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ABSTRACT

Previous reports have described the effects of 0il field development on
surface-treated pavements. 0il field traffic, however, is rarely confined
to just one road. Localized drilling and production can affect the perfor-
mance of flexible pavements across a widespread area.

A case study example demonstrates the procedure for analyzing flexible
pavement networks in oil field areas throughout the state. The analysis
procedure involves collecting regional network data and site-specific pave-
ment, environmental, baseline (existing/intended-use) traffic, and oil field
traffic data.

The regional and site-specific input data are entered into the 0il

Field Pavement Damage Program, a computer program which models flexible

pavement performance under baseline and 0il field traffic. Program results
estimate various types of pavement distress and provide a basis for
selecting appropriate maintenance or rehabilitation strategies for each
pavement,

This report also includes documentation which outlines the structure of
the 011 Field Pavement Damage Program and indicates how the program incorpo-
rates variable drilling and production characteristics to predict flexible

pavement performance in oil and gas field areas throughout the state.




SUMMARY

This report contains a procedure for analyzing the performance of
flexible pavement networks in 0il and gas field areas throughout the state.
A case study "example" demonstrates how to use the 0il Field Pavement Damage
Program to predict current and future pavement performance under various
traffic conditions.

Regional and site-specific data were collected for a network of six
surface-treated pavements and one asphalt-concrete overlay pavement (US 59)
in Nacogdoches County. Regional data included the location of major 0il
field traffic generators such as service companies, gathering terminals, and
saltwater disposal wells. These major activity centers were oriented along
a major north-south corridor and a major east-west corridor. The regional
data enabled easy visualization of major oil field traffic flow patterns
across the network,

Site-specific data were collected which described the individual case
study roads. Pavement characteristics were obtained from District 1ab
personnel. Environmental characteristics were taken from the Department's
statewide data file. Department traffic counts provided the necessary
baseline ADT and percent trucks values. Baseline traffic represents the
intended-use traffic for which the roadway was initially designed. This
traffic may be represented by existing conditions if new “special-use"
traffic has not yet occurred. If identifiable special-users exist in the
traffic-mix, these vehicles can be segregated and their individual effects
analyzed separately.

011 field traffic was assigned to each road using a grid/density map of

the case study network, which was generated using the Railroad Commission of

Texas' (RRC) drilling permit records. The grid/density map and the drilling




permit records combined to provide the necessary drilling and production
information for use in the analysis procedure.

The 0i1 Field Pavement Damage Program was the primary analysis tool.
The program was modified to permit analysis of any flexible pavement im-
pacted by oil or gas field traffic anywhere in the state. Distress equa-
tions were added for black base, hot-mix, and overlay pavements, in addition
to the original surface-treated pavement distress equations. Variable drill
time and production truck traffic volumes were also added to the program.

The 0i1 Field Pavement Damage Program modeled the performance of each
case study pavement under baseline and oil field traffic. For example
purposes, each road was assumed to have been reconstructed in July, 1977
(which coincides with the first available drilling permit records).
Reduction in service 1ife ranged from 5 to 20 percent for four of the six
surface-treated pavements, despite relatively Tow levels (3 to 13 wells over
a seven-year period) of oil field activity. The overlay pavement, US 59,
demonstrated no loss in service 1ife due to the additional traffic assoc-
iated with 25 wells.

Load-and-traffic-associated distress levels were predicted for seven
years after reconstruction to determine which distress types were most
prevalent. As expected, program results indicated that the surface-treated
pavements, with their limited structural capacity, all showed signs of the
accelerated development of load-associated distresses, especially rutting
and patching. US 59, however, demonstrated no significant increase in load-
associated distress types. Instead, the stronger overlay pavement results
indicated severe Tongitudinal and transverse cracking -- which could be
traffic-associated distresses brought about by the combined effects of high
traffic volumes and environment.

The network analysis procedure described in this study may be used to

vi




predict the effects of oil or gas field development anywhere in Texas.
Flexible pavement performance may be examined under new development,
existing development, increasing development, or decreasing development.
The pavement distress ratings identify predominant distress types and allow

for judicious selection of appropriate maintenance or rehabilitation stra-

tegies. Because pavement performance is modelled under a specific truck

traffic distribution, the utility of the analysis procedure is not 1imited
Just to oil and gas field areas. Research efforts are currently underway to

apply the 0il Field Pavement Damage Program to other load-intensive,

special-use truck traffic activity.
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IMPLEMENTATION STATEMENT

The network analysis procedure outlined in this report is suitable for
statewide use in evaluating the effects of o0il and gas field truck traffic
on rural flexible pavements. The analysis, however, depends upon several
items which must be periodically updated to insure reliable results.

The county variability parameters and the grid/density maps were
designed to be easily updated. Periodic updating of these analysis tools,
and the RRC drilling permit records upon which they are based, is imperative
to any implementation of the network analysis procedure.

The case study example demonstrates a general procedure for modeling
flexible pavement performance under truck traffic. This procedure is suit-
able for integration into the Department's pavement management system “as
"

is," or with the addition of traffic distributions obtained from on-site

monitoring of major special-use activity centers.

DISCLAIMER

The views, interpretations, analyses, and conclusions expressed or
implied in this report are those of the authors. They are not necessarily

those of the Texas State Department of Highways and Public Transportation.
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CHAPTER 1 -- GENERATING INPUT DATA AND CASE STUDY NETWORK
INTRODUCTION

Texas has long been a major producer of 0il and gas. While the state
economy has benefited greatly from the prosperity of this 1industry, the
burden it places upon the highway system has been recently investigated.

Drilling of an oil or gas well generates a substantial amount of 1oad-
intensive truck traffic., Since most oil and gas activity occurs in rural
areas, the heavy truck traffic is distributed across networks of flexible
pavements., Most of these are 1ight-duty, surface-treated pavements designed
for Tow volumes of passenger cars and light trucks. Rural areas are also
served by high-type asphalt concrete or other similar pavements. These are
designed for high volumes of passenger cars and accommodate a greater
percentage of trucks.

0i1 and gas field development generates a unique traffic distribution.
Photographic monitoring of three 0il well sites in Brazos County indicated
that a typical oil well attracts 100 to 300 vehicles per day. This traffic
is in addition to the baseline traffic already on the road geherated by
"normal" activity..(§) Truck traffic on a neighboring road typically
increases from a baseline value of 5 percent up to 15 percent. Fifty
percent of the trucks observed were 3-S2 semi-tractor trucks.,

Truck traffic associated with just one 0il well can double the total
axle load and traffic volume experienced on nearby roads. Success of one
well, however, encourages drilling of several other wells in the same area.
Development often occurs at an exponential rate, resulting in accelerated
pavement deterioration throughout the 0il field region. The widespread

consequences of 011 and gas field development pose serious economic and




scheduling problems for highway officials seeking to preserve the physical
integrity of the rural highway system.

Analysis of the effects of oil field development on flexible pavements
involves locating the major traffic generators using computer-generated
grid/density maps. (8) A computer program, the 0il Field Pavement Damage
Program, then converts the generated traffic into 18-kip equivalent single
axle load (18-k ESAL) repetitions and computes pavement service life as a
function of the area and severity of seven different types of pavement
distress. (6) The program is based upon regression equations developed from
ongoing field evaluations of over 400 flexible pavement sections across the
state. With these equations, the 0il Field Pavement Damage Program can
assess current flexible pavement condition under past or present development
and predict future performance under projected baseline or increased 0il
field development conditions. (7)

Statewide variations in oil and gas formations are such that operations
at a well site in one county will not be identical to those in another
county. Each county has its own particular drilling and production char-
acteristics, Since both of these operations directly affect traffic activ-
ity at the well site, variability parameters were developed for each county
based upon computer tape records maintained by the Railroad Commission of
Texas. (8) These parameters describe the county-specific characteristics of
0il or gas field activity for use by the 0il Field Pavement Damage Program
in computing flexible pavement performance,

The 011 Field Pavement Damage Program, coupled with the county varia-
bility parameters, computer-generated grid/density maps, and the network
analysis techniques described in this report, may be incorporated into the

Department's Pavement Management System. Although specifically developed



for oil field activity, the rationale behind these techniques is generally

applicable in PMS to any form of localized truck traffic activity.

NETWORK-LEVEL ANALYSIS

Analysis of flexible pavement performance in 0il and gas field areas
acknowledges the "network behavior" of highways in accommodating regional
traffic. Since most wells are located in remote rural areas, traffic must
travel along a series of roads to reach its destination. For example, a
crude oil tanker truck may travel along a major state highway, then onto a
farm-to-market road, and onto another farm-to-market road before reaching
the well site. This three-road network may serve only one well or severaj
wells, In either case, each of these roads has its own "baseline" traffic
-- traffic which normally exists on the road. Each road must accommodate
traffic resulting from the new development as well as its own initial
baseline traffic. The onset of intense 0il or gas field activity can
severely tax the structural integrity and condition of each of the three
pavements in the network.

The 0il Field Pavement Damage Program is applicable to such a network-
level analysis. Input data must be collected both for the region itself and
for the site-specific, individual elements of the network. Figure 1-1

outlines the process followed in generating regional input data.

REGIONAL INPUT DATA

Select Case Study Network

Northeast Nacogdoches County was the case study network selected for

this report, The case study network consists of six surface-treated farm-

to-market roads and one asphalt overlay pavement, as shown in Figure 1-2,




' Select Case Study Network |

|

Identify Regional Activity Centers

Y ___ i
Service Gathering Saltwater
Companies Terminals | Disposal Wells

Create Regional Grid/Density Maps

Figure 1-1. Generating Regional Input Data.
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The region was of interest because of a recent increase in 0il and gas
field activity. Although located only 50 miles south of the giant East
Texas 0il Field, northeast Nacogdoches County did not experience the major
01l boom which occurred in other areas, such as Brazos and Burleson coun-
ties, from 1977 to 1981. In 1982, however, o0il and gas development began to
increase. SDHPT officials in the area have expressed a concern that roads
in this area, which already serve a load-intensive (high truck volume/heavy
gross weight) timber hauling industry, will deteriorate even more rapidly

under this additional special-use truck activity.

Identify Regional Activity Centers

The Targe volumes of heavy trucks associated with oil and gas field
development threaten the condition of neighboring pavements. Determining
major traffic flow patterns, then, was the fundamental task preceding any
detailed analysis of the problem. Drilling and production operations were
Tocated by running a series of computer programs to generate a grid/density
map of the study region. (9) Three other major traffic generators/attrac-
tors remained to be identified:.

1. Service Companies

2. Gathering Terminals

3. Saltwater Disposal Wells

Service Companies, Service companies provide the major equipment

needed during both the drilling and the production stages of well develop-
ment. Frac tanks, vacuum tanks, cementing rigs, and drilling rigs are just
some of the many different types of equipment which may be found in service
company yards. Although they primarily service wells in their immediate
vicinity, service company officials have indicated that they will travel to

well sites within two or three hours of travel time. This large "radius of




influence" placed the case study network within theoretical servicing range
of Dallas, Bryan, Houston, Beaumont, and Texarkana. Realistically, however,
service company traffic was expected to originate from Garrison or Nacog-
doches with additional traffic originating from Henderson, north of the

case study regidn.

Gathering Terminals. Gathering terminals store crude oil prior to

distribution by pipeline. Many operators connect their high-producing wells
directly to a major pipeline or pipeline network, but some must rely on
trucks to enter their crude into the pipeline using the gathering terminal.
Crude oil 1is the primary product involved since environmental and safety
considerations 1imit the amount of truck transport of gas. Gathering termi-
nals attract high volumes of production truck traffic, thus they may ad-
versely affect pavement performance in an 0il or gas field region.

The Railroad Commission of Texas (RRC) has issued permits to 19 pipe-
line operators in Nacogdoches County. Operator-supplied pipeline maps indi-
cated the presence of five active pipelines within the case study network.
Although no gathering terminals could be identified in the region, one was
operating in Trawick (to the west) and another terminal was operating in
Angelina County (directly south of Nacogdoches County).

Saltwater Disposal Wells. Both 0il and gas wells produce various

amounts of water, along with the expected o0il or gas. Freshwater produced
at the well site is returned to the groundwater at freshwater injection
sites. Most of the water, however, is saltwater. Saltwater must be legally
disposed of, either in a saltwater disposal pond or in a saltwater disposal
wells, These saltwater disposal wells receive truckloads of saltwater from
nearby wells and inject it back into regions of the earth where contamina-

tion of groundwater is considered least 1ikely. Saltwater water disposal




trucks add to the regional traffic and can also adversely affect pavement

performance.

The RRC Underground Injection Control division has issued three permits
for saltwater disposal wells in Nacogdoches County and 32 for neighboring
Rusk County. Of the three Nacogdoches County sites, one was operating near
Douglass (west of the network), one was recently plugged, and the other had
not yet been drilled. The nearest saltwater disposal well for the case

study network was located on FM 95, one mile north of Garrison, in Rusk

County.

General Traffic Flow Patterns. Phase IV research did not specifically

describe the traffic characteristics and flow patterns associated with the
major 011 field activity centers. A qualitative outlook, however, was
sufficient to emphasize the potential impact of the new development on

roads within the case study network. The evidence supported the following

conclusions:

1. US 59 served as the primary corridor for service company traffic,

2. Gathering terminal activity was reduced because of the predominance
of 0oil and gas pipelines within the area.

3. US 259, which is outside the network, diverted most saltwater
disposal traffic from FM 95, which was the most direct route from

within the network.

Create Regional Grid/Density Map

A regional grid/density map locating areas of well drilliing and pro-
duction activity was created using a series of FORTRAN computer programs.
These programs were developed in Phase III and reported in Research Report
299-5. (9) The computer programs were‘used to: access the Railroad Commis-

sion's drilling permit master file (RRC.ROGFDM), extract the required infor-




mation, and correct the drilling activity data to a more convent form.
Figure 1-3 was developed from a computer-generated grid/density map of the
case study network and defines the Tocations where permits have been issued

along with the locations of drilled wells.
SITE-SPECIFIC INPUT DATA

The regional input data described the characteristics of the study
region and located the major traffic generators and attractors. More
detailed, site-specific input data was required by the 0il Field Damage
Program to define the characteristics of each pavement in the case study
network. Generating the necessary site-specific input data involved use of

the regional input data, as depicted in Figure 1-4,

Obtain Existing System Data

The grid/density map located positions of existing and potential dril-
ling/production activity within the case study region. A network of
impacted roadways had already been suggested by SDHPT officials. Data
concerning roadway characteristics such as traffic, pavement structure, and
environment were also obtained. Table 1-1 contains baseline traffic volumes
for the case study network taken from 1982 traffic counts conducted by the
SDHPT. \

Six of the seven roadways were surface-treated; US 59 consisted of an

asphalt concrete overlay on a granular base. The inclusion of differ-

ent flexible pavement structures was a key feature of the modified 0il Field

Pavement Damage Program developed in Phase IV to perform network analysis.
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Environmental factors for Nacogdoches County were already contained
within the 0il Field Pavement Damage Program. Pavement structure, however,
had to be entered into the program. Table 1-2 describes the "typical" struc-
tural characteristics of each of the seven flexible pavements in the case
study network.

Regional variability parameters for the case study network were taken
from Nacogdoches County values contained in Research Report 299-4. (8)
These parameters described various characteristics of oil and gas activity
in the county and allowed consideration of drilling and production charac-
teristics unique to the case study region. Table 1-3 contains the varia-

bility parameters used for Nacogdoches County.

Recent History of 0il and Gas Activity

The existing system data described the state of the case study network
during baseline traffic conditions. Analysis of the effects of local oil
and gas field development, however, required use of the grid/density map and
the RRC.ROGFDM file,

The grid/density map, as mentioned before, can be used to idenfify
locations of past, present and future drilling activity. The RRC.ROGFDM
file contains the detailed record of every permit issued by the RRC since
1977. Records from this file may be extracted according to a number of
criteria (i.e., by county, date, or well completion code). An extraction of
the permit records for Nacogdoches County lead to the development of
drilling and production "histories." These "histories" were essential to
the analysis procedure because they defined the rate at which 0il or gas

field activity occurred in the case study region.
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Table 1-1. 1982 Baseline Traffic Volumes for Case Study Network.

Average Daily Percent
Road Traffic (ADT) Trucks
uUsS 59 6700 10.0
FM 95 250 10.0
FM 138 470 10.5
FM 1087 230 10.0
FM 1878 200 10.5
FM 2476 420 5.0
FM 2609 480 7.0

Limits: Lat. 31940' N to Rusk County Line.

Long. 94935' W to Shelby County Line.

SOURCE: District 11
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Table 1-2,

Structural Characteristics of Network Pavements.

Road

Base Course

Surface Course

UsS 59
FM 95
FM 138
FM 1087
FM 1878
FM 2476

FM 2609

10-inch flexible base
6-inch base material*
6-inch base material*
6-inch base material*
6-inch base material*
6-inch base material*

6-inch base material*

2.5-inch ACP overlay
0.5-inch seal coat
0.5-inch seal coat
0.5-inch seal coat
0.5-inch seal coat
0.5-inch seal coat

0.5-inch seal coat

SOURCE: District 11

* Base Materials for these roadways is iron ore topsoil.
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Table 1-3., Variability Parameters for Nacogdoches County.

activity at a given
permit site

Parameter Description Value

Lag Time Expected response time 63 days
for maintenance work
before drilling begins

Percent Drilled Probability of drilling 50.4%
activity at a given
permit site

Drill Time Expected duration of 50 days
drilling activity
at a given well site

Success Rate Probability of production | 33.5%

SOURCE: Obtained from drilling activity tapes.

(RRC drilling permit records)
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Drilling Activity. Table 1-4 contains drilling histories for six of

the seven roadways in the network. These histories served as input data for
the 0il Field Pavement Damage Program and were based upon data in the dril-
1ing permit master file,

Determining "when" drilling activity occurred involved making some
assumptions, since some of the permit records in the RRC.ROGFDM file did not
contain specific spud-in dates. The process involved either reading a
specific drill date from the record, or determining the completion date and
subtracting the typical county drill time of approximately two months to
obtain the "spud-in date".

Determining "where" drilling activity occurred was less complicated.
The grid/density map identified the approximate location of each well with
respect to the existing highway system, Having located a well on the
grid/density map, it was easy to identify the particular road which served
it (i.e., FM 2476 does not serve any immediate well traffic). In addition,
since the individual roads 1ink up to form a network, it was easy to trace
the expected flow of traffic from the minor roads onto the major roads. The
net result was that major roads, such as US 59, were readily observed to
carry the traffic associated with nearby wells and also with more remote
well sites,

Production Activity. Production "histories" for the individual road-

ways in the network required reading the records of the RRC.ROGFDM file.
Table 1-5 contains the production histories for the case study network.

The production histories gave the total number of producing wells which
impacted each case study road. The vratio of producing wells (from Table

1-5) to drilled wells (from Table 1-4) was used to compute PRDPCT -- the
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Table 1-4. Drilling Histories for Case Study Network.
US 59 FM 95
Month No. of Wells Month No. of Wells
6 1 8 1
12 2 12 1
17 1 29 1
19 1 43 1
20 1 51 1
34 1 57 2
39 3 63 1
48 1 64 1
52 2 67 1
53 2 68 1
55 2 69 1
56 1 72 1
57 2
65 1 Total 13
66 3 B S e
68 1 -FM 1087
Total 25 Month No. of Wells
e ]
FM 138 27 1
, 33 1
Month No. of Wells 43 1
45 1
33 2 47 1
37 1 51 1
49 1 56 1
53 1 57 2
57 1 59 1
58 1 67 1
60 1
Total 11
Total 8 ' —
— FM 2609
FM 1878
Month No. of Wells
Month No. of Weils
68 1
8 1
43 1 Total 1
51 1 . =
Total 3

Note: Month 1 = July, 1977




Table 1-5. Production Histories for Case Study Network.

US 59 FM 95
Month No. of Wells Month No. of Wells
18 1 30 1
19 1 58 1
35 1 59 1
36 1 62 1
41 1 66 1
51 1 67 1
53 1 69 1
54 1
55 1 Total 7
56 3 e e o
58 2 FM 1087
59 1
66 1 Month No. of Wells
67 2
28 1
Total 18 35 1
FM 138 46 1
48 1
Month No. of Wells 52 1
58 1
36 1 59 1
50 1 60 1
54 1
56 1 Total 9
61 1 =
Total 5
m
FM 1878
Month No. of Wells
57 1
62 1
66 1
Total 3

Note: Month 1 = July, 1977
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probability of production truck traffic ever being generated at a given
drill site. Table 1-6 contains PRDPCT values used by the 0il Field Pavement
Damage Program for each case study road. This wide range of values is
typical of oil- and gas-bearing formations, even in relatively small geo-
graphical areas.

The case study analysis assumed that truck traffic would be generated
at each production site. PRDPCT should be scaled down, however, if local

conditions indicate that some producing wells are not serviced by truck

traffic.

Table 1-6. Production Percent (PRDPCT) Values for Case Study Roads.

Number of Number of
Road Drilled Wells Producing Wells PRDPCT
FM 95 13 7 54
FM 138 8 5 63
FM 1087 11 9 82
FM 1878 3 ‘ 3 100
FM 2476 0 0 0
FM 2609 1 0 0
us 59 25 i8 72
SUMMARY

Network analysis recognizes that highways collect traffic as well as
distribute traffic. Major highways, such as those on the Interstate or US
system, may carry high traffic volumes originating from remote traffic

generators., In the case of o0il and gas field activity, major highways may




deteriorate under heavy truck traffic, even if there are no wells nearby.,
While local roads often suffer an immediate, short-term loss of service
1ife, major highways in o0il and gas field areas bear the long-term burden
of increased traffic volumes over a widespread area.

Analyzing the effects of 0il and gas field development on flexible
pavement networks depends upon a systematic methodology for generating the
necessary regional and site-specific input data. This methodology involved
identifying regional activity centers and the creation of regional grid/den-
sity maps.v Site-specific data required oil and gas field development infor-
mation from the Railroad Commission of Texas. Records from their computer
files were extracted to establish drilling and production rate information.

The historical drilling/production data was used to segregate oil field
generated traffic from the assumed "baseline" traffic demand. The following
chapters demonstrate the conversion of traffic to 18-k ESAL repetitions, the
use of the modified 0i1 Field Pavement Damage program, and the resulting

estimates of reduced pavement performance under the oil field traffic

demand.




CHAPTER 2 -- OIL FIELD PAVEMENT DAMAGE PROGRAM MODIFICATIONS

The initial research efforts in Brazos and Burleson counties defined
pavement service life as a function of accumulated 18-k ESAL repetitions.
Once traffic had exceeded the predicted accumulated 18-k ESAL capacity of
the road, some form of pavement rehabilitation was necessary. For example,

in Research Report 299-1, the AASHO Road Test procedures predicted that

rehabilitation of a typical F.M. road under intended-use traffic was neces-
sary at 3600 18-k ESAL repetitions. Intended-use traffic ("baseline" traf-
fic) required 7.5 years to reach that total. Unfortunately, one 0il well
was found to generate 3600 18-k ESAL repetitions in only 3.3 years. (5)

The initial findings documented in Phase I of this project dramatized
the pavement management problems posed by increased oil field development.

Subsequent research, sought a more detailed analytical approach.

ORIGINAL OIL FIELD PAVEMENT DAMAGE PROGRAM

The 0i1 Field Pavement Damage Program developed in Phase II was based
on work documented in Research Report 284-5 (2, 4, 6). This information
enabled more reliable modeling of surface-treated pavements in the oil field
areas of Brazos and Burleson counties. The program incorporated three major

improvements over the Phase I analysis method:
1. Additional Monitoring of 0il Well Traffic.

2. Texas Distress Equations.

3. Pavement Score,
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Additional Monitoring of 0il Well Traffic

Photographic monitoring of two additional Brazos County well sites
verified the Phase I traffic distribution. A composite traffic distribution
derived from these three observation sites formed the basis of the 0i1 Field
Damage Program. Conversations with several petroleum consultants indicated
that this composite distribution adequately described traffic activity at

most other Texas o0il well sites.,

Texas Distress Equations

The AASHO Road Test Equation was used in Phase I to describe‘pavement
performance under intended-use traffic., The predicted 1ife of 3600 18-k ESAL
repetitions, however, was considerably 1less than that observed for similar
F.M. pavements in Texas. Since the AASHO Equation was derived for flexible
pavements with a minimum surface course of 2 inches, it was expected that
the predicted service life might not agree with observations of other "in-
service" thin pavements in the state.

Data collection began in 1972 on a series of 400 flexible pavement
sections, including 132 surface-treated sections, across the state. Peri-
odic site inspections of these test sections provided information on the
development of pavement distress. Stepwise regression of the test section
data resulted in the development of separéte "area" and "severity" equations
for ride quality and pavement distress. Ride quality is described by a
present serviceability index; pavement distress descriptors included: rut-
ting, raveling, flushing, alligator cracking, longitudinal cracking,

transverse cracking, and patching.
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A detailed discussion of the development of the Texas Distress
Equations and the Texas Flexible pavement Data Base are contained in

Appendix F.

Pavement Score

The Texas Flexible Pavement Data Base contained test sections for
surface-treated, black base, hot-mix, and overlay pavements. Each pavement
type had its own set of distress equations. A new index, pavement score,
incorporated all of the other distress equations into a single evaluator of
condition for each pavement type.

Pavement score considers ride quality as well as the area and severity
of each type of pavement distress. A new pavement begins with a pavement
score of 100.: As the pavement ages, ride quality and distress worsen, and
pavement score drops. Failure is said to have occurred when pavement score
drops below a pre-determined level, wusually 35, as defined in the
Department's Pavement Evaluation System.

The 0i1 Field Pavement Damage Program described in Research Report 299-

2 was designed to assess and predict surface-treated pavement performance

under 0il field traffic in Brazos and Burleson counties. (7) While environ-

mental data was included for each Texas county, the oil traffic distribution
used the composite traffic distribution developed in the Phase II efforts of
the study. (6) The original program did not address the statewide manage-

ment of pavements in oil field areas.

MODIFIED OIL FIELD PAVEMENT DAMAGE PROGRAM

The modified version of the 0il1 Field Pavement Damage Program allows

network analysis of flexible pavements in oil and gas field areas in any
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Texas county. The modifications involved three major program functions:

1. Input Different Drill Times,
2. Input Different Production Truck Traffic Characteristics.

3. Analyze Flexible Pavements Other Than Surface-Treated Pavements.

Input Different Drill Times

The original program inciuded a 2-month drilling period for each well.
This value was taken from photographic monitoring of the three Brazos county
well sites and was also confirmed by several persons familiar with local
drilling activities. Analysis of drilling permit records maintained by the
Railroad Commission of Texas (RRC), however, indicated a wide variety of
average county drill times. QQ

The 011 Field Pavement Damage Program has been modified to allow con-
sideration of drill times of up to 6 months. Drilling traffic remains at
150 vehicles for each day of drilling activity. This enables analysis of
heavy traffic demands associated with the drilling of very deep 0il or gas

wells.

Input Different Production Truck Traffic Characteristics

Drilling traffic often results in immediate pavement damage due to high
traffic volumes of heavy vehicles occurring over short periods of time.
Production traffic, while usually of lesser volume, may be spread out over
many years. The predominance of heavy trucks associated with production
poses continuing prob]éms for pavement networks in producing oil field
areas.

0i1 well production is extremely sensitive to site-specific geologic

conditions, Highly permeable formations may yield initial production rates

for many years, while neighboring formations, though ho]ding more oil, may




exhibit an almost immediate decline in production.

The production per well variability parameter described in Research
Report 299-4 may be used in Tieu of a comprehensive geologic survey to
predict monthly production truck traffic volumes. (8) Monthly volumes for
each year of production should demonstrate a decline in activity over time,
This decline may then be converted to an annual production traffic decay
rate for use in the 0i1 Field Pavement Damage Program.

The production success rate parameter from Report 299-4 may also be
entered directly into the program. This allows analysis of the effects of

multiple "what-if" production scenarios on a given network.

Analyze Flexible Pavements Other Than Surface-Treated Pavements

The Texas Flexible Pavement Data Base contained test sections of four
types of flexible pavement, each with its own set of statistically-derived
distress equations. The original 0il Field Pavement Damage Program only
contained the surface-treated pavement distress equations, since those pave-
ments were being most severely impacted by oil field truck traffic. The
other three sets of distress equations were added in Phase IV to allow

analysis of flexible pavement networks in oil and gas field areas.

SUMMARY

The 0i1 Field Pavement Damage Program was originally intended for use
in analyzing surface-treated pavements in the oil field areas of Brazos and
Burleson counties. Several assumptions were incorporated into the program
when it was introduced in Report 299-2 and demonstrated in Report 299-3. (6,
7)

Statewide network analysis represents an expansion in the scope of the

research efforts. As the primary analysis technique, the 0il Field Pavement
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Damage Program has been modified to meet the newly-expanded scope, Local
drilling and production characteristics have been replaced by county-spe-
cific values. Black base, hot-mix, and overlay pavements may now be ana-
lyzed, along with surface-treated pavements, either individually or in
networks. The modified program tabulates pavement performance over time
under various levels of 0il or gas field activity and documents the develop-
ment of pavement distress. These results can assist in the schedul ing of
maintenance and rehabilitation work for each pavement in the area. The
program permits application of pavement management systems' techniques to
flexible pavements in 0il and gas field areas and can be integrated into the

Department's existing PMS framework.
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CHAPTER 3 -- CASE STUDY ANALYSIS AND FINDINGS

The 0i1 Field Pavement Damage Program used the regional and site-
specific input data derived in Chapter 1 to compute the performance of each
pavement in the case study network under oil and gas field traffic. A time-
specific analysis scenario was developed before making the final program
runs. This scenario allows comparison of different pavements with dif-

ferent traffic loads at the same point in time.

ANALYSIS SCENARIO

Analysis of each pavement in the study network assumed a starting date
of July, 1977. This corresponded with the first month of drilling permit
records as contained in the RRC.ROGFDM files. Drilling and production
histories (Table 1-4 and Table 1-5, respectively) were developed for each
of the seven case study roads using the RRC.ROGFDM file. Both the county
variability parameters and the regional grid/density map were developed
using drilling records from July, 1977, to June, 1983,

Baseline ADT values were taken from the Department's traffic maps for_
District 11, Nacogdoches county maps from 1977 to 1982 gave ADT values at
two or three locations on each case study road. The available values were
then converted into overall values, one per road, for each year (1977-1982).
Least-squares regression of the overall values for each road gave approxi-
mate annual ADT growth factors for use in the 0il Field Pavement Damage
Program. Truck percentages for each road were held constant at the 1982
values since the program does not consider the effects of increasing truck

percentages.,
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District 11 lab personnel assisted in collecting structural information
on each of the seven case study pavements. Lab records provided typical
surface and base course thicknesses; dynaflect and ride quality measurements
were made using Department equipment. Values for subgrade plasticity index
and 1iquid 1imit were taken from Nacogdoches county test sections in the
Texas Flexible Pavement Data Base being maintained by TTI under a separate
contract. Each pavement was assumed to have been reconstructed immediately
before July, 1977, to minimize complexity in the analysis.

The program output, included in Chapter 4, listed all of the input data
(traffic, pavement, and environmental data; as well as baseline and oil

field wvalues) used in computing the performance of each of the case study

roads.
CASE STUDY FINDINGS

The 0il1 Field Pavement Damage Program computed performance over time
for each of the seven case study roadways under baseline and o0il field
traffic. Pavement performance was described in terms of pavement score, ride
quality (PSI), load-associated pavement distresses, and traffic-associated

distresses,

Pavement Score

Pavement score describes overall pavement condition by considering the
combined effects of pavement distress and ride quality. Pavement score
ranges from a high of 100 to a 1ow of 0, with 35 generally defined as when
the pavement has "failed.," Table 3-1 lists predicted time to failure since
the last rehabilitation, in months, for each case study roadway under
baseline and 0il field traffic., Figures 3-1 through 3-7 are plots of pave-

ment score versus time for each of the case study roads.
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Ride Quality

Figures 3-8 through 3-14 depict ride quality (P.S.I.) performance over

time for each road in the case study network.

Table 3-1. Predicted Time to Failure in
Months for Case Study Roadways.

Baseline 011 Field Percent
Road Traffic Traffic Reduction
US 59 71.5 71.5 0
FM 95 84.0 70.1 16.5
FM 138 61.6 55,5 9.9
FM 1087 113.5 92.7 18.3
FM 1878 85.0 78.5 7.6
FM 2476* 117.7 117.7 0
FM 2609 116.1 115.8 0.3

* No oil field traffic impacting roadway.
Notes: Failure = Pavement score < 3b,

Values indicate time to failure, in months.
Previous reconstruction in July, 1977 (month 1).
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Figure 3-1. Pavement Score Versus Time for US 59.
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Figure 3-5. Pavement Score Versus Time for FM 1878.
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Load-Associated Distresses

The 0il Field Pavement Damage Program contains area and severity equa-
tiohs for up to seven different types of pavement distress: rutting,
raveling, flushing, alligator cracking, longitudinal cracking, transverse
cracking, and patching, Three of these distress types -- rutting, alli-
gator cracking, and patching -- are directly re]ated to increased load.
Final selection depends upon which of the four possible flexible pavement
types is under analysis.

Rural flexible pavements intended for low-volume use are built pri-
marily to provide an all-weather surface which is easily and inexpensively-
maintained. 011 field traffic, however, involves large volumes of heavy
trucks. The increased load accelerates the development of load-associated
pavement distresses, reduces ride quality, and reduces anticipated pavement
performance.

Table 3-2 contains area (A) and severity (S) ratings for rutting,
alligator cracking, and patching for each of the case study roads seven
years after reconstruction. As expected, the surface-treated pavements in
active oil field areas (FM 95, FM 1087, and FM 1878) demonstrated the

highest Tevels of load-associated pavement distress.

Traffic-Associated Distresses

The 0il Field Pavement Damage Program also contains distress equations
which are not principally related to increased axle load repetitions.
Flushing, raveling, longitudinal cracking, and transverse cracking are typi-
cally traffic-associated distresses which can result from environmental
factors and expected increases in traffic volumes. As a result, high-volume
regional highways such as US 59, while being structurally stronger than

neighboring roads, often exhibit these types of distress.
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JTable 3-2. Load-Associated Distress on Case Study Roads
Seven Years After Reconstruction.

Alligator
Rutting Cracking Patching
Road A S A S A S
US 59 23.8 | 6.4 | 0.0 | 22.6 * *
r g 4 Y o 4 Vere7,/ 7
FM 95 /87.7 /79.1/ 35.5 | 32.0 b 58.5 A 667
r £ 7 yLVyvs. A ,///'),/’
FM 138 % 502074 69.1 /), 73.61
2 2e 2. X2 e LY ,'/'
FM 1087 9.8 | 43.6 V57.14
yaw.i
FM 1878 19.9 550.3';/ 61 .54
/ y4 Yoy,
FM 2476%% 0.0 | 4.0 | 21.4
4 77
FM 2609 45.3 V45177 12.7 0.1 }16.8 1§ 37.1
’/////

Notes: * Not calculated by 0il Field Pavement Damage Program,
** No oil field traffic impacting roadway.
//

These exceed maximum acceptable distress rating.
(See Appendix A for further details).

N\
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Table 3-3 contains the traffic-associated distress area (A) and
severity (S) ratings for each case study road seven years after reconstruct-
ion, As expected, US 59 demonstrated the highest levels of traffic-
associated distress.

Table 3-3, Traffic-Associated Distress on Case Study Roads
Seven Years After Reconstruction,

Longitudinal Transverse

Raveling Flushing Cracking Cracking

Road A S A S A S A S
US 59 * * * * 2.1 3107 23.0 [, 56.5]
’/I z 1//4
FM 95 4,2 6.1 6.4 7.8 10.7 5.2 19.8 0.5
FM 138 6.3 9.2 10.1 12.8 10.7 5.2 19.8 0.5

FM 1087 0.6 1.0 1.8 1.8 10.7 5.2 19.8 0.5

FM 1878 1.3 2.1 2.8 3.1 10.7 5.2 19.8 0.5

FM 2476**] 0.5 0.8 1.3 1.3 10.7 5.2 19.8 0.5

FM 2609 0.4 0.7 1.2 1.2 10.7 5.2 19.8 0.5

Notes: * Not calculated by 0il Field Pavement Damage Program.
** No oil field traffic impacting roadway.

Y, These exceed maximum acceptable distress rating.

’C;C;; (See Appendix A for further details).

39



SUMMARY

The results demonstrated a significant reduction in service 1ife of the
surface-treated pavements even under low levels of oil field activity. Of
the six surface-treated pavements, FM 95 (which served 13 wells) and FM 1087
(which served 11 wells) experienced the greatest percent reduction in per-
formance due to their larger o0il field traffic demands. Service life for
FM 138 (which served 8 wells) and FM 1878 (which served 3 wells) was
reduced by about six months. FM 2476 (serving 0 wells) and FM 2609
(serving 1 well) were not significantly affected by the regional oil field
activity. The surface-treated pavements, with their Timited structural
capacity, all showed signs of the accelerated development of 1oad-associated
distress after seven years of baseline and oi]lfield traffic.

Service 1ife for US 59 was not reduced by the added truck traffic.
" Although carrying regional traffic associated with 25 wells, the increased

pavement structure exhibited only minor increases in load-asso-

ciated distresses upon failure. The program results indicated no increase

in any of the traffic-associated distresses over the seven-year analysis
scenario, even with the addition of over 510,000 vehicles,

The results of the case study network analysis demonstrate the utility
of the modified 0i1 Field Pavement Damage Program. The program estimates
pavement performance for immediate use in identifying current and future
rehabilitation needs, The program also provides area and severity ratings
for load- and traffic-associated pavement distresses for systematic use in

selecting rehabilitation strategies for flexible pavements in o0il and gas

field areas.




CHAPTER 4 -- DESCRIPTION OF THE OIL FIELD PAVEMENT DAMAGE PROGRAM

This chapter describes the 0i1 Field Pavement Damage Program which has
been developed under Project 299. A flowchart of the Fortran 77 program is
given in Figure 4-1, and a complete 1isting of the program is presented in
Appendix B.

The program was developed in two steps. The first step is described in
TTI Report 299-2 and was developed by Tom Scullion, (6) It predicted pave-
ment 1ife for a single surface-treated pavement per computer run., The second
step, described here, was a modification of the original program by H. C.
Petersen to enable choice of flexible pavements, along with the capability
to simulate a number of pavements and traffic scenarios per computer run.
This program calculates:

A) Life to failure under baseline traffic,

B) Life to failure under baseline + oil field traffic,
for four different pavements, as selected by the user.

The program operates in three stages. The first stage reads in all of
the input data and then computes baseline and baseline + oil field traffic
characteristics. These traffic characteristics are l1oaded into an array for
use by six traffic subroutines.

The second and third stages loop until PSI, pavement score, and pave-
ment distress ratings have been calculated. This loop from Stage 2 to Stage
3 is run for each month that the user requested, once for baseline traffic
and once for baseline plus oil field traffic, as described in the General

Program Structure Section and Appendix A.
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Please note the foilowing assumptions:

1. The program considers all pavements to be two-lane roads, with one
lane for each direction. In order to examine multilane facilities,
Tane distribution information must be developed to adequately
describe the traffic mix. Although some initial work has been
conducted by the Department, existing data are insufficient to
summarize truck type distribution by lane assignments. Site
specific data should be collected to properly classify the vehicle
mix in a particular corridor.

2. Pavement distress equations were developed using stepwise re-

gression of data gathered at the test sections included the

Texas Flexible Pavement Data Base. (4) [See APPENDIX F for
details].

3. Pavement score has been defined to be a function of PSI, visual
score, and maintenance cost, a multiplicative utility approach.
Pavement score considers the combined effects of pavement distress
and ride quality in describing pavement condition. Equations have
been developed to predict both area and severity ratings for
several common distress types. These ratings range from 0 (no
distress) to 100 (total distress).

4, The Dynaflect Maximum Deflection (DMD) [sensor #1 reading], is
used to represent the structural strength of the pavement. This
DMD value 1is used in the performance equations to calculate

pavement deterijoration rates,
INPUT FILES

The program reads input data from two files:
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FILEO1 - Contains county environmental data.

FILEOZ2 - Contains user-supplied traffic and pavement data.

FILEO1L (FTO1F001, fixed file NOT user-supplied)

This file contains the required environmental data for each of the
counties in Texas, one county per record. Table 4-1 below shows the first
five and last five records from this file, which are the required environ-
mental data for counties 1 through 5 and 250 through 254, The FILEOl format

is as follows:

Table 4-1. Extracts From FILEOL.

Co. Th.
No. Index " RFALL. FTC. W.,FTC.  M.Max.T. AV.T.
1 12.5 3.57 4.82 0.900 716.7 65.4
2 =39.3 1.14 8.48 0.637 77.8 63.3
3 11.7 3.60 3.81 0.430 78.1 66.7
4 -10.3 3.10 0.610 0.167 78.0 70.6
5 -16.2 2.35 5.83 0.854 76.3 63.9
250 9.81 2.59 9.73 1.16 73.4 60.0
251 -25.,5 1.41 10.5 0.715 74.1 58.7
252 -14.9 2.48 8.77 0.800 76.9 63.7
253 -40.1 1.63 0.886 0.182 84.6 72.9
254  -30.,2 1.87 1.61 0.117 82.7 71.0
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OILFIELD DAMAGE PROGRAM

INPUT
FILEO1

Environmental
Data

INPUT
FILEOZ

Number of Pavements

Pavement
Data and Types

Baseline Traffic
Data

'

0iifield Data

Pavement
Data and Types

Baseline Traffic
Data

0ilfield Data

Program Functions

Assign Baseline and
0itfield Traffic

Calculate Pavement Distress

Calculate Pavement Score,
test for Failure, and
print results

Repeat for all desired
months and pavements

Y

'

QUTPUTS

Y

l

Pavement Summary

Baseline Traffic

Baseline, and
Gaseline plus
0ilfield
Traffic

Pavement Distress
and Pavement
Score

Time to Failure

Figure 4-1.
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FILEO2 (FTO2F001, user-supplied)

This file contains all pavement and traffic data pertaining to the
section under analysis. A complete FILEO2 1ist for the Nacogdoches County
case study network 1is provided at the end of the chapter.

FILEO2 begins with a single card (Card 0) which tells the program how

many pavements are to be analyzed. Each pavement then requires at least

seven additional cards containing all of the necessary pavement and traffic
(baseline and oil field) data. The 0i1 Field Pavement Damage Program 1oops
through each pavement card deck until all of the Card 0 pavements have been

analyzed, See Appendix A.

Table 4-2, Pavement Structure Input.

Input Data

County Number

Thickness of Flexible Base Layer
(inches)

Dynaflect Mean Maximum Deflection
(mils)

Subgrade Plasticity Index
Subgrade Liquid Limit
Pavement Strength
Surface Course Thickness

Percent Asphalt in Surface Course
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Table 4-3. Traffic Input Data.

Input Data

Average Daily Traffic
Percentage Trucks
Annual ADT Growth Rate

Percentage of ADT in Design
Lane (of 2-lane road)

Drill Time in Months
Production % Annual Decay

Percent of Drilled Wells
Which Produce

FILEO2 begins with Card 0, which indicates the number of pavements to
be analyzed during the program run., Each pavement then has its own separate
set of input cards, numbered 1 thrdugh NDATES + 6, containing the necessary
pavement and traffic information. These cards must be repeated for each

pavement, as shown below:
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FILEO2: Card O

Card
Card
Card
Card
Card
Card
Card

> PAVEMENT # 1

~e NOYOITDWN -

Card (NDATES + 6)
Card 1
Card 2
Card 3
Card 4 PAVEMENT # 2
Card 5

6

7

(

Card
Card

Card (NDATES + 6)

"

For all pavements,
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GENERAL PROGRAM STRUCTURE

The program consists of one main program and fifteen subroutines, which
gives the user the ability to simulate pavement damage under both baseline
and baseline plus oil field traffic over a choice of a number of flexible
pavements, along with the ability to simulate a number of pavements and
traffic scenarios per computer run.

This is accomplished by use of three nested DO 1oo0ps. The innermost
loop repeats the pavement distress and utility calculations for each month
selected by the user in FILEO2. The next outer loop cycles the program
twice for each pavement to calculate damage with baseline traffic (J = 1),
and then repeats the calculations with baseline plus oil field traffic
(J = 2). The outermost loop cycles the complete program (except the ini-
tialization section) for each pavement.

For each pavement run, the program calculates:

A) Life to failure under baseline traffic.
B) Life to failure under baseline + oil field traffic.

For any one of the following types of flexible pavement:

1. Surface-treated.
2. Black base.
3. Hot-mix.

4, Overlay.

The complete series of pavement calculations involves three stages. The
first stage reads in environmental data for all counties, followed by the
data for a given pavement, and then calculates baseline traffic and baseline

plus oil field traffic on the road. Traffic for the months selected for




study are then Toaded into an array for use by the appropriate pavement
damage program. The environmental data is read into the weather parameter
arrays by the main program. Then the main program reads the first card of
FILEO2, (number of pavements).

The second stage selects the appropriate pavement damage subroutine and
calculates pavement distress for a single month. The third stage calcu-
Tates pavement score, tests for pavement failure (and month of failure, if
failed), and prints a 1line of output. The program loops through the second
and third stages for each month to be analyzed to calculate damage and
pavement scores for each traffic (baseline or baseline plus oil field) and

pavement. See Figure 4-1,

OUTPUTS

For each pavement type selected on the first page, FILEO2, three
pages are output. Pavement data are summarized, followed by traffic data
including a table of cumulative traffic at each selected month. Both
normal baseline (N) and oil field (0) traffic is output.

The second page tabulates pavement damage values and pavement scores
for normal (baseline) traffic with no oil field traffic, for each month
investigated. If failure occurs, the month of failure is calculated.

The third page tabulates pavement damage values and pavement scores for
baseline plus oil field traffic, for the same months. If failure occurs,
the month of failure with oil field traffic is calculated. Finally, the

011 well development schedule is printed. These three pages of output are

repeated for all pavements.




SUMMARY

The 011 Field Pavement Damage Program reads weather data (FILEO1) and
pavement and traffic data (FILEO2), and uses this to calculate pavement
damage values and pavement scores as well as if and when pavement Failure
occurs., This Fortran 77 program operates in three stages. First, traffic
ADT and 18-k ESAL repetitions are computed. Second, the appropriate sub-
routine calculates pavement distress. Third, pavement scores are calculated
and tested for pavement failure. The results are then printed out. The
program loops for all months, traffics, and pavements.

Detailed program information can be found in Appendix A. Appendix B
lists the Fortran program, Appendices C and D contain the 1istings of the
input files used in this study, and Appendix E contains the program output

for the District 11 case study network.
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CHAPTER 5 -- CONCLUSIONS AND RECOMMENDATIONS

0i1 and gas field truck traffic causes a significant reduction in
available service 1ife for 1ight-duty flexible pavements., The reduced
performance results in accelerated maintenance and rehabilitation require-
ments. Even under Tight development, surface-treated pavements may require
full reconstruction one to two years earlier than expected. Black base, hot-
mix, and overlay pavements accommodate the increased load but fail under the
increased traffic volumes generated by nearby well site activity.

Computer-generated grid/density maps locate centers of drilling and
production activity and aid in identifying flexible pavements impacted by
0il1 field development. Variability parameters describe the magnitude and
duration of county well activity. The 0il1 Field Pavement Damage Program
considers these regional and site-specific factors in modeling flexible

pavement performance under oil and gas field truck traffic.

RECOMMENDATIONS FOR IMPLEMENTATION

The analysis procedure described in this report can be used as a
supplemental "tool1" within the Department's current pavement management
system (PMS). The 0il1 Field Pavement Damage Program analyzes flexible

pavements under a particular truck traffic distribution. Although the cur-

rent version contains oil field truck characteristics, other special-use

activities may be considered by entering the appropriate truck traffic

characteristics and modifying several of the "oil field" calculation

routines. When incorporated into the PMS, program results may eventually be
used to compute the additional cost incurred by the Department as a result

of the additional truck traffic.
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The grid/density maps and the county variability parameters can be
upgraded to reflect current conditions. Both are derived from the Railroad
Commission of Texas drilling permit records. It is recommended that the
Department acquire a copy of these computer records and update them annual-
ly. Each District may then use the updated records to develop their own
grid/density maps and county variability parameters for use in monitoring
present and future oil field development., It should be noted that much
"nand-coding" of city, county, and road coordinates is necessary. Efforts
to digitize towns, cities, county boundaries, and highways would greatly
expedite the production of the grid/density maps.

At the District 1evel, the 0il Field Pavement Damage Program can be
used to identify roads which are in need (or will soon be in need) of
maintenance or reconstruction., Pavement designers can use the program as an
additional source of information to evaluate the effectiveness of alterna-
tive designs under assumed traffic loads. Others can also use the program
results to select the most appropriate maintenance or reconstruction strate-
gy for a given road,

At the state level, the total analysis procedure can assist in identi-
fying areas in particular need of increased maintenance or reconstruction.
The Department could then provide justification for needed funds and also
more effectively estimate future funding requirements. The versatility of
the original 0il Field Pavement Damage Program has been retained. The
modified program can assist highway engineers in anticipating where work
will be needed, identifying what work will be needed, and estimating when

work will be needed.
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INTERPRETATION

Interpretation of the case study results must consider the assumptions
described in this report. Al1 pavement distress calculations were performed
assuming newly-reconstructed pavements., However, the current program is
capable of using actual pavement score and PSI values associated with rou-
tine pavement maintenance. Well locations, start of drilling and produc-
tion, and levels of well production truck traffic were also assumed from the
best possible information available. The results of the case study were
intended to demonstrate the methodology and applicability of analyzing

flexible pavement networks in oil and gas field areas.

RECOMMENDATIONS FOR FUTURE RESEARCH

This report describes techniques which are suitable for statewide
analysis of flexible pavements in o0il and gas field areas. Complete inte-
gration into the Department's pavement management system points toward
further research efforts in the following areas:

1. Special-Use Truck Traffic Characteristics.

2. Axle Load and Vehicle Weight Data.

3. Digitize Towns, County Boundaries, and State-Funded Highways.

Special-Use Truck Traffic Characteristics

Truck traffic characteristics for oil field development were defined
from photographic monitoring at actual oil well drilling sites. Analysis of
pavement performance under other load-intensive, special-use truck traffic
must incorporate traffic characteristics obtained from on-site monitoring of

major activity centers. Research efforts are currently underway in an
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effort to characterize traffic associated with timber, grain, cattle, poul-

try, produce, and surface mining activity.

Axle Configuration and Load Data

The 011 Field Pavement Damage Program uses truck traffic character-
istics taken from the Department's W-4 tables to describe the axle and axle
weight distribution of a selected traffic stream. Axle 1load equivalency
factors used to convert mixed axle configurations into 18-k ESAL repetitions
were also taken from generalized data. (1) Because the W-4 tables and
equivalency factors were derived for average highway traffic, they do not
represent the actual axle Teads associated with oil field activity.
Information provided on the W-4 Tables represents data that are collected at
six (6) weigh-in-motion stations in the state. The stations are located on
either interstate routes or major U. S. routes that serve inter-city truck
traffic. These stations are not representative of the site-specific truck
traffic demands associated with unique industries. Analysis of the effects
of o1l field and any other special-use truck activity can be improved by
sampling axle loads of each hauler. Site-specific axle weight information
is very important in making decisions concerning pavement design and

pavement rehabilitation strategies.

Digitize Towns, County Boundaries, and State-Funded Highways

The computer-generated grid/density maps locate oil field activity
centers and aid in identifying impacted roadways. However, these maps were
prepared only for Districts 11, 13, and 17. Developing maps for other
Districts would involve approximately one man-month each spent in hand-
coding coordinates for towns, county boundaries, and state-funded highways

taken from the Department's small-scale general highway map for each Dis-

54




trict. Once completed, however, the grid/density map could be generated at
any time from the current RRC drilling permit records.

A comprehensive statewide data base of town, county boundary, and
highway coordinates taken from a single, arbitrarily assigned coordinate
system would enable the Department to examine oil and gas field development
at any conceivable level. District personnel could generate grid/density
maps for the entire District, individual counties, or even isolated pavement
networks. At the state level, the Department could generate District maps,
county maps, or even state maps. Placing the grid/density map program and

data files on the Department's interactive graphics system would allow rapid

turnaround for engineers at both the local and state levels.




CHAPTER 6 -- PROJECT SUMMARY

This chapter summarizes the results of each phase of Research Project
2-8-81-299.

Phase I dealt with quantifying the effect of oil field traffic on rural
highways by determining the traffic levels and axle configurations asso-
ciated with the drilling and production of one 0il well. (5) The traffic
generated by the drilling of an oil well was recorded using photographic
equipment. A total of approximately 23,000 single axle repetitions were
generated by an average daily traffic of 150 vehicles per day. Peak volumes
of up to 350 vehicles per day were typical. These volumes were found to be
generated by oil field traffic in addition to normal "“intended-use" traffic
on the rural farm-to-market roadway. Fifty percent of the truck traffic
(approximately 15% of the ADT) were of the 3-S2 type (tractor-semi-trailer)
configuration.

The reduction in pavement service 1ife was determined based on the
concept of pavement serviceability developed at the AASH(T)0 Road Test.
This loss in pavement performance resulted in an increased annual cost of
$12,320 per mile for a low volume (250 ADT), 1ight duty (1/2 inch bituminous
surface treatment on a 6-inch foundation base course) pavement section,

Phase II verified the o0il well characteristics at two additional oil
well sites. An analysis procedure was developed to assess the impact of
additional ("special-use") trdffic on an existing surface treated pavement
section. The Texas Pavement Distress Equations were used to predict pave-
ment performance under various levels of oil field development. (6)

A Fortran 77 computer program, the "0i1 Field Pavement Damage Program,"
was developed to predict the changes in pavement serviceability and indi-

vidual types of pavement distress due to oil field traffic. To demonstrate
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the analytic capabilities of the program, a case study example was conducted
in the oil field areas of Brazos County. Several "density" maps were pre-
pared depicting drilling locations, producing well locations, and gener-
alized activity centers of oil field servicing companies. The "influence"
area of the oil fields was delineated, an estimate of trips produced, and
axle equivalencies calculated to estimate the reduction in pavement service
1ife under the oil field truck traffic demand.

Phase III described the statewide variability of 0il and gas drilling
and production activity. (7) The Railroad Commission of Texas regulates the
statewide operations of the oil and gas industry and continually updates a
Master Drilling Permits Record file of well permits issued, wells drilled,
and wells compieted. These data were compiled and six "variability" param-
eters were defined on a county-by-county basis. The resulting parameters
were used to generate input data for the "0i1 Field Pavement Damage Program”
such that pavement performance under traffic generated by servicing oil
field developments in any Texas County could be predicted, considering
statewide variabilities.

Phase Il also culminated in a report (8) that outlined a series of
computer programs and data files that create "grid/density" maps from com-
puter plots. These maps can locate the major acti&ity centers and identify
impacted roadways within an area of 0il field development.

Phase IV documented the procedure for analyzing the performance of
flexible pavement networks in oil and gas field areas throughout the state.
The 0i1 Field (Pavement) Damage Program was modified to permit the analysis

of various flexible pavement structures. A case study example was prepared

in detail in the final report to demonstrate the entire analysis procedures,
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APPENDIX A -- DOCUMENTATION FOR THE OIL FIELD pAVE
SE PROGRAN

This appendix describes the 0il Field Pavement D
Anage P
ro

in Fortran 77, which has been developed under Pro gram, Writ

J@Ct 299
the program is given in Figure A-1, and a compl )
is presented in Appendix B. The flow chart has beean
the functions of the main program, and the subro t ine to deSCr‘ibin(
the program. Description of the program variab } es
description of the appropriate program elements.
The program was developed in two steps. The Fip
TTI Report 299-2 and was developed by Tom Scul] ion_
ment life for a single surface-treated pavement pep Comp
utef‘ r
Step, described here, was a modification of the or j
Petersen to enable choice of flexible pavements,
to simulate a number of pavements and traffic scenapios
Original Author: T. Sculiion
Texas Transportation Institute
Texas A&M University
College Station, Texas 77843
(409) 845-9910
Modified by: H. C. Petersen
Texas Transportation Institute
Texas A&M University
College Station, Texas 77843
(409) 845-1726
This program calculates:
A) Life to failure under baseline traffic.

B) Life to failure under baseline + 0il field tr‘affic
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For any one of the following types of flexible pavement:
1. Surface-treated.
2. Black base.
3. Hot-mix,
4, Overlay.

The program operates in three stages. The first stage reads in all of
the input data and then computes baseline and baseline + oil field traffic
characteristics. These traffic characteristics are loaded into an array for
use by six traffic subroutines.

The second and third stages loop until PSI, pavement score, and pave-
ment distress ratings have been calculated. In stage two, the main program
calls the appropriate pavement damége subroutine (depending upon which
pavement type was selected) and calculates the PSI and pavement distress
ratings. Stage three then computes and prints pavement score values. This
loop from Stage 2 to Stage 3 is run for each month that the user requested:
once for baseline traffic and once for baseline plus oil field traffic.

Please note the following assumptions:

1. The program considers all pavements to be two-1ane roads, with oné

lane for each direction.

2. Pavement distress equations were developed using stepwise regres-

sion of data from site inspections of the test sections in the
Texas Flexible Pavement Data Base. (4)

3. Pavement score has been defined to be a function of PSI, visual

score, -and maintenance cost-a multiplicative utility approach,

Pavement score considers the combined effects of pavement distress

and ride quality in describing pavement condition. Equations have




been developed to predict both area and severity ratings for
several common distress types. These ratings range fromO (no

distress) to 100 (total distress).

INPUT FILES

The program reads input data from two files:
FILEOl - Contains county environmental data.

FILEO2 - Contains user-supplied traffic and pavement data.

FILEOL

FILEOl contains the following environmental data for each of the 254

Texas counties, one county per record:

1 TIN(I) - Thornthwaite index. (13)
2. RAIN(I) - Average Rainfall, —_'
3 FRTH(I) - Air freeze-thaw cycles.
4, AVTP(I) - Average maximum temperature.

FILE02
The user supplies the following pavement and traffic data:
NPVTS - Number of pavements to be analyzed.
These may be entire roads or just short sections., Each
pavement must have the remaining FILEOZ2 data entered for
'analysis.
MINSCR - Pavement score at failure (usually 35).
PVTYPE - Type of flexible pavement. Choose from:
1) Surface-treated. |
2) Black base.
3) Hot mix.

4) Overlay.
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couTy -

FLEXL -
DMD -
PI -
LL -
PVSTRN -

ASPH -
BINDER -

MON(I) -

HEAD(I )~

ADT -
PCTTRK -
GROWTH -

County where pavement is located. TTI Research Report 229-5,
Table A-2, contains acceptable values for each Texas
county. (9)

Base course thickness.

Mean dynaf]ect‘def]ection (sensor W1).

Subgrade plasticity index.

Subgrade liquid limit.,

Pavement strength. Choose from:

1)  Strong.
2) Medium.
3) Weak.

This variable 1is not used for surface-treated pavements.
PVSTRN established values for HPRZ and HPR3, as described
elsewhere in Chapter 4. (2)
Surface course thickness.
Percent asphalt used in surface course.
Commands program to print PSI, Pavement Score, and distress
ratings at specific times. For example,

1, 6, 12, 24, 36, 60, and 72 months
after reconstruction. Normally, 12 times are requested.
User-supplied heading. This may be used to identify the
pavement section and location, or other descriptive
information. (Maximum length of HEAD is 60 characters.)
Average Daily baseline Traffic. Use two-way values.
Percent trucks in baseline traffic.

Annual percent growth in baseline traffic.
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PCTLNE Baseline traffic distribution. Normally, use 50 percent.
Design lane distributions for multilane highways are not

considered by the program.

DTIME - Average number of months required to drill an oil or gas
well,

DECAY - Percent decline in annual truck traffic during production
phase. TTI Research Report 299-4 contains information perti-
nent to both the DECAY and the DTIME variabies. (8)

PRDPCT - Percentage of drilled wells which generate truck traffic
during production.

NDATES - Number of months in which drilling was actually underway in
the pavement study region.

IDATE - Eiapsed time (in months) from pavement reconstruction to the
start of driiling on each well.

NWELLS - Number of wells actually drilled in month "IDATE".

PREPARATION OF INPUT DATA

Input data for the 0il Field Pavement Damage Program must be entered
exactly as specified by the program's formatted READ statements. Both
FILEOLl and FILEO2 input data must be entered according to the following

guidelines in order for the program to execute properiy.

FILEO1l (FTO1F001, fixed file NOT user-supplied)

This file contains the required environmental data for each of the
counties in Texas, one county per record. Table A-1 below shows the first

five and last five records from this file, which are the required environ
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mental data for counties 1 through 5 and

is as fol lows:

1. County Number

2. Thornthwaite Index

3. Rainfai] Per Month

4, Freeze-Thaw Cycles per Month

5. Wet Freeze-Thaw Cycles per Month
6. Mean Maximum Temperature

7. Mean Average Temperature

250 through

Columns
Columns
Columns
Columns
Columns
Columns

Columns

254,

2 -
8 -1
18 - 2
28 - 3
38 - 4
48 - 5
58 - 6

The FILEO1l format

4
2
2
2
2
2

2

Note that the 0il Field Pavement Damage Program uses only Thornthwaite

Index, rainfall per month, freeze-thaw cycles per month, and mean average

temperature (in columns 2, 3, 4, and 7, respectively) during execution. The

other columns are stored in FILEOLl but never read.

Table A-1., Extracts From FILEOL.

County Th. Rain Wet M. Max. M.Avg.
No. Index Fall F.T.C. F.T.C. Temp. Temp.
1 12.5 3.57 4.82 0.900 76.7 65.4

2 -39.3 1.14 8.48 0.637 77.8 63.3

3 11.7 3.60 3.81 0.430" 78.1 66.7

4 -10.3 3.10 0.610 0.167 78.0 70.6

5 -16.2 2.35 5.83 0.854 76.3 63.9
250 9.81 2.59 9.73 1.16 73.4 60.0}
251 -25.5 1.41 10.5 0.715 74.1 58.7
252 -14.9 2.48 8.77 0.800 76.9 63.7
253 -40.1 1.63 0.886 0.182 84.6 72.9
254 -30.2 1.87 1.61 0.117 82.7 71.0}
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FILEO2 (FTO2F001, user-supplied)

This file contains all pavement and traffic data pertaining to the
section under analysis. A complete FILEOZ 1ist for the Nacogdoches County
case study network is provided at the end of the chapter.

FILEO2 begins with a single card (Card 0) which tells the program how

many pavements are to be analyzed. Each pavement then requires at least

seven additional cards containing all of the necessary pavementvand traffic
(baseline and oil fie]d)/data. The Qi1 Field Pavement Damage Program 1oo0ps
through each pavement card deck until all of the Card 0 pavements have been
analyzed.

Card 0: NPVTS (I3). This is the total number of pavements to be

simulated. It is entered only once and is the first card in FILEOZ,

Card 1: MINSCR (I2), PVTYPE (I2). MINSCR is the minimum score per-

missible for the section under analysis. This is normally fixed at 35 as
defined in the Department's Pavement Evaluation System for this type of
pavement. (3) PVTYPE is the type of flexible pavement to be studied; either
surface-treated, black base, hot-mix, or overlay (PVTYPE =1, 2, 3, or 4,
respectively).

Card 2. This card contains structural information which is eventually
printed in the "Structural Variables" section of the program output. Each
of the four flexible pavement types has its own set of structural variables
which must be entered in this card. Table A-2 provides the format of the
Card 2 pavement structure data.

Dynaflect deflection values should be taken from existing 1aboratory

records whenever possible. However, some suggested values are listed below.
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Table A-2, Card 2 Pavement Structure Data.

Name Code Columns Format
County Number COUTY 1-9 F9.2
Thickness of Flexible Base Layer | FLEXL 10-18 F9.2
(inches) :
Dynaflect Mean Deflection (mils) | DMD 19-27 F9.2
Subgrade Plasticity Index PI 28-36 F9.2
Subgrade Liquid Limit LL 37-45 F9.2
Pavement Strength PVSTRN 46-54 F9.2
Surface Course Thickness ASPH 55-63 F9.2
Percent Asphalt in Surface Course | BINDER 64-72 F9.2

68




Weak Pavement (N+g ) =2.04 mils
Medium Pavement (N) = 1,55 mils
Strong Pavement (N-0 ) =1.06 mils

Note: Mean dynaflect = 1.55 mils.
Standard deviation = 0.49 mils.
The subgrade soils' information can readily be obtained from county soil
survey maps.
Pavement strength, PVSTRN, is simply an index: 1 - strong
2 - medium
3 - weak
These index numbers are used in subroutines BBMOD (Black Base MODel),
HMMOD (Hot Mix MODel), and OVMOD (OVerlay MODel) to assign estimated
averaged values of HPR2 and HPR3 (2) as shown in Table A-3.

Table A-3. Suggested HPR2 and HPR3 Values.

Pavement Strength
Subroutine Index, PVSTRN HPR2 HPR3




ASPH and BINDER should be readily available, either from pavement
design or laboratory records.

Note that Card 2 has two different types of inputs: the first for
surface-treated pavements, and the second for the other three pavement
typeé. For surface-treated (PVTYPE = 1) pavements, input COUTY, FLEXL, DMD,
PI, and LL. For the other pavement types, input COUTY, PI, PVSTRN, ASPH,
BINDER. The other inputs are not used, and so may be actual values or
simply entered as zeros.

Card 3: MON(I) (16I5). These are the months at which PSI, pavement

score, and pavement distress ratings are to be calculated. Although sixteen

values may be entered into Card 3 for analysis, the user must enter at

least eleven different months to insure proper program execution. The pro-

gram reads each MON value from I =1 to I = NYR and loops through the
analysis procedures, computing PSI, pavement score, and the pavement dis-
tress ratings. NYR, which is currently set equal to 11, can only be changed
from within the program. As a result, unless internal program modifications
are made, the user will only receive solutions for 11 of the months in the
analysis period.

Card 4: HEAD(1), (15A4). This heading will appear at the top of each

page of program output. The user may type in anything up to 60 characters.
Card 5. This card contains baseline traffic data and local o0il field

drilling and production characteristics. Table A-4 contains input data

formats for Card 5.




Table A-4, Card 5 Input Data Formats.

Variable Input
Name Name Columns | Format
Average Daily Traffic ADT 1-8 F8.0
Percentage Trucks PCTTRK 9-13 F5.1
Annual ADT Growth Rate GROWTH 14-18 F5.1
Percentage of ADT in Design PCTLNE 19-23 F5.1
Lane (of 2-lane road)
Drill Time in Months DTIME 24-28 F5.1
Production % Annual Decay DECAY | 29-33 F5.1
JPercent of Drilled Wells PRDPCT 34-38 F5.1
Which Produce

Card 6: NDATES, (I3). NDATES is the number of dates in which oil

field activity started. Note that there are NDATES cards which follow this
card, each giving month number and number of wells started that month.

Cards 7 Through (NDATES + 6): IDATE, NWELLS (I3, 1X, 1I3). Card 7

tel1s how many months (NDATES) in the analysis period were marked by new 0il
well drilling activity. The remaining NDATES cards indicate how many wells
(NWELLS) began drilling in each month (IDATE). For example, if one new well
were drilled each month for a five-year period, the cards would look 1ike

this:
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IDATE

NWELLS

Card 7:
Card 8:
Card 9:
Card 10:
Card 11:

Card 64:
Card 65:
Card 66:

060

001 001 because NDATES = 60 months

002 001 IDATE = month 1, 2,

003 001 3, eeees 60

004 001 and NWELLS = 1 new well
. per month

058 001

059 001

060 001

month number in which 0il well drilling begins;

the number of new 0il wells drilled each month, IDATE.

Summary of FILEO2 Input Regquirements.

FILEOZ2 begins with Card 0, which indicates the number of pavements to

be analyzed during the program run.

Each pavement then has its own separate

set of input cards, numbered 1 through NDATES + 6, containing the necessary

pavement and traffic information.

pavement, as shown below:

FILEQ2: Card

Card
Card
Card
Card
Card
Card
Card

Card

Card
Card
Card
Card
Card
Card
Card
Card

0

~—~e ~NOYOWLFRWNH

NDATES + 6)

e NOYOIP WN =

(NDATES + 6)

For all pavements.

These cards must be repeated for each

\  PAVEMENT # 1

% PAVEMENT # 2
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A complete FILEO2 1ist for the Nacogdoches County case study network is
included at- the end of this chapter. This file listing demonstrates the use
of separate card decks for each pavement section and should clarify the use

of Card 0 to coordinate the program run,

Running the Program

The following job control 1language was used to run the program on the
Amdah1 at Texas A&M University.
//F77D11 J0B (W250,505A,S5,2,BS), 'OILFIELD®
//EXEC FORTVCLG,FVREGN=1204K
//FORT.SYSIN DD *
C

C
C

(program listing goes here)
C
C
C
END
//GO.FTOLFO01 DD DSN=USR.W250.BS.FILEQ1,DISP-SHR

//GO.FTO2F001 DD DSN=USR.W250,.BS.FILEQ2,DISP=SHR
/*END

GENERAL PROGRAM STRUCTURE

The program consists of one main program and fifteen subroutines, which
gives the user the ability to simulate pavement damage under both baseline
and baseline plus oil field traffic over a choice of a number of flexible
pavements, along with the ability to simulate a number of pavements and
traffic scenarios per computer run.

This is accomplished by use of three nested DO loops. The innermost
Toop repeats the pavement distress and utility calculations for each month
selected by the user in FILEO2. The next outer loop cycles the program

twice for each pavement to calculate damage with baseline traffic (J = 1),

and then repeats the calculations with baseline plus oil field traffic




(J = 2). The outermost loop cycles the complete program (except the initi-
alization section) for each pavement.

For each pavement run, the program calculates:

A) Life to failure under baseline traffic.
B) Life to failure under baseline + 0il field traffic.

For any one of the following types of flexible pavement:

1. Surface-treated.
2. Black base.
3. HOt-m'iX.

4. OQverlay.

The complete series of pavemenf calculations involves three stages. The
first stage reads in environmental data for all counties, followed by the
data for a given pavement, and then calculates traffic on the road. This
traffic, consisting of baseline traffic and baseline plus oil field traffic,
is first loaded into the TRAF array, and then traffic for the months
selected for study are loaded into the TR array for use by the appropriate
pavement damage program. The environmental data is read into the TIN, RAIN,
FRTH, and AVTP weather parameter arrays (numbered according to county num-
ber, 1 through 254, in each array) by the main program. Then the main
program reads the first card of FILEO2, NPVTS (number of pavements), and
prints this out. The main program wii] now loop to calculate damage for each

pavement.

Stage 1: Process Traffic Subroutines

The first stage now reads the data from FILEO2 for the first pavement,

and calculates the traffic analysis using the following subroutines:




TRAFIC - Converts baseline traffic into 18-k equivalent single axle
load (ESAL) repetitions per month, using values from the
SDHPT W-Tables. This process is described in TTI Research
Report 299-1. (5)

SETTAB - Loads the results of Subroutines "TRAFIC" into the 240 X 4
TRAF array, multiplying each successive entry by the GROWTH
factor. The array contains the total number of vehicles
(ADT) and 18-k ESAL repetitions which have passed over the
pavement since reconstruction. This subroutine does not 1load
the 01l field related traffic into the TRAF array at this
time,

OILDEV - Computes the 18-k ESAL repetitions and ADT per month due to
oil and gas well drilling. These are returned as N180IL and
ADTOIL, respectively.

OILSER - Computes 18-k ESAL repetitions and ADT per month due to oil
well production, returning these as N180IL and ADTSER.

ADDOIL - Adds the drilliing and production traffic values (from
Subroutines "OILDEV" and "OILSER") to the TRAF array. This
subroutine factors in the drilling time per well in months
(DTIME), the rate of decau of 0i1 production in percent per
year (DECAY), and the percent of wells drilled which result
in added truck traffic during OIL production.

CONVER - Accesses the TRAF array and extracts only those traffic
values for those months which the user had requested in the
MON (I) 1ist in FILEO2.

Stage 2: Compute PSI and Pavement Damage Ratings

The second and third stages loop until damage for all desired months

has been calculated. In the second stage, during each loop, the main program
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calls the appropriate Pavement Damage subroutine, depending upon which
pavement type was selected (1 = SLMOD, 2 = BBMOD, 3 = HMMOD, and 4 = QOVMOD).
This subroutine calculates the amount of damage which has occurred up to the
month being simulated, and returns the various damage parameters in the DIS

array. See PROGRAM ELEMENTS for the contents of this array.

Stage 3: Compute Pavement Score

During the third stage, in each loop, the programcalls five subrou-
tines to determine the adjustment factors for use in computing pavement

score at each MON(I). These subroutines are:

FINDAl1 - Calculates and returns traffic adjustment parameters.
FINDRF - Calculates and returns weather adjustment parameters.
UTLTY1 - Calculates the utility value of VISUAL.

UTLTY2 - Calculates the utility value of PSI.

UTLTY3 - Calculates the utility value of MCOST (Maintenance COST).

The main program then adjusts, computes, and prints the pavement score
for each month specified in FILEO2, Once pavement score has been calculated
for each MON(I) under baseline traffic, the program repeats the same process
for baseline + oil field traffic. Variables used to compute pavement score

are:

VISUAL- Utility value of Pavement Distress types from subroutine

"UTLTY1".
PSI - Utility value of PSI from subroutine "UTLTY2".
MCOST - Utility value of Maintenance Cost from subroutine “UTLTY3".
TOTAL - Total overall Pavement Score.
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The main program completes the Stage 1, 2, and 3 calculations for each
of the NPVTS pavements contained in Card 0 of FILEO2., In Stage 1, the
program reads in the next pavement's input from FILEO2 and generates the
TRAF and TR arrays. In Stage 2, the program computes PSI and pavement
distress ratings for each MON(I) for baseline traffic (J = 1) and baseline +
oil field traffic (J = 2). The program finally computes pavement score in
Stage 3. The 0il Field Pavement Damage Program stops running when all NPVTS
pavements have been analyzed.

Please note the following items:

1.  The program cons{ders all pavements to be two-1ane roads, with one
lane for each direction, Lane distributions for oil field traffic

on multilane highways were not obtained in this project.

2. The calculation of 18-k ESAL repetitions is described in TTI
Research Report 299-1. (5)

3. Pavement distress equations were developed using stepwise regres-
sion of data from site inspections of the test sections in the

Texas Flexible Pavement Data Base. (4) For example,

Distress = exp (RHO/N18) ** BETA

Where Distress Range = 0 - 100
RHO = Regression coefficient
BETA = Regression coefficient

RHO = F(Rainfall, PI, LL, Layer thickness, « . . . )
4, Pavement score has been defined in SDHPT Project 2239 to be a

function of PSI, visual score, and maintenance cost. (11) This is

amultiplicative utility approach




where:

PSI

Utility value of PSI

Visual = Utility value of distress types
Maint, Cost = Utility value of maintenance cost (considered
to be a function of the area of patchiné)
Pavement score considers the combined effects of pavement
distress and ridequality in describing pavement condition.Equa-
tions have been developed to predict both area and severity
ratings for several common distress types. These ratings range

from 0 (no distress) to 100 (total distress).

Table A-5 lists the maximum acceptable area and severity ratings.

Table A-5. Maximum Acceptable Distress Area and Severity Ratings.

5.

Distress Type Area Severity
Rutting 50 30
Raveling 80 30
Flushing 80 30
Alligator Cracking 50 50
and Patching
Longitudinal Cracking 70 30
Transverse Cracking 70 30

Minimum PSI = 1.5 (Range = 4.2 to 0)

These values are part of the 0il Field Pavement Damage Program,
They cannot be changed from outside of the program.

Refer to TTI Research Report 299-2 for additional details. (6)
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Input Files and Variables

The program reads input data from two files:
FILEOl - Contains county environmental data.
FILEOZ - Contains user-suppliied traffic and pavement data.
The first input file, FILEOl, uses the following environmental variable

arrays which contain data for each of the 254 Texas counties (one county per

record):
1. TIN(I) - Thornthwaite Index.
2. RAIN(I) - Average Rainfall,
3. FRTH(I) - Air Freeze-Thaw Cycles.
4, AVTP(I) - Average Maximum Temperature,

Note that these files reside in memory for all counties throughout the
computer run, Thus, it is not necessary to return to the original FILEOQZ2
when simulating roads in different counties; a number of different counties
can be input in a single computer run,

In the second input file, FILEO2, the user supplies the following:

NPVTS - Number of pavements to be analyzed.

These may be entire roads or just short sections. Each
pavement must have the remaining FILEOZ? data entering for
analysis.

MINSCR - Pavement score at failure (usually 35).

PVTYPE - Type of flexible pavement. Choose from:
1) Surface-treated.
2) Black base.

3) Hot mix.

4)  Overlay.




COuTY -

FLEXL -
ODMD -
VPI -
LL -
PVSTRN -

ASPH -
BINDER -
MON(I) -

HEAD(I)-

ADT -
PCTTRK -

GROWTH -

County Where pavement is located. TTI Research Report 229-5,
Table A-2, contains acceptable values for each Texas county.
Basé course thickness,

Mean dynaflect deflection (sensor Wl1).

Subgrade plasticity index.

Subgrade 1iquid limit.

Pavement strength. Choose from:

1) Strong.
2) Medium.
3)  Weak.

This variable is not used for surface-treated pavements,
PVSTRN establishes values for pavement strength parameters
HPRZ and HPR3, as described in Table 4-3 and later in this
chapter.
Surface course thickness.
Percent asphalt used in surface course.
Commands program to print PSI, pavement score, and distress
ratings at specific times. For example,

1, 6, 12, 24, 36, 60, and 72 months
after reconstruction. Normally, 12 times are requested.
User-supplied heading. This may be used to identify the
pavement section and location, or other descriptive
information., (Maximum length of HEAD is 60 characters.)
Average Daily baseline Traffic. Use two-way values.
Percent trucks in baseline traffic.

Annual percent growth in baseline traffic.
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PCTLNE Baseline traffic distribution. Normally use 50 percent,

Design Tane distributions for multilane highways are not

considered by the program.

DTIME - Average number of months required to drill an oil or gas
well,

DECAY - Percent decline in annual truck traffic during production
phase. TTI Research Report 299-4 contains information
pertinent to both the DECAY and the DTIME variables. (8)

PRDPCT - Percentage of drilled wells which generate truck traffic
during production.

NDATES - Number of months in which drilling was actually underway in
the pavement study region.

IDATE - Elapsed time (in months) from pavement reconstruction to the
start of drilling on each we]].'

NWELLS - Nuﬁber of wells actually drilled in month "IDATE".

PROGRAM ELEMENTS

This section describes some of the major variables used along with a
more detailed structure of this program (See flow chart, Figure A-1). The

information contained in this section is not necessary to run the program.

It is intended to simplify the programmer's task in the event that modifica-
tions are desired to change the program or any of its default values, This
section assumes that the reader has a knowledge of FORTRAN syntax and
protocol.

The program consists of the main program, which calls 15 subroutines

as needed. These subroutines may be grouped into one of the following three

stages:




Stage 1. Traffic Subroutines.
Stage 2. Pavement Damage Subroutines.

Stage 3. Pavement Score Subroutines.

The main program reads the environmental data from FILEOLl into four

254-e1ement weather arrays;

TIN(I) = Thornthwaite INdex
RAIN(I) = RAINfall per month
FRTH(I) = FReeze-THaw cycles per month
AVTP(I) = Mean AVerage TemPerature
where (I) = CounTY (CTY) number (Refer to Table A-2 in TTI

Research Report 299-5).

These are then accessed and converted into annual values for the single
county under study in the main program during each pavement loop. Next, the
main program reads the number of pavements to be simulated on the first card
of FILEO2, NPVTS (number of pavements), and prints this number out. The main
program will now use the outermost DO loop to calculate damage for each
pavement, with the DO Toop counter IPVTS incrementing from one to NPVTs; the
number of pavements input in FILEOZ.

In the first stage, the main program then reads the road and traffic
data from FILEOZ for the first pavement to be simulated, changing from
integer fo real number format where appropriate, and calculates the traffic
analysis using the following subroutines: TRAFIC, SETTAB, OILDEV, OILSER,
ADDOIL, and CONVER.

The second and third stages cycle twice, once for baseline traffic and

once for baseline plus o0il field traffic, using the middle DO Toop with

counter J incrementing from one to two (J = 1 for baseline traffic, and J =




2 for baseline plus oil field traffic). The innermost DO loop cycles through
the second and third stages for each month, with the DO lToop counter NYR
incrementing from one to the number of months to be investigated. At the
present time, the value of NYR is programmed in as eleven and cannot be
changed from outside the program. The ﬁrogram would require additional
program lines to allow input of a variable number of months, probably from
FILEOZ.

In the second stage, IF tests select the proper subroutine call to
calculate pavement damage for a single month., The value of PVTYPE from
FILEOZ2 determines the pavement damage subroutine selected. (1 = Subroutine
SLMOD, 2 = Subroutine BBMOD, 3 = Subroutine HMMOD, and 4 = Subroutine
OVMOD.) The appropriate pavement damage subroutine returns the pavement
damage parameters in the DIS array shown in Table A-6.

Note that only the subroutine SLMOD returns all 15 DIS values. The
other three subroutines return zeros for Raveling, Flushing, and Patching
DIS array values.

The third stage loops along with the second stage. This stage calcu-
lates the pavement utility values for a single month by calling subroutines
FINDA1 and FINDRF to compute adjustment values, followed by calls to subrou-
tines UTLTY1, UTLTY2, and UTLTY3 to calculate VISUAL, PSI, and MCOST values.
The main program then calculates TOTAL utility value (i.e., Pavement Score),
and uses an IF test to set the variable IFAIL, IFAIL = 0 if the pavement has
not failed, and IFAIL = 1 when the pavement has failed, that is, when TOTAL
is not greater than the minimum allowable score, MINSCR, If pavement has
.failed, the main program calculates the time to failure in months. Finally,
the program prints out the values. This is the end of a single month's
calculations; the inner DO loop increments to the next month, and the pro-

gram continues.
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Table A-6. 0il Field Pavement Damage Program DIStress Array.

DIS(1) = PSI

DIS(2) = Rutting Area

DIS(3) = Rutting Severity
DIS(4) = Raveling Area

DIS(5) = Raveling Severity
DIS(6) = Flushing Area

DIS(7) = Flushing Severity
DIS(8) = Alligator Crack Area

DIS(9) = Alligator Crack Severity

DIS(10) = Longitudinal Crack Area
DIS(11) = Longitudinal Crack Severity
DIS(12) = Transverse Crack Area
DIS(13) = Transverse Crack Severity
DIS(14) = Patching Area

DIS(15) = Patching Severity




In summary, these are the subroutines which are called:

TRAFIC
SETTAB
OILDEV Stage 1
OILSER
ADDOIL
CONVER

SLMOD BBMOD HMMOD OVMOD } Stage 2

FINDAl
F INDRF
UTLTY1 Stage 3
UTLTY2
UTLTY3
These subroutines, and the variables transferred, are described below.
Non-default variables used in the main program are INTEGER: CTY(CounTY
number), ENDSCR (Pavement END of 1ife SCoRe), ENDMTH (END of pavement 1life
MonTH number), PVTYPE (PaVement TYPE), and PVSTR (PaVement STRength).
Variables are passed to the subroutines in two ways. The first method
of passing variables is through the CALL statement. To simplify program
tracing, the same variable names were used in both the main program and the
subroutines wherever possible. The second method of passing variables is to
make them accessible by use of a COMMON statement. The COMMON statement is

used to pass the following variables to the appropriate pavement damage

subroutine in Stage 2: FLEXL, DMD, PI, LL, PVSTRN, ASPH, and BINDER.

Traffic Subroutines

Six subroutines compute the traffic on the road and put the values into
the TRAF and the TR arrays:

Subroutine TRAFIC converts baseline traffic into 18-k equivalent single
axle load (ESAL) repetitions per month, using values from the SDHPT W-4

Tables. This process is described in TTI Research Report 299-1. (5) It
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brings in the values of ADT (Average Daily Traffic), PCTTRK (PerCenT
TRucKs), and PCTLNE (PerCenT of total ADT in the LaNe under study), and uses
REAL-format data which is read from programmed-in DATA statements taken from

the SDHPT W-4 tables:

PERCNT - Contains the percentage of each truck type in the baseline
traffic stream.

SINGLE - Contains the number of single axles by truck type.

TANDEM - Contains the number of tandem axles by truck type.

DISTSN - Contains the single axle load distributions as measured at
weighing stations for each truck type.

DISTAN - Contains tandem axle load distributions for each truck type.

ESING - Contains equivalency factors for single wheel loads.

ETAND - Contains equivalency factors for tandem wheel loads.

The subroutine converts two-way baseline ADT to one-way; and returns
this one-way ADT (note that the value changes in this subroutine) and
monthly N18 18-k ESAL (N18 is declared to be REAL). Passenger cars are not
used to compute 18-k ESAL repetitions. Al1 variable values are passed
through the CALL statement.

Subroutine SETTAB 1oads the results from Sﬁbroutine “TRAFIC" into the
240 X 4 TRAF array, multiplying each successive entry by the GROWTH factor.

The array structure is:

Column 1 - ADT (baseline).

Column 2 - ADT (baseline + o0il field).
Column 3 - 18-k ESAL (baseline).

Column 4 - 18-k ESAL (baseline + oil field).




The array contains the total number of vehicles (ADT) and 18-k ESAL
repetitions which have passed over the pavement since reconstruction. This
subroutine dees not load the oil field related traffic into the TRAF array
at this time. The 0il field values are added later by the subroutine ADDOIL.

N18 is declared to be REAL. A11 variable values, including the TRAF
array, are passed through the CALL statement.

Subroutine OILDEV computes the 18-k ESAL repetitions and ADT per month
due to 0il and gas well drilling. These are returned as N180IL and ADTOIL,
respectively. The subroutine uses statements from the SDHPT W-4 Tables to
compute 18-k ESAL repetitions associated with the TTYPE distribution, which
are programmed in as DATA statements. TTYPE contains the number of each
truck type used during oil and gas well drilling, obsérved during photo-
graphic monitoring of three oil well sites in Brazos County over a 60-day
oil well development period. Table A-7 contains the final values used in
TTYPE to describe truck traffic at an oil well drilling site.

Drilling daily traffic volume (ADTOIL = 150) is an average value, taken
from film records in Brazos County and confirmed by several petroleum con-
sultants as a typical value for drilling traffic at most Texas oil and ga§
well sites.

At the present time, this and the following data are programmed in as
DATA statements., If it is desired to represent a different distribution, the
DATA statements must be changed, or additional READ statements could be used

to access other distribution files.

PCT - Converts two-way ADT and N18 into one-way ADT and N18, under
the assumption that whatever enters the well site must later

exit the well site over the same roads. Thus PCT = 0.50; if




Table A-7, 0il Well Truck Traffic Distribution.

AASHTO Truck Type _ Number Observed
SU-1 300
SU-2 _ 150
2-S1 45
2-S2 0
3-SU and greater 655
2-51-2 ‘ 0
3-S1-2 0
2-1 90
2-2 ( 0
3-2 and greater 125

Number of trucks observed = 1365 (2-month period).
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this assumption 1is invalid for the roads under study, the

program must be changed.

SINGLE - Contains the number of single axles by truck type.

TANDEM - Contains the number of tandem axles by truck type.

DISTSN - Contains the single axle load distributions as measured at
weighing stations for each truck type.

DISTAN - Contains tandem axle load distributions for each truck type.

ESING - Contains equivalency factors for single wheel loads. (1)

ETAND - Contains equivalency factors for tandem wheel loads.

Other than the programmed-in DATA statements, all values are passed
through by the CALL statement.

Subroutine OILSER computes 18;k ESAL repetitions and ADT per month due
to 0il well production, returning these as N18SER and ADTSER. Programmed in

data statements are used for the following variables:

SDISTR - Distribution of single-axle trucks.
TDISTR - Distribution of tandem-axle trucks.
ESING - From SDHPT W-4 Tables.

ETAND - From SDHPT W-4 Tables.

The variables N18SER (declared to be REAL) and ADTSER are passed by the
CALL statement. |

Production traffic is assumed to be 50 passenger cars (ADTSER = 50) and
150 3-S2 trucks (SRVICE = 150). The subroutine converts two-way monthly
passenger car ADT into one-way on the assumption that what enters the pro-
duction site must later exit (PCT = 0.5). Two way monthly truck traffic is
used to compute production 18-k ESAL repetitions, and then is converted to

the one-way 18-k ESAL value.
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Subroutine ADDOIL adds the drilling and production traffic values (from
Subroutines "OILDEV" and "OILSER") to the TRAF array. This subroutine fac-
tors in the drilling time per well in months (DTIME), the rate of decay of
0il production in percent per year (DECAY), and the percent of wells drilled
which result in added truck traffic during OIL production.

The program assumes that production at the well site will decline over
time. Production traffic follows an annual stepwise decline in the subrou-
tine, assuming that 12 months of constant traffic is followed by a drop of
magnitude “DECAY", then another constant 12 months, followed by another
"DECAY" percent drop. There is also the assumption that not all wells
produce oil or gas. The user-input variable "PRDPCT" converts the number of
drill sites into the number of producing sites. The variability parameter

“Completion Success Rate" from TTI Research Report 299-4 may be used here,

but oniy if all producing wells generate truck traffic. Gas wells, as men-

tioned in Report 299-4, usually do not generate production truck traffic.
(8)

The subroutine is capable of inputting drill times of one to six months
as integers., Partial months are rounded to the nearest integer. Thus, 1.49
months becomes one month, but 1.5 months becomes 2 months. This is accom~
plished through a series of IF tests with GOTO statements to terminate the
adding of additional months' 0il development traffic.

A1l values computed in OILSER are passed through the CALL statement.

Subroutine CONVER accesses the TRAF array and extracts on]} those
traffic values for those months which the user had requested in the MON(I)
list in FILEO2. It loads the 15 X 4 TR array, supplying most of the traffic

values for the pavement distress tables which are output at the end of the

program. Al1 variable values are passed through the CALL statement.
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Pavement Damage Subroutines

Four subroutines compute pavement distress area and severify ratings.
Only one of these is selected, according to the value of PVTYPE (1 = SLMOD,
2 = BBMOD, 3 = HMMOD, 4 = QVMOD). The appropriate subroufine returns the
severity damage parameters in the 15-element DIS array, described above.

Subroutine SLMOD contains pavement distress equations for surface-
treated pavements. These equations were developed from regression analysis
of inspection data coliected bn over 100 thin pavement sections in Texas.
(4) TTI Research Report 299-2 describes the use and derivation of these
distress equations. (6)

This is the original distress subroutine contained in the program which
was described in TTI Report 299-2, It brings in the variables N18, ADT, and
MTH through the CALL statement, returning the full DIS array in this manner,
Table 4-6 describes the structure of the DIS array. This subroutine uses
only the variables FLEXL, DMD, PI, LL, AVT50, TI50, and FTC from the COMMON
statement; the remaining variables are not used here and thus may be zeros.

Subroutine BBMOD contains pavement distress equations for black base
pavements. These equations were developed from regression analysis (12) of
inspection data from the Texas Flexible Pavement Data Base. TTI Research
Report 299-2 describes the use and derivation of these distress equations.

This subroutine was derived from an original complete TTI pavement
distress program. It brings in the variables N18, ADT, and MTH through the
CALL statement and returns the DIS array as shown in Table A-6. Note that
the DIS array contains zeros for raveling, flushing, and patching, as these
are not now calculated in this subroutine. An intermediate DS array was used
in the subroutine to maintain compatibility with the original distress array

in the main program. This was done to simplify the programmer's task when
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updating this subroutine, but it required equating the subroutine's DS array
elements to the main program's DIS array through a series of equations
contained in Table A-8,

The subroutine uses only the variables PI, AVT50, TI50, FTC, PVSTR,
ASPH, and BINDER from the common statement; the remaining variables are not
used and thus may be zeros. The variable PVSTR is used to assign the value
of the pavement strength parameters HPR2 and HPR3, as indicated in Table
A-3. g

Note that maximum and minimum values are placed on each rho and beta
value. These are in the programmed DATA statements.

Subroutine HMMOD contains pavement distress equations for hot-mix pave-
ments. These equations were also developed from regression analysis of
inspection data from the Texas Flexible Pavement Data Base. TTI Research
Report 299-2 describes the use and derivation of these distress equations.

Just as Subroutine BBMOD, Subroutine HHMOD was derived from an original
complete TTI pavement distress program. It brings in the variables N18, ADT,
and MTH through the CALL statement, and returns the DIS array (Table A-6
gives the structure of this array). Again, note that the DIS array contains
zeros for raveling, flushing, and patching, as these are not now calculated
in this subroutine. In order to maintain compatability between the original
program and this subroutine, an intermediate DS array was used as a sub-
stitute for the original distress array in the complete program. This was
done to simplify the programmer's task when updating this subroutine, but it
required equating the subroutine's DS array elements to the main program's

DIS array through the series of equations in Table A-8.
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Table A-8. Equations for Conversion Between DS and DIS
Arrays in Pavement Damage Subroutines.

DIS(1) = DS(9)
DIS(2) = DS(1)
DIS(3) = DS(2)
DIS(4) = 0.0
DIS(5) = 0.0
DIS(6) = 0.0
DIS(7) = 0.0
DIS(8) = DS(3)
DIS(9) = DS(4)
DIS(10)= DS(7)

DIS(11)= DS(8)
DIS(12)= DS(5)
DIS(13)= DS(6)
DIS(14)= 0.0
DIS(15)= 0.0




Subroutine HMMOD uses only the variables PI, AVT50, TI50, FTC, PVSTR,
ASPH, and BINDER from the common statement; the remaining variables are not
used and thus may be zeros. The variable PVSTR is used to assign the value
of the pavement strength parameters HPR2 and HPR3, as indicated in Table
A-3.

Note that again maximum and minimum values are placed on each rho and
beta value. These are in the programmed DATA statements.

Subroutine OVMOD contains pavement distress equations for overlay pave-
ments. These equations were also developed from regression analysis of
inspection data from the Texas Flexible Pavement Data Base. TTI Research
Report 299-2 describes the use and derivation of these distress equations.

This subroutine was derived from an original complete TTI pavement
distress program. It, too, brings in the variables N18, ADT, and MTH
through the CALL statement and returns the DIS array (Table A-6 gives the
structure of this array). Again, note that the DIS array contains zeros for
raveling, flushing, and patching, as these are not now calculated in this
subroutine., In order to maintain compatability between the original program
and this subroutine, an intermediate DS array was used to substitute for the
original program's distress array. This was done to simplify the program-
mer's task when updating this subroutine, but it required equating the
subroutine's DS array elements to the main program's DIS array through the
series of equations in Table A-8.

Subroutine OVMOD uses only the variables PI, AVT50, TI50, FTC, PVSTR,
ASPH, and BINDER from the common statement. The remaining COMMON variables
are not used and thus may be zeros. The variable PVSTR is used to assign the

value of the pavement strength parameters HPR2 and HPR3, as indicated in

Table A-3.




Note that maximum and minimum values are placed on each rho and beta

value. These are in the programmed DATA statements.

Pavement Score Subroutines

Five subroutines provide values used in computing the pavement score of
each foad:

Subroutine FINDAl applies traffic adjustment factors for use in com-
puting pavement score., The variables ADT and AKIP are passed through the
CALL statement, and the adjustment factor Al is returned in the same manner.
Remaining variables are read from DATA statements.

Subroutine FINDRF applies weather adjustment factors for use in com-
puting pavement score. The variables RFAL and FTC for the appropriate
county are passed through the CALL statemenf, and the adjustment factor
afray V is returned in the same manner. Remaining variables are read from
DATA statements.

Subroutine UTLTY1 computes utility value of PSI and AVUC for input into
pavement score formula. The RX array and the V array are passed through the
CALL statement, and the Visual parameter AVUC is returned for combuting
VISUAL in the main program. DATA statements are used in this subroutine.

Subroutine UTLTY2 computes utility value of distress types, SIUC, for
input into pavement score formula. ADTS and SRCE pass through the CALL
statement, and SUIC is returned for computation of PSI in the main program.
DATA statements are used in this subroutine.

Subroutine UTLTY3 computes utility value of maintenance cost, RMUC, for
input into pavement score formula. This is considered to be associated with
the area of patching. PATCH equals thé total area of road covered by
patching, and is passed fromvthe main program through the CALL statement.

This subroutine calculates the cost associated with PATCH, and also calcu-




lates a utility score for that cost (3) (refer to the Texas Pavement Evalu-

ation System), For example:

If PATCH = 10%, cost = $1400 (where U decreases).

If PATCH

75%, cost = $3100 (where U = 0).
Use linear interpolation to compute cost between PATCH = 10%

and PATCH = 75%.

The value of RMUC is returned through the CALL statement for calcu-
lation of MCOST, the index of the cost of maintenance.
No COMMON or DATA statements are used in this subroutine, but some

values are directly programmed into the formulas.

Possible Program Modifications

The 0il1 Field Pavement Damage Program presently contains a number of
assumptions and programmed-in data variables, as »1ndicated throughout this
report. The program has been intentionally written and documented to allow
improvements and additional input variables to be programmed. New defaults
and programmed data can be "hard-wired" into the program, or added READ
statements can access user-supplied defaults. Another possibility is to
incorporate a series of READ statements for different default files
(DEFAULT1, DEFAULT2, DEFAULT 3, etc.) which could be read in as a single- -
value default index in FILEOZ, in a manner similar to the method used to
select pavement type and pave&ent strength. The ultimate capability would be
reached by re-programming to access SDHPT‘files which are currently updated.

Another possible use of the program would be as part of an overall
pavement management computer system., The Stage 1 traffic subroutines, in

particular, could be integrated as an "oil field development" module into
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the main pavement analysis system. 0il field development is just one of
many types of special-use truck traffic currently impacting rural highways
in Texas. Research is now underway to determine the characteristics of
other special-use truck activity such as timber, grain, cattle, poultry,
produce, and surface mining. In fact, the original 0il1 Field Pavement Damage
Program developed in Phase Il has already been modified to analyze the
effects of timber truck traffic on surface-treated pavements. (9) Many
unique truck traffic distributions could be organized in a similar manner
into modules for use in the master pavement management program. The master
program could also include a "user-friendly" data input/control routine to
guide the user step-by-step through the data input process.

Programmers should refer to the "PROGRAM ELEMENTS" section of this
chapter when modifying the program for specialized use. The authors hope
that this chapter will be of assistance to persons using the 0il Field

Pavement Damage Program.
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SUMMARY

This chapter contains general and specific information on the 0il Field
Pavement Damage Program. The general information involves data and input
apd other steps necessary for running the program. Specific information
concerns the program's structure, which may be used by programmers at-
tempting to adapt the program for special requirements. This program docu-

mentation may also be used as a reference manual detailing program struc-

ture, assumptions, subroutines, and data input formats.




10.

REFERENCES

Carmichael, R. F., III, Roberts, F. L., Jordahl, P. R., Treybig, H. J.,
and Finn, F. N., "Effects of Changes in Legal Load Limits on Pavement
Costs: Volume 1 - Development of Evaluation Procedure," Federal
Highway Administration, U. S. Department of Transportation, Report
FHWA-RD-78-98, September, 1978.

Garcia-Diaz, A., Riggins, M., and Liu, S. J., "Development of Perform-
ance Equations and Survivor Curves for Flexible Pavements," Research
Report 284-5, Texas Transportation Institute, Texas A&M University,
College Station, Texas, March, 1984,

"Maintenance Management System: Pavement Evaluation System," Detailed
Design Document, Texas State Department of Highways and Public
Transportation, August, 1979.

Mahoney, J. P. and Lytton, R. L., "Measurements of Pavement Performance
Using Statistical Sampling Techniques," Research Report 207-2, Texas
Transportation Institute, Texas A&M University, College Station, Texas,
March, 1978.

Mason, J. M,, Metyko, M. J., and Rowan, N. J., "The Effects of 0il
Field Development on Rural Highways -- Phase I -- Identification of
Traffic Characteristics, Pavement Serviceability and Annual Cost
Comparison," Research Report 299-1, Texas Transportation Institute,
Texas A&M University, College Station, Texas, February, 1982.

Mason, J. M,, Scullion, T., and Stampley, B., "Estimating Service Life
of Surface-Treated Pavements in 0il1 Field Areas," Research Report 299-
2, Texas Transportation Institute, Texas A&M University, College
Station, Texas, March, 1983,

Mason, J. M. and Stampley, B. E., "Statewide Variability of 0il and Gas
Drilling and Production Activity," Research Report 299-4, Texas
Transportation Institute, Texas A&M University, College Station, Texas,
July, 1984,

Maxwell, D. A., Stampley, B. E., and Mason, J. M., "0i1 Field Drilling
Activity Data Reduction and Density Map Production," Research Report
299-5, Texas Transportation Institute, Texas A&M University, College
Station, Texas, February, 1984.

Middleton, D. R., Mason, J. M., and Simmons, K. F., "Identification of
Special-Use Truck Traffic," Research Report 420-1, Texas Transportation
Institute, Texas A&M University, College Station, Texas, August, 1984,

Phillips, Don T., Shanmugham, Chiyyarath V., Lytton, Robert L., and
Farhad, Ghasemi-Tari, "Rehabilitation and Maintenance System State
Optimal Fund Allocation - Program I," Research Report 239-4, Texas
Transportation Institute, Texas A&M University, College Station, Texas,
February, 1981,

99



11.

12.

"SAS User's Guide 1979 Edition," SAS Institute Inc., Box 8000, Cary,
North Carolina 27511,

Thornthwaite, C. W., "An Approach Towards a Rational Classification of
Climate," Geographical Review, Volume 38, Number 1, 1948, pp. 55-74.

100






APPENDIX B
OIL FIELD DAMAGE PROGRAM LISTING

101



AN3IIOI 34300 NOISS3IHYO3Id = vL3g
IN3IIOI44300 NOISSIHO3A = OHY
O0L 0L O = 3IODNVY SS3ALSIA JAIHM

v139 *x (B8IN/OHY)AX3 = SS3IAHLSIA

‘37dWvX3 d¥o4d

"35vE VIVA IN3W3IAVd 3719IX374 SvX3ILl 3HL NI SNOILD3S

1S31 3IHL JO SNOILO3IdSNI 3LIS WOd4d Viva 30 NOISS3IHO3IH
ISIMdILS ONISN A3d0TIAIA J43M SNOTILVNOI SSIALSIA LNIWIAVA "€

"L-66C Ld0d3d HOHVISIA I1l
NI Q39140530 ST SNOILI1l3d3dy 1vVS3I A-8F 40 NOILVINDTIVD 3IHL T

T123M0dd SIHL NI

G3INIVLIE0 LON 343IM SAVMHOIH 3INVIILINW NO O1d4d4vdl 0131% 110

404 SNOILNGIMLSIA 3INVT "NOILO3HIA HOVI NI 3INVT 3NO HIIM
‘SQVOY¥ 3INVI-CML 38 0L SINIWIAVA 11V SAIAISNOD WvaH0dd FHL )

SSW3ILI ONIMOT104 3HL 310N 3ISV3Id

TAVIIIAOD P
"XIW-10H 'E

T3sSva Aovid ¢
"a31v3diL-33v4ans L

INIWIAVL 3189IX3Td 40 S3IdAL ONIMOTTIO4 IHL 40 INO ANV d04

"OI44vdl 41314 TI0 + 3INITISVE YIANN JANTIVY 0L 3417 (9
"OId44vdl INITISVE d3IANN IJANTIVY 0oL I4I1 (v
SSALVYINITIVY WVEOD0dd SIHL

102

9ZLI-S¥8 (60V) * INOHd
€EP8LL SVX3L ‘NOILVLS 3937700
ALISHIAINN WBY Svx3L
JINLILSNI NOILVLIHOJdSNVHL SvX3l
N3Sd313d "0 "H A9 Q3IdIdon

0166-5v8 (60V) *3NOHd
EV8LL SVX3IL ‘NOILVLIS 3937102
ALISY3IAINN WBV SVX3l

JLNLIISNI NOILVIJdOdSNV¥L SvX3l
NOITINOS "L A0oHLNY

oK Ak ok ok ok ok kK A A K K ok ok ok ok sk ok R Ok s ok sk K ok ok sk ok K R ok ok A ok ok ok ok ok ok K K K K K K ok K K oK ok sk ok ok ok ok K ok kK

66C¢ - I8 - 8 - ¢ 1D23r0dd

* *
* *
* *
* vm\vw\mmOZOHmmm>hh2<mhmou *
* *
* WvaD0dd IOVWVQA Q1314 110 111 *
* *
* *

Aok ok ok ok ok A ke ok R ok Ok ok ok kK sk ok kAR K K R Kk ok ok ok ok ok ok ok ok ok ok ok Ok ok K ok ok ok ok sk ok ok ok kK ok K A K K ok

o]
o}
o]
o]
o]
o}
o}
o
o]
2
ol
0
o]
o
J
o}
o]
0
2
o]
o]
o]
o]
2
o]
o]
o}
o]
o]
0
0
o}
o}
ol
2
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
ol
]
o]
o]
o]
o]
o}
o]
o]

* 44 NISAS 1304//

A9GZT=NDIY0D ‘HrZOI=NDIAJAL *DIOALH04 23X3 //
b=Aldd NWVLx//

/07314710, °(S9°S'0pS'as8O0 0SCM) q0r 1+QLLd//




SSITUNNOD SYX3L #SZ IHL 40 HOVI 804 G3H0LS SVH 103 TNTH **xx
"ViVQ IN3W3AVA OGNV DId4d4vdl 4311ddNsS-¥3sn - 203114
"VIVA TYIN3IWNGATIANI ALNNOD - +O3711d

S3714 € WOdd VIVA LNANI SAV3Y WVY90dd 3IHL

$S3114 LNdNI

"STIvV1i3a TVYNOILIAAY
04 S3IA3IS 662 3IHL JO SLA0H3Y HOUVISIY 11l OL ¥3434 "L

TATIATLNIISNGD SIdAL LNIWIAVA IT4ILTINW NNA NVO WVYE90dd
JHL 1ng ‘3IWIL V 1V LNdNI 39 NVO 3dALl IN3IWIAVL INO AINO "9

"WYdO0dd 3HL 30ISLINO WOd4 Q3IONVHO I8 LONNVI A3HL
TWVAO0dd 3OVWVA 41314 110 3IHL 40 Lavd FAV SINTVA 3ISIHL

(0O0L T ¥ = 3ONVY) S = ISd WNWINIW

ot oL ONIMOVAED 3SAIASNVAL
ot oL ONINOVID TVYNIANLIONON
0s 0g ONIHOLVd

+ ONIXMOVYD AJOLVOITV

oe 08 ONIHSNT 4

(6] 08 ONITIAVY

(0] 08 ONILLNY
|||||||||||||||||||||||||||||||||||||||||||||||||||||||| o
o
—

ALIY3IA3S v3yv IdAL SS3IHYLSIA

AV SONTLVY ALTY3IAAS ANV V3IAVY 379VLdIOOV WNWIXVIN

"O01 D4 (SS3ULSIC ON) O WOoUd4 IONVY SONILVY 3ISIHL “S3IJAL
SS3IULSIA NOWWOD TVYIAIS A04 SONTLIVY ALIN3IA3S ONV v3Idv
H108 101Q3d¥d 0L G3I4013IA3A NIIF IAVH SNOILVNOI 'NOILIGNGD
INIWIAVG DNIGIADSIA NI ALITVAD 3QId ANV SS3ALSIa

INIWIAVC 40 S123433 Q3INIGWOD 3IHL SATAISNDD 3JA00S INIWIAVLA G

"SS37 Y0 SE 40 3JYOIS INIW3IAVL Vv SV FINTIV LNIWIAV
SINIHZIA WVYID0Add 3FOVWVYQA a13Id4 1I0 IHL "O 0L (savoy
G310NALSNOD~-ATTMIN d¥04) OOl WOHd S3IONVY JA00S LINIWIAVI

( "ONIHOLVd 40 vIdv 3HL
40 NOILONN4 Vv 39 01 A3y¥3dISNOD)
' 1S0D 3IONVNILINIVW 40 INTVA ALITILN = LSOO “INIVW
S3dAL SS3IYISIA 40 INTIVA ALITILN = IVNSIA
ISd 40 3NIVA ALINILN = ISd
$3U3IHM HOVOAddY ALITNILN JATLVOINLILINW Vv SI SIHL
TL1S0D 3IONVNILNIVW ONV ‘34005 TVNSIA ‘ISd 40 NOILONNd v 39
0l 6€¢C 103Nr0Ad 1dHAS NI Q3INI430 N3I3FQ SvH FA0DS INIWIAVL ¢

UOOUOUUUUUUUUOUOUUUUOUUUUUUOUUUOUOOUUUUUUUUOOUUUOOUOUAUUUUUUUU

(777 “SSINMOIHML ¥3AV1 ‘771 ‘Id ‘TIVINIVA)L = OHY




TWYHO0Md FHL AY

QIYIAISNOD LON 3FAV SAVMHOIH 3INVIILINW d04d
SNOTLNGIYLSIA 3INVI NOISIA " INIOY¥I4 O 3ISN
"ATIVWION  "NOILNEIYLSIA OIJdd4vil 3ININASvd
"OI44vdl INITASVE NI HLIMOYD LN3IO™JIAd TTVNANNY
"OI4d4vdl ANIT3ASVE NI SHONJL LIN3DA3d
iSINTIVA AVM-0OML 3SN

*OI44vdLl INITNASVE ANIVA FOVAIAY

T(SYILOVAVHD 09 = HIONIT WAWIXVW)
"NOILYWAOINI 3IATLJTIYOS3IA ¥IHLIO 304 ™0
‘NOILVI0T OGNV NOILO3S IN3WIAVL IHL AJILN3QI
04 @3SN 38 AVW "ONIGVIH G3I11ddNS-d3sn

"Q3LSINDIY FAV SIWIL L1 “ATLNISIud
"NOILONALSNOO3Y ¥314V
SHLINOW TL GNV ‘09 ‘st ‘ve ‘th ‘9 '}
‘3I1dWVX3 404 CSIAWIL
0I41I03dS 1V SOHNILVY SS3IYLSIA ANV ‘3A00S
IN3IWIAVC ‘ISd LNIdd 0L WVYAS0Jdd SANVWWOOD

“3SdN0D 30v4dANS NI @3sn LIvHASV IN3Dd3d
"SSINMITIHL ISAN0D FOVHANS

"9-66C 130d3d 40 v d31LdVHO NI

38140530 SV ‘cddH ANV TddH 304 SINTVA
SIHSITEVLISI NILSAd “SINIWIAVL dILVIAL
~30v43NS d0d4 A3sSn LON SI 3IN8VIAVA SIHL

AV3IM - €
WNIgIw - ¢
ONOJ1S - |

‘WOHH4 IS00HD  "HLIONIALS INIWIAV
TLIWIT dINOIT 3Gvd9ans

"X3IANI ALIDILSVId 30aviOans

“(+M YOSNIS) NOILO3T43A LD33T14YNAG NVIW
"SSINMOIHL 3S¥N0D 3Svd

“ALNMNOD SVYX3L

HOVI d0d4 S3INIVA 3T18VLId300V SNIVLINOD
‘T-¥ 3719vL ‘S-66T 1d0d3¥ HOY¥V3ISIY IiL
"Q3LVO0T SI LINIWIAVL FHIHM ALNNOD

TAVIY3A0

"XIW-10H

"3Sv8 Moviga

"@31v3adL-30VIans

WOYdH 3ISOOHD  “LIN3WIAVCE INFIX3T4 40 IdAL
(SE ATTIVNSN) 3ANTIVY LV 3A00S IN3WIAV

oo

"SISATIVNY d04d

Q3431IN3 vivad 2037114 ONINIVW3IA 3HL IAVH
LSNW LN3W3AVd HOVI  "SNOILD3S 1d0HS
LSNM 40 SAVOd JFJILINI 39 AVW 3S3HL
"A3ZATTVNY 38 01 SINIWIAVL 40 A3AWNN

*ONIMOT104 3HL S317ddNS

TIANLVAIANTL WOWIXVW JOVAIAV
"S3ITOAD MVHLI-3Z33d4 dIV
TTIVANIVY IDVIIAV

"X3ANI FLIVMHLINACOHL

INTLOd
HLMOY™O
AJL10d

1av

(1)avin

(I)NOW

430NIg
HdSV

NALSAd
a1

Id

awa
X34

ALNOD

IdALAd
dOSNIW

S1AdN

¥ISN TOINTA w*xx%

(1)dinv
(I)HLAI
(I)NIVY
(I)NIL

~—NM s

o]
o)
o]
0
o]
o}
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
ol
o]
o]
o}
o}
o}
o]
o}
o]
o]
o]
o]
o}
2
o]
2
o]
0
o}
o}
o]
o]
o}
o]
2
o]
o}
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
o]
2
o]
o]
2
ol

104




43ANIG ' HASVY NALSAd 1T 'Id ‘GWa “1X374 *ALNOD (2Ot ‘zo)avid

((2i)z) i1vwidod 86
AdALAd "HOSNIW (86 ''zO)Av3id

SIAdAN ‘I = SLAdI 066 00

"d007T IN3W3IAVL NID3F

QOO

( /NOISH3A L. NVILADY V8/0C/8 WVAD0Ad 3DOVAVA Q1314 110 ., °/)1vWiod 89
(89°9)31I4M

(E1', = SIN3W3IAVd 40 JIGWAN |, )1viWd0d L9
SIAIN(L9 °9)ILTYM

(E1)1VWI0OL 8L
SIAIN(8L 20)av3d

20314 WOod4 vivad JId44vdl ONV INIW3IAVd avId

(SRONS)

(E"01D 'XOT ‘€E°0I9C ‘E°69 ‘XL )IVWIO4 L6
(I)diAVY ‘(I)HL¥d *(IINIVY ‘(I)INIL (L6'10)av3iyd S8
¥sZ ‘L = 1 G6 04

103114 WOAdd VIVA TVINIWNOJIANI GVIY

€1 = U4SAN
Gl = SAN
L = YAN

€ = N3N

¥ = ASN

O = MsP

(SRS RS

SIHOLIMS WVHDO0dd 13S

voo
105

(2'09)MI '(v°Ovc)dvdL NOISNIWIQ

(8)A “(8)Xd '(PST)ILIAY ‘(VPST)NIL ‘(PSCIHLHS *(PSTINIVY NOISNIWIQ
(v st)dl *(SH)IIVA(SH)INOW' (S1)IWITSIA ‘(SH)SIa ‘' (S+)av3H NOISNIWIQ
Y3IANIA 'HdSV 'dLSAd OLd ‘OSIL ‘OS1IAVY ‘11 ‘Id "OWA ‘X314 NOWWOD
JLSAd “3IdALAd ‘HLWAN3 “¥DSAN3 “IV1I0L “ISd ‘1VNSIA ‘ALD ¥3IDILNI
avad ‘11Iv4 8«1v3yY

JASBIN “TIOSIN ° HIW ‘171 “8IN V3

“w3lvdIls HLNOW
NI Q377140 ATIVALOY STI3IM 40 J3IGWNN - STIIMN
"133M HOV3 NO
ONITII¥A 40 LdviS 3HL 0L NOILONYLSNODIY
IN3IWIAVCE WOHd (SHINOW NI) 3IWIL Q3Sdv13 - 3ival

‘NOID3d AQNLS IN3IWIAVA JHL NIHLIM
d377114a 9NI3g AIVNLOV F43IM
STTIM MIN HOIHM NI SHINOW 40 d38WNN - S3ILVAN

"NOILIONAOYdd ONTIYNA OI44Vdl ONdi FLVAINID
HOIHM ST713M 037171440 40 3IDVINIOYIJ - 10dadd
"ATGVINVA IWILA JHL OGNV AvO3Q 3IHLI HLO0F 01
ININTLddd NOILVWIOINI SNIVINOD v-66C 13043y
HOdViIS3d Ill ~3ISVHI NOILONAOAd ONIJNG
OId4VaL AMONAL TVANNVY NI 3INITO3Q@ IN3IO¥3Id - Avd3aA
“1713M SVOD 40 1I0 NV 171ydd
0L Q3JIN03A SHINOW 40 43GWNN IOVYIAVY - IWILCQ

OUOUOOOOlUUUUUUOOUUUUO




TAVHEVY (I)NOW NI d3I4123dS NOZIYOH

ONINNVId 3HL NI N3ISOHO HINOW HOV3 d0d4 OIddvil

AYWAON ANV a13I4 110 d3AGNN TvS3 M81 OGNV 1av

IHL SNIVINOD HOIHM d1 AVddV v X S 3HL SNaNL3A

INILNOAANS SIHL "2O3ITI4 WOE4 LSIT (I)NOW IHL NI

d31S3N03d A3SN 3IHL LvHL SHINOW 3SOHL 304 ATINO S3INIVA
S10VYLX3 ANV AVEdV ., OI4vdl. 3INILNOAENS 3HL S3ISS3IDOV - ¥Y3IANOD

TAVHEVY W OIdVdl. INILACYENS 3FHL 0L (. d3STI0. ANV
wAJATI0N WOd4) SIANTVA NOILONACAHd ANV ONITIIJQ Saqv - 110Qav

"OI44vdLl ONIDJIAY3IS 41314 710 HLIM
QILVIDOSSY HLINOW d3d LAV ANV TvS3 X8 SNanlay
»d3ISTI0« INILNOAENS "NOI12NAaodd 113mM 110 0l

3NA HINOW d3d 1AV OGNV SNOILIL3d3d vS3 M-8t SILNAWOD - ¥3ISTIO

"ONISS300dd d3HLdNd 804 IN3IWAOTI3A3CQ AT3Id4 110 HLIM
G31VIOOSSY HLINOW d¥3d 14av ANV TvS3 Y81 SNanL3d
INILAOYANS SIHL  "ONINI¥Aa 71713M SvO OGNV 110 01

3INA HINOW d3d 1Av OGNV SNOILIL3d3d TvS3 M-8 SILNDWOD - A3IATIO

SSINILNOYANS 333HL ONIMOTT04 3IHL A9 d3qav

JAV SINTIVA G13I4 10 3HL ‘«9VLiL13S. ¥3l4v 1I04av

ANILNOYENS NI ¥ ONV € S100 01 4d33aav 39 11IM OIddvyl

Q71314 MI0 310N "AV3EV 3HL OLINI SHLINOW OvC d0d4 SINTIVA

8IN ANV 10V 3IAILVINWNOOV 3HL SAVOT 3INILNOY SIHL

"SANTIVA M-81 ANV 1AV 3INIIASVE

JH1 S30IACYdd wOId4Vdla "NOILONAYLSNOOIY IFONIS LINIWIAVI

JHL d3A0 Q3ISSVd IAVH HOIHM SNOILIL3d3d VS M-81F ANV

SATOIHAA 40 d3GWAN TIVI0L 3HL SNIVINOD AVIAV JHL ~AVIYY
P X ObC Vv OLNI .OI4Vil. 3INILAOYENS 40 SLINSIY SAVOT -~ dviLias

106

‘66C-18-8-C

123M0dd 40 1-66C 130434 HOJVISIY NI (d38I1y0S3A

$378vLi-M NO d3sva HINOW d3d TvS3 H~-8F SNiaNL3A

INILNOYANS 3HL "1 -66C Ld0d3d HO¥VIS3IY ILL NI 039130534

SI SS300dd SIHL °"S3NGVLI-M 1dHAS 3IHL SNISN HINOW d3d
SNOILT13d3d vS3 XM-8F OLNI OIdd4vdt 3INITNISvE SLYIANOD - DIdvil

SANILNOAGNS ONIMOTI04 IHL A9 A3Wd0d483d SI SISATVNY OId4vil

COLLULLOLOLLLLLLOLOLLULULOVLLLVLLLULLDLDLLLLOULULLLLOOL

((1°54)9 ‘0°'84 )LlvWiod 90t
12dadd AVOIQ IWILA ' INTLOd ‘HLIMOYD ‘A4110d ‘1av (0S=AN3I ‘904 ‘zo)aviy ol

o]
( PVSL )LVWAGd Ol
( st ‘'t = I *(1)avaH) (volL‘co)avad
2
( SI9t )Lvwdod 8OL
( dAN “t = I ‘(I)NOW) (80l ‘20O)avay
o}
o = MSP
0'Ch x (ALD)HL¥d = ot4
(ALD)NIL = It
(ALD)dLIAVY = . 1AY
0°Zh x (ALD)INIVY = vdd

(2648 )LVyWd0d 2Ot
(NILSAD)INI = AiSAd
(ALNOD)INI = ALD




10dadd ‘HIMOUD ‘Ma110d (60T '9)ILIYM
AVI3a ‘3WILd ‘1av ‘8IN (80T'9)3LIYM
(LOT'9)3LTIdM

(//7 'TI', = @3IM0TIV 3d00S INIWIAVA WNWINIW, ‘92L'//'X}) LVWI0d SOT
YOSNIW (50T ‘9 ) 3LIyM

( // T L4 ‘091 ‘,S3T1OAD MVHL/ 3Z33¥4, €
‘9zl / T L4 ‘091 ‘,X3ANI ILIVMINAOHL, T
‘9CL / T L4 ‘091 ', 3UNLVAIAWIL NVIW, |
‘9l // ‘€I °, ALNNOD ¥04 S3ANEVIYVA TVINIWNOAIANI, ‘9¢l )LVvWIOd 0T
Jld4 ‘Il ‘IAV 'ALD (vOT'9)3LIdm

( // Ttd '091 *,1IYHASV LN3IDd3d,
‘921 / L4 ‘091 ', X3ICGNI ALIDILSV1d 3AVYDANS.,
‘924 / T L4 ‘091 'L, SSINMOIHL 3ISANOD LIVHLSY.
‘ozl / ‘€l ‘191 ', X3IANI HLONIYLS LN3IWIAVC,
‘9Tt // ,SITNAGVIAVA IVANLONYELS., ‘921 )LVWI0d EOC
YIANIF ‘Id ‘HASV ‘d1SAd (€0C'9)ILIYM(} 1D IdALAL) AT

~NM <

A\\N.hu.omh.\PHZHJDH:quuo<mom:m\v
.wwhxu.hm.owh.\xuozH>hHlom<4awo<mwm:m\m
.wmp\w.hm.Omh.\zoﬁhowJuuoz<uzJ,3\m
‘ozl / T Ld ‘091 *,SSINMOIHL d3AVI 3N9Ix3ai4, ¢
‘ol // .S3ITQVIYVA IVINLONYLIS, ‘9TL )LVWY0d4 ¢OT
77 “Id ‘OWG X374 (20T 9)ILIAM(L OI IdALAL) AI

(/' /IN3W3IAVA AVIYIAO, ‘921)LVWAOL EBI
(E61 “9)ILIIM( ¥ 03 IdALAd)AI

107

(/' /LINIW3IAVD XIW-10H, ‘921)LVWI04 C6}
(T61'9)3LTAM(E 0 IdALAD) 4T

(/*/INIW3AVd 3SVg XOV18. ‘9CTL)LVWHO4 164
(161 °9)3LTIM(T 03 AdALAd) I

(/' AINIW3IAVY QILVIAL-3OVHANS, ‘9C1) LVWI0S 061
(061 *9)3LT4M(+ 03 3dALAd) I

( / "PvSE ‘9L ‘,}., )1VWI04 00T
( Sk ‘L =1 *(I)avaH) (00Z‘9)3Liyum

. SONIQV3IH ONV Vivad LNANI 1NO J1TaM

OO0

( d1 “dvdl “¥AN ‘' NOW ) d3IANOD 11VD
INNILINOD Ot}
(10dQad ‘3IWILa “AvO3A ‘4vil 3
‘¥3sidav “¥3IS8IN *101Av “TI08LN ‘STTIIMN ‘3Lval ) Iodav 1Ivo
: STT13IMN = (T 'I)MI
JAVAI = (+“1)MI
(EI ‘Xt ‘€I ) 1vWdod 60!I
STT3MN * 3Lival ( OLL=AN3 ' 604 ‘TO) avid
S3LVAN ‘L = I O44 Oa
(EI ) LviWy¥O4 LOL
S3LVAN (L0t ‘TO) aviy
( ¥3S1av ‘¥3ss8iN ¥3STI0 1IVo
( 3WILa ‘71014QVv ‘1I0SIN A3ATI0 VO
( 4vdLl ‘HiIMO¥D 1AV °"8IN gavil3is 11vo
(8N “3INTLDd ‘MAL1Dd ‘Lav 214vdL 11VD

N N Nt N




ONV *3400S INIWIAVd 'ISd SINIdd Wvavodad IHL OGNV 1t = JAN ATLIN3ISIAd o]

o)
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll O
o]
(,vL0L LSOOW ISd  IVNSIA P
,---- ---—  "A3S VIIV AIS vIAV "AIS v3IAV, €
'y —-== ====— -——— ----  "A3S Vv3I¥Vv 3I4Id HINOW. ‘€l / T
+(S3d) 3A02S IN3IWIAVI "0VO ION  3ISYIASNVAL  INONLISNOT 4
‘. d40LVDITIV "07v0 1ON  "21VD 10N ONILLAY, “LiLl )LVWNIOL LiT
(LIZ'9)3LIdM(t LD 3dALAD)HI
o]
(.,7vi0l 1S00W ISd  WNSIA P4
*,CA3S VIAV CA3S vIAV CA3S vIAV CAIS v3IAV, €
. "A3S  VIAV CA3S  v3IYVY CA3S  vI¥v 3AI¥ HINOW, ‘€L / ¢
,(S3d) 3400S  INIWIAVL ONIHOLVd 3ISYIASNVAL INAGNLIONOT .|
‘. d01VOITIY ONTHSN 14 ONITIAVY ONILLINA, ‘LIl )LVAIO4 Ste .
(SHZT'9)ILIAM(1 03 IdALACG) DI
o)
00t = 1viol
0 = Ividl
(st ‘'t =1 *(I)av3H) (00c ‘9 ) 3JLIdam (¢ 03" ) 4JI
(G+ "+ =1 *“(1)avaH) (662 ‘9 ) 3LI18M ( &+ "03° n-.) 41
Z ‘t =0 92 0Q
o]
2
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o
2
0Id44vdL 01314 110 + OI44vdL ANIT3SvA ¢ = P ol
DI44vdL 3INITASVE + = P o)
) o) «Q
WVA908d 3HL 40 4007 NOILVINDIVD NIVW 3IHL SI SIHL 2 mw
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII U
o)
2
INNILNOD T}
(bV ‘dINMV “1QY ) LVANI4 VD
(A 'D14 ‘71vdd ) JAANIA VD
O} = dINV
0§ + Il = 0OSIL
‘06 -~ LAV = OSIAV
b+ MSP = MSP
2L 0L 09 (O "19° MSP )dI
o)
ONIM01104 3IHL 3IZITIVILINI NaHL IWIL LSAId IHL 2
o]
((0°84 'Xt)T ‘0°'64 ' 0°64 ‘XE ‘€I 'XOEt ) LVWIO4 08
(.(0)8IN (N)8BIN (0)iav (N)Lav HINOW, ‘XOE ‘/ ) LvWdod 09
INNILINOD OL
(v 1)L ‘(EI)d1 ‘(T I1)AL “(+'1)YL ‘(I)NOW (08 ‘9 ) 3ILIdM
4AN ‘L = I 0L oa
(02 ‘9 ) 3LIdM
o]
(%, 4G4, = NOILNGIYLISIA TYNOILD3IYIA INITISYE, ‘9STL ) LVWI0d Oi¢
(/'0"pd4',= ST73IM ONIONAOYHd % “AV., |
‘GLL ‘2Sd ‘. = HIMOAD % ;0TG4 . = SYMONYUL %, ‘9TLXE)LVWAOL 602
(O vt ;
‘.= YVIA/AVIIAA QOUd % AV, 'GLL'/'O°pd*,= IWIL 17134 SHINOW “AV, |
‘GLL Y 0°G6d ‘Y, = 3INVI/LQY , ‘0°G4 ', = HiIW/8IN, *‘9T1'Xl)ivWi04d 802 .
(/" ihommdmnnsnknsnns "GLL  wrdknskksnhkknnkdknnhsk, " 9CL l

"/ t.¥Lva 31314 10, 'SLL0.Vivd SISATYNY OId44Val, ‘924 ) LVWIO4 LOT
INTLOd (OLT 9)3ILIAM




g8 ‘I = N GEI 0a
(+)S1a = 30US
OGS % 1Qv = siav

"NOILVNO3 3d00S LINIWIAVH 3IHL S3FI40S3A T-66C LY0d3d HOAVISIY 111

"SANTIVA ONIHOIIM ALITILN JAVY EV ANV ‘CTV "IV
“w1S00KW. Q37138V7
NWNT0D NI 1IN3DO¥3d SV 1IN0 G3INId¥d ‘wEALINILNG
INILNOYEINS WOAd4 LSOO 3ONVNILNIVW 40 3NIVA ALITILA = DNWA
“wISds G3738VT NWNTOD NI IN3Dd3d SY 1NO G3LNIAdd
*WCALITILNG INILNOYANS WOY¥4 ISd 40 3NIVA ALITILN = ONIS
"W IVASTIAL G37738VT NWNT0D
JHL NI LIN3J¥3d SV LNO A3ANI¥d ‘w+ALITILN. 3INILNOA
-8NS WOdJ S3dAL SS3d41SIA INIWIAVA 40 INTVA ALIILA = ONAY
o IVL0Le 37133V NWNI0O LNOLNIdd
IHL NI 1IN30¥3d v SV Sdv3ddv SIHL "~ 33005 IN3IWIAVL = OS3d

"B6ECTC 10300dd I11l WOdd NIXVL 38V SINTVA ALITILN ONIMOTI04 3HL

"1N30d3d O°0F SQ330X3 3INIvA
ALIY3A3S 3HL NIHM d3IsSN ATNO SI SS3ALSIA 40 v3IyVv 3HL LVHL 3ILON

"SINILNOY NOILVINDTVO 3J00S LN3IWIAVA G3LVIWILS3
dHL OLINI AYLINI 3340439 4d3SS3I00dd-3dd MON 34V SINTVA IS3IHL
"SINTVA ALIAI3INIS ANV VIAV 3FHL SNIVINOD AVYdV »SIQ. 3IHL

"343H 3400S INIWIAVL SILNIWOD WVADH0dd 3IHL

QULOLOLLUOLLLVLLVLOULLVLULULUOLOLLLVLULLLDLULOLOLLLOLO

109

SI1Q ‘HIW 'Lav ‘8iN )AQOWAO T11VO(b 03 IdALAd)AI
SIQ ‘HIW '1av ‘8IN )AOWWH 1TVI(E 03I IdALAd) I
SIA ‘HiW ‘'1Qv ‘S8IN )aowWwgg 11vd(Z 03 3AdALAd)II
SIG ‘HLW. ‘1QVv ‘8IN )AOWIS T11vI(} 03 3IdALAd) I |

o~~~

2
................................................................... o)
2
(v 40 ‘€ ‘T ‘+) QIZAIVYNV OSNI3g 2 |
3dAL INIW3AVA 3HL 304 INILNOYANS 31LVI¥d0AddVY STIVI WvaHOodUd o)
o)
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 0 N
2
(I)NOW = HiW
"000000L / (2+M ‘I )dL = 8IN
"O00000F / (P 1 )il = Lav
V10l = S3dNI
4AN ‘4 = I &2 0a
2
S e o} |
2 |
*3400S INIWIAVC SIALNAWOO WVAD0Ad 3IHL ‘ATIVYNI4  "SIVLIOL 1GV ANV M-81 3HL o)
WOA4 SANTIVA SSIYLSIC INIWIAVCE ANV ISd SILNDWOD WVED0Hd 3HL " SISATYNY o]
43ANN 3dAL INIWIAVC 3HL OL DNIANOCSIHA0D SNOILVNOI SSIYLSTIA DINI GIAILIN3 o)
N3IHL 34V S3NIVA 3S3IHL  "d3LS3IN03IA (I)NOW HOVI ¥04 S3INIVA LAV ONV M-8t 2
Q3LVINWNDOV JHL GNIs 0L AVH¥Y .2I4V3l. INILAOAGNS IFHL SISN WVADO0Ud IFHL 2
2
CL1STIT (AANINOW o)
JHL NI Q31SIT SHLINOW +b 3IHL 40 3INO HOV3I 404 S3INTIVA SSIJLSIAQ INIWIAVA o]



‘JSHIW
330
(.S
‘,0134VvY¥L TVWAON ¥3aNN 33N7

( ///'.0144vdl -a13

‘, ---- 1D3r0dd 3I5VWVA Q1314 110,

/Y
*,07314 110 + TVWAON d33ANN

*, ----103rodd 3DVWva 41314 110,

(SILVAN I=T'(C t=W'(W'I)MI))
0

( (g1
*IYASIA

‘Xt

IVLO0L*LSOOW "1Sd “(SanN‘ i

Vs DONNY

(z1)s1a
(Ot)sIa
(8)S1
(9)s1
(v)SI

‘b'gd L, o= o1ddvdy . t
JIv4d OL 3IWIL, *XOV ‘/// ) LVWJ04 TOE
HIW . ‘1°s4 ', =, 'XOt 1

Iv4d 0L 3IWIL., ‘XOl
I4 710 SN1d TVWAON,

13

‘//// ) LVWdOd4 LO€

‘OTL'// pVSE 0Tl /// 1 HI)AVWE04 00€E

( ///7 *,0144vdL TVWAON,
‘0Tl //vVSL 0Tl /// " tHE) LVWAGS
(.4, )lvidod
(0ST 9)3LIdM
OC6 0109

INNILNOD
‘9 ) 3LIAM (T 03" ) 41
‘9) 3ILidam (1 "03° ) 41
0109
) 41
) 41
03y
oavy
HLWI
0341

(voe
(eoe n

Y4
‘038 (2OE“9)3ALIdM (¢ b3 1
34 (+0€ '9) 3ALiam (¢ 03" P
HIWI * 08vd + HLWNI =
(41Q1)LVv014 / (03A1)LvOId =
HIWNI - HIWAGN3 =

HOSNIW - HOSNI =

ADSAN3 ~ ¥OSNI = 4141

66 0109 ( O 03" 1Iv3il ) 4dI
INNTLNOD

(I)NOW = HLWAN3

(t-T)NOW = HLWNI

IV10L = ¥0SAN3
S3dNI = HOSNI
o= Ivdl
“19°Iv4L) 41
“19° violLl) 41

sz 0109 (O
GZ 0109 ( HOSNIW

‘LU odvl
=7 “(1)S1Q)

‘g 84 ‘vI ‘Tt ‘/ )lvwdod
‘(I)NOW (OTT'9)ILIAM

("00F .+ ONWA)INI = LSDOW

("00F % ONIS)INI = ISd

(00} x ONAV)LINI = VNSIA

("00t x DS3d)INI = 1viol

* TVxx DONIS % IV xx ONAVY = 2S3d
o'V = PV

o'V = ¢V

‘HOLVYd ) EALILN T17VD
‘SLav ) TALIAN 1IVD
‘Xd ) LALTAN TTVO
(r1)SIq = HOLVd
19 (€4)SIQ ) 41
19 (H4)SIa
*19° (8)S1a ) 4I
19T (L)SIa ) 41
"19° (s)SsIa
ANNILNOD

00 = (2)xy
(2)SIa = (+)Xxd
0St 0109

(2)s1a = (Z)xd
0°0 = (1)xd
(e)sia ) 41
INNILINOD

0°0 = (N)XJd

( onwa
(onis ‘3o04s
(ONAY ‘A

(8)xd (001
(L)Xy (0 0Oi
(9)xd (0O°O}
(r)xd (0°0t
(€)xd (00}

13

a
a
a =

ovt 0109 ( SL°0 "4

I

66¢C
0ose
oS

9¢

66

=14

ozce
44

oS}

ovi

sel

110



VIAV ONILLINYG

INNILINOD
((X) - )dX3 * (4d - +d) - ¢d = (+)SIQ
b 0109 ( O°0F 1D X ) i3I
(SIN/OHA ) = X
c'v = (1)S1Q

6000°0 = OHY ( 6000°0 “L11° OHY¥ )dI

FES'O = OHd  ( LES°O "19° OHY )dI

AWAx 200 - D13+EGL00° + TIxSL000" + |

AXITA*EEL0 O + OGIL*CTESO00 O - OGIAV«L8900°0 + ELI O- = OHY
1sd

£€8°0 = 4d

2t = Id

AIANI HASV “dLSAd OL4 ‘OSIL ‘OSLAV ‘171 ‘Id ‘aWwa *7x34d NOWWOO
HiW 77 "8IN 1v3d

TWYAO0dd NIVW 3HL NI Q3sn Avddv SIA 3WVS 3HL ST SIHL

(S1)SIQ NOISNIWIA

sk ok K oK Ok K R K K K K K ok o kK Kok Ak Kk K K K ok 3 ok Kk Kk K K K ok oK K K R K R K K K K KK R K K K Kk KK koK o ok K K kK
TANTVA vi3dd ONV OHd HOV3 ‘
NO d30Vvid N3I38 IAVH SINTVA WNWINIW ANV WNAWIXVIA 310N
"SNOTLVNOI SSIJYLSIA 3SIHL 40 NOILVAIY3IA GNY 3SN 3IHL
S38I40S30 T-66T 1043 HOAVISIY 1Lt ‘v8CC
123N0dd LdHAS ODNI¥NA SVYX3IL NI SNOILD3IS LIN3W3IAVC
NIHL OOF ¥3IA0 NO (431037700 VLIVvA NOILD3IJSNI
40 SISATYNY NOISS3IdDId WOdd A3d0T3IA3A FHIM
SNOILVNO3 3IS3IHL "SINIWIAV QILVIAL-3OV4ANS
404 SNOILVNO3I SSIALSIA INIWIAVA SNIVINOD :QOWIS INTLNOADNS
*****************w******+*******************************************i***
( SIQ ‘HIW ‘1av ‘8IN )GOWIS 3INILNOABNS
anN3
d01S

JANILNOD 00O}
Sd007 INIW3IAVA 40 AN3

INNILNOD 066
INNILNOD 006
(. ON 1VN1OV HOLVW LON S300 S31va LNdNI 40 A3GWNN ., ‘X0t }
/ ",Vv1lvd LNdNI NI d0833 . ‘tHI ) 1vwdod OzZL
(0CL "9 ) 3LIAM OLL

(,00143d SISAIVNY NI 2Id4vdl @13id 110, 3 |

‘. SN1d IVWAON ¥3aNN TIVY LON dIa NOILD3S, X0+ */// ) LVWY04 $OE
(,a0Td43d SISATYNY NI , ¢

*,0I44vdl TYWAON ¥3ANN 1IV4 LON AQIa NOILD3S., ‘X0 ‘/// ) LVWI0d €0€
((/ ' €I 'XOF ‘gl ‘xov)st */ £
‘,S877aM CON HLNOW IN3IWd0I3IAIA T713M 110, ‘X0l A

COOOLOLOLOLLOLOOLOLOLOUOL QOO [ORG RS

(&)

2

J
o]
o]

111




0°0 = (58)SIa

o)
LLO°0 = OHY ( LLO'O "L OHY )41
8°C = OHMY ( 8°C "1D° OHY )4I
o)
ot '+ = vi3g
OWOx6FP O - DL3x9900°0 + OSIL+«6TIO°0 + 1T9°0O = OHY
o)
ALIHAAIS ONITIAVH o)
o]
INNILNOD
((X)- ) dx3 = (¥)Sia
v 010D ( 0°0L 19 X ) 41
V139 +x (LAV/OHY ) = X
0'0 = (¥)slIa
o] .
C6°0 = vi3g ( €S'0 171 vl3g )4l
b°9 = vi3g ( L9 “1D° vi3g )4l
o)
§60°0 = OHY ( S60°0 "17° OHY )dI
9L°C = OHY ( 9L°C "1D° OHJ )dI
o)
A 8z’ = vi3ig
OWG*6809°0 - DL4«¥900°0 + OSIL+9PIO O + OEO | = OHY
o)
v3IAv ONITIAVY 2
o]
INNILNOD €
((X)- ) dx3 = (g€)SIa
€ 0109 ( OO0 "19 X ) 41
v138 s« (8IN/OHY ) = X
00 = (g)sIa o~
=i
2 —
LTG0 = vl13g ( LTS O "L vl3Ig )3l
¥6'G = vi3g ( v6'S 19  vLi3g )41
. 2
L2OO'0 = OHY ( LTOO O "171° OHY )dI
120 = OHY ( 42+ 'O "19° OHY )41
o)
08L°} = vi3g
2144%8¥000°0 + %
TIxLEOCOO 0O - IXAV4%x99G00°0 + OSIAVXTEOO O + BL90 O- = OHY
o)
ALI¥3IAIS ONILINY o)
o)
INNILNGD T
((x)- ) dx3 = (2)s1a
2 0l0D ( O°0F 19 X ) dI
v1i3g xx (8IN/OHY ) = X
: 0'0 = (T)slIa
o)
S19°0 = v1389 ( S49°0 "L1° vi3g )4l
L2°9 = v138 ( LT 9 "19° v13g )il
2
9€00°0 = OHd ( 9€00°0 "L1° OHY )4I
LVL'O = OHY ( LHL°O "19° OHY )41
o]

IX3144CL0°0 - OSILx6910°0 + O¥S't = Vi3d
J314%xLL000°0 + Id«292100°0 + %
711461000 - IX3TV4«4L900°0 + OSLAV4BFG00 0 + GEOF "O- = OHY




LO°0 = OHY ( LO'O "19° OHY )dI

AWA+L9S 1~ TI14xEL0 0 + OGLIAV«8660° 0 + 606 T = vi3d
014499100°0 + T1+6L5000°0 - !

IX3V4+P L2000 + OGILxLZEOOD O + OSLAV#BLIO O + 61TZ 0- = OHY

ALTIAIAIAS ONINOVAD YOLVOITNIV

[CRSES)

INNILINGD 8

((X)- ) dx3 = (8)S1q

8 DLOD® ( O°0F "19° X ) 41
V139 +a (BIN/OHY )
00

n

1

X
(8)S10

IS°0 = vidg ( +S°0 "11° vi38 )4l
vi3g ( 6274 "19° vi3dg )4l '

o]

N

~
n

EO0'0 = OHY ( €E00°0 "L71° OHY )dI
610 = OHd ( 61 0 19" OHY )4dI

AWA*CLS 0 - IAX3d+¥¥t "0 + OSIL+«80600°0 - L98'} = V138
O014«EG100°0 + i
AMMxbEO0°0 - IX3T4«0P00°0 + OSLAVxIZIO O + 6LF°0- = OHY

VIYY ONIADVHD d0LVOITIV

(SRS RS

INNILNGD L
((xX)- ) dXx3 = (L)SIQ
L 0lo® ( O'0F 1D X ) 4AI
V139 x+ (1QV/0HY ) X
00 (L)sia

vi3g ( 1S°0 17 v1i3g )4l
vi3g ( S¥°S 19" v13g )4l

o
e}
"

S

©
o
113

€90°0 = OHY ( E9O0'O "1i71° OHY )4l
i8°C = OHY ( 8L°'C "19° OHY )41

' OS8'} = vl3g
DED*—ON.OnUhm*vaO0.0+OmHk*mO—0.0+Omh><*Pm0.0+v—.O|nOIm .

ALTYIAIS ONIHSNS

[SRSNS]

INNILNOD 9

((X)- ) dX3 = (9)S1a

9 0109 ( 0°0F "19° X ) 4dI
v139 xx (1AV/0HY )
00

X
(9)sIa

it

290°0 = OHY ( T9O0'0 L1 OHA )4l
v8°C = OHA ( v8'C "19° OHA )4l

. LTl = v139
AWA+E1T 0 - J144SPEOO0 O + OSILxLZLO 0O + 88Y O = OHY

v3dv ONIHSNA

oo

INNILNGD S
((X)- ) dX3 = (s)SIa
S 0109 ( 0O°0F "19° X ) 41
V139 x+ (1GQV/0HY ) = X




OLd%8LE"O - OGILx890°+ + OGLIAV«PO '} - E£°96 = OHY
ALTU3A3S ONINOVYOD ISAUIASNVAL

INNILNOD

((x)- ) dx3 = (e¢i)sia

T 0109 ( O°OL "19° X ) 4I
V139 +x (HLW/OHY ) = X
00 = (2h)SsIa

vi3dga ( +92°0 "1 vi3ag )41
vi3ga ( g9'¢ "19° viig )41

n ~
(Lol {e]
~N O
won

Oty = OHY ( Oty "L OHY )dI

O'9LL = OHY ( O°9L1 19" OHA )d4I

JL4+GLECO O - IdxL090°0 + TMx20°0 - X314+ v€L0°0 + 6G0°¢ = v13g
O1ld«84HL°0 + TAXI1d»ZH "OL + OSILx9GE°C + ¥ '99- = OHA

V3UV ONINOVHED ISAIASNVAL

INNILNOD

((X)- ) dx3 = (+4)s1a

b 010D ( O°0FL 19" X ) 41
vi3g «x (HiW/OHY ) = X
00 = (}1)SIa

O'bZ = OHY ( O34T L7 OHa )41

0°L9l = OHY ( O° L9t "19° OHY )4l

- 85+ = vi3g

DL44TE L + AXIT448L ¥ + OSIL#Obt L + OSIAVALL 9 + L OZl- = OHY

ALIE3IA3S ONIXMNOVIO TYNIANLIONOT

3INNILINDD

((x)- ) dX3 = (0i)sIa

Ol 0109 ( 0°0F "19 X ) 41
v139 «x (HIW/OHY ) = X
0'0 = (0OF)SIA

viig ( 89°0 "171° vli3g )4l
vi3g ( €9°'¢z "19° vl13g )4l

n ©
0w
~N O
no

0°0E = OHYd ( O°0E "171° OHY )4dI
0'CTLL = OHY ( O"¢TLt "19° OHY )dI

SL°F = vi3g
OLdxGVHE L + IX3T44b¥ L + OSILxIPS O + OSIAVAZS v + L "€9- = OHY

V3AV ONIAMOVYIO TVYNIGANLIONOT

INNILNOD

((x)- ) dx3 = (s8)SlIa

6 0109 ( O'0F "19° X ) 41
V139 *x (BIN/OHY ) X
0'0 = (8)s1a

160 = v139 ( 1S°0 "17° v13g )4l
8°6 = vi3g ( 8°6 "19° vi3ig )dI

OHY ( EOCO°0 "L71° OHY )dI

€00°0

H

Ccl

ki

Ol

SR SRS

SRR

(SR SRS

voo

114




304 SNOILVNO3 SSIULSIA INIWIAVE SNIVINOD :GOWEad INILNOAGNS

LEE S E R E R E R EE S RS RS IR E AL R EE RS S R R R E R E R R EEREE L EREEEREEEEEEEEELEL]

[SHCRORS]

(SIAQ'HiW'1QV‘8IN)QOWE8 3INILNOATNS

©

an3
NJNi13A

OO0k (1)SIa = (1)SIiad 9l
SL‘C = 1 9+ 0Q
INNILNCD St
((X)- ) dx3 = (st)S1a
St 0109 ( O°0F "19° X ) 41
v1i39 xx (8IN/OHY ) = X .
00 = (§1)sIa

L2G°0 = vi3g ( £25°0 17" v13g )dI
LZ'E = v138 ( LTz'€ 19 vli3g )4l

LTO0'0 = OHA ( L2000 "171° OHA )dI
060°0 = OHY ( 060°0 “19° 0OHY )dI
214%x0L20°0 + Idx0T8O O + i
TT44890°0 - IXIN4xL680°0 + OSIAVxVP0OSO'0O + 8GL 'O~ = V139
214468E000°0 + %
1142000 0 - IXAV4+6Z00° 0 + OSIAVAGEQO O + vOLO 0O- = OHY
|
|

ALTIY¥3A3S ONIHOLlVd

[SRORS)

INNILINGD ti

({(x)- ) dx3 = (vi)sia |

vi 010D ( 0°0F "19° X ) 4I |
V138 xx (8IN/OHY ) = X
0'0 = (vi)sIa

115

vi3g ( €9°0 17" vi3g )4l
vi3g ( 9€°G 19" vi3ig )4l

£9°0
9§

n

9€00°0 = OHY ( 9€00°0 "11° OHY )4l
yOL 0 = OHY ( YOt 'O 19 0OHA )4l

SL'L = vl13g
1d+4GC2+00°0 - 3
IX374499400°0 + 0SI1«81C000°0 + OGIAV4CS200 0 + 66L00°0 = OHY

V34V ONIHOLVd

C OO

INNILNOD €}
((x)- ) dXx3 = (€1)S1a
£l 0109 ( OOl 19" X ) 4I
v139 x+ (HLW/OHY ) = X
00 = (g4)S1q

vi3g ( 96°0 "17° vi3g )dI
vi3g ( §9°9 "19° vl3ig )4l

fpRate]

[{oTe]

[*Ne]
o

O'EE = OHAd ( O°'6E "L OHY )4l
O0'€Lt = OHY ( O'ELL "19D° OHY )4I

OLdxvGHO O~ IdxLET O - 1149094 °0 + OF '} = v138




ALIY3IAIS ONINOVID TVNIGNLIONOT

SNENS)

EddHxbCP O + LAVxIBLO O = (O})X
EdJH+88 9 - UIANIBxvv 6C + HASV4EE 'S = (6)X

2
VIAV ONIMOVAD TYNIANLIONOT 2
o)
. EAMH*LE } = (8)X
CAdH* PSSO 0 + HASVY+ZTPO O + Idx98600°0- = (L)X
o)
ALI¥IAIS SNIMNOVHO AOLVOITIV o)
2
E4dH+x9G8°0 = (9)X
EddH4LO0 O - TAdH4tEL O = (G)X N
o} .
VIAV ONINOVAD dOLVSITIV 2
2
HdSVY 41 LO O-1d*CVZO O+IAV+LPEOQ O+DL4+8T600 0-0SIL4LEEOO O = (V)X
HASV4+EGT O + LAVALEIO O - DL44€9Z00°0 = (€)X
o)
ALTYIAIAS ONILLINY o} ,
o)
HASY+«EEPO 0 - Id+LBEO O + LAVxCOZO O + DL4xE6P00°0- = (ZT)X
HASVY%LSZ O + LAV«bPIO O - OL44SLI00°0 = (+)X
bo)
v3dV ONILLNA 2
o]
SZT'0 = €adH (£ 03 ¥iISAd) dI
‘0E€ = ZddH (€ 03 YLSAd) 41
S = £3dH (203 dLSAd) J1 e}
"0Z = cddH (2 03 YLSAd) 41 =
G'C = €ddH ()} 03 YLSAd) 31
"Ob=Z8dH(} 03 dLSAd) 41
o)
xxxxxkkxx JLSAd NO GISVE £ddH OGNV CidH 304 S3INTIVA NOISSY D
o)
0°0G + OG1AV = 1AV
)
9t = Od
O = 1N
2
/ O'v ‘0°9 ‘00 ‘'6°9 ‘'0°'GCT ‘€EE'S ‘O°00p ‘T'L ‘0°0SC %
‘TP 'O°00F ‘L9 ‘'SP ‘L'P ‘8°6 ‘TS ‘L9 ‘L9 ‘96 /XVWM Viva
/ G0 ‘'vO ‘OO ‘S0 ‘0°G9 ‘G0 ‘O'E9 ‘S0 ‘005 %
. ‘S°0 ‘0°€E9 ‘8°0 'L°0 ‘9°0 'E'0 ‘G0 ‘SO0 ‘SO ‘vO O/NIWY VIV .
HIANIQ'HASV ‘dLSAd OLd ‘OSIL ‘OSIAV ‘171 ‘Id ‘AWa *T1X374 NOWWOD
Y1SAd ¥3IDIUINI
(01)SA*(B1)X “(BH)XVIWY ‘(6 )NIWY ‘(S+)SIA NOISNIWIQ
HIWSIN‘8IN ‘HIW Iv3d
o)
Ak ok ok ok ok K ok K Ak ok K oK K ok A ok ok A ok K kA ok ok sk ok ok R ko kK sk ok ok K K K K Kk ok ok K ok sk tk ok ok ko 3k ok 3k ok sk ko ok ok ok K ok ok U
2
“3INIVA V139 ANV OHd HOV3I NO 2
Q30vid N339 JAVH SINTVA WAWINIW ONV WNWIXVW :3LON o)
o]
"SNOILVNOI SS3YLSIA 3ISIHL 40 NOILVAIYIA ANV o}
3SN IHL S3IAIYDSIA T-66T LA0HIY HOHVISIY I1L 2
"P8TT LD23IN0Ad LdHAS NI 40312377100 ViIVA NOIL o]
-D23dSNI 40 SISATVNY NOISSIEH3I¥ Wodd4 AQ3d4013A3C o)
343 SNOILVNO3I 3S3HL “SINIWIAVA 3ISvg-3ovid o)




0 00t x (dMmd- )dx3 = (1)Sa

tC 0L 09 (9°vLL "39° (AMd)Sav )4l
vad139++(8IN/VAQHY) = dMd

0d = (8)Sa

(61)X = 4d
(81)X = dvl139
(LI)X = dOHd

(91)Xx = S1139
(S1)X = SLOHY
(pt)X = vil3g
(EL)X = VIOHA
(Zt)X = S1139
(LE)X = SToHA
(OL)X = V1139
(6)X = VI0HA
(8)X = Svi3a
(L)X = SVOHH
(9)X = vvi3g
(S)X = YVOHY
()X = S¥139
(€)X = SAOHYA
(2)x = val3g
(L)X = vIOHY

INNTIENOD Tl
(I)Xx ( (I)NIWY L7 (I)x )dI
(1)X ( (I)Xvwd 19" (1)X )41
6 ‘t = I ¢t od

(TINIWY
(1)XVWa

CAddH*LBOSO"0 + B
YIANIQ+P I LLT O + Id*x8S900°0 - OSLAV+GSIO O - DL4xLESOO'O- = (64)X
CUdH+ PECTEO 'O - YIANILG4LEEIE O - R
Id+«v 1100 0O + OSGLIAVAGLLEL O + D14x99LE€0°0 + OGILx10CLO'0O (81)X
TYdH+610SE "0 + HIANIG+66YHY0 0O + IdxIEBOO O - I214xT8BITO'0- = (L)X

ISd 304 d4d ‘vi3g ‘OHY

EddH+88V1 "} + U3IANIB+LVO" L+ - UHL*NWm0.0 + OGI1%S0L°0 = (91)X
EYdH+96 6T - HIANID4SL 9T + Id+COS O- = (S1)X

EYdH*GT9 O + DJL4xESL0°0 = (¥I)X
EddHx L 9P - dIAANIIx88 8P + HASV+8ZV O + Id*6EL |-

#
—~
o™
-
~—
x

V3AV ONIMOVAD ISAIASNVYL

(ch)x
(L)X

€ddH*ESG O + YIANIGx1OL O - DL3+«6BEO O + OSILx8L}L O
EUdH+6G " | } ~43ANT8«9} " CC+HASVxSG16 C+Id+«EV60°0-0144«GCt O~

[SRONORGRSNSNS]

117

QOO (SRS RE]

[CR GRS



NanL3d
00 = (s4)s1a
00 = (p1)SIQ

(9)sa = (e+)sIa

(s)sa = (e¢1)s1a

(8)SA = (t+4)sia

(L)Sa = (0Ot)Ss1d
(r)Sa = (8)SIq

(e)sa = (8)sIda
00 = (L)S1a
00 = (9)s1Iq

0 = (§)s1q

0 = (¥)SIa

a = (g)sia

g = (¢)sia

a = (1)sia

("9-66C 13043y HOJYVISIH

111 40 v ¥31dVHD NI Q39130530 SI Avydv SIQ 3HL) ~SO¥3Z SV

Q3NdN13Y 34V 3INTILNOAANS SIHL NI Q3LVINDTIVO 10N S3NTIVA IHL LVHL
310N  "dOGT NIVW 3ID9VWvVA 41314 110 FHL 40 Avddv SIA 3HL OLNI

AVYYV SO SIHL LY3IANCD SINIWILVLIS ONIMOTI04 3HL ~.GOWd3. WYIDO0Ud
ANOIV-ANVLS TVYNIODIA0 IHL NI AVdYV SSIYLSIA IHL HLIM SANOJS3IAA0D
AVHAV S JHL ‘SWVAH0Ud SSIYLSIC LN3IWIAVCY ISIHL 40 SNOISIAIA Fanind
HLIM ALITIGILVAWOD 31GVIAVA NIVINIVW OL "Iil A8 G3d07T3A30 WVYD0Ud
SSIYLSIA INIWIAVA FLITIWOO Vv WOA4 AIATHIA SVM INILNOABNS SIHL

JANILNOD OE
(dMd- )dX3 » (4d - Od) - Od = (6)Sa
0O€ 0L 09 (9°vLL 39" (AdMd)Sav )4l
dv139++(8IN/dOHY) = dMd

OE 01 09 ( OO0 "37° dOHY )41 82

0°00t * (dMd- )dx3 = (8)SA

8¢ 0L 09 (9 'vLL 39" (d¥md)sS8v )4l
STL39%x (HLIN/STOHY) = dMd LT

0°001 x (dMd- )dX3 = (L)Sa

- LT 0L 09 (9°vLL 39" (dMd)S8v )4l
V1L39x+x (HIN/VIOHY) = dMd 9T

. 0 00k % (¥Md- )dX3 = (9)sd

9Z 01 09 (9°vL+ 39 (¥Md)SEV ) 4T
S1138«x (HIW/S10HY) = ¥Md G2

000t x (dMd- )dX3a = (S)sa

G2 0L 09 (9 ¥LY "3I9° (¥Md)SEV )4Al
V1138+x(HLW/VIOHY) = dMd ve

0'00L x (dMd- )dX3 = (¥)Sa

ve 0L 09 (9°vLL 39" (¥Md)SAV )4l
SY139x+(8IN/SVOHY) = dMd €T

0°00F % (AMd- )dx3 = (€)Ssa

€T 0L 09 (9 'pLL ~39° (dMd)sav )il
YV13944 (8IN/VVOHY) = ¥Md ¢C

0 00t x (dMd-)dX3 = (2Z)sa
€¢ 0L 09 (9°'vLL "39° (amd)sav )4l
SAL3IG++(BIN/SHOHY) = dMd ¢

COOLOOLOLVLOLOLLVOLOLOLOLLOO

118



EddH*GPE "E = (8)X
DVWH#16Z 0 + Id*6¥L0000°0- = (L)X

€4dHx86F T = (9)X
IVWH+ZLE O

H
—~~
iy}
~
x

CddH*8E 000 0 - DVWH#L9ZOO O - LAV4ELTO O + D1342LO000°0- = (V)X
OVWH+9BE 'O + Id+LLOO 0O- = (E)X

CUAH4ZBEOO O - LAVXIEEQ O - LAV49ZEO O + OSILxB8ZLO'0O = (2)X
ZUAH4 LS00 + DVWH49LLZ O = (4)X

V3IIVv ONTLINA

0G°0 = gadH (E 03 dLSAd) 41
"0€ = gddH (£ 03 ¥1ISAd) 41
GL'V = €¥dH (2 03 d1SAd) 4dI
"0C = CddH (2 03 dLlSAd) 41
G'€ = EddH (1 03 ULSAd) I
"Ob=2ddH(} "03 YLSAd) 4dI

*xxkxrkrx JLSAd NO 03SvE €ddH ONV CddH 304 S3INTVA NOISSV

HdSV = OVWH

008 + OSLIAV = 1AV
Z'v = Od
O = LNX

"/ Oov ‘09 *
‘0’6 ‘0'00vV ‘5'8 *
/ S0 ‘vOo ‘¥

‘0°'85 ‘S0 ‘so'0 1

33IANIG HASY ‘dLSAd'OLd ‘O8It ‘05

‘0’8 'I°G /XVWY vivd
O 0v

"0 ‘S0 ‘SOTO/NIWY viva

‘77 ‘Id ‘AWa ‘X314 NOWWOD

d1SAd d3IODIINI

(04)Sa‘* (L)X “(BL)XVIWY ‘(61 )NIWY *(S4)SIA NOISNIWIG

HIWBIN'8IN "HLW Tv3d

Aok bk ok Ak kK K kA K ok b Ok sk ok ok A A K K K K K K K ok ok kR ok ok ok K K R K K R K K Kk ok K ke A ok ok ok ok A K KO ok K e ok ok ok K K

TANTIVA V138 OGNV OHd HOV3
NO Q30Vid N33dg 3AVH SANTVA WNWINIW ANV WNWIXVW 310N

"SNOTLVNO3 SS3ALSIA 3IS3HL

40 NOILVAIY3Q ANV 3SN 3IHL S341¥0S3Q ¢-66C 13043y

HOAVIS3AY 11t  "v8CC 123/r0dd LdHAS NI G3L1037170D

V1IVG NOILDO3dSNI 40 SISATVNV NOISS3¥D3d WOd4

03d07T3IAIA FYIM SNOILYNOI 3S3IHL  “SIN3IWIAVL XIW-LOH
404 SNOILVYND3 SS3IALSIA LNIWIAVA SNIVINOD :COOWWH 3INILNOAENS

KA kK kK K K K K ok ok kK A ok ke ok K ok R ok K Ok ok ke ko ok K K ok ok ok K ok sk ke ok ok K sk K ok ok Ok kA ok sk ok ok ok ok ok ok ok ok ok ok ok ok Xk

(SIAQ HLW' 10V 8IN)QOWWH 3INILNOAUENS

aN3

‘0O'0F ‘0°08E ‘E°9 ‘0°0EC %
‘¢

‘6'0 ‘O°'Ssy ‘§5°0 %

SR SRS VOO [SRSRS]

[CRGNS)

[SRORS)

COOOOLOLLLLOLOLOOLO

Q

119




(61)X = 4d
(81)X = dvi3d
(L)X = dOHY
(94)X = s1134
(S1)X = S10HA
(rL)X = vi1139
(EL)X = VIOHA
(2L)X = S7138
(LE)X = STI0HY
(O1)X = vii3g
(6)X = VI0HY
(8)x = svi3g
(L)X = SVOHY
(9)X = vviag
(S)X = VVOHY
()X = SdLig
(E)X = SdOHY
(2)X = vyL3g
(L)X = vHOHY

INNIINOD
(IINIWY = (I)X ( (I)NIWJd "L171° (I)X )dI
(I)XVWa = (I)X A (I)xvwd "19° (I)X )4I

6t ‘L = I ¢t 0q

Cd4dHx2¢LO0' 0 + 3
AIANIA4GETLG O + Id+TLPTO O - OSLAV+LI0LO 'O - JL4x6900°0- = (61)X
JdIANIDx10EG O - OSLAV4IEBZZ O + DL44G¥OrV0°"0 = (84)X

CAdH«Z¥P20°0 B
+ 4IANID48L09 O + I1d+BLOEO O - 0214x48¥20°0 - OSILxTO ' O- = (L})X

ISd ¥02 4d 'vi3g ‘OHA

EYdHHLEG O + 01dx6150°0 = (91)X
OVWHxGLY 'S + Id+%69°C - LAVx6°C + 0GI1+964 O~ (

H

ALTIYIAIAS ONINOVAD ISAIASNVAL

EddH*6GZ  O+TUdH+6G0 O-OVWH*SG1 | "O-DL3xEEYO O+0STILxL+O 0O (
EAdHAE 9T - Idx89L° L - LAVAEEBL G + D14%9¢8°0 - OSGIL1xL6"}- (

vE)X
£1)X
v3IAV ONIMOVAD ISHIASNVAL

J14«2080°0 + OGIL+EVEQ O
OVWHILEE '8 + Id+GSI € - LAVxBIO'E + OSILlabbvl O-

i

(c})
(L)X

ALIHIAIS ONIXNOVYD TVNIANLIONOT

EddH*6GE O + 2L442ZP0°0 = (O1)X
OVWHxIZ L + Id4B6°C - LAV«BE ¥ + D14x888°0- = (B)X

VIV ONIMOVYD TVNIANLIONGT

cl

COOOLOO

[SRSNS] (SRS RS 00O

[SRORS)

120




(L)Sa = (0O1)S1Ia
(¥)sa = (s8)sia
(€)Sa = (8)SIa

0°0 = (L)SIa
0°0 = (9)SIa

0 = (§)SIa

0 = (¥)SIa

a = (g)sia

a = (z)s1a

a = (1)sSId

(°9-66T 13043y HIAVISIA

111 40 ¥ d3idVHO NI @d3FId0oS3a SI AvddV SIA 3IHL) "S043IZ SV

Q3NANL3Y¥ FdV INILAOYENS SIHL NI d31vINDTIVDO LON S3INIVA 3JHL LVHL
JI0N  "dOO7T NIVW 39VWvd 41314 T1I0 3JHL 40 AVdEYV SIA 3FHL OLNI

AVHYY SO SIHL LA3IANOD SINIWILVLS ONIMOTTI04 FHL ~ . AOWWH. WVAD0dd
INOTV-ANVYLS TYNIDIA0 IHL NI AvVddV SSIJLSIA IHL HLIM SANOdSIJA0D
AVHAY SG IHL “SWYED0dd SSIYLSIA LNIWIAVL IFS3HL 40 SNOISIAIY 3dNind
HLIM ALTTIGILVJAWOD ITAVIZVA NIVINIVW OL "Iil A9 Q3d0713A3A WVID0Ad
SSIYLSIA INIWIAVL ILITJIWOD- V WOH4 GIATHIA SYM INILNOYENS SIHL

INNILINOD O€F
(¥Md- )dX3 « (4d - Od) - Od = (86)Sa
Ot 01 09 (9°'vL4 319" (¥Md)Sav )41
dvi3gx+(8IN/dOHY) = dMd

0t 0L 09 ( OO0 "31° dOHY )41 82T

0 001 » (dMd- )dx3 = (8)sq

8Z 0L 09 (9 'vLr 319" (dMd)sav )4l
S1139+* (HIW/STI0HE) = dMd LT

0 00L *» (dMd- )dX3 = (L)Sa

LT 01 09 (9 viLt "39° (dmd)sav )4l
V1L39%+ (HLW/VIOHY) = dMd 9¢C

0 00l x (d¥mMd- )dX3 = (9)Sa

9z 01 09 (9 tLtL "39° (dMd)Sav )4l
S1139+x(HLN/SL1OHY) = dMd G2

0°00l x (d¥Md- )dX3 = (5)Sa

0L 09 (9°vLL "39° (¥md)S8Y )4l
V11394 (HIW/V1I0HA) = AMd +T

Lo}
o~

0 00} * (d¥Md- )dx3 = (¥)Sa

FZ OL 09 (9 vilL 39" (AdMd)sSav )4l
SvL13gx+x(8IN/SVOHY) = dMd €T

0°004 x (¥Md- )dX3I = (E)SQ

€2 0L 09 (9 ¥LI "39° (dMd)S8av )4l
vvi3dgxx(8IN/VYVOHY) = dMd CC

0 00t *» (d¥Md-)dX3 = (Z)sd

¢Z 0L 09 (9 vLL "39° (¥mMmd)sSgv )dI
SALIFx+«(BIN/SHOHI) = dMd IC

0 00L » (dMd- )dx3 = (+)Sa

b2 0L 09 (9 vLL 39" (Aamd)sav )4l

VH138x+ (8IN/VHOHY) = dMd

Od = (8)sa

CULOLLLLOLOLOLOLOLLOLOLOOLO

121



OSIL4ZZEO O + TAMH+TBL O + G C- = (G)X

V3YV ONINDVED d0LVvOITNY

LIAVxV81 O - OLJ4E€E0°0 - EAdH#CYBO O + HLIAD49VI O - 9° ¢ = (T)X

V3Idv ONILLNA

GZ'0 = £€3dH (£ 03 ¥1SAd) 41
‘Ot = ¢ddH (€ 03 ¥1SAd) dI
0°'S = €ddH (2 03 d41SAd) 4dI
*0Z = TddH (T 03 ¥LSAd) 4I

00t = €d8dH (1 03 dLSAd) 4dI

"G=CAdH(} 03 ALSAd) 41

sk xxxxxx ALSAd NO Q3ISvE €ddH GNV ZddH 404 SINTVA NOISSV

HdSVY = HIAO
008 + OGLAV = LAV

¢'v = 0d
O = INA

/ O'v ‘0°9 '0°0L ‘ST'GS ‘'8'v6t ‘O°'6 ‘0O°00F ‘£°G ‘O°0SE ‘O°L B

‘O"00F ‘8T'9 ‘LE'S ‘B¢t ‘6°EL ‘L 9 ‘99°8 ‘By'E ‘9°G /XVWY viva

/ S0 ‘v'0 ‘vO'O ‘G0 'O'PZ ‘S°0 ‘L8 'S0 ‘O°vT 'S0 R

‘L°8F ‘vr O ‘TO'O ‘8S5°0 ‘20O 'S°0 ‘CO'0 ‘SO ‘TOO/NIWY viva
HIANIG'HASV'YISAd D14 ‘OSIL ‘OSL1AV ‘717 ‘Id “aWa ‘1X37d4 NOWWOD
dLSAd ¥3D3LINI

(O1)SA’(61)X ‘“(B1)XVWI ‘(64 )NIWY ‘(S1)SIa NOISNIWIA
HIWSIN'8IN ‘HiW 1v3d

LR R E R R EEE RS SR EEE R R E R EEEEEEEEE EEE RS AR RS EE R R E R A R R EREE R E RS R R ERE R R EE X

"INTVA V138 GNV OHY HOV3
NO Q30V7d N339 3AVH SINTVA WNWINIW OGNV WNWIXVW - 3LON

"SNOILVNO3 SS3ALSIA 3ISIHL
40 NOILVAIY3A ANV 3SN 3IHL S39IY¥0S3A C¢-66C L3043 .
HOJV3IAS3AY 1Ll "¥8CC 103P0¥d Ld4HAS NI 4331131700
Viva NOTILD3dSNI 40 SISATIVNYV NOISS3I¥93d WOAd
Q3d013A30 3J3IM SNOILVNOI 3ISIHL  “SINIWIAVA AVIZIAD
403 SNOILVNO3I SS3IALSIA INIWIAVA SNIVINOD :QOWAO INILNOYANS

ok ok ok K K K R KK A A K K K ok K K OK K K R K ok ok kK e ok ok R Kk kR Sk Ok ok ok sk ok ok ok ok O ok Kk ok K ok K K kR ok ok K K A Ok ok R ok ok ok K X

(SIQ'HIW'1aVv°*'8IN)QOWAO 3INILNOYEANS

aN3
NanL3d

00 = (s1)SIa
0'0 = (p1)SIa
(9)sa = (et+)sIa
(g)sa = (ci)sIa
(8)Sa = (+i)s1a

VOO VOO

[CRGRE)

OO0

o VCOUOLOOLVOLOLLOLVLOLOLLLOOL

122




. 00 = (1)Sa
O ‘L = 1 SI 0aQ

(6L)X = 4d

(81)X = dvi3g

(L)X = dOHA

(91)X = Sli13g

(SL)X = SLOHY

(vH)x = vil3g

(EL)X = V1OHY

(2L)X = S1138

’ (L)X = ST0HY

(O+)x = viL3a

(6)X = VI0HY

(8)X = Sv13g

(L)X = SvVOHA

(9)X = vvi3ag

(S)X = VVOHY

(v)X = sdL3sg

(E)X = SAOHA

(2)X = viiag

(L)X = vi0OHY

INNTILNOD

(INIWY = (I)Xx ( (I)NIwa 17" (I)X )3I
(I)XVWE = (I)X ( (I)XVWY “19° (I)X )dI

i)

6L ‘4

CYddH*LCILO O + HLIANOXxLEQOEE O
ot

CddH+81L0°0 + HINDxEOS9C O

I

[4 3sle]

ISd 404 4d ‘vi339 ‘0OHY

SC' v
0L4+«8B2°0 - EUYMH4EL'S + HLAOxL L + 8°0L

(91)x
(S1)X

ALTYIAIS ONINOVYO ISUIASNVAL

EddH+x6EY 'O + SOV 'O
Id+86°C + HLAOxL 6E + 90°6

8t}
O14xL0V "0 - OSILxSOS 'O + €ddH«+PE 8 + 8°CL

ALTAIATS ONIMOVAD TTVYNIANLIODNOT

OGI1xp#0C0"0 + EUdH+bVYZ O + LEZT O

J14480° 1 - OSIL*TI 't + EddHx8°TCT + HLAD+G 6} + O EL

(OL)X
= (B)X

V3AV ONIMOVYD TYNIANLIONOI

Idxv910°0 - EddHx 10T O + 8L |
60" |

ALIAIAIS ONINOVAD AOLVOITIV

Id«b OO0 - D4d44L6L00°0 - E€UdIHxCEL O + 629}

= (9)X

St

cl

[CRONS) [SRONS] [SHSNS) [ORSRS] QOO

[SRGRS)

123




(z)sa = (g)sia
(+)sa = (Z)s1a
(6)sa = (+)sIa

(9-66C L4043y HOAVISIY

Ili 40 ¥ d431dVHO NI Q3gI1y0S3a SI AVHYV SIA 3HL) "S0d3IZ SV

QINANLIY AV INTLA0HENS SIHL NI d31VvINOTIVO LON SINIVA IHL LVHL
310N  "dO0T NIVW 39VWVQ 41314 110 dHL 40 AVdY¥VY SIA 3IHL OLNI

AVHEY SG SIHL. LAdIANOD SINIWILVLS ODNIMOTI04 3HL ~ . AOWAO.  WVH9D0Ud
ANOIV-ANVLS TYNIODTA0 JHL NI AVHAV SSIYLISIA IHL HLIM SANOJSIHAO0D
AVIAY SA FHL ‘SWVHD0dd SSIALSIA LNIWIAVA 3SIHL 40 SNOISIAIY Jaunind
HLIM ALITIGILVANOD 3I78VIYVA NIVINIVW OL "ILl A8 4d3d0TT3IA3A WYAHO0Ad
SS3IYLSIA INIWIAVA IL3ITdWOD Vv WOE4 QIAIHIA SVM INILNOYENS SIHL

INNTLINQD OF
(dMd- )dX3 « (4d -~ Od) - Od = (B6)SQA
OE 0L 09 (9°vLL "39° (dMd)Sav )41
dv139+% (8IN/dOHY) = ¥Md
TUAH499040 0 -~ HIADxPFIE0 O - BIN %
+LOLIO O + OSLAV469LFO 0 + D1L449€010°0 + OSIL+ELPOO O = dvi3g
OE D1 09 ( 0°0 "371° dOHY )41 8¢

0°00L x (dMd- )dX3 = (8)Sa

8C OL 09 (9 vy 39 (¥Md)SaV )4l
S$S1139x% (HIW/STIOHA) = dMd LE

0 00} # (d¥Md- )dX3 = (L)Sa

LT 01 09 (9°vLy "39° (d4Md)Sav )4l
V11394« (HLW/VIOHY) = dmd 92

0 00}k x (¥Md- )dx3 = (9)sa

9¢ 0L 09 (9°¥LL "39° (dMd)Sav )dI
S1139xx (HLIW/SLOHY) = d3Md SZ

000t % (dMd- )dX3d = (5)Sa

GZ 04 09 (9°pLt 39 (dMd)Sav )4I
V1139«x (HIW/VL0HY) = dMd ve

0 00t x (¥Md- )dXx3d = (v)sa

¥Z 0L 09 (9 ¢Lt "39° (dMd)Sav )dI
SVLIdxx (8IN/SVYOHY) = dMd €T

0"00t x (dmd- )dX3 = (g€)sda

€C 01 09 (9°pLL "39° (umd)sav )4l
VVL38x+«(BIN/VVOHY) = dMd TT

0 00t x (AMd-)dx3a = (¢)sda

TT 0L 09 (9°PLL 39 (¥Md)Sav -)4dl
SHLADxx(BIN/SUOHY) = dMd 1T

0°00t x (dMd- )dx3 = (+)Sa

12 01 09 (9 vLl 39 (JIMd)Sav )4l

vaLAG«x (8IN/VHOHY) = dMd

O0d = (8)Ssa

COOLVLOLOOLOLLOLOOLOLOLOOL

124



Aok A ek ok Ok ok o K Ok A sk ok R A A A Ak K ok K ok kK ok ok ok sk o sk ok K ok R K K K ok sk oK Ak ROk e K e ok K ok sk ko ok kK Kk ok K Ok K

( 1Dd0yd ‘3WILA ‘AvD3Q ‘d4vdl “d3Siqv

‘¥3IS8EN ‘T1I0Ldv CI08EN ‘SITIIMN C3lvdl ) 1100dv 3NILNCABNS -

(€'1)4vdl =

EX + (£°A)dvdl =

(L 1)d4val =

X 4+ (L AM)dvdl =

( (O°00L x O°CTL)/HIMOYD + O} )
( (O°00F % O°CTL)/HIMOYD + O} )

ove ‘e
£X =
EX =
bX =
VX =

"OE %

(v'ove)dval

anN3

NaNL3d
INNILNOD
(v 1)d4valL
(e'1)d4val
(z'1)4vdlL
(1*1)dviL
EX = EX
EX = X
-1 =
I 0s od
(v*1)dvat
(E°1)4vaL
(2*1)4vaL
(4 1)4vat
8IN = €X
]y = X
8{N V3
NOISNIWIGQ

n = % *

(0}=1

e ok ok K ok ok kK ok K R K K K K K kK K K A K R ok R R K ok KK o ok ok K R Kk KOk Kk ok ok K sk ok 3k sk ok ok ok i ok ok ok ok ok ok ok ok okok ok ko

“«1004av. A8 ¥3LVY g3adv 3dv S3INTVA d13id 110
"wO14Vdls A9 d3LNAWOD FYV S3INTVA INIT3ISVE

"SHINOW OvZ 40 3INO HOV3 d0d4d

(@314 110 + INIT3SVE) VST X%-8)
“(3NIT3Svg) 1vsS3I M-8t

"(Q@7314 110 + INITISYE) tav
“(3INIT3Sva) lav

ST JANLONALS AVEIV IFHL  "NOILONJLSNOOIA

IONIS LNIWIAVA 3HL ¥IA0 A3ISSVd JAVH HOIHM
SNOILI13d3d TvS3 M-81 OGNV S3ITOIHIA 40 dIGWNN
V101l 3JHL SNIVLINCD AVIIY SIHL “AVddV ¢ X OvC
v OINI .O3I4dvdl. 3NILNOHENS 40 S1INS3IA SAvOT

310N

¥ NWN10D
€ NWN100
¢ NWN100
L NWN100

$gvel3s 3

NILNoYans

ok ok Ak ok ok ok ok K ok A ok ok ok ok KOk K K ok A %k %k sk ok ok ok koo ok sk ok ok ok ok ok sk ok ok R ok K Ok ok R K 3 ok ok sk ok ok ok ok sk ok ok sk K ok Ok ok ok ok ok ok ok ok

(4vdi ‘HIMOY9 ‘Lav ‘8iIN ) gviLl3IS 3INILNCAYENS

00 =

0°0 =
(9)sa =
(5)sa =
(8)Sa =
(L)sa =
(v)sa
(€)sa

[eNeNe]
[oNeNe]

an3
NJNL3Y
(s4)s1a
(vi)sia
(eL)sia
(cr)sia
(+1+)S1a
(01)s1a
(6)S1a
(8)s1a
(L)s1a
= (9)s1a
= (8)SIa
= (v)sia

o]
o]

VOLOLOLLLLLLLOLLLLOLOLLLOLOO

Q

125




IANILNOD OC

EXxSTIIMN + (P 1)4vdl = (v I)dvil
FX«STTIMN + (2'I)d4vaL = (2°1)4vil
ovz ‘* 1 =1 02 04

€ + 3Lval’ = 1

€Z 0109 (S'€°17°3IWIlA) 4I
2I144vdl INIWdOTIAIA 110 S.SHINOW HLANO4 NO aav

’ ANNILNOGD 9t

EXxSTTAMN + (¥ I)4dvdl = (v I)dviL
EXASTTIMN + (2 1)dvdL = (T I)4vad
ove ‘ 1 =1 94 0d

¢ + 3tvadl = 1

€2 0409 (S ¢ L7 3aWiLa) 41
2144vdLl IN3WdOTIAIA TI0 S, SHINOW QdIHL NO Qav

INNILNGD Tt

EX+STIAMN + (P I)dvdal = (v 1)d4vidl
FX4+STI3MN + (T'1)4vdl = (2°1)dvil
ovz * 1 =1 ¢k 0a

b+ 3Lval = 7

€2 0109 (S°+ 177 3IWILA) 41
0144vdl IN3IWdOT3IAIA 110 S,SHINOW ANOD3IS NO aav

INNILNOD Ol
EXxSTIIMN + (P I)dvdl = (v 'I)d4vil
FX+ST73IMN + (T'I)dvdl (2'1)dval
ove ‘31val = I Ol 0d

9 = JWILlQ S3IW0D38 S°'9 = JINILA ANV
9 = JWI1lQ S3W0038 v'9 = 3IWIlA
¢ = FAWILAQ S3W0D3Y St = 3JWIlA
3 b = 3JWILA

= JdWIiQ S3W0038 6

"IT7dWYXT 404 CSHLINOW 9 SI 3IWILA WNWIXVW IHL
TANTIVA AIDIUINI LS3YVIN IHL 0L Q3IANNCY 34V SINIVA IWIL 111dd

YISBIN =  ¢X

TI0O8BIN = €X

0'0E x ¥3SiAVY = X

00 x 1I0LQY = X

¥3IS8IN ‘TI08IN VI

(Ove)d3sg ‘(Ove)Hisv ‘(v'ovz)4vdl NOISNIWIA

KK ok kK K e ok ko ok ok ok sk ok ok ko A K Kk ke o ok ok ok Ak ok ok sk kK ok K ok R ok ok ok koK A ok ok ok ok sk ok kK ok kK oK A R R K Kk R R K ok Kk

‘¥ NWNI0D OLINI 09 SINTVA -8l

ONV € NWNI0D OLNI 09 S3INTIVA 1Ay " .9VLii3Se

3INILINOY3NS A9 LTINS AVHdVY 4vdl 3IHL 0L (H-8)
GNV 10aV) S3INTVA NOILONAOdd ANV ONITIIHG Saav 11000V INILNCAEENS

(SRS RS SRR OO

126

COOLOLOOLOLOLLOLOO

CLOLVLOULLOO



(M)d3sa + (v 1)dvil Av.mvu<Mh

(M)Y3ISVY + (2'1)4vdL = (T 1)d4val
b+ 1 -1 = A

ovec ‘1 =1 Ov od

(Mr)d3asg + (+-r)Pasg = (r)Aassa
(r)¥asy + (L-N)A3ISY = (0)¥3ISY

1437 ‘T = 0 SE 04

ANNILINOD

ANNILNOD

(00} /AVD3A) * PX = PX

(00L/AvDO3Q) * TtX = X

GZ 0109 ( O "3IN" (c¢h'1)aow ) 41

(001 /12daydd) STIIMN » X = (1)Ad3S9
(001 /10dadd) * STTIMN » X = (I)y3SV
1437 '+ = I OE 04

b+ 1 - Ove = 1437

(S0 + 3WILA)LINI + 3LvdIl = 1

*

SdVIA d3d IN3IDA3d 10dAdd SAVO3IAQ OI44vil (41314 110

"oIddvil

MONAL NOILONAOHd IFLVAINID LON 00 ATIVNSN ‘'v-66C L¥0dIY NI AINOILNIW
SY 'STI3M SVD  TOI44VAL MONYL FLVHINID STTIM ONIONAOAd 1TV 41 ATINO
1Ng -- 3¥3H 43Sn 39 AVW ¥-66T Li0d3IY¥Y HOUVISIY 1Ll WOMS .3FLVH SS3DO0NS
NOIL3F1dWOO. dILIWVAVA ALINIGVIYVA 3HL "SILIS ONIONAOAd 40 AIGWNN IHL
OINI S3LIS 11140 40 d3IGWNN 3FHL SL¥3IANOD .+ LDd@Ads IT1GVI™VA LNINI-Y3ISN
IHL  "SVD d0 10 3I0NA0dYd LON 04 STI713M 3IWO0S LVvHL SI NOILJWNSSY HIHIONV

"d0dd INIADAId « AVIIdu

¥3IHLONV A9 Q3M01104 ‘OI44viL YMONdL INVLISNOD 40 SHINOW 2} N3IHL ‘1IN3D¥3d
wAVIO3Qu 3ANLINOVW 40 dO¥A V ‘O2I44vdi MONAL LINVISNOD 40 SHINOW Ct

HLIM ‘3NITO03Q 3SIMdILS v SMOT104 F¥3IH JI44vdl NOILONAOAd ~3IWIL ¥IAO
INITO30 T1IM 3JLIS T13M JHL LV NOILONAOYd LVHL SIWNSSV WVHD0dd 3IHL

INNTLNOD

INNT ANOD

EX+STTIMN + (P I)4ViL = (P T)dvHl
EX+STTIMN + (T I)4vdl = (T I)dvil
ove * 1 =1 ¢c 0a

S + 31var = 1

€2 0409 (S G 171 3INILA) 4dI

01d4vdl IN3IWAOTIIA3A T1I0 S,SHINOW HLXIS NO aav

INNTLNGD

EXxSTIIMN + (P 'I1)4vdl = (v I)4dval
FX«STIIMN + (2°1)dvdl = (2 1)4vyl
ovz ' 1t =1 12 004

v + 31val = 1

€2 0109 (S v 17 3WIiqQ) 41

3I144vdl IN3IWAOTIA3A 110 S,SHINOW HL4AId NO aav

GE

ot
=14

€¢

cc

[ X4

VCOOLOLOLLOLOLOLOVLVLOLOLOLOLOLOLLLOO

8]

SRS RS)

127



‘0" TT+E'070'0°8'0°CT'O°6°0°EL‘0°0T'O ¥I'0°0x6°0°9"/ NSLSIQ Viva

o]
(OF)3dALL ‘(O )WAANVL ‘(O})IIDNIS =
‘(OL)INDHId ‘(OF)WANVIN “(OL)TIONISN ‘(91 )ANVIN ‘(€4 )DNISN +
‘(9L)ANVLI ‘(EL)ONISI ‘(91 ‘OL)INVISIA ‘(€1 ‘O )INSLSIA NOISNIWIQA
o)

SHANALN ‘NVI8IN ‘NISS8IN'WANVLIN ‘19SNISN ‘ONVLIN “ODNISN ‘8IN TV3d

A ok ok ko ok kK ko ok Ak Ak ok ok ok ok ke Sk ok ok ok kK Ok K K ok Ak ok Kk K Ok sk kK ok ek ok 3k ok sk ok ok Ok 3k A ok ok K Sk K ok ok kK Ok ok ok

"SAVO0T 133HM W3ONVL 404 SY0LOV4 AONIIVAINOI SNIVINOD - (ANVL3
*SAV0T 133HM 2T9NIS 3404 S¥0LOVI ADNITIVAINOI SNIVINOD - ONIS3
"3dA1l A0NAL HOV3
404 NOILNGIYLSIA avOoT ITIXV WIANVL 3FHL SNIVINOD - NViSIA
"ddAL AMONYL HOVI J0d4 SNOILVLIS ONIHDIIM LV GFANSVINW
SV SNOILNGIYLSIA Av0ol 3IIXV ITONIS 3IJHL SNIVINOD - NSISIG
“IdAL MONAL A9 SITXV WIANVL 40 438WAN IHL SNIVINOD - WIANVL
"3dAL MONdL A8 S3ITIXV IIONIS 40 d3IGWNN IHL SNIVINOD - 3INONIS
TWV3IYLS OIdd4vdl 3NIN3Sva 3IHL
NI 3dAL MONdiL HOVI 40 3IODVINIOHId 3HL SNIVINOD - UINOY3d

"$3749vL v-M L1dHAS
IHL WOd4 NIMVL JAV SAVAIVY ONIMONI04 IHL NI SHIGWNN FHL

“1-66C 14043y HOHVISIY

I1i NI Q38I139S3Q SI SS3004d SIHL "S38vl

v-M LdHAS 3H1L ONISN HLINOW d3d SNOILIl3d3d
TVS3 M-8l OLINI OId4vdi 3INITISVE SLY3ANGD 0Id4vdl INTLNCHANS

A K oK K K K K oK oK K K K R KK K oK K K KK ok K K K K K R K KR K ok oK oK K Ok K ok K K ok K K Kk K oK K Ok K K R Ak K

COOLOCOLOLLOVLOLLLLOLOLOLOLOLOLOLLOLLLOO

( 8IN “INT1Dd “M¥lldd ‘1Gv ) 2I4vil INILNOYINS mw
2 —
an3
NanL3d
INNILNOD Ol
(v (TINOW) VL = (V1)L
(E'(I)NOW)d4vdL = (E'1)aL
(T (I)NOW)4vdL = (2 1)L
(L (IINOW) VL = (1 1)aL
, . dAN '} = I O+ 04
(v ‘i)l ‘(b ‘OvT)dvil ‘(SH)NOW NOISNIWIQ
o]
K K K kK K ok ko ok K ok ok ok ook ok ok ke ok ok K ok Ak K ok ok ok %k ok ok K ok 3K oK ok ok k%K 3K K kK kR K ok sk 3k ok oK ok ok R Ak kK %k K ok ok ok ok %k ko k R kK O
o)
CAVHAY AL o]
JHL SAVOT LT "NNd WV¥D0dd HOVI 40 AN3I 3IHL LV o)
S318VL SSIALSIA LNIWIAVC IHL 304 S3INTVA 3HL o)
40 1SOW S3I7ddNS +43IANOD. “€037I4 NI 1SIN o}
S (I)NOW 3HL NI Q3LS3INO03IA 43ISN IHLE HOIHM SHINOW o)
3SOHL ¥0d4 ATINO SINIVA S1OVALXI N3IHL *.711I0aav. o]
aNY . OI4vdl, SIANILNOAENS WOAd AVHIV 4vdl SISSIDOV  1UIANOD 3INILNOATINS o]
o]
K Ak kK R KK K R A K kK ok ok sk oKk K R K ok ok ok sk ok ok K ok R oK ok ok K ok ok ok ok Sk oK ok ok ok ok ok oK ok ok 3k o ok ok 3K ok ok ok ok ok ok % ok ok K ok Kk o
2
(41 ‘Jvd¥l “HAN ‘NOW ) d3IANOOD INILNOHENS
2
ani
NANLIN
o)

JNNILNOD Ov




£l

‘t =M 09 04
00 = NISSBIN

IANNTI LNOD

O 00/ (P AINVLISTIA+(AIWANVIN + (P)ANVIN = (P)ONVIN

9l
ot

‘I
!

™ Ov 04
A 0S8 0a

[0

INNTLNCO

O 00/ (P AINSLSIU+(A)TIONISN + (N)ONISN = (M)ONISN

(I)WIANVL * (
(I)3TIONIS * (

€t
o4

‘b
‘I

N Oc 0a
A OE 0a

0°0 = (M)ANVLN

91
o
€l

1)3dAlL
1)3dAalLl

‘t = M G104

O = (P)SNISN
‘t =0 ¥l od

INNILNOD
(1)WANVLIN
(I)IONISN

H

OO0 » SYNALIN » (I)INDA3d = (I)3dALlL

dALN

‘b = 1 O 0d

(0 00 /H4110d) x O'G9E x LAV = SUNALIN
(O°00F/3INTLDd) * 1AV = 1AV

TOI44vdl INITISVE NI SHOMAL 40 d38WNAN TIVANNVY ILNdWOD
TAVM-3NGO 04 LAV IANITTISVE AVM-0OML L133IANOD

OF = dALN

/ 0°C+£°0°0'0°CT'0°89°0°G'0"L'0"'¥# 0 ¥l / INOY3d viva

/ 0°2'0°1'0°0'0°¢'0°0'0°C0 L0000 100/ WIANVL viva
/ 0O1'0'T'0’E0°2'O'S'0T 0O EO O / ITIONIS viva

oS
ov

oe
oc

St

vi

Ot

/ O'O'€EL " G'98°'E‘CL E'GEY T GLB } +
LY HCpPETLTL8°0°9L°0°L9°0°9€E°0 1) "0'E0"0'EQ0"0'0'0 / ANVL3 Viva

/ 0O°0'G80°'9'LL E'L9'C +
"86°1‘GSBZ L0 L'GBL0'2E°0'LO°0'620°0'S00°0'0°0 / BNIS3I viva

/0401 0«8 1" 0" "0x8'°CT' 00«6 "}'0°°0
C 2 0 0+G E‘°O° "0 E' 0 "OxG'°G 00"
C 0L 0 OxG Lt

0 ' 1 ' 0 " OxS " E'° L' O E'"O' OxG°°0

cey

C 0" G 0" 19 L9 0 ' 0'"0' "6 EL' O ZL 'O OsE' G20 El
‘O'0E‘0'0'0'GL'0O'0'0'EE‘O'EE'0'0'0'0G‘0°0‘0" 9L '0°GE*0O' 00O T

‘O'0'0°0«E°0°GZ'0°0'0°CH'0'2+'0°0'0°8+'0°0'0

"0«04 /

NV1SIQ viva

/ 0°0x01L'0°0+01L'0° 04V ‘0" '0° 0450 0%t 0°T'0°0°0° 0" 0 042
‘0°0«r'0°S'0°0'0°'E'0'C'0’0'0" 1 '0°04£'0°9°0°8°0°0'0°9°0°C‘0°0°0" ¢

‘O'0+v'0°E'0°0'0°CTO0O°0+CT'0 1 0°0+£'0°91°0°C
‘O'€'0°CZ4+E'O"PE'O'GC'O'E'O ¥I'O€C'0 ¢t O"
‘0'88°0°9F‘0°9E°0°19'0°41°0°22x£'0°0'0°6'0"

1'0°0°0
v O vEx
L'0°8'0

‘B'O°CH'O"t
E'O' VP O IE
‘0+‘'0°9'0°6

% o~

+

+ K D~

&)

(CRGRSRGRGRONONS]

129




(O1)3adALL ‘(OF)WIANVL ‘(OF)ITONIS «
‘(OF)WANVIN ‘(OF)IONISN ‘(94 )ANVIN ‘(E£4)ONISN +
‘(91 )ANVLI ‘(EL)ODNISI ‘(94 ‘O )NVLSIO ‘(EL‘OF)INSLSIA NOISNIRICQ

JI08EN v3d
NVLIBIN ‘NIS8IN'WANVLIN ‘TONISN ‘ANVLIN ‘SNISN ‘8IN IV3d

A K Ok K K K Kk K RO K kK K K K K K K ok kA Ok K o K Ok ok oK ok oK ok oK ok ok K K sk K ok K K K Kk ok ok Sk ok ko ok ok ok ok ok K ok ok Kk

"wOId4VdLls 3INILNONENS NI Q39140530 SV 3dVv SINIW3ILVLS
Viva "NOILNgIALSIA IdALL 3FHL HLIM G3LVIDOSSV SNOILIL3Id3d TvsS3 A-81
J1NdWOD Gl S3ITEVL v-M LdHAS JHL WOd4 SINIWILVLS S3ISN INILNOIENS 3HL

*(Q0IY3d HINOW ) S9Et = QIAA3SHO SHONJL 40 JIFGWNN

Sci 43Lv3IYO ANV C-€
o} c-C
06 b-C
0O Z-1S-€
0 c-1S-¢
569 d3LVIAO ANV CS-E
o ¢s-¢
Sv IS-¢
o]=1} . ¢-Nns
00t L-NS
(A3A¥3Sd0 JIGWNN JdAL ADNAL OLHSVYY

"aoId3d INIWAOIIAIAC 1T13IM

110 AVG-09 V d43A0 ALNNQD SOZvHg NI S31IS 113M

110 33dHL 40 ONIAOLINOW DIHAVIDOLOHd SNIdNA

A3Ad3SE0  *ONITTITAA 173IM SvD ANV 110 SNIANA
a3sn 3dAl XONd¥L HOVI 40 d3GWNN 3IHL SNIVINOD - 3dAll

130

"ONITIAa 13M
SVY9 ONV 110 01 3Ina HINOW d3d (1I01av) 1av
GNV (TI08IN) SNOILIL3d3¥ IvS3 %-8F SILNAWCD  :A3QTI0 INILNOHANS

ok A A ok K Kk kK K R kK K Ok K ok ok K ok ok 3K R K Kk KK K K K K K K R b Kk ok KK K ok ok 2k K K Ok ok ok K K ok K K K K K ok ok ok ok ok ok

COCLOOLOOLOLOOLOLLOLOLLVLLDOLLOLOLOVUOLOOLLULLLLOLLLOLOLOLOO

( 3IWIlg*1I1oiav “TI08IN ) A3ATI0 INILNCYENS

o)
and
: , N3NL3d
0°'Ch / 8N = 8IN
o)
e 5
o)
"SHINOW €+ A8 G3IAIAIA SI SYINAYL AVM-3NO 40 d3ISWNN TVNNNY 2
"SNOILILIAIY VST M-8 ILNAWOD 0L Q3ISN LON FAV SAVI YIODNISSV 0
2
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII U
2
NVLBIN + NISBIN = 8IN
2
(PYANVLI + (P)ONVIN + NVISIN = NVLI8IN OL
9L ‘L = P OL 0Q
00 = NVIBIN
2

(P)BNISI » (NP)ONISN + NISBIN = NIS8IN 09



9L ‘L =P Ov 0O
O ‘t+ = X 0S 0d
o)
INNILNOD OF
0 00/ (P AINSLSIO+(H)IONISN + (NM)DNISN = (M)ONISN OT
€t ._ = M OC 0a
Ok ‘F = % 0 0d
o)
00 = (MN)ANVIN G}
9t ‘L = M g1 0a
2
0°0 = (NM)HNISN vi
€t ‘L = M L 0a
o)
ANNILNOD Ol
(I)WIaNVL » (I)3dALL = (I)WANVLIN
(I)3TONIS = (I)3dALL = (I)IDNISN
dALIN ‘It = I Ot 0aQ
o}
10d « 0°0S} = 1104QV
O} = dAIN |
° |
0°001L/0°0S = 10d
)
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll U
o]
*AVM-INO OLNI IVS3 3-8l AVM-0OML 2
SLYIANOD 3LV o 1Odw  “SAH0D3Y WITJ WO¥S NIMVL ‘3INTVA o]
IOVYIAY NV SI OGSk = 1aVv SNITIIAA  “(0S°0 = 1D2d) 3LIS 113m o]
JHL L1IX3 331V 1SAW 3ILIS T1713M IHL SIIINT JIATLVHM 1VHL o)
ONIWNSSY ‘10V AVM-3NO OLNI LAV AVM-0OM1 SI4IANDD o1Ddu 3INGVIHVA o) -
o) —t
"0I44vdl AVM-T 40 %06 = HNITTIdQ 110 WOodd 1I10LQv o]
o]
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll U
o)
/ 0°sZt +
‘0°0‘0°068‘'0°0'0°0'0°669°'0°0*'0°SH'0°0GI ‘0O°00E / IdALL viva
o)
/ 0°C¢'01'0°0°0°C'0°0'0°C'0O° 000" +°0°0/ WIANVL viva
/ O L'O'C'0°E'0°CT'O'S'0O L0 CTOEOL'0°C / IIODNIS viva
2
/ O°0'ElL G'98°€*CI €°'SEP T 'GL8 | +
LR PET LB O'9L 0'L9°0'9E0 L) TOE00E00 000 / ANVLI VLVa
o]
/ 0°0‘G80°9‘ILE*L9°C +
‘86°1°'GBZ 0 1'GBL0'CE0LO0‘GTO0'SO0'0'0°0 / HNISI viva
o]
/ 040E 048" "1 0° " 048°°CT° 0" "04G° 1 °0'"0" T 0" 0«6*"C" 0 (
..w..o..o*m..m..o..o,.m..o..o*m ‘g* o..o ‘G0 '0xG6° 6" o ‘0 8
‘COL 0" 0S8 L e O 0! o*m..m. o. €' 0" o*m O b o«
‘060 L9 L9000t o ‘6L gLt 0" w "0 "OxE' "G 0 €} =
‘O'0E‘0°'0'0°GIL‘0O'0'0"EE'O'EE'0'0'0°05'0°0'0°91'0°'GE'0°0'0° 1T +
‘O°'0'0"0xE*0°GZT'0'0'0"'CH'0"91L'0°0'0"81'0°0'0° 004 / NVISIO Vvivd
o)

/ O°0401°0°0+01'0°0+7'0 'O 0xS°0°04%'0°2°0°0°0° ¥ 0 ¢ 0 0«C
.0.0*V.O.m.O‘0.0.F.O.N.0.0.0.— 0.0*m 0°'9'0°'8°0" O O 9'0°C°0°0'0"}
‘O'04V'0O'E'0°0'0°C'O'0xC'0"1L°0'04£°0" 9} " O [ ‘8°0°CTL'O"}
‘O'E'O'CTAE'O'PE'O'GC'O'E'O" VL 'O EL'O°Z O
‘0°88°0°9Y°'0°9€'0 190711+ '0°2C+E'0°0°0°G 0"
‘0°CC+£'0°0'0'8'0°CT'0O°B'0°EL"O°0C'0O V9'0 0%

+ ¥ =




/ O°0'Cl ' G'9B E'TI E'SEY T 'GLB | +
LYTL'PLTLL8°0°9L°0°L9°0'9€°0" 11 "0'E0'0'E00"0'0°0 / aNvVLI vlva

/ O°0'G8B0'9°1LE€°L9°C +
‘86°1°G8C L0 'GBLO'ZE0'LO0'SE0 0‘G00 000 / ONIS3 viva

/ 0°0x8 ‘Ot ‘0°0«G ‘O°+ ‘00 / dilSIidal vivad
/ 00«6 ‘S0 ‘0°0 ‘G0 ‘0O°0 / ¥lSIAS viva

(9t )AGNVLIN ‘(€1 )ONISN +
*(9t)ANVLI ‘(EF)ONIST *(91)H1SIAL '(EI)JLSIAS NOISNIWIA

YISBIN IvIH
NVLIBIN ‘NIS8IN ‘ANVIN ‘ONISN ‘8N 1v3d

ok ok Ak K K K kK K A R kA Ok ok ok ok ok ok sk ok ok ok Kk K K K sk ok ok ok ok K ok kA K R K 3k ok K ok ok R K ok K Ok ok ok ok Rk

“(S3IEVL v-M L1dHAS) «OI4vil. 3INILNOYINS WOAJ - GNVL3I

"(S3719vLl v-M LdHAS) W OT4Vdl. 3INILNOATNS WOH4 - ONIS3I
TSMONYL IIXV-W3IANVL 40 NOILNAIdLSIqa diS1aL
TSMONYL 3IXV-3ITIONIS 40 NOILNGIALSIA - ¥1SIAS

"NOILONA0Ad 1713M 110 0L 3NA HINOW
¥43d 1av ONV SNOILIL3d3¥ TTvS3 X-8F SILNDWOD :-¥3STIC 3INILNQAANS

Ak ok o K ok e ok ok ok ok ok ok ok ok ok ok ok K A ok R ok Ak ok ok ok ok kK kR R K K K Kk kK R K K OK SRR KK kK Kk KOk R ok ok koK ok ok

( ¥3SLAav ‘A3IS8IN ) ¥ISTIO INILNOABNS

aN3
Nani3y

¢ / 1I08IN = TIO8IN

"HLIDN3T ANV 40 S3WILA HLIM
«1100aV. INILNOYENS AY 3ISN 304 HANOW-3INO OLNI HINOW-OML WO 4
G3L43ANOD SI OI4d4vdl ONITTIHG 3IdALLl 3FHL WOdd TvS3 M-84 TVIOL

T A9 1I08EN 3JAIAIAQ SNHL *SHINOW € Q3d33A00 AGNLS TVNIOIN0 3HL

13d « 8IN = TIO8IN

NVLIBIN + NISS8IN = BIN

(P)ANVLI +« (L)ANVLIN + NVLI8IN = NVI8IN
9+ ‘L = M OL 0a

O0'0 = NVIS8IN

(N)DNISI + (N)ODNISN + NISBIN = NIS8IN
€t ‘} = P 09 0a

0’0 = NISSBIN

INNILNOD
O 00 /(P MINVLISIA«(A)WANVLIN + (P)ANVIN = (P)ANVLIN

oL

09

05
oy

COLOLOOOVLOLLLLOOLO

[&]

COOLLLLOLOLOLOLOLO

132




(e)3iva *(9)4iav NOISN3IWIQ
(E)dN3 *(9)1dnv NOISNIWIQ

o]
oK oK oK oK ok ok ok Aok ok sk oK sk ok sk K ok ok ok sk k koK ok ok ok ok koK K ok ok oK sk A K ok ok ok Sk K K N ok ok kR ko ok ok ok K R kR OR KR KOk R O
o]
"3300S AN3W3IAVC ONILNDWOD NI 35N d04 2
SAOLOVA INIWLSNNrAv O143vy¥L SIT1ddV S IVANI4 3INILNOYANS 2
o)
, *********************4%*************&..n************************v.**** U
2
( vV "dIMV 10V ) IVANI4 3NILNOYENS
2
an3
N3NL3A
: )
10d x BIN = ¥3ISGIN o
_ o}
NVL8IN + NISS8IN = 8iN
o)
(MP)ANVLI « (NP)ANVIN + NVISIN = NVISIN OL
91 ‘L = M OL 04
0°0 = NVLSIN
o)
(P)ONISI » (N)ODNISN + NIS8IN = NISBIN 09
€ ‘L = M 09 0a
2
0°'0 = NISBIN
o)
(M)¥1SI1IaL + IDIAAS = (NP)ANVIN OF ™
9} ‘+ = M OF 0a 9
o)
(P)Y¥1SIAS = IDIA¥S = (P)ONISN OC
£l ‘L = P OZ 0a
bo]
0°0 = (M)ONVLIN Si
9L ‘t = P G 04
o)
0°0 = (P)ONISN ti
€ ‘'L =P ¥ 0Q
o]
0°0SlL = 3IDIAAS
12d * O°0S = ¥d3I5L1AV
o)
0'00+/0°05 = 10d
2
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII U
: o)
“ANTVA M-8F AVM-3INO OL d3LAIANOD NIHL o]
‘SNOILIL3d3d VST Y-8 NOILINAOYd ILN4AWAD 0L 43sn o]
ST (OGS = 3DIAAS) DI44vdL HONAL ATHLNOW AVM-OML o)
o]
(S0 = 10d) 1IX3 ¥3LV LSOAW J1IS NOILONAOHNd 3HL o)
SYIINT LVHM LVHL NOILAWNSSY 3HL NO LAV AVM-3INO OLNI 2
GILY3IANOD ST LAV dVO AIDNIASSYd ATHLNOW AVM-DML o]
2
(0SS = 3D2IAAS) SHONML 2S-£ OGS o)
GNV (OS = ¥3S1GV) SAVD ¥3IONIASSVd 05 = 0144Vl NOILONAoAd o]
2
TOI44Vdl AVM-T 40 %0S = NOILONA0Ad 110 Wodd 43S8IN 3 Jy3slav o]
o)
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll U



o]

ok o o K K KK KK K R R KR K Kk oK K K KK oK K A K R R OK R K K KK ok KK ok K ok ok K R KRR KR R Kk KOk R Rk Rk kD

(ONAV A'XY ) HALTLN 3INILNOAANS

(¢} VE|

NaNnL3A

(G)A = (8)A

(SHA = (L)A

(S)A = (9)A

44 / (b)A = (S)A

(LA = (v)a

o't = (E)A

(LN = (2T)A

44 / 00"+ = (LA

INNTLNOD

(+)adld = 44

000Gt 01 09 ( (2)1dn4d 19" 214 ) 4I
(¢)ydLd = 44

000Gt 01 09 ( (€)1dnd 19" 214 ) 4dI
(e)dd14 = 44

00Sk 01 09 ( (+)I¥dnd "371° 214 ) 41
00"t = 44

INNILNOD

(L)d44d = 4

Q0Zt 0L 09 ( (Z)1dnd 19" 1vdy ) 41
(2)dd4y = 4

00zt 01 09 ( (¥)dnd "371° vdd ) 41
o'l = EE:|

/096 0 ‘L96°0 ‘€L6°0/ d4i4 viva

/005 ‘0°0E ‘0O°04/ qdn4d viva

/v6°0 ‘LB 0/ d444 viva

/0°0v ‘0-0t2/ ddny viva

(e)dadid ‘(T)daddd ‘(€)1dnd *(2)1dnd “(8)A NOISN3IWIG

0051

00cCH

Ak ok ek ok ok ok ok ok ok K Kk ok ok K ol ok Ok K Ok K ok ok ok oK Ok sk ok Kk ok K ok R kA o %k K 3K kK Sk Kk 3k Kok K ok K e ok Ok o ok 3k ok K o ok ok ok Ak

"JU0I2S INIWIAVH ONILNDWOD NI 3ISN 304
SYOLOVH INIWLSANPAVY d3IHLVIM SIITddV 44ANI4 INILNOYINS

Ak ok ok ok K oK KOk K K ok ok ok R oK ok Kk ok ok ok oK ok K Kk K o K ok ok ok KK oK oK ok ok ok K Kk ok ok ok K K kK ok K K R K Ok

( A ‘014 "7vd4d ) J¥ANIA INILNOABNS

GN3

NYNL3Y

(2zZ V2 ) / 00} LY

(M)4v3 [#4

£ = %

INNILNOD

00T 0L 09 ( (F+3)7dN3 41" dIdv ) 41

z ‘'t = 3 00gz 04

()ydiav = \z

9 = A

ANNILNOD

00ZZ 0L 09 ( (++X)1dN¥Y "17° 1av ) 4T

S ‘L = M 00lE 0a

/O06°0 ‘G6°0 ‘00°+/  41v3 viva

~ JOo'Th ‘09 ‘0°0/ 1d4N3 vivd

/08°0 ‘¥8°0C ‘88°0 ‘T6°0 ‘96°0 ‘00 I/ 41av viva
/0700005 ‘0O 000SL ‘0°000T ‘O°0GL ‘O°00E ‘0°0/ 1dNV viva

14

oove

00€¢

00te

[e]0] 4

2

o}

COLLOLOOOLO

©

134




(ONWA *HOLVd ) EALTLN 3NILNOAENS

o] ,
an3
NanL3d
INANILNOD 0002
T #«*% ( (L'ON)V / 328S ) % 0C°0 = oNIs 0094
000z 0L 09
308S x EE€EBS'O + (ON)Q = onis
009t 0L 09 ( (+'ON)V 17" 308S ) 4I OOSI
000¢ 04 09
T #++ ( 308S - (E'ON)VY ) = +'0 - 00"} = oNIS
00St 01 09 ( (T'ON)V "L71° 3D2S ) 4dI
0002 01 09 ( (E°‘ON)V 39" 30US ) 4dI
00} = JNIS OOE!
INNILNOD OOT! -
Vo= ON
00zt 01 09 ( 00SLT "19° Siav ) 41
z = ON
00El 0L 09 ( 000G9F "19° S1av ) 4dI
£ = ON
000Z 01 09 ( 0°0 "11° 30dS ) 4I
00 = onis
/000588 0- ‘€£8GG5 O- ‘9999Z 0-/ 9 viva
/SE ‘O0°E ‘sz ‘0'g ‘s'¢ ‘0Ot ‘8 ‘e ‘80/ v viva
()8 ‘(e‘e)v NOISN3IWIA
2
ok sk sk ok A ok ok ok ok Ak ok ok Ak ok kK ok ok Ok Kk ok 3K R K K ok dk ok K ok K R ok ok ok ok ok K K ok sk ok ok ok ok K ok kK K sk K K ok ok Xk ok ok oKk Rk o]
o]
“YINWY04 3300S INIW3AVA OLINI 1NdNI 304 ‘ONIS o)
‘SIHAL SSIYLSIA 40 3INTIVA ALITILN SILNGWOD :TALTLN INILNOAENS o} uw
2 —
33 ok e ok 3k e %k ok Kk ok ok sk %k ok ko ok oK 3K oK ok ok Ok sk sk K R K K Kk ok ok o ok K ok sk ok K K oK %K ok i ok K K ok ok K ok ok ok koK ok %k K ok ok %k K kK U
2
( ONIS ‘30¥S ‘S1Av ) TALILN  3INILNOABNS
o)
. aNd
NaNL3Y
INNILNOD OO0S|
(A +x (AN + INAV = ONAV
8 ‘L = X 005t 0d
0t = INAVY
INNILNOD 0O0TH
INNIANOD OOt}
((I)Xd / (1)8 )dxa =« (I)V + O+ = (I)n
00LL 0L09( 0C-"L71 ((I)X4/(1)9))41 000!}
i 00l 0LDD
0004 0109 (S0 "1D° (1)xd ) 41
o't = (I)n
.8 'L =1 00Otk 0Q
00"t = (v)n
/t68°8 - ‘00T 164- ‘OSLEY - ‘vrOT 9 - !
‘O0L'6S - ‘08G'Ccy - ‘OLL'6 =~ ‘Ov6'8BF -/ g viva
/80VL 0O- “0000 - ‘LO98'0- ‘8i6V - 3
‘9018 °0- ‘E0L9 0O- ‘96E£E 0O- ‘O¥SC 0-/ v viva
(8)xda ‘(8)A ‘(8)Nn ‘(8)8 ‘(8)V NOISNIWIA
o)
o oK K KK K K KR KK K K K K KK K KK K KK KR Kk ok Kk ok ok o ok ok oK ok K Kk Kk oK K R KK KR K KK K R K R R Rk R O
o]
TVINWA04 3¥00S INIWIAVY OLINI LNdNI 303 o]
ONAY 8 ISd 40 3INTIVA ALITILIN SILNAdWOD :HALTLN 3INILNOABNS o]




AHS=dSIQ'20ITI4 ST 0GZM dSN=NSA A 10042014°09//
UHS=dSIG +03714 ST 0GZM ¥SN=NSA Aa 10041014 °09//
aN3
NANl13y
INNIINOD 000CT
00 = ONWY ( O°0 "L ONWY ) 4dI
1S0D + L8BOO0°'0O - 69°T = JNWA ( O°00LZ 19" 1S0D ) 4I
(2 x4+ (O°00L/(0O°00OFVL - 1S02)))xEL°0 - O°} = ONWY
( O°0t- HOLVd ) x Gt 9C + 000Vl = 150D
‘ 3NNILNOD OO0}
000Z 0409
OV = 2NWY
0001 0109 (OF 19 HOLVd ) 41

136

oK ok ok oK ok ok kK K ok K ok ok ok ok Kk ok ok ok ok K K oK K K K K Kk ok K K Ak sk kK ok Kk 3k k kK K Ok ok K ok kK ok ok ok ok K K ok ok ok ok ok ok ok

"%SL= HOLVd OGNV %O} = HOLVd N3I3mi3g

1S0D 3ILNdWOD 0L NOILVIOdYILNT AVINIT 3ISN

(0 = N 3¥3IHM) O0LE$ = 1S0D “%SL = HOLVd 4I
*(S3SV3Y¥03a N I¥IHM) OOFL$ = 1S0D ‘%OF = HOLlVd 4d1

"(S3d Svx3l 0L ¥343¥) 1S0D
LVHL 404 302S ALINILN V S3ILVINOIVDO (8
"HO1Vd HLIM Q3ILVIDOSSY LSOO S3ILVINDIVY (V
ANILA0HINS SIHL

"ONIHOLVd A9 (Q3343A00 avod 40 v3dv = HOLvd

"ONIHOL1Vd 40 v3dv

IHL HLIM Q3LVIDOSSV 319 0L (Q3Y¥30ISNGD SI SIHL

"VINWYO04 3A400S INIWIAVCD OLNI LNONI 304 °“ONWA
*1S0O 3IONVNILNIVW 40 INTVA ALITILN SILNGWOD :EALTLA INILNOABNS

COOLOVLOLOLLLLOLOOLLOLOLOOLOLOLOLOO

oK K K K K Kk K ok oK K K KK R R ok ok 8 KK K K K K KK KR oK K K Kk ok K K Kk K ok ok K ok o ok ok K K K K oK oK K K K ok K K K K K K




.. ~APPENDIX C
INPUT DATA FOR CASE STUDY NETWORK

137



TOOONMOONR OOV ONONETOIOTN OO OLNOONOLANNITNOOISTONOVOB~OND——OIWNO

FPOTTOMNODNOMW-TONONNITIO~NNOROLTANNTINONCrTrNONOTX~OTOON OOV NWUOWO~~MN

ovs”
Sce’
co8’
1418
L9}
OEV”
LES”
006"

0000000000000 0

©CO00000000000000000 0000000000000

o
~
MO OoOMOANI~NN~LID

® T
-

-
cNOO
N . . .
~ NS~

O < n
o -0
: O
n-o

MmN TN TANANNNNAN "N T TO " rTNNOANNONN MO rArrrrNO O NANNNN ™~

NOSONDOOOSTSNONIN I~
<

09
65
8%
LS
9g
GG
1 4°]
£S5
(4°]
(3]
0§
514
8V
Ly
9y
=14
147%
£V
[4%
(24
oy
6€
8€
LE
=1
SE
ve
£
[4]
€

6¢

~TNOTHO~OO

138




OMOOOT " TYUTOONOBOAONMANNMNOIOINONTTOOWOTOVWINOOITTU IR TANONMOYWrT NN

SOOI TMANONINANNOTAOOITTOISNON 00NN ON~OVONOVOO MOV~ TODOMNITONO®

L19°0
OES'O
v6L 0
10"}
(2"
LLY 'O
999°0
[44: ¢
co’ 1
(A
oc’ 1
065"’
080"
+8G°
5T8°
699"
808"

LO6"
(0]=1An
68€"°
beL”
6C6°
L99"

n
o
n
COO0OO0O0O0 00000 OQOOOOOO ©OOOOOO

~
<
in
[eNeRoNoRoNoRejeNoNoReRoNeNeRoNoRol

ONrTrrr~ AN NN M

NOMMNOTON®

8

-~

L

XA
oct
611
8ti
Ll
9t
St
vil
e
chi
LEE
Ot
601}
801
LO}
901
SOt
Ol
€01
col
(Xe]
o/
66
86
L6
26
56
v6
£6
c6
16
06
68
88
L8
98
S8
v8
£8
c8
i8
08
6L
8L
LL
9L
SL
vL
EL
TL
bL
oL
69
89
L9
29
S9
v9
€9
(4]
+9

139




TOITANIOILTOONDINOIITOLANILNNYOIRTOVODINON~TONICNONOCOINODM~ OO NNTOWOONNNNO~TON

ENOrYr TN TR OMOOOMON T TR0~ TN O YOO TOONTONONTINONNONONNNOON®

oL O
G8E°'O
LC

8E "1

[eloTAy
088"’
00s”
cL8’
088"
ocL’
yoL:
veEL’
430
068"’
ogL”
0ESG”
LEV®
o8L”
GC9’
cLE”
c9ac’
ELY”
L8’
€G1 7
SCh’
£CS°
£6G°
988"
osy
L96"
yO" 4
€8v”°
oLG”
vee:
LLL
86"
LEV'
oLL”
ley’
9LC’
ooe”’
oG’
L6’

oeL”
861 °
ooc”
LLG"
86G°
008"
086"
ors’
(o]om*
8Gv°
S6v -
cE9”
EE}
€64
ooy ”
£66°
430

OOOdOOOO [olefeoiefojoleleRNoNoolofoNoRoReo oo e BNoNoNoNoNeNoNoNeNoRoNoNoRoNoRoRoRoNoNoReRo Yo RoRo Yo X o}

LG”

TrT~ANNANANON TN~ ~ONANOr-rNrrOONOOT O NN

TrTFOAATONOIT~ONNLCO~O~ON~—I

[4:2
184
[0}:1
6L}
8L}
LLL
oL}
SLt
vLiL
eLt
cL}
L}
oLt
6914
8914
L9}
991
G911
vol
€91}
col
191
09t
6G1
851
LG}
961
5G4
vSi
£GH
[4=1
[3+1
0S|
6vi
8vi
Lb}
143
Svi
144
EVI
44
(343
ovi
6E!}
8t
LEI
9t}
Sel
vel
EE}
ceEl
LE
Ot}
6¢}
8¢l
LTt
¢t
Scl
vel
ect
ccl

140



v
8-
9
o
0"
8
g
o
pe
v
L
g
ey
g
G-
£"
L
z
5"
e
4

o
e"
g
z:
ey
e-
g
g
e
8
g
L
8"
L
£
z
G-
£"
e
z
g
L
9
9
9
L
0"
e
g
L
z
G
z
a
L-
z
P
L
£°
L

MITONTNOTTOOTONITONTONDNNOOOMNMENOTOVUYUTOITONOQOOMO N~ r~rIrNOITNOORNINLON~O

n

~

™
OOCO0OO0000000OO0OO0O0O00O000

Eve

-eve

Ive
ovec
6€EC
8€C
LEC
14
GET
vec
EEC
[4 344
LEC
O€c
6CC
8cC
Lee
9ce
S¢c
vee
€ce
(444
[X44
oce
6l¢
81¢C
Lic
9i¢
21 %4
vic
€lc
cic
e
oLe
60¢
80C
LOT
90¢
=174
voc

€0C

coc
102
olo14
661
8614
L6l
9614
S61}
rel
EGH
413
161
o6l
681}
884
L84
9814
S8l
v8l
£81

141




o.
6
L
L
o
o
z-
L
9°
6
L

TTTORONT OO

000000

1974
988°0

GO}
gL’
eV’

66°
€C’
LEL'O
€6°S

w
o
mMr-r~0Oo0O0

¢ 0e-

b

NWroQONOQ

ov-
6
g

vi-
Se-

‘-
vy-
6t -
e~
‘8C-
te-

[ 4°14
EGC
[4°14
3°14
0s¢
6vcC
8ve

Lre

9ve
Sve
vve

142







APPENDIX D

FILEOZ INPUT DATA FOR CASE
STUDY NETWORK

143




00’0

000

00’0

0S6°S

010
818 010 O'c 005 0°0O 0O'0L "00€
* ALNNOD S3HDOADOOVN - L80F WJ - AI 3ISVHd - 66CC 1023M0idd
ock 80FL 96 v8 cL 09 9E 144 ct 9 3
000 00"} Oov 0§ OE'EC os' it 009 0O vLl
LOSE
t00 090
100 8450
100 LGO
100 £SO
100 6+v0
100 LEO
00 €EEO
LOO
§°29 010 0O'C 005 OO GOl "0SS
* ALNNO3 S3IHO0QDO0OVN - 8€t W4 - AI 3ISVHd - 66¢C 1D23r0odd
ocL 801 96 ve CcL 09 9€ ve [13 9 2
00" 0 00" 1 O " 0§ og"€e 69° | Q0’9 CO"vLL
10SE
100 ¢LO
100 690
100 890
100 LSO
+O00 ¥90
100 €90
¢00 LSO
100 SO
100 EVO
100 620
10O ¢10
100 800
(43¢
B8°'ES 010 O'C 0058 00O 00 "Ocv
* ALNNOD S3IHOOQY00VN - S6 W4 - AI ISVHd - 662¢ 103Podd
Oct 80FL 96 ve cL 09 9€ ve ct e 3
00’0 (eJoan* ov 08 050 ¥4 88° 1 009 00" ¥vLI
10SE
100 890
£00 990
100 §390
¢00 LSO
100 9GS0
¢00 §SO
¢00 €SO
¢00 TS0
100 8t0
£00 6€£0
100 tEO
100 0cO
100 610
100 LIO
¢00 ¢to
100 200
940
0°'CL OO 0'C 005 O°'S O'0F "00ES
ALNNOD S3IHDOUD0OVN -~ 65 SN - AI 3ISVHd -~ 66ZT L23N0Ad
O¢t+ 80+ 96 ve cL 09 9t ve ct 9 3
0s°¢ oo0'€e oy 0S Ot EC LL O 00" 0t oo vLL
14801
LOO

*

144




00"

00~

00~

00"

00~

(o]0

100 890
[Jolo]
000 O°I0 0'C 005 O’y O°'LO "OcE
ALNNOD S3IHOOADOOVN -~ 609C W4 - AI 3ISVHd - 66CC 103rodd

O¢k BOL 96 ve cL 09 515 ve cl 9 3
0G| ov " 0G (0270 ¥4 1971 00°9 OO0 vLt
LOSE
000 100

100
000 010 0O'C 008 0'04 O°SO "09¢
ALNNOD S3HOOGD0JVYN - 9LPC W4 - AI 3ISVHd -~ 66¢C¢ 103M0dd

ock 80F 96 ve cL 09 9€ ve ch 9 3
00"} Oor 0§ (01508 714 691t 00’9 oo vLL
10SE
100 150
100 EYO
LO0 800

£00
0001010 0O'2 008 00 S°0OF "00F
ALNNOD S3IHOOQD0OVN - 8481 W4 - AI 3ISVHA - 66CC 103M0dAd
0ct 80L 96 ve cL 09 1 ve ci 9 —
[ole 3} ov - 0% OE €T LLTL 009 Q0" vLL
LOSE
100 L90
100 680
200 LSO
100 9S50
100 180
100 LYO
100 SO
100 €v0O
100 €EO
100 LZO

145







APPENDIX E

COMPUTER OUTPUT FOR CASE
STUDY NETWORK

146



NOISY3IA LL NvdHLd0d4 t8/vC/8

HWVEOY0Ad 3OVWVa 01314 1I0

= SIN3W3IAVL 40 JIFGWNN

147



"LISL9Ct "EBIBETI "9690C9C) B9SPYETH oct

"E66CLEE 6595801 "8SZI60LLLELGESO) 801
"1G6L96 "TO9BE6 SGCZI9E96 “OELO9ES 96
‘€868C8 TS9008 "L98IGC8 "I YESLEL v8
"086Y69 G9YB99 "GOLGEB9 OCTIBGS99 zL
186195 CLILTPS CEPBE8SS T 9BEIOVS 09
"EV99IE  G9TBOE “ETOTSIE TSBOBOE ot
"PEG90C  E6600C “999p80Z +9ZT00T (24
"ThEBB "066L6 '998.86 < "9919.6 4!
TE£G98Y ‘v8E8Y ‘over8y 9661 8P 9
"086L "086L "00S6L "00S6L 1
(Q)8IN (N)8IN (o)iav (N) Lav HLINOW
%0 08 = NOILNGIY¥LSIA TVvNOILD3dIQ 3INITISVE
"TL = ST73IM ONIONAOAd % AV 00°'S = HIMOAD % 00 0O+ = SHONJL % ©
b= 4V3IA/AVO3IA A0Ad % AV <
T = AWIL 11140 SHINOW ~“AV "0G9¢ = 3INVI/LQV "086L = HIW/SIN —
X Ak ok ok %k ok ok kK ok Kok oAk ok A Ak kR ok R A K kK KAk
viva 41314 11o VIVA SISATVYNV DI44vil
GE = QIM01V 3A0OS INIWIAVD WNWINIW
¥8° €9 S3T1DAD "MVHL/ 3IZ33d4
09°6¢ XIANT FLIVMLINYOHL
00° 59 3UNLVYIAWIL NVIW
YLV ALNNDD ¥04 S3I19VIAVA IVINIWNOIIANI
05°§g LIVHJISY LN3Dd3d
OE €T XIANI ALIDILSVId 3AvyOHans
05°¢ SSANMOIHL ISANOD LIVHISY
B € X3ANI HIODN3IHLS LINIWIAVI
S3IT1GVIAVA TvANLONYLS
INIWIAVC AVIA3A0
* ALNNOD S3IHIO0QDODYN - 6G SN - AI 3ISVHd - 6622 L23Ir0odd

L



9z 00}
LT [elo])
8¢ 001}
ot [ele]8
E£E 00}
LL oot
G6 004
66 oot
66 [o/e]
001} 00}
00} 001}
Ivi0L  1SOOW

(S3d) 3400S

(o013 Ot
00+ (X
0ot £E
001t SE
00} LE
/o] 6L
(o]0 26
001} 66
0014 66
00} 004
OO0} 004
ISd 1VNSIA
ININWIAVC

© © © o o ©

©c © © o o O O o o o o
© 0O 0 0o 0o 0o o o o o o
©c O o 0o o o o O o o o©

o © O O O

"07vD 1ON

SHIW S L =
2’88 v'6¢ 6°'8vy £°91
¢'c8 G'Lt L'evy v 01
y'¢L E£°GSC B8'LE G§°S§
§'95 0°'gC O'lE t'¢
E'EE €°0C GS°'€C G0
6 v'LL GG 0°0
0'0 €0 €°¢C 0'0
0’0 L9 1°0 00
00 81 0’0 0’0
0'0 £€°0 0°0 00
00 0'0 0°0 0’0
"A3S  viIdv "A3S  v3dv
ISYIASNVYYL  INANLIODNGT

ALNNOD S3IHOOAOOOVN - 686G SN - Al ISVHd - 66¢¢ 103M0dd

]

© O o O

eV

‘9t

'8¢C

'0oc¢

©w

¢ O O O

e

"A3S

-—

o

v3dav
dOLVOITTV

© ¢ 0o 6 0o o 0 o ©o O

© o ©o O O O O

o]

JId44vdl TVWHON d3ANN 3dNTivd

o
©o o 0o o o 0O O 0 © o O

© 9 9 9 9 99

o O

"0vVD 10N

J144VdL TVWAON ----

¢ O O © © O

© 9 9 9 9 9 9 09
@)

Q

]
@]

103Mr0dd 3OVWVA a13aid 110

o
O

o

© 9 9 9 99 99

o)
©O 0o 0o o © 0 © o0 ©

o

e}
o

o O o ©O

© o o o © ¢ o O o ©

o © o o © o O

"27vD 10N

oL
b'1Z 6°0E
£°Gh  §°8T
0'0b 6°SGT
9's '€z
v’z 20t
L0 69l
00 §'6
00 v's
00 St
00 €0
00 00
“A3S  v3YY
ONILLNY

INTL

61"

51

oc¢-

ot

oc’

oc”

oc”

oc”

oc-

oc’

aar

v

d

(742

801}

296

re

09

9€

ve

cl

HiINOW

149



9C

LT

8¢

oe

131

LL

S6

86

66

004

00}

(o078
00i
¢1e]}
001t
OO0}
[ole]}
001}
(o]0]}
OO0}
001}

(oe]}

avioL  1S0oOoW

($3d) 3400S

004 oe
(o/e]} L€
00t £g
o/e] SE
0014 LE
[ele ] 6L
00} 96
001} 66
004 66
(o/e]} (o/¢]}
00! ole]}
ISd vVNSIA
LNIW3IAVJ

o0 0’0
0’0 0o'0
00 0’0
o0 00
00 00
00 00
0'0 0'0
(0o} 00
0°0 00
0°0 00
00 00
o iom

€ 29

} G9

4 LS

3 3]

[4 =1=}

[ 3]

[4 [4=

‘ 8t

54 6€

b re

3 oc

3 61

3 L

4 ct

3 9

S773IM "ON HLNOW LNIW4OTIAIA 1713M 110
SHIN S L = OI44vd1 Q7314 110 + TYWHON d83aNA 33NTIvd OL 3WIL
¢'88 v'6C 6'8 €91 8'vP S0 0'0 00 00 o0 ¢'¢¢c E°IE 61V
¢'¢8 G°LC L'EyY v°OFL 6°LE E'O 0’0 0'0 o0 0'0 y'9t 0O0'6C 61V
v'¢cL E£°GC 8LE GG G°0e +°0 00 00 c'0 0’0 Ottt G°9¢ 0¢'¢v
G'96 0°'eZ O'te 1'¢ 9'¢¢ 00 0°0 00 00 0’0 vr'9o 8'€c O¢'v
E'EE E£'0C G'gCc. S°0 L'y 0O'0 00 0’0 00 0'0 6°C 8°0¢c 0¢'v
6 v Lt GG 0°0 vL 00 00 0’0 00 00 80 S'Ly OC'¥
00 €0 £°C 0'0 £€°0 00 0’0 00 00 00 00 8°6 oc'v
0'0 L9 L0 00 00 0’0 0'0 0'0 00 o0 00 9°'G oc'v
00 81 0’0 o0 0'0 0°0 0'0 00 00 0'0 c'0 94 oc'v
0'0 €°0 0’0 0’0 00 00 00 00 00 00 00 £°0 oc'v
0'0 00 0'0 00 0°0 0’0 0’0 00 0'0 00 00 00 oz" b
"A3S V3IAV TAIS VAV CAIS VIIV ----  —-—-- ~——- ———-  "A3S  VIYV  3AQIY
ASAIASNVAL  INGNLIONOT A0LVOINV "O7vVD LON  "DO7vD 10N ONTLLNY
JId44vdl Q1314 TI0 SN1d IVWAON ---- 123P0dd 39vWva a13I4 110

ALNNOD S3IHOO0GD0IOVN

- 69 SN - AI 3ISvHd -~ 66CC LI23M0dd

oct

801

96

ve

cL

09

S€

ve

cl

HINOW

150



)

‘cLe88 '688SL " $808L8 “00098L 0Tl
€808 *00EB9 18vC08 gelelder:3c] 8014
‘vevEL “11L09 'GL89¢2L 008v09 96
16859 ‘CCLES 089049 *00C62S r8
‘BYC9S ‘vESSY "L LO9EGS 009ESY L
‘OEBEY ‘GP6LE "CLBEEY "0008LE 09
42 214 TLoLee ‘86t CSe "Q089CT o9t
"O0LLE 8LISE TEGVGIL "00Ci Gt ve
9068 ‘68GL "09GE8 "009GL cl
"veLE ‘PBLE "008LE 008LE <]
‘CES "CE9 00€9 "00E9 3
(0)8iN (N)BIN (o) .Lav (N)Lay HINOW
%0°0S = NOILNZI¥LISIA TVYNOILO3YIQ 3NIT3ISVE
ST73M ONIDNA0Ad % AV 000 = HIMOYY % 00 0L = SMHoNAL %
AVIA/AVOIQ 4A0dd % AV
JWIL 17180 SHINOW "AV "O+C = 3ANV/Lav "ZE9 = HIW/BIN
ok ok K K K K ok K kK Ok Hk kKKK KK KKK KKK KK KRR
viva Q1314 110 Viva SISATVNV JId4vyl
GE = (Q3M01V JJ0OS LNIAWIAVE WNWINIW
r8°€9 S3I10AD MVHL/ 3Z3344
09 6€E XIANI FLIVMINAJOHL
0059 FJANLVIIdWIL NVIRW
PLE ALNNDD d0d4 S3ITGVIAVA TVINIWNOJTIANI
or 08 LIWIT QINOIT 3avanans
ot €¢ X3ANI ALIDILSVId 3IAvanans
88° 1 NOILD3T743Q NVIW “IMm
00" 9 SSIANMIIHL d3Av1 3I719IX3d

SITAVIAVA IvANLONALS

IN3W3AVYd Q3Lv3IAL-3OVIHNS

* ALNNOD S3IHOOGDOOVN - S6 W4 - AI 3ISVHd - 66tT¢ L03Ar0dd

151



SHIW O v8 = 2144vVdLl TVWAON d3ANN 33NTIvd 01 3WIL
14 (84 66 61 S'HlL 8G9 C'El L'LC S8 B8'¢C OE¥ 6°'6E O'€EL T'OF VOL E°L E'EB Vv'le ¢v'C oct
Sl ze 001 8y 0’89 v°09 8'9 £°'GC L'EL 8'BF B6'PE 9°9E CT'6 v L £°L (O] c'08 8'88 VvS5'C 801}
ve Ly 004 3] 8'E9 B'ES G°C L'¢cc 16 8'vl 6'SC 6'¢cE 8B'S§ S S'v b€ 2'9L 0°'G8 89°'C 96
SE G9 [o/e] 14° §S'8G 8'Gr S'0 86t C'SG L0 L'9F 6°'8C '€ m‘N v'ec 94 6°'0L Vv'BL 48'C v8 mm
09 LB 00} 89 6°'lS 6°'GE 00 L9t E'C oL £°8 e've ¢t £} o't L0 2°'€9 8°'0L rO'€g cL
L9 96 (oe]} 69 S'Ey v'vc OO0 ? P'EL 9°0 L'E 9°¢ c'6t E'O v 0 £°0 [ V'ES E£°LS 9T°¢E 09
4] oot [ol0]) v8 L6 T'E 0°0 0’9 0'0 £°0 (o] 6°L (3R} 00 0'0 (O ¢] LK 6L 08'FE 2e
001 (o 0]} 001 (¢/e]} £°9 10 0'0 9°C 00 0’0 0°0 8°¢C o0 0°0 0’0 0’0 (34 0 90 v ve
(¢o]} 00\ [el0)) ool L0 0'0 c'0 €°0 o0 0’0 0'0 ¢'0 0°0 o0 00 0'0 o0 ’ 0'0 6l v ci
(ole]3 (oe] (e o]} ool 0'0 0’0 00 00 0°0 00 0’0 00 00 0'0 00 00 00 0'0 QT v 9
001 [ele)3 OOt [elo]) 0’0 [oNe] 0'0 00 00 0'0 0’0 0’0 Q0 0’0 00 00 00 00 oz'v 3
AvioL  1SOOW ISd TVNSIA TAIS VIAV TA3S VIAAV TA3S V3dV TA3S v3IEY CAIS VANV CA3S v3AY TA3S vaYv 3418 HINOW
(S3d) 3¥00S INIW3AVd ONIHOLVd 3SAUIASNVYIL TINANLIODNOT JOLVO IV ONIHSNT4 ONITIAVY ONILLINA
OId44vdl TTVWAON ---- 1D3M0dd 3IDVWvA Q1314 110

* ALNNOD S3IHDOOGODOOVN - S6 W4 - AT 3ISVHL - 66CC 123M0dd




3
3 69
¢ 89
} L9
3 145
3 £9 '
[4 LS
3 (=]
b 334
b 6¢C
3 [
} 8
ST33M "ON HINOW INIWdOTIAZU T13M 110
SHIW 0L = O0Id44vdt Q1374 10 + IVWION J3ANN F3NT1Ivd 01 IWIL
[¢) 4 L6 81 O0'9L L'2L ¢'gb L'l S°8F 8'CC G'vS 9'vb 9°6F C°'G+ O0'9F S'HL 1°L8 C'P6 6GC'C ozt
S €t 66 1474 G'EL 689 8°9 €' L'EL 8'8F '8 67 S°GL t'¢ch G°CF €°8 0'e8 L'¢6 GE'C 801
b £C 66 Ly vy'OL T'P9 §'C L'eec 178 8'vi 9°0F 6°'B8E GS'II |I°86 ¢'6 9 v'Zg 906 9v°C 96 ™
w0
8l 9¢ [ele] 534 L'99 ©'85 6§°0 8°6F <C'S L'OL O'¢ce G6°'Ge 8L v'o 179 [ 4 L'6L L°L8 65'C v8 —
ot LS [ele (4=} 8°'09 €6y 00 L'9r E'C oL v¥'0C 9°0E 6°C v'e o'e o'c €°€EL 0'C8 8L'T cL
c9 68 (o]} 69 £€°06 9°€e 00 v'EL 970 L' E 6°9 £'EC 6°0 0ot L0 S0 L9 $°'89 80°'€ 09
LL 001t 00} LL L°'ve 6°G 0'0 0’9 0’0 €°0 0’0 0'0L 0O'0 00 0'0 00 o'8z 9°0Cc oOoL'E 9€
66 (ee]} (0013 66 v'e £°0 0’0 9°¢ 0’0 00 00 o'y 0’0 o0 0’0 o0 S L () o0 v ve
0014 0014 [ele) (e]0]) £°0 00 o'0 £°0 00 0'0 0°0 £°0 o0 00 00 00 0'0 o0 ST 4 ct
(o o]} (o ]} [ole 00l 0°0 0'0 0'0 00 00 0’0 00 00 0°0 00 0'0 00 0'0 0’0 oTc'v ]
ool [ole]} [ole]} (ele]} 0°0 0°0 o°0 0'0 0'0 0'0 [} [e2e} oo [OhNe} 0'0 0°0 o'0 00 oT' v 3
IVioL  1S0oW ISd VNSIA "A3S  v3IWVY TA3S v3AV CA3S v3I¥V CA3S v3IEVY CA3S v3AV CA3S v3IYV CA3S v3AV 3ATId HINOW )
(S3d) 3¥00S LINIW3IAVI ONIHO1Vd 3SAIASNVIL INANLIONOT Ad0LVOINY ONIHSN4 ONITT3IAVY ONILLNYA
OIdd4vyl 4071314 710 SNId TVWION ---- 103MN0dd 3IDVWYAQ 41314 110

* ALNNO3 S3IHOOAOYGCOVN - S6 W4 - AI 3ISVHd - 662C 123N0dd




‘ol "8FEVOL C "ZGYLLOL 000066 oci
"GGECO!L ‘E16E6 ‘vSvelLe  T000L68 801
"1C6L6 ‘8LYES vSreL8 " 000cC6L 26
‘68v1i8 TEPOEL “LyvvllL T 0O00EEB9 v8
“1660L '609¢C9 ‘06LPL9 T0O00r6S (43
"1458S vLLCS "1B89¥SS T 000s6YV 09
" 1GGCE POELE "SL8LOE  "0O00L6T 9€
"0L80OC '0L80oe 000861} *000861} ve
‘SeEYOL "SEVOL 00066 00066 cl
“LICS Ly es ele=1-1~ *00s6t 9
‘oL8 ‘0L8 '06¢8 '06¢8 3
(0)8IN (N)8BIN (0)1av (N)1av HLNOW
%0 08 = NOILNGIALSIA IVNOILLO3IYIW INITISVA
ST73IM ONIDNAOAd % AV 000 = HLMOYD % 0S5 0+ = SMoNAL %
dV3IA/AVOIA A0Ad % AV :
JWIL 77140 SHINGW “AV ‘GLe = 3INVI/LAV "OL8 = HLW/8IN
Kk kK K kK K K K R KR Kk A K KKK KK R K kK
viva giiid 1o Viva SISATIYNV D144Vl
SE = Q3IMONTV IAH00S UINIWIAVY WNAWINIW
r8 g9 S3ITOAD MVHL/ 323344
09°'6E X3ANI JLIVMINAOHL
00°89 FJANLVEIdWIL NVIW
vLlE ALNNOD ¥04 S3719VIAVA TVINIWNOAIANI
Oov 08 LIWIT QINOIT 3avyovans
og ec X3ANT ALIDILSVId 3AvyOHans
69° | NOT1031430 NVIW “IM
00'9 SSANMOIHL d3AVY 3IN91IX3d

SITAVIAVA TVANLONALS

INIW3IAVL Q3LV3E1-30V4aNS

* ALNNOD SIHDOAO0OVN - 8E€F W4 -~ AI 3ISVHd - 66CC 103N0dd

154




2%
(44
LE
L
16
(ele]}
00}

00!t

Ol
ve
eV
89
66
00t
00}
001}

001t

aviol  1SOOW

(S3d) 3d00S

G6 ol
L6 (24
66 vy
00} Ly
ele] 0s
0014 S5
004 cL
[o/o]) '8
0ol (ole]3
00} [olo])
/013 00}
ISd VNSIA
AINIWIAVY

L°08 L'8L
S°LL 6'vL
€°'vL 1°0L
¢'0L 6°€E9
6°'v9 9769
8°LS 9'vp
£E°'VE 6°El
9 81
Lot 0'0
00 0'0
0'0 00
"A3S  v3yv
ONIHOLlVd

SHIW 9719

= OI44val TVWAON d3ANN 3ANTIVY 0L 3IWIL
T€L L'LT S8 8'TC E£°89 OIS L'vT LBt G'8 CEI TO6 T'96 91°T ozl
8'9 €'GZ L€l 8'8L 119 9'Lv 88 L'bk L'PL 66 £°88 0°G6 LZ'C 801
S'C L'% V6 8%l 002G GSEr L'El 80L 66 89 LS8 TEE OV'T 96
S0 8'6F TG L'OL 9°0F '8 88 <TL ¢9 b E£'T8 G 06 95T v8 o
00 L9t E'CT 0L 0L SE€ L'v V¥ TE 0T ELL 198 vL'T TL =
00 vEL 90 LE V'Eb ELZT 8} 8L T LO 1°OL S8L LB'T 09
00 09 00 EO0 10 tTL 00 OO0 00 00 b I¥ 86 LS'E se
00 9T 00 00 00 Sv 00 00 00 00 €£9 B9 E£6¢E v
00 €0 00 00 00 ¢TO0 00 00 00 00 TO0 00 8'F Al
00 00 00 00 00 00 00 00 00 00 00 00 0zF 9
00 00 00 00 00 00 00O 00 00 00 00 00 O0CFt b
'A3S  V3¥V CA3S  ¥IAY CA3S  vIEV CA3IS  vIAV CAIS vIYV CAIS vIAV 3ATI¥ HINOW
ISYIASNVEL  INGNLIONOT  ACLYDHITIV ONIHSNT4  ONITIAVY ONTLLNY

DId44vdL IVWION ---- 1D310dd 39vWvQ Q1314 110

ALNNGD S3HOOAD0OVN - 8EL W4 - AI 3ISVHd - 662C LO3Nr0dd




09

i
3 86
3 LS
) €9
3 6v
b LE
[4 319
ST73M "ON HLNOW ANINAOTIA3CQ 1713IM 10
SHIW §°G68 = OI44vdl Q1314 1I0 + IVWION d3IANN JANTIVvd 0L 3IWIL
o o] €6 Gl 6°1l8 I8 C'EY L°LT S'8L 8'CC 6'¢cL 9'ES ¢'82 O'¢cc 1'¢c O'9 +v'I6e 6°9%6 80'C ocl
o) 0 S6 8€ L'6L 0'8L 8'9 €°GZ L€l 88t 0°L9 v'05 1'€ET O'8F L'LL 9°CF 868 0'%6 8I'C 8014
0 3 86 (44 O'LL t'vL G°'C L'¢c 1’6 8°'v¥L 9°'65 89y 6°LF O'vL Vv'EL €6 8'L8 L've OE'C 96 o
(Yol
S [4] 66 144 9'€L L+'69 S0 8°6F T'S L0V OO0 LTV 8'CTL +'OF T'6 £€°9 ¢'G8 8'¢cé gEv'¢C ve —
£l LT [ole)3 LY €'69 G6'¢9 00 L9t E’'C [0 O'8E 6'LE 6L 5°9 9°'S L' E vy I8 868 65°C cL
LT [4°) (ool [4°] v'¢co LIS 00 v'er 9°0 L€ St C'tE E'E o€ [ A 6'vL L'E8B8 £8'C 09
oL 66 (o013 VL ¢'9E 8'GF 0'0 0’9 0'0 £°0 ¢ 0 L'EL . 00 L0 00 00 6'EY G'EV EG'E 9€
16 o 0]} (o]0 L6 c'9L 8} 0'0 2°'C 00 0'0. 00 S'v 00 00 00 o0 £E'9L 69 £6°E 144
lele) 001 [ole] 00} [ 0'0 0'0 £°0 0’0 0'0 0’0 [N 0'0 0'0 0'0 0’0 [N 0] 0'0 8t v cl
(o/o]} (e/¢]} ool [ole ] o0 0°0 0'0 00 00 00 0’0 0°0 0'0 00 00 0’0 00 0'0 oc'v 9
OOl [ole] [e/e]) 0ol (e} (020 0’0 (o] 0'0 00 o°0 0’0 00 0'0 0'0 0’0 0'0 0'0 oc'v 3
Iviol  1SOOW ISd  IVASIA "A3S  V3¥V TA3S  V3YV TA3S  V3YV TA3S  v3IEV CA3S v3IEVY TA3S vV3AV CAIS v3IAV 3AI¥ HINOW
(S3d) 3¥00S LIN3IW3AV ONIHOLVd JSAIASNVYL  TINANLIONOT d0LVOI TV ONIHSNTA ONITIAVY ONILLNYA

OI44vdl 47314 TI0 SATd AVINION ---- 1D231r0dd 3I9DVWVA 41314 110

* ALNNOD S3HOO0QYOOVN - 8EL Wd - AI 3ISVHd - 66C¢ 123rcdd




"ELSLY
KA 1%4:)
"TELOS
"80ELS
‘LibSY
*0699€
TL68LY
"1 #8014
"+ZYS

‘OLLE

414

(0)8l}

N

T LOCYS
'98L8Y
‘GOEEY
‘GYELE
R4 14
"EOLLT
"T9C9ol
"L 801
“bevs
‘OLLT

414

(N)8}

‘66Ct LY
"66CLL9
"66CE9S
LY T60S
‘9E00sY
‘LBl 9E
‘GELLLYE
000801
*000vS
000Le
"00SY

N (o)iav

“0000v S
00098y
T000CEY
0008LE

elole] 442

*0000LT
*000¢C9
* 000801
* 000V S
“000LT

"00SY

(N)1Qv

ci

HLINOW

%0°0S = NOILNGIALSIA TVNOILO3AIA 3INITISVE

[3)
©
"

ST13M ONIONAOUd % ~AV
JVIA/AVOIG AOAd % AV
JWIL 11I4d SHLINOW “AV

N
"o

F A AR K KK KKK K K
viva agi13r4 11Io

ve’
09
00’

Q0

‘0S

=1

£9
6€
G9

o]

i

I

HLMOUD - %

aNva/lav

00 0t = SHONAL %

TGy = HLIW/S8IN

Ak K Ak Ok R OR K K KR b kA K Ok K K

Viva SISATVNVY DId4vyl

= d3IM0T1TV 3JA00S LIN3WIAVD WNWINIW

S370AD

MYHL1/ 3Z3344

X3IAGNI FLIVMINAOHL
FJANLVIIANIL NVIW

PLE ALINNOD ¥O4 SITIVIAVA TVINIWNOJIANI

‘0s
‘€T
t
‘9

* ALNNOD S3IHDO0QAD0DVN - L

LINIT QINOIT 3avydnans
X3AANT ALIDILSVTId 3AvaHans
NOILD3T743Q NVIW “IM
SSIANMDTHL d3AVT 3I13IXIATA

SANAQVIIVA TIvINLONYLS

AIN3WIAVC Q31VIFL-3DVIANS

80L W4 - AT 3ISVHdA -

66¢¢ 1031M0yd

157




SHIW S €L = O0I44vdl TTVWION d3ONN FA4NTTIVY 0L IWIL
vi €9 [ele)8 £T €'66 O'Ly CT'EF L'LC S'8B 8'CC G'€F 9°LC §'C v'c vt 80 LVL ¥°08 10°E ot
€S 8L [efe] 89 6°'v¥S E£°'0r 89 €°Gc L'EL 8'8L O'L L'EC €7} vt L0 v O 0°L9 O0'GL viL'E 8014
c9 o6 (ele]) 69 L6y 8t 6°C L'cec +°'6 8'vk 9°¢C 9'6¢ 9°0 L0 €0 [ O0'k9 G°L9 6C'FE 96 .
L9 26 0014 69 S'ey v've SO w.m— ¢'S L0} S'0 €°SL ¢°0 £°0 10 L0 v'ES E'LS vv'E ve m“
oL 66 (oe]3 VL l°'9e 8°'GL 0°0 L'9t g°'¢C oL 00 o'tk 00 [ 00 0'0 6'€Er v'EV 19°€E cL
SL (e/6]) (o/¢]3 SL S'LC 6°L 00 v'EL 9°0 L' E (O e] 6°9 0'0 00 00 0’0 0'ce 0'9¢ 8L'E 09
004 001 (o]0 ) 001} o's ¢'0 0'0 0’9 00 £°0 0'0 ot 0'0 00 0’0 0°0 6°S 2°0 oV 'v 2€
00} (o]0 [ofe]8 [olo )] vl 00 0°0 9'c [ ¢) 00 o0 [ (oo} 0’0 00 o0 £°0 0'0 2 4 ve
(o/o]} o] 001} 001 0’0 00 0’0 £€°0 00 00 0'0 0'0 0'0 00 00 00 00 0’0 (02 4 cl
[o[e] (o/e]} 001 o] 00 0°0 0’0 0°0 00 00 0'0 0'0 0'0 0'0 0’0 0°0 0'0 0’0 oc'v 9
(0,0] (o013 oo]} ¢.o] 0'0 00 0’0 00 00 00 0’0 (O] 00 0'0 00 o'0 o0 00 oc' v 3
TVL0L  1SOOW ISd TTVNSIA "A3S  V3IMV CA3IS V3NV TAIS v3IAY CA3S v3IAV CAIS viEdV CA3IS v3IAV CA3S  v3dv 30Ty HINOW
(S3d) 3¥00S LINIW3IAVd ONIHOLVd 3ISAHIASNVHEL TINGNLIONOT dO0LVO IV ONIHSNTA ONITIAVY ONTILLINY
JI144vdl TVWAION ---- L03Mr0dd 3I9vWva al13Ii4 110

* ALNMOD S3HO0AD0DVN - L8OL Wi - AL 3SVHd - 6622 123rodd




t

3 65

[4 LS

8 99 .

I 3]

3 Ly

3 St

I 1334

3 343

3 LT

S773IM "ON HINOW INIW40T13IAAG T173IM 710
SHIW L°'T68 = OI44vdl 01314 10 + TTVWAON A43A0NN I3NITIVY 01 3NWIL
L EE 001} (674 9°L9 6°'6S CT'E€EF L°LZ S°8F B'CZZ E'EE |°'9E 6°9 8°'S [93 4 L'c 6°'6L G°'88 tvL'C oclt
(44 144 00} LS 9°'pe T'SS 8'9 £'G6C L'E} 88 +'GT BH'CE 8V ey 6°C 871 l"LL 8°'G8 ¥8'C 801}
oe 9§ [ole1 ES ¢'k9 8'6r &°¢C L'TC 6 8¢t VLI v'6C '€ 6°¢C 81 (S 9'€L v'T8 96°'¢C 96
(@3]
8y oL (o]0} 89 b'LG 9°Ey S°0 8°61} 'S L Ot 8°6 9°'6¢ 81} 81} (ol 9°0 €°'69 L'LL 80'FE r8 w
—
09 L8 00t 89 8IS L'GE OO0, L'9F €°'C oL 6°¢€ c't¢ 80 6°0 v 0o [Ae v'eE9 9°0L €T'E cL
89 LB [o]0]} oL 6\ Pp'C€c OO0 v'EL 9°0 L€ £°0 €'vk 1°0 ¢ 0 (e} 00 vy IS b 8v°E 09
66 [el0]} 001 66 8°0L G°0 o0 0’9 0’0 £°0 00 971 0’0 00 00 o0 c°6 871 90 v o€
[oT0] % 001 [ole]} 001 vl 0°0 00 9'C 00 0'0 00 10O 00 00 0°0 00 £°0 00 21 ve
o0t 001 [e]e]8 00} 00 00 00 £°0 0°0 00 00 0°0 00 o0 [ele] 0’0 00 00 oC' v 1)
001t 001 [ele]} 001 (e3¢} 0'0 00 00 00 00 0°0 0’0 0°0 0°0 00 00 00 00 oc'v 9
[ele] ele]} Q0L 00t o0 0'0 [eaNe} 00 00 00 0°0 00 00 0’0 00 00 00 (e3¢} oc'v 3
Tvi0l  LSOOW I1Sd  TVNSIA TAIS  v3EVY TAAS vIEV TAAS v3IAVY CAIS VIRV TAAS vAAY T CA3S v3AdV CA3S v3IAY 3dTd HAINOW
(S3d) 3A00S  INIW3IAVA ONTHOLVd 3SAIASNVIL  INGNLIODNGT d0LVOIY ONIHSNA ONITIAVY ONILLINY
JI44vdl Q1314 110 SNTd MVWION ---- 123M0d¥d 3IODVYWvVA 41314 1I0

* ALNNOD S3IHOOODOOVN ~ L8OL Wd - AT 3ISVvHd - 662¢ LD3Nodd




elol’

H

*9866L '688GL "TLLO9L  TO000TL ozl
“LBETL "00£89 "TLL8BY 1000879 801}
"60819 “HHLO9 "TLLIL9 T0009LS 96
"0CCLS "CTTLES "CLLYYS  T000P0S v8
'8C96¢ "VEGSY “tviTLy T 000CEY zL
"GGLIY "GYELE “L29LBE  T00009E 09 -
"CELVET WA YXAA "06S62C 00091 C 9t
"LEGOL "BLIGI "TCSLGE  TO00PYL +eC
"ZTEES "686L "0GL8L *000CL zh
"Y6LE "P6LE '0009¢ "0009%¢€ 9
‘TE9 "CTE9 *0009 "0009 }
(0)8IN (N)8IN (o)Lrav (N)Lrav HLINOW
%0°0§ = NOILNGIYLSIA TYNOILD3AId 3INITASVH
STI3IM DNIONAOHd % “AV 000 = HLMOYD Y% 05 0l = SYONHL %
dVIA/AVOIA A0Ad % AV
JWIL 17I¥0Q SHINOW “AV ‘00T = 3INV/Lav 'ZE€9 = HIW/SBIN
EEEEEEEEEFFES ] E I I I N I O LI P T N 3
viva a13id 110 V1va SISATYNY DI44vdl
SE = Q3IM0TIV FU0DS INIWIAVA WAWINIW
¥8°E9 S310AD MVHL/ 3Z3334
09°6E X3ANI FLIVMINAOHL
00" G9 JANLVEIANIL NV
vLI ALNNOD d04 S3ITSVIAVA IVINIWNOIIANT
o " 0§ LIWIT QINOIT 3avanans
0L €T X3ANI ALIDILSVId 30vi“dans
L NOILD37430 NVIN ‘1M
009 SSINMOIHL 43AVI I19IXI T4

SITGVIAVA IVANLONYLS

ANIWIAVE Q3LVIAL-30VHANS

* ALNROD S3IHOOGD0JVN - 8.8 W4 - Al 3ISVHA - 66¢¢ 103Nr0dd

160




SHIW 0°G8 = 0144Vl TVWAON A3ANN 3d40N1Ivd4 0L 3IWIL
v oC o.0] 6} S'tL 8'G9 C'EF L'LC S8 8'CC 8'€EY TOF TOL €8 €L 6° v €'€E8 ¥v'I6 0§8°C oct
Sh [4 00} 8P 0’89 +v°'09 8°'9 E°'GC L'EL 8'8F 9'VvE 9°'9 6°9 LS 8'v ¢'E ¢'08 888 €9°C 801
ve Ly (¢ o]} S 8'EQ 8'€ES G6°'C L'ce ,r.m 8'vt 9'¢¥C 4G'CE Vv 9°€E 8°'C 8| ¢'9L 0°88 LL'T 26 mm
1 S9 00l [4°] G§°'86 8'Gy G°0 8'6F CT'G L0 S'vL 0’8 O'¢ o'c e 60 6'0L tv'6L Vv6'C v8
09 L8 (o/0]} 89 6°t6 6'6€ 00 L9t €E°C oL ¢’'9 6°'¢cc L°O 8°0 S50 £°0 9°'€9 8'0L ¢€l'E ¢L
L9 96 [o[¢]% 69 S'EyY v'vZ 00 v'eEt 9°0 L' e vl v'it ¢T'O (A ¢] —.Q +°0 v'ES E£°LS GE'E 09
ve 00l 004 v8 L6 T'E 0'0 0’9 0'0 £€°0 0’0 6°'G (O3 ¢] 0'0 0’0 00 L'LC 6°HL 98°CE o€
004 00t (o/e]} 00t £°9 (e 0'0 9°¢C 0’0 0’0 00 91 0°'0 00 00 0'0 [ 4 [Ae] 60 v ve
[e[o]} 001 (o]0 00t [ 0’0 00 €°0 0'0 0'0 o0 o0 0°0 00 00 o0 [ehye} 0'0 oTt'v Cl
(o]0 [o]0) (ole]} (e/e]) 00 00 00 0'0 0’0 0'0 00 0o'0 00 c'0 00 o'0 00 (O] oc'v 9
001} [ele] [ele]3 Q0!I [ ¢] 0'0 0'0 00 0'0 0°0 0'0 0'0 0°0 00 o0 00 0°0 o0 (O 4 }
IVLi01L  LSOOW ISd 1VNSIA A3S  v3YvV "A3S  VIYV CA3S  v3Av CA3S v3YV CA3S V3PV CA3S v3dV CA3S v3IAV 3QId HINOW
(S3d) 3¥02S 1IN3W3IAV ONIHOLVd 3SYIASNVIL TINGNLIONOT d0LVOITNTY ONIHSAT4 ONI3AVY ONILLINY
0I44vdl TTVWAON ---- 123/r0dd 3J9VWvA Q1314 110

* ALNNQD S3IHOOADOOVN - 8.8 W4 - AI 3ISVHJ - 66CC LO3IN0dd




3 1S
3 (384

w44w3 "ON IMZOE ANIWdOT3IA3A 113IM 10

SHIW 6°8L = OId44val 47314 TI0 + TVWION A3IANN JANIIV4 0L IWIL
[4 vi 66 61 L'EL T'89 T'EL L'LT S8 8'¢C E£°8 0OCh TCTH L6 6°8 0’9 L'v8 v'¢c6 vv'e 0oc}
cl G¢ - 00|} Ly 0°'0L G°€9 89 €°'GC L€t 8'8L L'6E 9°'8B8E L8 [ S c'9 [ 4 0'¢8 €°06 95°¢C 801
61 8€ (o]e]} 514 €99 9°'Ls §°¢C L'¢2C 16 g8°'vlk {°'0g 8'vtE 9°§G 8'v 6°¢€ S'¢c 5°'8L T'L8 69'C 96
6¢C 211 (o/0]) [4°1 S'I9 €08 GO 8°'6f 'S L0l 6°'61 G0 t°g 8°¢C [ €4 O'vL L°2Z8 v8'C +8.
(44 SL 001 96 L'SS vy 00 L'9L €g'C 0L €0 L'SZT ¥} v 6°0 9°0 8°L9 6°'GL ¢2O'€E clL
v9 [45 001} 69 o's8y 'Ot OO0 v'EL 9°0 L'e £°E c'0¢ v'0 G0 [Ae 20 0’65 8¢9 €£T'E 09
o8 (ele]} 001 o8 ¢'¢c SV 00 0’9 0'0 £°0 00 6°'9 00 00 0'0 00 9'vc 1'9L 18°€E 9€
66 001 [elo) 66 S°8 ¢ 0 00 9'c o'0 00 0'0 [A4 0o'0 00 0'0 0’0 v'o L0 20 ¢ ve
(ole]} [e]e) (ele ] 00t ¢ 0 00 00 £°0 0'0 0°0 o0 (e 0'0 00 0’0 00 0’0 0°0 61"V cl
00} 001 001} (oo 0°'0 0°0 0’0 0°0 0'0 00 00 0°0 0'0 0'0 0’0 0°0 0°0 0'0 ot'v 9
001 (o/e]3 (o/e]} (o]0 0°0 0°0 0'0 00 0°0 0°0 00 00 00 00 00, 00 (O30} 0’0 oc'v 4
V104 1SOOW ISd IVNSIA "A3S  VI¥V TA3S V3¥V TA3S VIJV TA3S v3AV CA3S vIAV CA3S V3NV CA3S  v3IAV 3d1¥ HINOW

(S3d) 3¥00S IN3IW3AV ONIHOLVd 3ISYIASNVYL  INANLIDNOT d0LVOTITY ONIHSN S ONITIAVY ONILLINY
0I34vdi Q1314 7I0 SN1d TVIWAON ---- 103Nr0dd 3IDvieva a@l13id 110

* ALNNOD S3HD0GDODVN - 8.8 W4 - AT 3SVHd - 66¢Z 103rodd

162



' L6600V
oLOvE
‘vi98c
"GLOET
‘60¢e6t
‘8GLGH
‘6LL8
TLLLS
"09ve
‘6611

"961

(D)8}

N

" L6000V
"0LOVE
‘vi98¢
"GLOET
'80cC6|
"8G S1
‘6L18

TLLLS

"09rve

‘6611

‘96t

'89886L
"88L8L9
"0600LS
RLEINAY
‘6c9cse
'66610¢E
TLY6C9l
‘CYIEQH
9006V
"E68ET
"006€E

(N)SIN (0)iav

'89886L
"88L8L9
0600LS
V9t LY
'§¢9c¢8E
"66610E
TLYECYl
‘erIEQ
19006V
"E68ET
"006€

(N)Llav

ocl
801
96
ve
cL
09
9€
ve
cl
9
3
HINOW

%0708 = NOILNGIYLSIA TVYNOILD3IdIQ ANIT3Svd

ST73M ONIONAOAd % " AV
dVv3IA/AVOIA A0Ad % AV
JWIL T30 SHINOW AV

K ook O K ok K K K K K K
viva 41314 1I0

*

ve-
09
(ol

(04

0070l

el

SE

€9
6€
G9

3

it

HLMOUO %

aNvV/1av

00~

‘961

= SHONAL %

= HIN/BIN

EEEEEE EEEREEE SR R EE XY

Viva SISATVNY DIdd4vdl

= (Q3IM01V JA00S LNIWIAVD WNWINIW

S3ITOAD -MVHL/ 3Z3344
X3ANT JLIVMINYOHL
FANLVIIAWIL NVIW

PLL ALNNOD 04 S3ITEVIYVA TVINIWNOJIANI

'0s
‘gC
G9°
00~

¢
9

LIWIT aQINOIN 3avyndns

X3ANTI ALIOILSVId 34avavans
NOILO3T7430 NVIW 'IM
SSIANMOIHL d43AVT 31dIX3d

SITAVIAVA TvaNLONALS

INIWIAVL Q3ILVvIYL-3OVHANS

ALNNOD S3HOOADO0OVN - 9LPT W4 - Al 3ASVHd -

66C¢C 123Modd

163



SHIW L LLL = O13d4val TTVWAON d30NN 3ANTIVL 0L 3WIL

Lc ve [o/0]} 6¢C b'9v 8'LC C°E€EF LLT G'8t 8'CT 6} S8t L'El 6°0F 8'6 9°'9 L9 819 iE'E oci

69 86 00!} oL v'8¢ T'8F 8°9 £°'G6¢ L'El 8°'8lL €£€°0 8'€ElL 6L 9°'9 v S S°€ 8°'9v 8Ly OS'E 801 <
€L 001} (o/e]} EL 0’0t 6°6 S'¢ L't 1’6 8'vk 0°0 9'6 © L'E £°€E v'c S G'GE 1€ 89°'CE 96 mw
8 (e/o]} (o]} 8 vic O'v S°0 8'6F T'S L0 00 6°§S 71 €1 8°0 S°0 v'eec L'yt G8'€ v8

L6 (o/o]3 001} L6 c'eEl O°i 00 L'9l E°'C oL 00 LE €0 v o 10 [ c'ck 9t 66°€ cl

00t 00l (o/e]} [ele] £°9 L0 o0 vV'EL 9°0 LE 0°0 €7t 00 00 00 0'0 o'v [ANe [0) 3 4 09

[e]0] [e]e] o0} [ele}? 0 (oo o0'0° 0’9 (oo} €°0 00 00 [elNe} 0'0 0’0 o0 o0 00 oc'v 9¢€

[ele]® oot ool [ele]t 00 [elx e} 00 9°c [ ¢) [elNe} o'0 00 0'0 00 (oo} 0°0 o0 o'0 oc'v ve

0014 0014 [e]e) (ele]) o0 (O] 0'0 E°0 0'0 00 0'0 0'0 o0 0’0 00 0°0 00 0'0 oc'v ct

o/e] (o/¢]3 ele] o e 0’0 0'0 0°0 0’0 0'0 00 0’0 (O] 0’0 00 00 00 0'0 00 oc'v 9

001} 0oL 0ol OO0} 00 0'0 0’0 00 0'0 0’0 0’0 0’0 00 0°0 [ON0] 00 00 00 oc'v I

Ivi0L  LSOOW ISd 1VNSIA "A3S  V3IAVY TA3S w3V CAIS VYV CA3S vIAY CA3S vIAY CA3S  vIAY CA3S v3dv 3AId HLNOW
(S3d) 3¥00S INIW3IAVI ONIHOLVd 3SH3ASNVYEL  TINANLIDNOT JOLVOINY ONIHSNTA ONIT3AVY ONTLLNY

OI 44Vl TVWION ---- 103M0dd 3I9VvWva 41314 110

* ALNNQD S3IHOODQODOOVN - 9LPC W4 - Al ISVHA - 66CC 1D3r0dd




o 3

S7173M "ON HLNOW IN3IW40T13A3A T13M 110

SHIW L LLL = O0Id4vdl 41314 710 + TIVWAON d3ANN 33NTIvd 0L IWIL
Lc v6 00} 6¢C L'9Y B8'LT C'EF L'LC S°'8l 8t 67| S'8F L'EF B'0FL 86 9°'9 L°95 8'19 1E£°¢E oct
69 86 o¢]} oL v¥'8E ¢'8F 8°9 £°G¢ L'Et 8'8L E°0 8'€l 6L 9'9 v's S°g 8°'9% 8Ly 08°E 8014 Mw
€L 00} (e 0]} €L O'0E 6°6 G°¢C L'¢¢ 1+°6 8'vk 00 9’6 L' E €€ v'e Sl G'GE J1'IE 89'FE 96 -
I8 001 0014 I8 vie Oy S°0 8°6 C'S L0} 00 6°6 €71 £ 8°0 S0 v'eEc L'¥k GB'E 4]
L6 00} 001 L6 ¢'eEr 0O} 00 L9t E°C oL 00 € £°0 v 0 O ) c'ct® 9'¢ 66°€ cL
00} 00l 00} 00} £°9 L0 00 v'ElL 970 L€ 0'0 £t 0’0 0'0 0'0 0'0 o'v [Ae] ot'v 09
00} 001t 00} 004 [N 0'0 00 0’9 0'0 E°0 00 00 00 o0 0°0 0'0 0'0 0'0 (o1 4 9€
(o/¢]3 [ele]) 001} (el 00 00 0’0 9°¢C 0'0 00 (O] 0°0 0'0 00 00 0'0 00 00 oc'v ve
00} 00l 001 00l 0°0 0°0 0'0 £°0 0'0 0°0 0'0 0'0 0’0 0'0 00 00 0'0 00, OC'¢v 4
001} 001 OO0} 00| 00 0'0 0'0 0’0 0'0 0'0 0°0 00 00 o0 0'0 00 0’0 00 oc' v 9
00} 00l 001} (o]} 0’0 00 00 00 0'0 0°0 0'0 0'0 0'0 0'0 00 0o'0 00 0’0 oC'v 3

Tvi0L  1SOOW ISd VNSIA "AIS VAWV TA3S V3AAV TAIS vIAAY CA3S vIAV CA3S vIAY CA3S v3AV CA3IS vIMV ALY HANOW
(S3d) 3¥00S INIWIAVM ONIHOLVd 3JSYIASNVIL TINANLIONOT d0LVO IV ONIHSNTA ONITIAVY ONTLLNY

JI44vdl Q7314 TI0 SNTd IVWAON ---- L103MN0dd 3I9VvWva 41314 110

* ALNNOD S3HOOQDOOVN - 9LPT WA - Al 3ISVHd - 662 123Nodd




[

"1020S €996V 69CtiL '69L90L oci
Lecvy ‘gaLEY "GECLT9 GELCTCHY 801
"EC98E '6808¢ ‘0O6v9PrS  "0661 VS 26
"HLIEE ‘E£9CE '90689r T90rVoV 2]
‘EE6Le ‘G6ELC ‘8GEYEE T BSB68E CcL
“L9ECe “19€eCe ‘8CC8IE  "8BCCBIE Q9
‘8L8CI ‘8L8¢CH ‘69cCEBI '69¢E8L 9E
‘el vs ‘eLve ‘GTLEL ‘SCLBlY ve
¢y 4454 89984 189985 cl
10T “+v0C L0662 "Lr06C 9
TLEE ‘LEE ‘oo8v "008Y 3
(0)8tN (N)BIN (o) .L1av (N)1LaV HAINOW
%0°08 = NOILNGIYLISIO TVYNOILDIYIG 3ININISVE
ST13M ONIDNAOUd % "AV 00t = HIMDAD % 00 L = SMONAL Y%
dVIA/AVIIA GO¥d % AV
JWIL 7180 SHINOW “AV "09t = 3INvV/Llav TLEE = HIW/8IN
* ok K K K K KOk ok ok ok K R KR AR F R OR R AR A AOK K Kk ok K
viva g1314 110 V1iva SISATYNV D144Vl
SE = G3M0T1V 3400S INIWIAVD WNWINIW
v8°€9 S370AD MVHL/ 3Z33d4
09°6¢€ X3ANI 3JLIVMINACOHL
00589 FANIVAIAWIL NVIW
vLL ALINNGD d0d4 S3NGVIAVA TVINIWNOYIANI
Oov 0% LIWIT @InNOIT 3avyovans
OE€€C X3ANI ALIDILSVId 3AvALEINS
t9°4 NOTI12317430 NVIW ‘"IM
009 SSINMOIHL d3AVI 319IX3Ad

SITVIHVA TVANLONALS

ANIWIAVA T3 LV3¥1-30V4dNS

* ALNNOD S3IHOOGHDOIVN - 609C W4 - AI 3ISVHA - 66Z¢ 123rodd

167




SHIW | "9kt = J144vdl TTVWION d30aNN 34NIIV4 OL 3IWIL
ce SL (o/e]} 6¢C L’GS S°Iy CT'El L'LZ S8 8¢t C'6 }'6¢ 0O'6 vL L°9 o'y 8°L9 0°'9L LO'E ocl
[4:] 06 o/¢]} 69 L'08 ¢v°'EE 8'9 £€°'G¢ L'E} 8'81 L'E 8°'0C ¥°'S L'y S'¢g c'c G119 ¢€°'89 <¢C'E 801}
L9 26 [e/e] 69 L'EY L'veZ S°'C L'cc 16 8¢k 6°0 9L 8'C 9°'¢ L} [ L'EG 9°'LS e6E£'E 96 MM
oL 66 (o/e]} L £€°'9€ 0’9t §S°0 8°6F ¢€'S L0t +°0 [28 4 S (2 9°0 v 0 by L'EV 99°€E ve
SL 00l 00t SL O.ww £'8 o0 L'9t €e°¢ oL 00 [ °] £€°0 v 0 [/ e] L0 L'CE O'Lc €L'E cL
S8 001t [ole] S8 0’6t 6°C 0’0 v'er 9°0 L'E 0°0 L'V 0'0 (e 00 0'0 L°'0Cc 8°0F 06°€ 09
[ole]} (o] [ele ]} oot €€ 0'0 (o2} 0’9 [olNe} €°0 (O3} 5°0 0'0 0°0 0’0 0°0 vt 0'0 151 3 4 9€
[efe ]} (o]0 [ele] 001 €°0 [eDNe} 00 9°'¢C o 0 0’0 00 [elye} 00 [ehye} 00 [o2e} 00 o0 6LV ve
00t 004 [ole ]} 00t 00 0'0 0°0 £°0 0'0 0°0 00 00 00 00 0’0 0’0 00 [Oe] oc'v (43
o013 001 00t (o]} 00 00 (O] 0'0 0°0 0’0 0o'0 00 0°0 0°0 0’0 0°0 0°0 0'0 oc' ¢ 9
001 001 (o/0]} (6,1} 0°0 0°0 00 00 0'0 00 00 00 o0 00 (6] 00 0'0 Q'0 oc'v —
V10l  1SOOW ISd IVNSIA "A3S  V3IAV TA3S v3IYV TA3S V3IAVY CA3S vIAV CAIS v3AVv CA3S v3dv CA3S v3IAV 3QId HLNOW
(S3d) 3¥0OS  LIN3WIAVC ONIHOLVd 3SUIASNVYL  INANLIONOT AdOLVOITTIVY ONIHSNA4 ONITIAVY ONILLNA
OId4vdl TVWAON ---- (D03N0dd 3IDVWVA a13id 110

* ALNNGD S3IHOOADOOVN - 609 W4 - AI 3ISVHd - 662C 1231r03dd




} 89

ST173IM "ON HINOW IN3IWd01T3A3a 773M 10
SHIW 8 Gttt = OIdd4vdl Q7314 110 + TTVWAON A3IANN JANIIVE 01 IWIL
[ X4 €L (ele] 6¢C €'96 C'¢cvr T'el LLe S8 B'CZ 8'6 6°'GZ C°6 S°L c'9 (3 4 €°'89 G6'9L 90°¢€ oct
19 68 00t 89 L’0S +°'vEe 8'9 E'GC L'EL 8'8F 'V ¢'iC 9's 8V 9°t £°¢C 1°¢9 0'69 tC'€ 8014
99 S6 [ele)) 69 v'vr G°'GZ 6°¢ .b.NN L°6 8'vL 174 6'9F 6°C L'c 81 [ S'¥S 8°'85 LE'E 26
oL 66 00t L b'LE 89+ SO 8°6+ ¢'S L0l 70 L'cy Tt ct L O v o 'Sy €°SYv ps°E v8
vL [ele] 0ot vL 6°'8C 0’6 0'0 L'9t €°'C oL 0°0 9°'8 £°0 v-o 0 —.0 6°'EE B8'8C <¢CL'E cL
S8 ¢ o]} 001 S8 o'6L 6°C 00 vV'ElL 9°0 L'E 0°0 L'V 00 ) 0’0 o0 L'0c 80 0OB'E 09
[o[0]} 00t (ee] 001t £°E 00 00 0’9 00 E°0 0'0 S°0 o0 00 (0] 00 v 0°0 Sty 9€
OOP 001} 001 (ele]} £°0 00 0°0 9°'¢ 0°0 0'0 0’0 00 0'0 00 00 00 0'0 00 6LV ve
001} 00t [oJo] ) [oJo ] 0'0 (o e) 0'0 £°0 0°0 00 0°0 0'0 0'0 00 ‘00 o'0 o0 00 ot v ct
00t oot [o/0)2 0014 0’0 0'0 00 0'0 0°0 0’0 0'0 0’0 0’0 0’0 0'0 0’0 0°0 0'0 oc'v 9
00} (o/e]} [e]0) 0014 00 0'0 0’0 00 0'0 00 o0 0’0 0'0 0’0 0°0 o'0 0'0 0o°0 (o1 4 3
Ivi0L  1SOOW ISd vNSIA "A3S V3V TA3S  VIMY CA3S VIUV CA3S  v3IAV CA3IS v3IAY CA3S v3IAY  CA3S  v3Av  30IY HINOW
(S3d) 3¥02S INIW3AVI ONTHOLVd 3SUIASNVIL INANLIONO dOLVOITIV ONIHSNIA ONIT3AVY ONILLINA
OId44vdl Q1314 110 SNId IVWAON ---- 1331P0dad 3I9DVWva ai3id4 110

* ALNNOD S3IHOOAQD0IVN - 609C W4 - AI 3ISVHd - 6622 1D3N0dd

169






APPENDIX F
DEVELOPMENT OF THE OIL FIELD DAMAGE PROGRAM

170



DEVELOPMENT OF THE OIL FIELD DAMAGE PROGRAM

AASHO Road Test Equations

The AASHO Road Test conducted in Ottawa, Iflinois, in 1960 has been a
major source of pavement performance data. Numerous inferences (1) have
been drawn from this test, including the interim guide equations (2) for the
design of flexible and rigid pavements. This design equation relates the
number of 18-kip equivalent single axle load repetitions required to reach a
predetermined terminal serviceability 1level for any given pavement
structure, climatic condition, and subgrade soil.

Damage was defined at the AASHO Road Test to be a normalized score
between 0 and 1; when the pavement reaches a terminal condition, the damage
is 1. A "damage function" is an equation which describes how the damage
proceeds from its initial value to its terminal value and beyond. In the

AASHO Road Test (3), the damage function was assumed to be of the form

g = (—N—)B (1)
where ¢ = the damage; P
N = the number of 18-kip equivalent single axle loads;
p = a constant which equals the number of 18-kip equivalent single
axle loads when g = 1; and
B = a power which dictates the curvature of the damage function.

In the AASHO Road Test, damage was defined as

g = Pi - P (2)
Py - Pg




where P; = initial serviceability index;

Py = terminal serviceability index; and

P

present serviceability index.

Values of o and B were found for each pavement section by regressing
the logarithm of damage against the logarithm of 18-kip equivalent single
axle Tloads. Further regression analysis determined how and depended
upon the thickness and stiffness of each pavement layer.

This analysis led to the development of the AASHTO flexible pavement
design system, first published as an Interim Design Guide in 1961 and issued
as a revised edition in 1972 (2). A design equation similar to the AASHO
equation was required for this study in order to predict reductions in pave-
ment life caused by the oil field traffic. However, the AASHTO design
equation is recommended for flexible pavements with a minimum asphalt sur-
facing thickness of 2 1nches (3). As such, the researchers expected that
the AASHO equation might not yield satisfactory estimates of pavement Tife
for the thin surface-treated pavements under investigation in this study.
With a structural number of approximately 1 to 1.5, the AASHO equation pre-
dicts a life for Texas pavements of less than 5000 18-kip equivalent single
axle loads. However, this is considerably less than has been observed on
“in-service" thin pavements in the state. For these reasons, it was decided

to develop new performance equations for thin flexible pavements in Texas.

Texas Flexible Pavement Data Base

As the AASHO Road Test drew to a close, one of the strongest recom-

mendations made by the Test Staff was that "satellite" studies should be

172




made in other parts of the country in order to determine, with some objec-
tivity, the real effects of subgrade and climate.

Texas participated in these studies with the establishment of a Flexi-
ble Pavement Data Base (4) containing detailed data on over 400 sections of
pavement. The sections were chosen by a stratified random selection process
which gave a reasonably uniform distribution of pavement type, age, materi-
als, layer thickness, soil types, and climate. Of these 400 sections, 132
were on thin surface-treated pavements on farm-to-market type routes. These
thin pavement sections were chosen for analysis in this study. They typi-
cally carry between 100 and 750 vehicles per day and were constructed with
granular base courses ranging in thickness from 4 to 10 inches. All of
these sections originially had a single or double seal surfacing, and many
have received additional seal coat treatments.

Data collection of these sections started in 1972 when each section's
full construction, maintenance, and traffic history was compiled. Riding
quality (PSI), distress, and skid surveys have been made periodically on all
sections since 1973. 1In most cases, five or six separate observations have
been made on each section since the survey began.

During the distress survey, the following eight types of distress were
observed: alligator cracking, transverse cracking, longitudinal cracking,
rutting, raveling, flushing (or bleeding), failures (potholes), and patch-

ing. Each of these were rated for its area and severity of distress accord-

ing to the distress identification manual prepared for the State of Texas

(5).
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Texas Pavement Distress Equations

In this study, a different form of damage function was assumed which
produces a sigmoidal (S-shaped) curve, a shape that appears to reproduce
long term pavement distress and performance better than does the assumed
form of the AASHO Road Test damage function (6, 7, 8). The assumed form of

the damage function for Texas flexible pavements is

B
g =exp - (&
N)
where g = the normalized damage;
N = the number of 18-kip equivalent single axles; and

ps p are constants for each pavement section.

Space does not permit a full description of the analysis undertaken to
produce the pavement performance equations used in this study. However, the
procedure and typical equations have been published elsewhere (9). An over-
view of the procedure is as follows:

1. For each pavement section, the observed distress and serviceability

index histories were analyzed to determine the values of and

2. Regression analysis, using SAS (10) stepwise regression, was then

performed to explain the variations between sections of the same
pavement type. The final regression equations are as shown:
e = f(climate, base thickness, subgrade properties, etc.)
An example equation is given below for rutting area:
p = [-0.1035 + 0.00549 (AVT) 0.00670 (D) - 0.0015 (LL)
+ 0.00162 (PI) + 0.00077 (FTC)] x 10® with R = 0.38
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where AVT

average district temperature °F = 50°F;

D= thickness'of flexible base course;
LL = Tiquid limit of subgrade soil;
PI = plasticity index of subgrade soil; and
FTC = average number of annual air freeze-thaw cycles.

Equations such as the above have been generated for each of the seven dis-
tress types and for present serviceability index. The correlation coeffi-
cients, R2, of these equations, in general, range from 0.30 to 0.60. For
a few distress types, particularly raveling and flushing, no acceptable
models were found. In these instances, the mean values of p and/or B were
used for predictive purposes.

Several runs were made to test the validity of predicting pavement per-
formance with these regression equations. Such a prediction using the PSI
equation is shown in Figure F-1 for Texas F.M. 556 in District 19, which is
a section in the earlier described TTI flexible pavement data base. This
section was reconstructed in 1969, and PSI measurements were made in 1974
thru 1977.

As can be seen from Figure F-1, the Texas regression equations fit the
observed data very well. However, the AASHO Road Test Equation does not do
a good job of predicting actual performance. The pavement depicted in
Figure 4 has a Structural Number of approximately 1.0. The AASHO equation
predicted a 1life until PSI = 1.5 of 5000 18-k ESALs. Under actual traffic

levels, these axle repetitions would be achieved in the first six months of

service.
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Pavement Score. In the AASHO Road Test, damage was defined in terms of

reduction in present serviceability index (PSI). In this study, damage was
made more general by applying it to distress as well as to a loss of ser-
viceability index. Pavement condition (damage) was expressed in terms of a
composite index which combines distress with loss in serviceability to pro-
duce a Pavement Score. Several states and agencies, including Arizona,
Florida, Utah, and the U.S. Air Force, are using such a composite index
(11). In general, these indices are used to determine which pavement sec-
tions are most in need of rehabilitation, the section with the lowest score
being the one most in need of repair.

Texas also uses this pavement score approach (12). A pavement utility

score (range 0-1) 1is calculated using the following equation. The final

pavement score is equal to this utility score x 100:

Pavement Utility Score = URIDEal X UDISTaZ
Where URIDE = the riding quality utility score of range 0-1;
UDIST = the visual distress utility score of range 0-1; and

a;, a, are weighting factors on each utility score.

bThe visual distress utility score is further defined as

U (U P2 )P )P

)b

3 (U
)b

b
)1 <Urave1 4

)25 (U

Uf]ush
6 (U

DIST ~ failures

7

rut

(Uallig. long. trans.
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Where each U; value is determined from the visual inspection data and has
a range of 0 to 1, the bj are weighting factors.

Using the Texas definition of pavement score, if any single utility
value becomes low, the Pavement Utility score will be low. For instance, if
the highway's ride value falls to a critical level, then the pavement score
will drop to a failure level. Alternatively, a pavement score may reach
failure by a combination of distress types while still maintaining a high
PSI. 1In Texas, new pavements have a pavement score of 100, and for surface-
treated pavements, failure level is defined to be a pavement score of 35.

With the Texas Pavement Evaluation System (13), this pavement score is
used to determine which strategy should be used to rehabilitate those pave-
ments below minimum score. This is done by examining what are the principal
causes of a low pavement score. For surface type distresses, (e.g., trans-
verse cracking, raveling, or flushing), a seal coat would be recommended.
For other load associated distress types, (e.g., severe rutting, alligator
cracking, failures or loss in PSI), a sectional or full reconstruction would
be recommended.

0il1 Field Damage Program. A computer program was written to incorpor-

ate the Texas Pavement Distress Equations and pavement score concepts dis-
cussed above. The input required to make predictions of pavement perfor-
mance are as follows:

o Average daily traffic.

e Percentage of trucks.

e Flexible base thickness.

e Subgrade Atterberg limits (PI, LL), obtained from construction

records or county soil reports.
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e Section maximum dynaflect deflection, obtained from a field obser-
vation or elastic layered analysis.

o Texas county number. For each of the 254 Texas counties, the pro-
gram has stored the relevant climatic data, such as rainfall and
average temperatures.

The program uses the input traffic data to calculate the expected 18-
kip loading for the analysis period (10 years). It then uses the distress
equations to predict pavement condition and hence pavement score for each
year in the analysis period. When the pavement score reaches the failure
Tevel (35), the number of months to failure is calculated. Once failure has
occurred, it is then possible to determine which distress types have caused
the reduction 1in pavement 1ife (Figure F-2) and, consequently, which
rehabilitation strategy would be most appropriate.

The three curves illustrate the predicted change in pavement score for
pavements with three different granular base thicknesses. The 1important
points from this figure are (1) as expected, the thinner pavements require
rehabilitation much earlier, and (2) the most significant distresses on the
thin 4-inch pavements are rutting and loss of PSI, which would indicate that
costly pavement strengthening is required. However, the 8-inch pavement only
requires a seal coat.

The above described work has concentrated on the development of a pre-
dictive procedure to calculate distress values for any level of 18-kip

equivalent single axle loads. The developed computer program has been
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extended to permit analysis of what impact oil field development and servic-
ing work will have on pavement performance. A case study describing this

work is presented in the main body of this report.
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