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EXECUTIVE SUMMARY 

Over the past two decades routme momtomg and studies of envuonmental medu at the Rocky 

Flats Envlronmental Technology Site (RFETS) have shown that as a result of past production 

waste storage and waste dlsposal pracmes actmdes (urmum plutomum and amencium) have 

been released mto the envuonment m and around RFETS A Rocky Flats Draft 10 Year Plan 

has been developed m order to acheve accelerated m k  reductlon and sign~ficant cleanup 

mcludmg actlntdes af the Site by calendar year 2006 In light of these developments the U S 

Department of Energy Roc@ Flats Field office lnttmted a program to review and evaluate 

existmg data on actuude mgrabon and assess planned remedliltiOn act~vxtles "hs remw and 

assessment will help ensure that mt~tut~onal knowledge of actmde behavior is not lost 

Independent peer review wdl be conducted of future studies requlred to manage or rcmedlilte 

actmde contammated areas 

Data compded from the Roclq Flats Envuonmental Database System (RFEDS) and from studies 

on acmde behavior 111 the envmnqmt at RFETS as well as the results of other studies on the 

behavior of actmdes m the envmnment have been used herem to evaluate the potcntlal 

mgration of actmdes through shallow subsurface soil surface sod groundwater surface water 

and between environmental media mcludmg surface water and sedunent 

Review of published research and site specific studies miicates that plutomm and amencium 

often behave s d a r l y  showmg a strong preference to be chermcally mmobdlzcd by adsorption 

onto soil particles The primary envmnmental medu m WW the plutomm and amencium 

reside at RFETS me surface soil and sedmnt Soil erosion and sedmnt transport by surface 

water are the pnmary mechamsm of transport for these two actmdes mto the envmnment In 
contrast u m u m  is more soluble than either plutomwn or amercium m the RFETS envmnment 

Transport of dissolved uramum through groundwater and transport of dtssolved and particulate 

u m u m  through surface water are the mam modes of ura~wn mgrabon at RFETS Some areas 

of RFETS surface soil show uramum act~vitles well above those of background 

I 
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i 

Based on existmg analytlcal data plutomum and amercium do not appear to be rmgratmg as 

contarmnant plumes m RFETS groundwater Surface sods contam most of the plutomum and 

americium contarmnatlon However there is evidence for crosscontammatlon with plutomum 

contammated surface sods havmg been entrarned down well bores durrng dnllmg and mstallatlon 

of groundwater momtomg wells In addibon results of lOO-year-event ram surmlatrons and 

soil momtomg data suggest that changurg redox condit~ons m the shallow sub- may 

produce anaerobic cond~tlons whch have been proposed as haw the potentul to facditate 

hydrogeochemcally mduced transport of plutomum and amer~cium Data to support the latter 

hypothesis are bemg evaluated 

i 

In the Rocky Flats Cleanup Agnxment (DOE 19%c) and the Site Vlsion it has been agreed that 

groundwater is not a vnble exposure pathway for RFETS contarmnasts &e to low yield The 

dormnant exposure pathways for RFETS contarmnants are surface water and surface soil 

Urmum isotopic data dicate that depleted m u m  from RFETS bas moved throughout 

groundwater surface water and sedment downgradient of the RFf.rrS Indusaal Area 

However a hgh natural background of uran~um activitles and the presence of uran~um ore 

deposits withm several d e s  of RFETS make remedlatlon of the RFETS contnbutlon of total 

urmum activitles questionable at best Upgradient naturally occumng kvek of uran~um are as 

high or hrgher than levels measured for contammated areas wihn RFETS 

Data gaps include loadmg rata of plutomum and amennun to surface water bodies fiom slope 

erosion understandmg of grourzdwter/surface water lnttTacton the lack of empmcallydenved 

dismbution coefficient values for plutomum and amencrum UndCT the range of ondmng and 

reducing environments anticipated at RFETS and whether hydrogeo&mdy duced transport 

of plutomum and amencium m shallow subsurface soils IS a vnble transport meshmsm for 

significant amounts of plutomum and amencium 
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1 0  INTRODUCTION 

1 1 Purpose and objechves of the Report 

Over the past two decades routme momtomg and studies o1 envrronmental media at the 

Rocky Flats Envlronmental Technology Site (RFETS) have shown that plant derived actimdes 

(plutonium amencium and m u m )  have been released and are mrgratmg 111 the environment 

at RFETS A Rocky Flats Draft 10 Year Plan (DOE 1996a) has been developed m order to 

achieve accelerated nsk reduction and sigmficant cleanup of the Site by calendar year 2006 

In light of these developments the U S Department of Energy Rocky Flats Field Office and 

the Kaiser Hill Team have mtiated a program to review and evaluate the diverse body of 

existing data on actmde mgratlon and promote the mtegration of dus knowledge into planned 

remediation activibes Th~s data review and evaluation is also intended to identify data needs 

to support more effective remedntlon of actmde contammated media and more efficient site 

operations Finally this report provides a means of ensumg that institutional knowledge of 

actimde behavior is not lost and that future analyses and studies build on the body of past 

knowledge 

1 2 Scope of the Report 

Data compiled from the Rocky Flats Environmental Database System (RFEDS) RCRA 

Facility Investigations/Remedial Investigaoons (RFIIRI) and the results of other studies and 

reports on the behavior of acmdcs 111 the environment have been used here111 to evaluate the 

potential migratlon of actmdes through surface soil shallow subsurface soil groundwater 

surface water and sedment Data on arr transport is not analyzed m dus report An 

assessment of data quality is presented in Appendlx A 

Past work at the RFETS has descnbed the distribution of uramum plummum and amencium 

in soils onsite and offsite (Krey and Hardy 1970 Seed et a1 1971 Poet and Martell 1972 

1 
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Loading rates are requved to provide for the design of mtlgatlon system such as erosion 

controls surface sod removals and other watershed unprovements An unproved understandmg 

of groundwater/surface water mteractlons 1s requved to deterrmne the need for remednoon and 

provide mformatlon necessary for the design of remedntlon systems The remamg two data 

gaps mvolve subsurface transport issues that requlre resolutlon m order to assess and predict the 

potential for plutomum and amencium remobllmoon at RFETS 
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Krey et a1 1976 Little and Whlcker 1978 Johnson 1987 and others) More recently 

geostatistical analysis of the distributlon of urmum plutomum and amencium as well as the 

associated uncertamties has provided a more accurate view of RFETS actmdes in the soil 

environment (Litaor et al 1994 Litaor 1995 Litaor et a1 1995 Litaor and Allen 19% 

Litaor and Ibrahun 1996 Litaor et a1 1996) The approved Remedd Facility 

Investigatlons/Remedial Invesbgahons (RFIs/RIs) for the former Operable Umt (OU) 2 (903 

Pad Mound and East Trenches Area) OU3 (Offsite Areas) OU5 (Woman Creek Priority 

Dramage) and OU6 (Walnut Creek horrty Dramage) show the dlstnbutxon of actimdes and 

related cancer nsk m the Woman Creek and Walnut Creek dramages (DOE 1995a DOE 

1996b DOE 1996c and DOE 19964) Background data for actmdes 111 water soil and 

sedunent at RFETS have been complled and statistically summatrzed (DOE 1993a 1995b) 

Sitewide surface water momtomg data on actimdes is sumnun& 111 the annual Sitewide 

Envlronmental Report 

This report reviews information available from the above llsted sources m order to assess 
the current state of knowledge with respect to the occurrence and movement of urmum 

americium and plutomum m the water soil and sedunent of RFETS 

I 

1 3 Regulatory Framework 

The Rocky Flats Cleanup Agreement (RFCA) (DOE 1996e) established cleanup levels and 

action levels for cleanup and management of radioactive mater& and hazardous substances in 
all environmental media with protection of surface water quality as the pnmaty basls for 

cleanup or management of contarnmated soils and groundwater at RFETS The RFCA text 

states that groundwater action levels must be protectwe of surface water standards and quality 

as well as ecological resources The RFCA framework assumes that all contammated 

groundwater emerges to surface water before leavlng FWETS that groundwater standards will 

be protective of surface water for all agreed upon uses and that RFETS groundwater shall not 
be used for any purpose except as related to cleanup actxvitxes Durrng RFCA ncgotiatxons 
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proposed soil action levels and cleanup standards for radionuclides and some metals had not 
been completely developed Subsequent to the signmg of RFCA a Public Revzew Drafr of 

Action Levels for Radionuclides in Sods for the Rocky Flats Cleanup Agreement (DOE 19960 

was issued for 3Oday public comment on Sptember 1 1996 Thrs report proposes sod action 

levels and cleanup standards for radionuclides A final decision on soil actlon levels is 

anticipated by m d  October 1996 

Current and proposed standards for volatile orgamc compounds (VOCs) as well as those 

for radionuclides and other morgamc parameters are given in Attachment 5 of RFCA 

Action levels for metals m subsurface soil are proposed to be equivalent to metals for 

surficial soil The current and the proposed RFCA standards for actmdes are presented in 

Table 1 1 of h s  report 

1 4  Background 

RFETS occupies 6 550 acres and is located approxunately 16 rmles northwest of Denver 

Colorado (Figure 1 1) WETS 1s a government-owned contractor-operated facility that 

formerly produced components for nuclear weapons for the U S Department of Energy 

(DOE) Facility operations began in 1952 Construction of weapons components ceased in 

1992 when the pnmary mssion changed from weapons production to envlronmental 

restoration waste management decontarmnation and decomrmssiomng and economc 
development In July 1994 the site name was changed from Rocky Flats Plant (RFP) to 
RFETS to. reflect the change m rmssion 

Wastes produced at the site include hazarciou wastes low level and transuramc wastes and 

mixed wastes Histoncally the majonty of these wastes have been treated onsite dtsposed 

onsite stored in containers onsite or dlsposed offsite (DOE 1992) As a result of past waste 

disposal and waste storage practices RFETS was included on the Superfund Natlonal Prtonties 

List (NPL) in the October 4 1989 Federal Register Management and cleanup are currently 

I 
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being conducted under the Resource Conservatlon and Recovery Act (RCRA) and the 

Comprehensive Envvonmental Response Compensation and Llability Act (CERCLA) The 

U S Environmental Protection Agency (EPA) and the Colorado Department of Public Health 

and Envvonment (CDPHE) are the regulatory agencies oversee- the assessment and cleanup 

activities at WETS The RFCA signed July 19 1996 is the legally bud- agreement 

between DOE EPA and CDPHE to accomplish the requued cleanup of radioactlve and other 

hazardous substances contarmnatlon at and from RFETS 

Known releases and sources of radioactive substances are reviewed in the following sections 

Uranium 

Both depleted and enriched urmum were used and stored on site Accordmg to the Hzstoncal 

Release Repon for for the Rocky Flats Plant (DOE 1992a) accidental release of oils 

contaminated with urmum low level airborne emissions and bunal of mum-contaminated 

materials in shallow trenches have contnbuted RFETS u m u m  to the environment However 

the extent to which RFETS m u m  has unpacted the local envmnment is uncertam due to the 

natural abundance and variable content of uramum beanng mmerals in the general area 

Plutonium and Amencium 

Past waste handling and waste storage practices along with fires (September 1957 and May 

1 1 1969) and chromc low level emssions have released plutomum (and associated 

americium) into the environment in and around RFETS (DOE 1992a) The pnmary source of 

plutonium and amencium released into the environment at RFETS has been idemfied as the 

903 Pad (Figure 1 2) From 1958 to 1968 plutomum-contammated mdustnal oils were stored 

in steel drums at the 903 Pad The plutomum-contaminated oils leaked from detenoratmg 

drums contaminating the soils under and around the drums Wmd resuspension and transport 

of these contammated soils distnbuted plutonium and amencium across the downwmd 
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soilscape east and southeast of the 903 Pad Deposition in vegetated areas and attachment to 

the soil matrrx smce the mtral release has lunited further wmd dispersion Soil and sedunent 

erosion by surface water and possibly conveyance by near surface flows are suspected to 

represent the mam mechamsms factlitatmg mgration of these actmdes 

1 

i 

i 

5 
Evaluation of Exuting Data on Actinide Migration 
at the Rocky Flats Environmental Technology Site I .  

W/ER 96-0048 UN 
Or@ September 30 I996 



2 0 GEOLOGIC AND HYDROLOGIC SETTXNG OF RFETS 

Geologic and hydrologic conditions are bnefly described III the followmg sectlons m order to 

characterlze the site groundwater and surface water conditlons as they relate to a c m e  

occurrence and transport Natural conditlons mfluence the mode rate and h t l o n  of 

contarmnant transport and to a large extent detennrnes the fate of contarmnants m the 
envvonment Interamon of vmous envmnmental medn can play an mportant role rn 
mobilmng or demobdmng the spread of contammtlon whch must be understood m order to 

evaluate nsk and spec@ appmpmte mnedml actlons if necessary For additional dwussion of 

these medn the reader should consult the 1995 RFETS Sitewzde Geosczence Characterzzution 

Srucjl senes of reports lncludmg the Geologzc Churacterzzatzon Reprt EG&G (1W5b) 

Hydrogeologx Characterazation Report EG&G (1 99%) and Groundwater Geochemishy Report 

EG&G (1995a) 

2 1  Geology 

At an elevation of 6 OOO f a t  above mean sea level RFETS is located on the Colorado High 

Plam approxunately two to SIX d e s  east of the Front Range mountam front Geologic mts at 

RFETS can be grouped mto two general categones unconsolidated Quaternary surficial deposits 

and underlymg consolidated Cretaceous bedrock (EG&G 199%) Figure 2 1 is a general& 

geologic cross sectlon that dlustrates the surficlal and bedrock materials withmeach group 

Prior to the deposibon of Quaternary surficnl deposits the gently eastwarddippmg Cretaceous 

age bedrock in the Roclcy Flats area was subjected to erosion that produced a broad flat 

erosional surface (a peneplam) Dumg the Pleistocene ths bedrock surf= was subsequently 

overlain by a blanket of alluvial fan dcposits known as the Rocky Flats Alluvium that were 

denved from Coal Creek Canyon (EG&G 1995b) Begmnurg m the Holocene headward 

erosion by westward progressmg drainages 1llrc1sed both the Rocky Flats Alluvium and the 

underlying bedrock peneplarn Approxunately half of the surface area covered by WETS has 
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been mcised removmg the Rocky Rats Alluvium In some areas these Holocene and younger 

erosional surfaces have been subsequently covered by stream sedunents or colluvium A 
summary of the strabgraphlc profile 1s presented m the followmg secbons Younger umts are 

described first followed by progressively older deeper umts 

2 1 1 UnconsohdatedDeposlts 

The surface of FWETS is covered almost entuely by an extensive layer of unconsolidated 

Quaternary deposits conslstmg of Holocene colluvium and valley fill alluvium and Pleistocene 

Rocky Flats Alluvium Holocene slump and landslide m a t e d  1s also prescnt locally on valley 

slopes and lndicate that mass movement ts an unportant albeit slow erosional agent m areas of 

RFETS 

Colluvial deposits whch are present on the valley slopes 111 the central porhon of RFETS were 
derived from geologic matemil exposed on the steep slopes and topographc h@s and were 

formed by slope wash and downslope creep The colluvium ranges 111 tluclcncss from 0 to 20 

feet with the hckest sequemes occumng 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 Rocky Flats Alluvium and are most common on 
valley slopes along the Rock Creek and Walnut Creek dramages m the northem porhon of 

RFETS Valley fill deposits were fluvlrly denved from upstrcam matemis and consist of clay 

silt and sand with lenses of gravel These deposits occur along the drainage boaomS m and 

adjacent to stream beds and are most common m the eastern pomons of RFETS Wknesses 

range from 0 to 25 feet (EG&G 199%) 

Pleistocene deposits consist pnmarrly of the Rocky Flats Alluvnun w k h  is the most prevalent 

unconsolidated surficial deposit at RFETS The Rocky Flats Alluvium ranges m tlxkness from 

0 to 100 feet and forms a broad layer that extends across most of the western w o n  of RFETS 

(EG&G 1995b) The deposit 1s compllsed of poorly sorted clayey gravels and sands with 
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abundant cobble and boulder sued m a t e d  and dmontllruous lenses of clay sdt and sand 

Caliche a pedogemc deposit of calcium carbonate is found m shallow subsurface sods across 
the site Sigmficant quanmies (25 to 80 percent by volume) of caliche are present 111 some 

mtervals of the Rocky Flats Alluvium (EG&G 1995b) 

2 1 2 Consohdated Bedrock D e ! p t S  

The unconsolidated sdicial deposits unconformably overlie the claystone sdtstone and 

sandstone bedrock of the Upper Cretaceous Arapahoe and Lararme FormaUons 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 medun g r a d  basal sandstone umt This umt has been designated 

the Arapahoe (or Number 1) sandstone (EG&G 1995b) and 1s known to subcrop beneath the 

Rocky Flats Alluvium and colluvium m the 903 Pad East Trexh and other areas of the eastern 

Indusmal Area It consists pnmanly of a fine to medium gramxi locally conglomeratic 

moderately to poorly sorted sandstone that ranges m hckness from 0 to less than SO feet 

(EG&G 1995b) The Arapahoe Formauon Sandstone IS the uppermost sandstone of sigruficant 

lateral extent and has been shown to be a pathway for lateral transport of contprmoated 

groundwater 

The Lararme Formation conformably underlies the Arapahoe Formauon and is approxmately 

600 to 800 feet h c k  The Laramre Formanon 1s subdivided mto two members The upper 

member of the Laramre Formauon IS Joo to 600 feet h c k  aad C O ~ I S ~ S  pnmatrly of massive 

claystone and siltstone The lower member is about 300 feet thxk and IS composed of 

sandstones claystones and coal beds The upper member IS generally much kr-gramed than 

the lower member but contam several separate and discontmous clayey saadstone un~ts 

historically designated as the No 2 through No 5 Sandstones (EG&G 199%) Unldce the 

Arapahoe Formation sandstone these sandstom umts efibrt Iitholog~~ and hydrolog#: 

charactenstics (1 e €ugh mam clay content and low pemblllty) that are not tadrcatlve of 

contaminant pathways These l e e  Lanme Formation sandstoms are texturally drstlnct 
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from the Arapahoe Formation sandstone by vutue of theu hgh srlt and clay content (EG&G 

1995b) 

The Upper Cretaceous Fox Hrlls Sandstone conformably underlies the Laramte Formation and 

ranges from 90 to 140 feet m thdcaess In general the Fox Hllls Sandstone is a very tke  to 

medium gamed angular to subrounded well sorted sdty sandstone The Fox Hdls Sandstone is 
an aquifer of regional sigmficamx wluch lies at a depth of 700 to 800 feet below ground &ace 

at WETS Underlymg the Fox Hills Sandstone are several thousand feet of the Lower 

Cretaceous Pierre Shale and older mts 

Lithologic logs from boreholes drilled mto bedrock mdicate the presence a weathered zone m the 
upper portion of the bedrock Fracturing and weathem lacrease the permeabdity of bedrock 

material The weathered zone is commonly less than 15 feet h k  but may be as thxk as 60 
feet The thxlcness of the weathered bedrock zone 1s dependent on factors such as relatlve 

abundance of fractures presence of root zona elevatron relatwe to the water table and 

proxmty to valley bottoms 

2 1 3  StructuralFeatves 

The bedrock strata exposed unmcdlately west of WETS have been folded mto steeply eastward 

dipping exposures of the Fox H& Sadstone and Lararme Format~ons These u t s  receive 

recharge from precipitation along the exposed hogbacks northwest and southwest of WETS 
The formations also receive recharge from the overlymg Rocky Flats Alluvnun and Arapahoe 

Formation 

Small scale structural features such as joints and hctures are present m the bedrock u t s  Jolnt 

and fracture surfaces are commonly coated with secondary ox& and hydroxrde mmerals m the 

weathered portion of the bedrock wts Slickensides are also present on some fracture surfaces 

The presence of such features increases secondary porosity and permeability and dicate that 
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groundwater flow is probably enhanced m the weathered porhon of the bedrock Several 

bedrock faults have been identified m the RFETS Industrial Area however none have been 

observed to offset alluvial mateds EG&G 1995b) The avadable hydrogeologic and 

geochemical data suggest that fractures and faults are not sigmficant conduits for downward 

vertical groundwater flow to deep aquifers (RMRS 1996) 

2 2  Hydrogeology 

2 2 1  Hydrostratigraphy 

Shallow groundwater flow system at RFETS have been categonzed mto two hydrostrahgraphc 

umts based on contrasts observed between groundwater geochermstry core loggmg and 

hydraulic conduchvrty detemmQons (EG&G 199%) T ~ I S  divlsron basically reflects the 

relahve degree of hydrologic acfivity expenenced by the u t s  the uppermost u t  bemg the 

most actlve and transmrssive of the two The upper hydrostratqraphc mt (UHSU) consists of 
the distmct lithologic u t s  of the Rocky Flats Alluvium colluvium valley fill alluvnun 

landslide deposits weathered Arapahoe and Lararme Formahon bedrock and any sandstone 

umts w i t h  the Arapahoe and Lararme Formations that are m hydrauhc connection with the 

overlying unconsolidated surficlal deposits or with the ground surface The lower 

hydrostrahgraphc uNt (LHSU) IS composed of the unwtathmd bedrock of the Arapahoe and 

Lararme Formations Ths utllt forms a thtck regionally extensive confimg layer that serves to 

isolate shallow groundwater from the underlymg Lararme Fox Hllls aquifer 

2 2 2 Groundwater Occurrence and Flow Con&tions 

Groundwater is found xn all geologx wts present at RFETS although not always xn predictable 

amounts and availability In UHSU deposits the quant~ty of water m storage at any part~cular 

locality varies widely and is a function of bedrock topography p r o m t y  to dramages 

seasonality and local sources of recharge The saturated th~ckncss of UHSU alluvlum is greatest 
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m the western portion of RFETS (> 40 ft) and thnnest along hdlsides and m the eastern pomon 

of the site Areas of thrn saturatlon commonly contam regions of dtscommous seasonally 

unsaturated alluvium due to megulanues m bedrock topography and water table fluctuations 

Depth to shallow groundwater vanes anywhere from 0 feet at f lowq seepage areas to 70 feet at 

the west end of the site The depth to water is generally shallowest m areas of h m e r  surficlal 

deposits such as the Industtral area margms of the Rocky Flats Alluvrum and creek drainages 

Average depth to water and saturated hckness at the 903 pad and Lip areas 1s on the order of 

10 and 5 feet respectlvely 

Seasonal fluctuauons m shallow groundwater levels are observed m rnmmmg wells across the 

site and normally range from three to sut feet (EG&G 199%) Larger anuual fluctuatlons have 

been recorded at several locabons m and adjacent to the LA with some wells exhhtmg water 

level nses of over 10 feet Well hydrographs lndicate that water levels normally peak m May or 

June shortly followmg the spnng ram season Many hydrographs of older Rocky Flats Alluvium 

wells (1986 and 1987) dicate that base water levels over the past decade have gemrally 

decllned possibly as a result of changes m water management pnrctlce at the plant 

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

dunng the spmg and early summer of 1995 was as noteworthy though less apparent as that 

observed for surface flow coxxhons Record hlgh water levels were recorded m m y  wells 

durmg and followmg the exceptlody wet spmg of 1995 Water level rxses m the range of 15 

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

areas Free flowmg conditions were noted at several well porn that momtot seeps at the Solar 

Pond and southern IA The rate of declme observed u1 some wells was almost equal to the rate 

of rise suggesting that lateral subsurfare drainage was rapid ami probably more extensive than 

expected in normal years 

The magmtude of these nses when compared to ground surface elevauons md- that a 

condition of temporary complete to near-complete saturatlon (groundwater fl-) probably 
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formed locally 111 areas of thm to moderately h c k  surficial deposlts In areas of recharge such 

as all upland areas occupied by the Rocky Flats Alluvium and the majolrty of colluvium covered 

lullslopes the presence of saturated conditions lndicate that the capacity of the geologic mateml 

to accept and transmt recharge water has been exceeded The dmtron of sod water movement 

recharged from mident precipitatron and runoff is ntrally downward untd it reaches the water 

table and is transported laterally to a pomt of dwharge Groundwater dmharge areas such as 

hillside and stream channel seeps are typified by saturated conditrons that result fkom the 

upward movement of groundwater even if the vertical flow component 1s small compared to the 

horlzontal flow component The potentnl sigmficance of these two very ddTerent flow regunes 

on surficial and shallow subsurface sod actuude remobilmaon wdl be reviewed m Section 6 0 

The geology of the area exerts a controllmg mfluence on groundwater flow due to the existence 

of sharp lithologic contrasts m the verhcal dlstnbution of geological matenals (coarse g r a d  

surficial deposits underlam by fine g r a d  bedrock) and the resultmg bedrock topographlc 

surface configuraoon The predommantly claystone bedrock mpedes the downward vertical 

migration of groundwater and d m t s  flow laterally through the unconsolidated surficial and 

weathered bedrock matenals Groundwater flow tends to follow the bedrock surface and emerge 

as seeps dram mto the lullside colluvium or rmgrate vertically into permeable subcropping 

sandstone mts In M y  saturated areas the bedrock surface plays a cr?trcal role in directmg 

groundwater flow and where locally €ugh in the development of unsaturami zones m 
unconsolidated surficial deposits Groundwater in the UHSU regionally flows eastward from 

broad areas of recharge (located upgradient and on nearby topograpluc lughs) toward the 
erosional Imt of the Rocky Flats Alluvium and then dlrectly toward creeks m the dramage 

bottoms After groundwater enters the valley fill alluvium from the hllslopes it flows eastward 

in the direction of stream flow and exits the site at the RFETS east boundary (Indm Street) 
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2 2 3 Hydrauhc Conducbmtws 

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

yields small amounts of water to momtomg wells Hydraulic testmg of the wells dicates that 

the UHSU efibits a wide range of hydraulic conductlvihes because of the diverse nature of the 
mdividual geologic mater& that comprrse the umt Values of hydraulic conduchvity range 

from as hgh as 3 to 5 x 10 * centmeters per second (cdsec) m locallzed areas of the valley fill 
and RocQ Flats alluvia to as low as 7 x 10' cdsec m the clay lenses of the Rocky Flats 

Alluvium (EG&G 1995~) HydraUc conduchvihes m the weathered bedrock portlon of the 

UHSU range from 9 2 x 10 to 3 x 10' d s e c  the hghest values belng assoclated with the 

Arapahoe Formahon sandstone and the lowest values bemg associated with weathered claystone 

bedrock Colluvial deposits uadicate a range of 9 3 x lo4 to 4 0 x 10' cdsec  Average values 
calculated as geometric means are 4 3 x 10 cm/sec for the colluvium 2 1 x lo" cdsec  for the 

Rocky Flats Alluvium and 2 5 x 10 cdsec for the valley fill aIluvnrm m Woman Creek and 

Walnut Creek respectlvely (EGBrG 199%) 

Hydraulic conductlvitles of LHSU matenals 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 conduchvihes is presented m more deta~l m RMRS (1996) 

2 2 4 Groundwater Interaction Surface Water and Surllclal sodls 

As described later in Sectlon 6 0 the tmportance of groundwater as an lnteractlve sitewide 

actimde transport medium IS lmted to areas of contact with surtical soils and surface water that 

contain actimde contammtion levels which exceed medla specific achon kvels Groundwater 1s 

in direct connection with these media only m and lmmedmtely downgradient of areas where the 

water table intersects the ground surface Thts requirement IS met at hllside seeps and along 

stream beds contaimng valley fill alluvial deposits as depicted in Figure 2 2 
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The pattern of seep distnbulon confirms that seep occurrence IS controlled by local geologic 

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

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

subcrops along the upper margm of stream dramage valleys In general seeps occur 111 greater 

number and areal extent along the north side of the pedlment ndges Most seeps are ephemeral 

111 nature and only discharge 111 the spmg P e r e d  seeps are relatrvely rare with most located 

111 the Rock Creek dramage 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 detemmed from a stream gadloss study (Fedors and Warner 1993) The stream 

channels of North and South Walnut Creeks are so extensively rnterrupted by unpoundments that 

channel seepage measurements have not been attempted nor are they expected to yield 

meamngful data 

Seep flow data are generally unavadable due to dificultm &rent with measuring broad 

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

1995 spmg recharge event m port~ons of the Woman Walnut and Rock Creek watersheds 

revealed that of over 200 seeps surveyed only 32 had a measurable flow and of these 14 had 

flows of one gallon per rmnute or less Given the magn~tudc of the sprtng recharge event as 

reflected by sitewide hgh water table condit~ons it IS lrkely that seep flows rr#asurcd durvlg thu 

tune were at or near maxl~llum levels It was commonly observed dumg survey that surf'ace 

flow from many ephemeral Wside seeps infrequently reaches a receiving surfiux water body 

Under most cmumstances seep water lnfitrates back lnto the soil below the dtscharge pomt or 

never emerges as surface flow thus preventmg d m t  contact with surfbce water D m t  contact 

with surface water may occur dunng exceptronally wet pen& as a result of mreased seep flow 

caused by abnormal water table nses or by mmng with surface runoff Unfortunately data on 
seep flow condit~ons at the 903 Pad Wside and adjacent areas to the east wen not collected 

during the survey so the potentnl for seep discharge to surke water uder extremely hlgh 

water table conditions in the 903 pad area remm an unknown 
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The most common type of seep develops at the contact between the Rocky Flats Alluvium and 

underlymg bedrock claystones These seeps are thought to be related to preferemal flow 

channels m bedrock surface topography and/or alluvial stratlgraphy (hgh hydraulic conductlvity 

zones) In the 903 Pad and East Trenches areas some seep occurrences haw been attnbuted to 
dEcharge from the subcroppmg Arapahoe! Formation sandstone whch receives recharge from the 
overlying surficial deposits The most notable sandstone seeps m thrs area mlude a groupmg of 

seeps situated above the B 1 pond m the south Walnut Creek dramage and the 903 Pad hrllside 
seep located at the sod study area m the Woman Creek drrunage 

Exarmnation of the most recent sitewide seep locatlon map (EGBtG 199% Plate 9) indicates 

that there are fewer seeps m the 903 Pad and east buffer zone areas rebve  to adj- lullslopes 

located to the west and north Along the north slope of Woman Creek from the 903 Pad 
eastward to Indlana Street evidence of Present-day seep actlvity IS lmted pnmarrly to the 903 

Pad hillside seep and p o t e d y  a few scattered small seeps Perxocl~: actlvatlon of a senes of 

presumably old seepage sites located east of the 903 Pad have occuffed from h~~tonc spray 

evaporation operatlons conducted at the South Spray field however these sites have slace 

returned to a dry state followmg cessation of spray field operatlorn As shown on Figure 2 2 

sites for groundwater mteramon with surficial sods and surface water are both lmted m extent 

and predictable based on the hlgh degree of hydrologic control exerted by the local geology 

2 3 Surface-Water Hydrology 

The climate at RFETS is semi and with an average precipitatlon amount of 15 mhes per year 

(DOE 1980) and an approxunate annual recharge rate of one mch per year Streams and seeps 

are largely ephemeral with stream reaches g m g  or losmg flow dependmg on the SeaSOn and 

precipitation amounts Surface-water flow across RFETS is pnmanly from west to east with 

four major drainages traversmg the site (see Figure 1 2) The Rock Creek dramage covers the 
northern most portion of thie Buffer Zone and lies largely withm a background area that IS 

upgradient of any RFETS contarmnatron There are several small stock ponds lymg withm the 
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creek bed but contamrnant transport by surface (or subsurface) processes is not envisioned for 

this dramge 

Woman Creek 

The Woman Creek dramage basm extends eastward from the base of the foodulls near Coal 

Creek Canyon to Standley Lake (see Figure 1 2) The average annual yleldof the basm is 32 

acre feet Sigruficant storm events produce surface flows of 4 to 7 cfs Flows greater than 40 

cfs may occur d m g  extreme precipitauon events The C sene Ponds (C 1 and C 2) lie withm 

the Woman Creek dramage these ponds collect surface runoff from the southem half of the 

Industrial Area The D sen= Ponds (D 1 and D 2) are w i t h  a drarnage that is 

hydrogeologically Isolated from the RFETS Industrial Area but these ponds do collect surface 
runoff from surface soils contammg low levels of plutomum and amencium 

The C 1 and C 2 Ponds are withm the eastern reach of the Woman Creek basm Pond C 1 is on 

the stream channel and has a hold- capacity of about 5 ac ft whereas Pod C 2 is off the 

channel to the south and has a capacity of 70 ac ft The C 2 pond ~eceives dratnage water 

collected from the south side of the Industmil Area by the South Interceptor Ditch (SID) Pond 

C 2 does not discharge mto Woman Creek regularly If dtschatges from pond C 2 are necessary 

due to precipitation events water is sampled and then pumped mto Woman Creek Woman 

Creek ordimly discharges mto Mower Reservor east of Indnna Street however when flows 

are greater than 1 cfs Woman Creek water is automatically diverted mto the new Woman Creek 
Reservoir 

Walnut Creek 

Walnut Creek IS a tnbutary of Big Dry Creek with headwaters the fwthdls of the Colorado 

Front Range about 1 5 miles west of RFETS (see Figure 1 2) Walnut Creek conssts of several 

tnbutaries (North Walnut Creek South Walnut Creek No Name Gulch and the McKay Ditch) 
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whch J O ~  pnor to leavmg the eastern bolumdary of RFETS Flows UI North and South Walnut 

Creeks as well as an unnamed creek bebw the Present Landfill are managed through a senes of 

ponds (see Figure 1 2) The landfdl pond lies just below the Present Landfill and is marntalned 

by evaporation or transfer Walnut Creek dram approximately one tlwd of RFETS rncludrng 

portions of the Indusmal Area Much of the baseflow of North and South Walnut Creeks 

downgradient of RFETS IS due to discharges of bulldmg foundaQon dram The flow of North 

Walnut Creek is controlled by the A senes Ponds and the flow of South Walnut Creek is 
controlled by the Rsetres Ponds Walnut Creek leaves RFETS at Indlana Street and IS diverted 

around Great Western Reservoir by the Broomfield Diversion Ditch 

Ponds A 1 A 2 A 3 and A-4 were constructed withm the channel of North Walnut Creek and 

have a comb& capacity of about 160 ac ft The= primary purpose IS to capture and control 

surface water runoff h m  the northern part of the RFETS Industrial Area and the North Walnut 

Creek dramage area Stream flow IS diverted around the Ponds A 1 and A 2 to Pond A 3 
Ponds A 1 and A 2 currently collect local runoff and are xnamtamed for emergency spdl control 

water levels 111 these ponds are controlled by evapormon or transfer Pond A 1 also receives 

water pumped from the Present Landfill Pond about twice a year Pond A 3 IS used as a settling 

pond and discharges to Pond A 4  whch also receives water from Pond B-5 Water ~II Pond A-4 

is isolated sampled and released if it meets water quality standards 

The B senes Ponds were constructed m the channel of South Walnut Creek and have a 

combined capacity of approxmbzly 86 ac ft Ponds B 1 and B-2 currently receive only local 

runoff When necessary water IS transferred from Ponds B-1 and B-2 to Ponds A 1 and A 2 

Effluent from the Wastewater Treatment Plant also flows mto Pond B 3 D u n g  daylight hours 

water from Pond B 3 is released to Pond B-4 The flow from B-4 to B 5 IS umgulatd On an 

annual basis about 70 percent of South Walnut Creek flow is from the Wastewater Treatment 

Plant and 30 percent from the Central Avenue Diversion Ditch whxh collects runoff from the 
Industrial Area When Pond B 5 becomes more than 50-percent full (about mne tunes per year) 

it is pumped via pipeline to Pond A 4  
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3 0 

3 1  GeochermstryofUratlium 

THE GEOCHEMISTRY OF URANIUM, PLUTONIUM, AND AMERICIUM 

Urmum (element 92) is a naturally occumng radioactwe element that exists as a mture of 

isotopes Natural uran~um compllses mostly urmum 238 (99 273 percent) with smaller 

amounts of m u m  234 and m u m  235 (0 005 and 0 72 percent respectlvely) The m o r  

difference 111 mass between the uramum lsotopes precludes sigmficant isotopic fractionahon by 

natural processes Urmum 238 is a long lived (half life = 4 51 x lo9 years) alpha emtter that 

decays through a long senes of daughter mhoisotopes to the stable lead lsotope Pb-206 

Urmun 235 (half llfe = 7 13 x lo8 years) decays to the stable lead mtope Pb-207 Urantum 

234 which is a daughter product 111 the uran~um 238 decay cham has a relatrvely short half life 

(248 OOO years) 

Uramum is a multivalent element (+2 +3 +4 +5 +6) with only +4 +5 and +6 states 

mportant 111 the soil envwomnt The mean concentration of uratllum 111 the earth s crust is 2 7 

mg/kg (all isotopes c o m b d )  Of all rock types uraruum is most abundant m gramtes (average 

= 5 ppm) and shales (average = 3 5 ppm) (Krauskopf 1979) U m u m  IS only slightly soluble 

in the reduced (U'? state however more oxidlzed forms (U'5 or momc species present at 

high pH are much more soluble Dissolved u m u m  will complex with carbonate and sulfate 

which may facilitate transport carbonate beamg aqueous solut~ons are excellent solvents for 

uramum In general u m u m  is least soluble rn reducmg environments and most soluble 111 

alkaline oxidlzing envEonments although solution compositron will also duence solubility 

To provide background soils mfomation Mynck et a1 (1983) evaluated the concentrations of 

uramum 238 in surface soils across the Umted States Background soil samples from 33 states 

were collected and analyzed to assess natural background levels of ura~um 238 (Mynck et a1 

1983) Surface soils 111 Colorado ranged fiom 0 47 to 3 0 pCdg with a mean and standard 

deviation of 1 2 pCi/g and 0 91 pCdg respectively 
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One study that evaluated u m u m  distnbuoons 111 waters and sedments of the Front Range 

speculated that 

of uramferous strata 111 the Pierre and Lamme formaOons (Bolivar et al 1978) T ~ I S  same 

study noted that the gramtes of the Front Range and that 

the South Platte Rwer is 

slze In short the types of rocksm the RFETS area (claystones of the Lararme Formanon and 

Precambnan gramtes) the presence of nearby u m u m  ore (1 e the Schwartzwalder rmne) and 

a generally alkalm and oxidmng envlronment 111 the near subsurface conmbute to the 

llkellhood that hlgh and vanable concentraoons of urmum may emt  m RFETS waters and soils 

hlgher m u m  concentraoons 111 water samples are probably due to leaclung 

are known to be nch m m u m  

anomalously nch 111 ura~um compared to most other nvers of its 

Background studies at RFETS evaluated not only surface sods but groundwater surface water 

sedtments and subsurface solis (DOE 1993a 1995a) In general background areas are 

upgradient with respect to wlnd and water flow Areas west mrth and south that are 

hydrologically upgradient or sidegmhent to the Industrial Area of RFETS are considered to be 
background areas (see Figure 1 2) 

Samples collected from RFETS are typically analyzed by alpha spectroscopy for three m u m  

isotopes - uranr~m 233 +234 235 and U ~ U  238 Alpha ~pectrosc~py Cannot 

resolve the 233 and 234 isotopes and provides only an estrmatton of urantum 235 act~vity The 

isotopic abundances (by weight) 111 nahurally o c m  urantum are 99 273 percent uratllll1ll238 

0 720 percent m u m  235 and 0 006 percent uratllum 234 whereas the percentages m 
enriched u m u m  for nuclear powered reactors are about 97 3 and 0 03 percent for uramum 

238 uramum 235 and uramum 234 respecuvely although greater pmpmons of urannun 234 

and uramum 235 emchment may be found 111 some nuclear weapolls components (EGBrG 

1988) The isotopic abundances m typical depleted uramum are 99 75 percent uran~urn 238 

0 25 percent u m u m  235 and 0 0005 percent m u m  234 (EG&G 1988) 
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3 1 1 Uraruum m Background Groundwater at RFETS 

Uramum isotopes m samples of filtered (0 45 pm) and unfiltered groundwater collected from the 

upper hydrostrattgraphlc umt (UHSU) exhlbit a wide range of reported actwines The ordered 

listmg of data and summary statmcs from the Background Geochemzcal chamcterrzatfon Report 

(BGCR Appendlx B Tables B 1 and B 2) (DOE 1993a) show that although the comb& 

mean activity of u m u m  isotopes m background groundwater 1s less than the Platte hver 

standard of 40 pCdL (WQCC 1994) the standard is exceeded m at least one background well 

(B205589) Well B205589 lies along the Rock Creek dratnage just south of Highway 128 Thu 

well along with all other background wells sits outside the area m whtch groundwater could be 

unpacted by releases from RFETS (see Figure 1 2) 

Statistical calculanons p e r f o d  on the BGCR data for uramum lsotopes yleld normal upper 

tolerance lmts  (UTLs) far m excess of the Platte Rwer standard of 40 pCdL The values for 

lognormal UTLs are hlgher than the normal UTLs for uratlllllll In mral concentrations of 

naturally occumng chemcals exhibit a tendency to form lognormal dmtnbuoons (Helsel 1990) 

so the normal UTLs may actually underestunate the upper range of background acbvities The 
more conservative of the normal or lognormal UTLs are presented here 

Using data for the filtered samples (1 e <O 45 pm drssolved ) the mean standard devlatron 

and UTL values for u m u m  sotopes m background growxiwater at RFETS (DOE 1993a) were 
calculated (see Table B 1) The UTL values calculated for uramum 233+234 urantum 235 and 

uramum 238 were 74 9 1 88 and 52 6 pCdL respectmely Usmg data for the unfiltered 

samples (1 e dissolved fraction + suspended particulates = total ) the mean standard 

deviation and UTL values for m u m  lsotopes in background jpundwater at RFBTS (DOE 

1993a) were also calculated (see Table B-2) The UTL values calculated for uratlllun 233+234 

urmum 235 and u m u m  238 were 1 4 4  8 5 23 and 114 2 respccbvely 
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In addihon to data from the BGCR (DOE 1993a) evaluabons provided rn the G r o w e r  
Geochemistry Report (EG&G 1995a) show the geochermcal evolubon m the composibon of 

shallow groundwater along flow paths at RFETS For the Rock Creek area concentrations of 

major ions and ummm isotopes show a marked mrease along the flow path (Figures 3 la and 

3 lb) The observed mrease m dissolved uran~um may be related to mcreamg levels of 

dissolved carbonate (whch complexes with uraflllun to lncrease the solubility of uranxum) or to 

naturally occumng accumulations of urannun m the Rock Creek dratnage Well locations for the 
Rock Creek flow path are shown m Figure 3 2 

, 

The large vambdity shown for levels of uran~um m background groundwater IS not surpmmg 

considemg the &rent heterogeneity of geologic matemls and the presence of ore grade 

uramum deposits (Schwartzwalder rrrme near Ralston Reservou) w i t h  10 rmles of RFETS In 
addition a recent study performed by the Jefferson County Health -nt (Moody and 

Morse 1992) found hgh levels of wamm m the groundwater of Coal Creek Canyon whch is 
upgradient of RFETS The Jefferson County study comprltd data for groundwater samples 

collected from 33 domestic wells m Coal Creek Canyon Uranrum (total) ranged from 1 3 to 

1 200 pCdL with a mean and standard devlation of 174 9 and 339 1 pCdL respemvely 

3 1 2  UramummBadrgroundSubsurfaceSorlsatRFE'IS 

Subsurface sods mclude sods deeper thao 5 cm and geologx rnatenals collected from the dnlimg 

of boreholes As with groundwater subsurface mteds are Qvidcd urto upper and lower 

hydrostraugraphc umts The UHSU includes alluvium colluwum wcathed bedrock and 

hydraulically connected sandstoms the lower hydrostratqpphc u t  (LHSU) lncludes 

unweathered bedrock of the Arapahoe and Laramre formahons For UHSU subsurfkc sods 

(boreholes) at RFETS the backgrouml data and summary statuhcs for uramum isotopes are 

listed in Appendlx B Table B-3 ThcUTL values were calculated as 3 55 3 25 0 14 and 1 73 

pCi/g for urn-  u m u m  233+234 uran~um 235 and urantum 238 respectwely 
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3 1 3 Uranium m Baekgmmd S d W e  Sods at RFETS 

Surficial sod is defined as the upper 5 centmeters (cm) of sod (see DOE 1995a for more detalls 

on the sampllng methodology) Data complled for the Background Soils Chuructenzmon Reporl 

(DOE 1995a) lradicate the followmg UTL actwitles for uramum isotopes m surface soil samples 

collected from background areas near RFETS 3 31 pCdg for uramum 233+234 0 13 pCdg for 

uramum 235 and 2 83 pCdg for uramum238 (see Table B-4) 

3 1 4 U m u m  m Background Surface Water and SedimenQ at RFE'IS 

Samplmg loca~ons for background stream water and seduneats are discussed m the Background 

Geochemical Chuructenzatron Report (DOE 1993a) (Figure 3 3) Background stream water at 

RFETS contruns mean a c ~ v i ~ e s  of 0 7 and 0 6 pCdL 

unfiltered samples respemvely Mean values are 0 36 and 0 49 pCdL for ura~lum 233+234 

0 14 and 0 05 pCdL for ummm 235 and 0 28 and 0 36 pCdL for uramum 238 for filtered 
and unfiltered samples respectwely (Tables B 5 and B-6) Values for UTLs were calculated as 

4 27 4 98 0 76 and 3 66 pCdL for urn- uramum 233+234 uramum 235 and 

urmum 238 respectwely 

fof filtered (0 45 pm) and 

Stream sedments mlude local surficnl sod washed mto dramages by overlami flow as well as 

mated suspended m the water column and the bed load camed down from upsrream locauons 

In general all unconsolidated geologic matemils that accumulate m slte dramages arc susceptible 

to alluvial transport and can be considered stream sedmnts For stream sedmmts at RFETS 
the background data (DOE 1993a) were used to calculate summary StaWhCs mcludmg UTL 

values of 6 57 5 29 0 21 and 4 82 pCdg for m u m  233+234 uramum 235 

and u m u m  238 respectively (Table B-7) 

A compmson with the RFCA achon levels for urn- (5 0 pCdL for Woman Creek and 

10 0 pCdL for Walnut Creek) shows that mntammted surface water from RFETS wll 
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generally not exceed the 10 0 pCdL standard for m- (all sotopes combmed) but may 

exceed the 5 0 pCdL standard 

3 1 5 Use of u8vl- Atom Ratios to Deterxxune Orip of Uranrum 

A report on surface water and sed- at RFETS concluded that the 

radioactmy m the t e m d  ponds was naturally occumng m u m  and its decay product 

radium (Efurd et al 1993) E M  et al (1993) also noted that the largest source of 

anthropogemc radioactlvity m the temmal ponds was depleted m u m  Results of tlus study 

mdicated that approxmately half the m u m  present m Ponds A4  and C 2 and approxmately 

20 percent of the urannun present m Pond B 5 ongmted as depleted u t 8 ~ ~ ~ m  

largest source of 

For the above study urannun was determmd by thermal ionuaQon mess spectronetry (TIMS) 
whch allows the isotopes uramum 234 235 236 and 238 to be mc8sutcd separately 

Because the atom rat10 of urmum 238 to uran~wn 235 m naturally occumng uran~um IS a 

constant of 137 8 this atom rat10 can be used to separate the mqonmts of anthmpog&uc (I e 

emched or depleted) uramum and naturally occumng m u m  Add1bonall.y m u m  236 does 

not exist m nature it is produced by neutron capture on mum 235 m nuclear reactors so its 
presence is a certam IndicahOn of anthmpogemc uramum (E- et al 1993) The one flaw m 

Efurd et al (1993) is that they assume all RFETS uratlllllll was depleted urannm rn f s t  both 

enriched and depleted urantum were used at RFETS 

Efurd et a1 (1993) concluded that the 

at RFP and the vanable ?.JlU5U atom ratlos detected m water samples collected from the 

holding ponds prove that anthropogetllc Uranium IS present 

occurring u m u m  contams 0 7204 atom percent 

measured at RFP were depleted m 

estimate the proportions of anthropogemc and naturally occumng uranium 

presence of UdtJ m the surhce-wm samples collected 

They also noted W "naffirally 

Most of the sutfitce water samples 

Efurd et al (1993) used the followmg relabomhp to 
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238 235 Analytical data for dlssolved m u m  m RFETS groundwater were evaluated here for 

atom ratios (Table 3 1) Mean ratlos were calculated for each well locatlon Excluded from t h ~ ~  

evaluation were all nondetect data all records with results less than or equal to zero and all 

locations for whxh no result exceeded the background mean actlvitles Unfortunately the ratlos 

calculated from this exerclse are ambiguous m thew wide range of values Thu apparent random 

vanabllity may be due to (1) actlvitles near the detectlon l m t  (2) poor analyt~cal precision and 

accuracy m the standard aualy~cal method (TIMS was not used) (3) the presence of outliers 

(outlier testmg was not performed) or (4) real isotopic vanabllity ladicatlng the presence of 

emched or depleted uran~um The latter seems unldcely m all cases because some hackground 
wells show extreme atom rat~os The data for each locatlon of merest should be more carefully 

scrutimzed if contammatlon 1s suspected 

U/ U 

Another ratio that has been used to d1stmgulsh between natural and anthropogemc m u m  is the 

2%/238U actzvzty ratlo (as opposed to the 238U/U5U atom ratlo) Because m u m  234 1s a 

prQduct of the uran~um 238 decay cham its abmdance 1s determtned by the abwzdance of 

urmum 238 Secular equllibnum between these two uran~um isotopes should produce an 

activity ratio of 1 0 however data show that the rat10 ranges from C 1 0 to > 2 5 for w u m  

in background areas (DOE 1993a) Clearly there arc other fktors affecbng the w / u 8 U  

activity ratio that lessen its use- for dstmgurshmg between natural a d  anthropogemc 

uraruum 

As discussed 111 the Background Geochenucal Charactenzahon Report (DOE 1993a) the ratlos 

of relative actwities of uramum 234 to uranxum 238 arc approximately 0 09 m depleted m u m  

1 06 111 natural w u m  5 74 m power reactor fuel and a h e r  ratlo for weapons grade 
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urmum (Note that the analytlcal method used for RFETS samples does not resolve uramum 

233 from m u m  234 so they are reported together) The Buckground Geochemcul 

Chaructenzufzon Report (DOE 1993a) reported a range of 1 19 to 2 43 for ratlos of u r a ~ ~ ~ u m  

isotopes m filtered background groundwater and stream water ratlos that are above 3 0 or below 

1 0 suggest the presence of d c d y  emched or depleted ummm 

In contrast with the background range of ratlos gven 111 the Buckgrowrd Geochemrcal 

Chaructenzmon Repon the 1994 RCRA Report for RFETS (DOE 199%) reported w/mU 

ratlos rangmg from 0 34 to 18 5 for UHSU groundwater at the Solar Evapomon ponds 
(Operable Untt 4 [OU4]) However thu reported range of values IS hghly mrslcadmg because it 

mcluded ratios calculated for uran~um actlvitles mar the detectlon hut  and &d not exclude 

outliers The extreme uran~um ratlos reported 111 the 1994 RCRA Report (DOE 199%) were 

the result of calculatxng rams for low levels of m u m  whch have large ummamtm Large 

uncertmtles are typical of analyt~cal results near the detectlon lmt exclusion of such results is 

recommended when calculatmg lsotopic ratlos If mean values for the w/238v ratlos are 

calculated for each well then the dueme of possible outll,ers IS muumuRd and mom 
representative ratlos may be obtruned for resolving uramum sources 

In summary although the l h l y  presence of RFETS m u m  has bem suggested by some 

reported ?JlusU ratlos (see DOE 1995b) the represcntatweness of these! ratlos cannot be 
taken at face value the underlymg data must be exarmned Usmg TIMS analysis to measure the 

precise amount of m u m  isotopes 1s a more decisive meaos of determmq thc percentage of 
anthropogentc uran~um present m a given sample Use of TIMS analysis mtead of alpha 

spectroscopy followed by determumon of u8v/’’U atom ratms appears to allow better 

estimation of the relatlve proport~ons of natural dnd anthropogmc urannun than does the 

234u/238~ actlvity ratlo 
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3 1 7 Uramum m Sitewde EnwoMlental Medm at RF'ETS 

Analytical data for urmum m samples collected across RFETS show a wide range of ura~lllun 

isotope activiaes Due to the preponderance of negative and zero values m the data computaaon 

of summary stamtics for w u m  assumed a normal dlstnbutlon for all lsotopes m all 

envlronmental medm In sitewide groundwater the maxmum values are m the hundreds of 

pCdL for uramum 233 +234 and m u m  238 although the means are 7 6 and 9 6 pCdL for 

urmum 233 +234 (dlssolved and total respectwely) and 5 2 and 7 0 pCdL for m u m  238 

(dissolved and total respectlvely) Data for m u m  235 show maxl~lls~ of 35 7 and 9 0 pCdL 

(dissolved and total respectively) and mans of 0 30 and 0 41 pCdL (cfissolved and total 

respectively) (Tables 3 2a and 3 2b) 

Data for uramum rsotopes m sitewide surface water also show maxmwn values m the hundreds 

of pCdL for urannun 233+234 and m u m  238 wth mean values of 8 3 and 9 6 pCdL for 

urmum 233+234 (dissolved and total respectlvely) and 7 2 and 5 9 pWL for m u m  238 

(dissolved and total respectlvely) Data for m u m  235 show mean values of 0 36 and 0 43 

pCdL for m filtered and unfiltered samples respectlvely (Tables 3 3a and 3 3b) 

Urmum isotopes m sitewide surface and subsurface sods show a wide range of actlvit~s 

especially for the former whenas subsurface soils contam mean act~vltles of 2 5 0 16 and 3 9 

pCdg for m u m  233+234 uranium 235 and uramum 238 rcspechvely (Table 34) surficml 

soils contam mean actlvittes of 3 8 0 49 and 23 5 pCdg for urannun 233+234 m u m  235 

and urmum 238 reptlvely (Table 3 5) The hgh mean value for uramum 238 m surface 

soils is due m part to one extreme value of 38 OOO pCdg (locaoon SS505493 date 6-30.93) 

the next hghest value is 2 OOO pCdg 
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3 2 Geochermstry of Hutomurn and Ammuurn 

3 2 I Ongm and Geochermcal Behamor of Plutonium and Ame.r~dum 

By bombardmg urmum with slow neutrons m a nuclear reactor a numbex of transuratllc 

elements are created llhcludmg plutonnun (element 94) Plutonnun conststs of ~ u ~ ~ e r o u s  

isotopes of whch plutonnun 239 and plutomum 240 are maderately long lived radiowclrdcs 

(half lives of 2 44 x lo4 and 6 580 years respectwely) Although plutomm does not currently 

exist as a naturally otmnmg element (exceptmg one occumme at the prehtSt0l . l~  Oklo natural 
reactor m Gabon Aha) an anthropogemc background emts worldwide due to fallout from 
atmosphenc nuclear weapons tests as well as the bumup of a nuclear-powered satellite (SNAP 
9A) over the southern Hemsphere m 1964 (Hardy et al 1973) In particular fallout from the 
nuclear tests and the SNAP bumup have contnbuted plutonnun 238 plutomum 239 and 

plutomum 240 to the envmnment Amencium 241 a gamma em~tter IS the decay product of 

plutomum 241 (half lrfe = 14 4 years) and has -own as the relahvely short lived plummum 

241 has decayed 

The dismbuoon of fallout plutonnun across the earth s SUrEdce IS not Worm geographc 

orographc and meteoroloac effects produced spatd vana~ons UI the fallout blanket Hardy et 

a1 (1973) stud~ed the dlsmbmon of fallout plutomum and meamred the sotopic rat~os m sod 

samples collected from around the world They d e t e d  that the heavlest fallout of 

plutomum 239+240 lies m the temperate latitudes m the Nor&m Hermsphcre whereas 
concentrations of Pu 238 are greatest UI the temperate laQtuda of the southern Hcxxusphere 

(Hardy et a1 1973) Purtymun et al (1990) also stucbcd the deposition and dutnbuuon of 

plutomum from worldwide fallout They concluded that the d~ffmmcs m plutomum 

concentrations and rams can be attnbuted to regional aad local weather pattern and to 

distribution by physical transport 

contnbutes to the inconstancy of plutomum concentrabons and ratros found m sods and 

sediments 

and that vanability m plutomum F c l e  sue also 
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Plutomum exists m +3 +4 +5 and +6 oxidaaon states m the Eh pH range found m nature 
with the +3 and +4 states dormnant m most natural envllonments (Figure 34) Higher pH 

stabillzes the hlgher state (+4) whch f o m  dioxo caoons Pu02+ and Pu02+* (pu oxidaoon 

states of +5 and +6 respectlvely) and solid species Pu02 (plutomum dioxlde) and Pu(OH), 

(plutomwn hydroxide) However R ~ I  et al (1980) noted that d no Pu sohd compounds are 

present sorpoon reactlons alone may govern the concentration of plutoonun m solutlons 

Plutomum cations mteract with u o m c  species by iomc bo- wth the trend m complexatlon 

strengthbemg +4 > +6 > +3 > +5@ou>landHagema~ 1993) Plutomummthe 

envuonment tends to extst as oxl&s cllspersed m or agglomerated wth naturai soil particles 

however the 

source of formatlon and release (EPA 1976) 

actual cbaractenstlcs of the particles IS expected to vary depend- on the 

Americium can also exist m multlple oxldation states (+3 +4 +5 +6) but is expected to be 

m the +3 state m aerated waters m the absence of oxlciants other than afmosphenc oxygen The 

geochermcal behavior of plutonnun and amencium m the enwoMlent IS srrmlar both acmdes 

tend to be strongly adsorbed to the solid phase under neutral to alkallac oxidmng conditlons 

Cleveland et al (1976) stated that condit~ons whch affect the behawor of plutonnun and 

amencium lnclude pH iomc strength temperature and complexmg mm CMy'RntrBtlon and 

that in fresh water systems pH would be expected to be the most important vanable They 

also note that other studies have found that most plutonnun III salment IS assoctafed with metal 

hydroxides rather than natural humates Most importantly Clevelaad et al (1976) found 

enhanced solubhatlon of plutomum and am~flcium at pH values of 9 and above Results of 

filtration studies dicated that solubllmd plutomum and amcrtcl~~ll are present almost 

entlrely in colloidal form at all pH values studied (Cleveland et al 1976) Also the average 

size of the colloids (- 1 )rm to 1 mm) decreased wth mna~mg pH In ma~ly sturfies mvolvlng 

natural water a standard membrane filter with a 0 4Spm pore sue 1s used to seprate dissolved 

constituents from colloidal and other suspended matter 
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Dozol and Hagemann (1993) reviewed the current state-of the art concernxng mgrabon of 

plutomum amencium and neptumum m groundwater they noted that the major chermcal 

parameters mfiuencmg actmde dlstcrbubon between aqueous and solid phases are Eh pH and 

soluQon composibon In pmcular the presence 111 solubon of complexmg agents such as 

carbonate wdl affect the apparent solubdity of the actmdes actmcles m all the= 

oxidabon states (+3 to +6) can foxm complexes with hurmc and fulvic acxis comparable m 
strength to the hydromde and carbonate complexes or rnteract mth molecular components or 

colloidal partlcles and the mechantsms of sorpuon for an element as complex as an a c m e  

in systems as complex as geologxal medm is not perfectly known (Dozol and Hagemann 

1993) Addibonally the formafion of colloidal hydrondes of actuudes @manly tetravalent 

and some tnvalent) could result tn an apparent solubility that IS orders of magmtude gnater than 
the expected equdibnum solubdity (Dozol and Hag- 1993) Colloids are 0 45 pm to 2 

mm particles with htgh speclfic surface area and hgh specific surface emrgy Tetravalent (and 

to some extent mvalent) act~~~~des tend to form polymeric colloids @om1 and Hagemann 

1993) Colloids can also be fine clay pmcles aluxmnum or m n  hydroxides sdica sdicates 

silicic acids and hurmc or fulvic acids 

The 

Essmgton and Fowler (1976) evaluated the literature on plutomum and am~fcnun and 

concluded that both can mgrate through soils but that factors such as nature and oxidauon state 

of the source mated sod pH sod orgmc matter contens and pmeme of complexmg agents 

control thrs rmgrauon However plutomum was found to rmgratc rapldly through cracks and 

fissures in fractured geologic matcnals underlymg sods suspension (and muspasion) of 

plutomum and plutomum bearxng parhcles was the pmipal mode of transport In atlother 

study Nevissi et al (1976) also detemwxi that suspension transport (1 e transport as 

plutomum-oxide pamcles hydrated plutonnrm-oxide colloids or plutomum part~~ks aggregated 

to soil particles) was the miun mode of plutomum m u o n  m sods 
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Rai et a1 (1980) noted that the solubllitles of both Pu02(c) and Pu(OH),,(am) decrease with 

increasmg pH (see Figure 3-4) However another study (Noshkm 1976) revealed that at the 

Enewetak Atoll plutomum had mgrated 80 m downward to groundwater and that plutomum 

239 + 240 was 

(Essmgton and Fowler 1976) Addihonally Rusm et al (1994) demonstrated that von 

reducmg bactena medlate the solublluahon of hydrous Pu@(s) under anaerobic cond~hons and 

that as much as 90 percent of Pu02 was biosolubllmd expenmentally m SIX to seven days As a 

result of  the^ expermental stud~es Rum et al (1994) note that there IS a potermal for 

mcrobially catalyzed reducuon as a contarmnant mgrahon mechamm 

very moblle throughout the water saturated coral sand environments 

for plutomun 

In summary envmmental plutomun and ametrcium are strongly adsorbed to the solid phase 

and can be transported vla WUKI and water transport of the host parhcles In oxldrzmg 

envvonments the strong p r e f m  of plutomum and amencnun to adsorb to the sold phase 

means that only a small amount of plutomum and ammcnun IS dtssolved UI natural waters The 
conservative geochemcal behavior of these actmdes makes physical transport mechantsms the 

dormnant processes for mgranon m near neutral pH oxldmng envmnments Secondary 

processes such as geochemcal transport 111 reducmg envmnments also appear to have the 

potemal for contnbutmg to actmde mgrahon m certarn cucumstanccs but are less well 

documented m the literature 

3 2 2 Pluto~~um and Amedum UI Background Grormdwater at WETS 

There are only three records for amemium and one record for plutomm u1 filtered samples of 

background groundwater (Table B-8) none of these results IS greater than the current 0 05 pCdL 
standard For unfiltered samples of background groundwater there are four detect~ons of 

americium and three detechons of plutonnun (out of 226 a d  262 records respectively) that 

exceed 0 05 pCdL (Table B-9) Only one of these few exceedances IS greater than the proposed 

0 15 pCi/L standard (Well B302989 sampled 12 5 90 plutonnun 239+240 = 0 2237 pCdL 
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3 2 3 Plutomum and Americium m Background Surface Water and Stdiments at RFETS 

Data for plutomum and amemnun dissolved m background stream water show two records for 

plutomum and three records for amencium that exceed the 0 05 pCdL standard (Table B 10) 

None of the records for plutonnun and amencium m samples of unfiltered stream water exceed 

the 0 05 pCdL standard (Table B 11) Data for plutomum and amencm rn filtered samples of 

background seep water (tocahons SWOSO SW104 and sWl08) show that these two actlnrdes are 

normally below detectxon (Table B-12) However data for unfiltered samples show sporadic 

detections ( d m  1989 only) above the 0 05 pCdL standard for plutonnun and amencium 

(Table B 13) 

Plutomum and amencium act~vit~es m background surface (1 e seep and stream) sedunents 

range from essenhally zero to 8 93 and 2 53 pCdg respectrvely The mean acnvitxes for 

plutomum and amencium m seep sedmnts are 0 61 and 0 13 pCdg respechvely (Table B 14) 

For stream sedrments mean plutomum and americium actwhet3 arc 0 54 and 0 17 pCdg 

respectively (Table B 15) 

3 2 4 Plutonrum and Americium m Background Subsurfaa sdts at RFETS 

For samples of background subsurface sods plutomum and ammcium are virtually at the lmt 

of detection with the error terms as large or larger than the results (Table B-16) The maxrmum 
activities reported for subsurface sods are 0 03 pCdg for plutonnun and 0 01 pCdg for 

americium Samples of backgrotmi surficml sod also show low levels of plutonnun and 

americium with maxrma of 0 031 and 0 072 pCdg nspectwely @OE 1995a see Table E 3) 

3 2 5 Plutomum and Ameridum in Sitewide Environmental M a  at RFE%'s 

Sitewide groundwater at RFETS shows a narrow range (approxmately 2 pCdL) of actxvitxes for 

plutomum 239+240 m filtered samples (Table 3-6a) and a much larger range (218 pCdL) for 
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plutomum 239+240 activihes 111 unfiltered samples (Table 3-6b) The mean values for dissolved 

plutomum and amencium are less than the 0 05 pCdL standard The hghest achvitles for both 

plutomum and amencium are those measured m samples collected from piezometers rnstalled 

downgradient of the 903 Pad 

Data for filtered samples of sitewide surface water show hgher mean and maxmum achvitres for 

plutomum and amencium (Table 3 7a) than do samples of fdtered groundwater (see Table 341) 

The ranges of actnde actrvihes 111 unfiltered samples of surf' water (Table 3 7b) are roughly 

equivalent to those for d t e r e d  grouIxlwater (see Table 34%) The mean values of p l u t o m  

and amencium 111 both filtered and unfiltered samples of srtewde surf' water exceed the 0 05 

pCi/L standard 

Analytical data for plutomum and amencium m sitewide subsurfke and surface soh show that 

surface soils contam si@icantly hgher achvitles of plutomum and amer~~ium than do 

subsurface soils (Tables 3 8 and 3 9) Samples collected from two locations (12795 and 11895) 

for subsurface soils show acbn~de actlvitles sigmficantly hgher than other subswfhce-sod 

samples More than 97 percent of the results for plutomum 239+240 and mre than 98 percent 

of results for amencium 241 m subsurf.. sods are less than 1 0 pCdg By comp8flson for 

surface soils about 82 percent of the results for plutontum 239+240 and about 90 percent of the 

results for amencium 241 are less than 1 0 pCdg 

3 2 6 Sitespeufic C-of Plutomum and Americhrm at RFE'IS 

In their site spectfic study of RFETS Pond B1 Cleveland et al (1976) mved at the followmg 

conclusions 

(1) At pH values of 9 or greater plutomum and amencrum are dqerscd from the sed- 
into the water column and under certam cond~hons wncentratlom may approach or 

exceed 1 667 pCdL plutontum and 1 330 pCdL amencum 
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Plutomum is dispersed as colloids with average sue (- 1 pm to 1 mm) decreasmg with 

increasmg pH 

Amencium is also present m colloidal form and follows (less regularly) the behavior of 

plutomum 

Only a small percentage of plutomum and amencium m the sedlment 1s present in 

dispersible form 
Pond water has a relattvely low saturation value for plutomum and amcllciwn and at 

concentrattons well below saturaOon the colloid 1s gradually reabsorbed by the W e n t  

Because of items (4) and (5) mgraoon of plutomum and amerrcium down the stream 

would be slow but could be sigmflcant over an extended penod of tune 
Because of item (4) it would probably not be feasible to remove plutomum and 

amencium from sedunent by repeated leachmg at hgh pH 

Site specific studies of soh in the RFETS area have also shown that the vertical and lateral 

distnbution of amencium 241 is s m h r  to that of plutomwn 239+240 (Litaor et a1 1994 

Litaor et a1 1995 Litaor & Allen 1996) More than 90 percent of the plutomum and 

amencium in the soil profile at RFETS was confined to the uppcr 12 cm of the soil 

regardless of the soil charactemttcs or distance and d w l o n  from the source (Litaor et a1 

1994) 

amencium move by discrete parhcle transport vvlthrn macropores m the upper 20 cm of sod 

(Litaor et a1 1994 19%) Litaor et al (1994) also noted that the plutomum was translocated to 

a depth of 90 em along decayed root channels and that earthworm actlvity was probably 

important in the redlstnbutim of acmdes ~II the upper 40 cm of soil 

Withm unsaturated (vadose zone) soils the evidence suggests that plutonnun and 

3 3 Detemmng parcltion Coeffbents for Actinides 

Prediction of aqueous acude transport in soils and groundwater 1s dependent on an 

understanding of contammant mobility m the soil water environment Esbmates of contarmnant 

mobility are normally obtalned using a parameter known as the parhhon coefficmt (1 e 
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distnbuoon coefficient or & values) wluch is a quamtattve measure of the degree of sorpoon 

for an rndividual contamtnant that exists between a soluoon and a solid phase under specific 

geochemcal conditlons & values are used m contarmnant transport equatlons to calculate 

mgration rates for long term predichons of contarmnant movement and behavior 

The value of J& for each compound or element is a funcoon of the geochemcal behavior of that 

compound or element as well as the compositmn and charactem~cs of the sorbent In turn the 

geochemcal behavior of a compound IS controlled by condit~ons such as redox potemal (Eh) 
pH and solutlon composiQon Low & values dicate that co- are weakly sorbed to 

the solid phase resultrng m a relauvely lugh aqueous mobttrty through sods and sedmts 

Conversely lugh & values d c a t e  that contarmnants are strongly sorbed to the sohd phase 

resultmg m a relatwely low aqueous mobttrty through sods and sedments Due to vanable 

conditlons the range of K,, values reported m the literature spans several orders of magn~tude for 

the acmdes As reported m the RFI/RI Report for Operable Umt 3 (OU3) at RFETS (DOE 

1996) the ranges of publlshed values for urmum p l u t o ~  and arnencnrm 0 to 4 400 0 4 

to 87 OOO 0oO and 0 to 47 230 respectwely (DOE 1996) Representatwe & values given m 
the OU3 RFYRI Report are 1 550 for uramum 234 4 500 for plutomm and 700 for amcncnun 
(DOE 1996) 

Jakubick (1976) estmated a & of 5 OOO for plutomum m parhally saturated loamy sod with 

pH=6 The estimated vertical transport was 0 8 c d y r  Jakubick (1976) suggested that Pu02 
migrated m the form of small dlscrete pgtacles If ths is the case then the mgraaon rate of the 
plutomum would correspond to physlcal pmpertres of a given sod A study by Routson et al 

(1975) expementally d e t e d  & values for amencium For so& m eastern Waslungton 

State & values were greater than 1 200 and were not rnflueaced by 
calcium or sodium ions Glover et al (1976) conducted eqrulibnum sorption 

different sods for plutomum and amerlcim mtrates & values for plutonnrm WratCS raaged 

From 35 to 14 O00 whereas those fix amcllcium ranged from 82 to 10 OOO Clay and sand 

content along with catronexchange capacity (CEC) were detemmd to be the most important 

comentrahons of 

on 
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factors 111 plutomum and americium nnmd&zaQon or retardaoon m the so& suggestmg that 

conventional ionexchange processes were responsible 

As noted 111 the OU3 RFI/RI Report (DOE 1996) The presence of multlple omchon states 

and mversible reactloas between them makes the predictlon of long term behavior of plutomum 

in aqua& systems dficult The envuonmental behavior of plutomum IS fuahet comphcatcd by 

the exlstence of iomc part~culatc and both collodiil and pseudoalloidal plutomurn m the water 
column 

reversible due to colloid formatlon and changes m the oxldatton state 

Report states that the & of plutomm may be lower under rtducmg condrtlons @OE 1 M b )  

It is also noted that the adsorpnon of plutomun on sedmnts IS not fully 

The OU3 RFI/RI 

One suggested method of de- a partloon coefficient mvolvcs the calculatron of apparent 

values us- data for sods and thelr assoclated llltersttttal waters The raw data necessary to 
perform such a site speclfic caldatlon for RFETS have becn evaluated for groundwater and 
surface water unfortunately all drssolved results am close to detection lmts  and the error 

ranges for the low level detects and nondetects overlap In BllQthcT approach p r c l m  

estmtes of I& for plutomum and amer~cium m groundwater and surfase water based on plots 

of total plutomum versus total suspended solids (TSS) and total americium versus TSS have 

been prepared by assurmng that (m the case of plutomum) 

Pu(tot pCt f L) = Pu(drss pCi f L) + Pu(part pCi f g) * M ( g  f L) 
and 

Kd = Pu(pmt )I Pu(dtss ) 

The &, value is then calculated by divi,g the slope of the totr Pu TSS regression lmc (I e 

Pu(part )) to the mtercept value (I e Pu(diss )) and correctmg t b ~  result for proper mts These 
calculations result m estimated values for piutonnrm ami amemtum that arc m the IC? to 10' 

Wkg range The results are not presented herem because hrthcr work is 11ccts58~y to document 
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the approach and validity of these values pnor to thew applicmon to si€e specific transport 

problems 

Hursthouse and Livens (1993) used soil and mterstitlal water data to estimate & values for 

plutomum ami amencium m sedunent profiles mer & values ranged from 1 9 x io5 to 9 o x 

lo5 for plutomum and 11 x Id to 39 x 1d for amencium (Hursthouse and Livens 1993) 

In summary the range of plutonnun & values reported m the literature spans as much as eight 

orders of magmtude and relmble site speclfic K,, values have yet to be empmcally d e t c d  

for RFETS sods The heterogeneous nature of geologic m a t e d  makes it difficult to 

extrapolate from one site to another although sites with slmllar geological geochermcal and 

clunatlc conditions may be anncipated to have slmrlar & values 
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4 0 ACTINIDE TRANSPORT IN SURFICIAL SOILS AT RFETS 

4 1 Urmum m the Sod PrONe at RFETS 

Litaor (1995) studied the sods east of the RFETS Industml Area downwlnd of the 903 Pad 

where dustma1 ods contammated with uran~um plutomum and amemlum were stored m steel 

drums that detenorated over bme He concluded that Proposed wmd-dtspersal mecharusms 

were not consfitent with the spaml dlstnbufion of U lsotopes 
Pad Addifionally Litaor (1995) found 

and spill sites and the present dlstnbufion of U 235 m the sods 

smlanty in spatnl dstribufion between Pu 239+240 and U isotopes probably resulted from the 

hlgher solubility and leachabllity of U isotopes compared with Pu 239+240 III the soil system 

(Litaor 1995) Addifionally background sources of uranium contr~butc to the spaml vanabllity 

of urmum m the envmnment 

m surface solis east of the 903 

no clear relat~omhp between known urmum bunal 

lack of He noted that the 

Uramun? activifies m surface soils east of the RFETS lndustrral Area exhiiit a range of 0 70 to 

3 58 pCdg for uran~um 234 0 004 to 0 68 pCdg for urafllll1ll235 and 0 83 to 7 74 pCdg for 

uramum 238 (DOE 199%) Isopleth maps of uramum 235 and urannun 238 activifies u1 surface 

soils show a general lack of spafid relafionshp to known source arcas (Figures 4-1 and 4-2 

where 1 Bq/kg equals approxmately 37 pCdg) 

Urmm is Subject to dissolutlon and leachmg m the mar neutral generally oxidmng 

environment found at RFEiTS Soil profile studies dicated that uranium leached downward mto 

the A and B homons under the RFETS 903 Pad (Litaor 1995) The wannun beatvlg solvents 

infiltrated into the A and Bw honzons but were retarded m the Bt h o m n  due to its hgher clay 

content (Litaor 1995) The solubdity of uramum allows leachmg from contammt& sods 

followed by transport of m u m  through soils and lnto groundwater and SUTface water 
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4 2 Plutomum and Amenuum IU the soll profile at RFETS 

Plutomum and amencium are generally not as chemcally mobde as m u m  m the soil 

envlronment of RFETS The pnmary mechamm of mgraQon has been physical transport of 

plutomum and amencium-contarmnated surface sods by wmd whch has drstrrbuted these two 

actuudes across the downwmd soilscape The spatd dlstnbutlon of RFETS plutomum was 
estmted by two early studies (Krey and Hardy 1970 and Seed et al 1971) (Figure 4-3) A 

later study (DOE 1995c) defined the spattal dutnbutlons of plutomum ad ammcium m surface 

soils (Figures 4-4 and 4-5) through the use of a comprehensive data set and geostatuical analysis 

Plutomum and amencium actlvitles are closely correlated m RFETS mfax sods (Figure 4-6) 

More than 90 percent of the total plutomum actlvity IS contamed withm the upper 10 to 12 cm of 

soils downwmd of the 903 Pad (Krey et al 1976 Litaor et al 1994) Less than 0 1 percent of 
the plutomum is found at 4ocm depth (Figure 4-7 Table 4-1) b y  and Hardy (1970) also 

noted 

transport model- suggested that for depths below 6 cm d i h i o n  transport does a better job of 

describmg plutomum distributions than does particle transport vm mfiltratlon flow (Krey et al 

1976) However physical parameters such as lateral Cfiscontmwtles ad macropores m the sods 

as well as macrofauna play a role m the physical transport of plutomum withm the sod profile 

(Litaor et al 1994) These processes have been actlve for the 20 to 30 years slllce the surficd 

plutomum was deposited Therefore the soil profile data show the results of all combtlaed 

rmgration factors 

an apparent slrmlanty m the downward transport mecm at all sites Soil 

Plutomum activities m surface soils around RFETS range from 1 450 pCdg near the 903 Pad to 

0 05 pCi/g m the far southeast corner of the sampllng area with the data showlng a clear west 

east trend (DOE 199%) Amencium actlvitles and spatxal dlstrrbutlon showed a hgh correlatlon 

to those of plutomum 

199%) The mean acnvity ratio for amencium 241 to plutomum 239+240 was 0 19 +/ 0 12 

(DOE 199%) 

Amencium actlvitles ranged from 0 005 pCdg to 270 pCdg (DOE 
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A sequentialextraction study performed on RFETS sods located downwlnd of the 903 Pad 

lndicated a 

and Ibrahun 1996) Plutomm m these sods 1s largely associated with orgamc carbon and 

sesquoxides and resides withm the upper 18 cm of the sod profile Litaor and Ibrat.llm (19%) 

also found at all depths 

w i m  all samplmg locat~ons The physlcal adsorpaon of p l u t o m  to organ~c carbon and 

sesquioxldes dong with the lmtu i  solubdity of plutomum under the condmons studied 

strong correlatlon between Pu actlvity and the suhcron  s& pmcles (Litaor 

extremely small amounts of soluble and exchangeable Pu (< 1%) 

suggests that under the normal omc coaditlom observed m the soils of Rocky Flats Pu is 

largely unmobde (Litaor and I b d m  1996) 

A solventextractlon study (EG&G 1995d) whch was designed to provide data to assess the 

feasibility of usmg solvent extractton to remedate radionuclide-contarNnami sods at RFETS 

detemmed the dEmbution of plutomum as a functlon of pamcle SIZC and evaluated sodium 
hexametaphosphate (SHMP) as an agent for extracuon of plutonnun from the sod phase to the 

liquid phase Thts study found that 

the soil samples emts xn the fracQon that was small enough to pass through a 40 mesh screen 

@G&G 1995d) In addiaon more than 60 percent of the p1utonm-n was transported from the 

soil to the aqueous solutlon by SHMP waslung (EG&G 39954) 

virtually all of the plutomum contammanon contamed UI 

A study of the chemcal extractlon of plutomum and americium from contamtnated RFETS sods 

(LANL/EG&G draft report 1995) found that reducing or oxidumg agents cornblncd with 

complexants s i p u f i d y  enhanced the removal of rad~oat~vity fiom plutomum and 

americium-contarmnated soils Th~s same study also determmd that cxttgcttoIl, tune and solution 

pH had no effect on radionuclide removal Using citratedihmte solutlolls more than 90 

percent of the radioac~vity was removed from contammated sod samples withm 24 hours 

(LANWEG&G draft report 1995) 
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5 0 ACTINIDE TRANSPORT IN SHALLOW SuasURFAcE SOILS 

5 1 Urmum m Shallow Subsurface soils at RFETS 

Urmum isotopes m samples of subsurface sods (1 e borehole matenals) at RFETS display 

actwoes rangmg from -0 06 to 971 0 pCVg for m u m  233+234 -0 17 to 67 61 pCVg for 

uranlum 235 and -0 12 to 1160 0 pCdg for m u m  238 Mean acttvitles for the uramum 
isotopes m sitewide subsurface sods are 2 493 0 164 and 3 925 pCdg respectively (see Table 

34) These maxmum and mean values are considerably hgher than those o b t a d  for samples 

collected from background areas onsite (see Table B 3) (DOE 1993a) 

Based on geochemcal behavior uramum is predicted to be much more geochemmlly mobde 

than plutomum and amencium m the RFETS envrronment Litaor (1W5) f o d  evidence of thls 

mobility m hs study of uramum sotope dismbmon m RFETS surface sods Unllke plutomum 

and amencium at the 903 Pad uramum was geochemcally mobdlzed downward mto the soils 

thus malung it unavadable for physical transport via wmd The spaW dlsmbunon of uramum 

isotopes in surface soils shows no pattern related to wlnd transport axxi depositton (see Figures 4 

1 and 4 2) (Litaor 1995) Most of the uramum recovered from below the asphalt cap at the 903 

Pad was concentrated between 15 and 40 cm below the o n g d  ground surface (Litaor 1995) 

Because of the solubility of uramum it IS llkely that lateral and vemcal flow through subsurface 

matenals that contam uramum wlll mobdue the element 

5 2 Plutomum and Ameriuum in Shallow Subsurface Sods at RFETS 

Plutonium and amencium m shallow subsurface soils (1 e borehole mater&) at RFETS range 

from -0 12 to 1 744 0 pCi/g and -0 60 to 208 7 pCdg with mean actwittes of 1 245 and 0 243 

pCdg respectively (see Table 3 8) Background data show esscnhally no plutomum (0 03 pCdg 

maxunum) or amencium (0 01 pCdg maximum) m subs~&cc sods (see Table B 16) The 
presence of RFETS plutomum in sitewide soils is not m qucstron 
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The site specific research of Litaor and Ibrahun (19%) on acmdes rn RFETS sods mdicates that 

plutomum 111 the surface homons IS 

sesquioxides (2040%) and the residual fraction (10-1596) A small pomon of the Pu 239+240 

is associated with soluble (0 09-0 22%) exchangeable (0 044 08%) and carbonate (0 57 7 0%) 

phases 

plutomum IS avllaable for geochermcal transport 

prmmly associated with the orgmc C (4565%) 

Litaor and Ibrahm (1996) noted that wder near neutral pH and oxlc condit~ons little 
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6 0 ACTINIDE T"SP0RT BY GROUNDWATER 

Transport processes that potentdly affect the movement of actmdes m groundwater rnclude 

marnly physical processes such as detachment entramnt  fitranon and settlmg of collodial 

and particulate contarmnants m saturated porous medla and geochemcal processes such as 

dissolutiodprecipitabon adsorphoddesorpnon and oxidahodreductlon Groundwater flowmg 

through geologic matenals with moderate to hgh hydraulic conductwitx!s has the potentxtl to 

carry both dissolved and finely divided suspended matter Discharge of groundwater through 

contarmnated soils at seeps may also contnbute to actmde mgratlon 

Actuude contarmnants can reach groundwater via dlssolutlon or entrsumnent of pmculates as 

infiltratmg waters pass through contammated soh and mtervenmg unsaturated sod zones The 
ability of the receivmg groundwater to advectively transport colloids aad parttculates through a 

hydrostratigraphc u t  is dependent pnmanly on the gram slze dstnbutlon and permeability of 

the geologic medium and the velocity of groundwater flow Coarser grand hlgh pemeabdity 

materials have a greater ability to transmt water and solids m suspension than do fke gramed 

low permeability matenals Llkewise hgh groundwater flow velocibes have a greater potentml 

to transport suspended solids than do low velocitres 

In addition to processes that affect actnude transport withm a hydrostratqraphx uNt 

groundwater itself has the potentml to act as a chemical or geomrpk agent m situauons 

involving direct mteraction with contarmnated surficlal and shallow subsurf.. sods At seeps 

emergent groundwater has the potemal to either chermcally or physically duce the mobdmnon 

of actimdes retained in the soil These processes will be evaluated m more &tall m Sectlon 6 4 

I 6 1 Groundwater Momtoring 

The groundwater momtonng network at RFETS has recently been rev- (RFCA 1996) such 

that a two tier system of wells has been establlshed As noted earlier k proposed poundwater 
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standards have been establshed based on protection of surface water quality Groundwater wells 

downgradient of known contamrnant source areas and withm dramages are momtored on a 

regular basis 

6 2 Uraruum m Groundwater at RFETS 

For filtered samples of sitewde groundwater collected from 1990 to 1996 u r a ~ f u m  activities 
ranged from -0 52 to 492 pCdL -0 27 to 35 7 pCdL and -0 18 to 325 pCdL for m u m  

233 +234 m u m  235 and uranxum 238 respechvely (see Table 3 2a) In unfiltered samples 

activities ranged from -0 16 to 290 pCdL -0 09 to 9 0 pCdL and -0 02 to 190 pCdL for 

urmum 233 +234 m u m  235 and m u m  238 respectsvely (see Table 3 2b) 

For the Groundwater Geochernzstry Reprt (EG&G 1995a) analyttcal data for wells along four 

flow paths were plotted (two through background areas two through plautsite) from upgradient 

to downgradlent U m u m  sotopes m RFETS groundwater show mreasmg actwihes across the 

site both for background (see Figure 3 lb') and nonbaclcground areas (EGikG 1995a) 

Activities mcrease by approximately one order of magnrhlde for urantum 233 +234 urantum 

235 and urmum 238 (see figures 5 16 and 5 17 in EG&G 1995a) These data suggest that (1) 

urmum solubility mreases downgradient possibly due to mreases m carbonate and sulfate ion 

concentrations or other changes m soluuon chemstry or (2) uramum beatvlg mnerals are 

concentrated ~II downgmhent areas and dssolve mto groundwater so uranium ioas accumulate 

in groundwater along the flow path 

The 233+2%/238U activity ratio remans relauvely constant along the flow paths hoverxng 

between 1 and 2 (see Figure 3 lb) As noted earller uramum 234 1s a decay product of 

uranium 238 and if the two isotopes are in secular equdibnun thc actlvity ratro should be 

about 1 The U/ U atom rauos were not plotted for these flow paths but range from 19 3 to 
160 8 with the lowest ratlos for lower activity samples The two wells at the end of the Rock 

Creek flow path (I e wells B201189 and 8205589) show reasonable '38v/u5U -os of 126 3 

238 235 
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and 160 8 respectively suggesmg that data for low activity samples provide mccurate and 

memgiess ratios 

6 3 Plutomum and Amenuum m Groundwater at RFETS 

For groundwater samples collected sitewide at RFETS over the pen& of 1990 to 19% 

analytical data for filtered (0 45 pm) samples exceed the 0 05 pCdL standard m only eight wells 

(Table 6 1) Many more wells show at least one exceedance for unfiltered samples of 

groundwater (Table 6 2) Several wells screened m the lower hydr0stratqpaph.x umt (LHSU) 

show evidence of plutomum contarmnatron m unfiitered samples LHSU wells 1687 46692 

46792 and 46892 show at least one exceedance for plutomum 239+240 m samples of untiltered 

groundwater (see Table 6-2) There are no exceedances of the 0 05 pCdL standard for filtered 

samples collected from LHSU wells 

H a s h  et a1 (1994) mvestlgated the nature of plutomum and amemnun commmatlon m 
UHSU well 1587 just downgradient (east) of the 903 Pad They concluded that the plutomum m 
groundwater at th~s well prrncipally occurred in particulate (> 5 pni) and coUoidal(0 1 pm 5 

pm) phases at 65 percent of the total plutomum activity with the remamug 35 percent of 

plutomum actwity associated with the dmolved phase Colloid concentmmns were reported to 

be very low (much less than 1 mg/L) The study concludes that “paraculate and colloidal forms 

could have the potentnl for facditatmg the transport of plutomum m tlus groundwater” (Harmh 

et a1 1994) Actwitles were too low to pernut a s d a r  analysls for ammcnun 

CrosscontammQon of wells by plutomumcontamtnated surface soils entrarned down the 

wellbore dunng dnllmg may explam the presence of detectable plutomum m some groundwater 

wells The lack of plutomum exceedances m all but a handful (out of Irundreds) of filtered 

groundwater samples mdicates that the plutomum in groundwater wells must emt  almost solely 

as particles larger than the 0 45 pm membrane filters used to filter the groudwatcr samples If 
this plutomum represents crosscontammation rather than transport m a groumbater contammnt 
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plume then plutomum concenmons should correlate with total suspended solids (TSS) and 

continued purging and redevelopment of the well should produce ever lower concentranons of 

plutomum m the groundwater samples collected over tune 

From 1991 uno1 1993 most of the unfiltered samples collected from boundary well 41691 
exceeded 0 05 pCdL for plutomm 239/240 and amencm 241 Because of the location of well 

41691 along the eastern site boundary there was concern that the elevated levels of plutomun 

measured in this well reflected the presence of a groundwater contarmnant plume moving offsite 

Thts well was sampled and redeveloped throughout 1994 and 1995 and showed an overall 

decrease m total plutomum acnvines over tune whereas uramum achvitles fluctuated over tune 

(withm a much smaller range) and dd not decrease (Figures &la and 6-lb) Because of the 

greater solubllity of uramum its actlvity m groundwater IS less m f l d  by filtratxon than are 

plutomum and amencium so uramm actlwtles m well 41691 fluctuated over a narrow range 

whle plummum and amencium actwi~es declrned by orders of magnrtrtde: dumg the penod of 

well purging and redevelopment Quarterly samples fiom well 41691 for 1995 showed only one 
exceedance (0 11 pCdL) of 0 05 pCdL for plutomurn In addinon the correlatlon coefficient 

(r2) for plutomum versus TSS was 0 988 for all unfiltered samples collected to date (1 e 1991 

through 4th quarter 1995) from well 41691 (Figure 6 2) Thus these data suggest that cross 

contammanon with plutomum-contammted surface sods was responsible for the elevated 

plutomum achvities found m well 41691 

Correlations between total plummum and TSS m unfiltered groundwater samples range from 
good to none for those sitewide wells with mulnple detcchons greater than 0 05 pCdL The 

detection lmt as a percentage of the result averages approxUnateiy 11 percmt with a standard 
deviation of about 45 percent for those samples with plutonium actlvitles greatex than 0 05 

pCi/L The lack of good correlatlon for some wells may be due to vanability m samplmg 

techmques resultmg from changes 111 field personnel or equipment One extreme value is enough 

to eliminate a good correlation so the lack of correlatxon should not be Mewed as supportmg 

evidence for the presence of a plume of plutomumcontamrnated groundwater rather the data 
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are mconclusive The lmted number of plutomum exaxdames for filtered samples suggests 

that dissolved (1 e <O 45 pm) plutontum and amencium are not rmgratmg v n  groundwater at 

RFETS 

6 4 Groundwater as an Agent for Plutomum Migmtmn from Soils 

Recent hydrologic and sod water geochermcal data acqumd by the sod momtomg system at 

RFETS dumg a penod of saturated sod conditions suggest that plutomum and amencium may 

be sigmficantly more mobde when d a c e  sods are subjected to groundwater floodmg condioons 

(see Litaor et al 1996 111 press for a general descnptlon of tfus system) The data were 

collected at a 903 Pad htllside seepage site d m g  and after the excepbonally wet spmg penod 

of 1995 Heavy ramfall events and hgh antecedant molshlre cond~t~ons caused eplsodes of hlgh 

surface water runoff local stream flooding and an abnormally hlgh groumlwater table response 

A summary of these data and site condioons are contalned 111 a proposed paper submtted for 

publication 111 the journal Science by Dr M I Litaor and IIlcmbers of the former RFETS sod 

study team Thrs paper together with peer review comments providcd by RFETS envronmental 

restoration personnel are presented 111 Appenduc C 

6 4 1  Background 

Litaor et al (Appendix C h s  report) report that dururg the spnng and summer of 1995 an 

estmted 8 2 to 50 MBq (221 400 to 1 350 OOO pCi) of p l u t o m  were transported across a 

portion of the slope below the 903 Pad They postulate that the UIlllSuaily wet sprrag of 1995 

( > 200% normal precipitaoon) comb& with groundwater floodmg of the area created a 

situation of temporary saturaQon and anoxic condioons 111 local sob that may have 

hydrogeochemcally mobdrzed plutontum w i h  the surface and shallow subsdace 

environments of the soil study area Lateral flow 111 the subsuface lasted for 65 days as 

measured by two lateral zero-tension samples installed at depths of 0 5 to 0 7 m The flow yreld 

measured 35 to 40 m /m /day (Litaor et al Appendvc C thts paper) The prewous three years 3 2  
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of momtormg and numerous ram smulatrons had failed to produce any lateral flow withm these 

samplers Compmson of the calculated plutomum flux at the sods study area to slrmlar 

calculations performed for mfluent and effluent water at Pond C 2 suggest that "most of the 

transported Pu was retamed by the sods across the slope and the pond sedments" (Litaor et al 

AppendlxC hsreport) 

The u q u e  hydrogeology of the 903 Pad area (see Litaor et al App& C Figurc 1 t h ~ ~  

report) allows dramage through an upgradient alluvium filled p a l e o c ~ l  and subcrop of the 

Arapahoe Formatron sandstone that are capable of producing a c o ~ o u s  flow of shallow 

groundwater through toeslope sods Plutomum actrvity m unfiitered samples of sod solutrons at 

the toeslope show an exponentnl decrease with mcreased depth of sampling (see Litaor et al 

Appendlx C Figure 3 thu report) Samples of unfiltered seep water at locahon SW 53 near the 
soil pits extubited a considerable mrease ~ IJ  plutonnun actrvity whch may reflect the d u e =  
of the top soil layers (Litaor et al Appendix C this report) Thrs suggests that subsurface flow 

daylighting at the seep transported plutomum~ontammtcd wafers laterally downslope and that 

there was groundwater soli and surface water mterachon with respect to plutontum-amtammted 

waters at thrs locality 

The followmg discussion evaluates the geochemcal control mechamsm proposed by Lrtaor et a1 

(Appendlx C thrs report) and assesses its lmplicatrons for localrzed and sitewlde plutomum 

mobility A second mecharurn 1s also proposed that either dependently or m cornburatton 

with geochemical remobdmhon could e x p h  the behavior of plutomum m sod solutions and 

seepage water at the soil study site 

6 4 2 Groundwater G e m h e d d  Remobilhation of PIutonium 

The geochemical mecharusm proposed for mreased plutomm mobility m sods by htaor et al 

(Appendix C this report) agrees with the studies of Hursthouse and Livens (1993) who found 

evidence of geochermcal rembilmtion of plutotllum and ammcium m gkyed sods (1 e water 
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logged anoxic sods) These trdally h t e d  sods are water logged for long perrods of the 

year and show no evidence of bioturbation or ather physical disturbance (Hursthouse and 

Livens 1993) Based on knowledge of changes m the 2 3 ~ 2 3 9  % and "9pu/24opu ratios in the 

discharge from the Sellurk Power Plant the measured homogemity m lsotopic ratros throughout 

the soil profile - comb& with the lack of physical dlsturbance of these sods - Hursthow 

and Livens (1993) hypothesmd a geochemcal remobdmhon of the plutomum The effect of 

differences m solutron compositlon on plutomum mgrahon behavior observed m the sea water 

system evaluated by Hursthouse and Livens (1993) and the fresh water system at RFETS have 

however not been evaluated 

The potentlal for geochemcal remoblllzahon of plutomum IS also reflected by an apparent 

relationslup between aqueous plutomum and dlssolved mang- (see Figure 7 17) observed m 

Pond C 2 As discussed m Sectron 7 2 6 one plausible explammon for this relatronslllp mvolves 

the dissolution of lron or manganese oxides and subsequent release of plutomum to solution or 

suspension dumg perrods of stagnant (lower oxic or anoxic) pond condihons Temporary 
anoxic condihons m RFETS sods may have resulted m a sunllat g e o c h e d  remobhtron of 

plutomum (Litaor and I b d m  1996 Litaor et a1 Appendix C t h ~  report) 

The plausibdity of the proposed geochermcal remobllmtron r n c c m  hmges on the exlstence 

of anoxic conditrons m sods created by groundwater floodlng Formation of amxx sod 

conditions unplies the exlstence of an oxygendeficient groundwater source The redox conditron 

of shallow groundwater is thus a key factor that must be addressed m order to conslder the 

possible influence of geochemcal remobilrzahon on plutomum transport at the soll study area 

At RFETS drrll cores of surficlal deposit and shallow bedrock m8tef1;81s m recharge areas show 

extensive evidence of chem~cal weathemg that IS consistent with the presence of an oxrdlzed 

shallow groundwater envmnment Orgmc matter and reactwe m m e d  phases are cssentlally 

absent From UHSU deposits havlng been removed by an estmated om &on years of contact 
with shallow groundwater and ground au The visual evi- for oxidation m UHSU deposits 
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tends to decrease near the base of the mt where a transitional weathered zone with the LHSU is 
commonly observed m drill core 

Reliable measurements of redox condItlons m groundwater at RFETS are lmted because of 

samplmg difficulties associated with the routme measurement of these cond~tlons m low yield 

wells Oxidumg conditlons are generally dicated by the presence of d~~solved oxygen (DO) 
and a positive redox potentnl (Eh) whereas reducmg cond~tlons are generally lndscated by the 

lack of DO and negatlve Eh values Measurement of in situ dissolved oxygen concentrafions m 
shallow groundwater undertaken for the Inttvlsic Remedtatlon Monitollng Program durtng the 
sprmg of 1995 provide dehfive ewdence that shallow groundwater at the site is predommmtly 

an oxidmng rather than a reduclag envmnment The results of this survey dcate a range of 

0 to 8 6 mg/L DO and an average of 4 9 mg/L DO for the 59 UHSU wells mluded m the 

survey (see Table 6-3) Sigmficantly eight wells contam DO concentrat~ons that are less than 2 

mg/L and two wells 06291 and B405289 have values of 0 mg/L Thc lowest values seem to be 
associated with contamrnant plumes and deeper groundwater flow system of the Arapahoe 

Fomtlon sandstone Well 00291 (an Arapahoe Formatlon sandstone well) 1s located upgradient 

of the 903 Pad soil study site thus lndtcatlng that anoxfc condItlom may d e e d  occur 111 some of 

the source water for the 903 Pad hrllside seeps 

In another study (EG&G 1995e) DO and Eh measurements were made m four UHSU wells 

(41691 1786 2587 and 20591) dumg a controlled evaluabon of groundwater samplmg 

techmques Mulople measurements of DO made for each well usmg drfferent pumpmg systems 

and multi parameter probes ranged h m  0 to 15 mg/L with most values occumng between 4 to 

5 mg/L The lowest values mludmg a smgle 0 mg/L result were detected m well 41691 

which averaged about 1 mg/L Eh ranged from about 80 to 300 mrllivolts m all wells thereby 

indicating a positlve redox potent& at these sites 

Based on consideration of the groundwater field evidence presented above and the lmted field 

observations provided by Litaor et al (Appendm C this report) durvlg the sprmg 1995 event it 
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can be concluded that the requlsite groudwater redox condltlolls for the fonnaOon of anox~c sod 

conditions probably enst at the sod study area These data suggest that the subcmppmg 

Arapahoe Formation sandstone 1s the most lrkely sowce for anox~c groundwater at thls site The 
widespread occurrence of detectable DO m groundwater d a t e s  that the redox condit~ons 

necessary for plutomum remobilmuon by groundwater are very lmted on a sitewide basls and 

tend to be associated with the deeper flow systems of the UHSU 

6 4 3 Groundwater Hydraulic Remob~lkat~m of Plutomum 

At seeps emergent groundwater has the potentnl to physically detach and entram soil parhcles 

resulting in gradual erosion and downslope movement of surficlal sods away from the seepage 

face Ths process comb& with mobdmuon of soils by Coulomb filure and mass 

movement has been termed seepage erosion by Dunne (1990) The efficacy of chrs process is 

enhanced as the hydraulic gradient n o d  to the seepage face! and surface flow velocity 

mcreases Over the long term seeps can act as dynarmc systems that are capable of locally 

acceleratmg soil erosion and duencmg landform development Evidence of seepage erosion as 

an unportant geomorpbc and potential transport process at RFETS 1s reflected by the assoclaoon 

of broad headward cuttmg scarps with actwe or mctwe seep occurrences found along the 

eastern margm of the Rocky Flats Alluvium 

The soil solution and seep plutomum data presented by Litaor et al (Appendtx C chrs report) are 

consistent with the d1smbuuon expected from the acuon of seepage erosion Gmmlwater 

flowing laterally and upward chrwrgh sods would potentdy detach and entram contammated soil 

particles which would then be transported with the flowmg groundwater It seems reasonable to 

assume that thls action would be focused along pathways of hgher hydraulic conducavity such 

as soil macropores which have previously been idemfed as sites for plutomum mgraOon mto 

the soil (Litaor et a1 1994) The ability of the groundwater to mobdlze soil pglrtlclcs would be 

greatest dunng penods of maxmum hydraulic gradient and hence hydrostatic pressure 
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Particle detachment and movement mto soil mtersuual waters would result from forces exerted 

on macropore walls by groundwater flowrng from the porous matm mto the macropore 

H m s h  et a1 (1996 m press) found that 79 percent of the total plutomum acuvity present m a 

water sample collected at seep SW053 was retamed at the > 5 pm fracuon and 99 percent was 

retamed at the > 0 45 pm fracuon thus establlshmg the parhculate nature of plutomum m water 

flowmg from the sod study area W e  thrs f m  does not necessarily mvalidate the 
geochemcal mechamm of plutomum moblllzauon proposed by Litaor et al (Append~x C thu 

report) it is enmly consistent with a physically based transport mechamsm such as seepage 

erosion 

6 4 4 Groundwater Flooding Effects on Sitewde Remobllrzation of soll Pluto~~m 

Assurmng that groundwater redox or hydraulic condlt~ons control the mobllity of plutoluum m 
soil solutions it can be expezted that the source g e o c h c a l  lwtory and flow dmcuon of 

groundwater rn contact with the soil has lmportant mplicat~ons for sod plutontum mobility The 
unsaturated zone above the water table is essenually an oxtdmng envmnment (Matthess 1982) 

Recharge water resultq from mfiltrauon of mident precipitauon aad surface runoff contam 

dissolved oxygen (DO) whrch is transported through the unsaturated zone to the water table 

Dissolved oxygen m groundwater 1s consumed by reactions mvolvlng orgmc mateds or 

reduced inorgmc rmnerals such as pyr~te and sidente as water travels along a flow path (Hem 

1989) If little oxiduable m a t e d  1s avaable m the system oxygen levels m groundwater may 

persist for long distances As a g e d  rule the DO content of grouadwater at recharge areas IS 

typically greater than at discharge areas because of shorter contact tunes and selecuve removal of 

reactive matenals near recharge sites over tune Further coIisumptton of DO 1s possible at 

discharge sites occupied by wetlands Shallow preemtrgent $roundwater at seeps has the 
potential to interact with accumulations of orgmc so& and decayulg wetlahd vegetauon and 

further reduce DO concentrauons potenhally forrmng a local anoxic mcroenvmnment 
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Groundwater flowlng away from the seep would tend to gradually revert back to OYUC conditms 
as a result of exposure to ground au and m m g  with downgradient groundwater and recharge 

Given the strong evidence of oxldmng condmons 111 sods and groundwater at recharge areas and 

the strong preference exlvbited by plutomum for soqmon to the solid phase under these 

conditions (see SecQon 3 2 1 ) it appears very unllkely that plutomum wlll geochemcally 

remobilm and mgrate at accelerated rates m the subsurface at recharge areas even under 

temporary groundwater floodmg codt~ons caused by extreme precipitatmn events Although 

groundwater levels may llse wihn the contarnmated sod zones downward hydraulic gradients 

charactenstic of water movement through soils m recharge areas wlll result m a conmuous 

replemshment of oxygen nch recharge water with the sod profile Groundwater momtomg 

results presented above comblned with rapidly declmng plutonnun act~wt~es observed m the soil 

profile at RFETS corroborate the mportance of a clay nch oxlc ewrronment m effectwely 

llmitmg plutomum mgratlon from shallow soil homons to groundwater 

The hydrologic settmg of the soil study area at the 903 Pad hdlslde seep 1s atypical of much of 
RFETS because groundwater dsharge and hgNy acmdeantammted sod areas rarely 

comcide The potenhal for geochemxal mobllmtion of sod acmdes by groundwater floodmg 

therefore represents a s p e d  case that may be mque or possibly ImW to only a few areas on 

site Although the subsurface lateral plutomum fluxes calculated by Litaor et al (Appendlx C 

this report) at the soil study area appear to be large the range of sod solwon and seep plutomm 

activities represented m the soil profile (Litaor et a1 Appendlx C Figure 3 tlus report) are 

except for the uppermost 0 to 0 2 meter soil mterval below the current 0 05 pCdL standard (or 
In 0 3 Pu 239+240 Bq/L) Under the proposed 0 15 pCdL standard (or In 1 4 Pu 239+240 
Bq/L) most of the soil solution plutomum actrvitres m the uppermost interval fall below the 

standard thus undersconng the low level nature of plutomum contammuon m sod mtcnQtlal 

waters at the soil study site ConseqUentiy the mportance of tlus site as a potentral p l u t o m  

source area is related more to potentml exposure to surface soils and soil erostonal transport to 

surface water than to shallow soil geochemcal remobillzatron The reported large plutotllum 
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flux via groundwater floodmg and geochermcal remobhzabon calculated for shallow soils 

downslope of the sod study area has not been venfied It IS however apparent that the flux 

calculated is less important than the actual actnities whch have a regulatory complmce basis 

Nonetheless it IS prudent to consider all facets of acmde rmgratlon m order to ide- probable 

pathways predict long tern fate and develop and lmplement as necessary appropmte r e d d  

solutions for nummmng the spread of actxn~des m the envuonment 

6 4 5 Comment on Proposed Paper 

Flats Colorado" by Litaor et al 

Hydmgeochemidry of PluEonrzun ut Sods of Rocky 

At the present tune it is not possible to provide a thorough cr~t~cal evaluatlon of the proposed 

paper by Litaor et al (Appendix C this report) because the basic data used m the analyses have 

not been provided for review W e  the proposed g e o c h c a l  mecbanlsm responsible for 

plutomum transport appears to be a plausible explananon given possible support from other 

sources (1 e Hursthouse and Livens 1993) other potentnl release l~lccharusms such as the 

physical process of seepage erosion have not been adequately considered In additlon there 
remains a considerable amount of uncertamty involvmg the approach used by the authors to 

determlne hydraulic parameters (I e hydraulic conductmy and hydraulic gradient) the results 

of calculations for the deterrmnatlon of water and plutomum fluxes and the fate of subsurface 

lateral transport away from the site For example it 1s possible that the vertical hydraulic 

conductivity measurements used by Litaor et al to calculate water and plutomum fluxes may 

overestunate the lateral flux becausc these measurements laclude the mflucnce of vertical flow 

pathways such as macropores and decayed root channels that mght not exlst m the horuontaI 

dunension Numerous addioonal review comments have been generated conccrnmg the content 

and interpretation of the data (see Appendix C) Moreover none of the radiochcrmcal analyses 

reported in the paper have apparently been assessed for data quality us- the procedures 

described in Appenduc A In view of this situation it is llkely that the conclusions of the Litaor 

et a1 study will remain controverslal and unresolved until a more thorough evaluanon and 

substantiation of all data and analyses can be made 
1 
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7 0 ACTINIDE TRAN!POItT BY SURFACE WATERS AND SEDIMENTS 

Transport processes that potentdly affect the movement of actmdes via Surface waters lnclude 

both physical and geochemeal processes Overland flow dumg precipitat~odrunoff events and 

overland flow from groundwater seeps can carry suspended matenais that contam actmdes to 

surface waters In additron advetwe transport and sed- transport ukcludmg resuspension 

and settlmg of pmculate mated m dramage channels and bed load transport may mobdlze 

actndes bound to the suspended parhcles Geochemcal processes duenerng the fate and 
transport of actmdes rnclude adsorpboddesorpfion disso1utIodpreqimon and 

oxi&on/redwtlon 

Contarmnants m surface sods reach surface waters mamly through erosion The energy from 

fallmg rarndrops can dislodge sod parhcles and contarmnant parhcles attached to these sod 

particles Overland flow or runoff can then transport these partlcles to dramages Dissolved and 

colloidal contaminants may also be dlscharged from the groumlwater system at seeps and then 

flow to nearby creeks For contarmnaats that are sorbed to suspeded solids settlmg and re 
suspension from the sedunents occurs as flow velocity condit~ons change 

In surface waters sedunent transport IS the predommnt transport mccharusm for those 

constituents that are strongly assoclitted with solids such as actmdcs Site speclfic studies (DOE 
1995~) have shown that the aetmdes are concentrated m the fine (1 e < 2 pm) sorllment 

fraction whch is much more mobde than the stream bedload 

7 1 Surfacewater Momtormg 

The previous surface water momtomg program at RFETS was time based rather than event 

based Currently through the use of some automated systems storm+mnt samplmg IS 

performed on the nsmg lunb of the hydrograph for each momtomg station Samplrng under 

low flow conditions has been deemphasmd under the current systcm of surface water sampllng 
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The automated hgh flow samplmg allows collecuon of high flow runoff samples whtch typically 

are very turbid with suspended solids whch potentially have adsorbed plutomum 

Water quality momtonng data for Water Years 199 1 to 1995 at gagmg stations upstream and 

downstream fiom the termlnal ponds are summanzed m Figure 7 1 These data indicate that the 

average plutonium and amencium activities in stormwater at upstream locatzons generally are rn 

excess of the proposed basic standard of 0 15 pCdL but average actzvlties in terrmnal pond 

effluents are substantdly lower than the proposed basic standard Thls illustrates the 

effectiveness of the ternunal ponds 111 removing radionuclide contammants from the stomwater 

entenng the ponds 

7 2  StormEventMomtomg 

7 2 1 Storm Water Monrtorrng and Storm Water Detention Ponds 

Storm water is momtored at RFETS by gag- stat~ons eqwpped with contmuously recordmg 

flow meters automatic water samplers and radiotelemetry systems for rcal tme mmtomg and 

dataloggmg (Figure 7 2) Storm water runoff fiom the RFETS Industrtal Area IS capwed by t,he 

system of downstream detentron ponds located withm the Buff= Zone Each pond actmg as an 

individual sedlment-collec~on basm allows particulate matm suspended m thc storm water to 

settle Waterquality data for the pond effluent compared to data for storm water Mows clearly 

indicate a sigmficant unprovement m quality after the storm water passes through the ponds 

In the A and B - h e s  detentlon ponds located withm the W h t  Creek dramage there have 

been few excursions above the current 0 05 pCdL site spcclfic waterquality standard for 
plutomum and amencium Exceptrons to thrs OCCUT dung extreme storm events (e g several 

inches in 24 hours) (Figures 7 3 through 7-6) Data for strcam g a m  staaons m North Walnut 

Creek show higher radionuclide actwities rn 1994 and 1995 storm water than m previous years 
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However these data do not rndicate lacreasmg contammtlon m storm runoff Rather the data 

reflect a change m momtorvlg locatlon and protocol that occurred m 1994 

There are far more excursions above 0 05 pCdL m Pond C 2 than m the other termmal ponds 

with 29 percent of the Pond C 2 data exceedmg 0 05 pCdL for Pu (Figure 7 8) The water 

quality of the Pond C 2 mflows 1s vanable About half of the plutomum acmitles measured at 

momtomg station SW027 (above Pond C 2) exceeded 0 05 pCdL The Industmil Area storm 
water runoff whch is mfluent to Pond C 2 typically exceeds 0 05 pCdL and Pond C 2 is less 

effective than Ponds A 4  and B 5 at radionuclide removal (compare Figures 7 7 and 7 8 to 

Figures 7 3 through 7-6) However water dwharged from Pond C 2 1s usually m attamment of 

the 0 05 pCdL standard for plutonnun and amenciun 

7 2 2 Associatron of Radionuclides Suspended Soh& 

Data from storm water collected at RFETS from 1991 through 1995 uxhcatc that a relationshp 

exists between radionuclides and total suspended solids (TSS) m storm water samples as 

indicated by the regression lme fits shown m Figures 7 9 and 7 10 Note that the slope of each 

regression lme for each of these plots is the mean specific actlvity of the mate!& (e g sod or 

sedunent) in wts of pCdg that is transported by the storm water For example the slope of 

the regression lme for the correlatlon of TSS with plutomum 239+240 actlvity at g a m  statlon 

GSlO is approxmtely 1 5 pCdg (see Figure 7 9) This value agrees with the data for ditch 

sedunents whch contam plutomum 239+240 actlvitles between 1 0 and 3 0 pCdg (USDOE 

1995) 

7 2 3 Relatronshp Between Storm Water Flows and RadmnucIide! Adivities 

As the intensity of precipitatlon events mreases storm water flow also 111c1#tses "'he lncreased 

flows contnbute to higher concentratlons of TSS because of ditch and wetland scourmg sheet 

flow on bare soils and ramdrop unpact Because the mhonuclrdes are a s s o c d  with 

56 
Evaluution of Existing Data on Actinide Migration 
at the Rocky Flats Environmental Technology Site 

RFXR 96 0048 UN 
Drajl September 30 1996 



particulates (DOE 199%) the total loadmg of radionuclides to streams wdl be related to the 

mtensity and durahon of storm events Figures 7 11 and 7 12 show associahon of the hghest 

plutomum activity with the hghest flow rate and the lowest plutomum achvity with the lowest 

flow rate Some scatter occurs 111 the medium to low rates Note that plutomum achvity is much 

lugher and flow rates are much lower at GS 27 than m South Walnut Creek 

7 2 4 A-Senes Ponds / North Walnut Creek 

Gagmg stahons SWO92 SW093 and GS13 momtor Mows to the A Senes ponds Smons 

SW092 and GS13 are co-located pst  above the A 1 Bypass on North Walnut Creek (see Figure 

7 2) Station SW093 1s located approxmately 1 0o0 feet upstream from GS13 but there are no 
sigmficant tnbutary mows betwen SW093 and GS13 Relataonshps between flow rate and 

plutomum or amencium achvihes showed no correlahon based on the avhble  data for thee 

locations The absence of correlatlon may result from a large heterogeneous d m g e  basm 

which collects runoff from a wide vane@ of source areas with little SUTface sod plutonnun 

contarmnaton In addihon the vanability of areal precipitaQon drstnbuhon duences water 

quality at these momtomg locahons For example precipitahon for one storm may fall heavdy 

on a more contarnmated source area resultmg m contammated runoff Consequently a smlarly 

sued precipitauon event may fall heavdy on a relahvely clean source area resultmg rn cleaner 

runoff Conversely for the same observed flow rate the plutomum actwity and TSS 
concentrahon may be quite dBerent 

Runoff hydrographs at gagmg staQons GS13 and SW093 commonly show two peaks ’Rus 

characteristic may dicate that runoff is ongmtmg from two or more d-t sub-bastns with 

different response rates that converge near the gages The drarnage basrn for these gages 

includes the area mi& the Protected Area whch is charac ted  by numerous potentlal s o w  

areas for contammints large mpervious areas and flow paths through ditches ami storm waer 

conveyance structures In contrast the area north of the Protected Area 1s characted by 

relatively uncontaminated some areas vegetated pervious slopes and a more d m t  flow path 
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These dramage chractemtrcs coupled with diffculty LU automa~cally samplmg multrple peak 

flows for every storm event (1 e the magmtude and duratron of runoff events is unpossible to 

predict) may result m vanable water quality LU the runoff fiom events with s d a r  magmtude 

The hghest plutomum actrvity measured for all the A Senes storm water d o w  samples was 5 3 

pCdL measured at a flow of 1 08 cfs 

Sample Dates 
prior to 4/1/93 

51 1 7/93 

4/26/95 

5/ 17 6/28/95 
4 samples 

7 2 5 B-Senes Ponds / South Walnut Creek 

Reason / Effect 
Pnor to 4/1/93 flow was being measured at a 90" V notch weir device considered unreliable 
for accurate flow measurement The weir was o h  overtopped in storm events and flow 
values had to be estimated In Apnl 1993 a more reliable Parshall flume was installed These 
early data were excluded 
This sample was a grab sample for the OU6 Synopbc Sampling Event. Since the other samples 
at this location arc composites that are paced to sample the nsing limb and peak of a runoff 
hydrograph thls sample was considered incongruous This actlon is conservative since the Pu 
activity was relatively low (0 19 pCd) for a flow of 2 48 cfs 
This sample was collected of snowmelt Since snowmelts a n  generally of low intensity and 
contain less TSS (no raindrop impact scounng) it was determined to be incongruous with 
precipitation event samples This action is conservative since the Pu acuvity was relatively low 
(0 27 pCdL) for a flow of 5 45 cfs 
These samples were all collected dunng high flow rates and relatively low Pu activities a 
conservative action This phenomena is thought to be caused by the extmnely large event on 
5/16/95 to 5/17/95 We suspect that this large went effectively flushed transportabk and 
potentially contaminated sediments from ditches and culverts Therefore dunng subsequent 
runoff events there was less contaminated sediment available for transport. Ditches and 
culverts might also have acted as sediment traps for the relatively lower intensity events that 
followed 

Storm water data for the B h e s  P o d  d o w s  are collected at g a m  statron OS10 (a k a 

SW023) (Figure 7 1) These stat~ons are co-located just upstream of the B-1 Bypass on South 

Walnut Creek Data from 1991 to 1995 mhcate no good s t a t ~ ~ t d  correhon between flow rate 
and plutomum actrwty However  selected data from 1995 are exarmned separately based on 

inspection of vanatron dugrams and for the reasons given m Table 7 1 an acceptable lmar 

correlatron coefficient (r2 = 0 74) emts between flow and p1ut.omu.m actrvity 1s obtamd (Figure 

7 12) As Figure 7 12 shows for flows of 0 23 cfs or less the plutonnun actlvrty 1s less than 

the 0 05 pCdL standard Table 7 1 llsts the data and reasons for then separate evaluatron 
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Note that most of the flagged data 111 Figure 7 13 are from the spmg of 1995 These samples 

were collected durrng and subsequent to extremely wet weather condibons at WETS A best 

fit h e  shown for the correlabon of the 1995 flow and plutomm data tndlcates only a weak to 

moderate relatlonshp <r2 = o 49) between plutonium act~vity and flow rate (see ~igure 7 13) 

However the slope of the regression lux for the 1995 data is less steep than the slope of the 

best tit llne for data from other years (see Figures 7 12 and 7 13) This change m slope mght 

lndicate that the extreme surface flows m 1995 may have scoured the draulage ditches and 

removed considerable qmbes of the contarmnated source matcflzl from thc d~tches An 

alternate hypothesis IS that the plutoruum m surface sod be- transported to the creek was 

diluted by the massive flow rates It IS ldcely that both mechantsms were operatug dunng the 

extended pen& of hgh runoff and hgh flow rates durvlg the spnng of 1995 

7 2 6 South Interceptor wtch (m) / Pond C 2 System 

The m e  trend for plutomum acbvibes 111 Pond C 2 mdxxtes that plutonurm acbvtty fluctuates 
seasonally (Figure 7 14) These fluctuabons may be related to individual storm events and 

quiescent perrods between storms 

Storm water data for the Pond C 2 mflow are collected at g a m  stabon SW027 (see Figure 7 

2) This staoon is located on the dual 6O-mch culverts at the South Intrtrceptor D a h  outfall to 
Pond C 2 Pnor to Apnl1995 relubk flow data were not colkctect at thls locatton The flow 

values in Figure 7 15 are considered lDaccuTate but are lrrluded and useable for theu relahve 

magnltude For water year 1995 d o w  data to Pond C 2 (see Figure 7 16) clearly lndicate that 

the most of the runoff to C 2 flowed durvlg Apnl May and June of that year This &charge 

record was measured as part of the surface-water mmtormg program for the Industllal Area 

IM/IRA and is considered accurate 
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In order to e s t a t e  the total plutomum yield transported m the SID throughout May and June of 

1995 a correlatton between flow and plutonnrni activity was sought to provide an equation for 

conversion of flow to plutomum acttvity No statrstrcal correlatton was observed however the 

sample data for the May 17 May 27 and June 28 events at SW027 showed hgher plutomum 

activities than all other samples collected from SW027 smce 1992 

The sunultaneous occurrence of Pond C 2 mflow and correspondmg mreases 111 plutomum 

activity 111 Pond C 2 shown 111 Figure 7 15 lead to the conclusion that Pond C 2 water quality is 

llnked to plutomum loadmg from the South Interceptor Ditch Evaluaoon of data 111 Figure 7 17 

indicate that resuspension of plutomum and exceedance of the CWQCC goals mght also occur 

due to changmg redox condittons m the pond as lndicated by sunulmus mreases m dissolved 

manganese and plutomum actlvity 111 the water of Pond C 2 (Figure 7 17) Thus there are two 

plausible causes for mcreased plutomum actrvity 111 Pond C 2 

Dumg summer months Pond C 2 can stagnate leadmg to decreased &solved oxygen and 111 

turn alterrng the redox conditions 111 waters associated with bottom sedments These conditions 

favor formation of reduced manganese forms - relative to the more o x d d  of Mn02 - as the 

more soluble constituent If plutomum is adsorbed to a redox acttve ferrous-oxide (e g 

Fe(OH)3 or MnOd 111 or on the sedunents then Iiberatton of the plutomum can occur when the 

redox potentnl (E,,) of the system decreases and the supporhng oxides drssolve (Equation 7 1) 

Alternatively storm erosion of contamm&d sods and storm surge scour of stream sedunents 

could suspend large quantrtles of fine sedunents contamg both p l u t o m  and manganese and 

produce the sunultaneous tune trends shown in Figure 7 17 
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8 0 CONCLUSIONS 

8 1 Conclusions on Uranium MigraQon 111 Groundwater 

Analytical data for uramum lsotopes m samples of filtered (0 45 run) and unfiltered groundwater 

show relatlvely hgh ( > 40 0 pCdL for m u m  233 +234 and urmum 238) maxunum acuvities 

for both background and nonbackground areas Ovew the data suggest that RFETS m u m  is 
mgratmg through the groundwater envllonment however groundwater III some nearby 

background areas contam sipficantly hgher amounts of naturally occumng uramum (Moody 

and Morse 1992) than does the sitewide groundwater at RFETS Because the maxunum 

actlvities of urantum lsotopes measured m samples of FWETS groundwater are less than those 

measured for nearby background ateas any cleanup of ummm m FtFETS groundwater would 

effectlvely be cleanup to less than background levels Therefore the lssue of remedlatlng 

RFETS groundwater for possible contnbuuons from RFETS uramum is a politxaVpolicy 

decision rather than a dectsion based on the need to elmmate an unacceptable public health m k  
Instead unless groundwater momtomg indicates any subs- mcrcase III urantum actlviQes 

any cleanup should focus on removlng obvious u m u m  sources m the subsurface such as the 
East Trenches rather than on creatmg a treatment system for urantll~ll m RFETS groundwater 

8 2 Conclusrons on Plutonium and Amemaum Migratmn m Groundwatet 

Analytical data for plutomun and americium m samples of filtered (0 45 pm) groundwater 

suggest that there are no plutonNm/ametrcium contarrrmant plumes m RFETS groundwater As 
discussed earlier a few wells showed actrvitles of dissolved plutomum or amemium greater than 

the 0 05 pCi/L standard all of the results were less than 2 0 pCdL (see Table 6-1) 

Some wells regularly yield samples of unfiltered groundwater that contsun plutomum and 

americium activities signtficantly greater than the 0 05 pCdL standard Well 09091 located 

within the 903 Pad area shows numerous samples with hgh act~vitles of plutomum rn UnNtered 

61 
Evaluation of Existing Data on Actinide Migration 
at the Roc & Flats Emwonmental Technology Stte 

RF/ER 96 0048 UN 
Drq8 sCpember30 19% 

fl 

&: ---- 7% 
*== % ?  -Ici -- Y 4&-k -d, * * 



groundwater samples (see Table 6-2) Most other wells showmg high plutonnun acoviQes are 

located withm or near the 903 Pad or withm the Industrial Area of RFETS where surface soils 

are known to contam some plutomum contammoon Of the 25 records for plutomum 111 

unfiltered samples collected from asepbc wells (1 e wells Mled m a manner to mmnm cross 

conmunation) only one result was higher than the 0 05 pCdL standard (Well 102% located m 
the extreme southeast comer of the buffer zone showed 0 129 pCdL for first sample collected) 

Although not completely dehove the data at hand suggest that the plutomum detected m 
groundwater wells is the result of downhole crosscontammoon of the well from plutomum 

contarnmated surface soils 

The main groundwater pathway for actmde transport a( W T S  mvolves upward flow at seep 

areas through contarmnated surficml soils resultmg m the potential lateral mgraoon of entramxi 

contammated soil partxles via surface or subsurface flow "hIS IS expected to be a sigmficant 

pathway only under condioons of high antecedent molsture condit~ons comb& with contmumg 

heavy ram which occurs every 25 to 50 years Data collected at the 903 Pad hillside soil study 

area duMg the spmg and summer of 1995 lndicate that sod bound plutonnun may be 

remobild as a result of groundwater floodlng condioons at groundwater ducharge areas 

Groundwater floodmg of soils m surrounding recharge (non seepage) areas IS not expected to 

result in the remobilmoon of soll plutomum based on geochemd and hydrauhc considemoons 

The transport distances of remoblllzed plutomum and amemrum transport flux and probabllity 

of offsite mgraoon associated with the sod study area are however poorly defined at this hme 

Based on the lmted colncidence of actmde-contammted sods and seeps m 903 Pad hlll~ide 

and east buffer zone areas the effects of soil plutomum remobhQon by gmudwater floodmg 

are expected to be highly locallzed and may be uque to the sod study area 

The data supportmg the proposed geochermcallydrrven movement of plutomum m shallow 

groundwater (Litaor et al Append~x C t h s  report) have not been avadable for review and 

clmfications regardmg specific ISSUCS have not yet been provided (see Appendlx C) 
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8 3 Concluslons on Uran~um Migradon m Surface Water and Sediment 

Urmum is more soluble than plutomum and amencium m the RFETS chemxal envrronment 

hence dissolved uramum may be transported by surface water and groundwater U m u m  

contarnmated surface sods may also be transported overland to dramages where the partmlates 

ultunately accumulate as sedunent 111 tiae sems of onsite detenhon ponds Isotopic studies of the 

pond water and pond sediment lndicate that depleted uran~um fkom RFETS has accumulated 111 

the pond system at RFETS ( E M  et al 1993) The sumnxuy stamacs for uramum lsotopes m 
sitewide surface water (see Tables 3 3a and 3 3b) show actlvibes sgn&antly hgher than those 

for background surface water (see Tables B 1 and B 2) 

Overall the pond system perform well m contamng urannun such that surface water leavmg 

the site generally meets the site specific standank for umuum 

8 4 Conclusions on Plutonium and Amencnun lMigmtm m Surlaa Water and 

Sedment 

Although transport of plutomum and amencium<ontarmnated pamculates from surface soils to 

the creek beds by. erosional processes occurs m the Woman Creek and Walnut Creek dramages 

sedment transport - hence actmde transport - withtn the dramage systems appears to be 
effectlvely mhrbited by the pond systems established and mammned by DOE By careful 
management of the ponds and by controlllng the tlrmng of pond ckharges plutomum and 

americium mobility can be controlled It IS expected that the planned Soti remedlatlon activitles 

for the 903 Pad Lip and surroundmg actmde-contammted soil areas together with watershed 

unprovement projects currently 111 progress (1 e applrcacton of mad seahts revegetation of 

buffer zone roads mtallatlon of silt fences SID unprovemcnts etc ) and dcmolitron and 

decommissiomng activities will serve to reduce acmde levels m pond tnfluMlt and effluent 

waters 
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8 5 Conclusions on Uranrum -tion m Surface and Subsurf= sorls 

In the RFCA document actlon levels for radionuclides m subsurfh sods and sedrments are the 

same as those for surface sods The actlon levels for uranrum lsotopes m surface and subsurface 
soils are not exceeded for background surface and subsurface sods at RFETS 

In general wlnd transport does not appear to be a sigmficant transport mechamsm for uramum m 
surface sods (Litaor 1995) other physical modes of transport as well as g e o c h d  modes 

are the ldcely cause of urmum mobhzabon with the RFETS envmnment Although hgh 

actlvities of w u m  lsotopes are present L I ~  some RFETS sods (see Tables 3 2a and 3 2b) the 

urmurn actlvitles m RFETS groundwater are not elevated above those of backgrowxi 

groundwater suggestmg that sur f . .  and subsurface sod contamrnatlon by ursullum has not 

adversely -acted groundwater Uramumsontammkd sods have been transported mto some 

site dralnages (Efurd et al 1993) but appear to be effectwely controlled by the onsite detenmn 

pond system 

The spotty occurrence of hgh levels of urmum at RFETS 15 also charactem~c of naturally 

occurring w u m  m Jefferson County lncludmg the RFETS area @OE 1993a DOE 1995a 

Morse and Moody 1992 Bolivar et al 1978) Through the use of TIMS analysls to 

mdividually measure urafllum 234 urantum 235 uramum 236 and utatlll~ 238 one can 
approxmte the relatlve proporhons of natural and anthropogemc urantum at RFETS If total 

u r m w  activitles lie w i t h  the range of actlvitres for background urantum the expense of these 
TIMS analyses may not be JUStlfied 

8 6 Codmom on Ptutodum and Amenurn Migrath in Surface and Subsurface 

sorls 

The distribution of RFETS plutonnun and amencium has been descnbd for surface sods 111 

areas downgradient of the 903 Pad Vertical profiles of p l u t o m  and anmtcnrm actlvitm with 
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depth reflect transport by all applicable m e c ~ s m s  over the past 30 years Aside from partde 

transport along macropores the vertical mgraaon of plutoIuum and amencium 1s quite lmted 

(Litaor et a1 1995 DOE 199%) These data d i c a t e  that more than 90 percent of the 

plutomum and amencium acbvity is contamed wihn the upper 12 cm of the sod profile (Litaor 

eta1 1995 DOE 199%) 

For surface and shallow subdace sods there is recent ewdence that plutomum and amencium 

m RFETS sods at the sod study area may not be as geochemcally lmmobde as previously 

believed (Litaor et al Appench C thts report) Results of ram smulat~ons of 100-year 

precipitabon events showed that 

translocatlon of actuudes from the contammated top honzon to deeper honzons of the sod and 

possibly to groundwater and that plutomum and amencnrm stored m the surface soils at the 

soil study area may be subject to remobdmbon under c e m  groundwater flooding conchbons 

(Litaor et al Append~x C t h ~ ~  report) It IS mportant to note that the sod and groundwater 

associations at the sod study area are however atypical of sitewide condit~om and that 

remobdmbon of soil acudes by groundwater floodmg IS expected to be lmted to groundwater 

discharge areas only 

under the expenmental cond~bom there 1s a potemal for 
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9 0  RECOMMENDATIONS 

h m g  the compllaaon and evaluaaon phase of thrs project vanow data gaps were idenafied 

that l m t  our understmdmg of actmde mgraaon processes and potential 111 the vmou 
envronmental medm at RFETS These data gaps may have compro~mg effects on regulatory 

compliance and remedmon strategies planned under RFCA that rf left unattended may 

eventually lead to such adverse effects as exceedenus of medm spec& actnude standards and 

ntiation of unnecessary or mappr0pnat.e remedd act~om RecommMldatlons for further 

h d m g  considerauon urclude the followmg items 

Grounmvater 

Empmcally denved site spec& & values and actmde speclatlon unformatlon would assist m 
modelmg the fate and transport of phtomum americium and ursullum at RFETS The 

mnstallaoon of more asepuc wells txmned with wells that show consistently h q h  detects for 

plutomum m unfiltered samples or the use of tracers when dtrllmg atw w e b  would p v i d e  

additrod evidence to dispel or confirm the concept of a plutonnam-contammant plume III RFETS 

groundwater Gn>undwater/surface water mteract~ons are only poorly understood but have 

mportant Implications with regard to acmde mgrauon and comphmce lssues especially 111 

Woman Creek above Pond C 2 where evidence of groundwater dsharge to the stream flow has 
been shown to emt  Further evaluauon of groundwater and geochca l  concht~ons at the 903 

Pad hillside soil study area lacludlng the data and analyses of Litaor et al (cUn.entty 

unavailable) is war~anted to venfy the proposed hydmgeochemcal transport n#chantsm and 

momtor for p o t e d  reducoons m actnude levels dunng and after the sod removal acUViheS 

planned for the 903 Pad Lip and surroundq buffer zone IM/IRA 111 FY 1998 This data would 

also be used to recommend a dlsposihon acuon for the 903 Pad mrdc sod study area i e 

possible dismantlement and resturanon Additional well pomt lnstallatrons and groundwater 

radiochemical analyses downgradient of the soil study arca are mommded to assess the water 
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and plutomum fluxes calculated by Liraor et al should these fluxes remat~l an =sue with 

stakeholders 

Sur$ace Water and Sediments 

Currently avadable surface water data should be evaluated with emphasis on storm related 

loadmg of actmdes to streams efficiency of the ponds to remove acmdes from the water 

column and ldcely resuspension/mobdmtlon of acmdecontarmnated sedments on the pond 

bottom At the same tune determumon of & s and plutomum and americium specatlon m 
pond waters and sedunents dutvlg oxic and anoxic conditlons should be undertaken to identlfy 

the release mechamsms that control the actwity of these contarmnants m solutron This 

knowledge would be used to develop mtlga0on approaches that would serve to mlnlmlze 

resuspensiodmobdmuon of actmdes m pond waters and thereby lower the actrvity levels of 

pond releases Calculatlon of pond sedment actmde mventones should be made m order to 

estmte hstonc actllllde transport rates Add~tlonal seep samplmg and seep flow 

measurements downgradient of the 903 Pad IS recommended to evduate actmde mobdity 

durmg the dry season and dmng pen& of heavy ramfall and snowmelt and exceptionally 

high water table conditlons Tlus activity would address the ssue of sod actmde transport by 

groundwater and surface flow at the seeps and would reduce questlorn regardmg potenQal 

sedmentlsoil contammation of the water d m g  samplmg 

SOILS 

Chemical speciation data comb- with empmcallydenved & values would be useful for 

determmg the fate and transport of actmdes tn groundwater flooded soils 
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Table 3 1 (Contmued) Mean U23W235 Atom Ratlos Sitewde Groundwater 

Location U238AJ235 No Samples 

1606 
1687 
1774 
1 786 
1986 
21 86 
2187 = = 

22393 
2274 
2206 
2287 
23193 
2387 
24993 
2586 
2587 
2686 
2886 
2887 
2987 
308-P 1 
308-P 2 

3086 
31 791 
31 87 
31891 
3286 
3287 
3387 
34791 
3487 
35691 
31386 
36191 
36391 
36691 
3686 
3687 
37191 
37591 
37691 
m 1  
3786 
3787 
37891 
37991 
38591 
3886 
38991 
38191 
3986 
4087 

289 
685 
4665 
1438 
1469 
52.5 
1679 
2035 
81 4 
232 
1436 
75 6 
347 
13 5 
168 1 
13 8 
735 
1236 
1263 
144 5 
1304 
1359 
91 8 
943 
1004 
1489 
852 
1167 
32.1 
121 6 
701 
304 
898 
1567 
121 3 
1237 
121 4 
136 

102.7 
793 
1884 
2045 
867 
130 8 
1699 
144 9 
181 8 
1395 
1134 
152 9 
141 1 
173 9 
1584 
168 1 

23 
16 
1 

25 
18 
14 
8 
6 
8 
2 
5 
14 
19 
6 
8 
2 
20 
21 
11 
5 
10 

17 5 
3 
4 
18 
9 
18 
15 
21 
9 
1 
13 
18 
14 
21 
13 
4 
3 
2 
18 
14 
13 
1 
12 
9 
5 
13 
13 
7 

85  
6 
12 
16 
4 

Location U238/U235 No Samples 

41491 
41591 
41 691 
4286 
4287 
43392 
43116 
4387 
4486 
411091 
4587 
46192 
48292 
46392 
46w2 
m 
4688 
4ma2 
4788 
4887 
49192 
a 
4m6 
50092 
5088 
51 193 
5186 
5187 
5286 
5287 
53094 
53194 
5388 
5387 
5687 
58994 
S7m 
5887 - 
!swa3 
S7s3 
5QB6 
6186 
6187 
621111 
6m83 
6386 
ma6 
6487 
6586 
8587 
6gae 
6687 
6786 

1673 
171 4 
1793 
136 
983 
483 
128.8 
195.8 
210 5 
295 
651 
378 
13 5 
347 
671 
98.6 
144 5 
505 
841 
96 

839 
592 
279 
761 
31 9 
229 
24 5 
1003 
10 2 
126 2 
699 
128 4 
764 
899 
130 4 
74 5 
gag 
222 
167 5 
261 
603 
212 
131 5 
15.3 
12S.4 
49 

4409 
128.2 
51 8 
141 7 
16 6 
1155 

138.9 
l a g  

4 
15 
27 

21 5 
6 
9 
4 
9 
11 
7 
19 
13 
19 
11 
11 
10 
20 
9 

26 
2 
13 
13 
17 
6 
28 
13 
22 
1 
12 

18 5 
5 
6 
1 

25 
7 
2 
13 

21 5 
6 
8 
2 
7 
12 
20 
20 
1 
2 
4 
16 
19 
17 
12 
19 
3 



Table 3 1 (Contmued) Mean U23W235 Atom Rams Siteunde Groundwater 

Location U238/U235 No Samples 

6886 
6887 
6986 
70093 
701 93 
70293 
70493 
70593 
7086 
7087 
70893 
71193 
71 493 
7187 
71 893 
72093 
72293 
72393 
7287 
75292 
75992 

8102389 
8106089 
81 10989 
8111189 

8201089 
8201189 
8201289 

8204189 

8206189 

8208489 

8206789 
BM1089 

8208189 

792 
85 

1664 
14 2 
347 
885 
509 
91 7 
74 

2005 
71 2 
71 5 
1374 
557 
225 
1082 
397 
284 
855 
152 8 
155 3 
496 
76 1 
273 
346 
19 3 
393 
1657 
1263 
151 1 
61 7 
120 5 
1548 
566 
160 8 
1373 
664 
134 

1334 
1594 
1956 
108 
82 

143 9 
1348 
134 

15 
25 
7 
14 
12 
12 
13 
13 
19 
8 
7 
10 
8 
21 
13 
10 
10 
11 
14 
4 
1 
12 
5 

24 5 
19 5 
11 
11 
1 
9 
6 
15 
5 
3 
10 
10 
10 
15 
7 
7 
17 
7 
11 
21 
5 
10 
6 

Locadion U238/U23!5 No Samples 

8#)Bn\9 
8210389 
0210489 
0217289 
8217589 
8302089 
B302am 
8302989 
8303089 
8304789 
B3048W 
8304969 
8305389 
84(12689 
Mos2w 
Wm389 
8410789 
841 1298 
841 1389 
P114989 
Pllsma 
PllSAgs 
Pllsma 
Pll5689 
P207389 
p2w686) 
p2Q1889 
P207W8 - 
p#)9089 
-189 
p##)18Q 
p246189 
P2mm 
P210088 
P210189 
P21028B 
P218088 
P21- 
P21- 
w 
P415889 
P41- 
P41- 
P416968 

UNCPURGE2 

124 
168 1 
147 5 
10 3 
496 
128 2 
1443 
2872 
145 8 
172.7 
152.1 
98  
1n 8 
1M 7 
211 9 
644 
643 
343 
206 
13 6 
9 4  
22 

633 
103 8 
1137 
1306 
1365 
137 2 
142.4 
1 a 2  
188 

1468 
106.7 
1378 
160 7 
@@3 
1702 
501 
435 
m5 
73 
17 6 
1632 
11 8 
l a 5  
56.2 

4 
2 

25 
7 
2 
2 

10 5 
9 
2 
3 
6 
9 
9 

95 
2 
1 
10 
20 
22 
6 
7 
11 
8 
7 
21 

235 
15 5 
75 
19 
2 
14 
22 
21 
17 
15 
20 
3 
2 
7 
1 

28 
6 
3 
8 
7 
1 



Table 3 2a Sunwry Statistics for Dissolved Uranim Irotopn (pCi/L) in Sitwid. Granb.ter (1990 96 data) 
x = =  P x a x = N I - a u I u ~  - UIUII 

Analysis Variabte RESULT 
ANALYTEIURANIIM 233 234 

N Mininu M a x l U  H8M Std Dev 

4284 0 521oooO 491 6251280 7 5597913 20 8123863 

ANALYTE.URAWIUI 239 
N Mini- llurinr MOM Std D w  

4287 0 2700000 35 7247972 03030721 10299583 

ANALYTE.URAWXIM 238 
I Minim u8xiau narn Std D w  

4271 0 18350000 324 6458330 5 2003025 13 56- 

R n g .  cv 

492 1461280 215 3037142 

Rnq. cv 

35991'2912 3398393125 

R n o l  cv 

324 8288330 260 8961551 

Table 3 2b S-ry Statistics for Total U r n i u  Isotopes (pCi/L) in Sitwtd8 Grandwrtor (1990 96 data) 
a a x m a - a m  .III-uIIU 

Analybis Variable RESULT 

ANALYTEIURllWIUI 233 234 
N Miniau naxinrn Mean Std D W  R n g .  tv 

378 0 16OooOO 290OOO0000 95779511 23-15 290 1600000 2484793603 

ANALYTE.URAHIIM 235 
N Minim UUtiRl Mean Std D w  R n g .  cv - 

378 0 0860000 9 0000000 0 4 1 M  0 8760417 9 WWOOO 211 0645524 

AIsALYlE=uRANIIM 238 
N Mininrm Maxiau "l Std Ow R n g .  cv 

3% 0023oooO 1900000000 69618687 162523567 190- 2334481953 



Table 3 3a S-ry Strtistics for Dismlved U r n i u  Isotoplr (pCi/L) in Sitrwib Surface bbter (1990 96 dmta) 
= = I t n m m l l m u l  11111 

Analysis Variable RESULT 
ANALYTE.UWIUII 233 234 

N Mininu Muti= Mean Std Dw 

922 0 1150000 1050 00 8 2795113 56 3299702 

AIIALYTE.URAHIlM 234 
N Mininu M u t i n u  Hem Std Dev 

191 0 7800000000 156627958 852323618 

ANALYTE.URAII1UI 235 
N M i n i m  lkxiau MOM Std Dw 

1129 0 2520000 474900000 0 3652134 2 4070lw 

AIIALYTE.UWIlM 238 
N Mini- Maxim Hem Std Dw 

1110 0 255oooo 1211 00 7 1879342 54 3415433 

R n g .  cv 

1050 12 6803538037 

Rmg. cv 

7800000000 5u1708031 

1211 26 756 0105852 

Table 3 3b S-ry Statistics for Total Uraniu 1sotop.r CpCi/L) in Sitewide Surface btar (1990 % data) 
=n XB g -- 

Anrlmis VrrfrblO RESULT 
AHALYTEWRANIUI 233 234 

N Mininrn Mucimm Mean Std Dw Rng. cv 

1509 0 142SOOO 845 6wK)o 9 5758507 55 2297818 645 8ZZSOOO 576 7610901 

ANALYTEYRAlllUl235 
N Mininu muliru He8n Std Dw ev 

1503 O l ( 1 0 0 0 0 0  728- 04274008 27336933 IJOSOQW 6396087933 

1510 0 1336OOO 375 1100000 5 8841705 26 1411014 3 a  u36ooo 444 2614524 

I& 



Tablo 3 4 sunrry Stitirticr for U r m i u  Iaotopm <pci/a) in Sitwida &bwfrco mi11 
m r  = = - = a -  -- 

Analysis Variabl. RESULT 
ANMYTE4JRANIlM 233 234 

N Uininun uax i llLl uean Std Ow Rmg. cv 

ANALYtEYRAllIlM 235 
N Uin inu  u u i n m  UeUl Std Ow Rlngr cv 

2490 0 1700000 67610- 0 1- 18787841 677802046 1146 35 

2944 01200000 1160 00 3 9251795 46 61159t2 1160 12 iia7 50 



Table 3 5 

Analysis Variable RESULT 

Sunnary Statistics for U r o n i u  Isotopos <pci/g) fn Sitwid. Burtaco Sofls - - a ax rmnuur-mrmmrrr - 
ANALYTE4JRANIUI 233 234 

N Winimm uuimr Wean Std Ow R n g .  cv 

1926 0 2000000 2800 00 3 0493774 65 3002526 2799 a0 1696 30 

ANALYTEIURAllIUI U S  
N Winiana nutiara, Wean Std Dw Rng. cv 

1926 OOZOOOOO 6700000000 04943822 153230768 6700200000 3099 44 

ANALYTE4JRWUI 238 
N Wfnimr Wrxirrr Wen Std Dm Rng. cv 

1924 0 250a000 u#)ooOO 234883915 8679516807 37999 13 1695 19 

f 
I 



Table 3 6. Sum~ry  Statistics for Ofrrolvd Plutonfu and A v r f c f u  (pCi/L) in Sitwid. Groudwrter 
m ===== xs -ll--lllll---mBB - II urn 

AnfilysiS Varfable RESULT 
ANALYTE+AmRtCIlM 241 

N Hinfnun minu mean Std Ow R m g .  cv 
472 0 0590000 04706000 0 0062681 0 0308818 0 5296ooo 49261163253 

ANALYTE.PLUTOWIlM 238 
N Hinfnu I l u r f u  warn Std Ow R n g .  cv 

24 0 0071000 OOlJuoO 0000831875 00045015 0 -  541 1236230 

ANALYTE.PLUlOWIW 2391250 
N Hinfau l lucfu Hem Std OW R- cv 

481 OOZZOOOO 19990000 00129771 0 1219874 Z021oooO % O M 7 9  

Tabla 3 6b Slnnrry Stitfrtfcr for Total Plutoniu utd A v r f c i u  (pCi/U in Sitwid, Grourlwrter 
-=== n- 

AMLysir Variable RESULT 
ANALYTE=AUERICIW 241 

N H i n f u  nut iu  Mem Std Ow hnm cv 

ANALYTmPLUTaIlM 238 
N Minfnr nucfrrr Marn Std Ow R n g .  cv 

450 00392OOO 10220000 00046236 00486857 1 o d l m  1052 98 

AUALYTEIPLUTOllIlM 2391210 
N Minima Hucfnu w.n Std Ow R m g .  cv 

3512 0 OS40000 218 4OOOOOO 0 7210264 7 9485372 218 4510000 1102 39 



Table 3 70 Smn~~ry Statiaticr for Oissolvrd Plutoniun and knrrfciu (pci/L) in Sitowid. Surface Vlter (1990 96 data) 

AMlysis Variable RESULT 
-nrm -N n = n m  P -.DIHII 

ANALYTE AUERICIUI 241 
N H i n i M  Hullnun Hem Std Dw R n g .  cv 

464 0 14oooOO 20 0000000 0 1150261 1 0163228 20 1400000 899 1929789 

AllALYTE PLUtOWIlM 238 
N Hininrm Huinua Mean Std Ow R n g .  cv 
1 000omMoo 0o0o703o0O 0000’103000 0 

476 0 lUoo00 760000000 032019tJ 3 5492995 76 1230000 1114 n 

Table 3 7b Smmry Statistics for total P lutoniu  and A n r i c l u  (pCi/L) in Sitrwida Surfrco h t e r  (1990 % data) 
==I=== = =a=-== m 

ANALYTE llWERICIW 241 
Analysis Variable RESULT 

W ninimm Maxinu Hean Std Dw R m g .  cv 

2263 1 uoooo00 460000000 02066956 1 m1561 496umoO 861 7292766 

AUALYTE PLUfWIUl a 
N Mininu Huinr w..n Std Dw R n g .  cv 

233 0 O l l M H ) ( I  1 mW00 0 0132722 0 11438% 17- 661 #la75 

AblALYTErPLUTWIlM 239/210 
N M i n i u  H u i u  Hem Std Dw R n g .  cv 

24411 0057WOO 2500000000 06117974 71210928 2 S O O S m o o O  1109 55 

I 



Table 3 8 sunnary Statistic8 for Plutoniu and knriciu (pCi/g) in Sitewid. trkurfre Soil8 
=- -=u ann= -  -IuIIII 

Analysis Variable RESULT 
ANALYTENMERICIUCI 241 

N Mini- M a x i n u  Mean Std Drv R n g .  cv 

2607 0 MH"K)o 201) 1OOOOOO 024300TJ 46864897 209MOOOOO 1929 36 

ANALYTE*LUTOWIW 238 
N Miniaun Maxim Mean Std Drv R n g .  cv 

266 0 0 1 ~  266900000 02025775 18549977 267022000 9156979760 

AIIALYTEIPLUt~!W 239/240 
N Minilm Mutim llwn Std Drv R n O I  cv 

2941 0 1200000 1744 a0 1 24501W 34 6531820 I744 12 2783 36 

I 



Table 3 9 S-ry Statistics for Plutonirn wd Allrricirn (pCi/g) in S i t e n i b  Surfwe Soils 
P u m- ~ r n n n n n m u u  u11u m u =  

A ~ l y 8 i s  Variatfle RESULT 
AWALYTE AWERICIW 241 

N Minium Maxi- Hem Std OW R- cv 

2083 o1oooooo 4260 00 5 8577U92 118 9489297 4260 19 2030 64 

ANALYTEIPLUTONItM 236 
N Mininun Maximum He8n Std bw R n g .  cv 

157 0 0031500 245700000 04606045 2 249751 245731500 4669063666 

AIIALYTEIPLUT(m1lM 239/240 
N Mininu w8ximlm Mean Std Ow E n #  cv 

I 

2489 O13OOOOO 17400 00 29 7746559 523 M64W 17400 13 1758 09 

urmm mr Utl UII u 



TABLE 4-1 
SUMMARY !S"A"ICS OF THE ACI'INIDES INVENTORIES IN THE 25 SOIL PITS 

Pu 239+240 Am 241 

Depth mean SD Rang= mean SD -ge 
an pCi/m2 pCi/m2 pCi/mz pCi/m2 pci/mz pCi/m2 

0 3  40 2 69 0 006 223 6 0  10 9 00003 45 

3 6  325 57 0 001 191 43 7 2  OOOO6 26 

6 9  19 0 34 6 om 111 2 6  5 2  ooooz 19 

9 12 10 8 26 6 0002 121 2 1  5 2  00003 19 

12 18 5 8  17 1 0007 89 0 8  2 2  (1o001 10 

18 24 1 8  4 6  0004 21 0 2  06  00006 2 

24 36 0 9  36  0001 18 0 1  06 00001 3 

36-48 0 1  0 4  0002 2 0 03 006 00001 03 

48 72 0 05 0 1  0002 0 7  0 02 0 05 oOoO1 0 2  

72 96 006 0 21 0002 1 0 02 0 03 oOoO1 0 1  

I 
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Table 6 1 
Grovdwater (1990 96 data) 

Dissolved Plutoniu  and Amriciu Exceeding the 0 05 pCI/L Current Stnbrd for Sitawldo 

LOUTION 

0386 
8208589 
07191 
08891 
1286 

3287 
07191 
51 193 
1286 
09091 
09091 
09091 
70393 
08891 

I 

SDATE 

09/20/95 
03/ 15/90 
05/18/92 
07/20/94 
04/15/92 

05/18/92 
05/ 18/92 
03/16/94 
04/15/92 
07/21/94 
07/21/94 
05/20/92 
07/ 19/94 
07/20/94 

AHALYTE 

AMERICIW 241 
AMERICIW 241 
AHERICIUCI 241 
AMERICIW 241 
AMERICIW 241 

PLUTOWIW 239/240 
PLUTOWIUCI 239/240 
PLUTOWIW 239/240 
PLUTOWIW 239/240 
PWTOWIW 239/240 
PLUTOW I W 239/240 
PLUTOWIW 239/240 
PLUTOWIW 239/240 
PLUTWIW 239/240 

RESULT 

0 05391 
0 on00 
0 14750 
0 43470 
0 47060 

005646 
009292 
009400 
0 13560 
0 14920 
0 25550 
0 m20 
1 61600 
100000 

UI ITS 

PCVL 
PCI/L 
PC I /L 
PC I /L 
PCI/L 

PC I /L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 

ERRaR PUAL DETECT VAL HIT 

0 0535 J 006620 Y 1 
o 0270 0 01400 1 
0 0324 OOoo6)o A 1 
00663 000972 v 1 
0 om 000000 A 1 

0 0 1 n  
0 0249 
0 0220 
0 02% 
0 a s 2  
0 0516 
00899 
0 1920 
02300 

000600 
0 oodoo 
000700 
000400 
0 -  
0 00497 
Oo060(1 
0 m1 
0 003S2 

A 1 
A 1 
V 1 
A 1 
V 1 
V 1 
A 1 
V 1 
V 1 

=8s - 7- rm 

Mere SDATE date of s p l o  colloetfon ERROR % percmnt upper confidonco Limit PUAL r r u l t  qurlifior 
VAL validation cod. and HIT cktrtt (1) or nondotoet ( 0 )  



Table 6 2 

I 

LOCATION 

00191 
05691 
4286 
3086 
5686 
4387 
04a6 
6986 
0486 
0987 
05191 
8218789 
05193 
12991 
0466 

03091 
11891 
P416589 
01891 
03091 
41591 
3687 
03091 
02995 
05691 
13191 
P2WlW 
P210189 
12991 
56mA 
3607 
00191 
2387 
03391 
46692 
P210189 
8218789 
6286 
4586 
03391 
4286 
03212 
P210189 
60293 
46692 
1687 
4286 
0460 
04591 
46092 
05191 
00291 

i n 7  

Total Plutoniu Exceding the 0 05 pCi/L Curront S t n b r d  for Sftonid. Grom&mtor (1990 W data) 

=nu -m 

SOATE 

05/21/92 
03/04/93 
12/13/93 
07/21/95 
1 1 /08/90 
09/11/90 
09/12/91 
05/ 13/91 
11/18/92 
05/26/92 
03/05/92 
08/21/92 
07/15/94 
05/17/93 
06/20/91 
11/06/90 
06/19/95 
05/04/93 
08/18/94 
07/29/92 
12/08/93 
12/06/91 
03/08/91 
11/16/94 
04/28/95 
11/06/94 
06/19/95 
03/02/90 
08/16/95 
03/11/93 
02/15/94 
09/08/94 
09/13/% 
08/13/90 
09/12/94 
02/23/94 
05/10/95 
03/08/91 
03/14/95 
11/05/90 
06/02/92 
05/06/93 
1 1 /11/9b 
10/22/93 
04/20/95 
09/24/92 
04/16/91 
03/09/94 
01/20/92 
08/31/92 
02/24/94 
08/23/94 
11/14/94 

ANALYTE 

PLUTONIUI 239/214 
PLUTOWIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIW 239/240 
PLUTONIUM 239/240 
PLUTONIUI 239/240 
PLUTOllIUl239/214 
PLUTONIW 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/214 
PLUTWIUI 239/240 
PLUTONIUI 239/214 
PLUTONIUI 239/214 
PLUTONIUI239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONtUI 239/240 
PLUTONIUI 239/214 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/214 
PLUTWIUI 239/214 
PLUTONIUI 239/214 
PLUTONIUI 239/240 
PLUTOWlUl 239/240 
PLUTON t UI 239/240 
PLUTONIlM 239/240 
PLUTONIU 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTOllIlM 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/214 
PLUTONIUI 239/240 
PLUTONIUl239/240 
PLUTOllIUl 239/240 
PLUTONIUI 239/240 
PLUTOllIlM 239/240 
PLUTOllIlM 239/240 
PLUTaWIUI 239/240 
PLUTWIUI 239/240 
PLUTWIUI 239/214 
PLUTOllIUI 2391214 
PLUTQlIUl239/240 
PLUTOllIUI239/214 
PLUTWIU 239/214 
PLUTOllIUI 239/240 
PLUTONIUM 239/240 
PLUTQlIUI 239/240 
PLUTON 1 UI 239/240 

RESULT 

0 051 
0 051 
0 052 
0 052 
D 052 
0 052 
0 053 
0 053 
0 053 
0 053 
0 054 
0 055 
0 055 
0 055 
0 055 
0 056 
0 0 %  
0 056 
0056  
0 057 
0 057 
0 058 
0 058 
0 058 
0 058 
0 058 
0 058 
0 059 
0 059 
0060  
0060  
0060  
0 061 
0 061 
0062  
0062  
0062  
0063  
0065  
0 0 6 6  
0066 
0066  
0 067 
0 067 
0 067 
0068  
0 0 6 8  
0 071 
0 072 
0 on 
0 075 
0 076 
0 077 

ERROR 

0 om 
0 0132 
0 0186 
0 0203 
0 0181 
0 0155 
0 0170 
0 0155 
00233 
0 0160 
0 0165 
0 OM1 
0 as20 
0 0158 
0 0164 
0 0189 
0 0150 
0 0200 
0 0219 
0 0500 
0 0320 
0 0200 
0 0218 
0 0166 
0 2070 
00260 
0 0180 
0 o m  
0 0189 
0 0136 
0 om 
0 0183 
0 0180 
0 0260 
0 1100 
0 0220 
0 0250 
0 0206 
O O I Z O  
0 OlW 
00360 
0 0240 
00380 
0 0240 
0 0341 
0 0274 
0 0192 
O W  
0 0191 
0 0341 
0 0180 
0 01% 
0 0230 

QUAL DETECT 

0 oo300 
0 00136 
0 01185 
0 00)00 
0 01OOo 
000000 
000000 
0 00500 
0 01630 
0 00500 
0 00500 
000000 

U 0 M100 
0 00967 
000000 

X 0 OlOOo 
OOOSOO 
0 oozoo 
000588 

0 0 05100 
OaJooo 
000000 
0 O l o o o  
000326 
038300 
0 0 1 m  
UoowO 
000900 
0 00737 
OoazCn 
0 a100 
O o o 3 s o  
Ooodaa 
0 01600 

U 0 19Ooo 
0 moo 
0 01600 
0 0 1 m  
0 04100 
0 O l o o o  
0 -  
0 01100 
OOHIOO 
0 0 1 m  
002020 
0 00740 
0 OlOOo 
0 01200 
000000 
O W 0 0 0  
000000 
0 oO901 
0 01200 

VAL 

V 
A 
Y 
Y 
A 
A 
V 
V 
A 
A 
A 
A 
V 
A 
V 
A 
Y 
V 
V 
A 
Y 
A 

Y 
Y 
Y 
Y 

Y 
A 
V 
A 
Y 
A 
Y 
V 
Y 

V 
A 
V 
V 
Y 
V 
Y 
A 

V 
A 
A 
V 
V 
Y 

HIT 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



72093 
00191 
4286 
0560 
P209989 
P209189 
06891 
49192 
12991 
026% 
03091 
00391 
061191 
014% 
41691 
0171 
P210189 
E218789 
00391 
13391 
3986 
03212 
06891 
1786 
1787 
P320089 
41691 
00391 
05093 
09691 
4286 
3687 
0160 
1 787 
00291 
02291 
05193 
1687 
6387 
2286 
0987 
1687 
60293 
0260 
00193 
102% 
12091 
13491 
59493 
3687 
01195 
1687 
06891 
3687 
4286 
4286 
4286 
6387 
4286 
E217769 

11/16/93 
12/02/93 
12/04/91 
03/17/92 
10/21/93 
07/28/92 
O W 1  O/% 
06/15/93 
09/14/94 
05/03/95 
09/02/93 
06/11/94 
1 1 /29/93 
03/07/95 
02/16/94 
11/21/91 
10/20/94 
02/ 18/92 
1 2/17/91 
08/20/92 
09/08/92 
11/09/94 
05/20/92 
02/01/93 
05/13/91 
03/03/93 
03/17/95 
09/01/93 
07/26/94 
06/21/95 
09/23/93 
03/03/93 
02/06/92 
03/ 09/01 
05/16/94 
07/31 /92 
06/16/93 
03/ 1 0/93 
07/30/92 
07/27/90 
03/07/91 
08/22/94 
04/20/95 
04/30/91 
03/23/95 
08/25/94 
02/27/92 
09/08/94 
06/24/93 
12/1 0/93 
03/01/95 
09/18/40 
OS/ 14/93 
02/23/94 
05/29/92 
08/ 1 7/92 
05/24/94 
04/29/91 
05/17/91 
03/21/93 

PLUTONIUI 239/240 
PLUTOHIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTOllIUI 239/240 
PLUTONIW 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIIM 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTON IW 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIW 239/2bO 
PLUTON I U I  239/240 
PLUTON IUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTollIUI239/240 
PLUTOllIUI 239/240 
PLUTONIW 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
CLUTONIUl 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIU 239/240 
PLUTONIW 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIW 239/240 
PLUTONIul 239/240 
PLUTONIIM a9/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTollIUl 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIU 239/240 
PLUTONIUI 239/240 

0 078 
0060 
0083 
0083 
0083 
00115 
0 0 8 4  
0085 
0 0 8 6  
0 0 8 9  
0 0 8 9  
0090 
0092 
0093 
0 0 9 4  
0 0 9 6  
0 097 
0 097 
0 0 9 8  
0 0 9 8  
0 0 9 9  
0 100 
0 100 
0 100 
0 102 
0 104 
0 110 
0 110 
0 110 
0 110 
0 110 
0 113 
0 114 
0 115 
0 120 
0 120 
0 120 
0 120 
0 121 
0 121 
0 125 
0 125 
0 127 
0 129 
0 129 
0 129 
0 130 
0 130 
0 130 
0 133 
0 134 
0 137 
0 140 
0 140 
0 140 
0 140 
0 140 
0 142 
0 143 
0 144 

PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCVL 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PC I /L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
WI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PcI/L 
PcVL 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 

0 0163 
0 0160 
0 0208 
0 0210 
0 1100 
0 0294 
0 0180 
O o i o o  
0 0420 
0 1160 
0 0500 
00400 
0 0220 
0 0220 
O O M O  
0 0207 
0 0320 
0 ow 
0 0220 
0 0190 
0 0262 
00860 
0 0200 
0 01% 
0 0227 
00266 
0 0199 
O o u l o  
OoooO 
O o u l o  
00360 
00366 
0 0317 
0 0265 
0 0260 
0 0540 
O W  
0 0199 
00299 
0 0206 
0 0515 
00628 
04512 
0 0321 
00543 
00592 
0 0283 
00269 
00360 
0 0214 
0 0280 
00340 
0 0 2 W  
00380 
0 0240 
O m  
O o i o o  
0 0272 
00280 
0 0260 

0 00590 
000600 
000000 
0 00500 

U 0 31000 
000000 

E O W 6 0 0  
0 02800 
003800 
0 15200 
0 O l o a o  
0 03400 
0 01200 
0 OlOOo 
0 01100 
000000 
0 02000 
0 00500 
000000 
000600 
000700 
0 loo00 
000400 
000229 
0 00500 
0 00642 
0 00784 
000900 
0 04900 
OOOSOO 
000400 
000645 
000000 
000000 
0 011oo 

B 0 Oztoo 
0 otooo 
0 00210 
0 00700 
0 OlOOo 
0 OlOOo 

Y 0 06734 
0 00507 
000000 

Y 0 o m 9  
Y 0 Oael5 

0 -  
0 m n  
000300 
O W 9 0 5  
0 01300 
000700 
0 010oO 
O W 6 0 0  
0 -  
0 moo 
0 moo 
000000 
000000 
0 01OOo 

Y 
A 
A 
Y 
A 
JA 
V 
Y 
Y 
V 
V 
Y 
Y 
V 
A 
Y 
A 
A 
V 
A 
Y 
V 
A 
V 
A 
Y 
A 
V 
Y 
V 
A 
A 
V 
V 
A 
V 
A 
V 
A 

A 
Y 
V 
Y 
Y 
A 
V 
V 
Y 
Y 
A 
V 
V 
A 
V 
V 
V 
V 
A 

1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



8402689 
01695 
1587 
00291 
05193 
13491 
P209189 
8102289 
P209189 
11891 
4286 
P313489 
3686 
00291 
00391 
05191 
4286 
4286 
59493 
0171 
09691 
4286 
07391 
a486 
00291 
11891 
4286 
6387 
1490 
13491 
03391 
4286 
6387 
00291 
0374 
03212 
05 193 
09691 
25093 
11891 
09691 
00191 
13491 
1786 
24993 
70093 
4286 
1687 
8302989 
09691 
6387 
P209189 
P313489 
13491 
P209189 
10991 
46192 
P209189 
6387 
00291 

1 1 /07/9O 
03/02/95 
01/23/90 
12/02/93 
04/21/% 
11/16/94 
07/26/91 
08/30/90 
01/24/95 
02/28/92 
11/17/% 
10/16/95 
06/21/95 
03/02/94 
05/13/93 
12/17/91 
09/15/94 
09/13/94 
08/11/93 
02/25/92 
03/18/92 
11/17/% 
03/14/95 
11/14/91 
05/18/93 
10/16/92 
05/24/94 
03/04/91 
03/21/93 
03/02/93 
09/12/96 
02/1 0/92 
09/13/90 
05/21/92 
12/12/91 
11/11/94 
08/02/93 
09/14/93 
09/07/94 
12/19/91 
11/17/92 
03/08/94 
09/01/93 
04/16/93 
09/07/94 
11/09/95 
11/16/90 
1 1/29/93 
12/05/90 
06/02/?4 
02/20/92 
03/25/91 
08/17/95 
02/22/94 
07/27/95 
02/06/92 
08/18/% 
05/04/95 
1 1 /11/91 
03/11/92 

PLUTONIIM 239/240 
PLUTONIW 239/240 
PLUTONIU 239/240 
PLUTONIUI 239/240 
PLUTONIW 239/240 
PLUTONIUI 239/240 
PWTONIW 239/240 
PLUTONIW 239/240 
PLUTONIW 239/240 
PLUTONILM 239/240 
PLUTON IUI  239/240 
PLUTONIW 239/240 
PLUTONIW 239/240 
PLUTON I UI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239n40 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIW 239/240 
PLUTONIW 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI239/240 
PLUTONIW 239/240 
PLUTONIW 239/240 
PLUTONIW m/Uo 
PLUTONIW 239/240 
PLUTONIUI239/240 
PLUTONIUI 239/240 
PLUTONIUM 239/240 
PLUTONIUI 239/240 
PLUTQWIIN 2 3 9 m  
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIW239/240 
PLUTONI~ 239/240 
PLUTON IuI-239/2@ 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/m 
PLUTONIUI ao/uo 
PLUTONIUI 2 3 9 m  
PLUTollIUI 239/240 
PLUTONIUI 239I240 
PLUIONIUI 239/240 
PLUTONIU 239/240 
PLUTONIUl239/240 
PLUTONIUI 2 3 9 m  
PLUTONIUI 239/240 
PLUIONIUI 239/Uo 
PLUTONIUI 239/240 
PLUTONIUI 239/240 
PLUTONIUI 239/240 

0 146 
0 147 
0 147 
0 150 
0 150 
0 151 
0 151 
0 158 
0 160 
0 161 
0 162 
0 163 
0 166 
0 170 

0 170 
0 170 
0 170 
0 170 
0 170 
0 17s 
0 178 
0 179 
0 179 
0 180 
0 I80 
0 180 
0 180 
0 162 
0 186 
0 190 
0 191 
0 1% 
0 1% 
0 199 
0200  
0200 
0 2 0 0  
0 200 
0 208 
0 209 
0 210 
0 210 
0 210 
0 210 
0 215 
0 215 
0 218 
0 224 
0 224 
0229 
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2286 
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06/11/94 
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05/15/95 
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02/22/94 
02/23/94 
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05/09/90 
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11/18/92 
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06691 
13491 
11791 
03212 
031S101 
0366 
O21SlOl 
06591 
03212 
07191 
46692 
06591 
41691 
59493 
1587 
022122 
09691 
13191 
1587 
06691 
06591 
06991 
13191 
P313489 
0271 
00191 
13191 
P313489 
032131 
06691 
1587 
06591 
042121 
08891 
06591 
P313489 
01395 
08891 
13191 
OlZll2 
OlZT11 
13191 

03/12/93 
11/09/94 
09/02/92 
09/16/92 
01/20/92 
1 1/09/94 
07/27/95 
12/02/93 
03/15/93 
06/19/95 
05/27/93 
08/21/92 

06/06/55 
1 1 /29/93 
11/17/92 
03/13/95 
ll/ll/% 
05/20/93 
08/21/92 
02/06/92 
11/11/94 
12/01/93 
02/13/92 
12/01/93 
W/O1/% 
ll/ll/% 
1 1 /30/93 
12/09/93 
05/ 14/93 
02/16/% 
11/09/93 
06/23792 
03/14/95 
05/ 19/93 
05/19/93 
12/1a/oi 
06/06/91 
05/12/94 
05/20/93 
03/10/94 
02/07/91 
04/22/91 
11/18/92 
12/06/93 
08/17/% 
03/14/95 
1 1 /30/93 
05/21/93 
06/20/95 
03/14/95 
12/06/93 
09/01/93 
11/16/93 
03/06/95 
08/31 /92 
03/11/93 
04/03/95 
03/14/95 
11/17/92 

0 5 / i a m  

PLUTONIW 239/240 
PLUTWIUI 239/240 
PLUlWIW 239/240 
PLUlOWIW 239/240 
PLUTWIW 239/240 
PLUlONIUI 239/210 
PLUTOllIW 239/240 
PLUlWIW 239/240 
PLUTONIW 239/240 
PLUTW I UI 239/240 
PWTWIW 239/240 
PLUTWIW 239/240 
PLUTOWIW 239/240 
PLUTOHIW 239/240 
PLUTOWIW 239/240 
PLUTOHIW 239/240 
PLUlWIW 239/240 
PLUTOWIW 239/240 
PLUlWIW 239/240 
PLUlWIW 239/240 
PLUTOWIW 239/240 
PLUTW I N  239/240 
PLUlWIUI 239/240 
PLUTOWIW 239/240 
PLUTWIW 239/240 
PLU1WIt.M 239/240 
PLUTowIW239/240 
PLUTOHIW 239/240 
PLUlWIW 239l240 
PLUTOHIW 239/240 
PLUTOWIIM 239/240 
PLUTOHIUI 239/240 
PLUlOWIUI 239/240 
P L U l W l W  2391240 
PLUTWIW ?39/240 
PLUTWIUI 239/240 
PLUlOWIW 239/240 
PLUTON I W  239/240 
PLUlWIUI 239/240 
PLUlWIUI 239/240 
PLUTOWIW 239/240 
PLUTOHIUI 239/240 
PLUTWIUI 239/240 
PLulOHIun 239/240 
PLUTOHIW 239/240 
PLUlOH I W 239/240 
PLulrnIW 239/240 
PLuTOHIW239/240 
PLUTOWIW 239/240 
PLUlQlIW 239/240 
PLUTOWIW 259/240 
PLUTWIUI 239/240 
PLUlOWIW 239/240 
PLUlOWIW 239/240 
PLUlWIW 239/240 
PLUTOWIW 2391240 
PLUTOWIW 239/240 
PLUlWIW 239/240 
PLUTONIW 239/240 
PLUTWIW 239/240 

0 620 
0620  
0666 
0 677 
0699  
0700  
0 7 2 0  
0770  
0780  
0 7 9 0  
0 7 9 9  
0800  
0800  
0 8 0 8  
0 810 
0 810 
0 810 
0 850 
O w 0  

0 878 
0880  
0897  
0900 
0904 
0936 
0 %O 
0 %O 
0 970 
0980 
0990 
1 037 
1093 
1 100 
1 100 
1100 
1 119 
1 164 
1 200 
1 200 
1 200 
1 200 
1 261 
1300 
1300 
1343 
‘IC00 
1400 
1400 
1444 
1 500 
1 500 
1600 
1600 
1 614 
1685 
1700 
1900 
2 000 
2 000 

o a70 

PC I /L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PC I /L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCl/L 
PCI/L 
PCWL 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
P C V L  
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PC I /L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PC I /L 
PcI/L 
PCI/L 
PCI/L 
PC I /L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 

0 0551 
02300 
0 1330 
0 1340 
00895 
0 1200 
O W 7 3  
00692 
0 0667 
0 0930 
0 1140 
00680 
00663 
0 0015 
0 0595 
0 1074 
0 1100 
0 0950 
00680 
0 1410 
0 1110 
0 1500 
0 2 m  
0 1290 
02620 
0 om 
0 1500 
0 1200 
0 0921 
O m  
0 law 
0 0767 
0 1540 
0 1w 
00686 
0 0014 
1 11% 
0 1180 
0 1300 
0 0901 
0 1100 
0 1500 
0 1680 
0 1430 
0 1600 
0 1553 
0 1300 
0 1700 
0 1074 
0 10% 
0 1500 
0 1m 
02300 
O O O M  
lo300 
0 2190 
0 1250 
0 1600 
0 3100 
0 1931 

Oo0205  
O M O O O  
000000 
O W 0 0 0  
000000 
0 otooo 
000682 
000643 
0 00213 
0 o r m  
0 0 0 m  
0 -  
0 00232 
000589 
000158 
0 01697 
OOZWK) 
0 01600 
000200 
000000 
000000 
008000 
0 W l t o  
000000 
0 ow50 
000800 
O O W O O  

B 0 00300 
0 m 4  
0 O l o o o  
0 w900 
0 001% 
000000 
0 0)OOo 
O o o p B i  
0 00791 
000000 
0 -  
0 01600 
0 00676 

B 0 O l o o o  
0 -  
0 OlOOo 
0 02035 
0 01400 

Y 0 04026 
003000 
0 01600 
0 owl 
000290 
OO100(1 
000600 
0 01600 
0 -  
0 O l a o  
000000 
0 00617 

B 0 -  
O # # o o  
0 oos22 

A 
Y 
A 
A 
A 
Y 
Y 
Y 
A 
Y 
V 
V 
A 
Y 
Y 
A 
V 
Y 
A 
A 
A 
Y 
Y 
A 
Y 
V 
Y 
Y 
Y 
V 
V 
Y 
V 
Y 
A 
A 
V 
Y 
V 
A 
V 
V 

A 
Y 
V 
Y 
Y 
A 
Y 
Y 
Y 
V 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



2286 
1587 
06591 
01095 
841 1389 
41691 
01211 
06591 
06591 
031SO51 
021195 
06991 
06991 
06991 
11791 
0290 
04213 
06991 
022121 
13191 
06591 
11791 
06991 
11791 
08891 
2286 
P209189 
042113 
042131 
04212 
06991 
11791 
11791 
021S051 
03212 
03212 
O22t23 
1587 
05212 
06991 
2286 
022123 
022112 
1 1 7 9 1  
032124 
11791 
04211 1 
03212 
11791 
0204189 
02Zlll 
042123 
05211 2 
03212 
052112 
09091 
09091 
03211 
1 1 7 9 1  
04211 

04/21/94 
09/04/91 
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Equilibrium diagram of redox potential (Eh) versus pH at 25 C showing stabilitv 
fields of different aqueous species of plutomum Dashed lines represent 1 atm 0 (upper 
stability llmit of water) 2nd 1 a m  H2 (lower stability lunit of water) Shaded areas represent 
broad boundaries between stability fields due to uncertamty in the thermodynamic data 
Hydrolyzed species of Pu+4 may be important but because reliable formation constants are 
not available at environmental pH values (1 e 4 to 9) their relative stability fields cannot be 
assessed (Figure and text from Rai et a1 1980) 

Figure 3 4 Equilibrium Diagram of Redox Potential Versus pH 
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Figure 4 1 Distribution of Uranium 235 in RFETS Surface Soils 
Source Litaor 1995 
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Figure 4 2 Distribution of Uranium 238 in RFETS Surface Soils 
Source Litaor 1995 
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Source Litaor 1995 
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Figure 6 2 Correlations between plutonium americium and TSS in Well 41691 
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Figure 7 10 VaritWon of PIutOnium Acdlvity w/th Total Suspended Sol/& at Gaghg Station SW91 
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APPENDIXA 

ASSESSMENT OF DATA QUALITY 

The quality of analpcal data 1s commonly assessed by lnrficators of precision 8ccut8cy 

representatweness completeness and comparabdity (1 e the PARCC parameters) (EPA 1992) 

Preclsion provides a measwe of samphg and analytical varrablllty results mar the detection 
l m t  typically e h b i t  poor precmon Accuracy 1s a measure of how close the result coma 
to the true concentrafion Repmsmtativeness IS a qualitative measure of how well the samples 

represent the medm or system sampled and how well the data meet Project goals Compl-s 

measu~es how much useable data were der~ved hm the samplmg and d y s l s  program 

Comparablllty expresses tht extent to whrch data collected over a per~od of trmc usmg Merent 

samplmg and anal- methods can be considered equvalcnt Gudchs for sample analysls 

are outhedmtheGeacralIandRouRoutrneAnal~servlcesAratocol(GRRASP) 

@G&G 1991) and m task specdie Standard optratlsg Pmccdum (Sops) 

The quality of data stored rnRFEDS has beenassessed mmost reports prepared u m g  thcse 

data 

procedures then sent to contract laboratones for analysls f o l l o w  published gu~delms 

(QAPjP EG&G 1990) Analytddataareval~datedbyanlndcpcnderrt thudpartycontractor 

then these data are uploaded mto RFEDS whlch coxducts add~tlonal data ckcb dururg 

EnvmMlental samples are collected followlng RFETS or proJect specrfic protocols and 

uploadmg 

Quality control (QC) samples are gestrally collezted m the field as field blanks ap blanks 

duplicate samples and - - m t e  samples Blanlr and N1s8te -1m pr~vldt  

mformation on possible sample amtamm&on whereas duplicate samples am uscd to assess 

samplmg varrabhty and repmduciblllty of the sample data Fleld such as those 

for dissolved oxygen temperature specfic condwtw~ty and pH also pro* data that can be 
used to assess quality of the anal- data Laboratory QC samples include lab blanks malm 

spdces and replrcate samples 
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random distnbutlon around the d e m o n  l m t  and are essemally the result of the 

background noise 

Data acqulred smce 1!992 generally show fewer mgulantm than data collected pnor to 1992 

Transcnphon errors are rare Any dumepancies and 111~011slste!ncx!s are generally corrected 

duMg data cleanup w W  precedes data analysls Add~tIonal lnformatlon on RFEDS data 8 

given m an Interoffice Cofrqodmx (EG&G 1994) 

Data extracted from RFEDS for use m b report were prepared followmg standard protocol 

(EG&G 1994) All QC and rejected data were excluded from the w o w  data scts mts and 

analytenameswerestadadnd adnullresultrecordswercdeletad Duetothe 

preponderance of =gatwe ad zero results m the database for the radmnud- statmcal 

stunmanes were prepared assumrng a normal dr+tntn@on (Tables m Appendut B) 

Data from Litaor et al (1994 and 1995) have not been renewed or evaluated for data quality 

A 1  Groundwater 

Samples of groundwater are collected followmg standard aperatlng procedure (SOP) GW 6 

(EG&G 1992d) This SOP promdes drrectlon on the collccmn of both filmed axxi unfiltered 

samples Water samples are filtered through a 0 45 pm manbram filtw m order to remove 
suspendedparttculatesadtoprovdeanaeasureofthetxmsmum dissolved mthcwater 

Passage through a 0 45 p m  filter 1s the standard operational dcfimtm of what commutes the 
dissolved fracbon In groundwater systems not domtroated by flow thmugh b u m s  flow 
through pores serves a filtermg function therefore the chwlllstry of the filtered sample 1s 

probably more representatwe of contammnt mgraQon potmtul than 1s that of an unfiltered 

sample Unfiltered samples contam partmdates that accumuh m the well bore or sump and 

are resuspended by agitation dumg sampllng of the well Typically the comcntmtlons of major 

and trace consQtuents are hgher m unfiltered samples than m filtered samples 

A 3  
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Groundwater data m RFEDS have undergone much scrutmy with regard to data quahty and data 

usabdity Reports m whch these data were assessed mclude all Annuol RCRQ Reporis (DOE 

1989 1990 1991 1992 1993b 19% and 1995b) the Data Venjlicatron Report (EG&G 

I 1994a) the Groundwafer Geoc- Report (EG&G 1995a) the Well Evaluahopr Repon 
(EG&G 1994b) and the Bclckgtound Geochcal Characterrzarron Report (DOE 1993a) 

A 2 Surface Water and sediments 

Samples of stream water pond water and scdments are collected fobwmg s&-specdic SOPS 
SW 3 for standard surface-water samphg @G&G 1992a) and SW 10 for event related surface 

water samplmg @G&G 1992b) pn>cedure SW 3 dembes samplmg mcthads to be uscd 
based on the site spec& flow conchtmns (EG&G 1992a) This SOP describes samphng 

methods for flowmg chamellzed streams pqxs small ponds mtercqtor a sumps or 

standpipes low flow condioons and seep areas Data quabty for swface-water and scdmcnt 

samples was evaluated for the Background Geochenurcal Charactmumon Report (DOE 1993a) 

Sampllng of surface sods uslng thc Rocky Flats method follows operating proc&rc EMD OP 
GT 08 (EG&G 1993) Ths method employs a loCm by lCkm stylmless-stccl J I ~  dnvm 5 cm 
mto the sod Sod samples are removed from the menor of thejg unth a s t a m h s - d  scoop 

and placed m a stadess steel pan Five samples are collected fkom each mc6cT-sQuBrc plot 
Samples are sieved through a lO-mcsh metal sieve and mmd m a stamkss-stecl bowl 

Equipment 1s decontarmnated pnor to collectlsg each sample (EMD OP FO 13 

Contammation Preservmg Handhg and Shrppmg of Sod and Water samples EG&G 

1992) 

A4 
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For surface sod samples collected durrng a b a c k g r d  study (DOE 1995a) preclsion for 

acttIllde samplmg and analysts ranged from 0 0 to 75 percent Data quai~ty for surface sod 

samples was evaluated for the Backgmd Soils Chamctenzataon Report (DOE 1995a) and tht 
Phase 11 RF?m Report for Operabk Urn? 2 (DOE 199%) 

A 4  SubsurfaceSdls 

I 

Samples of subsurface sods are collected dutvlg dtrllmg operaborn Grab SBmpleS fKnn 
drummed materrals or samples from core are collected accordmg to establlshed protocol (EMD 

OP FO 13 EG&G 1992) subsurface soli data complied for a baclcgroud study (DOE 1993a) 

mdicate that overall preclsion IS poor for radionuclides however these samples generally had 
concentrat~ons near detectton lmras Data quahty for subsurhce sod samples was evaluated for 

the Background &mhemd characrcruotron Report @OE 1993a) 
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1 6400289 
2 Moo189 
3 6405789 
4 0400189 
5 e200589 
6 6405586 
7 82oosa9 
8 0400289 
9 8600169 
10 8200689 
11 6405586 
12 B4ooza9 
13 8200589 
14 8405586 
15 0400289 
16 B200789 
17 6400189 
18 6400489 
19 6405586 
20 B a r n  
21 8102389 
22 8200689 
2 3 6 4 w 2 8 9  
24 04O0289 
25 6405586 
26 04002w 
27 6400189 
28 6200789 
29 6400489 
30 8102389 
31 6400489 
32 8200689 
33 8200709 
34 8200889 
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36 8200589 
37 8400189 
38 6400489 
39 6405709 
40 0405586 
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51 8200889 

SOATE W Y T E  

09/19/91 
09/17/91 
11/10/92 
06/17/91 
09/19/91 
09/13/91 
04/04/91 
05/23/91 
02/13/92 
1l/lwp1 
ow18/92 
03/28/91 
09/23/92 
03/28/91 
09/08/92 
05/01/01 
03/28/91 
05/05/31 
03/13/92 
06/02/92 
04/04/91 
08/23/90 
02/13/92 
09/14/90 
05/17/91 
11/29/90 
06/02/92 
08/20/90 
10/05/90 
02/13/92 
09/16/91 
08/10/92 
09/13/91 
10/11/90 
11/16/90 
11/05/92 
11/13/90 
w10/92 
02/10/92 
06/11/92 
09/22/92 
08/16/90 
04/05/91 
06/04/92 
09/05/90 
Ol/zSrot 
09/17/91 
09/15/92 
05/28/91 
03/22/91 
09/13/91 
02/28/92 
08/20/92 

REWLT WITS 

0 0% PcI/L 
0 022 PcI/L 
0 020 PcI/L 
0 018 PcI/L 
0 011 PcI/L 
0 007 PCI/L 
0 OOO PcI/L 
0 021 PCI/L 
0 034 PCI/L 
0 039 PcX/L 
0 042 PcI/L 
0 044 PcI/L 
0 044 PCI/L 
0 044 Pc1/L 
0 048 PcI/L 
0 0% PcI/L 
0 066 PcI/L 
0 068 PcVL 
0 oa6 PcI/L 
0 om PcI/L 
0 092 PcI/L 
0 092 PCVL 
0097 Pcrn 
0 loo PcI/L 
0 102 PcI/L 
0 1w PCX/L 
0 110 PcI/L 
0 116 RI/L 
0 118 PcI/L 
0 123 PcI/L 
0 Its PcIA 
0 130 PcI/L 
0 132 PcI/L 
0 155 PcI/L 
0 137 RI/L 
0 143 PcI/L 
0 144 PCl/L 
0 144 Pcxll 
0 1u PCt/L 
O l U  PcI/L 
0 150 PcI/L 
0 155 PcI/L 
0 174 PCI/L 
0 180 PcI/L 
0 1QJ PcI/L 
0 199 PcI/L 
0 206 PcI/L 
0 209 PcI/L 
0 217 PCI/L 
0 223 Pct/L 
0 228 PcI/L 
0 2% PCI/L 
0 255 PcI/L 

QlAL 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
U 
J 
J 
J 
J 
U 
J 
J 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

RII# RL 

o m  060000 
00318 0 -  
oozas 060000 
0 0163 060000 
o o z t z  0 6 o m  
00101 06o0(10 
0 1410 0 00000 
0 1110 0 18900 
01140 0 1- 
om 060000 
01700 o m o w  
0 -  000000 
0 -  osooao 
o o w o  000000 
0 0 1 u  060000 
01120 000000 
01m o r m o o  
0 1410 0 l74W 
01660 001ooo 
O l s w  ObOOOO 
0 1 3 w  000000 
om 0 6 m O  
0 1650 0 17100 
01600 011600 
O O M O  000000 
0 1450 0 6WW 
01900 016oOo 
o o m  06ooOO 
0 1740 0 18100 
0 1670 0 13900 
0 1500 060000 
01300 OZOOOO 
O l s m  o#w#o 
01920 obooo 
00846 O w o O O  
00761 0 14283 
0 1670 OdOOOO 
0 rno 000000 
02130 000000 
02280 o z w o o  
01230 o m  
01250 OdOOOO 
0 -  OOOObO 
om OdOoQQ 
02240 000000 
om 0mH) 
03280 OdQoOo 
02010 0 -  
02130 060000 
02100 ooomo 
020#)  060000 
02210 000000 
0 2 3 w  020000 

VAC 

A 
V 
A 

V 

V 

A 
A 
A 
A 

A 

A 
V 
A 

V 
V 
V 
A 

A 

V 
A 
A 
V 

V 

V 
A 

A 

A 

RFA 
RFA 
RFA 
RIA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
RFA 
R FA 
RFA 
RFA 
VFA 
R FA 

1 



54 82oo689 
55 B r n W  
56 6102289 
57 8200889 
58 82001169 
59 8200689 
60 8200689 
61 8405789 
62 6200889 
63 8400189 
64 Bzoo6bo 
65 8200589 
66 8200789 
67 8400389 
W 8405789 
69 8102389 
70 8102389 
71 8200789 
72 8400369 
73 8102289 
74 8102389 
15 B202589 
76 8405689 
77 84003m 
78 8202489 
79 6202489 
80 8202589 
81 6102389 
a2 8200789 
83 8405609 
86 040561)9 

86 6102289 

a0 0405609 

90 8405689 
91 6102269 
92 8202489 
93 0405609 
94 8202489 
75 8400389 
'6 8405609 
7 B4OOu10 
0 8202409 
9 8405586 
0 6102389 
1 8302889 
2 8202589 

13 0401989 
I4 8401989 
15 6302709 
I6 0405489 
17 8202509 
18 8202489 
)9 8302789 
IO 0401989 
I1 6202589 
I2 8302789 
13 0401989 

a5 ~202489 

a7 ~ 0 ~ 6 0 9  

a9 ~ 1 0 2 2 1 ~  

~~0249711 
OYOMMIT 
oyo1331 IT 
Gw32731T 
oyoo248IT 
WOO46511 
wo176oIT 
Gyo1338IT 
W0235111 
GuO30341T 
W020801 T 

Gyo2554IT 
GU01160IT 
GUO178411 
W02947IT 
-3224 IT 
am326911 
W01057IT 
-294411 
eU00106IT 
am254411 
ouOu18IT 
Guo2444IT 
GW3773IT 
GUOOdlOIT 
W029671 T 
Guoos7111 
GY00166IT 
ouozif711 
CY0132911 
GYOlO72IT 
Guo1055IT 
GUO3764IT 
GW30361T 
-61 IT 
GyoOo361T 
Ga32181T 
GW2535 IT 
W00793IT 
GW2119IT 
GuO3479IT 
GuOlrnIT 
GYOOObZIT 
GU03272IT 
55 86 08 01 89 
GY0379811 
GUOUOOIT 
GUO1014IT 
GYaU#4IT 
-3911 
~~037591 T 
GU029%1T 
GYOZOOPIT 

GYOOVOIT 

02/20/92 
06/26/92 
05/23/91 
06/17/92 
06/16/90 
10/08/90 
09/17/91 
05/28/91 
02/03/92 
06/05/92 
05/29/92 
10/22/90 
03/03/92 
09/18/91 
09/17/91 
05/26/92 
06/1 1/92 
08/18/92 
04/03/91 
05/26/92 
07/27/90 
03/26/92 
08/18/92 
02/07/92 
10/19/92 
ll/lU#, 
05/29/92 
lO/24/90 
10/os/00 
02/13/92 
05/29/91 
04/08/91 
03/26/91 
11/09/92 
06/29/92 
10/24/90 
07/19/90 
07/28/92 
02/27/92 
12/11/90 
12/11/91 
09/23/92 
W/17/9l 
ro/os/90 
07/27/92 
06/01/69 
10/16/92 
06/13/92 
03/28/91 
06/24/92 
06/06/92 
10122192 
06/26/92 
12/09/91 

0 259 Pcm 
0 28s PCI/L 
0287 PCtn 
0290 P C I h  
0 292 PCI/L 
0 295 P C I A  
0 306 PcI/L 
0 307 PcI/L 
0 311 PCI/L 
0 320 PCI/L 
0 330 PCI/L 
0 338 PCI/L 
0 341 Pcm 
0 343 PCI/L 
0 350 PCIIL 
0 350 PCI/L 
0 350 PCI/L 
0 350 PCI/L 
0 374 PcI/L 
0 380 PCI/L 
0 417 PCVL 
0 417 PcI/L 
0 420 PcI/L 
0 431 PCI/L 
0 440 PcI/L 
0 446 PcI/L 
0 46s PCI/L 
0 481 PCI/L 
0 4% PCI/L 
0 499 PCI/L 
0 527 PcI/L 
0 537 PcI/L 
0 539 PcI/L 
0 541 PCI/L 
0 558 PCI/L 
0 580 PcI/L 
0 639 PCI/L 
0 695 PcI/L 
0 '136 PCI/L 
0 741 PCI/L 
0 763 PcI/L 
0 775 PcI/L 
0 7w PcI/L 
0 #w) PcI/L 

o m 0  PcI/L 
0 690 PcI/L 
0940 PcI/L 
1 am PcI/L 
1095 PcI/L 
1 100 PCI/L 
1106 Pc1n 
1 114 P c V L  
1 162 PcI/L 
1 190 Pcm 
1 too PCI/L 
1 221 PcI/L 
1 zu PcI/L 
1 233 PcIIL 
1 257 PCI/L 

odzo peen 

J 
J 
J 
J 
J 
J 
J 
J 
J 
6J 
BJ 
J 
J 
J 
J 
BJ 
U 
U 
J 
BJ 
J 
J 
J 
J 

J 
BJ 
J 
J 
J 
J 
J 

J 
J 

6 

8 

0 2420 0 11100 
02100 0 -  
om O o M O o  
01600 OZOOOO 
0 1320 060000 
02200 013200 
O Z L M )  060000 
02440 060000 
O M b O  019900 
03oOo 02lOoo 
02mo 0 -  
02490 000000 
0 2550 0 13100 
02590 060000 
02790 0 -  
o u o o  Ooa800  
0 3500 0 boo00 
om 040000 
02690 000000 
03400 o m  
02820 060000 
otooo Oo9900 
os400 040000 
03030 014600 
0 4112 0 23291 
0 1370 060000 
0 -  016oOo 
03290 000000 
0 3160 0 13700 
03330 015300 
03410 odoooo 
03290 0 1 m  
03470 000000 
03490 OdOOOO 
03710 022aOo 
o i i o o  000000 
01960 060000 
03m 003550 
om Oloioo 
03750 OdOOOO 
04420 060000 
05328 028393 
ow 060000 
041m 0106oo 
o i i o o  01tm 
06100 000000 
06516 O S 2 0 2  
o u o o  O#w100 
0 -  o m 0  
0 -  016200 
o w 0  OtOOOO 
0 -  0 -  
o m  0102oo 
05470 04owO 
0 5 m  060000 
04900 0 -  
O M U )  O w m  
oszw O l a m  
06440 06ooOo 
05320 0106oo 

A 
V 
V 

V 

A 
V 
V 
V 
A 

A 

A 
A 
V 
V 

A 

A 
V 
V 
V 
A 

V 
A 

V 
V 
V 

A 
A 

V 
A 

A 
A 
A 

A 

V 
V 
A 

A 

RFA 
RFA 
VFA 
R FA 
RFA 
R FA 
RFA 
RFA 
RFA 
R FA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
VFA 
RFA 
RFA 
VFA 
VFA 
VFA 
RFA 
RFA 
VFA 

VFA vFA 4 
VFA 
RFA 
RFA 
RFA ] 
VFA 
VFA 
RFA 
RFA 
VFA 
RFA 
VFA 
VFA 
RFA 
VFA 
RFA 
RFA 
RFA 
VFA 
RFA 
VFA 
V?A 
VFA 
CDL 
ml 
VFA 
ucs 
VFA 
VFA 
VFA 
eoL 
VfA 
VFA 
COL 



114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
1 28 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
I59 
I60 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 

8201sbo 
E4405469 
6401m9 
6203469 
6302789 
8601989 
82024a9 
04034a9 
8201589 
8201 589 
6405489 
6405469 
8405489 
6402609 
8601989 
8202469 
8202569 
a02889 
B202589 
8202589 
8302689 
8202589 
6402689 
8302789 
8203189 
8203189 
8201 589 
B302689 

820551 
E305389 
8203289 
8602689 
8203189 
8302689 
8305309 
820311 
8203289 
8302689 
6402689 
6302689 
8302989 
8302989 
8203489 
8203289 
8305389 
8203489 
8203289 
8203189 
8305389 
8203289 
6302989 
8203289 
8302789 
8305389 
8302989 
8305389 
8203409 
8302989 

10/20/92 
08/19/92 
10/21/92 
04/05/91 
11/19/90 
07/24/90 
06/03/92 
08/28/91 
10/24/9O 
02/28/92 
12/07/90 
05/22/91 
02/10/92 
11/07/90 
w/06/91 
09/12/90 
11/01m 
11/06/92 
08/13/92 
08/20/90 
06/04/92 
w/10/91 
02/13/92 
03/16/92 
10/23/90 
09/18/91 
06/05/92 
05/22/91 
08/27/91 
l0/21/92 
10/20/92 
12/05/90 
04/W/9l 
05/26/92 
08/22/90 
03/22/91 
08/18/92 
11/04/92 
w03/90 
ou22m 
07/19/90 
08/30/91 
08/13/92 
12/as/90 
10/16/90 
08/11/92 
09/19/91 
W/13/91 
11/04/92 
04/05/91 
06/10/92 
W/l7/91 
03/22/91 
10/16/90 
06/29/91 
05/22/91 
06/04/92 
03/16/92 
oB/2b/oo 
02/21/92 

1286 
1300 
1305 
1324 
1346 
1346 
1400 
146S 
1 490 
1 624 
1626 
1632 
1665 
1- 
16% 
1 7 %  
1869 
1900 
2000 
2 013 
2 100 
2 133 
2 190 
2 193 
2268 
2 319 
2 3% 
2364 
237? 
2 s 2  
2 4s3 
2 47l 
2 493 
2 so0 
2 710 
2 745 
2800 
2000 
3 122 
3 1% 
3235 
3353 
3400 
3512 
3 474 
3500 
3580 
3699 
3 7 w  
3 T16 
5 -  
5 813 
3653 
3 a87 
3 W l  
3 957 
b lo0 
4 131 
4 3 6 6  
b 4% 

PCI/L 
PcI/L 
PcIlL 
P W L  
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
WI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
RI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/l 
PcI/L 
PCI/L 
PCl/L 
PCVL 

PCI/L 
PCI/L 
PCVL 
PCI/L 
PCI/L 
PCI/L 
PcIA 
PCllL 
PcI/L 
PCI/L 
PCI/L 
PCIf i  
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCVL 
PCI/L 
PCI/L 
PCI/L 
PcI/L 

Pcin 

0 5220 
0 5200 
05620 
0 6700 
O S 4 0 0  
0 5300 

8 0 5700 
06260 
0 3670 
0 6140 
0 6010 
0 5mo 
05660 
0 5w 
0 6500 
0 62m 
06380 
0 5588 
0 4200 
0 3540 

B 0 -  
06080 
0 6720 
0 6810 
0 6810 
0 7500 
O W  
O W  
O m  
0 -  
0 ti00 
0 7590 
O m  

B 0 PI00 
0 blo0 
0 7- 
07UW 
0 &77 
0 -  
09530 

X 04620 
0 -  
0 -  
08640 
Opozo 
O n 0 0  
0 9210 
1 om 
07509 
lzpoo 

B 0 n w  
0 -  
09500 
loa00 
1 lzoo 
loo00 

B 1 -  
09WO 
10600 
11700 

0 -  
030000 
060000 
000000 
060000 
060000 
0 07400 
06aoOo 
000000 
0 lo600 
060000 
0 17100 
006700 
060000 
060000 
060000 
0 -  
0 16229 
0 -  
06o0(10 
0 lmoo 
060000 
OaQooo 
000000 
000000 
060000 
0 1m 
OO9500 
060000 
060000 
060000 
0 -  
0 1- 
0 12oOo 
060000 
000000 
O M O W  
0 lzrn 
060000 
000000 
0 -  
060000 
0 -  
060000 
060000 
O u l o o o  
0600#) 
060000 
0 1- 
0 -  
0 otooo 
0 -  
0 1 m O  
060000 
060000 
0 loo00 
036oOo 
0 w(10 
O M O W  
0 11900 

V 

A 

A 
A 

A 
A 
A 

V 

A 
A 
V 

V 
V 

A 
V 

A 

V 
A 
V 

V 

A 
V 

A 
A 

A 

A 
V 
A 

#K 
rt 
cal 
YEt 
VFA 
cw 
VfA 
YCIS 
ml 
COL 
vct 
yct 

YCS 
VFA 
eaL 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
rn 
vct 
COL 
VFA 
VFA 
VFA 
COL 
utt 
WS 
VFA 
YCS 
VFA 
yct 
yct 
yct 
VfA 
VtA 
VFA 
VFA 
VFA 
yco 
yw 
uct 
YCI 
yw 
YCI 
yco 
yct 
VFA 
ucs 
VFA 
uct 
VFA 
yct 
UCS 
VFA 



174 E3029b3 
175 SzQudo 
176 DZOSW 
IT7 BM29Bp 

179 E304789 
180 8201189 

la2 B201289 
183 8201289 
la4 8304789 

186 m4aW 
187 E304769 
180 8201189 
189 8201289 
190 8201189 
191 8201289 
192 8201189 
193 8201189 
1% 8201289 
1% B304889 
1% E201189 

in 8 3 0 ~  

ia i  8304789 

la5 8 2 0 1 1 ~  

97 aObaa9 
9aaObaa9 
99 8304889 
00 E302089 
01 8102389 
02 8205589 
03 8205589 
04 6305389 
05 8205589 
06 8205589 
07 E205589 

08 8400189 
09 8102289 
10 82OORM 
11 8302789 
12 8405689 
13 8400289 
14 8405789 
15 8400189 
16 8302789 
I? 8401989 
18 8405586 
19 82006119 
'0 82006119 
21 82006119 
22 m29m 
23 8400489 
24 8400189 
25 8405586 
26 8305389 
27 8203189 
28 8400489 
29 8405489 
30 8405689 
31 0200589 
32 0102289 

eYa3752tT 
wo2498I T 
oyotl09IT 
OY01672IT 
GY00126IT 
Guooo96I 1 
aV010;13IT 

OU024861T 

anom11 
w0297211 
GWlIZSIT 
OY0173lIf 
OU017471T 
GUOlO7l I t  
Gyoo4971 T 
G 1lW 0614 02 1124 
GU0210311 
-77411 
GUOa375IT 
WOO77411 
aro2522IT 
Guo1321 IT  

woomrt 

woinaIi 

amocir i  
Gyouo3rT 
amoo4aI 1 
OU01759IT 
GUO29741T 
OY025PIT 
fa103761 I T  
GYOl74611 
-1 0761 1 
OU001061T 

GY03aUIT 
wo1331 IT 
woo494IT 
GvO3759IT 
Guo3036IT 
GUO1334IT 
cuO3765 IT 
GUO104511 
Gm3466IT 
CUaM661T 
GW2993IT 
CY01063IT 
-49711 
GUO13391T 
-24921 1 
GU024431T 
GY017sOXT 
G W l m I T  
GUO1739IT 
G w l 7 a l I T  
Gyoo461 IT  
G Y O O r n l T  
GUO1329IT 
GU01067IT 
GW2482IT 

11/06/92 
02/21/92 
12/10/91 
08/29/91 
06/06/90 
08/02/90 
04/05/91 
03/19/91 
02/25/92 
W/ll/9l 
12/04/90 
06/05/92 
08/27/91 
06/29/91 
08/30/91 
05/29/91 
10/19/90 
06/15/90 
12/11/91 
ro/zo/92 
W/lz/oO 
12/04/90 
02/27/92 
05/21/91 
06/05/92 
08/19/92 
07/25/90 
09/12/91 
06/05/92 
02/27/92 
10/23/92 
W/10/9l 
04/MPl 
lO/l9/00 

06/02/92 
05/23/91 
lO/ll/90 
1 o/uIpz 
06/29/92 
05/23/91 
ll/lO/92 
03/28/9l 
09/17/92 
06/24/92 
06/11/92 
04/05/91 
02/20/92 
05/28/91 
02/21/92 
02/10/92 
09/17/91 
09/13/91 
09/19Pl 
09/18/91 
10/05/90 
12/07/90 
05/29/91 
04/04/91 
02/28/92 

4 600 PcI/L 
4 692 PcI/L 
5 236 PcI/L 
5 326 Pcl/L 
5 a29 PcI/L 
7 w1 PcVL 
8 992 PCI/L 
9 153 PCI/L 
9 166 PCI/L 

10 320 PCI/L 
10 520 PCI/L 
11 ow PcI/L 
12 110 PCI/L 
12 340 PcI/L 
13 580 PCVL 
13 600 P W L  
13 610 PCVL 
13 M PCI/L 
14 290 PcIA 
14 460 PC1/L 
14 6W PcI/L 
14 890 PcVL 
15 220 PCI/L 
15 590 PCVL 
16 000 PcI/L 
16 000 PCI/L 
19 OW Pcl/L 
20 260 PcI/L 

127 900 PcI/L 
128 WK) PCVL 
133 800 PCI/L 
150 100 K I A  
1% 4m PcI/L 
199 500 P c r i L  

0 037 Pcl/L 
0 0% PcI/L 
0 027 PcI/L 
0 024 PcVL 
0 022 PcI/L 
0 021 PCVL 
0 020 P c m  
0 019 P W L  
0 018 Pc1/L 

0 018 PCVL 
0 017 PCVL 
0 017 PCI/L 
0 015 PcI/L 
0 014 PcI/L 
0 012 PcI/L 
0 011 PcI/L 
0 011 PcI/L 
0 011 PcI/L 
0 010 PCI/L 
0 010 RI/L 
0 010 PcI/L 
0 010 PCt/L 
0 009 PcI/L 
0 009 PCI/L 

o oia PCIA 

8 

X 

U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

08294 o o o u z  
11100 O l w o o  
13rm 06opOo 
124w 060000 
15900 060000 
1 5 m  060000 
17500 0 1 m  
1owK) 000000 
lbooo 000000 
zzooo OdOOOO 
19500 060000 
18900 008400 
2 m  060000 
25000 060000 
3oooo odoodo 
2 5 m  0 21100 
3 5100 0 26u)o 
29100 060000 
24600 o m  
2-  060000 
26400 060000 
25100 0 -  
27500 012200 
2 6 m  02MOo 
45000 052oOo 
2 iooo  060000 
20300 0 -  
42100 060000 

16iooO O o o u l o  
1 7 W  019600 
19iooO 060000 
2 1 m  060000 
20 loo0 0 16100 
2alOOo 016900 

O O I O O  OtOOOO 
0 0109 0 17500 
omar 060000 
00245 060000 
0 01m 0 16100 
0 -  015500 
0(#05 060000 
00268 015900 
O O m  060000 
00255 013200 
0 0182 0 17500 
00349 O l a m  
ootn O l f aQO  
0 0152 0 60000 
0 0160 0 11900 
OM37 0 latoo 
o m 5  o a o o o  
00120 060000 
00126 060000 
0 0 2 w  0 -  
00197 0101oo 
001% 060000 
0 1070 060000 
0 0 1 1  oomoo 
0 0111 0 09150 

A 

V 

V 
A 
A 

V 

A 
V 

A 
V 

V 
A 

A 
V 

V 
V 

V 
V 

A 

A 
V 
V 
A 

A 
A 

V 

A 
A 

WA 
YCI 
YCI 
VFA 
VIA 
YCS 
COL 
YCS 
COL 
COL 
YM 
COL 
ycs 
ws 
COL 
cw 
CQL 
COL 
COL 
COL 
COL 
ws 
COL 
ycs 
YCS 
YCS 
ffl 
VFA 
ffl 
cor 
ycs 
ffl 
#K 
COL 

RFA 
VFA 
RFA 
VFA 
RFA 
RFA 
RFA 
RFA 
VFA 
ffl 
RFA 
RFA 
RFA 
RFA 
VFA 
RFA 
Ut A 
RFA 
ucs 
uct 
R?A 
YES 
RFA 
RFA 
VFA 



a3 W l a 9  
234 Uoom 
235wO269 
236 llzoosw 
237 8200789 
zu) 8202489 
239 8405689 
240 8405586 
241 8202489 
242 8405789 
243 8200589 
244 8400289 
245 8102289 
246 8400389 
247 8102389 
248 8lOaSv 
249 8102389 
250 0102389 
251 8102389 
252 8200589 
253 8200689 
254 8200689 
255 8200789 
256 0201589 
257 8202489 
258 8202589 
259 8203289 
260 8203289 
261 8304789 
262 8305389 
263 84Wla9 
264 8400189 
265 8400289 
266 8400389 
267 8402689 
268 8405489 
269 8405489 
270 8405586 
271 8405689 
272 8405789 
273 8405789 
274 8405789 
275 8200609 
276 8405586 
277 u2005a9 
218 ~102209 
219 8400109 
280 8302789 
281 8405689 
202 8200889 
203 8200389 
284 0102289 
205 8200889 
206 8400289 
287 8202589 
288 8102289 
209 8400189 
290 8202589 
291 8202589 
292 8200889 

W024561T 
GwlTIJIT 
Gw10471T 
OYOOSlDlT 
Gw29El lT  
GWO376IT 
G w l r n l f  
GUO2452IT 
GUO29lDIT 
GUO24421T 
Gw2322IT 
Gw179OIT 
GUO10551T 
w 2 4 4 4 l T  
GY001061T 
ciC100571 IT 
OYOlO7olT 
wo24aslT 
Gwa47r T 
G y o l T l c I T  
GUO2042IT 
GU03274IT 
-26911 
GNOO49517 
GUOlOnIT 
Gwzs14IT 
GUOOSUIIT 
Gw1782IT 
QlOOOOZIT 
an340511 
GUOORZIT 
Gwl341Il 
GU0039711 
GUOO4621T 
eyO17161T 
GUO245 1 I T  
Guo29%1 T 
eyOlo48lT 
GW3764IT 
oyoo?aI T 
G U O l U s I T  
GUO341911 
GUOO245IT 
wO13161T 
w[13rnIl 
eyOl rn1T  
Gy030521T 
GYO173211 
GU00036lT 
GUO3027I T 
GUO3471 IT 
GUO29441T 
GUO32TJ I T 
Guoo762 IT  
GUO175311 
GUOO561 IT 
GUOX5971T 
GUOU25 IT 
GUO0595IT 
GUO02481 T 

W13/92 
09/13/91 
03/28/91 
10/22/90 
06/02/92 
09/12/90 
09/17/91 
03/13/92 
06/03/92 
ou10/92 
0112w92 
09/19/91 
0 3 M  
02/07/92 

10/24m 
04/04/91 
02/13/92 
05/26/92 
09/19/91 
11/18/91 
08/10/92 
08/18/92 
10/24/90 
04/OW91 
03/26/92 
10/16/90 
09/11/91 
03/19/91 
OE/l8/92 
11/15/90 
06/17/91 
09/14/90 
roAn/90 
08/27/91 
02/10/92 
06/26/92 
03/a/91 
11/09/92 
11/16/90 
05/W91 
09/22/92 
08/23/00 
05/17/91 
06/26/92 
09/11/91 
06/05/92 
08/29/91 
07/19/90 
06/04/92 
09/23/92 
05/26/92 
08/17/92 
11/29/90 
09/10/91 
10/24/90 
08/20/92 
08/13/92 
11/01/90 
08/16/90 

07i2rm 

0 ow Pcl/L 
0 009 PcI/L 
0 089 PCX/L 
0009 #I l l  
0 DIW PcI/L 
0 008 PCI/L 
0 007 PcI/L 
0 007 Pcm 
0 007 PcI/L 
0 006 Pcl/L 
0 006 PcI/L 
0 005 PcVL 
0 oa, Pc1/L 
0 001 PcI/L 
0 OOO PCl/L 
0 OOO PcI/L 
0 ooo PCI/L 
0 OOO PCIIL 
0 ooo PCI/L 
0 OOO PCI/L 
0 OOO PcI/L 
0 ooo Pcl/L 
0 ooo PCI/L 
0 OOO Pcl/L 
0 ooo PcI/L 
0 ooo PcI/L 
0 ooo PcI/L 
0 OOO PcI/L 
O O O O  Pcm 
0 OOO PcI/L 
0 ooo Pcm 
0 ooo PCX/L 
oooo PCIA 
0 ooo PcI/L 
0 ooo Pcm 
0 ooo PCI/L 
0 ooo Pcm 
0 OOO PCI/L 
0 OOO PcI/L 
0 ooo PcI/L 
0 OOO PCI/L 
0 ooo Pcl/L 
0 ws PCI/L 
0 007 PCVL 
0 DIW P c V L  
0 012 PcI/L 
0 012 Pcm 
0 012 Pcf/L 
0 013 PcVL 
0 014 PCI/L 
0 018 PcI/L 
0 ooo Pcl/L 
0 020 PcVL 
0 020 PcllL 
0 021 Pcl/L 
0 022 PCI/L 
0 023 PcI/L 
0 024 Pcm 
0 024 PCI/L 
0 024 PCVL 

J 
J 
J 
J 
J 
J 
J 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
U 
J 
J 
U 
U 
J 
J 
J 
J 
J 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
U 
J 
J 
J 
J 
U 
U 
J 
J 
J 
U 
U 
J 
J 

0 0128 0 11m 
00177 ocwraoo 
0 0 1 n  OOOZOO 
0 0174 0 09#K) 
0 0119 0 bOOOO 
0 0111 0 60000 
00105 04ooOO 
0 0107 0 O9300 
0 0010 0 07400 
00120 000000 
00075 ooJo50 
002015 06ooOO 
0 0188 004900 
o m  000000 
01390 060000 
01620 000000 
01310 000000 
01420 000000 
02800 OQWOO 
01660 06o0(10 
0 1/50 0 dOOOO 
0 0510 0 -  
0 1100 040000 
01440 OOOOdO 
0 1390 000000 
0 1420 000000 
o r n o  0 -  
01330 060000 
01950 000000 
02100 o s m o  
01440 060000 
0 1350 0 -  
0 1670 000000 
0 1520 000000 
02170 060000 
01250 000000 
01460 000000 
01350 OOOOQO 
01620 060000 
00274 0 6 o m  
01360 060000 
00740 060000 
00212 0 -  
00196 000000 
ow 0 1 2 m  
O l R O  0 -  
01200 02looo 
0 1410 0 
00261 06ooOo 
OOlOl)  ObOOOO 
0 0 9 u  060000 
01- O O M O O  
00760 O l o o o o  
O l o o o  060000 
0 1210 0 dOOOO 
0 1no 0 o w 0  
0 0910 ozsooo 
om0 0 -  
0 1350 0 60000 
00597 ObOOOO 

A 

V 
V 

A 

A 
A 

A 
A 
V 
V 
A 
A 
A 

A 

A 
V 
V 
A 

A 

V 

V 
V 

A 
A 
V 

A 
V 

V 

V 

A 

V 

RFA 
RfA 
UFA 
RFA 
RFA 
VFA 
RFA 
RFA 
VFA 
RFA 
RFA 
RFA 
VFA 
I FA 
VCA 
VFA 
VFA 
VFA 
VFA 
RFA 
RFA 
RFA 
RFA 
COL 
VFA 
VFA 
YCt 
Ks 
UCS 
UCI 
RFA 
RFA 
R FA 
R FA 
VFA 
UCS 
UCS 
RFA 
RFA 
RFA 
R FA 
RFA 
RFA 
RFA 
R FA 
VFA 
R f  A 
VFA 
RFA 
RFA 
RFA 
VFA 
RFA 
RFA 
VFA 
VFA 
RFA 
VFA 
VFA 
RFA 

i 



w 8200689 
9b 8201569 
95 PO2169 
% BM5389 
w 8205589 
98 8400489 
99 6200789 
00 8200789 
01 110oo3bo 
02 8200789 
03 8405789 
04 8202169 
05 0302789 
06 6302889 
07 8405689 
01) 8200789 
09 0302989 
10 B102m9 
I 1  8203289 
12 8200889 
13 8201589 
I4 8402689 
15 8401989 
16 11001989 
17 Bb05489 
18 8203489 
19 8202489 
'0 8302789 
1 8202489 
2 8405489 
3 a02889 
4 8400289 
5 8202589 
6 8203169 
7 8203189 
8 8401989 
9 8102289 
0 82ooaa9 
1 uo5m 
2 8203289 
3 8405586 
4 8102389 

8200889 
0302989 
8203489 

I 6400389 
6401989 

1 8305389 
I 8305389 
2 8202589 
3 8203189 
G 6400489 
5 8402689 
6 8401989 
7 8302889 
8 8200689 
9 8201589 
0 6405689 
1 8405586 
2 8202589 

WOO46511 
WOJTlSIT 
eYOOblOlT 
GYaU)SrSIT 
WO37761l 
GUO3482IT 
Gyoo466IT 
GU02554 I T 
GY010571T 
GYO0271 IT 
G Y O l r n I f  
G 2089 0614 02 0901 
GUoZ!58711 
GUozf031T 
oyoo793IT 
GY0105911 
GY0101911 
OUOlUOIT 
Gyo24Wlf 
GY010181T 
Gw29nIT 
-IT 
Guoo0281 1 
CY005441T 
GUO1322IT 
GSIOa307IT 
~ 2 1 1 9 1 1  
GYOUKZIf 
OUO2535If 
am34611 
Gw3400If 
Guo346aIT 
GYOlOl&IT 
G y o l M I T  
GYQOZ7211 
eyO37481 1 
WO3218IT 
GYO23511f 
GY00161IT 
mol 11 IT 
GU003571T 
GU032241f 
GU01766IT 
GU001261T 
GU01061IT 
Guol769IT 
GUO25MIT 
GU02595IT 
eYOO7761T 
Guoo230 I 1 
GUOO56011 
GUOl77aIT 
GUO247S IT 
GUO3339 I T 
GUOlO22IT 
GYOz9wIT 
GYO25UI T 
GUO2457IT 
-343 If  
GUol36811 

10/08/90 
10/20/92 
11/12/90 
06/10/92 
10/20/92 
09/15/92 
10/08/90 
03/03/92 
06/03/91 
08/20/90 
09/17/91 
06/14/90 
03/16/92 
02/22/92 
12/11/90 
04/04/91 
03/22/91 
05/22/91 
02/21/92 
03/22/91 
06/05/92 
11/07/90 
07/24/90 
1O/luOo 
0 5 / m  
08/2w90 
12/11/91 
06/09/92 
02/27/92 
08/19/92 
08/13/92 
09/08/92 
03/28/91 
04/05/91 
08/woa 
10/21/92 
07/28/92 
02/03/92 
08/16/90 
08/03/90 
09/05/90 
08/1 1/92 
09/13/91 
08/06/90 
04/05/91 
09/18/91 
03/13/92 
03/16/92 
12/05/90 
08/20/90 
10/23/90 
09/16/91 
02/13/92 
08/06/92 
03/22/91 
05/29/92 
02/28/92 
02/13/92 
08/16/92 
05/31/91 

0 027 PcI/L 
0 -  PcIA 
0028 m1/L 
0 032 PCI/L 
0 035 PcI/L 
0 037 PCI/L 
0 037 PCI/L 
0 037 PCI/L 
0 037 PcI/L 
0 039 PCI/L 
0 039 PcI/L 
0 040 PCI/L 
0 041 PcI/L 
0 043 PcI/L 
0 044 PcI/L 
0 045 PcI/L 
0 045 PcI/L 
0 046 PcI/L 
0 046 PcI/L 
0 046 PcI/L 
0 047 PcI/L 
0 047 PcI/L 
0 047 PcI/L 
0 047 PcI/L 
0 047 PCXIL 
0 w PcI/L 
0 046 PcI/L 
0 046 PcI/L 
0 050 PcI/L 
0 050 PcI/L 
0 051 PcI/L 
0 052 PcI/L 
0 053 PcI/L 
0 053 PcI/L 
0 054 PcI/L 
0 055 PCI/L 
0 057 PcI/L 
0 057 PcI/L 
0 062 PCI/L 
0 063 Pc1/1 
0 w4 PcI/L 
0 070 PCI/L 
0 on PcI/L 
o on KIA 
o on P~I/L 
0 ow PCX/L 
0 081 PcI/L 
0082 Pcm 
0 obs KI/L 
0 OM PcI/L 
0 OM PcI/L 
0 OM PcI/L 
0 086 PCf/L 
0 087 PcI/L 
0 087 PCI/L 
0 089 PcI/L 
0 092 PCI/L 
0 099 PcI/L 
0 100 PCI/L 
0 100 PcI/L 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
U 
U 
J 
J 
J 
J 
J 
W 
J 
J 
J 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
d 
J 
U 
J 
J 
J 
J 
U 
J 

00926 O l u o o  
0 -  O & m o  
00330 060000 
o m  oozdoo 
o m  060000 
01170 060000 
00951 owmo 
008% 009300 
00956 009800 
00390 060000 
0 1070 060000 
O l O O o  060000 
00899 000000 
0 1160 0 11900 
00884 060000 
0 1140 0 11600 
o m  000000 
om5 000000 
O l o w  000000 
00931 000000 
00932 000000 
00933 060000 
om 060000 
o w 4 1  000000 
00950 000000 
om3 060000 
01220 060000 
ooodo OOIOOO 
om 000000 
0 1 o w  040000 
0 0510 OZOOOO 
009% OdOOOO 
0 1530 0 lo900 
01840 ozdzoo 
00467 OdOOOO 
0 1100 060000 
01100 0 -  
0 1360 0 14100 
00622 06oaOo 
01250 OdOOOO 
01290 000000 
0 1 a  05ooOo 
01160 OdOOOO 
01560 06#100 
01560 000000 
O l z o o  o w  
0 14m 0 14900 
01270 OOOJOO 
01330 060000 
o w 2  06oooo 
0 1210 0 00000 
01220 0 -  
01220 000000 
01200 02aKm 
01240 000000 
O l m o  oo61oo 
01460 Olaboo 
0 l4lD 000000 
O l o o o  040000 
0 1'150 000000 

V 

A 
V 

V 
A 
A 
V 

A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
V 
A 
V 

V 
A 

A 
A 

A 

V 
V 

V 
V 

A 
A 

V 
V 

A 
A 
A 
V 
A 
A 

A 

RFA 
a# 
VFA 
WS 
COL 
R FA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
VFA 
VFA 
RFA 
RFA 
VFA 
VFA 
WS 
RFA 
COL 
VFA 
#K 
coc 
ycs 
yct 

VFA 
VFA 
VFA 
yct 
VFA 
RFA 
VFA 
Ms 
UCt 
ml 
VFA 
RFA 
RFA 
Ms 
RFA 
VFA 
RFA 
VFA 
UCS 
RFA 
COL 
UCS 
YES 
VFA 
UEO 
R FA 
VFA 
COL 
VFA 
RFA 
cw 
RFA 
RFA 
VFA 



353 a2aubo 
354 S401m9 
355 B3028w 
356 0202489 
357 8302989 
358 6402689 
359 8400289 
360 8302a89 
361 8202589 
362 8202589 
363 8203289 
364 8203289 
365 B4ow89 
366 BZOOMO 
367 0304789 
368 6402689 
369 8203169 
370 8302889 
371 iuo2789 
372 6202589 
3TJ 62oME9 
374 8302989 
375 B405489 
376 8504789 
377 6203489 
3M 0302989 
379 83011)89 

381 BMZWO 
382 8405689 
383 B2034W 
384 8202489 
385 8201269 
386 8102389 
387 6203489 
u#) 8305389 
389 B4oouI9 
390 8201289 
391 E304889 
392 8302989 
393 8304n9 
3% 8201289 
395 8405586 
3% 83041189 
397 82011119 
598 8201189 
599 B201189 
400 6201189 
601 6201189 
02 0201269 
03 6201189 

404 0201189 
05 8302069 
06 8304889 
07 B201289 

408 8102389 
09 6205589 
10 8205589 

a l l  8305389 
412 6205589 

a3304639 

04/09/91 
w/06/91 
Oamm 
07/27/92 
08/13/92 
05/28/92 
02/13/92 
11/06/92 
12/w/91 
05/29/92 
08/11/92 
11/04/92 
04/03/91 
11/05/92 
08/29/91 
07/19/90 
11/04/92 
06/04/92 
11/19/90 
10/21/92 
W/l7/9l 
08/29/91 
08/28/91 
ow02/90 
09/13/91 
06/01/92 
06/05/92 
08/27/91 
11/06/92 
08/18/92 
10/16/90 
10/19/92 
w/11/91 
10/16/92 
12/10/91 
05/m 
09/23/92 
02/25/92 
12/04/90 
12/w/90 
12/04/90 
09/12m 
08/01/w 
05/21/91 
12/11/91 
10/20/92 
04/05m 
02/27/92 
10/19/90 

G 1189 0614 
ouo2972IT 
GUO17471T 
OV000481T 
Guo34031l 
Guo1071 IT  
WO17591T 
Guo1746IT 
Guo25231T 
ouO3761 IT 
GUO29741T 

02 1124 06/15/90 
06/05/92 
OW30/91 
07/25/90 
06/19/92 
05/29/91 
w/12/91 
w/ro/91 
02/27/92 
10/23/92 
04/05/92 

0 101 PcI/L 
0 101 KI/L  
0 105 PCI/L 
0 loa PCI/L 
0 110 PcI/L 
0 110 PCI/L 
0 111 PcI/L 
0 111 PcI/L 
0 117 PCI/L 
0 118 PCX/L 
0 120 PCI/L 
0 124 PCI/L 
0 126 PCI/L 
0 127 PCI/L 
0 133 PcI/L 
0 13a PcI/L 
0 140 PCI/L 
0 150 PCI/L 
0 157 PCI/L 
0 158 PCI/L 
0 159 PCI/L 
0 161 P W L  
0 167 PCI/L 
0 171 PCVL 
0 178 PCI/L 
0 180 PcI/L 
0 180 PcWL 
0 1% PcI/L 
0 200 PCI/L 
0 200 PCI/L 
0 202 PcI/L 
0 206 P C I A  
0 212 PCI/L 
0 220 PcI/L 
0 224 PcI/L 
0 239 P c V L  
0 255 PCI/L 
0 284 PCI/L 
0 285 PCVL 
0 291 PcI/L 
0 332 PCI/L 
0 566 PcI/L 
0 360 PCI/L 
0 405 PcI/L 
0 417 PcI/L 
0 453 PcI/L 
0 4% PcI/L 
0 504 PCI/L 
0 505 PCm 
0 510 PcI/L 
0 524 WI/L 
0 526 PcI/L 
0 657 PCI/L 
0 710 PCI/L 
0 815 PCI/L 
0 854 PcI/L 
2 841 PcI/L 
3 124 PCI/L 
3 200 PcI/L 
3 338 PcI/L 

J 
J 
J 
J 
U 
J 
J 
U 
J 
U 
U 
U 
J 
U 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
U 
U 
J 

U 
J 
U 
J 
U 
J 
J 
U 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 

J 
J 
X 

014% OOOOQO 
0 1 S o  06oaOo 
0 1470 O(Loab0 
01600 000000 
00870 o#KKK) 
0 1500 OW00 
01650 000000 
0 1139 0 11119 
0 1670 060000 
01m 012500 
0 1 m  ounnro 
ooooo 012446 
01700 0 1 4 m  
00771 0 127% 
0 1910 0 600W 
00850 060000 
01383 ooou3 
02300 Ol lodo 
01820 060000 
0 1010 0 bOOOO 
02650 060000 
om0 0 6 0 m  
ozooo 060000 
01930 ObOOOO 
02120 oboood 
03300 059oOo 
04100 0 -  
0 -  060000 
0 1681 0 12142 
02100 04Oom 
O a W  060000 
01477 Om77 
02600 060000 
ooooo 022049 
02360 060000 
02160 0 00000 
o m 7  029465 
02610 0 OOOaO 
02180 OdOOOO 
0 2 a O  OdQoOo 
02620 ObOOOO 
024u) 060000 
o m  000000 
02990 0108oO 
05040 owooo  
03594 odoaoo 
03190 o m m  
on90 0 1 m  
05120 000000 
03100 060000 
o m  000000 
04430 06QQOo 
0 1760 0 -  
04zOo 0 4 m O  
0 4510 0 OQOOO 
o w 5 0  060000 
OM40 ocr#nn, 
09190 0 1- 
l a J 0 0  o m  
08740 000000 

A 

A 

V 
A 

V 

A 

V 

V 

A 

A 

V 

V 
A 
V 

V 

A 

A 

V 

YEI 
COL 
VFA 
VFA 
VFA 
VFA 
RFA 
VFA 
VFA 
VFA 
yct 
yc(; 
RFA 
RCA 
yct 
WA 
ms 
VFA 
VFA 
WA 
RFA 
VFA 
YCS 
YCI 
UEt 
VFA 
yct 
UCII 
VFA 
RFA 
YCI 
VFA 
eoL 
VFA 
YCS 
YCI 
RFA 
CIK 
yct 
WA 
UGt 
COL 
RFA 
ucs 
ffl 
COL 
c# 
COL 
COL 
ca. 
COL 
ffl 
aK 
ucs 
COL 
VFA 
CM. 
ml 
yct 
MK 



413 
414 

415 
416 
417 
418 
419 
420 
421 
422 
423 
424 

426 
427 
428 
429 
430 
431 
632 
433 
434 
435 
636 
437 
438 
39 

A0 
A1 
A2 
43 
4 
ri5 
A6 
47 
t48 
49 
50 
51 
52 
53 
54 
55 
26 
>7 
8 

29 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

I 425 

KO5589 
8205569 

8zooSw 
Bcool89 
8105586 
8400289 
8400289 
84002w 
8400289 
8102389 
8200569 
6200789 
8400289 
6400189 
8405189 
B400289 
B4OO489 
8200189 
8200669 
84oM89 
8200M9 
8200m9 
84001 w 
6102364 
B2024w 
8400189 
8400489 
8405586 
SZoobsP 
8200589 
6405Mb 
8200789 
64003w 
6200689 
8405789 
8405586 
8200689 
6405586 
8405586 
6200889 
8200669 
8405586 
8400189 
8400189 
82007113 
8200889 
6400389 
61 02289 
6102389 
B400189 
6400389 
6405789 
8400489 
8405789 
8200789 
8102280 
8405789 
6200589 
8200689 

GUO1076IT 
aY004961T 

04/05/91 
10/19/90 

02/03/92 
02/13/92 
09/13/91 
09/19/91 
02/13/92 
05/23/91 
11/29/90 
04/04/91 
04/04/91 
08/18/92 
09/14/90 
09/11/91 
05/28/91 
03/28/91 
04/03/91 
04/04/91 
11/18/91 
08/18/92 
06/02/92 
09/13/91 
08/20/92 
02/13/92 
12/11/91 
11/15/90 
OUlOn2 
05/17/91 
06/04/92 
09/19/91 
09/05/90 
08/20/90 
09/18/91 
10/08/90 
11/16/90 
08/18/92 
08/23/90 
03/28/91 
03/13/92 
08/17/92 
02/20/92 
06/11/92 
03/28/91 
06/17/91 
03/03/92 
03/22/91 
02/07/92 
05/23/91 
07/27/90 
06/02/92 
04/03/91 
02/10/92 
10/05/90 
08/16/90 
10/08/90 
10/24/90 
09/17/91 
01/28/92 
04/05/91 

0 0 3 0  
0 032 
0 022 
0020 
0 019 
0 011 
0005 
O O O O  
O O O O  
O O O O  
O O O O  
0022 
0024 
0 026 
0029 
b a n  
0 039 
0 042 
0044 
0044 
0 047 
0 047 
0048 
0048 
0 049 
0 050 
0 052 
0 055 
OW 
00611 
0 076 
0080 
0082 
O W 4  
0065 
O O W  
0 0 9 6  
0097 
0 lo7 
0 116 
0 123 
0 128 
0 130 
0 130 
0 133 
0 138 
0 139 
0 110 
0 140 
0 144 
0 148 
0 155 
0 158 
0 1s9 
0 168 
0 173 
0 174 

fW/L 
Pc1 A 

J 0 0291 
J 0 0242 
J 0 0182 
J 0 03% 
J 0 0187 
J 0 0210 
J 00404 
J 0 1370 
J 0 1410 
U O W 9 0  
J 0 1670 
J 0 1190 
J O W 2 7  
J 0 0017 
J 0 1010 
J 0 1160 
J 0 -  
U 0 1700 
J 0 lo60 
J 00863 
U 0 lS00 
J 0 0%7 
J 0 1220 
J 0 0019 
J O o w 5  
J 0 0476 
J 0 1360 
J 0 1110 
J 0 1290 
J 00666 
J 0 1290 
J 0 1280 
J 0 0553 
U 0 0650 
J 00609 
J 0 1260 
J 0 la 
U 00660 
J 0 1520 
J 02270 
J 0 1660 
J 0 1310 
J 0 1SSO 
J 0 l a 0  
J 0 1740 
J 0 1560 

0 1610 J 
J 0 loo0 
J 0 1630 
J 0 2130 
J 0 rno 
J O o o o t  
J 0 lpoo 
J 0 1140 
J 0 2130 
J 0 1830 
J 02480 

OooaQo 
000000 

0 2400 
0zoU)o 
060000 
0 60000 
0 17100 
0 lo400 
060000 
000000 
O o o # K )  
O S 0 0 0 0  
000000 
060000 
0 -  
0 1- 
0 lrLz00 
0 16100 
060000 
030000 
060000 
060000 
0 -  
000000 
Obaooo 
0 -  
000000 
0 -  
060000 
060000 
0 -  
060000 
060000 
009JoO 
060000 
O M O O O  
060000 
000000 
0 06500 
0 loo00 
000000 
0 loo00 
0 15900 
Obaooo 
000000 
0097oo 
0 14600 
0 lzbw 
0600#) 
0 Osm 
000000 
000000 
000000 
060000 
0 1- 
000000 
060000 
008WO 
000000 

A 
V 

A 
A 

A 
V 

A 
A 

V 

V 
A 
A 

A 

V 
A 
A 

V 
V 

V 

V 
A 

A 
V 
A 

V 
V 

A 
V 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
VFA 
RFA 
R FA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
R FA 
RFA 
R FA 
R FA 
R FA 
RFA 
R FA 
RFA 
RFA 
RFA 
RFA 
VFA 
VFA 
RFA 
RFA 
RIA 
RFA 
RFA 
R FA 
VFA 
RFA 
RFA 
RFA 



4R 
4IJ 
474 
415 
476 
477 
478 
479 
480 
481 
482 
483 
4114 
485 
486 
487 
488 
489 
490 
491 
492 
493 
194 
495 
4% 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
5011 
509 
Dl0 
511 
512 
513 
14 
15 
16 
17 
18 
19 
20 
21 
22 

2 2 3  
j24 
25 
26 
27 
28 
29 
30 
31 

8400189 
8102289 
B2oom9 
a05689 
a05689 
8102389 
8200889 
B102289 
8202469 
8200889 
B2oos89 
6102389 
8200689 
8605689 
8203489 
8605689 
8405586 
8400369 
8102289 
84019a9 
8202589 
8405469 
8401969 
6405409 
8401989 
8405469 
8405689 
8401969 
8202489 
8202569 
8405489 
6201589 
8202589 
6405469 
8202589 

E401969 
6203189 
8202589 
B M 2 W  
6202483 
8202489 
6201589 
8405489 
8201589 
8302789 
6202489 
6203189 
6202589 

~302n9 

8402689 
8302889 
8202589 
8302889 

ova3a561 1 
OY01nSIT 
OY01055If 
OUHm11 
GU030U)IT 
ouo29WIT 
woo24811 
cu03034IT 
GUO2944IT 
Guo133911 
Guol78311 
GY00tg31T 
WOO571 IT 
GU01766IT 
Gvo24821T 
C3U0061011 
Guoo4esIT 
OU00570IT 
GY[#wIT 
GUOmoIt 
GU000361T 
GUOl0611T 
GU0@571T 
55 86 08 01 
GY004621T 
Gyo3218IT 
GuoO54c17 
6510254417 
GU02996IT 
GU03066IT 
GYOOrnIT 
GU01 745 I 1 
Gu033461T 
GUOl329IT 
Guooo2UIT 
cyO25351T 
ouo2099rt 
GUO13221T 
Guoo495IT 
GU020671 T 
GUOZ45111 
GU013681T 
GUOOlUIT 
GU02583IT 
GUOlo681T 
GU0101611 
GUO3400IT 
WOO37611 
GU0107217 
GU025341T 
GUO1719IT 
GUO2973IT 
GUO25871 T 
GUO2970IT 

GUOOS95IT 
GU01716If 
CUO1330IT 
GYOOUOIT 
GU03040IT 

Guoini IT 

ob/29/92 
W/17/91 
03/26/91 
09/16/91 
06/26/92 
05/29/92 
08/16/90 
06/05/92 
05/26/92 
05/28/91 
09/17/91 
12/11/90 
lO/Z4/90 
09/13/91 
02/26/92 
11/12/90 
lO/ll/90 
10/22/90 
08/11/92 
W/17/91 
07/19/90 
01/05/91 
02/13/92 

89 08/01 /69 
1 0 m m  
07/28/92 
10/12/90 
03/26/92 
06/26/92 
06/24/92 
12/07/90 
W/w91 
OWl9/92 
05/29/91 
07/24/90 
02/27/92 
12/09/91 
05/22/91 
10/24/90 
05/29/92 
02/10/92 
05/31/01 
11/19/90 
03/13/92 
0 5 m n l  
03/28/91 
06/13/92 
09/12/90 
01/oWw 
02/26/92 
06/m 
06/05/92 
03/16l92 
06/03/92 
W/l8/91 
11/01/90 
08/27/91 
05/22/91 
08/20/90 
06/05/92 

0 1w 
0 201 
0 211 
0 215 
0226 
0230 
0 231 
0 250 
0265 
0 2 6 8  
0 274 
0 291 
0 315 
0 317 
0 318 
0323 
0325 
0329 
0 350 
0 352 
0 352 
0369 
0 3% 
0 500 
0 507 
0 510 
0 517 
0560 
0 570 
0 619 
0 619 
0633 
0660 
0 671 
0 6 9 3  
0 766 
0822 
0863 
0865 
O b 1 0  
0 912 
0920 
0929 
OW 
0993 
1056 
1100 
1 122 
1148 
1226 
1 237 
1 252 
1 2a7 
1300 
1302 
1366 
1 377 
1 412 
1 433 
1 So0 

J 0 2210 
J 03680 
J 0 1630 
J 0 1w 
J 0 a10 
J 0 2100 
J 0 rm 
J 0 2 m  
BJ 0 2900 
J O W 0  
J 02300 
J 0 2370 
J 0 2670 
J 02330 
J 0 1970 
J 0 1240 
J 0 30'10 
J 02500 
U O U O O  
J 0 3520 
J 0 1100 
J 03530 
J 02%0 

0 so00 
J 0 3270 
8 03500 
J 0 3180 
J 03360 
J 03460 

0 3450 
O S W  
03900 
0 -  
03030 
03720 
0 4110 
0 4s20 
0 4290 
04220 
O d s o o  
O W  
O i z l o  
0 4590 
0 4590 
06360 
0 4W 
05300 
0 4900 
04850 
0 -  
0 sm 
O W 0  
0 5070 

8 OUOO 
O W  
05020 
0 6610 
0 5380 
0 2810 

8 0 no0 

0 16100 
060000 
0- 
060000 
0 12100 
0 06700 
060000 
0 21000 
0 OIUK) 
060000 
060000 
060000 
0 1 r m  
060000 
004650 
060000 
060000 
0 1 2 m  
0 -  
060000 
060000 
000000 
0 15300 
000000 
000000 
0 06500 
000000 
009900 
0 luoo 
O o p I o o  
060000 
060000 
05o0(10 
060000 
060000 
0 l a 0  
060000 
0 1- 
000000 
0 160oO 
0 -  
000000 
060000 
0 14900 
0 37100 
O W S O  
0 -  
060000 
0 -  
000000 
060000 
000000 
0 -  
0 07400 
060000 
060000 
060000 
000000 
06oaOo 
001#oo 

V RFA 
VFA 

A WA 
RFA 

V RtA 
V RFA 

RFA 
V RFA 
A VFA 

R FA 
RFA 

A R FA 
V VFA 

RFA 
A VFA 
A VFA 

RFA 
V RFA 

VFA 
RFA 

V RFA 
V yco 
A RFA 

RFA 
V RFA 

VFA 
V #K 
V VFA 
A uw 
A COL 

ucs 
c# 
YCS 
RFA 

A cm 
A VFA 

VFA 
A uct 
A #K 
V VFA 
A UCS 
A VFA 

VFA 
A #K 
A Ueb 
A VFA 

VFA 
VFA 

V VFA 
A eoL 

Ueb 
V COL 
A VFA 

VFA 
bm 
VFA 
VFA 

V VFA 
V VFA 

VFA 



532 8203189 
533 Uozdso 
535 I202589 
535 B302889 
536 8202589 
537 8203489 
536 6402689 
539 8402689 
540 8203189 
541 8203289 
542 8302M9 
543 Bzoudo 
544 B203m 
545 8305389 
546 0302889 
547 a05369 
548 9203289 
549 8203489 
550 8305369 
551 8305389 
552 0402689 
553 B203269 
554 B302m9 
555 8302989 
5% 820x89 
557 8203489 
558 83053w 
559 8502989 
560 8302989 
561 B302989 
562 8302989 
563 8302989 
564 8302989 
565 8203289 
566 8304789 
567 8304789 
568 8201289 
569 8304789 
570 8201269 
571 6201189 
5R 8304889 
5?3 6201169 
574 8201189 
575 8304rn 
576 8201289 
577 8201189 
578 8201189 
579 8304869 
580 8304889 
581 8304889 
582 8201289 
583 8304889 
584 8302089 
585 8201189 
5M 8102389 
587 8205589 
588 8205589 
589 8205589 
590 6205589 
591 8205589 

GYOOZt21T 
-1 1 
am332511 
GWlOZZIT 
GW17531T 
GW05111T 
aY02946IT 
ma2475 I 1 
GUOOMOIT 
GY00111IT 
GUolT32IT 
GUlUtOIT 
~~024981 T 
Glm405IT 
GW25WIT 
GUOlT39IT 
aY01782IT 
GYOlIRIT 
GUO130811 
eyoOT161T 
Guooo3511 
GY005281T 
GWlIJ611 
tyo3Qo1 IT 
GW2lWIT 
oyooM71 T 
OU02595IT 
GY007nIl 
GIm051 If 
GW101911 
GU024921T 
GUO16RIT 
GYOOl2611 
GUO106411 
GW099211 
GUOOOOdIT 
GUO241141T 
GUOO773IT 
Guo175811 
GW2522IT 
GUOlf251T 
GUO17471T 
GUO29RIT 
aY01731 IT 
WOlO7lIT 
Guo2103IT 
GYOOC971T 
GW07741T 
GY034031T 
GUO1321 IT  
GU00375If 
Gyou141 IT  
GY00048IT 
GUO1073IT 
GUO17591T 
GUO29741T 
GUO25231T 
WO17461T 
GU010761T 
Gu00496I 1 

08/zuoo 
11/07/90 
os/ll/92 
03/22/91 
09/10/91 
10/16/90 
05/a/92 
02/13/92 
10/23/90 
06/03/90 
08/29/91 
08/11/92 
OU21/92 
06/18/92 
02/m 
09/19/31 
09/11/91 
09/15/91 
05/22/91 
12/05/90 
07/19/00 
10/16/90 
W/30/91 
08/13/92 
12/10/91 
08/26/90 
a5/16/92 
12/05/00 
06/04/92 
03/22/91 
02/21/92 
08/29/91 
08/06/90 
04/W/9l 
03/19/91 
0 8 / m  
02/25/92 
1u04/90 
09/11/91 
02/27/92 
06/27/91 
08/30/91 
06/05/92 
08mm 
05/29/91 
12/11nl 
10/19/90 
12/04/90 
08/19/92 
05/21/91 
w/rm 
06/05/92 
07/25/90 
W/OsPl 
09/12/91 
06/05/92 
02/27/92 
W/l0/9l 
04/05/91 
10/19/90 

1 524 PcI/L 
1 576 PcI/L 
1 600 PCI/L 
1 612 PCI/L 
1 666 PCI/L 
1 782 PCI/L 
1 800 PCI/L 
1 837 PCI/L 
1 925 PcI/L 
1 939 PCI/L 
1 983 PCI/L 
2 OOO PCI/L 
2 042 PCI/L 
2 100 PcI/L 
2 115 PCI/L 
2 163 PcI/L 
2 289 PcI/L 
2 422 PCI/L 
2 427 PCI/L 
2 496 PcI/L 
2 511 PCI/L 
2 530 PcI/L 
2 577 PCI/L 
2 600 PcI/L 
2 612 PCI/L 
2 654 PCI/L 
2 842 R1/L 
3 104 PCI/L 
3 500 PCI/L 
3 3 s  PCI/L 
3 599 PCI/L 
4 1 5 8  PcI/L 
4 197 PcI/L 
4 774 PCIA 
4 a99 PCI/L 
5 79s PcI/L 
5 924 PCX/L 
6 811 PCI/L 
a 3% PcI/L 
8 41s RI/L 
8 160 PCI/L 
9 051 PcI/L 
9 066 PCI/L 
9 113 P c m  
9 238 PcI/L 
9 310 PC1/L 
9 466 PCI/L 
9 6bo PCI/L 
9 m PcI/L 
9936 PCI/L 
10 ob0 PCI/L 
11 m PCIIL 
13 210 ?CX/L 
13 720 PCI/L 
15 so0 PCI/L 
92 520 PcI/L 
93 am PcI/L 
99 640 PCI/L 
105 600 PcI/L 
135 600 PCI/L 

02800 
0 5 m  

O W  
0 6610 
0 6760 

8 0 no0 
06WO 
06200 
0 7440 
0 7590 
0 5700 
O b o o o  
05600 
0 7490 
06OOO 
06990 
08340 
0 7470 
0 7500 

X 03660 
08320 
0 8010 
05300 
0 8550 
O W  
O m  
08250 

B 1zooO 
0 8710 
1ozoO 
lorn0 
1zOoD 
11600 
13100 
12700 
1 4100 
14400 
1- 
179W 
2- 
22500 
16300 
zosoo 
1 9100 
I11ooo 
2m 
1 no0 
1- 
loz00 
1- 

B 3 4 m  
X 14640 

zfooo 
34300 
12 loo0 
12 oooo 
14 m00 
13 
19 io00 

em 
060000 
060000 
0 lmoo 
000000 
060000 
060000 
0 12Ooo 
0 12700 
000000 
OdOOOO 
060000 
0 3oooO 
0 lo100 
030000 
000000 
060000 
060000 
060000 
0 loOo(1 
060000 
060000 
060000 
O M 0 0 0  
O z a o o O  
0 -  
060000 
009JoO 
Odaooo 
0 21000 
000000 
0 11900 
060000 
060000 
OzuoO 
000000 
060000 
0 12oOo 
060000 
ObOOOO 
0 1 m  
060000 
060000 
O O W O  
060000 
0 12200 
060000 
000000 
060000 
O W W O  
0 153oo 
0 -  
0 -  
0 -  
0 20500 
0 -  
0 13100 
0 11300 
060000 
0095oo 
000000 

A 

A 

V 
V 
A 
V 
V 

A 

A 

A 

V 
A 

V 
A 

A 
A 

V 
A 
A 

A 

A 

V 

A 

V 

V 

V 

V 
A 

A 
V 

YEIi 
VfA 
VfR 
VFA 
VFA 
UCI 
VFA 
VFA 
ucb 
UCS 
VFA 
ucs 
ycs 
YEt 
VFA 
ycs 
UCS 
ycs 
ucs 
YCL 
VFA 
ytt 
VFA 
VFA 
UCS 
ucs 
uco; 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
ycs 
YCS 
UCS 
ai 
ucs 
#K 
#x 
YES 
COL 
COL 
yco 
COL 
#K 
ai 
yco 
bm 
ucs 
COL 
ycs 
COL 
coh 
VFA 
COL 
#K 
COL 
COL 
COL 



hese drtr are m i l a b l e  on diskette in the 1993 k c k # r o v d  kochaicr l  Chrruteritrtion Report (WE 1-1 
8 the 95 percent upper confidence Limit C U n )  

ol lwiu VFA vlll9 f i l l  rllwiun and W -thered claystme bsdrock) 

The ERROR vrrhble 

The GEOLOGY vrriable indicates the geologic unit in A ich  the mitor ing  well i s  screened (RFA = Rocky Flat8 Al lwiu COL 
The RL vrriabla is  the reporting (I e cktection) Limit reported for the nr1yr.r 

amARY STATISTICS FOR W I U M  ISOTOPES IN SAMPLES OF FILTERED BA- B T E R  

Urmiun-233+234 207 0 024 199 5 6 914 25439 57 8 74 9 pci/L 

Urmiun 235 207 0 037 4 8  0 1% 0 635 146 1 9  pci/L 

Urmiun-238 1TI 0038 135 6 4 832 17 673 4 0 2  52 6 pein 



Table 8 2 Orderod Listing of Total Urmiun in lhfiltend krplr of bdcgrwd Qroudwt.r at RFETS 

1 8200589 
2 8405566 
3 8102289 
4 84004119 
5 8405789 
6 8200489 

8 8200589 
9 8400489 

10 8200789 
11 8102289 
12 8400369 
13 8202589 
14 8400189 
15 B4oo3bo 
16 6302889 
17 8405489 
18 8405489 
19 8201589 
20 6302989 
21 8402669 
22 8302889 
23 8305389 
24 0305389 
25 8203289 
26 e203589 
27 8201089 
28 B201189 
a e2011119 
30 e201189 

7 e2oo(169 

31 8304889 
32 8304889 
33 8205589 

e205589 
35 ~ ~ 0 5 5 8 9  

34 8203289 
37 B3oUu10 
38 8405489 
39 8102289 
40 8200589 
41 e2006119 
42 e200789 
43 8400389 
44 84004119 
45 8202589 
46 8465789 
47 8400189 
48 ezoo889 
49 e 4 0 5 5 ~  

51 e405489 

53 e2035119 

50 8302989 

52 8402689 

SAMPLE JDATE AHALYTE 

G 0589 0607 02 1310 
G 5586 0607 02 1331 
G 1889 0514 02 1200 
G04890601)02oOZO 
G 4889 0530 02 1510 
G 0689 0601) 02 1320 
G 0889 0606 02 0945 
GY00270IT 
eYOO247I T 
G 0789 0607 02 OOIO 
Guo0332IT 
G 0389 0611 02 1025 
G 2189 0601 02 1220 
G 0189 0606 02 1115 
GU0027311 
G 2489 0522 02 1025 
G 4589 0521 02 1445 
GU001181T 
G 1389 0604 02 1500 
G 2589 0523 02 1125 
G22890507020905 
eYOO125IT 
G 4489 0521 02 1123 
GY001371T 
G 2889 0612 02 0017 
G 3089 0612 02 1133 
G o0110 0605 02 1510 
GUOO249IT 
G 1089 0605 02 loo0 
GY03275IT 
G 4069 0523 02 1U5 
GY001321T 
GW32801T 
G 4489 0604 02 1205 
GY00250IT 

G 2889 0612 02 0017 
G 2489 0522 02 1025 
G 4589 0521 02 1445 
G 1889 0514 02 1209 
G 0589 0607 02 1310 
G 0689 0601) 02 1320 
G 0789 0607 02 0940 
G 0389 0611 02 1025 
G0489M0802OOZO 
G 2189 0601 02 1220 
G 4889 0530 02 1510 
G 0189 0606 02 1115 
G 0889 0606 02 0915 
G 5586 0607 02 1331 
G 2589 0523 02 1125 
GUOO11811 
G 2289 0507 02 0903 
G 3089 0612 02 1133 

06/07/90 
06/07/90 
05/14/90 
06/08/90 
05/30/90 
06mm 
06/06/90 
08/21/90 
08/15/90 
06/07/90 
08/30/90 
04/11/90 
06/01/90 
06/06/90 
08/21/90 
05/22/90 
05/22/90 
08/15/90 
06/05/90 
05/23/90 
05/08/90 
08/10/90 
05/25/90 
w09m 
06/13/90 
06/13/90 
06/06/90 
08/17/90 
06/05/90 
07/30/92 
05/24/90 
OWW/90 
07/30/92 
06/05/90 
08/17/90 

06/13/90 
05/22/90 
05/22/90 
05/14/90 
06/07/90 
06/Ow90 
06/07/90 
06/11/90 
06/08/00 
06/01/90 
(H/30/90 
06/06/90 
06/06/90 
06/07/90 
05/23/90 
08/15/90 
05/08/90 
06/13/90 

RELULT UUITS 

0 OOO PCI/L 
0 064 PCI/L 
0 loa PCI/L 
0 108 PCI/L 
0 130 PCI/L 
0 181 PCI/L 
0 353 PCI/L 
0 368 PCI/L 
0 455 PCI/L 
0 608 PCI/L 

0 872 PCI/L 
1 100 PCI/L 
1 244 PCI/L 
1 330 PCf/L 
1 uo PcI/L 
1 830 PCI/L 
1 PUI PCI/L 
2 405 PCI/L 
2 470 PCI/L 
2 510 PCI/L 
2 650 KI/L 
4 440 PCI/L 
5 020 PCllL 
5 120 PCI/L 
6 930 PCI/L 

12 4w PcI/L 
13 100 PCI/L 
13 %O PCI/L 
14 OOO PCI/L 
17 170 PCI/L 
I t  500 PCI/L 

120 OOO PCI/L 
129 670 PCVL 
144 OOO PCIIL 

o 6n PWL 

0 020 KI/L 
0 010 PCI/L 
0 010 PC1/L 
0 OOO PCI/L 
0 OW PCl/L 
0 OOO PCI/L 
0 OOO Pcl/L 
0 ooo PcI/L 
0 OOO PCI/L 
0 ob0 PCVL 
0 060 PCI/L 
0 066 PCI/L 
0 071 PCI/L 
0 on PCI/L 
0 ob0 PCI/L 
0 174 PCI/L 
0 la0 PC1/L 
0 190 PcI/L 

QUAL ERROR 

0 lu3 
0 1253 
0 2100 
0 2123 
0 17w 
0 1- 
02368 
02080 
0 2550 
010113 
02440 
05429 
0 -  
0 5613 
0 4100 
0 6100 
0 6100 
O W  
1 1250 
0 7500 
0 8100 
072W 
11100 
099W 
1 loo0 
15300 
2 sn5 
1 -  
zoo00 

8 loo00 
3oooo 
2zooo 

Bx 12 oooo 
13 zoo0 
22oooo 

OozoO 
0 0100 
0 0100 
OzooO 
0 1602 
0 2144 
0 1602 
0 1591 
025% 
OO900 
0 1OOO 
0 12w 
0 1401 
0 1516 
0 1200 
0 I290 
O z o o O  
O m  

RL 

0 320 
0300 
0600 
0 500 
0 6 0 0  
0 420 
0 270 
O O O O  
O O O O  
0 320 
O O O O  
0 310 
0600 
0250 
OOOO 
0600 
0600 
OOOO 
0 590 
0600 
0600 
O O W  
0600 
OOOO 
0600 
0600 
0590 
O O W  
0600 
0 0 %  
0600 
O O O O  
0 110 
0600 
O O W  

0640 
0600 
0600 
0600 
0380 
0 510 
0380 
0380 
0 610 
0600 
0600 
0 310 
0330 
0360 
0 6 0 0  
OOOO 
0400 
0600 

VAL 

A 
A 

A 

A 
A 

A 

A 

A 

A 

A 

A 
A 
A 
A 
A 

A 
A 
A 

RFA 
RFA 
VFA 
RFA 
RFA 
R FA 
R FA 
RFA 
RFA 
RFA 
VFA 
RFA 
VFA 
RFA 
RFA 
VFA 
UCS 
uct 
ffl 
VFA 
VFA 
VFA 
UCS 
UCS 
UCS 
UCS 
COL 
COL 
COL 
COL 
ua 
ucs 
COL 
COL 
COL 

ycs 
VFA 
ua 
VFA 
RFA 
RFA 
RFA 
RFA 
RFA 
VFA 
RFA 
RFA 
RFA 
RFA 
VFA 
UCL 
VFA 
UCS 



54 6102289 
55 8302a89 
56B2005W 
57 e306889 
58 6400389 
59 6201189 
60 6305389 I 61 6201069 
62 6201189 
63 8304889 
64 8201589 
656400489 
66 6201189 
67 6305389 
68 6205589 
69 6205589 
70 6205589 

71 6200589 
R B20061)9 
13 84055116 
74 8200889 
7564Oob89 
76 62OOS89 
TI 84005(19 
78 8400389 
79 6102289 
80 6405689 
81 6400189 
8B400389 
83 6200789 
84 6201589 
65 8302889 
86 8305389 
87 0201089 
I 6201189 
89 0201189 
90 8304889 
91 0205589 
92 6205589 

wow3211 
Gvoo125IT 
OUOOZtOlT 
G 4009 0523 02 1445 
8VO(K73IT 
G 1069 0604 02 lo00 
G 4489 0521 02 1123 
G 0989 0605 02 1510 
Gw3275IT 
GY00132IT 
G 1389 0604 02 1500 
GUQ0247IT 
WOO24911 
GU00137IT 
G 4689 0604 02 1205 
Gya32wfT 
6yo02501T 

G 0589 0607 02 1310 
G 0689 0608 02 1320 
G 5586 0607 02 1531 
G 0809 0606 02 0915 
G 0 4 8 9 ~ 0 2 o o z O  
GYOOZ70IT 
~~0024711 
G 0309 0611 02 1025 
woo33211 
tvoo118IT 
G 0189 0606 02 1115 
am2;nIT 
G0lboodo702ooiO 
G 1389 0604 02 1500 
GU00125IT 
GUW)l37IT 
G 0989 0605 02 1510 
WOO24911 
Gu032151T 
GUO01321T 
GW3280IT 
GUOO250IT 

W30/90 
08/10/90 
08/21/90 
05/24/90 
08/21/00 
06/05/90 
05/25/00 
06/06/90 
07/30/92 
08/W/#r 
06/05/90 
08/15/90 
08/17/00 
08/W/90 
06/05/90 
07/30/92 
08/17/90 

06/07/90 
06/08PO 
06/07/90 
06/06/90 
06/w/90 
os/21/90 
08/15/90 
06/11/90 
08/30/90 
08/15/90 
06/06/90 
06/21/90 
06/07/90 
06/05/00 
w/10/90 
08/W/90 
06/06/90 
08/17/90 
0?/30/92 
OWW/90 
07/30/92 
08/17/90 

0 208 PcI/L 
0 227 PCI/L 
0 255 PcI/L 
0 290 PcX/L 
0 310 PCI/L 
0 370 PCI/L 
0 370 PcI/L 
0 401 PCI/L 
0 uo PcI/L 
0 524 P W L  
0 613 RI/L 
o 641 P c m  
0 668 PcI/L 
0 751 P W L  
3 420 PcI/L 
4 900 PCI/L 
6 290 PcI/L 

0 ooo PcX/L 
0 OOO PcI/L 
0 OOO PcI/L 
0 059 PCI/L 
0 108 PcI/L 
0 170 PCI/L 
0334 PCIA 
0 335 PcI/L 
03119 WI/L 
0 947 PcI/L 
0 975 PcI/L 
l o 1 0  MIA 
1 418 PcIA 
1 m PcI/L 
2 080 PcI/L 
3 790 PcI/L 
6 951 WI/L 
8 220 PcI/L 
9 300 PcI/L 

10 600 PcI/L 
82 m Pcm 

108 m PcI/L 

01900 O O O O  
02160 0 OOO 
0 1 m  OOOO 
03Ooo 0600 
02210 om 
02500 0600 
O M 0 0  0600 
03963 0470 
02m 0056 
02120 O O O O  
0 61% 0 710 
03060 om 
on60 o o o o  
03310 o o o o  
08100 0 -  
l l o o o  om 
17100 O O O O  

01323 0320 
O m 2  om 
0 1249 0300 
0 1157 0 270 
02123 a500 
O l r s o o  om 
02220 om 
0 2479 0 310 
O l o m  oooo 
02930 oooo 
04461 0250 
03100 O O O O  
O M 8 2  0320 
10661 0590 
06300 om 
0 -  oooo 
1TJU 0390 
loo00 oooo 
1- ow 
14mo om 
8- 0002 

15oooO OOOO 

A 

A 

A 
A 
A 
A 
A 

A 

A 

A 
A 

A 

VFA 
VfA 
RFA 
yc) 
RFA 
COL 
UCS 
WL 
COL 
UCS 
#K 
RFA 
Ca 
yc) 
a L  
COL 
m 

RFA 
RFA 
RCA 
RFA 
RFA 
R FA 
RFA 
RFA 
VFA 
Yes 
RFA 
RFA 
RTA 
COL 
VIA 
lm 
COL 
eoL 
COL 
yc1 

COL 

ese cbta are avaihble on diskette i n  the 1993 kckgroud OIochricrl Chrra~tr iu t fm R.port (WE 199%) 
drtoctim) tinit np0rt.d for the 

alyror 
L collwiun VFA v a l l y  f i l l  r l lwiu md WS = wsrth.nd claystom kdrack) 

Tho ERRolt vrrilblr 

The GEOLOGY vrriablo indicrtu tho o#Logic wit fn which tho mitoring wll fr wmeyd (RCA = Rocky F l a t s  A L l m l ~ m )  
the 95 percent uppar confidmco l i m i t  (UCL) tho RL wrioble is tho rrportim (f e 

U r d  un-233434 35 0 0 0  166 0 15 62 3875 QJ 12 144 83 pcf/L 

Uranim 235 35 0 02 6 2 9  0 6 2  1 3 8  33a  5 2 3  pCVL 

Urnnrm 238 22 0 0 0  108 0 10 86 2723 6630 114 17 pci/L 
-I1 -=--===-======-= - 

d .*-- -as  



OBS 

943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
%1 
962 
963 
964 
%5 
966 
%7 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 

LOCATION 

,:7 

84002w 
Moo489 
82ooM9 
8200889 
82mW 
64004w 
82006m 
82006w 
8200789 
B200789 
82006w 
BZOOObO 
8200789 
82010110 
8400289 
84oom 
82008w 
8400269 
8400369 
84004W 
8400489 
8400469 
8400489 
B4004W 
84w 
8405189 
8200589 
8200569 
8200609 
8200789 
8200989 
8201 589 
8400209 
8400389 
8400489 
8405189 
8400389 
8200189 
8200789 
82010110 
8201489 
8201489 
8201589 
83018119 
8405189 
8200589 
8200689 
820aE89 
8201 189 
8201589 
8201589 
8400289 
8600389 
8400389 

SDATE 

04/14/89 
05/01/89 
03/06/89 
03/06/W 
03/06/89 
04/26/89 
02/28/89 
03fW1W 
03/01189 
03/01/89 
03/06/89 
03/02/89 
03/01/w 
03/w/w 
06/12/69 
04/25/89 
03/06/89 
06/12/89 
04/25/89 
04/28/89 
04/28/89 
04/28/89 
05/01/w 
05/01/w 
05/01/w 
03/09/89 
OU22n9 
02/22/89 
W28/W 
03/01/89 
03/02/89 
03/16/W 
04/14/89 
04/05/89 
04/2U/W 
03/w/w 
04/25/W 
03/01/w 
03/01/69 
03/02/89 
03/lO/W 
03/10/89 
03/15/w 
03/07/89 
03/10/W 
W2WW 
ou2a/89 
03/08/W 
03/17/89 
03/16/89 
03/16/89 
04/12/89 
04/25/W 
04/25/89 

URAYIUI TOTAL 
W I W  TOTAL 
URANIul TOTAL 
W I U I  TOTAL 
URAYIW TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I W  TOTAL 
URAYIUI TOTAL 
W I W  TOTAL 
W 1 l M  TOTAL 
W I W  TOTAL 
W I U I  TOTAL 
URANIUM TOTAL 
W I U I  TOTAL 
W I W  TOTAL 
W I U I  TOTAL 
W I W  TOTAL 
URAHIUI TOTAL 
W I W  TOTAL 
WXUI TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
URANIW TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
W I l M  TOTAL 
W I l M  TOTAL 
W 1 W  TOTAL 
W I U I  TOTAL 
URAUIUI TOTAL 
W I U I  TOTAL 
UUllIUI TOTAL 
W I U I  TOTAL 
UMllIUI TOTAL 
U M I U l l  TOTAL 
UMllIUI TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 
URAHIUI TOTAL 
W I U I  TOTAL 
W I W  TOTAL 
W I W  TOTAL 
UIUHIUI TOTAL 
W I U I  TOTAL 
URAWIUI TOTAL 
W I U I  TOTAL 
W I U I  TOTAL 

REWLT 

0 500 
0600 
O m 0  
O m 0  
O m 0  
O m 0  
01100 
01100 
0600  
01100 
01100 
0800  
0900 
0900 
0900 
0900 
l o 0 0  
l o 0 0  
l o 0 0  
l o 0 0  
l o 0 0  
l o 0 0  
l o o 0  
l o 0 0  
l o o 0  
l o 0 0  
1050 
1 loo 
1 100 
1 loo 
1 100 
1 loo 
1100 
1 loo 
1100 
1 loo 
1 150 
1200 
1200 
1 2 W  
12W 
1 2 W  
1200 
1200 
1200 
l o o 0  
1 3 W  
1300 
l o o 0  
1300 
1300 
l o o0  
1500 
1 300 

UlITt QlCAL ERROR 

PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCX/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCIM 
PCI/G 
P C V G  
PCI/G 
P W G  
P C V G  
PCVQ 
P W G  
PCV6 
PC1/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
P W G  
PCI/G 
PCI/G 
PCI/G 

RL VAL 

I 
I 
N 

N 

I 
N 
I 

I 

I 

N 
I 

I 
I 

I 

I 
I 



997 
99a 
999 

lo00 
1001 
1m2 
1003 
lo04 
lo05 
1006 
1007 
1008 
1009 
1010 
101 1 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1 023 
1024 
1025 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1037 
1 038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
10411 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 

N 
N 
N 

B4003W 
8402189 

i 

8405189 
6405189 
W l W  
8201 189 
8200589 
B2oosbo 
8- 
8200689 
82011 89 
6201 w 
BioSlW 
82- 
8200689 
8201 w 
B2014w 
8201589 
8301889 
8400289 
B4002w 
84oOm 
84004w 
8405189 
84051 89 
82oosw 
8201 189 
8301889 
8401989 
82012w 
8201289 
8201489 
8301889 
8401989 
8201289 
8201489 
B4Qo389 
84019w 
8402189 
8401989 
8402189 
B301889 
8302089 

8401969 
8302089 
8201 189 
8301889 
8201089 
8201289 
8201189 
8201289 
8302039 
8201 089 

BH07890003 
BHW891620 
BHO2894248 
BHO4W3538 

BH06690100 
BHO6891824 
8WllWl521 
BH12W0307 
BHOlW3044 
8- 
6HO6M1618 
BH12890003 
BH13b000a3 
BH14890307 
BH15W1521 
8102W2130 
BHOzb91521 
BH- 
BH04895251 
BH01890915 
BHOlW3036 
BHOM91317 
BH11890003 
8 W 15-1 5 
8116690915 
BH126929U) 
BH12893032 
BHlUlg0307 
BH15892228 
8H16691519 
BH12890915 
BH13691015 
B H W  
BH16890309 
BHlM00307 
BH16wOW3 
BH188907l3 
BH158903W 
BH17891p25 
BH03894548 
8116892127 
BH1- 
8111892127 
BHlSb000(13 
Bit10690113 
BH 12891 521 
8111892733 
BH12892329 
BH17891319 
BH10891319 

01/26/89 
03/29/W 
wmm 
02f22M9 
03/U8/W 
03/02/89 
04/17/89 
05/01/89 
03/09/89 
03/09/69 
03/10/89 
03/17/W 
02/22/89 
02/22/89 
02/28/89 
02/28/89 
03/17/W 
0 3 / w w  
03/lO/W 
03/06/W 
02/28/w 
0 3 / w w  
03/ro/w 
03/15/W 
03/07/W 
01/13/89 
W/WW 
O)/Ol/W 
05/01/89 
03/w/w 
03/1O/W 
0 2 / w w  
03/1?/W 
03/07/W 
01/o)m 
03/23/W 

03/1O/W 
03/07/w 
01/05/W 
03/23/W 
03/1O/W 
04/25/W 
04/05/89 
03/29/w 
04/05/89 
Q3/29/W 
03/07/89 
03/- 
04/26/89 
04AS/W 
03/28/W 
03/11/89 
03/07/W 
03/02/W 
05/23/89 
03/17/89 
03/23/89 
03/28/89 
03/02/89 

W l u l  TOTAL 
Wlul TOTAL 
Wlul TOTAL 
URANNM TOTAL 
Wlul TOTAL 
URAWlW TOTAL 
URANIUI TOTAL 
URANlul TOTAL 
URANlul TOTAL 
URANIul TOTAL 
URANlul TOTAL 
URANIUM TOTAL 
URANIui TOTAL 
Wlul TOTAL 
W l u l  TOTAL 
Wlul TOTAL 
Wlul TOTAL 
ululllul TOTAL 
URMlul TOTAL 
W I l M  TOTAL 
ululllul TOTAL 
W I U I  TOTAL 
W I u l  TOTAL 
UIWIUI TOTAL 
W I u l  TOTnL 
ulwlul TOTAL 
W I W  TOTAL 
W l W  TOTAL 
ulwlul TOTAL 
WlUM TOTAL 
W I u l  TOTAL 
W I u l  TOTAL 
W l u l  TOTAL 
UlIlWIul TOTAL 
UMYlul TOTAL 
URAllllM TOTAL 
UMYIW TOTAL 
WlUl TOTAL 
W I W  TOTAL 
URANIW TOTAL 
Wlul TOTAL 
Wlul TOTAL 
W I u l  TOTAL 
URANIul TOTAL 
Wlul TOTAL 
W l u l  TOTAL 
W I u l  TOTAL 
Wlul TOTAL 
UMIIlUI mAL 
UMYlul TOTAL 
Wlul TOTAL 
W I u l  TOTAL 
UIWIIW TOTAL 
u l w I u l  TOTAL 
Wlul TOTAL 
URAYIul TOTAL 
ululllul TOTAL 
URAllIul TOTAL 
ululllul TOTAL 
W I u l  TOTAL 

1300 
13W 
1- 
1200 
1400 
1400 
1400 
1400 
1 400 
1600 
1400 
1 450 
1500 
1 500 
1 500 
1 500 
1500 
1300 
1 500 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1100 
1100 
1100 
1700 
1800 
18W 
1- 
1800 
1 8 W  
1850 
1900 
l o a 0  
19W 
1900 
2000 
2000 
2 loo 
2 100 
2200 
2200 
2 250 
2300 
2 -  
2400 
2400 
2 500 
2 500 
2600 
2100 

PCllG 
P W G  
P W G  
PCI/G 
P W G  
PCl/G 
PCI/G 
PCl/G 
P W G  
PCI/G 
PCI/G 
PCVG 
PCI/G 
PCIIG 
PCVG 
PCI/G 
PCIIG 
PCVG 
PCVG 
PCI/G 
P W G  
PCVG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCl/G 
PCI/G 
PCVG 
PCI/G 
PCI/G 
P W G  
PCI/O 
PCI/G 
PCI/G 
PCl/G 
PCI/G 
PCI/G 
PCI/G 
PCl/G 
P W G  
P W 6  
PCI/G 
PCI/Q 
PCI/G 
PC1 /G 
P W G  
PcI/G 
PCI/G 
PCI/G 
P C V G  
PCl/Q 
PCI/G 
PCIfG 
?WG 
PCI/G 
P W G  
PCI/G 
P W G  

N 
U 
N 
N 

I 

I 

N i 

N 

N 

N 
N 
N 

N 

N 

1' 4 



1057 w1989 
1058 8201189 
1059 B20OW 
1060 8201189 
lo61 B302Ow 
1062 8200989 

lo63 8600289 
1064 8200689 
1065 8200889 
1066 82ooan9 
1067 8600469 
1068 82ooM9 
lo69 8200789 
1070 8200789 
1071 8200889 
1 o n  8200969 
1013 8201589 
1074 6201589 
1075 8600289 
1076 8600589 
1077 BcooM9 
1071) 8600469 
1079 8400469 
10110 wQo489 
lo81 8605189 
lo82 8200589 
1083 8200689 
1084 82oO609 
lo85 8200789 
1086 u200789 
1087 8200789 
1088 62ooMo 
1089 8200989 
lo90 8201089 
1091 B201189 
1092 8201289 
lo93 8201489 
1094 8201489 
1095 8201589 
10% 8301689 
1097 84002w 
1098 8600389 
1099 8400369 
1100 8400469 
1101 8400469 
1102 8400469 
1103 8402189 
1104 8605189 
1105 8605189 
1106 8200589 
1107 8201069 
1108 8200689 
1 109 8200789 
1110 8201189 
1111 8201189 
1112 8400269 
1113 B400389 
1114 8400389 
1115 8400389 

BH08891420 
BH08892022 
8Ho4890309 
BH- 
8H07890612 
BH07892426 
81011890106 
BH00800104 
BH14s#)(H# 
BH14891417 
BHO2890003 
81103892127 
8104692127 
8104892133 
UHOU94046 
BH04894652 
BHO1891521 
B H b S 8 9 l l p  
BHM890410 
bH06891016 
BHomoso6 

04/05/W 
03/23/W 
03/08/69 
03/23/89 
03/28/89 
d3/02/89 

04/14/89 
03/09/89 
03/06/89 
03/06/89 
04/28/89 
03/06/89 
03/01 /a9 
03/01/69 
03/06/89 
03/02/69 
m m m  
03/16/89 
04/1UW 
04/25/W 
04/28/W 
os/or/w 
05/01/69 
05/01/69 
03/09/89 
02/22/69 
02/28/w 
02/28/89 
03/01/89 
03/01/89 
03/0l/w 
03/06/89 
03/02/89 
03/09/89 
03/17/89 
03/22/89 
03/1o/w 
03/10/89 
03/16/89 
03/07/89 
04/12/69 
04/25/89 
04/25/89 
04/2WW 
04/28/W 
Os/Ol/W 
03/29/W 
03/W/W 
03/10/89 
02/22/89 
03/ouw 
02/26/89 
03/01/69 
03/17/89 
03/1 7/89 
04/12/89 
W/OS/W 
04/25/89 
04/26/89 

WlUl TOTAL 
UMIlIul TOTAL 
uRA"JM TOTM 
W S U l  TOTAL 
UMWIul TOTAL 
W I l W  TOTAL 

2 700 PCIlG 
3 OOo PCI/G 
5 100 PCI/G 
3 100 PCS/G 
5 OOO PCI/G 
6 7W PCI/G 

0 200 PCS/G 
0 300 PCI/G 
0 300 PCI/G 
0 300 PCS/G 
0 300 PCI/G 
0 350 PCI/G 
0 4W PCI/G 
0 400 PCI/G 
0 400 PCI/G 
0 4W PCS/G 
0 400 PCIIG 
0 400 P W G  
0 400 PCS/G 
0 400 P C V G  
0 100 PCI/G 
0 400 PCI/G 
0 400 PCIlG 
0 100 PCI/G 
0 100 PCI/G 
0 500 PCI/Q 
0 W PCI/G 
0 500 PCS/G 
0 500 P C V G  
0 H)o PCl/G 
0500 PCI/G 
0 H)o PCI/G 
0 UK) PCI/G 
0 500 PCI/G 
0 500 P C V G  
0 500 PCS/Q 
0 500 PCI/G 
0 500 PCI/Q 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCI/Q 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCS/G 
0 500 PCI/B 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCIlG 
0 550 PCS/G 
0 550 P C V G  
0600 PCI/G 
0 600 PCI/G 
0 600 PCI/G 
0 600 PCVQ 
0 600 PCI/G 
0 600 PCI/G 
0 600 PCI/G 
0 600 PCI/G 

0 2 0  
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 2 0  
0 10 
0 2 0  
0 10 
0 10 
0 10 
0 10 
0 2 0  
0 10 
020  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 10 
0 2 0  
0 10 
0 10 
0 2 0  
0 10 
0 10 
0 10 
0 2 0  
0 2 0  
0 2 0  
0 2 0  

W 

0 10 

N 
N 

N 
N 
W 
W 

0 10 
0 10 

0 10 

0 10 

N 
N 
W 
N 
N 
N 
N 
N 

0 10 

0 10 
0 10 
0 10 

0 10 

0 10 
0 10 

W 
N 
N 

0 10 
W 
I 

0 10 



1116 
1117 
1116 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 
1149 
1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1 1 n  
1174 
1175 

MO2lW 
E405189 
0405189 
8405189 
0201489 
8200589 
8206589 
8 m 8 9  
8200589 
8200689 
8200689 
B2om89 
8200989 
8201289 
B20lM9 
0400289 
84002119 
0400289 
0400389 
0400489 
B4004a9 
0402189 
0405189 
8405189 
8201289 
8200589 
8200569 
8200689 
smM9 
8201 189 
8201289 
8201489 
8201589 
0400289 
0401909 
6405189 
8201289 
8201489 
8301889 
8301889 
0401989 
0401989 
8201089 
0201 la9 
8301889 
8400389 
6401989 
8402189 
8301889 
8302089 
6302089 
0400389 
8401989 
8201 189 
8201289 
8201089 
8201289 
8201189 

BH04891521 
8w6msss 
BH18991319 
bH01892127 
BHOlW3036 
BHOl893844 
BH13891519 
BH05690308 
8105890913 
BH05892530 

8104893538 
BH048952S4 
8118890307 
BH01890915 
BH01894448 
BH12890915 
BHOSW1317 
BHOM02325 
BHObbP1824 
BHOlb00003 
BH1189WO3 
BH1-2 
BH13891015 
BHl4890814 
BHO2891521 
8H16890915 
BHOl(100003 
BH12892930 
BH13890307 
BH158903W 
BH 15892228 
8H1669ooo3 
BH16891519 
BH10890713 
BHll892127 
BH15891521 
BHO38%%8 
BH168921n 
BH18890713 
BH1589WO3 
BHlt89a306 
BH17891925 
BH03890309 
BHl6690M9 
81111892733 
BH12091521 
BH10891319 
8112892329 
BH11893541 

W W W  
05/0l/W 
03/29m 
03/W/W 
03/1O/W 
03/10/89 
03/10/89 
02/22/89 
02/22/89 
02/23/89 
03/08/69 
02/28/89 
02/28/89 
03/08/89 
03/02/89 
03/W89 
03/15/w 
04/13/89 
04/14/89 
04/17/89 
04/25/69 
05/01/89 
05/01/w 
03/29/89 
03/W/W 
03/10/m 
03/23/W 
02/22/w 
ou2udo 
02mm 
03/OWW 
03/17/89 
03/23/89 
03/10/89 
03/16/89 
01/15/89 
04/05/W 
03/09/89 
03/23/89 
03/10/89 
03/07/89 
03/01/89 
04/05/69 
01/05/69 
03/02/69 
03/17/89 
03/07/W 
04/2b/m 
04/05/89 
03/29/89 
03/07/W 
0312Ww 
03/2am 
04/25/69 
04/05/W 
03/17/89 
03/23/W 
03/02/69 
03/23/89 
03/23/89 

0600 
0 6 W  
0600 
0600  
0600 
0600  
0600  
O m 0  
0700 
0700 
0700 
0700 
0700  
0700 
0700 
0700 
O m 0  
0700 
O m 0  
0700 
0700 
0700 
0700 
0700  
07W 
0700 
0 750 
0 -  
O b 0 0  
O w 0  
0800 
O b 0 0  
O b 0 0  
O w 0  
0800 
O b 0 0  
0800 
O b 0 0  
0900 
0900 
0900 
0900 
0900 
0900 
l o o 0  
l o o 0  
l o o 0  
l o 0 0  
l o o 0  
l o o 0  
1 loo 
1 loo 
1100 
1 loo 
1 loo 
1200 
1200 
1300 
1500 
1500 

P C V G  
PCI/G 
PCWG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P W G  
P W G  
P C V G  
P W G  
PCI/G 
P C V G  
P W G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI16 
PCI/G 
P C V G  
PCV6 
PCIffi 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/O 
PCI/G 
PCI/G 
PCV8 
PC1/6 
PCI/G 
PCI/G 
PCI/G 
PCl/G 
PCI/fi 
PCIffi 
PCt/G 
PC1/6 
PCI/G 
PCI/G 
PC1/6 

0 2 0  
0 2 0  
0 5 0  
020  
0 2 0  
0 10 
0 10 
0 10 
0 10 
0 2 0  
0 20 
0 2 0  
0 2 0  
0 2 0  
0 10 
0 2 0  
020 
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
OM 
0 2 0  
0 2 0  
0 2 0  
0 10 
0 2 0  
0 2 0  
0 2 0  
020  
OM 
0 2 0  
0 2 0  
0 2 0  
020  
020  
0 3 0  
0 2 0  
0 2 0  
0 2 0  
OM 
0 3 0  
0 2 0  
0 2 0  
0 2 0  
030 
030 
030  
0 2 0  
030 
0 3 0  
030 
0 %  
020  
0 2 0  
020  
0 5 0  
OM 

0 10 

w 
w 
W 
i 

W 
W 
i 

0 10 

W 
W 
W 

0 10 
0 10 
0 10 
0 10 
0 10 
0 10 

1 
N 
1 

W 
W 
w 
Y 

0 10 

0 10 
0 10 

0 10 

W 
0 10 
0 10 

0 10 

0 10 
0 10 
0 10 
0 10 



1176 
1177 
1 1 n  
1179 
1180 
1181 
1182 

1183 
1104 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
11% 
11% 
11% 
1197 
1198 
1199 
1200 
1201 
1202 
1203 
1204 
1 205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 

03018w 

8200589 
8200589 
8200589 
8200589 

82005w 
6200609 
820061)9 
8200669 
8200609 
8200689 
8200689 
8200689 
8200789 
8200789 
8200789 
B200789 
8200789 

8200889 
82ooM9 
82o0869 
8200689 
8200689 
8200989 
8200989 
8201069 
8201069 
8201 189 
8201 1 89 
8201189 
8201189 
8201289 
8201289 
8201289 
8201289 
8201289 
6201289 
8201289 
8201489 
8201 589 
8201589 
8201569 
6201589 
0301689 
8301889 
8301089 
8302089 
0302089 

BH17891319 
BH16bo21J3 
BH118%146 
BHO989W03 
B H l W  
81-10 
BH 1569091 5 

BH05890003 
BH05690308 

BH001)#Wn# 
8110691319 
8110690003 
BH11890309 
BHllW1521 
81111692733 
BH11696146 
BHlUE00003 
BHl2890307 
BH12b00915 
BH12891521 
81112892329 
BHlZ1)929U) 
BH12893032 
BHlU)900a3 
BH14890307 
BH14WO814 
8814891417 
BHl4891720 
BH15890915 
BH15892228 
BH15892834 
BH17w0306 
BH17891319 

03/2WW 
04/05/W 
03/23/89 
03/08/89 
03/28/89 
03/02/69 
03/07/89 

02/22/89 
02/22/89 
OU22m 
ouw89 
02/22/89 
02/22/89 
02/23/89 
03/08/W 
02/26/89 
02/2a/w 
02/28/89 
02/28/w 
02/28/W 
OUWW 
03/w/w 
03/01/w 
03/01/W 
03/01/w 
03/01/69 
03/01/W 
03/WW 
03/06/89 
03/06/W 
03/06/W 
03/06/09 
03/06/W 
05/08/89 
03/02/69 
03/06/W 
03/02/89 
03/w/w 
03/17/W 
03/11/89 
03/17/W 
03/23/89 
0 3 M  
m/ww 
03/23/89 
03/23/w 
03/23/W 
03/23/W 
03/23/89 
W/lO/W 
03/15/89 
03/16/69 
03/16/89 
03/16/W 
03/07/89 
03/07/89 
03/07/89 
03/28/89 
03/28/69 

W I W  233 234 
uMllXul233 234 
w r w  233 251 
uRAylul233 234 
URAlllul 233 234 
uRMlul233 234 
uRAtllul233 234 

1 500 
1 500 
1 7 W  
2 400 
2600  
3400 
8900 

O O W  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O W  
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O W  
O O O O  
O O O O  
O O O O  
O O O O  
O O W  
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
O O O O  
0000 
O O O O  
O O O O  
O O O O  
O O W  
O O O O  
O O O O  
OOOO 
O O W  
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
O W 0  
O O O O  
O O W  
O W 0  
O O O O  
O O O O  
O O O O  

;o 

PCI/G 
PCI/G 
R I / G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 

PCI/G 
PCWG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCl/G 
PCl/G 
PCX/G 
PCl/G 
PCI/G 
P C V G  
PCI/G 
PCX/G 
PCI/G 
PCX /G 
PCX/G 
PCI/G 
PCX/G 
PCIM 
PC1/G 
PCl/G 
E116 
PCI/O 
P C V G  
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCllG 
PCI/G 
PCI/G 
PCI/G 
PCI /G 
PCI/G 
PCI/Q 
PCX/G 
P W G  
PCI/Q 
PCI/G 
R l / G  
PCX/G 
PCI/G 
PCI/G 
PCl/G 
PCI/G 
PCWG 
PCI/G 
PCI/G 
PCI/G 

060  
0 3 0  
0 4 0  
0 3 0  
0 50 
0 2 0  
0 30 

0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 

i 

0 10 
N 

0 10 

N 
N 
N 
N 
I 
N 
N 
N 
N 
N 
N 
N 

N 
0 10 

0 10 

0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 

0 10 
0 10 

-a&&&- & 



1235 
12% 
1237 
1238 
1239 
1240 
1241 
1242 
1 243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
126b 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 
278 
279 
200 
281 
282 
283 

1284 
1285 
1 286 
1287 
1 288 
1289 
1290 
1291 
1292 
1293 
12% 

IC1002w 
u4002W 
u400289 
woo269 
IC100269 
8500289 
u400289 
u400389 
8400389 
B4oou)o 
woos9 
u4oosW 
u4003W 
u4003W 
B4004W 
B4004a9 
B4o0489 
u400489 
B4oocbo 
84Ooa9 
8100489 
wwu9 
u4oou9 
64oosbp 
Moo489 
u400489 
6401989 
8401989 
SO1989 
8101989 
8401989 
8401989 
B402189 
8402189 
8405189 
8405189 
8405189 
SO5189 
8405189 
8405189 
6405189 
8405189 
8201ow 
8200789 
8200989 
8200989 
BZOoObo 
8201 189 
8201 189 
8201 189 
8201489 
8201489 
8201489 
8201489 
8201589 
8301889 
8301 889 
8302089 
8302089 
8400289 

BHO3692733 
BHO3890003 
8HO3090915 
BH03891521 
UH03892127 
8103843339 
BH03693945 
81- 
BH048903W 
BH-15 
8HW1521 
uno4892127 
BHo4892m 
BH-5 
B H O S 3 8  
BHO6893W 
BH- 
BH048%652 
BHO48952% 
811- 
8H166903W 
BH16890915 
BH14891519 
BH16892ln 
BH16892m 
BH18890713 
BH18691319 
BH018ww3 
BH01- 
BHO18W915 
8H01891521 
BH01692127 
BHOl893638 
BH01893844 
BH0189WE 
BH10890106 
8107892426 
BHW890410 
BH00691016 
BHo9691620 
BHllWOO03 
BH111190915 
BH11892127 
8113890307 
BHlMPOtOP 
BH13891015 
8113891519 
BH14890003 
1115890003 
BH1589152t 
BH1789ooo3 
6117891925 
8102892130 

04/12/w 
04/1 wa9 
04/12/89 
04/13/89 
04/14/89 
04/14/89 
04/17/89 
04/05/89 
04/25/89 
04/25/89 
04/25/89 
04/25/89 
04/25/89 
01/26/89 
04/28/89 
04/28/89 
04/28/89 
04/28/89 
04/2WW 
05/01/w 
05/01/89 
05/01/89 
05/01/89 
05/01/89 
05/01/89 
05/01/w 
04/05/89 
04/05/89 
04/05/89 
04/05/W 
04/05/6v 
04/05/89 
03/29/W 
03/29/89 
03/09/69 
03/w/w 
03/09/89 
03/W/89 
03/w/w 
03/1o/w 
03/1o/w 
03/1O/W 
03/02/89 
03/01/89 
03/02/89 
03/02/89 
05/02/89 
03/11/89 
03/17/89 
03/17/89 
m/10/89 
03/10/89 
03/10/89 
03/1o/w 
03/15/89 
03/07/89 
03/07/W 
03/28/89 
03/28/89 
04/13/89 

0 OOO PCIIG 
0 000 PCl/G 
0 PCXIG 
0 000 PCI/G 
0 OOO PCIIG 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO P C V G  
0 OOO PCI/G 
0 OOo PCIIG 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCX/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO P C V G  
0 OOO PCI/G 
0 OOO Pcm 
0 WO PCIIG 
0 OOO P C V G  
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PC1/6 
0 WO PCI/G 
0 OOO PCI/G 
0 000 PCI/G 
0 OOO PCI/fi 
0 OOO P W G  
o 000 PcIia 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO PCI/G 
0 OOO Pcl/G 
O O O O  PCI/G 
0 OOO P C V G  
0 050 PCI/G 
0 100 PcI/G 
0 100 PCX16 
0 100 P W G  
0 100 P W G  
0 100 PCI/O 
0 100 WI/G 
0 100 P W G  
0 100 PCIIG 
0 100 PCI/G 
0 100 P W G  
0 100 PCI/6 
0 100 P C V G  
0 100 PCI/G 
0 lo0 P C V G  
0 100 PCI/G 
0 100 PCI/G 
0 100 P c V G  

0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 I O  
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 

0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 

0 10 
0 10 
0 10 
0 10 

I 
I 

W 
W 
W 
W 
N 
W 
W 
W 
W 
W 

N 
0 10 

0 10 
0 10 
0 10 

0 10 
0 10 
0 10 
0 10 
0 10 

0 10 
0 10 
0 10 



1295 woo389 
12% uoO3bo 
1297 m 1 8 9  
1298 E402189 
1299 8201169 
1300 8301889 
1301 8405189 
1302 8201089 

1303 8400489 
1304 82006%9 
1305 8200789 
1506 B400289 
1307 8200689 
1308 B200n9 
1309 8200789 
1310 8200689 
1311 8200889 
1312 8200889 
1313 8- 
1314 E201069 
1315 8400269 
1316 84- 
1317 B4004W 
1318 8200589 
1319 8- 
1320 8200889 
1321 B2009W 
1322 8201589 
1323 B301889 
1324 8100289 
1325 6400289 
1326 84m 
1327 B4ooMo 
1328 8400369 
1329 B400489 
1330 WOO489 
1331 8200589 
1332 8200569 
1333 8200589 
1334 82006119 
1335 8200709 
1336 8200789 
1337 B200n9 
1338 82OoaW 
1339 8200989 
1340 8201089 
1341 84oO369 
1342 8400489 
1343 8400489 
1344 8400489 
1345 8400489 
1346 04Q5189 
1347 0405169 
1348 8405189 
1349 8400369 
1350 82006119 
1351 8200669 
1352 8200709 
1353 8200989 

Bff 05692325 
BH05892530 

BHOlb0000D 
BHO1890309 
BH01891521 
81103690003 
BH06891824 
81106092430 
8107891824 
BH09890003 

04/25/W 
04/26/89 
03/29/89 
03/29/89 
03/23/89 
D3/07/89 
03/ 1 0/89 
03/02/89 

05/01/89 
0 2 / 2 8 9  
03/01/89 
04/14/89 
03/06/89 
03/01/69 
03/01/89 
03/06/89 
03/06/89 
03/06/89 
03/02/89 
03/w/w 
04/14/89 
04/28/89 
04/28/89 
02/22/89 
03/09/89 
03/06/89 
03/02/W 
05/16/89 
03/07/89 
04/12/w 
06/12/69 
04/05/89 
04m9 
04/25/89 
04/26/89 
05/01/89 
a/ww 
02/22/89 
02/23/89 
02/28/89 
03/01/89 
03/01/89 
03/08/89 
03/08/89 
03/02/W 
03/wso 
04/25/W 
04/28/W 
04/28/W 

05/01/89 
03/W/W 
03/09/69 
03/09/89 
04/25/89 
02/28/89 
02/28/89 
03/01/69 
03/08/89 

o w o i m  

0 100 PCI/G 
0 100 PCI/G 
0 100 PCI/G 
0 la0 PCI/G 
0 200 PCI/G 
0 200 PCI/G 
0 200 PCI/G 
0 300 PCVG 

0 200 PCI/G 
0 300 PCI/G 
0 300 PCI/G 
0 300 PCIIG 
0 350 P W G  
0 4W PCI/G 
0 so0 PCl/G 
0 400 PCI/G 
0 4W PCI/G 
0 4W PCI/G 
0 400 PCWG 
0 4W PCI/G 
0 400 P W G  
0 400 PCI/G 
0 4W PCI/G 
0 500 PCI/G 
0 500 PCI/G 
0 500 P W G  
0 500 PCI/G 
0 500 PCI/G 
0 500 P C V G  
0 500 P C V G  
0 500 PCI/G 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCI/G 
0 500 PCI/Q 
0 600 P C V G  
0600 PCm 
0 600 PCIlG 
0 600 PCI/G 
0 600 PCI/G 
0 600 PCI/G 
0 600 PWQ 
0 6Kl K I / G  
0 600 P W G  
0 600 PCl/G 
0 600 K V G  
0 600 PCI/G 
0 600 PCI/G 
0600 PCIlO 
0 600 PCI/G 
0 600 P W G  
0 600 PCI/G 
0 600 PCI/G 
0 650 PCI/G 
0 700 PCI/G 
0 700 PCm 
0 700 PCI/G 
0 700 PCllG 

0 10 
0 10 
0 10 
0 10 
0 10 
0 ?O 
0 10 
0 10 

0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
020 
0 10 
0 10 
0 10 
0 10 
020 
0 10 
0 10 
020 
0 10 
020 
0 20 
020 
0 10 
020 
0 10 
020 
0 10 
020 
020 
0 10 
0 10 
0 10 
020  
020 
0 10 
0 10 
0 2 0  
020 
020 
0 2 0  
0 2 0  
020  
0 10 
0 10 
020 
020 
020 
0 10 
020 

w 
w 

0 10 

w 
0 10 

w 
I 

w 
w 
w 
w 
N 
w 

0 10 

0 10 

0 10 

0 10 
w 

W 
0 10 

0 10 
0 10 

0 10 

N 
w 
w 
w 
w 
I 
w 

0 10 
0 10 

0 10 
0 10 



‘354 
355 
3% 
357 
3% 
359 
360 
361 
362 
363 
361 
365 
366 
367 
368 
569 
370 
371 
572 
m 
l74 
175 
176 
TI 
7a 
79 
100 
a1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
32 
93 
24 
K 
b 
7 
8 
9 
0 
1 
2 
I3 
v, 
)5 
I6 
17 
I8 
I9 
0 
1 
2 
3 

8201 189 
B2014W 
B201569 
6201589 
E201589 
E301809 
8400289 
BIooUlp 
8400369 
M00369 
Moo369 
e4004W 
w2189 
E4021 89 
8405189 
E405189 
8200589 
8200589 
8200669 
8201189 
8201689 
8201589 
8301889 
8400289 
E401969 
E405189 
8405189 
0400289 
82014a9 
D m 8 9  
8200589 
8200669 
8201160 
8201189 
8201289 
B201289 
8201 589 
83011189 
8302089 
Moo4w 
8401989 
8601989 
8405189 
8405189 
8201289 
8201289 
8201489 
8301889 
0400189 
0402189 
8201089 
8201260 
8301889 
8302089 
8400389 
8401989 
8402189 
8302089 
8201 la9 
8201289 

DHllWWl5 
BH1369ao43 
113691519 
BHl- 
BHlU91417 
8115892834 
BH02890309 
BH02894248 
BH038903W 
BH03890915 
BH03693%5 
Bnom3538 
BHl8690003 
BHlM91319 
BH01893638 
BH0189bU6 
BHOMOa30LI 
BHOSWO913 
BH-104 
BH11- 
BH13690307 
BH14891720 
BH15890915 
8HO2891521 
BH16WO309 
BH0189212’1 
BH01893036 
BHO28921U) 
8113890709 
BH05891317 
BH05890003R 
BH06891618 
BH118903M 
BH11891521 
BH12890003 
BH12892930 
BHl.C690Ulf 
BHlSW2228 
BH17891925 
BH04895254 
BH16890915 
BH16891519 
BH01890915 
BH01893844 
BH12000307 
BHlu)g3Ou 
BH13891015 
BH15890309 
8104893335 
BH 1-71 3 
BH10890713 
BH12890915 
BHf5890003 
BHl7891319 
BH03894548 
BH16090003 
BH 10890307 
BH17890306 
BH11a92127 
BH12891521 

03/17/89 
os/ro/w 
03/10/89 
03/15/W 
03/16/89 
05/07/89 
04/12/89 
04/ 1 7/89 
04/25/89 
04/25/89 
04/26/89 
05/01/89 
03/29/89 
03/29/89 
03/10/89 
a/10/w 
02/22/89 
ww89 
02/28/89 
03/11/89 
03/10/89 
03/16/89 
03/07/89 
04/13/89 
01/05/69 
03/09/89 
03/10/89 
04/13/89 
Os/lO/W 
WWW 
03/06/69 
02/28/89 
03/17/69 
03/17/W 
W/WW 
03/23/89 
03/15/69 
03/01/69 
W2WW 
05/01/89 
04/05/89 
04/05/89 
03/W/89 
03/1 0/89 
03/WW 
03/23/69 
03/10/89 
03/07/W 
05/01/89 
03/29m 
03/02/89 
03/23/89 
03/07/69 
03/28/69 
04/26/89 
04/05/w 
03/29/89 
03/28/89 
03/17/89 
05/23/89 

0 700 PCI/G 
0 700 PCI/G 
0 I#) PCI/G 
om PCI/G 
0 PCl/G 
0 700 PCI/G 
0 700 PCI/G 
0 100 PCI/G 
0 700 PCI/G 
0 700 PCI/G 
0 700 PCI/G 
0 700 PCI/G 
0 700 PCl/G 
0 100 PCX/G 
0 100 P C V G  
0 700 PCI/G 
0 800 PCI/G 
0 WK) PCI/G 
0 800 PCI/G 
0 800 PCI/G 
0 KNl PCI/G 
0 do0 PCI/G 
0 800 P C V G  
0 1100 PCI/G 
0 WK) PCI/G 
0 PCI/G 
0 PCI/G 
0 850 PCI/G 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCl/G 
0 900 PCI/G 
0 900 P C V G  
0 900 P C V G  
0 900 PCIIG 
0 900 PCI/G 
0 900 PCI/G 
0 900 PCl/G 
0 900 P C V G  
1 000 P C V G  
1 WO P C V G  
1 OOO P C m  
1 ooo PCm 
1 OOO PCI/G 
1 OOO PCI/6 
1 100 P W G  
1 100 PCI/G 
1 100 PCI/G 
1 100 PCUG 
1 lo0 PCI/G 
1 100 PCI/G 
1 100 PCI/G 
1 150 P W G  
1 200 PCI/G 
1 200 PCI/G 

0 2 0  
020  
0 10 
0 2 0  
0 3 0  
0 2 0  
0 2 0  
0 2 0  
0 20 
0 20 
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 10 
0 10 
0 2 0  
0 2 0  
020  
0 2 0  
0 3 0  
0 2 0  
020  
0 2 0  
0 2 0  
0 2 0  
0 2 0  
0 10 
0 2 0  
0 2 0  
0 2 0  
020 
0 2 0  
0 2 0  
0 2 0  
0 2 0  
020 
0 2 0  
0 2 0  
0 3 0  
020 
0 2 0  
0 3 0  
0 2 0  
020 
0 2 Q  
0 2 0  
0 2 0  
020 
0 2 0  
020  
0 3 0  
0 3 0  
0 3 0  
0 3 0  
0 3 0  
0 3 0  
0 2 0  

0 10 
0 10 
0 10 

0 10 
0 10 

0 10 

L 

0 10 

w 1 
w 

0 10 

w 

0 10 
0 10 
0 10 

0 10 

w 
w 

0 10 
0 10 
0 10 

w 
0 10 
0 10 

0 10 

w 
0 10 

0 10 



1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 

8201269 
B401969 
B401969 
I201189 
8201 189 
82010119 
B201189 
83020119 
6200989 

1112892329 
BH16692127 
BHl&92m 
BH11892733 
BHl1-541 
BH101191319 
BHll894146 
BHllb00003 
BHO9690410 

03/23/89 
04/05/69 
04/05/89 
03/17/W 
03/23/69 
03/02/89 
03/23/89 
03/26/89 
03/02/89 

1 200 P C I I G  
1 280 PCI/O 
1 200 P C V G  
1 300 P C V G  
1 u)o PCI/G 
1 400 PCI/G 
1 400 PCI/G 
2 300 PCI/G 
3 200 PCI/G 

0 3 0  0 10 
0 3 0  
0 3 0  
0 2 0  
0 3 0  0 10 
0 2 0  0 10 
0 3 0  0 10 
0 4 0  0 10 
0 20 0 10 

SIIR*ry Statistics for  Total Urrniu Irotqm in Backsrod Sukurfwe Soils (Bohhol r )  (Data from 1993 WCR DOE 1993a) 
p m m  

Analysis Variable RESULT 
W Y T E 4 J R A N I U I  TOTAL 

N Mini- l k x i u  Men Std D W  cv 

120 05000000 6- 15445833 07683819 6ZOOOOOO 510617209 

A M l Y T I . U W I l l M  253 234 
N Mini- l k x i u  IhUl Std D w  cv 

120 OZOOOOOO 60000000 06108333 O W 7 9 0  l a b 4 9 2 m  

WLYTElURAtiIUl 235 
N M i n i m  wutiu mean Std D w  R n g .  cv 

1 20 0 OMOObOO 00254167 00338422 0 -  2118362bOh 

WYTE.URAIIIul 238 
N Mininu w u t i u  mal Std D w  R n g .  cv 

120 02000000 3HKKw)o 07766667 036833% 30000000 4 7 i 2 4 6 w  



Table I 4 ordered Lirting of urniu Isotopa in  kckgrornd Surfue soilr (utp DQ lopk) 

om 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
P 
24 
2s 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
63 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

/bb 

LOCATlON 

SS1061% 
ss1057% 
551069% 
SS1055% 
ss106794 
ss1072% 
s s 1 0 m  
SSlO7194 
ss105994 
891056% 
S S l W  
sslO7094 
851058% 
ss106oo4 
SS106894 
SSlWZP4 
s s 1 m  
ss106494 
ss106594 
SS105494 

SSlORo1 
ss106194 
SS107294 
SS106794 
851055% 
ss1059% 
Mi07094 
SSl  071% 
ss106994 
ss105794 
ss1osm 
SS1060% 
ss106494 
ss106694 
55106394 
Sflo6694 
SSlO%% 
ss106294 
ss106594 
ss105494 

ss106194 
SS105594 
SSlOs794 
55106994 
SS107294 
ss107294 
SS105694 
ss106794 
SS105994 
ss107094 
SS107194 
ss106oo4 
SS105894 

W L E  

SSOO113EG 
SS001ooEG 
SSOOI 21 EG 
SS00107EG 
SSOOl19EG 
SSOO1 OXO 
SSOO12)EG 
SS00123EG 
SMOl11EG 
SSOOlWEG 
SSW116EG 
SSW122EG 
SSWllOEG 
UOoll~G 
SSSOOlZOEG 
SSOOl14EG 
SSOOllSEG 
SSW116EG 
SSOOllTEG 
SSOOlo6EG 

SSOO119EG 
SSWlOTEG 
SSW111EG 
SMOlUEG 
SSOOlMG 
SfOOlZlEG 
SSOOlWEG 
SSOO11OEG 
SS001lzEG 
SSOOl16EG 
SSOO120EG 
SSOO115EG 
SSOOl16EG 
SSOOlOBEG 
SSOO114EG 
SSOO117EG 
SSOO106EG 

SSOOll3EG 
SSOO107EG 
SSOOIOPEG 
SS0012lEG 
SSOO125EG 
SSOOltBEG 
SSOO106EG 
SSOO119EG 
SSOOlIlEG 
SSOO122EG 
SSWlPEG 
SSOOl12EG 
SSOOllOEG 

mATE 

06/08/94 
06/07/94 
06/08/94 
06/07/94 
06/07/94 
06/08/94 
06/W% 
06/ow94 
06/08/94 
06/07/91 
06/07/94 
06/06/94 
06/07/94 
06/08/94 
06/07/94 
06/06/9b 
06/07/94 
06/07/94 
06/07/94 
06/07/94 

06/08/94 
06mm 
06mm 
06/07/94 
06/07/94 
06/06/94 
06/oIvo4 
06/08/% 
06/08/94 
06/07/9b 
06/07/91 
06/08/94 
06/07/94 
06/07/94 
06/07/94 
06/07/94 
06/07/94 
06/08/94 
06/07/94 
06/07/94 

os/oS/cli 
06/07/94 
06/07/94 
06/08/94 
06/08/% 
06/08/94 
06/07/94 
06/07/94 
0 6 / M  
06/08/94 
06/08/94 
06/08/94 
06/07/94 

AWALYTI RESULT 

0660 
0130 
0780  
0790 
0 810 
0 810 
0 810 
0850 
0 910 
OW 
0010 
0 950 
0960 
lo00 
loo0 
1100 
1 100 
1 100 
1100 
2300 

0033 
0034 
0 035 
0 0 %  
Oolso 
0 041 
0042  
0042 
OW 
O W  
0046 
0 049 
0 052 
0 052 
0 055 
0056 
0058 
OW 
0 on 
0 100 

0 740 
0 -  

0830 
O U S  
OW 
0 870 
0890 
0900 
0920 
0920 
0 9 M  
lo00 

o ai0 

WlTS 

PCl/G 
PCI/G 
PCl/G 
PCI/G 
PCl/G 
PCVG 
PCVG 
PCl/G 
PCVG 
PCIIG 
PCl/G 
PCI/G 
PCl/G 
PCVG 
PCl/G 
PCl/G 
PCI/G 
PCl/G 
PCl/G 
PCI/G 

PCI/G 
PCl/G 
PCl/G 
PCl/G 
PCl/G 
PCIIO 
P C V G  
P W G  
PCI/G 
PCI/G 
PCVG 
PCl/G 
PCl/G 
PCl/G 
PCl/G 
PCI/O 
PCI/G 
PCl/G 
PCl/G 
PCI/G 

Pel/@ 
P C V G  
PCVG 
P C V G  
PCVG 
PClIG 
PCl/G 
?WG 
PCI/G 
PCt/G 
PCl/G 
PCl/G 
PCI/G 

QUAL 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

Emau 

0038 
0 ob5 
0 053 
0 051 
0058 
O W  
0 os9 
0059 
OW 
0 050 
0 051 
OW 
0 051 
0 049 
0066 
0 0 %  
0 0 %  
O O T I  
0056 
0 120 

0 012 
0001 
O W 8  
0 011 
0 010 
0009 
0 012 
0 011 
0 013 
0 010 
0 010 
0 010 
0 016 
0 014 
0 011 
0 011 
0 011 
0 011 
0 013 
0 017 

0 041 
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03/01/W 
03/OUW 
03/02/W 

03/01/89 
06/26/91 
11/01/90 
~/oupo 
06/05/91 
03/02/89 
11/12/90 
07/01/91 
03/05/91 
12/03/90 
08/07/00 
04/02/91 
03/02/69 

06/26/91 
03/02/89 
07/01 /91 
08/02/90 
06/05/91 
08/07/90 
04/02/91 

ANMYTE 

W I U l  TOTAL 
W I U l  TOTAL 
UMtlIUl TOTAL 

RESULT 

0 10 
120 
460 

0 0 0  
0 0 6  
0 2 0  
0 59 
0 6 0  
0 7 0  
0 7 0  
0 7 3  
1 10 
120 
1 61 
170 
2 6 0  

0 0 2  
0 0 0  
0 0 0  
0 0 2  
0 0 5  
0 0 5  
o w  

QUAL ERROR 

0 100 
J 0 161) 
U 
J 0 162 
J 0 511 

0200 
0380 
OTIZ 
0 500 
O m  
0 591 
OW 
0500 

J 0026 
0 loo 

J 0 131 
J 0046 
J 0094 
J 0 0 %  
U 

RL 

0600 
0600 
0600 
0600 

0600 
0 129 
0600 
0600 
0600 
0 6 0 0  

0600 

O O O O  
0 6 0 0  
0600 
0600 
0600 

VAL 

N 
N 

V 

W 

A 

V 

W 

I 
A 
V 

V 



111 
112 
113 
114 
115 

116 
117 
118 
119 
1 20 

122 
123 
1 24 
125 
126 
127 
128 

le1 

11/01/90 
11/12/90 
03/CK/W 
12/03/90 
03/05/91 

03/01/89 
06/26/91 
11/01/90 
os/02/90 
07/01/91 
11/12/90 
03/02/W 
06/05/91 
12/03/90 
08/07/90 
03/05/91 
04/02/91 
03/02/89 

0 2 0  
0 2 0  
0 3 0  
0 3 0  
0 30 

0 10 
0 0 5  
0 20 
0 2 9  
0 30 
0 47 
0 50 
0 51 
0 7 0  
0 8 0  
0 87 
160  
170  

PCI/L 
PcI/L 
PC!/L 
PCI/L 
PCI/L 

PC!/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCXIL 
PCI/L 
PCVL 
PcIIL 
PCI/L 

0600 
0600 

0600 
0 6 0 0  

0 100 

0 loo 
0 0 %  0600 

0600 
0 107 0600 
0 235 0 091 
0 520 0600  
0700 
0 318 0600 
0 410 0600 
0 -  0600 
0480 0600 
0400 0 6 0 0  
0400 N - 

S u r r y  Statirtics for Oirrolvad Umirr 18otOpa in  Bmckgrand Seep Ulter (Data tram 1993 MCR DOE 199%) 
4 -- mBm=Sm= 

Annlysis Variable RESULT 
AWALYTEWRANXUI TOTAL 

N M i n i m  l k x i u  nam Std Dw 

3 01000000 46000000 19000000 24269322 

ANALrn.UMIIIul 233 234 
N Mininu Iluiu Hean Std Ow 

13 0 26000000 0906bBl 0-19 

AWALI7E.URAIIIlM 235 
N Mininu lkxiru ekrn Std Dw 

12 001833ooo 03000000 0 1237492 0 1277411 

AWALYTE4lRAHIUI 238 
N Mini- l k x i u  moan Std Dw 

Rw cv 

03183000 1032238129 

-w. cv 

lrnnnm w7213421 

, 



I 

Table I 7 Ord.rd Listinp of Total Urn iu  1rOtop.r in kckgrwnd S t n r  k d l m t r  (Data frar 1993 BGCR DOg I-) 

ws 

337 
338 
339 
340 
341 
342 

343 
344 
345 
346 
347 
348 
349 
350 
35 1 
352 
353 
354 
355 
356 
357 

359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 

371 
372 
3 n  
374 
375 
376 
3 n  

379 
380 
381 
382 
363 
384 
385 
306 
387 
388 

35a 

370 

318 

LOUTION 

SED020 
SED016 
SED017 
SED022 
SED004 
SED023 

SED004 
SED016 
SED023 
SED022 
SED016 
SED017 
SED020 
SED017 
SED022 
SED022 
SED022 
SED022 
SED020 
SED004 
SED022 
SED016 
moos 
SED022 
SED004 
SED023 
SED020 
SED017 
SED004 
SED016 
SED017 
SED017 
SED020 
SED020 
SED023 
SED016 
SED004 
SED016 
SED023 
SED023 
SED020 
SED020 
SED020 
SED023 
SED004 
SED020 
SED004 
SED127 
SED017 
SED016 
SED016 
SED127 

-LE 

SED20001 
SED16001 

SED22001 
SED06001 
SED23001 

sEDimoi 

sD00215UC 
sD00214w 
SEDlboO1 
SED17001 
SED20001 
sD002lovt 
SEDzzoO1 
ssoo113bc 
sD0029luc 
sS00001uc 
sDDo0317W 
ssoo1asyc 
ssoo1m 
sDoa33ouc 
SO00313UC 
ssoo146w 
SED004001 
SED23Wl 
sDoo362uc 
ssoO0osuc 
ss00136uc 
SS00141UC 
SS00142yc 
SSO0176UC 
ssoooozyc 
ssoo11 luc 
sso0024uc 
ssoo175uc 
ss000oulc 
ss00004UC 
SS00147UC 
sDo0318uc 
ssoo144uc 
sooo2o3uc 
S S O O l ~  
sD00294uc 
sD00209uc 
sD00212uc 
s D o o 3 ~  
ss00166uc 
ssoo1o9yc 
sD00305uc 
ssoo1o8yc 
ss002oovc 

SDATE 

02/22/w 
02/23/89 
02/23/w 
02/22/w 
02/21/w 
02/21/89 

05/02/91 
05/06/91 
05/02/91 
05/07/91 
02/23/89 
02/23/w 
02/22/w 
05/02/91 
02/22/89 
08/28/90 
12/WrOl 
05/23/90 
03/19/92 
08/27/90 
03/05/91 
04/15/92 
03/16/92 
11/12/90 
02/21/w 
02/2l/W 
06/22/92 
05/29/90 
11/06/90 
11/14/90 
11/14/90 
03/11/91 
05/23/90 
08/26/90 
06/04/90 
03/11/91 
05/24/90 
05/24/90 
11/12/90 
03/25/92 
11/06/90 
12/11/91 
03/04/91 
12/10/91 
12/09/91 
05/02/91 
06/08/92 
12/Ov90 
08/27/90 
02/04/92 
08/27/90 
03/21/91 

URAWIW TOTAL 
W I u l  TOTAL 
URAHIW TOTAL 
UMWIW TOTAL 
URANlul TOTAL 
W l u l  TOTAL 

RESULT 

0 9 0  
1 10 
1 10 
1 10 
2 10 
2 6 0  

0 14 
0 17 
O W )  
0 41 
0 50 
0 50 
0 50 
0 53 
0 6 0  
0 76 
0 81 
0 8 5  
0 0 1  
Om 
0 -  
o w  
1 01 
l a 3  
105  
1 2 0  
1 21 
1 24 
13 
1 4 0  
1u 
1 61 
1 6 9  

1 81 
1 81 
1 8 4  
1 91 
2 01 
2 07 
2 11 
2 2 0  
2 2 7  
2 3 0  
2 6 0  
2 6 9  
3 0 8  
3 6 3  
3 6 9  
3 m  
4 11 
4 2 6  

i n  

WITS 

PCI/G 
PCl/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 

PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCVG 
PCVG 
PCI/G 
PCI/G 
PCI/G 
PCIM 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCVG 
PCI/G 
PCI/G 
PCI/G 
PCVG 
PCVG 
PCI/G 
PCI/G 
PCI/G 
PCIlG 
PCI/Q 
PCI/O 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/o 
PCVG 
PCVG 
PCI/G 
PCI/G 
PC1/6 
PCI/G 

QUAL ERROR 

0 0 %  
0033 
0063 
0084 
0200 
0 loo 
0 loo 
Om 
0 loo 
0 192 

B 0 190 
0330 
0230 
0 214 
0 In 
0 255 
0334 
0284 
0300 
0200 
0 312 
0 610 
0292 
0300 
0219 
0 188 
0400 
O S 4 3  
0540 
0201 
0 170 
0440 
0603 
0 31 
0 412 

B 0370 
0490 

B O m  
I 0430 

0 459 
0 537 
0608 

X 0560 
0 672 

X 0629 
0 661 

RL 

0 300 
0300 
0300 
0 300 

0300 

0300 
0008 
0500 
0 032 
0300 
O O O O  
0 a5 
0044 
O O O O  

0 059 
0300  
0 0 3 6  
O O O O  
OOOO 
OOOO 
0500  
0 5 0 0  
0500 
O W 9  
0300 
0300 
O O O O  
0020 
0 041 
0 0 %  
O O O O  
0020 
0 014 
0300 
0 a32 
0 023 
0300 
Om 
0500 
O O O O  

VAL 

N 

N 
N 
N 

A 
A 
A 
A 

I 
A 
N 
V 

A 
V 
A 
A 
A 
V 
N 
N 
A 

A 
V 
A 
A 

V 

A 

A 
A 
A 

A 

A 
A 
V 

A 

V 



389 

590 
391 
392 
393 
3% 
395 
3% 
397 
398 
399 
400 
401 
102 
403 
404 
405 
406 
407 
406 
409 
410 
41 1 
412 
413 
414 
415 
416 
417 

419 
420 
421 
422 
423 
424 
425 
426 
427 
42a 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 

439 
440 
441 
442 
443 
444 
445 
446 

418 

m o l 6  

-016 
SED020 
SED022 
SEDW 
SED016 
SED023 
SED022 
SED004 
SED017 
SED020 
SED022 
SED022 
SED020 
SED004 
SED020 
SED016 
SEDOZO 
SED022 
SED022 
SED004 
SED020 
SED020 
SED004 
SED004 
SED01 7 
SED022 
SED017 
SED020 
SEDOOS 
SED017 
SED016 
SED016 
SED023 
SED020 
SED016 
SED023 
SED016 
SEDOOO 
SED004 
SED01 7 
SED023 
SED016 
SED127 
SED023 
SED017 
SED023 
SED016 
SED020 
SED127 

SED004 
SED016 
SED022 
SED023 
SED017 
SED020 
SED020 
SED017 

SED16001 
sED2o001 
SED22001 

SDOOZlSUC 
S S O O l ~  
SD00313UC 
sD0021acIc 
SMKWKINC: 
ss00113uG 
SD00214yC 
sD00212yc 
SED00100lB 
SDDOOUZYC 
SSOO141UC 
SDO(#l’Iw: 
sm1w)yc 
sD00291UC 
ss00136uc 
SEDOzooOlB 
ssoo144bJc 
SED04001 
ssoo1osyc 
SSOOOOWC 
SS00001W 
ssoo176uc 
S s o o l ~  
sDoQs3auC 
ss0014zw: 
SSWl75UC 
SDDoa305yc 
SJoo1~7w 
ssoo111uc 
ss00004YI: 
SDOMlW 
ssoo1o11yc 
sDoo289uc 
SS00003Yt 
SEDlToo1 
SED23001 
SDOOUWC 
ssoo166uc 
sDoozpiyc 
ssoo1o9uc 
s smsyc  
SDoo536uc 
SDOOz93Uc 
ss002ooye 

SD00204Yc 
sD00209yc 
SD0021syc 
SD00215UC 
so0021 ouc 
SED2OOO1 
SEDO2000lB 
SED17001 

08/21/92 

02/23/W 
02/22/69 
02/22/69 
05/02/91 
05/06/91 
05/02/91 
11/12/90 
03/16/92 
05/02/91 
05/23/90 
w28m 
05/07/91 
05/02/91 
10/27/89 
06/22/92 
11/14m 
03/19/92 
05/05/91 
12/09/91 
11/06/90 
l0/27/89 
1 1 /06/90 
02/21/89 
08/27/90 
05/29/90 
0 5 m m  
03/11/91 
03/06/91 
06/08/92 
11/14/90 
03/11/91 
02/04/92 
11/12/90 
m/am 
05/24/90 
03/25/92 
06/27/90 
12/09/91 
05/24/90 
02/23/69 
02/21/89 
04/15/92 
1 u o b m  
12/10/91 
08/27/eo 
06/osm 
08/21/92 
12/11/91 
03/21/91 

05/02/91 
05/06/91 
05/07/91 
05/02/91 
05/02/91 
02/w89 
10/27/69 
02/23/89 

4so 

0 0 0  
0 0 0  
O W  
000 
0 01 
0 01 
0 01 
0 02 
002 
002 
0 02 
O W  
002 
003 
003  
O W  
0 0 3  
O W  
0 0 4  
0 0 4  
0 0 4  
O o b  
0 0 5  
0 0 6  
0 0 6  
0 0 6  
0 0 6  
0 0 6  
0 0 6  
006 
006 
0 07 
0 07 
0 07 
0 0 8  
0 0 8  
ow 
0 10 
0 10 
0 10 
0 10 
0 10 
0 13 
0 14 
0 14 
0 15 
0 15 
0 16 
0 19 

0 13 
0 14 
020 
0 2 6  
039 
0 6 0  
0 45 
0 50 

J 
J 

J 

J 
J 
J 
J 
J 
J 

J 

J 

J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 

J 
J 
J 
J 

J 
J 
J 

0826 

0 100 
0 100 
0 loo 
0 -  
0006 
O o o b  
O M 0  
O W  
0 012 
0010 
0030 
0 013 
0024 
0030 
0040 
0 0 3 7  
0030 
0027 
0030 
0 041 
O w 0  
0016 
0 100 
0 ob7 
0 130 
O a s O  
0023 
0 061 
0 -  
0 ob9 
O O E )  
Om 
0 -  
0062 
0 -  
0033 
O O n  
OW 
0 130 
0 100 
Q 100 
0 074 
0 on 
0 074 
0087 
0 tib 
om 
0 on 
0 -  

0033 
0030 
0 052 
00% 
0 076 
0 loo 
0 120 
0 loo 

0 -  

0300 
O M 0  
O M 0  
O w 0  
OW 
0300 
0300 
O w 0  
O M 0  
0300 
O a o O  
O O O O  
0022 
OOOO 
OOOO 
0 013 
O w 0  
0020 
0033 

0300 
0300 
0300 
O O O O  
OOOO 
OOOO 
0000 
O O O O  
0 024 
0033 
0300 
0300 
0 027 
0300 
0006 
0300 

0 03s 
O o p )  
0 015 
ouw) 
0360 
0 013 
0 013 
0020 

0500 
03110 
0300 
0300 
0300 

O O O O  

A 

A 
A 
A 

V W I  

r A 
A 
A 

A 

W 
A 
V 

A 

V 



447 
448 
4bV 
450 
45 1 
452 
453 
4% 
455 
456 
457 
458 
459 
46c 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 

SED022 
SED016 
=Do04 
SED022 
SED022 
SED004 
SED004 
SED022 
SED022 
SED017 
SED016 
SEDW 
SED023 
SED017 
SED016 
SED020 
SED020 
SED020 
SED023 
SED020 
SED020 
SED023 
SEDOOS 
SED016 
SED127 
SED017 
SED127 
SED016 

SEDuOol 
SED16001 
tEDo04001B 
SSOOllWe 
SDoo291yc 
ss00103Yc 
SED04001 
ss0011)Oue 
SE00146UC 
SS00142W 
SS00141K 
ss00136uc 
SED23001 
SSOO176yc 
ssoo175yc 
SSOoll lye 
SDOQ2lZYC 
S S o 0 1 ~  
SS00147UC 
SDOO293K 
Sm014bK 
SDOOZOIUC 
sDoO289w 
SDOOu)1uc 
S~164Uc 
ssoo1o9yc 
ss002oayc 
su)0101M: 

02/22/09 
02/23/69 
10/27/W 
w28/90 
12/09/91 
4/21/90 
02/21/69 
03/05/91 
11/12/90 
11/14/90 
11/16/90 
11/06/90 
02/21/69 
03/11/91 
03/11/9l 
08/28/90 
05/02/91 
03/04/91 
11/12/90 
12/11/91 
11/06/90 
12/10/91 
12/09/91 
02/04/92 
12/04/90 
08/27/90 
03/21/91 
08/27/90 

0 50 
0 6 0  
0 6 4  
093 
0 %  
0 %  
100 
1 02 
1 05 
1 11 
1 13 
130  
1 30 
1 3 6  
1 42 
1 6 6  
172 
113 
177 
160 
1 87 
2 30 
260 
3 14 
3 2 6  
3 27 
3 71 
3 8 2  

PCIIG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/O 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  

0 loo 
0200 
0200 
0 215 

B 0 210 
0 212 
0200 
0 160 
0 2 9 0  
0 244 
0 261 
0280 
0200 
0 164 
0 167 
0 328 
0 317 
0 405 
0 533 

B 0330 
0 sw 

B 0380 
B 0430 

OW 
0 559 

K 0 515 
0 592 

K 0 596 

0025 
0 3 0 0  
0 027 
0 300 

O O O O  
0080 
0 019 
0 053 
0 0 %  

0009 
O O O O  
0300 
0300 
0 070 
0090 
0 013 
0 041 
0008 
0 014 
0060 
0 032 
O M 0  
0 0 %  
O M 0  

N 

A 
V 

V 
N 
A 
V 
A 
V 
A 
N 
A 
A 
V 
A 
A 
A 

A 

A 
V 

V 

Analysis Variablo 

N 

6 

N 

47 

N 

49 

N 

36 

Minlnn 

09000000 

Mininu 

0 1360000 

Mini- 

0 

Minium 

0 1270000 

Summry Statistics for Total Urnirn 1rotop.r in  Backgroud Stroam Sdimnts (Data frol 19QJ BECR WE 1993a) 

m rn-m-UuIIII 

RESULT 
AIULYTE4JRANIUI TOTAL 

m i u  Mean Std Dw 

26000000 14833333 06940221 

AIULYTEWRANIUI 238 
m i u  mean Std Dw 

3- 13994556 103094% 



Table a 8 o r d e r d  Listing of D i u o l v d  P l u t a n i u  nd h r i c i u  in bckgraud 6rowdbmt.r <Data tram 1993 lcEll #IL 1-1 
I 

OBS LOCATION OMPtE SOATE AWALYTE RESULT WITS Qulu ERROR RL VAL 

1 B202489 G 2069 0614 02 0901 06/14/90 AWERICIUl 241 0 003 PCI/L 0 004 0 010 
2 B405586 55 860801 89 08/01/89 AllERICIUl 241 0 019 PCI/L 0 015 0 018 
3 8405869 G 4989 0614 02 oou) 06/14/90 AWERICIW 241 0 026 PCI/L 0 022 0 010 

4 8405586 55 060801 89 08/01/89 PLutoWIul 239 240 0 011 PCI/L 0006 O O O O  

Analysis Varilble RESULT 
ANALYTElUlERICIUl 241 

N Minim M U i U  neul Std  OW R- N 

3 00050000 0028OOOO 00166667 00126623 00250MO 759?%797 

AWALYTE.PLUTONIlM p9 240 
N Miniam l l u i u  w.m Std OW R- N 

1 0 011oooo 0 01lo0(10 0 011oooo 0 



Table 8 9 Orderad Listing of Total Plutoniu and A n r i d u  in Brckoravd 6roulb.t.r (Data fraa 1993 lQcll WL lpok) 

mS 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
I8 
19 
'0 
'1 
2 
23 
4 
5 
26 
27 
8 
9 

30 
31 
2 
3 
34 
35 
6 
7 

38 
39 
0 
1 

42 
3 
4 
5 

46 
7 
3 
3 

50 
1 

73 
54 

> 

LocATloN 

04oo489 

8202589 
8302989 
8405889 
8405489 
8200789 
0405586 
8405586 
0400389 
8304989 
84om9 
8102389 
8200569 
8200789 
8201 189 
8201 189 
8202489 
8203969 
8205589 
8205589 
8302989 
8305389 
B4W489 
8401989 
8405489 
0405689 
8405689 
0400169 
8203289 
6202589 
8205589 
8200889 
8200789 
0400189 
8200689 
8102389 
8304289 
8102389 
8200689 
8202589 
8302009 
8305389 
8602189 
8202589 
0405769 
0405889 
8401989 
8201589 
8304989 
8302789 
8405889 
8305389 
8405789 

83027~9 

SAMPLE SDATE 

06/08/90 
11/19/90 
06/01/90 
08/13/92 
10/05/90 
08/19/92 
08/18/92 
06/18/92 
05/17/91 
06/11/90 
05/29/91 
08/27/91 
05/26/92 
lOrur00 
1 0 m m  
Ob/50/01 
06/05/92 
04/08/91 
09/11/91 
10/19/90 
04/05/91 
05/23/90 
10/23/92 
09/16/91 
08/06/92 
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05/31/91 
08/23/90 
05/26/92 
08/17/92 
06/05/90 
06/09/92 
06/04/92 
08/19/92 
02/08/90 
08/19/92 
08/18/92 
06/14/90 
08/17/92 
10/21/92 
06/26/92 
1 0 m m  
04/03/91 
12/11/91 
04/04/91 
06/20/91 
05/23/91 
07/20/90 
11/19/90 
07/19/90 
02/26/92 
02/21/92 
09/18/91 
05/20/91 
10/05/90 
09/11/91 
11/29/90 
10/08/90 
09/23/92 
OUl0/92 
05/28/91 
02/07/92 
OUl0/92 
08/31/90 
06/26/92 
10/12/90 
04/03/91 
09/12/90 
08/28/91 
02/20/92 
03/22/91 
08/29/91 
05/29/92 
06/14/90 
06/18/90 
ob/05/90 
08/13/92 
06/09/92 

PLUTONIul239 240 
PLUTONlUM239 240 
putTQIruF239 240 
PUnollIUI 239 240 
PLUTONIUI 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM239 240 
PLUTONIUM239 240 
PLUTONIUM 239 240 
PLUTONtUM 239 240 
PLUTONIUM 239 240 
PLUTONIUI 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTOYIUM 239 240 
PunONIuI 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTolIUM 239 240 
PLUTONIUM 239 240 
PUltONtUM239 240 
PLUTONtUM 239 240 
PLUTONIUM 239 240 
PunOYtUM 259 240 
P r n I U I  239 240 
PLrnIUM 239 240 
PUnONIuI 239 240 
PLUTONIUM 239 240 
PLUTollIUM 239 240 
PLUTOYIUM239 240 
puttONtul239 240 
PLUTONtUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM239 240 
PLUTONlUM239 240 
PunONIul239 240 
PLUTONIUM 239 240 
PLUTONIul 239 240 
PLUTONIUI 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PuIlQiXUM239 240 
PLUTmUI 239 240 
PLUTOYIUM 239 240 
M O Y I U I  239 240 
P L r n I u l 2 3 9  240 
PLUTONIUM 239 240 
PLulONlUM239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTolIUM 239,240 
PLUTONIUM239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 

Ooooad 
0 -  
008a#I 
000000 
000000 
O O W 9 3  
000094 
OOOO96 
000098 
000099 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00100 
0 00104 
0 00104 
0 00105 
0 00105 
0 00111 
0 00115 
0 00117 
0 00122 
0 00128 
0 00131 
0 00141 
0 00141 
0 00142 
0 00142 
0 001n 
0 00153 
0 001% 
0 00159 
0 00161 
0 00164 
0 00166 
0 00167 
0 00174 
0 00174 
0 00174 
0 0017s 
0 00180 
0 00111 
0 00181 
0 00182 
0 00182 
0 00193 
0 wtoo 
O W 2 0 0  
OOOtOO 
0 00zoo 
OW2W 
OOOHK) 
O O O M O  

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
U 
U 

J 
J 
U 

U 
U 

U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
BJ 

U 
U 

0 om170 
0 OOIm 
0 -  
0 045120 
0 001810 
0 001m 
0 001890 
0 001920 
0 000945 
0 0 0 1 m  
0 mom 
0003400 
0 00zooo 
O W 2 0 0 0  
O W 2 0 0 0  
0002000 
0000000 
0 001Ooo 
O W 2 0 0 0  
0 00zooo 
0 001ooo 
0 00mo 
0 0 0 6 a O  
0002880 
0 002110 
0 w2210 
0OOZU)O 
Ooo23rso 
O O O R U )  
Oo02560 
0 001670 
0002820 
OOa3600 
0002WO 
O o 0 2 t 6 0  
0 005290 
0 -20 
0 O O p l O  
0 -10 
O W 2 6 4 0  
0 o r r m  
O o a u o O  
0 002750 
0 oo2850 
O W 2 8 5 0  
0 -  
O W 3 2 2 0  
0 w2550 
0 oms20 
0 002570 
0 oms40 
0ooU)o 
0 003180 
0002640 
O W 2 0 0 0  
O W 2 0 0 0  
0 -  
0002000 
Ooa3000 
0 -  

V 

V 

V 
I 

V 
V 

A 

I 

i 
4 

V 

V 

V 

V 

V 
V 

A 
A 
A 

V 
V 

V 

A 
V 
A 
A 

V 
V 
A 

A 
V 

A 



8401989 
8203989 
04057a9 
8304989 
B405689 
8201189 
83042w 
8302989 
8202489 
8305389 
8200589 
0405789 
8203989 
8302989 
8200rn 
8205589 
0402189 
8105689 
8204069 
8304289 
8204189 
6402189 
B302889 
8401989 
84os489 
6304289 
mU)o 
8102369 
8400289 
8201 189 
8201189 
0405489 
8400189 
8302789 
8202489 
8202589 
8305389 
8400289 
8400189 
BlO2369 
B400189 
8402689 
8401989 
8200689 
8202589 
8204189 
8304989 
8302889 
B4w269 
8305389 
8400389 
8302989 
8305389 
8400489 
8304989 
8201 189 
8205589 
8405489 
8203989 
8204189 

(to 
1 

GUO2SMIT 
410175611 
oyoO161 IT 
oyol342IT 
GW764IT 
GY03774IT 
GYOZSa8IT 
eY00126IT 
GyolO72IT 
oyO3761 IT 
GUO10671 T 
G U O l r n I T  
Guooul IT 
410132OIT 
410lrnIT 
oyOlO76IT 
Guo05481T 
GV013291T 
4102989IT 
4101021It 
GUOZ12211 
GUO13131T 
G 2489 0522 02 1025 
-911 
G 4589 0521 02 1445 
GUOaUZIT 
GU0077611 
GY037mT 
ouO24581 1 
GUO17471 T 
GY021031T 
GU013221T 
GVOONIT 
GuotS871 T 
G W r n I T  
GM3325IT 
G 4469 0521 02 1123 
G 0289 0519 02 1420 
4101341 IT 
Guo248511 
GU03397IT 
GUO1303IT 
GUOOO28IT 
GY03274IT 
GUO29671 T 
G 36119 0618 02 0965 
G 4189 0531 02 opu) 
ouoS749I 1 
GUO1047IT 
410013711 
Guo3479IT 
GUO3752IT 
Guo3405 IT 
Guo2961IT 
GU00212IT 
Guo024911 
~~037761 T 
GV00118IT 

Gyo0310 I T 
G u o m m  

03/13/92 
09/11/91 
06/16/90 
05/29/9l 
11/09/92 
10/20/92 
03/16/92 
08/06/00 
04/08/91 
10/23/92 
04/04/91 
09/17/91 
09/14/90 
05/20/9l 
09/15/91 
04/05/91 
10/17/00 
05/29/91 
05/29/92 
03/21/91 
12/12/91 
05/20/91 
03/22/90 
08/06/92 

08m/90 
12/05/90 
10/16/92 
02/13/92 
08/30/91 
12/11/91 
05/22/91 
11/15/90 
03/16/92 
10/19/92 
08/13/92 
05/25/90 
05/19/90 
06/17/91 
02/13/92 
08/20/92 
05/21/91 
07/24/90 
08/10/92 
05/29/92 
06/19/90 
06/01/90 
11/06/92 
03/28/91 
08/09/00 
09/23/92 
11/06/92 
08/18/92 
06/09/92 
08/17/90 
08/17/90 
10/20/92 
08/15/90 
06/05/92 
09/05/90 

osmm 

PLUTOlIul239 240 
PLulollIul239 240 
PLUTQIIUI 239 240 
~UIIOHIUI 239 240 
PuKollIUI 239 240 
PLUTollIul239 240 
PLICTOIIIUI 239 240 
PLUTollIul 239 240 
PUnollIul 239 240 
PLUTOHIUI 239 240 
PLUTow1lM 239 240 
PLUTollIul 239 240 
PLUTONIul 239 240 
PLUTONILW 239 240 
PLUTWIul 239 240 
PLUTaWIul 239 240 
PLUTONIUI 239 240 
PLUTOlllU 239 240 
PUITOHIUI 239 240 
PLUTollIlM 239 240 
PLulaWIul239 240 
PLUTamlM 239 240 
PI.tJloHIUI 239 240 
PLUTollIUI 239 240 
PLUTolIul239 240 
PLUTONIul 239 240 
PUITOIIIUI 239 240 
PLUTOHIUI 239 240 
PUITQlIul239 240 
PLUTollIul239 240 
PLUTQWIUI 239 240 
PuIIollIuI 239 240 
PLUTollIul239 240 
PLUIOllIUl239 240 
PLUTQIIUI 239 240 
PLUTONIul239 240 
PLuTollIul 239 240 
PLUTollIul 239 240 
PLUTONIUI 239 240 
PunollIul239 240 

PLUTONIUM 239 240 
PLUTollIul239 240 
PwTQIIul 239 240 
PLUTOIIUI 239 240 
PLUTONIul239 240 
PUIIQlIUI 239 240 
PLUTalIul239 240 
Punolllul239 240 
PwTaWIula9 240 
PLurmfUl 239 240 
PLUTollIlM 239 240 
PLUTOHIUI 239 240 
PUITWIul Po 240 
PWTOYIUl239 240 
PLUToII1l.M 239 240 
PUnOllIlM 239 240 
PuITollIul 239 240 
PLUTollIul239 240 
PLUTollIUI 239 240 

P w T m i u l m  240 

0 00201 
O o o z o i  
OOO206 
0 00210 
0 00211 
0 00212 
0 00212 
0 00213 
0 00217 
0 00222 
O W 2 2 5  
0 00235 
000236 
000236 
0 00236 
0 W245 
0 00246 
000265 
OooZm 
0 00276 
0 00279 
O W 2 9 2  
000300 
0063oo 
000300 
000304 
0 00316 
0 -  
0 oaftl 
0 oows 
0 00357 
OoaJso 
000387 
OoaJoo 
000392 
O W  
000600 
O W  
0 o0401 
000438 
0 004w 
000466 
000683 
0 00500 
O W 5 0 0  
0 00500 
0 00500 
0 mro 
0 W 1 7  
000546 
0 00551 
OtM560  
a000600 
Ooodao 
O o o d o t  
000605 
0 -11 
000636 
000646 
0 00652 

PcI/L 
PcI/L 
PcI/L 
P c V L  
PCVL 
PCI/L 
PcI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcVL 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PCVL 
PCVL 
Pcf/L 
PcI/L 
PcI/L 
Pcm 
PCI/L 
PCI/L 

PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 

Pc1n 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

U 

J 
J 
U 
J 
J 
J 
J 
J 
J 
U 
U 

J 
J 
U 
J 
J 
U 
J 

J 

U 

U 
J 

J 

J 

0 004030 
0 oOu1510 
Oo05590 
0002970 
0 -20 
0 -  
0003480 
0 002140 
OOOeObO 
0 -0 
0 m1w 
O W 3 8 6 0  
0 003350 
0 003550 
0 oa33fo 
0 m47U 
Oo0#110 
O m r U a  
0002920 
O o Q # o o  
OOa5960 
O o a 3 u o  
OOOSOOO 
Ooou#)o  
OOOiOOO 
0001500 
Ooosddo 
0002380 
0#)5690 
O O O W O  
O W 3 6 5 0  
0 a04670 
0 -  
0 OOizlO 
O W 2 8 4 0  
OOOZOOO 
O W 4 0 0 0  
0 -  
0 oowo 
0 006710 
0043000 
0 001190 
Oo01510 
0 -  
0 -  
O m U n n  
O O M W O  
0 oosm 
0 mbO 
00077% 
00041M 
0005660 
OOOteOO 
O m U m  
0 -  
0 004100 
0 muw) 
0 m 1 7 0  
0 w6160 
0 007570 

A 

Y 

A 
A 
A 

V 

V 
V 

A 
V 
V 
A 
V 

v 

V 

A 

V 
V 
A 

A 

V 
A 
V 
A 

V 



7 3 w o 0 3 8 9  
474 B3028W 
75 81022m 
76 Poosbp 

77 0302m 
478 8203989 
79 B205569 
80 B400489 
dl 8203289 
482 B400289 
(u B2055W 
84 8201189 

485 8304289 
406 Bl02289 

37 6402689 
98 6302989 

08/21/90 
wlom 
a5mm 
11/05/92 
10- 
03/21/91 
08/17/00 
ob/lS/Oo 
11/04/92 
09/08/92 
07/30/92 
07/30/92 
09/11/92 
Os/30/90 
1 1/07/90 
12/05/90 

PLuTWIUM 239 240 
PluToyIul239 240 
Pcumwtul Pg 2io 
PlUTWIUl239 240 
PunoyIul 239 240 
PultONIul239 240 
P L r n I U M  239 240 
PLUToH!W 239 240 
PluToIIIlM 239 240 
PLUTOllIUM 239 240 
PwloyIul 239 240 
PluTONIul 239 240 
PluToyIUM239 240 
PLUTONIUM 239 240 
PluTONIul 239 240 
PLUTWIUM 239 240 

0 -  
Oootz I )  
O W 7 S  
0 -  
0 00915 
0 00959 
0 -  
0 01120 
0 01613 
0 0256'1 
0 03500 
O o i z o o  
0 04550 
0 10140 
0 16560 
0 22370 

PcI/L 
PCVL 
min 
P c w  
PcI/l 
PCI/l 
PCI/l 
PCI/L 
P W l  
PCI/l 
PC!/l 
PCI/l 
PCI/l 
PcI/ l  
PcI/l 
PCI/l 

0 a7660 
oQo6;po 

J 0 -  
U 0000#)0 
J 0 015oOo 
J 0 Ooa20 

0 ow560 
OOOddOO 

U 0 O(H000 
J 0 007a70 
B 0 02m 
B 0 012Ooo 

0 019600 
0 035ooo 
0 -  
0 038100 

omnmn 
0000000 

0 oos15 
0 Oloooo  
OOOiaOO 
0000000 
0 ObOOOO 
0 016130 
0 Oloooo 
0 OlUKw) 
0 -  
0 Oloooo 
OOaOOOO 
0 Oloooo 
0 Oloooo  

a m m o  

O r k r d  l i s t i n g  of Total P l u t o n i u  md Ilsrritiu in lkckarovd GrOUdYlter (Data trol 1993 DGCR WE 199%) 

u 

Analysis Veriable RESULT 
AWALYTErAllERICIul 241 

Y Mini- Ikxilrm llrn Std Drv R- cv 

226 OOOtodoo 0 101MOo O O W 6 7 8  O O l a n  0 loIldd00 1956134567 

20 OOOOdbOOOO 00358700 OooSSl23 0-m OmaF390 2140785637 



foblo I 10 O r d . r d  Listing of D i s r o ~ o v d  lllrritiu md PLutonfu  in Sock#- W r t m  Umtw (Data tram 19P3 W -1 

06s 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
50 
31 
32 
33 
34 

1 94 
1% 
1% 
197 

198 
199 
200 
201 

202 
203 
204 
205 
206 
207 
208 
209 
210 

LOCATION 

EM05 
suo07 
SUO41 
suo(w 
suo06 
SUl07 
SU107 
m 
W134 
smo4 
SU107 
W131 
SU131 
SUl 07 
W131 
W135 
SU127 
syoo5 
suo06 
Suosl 
SUOOS 
W107 
suw7 
SU131 
SYOOS 
SUOOS 
suo06 
suo06 
suo05 
syoo6 
W107 
suo41 
suow 
svoo5 

SU135 
suow 
SUO04 
sui34 

swo4 
syoo6 
W135 
SU134 

SU131 
WOO4 
sua04 
SuooS 
suo07 
S u w l  
W107 
W127 
SUl07 

SAMPLE 

SLKlf001 
Syomol 
su41Wl 
sMo4001 
SUO6001 
su10m1 
SU50224uC 

SUO162UC 
syO1655~ 
SUO1114#Ic 
SyO1851W: 

suoo513uc 
SUOO4001 
S U O l W  
SUO5001 
suo7001 
sy11001 
Wl  o m 1  
svO0571UC 
SU50224UC 

SOATE 

02/28m 
02/27/89 
03/Ol/W 
03/02/w 
02/24/89 
02/28/89 
11/01/92 
03/23/92 
03/23/92 
03/10/92 
04/02/91 
03/13/91 
04/01/91 
1 1/01/90 
01/03/91 
03/23/92 
11/01/90 
03/06/91 
01/15/91 
11/05/90 
0 3 m m  
03/06/91 
03/06/9l 
11/01/90 
l l / W r n  
01/02/01 
03/Ub/91 
W-1 
04/02/91 
11/13/90 
1 2/03/90 
12/Osf90 
12/03/90 
12/03/90 

03/23/92 
03/0/92 
03mm 
03/23/92 

03mm 
03/23/92 
03/23/92 
03/23/92 

1 2/06/90 
03/- 
03mm 
o w / w  
02/27/69 
03/01/89 
02/28/89 
12/03/90 
11/04/92 

AMERlCIUII 241 
WERICIUII 241 
AlERICIUn 241 
MERICIUn 241 
A#RICIW 241 
AneRlCIUII 241 
MERlClW 241 
AWERICIUII 241 
ABERICIUII 241 
MERICIUl  241 
MERICIW 241 
MERICIUI 241 
NERlCIUII 241 
AWERICIUII 241 
MERICIW 241 
m1c1UII 241 
N E R I C I U I  241 
AMERICIUI 241 
MERICIUII  241 
~ I C I U I I  241 
MERICIIW 241 
AWERICIW 241 
rlll#ICIW 241 
AWERICIUII 241 
AWUICIUI I  241 
N E R I C I U I I  241 
CYlElllClW 241 
MERICIUII a1 
ARRICIUII 241 
AllERlClUl 241 
AmRSCIW 241 
AMRICIUII 241 
AmRlCIW 241 
MERlCIUII 241 

MalUII 236 
PLUTONIUII 236 
PLUTONIul 236 
PLuToyIul236 

PLuTQwIulz59 240 
PuITQIIu( a9 240 
PLuTaYIUl w 240 
PUITaYIuI a9 240 
PLuTolIul239 240 
PLUTONIUII 239 240 
PLUTolllUn239 240 
PLuTolIul239 240 
PLuTowIUII09 240 

RESULT 

0 01 
0 01 
0 01 
O W  
o w  
O W  
000 
O W  
O W  
O W  
0 0 0  
o w  
0 01 
0 01 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
002 
0 0 2  
0 0 3  
0 0 4  
0 0 4  
0 0 4  
0 0 6  
0 07 
0 12 
0 18 
0 2 0  
020  
040 
0 41 
0 5 0  

O W  
0 0 0  
0 01 
O O l  

o w  
o w  
0 01 
0 01 

0 12 
O W  
O W  
0 0 0  
O W  
0 0 0  
O W  
O W  
O W  

UNITS 

P C V L  
Mi/L 
PCI/L 
PCl/L 
PCI/L 
PCI/L 
PCI/L 
PCl/L 
PCI/L 
PCI/L 
PCI/L 
PCl/L 
PCI/L 
PCI/L 
PCI/L 
PCVL 
PWL 
PCVL 
PCl/L 
PCI/L 
PCl/L 
PCI/L 
PCVL 
PCI/L 
PCI/L 
PCIA 
PClA 
PCm 
PCVL 
PCl/L 
PCl/L 
PcI/L 
PcI/L 
PCI/L 

PCI/L 
E r n  
rem 
Pcl /L 

PCI/L 
PcI/L 
Kl/L 
PcI/L 

PCI/L 
PCI/L 
PCI / l  
PCl/L 
PCI/L 
PCI/L 
PCl/L 
PcI/L 
PCI/L 

auu 

J 

J 
U 
U 
U 
U 
U 

U 
U 
U 

U 
U 

U 
U 

U 
U 
U 

U 

J 

U 

U 
J 

ERmR 

0 0 3  
0 02 
0 0 2  
0 0 2  
0 02 
0 02 
0 0 0  
4 24 
600 
200 

0 01 
0 01 

0 01 
0 0 2  

0 0 3  
0 0 2  

0 14 

0 2 8  

0 0 0  
200  
100 
1 15 

0 0 0  
2 01 
200  
1 12 

0 4 b  
0 0 2  
o w  
0 0 2  
0 0 2  
0 0 2  
0 02 
O W  
0 0 0  

RL 

0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 

O W  
0 0 0  
0 01 
0 01 

0 01 
0 01 
0 01 
0 01 

1 14 

0 01 

0 59 
0 01 

VAL 

W 
W 

W 

W 

JA 
Y 

W 
W 

W 
JA 



21 1 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 

suo06 
suood 
SI107 
swoo6 
SI134 
SU135 
suo05 
SI131 
S W 4  
sbm7 
SUO41 
SU107 
woo6 
syoob 
SUOOS 
suo05 
SU131 
suo05 
SU107 
syoo6 
SUl07 
SU131 
syoo6 
SUO41 
SU127 
SU131 
suo05 

suoo671tK 

03/23/92 
02/24/w 
01/02/91 
04/02/91 
03123m 
03/23/92 
04/02/91 
04/01/91 
03/06/91 
03/06/91 
12/04/90 
03/04/91 
03/04/91 
01/15/91 
03/06/91 
11/08/90 
01/03/91 
01/02/91 
12/03/90 
11/13/90 
11/01/90 
11/01/90 
12/03/90 
11/05/90 
11/01/90 
03/13/91 
12/03/90 

PUnONIUM 239 240 
PLUTQlIUM w 240 
PUiTONIUM w 240 
PulTollIul239 240 
PLUTONIul239 240 
PLUTONIul 239 240 
PLUTONIUM 239 240 
PLUTONIul 239 240 
PLUTollIUM 239 240 
PLUTONIUM239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTONIul 239 240 
PLUTONIUM239 240 
PLUTONIUM 239 240 
PLUTONIUM 239 240 
PLUTOlSIul239 240 
PunONIul239 240 
PLUTONIUM 239 240 
PLUTONIUM239 240 
PLUTONIUM 239 240 
PLUToIIIul 239 240 
PLUTONIUM 239 240 
PLUTONIUM239 240 
PLUTONIul239 210 
PLurrmIul 239 240 
PLUTONIU 239 240 

O W  
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 02 
0 02 
0 02 
0 02 
0 0 3  
0 0 4  
0 0 5  
0 0 6  
O W  
0 2 0  
0 2 0  
0 3 0  
0 3 0  
0 3 0  
0 4 0  
0 1 0  
0 4 0  
0 52 
0 9 0  

PcIlL 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCVL 
Pcm 
PCI/L 
PCI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PcI/L 
PCI/L 
PcI/L 
PcI/L 

U 
U 

U 

4 0 3  0 01 
002 

0 01 
0 01 

1 59 0 01 
1 15 0 01 

0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 

0 0 4  0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 

0 17 0 01 
0 01 

3 

1 

AMLYS~S Variable RESULT 
AIULYTE.AWERICIlM 241 

N Minima c k x i u  Mnn Std Dw R- N 

34 001oow)o 05000000 0 0 -  0 1292908 05100000 104316la3 

ANALYTE4uITONIuI p6 
N Minima c k x i u  Meal Std DW R=w. cv 

4 0 00120000 0 ~ 5 o o o  0005#67 OOlZOOOO 121mrnrr r  

4 0 0 0130000 0 0052500 0 0055603 0 0130000 105 9lW147 

AIIALYTE4LUIONIUM 239 240 
N Mininun w u t i u  mal ttd Dw R n g .  cv 

36 0 1230000 0 POOOOOO 0 1158294 0 2039908 1 OzMooo 176 1131336 

u a= n= u =  11-nm.11 



557 sum ~ 7 1 U C  m/D6/91 W I W 2 3 6  0 82 PCVL 0 3 4  0 6 0  
558 sa41 ~ 2 2 w  11/05/90 W 1 W  2% 1 to P c I / L  060  0 6 0  
559 8uoo5 syOOlO&C 07/02/00 W I W  2% 24 45 PcI/L x 3 R  0 6 0  

S u u r y  Statistics for Dissolved Urmlun 1sotOp.r in  B8ckgrovd Surface Ulter (D8to fran ffim WE 19930) 

mm tlrmlllll 

Analysis VlriOble 

N M i n i m  

6 01000000 

N Mini- 

56 0 0157000 

N M i n i u  

56 0 0178000 

N M i n i r r  

56 0 

RESULT 
AUALYTE.URAIIIUI TOTAL 

l k x i u  Ikn Std Ow 

14oOmo 0725oooo 04834770 

MIALYTE.URAYIW 233 234 
n 8 x i u  w..n Std Dw 

31 1500000 091- 4 2102724 

ANALrrlllRAllIW 235 
n 8 x i u  mom Std Dw 

0 ~ 1 o o O  01399177 OzOMott 

ANALrtErllRAIIIW 238 
l k x i u  Il#n Std Ow 

24 4500000 0 7OE2350 3 2413667 

R- cv 

13OOOOW 6 6 6 1 4  

RnOl, cv 

31 7657000 457 6u5654 

Rnpr cv 

0 9129000 145 086B948 

Rno. cv 

24 4500000 457 6682417 



Table B 11 Ordmnd l i s t i n g  of Total P l u t o n i u  md A n e r i c i u  in I8ckgrand Surfue Wter <Dmta frol 1993 WCR WL 19938) 

a 9  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

LOCATION 

W127 
W107 
suo06 
suo07 
W107 
Wlu) 
suo06 
woo5 
WlZ? 
W l  07 
Sm4 
suo04 
suo05 
su" 
suo05 
suo05 
syoo5 
suo05 
suo05 
syoo5 
syoo6 
sa06 
sin06 
am6 
svoo6 
suo07 
syoot 
suo07 
SUO41 
SUO41 
W107 
SUlO7 
WlO? 
W130 
W131 
W131 
Wl37 
swoo6 
SUO41 
swoo6 
SUO05 
W107 
syoo5 
SUO07 
SUO41 
SUO05 
syoo4 
suo05 
SUO06 
SUO07 
SU127 
SUO06 
W131 
W127 

SOATE 

04/15/92 
04/14/92 
06/08/89 
06/08/89 
02/28/89 
04/15/92 
08/28/92 
08/21/92 
10/04/90 
09/05/90 
06/15/89 
06/05/91 
02/28/89 
osnoM9 
07/13/89 
08/Ol/W 
w/05/w 
07/02/90 
W/M/90 
12/08/92 
05/3l/W 
07/13/W 
OwOl/W 
06/05/91 
06mm 
05/51/89 
08/01/89 
03/05/90 
05/26/89 
06/16/89 
05/26/89 
06/16/W 
07/01/91 
08/01/91 
06/04/91 
07/08/91 
03/19/92 
03/05/90 
08/05/91 
12/02/92 

11/04/92 
0 3 / m  
06/03/91 
08/06/90 
06/10/91 
12/02/92 
06/01/90 
12/04/89 
Ol/W/90 
08/19/92 
07/0 1 /9l 
08/0S/91 
12/08/92 

o w i a m  

UULrTE 

AlERICIUI 241 
AWEIIICXUI 241 
MERICIUI 241 
AUERXCIUI 241 
AMERICXUI 241 
AllERICIlM 241 
AIERICIlM 241 
AHERICIUI 241 
AWERICXW 241 
AUERICIUI 241 
M R I C X W  241 
AWERICIUI 241 
MRXCXUI 241 
MERICIUI 241 
AMERICXUI 241 
AWERICXUI 241 
AERXCXUI 241 
MERICIUI 241 
MERICIUI 241 
AMERICXUI 241 
MERICIUI 241 
~ I C X U I  241 
~ X C I U I  241 
AUERICIW 241 
AlUICIUI 241 
NlERICIUI 241 
MERXCXUI 241 
AMERICIUI 241 
M R I C I U I  241 
MERICXUI 241 
MERXCXW 241 
MERICXW 241 
MERXCIUI 241 
M R X C I U I  241 
MERICIUI 241 
AlUICIUI 241 
MERICIUI 241 
mERlCIu4-241 
MERICXW 241 
AUERICIUI 241 
MERXCXUI 241 
MERXCIUI 241 
MERIClUI 241 
AlUIClUI 241 
MERICIUI 241 
AllERXCXUI 241 
AMERICIUI 241 
MERICXUI 241 
M R I C I U I  241 
MERICXUI 241 
M R I C I U I  241 
AWERICXUI 241 
-1CIUI 241 
AMERICIUI U1 

RESULT 

0 021 
0 011 
0 010 
0 010 
0 010 
0 010 
0006 
0 0 0 5  
0004 
0002 
O O O O  
O O O O  
O W 0  
O O O O  
O O O O  
O W 0  
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
O O W  
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
OOOO 
O O O O  
O O W  
O O W  
O O W  
O O O O  
O W 0  
OOOO 
OOOO 
0 001 
0 001 
0 001 
0 001 
0 001 
0 001 
0002 
0002 
O W 2  
0002 
0002 
O W 2  
0002 
0002 
0003 

UlXTS 

PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/l 
PCX/l 
PCX/L 
PCX/L 
P C V L  
PCI/l 
PCX/L 
PCI/L 
PCX/l 
PCI/l 
PCI/L 
PCI/L 
PCX/l 
P C V L  
PCX/l 
PCX/L 
PCX/L 
PCI/l 
PCX/l 
PCX/l 
PCI/l 
PCI/L 
PCI/L 
PCX/L 
PClfi 
PCX/L 
PCX/l 
PCX/L 
PCI/l 
RX/l 
PcI/l 
PCX/L 
PCI/L 
PCI/l 
PCX/l 
PCIIL 
PCXA 
K I / l  
PCI/l 

PC1/1 
PCX/L 
P C V L  
# X / l  
P C V L  
PCI/l 
PC1/1 
PCXIL 
PCI/L 
WX/L 

mxn 

QUAL 

J 
J 

U 
U 
U 

J 

U 

J 

J 
U 

J 
J 
J 
J 

J 
J 

J 

J 
J 
J 
J 

J 
J 
J 
J 

EmOR 

0 013 
0 010 
0020 
0 020 
0 020 
0 010 
0005 
0 010 
0001 
0 005 
0 010 
0001 
0 0 2 0  
0 010 
0 010 
0 010 
0006 
0006 
0 -  
0004 
0 010 
0 010 
0 010 
0005 
0 007 
0 010 
0 010 
0005 
0020 
0 010 
0020 
0 010 
0 -  
0001 
0005 
0 031 
0001 
0 -  
0003 
0006 
0 012 
0002 
0005 
0005 
0002 
0005 
0002 
0001 
O W  
0 007 
Om 
0003 
0003 
0 -  

RL 

0 010 
0 010 
0 010 
0 010 

0 010 
0 010 
0 010 
0006 
0 -  

0 010 

0 010 
0 010 
0 010 
0006 
0 012 
0 010 

0 010 
0 010 
0 010 
0 010 

0 010 
0006 

O O O O  
0 OtO 
0 010 
0 010 
0 011 
0w9 
0 010 
0 010 
0025 
0 010 
0w6 
0 010 
0 010 
0005  
0 010 
0 010 
0004 
0 011 
OOOO 
OOOO 
0 010 
0 010 

VAL 

N 

V 
V 

N 

V 

V 

V 

V 

A 

A 

V 
V 

A 

V 
V 



55 Sy1m 
% s u o 0 4  
57 suo05 
58 syl27 
59 suo41 
6 o E y o o 6  
61 swK)5 
6 2 s u o O 5  
63 suoot 
64 Wl07 
65 sY107 
66 -1 
67 syoot 
68 W107 
69 W l M  
m s w o c w  
71 syoot 
72 W107 

W107 
74 "131 
7s a136 
76 Syow 
77 suo41 
78 suo41 
7V sVl07 
m w O 0 5  
81 SYOM 
82 suoos 
83 swo7 
84 W107 

u suo05 
87 SWO4 
88 swoo7 
89 suo41 
9 0 s y o ( K  
91 W107 
92 wow 
93 suo05 
94 W107 
95 suo41 
96 suo41 
97 suo41 
9 8 s y o o 6  
99 SUO06 
loo SUO06 
101 SU107 
IO2 suo06 
IO3 SUO41 
104 sy041 
105 SUO41 
106 suo07 

8s suior 

380 SUO05 
381 SU130 
382 SUO05 
383 SU127 
384 SUO07 
385 SUO05 
386 SUO07 

swo36m 
gYgl853UC 
SUO1398UC 
syo419OOO3 
swool12UC 
SUOtoloYC 
SUO1396Yc 
suoo59oO02 
Euol932W 
~ N 0 5 0 1 9 0  
8y10'Ipooo2 
svool11uc 
suoo2o6yc 
SYOWY050190 
syoO7W6Ol9OA 
syo419oO01 
SUO05003 

smO286w 
wO059oO01D 
suoo205yc 
suo41008 
suo4190002 
syo41uo6os9oA 
SU06001 
SY006006 
Syo069MK)l 
W10190005 
syOa69ooo2 
su41001 
syO1291UC 
svo41UO50290A 
SUOzo16uc 

SyionoL 

SUOZOlbYc 
SUOlb82Yc 
SUO201bYc 
SUO18113yc 
SUO2016uc 
sUO185m 
svOl923UC 

06/03/91 
06/01/90 
12/04/W 
o w O l / 9 1  
09/05/90 
05/30/91 
ouo1/91 
os/o1/90 
03/05/92 
12/04/89 
06/01/90 
06/04/91 
12/03/92 
01/20/92 
08/19/92 
03/26/90 
06/08/92 
01/09/90 
05/01/90 
1 o/woo 
03/19/92 
08/01/91 
03/21/90 
07/05/90 
08/19/92 
08/01/91 
02/05/90 
06/22/92 
05/01/90 
02/05/90 
07/02/90 
08/01/90 
05/01/90 
06/01/90 
01/04/90 
06/09/89 
07/14/89 
09/05/90 
01m/90 
08/01/90 
11/2O/w 
OUo6/00 
06/01/90 
02/24/W 
W/O5/89 
01/09/90 
03/13/90 
02/06/90 
03/01/89 

05/woo 
08/26/92 

orioani 

08/27/92 
04/15/92 
08/27/92 
04/15/92 
08/26/92 
03/18/92 
06/08/92 

MERICIUl 241 
MERICIUI 241 
hNERICIUW 241 
AWEllfCIUW 241 
AWERICIUI 241 
MERICIUI 241 
M R I C I U I  241 
M R I C I U I  241 
AMERlCIUI 241 
M R I C I U I  241 
NERICIUI 241 
M R I C I U I  241 
M E R I C I U  241 
AIERICIUI 241 
AWRICIUI 241 
MRICILM 241 
M R I C I U I  241 
AMERICIUI 241 
AUERICIUI 241 
AMRICIUI 241 
AIIERICIUI 241 
AMRICIUI 241 
M R I C I U I  241 
AlERICIul 241 
MERICIUI 241 
MERICIUW 241 
MERICIUI 241 
M R I C I u l  241 
AWERICIW 241 
AMERICIUI-241 
MERICIW 241 
AICRICIUI 241 
AwulCIUI 241 
AlERICIUI 241 
MERICIW 241 
AWERICIUI 241 
mER1CIUI 241 
MRICIUM 241 
AMERICIUM 241 
AMERICIUI 241 
M R I C I U I  241 
M R I C I U I  241 
M R I C I u l  241 
AllERICIW 241 
AMERICIUI 241 
AHERICIul 241 
AMRICIUI 241 
AlEllICIW a1 
AWERIClUI 241 
MERICIUI 241 
M R I C I U M  241 
A l l u t c t u l  241 

0003 
0 0 0 3  
O W 3  
0003 
O W 3  
0 0 0 3  
0004 
O W 4  
0004 
0001 
O W 4  
0001, 
0006 
0005  
0006 
0006 
0006 
0006 
0006 
0006 
0006 
0006 
0007 
0 007 
O W 6  
0008 
0006 
0008 
0008 
0008 
0008 
0 0 0 8  
O W 9  
0009 
0009 
0 010 
0 010 
0 011 
0 011 
0 011 
0 012 
0 013 
0 013 
0 015 
0 015 
0 016 
0 016 
0 017 
0020 
0023 
0 024 
0 -  

0008 
0001 
0001 
0004 
0 001 
O O O O  
O W 0  

PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PcI/L 
PCI/L 
PCIIL 
PCI/L 
P c I A  
PCI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCm 
PCI/L 
PCVL 
PCI/L 
PCI/L 
PCI/L 
PCVL 
PCI/L 
PCI/L 
RI/L 
PCI/L 
PCI/L 
PcI/L 
PCI/L 

PCVL 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCWL 
PCI/L 
PCI/L 
PCIA 
PCI/L 
PCVL 
PCI/L 
PCI/L 

PCsn 

J 

J 

J 
J 

J 

J 

J 

J 
J 

U 

J 

U 

U 

0004 
0004 
0005 
0 -  
0009 
O W 4  
0 0 0 4  
0005 
0997 
0005; 
0046 
0005 
0005 
0004 
0 007 
0 015 
0006 
0 015 
0006 
0 007 
0006 
0006 
0008 
0008 
0008 
0 001 
0006 
0009 
O W 6  
0008 
0008 
000) 
Om 
0 010 
0 013 
0 010 
0 010 
ow 
0 01s 
0005 
O W 9  
0009 
0 010 
0 010 
0000 
0 013 
0 013 
O W 8  
0030 
O O Z J  
0 017 
O o o t  

0005 
000) 
0008 
0006 
O m  
OOOO 
O O O O  

0 010 
0 010 
0001 
0 010 
0 010 
O O O O  
OOOO 
0 010 
0 010 
OW 
0 010 
0 010 
0 010 
0002 
0 007 
0 010 
0 010 
0 018 
0 010 
0 011 
O W 0  
0 010 
0 010 
OW 
O o o t  
0 010 
0005 
0 010 
0 010 
00011 
0009 
0 010 
0 010 
0 010 
0 017 

0 010 
0005 
0 015 
0 010 
0008 
0 011 
0 010 

0 010 
0009 
0 011 
OOOO 

0 010 
0 010 
0 010 

0 010 
O W 0  
O o O a  
O O W  
O O O O  
O O O O  
O W 0  

A 

V 
V 
V 
A 

A 

A 
V 

V 
A 

A 
V 

A 
A 1 

V 

A 
A 
A 

V 

A 
A 
I 



3a7 w136 
388 W137 
3 0 9 -  
390 W107 
391 -7 

03/19/92 
03/19/92 
08/28/92 
04/14/92 
03/05/92 

O O O O  
O O O O  
O W 0  
0 001 
0 002 

OOOO 
O W 0  
0003 
0003 
1 9 9 9  

0000 
O W 0  
OOOO 
O W 0  
O O O O  

04/15/92 
04/15/92 
04/14/92 
08/26/92 
08/1/92 
08/01/90 
08/01/90 
08/06/90 
06/08/92 
03/19/92 
03/05/92 
03/19/92 

0 016 
0 007 
0 007 
0 004 
0003 
0 001 
O O O O  
O O O O  
O O O O  
O O O O  
0006 
0006 

0 011 
0 012 
0 010 
O W 6  
0005 
0 001 
0 001 
0 001 
O W 0  
O O W  
1 221 
1 0 %  

0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 

392 SUlM 
393 W127 
394 Wl07 
3% suo07 
3% ouoo6 
397 SYOOS 
398 SU107 
399 s w 4 l  
400 syoO7 
401 SU137 
402 suo07 
403 w136 

syO1882K 
SUOlIIMYc 
SUO1884UC 
SUO2016UC 
suo2022w 
SUOOzodyc 
syO0205yC 
s y o o 2 0 ~  
SUOl923UC 
SWl84ow: 
SUOla41yc 
syO1853yc 

PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
P W L  
PCIIL 
PCI/L 

V 

J 

0 015 
0006 
0 012 
O O Q J  
0 001 
O W 3  
0004 
0002 
0 001 
0 001 
0 010 
0 010 
0 010 
0 010 
0 010 
0004 
0 0 0 3  
0020 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
O W 2  
O W 0  
0 010 
0 010 
0 010 
0 010 
0004 
0004 
0 001 
O W 3  
O W 2  
0002 
0002 
0002 
O W 6  
0003 
0002 

404 syoo5 
405 suo07 
406 SU107 
407 SU1M 
408 suo05 
409 swo5 
410 SWOS 
411 W107 
412 SUl27 
413 SU107 
414 SUO04 
415 suo05 
416 SUO05 
417 SuooS 
418 SUO05 
419 SUO05 
420 -05 
421 SUO06 
422 SUO06 
423 suo06 
424 SUO06 
425 suo06 
426 syoO7 
427 syoo7 
428 suo07 
429 svoo7 
430 SUQ41 
431 SU107 
432 SUl07 
433 SU107 
434 SU107 
435 SU130 
436 S W l  
437 SU131 
438 SUO06 
439 W130 
440 SUO07 
441 SUO04 
442 suo06 
443 SUO06 
444 suo41 I 

SUO2018yc 
syQzol6yc 
SUOlM4iX 
s u o 2 ~  
suo202Nc 
suoo5w6 
SUOOSO09 
sH0224yc 
SUO2032w 
suo0205yc 
syoo4003 
suoo5002 
suo05oa3 
SYOOSOOI 
SUO05005 
SUO1187UC 
SUO1396yc 
SU06001D 
SUO06002 
suo06003 
SUO06004 
SUO06005 
suo07003 
suoomos 
~ 7 u O 6 0 1 9 O A  
SUO1923UC 
sw41002 
SU107002 
su107003 
W107004 
suo1 1116Vc 
SUO1401UC 
SUO020’Iuc 
SUOl297UC 
Suo1 29% 
SUO1 19zyC 
suo1 184yc 
svoo4uo50190 
SUOO6009 
syo1937UC 
SUO1503UC 

08/27/92 
08/26/92 
04/14/92 
08/19/92 
12/08/02 
09/05/89 
12/04/89 
11/04/92 
12/08/92 
08/01/90 
06/15/89 
05/30/89 
06/09/89 
07/13/89 
08/01/89 
06/10/91 
08/01/91 
02/24/89 
05/31/W 
06/08/89 
01/13/89 
08/01 /89 
06/08/89 
WOl/W 
06/01/90 
06/08/92 
05/26/89 
05/26/89 
06/16/89 
07/14/89 
06/03/91 
08/01/91 
08/06/30 
07/0891 
07/01/91 
06/03/91 
06/03/91 
05/01/90 
12/04/89 
06/30/92 
09/05/91 

PLuTolllul 239 240 
PLuTollIul 239 240 
PLuToHIlM 239 240 
PLuTollIul239 240 
PLuTollIul 239 240 
PLuTQyIul 239 240 
Pun#Iul 239 240 
PultoHIUI 239 240 
PLuTollIul 239 240 
PWoHIUI 239 240 
PLuTWIul 239 240 
PLuTollIul 239 240 
PLuTollIUI 239 240 
PLuTWIul 239 240 
PultolIul239 240 
PLuTollIul 239 240 
PLuTollIul 239 240 
PLuTolIul239 240 
PLuTollIW 239 240 
PLuToHIul 239 240 
PLuTWIul239 240 
PLuToll1ul 239 240 
PLuTolIul239 240 
PLuTollIul 239 240 
PLurollJul239 240 
PLuTowIul239 24Q 
PLuTowIul239 240 
PultowIul 239 240 
PultQIIlM 239 240 
PunoyIul239 240 
PLuTolliul 239 240 
PLuTowIUI 239 240 
PLuTollIul239 240 
PunolIu l239 240 
PLuTolIlM 239 240 
PLuTowIul239 240 
PunollIul239 240 
PLuTOliIul 239 240 
PLuToHIul 239 240 
PultfflIul 239 240 
PLuTollIW 239 240 

0 016 
0 0 0 6  
0003 
0 001 
0 001 
0 001 
0 001 
0 001 
OOOO 
O O O O  
O W 0  
O O O O  
O W 0  
0 0 0 0  
O O O O  
O O O O  
O W 0  
O W 0  
O O O O  
O O O O  
O O O O  
O W 0  
OOOO 
O O O O  
O W 0  
O O O O  
O W 0  
OOOO 
O O O O  
O W 0  
O O O O  
O W 0  
O W 0  
O W 0  
0 001 
0 001 
0 001 
0 001 
0 001 
0 001 
0 001 

0 010 
0 010 
0 010 
0 0 0 6  
0 010 
0006 
0001 
0 010 
0 010 
0 010 

J 
J 
J 

O O O O  
0 010 
O W 0  
0 010 

J 
J 

V 

0 010 
O W 0  
0 010 
0 010 
0 010 
0 010 
0 010 U 

O W 0  
0 010 
0 Qlo 
0 010 
0 010 
0 0 0 0  
0 010 
0 010 
O O O O  
0 0 0 6  
Om 
0003 

V 

V 

A 
V 
A U 

U 

I 



445 
446 
447 
448 
u 9  
450 
451 
452 
453 
4% 
455 
4% 
457 
45a 
459 
460 
461 
462 
463 
464 
465 
466 
467 
466 
469 
470 
471 
4R 
473 
474 
475 
476 
477 
478 
479 
480 
401 
4a2 
483 
686 
485 
4a6 
407 
480 
+89 
90 
91 
92 
93 
4% 
4% 
4% 
497 
498 
499 
500 
501 
502 
503 
504 

I 

W131 
Ouosl 
swo5 
syoo6 
syoo4 
SUO41 
syoo5 
SU127 
syow 
syoob 
W127 
syow 
SU131 
-1 
sub05 
W107 
SU107 
SU107 
W107 
SU107 
SUO41 
syoo6 
syoo6 
suo07 
sub05 
syo[H 
M 3 1  
sYOOS 
W107 
swo6 
suo04 
mo5 
!ado06 
suo07 
SUO41 
-1 
W107 
SYOOI 
W107 
SU107 
SUO41 
suo07 
SUO41 
SU127 
sV107 
SUO41 
suo06 
SUOO7 
syoo5 
suo05 
suo06 
sMo6 
suo05 
SU130 
SU107 
suo05 
Suo07 
suo41 
suo05 
SUO07 

i 

SY006001 
-1 
suoo284uc 
SU01082W 
w1019oo01 
suo05POOOlD 
suoo19aoo1 
SUO4190001 
suo05007 
svoo7002 

06/01/91 
05/05/91 
07/01/91 
12/02/92 
12/02/92 
ad/04/91 
08/01/90 
08/01/91 
09/05/90 
05/30/91 
08/19/92 
08/01/9l 
oIv05/91 
07/08/91 
06/22/92 
05/01/90 
06/01/90 
01/20/92 
09/05/90 
08/19/92 
07/05/90 
w/a/92 
03/05/90 
03/05/90 
03/22/90 
07/02/90 
lo/- 
05/01/90 
01/02/90 
06/05/91 
06/01/90 
06/01/90 
09/05/89 
Os/Ol/90 
05/02/90 
03/21/90 
07/01/91 
06/05/91 
12/04/w 
03/13/90 
1 0 I ~  
12/03/92 
09/05/90 
10/04/90 
02/05/90 
02/06/90 
ouo6/90 
03/05/92 
02/28/w 
02/05/90 
10/02/89 
01/09/90 
09/04/90 
04/15/92 
01/09/90 
01/04/90 
01/09/90 
01/04/90 
10/02/w 
05/31/W 

pummlul a 9  240 
PucIoIlul 239 240 
PLrnlUI 239 240 
PLuTolllul239 240 
PLuTolllul 239 240 
PLUTOlllM 239 240 
PLuTONIul 239 240 
PLUTONlul 239 240 
PLuTaHluI 239 240 
PLuTOlllM 239 240 
P W I W  239 240 
PLurowlul239 240 
PLuTollIul 239 240 
P W l u l 2 3 9  240 
PLuTONlul239 240 

punolllul239 240 
PLuTolluI 239 240 
PLuTQlIul239 240 
PLuTolllU) 239 240 
PLuTollul239 240 
PL[TtQIlul a9 240 
Punolllul239 240 
PLuTollfula9 240 
PLuTQwIul 239 240 
P L m t u l 2 3 9  240 
PLuTOllul 239 240 
Punolllul 239 240 
Punol luFZlo  240 
PLuTawlul 239 240 
PUIIQIlul 239 240 
Punolllul239 240 
PLuTQllul239 240 
P W I W  239 240 
Punawlul 239 240 
Pultolllul 239 240 
PLuTollIul 239 240 
Punolllul239 240 
PLuTOlIUI 239 240 
PLuTollul 239 240 
PLuTollIula9 240 
P W I u l 2 3 9  240 
PunOllUl 239 210 
PuITOHlW 239 240 
PLuTollul 239 240 
P w T o l l l ~  239 240 
PLUIOlrUlm 240 
PLuTowlul239 240 
PUlTWtUI ?39 240 
PLUIOlluI 239 240 
Punolllul as9 240 
M Q l l u l 2 3 9  240 
Punolllul 239 uo 
PLuTolllUI 239 240 
P m x w  239 240 
PLuTolllUI 239 240 
PLuTolllul 239 240 
PLuTowIul239 240 
PLuTollul 239 240 
PLuTollul 239 240 

p u n a m  239 240 

o mi 
o mi 

o mi 
0 001 

0 001 
0 001 
0 001 

0 001 
0 001 
O W 2  

O W 2  
0002 
O W 2  
O W 2  
O W 2  
0002 
O W 2  
0002 
0002 
0002 
0002 
O W 3  
O W 3  
O W 3  
0003 
O W 3  
O W 3  
OW 
0001 
0004 
0001 
OW 
OW 
OW 
OW 
0005 
0005 
O W 5  
0006 
0006 
0006 
0007 
0000 
0009 
0009 
0009 
0 010 
0 010 
0 011 
0 012 
0 012 
0 012 
0 013 
0 014 
0 015 
0 016 
0 018 
0020 

o mi 

o 002 

J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
U 

J 

J 

U 

J 

J 
J 

J 

J 

Om 
O W 3  
0001 
0 -  
0002 
0 002 
0 002 
0002 
O W  
0003 
0006 
0003 
0001 
O W 3  

0001 
0002 
0 002 
0005 
O W 3  
O a o Z  
0006 
0005 
O W 3  
0005 
0007 
0003 
OW 
O W 5  
0005 
O o o b  
0006 
OW 
0005 
0005 
0006 
OW 
0005 
0005 
0005 
0 -  
0006 
O W 5  
O O W  
0 0 0 1  
0006 
0009 
1148 
0020 
0009 
0 -  
0007 
0009 
0 -  
0 010 
0 012 
0 0 0 9  
O M 7  
0 015 
0 010 

o 007 

0 010 
0 010 
0000 
0 010 
0 010 
0 010 
0 010 
0 010 
0 0 0 6  
O O O O  
0 0 0 8  
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 

0 007 
O O O O  

0 010 
0 0 0 )  
0003 
0006 
0 010 
0004 
0 010 
0 007 
0 010 
0 010 
0 010 
0 007 
0 010 
0 010 
0 0 0 9  
O O O O  
0 010 
O O O O  
O O O O  
0 010 
0 010 
0 007 
0 011 
0007 
0007 

0 010 

0006 
0009 
0007 
0 -  
0 010 
0 010 
0009 
O O W  
0005 
0 012 

o mi 

o 007 

o 007 

V 

A 

A 
V 
V 

A 

V 
A 
V 

V 
A 

A 

V 

V 
A 

A 
V 
A 
A 
A 

A 

A 



505 W107 sulO7006 w/20/89 PLuTowIul239 240 0 020 PcI/L 0 012 0 007 
506 sw41 sw41uo60490A 06/04/00 PLUtQlXW 239 240 0 038 P W L  0 014 0 @io 
507 SUO41 SUO4loa3 06/16/W PLurollIU 239 240 0 040 PcI/L 0 010 
506 W127 SWlbMuc 04/15/92 PLUTollIul 239 240 0 04e PcI/L 0 021 0 010 - mm- Illllll-mrmr - 

Slnnrry Statistics for tota Plutonim and h e r i c i u  in Backgroud Surface Wter (Data from 1993 BGCR DOE 199%) 

Anrlysis Varimble 

N 

106 

N 

12 

N 

12 

N 

1 8  

M i n i u  

0 0 2 1 m  

Minium 

0 omo0O 

Mini- 

0 0160000 

Mini- 

0 015booo 

RESULT 
ANALYTEMMERICIW 241 

Ilurimm Meall Std D.v 

OaJbOOOO 00039133 oo015605 

OOOZOOOO 00015535 00029875 

ouo6oOoo ow21222 omQ3QJ 

AlULYtElPUnOWIW239 240 
wrxiu Ikn Std Dw 

oo6uomo ow62548 ooO63379 



Table B 12 0rd.r.d ~ i r t i n g  of Dis-lml P l u t a n i u  and W r i c i u  in ktlrorornd soap  tor (Doto tram 1993 BGCR WE i 9~sr)  

mt I 

1 
2 
3 
4 
5 
6 
7 
0 

44 
45 
46 
47 
48 
49 
50 
51 

SAWPLE =ATE ANMITE 

03/01/89 
03/02/89 
03/02/09 
04/02/91 
11/12/90 
03/05/91 
12/03/90 
11/01/90 

03/02/89 
03/01/w 
03/02m 
04/ow9l 
03/6/91 
12/03/90 
11/12/90 
11/01/90 

MERICIW 241 
MERICIW 241 
AWERICIUI 241 
AMERICIUI 241 
MRICIUI  241 
MRICIUI  241 
AMERICIUI 241 
AMERICIUI 241 

PLulQlIUl 239 240 
PLUTQlIW 239 240 
PWTOHIW a9 240 
PLUICYIUI 239 240 
PWTOHIUl239 240 
PLUTOYIUI 239 240 
PLuTQwIW239 240 
PUITUIIW 239 240 

RESULT WITS QUAL 

O W  
0 0 0  
0 0 0  
0 01 
0 01 
0 01 
0 2 0  
O W  

0 0 0  
0 01 
0 01 
0 01 
0 0 2  
0 0 4  
OM 
0 40 

PCI/L 
PCI/L 
PCI/L 
PCI/L u 
PCI/L u 
PCI/L u 
PcI/L u 
PcI/L u 

PcI/L 
PCI/L 
PCI/L 
PCI/L u 
PCI/L u 
PCI/L u 
PCI/L u 
PCVL u 

RL VAL ERRaR 

0 020 
0030 w 
0020 N 

0 010 
0 010 
0 010 
0 010 
0 010 

0020 N 
0020 
0 020 1 

0 010 
0 010 
0 010 
0 010 
0 010 

Sunmry Statistic8 for Dfsrolwd Plutaniu md A r r i c i u  IN krp Wter (Data tram 1993 MCR DOE 1-1 

ArulWir  Variabl8 RESILT 
ANALYtE.IIIIEllICIW 241 

N Minim c l r x i u  mall Std OW R- ff 

0 o oaoooooo oim7so 02'199000 O~OOOOOO 21aa9sw74 

AWALYlE=PLulQlIU 239 240 
N M i n i m  lluiu )lun Std Ow R n g .  cv 

0 0 04WOOOO 00987500 OlSTIP17 0 -  159-1 



Table B 13 Ordered listing of Total Plutoniu and Arrit iu in kclferovld Soap Ylter (Oar* tram 1993 B@CR DOE t-) 

ms 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
1 
29 
30 
31 
32 
33 
34 
35 
36 
31 

121 
122 
123 
124 
125 
1 26 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 

SOATE 

06/16/69 
07/14/69 
08/04/89 
05/30/89 
06/15/89 
07/13/69 
03/19/92 
07/01/91 
03/19/92 
W/05/90 
02/07/90 
10/13/89 
06/04/90 
12/02/92 
06/05/91 
06/26/91 
12/04/89 
03/26/90 
01/10/90 
O3/tu#, 
05/02/90 
10/13/W 
08/10/89 
02/06/90 
06/01/89 
07/05/90 
05/- 
0 3 / m  
1 1 / 2 0 m  
01/10/90 
02/Os/90 
01/14/89 
Ol/W/90 
06/04/90 
11/20/69 
06/16/89 
03/01/W 

06/15/89 
07/13/W 
06/05/91 
12/02/92 
09/05/90 
07/01/91 
05/Ou90 
07/05/90 
10/13/89 
06/26/91 
01/10/90 
06/04/90 
03/22/90 
02/06/90 
02/05/90 
W/19/69 

AMMITE 

MERICIW 241 
AMERICIW 241 
MRICIW 241 
AMERICIW 241 
AllERICIW 241 
AMERICIW 241 
NERICIW 241 
AMERICIW 241 
AMERICIW 241 
AWERICIW 241 
mERICIW 241 
AMERICIW 241 
llllERICIW 241 
AlERtCIW 241 
MERICIW 241 
MERICIUI 241 
AllMICIW 241 
AllERICIW 241 
MERICIW 241 
MRICXW 241 
MERICIUI 241 
m1c1UI 241 
AMERICIW 241 
MERICIW 241 
MRICIUI 241 
AllERICIW 241 
MERICIW 241 
NERICIUI 241 
AllERICIW 241 
MER1CIW 241 
AWERICIUI 241 
nmER1c1uF241 
AMERlCIUl 241 
AWMICIlM 241 
AMERICIUI 241 
AllERICIW 241 
M R I C I U F U l  

PlutollIUI 239 240 
PullowIUI 239 240 
PUlt#IuI 239 240 
pcutolltul239 240 
PunOHIUI 239 240 
PunalIlM 239 240 
PunollIUI 239 240 
PLutollIW239 240 
PUITOYIUI 259 240 
PluTWlW239 240 
PLutOWIW239 240 
PuMllllW239 240 
PLutollIW 239 240 
PunotIW239 240 
PLuTowIW239 240 
PLUTOWIW 239 240 

RESULT 

0 0 0  
O W  
O W  
O W  
o w  
O W  
o w  
0 0 0  
0 0 0  
O W  
O W  
o w  
0 0 0  
0 0 0  
o w  
000 
O W  
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
0 0 2  
0 0 3  
0 0 3  
0 0 6  
0 0 6  
0 10 

o w  
o w  
0 0 0  
o w  
O W  
o w  
O W  
0 0 0  
o w  
O W  
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 

0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
O W  

J 0 0 0  
775 
0 01 
0 01 
0 01 
0 01 

J 0 0 0  
J 0 0 0  
J 0 0 0  

0 01 
0 0 0  
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
0 07 

0 01 
0 01 

J 0 0 0  
J 0 0 0  

o w  
J o w  

0 01 
0 01 
0 01 

J 0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 

RL 

0 01 
0 01 

0 01 
0 0 2  
0 0 0  
0 01 
0 01 
0 0 2  
0 01 
0 01 
0 01 
0 01 
0 01 
O W  
0 01 
0 01 
0 01 
0 01 
o w  
0 01 
0 01 

0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 

O W  
0 01 
0 01 
0 01 
0 0 0  
0 01 
0 01 
0 0 2  
0 01 
O W  
0 01 
0 0 0  
O W  
o w  
O W  

VAL 

A 
V 
A 
V 
A 
A 

A 

A 

A 

A 

A 

A 

1 

A 
V 

A 

A 
A 



137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 

10/13/W 
W/19/W 
03/oum 
01/10m 
02/07/90 
os/w/90 
03/22/90 
08/02/90 
06/04/90 
03/02/89 
06/01/89 
07/14/89 
W/lO/W 
06/16/89 
06/16/89 
03/01/89 
07/14/W 

Purrrmlul239 240 
PLUIollXul 239 240 
puII#IuI t39 240 
PuIIOwlW 239 240 
PLutawIul239 240 
PLuTOWlul239 240 
PLuTOWlul 239 240 
PLuTawIul239 240 
PLUTOWIW 239 240 
PLUTOWIul 239 240 
PLuTolllW 239 240 
PLuTolilul 239 240 
PLWaWIul 239 240 
PLuTOWlW 239 240 
PLuTOWIul 239 240 
PLuTOWluI 239 240 
PUnOWIul239 2 a  

0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 07 
OW 
0 0 8  
0 0 8  
0 14 
0 1s 
0 19 
0 74 
100 
440 

PcI/L 
PcI/L 
Rl/L 
PCVL 
PCVL 
PCI/L 
PCl/L 
WI/L 
PcI/L 
PCI/L 
Pcl/L 
Pcl/L 
PCI/L 
PCl/L 
Pcl/L 
Pcl/L 
PcI/L 

0 01 
0 01 
0 0 2  
0 01 
0 01 
0 01 
0 01 
0 0 3  
0 0 2  
0 0 3  
0 0 3  
0 02 
0 07 
0 0 3  
0 0 5  
0 10 
0 10 

0 01 A 
0 0 0  

o w  
0 0 0  A 
0 0 0  
0 01 
0 01 A 
0 01 

o w  
0 01 

000 

1 Suumry Statirticr for Total Plutoniu md k r r i c i u  i n  bckgroud *tor (Data fra, lm BIBCR DOE look) 

Analysis Variable RESULT 
AHALYTE=AMERICIUI 241 

Y M i n i u  lluiu Ikn Std DW - cv 

37 0 01000000 00126bW 00203667 01000000 1610027541 

uwmsunawXW 239 uo 
I M i n i u  l l u t u  Ikn Std D.v cv 

33 0 44000000 02135611 078QRU) 4 -  566 S?S6059 

- 



OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

161 
162 
163 
164 
165 

166 
167 
168 
169 
170 
171 
172 
1n 
1 74 
175 

LOCATION 

SED016 
SED017 
SED020 
SED023 
SED016 
SED094 
SED022 
SED004 
SED022 
SED017 
SED020 
SED016 
SED016 
SED022 
SED020 
SEDOZO 
SEDOZO 
SEDOOS 
SED020 
SED127 
SED022 
SED023 
SED127 
SED016 
SED023 
SED004 
SED016 
SEDOOI 
SED016 
SED017 
SED004 
SED004 
SED023 
SED022 
SED01 7 
SED020 
SED016 

SED016 
SED004 
SED020 
SED01 7 
SED022 

SED004 
SED016 
SED020 
SED022 
SED004 
SED004 
SED020 
SED004 
SED022 
SED016 

SNPLE 

SED16001 
SEDlToO1 
SED20001 
SED23001 
S S 0 0 1 ~  
SED04001 
SEDzzoOl 
SSoo103ye 
~ 1 1 3 U c  
smo1oouc 
SSool 1 lyc 
ssoo175yc 
sDowo5uc 
ssoo1aaK 
sDoa317UC 
sDoo342yc 
S ~ l i c y c  
ssool7oyc 
ssoo1Tbyc 
ssoO166yc 
suw)14m 
SOO03111ye 
SS00200UC 
~LDoo556yc 

ssw136sn: 
sDoo33ouC 
SDooSl3UC 
SS00141yC 
ssoo142uc 
SDowulyc 
SS00003YC 
ss0002cw: 
ssoooo1yc 
S00005YC 
SSOOOOZUC 
SSOOOOW 

ssoo1o11yc 
SMolOuK: 
ssw111yc 
ss001opyc 
ssoo113yc 

SEDo4001 
SED16001 
SED20001 
ss0011wc 
SSOOla3H: 
ss001loyc 
SSOOll lyc 
sDo(u13UC 
SDoo291yc 
sD00350YC 

ssooiaiuc 

0 2 m / w  
02/23/89 
02/22/89 
02/21/w 
08/27/90 
02/21/89 
02/22/w 
08/27/po 
08/28/90 
06/27/90 
08/28/90 
03/11/91 
02/04/92 
03/05/91 
03/19/92 
06/22/92 
11/w/oo 
03/05/91 
03/04m 
12/05/90 
11/luoo 
03/25/92 
03/21/91 
08/21/92 
03/04/91 
11/06/90 
04/15/92 
03/16/92 
1 1/14/90 
11/14/90 
06/08/92 
05/24/90 
06/04/90 
05/23/90 
05/29/90 
05mm 
05/24/90 

06/27/90 
06/27/90 
06/28/90 
06/27/90 
06/28/90 

02/21/89 
W23/W 
02/22/89 
08/28/90 
08/27/90 
03/04/91 
06/28/90 
03/16/92 
12/09/91 
04/15/92 

AWALYTE 

AWERICIUI 241 
AUERICXUI 241 
AWEUXCIUI 241 
AWERXCXUI 241 
AHERXCIUI 241 
AllERICIUI 241 
MEUICIUI 241 
AMERICXUI 241 
lWERXCIW 241 
AUERICIUI 241 
MERXCXUII 241 
MERXCXUI 241 
AWERXClU 241 
IIIIERICIUI 241 
AERXCIUI 241 
AllERXClUI 241 
A E R I C I U  241 
MERICIUM 241 
MERICIUI 241 
llllERtCIUl 241 
M R X C I U I  241 
AWERXCIUI 241 
MERXCXUI 241 
M R X C I U I  %l  
AWmICIUI 241 
AWERICIUI 241 
AMERICIUI 241 
AWERICXUI 241 
AllERXCXUII 241 
AHERXCXUII 241 
AWERxcxun 241 
AMRXCIUI 241 
MERxcrUI 241 
IYGRXCXUII 241 
&Uxcrur 241 
ACERICIW 241 
MERICIUI 241 

RESULT 

0 01 
0 01 
0 01 
0 01 
O W  
o w  
O W  
O W  
O W  
O W  
O W  
o w  
0 0 0  
O W  
O W  
0 01 
0 01 
0 01 
0 Dl 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
0 0 3  
o w  
0 47 
0 5 3  
0 %  
0 8 2  
1 3 0  
2 a 

0 0 0  
o w  
0 0 0  
O W  
0 0 0  

O W  
O W  
0 0 0  
O W  
0 0 0  
o w  
o w  
O W  
o w  
o w  

J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
U 
J 

ERROR 

0 020 
0 020 
0 020 
0020 
0 001 
0 0 3 0  
0020 
0 001 
0 001 
0 001 
0 001 
0005 
0005 
0005 
0005 
0006 
0005 
0005 
0005 
0005 
0006 
0006 
0007 
0006 
0 0 0 1  
0000 
0 010 
0009 
0 014 
0 017 
0026 
0 076 
0075 
Om 
0 115 
0 168 
0302 

O O O O  
0 001 
0005 
O O O O  
0 001 

0020 
0020 
0020 
0 001 
0002 
0003 
0002 
0006 
0 0 0 6  
0604 

RL 

0020 

0020 
0020 
0 020 
Oo i co  
O O O O  
O O O O  
0005 
O O O O  
OOOO 
OOOO 
0000 
OOOO 
0005 
O O O O  
0006 
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
OOOO 
0008 
0 015 
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
OOOO 
0 007 

0030 
0030 
0 030 
0030 
0030 

0030 
0 0 3 0  
O O O O  
0 030 
O O O Q  
0 010 
0005 

VAL 

N 
I 

N 
N 
A 
A 

A 
V 
A 
V 
V 
V 
A 
V 
V 
A 
V 
V 
A 
V 
V 
A 
V 
V 
V 
A 
V 
A 
V 
A 
A 
A 
A 

A 
A 
A 
A 
V 

V 
1 



176 
177 

179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
1% 
1% 
1% 
197 
198 
199 
too 
201 
202 
203 
204 
205 
206 
207 
200 
209 
210 

in 

SED022 
SED017 
SED016 
SED004 
SED127 
SED017 
SED022 
SED023 
SED022 
SED016 
sEo020 
SED023 
SED017 
SED127 
SED016 
SED016 
SED004 
SED020 
so023 
SED020 
SO023 
SED016 
SED020 
SED020 
SED020 
SED023 
SED017 
SED004 
sBN)os 
SED023 
SED016 
SEW04 
SED022 
SED017 
SED020 

S S 0 0 1 ~  
SSOlopvc 
too01- 
sDms&K 
ss0020oyc 
SED17001 
SEDzzOol 
sEo23001 
ssOO146Uc 
ss00141uc 
sDoo342uc 
SSobl4Nc 
SSOOl 7#n: 
ss00166ye 
SS00175UC 
sDoa301Yc 
sDoozbpuc 
sEDO2Ooo1B 
SDo031m 
sDOOzQulc 
sDooz9su(: 
sDOOUdVC 
SDoo517UC 
SS00144W: 
ssoo17auc 
SSOO181uc 
SS00142UC 
tED00S001B 
S a O 1 ~  
ssoO024ye 
ssouoo4uC 
SSOOOOUlC 
ssoooo1yc 
SsOOObSYC 
ssoooozyc 

03/05/91 
08/27/90 
ow27m 
06/w92 
03/21/91 
OW/89  
02/22/89 
02/21 /89 
11/12/90 
11/14/90 
06/22/92 
11/12/90 
03/11/91 
12/04/00 
03/11/91 
02/04/92 
12/w/91 
10/27/89 
03/25/92 
12/11/91 
12/10/91 
08/21/92 
03/19/92 
1 1 /06/90 
05/04/91 
03/04/91 
11/14/90 
10/27/W 
11/06/90 
06/04/90 
05/24/90 
05/24/90 
05/23/90 
05/29/90 
05/23/90 

PUIIOIIIUI 239 240 
punONIul239 240 
PUnQlrula9 240 
PLUToyIul239 240 
PLUTONIU 239 240 
PLUTollIul 239 240 
PLUTONIUM 239 240 
PLWOHIUI 239 240 
PLUTOIIIU 239 240 
PLUTOHIU 239 210 
PLUTolltul239 240 
PLUTOWIUI 239 240 
PLUTaltUn 239 240 
PLUTOYIUI 239 240 
PLUTOHIU 239 240 
PLUTQwIul 239 240 
PLUTollIul239 240 
PLUTaIu 239 240 
PLUTOHIul 239 240 
PLUTOHIU 239 240 
PLUTattul ;L39 240 
PLUTOHIlM 239 240 
PLUT#Iul 239 240 
PLUTOIIIUI 239 240 
PLUTOHIul 239 240 
PLuTOytul 239 240 
PUIT~IUI 239 240 
PLUTOHIUI 239 240 
PLUTOHIW 239 240 
PLUTONIul a9 240 
M Q w I l M  239 240 
PLUTatIU 239 240 
PLuT#Iul 239 240 
PLuToIItU 239 240 
PWTONIUI 259 240 

0 0 0  
000 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
O O l  
0 0 2  
0 02 
0 0 2  
0 02 
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 3  
0 0 3  
O W  
0 0 3  
0 0 4  
0 0 4  
0 0 4  
2 2 0  
224  
2 %  
3 49 
444  
893 

PCI/G 
PCI/G 
RI/G 
PCtfG 
PCt/G 
PCI/G 
P W G  
PCI/G 
P W G  
P W G  
PCIIG 
PCI/G 
PCI/G 
P C V G  
P C V G  
PCI/G 
P C V G  
PCVG 
PCt/G 
PCI/G 
PCt1G 
P W G  
PCVG 
PCI/G 
PCVG 
PCVG 
PCI/G 
PCtlE 
P C V G  
PCUG 
PCI/G 
P W 6  
PCVG 
PCI/G 
PC1/6 

J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
BJ 

J 
BJ 
J 
J 
J 

0005 
0002 
0005 
0 0 0 9  
0 007 
0 OH) 
0 020 
0 020 
Om 
0 013 
O W 8  
0 011 
0 011 
0 010 
0 010 
0 016 
0 010 
0005 
0 014 
0 012 
0 014 
0009 
0 015 
0 014 
0 014 
Om 
0 014 
0 015 
0 021 
0 413 
0240 
0 247 
0 381 
0466 
0926 

O O O O  
O m 0  
0030 
O W 9  
O O O O  

O O O O  
0 013 
0 007 
OOOO 
OOOO 
0 0 0 7  
OOOO 
O O O O  
0002 
O W 7  
0 014 
0 002 
0008 
0 0 0 s  
0 011 
O O O O  
O W 0  
0 012 
O O O O  
0002 
OOOO 
O O O O  
O o a O  
O o a O  
O o a t  
0 -  
0000 

A 

V 
V 

V 
A 
V 
A 
A 
V 
A 
A 

A 
V 

V 
V 
V 
A 
A 
V 
A 

I 
I 

V 
A 
V 
V 
V 
V 
V 

I I S S  

Sumry Statistics for Total Plutoniu md Arritiu in 8ackgroud S t r v r  kdiamt8 (Data from 1993 D6CR DO€ la) 

nun = n m = = = - n n u n  

ArvLy8iS Variabl8 RESULT 
uIALITE=MERtC1UI 241 

N Miniu m i u  llrn Std Dw 

37 001OOOOO 25- 01?3447i 04842551 

ANALYTE4l.UTONIUI 238 
N Minimm l m c i u  llrn Std OW 

5 0OOO103OOO OOOO751100 OOOOl52140 OoOQw3r104 

AMLYTE=PUnOIIIU w 240 
Y Minium l m c i u  llrn Std 0.v 

45 0 8p3Mooo 05374661 16100404 



Toble 8 15 Ordered Lfating of Total PLutaniu and Arritim in kcbramd Soep k d i l m t a  (Dat8 f r o  1993 IWT Oa 199%) 

OBS LOCATION SAMPLE SATE MALYTE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 

SED019 
SED021 
SED021 
SED019 
SED021 
SED021 
SED018 
SED019 
SED018 
SED018 
SED018 
SED019 
SED021 
SED018 

sED1ooo1 
SED21001 
SDOO316yc 
ssoo16oyc 
ssoo112uc 
ssooilpyc 
ss00143yc 
SSoolO2uc 
ssoo1m 
sm11auc 
SEDlmol 
ssoooo'Iyc 
ssooo23ue 
ss00006K: 

02/23/89 
02/22/89 
03/19/92 
03/11/91 
08/28/90 
03/05/91 
11/14/90 
08/21/90 
03/11/91 
08/23/90 
02/23/89 
OS/30/90 
06/04/90 
05/29/90 

M R X C I W  241 
MERICIW 241 
MERICIW 241 
AIIERICIW 241 
AWERICIUI 241 
AlERICIW 241 
MERICIW 241 
AMERICIW 241 
AWERICIUI 241 
MERICIUI 241 
AHERICIW 241 
AWERICIUI 241 
MRICIUI  241 
AMERICIUI 241 

57 SED019 SSOO102UC 08/21/90 PLUTWIW 238 
58 SED021 SSOO112UC 08/Zw90 P"IW= 
59 SED018 ss0011ouE 08/23/90 PLuTOIIIuw238 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
n 
74 
75 

SED021 
SED021 
SED021 
SED018 
SED019 
SED021 
SED018 
SED021 
SED018 
SED019 
SED019 
SED018 
SED021 
SED019 
SED021 
SED018 

ss001lpyc 
SDoo202Vc 
SDOO316yc 
s roo1m 
ssoo16ow: 
ss00112bE 
ss001uyc 
SED0210011) 
SEDlllOol 
ss0010zuc 
SEDlpOol 
ssoo11ovc 
SED21001 
SS00007UC 
ssooo23yc 
ss00006YC 

03/05/91 
1uw/91 
03/19/92 
03/11/91 
03/11/91 
08/28/90 
ll/lL/90 
10/27/89 
02/23/89 
08/21/90 
02/23/89 
08/23/90 
02/22/89 
05/30/90 
06/04/90 
05/29/90 

PLUTOIIILM 239 240 
PLUTONIUI 239 240 
PLUTONIW 239 240 
PLUTONIUI239 240 
PLUTONIW 239 240 
PLuTONIW239 240 
PLUTOWIW 239 240 
PLuTONIul239 240 
PLUIOWIW 239 240 
PLUTOIIIW 239 240 
PLuToI(1UI 239 240 
PLUTONIW239 240 
PLUTWIW 239 240 
PLUTONIW239 240 
PLUTONIW 239 240 
PLuToIIrw 239 240 

O O O O  
O O O O  
0 001 
0 0 0 2  
0003 
0003 
0001 
0 010 
0 010 
0 016 
0020 
0093  
0 %  
1 on 

PCI/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCl/G 

0 001 PCI/G J 
0 001 PCI/G J 
0 001 PCI/G J 

O O O O  
0003 
0001 
0005 
0008 
0009 
0 013 
0 019 
0030 
0 031 
0010  
OW 
OW 
0 558 
2299 
6 667 

PCI/G 
PCI/G 
PCI/G 
PCI/Q 
PCI/G 
P C V G  
PCI/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCVQ 
PCI/G 
PCI/G 

X 

X 

0020 
0 020 
0003 
0 007 
0002 
O W 4  
0006 
OW 
0 010 
0006 
OW 
0025 
0077 
0 139 

0 001 
0 001 
0002 

0006 
0001 
0 007 
0005; 
0 012 
OW 
O O W  
O W 8  
0020 
0 -  
0 0 3 0  
0 010 
0020 
0 077 
0 249 
0680 

RL VAL 

w 
0005 V 
O O O O  v 
0 020 A 
O O O O  v 
0 0 0 1  v 
0020 
O O O O  A 
0020 

O O O O  A 
OOOO A 
OOOO A 

0030 
0030 
0030 

0009 A 
0005 
Om A 
O O O O  A 
0 013 A 
0030 A 
O O O O  v 
OOOO A 

0 030 

o o o o  v 
OOOO v 
o o o o  v 



w r y  statistics for Total Ptutoniun and A u r i c i u  in Bockgrovd Soap Sadimts (Data fran 1993 BGCR WE 199%) 

AMlyris Variable RESULT 
AIIALYTE AMERICIUM 241 

N Mininn nutllnr Meon Std D w  R v l g a  cv 

14 0 1 O 7 2 W  0 1260616 0 3072741 1 0720000 242 2110617 

ANMYTEIPLUTOllIUM238 
N Mininn r ru lu  Meon Std D w  R n O a  cv 

3 oooo6594oo 000143w 0001ous 0 -  oo0OlEIMoo 3814?5967 

AHALYTE4LUTOllIUI 239 240 
N Mini- H a x i u  wlu, Std D e v  R n g .  cv 

16 0 66610000 06133026 17l34449 66670000 279u35905 



ms 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

389 
390 
391 
392 
393 
3% 
3% 
3% 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
41 1 
412 
413 

LOCATION 

8200589 
8200589 
8200669 
8200669 
8200669 
8200789 
8200669 
8200889 
8200589 
8200589 

8200689 
8200669 
8200769 
8200789 
8200789 
8200789 
8200789 
82007w 
82ow89 
820011119 
82oo869 
B 2 o o m  
82009w 
8200589 
8200589 
8200589 
8200589 

8200669 
8200669 
8200789 
8201 189 
8201589 
8201589 
E405189 
8200889 
8201 189 
82ooMp 
8200589 
8200589 
8200669 

8200689 
82007w 
8200789 
8200869 
8200889 
8200889 
82- 
8200989 
8201089 
8201089 
8201 189 

8Ho6890104 
BH06(100410 
BH07691824 
BHl16QJW1 
BH14891417 
BH14091720 
BH01890915 
BHO8891UO 
BH118903W 
B n O 5 0 9 m 3  
8H05890913 
BH05891317 
BH06891616 
BH06892430 
BH- 
BHO;ldOa3W 
81107892426 
BHObb0060a 
BHOEWO814 
BH- 
BH09891620 
BH09891016 
8110891319 
8H10890003 
BH11891521 

SDATE 

02/22/89 
03/06/89 
02/28/89 
02/26/89 
02/26/69 
03/06/89 
03/06/89 
03/08/W 
02/22/89 
02/23/w 
02/2a/W 
02/28/89 
02/28/w 
03/01/w 
03/01/89 
03/01/89 
03/01/w 
03/01/w 
03/01/89 
03/06/89 
03/06/69 
05/06/89 
03/06/89 
03/08/W 
02/22/89 
02/22/89 
02/22/89 
02/22/89 

02/26/w 
02/26/w 
03/01/w 
03/23/W 
03/16/w 
03/16/89 
03/w/w 
03/06m 
03/11/89 
02/22/w 
W22m 
02/22/w 
02/2a/w 
02/26/w 
03/09/09 
03/01/89 
03/01/69 
03/06/89 
03/06/89 
03/08/89 
03/02/89 
03/02/89 
03/02/89 
03/09/89 
03/17/89 

ANMYTE 

AMRICIUM 241 
AMERICIUM 241 
AMERICIUM 241 
AMERIClUI 241 
AMERICIUM 241 
AmRlClUM 241 
AMERICIUM 241 
AMERICIUM 241 
AWERICIUM 241 
AWERICIUM 241 
AMERICIUM 241 
AMERICIUI 241 
AWERICIUI 241 
AMERICIUM 241 
AnERIClUl 241 
AMERICIUM 241 
AMRICIUM 241 
MERICIUI 241 
AMERICIUM 241 
AWERICIW 241 
AlERlCIUI 241 
AMERICIUM 241 
AWERICIUI 241 
AMERICIUM 241 
AWERICIUM 241 
AllERICIUM 241 
MERICIUI 241 
AWERICIUM 241 

PLuTollIUI239 240 
PulfOWlUM 239 240 
PLuTollUM239 240 
Pulfollllm 239 240 
PulfoNIUM239 240 
PulfWlUM239 240 
PUITOYIUM 239 240 
PLuToLIul z59 240 
PLuTollIul 259 240 
PunollllM239 240 
PLUTmIUM 09 240 
pLuTawllm239 240 
PUltOllIUM 239 240 
PWIollIlM 239 240 
PulTowIul 239 240 
PLuTollIUM 239 240 
PLuTWlUM239 240 
PLuTOWlUM 239 240 
PulfoHIUI 239 240 
PLuTONIUI239 240 
PLUTONIUM 239 240 
PLUTOHIUM 239 240 
PLUTONIUM 239 240 
PulTONlUM239 240 
PLuTWIUM 239 240 

RESULT 

0 015 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O W 0  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
0 010 
0 010 
0 010 
0 010 

0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0005 
0005 
OOOO 
O O O O  
O O W  
O O W  
O O W  
O W 0  
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
0000  
O O O O  
O O O O  

WITS 

PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P W G  
PCI/G 
PCI/G 
PCI/G 
PCVG 
PCI/G 
PCI/G 
P C V G  
PCI/G 
PCVG 
PCI/G 
PCIlO 
PCl/G 
PCI/G 
PCIIG 
PCI/G 
PCI/G 
PCI /G 
P C V G  
PCI/G 
PCI/G 
PCVG 

PCI/G 
PCI/G 
PCVG 
PCVG 
P C V G  
PCl/G 
PCI/G 
P C V G  
PCI/G 
PCl/G 
PCI/Q 
PCVG 
PClM 

PCl/G 
PCI/G 
PCI/G 
PCI/O 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCVG 
PCI/G 

win 

QUAL ERROR 

0 02 
0 02 
0 02 
0 02 
0 0 2  
0 01 
0 01 
0 01 
0 02 
0 02 
0 02 
0 0 2  
0 0 2  
0 01 
0 01 
0 0 4  
0 01 
0 01 
0 01 
0 0 2  
0 01 
0 0 2  
0 02 
0 0 2  
0 0 3  
0 0 2  
0 0 2  
0 0 3  

0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 01 
0 01 
0 0 2  
0 0 2  
0 01 
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 02 
0 01 
0 0 2  
0 01 

RL VAL 

I 
I 
I 
N 
I 
I 
N 
I 
I 
I 
N 
I 
I 
I 
N 
N 
N 
I 
I 
I 
N 
I 
I 
N 
I 
N 

ZJ 



414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
450 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
45 1 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
4 n  

I l o b  

8201 189 
6201289 
E201289 
E201289 
B2012W 
8201289 
B201489 
8201589 
6201589 
B301889 
8301889 
8302089 
8502089 
8400289 
woo2w 
n4002W 
B4002W 
8400289 
8400289 
B40031)9 
woo3w 
8400389 
84- 
8400389 
8400369 
84oo389 
8400389 
8400389 
8400489 
84004w 
840041)9 
840041)9 
uoo489 
84004w 
8400489 
8500489 
8400489 
8400489 
8400469 
8400489 
8401989 
8401989 
8401989 
8401989 
8402189 
8602189 
8405189 
8405189 
6405189 
8405189 
8200589 
B201289 
8200589 
8200589 
6200589 
6200589 
62006119 
6200689 
6200789 
6200789 

BHll8%146 
611- 
BH12891521 
ell12692329 
BH12892930 
BH 12893032 
BH13890307 
8116690307 
BH14890814 
8115890309 
BH15891521 
BH17890003 
BH17690306 
BH02890309 
8102890915 
BH02892130 
11102893036 

8104895254 
BH16890003 
8116890309 
81116890915 
81116892127 
BHlW00713 
BH18691319 
811011190309 
BH01891521 
BH01892127 
BHOlC103636 
BH05891f23 
BH12890915 
BH05890308 
81105892325 
BH05892530 
BH05890003R 
8HO6891016 
8H061191824 
BH07890103 
BH07890612 

03/23/W 
03/22/89 
03/23/W 
03/23/89 
03/23/W 
a/23/89 
03/10/89 
03/15/89 
03/16/89 
03/07/89 
03/07/89 
03/28/89 
03/28/89 
04/12/89 
06/1VW 
04/13/89 
04/14/W 
06/14/89 
04/17/89 
04/05/W 
04/2S/W 
04/25/89 
04/2S/W 
04/25/89 
04/b/W 
04/25/89 
04/26/89 
04/26/89 
OS/W/W 
01/28/89 
04/2B/W 
04/2WW 
04/28/89 
05/01/89 
05/01/w 
05/01/w 
05/01/W 
05/01/w 
05/01/89 
Os/Ol/W 
04/05/89 
04/05/89 
04/05/89 
04/05/89 
03/29/W 
03/29/W 
05/09/89 
03/W/W 
03/W/W 
03/10/89 
02/22/89 
03/23/W 
02/22/89 
02122189 
02/23/w 
03/08/W 
02/28/89 
02/28/89 
03/01 m 
03/01/89 

PullftdIul239 240 
PUltWXW 239 240 
PUJTWIUI 239 240 
PLuToLlIul239 240 
PLUTolIul 239 240 
PLUToyIW 239 240 
PLUToNIul239 240 
PLUTWIIM 239 240 
PLUTOWIW 239 240 
PLuToyIul239 240 
PLUTQHIUM 239 240 
PLUTONIul 239 240 
PLUToylul239 240 
PunowIul239 240 
PLuTQltul 239 240 
PLutoyIul 239 240 
PLUTQIIW 239 240 
PLUTWIUI 239 240 
PulToyIul 239 240 
PLUTWM 239 240 
PLUTmtul239 240 
PullolIul239 240 
PLUTaWIul 239 240 
PLUTOIIIUI 239 240 
PLUToylul 239 240 
PLUTWIUI 239 240 
PLUlWlul 239 240 
PuItoLllul239 240 
PLUTOllul239 240 
PURWIlM 239 240 
Pullonlul 239 240 
PulToyllM w 240 
PLuTOWlul m 240 
PLUTow1ul 239 240 
PLuTOWul 239 240 
PLUTOllul239 240 
PLUTWIW 239 240 
PLUTWlul239 240 
PLUTmrw 239 240 
PUITQIIUI 239 240 
PLUToyXul w 240 
PLUTolIul a9 uo 
PulTWlul 239 240 
PUnWlul239 240 
PWfOWtul 239 240 
PulToyIul 239 240 
PulTWlul w 240 
PwTOwXul239 240 
PWfOWrUI zJ9 240 
PLUTWlul239 240 
puRWlulzJ9 240 
PLUTWIW w 240 
PLUTWIUI 239 240 
P w I o l l l w w  240 
PLUTWlul239 240 
PLuTowXul239 240 
PuITWlul239 240 
PLUTouIul 239 240 
PLUTONIW 239 240 
PLUTOHIUI 239 240 

O O O O  
O O O O  
OOOO 
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
O O W  
OOOO 
O O W  
OOOO 
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
O O W  
O O O O  
O O O O  
O O O O  
O O O O  
0000 
O O O O  
O O O O  
O O O O  
OOOO 
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O O O  
O O W  
0005 
0 -  
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 

PCVG 
P C V G  
XI/G 
P W G  
PCIIG 
PCI/G 
PCl/G 
P W G  
PCVG 
PCI/G 
PCI/G 
Pc1 /G 
P W G  
PCI/G 
PCI/G 
PCVG 
PCVG 
PCVG 
P W G  
PCI/G 
PCI/G 
PCVG 
PCVG 
PCI/G 
PCVG 
PCI/G 
PCVG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
Pcm 
PCI/G 
PCI/G 
PCX/G 
PCI/G 
PCVG 
P W G  
PCI/G 
PCVG 
PCVG 
PCVG 
PCI/G 
PCVG 
PCVG 
PCVG 
PCX/G 
P C V O  
P C V G  
P C V G  
PCV6 
PCVG 
PcI/G 
P W G  
PCI/G 
PCI/G 
PCI/G 
PCVG 
P W G  
PCI/G 

O W  
O W  
002 
0 01 
0 02 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
0 0 2  
0 02 
0 02 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
0 0 2  
0 01 
0 0 2  
0 01 
0 0 2  
0 0 2  
0 0 2  
0 01 
0 0 2  
0 01 
0 0 3  
0 0 3  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 02 

I 
I 



474 
475 
476 
477 

479 
480 
481 
482 
483 
484 
485 
4a6 
487 
488 
4w 
490 
491 
492 
493 
4% 
4% 
4% 
497 
49a 
499 
500 
501 
502 
503 
504 
SO5 
506 
507 
508 

4 n  

=II 

Bzoo7w 
82oom9 
82Oom 
8200969 
8- 
8201089 
B201069 
8201 189 
8201 189 
8201 189 
82014w 
8201489 
82014w 
8201489 
8201 sa9 
8301689 
8301889 
6301689 
8302069 
8302069 
8400289 
8600289 
8401989 
6401989 
8605189 
6405189 
6405189 
8200789 
6200989 
0201 la9 
8201269 
B3018W 
8402189 
6402189 
8405189 

a m -  

8HOOW2022 
IHOPBW1W 
BH00b00S10 
BHlowol06 
BHlO890713 
BH1lwoO03 
BHllWO915 
BH118927U 
BH13890003 
BHlu)p0709 
BH13891015 
BH13891519 
B H l m  
BH15090915 
BH15692228 
BHlSw2634 
BH17891319 
BHl7891925 
SH02890003 
BHO2891521 
BHl6891S19 
BH161102m 
BH018930% 
BH01893844 
BHOl894448 
BH07891218 
BHOPa000a3 
BH11892127 
BH12W0307 
BHl51190003 
BHlb890003 
BHl8890307 
BH0189ooo3 

0 3 / ~  
OWob/W 
ao/Ob/bp 
03/02/89 
03/02/W 
OVWW 
03/02/w 
03/17/89 
03/17/W 
03/17/89 
03/ro/w 
03/10/89 
03/10/89 
03/10/89 
03/1s/w 
03/07/89 
03/07/@ 
03/07/89 
031 a/w 
03/28m 
04/12/89 
04/13/89 
04/05/W 
04/05/89 
o3/10/89 
W/IO/W 
03/1O/W 
o3/01/w 
03/Oa/W 
03/17/W 
03/22/W 
03/07/89 
03/29/89 
03/29/W 
03/09/89 

PLuTowIW239 240 
PunrYIlm 239 240 
PUrrQYfuM 239 240 
PLUTQYIW 239 240 
PL-IUI 239 240 
PLUIONIU 239 240 
PLUTONIW 239 240 
PLUTOWIW 239 240 
PLUTONIW 239 240 
PLUTOWIUl 239 240 
PLUTOWIU 239 240 
PLUTONIW 239 240 
PLUTONIU 239 240 
PLUTONIU 239 240 
PLUTQllIW 239 240 
PLuTollIU 239 240 
PulToyIult39 240 
PLUTaWIW239 240 
PLUTONXUW 239 240 
PLUTUiIU 239 240 
PLUTONIU 239 240 
PuJToaIW 239 240 
PlUTONIul239 240 
PLUTUiIW 239 240 
PUltONIW239 240 
PLUTONIU 239 240 
PLUToylU 239 240 
PullowIW239 240 
PLUrmXUl 239 240 
PLWONIUI 239 240 
PUnONIU239 240 
PLUTWlU 239 240 
PLlmoyfU239 240 
PLUTONIW 239 240 
PLuToyIUl 239 240 

.----. 

0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0020 
0 0 2 0  
0 020 
0020 
0 0 2 0  
0020 
0020 
O O M  

-47 

PCI/G 
P C V G  
PCIIG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCVG 
PCIIG 
PCI/G 
PCI/G 
P C V G  
PCX/G 
PCI/G 
P W G  
PCI/G 
PCVG 
PCIlG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P W G  
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 

0 0 2  
0 0 2  
002 
0 0 2  
0 02 
0 02 
0 02 
0 0 2  
0 0 2  
0 01 
0 02 
0 01 
0 01 
0 01 
0 0 2  
0 0 2  
002 
0 0 2  
0 0 2  
0 0 2  
0 01 
0 01 
0 0 2  
0 0 2  
0 0 2  
0 01 
0 01 
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 2  
0 0 3  

S u l l ~ ~ r y  Statistics for Total P l u t o n i u  md A r r i c f u  in  Srckgroud Waeurfwe Soils Cbonholr) (Data tra  1993 BGCR) 

Anelysis Variable RESULT 
ANMYTElMRICIUl 241 

N Uinima llutiu )kn Std OW R- cv 

28 0015oow) 001- 00016071 00061)114 0 -  4238219650 
- 

ANMYTCIPLuTON1W 239 240 
W n i n i u  I luctu w.m Std Ow llnor cv 

120 00100000 005W)o  om7500 0 0 0 ~  001000#) 194zzosou 



Figure B 17 O r d r r d  Listing of Plutoniu  ud A r r i c i u  in kckgroud Surface 8011s CBlfp DOE 1 9 9 k )  

a s  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

LOUTION 

SS1105% 
51109994 
ss110294 
ss110394 
SSlOM% 
SS109094 
ss1m94 
SS104391 
SSlOM94 
SSloO294 
Ss81101% 
581- 
ss104594 
SS1051% 
SSl07894 
SSlOt994 
SSlO9595 
SSlOm94 
ss104194 
SSlO4894 
SSlWl% 
ss100594 
SSllO2% 
SS1104% 
ss110694 
SS1108% 
ss111094 
SSl 1 1 1% 
ss104994 
SS10L)l% 
SS108794 
SSlW794 
ss110094 
SSllll% 
S S l W 9 4  
53105294 
SS107494 
SS10%94 
SS1046% 
ss110794 
ss104794 
ss108494 
S S 1 ~ 9 4  
ss10m 
SSlowOs 
ss105094 
ss104294 
ss107594 
SSlOm% 
SS107694 
SS108294 
sslo)s% 
ss104694 

SMPLE 

SSoO159€G 
SSOO153EG 
SSOO156EG 
SSOO157EG 
SS00136EG 
SSOO143EG 
S00014WG 
SSOOO%€G 
SSW141EG 
SSOOl46EG 
SSWlfSEG 
SSODl42EG 
SSOOO%EG 
sSOOlD2EG 
SMol3lEG 
Sbool32EG 
S1100148EG 
SW0152EG 
St00001EG 
-G 
SSOO144EG 
SW0149EO 
SwK)167€G 
SSOOlMEG 
SSOO16OEG 
SooO162EG 
SSOOl6rKG 
SSOO165EG 
SSOOlooEG 
SW0134EG 
SSOO14OEG 
SSW151EG 
SMol54EG 
SSOO169EG 
SS00095EG 
SS0010SEG 
SSOOl 27EG 
SSOOl5OEG 
St00007EG 
SS00161EG 
SfOOOOQEG 
SSOO137EG 
SSOO136EG 
SS0013OEfi 
SS00139EG 
SS00101EG 
SSOOO91G 
SSoO1211EG 
SSOOl33EG 
SSOOlZpEG 
SS00135EG 
SSOO126EG 
SSOOO93EG 

SOATE 

06/30/94 
06/28/94 
06/29/94 
06mm 
06/16/% 
06/22m 
06/23/94 
05/16/94 
06/22/91 
07/29/91 
06/29/94 
06- 
05/24/94 
06/01/94 
06/14/94 
06/15/94 
06/23/94 
06/28/94 
05/23/% 
05mm 
06/22/94 
06/27/94 
06/29/94 
06mm 
07/01 /95 
07/01/94 
07/29f% 
07/29m 
06/01/94 
06/16/94 
06/20/94 
06/27/94 
06/28/94 
07/29/94 
05/24/94 
06/01/92 
06/14/94 
06/27/9b 
05/25/94 
07/01/94 
05/25/91 
06/16/94 
06/20/% 
06/15191 
06/20191 
06/01/94 
05/23/94 
06/14/96 
06/16/91 
06/15/92 
06/16/94 
06/14/94 
05/25/94 

ANALITE 

AMERICIUI 241 
NERICIUI 241 
ANERICIUI 241 
AWERICILM 241 
MRICIUI 241 
AIIERICIUI 241 
MRICIUI 241 
AWERICIU 241 
AMERICIUM 211 
AMERICIUM 241 
MERICIUM 241 
UlERIClUI 241 
AllEllICIU 241 
MERIClUI 241 
MRICIUI 241 
WERICIW 241 
AllERICIW 241 
AMERICIW 241 
AfERICIUI 241 
AWERICIW 241 
MERICIUI 241 
AWEIICIW 241 
MERICIUI 241 
MERICIW 241 
MERICIUI 241 
MRICIW 241 
AluICIu4 241 
MRICIW 241 
MRICIUI 241 
AICRICIUI 241 
~ I C 1 W  241 
MERICIUI 241 
UERICM 241 
AWRICIW 241 
AMERICIW 241 
AWRICIUI 241 
AWEllICIUl 241 
AWERICIUI 241 
MERICIW 241 
MERICIW 241 
MRICIUI 241 
AMERICIUI 241 
mRICIM 241 
AWERICIUI 241 
AWERICIUl 241 
MERICIW 241 
MERICIUI 241 
MIERICIUI 241 
MERICIUI 241 
MRICIU 241 
AmRICIUI 241 
AWERICIUI 241 
AWERICILM 241 

RESULT 

0 001 
0 0 0 2  
0 002 
0002 
0 0 0 4  
0004  
0001 
0005 
0005 
O W 5  
Om 
0006 
O o o f  
0 #I7 
OW 
0 007 
0 007 
0 007 
0008 
0009 
0009 
0009 
0009 
0009 
0009 
0009 
0009 
ow 
0 010 
0 010 
0 010 
0 010 
0 010 
0 010 
0 012 
0 012 
0 013 
0 013 
0 014 
0 014 
0 015 
0 015 
0 015 
0 016 
0 017 
0 018 
0 019 
0 019 
0 019 
0 021 
0023 
0 025 
0 031 

UNITS 

PCI/G 
PCI/G 
PCI/G 
PCVG 
PCI/G 
PCI/G 
PCI/Q 
PCI/G 
PCI/Q 
PCIfG 
PCIfG 
PCIB 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCVG 
PCIlo 
PCVG 
PCIB 
PCI/G 
P C V G  
PCIfC 
PCI/G 
PCI/B 
PCI/G 
PCI/G 
PCI/G 
PCIlG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
P C V G  
PCI/G 
P C V G  
PCI/G 
PCI/G 
PCVQ 
PCI/G 
PcIfG 
PCIIG 

PCIfG 
PCIB 
PCIM 
PCIfG 
PCI/G 
PC1 /Q 
P C V G  
PCI/G 
PCI/G 
Q C V G  

m / a  

QUAL 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
J 
U 
J 
U 
U 
U 
J 
U 
J 
J 
J 
J 
U 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
U 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

ERROR 

0006 
O o C n  
0004 
0004 
0008 
0005 
0005 
0006 
0006 
0006 
0006 
0006 
0006 
0005 
0 -  
0006 
0008 
0007 
0007 
0006 
0 007 
0 0 0 7  
0005 
O W 6  
0 007 
0008 
Om 
0009 
0006 
0009 
0006 
0006 
0 -  
ow 
0006 
0001) 
0 010 
0007 
O W 8  
O W 8  
O W 8  
0006 
om 
0009 
0 007 
0009 
0009 
O W 9  
0 -  
0 010 
0 012 
0 010 
0 012 

DETECT 

0 010 
0 -  
0006 
0008 
0 010 
Om 
0 007 
O W  
0 010 
0 010 
0 -  
0005 
0 010 
0005 
0 010 
0007 
0 010 
0009 
0 010 
0009 
0 010 
0006 
0005 
0006 
0006 
0 010 
0009 
0 010 
0008 
0 010 
0008  
0 007 
0 010 
0 010 
0006 
0 010 
0020 
0006 
0008 
om 
0 007 
O W 5  
0005 
0 007 
0005 
0001) 
0 010 
0 0 0 1  
0 007 
O O O S  
0 010 
0 010 
0 010 

VAL 

A 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 



54 
55 
56 
57 
56 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
R 
73 
74 
75 
76 
77 

79 
0 
81 
82 
83 
64 
65 
66 
87 
68 
69 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 

n 

Et110294 
ss1105% 
ss11029b 
ss110094 
ss109394 
SSlloE94 
SSlOM% 
53104294 
ss104594 
SS104394 
s s 1 0 m  
SS108394 
ss106995 
ss109294 
os110494 
ss104194 
SSlWl94 
ss111194 
ss109594 
SSlO9m4 
SS1090% 
s s 1 m  
SSllObpi 
ss105194 
S S l l ~ 9 4  
ss107694 
ss10W04 
S S l O w 4  
ss111194 
SS104m4 
S S l O r n  
S S l W 9 4  
SSlo6194 
ss110194 
ss105094 
SS104494 
SSl07494 
ss107594 
ss109494 
ss108094 
SSl04794 
SS107694 
ss105294 
s s r O m 4  
SSl l O n 4  
SSl11094 
ss109994 
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Table 1 Cal~brat~on stahshcs bcfm and after sawtiwty Maysln 

Rezometcr&t/ Observed Calculated BmK Calculered Efmr 
well* Hagd Head (befort) Hbad(Attar) 

m 
TR5 1806.9 18063 06 18067 0 2  
TR4 1804 6 1804 3 0 3  1804 6 002 
TR4 1803 1 1803 0 0 1  1803 0 01 
TR3 1 8 a  9 1803 1 -0.2 1803 0 -01 
TR2 1801 0 1800 9 0 1  18008 -02 
well 11791 1800 4 1 8 0  2 0 2  18000 0 4  
*Ks 111 the meslope multiplied by 0 5 extubies tht? lowest reduced s~llll of squrrns 
All the Ks were measured in eha field (4) 
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REVIEW OF THE HYDROGEOCHEMISTRY OF PLUTONIUM IN SOlLS OF ROCKY FLATS 
COLORADO SUBMITTED BY DR IGGY LITAOR ET AL JEL 169 96 

Per our request RMRS has rewewed and has attached comments on 7??e Hyjmgmchemistry 
Lmor for inclusion in the 

Acttnide Mi ration white paper being prepared by RMRS John ampe of DOE RFFO has also 

distnbuted to the Actinide Migration Expert Panel 

The paper provides no back up data for several ke assumptions and calculations Dr Litaor has 
made which support his theones on actindes Dr z itaor should provide these data for twew by 
the scientific community The man issues requinng data are 

The paper assumes that anaerobc conditions existed in groundwater thereb aldin in 

will search the databases in nearby wells to venfy whether or not we have informabon on 
increased levels of dissolved iron or manganese at the time 

Modeling was used to estimate fluxes and the estimates of lutonium migration are based 
on these flux calculations Modeling input parameters and low these parameters were 
denved are required in o m r  to peer mview flux calculations 

P of P Y utonium in Soils of Rocky Flafs Colorado submitted by Dr I 

requested t ! at these comments be prepared We recommend that copies of these comments be 

mobilizaQon of plutonium by enhanced dissolution of iron and manganese o J L  ~ M R S  

Please call John Hopkins on extension 4974 or myself on extension 4842 if you have any 
questions 

JohnE Law P E  
Remediabon Manager 
Sitewide Actions 

JKH slm 

Attachment 
As Stated 

cc 
Actinide Panel (5 copies) 



RMRS COMMENTS ON 

THE HYDROGEOCHEMISTRY OF PLUTONIUM IN SOILS OF ROCKY FLATS COLORADO 
Submitted by 

M IGGYLITAORET AL 

1 Page 1 Paragraph 2 sentence 1 Delete comprehensive 

2 Page 1 Paragraph 2 Last sentemce refers to 1 to 3 3 % of Pu and Am stored m surface soils to the 

groundwater Note # 5 is cited This note is M I Litaor Unpublished mamal Smce thm is not a 

publicatron cited for the reader to refer to please mclude the data and a bnef cxplanat~m of (or cite a publlshed 

document that descnbes ) sample collcchon methods analytical methods and data mtcqmatm 

3 Page 1 Paragraph 3 Quantafies the amount of Pu 239+240 mobilued dunng the May 17 1995 storm and 

cites note #5 Smce thm is not a publicmoh cited for the reader to refer to please tncllade the data and a bnef 

explanation of (or cite a publlshed document that desmbcs ) sample collcct~on methods mcal methods 

analyhal results and data mtcrpm&on methods 

4 Page 1 Paragraph 4 Discusses the advaned monltonng system and cltes note #7 Pullmg the note mto the 

mam text to explam what the MS 1s would help the reader Also a general s c h m c  of each of the m u  
components of the MS would asslst m detennmmg how the data were obtluned and used Cite the documents 

and/or publications where the MS is described m detrul What lund of data does the MS acqune remotely? 

Does the MS measure Pu 239+240? Were samples from the MS collected d m g / a b  the May 1995 storm? 

5 Page 4 Fvst Paragraph Add piezometer numbers to both text and Figure 2 Show pmzometer comtruchon 
details m an attachment, mcludmg the elevahon of ground surface and top of mung for each piezometer From 
Figure 2 it is unclear if the depth IS below top of casmg or below the ground surface Show the location of 
piezometers and elevatmn of top of piezometers and top of casmg either on Figure 1 or on a new @me (more 
detculed than Figure 1) 

6 Page 4 Fvst Paragraph Second Sentence Which soil became completely saturated? Why drd the water 

surface suddenly raise ten days after the storm? Thts is mdicatrve of transient con- 

7 Page 4 Fvst Paragraph How do your data and mterpretaton account for the focused recharge uplull tbm the 
study site caused by pavtng of the 903 psd (gcncratmg mofl) and the mstaUaUou of a cuase subgrade that 

extends beyond the paved pomon of the 903 pad mcreasmg and focusmg mfihrat~on above what would be 
expected for undisturbed Rocicy Flats Alluwum? 
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8 Page 4 Fmt Paragraph A figure showmg the depth (or elevmon) of groundwater over tune at specified pomts 

would be mformatwe Also geologc cross sections of the area would cud the reader m understandmg the 
geologic settmg 

9 Page 4 Fmt Paragraph There is no sandstone aquifer' m the upper hydmmgraphic unrt at the study 
site Clan@ that there are sandstone lenses withm the clay and siltstone Showmg a cross scct~on of the area, 

with the referenced piezometer(s) shown to be completed rn the sandstone lens at the pomt under dwussion 
would clan@ thls 

10 Page 4 Second Paragraph Please show data used m the flux calcuhons Explam how the lateral zero- 

tension sampler works Include and reference a figure that shows an outlme of the mea for wh~ch flux was 
calculated Over what tune mcremcnt was the flux measured? A one-tme rneasuruncnt at the peek of the flow 
would not be representatwe of flow over the saturated (65 days) pen& How &d you mterpolate two very 
shallow zero tension data pomts over the whole ana? How was thls lateral flow observed across the 
toposequence? Is the lateral flow refemd to and measured by the lateral zem-tensim s(rmpletB surface or 
shallow subsurface? I f  it was shallow subsurface how exactly was it observed "IIC~OSS the toposcquence"? 
Define the "toposequence" does the drscussionjust refer to the mstrummtcd SI& orto a larger area? 

1 1 Page 4 Thrd Paragraph Fvst Sentence The sentence states The nature of the p~czometnc surfacs and the 
awmuth and magnitude of the measure flux suggest two concmt ly  opcrahng recbage mcchlllwms What 

potentiornetnc surface? Show the potcntlomeollc srpfirce over the same topolog~ ssqucnce area that the flux is 
calculated for If there are two surfaces show them both, and &fkrcntmtc very shallow (UI 5m p~~mmeters) 
and shallow (>4 5 m) surfaces Whxh data specifically were used for the flux cal-3 Also cross 
reference to how the two zcro tension data pomts were lnterpoletad over the whole tapqmce 

12 Page 4 Thvd Paragraph last sentence conmued on Page 5 R e f m g  to the 16 m of hydmhc head 
between Well 1587 and TR 1 and TR 2 no water level elevahon data are mcluded m the paper Also well 
cornpleaon diagrams are needed for the well and both TR 1 and TR 2 to demonstmte that they are screened 

across the same hydrologx mterval 

13 Page 5 Fmt Full Paragraph Specify m the mam body of the text the model used. The model boundaries 
and gnd should be provided as a figure Key pomts of mtcrest (1 e momtomug ptts web  water s\rrtace 

elevations (known and mfemd) should be m d m t d  Clan@ what is meant by the "entire slope'' what are the 

bounds of this calculat~on? Also 8ssumpt1on.s made as to the clevat~docat~on of the qwtard should be 
provided The Department of Energy should be prov~dcd wlth the model mput and devaopnent notes for 

further evaluation 

14 Page 5 F m  Full Paragraph Please be more specific regadmg the statement rcgardmg rcstnctmg calcuhon 
of flux 111 the upper 3 meters More specifically at what pomts m the modeled area was flux measured? The 

2 



flux measurements noted from TR2 and TR 3 on page 4 were from depths of 0 5 urd 0 7 m Is it m f d  that 
the same magnitude of flux would occur at the 3 2 to 4 5 m depths the piezometers m Figure 23 Figure 2 is 

referenced m regard to the piezometnc surface Flgure 2 does not show a surface it presents hydrographs for 
three unspecified pomts at unknown locat~ons As noted previously please show the two potenuometnc 
surfaces over the area for which flux is calculated, and note what wells/piemmeters and trenches were used to 

construct the suifaces 

15 Page 5 Second Full Paragraph Thrd Sentence A steady state model may not be aplnoprtatc for analysls of 

h s  transient phenomena Where dld the water table nmam at the surhcc? See also comments 4 7 end 13 

16 Page 5 Last Paragraph, Fmt Sentence Are the o b w e d  heads average values9 If so what dates were used to 

ob- the averages9 If not, what date was used and why was a smgle date used? Were the observed heads 
used all for the same date or were *t dates used for d&rent pomts? 

17 Page 5 Last Paragraph Fvst Sentence and Table 1 The data shown m Table 1 arc for tmches and 1 well 
that are located m relatwely close proxlmity to each other Is the model lunitd to t h ~ ~  area for which data an 

used and a sensit~wty analysis was performed? It IS not clear over what area the flux has ban calculated 

(modeled) 

18 Page 5 Last Paragraph Last Complete Sentence The conceptual model of the slte is that of an aqu& 
overlymg an aquitard which forces flow to dayl@t at a sapage face Figure 1 as well as field observatm 

followmg the May storm shows that 

of surface flows at these culverts would prow& a good check on the estmatd magnitude of model fluxes 
Measurement of both dtssolved and total nctmide conmtrat~m at these pomts would also be an excellent 
mdicator of actual WAm flux resultmg hm combmed surface water and groundwatsr flows Pkaae prow& 
any measurements of flow or actuude CoLIcmtrettOll at these pomts 

seepage is cmccntmtcd mto two amas of surface flow Messurements 

19 Page 5-6 contmued paragraph Could the 'profound d ~ f h n c e  between the modeled and obaamd flux" also 

be related to the very shallow (0 5 -0 7 m) depth the flux was measured at? 

20 Page 6 Fvst (mcomplcte) paragraph "Poudmg, mtemuttcnt slpface flow and r a d U  darge  were observed 

d m g  most of the saturated penod (65 d) but were not considered m the calrbratlon process becruse of the 

large heterogeneity of these processes across the toposequence Rcconcde thm statement with the use of a 
steady state model 

21 Page 6 Second Full Paragraph Last Sentence What is a "soil solut~on" ? 

22 Page 6 Second Full Paragraph Last Sentence Please explam the meanmg and units of the vanablcs F and 
P 
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23 Page 6 Last Paragraph Fmt Sentence and Figun 3 Please provide the data fram which Figure 3 is 
constructed Bnefly explam how the data were collected, and cite the refmnce where both the data collection 
and data are discussed m detarl Are these data for filtered or unfiltered samples? Soil water data for unfiltered 
samples would expect to correlate very well to soil data for the same depths Figure 3 has no btle or c m o n  

24 Page 6 Last Paragraph Please provide the data sequence for Pu activity at SW 53 (and flow data if avlulable) 
Is it possible that mcrcascd stepage velocities resulbng from higher heads remoblld Pu III near surface soils 

at the pomt where the sap daylights? How were the seep samples collected? If the data am all for unfiltered 
samples it is dif€icult to sct how one could quanb@ the PU bound to parhculates and transported VIS Jurface 
run off h m  the Pu in the local soils at the seep and further how Pu bound to pamcuhtcs would be 
quanbfied relattve to Pu transported as a dissolved phase or colloidal (e0 45 p) pamclts 

25 Page 7 Fmt Paragraph, Fvst Sentence Please show the data used for constructmg Figure 3 and note the 
locations where this data was collected. What percentage of the Pu m each soil honzon is  assumed to be 
mobilized? What is the assumed relationship between soil and water concentrations? What is the basis for 
these assumpt~ons? The authors should clearly state that calculat~ons associated with plutomum flux are 

relative only to a smgle area withm the soil column and not md~cat~ve of anttapated flux off the study site 
See also comment 13 

26 Page 7 Fmt Paragraph, Second Sentence Add to first of sentence "Based on these calculahons an 
eshmated 

27 Page 7 Fmt Paragraph, Last Sentence Please prowde the assumphons related to the dmon of flux 
calculabon and lateral and verhcal Pu dwtnbutlon as well as the assumpons reganbug the rehonship 
between Pu m water/soil relationshq Without this mfomatmn these contaminant flux cdculabons am not 
supported 

28 Page 7 Second Paragraph, Secund !bntcnce Table 2 Provide the locatl<yas an data fiom wluch this table IS 

denved Provide a more thorough dtscussion of the use of the 75% -le "he cancentntlon of Pu III sods 

and 111 unfiltered sa l  pon water h m  the same depths would be expected ro have a hgb cmelat~on 

29 Page 7 Second Paragraph, Thud Sentence Please prowde the basis for statement 

30 Page 7 Second Paragraph Fourth Sentence Please provide the data which shows that anaerobic cond~t~ons 

existed m groundwater dunng this event. This data would a d  m supportmg the authors speculation that 
mobilizahon of Pu is facilltated by enhanced dmolutlon of Fe and Mn oxides Would the authors antlclpate 

that Pu would re associate with Fe and Mn oxides upon resumpt~on of acrobic condttms? Such conditions 
would llkely occur at pomts where groundwater is forced to the surface at contact seeps such as those which 
occur in the author s study area 
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31 Were any data on dmolved Fe and Mn collected firom either the trenches or fiom local shallow groundwater 
monitonng wells followmg May 951 Do these data show an mcrease m dissolved Fe or Mn over histonc 
values? 

32 Page 7 Last Paragraph Second Sentence What are the data and assumphons used for t h ~ ~  calculation? We 
are aware of only two measurements of total (unfiltered) Pu activity at this pomt Was It assumed that these 
concentrabons are constant? 

33 Page 8 Fmt Full Sentence Please  clan^ what IS meant by the terms drrunage efficiency and 
'throughflow The SID IS designed to mterccpt surface water flows fivnn plant site m where soils are 

contammated with sigmficant q m t t e s  of actmdes If the authors are aware of t r i i  amas contslnmg 
significant contammahon which are not now captured by the SID then please muncd~ately provide this 
informahon to the DOE and K H so that h s  m f m m o n  may be acted upon otherwise this type of alannmg 

speculation should be deleted fivnn this paper 

Should flows bypass the SID they would enter Woman Creek or its alluvium Woman Creek eventually flows 
mto Woman Creek Rescrvolr which IS designed to ptect the water supplies of Nortbglenn, Thornton and 
Westmmster m the unllkely event of a release 6um Rocky Flats This water does not supply the Greater 
Denver area. If the authors wish to retam a statement of this type then ttuS cormchon should be made 

34 Page 8 Fmt Full Paragraph Although the Remcd~al InvesQgmon phase has been completed fbr operable 
Urut 2 (the area contamg the author s study area) this does not mean that no add~~oaal act~on will be 
requmd m this area. The final remedy selcmon and Record of Decision for tlus area IS not scheduled unhl 

accelerated e o n s  have been performed, m o v m g  most of the nsk As a mattsr of fact, &IS area has ban 

identified as one of the top ten hgh nsk E n v m n m d  Restomon sites at Rocky Flats Remedratron of the 

903 Pad and sunoundmg sods IS a very high pnonty to DOE and K H Fundmg reductrons to the ER 
program m FY 95 were made with the full knowledge of the EPA and State and at the recommendat1011 of the 
stakeholders This h d m g  &chon was done with full u n h t a u ~  of the RVFS process and was done to 

provide more fundmg to higher nsk plutonium stabdmtion actlvit~es Even wlthard the authors 

mstrumcntahon significant changes m Pu c o n c c n ~ o n s  would be noted m the extensive surface and 

groundwater monitonng system at the s* In -0% Superfund regulat~on mqums ccmtmucd pcrfcwm~ce 

monitomg m support of a Record of Decision to account for the fact that the RVFS proass cannot reasonably 
anticipate all potenhal conhhons 
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