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PREFACE

Acting upon a request by the Environmental Quality Division
of the Virginia Department of Highways & Transportation, the Re-
search Council conducted an overview evaluation of the Department's
erosion and siltation control program. Much of the evaluation deals
with the maintenance of the environment during highway construction.
A most important consideration appears to be the accurate prediction
of soil loss from highway construction and the prediction of the
temporary sediment controls needed to abate this loss on the con-
struction site. :

To this end, this manual was prepared in an attempt to estimate
the soil loss and to design a set of adequate abatement structures
along the ditch line of the roadway. These tasks are accomplished
by a computer program which is intended to be used on the IBM Model
370 computer of the Central Office of the Virginia Highway & Trans-
portation Department.

The manual is intended to be used by the personnel of the
Location and Design Division and Environmental Quality Division as
part of the initial phases of planning and design and by environ-
mental personnel at the district level for updating of control
structures as construction progresses or maintenance of the structures
is required.

The manual consists of a general introduction to the problem
and this is followed by a brief description of the information which
must be input into the computer as well as a description of the
calculated results. A simple example is used to show typical input
and output. Greater detail on various aspects of the computer pro-
gram are given in the Appendices. These include a description of
the general mathematical procedure used in the calculation of the
soil-loss prediction, description and arrangement of input cards
and a complete listing of the computer program.

This manual contains the updated version of the computer
program first discussed in Council report VHRC 73-RS1 (May 1974),
entitled "Design Program for the Estimation and Abatement of Soil
Losses From Highway Slopes".
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THE DESIGN OF TEMPORARY SEDIMENT CONTROLS FOR
SOIL LOSSES FROM HIGHWAY CUT CLOPES

by

David J. Poche
Research Analyst

INTRODUCTION

This manual describes a computer program which estimates
the soil loss from a highway cut slope. Input into the program
consists of a basic description of the slope (location, soil
erodibility, slope length and gradient) and duration of con-
struction. The output consists of an estimated annual soil loss
and a peak loss assuming a 2-year, 6-hour storm event. The
preventive measures required to prevent this peak soil loss from
getting into streams are in terms of the number of straw flow
barriers required.

Several studies suggest that soil loss from highway con-
struction can be estimated by use of the Universal Soil Loss
Equation.(1’2’39”’5) This soil loss prediction equation was
developed by the U. S. Soil Conservation Service for soil losses
from agricultural areas of low and uniform steepness. Two diff-
culties arise in its application to highway construction. These
are that the typical highway slope is commonly irregularly shaped
in cross section and that at least part of the slope is usually
very steep. Recently, a modification of the equation by Foster
and Wis?%Teier allows for the prediction of soil loss from irregular
slopes. ’ :

The program described here is intended to be used for new
construction and scheduled erosion control maintenance of existing
projects. It is designed for the IBM Model 370 of the Central
Office of the Virginia Department of Highways §& Transportation so
that during the initial phases of planning, personnel of the Location
and Design Division and Environmental Quality Division will have
access to its use. Environmental personnel at the district level
can also use their remote computer terminals to maintain and re-
design siltation controls as the construction proceeds. A brief
description of the method of calculation is found in Appendix A.
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INPUT PROCEDURE

Three basic input items are used to determine the soil loss

from a hlghway slope using the Universal Soil lLoss Equation, These
are:

1. The location of the slope in terms of district,
residency, and the county rainfall index.

2. a description of the topographic profile and
soils of the slope, and

3. the period of construction or any selected time
interval in which the soil of the slope will be
disturbed.

Coded values of the district, residency, and county are used
to determine the annual regional rainfall distribution and the rain-
fall-energy index (see Appendix A) for the particular location of
the highway construction. These values are used in the computational
procedure along with the project period of construction and soil
erodibility factor (see Appendix A) to produce the estimated annual

soil loss as well as the soil loss occurring over selected time
intervals.

The technique for describing an 1rregular profile slope such as
found along a roadway underg01ng construction is to divide the slope
cross section into a series of straight-line segments. Each segment
may have a different slope length and percent gradient. The sim-
plest number of segments would be two (as is shown in the nearly
completed slope in Figure 1). The percent gradient of each segment
is found from: :

Vertical change in feet
Horizontal change 1n feet

Percent gradient of a segment =

The program assumes that the last segment of the proflle descrlptlon
will be in the ditch line and that all controls will be placed in
this final segment, Only one segment in the ditch line may be

used to describe the profile. Should a change of grade be called
for in the ditch line, another profile description will have to be
used from the point of grade change. The program allows calculation
of the soil loss for complex slopes with up to five segments.

In Figure 1, the first slope segment would be a cut slope from
which most of the soil loss would be generated and the second seg-
ment would be the drainage ditch running parallel to the roadway.
This latter segment also contributes to the overall soil loss and is
the location at which most of the sediment control measures are used.

x 100



OUTPUT

The basic unit of sediment control utilized in this program
is the multlple bale flow barrier (Figure 2). The program gener-
ates estimates of the length slope factor (LS); the annual soil
loss for the slope described; the soil loss during the construction
period, and the sediment source area found by multiplying the final
segment of the slope times the sum of all other segments. In
addition, the number of cubic yards of material lost during con-
struction and the number of tons and cubic yards of material which
could be lost from a single 2-year, 6-hour storm event is also shown.
This storm can be considered to be an "average" storm because it
can be expected to occur 50 percent of the time, and the 6-hour
duration has been found by the U. S. Soil Conservation Service to
be the most frequently occurring storm length.

For the slope shown in Figure 1, the results of the program
are given in Figure 3. The gradient percents and the segment lengths
(25 and 400 feet, respectively) are shown. The estimated segment
length slope factor (LS) and the percentage contribution of each
segment to the total loss are also shown.

The estimated (LS) for the slope of Figure 1 was 2.84. The
estimated annual soil loss from the example was 158.86 tons per
acre, and during the construction period (June through August) the
soil loss was 59.43 cubic yards per acre. A single storm loss for
a 2-year, 6-hour rainfall was 9.52 cubic yards.

The estimated number of barriers required in the final segment
are 16 three~bale barriers {(spaced 25 feet apart) or 8 five-bale
barriers (spaced 50 feet apart). The reader is referred to Appendix
A for the method of calculation.



(*o1eos 03 A[LIBSS900U JOU 9JB SJUSUL3SS)
@ *sjuowides ojur popralp odors Aemysiy [edo1dAL, °1 9andrg
“ 1
o
2

RN
SR
R

VAN Wy AN ar—mr,

%00T =3Ue1PBID v .%w//%%w N

199] GZ = Qu&ﬂ@q s .y:(//.////
T juowi3ag -

i\

TN

Q)
N

NN

\

T~ e b



&
2%

*9UNIXTW STYJ} YJTM padOPl 9q OSTE APU MPJI}S 9SOOT

pue MPals 3UTMUTYD JOJF 23N3TISqns P S J9TJadaeq oYyl JO pus MOTJ

-dn syl utr psdAeads oq Arw (2J0B /U0 (G.) JI9QTJ SSOTNTISO POOM

*9TeQ 3SOWJI23INO 3yl JO PUS WOII0J 9Y] UPY] UOTIPADTS UT JISMOT

ST ©Tekq J®3u2d Jo auoishsy @yl jo doiz syiz 31eyl yons 3TINg

2q 3snuw sasTdaarg °spaek OoTqno z deal TITM J9TJadeq STeq-9ATJT

e pue paek Oo1qno T dedal [TTIM JS9TJadeq oTeJ-99Jayl} P 3Pyl ST

weadoad syl jo uotidwunsse oy -‘Aj3roedeo 3urddeal pue 9zTS

Y30q UT STQeTJrA ST J9TJddeq AUB JO SoTBQ JO J9quNU aYJ
*QUITYDITP UT pasn 2q 03 JoTdaeq MOTJ meals o7eq oTdTaITnW *g =24an31g

MmatTp dog,

MPJI1S 9S007

MSTA pujg
S v
3.m.,Hn...m LR g«

SIS

AemtTTdg



33

&7
e

i

‘T 34N914 NI NMOHS 3d07S ¥04 INIW3LVEVY ANV SSOT T10S d3ILNdWO) ‘¢ 3uN9l4

(9NIJVdS 1004 08 )
(ONIJVdS 1004 0% )

S
01

SH3lyyve 3v8 S
SH3Iyyve 37vE €

TIN3IWO3S TTYNI4 NI SYITYYVE 40 438WNN TV10L
I'NI w31 VvaVv

2s°6
%6°01

[}

L2°s

60°0
£2°0

LS°L1
H6°22

%6°021
10°6€1

g2l

“(SQYVA JIBND) SSO0T WHYOLS 3ITONIS

(IN3IAT HH9/HAZ WO¥4 SNOL) SSOT WHOLS 319NIS
Q0I¥3d NOILDNYLSNOD ONIMNG LSO SAHVA JIHND 40 HILWNN

S34VLII3IH NI
S3¥0V NI {S343INI 40 v3yv

340V ¥3d SH¥3L3W JI8ND NI
G0I¥3d NOILDNYLSNOD ONIYNA 3HIV H¥3d SAyvA 218N NI SSOI-110S

34OV H3d SAHVA JI8ND NI
34OV ¥43d SNOL NI SSOT=-110S IVNNNY

#01JV4 3d407S HION3T

SITVWITSI

£°61 9%°0
L°Y8 98°0%

§30T W10l 30 R
NOIENBIHINOD 1IN3IIY3d 1N3IWO3S

21
6

°GLl 3INTIVA ¥
£y AIN3QIS3

ST0AINOD NOILVLITIS Adv

00+ 0°2 2

=] 0°00T 1
TAIONTT I UEREEF] INIWDH3IT
INIWO3S IN3IQVYO

HLNOW ONION3
HINOW ONINNIO38

82°0 3NIVA M
s L 1JI¥1SIQ

HO0dW31l 30 3IONVNILNIVW ONINDIS3IC



2133

ACKNOWLEDGEMENTS

The author thanks Mrs. Sarah Kelley of the Data Section
for performing the computer programming. Special thanks go

to W. R. Smith and M. E. Natto, who provided field information
for this study.

The project was conducted under the general direction of
Jack H. Dillard, Head, Virginia Highway and Transportation Re-
search Council, and under the specific direction of Mehmet C.

Anday, head of the Soils, Geology and Physical Environment
Section.



2434



1,

REFERENCES il

National Cooperative Highway Research Program, "Erosion
Control on Highway Construction," Synthesis No. 18, p. 52,
1973, '

Wischmeier, W, H,, and L. D. Meyer, "Soil Erccibility on
Construction Areas," Highway Research Special Repcrt 135,
Highway Research Board, pp. 20-28, 1373, ‘

Soil Conservation Service, "Guidelines for the Control of
Erosion and Sediment in Urban Areas of the Northeast,"
U. S. Department of Agriculture, Upper Darby, Pa., 1970.

Wischmeier, W. H,, C., B. Johnson, and B. V. Cross, "A Soil
Erodibility Nomograph for Farm Land and Construction Sites,”
Jour, Soil Water Conservation, Vol. 28, No. 5, pp. 189-193,
1971, ’ '

Swerdon, P, M., and R, R. Koontz, "Sediment Runoff Control at
Highway Construction Sites," Engineering Res, Bulletin B-108,
Pennsylvania State College of Engineering, p. 70, 19873,

Foster, G. R., and W. H. Wischmeier, "Evaluating Irregular Slopes
for Soil Loss Prediction," ASAE Paper No. 73-227, p. 16, 1873.

Hotes, F. L., K., H. Ateshian, and B. Sheikh, "Comparative Costs
of Erosion and Sediment Centrol, Construction Activities,”

U, S. EPA Office of Water Program Operations, EPA-430158-732~016,
U. S, Government Printing Office, 1973, 2C5 pp.

Poché, D. J., "Design of Temporary Sediment Controls with Special
Reference to Water Quality," Virginie Highway & Trensportation
Research Council, VHTRC 76-R4, September 1975.




2436



i3S

APPENDIX A
METHOD OF CALCULATION

Appendix A contains a very brief mathematical discourse
on the method of calgulation found in the computer program. For
a moye detalled treatment of the method used in the computer pro-
gram the veader ls referred to reference 6.

The baslc assumptions of the Universal Soil Loss Equation are
that the average soil loss per unit area (in this case, of roadside)
is a product of a rainfall factor (termed R), a soil erodibility
gictor (K), 3 slope length factor (L) and a steepness factor (S).

hus ,

A F RKLS (1)

where A is the soil loss per unit area. For the purpose of calcu-
lation the slope length and steepness factors have been combined
into a series of tables involving a length-steepness factor (LS).

As indicated by the equation, the calculation of A assumes
a uniform steepness., However, Foster and Wischmeier found that
in the case of irregular slopes the sediment yields are not accu-
rately estimated by the assumption of a uniform overall average
steepness. They observed that the sediment load at any location
on an irregular slope must be a function of the slope's erosion
characteristics, such as its local soil detachment rate and the
transport capacity of the runoff. They proposed that a slope of
irregular steepness be divided into a series of N segments such
that the slope steepness or gradient and soil type, and thereby
the soil detachment rate, within each segment could be considered
to be uniform. The total soil loss from the slope is thus the sum
of the losses from the N segments.

The Universal Soil Loss Equation then becomes,

1.5

N
Z S'A- "'S.
: 1( 373 3

0.5
Ae (72.6)

A

*

. )
- 1
A = RK{ 4 ’ '

(2)

where the bracketed expression replaces the topographic factor LS

in Equation 1. The term Aj is the distance, in feet, from the top
of the slope to the lower end of any segment, j; Aj - 1 is the slope
length above segment j; and Ag is the overall slope length. The
term Sj is the value of the factor S from segment j,
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s = 0.04302+ 0,300 + 0.43

where F 5513 (3)

and ¢ is the slope gradient or steepness in percent. The
bracketed expression of Equation 2 may be simplified for com-
putation purposes to

1
e ]

LS = (U

1

- U

™M=

A 23

The LS value determined by this procedure is a function of all the
segment lengths and slope gradients or steepnesses and cof their
particular sequence on the slope. The percentage of the total
sediment yield that comes from each of the N slope segments is

also obtained by this computational procedure. The relative sediment
contribution of segment j to the total soil loss is

N

The computer program assumes that the last segment of the
profile is the only one in the ditch line and is the segment at
which all sediment controls will be placed. The annual soil loss
in tons/acre for the area is found by a determination of the annual
R values (reference 7), which are shown in Appendix B. The annual
soil loss in cubic yards is found by multiplying the tonsg per acre
estimate by ,87 (assuming all material is a silty loam).(3) The
number of cubic yards per acre is estimated by multiplying the annual
loss by that portion of the annual cumulative rainfall distribution
indicated by the construction months. Three distributions are used
in the program and the appropriate selection depends upon the location
within the state by District. The loss in cubic meters per acre is
estimated by multiplying the cubic yards per acre by .76h46b.

The area of interest is determined by multiplying the last
segment by the summation of all other segments. Should a single
segment be attempted a computer diagnostic will appear. The number
of cubic yards of material is found by multiplying the cubic yards
per acre by the number of acres.

The soil loss in tons for a single storm event is found by
resolving equation 2 with the R value set at 70.(7) This value is
the resulting R value for a 2-year, 6-hour rainfall event. The
results are then multiplied by the area in acres to obtain the
amount in tons lost during the event,
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The abatement output is based on the assumption that a well
positioned and maintained 3-bale barrier can trap as much as 1
cubic yard of material and a 5-bale barrier can trap 2 cubic yards.
The number of barriers is determined by an empirical equation
based in part upon successful barrier designs in Virginia.(s)
Figure A-1 is a graph of the equation relating cubic yards gener-
ated during construction to the number of 5-bale flow barriers.

- Approximately twice as many 3-bale barriers are required for the
same soil loss. The spacing of the barriers in the last segment

is found by dividing the number of barriers into the length of
the last segment.

A-3



0s

*SI9TAJBRq MOTJ JO UOTIPUTWIS}SP 3Y} JO0J 2adand Tedtardui “1-Y 2an3T1Jg

pOoTJasd UOTIONJIISUO) BUTJINQ 3SOT SpARL OTQND

ov (/1% 0c¢ 0t S

0T

ST

0l

SA9TAJAR

g oTeg-§ JO Jaquny paarnbay

A=l



2441
APPENDIX B

DATA INPUT FORMAT

Location Card

Code the district, residency and R value as indicated below.

District (card 1, column 1)

District Code

Bristol

Salem
Lynchburg
Richmond
Suffolk
Fredericksburg
Culpeper
Staunton

OO OUTE WN

Residency (card 1, columns 4-5)

District - Residency Code
Bristol Wise 01
Abingdon 03
Lebanon ou
Tazewell 06
Wytheville 08
Jonesville 58
Salem Hillsville 09
Christiansburg 11
Martinsville 12
Rocky Mount 13
Salem 1u
Bedford 16
Lynchburg Chatham 17
Halifax 18
Dillwyn 19
Appomattox 20

Amherst 22



24

32

District

Richmond

Suffolk

Fredericksburg

Culpeper

Staunton

Residency

South Hill
Amelia
Petersburg
Chesterfield
Sandston
Ashland

Franklin
Waverly
Suffolk
Norfolk
Williamsburg
Accomac

Saluda
Warsaw
Fredericksburg
Bowling Green

Louisa
Charlottesville
Culpeper
Warrenton
Fairfax
Manassas
Leesburg

Lexington
Staunton-Verona
Harrisonburg
Edinburg

Luray

B-2

Code

23
24
25
26
27
28

31
32
33
3
35
36

37
39
40
41

42
43
45
46
47
48
49

50
53
54
55
56



Rainfall Value (card 1, columns 10-12)

Residency

Wise
Abingdon
Lebanon
Tazewell
Wytheville
Jonesville
Hillsville

Christiansburg

Martinsville
Rocky Mount

Salem

Bedford
Chatham

Halifax

Dillwyn

County

Wise
Dickenson

Washington
Smyth

Russel
Buchanan

Tazewell
Bland

Wythe
Grayson

Lee
Scott

Carroll
Floyd

Montgomery

Giles
Pulaski

Henry
Patrick

Franklin
Craig
Roanoke
Botetourt
Bedford

Pittsylvania

Halifax
Charlotte

Buckingham
Cumberland
Prince Edward

R Values

150
150

175
175

175
150

175
175

175
200

150
175

200
200

175
175
175

200
200

200
175
200
200
200
225

225
225

225
225
225

2443



Residency
Appomattox

Amherst
South Hill

Amelia

Petersburg
Chesterfield

Sandston

Ashland
Franklin
Waverly
Suffolk
Norfolk

Williamsburg

Accomac

County

Appomattox
Campbell

Amherst
Nelson

Brunswick
Mecklenburg

Amelia
Nottoway
Lunenburg

Dinwiddie
Prince George

Chesterfield
Powhatan

Charles City
Henrico
New Kent

Goochland
Hanover

Greensville
Southampton

Surry
Sussex

Isle of Wight
Nansemond

Norfolk
Princess Ann

James City
York
Warwick

Accomac
Northampton

R Values

225
225

200
200

250
250

250
250
250

250
250

250
225

250
250
250

225
225

250
250

250
250

275
300

300
300

275
275
275

250
275



Residency

Saluda

Warsaw

Fredericksburg

Bowling Green

Louisa

Charlottesville

Culpeper

Warrenton

Fairfax

Manassas
Leesburg
Lexington

Stauntcon-Verona

Harrisonburg

County

King and Queen
Gloucester
Middlesex
Mathews

Richmond
Lancaster
Northumberland
Westmoreland

Spotsylvania
Stafford
King Ceorge

Caroline
Essex
King William

Fluvanna
Louisa

Albemarle
Greene

Culpeper
Orange
Madison

Fauquier
Rappahannock

Fairfax
Arlington

Prince William
Loudoun
Alleghany
Rockbridge
Bath

Augusta
Highland

Rockingham

R Values

250
250
250
275

225
250
250
225

225
225
225

225
225
250

225
225

200
200

200
200
2G0

200
200

200
260

200
200
1758
20C
175

200
17%

200

2115



Residency County R Values

Edinburg Frederick 175
Shenandoah 200

Luray Clark 200
Page 200
Warren 200

K Value (card 1, columns 15-19)

Note: The K value will be obtained from county soil
conservation maps and/or preconstruction geological survey
reports. General soils of low erodibility range in K value
from .10-.23. Medium erodibility soils range from .24 to

.36, and highly erodible soils have K values in the range .37
to .49.

Number of segments (card 1, column 27)

Code the number of segments of the slope in column 27 of
the first card. Five segments may be used. Last segment must
be only one in ditch line.

Segment Length and Gradient Card(s)

The next data card codes the segment length and its gradient
in percent. One length and gradient is required per card. If the
slope is divided into three segments then three segment length and
gradient cards are required.

Code the segment length and gradient as indicated:
Columns 1 through 4 — Length of segment in feet.
For values less than 100
feet use columns 3 and k.
Columns 8 through 18 — Slope gradient of segment
in percent with decimal point
in column 11.

Note: Segment cards must be ordered from upslope to downslope.
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Construction Period Card

Columns 1 and 2 - Code with a value from 1 to 12 the

beginning month of construction of
period of interest.

Columns 7 and 8 —_ Code with a value from 1 to 12 the

ending month of period of interest.

Typical Program Deck Setup

The typical program deck setup for the problem solved in the
main text is shown in Figure B-1. More than one problem may be
worked at a time by repeating the data input set (location card,
slope length and gradient card(s), etc.) before the last card of the

deck.

/7/S01L JOB (00822HWY10) 917TOB789yMSGLEVEL=(191) 9CLASS=6

// EXEC FORTOCLG
//FORT.SYSIN DD #

/%

//G0,SYSIN DD #

7 43 200 28
25 100.0

400 2.0

7 9

/%

/7

} PROGRAM DECK PLACED HERE,

2
} DATA CARDS (MULTIPLE PROBLEMS MAY BE
SOLVED BY REPEATING DATA CARD SE-
QUENCE)

Figure B-1. Typical deck setup for problem solved in main text.



oo
L

g 3
(N5 LJ»8



24,

1000 39vd

CTIex v g anr ity gy me sl ox2oT 1) Jv o= g
SANTVAXY ANTIVAH UL S amr IS O (gbE = iy 2e A R L

D o e et ——————— e e e e ———

SASHNAN ONYT 3N0TVAASNIUISIae 1ST0=(S) 3TMHY [ AYA
(TISXL20E 30Xy (g doXD 2] XT]) LVW20 4
SIN3WI3IS 40 HIAWNN ONVY INTIVANC INTIVAHCAINIUISHS 1D IALST( GV In

NCULUOLVLUULL

SONT Lv0D

‘0 = (1)én

‘0 = (D In

U = (1}YINNOD

*0 = (I)s 14

*u o= (1) INWa S
‘U (ryrc

0] nrs

‘0= (s

°0 (1) 3w ds
0 (1) 944015
°6 = (I)73407S
9*1T =1 2 o0

*0 = 513

*0 = 29SnWNS
*u=rouwnNs

0= 135nNS

‘0= v
*0=SdnNS
0= 975nNS
*0=1S7
0 = IS I
(2°G3) LVWa04 %005
/96°0°G6°0°T6°042R*04G3°0€0%*0°02°0*01°0°90°0¢C0°0*20°0%10°0%
CL6°0426°0¢18°0¢8L 04GG 0 GE0¢GZ 0L 0%2T°04L0°0%0°0%T0°0%/6°0%
¢26°0°58°0¢52°0¢GS 0°GE0*02°050T 090 0 EU=0°20°0%T0°0/1S11 V1V(
D e e e e e e e e e e e =)
2
J-1SITe8=4SIT4V=1SIT H04 SINIWIII 9€ SNIVINGI=ISII~INIWILVIS VivQ 2
J
u0llllt|l0||l||||llll|llllnilllnl|i|||lll|l|llilll»tllillnlllll|ll|l|l0||||ll|lu
INAODT H4393INI
ZHLINOWS THINOW® (9) INNODDISKWNN® NOISIHG LSTG =303UINT
TATVAHESTAGNNS ST rONNS* TSTS 9ISWNS® TASWNS* JNTVAH* SNTVAN 17 38
(932N* ()TN () TNWAIS®(9)STd* (IO (9)INS* (9)ST
CECZTILISIT(9) 9340754 (9) V4w 35 (9) 134G IS TV IS
VULV Y TV IH

22/L1/01 ¥E€2GL = 3ALvy NIvi 2 13A47

J XTAN3ddY

9 Al

Ivou
O%OU

6£00
€00
LE€0U
9€0u
SE00
9€00
£€00
2€00
(€00
0ENV
6200
8200
L200
9200
G200
%200
€200
2200
1200
0200
6100
8100
L100
9100
S100
2100
€100
2100
1100
0100
6000
000
2000

2000

5000
%000
€000

2000
[ooo

NVHLH04

C-1



e e e e e e
900
5900
7900

(1) 13w «s »

[

13QnNC=(S) 457 [ avA
SHL9N4T L

Awerdn Akl s

0 D i L . L et T T pity ey PP -————
EIRE Y S RS ur €900

(1) 13IW93S = (1) 4403S = (1) Thridds 2900

RENTSALTEE GEE I S N I Se¢ 1900

e e )

(1) INNATIS=(S) 30y IagvA
T = ~419M37 4200 AL77IND0v)

LOLOLOLOCLC oL O

Y mm e e e et e e e e —— e — e ——m e e m e — e m e —m————————————————————
ANNTLNOD ud 0900

(1) 3IW93S + (M I340TS = (1)13407S 6500

r-1=r "G00

93SWNN*Z = T 02 ov LS00

(D) 3IWO3S = (1)73401S 9500

%G 01 09 (T *63° 935WwnN) 41 St 5500
‘0 = (I)73007S 1t %S00

9¢1l =1 1L 0u 'R £500

T NSRRI SRR SRS

(1) 74407S=(S) ITHVIAVA
SHIONAT 3407S 3LvINDIVD

CLOLLLOLOOLU

UlllllllIlllllllllll'lllllllllllllllllllllllII|llllllllllllIIIIIIIlllIlllIII!lI
ST 271 09 2500

ANNTLWNOD S 1600

I = (I)inngd 0500

(2°94*XxE€*0°%4 ) Lvwd04 1005 6%00

(1) 934015 (1) w9 3Ss (1004%9) dvidd H%00
D4SvINCT = 1 G 0d K L%00

A0LS 3900

(SINIWOIS 40 &H349WN NI HOHMARLZ*XT) LVWAOS w209 GH00
(wZ20G%G) J1]AM "%00

v 0L 09 (0 *19° 93Swnty 41 €200

Do e e )

(1)93d0TS* (1) 14wH35=(S) ITHV I HVA
(£°94*¥E*0°Y4) 1UnA04
SINITIGYVAY 34005 Ny SHISM3 T LN3IW9 IS (v s

cLeouveCeouv

{}

Y et e e e e mc A et e m e a e e ;s e— e e m e e m— e cme— e ma——m——————

09= 1 4TvAH 2700

b, "
=

o

2000 39vd 22/7L1/01 ®E2GL = Qv Nlgw 17 T14A47 9 AL nvA4LA404

¥ oK
4

C-2



151

o’

7P
%

£

1A= (S) 43w 1 AvA 2
iNInadS T o ~04 ST LvTNnD v J
J
J
e LD e L L L e L e Lt Ll bbb B et L L L L Lt ]
e 0L 0Y
0 = STANNS
0 = (D)sa Gul
‘9= (1)s0
Gel = 1 901 06 ¢
Vel 01 0%
JONT LNQD GbH
(I)STd ¢ ST4WNS = S4nNS
00T = (rowhS /7 (D)D)= (1574
(1) 13ww4ds 7 (hro = (s
93Swnmcl = I 96 00 U6
B D i L bt bt D el e =)
J
0
. STAWNS* (1)STd* (1) ST=(S) IMHVIavA J
S¢Sd 40 WNS*ST4¢ST 3LvIND V) B
]
]
B D ittt bt et ittt R0

A4SWNS 7 rowNS = S13 69

u
u
$13=(S) 3NY7IdVA J
ST4 41vanNdvd J

J

J

J

Ull-lllll‘ll'|||‘||||'|||||||||I||'I|||I|||llll‘llllllllll'lll'll IIIII - ———

S8 N1 09

3NNTLINOD <L
(IO + rOWNS = FrONNS
(H1n - (Ien (nroe

]

S*022(9°2L) /(S Tus (1) INWATS =« (D)0S) = (D) IN

G°0en(9°2L) /(S Tae (1) 4d0S = (ID)PS) =
€19°9/(EH°0+ (1) 93dNIS 2 0€°0 + °*Zas(l) 94d01S=E€H0°0) =

(Ien
(Irs

93SwNN*T = I 22 00 0e

o e mem =)

g

J

COWNSS (D rOC (DTN (1ZN*(TITS=(S) INHVIAHVA D

S*ro 3HL wNS J

IN=2N=r6 gNY*InNeZnesrs 31vindivd J

J

J

e e e e s et —es—e==)

SIT 01 09 (T *63* 94Sunn) 41
(2I*xv*2]) 1LVWa0O4 £O0US
ZHINOW* THINOW (E00G¢S) OV 3a v
D e e e e e e e e s m e —— e e e e )
2
CHINOWS THINCOW=(S) 3THVIHVA J
(218x%*21) 1Vig04 J
HINOw ONITgN3 ONY ONTWNT9 48 v 3Is ]

€000 39vd 22/L1/01 vE2GL = 2ALvd NTvw 2 13A37

R0
3800
Ly 00
9800
SHOU
#8300
€300
2900
1800
0¥ 00
51900

8200

LLOO
IL00
GL00
2L00
€L00
2400
1400
0400

6900
H900
L900

NYAHLA0US

C-3



INFWO3AS T H03 (5507 Mvniegw) v/1 N1 v 31V 1)7v) D
0

J
Bttt b e T T P e —mme—=])
o9l L 00
573 I0vAY & [ 4VAR = IV
573 INTAVAY =« 3INTvAN = ©
D mm s e e e e e — e )
0
3
v=(S) 3 evI~vA bl
(SSO AVNANWY) v/1 NI v 3LvINDIVYD J
J
J
B et bl e et L L PP T LS ]

SSTU 0L 09 (T *u3® 93SwWNN) 41 0%l
(/%2°L4% = HOLIOVH HA400S HIONITIHSZ X964/ / -
. HLT*XTO*+HT*/*S 3 1L V A I 1 S 4HLI*X29//) LUwWdO3 8009
ST4 (BOU9Y*Y) ILIAM
AONTINOD 0%l
(1°94eX2T*2°G4* X6 9 *X0T*[*G4*XA*[I*XRE) LVWH0OS4 L0009
(I)STd *(I1)ST *INOIST *(1)93407S 1 (L009*9) IFLIdm
((I)3w93S)IXI 31 = W93SI
SISWANSTD = T oyl 0OUG
(/¢ H02~
exGe HL*X9* HLOX9 e T T T THE O XG Y T T T T T T LA X e S e -
*/*SS07 WL0L J0HEL -
SXTT*STHZ X6 HLONTITHG XL ¢ INIDHIAHL * XY INIWIISHL*XGE) LYWH04 9009
(9009°%9) 311 Hm
(NOILNYTdL-
NOD LIN3DHIAHOZ* XS INIWOISHL * X9 ¢ INIWD ISHL*X9* INITUVHOHB*X8Y) LVYWA0d S009
(5009°9) 3L 14M
GST 0L 09 (T *¢3® 93SwnNN) 41
(/721*X%*HINOW ONTUNIHZT*X6%5) 1VWE04 %009
ZHINOW (%009°*9) 3Lldm
(ZI*XT*HINON ONINNIQHHHGT ¢ X6G) LYWwa04 €009
THINOW(E00949) 3L 1IHM
(/0°G34*X2¢ANTVA HHL*X9*2°G 44X/ *3NTVA HHL*XTS) LvWwa0d 2009
ANTAVAHC3NTVAY (2009°9) 3LI4m
042 0L 09 (°0 °37° 3INvAy) 41
G9Z2 0L 09 (8S *19° NUIS3IH *40° 0 *371° NUIS3IN) 41
(/21X AINIAISIHHO X LTI OXL*)DIHLISTUHRYTS) LYWHO4 1009
NOIS3441SIU (1009%9) ILIHm
(/*S%
TJOHAINOD NOILVLITIS AYVHOdAW3L 40 3IONUNIINIVA 9NINOISIOHES X HY) Lywd04 0009
(0009¢9) J1iMm
(THT) Lywd0d LT09
(L109°9) 4L1am  0€1
17 = (s gel

(*Zaad
(1) 93d407S29200°0+ (1) 9440752€G00°0+9200°0) 4% 0=x (1) T4WuidS = 1S 021
G211 aL 09

7o l2a (*6/(1)93d075) 29022 (°GL/Y
(1) 3Ww93S)=1S7T (02° *19° (1) 93d407S *al* *Uut *19° (1) 13IW91S) 41
02T 0L 09 (02° *37° (1) 934015 °*UnNv® *0uw *47° (1) T4Ww93S) 41 &Il

T
J
J

%000 39vd 22/7L1/01 ve2GL = 3Lvd Nlvw 2 73nd

LZANY
€210
221v

1210

02t
6110
LAREY
L1T0
9110
STTo
2110

ello
2110

R
otTto
6010
8010
L0010
9010
S0Tv
%010
€010
2010
1oto
0010
6600

8600
1600
9600
5600
%600

€600
2600

[e00
0600

9 Al NVHLAOAS

C-4



353

o)
<

At = LM Ep S D1 Lo el wad . <
)
B e i - - S S \
4 Z1
7t o o e o e o e o i e o 0 7 7 S A 2 e 0 S e 0 e )
J
i}
THT [avA b
UOTHA4 NUTLOOaLSNDD R
HAAO IV HAd SOHAVA D1HNT wl SS0T=-110% AL vwT1SS 410710 W0 )
2
J
(WeTHINUAYIST T = (wedHINGw) 2SI = D 0wl
SHT 0L 09
*T =0 4GuLl
Syl 0L 09
(WeIHINOW)ISIT ¢ 1D = O
(re THINOW) ESTTY = 20 = 1D 01
OHT*GLT 0L T (THLINON=ZHINOW) 41
€ = w (9 “03° JSIQ *H0® G "03° 1Siy "w0* % *04° 1510) 31
2 = W (L *63° 1SI1yg *40° € *04° LS1) 41
T = W (8 *03° LSIO °*¥0°* 2 *u3° 1SIU *80° 1 *03° 1SIMm 4l
U!«.IR"IIIDIl‘illl...ll.l'lllll....tiilIlll!llla....(!:,llllllllll.»l...ilt llllllll lllll!lllu
0
)
I=(S)IAMHvIavA 2
J3SN 3V ASIT AVHHY 40 9€-G2 SiNIWIN3 4HL 0
NI0A4NS 40 OHOEMITHICIH A ONOWHI T H=ST 300D LOI81STG 41 J
CQ3SN 3NV L1SIT AVAHYEY 20 %2-ET1T SLHIANINT gHL 2
GHAEHINAT 20 A34347110~-S1T 3600 101491510 41 9]
Q3SA 3HVY LSITY Avddy 40 21-1  SINIWIT3 441 ]
TFOLSTHA H0 WITWS*NOINNY (S-S F00D 1D1aisiu 41 J
(1SIT1) AveHY 3KL ONISA LSITT vivd wWOdd vAVO ONLUOVH4 AR NOSVES H04 1snrdy 3
J
Pl
Usuin.ll.:lillllali!!eiléalii!iziz(lil\tliﬁﬂlh(sl...l! lllllllll e - e w n n tr 2is - s > " n 8]

(ree®L4s = He =
3YXGI ) LV 0109
0G4} 3L AR
(2944¢ = 390V #3d SNOL ml SSCI-110S MYANNY=9E XY Luwalds 6009
Fr9) Fllaw
v o= i¥® = H (6l

) e 0 e 2 o 0 B 2 2 2 2 2 S e o o e e e )

¢ 340V H3d4 SOHVA DIHND N

vV (&

2

H={(5) 3THY I EVA 2

SAXvYA 21803 NI (5S07 WWNRNY) NI # 44V INDIv) 3
J

D o e 0 S T Tk e e e e )
(1)87T » 4NVAX = T3TVAH = [V
(1)YST « ANTvAHS ANTVAH = v G591

T (S) ATNHY I ATA S

22/7L1/01 vE25L = 3Lva NIy {2 T4a37

Ivlu
ovlo
6E€T0
BETu
LE T
9t 10
Se 10
7e 10
(3]
2l

e[
ogtv
[ragy
8210
LZiu

9210
G210

9 AL N9HLAGS

C-5



2454

3

P

PR T 1510

(2°L3% = (IM3IAF HHO/HAZ wGa4 SMOL)Y 5SSO wnnds dlisdisesmeac (70 4 umgw Il
2T tumdgral 4l e 5910
(/%2°%[ 4% = wE*0i -
I83d NOILDNHISNOD ONI»NG 1SO7T SGHVA DIAND 30 ~abeadi=280Y 220 qv a~ds S Uy »9{o
€7 (HELSI°S)Y 4ilmm €910
(/%2°0L4% = Sdeviddn BiAvI*Yes) 1vround olus 29l
2(6100%G) a) jrm 19106
£V = wy 0910
tvxv = [9i09°® = 4 6510
Jm=-- -——- - et e ikt e —————— J
J
J
3=(S5) 3I=vIrvA J
S3avidI= NI 1S3edIND 40 w32V JLvIND IVI J
)
J
J- - —————— - - D
(2°L4*% = SIHIV NI 1S3¢3IUINI 40 viAVHPZ*X0G) [VAcD 4 7109 2S10
IviAv (7109°9) ILiAm 1LS10
viav = 0 = €v 9G10
IVinvelv=2v SSio
(*09GEY/°1) & V3uv = 1ViNv 422 *Slo
5 J
J
J
v3nv-(S)ITaviavAa J
S34IV NI 1S3 UINT 40 v3dv 31vIND WD J
J
J
J J
(93SKWNN) TIWI3S = 2Z9ISHNS = V3IgV €sio
3
- U
J
J
VIYV-(S) IVI4VA J
Zaxald NI v3dv 31vINIIV) J
J
J
J J
(I) N3w93S + 29SHNS = 29SmNS  SIZ 2sto
Infrel = 1 G12 0Q is10
*0 = 29SkNS 0sto
Jo=—- - J
2
J
2ASnNS~(S) 3 TIHV]IavA J
SHI9NIT ININO IS LSV 1A44IXT TV wWNS 2
23
J
Jmw——- - - - —————— 2
T - 93SnnNN = IwNN 6410
S22 01 09 (1 *93° 93Swnn) 41 a0
(/7%2°124¢ = 3HIV H3d Su313w DIHND NINHLZ*XIG) LVvWa0d 3109 L¥10
3(4109°9) 31 1am 9%10
9%9L® = 0O = 3 Syio0
=== R Dt et D DL L L Dt ———————— e J
J
9000 39vd 22/7L1/01 %€2G. = I1vd Nivnw [Z2 73A37 9 Al NVALHOA

-6



cO

£

A
(SN

o

IL v34Yy 39VNTIVEU ATETiTNw=1 Tvnn3

(vANYW 0y

JOI ) 4l

(4000 ADNAUTSHrn ND =0mmdnteox Ty praniid 70y
(G659 y) Flimm Gyl
T 0L uY
D o e o o e o e i ———————— -9
J
D
INIWS3IS TUNI A NI G303IN SeHilda+dve 40 434wNN VL0l 3LVINS VD 0
3
2
D e e e e e e e e e )
((ONIJVAS L1003 HYT“E1¢) HSOEIs = SHITHMVH 3T1VH SHY (-
$X0Se/ ¢ (ONIDVAS 1004 HHTeEl*) HG¢ETe = SHITYevVy IIvd EHRT-

$X0S¢/¢ INIWOIS TTYNI 4 NI SHITMHVH 40 A43BWhy WLOLHZHEXEE) LVWa0d G109
ITIXI ¢G3Tvdl °IIxIs€3vdl (S1¢9°*9) ILlum
(S3VHIZ (DISWNN) I3WOISHIXT 4T = ITIXI
(€3WHI/Z(939NAN) 13935 X141 = T1xXI
(S° + °¢2 & 3We)xI4]l = €374l
(6 + v xIdl = S3vHI
(#V = LELT®=)1dXT 2 €2°9 = (o7 & L1° + G°9) = 3¥H
Y/ (93ISWNN) T3W93S = TIX
*00T /7 ((9ASWNN) T3IwW94S = A) = X
(B3SKNNY TIW04S 7/ 00T = 2vdY = A

D e e e e e — )

B)

b)

A=(S) 3T T dVA g)

*14 00T 834 U30TIN (S)H41a8VH AYHLS 40 *ON ILVINI WD 8]

J

J

0 g S
TOdny & 4 = 293MY

e S S SSP—

b

R

2V 4nv=(S) 3IHV1HYA p)

€220A NI 0731A 404 viav = v 317900 79) g

B)

)

Ulli(llll!llll|||Il|l.ll|.ll|lil!{Kll.llllll#t!ltElli..'illllll!...liilblllllllllllllw
n\o -
HLAT*XTGe+emTé/¢] N 3w 3 1 Vv & URiTex2G*r/) LyanG4d 2109
(Z10y*9) 4l iam
PISHDE YY) (VA0 4 T909
Tl (TG JLIaM

(/7%2°04% = (SOMvA JIHND)Y SS07T walls

L0 4uvd 22711701 wE2u, =

v lu
€nlo

FAAN
1810
0810
6L10
8L10
L2110
9,10
SLlu
2L 10
€410

2L10

et
G210

e 10

C-7






	73-R511cover
	73-R511



