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Summary

In April 1998, 21 boreholes at the 216-Z-1A tile field, 216-Z-9 trench, and 216-Z-12 crib were
monitored by spectral gamma-ray logging because they were identified as containing some of the most
significant sources of radioactive contamination in the Hanford Site vadose zone.

The 1998 logging revealed that man-made isotopes (**'Cs, **Pa, 2*Pu, and **' Am) were present in the
216-Z-1A tile field and the 216-Z-12 crib. The maximum activities were found in borehole 299-W18-159
at the tile field: ’Cs at 23 pCi/g, **Pa at 63 pCi/g, *°Pu at 25,000 nCi/g, and **' Am at 2,500 nCi/g. The
only man-made radionuclide identified at the 216-Z-9 trench was '*’Cs (<1 pCi/g) near the surface in one
borehole.

The data collc  d in 1998 were compared with past log data, suggesting that there have been some
changes in radionuclide activity around two boreholes at the tile field and in one borehole from the crib.
In one borehole at the tile field, 2*Pa decreased and '*’Cs increased in one zone and **Pu decreased in a
second zone. In another borehole at the tile field, **Pa decreased in one zone and increased in another
zone. At the crib, there was an increase in *Pa i 239Pu‘ activities and a possible decrease in *’Cs in
one borehole. It was noted that there were apparent changes in other boreholes, but those apparent
changes probably resulted from differences 1data collec n and data processing between the logging
events.
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1.0 Introductio

This document describes the results of fiscal year 1998 vadose zone monitoring of three inactive
liquid waste disposal facilities associated with the Plutonium Finishing Plant: the 216-Z-1A tile field, the
216-Z-9 trench, and the 216-Z-12 crib. Monitoring consisted of spectral gamma-ray logging of 21 bore-
holes. This work was performed by Pacific Northwest National Laboratory' in conjunction with Three
Rivers Scientific and Waste Management Federal Services, Inc. Northwest Operations.

These three liquid waste disposal facilities were chosen for monitoring because they were identified
as containing some of the most significant sources of radioactive contamination in the Hanford Site
vadose zone (Johnson in Hartman and Dresel 1997). The basic question addressed by this logging
activity is “Has t  configuration of subsurface contamination changed since it was last mea  :d?”

P ious borehole logging and laboratory analyses provide the baseline data to help answer this question.

1.1 Notes on Units « Measure

This document uses metric units except in discussions of boreholes and the logging results from bore-
holes where English units are used. The decision to use English units was based on several factors. First,
most historical information concerning the drilling and logging of boreholes is in English units. Second,
new logging data were obtained in English units (feet and curies), and the software to process the raw
data and the software for interpretation of the data are in English units. Finally, most users of borehole
and logging data are familiar with parameters such as casing diameter in English units and with radionu-
clide activities in English units.

The following are some useful conversions between English units and metric equivalents:

1 foot = 0.3048 meter

1 inch = 2.54 centimeters
curie = 3.7 x 10" becquerels

1 pCi = 3.7 x 107 becquerel.

1.2 Organization of This Docu e1

This document is organized into several sections and an appendix, which give the previous work, the
geology and facility descriptions, the methods used to obtain and evaluate the gathered data, the results
for each facility evaluated, a discussion of the results, and the references cited in the text. '

! Pacific Northwest National Laboratory is operated by Battelle for the U.S. Department of Energy.
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2.0 Previous Work

The latest comprehensive collection and discussion of scintillation probe profiles at the Plutonium
Finishing Plant area is included in Fecht et al. (1977). They interpreted the scintillation probe profiles for
~100 crib facilities, including the 216-Z-1A tile field, 216-Z-9 :nch, Jd216-Z-12 crib. They compared
the profiles available at that time with previous profiles to interpret changes in subsurface distribution of
gamma-emitting radionuclides.

At the 216-Z-1A tile field, Fecht et al. (1977) identified gamma contamination in three boreholes.
Boreholes 299-W18-57 and 299-W18-58 showed increased gamma activity between 6.1 and 16.8 and
between 13.7 and ~28 m, respectively, between 1965 and 1968.  >rehole 299-W18-56 showed a zone
between 11 and 21  with gamma activity above background, but the intensity of the activity decreased
a1 1077 d1973. Y logged ¢ ‘es 216-Z-1A'h ~ no gamma intensity above back-
ground levels.

At the 216-Z-9 trench, :cht et al. (1977) found contamination in two boreholes (299-W15-8 and
299-W15-86) between 15.2 and 38.1 m. The remainder of the boreholes showed near-background levels
of radiation. For the two boreholes with elevated gamma activity, they concluded th  zamma intensity
decreased as a result of radioactivity decay since the previous logging.

At the 216-Z-12 crib, Fecht et al. (1977) found that gamma contamination fiear the head end of the
crib remained detectable in four boreholes (299-W18-5,2! W18-8, 299-W18-69, and 299-W18-71) at
6.7 m since the beginning of logging in 1967. They concluded that minor redistribution of contaminants
had occurred from operations.

Scintillation probe data have been collected subsequent to Fecht et al. (1977) (see Additon et al.
1978a  d 1978b) but no comparable discussion or presentation of the data has been made.

In 1991, Chamness et al. (1991) compiled a database of all known geophysical logging done in the
200 Aggregate Area. That compil on was used, as well as results from the few subsequent and unpub-
lished spectral gamma logging events in this area, to delineate subsurface contamination (DOE 1992).
The 1992 DOE report included isoconcentration maps of elevated gamma activities beneath the
216-Z-1A, 216-Z-9, and 216-Z-12 facilities.

Brodeur et al. (1993) reported on gross gamma and spectral gamma logging done in 1992 and 1993
for the 200 Areas’ aggregate area management study. In 1993, Schlumberger and the U.S. Department of
Energy’s Grand Junction Projects Office logged several boreholes at Plutonium Finishing Plant waste
disposal facilities for the Arid Site Integrated Demonstration Project. Schlumberger produced gross
gamma logs from four boreholes at 216-Z-9 and from one borehole at 216-Z-12 (as well as other “oil
field” type logs such as reservoir saturation and porosity logs) but their results have not been described or
published. At about the same time, the Grand inction Projects Office logging team produced prompt
fission neutron logs of 10 boreholes, including 4 at 216-Z-1A and 1 each at 216-Z-9 and 216-Z-12.

Those results have not been published but a draft report states that all the boreholes at the 216-Z-1A tile
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3.0 Geologic and Facility S¢ tings

The Hanford Site is located in the central Columbia Plateau of southeastern Washington State (Fig-
ure 3.1). The Columbia Plateau is underlain by more than 3,000 m of tholeiitic basalt flows comprising
the Columbia River Basalt Group. Sedimentary units of the Ellensburg Formation are interbedded with
the basalts. The basalt flows were fo' ~ ¢  d faulted, beginning in Miocene time and continuing to the
present, to form a broad structural and topographic basin punctuated with asymmetric anticlinal ridges.
The ridges delineate several topographic basins within the Columbia Plateau, and the Hanford Site lies
within one of these basins, the Pasco Basin. The Hanford Site is bounded by Umtanum Ridge, Yakima
Ridge, and the Rattlesnake Hills on the west; the Saddle Mountains to the north; the Palouse Slope to the
east; and Rattlesnake Mountain and Rattlesnake Hills to the south. The regio1 ° geology of the lumbia
I dthe .ascolT "nhavel (7 «d in detail in DOE (1988) and Delaney et al. (1991).

The Columbia River Basalt Group is overlain by thick accumulations of clastic sedimentary deposits
in the Pasco Basin. These suprabasalt deposits include the Miocene to Pliocene Ringold Formation, the
Plio-Pleistocene unit, and the Pleistocene Hanford formation. Much of the surface of the Hanford Site is
covered by a thin veneer of Holocene alluvial and eolian sediment.

3.1 Geology of the 200 West Area

~ The 200 West Area lies in the west-central part of the Hanford Site (see Figure 3.1). Lindsey (1991a)
described the geology of the 200 West Area in detail and much of this section is taken from his descrip-
tion. Figure 3.2 shows a generalized stratigraphy applicable to the central part of the Hanford Site. Not

| units shown on Figure 3.2 are present in the 200 West Area.

The Elephant! untain Member of the Saddle Mountains Bas: is the uppermost basalt unit beneath
the 200 West Area. The Elephant Mountain Member dips to the southwest into the Cold Creek syncline,
which trends northwest-southeast just south of the 200 West Area. The Elephant Mountain Member is
continuous everywhere beneath the 200 West Area.

3.1.1 Ringold Formation

The Miocene to Pliocene Ringold Formation has been described in terms of five facies associations
based on lithology, petrology, stratification, and pedogenic alteration (Lindsey 1991b, 1996). The facies
are described below.

Fluvial gravels consist of clast-supported granule to cobble gravel with a sandy matrix. Sands and
muds (overbank facies) are interbedded with the gravels. ™ )w-angle to planar stratification, massive
bedding, and large-scale cross bedding are found in outcrops. The fluvial gravel facies were
deposited by braided streams with wide, shallow, shifting channels (Lindsey 1991b).
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4 N cthods

4.1 Boreholes

Forty-seven boreholes were screened to evaluate their use for spectral gamma-ray logging at =
216-Z-1A tile field, 216-Z-9 trench, and 216-Z-12 crib. The boreholes were chosen based on 1) their
location relative to the facility, 2) their location relative to existing subsurface contan  ation, 3) the
availability of historical gamma-ray spectra and laboratory data for baseline purposes, and 4) a superficial
evaluation of the borehole construction. :

The boreholes were then evaluated for logging quality by reviewing information found in driller’s
logs, borehole construction reports, -builts, and documentation of alterations made to the boreholes
subsequent to their original construction. Based on the results of these evaluations, 21 boreholes were
selected for logging (Table 4.1). The locations of the boreholes relative to the facilities are shown in
Figures 4.1, 4.2, and 4.3. Twenty-six boreholes were rejected because of unknown construction charac-
teristics, such as annular seals and/or the number of borehole casings, which would render the logging
results unquantifiable. Available well construction and summary reports are given in Appendix B of
Horton (1998) for boreholes that were logged iring this effort.

Except for borehole 299-W18-149, all logged boreholes are 6- or 8-in.-dia., carbon steel cased.
Borehole 299-W18-149 is cased with 6-in.-dia. polyvinyl chloride.

Prior to logging, the boreholes were temporarily transferred from the custody of the Bechtel Hanford,
Inc. soil vapor extraction operation to Pacific Northwest National Laboratory. Thirteen of the boreholes
are used by the soil vapor extraction operation, and the boreholes have special caps designed for CCl,
vapor extraction. The caps were removed ior to logging but were reinstalled afterward.

Several of the boreholes had not been entered for several years and were swabbed to check for
internal contamination. Two were alpha contaminated (299-W18-173 and 299-W18-175). Bore-
hole 299-W18-152 on the west side of the 216-Z-1A tile field had a packer that was removed prior to
logging but was :placed after logging. Borehole 299-W18-156 is located directly underneath the outer
Plutonium Finishing Plant security fence, making insertion of the logging tool difficult.

4.2 Logging! @ ods
High-resolution gamma spectroscopic instrumentation was used to log the boreholes. The instrument
was lowered by an automated hoist controlled by the data acquisition computer system housed in the

logging truck. e instrument was centered in the borehole by a centralizer if e borehole casing was
>4 in. in diameter. The data collection procedures are described in WMNW (1998).
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Figure 4.2. Borehole Locations at the 216-Z-9 Trench. Boreholes represented by solid circles
’ were logged in 1998 (after Fecht et al. 1977)
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4.3 wvata Interpretation

Logging data were plotted as concentration versus depth for each spectrum. These plots were
compared to lithologic columns drawn to the same scale to idealize geologic control over contaminant
distribution. Lithologic information was taken from geologist’s logs, if available, driller’s logs, well
construction and completion summaries (if no logs were available), and from published strati_ phy
(Price et al. 1979, Kasper 1982). Inconsistencies among sources of lithologic information were common,
and data from the geologist’s logs were used in those instances.

One of the major difficulties in comparing the log data with lithology was ensuring that the drilling
depths, the sampled depths, and the depths recorded by the logging systems were all relative to a common
datum. Loggingdatav e correc |to surface elevation| ore making any comparisons. In several

'S, discrepan s in top-of-casing elevation exist. In additic  modifications such as shonenmg the top
of ‘ng have been ma. tos :ofthe boreholessii  they were drill =~ ¢ e t
216-Z-1A tile field was modified in the early 1990s by adding ~30 cm of gravel to the surface. These
changes, along with inconsistencies in geologist’s and driller’s logs, make some depth determinations
difficult.

Comparison of 1998 logging data to borehole logs collected previously were performed for the
boreholes that had previously been logged with the radionuclide logging system. The previous logging
data, collected in 1991 and 1993, were obtained and reprocessed consistent with the processing of the
1998 logging data. Also, data from Price et al. (1979) for the 216-Z-1A tile field and data from Kasper
(1982) for the 216-Z-12 crib were compared with the new log data. iterpretations of contaminant
redistribution were based on changes among the data sets. Several challenges existed in making these
interpretations.

Several computations and corrections were necessary to make comparisons between current log data
and previously collected log data. These include the following:

1. Depth shift — The depth reference was ground surface for log data collected in 1991 and 1993. The
1998 log data were collected using the top of the casing as the zero-depth reference. Additionally,
modifications made to the top of the casings and contamination stabilization may have altered the top
of the casing or ground elevation since the last logging event. To place both spectra relative to the
same elevation datum, the gross gamma spectra from past logging events were depth adjusted to get
the best fit with the new log data.

2 Dead-time correction limitations — Previous log data were recorded using an earlier version of elec-
tronic signal processing. The 1993 log data had a limit for dead-time correction at 20% dead time and
below. The 1998 log data have a limit of 32% and below for dead-time corrections.

3. Raw data reanalysis — > make rigorous comparisons of old and current data, the raw spectral data of

the previous logs were reanalyzed with the same casing corrections and radionuclides as the current
(1998) log data analysis.
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4. The collection, preparation, and analysis of a sample in the laboratory may interject some bias relative
to log data. For example, exclusion of coarse-grained granules, pebbles, and cobbles from the labora-
tory samples may concentrate a contaminant relative to the log analysis.

5. Laboratory procedures allow one to dilute sediment samples and/or allow counting for longer times
such that laboratory practices can detect activity over a greater range than can typical log analysis.

All of the above made the comparison of laboratory-derived data and the log data challenging. In

general, the comparisons were not as good as anticipated, so that most inferences as to contaminant move-
ment were made from comparisons with past log data.
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5.0 Results

The following are descriptions of the spectral gamma-ray logging results for each borehole logged at
216-Z-1A tile field, 216-Z-9 trench, and 216-Z-12 crib. Comparisons are made with past log data and/or
previous laboratory data where such data exist. Information on 1998 log results is summarized from a
data compilation by K. D. Reynolds, Waste Management Federal Services, Inc. Northwest Operations,
Richland, Washington. The log headers, activity-versus-depth profiles, acceptance quality assurance
processing spectra, and log analysis summaries with minimum detection limits for each borehole logged
are given in the Appendix. It should be noted that, unlike depths reported in this section, the depths in the
Appendix are not corrected for casing stickup. Raw spectral data and processed data for all gamma-ray
spectra (both 1998 and previous) are available in a Pacific Northwest National Laboratory database.

5.1 216-Z-1AT ' Field

5.1.1 Borehole 299-W18-149

This borehole is located at the head end of the tile field and at the junction of the center distributor
pipe and the first set of diagonals. The borehole was drilled in 1974 to a depth of 92 ft and cemented
back to 75 ft. However, only 26 ft remain open today. The distributor pipe is at a depth of ~8 ft, and the
bottom of the tile field is at ~10 ft at this borehole.

1¥1Cs, 2°Pa, #°Pu, and 2*' Am were identified between 4 and 24 ft. Maximum activity for each radio-
nuclide is at 10 to 10.5 ft (11 pCi/g for '*’Cs, 20 pCi/g for ***Pa, 8,400 nCi/g for ***Pu, and 900 nCi/g for
21 Am), which coincides with the base of the tile field. The system dead-time limits were exceeded
between 9 and 12 ft; therefore, activities are higher than reported in this interval. In addition to the man-
made radionuclides, 2*TI was found between 6 and 21 ft in concentrations that are not in secular
equilibrium with the other daughter products of >*’Th.

There are two lenses of contamination in the borehole, with the deeper one covering a larger depth
interval and much higher concentrations of all observed radionuclides (Figure 5.1). The smaller peak in
all intensities occurs at 6 ft. The larger maximum occurs at ~10 ft, with a broadly spreading and declining
activity down to 21 fi, where a third rise is observed.

The neutron capture of hydrogen at 2.22 MeV is observed in the 1998 data set from this borehole.
Because the hydrogen content from vadose zone moisture is very low, the hydrogen in the polyvinyl
chloride casing is most likely the source of these capture events. Given the presence of the thermal
neutron-induced hydrogen gamma rays, other neutron- and fission-induced gamma activity is predicted,
and the spectra contain many unidentified photo peaks as a result of these nuclear events. Spectra
covering 0 to 10 MeV are needed to determine the source of the photo peaks; whereas the present data
cover 0 to 3 MeV.
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This borehole was last logged by spectral gamma-ray methods in 1993. At that time **>Pa, 2**Pu, and
*IAm were identi | between ~4 and 22 ft. Maximum values were between 10 and 11 ft and were
36 pCi/g for 23pa, 19,000 nCi/g for 2%py, and 1,800 nCi/g for ' Am. "'Cs was not reported, but was
present as determined by reprocessing of the data. ***TI, out of secular equilibrium with other daughter .
products of 2Th, was found between 9 and 22 ft.

Any comparison of the 1993 and 1998 log data from this borehole must be restricted to intervals
excluding the zone between 9 and 12 ft because of limitations on dead-time correction accuracy of both
log data sets. Grade thickness products between 12 to 24 ft showed a 29% increase in *’Cs, 16% increase
in 2’Pa, 11% decrease in *’Pu, and 17% decrease in 2’ Am. For all the radionuclides, the shape of the
depth profiles overt interval appears the same in 1998 as in 1993, given the systematic changes in
apparent concentrations. This leads to the most likely conclusion that theobs :dch 3es  dueto
interferences and calibration and/or corrections errors.

This borehole was logged with a prompt fission neutron system in 1993 by D. C. George and
R. D. Wilson for the U.S. Department of Energy’s Grand Junction Projects Office. That logging event
identified 2’Pu between 5 and 20 ft, with a maximum of ~16,300 nCi/g at slightly less than 10 ft.

Price et al. (1979) found 2***°Pu and **' Am between 11 and 25 ft. At that time, the borehole was
open to 95 ft and they found *°Pu intermittently to 60 ft and **' Am to 95 ft. All activities at depths >60 ft
were <0.1 nCi/g. Figure 5.1 shows a comparison of the 1979 reported laboratory data and the 1998 log
data. .

5.1.2 Borehole 299-W18-158

This borehole is located between the distal ends of the first and second diagonals on the west side of
the tile field.

The only man-made radionuclide identified in this borehole is **Pa at 45 ft (4 pCi/g) and at 58 ft
(11 pCi/g). *®T1 was identified at 53 ft, where it is not in secular equilibrium with other daughter
products of »*Th. If the 2Tl is due to waste input of **Th into the tile field, then it has been differen-
tiated from 2**Pa because the two radionuclides occur at different depths. The geology log between 52
and 70 ft is missing, so lithologic correlation with radionuclide distribution cannot be made. Also, radon
pumping is evident in the repeat section of the log data.

This borehole has not been logged previously, but Price et al. (1979) found *°Pu (0.037 nCi/g) and
! Am (0.002 nCi/g) at 50 ft during drilling. These values are well below the minimum detection limits of
the current logging. '

5.1.3 Borehole 299-W18-159

This borehole is located approximately half way down the centerline of the tile field.
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Figure 5.2. Comparison of *’Cs and >**Pa Activities Versus Depth from 1991 and 1998 Log Data
in Borehole 299-W18-159

In sampling this borehole during drilling, Price et al. (1979) found #***’Pu intermittently throughout
the entire borehole, with a maximum of 1,260 nCi/g at 21 ft. 24 Am was found in all samples, with a
maximum of 412 nCi/g at 46 ft. The shallowest sample obtained by Price et al. (1979) was at 11.2 ft,
whic s slightly below the base of the tile field. Thus, they could have missed the high activity zone
logged for the Grand Junction Projects Office. However, current logging results show 25,000 nCi/g of
Zpy at 11 ft compared to 134 nCi/g in the 11.2-ft sample of Price et al. (1979). Assuming all data are
valid, a very steep gradient in plutonium activity is indicated.
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Figure 5.7. Comparison of >’Pa and *’Pu Activities Versus Depth from 1993 and 1998 Log Data
in Borehole 299-W18-179

This borehole was last logged in 1993. The current logging results agree with the 1993 results, indi-
cating no changes in B37Cs, 23pa, 29py, or ' Am distribution in the last 5 years (Figures 5.8 and 5.9). The
1993 results show *’Cs present between 16 and 33.5 fi, with a maximum of 168 pCi/g at 18.5 ft; B3py
present between 18.5 to 28 ft, with a maximum of 84 pCi/g at 20 ft; *’Pu present between 19 and 26 ft,
with a maximum of 3,121 nCi/g at 20 ft; and #1Am present between 18.5 and 32.5 ft, with a maximum of
377 nCi/g at 20 ft.
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Kasper (1982) found activities of **?*°Pu as high as 4,880 nCi/g and **' Am as high as 772 nCi/g
beneath the base of the crib (20.5 ft). These values decreased to <200 pCi/g at the se of the sand unit.
Kasper found ****°Pu and #1Am intwo de er zones between 23 and 33 and 118 and 128 ft at
<100-pCi/g activities.

5.3.7 Borehole 299-W18-182

This borehole is approximately half way between the north and south boundaries of the ¢ 1 on
centerline.

137Cs, 2’Pa, *°Pu, and 2*' Am were the man-made radionuclides identified in this borehole. '’’Cs was
found between 16 and 27 ft, with a maximum of 250 pCi/g at 23.5 ft; 2’Pa was found between 19 and
30.5 ft, with a maximum of 30 pCi/g at 20 ft; 9py; was found betwe  18.5 and 29.5 ft, with a maximum
of 1,100 nCi/g at 19.5 ft; and *' Am was found between 19 and =~ 5 ft, with a maximum of 2,100 nCi/g at
20.5 ft. The maximum activity for all radionuclides is at or within a meter below t| ) bottom (~20 ft)
(Figures 5.10 and 5.11).

This borehole was logged in 1993 by the U.S. Department of Energy’s Grand ] ction Projects Office
with a prompt fission neutron tool. The log showed **’Pu to be present between ~17 and 23 ft, with a

maximum near 1,230 nCi/g at <20 fi.

Kasper (1982) found *****°Pu up to 2,080 nCi/g and > Am up to 1,640 nCi/g just below the base of
the crib. These activities decreased to <5 pCi/g below 29 ft.

5.3.8 Borehole 299-W 3-183

This borehole is located on the crib centerline approximately one-fourth the way '  from the south
edge.

137Cs was found from the surface to 1.5 ft and from 6 to 9.5 ft at <1 pCi/g. The borehole was previ-
ously logged in 1993, at which time only "*’Cs was identified at 6 to 8 ft, with an activity of ~0.2 pCi/g.
The cesium is located well above the distributor pipe (at ~16 to 17 ft) and probably resulted from a
surface source. ~°Pa was identified from 24 to 28 ft, with a maximum activity of 2 pCi/g at 27.5 ft.

Kasper (1982) found 2**?*°Pu and **' Am in several samples from throughout the depth of the borehole
but all activities were <0.5 pCi/g, except at 25 ft where activities were 8.29 pCi/g *****°Pu and 1.3 pCi/g
241

Am.

5.3.9 Borehole 299-W18-185 .

This borehole is located on the centerline ~20 m from the head end of the crib.
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Four man-made radionuclides were identified in the borehole. '*’Cs was found between 17.5 and
23.5 ft, with a maximum of 216 pCi/g at 19.5 ft; 23pa was found between 18.5 and 26 fi, with a maxi-
mum of 61 pCi/g at 19.5 ft; **' Am was found between 19 and 22.5 ft, with a maximum of 386 nCi/g at
21.5 ft (interference from the Compton downscatter from 137Cs makes this value semi-quantitative); and
29py was found between 18.5 and 24 ft, with a maximum of 1,047 nCi/g at 20 ft. In addition, 28T] was
found at 21.5 ft that is not in secular equilibrium with the parent 22Th.

The borehole was last logged in 1993. At that time, 137Cs was found between 17.5 and 23.5 ft, with a
maximum of 240 pCi/g at 19 ft; *’Pa was found between 18.5 and 25 ft, with a maximum of 61 pCi/g at
19.5 ft; ®°Pu was identified between 18.5 and 23.5 fi, with a maximum of 1,012 nCi/g at 21 ft; and *'Am
was identified between 19 and 22.5 ft, with a maximum of 298 nCi/g at 19.5 ft. Based on the 1993 data
and the most current logging information, there do not app  to be any changes in the distribution of
man-made radioisotopes in this borehole in the last 5 years.

Kasper (1982) found maximum activities for 2*>**°Pu and **' Am of 3,080 and 863 nCi/g, respectively,
just below the crib bottom (~21 ft). All activities decreased to <50 pCi/g below a depth of ~23 ft.
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6.0 Discussion

Man-made, gamma-ray-emitting radionuclides were found at depth in all boreholes logged at the
216-Z-1A tile field and 216-Z-12 crib. Only one borehole at the 216-Z-9 trench revealed man-made
radionuclides; '*’Cs was identified at the surface. However, contamination is known to exist at
216-Z-9 in boreholes that were not logged in 1998 (Fecht 1977).

Contamination associated with the three boreholes located along the tile field centerline and the one
borehole located half way between the centerline and the end of the first diagonal was shown to be at or
just below the bottom of the tile field and extending to greater depths. Boreholes located near the ends of
the diagonals showed contamination only at depth. This suggests that wastes drained dominantly from
the center distributor pipe and did not reach the ends of the laterals. Contamination found at depth in the
lateral boreholes must have been emplaced by lateral movement from the center of the tile field because
downward movement near the boreholes would have resulted in contaminatior igher in the soil column.
These observations are consistent with those made by Price et al. (1979).

All boreholes at the 216-Z-12 crib showed contamination just below the base of the crib and extend-
ing to <10 ft deeper. The **Pa noted in the two lateral boreholes located outside the crib boundary also |
occurs at the level equivalent to the base of the crib. The contamination in these boreholes must have |
resulted from lateral movement from the base of the crib.

6.1 Changes in Subsurface Radionuclide listribution

Changes in subsurface radionuclide distribution (activity) were suggested at two boreholes at the
216-Z-1A tile field and one borehole at the 216-Z-12 crib. The presence of a change was based on
comparison of spectral gamma-ray log data collected in 1991 or 1993 and the log data collected in 1998.
Apparent changes were noted in several other boreholes but those changes probably resulted from differ-
ences in calibration, environmental correction (casing thickness), or dead-time characteristics of the
systems used for logging in 1993 and 1998. In one instance, borehole 299-W18-149, apparent changes in
radionuclide distribution are masked by subsurface neutron and fission-induced gamma activity. Eight of
the boreholes had no previous spectral log data, and an analysis of radionuclide redistribution could not
be made.

» The two boreholes showing changes in radionuclide activity at the 216-Z-1A tile field are
299-W18-159 and 299-W18-175. Both of the boreholes lie along the centerline distributor pipe. In
borehole 299-W18-159, *'Cs increased by a factor of 3 from 45 to 55 ft (after natural decay correction),
233pa decreased by approximately one-third of its activity noted in 1991 between 45 and 50 ft, and 29y
decreased by 7% from 17 to 30 ft. 1

Borehole 299-W18-175 showed a decrease of 7% in »**Pa activity at 58 ft since 1993 but an increase
of 51% activity between 22 and 53 ft and an increase of 22% between 95 and 100 ft.
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At the 216-Z-12 crib, only borehole 299-W18-179 showed definite evidence of change in radionu-
clide activity. The log results indicate a 16% increase in ***Pa and a 123% increase in “**Pu over the
depth interval 17 to 20 ft (see Figure 5.7). Because this interval exceeds the dead-time correction
accuracy, the increase is larger than reported. The change in 2**Pu is due probably to lateral movement.
This conclusion is based on the fact that only the intensity of 2**Pu activity and not the depth profile has
changed. In other words, the ratio of the full width at half maximum to the maximum intensity is the
same in the 1993 and the 1998 logs.

Also, *'Cs shows an apparent 13% decrease, after natural decay correction, between 17 and 20 ft.
This could be a result of the different dead-time errors of the different instruments, but has not been
quantified.

6.2 Comparisc of "orehc :Spec -al Gamma-Ray Logs an abor i y
)ata

It was initially thought that the laborat: _ analyses reported by ice et al. (1979) for samples from
the 216-Z- 1A tile field and by Kasper (1982) for samples from the 216-Z-12 crib could be used to
compare with the current logging results to discern any changes in the depth distrit ion of plutonium and
americium that occurred since their sampling activities. This turned out not to be as easily done as was
initially hoped for, as discussed in Section 4.3.

The quality of the comparison of laboratory data with log data varied from borehole to borehole. One
of the better comparisons is shown in Figure 5.4 that shows the °Pu and **'Am di:  butions with depth
in borehole 299-W18-175 from the 216-Z-1A tile field. The data from the two sources show the same
general depth distribution trend but have absolute differences of up to an order of magnitude, with several
pairs of data points showing greater differences. This is typical for comparisons at  ost boreholes. Fig-
ures 5.9 and 5.11 show similar comparisons for data from boreholes 299-W-181 and 299-W18-185 at the
216-Z-12 crib. The agreement between the data in these examples is somewhat clo -than in Fig e 5.4
but the situation illustrated in Figure 5.4 is more typical. Generally, the depth of the maximum values of
log-derived and laboratory-derived activities agree favorably but the magnitudes usually agree less
favorably.

6.3 Stratigraphic Control of Contami Dis ibt on
Price al. (1979) and Kasper (1982) both noted a relationship between lithology and contaminant
distribution. Price et al. noted that the highest concentration of plutonium and amer um was just

beneath the center distribution pipe of the 216-Z-1A tile field and that, with the exc :ion of isolated silt -
lenses, 2*#*°Pu concentrations >1,000 nCi/g were not found below ~2 m beneath the tacility. Plutonium
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and americium concentrations at depths >2 m beneath the bottom of the tile field were generally associ-
ated with an increase in silt content of the sediments or with boundaries between major sedimentary units.
Kasper noted the same effect at the 216-Z-12 crib in one borehole (299-W18-181) that encountered
contamination at depth.

The results of the 1998 logging are in general agreement with the conclusions of Price et.  (1979)
and Kasper (1982). In several boreholes, relationships between the occurrence of contaminants and
thology can be noted. In several boreholes, however, no definite relationships w  observed generally
because either the stratigraphy was not well defined in driller’s logs or because of uncertainties in depth
determinations as discussed in Section 4.3.

6.4 **Pa as Surrogate for *’'N p *Am)

23pa, with a half-life of 27.4 days, was observed in most boreholes by measuring the photo peak at
312 keV. Because “’Pa remains detectable in 1998, the source for the “’Pa must be a parent radioiso-
tope. “*Th is one parent of ’Pa, but because the 2*Th isotope has a 22-minute half-life, it cannot be the
source in these boreholes. Another and more probable parent of *’Pa is *’Np, with a half-life of
2,000,000 years. Clearly, the *’Pa is in secular equilibrium with *’Np. Because e direct gamma ray
measured is the 2°Pa, this is the activity presented in the log plots; however, in those boreholes, this
represents the activity of *’Np. This is an important point in terms of the potential for contaminant
migration in the vadose zone, because the geochemistry of 2’Np may be a determining factor for the.
occurrence of 2*Pa. The daughter product of 3p, js 2°U, with a half-life of 27 days, and the daughter of
23U is 2Th, with a half-life of 160,000 years. Basically, **Thisinc sing where ***Pa is observed.
Migration characteristics of “’Th also may be an issue in terms of groundwater protection. Note, how-
ever, that the activity of 2°Th is very low due to its long half-life. Further, 2*Th is highly retarded under
most environmental conditions.

The parent isotope for Z’Np is *' Am, one of the more abundant radioisotopes at the Hanford Site. As
shown in this document, *' Am can be detected by spectral gamma methods. The photo peak used is the
relatively weak 59.5 keV with an abundance of 36.3% (36.3 emissions per 100 alpha decays), resulting in
a fairly high detection threshold. 2**Pa, however, is much more easily detected and has a much lower
detection threshold. Thus, *’Pa may give a better picture of 2*' Am distribution than actual measurements
of *'Am.

6.5 %Th

In 1965 and 1966, an experimental process was carried out in the UO; Plant to convert commercial
thorium nitrate into thorium oxide powder for fabrication of reactor target elements for **°U production.
During the same time, the Plutonium-Uranium Extraction (PUREX) Plant processed powdered thorium
oxide fuel targets that had been irradiated for production of 2*U (Gerber 1993).  uring that campaign,
194 t of thorium oxide were processed (ISO 1967). As part of the process of purifying natural B2Th for

6.3













7.0 Conclusions

Twenty-one boreholes were monitored by spectral gamma-ray logging in April 1998 at the
216-Z-1A tile field, the 216-Z-9 trench, and the 216-Z-12 crib. These facilities were chosen to be
monitored because they were identified as containing some of the most significant sources of ~ “oactive
contamination in the Hanford Site vadose zone.

13Cs, 2Pa, 2°Py, and *' Am were identified in the logs from the 216-Z-1A tile field and the
216-Z-12 crib. The maximum activities found were in borehole 299-W 18-159 at the tile field, where
7Cs was 23 pCi/g, 23pa was 63 pCi/g, 2’Pu was 25,000 nCi/g, and *'Am was 2,500 nCi/g. The only
man-made radionuclide identified at the 216-Z-9 trench was *’Cs, at <I pCi/g near the surface in
1 borehole.

Comparisons of data collected in 1998 with data from past logging events suggest there have been
some changes in radionuclide activity around two boreholes at the 216-Z-1A tile field and one borehole
from the 216-Z-12 crib. *Cs activity increased and ***Pa activity decreased in one zone, and ***Pu
activity decreased in a second zone in one borehole at the tile field. **’Pa activity decreased in one zone
and increased in another zone in a second borehole at the tile field. At the crib, there was a possible
decrease in "*'Cs activity and an increase in **Pa and Z°Pu activity in one borehole. Apparent changes
were noticed in several other boreholes but those changes are attributed to differences in data collection
and data processing between the 1998 and past logging events.

Comparisons of log data with laboratory analyses from samples obtained during drilling of the
boreholes were not as useful for delineating changes in activity as were comparisons with past logging
data because of the differences in the material samples and in the analytical methods.

271 was identified in several boreholes in excess of what is expected from secular equilibrium with
its parent, natural thorium. This suggests that wastes from early attempts to produce **U from thorium
oxide may have been disposed to the Plutonium Finishing Plant waste disposal facilities.

The large quantities of transuranics present around some boreholes produce large neutron fluxes,

resulting in some unidentified gamma rays that result from neutron activation of borehole construction
materials and the backfill soils.
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Appendix

Borehole Logging Data

This appendix contains log header sheets, depth-versus-activity plots, acceptance quality assurance
processing plots, and log analysis summaries for each borehole logged at the 216-Z-1A tile field,
216-Z-9 trench, and 216-Z-12 crib. All logging data were collected by Waste Management Federal
Services, Inc., Northwest Operations according to procedures in WMNW (1998a). Log data analysis
completed by Three Rivers Scientific according to procedures in WMNW (1998b). None of the depths

: plots in this appendix are corrected for casing stickup.
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-LS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W15-82
" g Type: __PGe Spectral Gamma-Ray . LogDates:  Apr. 6&8, 1998

General Notes:
Total gamma is, in general, a response to formation lithology.

System Performance Verification: The pre- and post-log verification was performed using coleman #2 1
maximum FWHM for the 3 keV  nma ray photo ith r dates w 27 7. The \
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 35.7 to 40.2 feet, agrees with the main log within acceptable limits (refer to the
Acceptance QA Processing plot). Since no man-made radionuclides were detected, the repeat for the most precise man-
made component was replaced with the natural thorium response.

Environmental Corrections: The KUT concentrations have been corrected for casing attenuation over the entire well.
No casing correction was applied to the total gamma due to Compton downscatter interference.

Radionuclides:
No man-made radionuclides were detected.

AS

Analysis by: Three Rivers Scientific
















































..L € )ectral Gamma Ray Porehole S' rvey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 21, 1998
Bol 1ole: 299-W18-008 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCi/g Pu-239 nCi/g Pu-240 nCi/g Am-241 nCifg
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Repc t

Project: Z Crib Geophysics Well ™ 299-W18-008
Log Type: HPGe Spectral Gamma-Ray Log Dates: Mar. 21, 1998

General Notes:
Total gamma is, in general, a response of formation lithology, except at 24 feet, where man-made radionuclides
were encountered.

System Performance Verification: The pre- and post-log verification was performed using coleman #2 mantle.
The maximum FWHM for the 583 keV gamma ray photo peak for the survey was 2.54 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log date.

Repeat Interval: The repeat interval, 23 to 29 feet, agrees with the main log within acceptable limits (refer to !
Acceptance QA Processing plot).

Environmental Corrections: The KUT and man-made radionuclide concentrations have been corrected for casing
attenuation over the entire well, No casing correction was applied to the total gamma due to Compton downscatter
_ interference. The gross gamma increase at 24 feet is from T1-208 as well as the man-made radionuclides present.

T1-208 is a daughter product of naturally occurring thorium. However, the secular equilibrium is greatly disturbed,
indicating that the thorium is not solely due to natural lithology and may be a waste by-product.

Radionuclides: -
Pa-233 exists from 24 to 36 feet, with a maximum of 57 pCi/g at 24.5 feet. Pu-239 exists from 24 to 28 feet, with a
maximum of 58 nCi/g at 24.5 feet.

Pa-233 Pu-239y
max. Concentration 57pCilg@245/ - | 58nCig/™24.5 ft
m~- Depth at MDL 36 ft 25

MDL 0.25 oCi/g . R nCi/g

A23

Analysis by: Three Rivers Scientific







Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 9, 1998
Borehole: 299-W18-149 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium . horium
1x1000 ofs pCilg pCilg pCilg
0 5010203002403‘"
h - 1 -

-

A

I
: : s : ]

= e :
g A : MainLog | Ld ¢ i L | 1
30 - Repeat - 7

1L 1 1

7.5-9 ft

of T M i H T

(S0
o
|
T Ll
|
T
H
|
1
T

) U T )

iepth (feet)

~ (¢
o (=]
I I
S B—
g |

I T

1 |

I I
1 |
lli ILI[_

Qo
o
i
N l4]_4LI 1

i
-
|
i
|

1}
)

& :
90—& - L- L :L_
: « . L
I s .= s s 11 i : P
100 P | ol AR ol S e SR o
! s : ; i ] P s P
A = R

PR I T

lllllllll

™77

130 : : : : I H E
' ' Analysis by: Three Rivers Scientific

A25





















































































F™ S Spectral Gamma Ray Borehole Su vey
Waste Management Federal Services NW

.0g Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W18-159

- Log Type: HPGe Spectral Gamma-Ray - LogDates: Mar. 16&25, 1998

General Notes: 4
Total gamma is a response to man-made gamma ray emitters from surface to 64 feet, 1 a function of forr ‘>n
lithology below 64 feet.

System Performance Verification: The pre- and post-log verification was performed using coleman #2. The '
maximum FWHM for the 583 keV gamma ray photo peak for both survey dates was 2.38 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 55 to 65 feet, agrees with the main log within acceptable limits (refer to the
Acceptance QA Processing plot),

Environmental Corrections: The KUT and man-made radionuclide concentrations have been corrected for casing
attenuation over the entire well. No casing correction was applied to the total gamma due to Compton downscatter
interference. The thorium from 8 to 64 feet is from TI-208, normally a daughter product of naturally occurring
thorium; however, the secular equilibrium is greatly disturbed, indicating that the thorium is not solely due to
natural lithology and may be a waste by-product.

Radionuclides:

Pa-233 exists from 12 to 64 feet, with a maximum of 63 pCi/g at 54 feet. Pu-239 exists from 6 to 64 feet, with a
maximum of 25,000 nCi/g at 11 feet. Am-241 exists from 10 to 64 feet, with a maximum of 2,500 nCi/g at 14 feet.
Cs-137 exists from 10 to 59 feet, with a maximum of 23 pCi/g at 11 feet. The Am-241 is relative and not absolute
due to interference from other photo peaks. Pu-240 is also likely, but the interference rules out any possibility of
quantification. No other man-made radionuclides were detected; however, many other fission and neutron induced
gamma rays are present.

The high degree of variance of Am-241 over the interval 28 to 34 feet is real, and not an artifact of the processing,
even though the processing is adversely affected by other photo peak interference.

The re-log interval of 56.5 to 64 feet yields Pu-239 at 64 feet with a reading of 15 nCi/g, approximately a factor of -
two above MDL levels for this well configuration. The same is true for Pa-233 and Am-241, in that they are above
MDL at the lowest point of the re-log section.

i Pa-233 Pu-239 Cs-137 Am-241 _
maz. Concentration |63 pCi/g@ 54 £t | 25,000nCig @ 11 £ 23pCilg@ 11 ft 2500 nCilg @ 14 ft
max. Depth at MDL 64 ft 64 fi 585ft 64 fi

MDL 0.7 pCi/g 7 nCi/g 0.06 pCi/g 10 nCi/g
A.53

Analysis by: Three Rivers Scientific


































































































































































