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Analysis and Summary Report of Historical Dry Well Gam·ma 
Logs for the 241-C Tank Farm - 200 East Area 

1 Introduction 

The single shell tank farm dry well surveillance program was established as one of several methods 
used to identify leaking tanks. Gross gamma logging in boreholes peripheral to and surrounding 
single-shell tanks was used to supplement in-tank liquid level measurements to determine the 
integrity of an individu31 tank. Until 1975. gross gamm3 ray data were collected in a non-digit.11 
format. In 1975, the surveilJance program was updated to a digital logging system. Under the 
upgraded system, gross gamma ray logs were captured in digit.11 form utilizing several types of 
Jogging detectors. These Jogs were then reviewed immediately afier collection to identify significant 
changes in activity from previous logs. This examination was used to confirm or identify leaks of 
gamma-emitting liquid radionuclides from suspect underground tanks. The system was not intended 
to identify the specific radionucfides contributing to the total gross gamma ray activity; the data were 
used to make operational decisions regarding the integrity of tanks and their ability to safely contain 
high-level radioactive waste. White the system targeted gamma-emitting radionuclides as indicator 
species, other radionuclides (e.g., alpha- and beta emitters) and hazardous chemical constituents 
would also have leaked from the suspect tanks when i;ross gamma activity significantly increased. 

Digital gross gamma ray Jogs were acquired for the period from January 1975 through mid-year 
1999 and have been re-analyzed to determine contaminant distribution in the subsurface around 
boreholes during this interval. Data acquired prior to 1975 require reformatting to be useful for this 
analysis. The available data for each borehole varies; some begin in 1975, others as late as 1980. 
Data for some boreholes ends in 1989, while for others it continues until 1999. A detailed description 
of the analysis procedure is in "Analysis Techniques and Monitoring Results, 241-SX Dzy WelJ 
Surveillance Logs," (Randa)) and Price, 1999a). 

Isotopes identified during the spectral gamma logging analysis that occurred from 1995 to 1999 for 
all single-shell tank farms is integral to the analysis of the gross gamma ray data. Log data for C 
Tank Farm were obtained by Three Rivers Scientific from a report issued by the U.S. Dept. of 
Energy prepared by MACTEC-ERS (1998). The spectral gamma logging system (SGLS) employs a 
high-purity germanium (HPGe) detector to obtain dat.1 leading to the identification and depth of 
gamma-emitting radioactive isotopes. The identity of gamma-emitting radionuclides in soils 
surrounding a tank is required for interpretation of the tank farm gross gamma ray dry well 
surveitlance logs. By integrating SGLS data with historical dry wen surveillance d:lta, information 
concerning the tank leak history along with the historical mobility and decay of man-made gamma­
emitting radionuclides in the vadose zone is obtained. These analyses concern gamma-emitting 
contaminants and contaminant mobility ( or lack of mobility) that has occurred over the time period 
spanned by the available data (i.e., 1975 lo 1994). 

This report provides a summary of the gross gamma ray data for the 241-C Tank Fann and is 
intended lo identify changes in the gamma activity of gamma-emitting radionuclide contaminants 
around each accessible borehole, and is not intended to provide interpretation of the data relative to 
vadose zone mechanics. In general, the data analysis resulted in the identification of two types of 
subsurface conditions; clean dry wells and dry wells with radionuclide contamination at one or more 
depth intervals. Within dry wells with contaminated intervals (discrete depth zones) four 
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categories or contamination were identified Cm general these categories are encountered in this type 
or historical analysis and are listed here for completeness, even though this tank farm may not 
experience a given category). Following this system, a borehole and/or a zone may be classified into 
one of several categories: 

1. CLEAN: no gamma-emitting contaminants detected for the survey speeds and sensitivities of 
the gross gamma ray probes used; specifically no systematic trend above the naturally occurring 
radionuclide background in the soils is indicated by the data. Note that in several boreholes 
designated •clean•, the SOLS detected gamma-emitting contaminants, but a t levels below the 
detection threshold for the gross gamma tool Where the SGLS detected a gamma-emitting 
isotope with an activity otless than 15 pCi/g, activity generally will not be seen on the gross 
gamma probes used in tank farm logging for which the detection limit is generally about & pCi/g. 

2. CONTAMINATED 

• STABLE: gamma activity follows a decay curve of an isotope identified by HPGe or a 
hypothesized radionuclide based on decay characteristics; specifically the decay rate of the 
isotope(s) identified in the zone matches the change over time in the cross gamma log 
response, and no noticeable deviation from the radionuclide decay i9 apparent within the 
time period of the data. 

• UNSTABLE: evidence of contaminant migration exists within the period or data collection; 
apecifically, in logs with proper depth control, a peak migrates with passage of time, or there 
is a sudden increase in Grade Thickness Product (OTP) that does not correlate with any 
change oflogging tools or procedure. Such changes are interpreted to reflect the addition of a 
gamma-emitting contaminant. · 

Some contamination zones were identified as initially unstable in older logs and as stable in 
more recent logs; i .e., instability in earlier data was succeeded by stability in more recent 
data. 

• TANK FARM ACTMTY: erratic Jog response at the bottom of dry wells or at shallow depths 
result from logging procedure changes, radioactive waste transfer operations, surface or near 
surface leaks/spills, and/or clean up of surface contamination; specifically, an irregular change is 
observed in gross gamma-ray log values between successive aurveys at or near the surface and/or 
at the bottom of the dry well. These rapid and inconsistent log changes suggest that 
contamination may be the result of tank farm operational activities (e.g., waste transfers) or 
logging procedure changes, and are not related to vadose zone mechanics. 

• UNDETERMINED: no specific conc1U4ion can be reached with the available data; 8J)ecifically, 
stability cannot be determined due to: 1) insufficient data, 2) exceeding the system design 
criteria (both upper and lower limit.9) for recording gross gamma ray data, or 3) possible effects of 
depth shift or surface activities. 

Stable vs. unstable is an apparent condition limited by the time interval over which data were 
collected, the sensitivity of the tools, and the level of contamination; it is not necessarily a statement 
concerning the fixed or mobile nature o! a given isotope in the vadose zone. 

Radionuclide isotopes discussed are either identified using the HPGe data or are hypothesized to 
exist presently or to have existed in the past. Radionuclides cannot be identified from a gross 
gamma ray log alone. The hypothesized isotopes assumed or known to be present generally have a 
rapid rate of decay(e.g., Ru-106) which may not be identified by the HPGe tool if the level or 
radioactivity falls below detection limits at the time the SOLS data were obtained (mid l990's). The 
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earlier presence of such isotopes can be speculated based on the fit of a decay curve of the isotope to 
the change over time of the gross gamma ray data and knowing that such an isotope was initially 
present in the leaked waste. Ru-106 was hypothesized in several C Tank Farm ~nes. 

It is beyond the scope of this project to identify the contaminant source, rate of movement. or 
migration pathway and the ultimate impact ofleaked waste to the environment. It is also noted that 
where boreholes do not exist, gamma-emitting isotopes may be present and movement can and may 
have occurred without detection. This investigation is limited to the immediate area (approximately 
20 inch radius) a.round each borehole from which gamma rays are readily detected, and is not 
rigorous enough to interpret the condition of the space between boreholes and outside of the 
investigated area. Contaminants which do not emit gamma rays or whose decay products do not 
emit gamma rays, are not detected by gross or spectral gamma logging and are therefore not 
discussed in this report. While such isotopes may be present, they are beyond the scope o£ this 
report. 

1.1 Background 

A series of twelve tanb were constructed at the 24l•C Tank in 1943 and 1944 to receive high-level, 
liquid, mixed waste resulting from chemical processing of spent fuel rods (Brevick, et. al., 1996). 
These second-generation Hanford tanks hold 630,000 gallons (each), were constructed on 100-foot 
centers and are 75 feet in diameter, leaving 25 feet between the sides or each tank. The peak of the 
dome of each tank is about 8 feet below ground surface; the base of each tank is about 40 feet below 
ground surface. Each tank consists of a reinforced concrete exterior ~ith a single lining of carbon 
steel These tanks are connected in four three-tank cascade and transfer lines, the details of which 
can be obtained from the engineering construction diacrams {or th.is tank {arm. A network of vadose 
monitoring boreholes (dry wells) was installed throughout the C Tank Farm as part of a leak 
detection and surveillance system. Borehole locations (centered on the borehole name) and the depth 
of logging, (listed below borehole name) are presented in Figure 1. The boreholes range in depth from 
50 to 145 feet, with 61 (of 70) being 100 or more feet deep. The 1975 to 1995 digital gross gamma ray 
data were analyzed by Three Rivers Scientific (under subcontract to Duratek Federal Services, 
Richland. Washington) and the results are the subject of this report. 

Tanks C· 101, C-110 and C-111 in the C Farm are su!pected to have leaked. The category of 
•suspected leaker• addresses leaks from tanb only. and not from any of the associated facilities (e.g., 
piping, diversion boxes or pits) which may have also released waste to the soils. 
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1.2 Data Analysis Description 

The dry well data analysis procedure used for the C Tank Fann gross gamma historical logs is · 
discussed in detail in the Analysis Techniques report (Randall and Price, 1999a) . . 

Data from the dry well logs were compiled to roaximize trend identification. This process does not 
add or delete data, but merely compiles the data into a more useable format. This data set is wed to 
create a depth vs. time plot (stack plot) to identify trends over time and zones of contamination. All 
historical log surveys for a single dry well (borehole) are analyzed as a whole for each radioactive 
zone above background in the well, allowing statements to be made about the apparent condition or 
rate of change of any given l'adioactive interval. For clarity, all logs are not plotted in the stack plot; 
quarterly logs are plotted to render the stack plot readable without affecting the integrity or the 
data. 

Review ot the historical gross gamma ray data revealed that limits in the system design for 
collecting data prior to 1986 created a situation where the zero-depth reference point for the start of 
data collection wa.s inconsistent. This difference in zero-depth point makes evaluating trends in the 
data difficult. Several methods can be employed to overcome varying zero points and to essentially 
create a common starting point from which to view the data, making trend identification easier. One 
method applies a depth shift to the data, which is simply adjusting data up or down 110 that certain 
identifiable features in the logs can be aligned and evaluated. Since a depth shifting may ma.sk 
poS!tible downward movement identification, no depth shifting was performed to analyze the C Tank 
Farm. 

A second method to analyze changes between successive gross gamma logs utilizes a calculation 
called the Grade Thickness Product (GTP) which can be applied over a depth interval wide enough to 
include all depth variances of peaks so as not to require depth shifting. The OTP is a summation of 
the values oflogging instroment readings over the depth interval of interest (minus background 
activity), multiplied by the di.stance between sample point depths. This calculation yields a constant 
that is independent of the log depth and the apeci£ically chosen &tarting/ending points. When the . 
calculation is applied over the entire contamination interval, the result is a more accurate 
representation of the condition of the zone over time. 

Note: Groll r•mma ray dala were collected ulling a variety oC probe t~•· The count rate, pneratecl by tbelNI probe 
type, do not directly correlate, a11 cli11CU•~ in the Analysi• Techniquet report (Randall and Price, 1909a). C.uUon 
mll•t therefore be ueed when relating OTP nlues ln ~nH recordod with difl'erenl probe type• (o,s., the Nal probe type 
04 doee not NCOrd nlue1 that relate to thoae reoorded 'With the Creen or RA,d GM probe type• 01 arid 02). Sealinr 
facton between the d.ift'orent probe type• are pNHnted ln "Dry Well Probe Calibration,• (Randall, 1999). 

Gross gamma ray log surveys were recorded over the length of the borehole at sampling intervals of 
one foot, starting at the maximum depth to which the logging detector wa.s positioned (near or at the 
bottom of the dry well). In radioactive zones less than one foot thick, successive one foot sample 
intervals will cause variations in the apparent 8bape of the log in the thin contamination zone and 
changes in the maximum count rate in the apparent center of the zone. The OTP calculation is used 
to eliminate this apparent problem. 

The average background activity for the OTP calculation and •Average Background" plots, which are 
provided, i8 the gamma radiation from naturally occurring potassium, uranium, and thorium (i.e . 
natural background) in the soil. The average background is computed and reviewed for each survey 
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and th~ provide a level of confidence that the instrumentation worked comistently and that the 
gross gamma ray data are valid. The average background is calculated either between a lower and 
upper count rate limit or for a depth range. The lower count rate limit is generally set at zero (0) els; 
a value defined as indicating a data gap. The upper count rate limit is generally set at 60 els for the 
Nal probe (i.e., type 04 probe), a conservative value near what is considered background activity. 
For comparison, the original leak detection program responsible for collecting the log data considered 
a count rate equal to or exceeding 200 els a reportable occurrence £or the probe type 04 (Nal). 

The percentage of data values for each survey that are considered as representing the natural 
background (i.e. non-contaminated interval) i9 abo calculated and presented on the summary plots 
as "Frequency Clean•. 

Zones of gamma-emitting contamination ate examined for historical character using the OTP 
calculation. The average background activity is subtracted from peak values so that only the 
contaminated leveb above background are included in the analysis. A graph is generated with OTP 
plotted against time for each depth interval analyzed. One or more decay lines are then 
superimposed on the craph based on isotopes identified by the SOLS data, knowledge of tank 
constituents, and the known presence of isotopes in other boreholes. Sometimes decay lines can be 
fit through the data a number of ways with none of them fitting perfectly. When two or more 
isotopes are identified, a least squares fit analysis for a multi-component decay is performed. A 
detailed cllicussion of how two or more curves are combined is provided in the Appendix to the 
"'Analysis of Historical Gross Gamma Logging Data from BX Tank Farm• (Randall & Price, 1999b). 
The least squares fit may include hypothesized isotopes. Hypothesized isotopes are gamma-emitting 
radionuclides that may have been present when the gross gamma logs were recorded. These isotopes 
are known to exist in the inventory of the tank farm, or are identified in nearby wells, and may not 
be identified by the SOLS because they were at or below detection levels for the HPGe when these 
logs were recorded. The decay rates for each of the components are held fixed in the fitting process 
and the relative intensities of the components are calculated and reported in the data analysia when 
appropriate. The relative contribution of gross gamma rays from one component to another depends 
on the nature of the isotopes and the detector design. , 

Noui: Spuriou• data were 111nerated dunng normal data eoUectiJlg activitle•. 8punou• zero valuea are called data 1•P• 
and ant oon,idered •• unreali1tically low o• tural background activity when noordod with the aodium•iodide probe• , 
Detween 197~ and 1982. the equipment would OCQ1io11ally rooord a 1J1Uriou1 clata ..-alue or minu• one (•l) or aero('()). A 
nJue of 111iJlu1 one repre1111nt1 an invalid count rat.. Data r•P• 00CW' at variou• location• ln the euneye, lncluding ln 
the backg?ound or in the 111iddJo or a high contamination sone within • boNhole. Data gape are aot included in the 
calculation or average backpound. grade thicltneH product, or frequency clean valuee. 

Comparing the OTP data and the decay line(s) reveals information about the rate of change of 
contamination within a zone over the period that data were collected. When appropriate, multiple 
plots are generated to show the results for different zones with.in a borehole. The details {or the use 
of OTP data are described in the Analysis Techniques Report (Randall and Price, 1999a). 

The objective of the analysis is to assure that a consistent and thorough examination of dry well 
surveillance logs is performed and to determine it contamination abruptly entered the region of the 
borehole and quickly migrated out. All digital surveys within the time interval analyzed are 
examined to minimize undetected problems or conditions. Table 1 contains a fut of the dry wells 
located in the C Tank Farm as well u information concerning the identity, level, and depth of 
contamination. 

The data available for this analysis are limited. Some of the limitations are the: 

· 'J a Inability to identify when down-hole contamination is Ii result ofvadose zone transport or drag 
down during casing installation 
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• Insufficient gross gamma ray data to establlih a etati.stical trend or rigorous statistical analysis 

• Lack ofHPGe data or lack of reported analysis ofHPGe data 

• The time interval over which data are available in not sufficiently long 

• Insufficient borehole depth 

• Inability to identify isotopes that have decayed to levels below the detection limits of the SGLS 
lIPGe detector. 

• Inability to fit single or combined decay curves to zones where no gamma-emitting isotopes are 
detected by the SOLS 

Table 1, C Tank Farm Borehole Analysis Results Summary 

Borello .. Sunwy Number "Probe ·•c.te,go,y Zone MftOTP Year ... oto,,.. 
Number 

I~ 
Of Type Depth (ft. c/1) Max Prnent 
Sunevs 'tr.at\ 

30-00-01 70' 206 4 TF Activity 0-5 300 1984 '"'Cs 

Undetennined 56-70 100 1961 '"'Cs 

30-00-03 120' 194 4 TF Activity 0-7 1300 1975 ""'Cs 

3().()()...()6 110' 163 4 Clean 
30-00-09 57' 350 4 Clean 

30-00-10 53' 164 ' Clean 
30-00-11 58' 168 4 Undetennined 3-14 1000 1977 '"'Cs 
30-()0-12 145' 162 4 Clean 
30-00-13 55' 166 4 Clean 
30-00-22 55' 180 4 Undetennlned 0-13 15K 1977 '"'Cs 

30-00-24 60' 175 4 Stable 14-24 800 1977 •-Ru 

Stable 24-40 700 1977 ·-Ru 

30-()1-01 100' 481 4 Stable 30-53 1200 1975 aueo·'"'.'Ru 

30-()1-06 100' 311 4 Unstable Earty 30-i1 250 1980 '"'Cs 

Stable 71-83 600 1975 ·-Ru 

Stable 83-95 220 Ul75 ·-Ru 

30-01-09 100' 317 4 Stable 20-33 40K 1975 ''" Cs 

Stable 33-60 14K 1975 '"'Cs•'-Ru 

30-<l1-12 100' 344 4 TF Activity 0-10 4500 1975 '"'Cs 

Stable 10-18 100 1975 '"'Cs 

30-03-01 125' 681 4 TF Adivlty 0-30 12K 1975 ""Cs 

Undetennlned 40-70 600 1976 '"'Cs 

Unstable 90-125 300 1984 ""CO 

30-03-03 130' 550 4 TF Activity 0-14 4K 1975 IJICs 

Undetennlned 14-40 2600 1975 '"'Cs 

Unstable Earty 76-100 1500 1975 ""co··-Ru 

30-03-05 100' 515 4 TFAdiv,ty 0-20 600 1984 '"'Cs 
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. ) Bol'lhole Survey Number "Probe "C-Oory Zone Max OTP Year ,'1sOCDPff 
Number = Of Type = (ft I( cl•) Mu PR•ant 

Survava 
30-03-07 130' 499 4 TF Activity 0-12 2000 1980 '"'Cs 

Stable •2-54 170 1975 '"'Cs 

30-03-09 100' 553 4 TF Activity 0-12 6K 1980 '"'Cs 

Stable 40-52 150 1975 ... Cs 

Unstable 73-94 500 1988 ""Co 

30-04-01 50' -140 4 TF Activity 0-8 3K 1975 ···es 
Undetermined 8-22 400 1975 ···cs 

30-04-02 135' 335 .. TF Activity 0-12 2000 1975 ···cs 
Unstable Earty 32-60 3K 1975 ""Co 

30-04-03 50' 195 4 TF Activity 0-15 600 1985 ···es 
Stable 16-30 70K 1983 ···cs 

Unstable 30--48 8K 1981 ""Co 

30-04-04 100' 425 4 TF Activity 0-8 50K 1978 ""Cs 

TF ActJvlty 8-25 1800 1975 ""Cs 

30-04-05 100' 416 4 TF Activity 0-20 9K 1978 ···cs 
30-04-08 145' 406 4 TF Activity 0-5 150 1975 ···cs 

Stable 10-26 1000 1975 ···cs 

Stable 26-38 150 1975 '"'Cs 

. · ') . . 
Stable 38-50 120 1975 '"'Cs 

30-04-12 135' 414 4 Clean 

30-05-02 130' 569 4 TF Adlvity 0-14 5K 1975 ···es 
Undetem,ined 14-26 600 1975 '"'Cs 

Unstable Earty 68-64 250 1976 ···cs, ""Co 

30-05-03 100' 589 4 TF Activity 0-39 9K 1S85 ""Cs 

unstable 67-80 400 1975 DUCO 

30-05-04 120' 556 4 TF Activity 0-8 900 1S75 ···cs 

30-05-05 100' 526 4 TF Actrvlty 0-25 12K 1975 ···cs 

Unstable 4~56 550 1976 ···cs 

Undetermined 56-84 1800 1975 '"'Cs, ""CO 

30-05-06 60' 537 4 TF Activity 0-15 1100 1975 ···cs 
Stable 40-53 400 1975 ,.,,Cs, "'.°RU 

30-05-07 67' 319 2 Stable 30--45 20K 1983 ···cs 
Undetermined 45-66 400 1981 '"'Cs 

30-05-08 50' 594 • TF Activity 0-11 •K 1975 ···cs 
Undetermined 11-26 13K 1975 ·-·cs, ""'.CO, •-1;u 

Undetermined 26-53 13K 1975 '"'Cs, -co 
30-05-09 100' 513 4 TF Activity 0-8 300 1985 '"'C, 

30-05-10 135' 513 ,4 TF Activity 0-17 300 1985 '"'Cs 

Unstable Ear1y 17-35 500 1976 ···cs·""eo•·--Ru 

. . I 30-06-02 123' 631 4. TF Adivity 0-16 500 1984 '"'Cs 
30-06-03 100' 666 4 TF Activity 0.10 eoo 1975 ·-·cs 
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Borehole Surny .Number "Probe ·"Category Zone MaxOTP Year "jaotopes 
Number Depth Of Type ~ (ft JC c/1) Max Pruent ,._., Sornv. 
30-06-04 130' 657 4 TFAdivtty 0-16 2000 Hl84 ·~·cs 

Stable 16-32 600 1975 ···cs 

30-06-09 100' 657 • TFAdivtty 0-16 goo 1985 •• cs 

30--06-10 130' 657 "' Tf Activity 0-10 800 1984 ···cs 
uns1able 66-115 300 1989 ""Co 

30--06-12 100' S02 4 TF Adivlty 0-14 1500 1g55 , ... c, 
Unstable Earty 1•-26 300 1979 ···cs, ""Co 

30-07.01 100' 380 4 Stable 0-14 120 1975 ···cs 

30-07.()2 100' 385 • Clean 

30-07-0S 100' 398 "' Tf Ad1vity 0-8 300 1975 ·~·es 
30-07.07 100' 390 "' Clean 
30-07.08 100' 387 4 Clean 
30-07-10 100' 390 4 Clean 
30-07-11 100' 403 "' TF Adivity 0-10 80K 1993 ""Cs 

30-08.()2 100' 68 4 TF Actlvity o-e 4K 1985 ·~·cs 

TF Activity 13-28 55K 1980 ···cs 

Unstable •6-55 1500 1980 ""Co 

Unstable 55-84 12K 1960 ""Co 

30-08-03 es· 317 4 Clean 
30-08-12 100' 299 • Clean 

30-09-01 100' 316 4 unstable Earty 88-100 400 1977 ·-·cs, ""Co 

30-09-02 100' 312 4 Unstable 40-58 1100 1976 -eo 
Stable 82-100 200 1975 ""'Co 

30-09-06 100' 320 4 Unstable Earty 72-68 1000 1983 ""Co 

30-09-07 125' 45 4 TF Activity 0-14 300 1985 ···cs 
Unstable 72•90 1100 1983 ""Co 

30-09-10 100' 360 4 TF Activity 0-20 4K 1975 ···cs 
Stable 20-38 200 1975 ···cs 

Stable 50-70 100 1975 ···cs 

Stable 70-94 200 1975 ···cs 
30-09-11 100' 349 4 Clean 
30-10-01 100' 333 4 Clean 
30-10-02 100' 357 4 Stable 42-50 so 1975 ···cs 
30-10-09 100' 354 • Unstable Earfy 40-60 1700 1975 ·-Ru 

30-10-11 100' 336 4 Clean 
30-11.()1 100' 345 4 Clean 
30-11.05 100' 2n 4 Clean 
30-11.()6 100' 298 " Clean 
30-11.09 100' 305 4 Clean 
30-11 • 11 100' 280 .. Clean 
30-12.01 100' 384 4 Unstable Earty 34-48 200 1978 -eo, ""'Ru 

30-12.()3 100' 348 4 Clean 

) 30-12-09 100' 340 " Clean 
. '• . 30-12-13 120' 211 " TF Activity 0-20 23K 1978 ·~·es 
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Bonhole Sur,wy Number "Probe •category Zone Max OTP Ye1r "Isotopes 
Number o.pU, Of Type ,=:i (ft x tis) M•• Present 

ffNt\ Surveys 
Stable 20-50 1800 1978 ·•· Cs '"'Co 

1~Ru • 

•Probe type: 
· Caution must be used when relating OTP values in zones recorded with different probe types. 
1 :z: Green GM, moderately sensitive; reads moderate levels of gamma t'ay activity. 
2 = Red GM, lea.,t sensitive; reads highest level of gamma ray activity. 
4 = Nal, most sensitive, reads lowest level of gamma ray activity and therefore used in zones of 
limited activity 

bCategory: defined above in 1.0 llltroduction. 
TF Activity; abbreviation !or Tank Fann Activity 

el!otopes Present; Radionuclides used in GTP plot. Radionuclides identified 8.9 present by HPGe 
survey or hypothesized (e.g. Ru106), see 1.2 Data Analysis Description. 

2 Subsurface Condition Categories 

2.1 Clean 

A clean well is one that exhibits no observable change in the character of the activity over the 
logging history of the well, and does not have any isotopes identified by the SGLS greater than the 
average background levels of naturally occurring camma ray emitting isotopes. Non-gamma 
emitting radionuclides or other contaminant species might be present but are not detected by either 
SDGL.S or gross gamma logging. Although spurious surveys (those readings that do not repeat over 
time) may exist in the frequency clean and the average background plots, the trend of the data is 
clear. Twenty-two of 70 dry wells (i.e., 30%) in the C Tank Farm a?e considered clean (Figure 2) and 
are listed in Table 2. The remaining 49 wells are considered contaminated and are categorized and 
discussed in the following sections. 

Table !. C Tank Farm Clean Wells 

Borehole Survey Category 
Number Depth ,._., 

3().-00.()6 110 Clean 
30-00-09 57 Clean 
30-00-10 55 Clean 
30-00-12 1-45 Clean 
30-00-13 55 Clean 
30-04-12 135 Clean 
30--07~2 100 Clean 
30.07~7 100 Clean 
30.07~8 100 aean 
30--07-10 100 Clean 
30-08-03 55 Clean 
3().()8.12 100 Clean 
30-09-11 100 Clean 
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Bor9hole Survey eatavory 
Nt.mlNtr = 30.10-01 100 Clean 

30.10-11 100 Clean 
30.11-01 100 Clean 
30.11-05 100 Clean 
30-11-06 100 Clean 
30.11-09 100 Clean 
30-11-11 100 Clean 
30.12-03 100 Clean 
30.12-09 100 Clean 

2.2 Contaminated 

A total of92 contaminated zones were identified in the remaining 48 boreholes, "'ith up to four zones 
identified in three boreholes. In some ca.ses, the zones are continuous; in others, there are non­
contaminated intervals between zones of contamination. This is especially true for boreholes in 
which there are zones of Tank Farm Activity which, typically, occur in the upper 10 feet of a 
borehole. 

Specific gamma-emitting isotopes that are in the subsurface are identified from data acquired by the 
SOLS. Integration of the decay rate of the radionuclide species identified by the SOLS with the 
gross gamma ray data collected during the dry well surveillance progr_am provides insight as to the 
rate of change, if any, ofradionuclides in the subsurface. During the analysis of C Tank Farm data, 
four gamma-emitting isotopes were identified or hypothesized to have occurred in one or more 
radioactive contamination zones. They are cesium-137 (Cs-137), cobalt-60 (Co-60), europium-154 
(Eu-154), and ruthenium-106 (Ru-106). 

Cesium-137 was identified in 71 zones, most often as the sole isotope in a zone, although it is found 
with other gamma-emitting isotopes in 10 zones. 

Cobalt-60 was identified as the sole isotope by SOLS in 12 zones in C Tank Farm boreholes. It exists 
in conjunction with other isotopes identified by SOLS in 11 zones. 

Europium-IM is present in two zones in combination with cesium-137 and cobalt-GO. 

Ruthenium-106 is present as the sole isotope in four zones and is present with cobalt·60 in three 
zones, with cesium-137 in two zones and with both in one zone. 

The isotopes identified in C Tank Farm with the SGLS exist primarily under two categories of 
subsurface conditions: tanlc farm activity and stable. Nine unstable conditioll8, 11 •unstable early" 
and 11 undetermined conditions are present in C Tank Farm. Dry well locations (centered beneath 
the borehole name on the map) are labeled with the conditions of subsurface zones and are shown in 
Figure 2. A single .symbol for a dry well may indicate multiple zones of the .same designation. 
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Figure 2. C Tank Farm Radiation Zone Categories 
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2.2.1 Tank Farm Activity 

A eudden, significant change in the intensity of gross gamma rays between successive gross gamma 
surveys at or near the ground surl'ace suggests that contamination may have resulted from tank 
farm activities or logging procedul'e changes. Radioactive contamination occurs at the surface in 35 
wells, apparently as the result of tank farm activities (i.e., logging procedure changes, transfer line 
operations, valve box and conduit leaks, surface spills, etc.). These wells are listed in Table 8. 

Table 8. C Tank Farm Activity Zones 

So,.hole Survey Probe category Zone Depth M•,c Year Jsotope 
Number Depth Type (feet) OTP Max Present 

,,..,) 1ft xc/d 011' 
30-00-01 70 4 TF Activity 0-5 300 1984 '"''Cs · 

30-00-03 120' 4 TF AdJvity 0-7 1300 1975 '"''Cs 

30-01-12 100 4 TF Activity 0-10 -4500 1975 '"''Cs 

30-03-01 125 4 TF Activity 0-30 12K 1975 '·"cs 

30-03-03 130 4 TF Activity 0-1-4 4K 1975 ''"Cs 

30-03-05 100 4 TF Activity 0-20 600 1984 '"''Cs 

30--03-07 130 .. TFActivlty ().12 2000 1980 '"''Cs 

30-03-09 100 .. TF AdJvlty 0-12 8K 1980 -u1Cs 

30-04-01 50 • TF Activity 0-8 3K 1975 '"'Cs 

3().04.()2 135 4 TF Adlvity 0-12 2000 1975 -~·es 
30-04-03 50 • TF Adlvlty 0-15 600 1985 ""Cs 

30-04-04 100 4 T F Activity 0-8 150K 1978 '"''Cs 
30-04-04 100 4 TF Activity 8-25 1800 1975 '"''Cs 

30-04-05 100 4 TF Activity 0-20 SK 1978 '""Cs 

30-04--08 145 4 TF Activity 0-5 150 1975 '"'Cs 

30-05-02 130 4 TF Activity 0-1• 5K 1975 '"'Cs 

30-05-03 100 4 TF Ac:hvity 0-39 9K 1985 '"''Cs 
30-05-04 120 4 TF Activity o-e soo 1975 '"'Cs 

30-05-05 100 4 TF AClivrty 0-25 12K 1975 ''"Cs 
30-05-06 60 4 TF Activity 0-15 1100 1975 '"'Cs 
30-05-08 50 • TF Activity 0-11 16K 1975 IJ Cs 

30-05-09 100 4 TF Activity o-e 300 1985 , .. Cs 

30-05-10 135 4 TF AC1ivey 0-17 300 1985 n 1Cs 

30-06-02 123 4 TF Adivity 0-16 500 1984 '"'Cs 

30-0&-03 100 4 TF Activity 0-10 800 1975 '"'Cs 

30-06-04 130 4 TF Activity 0-16 2000 1984 •-:ucs 
30-06-09 100 4 TF Activity 0-16 900 1985 '"'Cs 

30-06-10 130 4 TF Adlvity 0-10 800 1984 '"'Cs 

30-06-12 100 -4 TF Activity 0-14 1500 1985 '"'Cs 

30-07-05 100 4 lF Activity o-e 300 1975 '"'Cs 

30-07•11 100 4 TF Activity 0-10 80K 1993 '"''Cs 
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eor.,,o,- su,.,.y Ptobe CataQory Zone Depth Max v •• , Isotope 
Number = Type (fMt) OTP Max Preaent 

tft II els) OTP 
30-08-02 100 4 TF Activity 0-6 4K 1985 •v•cs 

30-08-02 100 "' TF Activity 13-28 55K 1980 '""Cs 

30-09-07 125 4 TF Activity 0..14 300 1985 •v•cs 

30-09-10 100 4 TF Activity 0-20 4K 1975 •v•cs 

30-12·13 120 "' TF Activity 0-20 23K 1978 ov•cs 

2.2.2 Undetermined 

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the system 
design criteria (both upper and lower limits), insufficient data, possible effects or depth shift, and 
surf ace activities. 11 of 92 z.ones in the 48 contantlnated dry wells examined in the C Tank Farm are 
undetermined: These zones are listed in Table 4. 

Table 4. C Tank Farm Undetermined 7.ones 

Borehole Survey Probe en.gory Zone Max Year Max Isotopes 
NI.miter Deptll Type Dep4tl OTP OTP Preaent 

,,_t) ,,_,, tft 1( c:/1) 

30-00-01 70 4 Undetermined 58-70 300 1984 , .. 'Cs 

30-00-11 58 4 Undetermined 3-14 1000 1977 •v•cs 

30-00-22 55 4 Undetermined 0-13 15K 1977 , .. ,Cs 

30-03-01 125 4 Undetermined 40-70 600 1976 ov•cs 

30-03-03 130 4 Undetermined 14-40 2800 1975 , .. ,Cs 

30-04-01 50 4 Undetermined B-22 400 1975 'J'Cs 
30-05-02 130 4 Undetermined 14-26 600 1975 ''"Cs 
30-05-05 100 4 Undetermined 56-80 1800 1975 ,.,,Cs, guCo 

30-05-07 67 4 Undetermined 4~ 400 1981 ""Cs 
30-05-08 50 4 Undetermined 11-26 12K 1975 '"'Cs, ""Co, '"".'Eu 
30-05-08 50 4 Undetermined 26-53 1-1K 1975 '"''Cs, ""Co 

2.2.J Stable 

The subsurface condition of a zone with radioactive contamination i, considered stable when: 

• The decay rate of the i.sotope(s) identified with S01.S matches the trend observed in the OTP 
or the gross gamma ray data, or 

• Contaminants continue to decay at a rate consistent with the hypothesized isotope(s) half• 
life, and 

· } • No noticeable change in concentration is apparent over the short ti.me interval that data 
were collected. 
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Twenty-four are considered stable in C Tank Farm and these zones are listed in Table 5. 

Table li. C Tank Farm Stable Zones 

Sol"fflOle Survey Probe Cat19o,y Zone Max Year Max llotopes 
Number Depth TY1Mt Depth OTP OTP PNsent 

'tfeet) Itta.ti 1ft X els) 
30-00-24 60 4 Stable 14-24 eoo 1977 ""'Ru 

~24 60 .. Stable 24-40 700 1977 ·-Ru 

30-01-01 100 4 Stable 30-53 1200 1975 ·-·cs·""'Ru 

30-01-06 100 4 Stable 71-83 600 1975 •-Ru 

30-01-06 100 4 Stable 83-95 220 1975 "'"Ru 

30-01-09 100 4 Stable 20-33 40K 1975 •~'cs 
30-01-09 100 4 Stable 3~0 14K 1975 •-·cs·""'Ru 

30-01·12 100 4 Stable 10-16 100 1975 ···cs 
30-03-07 130 4 Stable 42-54 170 1975 '""Cs 

30-03-09 100 .. Stable 40-52 150 1975 , .. 'Cs 

30-04-03 50 4 Stable 16-30 70K 1983 .... Cs 

30-04-08 145 .. Stable 10-26 1000 1975 ''"Cs 

30-04-08 145 4 Stable 26-38 150 1975 ···es 
30-04-08 145 4 Stable 38-50 120 1975 ·-·cs 

30-05-06 60 4 Stable .110-53 -400 1975 •v•cs-eo 

30-05-07 67 2 Stable 30-'45 20K 1983 '"'Cs 

30-06-04 130 4 Stable 16-32 600 1975 ···cs 

30-07-01 100 4 Stable 0-14 120 1975 , .. Cs 

30-09-02 100 4 Stable 82-100 200 1975 ~eo 

30-09-10 100 4 Stable 20-38 200 1975 ·-·cs 
30-09-10 100 4 Stable 50-70 100 1975 '"Cs 

30-09-10 100 4 Stable . 70-94 . 200 1975 '"''Cs 

30-10-02 100 4 Stable 42-50 eo 1975 ·-·cs 
30-12-13 120 4 Stabla 20-50 1800 1978 ···cs ""Co ·-eu 

' 1011R~ 

The term "'Stable", as used in this analys~, is defined as the apparent match of the dea1y curve to 
that for the isotopes known or hypothesized to be present, and does not refer to the inherent 
condition of the contamination. The mobility of the radioactive contaminants in the subsurface soils 
before or after the gross gamma ray and SOLS data collection period is undetermined. If a new 
driver were introduced (e.g., the influx of a large volume of liquid), contaminants could be 
remobilized. Similarly, a change in geochemical conditions in the soil could also dect Jnobility. 
Oiven the current gross gamma and SOLS data, it cannot be determined if remobilization will or will 
not occur. 
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2.2.4 Unstable 

The subsurface condition of a zone with radioactive contamination is considered unstable when, at 
some point within the time interval of data collection, contamination was not decreasing at the decay 
rate of the isotope(s) identified with SOLS. In this case, the decay curve does not match the uend 
observed in the OTP of the identified or hypothesized isotope. In the C Tank Farm, 20 zones are 
identified which exhibited instability within the time period that gross gamma ray data were 
collected. In 11 of these zones, instability occurs during the ea.tlier years of data collection for 
certain depth intervals; however, in later years, the OTP follows the decay curve of the known or 
hypothesized isotopes. A listing of "unstable early' and unstable zones is presented in Table 6. 

Table 8. C Tank Farm Unstable Early and Unstable 7.ones 

&or.hole aurvey Probe Calagory Zone Mn Year Max Isotopes 
Number :=, Type Depth OTP OTP Present 

lfMtl 1ft JI els) 
30-01-06 100 .. unstable Eat1y 30-41 250 1980 137Cs 
30-03-03 130 .. unstable Earty 78-100 1500 1975 60Co•'-Ru 

30-04-02 135 " Unstable Earty 32-60 3K 1975 ""Co 

30-05-02 130 " Unstable Earty 68-84 250 1976 -~·es""'eo 
»05-10 135 4 Unstable Eariy 17-35 ~00 1976 ···cs...,Co•'-Ru 

3o-o6-12 100 4 Unstable Earty 14-26 300 1979 ·-·c,·'"'eo 
30-09-01 100 4 Unstable Earty es-100 ,400 1977 '"'Cs·""Co 

3().09.-06 100 .. Unstable Earty 72~8 1000 1983 -co 
30-10-09 100 4 Unstable Eariy 40-60 1700 1975 ·-Ru 

30-12-01 100 .. Unstable Ear1y 34-48 200 1978 ""Co,"'"Ru 

»03-01 125 4 Unstable 90-125 300 1984 ""Co 

30-03-09 100 4 Unstable 73-94 500 1988 ""Co 

30-04-03 50 4 Unstable ~8 SK 1981 ..... co 
3D-05-03 100 4 Unstable 67-80 400 1975 -co 
30-05-05 100 ,4 Unstable <40-56 550 1976 ·~·cs 
30-06-10 130 ,4 Unstable 86-115 300 1989 ""Co 

30-08-02 100 ,4 Unstable '46-55 1500 1960 ""'Co 

30-08-02 100 .. Unstable ~5-84 12K 1980 ""Co 

30-09-02 100 .. unstable -40-58 1100 1976 ""Co 

30-09-07 125 " Unstable 72-90 1100 1983 ""Co 

3 Details of Contaminated Conditions 

Characteristics of the contaminated zones are summarized in the following discussions. 
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3.1 Stable Zones 

The fixed decay rate of the isotope(s) present is used to calculate the decay curves (Figure 3). Table 7 
wts the half-life of the isotopes encountered in the C Tank Farm. 

When a contaminated interval contains multiple isotopes, the intensity of the alov.•est decay 
component is plotted to match the data over the most recent time period for which data exist. Faster 
decay isotopes are then clearly indicated as necessary to match the trend of the GTP values. When 
the decay curve fits the OTP plot, a stable condition is said to exist. When the decay curve does not 
fit any portion of the OTP plot, stability cannot be established. The factors responsible for instability 
are beyond the scope of this report. 

Several zones 'Within a number of wells in the C Tank Fann exhibit gross gamma ray activity above 
natural background. Many of these radioactive intervab are observed to be stable as verified by the 
change in GTP over time which coincides with the decay rate of the isotope(s) identified or 
hypothesized to have been present in the soil 8\ll'rounding the dry well during the time interval data 
were collected. The isotopes present in these stable zones vary and are presented above in Table 8 
through Table 6. In general, they occur as follows: 

• Cs· 137 is present in all of the tank fann activity and undetermined zones, in six of 20 
unstable zones and in 18 of 24 stable zones. 

• Ru-106 is present in seven stable zones and four "'unstable early" zones. 

• Co-60 occurs in three undetermined and two stable activity zones in combination with other 
· :, ·.,.) isotopes, as the sole isotope in six unstable zones and with other isotopes in six unstable 

z:ones. 

• Eu-154 occurs in one stable zone with Ca-137 and Co-60, and in one undetermined zone with 
Ca-137 and Co-60. . 

' .. l 
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Radionuclide Half Life Decay 

5 10 

Year 
15 

Figure S. Radionuclide Half-life Decay Rates 

Table 7. Hair-lire or laotopes Identified la the C Tank Farm Boreholes 

Isotope Half Life (yrs) 
Co-60 5.27 
Eu-154 8.50 
Cs-137 30.17 
Ru-106 1.02 

3.2 Depth of Contamination 

20 

About three-quarters of the dry wells within the C Tank Farm show aome contamination; 48 of70 
wells (68¾). Thirty-five wells ahow surface contamination (categorized as Tank Farm Activity) from 
ground surface to depths as great as 39 feet. Fourteen Tank Farm Activity zones are restricted to 
the upper 10 feet and all contain only Cs-137. In some boreholes, surface contamination (i.e., TF 
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.Activity) is the only contamination in the borehole; in others, it is the uppermost %One of 
contamination, with other contaminant %Ones at greater depth. 

Fjgures 4, 15, and 6, depict borehole locations (centered beneath the borehole name) and contaminant 
information. Figure 4 illustrates the depth to the top or contamination and the isotope(s) present at 
that depth. Figure 15 illustrates the depth to the bottom of contamination and the isotope(s) present 
at that depth. Figure 6 shows locations where OTP values ue greater than 1,000 ft*c/s. Most 
contaminant zones are less than 20 feet thick. The range in thickness is from 15 feet (30-04-01 and 
30-04-04) to 39 feet (30-05-03). 

Several boreholes contain multiple zones, with a maximum offour zones in two boreholes (30-04-08 
and 30-08-02). The observable maximum depth of contamination (Figure 15) is dependent on the 
depth to which detectors penetrated the subsurface. There appears to be one case in the C Tank 
Farm where gross i:amma logeing data indicate that gamma-emitting contaminants reached the 
bottom of a borehole (30-03-01). 

It should be noted that on various stack plots for the period before 1983, there appears to be 
contamination at the bottom of a borehole that doesn't appear after the log survey start and stop 
depths were controlled by computer. This apparent contamination at the bottom of the borehole 
resulted from longer counting times due to operators activating the instrument a few to several 
seconds before activating the hoist to move the logging tool up the borehole. The absence of 
contamination after 1983 and the lack of confirmation by SGI.S logging indicate that the 
contamination seen at the base or numerous boreholes before 1983 is apparent rather than real 
(resulting from tank farm operations, i.e. logging practices). 

Depth control issues related to logging make much of the data at the surf'ace prior to 1983 unusable 
for evaluating contaminant conditions. Changes and variability in background values in the 1970s 
throui:h the early 1980s were common in many boreholes. Depth control issues inhibit the ability to - . 
identify any downward movement of contamination prior to 1983. However, where depth control is 
not an issue, data analysis can identify movement of contlllllinatioo by the changes in the gross 
gamma ray activity occurring at a rate that is faster than the decay rate of the isotope(s) present in 
the zone. 
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Figure <t. C Tank Fann Top oC ContamlnatJon 
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Figure G. C Tank Farm Observable Bottom of Contamination 
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CTank Farm 
Grade ThlcknHS Product 

> 1000 (trc/s) 
("Value• ant Nal unless nobtd) 

Figure 8. C Tank Farm Grade Thickness Product Greater Than 1,ffO lt*ds 
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3.3 Contaminant Mobility 

The mobility of contaminants in the subsurface is examined by reviewing the zones with categories 
of: unstable, unstable-early, and undetermined. Thirty-one zones in the C Tank Farm match these 
three categories. Twenty-two of these zones are deep in the subsurface, at or below the base of the 
under ground tanks. Cesium-137, which is generally considered to not be mobile, is the sole 
contaminant in 10 of these zones. Co-60 is the sole contaminant in 11 of these zones. 

Plots of the OTP with time illustrate movement of contaminants either into or out of a zone, and the 
stack plots can illustrate a change of position of contaminants within the zone. Table 8 lists these 31 
zones in which contaminant mobility is most likely to be present (unstable, unstable-early, and 
undetermined) along with the type of contaminant mobility observed from the analysis of the 
historical gross gamma logs. Table 8 is ordered by borehole number. 

In several zones (four) the mobility of the contamination can not be determined with out further 
detailed monitoring log surveys, for two reasons. First, the amount of contamination is low level, 
which made detection above the background activity difficult. Second, there is a gap in the historic 
logs Ooss of survey data) during 1983 in which the disk database over flowed before the data was 
copied to computer backup tapes. The contaminant mobility in these zones is identified as °'Not 
Available". The OTP plots of these zones typically show higher values before the data gap in 1983 
than after the gap and frequently have indications of increasing or changing contamination levels 
before the data gap • 

Table 8. Contaminant Moblllty In the C Tank Farm 

Borehole Zone Depth Category Contaminant Mobility A a C 
lft\ ltotone Period lnel"NH Mlaratton NA 

30-00-01 58-70 Undetermined '"'Cs 1975-1984 A 

30-00-11 3-1• Undetermined '·"Cs 1977-1990 A 

30-00-22 0-13 Undetermined '·"Cs 1977-1989 A 

30-01-06 3o-•1 Unstable Earty ·-·cs 1979-198:l A 

30-03-01 40-70 Undetermined •¥·cs 1984-1986 C 

30-03-01 90-125 Unstable ""Co 1975-1989 A B 

30-03-03 14-70 Undetermined ···cs 1975-1983 C 

30-03-03 78-100 Unstable Earty ""Co,""'Ru 1975-1978 A 

30-03-09 73-94 Unstable '""Co 1975-1991 A B 

30-04-01 8-22 Undetermined ·-·cs 1975-1986 C 

30-04-02 32-60 Unstable Earty '""Co 1975-1987 A e 
30-04-03 3o-•8 Unstable ""Co 1980-1993 e 
30--05-02 14-26 Undetermined ''"Cs 1975-1983 C 

30--05-02 68-84 Unstable Earty ,.,,Cs,""CO 1975-1976 A 

30-05-03 67-80 Unstable ""Co 1975-1990 A 8 

30-05-05 40-56 Unstable •¥cs 1975-1995 e 
30-05-05 M-84 Undetermined ·-·cs,""Co 1975-1984 A 

30-05-07 ,45-66 Undetermined '"'Cs 1980-1988 B 

30-05-08 11-26 Undetermined ···cs,""'Co, ·-eu 1975-1977 B 
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Borehole Zone Depth ca.gory ContMIIMnt MobHlty A 
tn) lsot,..,. Period Increase 

30-05-08 26-53 Undetermined •• cs,-.ieo 1975-1985 

30-05-10 17-35 Unstable Early •• Cs,""'Co, ""'Ru 1975-1976 A 

30-06-10 86-115 Unstable ""Co 1982-1998 A 

30-06-12 14-26 Unstable Early 1
" Cs,""'Co 185-1979 A 

30-08-02 -46-55 Unstable ""Co 1980-1985 

30-08-02 55-84 Unstable ""'Co 1980-1988 

30-09-01 86-100 Unstable Early '"'Cs,""'Co 191s-19n A 

30--09-02 40-58 Unstable aueo 1975-1985 A 

30-09-06 72-88 Unstable Early wueo 1980-1986 A 
30-09-07 72-90 unstable IIUCo 1982-1991 

30-10--09 40-60 Unstable Early ""'Ru• 1975-1982 

30-12-01 34-48 Unstable Early auCo,""'Ru 10n-1s1a A 

• ltu-106 doe, not lit the rapid decay, thu1 moet likely rapid contaminant migration. 
k 011' (contaminant) tncreannir In zone 

8 
Mlaratlon 

B 

B 

B 

B 

B 
B 

B: Contamlnant ln zone remains con1tant but miJrate• within zone to lower depth• 

C 
NA 

C: Low contaminant level and lou or hi• toric data (1983) prevent• determination or mobility, not available 

If contamination movement is identified through analysis of borehole logs, whether downward or 
laterally, it is reasonable to assume that movement would continue in the same manner beyond the 
proximity of the borehole, provided subsurface conditions have not changed. Movement may also 
occur in locations where there are no boreholes and thus go undetected. It is also possible that 

~: .) contaminants other than gamma-emitting radionuclides are moving but are not detected by gross 
· · gamma logging. 

\ , 

3.4 Isotopes Identified 

Four man-made isotopes are known to be, or hypothesized to have been present, in the C Tank Farm 
at or above the detection limit based on the HPGe and gross gamma ray log analysis. They are listed 
in Table 7 along with the half-life of each. The most abundant isotope in the C Tank Farm is Cs-137 
which occurs in 71 (of 89) zones, in 61 of which it is the only isotope. Cobalt-60 is the second most 
common isotope, having been identified in 22 zone5; it is the only isotope in 12 or these zones. 
Ew-opium-154 was detected in just one zone, and occurs with other isotopes. Rutheniwn-106 was 
detected in nine zones, and was identified with other isotopes in five of these zones. 

3.5 Subsurface Conditions During the Monitoring Period 

Data evaluation in this report is limited to the period when digital data were first captured in 1975 
to the last digital data collection in 1994-1999. Data collection extends only to 1989 in dry well SO· 
08-02. Six general conditions are possible concerning contamination over the time interval during 
which digital data were acquired: 

1. Subsurface conditions were unstable at the beginning of digital logging and then apparently 
became stable, 
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isotopes present in contaminated intervals that were identified during the nearly twenty-year period 
that the digital dry well data wen collected. 

Subsurface contaminant conditions were identified and categorized during the analysis of the 
historical dry well data. The categories identified include clean, tank farm activity, undetermined, 
atable, and unstable. (Note that the category of unstable is further aubdivided into 1) unstable, 
meaning at the end of data collection, the change of GTP with tune was not following a known decay 
curve; and 2) unstable early, meaning stability was reached before the end of data collection.) This 
classification reflects the conditions in which contamination is present (or not present) within the 
period gross gamma ray data were collected electronically. It does not repre.,ent the conditions 
within the subsurface after 1994. However, an assumption that the trend of the data might continue 
unaltered past 1994 seems reasonable, barring any event that changes the hydrogeologic or 
geochemical conditions in the subsurface or the total contaminant inventory. 

There are 22 dry wells that are classified as Clean in the C Tank Farm. Five of ten peripheral 
boreholes are classified as clean. Three peripheral wells have contamination with OTP greater than 
1000 n•c1s. They are Tank Farm Activity in dry well 30-00-03 and Undetermined Activity in dry 
wells S0-00-11 and 30-00-22. There are several tanks (e.g., tanks C-103, C-104, C-105, C.106, C.107, 
C-108, C-109 and C.112) which there is limited .surface contamination categorized as Tank Farm 
Activity. These are all listed as •sound tanks• (Hanlon, 2000). Ts.nk C-101 has one dry well 
categorized as tank farm Activity, and this tank: is listed as assumed leaker (Hanlon, 2000). The 
designation of a tank as "sound" refers only to the integrity of the tank itself, and not the associated 
piping and facilities (e.g., valve or diversion boxes, pits etc which could easily be the location where 
containment was lost]. 

There is little or no correlation between dry wells with unstable early and unstable contaminant 
zones and "assumedleakers• (Hanlon, 2000). For example, tanks C-101, C-110, and C-111 are 
categorized as •assumed leaker", but no unstable early or unstable categorized zones are found 
surrounding these tanks. C-101 tank does have one undetermined zone at the south side of the tank, 
(30-01-06 at depth of30-41 feet) . The majority of the unstable early and unstable zones are around 
tanb C-103, C-104, C-lOtS, C-106, C-108, and C-109. · 

The most common gamma-emitting isotope present in the subsurface of the C Tank Farm is Cs-137, 
which was detected in 72 of 8 7 zones or contamination in the C Farm dry wells. In 62 of these zones, 
it is the only isotope. It most commonly occurs in the shallow subsurface (typically less than 20 feet) 
(Tank Farm Activity zones]. 

The second most abundant isotope in C Farm is Cc).60, which occurs in 23 zones throughout the 
farm. This isotope typically occurs at a depth of 40 feet or greater. Only three of these zones have 
maximum depths less than ~O feet, which is near the bottom of the excavation for the tanks. 

There are 45 zones of contamination with OTP equal to or greater than 1,000 n•cJs (Nal probe type 
04) in the C Tank Farm; 23 of these are due to tank farm activities. These zones are primarily 
concentrated around tanks in the east-central part of the farm (C-103, C-104, C.105, C-106, and C· 
108). 

Information on how or whether geology and/or geochemistry affect the direction, rate and extent of 
i.Mtope migration in the BUbsurface is not considered in this report. However, it is noted in several 
boreholes that total gamma due to natural potassium-40, uranium and thorium shows a marked 
change at about the base ofbackfill (i.e., the top of the natural, in-place strata at a depth of 45 - M 
feet) in the C Tank Farm. This interface between materials of apparently different compaction (and 
therefore soil densities) may have influenced the mobility and distribution of contaminant isotopes. 
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Brief Listing of General Observations and Special Data 
Presentation Conditions 

General Observations 

Several re-occurring features in the gross gamma surveillance logs are listed in the following: 

• The stack plots for many boreholes show elevated data readings at the bottom of a several 
surveys before 1984. The HPGe survey may or may not detect contamination at the bottom. of 
the borehole. These elevated readings at the bottom of the borehole were examined and a grade 
thickness product calculation was frequently performed. The readings vary between low and 
high count-rates £or successive surveys and are consistent with the result of manual operation of 
the logging equipment (before computer based depth control). The grade thickness product plot 
is not presented unless detectable levels of contamination are present. 

• Depth control after 1984 i.s excellent and detailed survey features can be analyzed in complex 
contaminant structures after this date. 

• Around 1985, the frequency clean plot often shows a drop to a value slightly less than 100%. This 
effect is caused by the zero readings at the surface (i.e., a change in logging procedure). 

• The first 2 to 5 surveys in 1975 ofren ahow an average (natural) background that is higher than 
the remaining surveys. 

• Occasionally, different files with different dates show the exact same data indicating electronic 
2\ copying errors. 

~;_:::;) • Before the onset of depth control (around 1984), the bottom reading for surveys varies between 
low and high count-rates for successive surveys. The pattern between aurveys is apparently 
random. 

• The HPGe miniinum detection limit for the gamma-emitting contaminants is less than the Tank 
Farms gross gamma aurveillance probe detection limit. The detection limit for the Tank Farm 
logging system is about IS pCi/g for single casing and higher for double casing. 

Special Presentation Conditions 

Several analysis processing and presentation methods are listed in the following: 

• No data are deleted from the presentation plots; thus spurious surveys are often viewed. 
• Stack plots are generated from a selected frequency (most common is quarterly). There is no 

selection based upon interpreted validity of the survey. 
• During analysis each survey is processed and analyzed, even when some surveys are not viewed 

in a specific plot, such as the stack plot. A few anomalous (spurious) surveys can be presented on 
the stack plot that have invalid data (generally due to tool failure). And the following survey, 
generally the next day, is consistent with the surveys prior to the anomalous survey. 

• The oldest and latest survey plots on a grade thickness plot are not necessarily the first and last 
in the electronic data set. The oldest and latest surveys that represent the true vadose zone 
condition are shown in the GTP and Clean plots. Thus the dates on the log plots may not niatch 
the dates listed in the table on the header page preceding each dry well presentation. 

• The random readings at the bottom of surveys before 1984 are judged not valid unless the SGLS 
. · , data indicates a measurable quantity at the bottom of a dry well. 
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• While other probe data exists in the set analy%ed, these data are not processed in this work scope 
unless they affect the conclusion for the stability of the dry well. However, the presence of these 
data may be useful to the reader, and thus are listed in the table of the header page. 
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Tank C-100 

Table or Contents 
Tank C-100 .......................................................................................................... .' ............................... 36 

Borehole 30-00-01 ..................................................................................................................... 37 
Borehole 30-00-03 ........................................................................................ ; ............................ 42 
Borehole S0-00•06 ........................................................................................ ; ............................ 47 
Borehole 30-00-09 ............................................................................................................................. 51 
Borehole S0-00· 10 ..................................................................................................................... 55 
Borehole 30-00• 1 l ..................................................................................................................... S9 
Borehole 30-00-12 .......................................................................................................... _ ................ 63 
Borehole 30-00-13 ..................................................................................................................... 68 
Borehole 30-00·22 ..................................................................................................................... 72 
Borehole 30-00•24 ..................................................................................................................... 76 

This section contains the analysu results for vadose zone boreholes (dry wells} &Mociated with the 
•er Tank Farm in general, and are not ll$SOO.&ted with a specific tank. 

Special Notes: Borehole 30·00-11 ha, high gross for the level of Cs-137 reported with the HPGe lo, 
data. This indicates the possibility of either a remote Cs-137 source, or the presence or a strong beta 
only source, (such as Sr-90). 
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Borehole 30-00-01 

Contamination (Cs-13 7) from 0-5 feet is Tank Farm Activity. 
Contamination (Cs-137& Co-60) from 58-70 feet is 

Undetermined. 

Grade thickness product over 0 to 5 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product may 
be consistent with the decay from Ce-137 (HPGe identified), but the levels in gross 
gamma are so low during this time period, they cannot be distinguished from 
background. 

The zone from 58 to 70 feet was examined for the HPGe identified Co-60. No 
historical trend above background difference from the Cs-137 was observed in the 
grade thickness product for this interval. It is possible that the observed Co-60 is a 
small and recent influx. There is also some statistically insignificant indication of 
grade thickness product increase from 1975 to 1980. Since the poor statistical 
response cannot yield a rigorous classification, and the lack of a Co-60 character to 
the grade thickness product, the zone is classified undetermined. 

G ross G amma s urvev Infi orma ti on 
Probe Type Processed : 04: Nal ' 

Other Probe Types : 03: Neutron 
Survey Depth : 100 ft (<1976); 80 ft (1976-1980); 70 

ft(1980-1994) 
First Survey Date : 1/10/1975 
Last Survey Date : 10/5/1993 

Number Surveys Processed : 208 

Anal . Note lYSlS 8 

:Method Used to Compute Threshold O<val<50 
Backizround: 

Depth(s) where Contamination 0-5 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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RPP-8321 , Rev. 0 

Borehole 30-00-03 

Contamination (Cs-137) from 0-7 feet is Tank Farm Activity. 

Grade thickness product over 0 to 7 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
still not consistent with the decay from Cs-137 (HPGe identified). 

G roes G amma s urvev orma 10n Infi f 
Probe Tvve Processed : 04: Nal 

Other Probe Tvt>es : 03: Neutron 
Survev Denth : 120ft 

First Survey Date : 1/10/1975 
Last Survey Date : 10/05/1993 

Number Survevs Processed : 194 

lVSlS o es Anal . N t 
Method Used to Compute Fixed background (0-50 ft) 

Back(!"l'ound : 
Depth(s) where Contamination 0-7 ft Tank Farm Activity 

Identified in Gross Gamma Surveve : 
Analvst Name : R.R. Randall 

Companv Name : Three Rivers Scientific 

Peripheral Wells Psge42 
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RPP-8321, Rev. 0 

Borehole 30-00-06 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 110 feet. The HPGe logging system detected Cs-187 at 
lees than 2 pCi/g, except near the surface (less than 2 feet) . 

G ross G amma s urvey orma 10n Inf1 f 
Probe Tvt>e Processed : 04: Nal 

Other Probe Tvt,es : 03: Neutron 
Survey Deoth : 110 ft 

First Survey Date: 1/10/1975 
Last Survey Date : 6/17/1993 

Number Surveys Processed : 163 

IVS18 0 Anal . N te s 
Method Used to Compute Threshold O<val<50 

Back(?l'ound : 
Depth(s) where Contamination NONE 

Identified in Gross Gamma Surveys : 
Analvst Name : R.R. Randall 

Company Name : Three Rivers Scientific 

Peripheral Wells Page47 
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RPP-8321, Rev. 0 

Borehole 80-00-09 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 55 feet. The HPGe logging system detected Cs-137 at 6 
pCi/g at 2 feet, and less for the remainder of the logged depths. 

G ross G amma s urvev Infi ormation 
Probe Tvoe Processed : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Survey Depth : 65ft 

First Survev Date : 1/10/1975 
Last Survey Date : 10/5/1993 

Number Surveys Processed : 350 

8'.YSlS 0 Anl . Nte s 
Method Used to Compute Threshold O<val<50 

Back~ound : 
Depth(s) where Contamination 0-5 ft Tank Farm Activity 

Identified in Gross Gamma Survevs : 
Analvst Name: R.R. Randall 

Company Name : Three Rivers Scientific 

Peripheral Wells . Page 51 
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RPP-8321, Rev. 0 

Borehole 30-00-10 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the swvey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 55 feet. The HPGe logging system detected Cs-187 at 2 
pCi/g near the surface (1 feet), and less £or the remainder of the logged depths. 

G ross G amma s urvey orma ion Infi f 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 55ft 

First Swvey Date : 1/10/1975 
Last Swvey Date : 6/17/1993 

Number Survevs Processed : 164 

BlVSlS 0 Ant. Nte 8 

Method Used to Compute Threshold O<val<50 
Backm-ound : 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Survevs : 

Analvst Name : R.R. Randall 
Company Name : Three Rivers Scientific 

Peripheral Wells Page55 
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RPP-8321, Rev. 0 

Borehole 30-00-11 

Contamination (Cs-137) from 3-14 feet is Undetermined. 

Grade thickness product over 3 to 14 feet may suffer from depth control errors prior 
to 1986, but after 1986 depth control errors should not affect the grade thickness 
product results. Between 1986 and 1990 there is no agreement between observed 
grade thickness and the Cs-137 (HPGe identified) decay. The data collection 
frequency is too low after 1990 to make an assessment of the classification from 
1990 to 1994, thus the category is undetermined. 

The level of Cs-137 from the HPGe survey would not typically generate the observed 
level of gross gamma. This indicates the possibility 0£ either a remote Ca-187 
source, or the presence of a strong beta only source, (such as Sr-90). 

G rose G amma s urvey Infi orma ti on 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 68 ft 

First Survey Date : 5/18/1977 
Last Survey Date : 6/17/1993 

Number Survevs Processed: 168 ' 

lYSlS 0 Anal . N te s 
Method Used to Compute Threshold O<val<50 

Background : 
Depth(s) where Contamination 3-14 ft Tanlc Farm Activity 

Identified in Gross Gamma Surveys : 
Analyst Name : R.R Randall 

CompanvName: Three Rivers Scientific 

Peripheral Wells Page 59 
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RPP-8321, Rev. 0 

Borehole 80-00-12 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 145 feet. The HPGe logging system detected Cs•l37 at 0.4 
pCi/g or less from 2 to 145 feet, but a high reading at 0 ft of 13 pCi/g. 

G ross G amma s urvev Infi ormation 
Probe Tvt>e Processed : 04: Nal 

Other Probe Tvt>es : 03: Neutron 
Survev Deoth : 145 ft 

First Survev Date : 1/10/1975 
Last Survev Date : 6/17/1993 

Number Surveys Processed : 162 

Anal sis Notes 
Method Used to Compute Threshold O<val<50 

Back(!'r'ound : 
Depth(s) where Contamination NONE 

Identified in Gross Gamma Survevs : 
Analyst Name : R.R. Randall 

Company Name : Three Rivers Scientific 

Peripheral Wells Page63 
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No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1977 and 1994 in 
the vadose zone from 2 to 65 feet. The HPGe logging system detected Cs-137 at 0.6 
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Borehole 30-00-13 
Oldest Survey 

6/13/1977 
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Borehole 80-00-22 

Contamination (Cs-137) from 0.13 feet is Undetermined. 

Grade thickness product over Oto 13 feet may suffer from depth control errors prior 
to 1986, but after 1986 depth control errors do not affect the grade thickness 
product results. Between 1986 and 1994 there is good agreement between observed 
grade thickness product for this interval and the Ce•l37 (HPGe identified) decay. 
Since both the data collection frequency from 1986 to 1994 is too low, and the lack of 
data match prior to 1986, the category is classified undetermined. 

G ross G amma s urvcy orma 10n Iru1 f 
Probe Tv-oe Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 65ft 

First Survey Date : 5/6/1975 
Last Survey Date : 6/17/1993 

Number Surveys Processed: 180 

lVSlS 0 Anal . N te s 
Method Used to Compute Threshold O<val<50 

Backe-round : 
Depth(e) where Contamination 0-18 ft Undetermined 

Identified in Gross Gamma Surveva : 
Analvst Name : R.R. Randall 

Companv Name : Three Rivers Scientific 
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RPP-8321 , Rev. 0 

Borehole 30-00-24 

Contamination (Ru-106) from 14-24 feet is Stable. 
Contamination (Ru-106) from 24-40 feet is Stable. 

Grade thickness product over 14 to 24 feet is decreasing consistent with Ru-106 
(Hypothesis) decay. The zone category is stable. 

Grade thickness product over 24 to 40 feet is decreasing consistent with Ru-106 
{Hypothesis) decay. The rone category is stable. 

G ross G amma s I fi urvev n orma 10n 

Probe Tvoe Processed : 04: Nal 
Other Probe Tvr>ea : 03: Neutron 

Survev Deoth : 60ft 
First Survey Date : 5/13/1977 
Last Survey Date : 6/17/1993 

Number Surveys Processed : 175 

1ys1s 0 Anal . N te s 
Method Used to Compute Threshold O<val<50 for 14-24 feet; 

Background : Fixed background ( 45-53 ft) for 24-40 
feet 

Depth(s) where Contamination 14-24 & 24-40 ft Stable 
Identified in Gross Gamma Surveys : 

Analvst Name : R.R. Randall 
Companv Name : Three Rivers Scientific 

Peripheral Wells Page76 
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Borehole 30-01-01 

Contamination (Co-60 & Ru-106) from 30-53 feet is Stable. 

The grade thickness product over 30 to 63 feet is decreasing at a rate consistent 
with the least square fit of Co-60 (HPGe identified) and Ru-106 (hypothesis). The 
resulting least square ratio of gross gamma from Co-60 to gross gamma from Ru-
106 as of 1/10/1976 is 0.238. The zone category is stable. 

G ross G amma s urvey lnfi orma ti on 
Probe Tvoe Processed : 04: NaI 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date : 6/22/1994 

Number Surveys Processed: 481 

LY818 0 Anal . N te 8 

Method Used to Compute Fixed Background (10-30 ft) 
BackQTound : 

Depth(s) where Contamination 80-53 ft Stable 
Identified in Gross Gamma Survevs : 

Analvst Name: R.R. Randall 
Comoanv Name : Three Rivers Scientific 

Tank C-101 Page82 
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Borehole 30-01-06 

Contamination (Cs-137) from 30-41 feet is Unstable Early. 
Contamination (Ru-106) from 71-83 feet is Stable. 
Contamination (Ru-106) from 83-95 feet is Stable. 

Grade thickness product over 30 to 41 feet increases from 1979 to 1980, and after 
1983 is consistent with Cs-187 (HPGe identified) decay. The category is unstable 
early. 

Grade thickness product over 71 to 83 feet is decreasing consistent with Ru-106 
(Hypothesis) decay. The zone category is stable. 

Grade thickness product over 83 to 95 feet is decreasing consistent with Ru-106 
(Hypothesis) decay. The zone category is stable. 

Gross Gamma Surve Information 
04: Nal 
03: Neutron 
100 ft 
1/10/1975 
6/22/1994 
311 

IVSlS 0 Anal . . N te s 
Method Used to Compute Fixed Background (40-60 ft) for 80-41 

Background : ft 
Zero Background 71-83 & 83-95 ft 
(fit) 

Depth(s) where Contamination 30-41 ft Unstable Early 
Identified in Gross Gamma Surveys : 71-83 & 83-95 ft Stable 

Analyst Name : R.R. Randall 
Companv Name : Three Rivers Scientific 

Tank C-101 Page86 
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RPP-8321, Rev. 0 

Borehole 80-01-09 

Contamination (Cs-13 7) from 20-33 feet is Stable. 
Contamination (Cs-137 & Ru-106) from 33-60 feet is Stable. 

Grade thickness product over 20 to 33 feet is decreasing consistent with Cs-137 
(HPGe identified) decay. The zone category is stable. The HPGe log data analysis 
showed both Eu-154 and Eu-162 in this interval. This identification may be in error 
due to the following observations. At 27.5 feet a single observation ofEu-154 and 
Eu-152 is quoted.at greater than 100 pCi/g, with no detection 6 inches above or 
below this depth. The gamma detector in the borehole would see a single hot spot 6 
inches away from the most intense depth. 

The grade thickness product over 33 to 60 feet is decreasing at a rate consistent 
with the least square fit of Cs.187 (HPGe identified) and Ru-106 (hypothesis). The 
resulting least square ratio of gross gamma from Ca-137 to gross gamma from Ru• 
106 as of 1/10/1976 is 0.027. The zone category is stable . 

G rose G amma s urvey Inf• ormation 
Probe TvDe Processed : 04: Nal 

Other Probe Tvncs : 03: Neutron 
Survev Denth : 100ft 

First Survey Date: 1/10/1975 
Last Survev Date : 6/22/1994 

Number Survevs Processed : 317 

An 1 · N 81VSIS otes 
Method Used to Compute Fixed Background (5• 17 ft) for 20-33 

Baclct?round : & 33-60 ft 
Depth(s) where Contamination 20-33, 33-60 ft Stable 

Identified in Gross Gamma Survevs : 
Analvst Name : R.R. Randall 

Comvanv Name : Three Rivers Scientific 

TankC-101 Page92 



30
-0

1-
09

 C
o

m
b

in
at

io
n

 P
lo

t 

M
an

-M
ad

e 
•o

K
 

23
su

 
23

2T
h 

0 
0 

I 
t. .

. , 
-

' 
I 

I 
I•

-
.-

I 
I 

I 
I 

:-~
 

1
:-

..
 

I 
I 

I 
I 

--
~

--
--

---·
+ 

.. ,
.~

 
I 

fO
 

~
""

1
--

1
""

--
r-

___
 __. 

--
--

_,
~_

,:.
. _

_
 r-

--
10

 
, 

I 
I 

I 
·-~

 
t=~

~ 
I 

~
 

_ 
.. 

I 
1 

I 
I 

•~
• 

I 
-;:

. 
--

•
 

I 
"M

ex
. o

ou
rts

: 
I 

I 
I 

., 
;:n

. 
. i

~•
 I 

97
,0

40
 c

ps
 

20
 

-4
--

+
--

1
--

--
~

+
--

--
--

-;
'+

--
--

--
.,._

_._
 __

 
20

 
I 

I 
I 

-.., 
. ·

t 
_

..,._
--t

• 
I 

~
 

•::
-4

. 
-..:

t 
-

-,1
 

I 
~
 

I 
,.

: 
I 

I 
30

 
--

~
--

-
_

_
_

_
_

 J.
 _

_
_

_
 

--
~-

-L
--

--
--

--
--

-
_

_
_

_
 l.

, _
_

_
_

 
30

 
':$

 
~-

1 
-
f
 .-

,-
. 

I 

~
 I

 
I 

••
l 

... , 
~
~
 

I 
I 

I 
'1

 
~

-l
-•

 
t;

. •
1.

 
I 

:0
 

I 
I 

I 
~
 

• :
.1 

I 
I 

.,, 
~
 

-4
0 

--
-~

--
-

~
 ·

--
-1

 
4

0
_

 
.,, 

-
-,

--
T-

-r
-

-~
-.

._
T

 _
_

_
_

 
-=

1-
-=

-..
,;.

•-r
--

_
_

 T
 _

_
_

_
 

0)
 

:,
 

Q
) 

I 
I 

I 
~
 

.._
, 

I 
.. ~

.;-
I 

I 
I 

-
';,

t:;
' 

~
 

(1
) 

(,
J
 

I 
I 

I 
"':t

_ ..
. I

 
._

 t.
.. 

I 
I 

Q
) 

N
 

0 
._

 
.....

. 
I 

I 
I 

•• /
 

I 
•c-

_.:
:_ 

I 
•
~
~
 

I 
I 

-
' 

-
-

.....
. 

. :
6 

50
 

--
t-

-+
--

t-
-

--1
---

_
..

,7
~

+
--

--
.,.

_ 
--

t-
--

--
--

--
--

--
+-

--
-

5
0

,£
; 

:0
 

0 .....
 

a
. 

I 
I 

I 
.. ,

. 
I 

,..
f..

 
I 

I 
a

. 
(I

) 
CL

) 
I 

L
E

G
E

N
D

 
i-. 

I 
~~

::t· 
I 

I 
Q

) 
~
 

0 
I 

~-
:. 

I 
I 

a 
0 

60
 

_
..

J_
 

• 
13

1 C
s 

---,
---

-~
;.

.-
.J

.. 
_

_
_

_
 

-.
.s

~
~

--
L

--
_

_
.J

..
 _

_
_

_
 

60
 

I 
.. 

.,
C

o 
~

--
-

t 
"-t .

...:..-:
-I 

I 
I 

• 
'52

E
u 

...
 ~

, 
I 

·--
:.--

I 
I 

I 
T.

; 
I 

I 
--I

-
• 

'5
fF

.u
 

... 
~
 

--+
---

-
70

 
---

-+
~-

-
--+

.+
---

-
-
-
~

.!:.
· ...

. _
 
-
-

TO
 

I 
I 

~
 

·-· 
. . ...

 
I 

I 
I 

'•
 

I 
,-:9

:1 
I 

I 
I 

I 
I 

If
-

l 
I 

I 
-:•

... 
I 

I 
I 

I 
I 

---
-+

~-
-

.. •
-

I 
r:_

: 
I 

I 
80

 
-"

"1
--

-r
--

i-
-

_
_

 -;..
,-_

1" 
_

_
_

_
 

-
-:-

:-r
.-:

..L
-::

,r-
--

_
_

 1'"
 _

_
_

_
 

80
 

....
 

I 
I 

I 

~
 

•;
 

I 
•·

t.;
"•

·~
 

I 
I 

I 
I 

I 
•

. _.
 

I 
I 

•i 
I 

I 
I 

I 
I 

...,
.;:-

::, 
1 

...
 1 

I 
I 

90
 

-4
--

+
--

1
--

--
--

+
~-

-
__

 x
:+

--
--

-
-
4

~
-
1

-
-
-

--
+

--
--

90
 

I 
I 

I 
,~

 
•-~

 
I 

•:1
 •

...
 

I 
I 

I 
I 

I 
I
~

 
_ 

_..
 I

 
.t'

: 
I 

I 
I 

I 
I 

. ::
.·•

, 
•.1

 ..
 -
•
 

I 
I 

• 
...,

 .. 
.,, 

10
0 

10
0 

10
'' 

ro
-

10
• 

10
• 

10
• 

pC
j/g

 
0 

' 
2, 

'p
C

J/
gl

 
\DO

 
10

00
 
I I

 I 1
,ffl

?' 
I 

tu
 

pC
V

g 
' 

I 
I 

I 
I 1

11
11

1 
u

, 
pC

i/g
 

(0
 

5 
15

 
2

5
 

0
0

 
0

5
 

1
0

 
1 

5 
cp

s 
10

 
10

0 
10

00
 

(
0

 
(.

,)
 



RPP--8321, Rev. O 

) 

a, 
c;, ... 
c;, 
0 
M 

: : \ Cl) -0 
s::. e 
0 
m 

0 0 0 0 0 0 0 ..... C\I M ~ lO (0 

Depth (feet) 

TankC-101 

0 0 0 0 r,.... CX) O') 0 -

0 
O') 
O') -

"i:" 
C'G 
Cl) 

It) >-c:o .._. 
O') Q) ........ 

0 
c:o 
O') ..... 

LC) 
r,.... 
O') ..... 

cu 
C 

Page 94 



-~
 

01
/1

0l
l5

 
-

B
o

re
h

o
le

 3
0-

01
-0

9 
06

/2
21

94
 

G
a

m
m

a
(c

/s
) 

~ 
G

a
rr

m
a

 (
el

s)
 

10
0 

20
0 

-
0

0
 

,oo
 

20
0 

ca 
• 

,,.
._

u.
, 

D
ep

th
: 

20
-3

3 
ft

 
a

t 

fi
xe

d
 b

ac
kg

ro
u

n
d

 (
5-

17
 ft

) 
~
 

10
 

C
l 
'a 

10
 

• a. CD
 

2
0

 
g

~
 

20
 

~-
C

s-
13

7 
D

ea
ry

 U
n

e
 

: 
ca 

I 
~
 

-0
 

0 

8. 
.. 

• 
3

0
 

30
 

~
~
 

• 
~
 c

a 

_, j
 

t 
• 

0 
0 

• 
'l

 
• 

!~
 

• 
0 

«>
 

~
 

0 
i 

-0
 

.... 
cs

 
"t

1 
ID

 
'!1

 
-

11
 

&
, 

::
, 

:
, 

ca 
':

I'
 

w
 

';,
,:;

' 
;
l
 

a 
,
J
 

0 
-

~
 

' 
!5

0 
S

) 
.....

 
~
 

0 .....
 

CD
 

C
, 

:c: 
19

75
 

19
80

 
19

85
 

19
90

 
19

95
 

0 

eo
 

O
at

e(
Y

ea
r)

 
a

, 

so
 

f 
40

 

i•·
llf I

 1111
 I I

 
l I 

f ?3
0

 
~ 

H
 

1 f iJ
 ,1t.1

 
70

 

z1
.t2

0 

! 
10

 

1o8
 

eo
 

~
r.

""
~

··
·.

·-
··

··
 

. 
.. 

Il
l,

~
• 

¥
"
 ..

..
. 

(')
.,.

. 
80

 
. 

. 
.· .

· 
. 

ff
 I 6

0 
..

 
l=-

•O
 

"'t
J 

-
~

 2
0 

C>
 

0 
co

 
<

"M
tU

M
t 

Q
 

10
0 

A
N

l!
yl

ll 
by

: 1
"1

-.
 R

lw
fs

 S
d

d
ft

c
 

,oo
 

(
0

 
0 

10
00

0 
20

00
0 

• 
11

11
0t

 

--
u

, 



-4
 

m
 

i 0 I ... 0 ... 

10
 

20
 

30
 

eo
 

70
 

eo
 

90
 

01
/1

0l
l5

 
G

am
m

a 
(e

ls
) 

-
B

o
~

h
o

~
3

0
~

1
~

9
 

10
0 

20
0 

g+
--.

....
._ _

_
_

_
_

 .....
..._

_._
__.

_ _
_

_
_

 ..__
_ _

_
 ....

_ _
 _

.__
 _

_
_

_
_

 --
+

 

0 

D
ep

th
: 

33
-6

0 
ft

 
fi

xe
d

 b
ac

kg
ro

u
n

d
 (

5-
17

 f
t)

 

le
n

t 
Sq

ua
re

 F
lt 

fo
r 

C
s-

13
7 

&
 R

u-
10

6 
D

ec
ay

 

• 

o 
l=

:::
:::

:;;
:=

::~
=

~
~

=
=

~
=

:!·
~

=
=

=
~

~
b=

=
~

~
~

~
::!

 
19

75
 

0
:?

"8
0

 
I l

 60
 

___
___

 
,_

 

~
~
 •

O
 

--
~

 2
0 

19
80

 
19

85
 

O
af

e 
(Y

ea
r)

 

. 
.. 

. 

19
90

 
19

95
 

. 
. 

0 
-
-
-
-
-
-
-
.
-
-
-
-
-
-
-
-
-
-
-
-

...
...

. -
-
-
-
-
-
-
..

.-
..

..
..

.-
-
-
-
-
.-

-
-

10
90

0 
20

00
0 

10
 

20
 

30
 

ea
 

70
 

ea
 

06
/2

2/
94

 
G

8'
T

ff
ll 

(c
/S

) 
10

0 
20

0 

(W
l,M

tJ
ne

t 
10

0.
..

..
._

 _
_

 
~
 

t 
10

00
0 

20
00

0 



RPP-8321, Rev. 0 

Borehole 80-01-12 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity. 
Contamination (Cs-137) from 10-18 feet is Stable. 

Grade thickness product over O to 10 feet is erratic and highly variable from 1975 to 
1984, indicative of tank farm activity. Since 1984, the grade thickness product is 
consistent with the decay from Cs-187 (HPGe identified). 

Grade thickness product over 10 to 18 feet is decreasing consistent with Cs-137 
(HPGe identified) decay. The zone category is stable. 

G ross G amma s urvey orma 10n Infi t' 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survcv Deoth: 100ft 

First Survey Date : 1/10/1975 
Last Survey Date : 6/22/1994 

Number Surveys Processed : 344 

alYSlS 0 Anl · Nte s 

l\fethod Used to Compute Fixed background (20-60 ft) 
Background : 

Depth(s) where Contamination 0-10 ft Tanlc Farm Activity 
Identified in Gross Gamma Surveys : 10-18 ft Stable 

Analyst Name : R.R. Randall 
Comnanv Name : Three Rivers Scientific 
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Tank C-103 

Table or Contents 
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Borehole 30.03-03 ................................................................................................................... 112 
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Borehole 30-03-07 .................................................................................................................... 122 
Borehole 30-03·09 ................................................................................................................... 127 

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the 
Tank 103 in the *C" Tank Farm. 

Special Notes: Borehole 30-03-01 contaminant depth profile changed coincident with well depth 
change !ometime between 1983 and 1984 . 
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Borehole 80-08-01 

Contamination (Cs-137) from 0-30 feet is Tank Farm Activity. 
Contamination (Cs-137) from 40-70 feet is Undetermined. 

Contamination (C0-60) from 90-125 feet is Unstable. 

Grade thickness product over Oto 30 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 40 to 70 feet is complicated by the well deepening 
sometime between July 1982 and January 1984. HPGe log data (near 1994) 
identified Cs-137 in this depth interval. The grade thickness product demonstrates 
two distinct characters over time intervals from 1975 to 1981 and from 1984 to 
1994, refer to stack plot, just before and after well deepening. Given this abrupt 
depth character change associated with well deepening, the grade thickness product 
is computed for two different depth intervals of 42 to 57 feet and 52 to 68 feet; each 
is only valid for 1976 to mid 1981, and 1984 to 1994, respectively. Over the valid 
time interval of the grade thickness product for 42-57 feet, the determination of the 
match with Cs-137 decay is not good from 1975 to 1976. Likewise, the match of 
grade thickness product with Cs-137 decay over 52-68 feet from 1984 to 1994 is not 
good from 1984 to 1986. In both cases, the statistical errors make conclusion 
difficult, thus the classification is undetermined. Note that the depth profile of 
contaminant changing associated with the well deepening, indicates contaminant 
may be cause by near borehole drag-down during deepening. 

Grade thickness product over 90 to 125 feet is complicated by the well deepening 
sometime between 1981 and 1984. HPGe log data (near 1994) identified Co-60 in 
this depth interval. Even ignoring the grade thickness product data before 1984, 
there is no match with Co-60 decay from 1984 to 1995. There may be a match 
between Co-60 decay and the grade thickness product from 1990 to 1995, but 
insufficient monitoring period to make this classification. Thus the interval is 
unstable. 
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G ross G amma s urvey orma 10n Infi t' 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100 ft@(<l984), 125 ft (1984-1995) 

First Survev Date : 1/10/1975 
Last Survev Date : 11/22/1994 

Number Surveys Processed : 681 

a1ys1s 0 Anl · Nte s 
Method Used to Compute Fixed Background (30-40 ft) for 0-30, 

Background : 42-5 7 & 52-68 ft 
Fixed Background (70-88 ft) for 90-
125 ft 

Depth(s) where Contamination 0-30 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 40-70 ft Undetermined 

90-125 ft Unstable 
Analyst Name : R.R. Randall 

Company Name : Three Rivers Scientific 
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Borehole 30-03-03 

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity. 
Contamination (Cs-137) from 14-40 feet is Undetermined. 

Contamination (Co-60 & Ru-106) from 78-100 feet is Unstable 
Early. 

Grade thickness product over Oto 14 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 14 to 40 feet is undetermined. The gross gamma over 
this interval may be influenced by the higher level from 10 to 14 feet coupled with 
depth control error prior to 1984. From 1984 to 1994 the grade thickness product is 
consistent with Cs-137 (HPGe identified) decay. 

Grade thickness product over 78 to 100 feet is consistent with least square fit for 
Co-60 (HPGe identified) and Ru-106 (hypothesis) decay after 1978. The resulting 
least square ratio of gross gamma from Co-60 to gross gamma from Ru-106 as of 
1/10/1975 is 0.085. The grade thickness product deviation from the fit prior to 1978 
results in a classification of unstable early. · 

G ross G amma s urvey orma 10n Irm t" 

Probe Type Processed : 04: Nal 
Other Probe Types : 03: Neutron 

Survey Depth : 130 ft 
First Survey Date : 1/10/1975 
Last Survey Date : 11/22/1994 

Number Surveys Processed : 550 

8lY818 o es An I . N t 
Method Used to Compute Fixed background (42-75 ft) 

Baclc~ound : 
Depth(s) where Contamination 0-14 ft Tank Farm Activity 

Identified in Gross Gamma Surveys : 14-40 ft Undetermined 
78-100 f't Unstable Early 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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Borehole 30-08-05 

Contamination (Cs-137) from 0-20 feet is Tank Farm Activity. 

Grade thickness product over O to 20 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-187 (HPGe identified). 

G ross G amma s urvey Infi ormation 
Probe Tn>e Processed : 04: Nal 

Other Probe Tn>es : 03: Neutron 
Survey Deoth : 100ft 

First Survev Date: 1/10/1975 
Last Survev Date : 11/22/1994 

Number Surveve Processed : 615 

lVSlS 0 Anal . N te s 
Method Used to Compute Fixed background (25-45 ft) 

BackQTound : 
Depth(s) where Contamination 0-20 ft Tank Farm Activity 

Identified in Gross Gamma Survevs : 
Analyst Name : R.R. Randall 

Comoanv Name : Three Rivers Scientific 

TankC-103 Page 118 
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RPP""8321, Rev.O 

Borehole 30 .. 03-07 

Contamination (Cs•l37) from 0-12 feet is Tank Farm Activity. 
Contamination (Cs-137) from 42-54 feet is Stable. 

Grade thickness product over 0 to 12 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 42 to 54 feet is decreasing consistent with Cs-137 
(HPGe identified) decay. The zone category is stable. 

G ross G amma s urvey orma 10n Infi t' 
Probe Type Processed : 04: NaI 

Other Probe Types : 03: Neutron 
Survey Depth : 130ft 

First Survey Date : 1/10/1975 · 
Last Survev Date : 11/22/1994 

Number Survevs Processed : 499 

lV818 0 cs Anal · N t 
Method Used to Compute Threshold 0<val<50 

Backl?l'ound : 
Depth(s) where Contamination 0-12 ft Tank Farm Activity 

Identified in Gross Gamma Surveys : 42-54 ft Stable 
Analyst Name: R.R. Randall 

Company Name : Three Rivers Scientific 

TankC-103 Page 122 
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RPP-8321, Rev.O 

Borehole 30-03-09 

Contamination (Cs-137) from 0~12 feet is Tank Farm Activity. 
Contamination (Cs-13 7) from 40~52 feet is Stable. 

Contamination (Co-60) from 73-94 feet is Unstable. 

Grade thickness product over 0 to 12 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 40 to 52 feet is decreasing consistent with Cs-137 
(HPGe identified) decay. The zone category is stable. 

Grade thickness product over 73 to 94 feet is complex. There is some indication of 
downward movement from 1985 to 1995, and lateral influx for the depths between 
84 to 94 feet. The presence of downward movement alone can generate the 
classification of unstable. Three grade thickness products were computed and 
plotted for depth intervals of 73-84, 84-94, and 73-94 feet, in order to examine more 

• ·) closely the possibility oflateral influx. They all show similar character or decline 
from 1975, with increase from 1985 until 1990. The match of the grade thickness 
product from 1990 to 1995 is insufficient time period of monitoring to make a 
classification, thus the category is unstable. Since the entire depth mne grade 
thickness product (73-94 feet) shows increase from 1985 to 1988, and the stack 
shows downward movement over this time, the conclusion is both lateral influx and 
possible downward movement. 
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RPP-8321, Rev.O 

G ross G amma s urvey Inti orma 10n 

Probe Type Processed : 04: Nal 
Other Probe Types : 03: Neutron 

Survev Denth : 100ft 
First Survey Date : 1/10/1975 
Last Survey Date : 11/22/1994 

Number Survevs Processed : 553 

lYBlS 0 Anal . N te B 

Method Used to Compute Threshold O<val<50 
Backm-ound: 

Depth(s) where Contamination 0-12 ft Tanlc Farm Activity 
Identified in Gross Gamma Surveys: 40-52 ft Stable 

73-94 ft Unstable 
Analyst Name : R.R. Randall 

Company Name : Three Rivers Scientific 

' • , .. ;) 
. ,• 
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Borehole 30-04-01 

Contamination (Cs-137) from o.s feet is Tank Farm Activity. 
Contamination (Cs•l37) from 8·22 feet is Undetermined. 

Grade thickness product over 0 to 8 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 8 to 22 feet is undetermined. The gross gamma over 
this interval may be influenced by the higher level from 0 to 8 feet coupled with 
depth control error prior to 1986. From 1987 to 1994 the grade thickness product is 
consistent with Cs-187 (HPGe identified) decay. 

Probe T 
03: Neutron ---------4 
60ft 
1/10/1976 
7/8/1994 
440 

8lY81S 0 .Anl · Nte 8 

Method Used to Compute Threshold O<val<50 for 0-8 ft 
Background : Fixed background (10-50 ft) for 8-22 

ft 
Depth(s) where Contamination 0-8 ft Tank Farm Activity 

Identified in Gross Gamma Surveys : 8-22 ft Undetermined 
Analyst Name : RR. Randall 

Company Name : Three Rivers Scientific 

Tank C-104 Page137 
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Borehole 30-04-02 

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity. 
Contamination (Co-60) from 32-60 feet is Unstable Early. 

Grade thickness product over Oto 12 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 32 to 60 feet both decreases faster than Co-60 (HPGe 
identified) and occasionally increases from 1975 until 1986. After 1986, the grade 
thickness product is consistent with Co-60 (HPGe identified) decay. Also, there is 
some indication of downward movement early (1975 to 1984), but later history is not 
possible due to such low levels of gross gamma. The category is unstable early. 

03: Neutron 
185ft 
1/10/1976 
7/8/1994 
835 

Anal sis Notes 
Method Used to Compute Fixed background (12-30 ft) 

Back ound: 
Depth(s) where Contamination 0-12 ft Tank Farm Activity 

Identified in Gross Gamma Surve s : 32-60 ft Unstable Earl 
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RPP-8321, Rev.O 

Borehole 30-04-03 

Contamination (Cs-137) from 0-15 feet is Tank Farm Activity. 
Contamination (Cs-13 7) from 16-30 feet is Stable. 

Contamination (Co-60) from 30-48 feet is Unstable. 

Grade thickness product over Oto 15 feet is erratic and highly variable from 1980 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is · 
still not consistent with Ca-137 decay (HPGe identified). 

Grade thickness product over 16 to 80 feet is decreasing consistent with Cs-137 
(HPGe identified) decay. The zone category is stable. 

Grade thickness product over 30 to 48 feet is unstable. Indications of downward 
movement are clouded by the end of depth-data at the bottom of the borehole. 
Grade thickness product is declining faster than Co-60 (HPGe identified) decay. 
The zone may be reaching a match with Co-60 decay by 1995, but there is 
insufficient monitoring period for such a conclusion . 

G ross G amma s urvey orma on 111£ ti 
Probe Tvne Processed : 04: Nal 

Other Probe Types : 03: Neutron: 14: Shielded Nal 
Survey Dei,th : 50 ft 

First Survev Date : 7/3/1980 
Last Survey Date: 7/8/1994 

Number Surveys Processed : 195 

a :ys1s 0 Anl · Nte s 

Method Used to Compute Threshold O<val<50 
Background : 

Depth(s) where Contamination 0-15 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 16-80 ft Stable 

30-48 ft Unstable 
Analyst Name : RR. Randall 

Company Name : Three Rivers Scientific 

Tank C.104 Page 148 
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Borehole 30-04-04 

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity. 
Contamination (Cs-137) from 8-25 feet is Tank Farm Activity. 

Grade thickness product over 0 to 8 feet is erratic and highly variable from 1975 to 
1992, indicative of tank farm activity. Cs-137 is HPGe identified. The typical tank 
farm activity zones for most of the other wells in this tank farm demonstrate 
apparent match of grade thickness product with Cs-137 decay from 1986 to 1994, 
but this zone does not show euch a match from 1986 to 1994. 

Grade thickness product over 8 to 25 feet is erratic from 1975 to 1984, indicating 
tank farm activity. Since 1984, the grade thickness product is decreasing consistent 
with Cs-137. Cs-187 was identified using HPGe log data. 

HPGe log data identified Cs-137 at 3 pCi/g over the depth interval from 40-60 feet. 
The historical gross gamma data cannot differentiate between natural gamma 
activity and the level of Cs-137 contained in this zone. 

G ross G amma s urvey orma 10n Infi t' 
Probe Type Processed : 04: Nal 

Other Probe Tvt>es : 03: Neutron 
Survey Depth: 100 ft 

First Survey Date : 1110/1975 
Last Survey Date : 7/8/1994 

Number Survevs Processed : 425 

a1ys1s o es An I . N t 
Method Used to Compute Threshold O<val<50 

Backln'ound : 
Depth(s) where Contamination 0-8 ft Tank Farm Activity 

Identified in Gross Gamma Survevs : 8-25 ft Tanlc Farm Activity 
Analyst Name : R.R. Randall 

Company Name : Three Rivers Scientific 

Tank C-104 Page 154 
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RPP-8321, Rev.O 

Borehole 80..04-05 

Contamination (Cs-137) from 0-20 feet is Tank Farm Activity. 

Grade thickness product over Oto 20 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

HPGe log data identified Cs-137 at 3 pCi/g over the depth interval Crom 45-55 feet. 
The historical gross gamma data cannot differentiate between natural gamma 
activity and the level of Cs-137 contained in this zone. 

Gross Gamma Surve Information 
04: Nal 
03: Neutron 
100 ft 
1110/1975 
7/8/1994 
416 

Anal sis Notes 
Method Used to Compute Threshold O<val<50 

Back ound: 
Depth(s) where Contamination 0-20 ft Tank Farm Activity 

Identified in Gross Gamma Surve s : 

Three Rivers Scientific 

Tank C-104 . Page 159 
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RPP-8321 , Rev.O 

Borehole 80-04-08 

Contamination (Cs-137) from 0-5 feet is Tank Farm Activity. 
Contamination (Cs-137) from 10-26 feet is Stable. 
Contamination (Cs-137) from 26-38 feet is Stable. 
Contamination (Cs-137) from 38-50 feet is Stable. 

Grade thickness product over O to 5 feet is erratic and highly variable from 1976 to 
1986, indicative of tank farm activity. Since 1986, the historical gross gamma 
activity cannot distinguish between natural activity and Cs-187 (HPGe identified) 
contamination. 

Grade thickness product over 10 to 26 feet is decreasing consistent with Ce-137 
(HPGe identified) decay. The zone category is stable. 

Grade thickness product over 26 to 38 feet is decreasing consistent with Ce-137 
(HPGe identified) decay. The zone category is stable. Note that the historical gross 
gamma activity just barely differentiates the activity as higher than natural 
activity. 

Grade thickness product over 38 to 50 feet is decreasing consistent with Ce-187 
(HPGe identified) decay. The zone category is stable. Note that the historical gross 
gamma activity just barely differentiates the activity as higher than natural 
activity. 

TankC-104 Page 163 



RPP-8321, Rev.O 

LY818 0 Anal · N te s 
Method Used to Compute Threshold O<val<50 for 0-5 & 10-26 

Background : ft; Fixed background of 80-130 ft for 
26-38 & 38-50 ft 

Depth{s) where Contamination 0-5 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 10-26, 26-38 & 38-50 ft Stable 

Analvst Name : R.R. Randall 
Company Name : Three Rivera Scientific 
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RPP-8321, Rev.O 

Borehole 80--04-12 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1995 in 
the vadose zone from 2 to 135 feet. The HPGe logging eystem detected Cs-137 at 8 
pCi/g near the surface (1 feet), and less than 1 pCi/g for the remainder of the logged 
depths. 

G ross G amma s urvey In£ orma 10n 

Probe Type Processed : 04: Nal 
Other Probe Types : 03: Neutron 

Survey Deoth : 135 ft 
First Survev Date : 1/10/1975 
Last Survey Date : 7/8/1994 

Number Surveys Processed: 414 

lYSIS 0 Anal . N 'te s 
Method Used to Compute Threshold O<va.1<50 

Background : 
Depth(s) where Contamination NONE 

Identified in Gross Gamma Surveys : 
Analyst Name : R.R. Randall 

Company Name : Three Rivers Scientific 
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Above Survey Detection Threshold 
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the 
Tank 105 in the •c- Tank Farm. . 

Special Notes: None 
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Borehole 30-05-02 

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity. 
Contamination (Cs-137) from 14-26 feet is Undetermined. 

Contamination (Cs-137 & Co-60) from 68-84 feet is Unstable Early. 

Grade thickness product over Oto 14 feet is erratic and highly variable from 1975 to 
1997, indicative of tank farm activity. There is no time interval where the grade 
thickness product is consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 14 to 26 feet is undetermined. The gross gamma over 
this interval may be influenced by the higher level from Oto 14 feet coupled with 
depth control error prior to 1986. From 1984 to 1994 the grade thickness product is 
consistent with Cs-187 (HPGe identified) decay. 

Grade thickness product over 68 to 84 feet is consistent with a least square fit for 
Cs-187 and Co-60 (both HPGe identified) decay after 1977. Before 1977 a 
systematic increase is observed. The resulting least square fit ratio of gross gamma 

• . .-_-,, from Co-60 to gross gamma from Cs-137 as of 7/29/1996 is 1.4. The zone category is 
unstable early. 

G ross G amma s urvev In!i orma 10n 
Probe Tvoe Processed : 04: NaI 

Other Probe TVDes : 03: Neutron 
Survey Denth : 130 ft 

First Survey Date : 1/10/1975 
Last Survev Date : 7/29/1996 

Number Surveys Processed : 569 

An 1 . N alVSlS otes 
Method Used to Compute Fixed background (30-40 ft) for 0-14 

Background : & 14-26 ft 
Fixed back(!l'ound (55-68 ft) for 68-84 

Depth(e) where Contamination 0-14 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 14-26 ft Undetermined 

68-84 ft Unstable Earlv 
Analvst Name : R.R Randall 

Comoanv Name : Three Rivers Scientific 
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RPP-8321, Rev.O 

Borehole 30-05-03 

Contamina~ion (Cs-137) from 0-39 feet is Tank Farm Activity. 
Contamination (Co-60) from 67-80 feet is Unstable. 

Grade thickness product over Oto 39 feet is erratic and highly variable from 1975 to 
19861 indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). Computation of sub-zone 
grade thickness products for this large depth interval would yield the same result 
for any sub-zone due to depth control errors prior to 1986 and the lack of distinct 
depth separation of Cs-137 profile from Oto 39 feet. 

Grade thickness product over 67 to 80 feet declines faster than Co-60 (HPGe 
identified) decay from 1975 to 1980. An increase is observed from 1984 to 1987. A 
possible match of the grade thickness product and Co-60 decay may exist from 1993 
to 1997, but there is insufficient monitoring period to make this classification. The 
zone is unstable. 

G ross G amma s urvey Infi orma 10n 

Probe Type Processed : 04: NaI 
Other Probe Types : 03: Neutron 

Survey Depth : 100ft 
First Survey Date : l/10/1975 
Last Survey Date : 7/25/1996 

Number Surveys Processed : 589 

Anal. N .ys1s otea 
Method Used to Compute Threshold O<va1<50 for 0-39 ft 

Background : Fixed background (50-70 ft) for 67-80 
ft 

Depth(s) where Contamination 0-39 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 67-80 ft Unstable 

Analvst Name : R.R Randall 
Companv Name : Three Rivers Scientific 
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RPP-8321, Rev.O 

Borehole 80-05-04 

Contamination (Cs-137) from 0·8 feet is Tank Farm Activity. 

Grade thickness product over Oto 8 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

G ross G amma s urvey orma 10n lnfi t' 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survev Deoth : 120ft 

First Survey Date : 1/10/1975 
Last Survey Date : 7/25/1996 

Number Surveys Processed : 656 

a .ys1s 0 Anl · Nte s 
Method Used to Compute Fixed background (15-38 ft) 

BacklZ'I'ound : 
Depth(s) where Contamination 0-8 ft Tank Farm Activity 

Identified in Gross Gamma Surveve : 
Annlvst Name : R.R. Randall 

Companv Name : Three Rivers Scientific 
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RPP-8321, Rev.O 

Borehole 30--05-05 

Contamination (Cs-13 7) from 0-25 feet is Tank Farm Activity. 
Contamination (Cs-137) from 40-56 feet is Unstable. 

Contamination (Cs-137 & Co .. 60) from 66-84 feet is Undetermined. 

Grade thickness product over O to 25 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-137 (HPGe identified). 

Grade thickness product over 40 to 56 feet is not consistent with Ca-137 (HPGe 
identified) decay. This interval has low gross gamma compared to the zone just 

· below from 56 to 84 feet. Depth control errors before 1986 make a classification 
over the time period 1975 to 1984 unclear; however, since 1986 the grade thickness 
product is still not consistent with Cs-137 decay. From 1994 to 1997 the apparent 
match of grade thickness product and Cs-137 decay does not occur over a 
statistically significant period to make a classification of stable, thus the category is 
unstable . 

Grade thickness product over 56 to 84 feet is undetermined. The gross gamma over 
this interval may be influenced by the gross gamma from 40 to 56 feet coupled with 
depth control error prior to 1986, thus the deviation prior to 1986 has unknown 
cause. From 1986 to 1994 the grade thickness product is consistent with a least 
square fit of Cs-137 and Co·60 (HPGe identified) decay. The resulting least square 
fit ratio of gross gamma from Co-60 to gross gamma from Cs-137 as of 7/25/1996 is 
0.065. 

G ross G amma s urvey orma 10n In£ f 
Probe Type Processed : 04: Nal 

Other Probe Types: 03: Neutron 
Survey Depth : 100 ft 

First Survey Date : 1/10/1975 
Last Survey Date : 7/25/1996 

Number Survevs Processed : 526 

TankC-105 Page 195 
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aiys1s 0 Anl · Nte s 
Method Used to Compute Threshold O<val<50 

Back£?round : 
Depth(s) where Contamination 0-25 ft Tanlc Farm Activity 

Identified in Gross Gamma Surveys : 40-56 ft Unstable 
56-84 ft Undetermined 

Analvst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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RPP-6321, Rev.O 

Borehole 80-05-06 

Contamination (Cs-137) from 0-16 feet is Tank Farm Activity. 
Contamination (Cs-137 & Ru-106) from 40-53 feet is Stable. 

Grade thickness product over O to 15 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs.137 (HPGe identified). 

The grade thickness product over 40 to 53 feet is decreasing at a rate consistent 
with the least square fit of Cs•l37 (HPGe identified) and Ru•l06 (hypothesis). The 
resulting least square ratio of gross gamma from Cs-137 to gross gamma from Ru-
106 as of 1/10/1975 is 0.135. The zone category is stable. 

G rose G amma s urvev Infi orma ti on 
Probe TYt>e Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survev Deoth : 60 ft 

First Survey Date : 1/10/1975 
Last Survev Date : 7/25/1996 

Number Survevs Processed : 537 

lV81S 0 Anal . N te 8 

Method Used to Compute Fixed background (18-38 ft) 
Backszround : 

Depth(s) where Contamination 0-15 ft Tank Farm Activity 
Identified in Gross Gamma Survevs : 40-53 ft Stable 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 

Tank C~105 Page202 
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RPP-8321, Rev.O 

Borehole 30-05-07 

Contamination (Cs-137) from 30-45 feet is Stable. 
Contamination (Cs-137) from 45-66 feet is Undetermined. 

Grade thickness product over 80 to 45 feet is decreasing consistent with Cs• 137 
(HPGe identified) decay from 1983 through 1997. Indication of difference from 1980 
through 1983, for the Red GM probe data is a result of equipment differences before 
1984. The zone category is stable. 

The HPGe log data was analyzed and Eu•154 was reported in this interval (80•45 
feet). This identification may be in error due to the following observations. At 32.5 
feet a single observation ofEu•l54 is quoted at near 100 pCi/g, with no detection 6 
inches above or below this depth. The gamma detector in the borehole would see a 
single hot spot 6 inches away from the most intense depth. 

Grade thickness product over 45 to 66 feet is not valid for Red GM probe data prior 
to 1984. From 1984 to 1988 the grade thickness product does not match the HPGe 
identified decay; however, the measurement error is large for the grade thickness 

· product for this interval. From 1988 to 1997, the grade thickness product matches 
the Cs•l37 decay. The zone category is undetermined. 

G ross G amma s urvev orma on In1i ti 
Probe Tvne Processed : 02: Red GM 

Other Probe Types : 04: Nal: 03:Neutron 
Survey Depth : 67 ft 

First Survey Date : 6/5/1980 
Last Survev Date : 7/25/1996 

Number Surveve Processed : 319 

Analvsis Notes •. 
Method Used to Compute Threshold O<val<50 

Back1?round : 
Depth(s) where Contamination 20•45 ft Stable 

Identified in Gross Gamma Surveys : 45•66 ft Undetermined 
Analvet Name : RR. Randall 

Companv Name : Three Rivers Scientific 
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RPP-8321, Rev.O 

Borehole 80-05-08 

Contamination (Cs-137) from 0-11 feet is Tank Farm Activity. 
Contamination (Cs-137, Eu-164, & Co-60) from 11-26 feet is 

Undetermined. 
Contamination (Cs-137 & Co-60) from 26-53 feet is 

Undetermined. 

Grade thickness product over 0 to 11 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay from Cs-187 (HPGe identified). 

Grade thickness product over 11 to 26 feet is affected by depth control errors prior 
to 1986, which clouds classification with a match of Cs-137, Eu-154, and Co-60 (all 
HPGe identified). Since 1986, there is consistent match of the grade thickness 
product and the least square fit for the three radionuclides. The least square fit 
ratio of gross contribution from Cs-137:Eu-154:Co-60 is 2950:5201:50 as of 12/10/99. 
The classification is undetermined due to interference before 1986. 

Grade thickness product over 26 to 53 feet is complex, thus the normal plot 
presentation for the grade thickness product and a second plot in semi-log format. 
The grade thickness product from 1975 to 1995 shows a conventional two 
component exponential decay with one rapid and the other slower. However, the 
decay rates of the observed grade thickness product are not representative of the 
radionuclidcs HPGe identified of Ce-137 and Co-60. The Co-60 decay rate is shown 
in the red line for reference and clearly is much slower than the observed grade . 
thickness product £rom about 1982 to 1995. From 1982 to 1995, the grade thickness 
product matches a decay half-life of 2.6 years. Note that Na•22 has a half.life of 2.6 
years, but this isotope was not HPGe identified. A rapid decay radionuclide may go 
undetected by the HPGe logged in 1997 (old RLS HPGe logged in 1993) due to decay 
to low levels, while a historical gross gamma may identify such rapid decay. Ru-106 
is one example of this effect. Alternatively, the Co-60 HPGe identified may have 
moved out of this mne with an exponential character that seems to match 2.6 year 
half.life. Given this level of complication and the lack of any reason to expect Na-
22, the zone is classified undetermined. 

Tank C-105 Page213 



RPP-8321 , Rev.O 

" ! 
ross amma urvev orma 10n G G s Inti t' 

Probe Type Processed : 04: Nal 
Other Probe Types : 03: Neutron 

Survey Depth : 60ft 
First Survey Date : 1/10/1975 
Last Survev Date: 12/10/1998 

Number Surveys Processed : 594 

lys1s 0 Anal . N te 8 

Method Used to Compute Threshold O<val<50 
Back2Tound : 

Depth(s) where Contamination 0-11 ft Tank Farm Activity 
Identified in Gross Gamma Surveys: 11-26 & 26-53 ft Undetermined 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 

.~ 
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RPP-8321, Rev.O 

Borehole 80-05-09 

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity. 

Grade thickness product over Oto 8 feet is erratic and highly variable from 1975 to 
1986, indicative of tank farm activity. Since 19861 the grade thickness product is 
consistent with the decay from Cs~l37 (HPGe identified). 

G ross G amma s urvey orma 10n In£ t' 
Probe Type Processed : 04: NaI 

Other Probe Tmes : 03: Neutron 
Survey Deoth : 100ft 

First Survev Date : 1110/1975 
Last Survey Date : 7125/1996 

Number Survevs Processed : 513 

lV818 0 Anal . N te 8 

Method Used to Compute Fixed Background 13-38 ft 
Backl!l'ound : 

Depth(s) where Contamination 0-8 ft Tank Farm J\ctivity 
Identified in Gross Gamma Surveve : 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 

Tank C-105 Page221 
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RPP~321, Rev.O 

Borehole 80-05-10 

Contamination (Cs.137) from O•l 7 feet is Tank Farm Activity. 
Contamination (Cs•l37, Co-60 & Ru-106) from 17-35 feet is 

Unstable Early. 

Grade thickness product over 0 to 17 feet is erratic and highly variable from 1976 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product may 
be consistent with the decay from Cs-137 (HPGe identified); however, the gross 
gamma levels are too low to make a clear classification. 

Grade thickness product over 17 to 35 feet increases from 1975 to 1976, and after 
1976 is consistent with a least square fit for Cs-137, Co-60 (both HPGe identified), 
and Ru-106 (hypothesis) decay. The resulting least square ratio of gross gamma Co-
60:Cs-137:Ru-106 as of 1/10/1975 is 265:26:420. The category is unstable early. 

G roes G amma s urvey Infi orma ti on 
Probe Tvoe Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 135ft 

First Survev Date : 1/10/1975 
Last Survey Date : 7/25/1996 

Number Surveys Processed : 513 

IYBlS o es Anal ·Nt 
Method Used to Compute Fixed Background 35-49 ft for 0-17 ft 

Background : Background set at 20 cps/lft for 17-35 
ft 

Depth(s) where Contamination 0-17 ft Tank Farm Activity 
Identified in Gross Gamma Survevs : 17-35 ft Unstable Earlv 

Analvst Name : R.R. Randall 
Companv Name : Three Rivera Scientific 

TankC-105 Page225 
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Borehole 30-06--02 

Contamination (Cs-137) from 0-16 feet is Tank Farm Activity. 

Grade thickness product over Oto 16 feet is variable and erratic from 1975 to 1986, 
indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137 
is up to 10 pCi/g from the surface to 15 feet and is less than 1 pCi/g from 15 to 60 
feet. 

G rose G amma s urvev Im orma ti on 
Probe Tvoe Processed : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Survey Deoth : 123 ft 

First Survey Date : 1/10/1975 
Last Survey Date : 1/29/1999 

Number Surveys Processed : 631 

a .1818 o es An 1 . N t 
Method Used to Compute Fixed background (20-45ft) 

BackC!round: 
Depth(s) where Contamination 0-16 ft Taruc Farm Activity 

Identified in Gross Gamma Survevs : 
Analvst Name : R.K. Price 

Com-oanv Name : Three Rivers Scientific 

Tank C-106 Page232 
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RPP-8321, Rev. 0 

Borehole 30-06-08 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity. 

Grade thickness product over O to 10 feet is erratic and highly variable, indicative of 
tank farm activity. The HPGe survey identified Cs-137 in the borehole from the 
surface to 75 feet with concentrations up to 100 pCi/g at 1 ft. The second highest 
concentrations are up to 10 pCi/g from 2 to 45 feet. The gross gamma surveillance 
logs identified only the upper contamination (0 to 10 feet). 

The HPGe survey identified a thin zone of Cs-137 at 27 ft with·a concentration of 10 
pCi/g. No grade thickness product plot was presented for this zone because the 
zones activity is below the detection threshold of the tank farm surveillance logs. 

G ross G amma s urvcy orma 10n Infi t' 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survev Depth: 100 ft 

First Survey Date : 1/10/1975 
Last Survey Date : 1/29/1999 

Number Surveys Processed : 666 

IT818 0 Anal . N tc s 
Method Used to Compute Fixed background (30-50ft) 

Backm-ound : 
Depth(s) where Contamination 0-10 ft Tank Farm Activity 

Identified in Gross Gamma Survevs : 
Analyst Name : R.K. Price 

Companv Name : Three Rivers Scientific 

TankC-106 Page237 
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RPP-8321, Rev. 0 

Borehole 30-06-04 

Contamination (Cs-137) from 0-16 feet is Tank Farm Activity. 
Contamination (Cs-137) from 16-32 feet is Stable. 

Grade thickness product over O to 16 feet is variable and erratic from 1984 to 1986, 
indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay of Cs-137 (HPGe identified). 

Grade thickness product over 16 to 82 feet is decreasing consistent with Cs-187 
(HPGe identified) since 1984, and is somewhat erratic before 1984. Since the small 
amount of erratic nature before 1984 could be caused by depth control errors, the 
zone is classified stable. 

The HPGe survey identified Co-60 from 85 to 91 feet at concentrations up to 0.8 
pCi/g and there was no indication on the stack plot of elevated activity in this 
interval even in the early (1975) surveys. The HPGe survey was run February 
1997. A Co-60 concentration of 6.6 pCi/g on January 1975 would decay to 0.3 pCi/g 
on February 1997. The 5.6 pCi/g concentration is near the non detect limit for the 

- -1 tank farm logging system which could explain why no elevated activity is shown in 
the stack plot. 

G ross G amma s urvey orma 10n Im t' 
Probe Type Processed : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Survey Depth : 130 ft 

First Survey Date : 1/10/1975 
Last Survey Date : 1/30/1999 

Number Surveys Processed : 657 

a 1s1s 0 Anl. Nte 8 

Method Used to Compute Fixed background (83-50ft) 
Back~ound: 

Depth(a) where Contamination 0-16 ft Tank Farm Activity 
Identified in Grose Gamma Surveys : 16-32 ft Stable 

Analyst Name : R.K. Price 
Company Name : Three Rivers Scientific 

Tank C-106 Page 241 
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RPP-8321, Rev. 0 

Borehole 80-06-09 

Contamination (Cs-137) from 0-16 feet is Tank Farm Activity. 

Grade thickness product over Oto 16 feet is variable and erratic, indicative of tank 
. farm activity. The HPGe survey identified Cs-137 from the surface to the bottom of 

the borehole with concentrations up to 20 pCi/g between 0 and 15 feet . Trace 
amounts of Co-60 were detected by the HPGe survey at concentrations less than 0.2 
pCi/g at 27 and 75 feet. 

G ross G amma s urvey Infi orma 10n 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survev Date : 1/10/1975 
Last Survev Date : 1/29/1999 

Number Survevs Processed : 657 

'Y818 0 Anal . N te 8 

Method Used to Compute Fixed background (20-40ft) 
Baclc~ound : 

Depth(s) where Contamination 0-16 ft Tank Farm Activity 
Identified in Gross Gamma Survevs : 

Analyst Name : RK. Price 
Company Name : Three Rivers Scientific 

Tank C-106 Page247 
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RPP-8321, Rev. 0 

Borehole 80-06-10 

C9ntamination (Cs•l37) from 0-10 feet is Tank Farm Activity. 
Co~tamination (Co-60) from 86-115 feet is Unstable. 

Grade thickness product over Oto 10 feet is variable and erratic from 1975 to 1986, 
indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay of Cs-187 (HPGe identified). 

Grade thickness product over 86 to 115 feet shows a low level of increasing 
contamination beginning in 1985. Careful review of the stack plot also shows an 
increase in activity in the depth zone beginning in 1985. The HPGe survey 
identified Co-60 in the zone at concentration of 1 pCi/g. The decay line for Co-60 
does not match the trend of the grade thickness product, indicating an unstable 
zone. 

G roes G amma s urvev orma 10n lnfi f 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Deoth : · 130ft 

First Survev Date : 1/10/1975 
Last Survey Date : 1/30/1999 

Number Surveys Processed: 657 

8'' 1818 0 Anl · Nte 8 

Method Used to Compute Fixed background: 
Background : 20-40 ft; zone 0-10 ft 

58-80 ft: zone 86-115 ft 
Depth(s) where Contamination 0-10 ft Tank Farm Activity 

Identified in Gross Gamma Survevs : 86-115 ft Unstable 
Analyst Name : R.K. Price 

Companv Name : Three Rivers Scientific 

Tank C-106 Page 251 
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Borehole 30-06-12 

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity. 
Contamination (Cs-137 & Co-60) from 14-26 feet is Unstable 

Early. 

Grade thickness product over 0 to 14 feet is variable and erratic, indicative of tank 
farm activity. A Cs-137 (HPGe identified) decay line is shown on the grade 
thickness plot. . 

Grade thickness product over 14 to 26 feet shows an abrupt activity increase in 
1978 then decreases consistent with a least square fit for the decay of Ca-137 and 
Co-60 (both HPGe identified). The ratio of Cs-137 to Co-60 on 1/2000 is 79:10. The 
zone is categorized as unstable early. 

03: Neutron -------------1 
100ft ------------1 1/10/1975 ~----------t 
1/20/1999 .;;..;;..-----------t 802 

Anal sis Notes ~----------Method Used to Compute Fixed background: 30-50 ft 
Back ound: 
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Tank C-107 

Table of Contents 
Tank C-107 .................................................................................................................................. 262 

Borehole 30•07--01 ................................................................................................................... 263 
Borehole 30-07--02 ................................................................................................................... 267 
Borehole 30-07-05 ................................................................................................................... 271 
Borehole 80-07-07 ................................................................................................................... 275 
Borehole 30-07-08 ................................................................................................................... 279 
Borehole 30-07•10 ................................................................................................................... 283 
Borehole 30•07-11 ................................................................................................................... 287 

'l'hi! section contains the analysis results for vadose zone boreholes (dry wells) associated with the 
Tank 107 in the •c- Tank Farm. 

Special Notes: Borehole S0-07-05 bas high gross for the level of 08~137 reported with the lIPOe log 
data. 'l'hls indicates the possibility of either a remote Cs-137 source, or the pre8ence of a strong beta 
only source, (such as Sr-90). 
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Borehole 30-07-01 

Contamination (Cs-137) from 0•14 feet is Stable. 

Grade thickness product over 0 to 14 feet is decreasing consistent with logging 
practices at the top and bottom of a borehole and with Ca-137 (HPGe identified) 
decay. Any observed variance is within the statistical precision of the data in this 
interval. 

G ross G amma s urvev orma 10n Infi t' 
Probe Tvt>e Processed: 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100 ft 

First Survey Date : 1/10/1975 
Last Survey Date : 6/03/1994 

Number Survevs Processed: 380 

"818 0 Anal . N te 8 

:Method Used to Compute Fixed background (20-40ft) 
Background : 

Depth(s) where Contamination 0-14 ft Stable 
Identified in Gross Gamma Survevs : 

Analyst Name: R.K. Price 
Company Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-07-02 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up 
to 6 pCi/g from the surface to 82 feet with the maximum occurring at 27 ft. 

The stack plot and total gamma curve from the HPGe survey both identified a small 
increase in gamma activity in the zone from 24 to 28 feet. The grade thickness 
product plot (not included) confirmed a low level zone with no significant variatiQns 
during the monitoring time period and is less than the minimum detection 
threshold of the tank farms logging system. 

G ross G amma s urvey n orma ion I fi f 
Probe TVPe Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Devth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date : 6/03/1994 

Number Surveys Processed: 385 

a VSIS 0 Anl. Nte 8 

Method Used to Compute Fixed background (34-45 ft) 
BackR"round: 

Depth(s) where Contamination None 
Identified in Gross Gamma Surveys : 

Analvst Name : R.K. Price 
Comoanv Name : Three Rivers Scientific 
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RPP-8321, ReY. 0 

Borehole 30-07-05 

Contamination (Cs.137) from 0·8 feet is Tank Farm Activity. 

Grade thickness product over Oto 8 feet is variable and erratic from 1976 to 1986, 
indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay ofCs-137 (HPGe identified). 

The concentration of Cs-137 between 1 and 4 feet is low relative to the gross gamma 
activity. This indicates the presence of a strong remote Cs-137 source or the 
presence of a strong beta only emitter (such as Sr-90). 

G ross G amma s urvev Irw ormation 
Probe Type Processed : 04: Nal 

Other Probe Tvt>es : 03: Neutron 
Survev Deoth : 100 ft 

First Survey Date: 1/10/1975 
Last Survey Date : 6/30/1994 

Number Survevs Processed : 898 

. 'V818 0 Anal . N 'te 8 

:Method Used to Compute Fixed background (10-40ft) 
Back1?round : 

Depth(s) where Contamination 0-8 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 

Analvst Name : R.K. Price 
Company Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 80-07--07 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-187 at 
less than 2 pCi/g from the surface to 16 feet, and no other detection greater than 0.5 
pCi/g for the remainder of the logged depths. 

G ross G amma s urvey lnfi orma ti on 
Probe Type Processed : 04: Nal 

Other Probe Tvces : 03: Neutron 
Survey Depth : 100 ft 

First Survev Date : 1/10/1975 
Last Survev Date : 6/03/1994 

Number Surveys Processed : 390 

'YSlB 0 Anal . N te 8 

Method Used to Compute Threshold 0<val<50 
Backeround : 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Survevs : 

Analvst Name : RK. Price 
Company Name : Three Rivers Scientific 

Tank C-107 Page275 
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RPP-8321, Rev. 0 

Borehole 80-07-08 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadoso zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at 1 
pCi/g or less from the surface to 28 feet, and no other detection greater than 0.5 
pCi/g for the remainder of the logged depths. 

G ross G amma s urvey orma 10n Im f 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date: 6/03/1994 

Number Survevs Processed : 887 

"818 0 Anal · N te s 
Method Used to Compute Threshold O<val<50 

Baclurround: 
Depth(s) where Contamination NONE 

Identified in Gross Gamma Surveys : 
Analvst Name : R.K. Price 

Comoanv Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-07-10 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-187 at 
less than 3 pCi/g from the surface to 25 feet, and no other detection greater than 0.5 
pCi/g for the remainder of the logged depths. 

G ross G amma s urvey orma 10n Im f 
Probe Tvoe Processed : 04: Nal 

Other Probe 'l'ypes : 03: Neutron 
Survey Dellth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date : 6/03/1994 

Number Surveys Processed : 390 

8 11 rs1s 0 Anl. Nte s 
Method Used to Compute Threshold O<val<50 

Backl?l'ound: 
Depth(s) where Contamination NONE 

Identified in Gross Gamma Surveys : 
Analyst Name : R.K. Price 

Company Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-07-11 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity. 

Grade thickness product over Oto 10 feet erratic and highly variable, indicative of 
tank farm activity. A Cs-137 (HPGe identified) decay line is shown on the grade 
thickness plot. 

G ross G amma s urvev orma 10n Im t' 
Probe Tvoe Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date : 6/03/1994 

Number Surveys Processed: 403 

a•· 1181S o es An 1 ' N t 
Method Used to Compute Fixed background (20-40ft) 

Back(!'l'ound: 
Depth(s) where Contamination 0-10 ft Tank Farm Activity 

Identified in Gross Gamma Surveys : 
Analyst Name : R.K. Price 

Company Name : Three Rivers Scientific 
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··' 

10
 

70
 

too
 

ll7
 I

 
I 

::P
-+

--r
-

I 

.,.
J _

_ l
 __

 L_
 
-~

--
-

:J_
l __ 

l_ 
J
l _

__ _
 

•• 
I 

I 
I 

J
:1

 
0 

I 
I 

,:
:1

 

~
-L

--
~

-
--

~
--

-
' 

I 
I 

.1
· 
I 

I 
I 

I 
~

I 

~1
-+

-t-
-

--i-
--

... 
I 

I 
I 

~-
+-

~-
--

---
f~ 

__ 
I __

 ! 
--

-~
-

1. 
I 

LE
G

E
N

D
 

~
 

I 
• 

•Y
es

 
..?

 
-7

 ·
 «

to
 

--
r~

--
-

1
.
 
,
~

 
~
 

-i
-

I 
-
-
-
~

-
-

~
!
 

I 
I 

1
.S

. 

-1
--

t--
~-

--
f-

--
1 

I 
I 

I 
I 

I 
I 

I 
t 1

0 
10

--
,~

 
,~

 
1

~
 

1
~

 I 
pq

tg
 

i;C
l/g

 
5 

15
 

.. ' 

30
-0

7-
11

 C
om

bi
na

tio
n 

P
lo

t 

..
_

 ·
1 

~
 

--
-:;

,--
1.

 _
_

_
 _ 

~
, 

...
.. 

,..
 

I 
_

k
l _

__
 _ 

-~
, 

C
 I

 ~· 
--

~.
:..

..1
...

--
--

.....
 ~, ~
 

_...
a;;;

_,..
 __

_ _
 

""
i,.

 I
 

✓•
 

~
 

I 
--~

+-
---

-
.-, ~I

 
-'

?
I 

-~
t-

--
--

...;
!-1

 
·~

 
I 

••
 

I 
-~

~
--

-
-~ ...

....
 

if.
 I 

-,,
.1

 
--

--
;r

--
-

~
 

.:i
l

-
--

~
r-

--
-

~
 

--
--

t-
--

-
1 I 

• 
c-t

:··
~ 

I 

~
·-

-
L

 
--

...
.._

,_
 
--

·-
I 

"1
".'I

.: 
I 

-I
~

 
I 

~
--

-L
­

,. 
t 

I 
..._

. .
.._.

 
I 

~:
I 

I 
-
:.

S
-
-
-
L

-
-

.. _
, 

I 
.::

.--
.. 

I 
•.

 t
~

 
I 

-~
 ... --

.. --
~
 

I 
...

c-
.1

" 
I 

'1•:
 

I 
-~

~
-t

--
­

:-
--

1.
-·'

 
I 

._
 1

 :--.
 .:.:.

,..
 I

 
,r

;_
. 

I 
..

.t
--

t-
-:

-:
--

r-
--

.,
_

 ...
 

I 
":

1,
· t

;•
 

I 
, •

• 
I 

-~
..+

,--
--

--
-

.
)
 .··

 
' 

.!
.l

•t
:,

 
I 

-1
 '!:

. 
I 

• ·
t-

...
. 

I 
-~

-~
-­

··t
:~

. 
I 

-:I
!'"

 
I 

.J..
· 

I 
--

,-
~

--
r-

-
,.:

1:
;..

 
I.

 
J
,-

·•
 I

 

--
t-

--
t-

--
1 

I 
I 

10
 

20
 

70
 

8
) 10
0 

'-
--

_
._

-J
r.

..
..

._
._

~
--

--
--

--
--

--
..

_
_

_
_

._
_

. ...
....

....
....

.. ~
._

_
 _

_
 ...

_ _
_

 .._
 1

10
 

0 I 
1 

2S
 

pO
/g

 
2 
I OD

 
I 
P9

'9,
 

0
5

 
1

0
 

10
0 I 

1
.5

 
cp

s 
1 ~

 
I 

I 
.,.f

iR~
 I 

I 
II

II
M

I 
10

 
10

0 
10

00
 

:::0
 

a
, =" 0 



.... .... 
I 

t-, 
q 
0 
M 
cs, -0 
.c e 
0 
m 

. 
/, 

" 
r1 

. 
\. 

' II 

'-
' . ,\ 
' ., \. 

' \..: . 
' -
' 

' 
' '. -- ' .... 
' ' 
' . ~ ' :.'--. 

~ 

-. 
"- -.... 

-

-
1..__,_,-, 
, 

, 

-

- II 
__I._ 

" \ -
"'-.... 

I 

- -
J:,,. 

'{\ 

- ---
I 

0 

-

-

-

-

. 

-

-

-

• 
0 
N 

-

-

-

-

. 

-

-

-

--

-
' 

0 
M 

-

RPP-8321, Rev. O 

I t t 

-- -
-

-

- -
-

- -

-

-
-

-

-

- -
-

-

-

-
. 
I'\. -

- ---- - - ---
-

--
~ 

-
I ' I 

0 0 0 
,q- I() co 

Depth (feet) 

TankC•107 

-

-

t t 

-

-

-

- -

-
-
-

rv-,.J\ 

I I 

0 
C0 

-

-

I 

-

-

' 
0 
O> 

- -

-

-

• 

... 
I 

'--

- ,_ 
0 
co 
C') 

A 

I\.,_ 

I 

0 
0 ..... 

..... 

Page289 



. 
·,

' / 

01
/1

0/
75

 
-

B
o

re
h

o
le

 3
0-

07
-1

1 
06

/0
3/

94
 

G
am

m
a(

c'
s)

 
§ 

G
am

m
a 

(e
ls

) 
10

0 
20

0 
8 

O
 O

 
10

0 
20

0 

D
ep

th
: 

0-
10

 ft
 

• 
C

. 8 
,:

 
~
 

10
 

C
)8

 
• 

• 
~ 

. .
 /}, 

• 
~
 

.,.,_
 

:}
. 

0
. 

:2
0 

j§
 

•(
 0 

iO
 

C
s-

13
7 

D
ec

ay
 U

ne
 

.o
 

I: 
0 

• 
,, 

• 
30

 
&. 

.. 
<:

 
8 

0 
si

 Q
 

• 
~

Q
 

• 
-

$ 
.. / 

"
t !I
 

. 
•• 

.. • 
::0

 
o

"°
 

• 
...

.. 
. . 

«>
 

"'D
 

• 
oO

 
l? 

~
 

••
• 

- •1
·•

 ·
.•

. 
.,, 

G
 

"Q
 

J 
&

, 
::>

 
s 

•t•
 

• 
0 

71
-' 

0 
0 

0 
w

 
0 

a 
"

i.
 

• 
a 

1
'J

 

'•
"
-

0 
• 

-
' 

~
 

• 
0 

50
 

_,,
 

) 
.. 

::0
 

0 
t.f

. .
. !

•
.
~

 
.
.
.
.
.
 , 

0 
---

4 
.... 

.. 
-

,__
__ 

. 
. 

al
 

0 
:< 

19
75

 
19

80
 

19
85

 
19

90
 

19
95

 
0 

eo
 

O
at

e(
Y

ea
r)

 
eo

 
50

 
f 

40
 

f 
f ;

30
 

70
 

·-
H

H
f H

1JH
ftJt

11
Hll

fH 
Hf

HH
IIIJ

/IIH
't W

, 
I 

70
 

!~
20

 
I 

10
 

80
 

0 
10

0 
.-.

--.
....

....
,_

. ... ..
..,.

_ 
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 _
 . 

Q
:!

' 8
0 

. . 
90

 
!i 

fSO
 

-
40

 
"'D

 
~
~
 

Q
) 

20
 

(
0

 
0 

CD
 

tw
ld

el
->

 
"' 

10
0 

A
N

r,
.. 

t,y
: ,
,
_

 ~
 S

d
lt

,t
!l

lc
 

10
0 

co
 

• 
Z

10
M

 
uo

oo
 

0 



RPP-8321, Rev. 0 

Tank C-108 

Table of Contents 
Tank C-108 .................................................................................................................................. 291 

Borehole S0-08-02 ................................................................................................................... 292 
Borehole 30-08-03 ................................................................................................................... 300 
Borehole 30-08-12 ................................................................................................................... S04 

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the 
Tank 108 in the •C" Tank Fann. 

Special Notes: None 
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· Borehole 80-08-02 

Contamination (Cs-137) from 0-6 feet is Tank Farm Activity. 
Contamination (Cs-137) from 13-28 feet is Tank Farm Activity. 

Contamination (Co-60) from 46-55 feet is Unstable. 
Contamination (Co-60) from 55-84 feet is Unstable. 

Grade thickness product over 0-14 and 13-28 feet are variable and highly erratic, 
indicative of tank farm activity. A Cs-137 (HPGe identified) decay line is shown on 
the gt"ade thickness plot as a reference. The HPGe survey identified Eu-154 at low 
levels Oess than I/30th the concentration of Cs-137) in the contnmination zones. The 
Eu-154 contamination, although unusual for near surface contamination does not 
influence the assigned category. 

The stack plot shows two contamination zones in the lower portion of the borehole. 
The contamination zone at 52 feet remains at a constant depth for the duration of 
the tank farm logs, which may indicate a spreading horizon in the subsw-face 
sediments. Low frequency logging from 1983 to 1989 for a mobile contaminant (Co· 
60) inhibits a stable classification in the latter years. 

The lower contamination mne (55 to 84 ft} shows on the stack plot that the 
contamination moved down through the sediments from 55 to 75 feet during the ten 
years of surveillance monitoring (about 2 ft per year}. The decrease in the grade 
thickness product for both zones does not fit either the HPGe identified · 
contaminants (Co-60 and Cs-187) or the contaminants combined with Ru-106 
(hypothesis), implying migrating contamination. A Co-60 decay line is shown on the 
plots as a ref ere nee. 

G ross G amma s urvey Inti orma 10n 

Probe Type Processed : 04: Na! 
Other Probe Tvnes : 03: Neutron 

Survey Deoth : 100ft 
First Survey Date : 7/24/1980 
Last Survey Date : 6/19/1989 

Number Survevs Processed: 68 

Tank C-108 Page 292 



RPP-8321, Rev. 0 

a1~ 1818 0 Anl · Nte 8 

Method Used to Compute Fixed background: 28-48 ft 
Back~ound: 

Depth(s) where Contamination 0-6 ft Tank Farm Activity 
Identified in Gross Gamma Surveys : 13-28 ft Tank Farm Activity 

46-55 ft Unstable 
65-84 ft Unstable 

Analyst Name: R.K. Price 
Companv Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-08-03 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 60 feet. The HPGe logging system detected Cs-137 for the 
full borehole depth with the maximum concentration occurring at the surface (0 ft) 
and bottom of the borehole at greater than 5 pCi/g, The concentration between 2 
and 49 feet is less than 1 pCi/g. 

The stack plot indicates that the borehole may have been 58 feet deep in 1975. The 
logs after 1984 have a maximum depth of 50 feet. 

G ross G amma s urvev orma 10n In.£ f 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 55 ft 

First Survey Date : 1/10/1975 
Last Survey Date : 7/08/1994 

Number Survevs Processed : 317 

a 1818 o es An I · N t 
Method Used to Compute Threshold 0<va1<50 

Back(!l"ound : 
Depth(s) where Contamination NONE 

· Identified in Gross Gamma Surveys : 
Analyst Name : R.K. Price 

Companv Name : Three Rivers Scientific 

Tank C-108 Page 300 
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RPP-8321, Rev. 0 

Borehole 30-08-12 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based on gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Ca-137 for 
much of borehole depth (0-37 and 47-73 ft) at concentrations less than 6 pCi/g. The 
concentrations of Cs-137 were not clearly identified in either the HPGe total gamma 
log or the tank farms stack plots. The grade thickness product plots (not included) 
confirmed the low level zones had no significant variations during the monitoring 
time period and are less than the minimum detection threshold of the tank farms 
logging system. 

G rose G amma s urvey In£ orma ti on 
Probe TvDe Processed : 04: NaI 

Other Probe Types : 03: Neutron 
Survev Depth : 100ft 

First Survey Date : 1/10/1975 
Last Survev Date : 7/08/1994 

Number Survevs Processed : 299 

~818 0 Anal · N te s 
Method Used to Compute Fixed background (30-50 ft) 

Backeround : 
Depth(s) where Contamination None 

Identified in Gross Gamma Surveys : 
Analyst Name : RK. Price 

Company Name : Three Rivers Scientific 

Tank C-108 Page304 
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RPP-8321, Rev. 0 

Tank C-109 

Table of Contents 
Tank C-109 .................................................................................................................................. 308 

Borehole 30-09-01 ................................................................................................................... 309 
Borehole 30-09-02 ................................................................................................................... 313 
Borehole 30-09-06 ................................................................................................................... 318 
Borehole 30-09-07 ................................................................................................................... 322 
Borehole 30-09-10 .................................................................................................................... 328 
Borehole 30-09-11 ................................................................................................................... 335 

This .section contains the analysis results for vadose zone boreholes (dry wells) associated with the 
Tank 109 in the •c- Tank Farm. 

Special Notes: None 
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RPP~321, Rev. 0 

Borehole 30-09-01 

Contamination (Cs-137, Co-60, & Ru-102) from 88-100 feet is 
Unstable Early. 

Grade thickness product over 88 to 100 feet shows an abrupt increase in 1976 then 
a rapid decrease to activity that is slightly lower than was present in 1975. The 
high rate of decrease in the grade thickness product in 1976 is possibly migrating 
contamination and does not match a least square fit of Cs•lS7, Co•60 (both HPGe 
identified) and Ru-102 (hypothesis) decay. The zone is categorized as unstable early. 

G ross G amma s urvev orma 10n Im t· 
Probe Tvne Processed : 04: Nal 

Other Probe Tvnee : 03: Neutron 
Survev Deoth : 100ft 

First Survey Dntc : 1/10/1975 
Last Survey Date : 7/08/1994 

Number Survevs Processed : 316 

''1819 0 Anal . N 'te 8 

Method Used to Compute Fixed background (50-70ft) 
BacltE?round : 

Depth(s) where Contamination 88-100 ft Unstable Early 
Identified in Gross Gamma Surveys : 

Analvst Name : R.K. Price 
Company Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 80-09-02 

Contamination (Co-60) from 40-58 feet is Unstable. 
Contamination (Co-60) from 82-100 feet is Stable. 

Grade thickness product over 40 to 68 feet shows two times where activity increased 
(1980 and 1983-1984). The grade thickness product is decreasing consistent with 
Co-60 (HPGe identified) decay after 1985. The zone is unstable because, the stack 
plot shows that the contamination moved two feet lower in the ten year time period 
from 1984 to 1994. Tracking the movement of the contamination to lower depths 
can not be performed for logs prior to 1984 because depth control was compromised 
by the manual operation of the logging equipment. 

Grade thickness product over 82 to 100 feet is decreasing consistent with Co-6O 
(HPGe identified) decay. Any observed variances are within the statistical precision 
of the log data. 

G ross G amma s urvey orma 10n lnfi f 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Deoth : 100ft 

First Survev Date: 1/10/1975 
Last Survey Date: 7/08/1994 

Number Survevs Processed: 812 

a 11S1S o es An 1 . N t 
Method Used to Compute Fixed background (58-82ft) 

Back:Eround: 
Depth(s) where Contamination 40-58 ft Unstable 

Identified in Gross Gamma Surveys : 82-100 ft Stable 
Analvat Name : R.K. Price 

Company Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-09-06 

Contamination (Co-60) from 72-88 feet is Unstable Early. 

Grade thickness product over 72 to 88 feet shows that the activity rapidly increased 
from 1980 to 1984 then decreased by one half from 1984 to 1986. After 1986 the 
grade thickness product decrease was consistent with Co-60 (HPGe identified) 
decay. The stack plot shows that the contamination moved two feet lower from 
1984 to 1986. Tracking the movement of the contamination to lower depths can not 
be performed for logs prior to 1984 because depth control was compromised by the 
manual operation of the logging equipment. The zone is categorized as unstable 
early. 

Gross Gamma Surve Information 
04: Nal 
03: Neutron 
100 ft 
1/10/1975 
7/08/1994 
820 

"BIS 0 Anal . N te 8 

Method Used to Compute Fixed background (40.70ft) 
BackC!round: 

Depth(s) where Contamination 72-88 ft Unstable Early 
Identified in Gross Gamma Surveys : 

Analvst Name : RK. Price 
Comt>anv Name : Three Rivers Scientific 

TankC-109 Page 318 
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RPP--8321, Rev. O 

Borehole 80-09-07 

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity. 
Contamination (Co-60) from 72-90 feet is Unstable Early. 

Grade thickness product over Oto 14 feet is erratic and highly variable, indicative of 
tank farm activity. The HPGe survey identified Cs-137 up to 15 pCi/g from the 
surface to 10 feet and intermittently from 10 to 35 feet. 

Grade thickness product over 72 to 90 feet shows a rapid decrease in activity from 
the first surveys in 1982 to 1987. The low monitoring frequency (annual) for the 
majority of the surveillance time period makes analysis of the tank farm logs 
difficult. After 1987 the grade thickness product is decreasing, consistent with Co-
60 (HPGe identified) decay, within statistical precision typical of the tank farms 
logging equipment. The zone is categorized as unstable early. 

G ross G amma s urvey Infi ormation 
Probe Tvne Processed : 04: Nal 

Other Probe Tvnes : 03: Neutron 
Survey Depth : 125ft 

First Survey Date : 4/08/1982 
Last Survey Date : 7/08/1994 

Number Survevs Processed : 45 

VSlS 0 Anal ' N te s 

Method Used to Compute Fixed background (42-70ft) 
Backl!round : 

Depth(s) where Contamination 0-14 ft Tank Farm Activity 
Identified in Gross Gamma Survevs : 72~90 ft Unstable Earlv 

Analyst Name : R.K. Price 
Company Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-09-10 

Contamination (Cs•137) from 0·20 feet is Tank Farm Activity. 
Contamination (Cs•l37) from 20·38 feet is Stable. 
Contamination (Cs•137) from 50•70 feet is Stable. 

· Contamination (Cs•137) from 70•94 feet is Stable. 

Grade thickness product over Oto 20 feet is highly erratic and variable from 1975 to 
1986, indicative of tank farm activity. Since 1986, the grade thickness product is 
consistent with the decay of Cs-137 (HPGe identified). 

The HPGe survey detected Cs-137 almost continuously through out the borehole at 
concentrations ranging from greater than 100 pCi/g (S ft) to near 1 pCi/g with low 
levels of Co-60 (70-100 ft). Co-60 was detected between 52 and 98 feet at 
concentrations near 0.1 pCi/g. A concentration of3.l pCi/g of Co-60 on 1/1/1975 
would decay to 0.1 pCi/g on 12/31/2000. Thus the tank farm logs would not see the 
decay of Co-60 since it is less than MDL. 

Grade thickness products over 20-88, 50-70, and 70-94 feet are low level 
.t:"'.'\ contamination zones. The observed variances are within the statistical precision of 
-: ~) the data in the intervals. The decay line of Cs-137 (HPGe identified) is shown as a 

reference. The zones are categorired as stable. 

G ross G amma s I £ urvev n ormabon 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Deoth : 100 ft 

First Survev Date : 1/10/1975 
Last Survev Date : 9/27/1995 

Number Surveys Processed : 860 

a ll'SlS otes An 1 . N 
:Method Used to Compute Fixed background (40,50ft} 

Backe-round : 
Depth(s) where Contamination 0-20 ft Tank Farm Activity 

Identified in Gross Gamma Surveys : 20-38 ft Stable 
50-70 ft Stable 
70-94 ft Stable 

Analvst Name : R.K. Price 
Comoanv Name : Three Rivers Scientific 

. ) 
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RPP-8321, Rev. 0 

Borehole 30-09-11 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. 

The HPGe logging system detected Cs-137 in three zones in the borehole. The first 
zone, from the surface to 16 feet, had Cs-137 levels up to 4 pCi/g. The second zone, 
from 44 to 48 feet, had Ce-187 levels less than 2 pCi/g. The third zone, at the bottom 
of the borehole (93 to 99 feet), had Cs-137 levels at 2 pCi/g. All three zones contain 
Cs-137 at levels below gross gamma detection threshold. 

G roes G amma s urvev orma 10n Infi t' 

Probe Type Processed : 04: Nal 
Other Probe Types : 03: Neutron 

Survey Depth : 100ft 
First Survey Date : 1/10/1975 
Last Survey Date : 6/03/1994 

Number Survevs Processed : 349 

17818 0 Anal . N te s 
Method Used to Compute Threshold O<val<50 

Backttound : 
Depth(s) where Contamination NONE . . 

Identified in Gross Gamma Surveys : 
Analyst Name : R.K. Price 

Comoanv Name : Three Rivers Scientific 

TankC-109 Page335 
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Tank C-110 

Table of Content.a 
Tank C• I 10 .................................................................................................................................. 339 

Borehole 30-10-01 ................................................................................................................... 340 
Borehole 30-10-02 ................................................................................................................... 344 
Borehole 30-10-09 ................................................................................................................... 348 
Borehole 30· 10-11 .............................................................................................................................................................. .. ............................................... ~ 352 

This section contains the an~ysi.s results !or vadose zone boreholes (dry wells) associated with the 
Tank 110 in the •c• Tank Farm. 

Special Notes: Borehole 30-10-02 ha.s slightly high gross activity for the level 0£ Cs-137 reported 
with the HPGe log data. This indicates the possibility of either a remote Cs-137 source, or the 
presence of a strong beta only source, (such as Sr-90) . 
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RPP-8321, Rev. 0 

Borehole 30-10-01 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 in two 
zones in the borehole near the surface. The first zone from the surface to 2 feet had 
the highest amount of Cs-187 at the surface, 9 pCi/g. The second zone from 6 to 17 
feet had Cs-137 levels near 1 pCi/g or less. 

G ross G amma s urvey orma 10n Infi t' 
Probe Tn>e Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date : 3/31/1994 

Number Surveys Processed : 333 

a ~818 ates An l · N 
Method Used to Compute Threshold O<val<50 

Backln'ound : 
Depth(s) where Contamination NONE 

Identified in Gross Gamma Survevs : 
Analvst Name : R.K. Price 

Comoanv Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-10-02 

Contamination (Cs-137) from 42-50 feet is Stable. 

Grade thickness product over 42 to 50 feet is decreasing consistent with Cs-137 
(HPGe identified) decay. The magnitude of gross count rate is slightly higher than 
normal for the observed level of Cs-187, which may indicate either strong beta 
emitter with the Cs-137, or that the Cs-187 source is remote to the borehole. 

G ross G amma s urvev n orma 10n I fi t" 
Probe Type Processed : 04: Nal 

Other Probe 'fypes : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 1/10/1975 
Last Survey Date: 3/31/1994 

Number Survevs Processed : 857 

'VS18 0 Anal ' N te 8 

Method Used to Compute Fixed background (80-4lft) 
BackfZTound : 

Depth(s) where Contamination 42-50 ft Stable 
Identified in Gross Gamma Surveys : 

Annlyst Name : R.K. Price 
Companv Name : Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 80-10-09 

Contamination (Ru•l06) from 40-60 feet is Unstable Early. 

Grade thickness product over 40 to 60 feet is decreasing at a rate that is faster than 
the decay of Ru-106 (hypothesis). The half life of Ru-106 is 1.02 years. The grade 
thickness product shows a short time period from 1978 to 1980 with no significant 
change before the contaminant decreased to background levels. The gross gamma 
survey logs from 1981 to the last survey in 1994 show a clean borehole. The zone is 
categorized as unstable early. 

G ross G amma s urvey In.£ orma ti on 
· Probe Type Processed: 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 1/24/1975 
Last Survey Date : 3/31/1994 

Number Survevs Processed : 354 

a ~818 o es An 1 . N t 
Method Used to Compute Fixed background (60-SOft) 

Baclc~ound : 
Depth(s) where Contamination 40-60 ft Unstable Early 

Identified in Gross Gamma Surveys : 
Analyst Name : R.K. Price 

Companv Name : Three Rivers Scientific 
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RPP--8321, Rev. O 

Borehole 80-10-11 

No Gamma Ray Emitting Contaminatio·n Identified. 

No significant levels of gamma ray contamination are present. based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-187 at up 
to 6 pCi/g from the surface to 4 feet, and no other detection for the remainder of the 
logged depths. 

G ross G amma s urvey Im ormation 
Probe Type Processed : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 6/02/1975 
Last Survey Date : 8/31/1994 

Number Survevs Processed : 336 

l.'818 0 Anal . N te 8 

Method Used to Compute Threshold O<val<50 
Backttound : 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Survevs : 

Analyst Name : R.K. Price 
Company Name: Three Rivers Scientific 
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Borehole 30-11-01 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-187 
intermittently at up to 1 pCi/g from the surface to 66 feet. 

G ross G amma s urvev orma 10n Infi t" 
Probe Tvoe Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Deoth : 100ft 

First Survcv Date : 1/10/1975 
Last Survev Date : 7/01/1994 

Number Surveys Processed: 345 

VS18 0 Anal . N te B 

Method Used to Compute Threshold O<val<50 
Back~ound : 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Surveys: 

Analvst Name : R.K. Price 
ComoanvName: Three Rivers Scientific 
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RPP-8321, Rev. 0 

Borehole 30-11-05 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-187 at up 
to 2 pCi/g from the surface to 5 feet, and no other detection greater than 0.6 pCi/g 
for the remainder of the logged depths. · 

G ross G amma s urvev Infi orma ti on 
Probe Tvoe Processed : 04: Nal 

Other Probe TYlles : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 6/09/1975 
Last Survey Date : 7/01/1994 

Number Surveys Processed : 277 

8'' •sis 0 Anl. Nte 8 

Method Used to Compute Threshold O<val<50 
Back~ound: 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Survevs : 

Analyst Name : RK. Price 
Comvanv Name : Three Rivers Scientific 
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Borehole 30-11-05 

No Gamma-Ray Emitting Contamination 
Above Survey Detection Threshold 
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RPP-8321, Rev. 0 

Borehole 30-11-06 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 from 
the surface to 40 feet. The maximum concentrations are: 7 pCi/g at 1 feet and 5 
pCi/g at 11 feet. These levels are below the threshold of the gross gamma 
surveillance system. 

G ross G amma s urvey orma 10n In£ t' 
Probe Tvne Processed : 04: Nal 

Other Probe TVDes : 03: Neutron 
Survev Deoth : 100 ft 

First Survey Date : 1/10/1975 
Last Survey Date: 7/01/1994 

Number Survevs Processed : 298 

a "sis 0 Anl · Nte 8 

Method Used to Compute Threshold O<val<50 
Backe-round : 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Surveys : 

Analvst Name : RK. Price 
Comoanv Name : Three Rivers Scientific 
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RPP--8321, Rev. 0 

Borehole 80-11-09 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at 9 
pCi/g at the surface, less than 1 pCi/g from I to 16 feet, end no other detection for 
the remainder of the logged depths. 

03: Neutron 
100ft ------------t 

._ _____ ___,;;.=..;;..;;...;;;;;~;....;.,i..---"-+-=1/=17~/=19;;..;.7..;;.5 _________ --4 

7/01/199...;.4 ________ --t 

805 

Anal sis Notes 
;.._ _________ _ 

Method Used to Compute Threshold O<val<50 
Back ound: 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Surve s : 

Tank C-111 Page 369 



0 
,,. 

~
 

I 

1
0

+
~

+
-
-
-
-

_!
J. 
-
-
-
-

• 
I 

.f
 

ZJ
 +

--
--

J_
 __

_ 
-
-
~

-
-

I I I 
--:

j--
--

3:1
 +

--
--

.!
.-

--
-

I I I 
~
 

'° 
--

-+
--

--
-I

 
I 

a
, 

I 
i'

 
~
 

I 
-;,

:-
.e

 
Si

l 
--

--
+

--
-

('
) 

I 

-
I 

.... 
I 

-
~
 &

) 
.... 

I 
--

--
-t

--
--

--
~
 

I I I 
70 

+
--

-~
--

--
I}

--
I I 

81
 +

--
--

+
--

-
-
-
-
-
}
~

 
I 

1t
 

I 

9'.
J 
+-

---
+-

---
--t

r-
I I 

10
0+

---
i~

--
--

t-
:3

-
I·

 
I 

11
0 

to-
• 

t(
J•

 
10

• 
pO

/g
 

"t
i 

pC
i/g

 
1 

I 
I 

I 
a

, 
s 

,s 
co

 
I»

 
c.

, 
--

.I 0 

... ,
;·-

.. 
·-·

 

30
-1

1-
09

 C
om

bi
na

tio
n 

P
lo

t 

23
1\J

 
:m

Th
 

T
ot

al
 y

 
T

F
G

ro
ss

 'Y
 

0 
=-

--
r 

I 
... 

-z
.:-

, 
I 

I 
.&

.,-
I 

-•
,f

;.
 

I 
I 

--t
LI

Q
JL

91
+ 

10
 

-
1

~
-
L

-
-

_
J
~

·:.
_

L
 _

_
 

_
j_

 _
_

_
 

1•
, 

I 
•I.

: 
I 

"M
~1

. 
co

un
ts

: 

~· 
,..r

....
 

I 
I 

f 
-,-

1 
69

7 
cp

e 
-r

"
 :.

~4
~ 

-
,;.

.-
L

 _
_

 
::

!:
:1

.-
--

L
--

_
_

 J
._

_
_

_
 

.1
.-

--
-4

-
20

 
F

 
I 

,.
.{

 
I 

I 
I 

l
~

I
 

r 
I 

I 
I 

--
~

-L
--

,t
.·

 
L 

I 
I 

-
~

-
-
-

-
--

-'
--

--
-

-
~

-
-
-
4

-
3'

.)
 

~
 .. 

I 
-1 

I 
I 

I 
• 

I 
··

 •
 

I 
I 

I 
=-

I 
.,

;;
~

 
I 

I 
I 

-
_,._

 __
 

-~
---

-1
---

-+
---

-
-
+

-
-
-

~
 

... 
I 

~l
:. 

. I 
I 

I 
'\

-
I 

..
 •

-
I 

I 
I 

.-
. 

.. .--
I 

-t:
,::

 
I 

I 
-

~
--

+
--

-
-
~

--:
::-

+
--

-
+

--
--

--
-

Si
l 

J 
~
 

I 
J:

~
--

I 
I 

....
.,, 

4
§

 
I 

f 
I 

I 
..

. -
·
 

I 
I 

R
 

~
I
 

-k
-r

--
-,-

~~
-r-

-
r--

--
£D

 
-~

 
. .. 

I 
,~..

_ 
~=

-.:-
: 
I 

I 
I
.
-

f ..
 

--
-f

":
'1

:'
-r

-
--

: 
-;:

_;
:=

r--
--

-
•T

~
--

--
H

--
~

+
--

--
+

 10
 

1
l~

 
I 

.. 
. 

l 
--

-
,.

?
 I 

-1
:•.

..,
.. 

-4
 ~
 

-
~

 
I 

J.
;z

.r
--

-
-
r
 ~

-r
--

~
~

--
-~

--
-~

1
--

--
~

--
..

+
--

m
 

I
~

 
~

-,
. 

I 
I
~

 .. 
'
~

 
I 

-1
-,

. 
I 

--
4-

:-
r-

-
_l

;,,
__

r--
~~

---
-tr

---
-~

~-
~-

---
+r

o 
I
~

 
·r 

,~
 

- 43 
I 

--t
~=

-f-
-

-=
 ~

-:.
r--

~~
---

~+
---

-~
~-

-+
---

-4
-1

00
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
, 

11
0 

0.
0 

0
5

 
1.

0 
1.

5 
pQ

fg
 

10
0 

20
0 

30
0 

cp
s 

I 
pO

/g
 

I 
I 

I 
I 

I 
I 
, 

cp
s 

I 
I 

I 
I 

I 
25

 
0.

0 
0.

5 
1

0
 

1.
5 

10
 

30
 

50
 

::n
 ,, ,, &
, 

w
 

N
 .....
 - ::n
 

(D
 

~
 

0 



) 

...... . 

a, 
c;, 
T­... • 0 
M 
cu 
0 
.s::. e 
0 m 

" 
V 

-
...., 

' 

,_ 

. 
-

' ::I 

-

-
-- -

-
-

-

-
C 

. 

-

-

-

--- -
-

_/\ ---

I 

' • 

-

-

- -

- . 
.l'JV 

-

-

I 

0 
C'\I 

-
--

I 

0 
M 

-

-
-

-

RPP-8321, Rev. O 

' ' ' ' 
-

- --

-

-

- -

-

- -

-

- ----
-

-
A -

- -

- - --
I I I 

0 0 C 
~ &O (0 

Depth (feet) 

Tank C-111 

--
-

- -

I 

0 
r,.. 

-

I 

-

-

-

-

-

-

-

-

I 

0 
co 

-

-

' 

.,._ 

-

-

-

-

-

. 
0 
0, 

-

I 

\_ 

-

-

--v-

-

-

--
-

-

-
I 

0 
0 ..... 

... 

.. 

,_ 

IO 'i:" 
co C'O 
0) G) 
..... >-

C 
co 
0) ..... 

-G> .., 
ta 
C 

Page 371 



·• .. :.-:''\ 
.. l 

. . ~ 

10 

20 

30 

40 

60 

70 

80 

90 

Oldest Survey 
2/10/1976 

Gamma (els) 
100 200 

RPP~21, Rev. 0 

Borehole 30-11-09 

No Gamma .. Ray Emitting Contamination 
Above Survey Detection Threshold 

50 ._..,,...._. __ _.__ _ ___,__...___._ ___ -" ___ ----+ 

45 

40 

10 

5 
+ 

j j 

• 0 ~.....___. _____ ...._ _________ ...__--....,__.._ ___ -----f 

1975 1980 1985 

Date (Year) 

1990 

100 ..... ----~- 8 • • • • • • • • -· . 
• • 

• 

• • 

• 
20 

Tank C-111 

1995 

·­• 
• 

• 

Page372 



·. . '.) 

RPP-8321, Rev. 0 

Borehole 30-11-11 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs.137 only 
at the surface (0 feet) at 10 pCi/g, and no other detection for the remainder of the 
logged depths. 

G ross G amma s I fi urvey n orma ti on 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 5/09/1975 
Last Survey Date : 6/30/1994 

Number Surveys Processed: 280 

'818 0 Anal · N te s 
Method Used to Compute Threshold O<val<50 

BaclcEround : ' 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Surveys: 

Analvst Name : R.K. Price 
Comoanv Name : Three Rivers Scientific 
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Tank C-112 

Table of Contents 
Tank C-112 .................................................................................................................................. 377 
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Borehole 30-12-09 ................................................................................................................... 386 
Borehole 30-12-13 ................................................................................................................... 390 

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the 
Tank 112 in the •c-Tank Farm. 

Special Notes: None 
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RPP-8321, Rev. 0 

Borehole 30-12-01 

Contamination (Co-60 & Ru-106) from 38-48 feet is Unstable 
Early. 

Grade thickness product over 88 to 48 feet shows a rapid increase of gross gamma 
activity in 1978. The grade thickness product from mid 1978 is decreasing at a rate 
consistent with a least square fit for the decay of Co-60 (HPGe identified) and Ru-
106 (hypothesis). The decay fit to the grade thickness product is acceptable but not 
great. The GTP is consistently below the decay fit beyond 1988. The ratio ofRu-106 
to Co-60 on 1/1978 is 161:52. The zone is categorized as unstable early. 

G ross G amma s urvey lnfi orma ti on 
Probe Type Processed : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Survey Depth : 100 ft 

First Survey Date : 5/09/1975 
Last Survey Date : 7/01/1994 

Number Survevs Processed : 384 

-'SlS 0 s Anal · N te 
Method Used to Compute Fixed background ( 48-70ft) 

Back(!l'ound : 
· Depth(s) where Contamination 88-48 ft Unstable Early 

Identified in Gross Gamma Surveys : 
Analvst Name : RK. Price 

Company Name: Three Rivers Scientific 
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..
 : 

~·
 

30
-1

2-
01

 C
om

bi
na

tio
n 

P
lo

t 

0 
23

tl
u 

2 3
2T

h 
T

ot
al

 'Y
 

T
F

G
ro

ss
 y

 
I 

i 
I 

I 
l 

I 
I 

I 
f 

I 
Q

 
... 

I 
I 

"l"
!"I

 
.... 
--

I 
I•

 
I 

..
,•

 I
 

•
~

 ..
 

I 
I 

I 
10

 +
--

+
!-

-}
--

-
-~

if
+

--
-

~r•r
 L 

_
_

 J
_

 
t-

--
-1

1-
-~

~
-+

--
¼

-+
 10

 
-
-
:.

 
7 

I 
I 

I ~
f 

~~
 I

 
.'~

f:
1

 
I 

I 
I 

.;
J~

=
-

I 
I 

I 
a
l 
+

--
.l

--
-L

--
-
,
.
L

.
l.

-
-
-

_
_

 :.
,u

;.
_

 1
-
-

_
_

 .J
_

 
-L

--
-1

1
--

L
-~

--
'-

+
 20

 
I 

I 
'~

 I
 

.._
-,

. 
I 

I 
I 

. 
. 

. 
. 

I 
I 

==.
:. 

I 
.3

-'"
"" 

I 
I 

I 
3

) 
+

--
J
 __

_ L
_ 

ti'
!!~

 
I 

,
_..

. 
I 

I 
l 

--
~

--
--

-~
).!

;; 
__

 ._
 __

 
-
-
-
l-

-'
--

-H
--

'-
-J

-Z
..

J.
-
-'

-+
 ~
 

I 
•• 

I 

--\~
--

-.:
:.::

-.. 
-.-

1•
• 

I 
I 

I 
. 

. 
. 

. 
I 

• 
.. z

l 
-
.,

,•
 

I 
1•

 
I 

.. ,
 ..

 r 
~
 

I 
I 

::a
 

40
 

--
4

--
-1

--
-

--
~

--
-

--·.
:,..

.._
_ 

--
-
-
4

-
_.,

_ __
 

..a
 

.,, 
~
 

~
I 

~1
 

•·
.-t

 
I 

I 
I 

.,, 
i'

 
_ .

. _
.,

_
 

I 
I 

I 
0 

&
, 

::
, 

• 
I 

c
l 

:..,
_~

t:. 
I 

I 
I 

<
..

) 
~
 

m
J 

n 
J2

 
.!l

l 
--

•
J
-
-
f
-
-
-

--
--

--
-

-
-
~

-
-

-
-
1

T
-
,-

f-
-
-

--
•-

-
+

--
-

N
 

I •
 

I 
~
 

..,
.~

 
-t

~ 
I 

I 
I 

.....
 

I 
-

-
-

.....
 

!m
 

I 
I 

'?
 

.. ,
-

• 
I 

I 
I 

ro
 
~
 

::0
 

.....
 

""'E
 ...
 

I\
) 

I 
!.

, 
I 

I 
I 

(D
 

-
-
;-

--
,-

--

=::
f: --

~
--

-
-i

t-
-r

--
--

;-
-

r
-
-

-
r
-

-
1

-
-
;-

~
 

:c: 
0 

I 
I 

.... I
 

• 
~

-
I 

I 
I 

I 
I 

I 
0 

~
 

;.
1:

-4
 

I 
I 

~
--

-1
1-

-t
--

K
--

1'
 -
4

-+
 70

 
LE

G
EN

D
 

-.;
s~

--
7D

 +
-~

 •
 ,

:111c
, 

·,
~

 
-

-
...

 ~
-r

-
-

-
-
;
-

~
 

r• 
I 

I 
I 

' 
mc

o 
.. 

°"" 
I 

I 

B
l 
+

--
--

-r
--

~,
 

• 
" 

I 
-4

--
~

--
-1

1
--

~
~

..
;.

-4
-+

 Il
l 

--
--

r 
--

--
~

--
--

--,
._l

wi
--:

:-,-
I 

I 
,~

 
--:-

i 
-i

-t-
, 

I 
I 

I 

--
--

~
--

;-;.
 

,_
.,..

 
I 

I 

00
 +

--
4-

--
t-

--
+-r

 I
 

--
4

--
-+

--
-l

~
-~

-r
:b

4
-+

~
 

--
~

T
--

-
-
-

7
:"

;-
-

I 
I 

Is
; 

., .. ,
 

--
L 

... 
-

, 
I 

I 
I 

'
~ 

~
, 

-~
-, 

I 

10
0

 +
--

•--
-1-

--
--

t-
-=

-
__

_ -::
+-

--
-

--1
~~

-f-
-

--
-t

--
-j

--
--

1
1

--
~

-~
-4

-4
-+

 10
0 

I 
I 

I 
I 

I 
I. 

I 
I 

l 
I 

11
0 

I 
I 

I 
I 

I 
I 

11
0 

1
0'

" 
10

-•
 

10
" 

1
0

' 
pO

/g
 

0 
1 

2 
I 

P
9l

gl
 

0 
10

0 
20

0 
30

0 
cp

s 
"'O

 
pC

i/g
 

1 
I 

I 
, 

I 
pO

/g
 

I 
I 

I 
I 

cp
s 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
Ill

 
(
0

 
s 

15
 

2S
 

0
0

 
O

S 
1.

0 
1.

5 
0 

10
 

20
 

30
 

40
 

50
 

a,
 w
 .... co
 



-t
 

II
) 

:::
:, 

';1
1:

' 

("
) • .... .... I\
) 

"0
 

a
, 

C
Q

 
(I

) 8 

0 
I 

I 

10
 -

>
 

20
 -

30
 

I 

0
40

 -
CD

 
-c

:, 
>

 

:j
: 

50
 

-
I 

.... i 
60

 -
.... -

) 

70
 

I 
1

1
 

80
 -

I 

I 

90
 -

:::~
 I 

10
0 

;\II )
1 

19
75

 

I 

) I 
• 

I 
I 

4 

I 
I 

I 
) 

()
 

I 

'-
!-

-
~

 
....

, 
( 

r 
( 

-;1
 

I 

) 
I 

) 
>

 

I 
) 

I 

) 

I 
I 

I 

I 

4 

) 

>
 

) 
) 

I I 

j ) I 1
 

19
80

 

_
;
 .. !

 

B
or

eh
ol

e 
30

-1
2-

01
 

. 
I 

. 

( 
, 

>
 

I 

I 

I 
I 

I 

I 
>

 }
 

I 
I 

I 
~ ) 

) 

I 

I 

,C
 I>

 

I 

I 

19
85

 
D

at
e 

(y
ea

r)
 

I >
 

) 
) 

) I 

I 

I 

I 

. , ) 

I 

I 

I 

( 
<

 
, 

I I 

I 

1 

I 

I I I 

I 

>
 

I 

19
90

 

<
 

, 
, 

I 
) 

.. 
I 

I-

I 

>
 

I-

I 
,_ -

I 
) 

-
I 

J 
-

I 

-

I 

) 
,_ 

I 

-

19
95

 
~

ly
ll

l b
y:

 T
in

e 
R

t4
ff

l S
dl

ln
l!f

tc
 

:0
 ,, ,, ~ .... :::c
 

a
, :c;
 

0 



:<,
 

' 
. 

.
.

.. ; 
··-

_,
,. 

05
/0

9l
l5

 
B

or
eh

ol
e 

30
--1

2-
01

 
07

/0
1/

94
 

G
a

m
m

a
 (e

ls
) 

8 
G

am
m

a 
(c

/9
) 

0
0

 
10

0 
20

0 
0 

10
0 

20
0 

0 

D
ep

th
: 

38
-4

8 
ft

 
... 

!'
,)

 

10
 

8 
10

 
I 

C
) i CD
 is
 

' 
20

 
20

 

I 
11

 ' 
,, 

30
 

ls 
30

 
) 

R
u-

1M
 &

 co
-eo

 
I 

~
 

D
ec

ay
U

ne
 

I 

CD
 

"
t 

40
 

s-
40

 
::0

 
i 

-...
. 

i 
-,:

, 
-t

 
8 

• 
~ 

a
, 

i 
1 

I 
:::

, 
~
 

t.
,)

 

0 
'S

 
8

50
 

I 
I
\)

 
--

5
0

 
-

' 
• 

.... 
0 

I 
::0

 
-

0 
• 

11
> 

....,
 

0 
0 

• 
-:i:

-
19

75
 

19
80

 
19

85
 

19
90

 
19

95
 

0 
eo

 
D

at
e 

(Y
ea

r, 
tlO

 
I 

50
 

' 

Z' 
4

0
 
i 

I 
I 

.> 
70

 
if3

0 
70

 

ii2
0 
-
~

-
-

-~
~1

11
11

11
11

1 I
 11,,

 1
 I 11 

I,,,
 111

111
111

111
111

11 I
 If 1

111
d1 

) 

! 
10

 
. 

I 
BO

 
BO

 
' 

0 
l 

10
0 

.,
.,

 
.•

 .•
-
~ 

w
 

u
 

e 
~

~
.
,
.
.
.
.
 • 

• 
• 

• 
• 

• 
• •

 •
 •

 •
 •

 r
 • 

• •
 • 

• •
••

 • 
••

 •
 •
. 

• •
. •

 •
••

••
 •

 •
.

: •
 ·
-•

 •
• 
·
-

• 

~
'T

l 
80

 
. . 

. 
1, 

90
 

~i
 60

 
90

 
I 

-!
,1

0
 

-0
 

#
~

 
II

) 
-

20
 

C
D

 
0 

G
) 

10
0 

10
0 

t,
)
 

A
nl

ly
ll

l b
y:

 l
ln

t 
A

lff
l9

 S
de

nl
lll

c 
co

 -



,. ~ 
,, .· ... •·) 

) . , . 

~ ·. 
< ' .) ... : 

RPP-8321, Rev. 0 

Borehole 80-12-03 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based on gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 up to 
6 pCi/g from the surface to 8 feet and intermittently for the reminder of the borehole 
at concentrations less than 1 pCi/g. The HPGe survey encountered water in the 
borehole at 40 feet. 

The stack plot and total gamma curve from the HPGe survey both identified a small 
increase in the gamma activity above 10 feet. The grade thickness product plot (not 
included) confirmed a low level zone with no significant variations during the 
monitoring time period and is less than the minimum detection threshold of the 
tank farm logging system. 

Gross Gamma Surve Information 
04: Nal 
03: Neutron 
100ft 
6/09/1975 
7/01/1994 
348 

181S 0 Anal . N te B 

Method Used to Compute Fixed background (20.40ft) 
Back1?round: 

Depth(s) where Contamination None 
Identified in Gross Gamma Surveys : 

Analyst Name: R.K. Price 
Company Name : Three Rivers Scientific 

Tank C-112 Page382 
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Borehole 30-12-03 
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RPP-8321, Rev. 0 

Borehole 80-12-09 

No Gamma Ray Emitting Contamination Identified. 

No significant levels of gamma ray contamination are present, based upon gross 
gamma data, above the survey probe detection threshold between 1975 and 1994 in 
the vadose zone from 2 to 100 feet. The HPGc logging system detected Cs-137 at 6 
pCi/g at the surface (0 feet) then less than 0.6 pCi/g intermittently from 1 to 16 feet, 
and no other de~ction for the remainder of the logged depths. 

G ross G amma s urvey lnfi orma ti on 
Probe Type Processed : 04: Nal 

Other Probe Types : 03: Neutron 
Survey Depth : 100ft 

First Survey Date : 5/09/1975 
Last Survey Date : 7/01/1994 

Number Survevs Processed : 340 

-"818 0 Anal . N te s 

Method Used to Compute Threshold O<val<50 
Backl?l'ound : 

\ 

Depth(s) where Contamination NONE 
Identified in Gross Gamma Survevs : 

Analvst Name: R.K. Price 
Company Name : Three Rivers Scientific 

Tank C-112 Page 386 
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Borehole 30-12-18 

Contamination (Cs-13 7) from 0-20 feet is Tank Farm Activity. 
Contamination (Co-60 & Cs-137 & Ru-106) from 20-50 feet is 

Stable. 

Grade thickness product over O to 20 feet shows variations in gamma activity level. 
The maximum activity in the Cs-137 zone (HPGe identified) did not exceed the 
linear range of the tank farm gross gamma probe. The zone is thin with the highest 
activity occurring at 10 feet. The shallow contamination zone is above the 
underground tank and may be associated with a buried transfer line. The variations 
in grade thickness product are indicative of tank farm activity. 

Grade thickness produce over 20 to 50 feet is decreasing at a rate consistent with a 
least square fit for the decay of Co-60, Cs-137 (both HPGe identified) and Ru-106 
(hypothesis}. The ratios of Co-60, Cs-137, and Ru-106 (1/1978} are 767:14:1093. The 
HPGe survey also identified Eu-154 in the thin zone at 37 feet which has a half life 
of 8.5 years. The half life of Eu-154 is between the least square fit isotopes of Cs-
137 (30.17 yr), Co-60 (5.27 yr), and Ru-106 (1.02 yr) and was not required for the fit. 

Gross Gamma Survev Information . 
Probe Type Processed : 04: Nal 

Other Probe 1voes : 03: Neutron 
Survev Deoth : 120ft 

First Survey Date : 6/03/1978 
Last Survey Date : 7/01/1994 

Number Survevs Processed : 211 

111s1s o es Anal . N t 
Method Used to Compute Fixed background (50-76ft) 

Backeround : 
Depth(e) where Contamination 0-20 ft Tank Farm Activity 

Identified in Gross Gamma Surveys : 20-50 ft Stable 
Analyst Name: R.K. Price 

Comoanv Name : Three Rivers Scientific 
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