,4~,-_.w. . 4. _a4tu,. , :.s m a___m_.._'.s2.waJ ,e - a sa ,-- m a. - a mu---. 4s --a.4-- -- == =---u =- --_

d

e

i

d

I

a

2

k

$'

t

44 %

3
e
1
'

i

i

d.
d

a

'r.-

-

5

)

. .e -.
'e .
> = -
s89 ,

, h -
S.

e r

.t 13
4

4..

'
. Y-

*
2 3
.h- +
* uW
T' *%E

- ~ 9% .
~

m4

*e. 3
m. e
6 3
"s

1- e'
l' ? ' Y4.
3 . 3 . '

s. 9
' ed

J a= N
2

. g,

7 n- *

-

k. .-.

'A a
f : - w

s e.
,i ,34'

-em
. Yo

e,

t

ee
'

.h'.1s a 4g. - e
et. e

.= t S
- Gu.l --

J th
C S-

+
'.% 'y..

g-

.. d
~

$ 4,.
.mo S
- D

' 9:
e-

- 4
',T

W =P #-
a 7e

* +
' he d
S to
*! 4
4.>-

'.**e$ .

e. * OO.( :.- . '

.
,

x a a a d* m7"T~m a a a a a e a1QwJ. s ;_ets**'~s' :'; jays 3'_ .-s m Le . .-.. x ra r z r n = w n aaa =

_ .

, .

'

- -,.. . 8-87-.

.

hm
=

$ &

4- 4 > . #
y

g

%~ ----.w e 9 - d ~ r + 4 - e --. . 4



A

en
e=
me

. kfe
i

.C
T
%
4 m

*% .Jl 3 == a
j :

i 1
' .a.
2 U

I w 2
a 4
7 De
n M
:* oc e=

Cc 4.s e
en + + .&a . ;,
* C 3 *
1 T T 3Y
m e e em a

a 2 oo .J
T uw
w T- 0 LS
2 C 2 at
T 4 0
w me 7

to C
== .6 W am e == -
: emn er. @ o' .1 e-
% at

.,3 WB >J C=3 T
. 4 3 * ;

*W
[ ** == 3 32 + ++ +

* .J 1 .J 4 4. &W OE 7? 2 c e
; e. es ** % B& o o 3. C.
! T *

e= b CA 3 e= e e cc c
*.,*4. s .'. C 21o C 3 3 C

i c m. .: 2 eecosecococceeComecoom cee + + . +
: - ec : = =c: : : seaea : ser: ecos oe3 w ..++++++++++*.tcw w

!'
+ +++++++++ + + + e? - e.

OW
Y .T wwdhkw.WWWmw.w.wwwwwaw wwW 2

2. :o
02

, sc : a a = - v e n e .- , s .= e c e n e = e a , .. e eco c/ e
4. J & OoSoot u a o. o * 2 7 S o a. c 3 e o o eoo .t == ~J G G4 2

e e e o e o e e e e o e o e o e w O e- ==e .at r. e e o e e e o
s a es ' ars . & ococ3ee00eoaosaooeoeo oeC .**u.-

*= 2 : == e s J.
= = - O n. - or * .
** : en .J ? sfg * J% * ex ==

I 31 Ct e e e CX = 0
' :" a *= 4e #ssaN c o N N ab e ecc cI e > -
* * e= = e= V 3 se C # C % 9 saT #y a>* C em 4 4e4e C CC O se D a ta. C

= N .= r. au 4 m N g =, % N N N To * .,) 4J .* , >* W d > F##8 4; y 4
0*2f%aL0& 1 i 58" 4. o a e ** * == .* - M .4 == CL le. O e= 2 et L1 == F =

W 3- 'J imp W W 4 in ** 1 *M ** =J U ' . 4 ** 3 *. 4 4*WW ** G % . a. .: ** ; 2a
. , t ama 3 I' T. h *

| 4 O e= =o 2 .3 -
6 == - a me 'c====
i I C 4 + 9 * + +
2-.

'

J - and tse ts' u ta! eC 2 e
'.?e " e' C h.

2 Ot O- ? 2 J T 2 C 1 3e 4 1 =2? 3 ? O 3?oS9 ** ** 4 % ? *. E 20
e *" ** (" t + * . +t >= ta T E" ** e * C T "" 4 C* " ? ff e3* e* Fee

8 ~3" 6 + ++++++++++++++++++++ + +++ e e * * * e es a. 44 .s' == 0 .A Awa . . W w E' 4 u 'a 4 4 taJ 4 w 4 a e e. 64ww C 3 F. C E: ~2 4 . * O

| = = 0 ,=
. e. .c.e.e.c.e. . e.. e. e.2.e.e. o C. e e. 4 G. a. a = b.

ae 3L .- 4 2 = 2 3 & acoss- : o
- : : e e=.

! w . . . . e . e . e a s .e s
] C 9 e @ c C o * O C*C c c e o C o C C3CCo *= c = c e 2-* 2- em 7 "o . C* a T e=J

*
'a . O=== *} w.
u ea, == r. *- e= c *-

;* T e e o e ; e e* v :, W
;.; 3 T em et / t om e == se er. et* C T- == 4 e..- 2 * e

{ -.T J. 'I = : e-4 : -
2* * JWE P# 3 =3 33r c # # e ,3 &, N e d.# A # 4'A 9 m * 4~ e,u n N ,3w

=N- .--w v e<====
J * **e * ss9 .* *? =o * * u t == '8* P .* "J T aw 't "a1 * 1 ==***E- N 4 E = ** 7 . 'a3 1 er T U / f*e ||: e WD em U 6, 4., E *= 3 E E & eeU L ao a& J2 %. * e s'***

| 5===* I =~ *s
G e- C * 1 . .: 4, #-

| .J e e O is
UO&4 1*

' i I
. v - -x. - . - . . . : - = = , , = , . . = = ==c,= ============.... =, ========2 = = => ,

, a me ***f ** **G **** |
-

8-88 i



.. ., . .. . . - - - . - ~ = . ~ . . . . - ..- ...~. - , _ . = ~ ~-. ._ -. . ~ . .

[.. . - ,
I i

,

!
.

I

L 1

4

4

1

:
1
& r

-

4

k. k

.
'

w-

. -' |
'

.

,

t i

s

P

'
..

<

*

*
=
e

- e
, .. .
i -e

sj -e.

,, .

.

's& -

es

e,
. }.

'

-
_ .

,.s ia
.4:

-. .
..

,

:,2. y' L

-

.
.. e e

- -.g:
< 1:..

.. j,

- t ? >-
.

: s: .,a ,
.a. ..

; :.

-
.a- <-

e ,

P

,

~ f*a- M u'a h f."d y s s's a T d Y r"s'a~f~iCf g i m Y r'' w e. .....m= m = z e eam i a a a n's a a m s
,

*

- ~-- '889[.. .. . .

~h

W 4 x

E,

$

# . . ,

& w * pe - ; p..im m g g c.e . m-y.



N
e

hi..=

M

/

O
tt

> .
.,

. J
** 4e

e U
f'.

'

taJt
l 21 u
: a e
*

Tl 4
E. >=

2{ N
7 ee em

I
c. =. a.=

t 7 - a
*2 4. W = . *

w T.*= % C C
. 's i ?* %
j ** we e e == 0

1 33 J
** uW

3' L3
LL 2 *
*= 6.
** em J
: ec :. C

' in.'' w a= g=-t

e3
g e. e -

#, ? 4 ==
o a ceoc

0 64 34 > J 23oS
O - 3 TO $ +9 +

*= '* 4J % wi.=w
.A 12 - C& 70 oC =?
e es. ** % W& OOOO
e= o= e- & C e e e o O C :
: 4= 0C ??OS O2 2 7
*= , .s 2 u F CTC ?OCeCSCC SCe : OCC CC CS T 2e * * * *

O =* 4 4 C 3aOC So2 Oc34 3 *22 3 3C OC 2 =3 nad a 'a
b O tad w * * * ** *e6 + 4 + +++++6 + + + ++ e4 + C % ? ?.
! 24 E 2 '6wbw666 hww F - O=

. S. Ce e ,6 w w w w w' W W W w 6 W h-=
=e.reece:eecei ao r- C ece.C oeO er e e

M J 7E L 9331 : DE 272 3 33O22C 7T E 3 a.* # ** J 3% ?%
tee wW e e o e e e e e e e e e e e o e e e e e e o e e e w' " t= *=
7 ed ft W T ? C C 2 e D 3 C "3 S 3 @ O22O3sSoS e3O e ** F a=
=1 O *= > 6 /.
= = * 1 s= en .a "! ',:I* . .
*A t' ?t
A* 12 .i =e *

2 th : 2 + e o CT *= 0
F ne = = - 4e n#6e a A N f e N r% N e COO .* .* * > ==

i Ow k e
** # C. M C ed" S N P M # a.t* ft #6 T 88% W eT ** W CCC. O ** D E b

W If* # @ # 'P P = N me .e N N se N N N N N N NeO 3 J emi - 'S 1* tuf 4 >

| *= ===8 = T. to ' O *= *. 7 *. E == EP: '4 Le ; *b 2 0 . 1 1 * 8F 4 J * * * = # f . *
W . %d b e .7** to N A A = && W W 4 s= 3 A A L e W W == " * 1 .J % C=0i

I'
.

4 3 7 2 a ., o=
, 2 O *= ' C 3e C

$ l - * * - &- OCCC T
. Ce 6 ee + e e
} i .,,J an* h * ta' na' 's' 89 * Se 1
r 4 'aJ OG OSC = S *,C 7 e 3 C ? O O O O S SSO SODO 3 .2 = O O 3C $ 3
; - ar

' ! 53 c. e. :. e. e. . e. e. a. =. n. . e. :. e. e. c s. e. e. . C. O. c. n. c. e. - -< * . e -
. e . . w a..w.,

>C w is tav . w a * 4. w

- , . % %CC iC 6 SC. CCOC * * e o eCC 3 ''' 3 J C C C C t. OC . : = , = . = -
w as w w 8': o ". = O 4 "8 e *:

; a . a = = = . , to w w se, a's at w s,o awaw
= - = - = = - - - =

I 3 w e o e o e e e e o e e e e e e e e o e e e e e o e e O ??C T,

t .OeC C 2O?C ?' 7 e C C C C 2C E %CCCC =CCeO 1
*.o g C*-'

.J == ? == 0 C
O o= e == >w e.J

. k *= % > *= C* h= 57 u
**? s= # 4 J- "'" e o e e .

****.*4 W .* 1 *G T' EF 8== N er e sum O ====8'** *eCCC
*e W e ? Jt 3 .? N ll est s85 J' / =85 .ft s89 =89 3 * 4 W s= 3eCO I T .J ? J ^3 4 1
t')

tr t#* er a.rt.t? O == N ** == == == N ase N #b N s% N #V
ge g a o C e= tre == =e ~ ? t.! W *= * *

4 ase ese *g .g gyg oga=7SyNg ?7, 9 3 e g g mg e 1 * * * * T J *a# # #*
I a.W & 6, 4 P= 4 * to == W W m w e= ;# 4 :L 1 * *b L. *= O' = =* *

* 8"e *K
*

& L. J. 33s 4A a= .a. I ** 31-
f G W= e e I se N eI N

.J e 4 O ind
' wQ&3 a

f- [*

%= * =A* * * ~ = =W 2 2 " I T 2 1 f I E E k = Z E E R R E E a E I I E 2 2 E E 9 3 W I E C 2 3 F E I 1 I 2 2 3 2 1 E E E2

8-90

.



i
i
t

..
t
O
h
C
*.
e

CD

=

O
de

em

N. e$
G $
A 4

e I
C ~.
e e
? C

ka f,
M

=. .?
,

2J*
e

f ~

r = =A* = * = = * T : 2 : : 2 2 t ?'T E = = 2 m a = t~ t t & it~2 I 't 2 2~2 17_ 3TT. 3 - 3 4 T t F 2' ' Z~2-?
- - A

8-91



y _ - w ua-u _ _ _ = .u.2_a a

I

d
e

i

CASE 9

i

>

i

f

0

}
!

I

f

I
.

!
a

4.

$

s

8-92

'gm.- _-, .__ . _ - - _ - _ -



.__ - - . - . -

s

j . . _ _ _ . _ . . . . - .. . . _ . _ . . . _ . _ . . . . . _ . . . . . . _ -
_

. TEST CASES FOR NEPORT NONSER 4 11/6/80 SITE 2
,

if SCEN ARIO NUNSEE 3112

INTRUSION OF SURFACE WATER, WATER SEEPAGE TO WATER.

T ABLE TN900C uuRIED WASTES.-

.

IWWENTORV tWS-4.

H .PATM RELEASE
FR ACTIC EH

1 9100 0.lE+00..

a 9 UNS ATUR ATED ZONE W ATER TR ANSPORT
1 AQU tFER TR ANSPORTH

H

H

Pe

H

. be

8 .
He .

: H

"
I ,.

Se

,
H

la

- at

M

34

P

M

M

ee

se

el

s3

ee

et

80

el

*0

ee

SE

H

H

H

be

16

be

H

H



_. = . _

-|
i

l<

.. _ , . , _ _ . . . . . . ___ .. . .. _ . . _ -

B

*
. . _ _ . _ .. _

. . . _ . _ . . . .

J
.I PATH NUMBER 3 1

] N0CL1DE AMOUNT
CI/4**3.

.i
! H3 1.200E-02
'

C14 3.800E-04..

/ S35 8.600E-05
'

CRS1 4. 300 E- 0 2
)- Mh54 2.500E-02

FESS 4. 300 E-0 2o
. C058 4.300E-02
/. CU60 1.300E-01'
. N159 1.300E-03
.{ NI63 .2.400E-01'

Zw65 2.000E-03a

2- SW90 4.000d-04
/ NW94 1. 400 E-0 5
d ZR95 2.000E-03
2 TC99 3.200E-06
nf -Wul06 2.000E-03c3

' $, :., $8124 5.0006-04
c. .e SW125 5.000E-04

..| . [125 2.500E-04
1129 6. 400 E-07..

2 CS134 4.000E-02
a' CS135 3.200E-06
. C5137 8.600E-02

CE144 2.000 E-0 3..

EU152 4.800E-06.

EU154 4.400E-05.

d EU155 4.000L-05y RA226 1.150E-05
. TH230 7.1004-06

Til232 8.400E-01.

U235 3.200E-06=

18238 7.100E-05a

4.s NP237 4.600E-09
PU238 3.200E-05.

PU239 4.300E-06.
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PG241 1.6506-03-

PU242 2.400E-Od.

AM241 3.00 0 E-0 6.

4M242 1.6004-07..

4M241 2.100E-07
CH242 2.500E-04
CM243 6.000g-08
CM244 1.900E-05,

.

WILL NUN PM08LEM THMOUCH UNSAT FOR 0.8760E+0h NduRS ,

EXPOSURE TIME IS 0.8760E*0$HUGES

_--_-__ _ _ _ _ _ _ - _ -
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