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u s GE0LCC;ICAL SURVEY 
UATEB RESObZCES DZVISZOS 

S('ATI0NAL RESZdCH  P R O G W  
PROPOSAL TO DE?GTME?ii OF E3E3CY 

A TITLE Determination o f  c c , l l o l d a l  and solution-phase 
-e b - a n ~ p o t t  o f  mericfun: and p l u t o r . i u  i:, growid-ace: a: 

Xocky F l a t s  

B PROBTZX C o l l o i d a l  par t ic les  have been obsertcd in gZOU3dJ6ZeXS 
(Dcpc2dre et al., 1989, Saibu et al., 198s) Col~oldaL-slze parcic' les 
hava becn shovn t o  ba rnobrle Fn e q u i f a r s  (Harvey et .I , 1 9 8 9 ) .  
A s s a c f a t i o n  of insoluble contamfnanrs wizh groundvater c o l l o l d s  is 
eupcctcd t o  grcotly  i n f l u e n c e  contnrninrnt t r a n s p o r t  (McCarchy and 
Zachora,  1 9 8 9 ,  N i l i s  et al , 1991) A nLnbet o f  s:udles has shorn the 
importanco 02 t n i s  p r o c c s s  in radionuclide trans?ort (SudJcmeLcr ar.C 
Hu-tc, i9eS, Pcrrese et a1 , I S S O )  

I 

The proserca  of colloidally-associsced a r r r r i c f w  and p l u t a n l c  

P.e dir'ficu1:y in 
nus: bz assesscd frr o t d t r  to prcdrc :boch :4c srocx!dater :rar;s?or: and 
tho poccnclr! .  effectiveness of rrmedlat:fm o l a r s ,  
cc:c:a:zing tCe cnci ica! .  naturs o f  SroLndvaccr coL2otds is a result o f  
chcir  low c o n c m t r a t i o n s .  Cross-flow f i l r r d c i o n  ?YS bee? applied :o che 
e o l l c c z i o n  o f  lorge q u a n t i t i e s  o f  colloids fot c a a t a c t e r f z a t i o r .  s:uC?es 
(Rccr and RanviLle, 1 9 9 0 ,  Ra~vzLLe et a 1  , 1 9 9 1 )  A mora c o q l e t r  
wdcrs tanding  o f  chc sf=a dis:ri5urton and cha c - e - i c s l  phases of 
atncric ium and plutontum-boaricg cot lo rda "-11 1 I s o r o v a  prcdrc c;ve 
c a o a b f l i t l c a  for both groun&ta:er t r a r s p o r t  (Hamey snd Carbecllan, 199:, 
Fbnc f C  a 1  , 1987, Travfs and N u t c d l ,  1987) and e58 efEecr :vcness  o f  
rcmcdrntion proccdurcs such a i  frltratlo? (Tobiason and O'XZeSfa, 1989) 

C B E S W . C H  OBJECTIVES, T3c researc.'I obf cct :  res o f  this 
i n v c s t z g a t l o n  a r e  co astennine t h e  CornLnant ?nasc?s controllrng rne 
cranspor:  o f  c o n t s u n o n t s  fn groundstrtec a=  :ne Rocky F l a t s  sf:e 
Soccific r e s c a r c a  objectives LrcLudc (I) deter7rnatFon of chmlcal  
c h o r a c c c t i s = l c s  and mineralogy o f  coL1oiCal muterial i n  s u r f a c a  wacer  
and grouncvottr s a q l c s ,  as r e l a t e d  to the affi?;:y o f  collofdal 
F a t e r i a l  f o r  ~ o r p t i o n  of americiua a r d  pluconium, ( 2 )  decetmfnation o f  
c!istr ;Sution of omcrfcfG and piutuniLa bctvccn solut ion  and c o l l o t d a l  
p h o i c o  oE varying s i z e s ;  (3 )  dccrr ; ; l tna;ion o f  t h o  vatfa:Lon along a 
groun&ta:er flow paca in cho diseri3ucion or' anericfw and plu:oniu? 
bc:*.ccn solutfon and c o l l o i & l  p r a s e s ,  and (L) fn;et?reeacfon o f  the  
r c s u l t s  of phoso c h a t a c t e r a z a t i o n  an regards t o  :>e Dehavior or' 
omcricfu2 and plutonium during groundvater t ransport  and rencCLotion 
Evcn lf the c o c c t n c r a t i o n s  o f  pluconiua and americium a r e  undocectable ,  
t h i s  rcscorck w i l l  advanco t h e  overaLl underscandln3 o f  c o l l o i d s  i n  
groundwater and w i l l  be useful for  p1ilvnir.g future  remcdration 
activities a: 3ock.f FZars. 

0 APPROACH. 

1 Tangentral-flow f i le :a t ian  ~i:: a l l o w  processfng o f  l a r p  v o l m c s  
of grouaddotsr  in order to  i a o l a c e  c o i l o f d s  in s u f f i c i e n t  quanclcy 
to p c r f o r a  eyrens-ve phase CTaraccez-zacIz? Sami1Lng procedures 
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( 1  e p ~ - o i r g  ra tes ,  redox c o n d i t i o n s ,  o t c . )  w i l l  5e used t o  
f n s u t e  cSac c o i l o i d s  4re DOC g c n a r a t e d  during s a r p i i n g .  t'se of 
drffctrenc p o r o s i t y  f l l t e r s  w i l l  p r o v i d e  s i z e  dis t r rbut ions  of 
colloid3 in tho range 05 0 005 t o  1 0 mrcron.  Evencual use of 
i ? c c i a l l y - f a b r i c a t e d  ttsck-etched mcrbrsnes  vi11 provide m c n  
bot:at size d i s t r i b u t r o n  d a t a  SequcntaaL  eutrac=ions or' c o l l o i d a  
vilL provide Lnformat ion  on the r z i n e ~ a l o g i c o l  and c h e m i c a l  pi .sxea 
and t>c extent of aiiiericrum end plueonfwa associatton wa:h these 
phascs SZ?f ~ n v e s t i g n t f o n  o f  c o l l o i d  c o n c e n t r a t e s  d i l l  a l s o  
proviGe c n c m f c s l  ard ananera logica l  inZormacion. 

2 Tha radiOChe%fCdl analyses w i l l  be done by 8 DOE c ~ n ~ r a c t o f  (e  g 
Los hlunos N a t i o n d l  Laboratory). The p r o c e d u r e s  Eor processing 
and analysis o f  the c o l l o i d  and aqueous samples w L l L  be consistent 
w i t h  p o t a n t ; a l  hazards as i n d i c a t e d  by p r i o r  d.rca f rotc  the si:e 
and t h  rcrcllts of the radiochcmrca2 analyses. Chemical 
charac8critat;on of colloidal ?nases w i l l  include the folloiing 
analyses (I) element cornpositson by vari0t.s combustive 
t e c n n i q L e s  for C ,  H, 0 ,  N ,  S and Z and by di3estion and IC? 
arraiysas for major and t r a c e  rnorganic constituents, (2) scannfrtg 
e l e c t r o n  cfc:os;opy ( Sa ? )  t o  d c t c r a t n e  q g r e g a c i o n  and o t b e r  
morphoioglcwl char8c:e:hs:cr ard  53X (anctgy dtspersiva X-=a) 
a a a L > s i s )  far c o m p o s i t f o n  o f  mfrersl gzaina, (2)  F a r t t c l e  s z z e  a x !  
aurfsca caarge by l i g t r t  s c a t t e r z r g  and c l c c t r o p n o r c t i c  m o b i l i t y ,  
and ( L )  organic carbon ard lipid c o n t e n t .  Some o f  t h e s e  analysci 
vi11 be C0r.e by c o n t z a c c  laboratories (Ccpcading on :be n o t u f e  05 
;Sc sanples, either Huffman L a b o r a t o r i e s  or ?oca  L a b o r a t o r i e s ,  
which is licensed GO rcccrve radzoactivQ sruE?lcs). I f  4 
relotionsbip bccvcerr Am and Pu CQ~ICC;I: and orgarrfc carDon con=*-: 
is oostrved, GC/HS a n a l y s i s  of o r g a n i c  naterial Lr: c c l i o t d s  dill 
bc p c r l o n c d  in OUT l a b  o r  Dace Loboracorfcr ??re s o l u c i o n  prases 
=:A* 5a anaLjsed f o r  pri, major ca:fona ard a - t i o w ,  and d i sso lved  
o r g a n i c  c a r b o n .  Dqcndfng on the radtochtmicab ;esulcs, oxfdacror 
std:c) analyses o f  dfttolvcrd plutonium w i l l  also oe Cone f o r  t h e  
s o l u c i o n  paass I n  t h e  f i n d  year of :he s t ~ d y ,  b scquonc:lAi 
e x t r a c t i o n  procedure w i l l .  5c developed and f i e l d  flov 
f r a c t i o n a t i o n  w i l l  be used t o  rcfzne s i z e  d e t t n a r v c i r s  

.. 

3 A nor0 svtcnsivu f i e l d  swdy viZL be desisnvd based upon t5e 
i n i t i a l  rasults, and w i l l  involva c o L l a c t l o n  o f  samplas f rom an 
array of existing wells. 
h y d r o  log fc f lowpa chs 

Sampifrg w i l l  i n c l u d e  wells along know. 

4 Results will be modeled wlch MIYTZQ (A cSemles1 equlllbrlua 
co?puter  p r o p u n )  t o  assess the importance  of solubiLity c o n t r o l s ,  
i n c l u d i n g  polynuc1e.r com?lexes, r e l a t i v e  t o  sorptton by c o r i o t d s  
The field study w i l l  be Interpreted based upon e x i b t l n g  
fnforaacfon on hydrologic and mineralogical propcar:irr of chm 
aquF5er. 

E U X R T S .  2.0  Lnfonoclon collected A t h i s  study vi21 be 
nlaincained in USCS and DOE files, as dcscrLbcd frr the Snctrrgency 
Agrccmcnt ( f h ) ,  vhfcn i s  aeTachad Intar?roclvo r e o o f t s  p r e S C n t i n g  
rc:uits o E  :he s:dy will be prepared aa stLpu?a:cd l? e!-e Ih A? 



rnitial USCS Open-F~le report  w i l l  be prepared presencrng the results of 
:he i n i t i a l  charoc :cr izatron of the chemis:ry and mineralogy OT 
coLlotdal motarL.1 from tho first phase o f  tha study 
(?o;antral~y j o u r n a l  artfcla) from che second phase of Che study vFLZ 
presonc the  results from the discributfon o f  amer fc iw  and p lu ton t*ua  
bctvecn collOfda1 and s o l u t i o n  phasas i n  groundwater anG i n t e r p r e t  these 
results  based upon geochemical processes. A t h i r d  report w i l l  prcscnc 
c50 r c t u i z s  on ttra variation in t h e  americium and pluconi t l !  distribution 
a l o n g  a gzoundater  f?ow przh 

F. BEYEFITS. The investigation UCiliZC Pew aralytlcal methods 
t o  quontify the r o l e  of colloidal transport o f  t r a c r  zporganic  
contaninants in groundwater and surface water systems 
w i l l  bo dLtactly useful in uianagernent of cnvtromrncd activities at tho 
Rocky Flats facility, and will a l s o  contribute f o  the  uadcrstanding of 
col',ofdal cranrport  processes i n  ocher aquatic systems. 

A second repot :  

' h a s 8  resulcs 

c PEWSOSNEL and Q7?ALI?ICATZONS S c f e n c f s c s  vorking directly on c3e 
p r o j c c t  w i l l  be Dame XcSnignc (project, c h i e f ) ,  Jfm R8rrrllLe and Richard 
Harqisn f z o 3  tho CSCS, Water Rcsourccs Dlvfsion, PaCioncll 3csestcb 
?ro~rarn  (NR?). 
;rr.:\any (VSCS-:GtP) This group has studted c o l l o i d a l  transport 
procasses  rn d i v e r s e  envirormtents o v e r  cha pas: several years  i n c ? L d i c e  
( 1 )  acFd rr;i?e drainrge $:reams, ( 2 )  Pueblo R Q t O n O t r ,  (3) Hissfssippl 
R i v e r ,  (b) e c l o n d s ,  and ( 5 )  an A n t a r c t i c  dcserc lake. F ie ld  smpli-3 
at  C?C Rocky Flats s i t e  w t l l  be conduc:cd in coordinstron vi:\ persorrel  
Ccs .~ni r ;cc  by DOE and with o c h c r  resrarcbcrs working a t  cha rlte 
i n r : f a l  r e s u l t s  w a l l  bo discussed wlth o t h e z  sciencls:s Lnvolved in 
?artf:ulat aspects o f  :ha studies 6 t  Rocky Flats 

Laboratory arsistrncr will be proviCed by KicSsel 

P TIYFSZNE F3R C O Z L Z T I O N  OF STUDY l%e objec:ives f o r  ?knse 1 -ill 
ba c a r r i e d  O U E  in Fer iod Au+st 1991 rhroogh ATril 1992.  Tns 
OOJCCK:VCS for 2 w i l l  be carried out in :he period nay 1992 
tnroug3 Xarcb 1993 

?hase 1: Researcfi Objectives 

?. Parchase and assaable slngle-stage tangential-flow 
faltracion s7sttm i n c l u d ~ g  environmeneal chaaber. 

2 Preliminary sampling of groundwater (2-3 sizes) and 
Lsolation of colloils 

3. Submit c o l i o i d  samples and f i l t r a c e  for rsdioc3enfcal and 
bulk chemtcal analysis, 

h Perform SE?? exominat1 on o f  c o l l o i d s .  

5 Evaluate prelinrnory sarnpLing procedura and results o f  
c o l l o i d  bulk chemical and radiochemical analysis, and 
prepara inrcrel repor=. 



. 

6 ?urchrsa ,  8SSe*b1a and t e s t  leqUent:d tmgenCid-f?OW 
frltratton systerr w i t h  track-ctcned oenorsnes to r e -  t a r e  
procedurei, based u ~ o n  r e s u l t s  Zrom prrlimrnary sanpling 

Phssc 2 Rarearch Objectives 

1 Execute more extens ive  sampling o f  a nunoer o f  wells and 
cea2s and f s o l a t c  c o l i o i d s  fa  tha s p r i n g  and sumcr:. 

2 SLbrnrt colloid samples and f i l t r a t e  Tor bulk chemical and 
rndiocnernscd a n d p i s .  

3 gvaluate r e s u l t s  f r o m  extensive sampling and c h e m i c a l  
anslysrs. 

4 .  Develop a sequencisl cxtraczlon proceduze for phase 
d e t e n i n a t i o n s  of collolds and aosocfvcrd m e t z c m  and 
p iutonium. 

5. ? e r f o r m  sequential e x t r a c t i o n s  o f  collofds and tu5mi: 
eu:zaecions €or ansljsts. 

6 Evaluac8 results in the Concexc of romedFa:ioc and 
groundvitcr erons?ort ,  and ?repara interpretive t c p o r t .  

GS 1s 
cs 12 
CS T 
r'qui pmcn t 
supp L r c 9 

Ana lyses* 
?:we1 
X'R? overhead 
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* r o t  1nciudlr.g rodFochamfca1 analyses 

- Buddcxcler,  R.W , and Hunt, J.R., 1 9 8 8 ,  TraFsport  of c o l l o f d a l  
contaninants i n  grounduaecr rodionuclida migration at the Nevada 
t e s t  site. Applied Ccochcmiacry, v 3, p 5359548. 

Dcgueldre, C , Baeyenr, B., Corelich, U , Riga, J., Verbfsc, J., 4nd 
Stadkxmnn, P . ,  1989, Colloids  in *dater from a subsurface f t A C t u t r  
rn granft fc  rock., CrfmseL Tesc S f t e ,  Switzerland. Ceochcmica e c  
Cosmochinica Acta, v.  53, p .  6 0 3 - 6 3 0 .  - Fctmcy, R U, and Garabedian, S P , 1991, Use o f  caI.lo1d f i l C r a C i O n  
thcory in nodel?ng m o h n e n t  of  b a c t e r i a  Zt.lrQu3n a COnConAoC*d 



ssrdy aquffar  EavlronTencal Scfc?ce and Technology, Y 2 5 ,  p 
178-385 

Fnrvey, 2.W , George, L H., Smith, Rat., and LcBlanc,  0 R., 1989. 
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aquifer .  Results o i  natural-and forced-bradicnt t r a c t 2  
e-qctimcncs Environmencal Science and Technology,  v 2 3 ,  p 51-  
56.  

Hunc, f R , XcDowell-Boyer. L M , and Sitar, K., 1987, Colloid migration 
an porous media-an analysis o f  mechunrsms, rn, Tsang, C,F,, ed , 
Coupled processes assoctaccd wrth nuclear raposfcories:  
Press, p. 4S3-472. 
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