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TRANSPORTOF PLUTONIUMIN SNOWMELTRUN-OFF

by

WilliamD. Purtymun,RichardPeter%andMaxN. Maes

AbSTRACT

Plutoniumintreatedlow-levelrtldioactiveeffluentsreleasedintointermittentstreamsis
boundby ionexchangeor adsorptionto bedsedimentsin thestreamchannel.Thesesediments
aresubjectto transportwithsummerandspringsnowmeltrun-off. A studywasmadeof the
transportof plutoniumduringsevenspringrun-offevents(1975,1979,1980,198~ 1983,1985,
and 1986)in LosAlamosandPueblocanyonsfromtheLaboratoryboundaryto Otowion the Rio
Grande.Themeltingof thesnowpackduringtheseyearsresultedinrundf thatwaslarge
enoughto reachtheeasternedgeof theLaboratory.Of thesesevenrun-offeventsrecordedat
theLaboratoryboundary,onlyfivebadsuff&mt flowto reachtheRioGrande.Thevolume
of thefiveeventsthatreachedtheriverrangwlfrom5 x 103m’ to 104x 103m3. Thefiverun-ofY
eventscarried119x 103kg of suspendedsedimentsand 1073x 103kgof bedsedimenti,and
transport 598~Ci of plutoniumto theriver. Ofthe598~Ci of plutonium,3%wastransported
insolution,57%withsuspendedsediments,and40%withbedsedimenk

L INTRODUCTION

TheLosAlarnosNationalLaboratoryis locatedon
thePajaritoPlateau,whichformsanapronaroundthe
easternflanksof theSierrade IosVanes. Theplateau
slopesgentlyeas[warduntilit terminatesin cliffsand
steepslopesabovetheRioGrzmde.Thesurfaceof the
plateauhasbeendissectedintoa numberof narrow
mesasbyeast-msoutheast-trendingcanyonscutby
intermittentstreams.

Precipitationon tie flanksof themountains3ndon
theplateauproducestwotypesof run-offin theinter-
mittentstreams: (1)run-offfromsummerthunder-
stormsand(2)run-offfromthemeltingof springsnow-
pack.

Run-offfromsummerstormsusuallyreacheaa
maximumdischargein lessthan2 h, withtotalflow
lastinglessthanM h. Thehighdischargeresultsin
tmnsportof largemassesof suspendedsediments
(concentrationsas muchas 40 W mg/L)and large

massesof bedsedimentsoverlongdistances(Purtymun
1974).

Run-offfromsnowmehin thesping usuaklyoccurs
overa periodof severalweeksto severalmonthswitha
lowdischarge.Thelowdischargeresultsin transportof
loweonccmrationsof suspendedsediments(lessthan
1000mg/L);however,the longdurationof flowmoves
largemassesof suspendedandbedsediments.

Twocanyonsthatreceivedtreatedlow-levelradio
activeeffluentareAcidandDPcanyons(Fig.1). The
releaseof effluentendedin AcidCanyonin 1964and
DPCanyonin 1986.Theamountof plutoniumElcased
intothe twocanyonshasbeenestimatedto rangefrom
150to 3000mCiin thesediments(Stoker1981,Lane
1985).An inventoryof plutoniumin thesdiments
indicatedthatonly8%of theplutoniumin thecanyon
wasin theactivechannel;theremaining9270was in the
inactivechannelandbank(Stoker1981). A model
(Lane1985)placed33%of the inventoryin theactive
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Fig. 1. Loca[ionof gagingandsamplingstationsinPuebloandLosAlamoscanyons.

channeland67% in the inactivechannelandon its
oanks.

Theplutoniumin theetllucntbecomesadsorbedor
boundtosedimentsin thestreamchannel.Thedistribu-
tionof plutoniumin thebedsedimentsis relatedto par-
tic!csize. Thehighestplutoniumconcentrationsarc
foundin theflnc-sizefraction(claysandsilts),with
conccnmuionsdecreasingwithincreasingparticlesize.
A Iargcbuild-upof plutoniumdoesnotoccurin the
scdimcnLsat theeffluentoutfall,as thesedimentsand
auachcdix boundplutoniumarecarrieddowngradient
withthesummerandspringrun-off.

Themivc channelcarriesrun-offfromsnowmeh
andsummer-stormsmallevents. Theseeventsoccur
2 to 10timesannualiy.Flowundertheseconditions
mayoccuralongshortsegmentsof thecanyon,never
reachingtheRioGrande;however,longperiodsof
springrun-offWuratcsthealluviumandtheflow
rcachcstheRioGrande.

Duringspringrun-off,the transportof plutoniumis
confined[o the inventoryof plutoniumin theactive
chmmcl.Summerrun-offwithhighdischargeanda
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largesuspendedsedimentloadoverflowstheactive
channelsontotheinactivechannelandbanks. The
inactivechannelabovetheactivechannelcarriessum-
merrun-off1to 6 timesannually:theoverflowto the
banksoccursonceor twiceevery2 years(ESG 1986).

Transportof radionuclidcsin summerrun-offhas
beendescribedfor 17run-offeventsin 1967byPurty-
mun(1974);thedistributionof radionuclidcsina single
summereventhaskm dcscnbcdby Hakonson
(1976A).Dis~butionof radionuclidcsin channel~-
imcntsof canyoneffluentaws hasbum investigated
overthepastyears(Purtymun1966and 1$7!, l-iakon-
son 1976B,Micra1976,Nyhan1980).A modelfores-
timatingsurfacerun-off(combiningspringandsummer
run-off)andcontaminanttransportwaspreparedin
1985(Lane1985).

Thisre~rt describesthetransportof plutoniumin
solutionandin suspendd andbedsedimentsforseven
springrun-offeventsthatreachedtheLaboratory
boundaryin theperiod1975through1986.Of these
sevenevents,onlyfivehadsufficientvolumeto reach
OtowiandtheRioGrande. Thetwoeventsthaldid not



reachtheriverdeposited.sedimcntsanciplutoniumcast
of tic Laboramryboundaryin I13Clowercanyon(Fig. 1).

A. Nfethodsof Study

Recordswerecollectedin thespringof 1973and
1975at gagingstationsGS-1in themidrcachof Los
AiarnosCanyonand DPGSJIin DPCanyonabovethe
confluencewithL-OSAlamosCanyon(Fig.1). The
recordsfroma secondstation,GS-2in LosAlamos
Canyonat tic easternLabcmtorybouIIdary,wereu.scd
todctcrnrinctheflowintothe lowercanyon.The
recordson meandischargeandduratiXIof run-offwere
u.scdto determinethevolumeof flowfortherun-off
cvcrmThe volumesof run-offa[~~ ~n~ in
F~cbloCanyonand in LosAlamosCanyonat Otowion
theRioGrandeweredcuxmincdfroma numberof
mcasurcmcnLsmade.usinga Pamhallflume(Fig.2 and
AppendixA).

A numherof run-offsampleswerecollectedduring
thespringrun-off. Thesarnplcswerefilteredthrough

a 0.45-micron-milliporcfilter,and thedataon the
weightof thesamplesandthevolumefilteredwere
usedm determinetheconcentrationof *hesuspcnd~d
sdimcnt (milligramsper liter). Thecalculationsof
volumeandaveragesed.imcntconcentrationfor therun-
offeventwereusd to determinethemasstransporlof
suspendedsedimentsthrougheachstation(Fig.2 and
AppendixA).

Theestimateof bedsedimentxanspri through
eachsbtion wasmadeusinga modeldc.scritxdby
Leopold(1976)andusingdataon themeandiameterof
thebedscdimcnLvelocityof discharge,depthof run-
off,slopeof channel,anddurationof run-offckcnt.
Themodelwascalibratedusingdatafor thespringrun-
offof 1973.Fromthevolumeanddensityof gravels
removedwithintheactivechannel,it wasestimatedthat
2889x 103kgof sedimentswereremovedbetween
GS-1andGS-2. Lxqmld’smodelindicamdhat the
amountof M sedimentsremovedfromthestationat
GS-2was2665x 103kg. Thedifferencebetweenthe
mczwiurc4andcalculatedtransportedbedsedimcnLswas
aboutlo%. Leopold’smodelwasusd tocalculatethe
bedsedimentuansportedat eachstationfor theseven
springrun-offeventsthatoccurredfrom 1975through
19%(Fig.2 andAppendixA).

Aspreviouslystated,a numberof run-offW?p]es
collcctcdduringhe eventwerefiltered.Theconcentra-
tionof theplutoniumin solutionwasdctcrmincdfrom

thefihratc,and theconcentrationof thesuspended
solidswasdctcrrnincdfromthe.scdimcntson thefilter.
Thetransportof plutoniuminsolutionandsuspended
sedimcatswasdcbmnincdusingtheaverageconcentra-
tionof plutoniumwiti thevolumeof run-offandmass
of suspc,xiedsedimentforeachspringevent(Appen-
dixesB AndC).

l%cbe4isedimenlsarc sampledin thespringas part
of thegcncr.tisurveillanceof theLAoratoryconducti
by theEnvirol,mcntalProtetxionGroup(HSE-8).The
saniplcs:Jc colkctcdm a depthof about5 cmacross
theactiv:channel(thechanneloccupiedbysnowmch
run+ff). Theplutoniumconcentrationsof thebedsedi-
mentsand lhcmassof bedsedimcnLspassingthrough
theslationwereU* to estimatetheamountof pluto-
niumtransportedwiththebedscdimcnL$(AppendixD).

b. Run-OffCharacteristics

Shallowgroundwatmoccursin the-3.5-m-thick
alluvium,whichis perchedon theundcdyingtuff&
tweenGS-1andGS-2. Thealluviumis partlysatu-
rated,rechargedfromintermittentstnxrnflowintothe
canyon.ThestrearnflGwrecordsfromgagingWM.ions
GS-1andGS-2in 1973and 1975wereusedto deter-
mineIhcsurftxewaterlossesbetweenthetwostations.
Theselosses,whentheflowbtxweemthetwosl:ititms
stabilizes,reflect10SSCSfromtheperchedaquiferinto
theturf.

Thesurfacewater10SSCSduring1973betweenGS-1
andGS-2stabilimdbetweenMay3 and May28as the
alluviumbecamesaturated.Surfacewaterlosses
rangedfrom2.3x 103m3/dayto 2.5 x 103m3/day;the
dischargeat GS-1wasabout0.19m3/s.

During1975,thesurfze waterlosses&tweenthe
twostationsstabilimdbetweenApril10andMay 12.
Theaveragedailylossbetweenthe twoslauonswas
1.”)x 103m3; thedischargeat GS-1wasabout
0.10 m3/s.TheflowlossesbetweentheIwcwations
decreasewitha decreasein dischargeat GS-1. Asthe
dischargeat GS-I approaches0.012m3/swiththeallu-
viumsaturated,the lossesbctwccnGS-1andGS-2bc-
comcaboutequalto theinflowat GS-1andthedis-
chargeat GS-2bccomcsinterrniucnt.

Tlc alluviumcontainsa largevolumeof urrsatu-
ratcdaliuviumin thelowercanyonfromTotavito
OtOwJ(Fig. 1). In thissectionof thecanyon,the
alluviumthickensandtheactivechannelwidensand
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Tabk I. Run-Off in Lower Los Alamos Canyon.

Volume(l&’m3)

GS-2and Loss Percentage
Year Pueblo Otowi LowerCanyon at Otowi

1973
1975
1979
1980
1982
1983
1985
1986

426’ — —
326 26 300
916 104 812
101 — 101
28 — 28

523 74 449
801 74 727
50 5 45

—

8
11

—

14
9

10

Total 2745 283 2462 10

‘Notincluded in LCM,asno measurementsweretakenal PuebloandOtowi.

tendstobraidout. Largelossesof rtm-offoccurin his
sectionof thecanyon.

TheKM1springrun-offenteringthelowercanyon
from1975through1986was2745x 103m3.Of this
amount, 2462 x 103m3werelostin k lowercanyon,
withonly283 x 103m3reachingOmwiandtheRio
Grandc(Fig.2 andTableI).

Theconcentrationof suspendedsedimentsin tic
run~ff generallyincreasesdowngradientin tie canyon

as therun-offscoursthefinermaterial(clay,si14very
finesands)fromtheactivechannel. However,thetotal
suspendedloaddemxmesas thevolumeof run-off
deereasesdowngradientin thecanyon. Thetotalmass
of suspendedsedimentsenteringthe lowercanyon
withspringrun~ff from1975through1986was434
x 103kg. Of thisamount,315x 103kg weredeposiled
in thelowercanyon,withonly 119x 1(?kgreaching
Otowiandtie RioGrande(Fig.2 andTable II).

TableII. Transportof SuspendedSedimentsin LowerLosAlamos
Canyon.

Weight(1($kg)

(X-2 and Deposited Percentage
Year Pueblo Otowi LowerCanyon at Otowi

1973
1975
1979
1980
1982
1983
1985
19845

181” — —
50 16 34

111 42 69
20 — 20
6 — 6

78 22 56
161 37 124

8 2 6

—

32
38
—
—

28
23
25

Total 434 119 315 27

aNotincludedinIotal,mnomeasurementsweretien at(Mowi.
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Table II]. Transport of Bed Sedimenk in Lower LcKAlamosCanyon.

Weight(1N kg)

GS-2and Deposited Percentage
Year Pueblo Otowi LowerCanyon at Otowi

1973 2 665a — — —
t975 2098 67 2031 3
1979 6625 222 6403 3
1980 275 — 275 —
1982 64 — 64 —
1983 2421 324 2097 13
1985 3342 418 2924 13
1986 277 42 235 15

Total 15102 1073 14029 7

%ot included in Wal, as no measuremerttswere taken at Otowi.

Bedsedimentsaredepositedin thelowercanyonas
theflowvcloeityandrun-offvolumedcereaseeastward
in thelowercanyon.Themassof bedsedimentsenter-
ingthelowercanyonwiththesevenspringeventswas
15102x 103kg. Of thisamount,14029x I&kg were
depositedin thelowercanyon,withonly 1073x 1(?kg
r~ching Otowiand theRioGrande(Fig.2 and
TabIc111).

11. DISTRIBUTIONOFPLUTONIUMIN
SNOWMELTRUN-OFF

As theplutoniumisadsorbedor boundm thesedi-
mentsinthechannel,thespringrun-offmustinteract
withthesedimentsm resuspendtheplutoniuminto*
Iution(TableIV). Asa K!SUILk concentrationsof
plutoniumin solutionare tow(rangingfrom4.01 to
0.43pCi/L)whencompamdwiththetotalplutonium

TableIV. AverageTotalPlutoniumConcentrationsinSolutionandinSuspendedandBed Sediments.

GS-2 Pueblo Otowi

Suspended Bed Suspended Bd Suspended Bed
Solution Sediments Sediments Solution SedimentsSediments Solution SedimentsSediments

Year (pci/L) (pci/g) (pci/g) (pci/L) (pci/g) (pci/g) (pci/L) (pci/g) (pci/g)

1975 0.03 1.16 0.18 0.43 5.73 0.35 0.42 2.73 0.11
1979 0.01 4.56 0.40 0.13 7.54 0.46 <0.01 3.% 0.32
1980 0.01 5.37 0.17 — — — — — —
1982 0.05 11.1 0.31 — — — — — —
1983 0.01 4.97 0.24 — — — 0.01 2.45 0.33
1985 0.03 5.47 0.82 0.03 4.65 0.61 0.03 1.95 0.13
1986 0.01 1.84 0.29 0.01 <0.01 0.43 0.01 1.50 0.09

Mean 0.03 4.92 0.34 0.15 4.48 0.46 0.10 2.52 0.20
S[ddCV 0.03 3.23 0.22 0.19 3.21 0.11 0.18 0.93 0.12
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conccntmtions in the effluents, whichcouldb as much
as 10pCi/LfESG1981).(Ingcncmd,theconcentra-
tionsof theplutoniuminsolutiondecreasein tic lower
ccmyon.)

Thedistribution of plutonium in thesfdimcntsfinds
the largestconcentrationsoccuningin thesuspended
sediments,with)owcrconcentrationsinbedsediments.
Tiwplutoniumhasa greateraffinityfor thesilts,clays,
and finesandin thesuspendedsedimentsthanto the
coarsersandsandgravelthatmakeup the tmlkof the
bedsediments.Asa result,plutoniumconcentrationsin
thesuspendedsrdimcntsarc morethana factorof 10
grca:crthanconcentrationsoccurringin thebedsedi-
ments. Theplutoniumconcentrationsof thesuspended
sedimentsrangefrom=0.01to 11.1pCi/g,witha slight
dccrcascin theconcentrationsfromGS-2andPuebloto
Otowi(TableIV).

Thebedmaterialis movedalongthebottom of the
channel,rollingandbouncingin thebaseof therun-off.
Thelongperiodof dischargeresultsin transportof a
largemassof bedsediments.

Theconcentrationsof plutoniumin thebedsedi-
mentsrangedfrom0.11to0.82pCi/g,withtheeoncen-
trat~onsdecreasingin thelowercanyon (TableIV).
Therangeof meanplutoniumconcentrationof thebed
sedimentsin theactivechannelis similarto themodel

(be 1985)of O.20pCi/g. Theconcentrationsare low
andarcnolconsidereda healthhazard(ESG1985,
1986).

Thedistributionof plutoniumtransportedinsolu-
tionand insuspendedandbedsedimentsvariessome-
what,as indicatedby the followingdata: 1LO3%of the
plutoniumwastransportedinsolution,24 to 57%was
tmnsportcdin thesuspdcd ficnts, and40 to 76%
wastransportedwiththebedsediments(TableV).

111.TRANSPORT OF PLUTONIUM IN SNOW-
MELTRUN-OFF

Thestudyevaluatedtheamountsof plutonium
transportedfromtheLaboratoryat GS-2andPueblo
Canyonintothe lowercanyonat Otowion theRio
Grande(Fig.3).

Duringtherun-offeventof 1973,no measurements
or sampleswerecollectedat Otowi. Therewasabout
2567~Ciof plutoniumtransportedpastGS-2intothe
lowercanyon(TableVIandAppendixE). A partof the
plutoniumtransportedduringthisrun-offevent
probablymachcdtheriver.‘llterestwassubjectto
transpomdispersion,anddilutionbyspringand
summerrun-offin thefollowingyears.

-

Table V. Distributionof PlutoniumTransported inSo!utionandin SuspendedandBedSediments.

Plutonium(yCJ

GS-2 Pueblo Otowi
Suspended Bed Suspended Bd Suspended Bed

Year Solution Sediments Sediments SolutionSediments Sediments Solution SedimentsSediments

1975 so 56 372 2 10 11 11 44 7
1979 9 497 2600 <1 18 58 0 167 71
1980 1 107 47 — — — — — —
1982 1 62 2!) — — — — — .
1983 5 387 580 – — — <1 54 106
1985 24 864 2686 <1 15 40 2 73 54
1986 <1 14 77 <1 0 5 <1 3 4

Total 51 1987 6382 5 43 114 15 341 242
Percentage <1 24 76 3 27 70 3 57 40

7
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Fig.3. Graphshowing amount of plutonium transported with snowmclt run-off.

Fiveof thesevensnowmchrun-offevents(1975 Thetotaiamountof dutoniumenteringtheupper
through1986)reachedOtowiandtheRioG~dc. The

.
canyonfmmtheseveneventswas8582pCi. Of that

twoeventsthatdidnotreachOtowidepositedscdi- amount,598j.lCirsxichcdOtowiand theRioGrandc
mcntsandplutonium in the lowercanyon.Thesescdi- and7984~Ci weredepositedin thelowercanyon
mcntsandplutoniumin turnwereflushedoutwithsuc- (TablcVI). Theamountof plutoniumdepositedin the
cccdingspringor summerrun-offevents. lowercanyonrangedfrom83 to 3501pCi duringthe

sevenevents.

TableVI. TransportofTotal Plutoniumin theLowerLosAlamos
Canyon.

Plutonium(VCi)

GS-2and Deposited Percentage
Year Pueblo Otowi LowerCanyon at Otowi

1973 2 567’ — — —
1975 461 62 399 14
1979 3183 238 2945 7
1980 155 — 155 —
1982 83 — 83 —
1983 972 161 811 17
1985 3630 129 3501 4
1986 98 8 90 8

Toti 8582 598 7984 7

●No:inclu&d in total, m no measurements WCTCMum at (kwi.



The amount of plutonium cstimatcxtin Lhcscdi-

mcnLsof thec,anyonsavailablefor transportduring
springrun-offto theRioGrandcrangedfrom!50 to
3000mCi. Theamountof plutoniumreachingtheRio
Grimdcwiththefiveeventsfrom1975through1986
wasIcssthan 1%of theestimatedaverageof 15(IOmCi
(150m 3000mCi)availablefor transportby stormnm-
off. Thesmallpcrccn~gcof plutoniumtransporrcd,
combinedwiththe largedepositionof bcdsediments
andplutoniumin theIowcrcanyondti.ng springrufi-
cff, SUggCSL\ hat theIargcstamountsof plutoniumarc
triinsportcdin thesummerrun-off. Thesummerrun-off
CVCIILSscour the canyon,transportinga fargcamountof
plutoniumwiththesuspendedandLxxistxiimcnrs‘mtic
RioGrandc.

I\’. CONCLUSIONS

A study*M madeof sevenspringsnowmchrun-off
CVCI)LS hi rcxhcd theLab.xamryboundaryduringthe
Writ)d1975through1986.Of the.scsevencvcrws,only
fivehadsufficicntflow10rc~h Otowiand theRio
Grandc. Truceamountsofphnoniumbound10scdi-
tTICnL\ in the activechannelsof PuebloandLosAkimos
canyonsarc subjm to transportwithspringrun-offin
solutionandwithsuspendedandbedSCdiITICIIL%

of the fi ;L cvcnls, onlya smallamountof pluto-
nium(15~Ci) in solutionwastransportedtoOtowiand
IhcKmGrandc. Theamountof plutoniumtransported
intotheRioGrandcwiththebcdsediments(242pCi)
wasICSSthanthattransportedin tic suspended.sedi-
mcnls(341#Ci). Thelossot”run-offin theIowcr
can~wnresultedin thedepositionof suspendedandbcd
scdimcnLsalongwiththeplutoniumboundto thesedi-
MCnL% Tlcsc sedimentsandplutonium(7984~Ci)
wereandarc subjectto transportduringspringand
summerrun-off.
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APPENDIXA

HYDROLOGICCHARACTERISTICSOF SPRING SNOWMELT RUN-OFF

Mean Bed
Duration (Y k’iow Discharge Volume SuspendedSediments Sediments
(Days) (@s)- (m3/s) (103m3) (mg/L) (103kg) (103kg)

1973
Gs-1
DP(inflow)
GS-2

1975
Gs-1
DP (inflow)
GS-2
Pueblo(inflow)
Otowi

1979
GS-2
Pueblo(inflow)
Otowi

1980
GS-2
Pueblo(inflow)
Otowi

1982
GS-2
Pueblo(inflow)
O[owi

1983
GS-2
Pueblo(inflow)
Otowi

1985
GS-2
Pueblo(inflow)
O[owi

1986
GS-2
Pueblo(inflow)
Otowi

93
26
48

86
35
61
6

19

116
35
52

30
0
0

22
0
0

78
0

45

121
21
78

48
8

11

8.0
2.2
4.1

7.4
3.0
5.3
0.5
1.6

10
3.0
4.5

2.6
—
—

1.9
—
—

6.7
—
3.9

10
1.8
6.7

4.1
0.7
0.9

0.077
0.007
0.104

0.059
0.005
0.061
0.007
0.C16

0.091
0.002
0.023

0.039
—
—

0.015
—
—

0.078
—

0.019

0.079
0.G06
0.011

0.012
0.002
0.006

616
15

426

437
15

323
3.5

25

910
6.0

104

101
—
—

28
—
—

523
—
74

790
11
74

49
1.4
5.4

300
400
425

125
200
150
500

120
400
400

200
..—
—

200
—
—

150
—

3(XI

200
300
500

150
300
400

185
6

181

55
3

48
1.8

16

109
2.4

42

20
—
—

5.6
—
—

78
—
22

158
3.3

37

7.3
0.4
2.2

187(J
200

2665

1488
39

206-/
31
67

65%1
125
222

275
—
—

64
—
—

2421
—

324

3276
66

418

266
11
42

11



APPENDIX B

TRANSPORTOFPLUTONIUMINSOLUTIONIN SPRING SNOWMELT RUN-OFF

Mean Concentration Plutonium Transported
Volume =Pu 239~40pu 23npu 239240pu Total
(103m3) (pci/L) (pCi/L) (pCi) (pCi) (pCi)

1973
GS-I
DP(inflow)
GS-2

1975
GS-1
DP(inflow)
GS-2
Pueblo(inflow)
Olowi

1979
GS-2
Pueblo(inflow)
OIowi

1980
GS-2
Pueblo(inflow)
Otowi

1982
GS-2
Pueblo(inflow)
Otowi

1983
GS-2
Pueblo(inflow)
Otowi

1985
GS-2
Pueblo(inflow)
Otowi

1986
GS-2
Pueblo(inflow)
Otowi

616
15

426

437
15

323
3.5

26

910
6.0

104

101
—
—

28
—
—

523
—
74

790
11
74

49
1.4
5.4

0.01
0.08
0.00
0.01
0.09

0.00
0.00
0.00

0.00
—
—

0.02
—
—

0.00
—

0.00

0.00
0.01
0.00

0.00
0.00
0.00

0.02
0.32
0.07

002
0.24
0.03
0.42
0.33

0.01
0.13

“ 0.00

0.01
—
—

0.03
—
—

0.01
—
O.(J1

0.03
0.02
0.03

0.01
0.01
0.01

4.4
1.2
0

<0.1
2.3

0
0
0

0
—
—

0.6
—
—

o
—
o

0
0.1
0

0
0
0

12
5

30

8.7
3.6
9.7
1.5
8.6

9.1
0.8
0

1.0
—
—

0.8
—
—

5.2
—
0.7

24
0.2
2.2

0.5
<0.1
<0.1

12
5

30

13
5

10
2

11

9
<1

0

1
—
—

1
—
—

5
—
<1

24
<1
2

<1
<1
<1

12



APPENDIX C

TRANSPORT OF PLUTONIUM IN SUSPENDED SKDIiMENTS
IN SPRINGSNOWMKLTRUN-OFF

Suspended Mean Concentration” Plutonium Transported

Sediments - 238Pu 239~40pu 238pu 239@p” Total
(103 kg) (pci/g) (pci/g) (yCi) (pCi) (pCi)

1973
GS-1
DP(inflow)
GS-2

1975
GS-1
DP(inflow)
GS-2
Pueblo(inflow)
Otowi

1979
GS-2
Pueblo(inflow)
Olowi

1980
GS-2
Pueblo(inflow)
O[owi

1982
GS-2
Pueblo(inflow)
O[owi

1983
GS-2
Pueblo(inflow)
Otowi

1985
GS-2
Pueblo(inflow)
Otowi

1986
GS-2
Pueblo(inflow)
O[owi

185
6

181

55
3

48
1.8

16

109
2.4

42

20
0
0

5.6
0
0

78
0

22

158
3.3

37

7.3
0.4
2.2

0.02
0.83
0.06
0.03
0.03

0.56
0.04
0.16

0.27
—
—

1.4
—
—

0.27
—
0.15

0.67
0.05
0.15

0.24
0.00
0.00

0.15
2.5
1,5

0.59
3.8
1.1
5.7
2.7

4.0
7.5
3.8

5.1
—
—

9.7
—
—

4.7
—
2.3

4.8
4.6
1.8

1.6
0.00
1.5

—
—
—

1.1
2.4
2.9

co. 1
0.5

61
<0.1
6.7

5.4
—
—

7.8
—
—

21
—
3.3

106
0.2
5.6

1.7
0
0

—
—
—

32
11
53
10
43

436
18

160

102
—
—

54
—
—

366
—
51

758
15
67

12
0
3.3

28
15

272

33

13
56
10
44

497
18

167

107
—
—

62
—
—

387
—

54

864
15
73

14
0
3



APPENDIXD

TRANSPORTOF PLUTONIUMIN BKDSEDIMENTS
IN SPRINGSNOWMELTRUN-OFF

Bed Mean Concentration Plutonium Transported
Sediments 238pu 239J40pu 238pu ‘92@Pu Total
(103kg) (pCi/g) (pci/g) (yCi) (~Ci) (~Ci)

J973
GS-1
DP (inflow)
GS-2

1975
GS-1
DP(inflow)
GS-2
Pucb!o(inflow)
C)lowi

1979
GS-2
Pueblo(inflow)
Otowi

1980
GS-2
Pueblo(inflow)
OCowi

1982
GS-2
Pueblo(inflow)
Olowi

1983
GS-2
Pueblo(inflow)
Olowi

1985
GS-2
Pueblo(inflow)
Otowi

1986
GS-2
Pueblo(inflow)

1870
200

2665

1488
39

2)67
31
67

6500
125
222

275
0
0

64
0
0

2421
0

324

3276
66

418

266
11

Otowi 42

0.00
0.2:
o,~,

0,00
0.10
0.00
O.GO
0.00

0.06
0.00
0.00

0.02
—
—

0.04
—
—

0.04
—
0.02

0.12
0.00
0.00

0.06
0.00
O.al

o.11
1.4
0.85

0.08
0.50
0.18
C,35
O.]~

0.34
0.46
0.32

0.15
—
—

0.27
—
—

0.20
—
0.31

0.70
0.61
0.13

0.23
0.43
0.09

(1
42
0

0
4
0
0
0

390
0
0

6
—
—

3
—
—

96
—
6

393
0
0

16
0
0

206
280

2265

119
20

372
11
7

2210
58
71

41
—
—

17
—
—

484
—

100

2293
40
54

61
5
4

206
322

2265

119
24

372
11
7

2600
58
71

47
—
—

20
—
—

580
—

106

2686
40
54

77
5
4

14



TRANSPORTOF PLU’i’ONIUMIN SOLUTION”ANI)IN SUSPh:NDEl)
ANDBEDSk;DIMi:NTSIN SPRIN(; SNO\VhltI:Lrl”RUN-OI:F

Plutonium I’ransported Distributionof Tr:insport

Suspended Ilcd Suspended I\(’d
Solution Sediments Sediments Total Solution Sediments Sediments

(pCi) (pCi) (jlCi) (pCi) (%) (%) (%)

1973
GS-1
DP (inflow)
GS-2

1975
GS-1
BP {inflow)
GS-2
Pueblo(inflow)
Olowi

1979
GS-2
Pueblo(inflow)
Olowi

1980
GS-2
Pueblo (inflow)
Olowi

1982
GS-2
Pueblo (inflow)
Otowi

1983
GS-2
Pueblo(inflow)
Olowi

1985
GS-2
Pueblo (inflow)
Olowi

1986
GS-2
Pueblo (inflow)
Olowi

12
5

30

13
5

10
2

11

9
<1

0

1
0
0

1
—
—

5
—
<1

24
<1

2

<1
<:
<1

28
15

272

33
13
56
10
44

497
18

167

107
0
0

62
—
—

387
—
54

WI
15
73

14
0
3

206
322

2265

1:‘)
~~

372
11
7

2600
5n
71

47
0
0

20
—
—

580
—

106

40
54

77
5
4

246
342

2567

165
42

43H
23
62

3106
77

238

155
0
0

83
—
—

972
—

161

3574
56

129

92
6
H

5
1
I

8
12
2
8

18

1
1

<1

<1
0
0

1
-—
—

1
—

1

1
2
1

1
17
13

11
4

11

2(J
31
13
44
71

16
24
?0

69
0
0

75
—
—

39
—
33

24
27
57

15
0

37

8-1
95
88

72
57
85
48
11

83
75
29

30
0
0

24
—
—

60
—
66

75
71
42

84
X3
50


