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U S GEOLCGICAL SURVEY
WATER RESQURCIS DIVISION
NATIONAL RESEARCH PROGRAM

PROPOSAL TO DEPARTMENT OF ENERGY

A TITLE Determination of culloidal and solutfon-phase
transport of americiur and plutenium in ground-ager at

Rocky Flats

B PROBLIM Colloldal particles have been observed in groundJsactars
(Degueldre et al., 1989, Salbu et al., 1983) Collofdal-size particles
have becn shown to be mobile in aquifers (Harvey ec al , 1989),
Aszoclaticn of insoluble contaminancsg with groundwater colloids is
expecsed to greasly influence contaminant transport (McCarthy and
Zachara, 1989, M{illis ec al , 1991) A number of studies has shown the
imporctance of tals process Iin vadienuclide transport (Buddemelezr and
Hunz, 1988, Perrese et al , 15%0)

The preserce of colloidally-associated americium and
must be assesscd in order to predict both the groundsater
tha potencial effectiveness of remedlation olars, The dif
cezerrining toe cnenical nature of groundwacter colloids is
their low concentratiens. Cross-flow filcraclion ~us been app
collection of large quancicties of colloids Zor cnaracterizaction
(Rees and Ranviile, 1990, Rarville ez al , 1991) A more corplet
trderscanding of che size distribucion and the c~e~lcsl phases of
americium and plutonium-bearing colloids ~1ll imorove prediccive
capabilicles for both groundwacer trarsport (Harvey and Garbedian, 1991,
Func et al , 1587, Travis and Nutzal, 1987) and the effectiveness of
remediation proccdures such as filtracion (Tobilascn and O'Melia, 1988)
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c RESZARCH OBJECTIVES, The research oblectirses of thls
investigation are to cetermine the dominant pnases controlling tne
transpgert of contaminants in groundwater at tne Rocky Flacs size
Svecific rescarcn objectives irclude (1) decermination of cherical
characteriscics and mineralogy of colloldal muterial in surfaca wacer
and grouncwater samples, as relazted to the affinicy of colloidal
ratarial for sorpcion of americium ard plutonium, (2) determination of
distribution of americium and plutoniua bectween solution and colloidal
phascs of varying si{zes; (3) deserminasion of the variation along a
groundwater flow pacta in the discriducion of americium and plutoeniux
bezween solution and colleidal prases, and (4) interpretacion of the
results of phase characterization in regards to the pehavior of
amcriciun and plutonium during groundwater transport and remediation
Even L1f the concentrations of pluconium and americium are undecectable,
this rescazch will advance the overall underscanding of colloids (n
groundwater and will be useful for plarning future remediation
sccivities at Rocky Flacs,

D APPROACH.

1 Tangential-flow filcratien <111 allew processing of large voluxes
of ground~ater In order to isolace collolds fn sufficienc quancicy
to periorm evtens.ve phase cnaracter.zatich Samoling procedures
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(1 ¢ pumoirg rates, redox conditions, ete.) will be used to
insuve that colloids are not generaced during sarpling. Use of
diffarenc porosity £filcers will provide size discribuctlions of
collolds in che range of 0 005 zo 1 O micron. Evencual use of
specially-fabricated track-etched merbranes will provide muca
betcer size discribution data  Sequencial extractions of colleids
will provide information on the mineralogical and chemical prases
and the extont of americium and plusonium associac:ion with these
phases  SZM investigaction of colloid concentraces ~1ll also
provide cnemicsl ard mineralogical informacion.

The radiochemical analyses will be done by a DOE centractor (e g
Los Alamos Nacional Laboratory). The procedures for processing
and analysis of che colloid and aqueous samples will be consistent
wish potential hazards as indicated by prior data fromw the sice
and the resalts of the radiochemical analysecs. Chemical
characcrerizatzon of colloldal pnases will include the following
analyses (1) element composition by various combustive
tecaniques for €, H, 0, N, § and P and by digestion and IC?
analysis for major and trace inorganic constituencs, (2) scanming
elcctron microscopy (SEM) to determine aggregation and other
morphological characteristics ard IDX (energy dispersive X-ray
analysis) for composition of mireral grains, (3) particle s:ize and
surface caarge by light scacterirg and electropnoretic mobilicy,
and (&) organie carbon ard lipid content. Some of these analysecs
will be done by concract laboratories (depending on the nacure of
the samples, either Huffman Laboratories or Pace Laboratories,
which Ls licensed to receive radiocactive samples). If a
relacionship becoween am and Pu conzens and organic caroen conce~:
i3 ooserved, GC/MS analysis of organic macterial {m cclloicds ~ill
be performed £n our lab or Pace Laboratorics The soluClon prasces
will De analysed for prd, major cations ard anions, and dissolved
organic carbon. Depeading on the radiochemical :iesults, oxidacior
scacte analyses of dissolved plutenium will also oe done for the
soluction pnase In the final year of cthe study, a sequential
extraction procedure will be developed and field flow
fractionation will be usad to refine size detesrminacirs

A more extensive fleld sctudy will be designed based upon the
finitial results, and will fnvolve collection of samplas from an
array of existing wells., Samplirg will include wells along known

hydrelogic flowpachs

Results will be modeled with MINTEZIQ (s chemical equilidriun
computer program) to assess the importance of solubilicy controls,
including polynuclear complexes, relacive to sorption by collouds
The field study will be incerpreced based upon existing
{informacion on hydrologic and mincralogical propersies of the
aquifer,

REPORTS. The Informacion collected .n this study will be

maincained {n USGS and DOE files, as described in the Inceragency
Agreement (IA), whicn is actachaed Incerprotive Teoorts presanting

rezulcts of the stady will te prepared as stipulased in cte TA
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inicial USSS Open-File report will be prepared presenting thae resulss of
the initial characterization of the chemistry and mineralogy of
colloidal material from the firsc phase of the study A second repor:
(potentially @ journal article) from che second phase of che scudy will
present the results from the discribucion of americium and plutonium
between colloidal and solution phases {n groundwater and interpret these
results bascd upon geochemical processes. A thizd report will presenc
the resulss on the variaction in the americium and pluconiwa discribucion

along a ground~sater flow pacth

F, BENEFITS., The investigation will uci{lize rew aralycical mechods
to quantify the role of colloidal transport of trace irorganic
contaminants in groundwaccr and surface water systems These resulcs
will be dizrectly useful in management of environmental activities st cha
Roehy Flats facility, and will alsoc contribute te the underscanding of
colloidal transport processes in octher aquatic systems.

G PERSONNEL and QUALIFICATIONS Sclentciscs working direccly on the
projcct will be Diane McKnigne (projecct chief), Jim Ramville and Richard
Harnisn frow the USGS, WVater Resources Division, National Research
Program (NRP). Laboratory assistance will be provided by Michsel
Anthony (USGS-NRP) This group has studled colloidal zranspore
procasses in diverse environments over the past several years including
(1) 2cid mine drainage streams, (2) Pueblo Reservoir, (3) Mississippl
River, (4) wetlands, and (5) an Antarctic desert lake. Tf{eld sampli~g
at the Rocky Flacts site will be conducted in coordination wizh: persocrel
des.znatec by DOE and wich other researchers working at the site

Inatial results will be discussed with other scienciscs fnvolved in
parzicular aspeccs of tha studlies at Rocky rlacs

B TIMELINZ FOR COMPLITION OF STIUDY e objectives for Phasa 1 i1l
be carried ouc in tne period August 1591 through April 1992, Tte
opjeccives for Prase 2 will be carried out in the period May 1992

tnrough March 1993

Phase 1l: Research Objectives

l. Purchase and assemble single-stage tangential-flow
filtraction syscem includ.ng environmental chamber,

2 Preliminaxry sampling of groundwater (2-3 sites) and
{s0lacion of colloids

3, Submit colloid samples and filcrace for radiochemical and
bulk chemical analysis,

4 Perform SEM examinacion of collodids,

S Evaluate preliminary sampling procedurs and vesulcs of

colloid bulk chemical and radiochemical analysis, and
prepars initial repors.
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6 Purchase, asse~ble and test sequential tangential-£flow
fileration system with track-etened cemoranes to refire
procedures, based upon results from preliminary sampling

Phase 2  Research Objectives

1 Execute more extensive sampling of a nunoer of wells and
ceeps and {solate collolds ia the spring and summcr.

2 Submit colloid samples and filtrate for bulk chemical and
radiocnemical analysis.

3 Evaluate results from extensive sampling and chemical
analysis.

4, Develop a sequential extraction procedure for phase
determinactions of colloids and associaced americum and
pluzonium,

5. Pexform sequencial e«tractions of colloids and sudamis
evcractions for analys:s.

6 Evaluacts resulcs in the concext of remediaticn and
groundwater ¢ransport, and prepara Iincerpretive raport,

I FUNDING
Phase 1 Phase 2

¢S 13 1 mo. §5,332 1L mo  §5,332
Gs 12 6§ mo. §$22,308 12 mo, $48,33%
6s 7 A L zo &3Hwed 20,2 12 mo. $27,248
Equipment 50,000 .-
Suppl:cs 7,000 7,600
Analyses* 15,000 30,000 -
Travel 7,000 7,000
NR? overhesad L5452  SO,740 49,966

(40¢%) 4
TOTAL 3212 177,891 174,860 —= F 35247 e0

* vot {ncluding radiochemical analyses
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