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1 0  INTRODUCTION 

The evaluabon of remedial alternatwes for actimdes (herem considered as plutomum [pu] 

americium [Am] and urmum yV] isotopes) at the Rocky Flats Envlronmental Technology 

Site (RFETS) (the “Site ) must consider rmgration and mobllity (I e transport) along 

environmental pathways Transport pathways include soil (surficial and subsurface) 

groundwater surface water and alr Durmg 1996 an Actmde Migration Expert Panel 

was convened by the Department of Energy Rocky Flats Field Office (DOE RFFO) The 

Panel whch consisted of nationally recognued specialists on actmde chemcal behavior 

and migratiodmobility in the envlronment reviewed existmg data on actmde rmgration at 

RFETS and made recommendations for further work Their recommendations mcluded 

1) develop a defensible conceptual model for actimde transport based on a thorough 

understanding of chemical and physical processes 2) investigate the long term lmpacts of 

actmde geochemical mobility on remedial requirements and 3) evaluate the long term 

protectiveness of the Rocky Flats Cleanup Agreement (RFCA) Attachment 5 Action 

Levels and Standards Framework for Surface Water Groundwater and Soils (DOE 

1996a) soil action levels on surface water quality 

Ths  report presents a summary of existlng data that has been imtiated to further the 

understandmg of the conceptual model as recommended by the Panel An update to the 

Development of Conceptual Model of Potential Pathways for Migration of Actinides 

Uranium Plutonium and Amencium at RFETS (DOE 1997a) is developed m this report to 

better understand the relationship among the transport pathways and the potential effects of 

actimdes on surface water and air quality 

1 1 PURPOSE AND OBJECTIVES 

Over the past tn ,\ ‘1 L ides routine momtoring and studies of environmental media at 

WETS have sho 1 7 t i t  site derived actinides have been released and are present in the 

environmental media at RFETS DOE RFFO and the Kaiser Hill Team have mtiated a 
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multi year Actmde Migration Study to review and summa= the diverse body of existlng 

data and provide additional data on actndes in the Site s envlronment as requlred for 

remedial action This work supports the Site s closure plan Accelerafzng Cleanup Focus 

on 2006 (DOE 1997b) that was developed to achleve accelerated risk reduction and 

sigmficant cleanup of the Site by calendar year 2006 

The purpose of thls report is to develop a better understanding of the chemical and physical 

mechamsms of actimde mobility and potential lmpacts to surface water by identifying 

existing knowledge on actimde behavior and distribution in soils groundwater and surface 

water to gain a better understanding of the actimde mgration conceptual model (DOE 
1997a) and identify additional data required for remedial action This mformation will 

better the understanding of the conceptual model and will assist in desigmng remedial 

actions 

1 2 SCOPE OF THE REPORT 

This report supports the mission and goals of the Actimde Migration Study by presenting 

actimde data compiled from the Rocky Flats Envrronmental Database System (WEDS) 

RCRA Facility InvestigatiodRemedial Investigation (RFI/RI) reports Intern 

Measure/Intern Remedial Action (IM/IRA) decision documents and the results of other 

reports and studies on the behavior of actimdes in the WETS environment The current 

state of knowledge is summarized using available information with respect to the 

occurrence and migration of actimdes in surface soil subsurface soil sedunent 

groundwater surface water and air at WETS The data deficiencies are identified and 

recommendations for future actions are made 

1 3 REGULATORY FRAMEWORK 

1 he RFCA Attachment 5 Action Levels and Standards Framework for Surface Water 

Groundwater and Soils (DOE 1996a) sets forth standards and action levels for 

A ugust 199 7 \3 1 2  
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envlronmental medn These standards and acQon levels incorporate the RFCA Vision and 

land and water use controls in the WETS cleanup Actmde surface water standards 

(0 15 pCi/L each for plutomum and americium) are based upon human health risk as a 

consequence of human mgestion of surface water and are assigned at compliance poxnts as 

water leaves the site so that the surface water is of acceptable quality for all designated 

uses The Site s water quality standard for urmm is currently set at 10 pCi/L based on 

ambient levels in Site surface waters The State of Colorado has suspended consideration of 

a statewide health based standard until the Envvonmental Protection Agency promulgates a 

maxlmum contammint level for uramum in d r h g  water The sod action levels for 

radionuclides are based upon radiation dose Imts for designated land use scenarios for 

WETS The sod action levels did not consider the transport of soil contamg actimdes to 

surface water because no consumption of groundwater or surface water was assumed when 

the soil action levels were calculated The soil radionuclide action levels must be assessed 

to be sure they are protective of surface water 

The RFCA states that 

condition will be the basis for making soil and groundwater remediation and management 

decisions and that addiQonal groundwater or soil remediation or management may be 

required for the protection of surface water quality or ecological resources 

reviews and summarizes the diverse body of existing data on actinides in the WETS 

environment and identifies existing deficiencies in knowledge of actinide behavior in soils 

groundwater and surface water The Proposed Path Forward for Actinide Migration 

(DOE 1997b) proposes actions that will facilitate the development of the conceptual 

model providing a better understanding of the relationship of actinide levels m soil and 

the effects of remedial activities on t9t .  long term protection of surface water 

protection of surface water uses with respect to the long term Site 

Thls report 

Development of a conceptual mod 1 I >  an  iterative process and the model is used to define 

further data gaps including adtiiri 111 11 analysis of existing data This report presents data 

summaries for actinides in surt i 2 o i l  subsurface soil surface water and groundwater 

These data summaries are incorporated into developing a basic conceptual model of 



RNER 96 0048 UN 
Drdt Summaty of Ertsting Dota on Actfnccts Migrtmon 

at the Rocky Flats Environmental TechnoIogy Site 

actmde contamination events the resulting distribution and subsequent transport of 

actmdes at WETS Further refinement of the conceptual model will occur in fiscal years 

1998 and 1999 Much of this further refinement will be performed by maxlrmzlng the use 

of existmg analytical data For example the association of actimdes with other elements 

and with other measured parameters such as pH will be evaluated Data will be evaluated 

temporally to examine changes m actimde content and associated parameters over tune as 

related to specific sources 

1 4  REFERENCES 

DOE 1996a Rocky Flats Cleanup Agreement June 27 1996 

DOE 1997a Accelerating Cleanup Focus on 2006 June 1997 

DOE 1997b Proposed Path Forward for the Actinide Migration Studies June 1997 

I August 1997 
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2 0 CLIMATOLOGIC GEOLOGIC AND HYDROLOGIC SETTING OF RFETS 

The geologic hydrologic and chatologic settmg at RFETS is bnefly described m the 

followmg secuons relahve to the occurrence and transport pathways of actuudes m the 

envlronment Envlronmental condihons mfluence the mode rate and duechon of 

contarmnant transport and to a large extent determme the chemcal fate of con-ts m 

the envvonment Chermcal and physical mteracuon of various environmental medn can play 

an lmportant role m mobllmng or demobhzmg the spread of contammation whtch must be 

understood m order to evaluate and design appropnate remedial actions For addihonal 

discussion of these media the reader should consult the 1994 RFETS Envzromntal Report 
(Kaiser Hill 1995) and the 1995 RFETS Sztewzde Geoscience Characterization Study senes 

of reports mcludmg the Geologzc Characterization Report @G&G 1995b) Hy&ogeoIogic 

Characterrzation Report (EG&G 199%) and Groundwater Geochemzstry Report (EG&G 

1995a) A discussion of potential actmde transport pathways and their interacuon is further 

described 111 Section 9 

2 1 CLIMATOLOGY 

Basic clmatological information (mcludmg general descnptions of the c l m t e  precipitation 

temperatures and wmd pattern) is pertmnt to understandmg the hydrologic settug and 

actimde nugration potential of envvonmental media at RFETS The local c l m t e  at WETS 

exerts a strong influence on soil groundwater and surface water conditions For example 

precipitation amount frequency mtensity and seasonality (combined with an temperatures 

humidity and wind conditions) mfluence the potential for wind and soil erosion groundwater 

recharge and evapotranspu-ation These parameters will be d i m <  ul briefly to provide 

background information for the hydrology sections of the report 

of the clunatology and meteorology at the Site is provided in RFFPT Environmental Report 

(Kaiser Hill 1995) 

\ iiioie detailed summary 

A ugustl997 2 1  



The RFETS area has a sem and c l m t e  that IS charactensac of much of the central Rocky 

Mountam region Table 2 1 s-s clmtic data for the Site collected m 1994 

Historically annual precipitaaon at Roclg Flats averages nearly 15 5 mches with about 42 % 

of the annual precipitation fallmg durmg the spmg season (April through June) (EG&G 

1995c) Precipitation falls primarily as snow from late October through early Apnl and as 

ram durmg the remamg months The site is less prone to severe weather activity than the 

plam to the east because of its locality close to the foothills Thunderstorms umated over 

the foothdls usually mtensify as they move eastward mto the more h m d  and unstable au 

mass over the eastern plam of Colorado Tornado formation over RFETS is very unlrkely 

(Kaiser Hill 1995) 

The thm dry atmosphere results m wide diurnal temperature ranges with strong daytune 

w a m g  and mghttme coolmg Temperatures are generally moderate but short periods of 

exceptionally warm or cold weather resultmg from mcursions of hot southwestern desert or 

frigid Canadian air masses are possible durmg the m d  summer and m d  winter months 

Temperature ranges averages and extremes for the Site m 1994 are presented m Table 2 1 

(Kaiser Hill 1995) 

High wmd events known as chmooks are common along the Front Range durmg the wmter 

and early sprmg months Wad gusts will typically exceed 70 miles per hour (mph) several 

tunes rn a normal year In the strongest gusts wmds have exceeded 100 mph Wmd 

directions most frequently are from the west southwest through northerly dlrections with the 

strongest gusts originatmg from the west northwest and west Wind speeds above 18 mph 

occur primarily with westerly winds and to a lesser extent northerly winds A summary of 

1994 wind directions and wind frequencies measured at a 10 meter height at the Site is 

provided in Table 2 2 and is show * iphically by a wind rose diagram in Figure 2 1 (Kaiser 

Hill 1995) 

August1 997 
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Table 2 1 Summary of Metemlogical Data ibr 1994 

M9at.H 
mh?H 

446 185 
440 147 
543 254 
567 313 
724 437 
847 518 
853 528 
848 553 
781 482 
611 361 
467 224 
470 21 1 

633 351 

bhm 
Ja uary 
February 
March 
Apn' 
W 
June 
J 'Y 
August 
September 
Octobe 
November 
December 

Annual 

T a l  

January 0 45 
February 076 
March 1 05 
April 246 
May 137 
JUne 112 
J l y  04  
August I 5 1  
Seplembe 068 
oclobe 0 96 
November 108 
Decembe 016 

Annual 12 0 

1994 Annual ClimafIc Summary 

dvzusp 

31 6 
29 4 
399 
440 
581 
683 
69 0 
70 1 
63 1 
48 6 
346 
340 

49 

t&l!l 

601 
61 0 
687 
78 3 
87 3 

101 0 
941 
95 0 
901 
75 3 
688 
660 

101 0 

!Yhmwhw 
hw! !?e& 

12 8 85 4 
10 7 94 8 
8 9  720 
9 1  67 3 
8 9  57 0 
84  42 7 

76 9 
8 6  62 2 
87 5 6 4  
9 4  61 4 

10 0 75 5 
9 5  93 4 

9 5  948 

Daily 

0 2  
a4 
0 4  
0 5  
04 
04 
0 1  
0 6  
0 5  
04 
04 
0 0  

06  

Extremar 
W L n a  
23 5 4  
16 2 6  
14 5 7  
23 181 
30 320 
26 307 
10 424 
6 491 

10 244 
11 260 
7 8 7  
1 -40 

6426 5 4  

31 
8 
9 
5 
2 
9 

78 
20 
22 
30 
19 
31 

1131 

Precipitation (inch& 

15 Min 
m b w  

26 0 0  
28 0 0  
28 0 0  
25 0 1  
I3 02  
22 0 1  
31 0 0  
10 0 3  
21 0 1  
17 0 1  

8 13 0 2  
6 0 0  

8/10 0 3  

Atms.Pnuwa 
MQauUbl 

810 9 
807 8 
811 4 
810 8 
812 9 
814 4 
816 8 
817 7 
816 7 
811 7 
8081 
811 2 

812 5 

Mean Dm 
eQhtm 
10 4 
12 8 
19 8 
28 0 
40 1 
41 1 
436 
477 
3 4 8  
304 
16 8 
11 7 

281 

sdar Totrl 
!wb&n 

81 1 
101 3 
145 2 
137 8 
201 2 
224 9 
201 5 
171 9 
152 7 
118 6 
93 0 
71 0 

141 7 

Snowtall Precii 
l l l E h P z a l ! l  

7 5  0 0  
9 4  3 0  

11 5 4 0  
24 5 7 0  

50  
4 0  
I O  
5 0  

5 0  2 0  
30  2 0  

18 0 4 0  
11 5 0 0  

90 4 37 0 

WIlh Re1 
ttumhmm 

452 
550 
51 3 
61 1 
548 
45 1 
45 8 
51 4 
341 
508 
502 
397 

487 

- 
h X  Min 

Temp Temp 
>9eE arr 

0 0  300 
0 0  27 0 
0 0  24 0 
0 0  18 0 
0 0  IO 
9 0  0 0  
9 0  0 0  
8 0  0 0  
2 0  2 0  
0 0  7 0  
0 0  27 0 
0 0  29 0 

28 0 165 0 
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Table 2 2 Wind Data Summary for 1994 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
"W 

Site Wind Direction Frequency (Percent) by Four Wind Speed Classes 

2 2  
155 
163 
136 
1 42 
1 27 
1 42 
166 
140 
1 59 
1 67 
150 
1 79 
200 
188 
1 49 
1 35 

260 
2 21 
1 05 
141 
1 62 
194 
23  
2 11 
2 03 
208 
2 03 
2 94 
2 46 
233 
200 
2 21 

2 57 
1 55 
0 87 
048 
0 49 
068 
082 
1 70 
154 
1 52 
2 25 
3 32 
2 69 
4 0 0  
2 35 
2 51 

0 15 
0 14 
002 
0 01 
002 
0 01 
002 
0 22 
0 13 
0 10 
022 
095 
300 
382 
053 
0 10 

6 87 
553 
4 10 
332 
340 
4 0 5  

543 
5 29 
5 37 
600 
900 

10 15 
12 03 
6 37 
6 17 

4 a2 

TOTALS 2 20 24 98 34 14 29 34 944 10000 
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Rocky Flats 1994 Windrose Day 

wl pb. ( d )  

-zzKJ 
ml - -  

Rocky Flats 1994 Windrose Nlght 

Figure 2 1 1994 Wind Speed and Direction 

E 
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2 2  GEOLOGY 

At an elevation of 6 OOO feet above mean sea level RFETS IS located on the Colorado High 

Plam approxlmately two to SIX d e s  east of the Front Range mountam front Geologic wts 

at RFETS can be grouped into two general categories unconsolidated Quaternary surficial 

deposits and underlymg consolidated Cretaceous bedrock (EG&G 1995b) Figure 2 2 is a 

generallzed geologic cross section that illustrates the swficial and bedrock matemils w i b  

each group 

Prior to the deposition of Quaternary surficial deposits the gently eastwarddippmg 

Cretaceous age bedrock m the Rocky Flats area was subjected to erosion that produced a 

broad flat erosional surface (a peneplam) Durmg the Pleistocene this bedrock surface was 

subsequently overlain by a blanket of alluvial fan deposits known as the Rocky Flats 

Alluvium that were derived from Coal Creek Canyon (EG&G 1995b) Headward erosion 

by westward progressmg dramages has smce mcised both the Rocky Flats Alluvium and the 

underlymg bedrock peneplam Approxunately half of the surface area covered by RFETS 

has been mcised removing the Rocky Flats Alluvium In most areas these erosional 

surfaces have been subsequently covered by stream sedlments or colluvium A summary of 

the stratigraphic profile is presented m the following sections Younger umts are described 

first followed by progressively older deeper umts 

2 2 1 Unconsolidated Deposits 

The surface of RFETS is covered almost entirely by an extensive layer of unconsolidated 

Quaternary deposits consisting of Holocene colluvium and valley fill alluvium and 

Pleistocene Rocky Flats Alluvium Holocene slump and landslide material are also present 

locally on valley slopes and indicate that mass movement is an miportant albeit slow 

erosional agent in areas of RFETS 

2 6  



August1997 

RFLiB%-WM UN 
Dr@ slunmary of Exlsring Data on Adirddc Mtgnrtron 

at the Rocky Flats ErtMroplmental Technology Site 

2 7  



W’ER %-&I43 UN 
Drafr Summary qf Enstmg Data on Acnntdc Migmtim 

at the Rocky Flats Envlronmental Technology Site 

Colluvial deposits whch are present on the valley slopes 111 the central portion of RFETS 

were derived from geologic material exposed on the steep slopes and topographc hghs and 

were formed by slope wash and downslope creep The colluvium ranges 111 thickness from 0 

to 20 feet with the hckest sequences occurrw at the base of the valley slopes The 

colluvium is composed of clay clayey gravels and lesser amounts of sand and silt Slump 

and landslide deposits were denved from the colluvium and Roclg Flats Alluvium and are 

most common on valley slopes along the Rock Creek and Walnut Creek dramages 111 the 

northern portlon of WETS Valley fill deposits were fluvially derived from upstream 

materials and consist of clay silt and sand with lenses of gravel These deposits occur 

along the dramge bottoms m and adjacent to stream beds and are most common 111 the 

eastern portions of WETS lhcknesses range from 0 to 25 feet (EG&G 1995b) 

Pleistocene deposits consist prnardy of the Rocky Flats Alluvium whch is the most 

prevalent unconsolidated surficial deposit at WETS The Rocky Flats Alluvium ranges m 

thickness from 0 to 100 feet and forms a broad layer that extends across most of the western 

portion of WETS (EG&G 1995b) The deposit is comprised of poorly sorted clayey 

gravels and sands with abundant cobble and boulder sued material and discontmuous lenses 

of clay silt and sand Caliche a pedogemc deposit of calcium carbonate is found 

discontinuously m the Rocky Flats Alluvium but tends to be better developed and more 

abundant from the western end of the Industrial Area (IA) eastward to the margin of the 

Rocky Flats Alluvial Fan Sigmficant quantities (up to 25 to 80% by volume) of caliche are 

present in some stratigraphic intervals of the Rocky Flats Alluvium (EG&G 1995b) Caliche 

horizons are most commonly encountered withm 10 feet of the ground surface 

i 
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2 2 2 Consolidated Bedrock Deposits 

The unconsolidated surficial deposits unconformably overlie the claystone sdtstone and 

sandstone bedrock of the Upper Cretaceous Arapahoe and Lararme Fomhons The 
Arapahoe Formation ranges from 0 to 50 feet h c k  at RFETS and has been shown to contam 

a mappable but discontmuous fine to medium gramed basal sandstone ulllt T ~ I S  umt has 

been designated the Arapahoe (or Number 1) Sandstone @G&G 1995b) and IS known to 

subcrop beneath the Roclq Flats Alluvium and Colluvium m the 903 Pad East Trench and 

other areas of the eastern Industnal Area It consists prrmarily of an argdlaceous fine to 

medium gramed locally conglomeram moderately to poorly sorted sandstone that ranges 111 

thlckness from 0 to less than 50 feet @G&G 1995b) Calcite cement found m some deeper 

Lararme Formation sandstone layers is absent 111 the Arapahoe Formahon Sandstone The 

Arapahoe Formation Sandstone is the uppermost sandstone of sigruficant lateral extent and 

has been shown to be a pathway for lateral transport of contammated groundwater 

The Laramie Formation conformably underlies the Arapahoe Formabon and is approxmtely 

600 to 800 feet thlck The Laranue Formation is subdivided mto two members The upper 

member of the Lararme Formation is 500 to 600 feet thlck and consists prrmarily of massive 

claystone and siltstone The lower member is about 300 feet h c k  and is composed of 

sandstones claystones and coal beds The upper member is generally much f m r  gralned 

than the lower member but contam several separate and discontmuous clayey sandstone 

umts historically designated as the No 2 through No 5 Sandstones (EG&G 1995b) Unllke 

the Arapahoe Formation sandstone these sandstone units exhibit lithologic and hydrologic 

characteristics (1 e high matrlx clay content and low permeability) that are not indicative of 

groundwater flow pathways These lenticular L? r mi i t  Formation sandstones are texturally 

distinct from the Arapahoe Formation sandstone b\ L 1 1  rue of their hgh silt and clay content 

(EG&G 1995b) 
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The Upper Cretaceous Fox Hdls Sandstone conformably underlies the Lamme Formahon 

and ranges from 90 to 140 feet m thxkness In general the Fox Hills Sandstone is a very 

fine to medium gramed angular to subrounded well sorted sdty sandstone The Fox Hills 

Sandstone is an aquifer of regional sigmfkanm whch lies at a depth of 700 to 800 feet 

below ground surface at WETS Underlymg the Fox Hdls Sandstone are several thousand 

feet of the Lower Cretaceous Pierre Shale and older umts @G&G 1995b) 

Lithologic logs from boreholes drilled mto bedrock mdicate the presence of a weathered zone 

m the upper pornon of the bedrock F r a c m g  and weathermg mrease the permeability of 

bedrock material The weathered zone is commonly less than 15 feet ~ c k  but may be as 

thlck as 60 feet The thlckness of the weathered bedrock zone is dependent on factors such as 

relative abundance of fractures lithology elevahon relative to the water table and proxmty 

to valley bottoms 

2 2 3 Structural Features 

The bedrock strata exposed mediately west of WETS has been folded rnto steeply 

eastwarddippmg exposures of the Fox Hills Sandstone and Laranue Formations These wts 

receive recharge from precipitation along the exposed hogbacks northwest and southwest of 

WETS The formations also receive recharge from the overlymg Rocky Flats Alluvium and 

Arapahoe Formation 

Small scale structural features such as joints and fractures are present m the bedrock umts 

Joint and fracture surtdces are commonly coated with secondary iron and manganese oxides 

and hydroxides in the v tnthered portion of the bedrock umts Slickensides are also present 

on some fracture surfnLts The presence of such features increases secondary porosity and 

permeability and indic ttt. that groundwater flow is probably enhanced 111 the weathered 

portion of the bedrock Several bedrock faults have been identified in the WETS Industrial 

Area however none have been observed to offset alluvial materials (EG&G 1995b) The 
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available hydrogeologic and geochemd data mdicate that fractures and faults are not 

sigmficant conduits for downward vertical groundwater flow to the Larame Fox Hills deep 

aquifer (RMRS 1996) 

2 3 HYDROGEOLOGY 

2 3 1 Hydrostratigraphy 

Shallow groundwater flow systems at RFETS have been categorized mto two 

hydrostratigraphlc un~ts based on contrasts observed between groundwater geochermstry 

core loggmg and hydraulic conducbvity determmQons (EG&G 1995c) "Ius division 

basically reflects the relative degree of hydrologic activity expenencd by the u t s  the 

uppermost umt bemg the most active and transrmssive of the two The upper 

hydrostratigraphic umt 

alluvium colluvium valley fill alluvium landslide deposits weathered Arapahoe and 

Laranue Formahon bedrock and any sandstone u t s  withm the Arapahoe and Lararme 

Formations that are m hydraulic connecbon with the overlymg unconsolidated surficial 

deposits or with the ground surface The lower hydrostratigraphc u t  (LHSU) is composed 

of the unweathered bedrock of the Arapahoe and Lararme Formabons Thls umt forms a 

h c k  (several hundred feet) regionally extensive confirung layer that serves to isolate shallow 

groundwater from the underlymg L a r m e  Fox Hills aquifer (RMRS 1996) 

consists of the distmct lithologic umts of the Roclq Flats 

2 3 2 Groundwater Occurrence and Flow Conditions 

Groundwater is found in all geologic umts present at RFETS although not always In 

predictable amounts and availability In UHSU deposits the quantity of water in stora,? it 

any particular locality varies widely and is a function of bedrock topography proxmitv to 

drainages seasonality and local sources of recharge The saturated thxkness of UHSL 

alluvium is greatest in the western portion of RFETS ( > 40 ft) and W e s t  along hillsides 
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and m the eastern portion of the site Areas of thm saturabon commonly contam regions of 

discontmuous seasonally unsaturated alluvium due to megularities m bedrock topography 

and water table fluctuations Depth to shallow groundwater varies anywhere from 0 feet at 

flowmg seepage areas to 70 feet at the west end of the site The depth to water is generally 

shallowest in areas of thmer surficial deposits such as the Industrxal area margf~s of the 

Rocky Flats Alluvium and creek dramages Average depth to water and saturated alluvlal 

thickness at the 903 Pad and Lip areas is on the order of 10 and 5 feet respectwely @G&G 

1995c) 

Seasonal fluctuations m shallow groundwater levels are observed in momtormg wells across 

the Site and normally range fiom three to SIX feet (EG&G 1995c) Larger annual 

fluctuations have been recorded at several locations m and adjacent to the IA with some 

wells exhibiting water level rises of over 10 feet Well hydrographs mdicate that water levels 

normally peak in May or June shortly followmg the sprmg ram season Hydrographs of 

many older Rocky Flats Alluvium wells (mstalled 1986 and 1987) indicate that base water 

levels over the past decade have generally declmed 1 to 5 feet possibly as a result of changes 

in water management practice at the plant 

In a broad sense the dramatic response of groundwater levels measured m many UHSU wells 

during the spring and early summer of 1995 was as noteworthy though less apparent as that 

observed for surface flow conditions Record hgh water levels were recorded 111 many wells 

during and following the exceptionally wet sprmg of 1995 Water level rises m the range of 

15 to 20 feet were observed m some wells located m the IA East Trenches and eastern 

Buffer Zone (BZ) Areas Flowing artesian well conditions were noted at several well pomts 

that monttor seeps at the Solar Pond and southern IA The rapid rite of decline observed m 

some well hydrographs was almost equal to the rate of rise suggesting that lateral subsurface 

drainage was rapid and probably more extensive than expected in no1 m 11 years 
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The magmtude of these mes when compared to ground surface elevaoons lndicate that a 

condition of temporary complete to near-complete saturation (groundwater floodmg) 

probably formed locally m areas of thm to moderately tluck surficial deposits In areas of 

recharge such as all upland areas occupied by the Rocly Flats Alluvium and the majotrty of 

colluvium-covered hdlslopes the presence of saturated conditions mdicate that the capacity of 

the geologic matenal to accept and transmt recharge water has been exceeded The duecoon 

of soil water movement recharged from mcident precipitaoon and runoff 1s mtmlly 

downward until it reaches the water table and is transported laterally to a pomt of dlscharge 

In cornpanson groundwater discharge areas such as Mlside and stream channel seeps are 

typified by saturated condioons that result m groundwater contact with surface soils The 

potential sigruficance of these two very different flow regunes on surficial and shallow 

subsurface soil actmde remobrlmtbon is reviewed m Section 2 3 4 and the Conceptual Model 

(Section 9) 

The geology of the area exerts a controllrng influence on groundwater flow due to the 

existence of sharp lithologic contrasts in the vertical distribution of geological materials 

(coarse gramed surficial deposits underlam by fine gramed bedrock) and the resultmg 

bedrock topograpluc surface ConfigllIation The predormnantly claystone bedrock impedes 

the downward vertical mgraQon of groundwater and dlrects flow laterally through the 

unconsolidated surfcia1 and weathered bedrock materials Groundwater flow tends to follow 

the bedrock surface and emerge as seeps drain into the hllside colluvium or rmgrate 

vertically mto permeable subcropping sandstone umts In thmly saturated areas the bedrock 

surface plays a critical role in dlrectmg groundwater flow and where locally high m the 

development of unsaturated zones m unconsolidated surficial deposits Groundwater in the 

UHSU regionally flows eastward from broad areas of recharge (located upgradient and on 

nearby topographic highs) toward the erosional limit of the Rocky Flats Alluvium and then 

directly toward creeks in the dramge bottoms After groundwater enters the valley fill 

alluvium from the lullslopes it flows eastward in the direction of stream flow and exits the 

site at the WETS east boundary (Indiana Street) 
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2 3 3 Hydraulic Conducttvibes 

In general the UHSU at RFETS has a low to moderate hydraulic conductivity and typically 

yields small amounts of water to momtormg wells Hydraulic testmg of the wells wlicates 

that the UHSU exhlbits a wide range of hydraulic conductivibes because of the diverse nature 

of the mdividual geologic materials that comprfie the umt Values of hydraulic conductivity 

range from as high as 5 x lo2 centmeters per second (cmlsec) m localmd areas of the 

valley fill and Rocky Flats Alluvium to as low as 7 x lo4 cdsec  m the clay lenses of the 

Rocky Flats Alluvium @G&G 199%) Hydraulic conductwibes m the weathered bedrock 

portion of the UHSU range from 9 2 x 10 to 3 x 10' cm/sec the hghest values bemg 

associated with the Arapahoe Formation sandstone and the lowest values bemg associated 

with weathered claystone bedrock Colluvial deposits mdicate a range of 9 3 x lo4 to 4 0 x 
10" c d s e c  Average values calculated as geometric means are 4 3 x lo5 cdsec  for the 

colluvium 2 1 x lo4 cm/sec for the Rocky Flats Alluvium and 2 5 x lo3 cdsec  for the 

valley fill alluvium m Woman Creek and Walnut Creek respectwely (EG&G 1995c) 

Hydraulic conductivities of LHSU materials are sigmficantly lower than those of the 

overlymg umt with values rangmg from 10" to 10 cdsec m the unweathered claystone 

bedrock Discussion of LHSU hydraulic conductwities is presented m more detail m RMRS 

(1 996) 

2 3 4 Groundwater Interaction with Surface Water and Soils 

As described later in Section 5 0 the importance of groundwater as an interactive actmde 

transport medium is limited to areas of contact with soils and surface water that contam 

actmde levels which exceed RFCA action levels Groundwater is 111 direct connection with 

these media only immediately downgradient of areas where the water table intersects the 
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ground surface 'lhs reqmment IS met at hdlside seeps and along stream beds con- 

valley fill alluvial deposits such as depicted m Figure 2 3 

The pattern of seep distnbution confirms that seep occurrence IS controlled by local geologrc 

condifions Hillside seeps at RFETS are common along the eastern extent of the Rocky Flats 

Alluvium where the contact between the Rocky Flats Alluvium and underlyrng claystone 

subcrops along the upper margm of stream dramage valleys In general seeps occur ln 

greater number and areal extent along the north side of the pedlment ndges as observed 

along South Walnut Creek and Rock Creek Most seeps are ephemeral m nature and only 

discharge at the ground surface m the spmg Peremal seeps are relatwely rare with most 

located m the Rock Creek dramge Groundwater seepage also occurs along segments of the 

Woman Creek stream channel particularly above the Woman Creek stream diversion 

structure at Pond C 2 as d e t e m e d  from a stream gadloss study (Fedors and Warner 

1993) The stream channels of North and South Walnut Creeks are so extensively mterrupted 

by lmpoundments that channel seepage measurements have not been attempted nor are they 

expected to yield meamngful data 

Seep flow data are generally unavailable due to difficulties mherent with measurlng broad 

diffuse sources of discharge The results of an mcomplete seepage mventory conducted after 

the 1995 spring recharge event m portions of the Woman Walnut and Rock Creek 

watersheds revealed that of over 200 potential seep areas mdicated by wetland vegetation 

only 32 had a measurable flow and of these 14 had flows of one gallon per m u t e  or less 

The remaimng sites were moist to wet at the ground surface with little or no evidence of 

surface flow Given the magrutude of the sprmg recharge event as reflected by sitewide high 

water table conditions it is llkely that seep flows measured durmg h s  tune were at or near 

maxunum lex e'> It was commonly observed during h s  survey that surface flow from many 

ephemera1 hillbide seeps percolate back mto the soil below the discharge point before entering 

a surface wnttr body Dlrect contact with surface water may occur durrng exceptionally wet 
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penods as a result of mrease!d seep flow caused by abnormal water table nses or by rmxmg 

with surface runoff 

The most common type of seep develops at the contact between the Rocky Flats Alluvium 

and underlylng bedrock claystones These seeps are thought to be related to preferential Bow 

channels m bedrock surface topography and/or alluvial strabgraphy @gh hydraulic 

conductivity zones) @G&G 199%) In the 903 Pad and East Trenches areas some seep 

occurrences have been attributed to discharge from the subcropplng Arapahoe Formation 

sandstone whch receives recharge from the overlymg suficial deposits (EG&G 199%) 

The most notable sandstone seeps 111 th~s area lnclude a grouprng of seeps situated above the 

B 1 pond 111 the South Walnut Creek dramge and the 903 Pad hllside seep located at the soil 

study area m the Woman Creek dramge 

Examnation of the most recent sitewide seep location map (EG&G 199% Plate 9) mdicates 

that there are fewer seeps 111 the 903 Pad and east BZ Areas relatwe to adjacent hllslopes 

located to the west and north Along the north slope of Woman Creek from the 903 Pad 

eastward to Indiana Street evidence of present-day seep activity is lmted prmrily to the 

903 Pad hllside seep and potentially a few scattered small seeps Periodic activation of a 

series of presumably old seepage sites located east of the 903 Pad have occurred from hstonc 

spray evaporation operations conducted at the South Spray field however these sites have 

since returned to a dry state following cessation of spray field operations As shown on 

Figure 2 3 sites for groundwater interaction with surficial soils and surface water are both 

limited in extent and predictable based on the hgh degree of hydrologic control exerted by 

the local geology 

GI oundwater discharge to surface water is presumed to occur along major stream channels 

tlthough relatively little information is available to evaluate the sigmficance of th~s 

interaction Stream gaidloss studies conducted along Woman Creek (EG&G 199%) have 

indicated that the flow regme in the upper reaches of the creek (west of confluence with 
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Antelope Sprmgs Creek) tend to be predomntly g a m g  whde the lower reaches (east of 

Antelope Sprmgs Creek) tend to be predommently losmg The presence of gammg segments 

found just upstream of Ponds C 1 and C 2 suggest that these impoundments exert a local 

influence on groundwater discharge to surface water m the alluvium S d a r  relaQonshps 

are suspected to occur m the Walnut Creek dramge but to an unknown degree because 

gadloss stream flow data IS lackmg m th~s area It can be assumed however that 

groundwater/surface water mteracQons are potenQally more complex m North and South 

Walnut Creeks owmg to the lnfluence of plant discharges and a more extensive system of 

ponds and other stream channel mod&aQons 

2 4 SURFACE WATER HYDROLOGY 

Streams and seeps at WETS are largely ephemeral with stream reaches gamng or losing 

flow depending on the season and precipitation amounts Surface water flow across 

WETS is primarily from west to east with three major dramages traversing the site 

Fourteen detention ponds @Ius several small stock ponds) collect surface water runoff 

although only ten ponds requrre active management Descriptions of the Site drainages and 

detention ponds including therr respective interest to this report are contamed below and 

shown in Figure 2-4 

2 4 1 Rock Creek 

The Rock Creek drainage covers the northern portion of the WETS BZ The drainage 

channel is characterized by flat areas to the west several small stock ponds within the 

creek bed and multiple steep gullies and stream channels to the east This basin is 

topographically isolated from the developed areas it rcceives no runoff from IA and 

contaminant transport by surface (or subsurface j processes is not suspected Analytical 

data for Rock Creek is not presented in this report 
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2 4 2 Walnut Creek 

Walnut Creek drains the central thud of WETS mcludmg the majority of the L4 It 

consists of several tributaries (McKay Ditch No Name Gulch North Walnut Creek and 

South Walnut Creek) which join prior to leavmg WETS at the eastern boundary (Indiana 

Street) East of Indiana Street Walnut Creek is diverted by the Broomfield Diversion 

Ditch around Great Western Reservolr and into Big Dry Creek The Walnut Creek 

tributaries from north to south are descnbed below 

McKav Ditch The headgates for th~s ditch are located at Coal Creek 

approxunately three miles west of the IA Flow is typically present only during 

spring runoff and durmg City of Broomfield water transfers to Great Western 

Reservoir McKay Ditch does not receive runoff from the IA and analytical data 

from thls drainage are not discussed in h s  report 

No Name Gulch This drainage is located downstream from the WETS sanrtary 

landfill Runoff from the IA does not flow into h s  basm analytical data from this 

area are not discussed in this report 

North Walnut Creek Runoff from the northern portion of the IA flows rnto this 

drainage which has four detention ponds (Ponds A 1 A 2 A 3 and A-4) Ponds 

A 1 and A 2 are kept off line and maintained for emergency spill control water 

levels in these ponds are controlled by evaporation or transfer Pond A 1 also 

receives water pumped from the Landfill Pond roughly once per yew North 

Walnut Creeh flow is diverted around Ponds A 1 and A 2 to Pond A 3 where water 

is held and setiling of solids occurs Pond A 3 is transferred in batches to the A 

series terminal pond Pond A 4  which also receives water transferred from Pond 

B 5 Once filled to a predesignated level Pond A 4 water is isolated sampled and 

released if water quality standards are met 
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These offsite discharges each averagmg approxunately 14 rmllion gallons (43 acre 

feet) typically occur 8 to 10 tunes per year 

The average annual discharge to North Walnut Creek is approxmtely 119 acre feet 

(39 million gallons) The average mean daily flow rate m North Walnut Creek (at 

station SW093) from October 1992 through Aprd 1997 was 0 16 cubic feet per 

second (cfs) and the maxunum mean dally flow rate durmg t h ~ ~  pnod was 

approxmately 9 cfs The combmed capacity of the North Walnut Creek detention 

ponds (A series ponds) is approxmately 52 rmllion gallons (160 acre feet) 

South Walnut Creek Runoff from the central portion of the IA flows mto this 

drainage which has five detention ponds (Ponds B 1 B 2 B 3 B-4 and B 5) 

Ponds B 1 and B 2 are kept off line and mamtained for emergency spill control 

water levels in these ponds are controlled by evaporation or transfer Pond B 3 

receives effluent from the WETS Waste Water Treatment Plant (WWTP) and flows 

into Pond B 4 South Walnut Creek flow is diverted around Ponds B 1 B 2 and 

B 3 into Pond B-4 which flows contmuously into temnal pond Pond B 5 After 

filling to a predesignated level Pond B 5 is pump transferred m batches of 

approxmately 9 mllion gallons to Pond A 4  (8 to 10 tunes per year) which is 

discharged offsite as described above 

The average annual discharge to South Walnut Creek including effluent from the 

site WWTP is approxmately 258 acre feet (84 million gallons) The average mean 

daily flow rate measured in South Walnut Creek (at station GS10) from October 

1992 through April 1997 was 0 12 cfs and the maximum mean daily f l o ~  rnte 

during this period was approximately 5 cfs The combined capacity of thc South 

Walnut Creek detention ponds (B series ponds) is approximately 27 million gallons 

(83 acre feet) 
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2 4 3 Woman Creek I South Interceptor Ditch (SID) 

South of the IA is the Woman Creek / South Interceptor Ditch (SID) system Descriptions 

of these drainages are provided below 

- SID Surface water runoff from the southern portion of the IA is captured by the 

SID which flows from west to east mto Pond C 2 Once filled to a predesignated 

level Pond C 2 water is sampled and if water quality standards are met pump 

discharged mto Woman Creek whlch flows east off the site These offsite 

discharges averagmg approxmately 11 million gallons (33 acre feet) typically 

occur once per year durmg the wmter 

There is frequently no flow m the SID The average mean daily flow rate (at 

station SW027) from October 1994 through April 1997 and including the periods 

of no flow was 0 05 cfs and the maxmum mean daily flow rate during thrs period 

was approxunately 6 cfs 

Woman Creek South of the SID is Woman Creek whch flows through Pond C 1 

and offsite at Indiana Street The Woman Creek dramage basin extends eastward 

from the base of the footlulls near Coal Creek Canyon to Standley Lake The 

average annual yield of the basin is approxunately 341 acre feet (111 mllion 

gallons) The average mean daily flow rate in Woman Creek (at Indiana Street) is 

0 47 cfs and the maxmum mean daily flow rate durmg this period was 

approximately 76 cfs 
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2 4 4 Other Drainages 

The D series Ponds (D 1 and D 2) are located on the Smart Ditch located south of Woman 

Creek Smart Ditch is hydrogeologically isolated from the RFETS IA however Smart 

Ditch does collect surface water runoff from surface soils with low levels of wlnd blown 

radionuclide contammation Thls dramage and these ponds are not discussed m thls report 

2 5 ACTINIDE SOURCES AND CONTAMINATION EVENTS AT RFETS 

Plutonium and Americium HI the 903 Pad Area 

The main source of plutomum and amencium m the environment at RFETS is the former 

drum storage area known as the 903 Pad with lesser contributions from the 1957 and 1969 

fires (Meyer et a1 1996) The majority of plutomum and americium is associated with 

surface soils (0 to 6 inches (0 to 15 cm}) The distribution of plutomum and americium in 

surface soils is shown rn Figures 4 1 and 4 2 The plutonium and americium contarmnation 

of the 903 Pad and Lip area and the soils to the east and southeast of the 903 Pad 

extending to east of Indiana Street were generated during a combmation of hlgh wmd 

events and earth moving activities in the period from 1967 through 1969 Cleanup 

operations in the 903 area began m January of 1967 and continued untd mid 1968 The 

asphalt pad was not placed until November 1969 

The RAC 1996 final report (Meyer et a1 1996) evaluated and summarlzed the hlstory of 

the 903 area and correlated air monitoring results with wind events and physical 

disturbances of the 903 Pad soils They concluded that the significant airborne plutomum 

releases from the 903 area appear to be associated with a relatively few events most llkely 

high winds following mechamcal disturbances (Meyer et a1 1996) Covering the 903 

Pad with fill and asphalt did not completely eliminate airborne contamination although air 

concentrations were greatly reduced Areas of soil outside of the pad were contaminated to 

a lesser extent than the prmary 903 area but remained subject to wind erosion This 

I 
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“secondary resuspension has been a sigmficant relatwe source of offsite alr contammabon 

since 1970 and is discussed in some detail m Rope et a1 (1997) 

Plutomum in surface soil has shown little redistribution over the years smce the mtial 

contamination 111 1968 1969 but evidence has not ruled out that some local redistnbution 

has re occurred Webb et a1 (1996) demonstrated that plutomm concentrations and total 

deposition (from WETS) decrease rapidly with distance from the 903 Pad and with 

deviation in direction from due east of the 903 Pad (Rope et a1 1997) 

IHSS 141 the sludge dispersal area is located just west of the origmal east peruneter 

road and consists of the former sewage sludge dryrng beds and related surface soil 

contammation The beds were not lmed and excess liquid from the sludge could come m 

direct contact with the underlying soil The potential for contamination of the soil and 

groundwater beneath the beds is considered high (DOE 1992) During the OU6 

investigation elevated activities of americium and plutomum were frequently detected 

above background screemng levels at both MSS 141 and 165 (EG&G 1996) IHSS 165 is 

known as the Triangle Area The area was used to store drums contaimng dilute mtric 

acid and fire waste from the May 1969 plutomum frre The contents of the drums were 

recoverable plutomum bearing wastes and residues (DOE 1992) 

Solar Ponds 

Uramum was handled at WETS beglnrung 111 1953 and continues to be handled as the site 

is being decommissioned Liquids containlng uranium nitrate and other salts of uramum 

from processing were pumped to the Solar Ponds beginning in 1953 and continuing until 

1986 Increasing levels of uranium and nitrate in groundwater around the Solar Ponds 

were noted in seeps at the pond edge in 1953 By 1970 rutrate contammation was noted in 

North Walnut creek downgradient of the Solar Ponds A number of small trenches were 

installed in the 1970s in an attempt to capture the contamination seeping from the ponds 
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An interceptor trench system (ITS) keyed mto bedrock (in most areas) was mtalled m 1981 

to collect groundwater downgradient from the Solar Ponds The u m u m  rich evaporaaon 

sludges were removed from the Solar Ponds in 1986 through 1995 The ponds are now 

empty except for occasional ramfall capture 

Old Landfill and Ash Plts 

Relatively hgh  concentrabons of uramum are found in discrete samples from the old 

landfill and ash pits to the south of the IA (OU 5) Ths  landfill and ash includes 

incinerator ash from the RFETS incmerator previously used to oxidize pyrophoric depleted 

uranium tumngs Uramum machne turmngs have also been noted on the surface of the 

landfill (Jerry Anderson personal commumcation 1997) 

East Trenches 

Approxunately 125 drums of depleted uramum machme turmngs were disposed in Trench 1 

(T 1) from 1954 until 1962 The trench was covered with 2 feet of soil as the drums were 

placed There is no evidence that T 1 is a source of surface soil (wmd blown) or 

groundwater uramum contammation (RMRS 1997) Lesser amounts of depleted uramum 

were llkely disposed in other trenches on the east side of the plant however there is no 

evidence that these trenches are a source of wind blown or groundwater uramum 

contamination 
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3 0 THE GEOCHEMISTRY OF URANIUM, PLUTONIUM, AND AMERICIUM 

Tlus section reviews specific chemcal reacbons whch determme the behavior of actuudes m 

the envuonment and discusses the origm occurrence ap.d behaviors of actmdes at RFEiTS 

Actuudes are transition elements with parhally filled 5f electromc orbitals The 5f orbitals 

are screened from the chemcal envuonment by lugher lymg s and p electrons and this 

screerung produces strong sda r ihes  among the chemcal p r o p e m  of elements m the 

group The variation m chemcal properties withm the series 1s systemabc and predictable 
and some properties of the heavier members of the senes were predicted pnor to drscovery 

(Seaborg and Loveland 1990) 

Chemcal reachons whch detenrune the behavior of actmdes m the envuonment mlude 

reductiodoxidation precipitabon and coprecipitabon formabon of aqueous complexes a 

sorpbon and formation of finely divided pmcles (true colloids and pseudocolloids) (Allard 

and Rydberg 1983 Choppm 1988 Dozol and Hagemann 1993 and Sdva and Nitsche 

1995) The major salient pomts related to the actuudes of concern at RFETS (urannun 

plutomum and amencium) wdl be discussed below 

3 0 I Reductron/Oxidabon 

When a current passes through an aqueous iomc solution electrons enter the solution at the 

cathode and leave the solution at the anode The electrons enterlng and leavlng a solution can 

cause reactions Reactions occurrmg at the anode are oxidation reactions wMe those 

occurring at the cathode are reduction reactions and more generally any chemcal reaction 

mvolvmg loss of electrons is know as an oxidation reaction whle any reaction mvolvlng gam 

of electrons is known as a reduction reaction Oxidmng agents are matenals that are reduced 

whle talung on electrons driving oxidation reactions Reducmg agents are matenals that are 

oxidlzed whle donating electrons to drive reduction reactions 
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Reduction and oxidabon strongly influences the envuonmental behavior of actuudes The 
actmdes assume a number of valences (Table 3 1) but redox condittons m natural systems 

are commonly buffered by reacttons mvolvmg major constxtuents such as the degradatxon of 

water reductiodoxidmtion of uon or reducbon of naturally occurrmg orgmc matter 

Under envlronmental conditions americium tends to occur primarily as Am@) but urmum 

and plutomum partitxon among IV and VI valences and III IV V and VI valences 

respectively (Allard et a1 1983) The smgle major valence of amencium snplifies the study 

of its envlronmental behavior but the more complicated behavior of plutomum and m u m  

commonly drives researchers to extrapolate behavior mto the system from slngie valent 

actimdes and lanthmum group elements (lan-des) 

Table 3 I Actrnide Elements and Their Oxidatron States 

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr 

Oxlmon States 

From Katz et a1 (1986) Bold & underlme valences are the most stable oxidation states 
Bracketed valences are unstable 
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Actmdes m the III IV V and VI valences form M” M+4 MO,+ and MO;’ catlons 

respectively (Cleveland 1979) The sunple cations (M+’ and M+4) mterconvert rapidly and 

the oxygenated actmyl ions (M02+ and MO;+) mter-convert rapidly but conversions 

between sunple and oxygenated catlons are relamely slow because they requm extensive 

changes to the lmear dioxo structure before electron transfer (Cleveland 1979 Choppm 

1983) 

Thls slow conversion can produce sigmficant disequdibna m system mvolvmg both types of 

cations Expements m ponds at Oak kdge for example showed that dissolved PuO 

could be reduced to Pu (IU+IV) by addmg glucose to force the water anaerobic but when 

the system was reaerated PuO returned to solution slowly and at three months PuO 

remamed at less than one fifth of the imQal value (Watters 1983) 

Laboratory oxidlzmg and reducmg agents also affect the redox state of actmdes and 

experunents whlch use redox reagents to destroy major sod phases to establish the locabon of 

the actmdes must take these effects mto account Both Bum1 et a1 (1995) and Litaor and 

Ibrahm (1997) for example attempted to establish the relabonshlp between plutomum and 

major soil phases usmg strong reducmg and oxidmng agents to destroy sesquioxldes and 

orgamc carbon respectively but did not consider the effects of these agents on the redox state 

of plutomum itself Thls oversight renders theu conclusions that orgamc matter and Eon 

sesquioxides are largely responsible for the affmty of soils for actmdes of little value (Marty 

et a1 1997a) Moreover ther conclusions contradict earlier work showmg little effect on 

the affimty of soils for actmdes from the removal of orgamc matter and sesquioxides (except 

for the pentavalent valence Table 3 2) 



I 

I 

Table 3 2 Effect of Clay Tmatment on Adsorptron of Acthide Ektnents fo 

Miami Silt Loam Clay 

Treatment CEC Percent adsorbed 

Intact soil 17 997  98 9 95 6 61 8 
meq/lOOg T h 2 3 4 0  Cm244(IIi) U 234 Np237 (V) 

Orgmc matter removed 11 998 996 96 4 49 7 
Fe and orgmc matter 9 9 99 7 95 6 991 18 2 
removed 
From Bondiettr and Tamura (1 980) 

3 0 2 Coprecipitation and Precipitation 

Actndes entered the WETS envrronment prvnatlly as reachve metals or m soluhon rather 

than as slow reactmg thermodynarmcally stable or metastable phases The behavior of the 

WETS actuudes therefore contrast m many respects with that of actmies deposited 

followmg thermonuclear explosions (hrgh f h d  actmdes) deposited followmg explosions of 

lugh explosives (low fired acmdes) or deposited m the form of refractory wastes reslstant to 

mtric hydrofluoric and hydrochloric acid digesbon None of the major phases found m 

WETS soils are undergorng rapid recrystalllzabon and the actmdes appear to be 

concentrated outside major soil phases (Marty et a1 1997a) The presence of the actuudes 

outside the major phases allows them to enter mto reactions m solubon without the 

dissolution of the soil phases 

Actmde hydroxide/oxide have been observed to form discrete particles m some areas of 

WETS but the observed abundances are not sufficient to account for the entre plutonium 

inventory (McDowell and W c k e r  1978) Actmde hydroxides and oxides precipitate from 

solution through a well character& process whch mvolves hydrolysis of actmde ions m 

solution (Cleveland 1979) The hydrolyzed actmdes then form polymers of vmous lengths 

(Cleveland 1979) The extent of polymenzation depends on the concentration of actuudes in 

soiution and the reaction may not be easily reversible PolymenzaQon of plutomwn for 

example forms networks of Pu(OH), llnkages but as the polymers age oxygen brtdges increase 

i 
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ln abundance and the m a t e d  begins to resist dissolaon even ~fl concentrated mtnc acid (Toth 

et a1 1983 Choppm, 1983) Thls resistance may render smple solubility comtants (I$) 

calculated for solid actmde hydromdes mvalid (Choppm, 1983) and can &kct apparent 

distnbution coefficients (Kd) for systems contsumg actnude hydromdes 

OH 

'OH 

Upon agmg the hydroxyl bndges convert to oxo bndges 

OH 
/ \  

Pu Pu + Pu 0 Pu +H,O 
\ /  
OH 

3 0  3 Sorption 

Sorption on geological materials is an important control on the envlronmental behavior of 

actimdes and sorptlon reactions are one of the chef causes for the lmtd mobllity of most 

actimdes m the envlronment After 30 years of radioactwe releases from the waste water 

treatment facdity at hs Alamos for example plutoNum moved less than 3 mters (m) rnto 
the tuff (Stoker et al 1991) and slrmlar examples are common at other sites Physical 

adsorption chermsorption and electrostatic adsorption all appear to effect the envlronmental 

behavior of actimdes (Benes and Majer 1980 Allard and Rydberg 1983) but predicuon of 

sorption behavior rema- a major weakness 111 deternurung the envlronmental behavior of 

actimdes Sorpfion studies remaln emplrical and the &s are only valid under very llrmted 

conditions (Dozol and Hagemann 1993) 
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One problem is the pamally Irreversible nature of sorptioddesorption reamons Some of 

this behavior may be due to artifacts but experments on the sorption of plutomum by red 

clay show that sorptioddesorption reactions remam meversible even after possible artifacts 

are accounted for (Higgo and Rees 1986) 

3 0 3 1  Physical adsorption 

Physical adsorpbon occurs by non specific forces which attract solute to sorbent and bmds 

solute species m consecutwe layers to the exposed solid surface Th~s mecharusm is rapid 

non selective reyersible farly mdependent of concentration m solubon and only slightly 

dependent on ion exchange capacity 

3 0 3 2  Chemisorption (or Spectfic Adsorption) 

Chemsorption (or specific adsorption) results from specific chermcal forces between sorbent 

and solute Thls process can be regarded as complex formation and is commonly specific and 

selective concentrabon dependent and may be slow and only partially reversible 

Figure 3 1 shows typical sorphon behavior for actmde ions on oxide surfaces Actmdes and 

other transition metals typically exlubit a sharp sorption shoulder whch cornides wth 

formation of the first hydrolysis complex m solution (Farley et ai 1985) Hydrolysis 

complexes of the form M(OH)"'+ appear responsible for the shoulders These complexes are 

less charged than the parent (M +) ions and the sharp mcrease m sorption associated with 

their formation shows that the lnteraction is non-coulombic" and does not rnvolve sunple 

electrostatic attraction whch would be greater for the more hghly charged uncomplexed 

actmdes (it is "non-coloumbic") (Stumm and Morgan 1981) 
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Figure 3 I Typical Curves for Specific Sorptron of Actrnides on Solid Oxides 

There is a considerable body of evidence suggestmg that specific sorpQon IS mportant with 

actuudes At Los Alamos for example plutomum was strongly held by a vanety of 

materials mcludmg tuff wluch has an ion exchange capacity of only 0 5 to 3 meq/lOo g 

(Christenson et a1 1958) Orgamc matter free soils from Hanford showed smlar  behavior 

and a large percentage of plutomum was adsorbed by soil almost d n t e l y  (Rhades 

1957) 

The mechamsm of specific adsorption has not been totally elucidated but appears to have 

much in common with that of hydroxide precipitation 
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3 0 3 3  Electrostatic Adsorption/lon Exchange 

Electrostatic adsorptiodion exchange IS a common mteracbon between solid and spec- m 
solufion and is due to coulomb forces whch attract species from solution to solid surf's 

The process is dependent upon concentration 

Electrostatic adsorption also affects the behavior of acmdes m the envuonment Actmdes 

whch entered the envuonment as solutions or metals tend to be concentrated 111 the fm 
fracfion of soil and sedunents wlwh also has the hghest cation exchange capacity (Kmgsley 

1947 Hakonson and Nyhan 1980 Purtymun et a1 1983 Watters et a1 1983 Little and 

Whicker 1978) In Mortandad Canyon at h s  Alamos for example plutomum 

concentrations m the sllt and clay fracfion are seven tunes the concentration in the coarser 

fractions of alluvium (Dahlman et a1 1980 Hakonson and Nyhan 1980) 

A number of studies mcludmg recent work by Litaor and I b r h  (1997) moreover showed 

that a small fiacbon of the plutomum can be removed from soil with smple salt solutrons A 

small fraction of actuudes are held m the exchange sites under normal conditions but the 

fraction held by electrostatic sorption will increase if plutomum becomes less strongly held by 

specific sorption It has been suggested for example that reduction of soils under natural 

conditions could destroy iron oxides and decrease specific sorpbon of actmdes Under such 

conditions ion exchange reactions should mcrease 111 mportance 

Electrostatic adsorption onto soils and sedunents depends on the charge of the stahonary 

phse and this charge changes with solution pH Soil particles are positrvely charged at low 

pHs but shft to a negative charge at hgher pH values The pomt at whch the particles have 

no net-charge is the isoelectric pomt and this corresponds to the pomt of zero proton 

condition (pu when OH and H' are the only ions m solution (Table 3 3) The positrvely 

charged surfaces formed at low pH will retard movement of amons and the negatively 
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charged surfaces formed at hgh pH wdl retard movement of cat~ons (Stumm and Morgan 

1981) Under envlronmental condioons most surfaces 111 sod wlll be negatively charged and 

attract cations and even positively charged rmnerals tend to be coated with natural orgamc 

matter (NORM) whlch provides a negative charge mespecme of the ongmal surface 

Table 3 3 Zero Point of Charge for Soil Constituents of Possible Significance at 

RFETS 

Material PH, 
a Al,O, 

a Al(OH), 

y AlOOH 

F%04 

a FeOOH 

Y F%O, 
“Fe(OH), (amorph) 

6 MnO, 

P MnO2 

sio, 
feldspars 

kaollnlte 

montmonllomte 

9 1  

5 0  

8 2  

6 5  

7 8  

6 7  

8 5  

2 8  

7 2  

2 0  

2 2 4  

4 6  

2 5  

From Stumm and Morgan (1981) 

Ions in solution follow a general order of affuuty dmng ion exchange reactions Thls affimty is 

caused by coulombic interachons among counter ions and the exchanger and ion-dipole and 

induce dipole interactions (Eisenmann, 1962) Normally the first factor is weak compared to 

the second and the affmty sequence follows the Hofineister senes where ions of small hydrated 

radius are preferred over ions of large hydrated radius (Stumm and Morgan 198 1) 



Cs > K  >Na >Li 

Ba2 >S? >Ca2 >M$ 
Pu3 >Am3 

u4 >Pu4 

Ions of smaller hydrated radius (such as Pu3 ) displace those of hgher rad~us (such as Am3 ) 

and hgh charge ions (such as Pu37 are preferred over low charge ions (such as Ca2 and Na ) 

3 0 4 Aqueous Complexes 

Actuudes form strong complexes with a range of morgmc mons orgamc compounds with 

negatively charged funcbonal groups and synthebc complexmg agents These react~om 

mfluence the solubllity of actnudes m solution and greatly increase the apparent redox stability 

of valences whch form the strongest complexes (Choppin 1983) Figure 3 3 shows the effects 

of complexmg agents on sorpbon reachom In general formation of actmde amon complexes 

reduces the quantities of free ions avallable for hydrolysis and shifts both sorpbon and 

precipitahon curves to hgher pHs 

The strength of complexes with morgamc amons follows the order 

M4" > M3+ > MO;' > MO," 

F> NO, > C1 > ClO, 

cojz > so; > c,o,' > so,' 

The thermodynamic constants for these actimde complexes are bemg critically reviewed and 

compiled as part of a European Nuclear Energy Agency (NEA) imtlative (Dozol and 
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Hagemann 1993) Data for uramum currently are avallable but data for plutomum and 

americium are not complete Plutomum IS the most complicated system among the actmdes 

because of the large number of possible valences mvolved and Table 34  provides a 

compilahon of stabllity constants for mportant complexahon reachom m thu system 

Table 3-4 Complexes of Tnvalent and Tetravalent Plutonium 

Reamon Eqdibrium Constant constant 

EDTA Pu4 + H 2 p  o 2 H  +PuY [PUYIW i2m4 i w , ~  =4 57x10" 
* 

3 0 5 Pseudo-Colloids and True Colloids 

McCarthy and Zachara clamed that small negatively charged partxles move m soluhon 

under special condihons and that these complexes can transport actmdes quickly through 

groundwater across large distances (McCarthy and Zachara 1989) Actmdes complexed 

with hlgh molecular weight orgamc molecules sorbed on clays sorbed on hydrated won 

oxides and hydrated alurmnum oxides ( psuedo colZozds ') and actmdes trapped withm finely 

divided actmde hydroxides and oxides ( true colloids ') have been suggested as moblle 

phases (Puls and Powell 1992 Robertson 1984 Ryan and Gschwend 1990 Nightengale 

andBianclu 1977 Kunetal 1984) 

The chef example of the potential sigmficance of such colloids M transportmg radronuclides 

has been the appearance of plutomum 111 momtoring wells 3 km from the source of 

contammation m Mortandad Canyon at the Los Alamos National Laboratory (McCarthy and 

Zachara 1989 Penroseetal 1990) 
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Recently however it has been demonstrated that plutomum moved down ttus canyon 111 

surface runoff and not through groundwater (Marty et a1 1997b) 

Such transport of actmdes on colloids has been cl- to be actwe at WETS (Hanush et 

a1 1994 Harnxsh et a1 19%) The results of studies however are suspect because of a 

comblnation of pathologic science (the data on whch mterpretaQons are based are less than 

detection lmts)  and potentnl arhfacts (momtomg equipment was lnstalled through surface 

actmde contammoon without adequate safeguards) 

Theoretical work on extremely fine particles m water moreover suggests that colloids 

should be effectively screened from groundwater over short distances through the achon of 

natural collectors (Yao et a1 1971) Natural analogs cast further doubt on the sipficance of 

this mechamsm Natural Th4' for example forms strong complexes with natural orgamc 

matter but remam largely m o b i l e  111 sods presumably as a result of competmg reactions 

Facilitated transport of plutomum complexed by synthebc complexlng agents however has 

been unequivocally demonstrated for ethylene dlarmne tetra aceQc acid (EDTA) plutomum 

complexes at the Maxlmats disposal site (Cleveland and Rea 1981) and NORM and other 

colloidal materials form aqueous phase complexes with actmdes and stabillze plutomum m 

lake water (Nash and Choppm 1980 Watters 1983 McCarthy and Zachara 1989) It 

therefore seems possible that complexes of actmdes with NORM and other colloids could 

mcrease the rate of actmde transport even though clear evidence has not emerged to date 

The general processes described above control the envlronmental behavior of actimdes but 

the chemical properties of urmum plutomum and americium also differ in many respects 

Environmental conditions also vary from site to site influencmg the behavior of actmdes 

The following sections contam a more detailed discussion of the effects of the specific 

chemistry of the individual actmdes specifically urmum plutomum and amencium under 

the soil and groundwater conditions found at RFETS 
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3 I URANIUM 

3 I 1 Origin and Occurrence of Uranium 

Urmum (element 92) occurs nahually m the earth s crust with an average concentration of 

2 7 mgkg Urmum is a lithophdic element whch is most abundant m gram- (averagmg 5 

parts per million [ppm]) and shales (averagmg 3 5 ppm Krauskopf 1979) M p c k  et al 

(1983) evaluated the concentrahons of U 238 m surface sods across the Umted States to 

deterrmne background levels Surface sods of Colorado were found to range from 0 47 to 

3 0 pCdg with a mean and standard deviation of 1 2 pCdg and 0 91 pCdg respectwely 

Natural urmum is 99 273% U 238 but also contams small amounts of U 234 and 

U 235 (0 005 and 0 72% respectively m most cases) The mass differences among the 

uramum isotopes is m o r  and the isotopes do not normally fract~onate through natural 

physical or chemical processes (Faure 1977) U 238 has a long half llfe (4 51 x lo9 years) 

and decays to Pb 206 through a cham whch mcludes U 234 (Emnbud 1987) U 234 has a 

relatively short 248 OOO year half life but once secular equlibnum 1s establuhed the 

radioactivity of U 234 exactly equals the radioactmty of U 238 U 235 decays through a 

separate cham to Pb 207 with a half life of 7 13 x 108 years (Elsenbud 1987) 

3 1 2 Geochemistry of Uranium 

Uramum assumes Tv and VI valences m soil As with all actmdes the IV valence 

hydrolyzes precipitates easlly undergoes strong specific sorption reactlons and is preferred 

over other cations in ion exchange reactions These reacQons render largely Immobile 

m the envlronment despite highly stable complexes with morgmc and orgmc ligands The 

more oxidned U(VI) is more soluble undergoes weaker specific sorption and tends to be 

more mobile (Salomons and Foerstner 1984) 
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Amons suchas carbonate mtrate chloride fulvic acid hurmc acid and EDTA form 
complexes with U o  and U(VI) and mcrease the amount of uranium whch can remam m 
solution Tlus m turn mcreases the overall mobility of the uranium Uranium generally IS 

least mobile m reducmg (anaerobic) envvonments free of complexmg mons and most moblle 

m oxidmng (aerobic) envlronments with hgh concentrations of complexmg antons 

Natural urmum is ubiquitous 111 the Front Range of Colorado and complicates studies of 

uramum at RFETS High uranium grates occur throughout the front range and urmum 
ore (the Schwartzwalder mme) is located near RFETS The natural alkalme and oxidmng 

envlronment m near subsurface water mobilm uramum m groundwater and 

uramum concentrations 111 water samples are probably due to leachmg of uranifetous strata 

in the Pierre and Lararme formafions 

urmum compared to most other nvers of its sue (Bolivar et a1 1978) 

hgher 

The South Platte Rwer is anomalously rlch m 

The isotopic abundances (by weight) m some of the uranium used at RFETS differed 

sigmficantly from natural values and t€us may be useful 111 d e t e m  whch urmum 

represents RFETS contammfion (Table 3 5) Both U 234 U 235 emched and U 234 U 

235 depleted nuclear weapons components were manufactured at RFETS @G&G 1988) and 

the isotopic signatures of both types of contammation could theoretically be differenbated 

from natural uranium Unfortunately most samples collected from RFETS have been 
analyzed by alpha spectroscopy and thls techque provides only an estunation of U 235 

activity 
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Table 3 5 Isotopic Rafros m Potenfral Soumes of Uranium at RFETS 

Natural Depleted Power Plant Enriched 
Urmum* Urmum** Urmum UI.anlum** 

U 238 99 273% 99 75% 97% 5% 

U 235 0 72% 0 25% 3% 95 % 

U 233/234 0 005% 0 0005% 0 03% TBD 

U 234/U 238 106 009 5 74 > >5 74 

* Naturally found at RFETS ** Contributed by miustrial use of RFETS 

Efurd et a1 (1993) used thermal tomation mass spectrometry (TIMS) to measure U 234 

235 236 and 238 m RFETS sednnent and water samples The techque 1s more accurate 

than alpha spectroscopy and provides more certarn isotopic rabos On the bas= of thu data 

the authors concluded that the 

naturally occurrmg m u m  and its decay product radium and that the 

anthropogemc radioactivity m the te-1 ponds was depleted urmum 

half the urmum present m Ponds A4 and C 2 and approxunately 20% of the urantum 

present m Pond B 5 apparently ongmted as depleted urmum These results are sig.lllfcant 

because they allow urmum contributed by lndustnal to be dflerenbated from uramum whch 

occurs naturally 

largest source of radioactivity m the tennmal ponds was 

largest source of 

Approximately 

U 236 is produced by neutron capture on U 235 m nuclear reactors or atomc explosions and 

does not occur m nature or m uran~um whch has not been through a reactor (EM et a1 

1993) U 236 therefore would not be expected m the urmum used at RFETS Efurd et al 

(1993) however detected U 236 m some samples and concluded that the 

236 111 the surface water samples collected at RFP (WETS) and the varrable U 238/U 235 

atom rauos detected in water samples collected from the holdmg ponds prove that 

anthropogemc urmum is present 

durmg an explosion and may be atmospheric fallout from atormc testmg 

U 238/ U 235 ratios for dissolved uramum in RFETS groundwater from whch nondetects 

have been excluded show a wide scatter Ths could be due to lack of a systematx treatment 

presence of U 

This probably represents urmum subJect to neutron flux 
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of samplmg and analytical error or real vanability m isotopic rabos The most lrkely 

explanation is unpropagated error because background wells show hlgh variability ln isotopic 

ratios whch cannot be otherwise explamed 

U 234/ U 238 actzvzfy rabos could theoretically be used to distinguish between natural 

enriched and depleted urmum (Table 3 5) The ratio should be 1 0 at secular equdibrium 

but the ratios ranged from < 1 0 to > 2 5 for background areas (DOE 1993a) If analytical 

errors were correctly handled 111 thls study ths would lndicate that unexpected factors 

affected U 2341 U 238 activity ratios lmtmg its usefulness in distmgulshmg between natural 

and WETS uramum 

DOE (1993a) reported a range of 1 19 to 2 43 for rabos of urmum isotopes m filtered 

background groundwater and stream water and DOE (1995b) reported U 234/ U 238 rabos 

rangmg from 0 34 to 18 5 for UHSU groundwater at the Solar Ponds (formerly known as 

Operable Umt 4 [OU4]) Neither report systematmlly dealt with analytical errors and the 

results therefore are of lmted usefulness 

In summary the results from most of the studies of lsotopic ratios undertaken to date have 

not systematically dealt with error TIMS analysis shows promse as a means to determlne 

the source of uramum because its analytical errors are smaller and isotopic ratios can be 

determmed more precisely TIMS could allow natural u m u m  and anthropogemc uramum to 

be better d e t e m e d  Ths may be nnportant because background levels set natural lwts on 

the effectiveness of cleanup and the differentiation of contammated areas from 

uncontaminated areas could allow cleanup efforts to be focused 
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3 2  PLUTONIUM 

3 2 1 Origin and Occurrence of Plutonium 

Plutomum was the second trans-c element discovered and the first transuratllc element to 

be produced m macroscopic quanQhes (Seaborg 1958) It has been produced m far greater 

quanhfies than any other transuramc element because of its useuness m produmg atomc 

weapons and power The plutomum used at WETS was weapons grade and consisted 

prlmarily of Pu 239 (half life of 2 44 x 104 years) with lesser amounts of Pu 240 (half life of 

6 580 years) and hgher lsotopes 

Plutomum does not occur 111 nature but an anthropogemc background of Pu 239 PU 240 and 

Pu 241 exists worldwide due to fallout from atmospheric nuclear weapons tests A 

considerable background of heat source plutomum (Pu 238) also OCCUTS due to the 

atmospheric burnup of a nuclear powered satellite (SNAP 9A) over the Southern Hemsphere 

m 1964 (Hardy et a1 1973) 

The distribuhon of fallout plutomum across the earth s surface IS not umform geographc 

orographlc and meteorologic effects produced spahal variahons m fallout Hardy et a1 

(1973) studied the distrrbution of fallout plutomum and measured the isotopic mhos m soil 

samples collected from around the world They detemmed that the heaviest fallout of Pu 
239 and Pu 240 lies in the temperate latitudes 111 the Northern Hermsphere whereas 

concentrations of Pu 238 are greatest 111 the temperate labtudes of the !Southern Hemsphere 

(Hardy et a1 1973) Purtymun et a1 (1990) studled the deposition and distribution of 

plutomum from worldwide fallout and concluded that the 

concentrations and ratios can be attributed to regional and local weather patterns and to 

distribution by physical transport 

contributes to the inconstancy of plutomum concentrations and ratios found m sods and 

sedlments 

differences m plutomum 

and that variability m plutomum pmcle slze also 
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The plutomum used at RFETS was exclusively “weapons grade and was pmnady m a 

metallic form This plutomum is predommntly PU 239 with small amounts of Pu 240 and 

traces of heavier isotopes Some low pH plutomum contauung solut~ons also were used at the 

plant as part of processes to recover waste plutomum 

3 2 2 Geochemical Behavior of Plutonium 

The usefulness of plutomum m producmg atomic weapons and as a power source has resulted 

in extensive studes of the soluhon chemstry of plutomum includmg the interacbon of 

plutomum solutions and metals with soil (Seaborg and Loveland 1990) The enwonmental 

chemistry of plutomum is complicated by the large number of reacbons mvolved, but despite 

the relahvely recent &scovery of the element its major reactions are well charactenzed 

(Seaborg and Loveland 1990 Choppin 1983) 

As discussed above the major reachons urfluenclng the envlronrnental fate of plutomum are 

reduchon oxidahon (Eh controlled) formahon of complexes wth mons and NORM 
(controlled by pH and strength of complexmg mons) precipitabon (controlled by soluhon 

composition) and sorpbon (controlled by solution composition and the nature of solid phases) 

Formation and transport of colloids also may be a mechamsm for the movement of plutomum 

(Essmgton and Fowler 1976 Nevissi et al 1976) even though the mportance of thls as a 

groundwater mechamsm appears overstated H a m h  et a1 (194) attempted to exarmne 

plutomum colloids at RFETS but used data whch were less than detection lmts to support 

therr conclusions and did not consider the potential artifacts produced by emplacement of 

groundwater moxutormg wells through plutomum contarmnated sod These problems also 

affected later work by these authors ( H a s h  et a1 1996) 

A number of studies have suggested that plutomum is not absolutely chemally unmobile m 
the environment under all conditions Noshlun et a1 (1976) for example showed that at the 
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Enewetak Atoll plutomm had mgrated 80 m downward to groundwater This envmnment 

contrasts with that of RFETS the actmdes were mhally trapped m calcium oxides 

hydroxides and carbonates the seawater is hgh m complexmg mons and the sods and 

sedunents lack both sdicate and metal sesquioxides to sorb plutomum It therefore is not 

too surprismg that the authors found Pu 239+240 to be 

water saturated coral sand envlronments (Essmgton and Fowler 1976) 

very mobile throughout the 

Litaor and Ibralum (19%) clauned that plutomum mght be chemcally mobdmd d e r  

envronmental condihons at WETS but the mechamm by whch movement would occur is 

not defined The Actmde Migrahon Panel will evalute the data 

Rusm et a1 (1994) demonstrated that lron reducmg bactena m combmation with strong 

artificial complexmg agents mediate the solubillzahon of hydrous Pu02(s) under anaerobic 

condihons As much as 90% of PuO, was "biosolubdmd" expenmentally 111 SIX to seven 

days As will be dlscussed 111 subsequent sechons even relahvely weak d c n l  complexmg 

agents such as citrate can move Pu02 lnto soluQon when used m conjunchon unth strong 

reducmg agents such as dihomte Strong mficial complexmg agents such as EDTA or the 

mtrdotnacehc acid (NTA) used by Rusm et a1 (1994) can solublllze PuO,(s) under weakly 

reducmg conditions such as those lnduced by lron reducmg bactena It is unclear whether 

reduction unproves the removal efficiency with strong synthetic complexants m all cases smce 

experunent results are med (Refer to Treatabllity Studies Appendlx A) 

3 3  AMERICIUM 

3 3 1 Origin and Geochemical Behavior of Americium 

Amencium at WETS pnmmly forms as a result of the decay of Pu 241 (half life = 14 4 

years) and mgrows withm weapons plutomum as the relatively short lived Pu 241 decays 



As with plutomum americium IS not found m M~UR but a world wide background occurs as 

a result of bomb tests 

3 3 2 Geochemistry of Amencium 

Americium can exist 111 mulbple oxidahon states (III IV V VI) but IS expected to be m the 

III state 111 aerated waters m the absence of oxidants other than atmospheric oxygen The 

geochemcal behavior of amencium m the envEonment is SIIII.II~~ to that of plutomum both 

actuudes tend to be strongly adsorbed to the solid phase under neutral to aikallne oxidmng 

conditions 

1 

As discussed above the major react~ons duencing the envlronmental fate of amencium are 

formabon of complexes mth mons and natural orgmc matter (controlled by pH and strength 

of complexmg mons) precipitabon (controlled by solution composition) and sorpbon 

(controlled by solubon composibon and the nature of solid phases) Amencium also may form 

psuedo and true colloids whch could potentdly rmgrate through groundwater although 

evidence of such rmgrahon is qu~vocal (Silva and Nitsche 1995) 

Am3+ should behave 111 much the same manner as h3+ and the behavior of Am3+ may help 

elucidate the envuonmental behavior of tnvalent actnudes The distnbubon of Am3+ and 

pU4+ at RFETS generally are slrmlar "his suggests that differences m the envmnmental 

chemstry of Am3+ and Pu4' may not sigmficantly affect thelr envlronmental behavior over a 

period of decades and that reduction of h4+ to h3' under natural conditions may not 

quickly affixt the distnbution of plutomum 

3 4 DETERMINING PARTITION COEFFICIENTS FOR ACTINIDES 

As stated above sorpbon studies remam ernprrical and distribution coefficients which are 

measured are only valid under very llmited conditions (Dozol and Hagemann 1993) One 
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problem is the pmally mversible nature of sorphonldesorphon reachons Some of thls 

behavior is due to artifacts but expervnents on the sorpbon of plutomum by red clay show 

that sorptioddesorphon reachons remam mversible even after possible d a c t s  are 

accounted for (Higgo and Rea 1986) The problem of detemumg actllllde &s therefore 

becomes one of determmng the lmted condihons most llkely to represent naaual conditrons 

Prediction of aqueous actmde transport m sods and groundwater is dependent on an 

understandmg of contarmnant mobllity rn the solywater environment Estmtes of 

contarmnant mobdity are normally obtamed usmg a parameter known as the I<d whch is a 

quantitahve measure of the degree of sorphon for an lndividual contarmnant that exlsts 

between a solution and a solid phase under specific geochemcal conditions I(d values are 

used in contarmnant transport equahons to calculate mgration rates for long term predichons 

of contarmnant movement and behavior m soluhon 

The value of I(d for each compound or element is a h t x o n  of the geochemcal behavior of 

that compound or element as well as the composihon and charactemhcs of the sorbent In 
turn the geochemcal behavior of a compound is controlled by condihons such as redox 

potential (Eh) pH and soluhon composihon Low I(d values lndicate that contarmaants are 

weakly sorbed to the solid phase resultmg m a relatively hgh aqueous mobllity through soils 

and sedlments Conversely hgh I& values lndicate that contarmnants are strongly sorbed to 

the solid phase resultmg m a relahvely low aqueous mobility through soils and sedlments 

Due to variable conditxons the range of K,, values reported m the literature spans several 

orders of magmtude for the a c m e s  As reported m the RFURI Report for OU3 at WETS 

(DOE 1996) the ranges of publlshed values for u m u m  plutomum and americium are 0 to 

4 400 0 4 to 87 0oO OOO and 0 to 47 230 respechvely (DOE 1996) Representative & 
values given in the OU3 RFI/RI Report are 1 550 for U 234 4 500 for plutomum and 700 

for americium (DOE 1996) 
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Jakubick (1976) estrmated a I(d of 5 OOO for plutomum 111 pmally saturated loamy sod with 

pH = 6 The estrmated vertical transport was 0 8 c d y r  Jakubick (1976) suggested that 

PuO, mgrated m the form of small dlscrete pmcles If th~s is the case then the mgratlon 

rate of the plutomum would correspond to physical propemes of a given soil A study by 

Routson et a1 (1975) expermentally detemned & values for americium For sods m 

eastern Washmgton State K,, values were greater than 1 200 and were not mfluenced by 

different concentrations of calcium or sodium ions Glover et a1 (1976) conducted 

equilibrium sorption measurements on different soils for plutomum and amerrcium rutrates 

K,, values for plutomum mtrates ranged from 35 to 14 O00 whereas those for americium 

ranged from 82 to 10 OOO Clay and sand content along with cahonexchange capacity 

(CEC) were determmed to be the most lmportant factors 111 plutoruum and amerxium 

lmmobilmtion or retardation ln the sods suggestmg that conven0on.d ion-exchange processes 

were responsible 

The OU3 RFI/FU Report (DOE 1996) notes that the presence of multiple oxadahon states and 

meversible reacQons between them makes the predicoon of long tern behavior of plutoruum 

m aquatic systems difficult The report also c l a m  that envrronmental behavior of plutomum 

is complicated by the existence of iomc particulate and colloidal and pseudocolloidal 

plutomum in the water column and notes that the adsorpQon of plutomum on sedments is 

not fully reversible due to colloid formation" and changes 111 the oxidatlon state DOE 
(1996) also states that the I(d of plutomum may be lower under reducmg conditions than 

under oxidmng conditions 

One method of detemmng a & lnvolves the calculation of apparent I(d values uslng data 

for soils and associated interstitial waters The raw data to perform such calculatlons for 

WETS have been evaluated for groundwater and surface water unfortunately dlssolved 

results are close to or less than detection llmits rendervlg the values hghly uncertam 
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K,, s for plutomum and amencium m groundwater and surface water also may be calculated 

on the basis of total plutomum versus total suspended solids VsS) and total amencium versus 

TSS correlations These de t emt ions  assume that (m the case of plutomum) 

Pu(tot pCr I L )  = Pu(drss pCr I L )  + Pu(part pCi I g )  * TSS(g1 L) 

and 

The K,, value is then calculated by dividmg the slope of the total Pu TSS regression lme (1 e 

Pubart 1) to the mtercept value (1 e Pu[diss 1) and c0rrect.q the result for proper wts 

These calculations result m estlmated K,, values for plutomum and amencium that are m the 
Id to I d  Llkg range The results are not presented here because further work is necessary 

to document the condiaons under whch the coefficients are valid and to systematxally 

deterrmne the errors associated with the deternunabon 

Hursthouse and Livens (1993) used soil and mtemt~t~al water data to estunate K,, values for 

plutomum and americium m sedment profiles Then K,, values ranged from 1 9 x 105 to 9 0 

x Id for plutomum and 11 x 10s to 39 x le for amencium (Hursthouse and Livens 1993) 

In summary the range of plutomum K,, values reported m the literature spans as much as 

eight orders of magmtude and reliable site specific K,, values have yet to be empmcally 

deterrmned for WETS soils The heterogeneous nature of geologic matenals makes it 

difficult to extrapolate from one site to another although sites with smlar geological 

geochemcal and cllmatic conditions may be anhcipated to have s d a r  K,, values 

As part of the 1997 Actmde Migration Studies apparent IC,, values will be d e t e m e d  for 

WETS soils and sedunents The soils will be from the 903 Pad Area and the SID and the 

sedunents will be from Ponds B 1 B 5 and C 2 These sorption studies are mtended to 

supply empirical measurement for I(ds for conditions whch are dnectly applicable to RFEiTS 

1 
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The soil and sedunent samples are chosen to represent the sod types most affected by 

plutomum The water for laboratory experunents was obtamed from momtomg wells at the 

Site and wdl contam m o n  and dissolved orgmc matter at ConcentraQons representatwe of 

conditions at the site Pu 242 will be used as a surrogate for the behavior of Pu 239 m soil 

Proper precautions wdl be taken to ensure that Pu 242 is m correct valence dumg 

experunents and to prevent the problems with valence mduced artifacts whch affected earlier 

work The unportance of agmg of actmdes m soils on reversibdity of so-on also Pu 239 

should be mvestigated The study should mclude a study of sorpoon and desorption lunetxs 

of Pu 242 solutions onto and off of WETS solid phases 

I Choppin G R 1983 Aspects of plutomum solution chemistry Plutonium Chemstry 
American Chemical Society Symposium v 216 pp 213 230 
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at the Rocky FIats Environmental TechnoIogy Site 

4 0 ACTINIDE DISTRIBUTION IN SOILS AT RFETS 

4 1 PLUTONIUM AND AMERICIUM IN BACKGROUND SOILS 

Fallout from nuclear tests has contributed plutomum and amencium to sods worldwide Small 

amounts of plutomum and americium are found as background m all surface soils These 

background levels are used as a benchmark at RFETS to deterrmne whch mreased actlvity 

concentrations of americium or plutomum are due to Site actlvihes 

4 1 1 Plutonium and Americium in Background Surface Soils Near RFETS 

Surface soil is defined as the upper 6 lnches (15 cm) of sod by the RFCA (DOE 1996b) 

Two background surface soil samplmg programs have been completed at RFETS 
Background surface soils samples were collected from the Rock Creek area of the Buffer 

Zone to the north of the RFETS IA Results were reported m the Background Geochemcal 

Charactenzation Report ( BGCR) (DOE 1993) The Background Solls CharackmQon 

Program was undertaken 1111994 (DOE 1994) due to on gomg concern whether the Rock 

Creek soils are truly not mfluenced by plant activihes and have representatwe baclcgrod 

concentrations of radionuclides and other morgantc elements Samples were collected m the 

Boulder County Open Space just north of RFETS and from 20 locatlons with soils smlar  to 

those of RFE TS Results of the program are presented UI the Geochemcal Charactenzation 

of Background Surface Soils Background Soils Charactenzation Program (BSCP) (DOE 

1995a) 

Results for the two sampling efforts were slrmlar The reported means and standard 

deviations for plutomum and Americium are given m Table 4 1 Levels of plutomum m 
surface soils varied from 0 026 to 0 1 pCdg m the BGCR (Rock Creek) data In the BSCP 

data surface soil plutomum levels ranged from 0 017 to 0 072 pCdg 
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Isotope 

Amencium 241 
Plutomum 239/240 

Americium surface soil levels ranged from 0 01 to 0 036 pCdg ln the Rock Creek data In 
the BSCP data surface soil americium levels ranged from 0 001 to 0 025 pCdg 

BGCR BSCP 
Mean Standard Mean Standard 

Deviation Deviauon 
pCdg 

0 02 0 007 0 011 0006 
0 055 0 014 0 038 0 014 

Table 4-1 Means and Standard Deviatrons for Plutonium and Amedcium in 

Background Surface Soil Data 

4 1 2 Plutonium and Amencium in Background Subsurface Soils at RFETS 

The BGCR also presents results of background subsurface soil samplmg Samples were taken 
to the north and south of the IA well out of the zone of mfluence of plant actnmes 

Plutomum and amencium are virtually at the l m t  of detection ln the samples of background 

subsurface soils with the error terms as large or larger than the results (DOE 1993) For 

statistical and reportmg purposes all results are considered detecuons although they may be 

below the detection l m t  Reported activityconcentrations for plutomum m subsurface sods 

ranged from -0 01 to 0 03 pCi/g with a mean of 0 004 (standard deviation=O 007 pCdg) 

Americium activity/concentrations in subsurface soils ranged from -0 015 to 0 01 with a 

mean of -0 002 pCi/g (standard deviation=O 007 pCi/g) 

4 1 3 Distribution of Plutonium and Americium in Surface Soils at RFETS 

Plutomum and americium are generally not as chemically mobile as uramum 111 the soil 

envlronment of RFETS (See Section 3 0) The prnary mechamm of mgration is physlcal 

transport of plutomum and americium-contaminated surface soils by wlnd or water whlch 

has distributed these two actimdes across the downwind and downslope soilscape (See Section 
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7) The spahal distribution of RFETS plutomum was estimated by two early studies (Krey 

and Hardy 1970 and Seed et a1 1971) An aerial radiological survey was conducted 111 

1989 to measure both natural and anthropogemc gamma radiation from the terram surface 111 

and around the Site (EG&G 1990) In 1990 an 111 situ hgh purity germamum (J3PGe) 

survey was conducted to the East of the 903 Pad Lip Area (EG&G 1991) A second HPGe 

survey of the 903 Pad and Lip Area was performed m 1994 (RMRS 1996) Data were 

collected m support of remedial mvestigations for most former OUs and these data are 
mcluded m the data set used for the discussion that follows Many other surface soil samples 

have also been collected at RFETS as part of various projects All surface sod data from the 

WEDS have been compded for the figures and discussion m thrs secuon 
I 

Plutomum activities m surface soils around RFETS range from 7300 pCi/g near the 903 Pad 

to background m many areas Americium activities m surface soils range from background to 

295 pCi/g also m the 903 Pad Area About 82 percent of the surface soil results for 

plutomum 239/240 and about 90 percent of the results for Am 241 are less than 1 0 pCdg 

Americium activities and spatial distnbution show a hgh correlation to those of plutomum 

(DOE 199%) 

Figures 4 1 and 4 2 show areas at RFETS with plutomum and americium actwities estrmated 

to be above 1 pCdg The contours were produced by kriging grids produced usmg data for 

all surface soil locations shown in Figure 4 3 The reported analytical results for over 1800 

samplmg locations were used The contours were then exarmned and edited usmg 

professional judgment The figures show that surface soils with elevated activities for 

plutomum and americium occur to the east of the IA and withm the Protected Area The 

hghest activities are associated with the 903 Pad and Lip Area 

Figure 4 3 presents the results of scree- all surface soil and sedunent data avadable from 

the WEDS against the radionuclide action levels developed for the RFCA (DOE 19%) 

Table 4 1 shows the surface soil action levels for each radionuclide The maximum analytical 
I 
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Rabonuchde Tier I Abon Level 

Buffer Zone 

result for each radionuclide at each location was divided by the appropriate actlon level The 

resultant ratios were then summed across radionuclides for each location to obtam the acbon 

level sum of ratios as descnbed m the Action Levels for Radionuclides in Soils for the Rocky 

Flats Cleanup Agreement (DOE 1996) and shown below 

Tier I Abon Level ner I1 Amon Level 

IA Site-Wide 

Sum of Ratios = Pulpy, + A q / A q ,  + U234JU234, + U235JU235 I + U238JU238 I 

Americium 241 

Where subscnpt r denotes an analytical result and subscript a1 denotes the appropnate 

surface soil action level (Table 4 2) A sum of ratios was calculated for the raQo of a result 

to both the Tier I and Tier II action levels 

action levels for the five actnudes was greater than or equal to one then the location was 

plotted as above Tier I (Figure 4 3) if the Tier I sum was less than one then the sum for 

the Tier 11 raoos was used When the Tier II sum of raoos was greater than one the locatlon 

was plotted as above Tier 11 but below Tier I and when the Tier 11 sum was below one the 

location was plotted as below Tier 11 

If the sum of raoos calculated usmg the Tier I 

215 209 38 

Table 4-2 Radionuclide Surface Sod A c h n  Levels (pCdd 

Plutoruum 239/240 

Uramum 234 

Uramurn 235 

1429 1088 252 

1738 1627 307 

135 113 24 

Uramum 238 586 506 103 

By comparing Figure 4 3 to the contour maps (Figures 4 1 4 2 4 9 4 10 and 4 11) it can 

be deterrmned whch Tier I exceedances are malnly due to plutomum and americium The 
exceedances of Tier I and Tier I1 action levels due mamly to plutomum and americium are in 
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the area mfluenced by the 903 Pad Exceedances m the other areas are mamly due to 

uramum isotopes whch are discussed m Section 4 2 

4 1 4 Distributron of Plutonium and Americium in the Subsurface Soils at 

RFETS 

Subsurface soil samples have been collected from boreholes drilled for many projects at 

RFETS The samples are well distnbuted across the site (Figure 4 5) Samples have also 

been collected from trenches and pits specifically excavated for samplmg purposes (DOE 

1995b) All subsurface soil data from WEDS were used m th~s section 

Figure 4 5 shows borehole and well locaoons at RFETS where subsurface soil samples were 

collected Plutomum activities 111 subsurface sods around RFETS range from 1486 pCdg m 
the East Trenches Area to background m many areas Americium activitles m subsurface 

soils range from background to 208 pCdg m the East Trenches Area 

Locations with concentration activities above Tier II or Tier I radionuclide acoon levels are 

shown 111 Figure 4 5 The same action levels are currently applied to subsurface soils for 

evaluation as for surface soils (Table 4 1) The method used to produce the ratios for 

subsurface soils depicted m Figure 4 5 was the same as explamed above for surface soils 

(Figure 4 3) Results show that the areas with the highest concentrahon/a~vities are located 

111 the East Trenches Area (near MSS 110 [trench T 31 and m IHSS 11 1 4 [trench T 71) to 

the west of the old landfill 111 and around MSSs 133 1 133 3 and 133 4 and m the area of 

the present landfill (IHSS 114) 

Results from the sampling of the trenches excavated 111 support of the former OU 2 WRI 

(DOE 1995b) make it possible to exarmne the distribution of americium and plutomum m 

surface and subsurface soils 111 the 903 Pad and Lip Area Trench locations are shown 111 

Figure 4 6 Profiles for three representative trenches with greatly varymg concentration 

73 
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/activihes of americium and plutomum are shown m Figures 4-7 and 4 8 The dlstribubons 

are very s d a r  for americium and plutomum at all concentration acmioes Krey and Hardy 

(1970) also noted 

sites 

an apparent smlarity m the downward transport mechamsm at all 

The actuude contammfion m the 903 Pad Area origmted from releases 111 the 903 drum 
storage area (the present 903 Pad) from 1958 to 1967 when the drums were removed 

Contammtion from the releases was then dlstributed to the south and east of the storage area 

by wmd and surface water runoff The soil profile data show the results of all comb& 

mgration factors that have been active smce the plutomum was deposited m the surface soil 

There has been little movement of plutomum and americium below a depth of 20 cm (about 8 

m) dumg the 25 years smce the release occurred even with very lugh surface soil 

concentration activihes Tlm agrees well with the fmdmgs of Krey et al (1976) and Litaor et 

a1 (1994) that 90 percent of the total plutomum is contamed w i h  the upper 10 to 12 cm of 

soils downwmd of the 903 Pad Krey et a1 (1976) suggested that for depths below 6 cm 

diffusion transport better describes plutomum distnbutiQns than parhcle transport vu 
infiltration flow 

4 2 URANIUM IN BACKGROUND SOILS 

Bolivar et a1 (1978) evaluated uramum distributions m waters and sedments of the Front 

Range and speculated that 

due to leachg of urmferous strata III the Pierre and Lararme formations 

study noted that the gramtes of the Front Range 

that the South Platte River is 

of its slze 

Precambrian gramtes) the presence of nearby ore grade uramum deposits (1 e the 

Schwartzwalder mine) and a generally alkaline and oxidmng environment in the near 

hgher urmum concentrations m water samples are probably 

Ths same 

are known to be rich 111 wmum and 

anomalously rich m uramum compared to most other nvers 

The types of rocks in the WETS area (claystones of the Laramre Formation and 
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Isotope 

Urmum 233/234 
Uramum 235 
Uramum 238 

subsurface soils contnbute to the llkellhood of hgh and variable concentrahons of u m u m  

existing m soils m the RFETS area 

BGCR BSCP 
Mean Standard Mean Standard 

Deviabon Deviahon 
pcl/g 

1 145 0 156 1097 0 578 
0 053 0 033 0 054 0 020 
1 183 0 188 1090 0 455 

4 2 1 Uranium in Background Surface Soils at RFETS 

Data compiled for the BGCR (DOE 1993) and the BSCP (DOE 1995a) gave very s d a r  

results for the mean actlvihes for m u m  lsotopes m surface sod samples collected from 

background areas near RFETS The means and standard deviations from the two data sets 

for urmum 233/234 235 and 238 are presented in Table 4 2 The dlstributions for all the 

uramum isotopes were detennuKd to be lognormally distributed 

Table 4-3 Means and Standard Deviations for Uranium Isotopes in Background 

Surface Soil Data 

4 2 2 Uranium in Background Subsurface Soils at RFETS 

Subsurface soils mclude soils and geologic materials collected from the dnllmg of boreholes 

at depths below 6 mches Subsurface materials include alluvium colluvium weathered 

bedrock and sandstones For subsurface soils (boreholes) at WETS means and standard 

deviations for urmum lsotopes were calculated from data presented in the BGCR (DOE 
1993) The background means and standard deviations for U 233/234 235 238 are shown 

in Table 4-4 

I 
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Urmum 233/234 

Table 4 4  Means and Standard Deviatrons for Uranium Isotopes in Background 

Subsurface Soil Data 

Mean Standard 
Deviauon 

pCdg 
0 779 I 0 932 

I 

Urmum 238 

IsotoDe 

0 733 0 376 

I 

Urmum 235 0 022 

BGCR 

0 046 

4 2 3 Uranium in Surface Soils at RFETS 

Analytical data for uramum m surface soll samples collected across RFETS show a wide 

range of uramum isotope activities urmum 233/234 activities m surface soils at WETS 

range from 0 218 pCi/g to 2800 pCdg activities for u m u m  235 range from -0 02 pCdg to 

670 pCdg and uramum 238 activihes ranged from 0 25 pCdg to 38000 pCdg Figures 4-9 

4 10 and 4 11 show the distribution of the urmum isotopes 11z surface sods at RFETS 
Elevated concentration activities for urmum are found around the Old Landfill (IHSS 115) 

and the Solar Ponds The exceedances of Tier I and Tier II acbon levels m these areas 

(Figure 4 3) are due to the elevated urmum isotope acbviues 

Litaor (1995) studied the soils east of the WETS IA downwmd of the 903 Pad and 

concluded that Proposed winddispersal mechamsms were not consistent with the spatial 

distribution of U isotopes no 

clear relationshp between known uramum burial and spill sites and the present distribution 

of U 235 in the soils 

PU 239+240 and U isotopes probably resulted from the hgher solubility and leachability of 

U isotopes compared with Pu 239+240 in the sod system 

in surface soils east of the 903 Pad and that there was 

He noted that the lack of smlarity m spatial distnbution between 

August1997 4 io 



W/ER 96-0048 UN 
DraJ Summary of Exuting Data on Acturide Migration 

at the Rocky Flats Envuonmental Technology Site 

Uramum 2331234 
Uramum 235 

Isopleth maps of the urmum isotopes amvitles in surface sods do not support all of the 

above conclusions (Figures 4 9 4 10 and 4 11) It is true no elevated uramum 235 achvihes 

occur in surface soils to the east of the 903 Pad (Figure 4 10) however there is an area of 

elevated U 238 actlvity to the east of the 903 Pad that correlates with the areas of m e s t  

amencium and plutomum actlvities (Figures 4 1 4 2 and 4 11) There are elevated actlvihes 

of urmum isotopes m other known source areas such as the Old Landfill the Ash Pits and 

the Solar Ponds The lack of a well defined spacial distributlon of the urantum isotopes to the 

east of the 903 Pad compared to plutomum and americium is probably due to therr mt~ally 

lower activities in the materials released as well as to thelr hgher solubllity This has 
allowed the urmuni isotopes to leach deeper mto the sod prohle 

pcdg 
0 2 1 .  2875 
0 023 288 

4 2 4 Uranium in Subsurface Soils at RFETS 

Ml~llmum and maxmum values for urmum isotopes m samples of subsurface soils 
(subsurface materials from below 6 mches) at RFETS are dlsplayed m Table 4-4 The 

maxmum values are considerably hgher than those obtamed for samples collected from 

background areas on Site (DOE 1993a) 

Table 4-5 Minimum and Maximum Activities for Uranium Isotopes in RFETS 

Subsurface Soil Data 

I ISOtODe I mlnImLlIll I maxlmum I 

I Uramum238 I 0 I 24790 I 

Figure 4 5 shows the subsurface soil sampling locations and where radtonucllde achon levels 

are exceeded The exceedances in the areas of the Old Landfill (THSS 115) the New Landfill 

@ISS 114) and some locations in the East Trenches Area are due to elevated uramum 
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activities The hgh acQvity/concentrations of u m u m  m these areas are ldcely due to burred 

contammation rather than the leaching of surface deposited uramum mto the subsurface soil 

However urafllum is subject to dissoluQon and leachmg m the near neutral generally 

oxidlzmg envlronment found at WETS and is more geochemcally mobde than plutomum 

and americium (as previously discussed III Section 3) Thls will be discussed m relatron to 

elevated concentrations of uramum 111 the former OU4 area m Section 5 

Soil profile studies performed m support of the OU2 RFVRI mdicated uramum leached 

downward under the WETS 903 Pad (Litaor 1995) Figures 4 11 and 4 12 show the 

vertical distribuQon of U 233/234 and U 238 m soils near the 903 Pad The m u m  

activibes are very close to background levels (Section 4 2 2) Trenches 4 and 12 had hgh 

concentratiodactivities of plutomum and americium 111 the surface sod (Figures 4 7 and 4 8) 

but and do not show a clear relationshp of uramum concentratiodactivities to depth Thu 

may be mdicative of naturally occurrmg urmum 
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5 0 ACTINIDE DISTRIBUTJON IN GROUNDWATER AT RFETS 

Ths section presents data on the dlstribution of actmdes 111 both background and non 

background momtoruzg wells at RFJ3TS Two background studies at RFETS have evaluated 

actmdes 111 groundwater the BGCR (DOE 1993) and the draft Compmson €or 

Radionuclides m Groundwater (DOE 1997) Areas west north and south of the IA that are 

hydrologically upgradient or sidegradient to the LA are considered to be background areas 

(Figure 5 1) The background values reported by DOE (1993) mluded results from wells 
screened mto the weathered bedrock as well as m the alluvial and colluvial materials that lay 

above it The 1997 study was mtiated to develop background values that are representatwe 

of the unconsolidated matemls over laymg the bedrock The 1997 study also lncludes a 

larger number of wells sampled over a longer penod of tune than 1993 study 

5 1 PLUTONIUM AND AMERICIUM IN BACKGROUND GROUNDWATER AT 

RFETS 

The 1993 study (DOE 1993) reported only three records for americium and one record for 

plutomum m filtered (0 45 pm) samples of background groundwater the 1997 study (DOE 

1997) contam 24 and 28 filtered analyses for amencium and plutomum respectively (Table 

5 1) The reported activiQes for filtered groundwater are very low Many more analyses are 

available for unfiltered or total samples The maxmum reported activities for both 

americium and plutomum 111 unfiltered samples of background groundwater 111 the 1993 study 

are greater than the 0 15 pCdL RFCA groundwater action level However the great 

majority of samples have very low reported values 

5 1 1 Plutonium and Americium in Groundwater at RFETS 

Site wide groundwater at WETS shows a narrow range of activities m filtered samples for 

americium 241 and plutomum 239/240 with maxlmums of 0 47 and 2 pCi/L respectively 

5 1  
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Americium 241 
Plutomm239/240 

Americium 241 
Plutomum239/240 

Obs Mean Stand BG Mm Max Obs Mean stand Mm Max 
Dev Bench 

mark D e V  
DOE 1993 DOE, 1997 

Filtered (pCdL) 
24 I 0 0 0 3  I0005 I 0013 1-0007 I0018 I 2 I 001 ] 001 1 0 0  I 002 
25 10002 10004 I 001 I -0004 I0014 I 1 I 001 I - I 001 1 001 

unfiltered (pcln) 
275 O 10 
289 0005 IO021 I 0047 -005 10224 I 194 10004 I 002 1-001 022 

0006 I O 015 1 0036 -0 02 I 0 19 I 183 1 001 I 001 J -001 

The maxmurns for unfiltered amencium and plutomum samples are 46 5 and 13 4 pCdL 

respectively The hlghest activibes for both plutomum and amencium were measured m 

samples collected from the vicmty of the 903 Pad as shown m figures 5 2 and 5 3 

The maxmums muurnurns means and standard deviabons for groundwater data collected 

from 1991 through 1996 for each locahon with filtered or unfiltered americium or plutomum 

activities above the groundwater acbon levels (DOE 1996) are shown m Table 5 2 and are 

depicted m Figures 5 2 and 5 3 The figure shows a group of wells m the 903 Pad Area with 

elevated americium and plutomum actmbes m ground water samples Acbvities m the 

sampled wells are generally below the background benchmarks (background mean plus two 

standard deviations) of 0 05 pCdL for plutomum and 0 04 pCdL for americium Two wells 

(locations 09091 and 06991) have sigmficantly hlgher average acbvities (Table 5 2) The 

contammation may be due to the movement of contammated soil mto the well hole during 

drillmg and locallzed around each well whlch has been documented m other wells (EG&G 

1995a) Since these wells were drilled new technology has been developed at WETS that 

elminates the downward movement of contammints m soil durmg drillmg (EG&G 1995a) 

A method for detenmuzlng the source of the contamnabon and whether it is more widely 

distributed in the groundwater is to develop new wells using the WETS aseptic method 
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Urmum2331234 
Urmum 235 
Urmum 238 

Urmum233l234 
Urmum 235 
Uranium 238 

Soils data (Secbon 4 0) knowledge of actmde behavior m the environment (Section 3 0) and 

groundwater data do not mdicate that large amounts of plutomum or americium are movmg 

mto and with the ground water at RFETS Before any remediabon decisions are made wth 

respect to plutomum and americium m specific groundwater wells one wells should be 

drilled usmg asepbc methods to detemme the source and extent of the groundwater 

contammtion 

Obs Mean Std BG Mm Max Obs Mean Std Mm Max 
Dev Bench D e V  

mark 
DOE 1993 DOE 1997 

Ftltered (pCdL) 
287 6 5 5  27 1 608  -0078 1995 207 691 254 -002 1995 
288 0023 0 7 8  158 -0035 5 35 207 0 195 0635 -004 4 80 
286 4 6 0  186 41 8 -004 1356 177 483 177 -004 1356 

Unfiltered @CdL) 
39 14 7 35 3 85 3 0 0  164 35 156 3875 0 0  164 
39 0 6 9  154 377 -001 6 4 8  35 0617 138 402 6 2 9  
41 105 249  6 0 3  0 0  108 22 108 277  0 0  108 

5 2 URANIUM ISOTOPES IN BACKGROUND GROUNDWATER AT RFETS 

Urmum isotopes m samples of filtered (0 45 pm) and unfiitered groundwater collected from 

the UHSU exhibit a wide range of reported activities (Table 5 3) The maxlfnum values are 

from well B205589 whch lies along the Rock Creek dramage just south of Highway 128 

(Figure 5 1) There is no evidence that thls well has any anthropogemc contammbon Ths 

IS confirmed by both the uramum atom and activity rabos (Table 5 5 and 5-6) whch indicate 

the urmum is naturally occurrmg These rabos are explamed and ther sigmficance 

dscussed 111 Section 5 2 2 and 5 2 3 Th~s well along with all other background wells is 

located outside the area m whch groundwater has been unpacted by releases from RFETS 

Table 5 3 Uranium Isotopes in Background Groundwater 

a i  August 199 7 5 3  
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and 3 77 p C f i  and 49 and 60 3 p C f i  for filtered and unfiltered uramum 23312234 235 
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ROCK CREEK FLOW PATH 

SOUTHERN FLOW PATH 
m 

I 

I I 
P' Gross beta 

WEUS ALONG FLOW PATH [Upgradlent1 

U ratio = u238 u235 

Figure 5-4 Background Dissolved Uranium Activities in Groundwater Along the 

Two Flow Paths at RFETS 
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41 

and 238 respectively flable 5 3 and DOE 1997) The maxmum values for each isotope are 

all above the background benchmarks Table 5-4 shows all locations with filtered (dissolved) 

and unfiltered (total) urmum isotope activities m groundwater above the background 

benchmarks The maxmums rmfll~~lll~~ls means and standard deviations are given for data 

collected from each location from 1991 through 1996 

Figures 5 5 through 5 7 show the distnbubon of dlssolved (filtered) umn~um lsotope actlvity 

concentratlons across the Site The ground water momtormg data collected over the past 

seven years contam a preponderance of dissolved u m u m  analyses rather than total 

(unfiltered) analyses The reason for thls is that DOE and the Colorado Department of Public 

Health and the Envrronment (CDPHE) have agreed that groundwater standards for urmum 

apply to dissolved urmum isotopes The mean acbvity for each samplmg locahon over the 

period from January 1991 through December 1995 was used for plottlng Thrs data is bemg 

used as a baselme for groundwater evaluations under the Integrated Momtoring Plan (DOE 

1997b) 

Uran~um 233/234 activityconcentrations above the action level of 1 07 pCdL have been 

found across RFETS (Figure 5 5) However the background benchmark mean plus two 

standard deviations is 60 7 pCdL Values above the benchmark only occur in the Solar 

Ponds area and down gradient towards North Walnut Creek This is the area with a known 

mtrate plume extendmg from the Solar Ponds toward North Walnut Creek The presence of 

hgh mtrate concentrations m the ground water may mcrease the mobllity of the uran~um (See 
Section 3 0) 

Uramum 235 activity-concentrations above the action level of 1 01 pCi/L are not common 

but are found in background wells and also in areas affected by Site activitles (Figure 5-6) 

Uramum 235 shows a smlar dlstnbution to urmum 233/234 Wells with the hghest 

activity-concentrations are clustered m the Solar Ponds area and down gradient towards North 
Walnut Creek 
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Urmum 238 activity-concentrahons above the action level of 0 768 pCUL have been found 

across RFETS (Figure 5 7) Wells with achvityconcentrahons above the background 

benchmark are located m the Solar Ponds area and to the north and south near the Site 

boundary Other wells with achvihes of u r m m  238 near the background benchmark are 

clustered m the Solar Ponds Area and extend downgradient toward North Walnut Creek 

Wells with actmtycomentrahons above the action level but below the background 

benchmark are also located m the 881 Hdlside area m the South Walnut Creek dramage and 

near the present landfill 

In summary Figures 5 5 through 5 7 show that locations havlng achvityconcentrahons of 

u r m m  isotopes above the acuon levels are distnbuted across the Site m both background 

areas and m areas affected by Site activihes The reasons for the hgh background levels are 

discussed m Section 5 2 There are four areas with wells havlng activity-concentrahons 

above the acQon levels for the m u m  isotopes (but rarely above the background 

benchmark) the Solar Ponds area South Walnut Creek dramage the 881 Hillside area and 

the present landfill area In the followmg section usU/235U atom rahos and =UPU activity 

ratios are calculated and will be used to discuss the llkellhood that the urmm is 

anthropogemc or naturally occumng 

5 2 2 Use of wBU/z35U Atom Ratros to Determine Origin of Uranium 

The atom raho of urmum 238 to urmm 235 m naturally occurring urmum is a constant of 

137 8 Ths atom ratio can be used to separate the components of anthropogemc (1 e 

enriched or depleted) urmum and naturally occurrmg uranium Efurd et a1 (1993) used the 

followmg equahon to transform activities m pCdL mto atom ratios 

A = N / h  

5 8  
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where A = actlvity N = number of atoms of the isotope h = decay constant (0 693/half 

life) h for u m u m  238 = 9 84375E 10 h for urafllum 235 = 1 55103E 10 

Mean atom ratlos were calculated for each well locatlon with results above the background 

benchmark usmg the mean actwity-concentratlon from 1991 through 1996 (Table 5 5) The 

ratios vary from 54 5 to 251 Background wells appear with both hgh and low ratios 

Unfortunately groundwater samples at RFETS have been analyzed usmg alpha spectroscopy 

whch only estunates the 235U activity These ratlos also do not treat sampllng and analyt~cal 

error and are of lrrmted use See Section 3 6 for further discussion of atom ratios 

5 2 3 Use of wUIzs8U A C ~ I V I ~ ~  Ratios to Determine Origin of Uranium 

The " u / ~ ~ ~ u  actzvzty ratlo (as opposed to the n8U/wU atom ratio) has also been used to 

distmguish between natural and anthropogemc uranium Uranium 234 is a product of the 

urmum 238 decay cham and its abundance is d e t e d  by the abundance of uramum 238 

Table 5-6 shows activity ratlos for filtered uramum 238 and urmum 235 111 groundwater 

calculated for locat~ons with average actlvitles above the background benchmark 

The activity ratios of urmum 234 to urmum 238 are approxmtely 0 09 111 depleted 

urmum 1 06 111 natural urmum 5 74 m power reactor fuel and hgher for weapons grade 

uramum @G&G 1988) The u4Up8U activity ratio m for uramum m natural waters usually 

ranges from one to three mess et a1 1985) Ratios that are above 3 0 or below 1 0 suggest 

the presence of mficially enriched or depleted urmum The BGCR (DOE 1993a) reported 

a range of 1 19 to 2 43 for ratios of uramum isotopes m filtered background groundwater 

well withm the expected range for natural waters The current data shown 111 Table 5-6 have 

a range from 0 46 to 2 20 Only two wells have low activity ratios Well 07391 located 

about 300 feet south of the 903 Pad and Well 61093 located near the Old Landfill The 

analytical method used for RFETS samples does not resolve uramum 233 from u m u m  234 

5 9  
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they are reported together and &IS may lessen the usefulness of the actIvity rat10 Refer to 

Section 3 7 for a discussion of acwity ratios 
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1286 
P208989 

Table 5 2 Groundwater Sampling Locations with Maximum Filtered or 
Unfiltered Americium or Plutonium lsotope Activity Concentratons Greater 

Than the Tier I1 Actron Levels 

1087 0272 0680 0 576 
5 289 OOOO 0546 1667 

Locabon1 Max I M n  I ~ e s ~ l l  Std Dev 
Filtered (pCI/L) 
AmerlCIum 241 

07191 
P115489 
2286 
06691 

95 August1997 

2 270 0030 0503 0 988 
0 380 0 380 0380 
0 950 0002 0272 0 319 
0 580 0 160 0266 0 176 

109091 I 0813 I 0 149 I 0481 I 0469 1 

1587 
05193 

11791 I 0230 I 0022 I 0 126 I 0 147 1 

0 650 0015 0246 0 229 
0 650 0 031 0 233 0 233 

I 72393 1 0330 0050 0124 I 
Unfiltered CdL) 

Ameriuum 241 
09091 46 540 11 177 14 662 
06991 9 730 0 190 1358 2 947 

027 1 
0460 
41691 

0 381 0066 0223 0 223 
0 508 0041 0209 0 211 
3 200 0001 01% 0 587 

08891 
3686 

(11791 1 1321 I 0010 I 0253 I 0 359 I 

0 550 0010 0 168 0 170 
0 160 0 160 0 160 

lP313489 I 0250 I 0250 1 0250 I I 

I 
72093 
0659 1 

0 340 0002 0 114 0 115 
0 270 0022 0 113 0 077 

€3204189 
72393 

0 470 0003 0099 0 207 
0 221 0003 0086 0 079 

113191 1 os97 I -0012YI 0112 I 0157 I 

5 11 



, 4 (4 August1997 
I 

34791 
59493 

RF/m 96-0068 m 
Drafl Summary of Exzsting Data on Actin& Myation 

at the Rocky Flats Enwonmental Technoogv Si& 

0 530 -0015 0050 0 159 
0 200 0003 0050 0 075 

Table 5 2 (continued) 

+ 

- , 
I12091 I 1090 I OOOO I 0083 I 0 290 I 

0987 
0969 1 

124993 I 0 150 I 0003 I 0077 I 0 104 I 

0 450 OOOO ( 0 0 4 5  0 116 
0 160 OOOO I 0 0 4 2  0 048 

7187 
B400289 
B110989 

0 393 O O O O  0031 0 104 
0 190 0002 0030 0 070 
0 161 OOOO 0016 0044 - 

_. - ~ 

I 

107391 0001 I o 0 4 1  I 0 105 I 

11791 
1286 
B204189 
P313489 

10487 I 0324 1-0004 1 0 0 4 1  I 0106 I 

13 360 0003 2494 3 488 
3 650 0699 2 174 2 087 
10320 OOOO 2065 4 615 
1600 1600 1600 

I I 

08891 
0366 

Io1991 I 0375 I 0001 I 0041 I 0 105 I 

3400 0034 1052 1 0 6 4  
0 900 0900 0900 

101491 I 0230 ] O O O O  I 0038 I 0 068 I 

027 1 
5671 
72093 
41691 

1261 0 388 0 825 0 617 
0 470 0 470 0470 
1200 0008 0402 0 393 
2 204 O O O O  0 378 0 487 

109091 1 3546 I 1 2 0  I 9 4 6  I 21 8 I 

59493 
00291 
6387 
00191 

06991 I 71 7 I 120  I 9 8 2  I 6 71 I 

1037 0001 0261 0 385 
0 780 0042 0241 0 196 
0 386 0 121 0233 0 097 
1300 0020 0204 0 367 

06591 2900 0 778 0 728 
4 820 1 724 

13191 5 024 1320 

13491 

0 153 
0 295 

2 510 0 834 
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0 530 OOOO 0 189 0 2% 
0 166 0 166 0 166 
0 494 0023 0 164 0 193 

Table 5-2 (contmued) 

06891 
02991 

0290 I 0084 I 0 154 0 083 
0800 I 0002 I 0112 0 245 

05193 
0486 

__ 

I24993 I 0210 I 0009 I 0110 I 0 142 I 

0 200 -0009 0065 0 068 
0 179 OOOO 0064 0060 

~ 

03791 
5186 
1490 
46192 

~~ 

0 164 OOOO 0024 0 042 
0 347 0003 0021 0 081 
0 182 0005 0021 0 057 
0 235 0002 0019 0 065 

1786 
5086 
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10294 
59993 

Table 5-4 Groundwater Sampling Locations with Unfiltered and Filtered 
Uranium Isotope Activity Concentratrons Greater Than the Backgmund 

Benchma&’ 

6 48 140 3 21 2 24 
400  0306 215  2 61 

I Unfiltered (pCi/L) I 

61093 
10294 
P114989 

101 0026 47 3 400 
69 5 25 0 43 5 20 7 
68 0 68 0 680 

I Urmum 238 I 

35.7 5 -40 10.5 9.12 
27.7 1-70 9.53 8-00 
11.0 . 2 31. . 4.59 . 2.92 
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1 The background bench marks for unfiltered and filtered samples are uramum 233/234 = 85 3 and 
60 7 pCi/L urmum 235 = 3 76 and 1 79 pCi/L and urmum 238 = 60 3 and 41 8 pCdL 
No unfiltered urmum 233/234 results were above the benchmark 
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Location MeanU238 U238N MeanU235 U235N U238NMp7 
- No of Atoms No of Atoms, 235 N 
61093 39 2 3 85875E-08 0 991 1 53707E 10 2s 1 
07391 33 9 3 33991E-08 0 868 1 34657E 10 248 

Table 5 5 Uranium Isotope Atom Ratios for Filtered Groundwater Locations 
Above Background 

P208989 
2689 
B205589 
B210389 
4689 

37 7 3 71190E-08 157 2 42728E 10 153 
76 9 7 57378E 08 3 33 5 16028E 10 147 
84 3 8 30155E-08 3 66 5 66977E 10 146 
49 9 4 91498E-08 2 19 3 39676E 10 145 
106 10395E-07 4 73 7 33482E 10 142 

1B305389 I 14 7 I 144181E-08 I 0 504 17 82187E 11 I 184 I 

1786 
P209889 
P210289 
B303089 
2886 
B206589 

28 5 2 80030E 08 132 2 05358E 10 136 
28 9 2 84041E 08 135 2 10021E 10 135 
41 2 4 05464E-08 194  3 a)900E 10 135 
115 113203E-06 5 45 8 45311E 10 134 
95 6 9 41133E-08 4 59 7 11l25E 10 132 
20 5 2 01591E-08 101 156806E 10 129 

(B208689 I 47 7 I 4 69755E-08 I 2 20 I 3 40830E 10 I 138 I 

B208589 
P209489 
1586 

26 9 2 64863E-08 1 37 2 13163E 10 124 
26 5 2 61065E-08 1 37 2 12107E 10 123 
15 4 151662E-08 0 833 1 129251E 10 117 

(06491 I 22 5 I221041E-08 I 1 1 3  I 1 74724E 10 I 127 I 
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Locabon 

05193 

Table 5 6 Uranium Isotope Acburty Rabos for fdtered Groundwater Locabons 

Above Background 

Mean U MeanU 234238 
233/234 238 

198 9 0 4  2 20 

\o\ August1997 

B206589 
B2 10389 
E08989 
3086 
05093 
B208689 

33 1 20 5 1 6 2  
80 9 49 9 1 6 2  
59 1 37 7 157  
98 2 63 9 1 54 
220 14.4 153 
72 9 47 7 153  

I 1 

05393 
10294 

I0586 I 39 5 I 23 4 1 1 6 9  I 

81 1 66 4 1 2 2  
37 3 31 121  

no9489 
p210289 

1B305389 I 22 1 I 147 I 151  I 

31 8 26 5 1 2 0  
49 3 41 2 1 2 0  

I4689 1 158 I 106 I 1 5 0  I 

37791 
B303089 
01391 

I10692 I 149 I 109  I 1 3 6  I 

17 7 15 1 117  
135 115 117 

7 76 7 47 1 0 4  

I35691 I 18 0 I 13 4 

1 
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6 0 

Analyzing the transport of actinides in surface water is complicated by multiple factors that 

influence the investigation These vanables and their relation to actimde activity measured in 

surface water are addressed in sections 6 1 through 6 3 and include 

ACTINIDE TRANSPORT IN SURFACE WATERS 

Sampling methodologies employed 

Flow measurement 

Suspended solids measurement and 

Changes in the watershed 

Sampling locations and their relationship to Site physical features 

Following the discussion of these influential factors data summanes are presented in Section 

6 4 for surface water monitonng locations from throughout the Site Section 6 5 contains a 

summary of conclusions regarding actimde transport in surface water 

6 1 SURFACE WATER SAMPLING AND FLOW MEASUREMENT 

6 1 1 General Descnphon 

Protocols for collecting samples and measuring the flow of surface water runoff from the 

Site are designed to yield information about the migration of actimdes via surface water 

Results are used to facilitate management decisions to mimlze  the risk of off site 

discharge of radionuclides in excess of established limits 

Stormwater runoff from five prlmary Industrial Area flow paths is directed into three main 

drainages and associated pond systems previously described in Section 2 3 These 

drainages are 

6 1  
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e 

0 

e 

North Walnut Creek (A series ponds) 

South Walnut Creek (B series ponds) and 

South Interceptor Ditch (SID and Pond C 2) 

The detention ponds serve as settlmg basins for removing constituents including 

radionuclides from the water column prior to the water being discharged off the Site The 

quality of the water is largely influenced by the location where a water sample is collected 

(e g upstream versus downstream from a detention pond) Therefore for the 

purposes of this actimde transport analysis surface water was c a t e g o r d  in the following 

three ways based on relative location in the drainages (listed in order from upstream to 

downstream) 

Industrial Area Runoff (surface water flowing within the Industrial Area fence) 

Detention Pond Influent (downstream from (1) but upstream from the ponds) and 

Detention Pond Effluent (downstream from the ponds) 

Details on specific sampling locations and sampling protocols for these three location 

categories are provided in Section 6 1 2 

6 1 2  Surface Water Sampling Locations 

6 1 2 1  industrial Area Runoff Sampling Locations 

Six stations discussed in this report are used or were used in the past to monitor surface 

water runoff within the Industrial Area fence boundary These stations are listed in Tabie 

6 1 and shown in Figure 6 1 
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SW093 

swo91 

sw022 

GSlO 

SW027 

Table 6 I Summary Informatron for Surface Water Sampling Locatrons 

I Storm Event I I I I ofBIdg 881 I I 
NWC 

NWC 

swc 

swc 

SID 

I Detention Pond Influent Sample Locations 

Event Related 

I M R A  Tier I 

RFCA NSD ALF 

IM/IRA Tier I 

RFCA NSD 

I M R A  Tier I 

RFCA NSD 

E ent Related 

IWIRA Tier I 

RFCA NSD ALF 

Event Related 

IWIRA Tier I 

RFCA NSD ALF 

Flow paced 

Storm Event, 

Continuous 

Flow paced 

Storm Event 

Flow paced 

Storm E ent 

Flow paced 

Storm Event 

Continuous 

Flow paced 

Storm E ent 

Continuous 

N WalnutCr 

Upstream from 

theA 1 bypass 

Gully NE o f  

Solar Ponds 

tributary to N 

Walnut Creek 

Central Ave 

Ditch at Inner 

East Fence 

S Walnut Creek 

upstream from 

theB 1 bypass 

South Interceptor 

Ditch at Pond C 2 

1991 

present 

1995 

present 

1995 

present 

1991 

present 

1991 

present 
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Table 6 1 Summary Information for Surface Water Sampling Locations 

(continued) 

Detention Pond Effluent Sample Locations 

Pond NWC Terminal pond in NIA NPDES RFCA Composited 387 

A 4  N Walnut Ck (see Note 2) grabs during (See Notes) 

discharge 

Pond SWC Terminal pond in NIA NPDES RFCA Cornposited 258 

B 5  S Walnut Ck (see Note 2) grabs during 

discharge 

Pond SID Terminal pond in NIA NPDES RFCA Cornposited 33 

c 2  SIDlWoman Ck (see Note 2) grabs during 

discharge 

Not 

1 )  All dues are based on record from watc y ar 1995 through March 1997 ( f appl able) and arc preliminary and subject to rev sion 
2) Samplngpe odsf thspondds harg dataa P ndA-4 11911 61% P ndB5 3/94to6/95 andPondC2 3/92to6/95 

During Water Years 1995 and 1996’ the Industrial Area runoff locations were operated as 

Tier I1 Industrial Area Interim MeasuredInterim Remedial Action (Industrial Area 

IM/IRA) momtoring stations and were therefore sited to monitor selected tributary 

Industrial Area sub drainages Stations GS27 and GS28 remain active as Rocky Flats 

Cleanup Agreement (RFCA) Performance Monitoring locations 

6 1 2 2  Detentm Pond Influent Sampling Locations 

I ’ Water Year IS defined as October 1 through September 30 For instance Water Year 1995 IS defined as 

October 1 1994 through September 30 1995 
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Five stations discussed in this report are used to momtor surface water influent to the 

detention ponds These stations are listed in Table 6 1 and shown in Figure 6 1 

Originally automated sampling was performed at these locations as part of the Event Related 

Surface Water Momtonng program conducted from the early 1990 s through 1994 Under 

this program the normal sampling protocol was flow paced storm event sampling for 

radionuclides metals and water quality parameters Data reports some with data analysis 

were produced for Water Years 1991 92 1993 and 1994 (EG&G 1993 1994 and 1995) 

During Water Years 1995 and 1996 these locations were operated as Tier I Industrial Area 

Interim MeasuredInterm Remedial Action (Industrial Area IM/IRA) momtoring stations 

located on the five main dramage pathways to the ponds 

In compliance with RFCA and in accordance with the momtoring objectives of the Draft 

Site Integrated Momtoring Plan (IMP) Performance New Source Detection (NSD) and 

Point of Evaluation (POE) momtoring is currently performed at locations withm the 

Industrial Area and along the five mal11 drainages between the Industrial Area and the pond 

systems Either storm-event or continuous flow paced samples are collected at each 

location Samples are analyzed for radionuclides metals volatile orgamc compounds 

(VOCs) and TSS depending on location Water quality probes have recently been 

deployed to collect continuous 15 minute record of pH turbidity specific conductivity 

temperature and mtrate at NSD locations 

6123 Detention Pond Effluent Sampling Locations 

The three detention ponds furthest downstream in their respective drainages Ponds A 4  B 
5 and C 2 commonly referred to as the terminal ponds are discussed in this report and 
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referenced in terms of detention pond effluent water quality Surface water runoff from the 

Industrial Area ultimately is collected in these terminal detention ponds where it is 

sampled prior to batch discharge from the Site As discussed in Section 2 3 the majority 

of water discharged off site from the North and South Walnut Creek drainages is routed 

through Pond A4 Direct off site discharges from Pond €3 5 occur occasionally (typically 

once every one to two years) during periods of high precipitation when the pond system is 

filled to the limit of safe capacity and an emergency discharge is required Scheduled off 

site discharges from Pond C 2 also occur on average once a year 

6 1 3 Sampling Methodologies 

6 1 3 1  Industrial Area Runoff and Detention Pond Influent Sampling 

Two distinct automated sample collection methods contlnuous and stormevent sampling 

are employed per the WCA Integrated Momtormg Plan to momtor actinide activity of 

surface water runoff from the Industrial Area into the detention ponds (Kaiser Hi11 1997) 

Though analytical results from both sampling protocols may be used to identify changmg 

trends in surface water actimde activity the two protocols generate results which generally 

serve different purposes and require uruque interpretations 

Both continuous and stormevent samples are composites of multiple flow paced discrete 

grabs collected by automated sampling equipment However the tune span over which the 

discrete grab samples are collected differs between the two methods The objective of 

storm event sampling is to collect a flow paced composite for the tune of increasing stage 

(rising limb) during a storm-event hydrograph In contrast continuous flow paced 

composites are comprised of grab samples taken over the entire hydrograph for an 

estimated discharge volume When a continuous flow paced composite is removed from 

the field a new composite is started immediately 
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Analytical results of continuous flow paced samples are representative of what may be 

considered the average concentratiodactivity of a given analyte for the surface water 

discharge over the sampling period This information can be used to estunate the total 

mass of constituent migration in the surface water during the sampling period 

In contrast to continuous sampling storm event sampling is performed to assess storm 

event mobilmtion of constituents The goal of sampling during the rising lunb of the 

hydrograph is to collect composite samples contaimng only aliquots with the llkellhood of 

having the greatest concentration of mobilized dissolved or particle bound constituents 

Because this sample type contains exclusively storm event mobilized actinides analytical 

results may provide insight as to the mechamsms of mobilization and transport 

Additionally these types of samples may be used to evaluate relationships between flow 

rates radionuclides and water quality parameters 

6 1 3 1  Detention Pond Effluent Sampling 

Data presented in Section 6 4 for detention pond effluent sampling are from grab samples 

collected once per day then composited for discharges from terminal detention ponds A-4 

B 5 and C 2 from 1991 through 1996 (dates vary for each pond and are noted Table 6 1) 

Pond locations are shown in Figure 6 1 

Average activities measured in discharges from Pond B 5 and C 2 are skewed somewhat 

higher than Pond A4 average activities because of results from samples collected during 

the high precipitation period in Spring 1995 when Ponds B 5 and C 2 were emergency 

discharged without the normal settling time occurring 

August I997 
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6 1 4 Flow Monitoring 

Past sampling and flow monitonng indicate that as the magmtude of flow increases the level 

of actinide activity in surface water tends to increase as well This phenomena, fiuther 

explamed in Secbon 6 2 is caused by increased suspended solids in surface water at higher 

flow rates Flow momtoring therefore represents an important component of the overall 

surf-ace water actirude transport analysis 

6 1 4 1  Flow Monitoring for Industrial Area Runoff and Detention Pond Influent 

Flow rates are automatically measured at the monitoring stations for Industrial Area runoff 

and detention pond influent For each sample collected a corresponding flow rate is 

recorded at the time of sample collection The existence of quantifiable relationships 

between flow and surface water actinide activity unique for each monitonng location can 

hence be examined 

Surface water flow rates at the six gaging stations momtoring runoff from the Industrial 

Area vary sigmficantly in magnitude and Occurrence Baseflow is generally not observed 

at these stations recorded flow at these locations is attributed exclusively to stormwater 

runoff Among these stations maxlmum recorded flow rates during times of non zero flow 

varied from 0 8 cubic feet per second (cfs) at station GS24 to 11 3 cfs at station SWO22* 

The flow rates and annual yields for these locations are directly dependent on sub-drainage 

characteristics such as area gradient and percent lmperviousness 

’ Maximum recorded flow values for Industrial Area runoff monitoring locations (GS21 GS22 GS24 GS25 

GS27 and GS28 are based on 15 minute intervals recorded from October 1994 through March 1997 (where 

applicable) Data IS preliminary and Subject to review 
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In contrast to the Industrial Area runoff stations two of the detention pond influent 

stations SW093 (North Walnut Creek) and GSlO (South Walnut Creek) receive nearly 

contmuous baseflow throughout the year The other three detention pond influent stations 

discussed in this report (SW091 SW022 and SW027) receive intermittent flow 

For comparison between all Industrial Area runoff and detention pond influent stations 

average annual yields (acre feet per year) are presented in Table 6 1 

6 1 4 2  Flow Monrtonng for Detention Pond Effluent 

Correlations between flow and radionuclide activity are not presented for effluent from the 

termml detention ponds Water discharged from the ponds comes from the mid to upper 

portion of the water column (utilizing a standpipe for Pond A 4  outlet works discharges and 

floatmg inlets for pumping from Ponds B 5 and C 2) Consequently flow rates of pond 

effluent water do not influence suspended solids concentration or radionuclide acbvity in 

water being discharged from the ponds 

6 2 RELATIONSHIP BETWEEN RADIONUCLIDE ACTIVITY SUSPENDED 

SOLIDS AND FLOW 

A basic understanding of the behavior of radionuclides in surface soils suggests that a 

corollary relationship exists between radionuclide activity suspended solids and surface 

water flow rate Radionuclides such as plutoruum 239/240 (plutomum) and amerrcium 241 

(americium) have a tendency to form associations with particulate materials therefore it is 

reasonable to expect that the transport of these radionuclides may be defined by the 

transport of the material with which they are associated Suspension of this particulate 
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material by raindrop unpact and/or streamflow would facilitate transport of the associated 

radionuclides Consequently a dynamic relationship between Total Suspended Solids 

(TSS) concentration and the radionuclide activity of the surface water could be anticipated 

The relationshp would be dynamic because the state of drainages at the Site changes as 

contamination is removed isolated or exposed 

TSS can be related to flow rate if it is assumed that particulate matter is suspended by 

runoff to a varying degree depending on the magmtude of the flow rate Generally a more 

intense precipitation event would generate higher flow rates and would be expected to 

suspend more solids by various mechanisms including 

ditch and wetland scouring 

sheet flow on bare soils and 

raindrop unpact 

Consequently if the postulated relationshp between radionuclide activity and TSS exists 

for a given location then radionuclide activity may be correlated with flow rate as well 

Although these relationships could be expected for most sampling locations determination 

may be difficult to assess for several reasons 

0 Since TSS is a measure of mass a TSS (mg/L) to radionuclide (pCi/L) relationship 

assumes that the actlvity is proportional to the mass of solids independent of 

available surface area or particle composition However radionuclide association 

involves the physiochemical properties of the particles themselves and is more 

complex than a simple pCi/g relationship 

If it is assumed that source areas in any particular drainage have unique 

physiochemical characteristics and that contamination levels vary within a drainage 

the water quality characteristics of runoff from a sub drainage would be unique In 
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other words since precipitation events do not occur umformly over an area 

(especially for large drainages) it is expected that the water quality characteristics 

measured at a momtoring location will depend on the origmtion of that runoff In 

fact there may be several or many concurrent relationships that could be 

established for a given location 

Smce a given drainage is continually changing either naturally through erosion or 

anthropogemcally through D&D or construction activities there may not be tune to 

collect sufficient mformation to determine one relationship before it is superseded 

by another 

6 3 WATERSHED CHANGES AND RADIONUCLIDE TRANSPORT 

Erosion control measures have been lmplemented at WETS during the past two fiscal 

years in an effort to stabilm and entrap soils and sedlments llkely to be transported from 

the watershed by storm water runoff Installation of these measures is based on studies 

which indicate that radionuclides may associate with solids suspended in storm water 

(DOE 1996) Storm water data collected at the Site between 1991 and 1995 supports thls 

conclusion (DOE 1996) Based on these characteristics of radionuclides and storm water 

removing particulate material from storm water runoff should reduce radionuclide loading 

to the water Drainage areas targeted for control measures were those locations identified 

as most llkely to contribute material that could provide a transport mechamsm for 

radionuclides in Site runoff 

6 3 1 Selection of Watershed Improvement Locations 

Several sources of information in conjunction with walkdowns of WETS were used to 

determine locations where watershed improvements should be implemented These 

information resources are listed below 
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e Surface water momtormg data 

Gamma spectroscopy data 

Industrial Area sedunent quality data a 

Industrial Area soils data and 

U Historical Release Report information 

Items of concern noted during site walkdowns included the following items 

Areas of concentrated fine sedunents lil dramage pathways 

e Areas which contribute large quantities of runoff (e g steep dirt roads barren 

hillsides roof drains paved areas and slopes needing revegetation) 

a Erosion on surface radionuclide-contaminated IHSSs (See Plate 1) 

e Position of surface radionuchde-contaminated IHSSs in relation to storm water 

drainage pathways and 

e Overall condition of storm dramage pathways 

Results of the various investigative surveys were used 111 conjunction with findings from 

WETS walkdowns to identify areas to target for watershed mprovements Specific types 

of improvement measures lmplemented are discussed in the following section 

6 3 2 Types of Watershed Improvements lmplemented 

Four types of watershed improvement measures have been implemented during the past two 

fiscal years Two different hydraulically applied erosion control products were utilized silt 

fences were installed to capture sediments suspended in runoff and overgrown vegetation 
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was removed from the SID to unprove the flow capacity in the channel Brief descriptions 

are provided below for the two hydraulically applied erosion control products 

SoilGuard" is a soil stabilizer and revegetation product hydraulically applied at locations of 

WETS targeted for erosion control where revegetation was beneficial such as exposed dirt 

areas This material a combination of wood fibers mixed with a guar gum taclufier and 

fertillzers is sprayed on by a certified contractor using a hydroseeding truck The product 

can be used strictly as a soil stabilizer without seed or sprayed as a fixative on top of 

planted seeds It dries within several hours to form a bonded fiber matrut can withstand 

heavy rainfall whle protecting the top layer of soil and does not mpact water quality 

New vegetative growth can protrude through the matrix without disrupting the surrounding 

sealed area 

TopSeal" was applied at areas of WETS targeted for erosion control where revegetation 

was not practical such as dirt roads This acrylic copolymer emulsion product is med 

with water and sprayed on using a water truck It dries withm several hours to seal and 

bind the soil together and does not pose a threat to water quality 

6 4 ACTlNlDE TRANSPORT ANALYSIS 

Analysis of data involving actinide transport in surface water is divided into the following 

categones 

0 Variation of radionuclides activity by location 

Relationships between radionuclides suspended solids and flow and 

Impact of watershed changes on radionuclide transport 
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Based on relevant surface water actinide sampling results general conclusions are provided 

for each of these topics Correlations of relationshps between radionuclide activities 

suspended solids and flow are summanzed in Section 6 4 2 with plots of these relationshps 

located in Appendix B 

6 4 1 Variation of radionuclide acbvity by location and sampling methodology 

A summary of radionuclide activities measured at surface water sampling stations is provided 

in Table 6 2 This provides an insight into the relative magnitude of activities categonzed 

by drainage measured at Industrial Area runoff stations versus detention pond influent and 

effluent locations 
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Table 6 2 Radionuclide Activities by Surface Water Sample Locatton 

Storm Only I 13 I 24 98 I 9 06 147 
(n= 12) 

I I 

Storm Only 11 0 156 0 061 0 676 

GS21 I SID I StormOnly I 10 I 0 033 I 0 023 I 0 801 
Storm Only 8 0 0128 0 0178 0 710 

Storm Only 1 1  0 0931 0 031 14811 

GS25 SID Storm Only 9 0 018 0 012 1518 

Detention Pond Influent Sample 
I 

Locations 

SW093 NWC 

SW093 NWC 

SW093 NWC 

SW091 NWC 

GSlO swc 

GSlO swc 

GSlO swc 
sw022 swc 

SW027 SID 

sw021 SID 

Storm 8L 36 0 409 0 198 3 266 

Continuous 

Storm Only 17 0 816 0 396 2 149 

I Continuous 19 0 044 0 020 4 265 

Storm Only 8 0 498 0 515 4 771 

Storm & 66 0 195 0 166 2 336 

Continuous (n = 67) 

Storm Only 48 0 228 0 200 2 069 

Continuous 17 0 112 0 075 2 975 

Storm Only 16 0 187 0 075 0 958 

Storm & 18 0 305 0 058 2 859 

Continuous (n = 17) 

Storm Only 14 0 385 0 074 3 247 

( n =  13) 
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SW027 I SID I Continuous I 4 0 022 0 005 1 502 I I 
I I I I I 

Detention Pond Effluent Sample 

Locations 

Pond 

A 4  

Pond 

B 5  

Pond 

c 2  

~ 

NWC Compos 139 0 007 0008- ~ 1 789 

grabs 

swc Compos 9 0 022 0011 2 272 

grabs 
- 

SID Compos 9 0 100 0 017 2 797 

grabs 

6 4 1  1 Plutonium and Americium 

The following generalizations may be made from the actinide activities measured at Site 

surface water locations as summmzed in Table 6 2 

Plutonium and Amencium General Charactenstics 

At stations where both storm event and continuous flow samples have been collected 

(stations SW093 GSlO SW027 located at the influent to Ponds A 4 B 5 and C 2 

respectively) storm event samples contain significantly higher plutonium and 

amencium activities than continuous flow samples collected at the same location 

This variation is expected if it is assumed that plutonium and amencium are 

preferentially associated wth  particulate matter in the water column Storm event 

samples consist of grabs taken dunng high flow rates on the rising limb of the 

hydrograph and therefore have higher TSS concentrations than continuous flow 

samples 

August I997 
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0 Radionuclide activities in detention pond influent are generally 1 2 orders of  

magnitude higher than the activities associated wth the detention pond effluent This 

indicates that the settling of particulate matter occurring in the ponds is accomplishmg 

radionuclide removal fiom the water column3 

PJutonium and Amencium Locabon S w i f i c  Charactenstics 

0 Stormwater plutomum and amencium activities measured at Industnal Area runoff 

station GS27 are the highest measured at any automated momtonng location a 

maximum value of 90 pCdL was measured on 6/28/95 Irutial response was that a 

significant source had been discovered and that immediate mitigating action was 

warranted However soil sampling did not indicate a hot spot or significant source 

Further detail is included in Section 6 4 1 1 

0 By simply compmng the mthmetic average plutoruum activities for storm samples 

at Industnal Area runoff station GS27 and pond influent station SW022 coupled wth 

each location s corresponding annual surface water yield it is suspected that the GS27 

sub drainage may be contnbuting a significant portion of the plutonium load to 

SW022 (and hence to the South Walnut Creek dramage) 

0 S W022 has activities of  similar magnitude to GS 10 and represents approximately 

34% of the surface water runoff entenng South Walnut Creek fiom the Industnal Area 

Although S W022 measures runoff fiom the portion of the Site associated with 

uranium it still represents a significant portion of the total actinide load inclusive of 

plutonium and amencium to South Walnut Creek 

Pond C 2 is the exception emuent activities from this pond are skewed higher by samples collected in spring 

995 9 -ated -I Sactson 6 1 1 
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0 Although station S W091 (Pond A 4 influent) has activities of similar magnitude to 

the other A 4 influent location (S W093) S W09 1 represents only 1 % of the surface 

water entering North Walnut Creek from the Industnal Area, and therefore compnses 

only a small portion of the total actinide load to North Walnut Creek 

Companng the arithmetic average plutonium activities for storm samples at Industnal 

Area runoff stations GS21 GS22 GS24 and GS25 (sub basin momtonng upstream 

from station SW027) with station SW027 (Pond C 2 influent) coupled wth  each 

location s corresponding annual surface water yield it is indicated that none of these 

Industrial Area locations is contnbuting a significant portion of the plutonium load to 

S W027 This supports the conclusion that the source for the achvity measured at 

SW027 probably onginates downstream in areas affected by contamination from the 

903 Pad 

Although Pond C 2 generally has lugher plutonium activities than Ponds B 5 and A 

4 station S W027 (influent to Pond C 2) has lower average plutomum activities for 

continuous samples than do the stations that morutor the influent to Ponds A 4 and B 

5 (S W093 and GS 10 respectively) 

The difference in the water quality for Pond C 2 compared to A 4  and B 5 may be 

attributable to several items 

0 A 4  and B 5 waters are diluted by WWTP effluent 

0 C 2 may recieve loading only during very large precipitation events whch result 

in significant overland flow from contaminated areas near the 903 Pad and 

0 Other biologocal physio-chemical limologic or management differences for 

Pond C 2 may result in resuspension of contaminates 

I 1997 
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6 4 1  1 Uranium 

Uranium Location Specific Charactenstics 

0 There is a significant increase in total uranium at SW093 (Pond A 4 influent) for 

continuous samples compared to storm events Thls suggests that uranium may be 

preferentially associated wth baseflow associated wth groundwater seeps This 

supports the concept that when storm events occur overland runoff causes dilution of 

the uranium contained in the baseflow and hence the storm event samples contam 

lower total uranium activity than the continuous flow samples The proximity of 

SW093 to the Solar Ponds could also be influencing the total uranium data 

There is measurably less total uranium at SW027 (Pond C 2 influent) for contmuous 

samples compared to storm events This suggests that uranium may be preferentially 

associated wth  storm runoff It may also indicate that the source of baseflow may be 
low in uranium or that baseflow from natural sources is minimal at this location In 

fact SW027 does not receive baseflow much of the year and when it does it is 

suspected that this baseflow (or a significant portion) originates as a domestic leak 

flowng into the 400 Area stormwater collection system 

6 4 2 Relationships between radionuclides suspended solids and flow 

In order to understand the relationships between the actinides of concern suspended solids 

and flow plots were developed relating these vmables to one another for each of the surface 

water sampling stations descnbed in Section 6 1 2 These plots included 
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Plutonium activity versus flow 

Amencium activity versus flow 

Total uranium activity versus flow 

Plutonium activity versus TSS and 

Amencium activity versus TSS 

Results from these plots are compiled in Table 6 3 Where trends from the regressions 

whether positive or negative were observed they are noted wth (+) or ( ) signs respectively 

When the regression R2 value is greater than 0 90 the trend is noted wth (+) or ( ) signs 

underlined and the R2 value is listed in the Correlation Notes column of the table Potential 

implications of these relationships are also noted in the last column Discussion of these 

relationships follows 
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Table 6 3 Summary of regressions between radionuclides flow and 

suspended solids 

GS27 

GS28 

GS2 1 

GS22 

GS24 

GS25 

Detentio 

SID Storm Only IO (+) (+) none none 

SID StormOnly 8 (+) (+) none none 

SID StormOnly I I  (+) (+) none none 

SID StormOnly 9 (+) (+) none none 
1 I I I I I 

Pond Influent Sample Location 

SW093 N W C  Storm& 36 none 

Continuous 

SWO9I NWC  StormOnly 8 f2l 

GSlO SWC StormOnly 48 none 

SW093 N W C  Storm& 36 none 

I 1 1 1 Continuous 

SWO9I NWC  StormOnly 8 f2l 

SWC StormOnly 16 none 

SW027 SID Continuous 4 (+I 

N t A t  t ar m a s  redaspCL Flow smeas edascf TI 

I Am vs TSS Rz = 0 89 

(Minimizing erosion could 

minimize rad transport) 

Pu s TSS Rz=092  

(Minimizing erosion could 

minimize rad transport) 

low activity in samples 

low activity in samples 

low activity in samples 
I 

low activity in samples 

___i 
baseflow diluted by 

I stormwater) 

Puvs flow Rr=O96 

Puvs TSS R2=092  

(M nimizing erosion could 

minimize rad transport) 

(+) Pu s TSS Rz=089 

(+) (Large basin variability 

possible cause for weak 

correlations) + 
makes TSS trending 

Where t e ds f om th eg ess o s wh ther pos ti eo egat e we observ d th yare noted w th ( ) o ( ) s gns cspect ely When 

th g R al geate than090 th t d s t dwth ( )  ( )  ymb Is d I d dth R I s l s td  th 

C rrel t Not scol m fth t ble 
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6 4 2 1  Relationship between radionuclides and suspended solids 

As discussed in Section 6 2 2 a relationship between radionuclide activity and suspended 

solids concentration is anticipated based on the tendency for plutonium and amencium to 

adsorb to particulate matter TSS and plutoniumlamencium relationships for surface water 

monitonng stations as summmzed in Table 6 3 are discussed here by location Hypotheses 

are presented regarding surface water radionuclide transport mechanisms 

Stations SW093 SW022 and SW027 Plutorzlum and amencium activities fiom storm 

event samples collected from gaging stations S W093 SW022 and S W027 (influent to Ponds 

A 4 B 5 and C 2 respectively) show a general positive trend for activity versus TSS 

although statistical correlations for these relationships are weak The absence of a 

statistically significant relationship may be attnbuted to the relatively larger size of these 

drainage basins A larger basin is likely to exhibit greater variability in contaminant 

distnbution as well a~ rainfall intensity distnbution among events In fact the variability of 

sediment contamination across the SW027 drainage is documented (Ehrd et a1 ) These 

factors combine to yield variable exposure of runoff waters to contammated soils For 

instance a large storm event may produce rainfall on those areas of the drainage basin wth 

minimal radionuclide content in the soil whrle another similarly large storm event may 

produce rainfall primarily on areas in the basin with significant contamination Both of these 

events of similar intensity might suspend similar concentrations of solids however the 

actinide levels in the samples would be quite different Consequently storm event samples 

from large basins may not be as readily comparable as those from smaller drainages 

Station GSlO Gaging station GSlO (influent to pond B 5) also monitors surface water from 

a fairly large drainage basin however dramatically better correlatiohs for plutonium and 

I 
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amencium versus TSS (Figure 1 Appendix B) are observed from storm event samples as 

compared to SW093 SW022 and GSlO This result seems incompatible wth the argument 

that the quality of the radionuclide TSS correlation detenorates as the size of the h n a g e  

basin increases l h s  apparent mconsistency may be due to a factor whch mimmizes the 

variability of contaminant mobilization wthm the basin A possible explanation is that a 

significant actimde source exists near the GS 10 sampling point Such a source downstream 

from the confluence of dmnage sub basins would lead to regular contaminant mobilization 

with each event regardless of where the precipitation occurred in the basin because all water 

flowing to station GS 10 would pass through the same contaminated s o w  area Thls theory 

is fiuther supported by the Site Hzstorzcal Release Report which indicates potential actinide 

sources may exist in the South Walnut Creek drainage upstream from station GS 10 and 

downstream from the Protected Area fenceline (DOE 1992) Causes of these actinide 

sources are attnbuted to discharges of untreated laundry wastewater below Bulding 995 from 

1953 to 1965 and resuspension of contaminated sediments resulting from drainage 

reconstruction activities from 197 1 to 1973 

Station SW091 Sipficant positive correlations for plutonium and amencium activities 

with TSS do exist for storm event samples collected from gaging station SW091 (Figure 2 

Appendix B) Gaging stabon SW091 monitors surface water influent to the A senes ponds 

in North Walnut Creek but from a smaller basin than monitored by SW093 The smaller 

size of the basin may account for the improved correlation due to reduced vanability of 

precipitation and runoff intensity It should be noted that these correlations are based on 

relatively small data sets consequently the relationship is strongly influenced by the points 

of high activity 

Stations GS27 and GS28 Results of plutonium americium and TSS analyses of storm 

water from GS27 and GS28 are similar exhibiting good correlations between actinide 

activity and suspended solids Data from GS27 and GS28 are presented in Figures 3 and 

I 
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SDOl 00 1JE 

SDO 1002JE 

SDO 1003 JE 

SD01003JE DUPLICATE 

Figure 4 (Appendix B) respectively The strong correlations may be attnbuted to the small 

drainage areas (Industnal Area runoff sub basins in the South Walnut Creek dralnage 

comprising less than 1 acre each) momtored by these stations However it should be noted 

that only limited data sets are available for these locations (GS27 n = 13 GS28 n = 11)  and 

the relationships are influenced by samples with high activity 

6 602 10 263 

5 717 H 248 

5 672 34 232 

5 523 k0 231 

126910 133 

1 833 10 175 

1453 10 150 

1 850 fo 200 

Analyses of sediment sampIes from near GS27 may indicate that plutonium and amencrum 

are associated wth  a specific more mobile fraction of the soil Samples of sediment 

materials were taken from a drainage gutter on the south side of Building 884 and analyzed 

for actinide activities These results are presented in Table 6 4 

Table 6 4 Analytical Results from Sediment Samples near Building 884 

These results do not show sufficient actinide content to account for the plutonium and 

americium levels observed in storm samples given the measured TSS concentrations This 

apparent discrepancy it is theorized is caused because radionuclides selectively associate 

with a specific fraction of the sediment which is essentially concentrated in the more easily 

mobilized TSS This fraction may simply be the smaller particles which possess greater 

surface area for radionuclide adsorption 

Stations GS21 GS22 GS24 and GS25 Data from storm event samples from GS21 GS22 

GS24 and GS25 (Industrial Area runoff in the SID basin) exhibit no significant correlation 

between radionuclides and TSS Only results from GS24 show even an apparent positive 
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trend for plutomum versus TSS Although these gaging stations all monitor fairly small 

basins and a better relationship wth TSS might be expected the lack of good correlations 

may be attnbuted to the overall low radionuclide activity in all the samples Even the 

samples wth the highest activities yielded actinide levels of similar magnitude to the 

reported analytical error As a result compmson of vmation among the samples is not 

meaningful 

6 4 2 2  Relationship between radionuclides and flow 

SW093 Momtonng results from station SW093 which include storm event and continuous 

flow paced samples show a negative relationship between flow and total uranium activity as 

shown in Figure 5 (Appendix B) This station receives near continuous baseflow These 

results indicate that runoff from storm events dilutes the total uranium activity in the 

baseflow and causes lowered activities at higher flow rates This phenomenon may be caused 

by contaminated groundwater that supplies the baseflow and constitutes the pnmary source 

for total uranium observed in the surface water 

No relationshp was observed for plutomum and americium activities as a function of flow 

at station SW093 This is to be expected as SW093 momtors a large complex basin and 

no sigmficant relationship was observed at this station between plutonium and americium 

activities with TSS 

SW091 Results from station SWO91 in contrast to station SW093 showed a weak 

relationship between total uramum and flow These results are to be expected Station 

SWO91 momtors a relatively small sub basin with ephemeral flow Because no baseflow 

exists at this site the dilution of baseflow containing total uranium (as seen at station 

SW093) does not occur 
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Plutonium and americium activities exhibit positive correlations with flow at station SWO91 

as shown in Figure 6 (Appendix B) 

GSlO No strong correlations were observed between total uramum and flow at station 

GSlO (Pond B-4 influent) At low flow rates (less than 1 cfs) the average total uramum 

activity measured at GSlO is approxunately 2 pCi/L This contrasts with stauon SW093 

where a strong negative total urmum to flow relationship exists and total urmum 

activity at low flow rates is approxlmately 4 pCi/L or twice the activity of GSlO 

Plutonium and americium activities do not exhibit good correlations with flow at Station 

GS 10 

SW022 Total uramum and flow exhibit no relationship at SW022 (Pond B 5 influent) 

Slmilar to station SWo91 this is expected as flow at this site is ephemeral Sources of 

groundwater with measurable levels of total uramum are not available for dilution by 

runoff therefore a negative correlation between total uramum and flow (as exists at station 

SW093) does not exist 

Plutonium and americium activities do not exhibit a good correlation with flow at station 

sw022  

GS27 This small Industrial Area sub basin has no baseflow Total uranium exhibits a 

weak correlation between activity and flow Plutonium and americium also exhibit weak 

correlations but positive trends between activity and flow Figure 7 (Appendix B) 

I 

SW027 When analyzing data from storm events none of the radionuclides exhibit a good 

relationship with flow at SW027 However when limited data points (n = 4) of 

\ ?  k 1997 
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continuous flow paced samples are examined trends in radionuclde actrvity are observed 

Total uramum trends to a negative relationship between activity and flow for contmous 

samples Plutomum and americium trend to a positive relationship between actwity and 

flow 

6521, GS22, GS24 and GS25 These Industrial Area sub basins (withm the SID basm) 

are similar to GS27 with respect to size lack of baseflow and sunilar radionuclide activity 

to flow relationships Total uramum exhibits a weak correlation between activity and flow 
PI- tnn vim pqd a q v  wml euhihrt 1 p i t  rplqt r \ns  t 1 7th np~ct ve treqd. h-tqeen 

activity and flow as shown in the plot of GS24 in Figure 8 (Appendix B) 

6 4 4 Impact of watershed changes on radionuclide transport 

Two separate monitonng locations GS27 (Industnal Area runoff) and SW027 (mfluent to 

Pond C 2) are well suited to demonstrate the impact on water quality of changes on the 

watershed In addition monitonng results from these sites reflect the challenge in collecting 

an adequate number of samples at variable flow rates after watershed improvements have 

been implemented in order to properly assess whether or not the improvements are reducing 

activity in runoff for both high and low flows 

6 4 4 1  Impact of watershed improvements on GS27 

Surface water momtoring at Industrial Area sites in smaller localized drainage basins can 

be used to monitor the effectiveness of improvements implemented within the specific 

basins Station GS27 is of specific interest because it is a small basin drainmg less than 1 

acre and samples have been collected before during and after changes have occurred 
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within the basin Station GS27 was installed to monitor for possible impacts of the 

decontamination and decommissioning (D&D) at Building 889 (completed in July 1996) 

and of watershed improvements unplemented in the basin These watershed unprovements 

included 

e Removing and drumming sedlments measured to contain 5 to 6 pCi/g of plutomum 

accumulated on the asphalt south of Building 884 (completed July 1996) and 

Applying TopSeal" on the exposed dirt areas south of Building 884 (completed 

October 1996) 

e 

Plutomum and and americium activities in samples collected at GS27 before and after the 

imtial unprovements were implemented are shown in Figure 9 (Appendix B) The majority 

of post improvement samples were collected at low flow rates Although these data points 

indicate actimde activities as low or lower for a given flow than prior to the 

improvements it is impossible to extrapolate this data to define the impact on water quality 

of the control measures when higher flows occur Station GS27 remains on line to fill this 

data gap by collecting samples when a higher flow rate does occur 

6 4 4 2  Impact of watershed improvements on SW027 

Sample results indicate a trend toward reduced plutomum and americium activity to flow 

ratios at Station SW027 since the time when improvements were first implemented in this 

basin A dirt road running south down the hill from the 903 Pad toward Pond C 1 was 

revegetated during the summer of 1996 and treated with SoilGuard@ In addition dirt 

roads encircling the 903 Pad were treated with Topseal@ during the past year However it 

should be noted that the sampling protocol at station SW027 changed from storm-event 

sampling to continuous flow paced sampling as a result of RFCA requirements in the 
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midst of the unprovements being implemented Results of storm event samples only 

however also indicate reduced radionuclide loading following the mplementation of 
unprovement measures Plots of plutomum and americium activity versus flow before and 

after watershed unprovements were implemented are contained in Figure 9 (Appenduc B) 

6 5 CONCLUSIONS FOR ACTINIDE TRANSPORT IN SURFACE WATER 

6 5 1 Uranium Transport in Surface Water 

651 1 General Uranium Transport Mechanisms 

Surface water data from momtoring locations with baseflow near the Solar Ponds suggest a 

negative correlation between total uramurn activity and flow rate As surface water flow 

rate increases due to storm events uramum activity decreases with dilution of baseflow 

This trend is evident in the results from gaging station SW093 downgradient from the Solar 

Ponds (Figure 5 Appendix B) This phenomenon may be due to groundwater whch 

supplies the baseflow and is the prunary source for uramum observed in the surface water 

This conclusion is further supported by data from monitoring locations with ephemeral 

flow which exhibit no significant relationship between total uramum and flow rate At 

stations with baseflow the primary mechanism for uramum contamination of surface water 

may not be mobilization of particle bound nuclides by storm events but transport via 

groundwater supply of baseflow 

6512 Location Specific Uranium Transport Observations 
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Uranium in surface water dmnages is associated with baseflow in areas that dram the solar 

ponds (SW093 GS 10) but appears to be associated with storm runoff in the area south of 

the 88 1 building and south of the old landfill (SW027) where there is surface uraflllll~l 

contamination (see detailed discussion of the data in Section 6 4) Total uranium activity in 

the discharge ponds is similar for all three ponds In North Walnut Creek Pond A 4 (1 79 

pCiL) contains about 1/4 the total uranium activity than the continuous flow for SW093 

(4 265 pCi/L) which is below the Solar Ponds In South Walnut Creek Pond B 5 (2 272 

pCi/L total uranium) is slightly lower than the continuous flow sampled at GSlO (2 975 

pCiL) In the SID Pond C 2 (2 797 pCi/L total uranium) contains slightly lower total 

uranium than is recorded for SW027 (3 247 pCi/L) Since the flow paths are not direct from 

the surface water sampling locations to A and B series ponds correlation of actimde content 

in the ponds to the influent data may not be meaningful 

6 5 2 Plutonium and Americium Transport in Surface Water 

6521 General Plutonium and Amencium Transport Mechanisms 

Sampling results indicate that plutonium and americium transport is related to both total 

suspended solids concentration and flow rate Figure 3 and Figure 4 (Appendix B) depict 

positive correlations between plutoniuxrdamericium activity and TSS for Industrial Area 

runoff stations GS27 and GS28 that monitor smaller drainage sub basins In general 

sampling sites in small drainages provide more distinct positive correlations compared to 

sites located in larger basins The correlation is also stronger in drainages that collect 

runoff from areas with widespread surface soil radionuclide contamination Results from 

station GSlO a large basin capturing runoff from roughly two thirds of the Industrial Area 

represent the exception to this observation by exhibiting a strong correlation between 

plutonium/ americium activity and TSS as shown in Figure 1 (Appendix B) 
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A positive correlation is observed between plutomum and americium activity and flow rate 

across the Site T h s  trend is depicted in Figure 6 and Figure 7 (Appendix B) for gaging 

stations SWO91 and GS27 respectively As with the plutomum/americium relationshp to 

TSS the plutomudamericium correlation with flow is markedly better for smaller 

drainages Again this may reflect dlminshed contarmnant level and rainfall distribution 

variability inherent m smaller basm areas 

The positive correlations of activity with both TSS and flow strongly suggests that transport 

of plutomum and americium is facilitated by dislocation and transport of suspended 

particles whose suspension is a function of flow rate and precipitation lntensity 

Despite mobilmtion of plutomum and americium detected during storm events as shown 

by storm event samples pond effluent sampling indicates the pond system performs well to 

attenuate and settle contaminants in storm water prior to discharge off site Contammint 

levels measured in storm water flowing from the ponds are typically decreased at least 10 

fold from that of influent levels 

6522 Location Specific Plutonium and Americium Transport Observations 

North Walnut Creek at GS 10 This station has continuous baseflow wth relatively high 

levels of plutonium and amencium activities The plutonium and amencium activities for 

continuous flow samples at GS 10 (0 112 pCi/L Pu) are about an order of magmtude above 

those for SW093 (0 044 p C A  Pu) and SW027 (0 022 p C A  Pu) A 72 CMP culvert feeds 

a continuous baseflow to GS 10 This water flows over IHSS 14 1 just pnor to being sampled 

at GS 10 IHSS 141 is shown in Figures 4 1 and 4 2 which show elevated plutonium and 

amencium activities in surface soils 
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SW 093 Thls station has continuous baseflow but does not have 

high levels of plutonium and amencium in the continuous flow samples However S W093 

(0 8 16 pCiL Pu) storm event samples have higher plutomum and americium activities than 

either GS 10 (0 228 pCiL Pu) or SW027(0 385 pCdL Pu) SW093 collects water draimng 

from IHSS 150 8 an area of surface contamination contaimng slightly elevated plutonium 

and americium contamination as shown in Figures 4 1 and 4 2 Stormwater flushes this area 

and drains into a drop box This storm flushmg across the IHSS and through the sediments 

accumulated in the drop box is suspected of causing an increase in plutonium and amencium 

loading for storm events over baseflow SW093 also collects drainage from east of Building 

77 1 This water flows along IHSS 172 a plutomum related IHSS However no elevated 

plutonium or americium is shown in this area on figures 4 1 and 4 2 

SW027 and Pond C 2 SW027 collects water draining the south Industrial Area which is 

collected in the SID and discharged into Pond C 2 Pond C 2 also collects water from areas 

downwind of the 903 Pad wth  surficial plutonium and amencium soil contamination as 

shown in Figures 4 1 and 4 2 The average plutomum activity for continuous flow sampling 

at S W027 (0 022 pCA)  is approximately an order of maptude less than the average 

plutonium activity wthin the pond discharge (0 100 p C L )  

Average plutonium concentrations at Pond C 2 are skewed by high levels during the spring 

and summer of 1995 Both C 2 and SW027 had peak plutonium activities in the 

spring/summer of 1995 The loading in C 2 is from both the input from S W 27 and from 

water flowing into C 2 from the surrounding area The current data cannot segregate 

contaminant loading into Pond C 2 from the drainage via SW027 from the loading due to the 

low level contaminated surface soils draimng into Pond C 2 which are not captured by 

S W027 
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7 0 SOIL EROSION AND TRANSPORTATION OF ACTINIDES TO SURFACE 

WATEWSEDIMENTS 

7 1 ESTIMATING SOIL MOVEMENT DUE TO RAINFALL EROSION AT 

RFETS 

Data presented in Section 6 show that actimdes are moving in surface waters and exceed 

surface water standards during storm events above the A and B Series Ponds on North and 

South Walnut Creeks and in dramages to the SID The transport of actimde contarmnated 

soils by overland flow to surface water in the Walnut and Woman Creek Drainages has the 

potential to cause exceedances of the surface water standards and cause the movement of 

actimdes off site 

The surface soil action levels (DOE 1996a) for actimdes did not consider transport 

pathways to surface water surface water ingestion or the effects of the action levels on 

compliance with surface water standards Therefore it is unportant that when cleanup 

levels are established for areas with surface soil exceedances of Tier I actimde action levels 

that the long term effects on surface water quality be considered 

During remediation activities in the IA and Buffer Zone soil transport due to ramfall 

erosion may increase temporarily and affect surface water quality The magmtude of these 

problems must be understood so that surface soil cleanup levels are set that are protective 

of surface water and steps are taken to control the effects of soil erosion durmg and after 

remedial actions I f  necessary The following presents past erosion modeling efforts at 

RFETS and discusses plans for hrther work 
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7 1 1 Past Erosion Modeling for the 903 Pad and East Trenches Area 

Surface soil in the 903 Pad Area is one of the major contarmnant sources for the surface 

water system at WETS Precipitation events induce soil movement and surface soils are 

carried by overland flow to surface water drainages Soils and associated actimdes move 

into the creeks and increase the concentrations of actimdes in sedunents and surface waters 

Two reports have been published that use the Umversal Soil Loss Equation (USLE) model 

developed by the USDA (Renard et a1 1997) to estunate soil movement m the 903 Pad 

Area Estimated Soil Erosion and Associated Actinide Transport for the South Interceptor 

Ditch Drainage (DOE 1992) and Phase I .  RFI/RI Report 903 Pad Mound and East 

Trenches Area Operable Unit No 2 (DOE 1995) 

The 1992 report (DOE 1992) modeled soil erosion and associated transport of soil bound 

actimdes within the SID drainage basin Its purpose was to assess the unpact of 881 

Hillside construction and SID maintenance activities on soil erosion and the transport of 

actimdes to Pond C2 via the SID The hillside on the south side of the Industrial Area 

from west of the old landfill to Pond C 2 was divided into seven sub basins for the study 

The following is a summary of the analysis conducted in 1992 

The Soil Conservation Service Curve Number Method (SCSCN) was used to estunate 

runoff in the basin This method generated runoff hydrographs for storms of various 

intensities and durations on a variety of soil types The rainfall hydrographs were then 

used to estimate soil erosion within the basin using the Modified and Revised USLE 
(MUSCLE/RUSLE) model developed by the Agricultural Research Service (ARS) of the 

United States Department of Agriculture (USDA) 
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The basic USLE presented by Wischrneier and Smith (1978) and Mills et a1 (1985) is 

A = R*K*L*S*C*P*Sd 

,re 

A is the soil loss tons/acre 

R is rainfall erosivity 

mmute intensity foot tonslacre 

K is a measure of  the erodibility of a given soil type foot ' 
L is the slope length factor a dunentionless ratio of  soil loss from a field of a given 

length to the soil loss from an experimental umt plot 72 6 feet in length with all 

other conditions equal 

S is the slope steepness factor a dimensionless ratio of the soil loss from a field of a 

given steepness to the soil loss from an experimental umt plot with a 9 percent 

slope with all other conditions equal 

C is the dimensionless cover and management factor reflectmg the type of 

vegetation percent basilar cover and percentage foliar cover on a sub basm 

P is the dunensionless support practice factor reflecting any erosion prevention 

practices in use and 

s d  is the dunensionless sedment delivery ratio which accounts for the attenuation 

of sedunent through deposition and filtering during movement from source area to 

watershed outlet 

the prduct of  the total storm energy and its maxmum 30 

The total annual quantity o f  soil transported into the SID was estimated The EPA Storm 

Water Management Model (SWMM) was used to model channel dynamics and the EPA 

recommended Sedunent Removal Model (SRM) was then used to estunate sediment 

movement and the amount o f  sediments that would be deposited in both the SID and Pond 

C2 during pre and post maintenance conditions The models were calibrated using site 

specific data and information from technical journals and other public sources 
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The models were verified using SID flow and TSS data from a sampling station located at 

the downstream end of the SID 

Average annual actimde loading was calculated using the annual soil loss computed by the 

RUSLE model and average actimde activity/concentrations m surficial soil samples from 

the drainage basin The 1992 report estimated that with the basm vegetated 70 tons of 

soil per year would erode into the SID of which 7 2 percent (5 04 tons) would be 

transported into Pond C2 resulting in an annual deposition in Pond-C2 of about 6 9E+6 

pCi of plutomum 239/240 and 1 1E+6 pCi americium 241 Under post renovation 

conditions it was estmated that the same amount of soil per year would enter the SID with 

11 4 percent (7 98 tons) reaching Pond C2 resulting in an annual deposition of 10 9E+6 

pCi of plutomum 239/240 and 1 8E+6 pCi of americium 241 The results of this study are 

similar to actinide loads calculated for Pond C2 from 1996 1997 data presented in Section 

8 (Figure 8 2) 

The above estmates were verified using data from a storm that occurred on March 28 

1992 Storm data were used to generate runoff hydrographs for each basin using the 

SCSCN The hydrographs were then input into MUSLE and estlmated a total soil loss 

from the basin of 10 tons for the storm Total suspended solids and flow data from the 

SW027 sampling station were used to estimate a total sedlment load of 0 85 tons to Pond 

C2 which is 7 3 percent of the sediment load to the SID estlmated by the MUSLE This is 

in very close agreement with the 7 2 percent transport efficiency estimated by the SWWM 

model 

The 1995 study (DOE 1995) performed as part of the OU2 RFI/RI used the MUSLE 

estunated soil erosion from the 903 Pad Mound and East Trenches Area and estimated 

loading to the South Walnut and Woman Creeks The purpose of the study was to estmate 

concentrations of chemicals of concern in the Walnut and Woman Creek Drainages at 

Indiana Avenue over a thirty year period The study assumed that no engineered 
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structures such as Pond C 2 were present For modeling 65 small sub basins were 

delineated to produce sub basins of roughly umform gradient and meet model criteria 

The sub basins were subsets of the six major dramge basins identified in the former OU2 

Two of the six major basm drain dlrectly into Walnut and Woman Creeks 

Precipitation was simulated over a 30 year period to calculate the erosivity factor (R) The 

erodibility (K) of the eleven soil types w i h  OU2 soils was deterrmned by the Soil 

Conservation Service (Price and Amen 1983) The percentages of each soil type within 

each sub basin were determmed using a geographical information system (GIs) and areally 

weighted averages calculated to e s tmte  the erodibility factor for each sub basm The 

slopes and lengths of the sub basm were estnnated from topographic contours The cover 

factor (C) was estimated using observations of vegetation and ground cover in OU2 

Activities of americium and plutomum were estlmated over the entlre area using data from 

1991 soil sampling events The estrmation method assumed that the concentratmn at an 

unsampled location was equal to that at the nearest sampled location Aria1 percentages of 

each sub basin associated with different activitylconcentrations were used to calculate 

weighted averages of americium and plutomum activitykoncentration for each sub basin 

The weighted plutonium activitylconcentrations for the 65 sub basins ranged from 0 67 to 

1206 pCi/g These values were multiplied by the estmted soil loss from each sub basin to 

estimate the loads of americium and plutomum from each of the six drainages 

Runoff volume was estlmated usmg the CUHPE PC software developed by the Denver 

Urban Drainage and Flood Control District The model subtracts infiltration and retention 

from precipitation to estimate overland flow (runoff) Overland flow was estimated at 

1 percent of the total precipitation for the Woman Creek basin and at 13 percent for the 

Walnut Creek basin The larger value for the Walnut Creek basin was attributed to a 

larger area of impervious land Overland flow at WETS has previously been estunated at 

1 4 percent by Hurr (1976) 

I 1 I August 1997 

I 



RIVER 96-0018uN 
Drafr Summary of Exuting Data on Actrnicle Mrgration 

at the Rocky Flats Environmental Technology Site 

Observed TSS concentrations 111 the creeks were considered an indicator of soil loss and 

were used for calibration of soil loss from the watershed and estunation of S,, The 

geometric mean TSS concentration at sampling station SW 027 was selected 31 g/L It 

was assumed that soil loss contributed only to the TSS and not to the bed load during storm 

events This assumes that all eroded soil remained suspended in the surface water flow 

This may have underestlmated soil loss however as the model did not estimate the 

contribution of bank erosion to TSS 

The results of one of 100 30 year sunulations were presented (DOE 1995) During the 30 

simulations total annual precipitation was varied from a m i m u m  of 4 inches to a 

maxunum of 30 inches with an average of 17 1 inches Estlmated total annual soil losses 

for all sub basins draining into Woman Creek varied from 0 2 tons of soil per year to 19 3 

tons per year with an average of 3 8 tons per year This is considerably less than the 70 

tons per year estunated in the SID study even though the area modeled was larger The 

estunated total annual loading into Walnut Creek ranged from 0 4 to 33 7 tons of soil per 

year with an average of 6 6 tons per year 

Based upon this sunulation it was calculated that the average annual plutonium loading 

from sub basins to Woman Creek was 8 75E+08 pCi per year and to Walnut Creek was 

2 1E+07 pCi per year The Woman creek value appears to be high In the report (DOE 

1995) these values were used as input to estunate surface water concentrations in the creeks 

at Indiana Avenue The 30 year value for plutomum activitykoncentrations for Woman 

Creek was calculated to be 1 8 pCi/L which is an order of magmtude or more greater than 

average observed values This indicates that the model was significantly overestimating 

loading 
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7 1 2 Other Modeling Efforts for the Woman Creek and Walnut Creek 

Drainages 

Two modeling studies were completed in support of the former OU5 and OU6 RFI/RI 

reports (DOE 1996b and DOE 1996c) For both reports modeling was done to support 

the Human Health Rsk Assessment Both efforts used Version 10 of the Hydrological 

Slmulation Program FORTRAN (HSPF) which is a comprehensive package for 

smulation of watershed hydrology and water quality that allows the integrated smulation 

of land and soil runoff with in stream hydraulic and sedlmentkhemcal interactions 

(Bicknell et a1 1993) 

The purpose of both of these modeling efforts was to predict chemical of concern (COC) 

concentrations in sedunents and surface waters up to 30 years in the future They do not 

specifically address soil erosion but rather estlmate long term concentrations of COCs in 

the water column and stream and pond sedunents In the OU5 report (DOE 1996b) only 
estlmated 30 year sedlment and water column concentrations are reported 

The OU6 report (DOE 1996c) estmted the transport of COCs in the Walnut Creek 

drainage system A seven year (1986 1992) calibration period was used for sedment 

deposits to the A and B Series ponds Prediction errors were less than 7 percent for the 

pond systems although prediction error was as high as 37 percent for individual ponds 

Predicted sediment loads to the ponds over a 30 year slmulation varied from a low of 8 9 

tons to Pond B2 to a maximum of 2215 tons in Pond B4 Plutonium 239/240 loading to 

the ponds during the 30 year simulation varied from a minimum of 5 7E+06 pCi in Pond 

B1 to a maximum of 2 7E-08 pCi in Pond A3 
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7 1 3 Future Erosion Modeling 

The purpose of modeling soil erosion by water is to provide input for the conceptual model 

for actinide migration at WETS to quantify the transfer of sedunents and soil bound 

actmdes from soil to surface water under a variety of plausible future scenarios and to 

provide information to facilitate the choice of cleanup levels for actimdes 16 surface soils 

that will be protective of surface water under long term conditions Erosion models are 

currently being evaluated for selection The modelmg effort will begm in fiscal year 1997 

and be completed m 1998 with results linked to the Conceptual Model and Mass Loading 

Analysis for the Walnut and Woman Creek drainages 

The RUSLE model is currently being evaluated A basic description was given in the 

previous section The documentation databases used for calculations and the computer 

model have been recently updated (Renard et a1 1997) The RUSLE is an empirically 

based erosion model predictmg long tune average annual soil loss resulting from rainfall 

and runoff for a variety of field conditions including rangeland Its development and 

widespread use over a period of 40 years has confirmed the RUSLE s usefulness and 

validity in quantitatively predicting soil loss and evaluatmg conservation practices The 

soil loss computed by RUSLE is a guide not a precise estunator of soil loss It has 

limitations in scope It is best used on a field scale rather than on a watershed scale 

RUSLE has been used to estimate watershed sediment yields however care must be taken 

to account for depositional areas on the landscape The long term average soil loss 

computed with RUSLE IS not sediment yield from the field but an estlmate of total 

sediment production by sheet and rill erosion Sedunent yield may be much less or if 

ephemeral gully erosion occurs sediment yield may be much greater than estlmated by 

RUSLE 
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The Water Erosion Predictlon Project (WEPP) model developed over the last 10 years by 

the ARS in cooperation with other federal agencies and umversities IS also being evaluated 

It is a process based distributed parameter continuous sunulation erosion prediction 

model that slmulates hydrologic and erosion processes on a watershed scale 

It can be used to estunate soil loss soil deposition sediment yield and how these are 

distributed in space and tune (ARS 1997) This model is considered to be a great advance 

over all previous erosion models 

7 2 ACTINIDE MIGRATION THROUGH WIND DRIVEN PARTlCULATE 
RESUSPENSION 

The Site has been a source of airborne actimdes throughout its history The three largest 

contributors are building ventilation systems leakage from containers of  actimde laden 

waste stored outdoors and resuspension of contaminated soils Budding ventilation 

systems and outside storage are not responsible for movement of actinides that are already 

in the environment They are instead sources of actimde deposition to the environment 

Resuspension however is a mechamsm for movement of actirudes that are already in the 

environment Airborne migration of actimdes in the environment around the Site is 

prlmarily due to soil resuspension (see Radionuclide Air Emission Annual Report DOE 

1995a) Movement can be caused by natural processes alone (resuspension in a natural 

ecosystem caused by high winds or by a combmation of rain splash and wind movement of 

vegetation) or by a combination of artificial and natural processes (transport by wind of 

actirude-contaminated soil that is disturbed by earth moving activities) (see Appendix C 

Resuspension of Soil Particles from Rocky Flats Containing Plutonium Particles DOE 

1995a) 

Through these transport mechamsms actinide and non actinide particles are lifted from the 

ground and plants and carried through the air Resuspension dispersion and deposition of 

actinides in the environment is highly dependent on the physical and chemical form of the 
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actimdes For example the size of the particles affects their potential to be resuspended 

and the chemical form of the actmde affeets its potential to attach to other partrcles 

Resuspension has not always been the major source of plutomum rn the ambient alr around 

the Site When the Site was producing triggers plutomum from the building ventdation 

systems contributed a sigmficant fraction of anborne plutomum and mask& the 

resuspension component Cleanup achvities which can potentially contribute swficantly 

to measured emissions from the Site also mask the contribution from the natural 

resuspension processes 

Measurements of plutoIllum in the ambient an have been routinely conducted at the Site for 

over twenty years using medium volume ambient air particulate samplers These samplers 

have been operated continuously on Site at the Site perlmeter and 111 several nearby 

commumties Not surprisingly trends withm the ambient air data show higher 

concentrations of plutomurn near the contammation sources and decreasing concentrations 

with increasing distance from the sources (see Figure 7 1 based on data in CY92 Annual 

Report) This trend applies whether the source is a buildmg a remediation activity or an 

area of contammated soil It is mterestmg to note however that simple modeling to 

account for airborne concentrations of plutomum activity at a sampling location near the 

Site perimeter suggests that as much as 30% of that activity IS contributed by resuspended 

material near the sampler and not from the more highly contaminated but distant source 

area near the 903 Pad 

7 2 1 Source Summary 

The migration of actimdes already in the environment through the air pathway IS contingent 

on the actimdes being available for entrainment and dispersion in the ambient air The 

major source of resuspendable actinide material at the Site is the area around the 903 Pad 

(see Figure 7 2) The 903 Pad itself was contaminated with plutonium laden cutting oil 

stored in metal drums which over time leaked onto the soil beneath the drums Removal 
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of the drums and associated cleanup activities in the early 1970 s allowed the contammated 

soil to disperse to the east and south of the pad area (Rocky Flats Plant Radioecology and 

Airborne Pathway Summary Report 1986) 

and is no longer a source of resuspendable plutomum however the imtial spread of 

plutomumcontaminated soil during cleanup resulted in a plume of plutomum m the surface 

soils extending from the pad to the east and east southeast The plume decreases in 

concentration from approxunately 1 OOo pCi/g just east of the 903 Pad to well under 

1 pCi/g at the eastern boundary of the Site (DOE 1994) 

The pad itself is now covered with asphalt 

Because the Site measures plutomum in the ambient air all sources will contribute 

indistinguishably to the concentration measured in the sampling network Through 1989 

the Site was in production and the plutomum from the building effluent system was the 

major contributor to the plutomum in the ambient air Resuspension from contammated soil 

areas was a source of plutonium during this tune but the contribution was not dlrectly 

quantifiable due to the effluent source contribution 

Figure 7 1 Plutonium Air Concentration vs Distance from 903 Pad (92 Data) 
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Figure 7 2 RAAMP Sampler Locations 

From 1989 through 1995 the Site was essentially dormant and activities shifted to planning 

for cleanup and decontamination and demolition of Site structures During this period 

overall Site airborne emissions decreased and resuspension from the contaminated soils 

contributed the majority of  the plutonium captured in the air samplers In 1996 cleanup of 
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contaminated soils waste disposal areas and buildmgs was imtiated and these project 

specific emissions became measurable contributors of plutomum to the air once again 

masking the contribution from 903 plume area emssions (see 1996 Rudzonuclzde Arr 

Emissions Annual Report) If a study were to better quantify the natural transport 

processes the best data available for the quantification of the movement of actmdes 

appears to be from 1990 to 1995 

Figure 7 3 shows the historical trend m plutomum concentration at a sampler (S-007) 

located just southeast of the 903 Pad Note that this sampler was not sigmficantly unpacted 

by emissions (mostly uramum) generated from the remediation activities conducted in 1996 

because a large fraction of the cleanup emissions occurred during several relatively short 

(two week) periods when the prevailmg winds transported prunarily project emissions from 

the project site toward the northwest away from the 903 Pad Area and the S 007 sampler 

The short periods of emission are documented in a CDPHE report (Feb 97 Quarterly Data 

Exchange Meetmg) from a samplmg platform located at the project site 

August 1997 
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Figure 7 3 Annual Mean Plutonium Air Concentrations at S 007 

7 2 2 Resuspension and Dispersion Mechanisms 

Research on particulate resuspension took place for over 10 years at the Site beg- m 

the late 1970s The Site offers a umque opportunity to study resuspension Most dust 

resuspension studies have focused on resuspension from earth moving activities including 

piles of dirt exposed to the wind Because the area contaminated by the 903 emissions is 

covered with vegetation the resuspension rate from the soil is orders of magllltude less 

than that observed from earth moving activities on exposed soil 

Several studies (Citation) have suggested that resuspension at the Site does not occur solely 

from surface soils at high wind speeds through saltation as in a typical resuspension 
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scenario but much of resuspension may occur instead from vegetated surfaces and may 

occur at much lower wind speeds than are typically associated with resuspension (DOE 
1995a) This study also suggests that the vegetated cover receives the plutomum through 

rain splash The splash deposits fine particulates on the surface of plants where they are 

available for resuspension at very low wind speeds The rain splash resuspension 

mechanism may explam the "chromc year round low level ambient alr plutonium 

concentrations observed at the Site from 1990 to 1995 

Plutomum is a very heavy element giving it an aerodynamic characteristics the same as 

those of a much larger soil particle This means plutomum particles that are actually able 

to be resuspended and held aloft by the ambient air behave aerodynamically llke much 

larger soil particles but have the activity of the small particle Fine plutoruum particles 

may also be attached physically or chemically to soil particles resulting in radioactive 

particles that are transported in the same manner as soil The resuspended material from 

the 903 Pad Area is llkely to be made up of three types of particles soil particles whrch 

are of typical soil density and that therefore disperse typically and soil particles with 

attached plutonium which have the same dispersion characteristics as pure soil and 

possibly some fine dispersable plutomum particles 

Data have been collected near the 903 Pad that indicate the typical sizes of ambient 

airborne radionuclides The data show that the amount of plutomum collected is generally 

proportional to the total mass collected and is distributed rather umformly across size 

ranges from sub micron to greater than ten microns The study was completed under 

conditions when no major cleanup activities were in progress and the Site was not in 

production Consequently the sue fractionation data available are characteristic of 

resuspended material from the 903 Pad Area (DOE 1995a) 

Other data collected specifically for cleanup activities by new Radioactive Ambient Air 

Monitoring Program (RAAMP) samplers could be used in a limited capacity to determine 
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size fractionation of resuspended material from earth moving activities 

Data have been taken from samplers at a range of distances from cleanup activities and 

have been fractionated at approximately 10 micrometers aerodynamic diameter 

7 2 3 Sampling Summary 

The RAAMP samplers in use during most of the 1990 to 1995 time frame were Site 

designed medium volume a x  samplers All samplers were located within the typical adult 

breathing zone (about 5 feet from the ground) operated continuously at a flow of 25 cubic 

feet per minute (cfm) and collected total suspended particulates (TSP) Samples were 

collected on an 8 x 10 mch fiberglass filter which is rated to be 99 97% efficient for 

conditions routinely encountered in ambient air sampling Filters were collected biweekly 

from all samplers and composited for monthly analysis Isotopic analysis was then 

performed for plutomum 239 These samplers are known as the old RAAMP samplers 

New size fractionating RAAMP samplers that operate at 40 cfin and collect material on two 

substrates were installed in 1995 Particles larger than approxunately 10 micrometers are 

collected on an oiled substrate while particles smaller than 10 micrometers are collected on 

a standard 8 x 10 inch fiberglass filter 

Forty three samplers were used in the RAAMP network Twenty five were located inside 

the Site boundary 14 were at the Site perimeter and 14 were in the communities adjacent 

to the Site Typically many of the samplers collected such small amounts of radioactive 

material that the activity was below quantifiable detection lmits 

Several of these samplers were located near the 903 Pad Area Three samplers were 

located at the east end of the 903 Pad itself Three others were located east of the 903 Pad 

area along a several mile stretch of the Site boundary Several other samplers were located 

well to the east of the Site boundary Those samplers outside the Site boundary typically 

do not yield data above quantifiable detection limits 

August 1997 7 16 
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The samplers a the 903 Pad historically showed results above the analytical uncertainty 

while the samplers at the Site boundary only occasionally yield data above quantifiable 

detection l m t s  

7 2 4 Suggested Uses of the Previously Collected Data 

Several possible uses of existing data and samples might be beneficial to the Actimde 

Migration study 

e Quantify the different resuspension mechamsms at the Site using data from various 

resuspension studies and using known dispersion mecharusms develop a long term 
model of actimde mgration then validate the model using momtoring data 

Characterize the composition of actimde contaminated particles and compare the 

information with the observed size activity distribution 

Review data to estunate settling rates of resuspended actimde-contarmnated 

particles for use in long term migration scenarios 

e 

e 
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8 0 CONCEITUAL MODEL OF ACTINIDE TRANSPORT AT RFETS 

Conceptual models are developed to understand how a site “works” both chemcally and 

physically In environmental work conceptual models are used to tie together the 

relationships between surface and subsurface geology soil types contarmnant sources 

contammant types and distribuhon by air groundwater and surface water transport of 

contaminants Development of a conceptual model based on existmg data and an 

understandmg of the problem forces the identification of data deficiencies and where the 

problem is not known or not understood completely Completion of the conceptual model 

will include fillmg in the data deficiencies and mtegrating the new data mto the model 

The conceptual model of actimde distribution and transport at the Site explam the 

relationshp between soil types actimde distribution hydrogeology and the potential 

effects of the actuudes on surface water quality and alr quality The conceptual model will 

be used to assist in evaluatmg and designmg remedial actions l k s  model of actmde 

transport at RFETS is a livlng document that will be revised and updated as new data are 

obtained The conceptual model in this section updates the conceptual model distnbuted to 

Stakeholders on June 6 1997 New data will be generated over the next two years (fiscal 

years 1998 and 1999) that will refine the conceptual model of actimde distribution and 

transport at RFETS In addition data from sitewide and project specific morutonng will 

be reviewed and additional analysis of existmg data will be performed to confirm enhance 

or change the conceptual model 

Transport of actimdes at RFETS includes both chemical and physical mechamsms 

Physical transport is the movement of the media that contains the actinides (1 e soil or 

water) Chemical transport is the transfer of actinides in solution or from one physical form 

to another for example the chemical transfer of actinides from soil particles to solution in 
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groundwater Once the site specific transport mechamsms are understood they can be 

quantified and remedial design decisions can be made based on this understanding 

Potential transport pathways data and data evaluation needs for better understandlng 

actimde migration from WETS have been identified These pathways are shown in Figure 

8 1 and are generally broken down into discussion by environmental media 

- Soil The transport of surface soil particles by overland flow to surface water rn the 

Walnut and Woman Creek Drainages The factors affectmg transport of actimdes in 
soil are discussed in terms of the data for actimdes m WETS soils Location of 

soils on slopes or flat areas grain size and sorting or armormg of soil all affect 

the amount of soil available for erosion The soil type moisture conditions pnor to 

a storm event and the length and intensity of a storm also affect soil erosion rates 

Surface water and sediments Potential remobillzation of actmdes m the ponds and 

sediments by both physical erosion (mobilization of pond sedunents to surface 

water) and chemical partitioning (from actimde-contammated sedunents to surface 

water in a dissolved phase) will unpact surface water quality 

- Air The air monitoring performed at WETS collects the fraction of actuudes that 

is transpored by wind The long term transport of actuudes by wmd erosion is 

discussed based on the factors that affect air transport 

Groundwater Chemical and physical mechamsms are discussed that contribute to 

actimde migration from groundwater to surface water under the environmental 

conditions encountered at WETS The discussion also addresses groundwater 

transport and the soil action levels in relation to long term protectiveness of surface 

water 

\$b August1997 8 2  



131 
I-- - - -  

W/ER 96-0048 UN 
Dra# Summary of Emsting Data on Achnlcle Migration 

at the Rocky Flats Environmental Technology Site 

Figure 8 1 Prelimnary Conceptual Model of Potentral Acturrde lYansport Pathways 

R = rate of actimde transport (subscripts indicate transport mecharnsm) 
Ra = air 
Re = soil erosion 
Rgw = groundwater 
Ri = infiltration 
Rsw = sediments to surface water 
Rst = sedunent transport 
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Actimdes in these media can be broken down into two phases a solid @articulate) phase 
and a dissolved phase The particulate phase consists of the solid parts of soil or 

sedments and solids suspended in surface water and groundwater Figure 8 1 illustrates 

the environmental media that contam actimdes at WETS and the contarmnant transport 

pathways 

The rates of transport from the soils are represented by R in Figure 8 1 For example 

Ra is the rate of transfer of actinides from soil to air by wind erosion The subscripts 

designate the transfer process once the ranges of transport rates are known for the 

various mechamsms the relative proportions of total actmde transport by each mechamsm 

can be determined 

8 1 SUMMARY AND SIGNIFICANCE OF ACTINIDE DISTRIBUTION AT 

RFETS 

This section summarizes the current actimde distribution at WETS and relates th~s 

distribution to specific sources and events Plutomum and americium will be discussed 

separately from uramum because they generally have different sources and types of 

contamination as well as different chemical associations and transport mechamsms 

8 1 1 Actimde Distribution In Soils 

The general conceptual model of plutomum and americium in soils at WETS is that the 

majority of soil contammtion was deposited by drum leakage at the 903 Drum Storage Pad 

and subsequent air borne redistribution during repairs of the Pad area in the late 

1960dearly 1970s as discussed in Section 2 5 Minor redistribution of plutomum and 

americium in WETS soils has occurred since this imtial set of events (Meyers et a1 

1996) 
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As noted in Section 6 and discussed below and in the surface water/sediment section 

plutonium loading to North and South Walnut Creek surface waters appears to be due to 

low level plutomum soil contamination in IHSSs 101 141 and 165 m the northeastern IA 
The history of the IHSSs is discussed in Section 2 5 

Plutomum and americium surface soil contammation northeast of the Solar Ponds is shown 

in Figures 4 1 and 4 2 This contamination corresponds in part with IHSSs 101 165 and 

141 This surficial contamination may be affecting sedlment quality and water quality in 
the North Walnut Creek (IHSS 165) and South Walnut Creek (IHSS 101 and 141 and to a 

lesser extent 165) drainages Comparing the surface distnbution of these actmdes as 

shown in Figures 4 1 and 4 2 there appears to be some mmor wmd blown surface soil 

contamination related to these IHSSs 

Plutonium and Americium in Subsurface soils 

Vertical profiles of plutomum and americium activities with depth reflect transport by all 

applicable mechamsms over the past 30 years As presented m Section 4 plutomum and 

americium are concentrated in the upper 15 to 20 cm (6 to 7 in) in RFETS soils Thls is 

true for soils with widely varying concentration activities and at varymg distances east and 

southeast of the 903 Pad (Figures 4 7 and 4 8) lmplymg that the plutomum and americium 

in these soils was deposited from the same source in the same manner and at the same 

tune These data also mply that the same downward transport mechanisms apply to these 

soils and that downward transport is extremely slow Aside from particle transport along 

macropores the vertical migration of plutonium and americium is quite llrmted (Litaor et 

a1 1995 DOE 1995) Krey et a1 (1976) suggested that for depths below 6 cm diffusion 

transport better describes plutonium distributions than particle transport via infiltration 

flow 

Downward transport in the top 6 inches of soil is domuted by macro pore flow and by 

bioturbation caused by both vegetation (roots) and ammals (worms insects burrowing 
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ammals) Root channels can extend to a depth of two to three feet Downward transport 

below this zone of bioturbation and macro pores is dominated by solution chemistry The 

data consistently indicate that downward movement of plutomum and americium via 

solution and colloid transport is very llmited 

As expected the vertical profile of plutomum and americium in soil beneath the 903 Pad 

in areas where previous surface soil removals have occurred and in areas where there has 

been surface disturbance since 1970 is different than in undisturbed soils 

Uranium in Surface and Subsurface Soils 

Elevated concentration activities of uramum in surface soils are found in the area of the 

Old Landfill (IHSS 115) and the Solar Ponds (IHSS 101) (Figures 4 9 4 10 and 4 11) In 

general wind transport does not appear to be a sigmficant transport mechamsm for 

uramum in surface soils in the 903 Pad Area (Litaor 1995) High activities of uramum 

isotopes are present in some WETS soils (see Tables 3 2a and 3 2b) Uranium 

contaminated soils have been transported lnto some site dramages (Efurd et a1 1993) but 

appear to be effectively controlled by the onsite detention pond system 

The spotty occurrence of high levels of uranium in WETS soils is also characteristic of 

naturally occurring uranium in Jefferson County including the WETS area (DOE 1993 

DOE 1995 Morse and Moody 1992 Bolivar et a1 1978) Through the use of TIMS 

analysis to individually measure uranium 234 uramum 235 uramum 236 and uramum 

238 one can approximate the relative proportions of natural and anthropogemc uramum at 

WETS 

If total uranium activities lie within the range of activities for background uranium even 

though the isotopic mixture indicates an anthropormorphic origin remediation may not be 

justified as it would constitute cleanup below background levels 
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Low levels of ramum in subsurface soils below the Solar Ponds may contnbute to a 

uramum and rutrate-contarmnated groundwater plume that is partially mtercepted by the 

ITS Figure 5 5 shows that there is no actinide contammation above the Tier II actions in 

the subsurface below the Solar Ponds This is discussed further in Sections 8 1 4 and 8 2 2 

The surface soil data for uraruum do not show a pattern that would be indicative of the Old 

Landfill or the Ash Pits as sources of wind blown uramum contamination 

8 1 2 Actrmde Dlstrrbutron In Surface Waters and Sedunents 

As discussed in Section 6 plutomum and americium activities in pond influent waters are 

higher for storm events than for continuous flow sampling confirming that these actirudes 

are associated with fine particulates and total suspended solids In a study by Rokop et a1 

(1993) to d e t e m e  the source and amount of radioactivity m pond water and sedlments at 

WETS the following conclusions were drawn (1) the largest amount of anthropogemc 

activity detected was in the pond sedlments (2) one gram of pond sedunent contained about 

50 tlmes more plutonium than 1 liter of pond water and both depleted uranium and 

plutonium are mobile through the drainage system (3) the largest source of alpha activity 

is naturally occurring uramum and its decay product radium which provides 70 459 

times more alpha activity than that produced by the plutonium in the terminal ponds and 

(4) the largest source of anthropogemc activity was depleted uranium which comprised 20 

50% of the total alpha activity in the samples 

The surface water data presented and summarized in Section 6 indicate that plutoruum and 

americium are entering surface water at locations north and east of the protected area in the 

center of the IA (GS27 and GS 28) and in Woman Creek (SW 027) 
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Uranrum in Surface Water 

Uramum in surface water dramages is associated with base flow in areas that drain the area 

around the Solar Ponds (SW093 and GS10) but appears to be associated with storm runoff 

in the area south of the 881 building and south of the Old Landfill (SW027) where there is 

surface uramum contamination (see detailed discussion of the data in Sections 4 2 and 

6 2) Total urafllum acovity (the sum of the three isotopes) in the discharge ponds is 

slrmlar for all three ponds ( A 4  B 5 and C 2) In North Walnut Creek Pond A4 (1 79 

pCi/L) contains about 1/4 the total uramum activity of the contmuous flow for SW093 

(4 265 pCi/L) which is below the Solar Ponds At South Walnut Creek Pond B 5 (2 272 

pCi/L total uramum) is slightly lower than the contmuous flow sampled at GS 10 (2 975 

pCi/L) Pond C 2 (2 797 pCi/L total uramum) contains slightly lower total uramum than is 

recorded for SW027 (3 247 pCi/L) in the SID Since the flow paths are not direct from the 

surface water samplmg locations to A and B Series Ponds correlation of actinide content 111 

the ponds to the influent data may not be meamngful 

Efurd et a1 (1994a) examned pond water data comparing Urmum 235 and Uranium 238 

ratios in the WETS ponds to determine the amount of depleted uramum from WETS 
operations that was contributed to each pond The calculation assumed a sunple two 

component system and that the depleted uranium released contamed 0 5% U 235 This 

conservative e s tmte  determined the maximum amount of U 235 in the pond water that is 

attributable to the depleted uramum from WETS The upper ponds A 1 A 2 B 1 B 2 

B 3 and B-4 contained measurable quantities of depleted uramum This study estmatexi 

that essentially 100% of the uramum in Ponds A 1 and A 2 originated as depleted uramum 

All other ponds except Pond C 1 were estmated to contain mixtures of naturally 

occurring and depleted uranium Approximately 50% of the uramum present in Ponds A4 

and C 2 and 20% of the uranium in Pond B 5 was estimated to have originated as depleted 

uranium Efurd et a1 (1994b) rioted that no uramum enriched in U 235 was found in the 

pond waters sampled at WETS 
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Actinides in Pond and Stream Se dunents 

Woman Creek Within the SID plutomum appears to be entering the ditch at locations 

below SW038 in the vicimty of samplmg locations SW035 and SW036 (Efi-ud et a1 

1993) 

Walnut Creek Efurd et a1 (1993) noted that the highest plutonium concentrations were in 

sediments collected from Ponds B 1 B 2 and B 3 More plutomum was detected in the 

sediment from the A 1 Bypass than from sedunents in the A series ponds The area above 

the B series ponds was disturbed m 1972 (Johnson et al 1974) and pond sedunent 

profiles from a 1993 1994 study show a marked mcrease in plutomum concentrations in 

pond sediments during thls disturbance 

Off Site Sediments Core profiles of Pu 2391240 in Great Western Reservoir and Standley 

Lake both show a peak concentration correspondmg to the 1969 1970 903 Pad releases 

Concentrations in other sections of the core samples are generally greater than background 

levels before and after the peak concentration until more recent deposits corresponding to 

the early 1980s This indicates that liquid as well as airborne releases contributed to the 

contamination in the Great Western Reservoir sedments (Meyer et a1 1996) 

The maximum concentrations measured in Stanley Lake sedunents were much lower than 

those from the Great Western Reservoir sedunents Concentrationa prior to and after the 

1969 1970 peak were generally withm the range of concentrations measured at background 

locations indicating sedunent contamination was air borne 
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8 1 3 Achnide Movement in ler 

As discussed in Sections 2 5 4 1 7 2 and 8 1 above the major plutomum and americium 

contamination of surface soil at WETS is the result of airborne soil contammation from the 

903 Pad and to a lesser extent from the Solar Ponds Through 1989 the Site was in 

production and the plutomum from the buildmg emissions systems was the major 

contributor to the plutomum in the ambient air Resuspension from the area contarmnated 

by the 903 Pad was a source of plutomum durmg h s  tune but the contribution was 

masked by the effluent source contribution 

Several studies (DOE 1995b) have suggested that resuspension at WETS does not occur 

solely from surface soils at high wind speeds as m a typical resuspension model 

Significant resuspension also occurs from plant surfaces and occurs at much lower wind 

speeds than are typically associated with resuspension These studies also suggest that the 

plant surfaces receive the plutomum through rain splash The splash deposits fine 

particulates on the surface of the plants where they are available for resuspension at low 

wind speeds The rain splash resuspension model may explam the "chroruc" year round 

very low level ambient air plutonium concentrations observed at the Site from 1990 to 

1995 

8 1 4 Actinide Distribution in Groundwater 

Plutonium and Americium in Groundwater 

Analytical data for plutonium and americium in samples of filtered (0 45 mm) groundwater 

suggest that there are no plutomudamericium contaminant plumes in Site groundwater 

As discussed earlier (Section 5) a few wells contained activities of total (unfiltered) 

plutonium or americium greater than the 0 15 pCi/L plutomum or 0 145 americium Tier I1 
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action levels Most of these wells were dnlled through the 903 Pad or the surficial 

plutomum contamination associated with the 903 Pad Other wells where plutomum has 

been detected do not show a pattern lndicative of a groundwater plume The data suggest 

that the plutonium detected in groundwater wells is the result of down hole cross 

contamination of the well from plutomumcontaminated surface soils As discussed in 

Section 3 plutomum and amencium tend to sorb onto soils with a wide range of cation 

exchange capacity and the transport of colloidal plutomum long distances through 

groundwater has not been proven 

Uranium in Groundwater 

Analytical data for uranium isotopes in samples of filtered (0 45 mm) and unfiltered 

groundwater show relatively high (>40 0 pCdL for U 233 +234 and U 238) maxmum 

activities for both background and non background areas 

As discussed in Section 5 2 groundwater in some nearby background areas (Coal Creek 

Canyon east of RFETS) contains sigmficantly higher amounts of naturally occurring 

uranium (Moody and Morse 1992) than does the sitewide groundwater at WETS 

Concentrations of naturally-occurring uramum increase from west to east across WETS 
and dissolved (filtered) uramum concentrations are generally higher than total (unfiltered) 

uramum concentrations This supports the discussion in Section 3 (geochemistry) that the 

naturally occurring alkaline and oxidlzed groundwater at WETS favors dissolution of 

uramum and therefore transport of uranium via groundwater 
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8 2  TRANSPORT 

The previous discussion of actmde sources and concentrations in various media indicates 

that the following major sources and transport mechamsms should be mcorporated mto the 

conceptual model 

Actimde loading to surface waters has been calculated based on contmuous flow momtormg 

(Section 6) The continuous flow samplers momtor storm events as well as baseflow so 

these calculations are a reasonable estlmate of the amount of contaminants entermg the 

drainages a t  the measurement pomts Tables 6 5 6-6 6 8 6 9 and 6 14 show the 

calculated actimdes to North Walnut Creek South Walnut Creek and Pond C 2 The 

calculated loading to these dramges based on surface water momtormg data is shown in 

Figure 9 2 The current data does not distinguish contaminant loading into Pond C 2 from 

the drainage via SW027 versus the loadmg due to flow over the low level contarmnated 

surface soils surroundmg Pond C 2 which are not captured by SW027 The amounts 

entering the drainages are less than the amount leavmg the ponds based on the pond 

discharge data Actimdes are accumulating 111 the sedunents of the ponds The mam 

sources of plutomum and americium actimde loading to surface water appear to be the 903 

Pad and related surface soil contaminahon areas IHSS 141 IHSS 165 and as yet 

unidentified low level sources 

8 2 1 Surface Soil Transport 

The three main transport pathways for actimdes in surface soils are surface soil erosion to 

surface water surface soil leaching to subsurface soil and groundwater and wind transport 

to other surface soils and to surface water Surface soil leaching to subsurface soil and 
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groundwater is not considered to be a major transport pathway at WETS as supported by 

the data presented in Sections 3 4 and 5 

8 2 2 Groundwater Transport to Surface Water 

Plutonium and Americium 

Transport of plutomum and americium via groundwater to surface water is not a slgmficant 

mechamsm at WETS The presence of plutoruum and americium in groundwater at 

WETS is related to surface contamination and well construction There is no evidence of 

a plutonium or americium “plume of groundwater contamination There is no 

contaminated groundwater plume to intercept surface water and no effect on surface water 

quality 

Uranium 

Groundwater downgradient of the Solar Ponds contains levels of uramum that are elevated 

relative to the groundwater underlying most of WETS although not generally above 

background levels The isotopic ratio and activity ratios of uranium isotopes in 

groundwater downgradient of the Solar Ponds do not indicate an anthropomorphic origin 

Transport of uramum via groundwater to surface water is occurring in the area of the Solar 

Ponds Surface water data indicate that at SW93 uranium is associated with baseflow 

which is fed by groundwater SW93 is north of the Solar Ponds at the toe of the slope 

and is where groundwater not intercepted by the ITS will surface 

Two groundwater wells on the south side of the IA contain isotopic ratios of uranium that 

may indicate anthropomorphic uranium Well 61093 is located just south of the Old 
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Landfill between the landfill and the SID and Well 07391 is located several hundred feet 

south of the 903 Pad 

8 2 3 Surface Water and Sedunent Transport 

Plutonium and Ameriuum Mimabon in Surface Water and Sediment 

Although transport of plutomum and americium-contaminated particles from surface soils 

to the creek beds by erosional processes occurs in the Woman Creek and Walnut Creek 

drainages the pond systems established and maintained by DOE effectively lnhrbits 

sediment and actimde transport within the drainage systems Plutonium and americium 

mobility can be controlled by careful management of the ponds and by controlling the 

timing of pond discharges 

Uranium Mimation in Surface Water and Sedunent 

Dissolved uramum is transported by both surface water and groundwater (Sections 3 and 

5) Uranium-contaminated surface soils are also transported overland to drainages where 

the particulates ultunately accumulate as sedment in the series of onsite detention ponds 

Isotopic studies of the pond water and pond sedunent indicate that depleted uramum from 

WETS has accumulated in the pond system (Efurd et a1 1993) The summary statistics 

(Section 6) for uranium isotopes in sitewide surface water show activities sigruficantly 

higher than those for background surface water 

Overall the pond systems perform well in contairung uranium such that surface water 

leaving the site generally meets the site specific standards for uranium 
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8 3 REFINEMENT OF CONCEPTUAL MODEL 

Distribution and transport mechamsms for the actimdes of concern at WETS are different 

for various areas of WETS due to contamination history and the physical setting of the 

contaminants Based on the data summarized in this report the conceptual model of the 

site has been further subdivided into three mam areas of actimde contamination each with 

a different combination of dommnt actimdes and transport mechamsms These areas are 

Pad Area and related soil contamination 

Northeast Protected Area including the Solar Ponds and IHSS 141 and 165 and 

Old Landfill (IHSS 115) 

The 903 Pad Area and related plutomum surface soil contamination is shown in Figure 8 3 

(low levels of plutomum extend to the east of this figure boundary) This figure 

demonstrates the extensive spread of surface contammation contrasted to the lmted spread 

of actinide contarmnation in groundwater 

relatively steep slopes can be seen by exarmrung the topographic contours on Figure 8 3 

Soils on slopes are more subject to erosion by water than soils at the top of slopes such as 

along Central Avenue In the 903 Pad Area the dominant actinide contaminants are 

plutonium and americium and the dominant transport mechamsm to surface water is 

erosion by overland flow If large expanses of this area were de vegetated wind transport 

and wind loading to the surface water would increase 

The location of some of this contamination on 

The Northeast PA and Solar Ponds area IS shown in Figure 8 4 with surface plutomum 

contamination 

than in the 903 Pad area plutonium and americium are entering surface water at or above 

the RFCA surface water action level immediately downgradient of thls area In this area 

the main contaminant in surface soil is plutonium (and americium) and the main actimde 

contaminant in groundwater is uramum The uranium in groundwater is possibly being 

Although the surface plutomum concentrations in this area are much lower 

8 16 
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mobilized by the high mtrate concentrations in groundwater orlgmting in the solar ponds 

The existing data do not indicate the presence of anthropomorphic urmum downgradient 

of  the Solar Ponds possibly indicating that the increased uramum downgradient o f  the 

Solar Ponds is due to the mobilmtion of  naturally occurring urmurn by the hlgh mtrate 

groundwater plume in this area 

The Old Landfill. IHSS 115 is shown in Figure 8 5 The landfill is of  mterest because 

wells downgradient from it indicate the potential presence of  anthropomorphic uramum m 

groundwater Uramum 238 activities up to loo0 pCi/g have been noted in the Old 

Landfill 

It is recogmzed that additional areas of actinide contamination exist however based on the 

objective of protection of surface water these are the three main areas of  interest 

Additional areas may be added to the conceptual model as more surface water momtonng is 

conducted in the IA related to site decontamination and decommmonmg of buildings and 

potential exposure of  under building contamination to erosion and transport m e c h s m s  

Actimde loading to surface water via groundwater appears to be an issue for urmum m the 

Solar Pond Area and potentially downgradient of the Old Landfill Since there is no 

plutomum or americium plume of contamination loading of  these actuudcs to surface 

water cannot be calculated and is considered minlmal compared to the other transport 

mechamsms for plutomum and americium 

Subsurface uranium contamination contributions to groundwater are addressed in the 

groundwater discussions and in the discussion of further data needs 
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8 4 IMPLICATIONS FOR REMEDIAL ACTIONS 

Erosion modeling will be conducted in fiscal year 1998 assuming 903 Pad Area soils above 

the action level are either removed or covered The modeling results will be compared to 

the results discussed in Section 7 1 and the stream loading summarized in Figure 8 2 

It is expected that the planned soil remediation activities for the 903 Pad Lip and 

surrounding actimde contaminated soil areas together with watershed unprovement 

projects currently in progress (e g application of road sealant revegetation of buffer zone 

roads installation of silt fences SID Improvements) and demolition and decomissionmg 

activities will serve to reduce actimde levels in pond influent and effluent waters 

8 4 1 903 Pad and Lip Area Surface Soil Cleanup 

Because the 903 Pad and Lip area contains activities of plutomum and americium above the 

radionuclide RFCA action levels a remedial action must be performed to reduce potential 

exposure of the public and workers to the soils contaminated above action levels The 

action levels are dose based and were not determined in conjunction with determination of 

the surface water quality protection levels Erosion calculations and surface water mass 

loading calculations indicate that surface water continues to be affected by the 903 Pad and 

Lip Area especially after significant storm events The Conceptual Model needs further 

refinement specifically in the erosion estimates of the 903 Pad and related soil 

contamination to determine the benefits and extent of remediation recommended 

Remedial action may include all or some of the following 

Reduction of source term concentration by soil removal 
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Steps to reduce rate of transport to surface water 

redistributing soils away from slopes 

armoring soils with cobbles and gravel 

other anti-erosion measures and 

The extent of cleanup will be determined not only by the extent of soils contaminated above 

action levels but on the amount of soil needed to be removed or otherwise prevented from 

eroding to protect surface water quality 

Volume reduction potential will be addressed based on treatability studies Indications are 

that because the actimdes are concentrated in the fine grained fraction sigmficant volume 

reduction can be achieved 

Ai1 quality impacts durmg cleanup are a sigmficant concern to the public especially smce 

the major surface soil contamination is due to wind borne contamination Previous actions 

and studies indicate that air emssions can be controlled by use of dust suppressants 

Iiniiting the size of the excavation and llmiting the amount of time the excavation is open 

The previous air releases from the 903 Pad occurred when heavy equipment operations 

exposed large areas of soil contamination without mitigation over several months to 

several year periods (Meyers et a1 1996) 

Surface water impacts during cleanup can be controlled by some of the same engineering 

controls that reduce airborne spread of contaminants as well as common engineering 

practices such as the use of silt fences isolation of contamination areas with berms or other 

surface water flow control measures and covering contaminated soil stockpiles 
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8 4 2 Northeast Protected Area And Solar Ponds 

Thls area has a two fold contarmnation and mgration problem The mtratehramum 

groundwater plume is affecting the surface water quality downgradient/downstream of the 

Solar Ponds Remediation of the groundwater may mvolve use of a passive barrier to 

intercept and precipitate the contarmnants from the groundwater or otherwise remove the 

contaminants from the groundwater Gathering additional data and refinrng the conceptual 

model of groundwater transport in this area is a focus of the Fiscal Year 1998 activities 

discussed in Section 9 

The occurrence of plutomum above the RFCA surface water standard is driving additional 

surface water sampling ~fl this area The current conceptual assumes that this 

contamination comes from low level surface soil contamination however this has not been 

confirmed and is based on the spatial associaQon of the surface contamination with the 

surface momtoring stations showing exceedences Since the levels of surface 

contamination are low investigation of other upstream sources of the exceedences is 

necessary Further evaluation of existmg data for these IHSSs and related surface water 

momtoring locations may be needed 

8 4 3 Watershed Improvements 

The data summarized herein indicate that actinide loading is occurring in areas that are not 

affected by the 904 Pad or related soils The detailed subbasin surface water momtoring 

data will be examined more closely in an effort to determine specific sources of actimde 

loading Once the sources have been located watershed improvements may be used as 

temporary measures to reduce the actinide loading to surface water 
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Changing transport rates and efficiency in surface water mght be accomplished by 

allowing controlled areas for sedunents to drop out of the water column 

8 4 4 Pond OperabondPond Flow Through System 

At or before the time of WETS closure the surface water system will be converted to a 

flow through system that does not require active pumping for surface water management 

The design of this flow through system must take into account that the pond sediments are 

the reservoir for actimde accumulation on site 

Although contaminated pond sedunents are currently diluted by sedunents from 

uncontaminated areas they contain sigmficant zones of CO~tamination from past activities 

8 5 REFI"G/CONFIRMING THE CONCEPTUAL MODEL 

Key areas where the conceptual model needs data (includmg additional interpretation of 

existing data) to be complete are 

e Further analysis of groundwater data from the Solar Ponds area 

Correlation of uranium with other analytes including mtrate nitrate 

carbonate iron sodium pH and TSS These correlations should be 

performed on uramum versus each of the other major ions and 

TIMS analysis of groundwater to determine uramum isotope and activity 

ratios at this time the conceptual model is incomplete because it is not 

known whether the uranium increase downgradient is due to mobilization of 

natural uranium or the movement of anthromorhpic uranium that was 

introduced into the Solar Ponds 
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0 analysis of existing nitratehtrate groundwater data downgradient of the solar ponds 

to determine whether there has been a change smce the ponds were cleaned out 

temporal analysis of existing uramum isotope data downgradient of the old landfill 
and in the well downgradient of the 903 pad that showed skewed isotope and 
activity ratios to determine whether anthromorphic uramum is migrating in these 
areas 

Additional analysis of the groundwater data downgradient of the Old Landfill to 

determine if other analytes are showing the duence  of contaminants rmgrating 

Further evaluation of the drainages in the IA that have hgh plutomum and 

americium loading to detemne the sources of these actrmdes 

Temporal analysis of data at all surface water stations to determine if actimde 

loading is related to on site activities as well as to storm events 

e 

0 

Surface sediments and pond configuration to deterrmne what would happen if 

WETS went directly to a flow through system 

0 What kmds and amounts of loadmg to offsite surface water would be expected 

following a 100 year 24 hour storm 

8 5 1 Incorporation of 1997 Soil Analysis 

The main transport mechanism for plutomum and americium at WETS is from surface soil 

to surface water via overland erosion The 1997 evaluation of speciation and &j of 

plutonium and americium in soils will be used as input to modeling to quantify the 

contribution of actinide migration to groundwater via chemical transport and hence the 

relative contribution to surface waters This is similar to the modeling approach that was 

used to set the RFCA soil action levels for volatile orgamc compounds that are protective 

of surface water via the groundwater pathway The pond sedunent & values will be used 

to quantify the chemical transport of the actimdes from sedunents to surface water 
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Both of these chemical transport mechamsms are expected to be relatively small compared 

to overland transport however they are being addressed to assure completeness and so 
t1, 1, , 7 t prtort 17"' . 1 ~ ~ 1  -1 

8 5 2 Incorporation of 1997 Pond Sedunent Analysis 

Surface sedlments and pond configuration answers to the questions what would happen if 

WETS went directly to a flow through system and what kinds and amounts of loading to 

offsite surface water would be expected following a 100 year 24 hour storm will depend m 

part on the 1997 data from pond sediment analysis 

Sediment inventory and depth profiles collected during 1997 will be used to calculate the 

amount and rate of actinides that would be released for each major drainage for various 

scenarios of conversion of the ponds to a flow through system Converting the ponds to 

wetlands may mitigate both actimde transport and may deplete the mtrates fkom the Walnut 

Creek Drainage thereby reducing the amount of uramum that can be transported in 

solution 
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9 0 RECOMMENDATIONS 

The near term projects to evaluate and control actimde migration include finalwition of the 

conceptual model for actimde migration for the Woman Creek and Walnut Creek 

Dramages remediation of the 903 Pad Lip Area and containment of the Solar Ponds 

plume Recommendations for finalmtion of each of these tasks are summarlzed below 

9 1 WOMAN CREEK DRAINAGE 

The 903 Pad Lip Area is a major source of windblown contammation Imtiation of 

remediation activities is scheduled for the 2000 2001 tuneframe In order to attam this 

schedule the Conceptual Model will have to be finalized in order to detemne site specific 

cleanup levels for protection of surface water The goals of the proposed actimde 

migration aluation work for fiscal jear 1998 IS to complete a draft Conceptual Model for 

actimde migration at WETS to quantify the rates of actimde transfer among media and to 

model and test transport rates on proposed remediation scenarios for the 903 Pad In order 

to accomplish thls the following activities will occur 

e Based on existing data 1997 column studies to determine actmde speciation and 

partition coeffcienthnvestigation results on soils and sedlments 1998 erosion 

modeling and alr dispersion modeling rates will be established for each transport 

mechamsm (air erosion and leaching to groundwater) for plutomum and 

americium 

Additional laboratory studies will be conducted to determine mobility under various 

environmental conditions 

A mass loading analyses will be performed in order to allocate the maxunum 

contribution of plutonium and americium to each basin that will not exceed the 

Segment 5 stream action levels 

0 

0 
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0 The above data will be mput lnto the draft Conceptual Model for actimde mgration 

and tested on the watershed below the 903 Pad Lip Area to determine site specific 

cleanup levels and 

Using the rates established in the draft Conceptual Model the feasibility of 

remediating the 903 area soils by reducing erosion rates to surface water will be 

evaluated 

0 

The draft Conceptual Model for the Woman Creek Drainage will be peer reviewed in 1998 

and comments incorporated into the final Conceptual Model in 1999 This information will 

be used to finalize the IM/IRA for the 903 Pad and Lip Area 

9 2 WALNUT CREEK DRAINAGE 

The sources of actinide contamination in the Walnut Creek Drainage are uranium 

from the Solar Ponds and plutonium americium and uranium from the IA 

9 2 1 SOLAR PONDS PLUME 

An action is required to protect surface water in South Walnut Creek from contarmnated 

groundwater originating from the Solar Ponds There is a proposed RFCA milestone to 

construct a plume containment system in fiscal year 1999 In order to ensure attainment of 

this milestone additional plume characterization will be conducted in 1998 to refine 

knowledge of the extent of the uramum and nitrate plumes originating from the Solar Ponds 

area A groundwater model will be developed specifically for the urmum and mtrate 

plumes to evaluate alternatives for managing the plume The model will incorporate 1997 

laboratory study data that determined site specific uramum I& s and speciation whlch affect 

the mobility of actirudes The groundwater model will be used to help evaluate select and 

design a preferred alternative for remediation of the Solar Ponds plume 
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9 2 2 WALNUT CREEK DRAINAGE 

The NL tl- qnd South TValnut Creek Drai 'I,C T 

source of plutomum loadmg and a Conceptual Model for actimde migration will be 

developed The followrng tasks will be performed 

be fia ther cxair' I if 'c i  define the 

e Complete inventory of plutomum americium and uramum in each pond based on 

the fiscal year 1997 data and all previous historical data 

e Review of existing data from the IA and B2 to determme source areas 

e Evaluate pond sedunent gram sue data in relationship to contamination to determine 

what stream energy is required to erode contaminated sedlments from the ponds and 

under what clrcumstances these energies are llkely to occur and 

Establish rates for each transport mechamsm 

e Perform a mass loading analyses in order to allocate the maximum contribution of 

plutomum and americium to a basin that would not exceed the Segment 5 stream 

action levels and 

e The above data would be input into the draft Conceptual Model for actimde 

migration and tested on the Walnut Creek Drainage to determine site specific 

cleanup levels 

~ 1 f August1997 9 3  
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APPENDIX A 

A 0 TREATABILITY STUDIES 

Radioactive contamination affects large volumes of soil at WETS and this contarmnated 

soil will have to be remediated before the site can be released for other uses At the 903 

Pad and Lip Area for example up to 31 300 cubic meters of soil may require remediation 

Offsite disposal costs for this may be as high as $96 million at current prices (if it must be 

handled as LDR-compliant low level and low level mlxed waste) The radioactive 

contaminants cannot be destroyed by any type of treatment but the high costs of disposal 

make treatment to concentrate contammation and reduce the volume of soil requinng 

disposal extremely attractive 

A number of treatability studies have been conducted at WETS focusing on reducing the 

volume of contaminated soil which must be remediatied These studies have focused either 

on concentrating contaminants into a fine grained high radioactivity fraction through 

physical smngklassification (Section 8 1) or partitiomng contaminants into a liquid 

through chemical extraction (Section 8 2) Both approaches have shown some promise in 

laboratory scale tests Calcination heavy liquid separation and magnetic separation also 

have been examined but do not appear promising and will not be discussed hrther here 

(Arnold et a1 1980 Navratil et a1 1979 Navratil and Kochen 1982 Olsen et a1 1980) 

A 1 SIZE CLASSIFICATION FOR VOLUME REDUCTION 

The surface soil of W E T S  is rocky and plutomum contamination is concentrated in the 

fine grained portion of the soil (Kochen and Navratil Little 1980 Olsen et a1 

Garnett et a1 1980 Stevens and Rutherford 1982 Pettis and Kallas 1988) Undisturbed 

soil from Rocky Flats has a highly variable grain size and the soil has been mixed and 

commingled with fill during construction maintenance and Site cleanup In general 

WETS soil has bimodal grain slze distributions with a natural break in the 5 to 35 mesh 

(4 5 and 0 7 mm) range (Table A 1) 

1980 
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Table A I Size Distnbution of a Plutonium Contaminated Soil Sample from 
the 903 Pad Area 

Size Fraction Fraction of soil 

> 1 mch 41 / 

1 inch to 5 mesh 

5 to 8 mesh 2 /  

31 / 

8 to 35 mesh 5 /  

<35 mesh 151 

From Stevens and Rutherford (1 982) 

Separation of coarse and fine soil fractions generally involves three processes liberation of 

fine clasts from coarse clasts separation of the slze classes and dewatering of the coarse 

and fine fractions (Eagle et a1 1993) These processes have been extensively studied at 

WETS because of the potential usefulness of size separation in reducing the volume of 

radioactive soil which must be disposed (Olsen et a1 1980 Stevens and Rutherford 

1982) Techmques which have been investigated for liberation include scrubbing attrition 

scrubbing ultrasomc cleamng and use of surfactants/dispersants Techmques whch have 

been investigated to separate fine-grained clasts from coarse grained clasts include dry 

screemng wet screemng hydraulic classification desliming flotation and rmneral jigs 

(Garnett et a1 1980 Kochen 1991) 

Pettis and Kallas (1988) conducted bench scale testing and reported that sunple room 
temperature screemg of 903 Pad soils was effective at decontamination greater than 4 mm 

size fraction (approxunately 60 wt '35 of the total) to less than 5 d p d g  (2 3 pCi/g) 

plutonium and amercium The greater than 2 4 mm size fraction (approxunately 65 wt % 

of the total) was decontaminated to less the 12 d p d g  (5 5 pCdg) Plutomum and 6 dpm/g 

(2 7 pCi/g) amercium by wet attrition scrubbrng The remairung soil fraction of less than 

2 4 mm was treated by attrition scrubbing ultrasonic scrubbing oxidation calcination 

desllming flotation and heavy liquid density separation 

A 2  
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Although somewhat guarded because of results for selected sm fractions they concluded 

that attrition or vibratory scrubbing and either mineral jig or acid leaching of this fracbon 

would be effective for a decontarmnation goal of 14 pCi/g 

Kochen and Navratil(l982) examined dry sieving and wet sieving techmques to separate 

soil into fine gramed contammated and coarse grained uncontaminated fractions (the 

results are shown in Table A 2) Clasts coarser than 4 qun removed by dry sieving had 

average plutomudamericium activities of 100167 (3% and 13% of untreated soil values 

respectively) Wet screenmg even without overt attempts to liberate contamination from 

particle surfaces reduced plutomudamericium activities to 212 pCi1g (0 07% and 0 4% of 

untreated soil values respectively) Attrition scrubbing and wet screening were tested on 

the underflow for liberation and separation respectively These techques reduced the 

volume of contaminated fme grained soil by a further 30% (Kochen and Navratil 1982) 

A conceptual three step process for concentrating soil contamination in soils from the 903 

Pad was developed by Rockwell (1978) P r m r y  treatment would separate soil clasts 

coarser than 4 mm for return as clean fill The underflow of contaminated fine grained 

material from p r m r y  treatment would enter secondary treatment for sizing at 0 4 mm 
The primary and secondary treatment were projected to reduce the volume of 

contaminated soil approxunately 70% 

Olson et a1 (1980) attempted to separate 903 Pad soil into contaminated and 

uncontaminated fractions using the following process a pH 11 NaOH solution and wet 

screening attrition scrubbing with high pH Calgon solution and decantation attrition 

scrubbing with low pH solution and decantation and scrubbing followed by catiomc 

flotation (Table A 3) 
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The high pH and low pH attrition scrubbing were both more effective than sunpie wet 

sieving in liberating plutomum contamination but both techniques produced secondary 

aqueous waste streams with admixed cations and amons Wet sieving by itself reduced Pu 
239 in the coarse fraction to approxunately 100 pCi/g (the results are shown in Table A4) 

The plutomum activity in the greater than 5 mesh fraction can be reduced further to 

approximately 11 pCi/g using vibratory grinding 

Table A 2 Actinide Activity in Size Fractions of Soil from the 903 Pad 

Untreated 3370 518 

Dry screening 

>4 0 mm 60 100 3/ 67 7 7 6 /  

4 0 to 2 4 mm 4 630 19/ 122 0 9 4 1  

2 4 to 0 42 mm 12 1395 41 / 252 5831  

<O42mm 24 13 100 3901 1845 8 5 5 1  

Wet screening 

>4 0 mm 61 225 0 0 7 1  225 0 2 6 /  

4 0 to 2 4 mm 4 54 1 6 /  108 0 0 8 1  

2 4 to 0 42 mm 11 302 9 /  72 0 141 

<O42mm 24 12 150 360 / 2025 95 I /  

From Kochen and Navratil Navratil and Kochen ( 1  982) Hicks and Blakeslee (198 1)  
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Table A 3 Effectiveness of Sizing Treatments 

Technique Solution composition Clean fraction Waste fraction 

Untreated 20 300 pCdg 

Wet screening pH 1 1 with ' aOH 35 mesh+ <35 mesh 

60 70 wt?/ 30-40 wt?? 
lg to 1 ml 13 5 pCdg 50 700 pCdg 

Attrition scrubbmg Calgon soln at high pH fast settling slow settling 
high pH solutions 2 PCdg 101 000 pcdg 

low pH solutions 0 2 /  HF 2 2 pCdg 101 000 pCdg 

80wt / 20 wt?? 
Attrition scrubbing 2 ? "NO3 fast settling slow settling 

2 /  pine oil 84wt / 16 wt?? 
5/  Calgon 

Compiled from Olsen et a1 (1980) these results also are summarized UI Pettis and Kallas (1988) 

Table A 4 Pu 239 Activity by Size-Fraction in Soil from the 903 Pad Area 
Treated by Wet Sieving 

Size Fraction Ljyh Activity 

> 1 inch 

1 inch to 5 mesh 

<5 mesh 

Not determlned due to analytical difficulties 

100 pCdg 

approximately 15 100 pCdg 

After Stevens and Rutherford (1982) Initial activity of soil approximately 3400 pCdg 

Stevens and Rutherford (1982) tried a variety of solutions in conjunction with vibratory 

grinding to remove plutomum from the coarse fraction Use of more aggressive acid based 

solutions increased the removal of plutomum Caustic solutions increased the rate at which 

plutomum was removed from the coarse fraction but did not unprove the final 

decontamination effectiveness Navratil and Kochen (1982) tested sunilar solutions in 

combination with attrition scrubbmg to remove actirudes from sand sized clasts (2 4 to 0 42 

mm) Large uncertainties m the determination of actimde activity preclude any conclusion 

concerning the relative effectiveness of extracting solutions (the results are shown in Table 

A 5) 
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Table A 5 Effectiveness of Attrition Scrubbing in Removing Actrnide Actrvrty 
from Sand Sized Soil Fraction 

Solution Pu Am 

PCl4 / remainmg P C a  Y remainmg 

Untreated 333*128 

Distilled water 

80°C distilled water 

Calgon 5 wt?? 

Calgon IO wt?/ 

Citric Acid 0 1M 

Oxalic Acid 0 1 M 

Sodium Silicate 0 1 wt?/ 

Basic H Detergent 1 vol 
/ 
OT B (Anionic Surf) 
0 1 Wt?? 

C 61 (Cationic Surf) 0 1 
WP/ 

56*40 

8 1*0 

63*8 

30*7 

72* 16 

31*1 2 

67 5*8 

207*64 

99*48 

77*8 

171 

24 / 

191 

9 /  

22 / 

9/ 

20 / 

60 / 

30 / 

23 / 

54*32 

13*2 8 

I6*16 

8*7 

7*0 8 

14*9 

e 4  

12+1 6 

27*9 5 

2 1*8 

16*8 

23 / 

29 / 

15/ 

13 / 

27 / 

18/ 

23 / 

51 / 

39Y 

3 1  

From Navratil and 
Kochen (1 982) 

Kochen et a1 (1991) reinvestigated attrition scrubbing and rotary scrubbing to liberate 

contaminated particles and dry sieving and wet sieving to separate contammated and 

uncontaminated soil fractions They also experimented with a gravimetric separator 

(mineral jig) to separate contaminated and uncontarmnated fractions The soil used in these 

experlments was skewed fine by the exclusion of large rocks but even with this exclusion 

more than 50% of all soil samples were caught on a 6 mesh (4 mm) screen Attrition 

scrubbing helped liberate actimde contamination from the 4 to 0 42 mm stze fraction and 

mineral jigs removed some contamination from the 0 42 to 0 25 mm size fraction The low 

efficiency of plutonium removal from the 0 42 to 0 25 mm slze fraction (69%) the high 

actinide activity in this fraction and the low abundance of this slze material in WETS soil 

(47' by weight) makes the technique of questionable value (as shown in Table A 6) 
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Table A 6 Liberatron and Separation Techniques for Vanous Size Fractions of 
Windblown Soil from the 903 Pad 

Size fraction / of Soil Liberation Technique Separation Technique W A m  removal 

50 to 4 0 mm >50 / NaOH pH 12 5 wet sieving 98Y 

4 to 2 4 mm 1 /  NaOH pH 12 5 wet sieving 83 / 

attrition scrubblng 
4 to 2 4 mm I /  NaOH pH 12 5 wet sieving 78 / 

rotary scrubbing 
2 4 to 0 42 mm 6 1  NaOH pH 12 5 wet sievmg 66 / 

2 4 to 0 42 mm 6/  NaOH pH 12 5 wet sieving 90 / 
attrition scrubbing 

rotary scrubbing 
<O 42 to 0 250 mm 4 / NaOH pH 12 5 mineral jig 69?/ 

Compiled from Kochen et a1 (1991) 

Efficiency 

4to24mm 1 /  NaOH pH 12 5 wet sieving 95 / 

2 4 to 0 42 mm 6/  NaOH pH 12 5 wet sieving 53 / 

Garnett et a1 (1980) attempted a pilot scale test of size based decontamination of actimde 

contammated soil from the 903 Pad A trommel removed material coarser than 5 mesh 

(50 5% of soil by weight) and a screener removed clasts between 5 and 35 mesh (20% of 

soil by weight) The fraction coarser than 35 mesh was clean" and was returned to the 

area of contarmnation and the fraction passing through 35 mesh was dewatered for 

disposal using a clarifuge floculant and centrifuge A number of problems were 

encountered in the pilot scale study including 

0 

e 

Recontamination of coarse clasts by recycled washwater 

Recontammation of "clean material from the build up of contamination on the 

trommel screen and other equipment 

Breakdown of the flocculated waste by shear in the centrifuge 

Plugging of hydrocyclones studied for use to separate 35 mesh material 

Plugging of drum filters tested to replace centrifugation 

0 

0 

0 
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Slmilar problems have been encountered by other workers attempting to treat radioactively 

contaminated soils (Eagle et a1 1993) 

A 2 CHEMICAL EXTRACTION 

Chemical extraction has been investigated at the laboratory scale to concentrate plutomum 

contamination in solution and allow clean soil to be returned to the environment (Stevens et 

a1 1982 Triay and Loge 1994 DOE 1995a DOE 1995b) None of the techmques 

have been scaled up to pilot scale and there has been no full scale application of any of the 

chemical extraction techmques either at this site or at other sites 

Techmques attempted on WETS soils have included adding surfactants to disburse fine 

grained soil particles addmg acids to depress the solution pH and increase actimde 

solubility adding complexing agents such as carbonate or EDTA to produce soluble 

complexes and adding redox agents to raise or lower the redox potential and favor soluble 

actinide species [such as Pu(III) or Pu(VI)] over insoluble actimde species [such as pU(IV)] 

Encouragmg results have been obtained with several combinations of reagents but practical 

chemcal extraction of bulk soils may be difficult expensive and fraught with unexpected 

complications as demonstrated by the Pit 9 cleanup effort at the Idaho National Engineermg 

and Environmental Laboratory 

It also may be possible to use bacterially mediated reduction in place of reducing agents to 

facilitate removal of multivalent actimdes from soils Iron reducing bacteria produce 

reducing conditions which presumably function in a manner similar to reducing agents to 

mobilize actimdes Use of this techmque as a practical remediation approach however is 

likely to be extremely difficult and expensive 

Stevens et a1 (1982) investigated the effects of a variety of potential lixiviants on finely 

ground soil from Rocky Flats and other DOE sites 1 kg aliquots of soil were extracted in 

a 8L baI1 mill The imtial extraction was with 1L of solution and samples were subjected 

I [I\ August1997 
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to 3 subsequent extractlorn with 500 mls of fresh scrub solution A final m e  consisted of 

500 ml of water Extraction efficiency was highest for the acidic solubons and lowest for 

the basic solution (Table A 7) 

Table A 7 Extraction of Actinides from Finely Ground RFETS Soil by Scrub 
Solutions 

NaOH Solution pH 12 5 15V Calgon 
2 /  HNO3 0 2 /  Pme 

Pu 239 removed 2 15*5/ 57 5*78 / 60 235 7 /  

Am 241 removed 15*17/ 90 3*13 / 84 3*8 4 /  

From Stevens et a1 ( 1  982) error values are twice the reported standard devlation for duplicate 
measurements 

Hicks and Blakeslee (1981) summarlzed a decade of soil charactermtion and bench scale 

attrition scrubbing studies on RFETS 903 Pad soils Plutomum was removed with varying 

effectiveness by attrition scrubbing with hot (80OC) distilled water hot solutions of 

reducing/oxidizing agents (H202 NaClO and Na2S03) hot solutions of complextng 

agents (Na2CO3 oxalic acid and citric acid) hot detergent and surfactant solutions 

(Oakite NST and sodium dioctyl sulfosuccinate) Oxalic acid (0 1 M) sodium 

hexametaphosphate (10%) and 10% detergent solutions were among the more effective 

decontaminating systems for the 2 4-45 0 mm soil fraction and removed 95 98% of the 

plutomum and americium 

Table A 8 shows the results of experiments conducted by Triay and Loge (1994) to test 

simple complexants standard leaching techques and redox agents to remove actimdes 

from 903 Pad soils The tests were designed on the basis of earlier experments and 

knowledge of plutomum chemistry and included a range of reducing agents oxidrzing 

agents complexing agents and pH conditions There was no attempt to optlrmze extraction 

conditions and results are for 2 5 g of RFETS soil equilibrated with 20 ml of extracting 

solution for 24 hours The highest extraction efficiencies for plutomum were observed 

with citric acid and sodium dithionite (5 1 %) with sodium citrate and ascorbic acid (51 %) 

and with sodium citrate and sodium dithionite (61 %) 

q> August 1997 A 9  
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The effects of elevated temperature on the extraction efficiency of various combinations of 

reducing/oxidmng agents complexmg agents and pH was investigated subsequently 

(DOE 1995b Table A 9) Americium removal efficiencies were smilar in all complexant 

systems studied with the exception of carbonate Heating to 80OC unproved americium 

extraction efficiency by 10 15% for most complexants High pH had little effect on 

americium removal again with the exception of the carbonate system 

Plutonium extraction was less efficient than americium extraction across the board but 

converged with americium extraction efficiency when reducing agents were employed 

This could either be due to either valence difference between the two actimdes ( h 3 +  

should be relatively more mobile than Pu4+) or to some difference in the location of 

amercium and plutomum in soil (with amercium concentrating in a more accessible 

location) 

Plutomum extracQon efficiency decreased with increasing pH for all complexants except 

carbonate The increased efficiency at high pHs in the carbonate system would be driven 

by transformation of bicarbonate to carbonate with a concomitant increase in the stability of 

amon actimde complexes The overall negative slopes of the other complexant systems 

represents precipitatlodsorption of actinide hydroxide complexes on solid phases which is 

partially offset by increased actinide-complexant complexation as the complexants 

dissociation increases 

The EDTA plutomum system and some other systems show more effective plutomum 

extraction at high temperatures than at low temperatures (see Figure A 1) This suggests 

that plutonium removal may be llmited by dissolution rate and that it may be possible to 

increase plutonium extraction by increasing extraction time or taking some step to increase 

the dissolution rate 
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Figure A 1 Plutonium Extraction 
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Figure A I cont Pluonium Extraction 

Reducing agents generally increased removal of both americium and plutomum from 

WETS soils when combined with most complexants (Table A 10 Figure A 1) The gain 

was largest for plutonium and room temperature solutions and plutomum extraction 

efficiencies approached the efficiencies for americium under non reducing conditions 

Hydrogen peroxide and oxidizing agents had little effect on the removal of actuudes from 

soils and at high temperatures actually decreased removal in some systems possibly as a 

result of the destruction of the complexing agents 

A 3  DATAGAPS 

Remaining data gaps primarily relate to the application of particle sizing and chemical 

extraction techmques tested at the laboratory scale to practical cleanup of Site soils Of the 

two categories of techniques physical sizing appears to be the more promising for volume 

reduction because of the relatively uncomplicated nature of secondary waste One attempt 
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has been made to scale up physical separation techmques and a variety of issues were 

encountered during this scaleup These issues will have to be addressed before the 

approach can be applied during cleanup 

Scaleup from laboratory scale processes to pilot scale processes has been systematically 

studied by a variety of authors (Bisio and Kabel 1985) Generally scale up ratios on the 

order of 50 to 100 are advisable for processes involving solids such as physical suing to 

concentrate plutonium Laboratory test were llmited to fractions of a cubic yardhour and 

a pilot plant with a capacity of not more than 10 cubic yards/hour should be tested before 

physical sizing is applied in actual cleanup 

Chemical extraction schemes have larger practical problems than do physical techniques 

None of the chemcal extraction technologies have been demonstrated at pilot scale and 

many of the questions which will need to be answered before scaleup have not been 

addressed The nature of the final waste stream following treatment for example is 

unclear Many of the promising techmques use chelating or complexing agents and these 

agents are banned from radioactive disposal sites because they mobillze contaminants 

Transition metals and other ions moreover will be present along with the actimdes in the 

secondary waste and could require sophisticated and expensive treatment prior to disposal 

Table A 8 Plutonium and Amencium Removal from Soil at Room Temperature 

for Various Combinations of Extractants 

Extractant React ions /Am /Pu 
Reducing Oxidizmg Complexmg pH 

agent agent Agent 
0 1 MCitric Complex formation 13 / 24 / 
Acid 
0 1 M Citric 2 eq NaOH Complex formation 39 / 18 / 
Acid Dissolution of 

si1 tcates 
Destruction of 
organic matter 

A 14 

%e 



RHER 96-0048 UN 
Draft Summary of Errsrrng h t a  on Actmi& Mgrution 

at the Rocky FIats EnvuonmentaI Technology Site 

3 1  H202 same 0 1 M Citric Destructionof 14/ 42 /  
Acid organic matter 

reductiodoxidation 
of  plutbnium 

complex formation 
5 /  NaOCl 0 1 M Citric Oxidation o f  3/ 32/  

Acid organic matter 
oxidation o f  

plutonium complex 
formation 

0 1 M Na2S208 0 1 M Citric Oxidation o f  7 /  30/ 
Acid organic matter 

oxidation o f  
plutonium complex 

formation 
0 1 M Na2S204 0 1 M Citric Reduction of  iron 15 / 5 1 / 0 1 M 

Acid sesquioxides Na2S204 
reduction of  IS the salt 

plutonium complex of an actd 
format ion and 

should be 
weakly to 

strong 
basic 

0 1 MNH20H 0 1 M Citric Reduction o f  iron 2 / 25” pH of 0 2 
HCI Acid sesquioxides M aq soln 

reduction o f  3 2  
plutonium complex 

formation 
0 1 M Ascorbic 0 1 M Citric Reduction o f  iron 16Y 18 / 
Acid Acid sesquioxides 

reduction o f  
plutonium complex 

formation 
3 1  H202 same 01M Destructionof 42Y 191 

Sodium organic matter 
Citrate reduction/ oxidation 

of plutonium 
complex formation 

3 /  H202 same+001 M 0 I M Destructionof 43/  4 3 1  
~ e 3 +  Sodium organic matter 

Citrate reduction/ oxidation 
of  plutonium 

complex formation 
5 /  NaOCl 01M Oxidation o f  1 2 1  0 1  

Sodium organic matter 
Citrate oxidation o f  

plutonium complex 
formation 
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0 1 MNa2S208 0 1 M Oxidation o f  45 / 29 / 
Sodium organic matter 
Citrate oxidation o f  

plutonium complex 
formation 

0 1 M Na2S204 0 1 M  Reduction o f  iron 5 7 1  61Y Sodium 

Citrate reduction o f  solution 
plutonium complex should be 

formation less acidic 
than a 

citric acid 
solution 

Sodium sesquioxides citrate 

0 1 MNH20H 0 1 M  Reduction o f  iron 4 1 / 36 / 
HCI Sodium sesquioxides 

Citrate reduction of 
plutonium complex 

formation 
0 1 MAscorbic O I M  Reduction o f  iron 58Y 5 1 / 
Acid Sodium sesquioxides 

Citrate reduction of 
plutonium complex 

formation 
0 1 M  2 eq NaOH Dissolution o f  39Y 8 /  
EDTA silicates destruction 

o f  organic matter 
complex formation 

0 1 M  3 eq NaOH Dissolution o f  4 5 1  8/  
EDTA si I icates destruction 

of organic matter 
complex formation 

3 1  H202 same 0 1 M  Destructionof 4 7 1  2 6 1  
EDTA organic matter 

reductiodoxidation 
of plutonium 

comolex formation 
3/ H202 same+OOlM 0 1 M  Destruction of 0% O h  

Fe3+ EDTA organic matter 
reductiodoxidation 

o f  plutonium 
complex formation 

0 1M EGTA 2 eq NaOH Dissolution of 301 7 1  
silicates destruction 

of organic matter 
complex formation 

0 1 M  3 eq NaOH Dissolution o f  4 6 1  2 5 1  
DTPA silicates destruction 

o f  organic matter 
complex formation 

0 1 M  Weak complexant 0 / 6 / 
(NH4)2C03 
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3 1  H202 same 0 IM Reducmgloxid O/ O/ 
Na2C03 agent, weak 

complexant 
3 1  H202 same+O 01 M 0 IM Reducingloxid O /  14Y 

Fe3+ Na2C03 agent 

5 /  NaOCl 0 IM Oxidizing agent 1 1 / 28 / 

0 1 MNa2S208 0 1M Oxidimg agent 001 lO/ 

weak complexant 

Na2C03 weak complexant 

Na2C03 weak complexant 
0 1 M Na$3704 0 1M Reducingagent, OY 3/ - - .  

Na2C03 weak complexing 
agent 

0 1 MNH20H 0 IM Reducmg agent 0 / 0 / 
HCI Na2C03 weak complexing 

0 1 M Ascorbic 0 1M Reducing agent 27Y 20 / (Ascorbate 
Acid Na2C03 weak complexing must 

agent complex in 

right) 

agent 

its own 

0 1 M  weak compbxing 2 / 12 / 
NaHC03 agent 

3 /  H202 01M Reducingloxid O/ O/ 
NaHC03 agent, 

Fe3+ NaHC03 agent 
weak complexant 

5 /  NaOCl 01M Oxidizmg agent 1 3 / 14 / 
NaHCO? weak complexant 

0 1 MNa2S208 0 1 M  Oxidizing agent, oO/ 10 / 
NaHC03 weak complexant 

0 1 MNa2S204 0 1 M  Reducmg agent 0 / 4 / 
NaHC03 weak complexant 

0 1 MNH20H 0 1 M  Reducingagent, O /  2 1  
HCI NaHC03 weak complexant 
0 1 M Ascorbic 01M Reducing agent 22 / 1 1 / (Ascorbate 

weak complexant 
3/ H202 same+OOl M 01M Reducing/oxid O/ 5/ 

Acid 

August 1997 

NaHC03 weak complexant must 
complex 

in its own 
right) 

01M 2 eq NaOH Complexing agent 48 / 2 / 
Nitrilotriace 
tic Acid 
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0 1 M  3 eq NaOH Complexmg agent 4 1 / 23 / (Must be 
Nitrilotriace the effect 
tic Acid of hrther 

dissociation 
of the 
NTA) 

3 /  H202 0 1M TETA Reducingfoxid O /  9 /  
agent, complexant 

3/ H202 O l M T E T A O l M  0 1  o/  
NaHCOq 

5 /  NaOCI O l M T E T A O I M  9/  13/ 
NaHC03 

0 1 MNa2S208 0 IMTETA 0 1 M 5 /  18/ 
NaHC03 

NaHC03 

HCI NaHC03 
0 1 M Ascorbic OlMTETA 0 1 M 3 1  111 
Acid NaHC03 
0 1 M Tartaric 1 eq NaOH o/  5 /  
Acid 

OlMTEG 0 1 M  o /  o /  

3 /  H202 0 1M TETA 0 1 M o /  o /  

0 1 MNH20H O l M T E T A O l M  0 1  12/6 

NaHC03 
3 /  H202 0 1 MTEG o /  o /  
3/ H202 Same NO1 M 0 1 MTEG 4 /  3/ 

Fe3+ 
0 1  MTEG 0 1 M  o/  o /  
DME NaHC03 

5 /  NaOCl 0 1  MTEG o /  8 /  
DME 

DME 

DME 

HCI DME 
0 1 MAscorbic 0 1 M  TEG o/  o /  
Acid DME 

0 1 M Tiron O /  24/ 

0 1 M Na2S208 0 1M TEG o/ o/ 

0 1 MNa2S204 0 1 M  TEG o /  o/  

0 1 M NH2OH O l M  TEG o/ 3/ 

Nitric Acid 
5 /  NaOCl 1.51 8 /  

0 1 M NH20H o /  o /  
HCI 
0 1 M Ascorbic O /  OoA Should try 
Acid a range of 

From Triay and Loge 1994 
PHS 
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I 

Table A 9 Plutonium and Americium Removal from Soil at Elevated 
Temperature for Vanous Combinations of Extractants 

Ph AmRemoved PuRemoved 
Reducing Oxidizing Complexmg 2OoC 8OoC 2OoC 8OoC 2OoC 8OoC 

Agent Agent Agent 
none none CitricAcidO 1 2 2  2 4 2 9 1  36Y 28/ 63/ 

M 
none none CitricAcidOl 3 5  3 5 5 1 1  52/ 56/ 57/ 

M 
none none CitricAcidO 1 4 6  4 9 6 0 1  71/ 36% 58/ 

M 
none none CitricAcidO 1 8 3  8 7 2 9 /  42/ 20/ 35/ 

M 
Ascorbic Na3CitrateO 1 5 4  5 4 6 9 1  73/ 56/ 51/ 
Acid M 
Ascorbic NajCitrateO 1 6 8  7 2 5 2 1  61/ 3 8 1  40/ 
Acid M 
Na2S204 Na-jCitrateOl 5 9  6 4 7 1 /  67/ 62/ 57/ 

M 
Na2S204 Na3CitrateOl 5 6  6763,’ 61/ 63/ 53/ 

M 
Na2S204 Na3CitrateO 1 6 1 5 8 7 7 1  70/ 52/ 
(0 5 M) MMaHC03 

H2023/  same Na3CitrateO 1 8 4  8 3  54/ 42/ 48/ 40/ 

Na2S208 NajCitrateO 1 6 9 5 1 5 4 1  77/ 45/ 57/ 

NaOCl I /  Na3CitrateO 1 8 6  9 2  3 3 /  41/ 39/ 37/ 

none EGTAOlM 4 8  5 5 8 1  69/ 42 / 
none EGTAOIM 8 7  8 7 5 6 1  67/ 2 3 1  3 1 /  
none EGTAOlM 9 2  9 2 5 9 1  64/ 2 6 1  27/ 
none EGTAOlM 9 9  9 8 5 3 /  64/ 17/ 28/ 
ascorbic EGTAOlM 5 9  6 2 6 1 /  76Y 3 7 1  53/ 
acid 
Na2S204 EGTA 0 1 M 6 6 4 7 5 1  81/ 62/ 70/ 
H2023/  same EGTAO I M 4 4 3 5 7 /  68/ 2 7 1  46/ 
none Na2S208 EGTAOlM 3 2  2 9 5 3 1  72/ 26/ 48/  
none NaOCl l /  EGTAO 1 M 8 1 7 2 2 7 1  67/ 121 43/ 
none Na2EDTAOI 4 6  5 6 6 7 /  75/ 30/ 57/ 

M 
none Na2EDTAO1 7 7  8 3 6 0 /  72/ 20/ 42/ 

M 
none Na2EDTAO 1 105 103 55/ 64/ 18/ 33/ 

M 
ascorbic NazEDTAOl 6 7 4 6 7 1  77/ 6 0 1  591  
acid M 

0 0 1  M 

M 

M 

M 

A 19 
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Na2S204 Na2EDTAO1 6 2  65739’  83/ 55A1 60/ 

H 2 0 2 3 /  same Na2EDTAO1 5 9  7 5 6 9 1  62/  54 /  2 8 /  

Na2S208 Na2EDTAO 1 4 8  6 3 6 1 1  56/  32 /  39/  

NaOCl 1 / Na2EDTAO1 7 9  8 4 5 7 1  6 8 1  3 0 1  29 /  

none D T P A O l M  3 9  3 8 6 5 1  7 9 1  411  
none D T P A O l M  5 2  6 7 6 1 /  75/  44/ 48/  
none DTPAO 1 M 7 74600/ 7 4 1  26/ 52/ 
none D T P A O l M  8 7  8 9 6 0 /  66/ 24 /  64/ 
none DTPAOl M 103  1 0 3 6 0 /  66 /  2 4 /  38 /  
ascorbic D T P A O l M  6 7  6 9 6 6 /  7 6 1  SO/ 
acid 
Na2S204 D T P A O I M  7 4  6 5 7 1 /  86/  5 6 1  6 8 1  
H 2 0 2 3 /  same D T P A O I M  6 6  7 4 6 5 /  7 0 1  SO/ 38/  

Na2S208 D T P A O l M  4 5 1 6 4 /  7 7 /  42Y 
NaOCl D T P A O I M  7 4  8 1 6 0 /  70/ 31/  5 4 1  

none NTAOOSM 3 2  5 7 5 9 /  6 9 1  53 /  51/ 
none NTAO08M 3 5  5 4 6 3 1  7 5 1  4 7 1  5 6 1  
none NTAO 1 M 5 4  6 3 6 2 /  7 5 1  44/ 44/ 
none NTAO 1 M 7 5  7 4 5 9 1  7 1 1  28 /  S8/ 
none N T A O I M  101 9 7 5 9 /  6 2 1  2 9 /  2 2 /  
ascorbic N T A O I M  5 7  7 6 3 1  75‘Y 55/ 611 
acid 
Na2S204 N T A O I M  5 4  6 3  7 5 1  8 0 1  75 /  7 8 1  
H 2 0 2 3 h  same NTAO 1 M 8 8  7 7 5 8 1  65 /  26h 43Y 
none Na2S208 NTAO 1 M 4 1 2 9 6 0 1  32/  40/ 
none NaOCl 1 / NTA 0 1 M 7 9  8 1 5 0 1  6 2 /  42 /  36” 
none 2 MNagO, 11 1 0 8 2 6 /  201 1 7 1  18/ 
none OlMnaCO 1 0 4  I01 I /  3 /  2 /  2/0 
none 01MNaHC03 8 7  8 6 0 /  1 /  O /  l h  
ascorbic 7 2  7 1 2 5 /  42/0 13/ 2 8 /  

Na2S204 OiMNaHCO 6 6  7 1 0 /  1/ 1 /  2 /  
H 2 0 2 3 /  same OlMNaHCO, 8 9  9 1  I /  O/ 1 /  1 /  

none NaOCl 1/ 0 1  MNaHCO, 8 3  8 5 2 1  3 /  4 /  8 1  
From DOE (1995b) 

M 

M 

M 

M 

acid 0 1 MNaHCO, 

none Na2S208 OIMNaHCO 8 3  2 2 0 /  541  2 /  
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Table A 10 Effects of Reducing Agents Hydrogen Pemxide, and Oxidizing 
Aaents on Removal of Actrnides from R E T S  Soil at 200C and 80% 

Americium Plutonium CornDanson 

Reduction Increases removal at 2OoC Increases removal at 2OoC to Reduced plutonium at 
to approximate values seen 
at 8OoC without reduction 8OoC without reduction No extraction line for 
May slightly increase apparent effect on removal at non reduced 
removal at 8OoC 8OoC americium and below 

approximate values seen at 2OoC plots along the 

the extraction 
efitiency for 
americium under 
reducing conditions 

Reduced plutonium at 
8OoC falls in the same 
vicinity as reduced 
plutonium at 2OOC 

Hydrogen Increases removal at 20°C Increases removal at 20OC to 
Peroxide to approximate values seen approximate values seen at 

at 8OoC without reduction 8OoC without reduction No 
May slightly increase apparent effect on removal at 
removal at 8OoC 8OoC 

Oxidation 

EGTA 

No obvious changes Increases removal at 20OC to 
approximate values seen at 
8OoC without reduction No 
apparent effect on removal at 
8OoC 

Reduction Increases removal at 2OOC 
to approximately the levels 
seen at 8OoC May also 
increase removal at 8OoC 
by 10/ 

Reduction at 2OoC 
comparable to non reduced 
results at 8OoC Reduction at 
8OoC increases removal 
approximately 25 / over non 
reduced levels 

Reduction increases 
plutonium removal 
efficiency to 
approximately values 
seen for amencium 
under non reducing 
conditions but 
removal remains less 
than for americium 
under reducing 
conditions 

Hydrogen No clear effects No clear effects 
Peroxide 
Oxidation No clear effects No clear effects 

EDTA 

August 1997 A 21 
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Reduction May slightly increase Increases extraction efficiency Reduction increases 
extraction at both 20°C and 
8OoC 80°C in absence of reducing efficiency to 

at 2OoC to values seen at 

agents Reduction at 8OoC 
did not have a major effect 

plutonium removal 

approximately values 
seen for amencium 
under non reducing 
conditions but 
removal remuns less 
than for americium 
under reducing 
conditions 

Hydrogen No obvious effect At 2OoC increased extraction 
Peroxide efficiency to approach levels 

seen at 8OoC without redox 
agents 

Oxidation No effect at 200°C May At 2OoC increased extraction 
efficiency to approach levels 
seen at 80°C without redox 
agents At 80°C decreases 
extraction efficiency 

decrease extraction 
efficiency at 80O0C 

DTPA 

Reduction May increase extraction Increases extraction efficiency Reduction increases 
efficiency slightly both for 
200C and 80oC solutions 

at both 2OoC and 80oC plutonium removal 
efficiency to 
approximately values 
seen for americium 
under non reducing 
conditions but 
removal remains less 
than for amencium 
under reducmg 
conditions 

Hydrogen Not much effect Doesn t have much effect 
Peroxide 
Oxidation Not much effect Doesn t have much effect 

NTA 
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Significantly mcreases Reduction increase 
plutonium removal plutonium removal at 

2OOC to near values 
seen for americium 
removal at 2OOC 
under non reducing 
conditions 

Reduction increase 
plutonium removal at 
8OoC to near values 
seen for amencium 
removal at 8OoC 
under non reducing 
conditions 

Hydrogen Little effect Little effect 
Peroxide 
Oxidation Little effect Little effect 

August I99 7 A 23 
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A 4 IMPLICATIONS FOR THE MOBILITY OF ACTINIDES IN GROUNDWATER 

AND SURFACE WATER 

Actimde chemistry actimde behavior at sites other than WETS and the distribution of 

actinides at WETS all suggest that trivalent and tetravalent actimdes associate strongly 

with soil particles and have low concentrations in groundwater Treatability studies of 

chemical treatments discussed in this appendix however show that the high affimty of 

trivalent and tetravalent actimdes (as exemplified by americium and plutonium respectively) 

for soil can be overcome under some conditions and that the actinides can be moved into 

solution High water to soil ratios high concentrations of strong synthetic complexing 

agents pH values favoring deprotonation of the complexing agent and strong reducing 

agents all increase the dissolution of available trivalent and tetravalent actinides 

High concentrations of strong synthetic complexing agents such as NTA or EDTA are 

indispensable for the dissolution of the majority of actimdes (Table A 9) Relatively weak 

complexing agents such as carbonate also can solubillze an appreciable fraction of 

trivalent and tetravalent actimdes when applied in high concentrations at high pHs When 

applied at dilute concentrations and intermediate pH conditions which are more slmilar to 

conditions found in the environment however the fraction of the actimdes which dissolve 

is small The fraction solubilized by weak complexing agents from WETS soils remains 

small even when strong reducing agents such as sodium dithionite are applied (Table A 

9) 

The low solubility of actinides under these near natural conditions show that while low 

concentration of actinides may dissolve in groundwater and form complexes most of the 

actinides will remain in the solid phase This will be true even under strongly reducing 

conditions and with high concentrations of natural complexing agents The strong affinity 

of soils for actinides also ensures that actimdes which enter solution in the source area will 

partition onto aquifer materials as they migrate and this will retard movement 

>_ .%&.%?&. - . ,, ... 
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The treatability studies clearly show that trivalent actlrudes such as americium are more 

soluble than tetravalent actimdes such as plutomum Reducing conditions whch can 

convert some species of tetravalent actimdes into trivalent actmdes therefore will increase 

the solubility and movement of the actimde This will have little practical sigmficance over 

short time periods because actimdes are insoluble and strongly retarded even in the 

trivalent form 
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APPENDIX B SURFACE WATER FIGURES 
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