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DEDICATION

This document is dedicated to M. C. "Maryjane" Marratt. Maryjane was
responsible for the planning and execution of most of the field work
jnvolved with the characterization of the 216-Z-8 french drain site. Due to
a serious, chronic illness, she was forced to withdraw before completion of
the project. We regret that we had to lose her expertise and company.
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The secondary objective of the study was to evaluate the pessibility of
a leak in the settling tank. Results from the analysis of soil samples from
wells drilled around the settling tank indicated the presence of low-level
transuranic contamination (on the order of 0.001 nCi/g) in the soil
surrounding the tank. However, the distribution of the contamination does
not support a leak as a plausible mechanism to account for the observed
activity surrounding the tank. The bulk of the plutonium was confirmed to
be in the sludge that remained in the tank; thus, no significant

enviro 1ital impact would ' : expected even if there has been a leak.
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W2t chemical methods, such as the Redox or PUREX process in fuel separation
facilities in the 200 Areas, separated and nurified plutonium from
irradiated reactor fuel rods (Liverman, 1975; Cleveland, 1970). The product
of the processes was a plutonium nitrate solution, which was transported to
. Plant for preparation of the final plutonium product.

The 234-57 Building was constructed in 1949 and contained several
operations including the plutonium finishing facility and the plutonium
scrap recovery facility. In the plutonium finishing facility,  itonium in
the nitrate solution was preciy :ated as an oxalate. The plutonium oxalate
precipitate was calcined to produce plutonium oxide. The oxide was
converted to plutonium tetrafluoride and then reduced to plutonium metal.
Both the oxide and metal were products of the process, depending upon
requirements.

The bulk of the waste ultimately discharged to the 216-Z-8 French drzin
system was rived from the procedure used to reduce the plutonium fluoride
and cast plutonium metal. The general process is described in detail by
Cleveland ( 370). Briefly, the plutonium luction involved use of a closed
wressure vessel. A magnesium oxide crucible was placed in the pressure
vessel and the space between the crucible and the inner wall of the pressure
vessel was filled with magnesium oxide sand. Calcium fluoride and magnesium
oxide sand were placed in the crucible and shaped to make a depression to
hold the charge. The charge consisted of a well-mixed blend of plutonium
fluoride, finely divided calcium, and some iodine. Air was purged from the
pressure vessel and it was sea | sacurely. The pressure vessel was heated
to more than 600°C and the heat of the ensuing exothermic reduction reaction
brought the internai tamperature of the pressure vessel to about 160C°C.

After reduction and cooling, the crucible was removed and brcken to
free the plutcenium metal "button" weighing approximatelv 2 g. The
remaining waste material consisted of the magnesium oxide crucible and sand,
calcium fluoride, calcium jodide, and approximately 100 g of plutonium,

This waste was seale 1in metal cans and sent to the plutonium scrap recovery
facility (which was called Recuplex during this period) for recovery of the
plutonium.

Recuplex was a pilot plant operation that was discontinued in 1962 and
replaced by the Plutonium Reclamation Facility (Bruns, 1967). The
operations were similar solvent extraction processes. In Recuplex, the cans
containing the scrap were fed into special semicontinuous dissolvers that
used a concentrated nitric acid/aluminum nitrate [10M HNO3, 0.15M A1(NO3)3]
solution to dissolve the can and its contents. Di¢ »lution was incomplete.
There was some silica present in the crucible material which, in the
presence of aluminum, formed a hydrated, dispersed, and finely divided
aluminum-silicon precipitate that interfered in the plutonium solvent
extract on step that followed. 7o remove this material, the process
solution was filtered through a sintered aluminum oxide block before the
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facilities. There are no records indicating that a liquid-level measurement
was made when the tank was isolated in 1962. The 1974 tiquid level was
measured at 1.27 m, corresponding to a total volume of 31,000 L. A sequence
of weekly measurements showed this new level remained constant. Additional
measurements estimated the remaining volume consisted of approximately
29,000 L of solution and 2,000 L of solids (sludge).

Several possible explanations for the apparent 27,500-L discrepancy
between the 1958-1959 readings and the 1974 reading were considered during
the 1974 investigation. One explanation offered that part of the tank's
contents were transferred in 1962 during isolation of the tank for
retirement. There are no records documenting any transfer and there would
seem to be no reason for transferring approximately half of the solution
contents and leaving the remaining half. A second explanation considered
was that the 1iquid evaporated during the 12 yr. Evaporation of this
quantity of liquid is not considered feasible from an enclosed tank. The
tanks risers were sealed, and the inlet lines were blocked. Only the
overflow to the French drain provided a means of removing moistdre and there
was no mechanism for air movement over the liquid surface. A third
explanation could be that there was some systematic error introduced in the
depth measurements taken during one measuring period. There are no records
validating this possibility. The fourth explanation suggested that the tank
had leaked. ATlthough the presence of fluoride in the waste solution
suggests the possibility of corrosion of the tank, at the temperature
involved, this is not considered probable. The 1974 investigation
considered the first or the fourth explanation most 1ikely. The authors of
the current study belijeve the third alternative, a measurement error, should
also be considered.

Four samples each of sludge and solution were collected from the silica
storage tank during April and May 1974 before removal of the liquid contents
of the tank. The solution was found to have & pH of 6. Plutonium
concentrations in the solution ranged from 1 to 24 mg/L. In comparison,
~lutonium concentrations in the sludge ranged from 4 to 755 mg/L, confirming
e<pectations that the plutonium was associated with the solids. No further
effort was made to characterize the sludge as a function of location in the
settling tank, water « itent, or chemistry, and the results merely serve to
illustrate the heterogeneous nature of the distribution of plutonium within
the tank.

Based on the analyses, a conservatively high calculation was made for
the tank contents assuming a plutonium concentration of 755 mg/L in the
sludge and 6 mg/L in the solution. The calculation indicatea a maximum of
approximately 1,600 g of plutonium in the tank: 175 g in the solution and
1,400 g in the sludge. Using the same calculations, a maximum of 165 g of
plutonium would be in the 27,500 L of solution that presumably leaked from
the tank.

In the fall of 1974, the tank was pumped to remove the remaining
solution. Because the solution was reported to be too viscous to pump,
water was added before pumping. More than 40,000 L of diluted solution were
transferred by truck to a high-level waste storage tank.
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ENVIRONMENTAL CHARACTERIZATION

Various environmental factors can affect the present distribution of
TRU elements beneath the 216-7-8 French drain. These factors are discussed
briefly. A general description of the environment at the Hanford Site is
discussed in Liverman (1975). The referenced reports may be consulted for
additional information.

CLIMATE

The Hanford Site is located in south-central Washington Siate. The
climate is semiarid because the Site lies east of the Cascade Mountain
Range, which forms a moisture barrier to the general west-tc-east weather
flow patterns. Average annual precipitation is less than 18 cm.
Temperatures are mild, with an annual average temperature cf 12CC,

The Hanford Site is subject to occasional high winds. Prevailing winds
at the 200 Areas are from the north-northwest through northwest, althouqgn
the strongest winds are from the southwest. The highest peak wind gust
measured was from the southwest at 116 km/h. Winds with peak gusts of
64 km/h or greater have been measured on the average of at least once every
month.

8I10LOGY

Eight major kinds of shrub-steppe communities make up the vegetation
mosaic of the Hanfurd Site. Details of the vegetation and animal population
of the Site are available (Liverman, 1975). A sagebrush/cheatgrass
community is the dominant vegetative type in the 200 Areas. However, the
216-7-8 controlled zone and nearby vicinity are man-disturbed areas due to
Ltheir proximity to the Z Plant perimeter. Vegetation is controlled at
. flant by herbicide use within = 2 perimeter fence. The lack of native
vegetation near the 216-Z-8 site indicates that herbicide has been applied
at the site, but the presence of large tumbleweeds (Salscla kali) indicates
that the application was not recent at the time of this study.

Biological intrusion into buried TRU-contaminated sediments can
transport the TRU elements to the surface where resuspension by the wind
provides a potential pathway to man. Intrusion can include burrowing by
animals and uptake by plant roots. In the absence of cowipiexing agents,
however, plutonium and americium are not normally concentrected in plants
(Francis, 1973; Price, 1973; Wat ~s, 1978). Because orly plutanium was
discharged to the site, uptake by plants is not anticipatec¢. ™ a study of
the surface environment at the site has been undertaken to - "‘gaute
biologic transport (see Acknowledgments).

Animals that burrow into waste sites can bring contaminated sediments
to the surface (Liverman, 1975; O'Farrel and Gilbert, 1975). The lack of
vegetation cover and present human activity, however, minimize the potential
for mammals at the site.

17
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neqligible recharge from the 200 West Area surface to the ground water from
| :cipitation. Uue to the relatively small volume of aqueous waste
discharged at the 216-Z-8 siic and the nature of the waste, significant
vadose water transport of nlutonium to the ground water is unlikely.

GEOLOGY

The geology of the 200 Separations Area is discussed in detail by
Tallman et al. (1979). For the current study, well 299-W15-2C2 was drilled
to a final depth of 53.6 m below the surfac to determine sediment
distribution beneath the 216-7-8 site. The results of sediment cize
(granulometric) analysis were used to construct a lithologic log of the well
(Figure 9). The results are reported using an abbreviated sediment size
notation. 1In the notation, the silt and clay si. fraction is indicated by
"m," the sand size fraction by "S," and gravel hy "G." The major comporent
in each sample is indici 3:d by the last letter in the nctation, and
preceding letters, if present, are modifiers inaicating additicnal
components. Thus, "mS" indicates a silty sand, while "Sm" indicates a sandy
silt or clay. A letter in parentheses indicates that the fraction is
modified by the term "slightly." Thus, "(m)S" indicates a slightly silty
sand. .

In addition to the major sediment classifici ion, the sand classi-
fication is divided into five subdivisions. The subdivisions are indicated
y a notation within a bracket that modifies the sand,

where
VC = very coarse
C = coarse
M = medium
F = fine
VF = very fine.

Thus, (m)G[F-VF]S would indicate a slightly silty, gravelly, fine to
very fine sand. The informat )n for each well was used to determine the
sediment stratigraphy for the 216-7-8 site.

Figure 10 illustrates a <implified stratigraphic cross section of the
sediments beneath the 200 West Area near the 216-7-8 Frenrch drain system.
The Separations Area is located on a broad bar of sand and gravel, locally
called the 200 Areas Plateau, deposited by the spreading flood waters of
catastrophic Pleistacene floods. The unconsolidated sands and gravels
deposited during the floods are informally identified as the Hanford
formation. At the 216-7-8 site, the Hanford formation is 34 m thick.

A surficial eolian deposit near the 216-Z-8 site was derived from the
wind reworking the underlying Hanford Formation sediments. The deposit was
removed during excavation of the site and returned as part of the backfill.
This deposit is identified by the finer texture of the backfill compared
with the underlying sediments of the Hanford Formation.
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Nevtron A~*.ivatior Assay

Several measurements were made in the silica storage tank by a neutron

activation technique using copper foils (Brodzinski, 1979). In the

rocedure, a copper foil was expased to a neutron flux, which activated the

3cu_to 64cu, by the reaction 6 Cu(n,y)84Cu. The g¢ 1a ray production from
the 64cy (ty72 = 12.7 h) was m ured in the laboratory and used to
calculate the neutron flux. Making assumptions about the ratio of the TRU
isotopes and the matrix composition, an estimate of TRU concentration was
calculated. The technique aver: «d the neutron flux; hence, averaged the
concentration over a large surrc¢ iding volume. The techniqi provided a
quick survey procedure for deter ning the presence of TRU elements.

27/; ¥
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Transuranic Activity Results for
Selected Samples from Well 299-W15-202.
(Sheet 1 of 2)

Depth, m Type of analysis pCi/g (dry)*
5.3 A 238py 1.40 £-02 + 28.9%
239py 1.22 E+00 + 6.8%
241 8.09 E-02 + 22.5%
5.3 B 238py 1.43 E-02 =+ }.4%
239py 1.42 £400 = /.1%
241 9.01 E-02 + 24.6%
6.1 238py 7.34 £-01 + 1.9%
239py, 4.41 E+03 + 1.6%
241pm 4.57 E+02 + 1.7%
6.9 238py 6.03 E+00 + 3.5%
239py 3.41 E+02 + 1.4%
241pm 4.58 E+01 + 2.2%
7.6 A 23§Pu 6.63 E+01 + 1.!
230 3.96 E+03 + 1.2%
24:pm 3.68 E+02 + 1.8%
7.6 B 238p,, 7.50 E+01 + 1.4%
239, 4.62 F+03 + 1.2%
241pm 3.71 E+02 + 1.6%
8.4 A 238p,, 1.66 E+00 + 6.7%
239y 8.76 E+01  1.7%
281pm 9.81 E+00 + 3.1%
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TABLE 3. Transuranic Activity Results for
Selected Sampies from Well 299-W15-202.
(Sheet 2 of 2)

Depth, m Type of analysis pCi/g (dry)*

8.4 R 238py 1.08 E+00 + 7.3%
239p,, 6.31 E+01 + 1.6%

241 pm 5.57 E+00 + 3.3%

9.1 238py 2.02 E-01 ¢ 27.1% |
239p, 2.47 E+00 + 5.5% |
241p, 1.81 £-01 + 20.4% |

9.9 238py 2.09 E-02 + 120.0%
239py 2.60 E+00 £ 5.5%

241 pn 1.22 £-01 & 31.7%

10.7 A 238py, 2.29 E-01 t+ 18.6%
239py, 9.20 £-01 + B.6%
241pm 9.51 E-02 + 34.0%

10.7 B 238p, 2.48 E-01 + 14.6%
239p 7.18 E-01 & 8.9%

241 pp 1.13 E-01 + 25.3%
NOTE: A and B indicate pairs of duplicate

samples.

*Uncertainty reported at lo as a percentage
of the reported value.
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TABLE 5. Plutonium Activity
in Four Cores Near the
Silica Storage Tank.

Sample Depth, Pu,
location* cm pCi/g
A 0-15 0.74
15-30 7.80
B 0-15 1.80
15-30 0.92
C 0-15 4.70
15-30 1.10
D 0-15 44.00
15-30 0,99

*Sample location shown
in Figure 15.

Examination of the analytical results reported in Tables 4 and 5 show
that with the exception of the 4.6-m-deep sample for well 299-W18-199
(0.4 pCi/g), and the 0- to 15-cm sample from core D (44 pCi/g), the
plutonium activity ranges from 1.0 to 8.0 pCi/g of sediment. This level of
activity is what was anticipated around the tank, but the apparent
uniformity of activity in the four wells and the four cores is not what
would be expected if the tank leaked. for 27,500 L of solution, perhaps two
or three, but not four, of the wells drilled near tne tank might be expected
to intersect the plume. Although a larger volume for the waste plume could
be postulated if the leak occurred during active waste disposal operations
instead of after, plutonium activity would still be expected to decrease
! 11y with distance from the point of release. The plt nium activity in
¢ ar case would not be expected to be similar in all four wells, based on
the proposed model of the transport process.

01 r alternate sources for the plutonium activity at the 216-Z-8 site
were briefly considered. Migration of a waste solution from another waste
disposal facility was discounted because none of the facilities are close
enough and have high enough plutonium activity to provide a 1ikely source.
Due to rocessing operations at Z Plant, levels of plutonium activity in
surface soil samples above the regional background level of 0.02 + 0.02
(lo) pCi/g of sediment (Houston and Blumer, 1980) are measured downwind of
Z Plant. Plutonium activity on the order of 1 pCi/g of sediment is reported
by Wheeler and Law (1980). Such a source might explain activity measured in
core samples taken from backfill, but would not explain the activity
observed in samples from the wells taken from unexcavated, undisturbed
sediment.
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of the filters, and suspended in a large volume of neutralized liquid
(supernatant). Because plutonium is very insoluble in a basic or neutral
solution, the total amount of plutonium in the waste consisted of the bulk
of the plutonium associated with the particulate material and a small
portion of plutonium associated with the supernatant. The estimated 48 g of
plutonium discharged through the French drain to the ground was presumably
derived from analysis of the supernatant. Because the particulate material
in the waste would settle in the silica storage fank, the values reported
for the French drain probably represent a reason le estimate of the amount
of plutonium discharged through the French drain.

The total amount of plutonium in the waste (particulate and super-
natant) was measured, but is not shown in the records of waste discharged to
the ground, because the plutonium assoriated with the particulate material
remained in the silica storage tank. ~ 2 only published reference of the
measurements found (! d, 1958) indicated that from October 1957 to
I oruary 190 |, 294 g of plutonium 1 ‘e discharged to the 2. -Z- facility,
while the records of waste discharged to the grnund indicate a value of
aj ‘o> nately 10 g (Appendix A). At the rate : discharge indica | in the
5 mo from October 1957 to February 1958, several kilograms of plutonium
could have been discharged to the 216-Z-8 facility in the 81 mo during which
waste was discharged. Because use of the facility decreased in the later
years, the "worst case" estimate, made in 1974 and supported by measurements
made during the current study, of 1.5 kg in the tank is plausible.
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listance from the tank. Depending upon the actual distance from a
postulated breach in the tank to the wells, anticipated levels of activity
would have been on the order of 1 pCi/g of sediment or greater for samples
collected from a well penetrating the contaminated volume. Levels of TRU
activity on the order of 1 to 10 pCi/g were encountered in most ¢. the
sediment samples obtained from the four wells drilled around the tank.
However, plutonium activity was expected to decrease with disti e from

a breach in the tank wall and as a result, not be similar in all wells.
Alernative sources of the plutonium activity were considered, but do not
appear to provide an adequate explanation. With - 2 data obtained, the
source of the plutonium activ: r cannot be positively identified, and a leak
cannot be confii :d. Because e 216-Z-8 facility discharged Tiquid waste
solution to the ground through the French drain, t Iditional effect of a
leak of the same solution from the tank is of 1ittle practical consequence.
The bulk of the plutonium discharged to the facility was confirmed to remain
in the sit je that remained in the tank; a fact unaffected by whether or not
the supernatant leaked. At this time, no additional work is proposed.
However, the potentially large quantity of plutonium remaining in the tank
ne {s to be fur er evaluated and some remedial action will probably be
required to stabilize or remo the material. If an action requiring
excavation to or of the tank is indicated, additional driiling prior to
excavation should be included to define the suspected contamination plume.
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