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PREFACE 

This document is the final report for contract NAS9-9982, Data 

Reduction and Analysis. The work statement of this contract was 

to reduce and analyze data obtained by the alpha particle spec­

trometer flown onboard Apollo 15 and Apollo 16. 

A number of publications have appeared in major scientific 

journals as a result of work done under this contract. The 

popular press has also taken note of the results. 
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l. 0 INTRODUCTION 

The function of the alpha spectrometer is to detect and measure 

the energies of alpha particles emitted by the radon isotopes and 

their daughter products. The sensing elements are 10 totally de­

pleted silicon surface-barrier detectors, each approximately 100 

f.J.m thick, having 3 cm
2 

of active area and a 90° field of view, 

and operating at a -50-V bias. Additional gold, aluminum, and 

nickel layers are used at the contacts to ensure that exposure to 

visible light will not degrade the experiment performance. The 

thickness of the detectors was chosen so that any background 

protons (deuterons or tritons) would produce an output pulse of 

less than that for a 5-MeV alpha particle, while the output for 

alpha particles up to 12 MeV would be linearly proportional to 

energy. This design precludes the necessity for discriminating 

against other particles in any other way. 

The 10 detector preamplifier outputs are merged in a single summing 

amplifier and processed by a single analog-to-digital converter 

(ADC). Although the use of one ADC minimizes the complexity of 

the hardware, the noise from all 10 preamplifiers is summed, re­

sulting in a resolution degradation of a factor of approximately 3. 

To circumvent this problem, each preamplifier has a bias offset 

corresponding to 350 keV. This offset effectively removes the 

noise, except from the preamplifiers that are giving a signal pulse, 

and allows the use of a single ADC without significant degradation 

in resolution. 

The ADC converts the energy pulse into a 9-bit digital signal. If 

the most significant bit is a l, the ADC is disabled and the digital 

signal held until the next telemetry read-out (every 100 Msec). If 

the most significant bit is zero, the ADC is reset, and the next 
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pulse is processed. This design allows the instrument to digitize 

to a 9-bit accuracy and transmit only 8 bits. Therefore, only the 

upper half of the digitized energy range is telemetered. Physically, 

this is reasonable because the alpha energies of interest range 

from 5. 3 to 8. 8 MeV; also, the usage of telemetry time by any 

low-energy background is prevented. The actual telemetered 

energy range of the instrument was 4. 7 to 9. l MeV. Parallel 

circuitry generates an analog signal of 0. 25 to 4. 75 V in steps of 

0. 5 V; this signal identifies the detector that originated any given 

pulse. 

Because the digital telemetry is limited to 80 bits/sec (10 counts/ 

sec), an additional circuit is used that generates an analog signal 

proportional to the time from the end of one telemetry read cycle 

to the sensing of the first pulse with energy greater than 4. 7 MeV. 

This signal allows the dead-time correction of the data if the count 

rate exceeds approximately 20 counts/sec. Exclusive of house­

keeping, the output consists of an 8-bit energy word, an analog 

voltage· identifying the detector, and an analog voltage exponentially 

proportiona 1 to the count rate. 
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2. 0 INSTRUMENT PERFORMANCE 

The Apollo 15 spectrometer was turned on at 15:4 7 GMT on 2 9 July 

1971 and remained on until 12:43 GMT on 7 August 1971, except 

for short periods during major burns and during water and urine 

dumps. The spectrometer functioned as expected during this 

period except for short noise bursts in two detectors. This caused 

approximately a 10% reduction in sensitivity in about 20% of the 

data. Because the loss of sensitivity was minimal and confined 

to a small amount of data, there was little or no effect on the 

overall capability of the experiment. 

The Apollo 16 spectrometer was activated at approximately 02:00 

GMT on 20 April 1972 and remained on during the remainder of the 

mission except for periods during major burns, water or urine 

dumps, and those periods when the mission significantly deviated 

from the nominal time line. The spectrometer functioned as expected 

throughout the total mission. 
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3. 0 DATA REDUCTION 

The telemetered data was sent directly from the Manned Space­

craft Center to AS&E for processing. Three types of tapes were 

used: (1) digital alpha spectrometer data, (2) trajectory data 

(derived from tracking information by MSC), and (3) standard 

SIM support tapes. The number of each type of tape received 

is given below: 

Apollo 15 

Data Tapes 

Trajectory Tapes 

SIM Support Tapes 

TOTAL 

Apollo 16 

50 

13 

62 

125 

Data Tapes 60 

Trajectory Tapes 10 

SIM Support Tapes 62 

TOTAL 132 

Tota 1 Apollo 15 and Apollo 16 2 57 

The SIM support tapes were required only for engineering purposes 

in case of abnormal behavior of the instruments. Since both in­

struments operated normally, the SIM support tapes were cataloged 

and stored only. The ephemeris tapes are normally used in routine 

processing. Selected data words were chosen from the supplied 

tapes and rewritten on a time merged working tape. The data se­

lection was made to optimize the search time required during 

routine processing. 
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The spectrometer data tapes required significantly more processing 

to produce tapes usable for routine data reduction. Each tape in­

dividually had to be read, bad telemetry data removed, time back­

ups and overlaps corrected, data skew detected and corrected if 

necessary, and housekeeping data verified and flagged if out of 

specification. After this pre-processing, the data tapes were 

time merged to produce two time continuous tapes with only good, 

corrected data. 

At this point the data were scanned to look for systematic drifts 

due to temperature variations. A set of empirical temperature 

corrections of the gain were generated. The data could then be 

searched for the alpha decay products of radon. 

The computer programs generated during this phase were: 

1. A pre-processing program used to verify validity of data 

and make any required formatting corrections. 

2. A summary program which reads data tapes and summarizes 

the data and experiment configuration in 5 minute intervals. 

3. A summary program for the ephemeris tapes with hard copy 

capability. 

4. A general purpose tape merging routine to create a single 

time sequential tape from several tapes. 

5. An overlay program capable of combining data from specified 

time and/or longitude intervals. 

6. An overlay program capable of combining data in 10° x 10° 

bins. 
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4. 0 DATA REPORTING 

The data were reported to the technical and scientific community 

in the following papers: 

1. P. Gorensteirt and P. Bjorkholm, "Alpha Particle Spectrometer 

Experiment" Apollo 15 Preliminary Science Report (NASA SP-

289) Chapter 18, 1972. 

2. P. Gorenstein and P. Bjorkholm, "Alpha Particle Spectrometer 

Experiment" Apollo 16 Preliminary Science Report (NASA SP-

315) Chapter 20, 1973. 

3. P. Gorenstein and P. Bjorkholm, "Detection of Radon 

Emanation from the Crater Aristarchus by the Apollo 15 

Alpha Particle Spectrometer" .Science ill· 792, 1973. 

4. P. Bjorkholm, L. Golub, and P. Gorenstein, "Detection 

of a Non-Uniform Distribution of 
210

Po on the Moon with 

the Apollo 16 Alpha Particle Spectrometer" Science J&Q. 

957, 1973. 

5. P. Gorenstein and P. Bjorkholm, "Observation of Lunar Radon 

Emanation with the Apollo 15 Alpha Particle Spectrometer" 

Proceedings of the Third Lunar Science Conference (Supple­

ment 3, Geochimica et Cosmochimica Acta) Vol. 3, pp. 3179-

3187, 1972. 

6. P. Bjorkholm, L. Golub and P. Gorenstein, "Distribution of 
222 210 

Rn and Po on the Lunar Surface as Observed by the 

Alpha Particle Spectrometer" Proceedings of the Fourth Lunar 

Science Conference (in press), 1973. 

7. P. Gorenstein, L. Golub, and P. Bjorkholm, "Spatial Features 

and Temporal Variability in the Emission of Radon from the 

Moon: An Interpretation of Results from the Alpha Particle 
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Spectrometer" Proceedings of the Fourth Lunar Science Con­

ference (in press), 1973. 

8. P. Bjorkho1m, L. Golub, and P. Gorenstein, "Detection of 

Present-Day Activity at the Edges of Lunar Maria with the 

Apollo Alpha Particle Spectrometer" Science (to be submitted), 

1973. 

9. P. Gorenstein, L. Golub, and P. Bjorkholm, "Radon Emana­

tion from the Moon, Spatial and Temporal Variability" The 

Moon (in press), 1973. 

10. P. Gorenstein, L. Golub, and P. Bjorkholm, "Radon Emana­

tion from the Moon - Spatial and Temporal Variability" 

Proceedings of COSPAR Meeting, Konstanz, 1973. 

Results of the experiment were presented orally at: 

l. The Third Lunar Science Conference. 

2. The Fourth Lunar Science Conference. 

3. Committee on Space Research, Madrid, 1972. 

4. Committee on Space Research, Konstanz, 1973. 

5. Apollo 15 Investigators Meeting. 

6. Lunar Science Institute, December 1971. 

7. Lunar Science Institute Meeting, January 1973. 

8. American Nuclear Society Meeting, Las Vegas, 1972. 
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These results were noted and commented on in the non-technical 

press by the following: 

1. New York Times News Service, appeared in the New York 

Times on Thursday, 22 February 1973. 

2. Sky and Telescope, May 1973, p. 277-8. 

3. National Geographic (in press). 



5. 0 SUBMITTAL OF DATA TO THE NATIOANL SPACE SCIENCE 
DATA CENTER 

On 7 November 1972 the submittal of the alpha particle spectrom­

eter data to the National Space Science Data Center was initiated. 

By 30 November 1972 the submittal was complete. Included in the 

transmittal were: 

1. An instrument description. 

2. Processed telemetry data from Apollo 15. 

3. Processed telemetry data from Apollo 16. 

4. Format description of data files. 

5. Instructions for temperature correction of data. 

6. Empirical temperature correction coefficients for the 

Apollo 15 instrument. 

7. Empirical temperature correction coefficients for the 

Apollo 16 instruments. 

8. Mission profile of instrument status for Apollo 15. 

9. Mission profile of instrument status for Apollo 16. 

10. Documentation of data records for Apollo 15. 

11. Documentation of data records for Apollo 16. 

Copies of items 4- 11 inclusive are included on the following 

pages. 
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FILE l CC~-> I FC" 49'3 !< F: c () i~ ') s F ..( ~ ;:.'; 12-1-!5.2:3:.,.437 rn ll- 5: ~_)') : 5 J. ;)7 4 

FILE 1 C0°IED 32 PECi)RfJS r~'. c: !' l?S: 3-3:2'J.989 TG 12.: .. : Y3: 5=J.<i62 

FILE 1 CfJPIED 9 REC o;~.D S ~ D Q\~ 12 6 : Yt :' J 1. '1 60 TO 1l6:3't!l3.950 

FILF l COPIED 1 k~CORDS FR. OM 12'): 34:15.948 Hl 126: 3-'t: l5.7ft3 

FILE 1 CflPIFD 2 PEClWDS F i~ n'"~ l26!3lt!l!J.l46 TO 12{-.: Vt: 2J.944 

FILE 1 CUP lED 13 R E: C (li<. D S F :<. ;J'·' 126: 3't!22.91t2 TO l26!Yl:33.J31 

FILE I COPIED 4 R r: C U 1' i1 S F~ c·.~ l26!31t:37.9'30 TO l 2 S ! -~ 't ! It .) • q 2 7 

FILE 1 COPIED 124 RECORDS r~~n~-~ 126:14 :42.CJ26 rn 1~f!36:5').320 

FILE 1 COP JED 2 :)') R.ECO:<DS FR0~·1 126:36:52.J13 TO 126:ftJ!2l.645 -- . 

FILE 1 COPIED ft 54 RL:CDC:.DS F ~ ~J'-1 1 2 6 : 4 ') : z=-\ • 6 4 3 rn 126:4 7:56.269 

FILE 1 [flPlff) 572 RECORi)S FfJ 1P-1 12b:56:J:3 •. 359 Tr) 1 2 7 : •J 5 : 3 '-} • 3 6 2 

FILE 1 COPIED 1217 P.!::CJP.DS i= R D ·~ 127:J5:41.36J TO 127:2?:::,.J.365 

FILF 1 JP lED 417 K.f crw os FK.f1',1 127:4,):56.620 HJ 1 2 7! It 7: 52 • l- 7 9 

FILE 1 CUP Iff) 1 R ;) ll R[CIJRDS FR[H-1 121! 1-ti:35.198 TO 12 J : l 9 : 1-t ') • 6 93 

FILE 1 (fJP IE n. 2135 R ECUP.:)S r ~;.u '); 123: 1'1:'t4.&8e TCJ 128:'.50:89.881 

FILE 1 COP IEO -'t 5 't l RFC'JPDS F~O·A 1 2 '1 : 2 9 : 1 l • 6 6 l TO 130:4~!4':1.453 

FILE 1 CCPIED 693 K. fC ()r<J) S FR (1!1 l 3 'J : 4 ,'t : 5 l • 4 5 2 Fl 13:!:56:22.37;3 

FILE 1 COPIED 1 q fC iJ ~ r:s F~ ll "'i 132:52: ltft .-)70 TiJ 1 3 z ! ~ ? : l, <'to i) 7 J . 

FILE 1 CrJPIFn 2 RECn?OS F ~[)'A 1 3 2 : 5 2 : it 6 • 'J 6 y TO l32:52:47.·JC:H 

FJLF 1 CfJPIF:D 6 REC'lC:DS FR f]:·1 132:52:119.066 TO 152:52:54 • .)62 

FILE 1 COPIED 8 RfCGRDS F i<. fJ ·~ 13 2 ! 5 2 ! 5 7 • iJ It 1 TO 132: 51:03 • .)55 ·-- - ---·-

FILE 1 COPIED 5 RECORnS ~ Q iJ .. ~ 132:53:05.053 Tn 132:53:0-1.050 

FILf 1 COPIED 1 Rf:CflQDS r- i~ 11 ,,, 13?.:53: ll.Jlt8 Tn 132: :)3: ll.04d 

FILE 1 COPIED 1 RECOPDS '-Q c·~ 1?>2:53: 13.·J46 TO 132:53:13.046 

F lL E 1 COPIED 1 RFCOP.DS F~fl"' 132:53:!5.045 Tfl l 3 2 ! 5 3 ! 1 -) • 0 It 5 

FILE 1 COPIED 51 R[C!lR,nS r-: ~-{ CJ ~-~ 13?.: 53: 17.01t3 Hl l 3?: Sit : 0 7. 0 J 2 

FILE 1 CilPIE:D 1712 P,[ c OR.DS Ff.' O'A 133:07:31.11:)4 TO t33:YJ:01.382 

Fllf 1 COPIED 526 r:'FCOP!JS F p 11'4 l33:49:ft2.278 TC 1D:57:2S.d39 

FlLF 1 cnrrt=n tl'/7 P.Fctl;.:ns FRO'A. 134:J'J:ll.700 Tr l 3 '• : 1 5 : L) . } • 7 5 1 

FILE 1 CQP[[() 18 8 1t RFCfJPDS f-.' D t_! ~--~ 134:15:12.q48 TO 1 j 1t ! /1 1) ! 3 1t o 3 'J f) 

F IL r 1 cr.rrEn 1206 f.'ff:(1Rn<; F 1-: fl ~~ I3·):V~:t.,rJ.-rl17 Tfl 1 J s : s 1 : 5 J • r ;; o 
FILE 1 COPTFD 3 <)~} t<.E(fH!FlS F- r~ nro~ 13S:?1:5'J.78l H1 1 3 (, : {] s : ? ·) • 1t !t 9 

FILl= 1 cnrrEo 43 75 ~FCIVll S r- Q !) ...., 13b:Q'J:3').44B TO L\7! l-3!22.2·36 

FILE 1 cnPJfD 703 RFCrJl~fi') F R () ~.., 131:13: 2~.?94 TO 1J7:1J:06.701 

FILF 1 crwrro ?. '1 () PfCORDS r- f<f)t-1 1 3 1 : 4 r, : 2 2 • 1t n 1 ru 1J7:51: 1'3.1.57 

F I L [ 1 CflPlf-f) 3011 PfCUP.DS F:~(JM 137:51:~~1).156 Tfl 1 J () : 't 2 : 2 ') • () \Jit 

FrLF l COPIED ?950 ~ f C 11P I)S r-r<r1r~ 1 3 ] : 't ?. ! r, 7 • 0 IJ 7 TO t ~ C) : 3 :? : (') 't • (_, l 6 

FILE 1 CI)Pff() 665 RECflRFlS FRtW 1 3 9 : 1• 1t : 2_ 6 • 5 l 3 TU lJ'J:5'5!2).·J56 

FILr l COPIFD !H9 Rf.C01.fJS FHU'-1 1 :scJ : '> t1 : 1 o • 9 2 2 TD 1 1t :) ! 1 J : 1t J • l '/1 



F r L r 1 r rw 1 f 1l 1 il '• 'I ,, 1· c r;:{ n:> r :> n··1 l't f) : 1 () : 'j ] • 1 1 ( Trl 1 11 0 : 1t 1 : ) ') • () () '.) 

F [ L L l C 1 ~I' I 1 ! ) 2 {•.) :1 i'f Cfl'H.lS I 1.' 1)'-1 l 1t ') ! 1t 1 : 11 (j • l ] (J r! J l 1t l : 2 'j : ') ) • 'j 7 3 

f r L ~- 1 C r J I' T I !) ?. ~) ') 3 I' I r:. f ]:J f)\ 1- ::• I]·~ 1 '• I : '1 7 : ? 'I • "l 7 ,, Trl l 1t I ! ? ' ) : /i J • l 1 rj 

F I L f 1 rnprr!l l :1 ,' t I:F((J:•f)) :·ru1·1 l 1t ? : ? () : '· '-~ • ' 1 :> Tfl l ft ? ! It ;! ! 't It • 6 ? :) 

F IIJ 1 CCP[fD ~ ') ') I< f C:fJP DS ~: ~~ ( 'j ·~ 14 2 : 1t 2 : ,, 9 • l ()') TO l '• 2 : 5 1 : 0 7 • 6 J 5 

FIL! 1 C rw I Lf) ~~ () <_/ f\ [ c (ll~ [) s r- '~ ( l'·l t't 2 ! ') 1 ! {)C) o (, 3 It TO 1 It 2 : ') I : 't l • .3 ') 3 

F It. F.: 1 (.(If> II-i) <)~J iH r. W' !) S. F r< r 11-1 L t-t 2 : 5 7 : S 2 • 3 1t '1 TU 11t 3 ! 1 2 : ') ) • 1> :) ?.. 

F[L~ l COPJFO 0 ') 'J :-.·rc\HD<> f: \-{ r) '.A 143: 12:sz.srn TD l r, 3 : 2 7 : t, I • 8 'J 5 

FILE l Cf1P[[I) 17() ;:: F C Ill-\ f) S F ;~ (]H l't1:27:Sl.F353 TO 1 ,, 3 : 3.) : 4 ) • 7 1 3 

FILE 1 UJ 0 I r D '• s ·:l j ~r:Cfli<!)S. r:: !{ n-~ I'd: 31 :t,5.17J TCl Jt,4:t1g:os.a5o 

FILE 1 CDPffD 24C):] ki:COi~DS Ff~ Ut~ 1 4 1t ! 1t 8 : () 1 • '} It CJ TO 14:;:z:;: 12.8't9 

FILE 1 CflP l F D RR'l t;:!=(flDflS r f) r; l .. ~ l '+ 5 : 3 'I : 5 9 • 1 8 J rn lit s : 5 ~ : 56 • 0 ) 0 

F l L F. l crw rED 1 7 ') '3 r~[(fJRL)') ~= ~: o·~. l'-t :, : 51t : 5 3 • () 3 3 Fl l't h : 2 't : 5 1t • 5 't 3 

FIU: 1 CCPIED 50 11 ~-· ::_ c 1• J ~~ 0 s r: (.' f) '·1 l4fJ:3:-;:41.129 Til 1 1, t: : '-t l : 1 2 • 9 o a 
Fllf l COP If D 126') RfC()R~S FRU"-1 l46:'t7:l't.907 Tel 147:::Fi:2l.853 

FlLC 1 CCPil'~ 21 ~ccr~=-Ds r•, ''' 1 4 7 : 2 l : 3 2 • :) 'j 7 T <1 1 :~ 1: Z 7: Sl. ,HJ I ; ·~ I I 

FILE l CllPI!::O 157 R~CCliWS Ff.'.rJI-.1 lit 1: '•v : 2 6. rn TfJ 1 4 -, : 4 3 : 'J 2 • 6 4 2 

FILE 1 CUP! ED 1640 RtCiJRf1S F f' !1 '>1 l. 4 7 : 4 3 : J 't • 6 4 l f() l 1t fj : l ') : 2 2 • 2 7 6 

FTLE= 1 C!lP I ED 1't 7 6 RFUJRDS Fq'l"' 14~: 10:25.273 T() l 1t 8 : 3 5 : 0 Q • 0 54 

F[LF 1 CDP I [r) 72 P t~ c Ci Q r' s r ;) Ill) l'ti~i: ·3c;: Ott. :J 5 I TD 1. rt E; : 3 6 : 1 It • 9 9 2 

F [l f 1 CUPIED 23'-t L K.r:CC'RDS F f-<. c.v, l't f3 : 3 6 : 1 fi • c; 3 C) TO 1't'J:l5:ld.025 

FILE 1 C()PlFD 3 r<.FCfJr-HJS F~Wi l.4Y: 32~ 16.192 TO l 1t(/! 32: lJ. 190 

FILF 1 CllPIFD 46J6 FECU•JDS f--= p, C'-1 l 1t s : ' 2 : 2 1 • 1 s 7 TO tso::;o:z3. rn 
FILE 1 cor rED 1800 PF::((]QOS J.: D l]l-1 150:50:37.765 TO 151:28:'35.271 

FILE 1 CtlPIFO 1799 RfCClRDS F~.n·-1 151: ?5:?3.54Cf T1l lSl:5S:2).J't8 

FILf 1 UlPIFO 2 JOlt p r: C':J~ [) s FP lJ'·' 151:?5:?.2.J47 TO 152.:-.?3!1t4.140 

FTLF 1 COPTFD l3lt9 RECJQDS ~R f)!·~ 1 5 ?. ! 3 7 ! 1 f: • It 4 :J FJ 1 5 2 ! 5 9 ! 1t 3 o 3 2 6 

FILE 1 CUPIFD 87') PECURDS FR.Cn 152:59:52.117 TO l 5 3 : 1 {~ : 2 :j • 5 3 9 

FILE 1 COPIED 2155 RFCClRDS FR. 0 ' 1 153:31.!02.280 TO 1 5 It ! ':J 6 ! 5 It • 4 o 7 

FILE l COPIED 51+ PFCCJRDS F~ rJ ~· 154:06: 56. 1-t85 TO l54:07:5).442 

FILE 1 UJPIED 1267 I·U· C n >:~ 0 S FR il~.-1 1 5 1-t ! 'J 7 ! 5 ? • 1-t It :) TO 154:23:57.391 

F IL [ 1 rrprf:O 2577 P~cn~os FPrJ~< 1 54 ! It I) ! 5 () • •J 3 1 Til l55:2S:43.J91 

FTLF 1 ...,UP IED 3413 R F C~JP OS F i< (1M 155:29:01.38'1 f() 1?6:25:~1.555 

FILE 1 C(JriED 2533 RECO~DS FR0'-1 156:39:35.356 TO 1~17:21:45.253 

FILE l COPIED Jlt35 R E C'.W. !:1S FO l)t-.1 157:26:?.4.530 TO 158:23:3~.681 

FILE I COPIED 2569 PEC:JRrJ<; t=P nv 1 5 8 ! It 1 ! 2 ') • ) 7 6 TfJ 1')9: 24:15.462 

FILE 1 CllPIED 177d PFCl1R.I)$ F P fl ~-~ 1 5 9 : 2 4 : 1 ll • 6 5 J TQ 1sq::>3::.5.16B 

FIL!: 1 COPTFO 843 R [(,)~OS f::> rw 160:02:0').763 rn 1 0 t) : l :, : 0 2 • 0 6 g 

FILE 1 COPIED 2J RCCORDS FR. ;JV 160:28:09.955 TU l60:2'l:2S.Y3~ 

F IL F 1 COPIED 2572 RFCO~DS F K 0 ~~ 1(.,():34:4/2.623 rn 161:17:38.33') 

FILE l COPIED 2184 RECCRf1S F-[{0'., 161:37:39.995 TO 1 6 2 ! 1 4 ! 0 3 • 1 3 It 

FILE 1 COPIED 2 RECO~DS F'Hlf.A 162!14:')5.l;J3 TU l!J 2 : 1 4 : 0 6 • 1 8 2 

FILE 1 CnPJED 2.?60 RFCr1R!1S I= Q u .. , lf-2:39:39.909 TCJ 163:17:1 7.031 

FILf 1 COPIED 2637 KFC·JfWS FR IJM 1 6 3 : ?. 1 : 4 -, • 7 :~ 7 TO 164: ~)5: lt2. 594 

FILE 1 COPIED 673 RECJRDS FP n:-1 165:21:20.143 f(l 165:32: 3.~.581 

FILF l COPIED 2 2 1t 1t P ~CfFWS ~=~n:~ l65!'t4:3S.074 TO l6rJ:?Z:OiJ.l16 

FILE l COPIFO 8-Jl r<ECClrWS r-r~ IJ .... 16£.>!41:23.653 f[) lo6: 54: '•2 .98 T 
FILE 1 COPIED- 153 kFCr.l~DS F p rp .. \ 167: ]5 :)'J.'t3l TO trJ7:lu:o7.310 

FILF l cor IED 222J H E~cjo !JS FP'l'~ 167:18:11.301 TO lu7: 55: 19.4~3 

FILF 1 C:QPIEn 12:39 RECfJRDS r- R (J'-1 l67:~5:22.ft48 TrJ 1 0 8 : 1 6 : 4 ·} • 3 3 6 

F Il f 1 ED F 

lA2014 R FCOf~ DS WRITTE"J ON OUTPUT FILE 



~~~H·I I(.,'\,; l.L f • rJCI 

fJi!· l \:trl'lf-r: 
F i 1 r· 1 c < ;· ! r· r~ 
FJLf l (:~"lfD 

F I L f C: 1 ~) I [ f.l 
Fl! r- 1 CWIF!) 
FrLr: C!JPirn 
FfLr 1 CCJ;>[f.tJ 
f ll f- 1 rt;p If-0 
FlU i CfJPiF!I 
F I l [ 1 C t.lP i f f) 

F I L F 1 C':P I ED 
F J l F 1 C 0 P I f.L) 
FILF: 1 C•~f,IED 

FILE 1 C1JI'FO 
FtLE 1 UIPTff) 
FfLc 1 C\l•~ldJ 

F I U: 1 cnr I HJ 
r- I L E 1 C t l P I [ i) 
FILE l C:Cr>IEil 
FJLF 1 (,I]PJt:~ 

F l L t l Cfl P I tri 
F I L f:: l C 0 F I !: D 
FILF 1 CCPIEIJ 
FILF l CClP IFD 
FILE 1 CC1PIED 
FILF 1 f:I)P!E-0 
F I L F 1 r:.:! P I F 1) 

FILF 1 
Fllf 1 
Filf 1 

COPIED 
C CP I Fl) 

CUPIED 
F T u~ 
FILE 
FILE 
FIL~ 

FILF 
FILf:: 

l C:O~IED 

FIL[ 
F I L f 
FILE 
FILF 
FILE 

1 
1 
1 
1 
1 
1 
1 
1 
l 
l 

F I L F l 
FILf 1 
F lL F 1 
FILE 1 
F Il F l 
FILF l 
FlLf 1 
F IL F 1 
FILf- 1 
F I IJ l 
F IL f 1 
F I L F l 
F I L F 
F I u: 
F I L ~· 
F I L r 
fiLF 
F l L f· 

t 
1 
1 
1 
l 
1 

r r;·> IE D 
CtlP I ED 
COPIFD 
CUPIED 
COPIF:J 
COPIED 
c::orfD 
C cr> I ED 
CCf>J[fJ 
currt-o 
Cc;PifD 
CuPIED 
C r1 P I f D 
CUP TED 
Ci 1f' I bL) 
ccrrEo 
Ctlf> I cD 
c r·· P I t- D 
Ctlrrt.=o 
Cr.1P I ElJ 
C ~I; I F lJ 
c c 1) I r= D 
( f'IP f [:-{') 
Cfli'![f) 
Ct~PIFn 

CtlPtEn 
ClPit:D 
c r II' 1 r.: 11 

,'\t,:J [:·ji~!:!f F•-. pJr, l',)'t~ll (1 ,\I PHI\ f ;(1.>(-i.'!" t.;T j),'; f;\ :•tf)UC II'·; 
() J:J c·r~'-i)~:, f"i'•Jf! 1 !!~:'.i'):ttl.'>:ll fl) 1 rr.:·_;•;:tt·,.v,-, 

'tlll i·'l L•:r1 !i~ f"iif''' t/:1 :'.>I :~>l .r,?. ~ T·! 1.<:):1}'~: l I .itf 3 
?U'i3 l'.d:<I'~DS r-1-'1;~1 1~'1):3">:!.<~.<>13 Trl t··t:O'i:lt.).'J:Vt 

2 n .L 1 F: ~ · r: 1 J · < u s r: ·~ r : · ·~ 1 d 1 : 1 1 : 'J '• • ? VJ T L l L ;-~ t : 'J q : ~ :1 • d 1 J 
1j f; c c '1 i( [) s F h' I) '1 L ~J 2 : ') 0 : 0 ~). <~ 7 i3 T CJ l d? : ') :J : () I • j 1't 

,?{(l') 1\U~ 1!·'f1S F,,()'-1 ld?:00:? 1t.il58 T') l:l?:4'5:·>t.)IH 
1 1 tJ 2 I! r r: 1 r~ ') S F ~. U "1 1 81 : )2 : J (; • 11~ l T tJ l. :3 1 : ;~? : I I>. 1'1 'J 

lit;~~~ f·FCili~;)S Fl>fl'' 1<~3:2?:1 ,3.1''i7 f;J 1-~!3:''" :'d.';lJ 
7'jtt i~rCilFDS ~=~·n'·1 lf\l!lt~:Jl.513 Tfl l3l:')d:33.·1S0 

1t'tdG ~~CC r:IJS F~'l'1 l~Y~:5:~: 1~6.9 1d fti 1lL>!l?.:l?.-f:-J6 
ii'70 q!-C·l~<OS F?ll'~ 186:27:32.021 TO 13t>! 1t2:2J.2~H 
2 ;-n i: r c 1 J r:: 11 s ;: f~ [)'.1 1 '3 u : 5 .s : 2 J • 'J 12 T u L.i? : CJ 3 : .J < • 13 1 

r_; ~~ i< f~ c •>m s Ff.~ G :-.• p, r: ·:) 1: ~Vt. 73::; T r1 1 :; ., : y, : ~') 1. kl'! 

1 3 :) 'i k r~ c · 1 !< ') s r:::.:. ( 1 "1 11..1 1 : ·14 ~ o J • 6 ·~ (; r r 1 1 (~., : ; 1) : 1t ) • "i ') 5 
l R r_: ( r.l r< [1 <; F Q C .• , l R 7 : ? f> : ~ ! • q 7 2 T (1 l J 1 : ?. f; : '• ~ • ;3 7 2 

2 1 j R f: c t ; .: •)..:. r: :< 1. 1 ,,, 1 t! 1 : ; 7 : :- '~ • 1t q 1 r r'J 1 ;_; r : 3 1 : J () • :> 1 5 
1~79 ~[(fl:.li>S FRrn 1El7:3l:O<J.312 Tn l J7:57:2iJ.f)C)3 

[. 9 3 R [: U! ., ') S F q G ~ l f; 7 : 5 7 : 2 9 • 52 ;3 Hi l H '3 : 1 2 : ? 6 • 1 d 2 
8 9 C'J R. E C C '~. 8 S F 0• 0 :1, 1 8 ~~ : 1 2 : 2 8 • 7 3 0 T n 1 ~ 3 : 2 7 : 2 (> • ! l 3 3 

1 1 r) J '-' r: r f' q >) S r. Q iJ ·.1 l fJ :i : 2 7 : ?. :'3 • !) ., ? T 'l l ? q : 4., : 't :, • iJ 6 3 
2 It 2 0 R. [ C U R [) S F R. CJ f.A, 1 0. 3 : It 6 : 5 9 • 5 3 3 T (1 l 0. g : 2 7 ! 1 S • 5 1 l 
1 6 3 2 Q f C r) R [) S F R ( J ~1 t e? : 2 7·: 1 9 • 50 8 T 0 1 0 <! : 54 : 2 ') • 6 ~~ 6 

6 r<- E C IJ R [) S F R 0 ,.~ l 8 9 : 5 4 : 3 5 • 6 8 1 T (J l 8 <) : 5 4 : 4 0 • 6 'IT 
1724 Rf-C(~~DS FR0'1 iel9:5tt:42.676 TC 1S0:23:24.2 1t4 

233 R[CURnS FQQ~ 190:38:24.495 TJ 1~0:43:06.260 
J o 1 ) ~ r c c:...:. D s ::: q r. ... 1 <: r) : s '• : i r • 1 57 p·l 1 11 : ,, 4 : cr3 •• ; s 3 

7 7 1t Q. r (CD f) S <=i:;t, (] V 1 C:: 1 ! It 't : Lt 5 o 6 52 T(J 1 :;1 : ? 7 ! 3 :3 o 5 1t 0 
564 RfCO~DS F~~~ 1S1:57!40.53S Tn 1~2:G7:03.071 
89CJ RfCCif'fJS F><tJ''\ lCJZ:54:33.l72 T'J l'i3! 1J9:3J. 1t22 

1 1 1 t3 ;<. f ( : l ;o [) S F R n 'A l Q 3 : Q 9 : 3 !t • It 1 9 T: 1 l 'l 3 : 2 2 : 1 .') • 4 9 3 
lt 2 7 {, ;.> E C CJ R f) S FR :] ~l l q ] ! 2 3 : !t S • 4 c: 2 T IJ l S 't : 4 J : ~) 2 • It 3 5 
117Y ;.{F(f~.{iJS f-1<(1'·' l'ilt:44:31.f,.'):! TC l·~l):(J!+!03.10R 

1606 kECn~~S FROM l95:04:1J.7C6 TO 105:3J:55.375 
2 3 7 P F C rn fJ S f R n ~' 1 <} 5 : 3 1 : l q • 1 5 7 F) 1 c; 5: 3 5 : 1 5 • 1 58 

3037 RCCO~~S Fqo~ 195:51:36.346 TO 196:42:11.342 
384b Fd-:Cn>:~)S FRr:''·1 19f.•!lt2:4':i.796 T'J 1<,:7:'t'J:51.594 
~7J3 ~ccn~os ~Po~ 10f:47:4J.073 ro 1~2:32:40.J27 

237 RfCO~DS ~~0~ 1C9:32:42.~76 Tn 1~~:36:3~.~3J 
3 0 1 0 K E C C: R ['~ S F Q Ot·1 l <-<J : 4 1 : 3 6 • 3 () 1 T [l 1 9 Y : 3 1 : 4 j • 3 5 4 

335 KFf:(li~!)S t-RU1·1 191:31:45.353 Tn lCi0:}7:Zl.J73 
3 5 1t 6 R. c C D ~~ D S F ~ () ·-~, 1 9 9 : 11 : 2 tt • () 7 1 T D 2 Cl 0 : 3 6 : 2 J • 6 2 1+ 

5 R f c :l;.. I) s I= f{ :J ''1 ~ 0 0 : 3 6 : 3 ') .. 7 '+ 3 T I] 2 :_) :J : 3 {J : 3 5 • 5 3 ') 
13 i~ [ C C P n S I= R 0 ,.,.. ? 0 ~~ : 3 7 : 0 4 .- 6 2 Cl T C 2 0 J: 3 7 : 1:, • 6 1 0 

2<:i23 r'.fCfl"flS F'~OM 2(1:J:37:18.o'JJ Tn 2:11:?5:').3.652 
2 4 ') 0 R E C..J !<. ~J <; F ~:. C!-1 ,? 0 1 : 2 6 : 0 1 • 6 5 l T 0 2 0 ? : J 7 : 3 l. 1 J 7 
') b u 1 R F C [) r.; D S r: :;; C 'J, 2 0 2 : 0 f: 3 3. 1\) 6 T lJ 2 0 3 : 1tl : :J?. • J 7 l 
210Q RECG~DS FRO~ 204:00:07.48~ TG 20~:]S:l3.731 

2 tJ 7 k r: f, • l t;' D S r:- R 0 "1 l 0 t, : 3 5 : l 5 • /1 G T i) 2 J It : '• ') : l 1 • 4 9 ~ 
33tt't Rt:'C:l:<.r)S FfH,M 20'•:'t2:20.B5b Tn ZC5:3d:O-'t.i)72 
2'tiJ3 RFCf':<')S FPIH.A 20')! 1)<J:3r3.'i27 TU 2~i<.J:·H:'t3.'Y?'/ 
3 4 l) 9 !( F c I l H)<; F R I J ~.A 2 l) () ~ It 0 : l 7 • q (j 5 T G ?. 0 7 : 3 7 : G 5 • t 3 l 
14l't U:(l!:'f)S F~<O'~ ?D/:'32:0tt.'Jl:3 H~ ?:;D:1'1:37 • .l 1t?. 
1 2 ld f.'. F [. 1J ~~ D S F l·~ LJ~>1 ~ 0 <~ : 1 5 : 3 'J • 1 't 2 T () 2 t; 3 : Y>: ? :) • 7l u 
'} 4 3 7 R F c ll i{ f) s r. p 0 M ). 0 tl : 3 1:3 : '• 1 • C) 5 ·~ T c t:.

1 0 ') : 3 '.) : ') ~ • 2 0 3 
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