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-103, -108, -109, -111, ~112, -201, -202, -203, and -204 are not equipped with primary leak-
detection instrumentation (Hanlon 1997).

3.1.2 Geologic and Hydrologic Setting

Excavation for the construction of the C Tank Farm occurred in glaciofluvial sediments of the
Hanford f nation. These sediments consist primarily of cobbles, pebbles, and coarse to
medium sands with some silts. The excavated sediments were used as backfill around the
comph d tanks (Price and Fecht 1976).

The undisturbed sediments of the Hanford formation underlie the backfill material. he Hanford
formation sediments consist of pebble to boulder gravel, fine- to coarse-grained sand, and silt.
Three distinct facies were recognized by Lindsey (1992): gravel-dominated, sand-dominated, and
silt-dominated (ordered from top to bottom of the formation). Baker el al. (1991) named these
facies the coarse-grained deposits (generally referred to as the Pasco Gravels), the plane-
laminated sand facies, and the rhythmite facies (commonly referred to as the Touchet Beds),
respectively. The Hanford formation sediments extend to a depth of about 225 ft in the vicin /
of the C Tank Farm (Lindsey 1993).

The distribution and similarities in lithologic succession of the facies types described  ive
indicate the Hanford formation can be divided into three stratigraphic sequences across the 200
East Area. These sequences are designated: 1) upper gravel, 2) sandy, and 3) lower gravel. The
sequences are composed mostly of the gravel-dominated and sand-dominated facies. The silt-
dominated facies are relatively rare except in the southern part of the 200 East Area. Because of
the variability of Hanford deposits, contacts between the sequences can be difficult toi  atify
(DOE 1993).

In the vicinity of the C Tank Farm, the upper gravel sequence is dominated by deposits typical of
the gravel-dominated facies of the Hanford formation. Lesser occurrences of the sand-dominated
facies are encountered locally (DOE 1993). The upper gravel sequence consists of  zll-stre " “ed
gravels with lenticular sand and silt interbeds and extends to a depth of approximately 61 to 73 ft
(23 to 35 ft below the base of the tank fa  excavation). Strata within this interval generally p
to the east-southeast and thin to the south (Lindsey 1993). However, strata near the transition
from the gravel-dominated to the sand-dominated facies locally dip to the north and east (Price
and Fecht 1976).

The sandy sequence generally consists of deposits typical of the sand-dominated facies of the
Hanford formation (DOE 1993). The sandy sequence is characterized by well-stratificd coarse-
to medium-grained sand with minor pebble and lenticular silt interbeds less than 1 ft thick.
Localized silty intervals greater than 1 ft thick may be present and could potentially host perched
water horizons that would probably not be laterally extensive because of pinchouts and clastic
dikes. The sandy sequence extends to a depth of approximately 198 ft (Lindsey 1993).

The lower gravel sequence of the Hanford formation is dominated by deposits typical of the
gravel-dominated facies. Local intercalated intervals of the sand-dominated facies are also:  nd

e
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Summaries of the historical gross gamma log data from 1973 to 1987 are presented in

Welty (1988). An activily peak was identified at a depth of 41 ft in early 1973, which correlates
to the depth of the “Co contamination detected on the SGLS plot. The activity peak shifted
upward and downward as much as 4 ft in depth during the reporting period, which is probably
attributable to depth control problems associated with the gross gamma system, The peak
amplitude slowly increased until June 1974, then gradually decreased to stable levels by June
1983, indicating the deposition and subsequent decay of the ®Co contamination at this depth.

The near-surface zone of 'Y'Cs contamination probably resulted from surface spills that have
migrated down into the backfill surrounding the borehole. The slightly elevated '¥Cs
contamination at a depth of 8 ft may represent surface contamination that has migrated along the
surface of the tank dome into this region of the vadose zone.

The zones of slightly elevated ¥ s contamination detected at depths of 20.5, 26, 31.5, and 53 ft
may be related to the C-104-to-C-105 cascade-line leak. The distribution of this contamination is
very similar to the distribution observed in borehole 30-04-01 and may represent accumulation of
¥Cs contamination on top of finer grained sediments within the backfill material.

Much of the '’Cs contamination detected below about 35 ft was probably catried dov  during
the drilling of this borehole or later migrated down the outside of the borehole casing. The 'Y’Cs
contamination detected at the bottom of the logged interval is probably from particulate matter
that has fallen down the inside of the borehole.

s zone of ®Co contamination between 38 and 63.5 ft probably represents the remnant of a
plume related to the cascade-line leak that occurred between tanks C-104 and C-105. The top of
the **Co contamination zone correlates with the base of the tank farm excavation. The vertical
extent of the ®Co plume is confined to the sediments of the gravel-dominated facies of the
Hanford formation.

-3 Borehole 30-04-03

Borehole 30-04-03 is located approximately 2 ft from the nortt it side of tank C-104. 1t was
given the Hanford Site designation 299-E27-116. This borehole was drilledinJ1 71., jtoa
depth of 50 ft using 6-in. casing. A drilling log was not available for this borehole; however,
information presented in Chamness and Merz (1993) does not indicate that the borehole was
grouted or perforated. The top of the casing, which is the zero depth reference for the SGLS, is
approximately flush with the ground surface. The total logging depth achieved by the SGLS was
49.0 ft.

The man-made radionuclides '’Cs, ®Co, and 2**U were detected in this borehole, '¥'Cs
contamination was detected continuously from the ground surface to 28 ft and at the bottom of
the logged interval (48 to 49 ft). A near-surface zone of moderate '¥'Cs contamination (10 to

50 pCi/g) extends to a depth of about 3 ft. The **’Cs contamination decreases to less than

10 pCifg below this zone and continues to gradually decrease to less than 3 pCi/g below 14 ft. A
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surface. However, as described in Section 2.1, this is not an accurate concentration v 1e
because the source-to-detector geometry at the top of the borehole casing differs from source-to-
detector geometry used in the calibration.

A few occurrences of ®Co contamination were detected at very low concentrations (less than
0.1 pCi/g) between 43 and 47.5 ft.

The increase in the “°K concentration values at 38 ft probably represents a change in lithology
from backfill material to the undisturbed Hanford formation. The drilling log reports a change in
lithology from sand and gravel to coarse sand at this depth. The “°K concentration values
increase at about 59 ft and generally remain elevated to the bottom of the logged interval. The
drilling log reports a change in lithology from coarse sand and pea gravel to medium sand at a
depth of about 55 ft. The lithologic information reported in the drilling log supports the
interpretation that the increase in the “’K concentration values at about 59 ft probably represen
the contact between the gravel- and sand-dominated facies of the Hanford formation.

The SGLS total gamma-ray plot reflects the near-surface '*’Cs contamination and the naturally
occt  ng radionuclides elsewhere. The total count rate increases at 40 and 58 ft, corresponding
to increases in the ’K concentrations at these depths.

The historical gross gamma log data from 1975 to 1994 were reviewed. The most recent
historical gross gamma data are presented on the combination plot. The near-surface peak
detected by the SGLS is absent on the gross gamma plot because no data were collected at the
1-ft and 2-ft intervals. In addition, the near-surface *’Cs contamination is not evident on the
earliest recorded historical gross gamma log (January 1975) or subsequent historical logs,
indicating that the '"Cs activity was below the detection level of the gross gamma system.

Summaries of the historical gross gamma log data from 1973 to 1987 included in Welty (1988)
do not identify any zones of anomalous gamma-ray activity.

The near-surface zone of '*’Cs contamination probably resulted from surface spills that have
migrated a short distance down into the backfill surrounding the borehole. The "*'Cs
contamination directly below this as Iy durii 1l dril this
borehole or later migrated down | de borehole casing. The trace amount of '’Cs
contamination at the bottom of the logged interval is probably from particulate matter that has
fallen down the inside of the borehole.

The small amount of ¥Co contamination detected between 43 and 47.5 ft may re; sentthe o r
extent of the plume related to the cascade-line leak that occurred between tanks C-104 and
C-105.
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A zone of moderate to high '*’Cs contamination was detected between 12 and 21 ft in boreholes
30-04-05 and 30-04-08. This contamination probably resulted from a transfer-line leak because
it occurs as an isolated zone at significantly higher concentrations than the overlying
contamination. In borehole 30-04-05, some of this contamination may represent surface
contamination that has migrated laterally along the surface of the tank dome into this region of
the vadose zone. In borehole 30-04-08, the discrete layers of elevated 'VCs contamination
between 31 and 39 ft may represent contamination from a subsurface leak that has accumulated
near the base of the tank farm excavation.

In borehole 30-04-03, the distinct zone of high '*'Cs contamination detected between 21 and 26 ft
and the underlying plume of extensive ®Co contamination probably resulted from the
C-104-t0-C-105 cascade-line leak described in Welty (1988) and discussed in Section 3.2. The
discrete nature of both contaminant plumes indicates that this borchole is located near the leak
source. Zones of elevated '’Cs contamination occur at similar def s in nearby borel  ©s
30-04-01 and 30-04-02, suggesting that the *’Cs contamination from the cascade leak may have
migrated laterally within this region of the vadose zone. The significant plume of ®Co
contamination that occurs between 38 and 60 ft in borehole 30-04-02 indicates that a ®Co pli e
probably resulted from the cascade-line leak and has migrated both downward and terally
through the vadose zone.

Isolated zones of elevated **’Cs contamination generally occur between 40 and 55 ft in boreholes
30-04-01, 30-04-02, 30-05-06, 30-04-04, 30-04-05, and 30-04-08 and correspond to the base of
the tank. These contaminant zones probably originated from the C-104-to-C-105 cascade-line
leak. It is possible that the '¥’Cs contamination from the leak traveled down . ing the outside of
tank C-104 and spread horizontally along the base of the tank. The data indicate that some of
this contamination then migrated both downward and laterally through the native sediments

bt w the tank farm excavation. This contamination occurs in the gravel-dominated facies of the
Hanford formation, just above the east and south dipping contact with the sand-dominated facies
and appears to have been confined within the gravelly unit. It is also possible that the '*'Cs
contamination detected between 45 and 55 ft in boreholes 30-04-04, 30-04-05, 30-04-08, and
30-07-05 may be the result of a leak from an unknown source, such as a nearby tank.

! 2 a S0 Ol C 5

he "*’Cs distribuuwu. 1w shapes of the RLS and SGLS '*'Cs profiles were
very similar, suggesting that the **’Cs contamination in this borehole is not actively n ile and
has remained fixed in the vadose zone since 1993.

6.0 Conclusions

The characterization of the gamma-ray-emitting contamination in the vadose zone surrounding
tank C-104 was completed using the SGLS. The data obtained using the SGLS and the geologic
and historical information available from other sources do not identify any large active leaks
from tank C-104. However, the data indicate that surface spills and subsurface leaks have
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e Spectral Gamma-Ray Borehole
moctec-ers Log Data Report Page 2of 3
- 0 W-og Event A ]
Borehole 3 O — 04 — O
Log Run Number : 4 Log Run Date : 2/19/97 Logging Engineer:  Bob Spatz
Start Depth, ft.: 49.0 Counting Time, sec.. 100 WR: | Shield: N
-~ Finish Depth, ft.: 240 MSA Interval, ft. ; K Log Speed, fmin.:  p/a

Analysis Information

Anstyst:  E. Larsen
Data Processing Reference :  P-GJPQ-1787 Analysis Date :  7/20/97
Analysis Notes ;

This borehole was logged by the SGLS in four log runs. High dead time (greater than 50 percent) was
encountered during log run two at a depth of 22.5 ft. As a result, log run three was logged in real time
from 22 to 25 ft. Log run four was logged in live time from 49 to 24 R, after the dead time dropped
below 50 percent,

The pre- and post-survey field verification spectra met the acceptance criteria established for the peak

shape and detector efficiency, confirming that the SGLS was operating within specifications. The

energy calibration and peak-shape calibration from these spectra were used to establish the channel-to-
energy parameters used in processing the spectra acquired during the logging operation.

Casing correction factors for a 0.280-in.-thick steel casing were applied during analysis.

The man-made radionuclides Cs-137, Co-60, and U-235 were detected around this borehole. Cs-137
contamination was detected continuously from the ground surface to 28 ft and at the bottom of the
logged interval (48 to 49 ft). The Co-60 contamination was detected continuously from 26to 49 ft. A
— single occurrence of U-235 was detected at the ground surface.

The K-40 and Th-232 concentration data are absent between 22 and 24 . Most of the U-238
concentration di  are absent between 21 and 40.5 f1.

The K-40 concentration values increase from 37 to 38 ft and remain elevated to the bottom of the
logged interval.

Additional information and interpretations of fog data are included in the main bady of the Tank
Summary Data Report for tank C-104.

— Log Plot Notes:
Separate log plots show the man-made and the naturally occurring radionuclides. The natural
radionuclides can be used for lithology interpretations. The headings of the plots identify the specific
gamma rays used to calculate the concentrations.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidence intervals. Open circles on the plots give the MDL. The MDL of a radionuclide represents the
lowest concentration at which positive identification of a gamma-ray peak is statistically defensible.
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30-04-03
I atural Gamma Logs
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Man-Made Radionuclide Concentrations
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m—— Spectral Gamma-Ray Borehole
mlmmm:ﬁ Log Data Report

sorence 3 () =() A-04 "Log Event

S rate log plots show the man-made and the naturally occurring radionuclides. The natural
radionuclides can be used for lithology interpretations. The headings of the plots identify the specific
gamma rays used to calculate the concentrations.

Page 3of 3

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidencs intervals. Open circles on the plots give the MDL. The MDL of a radionuc  : rep its the
“““ lowest concentration at which positive identification of a gamma-ray peak s statistically aefensivie.

A combination plot Includes the man-made and natural radionuclides, the total gamma derived from the
spectral data, and the Tank Farms gross gamma log. The gross gamma plot displays e latest
available digital data. No attempt has been made to adjust the depths of the gross gamma logs to
coincide with the SGLS data.






30-04-04
Natural Gamma Logs

(198}) wideq

*2Th (2614 keV)

U (609 keV)

1
o

4
e T ard L
RTTETRCTR
Bk A

byl E.E.. _

0K (1461 keV)

POCEPIVRU S

30

MDL

pCi/g

pCilg

pCifg






ey

Spectral Gamma-Ray Borehole

mmmﬁ LOg Data Report 9°
2 Log rent A
Borehole Information
Farm: Tank: C-101 Site Number :  209-E27-51
N-Coord 42,762 W-Coord : 48,339 TOC Elevation : 646,82
Water Level, ft : None Date Drilled : 3/31/70
Casling Record
Type: Steel-welded Thickness :  0.280 D, In.:
Top Depth, fi. : Q Bottom Depth, ft.: {00

Borehole Notes:

This borehole was drilled in March 1970 and complated o a depth of 100 ft with 6-in. casing. The casing
thickness is presumed to be 0.280 in., an the basis of the published thickness for schedule-40, 6-in. steel tubing.
No information was available that indicated the borehole was perforated or grouted; therefore, it is assumed that
the borehole was not parforated or grouted. The top of the casing, which is the zero reference for the SGLS, is 6

in. abave the tank farm ground surface.

Equipment Information

Logging System: 2 Detector Type : HPGe

Detector Efficlency : 35.0 %

I Cailbration Date: 10/96 Calibration Reference : GJO-HAN-13 Logging Procedurs : P-GJPO-1783

— Log Run Information

og Run Number: 1 Log Run Date : Logging Engineer: E  Spaty
Start Depth, ft.: 0.0 Counting Time, sec.: __1_0___0 UR: | Shisid: N

Finish Depth, ft. : 18.0 MSA Intarval #. - R (Y VU I N N T I

Start Depth, fi.: 99.5 Counting Time, sec.: 100 WR: L Shield : N

Finish Depth, ft.: 17,0 MSA interval, ft.: .5 Log Speed, fymin.: p/a







. Spectral Gamma-Ray Borehole
M " Log Data Report Page 3of 3
"""" Log Event A

gathered.

plot of historical gross gamma-ray logs is provided to show changes in activity recorded from January
1978 to March 1978. The headings of the plots identify the date on which the data in the plots were
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30-04-08
Man-Made Radionuclide Concentrations

¥Cs (662 keV)

-

=

(1094) yideg

103

2

1

0

1

2

o

1

MDL

pCi/g


















- Log Data Report Page 2of 2

MACTEC ENVINONGIENTAL RESTORATION SEMCEL L1

- i Spectral Gamma-Ray Borehole

g Borehole 30_01 _1 2 Log Event A

-

Anelyet: DL, Parker
o Data Processing Reference :  P-GJPO-1787 Analysis Date : §/27/97
al :

This borshole was logged by the SGLS in two log runs. The pre-~ and post-survey field verification
spactra | it the acceptance criteria established for the peak shape and detector efficiency, confirming
that the SGLS was operating within specifications. The energy calibration and peak-shape calibration

— from these spectra were used to establish the peak resolution and channel-to-energy parameters used
in processing the spectra acquired during the logging operation. There were no fine gain adjustments
mads during these log runs.

Casing correction factors for a 0.280-in.-thick steel casing were applied during analysis.

The man-made radionuclide Cs-137 was detected in this borehole. The Cs-137 contamination was
detected nearly continuously from the ground surface to a depth of 40.5 ft. Isolated occurrences of Cs-
137 were detected at 45, 60, and 66.5 ft, and at the bottom of the logged interval 1.5 ft),

The U-238 concentration data are almost entirely absent from the ground surface to 8 ft.

The K-40 concentrations increase 1o about 14 pCi/g between 38.5 and 50.5 ft. K-40 concentrations are
slightly dacreased from 51 to about 58 ft. The K-40 background concentrations increase gradually from
59.5 to 92.5 ft.

Additional information and interpretations of log data are included in the main body of the Tank
Summary Data Reports for tanks C-101 and C-104,

- Log Plot Notes:

Separate log plots show the man-made and the naturally occurring radionuclides. The natural

radionuclides can be used for fithology interpretations. The headings of the plots identify the specific
gawr |\ rays used to calculate tl  oncentrations. Uncertainty! & on the plots show the g
uncertainties for the measurements as 95-percent confidence intervals. Open circles ~n the piots give
the MDL. The MDL of a radionuclide repr  nts the lowest concentration at whichpo ve i  ification
ofagar 1-rayp is slatistically defensime,

A combination plot includes the man-made and natural radionuclides, the total gamma derived from the

spectral data, and the Tank Farms gross gamma log. The gross gamma plot displays the latest
avajlable digital data. No attempt has been made to adjust the depths of the gross gamma logs to

coincide with the SGLS data.
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Spectral Gamma-Ray Borehole
hoaclec-ers Log Data Report Page 2of 2

MACTET EVRONEERTAL RESTDRATIN SERACES, LLC

s 30-07-05

Aaivsts Information

Analyst:  E Larsen
Data Processing Reference:  P-GJPQ-1787 Analysis Date :  7/29/97
Analysis Notes ;

This borehole was logged by the SGLS in two log runs. The pre- and post-survey fleld verification
spectra met the acceptance criteria established for the peak shape and detector efficiency, confirming
that the SGLS was operating within specifications. The energy calibration and peak-shape calitration
from these spectra were used to establish the peak resolution and the channel-to-energy parameters
used in processing the spectra acquired during the logging operation.

Casing correction factors for a 0.280-in.-thick steel casing were applied during analysis.

The man-made radionuclide Cs-137 was detected in this borehole. Intermittent o continuous Cs-137
contamination was detected from the ground surface to 35.5 ft. The presence of Cs-137 was also
detected continuously from 49 to 53.5 &t and intermittently from 56 to 77 ft.

The K-40 concentration values increase at 40f d remain elevated to depth of 48.5 ft. A sharp
decrease in the K-40 concentrations occurs at about 50 ft. The K-40 concentration vahies remain
elevated and exhibit moderate variability from 52 ft to the bottom of the logged interv

Additional information and interpretations of log data are inciuded in the main body of the Tank
Summary Data Reports for tanks C-104 and C-107.

Log Plot Notes:
Separate log plots show the man-made and the naturally occurring radionuclides. The natural
radionuclides can be used for lithology interpretations. The headings of the plots identify the specific
gamma rays used to calculate the concentrations.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidence intervals. Open circleson{ blots give the MDL. The MDL of a radionuclide  resents the
lowest concentration at which positive identification of a gamma-ray peak is statistically defensible.

A combination plot includes the man-made and natural radionuclides. the total gamma =~ ~  d from the
spe |data, and the Tank Farms gross gammalog. T grossg n plot displays | est

-ailabie digital data. No attempt has been made to adjust the depths of the gross gamma logs to
coincide with the SGLS data.
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