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FOREWORD

The U.S. Department of Energy Field Office, Nevada (DOE/NV) has longbeen aware
• of the propensityof tritiumto be quite mobile. This tendency of tritiumto be very

mobileis a commonlyknown phenomenon. In conjunctionwiththe waste burial
operationsat the Nevada Test Site, emissionof very small percentages of tritium
present in waste packages has been observedover the years. For these reasons,
DOE/NV invitedthe Universityof Californiato carry out tritiummigrationstudiesin
conjunctionwith radioactivewaste burialoperationsat the Area 5, RadioactiveWaste
Management Site (RWMS). These waste-relatedtritiummigrationstudies have been
underwayduring the past eight years. Partlyas a resultof these studies, improve-
ments in waste packaginghave been made, also changes in burialproceduressuch
as placingthe tritiumat deeper depths _singthe Greater Confinement Disposal(GCD)
procedure, have been initiated.

Bruce W. Church
AssistantManager for Environment, Safety, and Health
U.S. Department of Energy
Field Office, Nevada
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ABSTRACT

Emanation of tritiumfrom waste containersis a commonly known phenomenon.
• Release of tritiumfrom buriedwaste packages was anticipated,therefore a research

programwas developedto studyboth the rate of tritiumrelease from buriedcontainers
and subsequentmigrationof tritiumthrough soil. Migrationof tritiumaway from low
level radioactivewastes buriedin Area 5 of the Nevada Test Site was studied. Four
distinctdisposalevents were investigated. The oldestburialevent studiedwas a 1976
emplacem_,ntof 3.5 millioncuries of tritium in a shallow land burial trench. Tritium
transportto the atmosphere by planttranspirationwas determinedto have risen
sharplywith the passage of time, and is now occurringat the rate of about 6 curies
per year. The tritium being releasedfrom this waste has not resultedin elevated
tritiumlevels in the urineof people workingdirectly on the trench cap, so this is
scarcelya release rate to cause alarm. Also, air samplersplaced aroundthe
perimeter of the Area 5 site show no highertritiumlevels than the Nevada Test Site in
general. In another event, 248 thousand curiesof tritiumwas disposed of in an
overpack emplaced 6 metersbelow the floor of a low-levelwaste disposalpit.
Measurement of the emanation rate of tritiumout of 55 gallondrums to the overpack
was studied,and an annual doublingof the emanation rate over a seven year period
was found. No evidenceof significantmigrationof tritiumaway from the overpack
was found. In a third study,upwardtritiummigrationin the soil was observed in a
greater confinement disposaltest. Here, the movemantwas suspected largelyto be
the resultof experimentalanomaliesand heat generated by other radionuclides
present in the waste. Releases of tritiumto the atmosphere were found to be
insignificant. The fourth event consistedof burialof 2.2 millioncuriesof tritium in a
greater confinement disposaloperation. No significantmigrationwas found one and
one-halfyears followingbackfillingof the disposalhole.
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INTRODUCTION
m

In the ideal case, when radionuclidesare disposed of by land burial they are to
stay put, i.e. not migrate. Most radionuclidesare cationsand as suchthey are

• stronglyadsorbed on soilcolloidsand will not readilymigrate, even under the
influenceof flowingwater. Other radionuclidessuch as ruthenium-106or technetium-
99 may be present in waste as anionsand will not be stronglyadsorbed on soilsby
cation exchange processes. These anionic radionuclideswillmove freely under the
influenceof flowingwater.

Tritium,when present in wastes as the oxide, is water, and will undergo isotopic
dilutionwith any and ali water present in the soil. This will includewater present in
both liquidand gaseous phases. Any movement of soilwater, then, either as liquidor
vapor, will result in tritiummigrationaway from the buried waste. This is in contrastto
the anionic and cationicradionuclidesmentionedabove which, in orderto move, must
be transportedby liquidwater. The inherentabilityof tritiumoxide to be transported
readilyin boththe liquidphase and the gaseous phase accountsfor its high mobility.
lt is no surprisethen, that tritiummigrationhas been found at ali commercial Low
Level RadioactiveWaste (LLRW) disposalsites studied(1).

The Nevada Field Office of the U.S. Department of Energy (DOE/NV) has been
quite aware of this mobilityof tritium,includingthe propensityof small percentages of
tritiumto be released routinelyfrom waste packages. For this reason, DOE/NV invited
the Universityof Californiato carry out tritiummigrationstudiesin conjunctionwith
waste burialsat the Area 5 RadioactiveWaste Management Site (RWMS). These
waste-related tritiummigrationstudies have been underway duringthe past eight
years. The study has confirmedthe emanation of tritiumfrom the waste containers
and subsequent migrationof an extremely small percentage of buriedtritiumto the
atmosphere.

The purpose of this manuscriptis to report findingson tritiummovement at the
defense low-level radioactive waste disposalsite in Area 5 of the Nevada Test Site
(RTS).



METHODS AND MATERIALS

The tritiummigration studies at the Area 5 Radioactive Waste Management Site
(RWMS) at NTS have been undertakenas four distinctefforts. The first effortwas a
study of transport of tritiumfrom buriedwaste to the atmosphereby plant transpiration.
This work has been carried out on Trench T-4 where burial activitieswere completed
Jn1976. The second effort is related to tritiumemanationfrom waste containersand
migrationinto surroundingsoil. That waste disposaloperationtook place in 1983
under Pit 1. The third studyeffort is concernedwith tritiummigrationand atmospheric
release from the Greater Confinement DisposalTest (GCDT). The fourth study and
the one most recentlyundertaken was soil migrationof tritiumfrom Greater
Confinement Disposal (GCD) in Area 5.

In 1976, solidform radioactivewaste containing3.5 millioncuriesof tritiumwas
buried at one locationin Trench T4. The waste was deliveredto the test site in 55
gallondrums and the drums were placed in overpacksof surplusaircraftjet engine
containerspriorto burial. The tops of the overpacksare covered with approximately
2.5 m (8 ft) of localsoilwhich serves as the trenchcap. Tritium migrationstudies
were initiatedon thisarea in 1983. A plot area 7 m x 14 m centered over the buried
containerswas establishedas a vegetative samplingarea. This plot area was
centered 150 m north of the southconcretetrench T4 marker. Initially,the plot area
had an Alta Fescue grass cover. The grass cover was followed in successionby a
native plant cover of variousAtriplexand creosote bushes. Plant transpirationof
tritiumwas measured by foliage sampling,followed by roomtemperaturevacuum
distillationof the foliage. The tritiumconcentrationin the distillatewas determinedby
liquidscintillationdirectlybased on U.S. Bureauof Standardstritiumstandards.

The second effort is related to a tritiumwaste disposal in 1983. That burial
took place under the floor of Pit 1. That effort is pictoriallyshown and describedin
Fig. 1. Sixteen 55 gallon barrelscontaininga total of 248,000 curies of tritiumwastes
were placed in an overpackconsistingof a used engine container. The two halves of
the overpackwere bolted together so as to leave a 0.6 cm longitudinalgap entirely
around the overpack. Soil atmospheresamplerswere spatiallydistributedand the
waste emplaced as shown in Fig. 1. The tritium emanation rate from the barrelsto
the void space in the overpack was determined periodicallyby pumpingair into the
bottomof the overpackat 2 litersper minuteand pumpingair out the top of the
overpack at 2 litersper minute. The tritiumconcentrationof the airflowwas then
measured untilthe concentrationwas reasonablyconstant. At that time pumpingwas
discontinuedfor several monthsto a year, when another emanation rate determination
was made. The concentrationof tritiumin the atmosphere of the soil in the near
vicinityof waste was determinedtime to time usingthe soil atmosphere samplers. An
extremely low pumpingrate (1 m3/year) was used to obtain each air sample consisting
of approximately30 liters. Water and tritiumoxidewere recoveredwith a freeze trap

2
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Fig. 1 Emplacement of 248,000 curies of tritiumwaste under pit floor, March 22, 1983.
Sixteen 55 gallonbarrels containingtritiumwastes were placed in a surplus
aircraft engine containerdepictedas a shaded cylinder. The black dots
represent the spatial arrangementof the soil atmosphere samplers whichare

connected to the surface with 3/16" dia. co_per tubing. Periodically,the soil
atmosphere samplers were used to obtain °H concentrationin the soilair. Soil

" air sampling 'was at the extremely low flow rate of 1 m3-air/year. Tritium
emanation _,romthe barrels (sourceterm) is determined by flowingair into the
bottomof the aircraft containerand out the top of the container with the 3H
concerJtrationin the airstream being measured. Locationsof the in-and-out
ports in the aircraft containerare shown as white circles in the drawing.



and the air volume measured with a piston. As noted earlier, tritiumanalyses were by
liquidscintillationdirectlybased on tritiumstandardssuppliedby U.S. Bureau of
Standards. No vegetation was presentat this location. t.

The third study on tritiummigrationwas carried out at the Greater Confinement
DisposalTest (GCDT) facility. A total of 594,000 curiesof tritiumwere disposed of in
this facilityin 1984. Here tritiumwas disposedof at a depth ranging from 20 to 27
metersbelow grade. Other radionuclidesemittingheat were disposedof at lower
depths. Complete details of the GCDT facilityare given in earlier publications(2, 3,
4). From 1984 to 1987 the GCDT facilitywas used for in-situ gas tracer experiments.
Tritiummigrationstudieswere begun in 1987. Soil atmospheretritiumsamplingwas
generallysimilarto that used in Pit 1 except that higherflow rates were necessitated
due to water vapor diffusionthroughthe teflon samplinglines. Experimental
measurementsshowed that flow rates of 200 ml/minwere necessaryto ensure that
vapor diffusionwould have negligibleeffects on the measured results. An
approximationof the tritiumbeing released from the facilityto the atmospherewas
made in a fashion generally similarto the emanation rate determinationfrom the
barrelsto the overpackvoid describedabove. In this case, the void was enclosed
space at the surfaceof GCDT with air being pumped intothe void at 5 litersper
minuteand pumped out at 5 litersper minute. The tritiumconcentrationof the outflow
air was periodicallymeasured. No vegetation was presentat this site, so no plant
transpirationdata was obtained.

The fourth study of tritium migration at the Area 5 waste management site was
in connectionwith a greater confinementdisposal(GCD) of 2.2 millioncuries of tritium
in a 3 meter diameter by 36 meter deep borehole. The waste was emplaced over a
three year period, in 1985 through 1987. The top layer of waste was placed 20
metersbelow grade and the hole then backfilledwith soil. Soil atmosphere samples
were located in the borehole at various intervalsbeginningat the bottomof the hole,
(the 36 meter depth) while the uppermostsamplerswere placed 3 meters below the
surface. Soil atmospheresamplingand tritiumdeterminationswere identicalto those
described for Pit 1. This borehole has recentlybeen backfilledand no vegetation is
presentand no transpirationdata was obtained.



RESULTS AND DISCUSSION

• Trench T4 Studies

The first tritiummigrationstudies of this effortwere begun on trench T4 in 1983.
Investigationof tritium transportto the atmosphere by planttrans_irationwas carried

t

out from 1983 through 1990. Data obtained is given in Table 1. This data is
presentedgraphically in Fig. 2. The importantfinding is that the release of tritiumto
the atmosphere is not in a steady state condition,but quite to the contrary, it is rising
markedly every year. This rapid rise of tritiumrelease is occurringin spite of the 12
year haft-lifeof tritium. Some of the increase possiblycan be attributedto growthof
the vogetationand deeper penetrationof rootswith the passage of time. However, we
will sse in the second effort of this work describedbelow, that a large part of this
increase can p(obably be attributedto increased emanation of tritiumfrom the waste
containers, lt shouldbe notedthat althoughthe transport rate of tritiumto the
atmosphere is now about six curiesper year and increasing,this is stilla very minute
fractionof the waste buried. At the current release rate, about 3.6 millionthsof the
amount buried is released to the atmosphere each year. The tritiumbeing released
from that waste has not resultedin elevated tritiumlevels in the urine of people
working directly on the trench cap so this is scarcelya release rate to cause alarm.
Also, air samplers placed aroundthe perimeter of the Area 5 site show no higher
tritium levels than the Nevada Test Site in general. However with the increasing
trend, attentionshouldbe given to the migrationof tritiumaway from buriedwastes.

Table 1. Annual transport of tritiumfrom buriedwaste to atmosphere, trench T4

Year Grass* Shrub*

mCi/year
1983 24 --
1984 97 --
1985 230 250
1986 -- 992
1987 -- 1290
1988 -- 3370
1989 -- 4038
1990 -- 5619

* Tritiumtransport by plant transpiration. Grass cover was followedin successionby
native shrubs.





Pit 1 Studies
"lrhenext study carried out was designed to answer two questions. One, what is

. the release rate of tritium with the passage of time, from the original 55 gallon drums
as deliveredto the site by the waste generators? The other question,what is the
migrationrate of the tritiumthrough soil? In this studya 1983 disposalof 0.25 million
curies of tritiumwas carded out by placing 16 drums of tritiumin an overpack and
buryingthe overpack 6 meters (20 ft) belowthe floor of Pit 1 which was being utilized
for low-levelwaste disposal. As describedin the methodsand materialssection,the
overpack was deliberatelydesigned to release tritiumto the surroundingsoil. That is,
a longitudinalgap was created in the overpackso that tritiumemanating from the
drums would be released to the soil. The emanation rate at various measurement

times during 1983 through 1990 is given in Table 2. That data is presented in a
graphical form in Fig. 3. Here again the movementof tritiumfrom the point of disposal
rises rapidlywith passage of time. The emanation rate is approximatelydoubling
annually, lt also shouldbe noted that this burial is seven years "younger"than the
previous burial, i.e. the Pit 1 burial is now a 7 year old burial whereas the T4 burial is
now a 14 year old burial. At this time about 30 mCi of tritiumis being released from
the 16 barrels over a one year period. If the trend continues,curie amounts can be
expected to be released annuallyseven years hence. This is probable, based on the
past seven years performanceand taking into accountthe data obtained in the T4
study. The second question addressed in this Pit 1 studyhas not been answereo.

Table 2 - Emanation of tritium from 55 gallon drums to void space in overpack.
Entire package was emplaced under Pit 1 floor on March 22, 1983. See
Fig. 1.

Measurement period Tritiumemanation*

I_Ci/day
Oct - Dec 1983 0.62

Jan - Jun 1984 0.65

Nov - Dec 1985 2.2

Jan - Mar 1986 1.4

Apr - Jul 1987 4.7
" Jul - Oct 1987 4.4

Oct - Nov 1988 13.3

Dec - Feb 1989 36.4

Jan - Feb 1990 85.5

* Total amount of tritium emanating from sixteen 55 gallon drums.
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Fig. 3 Emanation of tritium from sixteen 55 gallon drums placed in overpack and
buriedbelow floor of Pit 1. See Fig. 1.



The voluminous data obtained from the. Pit 1 study is presented in Table 3. A
summaryof that data is presentedgraphicallyin Fig. 4. Inspectionof Fig. 4 showsa

• relativelyhighconcentrationof tritiumnear the level of the floor of Pit 1. This would
tend to indicatethat the main sourceof tritiumat that locationwas from the waste
disposedof in Pit 1, not from that disposedof in the overpack buried 6 ni below the

• floor of Pit 1. Since the sourceterm is indeterminate,tritiummigrationrates cannotbe
calculated with confidence.

GCDT 3tudies
The third study effort regarding tritium migration at the Area 5 disposal site was at

the GCDT facility. Migrationof tritiumwith the passage of time is given in Table 4.
This data showsvery li_le lateral migrationof tritiumbut showsvery substantial
upward migration. Findingsfrom this test shouldbe applied with extreme cautionto a
routineGCD applicationsince two conditionswere present here that willnot be
present in a routineGCD. One, large amountsof heat are being generated by other
radioisotopespresent in this test that will (or at least should ) be absent from further
GCD tritiumdisposals. The heat drives soil water and tritiumoxide in isotopic
equilibriumwiththe water away from the site of disposal. Heat in this test destroyed
teflon sampling linescausingpossiblechannels inthe soil. Fiberglassinsulation
surroundingsampling linesmay have becomedamaged, especially the plastic
coverings,thus causing a channel for tritium movement. In additionto concentration
of tritium in the soil atmosphere, measurementsof tritium releases to tha atmosphere
have been made. This was done by supportinga cover and walls above the soil
surface formingan enclosure. Tritium-freeair was pumped continuouslythroughthe
void and the tritiumconcentrationof the exhaust air was measured. The data
obtained is given in Table 5. The resultsshow a variable butcontinuousvery small
release of tritiumto the atmosphere. This release is not significantand unless it were
to increasedramatically, is of no practical importance. This release does not,
however, necessarilymeet the criterionof "as low as reasonablyachievable" which
probablywould have been more nearly met had the experimentalanomalies not been
present.

GCD Studies
The fourth study and the one mostrecently undertaken was in connection with an

operationalGCD tritiumdisposal. Lessonslearned in the earlier 3 types of disposals
were taken into account. Improvementsin waste packaginghave been made since
the 1976 burial,and shipmentsemployingthe old type of packagingpreviouslyused
by Mound Laboratories have not been received for a number of years. Even with the
improvedpackaging,some tritiumemanationfrom waste packages was expected, so
it was decidedto further reduce tritium transport to the atmosphere by providingthe
longer soilpathway offered by deeper burial usingthe GCD procedure. Here 2.2
millioncurieswere disposed of in one boreholeduring the periodMay 1985 -
May 1987. Data obtained one and one-half years after the hole was backfilled show

' extremely low concentrationsof tritium in the soilatmosphere and littlemigrationhas
occurred. See Table 6. However, based on past experience in cases one and two
cited inthis report, the waste containerscan be expected to degrade thus releasing
increasingamountsof tritium to the soilwith the passage of time and the migration
rate will probablythen be important.

9



Table 3. Spatial distributionof tritium in soil atmosphere inthe region of the
emplaced tntium waste, Pit 1. See Fig. 1.

3H DPqVl/ir tn Soll Nmosphere b

Deptr_ LIIleraJ 8-14-84 1_-28-84 9-11-84 9-20-84 10-2:2-84 10-31-84 11-15-84 12.5-84 12-20-84 1-24-84 2-8-85 2.22-85 3-21-85 4-15-85 5-31-85 6-21-85
(m) (m)

03 N 1.5 - -- 0.6 09 NS 0.5 0.5 0 4 O1 0.3 11 3.0 5 7 5 t 74 ? 1

1 5 N " - .......... 0.6 NS 4.5 10.2 11.3"

30N " - ...... NS - - - 04 11 1.8" 69 45"

4 5 N " - .......... 0.3 3.2 21" 58" 0 5"

60 N " - ........... 0.3 04 1 4" --

• 3.0 ............ 0.1 0.9 2,0 1 1

4.0 .............. ,06 0 3"

7.5 N 1.5 NS ............. 0 3 0 4
90 ............. 01 04" 02"

0.3 S " - 0.8 0.5 0.1 0.3 0.2 0.2 0.1 0.1 0.6 03 2.2 12.2 7 I 11.7" 22 8

1.5 S " - ....... 0.2" - - - 1.6 6.8 23 1" 27.2

3.0 S * - ........... 0.1 1.0 33" 13.

45 S " - ........... 0.5 1.1 28 4 6

60 S " NS ........... 0,2 0,5 1 4 2 7

• 3.0 ..... NS ...... NS 1.2 4 2 NS

4.0 ............. 0.4 1 4 0 9

7.5 S " - .......... NS - - 0.3 0,3" NS

9.0 S " - ........... 0.4 0.5 1.0 0 8

0.3 C center - - 0.1 ....... 0.2 2.2 6.5 6.E 7,2" IT.8

1.5 C " 0.2 - - 1.0,t - - - 0,1 0.1 - - 0.8 3.7 3.2 13 7 10 7

3.0 C " - 04 0.5 0 4 0.3 0.5 0.3 0.2 0.3 0.1 0.4 NS 4.4 4 1 105 19 0

9.0 C " - 0.2 0.4 ...... 0.1 0.6 0.1 0.6 0.8 1,2 14

10.5 C • - ........... 0.2 0.4 1.0 08

11.5 C • - ........... 0.2 0.5 1.0 08

0.3 E 1.5 - 0.5 0.2 1.0t' 0.1 0.1 0.1 0.1 0.1 - 0.3 1.6 2.4" 37" 2.5• 6 6°

1.5 E • - ........... 0.5 0.6" 8.5• 7.3"

3.0 E • - ........... 0.2 3.0 54 78

4.5 E ............ 0.2 0.5 NS 1.9

6.0 E • - ........... 0.1 0.1 0.7 0.3

• 3.0 ............ NS - 0.2 0.1

7.5 E 1.5 ............. 0.1 07 0.6

9.0 E " - .......... 0.2 - 0.1 0.8 0.3

0.3 W • - 171t" 0.4 ..... 1.5 0.2" 0.3 3.5 4.9 3.7 - 8.0

1.5 W • - ...... 0.4 - - - 0.4 2.6 2.2 10,8 4.6

3.0 W " - ........... 1.3 4.8 6.0 5.3

4.5 W • - ........... 1.5 2.2 24 NS

6.0 W • - ........... 0.7 0.3 08 0.6

• 3.0 ............ 0.4 0.5 0.7 0.5

• 4.0 ............ 0.2 0.3 0.8 04

7.5 W 1.5 ............ 0.2 0,5 1.1 0.8

9.0 W " - ...............

Overpa_

Top NS 411t 64.2 13.9 79.9" NS 14.8" 29.5 • NS 113 NS 126 NS 103 68.3 251

Overpack

BollOm NS NS NS NS NS 16.4- NS NS 9.1" NS 21.8 NS 42 21.8 27.9 20.7

1"Col_ vo_Jme oi sou m_ m _ Inan 2 L L

" laml:_e (>oonteOt= mu thr 0.1 g.

NS - no Uml_e
- ,, belOW Oe_ecllon limit.
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Table 3 continued. Spatial distribution of tritium in soil atmosphere.

' 3H DPM/L In Soil Nmospl_ere

DIDplh LllerlIJ 7-15-85 8-545 8-30-85 10-2-85 124-85 1-31-86 3-3-86 3-24-86 4-24-88 5-27-86 6-23-86 7-25-86 8-20-86 9-22-86 11-3-86 I2-1-86
(m) (m)r

0.3 N t.5 9.3 38 4 35.2 448 398 140 124 135 121 89.2 867 38.4 47.6 38.3 86 7 715

1.5 N " 8.0" 65 4 65.1 98.2 166 95.3 151 94.8 135 97.9 51.8 59.8 58.2 72.9 141 148

30 N " 6,2 13.8 NS 22.4 281 234 17.5 274 30.8 24.7 18.9 19.2 18.5 20.2 27 4 39 8

4.5 N " 8 0 21.7 16.0 25.2 17.6 42.7 31.5 18.9 28.3 22.5 19.4 19.2 18,2 29.5 30.0 31 7

6.0 N " 1.9" 5.9 6.0 5.2 12.0 8.7 9.3 6.6 7.5 7.3 7.2 6.8 6.6 74 90 7 4

• 3.0 1.1 1.5 3.2 3.2 6.4 6.6 5.9 5.2 5.6 5.3 5.4 5.6 NS 5.3 6.5 6 8"

" 4.0 1.0 2 0" NS 1.3 2.4 4.0 4.2 3.5 5.3 6.3 7.7 5.6 5.6 4.9 6,8 5 9

7.5 N 1.5 1.2 1.5 1.7 1 .B 4.9 5.7 4.8 3.7 5.5 6.4 6.8 5.5 5.2 6.0 39 6 4"

9.0 " 09 1.9 3.2 3.6 6.5 24.8 7.8 5.3 7.5 7.7 8.8 7.5 6.9 66 84 69

0.3 S " 215.3 32.5 64.3 74.5 188 279 236 272 233 326 246 23? NS 224 294 258

1.5 S " NS 129 126 134 154 273 160 79.8 101 74.5 162 51.0 43.4 32.2 30.6 38 4

3.0 5 " 35.2 26.8 36.1 37.4 41.4 71.0 39.3 47.1 43.6 30.1 39.1 19.1 19.2 15.5 49.2 322

4.5 S " 9.0 7.6 6.7 8.1 9.8 14.1 9.7 7.6 10.1 11.8 11.1 9.6 9.2 8.3 11.8 36 2

6.0 S " 10.2 114 10.9 11.6 12.0 27.4 16.5 15.5 22.3 16.2 13.7 11,4 12.0 11.8 17.8 29 1

• 3.0 17.4 17.0 14.3 18.0 42.4 109 46.4 33.7 35.6 33.9 28.3 24.2 25.7 20.3 27.1 192

• 4.0 1.9 21 64 7.9 20.3 40.0 24.1 20.6 25.9 25.8 23.6 20.5 19.4 16.8 311 197

7.5 S 3.3" 4,0" 13.2 38.2 26.7 43.3 36.5 28.0 36.4 38.9 33.4 31.1 27.2 261 30.8 32.3

9.0 S " 1.3" 1.6 3.4 4.7 6.9 31.2 NS 17.4 20.6 20.4 16.5 14.4 134 12.8 156 35.0

0.3 C center 8.5 20.8" 68.2 56.8 279 126 116 11P,3 124 115 98.9 48.7 51.9 51.0 84.3 841

1.5 C " 8.3 121 31.8 28.6 35.2 55.6 33.6 77.4 10(; 88.4 30.6 16.7 17.8 20.0 294 19.0

3.0 C " 18.8 21.5" 44.9 67.2 19.7 140 54.6 70.4 86.3 62.4 38.6 41.4 36.3 36.1 56.6 55.3

9.0 C " 2.2 2.2" 5.2 8.6 15.0 12.4 10.0 22.1 13.1 15.6 13.8 14.4 14.2 14.5 19,1 21.9

10.5 C • 1.0 0.8" 2.8 2.6 7.7 3.5 3.3 3.0 3.9 3.9 3.7 3.8 3.6 3.4 5.0 '_8"

11.5 C " 1.2 1.1- 2.5 2.6 5.2 NS 3.3 2.6 2.9 2.9 2.8 3.0 2.8 3.0 4.3 3.6

0.3 E 1.5 7.0" 12.4" 49.7 99.9 309 170 263 224 281 385 .373 434 503 563 928 700

1.5 E " 8.6 10.2 19.2 30,2 44.7 142 84.8 62.5 71.9 38.9 36.2 26.7 NS 17.8 21.9 28,4

3.0 E " 19.6 21.7 38 4 31.6 68.6 299 98.3 53.1 80.4 65.4 57.4 50.4 49.0 41.7 52.3 48,7

4.5 E " 2.9 2.7 5.7 6,7 16.3 50.0 17.5 14.9 15.3 14.7 13.7 :12.3 13.7 11.2 _2.8 112

6.0 E " 0.9 1.7 2.6 1.9 8.0 6.7 6.6 .6.6 7.2 7.9 6.9 8.2 NS 1.8 0.6 NS

• 3.0 1.9 1.8 3.5 7.2 61.7 37.8 8.7 6.1 7.0 11.8 10.9 11.7 NS 11.4 10.1 13.0

7.5 E 1.5 1.9 2.6 4.6 9.7 16.9 28.2 26.9 25.2 26.9 23.0 17.2 15.7 13.4 13.3 14.5 14.1

9.0 E " 0.8 1.1 1.4 2.0 3.0 4.4 2.6 3.4 3.9 4.2 4.3 4.1 3.7 4.0 7.9 4.6

0.3 W " 12.8 18.1 34.4 50.4 103 61.1 246 117 153 167 97.4 64.2 87.0 78.2 106 115

1.5 W " 6.3 10.1 22.6 23.2 74.5 63.7 76 70.2 73.6 187 71.2 44.1 NS 23.3 31.8 31,0

3.0 W • 4.6 5.2 9.5 13.1 10.7 17.3 12.0 17.3 28.5 11.3 10.5 7.7 7.3 7.1 6,2 19.9

4.5 W " 4.2 3.5 6.8 10.1 12.0 13.1 9.5 7.2 8.0 6.5 8.7 8.1 8.5 8.0 9.5 18.8

6.0 W • 2.0 1.6 3.3 4.4 6.4 5.4 5.0 4.0 4.8 4.3 4.2 4.2 4.3 4.1 4.6 7.7

• 3.0 1.0 0.9 3.1 3.7 6.2 10.5 5.9 4.7 5.7 4.8 4.6 4.1 4.4 4.6 5.6 15.1

• 4.0 0.8 1.4 1.3 2.2 4,0 4.4 4.6 3.1 3.2 2.8 3.3 2.7 2.9 3.6 5.0 NS

7.5 W 1.5 0.9 1.7 1.9 2.5 7.2 5.2 3.9 4.2 4.0 5.0 4.9 5.0 5.4 3.8 7.5 6.6

9.0 W " 0.7 0.8 1.1 11 1.7 4.8 2.4 2,0 2.6 2.5 1.2 2.2 NS 1.9 3.1 3.4

Ovem,_

Top 112 143 212 308 513 400 387 441 5,26 581 516 520 451 671 515 923

Oveltm_

Bottom 211.2 35.4 91.3 93.4 152 NS 141 137 141 151 167 163 151 143 206 129

, t Coaeaed votume oJ=o¢ _ In anu, Ihlm 2 L

,, lample ¢ounl_l II mu roll 0.1 g.

NS., no lamp4e

- ,, below Oe4ec,on Walt.
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Table 3 continued• Spatial distribution of tritium in soil atmosphere.

3H DPM/L In So|I Nmos_nere

Depth LaleraJ 1-27.87 2-25-87 3-18-87 5.28-87 7-17-87 9-29-87 12-3-87 3-7-88 5-16-88 7-20-88 9-15-88 3-8-89 11-8-69
(m) (m)

03 N 1.5 129 193 219 136 276 226 405 197 374 1337 579 0 6 NS

1.5 N " 246 264 42.8 B17 92.2 48.8 37.5 49.0 111 42.6 374 NS 26 2

30 N " 96 146 28.6 38.3 27.5 26.5 27.3 49,7 80.7 44.2 231 20 9 NS

4.5 N • 47.8 80.9 30.2 48.1 44.8 44.9 35.6 50.4 45.3 38.6 39.6 NS 269

8.0 N " 21.8 43.1 9.6 12.0 714 11.3 13.9 15.7 19.2 124 11.7 90 13 4

• 3.0 18 1 27,4 9.4 18.1 13.6 12.8 8.9 19.2 28.2 14.1 10.4 11,2 7.4

• 4.0 35.8 54.0 68 13.4 115 12.1 8.0 9.9 18.9 6.5 10.4 '1.5 34

7.5 N 1.5 11.8 37.0 6.8 9.2 1191 12.0 76.9 12.1 10.2 7.7 7.1 12,2 14.7

9.0 " 31.0 62.0 10.3 17.6 16.9 12.7 19.8 10.3 10.1 10.6 9.5 7,3 7.2

0.3 $ " 3.90 512 416 493 590 514 353 390 743 1036 651 445 NS

1.5 S " 68.5 101 49.5 1086 67.8 57.6 242 44.4 77.7 75.5 45.6 41.0 NS

3.0 S " 69.5 105 16.6 106 104 32.5 31.5 28.4 32.6 44.1 26.7 32.7 17.7

4.6 S " 74.8 3.3.0 4.6 17.4 63.2 14.8 40.0 46.9 59.9 27.4 10.6 114 9 4

6.0 S " 79.6 57.5 13.2 1630 21.8 17.2 41.0 54.9 22.4 16.8 14 7 17 0 16 8

• 3.0 61,1 62.3 24.1 53.5 42.6 31.5 31.8 29.5 30.2 31.2 23.9 20.6 13,2

• 4.0 44.7 30.3 13.2 31.6 35.0 24,2 62.8 18.9 18,4 20.4 15.4 16.2 8.8

7.5 S " 118 175 17.9 56.4 30.0 27.8 28.6 35.2 29.6 22.5 204 30.2 13.9

9.0 S " 70.4 108 14.2 44.0 124 21.9 22.1 16.9 19.7 19.3 17.1 20.9 16.3

0.3 C center 109 416 231 359 461 373 362 300 1196 1179 737 394 1145

1.5 C " 47.6 121 99.8 392 48.3 42.4 36.2 63.5 66.2 80.3 34.4 28.0 40.2

3.0 C " 79.9 240 69.5 65.0 75.0 76.7 82.5 121 216 149 102 77.6 230

9.0 C " 26.1 25.4 23.0 37.6 33.8 31.4 30.I NS 55.2 54.6 46.2 59.8 140

10.5 C " 204 20.5 5.8 11.9 18.4 7.5 85.2 5.4 7.3 7.8 40.4 105 6.5

11.5 C " 12.5 7.1 4.0 25.2 22.0 5.7 6.6 8.7 7.0 13.7 7.8 6.3 NS

0.3 E 1.5 864 3584 1717 2076 3405 3382 3354 7384 11640 15390 9713 5083 11900

1.5 E " 110 277 100 120 148 34.1 40.2 59.3 63.8 70.5 26.8 26.5 53.5

3.0 E " 119 214 46.0 80.9 323 52.6 _.6 104 106 37.0 34 4 36.8 21.0

4.5 E " 32.6 461 38.0 36.0 19.9 15.5 17.4 25.2 62.8 20.7 19.5 6.1 12.5

6.0 E " 18.0 54.2 13.7 10.0 10.3 11.1 64.6 12.5 16.1 34.2 NS 15.9 9.5

• 3.0 22.2 14.7 6.8 26.2 12.9 15.4 19.6 13.0 22.2 12.0 NS 12.3 7.2

7.5 E 1.5 13.5 14.8 10.8 1514 16.7 15.0 18.2 16.1 NS 13.9 12.2 13.2 13.8

9.0 E " 7.5 7.1 6.4 6.9 7.8 5.4 7.2 7.0 6.3 5.8 3.7 7.1 74

0.3 W " 233 255 210 270 449 280 303 321 236 418 NS 110 174

1.5 W " 89.7 156 82.9 130 68.6 31.0 51.6 38.3 58.6 46.4 127 34.5 18.7

3.0 W " 51.1 57.4 37.0 116 28.9 21.0 11.8 25.6 33.3 31.6 16.9 9.7 7.0

4.5 W " 56.8 14.9 11.7 18.9 16.9 16.3 10.6 26.6 68.9 19.3 14.9 32.5 23.1

6.0 W " 26.0 16.3 5.3 7.5 6.7 11.1 11.0 13.5 15.2 11.3 6.5 9.7 6 0

• 3.0 31.2 73.6 6.0 26.6 23.0 6.5 16.8 20.2 12.0 7.1 6.4 6.9 6.0

• 4.0 11.8 5.6 4.7 195 7.5 16.4 6.7 7.5 8.9 6.9 3.9 4.8 5 1

7.5 W 1.5 6.9 7.3 7.1 12.1 17.0 82.7 76.6 641 13.3 13.7 10.1 14.2 52.6

9.0 W " 5.2 3.6 3.3 8.4 14.9 4.1 335 3.6 6.9 7.6 10.8 227 7.7

Owm_cx
Top 1942 NS 1522 1386 1161 1087 2072 4606 3152 2188 191R 3115 10890

Owr_ck
Borlocn 287 258 251 281 321 386 NS _ 004 NS 514 2535 NS

t CO_K_eO volume Of log al_ In leu Irwn 2 L

• umple ¢oumeO ts lm thai 0.1 g.

NS - now.

- ,, I>elOWOelecllon Ilm¢.
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Table 4. Spatial distributions of tritium oxide concentration in soil atmosphere, GCDT.

(microcuries/cubic meter of soil atmosphere)

SAMPLER RADIAL
DEPTH DIST. DATE

(m) (cm) 5/14/87 6/17/87 11/30187 4111/88 9/15/88 ,

gCi/m3

3 160 44.0 57.0 32.0 66.0 206
168 29.0 24.0 5.70 14.0 15
282 0.39 0.285 0.113 0.10 .22
447 0.06 0.443 0.032 0.08 --
625 0.03 0.042 -- 0.06 .09
640 0.004 0.009 0.003 -- .03

9 160 120.0 217.0 75.0 216.0 400
168 220.0 208.0 35.0 80.0 88
279 0.29 0.401 0.695 0.50 --
447 0.25 0.637 0.252 0.27 .59
457 0.03 0.028 0.009 0.01 .03
640 0.03 0.028 0.025 0.04 .07

15 168 680.0 648.0 63.0 242.0 269
279 19.0 26.3 2.05 23.0 16
282 0.43 0.999 0.464 0.90 .93

,= 447 0.10 0.479 0.328 0.65 .99
457 0.06 0.044 0.020 0.06 .08
625 0.09 0.205 0.147 0.21 .31
640 0.03 0.25 0.028 0.04 .08

22 168 -- 3810.0 160.0 411.0 693
279 40.0 23.2 16.1 7.0 12
282 18.0 14.4 1.03 1.5 2.7
447 1.3 1.32 0.357 0.69 1.2
640 0.04 0.063 0.022 0.04 .09

28 160 1370.0 2330.0 362.0 678.0 1090
168 7200.0 7990.0 1036.0 2350.0 1380
279 30.0 363.0 59.3 61.0 104
282 11.0 36.3 1.94 2.1 20
447 0.60 1.01 0.334 0.420 1.0

31 279 55.0 44.5 20.0 39.0 58
282 2.0 2.07 0.464 1.3 1.9
447 0.57 0.541 0.281 0.6 .96
625 0.43 0.340 ......

37 168 7900.0 7940.0 1280.0 2460.0 1280
447 0.96 0.650 0.334 0.43 .81
457 0.12 0.282 0.023 0.05 .13
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Table 5. Tritium transport to the atmosphere from GCDT central borehole.

Date i_Ci/day Date I_Ci/day

1-29-88 2.34 7-26-88 22.18
2-02-88 2.66 8-02-88 51.98
2-03-88 1.67 8-11-88 41.11
?-10-88 3.22 8-18-88 29.09
2-11-88 3.12 8-24-88 28.44
2-12-88 3.29 8-25-88 28.66
2-23-88 5.36 9-01-88 28.80
2-24-88 5.20 9-19-88 18.65
2-25-88 4.18 9-27-88 22.39
3-03-88 6.05 10-05-88 49.25
3-09-88 3.90 10-17-88 18.50
3-15-88 7.20 10-26-88 36.79
3-16-88 4.90 11-16-88 15.26
3-17-88 4.74 11-21-88 11.30
3-18-88 4.62 12-01-88 10.22
3-23-88 9.43 12-07-88 11.81
3-24-88 9.29 12-14-88 22.54
3-31-88 11.38 1-10-89 4.91
4-01-88 9.22 1-20-89 8.01
4-05-88 4.70 1-26-89 8_08
4-13-88 16.70 2-01-89 9.07
4-14-88 13.82 2-16-89 10.09
4-20-88 16.27 2-24-89 14.16

• 5-05-88 23.76 10-19-89 21.9
5-13-88 22.46 10-24-89 3.7
5-16-88 37.44 10-27-89 13.9
5-23-88 24.98 11-02-89 11.1
6-08-88 21.10 11-09-89 12.4
6-13-88 28.37 11-30-89 8.7
6-15-88 27.94 12-07-89 8.4
6-20-88 27.22 1-04-90 6.3
7-07-88 32.26 1-17-90 11.4
7-14-88 25.99 1-23-90 6 .S
7-19-88 24.55 2-14-90 25.6
7-21-88 20.30 2-22-90 9.6
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Table 6. Tritiumconcentrationin soil atmospherein GCD. Boreholebackfill
completed on June 19, 1987, and tritiumsamplingcarried out on
Decemt3r 13, 1989.

Sampler Tritium Concentration ,
Depth in Soil Atmosphere

m ft _Ci/m3

3 10 0.001
6 20 0.004
9 30 0.001
12 40 0.004
15 50 0.001
20 65 0.010
26 85 0.220
36 119 0.070
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CONCLUSIONS AND RECOMMENDATIONS

Data obtained in the Pit 1 study show that tritium emanation from those buried
waste containershas been increasingrather rapidlywith the passage of time. lt
appears that the rate of increase of release may double annually for a significant
periodof time. The initialemanation rate is extremely low,so that even with large
annual percentage increases,the total releases so far have been small. The
increasingrelease rates from the containersdo pointup the necessityof having
accurate site-specificsoil tritiummigrationrate data available. Clearly the soil must
ultimately_e charged as the primarycontainmentmedia. Accurate site-specific
migrationrate data would enable predictionof tritiumrelease rates to the atmosphere
or migrationdownwardstoward the water table, lt shouldbe noted that ali tritium
studiesto date at Area 5 have been in conjunctionwith actual radionuclidedisposal
operationsand therefore the sourceterm of the tritiumavailable for migrationis
always unknown. A specificexperiment,with a completelysolubletritiumoxidesource
shouldbe conductedto obtain accurate site-specifictritiummigrationrates for the
Area 5 disposalsite.
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