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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, Z*Pa, 2*Pu, and 2*' 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 collected 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 and **’Pu 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 in data collection and data processing between the logging
events. '
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1.0 Introduction

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 the configuration of subsurface contamination changed since it was last measured?”
Previous borehole logging and laboratory analyses provide the baseline data to help answer this question.

1.1 Notes on Units of 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

1l inch = 2.54 centimeters

1 curie = 3.7 x 10" becquerels
1pCi = 3.7 x 107 becquerel.

1.2 Organization of This Document

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 Energ);;
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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 trench, and 216-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. Borehole 299-W18-56 showed a zone
between 11 and 21 m with gamma activity above background, but the intensity of the activity decreased
between 1965 and 1973. All other logged boreholes at 216-Z-1A had no gamma intensity above back-
ground levels.

At the 216-Z-9 trench, Fecht 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 that gamma 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 near the head end of the
crib remained detectable in four boreholes (299-W18-5, 299-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 and 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 compilation 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 Junction 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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field and one borehole in the 216-Z-12 crib showed large concentrations of fissionable isotopes. Two of
the boreholes in 216-Z-1A had been logged with the prompt fission neutron tool in 1978 and again in
1984 (prior to the 1993 logging). The distribution of contaminants (undifferentiated fissionable isotopes,
primarily 2°U, #Pu, and **'Pu) agreed well with the previous logs, indicating that fissionable radionu-
clides, including plutonium, had not moved substantially over the span of 15 years.

In addition to geophysical borehole logging, some analytical (laboratory) results exist from drilling
and sampling activities at each of the 216-Z-1A, 216-Z-9, and 216-Z-12 facilities. Ridgway et al. (1971)
reviewed previous soil sampling at 216-Z-9 and presented laboratory results for plutonium concentrations
from their “third sampling” from split tube samples. Their samples were all obtained from <3 m, so they -
add little information to contaminant distribution beneath the trench. Smith (1973) reported results of a
gamma survey, an infrared temperature survey, and a neutron survey of the surface (top 13 cm in the case
of the neutron survey) of the 216-Z-9 trench in support of nuclear reactivity evaluations. Smith also

reported results of laboratory analyses for plutonium and americium from shallow (<3 m) boreholes
drilled through the trench floor.

Price et al. (1979) drilled and sampled 16 boreholes at the 216-Z-1A tile field for the purpose of
delineating the distribution of subsurface contamination at that facility. Approximately 400 samples from
those boreholes were analyzed for plutonium and americium activity. Their results were summarized as
cross sections through the tile field, showing plutonium and americium distributions. Their cross sections
have been the basis for subsequent visualizations of contamination at that facility.

Kasper (1982) did a study at the 216-Z-12 crib in a manner similar to Price et al. (1979). Kasper
reviewed existing data and sampled seven new boreholes. That analysis resulted in cross sections of the
crib with contours of the plutonium distribution down to the 1-pCi/g level. Also, laboratory analyses
were provided in an unpublished letter report by J. L. Buelt, Pacific Northwest National Laboratory, for
137Cs, 5*Eu, #"U, #°Pu, and **' Am obtained from three 3-m-long cores sampled during drilling of 4 new
boreholes in support of a large-scale, in situ vitrification project at the 216-Z-12 crib. Tables of results
and cross sections of concentration versus depth were given in the letter report.

All of the previous geophysical logging results and the laboratory analytical results are available and
serve as a baseline against which results collected for this monitoring effort are compared.
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3.0 Geologic and Facility Settings

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 folded and 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 regional geology of the Columbia
Plateau and the Pasco Basin have been discussed in detail in DOE (1988) and Delaney et al. (1991).

The Columbia River Basalt Group is overlain by th1ck accumulations of clastic sedlmentary 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
all units shown on Figure 3.2 are present in the 200 West Area. ‘

The Elephant Mountain Member of the Saddle Mountains Basalt 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 (Lmdsey 1991b, 1996). The facies
are described below.

1. Fluvial gravels consist of clast-supported granule to cobble gravel with a sandy matrix. Sands and
muds (overbank facies) are interbedded with the gravels. Low-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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2. Fluvial sands display cross bedding and cross laminations. Lenticular, silty sands and clays (over-
bank facies) up to 3 m thick and gravels (fluvial gravel facies) <0.5 m thick are interbedded with the

sands. The fluvial sands are interpreted as being deposited in wide, shallow stream channels (Lindsey
1991b).

3. Qverbank deposits consist of laminated to massive silt, silty fine-grained sand, and paleosols with
variable quantities of pedogenic calcite. Overbank deposits occur as <0.5- to 2-m-thick lenticular
beds in the fluvial gravel and fluvial sand facies and as up to 10-m-thick laterally continuous sedi-
mentary units. The overbank facies represent proximal levee to distal floodplain deposition (Lindsey
1991b). ‘

4. Lacustrine deposits consist of plane laminated to massive clay with thin silt and silty sand interbeds.
These commonly exhibit soft sediment deformation features. The lacustrine facies were deposited in
a lake environment under standing water to deltaic conditions (Lindsey 1991b).

5. Alluvial fan deposits consist of massive to crudely stratified detritus. These deposits are generally
basalt rich and occur around the periphery of the basin. The alluvial fan facies were deposited as
debris flows along uplifted ridges and in side streams (Lindsey 1991b).

Lindsey (1991b) divided the lower part of the Ringold Formation (the member of Wooded Island)
into five stratigraphic intervals each dominated by the fluvial gravel facies. These gravels are designated
(from oldest to youngest) as units A, B, C, D, and E and are separated by deposits of overbank and
lacustrine facies (see Figure 3.2). The five gravel units are overlain by a sequence of fluvial sands,
overbank deposits, and lacustrine deposits.

In the 200 West Area, only two of the gravel units are present: unit A and E. Both gravel units
contain lenticular, discontinuous beds of sand and silt. The two units are separated by deposits of the
lacustrine facies known as the lower mud unit. Unit E is overlain by the sands and muds of the member
of Taylor Flat (see Figure 3.2). Both unit A and the lower mud unit thicken and dip toward the axis of the
Cold Creek syncline. The thickness of the lower mud unit is irregular and pinches out in the northeastern
corner of the 200 West Area (Lindsey 1991a). Where the lower mud unit is absent, it is difficult to distin-

guish gravel units A and E. Unit E also dips to the southeast but, unlike the lower unit A, unit E thins in
the direction of dip.

The member of Taylor Flat is dominated by the fluvial sand and overbank facies (Lindsey 1996) and
is discontinuous in the 200 West Area as a result of post-Ringold erosion. It is present in the central,

west, and northwest portions of the 200 West Area and is absent in the east, southeast, and south portions.

3.1.2 Plio-Pleistocene Deposits

The Plio-Pleistocene deposits overlie the Ringold Formation and, in the 200 West Area, consist of
sidestream alluvial deposits, calcic paleosols, and the early “Palouse” soil. The pre-Missoula gravels are
absent under the 200 West Area. The paleosols consist of massive calcium carbonate-cemented silt, sand,
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and gravel and interbedded caliche-rich and caliche-poor silts and sands. The thickness of the unit is very
irregular, and Lindsey (1991a) speculates that erosional windows exist through the unit in the 200 West
Area.

The early Palouse soil consists of massive, compact, loess-like silt and minor, fine-grained sand
(Tallman et al. 1979). Calcium carbonate is present in the unit but is not as abundant as in the underlying
paleosols. The thickness of the unit is irregular; it is thickest in the southwest, southeast, and central parts
of the 200 West Area (Lindsey 1991a). '

3.1.3 Hanford Formation

The majority of the vadose zone in the 200 West Area is located in the Hanford formation. The
Hanford formation overlies the Plio-Pleistocene deposits and consists of pebble to boulder gravels, fine-
to coarse-grained sands, and silt and has been divided into three facies: 1) gravel dominated, 2) sand
dominated, and 3) silt dominated (also known as the slackwater deposits, the “Touchet Beds,” and the
rhythmite facies). All three facies of the Hanford formation are found beneath the 200 West Area.

Deposits of the gravel-dominated facies consist of coarse-grained basaltic sand and granule to boulder
gravel. They show massive bedding, plane to low-angle bedding, and large-scale planar cross bedding.
In places, the gravels are matrix poor and have an open-framework texture. Sand and silt beds occur
throughout the gravel-dominated facies. The Hanford formation gravels were deposited in main flood
channels by high-energy flood waters of the catastrophic glacial floods.

The sand-dominated facies consist of fine- to coarse-grained sand and gravel. The deposits show
plane lamination, bedding, and, less commonly, channel-fill structures. The sands may contain pebble-
gravel interbeds and silty interbeds <1 m thick (Lindsey 1991a). The silt content of the sands is variable
and, where it is low, a well-sorted and open-framework texture results. The sand facies were deposited
adjacent to the main flood channels during the waning stages of flooding.

The silt-dominated facies consist of thinly bedded, plane laminated, and ripple cross laminated silt
and fine to coarse sand. The deposits are commonly normally graded and rhythmically bedded deposits,
with beds ranging from a few centimeters to several tens of centimeters thick (Bjornstad et al. 1987, DOE
1988). These sediments were deposited under slackwater conditions and in backflooded areas.

Lindsey (1991a) divided the Hanford formation beneath the 200 West Area into two sequences: a
fine-grained sequence and a coarse-grained sequence. The fine-grained sequence is 0 to 32 m thick and
consists dominantly of silt, silty sand, and sand of the silt-dominated facies interbedded with coarser
sands of the sand-dominated facies. Thin beds of the gravel facies are found locally in the fine-grained
sequence. The fine-grained sequence thickens to the south, where the proportion of silt facies within the
sequence predominates. The fine-grained sequence is absent in the northern part of the 200 West Area.

The coarse-grained sequence mainly consists of the gravel-dominated facies but deposits of the sand-

dominated facies predominate locally. Laterally discontinuous deposits of the silt-dominated facies are
also present but are minor in abundance. The coarse-grained sequence is up to 45 m thick but laterally
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discontinuous under the 200 West Area. The coarse-grained sequence overlies the fine-grained sequence
in the 200 West Area and in the central part of the 200 West Area, the coarse-grained sequence directly
overlies the Plio-Pleistocene unit, where the lower fine-grained sequence is absent.

3.1.4 Holocene Deposits

Holocene eolian sheet sands blanket part of the 200 West Area. These sands consist of very fine- to
medium-grained sands and silty sands. The eolian deposits have been removed from much of the area by
construction activities.  Where the eolian sands are found, they tend to be in thin sheets <3 m thick
(Lindsey 1991a). Dunes generally are not as well developed in the 200 West Area as they are at other
places on the Hanford Site.

3.2 Geology of the Vadose Zone Beneath the Facilities

Rohay et al. (1994) refined the geology beneath the site of the 200 West Area carbon tetrachloride
expedited response action in the central part of the 200 West Area. They presented a detailed description
of the stratigraphic section, a discussion of the hydrogeology of the vadose zone and unconfined aquifer,
and several cross sections interpreting the subsurface at the expedited response action site.

The three sites ménitored for this study (the 216-Z-1A tile field, the 216-Z-9 trench, and the
216-Z-12 crib) are all within the area of the expedited response action, and the following description of
the geology and hydrogeology of the monitored sites is taken largely from Rohay et al. (1994).

The water table beneath the area is within the Ringold unit E gravels at ~142 m elevation. The top of
the Ringold unit E varies between 150 and 167 m elevation in that area, but averages ~160 m elevation.
Rohay et al. (1994) found the Ringold unit E to be absent in one borehole (299-W15-7) used by them for
stratigraphic correlations. However, the Ringold unit E is present beneath all three of the facilities being
discussed in this document. :

The Plio-Pleistocene unit overlies the Ringold unit E beneath all three monitored facilities. The Plio-
Pleistocene unit is at ~160 m elevation and is ~4 m thick at 216-Z-1A (Price et al. 1979), at ~169 m
elevation and ~10 m thick at 216-Z-9 (Rohay et al. 1994), and at ~169 m elevation and ~2 m thick at
216-Z-12 (Kasper 1982). The Plio-Pleistocene unit consists of eolian silt that is generally compact and
massive. Caliche content is commonly >7% and is >30% in some boreholes in this area (Price et al.
1979). '

Rohay et al. (1994) divided the Hanford formation into five hydrogeologic units for purposes of
description at the carbon tetrachloride expedited response action site. Their units are listed below. The
terms in brackets denote the general facies composition of each of their units.

1. Hy - Hanford gravelly sand and sand (upper fine unit) [sand-dominated facies]

- 2. Hy - Hanford gravels (upper coarse unit) [gravel-dominated facies]
3. Hf - Hanford sand (fine unit) [sand-dominated facies]
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4. H,. - Hanford sandy gravel (lower coarse unit) [gravel-dominated facies]
5. Hy - Hanford interbedded siit and fine sand (lower fine unit) [silt-dominated facies].

Figure 3.3 shows the hydrostratigraphy at each of the three facilities being discussed in this docu-
ment. The Hanford upper fine unit is present at all three facilities but is thinner than the thickness of the
backfill material at 216-Z-1A and 216-Z-12. The majority of the Hanford formation present at all three
facilities is the Hanford upper coarse unit and the underlying Hanford fine unit. The thickness of the
upper coarse unit averages ~11, 10, and 14 m at 216-Z-1A, 216-Z-9, and 216-Z-12, respectively (thick-
nesses at 216-Z-1A and 216-Z-9 are from data reported in Rohay et al. 1994, and the thickness at
216-Z-12 is interpreted from cross sections in Kasper 1982). The thickness of the Hanford fine unit
averages ~13,20, and 20 m at 216-Z-1A, 216-Z-9 and 216-Z-12, respectively. The Hanford lower coarse
unit is present at 216-Z-1A, where it is <1 to ~14 m thick; at 216-Z-12, where it is 15 to 20 m thick; and is
absent at 216-Z-9. The Hanford lower fine unit is present in only some of the boreholes at 216-Z-1A,
where it ranges in thickness from ~1 to ~12 m.

The detailed lithology has been logged and published by Price et al. (1979) for boreholes at 216-Z-1A
and is shown on cross sections in Kasper (1982) for 216-Z-12. No published logs for boreholes at
216-Z-9 exist, but the driller’s logs for boreholes at that facility give some indication of the heteroge-
neities in the Hanford formation. Relatively small-scale differences in lithology can be an important
control on contaminant distribution in some boreholes (Section 5.0).

3.3 Facility and Effluent Descriptionsv

3.3.1 216-Z-1A Tile Field

The 216-Z-1A tile field is located south of the 234-5Z Building in the 200 West Area and immedi-
ately south of the 216-Z-1 and 216-Z-2 cribs (Figure 3.4). The tile field is ~60 m wide by 110 m long.
Excavated to 5.8 m in depth with inward sloping side walls, a central floor dimension of ~35 by 84 m
results (Price et al. 1979). The floor of the excavation was covered by a 1.2-m-thick cobble layer before

" placing a herringbone pattern of 20-cm-dia. clay pipe for waste distribution (Price et al. 1979). The
85.4-m-long central distributor pipe runs north-south and has 7 pairs of 21.4-m-long laterals spaced
10.7 m apart. The distribution pipe was covered by 15 cm of cobbles and 1.5 m of sand and gravel. Prior
to reactivation of the tile field in 1964, a sheet of polyethylene covered by 30 cm of sand and gravel was
added to the top of the facility (Price et al. 1979). Figure 3.5 shows construction details of the tile field;
specific construction details differ among sources.

The operational history of the tile field is summarized in Table 3.1. The tile field operated from 1949
to 1969. Initially, the tile field received overflow from the 216-Z-1 and 216-Z-2 cribs. Later, liquid
waste was routed directly to the tile field. Twice in its history, the inlet point was moved farther from the
head end of the tile field. This resulted in distribution of contaminants along the entire length of the tile
field. The tile field received between 5,200,000 and 6,200,000 L of liquid waste during its operable life
(DOE 1992), which was ~60% of its calculated, specific retention volume (Price et al. 1979).
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Table 3.1. Operational History for the 216-Z-1A Tile Field (after DOE 1992)

Service Dates

From To Operations

6/49 6/52 | Along with 216-Z-1 and 216-Z-2 cribs received process, analytlcal and
development laboratory wastes from 234-5Z Building via the 241-Z-361
settling tank.

6/52 3/59 216-Z-1 and 216-Z-2 cribs were bypassed. Received the above wastes
via overflow from the 216-Z-3 crib.

3/59 5/64 Inactive.

5/64 8/64 Received aqueous waste and organic waste from the Plutonium
Reclamation Facility.

8/64 5/66 Received 242-Z Building waste and americium recovery (242-Z) waste
in addition to the above.

5/66 6/66 Along with 216-Z-1 and 216-Z-2 cribs received 236-Z Building aqueous

and organic waste and 242-Z Building waste and the distribution point in
tile field was moved from the “a” section 30.5 m down the main trunk to
the “b” section (Section 4.0 1dent1ﬁes the sections).

6/66 10/67 | 216-Z-1 and 216-Z-2 cribs were inactive; section “b” received aqueous
and organic waste from 236-Z and 242-Z Buildings. _
10/67 10/67 | 216-Z-1 and 216-Z-2 cribs received 236-Z and 242-Z Building wastes
and the discharge point in the tile field was moved 23 m farther down the
main trunk from the “b” section to the “c” section.

10/67 3/68 216-Z-1 and 216-Z-2 cribs were inactive. Received 236-Z and 242-7
' Building wastes.
3/68 4/69 Continued to receive the above wastes; 216-Z-1 and 216-Z-2 cribs
received uranium wastes from 236-Z Building.
4/69 All portions of the 216-Z-1, 216-Z-2, 216-Z-3 cribs and 216-Z-1A tile
field retired. '

Table 3.2 lists the inventory of what is known to have been disposed to the tile field. All information
in the table is from DOE (1992). The two major waste streams to the tile field were 1) process waste and
analytical and development laboratory waste from the Plutonium Finishing Plant and 2) aqueous and
organic wastes from the Plutonium Reclamation Facility. The early discharged process waste and analyti-
cal and laboratory waste were dilute, basic, aqueous solutions, whereas the wastes from the Plutonium
Reclamation Facility were acidic, concentrated solutions of nitrates with a pH of 1.0. Periodic small
batches of organic wastes containing carbon tetrachloride and tributylphosphate were also disposed to the
tile field (Price et al. 1979).

33.2 216-Z-9 Trench
Construction details for the 216-Z-9 trench are shown in Figure 3.6. The trench is located ~213 m

east of the 234-5Z Building and 152 m south of 19th Street in the 200 West Area (see Figure 3.4). The
trench consists of a 6.4-m-deep excavation with a 36.6- by 22.5-m concrete cover over what was an active
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Table 3.2. Waste Inventories for the Monitored Facilities® (from DOE 1992)

216-Z-1A Tile Field 216-Z-9 Trench |  216-Z-12 Crib
Pu (gm) 57,000 48,000 25,000
28y 0.000037 0.000017
Pics 0.16 0.052 0.053
1%Ru 0.0000052 0.000000019 0.00000093
¥Sr . 0.15 - 0.049 0.051
%Co 0.00395 0.00515
*Am 3,432 8,580

py 137 2.19 1.43
240py 37 590 386
CCl, 268,000 131,140 to 471,000

Tributylphosphate 30,000 ’

DBBP 20,300

Nitrate 3,000 500,000 900,000
Sodium 900 ‘ 200,000 600,000
Fluoride 900 300,000
Ca(NOs), . 130,000

Mg(NO,), 180,000

Nitric acid 39,000

AIF(NO3), 210,000
.AI(NOs), 190,000

Fe(NOs); 40,000

Sulfate 10,000

(a) All radionuclide quantities are reported in curies unless otherwise noted. Curies are decayed

through 1989. Chemical quantities are reported in kilograms unless otherwise noted.

floor area of 9.1 by 18.3 m (Ridgway et al. 1971). The 23-cm-thick concrete slab cover is suppborted by
6 concrete columns. The trench remains an open excavation beneath the slab.

The trench operated from July 1955 to June 1962, receiving solvent and aqueous wastes from the
RECUPLEX facility in the 234-5Z Building. The trench reportedly received 4,040,000 L of acidic,
aqueous, and organic liquid waste from the RECUPLEX facility. In 1973, it was decided to remove
plutonium from the trench so as to reduce the risk of environmental contamination and reduce the
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Figure 3.6. Construction Details for the 216-Z-9 Trench (after Ridgway et al. 1971)

criticality potential. Between August 1976 and January 1977, the top 30 cm of soil, containing an esti-
mated 58 kg of plutonium, were removed with remote mechanical equipment (Rohay et al. 1994, DOE
1992). , '

. The trench essentially received the same type of waste as the 216-Z-1A tile field: high salt, acidic,
aqueous, and organic liquid waste. Kasper (1982) describes the waste as SM to 6M, acidic (pH ~1.0),
sodium nitrate solution. Organic liquids consisted of carbon tetrachloride (CCly), tributylphosphate, and
dibutylbutylphosphonate (DBBP) as both saturation amounts in the aqueous phase and as separately
discharged nonaqueous batches.




333 216-Z-12 Crib

The 216-Z-12 crib is ~122 m southwest of the 234-5Z Building in the 200 West Area (see Fig-
ure 3.4). It was constructed in 1958 to replace the 216-Z-3 crib. Having a surface dimension of 25 by
110 m, the crib was excavated to 6.1 m deep. The crib has inward sloping sides, resulting in a 6.1- by
91.4-m floor dimension (Kasper 1982). The bottom of the crib was covered with 0.6 to 1.2 m (inconsis-
tent information in the literature) of clean gravel. A single, 30-cm-dia., vitreous clay, distribution pipe
was placed on the gravel layer with no slope. Forty centimeters of gravel were laid over the pipe,
followed by a 0.05-cm polyethylene sheet. The excavation was backfilled to grade (Kasper 1982).
Figure 3.7 shows the crib construction details.

The crib was active between 1959 and 1975 and received ~2,810,000 L of process waste and analyt-
ical and development laboratory waste from the 234-5Z Building via the 241-Z-361 settling tank. In
1987, a portion of the crib was used as a demonstration for large-scale in situ vitrification. It was noted in
J. L. Buelt’s unpublished letter report that the test resulted in vitrification of the upper 5 m of the crib and,
therefore, did not encompass most of the contamination.

Wastes disposed to this crib differed from those sent to the 216-Z-1A and 216-Z-9 facilities; low salt,
aqueous phases that were typically dilute (~0.15M), adjusted to be slightly basic (pH ~8), sodium,
fluoride, and nitrate solutions (Kasper 1982). Also, the plutonium finishing process did not use organic
extraction so that the large amounts of organic-radionuclide complexes disposed to the 216-Z-1A and
216-Z-9 facilities were not disposed to the crib. Kasper (1982) stated that the crib did receive minor
amounts of CCl, as part of laboratory waste. Indeed, there is sufficient CCl, associated with the crib to
include it in the CCl, soil vapor extraction project.
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4.0 Methods

4.1 Boreholes

Forty-seven boreholes were screened to evaluate their use for spectral gamma-ray logging at the
- 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 contamination, 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, as-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 during 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 prior 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 replaced 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 Methods

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. The instrument was centered in the borehole by a centralizer if the borehole casing was
>4 in. in diameter. The data collection procedures are described in WMNW (1998).
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Figure 4.1. Borehole Locations at the 216-Z-1A Tile Field. Boreholes represented by solid
circles were logged in 1998 (after Price et al. 1979)
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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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Data were acquired with a 35% high-purity germanium (HPGe) detector. The detector was liquid
nitrogen cooled, and the gaseous nitrogen was vented through a tube in the logging cable. Signals from
the detector were amplified in the logging tool and transmitted by cable to the data acquisition computer
in the logging truck. A multichannel analyzer accepted signals from the detector within the energy range
0 to 3-MeV. Dead-time corrections adjusted counting times for losses in high count-rate conditions
(Koizumi et al. 1994).

Logging speeds were controlled by the data acquisition computer. An optimization of the time
required to collect log data versus the time required to achieve the best (lowest) minimum detection levels
was used for the boreholes deeper than 50 ft. Boreholes of 50 ft or less in total depth were logged at 6-in.
increments for 200 s per depth reading. Boreholes over 50 ft total depth were first logged at 6-in. incre-
ments for 47 s per depth reading. Full analysis of the first log data set was used to determine a re-log
section of most critical depths. The goal was to cover the deepest possible indications of a contaminant
with a longer sample time of 200 s/6-in. increment.

Data analysis methods have been described by Stromswold (1994a), who performed a technical
review of the software. Briefly, the analysis software reads the spectral data and analyzes the spectrum to
locate peak centroids, performs a background subtraction, determines a peak count rate, and calculates a
statistical uncertainty in the count rate. Absolute photo peak intensities are used to determine the calibra-
tion coefficients. In cases where daughter products are used to identify the parent, branching ratios are
applied to the calibration coefficient during the analysis process. Radionuclides are then identified based
on peak energy, and the peak areas are corrected for attenuation of gamma rays by steel casing (Koizumi
et al. 1991). Casing thicknesses were measured in the field by caliper. Finally, concentrations are calcu-
lated using peak areas and gamma-ray emission properties. For radionuclides with multiple peaks, the
“best result” was determined from the statistical uncertainty of each peak (Stromswold 1994a). In addi-
tion, all channels (energies) were summed to obtained a gross gamma-ray spectrum.

4.2.1 System Calibration

The collection of the spectral data required the calibration of the instrumentation. Two calibrations
are applicable: 1) a depth calibration of the cable and cable hoist system and 2) a calibration of the
detector and associated electronics.

Depth calibration of the logging system cable hoist was performed by the equipment manufacturer
(Greenspan, Inc., Houston, Texas) as part of the system assembly and checkout. The depth encoding
sheave wheel generates 2,500 pulses per revolution and has a 14-in. dia. This results in a depth precision
of 0.0073 ft per pulse (Section 17.0, Attachment B in WMNW 1998). The accuracy is a function of the
weight of the logging probe, the amount of cable in the borehole, and the logging medium (air or water).
A depth recalibration is required after system components are subjected to major repairs or alterations.
The depth calibration in effect at the time of this logging was performed by Three Rivers Scientific,
West Richland, Washington, in March 1998. The depth variance at that time was 0.6-in. root mean
square error over 250 ft down and back to surface for an air-filled borehole.

4.7




Calibration of the HPGe logging system is required once each year. The calibration in effect at the
time these data were taken was done in September 1997. Calibration measurements are made in the cali-
bration facilities at the Hanford Site. The Hanford Site calibration models were built and assayed by the
U.S. Department of Energy’s Grand Junction Projects Office (Heistand and Novak 1984) and are trace-
able to the gamma-ray counting standards certified by the U.S. Department of Energy’s New Brunswick
Laboratory, Argonne, Illinois. The calibration standards and their construction are described by
Stromswold (1994b). The analysis of the calibration data and the resulting calibration factors are
described by Randall (1994).

4.2.2 Pre-Log and Post-Log Energy Calibration/Verification

Energy calibration was performed on location at the borehole site just prior to log data collection.
The linear energy conversion from channels was established using two characteristic gamma rays from a
22Th source, placed directly over the detector section of the logging instrument. The measurement was
made with either a Coleman® mantle assembly or a potassium-uranium-thorium unit from Amersham
International PLC (Amersham, United Kingdom).

An instrument verification was also performed prior to and after each logging event. Because there is
no photo peak interference at the 583-keV gamma ray from the >**Th source, that photo peak was used to
perform both the pre-log and post-log instrument verification. The instrument verification was estab-
lished by measurement of the full width at half maximum of this characteristic gamma ray emitted from
the 2’Th and observed in the collected spectra. The same spectra collected to perform the photo peak
energy calibration was used to analyze the full width at half maximum of the 583-keV photo peak. The

-acceptance criteria for the pre- and post-logging energy resolution as determined by the full width at half

maximum was 1.5 times the value established during maintenance (3 keV) (Section 17.0, Attachment D
in WMNW 1998). For all logging passes, the pre- and post-logging instrument verification was within
specifications.

4.2.3 Repeat Logs

A quality assurance/quality control requirement for spectral gamma-ray logging is collection of a
repeat log section. The logging procedures dictate that the repeat log interval shall be 10 ft or 10% of
total borehole depth, whichever is smaller. The repeat log was collected after the borehole was logged
over the entire depth open to the instrument. A gross gamma-ray calculation was generated for the main
pass log data and, from this signature, the repeat depth interval was selected. The goal was to repeat the
deepest section of contamination. Good agreement was obtained between the main log and the repeat log
in every case.

Deviations in the log data, the main log, and repeat log (and the re-log sections when applicable) were
within standard statistical limits except for uranium and gross gamma in boreholes where radon pumping
was observed (Section 4.3, item 4). Each analysis package for each borehole contained plots of the repeat
sections, with the statistical error displayed as error bars. Those plots are included in the Appendix.
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4.3 Data 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 stratigraphy
(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. Logging data were corrected to surface elevation before making any comparisons. In several
cases, discrepancies in top-of-casing elevation exist. In addition, modifications such as shortening the top
of the casing have been made to some of the boreholes since they were drilled. Also, the surface of the
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. Interpretations 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 — To 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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. Gross gamma-ray comparisons — Different amounts of radon from atmospheric pumping occur during
different days of log data collection. The changes in radon levels within the borehole cause the gross
gamma-ray count rate to change. This occurred during collection of some of the 1998 log data
between the time the main log and the re-log were acquired, as well as between the 1993 and 1998 -
data acquisition.

. Statistical precision — Apparent but not real changes in radionuclide abundances are possible for very
low gamma-ray intensities because of the statistical precision of both the current and past log data
sets.

. Depth coefficients — Different logging units can have slight systematic errors in absolute depth. At
extended depth intervals, the systematic depth errors can be significant. A depth stretch, or shrinkage,
can be used to correct for this type of difference and make log-to-log comparisons. Given that possi-
ble depth changes in a contaminant can also be viewed as a depth stretch, no such corrections were
applied during analysis.

. Natural decay — Any given radionuclide has an inherent decay with a specific decay rate. '*’Cs is the
only radionuclide detected during 1998 logging that has any significant change in activity because of
natural decay since previous log data were collected.

. Depth sampling — Different sample points for different logging runs can result in apparent but not
real differences in observed maximum readings from thin zones or highly structured beds. Grade-
thickness products were used for thin zones to eliminate the effect of different sampling points for
different log runs.

. Photo peak interference — The interference of multiple photo peaks in the near (energy) vicinity of a
photo peak of interest can be stripped from the spectra with suitable peak area computations. This

correction for interference was not made for the current work.

There also are several issues to consider when comparing log data thh data from laboratory-analyzed

core samples.

1. The volume of a core sample is typically 100 to 200 times less than the volume investigated by the

logging system. Heterogeneity of contaminant distribution over the representative volume plays a
large role in the resulits.

. Vertical depth accuracy and vertical resolution can be widely different in logging and coring opera-

tions. Log-depth control is generally very accurate, but operations and equipment can have consistent
errors.

. Contaminants confined to thin intervals may be completely missed during core or chip sampling.
Logging data will average the thin interval with the bounding units.
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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-1A Tile 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.

3Cs, 2*Pa, 2°Pu, and **' 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 2**Pu, and 900 nCi/g for
1 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®®*T1 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, *’Pu, and
1 Am were identified between ~4 and 22 ft. Maximum values were between 10 and 11 ft and were

36 pCi/g for 2*Pa, 19,000 nCi/g for 2Pu, and 1,800 nCi/g for *!Am. "*’Cs was not reported, but was
present as determined by reprocessing of the data. 2°*Tl, 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 B7Cs, 16% increase
in 2*Pa, 11% decrease in ***Pu, and 17% decrease in *’ Am. For all the radionuclides, the shape of the
depth profiles over this interval appears the same in 1998 as in 1993, given the systematic changes in
apparent concentrations. This leads to the most likely conclusion that the observed changes are due to
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 *°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 ****°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 #3pa at 45 ft (4 pCi/g) and at 58 ft
(11 pCi/g). *®Tl was identified at 53 ft, where it is not in secular equilibrium with other daughter
products of B2Th. 1f the 2Tl is due to waste input of B2Th into the tile field, then it has been differen-
tiated from **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.




1¥7Cs occurs between 9 and 58 ft, with a maximum activity of 23 pCi/g at 11 ft. »*3Pa was found
between 11 and 53 ft, with a maximum activity of 63 pCi/g at 52.5 ft. 2*’Pu was identified between 5 and
63 ft, with a maximum activity of 25,000 nCi/g at 11 ft and a second but lesser maximum of 3,683 nCi/g
at 43 ft. 2'Am also showed two maxima: one at 13 ft (2,500 nCi/g) and the second at 43 ft (1,293 nCi/g).
The system dead-time limits were exceeded between 10 and 15.5 ft, so that activities will be higher than
reported in this interval. In addition to these man-made radionuclides, 2871 was found between 9 and
65 ft in concentrations that are not in secular equilibrium with other daughter products of *2Th. 2°*TI
exhibits two maxima: one at 28 ft and the second at 46 ft.

Most of the radionuclides identified in this borehole show two maxima: one at the base of the tile
field at ~11 ft and the other at ~45 ft. The deeper maximum occurs at a depth approximately equivalent to
a gradual transition from coarse sand to underlying fine to medium sand (geology from Price et al. 1979).

This borehole was last logged by spectral gamma-ray tools in 1991, at which time only '*’Cs and
"2Eu were reported. However, reprocessing of the 1991 spectra shows that *’Cs, 2*Pa, 2Py, and **'Am
isotopes were present but not reported.

Any comparisons of the 1991 and 1998 log data must exclude the interval from 5 to 14 ft because
high count rates exceed the dead-time accuracy in this interval for both data sets. The comparison of the
log data sets over other depth intervals shows changes in **Pa activity over the interval 44 to 49 ft, where
the activity has decreased to one-third the 1991 levels (Figure 5.2). There is no apparent change in **Pa
activity above and below 45 to 50 ft, suggesting that the change is lateral and not vertical movement of
3pa.

There also appears to be a change in the '*'Cs activity in this borehole (see Figure 5.2). '*'Cs must be
corrected for natural decay, and the "*’Cs activity in the older log data was reduced 16% to make a quan-
titative comparison. As can be seen from the log comparison for 37Cs over the 17- to 42-ft interval, there
is no noticeable difference between the 1991 and 1998 data. However, from 43 to 53 ft, there has been a
factor of 3 increase in the summed concentration.

There is no consistent scaling factor that can be applied to the 1998 2’Pu data to match the 1991
distribution. Thus, there is an apparent 7% decrease in *’Pu over the interval from 17 to 28 ft and no
noticeable change in the interval from 28 to 44 ft. No clear conclusion regarding changes in the depth
profile of **'Am can be made because of statistical precision and photo peak interference. -

This borehole was logged in 1993 by prompt fission neutron methods and the results are given in a
U.S. Department of Energy Grand Junction Projects Office unpublished report. That logging showed that
maximum ***Pu activity was ~80,000 nCi/g at slightly less than 10 ft, the activity decreased and leveled
out to ~1,000 nCi/g between 18 and 25 ft, then dropped to ~50 nCi/g before peaking again at 45 ft with
~1,000 nCi/g. This borehole was also logged by prompt fission neutron methods in 1978 and again in
1984. It was concluded in the report that there had been no movement of plutonium at this borehole
between 1978 and 1993.
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Figure 5.2. Comparison of "*’Cs and 2*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 239.240py; intermittently throughout
the entire borehole, with a maximum of 1,260 nCi/g at 21 ft. **' 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,
which is 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
B9py 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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- 5.1.4 Borehole 299-W18-167

This borehole is at the end of the third diagonal on the east side of the tile field. An inspection of the

~ borehole in 1991 was unable to determine the elevation of the survey marker because the borehole had

been recapped.

23pa (19 pCi/g), *°Pu (19 nCi/g), and **' Am (128 nCi/g) were identified in a thin zone at 55 ft in this
borehole (Figure 5.3). The driller’s log notes that the sand layer at this depth was moist during drilling in

19717. :

This borehole has not been logged previously, but Price et al. (1979) sampled the sediment during
drilling and found 2*?**Py (879 nCi/g) and ' Am (415 nCi/g) in one sample (with activities above their
one sigma uncertainties) at 55 ft. The combined results of the Price et al. (1979) and the current logging
suggest no movement of plutonium or americium since 1978.

5.1.5 Borehole 299-W18-168
This borehole is located at the end of the fifth diagonél on the east side of the tile field.

Four man-made radionuclides were identified between 47.5 and 64 ft. The radionuclides and their
maximum activities are the following: *’Cs (<1 pCi/g between 51 and 66 ft), #3pa (15 pCi/g at 49 ft),
239py (below minimum detection limit between 52 and 64 ft), and **' Am (70 nCi/g at 49 ft). In addition,
2871 was identified between 48 and 62 ft.

This borehole has not been-logged previously with high-resolution instrumentation, but Price et al.
(1979) found one sample with ****°Pu at 58 ft, with a maximum activity of 136 nCi/g, and *' Am
between 48 and 64 ft, with a maximum activity of 194 nCi/g.

5.1.6 Borehole 299-W18-169
This borehole is on the east side of the tile field at the end of the last diagonal.

No 'YCs was noted as a result of the 1998 logging. ***Pa was the only radionuclide identified in this
borehole and was found at 35.5 ft, with an activity of 1.3 pCi/g. The borehole was last logged in 1993, at
which time *’Cs was the only man-made radionuclide reported (0.3 pCi/g) and was present in the backfill
material between 1.5 and 2 ft.

The 1993 log data were reprocessed and **Pa was identified. No observable changes, outside of
statistical precision between 1993 and 1998, exist in the 2*Pa distribution. Also, a comparison of the
1993 to the 1998 data shows a radon pumping that appears to increase from the start of the 1998 log data
acquisition until approximately the mid point of data collection and then slowly decreases for the remain-
der of the log data collection.

Price et al. (1979) found *****Py at ~4.9 nCi/g between 36 and 37 ft during drilling of this borehole.
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5.1.7 Borechole 299-W18-173

This borehole is located half way between the central distributor pipe and the end of the first diagonal
on the east side of the tile field.

B7Cs was found at <1 pCi/g between 1 and 4.5, 13 and 14, and 27 and 40 ft. 233pa was identified in
two zones: one at 11 to 23 ft and the other at 25 to 42 ft, with a maximum of 7 pCi/g at 28.5 ft. **°Pu and
21 Am were found in three zones between 11.5 and 16, 28 and 30, and 40 and 42 ft. The maximum **°Pu
value is just below the base of the tile field at 13 ft (34 nCi/g); the maximum 2*' Am value is at 28.5 ft
(80 nCi/g).

The borehole was last logged in 1993, at which time ***Pa was found between 12 and 21 ft and
between 25.5 and 43 ft, with a maximum activity of 7.3 pCi/g at 43 ft. **Pu existed between 13 and 15
and 28 and 28.5 ft, with a maximum of 58.9 nCi/g at 13 ft. 21 Am was identified at 13 ft and intermit-
tently between 27.5 and 40.5 ft, with a maximum of 50 nCi/g at 33.5 ft. The distribution and activity of
" the identified cesium, plutonium, and americium isotopes are comparable in the 1993 and 1998 data,
given the statistical precision of both data sets. However, >*Pa shows a consistent 18% decrease at all
depths. Given the similar shapes of the 1993 and 1998 depth profiles, the associated statistical precisions,
and the consistent change over all depths, the apparent change in ’Pa activity is most likely due to cali-
bration or correction errors and not to a change in actual activity. However, horizontal spreading away
from the borehole cannot be ruled out.

Price et al. (1979) found ****°Pu at levels above their minimum detection limits at 16 ft (2.4 nCi/g),
46 ft (50 nCi/g), and 51 ft (5.3 nCi/g). The maximum **' Am activity was 210 nCi/g at 34 and 46 ft.

5.1.8 Borehole 299-W18-175

This borehole is located at the junction of the sixth diagonal with the center distributor pipe. This is
at the discharge point for section “c” of the tile field.

The system dead-time limits were exceeded between 10.5 and 13.5 and 17 and 19.5 ft in this bore-
hole. *'Cs was identified in three zones: 9 to 64, 75 to 77, and 90 to 96 ft. The maximum (8 pCi/g)
occurs in the upper zone beneath the base of the tile field at 12 ft. The lower zones coincide with silt
units. ***Pa was found in two zones: 10 to 67 and 72 to 97 ft. The maximum activity was 24 pCi/g at
12.5 ft, corresponding to the base of the tile field. Five other maxima occur at depth and correspond to
thin silt beds bounded by sand beds (Figure 5.4). ***Pu was identified between 10 and 67 and 72 and
97 ft, with a maximum of 6,600 nCi/g at 12.5 ft. As with the distribution of ***Pa, the Z**Pu distribution
may correspond to thin silt units within the sand beds. ' Am was found between 10 and 64, 75 and 77,
and 92 and 95 ft. The maximum value was 800 nCi/g at 14 ft. In addition, **TI was found between 6 and
60 ft, where it is not in secular equilibrium with the other daughter products of *2Th.

Comparison of the 1993 and 1998 log data lead to several observations. First, the gross gamma-ray

response in 1998 shows a dramatic increase over that of the 1993 spectra in a thin zone at 41 ft. The
photo peaks used to identify radionuclides cannot account for the observed increase. The photo peak used
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for the quantification of > Am is the 208-keV gamma ray, and there is no noticeable change in this photo
peak from 1993 to 1998. However, there is a dramatic increase in the ** Am 60-keV photo peak between
1993 and 1998. One possible explanation is a change in casing thickness (corrosion?) between 1993 and
1998 that attenuates the lower energy photons less in 1998 than in 1993. Alternatively, a small amount of
! Am may be on the inside of the casing at this depth.

137Cs, #°Pu, and **' Am (using the 208-keV photo peak) show an apparent and consistent 10% decrease
throughout the entire depth of the borehole. The consistency of this change suggests a calibration or
correction error and not a real change in activities.

Finally, a change in 2*Pa activity at specific depth intervals is observed (Figure 5.5). From 20 to
53 ft, 2*Pa increases 51% over the 1993 log results, but shows no change from 53 to 57 ft. Also, there is
a significant decrease in 2*Pa for the thin zone at 58 ft and a 22% increase in **’Pa at the zone from 93 to
97 ft. The conclusion is that the distribution of *’Pa activity has changed since 1993.

This borehole was also logged by prompt fission neutron methods in 1993 for the U.S. Department of
Energy’s Grand Junction Projects Office. Those results and the results of 1978 and 1984 prompt fission
neutron logs from the same borehole lead to the conclusion that there was no change in the distribution of
#*Pu between 1978 and 1993.

Price et al. (1979) identified 29.29py; between 17 and 29, 37 and 64, at 77, and at 95 ft. They also
identified >’ Am from 17 ft to the bottom of the borehole.

5.2 216-Z-9 Trench

Four boreholes were logged around this trench: 299-W15-82, 299-W15-84, 299-W-15-85, and
299-W15-95. The only man-made radionuclide identified was '*’Cs in borehole 299-W15-95. The *'Cs
was identified at the surface and at an activity of <1 pCi/g. Borehole 299-W15-84 was logged by spectral
gamma-ray methods in 1992. No man-made radionuclides were identified as a result of that logging.
Fecht et al. (1977) found gamma activity in two boreholes (299-W15-8 and 299-W15-86) at 50 and
125 ft, but found near-background levels in boreholes 299-W15-82, 299-W15-84, and 299-W15-85.

They did not log borehole 299-W15-95.

5.3 216-Z-12 Crib
5.3.1 Borehole 299-W18-08

This borehole is located ~33 m south of the head end of the crib, near the center of the crib, and

adjacent to the 1968 distribution pipe. The borehole was drilled in 1966 to a depth of 212 ft but is only
open to 48.5 ft today.
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Figure 5.5. Comparison of 23pa Activity Versus Depth from 1998 and 1993 Log Data
in Borehole 299-W18-175

23pa and ™Pu were identified from the gamma-ray log. 2**Pa occurs between 24 and 36 ft, with a
maximum activity of 57 pCi/g at 24.5 ft, and 2*Pu occurs between 24 and 28 ft, with a maximum of
- 58 nCi/g at 24.5 ft. This borehole was last logged in 1993. Only **Pa was reported at that time. Reproc-

essing of the raw spectral data from 1993 showed that 2**Pu was present but not reported. There is an
apparent 5% increase in 23pa since 1993, but the activity-versus-depth profiles are the same. This indi-
cates that a scale factor change has resulted from calibration or from environmental correction differ-
ences between the 1993 and 1998 systems, and thus, no real change in the activity of *’Pa exists. Poor
statistical precision associated with the 1993 *°Pu log data prohibits comparisons for that radionuclide.
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An increase in the gross gamma-ray intensity over what is normally found in Hanford Site soils at
24 ft was noted in both the 1998 and 1993 logs. The increase is attributed to 2871 a daughter of natural
22Th. The ***Tl is not in secular equilibrium with the other radionuclides in the **Th decay chain.

532 Borehole 299-W18-152

This borehole is located just west of the crib approximately one-quarter the way down the length of
the crib. .

23pa between 22 and 27 ft was the only man-made radionuclide identified. The maximum value was
16 pCi/g at 23.75 ft. The borehole was previously logged in 1993, at which time **Pa was identified at
the same depth interval (22.5 to 26.5 ft) and with the same maximum activity (17 pCi/g at 23.5 ft). Thus,
there has been no change in 2**Pa around this borehole in the last 5 years (Figure 5.6). The **Pa occurs in
a medium- to coarse-grained sand that the driller’s log noted in 1976 was moist from 22.5 to 29 ft.

Kasper (1982) reported analytical results from samplés obtained during the drilling of this borehole.
Two samples contained ~20 pCi/g 2**?**Pu (at 25 and 112 ft). He attributes the deep sample to some
anomalous concentration mechanism at depth. It is also possible that the deep contamination resulted
from borehole construction. One sample, from 25 ft, had > Am at ~4 pCi/g. All other samples were
© <1 pCi/g each of ****°Pu and *'Am.

5.3.3 Borehole 299-W18-153

This borehole is located just east of the crib approximately one-quarter the way down the length of
the crib.

#3Pa between 22 and 27 ft was the only man-made radionuclide identified. The maximum value was
27 pCi/g at 23.5 ft. The borehole was previously logged in 1993, at which time 2*Pa was identified from
22.5 to 28 ft, with an identical maximum activity of 27 pCi/g at 23.5 ft (see Figure 5.6). Thus, there has
been no major change in 2*Pa around this borehole in the last 5 years. As in borehole 299-W18-152, on
the opposite side of the crib, ’Pa occurs in a medium- to coarse-grained sand that is noted in the 1976
driller’s log as moist from 22.5 to 29 ft.

Kasper (1982) found 2*?**Py between 21 and 109 ft in this borehole. The maximum value was
120 pCi/g at 20.9 ft, diminishing quickly to 2 pCi/g at 25 ft and then <1 pCi/g to the bottom of the hole
(108 ft). He also found ' Am between 20 and 106 ft, with the maximum of 31 pCi/g at 20.9 ft.

5.3.4 Borehole 299-W18-156

This borehole is located ~15 m north of the crib and ~2 m west of the.diversion box. The base of the
diversion box is at 17 ft.
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Figure 5.6. Comparison of ***Pa Activity Versus Depth from 1993 and 1998 Log Data in
Boreholes 299-W18-152 and 299-W18-153

23pa was found in two zones: 110 2.5 and 17.5 to 23.5 ft, with a maximum activity of 10 pCi/g at the
deepest data point (23.5 ft). 2*Pu was found from 21 ft to the bottom of the hole. The maximum value
was 17.1 nCi/g at 22 ft.

The maximum ***Pa activity in this borehole is at the same depth as in boreholes 299-W18-08,
299-W18-152, and 299-W18-153. Also, in the latter boreholes, 2*>Pa occurs to depths deeper than the
total depth of this borehole, indicating that **Pa may exist deeper at this location. There is no record of
this borehole having ever been logged. However, contamination (500 disintegrations/min) was encoun-

tered during drilling in 1976 at 17.5 to 18 ft.




5.3.5 Borehole 299-W18-179

This borehole is located at the head end of the crib on centerline. The borehole was drilled through
the base of the backfill material (~17 ft) but is north of the perforations in the distributor pipe.

Several man-made radionuclides were found in this borehole. Detector dead time was exceeded
between 18.5 and 19.5 ft, so that activities in this interval are higher than reported. '*’Cs was found
between 14.5 and 19 ft, with a maximum activity of 900 pCi/g at 16.5 ft. **Pa and **°Pu exist at 21.5 and
at 16.5 ft, with maximum activities of 36 pCi/g and 700 nCi/g, respectively, at 16.5 ft. **’ Am was identi-
fied but could not be quantified because of interference from '*’Cs. 2Tl is observed to be elevated over
normal Hanford Site levels and not in secular equilibrium with other daughter products of *Th. The
high 2Tl is located at 17 to 21 ft; the bottom of the crib is at ~17 ft.

This borehole was last logged in 1993. The zone between 16 to 18 ft exceeds the dead-time correc-
tion accuracy limits for both the 1993 and 1998 log data sets. This affects any comparison of logging
results over this depth interval; however, the differences are opposite the effects of dead time for the two
systems. '*’Cs shows an apparent 13% decrease for this zone between 15 to 18 ft, after natural decay
correction. 2**Pa has an apparent 16% increase over the 1993 log results. “’Pu shows an apparent 123%
increase over the 1993 log results (Figure 5.7). The electronic processing system used in the 1993 log
data collection would overestimate the concentrations in this high-count-rate zone. The upgraded
electronics used in the collection of the 1998 log data underestimate the concentrations in this zone.
Because of the protactinium and plutonium increase in opposition to the dead-time effects, the conclusion
is that a significant increase in the activity of these radionuclides has occurred over the past 5 years.

In 1982, Kasper found a maximum of 1,000 nCi/g 23524%py; and 400 nCi/g “Amat 17 ft.

5.3.6 Borehole 299-W18-181

This borehole is located approximately one-fourth the way down the crib along centerline.

Several man-made radionuclides were identified in this borehole. '*’Cs was identified between 16
and 34 ft, with a maximum activity of 125 pCi/g at 19 ft. ***Pa was found between 18.5 and 33 ft, with a
maximum activity of 85 pCi/g at 20 ft. 2**Pu was identified between 18.5 and 33.5 ft, with a maximum
activity of 3,000 nCi/g also at 20 ft. **' Am was found between 19 and 32 ft, with a maximum activity of
470 nCi/g at 20 ft, but interference from other radionuclides makes quantification questionable. Finally,
2%*T1 between 18 and 23 ft is observed to be elevated over normal Hanford Site levels and not in secular
equilibrium with other daughter products of **Th.

Many of the same photo peaks that appeared in the log data from borehole 299-W18-149 at the
216-Z-1A tile field also appear in the spectra from this borehole. However, the definitive presence of the
hydrogen capture photo peak at 2.2 MeV is not prevalent in these log data. Because the photo peaks are
the same, it can be stated that neutron and fission events are present in the subsurface at this borehole.
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This borehole was last logged in 1993. The current logging results agree with the 1993 results, indi-
cating no changes in '*’Cs, 2**Pa, *°Pu, 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 ft, with a maximum of 168 pCi/g at 18.5 ft; **Pa
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 XAm present between 18.5 and 32.5 ft, with a maximum of
377 nCi/g at 20 fi.
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T Figure 5.9. Comparison of 2%py-and ' Am Activities Versus Depth from 1993 and 1998 Log and
Laboratory Data in Borehole 299-W18-181 (laboratory data from Kasper 1982)




Kasper (1982) found activities of 2**?**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 base of the sand unit.
Kasper found 2*?*°Pu and 2*' Am in two deeper 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 crib on
centerline.

137¢s, 23pa, 2Py, 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; >**Pa was found between 19 and

30.5 ft, with a maximum of 30 pCi/g at 20 ft; 29py was found between 18.5 and 29.5 ft, with a maximum

of 1,100 nCi/g at 19.5 ft; and 241 Am was found between 19 and 22.5 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 the crib bottom (~20 ft)

(Figures 5.10 and 5.11).

This borehole was logged in 1993 by the U.S. Department of Energy’s Grand Junction 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 ft.

Kasper (1982) found 2*?*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-W18-183

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

7Cs 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 ****Pu and **' Am in several samples from throughout the depth of the borehole
gnlxt all activities were <0.5 pCi/g, except at 25 ft where activities were 8.29 pCi/g 2***Pu and 1.3 pCi/g
“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; ***Pa was found between 18.5 and 26 ft, 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 *’Cs 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, 2871 was
found at 21.5 ft that is not in secular equilibrium with the parent 2*Th.

The borehole was last logged in 1993. At that time, '*’Cs 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; 2’Pu was identified between 18.5 and 23.5 ft, 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 fi. Based on the 1993 data
and the most current logging information, there do not appear 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 ****°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 contamination higher 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 Distribution

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),
23pa decreased by approximately one-third of its activity noted in 1991 between 45 and 50 ft, and 2*Pu
decreased by 7% from 17 to 30 ft.

Borehole 299-W18-175 showed a decrease of 7% in 2>*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 2*Pa and a 123% increase in 2*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 Comparison of Borehole Spectral Gamma-Ray Logs and Laboratory
Data

It was initially thought that the laboratory analyses reported by Price 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 distribution 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 distributions 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 most 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 closer than in Figure 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 Contaminant Distribution

Price et 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 americium was just
‘beneath the center distribution pipe of the 216-Z-1A tile field and that, with the exception of isolated silt -
lenses, 2*?**Pu concentrations >1,000 nCi/g were not found below ~2 m beneath the facility. 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 al. (1979)
‘and Kasper (1982). In several boreholes, relationships between the occurrence of contaminants and
lithology can be noted. In several boreholes, however, no definite relationships were 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 *Ppa as Surrogate for 237Np *'Am)

pa, 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. 2>*Th is one parent of 2*Pa, but because the ***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 2"Np. Because the direct gamma ray
measured is the >**Pa, this is the activity presented in the log plots; however, in those boreholes, this
represents the activity of 2’Np. This is an important point in terms of the potential for contaminant
migration in the vadose zone, because the geochemistry of *’Np may be a determining factor for the
occurrence of *Pa. The daughter product of **Pa is *U, with a half-life of 27 days, and the daughter of
23U is °Th, with a half-life of 160,000 years. Basically, *Th is increasing 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 *Th is very low due to its long half-life. Further, *Th is highly retarded under
most environmental conditions.

The parent isotope for 237Np is 2! 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. ***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 2%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 2*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). During that campaign,
194 t of thorium oxide were processed (ISO 1967). As part of the process of purifying natural 2Th for
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reactor-grade thorium, all members of the 22Th decay chain (except *Th) were removed (Hughey 1966).
As a consequence, the daughters of 2*>Th were enriched relative to the 22Th in the process waste.

25T} is a daughter product of naturally occurring *2Th. *®T1, in excess of what is expected from
secular equilibrium with natural thorium, was found associated with 5 of the 8 boreholes logged at the
216-Z-1A tile field and with 5 of 9 boreholes logged at the 216-Z-12 crib. No documentation was found
that cited the fate of the wastes from purification of either the thorium oxide or **U. The 1998 logging
results suggest, however, that some of the process waste may have been disposed to the tile field and the
crib.

6.6 Gross Gamma and Radon

Atmospheric pumping of radon gas, a daughter product of naturally occurring uranium, occurred in
several of the boreholes, resulting in systematic changes in the levels of radon gas inside or just outside
the casing. This caused the observed uranium concentrations to change when compared to the previous
logging results. Also, a significant time lapse between the main pass and the repeat pass can cause
apparent differences in uranium content during a single logging event.

Data for borehole 299-W18-169 exhibit this phenomenon clearly (Figure 6.1). The comparison of the
1998 and 1993 data shows excellent agreement for the natural *°K, which is not influenced by radon
pumping, but very large deviations for the uranium. Figure 6.1 shows that, as the 1998 logging
proceeded, the effect of radon pumping increased until logging reached ~70 ft. At that time, the radon
content began to decrease until the last operation of the repeat log when the apparent uranium concentra-
tion is midway between the 1993 and first-pass 1998 results. Note that the repeat section is plotted also
for potassium, but since the repeat log is within statistical precision, it is difficult to see in the overlapping
responses. As a consequence of the apparent levels of uranium changing in the detection volume
surrounding the logging instrument, the gross gamma-ray count rate also changes. Therefore, the gross
gamma-ray spectra from the main pass and from the repeat pass deviate more than statistical precision.

6.7 Neutron Flux

The presence of transuranics around some of the boreholes causes fission processes that, in turn,
produce a neutron flux. However, the high degree of visibility of these processes found in the gamma-ray
spectra from some boreholes was not expected.

After searching libraries for common contaminants encountered at the Hanford Site, it was discovered
that several boreholes contained many unidentified gamma-ray emitters. Also, neutron flux was observed -
by indirect means in data from borehole 299-W18-149, where the 2.22-MeV gamma ray from thermal
neutron capture with hydrogen was measured. The borehole is cased with polyvinyl chloride, which not
only contains hydrogen but also chlorine, and the neutron capture gamma rays at 1,959, 1,951, 1,165, and
788 keV of chlorine are visible in the spectra at the highest gross gamma-ray response at 12 ft. Note
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Figure 6.1. Comparison of Gross Gamma-Ray Plots from 1998 and 1993, Illustrating Radon
Pumping in Borehole 299-W18-169

that the prominent 6,111-keV chlorine gamma ray was not observed because it is outside the data-
collection range of 0 to 3,000 keV. Likewise, because there is no iron casmg in this borehole, the iron
. capture gamma rays were not observed.

- Borehole 299-W18-159 also exhibited a characteristic indicative of neutron flux but with differences

from the spectra obtained from borehole 299-W18-149. An unusually high Compton background above
the 2,614-keV peak of thorium was most likely from capture gamma rays above 2,614 keV. The
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hydrogen capture was visible in spectra from borehole 299-W18-159 but not as significant as it was in
borehole 299-W18-149. This is to be expected, however, because there is no polyvinyl chloride in

borehole 299-W18-159. Many other gamma rays were observed in some intervals from several bore-
holes, typically when the transuranics were >20 to 50 nCi/g.
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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 radioactive
contamination in the Hanford Site vadose zone. '

137Cs, *°Pa, #*°Pu, 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-W18-159 at the tile field, where
17Cs was 23 pCi/g, 2°Pa was 63 pCi/g, “’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 <1 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. 2**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 **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.

7| 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 was
completed by Three Rivers Scientific according to procedures in WMNW (1998b). None of the depths
noted on the plots in this appendix are corrected for casing stickup.
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RLS Spectral Gamma Ray Borehole Survéy |
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W15-82
Log Type:  HPGe Spectral Gamma Ray

Borehole Information
Well ID NONE Water Depth  No Data Total Depth 101 _ft
Elevation Reference No Data Elevation NoData ft
Depth Reference  Top of Casing Casing Stickup 2.33 ft
Casing Diameter 8 inID Depth Interval 0to 101 ft Thickness 028 in
Casing Diameter __in Depth Interval ft Thickness in
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Projectt  Z Crib Geophysics ~  Log Date: Apr. 6 & 8, 1998
Borehole: 299-W15-82 Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing -
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RLS Spectral Gamnia Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W15-82

Log Type: HPGe 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 mantle. The
maximum FWHM for the 583 keV gamma ray photo peak for both survey dates was 2.72 keV. The maximum
acceptable FWHM resolution is 3.10 keV for prqbe 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.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W15-84

Log Type:  HPGe Spectral Gamma Ray

Borehole Information

Well ID A7384 Water Depth No Data Total Depth 110 ft
Elevation Reference No Data Elevation - NoData ft

Depth Reference  Top of Casing  Casing Stickup 1.28 ft :
Casing Diameter 8 inID Depth Interval 0to 110 ft Thickness 0.24 in
Casing Diameter __in _ Depth Interval ft Thickness in
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW -

Project: Z Crib Geophysics Log Date: Apr. 6 & 8, 1998
Borehole: 299-W15-84 Naturally Occurring Radionuclides
Total Gamma Potassium Uranium Thorium
cls pCi/g pCi/g pCilg
0 0 100 200 300 400 500 6000 102030 0 2 4 0 2 4
8 : : : : H . : : : o
[ ] S
10 4 = L Jei 1
| : =
20 Lo . -44 0 T
1 Re-Log 3 { ]
30 _]: (Mssgmofc:s) :_ a L) :_
: 40-41 ft : . : ]
o0 0 N
Main Log :
50 - ]: Repeat H . |
- 1 |455847 1 ]
= | : -
§eo - e 1
£ ] ]
570 -- S
Q - 1 ]
80 4 | L oF43 T
90 - N E
) 100 - b4 F
110 4 I -1 i 1§ r
120 - - - - - -
] i
]
130
_ Analysis by: Three Rivers Scientific
A7




RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Apr. 6 & 8, 1998
Borehole: 299-W15-84 Compare Main Log, Repeat, Re-Log
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics ' Well ID: 299-W15-84

Log Type: HPGe 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 mantle. The
maximum FWHM for the 583 keV gamma ray photo peak for both survey dates was 2.28 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates. .

Repeat Interval: The repeat interval, 45.5 to 54.7 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.

A9

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Header
Project: Z Crib Geophysics S Well: 299-W15-85
Log Type: HPGe Spectral Gamma Ray
Borehole Information
Well ID A7385 Water Depth  No Data Total Depth 106  fi
Elevation Reference No Data Elevation NoData _ft '
| Depth Reference  Top of Casing Casing Stickup 1.56 ft
Casing Diameter 8 inID Depth Interval 0to 106 ft Thickness _0.24 in
Casing Diameter  __in Depth Interval ft Thickness in

Logging informat:on
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Apr.3&7, 1998
Borehole: 299-W15-85 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium |
c/s pCilg pCilg pCilg
0 0 100 200 300 400 500 6000 102030 0 2 4 0 2 4

Depth (feet)

] L -
10 —£ | - -8+
: ] =
'20—-, . Ll ﬁ}—— ] ] -\—
b . ] P
30 - Re-Log L ] SR A
i (MSA 200s) : - P
[ 24-26 ft ] =
40 4 ﬁ2-4£5 ft. 1 | oy q_
‘ MainLog i
50 "{ : Repeat ﬂ — -ﬁ N
! 34.2-43.7 .
[ : ] -
60 - - - - - r
* f ]
70 4 - L L4 T
_ ] ]
80 - - - - - Is
o0 | o3 b rH T
100 4 S AN
w4 M T
R Y S I o B
! z : : : : ] o : -

130
Analysis by: Three Rivers Scientific

A.ll




RLS Spectral Gamma Ray Borehole Survey

Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Apr. 3 &7, 1998
Borehole: 299-W15-85 Compare Main Log, Repeat, Re-Log
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W15-85
Log Type: HPGe Spectral Gamma-Ray LogDates: = Apr. 3&7, 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 mantle. The
maximum FWHM for the 583 keV gamma ray photo peak for both survey dates was 2.23 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 34.2 to 43.7 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.

Radon Pumping: Low barometric pressure permits free radon-222 in the formation to vent up the borehole, creating
additional uranium gamma-ray daughters inside the casing that add to the logging signal. The high apparent uranium
concentrations during low barometric pressure vents will not agree with formation gamma ray activity when radon is not
venting up boreholes. The re-log of 4/7/1998 compared to the main log of 4/3/1998 demonstrates a small, but noticeable
difference in the uranium and subsequently a moderately poor gross gamma log repeat. :

Radionuclides:
No man-made radionuclides were detected.

A.l3
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RLS Spectral Gamma Ray Borehole Survey
- Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics | Well: 299-W15-95

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well ID A7394 Water Depth  None : Total Depth 101 fi
Elevation Reference Ground Level Elevation 663 ft
Depth Reference  Top of Casing Casing Stickup 2.62 ft
Casing Diameter 8_inID DepthInterval 0to 101 fi Thickness 0.26 _in
Casing Diameter __in Depth Interval ft Thickness in

A.l4



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 28 & Apr. 3, 1998
Borehole:  299-W15-95 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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Depth (feet)

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 28 & Apr. 3, 1998
Borehole: 299-W15-95 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCilg Pu-239 nCilg Cs-137 pCilg Am-241 nCi/g
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Depth

RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project:

Borehole: 299-W15-95

Z Crib Geophysics

Log Date: Mar. 28 & Apr. 3, 1998
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics - Well ID: 299-W15-95
Log Type: HPGe Spectral Gamma Ray Log Dates: Mar. 28 & Apr. 27, 1998
General Notes:

Total gamma is a function of formation lithology. An interval of low radioactivity from 20 to 40 feet is possibly due
to back-fill from previous excavation activities.

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 2.58 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: 'i'he repeat interval, 54 to 64.5 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. , :

Radionuclides:
Cs-137 was the only man-made radionuclide identified. Cs-137 exists only near the surface with an apparent
concentration of less than 1 pCi/g. .

Cs-137
max. Concentration <1 pCi/g @ ground surface
max. Depth at MDL 1 .
MDL 0.2 pCi/g

Analysis by: Three Rivers Scieatific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics - Well: 299-W18-008

Log Type: HPGe Spectral Gamma Ray

Borehole Information

WellID A7525 Water Depth  None Total Depth 485 #f
Elevation Reference No Data Elevation None ft
Depth Reference  Top of Casing Casing Stickup 0.1 R
Casing Diameter 6-in ID Depth Interval 0to 485 ft Thickness _022 in
Casing Diameter __in Depth Interval _ ft Thickness in

A.19




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics =~ Log Date: Mar. 21, 1998
Borehole: 299-W18-008 - Naturally Occurring Radionuclides

Total Gamma " Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Z Crib Geophysics Log Date: Mar. 21, 1998

Project:
‘Borehole: 299-W18-008 Man-Made Radionuclides of Concern
Total Gamma Pa-233 pCi/g Pu-239 nCilg Pu-240 nCi/g Am-241 nCilg
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Analysis by: Three Rivers Scientific
0 20 40 60 80 100 A21

Backup




RLS Spectral Gamma Ray Borehole Survey

Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 21, 1998
Borehole: 299-W18-008 Compare Main Log and Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID: 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 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 gross gamma increase at 24 feet is from TI-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, witha
maximum of 58 nCi/g at 24.5 feet.

Pa-233 Pu-239
max. Concentration  57pCilg@245 £ 58 nCi/lg @ 24.5 f
max. Depth at MDL 36 ft v 28R
MDL 0.25 pCi/g 8 nCi/g
A23
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics . Well: 299-W18-149

Log Type: HPGe Spectral Gamma Ray -

Borehole Information

Well ID A7649 Water Depth  None Total Depth 26 ft
Elevation Reference Ground Level Elevation N/A ft
Depth Reference  Top of Casing Casing Stickup 1.83 ft
Casing Diameter 6 _in PVC Depth Interval 0to26 #f Thickness 028 in
Casing Diameter __in Depth Interval ft Thickness in




RLS 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 Thorium
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RLS Spectral Gamma Ray Borehole Survey
‘Waste Management Federal Services NW

Project.  Z Crib Geophysics Log Date: Mar. 9, 1998
Borehole: 299-W1 8-149_ Man-Made Radionuclides of Concern

Depth (feet)
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project:  Z Crib Geophysics  Log Date: Mar. 23 & 27, 1998
Borehole: 299-W18-149 - Compare Main Log, Repeat
K-40 (pCi/g) | Pa-233 (pCi/q)
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics , Well ID: 299-W18-149
Log Type:  HPGe Spectral Gamma-Ray Log Dates: Mar. 9, 1998
General Notes:

Total gamma is a response to man-made gamma-ray emitters from surface to the maximum survey depth of 26 feet.

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 was 2.19 keV. The maximum acceptable FWHM
resolution is 3.10 keV for probe RLSG3.1 on the log date.

Repeat Interval: The repeat interval, 7.5 to 9 ft, agrees with the main log within acceptable limits (refer to the
Acceptance QA Processing plot).

Environmenta! Corrections: The KUT and man-made radionuclide concentrations have been corrected for PVC
casing attenuation over the entire well however slight. No casing correction was applied to the total gamma due to
Compton downscatter interference. The thorium from 8 to 23 feet is from T1-208, 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 7 to 26 feet, with a maximum of 20 pCi/g at 12.5 feet. Pu-239 exists from 6 to 26 feet, with a
maximum of 8,400 nCi/g at 12 feet. Am-241 exists from 6.5 to 26 feet, with a maximum of 900 nCi/g at 12.5 feet.
A moderate amount of photo peak interference results in a relative concentration for Am-241. Cs-137 exists from
6.5 to 26 feet, with 2 maximum of 11 pCi/g at 12 feet. Pu-240 is also likely, but severe photo peak 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 systerh dead-time limit was exceeded between 11.5 and 13 ft which prevented accurate measurement of the
radionuclide concentrations, and all concentrations listed in this interval are relative.

The bottom of the borehole was encountered before the MDL values were recorded. Thus the MDL values are
estimated from other sections of the well log data.

Pa-233 Pu-239 Cs-137 Am-241

max. Concentration | 20 pCi/g @12.5ft | 8400nCi/g@ 112ft | 11pCilg@ 128 | 500nCilg@ 1258

max. Depth at MDL |Below Total Depth| Below Total Depth  { Below Total Depth | Below Total Depth g

MDL 1 pCi/g 7 nCi/g 0.1 pCi/g 10 nCi/g

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header
Project: Z Crib Geophysics 3 Well: 299-W18-152

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well ID A7635 Water Depth  None Total Depth 118 ft
Elevation Reference Ground Level Elevation 684.0 ft
Depth Reference  Top of Casing Casing Stickup 2.75 ft
Casing Diameter 8 inID DepthInterval Oto 118 fi * Thickness 0.28 in
Casing Diameter _in Depth Interval ft Thickness in

Logglng Information
: HPGe Spectral Gamma Ra

oggmg Engnieers
stmment Senes
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW
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Project: Z Crib Geophysics Log Date: Mar. 12&17, 1998
Borehole: 299-W18-152 Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date:  Mar. 12&17, 1998
Borehole: 299-W18-152 Man-Made Radionuclides of Concern

Total Gamma | Pa-233 pCilg Pu-239 nCilg Cs-137 pCilg Am-241 nCilg
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RLS Spectral Gamma Ray Borehole Survey
| Acceptance QA Processing
Project: Z Crib Geophysics Log Date: Mar. 12&17, 1998
Borehole: 299-W18-1562

Compare Main Log, Repeat, Re-Log
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Réport

Project: Z Crib Geophysics - Well ID: 299-W18-152
Log Type: HPGe Spectral Gamma-Ray Log Dates: Mar. 12&17, 1998
General Notes:

Total gamma is, in general, a response of formation lithology, except 24 to 30 ft 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 both survey dates was 2.21 KeV. The
maximum acceptable FWHM resolution is 3.10 KeV for probe RLSG3.1.

Repeat Interval: The repéat interval, 21 to 31 ft, 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 casmg correction was applied to the total gamma due to Compton downscatter
interference.

Radon Pumping: Low barometric pressure permits free radon-222 in the formation to vent up the borehole,
creating additional uranium gamma-ray daughters inside the casing that add to the formation signal. The high
apparent uranium concentrations during low barometric pressure vents will not agree with formation gamma-ray
activity when radon is not venting up boreholes. The re-log of 3/17/1998 agrees with the main log of 3/12/1998
with all radionuclides except uranium (radon-222) and the radon-222 contribution to total gamma.

Radionuclides:
Pa-233 exists from 25 to 31 ft, with a maximum of 16 pCi/g at 26.5 ft.

Pa-233
max. Concentration 16 pCi/lg @ 26.5 ft
max, Depthat MDL, = 305

MDL 0.4 pCi/g

A33
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W18-153

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well ID A7636 Water Depth  None Total Depth 107 _ft
Elevation Reference Ground Level Elevation 682 ft

Depth Reference Top of Casmg Casing Stickup 2.88 ft

Casing Diameter 8 inID Depth Interval 0to 107 ft Thickness 0.28 in
Casing Diameter __in Depth Interval ft Thickness in

Logging Information
"Ge_ _SpectralnGamma R

A34




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 23 & 27, 1998
Borehole: 299-W18-153 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 23 & 27, 1998
Borehole: 299-W18-153 Man-Made Radionuclides of Concern
Total Gamma Pa-233 pCi/g Pu-239 nCi/g Cs-137 pCilg Am-241 nCilg
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RLS Spectral Gamma Ray Borehole Survey
Accept_ance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 23 & 27, 1998
Borehole: 299-W18-153 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pa-233 (pCi/g)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: - Z Crib Geophysics Well ID: 299-W18-153
Log Type: HPGe Spectral Gamma Ray Log Dates: Mar. 23&27, 199

General Notes:
Total gamma is a response to formation lithology except for the radioactive zone from 25 to 30 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 2.54 keV. - The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 25 to 31.5 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 corréction was applied to the total gamma due to Compton downscatter
interference.

Radionuclides:
Pa-233 exists from 25 to 30 feet and at 31.5 feet, with a maximum of 27 pCi/g at 26.5 feet.

Pa-233
max. Concentration 27pCilg@26.5 1t
max. Depth at MDL 315f%

"MDL 0.5 pCi/g

A38
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W18-156
Log Type: HPGe Spectral Gamma Ray

Borehole Information

Wel ID A7639 Water Depth  None Total Depth 24 ft
Elevation Reference No Data Elevation =~ NoData fi

Depth Reference  Top of Casing Casing Stickup No Data__ft

Casing Diameter 10 inID DepthInterval 0to24 fi Thickness 0.375 in
Casing Diameter . in Depth Interval - ft Thickness in

Logging Information
HPGe Speciral Gamma Ra

A39




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics
Borehole: 299-W18-156
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Projectt  Z Crib Geophysics Log Date: Apr. 7, 1998
Borehole: 299-W18-156 Man-Made Radionuclides of Concern
Total Gamma Pa-233 pCilg Pu-239 nCi/g Pu-240 nCi/g Am-241 nCilg |
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Gebphysics Log Date: Apr. 7, 1998
Borehole: 299-W18-156 Compare Main Log and Repeat
K-40 (pCi/g) | Pa-233 (pCilg)
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log 'Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W18-156
Log Type: HPGe Spectral Gamma Ray Log Dates: Apr. 7, 1998
General Notes:

Total gamma is, in general, a response of formation lithology, except from 17 feet to bottom of well at 23.5 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 2.52 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log date,

Repeat Interval: The repeat interval, 20.5 to 23.5 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.

Radionuclides:
Pa-233 was identified in the well log data from 17.5 to 23.5 feet and reached a maximum of 10 an/g at 23.5 feet.
The maximum depth observed for Pa-233 is at the bottom of the borehole, and is 10 times MDL.

Pu-239 was identified from 22.0 to 23.5 feet and reached a maximum of 10 nCi/g at 22.5 feet. The reading at the
deepest depth, 23.5 feet is at MDL (5 nCi/g for this data set and casing configuration). Given the low levels of Pu-
239 and the high statistical uncertainty, true deepest depth at MDL is un-reliable.

Cs-137 was observed at three separate and single depth points at MDL, and thus not plotted.

Pa-233 Pu-239
max. Concentration | 10pCig@235# 10nCi/g @ 22.5 ft
max. Depth at MDL below well depth 235#

MDL 1pCi/g S nCi/g
A.43

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: ~ Z Crib Geophysics | ' Well: 299-W18-158
Log Type:  HPGe Spectral Gamma Ray

Borehole Information

Well ID A7641 Water Depth  None Total Depth 127 _ ft
Elevation Reference Ground Level Elevation 676 . f :

Depth Reference  Top of Casing Casing Stickup 2.12 ft

Casing Diameter 8 inID Depth Interval 0to 94 ft Thickness _0.312 in
Casing Diameter . 6 _inID Depth Interval 0to 127 ft Thickness _0.312 in
Casing Diameter __in Depth Interval ft Thickness in




RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 13 & 18, 1998
Borehole: 299-W18-158 Naturally Occurring Radionuclides
Total Gamma Potassium Uranium Thorium
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Project:

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

1 2 3 4

Z Crib Geophysics
Borehole: 299-W18-158

Total Gamma Pa-233 pCilg
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" RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing
Project:  Z Crib Geophysics Log Date: Mar. 13 & 18, 1998
Borehole: 299-W18-158 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pa-233 (pCilg)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics - Well ID: 299-W18-158
Log Type: HPGe Spectral Gamma-Ray Log Dates: Mar. 13&18, 1998
General Notes:

Total gamma is, in general, a response of formation lithology, except 47 and 60 ft where man made radionuclides
were encountered. .

, 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 2.42 keV The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 50 to 64 feet, agrees thh 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 gross gamma increase at 55 feet is from TI1-208, normally a daughter product of naturally
occurring thorium; however, the increase cannot be determined to be solely due fo natural lithology and may be a
* waste by-product.

Radon Pumping: Low barometric pressure permits free radon-222 in the formation to vent up the borehole,
creating additional uranium gamma-ray daughters inside the casing that add to the logging signal. The high
apparent uranium concentrations during low barometric pressure vents will not agree with formation garnma-ray
activity when radon is not venting up boreholes. The re—log of 3/18/1998 compared to the main log of 3/13/1998
demonstrates a small, but noticeable dxfference in the uranium and subsequently a moderately poor gross gamma log
repeat.

Radionuclides:
Pa-233 exists from 46.2 to 47.7 feet and from 59.2 to 61.2 feet, with a maximum of 11 pCi/g at 60 feet.

Pa-233
max. Concentration 11 pCi/g @ 60 ft _
max. Depth at MDL 61 f

MDL 1 pCig
A48

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

LLog Header

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

Log Type:  HPGe Spectral Gamma Ray

Borehole Information

Well ID A7642 Water Depth  None Total Depth 120 fi
Elevation Reference Ground Level Elevation 670 ft

Depth Reference  Top of Casing Casing Stickup 1.21 ft

Casing Diameter 6 inID Depth Interval 0to 120 ft Thickness 0.21 in
Casing Diameter __in Depth Interval ft Thickness in

Logging Information

ompany - '
ate/A:chlve lee Name

gt
Depth Interval




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics
Borehole: 299-W18-159

Total Gamma
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 16 & 25, 1998
‘Borehole: 299-W18-159 Man-Made Radionuclides of Concern
Total Gamma Pa-233 pCi/g Pu-239 nCi/g Cs-137 pCi/g Am-241 nCi/g
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Project:

RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Z Crib Geophysics Log Date: Mar. 16 & 25, 1998
Borehole: 299-W18-159 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pu-239 (nCi/g)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W18-159
~ Log Type: ~ HPGe Spectral Gamma-Ray , " Log Dates:- Mar. 16&25, 1998

General Notes:

Total gamma is a response to man-made gamma ray emitters from surface to 64 feet, and a ﬁmctxon of formation
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 _lbrobe 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 T1-208, 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 2 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. :

Pa-233 Pu-239 Cs-137 Am-24l
max, Concentration {63 pCi/g@ 548 |25000nCi/g@11ft | 23pCi/lg@11ft | 2500nCilg@ 148t
" max. Depth at MDL 64 f 64 ft ‘ 5851 64 it
MDL 0.7 pCi/g 7 nCi/g 0.06 pCi/lg 10 nCi/g
A.53
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RLS Spectral Gamma Ray Borehole Survey
‘Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics | Well: 299-W18-167
Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well ID A7649 Water Depth  None Total Depth 128 ft
Elevation Reference Ground Level Elevation 666 ft
Depth Reference  Top of Casing Casing Stickup 2.54 ft
Casing Diameter 8 inID Depth Interval 0to 128 ft Thickness 0.312 in
Casing Diameter __in Depth Interval fi Thickness in

Analysis Information
Three Rivers Scientific .




" RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Projectt  Z Crib Geophysics Log Date:  Mar. 10 & 17, 1998
Borehole: 299-W18-167 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics ‘Log Date: Mar. 10 & 17, 1998
Borehole: 299-W18-167 Man-Made Radionuclides of Concern

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

Project: Z Crib Geophysics Log Date: Mar. 10 & 17, 1998
Borehole: 299-W18-167 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pa-233 (pCi/g) ,
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Well ID: 299-W18-167
Log Dates: Mar. 10&17, 1998

Project:
Log Type:

Z Crib Geophysics
HPGe Spectral Gamma Ray

Genera!l Notes:

Total gamma is, in general, a response of formation hthology, except at the thin zone at 58 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 both survey dates was 2.33 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 51 to 61 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 casmg correction was applied to the total gamma due to Compton downscatter
interference.

Radionuclides:

Pa-233 exists in two thin zones at 51.7 and 57.7 feet, with a maximum of 19 an/g at 57.7 feet. Pu-239 exists at
57.7 feet, with a maximum of 19 nCi/g at 57.7 feet. Pu-240 cannot be computed due to strong interference of the
photo peaks. Am-241 exists at 57.7 feet, with 2 maximum of 128 nCi/g.

The maximum depth for Pa-233 is 58.5 feet at a concentration above MDL, but the next lower depth sample is
absent Pa-233. The MDL for this depth in the re-log is 0.5 pCi/g. The 800 second stationary reading at 60.5 feet
was below MDL even for the 800 second reading.

Pa-233 Pu-239 Am-241
{ max. Concentration [19pCilg @ 57.5ft |19nCiig@57.5ft {128 nCilg@ 57.5 &
max. Depth at MDL 58.5 ft 58 ft ' 58 ft
MDL 0.5 pCi/g 5nCi/g 25nCi/g

A.58

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW :

Log Header

- Project: Z Crib Geophysics Well: 299-W18-168

‘Log Type:  HPGe Spectral Gamma Ray

Borehole Information

Well ID A7650 Water Depth  None Total Depth 127 ft
Elevation Reference Ground Level Elevation 665.7 fi '

Depth Reference  Top of Casing Casing Stickup 2.16 ft : ‘
Casing Diameter 8 inID Depth Interval 0to 127 fi Thickness 0.312 in
Casing Diameter __in Depth Interval ft Thickness in

. . - Analysis Information -
ompan Threcher

A59




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 11&18, 1998
Borehole: 299-W18-168 ~ Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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Project:

Borehole: 299-W18-168

Total Gamma
1x100 ¢/s 0 5

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW |

Log Date: Mar. 11&18, 1998
Man-Made Radionuclides of Concern

Z Crib Geophysics’
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10 156 20 0.0 05 1.0 15 20

Pu-239 nCi/g

" 10 -
20 -

30 4

Depth (feet)

o]
o
|

90 -
100 1
110 -

120 4

0 2 4 6 8 10
O 77

0 20 40 60 80 100 0 20 40 60 80 1000

- 10
- 20

- 30

\-

- 60

- 70
L 80
- 90
- 100
- 110

- 120

130

130

Analysis by: Three Rivers Scientific
A.61




RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 11&18, 1998
Borehole: 299-W18-168 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pa-233 (pCi/g)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics » ‘ - WellID: 299-W18-168
Log Type: HPGe Spectral Gamma Ray Log Dates: Mar. 11&18, 1998
General Notes:

Total gamma is, in general, a response of formation lithology, except between the depths of 59 to 64 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 both survey dates was 2.19 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: "The repeat interval, 45 to 63 ft, 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 50 to 64 feet is from T1-208, normally a daughter product of naturally occurring
thorium; however, the secular equilibrium is disturbed, indicating that the thorium is not solely due to natural
lithology and may be a waste by-product.

Radionuclides:

Pa-233 exists from 49.5 to 66 feet, with a maximum of 15 pCi/g at 51 feet. Pu-239 exists from 50 to 62 feet at
concentrations at or below MDL, based upon a spectral summing technique for the higher sampled re-log data.
Am-241 exists from 50 to 64 feet, with a maximum of 70 nCi/g at 51 feet. Cs-137 exists from 49.5 to 64 feet at
concentrations less than 1 pCi/g.

' Pa-233 Pu-239 ‘ Cs-137 Am-241
max. Concentration | 15 pCilg @ 51 ft Less than MDL <1 pCi/g { "70nCilg @514t
max. Depth at MDL 64 ft . N/A 64 ft o 64 &t '

MDL 0.3 pCi/g N/A 0.1pCilg - 20nCilg
A.63

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W18-169
Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well ID A7651 Water Depth  None Total Depth 128 ft
Elevation Reference Ground Level Elevation 666 ft
Depth Reference  Top of Casing Casing Stickup 2.38 ft
Casing Diameter 8 inID Depth Interval 0to 128 ft Thickness 0.26 in
Casing Diameter __in Depth Interval ft Thickness in

A.64




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 19 & 25, 1998
Borehole: 299-W18-169 Naturally Occurring Radionuclides

Total Gamma ~ Potassium Uranium Thorium
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Depth (feet)

RLS Spectral Gamma Ray Borehole Survey‘
Waste Management Federal Services NW |

Project:  Z Crib Geophysics Log Date: Mar. 19 & 25, 1998
Borehole: 299-W18-169 Man-Made Radionuclides of Concern
Total Gamma Pa-233 pCilg Pu-239 nCi/g Pu-240 nCi/lg Am-241 nCilg

1x100c/s o0 4 8 12 16 20 0 20 40 60 80 100
0 1 2 3 4 0 20 40 60 80 100 0 20 40 60 80 1000
: o) i ® 5 o)
i : : [1}]
; = L2 &
© i O °
i [} - 3
2 P 2 c 0
: O P O O
b Z i Z! < 40
P -
60 - - 60
70 - - 70
80 - - 80
- 90
. 100
- 110
- 120
130
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" Depth

RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 19 & 25, 1998
Borehole: 299-W18-169 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pa-233 (pCilg)
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'RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 19 & 25, 1998
Borehole: 299-W18-169 Compare Main Log and Re-Log
for deeper interval
K-40 (pCi/g) Pa-233 (pCi/g)
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Analysis by: Three Rivers Scientific
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- RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID; 299-W18-169
Log Type: HPGe Spectral Gamma Ray Log Dates: Mar. 19&25, 1998

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

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 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, 53 to 63 fi, agrees with the main log within acceptable limits (refer to the
Acceptance QA Processing plot). Gross gamma does not repeat due to radon pumping see following section;
however, the other nuclides do repeat.

Radon Pumping: Low barometric pressure permits free radon-222 in the formation to vent up the borehole,
creating additional uranium gamma-ray daughters inside the casing that add to the logging signal. The high
apparent uranium conacentrations during low barometric pressure vents will not agree with formation gamma-ray
activity when radon is not venting up boreholes. The repeat gross is systematically different from the 1 pass, but
the difference is due only to the apparent uranium concentration change. '

~ 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.

Radionuclides:

Pa-233 was the only man made radionuclide identified in the well log data. Detection was at MDL during the
screening pass, but above MDL during the re-log data collection. Pa-233 reached a maximum of 1.3 pCi/g at a
depth of 38 ft. The maximum depth observed for Pa-233 (at MDL for this well configuration) is 40 feet for the re-
log data set (MSA 200 seconds live-time). The MDL for this depth in the re-log is near 0.7 pCi/g.

Pa-233
max. Concentration 13pCilg @38 ft
max. Depth at MDL 40
' MDL 0.7 pCi/g

A.69
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics | Well: 299-W18-173

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well ID AT7655 Water Depth  None Total Depth 45 fi
Elevation Reference Top of Casing Elevation 673.3 ft
Depth Reference  Top of Casing Casing Stickup 2.12 ft
Casing Diameter 8 inID Depth Interval 0to 45  ft Thickness 0.28 in
Casing Diameter __in Depth Interval ft Thickness in

A.70




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date:  Mar. 26, 1998
Borehole: 299-W18-173 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 26, 1998

Borehole: 299-W18-173 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCilg
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 26, 1998
Borehole: 299-W18-173 Compare Main Log and Repeat
K-40 (pCi/g) Pa-233 (pCi/g)
| 0 2 4 6 8 10
0 T l T T
—— MainLog |
A Repeat
2 -
=
Q.
L]
o
4 — -
6
40 — -
£
& 42 -
[a]
44 — -
0 5 10 15 20 Analysis by: Three Rivers Scientific

A.73




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics Well ID: 299-W18-173
Log Type: HPGe Spectral Gamma Ray Log Dates: Mar. 26, 1998

General Notes:
Total gamma is a response to man-made gamma ray emitters from surface to the maximum survey depth of 44 feet.

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 was 2.31 keV. The maximum acceptable FWHM
resolution is 3.10 keV for probe RLSG3.1 on the log date.

Repeat Interval: The repeat intervals, 2 to 4.5 feet and 40 to 44 feet, agree 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.

Radionuclides:

Pa-233 exists in two zones: 13 to 25 and 27 to 44 feet, with a maximum of 7 pCi/g at 30.5 feet. Pu-239 exists in
three zones: 13.5 to 18, 30 to 31, and 42 to 44 feet, with a maximum of 34 nCi/g at 15 feet. Am-241 exists in three
zones: 14 to 16, 29.5 to 32, and 35 to 40 feet, with a maximum of 80 nCi/g at 30.5 feet. Cs-137 exists in three
zones: 3 t0 6.5, 15 to 16, and 29 to 42 feet, with a maximum less than 1 pCi/g.

Pa-233 Pu-239 Cs-137 Am-241
mazx. Concentration |7 pCi/g @ 30.5 ft M4nCilg@15ft <1 pCilg -{ 80nCi/fg@30.5#
max. Depth at MDL 44 ft 443 ft 415 40 f

MDL 0.3 pCi/g 5 nCi/g 0.1 pCi/g 10 nCi/g
A.74
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics - Well: 299-W18-175
Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well ID A7657 Water Depth  None Total Depth 121 ft
Elevation Reference Ground Level Elevation 667.1 ft
Depth Reference  Top of Casing Casing Stickup 2.15 ft

Casing Diameter 6 inID
Casing Diameter __in

Depth Interval 0to 121 ft
Depth Interval ft

Thickness 031 in
Thickness ____ - in




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 20 & 27, 1998
Borehole: 299-W1 8-175 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 20 & 27, 1998
Borehole: 299-W18-175 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCilg Pu-239 nCilg Cs-137 pCi/g Am-241 nCilg
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing |

Project: Z Crib Geophysics Log Date: Mar. 20 & 27, 1998
Borehole: 299-W18-175 Compare Main Log, Repeat, Re-Log
K-40 (pCilg) Pa-233 (pCilg)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: Z Crib Geophysics WellID: - 299-W18-175
Log Type:  HPGe Spectral Gamma Ray Log Dates: Mar. 20&27, 1998
General Notes:

Total gamma is a response to man-made gamma ray emitters from surface to 100 feet, and a function of formation
lithology below 100 feet.

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 both survey dates was 2.54 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 87.5 to 98.5 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 62 feet is from T1-208, 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 fithology and may be a waste by-product.

“Radionuclides:

Pa-233 exists in two zones: 12 to 69 and 74 to 99 feet , with a maximum of 24 pCt/g at 14.5 feet. Pu-239 exists in
two zones: 12 to 69 and 74 to 99 feet, with 2 maximum of 6,600 nCi/g at 14.5 feet. Am-241 exists in three zones:

12 to 66, 77 to 79, and 94 to 97 feet, with a maximum of 800 nCi/g at 14.5 feet. Cs-137 exists in three zones: 11
to 66, 77 ta 79, and 92 to 98 feet, with a maximum of 8 pCi/g at 14.5 feet. The Am-241 is relative and not absolute
due to moderate interference from other photo peaks. Pu-240 is also likely, but the severe interference rules out
any possibility of quantification. No other man-made radionuclides were detected; however, many other fission and
neutran induced gamma rays are present.

The system dead-time limit was exceeded between 12.5-15.5 feet and 19-20.5 feet which prevented accurate
measurement of the radionuclide concentrations. The log response over these intervals is relative. The high degree
of variance of Pu-239 and Am-241 over the interval 45 to 65 feet is real, and not an artifact of the processing, even
though the processing is adversely affected by other photo peaks.

Pa-233 Pu-239 Cs-137 R Am-241
max, Concentration {24 pCilg @14.5ft 16,600nCi/lg@ 14.5 | 8pCilg@ 14.5ft | 800 nCn/g:@ 14, 5 ft_:
max. Depth at MDL 99 . 98 fi ‘ 97 f o7 ft | '
MDL 0.5 pCi/g 15 nCi/g 0.2 pCi/g 30 nCi/g
A.79

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project; Z Crib Geophysics Well: 299-W18-179

Log Type: HPGe Spectfal Gamma Ray

: : Borehole Information
Well ID A7661 Water Depth  None Total Depth 39.5 ft

Elevation Reference No Data Elevation NoData ft
Depth Reference  Top of Casing Casing Stickup 2.38 ft
Casing Diameter 6 _in ID Depth Interval 01t039.5 ft Thickness 0.22 in
Casing Diameter __in Depth Interval _ fit Thickness in
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 30, 1998
Borehole: 299-W18-179 " Naturally Occurring Radionuclides
Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project. Z Crib Geophysics | LogDate: ~ Mar. 30, 1998
Borehole: 299-W18-179 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCilg Pu-239 nCilg Cs-137 pCilg Am-241 nCi/g
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 30, 1998
Borehole: 299-W18-179 Compare Main Log and Repeat
) K-40 (pCilg) Pa-233 (pCi/g)
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'RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW -

‘Log Analysis Summary Report

‘Project: Z Crib Geophysics Well ID: 299-W18-179
Log Type: HPGe Spectral Gamma-Ray Log Dates: Mar. 30, 1998
General Notes:

Total gamma is, in general, a response of formation l:thology, except 19 and 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 date was 2.37 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log date.

Repeat Interval: The repeat intervals, 15 to 16 feet, 21 to 23 feet, and 35 to 36 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 increase at 19 and 24 feet is from TI-208, normally a daughter product of naturally
occumng thorium. However, in these zones, dis-equilibrium exist, such that the daughters are elevated but the
parent is not, suggesting waste processing.

Radionuclides:
Pa-233 exits from 19.5 to 25.5 feet, with a maximum of 36 pCi/g at 20 feet. The maximum depth for Pa-233 is
25.5 feet at a concentration 5 times above MDL, but the next lower depth sample is absent Pa-233.

Pu-239 exists from 19 to 26 feet, with a maximum of 700 nCi/g at 19 feet. Note that in the upper interval, the
MDL is much higher due to the strong Cs-137 interference.

Cs-137 exists from 17 to 21.5 feet, with a maximum of 900 pCi/g at a depth of 19 feet.

Am-241 is observed, but cannot be computed due to strong interference from Cs-137. Am-241 is at too low ofa
concentration at the depths where Cs-137 is strong.

Pa-233 Pu-239 Cs-137
max. Concentration |38pCig@20£ft [700nCilg@19ft ]1000pCilg@ 19t .
max. Depth at MDL 25.5ft 25 ft 221
- MDL 0.5 pCi/g 3 nCi/g 0.1 pCi/g
A.84

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey
- Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W18-181

Log Type: HPGe Spectral Gamma Ray

Borehole Information

‘Well ID A7663 Water Depth  None Total Depth 138 ft
Elevation Reference No Data Elevation - NoData ft
Depth Reference ~ Top of Casing Casing Stickup 3.04 ft
Casing Diameter © 6 _in ID Depth Interval 0to 138 ft Thickness 0.2] in
Casing Diameter __in Depth Interval ft Thickness in

Logging Informat:on

man-made radmnuchdes wer v :detected however many other ﬁssmn and neutro duced gamma rays

A.85




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 24&28, 1998
Borehole: 299-W18-181 Naturally Occurring Radionuclides

Total Gamma - Potassium Uranium Thorium
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RLS Spectral Gamma ’Ray Borehole Survey
Waste Management Federal Services NW :

Project:  Z Crib Geophysics Log Date: Mar. 24828, 1998
Borehole: 299-W18-181 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 24&28, 1998
Borehole: 299-W18-181 Man-Made Radionuclides of Concern
Total Gamma Pa-233 pCi/g Pu-239 nCi/g Cs-137 pCilg Am-241 nCilg
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW |

Project:  Z Crib Geophysics Log Date: Mar. 24&28, 1998
Borehole: 299-W18-181 Man-Made Radionuclides of Concern

- Total Gamma Pa-233 pCi/g Pu-239 nCilg Cs-137 pCilg Am-241 nCilg
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Depth

RLS Spectral Gamma Ray Borehole Survey
Accept.ance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 24 & 28, 1998
Borehole: 299-W18-181 Compare Main Log, Repeat, Re-Log
K-40 (pCi/g) Pa-233 (pCi/g)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

. Project: Z Crib Geophysics |  WellID: 299-W18-181

. Log Type: HPGe Spectral Gamma Ray Log Dates: Mar. 24&28, 1998

. General Notes:
Total gamma is a response to man-made gamma ray emitters from 18 to 36 feet, and a function of formation
lithology below 36 feet.

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 both survey dates was 2.70 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 26 to 36 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 21 to 25 feet is from T1-208, 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 21.5 to 36 feet, with a maximum of 85 pCi/g at 23 feet. Pu-239 exists from 21.5t0 36.5 feet,

with a maximum of 3,000 nCi/g at 23 feet. Am-241 exists from 22 to 35 feet, with a maximum of 470 nCi/g at 23
- feet. Cs-137 exists from 19 to 37 feet, with a maximum of 125 pCi/g at 22 feet. The Am-241 is relative and not

absolute due to moderate interference from other photo peaks. Pu-240 is also likely, but the severe 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 22 to 35 feet is real and not an artifact of the processing,
even though the processing is adversely affected by other photo peak interference.

Pa-233 Pu-239 Cs-137 Am-241

max, Concentration |85pCiig@23ft | 3,000nCilg@23 ft 1.125 pCilg @ 22 f ] 470nCiig @23 8 -
max. Depth at MDL 355f 368t 37f 35f
MDL 2 pCi/g 10 nCi/g 0.25 pCi/g 30 nCig
A9l

Analysis by: Three Rivers Scientific




RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics

Log Type:  HPGe Spectral Gamma Ray

Borehole Information

Well: 299-W18-182

Well ID A7664 ’ Water Depth  None Total Depth 40 fi
Elevation Reference No Data Elevation NoData ft :

Depth Reference  Top of Casing Casing Stickup 2.35 ft

Casing Diameter 6 in ID : Depth Interval 0to40 ft Thickness ~0.21 in
Casing Diameter __in Depth Interval ft Thickness in




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Z Crib Geophysics Log Date: Mar. 31, 1998
Borehole: 299-W18-182 ~ Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: Mar. 31, 1998
Borehole: 299-W18-182 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCilg Pu-239 nCi/g Cs-137 pCilg Am-241 nCi/g
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A.94 Analysis by: Three Rivers Scientific
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RLS Spectral Gamma Ray Borehole Survey

Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Mar. 31, 1998
Borehole: 299-W18-182 Compare Main Log, Repeat
K-40 (pCi/g) Pa-233 (pCil/g)
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW-

Log Analysis Summary Report ‘
Project: Z Crib Geophysics ' Well ID; 299-W18-182 -

Log Type:  HPGe Spectral Gamma Ray Log Dates: Mar. 31, 1998

General Notes:
Total gamma is a response to man-made gamma ray emitters from 18 to 35 feet.

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 was 2.71 keV. The maximum acceptable FWHM
resolution is 3.10 keV for probe RLSG3.1 on the log date.

Repeat Interval: The repeat interval, 28 to 32 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 18 to 33 feet is from T1-208, normally a daughter product of naturally occurring
thorium; however, the secular equilibrium is disturbed, indicating that the thorium is not solely due to natural
lithology and may be a waste by-product.

Radionuclides: :

Pa-233 exists from 21.5 to 33 feet, with a maximum of 30 pCi/g at 22.5 feet. Pu-239 exists from 21 to 32 feet,
with a maximum of 1,100 nCi/g at 22.5 feet. Am-241 exists from 21.5 to 25 feet, with a maximum of 2,100 nCi/g
at 23 feet. Cs-137 exists from 18.5 to 29.5 feet, with a maximum of 250 pCi/g at 26 feet. The Am-241 is relative
and not absolute due to moderate interference from other photo peaks. Pu-240 is also likely, but the severe
interference from other photo peaks rules out any possibility of quantification. No other man-made radionuclides
were detected; however, many other fission and neutron induced garnma rays are present.

. Pa-233 Pu-239 = | Cs-137 . Am-241 .
max. Concentration |30 pCi/g @22.5ft {1,100nCi/g@22.5ft | 250pCi/lg@26ft { 2,100nCilg @23 £t
max. Depth at MDL 3f8 . 324 ' _9ft 254
MDL 1 pCi/g 5 nCi/g 0.1 pCi/g 60 nCi/g
A.96
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics Well: 299-W18-183
Log Type: HPGe Spectral Gamma Ray

, Borehole Information
Well ID AT665 Water Depth  None Total Depth 38  fi
Elevation Reference No Data Elevation NoData ft '
Depth Reference.  Top of Casing Casing Stickup 1.87 ft ‘
Casing Diameter 6 _inID DepthInterval O0t038 fi Thickness 0.18 in
Casing Diameter __in Depth Interval ft Thickness in

Logging Information

A97




RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW.

Project: Z Crib Geophysics Log Date: Apr. 1, 1998
Borehole: 299-W18-183 Naturally Occurring Radionuclides

Total Gamma | Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: ZCrib Geophysics | Log Date: Apr. 1, 1998
Borehole: 299-W18-183 Man-Made Radionuclides of Concern

Total Gamma Pa-233 pCilg Pu-239 nCilg Cs-137 pCilg Am-241 nCi/g
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics Log Date: Apr. 1, 1998 -
Borehole: 299-W18-183 Compare Main Log, Repeat
K-40 (pCi/g) Pa-233 (pCi/g)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW |

Log Analysis Summary Report
Project: Z Crib Geophysics Well ID: 299-W18-183
Log Type: HPGe Spectral Gamma Ray Log Dates: Apr. 1, 1998

General Notes:
Total gamma is a function of formation lithology except for the low level radioactive zone from 26 to 30 feet.

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 was 2.49 keV. The maximum acceptable FWHM
resolution is 3.10 keV for probe RLSG3.1 on the log date.

Repeat Interval: The repeat interval, 20 to 24 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.

Radionuclides:
Pa-233 exists from 26 to 30 feet, with a maximum of 2 pCi/g at 29.5 feet. Cs-137 exists in two zones: 2-3.5 and 8-
11.5 feet, with concentrations less than 1 pCi/g.

Pa-233 Cs-137
.max. Concentration 2pCilg@295% <lpCig@ 10 ft
max. Depth at MDL | 301t i1 £
MDL 0.2 pCifg 0.1 pCi/g
A.101
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: Z Crib Geophysics

Log Type: HPGe Spectral Gamma-Ray

Barehole Information

Well:

299-W18-185

Well ID A7667 Water Depth  none Total Depth 39.1 ft
Elevation Reference No Data Elevation @ NoData ft

Depth Reference  Top of Casing Casing Stickup 2.67 ft

Casing Diameter 6 inID Depth Interval 0t039.1 ft Thickness 0.19 in
Casing Diameter __in Depth Interval ’ ft Thickness in

Logging Information

_ from 2I‘ t0 265 feet, ‘with a maximum of 1,047 nC1/g at 22.5 feet i

A.102




RLS Spectral Gamma Ray Borehole Survey
- Waste Management Federal Services NW

Project:  Z Crib Geophysics Log Date: ~ Apr.2,1998
Borehole: 299-W18-185 Naturally Occurring Radionuclides
| . Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project.  Z Crib Geophysics ~ Log Date: Apr. 2, 1998
Borehole: 289-W18-185 Man-Made Radionuclides of Concern

Total Gamma Cs-137 pCilg Pa-233 pCi/g Am-241 nCifg Pu-239 nCifg
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: Z Crib Geophysics - Log Date: Apr. 2, 1998
Borehole: 299-W18-185 Compare Main Log and Repeat
K-40 (pCi/g) Pa-233 (pCi/g)
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RLS Spectral Gamma Ray Borehole Survey

Waste Management Federal Services NW

Log Analysis Summary Report

Project:  Z Crib Geophysics Well ID: 299-W18-185
Log Type: HPGe Spectral Gamma-Ray Log Dates: Apr. 2, 1998

General Notes:
Total gamma is, in general, a response of formation lithology, except from 20 to 28.5 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 date was 2.52 keV. The maximum
acceptable FWHM resolution is 3.10 keV for probe RLSG3.1 on the log dates.

Repeat Interval: The repeat interval, 23.5 to 27.5 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 increase at 23 feet is from T1-208, normally a daughter product of naturally occurring
thorium; however, the increase is not solely due to natural lithology and may be a waste by-product. Uranium is
not observed from 21 to 25 feet as a result of the increased MDL for uranium due to the interference from the other
gamma rays present.

Radionuclides:
Cs-137 exists from 20 to 26 feet, with a maximum reading of 216 pCi/g at 22 feet. The maximum depth for Cs-137
is 26 feet at a concentration twice MDL, but the next lower depth sample is absent Cs-137.

Pa-233 is observed from 21 to 28.5 feet, with a maximum reading of 61 pCi/g at 22 feet. The maximum depth for
Pa-233 is 28.5 feet at a concentration higher than MDL, but the next lower depth sample is absent Pa-233.

Am-241 is observed from 21.5 to 25 feet, with a maximum reading of 386 nCi/g at 24 feet. The maximum depth
for Am-241 is 25 feet at a concentration twice MDL, but the next lower depth sample is absent Am-241. Photo
peak interference does exist to a moderate degree for Am-241, therefore, the plot scale is labeled relative.

Pu-239 is observed from 21 to 26.5 feet, with a maximum reading of 1,047 nCi/g at 22.5 feet. The maximum depth
for Pu-239 is 26.5 feet at a concentration higher than MDL, but the next lower depth sample is aosent Pu-239.

Cs-137 Pa-233 Am-241 Pu-239
max. Concentration |216pCilg@22ft | 61pCi/lg@22ft | 386nCilg@24ft | 1,047 nCilg @225 ft
max, Depth at or 2ft 285 25ft 265#
above MDL
MDL 0.05 pCi/g 4 pCi/g ~ 40nCi/g _ 8nCi/g
A.106
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