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Haomi 8eckrr 
Envi  ronments? furvei  11 rncr 

l o o  Alamor Hattonal  laboratory 
tos  Alanmr HH 07SJS 

HSE-8, HS K490 

As you rrqur~ted, I have rrvlrnrd a draft report  submlttcd by Roy F, Veston, 
incotporatd.. Thl s report descri b*s ground-penetratt ng radar (GPR) and mag- 
netfc w w y s  perfonnrd a t  the Sfta F'wastaWt"psa1 area. a t  the  Los Alamos 
Nittonal Laboratory. Theso surveys were in tcndtd t o  detect and map waste 
burlrl tronchrs and othor  related subsurface features or objects which ar. 
brlhved t o  be locatad within thr surveyed area. Thr draft report llsted tbe  
geophyilcrl survey lnsttwnts used I n  t h r  surveys, b r i e f l y  dtscrl bed the 
~ r o c r d u r r ~  used for data colloctlon ar,d analysli, and sunmarlred the results 
o f  Weston's lnterpretatlon of  tha data  as o f  mid-July, 1983. The draft rcpcr: 
dlscUssrd the GPR sUr+oy b u t  dtd  not  Include copfes of the G P R  data .  Con- 
sequently, my rsserslwnt o f  the GPR suriay I s  based mr in ly  on our b r i e f  exam:na- 
t ton  o f  thr original piprr-chart data records durlng my v l s l t  t o  WNL h t  P a l l ,  

Soma of thr comntr prerrntd i n  the following paragraphs conlr ls t  c f  quest ions 
that occurrrd t o  ma 4% 1 mad the d r i f t  repor t .  Other9 relate to what seem t o  
ba posrlbtr problem with the survey procedures o r  with  Weston's Inttrpratatlon 
o f  thr data.. Becaura I h a w  not  had an opportunity t o  study the f i n a l  verslon 
o f  thir report, I don't  know whether any o f  thege points are addressed there: 
howwrr, It I s  undrntrnding that the flnal version does no t  differ greatly 
from the draft. 

t) the QM data war@ cottrctd  along parallel survey 1 tnes or lentcd i n  bo th  
tha north-south and tho east-west di rec t jons ,  The sprclng o f  these l ines 
was 10 ft over  mort of the 3 l t e  and 5 f t  wlthln ths fanced areas. Glvcn 
tho fact  that GPR drtr c o l l ~ c t i o n  w i a  euent la l ly  cont?nuous along the 
survey l iner ,  thrrs p r r u r t a r i  wor? c o n s i s t e n t  with  m e  objective o f  
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tocattng re la t ive ly  large d e P O S t t s  o f  waste mrtwlals. On the other h a n d ,  
the 1 { ne  spactng was too large to  permit rtltable detcctlon o f  moderate- 
s i  zed I n d i v l d u a l  ObjeCtSb (The detection o f  indtvldual objects wds 1 Is:ed 
as an objective f n  t h e  d r a f t  report.) I t  ts not  c l e a r  t h a t  a line s:ac:r,s 
o f  less than 5 ft would be feasible a t  this r l t e  due t o  the presence cf 
numerous t rees .  

2) Measurements of  the mrgnetlc f i e l d  (ve r t f c r l  ccmponent) wart made a t  25-f: 
Intervals  i n  bo th  the H-S and E-Id dtrecttons.  I belleve t h a t  th l s  d a t a  
spacln f s  t oo  lrrgr t o  be conr i r t rn t  wtth the objec t lv t t  o f  t h l s  s:ucy, 
I t  wou P d be mort approprfr t r  for a racannrlssrnce rurvty o f  i 1arc;c s::e 
where l a v e  waste drposltr ara assumed t o  be present, In thlt case, !t 
d td  n o t  pruvlde enough data  t o  re l iab ly  detect  Indlv idur l  objects or 
adequately deffne t h o  r e l r t f  vr ly  m a l 1  waste deposl t r  that one would e.cec: 
t o  f t n d  a t  t h t s  site.. A 5-f t  data sprclng wuld hrvr been mote effec:!vrr, 
par t lcu lar ly  i n  addin ' needed deta i l  t o  what turned o u t  to  b t  a rat!xr 

I 

general irad prttem o ! rrrrgneffc rncmrf f e s  (fee the attichd map) , 

The e*fect.lvr (usable) depth penrtrrtton achieved by the radar u n i t  d t  tfiis 
sl te  appears t o  be no more than two feet .  Strong rbrorptlon o f  the  radar 

r e su l t  was unfortunate qfven the low rrsohtion and apparent complex: :! 
of the mrgnrtic data. Good rrdrr data r t  this rltr would be very he;:;;; 
i n  drf lnlng trench or p i t  boundarfes. Ywton was perhrpr a b i t  o v e r -  
cnthus las t ic  t n  describlng the rrdrr pmfllas as exhfbltlng good rcsc*!J:*:n 
and c lear ly  d r f l  n l  ng subsurfacr features,  

sfgnal was dpparently caused by 4 high value o f  ground conduc t lvky .  - L , S  

4) As you know, our e x u l n r t l o n  o f  the nd&r pro f l f t r  a t  your faclllty f ~ :  
fa l l  resulted f n  the ldentiflcrtton o f  rn apparent problea w f t h  some o f  :.e 
radar data. SprcJ ficrl ly ,  tho refleetlon prtternr obtained In orthcGond1 
traverrrr o f  & y i v r n  phcr of gmund warn markedly dfffrrwrt a t  1ocdt:cnr 
I n  and rrcund tha lrrgrr of the two fencod r n r r .  The differences seenee 
t o  be much grertar than thosr which could br rttrfbutd to, say, the 
presence o f  1 Inrir r e f l a c t o n  w i  th'r consquent p d r r t  tatlon-dependent 
ref lect iv i ty .  If r o o k e d  tlkr there night have been r p m b l n  w l t h  mfr- 
1 r b d  i ng tho prof  1 1 as. 

5)  fha I n r t m t  usod t o  perfom the mrgnettc survey was r vertfcal-field 
f l u  gat8 wgnetollrter. thr UII o f  thls type o f  u g n e t o v t e r  rtqulrts :%: 
car8 b8 taken I n  tho orlmtrtfon of thr In,trr#mt I n  order to wold 
errontour readings. On8 r s s u w s  tha t  care WII taken, but no mentlon *as 
made o f  the u n c r r t i i n t f r r  associated w t t h  :he drtr due t o  th is  f rc tor .  

6) The contour Interval on thr nrrgnrtfc c c r -  r nrp was 101) g a m s  i n  3 e  -;20 
t o  +lo0 g l n w  rrngr and 500 g u n r r  else- *t. A trrller contour Interval 
In,  say, thr -200 t o  +200 gemr range, , n t  help t o  drflnr the locbtlcns 
o f  som relrt?vrly smll mgne t i c  sourcesb On the other hmd, the wlCc c a t 3  
spaclng and uncer ta in ty  I n  tho rnrgnltude of the tmrrurnrnt errors lead 
cna to  quast lon t h r  slgnlficance o f  apprrtnt low-mpl4 tude rnomrl ICs. 
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7 )  i t v e  minor ( n I  t -pickieg?) comments: 

1 )  The use o f  the t e n  "diamagnetic" i s  lnapproDriatc w h e n  refcrrlnq :3  
negative magnetic anomal f e s .  The t e n  a p p :  :o materlals whtc3  
exhibl t  negative values o f  magnetic susccp: 
negrtlve ma nat lc  anomaly, The l a t t e r  Is 2 

magnetic po lar f ra t ion  Induced in a paramgnaric or d iamagne t f c  ckjec: 
by an external (or a m b f a n t )  magnetic f i e l d  such ds t h a t  of  t h e  e3r:hI 
Except a t  the e a r t h ' s  magnitic poles, an Induced magnetic dfuole 
f i e l d  w l l l  be t l l t e d  and wlll  thus tend t o  exhibit  a measurable 
negative component. 

The rem mrgnetlc contour level does not necessarily d e f i n e  ar tas  c f  
undisturbed ground (no buried materials) as stated on page 5 o f  ::le 
d r a f t  report. A z e r u  contour level can occur as a resu l t  o f  t?c! 
d tpo l r r  nature of  a mrpnrtlc anomaly and i s  a resu l t  oi the s u c c r -  
position of  posttive and negatfve components o f  multiple anomal t c s .  

1 1 1 )  1 a s s u m  t h a t  the 'stnkhole' referred to In the report i s  d rcsul: 
o f  erccavation or the collapse of  burlad materials rather than 
sinkhole I n  the geologlcal sense. 

iv) tht linear mignetlc anomilfts referred t o  on Page 7 do not  c x t s :  : f i  
what I assum Is the Tatest version o f  t he  magnetic contour x a p ,  
(The raw data  do not indlcata the presence of  such anomrl i c s  e l  : ? e * , )  

v )  Thret o f  tha (mrrruredf) magnetic anomalies l l s t ed  on page 7 a r t  7 c ;  
shown on ttta contour map, 

:y, b u t  n o t  t o  d 
-a1 part  o f  t h e  

dipolar  f i e  0 d produced by a p e m n e n t l y  maq. .cd object or by the  

i t )  

8) Thr magnetic contour u p  contains large areas where IK) data are  shown, 
Wera thsr r n t r  i n a c c a r r l b h  or o themlsa  d l f f l c u l t  t o  survey? 

9) ,The results o f  t h i s  i t u d y  suggtrt t ha t  buried nrrterirrls (possibly h a t a r i o u s  
writas) u bo prtsont outsIda the l imi t s  o f  the rrer surveyed so far, 
particular I y on Its wait and north stdes.  

10) Tho fmcw e n d o r i n  thr two areas presumed to be knwn waste disposal a r e a s  

tn the rrdrr survey, the fences caused traverse 1 Inas t o  be truncated dnd 
ropoiltionod, my have led to  confusion I n  the labaling o f  cartaln traverse 
I t n o s ,  ind IW have produced spurlous reflections whlch could mask the 
desired signa 7 J, In tha mrgnrtic survey, thr fences again causad p r o b l e m  
l r t t h  tho traverse l l n r s ,  b u t  mre Importantly, p d u c e d  large magnetic 
anomallas whlch my mask weaker anomrl Iei associated w i t h  buried matertdls, 

swmd to Causa fer 1 ous d l f f i c u l t i e i  In both th8 radar and nrgnatic surveys l  
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Concluding comnents and rcccrmiendations: 

Thls study has provided useful  !n fomat ion re la t i ng  t o  the posslblc Iccatjsns 
o f  burled m a t e r l a l s ,  some o r  611 o f  whlch may be hazardous waste ma:erldls, 
On the other  hand, I balleve t h a t  it, should be rcgdrdcd as only a rcconnaissdnce 
study because o f  the low-rcsotution charrctar of the data and the consequent 
uncer ta in f les In the I d e n t t f l c r t i o n  o f  waste rrrrterlalt and the 1o:atfonr o f  
those materia!s. Waston's recornendattons for subsequent geophysical work a: 
t h i s  s i t e  (page 10) are reasonable, b u t  should probably be extended as follcws: 

The magnetfc survey should be repeated Mlth r much smaller data 
spacing. You now have d f a s t  total-f lc ld ma flctowter and b data 

Thl s COIM natl cn o f  1 nstrumtnts would great ly  enhance the t n t c r -  
p ra tdb l t ! t y  o f  the data and would dlmlnrte uncer t r l n t l t s  due t o  
sensor or1 e n t i t i  on. 

recorder capablo o f  rap ld ly  co l l ec t i ng  close P y spaced mrgnetlc dd:d, 

An Impwed radar survey should be r t t q f d .  B e t t e r  data might be 
obtr lned by schedullnq the suwey a t  a tfmr when the ground has h 
mtnlnrur, rnlSfUr* Content ( t o  nlnllrlra rb80rptIOn rrf the radar t f g n a l )  
and by u t i  1 l z l n g  dig! ta l  data rtcordfng and pmcerrlng tcchnlqucs 
t o  enhrncr the qurllty o f  the drtr .  

Weston's rcsu l  Cr clearly Ind icate tha t  t h r  b o u n d i t f a  o f  :he survey 
area should b8 extended. The extcnrlon should be suf f ic ient  t o  
unanbiguously enclose the area o f  posslblc waste depotlt ion, 

Tho use of I ground conduct iv i ty  meter such as the Gbonlcs Mjl skoulc 
be considered. This type o f  I ns t rumnt  m y  help t o  locate trench 
o r  p l  t boundwles.  

The telnporrry removal o f  the fences r t  thls s i t e  would tubs tan t lb l i y  
fael 1 Itrtr f u r the r  geophysical marurmntt and uould probably 
s i g n i f i c a n t t y  lrrrprove t h r  qual l t y  and i n te rp re tab l l l t y  o f  the col -  
lected data. 

1 hope that thfr mvlaw wlll br useful to you, Pltrse feel free t o  call me If 
you would llks t o  dlscusr t h l s  matter l n  grerter datal I . 

Senlor Reserrch Sc ien t i s t  
El ectx -Opt Ic  Sytttn, Sectlon 

G A S :  k l  k 




