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ABSTRACT

Three aspeets of theetransuranium (fRU)inueiide-sbil inter--
action were studled in connectlon w1th Savannah R1ver Plant (SRP)
':burlal ground operatlons | Results of the stud1es are reported

as three separate parts"of this report,

‘e Radtonuclzde Content of an Exhumed Canyon VesseZ The 4
long term hazard potential assoc1ated W1th burlal of process
equlpment from rad10chem1ca1 separatlons plants is belng evalu-
ated. As part of this evalnatlon, a feed ad;ustment tank was
| exhumed.eighteen years after burial. - The tank had been in service
in the fuel reproce551ng plant for twenty-nlne months before it
was-retired. Assay of the exhumed tank’ 1nd1cated that 7 ‘mg of
2%%u and 1 mCi- of '*’Cs remained on its'sunfaces. Less than

1 uei bf 23%9py was found in. the soil under the tank.

* The information contained in this article was‘developed during
the course of work under Contract No. AT(07-2)-1 with the ‘U.S.
Energy Research and Development Admlnlstratlon
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o . Volume Reduction of Plutonium-Contaminated Soil. A series
of laboratory tests was aimed at reducing‘the volume of plutonium-
contaminated soil in the SRP bur1a1 ground The:tests'sho&éd
that the volume of plutonlum contamlnated soil could be reduced
to one-third by scrubbing and separating a clay.silt fraction
containing about 95% of the plutonium. Only the-plutonium~rich
fraction would then require storage in durable contalners, the re-
- maining two-thirds (plutonlum depleted fractlon) of the 5011 could
‘be returned to the bur1al trenches.

| o Movement of Organically Bound Plutonium'in SoiZ. A safety
~eva1uat1on of underground storage of spent Purex solvent (tri-n-
butyl phosphate, TBP, in hydrocarbon d11uent) was made.A In th1s‘
evaluation, laboratory tests showed that small volumes of organic-
, complexed plutonlum are effectlvely sonbed and,lmmoblllzedvln dry
(ground surfaces soil: But moist (subsutface) soil would permit.
extens1ve mlgratlon of postulated large volumes of solvent complexed
plutonlum unt11 the plutonlum transfers to the water phase with

subsequent absorptlon on the so1l



RADIONUCLIDE CONTENT OF AN EXHUMED :CANYON VESSEL — H.: P. Holcomb
Summary |

To assess the long-term hazard potential asseciated‘with

‘the burial of retired, intensely contaminated process.equipment,

an emplacement of canyon eduipment.was excavated. During the

previous twenty years, failed or obsolete process equipment,

" amounting to 10° cubic feet, from padiochemical‘separations

processes heveAbeeu placed in earthen trenches at:the'skP‘burial'
ground. Radionuclides associated'with this waste afeiprinci-
pally the fission products °°Zr-°°Nb, 1“'“"‘Ce» and 103-106py,
These spec1es have short to moderate half lives and’ present no

51gn1f1cant requ1rements for control and surve111ance of the

burial 51te beyond a t1me span of a few decades However, this

type of waste also includes longer-llved contamlnants,,such as

,9°Sr, 137Cs,'and'23° 239Pu. These species greatly influence

I

planning for future‘control and surveillance'criteria of the

burial site. The TRU nuc11de content of thls equlpment was not

'measured prlor to bur1al because of the 1ntense beta—gamma radl-

1

~ ation associated with the equlpment, generally several tens of

R/hr at distances df a few feet.

'One vessel, a Purex feed adjustment tank from the hot can-

yon of a separatlons plant has been exhumed and studled This

‘p1ece of equlpment was retired from service and buried in 1957.

‘This part of the study ‘describes the exhumation and assay methods.

The assays showed that 7 mg of 2%°Pu and 1 mCi of 137Cs remain on



the surfaces of the vessel; the amount of rédionﬁclides in the

nearby soil is substantially less.

Details

Pre-excavation Work -

Before the contaminated vesselZWas ﬁnéérthed, fﬁe.following
steps were taken:: | |

o Criteria for selection ofvbﬁried equipment'wére.s;t

e Records for aﬁailablé equiﬁment wéfe'eiamined

‘e A candidate vessel wéskéeleéted

o The buried vessel was located by drill'piobing

e A Test Authorization was prepared

° Adﬁqcent soil was'samplgd

° Labo;atéry ieachiné experiments wefe designe& B

e A job plan was written and approved

The firsf choice'of a candidate fpr the exhumation'test.was‘a
first-bycie Purex feed tank. This tank was an 8-ft-diame£er by
8-ft-high.vesse1 thaf had been buried after it wag retired from
sefvicé in 1957. o

The first task was to fiﬁd the»buried prpce;s vessel by
drill probing (Figure 1) in a high-iével waste prench._ The lo-
cation of fhe feed tanklwés shown on an old burial g%ound map
with a feed adjustment tank no£ed aé being negrby in the same
. french. However, ﬁrobing the cﬁosen area of the burial trench
indicated the preseﬂce Qf qnly’one.vessel, aﬁ 8-ft-diamete¥
vessel that was buried‘about 3% ft beneath £he surface,
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Soil samples wére taken as shown in.Figure 2 by vertically
.coring as close to the vessel as possible. Another series-.of
cores was taken at a distance of one foot from the vessel wall.
After the vessel was exhumed,.soil that had been beneath the
vgssel was also sampled. |

Trench Excavation and Vessel Emhumétion

The remaining steps in the test procedure, beginning with
the exﬁumation_of.the vessel, are‘iisted below,  A

\ .® Soil around vessel was éxcavated.‘ |

e Vessel was removed and transported to fest site

° .§6i1 beneath ﬁesselzwas backfilled and sampled -

® Vessel contents were sampled

® Adhering and contained soil were removed ffom:vessel

® Temporary- hut was constructed'around vessel

® Radiation surveys. and measurements of vessel and
surrounding soil were conducted ‘

L4 Sampie‘coupong‘wére cut'from Vessei.

° Le;ch tests and SOil‘ahalyses were performed in.léborafory

® Report was written
This was not the first piece of equip@ent to be eXhumed from the
Sk? buriailgrOund; ,Prévibdéiy; five batch evaporatof$ and a
process éenfrifuge‘wefé réclaimed{ féWorked,,and returned to
service, but this‘is‘tﬂe»fi?stlattémpt at_SRP‘tolrepoﬁer buried

equipment for the‘purpoée of measuring qontémination levels.
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A.clam shell was used to uncover the vessel. Figure 3
:shows the first portion of the vessel wall that was uncovered.

A dead root was immediateiy adjacent to the vessel. On this un-
covered portion of the vessel wall, the alpha contamination was:
10" dis/(min) (75 cm?). Radioactivity in the root was almost ex-
clusively that of ?°Sr, about 10° pCi/g, with only 6 pCi/g of
plutonium.

As excavation and séil removal frqmlaround'the vessel con-
tinued, the serial number, painted on the side, was exposed
(Figure 4). On‘reviewing the.récbrds, the vessel being exhumed
was found to be the Purex feed adjustment tank instead of the
feed tank originally sought. For this test, however, either

‘vessel would_sﬁffice because their process histories were very
similar. The feed édjustment‘taﬁk had been in hot canyon service
~ for 29 months, [rum October 1Yb4 to Ma;ch 1957. Health Physics
records at the time of burial showed a radiation level of 22.5
R/hr at 1 ft. Calculations indicated that the current radiation
~ level would be about 2 mR/hr at 3Ain5, sufficiently low for ex-
tended periods df close work.

| When the overburden was removed, it was confirmed that tﬁe
. tank had been buried with the agitatoi opening qncovereé,'allow-
"ing the tank to be filled with soil and water. Figure‘é shows
the mud-filled tank, with clods being supported at the opening.
The.tank.and its contents weighed abbut 18 tons. A 75-ton crane
(Figure 6) lifted the tank from tﬂe emplacement and placed it in

a transport box on a trailer for moving to the test site.
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Cleaning and Asséying Exhumed Tank

At the teét‘site, a platform was constructed fo pefmit work-
ing over the tank that was still contained in the -transport box.
About. 350 gal of water was removed and sampled, leaving a mud
-cake that was core-sampled. The tank was lifted from the box
" and suspended over the adjacent open trench. The exterior soil
was removed by washing as shown in Figgre*7, and the interior mud
~cake was then washed out as shown in Figure 8. When contained
soil was removed from the tank, cursory visual inspection revealed
that the cooling coils were still. intact., A closer view, Figure
9, revéale& that the coils and interior §f the vessel were-brighf
' and shiny, indiéating that the vessel was in excellent metallurgi-
-cal condition, as more thorough visua% inspéction léternindicated.

After the tank was cleaned and visually inSpgcted, radiation
~measurements began. These included beta-gammé measurements'With
a Cutie‘Pie (Figure 10); comprehensive alpha surveys}df‘both ex-
ltgrior‘and interior as shown in Figu¥e>11;~and a éaﬁma ﬁulse height
analysiskugihg portable gQuipment (Figure 125. The béta—gamma
actifity averaged 3 mrad/hr at 1 ft from the fank. Figﬁre 12
als§ shows the plastic hut that was usedAto prevent the spread
of coﬁtaminatibn from the'tank.

.8ix 2-in.-diameter coupons Were cut from the 3/8-in;-thick
stainless steel tank wall (Figure 13) and bottom. These coupons
“have been assayed for alpha and gamma_emittefs and are undergoing

long-term leaéh testing in the laboratory.
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Reburial of the feed“adeStnent.tank in a lysimeter was
.originally planned, so'r;dionuclddic leaching could be studied
“‘under natural conditionsi -Excavation of thellysimeter.pit‘is
_shown in Figure 14.;'Theipit is 16 to 18 ft deep with a sloping
bottoﬁ and is 12 ft long and 13 .ft wide, Installation of the
'20-mr14thick polyvinyi-chloride liner is shown in -Figure 15..
A 'standpipe to house a pump was instelled, and a-base was pre-
pared with sand, gravel, and soil layers to support:the vessel
" and.to serve as a sump. .However, when the TRU contamination.
“level of the vessel was-found to be. lower than expected, a de-
‘cision‘was made to rebury the vessel in the adjacent trench..
Use of the lysimeter is planned for other exhumed-equipment

" with higher contamination levels.

Results
Table 1 summarizes the re51dua1 EggPu contamlnatlon tound

on 1nd1v1dual surfaces of the exhumed tank. More than half of
the contamination was found on the outside top;surface; contami-
. nation on.the mild steel-trunion guides:and supports'contributed
' about‘20 of the total of 7 mg of 239Pu found, Under ERDA gu1de-
‘11nes, waste with a TRU content of greater than 10 nCi/g must be

stored retrievably. However, discarded bulky'process equipment
w1th a TRU content above 10 nC1/g is presently exempted from re-
‘trlevable_storege. So, although the exhumed tank would be c1a551—
';fied as bqiky eouinment ‘its low TRU content places 1t in the non-

retrievable storage category. Table 2 shows that the total surface
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contamination is only about 1% of the guideline 1imitj(10 nCi/g).
Taﬁle 3 summarizes the quantities of 23°pu féund‘in the mud cake
and water contained‘in the vessel upon exhumation. The mud, i.é.,
the‘sbil and interstitial water, contained only 0.08 mg of plu-
j't:onium,-labc‘)ut: 1% of the.quantity found on theAveséel ;ﬁrfaces;

the 356 galiof water containednless than 0,01 mg of plufbniuﬁf A
gamma pulse height -analysis shbwéd that !'®7Cs was' the only detéct—
.-able gamma-emitting fission prodpét on the'tank éurfaces; a total
~of-1 mCi of '%7Cs was déterminéd t6 be piesent'on the surfaces of

the'empty tank.

-Conclusion

| The priﬁary conclusion so far from this continuing test.is
that this procéSs vessel, a‘Phrex,feéd‘adjuéfmeﬁﬁ tapk; when bur-
‘iedwis yeérs ago, contained .less plutohium'than thé 10 hCi/g that
ERDA waste management stahdards‘currently define as TRU-contaminated,
‘retrievable waste. However, this is only the first bit.of informa-
tion thus far.obtained from an overall program to assess‘the long- : o
texm hazards of equipment burials. To provide a better data base
for hazard assessment in planﬁing»for future surveillance and coﬁ-
trol of the burial groﬁnd site, further exhumatioﬁé and testing
of other equipment, potentially mqfe highlf contaminatea, is being
contemplated. Therefore, this program Willlnqt likely conclude

with the'study of oniy this one piece of buried, bulky equipment.
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VOLUME REDUCTION OF PLUTONIUM-CONTAMINATED SOIL--‘J. H. Horton
~ Summary | o
A ngorétory study was4;oﬁquctéqit6.dgtermine if plutonium

in soil at the SRP'burial ground is primarily associated with the
_saﬁd, silt, or clay fractions, Approkimateiy three'millign cubic
feet Cmaximum) of soil and waste in burial ground trenches may be
contaminated with_plufonium; this cdntaminate&tsqil_and waste may
Be retriéved in the futuré for lbngytermzstdrage. ~S§pafation of
v;heléand,‘silt, and clay componentsjwoulq'rgduce the vqlumg_of'
soil requiring further treatment and;stqfage if the plutonium is
“primariiy associated with one 6f}fh¢séAfractiqns;
A~serie; of-siﬁple.laboratory eiperime;tg ;nﬁolving water-
‘jscrﬁbbihé and wﬁshing was designed to deterﬁihe the valuévof suéh
~a step in a conceptﬁél pfoqgss‘fér voiume'réduction of soil from
plutonium waste trenches iﬁ‘the‘SRP burial gioundr.'By water wash-
".ing and scrubbing theiéoil,A;Hé ciayf§ilt-fréction containiﬁg about
‘95%;of the plutonium, but comp:ising.only one-third of the total
- soil, was,separatédAfrom‘the sand fractibn-that contgined qbout
5% of.the plutonium. The concept of simple water washing or
.scrubbing was also attractive because wét soil would substantially
reduce atmospheric resuspension of plutonium particles.during ex-
Jhumation and because the technology of sand cleaning‘by water 1is

widely used and relatively ineﬁpeusi_ve.j
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“Details ST ’

A sample of soil removed from a burial ground trench filled
‘with TRU waste in 1964 was used for these tests. A gamma pulse
height analysis showed the ‘soil contained 93 nCi of 23°Pu per
gram of soil; 23‘°Pu.'was"—the'on'ly'significa'rit alpﬁa'emittér found.

The mining'industry has deveioped wétef;based processes for
'sorting graﬁular matefials. Production of sand meeting ASTM
specifications involves scrubbing and'wasﬂing'to remove 'fines."
Because burial ground soil is about two-thirds §and,\this Simple
" operation suggested the possibility to reduce the volume of

plutonium-contaminated soil to abOut‘one-fhird of thé 6rigina1
~volume provided the plutonium is associated with the silt and
clay fractions of the soil. This method was tested with the equip-
ment shown in Figure'16; The'magnetic:stirrer provided sq;qbbing,
and the flow rate of the water conld he varied td‘_remmie different
‘particle sizes. The plastic pipe was.atiaché&‘to‘the flask to
. dampen the gtirring aétioﬂ before the particles flowed out.of the
system and to‘provide a uniform cross section so that the size of
particles removed could be more accurately calculated with Stoke's
“law. The effluent from the'system»was coliécted in.1504m1.aliquofs.
To determine the quantity of plutonium removed in each aliquot:

3 ml was removed whiie the sampie was stirred with azmagnetic
stirrer. The 3-mi aliquot was used for alpha -activity measurements,

The plutonium concentration in the effluent decreased
ekponentially so that the results could be described bf the
following equation:
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C, = concentration inff efflﬁent when flow began

conqentrétion in eff1uéﬂt]after a flow of'vdlume v

C =
b = elution constant, v‘l'
v =

volume of flow

The daté from each'test was fitted to a straight line by the
least sqﬁares method. The results are préséntedia#_stfaigﬁf lines
caiqulated w{;h Co‘éll.O. Various.stirring £imés‘befo:e flow began
.aﬁd various flow rates Qere comparqd_tb determine their,influencé
upon'the,rémova1 of plutonium;ahd.the residué of plutdniﬁm.ih the
'washed,sandf | |

‘A comparison ‘of 23%pu remo?al at variousiflqw rates is
stha;izqd in Figure 17. In these tests,'tﬁe,soil sample was
. placed in the'flask, and 50 mllpf water:wa;'added.rmThe fotal
volume qf wash Wafer.was 1500 ml. Scrubbing timéjbéfqre washing
‘was 10 min. With increasing flqw, the rate. of plutonium removal
'increaseq; As shown iﬁ Table 4, the'piutoniﬁm remove&‘in the
_qiaymgiif fr@ction ihéreased aslthe‘flow rafé increased. VAlso,
‘the increased flow rate leaves'g‘smallér amounﬁ of washed sand.

The effect of p;ewash scrubﬁihg times on waghing of 23%py
is summafi;ed;in Figure 18...fhe flow rafe in fhese4t¢s§s.was
‘569 ml/min, and the fotal flow was 1500 mi.. Scfubbiﬁg_continued
throughogt the glutibn of fines. Thetglution'rate_of fines

increased cdnsiderably with scrubbing times of 5 to 20 min before
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washing. The test was repeated 4 times with a 10-min scrubbing
time to determine the variation between samples.. These results
are shown by the dashed lines. The variation is so greét‘that
little would be gained by continued study'in the laboratory
because scrubbing times using one type of .equipment are not com-
parable with scrubbing times using another type of equipment.

- The amount of scrubbing required can best be determined using full-
scale equipment because it will be differéntifor each type of
experiment. However, these data do indicate that no reasonable
amount of scrubbing will remové all of the'piutonium from the
sand. Other data from these tests are summarized in Table 5 which
again shows that in this'particular'ekperiment, scrubbing beyond
10 min does not imprdvé the removal of plutonium in the clay-silt
fraction. .

To determine if additional washing would be worthwhile, two
tests were made in which the total flow was 3000 mi, or double the
volume used previously. The scrubbing time beforekwashing was 10
min, and the flow rate was 569 ml/min. 'However; the eitended wash-
ing had no effect on the elution constant. The washed sand was 60
and 63% of the total soil, and 97.3% of the plufonium was removed
in the fines in both tests.

During the course of the scrub tests, there were indications
that the **°Pu was present in the soil as tiny parficles. This
.- was verified by radioautographs. For the radioéutograbhs, a

4 suspension of fines washed from the burial ground soil during the
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scrubbiﬁg and washing fest was deposited on a steel'di$k, dried,
and coated with collodian. The results of an 8-day exposure to
x-ray film is shown in Figure 19. Sample 1 contained 2800 pCi,
and Samﬁle 2 contained 950 pCi.

Commercial scrubbers are expected to decontaminate the sand
much more effectively than the laboratory'apparatus, and com-
mercial classifiers-can remove any épecified range of particle
'sizes. - |

Little water would be needed because it can be recirculated.
The clay-silt did not peptize but- settled rapidly. After standing
overnight, the alpha activity of the wash water was only 0.5 pCi/ml.
Eventually the recycled water will become turbid énd must then be
purified or discarded; Filtration should provide adequate puri-
fication, This phase of the sfudy can probabiy'no; be evaluated
in the laboratory.but could be performed with pi¥?t scale or
produﬁtion equipmeht'using clean soil,

The method should be applicablé to any soil containing a
large fraction of quartz sand regardless of the method of

contamination with plutonium.
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MOVEMENT OF ORGANICALLY BOUND PLUTONIUM IN SOIL - E. L. Wllhlte '
Introductmn and Summary

At SRP, irradiated fuel elements are chemlcally reprocessed
by the Purex process. ThlS process uses. tr1 n butyl phosphate (PBP)

d1ssolved 1n a hydrocarbon diluent in the solvent extract1on step

- for separatlon and purification of plutonlum and uran1um . During

~ the process, the IBP-hydrocarbon solution islattached and degraded

by reagents used in the process and by radiation from fission ,

products. Degradat1on products are removed by wash1ng durlng

proce551ng, but. eventually some specles accumulate that re51st

removal by washing and'adversely affect solvent extractlon per-

.formance, When the solvent is no longer usable in the process,

it is transferred to the burial ground for storage in underground
tanks.

The safety of SRP burial ground operations is being reviewed.

"As a part of the safety analysis, the consequenceshof apmassive

leak of stored spent process solvent from the underground tanks

at the burial ground were evaluated. A laboratory study was . |
completed to.determine the movement of organically bound,plutonium
in soil as part of an evaluation ot the environmental risk of
storing contaminated solvent in underground tanks at the burial
ground. The maximum credihle’release of stored solvent was

defined as the release of the entire contents of Solvent Storage

Tank 2. This tank contains 27 Ci of plutonium (88% 23%Pu) in

8025 gal of solvent, the largest'amount of plutonium in any‘tank.

1
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Details

Spent Solvent Storage

Spenf solvent has been stored at the burial ground since
1955. The burial ground is situated between the two chemical
reprdcessing'areas.(Figure 20). fhe solvent storage tanks are
situated roughly at the center of the burial ground about 0.7 mi
.ffom the nearest surface stream (Four Mi1e1Creek). There are
cufreﬂtly 22 solvent storage tanks, two of which (Tanks 8 and 17)
are no longer in service due to past leaks. Beforé 1972, the
solvent ihvéntory was.reduced by burning.! Bﬁrning,resulted in
very low emission of airborne radioactivity but did release
copious quantitieé of black smoke.’ Burning operations ceasea in
1972 due to environmenfal restrictions on smoke emissions. During
16 years of solyent.incine:ation, about 370,000 gal of spent
solvent was burned. .

The current inventory of Solvent is shown in Table 6. The
150,000 gal of solvent contains 45.6 Ci of TRU nuclidés and about
46.2 Ci of fissiénbproducts. 238y is the predominant TRU nuclide
‘in the solvenél and the primary fission product is 106Ru,

Solvent-Soil Plutonium Transfer

The characteristics of plutonium transfer from spent solvent
to soil and ground water were investigated in a series of iaboratory
tests. The interaction of solvent-bound plutoniﬁm and dry soil is
shown in. Table 7. In this test, 1.0 ml of solvent from Tank 2

[2.1 x 108 alpha dis/(min)/(ml)] was sorbed on dry soil and placed
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at the tqp of each of two columns of soil. The columns were then
eluted by down-flow witﬁ ground water. 'Affer two months 6f
oper;tiqn, the columns were dismantled, and the soil wis sectioned
into 0.1-in. segments for analysis. During the course of the
experiment, no plutonium was detected.in the effluent from the
“columns. In each column, little movément of the plutonium was
noted (“95% retained in the top 1/2 in.). Ka* is'estimated at
6000 for the short column and 3000 for the long column.  Earlier

2 at_SRL have shown that Kq for plutonlum is on the order

studles
of 1000 to 8000 for a pH réhgerf 5.5 to 7.0.

The sorption of solvent-bound plutonium in moist soil is
shown in Figure 21. In this test, Tank 18 solvent was passed
through a préviously water-saturated soillcoiuhh (25-ml1 bed
volume). The effluent was analyzed for plutonium{'AAlthough
there is somé scatfer in the data, the resuits cléarly show little
retention of'plutonium on wet soil: Plutonium Ky for this test is
estimated to be less than 10.

In other tests (Table 8), ground water was equilibrated with
solvgnt from Tanks 2 and 20 to.determiﬁe-the tr;ﬁsfer'of plutonium
from solvent to water. The distribution coefficients™” were 0.001
to 0.01. The degree of absorptibn by soil §f plutonium transferred

to water from Tank 2 solvent was found to be modérate (Ky = 150 260).

Kq = sorbed Pu (per gram soil)/unsorbed Pu (per ml of equ111-
brated water)

** DPistribution coefficient - Pu in water (dis/min/ml)/Pu in
equilibrated solvent (dis/min/ml).
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The laboratory tests show that solvent released to moist,
subsurface soil will no£ be effectively sorbed, éﬁd plutonium
will be mobile. Thus, in the event of a leak in one of the under-
ground tanks, solvent may migrate to the water table with little
loss of plutonium to the soil. At the wate} table, the solvent
will tend to spread as a thin film over the.soi1~water surface.
The rate and extent of this spreading action‘have not been
defined. However, laboratory tests verify that sqlvent-bound
plutonium will tran;fer to soil water with subsequent transfer of
plutonium to soil. Thus, the aﬁount of plutonium remaining in
solvent after spreading on water is estimated as outlined in
Figure 22,

The calculated diétribution'of plutonium between solvgnt and
soil is shown in Table 9. The area of solvent ;preading was
estimated by assuming plutonium interaction with a éfin.Adepth
of water-saturated spil (Bulk density = 1.5 g/cm®). The fraction
of plutonium remaining in the solvent was calculated iteratively
to account for plﬁtonium transfer to soil as solvent spreading
_occurs.

Although solvent released to the subsurface water table may
spread to a considerable extent, plutonium will be removed from
the solvent and become fixed on the soil as a result‘of inter-
action with soil water. In spreading over about three acres of
_water table, approximately 96% of the plutonium originally in the

solvent will have become fixed on the soil; after spreading to

- 20 -



thirty acres, greater than‘99% of the plutonium will have been
sofbed.

The maximum amouﬂt of plutonium that could be released from -
a leaking tank is the 27 Ci contained in Tank 2. If the entire
quantity .of solvent in Tank 2 were,to'leak froﬁ the tank, about
30 acres of soil at the Water table'wduld be contaminated with
| plutonlum at an average concentration of about 2600 pC1/g The
maximum soil concentratlon would be approximately 9 x 10" pC1/g
over 0.3 acre. A proposed interim standard for.plutonlum_ln soil
is 400 pCi/g for inhabited afeas.3 The maximum concentration of
plutonium in soil water over a 0.3-acré extent would be 6 x 10°
pCi/l. Soil water over a 30-acre extent would éontain an avérage
plutonjum concgntration of‘17,600-pCi/1; The cur;ent ERDA
standard for plutonium in wéterris 5000 pCi/1 for an uncontrblled
‘area.”

' Plutonium sorbed oﬁ soil as a pesﬁlt of‘theApostulated
solvent tank leak would move slowly through the soil-water system.
At least 50,000 years would be required for theAplutbnium to reach
u Four Mile Creek, During this time, almostfal; of the 23%pu will
decay, leaving only about 0.8 Ci of 23°Pu. ZExtrapélated cohCen-_
trations of 23°Pu in water would. be approximéfeiy'SOO pCi/l at
the ground wéfer‘outcrop and ies§ fhan 1 pCi/1 after dilution in

Four Mile Creek."



Conclusion . . : S

| In summary, although a postulated massive leak of solvent
would result in soil aﬁd-ground water being contaminated‘with
plutonium, most ‘of the plutonium (v90% 238Pu) will decay within
the SRP boundaries. Any transport of plutonium to local surface
streams will result in releases below-the present operating
. guides for normal SRP operation. -

To minimize‘the probability of the release of large-volumes
of waste solvent to the subsurface environment, six new storage
tanks with liquid level-monitors and leak detectors'havé recently
been installed at SRP. Stored’ solvent will-be transfeérred to the
new tanks earl;'in 1976." After. removal of ‘solvent, the old‘ianks~
will be abandoned in place. To reduce the solvent inventory, a
two-stage solveﬁt-incineratorrequipped with an exhaust gas scrubber
is being/designed. The’incinerator will.proqess the current in-
ventory in less than. two years-of operation.' With ekpected waste

solvent receipts of less than 5000 gal/year, storage inventory

 will be minimal’ after incineration of the present inventory.
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TABLE 1

Contribution of Indivfdual Surfaces to Residua1

239pua in Exhumed Purex Feed Adjustment Tank

. Area,
Vessel Surface - ft?
Wall, inside 201
Wall, outside 201
Bottom, inside 50
Bottom, outside 50
Top, inside : 43
Top, outside A 56
Top flange 5.5
Annular opening 7.1
.Coils 307
Trunion guides

and supports 11

a. Total = 9.5
Total 23°Pu
Total 23%pu

" x

3

TABLE 2

239y Contamination in Exhumed Purex Feed
Adjustment Tank, on Weight Basis

Total Empty Weight
Weight of Coils
Total Weight

or

4,30 x 10° nCi

nCi/g = 713 %105 ¢

Total 23°Pu on
Surface, dis/min

7.0 x
4,0 x

1.

(< NN 7 B Vo B 71 7 I ]

= 0.1.nCi/g"

1

LY = )N S I -« )

10° dis/min
7.0 mg
4,3 x 10% nCi

X

X

x

107
107

107 .

107
108

108 .

108
108
107

108

7300 1b
‘9120
4,14 x 10° g

- 23 -

% of Total
239py on Vessel

7.4
4.2
1.2

4.0
0.6.

54.7

1.0

..0.3

6.4

©20.0



TABLE 3

23%y in Soil and Nater Contdined in: Exhumed
Purex Feed Adjustment Tank

SOIL (and interstitial water)

239Pu, 239Pu in ‘

Layer Depth pCi/g Layer, pCi-
0 -1 0.529 7.09 x 10°

1 - 2 0.072 ©9.65 x 10* -

2" - 3 "0.110 1.47 x 105

3 - 4 "0.094 1.26' x 10%

4" - 410" 0.229 .56 x 105"

2
4'10" - 5'9" 0.667 8.20 x 10°
Ston - 510" 4.963 2.53 x 108
TOTAL = 4.68 x 10°% pCi
1.04 x 107 dis/min
0.076 mg -
WATER
Emptied from vessel = 356 gal or 1.35 x 10° ml
Analysis of éomposite sample = <1 dis/min/ml 239Pu
Total 2*°Pu in water = <1.35 x: 10° dis/min

<0.01 mg
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TABLE 4
Effects of Wash Flow on Soil Classification

Scrubbed 10 min befo;'e washing; wash volume 1500 ml

o ' Plutonium
Wash Washed Largest in Clay-Silt
Flow,  -Sand, ~ Particle " Fraction,
mil/min. % of soil ° Eluted, ym & of initial

71 88 - 38 29.9
217 82 . . 66 88.4

569 76 10 96.3

" TABLE 5 . .

Effects of Pre-Wash Scrubbing on Soil Classification

Wash flow 560 ml/min; wash volume 1500 ml

‘ : - Plutonium
Pre-Wash Washed in Clay-Silt
Serubbing Sand, Fraction, .
Time, min % of soil = % of initial

0 : 81 c 79.6

5 ' 69 93,3

10 " 76 96.3

10 64 97.1

20 62 "95.6
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TABLE 6

Solvent

Tank

WAV W=

Inventory o ’ o
Solvent TRU Content,  Major TRU Nuclide Fission Product
Volume, gal et (alpha percent) Content, Ci
6,100 0.5. L3hem o (66%) . . 3.5
8,025 27.0 238p, (88%) . 5.2
8,400 0.02' 238py (70%) ©0.013
275 0.006 238py (67%) 0.001
9,780 17.0, Zhbem (93%) N 11.0
19,350 0.06 2h%0m (80%) 1 0.26
2,075 0.01 238py (77%) -~ “0.014
Contains no liquid
4,135 0.006 23%py (30%) 2.0
1,365 0.003 238p, (50%) 0.05
6,190 0.2 24%cm (56%) 0.6
5,025 0.15 238py (63%) 0.5
11,500 0.08 238py (97%) 0.2
22,700 0.15 . 238py (98%) 0.15
7,550 .0.18 7 C2%%Cm (63%) 1.4
2,000 0.003 - , 0.0007
100 0.013 23%py (60%). . - 0.29
965 0.007 239py (30%) 3.5
19,500 0.1 - © 2%%cn (65%) 2.6
7,900 0.06 238py (60%) -15.0
3,100 0.001 - 0.013
2,900 0.0008 245%cm (70%) 0.004
148,935° 45.6 . 238py (54%) 46.2

a. Tank no longer in service due to past leak.
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TABLE 7° | N
Columns Treated with 1.0 ml Tank 2 Solvent
(2.1 x 10° dis/min/ml) :
Sorbed on Dry Soil -

Column Length, ~ Effluent Collected

=== 0000000 .

in. . . Liters- Bed Volumes . .
2.6 " 48,5 1450
5.8 : 24.5 330 -
~ Movement . Down - Gross Alpha in 0.1 in. sotl, dia/min
Columm, in.. 2.6 in, .Colum 5.8 in, Columm
.1 - 6.2 x 10° : - -
.2 .2.4.x 10° 4.1 x-10°
.4 1.1 x 10° 2.1 x 10%.
5 1.7 x 10% 2.8 x 10%
.6 2.1 x 10 1.3 x 10"
8 5.2 x 10° 8.4 x.10%. .
9 2.6 x.10°% 1.1 x 10"
.0 3.0 x.10° 3.4 x 10°
.1 - 1.2 x 108
.2 - <10
.4 - <10
.5 - <10
.6 R <10’
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TABLE 8

Transfek of Plutonium from Solvent to Water

Solvent Distribution
Sample Coefficient
Tank 2 0.001 +0.0005
Tank 20

" Retention of Plutonium (transferred from
Solvent to Water) by Soil

Solvent

Sample
Tank 2

TABLE 9

0.01

K4
”fl'1502€160.

$0.01

Caléu]ated'Distribution of PTutonium’Betweén Solvent and Soi14

Soil Mass, g

1 x 10° 0.0003
1 x 107 " 0.03
1% 10° 3.0

1 x 10! 30.0

a. See Figure 22.

Area, acres

Fraction of Plutonium
Remaining in Solvent

0.9975

. 0.802

0.039
0.004

- 28 -

Fraction of Plutonium

- Remaining in Soil

0.0025
0.198
0.961
0.996



TABLE 10

Consequences of Postulated Leaking Tank
(Release of 27 Ci of plutonium in 8025 gal of solvent)

Distribution of Plutonium Released to the Environment

Average soil concentration:
"Maximum soil concentration:

Average water concentration:
Maximum water concentration:.

Long-term release of 23°Pu:

2600 pCi/g over 30 acres

9 x 10" pCi/g over 0.3 acre

17,600 .pCi/%
6 x 10% pCi/4

500 pCi/Z at ground water outcrop
<1 pCi/2 in Four Mile Creek
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FIGURE 1. Drill Probing for Buried Process Vessel



FIGURE 2. Core Sampling Soil Surrounding Buried Process Vessel



FIGURE 3. First Portion of Buried Vessel to be Uncovered.
Dead Root Immediately Adjacent to Vessel.
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FIGURE 4. Wall of Exhumed Purex Feed Adjustment Tank
Showing Scrial Number
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FIGURE 5. Buried Purex Feed Adjustment Tank Filled
With Soil and Water
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‘FIGURE 6. Purex Feed Adjustment Tank Being Lifted from
Emplacement and Placed in Transport Box
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FIGURE 7.

Washing Exterior of Exhumed Purex Feed Adjustment Tank
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FIGURE E.

Wasning Interior of Exhumed Purex Feed Adjustment Tank



FIGURE 9. Interior of Exhumed Purex Feed Adjustment Tank




FIGURE 10. Beta-Gamma (Cutie Pie) Survey of Exhumed Purex
Feed Adjustment Tank After Tank Was Washed
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FIGURE 11. Alpha Activity Survey of Interior of Exhumed Purex
Feed Adjustment Tank After Mud Removal
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FIGURE 12.

Gamma Pulse Height Analysis of Exhumed, Cleaned
Purex Feed Adjustment Tank



FIGURE 13. Cutting Sampla Coupons from med Purex Feed Adjustment Tank




Excavation cf Lysimeter




FIGURE

1By

Installing Lysimeter Liner
(20-mil-thick polyvinyl chloride)
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f ‘Woter

i

Plastic Pipe
3 by 14.6 cm

200 -ml
Flask

Magnetic
i R g Stirring Bar

FIGURE 16. Laboratory Equipment for Scrubbing and Washing Soil
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Wash Flow,
ml/min

Elution
Constant,
% b
L 0. i
o 0.00166
S
c
7
=)
o=
e
w
£
= 0.0025I
-
S
2
(&)
<
2
& 0.01— &
<
Scrubbed 10 min 0.0036

before washing

o 300 600 900 1200 I500 1800

Volume of Wash Water, mi

FIGURE 17. Removal of 23%Pu from Burial Ground Soil by Scrubbing
and Washing at Various Flows
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1.0 | | |
Prewash Elution
o Scrub, Constant,
L o.f min b 4
© o} 0.00167
i
o
@
=4
=
“—
w
L
ey
=
B
(%]
<
= 10 0.00302
2 0.0l 5 0.00304
< X \ 20 0.00310
Wash Flow N9 o
1500 ml at \\ 10 0.00345
569 ml/min \ 10 0.00360
0.00I | | | | | |

0] 300 600 900 1200 1500 1800
Volume of Wash Water, ml

FIGURE 18. Effect of Prewash Scrubbing Time on Washing of 23%Pu
from Burial Ground Soil
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FIGURE 19. Autoradiograph of Clay-Silt from Burial Ground Soil
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FIGURE 20. Chemical Sep_arati’on’s Areas - Savannah River Pllant
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FIGURE 21. Column Test With Tank 18 Solvent and Water-Saturated Soil



Pu (solvent) Ky 5 Pu (water) K2y  Pu (soil)
:  J— : A S
7 B Ki,2 :

RS = distribution coefficient -

K2 = Kg
Ki,2 = K1 * Kz
Pu on soil, pCi/g

Ki,2 = Pu in solvent, pCi/ml
Ki,p = £s0i1 . Vsolvent
*  fsolvent Msoil

where: fsoil fraction of plutonium sorbed on soil

fsolvent = fraction of plutonium remaiﬁing
in solvent
\ . .
Vsolvent = volume of solvent, ml
Msoil =

mass of soil, g

FIGURE 22. Plutonium Transfer from Solvent to Soil
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