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Introduction

Noise associated with mining operations can inhibit the use of seismic reflections tech-

niques in areas with low attenuation and in close proximity to routine activities such as milling,

heavy transport, drilling, and excavation.  At distances of a couple hundred meters, acoustic

energy propagating from most heavy equipment and commercial operations discernible on

seismograms is one of two types:   1) air coupled waves (audible sound to the human ear, travel

through the air coupling to the ground in very close proximity to ground coupled receivers), or

2) surface waves (acoustic energy generally in the lower portion of the recordable frequency

spectnm traveling in the very near surface in a retrograde elliptical fashion, also known as

ground roll).  Both air coupled waves and surface waves, regardless of their source, have unique

characteristic frequency ranges that normally overlap the signal spectra of most reflection

surveys.  Seismic reflection surveys are usually tuned or sensitive to acoustic energy within a

limited frequency band.  For conventional petroleum reflection surveys, frequencies from about

10 to 100 Hz are of particular interest.  For high resolution surveys, such as the one to be

performed near the Post mine, critical frequencies fall within a band from about 50 to 250 Hz.

Filtering is an effective method (both frequency and velocity) of attenuation as long as the

amplitude of the noise is not large enough to saturate the recording system's analog-to-digital

conversion.

A noise source generally present to some degree at most industrial sites is 60 Hz (or some

higher mode) powerline noise or hum.  Narrow band noise such as powerline noise can usually

be notch filtered (frequency) assuming the amplitude is not too great.  In situations where the

amplitudes are to large to filter, little can be done to remove powerline noise.  Velocity filtering

is not effective on powerline noise due to its flat arrival pattern on a time series trace and the flat

reflection arrivals at near offsets of reflection energy.  The more conductive the soils, the more

prominent 60 Hz will appear on seismograms recorded in close proximity to a source.  Powerline

noise is generally very attenuative and normally data acquired at distances greater than a couple

hundred meters will not have an appreciable amount of 60 Hz recorded.  The higher the moisture

content of the upper few centimeters of soil, the more pronounced the 60 Hz noise problem.

The recording of high quality seismic signal requires the controlled production of

acoustic energy.  A noise source that can at best be minimized but never eliminated is the seismic



source itself.  In association with the production of body wave energy necessary for producing

reflection signal, noise of various kinds are generated.  This noise can include air coupled waves,

surface waves, direct waves, refractions, diffractions, and multiple reflections.  Every recorded

acoustic arrival that is not a primary reflection is noise.  The ratio of signal to noise is influenced

by site activities (in this case the mining operations) as well as the near-surface conditions and

the seismic source.

Noise tests were performed on March 10 and 1 1,  1995 in preparation for a high resolution

seismic reflection survey near Newmont Gold's Post mine located north of Carlin, Nevada.  The

tests were designed to measure the noise levels on seismic recording equipment in this active

mining area in hopes of evaluating the impact of mine noise on high resolution seismic reflection

data.  The measurements were primarily focused on frequency content and amplitude of

background noise near the proposed lines in comparison to quiet areas where seismic data has

been successfully recorded on previous surveys.  A total of 56 noise shots were recorded at eight

different sites near Mike (Troll) land Post.

Data Acquisition

Data for this test were recorded on a Geometrics 48-charmel 2401X seismograph with 40

Hz Mark Products L28E geophones.  The seismograph was set up to record 1 second of data at a

sampling interval of 1/2 msec.  Only three of the seismograph's 48 charmels were actively record-

ing data.  The three-channel configuration was for speed.  The quality of the noise test was not

compromised by the small number of receivers.  The data had sufficient redundancy to make

confident determinations of frequency and amplitude of various identified noise sources.

The environmental conditions provided the best scenario possible for enhancing noise on

a seismogram.  The continuous drizzle, sleet, and freezing rain reported during the recording of

the data would have not only maximized the impact of powerline noise, it would have also

increased the cable to earth leakage and chatter from ground and geophone case impacts.  To

determine if any directionality was evident in the propagation patterns of the noise, the three

station geophone arrays were oriented both east-west and north-south at each site.
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Processing

The processing of the data was limited to scaling, frequency filtering, and spectral

analysis.  The sections are displayed in a fixed gain, trace by trace normalized, and automatic

gain control (AGC) scaled fomat.  Spectral analysis was perfomed on records with unique

frequency characteristics.  The resulting displays allow meaningful comparisons of noise levels

and frequency characteristics of each of the identified noise sources.

Analysis

Powerline noise is prominent on the three-chamel seismograms with geophones

deployed within 75 in of overhead lines (Figures 1-2).  The spectra of traces with cyclic

powerline noise evident have a 30 to 40 dB spike centered on about 60 Hz (Figure 4a).  The

cyclic nature of 60 Iiz noise is evident on files that, based on field notes, were within 75 in of

power lines (Appendix A).  The very wet near-surface dramatically improved the electrical

conductivity of the near-surface.  Relative to the anticipated frequency band of high resolution

seismic reflection data, the 60 Hz noise will be at the lower extreme of the recorded bandpass.

Based on the QA/QC procedures to be followed during the acquisition of seismic reflection data

at this site, data will not be collected while rain is falling and a high degree of earth-to-cable

insulation will be maintained during the recording of the multi-fold reflection data.  These two

quality control measures will draniatically reduce the offset distance from powerlines necessary

to record acceptable signal levels while keeping cyclic powerline noise below predetermined

noise thresholds.  Powerline noise at the amplitude levels evident on flies 1 through 6 and 14

through 25 would be a major problem on production CDP data but would not, however, be

sufficient to prohibit interpretation of final 24-fold stacked sections.

Frequency filtering of powerline noise with a digital notch was reasonably effective in

attenuating much of the hum (Figure 3).  A digital notch filter from 59 to 61 Hz dramatically

reduced to overwhelming effects of the powerlines Figure 4b).  Acquisition notch or digital

post-acquisition notch filters are designed to attenuate 60 Hz noise, but unfortunately have a

detrimental effect on the richness of the frequency spectrum.  If 60 Hz noise represents a signif-

icant portion of the digital word, a notch filter in association with vertical stacking would allow

sufficient signal to be recorded to permit the enhancement of signal on CDP stacked sections.
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Relative amplitude displays (Figure 1) allow comparisons of file to file noise types and

levels.  Powerline noise at both Mike (files 1 to 6) and Post (14 to 25) is more than 40 dB greater

than any other noise source.  Records away from powerlines have broadband noise with

amplitudes that, based on qualitative analysis, are more than 60 dB down from signal levels

recorded during previous seismic surveys at Mike in the late 1980s.  The lack of industrial noise

at the Mike site is evident when comparing files 7 through 13 with similar settings at Post as

represented on files 32 to 56. Comparison of spectra from the quiet areas of Mike and Post have

similar frequency properties (Figures 4c and 4f).  The background noise at Post is obviously

higher than at Mike.  Based on qualitative comparisons the sporadic noise bursts evident on the

Post records are about 50 percent (~3 dB) higher than similar bursts at Mike.  With the dynamic

range of the recording system being in excess of 110 dB, as much as a 6 to 9 dB increase in noise

shoul-d not be a major factor in the success or failure of a well-executed reflection survey at this

site.  Analysis of frequency spectra indicate most spikes are extremely narrow band and as much

as 6 dB greater than ambient.  This suggests frequency filtering and broad band signal will

combine to minimize the average noise as detemined by these records.

Without prior knowledge of which records were recorded during Haulpack movement it

is very difficult to distinguish which were recorded coincident with heavy equipment movement.

Haulpack movement is not evident on files recorded with an east/west orientation (files 14 to 19).

After careful examination, some higher levels of high frequency noise are evident on files

recorded with Haulpack movement when the receivers were oriented north/south (files 20 to 25).

Comparison of amplitude spectra clearly denote the subtle differences interpreted on the time

series plots, especially a 10 Hz spike at about 40 Hz present on the spectra when the Haulpacks

were in the area (Figures 4d and 4e).  The apparent attenuation of noise based on geophone

orientation is encouraging when considering that noise is reduced when recording is parallel to

the proposed orientation of the production CDP lines.  This apparent impact on recorded noise

levels based on orientation is evident on many files from around the Post area.

Decreased noise levels are noted within several hundred meters of the water treatment

facility.  This decreased noise is probably related to distance from the active mine works.  The

frequency content of the noise has dropped, probably as a result of attenuation due to the

increased travel path from the noise source.  It is very unlikely that activities at the treatment
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Figure  1.   56  field  files  F)lotted  relative  amplitude.   Some  display  clipping  of  60  Hz was  necessary  to  allow  any  wiggle  trace  representations  on  files  from  quiet  areas.   This  display  clearly

site with Postallows  comparative  analysis  oT  tne  MiKe site  witri  rust.
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Figure 2.   This AGO scaled plot of figure  1  provides  a definitive look  at the noise types  and patterns.



Figure 3.   This AGO  and  60  Hz notch filtered section displays the effectiveness of digital filters in  removing 60  Hz.   Artifacts of digital filter manifest themselves as edge effects in the upper

and lower  100 msec of each  record.

OLZ),i,7 U 21                                        Z2                                       a                                       a, I                          a                          I,                         a                          a,                           I                          ae                          B                          p                          N -                      p                       -                      -                      -                      `i                      a                      a                      -                      -                       -                      0                      -                      -                      i.                      s.                      s3                      s]                       H                      s.                      -       .E±:-|i-±r---i-LL±-=ir'-I-L±----±-|±€I=--->f---=E5--a-.--__-=!-- i  ±<>         =if-±±I£+ i    I, , IiI-+i-T     -{ -     -h±-,Ii--_-`= I i i i i ++ ,L >   - ` >   J -= --   l I I -` CIti_1<-llr/11,<,<,< I-i --I- ------ ulE±iirz-------u+LH I-___::T+,    < ±i _                                                               L<r--L`,.ILr<<`-`+lilli-I-I-I.}/JJl-I\,(r+(IJrlri,i<i<`,<}ii     {>+L<<1,I,SI,        iII T\ I------------r]--I,,J>,,tL+-<C1IT\I.---a-i-I--+- I-- 11=-1-rr\=SIIIII}=-=---<+tT{II¢S_,i1r'`          ,-t€           !f   E±         ±=±          f5±          cL       I          `tEc'             ±t`          L<r/`          `+i'5          ±<±:I-       i ,  >       } - CE1± \    , \ -     J-I -     -+ I      -,< 1Z, f  r\       | , t       , i  I       )I.  I       t-,       I I-=T`T-`   5 =`       ` =SL     <±_L_±li-±L_____L L' +      C \ i     ` 1 `_._2±±-~   C  If=             I    -f -   -I-      Ill  11,   --r_     , , iaJPL-Cr€~I/~+-I_+r_>/{ -i ?        t  I i         I  f,IItI ±f25_I- F-`=?rT__>t I     -,`    -J-        , ,_r 1`     tl ,c=      -, -    ` ,I::=t=±=T-=Z±;I::::>>±:t++:::+::±E5=±::==-F±:±r->r=---=r.I-f        I, r f`       ` \ ,       , ,I      c  i I      -, ,        I i           r ,-\Jr,rI,t-iJl,,t\,L+-}C.\t-+:_< <         , C '        >t: >       , r,       i <  I-        I  r +    _  < LIi,,`t,I1+<`}`|fic.f?,\ E1<C -¢   +         \  ,  I          ,T=<\,1, +              r  ,         ,  I. I        i  it         C  \ ,         i  21          <  r ifrlTTJ,<i,'ii5iI2 Er-ai? 1=1(Tt. <      -I c                       > 2 5        i      r        I } I             1       r \ 1        i  cL r        `T|    .-c,II+1>,<{ICI-i`ic,``\t1
a_`d-    +1 I     -` -    -.f`L              -I      Eiri     . / J=             <    ?   7              ji_I E[] + -}1       ,-         +I--     -j`    .-,,     +1< /c`         Ir p 1        `?  ir       ` t I(        -¢  f         +> /        r i/          T I  I.        r I  I         iJ  +  5        r  (  I-         2<  {        <r <        f+ -I 1,   {          ->  +           I {             +   C  +                    T            t  r  I             i r i         =€  ?         <  I 1                ( i + I        -i <        J  /  /             ?   C=        5      >         /      J'          I i  I             /  i         `  +             `   . ¢          f   |j±®
:    €c`'L     `E=±      =Jf±     =-1=-'.cw_.     >€>      ±ii=====-Ill(+CL|aCf<i        + ++            ? +I-i TI i i      -      <TfiJ-i, J.     -, -     ,1,     )< +     I {i       `/+       {  `  r       /Iiri      //          <  p fi.      `|L`       ` )  T       `  r/         L` }           Ll        .I-I       > fT-i  I r       + i {-'Ill,<r 1   E  |          i  11           t P  i         I \  €         \ I I         i  +  C I =t          i   ,1          i ,  J,         2   , + I  ii.2         i      i       5   I  c         i  17          I    i         1     j          z  i  I             t   r         ir-ill:         i  i  i         I+  I   .1      r , i    I ,I -, i1+ I-r I--TrTFTjr    `T{         T `      .r .    I <t       r -` I=---J'----I-JE+ r`  I          r  i  <           CL  I +         /<    r         £   2  <          c  +  <          `  ?  `          ++  !           i   i  <           I  i I 1         i \  1         <  il\         , II,,II  I         +<<          ,  I  +        <  i +        I  _-         I  I  E         T  C±                             I-        +     T       ¢       I        \ jr/          I t  i        /  `  ,-        >  < .,         L` .`     .

>             I   I.  5               2 fE*Ji-ir J[,+ \ I \     `,`         ,'r         }J,`          tct          I,i,        \1,\<,>1JrC,\<1.,+I         ,  L|        i (Li,I, ,J|           {   r   +          {JL,t \{i),I,\ /  Lr         I <  `         J`  I         I  lr`         rfJ         I f I        + Fr<+I,,Zr,i,1rTti\+<1,i r < I          JL|  i           LC,<,-J} r l  /           d   C.  r          I -t <  L=}        \ +  r         , i -L         ,  \   ,          =L-==r,ItC-,i-\+J'   L          i  I  3            L,,           ,-=±:a>iI{/<+  _S,t-        r  (=-            J+         I.12      -t  \        ,    <         ,  Er JI       -<  I,        J    \         i,  +       <  (   ,    *IILcrIr{>if±1r-</E=JItr/>i`/C;inxp      J,\  Jr      I  -I        , < r        Jr_-,      \  ,|       \? +        rf i       +<- I,  3-            i I       I (-rr.-, -\-, t<< I ` ,        E t  I        I + -
10LI 1   r  i             r ,   Jr            +J'I,I}I L\C( I  +        ,  \ ,        C   I  I          | IIrL+\,\,i-EEilji_i L          I  2   I          ,-II-I+i.J.++,,+{,Jt.,I±TIr Lr-I- iIE]IF Ii1 r +          , >   ,         ,i, i  i I         I,i        ,  i,I<J'{±(\-=1 \,E]€J,,il,I           I  J   ,          \1rLT IJ'+}I /I >  r           <   ,I\1J, []11 f<,I-ilZ C 5      , < >      -+C     C-     I|tI,|i,,>T|-=<J, >L+)<S\, /  \          1  f   ,          '  Ir         I i   `          ,  =J          ,  } \           Tt  ,          S_ I. ,         if/`+1<`I/E`r<1/IT>`(r/ti L  1          I i  i                   I          jr SJ         <  L<         1       I          /   J             {  I  I         tL  `  `          1  <  ±          r   I  .    ig•ICi+/iI<=)<+r'Ir`I,3I[`+r`.r`I|1`}I.

r`  (   J            i I f1€
-1O

I
+\ rT-I a I.I-+i_5Iiiiiiii-ii-nr--ii=]=L,{,I}{{=+ i+I I I Li        JF,-I, ¥iII iJJr\ 1TJ.,I <,, /I i\I, I \

I

I \,/ \i Ii/ i  , J,        i  rr1T\ ( EJIE=] E]L, 3   +  >            ,   I  1            < <  ,            <  {+Ir<i<<C`<f_\`r\ F].---iiiiiE-I--I 11,(EIJi  +  I          \  £  I          ,1  )         i  I   1
C.(

r ?L fi 1+               ==       <     I             }<         ,     C-        i      I         i  C  ,         J < i         I   ,  I         , c, \    in}3t=_-,,=<Ir,I<,/,/,Irlai+ iJ+ J t++
(

rc| I-,Tf< I---]1----=M i  I           + }L          ,  <  \          ,  >  1
xpI,17t, '\,\I, r i r ' ii <tF-<r' I        i  rr         i  _= EN -iTrJ

I
11 \ J'( £\ i i         1               E   C-ItcI 1<.,,>, +C Eli, <        `  ,  i       t  iIJiii,{)J+I,\)1En- I-I--)--I-- i  r        + J  t        , < r       =\  c'         +  I i        a i1,I-i\}t?J-,<i,-iC /        = i  I           sT        I    r         -I        I     /        /     }        ¢  }  I            ]   I        +     J.        J.  I +   in1I-r<+,ii.I,,I,iI,\+i,\`t\\<in

itLiC \,i t L      , t I           i{± ..I |t Tai r\ ZJ,[, . t,€ . 1 I-- Ea=1 E=1 (    11            t   ,1           <   ,  {          -
\ L i r IIE=-I tt1( -     i  I I      + I

JIt,
+r C 5ls] ) (i,\, tEI,( \(, { i I               I -T` \1 >< F| I  i ,           I_  \  {           C  L C         - i        JL|  I         J=±J        -+ i         i= t  )         /  1 -       I  , +         i-`           `   r/          .   (`        +  L  i          i    `        I-I-+         \  C  r         I-(   .        .r  (  I          {  .  r     t7.•=.1g1t  I {  _:I                 I,<I_, r<r i!`{{

1
E  I        r I I±\i+, JE<` >,={±traii< =<£F i=+I iC =E=iiiiii==u|S,I S- fC \TJ' It] 1 t If

I, I   \   ,            ,    r I1,IJrr, L-.<<+EalEi-1 {>\,-C--T +              I  1  <              \rJ,II>
' I-1,LC >11         +-J          J  I  T        i  -I          Z  I  I.        i  ]  +             t  i         i LI          C-I  -<j-r11I<+L1.r+ir+II/<-I.i(>-       fil\1 ±¥       F3=€       €€±      i:EETf±       <`  I.'       rLr5      ,L€`,       `  f±       £'.(,|r_i±       €r'.   =

in        f  = {            I   I \  ,  i        i c, \        , a  ,        ,  I ,         r`< r-I ? I-I LI)iiiiiiiii[| T r |r
+T

tIi T

.
I, \ (I \ €   11          t  ,1 I,I -    i  E i        1  L {             C   (  >             I   I [ }` 51  )         -\ i          r  ,i          £ \  ,         (   I I        T J= I          1<   I         <=    i         1  i  + ~       I +  t        +|t         + Ti        i     c        f   . +       ill+j          i tL`        t= `/       <  c r         `    i

zp       rl I.         I  +-\i`J,\zprift> t    r}              ,   I  ,             i   f   \              I  I   ,             ,   i.   I                i,\JFtI1Jr(,<+<,Z=,,I       ,  + j         il  IrIti?I,5i-I{II-IE*= E=t]}<£,,I- Ii=++i +  I            ,          I <-I><i_,i,1F-1 I   C  I           +_Ji,It,, I,{iT\ `C I P1, }         +  \  <       <I|=,r, \        I  11        iI,-=\<+,J'-Z±> ItiL-I-----I---iI-i-=}_<_____5\I{I<£± t-t`JFEi]1Illi+I, I--I-------=E=Ill-I--I--?-I \  ,          r I I-{,Liii I - \       __JIE±+      -< i>Z`+€=II+-,i,i1-,\T      i.±rI.ilji== I-H{> r i       i- i       i  r r      a   r      I 1`      r  I i      I <  t       / i  +      f J I      \    +   inI-7I2--,a-`<<+irIr<I<I`+iIJz-=T--<-=E==-T===--c.Ic___(I.+)iLIi_-is.|±|±
1             <  ,  +             i    +  i              \  i   \             ,  \    ,              \   C  ?   ---<---S t,T2c=Lt<±-I >   ,              I  { ' I I , i        I , L  < |           JF  I  J,           , <   \          <   L   L          t   I 1 I-   C-€ €        a  , ,       =\= I 1 /        i+I E1

zq        }  +   I           f  - I          f=F         ,  t  ,         I   , {         \  i-\          \  ,   II\I€<I\_____I_Z'__,_______I+_T- r\rl'11+ I      i  I t      -} +it+ +I I i,\r I          i  T  S          T7\J'<Ii1 TCL]r< Jrt 1 r, \ -< I I,,IIt7L+JC\ J'  ,    C- ><,2<,,, - .i  `           ,   >)\I<< <<  i         { <  r        (  \  I          I ,  a         \   ,1       I T      Tr I      -I }      ± < ,-1,\-,-itJ,i>-1)-_\i, <+>r z  <            +  I  i           }       +          I   I  +         /      JI           I  I.  J            11  C.          r       /            I   fz          i  `  \     ro-      I  I t         I I L' i   J            fFT  /- Ll < L\1,,,iL--If\+<I,I- \ ( 5,LC I i,   -I >  1          ,  , i         -i+ +          +  T  I           , +  r          i +  I I          i   ,-         f      I          L-f          ,     ,          ,   , i          C `  ,         `      \          +  11.        (   , I    zn•=-I I-J, i        f  ,  i         I \-\       i    ,       \  L= 1<i tl- 21 TE]21 iL=N 13-, (I,,}1),T', <{TC L \rI,1{ 1 \ L LLC          \ <   t          { < I         i 1  ,T-----,,C+,rt}<1,1ii,(\IL, i=E,>L<J+I<\ .11 r -I        }} <         ( i E\< J   Lt        , J,+      - \  € {    i    ,                 ¢    J=     ,                 i I I  c         i   r`          I +i         ` a I          /  i  r         `      L          . i  !           rr  +         t       r         i  C  `          I   I  )     ae,
Z7®- \JZr \I Jr           ,  ,   J           t<}++ \          r I  ,          <   I {            (  + ifii`,?'<11 |fl       €j IiiI_T>+

==J'Ii
<( Ii i? CT5TI---=| E           i  , i}I-,,II,\,+IIIL|

Jllllllllliiii
( J,, I\ \, >          -S  1I,rII J|,I-11\tC \1i£1 >E <    J > <     i J> r     11L----I--.-I.1+         ,  | I        I  ti,         I i 2+J',+I--+\ I-  I  ,        i   r  I           I  , £+=-,I/J'i I  €           +  [  I        -i  I         .i=-     +         `  LZ          /      `           `  f  1          1  t   I          i  -1          +  /  J-         J' i       zn/iII}{Iir}i+-1/11(T`tc_\Ii+I1<].Cr\

zgt-t +.
1

T\ r I          I  +  ,         I  I  <         \IItii,I, \rl1,r< <[1 I       I -I       IJ-i-I2 i?
I,

JE- .I]..-I tL\\ +1, I rr,I\r
.I I+

`C
`<\ IC/ L    ,                  S     E,7C`rC{ -\ ,        < \  CI.2\I-I. I  <        L I \         2  ,  ,        > -,C}I,<-I\I.> <LEI \,J,>,1+I--+rl-I--I+-==---.,+>\IC-,\FII5<I\I i -,       JL|(t=i-_-_ .=j-[=t{,i2_

+
i+         1   i   )           I      i.           1  c 2           `      `          /   + r             /   r         r   I  f          }   {   `                         .\a,,I5tiFiI,tII,+I,1,+,,,,I,1

- i1 i 3,f>E|T` >J\\£ \1+ \ +        +a 1        ,  CII-IL|E=--IdJt.1>1] E1f'Li++C'i1 J|- 7I? i -I \I +>trS., |Cr )i I, +,I,\Ir]-I\,i1!,,t\t,+<£,+-i

I

i  ,  |             1   ,I,I, <.i   }              1   J,  <>:,IC>E +I,,\ I-------=-(1r>-(\}>{1C (<I-1 C-   I C            ii-J> f        1,  ,,I\,, t,(C i         J  + ,          i  \  J-         |J  1         +-.        i  I  <         i  C'  /IlrI-11,11iII,-I I          I      I         ,     1         I-<         I     <         I   + +           1  JT        i <  `        \  J,I        , \        -ri`IitJT.ijrr++i.`I`fft`<Tl`-ttf{
-" >+,I SEE] } I,I

1
1t tIit{1> i  ,  I         11C}\ti +,{-i+<[=tl\E= .I\ t,ii?t_ 1\€1\L I\2C.r, <,+ LC II, <\J?I\ 1-I,,,,I 1rIi`',1,1'i-, \, .< \ t\,I-`I r           Z= \ J>tJ,r{t\|F1, EI><i+>irJ,tz Ir\ Z <  J,         > I->          t  >{LZ>}-,`+ r-Ir i C ,       i +-       | Z \       t|=-Ii`I,IJJr[],{r±t- I          I  I t          +  i   t\II15I C_       -}  I7,II`-> I,5-I-11 I+ i -        +      f         <      }         -     a       ++ c          I     <         i      r        \ -J,        ,I,         1  <                         -I1IIfI3lijrI`/+ijl+``_|`rIj//.\

-aecO T+i± LiLTT 7CtI-11I-11 -+`        rlJriI.L,1f= I.aI It L±+ft2_I-[=H Z>+, C>\\, i JJ,?+,+\Er I £ I \C,,I,-C(,I,FJ` \it I,- 1,
E]€J,J- I+\I-1}<, 2rL<T<'<<             I++.CrI--IE]{<1 c ,          ,  C   I          \   I l               I.,<-I<}\I\I+-++=+<LI ,I- I.I:<+1 }  +\         5+_L-        ,   ,  *I,,C-ri1+I-+(CI,'{ + i        i  r  i\-Ia_i-r=±S-,I J--        f i I       ==r  ,         I I,=,,\<\.+,T I<<{J</,II\i

\
I.=TJ>}t i;              f              I      ,          i  t  I          I     ,         ,  + I         1,I          t <  t         +  ,  \         ,  ,        -i+'=s+7-C.,+\II-\-,t<<i?+-s+3i,`rI(fIcIiIr`irrI+IsoI-=J

- + C I 1 iJLt l=-I i I  1               q  J> i i+, r? 7 I \ \,, I   i  J.          f   J.I,,r,,1{``,I,,JIJ,I.             <.  \  >                    I  , J{      I I =     =\ ,     \{tnl C<  I         < <  T          - E i        J' +  I      \ I  , EI-a + I   {           I   >=          C   ,  S           I  + {1 + 1=        >   -        ,-+          I                 1, t          ,/  \         I  i  ,         ,  \                   -     -+J--11¢\,+I,+,<\,tII.iin5,iI+Ifr1+f-|||tJL,Iir,`€-,
sOq I t<

1
+7,I 1? {J=

{
<`i-    i c-,I-C- r=Lr<tJt,,i3Ii3LI<t It i,EiiEii.i]E==i==]I.I]1=[][==1\=E=I13t, tiJ,rS I'= ii\I <, I <I IllE1 t II I,IT {, \\,rL\ I11 I--.--JF--IE-rl<>r1,€(<Z'--<Z:+lil`r I\ -,  2          \  1  Z         -I,>iI2<Jl  +,        15-I       , i ,        --i        C ii J         I-+-      t  } ,        t,iI),\-I.i1=,i,Cr->,-i,t{, J}I-i

{mco I r +\< E]]]r iI )I EL)CL-,i+t'<i,r\\ I-         1  i i.         a1I,i2,
+ = +Jlr I¢ +< <+ {S1LJ >i+I E, I1 \I, I--,I,.t.( J|<JLE] }\11 I,          C  /  +           J  > 1         i   IC,I,,,<L±+,L,T},ii<t <1 C I <    I , I    I + I    t < +   I ±-   iI+----I--i--I-I |rFt              JF_5   +             i-C=LI-+ rc,         7  i, t          J- , \f,-,i}\ii ri ) I 1 f    + t ,     ,   (     ( I_ r      i ,    i + \     \ I I    \      {1,I--I-+)--I-II-,I-II--rlJIIIIIIl|||IIIIIIIIII===1<ri+i.,ii,`I-i,,J.i`i,JrI+-L,

cOen it+ I }r JL

(
r t T+1},{=1 I- r <\, EIrz 1

I I} \C,I` I, \, i+, >11-
Jr

I,+r |r IT -{      + , <       < 1      i  I  I-       ,-iiI`I\I, I   +          = Z= < I   ,--          L   i  +           I   i   I LI Ii'<t\ =\1\ ±J+i \ >r EI it. (\ \+ <iI
C

I.[1 IC . \ tli,J C '           >  ,   T         <  Z  {         >< -I)i Jr}rr> _=1        I? , + I,          i  \  +          r,  < I        I     I        +  \ -       ,-+        I    \        t     I        ,\  +      ` -,       i  ` 1                   -C\-- .-JL [11 I   +            ->   ,i1TA- E-I EJ\ 11 E=I+>C i,T 1\i
<,\,\

r,\, I  ,  ,          i  `,{It,,, _    fl.   ,1< I,{{EI1,<  <       < < ,      ZJ/t--,,r:-r\ I--=J-]I----ZEE-I--]`a T=       =3'  I         1 -L        I \ ,2-S+T±IT\?\__t i   I          I       I              f  I        +  1S          `      C          /       +         i/   I         C   I  `         J  i i                        -<(ir<+i=`,c,`Ft--,`<+,,C,-r,\I II }Lr-, I }ILJ{i <+ 1I,I<\, C T I ?I<\ L| ri.--I-----=E-r[------EJ
170- fJL a+ 1tI I C  r         t  Ii¢ICI\Z++-i E=€=-{t` ilIL \I 5E)I, CLT Ir\il 1,,I 1<1\\ \\,,,\ +,-,II:I <i{ J.        1 1 ,-ill (Cr}\+I,ILT-I+I,II ->jJE Lt?< 2 +€         i  \ C       ,  {±i-ELi}+,J P`t + {    > > +   \ I -   + I.-   f T\    + C I'I]-.-r--I----i---I.1J 1  \          <  i , +tL`=i <S\\ =  I.  I               ,LS, i          I     i              ,I          1=  I         i     <         ,   I 1            ,  i         J, a  J'          1,,                      -+JsrTiI.+fs-i/+`{c1`i£JI``i1J-Jf5,{i<iI}I<,r,`,{<`},`<(,-,,JI I \7 t,, Jr E| C, C   1                 C  <   f
-,Sn

7 f +I }I Ei=-Iflc= I{Ir fL i +E==EILJ iC ++, iI \ I-I--- 11i, <  >         t  L I         > =1IiI}<<-- > r ,       <=,,-C-IT+Jr-I-Ii<i-I,         J, if,, L-------I-I.---i---I rl± -r        C-,rl?ti{ \£1<>L 1\I\ I-     €  , < F-rl < S {        C -,       -( \        I, , I       \ ,  I        I<== I+-T|--     t I+      \  ¢ I      (  i {      \ +>     + I I      I I , _--i      I,I
Su i +C I-1]

1
t [1lJ ++ i_I5_, t_      -  ,   ,>,5r          5r i (    ,   T                i: r1` I1 >,1I t

I
(1+I

i,
1

1,
>,\I-]1 1]1\ 1+r`, < I,        < - ,I,e,I < + ,  ,         i  I  JL       i>,I\<I, +        JL_Lt        Jr  I i        i€Ti,i(I I I         r ? I+<ti1=,         ,[1.1(-_ i  1             1    £    (I,<I(, i   p                  i  i           \       J           f      -         ,+  C          \    ,         ,   L+              i  ,           ,   I   ,           +   1  \                         sl.LiJ<\1,'+I,,,JI-,='I-i`{-Ji€TI\J-,(-,.- r 1 =C{T iJrI, Ti\ .,J., I,             ,  C  + -,I,

tlsO Ii it ? } + II i

-
<rII. -     , ,,i-rit        \ J,  r        iI-<1`i }+<±i+i,i=?r=\,+<,,iIilJ +, E;r<+ i=++,I1 Iill\\ 1\C t-7 r( r, I-i,5 - + ,  ,           ,  , €          >  ,  ±        _ 1_\  SI.``1JrI1c1 EI{> JL r\E-I i Jr       -iIt1I,>_I__=f±Lt> J  ,  \           \   }  -          ,><J2+I\ ..1}J'1 i     , I, <       < -Ii+Ir<- -I-  i: <--  , I 1   1,--i-----I-.LtJF-,i I        2 i I        <     <        /  .i       J  i I        I     `       <  JI+ i       T>-i        r c i       i  J                      -+iII-+-frc,II,`i',i,,`,,\,<a-r(I,

SDaeS7,SP Jr,\ 71=i 1t i-
t

J, i Ji          ,  \Iii.r><I+{ Jf1,-11 E1 E=]11\\ I_?{<III.I+1rl \1_-+`1 <++,<i,,I
I I,S[],7,,35E1)

\C
<,> )},I I,*\iC IJ'

t,
I.I)1 \,Jr\ \,\, I,L,,+         I   I  <         <  )  L         +±<`r<,,,riIi,\J,L1<,Iti,riJJ,\I}I }`CJ'..1=,i      -,    C I i    < ,E=--i=-I-I---I>{}`\,i-,-f£11r-12-I ri  3        i i I        i  ,i,-J±>++-<+{iI<\

t<
i;+,I I-|          =I,J.L,E|-E=[]11 <        I I  {       , -T,+Fr,=<-Jr<I,,iL-

T>

EJ±>3= I         +  I,          J' ,  ,          I-2          I  = I          I      ,         ,  T\          i ,I         t   t \          I   `   ,                       -JLI+\iT|3I\>II€11`<=+-`,<',<(i,\-`±i--`i-+.`rrI-+t`EI.1/`/IirIi-,J,r<

1 i i
<

J [1=1 -} i+ \T C T)Jr|J +\ I         , C `         i -C           ,   J  +           <
£L
11J -,7,J}           I   { -          L + + <  +          >>±          >-1          I I   1          < i- <1? +iiL±         ,-I        Tf I         }      f          P 1 /          I <  i         \  .I         i.                         a1,\

irb- ++ +,- 1 rf -Z  I:        ,i+rI.T- \  lEt        J  ,,--_Ii -i+`1<tl E=JE=-IT            1 +\lil (, J, Jr,,rrCi< 11\,-r\ \
I1

I,1 \`,, I1J, 15`L+i |  t           +  {   Ti,,I\C <?I--1 S  ,          <  i  i         ,  r  ,         \I,I|,J<C>, T}{, i+,L`,t ,rJ--------L=----r--I-II-i---I--I-------JIIIIIIIllElll |F<,,ti>+ I-I_+ 1'-       , I ,        i  +ir        \     ,        J  t.I       1  r  ,        t t` \       i \ ,                    co7-ii,+,T,t,iI,,i1{r,f,-c`,(
14co \i r, JLI

I{
<i

+If 1<,.,C          , -<          =1<J==-13= -I, Ii 1+, J,}>{J'rE| C-1 t I {Z-,+ I,i,, I--I-----I-I -i+   I I I  <_+- I-LI +  i,           )  ,  I         i  t  <,I+II<\{I I >  I         ,  I \           f   L  i           ti  £  ,           ,  +   I           , =   '            \(([1 /I -        -11         +=>              21         +                 ,   I ,          '  ,  I-          ,  I  r          I  ,            1            .I.,,,C - I     -i iI=1I \Jr`,,< J J,,      i. L>      -I ,      t --c5Tz  I      } I I     < L.<     I <E]--I---,---II>I.{71-`ITi<I.II-I L€  I        I. > +        -I ,         ,  r I       3F.I | i-       > c  I        +I ,            ,  I        ,               \  +  I        1  t  i        + `  \        i  ,                       -JrL\
{ I rlEI •ILII-,?€        ,  I-      iil\-aT|}I\r7CJJ,-3\ 7F'Ii C+ r\iI L J,,r ?,i, J< <, i \Z/

Jr+I -,,(tI C,, I <   ,         +i   \         + L S E=--i+r C, I---lil-I--I---Jli--I L       fL-.I       i  <i|L==if< J,+ ,           <+r£J P 3-          C-      `      I        +  + .              i        i              `  -i       -+  `         +-<         {  + \                    -/-7I1c7f+iI/IL`<+Ii`+-.II(<-1/co`-\
cO + +< +I i \ IL----+-I--1 I.I E1--I-----It-'--.I-- i,i, I .1] I-I=I=]JIE1 i+<FI E== C1I ., I I\, }E-L+ Izl, }[ +,  \JIC,J,- I 1'-1{C,, i-IJi,L } <        +  I tI\1\, <  J,         ,  I  }-,I,JI Z >  ,       =- I,,I}),,,<,\

I + + <         \  ` +         1 I,+,,-I1i-JLj}+\--- I-JI       If!J- tT<I>I<, I--1t=}{I? + +          ,      I.                 ,        }     +         \     \          /  ,,        < \  +         <   I            \  i  t                       -<r,
1tTC - 1         ,  ,T          \ \  +          <  i  + 5        I 1.           -     ---I+-       ,    +      i }f       ,I ?      -i          ,  €  .                 -irLs+<+2I//iI1/±I-c.rTtJ1.-EL--Ia- i1 €5 i +1? -E+ -E==]

I+,
I-==1 I--IJ1I,E|i,/I5=\,I I., +t +1,i <Ii

iL-I,, \ \,,I <  1 \              \  ,,,`<\ CJ,CI+ I  +        -I,  I<,IIt        i +< + \         I -+        C   11        . E]i (  i-       ir T  I         J -,        `I.}<|i i? i+r= `.I I-+i tt,1
E'1JL

I J,,            i    r  , >  <+           i  Z  ,           \ rt           I  I  <           ,  7  J           { }<1= I-1 I       i  L J.       ?   -        <` -       I     ,       Lf I         , \-       i  ,  ,       I + ,                   -,|rt
cO-1 I t II i ?J'\ i{ I,1Ft+<J |fr{-2     i (-     \i+ir E=|I,

I
i¥ iI. <\,CLt1] +II,\ r', E1-I Jr- \, i  <   +          I      ,         <   ,i,\,<I,Jrl€I,II-{|J1`Jr,I_I}JI t=-IE| .I€1, + > ,    I ? r    < < 1    > IE=+-i----I.-,IE=\ II <  I  C`             <\,{J r\J,.==.I 57,,LEIi         4   I  ,        2  ,i          \  i  }iI\Jr<ItIT ¢       3 ,-          I ,t<>-€T+ f      {          e-±          i       r         J[ i I          \      >         r   J.  il           a`         I   I  i         i   I                          cotii,,I,5+,1--1J..`+I,I``+r,JII,-I-)1

la           J_   \    I,a__>IE i \f
+

+Ii+ i +i ' + ,         +{  E        tJ\,\L(£-r+f-I=\I?     >- i fl-I }<\i€ -,+ii[H<F F.a >I CI JJ|•r I,I
T

`\ ',t i,>< j<I.1 >  I          > > L         >  +  t         <tItf_<iiIr+ C< T < I    , , I,   =-+   + i _'l--.---=--JII   I ,r-.   +-i    , -\       2   <1--]I-==I-il--il1<rL5\`- 1r Ttt,,II +           ,}  I       t +>       \     1        ,  i  i           ,            ,  , =        {  ,                       -<tItr-+T}/L1i/\/i+I{t`Ti7gJ-i,r
7g+7~ 11I+ I LT-II--I r-,          , I  I          -Z>+\`i,<C I-L< LL+i+i,iJ (i -*J,?1Z-I-++[1-,i IEL=t) 11 I2 <,i JtJ> 1,T),,C -<,,<1111-1, [J-, +-iJ,L<,I, t, I-IE-I I, r  ,          i  \t`           I  I   L>,I,<i\'±< < >       r f I       \ <-II,LIi , I  r ,       IC=\=

+
1C-I I  <  <            J+L|+) i    , , I    , I i   < , ,    * Ir----LIE-=ffi-,IfI i   t           C  {   ,          i},|tJ <I--I E=F= I.<? I           ,  € I        <    i        =f  +        .     1        <  ,  ,        t'  , i         +{  ?         i                            -z5IIJI.rJI`i<Irt<ii+I`+.II/.')I)I

707q I.1}T 11   r            +  +   `            I,tI<I+I {            +   ,  \             {    ,   +           ,11r\J'IL±,,  +1        \ -1        a  t-E=.==J i+11-ITi=1-++ 11<<,+,++I Et]1±!±I \1+T -,+I
\t,J, I+,{ r\ I\ -J\ (         C  r  ,rfI,Ir        -11-,I.L\ ILIT Er--I+Ill,lIIllII---I--1I=:5I_>>I:,=<<±+-=I-rI-tJi i, T   1  +   < r\   + I-E=-I-----I--I < I   t'        <  irt,I.r It_ _ __    (  1 I         \+ ,          ( -+         T|J>C'+{-iI,5 1E]-r<t= .        -               I     i        -->        {     `        J{ -       -,-        r-<        \  ,1                    7a=IcirJFiI<JI+rf+I.f.++r`i\`rui,,

7,1]         I  r  ,-If`           , f  <   I          + \  ,          <I1,1+1tl-- €           \   J'  \           >  I,,i,f,L1J,i- 1=<L-=JrJ- Eii-;--I=<1 Ill> I+ii.i
[1

I)/\CrC T  I             \ <    i                },{.,Jt1,1} r1,+11

I
L(,

I-----1=1,,<<{J,J=C== L-I r---I---------II---I--LJIl--I---i E1,ElL1- S    ,  C                1<1T'C . JI        Jr-Jr        lj-1}I-Ii,2         i   ,  ,          t  }  C          I  t  <          `  L<          C-|-ILS,,?<i,`1,iI\ 1f II + +I        1    i        f i <            I I       `+   1        /  rp        I  \ I        |  I  <        i  + <                     7n<tifirII--1I+1,<}-,i<,,,J-\t\t
-____  I,  L I,           .-+,++ ? I_I          I,-EL +II-1 JL,1IfI-     f I - \ Jt++1±--1 CiC,J+

I
f  I        , \  +,iill <Jr11JJ, i

(
11J'r`-\ J,  r  L         3.  ,  -          t   + <\LJ,,,I_<\ I.,<,>( z +   < I I    I + `   ,iI---I--I---I i t i       i i  ,       I <=,+ ±        <  1  TJ         -E=       I  1  , I

+  +           ¢   , >-J.<>I          ,<1-+ (± F I `          .  3  }         I     +             `  I       +    c        i  ill        ` +  I        ¥€  `         +  r                        7--\+f{,cfii<|LIii+fI+i+,11<1<,r--LI{ I+       ,- \{1i[| I   t=            <   \   S             , -        I t I        i< J         , T  , I
coo___   I   <   I             + C                 `  -.            {        ,             t-T             I?   ,            ,1++I<++€,iI{iI\---=±+|f+:-S +11-IIJr         \{  I         iIiIjL it£I EiH-€ ¢\'±-I3+ \1I iII r|L *  €    +            '  <   , I{, JIJ'- I \ CJ,\ I-EI I \      I -, 1tt }          >I-5,,<,,I

< J, \  r        i  i  {         I i+       < I  T       \  +--,        i  < T      -\  i         I I {(+ I-==---I-L I  __==-I L+     I , ,     a+ I     < > i-=±-i--`I>./ii>-Ii1I<iI`I/I+>-JI/+/J-/{/i`IIlfir.±E_iJfIIc.+IIf``I>I+I-1\
-        t  }   ,          I+-I,+ 1 t  c  I         \  ,,+>+, rJ,,I CI <, f, / I-IllLr LI-1,>+, ' I (      +  , - (>+, +  I ,      -+r-L-i i Z.<t}1 )                 ,    ,    J r-I-Li.-I--.--1 E 1        ==  +f-{\I.  I         i  €  +         1   I  \           I  >   I         ,  i ,          -i  L         , 5E                 S   ,    i                  q ?-? - Ct-I, 1 C  1          t  i , \   I  <          +  ,  \          L = \ +  +       i  ,1        +   + I         I {  ,        I+ [=-,+Ilo-i|ur-F +J, I + I        I iitfI__I-I--I-----1L=1.iiiiiiiiii.,--I----i-I E=-iiiiiiiiii===17)<= E=-LJ, i[1 L'I,=i,II,

I
\Jr,} E|-,I!a>€}C I,iI LJr\ I\\\1\, \,1-,J,I11IL=-I ',1i,, I,\E|tJ {={ \ >  2   i           J,  <  J           }  }  i,-<5CI+aL+1<,,titr, \ t      I I I<,I-±      II , \   t < f'   -i/   TF=-----.--=J-J>Ct i + ,   , J. r   \ + ,   \ ,1   , t '   3I---------I--I--I+         S.  ,1         i €  i          \  > +         ? iI<(iI'I,\i+,  I i       ,   ,  +        +  ,  +         I 2  .         <     }        ,     1        -{            ,`  -        +  =  I        + <  +                      -•5icIIt;c-cJ/I/rLc`cjF`I/iic...

+<+ Etl-[I r(, i -C         r < --TJr-+/1< 1E]Ir r \{ trI EI { \ <I,\Ji, +   r         i  I   r          I ?  I           I  ?  €          i I C          r  )  = 1,1rLI-----I-I`-1 I-I------=] I, r       jE  r /         r  t I        ±` r        t    C        P     i        I              I  /  +        r ` /         1 ` J                    -++rr\in-,11t 1I r,<, {i t, ElrT `{lilE=-1,|rT i+ \ I1 5=r3FLIIJ << J'+t 1,\i <

\{\,
\I,\\I:I + T-r     i,i\J,, J,,<,rL, EIi,,,<, <J,IJ,1i  I           .> J,   ,            i  J>  1            1  L+>1>S,{r?>\T\,q1} -,t),I+>-I> ,   c, < {    \ I: I    2 , ,   £<I-I-----II--=1+       t <,      I i -      r i <           , I,>-I+-,\,I1L

<
<t=2I{C= I  I <     -E           +   I              J        I     I        C  J  I        I C  `        i                            inII\IIIi,1-+Ir+I,f,1\€i`-}\,J,

.I-__t+ ?{ i+
J'

+\, il=IL< i              L]=|IJILJE E=illtE=J Ii ii \{I+-lit C, \\, T<+,r£ .,,I I\a I I <  F       I-| I,        +}<`t1-,+.r> r}+, .  LJ        =<+         < + ,        < 7, +JIi+I,.,i )>JrI+   II--I--I--T-I]'-I-]T-----I \ ,  I         ,11J,fIJr-i -, i    -+ \      Zr +      <r<?CIi<J i,,,I € .-I\t i  \ i        <  t           I  I               t  '        ,      ,        1  i  i        I r  ,                                     ",-,I,)r+\i,Ir=ti`+iI)I,I-fi]
11-+I t-i              1,  ,         1<  I         ,I             (  I \          i  r{          IrIttiJi<II,1,\,c,fI/ +          ,  \   }                ?Z=\<€-T

11
EL{E-==ilC\ i

JL
CC t I  <  a         \<rl+/r 1\+,+,7   ,

I IL++1- I  ,  T           t-i   ,1|tf,} |L:1  r               1   ¢+<i+<+ C+<J 5         I T L       =L ,        >i,,1`L\i, rI,t,L15-+11,\ \  I,        r JL|LLri,\JrI-..+          E¥              \  ,  +         +=J<I,i,TE:*S-i J= +         +)  <          rcs=+        r L ii!i,I,Ci-- I <  /          rf  t        >    I        /  I           1     1        / I  I        |jf        f i  c       `  +<                    in-,IIiJ->>+IJ,+`{,J,.i'r-i±€}?i-
--1±_I   __ ___£_+1±__ _  ____  ,  +,          >'-J,        <   L€          i I\          <-±± ----|-ic=-+E-+Lt,++1+-`I,+,,Lr-f,.=t i +      --i:I>t{+I1=t+i i, i-=j-JLjiiiiiiiiii=E=]<L||\+I,r C +       ,irii+\+ I 1  +i          I,  II,>I/-rT: +  ',   ,          I,  I           +  IJ*.++-,I*+  + +\-{I<I1JZ+ r,          i  ,  1         I  +,        t `<         ic  ?  1         ,  }  ,        I ,  }         , i ,        cIIJCJ+/IIIIjlC>/Jr+`f1<t/I  i±J,,,I- C-I J        =iJT'1 tCLtZ< \  J. I        +,<,Ii\ I> <       i i+       <-   + \  £    _  \I,±tI<=><I =rLFL _<jr\ I I.         L+  +         i  /  r         i    i         `     L        c  I  T         L  I  -        i `   \                                          -/II.-I:2=tIrpif>r`+<(`i2/+r/H>+,I-
"    , I,     i` i i      r ,{      J,-,     ` Jr`      I,1  I      i +I-`¥`L,1/|iI-<--I--J-i,- L=JI -J{}FitIJ'iIE=[= {i

-Ii=
<L<{ I         , c`<    _    <  )  ,          +r'  +         I,} J'        , ( ,        -, -        I,  \ +zlrcr-c`--I+`+`-I-+<--i`Jr{\\,I+(I,,fLf11,,I++f-I  I ,       ,1 -        ,-a        J-, I       +     +        i \ i         } J/TLL-<+`tJiIII-I-./L/r Jr  ,  ,         += ,L\{I+`        J-11I-.I---I--.--1Ci<<\I,<>=t --\ Ii-I--I----)--t--IlE------.--i-=-L]--r=1+ 1         ,  ,  \         <-+         ,  I  I         II_<-i\+>11<frl=1,,1,JI-I -< ,          r  +-=       J'  '-         <  ,  ,-        \     ,        -I )        1,  r        +  t  t,        +                             -<-JI¥`i=+-=[{I`\J,,L-`II-i-\T<,peI,ti,`

in   + +.~     `L+ `    ` /`     C  I.C       LEE -    -+-    f /<--±-____<:--,\,J--<J--I-i___r==---IL=I.-J----_---,,+ EiE=E1==1==ZJl        i_ -i .      ` / +     -[ I      / i  I     ` ` -      1 c_  -          L         i r ` =J=I-.--I-=J--I-II-illI.i---,-:-r]-iL--t-Zl-I,rl,Z=>-r,5r<+<\<1<\ I.Ed=\= EJ--+---=-I--I---I----i--I-ai--<-L.r+>\I.+TiI+Ir<<<i3:TTiLi=}<+<r<.L£<¢j[`1ri+I+iE=iFI-<-/r = Z'             Z_     r T <  5         . Ji        `r<<        I     <        /  L I        . < +           i \                                    in-25L++-trL-IIr+{c-.iTjr}c-./.=-I-iIi\-/-IiJ.I.J.I1\--+,,-I<i|i
<El r--I±F= II 1 {   ,\5r=.-J,   `Ct     ,     JI-7 Jr  -,-   J(\I-I-I-J±i-I--iilii--2=----iT-1 {  r  IL       ,, I        I--        11.,-       , ,  \     -I/ \            1-      <, i,,       -JllL,`-,,-{JIi1JP-I+JI+Ii,,I- L<,,,,+,-  -'L-  --   -       -+-  -r--    IL -   , c-J

I,
11IL-+ 2_, t - .I+++__i_+.i__I i    ~ `+               -I    -TF7T-   -1-    -`   + - +     -,,     , , +      ,.,-       -, -     -,  +     -   1        +J   I      < + ,        -+i i      `T`       L|  11.      , ,  ,       , < f       i    ,\±>_i f<ff I  ,           -+   £J,1i{2 I  S            J   ,  i            i  1   i f -i         > _<         T '  , i i       , `T         + i_i       r    1        +    -       ,     -       I € ,        ,`-       t  I,              {tCrng_-r -   -I,     -+ I-   l,'i      ---llr- r        I  I  I        il- \\ E-I--I--I,I---JEi-i-±i--t=-I+I ~`-       |i+`+       ~` +      -./        iirl+       +   j~    -I I        ++  I      I  + c       z-~       i  ri         f<c        , /<        I  I t \}r> 1<  +         \=  JF         ,-_ I   I  ,             I  +   i           I   \  <           + I            ,                        1,  <            ,      i           \        +            ,1  -            (     1  L             LJ,   }            <   +   \             +   J,                                    I.afI.LJ,{t--    -     ±-_---I_ _     5E=  F, !] I-      ,      ,                     3 1t--E=i -3  rF--,C     = C`-    -,-     -<  >   -}-   < S<      -I -   -1 _+ -,,     ` { ,    -J|    -\ I   .-C-J~     -          1`  I     i {\       I+tl. ,        1         ,} I     tl  I      I+       \ ,.-=1 <  I 1             I    i  +             {    1   I r I_E        I  i+       + F- I ±  ,      \ I-      r             I <        \                I   , +         L-I         I     >         `  rl         , +  `        <   , i         ,  J   {                                         -



plant proper are the source of this noise since records from within 300 in (files 45 to 50) possess

lower background noise than those from almost 400 in (51 to 56).  Noise levels on files from the

western extreme of the proposed reflection lines are equivalent to or maybe even a little less than

levels observed at Mike (files 7 through 12 as compared to files 51 to 56).

Slightly more low frequency (50 to 150 Hz) noise is present on records from Post than

from Mike.  The Mike remote site records (records 7-13) and spectra (Figure 4c) are very similar

to Post records from site 5 (records 45-50) and spectra (Figure 4f).  Noise from various activities

are evident, but clearly these noise sources are intermittent and would therefore allow some

degree of selectivity during recording to reduce their impact.  Long duration and/or stacking

sources will greatly reduce the effects of intermittent acoustic energy bursts.

Wind and rain are likely sources of the apparent noise spikes or bursts evident on records

without heavy 60 Hz.  Spectra from these records suggest narrdiv band frequency spikes

randomly located between 0 and 500 Hz (Figure 4).  Excluding the amplitude levels of the

spikes, the background noise is very representative of wind and rain frequency bands.  The noise

between 100 and 400 Hz is less than 5% greater than electronic/system noise at higher frequen-

cies.  There is no clear indication that seismic reflection data recorded at this site would suffer

from increased noise interference as a direct result of mining activities.  Noise within the reflec-

tion band at the levels observed here is not dramatically different than would be experienced

under mild, gusty wind conditions.

Conclusion

It is very unlikely that seismic reflection data recorded along the proposed seismic lines

would substantially suffer as a direct result of noise associated with the mining operations in the

north area.  If the noise levels and types at the time production seismic data are recorded near

Post are consistent with those present in this report, reflection sections should be only mildly

affected.
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Spectrum of Trace 3, file 4
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Figure 4a-b.   Amplitude spectra          a)     60  Hz noise is a well shaped spike;

bl    of (a) after 60  Hz notch filter, notice the relative decrease in 60  Hz;



Spectrum of Traces-1,2,3 files 8 & 9
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14,15,16

Figure4c.d.   Amplitude spectra          c)     of two files from Mike, this can be referred to as background;

d)    of summation when  Haulpacks were moving nearby;



Spectrum of Traces-1,2,3 files
17,18,19

Amplitude

Amplitude
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Spectrum of Traces-1,2,3 files
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Figure4e.f.   Amplitude spectra           e)     of summation when no  Haulpacks were in the area;

f)     f ram the central part of the pTopos8d reflection  profiles.



Appendix A
FIELD NOTES

NHIV`MONT GOLD COMPANY.10 - 11 MARCH 1995
AMBIENTBACKGRIOUNDDN0ISESURVEY

Conducted by Jeff Erickson (KGS Exploration) and Todd Grant (Newmont Exploration)
See maps #1 (US Geological Survey) Troll Area and # (Newmont Gold Co.) North Area

The survey was conducted 10 - 11 March on Newmont Gold Company property.
Commonalities were that the weather was overcast, with precipitation ranging from a light
drizzle to heavy sleet and freezing rain throughout the time data was taken.  The soil was
wet to soaked, and was frequently muddy.  Trafficability problems prevented the survey
team from following the proposed shot lines exactly.  Instead, selected points with
representative noise levels were chosen.  Generally, we took 3 samples N-S and 3 samples
E-W at each site.

Total data samples / files: 56 (Newmont 0001 -0056).  Data recorded on Newmont
Gold Co. 3.5" disks and on hard drive of seismograph.

FILE   DESCRIPTION        DIRECTION /
ORIENTATION

0001 -         NE end of Troll (Mike)
0003           seismic line, South Area

0004 -        NE end of Troll orike)
0006           seismic line, South Area

0007 -         Middle of Troll seismic
0009           line, South Area

0010 -         unddle of Troll seismic
0013            line, South Area

0014 -         North Area site 2
0016            Haulpack road inter.

0017 -         North Area site 2
0019            Haulpack road inter.

0020 -         North Area site 2
0022            Houlpack road inter.

0023 -         North Area site 2
0025           Haulpack road inter.

0026 -         North Area site 3
0028            Valley basin

0029 -         North Area site 3
0031            Valley basin

East-West
(on map as Site 16)

North-South
(on map as Site 1<)

North-South (on map
as Site 7-13)

East -West (on map
as Site 7-13)

East - West
Parallel to proposed
lines

East - West
Paranel to proposed
lines

North-South
Perpendicular to
proposed ines

North-South
Perpendicular to
proposed lines

Erfu-West
Near east end of
proposed lines

North-South
Near east end of
proposeddines

NEARBY SOUND SOURCES

Perpendicular to & under power lines
Highway appx. 1/4 mi. to east

Parallel to & under power lines
Highway appx. 1/4 mi. to east

Unimproved dir( road intersection

Unimproved dir( road intersection

200' from power lines, 300' from haulpack road
HAULPACKS PASSING CLOSE BY, 50' from
2' diameter hot water pipe

200' from power lines, 300' from haulpack road
NO HAULPAcrs pAssING cLOsE By, but still
fairly heavy traffic distant on road, 50' from
2' dia]neter hot water pipe

200' from power lines, 3cO' from haulpack road
HAULPACKS PASSING CLOSE BY, cables under
2' diameter hot water pipe

200' from power lines, 300' from hanlpack road
N0 HAULPACKS PASSING CLOSE BY, but still
hirly heavy traff]c on road, cables under     2' diameter
hot water pipe

Powerlines 10cO' away; active drill rig loco' away
Haulpack roes appx.  1000' away

Powerhies 1000' away: active drill rig L000' away
Haulpack road appx.  1000' away



PAGE 2
NEv\rMONT GOLD CO. SEISMIC BACKGROuND NOISE STUDy
JEFF ERICKsoN / TODD GRAr`IT
10 -11 MARCH  1995

FETE   DESCRIPTION

0032 -         North Area site I
0035           IIilltop near post pit

0036 -         North Area site I
0038            Hilltop near post pit

0039 -         North Area site 4
0041            Valley floor

0042 -         North Area site 4
0044           Valley floor

0045 -         North Area site 5
0047

0048 -         North Area site 5
0050

0051 -         North Area site 6
0053

0054 -         North Area site 6
0056

DIRECTION /
ORIENTATION

North-South
South of proposed nnes

East-West
South of proposed lines

North-South
Between proposed ines

East-West
Between proposed ines

Eat-West
South & appx. center of
both proposed lines

North-South
South & appx. center of
both proposed lines

North - South
South of proposed ines

East-West
South of proposed ines

NEAREY SOUND SOURCES

Powerlines 200' & 400' away
Haulpack roads 1000' away to east & south

Powerlines 200' & 400. away
Hanlpack roads  1000' away to east & south

100' from inactive hot water pipeune
Near dry creekbed

100' from inactive hot water pipeline
Near dy creekbed

400' from active hot water pipeline
loco' from active water treatment ponds

4cO' from active hot water pipeline
1000' from active water treament ponds

1200' from active water tTeament ponds

1200' from active water treatment ponds
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