STATE OF ARIZONA
DEPARTMENT OF WATER RESOURCES

ENGINEERING DIVISION

State Standard
for

Supercritical Flow

Under authority of ARS 45-3605(a), the Director of the Arizona Department of Water
Resources establishes the following standard for delineation of floodways in riverine

environments with supercritical flow in Arizona:

Floodway limits on streams in Arizona which have supercritical flow, for use in fulfilling
the requirements of Flood Insurance Studies, and local community and county flood
damage prevention ordinances will be determined using the guidelines outlined in State
Standard Attachment 3-94 entitled "Floodway Modeling Standards for Supercritical Flow"
or by an alternative procedure reviewed and accepted by the Director.

For the purpose of application of these guidelines, supercritical floodway modeling
standards will apply to all watercourses identified by the Federal Emergency Management
Agency as part of the National Flood Insurance Program, all watercourses which have been
identified by a local floodplain administrator as having significant potential flood hazards
and all watercourses with drainage areas more than 1/4 square mile or a 100-year estimated
flow of more than 500 cubic feet per second. Application of these guidelines will not be
necessary if the local community or county has in effect a drainage, grading or stormwater
ordinance which, in the opinion of the Department, results in the same or greater level of
flood protection as application of these guidelines would ensure.

This requirement is effective December 1, 1994. Copies of this State Standard and State
Standard Attachment 3-94 can be obtained by contacting the Department’s Engineering
Division at (602) 417-2445.
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Disclaimer of Liability

The methods contained in this publication are intended to be a reasonable way of setting
minimum floodplain management requirements where better data or methods do not exist.
As in all technical methods, engineering judgement and good common sense must be
applied and the methods rejected where they obviously do not offer a reasonable solution.

It must be recognized that while the criteria established herein will generally reduce flood
damages to new and existing development, there will continue to be flood damages in
Arizona. Where future-condition hydrology (which considers the cumulative effects of
development) is not used, future development will probably increase downstream runoff
which may result in flooding. Unlikely or unpredictable events such as earthquakes or

dam failures may also cause extreme flooding.

The Arizona Department of Water Resources is not responsible for the application of the
methods outlined in this publication and accepts no liability for their use. Sound
engineering judgement is recommended in all cases.

The Arizona Department of Water Resources reserves the right to modify, update or
otherwise revise this document and its methodologies. Questions regarding information or
methodologies contained in this document and/or floodplain management should be
directed to the local floodplain administrator or the office below:

Engineering Division

Arizona Department of Water Resources
500 North 3rd Street

Phoenix, Arizona 85004

Phone: (602) 417-2445
FAX: (602) 417-2401

SSA 3-94 1 November 1994
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Introduction

The National Flood Insurance Program (NFIP) regulations define a floodway as the
floodplain area that must be reserved to discharge the base (100-year) flood \yithput
increasing the water surface elevation by more than one foot. This NFIP criterion
assumes that streams flow at subcritical' depth, such that a decrease in floodplain width
results in an increase in the flood water surface elevation. However, in high-velocity
streams flowing at or below critical depth, a decrease in floodplain width may result in a
decrease in water surface elevation. Therefore, the hydraulics of floodway determination

for streams with high velocity flow is more complex.

In Arizona, many streams flow near or below critical depth. Steep, bedrock streams may
be supercritical at flood stages. Many alluvial streams flow at or near critical depth.
Application of subcritical floodway modeling standards to supercritical or near-critical
flow may result in unacceptable increases in flow velocity or unsafe encroachment, and
may expose future and existing development to excessive flood hazard. '

The Arizona Department of Water Resources (ADWR) has established guidelines to be
used when modeling floodways for supercritical or near critical flow in Arizona.
Accurate floodway delineation for supercritical flow requires special procedures. This
document describes the guidelines for modeling types of supercritical floodways for Flood
Insurance Studies and floodplain management. In addition, special cases of supercritical
flow are described and illustrated in example applications of the guidelines.

When to Apply Guidelines

The guidelines described in this document are to be used for all detailed Flood Insurance
Studies and floodplain management applications on streams with supercritical flow in the
State of Arizona. These guidelines for supercritical floodway modeling should be applied
to streams or stream reaches? which meet any of the following criteria: ,

° A subcritical HEC-2 model of the stream (non-floodway run) defaults to
critical depth’ at three consecutive cross sections, or at 40 percent or more
of the cross sections in a reach, or

! For definitions of the terms “eritical, " "subcritical, " and "supercritical, " see V. T Chow, 1959, Open

Channel Hydraulics, McGraw Hill Publishing, New York, or R.H. French, 1985, Open Channel Hydraulics,
2nd Ed., McGraw Hill Publishing, New York

2 A reach may be defined as section of a channel or stream which has similar hydraulic or geomorphic

characteristics, such as vegetation, roughness coefficients, area of conveyance, channel geometry, and/or

channel slope. Within a reach, cross sections are relatively uniform.

* The presence of critical depth should be determined from detailed HEC-2 output, not from the list of

error messages at the end of the HEC-2 output printout.

SSA 3-94 1 November 1994



A subcritical HEC-2 floodway run indicates that the encroached water
surface elevation decreases at three consecutive cross sections, Of 40
percent Or more of the cross sections in a reach, or

Sound engineering judgement indicates supercritical floodway standards
should be applied.

Special Cases of Supercritical Flow

Guidelines for five special cases of supercritical floodway problems are described and
illustrated. The five special cases are:

SSA 3-94

Bank Station Designation. In some cases, the location of the channel
bank stations may not be obvious. Because floodways may not encroach
within the channel banks of a stream accurate definition of the channel
stations is important for floodway modeling.

High- Velocity, Near-Critical Flow. HEC-2 may become computationally
unstable at depths near critical depth, and default to critical depth, even
where critical or supercritical depth do not occur.

Channelized Supercritical Flow. Where supercritical flow is confined
within the designated channel banks, the floodway and floodplain widths

are identical.

Composite Flow. Composite flow occurs where both supercritical flow
and subcritical flow are present within a single cross section.

Braided Flow. Supercritical flow on braided streams is usually a special
case of composite flow, or a case of floodway delineation around islands.
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Modeling Guidelines

Appropriate modeling procedures for supercritical floodway modeling may not .be
intuitively obvious, may require advanced knowledge of hydraulics, and may require
minor adjustments for site specific variables. In this document, it is assumed that HEC-2
will be used for floodway modeling. In practice, any hydraulic model which meets local,
state, and federal criteria may be used. Modeling guidelines are outlined below.,

General Guidelines

These procedures apply to all cases of supercritical floodway modeling outlined in this
document. Specific requirements include: _

SSA 3-94

Subcritical Profile. Floodway limits should be determined in the
subcritical flow regime when using the HEC-2 program, as required by
current FEMA guidelines, regardless of the actual flow regime.

Energy Grade Line. Floodway limits for near-critical or supercritical
flow will be determined using the rise in the energy grade line (rather than
water surface elevation) caused by encroachment. This corresponds to
HEC-2 encroachment method #6.

Bank Station Limit. Floodway limits may not be located inside the
channel banks, except in entrenched channels where the entire base flood is
contained within the channel banks.

Floodway Velocities. The following comment should be added to the
Flood Insurance Study floodway tables when the supercritical flow
conditions are present: "Supercritical, or near-critical, flow conditions may
exist at the cross sections listed above. The floodway velocities or other
velocities shown in this Table should not be used for design purposes,
unless an engineering analysis indicates that subcritical flow conditions are
present at appropriate cross sections. " :

Floodway Velocity Determination. Velocities for design and floodplain
management purposes should be determined using the supercritical flow
option of HEC-2 or an equivalent model. Design velocities should reflect
maximum encroachment limits determined using the procedures outlined in
this standard.

Perched Flow. These guidelines do not apply to perched flow, except
when the perched flow is modeled separately from the main channel
floodway. Perched flow originates along well defined channels where
overbank flooding becomes separated from the main flow path, and
develops hydraulic characteristics unique from the main channel.
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o Roughness Coefficients. Manning’s *N" values should be carefully
selected for streams with steep slopes which experience supercritical flow.
Manning’s "N* values for low gradient streams may not apply. Guidelines
for determining "N" values on steep streams are given in Jarrett (1984,

1985).

Channel Bank Designation

In many cases, it is obvious where channel bank stations should be located. Key
indicators include the grade break between the bank slope and overbank floodplain, the
change in vegetative density between the channel bed and riparian area, or the geomorphic
characteristics of the stream. Where channel banks cannot readily be identified from
topographic and other data, the Corps of Engineers (1988) definition of channel banks*
should be used. The Corps defines the channel banks (or the beginning of the overbank
area) as the point where depths become less than 3 feet and velocities become less than 3
feet per second. This bank definition may also be used as the starting point for floodway
encroachment modeling. It is necessary to perform an initial HEC-2 run to obtain a
velocity distribution in order to apply the Corps bank station definition. Subsequent runs
will be necessary to refine floodway limits.

For supercritical floodway modeling channel bank stations should be identified using the
following:

o Topographic/Geomorphic Data.  Grade breaks, vegetative and bed
sediment characteristics, and channel shape usually help identify bank
stations.

. Hydraulic Data. Where bank stations cannot be identified from
topographic or geomorphic characteristics, the bank station (or the
beginning of the overbank) is defined as the point closest to the center of
the channel where: :

depth = 3 ft., and
velocity = 3 ft/s

Example 1: Hlustrates Channel Bank Station Designation.

High-Velocity, Near Critical Flow

For streams which flow at or near critical depth, the HEC-2 model may be
computationally unstable. Therefore, the modeler should use a optimal number of cross
section and data points, as well as verify the accuracy of energy loss coefficients used.
HEC-2 critical depth messages may be an indication of unstable modeling, rather than
supercritical or critical flow depths. HEC-2 models generally may be regarded as stable

4 Channel bank definition is intended only for floodway delineation purposes.
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if the velocity head is less than 1/3 the flow depth®. Where possible, near critical flow
models should be calibrated to measured highwater marks.

The following are floodway modeling guidelines and stability tests for high velocity, near
critical flow, which supplement the general guidelines outlined above:

. Velocity Head Criteria. Compare velocity head and channel depth for
channel sections within the stream reach. If the velocity head is less than
1/3 the flow depth (subcritical profile) or greater than 2/3 the flow depth
(supercritical profile), the model may be regarded as stable.

o Additional Cross Section Points. Compare channel geometry described
by ground reference (GR) points relative to upstream and downstream cross
sections. Remove or add points to achieve an optimum number of points
which accurately describe the section and reach geometry.

. Energy Loss Coefficients. Test the sensitivity of the model to variation in
energy loss coefficients, such as Manning’s roughness coefficients ("N"
values). Check model to determine if coefficients selected reflect factors
such as bed form roughness, sediment transport, channel slope, and flow
depth, as well as bed sediment size, channel shape, and vegetative

obstructions.

o Calibrate. Obtain high water marks from the channel, where possible, and
calibrate computed water surface elevations to the high water mark profile.
If an independent estimate of the peak discharge is available, the model can
be calibrated using the known discharge as well as the highwater marks.

. Additional Cross Sections. Insert new Cross sections to determine if flow
is actually supercritical or if the model is unstable due to insufficient data.

Example 2:  Ilustrates Procedures and Ouipw From a Near-Critical Water Surface
Profile

Channelized Supercritical Flow

For confined supercritical flow (no overbank flow), floodway (encroachment) modeling
should be abandoned. The floodplain limits should be regarded as the floodway
boundaries. In some cases, the floodplain limits may be within the channel bank stations

defined for the HEC_—Z model.

Example 3: Illustrates Two Cases of Channelized Supercritical Flow,

* Corps of Engineers, 1988, "Floodway Determination Using Computer Program HEC-2," Training
Document No. 5, Prepared by Vern Bonner, Hydrologic Engineering Center, Davis, California, January,
1988, p. 70.

SSA 3-94 5 November 1994



Composite Flow

For composite flow situations, with supercritical flow in the channel and subcritical or
near critical flow in the overbanks, floodway definition may be possible. However, the
modeler must ensure that overbank flow modeling is computationally stable using
procedures described above. A procedure described in Schoelthamer et. al. (1985) i1s
recommended to determine if composite flow exists. Schoellhamer’s procedure involves
determining "subdivision Froude numbers” for subdivisions of a cross section. Cross
section subdivisions may be the right overbank, left overbank, and main channel, or may
be further divided by areas with similar "N" values or by cross section geometry. For
cross sections with composite flow, portions of the section will have subdivisions Froude
numbers greater than one, and other portions will have subdivision Froude numbers less
than one. If composite flow exists and the model is computationally stable, then the
floodway may be delineated by assuming the floodway limit is located where overbank
depths exceed 3 feet and velocities exceed 3 feet per second, or by applying the guidelines
for high-velocity, near critical flow. »

The following guidelines are to be used for floodway modeling of composite flow, in
addition to the general modeling guidelines outlined above:

. Composite Flow. Use the method of Schoellhamer (1985) to test for the
presence of composite flow. It may be necessary to request a trace
(J2.10=15) in the HEC-2 input file to use Schoellhamer’s procedures.

. Depth/Velocity Limit. Determine if overbank depths and velocities exceed
3 ft. and 3 ft/s, respectively. If these limits are exceeded, and if
supercritical flow occurs in the main channel, use the floodplain limits as

the floodway limits.

. Additional Cross Sections. Test the model to determine if critical depth
message result from insufficient cross sections, or from supercritical flow.

Example 4:  Outlines Computations Required to Test for Presence of Composite Flow.

Braided Flow

Application of floodway modeling techniques may not be appropriate for braided streams,
and should be considered on a case-by-case basis. Consultation with local floodplain
officials and federal agencies is recommended prior to initiating a floodway study for a
braided stream. Braided flow, if supercritical flow occurs in flow braids, is essentially a
case of composite flow. Therefore, the guidelines for composite flow should be applied.
Floodway limits should include all of the flow braids (all of the channel area). Where
islands are present between braids, floodway standards for streams with islands should be
followed, in addition to supercritical floodway modeling standards. The Corps of
Engineers floodway manual, referenced earlier, discusses application of the floodway
modeling criteria to braided streams.

Example 5:  Illustrates Maximum Encroachment Limits for Streams with Braided Flow.
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Test Applications

Example 1: Channel Bank Designation

SSA 3-94

Problem Statement. Two channel cross sections are presented in Figures
1 and 2. In Figure 1, channel banks are readily defined by topographic,
vegetative, and geomorphic characteristics. In Figure 2, 100-year channel
bank stations are less obvious, and the depth/velocity criteria are used.
Note that Figure 2 illustrates an example of composite flow.

Objective. Define channel bank stations prior to supercritical floodway
modeling. ’

Discussion. See Figures 1 and 2.
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MINIMUM FLOODWAY WIDTH

O Qw WSEL

RIGHT BANK STATION
LEFT BANK STATION V

FIGURE 1
CHANNEL BANK STATION DESIGNATION
SIMPLE CHANNEL - DEFINED CHANNEL BANKS USING:
1. SLOPE BREAK
2. VEGETATION

(LLUSTRATION NOT TO SCALE)

MINIMUM FLOODWAY WIDTH

FIGURE 2
CHANNEL BANK STATION DESIGNATION

COMPLEX CHANNEL BANK STATIONS DEFINED AS THE POINTS WHERB FLOW DEPTH
BECOMES LESS THAN 3 FI. AND FLOW VELOCITY BECOMES LESS THAN 3 FT/S.

(ILLUSTRATION NOT TO SCALE)

Figure 2 and Figure 2
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Example 2: High-velocity, Near Critical Flow

Problem Statement. Cross sections and a plan view profile of a stream is
shown in Figures 3 and 4. HEC-2 modeling for a stream indicates critical
depth for both subcritical and supercritical profiles, as shown in Figure 5.
Tests for stability are outlined. Floodway limits are determined using the

energy grade line approach.

Objectives. (1) Determine if subcritical or supercritical flow occurs, 2)
determine if HEC-2 model is computationally stable, and (3) determine

floodway limits.

Discussion. The HEC-2 model defaulted to critical depth at three of four
cross sections when a subcritical flow regime was assumed (See Table 1).
According to the guidelines since more than 40% of the sections were
assumed critical, the supercritical floodway modeling guidelines should be
used. A supercritical HEC-2 model also assumes critical depth at three of
four cross sections (See Table 2). Velocities for both runs average 11.5
feet per second (fps). (However, note the difference in channel velocities
computed for the supercritical and critical runs.) Therefore, the profile
qualifies as high-velocity, near-critical flow.

According to the guidelines, additional cross sections should be added,
energy coefficients checked, and the model calibrated to insure that the
model is computationally stable. A check of the HEC-2 model output
indicates that velocity head is less than 1/3 the flow depth for all of the
subcritical run. (However, velocity head is not greater than 2/3 the depth
for the supercritical run. Therefore, the supercritical run may not be
stable.) Additional cross sections were added by interpolation (J1.7=0.1),
but did not change computation of critical depth at surveyed cross sections.
There is no basis for adjusting energy loss coefficients, or no data for
calibration. Therefore, the subcritical HEC-2 model must be assumed to

be computationally stable.

Once the model is checked for stability, the floodway modeling may begin
using the subcritical profile HEC-2 model. Encroachment method 6 is used
to determine the change in energy grade line, rather than water surface
elevation used by method 4, to estimate floodway limits. Encroachment
method 6 will not allow encroachment within the channel bank stations.
Encroachment stations and floodway data are shown in Table 3. For
comparison, floodway data determined using encroachment method 4 are
shown in Table 4. Note that use of encroachment method 4 results in a
narrower floodway, higher floodway velocities, and decreases in floodway
water surface elevation at two of four cross sections. Natural and floodway
water surface elevations are shown on the cross section plots in Figures 4a
to 4d. HEC-2 input files are shown in Tables 5 through 8.

Note: Floodway velocities for design should be taken from the supercritical run, not the
Jfloodway run. Compare Tables 2 and 4.

SSA 3-94
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LANVIE TREAM EXAMPLE 2
SCALE)
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FIGURE 4c
NEAR CRITICAL FLOW
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* HYDROLOGIC ENGINEERING CENTER
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HEC-2 WATER SURFACE PROFILES

1

DAVIS, CALIFORNIA 95616-4687
(916) 756-1104 !
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*

-

* version 4.6.2; May 1991

-

* RUN DATE 26APR94 TIME  11:01:39

ﬁti'tittt.tﬁi*tt.'tti.“*ttt.tm‘.'itt"ttt

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

CRITICAL FLOW

SUMMARY PRINTOUT

SECNO Q CWSEL CRIWS KV - DEPTH TOPWID ALPHA KRATIO QcK VCH FRCH
| - 1.000 10000.00 16.02 16.02 1.09 11.02 1106.85 4.82 .00 5682.49 10.95 .66
§ * 2.000 10000.00 19.38 19.38 1.18 7.38 961.38 3.29 1.00 4759.89% 11.84 .84
* 3.000 10000.00 22.46 .00 .55 8.36 627.57 1.59 2.17  9299.16 6.17 42
" 4.000 10000.00 23.95 23.95 1.61 9.45 514.23 1.59 1.00 8767.24 10.81 76

Table 1. Example #2, Subcritical Flow HEC-2 Run Summary Printout.
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* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
* 609 SECOND STREET, SUITE D

* DAVIS, CALIFORNIA 95616-4687
-

AERRAARE ANV TN A AR T TR TCTCATRTASRE

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

CRITICAL FLOW

SUMMARY PRINTOUT

SECNO
* 4.000
* 3.000
* 2.000
- 1.000

Q
10000.00
10000.00
10000.00
10000.00

Table 2.

SSA 3-54

CWSEL
23.95
19.77
19.30
14.78

CRIWS
23.95
19.77
19.30
16.06

HV

1.61
1.96
1.26
3.94

DEPTH

9.45
5.67
7.30
9.78

TOPWID
514.36
262.07
955.27

1004.69

ALPHA

1.59
1.04
3.25
4.39

KRATIO

.00
1.08
1.06
1.07

QCH
8766.73
$983.10
4819.30
7929.97

(916) 756-1104

VCH

10.81
11.24
12.13
17.84

Example #2, Supercritical Flow HEC-2 Run Summary Printout.
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FRCH

1.00
.87
1.15



HEC-2 WATER SURFACE PROFILES

*
-
* Version
E 4
-

RUN DATE

4.6.2; May 1991
26APR94 TIME

ttﬁittttt.ttttitttttt.ﬁ.*ti’tt“t..t't'i.i.t

08:59:23

."."ﬁ""."."".".‘."'Q.i"."."!

U.S. ARNMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

DAVIS, CALIFORNIA 95616-4687

-
»
* 609 SECOND STREET, SUITE D
*
-

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

CRITICAL FLOW

SUMMARY PRINTOUT

SECNO
* 1.000
- 1.000
* 2.000

2.000
* 3.000
* 3.000
* 4.000
* 4.000

Q CWSEL
10000. 00 16.02
10000.00 16.24
10000.00 19.38
10000.00 19.53
10000.00 22.46
10000.00 22.08
10000.00 23.95
10000.00 24.16

Table 3.

SSA 3-94

CRIWS

16.02
16.24

19.38
19.24

.00
.00

23.95
.00

EG

17.11
18.11

20.56
21.56

23.01
22.85

25.56
26.37

TOPWID

1106.85
339.49

961.38
260.50

627.57
230.00

514.23
130.00

STENCL

.00
650.00

.00
463.87

.00
370.00

.00
330.00

STENCR

.00
989.49

.00
T24.36

.00
600.00

.00
460.00

DEPTH

11.02
11.24

7.38
7.53

8.36

&& 3

7.
9.
9.

HV

1.09
1.88

1.18
2.03

.55
77

1.61
2.21

(916) 756-1104

.*...'-t'."'...ﬁ.'..".".'.*‘t'..'..l

QCH

5682.49
6894 .38

4759.89
5715.21

9299.16
10000.00

8767 .24
10000.00

VCH

10.95
12.96

11.84
13.88

6.17
7.05

10.81
11.93

Example #2, Floodway Encroachment Method 6 HEC-2 Summary Printout.
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CR

ITICAL FLOW

SUMMARY PRINTOUT

SECNO

1.000
1.000

2.000
2.000

3.000
3.000

4.000
4.000

10000.00
10000.00

10000.00
10000.00

10000.00
10000.00

10000.00
10000.00

Table 4.

SSA 3-94

CWSEL

16.02
16.34

19.38
19.35

22.46
22.59

23.95
23.34

CRIWS

16.02
16.34

19.38
19.32

.00
.00

23.95
23.34

Example #2, Floodway Encroachment Method 4 HEC-2 Run Summary Printout.

EG

17.11
18.44

20.56
22.06

23.01
23.24

25.56
26.24

TOPWID

1106.85
276.16

961.38
167.18

627.57
230.00

514.23
130.00

STENCL

18

.00
650.00

.00
487.44

.00
370.00

.00
330.00

STENCR

.00
926.16

.00
654.63

.00
600.00

.00
460.00

DEPTH

11.02
11.34

7.38
7.35

8.36
8.49

9.45
8.84

RV

1.09
2.1

1.18
2.70

.55
.66

1.61
2.90

November 1994
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QCH

5682.49
7227.82

4759.89
6204 .29

9299.16
10000.00

8767.24
10000.00
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T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/38

T3 NEAR CRITICAL FLOW SUBCRITICAL RUN
3 2 .014 .1 3.8

J2 -1 -1 15
J3 38 43 1 2 10 8 4 57 58 14
J3 26 68

J6 1

ar 1 10000

NC .1 3

NH 5 .1 415 .05 650 .03 710 .05 1020 A
NH 1635

x1 1 11 650 710

GR 25 20 18 110 17 415 1% 650 6 675
GR 5 690 6 710 13 710 1% 1020 14 1590
GR 25 1635

NH 4 .1 415 .05 575 .03 640 -1 1250

X1 2 10 575 640 500 500 500

GR 25 30 20 110 20 200 17 415 13 575
R 12 580 12 615 18 640 18 1195 25 1250
NC . .05 .03

X1 3 10 370 600 400 400 400

GR 25 40 22 260 18.7 370 15 420 14.1 500
GR  14.5 530 17.3 560 20 600 22 850 25 875
NH 5 .1 130 .05 330 .036 460 .05 610 .
NH 700

X1 4 8 330 460 400 400 400

GR 26 30 24 130 23 330 14.5 370 15 400
GR 22 460 22 610 26 700

EJ

ER

Table S. Example #2, Subcritical Flow HEC-2 Run Data Input File.
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T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC
T3 NEAR CRXTXCALZFLOU

J1

32 -1
J3 38
J3 26
Jb 1
QT 1
NC

NH 5
NH 700
x1 4
GR 26
GR 22
NC .1
X1 3
GR 25
GR 14.5
NH 4
X1 2
GR 25
GR 12
NH 5
NH 1635
X1 1
GR 25
GR 5
GR 25
EJ

ER
Table 6.

SSA 3-94

43
68

10000
.1
8

11

1635

1

1 2
.1
130 .05
330 460
24 130
22 610
.03
370 600
22 260
17.3 560
415 .05
575 640
20 110
12 615
415 .05
650 710
18 110
6 710

Example #2, Supercritical Flow HEC-2 Run Data Input File.

.001
10

.3
330
400

036
400
330
700

400

.03

415
710

20

.1
4

2 TRAINING WORKSHOP 3A/3B
SUPERCRITICAL RUN

57

370

420
852

415
1195
.05

650
1020

3.8
58

610

15

14.1
1250
13

25
1020

400

500
875

575
1250
.1

675
1590

November 1994



T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/38

T3 NEAR CRITICAL FLOW FLOODWAY RUN ENCROACHMENT METHOD 6

3 2 .014 .1 3.8

J2 1 -1 15
J3 38 43 1 2 3 4 27 28 8 10
J3 14 26

Jé 1

NC 1 3

QT 2 10000 10000

ET 10.6

NH 5 -1 415 .05 650 .03 710 .05 1020 .1
N 1635

X1 1 11 650 710

GR 25 20 18 110 17 415 14 650 6 675
GR 5 690 6 710 13 710 1% 1020 14 1590
GR 25 1635

NH 4 21 415 .05 575 .03 640 .1 1250

X1 2 10 575 640 500 500 500

GR 25 30 20 110 20 200 17 415 13 575
GR 12 580 12 615 18 640 18 1195 25 1250
NC 1 .05 .03 '

X1 3 10 370 600 400 400 400

GR 25 40 22 260 18.7 370 15 420 14.1 500
GR  14.5 530 17.3 560 20 600 22 850 25 875
NH 5 . 130 .05 330 .036 460 .05 610 .1
NH 700

X1 4 8 330 460 400 400 400

GR 26 30 24 130 23 330 14.5 370 15 400
GR 22 460 22 610 26 700

EJ

T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #4 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/3B

T3 COMPOSITE FLOW - FLOODWAY RUN

J1 3 .1 16.02

J2 15 -1 15
ER

Table 7. llgiclamplc #2, Floodway Encroachment Method 6 HEC-2 Run Data Input
e.

SSA 3-94 21 November 1994



T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/38

a
32 1
33 38
J3 1%
46 1
NC

ar 2
ET

NH 5
NH 1635
X1 1
GR 5
GR 5
GR 25
NH 4
X1

GR 25
GR 12
NC A
x1 3
GR 25
GR  14.5
NH 5
NH 700
X1 4
GR 26
GR 22
EJ

T

Table 8.

SSA 3-94

T3 NEAR CRXT!CALZFLOU

43
26

10000

30
460

1 2
.1

10000

10.4
415 .05
650 710
18 110
6 710
415 .05
575 640
20 110
12 615

.03
370 600
22 260
17.3 560
130 .05
330 460
24 130
22 610

014
3

.3

650

17
13

575
500
20
18

400
18.7
20
330

400
23
26

SUPERCRITICAL FLOODWAY STATE STANDARD
EXAMPLE #4 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP

COMPOSITE FLOg -

15

-1

FLOODWAY RUN

.03

415
710

.03
500
200
640

400
370
600
.036

400
330
700

27

710

14
14

640
500
17
18

400
15
22

460

400
14.5

.1

FLOODWAY RUN ENCROACHMENT METHOD &

28

.05
650
1020
.1
415
1195

420
850
.05

370

3A/38

1020

14
1250
13

1.1
25
610

15

16.02

15
10

1

675
1590

575
1250

500
875
.1

400

15

Example #2, Floodway Encroachment Method 4 HEC-2 Run Data Input File.
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Example 3: Channelized Supercritical Flow

SSA 3-94

Problem Statement. Supercritical flow within two confined channels are
illustrated in Figure 6. No floodway analysis is needed, since floodway
limits are the floodplain limits.

Objective. Illustrate examples of channelized supercritical flow.

Discussion.  Encroachment within the confined channel would be
hazardous due to high velocities, the potential to cause hydraulic jumps,
and disruption of channel processes. Current federal regulations prevent
definition of floodway limits within channel boundaries. Also, only a very
limited area within the banks would have depths and ‘velocities less than 3
feet and 3 fps. Supercritical HEC-2 modeling would demonstrate the
presence of supercritical flow at most sections in the reach. Floodplain
limits would be determined using the subcritical HEC-2 profile. Design
velocities should be obtained from the supercritical HEC-2 profile. No

floodway modeling would be required.

23 November 1994



MAXIMUM ENCROACHMENT

BEDROCK FLOODWAY = FLOODPLAIN !
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STATION
LEFT BANK
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' ! . Ly ¥

CHANNELIZED SUPERCRITICAL FLOW
EXAMPLES OF NO FLOODWAY ENCROACHMENT ALLOWED

(ILLUSTRATIONS NOT TO SCALE)

Figure 6
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Example 4: Composite Flow

. Problem Statement. The stream shown in Example 2 is tested for
composite flow. Refer to Figures 3 and 4. Elements of composite flow
are illustrated.

o Objectives. Demonstrate composite flow tests.

. Discussion. The test for composite flow follows the procedure described

by Schoelthamer (1986) and uses equations developed in Blalock (1981).
Copies of articles by Schoellhamer and Blalock are attached. The example
problem is modified from a HEC-2 training problem supplied with the
HEC-2 program, and was discussed in Schoellhamer. The procedure
involves computation of the subdivision Froude number. The subdivision
Froude number describes the ratio of gravitational to inertial forces within
segments of a cross section, rather than as an average of the entire cross
section. The subdivision Froude number is calculated for each cross
section segment to determine if portions are supercritical and portions are

subcritical.

In order to apply the subdivision Froude number procedure, certain
hydraulic variables are required. These variables include the total
discharge, the energy slope, the topwidth, the left and right end stations of
flow, the water surface elevation, cross section conveyance, and total flow
area. For the subdivision sections, many of these variables are listed in the
detailed output summaries in the HEC-2 output. A trace was requested in
the HEC-2 input file (J3.10 = 15) to obtain hydraulic variables for each
subdivision of the cross section. Variables requested for output are shown
in Table 1 (See Example 2).

The basic equation for subdivision Froude number is:

0.5

|4 dK dK y?
F, = b &[Ki——'—K,——-")+ViTi _ i da : where:
84, K‘2 dy dy 2g dy
F, = subdivision Froude number, dimensionless
a = velocity coefficient alpha (Coriolis coefficient)
V; = subdivision velocity, ft/sec
g = gravitational acceleration, ft/sec?
A, = subdivision area, ft*
A, = total cross section area, ft?
P, = total cross section wetted perimeter, ft
P, = subdivision cross section wetted perimeter, ft
T, = subdivision topwidth, ft
Q. = discharge within total cross section, ft*/sec
K, = conveyance of total cross section, ft*/sec
= (1.49/n)ARY ; where:
n, = Manning’s roughness for total section

R, = hydraulic radius, ft for total section
= A/P,

SSA 3-94 25 November 1994



subdivision conveyance, ft'/sec

(1.49/n)AR> ; where:
n, = subdivision Manning’s roughness
R, = subdivision hydraulic radius, ft
= A/P;
dK/dy = derivative of subdivision conveyance
= 0.33(K/A)[5T; - 2R, dp/dy] ; where:
dp/dy = measured directly, see Blalock (1981)
dK/dy =derivative of total conveyance
= 0.33(K/A)[5T, - 2R, dp/dy] ; where:
dp/dy = measured directly, see Blalock (1981)
da/dy = derivative of the Coriolis coefficient

= AXS/K? + s,QAT/K - A’syK) ; where:

7
o

s, = [(&/A)’ (3T;- 2R, dp/dy)]
s, = (KYAD)
s; = [ K/A) (5T; - 2R, dp/dy)]

Subdivision Froude numbers were calculated using the equations shown
above for the example cross sections, as shown in Tables Sa-d. Unreal®
values of the subdivision Froude number indicate subcritical flow.
Composite flow was found to exist at each of the sections in the example.

Floodway computations performed.

Unreal, or imaginary numbers, occur when the main term of the basic subdivision Froude number is
negative. The square root of a negative number is unreal.

SSA 3-94 26 November 1994
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Example 5: Braided Flow

SSA 3-94

Problem Statement. Figure 7 illustrates a braided flow situation which
may or may not have supercritical flow. Maximum floodway limits are

defined by the location of flow braids.

Objective. Illustrate maximum floodway encroachment on a braided

stream.

Discussion. Since floodway limits cannot be located within designated
channel bank stations, the minimum floodway width is the distance between
the most distant flow braids. Substantial floodway widths may be defined
using these guidelines. For this reason, floodway modeling of braided flow
areas should be discussed with local floodplain administrators and review
agencies. Where flow braids are separated by significant land areas not
inundated by the base flood, modelers should refer to state standards for

floodways around islands.
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L MAXIMUM ENCROACHMENT

FIGURE 7a
BRAIDED FLOW

PROFILE

FIGURE 7b
BRAIDED FLOW

PLAN VIEW

MAXIMUM ENCROACHMENT AT MOST EXTREME BRAIDS
(LLUSTRATIONS NOT TO SCALE)

Figure 7
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SuBDIVISION FROUDE NUMBER

By David H. Schoellhamer,’ A. M. ASCE, John C. Peters,?
and Bruce E. Larock,® Members, ASCE .

INTRODUCTION

The standard step method calculates one-dimensional steady state water
surface profiles by iterating upon the equations for energy conservation
and head loss between adjacent cross sections (3). These calculations
begin at and proceed away from the controlling boundary cross section.
If the flow regime is subcritical the calculations proceed upstream from
the downstream boundary, and if the flow regime is supercritical the
~ calculations proceed downstream from the upstream boundary. But this
procedure must in some sense be invalid for compound sections in which
both flow regimes may occur in different portions of a cross section.
Usually when this occurs, the flow in the main channel is in the super-
critical regime and the flow in the overbanks is in the subcritical regime
(6).

The development and testing of a subdivision Froude number with
which the flow regime in each of the three major cross-sectional sub-
divisions (the two overbanks and the main channel) can be identified is
described. This Froude number is compatible with HEC2, a widely used
model that employs the standard step method (3,4). The determination
of a Froude number for each flow subdivision can enhance the engi-
neer’s ability to evaluate the validity of a one-dimensional analysis.

Froupe NUMBERS

The Froude number indicates the flow regime. A value less than one
indicates subcritical flow, and a value of greater than one indicates su-
percritical flow. The simplest definition of the Froude number assumes
a uniform velodty distribution so that

in which F = Froude number; V = mean velocity; g = gravitational ac-
celeration; and D = hydraulic depth (area divided by top width) (5). A
Froude number that considers a nonuniform velocity distribution is -

172
F=V _a_) ' _ )
(&) e

'Research Civ. Engr., U.S. Geological Survey, Gulf Coast Hydroscience Center,
Building 2101, NSTL Station, Miss. 39529; formerly Grad. Student, Univ. of Cal-
ifornia, Davis, Calif.

Hydr. Engr., The Hydrologic Engrg. Center, Davis, Calif. 95616.

*Prof., Civ. Engrg. Dept., Univ. of California, Davis, Calif. 95616.

Note.—Discussion open until December 1, 1985. To extend the closing date
one month, a written request must be filed with the ASCE Manager of Journals.
The manuscript for this paper was submitted for review and possible publication
on February 27, 1984. This paper is part of the Journal of Hydraulic Engineering,
\I\,IOL 119181é6No. 7, July, 1985. ©ASCE, ISSN 0733-9429/85/0007-1099/$01.00. Paper
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in which a = Coriolis coefficient. Petryk and Grant (6) developed a Froude

number that is the discharge-weighted average of the simple Froude
number of Eq. 1 within every subsection. Blalock and Sturm (1) derived

a composite Froude number that accounts for the variation of the Cor-
iolis coefficient as a function of the water surface elevation.

Froude number is related to the slope of the specific energy curve.
Both Henderson (5) and Blalock and Sturm (2) show for their Froude

numbers that

— = L = P 3
» ©)
in which E = the specific energy

2
E= oyt 4

and y = depth. Therefore, when the slope of the specific energy curve
is positive, the flow is subcritical, and when the slope is negative, the
flow is supercritical.

SuspIviSiION FROUuDE NUMBER

A problem in developing a subdivision Froude number is that the dis-
charge in a subdivision is dependent on the water surface elevation.
Therefore the two simple Froude numbers that are defined by Egs. 1
and 2 are not appropriate for subdivisions of a cross section. Consid-
ering subdivision discharge to be a function of the water surface ele-
vation also invalidates the Froude number of Petryk and Grant (6), which
Blalock and Sturm (1) showed was inaccurate. Blalock and Sturm’s (1)
composite Froude number is accurate for an entire cross section, but it
is not accurate for subdivisions because it also fails to consider the change
of subdivision discharge with water surface elevation.

A subdivision Froude number which allows the discharge to vary with
the water surface elevation can be derived from the definition of specific
energy. The derivative of specific energy in a subdivision with respect
to depth is taken, and both the Coriolis coefficient and the subdivision
velocity are assumed to vary with depth. The derivative is substituted
into Eq. 3 to arrive at the expression for the subdivision Froude number

v dK _ dK Vv da)'?
F:{H[%(K”——K—ﬁ)ﬁ-VgT,{l——ﬁﬁ ............. (5)
gAu LK dy dy : 28 dy |

in which V., = subdivision velodity; A, = subdivision area: Q = cross
section discharge; K = cross section conveyance; K,, = subdivision con-
veyance; and T, = subdivision top width. The derivatives of subdivision
conveyance and Coriolis coefficient are given elsewhere (1,7). The com-
plete derivation of Eq. 5 is given by Schoellhamer (7).

Blalock and Sturm used the same approach to derive their compound
Froude number and showed that it was in agreement with experimental
results (1). They later stated that use of a celerity that is derived from
the method of characteristics produces the identical Froude number (2).
Because the compound and subdivision Froude numbers are very sim-
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ilar, the method of characteristics would also be expected to show that
the subdivision Froude number is correct. In addition, testing shows
that the subdivision Froude number is compatible with both the velodty

and the specific energy that one finds in a subdivision.

TesTing SuspivisioN FROUDE NUMBER

The sample trapezoidal cross section of Fig. 1 was initially used to test
the subdivision Froude number (7). Five flow rates were tested—100,
1,000, 5,000, 10,000, and 50,000 cfs (1 cfs = 0.028 m*/s). These flow rates
represent extremely low flow, critical depth in the main channel, mul-
tiple critical depths, critical depth above the main channel, and ex-
tremely high flow, respectively. Each flow rate was tested over a wide
range of depths. Two subdivision Froude numbers were calculated, one
for the main channel and one for the two identical overbanks. In ad-
dition, both the spedific energy (Eq. 4) and the derivative of the spedific
energy were calculated in both subdivisions.

The results of applying the subdivision Froude number to the main
channel are very good. For the three largest flow rates, the subdivision
Froude number correctly indicates the depth at which the specific energy
in the main channel is a minimum, as shown in Table 1. The subdivision
Froude number is also compatible with the calculated specific energy for
all depths, thus demonstrating the validity of the energy approach used
to derive the subdivision Froude number.

The results of applying the subdivision Froude number to the over-
bank are quite interesting. As shown in Table 2, when the depth in the
overbank is very shallow, less than 1.3 ft (0.40 m) for this cross section,
the derivative of specific energy with respect to depth is greater than
one. This occurs because the velodty head in the overbank increases
with depth up to 1.3 ft (0.40 m) and decreases for greater depths. And
because the velocity distribution in the overbank is nearly uniform, the
velocity behaves like the velocity head. The increase in velocity head
over shallow depths in the overbank is intuitively reasonable.

Because the derivative of specific energy is greater than one, Eq. 3
shows that the Froude number squared is equal to a negative number.
For this condition Eq. 5 shows that

A,d dK A::d d&) dK,d
Ty ==t — = | A i it iiieii et it
st< “* Ky 2ady “ Gy 7 (6)
n=0.08 n=0.03 n=0.08

_ecooreer | s2FEer | 600 FEET J/
\ - > .
1 J 1 1 r l 1 l

6 FEET |\ y
]

70 FEET

FIG. 1.—Trapezoidal Test Section (1 ft = 0.3 m)
1101



TABLE 1.—Subdivision Froude Number, Main Channel Results®

Flow rate (cfs) Depth (ft) Subdivision F E (ft) dE/dy
(1) (2) (3) (4) (5)
5,000 6.5 1.071 7.837 -0.146
6.6 1.049 7.825 -0.100
6.7 1.019 7.818 -0.038
6.8 0.983 7.818 0.034
6.9 0.944 7.825 0.108
7.0 0.904 7.839 0.183
10,000 7.9 1.114 9.555 -0.240
8.0 1.062 9.536 -0.128
8.1 1.013 9.529 -0.027 .
8.2 0.968 9.530 0.064
8.3 0.924 9.541 0.145
8.4 0.884 9.559 0.219
50,000 13.1 1.057 16.686 -0.116
13.2 1.034 16.676 -0.069
13.3 1.012 16.672 -0.025
13.4 0.991 16.671 0.018
13.5 0.971 16.675 0.058
13.6 0.951 16.683 0.096
*1 ofs = 0.028 m?/s, 1 ft = 0.3 m.
TABLE 2.—Subdivision Froude Number, Overbank Results®
Flow (cis) Depth (ft) Velocity (fps) Subdivision F E (ft) dE/dy
(1) (2) (3) (4) (5) (6)
5,000 1.0 0.827 b 1.011 1.003
1.1 0.836 b 1.111 1.002
1.2 0.840 b 1.211 1.001
1.3 0.841 0.010 1.311 1.000
1.4 0.840 0.027 1.411 0.999
1.5 0.836 0.035 1.511 0.999
10,000 1.0 1.655 v 1.043 1.011
1.1 1.672 b 1.143 1.007
1.2 1.681 b 1.244 1.003
1.3 1.683 0.019 1.34 | 1.000
14 1.680 0.054 1.444 0.997
1.5 1.672 0.070 1.543 0.995
50,000 1.0 8.273 ® 2.063 1.278
1.1 8.359 b 2.185 1.164
1.2 8.403 b 2.296 1.069
1.3 8.414 0.095 2.399 0.991
1.4 8.398 0.268 2.495 0.928
1.5 8.360 0.349 2.585 0.878

‘1 cfs = 0.028 m’/s, 1 fps = 0.3 m/s, 1 ft = 0.3 m.

*Imaginary number.
Note: The datum for depth and specific energy is the bottom of the overbank.
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Eq. 6 shows that the range of depths over which the subdivision Froude
number is imaginary is independent of the cross section discharge. This
independence has already been implicitly assumed and is confirmed by
the results.

When the two sides of Eq. 6 are equal, the subdivision Froude number
equals zero and the derivative of specific energy equals one. The depth
at which the derivative in the overbank exactly equals one is the depth
at which the derivative of the velocity head in Eq. 5 equals zero. This
is the depth of maximum overbank velodity head, which for all practical
purposes is the depth of maximum overbank velocity, as verified by Ta-

ble 2.
Thus an imaginary subdivision Froude number indicates that the ve-

locity head is increasing with depth, and therefore the depth in the
floodplain is relatively shallow. For this condition it can be concluded
that the flow in the overbanks is subcritical because the derivative of
specific energy is positive. An imaginary subdivision Froude number may
indicate that the overbank flow is too shallow to be modeled properly

by the standard step method.
Five test problems containing 193 cross sections were run with a mod-

ified version of HEC2 which calculated subdivision Froude numbers. The
first test problem was the Red Fox River, which is a problem used by
the Hydrologic Engineering Center in training courses on HEC2. Four
other test cases were chosen from the test data that is provided to users
with each copy of the program (4). These tests (numbers 1, 5, 14, and
15) provided a wide variety of both natural and artificial cross sections.
Of the cross sections tested, eleven had a mixed flow regime and 36 had
at least one imaginary subdivision Froude number.

CONCLUSION

A subdivision Froude number has been developed and tested. A
knowledge of the magnitude of the subdivision Froude numbers im-
proves the engineer’s ability to identify mixed flow regimes and shallow
floodplain flow, both of which invalidate the assumptions of the stan-
dard step method. A two-dimensional analysis is probably more appro-
priate in these circumstances.
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ApPPENDIX ll.—NoTATION

pt:f<?10§)7<50o -nmbébtb-

The following symbols are used in this paper:

cross section area;

subdivision area; ‘ )
hydraulic depth (area divided by top width);
specific energy;

Froude number;

acceleration of gravity;

subdivision conveyance;

cross section conveyance (sum of K's);
subdivision discharge;

cross section discharge;

subdivision top width;

mean cross section velocity;

mean subdivision velodity;

water depth; and

Coriolis coefficent.

1104



669

00108 /6690-9000/ 18/ X96L-thiy
NSSI 1861 '2Unf ‘9AH "ON ‘L0l "IOA ‘FOSVQ ‘s123utfug pa1) Jo 13120 TedLawy

oYy jo suip23d01d ‘uoisiAlg SOMNRIpAYY Y1 Jo juinof 3y Jo ued st saded siyy ‘086

‘g7 1aqwai1dag uo uoneajqnd 3|qissod 10) m21A21 Joj pannuqns sem (dudsnoepy 308y

'SUOIIEINIGNR |RBOISEJOIJ PUT [EDIUYIA L JO JoTRuujy 3) Y1 Pajy) 3G 1snul 1sanbal ualjiim
‘yiuow 2u0 18P TUISOd IY) PUIXI Of “1g6] ‘| 19quaAoN [liun uado uoIsSNISIG— 30N
TLEC0C D ‘muspy yoal jo ‘isuf wrfiosn CH1Fug A1) jo jooyds ‘'joid Issy

‘TEE0E TD ‘MmuTpy 'god] Jo isuy ._m.o.ou

'mOjja.§ 5,1UapIs3sd AJauilo) v ‘musy *A3aing [edifofoan saimg paun ..m_uo_o:i:_

ues laquinu apnoi g [puusyd-punoduwos pasodosd sy ‘sjauueyd uado punoduo;
ut moyj 10j A313u3 Sydads wnwuiw jo sjutod JO IdUIINIO0 Y SIAYhudp
A[1921502 Yd1ym J2GUINU IPNOIJ [duueyd-punodwiod B jo uoligjnuiioj jednkjeue o
juasaid o) saded siy) jo asodind ayy st 3} "A313ud dy1dads wnwiaiw jo siued
omi i swesdeip £319ua-o15103ds 9onposd yorym satnawosd puueyd-punoduos
awos 21w 219Y) ‘uonippe uj ‘A813ud oypads wnunmw jo yuod Y e Yiday

jeanud 31edipul 1ou op A|jB19usd 12qWnu Ipnolf Yl jo suoniuyIp Arewoisny -

‘3wosajgnost 2q ued (sjPuusyd punodwod) molj uie(d-pool] 10 UUQIIAO Yk
sjouuwyd 01 (1dap [BINILID JO UONBUIWIAIAP Y 1BY) MOYS (6) UeID pue 3ANayg
‘s{auueyd a3suresp pus uonedu jo
ugisop 2y puv ‘SIINSEIW [03jU0d POO JO UONENnjeAd ‘suonhedul|ap ute|d-pooy
FuiAjoAU; SUOIIEBNISIAUL $30IN0SII 131em Jo ped jesdajul ue 218 suoheindwo
ajjosd aoejins-191ep Moy pauwA Ajjenpeid ‘Apeais ul soj1joid adejins-Iaiem jo
uonmindwod 10j uonipuod Arwpunoq ay) aplaold Keur Yorgm JONUOD [UURYS jo
adky auo s1 1] ‘s1eauiBus oynespAy o) dusirodw [ednoeid 2jqesIpISUOd jo #1
A359u3 oij1o9ds wnwiulw PIBISOSSE 511 pue Yidap [Ed11110 JO 3DUILINDD0 Y]
‘moy [eanaogns 10§ Ajun uey) §S3) put
{eanusasadns 1oy Aiun ueyy 3318213 st 1aquinu Ipnoid Y1 JO dnjea gy
‘yidap feont1d 18 Aiun Jo anjea e Juiaey 13quinu IpRoIJ B JO UOHIULJIP Iy Of
asu s9A18 A359ud Oyyoads winwiUj JO UOLIBIIPISUOD [EdlBWIIRW Y (yrdap
jeonud) wnwiuiw sy A31oua oywads yowym e Yidap Yy uey) ss3| 1o el
Ajaanoadsas are 12y syidap mop Aq paysinunsip ‘soundal moy) [esnnoiadns
pUE |BONLIIQNS OlUI moy) [3uueyd-uado jo uonedisse|d B 0} SPE3] 1] “WoNX
jpuusyd 3y) aaoqe auy apwid A31aus oy jo 1Ty Y 58 Moy {auueyd-uado
jeuoisuawip-auo 10j pauap st AT1aud oydadg ziel ul (1) Jddwyyeq g
pasnposul sem Yoiym ‘A813u3 o1j193ds jo 1daouod 3y) Aq papie pue parjue)d u3jos
sdipund £853u3 2yy jo uoneaydde 2y Ag moyj jauueyd uado jo sisAjeuy

moy)

NOILONAOYIN

I I VI AL EL) Y £113] pue JOSV "W ‘Wo0lE[d F MW g
TANNVHD) NIdQ
ANNOJIWO)) NI ADYANF D14123dS WNWINIA

9AH

1861 INNT {140

Xy




12U2 D11173dS Y1 173(J21 0} PAIRINWIO) 3G PINOYS JIGIINU IPNOI ] Y1 ‘Apreapy

‘K31ous Sjidadg

ey jo 1d3duod sy wosj Pa210AIp s1 pue Kleijqie jeymawos $$3]9Y11aAsg

i dap jeanuo jo anjea 3uo Ajuo Futkjnuapr Aq sy Juiop w mvuouui.

jwnu apnoi4 pasodoid nayy yEnoyly ‘smoy jsuueys-punodwos K3130y
132ds wowiuiw Jo siupd 0m) Jo 25u31IN300 BY) YUM PI1EIdOSSE n.EoSoa
sjoneindwod ay) IJeulWd 0) JIPIO Ul UOIIEIOQOIIOd jeiuatuLads oy m
quinu apnoid paiyBiam-adreyosip e pasodosd aaey (g) uern pue u;:um.
“A315u2 d1123ds wnwiuiw jo Yidap 2y) IUIWIANSP 0) dunnol v sa1e10diogy;
213014 2]1J014 308JING 121BM SDS( 241 JO LOISIIA 13le] ¥ "swdjqoid uE_wu_,sou
yissod sayynuapt reyy ey Juiusem e 13yiel Inq ‘J13quinu spnoig ann e 3q o0y
quinu 3pnoJ4 Xapul 3Y) I1IPISUOD Jou S0P SOSN YL ‘suonenw Juiaey se
21u30031 05(€ 1 11 ING 'UOLIDIS SS01D 21IU3 Y1 Jo IwiBIF moY) Y1 19331 131159
$NHSN 241 Aq 1y8noyy 51 s3quinu apnol xapul oy "oRIeydsIp 15318219 ey
111182 UONDISQNS Y1 JO IIGWNU IPNOI | IY) UO PISEQ 1IQUWINU IPNOIY Xapw
3 jo asn 3y sasodoid (z1) (§DSN) Aaaing _au_mo_OuO S9IBIS Paun ayj ’
234D B S 19quInu apnoiq Yy Fuisn ueyy sayres aunda;
Oy ay1 42343 01 Yyidap aptjord gy Yynum paredwos si K312u3 oij1oads WU
yidap ayf ‘yidap [eonud 0) 350> uonnjos e uteiqo o) sidwane weidoud
1joid 2oejins-131em 1oyl uaym A810ud orjovads wnuwnunw 0y Juipuodsatios
dap a1 10§ saj0s o) wyiuodie ue sjuesard (g) s12awduy jo dion ayy
"A31au3 d1)199ds winunuiw £q
ulwdlap Yidsp jeonuo ayy pue (f "by) 4 Aq pauwuzaiap yidap jeonuo oy
99M13Q 1J 7 SB YONUW SB JO Sa0UIIJIp JO sutem *8'3 ‘(g]) 321A125 UOLIBAIISUOY)
0§ 3Yj 'SjenuUR S 13SN HIY) Ul SANNOHP ISyl dulwexd Kyl pue ‘ioded
Y1 Jo uon3as snoiadad Yy Ul paquUOSIp se sjauueyd punodwod ul SINNIIYJIP
2quinu-apnol.| ayl aziudooas sweidoid ojijoid Ioejins-131em ISn pue uleuIRW
aym satouade (eiapa. oy ‘uteidpool) pue |auueyd ulew Y1 UIIMIaq aBuBYdXI
snjudwow woij Funnsas uonnqusip ssans leays Arepunoq 3y ul sadueyd
o uonesynuenb oy uaaq sey swusawadxa 3say1 Jo sndoj Y1 ing ‘(g'11'g
2)B1IpUN UG JAeY mol) juueyd-punoduwiod jo suonednsaaul A1oleioqe]
noOIWNN pajiuwiy a1e sjauueyd punodwod ul 1oqwinu Ipnol Y Fuiulgap Yum
218100558 swiajqoid 3y} jo suoledNssAul snoiAdLd— Ssuopedyisasu] snojaald

HIBWNN 3aNOH4 amzz<z0.ozzo.&ioo

‘yidap jeonuto seau sy yidap syl udaym
121d200% 2q ued uonenba A319ud Yl jo suonnjos 1931100u) ‘snyf -awidal mol
Yy satenpul K11933103 "4 10u 4 13yidu ‘sjauueyd punodwod Jog “auwsdar moll
BI1110QNS 10 [E21111213d NS 241 UL S UOLINGOS Y1 Y13y 21EDIPUL O] pEIISUL pasn §i
nq ‘pasjos aq o) uonenbs ay) ut seadde jou saop °4 ‘ased sy up Apondx?
paindwod st A313u2 o1j10ads ay) Yaiym ut (9) poyraw days prepuels ayy £q sjpuueyd
einjeu ul paindwod ase sapjoid soejins-1atem ‘¢ by o1 saneusale ue SV

yidap [ednud jenide 3yl o) puodsaliod jou s3op Ul
qidap ® 1® suuyaput 3wossq o1 ¢ 'by Jjo apis puey-ydu sy asned ued 4
JO asn 2y) ‘atowsdyiing "mopj [puueyd-punodwos ur yidap yum o u sadueyd
01 anp st yoym jo uoniod e ‘udop yum A3isus oijoads jo voneurea dyl Jo
uoneI3PISU0I B wolj sasue ¢ ‘bz uiapis puey-1ydi1 oy} uo widj 3y} JO 10jRUIWLOUIP
24 'SUOHEAD[? IDEJINS-I2JEM 1021100Ul O} pe3| [im [suueyd punodwod e Ul

10L T3INNVHI N340 GNNOdWO0D 9AH

“
Jou pauea Ajjenpesd e 01 ¢ "bg jo uoneondde ‘pa1d>3jdau uasq sey jouueyd
o guoje dueisSIp yum snyl pue yidop Yim © Ul uolBLIEA Y)Y dsnedag ‘(L])

g

go onewsud Ajareunxordde ue ‘Kjaaneuiaije Jo ‘PPuueyd apim K194 ‘1y3iens
ue ‘adofs paq jueisuo> e ‘uvonnquisyp ainssaid oneisolpAy e ‘moy [eise]
apnjout ¢ by Suiueiqo ur paajoau; suondwinsse Yl ‘1UBISUOD S| B jey)
M.:QEnmma oY) 0} uonIppe uf ‘sjpuuRyd [RINIEU 0] patjdde aq ued yYoigm ¢ by 105
wmvoooa uonnjos jesuswnu e pasodoid seq (g1) peserd "sulf apeid A81ous sy jo
Yois 2@y = 'S pue ‘jsuueyd i jo adojs paq syl = °g ‘|duueyd 3yl Juoje

.&.qsm_v 01 193dsa1 ynm moy jo yidap ur 28ueyd jo el Y = xp /4p yYowym ul

B dmL
® 's-°% Ap
.ﬂ w10} Juimojjoj oY) ur moyy pauea Ajjenpesd jo uonenba ayi 19pisuo)

Q ‘smo[j jduueys-punodwod ut yidap yim o

p voneuea 3y 3unsd(dau jo 1nsas Yy 3w SANNOYJIP YL ‘yidap [eonud
mou sa[yyoid aoejins-191em 2jndwod o) pasn st poyiow dals piepuels Y udym
voaouus 3q A®W suonNjos 1291105U1 *puosd§ "4 13qwinu dpnoiy Yy Juiajoaul
guoj ® Ut ualtim uohenbs moy pauea Ajjenpeid aY) 3Aj0s 01 pasn e spoyidw
TEuE:u Daym paieiauad a1e SUOIIN|OS 1234100U1 1511 "4 10 4 §13qWINU 3pnol
sm Suisn jo 1ynsas e se sjouueyd punodwods u1 sajjoid moyy pauea Ajjenpesd
Ypeais ‘|euoisuswip-3uo jo uoneindwod Y1 ul Isue swajqoid 1ofew om]
b ‘pa123]95u oq UED UOINIISQNS YIBI UM UOH
...,._n__:m_v Adojan a1 jo Aiwsojlunuou oy} uosyedwod Ag 'SUONIIIS JURqIIA0 pue
pUURYD UIBW U3MIIQ ANDO[IA UBIUI UL JDUIIIHIP a%1e} ay1 st 0 0} uolNgHIUOd
jofew Y1 jey) PaWNSSE UIIJO ST 1 ‘MO[J HUEQIIA0 YHm S|3uuByd jeimeu 104
o A
va T/t .ha@.o

a yidap yim 1ueISued St 0 FUluNSse 19qunu 3pnold 3yl Jo uoniuijap
.w._: ul smojjoj st sieadde o ‘ynsa1 e sy ABsaud oijoads Jo uonuyyap Y ul
M.....Eu_oc‘.oou u011521103 xny A31oua onaury Y pnpoul o} K1ewoisno st
_W_Ea;u punodiod e 104 "MO|j JO E31e [BUONDIIS-SSOID Yl = }/ pue tAnaeid jo

m_.c__su_uoum = § !a3ejIns 1318m 341 jo Yipim do1 3yl = [ ta818yosip = O Yorym ui

; )
—v O T L R R S L R S = nm
) i\ L 0

t Aq pautjap st 4 13qQWINU IpNOI4 Y1 ‘UOHINGLISIP Anoopaa

[BU011325-SS0I3 WHIOjIUN pUE UOLDAS JejnJue|daIuou Jo [Juueyd ajdunts e 104
SIONVIIHISI(] IWIDIY MOIJ-BIGWNYN J0N0oH4

‘13quinu apnor] [puueyd-punodwod
pasodoid ayy Aq swutod asay) Suikjuuspt pue 81203 sij1aads wnwiuiw jo syutod
OM} Jo 25u31s1X3 2y1 Sunensuowsp ‘pajuasdid osje 218 Jwny K101R10Q®] B Ul
Boneduisaaut jeiuawiiadxd ue Jo s)nsai 3y | (L1) moy pauea Ajjenpe1d ‘Apeais jo
Blenbs [RUOISUSWIP-3UO ‘PaIsn A[[BUOTIUSAUOD 1) YA PIIEIDOSSE 3IE Jey) SUoh
duinsse Juikjydunts awes ay1 Aq parwif Ajuessedau st pue ‘(91'¢1's) uoneinduiod
3yoid soejins-131em 10j sweiford 121ndwos Junisixa yum uonsunfuod uy pasn aq

8AH 1864 INNT 00¢




Ap 'p

1) ct — g -5 | —

‘dp "y

'p ,

o« . . . t
: Anﬂ’ W"«b

it}

\‘ sq 1]

C o e e e e e e e e e e AI'I‘\I.:. e n.l...b
1) ") 5 K4 Y1y uy
. Y X 4
) - .. s ~b+.n¥..ulh
oV AVl o2 ¥v wup

$9W003q IANBALIIP Y3 ‘] Xipuaddy iy
moys sy A 01123d531 yum 9 'by Bunenuaiayjip £q paaanyoe 3q ued 4p/op _m
onenjeaqy ‘suohieindwod 3jtjoid 2dejins-131eM Ul pAUNWIIIP A|2Ulinol 3le o) -by
o apis puey-1ydus oyl uo swidy Ay Jo e ‘dp/op jo uondsdxad Y yupy

4p/'dp jo uopen|ea3 1o} yareng uopjuyeg—| ‘Hi4

o -

se g
‘bg woiy pauysp 3q ued ’J rqunu apnol [uueyd-punodwod B ‘910)313Y)
:A312u3 >1j133ds wnunuiw jo juod ay) 1k Kjun sy g "bg jo spis puey-1j3 Yl

) A vt ¥

AOV L S Y L R — [ —_
op O I,0°
:paureiqo s!
uoissardxa Suimojjo) ayy ‘suisa) Juiduesieas £q yeyr pue ‘g = Ap/ pp 1eyi JuloN
P vz 4dp v3 Ap
va P L S S S . . o = + — — — P g——
op 0  rp 0% ar

(p1) seonpoid uonenuasayjip ayi ‘yidsp jo suonduny aie ease pue
y10q asnedag ‘019z 0) [enba aaneAlap ay) Fumas pue 4 01 1dadsas yum p b3
Funeuaiajjip Aq pauieiqo st A319ud oyydads wnunutus jo (siutoed 1o) yutod a4y L

£0L TINNVHI N340 ONNOdWOD 9AH

i

3
5

#+{9'¢) UONDI3S SSOID [BI0} 3Yi JO 92UBADAUOD Yl =

7

:
:
i

°

r

5 e AR e W N

‘Anun £q paoejdal st 64| 1aRISUOD Y
siun Jo waisAs [S Y1 U "dnjea u wondasqns ay) = 'v pue ‘yajowruad pansm

'u

T/t -
6¥°1

:sm0[j0J se uonienba Fuiuuep Y1 woij panduiod si DUBKIAUOD UOHIISNS Y|

'¥X = Y pue ‘uondasqns

g¥ 241 Jo ea12 Y] = 'p luondasqns yif Yy Jo 0ueLIAU0d Y = 'y yorym u1

-

i34
>

Py

o
e
[
-]

$3W053Qq JUIDIJJI0D
0011931103 xnyj A315ud dn3uly SY) 'SUONDISGNS OJUI PIPIAIP UIIQ SEY YOIYM
jpuueyd punoduwrod e 0} uondwnsse siy) yum pandde s ¢ "byg jy ‘suonoasqns
u29m19q £1120]9A uBdW Ul UoliEURA 2Y) 01 nosuedwod ui 3|qi3Fau s1 uondIsqNs
goe2 ulm uolingnsip A115019A 3yl Jo Ajwiojiunuocu 3y Jo uonunquUIucd Iy}
1ey) si ‘pauoniusw Kjsnotassd se ‘v jo uoneindwod 3y ul uondwnsse siseq

‘oY) ‘paieanl si uonoeidut utejd-pooyj-moyj UlBW Y} Ydigm ui Jauuew Yl jo

o

sSo|pie83y 'pa12pISUOD 2Q UOIIDIS JUBQIIAO Yl UO UOHIIS MO Juueyo-uiews
! ! X ha !

Ty Aq paydde ssans seays ay) 1EY) pue ‘jauuURYd UIBW Yl 10j Pauleidl aq

sulp Fuipialp uondasqns a1 jo i3dwinad panam ayl 18y pasaddns aaey (gf)
sudisie) pue IyIup ‘1915wisad paniam 01 9INQUILOD 10U OP YOIYyMm pue ‘19yj0ue 01
MO[J JO UONIO3S U0 WIOI} SSINS JBIYS HWSURI) O) JOU PIWINSSE 218 YOlym saul|
{ean1aA pajesol Ajvreudordde £q suondasqns YUBQISA0 puB [duueyd OlUl PIPIAIP
fjjeuoniuaauod st moyj ‘sasodind jeuoneindwod 304 ‘uonnquUIsip A1d0[3A a1 Jo
Aywiogiunuou ay) jo amnseaw e snyj st eydjy (9'¢) A1190jaA [BUONDIIS-$S010

“usaw ay) = 4 pue ‘yp ‘eare jo 1WwIWIJA 3yl yInoty) L1204 31 = 4 YOdIgM Ul

Y
=D
ye A

_ se pauljap st ‘o
U151 J200 U01)331100 xn|j A19u3 onauly YL ‘moy Jo Yidap Yy = 4 yoiym ul

Aﬁv..................................

V8
—_—+
:0®

Aq usmd sy moy jauueys-punodwod

|euoisuawiip-auo € 10§ ' ‘AS12u3 O1j102ds 3y | — UOHIBNIIO pUE UOjISALIA(]
‘suoneindwod
dyord aoejins-1a1em das piepuels ul A31sus oyads wnununw jo yidap
Y} 10j 2AJ0S 0} pasn saulinol FuIINSUOD-IWI 10J PIAU Y1 BUWIWII pinom
pue (¢ ‘bg) uonenbs moy pauea Ajenpesd ay) jo suounjos |edudWINU 153110
npord pinom 1squnu 3pnoid e yong ‘A31aus oipvads wnwiuiw jo (syutod
10) jutod ayy 1e yidop jeonud 21edipUl pINOYS pue UOIIRIIPISHOI JIpPUN dAIND

SAH

1861 3NAF z0L

I pu— N

LI Y

<




P41 jduueyd 3y piemol adojs j:gg) e dAey suteld pooy Iy ey ul £uo
V UOND3S 55010 WOl 513))1p pue (g)z %1y w pajuasaid St @ uond3s sso)
"uonipuod jed1ILd 2y) J0) *G /| sjenbs Y1dap uanig oy 10§
0/ 4 asnesaq ‘9 /°4 jo anjea Juipuodsanios ay) jo {e20:d1d31 ay) Bupyey Aq
paindwod 3q ves °P ‘af1vydsip |edniud syr ‘moy Jo yidap uaaid e 10 ‘snyy
"uonn3s s5013 sendNed 3yl Jo sansadord 31112wo03% pue 3suekaAu0d 341 uo Kjug
spuadap yoiym ¢ 314 105 speos [EluOZLioy [esiaatun e sapiaoid O/ 4 sjqerea sy
1993)2 up swesBuip £812us-51j199ds mou Funonnsuos jo Anssesau Y1 noym
pauluiidap 3q Aew sadieyosip J3yio 1oy A813u3 oiy1dads wnuwisiw jo mEz.a
‘2318yd51p pur UONIIIs 55010 JejNdiIed € 10j panoid s1° 4 9ouo Jey) suesw m_.f
"28seyosip ay) Jwikiea £q 1y so W31 p3ytys 2q ued (] = ’4) juiod 1e1dnpy oy
pue ‘3318ydsip ay) jo 1uapuadapuy st aaino 13quinu 3pno1g ay) jo adeys sy
. "idap yueq jo doy 3yl 1e 9AInD Tamo| ay) yim
$122uu0d pue ‘(W [(°7 40 1) §'9) A31aua oijinads wnunuiwe jo yidap 1addn 3

(weo=yy8/w
8200 = %13 |) 8j 900’y Bujheauoy y uo)100g 88019 1o} ABisugy deeds—¢ ‘ny

199) ur *Absau3 d1j100dg

m.c_m.g_.o_mmsmmvnw_o
T T T T T Y Y T T T T T T T 0
11
s 1Nm
2
L 1€
iv 2
{s 2
£
I yuoq jo doj ,w.u
. >
/ 14
/ ®
18 2

16

L4 1 1 T S 1 1 * 1o

$21830] A[1224300 °§ 10j 91 by Ajuo Inq ‘(uonenns jauusys sjduns) yueq jo do
M0[2q 341nd 3wes ay) 3anposd suopenba 221y e ‘pasadxa sy (z 'bg) °4 pue
(1 'd2) § ynm Buoe p 3iq w panojd st uondas sso1d sy 1oy (94 by) °4
"¢ 814 w ‘Kjaanoadsar ‘7 pue ) Aq
paiedipul a1e syutod 3say) (w z9'|) Y €6 pue (w 19°g) 1) g'9 xordde jo moyj Jo
syidap 1e £810u3 aij0ads wnwinw jo syutod om) S|EaA3al uoN03s §5013 SIYI 10)
a2 A313ua-o1193ds ayy ¢ g ug () weln pue yAnag wolj st {(p)z g} v
uonIAs 5501 s/ W zpi) 559 000's 8wkaau0 yoes ‘suonsas ssois a1 jawwAs
‘pazyeapt om) jo swesdelp A210u3-01j195ds ay) Fuiunuexa Aq patenjesad 2q
Aew '’ 4 '1aquinu apnoi g j2uueyd>-punodwoos ay) jo 1o1aeyaq 34| — uopen|eAq
‘moy) Jo yidap 01 1adsas yim ‘v w a3ueyd jo 21e1 3yl = Ap/ up yoym vl

p'u  Ap 'p .
Aw: Iqllll!llCNICW . Wuab
'up ‘v ‘dp y
50¢ TINNVHI N340 ONNOJWO) 9AH

CINRY

p 'u  Ap 'n .
Ah_v................ - |~|.|~ ~LN"-M — wulh.b
up ‘v 'dp \'Y

-uohielieA 23 153(J31 0} UINLM 3q Ued ‘o pue 'p ‘gonaassqns
1AUR UL Mo Jo yidap yum Aiea o) passpisuoco St anjea u s Suluuepy ay Jj

Lt

3

=4

.G: .bl.k nkMN
N /1 abnb mu

:Buwkyiduis pue g -bg o g 'bg Sunninsqns £q pauieiqo
3q UEd Jaquinu 3pnolq |uueys-punodwiod ayi 1oj uonenba Surylom ayjp
. ‘Syueq 3y jo yoea 10) Ap/dy jo
‘mns Yy st dp/'dp ‘(s3ws linjueq molaq jauueyd> urew 3y) *'3'3) yueq 143
Msca U3L B Yloq $103s121ut 20B)INS 121EM Yl a13ym uond3ISqNs ® 3104 ‘0192 sI
dp/'dp ‘(a8®is [Injxyueq 2A0QE UOIID3S UBQIIAO PUB [JUUBYD UfRW B ua9IMmiaq
Liepunog ay) “'3°3) uondasqns e jo 1pwuad pansm 3y 159s193ut jou saop

.

{w g0 = y 1) g vonoeg 88013 (q) !y uopdeg 88017 (o) s1equiny
‘spnosy pue ABieuz oj1oedg jo uopeniea3 io) suopseg ssoi) jouusyly—7 ‘914

[Tiiee 1o

9epINS 12EM 3Y) 213ym suoneniis u] ‘po juawdas auy 341 10j patenjeAa aq
pinoys dp/'dp ‘p wuied e st aoejins 131em Yl Jiang ‘ap wawdas suy ay) ioj
P31enjeas 5q pinoys 4p/ ‘dp ' 1utod e st aoejins 13jem a1 ey paiou aq pinoys
)l 'weiSoid apjoird soejins-191em w uj ISn 10j UOHIIIS $S0ID B Jo saiadoad
MN3woad syi Junndwoo uaym paulwdiap Ajjeiouad ore Ay pue dy suuay Yy

v 4p

(s1) av 7
S€ PIBN|eAd 3q UEd 210J313Y) pue ‘ap

duoje wueisuoo e s1 yidop o 12adsas Yum 13awad panam ul a8ueyds jo ajer
1 1wuad panam uondasqns ayl o) dy jo uoiNgiNuod & sayew juawdss
Ul siyy "ap uawdas aul sy Junoasiatul aoejins 1aeM By smoys (uondasqns
lueqiaao .'_th e jo uotiiod e st yoiym) | "Fi4 u yoraxs uoliuLjaIp 3y ‘sauy|
Warens ynm paoauuos siulod punosd Aq pauyap si sjauueyd [einjey jo A1jowosd
U011225-55010 ay3 1eY) 10€) 2Y1 Aq patyiduis st dp/'dp jo uonenfeag ‘uondasqns
Y sy ur moy jo yidap o1 10adsar yum 113wnad panam up afueys jo ajes
4t = dp/'dp pue ‘uonoasqns yi ayl Jo yipim do1 ay) = 'y ‘vi-z1 'sbg yj

9AH 1861 INNT voL

2wk s

R

4
W

—en RL




A1 woly pawwIdap saAsvydsIp jenpialpul UImIg PaAI3sqQo 0112
2WeES Yl SEM YIYM ‘g gF Jo 19pio 3Y) Jo sem 3Tieyosip w Joisd
Yy "uni (BIU3WLIAAX3 U Jo 951n0d Y1 Juunp 1d13wWouew 1RPPw-un
SUOHEBNIONY PAIAIISQO Aq pasnpoliul 10112 3yl JO JBWISI ue _uuv.:_u:_
a%1e4251p 2Y) 3snswIW 0) pasn 1313W UNJUI A Y} JO 10113 UoHIRIGIED o:..
(s/,w 8p0°0) $J3 "1 01 231wydsip ay) Fumas uy 10133 3y JO a1Rumss Uy ‘A313y
oyaads wnunuiw jo sinod omy Yim a1nd A313u3-5y133ds e aanpoid E:ou
(s/,w 8p00) $J2 L'} Jo a31vydsip € jey) paresipus siwowuadxa Aseunujosd Yy *
"padojaasp Ljiny sem moyy 1841 parearpy,
SUONEIS OMI 3Y) U2am13q K11d0[aA jo s3jijoid ssajuolsuawip jo :om.:an:._ou.
‘weasisumop (w ou.m.: 1J 09 UOIIRIS B 1B SPBW 213m SIUSWIINSEIW »..aEE__oE
'2URSIUZ WY Y O WEINSUMOP (W [§°6]) 1) §9 UOLIEIS ¥ 18 SpRW diam m..:us
-oinseaw A1d0)aa jutoq “1ayydweaid pue 1aonpsuen ainssaid Y1 wouy nding

10 33y,
P3rewys,
Ay
O8{e pyg
P3pnjoy

8200 = %9 L} 92 000’s Bujheauo) g uonoeg ssoin Joj ABieu3z oppedg—-g ‘914

i89) vt ‘Abiou3 04)100dg
I 6 8 L 9 S v ¢ 2 1 0
T T

Lf T T T L T

St i gl 21 1O
T T T ¥

¥uoq 30 4o}

C e

199 ul ‘mo14 jo yidag

.
O O ©® ~ © O T MmN

33wioa Y1 painsedw Youym 1313wnjoa [endip v Suijonuod 1aindwod doiysap
VSZ86dH ue yim paysijdwosse a1am sisk|eue pue 'uonINpal ‘UONIIOI EiE(
'132npsuel) 2inssaid [eHUAIAJIp @ Yilm uondunfuos wy pajesado aqm) onejs-jond
1a13uiElp pISING (WW-gg'[) "UI-ZL0'0 B Yiim PINSEOUW 219m SINIDO[PA 1UI0]
"IAISIYPR UODIJIS Yilm Swin(j 3Y) 0) Payoelie sem UoNIIs
AueqiaA0 3y | “jured x31e[-011£108 101131 X3 pue 13|eas FUIPUES 1IM PIIROI SEM POOM
IV 'L 914 w1 umoys suoisuawip [duueyds ayy ur Junjnsas ‘Jaquiny Suiwerj 1Y
x15-4q-om1 pue poomA(d 10L2IX3 "Ul-p/¢ JO P2IONIISUOD SEM UONIIS UEGIIAD
Y], ‘way) Aq uaAid 3ie UOHINIISUOD SIt JO S|IRISP puE (p]) 131837 pue Adell
Aq pasn osie sem awny siyy ‘deap (w 9p'g) 1 §'| pue ‘apim (w o)) Y S
*duoy (w g¢ p7) 1J 08 2wny [aAs Funp e u pajonpuos a19m sjuawiadxa 3yl
@
3Um 1511y 3y AQ U213 31w aunpasosd jeiuswiadxd syl jo speiap 215jdwo)
‘Yidap yaea oy A315u3 dydads pue 1U3131J3303 uond2110d xnpy AF1sus dn2ul

L0t TINNVHI N340 ANNOJWO0D

9AH

(Weo =y e/ u

Muoojaa ueaw ‘a3reyasip ay1 andwos o1 (yidsp yoes 10 a%1eyassip swes ay)
Apreunixosdde 18) moy jo syidap wa1a)yp 14313 Je Spew usm sjuswaInseaw
.w._uo_o> tod juatoryyng ‘aumnyy £lojeioqe| B ul UONIAS Jueqlaao Jenduedal
:5jdus ® Junonnsuod £q pauriog sem ydiYm UOIIDIS §50Id {suuego-punodwod
fs m sanoja4 yuiod Fuunsesw jo paisisuod uonednsaam [eiwowadxa oaqy

Zo.h(o_hnu>z_ TVINIWIIIXY

M aX AP

(g "914) v uondas sso1d ut ‘) pue | ‘A315ud s1j133ds
.wnunuw jo syutod omi Y udImMiaq awidar moy Yl jo uoneidrdiaul Sy Jof
isoueping siajjo 1aded siyi jo uoniod Fuimojioy Y1 ur K813us sydads wnwiun
M‘.o siutod om} jo 35ua1IND00 Yy ojuf uonednsaaul jeluswadys sy sundas
MOlJ 1221100 2y} s3redipul pue wesdelp A31aus-o1yidads gy siaspas Kj31eindoe

.,:_ 'b3) *4 Ajuo “poyrow dais piepuels 3y ul awidar moy g1 Fuiydayd 1oj

RVt

. (wego=yit's/ w
200 = sp

: §)0 OQQm Qcm>0>=°U Y uolldeg $801) 10§ -._-DE:Z epnosi—'y ‘Si4
._.. jaqunpN apnosd
! € 2 [ e}
" T ¥ T T T T T T T T k2 ¥ L L] o
| 11
; I 19
; =
” . |
: - v 2
-
: 155
) I 19 1
L {,3
. Y
i {82
5 16
o1}

L1010e)snies 10u a1e 7 pue | 'sb 18y yuapias Kjjenba st 1] ‘uonnjos apjoid 1aa1105 €
woi1j 20u3d13A1p 35nposd pinom I2YHs pue ‘SuonEen)is mopj yueqaao ul weidelp
£312ua-a1j19ads ayi s1dapya1 A|njyiie) 19quinu 3pnos.d Jo uonuLap 1aYnaN (¢ 'ba)
uoljenba moyj pauea Kjjenpead ay) ut asn 10j sjqeidasde jou ase ¢ pue | 'sbg £q
paresouad siaquinu apnoi Iyl ety s|dWBXd Om) ISIY) WO1J JUIPIAI ST 1]

E b8y
ul umoys yidap jesnud ul s10112 oY) ueyl 7 pue | ‘sbz jo Aouawdijap snousas
dlow e sy A919u2 oyydads wowiuiw Jo siutod Is[e) ISIYL JO IDUILINIZO Y|
JK3anaadsar (w £0°7) 1) 8°9 pue (w §6°1) 1) §°9 Jo moy Jo syidap e yueq jo doy
Jroqe A31aua d1j10ads wnwiuiw jo jutod Jaylour jedipul yoes (7 ‘by) “4 pue
(1 'b3) 4 1nq ‘yueq Jo doy mojaq jeonuapr uieSe 3ie g uONDIIS SSOId 10) 9
4y Ul UMOYS SIAIND Jaqunu 3pnoly 331yl 3yl (7D 1uod) vy uondas ssoid
o) se moyy jo yidap swes ay) e yueq jo doy mojaq A312ud o1jivads wnusuiw
Jo yutod 3j3uis e sfeaass (¢ i) g uonodas ssoid jo weideip £31aua-o1yvads

SAH 1864 INNT

90¢




doy asoqe moyy jo syidap inoj j|y "231eyosip 1sadie 3Y) Yum uonoas
S [2uueyd ay) 25nedq suns [ejudwladxd 353y JO JIqUWINU IPNOI4 x
s! (7 3jqel Jo p 10 ¢ '|0D) PuUuRYD Y1 Jo J1aGWNU Ipnoi WL 7

qns of
dput oy

2198 1y
pawasaid ase uonednsaaul siy) jo ejep feyudwiadxd Ay 10) (T pue | gy
yim paindwod) siaqunu Ipnosg uolldasqns sy (z) 42qunu apnoiy xuvw_
SHSN Y1 01 predal yitm pauonuaw uasq Apeasje sey [puusyd punoduioy .

® jo
Ay
J133ds

U01109sqns ¥ Ul MO[J Yl 10j 13quinu dpnosq ® Funndwos jo 1daduoy
21081y 51y ut Juasedde Appeapd a10w a1e £819us o
wnwiuiw jo siutod omi 3y g “weideip A315u3-51j103ds a3e1aae Junjnsas ufﬁruﬂ&
6 '3iq 'sajqeireA 13410 || 10j Eiep jeuawiadxs oy Fuisn Ijiym ¥ by oy
(s/ w gpo'0 10 $J9 769°1) suns 33 jo 33seyosip aFesane ayy Buninmisqns E
Pa13n1su0d 9q ued a8seyosip Jo anjea 38uis ¥ so) wesderp A313u3-515150ds
ey} sisa3dns uolieaIasqo siyp moy jo yidap jo uonouny e Apuewnsd 1 o ey
J1edipul pue 1211835 | Moys (q)g "dig ul panojd o jo sanjea |B1uduniadyy
ayp A312ud >ypads wnwiulw jo siutod oml Jo DUDPIAD ST 3131y “101d u.f
Ul J311EDS JWI0S SISNED UNI O) uUnI woly 3Freydsip ul uoneles Ay y3noyy
(2)g 314 wy panojd a1e | s|qey ur wiep ASsoua-dydads |muswiIadys g

(w gpog0 = y
1) wsensumog Bupjoor ‘uopideg HURGIBAQ puUR ewinj§ JO UONDRG 8501)— [ 'Hyy
1 06b €
I
Hbl6 0 | 11916 2
HEEG O \

V011335 YUDQIaAQ

{5t

‘suoneindwod apijoid oejins-131um Ut INID0
A319u3 o1jads wnwiuny Jo siuiod om) YIIym Ul SUCHIENNS 10J MOJ [EDHLIIGNS
Jo nuiy sy) paiapisuod 3q pinod £3isus oiyvads wonunuiw jo yurod saddn oyt
1ey) s1s383ns ‘| 3|qe] wl yueq Jo doi mofaq suni om) Isitj Iy ‘g pue ; sunl
jeiuawnadyd 10) J|QEISUN SEM 23BJINS 131EM DY) 1BY) 108) 3y "jueq jo do} mojaq
pasua102p yidap se suni [ejuawiadxd Yy 10§ aseasdur o) panunuod Aijigeisul
20ejiAs A4 moy |EaNlIDIadns Jo Dlis1aldEIRYD UONDIS jouueyd ay) ur uiaed
PAYOIBY-SS013 € 0IUI WEIISUMOP 1UIQ 313M UIY) PUE UONDINP MO[j ueaw 3yl Ol
Jejnotpuadiad 319 UOHDIS NUBQISAO 3y ul sjuolj Iaem Sulpueis oy ‘YidIp
8uisealnap yim Fuinunuod pue (7 uni) £91aua ajaads wnunum jo ydap raddn
ayy je Juuwdag uONIIS [FUUBYD Iyl Ul IDTJINS 131EM PaYdIRY-sS01d ‘Addoyd
B puB uolld3s UeGi2aA0 Yl ui saaem Fuipuels Aq paisdjiuew sem Anjqeisyl
30BJINS-131EMm SY | "pIse310ap moy) Jo Yidap ayi st Kijiquisul 1918313 pajesipul mol
FUBQI3A0 Yilm suns [e1udwirddxd Inoj 341 10) 30BJINS 11EM 3Y) JO SUOLIBAISQO
‘uondas jauueyd urew Y
JO ssaumolleu Yy jo Isnedsaq ('| ueyy 1281e] K|qeinseaw aie suoje [auueyd
UIBW 3yl JOj © JO SINjBA IY) JBY) PIJOU 3G OS[E P|NOYs i] 'paseaidul uoidds

60L TINNVHI N340 ANNOJWOD 9AH

41940 Y1 Ul 3312YISIP [BI0) 3Y) JO uontodoid Y1 ‘Mol JUEQIIA0 Yim Suni
pawpadxa asoyl Joj paseasdut yidop sy se eyl | dqeL ul pawuasaid siynsai
wolj tuasedde si 1] un: yoes Suunp sINNdIJIP jeuonivsado jo asnesdq
v oy ui paytodal Jou aie 9 pue ¢ suny ‘sunt pautodar W 3y jo yoed
j siuswasnseaw [e1udwiadxs woiy paindwod A313ud aljoads pue Jua1d1)203
M_.oo:g xnyj A31ous snaury ‘s31eyosip ‘eale JO SaN[EA Y sjussaid | SIqEL

\a]

S1INS3IY

‘K31oud
sads wnunuiw o1 Sutpuodsaniod yidap ay) ueyl 1312213 A1uatoyjns sem Moy Jjo
3p Y1 J1 aunjj Y1 JO YoEI! WEINSUMOP dYi Ul pAUleIqo 3q pnod apyoid

OJIUN B JBY) JIENISUOWIP O1 PAYSIqEISI sem (Wd €10 1 L0 Jo moy jo ndap

AN

¢ 1e opyoid v uojiun Kjiesu drows pue 3|qEls 310w 3q O} papua) saqyjoid
a.l.. ’

3 fwego=yt's/w
R2OO = S 1) $§2 000's Butkeauo) g uonaeg $5013 10} SI0QUINN epnoIj—'9 ‘94
M jaqunpy Ipnoig
t i o
e 0
q 1 11

! 129
m o
t L 1€ =
iv &
-
: ] 1g —
' 29 <
y [ N\ 3ubq jo doji | w.!
2
A\ 1L
' o
182
! 3 %, 16
i i I I i 4 i 1 A 1 e »// 1 1 o_

»ejins-1a1em Y1 ‘moyy jo sypdap 1981104 (W2 € L1) 1) 960 sem qidap moy) 3y
daym uoniels FuLINSESW Y1 PUBR IDUBIIUS [JUUBYD 3Y) UIMIAQ (wd ¢ 1) s00
toidde sem sunl mopj-yueqiaso joj yidap ul 2Fueyd PIAIISGO WNWIXEUI Y]
‘painsesw 3q 01 213m $AIND0[2A 1utod 21 1Ym paUIRIQO SEM mol jo yidap
pansap ayy 1ey) yons ajqissod se wiojun 01 ISOPD SE apjoid B ysyqeiss O) sem
3inpasoid [euawiitadxa pardope ay) ‘ynsas e sy ‘ajijoad aoejINS-19iEM WiLOjIUN B
MAYDE 01 $110JJ3 PIUEMY) [2UUEYD Y} Ul DBJINS JIEM Paydey-ssoid € pue
1011525 JURQIIA0 Y} Ul SIAEM Bulpuels ‘(w2 €'g) 1) 10°0F Jo 13p10 Y} jO A3M
PIym ‘33e8jINS JUEGIIAO0 3Y) UL SUOHIBLIEA Y] Aq pa18Q1958X3 sem ANIQEISUI BY |
qeisun Apusiayur 3q 01 paidadxad 3q pjnod ‘31Im IS se ‘A313ud oyjdads
Unwurw 0y Juipuodsaiiod yidap ay) 1edu Fuimoyy 29seyosip Auy -ajqissodwi
Paaoid suni jeiuvawiradxa Y1 10j apjoid moy wsojiun Ann e Juyysyqersy

: ‘siuawaInseaw
:_uo_u> yutod ay1 jo uoneidaiut £q pautwidlap $331eYOSIp Y1 PUE 11W UNJUI A

$AH 1861 INNT 80!

ke
¢ aleve g s




UOLIIAS YUEQI2A0 PUE [JUUBYD ufew YY) UIIMIDG Aiepunog jesnsaa £
241 1EY) pIwnsSse sem ) .:\.E 8¥0°0) $J> 769} Jo 28ieyosip pasnseaw ueay
a4y 305 paquasap isnf anpasord sy 4q Pa1e(nd{ed Jiam ‘'4 ‘s3d00A ay “

(7) 391sm 1511y a1 Aq j1e1ap uy uaald ) o..:vouwa
uonlinjos aangsl Yy Yidap pus 33ieyasip je10) uaAIf € 10J uonN2SqNs yYoey 4
Aio[aa pur 10108) uonsuy 3y o) A|aneian paajos aq ues gz pue _

Uideuy

sby ‘suonsasqns |v i0) awes Y st s ey pawnsse Apoidun u3aq mM; o.M
. M\ 1]
‘'p's .
( Nt..ﬁ wmw
NNV v . . . . . - . . . . d = bh
0
‘Palysuies aq

1snw uonenba Sutmoljog 3y (s / w gp0'0) $J3 269°1 JO ‘P ‘3TsrydsIp painsesy

3eiaae 3yl 01 wns $3TieyIsIP UONDISQNS Y 1BY) YONS 3q Isnw 1T pue o7

'sb woyy pauteiqo ‘4 pus '/ jo sanjea ay1 asnesag ‘aul} apesd £313us ayy o
adojs ay) = ‘g puw ‘uond3sqns Y1 Iy jo smipel synesphy sy) = "1 yoym u

’
i\ 5488
Aq uaa18 uay) 51 *'4 ‘uondasqns yiy syl w Andoaa uesw ayj
“U0N23ISqNS 4! Y JOJ PIUIUNIAIP 3q UEd ‘'S 10138y UONDL) Y ‘UOIIVsqNs
j3uuryd yova 01 Apuapuadapuy parjdde uaym pyea s1 g7 "by ey} pauwnsse s| i j
“Jequinu spjoukay ay) = Y pue ‘i01d8j uonduy youqsiam-£o1eQ Y1 = f yoym uy
0e'l = (JA W 301 ¢0'7 = miﬂ/a

wio) ayy Jo sjauueyd 1endueldds
yioows 10§ diysuolie|as J012ej-u0ldlj € PauIuLAPp AjjBIuawnadxd (p]) 491597

]
IS

7)) " e

¢

'

w1 Koe1}] ‘uoneSnsaaul yuasaid oY) ug pasn se swnpy dwes sy us Suryiopm

« ‘s)nsas jeyuawsadxa Yy jo
na1paid juspuadopuy ue y3norys Aposaipul pauluizap aq Ajuo ues saquinu
N‘_._5._..“ [auueyd-punodwos ayj ‘suoje eiep jRiwdwuadxa oy woij paindwod
4 PINO3 uond3sqNs Ydoed Joj 2duefsauod syl pue ‘adojs swny ayy jojesed
o 1uatpesd A315u3 oY) ‘uni YdeI JOJ UOHIPUOD MO[) ULIOJIUN ¥ YSIQEIsd O)
jaissod us3q pey it J] ‘eiep jrivawuadxd Y)Y WOLf PIUNINSP aq jouued ‘'Y
PULAIAUOD Y1 SNY) PUB 1UIDIJJ0D IDURISISII UOYIDISGNS IY) IBY) SUBSUI YoIym
gmoux K[asio3id rou si sun apesd A81ous oy jo adojs oY1 ssnessq sjie) 9§
bg ‘swutod eiep jeiususiadxd jo 1aquinu paiuy Ayt wolj 4p /op suiuniaiap o)
..3..:% sI ) asnedaq jre) 0} ‘b3 asn o) sidwany ‘eiep Ruswuadxs sy) woij
PUILLINSP A[13311p 2q J0uuEed 13quinu Spnol § [suueys-punodwod pasodord ay g,

SISATYNY

<y oy, s

w331 moy) Y1 a1ediput K[1521103 10U S0P 15qUINY 3PNosq
PIYBIam Y1 ‘Jaquinu Spnolq X3pUI Yl JO ISED Yl Ul SV 7 Iqe]L JO L '[0D
0 paiuasaid aie eiep [Riudwuadxa 3yl 10) ‘4 jo sanjep ‘| by Aq paindwos
pQUINU IpNol4 UondISqns aY) ='4 pue ‘aF1eydsip uondISqQNS 3yl = 'b YoIym Ut
i

. e o .
a—v . . . . . . . . . . . . . . D ) DY . . . - - u
,m 'ty g

.
; £

Aq usA13 s1 yaym ‘4 1aquinu apnoig paydiam 115Yy) uelqo
ol 19quInu 2pnos.y uondasqns e jo 1dasuod Y Ajdde (g) wein pue Anayg

: ‘mol) [puueyd-punodwod jo aunda
a0y a1 jedipul K[1021105 10U SIOP 1IQUWINU IPNOIJ XIpul Y1 ‘uonedusasul
muawiadxa s1yy 104 “[eONLDIQNS j0u 1€ SY1dap JUBGIIA0 1amO] OMmI Y ‘6 “Fig
W umoys se I1nq ‘1aquinu 3pnold XIpui Yl uo pIseq |edNNIdQNS e yueq Jo

. .n\.E L1€8T0°0 = )2 | ‘W 8p0C'0 = 1J | (0N

oot 1L9°1 -vuo T 00t 19l o 10L°0 SSYH00°0 €$ero 6
ooc.. mvo._ mmv‘c T 960'1 P91 13141 069°0 00€€00°0 90 8
Eo.. o$<_ ::mc * 1801 9L9'1 L8v°0 00L'0 8112000 00$°0 L
macA_ mvoA_ o_n.o . €601 8¥9°1 6150 $0L°0 €06100°0 £€£5°0 0l
mmN._ omc._ ame.o (U] L80°0 €800 7 88071 ({1 1660 10L°0 9607000 1950 1
vNN.. oﬁ._ nﬁ..o 691°1 0£T’0 6910 ¢ 180°1 96t 1 ¥8S0 00L'0 S8v100°0 0090 [4
mo_._ v:._ (U N [4% 08| 91¢'0 1€7°0 €80°1 88¢°1 6090 W0L0 8711000 $19°0 | 4
611 bLL] Lt6’0 801t 11v°0 y6T'0 v80°1 £9¢°| £€€9°0 81L0 810100°0 0690 i
) {z) (1) {o1) {s) (s) YA {9) {g) {v) (g) () {1)
o puodses 168§ o puodes 100} . © puodes 108) 100§ °s 108} uny
18d 188} eienbs ) 18d 189} eJenbs ” 1ed 100} esenbs u'y up 4

Jigno ut 'y agns ur'y 21qna ut 'y

u 9 u o ui ‘P

1giog jueqieng ! jeuuey)

7
sieq [Buet | iidxg—y 37gy)
b TINNVHDI N340 ANNOJWOD 9AH I MK 1864 INNF 04 L

ot

Y b by

> 4o

ameand




YInoyily paIapisuod sem (s1) sunssen Pue 143um £q paisaddns uo2140,
2a103 A313ua-215153ds pa1dipaid ay jo MIXS Y1 ut sheyd uonoss xmafu\,o 3
O} wnuswow leaulj jo 1ajsues 3y Bunoddsu TBY) 3101 3y) jednsaay; o.rf

WM 30u3puodsatios uy g pue

uf

‘Pa133dxa se aaind A333u3-21j10ads P31dipasd 3y y

€0 - 1) L8/, wgro0 = )3 ) (a)gy By soy ssquiny -

. , 8pnos4 jeuusy) punod
(9) :%)2 769’} 404 swniy jmuswiiedxy u; ABieuy oeds peidipesy ?"..l.o_f%_w

" of 60 80 0 20 0.0 890
/ ) T )
SH0 . S0
s 5
m h-]
joso3 0s0Z
—_— 2 2
¥uog o doy Uoq 30 o) -
5507 e oD
E 2
090> ooow
o ®
2 °
590 590
] ! ] L ]

(WED =118/ wgzpo =5y
312 769'L 4o eBinyosyq eBuseay ue 10} eainy ABieuz aypdedg _-_co”::oaxwl..m ‘Oi4

199} ui "AB13u3 ayji0adg
vL0 2L0 00 890

g2 87
560

o

"

Q

0503

o

“§ubg 5 95; -

S50 2

o

.M

5

090 -,

- ®

o
;80

*A353u2 oyvads wnwnw Jo siutod omi 10§ jeardA4) Io1aeyaq ayy suqiyxa (¢)ol
‘814w 2AInd Jaquinu 2pnol4 jduueys-punodwos paidipasd ML 6 w_m uf aAImd
aqesdae ay) Jo (p)g ‘314 Ul AN pasnsesw 3Y) yitm pareduwos :2.*3 HEIRELL
01 pue premumop Anyds pamays S1(p)p] 914 ur 2a1nd A813u3-o1j10ads 21nu?

£1L TINNVHI N340 GNNOdWO) 9AH

AL "6 '3ty 10 (p)g ‘Fig w syidap Buipuodsaniod ayp ueyy Priews )y 001 /2
fireunxosdde st yidap yoes ySnoyije ‘yussedde a1e £315us ayvads wnwurw jo
f1dap om) pue (p)y; ‘Siq u umoys st wesBelp A319ua-s1j109ds pawipard ayy

“w ‘uoheindwods spjoid soejins-1aem ® JO 35In0D 3Y1 ul [duueYD 19A1 jRINIBU B
oy ’4 Bulnunaisp usym paoadxa 3q pjnom SE ISUUBW WeS oY) ul PIINIAXI
Sem pue elep painseaw 9y) jo tuapusdapur paurewas ampadoid jevonwindwos
201 ‘Kem sip up -onjea painsesw Yy ueyy 19yie §'] PN|BA 3Y) pey UONdISQNS

983 JO © jey) pawnsse sem 1t ‘’4 pue A813u3 aywads ay jo uoneindwos
¥ .

i eydiy (q) 1199 uy ‘ABisu3 ayjioeds (e) :(w g0 = y |) mieg
jpusiwedxz woij 103084 voOeII0Y) xni4 Abieug aneuiy pue Aieuz ajj1oedg—g ‘Hyiy4
¢
} 91 bl 2t o] L0 240 0.0 890
_.. e 5 - — 7
? oo [5P0 Sk o
o * o
i NUDQI3AD -» [ d [id
2 2
3 jouuoys-. * 10503 . 0503
’ 2 2
; Wutq jo doj * Wudq §o do; *
. ggo 2 S50~
] o -]
- . o . -M . .M
; 5 5
i £ s+ {090 . 090
*. L] a o " . "
3 - -
¥ s s 4690 . 690
- 1 4 i i A 4. n i A
P
N "W gpOE'0 = 1 | 310N
7690 Lt Lio'1 POL'0 §L9°0 190 1
, 6190 100°1 $16°0 909°0 €850 009°0 4
Y9850 €80 178°0 6I5°0 8050 $19°0 14
615°0 6SL°0 1ZLo 060 Iyo 0§9°0 |
(1) (9) {s) {v) () t4) (1)
(61 'b3) {z b3) (v b3) (z b3) (1 b3) 199) uny
E "4 4 "4 3 ut A
paiybiepp JueqIeAQ jeuuey)

uieq (eluowpiedxy 10} s1eqUINN epnoii—7 JIEVL
M1 up syidap panseaw jo adues ay uryim syidap jo sauss e 10j paindwod
Mam saquinu spnosg punodwos pue A313us dij1dads Y1 ‘uondasqns yoea 10j
$njea v pue sanIdOIA Ayl woiq "£]aA123dsal ‘suondas yueqiaao pue {2uueyo
31 10y pardope a1am 10°0 Pue 6000 Jo sanjea v jueisuod ‘suoneindwos ayy
Nenorg o1 ‘13aamoy ‘Y1dap ynm uonerrea 1ydys e pa1gIYxa paureiqo os sanjeA u
ML v jo sua) ui s ‘’4 ‘laquinu apnoig punodwod 3yl i0) uone|nuLoj ay)
Isnesaq sanjea 1 s, Suluuey 01 PoIIAUOI d1am uond3sqQns Ydea 10j pauiwiialap
$1o1oe) uonsuy ayr *atounsayung ‘1312wtad pajjam 0} UOHRQUILOD ou apew

94 1861 INNP et

F SPSD RILEIWT TR R Ry KT A VAL UP% XY T, W

. po;\_';

;.->-~:

Ny
o



‘D861 "unf U1 w0 Buey 18 £Fojouyda ) Jo anisu
. nsuj widiosn >
., 40N23g punodwo)) jo spauuny) uadQ ut AT1suy dipidadg Em.uE_

Y1 01 paruasaid sisayy
EZ.: 4N RELLT b
. 661 “A'N ALY

Ul '00) 100g (I} {-MBIDIW ‘Sjauupy) uadg fo soynpiphyy y g ‘JJa3wyyeg
R

$3ONF¥343Y — ") X1QN34ey

‘11 °by vt synsas ‘Suikjyduns pue gz "bg o gz by Sunnminsqng

Amﬁ.................,.........ANCN,I.Jmwm!kh
‘Qh Js_ ﬁ

‘pauteiqo g
1 = 4p/'op 1ey) 3uniou ugegy

Ap 'd\ ¢ Ap 'd\ ¢ 'u

2ummojjoj 3y) *'p £q Buipiatp pue Sukjdnjnuw pue *'

w2 (D)2 () E n%.
d\'e) v o, \'v) s \ev1)
uie1go o} 4 0) 1adsas Yim renuarJip pue
Gd.:& " =y
AN T
se £ 'bg Junum £q 4p/'yp srenjeag
4] .
AMNV.................. I‘Wtkln& .MIQW+
P Ve LT\ 1y

'p 4 'p ‘ /

- JNI.H.W - € nlvwn.ﬁl.u

~ A w Ay VP

. :pauteiqo st

3uimo)joy 3y (dp/'yp) '3 = Ap/Np pue 'L = Ap/yp ‘"1 = 4p/'op yey SunoN
G0 e [ XY (N

P .¥e ¥pvu |\ ¥

Ap ['D dp ('p LN 4

T \ ) T L) E W.,Inlm

P Y PN VooP

saonpoid 4 01 10adsas yum Bupenuasajjip pue

AMNV.. qulﬂl -n|¥lﬂd

1 1

se 9 "bg Sunum

Ap /op 40 NOILYAI(]— "] XIONIddY

‘UOLIBIUAWINRIISUL Y} Yilm 2DUB|SISSE
SIy 10j ‘A3ojouyd3] Jo ammsup eidi03n ‘el g ') 01 uoneraidde h._o_:
$521dx3 01 ysim 5291M 2y | “uonBIUIWINIISUI 21u01192}3 241 uu__aas.m mca m:.Ea.ﬂEn
[ewawadxa aq) jo uondNNSUD 3Y) 10j 11oddns [eudtew vuv_rca ‘K3ojouyoay jo

Sit 1INNVHI N340 GNNOJWO)D 9AH

%
?._.m:_ a_msoo.m:tuo:_w:m__>_u_o_oo__um2F.:o__nm__moz___saoetu&a
X Suunp §0SN Y1 £q papiaoid sem 121um i1y 3Ys Joj woddns jerdueul]

¥

» SINIWDTITMONNDY

{ w0

ponuOqgns jo yu| 1adoid oY) pasapisuod aq Kew AZ1oul oydads wnwiuw .._w_
mod 1addn ayi jeY) $21LJIPUL PUE ‘INDD0 18] Ul UEd uoudwoudyd siyr ey
PIENSUOWIP MO[) [EUOISUIWIP-2us € JO uonednsaiul Kiojeioqe ‘sadieydsip
w130 10j paindwos 3q ued AF1dud dyPads wnwiuiw jo siutod om) ‘suteyd
pool) [2A3] '3pim Aq pazulloelEyd saudwosd jauueyd-punodwos swos 104

] ‘suoneindwod aijoid ssejins-1a1eMm
a pakojdwa Ajuowwod molj pauea Ajjenpeid jo uonenbs ay oy Kjdde 1eys
suondwnsse awes ay) o} 133fqns st 1aquinu apnoig pasodoid 3y ‘uoneindwod
spjoid 20ejIns-131eM JO poyiow da1s piepueis 3y Yiim uohidpunf{uod ui pasn uaym
w331 moyj Yl Jo (I3 1adoid ayy sapiaoid pue (¢ 'b3) uonenba moy pauea
(enpess sy yim osn 1oj ajerdordde sy 1aquinu apnot {suueys-punodwod syl

‘12QUINY 3PROJJ JO UOHIULJIP [BUOHUIAUGD 3Y) *| 'bT 01 jeanuapl
f Jaquinu apnolj [duueyd punodwod 3yr ‘uoninqinsip Ki1d0)2A wiojiun Yitm
puneyd ajduns € 0} pandde usyp “A315us siivads wauwnuiw jo syutod Fuiiedo]
{31105 £q jpuueyd uado punodwod ¥ ul moyj Jo 341N A313ua-o1j133ds ay) 123134
[j91830008 01 UMOYS UIIQ SBY PUE PIALIIp U3IIQ sey (91 'b3) 1oqunu spnoi]
puueyd-punodwod v ‘A313ud atj19ads wnuwiuiw jo siutod 21830] A[1991103 10U Op
waa {ouuey> usdo punodwod e Ul MO} 30) AIND K313u3-o1j10ads ayy 103134
{|211n208 100 Op (7 pUE | ‘sbg) Jaqunu apnolg ayi jo suonejnuio) Junsixy

H
’

; SNOISN1INGY)

¢ ‘$anjea painseaws o} 1350 39
PINOM SUOHIPUOD MO [EINTIOGNS JIPUN S|AUUBYD P[dY Ul s13quinu Ipnold pue
$21315u o1103ds paidtpaid 18y} S1 uonEdldUNl Y PUE ‘SISEIIIIP MOY) JO ydopay
se (D)o} ‘814 ut 1Jiys piemiy3| Fuisearoul Y surejdxa Juiuoseasr siyy A31aud
appads uo 193])3 wedljiudis € 2ARY pjnom pEdY Aidofaa o1 waunsnipe-o ue
pue ‘yidop 3y} jo alow 10 (¢ 3q UEd peay A1100jaA Y1 ‘moy feaniuidiadns
104 wesyudisur 2q pinom peay K11d0j2A 0 juawisnipe-o ue ‘|ews si pedy
Ai20jaA ay) a19ym Mol [edNLIOQNS 104 “(L) [dUUBYD UlEW g1 Ul loul 10 | SE
[onW se 2q UED SIUIDLJJI0D UONDILI0d AF1ud dLIdULY A1AYM Suolienils i3l ul
soundas moy [eanuoiadns pue [ed111139Qns 01 patidde 2q ued siskjpue dures Y|
‘PIY 3y ut pinoa 11 ueyl
swny ay) u K319u2 d1y15ads U0 133))3 20w Jej sey (O UOHIDISQNS S8 yans) peay
fnoojaa 01 waunsnfpe Kue pue ‘A31sud a1j19ads 0) UCHINQUIIUOD ANEd) d31e| B
sayew swny ay) ul peay ANS0[IA 3Y) ‘UOSEII SIY) 104 "SUONENIIS P|3Y) ul punoj
fjjeuwrsou moyy jo syidap o1 paredwod jjews 21am 3wy 3y Ut moyj jo syidap
Ay jey) patou aq pinoys 1 "A31oud siji0ads Junindwod uy Kjun jo sanjea o
uofjoasqns Julo9)9s 01 PINGUIE 3q UED 3AIND Yl jO voniod siy) Ut maxs sy
‘IN320 10U SIOP YUEGIIAO dYi O] WNIUIWOW IEIU] JO 13jSUen 313gm yidap
Yueq jo doy mojaq pasunouoid 1sow Si AIND A315u2-01j103ds Y1 Ul MINS Y|,
' "UOT1931103 Y1 WO1) PINNSIT YOIyMm © Wl sadueyd [jews
flaanejar sy jo 9sneddq [ewiull SEM 3AIND K915u3-o1j153ds pandwod ay) uo
¥3))5 a1 ‘syrdap 1a8se] oY) 18 Aje1dadsd ‘U0NDIS RUEQIIAC Y U sadreyosip
Paindwos pue painseaw Iyl UIIMIAQ waw?Ide Y paaoidwi uondI110d Y}

AN 1861 INNT rit

—
e

~ '+ Wadt © 1

W .‘ut:L'si ;

I
>
<

E

e
tk




‘quuny pnoiy4 _UCE&JU-U:_._OQEOU JO s1d1owesed comeuomnzm

pue yydsp jo udwaou
H31wnad panam Jo wawalow
"4 §303 uonratios xny £819u3 apoury
. : ‘moy jo yidap
‘uueys duoje duEISIp
‘Anoopaa uesw uonaIsqns
‘yp ‘vase IBIUAW10uL yum pajeidosse Anoojaa ueaws
A1a0p24 ueaw u01123s-55015 [R10)
yipim doy uonodasqns
Yipim doy uonsas-ssorn 1A 1)]
dwny 10 puueys Jo adojs paq
‘auyy ape1d £31ous Jo adojs
‘snipes aynesphy uoloasgns
Haquinu spioukay
EEIIENT uondasqns
‘ad1eyasip parnscaw 25e1aae
‘281eyss1p vondas-ssoin je10)
1913wuad panam uolnasqns
‘anjea v uonosasqns
‘anjea u s, 3uuuepy
taouekaauos uonsasqns
'92uek3Au05 uonsas-ssors w101
Anaesg _o'mozﬁu_uuum
.

13INNVYHD N340 ANNOdWO0D

W o oo "o

QJOE ool -

i

on

Il

/]

1l

%0 X

(pilgiy

~ X3 Q

o

S TN

.

(%)

o

o

-~

9AH

510108} UONOU]J UONDISQNS

‘10198 uondj Yoeqstam-Loleq

‘uol1231302 xnyy A313us onauly Yim 13qunu spnoiy
. ‘raqung apno1g paiydiom
‘1aquinu apnosyg uondasqns

‘13qunu spnoi, jpuueyd-punodwos

1Joquinu apnoi g

‘A813ua oydads = g

‘eaje uohdasqns = 'v

‘Bare UONIDIS-SSOID [B10) = p

f

[]
WSS

~

S e N Y Y P P e o P—aren 8

v

[l
win W

I
w

B et Sk ST

) '6001-6L6
dd ‘gL6] 190 '€L001 13ded 2014 ‘SN Aoz@.& 1°A .www_wu.“_.m_ﬁ..e..wp_.zm_\.ﬂ%
i ' mo 2 - "
Jsoauug 2w Jo jouiner .. vu_ﬁmwx»“ﬁ:ﬂ% .:c__mu:__;nmg ‘3014138 UOIIBAIISUOY)
: ‘ ‘wesdorg 1ndwo) 7-dSMm.,
pos ‘uotsiaiq JuusouiBug ‘19 ‘op aSDIIY DIIUYIIL E.mmn_‘m_m: gl o
_Y ‘96 ° ! ' anoapdyy ay1 fo jpusnop
‘tige 13deg 2014 '6AH ON ‘96 'IOA m_mw_m_f :eh_:me“w“\hu%M“u ...sx«.x i
a'SUOHIDIS YUBQIIAQ OF XMI|J WMUIWORY JeaulT,, AR Ao Bl
“!.Nmﬂ 12dvy A)ddng i31pgq Aasing jp2180j0a0) .%.b.,..._u.w:.a._wwu_“_qmvw::aum.uqumzzwmw“.mr
‘sonnqinsiq ANd0]2A pUE SIU3IDLJI0) uMMM_G_N%‘, Ev_uu LR W e
ndojoiphyy ‘s12aumBuyg Jo sdio) Awiy ssieig panun ‘9 ._o=> h.u.ﬁz\“a&&.uqahu“ﬂhmﬂ
) : y ' 1 e
2o 10f spoyiagy 8urizauSug ndojoipAyy | 'sapjoid 3dejing o
! ‘9161 D' 'uoiBuiysepn ‘SOSN ‘66r-9, 110day o:.u :u&OQAu.::M wﬂaim—wqhd%;m:@
. . - suonenyddy 1aindwo),, -
.m..u_i_a:( Kempoojq puriaemydeq-daig 10) ..mwm-:m D I Al
._uS ‘SAH 'ON 'SOI 'JOA "JDSV ‘woisiaig sanvipdyl 3y fo ::::em ...n.“a%hwﬂﬂﬁ_m
voom_ N:>a |auUuEy) UIR UIIMIIE UOHDEBIIUY,, 2>-~“ ._HV_H.._._MN._W.H»- .mﬂm( .:E:».Q
'dd ¢ v ) ded "2014 ‘| ' 1514}
. ! e 0oL 22 OYId A [EdHIWINN,, Y ‘peseld
1npapdyy ay; fo jpuinor | ‘sapjoig mold Funndwo)) jo poyiapy (et s W Pred
‘ 4
‘Repy ‘geigl 1adeq 2014 ‘SAH ON ‘vOI IOA ._W_Um«....D:M._n.,..‘_..:QEMuuﬁ”_ﬂg&\.«%.“N“~w\m
I LR
jpwinor | ‘suield PoOJd Ylm SIdALY Ul moOl4 |BOLIL) e S ind
‘P11 1adeq 2014 ‘LAH "ON ‘101 'IOA ‘FISV ‘womsug M.ﬂ::eﬁx:- w.\u.\mﬁﬂumwﬁ
“W g ‘Amesg pu
W'ulRld POOld yim [duuey) ul seays Liepunog,, W '3 E] o8l il
‘uorBuysepr ‘'SOSN ‘D-6981 42dng Ajddng 131044 Aaaing Eu..i&u.ub._rw.b..m.* m_m”__“._w._..—“w
’ SU'E - urjjwoe :
8961 . A Z..H%\,.a_u_qu ,Mw,am_:..‘_u_:uu Funoauiduy s1dojoipAy ‘s1vauifug ..o sdio))
o N Cjuswa ddng yum [enuepy s13asq) 2j1joid 30ejing 3_«.3 ‘TO3H.,
flury saieis panen .1 _ . ‘Jije) ‘owsweldeg
‘pos
1915y duuesuidug ordojoiphyy ‘s1sauifuy ._M mmuww=>_”_“.w.>”u_~awﬂwm_th__mw.m .«”m._:um
Plloqerey ayi Juisn A91ou7 o1j1oadg wnunuty £4q Isejing 3] e
: ! Ay jauupy) uadp 1 A ‘moyd
Wop MmN “oup t'0) yoog IIH-MEIDIW ‘Sanoipdl] | ¥ A A
.5 UG JO ISEW ;o‘.uu@,._muv oy 1oy syudwannbar sy jo rudwpyng fensed w

SAH 1861 INNT

:42dod s)y1 up pasn 2ip sjoquuds Supmopjof ayy

NOILVION—"||| XION3ddYyy

K4l

‘ol

fon
9t

C s

[

e T

< i

<o Wl

-4
o
-
L
‘s
H
H




