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Executive Summary

The U.S. Department of Energy (DOE) Richland Operations Office tasked the DOE Grand
Junction Office (GJO) with performing a baseline characterization of the gamma-ray-emitting
radionuclides that are distributed in the vadose zone sediments surrounding the single-shell tanks
(SSTs) at the Hanford Site. Information regarding vadose zone contamination was acquired by
logging the monitoring boreholes positioned around the SSTs using a spectral gamma logging
system (SGLS). The SGLS employs a high-purity germanium detector. This report documents
the spectral gamma-ray logging results obtained from the monitoring boreholes that surround
tank C-109.

Tank C-109 is categorized as sound with interim stabilization and intrusion prevention
completed. The tank is currently listed as containing noncomplexed waste th msists of
62,000 gallons (gal) of sludge, 4,000 gal of supemate, and no interstitial liqui  {anlon 1997).

Cesium-137 (*’Cs) and cobalt-60 (**Co) were the major gamma-emitting contaminants detected
in the vadose zone sediments surrounding this tank. Isolated occurrences of uranium-235 (***U)
were detected at the ground surface in two boreholes. A thin zone of europium-154 ('*Eu) was
detected at the approximate depth of a cascade line in one borehole.

On the basis of shape factor analysis results, the '*’Cs contamination is, in most cases, interpreted
to be uniformly distributed in the backfill material around the boreholes associated with

tank C-109. This contamination most likely resulted from surface spills and/or airborne
contamination releases related to routine tank farm operations. It appears that the contamination
has migrated into the backfill material as deep as 15 feet (ft). However, the shape factors also
identified several isolated areas of '”’Cs contamination that were localized to the borehole
casings.

A distinct zone of subsurface ’Cs and "*Eu contamination was detected in a borehole located
near the C-108-t0-C-109 cascade line. However, shape factor analysis of the data indicates the
radionuclides detected by the SGLS probably consist of residual waste contained within the
cascade piping and that little or no leakage b irr

Zones of elevated '*’Cs contamination detected below the base of the tank farm excavation
around six boreholes surrounding tank  -109 may have originated from a subsurface leak or
possibly a surface spill. The shape factor analysis data indicate that most of the contamination is
uniformly distributed in the formation as thin layers that have been penetrated by the boreholes.

Numerous zones of ®Co contamination detected below the base of the tank farm excavation
between 45 and 115 ft probably represent the remnants of contaminant plumes. The shape factor
analysis results indicate that the ®Co contamination is distributed in the formation around these
boreholes and is not confined to the vicinity of the borehole casings. The plumes could be
related to leaks from any of the tanks in the vicinity, including tank C-109; however, the
dispersive nature of Co suggests that tank C-109 is probably not the leak source.
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zone was either carried down during drilling or later migrated down the outside of the borehole
casing. The '’Cs contamination detected at the bottom of the logged interval is probably from
particulate matter that has fallen down the inside of the borehole. The 'Y'Cs concentrations in
these regions of the borehole were too low to permit meaningful shape factor calculations.

The extensive zone of Co contamination detected from 86 to 116.5 ft may have originated from
a remote subsurface source, :h as the C-104-to-C-105 cascade line leak described in

Welty (1988). This region of **Co contamination was also detected with the ] S. Consequently,
Brodeur (1993) postulates that because ®Co contamination migrates easily, and a high 'Y’Cs
concentration was not found above or in conjunction with the “Co anomaly, the *Co
contamination probably migrated horizontally some distance from the source to cause the
detected radionuclide segregation. A comparison of the RLS and SGLS data shows the %Co
contamination has migrated downward approximately 5 ft since 1993, suggesting that the plume
is still moving through the vadose zone.

4.4 Borehole 30-09-06

Borehole 30-09-06 is located approximately 6 ft from the south side of tank C-109 and was given
the Hanford Site designation 299-E27-98. This borehole was drilled in Septen er 1974 to a
depth of 100 ft using 6-in. casing. The drilling log was not available for this borehole;
information presented in Chamness and Merz (1993) indicates that the borehole was not grouted
or perforated. The top of the casing, which is e zero depth reference for the SGLS, rises
approximately 1 ft above the gror  1surface. The total logging depth achieved by the SGLS was
98.0 ft.

The man-made radionuclides "*’Cs and *’Co were detected in this borehole. The '*'Cs
contamination was detected nearly continuously from the ground surface to 32 continuously
from 35.5 to 37 ft, and nearly continuously from 41 to 73.5 ft. Except for the near-surface '’Cs
contamination, the '¥'Cs concentrations ranged from 0.2 to 2 pCifg, although most concentrations
were less than 1 pCi/g. A single occurrence of weak '*'Cs contamination was detected at the
bottom of the logged interval (98 ft). The highest concentration of *’Cs (39 pCifg) was detected
at the ground surface. However, as described in Section 2.1, this is not an accurate concentration
value becau the source-to-detector geametry at the top of the borehole casing differs from
source-to-detector geometry used during calibration.

A continuous zone of low “Co contamination was detected from 78 to 86.5 ft. The highest
concentration of ®Co within this zone was about 2.8 pCi/g at a depth of 82.5 ft. The ®Co
distribution delineates a small contaminant plume located at considerable depth below the near-
surface *’Cs contamination.

Relatively high “K concentration values occur between 1 and 4.5 ft. The KUT concentrations
decrease at about 5 ft. The “°K concentration values increase at 38 ft, become variable from 40 to
48.5 ft, then gradually decrease between 48.5 and 71 ft. The *K concentrations increase between
71 and 73 ft and remain elevated to the bottom of the logged interval. Although a drilli 1log
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uniformly distributed contamination that have migrated as deep as 15 ft. However, the shape
factors also identified several isolated areas of '’Cs contamination that may be localized to the
borehole casings. If the contamination detected around the upper portions of the | eholes was
carried down during drilling or later migrated downward along the borehole casings or the
outside of the tank wall, then the total contamination in the vadose zone is minor. If the
contamination has migrated downward into the backfill material, then the volume of
contaminated material is large and is a significant portion of the overall contamination in the
vadose zone around this tank.

The near-surface zone of high '*'Cs contamination detected around borebole 30-08-02  bably
resulted from a surface spill. Historical gross gamma log data indicate that the spill occurred
sometime between January 1982 and June 1984. It appears that the majority of the '*’Cs
contamination was deposited in the upper 5 ft of the backfill material surrounding the borehole.
Similar contaminated zones, albeit at lower concentrations, were detected in borehales 30-09-07
and 30-09-10. The data indicate that although the surface spill was concentrated in the area near
borehole 30-08-02, it probably spread over an area of about 100 ft in length between tanks C-108
and C-109. The shape factor analysis results support this interpretation by indicating that the
near-surface 'Cs contamination is uniformly distributed in the formation.

The shape factor analysis results indicate the presence of isolated zones of uniformly distributed
¥1Cs contamination between 7 and 17 ft in boreholes 30-08-02 and 30-09-11. This
contamination may represent surface contamination that has been remobilized by infiltrating
meteoric water and migrated laterally along the surface of the tank dome into these regions of the
backfill material.

The distinct zone of '¥Cs and '*Eu contamination detected around borehole 30-08-02 between
19 and 23.5 ft may be the result of a leak from the C-108-to-C-109 cascade line. However, the
discrete nature of the contaminated zone suggests that this borehole is located very close to this
cascade line and may indicate direct detection of the line itself. As discussed in Section 3.2, the
cascade line became plugged in 1952. Consequently, the '¥'Cs and '"**Eu contamination detected
may consist of residual waste contained within the cascade piping. The shape factor analysis
data indicate that this contamination occurs as a thin source that is remote to the borehole,
supporting the theory that it may be isolated to the region along the inside of the pipeline.

The zones of elevated "*’Cs contamination detected below the base of the tas  farm excavation
around boreholes 30-09-02, 30-06-10, 30-09-06, 30-08-02, 30-09-10, and 30-09-11 may have
originated from a surface spill or a subsurface leak. It is possible that the *’Cs contamination
traveled from the leak source down along the outside of tank C-109, spread horizontally along
the base of the tank, and then preferentially migrated both downward and laterally through the
native sediments below the tank farm excavation into regions near these boreholes. The shape
factor analysis data indicate that most of the contamination is uniformly distributed in the
formation as layers around or proximal to the borehole casings.

The zones of ®Co contamination that underlie the base of the tank farm excavation around all the
boreholes, except 30-09-11, could have originated from a leak from any of the tanks in the
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7.0 Recommendations

Tank C-109 is currently listed as containing approximately of 62,000 g: of sludge, 4,000 gal of
supernate, and no interstitial quid (Hanlon 1997). Continued monitoring . the boreholes
surrounding this tank is recommended to identify changes in the distribution of the contaminant
plumes identified within the vadose zone. Because the lithology appears to play an important
role in the radionucl :distt ation beneath this tank, especially for “Co, further lithologic
characterization is recommended by logging a few of the boreholes using a long counting time or
a very high efficiency system. This system can properly define the individual natural
radionuclide concentrations and, thus, better characterize site-specific geology.

The intervals where anomalous historical gross gamma-ray activity occurred around boreholes
30-09-02, 30-09-07, and 30-08-02 should be relogged using a long counting time. This work
might identify the remnants of other short-lived man-made radionuclides that may occur.
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Spectral Gamma-Ray Borehole
mmummr:n%m Log Data Report

P 0 9 r -og Event A
Borehol . — '
e 0 U/

Additional information and interpretations of log data are included in the main body of the Tank
Summary Data Report for tank C-109.

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,

Page 3Jof 3

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.

A combination piot 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
available digital data. No attempt has been made to adjust the depths of the gross gamma logs to
coincide with the SGLS data.

A time-sequence plot of the historical gross gamma log data from 1975 to 1994 is included. The
----- headings of the plots identify the date on which the data in the plots were gathered.

..1e interval between 40 and 60 ft was relogged as a quality assurance measure 1 establish the
repeatability of the radlonuclide concentration measurements. The radionuclide concentrations shown
- were calculated using the separate data sets provided by the original and rerun logging runs.

Plots of the spectrum shape factors are included. The plots are used as an interpretive tool to help
determine the radial distribution of man-made contaminants around the borehole.
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e Spectral Gamma-Ray Borehole
-mtcnmumm:s&:_ué Log Data Report

e 50-06-10 =

Borehole Information

Farm: C A Tank: C-106 s: 299-E27-71
N-Coord : 42 963 W-Coord : 48,291 TOC Etevation : 645.31

Page 1of 3

Water Leval, ft ; None Date Drilled :  11/30/72
Casing Record

Type: Stleel-welded Thickness, in.: 0,280 in: 6
Top Depth,fi.: Q Bottom Depth, 1. 130

Borehole Notes:

This borehole was drilled in November 1972 to a depth of 130 ft using 6-in. casing. The drifling report does not
indicate if the borehole casing was perforated or grouted. The casing thickness is presumed to be 0.280 in., on
the basis of the published thickness for schedule~-40, 6-in. steel tubing. The top of the casing, which is the zero
reference for the SGLS, is approximately flush with the ground surface.

Equipment Information

Logging System : 1 Detactor Type : HPGe Detector Efficlency : 35.0 %
Callbration Date :  10/96 Calibration Reference : GJO-HAN-13 Logglng Procedure : P-GJPQ-1783

] I ng Run Information

Lop Run Number : 1 LogRunDate:  1/29/97 Logging Englneer:  Alan Pearson
Start Depth, ft.: 0.0 Counting Time, sec.: 100 UR: L Shiald: N

Finish Depth, ft.:  11.0 MSA interval, ft. : 0.5 Log Speed, fUmin:.  p/a
| _ o e o

Log Run Number ; 2 tog Run Date : 1/30/ Logging Engineer:  Alan Pearson
Start Depth, ft.: 10.0 Counting Time, sec.: 100 UR: L Shlstd: N

Finish Depth, ft.: 240 MSA Interval, ft. : 0.5 Log Spead, ftmin.: /g

Log Run Number : 3 Log Run Date : 1/30/97 Logging Englneer:  Alan Pearson
Start Dapth, ft.; Z_3__Q Counting Time, sec.: JQQ LR: L Shield : u

Finish Depth, ft.:  36.0 MSA Interval, ft. : 05 Log Speed, fUmin:  p/a
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L. SO -ONS Log Data Report

Borehole 30 06_1(: Log Event A |

Log Plot Notes:

Separate log plots show the man-made and the naturally occurring radionuchides. The natural
radionuclides can be used for lithology interpretations. The headings of the plots identify the specific
gamma rays used fo caiculate the concentrations.

Uncertainty bars on the plats 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.

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

An additional log plot compares spectral gamma data collected with the Radionuclide Logging System
(RLS) in 1993 with spectral gamma data collected with the SGLS in 1997. Uncertainty bars and MDLs
are not included on these plots.

Plots of the spectrum shape factors are also included. The plots are used as an interpretive tool to help
determine the radial distribution of man-made contaminants around the borehole.
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Spectral Gamma-Ray Borehole
' m Log Data Report

BACTEC ENVIRONGENTAL RESTORATEIN RENVICER, LLC

..... Sorehole ‘_’I\, 0 _ O 9 _ O 6 Log Event A

Page 20of 3

..... Apalysis Information

Analyst: . Larsen
Data Processing Reference :  MAC-VZCP 1.7.9 Analysis Dale :  9/30/97

Ana o

This barehole was logged by the SGLS in two iog runs. The pre-survey field verification spectra for all
logging runs met the acceptance criteria established for peak shape and system efficiency, but the post-
survey field verification spectra for logging run one failed to meet the acceptance criteria. The energy
calibration and peak-shape calibration from the pre-survey field verification spectra were used to
establish the channel-to-energy parameters used in processing the spectra acquired during the logging
runs,

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

The man-made radionuclides Cs-137 and Co-60 were detected in this borehole. The Cs-137
contamination was detected nearly continuously from the ground surface to 32 ft, continuously from 35.5
o 37 ft, and nearly continuously from 41 to 73.5 fi. An isolated occurrence of Cs-137 was detected at
the bottom of the jogged interval. The Co-60 contamination was detected continuously from 78 to 86.5
ft.

An analysis of the shape factors associated with applicable segments of the spectra was performed.
The shape factors provide insights into the distribution of the Cs-137 and Co-60 contamination and into
the nature of zones of elevated total count gamma-ray activity not attributable to gamma-emitting
radionuciides.

Retatively high K-40 concentration values occur between 1 and 4.5 fi. The K-40 concentrations
decrease sharply at 4.5 {t then increase gradually from 5.5 to 25 ft. The K-40 concentrations increase
again at 38 ft, become variable from 40 to 48.5 ft, then gradually decrease between 48.5 and 71 ft. The
K-40 concentrations increase between 71 and 73 ft and remain elevated to the bottom of the logged
interval (98 ft).

----- Additional infc mandi ionsoflogd: ~ arei "idedinthe iinbody« he Tank
Summary [ 2 Report for tank C-109.

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
lowast concentration at which positive identification of a gamma-ray peak is statistic. 7 defensible.

A combination plot includes the man-made and natural radionuclides, the total gamma derived from @
spectral data, and the Tank Farms gross gamma log. The gross gamma plot displays the latest
available digital data. No attempt has been made to adjust the depths of the gross gamma logs to
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30-09-06 '*’Cs Shape Factor Analysis Plot
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Spectral Gamma-Ray Borehole

MACTEE ENVIROMNMENTAL REBTORANON BERVICES, ULE

« w 30-00-07

coincide with the SGLS data.

Page 3of 3

Log Event A

Plots of the spectrum shape factors are included. The plots are used as an interpretive tool to help

determine the radial distribution of man-made contaminants around the borehole,
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**U (609 keV) “Th (2614 keV)

K (1461 keV)

(198y) yide

(19s}) yidag

8 g 3 g g g 2 g 3 2 o
Lad L ad L ad - - Lot L ot - - o [y
| | | _ ! { , | | {
' t i { ! { 1 ! ! 1 m i i _ t i
! i | _ | ! f | | .
4 | | ! _ w | ! |
,. F st e L o oo v s e SRS S5y RS SO ——
! ] ! | i ! i J
! { i i ! { i ! ~—
! i i ! | f _ |
T R S e e R B
, , _ | j | j | | N
el 2 ! i { ! | i ! i
% k] ! v u¥ } } } } ! ] i { | i i | ! } ; i
i ! ! } J { ! 1 i :
| i i :
B { § i 1 [ 1 i
| i ! * -
m { t t
iiiii Wl!liifi.ill.rlllllm.lllll
i ! t t
| | m | .
i ¢ N f
IIIII | et St S S
i | ~ M ]
! f { f
] | i } } } } i
i i ! 1
i i } i
] i i 1 T { T i i
{ ! f f _
j ! | | !
S U S oo o e e i i
. | m | |
i | ! ! i —
| I i ! i
[ e e e e e A e b S
” | ! | :
| ! | i i { H | § ]
] ! ] 1 i
g 2 2 2 g o
- - - - o o

05

1.0 1.5 0.0

pCilg

0.5

0.0

30

pCi/y

pCi/g






30-( J-07 Comt nation Plo

cmm:.tama

5 6

210

Y

TF Gross

i

Q
S
&
]
[
_
_
_

————— 120

(o) [
2 3 2 e
| | ! |
! T
! _ m _
! _ W _
~ _ ! _
_ _ m _

———— = 170

Q
b
©
|
|
_
|
_
_

e e 190

|
e e S A s S A S S

m
!
!
!
I 1

i {

Y

_Total

! { ] 1 [ | 1

I !
! _
i _
i !
) NSNS JSUUUNS JOUUU T
} i
} _
| _
! _
! |
U — lw v

l i | L i

—

1 |

T i | ¥ [

! !

——te & SYUSIUVIRY TRV SEUUUSTIURNEN SSHIVUUUN WNpI
_ _ ! | ! ! _

_ _ ! ! ! | _

I | ! ! | _ !

A e e e e e I A

| ! _ _

I

-

_
_
_
]
|
_
_
_
_
— 4.1._.1. [OUNPURR .
_
|
[
_
!
o
_
|

SN | IR I | E——
T
|

_ [ |

_ _ _

_ _ _

_ _ _

| J ]

| I i
{ _ _ _
! _ _ _
{ | _ _
! , _ _

[ — ..T [N +.. PR +.. e atn, T; ————

! [ _ _
_ | _ _
_ m _ ~
| m _ t
| i 1 i
I ] T T
_ ! ! I
_ !

|+
_
|
_
|
]
T
_
_

me__wmmw

b

e fr

3
ZBU

f—

_

! ! I | _
AN (NN NN N NN N SO
A R D N R BN N B
| | | [ |
| ! | ! ! |
i!!LiiiLii;;i:ithéfiziriz!riffrlzfri-

H

FUNDUUN | SESIS DU
|
S|
|
{
!
T

b

o

an s .11__.:1 et e .!..—

i

—

!
|
1
!
!
_
_
e S
_ _

_ ! _

_ _ _

_ _ !
I N N I
[ o]
! m ! _ | _
g | o o e e e e
S | _ ! ! : _ " _ |
s e e e e el S S R
I | _ ! _ _ : !
T T T e e e
_ | _ m * _ ! ~ _ m

.ZiLii%LiiiLiii%iii+il!%EiiriiiT!ZiTiiL!I!
© . _

i
1
¢
H
}
-
{
{
— L
!
] f
!
!

|
{
i
[ ]
(=] -
O N

110 ——
120 ——
130 +—

1.5

1.0

pCi/g

0.0

102

102

j
100

W

1.0

08

0.0

28

|
15

pCi/g






100

110

120

130

140

170

180

190

200

210

Cs SF1

30-09-07

'"Cs Shape Factor Analysis Plot

Radionuclides and

™ !!|

T

TTITTTT

.-n_...,' Dlstnbutltm

Casmg :

Lme i ;

_Unifarm;
Dlstnbullon :

% Dead time

LEGEND

Cscps
Co, eps
Co, cps

% Dead time | |

100

Depth (teet)

BRI RNt : ST e
2 10 100 0.1 1 10
L 1 i i 1. lJl
2 10 ripping Factor = 1.05







100

110

" 120

130

140

- $ 150
-
B
& 160

170

180

190

200

210

®Co Shape Factor Analysis 2lot

30-09-07

Radionuclides and
% Dead time

T

il

Co SF1

ll(

/Casmg o

V -:M:/ Umform

T

3 Dlsiributlbnm
Llne R

-

D:smbutronc
Lme RS

ibo Aot bddd

SF2

/ Casmg L
" "Distrbution ]
Ltne N

Llne

.................................................. -4
T R TF SUNE SRS G § P

Rt

&

R

kR

AR SHL DRI A R L

LEGEND
Cscps
WU v+ Co eps

: v Co,cps

% Dead time |5

i

ikl

Pog iiiif

10

100

10

0.1 1

1 i L...L l

10

4110

4120

160

100

1430

epth (feet)

170

180

190

200

210

100

Stripping Factor = 1.0%






N Spectral Gamma-Ray Borehole
mocrec-ers Log Data Report Page 2of 3
- Log Event A
worehole — - U
Log Run Number: 4 LogRunDate:  3/20/97 Logging Engineer:  Alan Pearson
Start Depth, ft.: 99.0 Counting Time, sec.. 100 UR: | Shisid : N
----- Finish Dapth. ft.: g......@. MSA |nle~a|. ft.: 0_5- Lnﬂ sp“d. fumin.: ;,‘a
Analysis Information
- Analyst: E. Larsen
Data Procassing Reference :  MAC-VZCP 1.7.9 Analysis Date :  9/5/97

Analysis Notes :

This borehole was logged by the SGLS in four log runs. Excessive dead time (greater than 50 percent)
was encountered during log run one at a depth of 21 ft. As a resuilt, Jog run two was logged in real time
from 20 to 24.5 ft. Log runs three and four were logged in live time from 22.5 to 99 &, 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 Eu-154 were detected around this borehole. Cs-137
contamination was detected continuously from the ground surface o 24.5 ft. Cs-137 contamination was
also detected from 27 to 27.5 ft, 47 to 49 fi, and at the bottom of the logged interval (99 ft). The Co-60
contamination was detected continuously from 46.5 to 79.5 ft. The Eu-154 contamination was detected
at 2.5 ft and nearly continuously from 19.5 to 22.5 ft.

An analysis of the shape factors associated with applicable segments of the spectra was performed.
The @ factors provide insigl ntot  fdistributior the ~137and -60 contamination and into
the nature of zones of efevated total count gamma-ray activity not attributanie to gamma-emitting
radionuclides.

The K-40 concentration values increase at 37.5 ft and generally remain elevated to a depth of 72.5 ft.
The K-40 concentrations become increasingly variable between 55 and 74.6 ft. The K-40
concentrations increase again at 74.5 ft and remain elevated to the bottom of the logged interval. The
Th-232 concentrations gradually increase near 85 ft to the bottom of the logged interval.

Most of the K-40 and Th-232 concentration data are absent between 20 and 22 ft. The U-238
concentration data are absent between 18 and 23.5 ft and mostly absent between §7.5 and 65 ft.

Additional information and inte ‘etations of log data are included in the main bady of the Tank
Summary Data Reports for tanks C-108 and C-109.
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Man-Made Radionuclide Concei trations
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30-08-02 Combination Plot
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_ Spectral Gamma-Ray Borehole
m:iu"e's Log Data Report Page 2of 2

MACTEC {114

- Sorehole 0 O 9- 4. ‘) Log Event A

- Analysis information

Analyst : . Larsen
...... Data Processing Reference : -VZCP 1.7.9 Analysis Date 1 9/30/97
Analysis Notes ;

This borehole was logged by the SGLS in two log runs. The pre-survey and post-survey field
verification spectra for all lagging runs met the acceptance criteria established for peak shape and
system efficiency. 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.

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

ie man-made radionuclides Cs-137 and Co-80 were detected in this borehole. The Cs-137
contamination was detected continuously from the ground surface to 67 ft and from 74 ftto  : bottom
of the logged interval (98 ft). The Co-60 contamination was detected intermittently from 53 t to the
_____ bottom of the iogged interval.
An analysis of the shape factors associated with applicable segments of the spectra was performed.
The shape factors provide insights into the distribution of the Cs-137 contamination and into the nature
of zones of elevated total count gamma-ray activity not attributable to gamma-emitting radionuclides.

The K-40 concentration values increase at 39.5 ft, become variable from 41 to 55 ft, and remain
elevated to a depth of 69.5 ft. The K40 concentrations gradually increase below 69.5 ft and become
variable from 80 ft to the bottom of the logged interval.

Additional information and interpretations of log data are included in the main body of the Tank
Summary Data Reports for tanks C-103 and C-112.

Log Plot Not

Separate log plots show the man-made and the naturally occurring radionuclides. The natural
radionuclides can be used for litholegy interpretations. 1 1eadings of the plots identify the specific
gamma rays used to calculate the cont i ons.

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.
...... 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
available digital data. No attempt has been made to adjust the depths of the gross gamma logs to
coincide with the SGLS data.
Plots of the spectrum shape factors are included. The plots are used as an interpretive tool to help
determine the radial distribution of man-made contaminants around the borehole.
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Natural Gamma Logs
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Spectral Gamma-Ray Borehole
- Iiﬁ:.ec-eﬁ Log Data Report Page 2of 3

BACTEC EWVIRDMMENTAL RESTORATION SEAVICES, (AG

Borehole j ‘ OI 09— 1 1 Log Event A

Analysis Information

Analyst: H,D. Mac Lean
Dala Processing Reference : MAC-VZCP 1.7.9 Analysis Date :  9/23/97

Analysis Notes :

The SGLS log of this borehole was completed in three logging runs using a centralizer. The pre-survey
field verification spectra for all logging runs met the acceptance criteria established for peak shape and
systam efficiency, but the post-survay field verification spectra for logging run two failed to meet the
acceptance criteria. The energy and peak-shape cafibration from the pre-survey field verification
spectra were used to establish the channel-to-energy parameters used in processing the spectra
acquired during the logging runs. There was negligible gain drift during the fogging runs and it was not
necessary to adjust the established channel to energy parameters to maintain proper peak identification.

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

Cs-137 was the only man-made radionuclide detected in this borehole log. Cs-~137 contamination was

detected continuously from the ground surface to a depth of 15.5 ft, intermittently from 16.5 to 41 ft,

continuously from 44.5 to 47.5 ft, at 66.5 ft, and continuously from 93.5 to 98.5 ft. The measured

concentration in the upper 12 ft of the logged interval ranged from 2 to 4 pCi/g. The measured Cs-137

concentrations below a depth of about 12 ft ranged from 0.2 pCilg (just above the MDL) to about 3

pCilg. Peaks in the measured concentrations occur at depths of 1, 8, 45.5, and 95 ft. The measured
Cs-137 concentration at the ground surface was about 18 pCifg.

An analysis of the shape factors associated with applicable segments of the spectra was performed.
- The shape factors provide insights into the distribution of the Cs-137 contamination and into the nature
of zones of elevated total count gamma-ray activity not attributable to gamma-emitting radionuclides,

The logs of the naturally occurring radionuclides show that the K-40 cancentrations increase from a
background of out 14 pCi/g from the ground surface to 41 ft, increase to about 16 pCi/g from 41 to 78
ft, and increase again to a background of 17 to 20 pCi/g below 78 ft. The K-40 concentration is variable
between 41 and 78 ft, with 5-ft to 7-ft-thick intervals showing slightly higher or slightly lower

- con trations.

Increased U-238 concentrations occur from 40.5 to 44.5 ft. The U-238 and Th-232 concentrations peak
at 86.5 ft.

pee.

Details concerning the interpretation of data for this borehole are presented in the Tank Summary Data
Reports for tanks C-108 and C-111.

""" ' Log Plot Notes:
Senarate log plots show the man-made and the naturally occurring radionuclides. The natural
ra nuclides 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 radionuciide represents the






30-09-11
Man-Made Radionuclide Concentrations
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30-09-11 Combination Plot
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