
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB016691

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; NOV 1976. Other
requests shall be referred to Air Force Weapons
Lab., Kirtland AFB, NM 87117.

AFWL ltr 7 Nov 1986







This final report was prepared byJ^E- TEMPO. Albuguerque. New Mexico, 
under Contract DNA-001-75-C-0056, Job OrdeF 1338141 if ^witfTTRi Al»1 Force Weapons 
Laboratory. Kirtland Air Force Base, New Mexico. Captain McNickle (DEP) was 
the Laboratory Project Officer-in-Charge. 

When US Government agencies, specifications, or other data are used for 
any purpose other than a definitely related Government procurement operation, 
the Government thereby incurs no responsibility nor any obligation whatsoever, 
and the fact that the Government may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other data is not to be regarded 
by implication or otherwise as in any manner licensing the holder or any other 
person or corporation or conveying any rights or permission to manufacture, 
use, or sell any patented invention that may in any way be related thereto. 

This technical report has been reviewed and is approved for publication. 

NcNICKLE 
Captain/USAF 
Project Officer FOR THE COMMANDER 

rWv^'J.  KiuUL. 

Ws T. NEAL 
Lt Colonel, USAF 
Chief, Special Projects Branch 

FRANK J. LEECH 
Lt Colonel, USAF 
Chief, Civil Engineering Research Division 

• 

DO NOT RETURN THIS COPY. RETAIN OR DESTROY. 

IfJ 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (Wh,n Dm,, Bnt.t.d) 

 REPORT DOCUMENTATION PAGE 
I      REPORT NUMBER  

AFWL-TR-75-249, Vol.   II 
I     TlThB »■MIUUIHIIHJ 

I. GOVT ACCESSION NO. 

^ Stephen G^cGrat 

»     PERFORMING ORGANIZATION NAME AND 

GE TEMPO (DASIAC) 
7800 Marble N.E. 
Albuquerque, NM   87110 

PLANST J ^ST -ERIES " lESJ m iNST^E^™l 
Volume JIt-Mnstruinentat1on Plan. 

T    AUTHORfjJ ' 

READ INSTRUCTIONS 
jEFORE COMPLETING FORM 

J-9ty 
• t.    CONTROLLING OFFICE NAME AND ADDRESS 

AF Weapons Laboratory  SAMSO 
Kirtland AFB, NM 87117 WWPC 

Los Angeles. CA 90009 
1«    MONITORING AGENCY NAME a  ADDRESSf/f d///.r.nr tlom Conrrollln« Olllc») 

Director 
Defense Nuclear Agency 
Washington, D.C. 20305 

10. PROGRAM ELEMENT, PROJECT, TASK 
AREA t WORK UNIT NUMBERS 

11213F 
13381- 412 

*»   Rmm Bo?» 

Novi 
U.   RUMItNUI 

196 

76 

»8.    SECURITY CLASS, (ol thlm rmpott) 

UNCLASSIFIED 
"*■   P(?5i-issl/lc*T"ON/DOWNGRADING 

SC H E DU L E 

1«.    DISTRIBUTION STATEMENT (ol IhU Rtpetl) '  

strfA T&aSftcsrstt.th1s *xmnt mut fi ^^^ 
•7.    DISTRIBUTION STATEMENT (ol 

■""—1 tow iüimfl — 1 V^ f—I I 

<■.   SUPPLEMENTARY NOTES 

^ISiAJ55S?fChuW^ MP?nsSred by the Defense Nuclear Agency under Subtask 
S?rSJe J^Ü * WOrk Un1t T1tle: ConstruCt1on Support fSr UMSO 

It.   KEY WORDS rConUnu* on WWWBt «id« (/ n*e«««ary «id MWrtt» by block numb».) 

Nuclear Weapons Effects 
Alrblast 
Structure Response 
Ground Shock 
Silos 

Nuclear Weapons Simulation    • 
Launch Facilities 
High-explosive 
Structure Medium Interaction (SMI) 

10.    ABSTRACT fConltouo on »vor» Udm II nocooowy «nd Idtnllly by block mmbot) 

The objective, test configurations, and 
HARD PAN I test series are presented in 
hiqh-explosive test events (5 major and 
obtain experimental measurements of the 
test structure In a layered geology due 
detonation. The test geology was clay 
Structure medium Interaction (SMI) data 

instrumentation implementation of the 
three volumes.    Volume I describes the 
13 calibration events) performed to 
shock environment In the vicinity of a 
to a simulated near-surface nuclear 

over Interbedded limestone and shale, 
obtained In the test series Is to be 

DD,^, 1473 EDITION OP 1 NOV •• IS OBSOLETE 
UNCLASSIFIED 

^ 9 Wf 
,eCU,"TV CLAMIPICATION OF THIS PAGE (Km BSS Bm Qf6 



UNCLASSIFIFD 
SECURITY CLASSIFICATION OF THIS PAGEfl*Ti«n Dmtm Bnfrmd) 

(Blk 20) 

used in development of prediction codes for use in analyses relating to facility 
design, modification, and hardness validation and/or assessment.    Rerm-loaded 
explosive simulation technique (BLEST), a new technique for high-explosive 
simulation of nuclear detonation effects, is described.    The first use of BLEST 
was in the HARD PAN I series where It augmented the more precise HEST used to 
provide direct airblast loading, and increased total simulation times at accept- 
able additional cost.    Volume I also includes specific operational plans (safety, 
communications, security) and data analysis requirements.    Volume II (Appendix P) 
describes the Instrumentation systems used to obtain motion, stress, and strain 
data from free-field and structure locations in the first three major events and 
the calibration events.    Measurements lists are included.    Volume III (Appendix 
P, continued) describes the instrumenting of the final two major events and 
lists all measurements. 

1    • ' r 

INM^MMB 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PACEfHTwi DM« Enter*« 



CONTENTS 

Part 

3. 

4. 

5. 

Volume 2 

HARD PAN 1-1 EVENT 
1. Test Site Layout 

2. Measurement Requirements 

3. Channel Record Assignments 
HARD PAN I-2A EVENT 

1. Test Site Layout 
2. Coordinate Systems 
3. Measurement Requirements 
4. Channel Record Assignments 

HARD PAN I SCAL EVENTS 
1. Description of SCAL Tests 

2. SCAL I Instrumentation 
3. SCAL II Irsstrumentation 
4. SCAL III Instrumentation 
5. SCAL IV Instrumentation 

HARD PAN ICAL EVENTS 

1. Description of Tests 
2. Instrumentation 

HARD PAN HBL EVENTS 

1. Description of HBL I 
2. Instrumentation of HBL I Event 

3. Description of HBL II 
4. Instrumentation of HBL II Event 

5. Description of HBL III 
6. Instrumentation of HBL III Event 

Page 

2 

2 
3 
6 

39 

39 
39 
39 
43 

90 
90 

90 
91 
91 
91 

118 
118 
119 

152 
152 
152 

152 

153 
153 

154 



.,».«,,,,-, mmm ,.,,..-...   ->,. 

APPENDIX P 

HARD PAN I INSTRUMENTATION PLANS 

This Appendix describes the instrumentation of the HARD PAN I series 

of high explosive tests conducted near Trading Post, Kansas in the period 

October 1974 to December 1975. ^Since Volume I (the Test Plan) of this series 

describes the configurations and objectives of the individual events in con- 

siderable detail these considerations will not be addressed here at length. 

The HARD PAN series consisted of a total of 17 events, four of which 

were major tests. The first two major events (HP 1-1 and HP I-2A) were 

separated from the final two major events (HP I-2B and HP 1-3) by several 

sets of calibration events (SCAL, ICAL, HBL and SICAL) to aid in the final 

design of the main event (HP 1-3). With the exception of two of the cali- 

bration events extensive instrumentation was employed to measure ground and 

structure motions, oil stress, structure/medium stresses, structural strains, 

and blast pressure. 

The Appendix is in eight parts and each, except for Part 8, addresses 

an individual major event &r a set of similar calibration events. Part 8 

is concerned with instrumentation topics generally common to all of the 

tests.^Because of its length the instrumentation appendix is published in 

two volutpes. 

PART I 

HARD PAN 1-1 EVENT 

1. TEST SITE LAYOUT 

Figure P-l is a plan view of the HP M event showing the HEST cavity 

outline in relation to the test structure, the instrumentation holes, and the 

cable trenching. Instrumentation holes are designated by the letter L fol- 

lowed by arabic numerals. 



2.    MEASUREMENT REQUIREMENTS 

a. Blast Pressure 

In order to measure the overpressures developed at the floor sur- 

face of the HEST cavity a total  of 20 blast pressure gages were fielded.    Six 

of these gages were installed in the top surface of the LER in redundant 

pairs.    The other fourteen were arranged along three radials out to a distance 

of 45 ft from S6Z.    Table P-l gives a listing of the blast pressure measure- 

ments, including predictions.    Figure P-2 shows the location of the gage 

installations. 

b. Free Field Accelerations 

Acceleration measurements are divided into two groups:    free 

field measurements which are beyond a nominal  10 ft from the test structure 

center line or deeper than the base of the structure, and near field 

measurements which are in the immediate neighborhood of the structure. 

Free field acceleration transducers were installed in epoxy canis- 

ters and emplaced in instrumentation holes, drilled either vertically or at a 

nominal angle of 45°.    A total of 86 free field acceleration measurements 

were made out to 110 ft in range and 66 ft deep.    Table P-2 lists the various 

acceleration measurements in the far field.    Elevation views of the various 

instrumentation holes are shown in Figure P-3.    Specific measurement numbers 

are identified in this figure, together with instrumentation hole numbers. 

These instrumentation holes are also identified in the plan view of figure P-l, 

c. Structure and Near Field Accelerations 

A total of 57 structure and near field acceleration measurements 

were made.    Of these, 26 were in the near field soil and the transducers were 

installed in epoxy canisters.    Thirty one measurements were made at various 

places on the structure.    The structure transducers were installed in mounts 

built into the structure. 

Table P-3 lists the structure and near field acceleration measure- 

ments.    Their locations are shown in figure P-4. 



d. Free Field Velocity 

Twenty velocity transducers were emplaced in the free field at 

locations shown in figure P-3.    These measurements are listed in table P-4. 

e. Structure Velocity 

Vertical velocity transducers were attached to built-in mounts 

at seven locations in the interior of the structure as shown in figure P-4. 

In addition, three developmental relative velocity transducers intended to 

measure relative motion between the structure and the surrounding medium were 

fielded.    Their locations are also shown in figure P-4.    Table P-5 lists the 
measurement numbers and the expected velocities. 

f. Strain Measurements 

During construction of the model structure, redundant sets of 

strain gages were bonded to the steel rebar at various locations.    Figure P-5 

shows the locations of those gages which were used for strain measurements 

in the DISC HEST event.    A total of 67 steel strain measurements were made. 
These are listed in table P-6. 

g. Structural Relative Displacement 

Four active relative displacement measurements were made. Two of 

these were to measure the vertical displacement of the upper structure 

relative to the lower. The other two were intended to measure the diametral 

distortion of the upper portion of the lower structure. Locations of these 

four measurements are shown in figure P-6. and their listings are in table P-7. 

Additionally, there were a number of passive "scratch" gages in- 

stalled to measure relative displacements. Four of these gages were Intended 

to indicate the relative vertical and radial displacements of the upper 

structure with respect to the lower, and two to indicate the diametral dis- 

tortion of the upper portion of the lower structure. The locations of those 

sensing devices are shown In figure P-6. They are listed in table P-8. 

h. Media Displacement 

Thirty-six media displacement profile indicator rods were Installed 
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in each of two planar arrays extending outward from the structure to a dis- 

tance of 10 ft.    These arrays were on opposite sides of the structure and 

each consisted of three rows of twelve rods, each now being buried at a dif- 

ferent depth as shown in figure P-6. 

Accurate pre and post shot measurements of the locations and 

orientation of the indicator rods were to provide a means for determining 

the net displacement profiles of the soil medium resulting from the explosive 

event. 

i.    Structure/Medium Displacement 

A total of twelve relative slip gages were attached to the outer 

wall of the upper structure at locations indicated in figure P-6.    These 

passive "scratch" gages were intended to show the extent of the relative 

motion of the structure with respect to the surrounding medium. 

j.    Stress Measurements 

A total of thirty-six stress measurements were made.    Twelve of 

these were to measure stress in the medium surrounding the structure and the 

remainder to measure stress exerted on the structure by the surrounding 

medium.    Eighteeen of the latter measurements were of normal stress on the 

structure.    The other six measurements were made with a developmental gage 

designed to measure both normal stress and shear stress. 

All stress measurements are listed in table P-9 and their locations 

are shown in figure P-7. 

k.    Experimental Measurements (PACI) 

The PACI  (Programmable Accelerometer Conditioner Integrator) 

experiment add-on to the HARD PAN 1-1 event was an attempt to gather com- 

parative data on ground motion. 

PACI is an electronics package designed for use with a piezo- 

resistive accelerometer.    It contains circuitry for calibration, differential 

input amplification, integration, and double integration. 

mHBBUnMHWKI 
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Three accelerometers were to be fielded.    These are identified by 

the basic measurement numbers 90V, 902, and 903.    Pertinent measurement data 

are listed in table P-10.    Locations at which the measurements were taken 

are shown in figure P-3C. 

Four PACI outputs were to be processed from each of the basic 

accelerometer output signals.    They are:    (1) amplified acceleration, (2) 

velocity 1, (3) velocity 2, and (4) displacement. 

The integrating circuitry of the PACI package is operable over 

three programmable ranges.    Range 1 integrates from 0.5 Hz to gage cut off 

frequency.    Range 2 integrates from 5 Hz to gage tut off frequency.    Range 3 

integrates from 50 Hz to gage cut off frequency.    For the HARD PAN 1-1 test, 

velocity 1 used range 2 and velocity 2 used range 3.    The displacement output 
also used range 2. 

I.    Logarithmic Amplification of Acceleration Signals 

For the HARD PAN 1-1 test, logarithmic amplifiers were added in 

parallel with the PACI amplifiers to provide logarithmically amplified 

acceleration outputs.    These measurements are identified as 901C, 902C and 
903C. 

3. CHANNEL RECORD ASSIGNMENTS 

AFWL Instrumentation Vans E-3 and E-5 were used for recording of all 

active instrumentation signals.    In both vans recording was done on CEC VR 

3700B 14-track recorders.    Signals were multiplexed and recorded as shown in 
tables P-ll and P-12. 
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Table P-8. Passive Gages - Event #1 - HP 1-1 

Measurement 
No. Loc. 

Depth 
(ft) 

Azimuth 
(Degrees) 

Range 
(Ft) Type Sense 

PI S M LER 2.4 018 3.7 ID V 

P2 S M LER 2.4 112 3.7 ID V 

P3 S M LER 2.4 203 3.7 ID V 

P4 S N LER 2.4 287 3.7 ID V 

P5 S s NF 2.4 090 4.5,-10, PR V 

P6 S s NF 2.4 270 4.5,-^0, PR V 

P7 S M LER 4.5 020 3.7 ID   . V 

P8 S M LER 4.5 115 3.7 ID- V 

P9 S M LER 4 5 203 3.7 ID V 

P10 S M LER 4.5 290 3.7 ID V 

Pll S S NF 4 5 090 4.5,-IO, PR V 

P12 S s NF 4.5 270 4.5,-^0, PR V 

PI 3 s M LER 6 5 020 3.7 ID V 

P14 s M LER 6.5 105 3.7 ID V 

P15 s M LER 6.5 203 3.7 ID V 

P16 s M LER 6,5 290 3.7 ID V 

P17 s M LER/LT 7.0 015 1.8 RD R/V 

P18 s M LER/LT 7.0 105 1.8 RD R/V 

P19 s M LER/LT 7.0 195 1.8 RD R/V 

P20 s M LER/LT 7.0 285 M RD R/V 

P21 s M LT/LT 7.5 15-195 1.5 RD R 

P22 s M 11/11 7.8 105-28E 1 .     1.5 RD R 

P23 s S NF 8.0 090 4.5,-10, PR V 

P24 e S NF 8.0 270 4.5,-10, PR V 

P26 s M NF 0-21 060 6.0 U V 

P30 s M NF 0-21 300 19.5 W V 

P32 s N NF 0-21 300 40.0 W V 

, 
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PART 2 

HARD PAN I-2A EVENT 

1. TEST SITE LAYOUT 

Figure P-8 is a plan view of the event test sHe showing the HEST and 

BLEST areas, instrumentation placement locations in the BLEST area, and the 

BLEST overhead cable scheme.    Figure P-9 shows the instrumentation hole loca- 

tions m the HEST area, blast pressure gage locations, and the trenching plan. 

2. COORDINATE SYSTEMS 

HARD PAN I-2A used two different coordinate systems to locate points 

in the field.    They were a rectangular Cartesian coordinate system with origin 

at one corner (the easternmost) of the HEST cavity, and a cylindrical coor-' 
dinate system centered on the structure model. 

In the rectangular coordinate system the positive X-direction was 

horizontal at 330° Truo from the origin, and the positive Y-direction was 

horizontal at 240° True,    The positive Z-direction was vertically downward 

from the reference plane at 783.50 ft above mean sea level. 

The origin of the cylindrical coordinate system was at X=24 ft, 

Y=32 ft, and Z-0 ft in the rectangular system.    The positive Z-axis f| down- 

ward and parallel to that of the rectangular system.    Azimuths are measured 

clockwise from 330° True.    Range is measured horizontally from the symmetry 
axis of the system. 

Structure and near field measurement point locations are specified 

in the cylindrical coordinate system.    All other measurement locations are 
specified in the rectangular coordinate system. 

3. MEASUREMENT REQUIREMENTS 

a.    Blast Pressure 

Twenty-six blast pressure gages were fielded for the HARD PAN I-2A 

event.    Six of these were Installed flush with the upper surface of the upper 
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m structure in a manner similar to that in the HP 1-1 event. The others were 

installed in the HEST area, with the sensing surfaces flush with the floor 

of the HEST cavity. Figure P-9 shows in plan view the gage locations in the 

HEST area. Figure P-10 shows the locations of the blast pressure gages in 

the top of the structure. Table P-13 lists the pertinent blast pressure 

measurement requirements. 

b. Free Field Accelerations and Velocities 

A total of 113 accelerometers and 103 velocity gages were emplaced 

for free field ground motion measurements at locations shown in figure P-9. 

These transducers (in epoxy canisters) were installed at the depths indicated 

in tables P-14 and P-17 in instrumentation holes drilled specifically for 

their placement. Table P-14 lists the pertinent free field acceleration 

measurement requirements and table P-17 the velocity measurement requirements. 

c. Structure and Near Field Accelerations and Velocities 

Seventy-six accelerometers monitored structure and near field 

motions for HP I-2A. Of these, 12 were attached to mounts installed in the 

upper structure, 20 to mounts in the lower structure, and 44 were in epoxy 

canisters in the near field of the structure. Four velocity gages were In- 

stalled in the upper structure and four were in the lower structure. The 

locations of the accelerometers and velocity gages are shown on figure P-10. 

Tables P-15 and P-18 list the measurement requirements for the accelerations 

and velocities, respectively. In addition, two measurements were made of 

the velocity of the upper structure relative to the surrounding media. Re- 

quirements for these measurements are contained in table P-18 and their 

locations shown in figure P-10. 

d. Relative Displacement 

Ten active relative displacement measurements were made in HP I-2A. 
Of these, 4 were to measure the relative diametral distortion of the lower 

structure at two different depths; 4 to measure the vertical displacement of 

the upper structure relative to the lower; and 2 to measure radial displace- 

ments of the upper structure relative to the lower.   The locations at which 

these measurements were to be made are shown in figure P-10.    The measurement 
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requirements are listed in table P-20. 

e. Strain Measurements 

Strain gages were bonded to the steel rebar at various locations 
in the structure during its construction. Figure P-ll shows the locations 

at which strain measurements were made and table P-16 lists specific 
measurement requirements. 

f. Structure and Near Field Stress 

In the near field, 30 WES SE gages were emplaced to measure 

stresses (FS) developed in the media. Sixteen WAM interface pressure gages 

measured normal stresses between the medium and the structure. Four CERF 

interface stress gages measured both normal stress (IS-R) and vertical 

shear (IS-VS). The location of each of the measurement points is shown in 

figure P-10. The measurement requirements are listed in table Ml. 

g. BLEST Field Acceleration and Velocity Measurements 

Three velocity measurements were made at each of four locations 

in the BLEST field. These measured motions at a depth of 23 ft in the 

vertical, horizontal (X), and transverse (Y) directions, respectively. The 

measurement requirements are listed in table P-19 and the measurement loca- 
tions are shown in figure P-8. 

Sixteen measurements of vertical acceleration were made at the 

surface of the BLEST field. Table P-22 lists the measurement requirements 

The accelerometers will be mounted in the bases of the photo poles to be 

deployed in the BLEST field at locations shown in figure P-8. 

h. Experimental Measurements 

Eighteen experimental measurements were made for HP 1-2. These 

included six blast pressure measurements to be made in the HEST cavity 

using S3 transducers embedded in surgical gel in depressions in the cavity 

floor, and one blast pressure measurement using a piezoelectric polymer 

transducer, also embedded in surgical gel. 

Two other piezoelectric polymer gages were emplaced at a depth 

of 6 ft to measure soil stress and acceleration, respectively. These were 
located outside of the BLEST area. 
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To obtain seismic motion data three orthogonal acceleration 

measurements were made at each of three locations along, roughly, a radial 

extending northward from the model structure at distances of 860, 1540, and 

2700 ft. 

The measurement requirements for the experimental measurements are 

listed in table P-23 and their locations (except for the seismic) are shown 

in figures P-8 and P-9. 

i. Passive Measurements - Structure and Near Field 

Figure P-12 indicates the locations at which passive measurements 

were made in the structure and near field. These measurements are also listed 

in table P-24. 

Two planar arrays of profile indicator rods at 020° and 290° were 

to be augmented by three layers of colored sand extending outward from the 

model structure at 110° for media displacement (PR) data. Twelve relative 

slip gages measured interface displacement (ID). 

Three penetrations (C) of the upper structure were modelled. 

These were at 6.5 ft below the surface at 030°, 120°, and 300°. Four 21 ft 

holes were drilled for water level measurement (W) prior to test execution. 

Four relative displacement gages were installed to measure dia- 

metral distortion of the lower structure at 8.2 and 12 ft depths. Four 

relative displacement gages measured relative movement between the lower 

and upper structure. 

j. Passive Measurements - Free Field and BLEST Field 

Table P-24 lists the passive measurement requirements for the 

Free Field (HEST area) and the BLEST field. Measurement locations are as 

indicated in figures P-8 and P-9. 

In the HEST area three grout columns extended to a depth of 60 ft 

to measure horizontal media displacements. Also in the HEST area were 

emplaced a total of eight splice cases to test the ability of standard splices 

to withstand high stress and motion environments. 

42 



The passive measurement configurations in the BLEST field consisted 

of 24 sand columns ranging in depth from 6 ft to 13.5 ft. Metal plates (4 in 

by 4 in) were placed in these sand columns at 6 in intervals. Each of these 

plates was positively identified by sand column number and vertical depth. 

This series of measurements was intended to trace the BLEST overburden 

movement. 

k. Photo Poles 

Nineteen photo poles were fielded in locations shown in figure 

P-8. Sixteen of them were in the BLEST field and three in the HEST area. 

Except for two in the HEST area each 6 ft pole extended vertically upwards 

from a flat 2 ft by 2 ft plate resting on the surface of the ground or 

overburden. 

Photo pole F17 was supported hy a column extending through the 

HEST cavity to a depth of 2 ft below the cavity floor. At that depth it 

was supported by the standard flat plate. Photo pole FIB was supported by a 

column extending through the HEST overburden to a flat plate resting on the 

bottom of an overburden sand box. 

4. CHANNEL RECORD ASSIGNMENTS 

AFWL Instrumentation Vans E-l, E-3, and E-5 were used for the record- 

ing of all active instrumentation signals. Signals were multiplexed and 

recorded as shown in tables P-27 through P-30. 
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Pole Nö. 

Fl 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

F10 

Fll 

F12 

F13 

F14 

F15 

F16 

F17 

F18 

F19 

Table P-26.    Photo Poles - 

X (ft) Y (ft) 

302.2 32.0 

298.8 32.0 

275.3 32.0 

271.6 32.0 

238.8 32.0 

236.0 32.0 

199.8 32.0 

196.9 32.0 

166.8 32.0 

163.5 32.0 

118.2 32.0 

114.6 32.0 

76.5 90.1 

72.3 90.1 

43.8 92.9 

39.0 / 92.9 

54.0, 32.0 

48.0 32.0 

42.0 32.0 

HP  I-2A 

Comments 
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PART 3 

HARD PAN I SCAL EVENTS 

1. DESCRIPTION OF SCAL TESTS 

The SCAL series is composed of four single shot tests.    In each of 

them a 50 lb charge of ammonium nitrate slurry was detonated.   The charges 

were placed at a depth of 3 ft below the existing ground surface, the 

explosive holes were backfilled and overburden laid on the surface to a 

depth of 3.75 ft.    To insure uniformity in the overburden, it was laid in 

several courses and compacted between each course.    The radius to which the 

overburden was deposited was such as to insure that the resulting crater 

was within the overburden.    Two of the SCAL shots (SCAL II and SCAL IV) were 

decoupled ones.    For these events the 50 lb AN slurry charge was placed 
at the bottom of a 55 gal drum to provide a decoupling cavity.   The charge 

center on these shots was at the same depth below the overburden surface as 

for the coupled SCAL tests.    Acceleration and soil stress instrumentation 

were used to evaluate the test results.    Photographic coverage was also 
provided. 

2. SCAL I  INSTRUMENTATION 

Six accelerometers and four soil stress gages were fielded for the 

SCAL I test.    Their locations in plan view are shown in figure P-13.    Table 

P-31 lists the measurements and their coordinates together with predicted 

measurand peak values and gage information. 

Although only ten transducers were fielded, a total of 34 channels of 

data were recorded.   A PACI amplification and integration package was used 

with each of the accelerometers to yield an amplified acceleration signal and 

a velocity signal.    Solid state PACI amplifiers were also used to amplify the 

soil stress signals.    Some of the signals were recorded on a recorder located 

at the splice bunker in order to obtain higher frequency response through the 

use of shorter lines.   Table P-32 lists these various measurement recordings 

and table P-33 presents the record assignments in tabular form. 
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3. SCAL  II  INSTRUMENTATION 

In the SCAL II test six accelerometers and five soil stress gages were 

fielded.    The measurement locations are shown in plan view in figure P-14, 

The basic measurements are listed and described in table P-34. 

A total of 32 signals were recorded as described in table P-35. 

Again, these were recordings of the basic signals processed in various ways 

as described in the table.   Table P-36 is the record assignment for the test. 

4. SCAL III  INSTRUMENTATION 

In the SCAL III test 26 stress measurements and 9 acceleration measure- 

ments were made at locations shown in P-15.    In addition, 9 strong motion 

seismic (acceleration) measurements were made.    These basic measurements 

are listed in table P-37. 

A total of 92 signals were recorded, as listed in tablß P-38.    These 

were, as before, recordings of various treatments of the basic transducer 

outputs.    Table P-39 is the record assignment in tabular form. 

5. SCAL IV INSTRUMENTATION 

Ten accelerometers and nine soil stress gages were fielded in the 

SCAL IV test.    In addition, 3 strong motion seismic measurements were made 

at each of three locations.    The basic measurement locations are shown in 

figure P-16 and their descriptions are contained in table P-40. 

Thirty five signals were recorded as shown in table P-41.    Redundant 

recordings were made of the WES SE soil gage outputs only.    Table P-42 is 

the record assignment table for this test. 
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* 

LEGEND 

O   SE Gage 

0   Accelerometer 

[j AN/GEL Charge 

Figure P-13.    SCAL I Instrumentation Layout 
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20.25' 

6.33' 

4.8' 

LEGEND 

D AN/GEL Charge 

O Accelerometer 

O  SIMDEP SE Gage 

Figure P-14. SCAL II Instrumentation Layout 
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LEGEND 

PI AH/GEL Charge 

■ SE Gage with paddle in trench 

^ SE Gage hand placed in trench 

Q SIMDEP SE Gage with paddle in hole 

Q SE Gage with paddle in hole 

O Accelerometer 

A SE Gage, alternate wedge technique, in hole 

9  GRT Gage 

Figure P-15. SCAL III Instrumentation Layout 
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260' 
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LEGEND 

□ AN/GEL Charge 

O SE Gage 

O Accelerometer 

□ GRT Gage 

147c 

Figure P-16. SCAL IV Instrumentation Layout 
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PART 4 

HARD PAN ICAL EVENTS 

1. DESCRIPTION OF TESTS 

The ICAL series of events is a set of four tests involving the detona- 

tion of nine buried charges in simulation of a portion of a BLEST array.    The 

objectives of the tests are to (1) evaluate the empirical  impulse prediction 

procedures for the HARD PAN I site and (2) to verify the impulse simulation 

for the major areas of the HARD PAN 1-3 impulse design. 

In each of the test events the ammonium nitrate slurry charges were 

buried to a depth (center of charge) of 3.0 ft below the existing grade.   The 

area containing the charges, and to a distance of 15 ft beyond, was overlaid 

with surcharge to a depth sufficient to take the total depth of burial to 

that listed in table P-43. 

Table P-43.    ICAL Event Parameters 

Event Spacing Depth        Charge Size Impulse 
(ft) (ft) (lb) (psi-sec) 

ICAL I S 6.75 50 19.2 
ICAL II 10 6.75 50 7.8 
ICAL III 7 6.75 50 12.5 
ICAL IV 7 8.4 100 21.4 

All four of the tests were heavily instrumented to obtain motion and 

soil stress measurements.    In addition, on two of the events (ICAL III and 

IV) small cylindrical test structures were emplaced.    These structures were 

-instrumented to yield soil medium interaction data.    These structures and 

their placements are described elsewhere.* 

In order to determine the efficacy of backfill techniques, 3 of the 

♦Memorandum for the Record, Subject:   2X3 Cylindrical Test Structures for Use 
in ICAL and HBL Events, P. J. McNickle, 7 March 1975 (AFWL/DEV). 

"i 
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ICAL events (ICAL I, II and III) included backfill experiments. Figure P-17 

shows a cross section of the 6 ft deep backfill hole with soil stress gage 

placement. 

2.    INSTRUMENTATION 

a. Transducer Location 

Figures P-18 through P-25 present plan and elevation views for each 

of the four ICAL events. Instrumentation holes are identified by a double 

digit number preceded by the letter L. Transducer locations are shown in these 

figures together with the corresponding measurement numbers. 

b. Measurement Lists 

Tables P-44 through P-47 are the measurement lists for the ICAL 

events and list transducer locations, type of measurements, predicted levels, 

and other pertinent data. 

c. Measurement Recording 

Van E-9 was used for recording and signal conditions of all measure- 

ment signals. All signals were recorded at 60 inches per second. At that 

tape speed the bandwidth capability was 20 KHz. Tables P-48 through P-51 

present the measurement recording data. 
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PART 5 

HARD PAN HBL EVENTS 

1. DESCRIPTION OF HBL I 

The HBL I test consisted of the detonation of sixteen 50-lb ammonium 

nitrate slurry charges arranged in a 4 x 4 array at a depth of 3 ft below the 

existing grade. Surmounting the array was an added layer of surcharge 4.75 ft 

deep. The test was conducted as part of the program to evaluate the differences 

and similarities between HEST and BLEST induced ground motions and stresses. 

Four small instrumented structures were included in the test configuration. 

These structures were similar to those included in the HBL III test and several 

of the ICAL tests. 

2.    INSTRUMENTATION OF HBL I EVENT 

In the near field and free field there were a total of 51 accelerometers 

and 19 soil stress gages. Four of the photo poles used to record motion of the 

overburden had accelerometers attached to their bases. 

The structures were instrumented (at shot time) with an aggregate of 11 

WAM gages to measure normal stresses at the interfaces between structure and 

medium. There were also a total of five accelerometers between the four 

structures. 

Figures P-26 and P-27 present plan and elevation views of the test con- 

figuration showing locations of each of the measurement transducers. Tables 

P-52 and P-54 are the measurement list and the measurement recording list for 

the event. 

3.    DESCRIPTION OF HBL II 

The HBL II test consisted of the detonation of forty-nine 100-lb 

ammonium nitrate slurry charges arranged in a 7 x 7 array at a depth of 4.67* 

ft below the existing grade. Surmounting the array was an added layer of sur- 

charge 3.75* ft deep. The test was conducted as part of the program to 

evaluate the differences and similarities between HEST and BLEST induced 

*Shown incorrectly in figure P-29. 
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ground motions and stresses. 

Four small instrumented structures were included in the test configura- 

tion. These structures were similar to those included in the HBL III test and 
several of the ICAL tests. 

4. INSTRUMENTATION OF HBL  II EVENT 

In the near field and free field there was a total of 42 accelerometers 

and 19 soil  stress gages.    Four of the photo poles used to record motion of the 

overburden had accelerometers attached to their bases. 

The structures were instrumented with an aggregate of 12 WAM gages to 

measure normal  stresses at the interfaces between structure and medium.    There 

was also a total of 8 accelerometers between the four structures, and two 
strain gages on one of the structures. 

Figures P-28 and P-29 present plan and elevation views of the test 

configuration showing locations of each of the measurement transducers. 

Tables P-54 and P-55 are the measurement list and the measurement recording 
list for the event. 

5. DESCRIPTION OF HBL III 

The HBL III test consisted of the detonation of a 48 ft x 48 ft HEST 

array to evaluate the differences and similarities between HEST and BLEST 

induced ground motions and stresses. The HEST cavlt:/ was 1.5 ft deep and 

explosively loaded with detonating cord In a three dimensional fishnet weave 

to a density of 0.75 lb of PETN per cubic foot. The pitch of the detonating 

cord was designed to yield a constant horizontal propagation velocity of 

12,200 feet per second. The explosive loading of the cavity, Its depth, and 

the 4.4 ft depth of overburden were calculated to yield t  peak cavity over- 
pressure of 2700 psl. Figures 1 and 2 show plan and elevation views of the 
event configuration. 

Four small instrumented test structures were Included In the test 

configuration. These structures w§re similar to those fielded In several of 
the ICAL tests. 
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6. INSTRUMENTATION OF HBL III EVENT 

HBL III was heavily instrumented with motion and stress measuring 

transducers. In the near field and free field there were a total of 60 

accelerometers, 24 soil stress gages, and 12 blast pressure gages (of 

which three were experimental). 

The structures were each instrumented with 2 accelerometers and 3 

WAM gages. In addition, one of the structures included 2 strain gages. 

Locations of the various transducers are shown in figures P-30 and P-31. 

Table P-56 is the measurement list for HBL III and table P-57 is 

the measurement recording list. 

154 

-r-nwmwiM mi  



0 

I \ 
( 

'-— CNJ m ^f in M3 
f^ co (T> o in in ID in m in 
ininmii» oooooo 
o o o o 

r-- cü CTI o rn ^ m 1.0 
«J <* -* m ■<* •st •* ^r 
oooo      of-ioo 

1 O o o o ■ J CJ cj tJ c 

S 

r-* co,— og n «j tn ID r j c\j ro n m m ro ro 
OOOOOOOO 

'"loo 
r^.  QO I '— 

fy     ^ s -^ '    _^ 

LQ     r- w m -J U1 «3  CM 
Oi oooooo Of 

kgj S p o o o . I E 

^   '4~ £3- 

-^ 

•«- s 
■6| 

A 

* 1 ' ' ' ' I ' ' ' 1 ' i I M  I  I  I I J 

5 

C2 s 
O 

I 
•r- 

r— 

2! 

S 

155 



cu 
■r— 

4 
3 
<u 

c 
o 

5 
a» 

r— 
UJ 

CVJ 



1.1— I. 
0)   ID (U 
o •■- ^ 
3   I- E 

■O   O) 3 
X 00 z 

i. 
QJi— 
U   0) 
3 T3 

■o O 
xs: 

k 10 
«y C   01 
g •r-   O) 
3 E   C 

T3 O   <0 
XX OH 

■o 
(U 
•M 
U 
•^ r— 

•—1 TJ   0» 

_I ^5 1 Q. _l 

b 
£ a) 
♦J C 

3 

_l 
a» >» 

•M xt- 

S M 

<M 
in ^"^ 

i +■> 
o- It- 

tt 
r— c >- 
M o 
to •*■ 
t- 4-> 

o 4* 
—1 <*- 

X 

k 1 
a> ^ 

■—  E 
O 3 

,—    vor-r^in^ncor«.    ^tiooPOCMvovooomo^uicr) 
mcMOOO»—   10»—   r^    LniDr»»criCTiOOr—   ^minoo 

<<«i<et:<c<cx:«£<<<c£«j:<c 
IS    UJ    o i 

<<<t:<o<:«_><oou>f«c<cc<:(->ouuocj 

O'ICVJCVJCViCVJCVJCSJCJCMCMtMCVICMCVItVJCMCVJCVJCViCSJCVJCM 
CMCVJCMCVICVJCMOJ-'NJCViCVJOJCVJIMtMCVICVjeMPJCVJCMtMCNJ 

OOOOOOOOOOOOQOOOOOOOOO 
oooooooooooooooooooooo 
ooooooooooooooooiDinuiLomLn 
irtinmLnoLnouioooLniniftinm 

o o o o o o in 91 B 
8 OOOOOOOOOOOOOOOtfilDin 

oooooooooooof^ot^r-r^-cM moQOQÖOoom"*ir) 
in CsJ 

mcoinmoooo^-^-ooooconooaio^ooooinin 
r^r^r^r-vovoinmoooommcooof^r^cMCvi 
^•^■«VJCVIi—     »—     ■—     i— f—     r—      r-r—      CVJCSJinm 

r^   t»*   csj   csj 
^-   «*   ^t   «* 

ro   ro   co   co   ro   co   ro   co 
OOOOOOOOOOOOCVJCViOOOOOO 
evjCMCVJCMCVJCMCSJCVJCSJCVJ^—r—     f—     i—     ^- 

ro co ro co ro ro ro ro ro ro ro oo ro ro 
....... 

o   o   o   o   o   o 
cvj   cvi   evj   cvj   cvj   C\J 

ro   ro   oo   co    ro   ro 
OOOOOOOOQQQQQOQOOOCVJCMOO 
CMCNjcvjcsjcsjCMPOfOMforocn^^t^^-mmininmin 

mmmminniovor^r^oooovo 
OOOOOOOOOOOOfO $ VO lg     CO     PO     00     00     CO     CO 

3   OJ 

CVJ •—   cvjco'rt-mior^ooo^o»—   eMCO*»o>or«»ooo>Oi— 8  00000000^-'-,'—'—  ^-^-CMCMCMCNJCOCOrO 
0 00000000000000003000 

157 



(U   ITS    0) 

3 t e 

X (>0 Z 

k 

U   01 
3 "O 

1-   «0 
Ol   C   (D 

= E C 
"OO(0 
X Z QC 

S 00 ^t IT) CT) VO 00 
o oo r«. n r^ *3- 
öD a Q Q (_> ca 
«t < <c «t < < 

o   o o 
CM     «Vi     CM     CVJ 
CM     CM     CM     CVJ 

o 
o tJ    u   o   o   o 

o   o   o   o   o o 
<_3 
o 

VO     VO     VO     VO     VO     «3 
CM      CM     t\j     c\j      c\J 
CM     CM     CN|     fvi     CM 

1 
c 

•M 

o    O    O    O O o 
cs   o   in   o o o 
m   to   cvj   o in o in ID 

o 
o m 

o 
o 
o m 

o   o   o   o   o 
o   ö   £   üö   [n   K   S   S   S   g   g   °   o   o 

OCVJCVJCVJCMCMCMCVi^tCJCJCtQ Lf) 

■D 
<D 

■M 
O 
•i— r— 
■D 0) a» > 
t. 01 a. —1 

in   in 
jn   O   o   in    in 
r^   in    in   r».    c^ 

o in o in o «* ro r«». ^v o o r^ o CM r>. CM i^ CM CM CM 

ic^    in    in    m 

- s ^ § vo   CM   in    ^j- 
CM CM 

■ E 
3 
(A   0) 

4J «I- 
Q.  
0» 

<     < <5$5$5$5$ 5 5 5^55 5  5  5  ^   ^ <   <  <  <   < 

CM 
in 

i 
a. 
a» 

IS 

^^^^^^««^^^^«^ininoocd^^ 
ftCMCMi—     r- «*     ^t 

CMCMioioa»cy>inin 

KO    in 
CM     CM 

oooooooooooooooooo 
CM    CM    CM    CM 

**>   cn   ro   ro   cn 

fMCMC^CM^^:~~~Ji: OOOOOOOOCMCMCMCM 
CM     CM     CM     CM 

b 

O   3 

s in   in o   o   o   Q   o   o 
m   in   m   m   m   in SJSSlStSISISSSgggg 

CO    CO     CO     (*)     ^-     ^ 
__ 0000«S-«3-«tTj- 
"tr-lCMCMCMCMCMCMCMcvj CM     CM     CM     CM     CM     CM 

—'     —'     —I     —I     _l     _J 

ooooooooSSSSSSSSSggggg 

158 

I 



I 
# (1> itj (D 

O -r- ^ 
,2 ^ = 
X 00 Z 

U 0) 
3 T3 

■D O 
x rr 

01 C OJ 
o •!- en 
a E c 
X) O ro 
X Z QC 

jr ;> f^ cn «r 
«^ rv. vo ro t^ 
UJ o C9 C9 CS 
< < < < < 

o 

CM 

o 
ID 
CVJ 

o 
o 

o 
o 

CVJ  CM 
CM  CM 

o 
o 

CM 
CM 

o 
in 
CM 

o o 
tn u-> 
CM  CM 

o 
«£> 
CM 
CM 

O 
in 
CM 

o 
o 
vo 
CM 
CM co to oo to «/) oo to 

UJ 
00 

o 
uo 

o 
o 
o 

o 
o 
o 

o o o 
O O O 
O O O 
CM «^ CM 

o O O o O O 
o O O 
CM CM CM 

00  00  00  oo 

o 
o 
o 
CM 

ÜJ  UJ 
00 00 00  00 

o o o o o o 
C3 o o 
CM CM CM 

o 
o 
o 
CM 

O O O 
O O O 
o o o 
CM *t «3- 

1 0) 

T3 OJ 
V   > 

in 
CM 

ID 
CM 

uo O o o in Q 
CM tn in in CM in 

CM CM r~. rv 
CM CM r— 

o 
o 
CO 

o 
o 
CO 

o o 
o o 

o o 
o o 

o 
o 

co a» a: E 
3 

p !fi£ **- a» >> 
X:K 

5 5 =• ^ > ■« < <c < •« 

in 

| 
in 

> > X =» > 
oo oo »/) oo 00 oo 

i 
U1 

•  I  I  I 
to oo to co 

i 

o O O o 
o o o o 
■— ■— O O 

X 
I 

KKCCESECCCeegggjA 
w 

■tJ<«- 
Q.>— 

3 M 

00     00 

CTi     O     «J-     «J- 

00     CO     ,- 

CM     CM 
^» «• m ^f »» 

intoincMintrodinco CO CM     in    CTl    CM     00     00 

«♦- 

CM c >- 
in 

i 
o 

a. 
OJ u ̂^v 

o 4-> 
X) —1 «»- 
HI »*--' 

co    ro    co    co    ro    co    vo 
CMCMOÖOÖOÖOO^O 

fo <o co ro ro m ci co co oo CO 
w o> CM i— f— 

in 
co 

CM co co co MCMCMCOCOCMH^'JoSije^^a' W  CM 

1. 
a« 

ol 

§§§§§SS?S§gSt2S{Sg§§§§ 
m 
o 

o   o 
OS 

^   it   \o   \o   to   \o   o* 
C^i    (M     CM    CM     CSJ     S    S 
—•   —'   -J   -I   -J   _l   _) 

O     r—     ^.     CM 
^f^oocsjcjcvjcorvooi-^i- 

159 



i-  r~   S- 
Q)   10   Oi 
fj ••- & 

X OO Z 

a» i— 

■o O 
X ^ 

J 

s- 

M 

2! 
3 
CO 

a. 

X) 

i- n 
9}   C OJ 
O -^ o> 
3  E 

■o O 
c 

X z a: 

TJ a> 
+J 
u 

*9* ^— 
T3 <u 
ai > E <u a. —1 

• 
ai E 
3 
Ul 01 
IO CL 

£ 5 

<C<:cc>-oOr-«co<<r^5!<5 

•—   o 
c^t   co 

o 
*o < 

O     IO     «£)     CD 1^     Ift 
v 9 19 jf «r ^ 

<C o o o 

vo vo «O VO 
M Mt si n n M 
</)     00     CM CVJ CSJ CVJ i i 

5 $ 
us vo s: 
CVJ CM < 
CM CM 3 

5 5 
vo vo ac 
CM CM < 
CM CM 3 Bf i 

iii§§8§§§§iiiiiii9^ec 

«■) f- r- r- ^^fSiiiiliii 

CO     r-     i— 
OÖÖÖÖOOOO 

^•■^•CMCMCM^-CMCM 

S M 

«O 
«.« 
O 

I        I 
}^    JO    >     >    >     5» u-   u-   <   <   <   «a: 

If)     If)     IT)     If) 
r««   r«.   r>.   m 

i 

i i 5 5 3 3 < < i i 

00    00    ^J-     ^f 
I 

CM     «O 
I 

• ■ t • ■ ,,       ^^        ^^ 

JO^^-COCOCMCVJlOlOio^^ 

<    3 

CO    CO    CM 

*     • 
«M     CM    ^-     O 
Cf   l*i>   !■>    Rj 

^^^^^^^^^fOMCOCOCOCOOOCOCOfO 

0) 
0) ^ 

ol 

O    i—    CO     CO     CO     CO 

CMcvjcocointninmuo^- en s IO »£> m ^t m o o 
w) O) 0% O) o> o% o> 

CM CO o o < < < < < cf «r «r 

gi§§§iii§§8gggggig8|S 

160 



1. ^  u 
a> (o 0) 
3  t.   f 

•D   0)   3 

^— 
n r-. 

r<» (9 f— 

x to sr ro < co 

i. 
Vr- 
O   0) $ 
3 TJ 

■a o i «VJ 
eg 

LU 

,_ 
1-   10 
a> c a> o o O 

5 E c o 
o 8 o o 

TJ   O   «0 5 'X) ^t x z a: 

■p TJ 
0» 01 
3 fl 
C u •g •r- ^— o o o « ■o o; o o o 1 0>  > 

W  0) 
CM in o 

Q._l 

4 
3 
W  0) 

ll 
5M 

IN 

CM 
ir> 

i 
a. 

■s 

ll 

L 
3 a» 

ll 

to 
i x   to 

<   u. 

«o   to 

OJ    CO    00 

ro   ro co •      • « 
oo   «* er» 

•- evi 

o   m   Q 
o>   to   if) 

cr>   m   i— 
CM   co   »- 

S 5 § 

161 

MMMMBMM||M|^g .....  .-T;.,, , 



en a» 
■o _l 

■o   • 
C  r- 
(0   to 

CO (_) 

.5 <«, 

SSgggggggOOOOOOQQ m   m   m   ir> o in   m o   o   o   o 
f>   if»   in   in 

01 ui >—. 
a» cvjcgooinigintn^ 

*OC»0'—     VDVOVOPO 

en 
CM      O» 
in   o 

o   o   in 
w   o   ^   o 
«f   m   o>   in   •— 

in 

^"   oo   oo   w   oo   ^-   o 
O)    tvj    io    CO    CVJ 

S 5 S 5 § 

en o» O) o» 
5 5 m 

o 5 
vo CO oo ^. 
o VO o\ ^• o a> ^• *J- m evj C\i 

r-.  ^  -S1 o»   er»   a>   C7> C)   oo   oo    a>   g>   >—   CM 
o   m   r^   o    ?n   i— 

m   oo 

o   oo   o 
o   «o   o 

oo   in   o- 
vo   .—   rv 

o 
o 

u 
m «tmvohvoowo^ •—   CSJ   ro   ro   ^   o, 

n    in   rv.   o,   _ 

o   PO   ro    ro   ro   Co   co r— 

I CVi     CM     CM     C\J 

>   3:   > 
> X 

I ) 
< < 

I I 
r^« rs. 

■ • 

o o 
CM CM 

I I 
CO CO 

• ■ 
o o 
CM CM 

I I 
UJ LJ 

I I 
U. U. 

I I 

< 
i 

I 
< 

I co co 

<vi CM 

co «A • • p o 
CM CM 

I I 
CO CO • • 
CM CM 

I 
< 

I 
in 

< 
i 

in 

io   io 
i 

co 

d 
CM 

I 
CO • 
o 
CM 

I 

I 
CO 

d 
CM 

I 
CO 

d 
CM 
I 

UI 
I 

u. 
I 

J. J. ^ x ' ' 
oJ» J, < < !t > oo oo i i oo oo 

• • «* ^j- • • 
"^ "^ „^ * "> ^ •— F- co oo f- i— 

CO CO CO CO CO CO 

00 00 O O CM CM 
CM CM CM CM p- F- 

R CO R S S S 
■.I III! 

I 
< 

I 
CO 

• 
oo 

I 
CO 

00 

I     I 

•      I 
O)     <Tl 

< 5» X 
J. •        • CO < < 

• I I 
00 Is» r»« CM CM 
F- CM CM m m 
J» JL J.     '      • 
CO CO CO     CO     CO • •        fl        •        . 
00 00 00 

I I 

p   o 
CM     CM 

i     I 

? § 5 S S g 

> X 
I I 

< < 
I I 

00 00 

t-! Cv' 

I I ro co • • 
o o 
CM CM 

CM CM 
m in 

i 
UI 

I 

I I 
< < 

I • 
m m 

• • 
CM CM 

3 I CO CO 

d d 
CM CM 

I I 
«2 B m m 

i i 
UJ ui 
i i 

u u 

00     00     00 x§gggggg««||| 

o.   o.   a.   a.   a. i a. 

oooQoooooooamÖQ 
x:ca:xxxxx 

•     •     •     •     i     •     i &   a.   a.   a.   a.   a.   CL 1 a. i a. a. • 
Q. a 

X X X X X 

162 



a» 
Q) > 

■ 
•o    • 
c <— 

CD O 

o   o   o   o   o 
ID   in   in   un   m o   o   o   o in   ui   m   in s oooooooo ininininmininLn o   o   o   o m   in   in   m 

•— ID 
0) UJ >^— 
_l I— 

I« 
• 3 

r— 4-> 
IQ    U 

CT>inovo*tinouj^-^POt\jeniD<i-»nS5SSoS 
^rvovooo«faoLna>^-i— 
»—i— .— r- r- C\J 

m   *t   o   r^   r» 
cvj   in   CM   r«. ^ s ^ s m   CM   in    ^t 

CVJ CVJ 

o 
o fo   in   r~. co   in Wf—   comr».»—   oini^-    wr—   com 

i u 
1. co   ro   ro   vo ^r   ^f   ^j- ^ininmininininin 

i« 

^3 
to 

f 
o 
u 

r- r». r«» ^t r«* ^i- fN» r«. r» r-. r^ o. r«. r». r^ rv r*» rv r^ r«. r». r^ 

s» X > X > X > X > X > > X > T 

< < 
CO 

< 
t 

< 
i 

< 
i 

ID 

1 
< 1 

t. 

X 
i 

> X 
i 

i 
< 

i 
CVJ 

1 
< 
CVJ 

i 
< 

i i 
< ■ 
CVJ 

i i 
CVJ 

> 
i 

< 
i 

X 

«i 
i 

< 
i 

< 
i 

(7) 

i 
< 

i 
in 

4 
m 

lO vo 00 00 m in • ÜU < < r«« r«. vo 
• 

to in in 
to to • to 

• 
to 

c 
C\J 

1 
CVJ 

1 1 | | ou 00 CVJ CVJ 
i 

**■ CSJ CVJ 00 00 ^• «I- CVJ cvj 
o CO CO ro CO CO CO CO CO CO CO CO cA CO CO CO CO CO 

1 
CO 

1 
CO 

i 
CO CO 

■M o o o o co 00 00 oo 00 00 O o o o oo oo 00 oo 
• 

CVJ CVJ CVJ rvi 
c 

CVJ 
1 

CVJ 
1 

CVJ CVJ •T F-» r- r— CVJ CVJ CVJ 
1 

to 
to 

CVJ CVJ CVJ CVJ CVJ 

1/» 

o 
in 

i 
g 

1 

o 
in 

i 
s s 

1 
g 

1 

o 
in 

o 
m g g in in 

to 
in 
to 

in 
to 

i 
UJ 

m 
to 

i 
UJ 

i 

in 
to 

UJ 

1 
m 
to 

1 
o o 

i 
o 

s UJ UJ UJ UJ UJ UJ 
1 

UJ UJ 
i 

UJ 
1 

UJ 
1 

UJ 
i 

UJ UJ Ul 
i 

UJ UJ 
1 

Ul | UJ UJ 

•«-» 
u. 

1 
>— 

u. u. u. u. 
— 

U- 
1 

t—l 

u. u. 
1 

»—* 
u. 

1 
t—l 

u. 
1 

I—« 

U. 
i 

u. 
1 

t—l 

U. 
1 

►—1 

u. 
1 

1—1 

u. 
1—1 

u. 
1 

1—1 

u. 
i 

u. 
1 

t—l 

u. u. 
1 

•—1 

u. 
1 

t—l 

u. 
1-4 

_J 
CO ä S* ä _J 

CO 
—1 

9 ^ 
—I 
00 si -1 

00 
_J 
00 s! —1 

00 
—1 
00 ä äj —i 

m 
_i 
00 

—1 
00 

—1 
00 n^ 

-J 

3 
X X X X J- X X X X X X X X X X X X X X X 

l/t 
1 

Q. 
1 

a. Q. o. 
t—4 

a. 
1 

CL 

t-4 

a. 
i 

a. 
1-4 

a. 
1 

CL 
1 

a. 
t—t 

a. 
•—1 

a. 
1 

Q. 

t—t 

a. 
•—< 

1 
•—• 
CL 

1 
CL 

t-t 

a 
1 

a. CL 

1—1 

ft z X X -,- JC. J- X x x X X X X X X X X 

0) 
J-  u 
3 <U 

M
ea

s 
Nu

m
b 

CO S Ift M ä CO     CO     CO     CO CO o o   o   o   o 
S9259r~cv'r''^"U>tOf^ 
oooooooooo 

oo   o%   o   »—   CVJ   co   ^■ 
^-   tt   in   m   m   m   in 
o   o   o   o   o   o   o 

163 



mi 
T3  _J 
0) 

■o • 
c <— 
co o 
&9 S/ 

ooooooooooooooooomomoo 

»r- 'r- •r* ■i" •r- *r- •^ •ff« "^* •r" •r» •^ •F" •r- •r- ■r- 
»•■^ 1/) Vt tfl «/> M W U) I/I «» U) CO ut in Vt Vt l/l >— ^ Q. a. Q. Q. Q. Q. Q. Q. a Q. a. Q a Q. a O. 

0) LU o» O) en en >^— r^ o> tn en r-v vo ^• «* CO CO CO 00 «t 00 IT) s vo 3 s r_ KT CO 
0/ a» o IT) o «s- f" ^- m m ^» GO 00 IT) o ^t r>~ O en _l r- • • • • • • ■ i « • • • a • • ■ , ■ •* in r». un r>» ^t VO ^t CM CO c— o m <T> 00 CM ** to f^ en ■n o 

-'■'^ •   3 t\J CM CM VO t^. to r~ LO ° en &> en r* o o en o ^• m 
T3 r—  4J CM r— t». f— i>> CM CM ^~ <n en a> (0   U CM CM f— CO CO 
3 o< 
C 

•r- 

o 
O B r*. f— PO uo t*» cn 1 1 t | i 1 i 1 i 1 i 1 i i i i 
^^ > '~ 
«-i 

i a 
I- £ in VO vo vo vo vo n «s- IT) VO fN. en o •- CO «* vo VO i»» 00 en n £ i- 

♦J 
w» •^ k 

—1 1 r 
JE 

E 
o 
o 

r«. r*. r>. r^ r>» r>. CO m CO CO CO co CO CO CO CO CO CO CO CO CO CO 

1 £ 

>   3: i    IO     i II>III i >i 
•     i y*  w  In tovoiiotoio to i    io 

>X<< U.       IU.>li.U.</>U-Ll.lj>>U.3:XtO00 

«t     <     00     00        I I       00     Ü.     r—      I/)     r—     ^J-        I       "3-      i—      VO     1/1     *J-      (/)     I/)        I       00 
I        I •<< •       I 'U. 'VO «VOU. •     U.     li.     IO       I 

O»     Ol     «J-     ^        I IIOCOIO       I      IO     IO        «lOCO I      IO        •        I      CO     IO 
_ ^>— »— ^CMCM^ •^•CM^r-OO^-r— OOtM^mCM »CO 
CIIIIIIIVOIIIIIIIIIIIlOO« 
o     cocococoe»icovo»—   cococorococococococococo     i    oo •r- I «TCM 
4-*     CMCMOOcocoaogocnencMi—   r—   CMCOCOCO^-VO^ i 
(O CVJCMr-F-F— i— m^-eMCMCMCOCOCMCOCOCOCMp-r— CMIO 
CJ,'''''''«« ' ' • • ' • » • • tCOO 
O      OOOOOOQQOOOlOiOlOOOOOOO      I 

•r-     o>atoto%oten<v)(v)ioiniovovovo9to\aiaicnoto^' 
V» I i I ) I I I I I I I I I I I I I I I I I t 
<U UJ      LLI      UJ      UJ      UJ      IU      Ul      UJ      LiJ      LiJ      UJ      UJ      UJ      UJ      UJ      IJJ      lil      !■      I.I      i.i 
Q        I      I      I       I       I       I      I      I      I       I      I      i      I       I       I      I       i      i       i      i      i       i 

c 22223  '  'j,1  '  *  *  > f T T r T 
E -J-J-J_I_I_I_J_I_)_J_J_J_I_I_I_J_J_J_I_)_I_I 
ai     oocoaooooooooooooooQeDoooooooDaaoocomosmco 
C        XXXXXXXXXIXXIXXXXXXXXX 
(O •-•>-ll-4t-ll-ll-ll-ll-4»-l»-l»-)t-IH-ll-l)-4l^t-ll-l»-|»-ll-ll-l 
«••llllllllllllllllllll 

X  xxxxxxxxxxxxxxxxxxxxxx 

3  01 

11 io   vo   r^   co   en 
IO    IO    IO    to    io o   o   o  o   o 

r— cMCO^ior^ooo^p-cMcovfiovor^-ao 
vovovovovovovovor^rv.r^r^r^rür^.r^ 
oooooooooooooooo 

164 



(U  > 

C r— 

co o 

85 & 

o   o   o   o   o   o in   in   in   in   ir>   ir> 
o   o   o   o in   in   in   in 

■o 
0) 

a» LU 

a» 

.^      (/) U)      I/)      10      </> 
l/l      Q. Q,Q.Q.D. 
a. o>   a»   oi   en _ Ä 

for«.ioo*0'--vo'0n"    o»1* 

o.   a. 
00 
00 

a. Q.   o   o   o 

CT>000<<^0>0>00«* 

O <*> 00 •— (\J 
O O ^l" W f""» 
O O >— r- O 
«t «»■ O O O 

in in in in IO o vo 
po w oo co w w f- 

o^ o% w w o> ö> Q 
O^ CM «^ 

r>. r» csj in oo CTi 
i— i— o> o o o> 
m   in   ^   ^   ^   r- 

o 
o 

o 
o as 

CVJ   (\J   c\j   co 

§ o 
u 

I 
u 
«3 r—      CVJ      CO      «*      ID      O      O 

CSJ     «M     CM     CM     CM     r—     ^ 

^cMM^inrvOOr^cMcninioa^oo»— 

cncotncoroin^-^-tminininincMinincMCMincMCM 

% 

1 1 > 1 
> < < 1 < 

1 co 1 
1 1 <: 

i 
1 > 

i 
X 

X X X 

u. CO u. 
in in 

in 
in 
in 

in 

5 X 
i 
X 

i X X X > X S z 1 
i 

z 
in 
00 

1 
in 
CO 

■ 

•* CM 
i 

i 
m | | > i X 

i 

I   ■ < 
i i 

1 
i i > 

oo ^^^ • • i < < 3 i 9 VO \o r— IO VO VO 1 < 
1 
CO 

CO 

^j- 
CO 

CO 
i 

i CO 
\n in i 

CO 
i 

CO 
1 

CM 
i 
CM CM 

• 
in ID 

• 
VO * ^t ^• 

Ü • 
CM 

■ 

o 
CM 

ro 

00 

• 
o 
CM 

• 
CO • 

i 
CO co 

• 
1 

co 
• 

1 
co 

• 
1 
CO ft 1 

CO • 
1 

CO • i 
CO cJ, i 

CO 
1 

CO CO 
1 

CO 

■M 
•0 

ro m^ f^ p^ o ■■• ^^ ^" o • • • 
in i CO CO ro CO r~ t* r— r- 

1 
2» 

a\ 
m 

a» 
i 

in 

w as | 1 
00 

1 
c» 

1 
C o • o CM CM 

1 
in ^■ *t in o O o ID ^• «* in o 

•r" ^f CO CM CM CO CO m in in in in in *t ^- m as a> 
Ul 

to 
1 

o> a\ o> Os o» 

■M 

i 
LU 

1 < 

1 
LU 

1 < 

1 
LU 

1 < 
1 

1 
LU 

1 < 
LU 

1 

1 

1 < 
1 

LU 

to 

LU 
i 

to 
1 

Ul 
• 

to 
1 

LU 
1 

to 
1 

LU 
i 

to 
1 

LU 
1 

to 
1 

Ul 
1 

to 
1 

LU 
1 

to 

LU Ul 
i 

to 

LU 
1 

to 

LU 
i 

00 

LU 
1 

to 

Ul 

</) 
i 

i—< 

Ul 
1 

to 
1 

t—t 

2 
3 

_J J J J J _! _j _l , J _J _J _l _) _J —1 _j -J JH. d -J _j _l 
CO 

CD CO CQ no CO m OQ CO OJ oo 00 CQ 00 CO CQ CO OQ 00 ou CQ CO 

X X X X X X X X X X X X X = X X J- X X 

1—» 

(A « 
t—i 

1 • 
fit 

1—4 

i 
Q. 

i 
a. 

1 a. 1 a. a. 
1 a. a. 

1 
Q. 

1 
a. 

1 
a. a. 

1 
a. 

1 
Q. a. 

1 a. 
1 

a. 
1 

o. 
1 

a. 
X X X X X X X X X X X x = 1 X X J- " J. X 

0) 
r-     CO    S s 12'S     r»»r^i—   cvjfo«-r*»ooSmO'—   coÄ*iD«or^oo«o»o 

2z       oOOOOOOOOOOOOOOOOOOOOi— 

165 



01 > 
CD 0) 

X) —1 
ft o o o o o o ■o • »r> 1« m in CVJ in c ^* 
<0 IS 

00 o 
Ä-s <s- 

»— ^ Q. Q. Q. Q. OT 
01 LU 
> ^-' «* m m w ^s- 
oi in M m in in 

Q. 

CVJ 
CVJ 

0) ig   u 

O     «—      r—      t\J     C^J       00 
o   o   o   o   f^    CO 
C\J   «vj   c\j   «M   m    r^ 

o o 

CO 

o 

u 
CO in   m   ro   r» 

r—      CVJ 

I/) 

c 

o u 

2? 
(A 

CO 
m 

^3 

o 
u 

10 

cvi   «t   m   *»■   «a-   co 

X     X 

I 
in 

i 

i 

i 

• 1 1 1 CO CO 
CO CVJ C\J CVI 1 1 

m A 1 
CO rA ro CO • • t ■ • «r at 

■ o> 
1 

1 

co CVJ 

s 
1 

§ m 
i 

5? 
• 

i | 1 1 1 1 
CO 

•—1 

to 
1 

CO 
1 

1—« 

00 X 
1 

l—t 

u. 
•—1 

-J _J —1 _l _J _l 
CD S? 00 00 00 00 

HH 

X 

M 

X 

•-* 1-^ t—1 

X 

•     III a.   a.   o.   a. 

9  <»  fei cvj   co   co   <*   r^   a» o   o   o   o   o   o 

166 



OJ     9)      <a 

'äi    ö öl 
5 

^ 

o o <1 X D O 

f*) * m vo 
^f 'J «t 'S 
ooofi     sj^aoao 

\        / 
r.io / 

\ 

m *t ir- * m ri r*! ri (T. cs ^- ci 
O O O O 

fo »t LO *o f^- 00 
r-j cvj CM (\j pij C'j 
O o o OOP 

El    ^i^jfe:   $  i# 

D     d]     Ej]   ^{ps CO 
^_--      jpg 

o      _ 

£3     l£    -EJJ   -0-   -^ 
I c 

.-   O 
l~   O 

00 

o 

e 
re 

00 

I 
en 

167 



X   5    ^     « 
i ^  i   J^ 

1 

I 

g 
u 

(A 

o 0 < X D IB 
SCO ot o o 

:   \  ..     u_J ? 

0£ I 

■C       r-i « --* ,(-. 
Q 

^t 

o o 

f*! -W (Ti 
•» t in 
O O O 

i. 

rs»«vnti lit 
\ 

Z21 

* 

9   i   _©£_ 

-4— 

O c: 
CO i/i \0 "O «y 

' O      i o o     ,  ^ o 

91 rt—f-Äff 

£ r 

-f" 58 til 
901 

' i , ' | | ' '    i ' 11 i i i i I 

168 

■♦-' 

(/> 

o 

I 
c 
o 

<0 > 

I 
O. 

P 





tt) 
C 

I 

O) I« O) 
o •■- ^ 
3 J- E 

-O 01 3 
X CO Z 

U   04 

■o o 
x z: 

OJ  C   0) 
3 i = O  O  iO 

Of X 

^>>GOOO><3'CVJOtO>>>rOatr-CMOr—     ^«OOr—     CM 

uju-oaxxxxaocsiscsoooucscscsmvo 

»—   »—   oo^r^tv^^r^-oooooooooo 
*OVOl£>l£>U>VOVDU>VDU3VD«3VOvO<X)VOVoSvoS 
CMCMCMCMCVJCMCVICNieviCsJCVJCMCMCVJCNJCMCMCSJCMCSJUJLiJ 
CNJC\iCMCMCVJCNJCMC\JCslCMC>JCMCMCVJCJC\JCMCNiCMC>J(/)(/) 

O     O     O 
O     O    O o   o   in   ir» 

§000000 
000000 o Q o o o o 10   un   in   LO   to   ir> 

00000000000 
inLOinininminminLno 
CSJtMCMCVJCVJCMCMCVJCVJCVJO 

8 

9) m 
u 

9) > 
i-  0> 
a. _J 

3 
(A   0J 

J.s; 

Q.  
01 
O M 

01 
V .9 
ol 

2!u 
3  0) 

ll 

ooooininooooininr^r-SS§S§§oo o   o m   in cvjcMcorommvoio o   o 
o    " 

<£<<««< <    <    < 
CO     CO 

>5>x>x>x>xtnin 

—   -«_. mm m   m   m   m foco^-^tmmeyic\jcocoforopN.rH.rvr>«. 
c\jcM«ovoooaoiovootot«t«4-aooor<vr<-iovocvjcNjmi^ 

«**CSJCMP-»— ojCMCViCVJr—     r-r~i— r—     r- 

IDlOlOlOlOlOlOVOVOlOlOlOmvOVOVOVOlOCMOO 

■—     i-CVJCVJCVJCNJr-i-r-i—     CMCMCVJCMCMMr-r-X.r-CVI0^ 

mmr^r«.r>.rN.r^r^i>vr<.(T>9)OtoRc»9to>o>otcncoro 

r^ro.cvjcMC\iCMCocomcor^r^r>^r>.r«.rs.oOGOooaooso 
•—.     ,~:<ViC4CHCNJCS,(NI<N'csjes'<,JC,J«s'<^MCvJ«M«MCSJOr= 
-J-<-J-J-l-J-J-l_l—I_I_J_I>J_I_I_J_I_I_IZJ_I 

r>^aoo»QF-Nco«-inmr<«opa\0'—   csjcovtmior^oo CMrucsi<'Scococoooro(«Sco9>(n9«-^^<-^SSS 
0000000000000000000O00 

170 

i 



1 
I 

I- .—   i- 
0)   IQ   U 

3   I-   E 
X)   O)   3 
X 00 Z 

k 
0) i— 

a» c a» 
O ••- CD 
3 E C 

"O O (0 
X Z QC 

■ 
y 

11 

CM   m oo^ginrninoowoo^oor^cvjuir-m 
nncororororocororofOfnnroJ») 

c\j IO ro i— vo 
<*■ m r— i— «j- 
LU    ^    Ll_    CQ    a 

to    CO 

o   o   u   o   < 

UJUJUJUJUJLUUJLUUJUJUJLUlxJUJLUcScScScSfS 

o o 
o o o § 

o o o o o 
o o o o o 
o   o   o   o   o   o 

SSSS22200o<=>oooo '^^ ggge2eoooooooo 22222290Sooooo 

i 
I 
Vt 

n> Q. 

o   o   o   o   o   o 

22222u,tnir>locv,c>J^«:;J^S§oS8oS ■^r^T^T^T^Tf—      i—     e—      r— r-r-r-miOUOuncO 
o 

IT) in ID 
«a- 

EEeeeeeeeeeeeigeieigit»»» 

o>   in 
• t 

VO     Ot     CM 

VO    VO    vo • • • 
t**     r-     r— 

CO m in 
CM in 

in 
CM o> 5! CM m vo 

m 
vo in in 

a» 
in m 

<T\ vo a> VO 
r— 

CT» VO en O) CM o o o co 
• 

• 
ro ro 

i 
CO 

VO vo VO VO VO VO vo VO **• vo CM oo I», 
en 

k 
tt) J3 

o 1 
X z 

i 
3  (Ü 
«/) ^ 

,»   ,      r'r,'*v,^:CT*t'''s~'>»',^fN>invo»o(Mr—   mooenvö 
COCOCOCMr-i-COCMCMi-rOCMr-^-CO«OrOCMCM™2. 

o o o o o 
in in m in in m ro 

vo CM vo oo CM «t vo 

SS52222<v,*rs*<y»0öl««^Q ro|^ro0^o»Q^w CMCMCOOO o in 

to 
^-  r-  r-  CM  ro  00 

VI (Si 
o o r— ^r m in a» 
CM  CM  CM  CM  CM  CM  CM n Ü <*■> t en 

oooo.Q.a.0.1— 
-i-j-io.Q.a.cx._j 

CO WO'—   CMCo^-mvorocoo» 
SÄSSiCiSiCi£2inu,u*«ö«ö*ö«öiovOwDrö.roKro 
oooooooooooooooooo 

s VOfoCOtnOr-     CMCO 

o   o   o   o 

171 



i. f— I. 
0)10 0) 
o •>- ^ 
3 s- E 

TJ   0) 3 x to z 

h 
0) r- 
U 0) 
3 "O 

T3   O 
x ac 

L.   ITJ 
0)   C   0) 

3   E   C 
■a 5 io 
x z oe 

■a 

3 

O 
O 

CO 

u 
o 

0) 

u 

m 
Q. 

4) 

a» > 
a. _i 

2! 
3 
V)   0) 
(0   Q. 

01 a M 

o>- 
4J 

u 
o 

k 
01 

O   3 

in oo 
CO i— i— CV) 
LtJ O CVJ ^-    3: 
«t >— r- CVJ     < 

5 
evi 

s:   2:   «o 
<     <     C\) 
3      3     CVJ 

00000 
00000 
00000 
in   ^t   ^   «*   »« 

o a» 
X    1—    o»    CO    C3 
<   i—   vo   ro   <c 

5 5 
io s: z x «a 
CM < < < (VI 
CM 3 3 3 CO 

OOOOO 
O Q O O O 
OOOOO m # 9 # iif 

ir>   <TI 
o   ^-   00 «   f»   9 

vo   S   z: 
CM     <     «t 
CM     3     3 

OOO 
OOO 
OOO 
un   «*■   ^■ 

•— 00 
<^ 00 

r^.   x x   co 
V£)    «t <   00 

z:   10   10 
«t      CM     CM 
3     CM     CM 

OOOO 
OOOO 
O     O     O    O 9   01   81   9 

00 «r 
•—     CM 

z  x 
^ < 

O    O 

8 § 

(—      CM 
I       I 

in   00 

o o 
o o 
in m 
CM CM 

000000000000000000000 
000000000000000000000 
lOOOOOOOOOmmCMr—     CMinmCMr-     CMCMCM CO CO  CO  CO  CO  ^  CO 

>  X > X X 

i 5 i i 3 «t < </»  CO 

m 
CO  CO  CM  CM 

m in ID in in 
00 00 co 00 00 10 

^■^•incOCOCOCOCOCMCM 

00 ao 
00  CO § 00 

00 

in co co CM co 

r»»r>^r^r^cococococoininininininif>inininr».r^ 
0>0»0»m^-r-r—    r-^OOOOOOOOOO0>0% 

voiovoinr<>r»r^r^ioinininin<4'inininin«tvovo 

s O    91 oininm^-mooootominin^'inotot 
inminminmcTtot^oootcnaioiatot^-vd- 

<   <   <   <   < <<<<< 
r-  ^  r—  r™  r"  ^  ^  F—  ^  CO  CO  CO  CO  CO  CO  CO CO  CO  CO  |W»  r^ 

P^r^l,«.r^^«rvfl00000000000000000009>0\0»0%0» 
000000000000000000000 

172 



01 
V > 
CT) 0) 

I 
■o • 
C r- 

co u 
S« IS» 

o oooooooooooo oooooooo 
inmininLnminto 

o 
in 

0) ui 

_l r- 

•   3 
i— ♦J 
10   U 

r^r—     0%>—     O'S-OOCVJOOCVii— 
Choovooovoo^^ioiotn 
«9-    in   o   ^-   O   Q   ON 

f— in   PO   «a- 

ooNCMcvitinvo«—   o^o 
00>00000>'—0>«T 

or—   r—   »—   t—   cvjr—   ^•«tminoNOogj 
o5 i—   r-   C\J   co   m   «* 

i 
o 
<0 co^-invor^oor^oooo»—   CMroco^-in»oi*»oOCT»o»— 

I 
o. 

0) 

0) 
^        r_i_r_^_1_r-r0P0i—     r-r-i—     i—CNJCSJCMCMCMPJCVJCMCM 

o 
D 

>   x 
^   ^   ^   3: «i   «i 
IIIII     i   P*  i^    i     i     i     •     •     '     '     '     I     L   _t   U   *?   ^ 
.     .     .     •iimioi     i     i     •     •     ''''J     '     «<<: r^i^oooor^.r«.t—   r-PoroinincMCMronrN.h»iovoii 

«t-^CVlCvir—    r—      I       I " nn 
IIIII     iioiocoror^r^«—   •—   oooooovoio 

C        OOOOOOOOOOOO       t        .min^'*«***'PJCMCMCMr—    ^-o%o» 
.Jl       i      i      i      i      i     i     i     i>—   r-r-r—   o^ONO»o»(T>o»inininin 
■M     cjcvjesicjcvjcvi*^e^c\jevjcvji—   i—   >-■•—   •—'7<—   "—   r7'7 
M I I I I I I I I I I " !< I J, 
c     inininininmesjcvjooöooooooQOOoo 
o»     SStNjcvjevjSjPOMininininininininiSininininin 
•r- I I I I I I I I I I I I I ' > ■ * ' ' * '       . '. 
(/)        QjQjLLiUJLÜljJLÜUIUJllJÜJUJUIUJUJUJUJLlJUJUJlJjUJ 

lllllllllli<''''HI4J,J4^Jl,J, 

s     _•    ■    i    ■     i     i     i     i     i     i     i     i   _i   _i   _i   _i   _i   _<   _ J    i   —i   —i I     ttttöoamttmmmaSmoooQoQttoooooooaoaoQ 
C     rcxaixxxxxacxxxxarxxacxacxxx 

3 M    M    ^     M     t-«'   M«   »at    M    HI   **    »4    **'   M    •*    ** 
■    ft "t   *   t   i   i   i   J   i   i   i   •  JI  J  J  J  J J  -i  J  j  j £     CL.a.Q.a.Q.a.Q.Q.Q.Ck.Q.Q.a.a.a.g.Q.Q.a.Qsa.Q: 
£     xxxxxxxxxxxxxxxxxxxxxx 

2!u 
3  OJ 

ll f—     CSJ CO ^J- 

§ § s 8 
in 

§ 
»Or—     CMCO^miO^-OOmO^-CM 

ooooooooooooo 

ro   «*   in   to 
CM     CVJ     CSJ     CVJ 
o  o   o   o 

173 



<u > 
at o) 
•a _i 
0) 

■o   • 
C i— 

00 o 

<'2<50000ooooooooooooooc3C5 

r-  3 
0) Ul 5 en en en en en o> en en en f en O) en o> o O) en o> 

D- 
> «—» a> a» in r*" m o rv. O t^ 00 vo 00 r- CO «t in 00 CO «^ n 
_J r- 

* a» 
• ■ * 

CO a\ o <<i- r»» CM o r-» o CO i^. CM en O VO CO CM in 

^-^ .5 5 CM vo 
a» o in 

CM o 8 o o d en 
d m d in 

d 00 
VO s 00 

• 
00 s en 

• 
CO 

• 

^J f— +* o cn ^" CM CO CO in m vo in o w i 1 m «* 

1 o 
CJ 

> 
i i r~ CO in r^ a« JI CO m Ix- '" m m h- a\ 5 CO in r^ 1 § 

t-4 
•-1 

il 

i CM ro CO CO CO co CO CO CO en CO ^»• ^■ «s- *t *t ^t «• *t *J- cn o 

b 
•r- 0) 
-1 TJ 

| 

E 
8 

CM CM r«. r«. i>. r*. f*. r«. r>» r>* rv r>» r^ r^. p«. rv r^ r». i^ r». CO CO 

•r- £ 
s? n 

V > X > X > X > X > 3- 5» x 
> 

i 
> 

i 
X 

1 
CO 
li. li. 

4J 

i 
< < •i i 

< < 
i 
< 

i 
< 

§ 
< < 

1 i 
< «C 

< 
i 
< 

i 
< i 1 

VO 
cA A * **• J, i 

m 
i m i m A A CO CO 

m K in m > 
i 
X 

i 
• 

vo i > 
1 i 

• 

4 
1 

• 
00 

• 
00 

• 
IO 

• 
vo 

CM 
• 

CM 
t 

■ • • 
00 

• 
00 

• 
p«. 

• 
vo 

• 
vo •f < r»- 

£ f < ^l- 
CM 1 CM •" ■ 

cn 
■ 

en 
vo 

t 

9t 

CM CM 
1 

VO 
• 

CM CM r- r— CM CM CM i 

1 CM 

in 

CM 

in 
• • 

r— 

IO 
• IO 

* 

1 

• 

1 
vo 
o5 

1 
VO 

• 

1 
VO 

• 
VO 

• 

1 
VO 

1 
VO VO 

9i 

i 
VO 

• 

1 
VO 

• 

1 
VO 

cn 

• 
VO 
CM 

| 

00 
• 

cn 
4-* 
10 

■T 
i 

CM 
1 

CM 
• 

CM CM "Y 1 1 1 
CM CM ^ CM 

I CM CM 
1 o 

a\ 
Ul 

u. 
I-H 

1 
o 

1 

p— VO VO 

• 
i 8 s 

• 1 
R 

1 
s 

1 

o s o a» 
i 

O o 
en 

i I 
o o 

I 

o 
as 

■ 

i 
o 
cn K ri 

1 

0) 

M 1 
■M 

Ul 
1 u. 
1 

UJ 
1 

li. 
1 

•—• 

UJ 

u. 
1—1 

UJ 

u. 
1—4 

Ul 
1 u. 
1 

UJ 
1 u. 
1 

t—t 

UJ 

u. 
1-1 

UJ 

u. 
1 

Ul 

u 
i 

Ul 

u. 
1 

Ul 
i u 
1 

l-H 

Ul 

u. 
1 

1—4 

Ul 
i u. 

i—i 

Ul 

u 
t—t 

Ul 
1 u. 
1 

Ul 

u 
i 

•-4 

1 

UJ 

u 
1 

1 
UJ 

i u 
1 

1—« 

UJ 

u 
Ul 

u. 
i 

1—4 

UJ 

U- 
1 

h*4 C t-* i—• HH »—1 1—1 t-H 1—) 1—1 HH 1—4 t—1 t—t •—a HH ►-• t—t 1—1 1—4 •-« l-H l-H »—• 

2 ä CO 
—1 ä ä —I 

00 ä _J 
00 

—I 
00 5* 5* —1 

CO sl —1 
00 5* —1 

00 ^ ^ 
_l 
00 ^ 

—1 
00 ^ r- 

3 
x x z = x X X X X 1 X X X X X X X X X X 

1 CL 
X 

^4 

i 

§! 
^4 

1 

X 

1 a. 
X 

•—< 

a. 1 a. 
X 

1—1 

a. 
1—1 

1 a. 
X 

I—« 

1 
a. 
X 

>—> 

a. 

•—< 

Q. 
X 

• a. 1 o. 
X 

•—• 
1 

1-4 

a. a. 
a: 

•—1 

1 

ae 

1 a. 
t—< 

Q. 
3- 

1-4 
1 

Q. 

►-4 

O. 

«•z  ooooooooooooooooooo 
r« 
* 

00 

o o 

i 
174 



■O _J 
0) 
T) • 
C r- 
10 (O 

CO O 

o   o   o   o   o   o 
in   un   in   m   in   ir> i o   o   o   o 

in   in   in   in 
p 
in 

o   o 
m   in 8 o   o   o   o   o   o   o 

in   in   in   in   in   m   m 

■o 

I 
10 

■   3 

iO   O 

I     i 

Q. 
</)      M      in 
Q.     Q.     Q. 

r-   <n   ^-   in   on   IO   oo 
<\j   o   «j   (Ti   vo   m   csj 

(/)(/ti/>i/ii/)(/)i/ii/)i/ii/)i/t 
0.0.0      0.0.0.0.0.0.0.0. 

O*     0>     CT)     O»     0> 
^■*>jinr—   inf^-r—   in^noDfMCTiin 
tNj(>«.«nf*ioOt—   inr<>voooeooiocvj N 

a» 

R 
Sincooocoino«* 

r-lDCT>C»f,00>0'— 
■   Q o ^5 

inovcoomoOr-   CM 
o   as   <TI   o   OJ   vo   CVJ   «VJ 

wm'ej-insncvif—   p—   cMiomtoo 

c) o ^- 

co in rv 
PO (\J oo 

w cp o ** 
in n 

s s 

i u 
«o r— CM or» «a* in «> f'. oo inininmf— CM^^J-mmr^ 

Cvj     CVJ     CM     CM     tS)    CM     C\J 
ro 

2 

1 
i-      c*,><nrorooorof>rocororv.r>.r^.r<cofOfncofor^n^ 
o 
D 
oe i    > i 

W m                         in i      i    <     i      i 
i W  tf  W  9   W W  9 >>in'-^««c^-» 

«/)> tiiitii iiu-in^-^im 
ii-i in   in   «n   »/>   oo   oo   «n «ntoir^m^^r«. 
It/)» ZU.U.U.LL.U.ll.U.XU.U.^0        -otin 

in   u.      i     DC i      i      i       i      i       it       i       ii      i     «t    ro      .   r>    ro    > 
wiooixminininina>csj'!~ooovo     ••      i       >    |      i 

■   m   u.   oo     tu.      -CM      «CM      •*i"CMii-in»no   —^>—  ro^< 
m-iu.ooivo^vO'vo-      »i      i     •  j»    j      II     i     i 
P-WCM       Ill.r0p-O\*~0>^-CT10VCMOO       IIOCM    »—    00     CO 
llir^l «llllllltr-f—     ««•••l •! 

C        lOVOVOi—     CMOtlOVOlOVO'CMSlOlO       I        I >r—     inOOOtCx. 
O •        •        'll        I VOVOCMCMCM'-r-ON 
«g     rvr-^p'>r^ror*.o>inr^r>.r^r^inMMfo     T     i      i      i 
<-» rOCOf>CMp-r-rO(MCM»~-fir>CM^-^ I I I CO CM ^ VO IO 
<a IIIIIIIIIIIIIIIOCMIO*--»! 
E.<2QQC)0<2000ooooo • • «ooincMgo 
en inininininin^i^r-«.f<«.ovo>o»Chcof^««,ocMCsi«,oöoin 

■fi        i      i      •      i      i      I      •      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i 
V)        UJLUIXllxlliJIxlUJUiUJUJLLlUJLLiLUUJUJUJUJUiLiJLLJUJ 
a»      i     i     i     i     i     i     i     i     i     i     t     i     i     i     i     •     i     i     i     i     i     i 

«5        U.U.ll-U.U.lJLU.U.M-U.U.U.U.U.<<:<<<«tcCl^ 
I     •      I     I     I     I     I     •      I     I      I     I      I      I     I      I     I      I      I     I      I     I 

=     —I—I—I—I_J-J~J_I_J_I—l-J_l_J_l_l_l_l_J_l_J_J 
0»        OQOOmOOOOCOCQOOOQCOOQOQeQOQCOOOCäOQOOOQm^ 
^     xxxxxxixxxxxirxxacxxaixxx 

•O •        I I        I        I        I        I        I 9        I I        I I I        I        I        I I I        I I        I 
d* a.o.o.a.Q.a.o.Q.a.a.G.o.o.a.a.a.a.iva.o.a.0. 
X.     xxxxxxxxxxxxxxxxxxxxxx 

3   01 
I/I 

0) .,-;.-     I 

fWQr—    <M«v»^"io«or*ooo»o«r>    •*lOr^.00O»O'—    CMPO 
^mmininininininininioipioioiovDvo^r^rvrv 

X     oooooooooooooooooooooo 

175 



* 0) 
a» > 
a> at 
T3 _l 
0) 

■o    • 
C r- 

CO O 

OOVOOOOOOVOOOOOOOOOOOOOO 
mm«—   inminmir)»—   uiininmmr—   irjinuimr—   ir>in 

a» 

0) LU >—. 
0) 

<o u 

I/)     I/)     l/>     I/) (/)     I/)     l/> 
Q.     Q.     Q.     Q. Q.     Q.     Q. 

cyoorocooo«tco 
OOCOvOVDOO^OOO«* 

Q. 

§ 

(/)*/)«/)(/) (/I       W1       (/»       </) 
a.Q.O.0. Q.O.O.Q. 

Ol      CD ü> 
OQ00r>CSJ«a-<MCMC>jr^.     CVJOOr- 

tf)00<T»CriLf>VO«3-0000 o  e <TiO>OCSiOOOOCT> 

^t"     0>    CT»    0> 
ro    CM R R CM     CM ° ° s? W   ■!   *■■ CM     IT)     >—     r-     ^     ^ 

o 
o o 

o 

o 

u 
^tm^cMr^ooaiOr-   cocvjinco^-inro^ooo   a>o^-t— 

«/> 

o> 

i. 
o u 
0) 

1 

ja 
I« 

I 
o a I 

>xzz >   x   3:   X 
^     I      I      t      I I      I      I      I 

£XXXcC<3333E ZXXX<3333 
SIIIIIIIII tfllllilli 

x3±acSu)U)mir>mu)>x3ac±accocooooooö 
*      i2S<aOGOroGOoooo     1      1      i<c<<oocooooooo 

^C     lA    2B     jB    ^B        •■••■•    ^j    ^j     t^)     ^t     "^     31        ■        •        •        •        • 
1       ••      1      i^f*»mnpoc»)i      •       •   j      1      i^-mconcn 

COPOCMCMtMr—     ^-»—     r-^-f—     rOCOCnCMCMCMr—     »—     r-     r-»— 
I      I      I      I      I      I      I      I      I      I      I      •      i      I      I      I      I      i      I      I      I      I 

0 »«a»»0»r-r-i—     f—     ^r-OOOOO     OOOOOO 

ie       1     1     1     1     1      1     1      1      1      1     1     1      1     1      1     1      1      1      1     1      1     1 
c     öQo«otou>inin^-^-u)oooQ>eou)in^-<-m 

•^-       1     1      1     1     •      1      1      1      1     1      1     1     1     1      1      1      1      •      1     1      1      1 
i/>   ÜJ  llj  UJ  UJ  UJ  UJ  LU  UJ  LU  LU  LU  IU  LU  LU  LU  LU  LU  LU  LU  LU  LU  LU 
4»    I   I   I   I   I   I   I   •   I   I   I   I   I   I   I   I   I   I   I   I   I   • 
a </)(/)</)(/)(/)i/)(/)(/)(/)(/)(/)(/)(/)(/)(/)(/)(/)(/)(/)ui(/)(/) 

I  I  I  I  I  I  I  •  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
4J    ___ll-l__l-l_l-ll_1l_l_ll-,_ll-l__l-.l_lt-.l--l1-4 
C    l-ll-lt-lt-ll-ll-ll-lt-lt-ll-ll-ll-^l-ll-ll-ll-tl-ll-lt-ll-ll-IHH 

1 J.^JJJ.J^J   ._S_|_J_J_I_|_|_J_, _|_| 
Qi        CD flO CO CO CO 00 CD GO CO CO 00 00 00 00 OO 00 CO  CO  GO CO 00 CO u     xxxxxxxxxxxxxxxxxxxxxx 
M l-ll-IMMI-ll-IMI-tl-IMt-ll-tl-lt-lt-ll-IMI-lt-ll-IHHM 
•O I I        I        I        I I        I        I I        I        I        I        I        I        I I I I I        I I I 

Z     xxxxxxxxxxxxxxxxxxxxxx 

21«. 
si 

F^r^r^rvr^hor^ooaoaoooooooooooooooaOAOkOtot 
oooooooooooooooooooooo 

176 



I 
01 o    o 

■O     ■ LT)     IT) 
C r- 

I 
I 

C 

X) 
w 
o 
o 
0, 

M 
c 

I/) 

m 
in 

i 
a. 
0) 

^^ U) u 
•— 3 3. 3. 
4) UJ 
>v_- 00 in ■ r-j CM 
_l r— • • 

IO «3" 00 
•   3 VO r» 

r-  4J PM 
(0   U i^ n- 

o< 

o 
«J in i^. 
> '— '" 

M 
y 
m m in 
E 

U 
O 
o 
0) 
Of 

c 

s 

UJ UJ 
tn </) 

i i 
CM «•> 

■ i 
r«. r«« 
a» oi • • 

I I 

I 
UJ 

I 
X 

I 

I 
UJ 
I 

X 
I 

CO    CO 

I/) t-<       l-H 

at     a.   a. 

tu 
IS I 

o s 

177 

  



:- 

\ 

1 
w 

5i2§  iiiill 

J 

n 
I        la 
it ÜI 

*  Ä    I • ■ «I' 

OO'IMUXQ 

t-l 

i 

I 
SI 

I 



S - 

3 5 

III 
I I I I 

3 
•i 3 a S s ; ji 

oO<InKx|ni 

waf%      ■ ""^' ■ "" wi  ■ ii r    s 

:. sr ;s IHK sSrTs 
r> A o    O A O o 

"pin JFtnSr 'S *11 * as   ss   • I 

M 
•r- 
00 

l—l 
l—i 
i—l 

= 

I 
>• 

§ 

| 
UJ 

I 

t 





# 

1 
g 
o 

i 

itl 
T3   Ol   3 
X CO Z 

k 
0)r- 
o 0J 
3 "O 

T3   O 
x s: 

QJ C 0) 
O ••- C7> 
3 E C 

T3 O «J 
X Z QC 

T3 I 
u 

■5 oi 
0) > 
s- a» 

Q 1 

2? 
3 
*/) 0) 
<T> Q. 
«? >> 

O) 
Q tNl 

1^- m r— 
«O 03 CO s 9 s ■t «t «t 

CvJ CVJ CO VD r». in f^ 1— VO N 
CM vo in CO 00 VO o o CTl r*. 
-L Q LU 00 CO o u. LU O in 4 < «£ < <c < «t «t < «t 

vo C\J in IO r>» 
S vl fi # H 
2. LU x tu n: < < < < < 

<T> eg CO 
«t P0 o 
00 nr LU 
<: «E «t 

s s 3 • s y «J «J «* ^- *»■   «t o o o 
IO IO m   m m vo vo 
CVJ CM OJ      CM CM Cd CM 
CM CM CM     CM CM CM CVJ 

o o O l_> <J CJ cr ' ) <r ( 1 
CJ o o O O ■ ■>3- o ^r O 
«J «i to VO ■ \o ID IC vo in 
CM <M CM CM C\i CM CM <M CM CM 
CM CM CM !M CM CM CM CM CM CM 

o o 
o o o   o 

o 
o o 

in   m   in 
o m 

o 
o o   o   o 

o   o   o o   o   o o   o   o o o 
inminininminin 

o o o O 
m o in o 
CM o CM o 

in m 

< o «t O 
^- o ^t o 
VO lO VO lO 
CM CM CM CM 
CM CM CM CM 

O     O O O O 
vo   o o o in 
CM    o in O CM 

vn in 

oooooooo oooomoi^-«* 
^OinCMr—      CMr-      CMi— 

§ in   o   o   in 
i^   in   m   CM 
CM      >—      CO      r— 

o   o   o 
o   o   o 
"*   I—   «J- 

o o o O o 
o in o O «3- 
1— <* CM in 

>   x   >   3:   >   i 
<   <   <   «t   <   < 

i a. 
OJ 

I 
at <X)  n 

oi 

^•"^»^'O^vn^t^l-CMCMCMCMCMCM'--—     VOVO 

cocorN.r^rs.rv<t^.*|v!rsIv^yir^r>!röfnr^r>.* r~,— ^»■«*«t«tC0C0CMCMr-i—     >—    r- 

O    O     VO 

CVJ   *CM     ^l- 

SiSSiSiSJSjessis^SiS^^sjRi^aas 

O O    O    O    O    O    O 
&\    OS    0\    O)    o\   o\ 

o o   o 
0\    <T> 

o 
CO 

i 
OJ 
J. 
3 
U) . 
(0 

2: 

OJ 

vn   vn in   in   o   o 
'—    •—    CM    CM 

OOr—     r—     r-r—     r—     i—     CMCMCMCM 
CMCMCMCMCMCMCMCMCVJCMCMCM 

CM    CM 
CM    CM 

VO 
CM 

SSsi~i§SsSc3Si?5S§S5Si5 ooooooooooooooo o   o   o   o  o   o 

181 



ai re v 
3 s- E 
X »/> Z 

Q>r- 

3 T3 
■o o 

U   (0 
0) c SB 

I 

f 
3 

I 
» 

i 

x z a: 

a» a 
u 

■5 "a» <u > 
O- _i 

4» 

10 a. 

■pi«- 

01 a rsi 

mi—    roooini/^^toci^- 
CT)     lf>     i—     CTi 
UJ      UJ      UJ      Q 
■t   <   «t   «t 

o   o   o   c_> 

$ 
CT^vor>-'—    WIDOW 

r—       IT)       CM        W 00 

o   a   a   a   oo U     0Q     CO     >f 
<TioorvCOOOLnroc\jir> 

<<<<<:<<<<£«* 3 S «t in 00 00 CM CM 
co co co co ro ro 

OOOOOOOOOOCJCJ oooooooooo o o o o o 
CMCMCMCMCMCMCMCMCViCMCMCMCMCMCMCMCM 
CM     CM     CM     CM 

iii     iii     iti     i»i     iii 

rGcMÖj^KiCMCMCMCMCNJCMCM<Mt/></5V)«/1«/)W1 

o   o o   o s ooooooooooooooooo 
in   m   in   m   o _    -     - -    -     -     „     _ 
CMCMCMCMLOCMinCMCMCMCMCMCMCMCMCMCMOOOOOO 

«*<*tMCMCMCM 

O     O O     LO    Q     lf>     Q    m 
f—     CM     ^     CVJ     rt     r- 

m   o   o   o   m   m in   in   o   o   o   o o   o 
lf»r—     tOr—     if)i—     Lf)r-VOOOOOOO 

O     O     O     LO     LT)     O 
CO     CO     r— 

ID     ID 

<     ««     «I     < 
X     >     X     > <     <     <     < 

>     X     >     X     >     X 
<     cl     «t     «t     <     < 

•*«*>>     X     X 

to    «/>    (/I    CO     CO     (/» 

0» 
a» 4 

ol 
X z 

co   ro ID     CM 
CO«*"^-«*'4-CMCMlDlDlDlDVOCOO,iW*^,a»a>"!*"00«" 

<•     ID     ID     >—     i— 
^-     CM     CM     •—     ^- » A POCOvOVOCMCM^r^COCOCMtMCMCM 

CMCMCMCMCMCMCMCMCMCMPJCMCMCMCMCMCMCO^COCOCMtM 

co   co   oo   co   M   ro   i*» 
oooooooooo n n ID     ID     CD     CD 

ID    ID     ID     m 

usvDvor*.i*^r,»r,».oooooooooocoo,»o»wwiDvor««r«.o^- 
CMCMCMCMCStCMtNJeMCMCsjeMCSjSVJCslfSjCMCMOOOO'—     f— 

5 in 

s 
CO    Ol    Q 
«r   <■   in 

r-CMCO^miOr^COWQ»—    CMCO^-IDVO 
ininminininminin s (O 

OOOOOOOOOOOOOOO 8 vo vn vo vo o o o o 

182 



I. I— I. 
0)03 0) 
U -r- 

X)   <U 3 
i i—    CO    ro 

CM 
Uf)     00     00     CM     CO     (X)     <Ti 

lOCM^-OCT>«\JOOVOOUi 
CO 

00 
CM 

o   <    «* o   tn   ro 00     CM 
nrororoconcMCMcvjro CM   uj    o   o>    r^    ^ 

co(/)i/)(/icoujt/)LUr—    nco 

<u i— 
O 0) 
3 "O 

■o O 
COOOt/lOOOOt/li/ll/ltiOoi 

i- to 
0)   C   01 

3   E   C "O o m 
x z: a: 

o 
o   o 

o   o 
o   o   o   o   o   o 

o   o   o   o   o   o   o 
o   o   o   o   o   o 

CMCMCMCMCMCMCMCMCM 8 
o   o   o 
o   o 
»t   ^- 8 

1 
c 

•r- 
■•■> 

0) 
+J 
u 

•r- r— 
T3 0) 
tti > 
I-   <U 

<U 

to a» 
<a a. 

s M 

s 

0) 

II 

s 
3  0) 

ooooooj£>oomoooooooooooo ooooifiof^ino 
W     ml     fU      **■!—     Mr—     i—     CMr— oooooooooooo t^   r>.   r*. r^.   o   ^t 

CMCMCMCMCMCMCMCVJCMCMCMCM 

>■   > >    >    X 

l/ll/)t/>C0»/lt0(/)O0CO«/)O.Q. 
>     5» 

O.    D.    Q.    O.    (/)    to    to 
OQOOoamCQCQ0O0O0DLl.Ll.Ll_ 

in 
i—^tVDf—-CMVDtOCMVOOO 

• t» •••••■■ 

ror^r^rocnr^r-cor^cM 
OOOOOOOVOCOt© 

CM     CM     CM     O     O 
CO     CO     CM     CM     CO OO00O00v£><X)VDOOOCMCMCM0>CT>'cr> 

«OfOCMCVJi— CMCSICM«*^-^-COMeM 

m 
ooooooooovo«-cNjuD»a-csjvo«a-CMvo«x)0 

0>  CTv  0>  CT>  O  CT> CM CM  <t CM 

CO CO »o 00 00 00 O» CO ^t 
r—  I—  r-  t—  CM  CM s O  CO 

CO  CO 

r^eoovor- CMfo«ä-if>\or^ooo>Or-cMco^-ir)*o voWvof^r^r^ro^r^r^ror^roSoooooooooaooo 
oooooooooooooooooooo 

183 

  

1^     00 
00     00 



I. r- U 
01   10 0) 
(J -1- 
3   I. _ 

T3   0) 3 
X »^ 

i S O     CVJ 
^-   a:   3:   r-   io   co 

r»«   en 
U3    oo r—      Q      O      f) 

Ol     00     CVJ     ^-       ,____. „ ^_     .  -     . 
fOi—    rocoro^<if>«toOct<c*ovD 

X      1"^      ^      CM 

O    If) 
00    «t 

ro   *}• 

ej   CTi   vo   oo   cfl   cs 
«t   r^   m   m   tf   cr 

0) ■— 
u <u 
3 -D 

■o o 

<  < 
«o   vo   z:   z:   z:   vo   vo 
CO     (M     <t     «t     «t      CM     CM 
«M     CM     3t     3     3     «M     CM 

5     5 
< <: 
U3 «£> 
CM CM 
CM CM 

i 5 
< «t 

CM     CM 
CM     CM 

L.   10 
0)   C   <U 

x z o: 

oooooooooooooooooo ooooooooooooooooo" ooooooooooo 
o o o o o o o o o 

«!»■ W oooooooooo 9«f«l99wlllili99w8iR9V9K3l 

<u 

o   o   o 
§ o   o   o   o   o   o 2SS2SS22ooooc,0ooo oooooooo S^S^.SPP^OP.    POino o   o   o   o   o 
CMCMCVJCMCMCMCMr— r-     CM     CM     >— t— 

Lf>     IT)     CM     c—     CM     lf>     If) 

V)   V 
«0   D. 

to    CO    CO     t/1    c/>     >    X 
li-     U.     U.     Li_     U-     ct     <t 

>   x   x Z    X 

>     X >    X <    <    3    3     3    ct    < 115 3    <    «t 

ro r>»   r>.   r^ 

I 
covocnvoco«!t<j-oo^-Tfooinoobbooo 

cicopocsjCMCOcococMCMcororo CM CM ro n 

£^2J2IS2}inininin^"u,inirtw',*"ry'*v'»*> CM CO CO  CO  CO CO CM CO  CO 

g 

ig 
-m- m u> m o o 

O  O  O  r-  r-  O 
o o o «t- ^i- 

OQOotominin^-mmmin^moo 
«£>«2vou)voininmu)tnota>cncricna%» 

a* 

^1 CO     r-     r-     CM     CM     CM 
«O     CO     CO     CO     CO     r- 

<     <     < <     <     <     <    < CMCvjCMCMCMCMCMCMUOcoinmmcntn 
,""I,""!'"",-!,"-,--^",--esje',,JOJC\'c,JfMfM 

I 
3  (U 
CO J3 

SgS;SJ2a2?:ö2Si2S^22250^cMco^in 00    CTl    o>    o> 
o   o   o   o s ert   o   o   o  o   o   o o   o   o 

184 



J- r-   i. 
01 ts <u 

3 J- E 
■O   0)   3 
X C^ z 

ro   «a-    vo 
I*»   ^o   r^ 

o> o CM 
o •— >— 
Lu UJ LLI 
CO (/) I/) 

0) (— 
u <u 

T)   O 
x s: 

<   <   «c 
3    3     3 

«o    m 

IT)     oo 

0) 

0) c u 
O •!- O) 
3 E C 

"O O IO 
X Z QC 

0) 

I/I 

-O   0) 
at > 

a. _i 

in <u 
<o a. 
2£ 

J= -M 

a» 
OKI 

8 

i 

II 

o o o 
o o o 
o o o 
w w 9 

oooooooo 
o   o   o   o 
OJ     r-     CVJ     VO 

>    X 

R o   o   o 
r^   r^   r*. 
CM     CM     (\J 

X     X 

(/)(/)     OQ     00     CO 

in t     CT»     O     O     O 

O     CM     CM     CM CM 

rococMinioioioio 
^     r—     r—     r—     r— • • • 

i^   r».   r--« 

OOtOOOlVO^CM 
o>   oo   o>   in   in CM 

in   in   in 
CM     CM     CM 

ior*»ooa>o»—   CMCO 
CM     CM     CM 

ID   r»   oo   cy>   o 

185 



OJ   > 
er» oi 

■o _i 

CO o 

OOOOOOOOC3C3 fat   Bi   Im    Bt   im    Im    oK    9m    fm    19 m   i/>   in   m   m   m »/)   in   in   m   m   ir>   in fi   .9   S   9   52   o   Q   Q m   in   in   in   in   in   in in   in 

Oi UJ ÜI     OI     CT>     D1     OI     0> 
<U —-     _2>f—   oocTiooinoro, 

j_      ':fcM^£)crlVoc^Jlncx3o^ 

CT)    CD    O)    O)    a»    en 
vo   oo   a)   co   in o>a>cT>CDcnoic7>0) CD 
m   io   co CM    CTl    in 

in   in co   «s-   ^t 
r— ^J 

<-><: 

o   CTI   o   o   co   in 
u">   **•   o   in   CTI   w 

§ CO 

o   r-   o   CTI   r^»   o   in 
O    o   co   ro   in   o 

CT4     O    «*     lO     lO     CO 
CT^    00    r^.    O    CT»    »— 

2    ^^    o   O"1   O   CTl CTl     f—     CT) 
Ln   o   CTI   vo   m 

tc\j<*{Mincoint\jp- cvi   evi    CM    c\j 
o   o 

O     CTl     O     O     CM 
^J"     CTl 

O 

O) 

« 
SJ 

<u 

co "ü-inmr^oOCTiOi— Ot—    cMCOco^-inio f~-     f—     r—     ^ 

^-     CO 

00     CTl     O     i—     CO     CO 

CMCMCMCMCMCMCMCM CM r*» 1^ 

in 

CMCM«**»-«-«a-C0C0 

i  i 
> X  > X  =»  X 

'  •  I  I  I  I 

r^» r^. vo m co co co ro 
oo oo i CTI er» c0 co in in 

COO0cMCMF-r—     i—     f— CO  CO  to  ID  CM 

t  # ** "«t "«f CM CM ^- ^r 

CM »"»•^r-^-^^:^:^: 
< <: 

< < < ct . J JJ 2 
to to rv rv 

CM  CM  CM  CM  r—  f— 

CMCMCMCMCMCMCOCOCMCM 

SS?;?;?;?-. 2229S999«« 
iSSJfiJRS^^^^ÖvÖlOVD r~'—   cvjeMeM<virvirN.irri«r.)Mir: CM     CM     CM     CM     CM     CM 

CMCMCMCMCMCMCOCO 

CM     CM     CM     CM 

co   co   co   co   m   m inininmminooöö inirtinminmrir^Sg 

U.U.U.U.Ll.LL.U.a. 

oacooQoococomm 
a=xixxxx¥ OQOOOQCOaOOQOO^ «    g     00    CO    00    M 

0-0.0.0.0.0.0.0. 
xxxxxxxx o.   o.   o.   o. 

XXX 
o.   a.   o.   o. O.    CL 

3   tt) 
10 1 « 
«  3 

CM     CO ÄlfiCi59o»Oi-cMco 

oSoSoSooSoooooooooSSS 
CJ 
CM 

186 

w 



<U 
<u > 
en OJ 

TD —1 
<D o o o O O O o o o o o o o O O o 
U • tn in IT) lO IT) tn un \r> LD in m m IT) IT) in m 
C r— 
(0 »0 

CQ o 

o   o   o   o   o   o in   in    in   in   in   in 

as a 

I 
c 

r- ^ 
OJ Lü 
> >— 
_l — 

•   3 

TO   U 

CTCTICTiCTiCTiOiCnCT) 

VO^tOOOCTiPO^fr- 
CTiDi011TiCTlCT>CTIO>0>CTQ)CTOl!!n 

i—   oor^^ir)o>ro^ininr>>Lnr-oo 
roojo^^t^i-ini—   t—   r^ooor-r— 

i^ o\ rn r— oo 
o\ o> ^^ o> *^" 
f)   CTi   m   f—   i— 

CVJ 1— o «3- *3- CO o «3- CM 00 O» f>. 00 en CM o 00 
o r«» «3- f» OJ «3- in C\J f— CTi <T> CTi ro rr* o ^f Of) 
CVJ •~ CM i— CVJ i— CO r— *t CO t r— Lf) 

w 

5 o 
> in oil—    roinr^r—    com CTi'—   coinr^r—   nmr-.CTS'— 

u 
oo    ro    ro    ro    ro    ro    co in   m    in   in    in    in 

{A 

01 

8 I 
r>»    rv. r».    r«.    r«« r».   r^ 

>   x 

in 
i 

o. 

OJ 

3» 
1 1 > or 

> X 
1 

> 
1 

X 
1 

> 
1 

X > 
1 

X > 
1 

X > 
1 

X 
1 > I <c rf < < 

1 
1 

«t 
< ( < 

1 1 
< 

1 
< 

1 
< 

1 
< 

1 
< 

1 
< 

1 1 
< 

1 
1 < 1 <• > X 

1 1 

""I • i 
in m 

u> U) «r «V • CM • CM CM CM CM CVJ ^ •""I 1 
vn vo er <r 

f 

^t ro CO ■ • r^ r^ ** • r«» r«s l£> lO r-! r^ rö ro 5t »t 
r— r— r^ r- «t ^t «a- «t <o ro CM CM F— r— h- rv CM CM 1 i c 

o 
i 1 i i 

•a- vo 
i 

ID 
i i i 1 1 

«3- «* 'S- 
i 

CVJ CM CM CM CM CVI CM 
VO 
CVI •!■ CVJ CVJ CM CM CM CVJ CM CM CM CM CM CM CM CM CM CM CM <M CM CM 1 1 

<0 
1 p 1 p P 

i 
o o 

1 
o o 

1 
O 

i 
o O O O O 

1 
O 

1 
o O 

1 
O 

1 
O O 

( 
O R R 

c 
i I 

f>». 
1 

OS o\ a> CTl as CTi Os Ol as <Ti as CT» o\ as o> a\ 
LÜ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ LU UJ 

U. u. u. u_ 
1 

u. 
1 

u_ u. 
1 

U. 
1 

u. 
1 

U. 
1 

U. U. 
1 

u. 
1 

u. 
1 

u. 
1 

U. 
1 

U- 
1 

u. U- 
1 

u. 
1 

1 
U- 

1 

1 
u. 

1 

_J   _l   _J   _J   _J 
CO     CO     00     CO     CO 
X     X     X     X     X 

OQCOOQOOCQOOOQoacQ 
xxxxxxxxx 

CO     CD     00 
XXX 

CO     CO     CO     CO     00 
X     X    X     X     X 

I      I      I      I      I a.   a.   a.   o.   a. 
X     X     X     X     X 

0.0.0.0.0.0.0.0.0,0.0.0.0.0.0. 
xxxxxxxxxxxxxxx 

ro^mvo^oowor— CMCo«-mvo^«.ooo>O^CMro^- CMPJeMCMevjcMCMMcororororoMcorofo^-^«*^-^- 
oooooooooooooooooooooo 

187 



0) 
<ü > 

-o _J 
a> 

T3     • 
c •— 

CD O 

as s» 

oooooooooooooooooo   oooo 
inLnmmLnLOLnLOirjLOininiD'.ntnmLOin    Lninmin 

dl LU 
> — 

lO 

0>     CH     0>     CT     CT     ü>     0>     C7>CTO)C7>0>ü>0>01     0> 
0.0.0.0.0. 

oo   »—   in   ir> 
ro   in   CT>   PO   CM   o 
o   o   «sf   ^r   m 

r—     MCTlr—     COin«tfC\J«tr—     ^-r-     o     o^oo 

^-   i—   CM   ro   OJ R 12 
lOOVOt—    ^tlDOi—     00»CM     00«ti— 

oowincsjinninr-vor—    r^ofiw 
inf—   ^-i—   mi—   ini—   ^OOICM    oo   CTI   CT> 

o>   *»■   <*   a> C7S 
CM 

o   o>   *»■   «* 
s 

roinr-i—   coinr»CT>'—   ^m i—   co   in 

inin>niomvovoi0ioioiovoo>o>o>^mvor^oo9)0 

i 
r^.   r^ r^.^r-.r^r^r^.r^^^f^^^-rooopococo 

m 

S 

<   < 
«t   <   >   x 

i     i     i     i co   ro   <   < 
CM     CM 

i      i      i      i      i     i     i     i 

i      i      i      i     i     i     i     i 
ininminioioa>o> 

< < 

m in 

i in in 
u_ in 

in CM 

S ^ CO  CO  lO  '.O  CV  CM 
CMCMr-^^r— r^r^cocotM 

in 

«*-^-o*o**»nin«- ^t ^- «* ^■ 

m in i— i~ 
CM CM »— ■— r^ 

i  i  i  i  i 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMS'-   SS*^0 

I  CM 
I  i—  r-  ^- «M  CM  »— 

CO     00  00  CO  CO  ^  f*^ 
o o o o o o o o o o 

r«« r^ r». r» iv. r*» r««. 

CO ^- CO CO CM CM 
I I I I I I 

oo oo in in in in 
co co in in in in 

i 
OOOOCOCOCOOQOQCQCDaSCQOOCOOOOOOOOOOOCOCQOOOO 

XXX XXX X    X X    X 

0.0.0.0.0.0. O.O.Q.O.Q.O.O.O. 
xxxxxxxx 

a.   o.   o.   o.   o.   o. 
X    X     X    X    X    X 

3  0) 
m^o^cowo»—   csjco^fmioi^oowQ»—   CM   co^mio 
«t<«**i-«*^»-inininininininininin ooooooooooooooo lO s to lO o o § VO 

i 
188 





15 1 o 
•D     • ir> 
C r- 

ID 

S  S  9   0   0   o  CM m   in   in   m   in   LO   r- o   o   o m   in   ID 

ID 

O     CVJ 
1X1     i— 

o   o 
ID     ID o   o   o   o 

ID     ID     ID     r- O     O     O 
ID     ID     Lf) 

A« <a 

I 

^^ en IA i/i 
»— 3 Ci. n Q. a> LU C7) >•>-' ^r VO 00 
OJ *t o (■O ID 

_J t— 
n 00 VO B O 

•   3 (T. ai m 
r~  +> ro Ol *»• O fO   U C\J CM CM o < 

o □ i i 1 1 

tf> I/) 1/) (/) 
„    Q. ex Q. n. 
o   en ci CTI o» 
m   ^- oo & X 

i/) I/I 

CTi 
O     ID (X, 
CT>   r«. ^j- 

ex 

ID     00 
00    O 
a«   o 

ex   Q. Q. 
en tjt 

5>   **•   o ID ID   n 
^t   CM   t^ r^ ID   vo 

to 
ex 

o f    «•    00    VD 

M 
a. 

^   w   ■—   oo 
U3     VO     00     CTi 

l«lDoSS55S CTi    O    Ol    w 
W     ID     f— 

<n o 
o 
CM 

o   o 
ID     ID 

W     O    i—     CM     CO     PO     ^■ tn   vo   rv   a>   o   i— Or-cMronooiDvoi^ooa> 

I 
♦    ♦    * 

miDlDlDlDlDlDlDlDID ^O  ID  US  «O VO «O lO 

a» 

c 

I/) 

5 

i   I 
in   tsi 
u- u. 

i  i 
co vo 

i 

co 
i 
o 

I 
to 

I 
CO 

=> X 
I 
< 

I I 
I 

CO 
oo 

I I 

?;^%J22^~CMCM 
I 
o 

I 
ID 
O 

O «t * 

I   I 

1 4 

i 
ID 

I 
ID 
ID 

I 
LU 

I 
i/i 

I 

I I 
ID ID 

• I 
ID ID 
ID ID 

I I 
UJ LU 

t I 
to to 

I 
ID 

I 
^■ 

ID 
I 

UJ 
I 

to 
I 

I 
ID 

I 
ID 
ID 

I 
LU 

I 
«/) 

CM 

I 

< 
I 

CO 

I 
ID 

CO 

^J- ID ID 

ID 
ID 

I 
tD 

I 

I 
ID 
ID 

I 
LU 

I 
ID 

t 
ID 
■D 

I 
LU 

I 
to 

I 

I 
CM 

I 
ID 

ID 
I 

UJ 
I 

to 

I 
CM 

I 
ID 

ID 
I 

UJ 
I 

to 
I 

I 

O 

< 
i 

I». 
o 

J 5 ^ * i i i i 

CM 
I 

«a- 

i 
ID 
ID 

CO 
I 

c*» co ro 

I 
CM 

I 
o 

I 

in 
i 

i 
CM 

I 
O 
Ol 

I 
UJ 

I 
to 

I 
CM 

I 
o 
o\ 

I 
LU 

I 
to 

I 

J ' ' i^ r«. r^. > 3- 
o o o I l 

* m it 
«M CM CM I I 
^ ^- ^- CO CO 

* I I I I 
CM CM CM CO CO 

I 

s s 
I 

I  I  I 
o o o 
0 0*0* 

i  •  i  i T 
tO  CO I/)  (D t0 

'  '  '  ■  • 

CO aj =J -J -J -J -J 
00 00  00  CO  00  QQ 00  00  00  00  00  00 

00  00 CO  QQ 

i  i 
a. o. 
z z a: i x x z x x i x T ■■!-■ ^ o. o. a. Q. 

3 a» 

CM CO rv n 
^-  CM  CM CO O-  ID 

190 



at 
<u > 

■o _) 
0) 
•a   ■ 
c >— 
HJ   «3 

0Q O 

OOOOOOCDOO uttDf—   Lninmirtinm 

c 
o 

(_> 

CO 
zc 

I 

4-> 
to 
•^ 
—I 

i- 
o 
u 
<u 

0) UJ 
> —» 
1 

_J >— 
(0 

■   3 
■— .«J 
ID   U 

O o 

I 
i- 
o u 
0) 

Q.     Q. 

CM oo 
oo 

a. 
03 

a. 

CXD    c^g 
CO o • 

a. 

i 
(/>     in 
Q.     Q. 

O 
o 

00 
to 

o 
o 

o>   en 
o»   a» 

o r- 
O -— 
CM    vo 

9 
CO 

o   o 
9   i— 

CM 

CT>     r— 

Or-   cvjcoo^^esjco^- 

\o\o*o\ot**t^rrier>m 

I 
3 

<o 

IT) 
i a. 
v 

!Q 

i 
xza:xujuj xx 
<      I        I       I     (/)(/)     x    o.    o. 
3   x   s:   s:     i     iQuoooo 

i    «X    «t   <t    »3-    CTI    aa     i      i 
lO    3    3    3 •       I     O    O 

•       I        I        I      CSJ    CM     O       I        1 
fOCMCMCMr-r—        lUfJir» 

C I        I I I I I      tn        • • 
o     focopotMiom      .r^r"«. 

5     i    i    •    i    i    i   f—  T T 
«s     o   oj   gv   o   o>   o>     IM-CM 
c     otODaoa^iointocMvt 
o> I        I        I        I        I        I        I        |        | 

•r-     i■ i   UJ   iij   iii   iii   iii   in   i.i   i.f 
V) I   I   I   I    I   I    I   I   I 
a>  (/)«/)(/)</)xxxxx 
a  •  i  i  i  i  i  i  •  i 

4->    l_(|-t|_l|_t|_|t_ll-IMM 
C    t-ll-tMI-ll-ll-ll-l|-||_ 

0}        CO  CO  CO  CO  CO  CO  CO  CO  CO 

I/)     __ll-ll-.__t(-(»-l>_ 
<0 I        I        I        I I I I I        I 
0)        0.0.0.0.0.0.0.0.0. 
£     xxzxzzzzz 

3 0> 
M 
<0 ^o^»^^ooo^o•—   CMCO 

»—     r-r-^-f—     CMCVJCMCM 

191 



DISTRIBUTION LIST 

DDC 
2 cy ATTN: TC 

Dir 
DNA 
3 cy ATTN: SPSS 

ODR&E 
2 cy ATTN: Aast. Dir. Strat. Wpns. 

JSTPS 

Hq. USAF 
ATTN: PREE 

2 cy ATTN: RDQS 

AUL 
ATTN:  LDE 

SAMSO 
ATTN: Lib. 

5 cy ATTN: MHNH, Capt Kaiser 

ATTN : JLTW CERF 
2 cy 

AFSC 
2 cy ATTN : DOB Civ. Nuc. Sys. 

ATTN: Dr. Crawford 
ATWL 

ATTN HO, Dr. Minge GE-Tempo 
ATTN DEV, Capt McGrath ATTN: DASIAC 
ATTN DEP, Capt McNickle ATTN: Dr. Doran 

2 cy ATTN SUL 
5 cy ATTN DEX TRW Sys. Gp. 

20 cy ATTN DEV ATTW: Tech. Lib. 
2 cy ATTN: Dr. Farrell, Rl/2178 

CINCSAC 
ATTN: DEE 

k  cy ATTN: XPQT 

Official Record Copy, Capt McNickle, AFWL/DEP 

193 

r 
***Dim FACH BUMLMOT flüED 

i       ' 


