
12392°70 
Co 6:7 <t cs-;;z EJ 

HN!'-3532 , Rev. o 

Analysis of Historical Gross Gamma Logging 
Data from BY Tank Farm 

D. &. llyera 
Waate Management Northwest/Three Rivera Scientific 
Rlehlllnd,~ 88352 
U.S. Department of Energy Contrad DE-AC08-98RL 13200 

EDTIECN: 62S638 
Otg Code: 73100 
B&R Code: EW3130010 

UC: 2010 1 L..,/&,aa 
Cha Code ,,o p, ,.,...,oH£A' /LAA 13 r rge : ,.Q6581 r, ~r• V 

Total Pages: 546 r · 
Key\Nords: Vadose Zone, BY Tank Farm, Dry Well Gross Ganna, Groas G&IIINl 
Log• 

Abl1rad: Gro•• gamma ray logs, recorded from January 197S through 
mid-year 1994 aa part of the Single-Shell Tank !'arm Dry Well 
Surveillance Program, have been reanalyzed for the BY tank faDD to 
locate the preaence of mobile radionuclides in the aubsurface. Thia 
report present• the BY tank farm gross gamma ray data in auch •way•• 
to aaaiat other• in their study of vadose zone mechanisma. 

TRADEMARK DUICLAIMER. ~ herein to any epecllc OCNl'lfflerdal product, PfOON8, or Nrvloe ~ trade name, 
trademark, IIWIUllclbnr, or olhelwlN, dole not wrly conalllM or lff1" la ..,_!MN. l'NOfflfMndatlon, or 
fllvortnG ~ lie Unllld ..._ Go'lemmant or any agency thereof orb eo1ihclln or aubaonlradcn. 

PrtNed In the Unllad .... or Amettm. To obtain coplN af ta dDcurneft, aanlaClt DocuMnt Conlrol lervlou, 
P.O. Box 150, Mdllop HMI, RICIHand WA 083!52, Phane (S09) 372-2420; Fu (909) S'TMN8. 

o 72016 D 
DATE: 

STA: /5 

· Approved For Public Release 

ID: 

A-&400-073.1 (1 M7) 



--

t"' I f'J I l {' 

. l . '·'.., ~1. l 

HNF-.353.2 .-REVO 

Summary of Data Analysis Results for the BY 
Single Shell Tank Farm Dry Well Gross Gamma 

Ray Surveillance Logs · 

September 30, 1998 

Glenda K. Jaeger 
Benton Qty, Washington 99320 



HNF~353.2 -REVO 

Summary of Data Analysis Results for the BY Single Shell Tank . 
Farm Dry Well Gross Gamma Ray Surveillance Logs 

1.0 lntrocludlon 

'The qle-shell tank farm my well swvelllance program was establlshed 1947 as one of several melhods used to 
Identify leaking tanks and cpe,al:ed untl 1994. Up untl 1975, data wtn- collected In a~ format and In 
1975, the ar.lellance ~ill& was upgraded ID a dfgltal logging sysb!m. Under the new system, gnm ganma ray 
logs were ,ec:m ded In dgltal form utfflzng RWral logging detEdDr types aid reviewed In order to Identify leaks of 
radloacttve llquld fran the underground tanks. Gross ganma ray logs recorded from January 1975 through mid-year 
1994 have been re-analyzed to locate the presence of mcblle radlonucldes In the ~ not ta geted under the 
orlgfnal program (data acqui'ed prior ID 1975 are not In the con-ect lbrmat ror this analysts). Detals mnceming how 
this .was acx:0111)1lshed are In ·Anal'/Sls Techniques Applled ID the Dry Wei SuvelDance Gross Ganma Rav Data at 
the SX Tank Fann,• WMNW-TRS-ES-VZMA-001. 

A necessary element f0r the analysis of the ~ ganma ray data 15 the use of Information p-oYlded fi"0m the 
specbal ganvna ~ analysis Implemented fi"0m 1996 to 1997. The analysis was perfonned on BY Tn Farm 
wells by MACTEC·ERS of Grand Junction, Colorado fer the U.S. Oepa1ment of Energy (DOE) IM1der mntract #DE­
Acn+94Al.96907 (MACTEC.fRS, 1997). 1he spectral ganwna logglng sysbm (SGLS) employs a hlglrpurtty 
gennanun (HPGe) detecta to obtain data leading ID the ldentfflcatfan and depth of ganma ray ~ radioactive 
lsatDpes. Knowledge as to the lsotDpes that are present In the subslrface Is required to adequately ll&terpret the 
tank farm dry well aneUlance logs. By Integrating SGLS data with hlstcrlcal dry well sc.nelllance data, knowledge ls 
gained an::er, ,Ing the behavior of radlolu:lldes In the vadose zone rNer time. 

A goal of this report Is to present the BY Tank Fann gr.oss ganma ray data In such a way as to assist others In thei' 
study of vadose zone mechanJsms, allowing them to fu1her analyze the data and develop their own conduslons and 
Interpretations. Overall trends In the data, as well as areas where adclltlonal lnfonnation would be helpful In 
evakJatlng the &llU5Ual nab.re of some of the data, wm be dlso ISsed. It Is plamed that this prese11atb, wll ~ 
Tank waste RemedlaUon Systan (TWRS) actMUes for douew cha'acterlzat:i, rsnedlaUon, and Olher vadose zone 
Issues. In genera~ the data analysis resulted In the ldentlfk:atkln of five types of ~ mnditions that 0aU' 
within dlsaete depth tltavals called zones. They are defined as folows: 

• a.EAN: no systematic trend aboYe ttlf" ctet:ecUon threshold for the gross gamma ray logs Is Indicated by the 
data. 

• STABLE: the decay rate of the isoCope(s) lde11tlfled In the zone matches the d\ange In mnceubatbn of the 
lsotDpe(s) as meas&nd ewe- tme, and no noticeable devlatfan from the match Is apparent within the tlmeframe 
that gross gamma ray data were collected. Contarnnants may be moving, tu at a sbw enough rate as ID not 
be observable within the tlmefrcme of data collection. 

• UNSTABLE/UNSTABLE EARLY: the decay rate of the lsotope(s) ldentffled In the zone does not matx:h the change 
In concentraUon of the lsolDpe(s) as measured over time within the tfmeframe that gross gamma ray data were 
collected. Those zones that exhibit an unstable concltbn earty In this Umef, a ne, but anently echlllt a stable 
condition, are called unstable or unstable early In this report Those that I are onentty ~ are labeled 
lMlStable. Currentty, lsotDpes cannot be Identified from gross garrma ray data alone. lhei eta e, Isotopes with a 
rapid rate of decay, such as fb.1.106, or at low enough levels to decay below detection linls, may not be 
ldentffled If the period of lnstablllty ls prior ID the collectlon or SGLS data. lhei' preset ice Is speculated based on 
the flt of the de.cay 0.l'Ve. 

• TANK FARM ACTMTY: an Irregular change In the Intensity of gross gamma rays between SIKXJ'S.dve surveys at 
or near the su1ace suggests that mntamlnatlon .may be the result of tank farm activities or logging procedure 
changes and not vadose zone mechank:s. 

• UNDETERMINED: stability canoot be determined due to lnsuffldent data, exceeding the system design crtte1a 
(both l,Wer and lower linlts) for recording goss ganvna ~ data, or possible affects of depth shift: or uface 
actfvltles. 
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Stable w. unstable Is a-t appan!ll1: anltJon Bmlted by the time Interval attr which data Mn collected, the 
sensttvtty of the tools, and the level of mntamlnation, and Is not a definitive statement an:eming the fixed or 
moblle nab.ft of a gM!l"l lsolope. 

Note: TIie category nanm hive changed since the SX report was produced, although the categories n baslCllly the ame 
(I.e., dean. stable, Ind changed vs. dean. stable, unstable early, and unstable), More kinds d lnstabilty were ldentlflad In 
the BY Tank Flirrn data thin In the sx Tn Flinn data, which lud to. c:hanqe In ta-mlnolocrY, 

. It Is beyond the scope of this proJett, ID ldentfy the scuc::e, rail! of rnowmn, or fflll1atian palhway of mobile 
radloadiYe contaminants and their utmate mpact 10 the envronment. n 1s also po1m,c1 out that where boreholes 
do not exist. ff1CM!l'IMR can ocar without dem:Hon This Investigation Is lmbd 1D Che ••••Iida• aru 
(approxlmately 20 Inches) around each borehole from whth ganma rays are readly deh!d:Pd, and Is not rigorous 
enough ID ~lttipet the mncltlon of the spac2 between bon:holes and outside of the ~ area. 

1.1 Badrground; 

A series of twelve tanks wse lnstaled at the BY Tank Fam from 1946 to 1947 to reawe lquld waste resulting frcm 
actMUes at the Hanford site (Brevldc, et. al.). These tanks are 75 feet In clameter, mnstructed on 1IXH00t miters, 
with 25 feet between the skies of each tank, and are Interconnected In a variety of Wi!tfS. A network of vadose 
monltDrtng wells (dry wells) was nstalled througoout the BY Tank Fann over a runber of years to rnonlta .the 
subsurface condition of the tank farm (Flglft 1). All of the 70 weJls constructed have a single sb1ng of c:ask1g 
Installed a,ncurent ID the cHUng activity to prevent oollapse of the ooconsolldated subsurface sediments (loose sand 
and gravel), An addltlonaJ borehole (22~05) was driHed south of the 104 and 101 tar1'cs for which there are no 
geophysical • available. The boreholes range In depth from 85 to 150 feet, with the maptty being 100 feet 
deep. 1he gross ganma riff data that were acquired dlgltafty from these we.Bs between 1975 and 1994 were 
analyzed by Three Rivers Sclmffic and p-esented In •Analysis of HlstDric:al Gross Ganwna Logging Data from BY Tank 
Fann," (Project No. mo28, Task No. 23020001). · 

1.2 Data Analyg Dpqtptfon; 

Data frrm the dry weD logs are compiled through a runber of Iterations until data sels are obtained that reveal any 
trend p-esent This pn>a!SS does not add or delete data, but merely <XJf'll)lles than '1to a useful, wmnpromlsed 
data set. A depth vs. time pklt, or stack plot, of the ~ ganma ri1f data Is created to Identify b'ends and zones of 
contamination. Al hl5tDrical log suveys for one dry well (borehole) are analyzed as a whole for each radloacttve zone 
In a wel, thus allowing statements to be made about the apparent condition or rate of change of any gfverl 
radioactive Interval. 

Review of the hlstDrical WoSS gamma riff data revealed that lmlts In the systsn design for CDledlng data p-tor 1D 
1983 aeated a situation where the zero point fer the start of data colledlng was lnconslstent (refer ID WMNW-TRS­
ES-VZMA-001 fbr detals). 1h15 makes evaluadng trends In the data clfflcut. Several methods can be er11>1oved 1D 
OVf!l'CXllne varying zero points and to essentially aeate a cxmmon starUng point from which to view the data, making 
trend ldentltk:atbl easier. These melhods apply a depth shift to the data, which Is simply ad)J§Ung da1a l4> or down 
so that certakl ldenUfiable feat1res In the data can be aligned and evauated. By applving a depCh shift to the data, 
the ability to Identify downward movemert of the lsotDpes can be hindered, so depth shifting Is aYOlded as much as 
posslble. 

A Stmmatlon of the values of logging lnstnment readklgs over the depth ilterval of lntl!rest minus background 
activity and times the distance between sa~le point depths yields a constant that Is Independent of the specfflc 
starti1g poklt This calculation Is called the gacle thickness p-oduct (GTP) and can be applled ewer a depth Interval 
wide enough to kldude an variances In depth so as not to require depth sh!Mlg. When the calculatlon Is applied 
over the entire Interval, the result Is a more aca.nte representation of the CXJndltlOn of the zone ewer Ume. 

Gross gamma ray log suryeys mntaln data at one-foot Intervals over the length of the borehole. Differences In the 
zero-depth reference point cause variations In the maxm.m CXJUnt rate for thin radoactlYe zones as well as the 
apparent de.pth of mntamlnation. The GTP ~ Is used to elmlnate this variable sampl~ effm upon the 
overal net change fer a given zone. · 

Applying a GTP calculatlon aver an enth Interval can mask the presence of discrete stable or WlStable zones within 
the Interval. lhel ef01 e, smaDer Intervals a-e evaluated ID obtain a dearer ~Ing of the l110Yeffleflt of 
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iSOq>es In the overall anamlnated zone. Occasionally, the smaller lntB'vals OWll"lap In order to aid In the 
l11tepietatloo of trends In the overall zone of Interest and tD account for depth errors. For dal.y of pesentaUon In 
this summary report, the analysis for the entire Interval Is presented with a dJsat551an of dlsaete zones Included 
where appropriate. For detailed Information about the analysll; and the zones Investigated, see the ara-ernentfoned 
BY Tank Fann analysis report At vsy low levds of oontamlnation, lnCX>nsistendeS were observed between the gro5& 

ganma lndlcattons nf the SGLS data. Also, Inconsistencies In the data analysls (e.g., depth lnb!rvals analyzed, 
lsotDpes used In att:ulating d!cay canes [sometfmes known, scmetines hypothesized]), ftmpr«atloo of the data. 
lna>mple.tll!ne In ~ of the evaluatfon, and errors In the BY Tank Fam analysis report make amrnartmg 
dlfflcut. These 110:>IISlstei Ides are <ttver'I In part by the a,rnplexlly of the aJOtamlnate movement, and lnfonnatJon 
gathered from the logging process. n 15 recxmnei lded that the BY Tank Fam analysis report and b authors· be 
consuted when applylng the lnformaUon presented In this unrnary report. 

Ncee: Grass gamma ray data wae collect9d using I variety ot probe types. The values gm•lbld by thae probe types do 
not c:cnelate with each__. (a.g., the NII probe type 04 does not record values that r1111ta t10 thole recorded with the 
~ .ar Red GM probe types 01 and 02). It Is not within the scope of this project tl0 nar1Nllze•these values. 11lerefore, 
caution must be used~ relating GTI> \lllu11 In zones recorded with clfferenl: probe types. See \WIINW-~VZMA-
001 for I detailed discussion. 

The average ~ actMty of naturally 0CXll"l1ng potassllm, uranium, and thorbn Is obtained from review of 
the data for each SWWf and provides a level of mnfijence that the ilSbunentation wor1<ed axslstm:ly and the 
gross gamma ray data are valid. The percentage of data values that Ire considered as representfl ig a naual 
badcground fcnnatlon response (frequency dean) Is also calculated. The ave.rage badqound attMty value Is 
calcutated for all sur-..ey depth samples between a lower and i-wer count rate threshold. The lower a,unt rate 
threshold Is generally set at zero (0) cts; a value denned as ndlcatlng a data gap. The upper eotmt rate threshold Is 
generally set at SO c/S for probe type 04 (NaI), a mnservat:lve value near what 15 consJdered badcground actlvty, yet 
one fou1h of the a>unt: rate 0lnSldel ed reportable by the leak detection program. 

Natlt: Spwlous dlbl we generated during normal data mllecting ICtlvltles. Spurious zero values n Qlled data gaps and 
we CDnSldered as &n eallsticaly low nabnl badcgroWld 1dlvtty whln recorded With the IOClunHOClde probes. Between 
1975 and 1982, the equipment would oc:caslonally record I spwious «1-.. value ot minus one (-1) or zero (0). A vllue of 
minus one representS an Invalid count rate. Data gaps ocxur It various loatlons In the surwys, Inducing In the 
badcground or In the mldcle of I high contamlnltfon zone within • borehole. Data gaps are not Included In the Cl!culatlon 
of ave,aqe baclaJround, Qrade thlcfcneB produtt, or f'reQuentv dean values. 

Zones where oontamlnatfon Is ldenttfled are examined using the GTP evaluation. The average backgrcu1d actfvlty Is 
subb acted so that only the mntamlnated levels above background are Included In the analysls. The GTP Is plotted In 
a graph against time for each depth Interval analyzed. One or more decay fines are then O¥er1aid on the~ 
based on Isotopes Jclertjfted by the SGlS data, knowledge of tank ccnstttuents, and the known presence d l5otDpes 
In other boreholes. Sometmes decay lines can be flt ttrough the data In a runber ~ ways wlh none of them fitting 
perfec:tly. When two or more Isotopes are Identified, a least squara flt anatym for a mu~ient decay Is 
perfocmed (for detafts, refer ID the Appendix In the BX Tank Fam report) for thmt: ls0t0pes that are needed ID make 
the decay a.ne flt the data. If an Isotope was Identified (usually at low levels) but Is not useful In fitting the one, t 
was not Included In the GTP calculation. Isotopes that are known ID exist In the lnver1Dry of the tari( farm, or are 
ldentffled In neatby wells, may not be ldentlfled by the SGLS ci.ie tD being at or below detedb1 levels. Such Isotopes 
are hypothesized tD have been present and a~ somet111ies Inc.tided In the least squares flt analysis when needed to 
make a flt The decay rates for each of the amponents are held fixed In the fitting process and only the relative 
In~ of the componeuts are calculated. 1he relative CX>f1b1>utlon of ans ganma rays from one component to 
another depends upon the naue of the Isotopes and the det:e.ctDr design. Comparing the GTP data and the decay 
llne(s) reveals lnfonnatlon about the rate of change of contamination within a zone o,er the tlmeframe that data 
were oollected. Mu~ plots are generated to show the results for different zones within a borehole when 
~te. lhe details for the use of GTP are CDVered In WMNW-lRS-ES-VZMA-001. 

The objectlYe of the analysts ls to iSlft that a thorough examination of dry well surveillance logS Is performed. It Is 
also tD asswe that no zones r1 contamination ~ entered the borehole S11Vf!!f region and quickly migrated out 
All uveys are examined so that no ln.lSUaf problems or anltlons remain as ~- Table 1 CXJntalns a 1st of 
the wells located In the BY Tn Fann as well as lnformattpn mncemlng the klenttty, level, and depth ot 
contamlnatlon. Due tD the amplex nature of the data, detalled comments from the Sll'l'lfflaries In the BY data set 
are also provkted to aid In understanding. In order to afford a spatial rela~ to the subsllface CXJOtamlnatlon, a 
variety of maps ~no tank and data point locatfons are provided. 
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Table 1. BY Zonea 
Total Subsurfam Zone 

Borehole Depth Numberol ·Prabe Condition o.ptfl 
Number ,_ Survey11 Type Category feet 

22-00-01 140 3'40 • "'Stable ":,)-65 

Stable 70-84 

Stable 84-100 

22-00-02 100 206 4 Stable 0-14 

'\Jndmrmned 45-56 

Stable 56-64 

l"l.klstable 6+96 

22-00-03 145 208 • Sable 40-80 
lklstallle early S0-117 

Stable 117-128 

Stable 128-1•0 

22-oG-04 100 210 • ey}'AdMly 0-10 
Stable -48-70 

Stable 70-85 

22-00-0S no data 

22-00-10 120 385 • lFAdMly 0-10 

22-01-01 100 •OS • lFAdlvlly 0-6 
1'Appear stable 6-15 

22-01-03 100 395 • lFAdtvlty 0-10 

22-01-04 100 •08 4 lF AdMly 0-15 

Stable 15-:JJ 

Stable 30-60 

22-01-07 100 394 41FAdMly o-6 

Stable 6-15 

Stable 4'0-55 

22-01-10 100 419 4 lF Activity 0-10 

Stable 15-25 

Stable 25-44 

22-02-01 100 593 • m= AdMly 0-10 
[TI-AdMly 10-20. 

Max. Year 
GTP Mu. 
rt-c/S GTP 

2SQ 1975 

70 1975 

70 1975 

600 1975 

1,300 1975 

1,200 1975 

1,800 1975 

3,000 1975 

12,000 1975 

1,800 1975 
1,100 1975 

200 1975 

500 1975 
1,000 1975 

150 1975 

400 1985 

so 1975 

100 197S 

1,700 1975 

16,000 1975 

1,400 1975 

6,000 1975 

100 1975 

200 1975 

1,500 197S 

500 1975 
. S50 197S 

800 1985 

200 198• 

( · 

ltotapa 
Identified 

wes 
""Cs 
01es 
UICs 

""Co; ><"SI) 

-sb; -~u 

""Co 

""Co; -sb 

""Co 

-co 
. -co:-~ 

u,cs 
""Co; . "'"Sb 

""Co; ~u 

.. .,Cs 

'"Cs 
u,es 
u,es 
wes 
u,es 

-CO: -.. "Sb 
u,Cs 
u,es 
""Co 
u,Cs 

mes 
u,Cs;--CO 

..,Cs 
wes 
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Comment 
No SGlS data; u,Cs not ldentlfted 

Borderline downward movement 

Possible downward ~ but betow detedl9n 

Downward mc,vement at low levels; -cs decay one tlls, but was not used • 
u,CS was not klentlfted t,y the SGlS 

Na~ data avallable 
u,es ld'd at 8 pO/g ~d appear In gross gamma log at 46 feet, but doesn\ 

Low leYels ne. threshold 

Low levels near ttnshold 

l 

I 

:::0 
rri 
< 
0 
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Stable 40-53 

Stable SS-75 

stable 80-96 

22-02-02 100 S40 • TF AclMty 0-6 

Stable 6-18 

22-02-05 100 545 • TFAdMty 0-10 

22-02-07 150 •52 4 TFAdMty 0-10 

22-02-09 100 607 •TFAdMty 0-10 

Stable 20-26 
Stable 26-34 

stable 34-44 . 

stable •+52 
Undetermined 55-65 

22-03-01 95 538 4 TF AdMty 0-10 

22-0~ 100 457 •TFAdMty 0-10 

TFAdMty 10-31 

Stable 40-55 
Stable 55-85 

22-03-05 100 235 1 Undetermined 0-5 

stable S-15 

Stable 15-60 

Stable 60-85 

22-03-06 100 490 • TF Activity 0-10 

Appear stable 20-28 

Stable 37~ 

stable •8-60 

stable 60-94 
Stable 94-100 

22-03-07 100 •75 .. iTF ActMty t).8 

Stable 47-62 

stable 62-90 

22-03-08 100 50• •rn:Ac:tMty o-a 
stable 40-60 
Appear stable 80-98 

'22-03-09 100 618 4 TFActMty 0-11 

3,200 1975 

200 1975 

550 1975 

600 1975 

300 1975 

300 1975 

200 1986 
G) 1986 
200 1975 

450 1975 

1,800 1975 

2,500 1975 

100 1975 
200 1986 
900 1975 

800 1975 

2,800 1975 

900 1975 

300 1984 

350 1980 
170,000 1980 

1,700 1980 

900 1975 

2,300 1975 

13,000 1975 

2,-400 1975 

. •,300 1975 

1,000 1975 

100 1975 

1,300 1975 

1,100 1975 

200 1975 

1,300 1975 

100 1975 

2,000 1975 

( 

111es 
-"""RU 

""Co; """"RU 
..,Cs 

wes 
..,Cs 

u,cs 
'"Cs 
""""Sb 

-..osb;_~ 
"""5Dj """RU 

wes; ""Co; --itu 

,;o 
u,cs 
-cs 
u,~ 

"'"Sb 

,;o; ""Sb 

U7Cs 
..,Cs 

ures 
U7Cs 
..,cs 
...,cs 

wes; ""Co; "'"Sb 

·-st,;-~ 

"'Co; ,.'Sb; '-Ru 
-"'"Sb 

u,cs 
""Co; ""Sb 

-ui; """RU 
..,cs 

-ui; . """RU 

-u, 

u,Cs;~ 
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No SGlS due to high surface rad. area for personnel 

Low leYels near threshold 

Lack ol depth mntrcl 

Ccxrt rate Rmlts exceeded 

Interval not logged after mid 1982 

Low leYm near threshold 

( 

:::c 
z ..,, 
. I 

""' u, 

"" I\.) 

f 

::::0 
rr, 
< -
0 
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lbletennlned 11-24 

Unst:ableearty 2•-52 

Unstable •8-95 

22-03-10 100-85" •n 4TfAdMly o-a 
Stable 8-30 

22-o•-ol 100 439 4 Appear stable 20-35 

Stable 35-<15 

22-o•-os 100 '403 41"Clean 

22-04-07 100 409 4Cean 

22-04-09 100-125 451 4 ITF AdMty 0-8 

Unstable earty 75-95 

Stable lOS-120 

22-o•-11 100 '405 4TfActiYlly 0-8 

Stable 10-25 

Stable 25-50 

~ned 90-100 

22-05--01 100 737 4 [TF ActiYlly 0-10 

22-05-05 100 704 4 llf ActlYlty 0-10 

22-05-09 100 643 4 Unstable early; 55-90 
1.1\deurmined 
late 

22--06-01 100 726 4 Tf Activity 0-8 
Stable 42-52 

Stable 52-65 

22--06-05 100 718 • TFAdMty 0-8 

Appearstable i.36 
~e 40-84 

22--06-07 1'40 535 4TFActMty . 0-8 

Unstable earty 40-52 

Unstable earty 52-t!O 

22-06-09 100 709 4 lklstable earty 70-90 

22-06-11 100 543 4n-FAdMty 0-10 

22-07-01 100 242 4 TF Activity 0-10 

Unstable uffy 40-52 

Stable 52-70 
Stable 70-92 

2,600 1975 

29,000 19n 

16,000 19n 

D 1975 

170 1975 

250 1975 

150 1975 

200 198<1 

1,800 1980 

500 1984 

200 1984 

200 1975 

1,500 1975 

1,000 1975 

130,000 1985 

120 1975 

1,000 1975 

"'°° 198<1 

200 1975 

600 1975 . 

70 1975 

500 1975 

10,000 1975 

200 19&1 

D 1975 

1,100 1979 

650 1975 

200 1975 

D 1975 

800 1976 
3,500 1975 

3,000 1975 

( 

~ 

-co; --sb; ·~ 

""Co; -""Sb 

""CS 
wes 
·-Ru 

"-Ru 

wcs 
""Co 

""Co 
111cs 
-cs 
·~ 

-co 
... ,cs 
u,cs 
-co 

...,Cs 

-""'Sb 

""Co; . --Jlu 

wcs 
-or, ·-sb 
""Co; -""Sb 

""'Cs 
111es 
-co 
-Ru 
..,cs 
wc.s 
u,cs 
""Co 

-co 
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-Ru decay ratll doe not ITlitdl exaaty 

Downward l'l1IMffM!nt to below well In 1993 

Borehole fllled In to 85 feet In 1980 

Low leYm near l:tv'eshold 

wen deepened 1n 1983 and ccndtlon 1s stable 

Some swveys are near count rate Hmlts 

Downward mowment 

Downward mowment 

Downward and ~ movement: 
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22-07-02 100 336 .. Appear stable 6-20 

Unstable earty 42•95 

22-07-05 100 2.38 • unstable urfy *78 
undetermined 90-100 

22-07-07 100 225 • Unstable earty 30-54 

Unstallle • 80-98 

22-07-()9 100 393 .. Tf AdMty ' 0-9 
Stable 9-17 

Appe.-stable 17-36 

Unst3ble 62-100 

22-07-10 '17 356 • Tf AdMty 0-6 

Stable 6-12 
Stable 12-20 

Stable .2o-30 

Stable 30-44 

22-o&-01 100 312 •[TFAdlvlty 0-12 

Stable 22-32 

Stable 32-42 

Slable •2-59 
Unstable 59-95 

22-o&-02 100 305 • lF Activity 0-10 

Stable .2o-30 

Unstable 44-100 

22--08-05 100 314 • lFAdivlty o-a 
Stable 36-•S 

Stable •S-53 
Stable 53-63 
unstable ear1y 63-&4 

22--08-06 100 314 • lF ActlYlty CH 

Tf ActMty 8-18 

Stable 1~29 

Stable 46-54 

Stable 54-63 
Stable 63-73 

Ulstable earty 73-83 

L_ 

200 

2,800 

3,800 

500 

2,500 

1,800 

2,500 

1,400 
50,000 

4200 
1,500 

2,000 
1,400 
1,600 

1,4'00 

200,000 

500 

2,'IOO 

25,000 

12,000 

20,000 

1,000 

15,000 

200 

250 

700 

1,000 

900 

1,200 

500 

400 

150 

200 

900 

•SO 

1975 mes 
1976 ""Co 

1975 ""Co 

1975 u,es 
1975 u,es; --so; ~ 

um -CO;""Sb 

19&4 wes 
1975 ..,cs 
1975 wes 
1976 u,Cs; ""Co 

1975 ...,Cs 

. 1975 IJ1cs 
1975 wcs 
1975 ...,Cs 

1975 ..,cs 
1989 u,Cs 

1976 ""Co; -"'"Sb 

1976 -co; ' ""SD 

1975 · ""Co; -~b 

1975 ""Co; ""SD 

199~ u,es 
1975 'wast, 

1975 -co; --sb 

1975 wes 
1975 -co 
1975 -co 
1975 ""Co 

1975 ""Co 

1975 ..,Cs 

1975 ...,Cs 

1975 _wes 
1975 wes; ""Co 

1975 -co 
1975 -co 
1975 -co 
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OownMn:I movement; contamination may be below bottom of well 

Downward moYefflent within the zone from 42 1D 65 feet 

Stable from 1983 or 1990 

C.omt rate may hiM been exceeded 

Downward 11101/ement 1D below well bolmffl In 1990 

Count rate may haw been exceeded 

Moveme~ of lsotDpes Is unclear; stable from 1985 1D 1994 

Downwa-d 1111)-.,ement, possibly below botmm of borehole 

Downward rriovement 
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22-o&-07 135 296 4 TF ActMty D-8 

22--08-09 100 403 4iTFActMty 0-10 

Unstable e.ar1y n-84 
22-0S-12 105 380 4TFAdMty D-8 

Unmble earty 25-"IO 
Unstable earty "I0-51 

Unstable earty 51..(,() 

Unstable ear1y 60-82 

22-09-01 100 674 4 Stable 24-35 

Stable "IO-SS 

22-09-02 100 -468 4 TF Activity 0-10 

TFAdtYlty 10-14 

Stable 14-34 

Stable 42-64 

22-09-05 100 56.o 4 TFActMty 0-10 

Stable '40-58 

22-09-07 97 481 • unstable eartv 20-40 
Unstable earty 4<>-50 

~bleearty 50-64 

22-09-08 98 368 4 Undetel mined 16-30 

Stable 43-52 

~mined ~90 

22-09-11 100 552 4 TF AttMty 0-10 

Stable 16-25 

Stable :ZS.38 

lk\stable early 38-52 

22-10-()S 100 400 4 Stable 4S-55 

l#lstable early SS-75 

22-10-()7 100 3n 4 ~e early 45-65 

22-UM)9 100 364 4TFAdMty 0-10 

2H0-10 100 406 4 Unstable early 58-76 

22-11-01 100 415 • TFAdMly 0-5 

ITFAdMty 5-10 

Unstable 19-28 

22-11-05 100 450 4 TF ActlYlly 0-10 

500 1975 

80,000 1984 

150 1975 

10,000 1989 
3)(J 1980 

3,000 1975 

3,000 1975 

1,000 1976 

250 1975 

2,200 1975 

2,000 1984 
3)(J 1975 

1,200 1975 

500 1975 

100 1975 

250 1975 

12,000 1975 
9,000 1976 
2,700 1976 

80,000 1985 

150 1981 

100 1985 

1,500 1975 
3)(J 1975 

450 1975 

3,500 1975 

200 1975 
3)(J 1979 

200 1983 

20,000 1975 

1,500 1975 

1,000 1975 

900 1975 

4,000 1984 
3,000 1975 

mes 
mes 

&Des;~ 
mes 
mes 

'""C.o; ·wg, 

'""C.o 

'""C.o 

--Ru 
'IDSb;~ 

mes 
mes 
mes 

"-Ra, 

mes 

mes;~ 

--iw 
~ 

-wast>;"-Jw 
mes 

'""C.o 

'""C.o 
111es 

111Cs;"""Sb 

~ 

-Ru 
'""C.o 

'""C.o 

'""C.o 
1J1es 

'""C.o 
mes 
wes 
U7Cs 
u,es 
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aues decay a.ne does not flt GlP plot 

Possible downward fflOYefflent 

Downward movemfflt ~ the zone 

Count rate limits exceeded 

Lewis below detection threshold 
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22-11-08 100 "38 41lFAdMty 0-10 100 1975 mes 
Stable 56-&5 120 1975 -co:--U 

22-11-09 100 437 4 Tf AdlYlty 0-8 8,000 1975 -es 
Stable 24-34 450 1975 -co 
Unstable eaty 34'"'6 250 1975 wee 

22-12-01 100 '12'1 4Cean 
. 

22-12-03 100 S09 4Tf.AdMly 0-10 200,000 1980 u,es CoU'1t rate Omits a:eeded 

Stable 10-20 300 1975 mes 
22-12-05 100 '12' 'l:TFAc:IMly 0-20 1,000 1975 u,cs 
22-12-06 100 '128 'I :TF Ac:IMly 0-20 8,000 1975 ..,Cs 

22-12-07 100 '118 'lllFAdMty 0-10 1,500 198'1 U7es 
22-12-09 100 '129 'IOean 

22-12-10 100 4'2• 'I Oean 

• levels iir'0be type. 1 Green GM, modelately sensltiYe; reads moderate of gamma ray ectivtty 
'I • Hal, most sensltM, reads lowest lewl of gamma ray adtvtty. 
Caution must be used when rdatlno Gll' vilues In zones recxxded with cftfferent probe types. 

a,,. decay rate of the lsotope(s} Identified In the zone matches the change In coocenb 111k>n of the lsotx,pe(s) IS rnWlftd owr time, and no notfcelble deviation from the match ts apparent 
within the .tlmeframe that gross gamma ray elm were collected. 

'Stability cannot be dmrmlned due to lnsltlldn data, exceeclng the system de.sign a1ter1a (both upper and lower limits) f'or l"l!ICOl"dlng gross gamma ray data, or posslllle affects of depth 
shift or uflce actMtles. 

~ decay rate of the lsatxlpe(s) ldentlfted In the zone does not match the change In mnc:entntfon of the lsotDpe(s) IS measured OYet' time wttNn the tlmeframe that gross gamma ray data 
were a>llected. Those zones that exhibit an ""5table concltlon ear1y In this tlmeframe, tM currently exhibit a stable condition, n called unstable or unstable arty In this report. 

•NI ~-- change In the Intensity of gross gamma rays between succe.,stve swveys at er near the surface suggests that cortal'l'V\ltlon may be the result d ta\k farm ac:tlvltles or logglng 
proce<kn changes and not wdose zone mechinlc:s. 

'n,e deay rate of the lsdope(s) ldentlfted In the zone appeas to match the change In c:oncenb'atlon of the lsotope(s) IS measured over time, but stabllly ca,nat be rtgorously determined. 

'Wdl 22-03-09 eicNblts downwwd ITl0Yefflel't with ,_,. Influx ftom 1975 to 1977 and downward rnovemert from 19n to 1995 (It Is not possible to t2II If there ts Iara! movement cblng 
this time pei1od); "1tngers of corurntnatlon are left: behind after the majortt.y of the contamination moves through; the leaclng edge of the contamination moves below the bottx>m of the 
borehole In 1985 to 1986 and conttnues to move dCMn unul the tralllr,o edge of the co.-aminatton fflOYeS below· the bottom of the borehole In 1991 to 1992. 

"No systematic trend aboYe the detedlon threshold for the gross gamma ray logs Is lndlalted by the data. 

•anentty, lsotDpfll cannot be ldenlffled from gross gamma ray data atone;~ Isotopes with a rapid rate of decay, such as Ru-106, may net be ldertffted If the pe,1od of lnstablllty Is 
pr1or to the CDlledkln of SGIS data. Also, l9otDpes that are It low enough lewis to decay below deted2on Omits when SGIS data .,,,.,.. collectlld may not be ldedJfted. 

Stable w. LW\Sblble ts an apparent condNfon llmbd by the time liurval owr which data were CXJlleded and the level d c:ontamlnallan, and Is net a statement 0011cening the fixed or moblle 
nabre of I given lsotDpe. 
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· Certain lrnltatJons In the data available for analysis make evaluatt>n less a>f11)lete. Some of the linltatlons are as 
folows: 

• Inabllty to Identify when oown-hole contamnation Is a rsit of vadose zone mec:hanlcs or drag down dtrlng 
well Installation 

• Insurfk:lent gross gamma ray data to establish a statfstlcal trend or rigorous statistical anatvsts 

• lncornpletie tlmef, a ne ewer whk:h data are cwallable 

• Lad( of data below well bottDm 

• lnabllty to Identify Isotopes that have decayed to levels below the detection lmlts of the SGLS. 

2.0 Sumurfam Condition~ 

2.1.~ 

A dean well ls one that exhibits no observable change In the character of the acHvlty over the logging hlstx>ry of the 
wel~ and does not have any statfstlcally slgnlfk:ant levels above natiral badcground CNfr the Umeframe of gross 
ganma ray datJI CX>llealon. Afthough spurious suveys (those reaclngs that do not repeat ewer tme) may exist In the 
frequency dean and the average background plots, the trend of the data 15 dear. FM! out of 70 wells In the BY Tank 
Farm are m ISldered dean (Agll"e 2) and are listed In Table 2. The remaining 65 wells .-e c:onsldered contaminated 
and are fu1her categaized and dlsa l55ed In the folbwlng sections'. 

Table 2. Qean Zones 
Total SubsurfaCle 

Borehole Dtlpth Condttlon 
Number feet Category 

22--04-05 100 aean 
22-()4-07 100 Clean 
22-12-01 100 Clean 

22-12-09 100 Clean 
22-12-10 100 Oean 

2.2. Contaminated; 

Ider1tfflcatlon of spedflc gamma emitting lsotcpes that are In the SlJbs&nace Is attainable from data acqured by the 
SGLS. Integratfon of the decay rate of the radbnuclde species with the ~ ganma ray data a>Hec:ted dlrtlg the 
dry well suve111ance Pft9affl provides tns~ as to the rat!: of dlal1ge, r any, of rac1lonudldes In the subslrface. 
During the analysis of BY Tank Fann data, seven Isotopes were ldenUfled through SGlS analysls or hypothesized to 
ocar In radioactive zones. They are ceskm-137 (Cs-137), cobalt-60 (Co-60), crimony-125 (Sb-125), uranlum:235 
and -238 (U-235/8), eu-opkm-154 (Eu-154), and ruthenkm-106 {Ru-106). 

1he most cxmmonly bn:t Isotope Is Cs-137, which Js pma1)y found by l!self throughout the tank tcw,n from Sll1'ace 
to 20 feet It Is found with vaious cxxnblnatJons of the other l5otopes from 20 to 100 feet c:obat-60 Is bn:t from 
22 to 140 feet and ocnn prtnanty to the northwest and southeast of the 103 tank, spread beb"een the 101 and 109 
tanks, to the west of the 110 and 111 tanks, and to the south of the 107 and 110 talks. 1t Is fol.nd deeper than 100 
feet 1n only two wells: 22-00-03 and 22--04-09. Antfmony-125 1s found mn 16 to 140 feet n 1s tutv localized 
aroood the 109 tank, to the northeast side of the 108 tank, to the scuheast of the 103 tanc., wlh a few ocanenc:es 
elsewhere In the talk farm. It Is often hypothesized to have been present as levels of Sb-125 fel below the 
detection threshold by the ttne of the SGl5 analysis. It Is hypothesized to be deeper than 100 feet ontf ti well 22-
00-03. In a few hlstances, Sb-125 was not Identified by the SGLS, yet the levels of radloadMty., 4 zones In 4 wells 
prior to the SGLS analysis suggest that there was sufficient Sb-125 present to have been ldentlfled by SGLS given 
stable a>ndltlons. These zones are: 48 to 70 feet In well 22-00-04, 34 to 44 feet In well 22-02-09, 42 to 59 feet kl 
well 22-08-01, and 40 to 51 feet In well 22-08-12. Review of the raw SGlS data gathered from these tib!rvals might 
provide ~ng doamentatlon for the hypothesized presero: of Sb-125. Ruthenun-106 ls hypothesized to have 
been present rrom 11 to 96 feet 1n the north part of the tank ram, around the 109, 106, and. 103 tanks and to the 
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south part of the tank farm, prfmarly around the 104 tank. ~235/8 Is Identified In only one well, 22-11-<B 
from 56 to 66 feet ELl'Opltm-154 Is Identified In only one wen, 22--03--09 from O to 11 feet 

Ruthenllm-106 Is not arrentfy present above tt1ll" deterffM ttreshoJd In any of the wells examined by the SGlS. 
This 1s we to the YflY rapid exponertill declne over a short half-life of 1.02 years. Ruthenkm-106 Is hypothesized 
IX> have been present In 17 wells In 1975 and In one wen In 1976 on the basis of the gross gamma ray data, the 

· ~ GTP calculaUons that mmlc the decay rate of Ri.,-106, and the Inventory 11st of known radlorlJC:fldes br that 
time period. n must be noted, however, that the method d ftifng a decay one IX> the ob5ei 'led GTP trend 
ldei ltJfles only those anamtnants that are not changing. Therefore, It ls ~ that R&.t-106 Is present If the . 
decay a.Ye for Ru-106 matches the GTP plot If art( decay one does not rnatx:h, then the contaminants cannot be 
ldeudl'ied with this method wlhout addltlonal lnfcnnatlon. 1he lliolDpeS ldeutffied wtth the SGLS are prmartly bald 
IX> be present .... br subsurface CX>ndltklns; ~ LllStable/lllStable early, lank farm attMty, ind 
I.A ideb:!i iilkled. The locatlon of wels labeled with the mncltblS of subRnace zones Is shown In AgLft 2. A 
different a,nc1tton can be lndlcatl!d for each zone within a wel with nutlple zones. 

2.2.1 Im Fann Actlylty; 

An h'egular change In the Intensity of gross ganvna rays between suca:sstve surveys at or near the su1ace suggest 
that oontamlnaUon may be the result of tank farm acttvlt.les or Jogging ~ changes and not vadose zone 
mechanics. Cs-137 exists near the suface In 47 wells, affecting as much as 30 feet below SLl'face, apparentty as the 
result of tank farm~ (I.e., logging pnx:edure changes, transfer llne operaUons, valll'e box and CX>ndult leaks, 
spflls, etc.). The wells affected by tank farm activities are listed In Table 3. Thirty three of these wells are or appear 
IX> be stable from 1986 to the end of gross gamma ray data a>llecUon and are labeled as such In the table. Thirty­
five wels ·have additional radioactive zones at depth that are categorized acoordlng to the rate of change, If any, 
exhl>lted by the racloru::tldes present and are lnduded In the dlscusslons that folow. 

Table 3. BY Tank Farm • -- .. Zones 
Total Subsurface .lane Max. Yur ....... Depth Condition Depth GTP Max. Isotopes 

Number feet category feet rt-c/S GTP ldentffled Comment 
22..()().0,4 100 ITFAcdvlty 0-10 200 1975 wes 
22-00-10 · 120 rTFAdlvlly 0-10 150 1975 -es 
22-01-01 100 l'lrAcdvlty 0-6 ..00 1985 U7cs 
22-01-03 100 ,FAdfvlty 0-10 100 1975 -cs 
22-01-0-4 100 lFActMty 0-15 1,700 1975 U7es 
22-01-07 100 TI-AdMty 0-6 6,000 1975 U7Cs 

22-01-10 100 TI-Activity 0-10 1,500 1975 U7Cs 

22-02-01 100 "'TFAttivtty 0-10 800 1985 -cs 
"'TFAdMty 10-20 200 1984 -es 

22-02-02 100 iTFActMty 0-6 600 1975 U7cs 
22-02-05 100 TI-Activity 0-10 3)() 1975 wes 
22-02-07 150 "'TFAdivlty 0-10 200 1986 ..,cs No SGl..5; high surfKe raclat:lon area 
22-02.()9 · 100 I 'lr Attlvtty . 0-10 400 1986 U7Cs 
22-03-01 95 "'TF Attlvtty 0-10 200 1986 -cs 
22-03-04 100 "'TF Attlvtty 0-10 goo 1975 '"Cs 

'lrAttlvtty 10-30 800 1975 '"'Cs 
22-03-06 100 'lrAttlvtty 0-10 goo 1975 -es 
22-03-07 100 'lrActlvtty o-a · 100 1975 wes 
22-03-08 100 TI-Attlvtty o-a 200 1975 "'CS 
22-03-09 100 TFActMty 0-11 2,000 1975 ""Cs; ~u 

22-03-10 100-85 ,F AdfYlty 0-S 3)() 1975 wcs Borehole filled In to 85 feet In 1980 

22-o+-09 100-125 "'TF Attlvtty 0-S 200 1984 ""'Cs 

22-04-11 100 TF Attlvtty 0-S 200 1984 wes 
22-05-01 100 "'TF Attlvtty 0-10 130,000 1985 ,..,es Some 1tneys are near count rate limits 
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22-0~5 100 TF Activity 0-10 

22-06-01 100 17'FAdlvtty o-a 
22~5 100 ITF ActMty o-a 
22~7 1..0 TF Actlvtty o-a 
22*11 100 .If Adlvlty 0-10 

22-07-01 100 ITFAdlvlty 0-10 

22-07-09 100 TF Activity 0-9 

22-07-10 97 ITFActlvtty o-6 

22-08-01 100 7'FAdMty 0-12 
22.()8.02 100 n-Actlvtty 0-10 

22-o&-05 100 TFAdlvlty o-a 
22--08-06 100 TFAdfvfty o-a . 

17'F Adlvlty 8-18 

22-o&-07 135 TI- AdMty 9-8 
22-o&-09 100 7'FAd:lvtty 0-10 

22-08-12 105 ITF ActMty o-a 
22-o9-G2 100 I 7'F Adlvlty 0-10 

:WActlvtty 10-14 

22-09-GS 100 ITFAdlvtty 0-10 

22-o9-11 100 7'F Activity 0-10 

22·10-G9 100 7'FAdlvtty 0-10 

22-11-01 100 ITF Activity 0-5 

ITFAdlvtty 5-10 

22-11-05 100 TFActlvlty 0-10 

22-11-oa 100 Tf Adlvlty 0-10 

22-11-09 100 7'F Activity o-a 
22·12-03 100 17'FAdfvfty 0-10 

22-12-05 100 17'F ActMty 0-20 

22-12-06 100 TF Activity 0-20 

22-12-07 100 TfActMty 0-10 •. Stable or appears to be stable after 1986. 

2.2.2 Uqdmrmlned; 

120 1975 =es 
400 1984 -es v~ low levels after 1986 

70 1975 -es 
200 1984 ...,Cs 

200 1975 -es 
JOO 1975 -es 

2,500 1984 ..,Cs 

1,500 1975 -es 
200,000 1989 -es Cold rate may haw been exceeded 
20,000 1993 -es 

200 1975 -es 
1,200 1975 -es 

500 1975 -cs 
500 1975 -es 

80,000 1984 -es 
10,000 1989 -es 
2,000 1975 -es 

JOO 1975 ures 
100 1975 ...,Cs 

1,500 1975 ...,Cs 

20,000 1975 U7cs 
1,000 1975 .. ,Cs 

900 1975 ...,Cs 

3,000 1975 wes 
100 1975 1:11es 

8,000 1975 ures 
200,000 1980 u,Cs Co.rt rate llmfts posslbly exceeded 

1,000 1975 wes 
8,000 1975 ..,Cs 

1,500 19&4 u,Cs Mostly below detection lmlt balpt arol.l'ld 1985 

Infrequently, the subsurface condtlon of a zone with raclloactl\le c:ontamnatlon cannot be determined and the zone 
Is theefore dassffled as lRletennfned. There are~ zones In seven wells examined that are undetennlned {Table 
4). These zones oc:ar throughout the subsl.l'face and have: 

• Data that are too near er below the thiestiold for detection llmlts, er tmefiame of data mllecUon Is too short to 
demmhe 5tabllly due to statistical variaUons 

• Posslbly been affected by depth shift or slrlace actMties 

• An isotDpe(~) that Is not ldenUfled through SGLS cNlysls, and a decay ane for a hypothesized Isotope that 
does not flt the GTP trend 

• Data that ~ mllected With lnappropnate equipment. 
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Table 4. BY llncMlannlned Zones 
Total Subsurfam Zone Max. Year 

BoNhola o.pth Condition o.pth GTP Max. INtapee 
Number feet Cat.gory feet rt:'-c/s GTP ldantffled Comment 

22-00-02 19() Undetennlned •S-56 1,3>0 1975 WCc;M>St, unable ID obtain I AtisflldDry decay CUM flt ID GTP plot 

22-02-()9 100 Undel'el mined 55-65 100 1975 -co Low lew:ls nu- threshold ~ grass gamma ray demction 

22-03-05 100 Undetennfned 0-5 3)0 1984 wes Lick ~ depth control It sur1'lce and short time span ~ dlt.a 

22-03-09 100 Undetermined 11·2• 2,600 1975 --Ru Unable ID obtain I utlStldory decay Cine flt ID GTP plat 

~11 100 lhleterrnlned 90-100 1,000 1975 -co 
22-07-0S 100 l.hjemmlned 90-100 500 197S u,Cs 

22-09-08 98 lhletllrmlned 16-lO 80,000 1985 -es ~nitllUml:s••~ 

22-09-08 Undetermined ~go 100 1985 -co Lftels below detection threshold .. 
Currently, lsotlOpes cannot be ldenUfled from gross gamma ray data alone; tharefore, lsotDpes wfth a rapid f1lte ~ dacay, such• Ru-106, 

or It low enough levels to dealy below dmdk>n llmlts, may not be Identified If the period ~ lnstlblltty Is p1or 1;o the collettlon ~ SGLS 
elm. 

2.2.3 Stdlloi 

The ~ condition of a zone with raclbactfve contamination is considered stable when: 

• The decay rate of the lsotcpe(s) Identified with SGLS lJIYJ/rx hypothesized ID have been presert matches the 
trend ob5erved In the GTP of the gross ganma ray data 

• Contanlnants CXXltlnue ID decrease at a rate consistent with the lsotope(s) half-life 

• No noticeable change In co. a:1 ltJ"atlon Is apparent over the tlmefi'ame that data were collectl!d. 

Eighty zones are considered stable or appareltfy stable and are lsted In Table s. Stabllly Is also assumed even ff 
condllons are such that Isotopes may be movilg at a rate slow en<u;h as ID not be observed CW:I' the Umeframe of 
gross gamma ray data collectfon. Cl.rrentty, there s no wrr, ID know the condition prior ID or after the data 
aJllectlon per1od. If a new driver were .-m-oduced, such as the Influx of a large ~ of llquld, contamfnatlon could 
be remobiltzed. GIYen the anent data, It cannot be determined If remobilization wil ocar or not, or whether 
contaminates are currently rooblle and changing at levels below detectiOn by the logging system. 

Table 5. BY Stable Zones 
Tot.al Subsurface Zone Max. v .. r 

Borehole Depth Condition Depth GTP Max. botopM 
Number feet Category feet ftac/S GTP Identified 

22-00-01 1-40 "Stable -40-65 2SO 1975 ..,Cs 

Stable 70-84 70 1975 u,Cs 

Stable &4-100 70 1975 . ..,Cs 

22-00-02 100 Stable 0-14 600 15175 ..,Cs 

Stable 56-64 1,200 1975 Sb=; .-JUI 

22-00-03 145 Stable 10-80 3,000 1975 '°Co; M>St, 

Stable 117-128 1,800 1975 -co 
Stable 128-140 1,100 1975 -co; ·-sa, 

22-00-04 100 Stable "8-70 500 1975 -co; -"'"Sb 

Stable 70-85 1,000 1975 -co; ~,u 

22-01-01 100 ·Appear stable 6-15 50 1975 ..,Cs 

22-01-04 100 Stable 15-lO 16,000 1975 ..,Cs 

Stable ~ 1,4'00 1975 -co; -sb 

22-01-07 100 Stable 6-15 100 1975 u,Cs 

Stable ..0-55 100 15175 -co 
22-01-10 100 Stable 15-25 500 1975 ..,Cs 
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Stable 25-44 550 1975 wes;--co 

\...I 22-02-01 100 Stable '40-53 3,200 1975 wes 
Stilble 55-75 200 1975 .... R.u 

Stable 80--96 550 1975 -co; """Ru 

22-02-02 100 Stable ~18 300 1975 =es 
22-02-09 100 Stilble 20-26 200 1975 "-st) 

Stable 26-34 450 1975 ·-st,;·~ 

Stable 34-44 1,800 1975 --st>;~ 
Stable 44-S2 2.500 1975 ...,Cs; ""CO; """"RU 

22-03-()4 100 Stable *55 2,800 1975 -st, 

Stable 55-85 goo 197S ""Co; -wost, 

22-03-05 100 Stable 5-15 350 1980 -es 
Stable 15-60 170,000 1980 ..,es 
Stable 60-85 1,700 1980 wes 

22-03-06 100 AppurSQble 20-28 2,3)() 1975 ..,Cs 

Stable 37-48 13,000 1975 ..,.Cs; -CO;-st, 

Stable 4'8-60 2,'100 1975 --st>;-~ 

Stable 60-94 4,300 1975 -co; -st,; -R.u 

Stable 94-100 1,000 1975 ·---sa, 

22-03-07 100 Stable •7-62 1,300 1975 -co; ·auso 
Stable 62-90 1,100 1975 -co; -"""Ru 

22-03--08 100 Stable «>-60 1,300 1975 ""Co;~ 

Appear stable 80-98 100 1975 -co 
22-0~10 loo-a5 Stilble &-30 170 1975 ...,,Cs 

\._,,' 
22-04-01 100 Appearltlble 20-35 250 1975 """Ru 

Stable 35-45 150 1975 ---iw 

22-04-09 100-125 Stable 105-120 500 1984 ""Co 
22--04-11 100 Stable 10-25 200 1975 ..,Cs 

Stable 25-50 1,500 · 1975 ·--iu, 

22~1 100 Stable '42·52 200 um ·---sa, 

Stilble 52~5 600 1975 -c:o; ·--iw 

22~5 100 Appear stable 2&-36 500 1975 -CO; -wost, 

22-07-01 100 Stable 52·70 3,500 1975 -co 
Stable 70-92 3,000 1975 -co 

22-07-02 100 Appear-stable 6-20 200 1975 wes 
22-07-09 100 Stilble !H7 1,'100 1975 wes 

Appear stable 17-36 50,000 1975 -es 
22-07-10 97 Stable 6-12 2,000 1975 ..,Cs 

Stable 12·20 1,«>0 1975 ..,Cs 

Sbible 20-30 1,600 1975 _..,Cs 

Stilble 30-•4 1,400 1975 =cs 
22-08-01 100 Stilble 22-32 500 1976 -co; ·-st, 

Stable 32-•2 2,«>0 1976 -co; ·-st, 

Stable 42-59 25,000 1975 ""Co; ----g, 

22-08-02 100 Stable :Z0...30 1,000 1975 -so 
100 Stable 36-45 250 1975 -co 

Stable 45-53 700 197.5 -co 

V Stable 5~56 1,000 1975 ""Co 

22-08-06 100 Stable 1&-29 '100 1975 ..,Cl 
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Stable <IS-54 150 1975 u•es;. -co 

Stable 54-63 200 1975 -co 
Stable 63-73 900 1975 ""Co 

22-09-01 100 Stable 24-35 250 196'1 -Ru 

. Stable 10-55 2,200 1975 -st>;-Ru 
22-09-02 100 Stable 14-34 1,200 1975 wes 

Stable •2-64 500 1975 -Ru 
22-09-05 100 Stable •0-58 250 1975 PIC5j ."'"St) 

22--09-08 98 Stable 43-52 150 1981 -co 
22--09-11 100 Stlbla 1~25 300 1975 -es; -"'"Sb 

Stable 25-38 •SO 1975 ·-iw 

22-10-05 100 Stable •5-55 200 1975 ""Co 
22-11-()8 100 Stable 56-66 120 1975 -co;UW-U 
22-11..()9 100 Stable 24-34 •SO 1975 -co 
22-12-03 100 Stable 10-20 300 1975 -cs 
~ decay nit.e of the lsob:Jpe(s} Identified In the zone matches the change In c:oncentraUon of the isol:Dpa(s) • fflUU'8d OYa' 
time, and no rdcuble deviation from the match Is apparent within the tlmeframe tn:at gross gamma ray data were ccllected. 

ion. deay rate of the lsotDpe(s} Identified In the zone appears to match the change In concentntJon of the lsompe(s) as measured 
owr time, but subillty cannot be rigorously demrnlned. 

•Currentfy, Isotopes cannat be ldentltled from gross epmma ray data alone; therefore, IS0tDpes wlU'I a rapid rate of decay, such as 
Ru-106, °' at low enough levels to decay below detection llmlts, may nat be ldentffled when SGlS data were obtained. 

2.2.4 Uomblti 

l1le c:ordUon of a subslrlace zone with radioactive oontamlnation Is considered unstable when, at some point within 
the tineframe ot data collectlon, contamination was not deaeaslng at the decay rate of the lsotope(s) Identified with 
SGLS. In this case, the decay w-ve does not match the trend observed In the GTP of the data. In the BY Tank 
Fann, 34 zones In 26 wells are ldentifled which exhibit periods of lnstablllly early In the tmeframe (prior ID 1990) 
that gross gamma ray data were mlledm. Host of these LllStable zones: have since deileloped a consfstent rate of 
decrease through when the last data were c:ollected. Many of the unstable zcnes have decayed ID levels too low ID 
deumllne stability and are therefore caBed lnStlble. Foc.r wells appear to have c::ontamNtlon that has moved 
below the botlDm of the well: 22-03-09, 22-07-02, 22-07-09, and 22-08-02. The estfmated rate of mowrnent of the 
contamination In well 22-03-09 appears to be about 2 feet per year. See Table 6 for 1st of l.l'lStable zones. 

Downward movement Is seen fer the first tine n the BY Tank F~ analysts report In 13 wells. Wei 22-o6-07 also 
appear.i to exhibit lateral movement Into the zone from 52 ID 80 feet. Downward rnoYemef1I: Is typically ldeuUfled In 
the 5t:ack plot by an apparent: wldenng of a depth zone of c:ont.amlnation over tine. Lateraf movement Is postulated 
when the decay curve of lsotDpes known to be present kl the well do not match the GTP plot of the gross ganma ray 
data arid the stack plot does not Indicate downward movement. Due ID the lmled range In clstance a'OUnd the 
borehole that the logg~ lnsbunents can re::ortt ilfonnatiOn fer, It Is not possllle to Identify If downward movement 
Is restricted to the annulus or the borehole or kl the formation adjaeent to It. n 1s also not poss1>1e to Identify It the 
contamination Is mmlng fi"Om outside of the area of the borehole, or whether It is coming from above or below the 
contaminated zone wlhln the well area. 
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Table &. BY Umtable Zonea 

Total Subsurfaca Zone Mu. Year 
Borehole Depth Condition Depth GTP Max. Iaatopea 
Number rm . 

" 
feet ft-c/S GTP ·rctentffled Comment 

22-00-02 100 Unstable 64-96 1.800 1975 ""Co Downward movement at low levels 
22-00-03 145 Unstable ear1v 80-117 12.000 1975 ""Co 
22-03-09 100 Unstaflleearlv 24-52 29.000 1976 -o,: ·""SI>: ·-,w 

Unstable "8-95 16,000 1976 --CO; .... "Sb Downward movement below bottom of wen 1n 1993. ~ 
to be ffll'MM at an estimated rate of 2 feet Der year 

22-04-09 100-125 Unstable ear1Y 75-95 UIOO 1980 -co 
22-05-09 100 Unstable earty; 55-90 1,000 1975 ""Co 0oM1watd l1IO\lefflel'lt 

lllldeteinlliied 
late 

22-06-0S 100 Unstable -40-84 10000 19&4 -o,•·""'StJ Downward movement 
22-06-07 1'10 Unstableearlv '40-52 300 1975 ..,Cs 

UnstableMrtv 52-80 1100 1979 -co Downward and lateral movement 
22-06-09 100 Unstableeartv 70-90 650 1975 --Ru 
22-07-01 100 Unstable nrtv 4'0-52 800 1976 U7Cs 

22-07-02 100 Unstable ul1y 42-95 2,800 1976 ""Co May be dowrNlfn:I rnovemn along casing; contamlna~ may 
be below bottom of well 

22-07-05 100 Unstable '""'"' '40-78 3800 1975 ""Co Downward rno\'efflent within the zone from •2 to 65 feet 
22-07-07 100 Unstable ear1Y 30-5-4 2.500 1975 ..,Cs: M>Sb: ~ I 

Unstable 80-98 1,ll00 1976 ""'C'N"""5b Stable since 1983 or 1990 
22-07--09 100 lhtable 62-100 2.200 1976 ...,Cs: ""Co DownMl'dlTIIJYefflefttlDbebvWl!llbaaolnlnl990 
22-08-01 100 Unstable 59-95 12,000 1975 ""Co: ·---sb Movement of~ ls unclear: stable from 1985 tD 1994 
22-0&-02 100 Unstable '4+100 15.000 1975 -CO· "wasb Downward .. lnt!:llllv below bottom of borehole 
22-0&-0S 100 umtlle elllfv 63-84 900 1975 ""CO Downward movement 
22--08-06 100 Unstable ear1v 73-83 '450 1975 ""Co Lewis too low to Identify downward ~ 
22-08-09 100 Unstable early n-a.. 150 1975 u,cs; ·-,u, 

22-08-12 105 ~ble earn, 25-40- 300 1980 U7cs ...,Cs decay ante does not flt G'TP olot 
lntableearty '40-51 3,000 1975 -co; ~b 
Unstable ur1v 51-60 3000 1975 -co Possible downward moYement 
lntable.tv 60-82" 1000 1976 ~ Downward movement within the zone 

22-09-<)7 100 Unstable eartv 20-40 12,000 1975 ... Ru 

lhst3ble ear1y 1110-50 9,000 1976 - --R.u 
Unstable eartv ~ 2.700 1976 ·-ca.!-~ 

22.()9.11 100 Unstable earfv 38-52 3 500 1975 ._Ru 
22-10-05 100 Unstableearty 55-75 300 1979 ""Co 

22-10-07 100 lAlStable brtv '4~5 200 1983 -co 
22-10-10 100 Unstableearty 58-76 1,500 1975 ""Co 

22-11-01 100 lntable 19-28 4000 1984 '"Cs 
22-11-09 100 Unstableearty 34--46 250 1~75 ""Co 
'Qxrently, lsotJ:)pes cannot be ldentffled from gross gamma r-.., data alone; therefore, lsompes with I rapfd rate of decay, such as Ru-106, or at low enough flvm to decay below 
detet.tion Nmlt:s, may not be Identified If the period of Instability Is prior tD the collection of SGlS data. 
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3.0 Delalla of Contamlnatad Conditions 

\._,I 3.1 SflbfeZoneli 

Many zones within a OUfllber of wels exhibit gross garm,a ray acttvlty above nabJral batiqJ'olm. Eighty d these 
radioactive Intervals are observed to be stable as verified by the change In GTP over tine CX>lnclding with the decay 
~ d the lsotDpe(s) ldentffied with SGLS as, or hypothesized to have been present In the wel within the timeframe 
data were colled:ed. The Isotopes present In these stable zones vary and are presented In Table 1. In general, they 
OCXll" as follows: · 

• Cs-137 ocan as nearty the only man~ lsot0pe present from Oto 20 feet, and with other gotcpes at depth. 

• Co-60 occurs as the only man-made Isotope present In 46 zones, less cmmonty wllh other lsoCDpes. 

• Sb-125 ls usually present with other lsotopes, ocxaslonally by Itself. 

• Ru-106 Is hypothesized to exist earfy In the histDry of a wel with other Isotopes or by Itself. 

• U-235/8 appears only once to the southwest of the 111 tank. 

• Eu-154 appears only c;,ra to the west of the 103 tank. 

The fbced decay rate d the lsotDpe(s) present Is used to calculate the decay lne (Flgln! 3). Table 7 llustrates the 
half-life of the l5ot0pes ~ In this tank fann. When a contaminated Interval contains m~le Isotopes, the 
Intensity of each Isotope Is nduded. In the calculation for the decay o.ne that Is then overlain on the GTP plot 
When the decay a.ve does not flt with the GTP values aver the entire tineframe, then t Is usually flt to the later 
~ In order to allgn the data so bends can be observed. When the decay a.uve fits the GTP plot, a stable 
cond!Uon Is said to exist When the decay arve does not flt the GTP plot, stabllty c.amot be estabHshed. 

,!T•!,!ble!!!!.,~7.:.JHll!!!!lf!:-fffll!!!!_!!of!,!!!!!!2!!~Identffied or Hypothesized to be p,....t In the BY Tank Farm 
Half-life 

Years 
30.17 

5.27 

2.77 
8.5 

7.00E+08/4.7E+09 

1.02 

3.2 PIPV! of Contamfl)ltfon: 

The range In depCh .of cortamlnation Is v.Yiable throughout the BY Tank Fann as detemlnc:d by gross gamma ray 
k>ggtng, which Is less sensfUve than SGLS analysis. The followlng general statemealls we from review of the gross 
gamma rfl'( logging data. In genera~ Cs-137 ocwrs In the top 20 feet of the R.CSU"face throughout the tank farm. 
c.ontamlnatlon Is deepest and mostly continoous from surface to total depth of logg~ around tank 103 In the 
northeast a,mer of the tank farm and shallowest: In the oorthwest mmer of the tank farm around tank 112. 
Contamination Is also deep aounct the 109, 1<11, and 107 tanks. contamination ammonly OCXlft from 40 to 80 feet 
throughout the fcwm, often as deep as 100 feet at various locatlons. The top of mntamlnatJon ~ In wels 
within the BY Tank Farm Is shown In FlgLn 4, and the bottom of the contamination ldentffled In these wells Is shown 
1n· flOLn 5. The range In depth of contamination varies according to localized areas of the taric farm. A slgnlfbnt 
portx,n of the CJX1tarooaUon appears In two zones separated by 10 to 30 feet The top zone ls usualy from su1aoe 
to 10 feet, with the top of the second zone starting at 20 to 40 feet and ending at 80 to 100. feet The majority of 
these spilt zones occur around the 103 tank and on all sides r:A the 107, 108, and 109 tanks and a0W1d the 111 
tank. OccasJonany, wells have a>ntamlnatlon from suface to 40 or 60 feet These occur pr1mar1ly at the east-end of 
the tank farm. 

CautJon must be used when relating GTP values In zones 1ec:orded with clfferent probe types since they were 
designed to read different lntens~ of artam1nat1on: There are lsotated areas of high GTP throughout the tank 
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farm, SWTOUnded by areas of ~ level a>ntamt\iltbl. Well 22-03-05 stands out as one with ~ hlgl GTP OW!r 
several depth Intervals. n has GTP values that range from 350 to 170,000 ft'tc/S detected with the Green GM p'0be, 
ave- a depth range from O to 8S feet. A serleS d wells located betWeen the 112, 109, 1CE, and 105 tanks also have 
high GW values rangng fi'om 10,000 1D 200,000 ~s with data collected using the NaI probe. Many of the high 
readings taken with both the Green GM and the Nal probes were obtained even though the ~ ~ or 
nearly exceeded-the l4)Per deb!ctlon threshold. The distribution of GTP values with depth range (In orde.r of depth 
range) and contr1buthg lsoCDpe(s) ls smwn In Table e. Rgure 6 shows the locatlon and GTP vaues for these wets. 
Wells with CX>ntamhatlon In.excess of 10,000 ~s are pesented In Figure 7. "These higher levels of mm.anntSon 
oc:a, ptna,tly fn:m the west sJde of the 100 tank to the east side of the 108 tank and to the west and scuheast of 
the 103 tank. 

Table I. IY Tant Fann - - DenthR.anaa 
Zone Max. v .. , 

Borahole 9Probe Dtlpth GTP Max. lsotopa 
Number Type feet tt-c/1 GTP ldentm.d 
22-00-05 No data 

22-03-05 l 0-5 300 1984 .. ,Cs 

22-11-01 4 0-S 1,000 1975 -es 
22-01-01 • ~ «)() 1985 ..,Cs 

22-02-02 4 0-6 600 197S l':"'Cs 

22-07-10 4 0-6 1,500 197S Iu1es 

22-01-07 4 o-6 6,000 1975 i-es 
22-06-05 4 0-8 70 1975 1wes 
22-03-07 4 0-8 100 1975 uses 
22-0.3-08 4 0-8 200 1975 ... Cs 

22-04-09 4 0-8 200 1984 w•es 

22-04-11 4 0-8 200 1984 • .,Cs 

22.()6-l)1 .. 0-8 200 1984 -·es 

22-o&-oS 4 0-8 200 1975 ll"C5 

U-03-10 .. 0-8 300 1975 l..,C5 

22--06--01 .. 0-8 <I)() 1984 IUIC5 

22--08-07 4 0-8 500 1975 Iu1C5 

22-08-06 4 o-a 1,200 1975 , ... Cs 

22-11-09 4 0-8 a,ooo 1975 IUIC5 

22-0S-12 • o-a 10,000 1989 -es 
22-07-09 4 0-9 2.500 1984 ..,Cs 

22-01--03 4 0-10 JOO 1975 ..,Cs 

22-09--05 4 0-10 100 1975 -es 
22-11-08 4 0-10 100 1975 '""Cs 

22-0S-05 4 0-10 120 1975 -es 

22-00-10 4 0-10 150 1975 ..,Cs 

22-00-04 • 0-10 200 1975 -·es 
22-02-07 4 0-10 200 1986 IJ.11C5 

22-03-01 4 0-10 200 1986 ,..,Cs 

22-06-11 4 0-10 200 1975 .. ,Cs 

22-02-05 4 0-10 300 1975 IU1C5 

22-07-01 4 0-10 JOO 1975 UIC5 

22-02-09 4 0-10 '400 1986 -es 
22-02-01 4 0-10 100 1985 .. ,Cs 

22-03-0• 4 D-10 900 197S -es 

22-03-06 4 0-10 900 1975 -cs 
22-01-10 4 0-10 1,500 1975 -es 
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22-@-11 4 CHO 1,500 1975 ..,cs 
22-12-07 4 CHO 1,500 1984 ..,cs ...._, 
22-@-02 4 0-10 2,000 1975 u,cs 
22-11-05 4 0-10 3,000 1975 -es 
22-0.02 4 • 0-10 20,000 1993 IUICS 

22-1<>-09 • 0-10 20,000 1975 1"'7Cs 
22--08-09 • 0-10 80,000 1984 IU1Cs 

22-0.S-01 • 0-10 lJ0,000 1985 IUICs 

22-12-03 • 0-10 200,000 1980 1u1es 

22-03-09 • 0-11 2,000 1975 IU1Cs ~ 

22-o&-01 4 0-12 200,000 1989 , .. ,cs 
22-00-02 • 0-1• 600 1975 IUICs 

22-01-o• • 0-15 1,700 1975 .. ,Cs 

22-12-05 • 0-20 1,000 1975 ..,cs 
22-12--06 4 0-20 8,000 1975 ,.,Cs 

22-11-01 4 5-10 900 1975 Ufcs 
22-03-05 1 5-15 350 1980 -cs 
22-07-10 • 6-12 2,000 1975 -cs 
22-01-01 • 6-15 so 1975 1wes 

22-01-07 • 6-15 100 1975 IJ.11CS 

22-02-02 • 6-18 JOO 1975 l"'C5 
22-07-02 • 6-20 200 1975 ,-es 

22-o&-o6 4 8-18 500 1975 ..,Cs 

22-03-10 4 8-30 170 1975 -es 
22-07--09 • !H7 . 1,•00 1975 u,Cs 

'-..,,/ 22-@-02 • 10-1• JOO 1975 -es 
22-02-01 4 10-20 200 19&4 i...,es 
22-12-03 • 10-20 JOO 1975 u,Cs 

. 22-04-11 • 10-25 200 1975 -es 
22-03-0• • 10-JO 800 1975 ""'Cs 

22-03-09 • 11-2• 2,600 1975 -Ru 

22-07-10 • 12-20 1,"IOO 1975 1w•cs 
22-@-02 4 14-34 1,200 1975 1u,C5 

22-01-10 • 15-25 500 1975 ,-·cs 
22-01-o• • 15-JO 16,000 1975 , ... ,Cs 

22-03-05 1 15-60 170,000 1980 -es 
22-@-11 • 16-25 JOO 1975 -es """Sb 

22-09-08 • 16-JO 80,000 1985 -es 
22-07--09 4 17-36 50,000 1975 IUIC5 

22-o&-06 • 18-29 •DO 1975 -es 
22-11-01 4 1~28 •,000 19&4 IU/Cs . 

22-02--09 4 20-26 200 1975 '-sl) 

22-03-06 • 20-28 2,300 1975 1wes 

22-08-02 • »JO 1,000 1975 -so 
22-07-10 4 »JO 1,600 1975 ll•"(s 

22-0..-01 4 20-35 250 1975 "-Ru 

22-@-07 • 20-4'0 12,000 1975 1--Ru 

✓ 22-08-01 4 22-32 500 1976 j'C,O ·-so 
22-03-09 4 24-52 29,000 1976 j'C,O 
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22-11-09 4 24-34 450 1975 '-CO 

22-09-01 4 2+35 250 1984 -Ra, 

\..../ 22-09-11 4 25-38 450 1975 I~ 
22-08-12 4 25-40 D) 1980 -cs 
22-01-10 4. 25-4:4 550 1975 ...,cs ""CO 

22-04-11 4 25-50 1,500 1975 1--Ru 

22-02-09 4 26-34 450 1975 --sa, 1--Ru 

22-o6-0S 4 28-36 500 1975 :-co "'""Sb 

22-07-10 4 30-44 1,400 1975 ,-es 
22-07-07 4 30-54 2,500 1975 IU1Cs 1--sb --RA, 

22-01-04 4 30-60 1,4'00 1975 ,-CO """Sb 
22-0S-Ol 4 32-12 2,4'00 1976 l""CO --st, 

22-02-09 4 34-44 1,800 1975 ·· -st, --RA, 

22-11-09 4 34--16 250 1975 ""Co ' 

22-04--01 4 35-45 150 1975 -iw 

22-08-05 • ~ 250 1975 -co 
22-03--06 • 37-48 13,000 1975 "·"CS -co -st, 

22-09-11 4 38-52 3,500 1975 -Ru 

22-09-07 4 '40-50 9,000 1976 -Ru 

22-08-U 4 '40-S1 3,000 1975 l""CO 1--st> 

22-o6-07 4 ~52 3)0 1975 IM'CS 

22-07-01 • ~52 800 1976 ...,Cs 

22-02-01 .4 ~53 3,200 1975 ,..,cs 
22-01-07 4 40-55 200 1975 l""Co 
22-09-01 4 40-55 2,200 1975 --so -iw 

'-" 22-03-04 4 ~55 2,800 1975 -so 
22-07-0S 4 ~57 3,800 1975 l""CO 
22-09-0S 4 ~58 250 1975 ..,cs "-st) 

22-03-08 4 '40-60 1,D> 1975 r-c.o ~ 

22-00-01 4 4'0-65 250 -1975 --es 
22-00-03 • '10-80 3,000 197S -c.o -st> 

22-o6-0l 4 42-S2 200 1975 -co 
22-08-01 4 42.59 25,000 1975 -co --si, 

22-09-()2 4 42-64 500 1975 ~ 

22-09-08 • 43-S2 150 1981 . -co 
22-02-09 4 44-52 2,500 1975 -es -c.o --Ru 

22-0S-02 4 41-al 15,000 1975 1-C.0 1--st> 

22-08-05 4 45-53 700 1975 I-CO 
22-10-05 4 45-55 200 1975 1-co 
22-00-02 4 45-56 1,3)() 1975 -c.o -st, 

22-10-07 4 45-65 200 1983 ""Co 

22-07-02 4 42-95 2,800 1976 -,,;o 

22--08-06 4 .. 54 150 1975 IU1Cs I-CO 
22-03-07 4 47~2 1,300 1975 -u, --st, 

22-03--06 4 48-60 2,4'00 1975 """Sb ~ 

22-00-0• 4 48-70 500 1975 I-CO --si, 

22-()9-()7 4 50-64 2,700 1976 --st> ~u 

V 22-08-12 4 51-60 3,000 197S ""Co 

22--06-01 4 52-65 600 15175 ·~ --Ru 

Page20 



-HNF~3532 -REVO 

22-07-01 4 · 52-70 l,500 1975 -co 
22-06-07 4 52-80 1100 1979 -co 

V' 22-08-05 .. 53-56 1,000 1975 -co 
22-08-06 .. 54-63 200 1975 -co 
22-02-09 4. 55-65 100 1975 -co 
22-05-09 4 55-90 1,000 1975 -co 
:U.02-01 4 55-75 200 1975 -~ 

22·1<HJ5 4 55-75 ]00 1979 -co 
22-03-04 4 55-85 900 1975 I-CO 
22-00-02 4 56-64 1,200 1975 I--sa, --,., 
22·11-08 4 56-66 120 1975 I-CO ---u 
22-07-05 4 57~ 1,200 1982 ""CO 

22-10-10 4 58-76 1,500 1975 -co 
22-08-01 4 59-82 . 12,000 1975 -co """"SI) 

22-08-12 4 60-70 1,000 1976 -co 
22-03-05 1 60-85 1,700 1980 IU#C5 

~ 

22-03-06 4 150-94 4,300 1975 r-co """SI) --Ru 

22-08-02 4 62·72 10,000 1976 i-co -'""Sb 

22-07-09 - 4 62-7• 2,200 1976 i...,es 
22-03-07 4 62-5!0 1,100 1975 l""Co 1-~ 

22-08-06 • 63-73 900 1975 l""Co 

22-08-05 • 63-7• 900 1975 I-CO 
22-06-05 • 64-84 3,700 1984 -co 
22-00-02 4 6+96 1,800 1975 l""Co 

22-07-05 4 65-78 900 1986 l""CO 
_,I 22-08-12 4 70--82 500 1980 1-co 

22-00-01 4 70-&4 70 1975 i-es 
22-00-0• 4 70-85 1,000 1975 [""CO . -~ 

22-06-09 4 7G-90 650 197S 1-~ 

22-07-01 4 7G-92 3,000 1975 l""Co 

22-08-09 4 72-84 150 1975 ,-es ·-1w 

22-08-02 4 72-84 4,000 1985 '°Co 
22-08-06 4 73-83 450 1975 l""CO 

22-08-05 • 7+84 200 1991 -co 
22-07-09 • 7+84 . 1,200 1982 ""Co 

22-04-09 4 75-95 1,800 1980 "'Co 

22-09-08 4 76-90 100 1985 -co 
22-03-09 4 78-12 16,000 1976 -co 
22-03-09 4 48-95 5,000 1979 jO) 

22-02-01 4 80-96 550 1975 -co -1w 

22--03-oB 4 80-98 100 1975 '""CO 

22-07-07 4 80-98 1,800 1976 -co -so 
22-00-03 .. 80-117 12,000 1975 -co 
22-08-01 4 82·95 450 1987 -co ~ 
22-07-09 4 84-94 1,000 1985 ""CO 

22-00-<ll 4 · 84-100 70 1975 ,..,es 
22-08-02 4 &HOO l,000 1975 l""CO 

,/ 22-07-05 4 90-100 500 1975 IUIC5 

22-04-11 4 90-100 1,000 1975 l""CO 
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22-07-09 4 94-100 900 1986 r-co 
22--03-06 4 94-100 1,000 1975 1-"'"Sb 

22--04-09 4 105-120 500 19&4 I-CO 

22--00-03 4 117-128 1,800 1975 I-CO 

22--00-03 4. 128-1...0 1,100 1975 ""Co --st, 

. "Probe type: 1 • Green GM, moderatllly sensitive, reads moderilte levels of gilmml ray activity • 
4 • NaI, most sensltNe, reads lowest level of gamma ray ldMty. 

CaUCion must be used when relalfng GTP values In zones rec:crded with cffleru probe types. 

0

0aTentty, llotDpes cannot be ldentlfled ll"om gross g1mma ray dab alone; thereta.e, Isotopes wllfl • ~ rate of decay, such ais 

RIJ-106, or at low enough lewls to decay below~ Umlts, maiy not be ldentJfta:I If the par10d of lnmbillty Is priar tD the 
mlleclion of SGLS cata. 

3.3 botppw Jdentllltdi 

Seven man-made lsotDpes ft known or hypothesized to be preset In the BY Tank Fam at or abo¥e tflt" detection 
llmlt for the goss ganma ray logging equipment 'They are listed In Table 7 along wlh thei" half-life. c.esh.m-137 
and 0>-60 are the most axnmon lsotcpes found In the BY Tank Fam and OCElU' throughout the farm at varying 
depths and Intensities. The Cs-173 ocnn prinan1y In the top 20 feet of the subswface usually by Itself, and Co-60 
ocnrs fi'om 20 to 140 feet, often by Itself but ammonly with olher Isotopes. It Is found deeper than 100 feet In 
only two wels: 22-00-03 and 22-04-09. Antfmony-125 cx:curs between 16 and 140 feet and Is localized pr1marily at 
the southeast side of the 103 tank and the southeast and north regions of the 1()13 tank. Anttnony-125 Is ldentffled 
In only sbc wens; the rest of the occurrences are hypothesized. Only In wel 22-00-03 Is Sb-125 hypothesized to omr 
deeper than 100 feet Uranlun-235/8 appears only once at 56 to 66 feet In well runber 22-11-08. Europbn-154 
appears only once at o to 11 feet In well nurmer 22-03-o9. R.uthenkm-106 is hypoCheslzed to have been present n 
a number of wells, mosUy aromd the 109 and 103 tanlcs with some ocan-ences In the southeast end of the tank 
fann. The half-llfe of Ru-106 Is short (1.02 years) and Ru-106 Is no longer detectablP. In the wels by the HPGe 
detectcr. However, It was an Inventoried Isotope and the decay lne calculated for Ru-106 matches wel with the GTP 

' 

cak:ulat:lons In most wells. The distribution and depth 1D tcp of the Isotopes that ocw- In the BY Tank Fann are ' 
shown kl Agtre 4. 

3.4 TIU!l(rao,e; 

The Ume range CMS" which data were evaluated Is hlted mxn when gross gamma ray digit.al data were first 
capt,.nd In 197S to the last ~Ital data-a:>lledlng event kl 1994. 11.-ee general CX>llCitfons are observed mncemlng 
the life cycle of mntamklation events with respect to the tlmeframe In whic:t1 dlgttal data are avallable for analysts. 
Within this tmeframe, the data appear to represent: 

• 1he mldcle or end of a period (Initiated prior to lncepUon of dlgftal data mlec:Uon) where subsuface a>ndltions 
were oostabe mi the beginning of apparent stablllty. 

• stable subsuface conditions at the beglmlng of data collection, whereby an In.table condition devekJps 
(Indicated by a rate of change that is Inconsistent with the decay rate of known Isotopes In the well), followed by 
apparent stability. 

• stable subsu'face conditions at the beginning of data collectlon, whereby an oostabfe condition develops 
(Indicated by a rate of change that is lnconsisb!nt with the decay rate of known Isotopes In the well) that does 
not bec0me stable Wtilln the tfmef, ii I le of data collection. 

There Is lnsuffldent lnfarmation ava11able to determine If CX)fll3nlnatfon at depth may be the result of well nstallation 
ac:t:tvltles. 

Usually, the rnauiun GTP catc:ulated for the ~ gamna ra, data seems to a>ildde with the start of dlgltaJ data . 
collection. The extepUons ft ltsted In Table 9. 
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'I'. ble 9 BYT'. k F a . an arm Zones with HI hest GTP Aftw Start of Data Colledlon IQ 

Total Subsurfac:a Zone Mu. y..,. 
lanhole Depth Condition Depth GTP Max. lsotopa 
Number ,_ 

~Dr/ 
,_ fr'c/1 GTP Identified 

22-01-01· 100 lf Activity (Mi ..00 1985 '"CS 

22-02-01 . 100 TFAdfvtty 0-10 800 1985 -cs 
"TFAdMly 10-20 200 151181 ..,Cs 

22-02-07 150 "TFAdMly 0-10 200 1986 -cs 
22-02-og 100 TF AdMty 0-10 '400 1986 -cs 
22-03-01 95 ITFAJjjvt.y 0-10 200 1986 -cs 
22-03-05 100 UndetlennNd 0-5 300 1984 -cs 
22-03-09 100 LJnstableeerty 2+52 29,000 1976 -o,; ~;~ 

Unstable 48-95 16,000 1976 -co; ·-sa, 

22-04-09 100-125 "IF Activity 0-8 200 151181 -es 
lhbble arty 75-95 1,800 1980 -co 
Sbble 105-120 500 19&4 -0, 

22-04-11 100 TFAdlvlty 0-8 200 1984 ...,Cs 

22-0S-01 100 ITFAdMty 0-10 130,000 1985 ""'CS 

22~1 100 TFAdMty o-a 400 1984 ""'Cs 

~7 110 iTF Adivlty o-a 200 1984 ..,Cs 

Unstable urty 52-80 1,100 1979 -co 
22-07-01 100 unstable arty «>-52 800 1976 -cs 
22-07-02 100 Unstable 42-95 2,800 1976 ttc.a 
22-07-07 100 Unstable 80-98 1,800 1976 -co 
22-07-o9 100 "TFAdMty 0-9 2,500 19&4 -es 
22-08-01 100 TFAdMty 0-U 200,000 1989 ..,cs 

Stable 22-32 500 1976 -CO;-si> 

S'tilble 32~2 2,..00 1976 -CO;"'Sb 

22-08-02 100 ITF Activity 0-10 20,000 1993 -es. 
22-08-09 100 ITFAdMty 0-10 ao,ooo 1984 -es 
22-0S-12 105 lFAdfvtty o-a 10,000 1989 -es 

lntilbleear1y 25-'10 300 1980 -es 
unstable ur1y &o-82 1,000 1976 -co 

22-09-o2 100 "TFAdMly 0-10 2,000 19&4 -es 
22~7 97 Unstableurty 40-50 9,000 1976 -~ 

Unstable early 50-64 2,700 1976 -..osb;--Ru 

22-09-08 98 Undetermined 16-3) 80,000 1985 ·-a 
Stable 43-52 150 1981 -co 
Undeblrmlned 76-90 100 1985 -0, 

22-10-05 100 Unstable earty 55-75 300 1979 -co 
22·10-07 100 Unstable earty •5-65 200 1983 -co 
22-11-01 100 Unstable 19-28 •,000 ' 19&4 -cs 
22-12-03 100 lf Adfvlty 0-10 200,000 1980 -cs 
22-12-07 100 "TFAdfvlty 0-10 1,500 1984 ..,Cs 

. . .. CUmntfy, Isotopes annot be ldent1fled from gross gamma ~ data alone; therefore, lsat0pes with • rapid rate of decay, such as 
Ru-106, or at low enough levels to decay below det2ctlon Umlts, may not be ldentlfled If the period of inStlblllly Is prior ID the 
mlection of SGlS data. 
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3.5 Unmble Zones; 

'-" Pertods d ln5tabllly are generalty compex and oc:a, throughout the tlmefi anie over which digital data Wt!n! 
mlected. For many l.fftable zones, data coDecUon started In 1975 while a>ndltk>ns In the zone were stll unstable. 
See Table 10 for a Nst of wells that had intable zones cA mntamlnatlon cl1d details cA the lnstabllty. Well 22-11-01 
represents an unusual -OCXUTenCe where Cs-137 appears stable In the zone from 19 to 28 feet LSll:II 1982, and 
becomes ~le after 1982. Cesh.m-137 appears as stable In olher wefts In the BY Tank Farm. 

V 
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Table 10. BY Tank Farm Ut•tabla Zone Panunatan 
Total SubsUlfaca Zone Interval 

Borehole Depth Condition Depth of 
Number fed Catagory ,_ lnstabllty 
22-00-02 100 Unstable 64-96 1979-1994 

22-00-03 145 Unstableurty 80-117 1975-1976 

22-03-09 100 Unstableear1y 2+52 1975-1977 

Unstable ea,ty +4-52 1975-198-4 
Unstable 78-92 1975-1985 
Unstable 48-95 1975-1990 

22--04-09 100-125 Uiableurty 75-95 197+198-4 
22-05-09 100 Unstable 55-90 1975-1985 
22--06-05 100 Unstable 36-50 1978-1981 

Uistabl• 62-84 1986-mldl99l. 

Unstable 28-84 197S-mld1975 

Unstable '40-&4 1979-1~ 

22-06-07 140 lhtableearty -40-52 1975-mld1982 

Unstablewty 5~ 1975-1985 

lntable early 6'HO 1975-198• 
Unstableearty 52-80 197S-mld1979 

22--06-09 100 Unstable ear1y 70-90 1976-1976 

22-07-01 100 ~e ear1y ~52 1975-1981 

22-07-02 100 ~eear1y •2-53 1975-199-4 

Uistable earty 53-7'0 1975-199• 
U'lstable earty 70-82 1980-mld1987 

lhtable earty 82-95 1975-1987 

22-07-05 100 Unstableea,ty -40-57 1975-199• 
Unstable earty 57-65 mld1978-mld1986 

Uistable ear1y 65-78 1981-mld1987 

22.()7-07 100 Unstable ea1y 30-54 1980-199• 
Unstable 80-98 1975-1985 

22-o7-09 100 Ulstable 62-7• 1975-1986 

U\stable 74-84 1975-mld1988 

Unslable 84-94 1982-1989 

Unstable 9+100 1981-1990 

22-oa-01 100 Unstlble 59-95 1975-1986 

botDp'9 
Identified 

'"Co 
""Co 

""Co; -..OSb; "-Ru 

~u 
""Co;~ 

""Co 

""Co 
-co . 

-co;·-st, 

""Co 

-CO; ·.asb 

IJ7Cs 

"'Co 

""Co 

""Co 

--Ru 
mes 
""Co 

""Co 

"'Co 
""Co 

"'Co 

""Co 

""Co 

U7Cs; "'°Sb; ·-.w 
"'Co; "'"Sb 

u,Cs 

"'Co 
""Co 

-co 
"'Co; ... 'Sb 

.( 

.. Comment 
I wes decay one fits, but was not used IS u,es was not ld'd by the SGl.5 

Ina. 197S-1976;decr. 1976-19n 

Iner. 1975-1980; sharp Ina. 1980-mld 1982 
Ina. 1975-1979; deer. 1979-1985 
Ina, 1975-1976; stable 1976-1978; unstable deer, 1978-1990; stable 1990-1994 
Iner, 1979-1980; deer. 1981-0982; decr. 1982-1984 
Deer. 
Deer. 

Deer. 

Ina. 
Deer. mid 1975-1976; deer. 1979-1994 

Dea. 
Ina. 1975-1977; deer. l977·mld1977; Ina. mldtm-1979; dea. 1979-1985 

Iner. 1975-1981; deer. 1981-1984 

Ina. 1975-1977; deer. 1977·mld1977; Iner. mldlm-1979 

Iner. 197S-mk11975; deer, mld1975-1976 

Iner. 197S-1976;deer. 1976-1981 

Iner. 1975-mldl975; deer. mldl975·1984; dea. 1981-1994 
Iner. 1975-1979; rapid Iner. 1979-eariy 1979; decr. u,ty 1979-1981; decr.1981-1994 

Iner. 1980-1981;decr. 1981-1987 

Dea. 1975-1980;1ncr. 1982·mld1983;dec:r. mld1983-1987 

Iner, 1975-mld197S;dec:r. mkl1975·mldl978; Iner. mld1978-1979; deer. 1979-1985 

Iner. mld1978-mld1983; deer. mk11983-mld1986 

Iner. 

Step deer. 1980-1981; flat near o tD 1994 

Iner. 1975-1976; deer. 1976-1981; Iner. 1981-mldl981; dea. mld1981-1985 

Ina. 1975-mld1976; deer. m1976-1986 

Iner. 1975-1979; deer. 1979--mld198J; Iner. mld1980-1982; dea. 1982-mld1988 

Iner. 1982-1986; elect. mld1981-1985; deer. 1985-1994 

Iner. 1981·mld1981; deer. mld1981-mld1982; Iner. 1984-mk11986; deer. mld19'!6-1990 

Dea. 
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22-08-<J2 100 Unstable -44-62 1975-1994 -co; -'Sb Deer. 1975-1982 flat near O 1982-1994 

Unstable &2-n 1975-1994 -st> Iner. 1975-1977; dea. 19n-1994 

Unstable 72-84 1975-1994 "'"'Sb Dea. 1975-198l;lncr. 1981·1985;decr. 1985-1994 

Unstable 84-100 1975-1994 .""'Sb Deer. 197S-1988;1ncr. 198&-199l;decr. 1991-1994 

22-0IH)S 100 Unstable early 63-74 1975-1986 -co Dea. 

Unstable urty 74-84 mld1984-1990 -co Iner. 

22-08-06 100 Unstable early 73-83 191s-19n -co Rat 
22-08-()9 100 Unstable earty n-M 1975-1976 =es; .-Jw Iner. 

22--08-12 105 \Amble early 25--10 1975-1994 ...,Cs Ina. 197S-mldl976; dea. mld1976-1978; Iner. 1978-mld1980; deer. mldl980-1983; ftat near O 1983-1994 

Unstable early '40-51 1975-1989 -co; ""'Sb Deer. 

Unstable early 5HJO 1975-1983 -co Deer. 1975-1979; Iner. 1979-mld1983 

lkmllCe early 60-70 1975-1987 -co Dea, 

LMstable early ~ 1975-1983 -co Iner. 
22-09-07 100 lMstable earfy 20"'40 mldl978-1982 ·~ Dea, 

Unstable early '40-50 1975-19M --Ru Iner. 1975-1976; deer. 1980-19M 

Unstable early 5().64 1980-1990 ~;'"-Ru Deer. 

22~11 100 Unstableearty 38-52 1975-1976 ·-.w Dea. 
22-10-0s 100 Unstable early 55-75 1975-1979 -co Ina. 

22-10-07 100 Unstable earty .. ~ 1980-1994 -co Iner. 1980-1983; deer. 1983-1985; flat: near o 1985-1994 

22-10-10 100 Unstableearty 58-76 1975-1980 -co Dea. 

22-11-01 100 Unstable 1~28 1982-1991 l.Des Iner. 1982-1984; deer. 1984-1994 

22-11-09 100 Unstable early 34-"'6 197S-mldl978 -co Rat 

•CWtenUy, ls0tDpes cannot be ldentffled fl'om gross gamma~ data alone; thelefore, lsdDpes with a rapid rate of decay, such as Ru-106, or at low enough leYels ID decay below 
detection limits, may not be ldentlfted If the pertod d lnltablllly ls prior tD the oollectlon d SGLS data. 

•*Unless othewlse noted, the GTP plot decreases conslstm with the decay OJM of known ltotDpes. 
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5.0 Summary 

A stmmary of the radlonudldes present In the vadose zone d BY Tank Farm has been presented In this report By 
lntegratlrYJ SGl.5 data with hlstorfcal dry well survelllanc:e data, knowledge Is gained concerning the behavior of 
radlonuclldes In the vadose zone aver time. The SGl.5 data aHow a rigorOuS coriduslon abcu: the Identity, charact.er, 
and decay trends ef Isotopes present In a mntamlnated zone Identified within the twenty-year period that the dry 
well data were mlecb!d. 

Ave Slb5urface conditions were discerned dlrlng the analysis of the histortcal dry well data: dean, stable, 
LllStable/unstabfe earty, tank fann actMty, and lnietermiled. This dasslftcatiorl reflects the cxnltlor5 In whld1 
contamination Is present {or not present) wlthil the tineframe grass ganma ray data MR CX>lledm ~. 
but says nothing about the candltlons within the subsuface today. However, an a5S1.111ption that the bend of the 
data might a>ntlnue unaltered seems reasonable, barring any event that changes the hyl:togeologlc or geochemical 
c:ondftfol IS In the subst.nace. On the basis of the data avaDable at the tine and within the scope of this report, a 
statement cannot be made as to whether any d the isotopes present In the subswface of the BY Tank Farm can be 
remobilized. 

Three of the dean wells ocx:ur In the northwest a>mer of the tank farm, and two are south of the 104 tank. One 
third of the cootamlnated zones appear to exist under a stable condition. Within the timeframe that digital data ~ 
avalable, most of the zones that echlbit an uraable CX>f'ldition early on are currently stable and ocar prmartly il the 
west half of the tank farm and around the 103 and 106 tanks. Six wells a.rentty exhibit unstable conditions. 
Additional wells may be exhl>ltlng unstable <XJlldltlons, but the a>ntarnilation levels ere too k>w to make a rigorous 
determination. There were only sbc (ttree around.the 103 tank) zones spread throughout the tank farm where-the 
subsurface candl:lon Is undetermined. More than half of the wells have Indications of tank farm adMty at the 
sufac:e and oca.r throughout the tank fann. 

The most common lsotDpes prese,t througholt the 5lbslrlace of the BY Tank Fann are Cs-137 and ~60. Ceskm-
137 ocnrs In the top 20 feet of the subsl.lface ~ the tank farm In all but ten d the contaminated wells. 
Cobalt-60 OCCU'S tlwugh out the tank farm below 20 feet, prinarlty cl"OUnd tanks 101, 103, 107, 108, and 109, as 
well as to the west of tanks 110 and 111. Anltmony-125 ocnn bebw 15 feet and Is loczed primarily around the 
109 tank and the southeast regm of the 103 tank. n 1s often hypothesized to haYe been present s1nce, l1'f the time 
of the SGlS analysis, levels decayed to below the detection threshokj_ In a few l11st.ances, Sb-125 was not Identified 
by the SGLS, yet the levels of radioactivity In four zones In four wells prior to the SGlS anatysls suggest that there· 
was sufflclent Sb-125 prese,t to ha~ been Ider tined by SGLS, given stable concltlons. These zones are: 48 to 70 
feet In well 22-00-04, 34 to 44 feet ti well 22-02-09, 42 to 59 feet In wel 22·08·01, and 10 to 51 feet In well 22-08-
12. fu1her analysis of these zones may be warranted. lkankm-235/8 Is Identified only In well 22-11-08 from 56 to 
66 feet. Ea.oplum-154 ls Identified only In wd 22-03-09 from Oto 11 feet. Ruthenkm-106 ls hypothesized to have 
existed In the sub!uface, although t Is no longer at ·detectab1e levels, pr1marily around the 103 and 109 tanks from 
11 to 96 feet. 

Two areas of the tank farm have wells with contamination at greater than 10,000 tt-c/s GTP. They are fiom the east 
of the 109 tank to the west of' the 108 tarjc and southeast of the 103 tank. The contaNnaHon OCOJrS prtmarily In 
two mnes, suface (0 to 10 feet), and between 20 and 10 feet to between 80 and 100 feet except In well 22-03-05 
where the mntam1nat1on 1s falrty a>nsistent trom the surface to ss feet. wen 22-03-05 has high 1eve1 contanlnatk>n, 
but It Is anently stable. The wells mntalnlng high levels of contamlnatk>n In these areas d the tank farm .-e 
surrounded by wells with slgnfflcantly lower levels of oontamlnation or no contamilation at all and may Indicate 
praxmly to point sources. These wells with high levefs rt cortamination typlcaDy have v«y high levels of Cs-137 
and are many times SUT0Ul'lded by wells with different Isotopes. It may be possible that the presence d other 
Isotopes Is masked by the strong presence of Cs·137. 

Nine wells have unstable oondlHons at the end of data colection In 1994. Of these, the cmtamlnatlon In she wells ls 
less than 100 ft't-c/s. Wei 22-08-02 Is an-ently unstable from 44 to 100 feet and has contamlnaUon levels just ll'1der 
4,000 tt.-c/S. Well 22--03-09 Is wrrentty lntable with contamhation less than 500 ft't-c/S that has passed through 
the bottom of the wea In 1993 and appears to cantlnue moving down at an estinated rate d 2 feet per year. 

Isotopes appear to move through the vadose at different rates depending on Rbsu1ace conditions. In general and 
given smllar conditions, d the ls0tcpes found or hypothesized to be present In the BY Tank Farm, Cs-137 ·usually 
moves downward the least illCI U-235/8 usually moves the deepest, with mobfflty rt the other Isotopes falling 
somewhere In between. Cs-137 oca.rs throughout the SlESUrface of the tank farm, both by llsef and with other 
Isotopes. n OCCll'S primarly tJ'{ Itself In the top 20 feet of 53 wells. This may Indicate a high retention factor re&ated 
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to Crl37 and so11 lnteractk>n. l.J.235/8 0all'S at a fairly shallow depth In only one well In the BY Tank Farm. The 
other lsotDpes ldernffied through SGLS analysis, and those hypothesized and supported by tank lnventDrles, ocar 
throughout the tank fann from 20 to 140 feet. It Is not known If contamination exists deeper than the bottom of any 
given well although It Is suspected In wells 22-0J.09, 22-07-02, 22-07-QIJ, and 22-00-02. Several anomalies p-esent 
In the data seem to stand out: 

• In wells 22-00-01, 22-03-0S, 22-07-05, and 22-07-()9, Cs-137 exists deep In the wells (as deep or deeper than 
Co-60) with awe or no Cs-137 remaining In the upper portion5 of the borehole. 

• In well 22-00-02, Cs-137 Is not lderilfled wlh the SGlS analysis In the zone from 64 tD 96 feel Even though 
the decay rate for Cs-137 fits the GIP ~ Cs-137 Is not Dsted as exlsUng In this zone. 

• In well 22-00-10, Cs-137 was ldentffled at 8 pCJ/g during SGlS analysis and should appea- In the ~ ganma 
ray logs at 46 feet, but doesnt. 

• 0a:aslonaly, Cs-137 and -~ a-e viewable In the gross ganma ray data and not In the SGL5 data. 

• Ru-106 Is very mobile acmrdlng tD the anent understandtng d chemistry, and should therefore be found 
deeper and more latl!rally extensNe than Is Indicated In the BY Tank Fam. 

• In the GTP plot for the arface cnntamlnatfon In the maptty of wels Is what appears . to be a data spike 
ocantng In or near 1985 (Ag\n 8). The GTP values range from approximately 300 rt:-c/5 to 9000 tt.-c/s with 
the highest values ocantng to the southwest of the 101 and 112 tanks. These spikes In the data are noticeably 
absert from wells near the center of the tank fann and to the southwest: around the 110 tank. In well 22-11-01, 
the spike appears In GTP In two addltJonal pbts below the surface to 29 feet In several wells, more than one 
spike appears In the GTP plot of the suface a>rrelating with dlft'erent tlmeframes. 

UmltS In the data avallable for ecanlnatlon make evaluatfon d the data lncompfete and as such, the apparent 
anomalies are l.l'lable to be explained. lnfonnation as to how or whether geology ard/or geodlemlstJy etred: the 
direction and extent of Isotope migration In the subsl.rface Is not considered In this report. 
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Errata: 

At the tme of pubDcatlon, the following error.. were noted In the encfosed t'lgtr'es: 

Flgta"e2: 
Missing scale; map.ls at same scale as the other maps 

Ftgwe6: 
22-00-04 has Ru-106 48-85' 
22-02-01 has Co-60 •0-96' 
22-03-07 has Ru-106 47-90' 

Flglft7: 
Sub-tide liihould read all readings obtained with Nal p-obe except where noted. 
22-03-05 should read Green GM probe 0-5' 300; 5-15' 350; 15·60' 1701(, 60-85' 1.7K 
22--08-01 should read 59-82' 12K 

Ffglft 8: 
22-00-10 should read 1985 {•00) 
22-03-08 should read 1985 {1200); 1987 (1500); 1993 (1400) 
22-12-05 should read 198+85 (3500-3800) 
22-12-09 should not have anything 
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Borehole 22-00-01 

Contamination (Cs-137) from 40-65 feet appears Stable 
Contamination (Cs-137) from 70-84 feet appears Stable 

Contamination (Cs-137) from 84-100 feet appears Stable 

Grade thickness product from 40 to 65, 70 to 84, and 84 to 100 feet is decreasing 
consistent with Cs-137 (HPGe identified) from 1975 to 1993. Note that the grade 

thickness product is at low levels for these intervals. 

oss ma urvey orma on Gr Garn s lnf1 ti 
Probe Type : 04: Nal 

Other Probe Types : 03: Neutron 
Borehole Deoth : 140 ft 

Survey Deoth : 140 ft 
First Survev Date : 1/16/1975 
Last Survev Date : 10/7/1993 
Number Surveys : 340 

a1ys1s 0 S Anl. Nte 
Nwnber Surveys Rejected : 0 

Lower Threshold for Bad Survey Values: <==O 
Method Used to Compute Backaround : Threshold O<val<50 

Depth( s) where Contamination Identified 40-65, 70-84, & 84-100 Stable 
in Gross Gamma Surveys : 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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Borehole 22-00-02 

Contamination (Cs-137) from 0-14 feet is Stable 
Contamination (Sb-125) from 45-56 feet is Undetennined 

Contamination (Sb-125 & Ru-106) from 56-64 feet is Stable 
Contamination (Co-60) from 64-96 feet is UNSTABLE 

Grade thickness product from Oto 14 feet is decreasing consistent with Cs-137 (HPGe 
identified) from 1975 to 1993. 

Grade thickness product from 45 to 56 feet is not decreasing consistent with Sb-125 (HPGe 
identified). but the deviation cannot be precisely fit to known radionuclide decay rates. Thus the 
classification is undetennined. Special note, there may be a possibility of downward migration, 

but well below detection. 

Grade thickness product from 56 to 64 feet is decreasing consistent with a least squares fit for 
Sb-125 (HPGe identified) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit 

results in gross gamma contribution ratio of Sb-125 to Ru-106 of0.72 as of Jan 1975. 

Grade thickness product from 64 to 96 feet is not decreasing consistent with Co-60 (HPGe 
identified). A slower decay rate such as Cs-137 makes an excellent least squares fit, however, 

there is no indication of Cs-137 and cannot be justified. Downward movement is present at low 
levels indicated by the stack plot, but the grade thickness product was computed over the entire 

depth interval in order to conserve downward spreading. 

Gr Garn s Inf• oss ma urvev ormation 
Probe Type : 04: NaI 

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

Survey Depth : 100 ft 
First Survey Date : 1/16/197S 
Last Survey Date : 6/17/1993 
Number Surveys : 206 

Anal . N 1ys1s otes 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Back2round : Threshold O<val<SO 

Depth( s) where Contamination Identified 0-14 & 56-64 Stable. 45-56 Undetermined 
in Gross Gamma Surveys : 64-96 UNSTABLE 

Analyst Name : R.R. Randall 
Comna.nv Name : Three Rivers Scientific 
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HNF'.":3532 -REVO 
Borehole 22-00-03 

Contamination (Co~ & Sb-125) from 40-80 feet is Stable 
Cont.amination (Co--60) from 80-117 feet is UNSTABLE Early 

Contamination (Cs-60) from 117-128 feet is Stable 
Contamination (Co-60 & Sb-125) from 128-140 feet is Stable 

Grade thickness product from 40 to 80 feet is decreasing consistent with 
Co-60 & Sb-125 (both HPGe identified) from 191S to 1993. The least squares fit results in gross 

gamma contribution ratio of Sb-125 to Co-60 of 0. 11 as of June 1993. 

Grade thickness product from 80 to 117 feet is decreasing consistent with Co-60 (HPGe identified) 
from 1976 to 1993. However, from 1975 to 1976 there is a rapid decrease in the grade thickness 

product in excess of Co-60 decay. 

Grade thickness product from 117 to 128 feet is decreasing consistent with Co-60 (HPGe 
identified) from 197S to 1993. 

Grade thickness product from 128 to 140 feet is decreasing consistent with 
Co-60 (HPGe identified) & Sb-12S (hypothesis) from 1975 to 1993. The least squares fit results 

in gross gamma contn"bution ratio ofSb-125 to Co-60 of0.22 as of June 1993. 

Special note, Cs-137 is also HPGe identified, but not at high enough levels to register with gross 
gamma for both intervals at 40-80 & 80-117 feet. 

All llvsis Notes 
Number Surveys ~ected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Conmute B....:.....-ound : Threshold O<val<SO 

Depth( s) where Contamination Identified in 40..80, 117-128. & 128-140 Stable 
Gross Gamma S'" ~ ~~-= : 80-117 UNSTABLE EARLY 

."~.at Name : R.R. Randall 
Co-- -,_ Name : Three Rivers Scientific 
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HNF~35}_2 -REVO 

Borehole 22-00-04 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activities 
Contamination (Co-60 & Sb-125) from 48-70 feet is Stable 
Contamination (Co-60 & Ru- I 06) from 70-85 feet is Stable 

Grade thickness product from 0 to 10 feet is changing erratically indicative of tank farm 
activities such as changes in transfer lines. 

Grade thickness product from 48 to 70 feet is decreasing consistent with 
Co-60 (HPGe identified) & Sb-125 (hypothesis) from 1975 to 1993. The least squares fit 

results in gross gamma contribution ratio of Sb-125 to Co.60 of 3.52 as of June 1993. 
Grade thickness product from 70 to 85 feet is decreasing consistent with 

Co-60 (HPGe identified) & Ru-106 (hypothesis) from 1975 to 1993. The least squares fit 
results in gross gamma contribution ratio ofRu-106 to Co.60 of3.00 as of Jan 1975. 

G Gamm S um ross a urvey ormation 
Probe Tvoe: 04: Nal 

Other Probe Tvoes : 03:Neutron 
Borehole Deoth : 100 ft 

Survev Deoth : 100 ft 
First Survev Date : 1/16/1975 
Last Survev Date : 6/17/1993 
Number Survevs : 210 

IYSIS 0 S Anal . N te 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Backm'ound : Threshold O<val<SO 

Depth(s) where Contamination Identified 0-10, 48-70, & 70~85 Stable 
in Gross Gamma Surveys : 

Analyst Name: R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehol~ 22-00-10 

Contamination (Cs-137) from 0-10 feet is Tank Fann Activities 

Grade thickness product from 0 to 10 feet is changini erratically indicative of tank farm 
activities such as changes in transfer lines. 

Cs-137 was identified with HPGe detection at 46 feet to levels of 8 pCi/g. which would 
nonnally show on the if<>SS aamma Joa data, but does not, refer to stack plot. 

oss urvey onnatlon Gr Gamma s Inf• 
Probe Type: 04: NaI 

Other Probe TVDes : 03: Neutron 
Borehole Depth : 120 ft 

Survev Depth : 120 ft 
First Survev Date : 1/9/1975 
Last Survev Date : 10/4/1993 
Number Surveys : 385 

Anal ' N otes 1ys1s 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Bacmound : Threshold O<val<SO 

Depth( s) where Contamination Identified 0-10 Tanlc Fann Activity 
in Gross Gamma Surveys : 

Analvst Name : RR Randall 
Company Name : Three Rivers Scientific 

oo nuc 
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HNF~353.2 -REVO 

17 / Dry We11 Survey Analysis - Notes 

Yorcholc 6/2. -(}P - (' I Total # Surveys 'J t/ / 
# neutron survey~--

Probe Type D 'I 
# GR Surveys 3 "Y(? 
Presentation Plot Dates Log Oate: }··)t-?f lal lc-2-CJ) Last 

Contamination Zone Depth{s): -w ............... ____ µ_~7 ~-c----~ ___ r!_\...,.\ ____ _ 
---..-----(l(differlnllivrn 111 .t l,s<) 

Isotope from Spectral Survey: _,2::::ia2 .......... ._,, ----~-~_..._ ............ ~.......__.=--.,,-----

GAPS.Txt \ 

Max Survey Depth / 'tZJ 
) 

SutVev Date num. Gaos num. Sample, Comment \ 
\ 
\ 
\ 
\ 

HI-ZONES.Txt \I 
Survey Date Reason Selected num. Samples Comment ~ ?J'lt ~'I I t"c? 

2#'7v L - Ho-?,/' 7.v--.%-17 ~-51-;r 

' 
Survev Date Reason Selected num. Saml)(es 

// 11 / -'"' ;,,, i,./)'J J-,.;,.d..,17 
, 

BackOnd. Txt 
Feo.Clcan Ava.Bka Comment 

S/Wver rfl,,,fi)_,-55:;;, ~ 

00 .063 
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HNF::353.2 -REVO 

Dry Well Survey Analysis - Notes 
V 
Borehole 22 -00-0 '2 

Log Dare: )~/j-7f 111 

' 

· Total # Surveys -2.L!___ 
# neutron survey~ /,;, -/ z -'12 Last 

Probe Type tJ 3/' -
# OR Surveys .;:2.o? 
Presentation Plot Dates 

Ofdid_innt_6ul_n_1.,..•A-LI-~-,-

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: - ·""h-/..._1 ...;.M~>nr,.... .... n ___ T __________ _ Max Survey Depth }t{JZ) 

' 

GAPS.Txt 
Survev Date num. Oaos num. Samoles Comment , 

~ t -L ~ r-h.~Ur .h,,, ~,., r---5/2 

HT-ZONES. Txt 
Survev Date keason SeJected num. Samole, Comment 

-
\. ,J 

Survey Dace Reason SeJected num. Samples 
BaclcGnd. Txt 

Fea.Clean Avw BkM Comment 

S/W ver l?-~$'. 2- , <-
00 064 



filein := "two45-56.txt" 

A:= READPRN(filein) 

N :• la.,t(yr) 

HNF:-:35}.2 -REVO 
Well 21-00-02 

bkg := A<6> 

N = 194 i:• O .. N j :• 0 .. 299 
-reu :"' 5.27 

TCO ;:: 5.27 -res := 2.77 aco ;:z 00 

k :• 0 .. 300 

acs := 1415 Eu variables are Co§O 
aeu :• - 38 

ln(2) -()Ti - 75) .___ 
Cs. := acs·e 1e1 

I 

ln(2) -(yri-7S)"--;;;;-
Eu. := aeu·e · 1 

I 
toti :-= Csi + Eu1 

Cs variables are Sb-125 
This data edited for spurious points 
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1500 

gro5$i 
o 1000 

toti 

500 

0 L---1. _ _L. _ _j_~~~iJ•c::!o::::a:==-=::t=......._J 
N U n W ~ ~ ~ U ~ 

yri 

· (}T·-75)'---- -(~--75)·-
[ [ 

ln(2) ln(2) ]]2 

ssq(al ,al):• L SJ'09Si - al ·e 
1 

- + aJ·e 
1 

teU 

Given 

ssq(acs ,aeu)•O l•l 

3 
acs = 1.425•10 
Sb-125 

aeu = -46. 978 
Co-60 

out <O > ; .. yr out<1 > := tot WRITEPRN("twop.txt") :-= out 1. 

Two comp decay45-56.mcd 

Unreasonable flt 

8128/98 

00 065 

~=- 30.338 
a.eu 

E"N 
-=-0.162 
~ 

Page 1 



' 

L_ 

HNF:-:35}2 -REVO 
. . 

filoin := "two56--64.txt" Well 21-00-02 

A:= READPRN(filein) bkg : .. A<t,> 

N :• last(yr) 

'tCO := S.27 'tCS :: 2.77 

( ) 
ln(2) - >Tj-7.S--;;-

Csi := acs·o 

N • 198 i:•0 .. N 

aco :== 0 

ln(l) -(>T1-75)-
Co. ;a: aco ·o '100 

I 

k :• 0 .. 300 

acs := S34 

gross1 := neti 
This data edited for spurious points 

groesi 
0 

toti 

· (YT· - 75) '---- · (~· - ") .....___ 
[ [ 

ln(2} [ ln(2} ]]]2 
ssq(al,aJ) :• ~ grossi- al ·o 

1 109 + aJ·e 
1 

1111U 

Given 

ssq(acs,aeu)•O 1•1 

[:] :•Mmr(~,aeu) 

ln(2} -(yri - 75)--
Cs. := acs·e 1101 

I 

O\Jt<O> := yr out<l > := tot 

Two comp decay56-64.mcd 

C1CS = S34 

St>-125 

WRITEPRN("twopS6-64.txt") :• out 

8/28198 

00 (lfif·~ 

j :• 0 .. 299 
-teu := l 

Eu variables are 
Ru-106 aeu :• 744 

tot ::: Cs. + Eu. 
I I l 

Cs variables are SAb-125 

aeu =744 
Ru-106 

~:c::0.718 
aeu 

E~ -4 
~ =3.91S•10 

Page 1 
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01/16175 
Gamma (els) 
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. . . . . . . . . . . 
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HNF~353.2 -REVO 

~y 
\....,I 

Borehole 22-0fl -(72 Tota)# Surveys ;?O °I Probe Type O '-I 

1 ry ~ # neutron surveys / # GR Surveys 2 c 6':::: 
Log Date: }---/v . (,,7 l.i ~-17 ,0J'J Last Presentation Plot Dates __ __,.. __ _ 

_,..~ Ofditfcrcnt &ua1 1• 4l Le,I) 
Contamination Zone Depth(s): ____ })fr-. ____ ~.....,.;'--· _________ _ 
Isotope from Spectral Survey: _--1.t:..:;<.i,;.....:~;.._,,:i.,;j· g~ci .... · :f..li.... _______ Max Survey Depth J L/..r 

Dry Well Survey Analysis - Notes 

GAPS Txt 
SuNev Date num. Gaos num. ;Samoles Comment 

HI-ZONES Txt 
Survey Date !Reason Selected lnum. Sample, Comment 

""- J 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Fea .Clean Av~.Bkii Comment 



\. ( ( 

01/16/75 Borehole 22-00-03 06/17/93 
Gamma (els) Gamma(cJs) 

0 100 200 § 0 100 200 
0 0 0 .... 

0 Depth: 0-10 ft 
10 0 10 

J ~ 0 Reference Only 20 0 20 

j 
0 

30 - 30 g ~ ~ Cs-1 ~ Decay line 
40 11. 40 

= 0 

50 ~ g 0 50 

~ 
,,;t 

::- 60 -60 0 1 0 J 0 ii 
.! 

i70 (!) g ~ 0 
~70 

0 N 0 

i" · i e 
~ 

0 80 0 d' 0 o BO C.t 0 
0 0 

0 
0 0 0 

90 
0 90 
1975 1980 1985 1990 1995 

100 
Date (Year) 

100 .;-50 
o · -40 • Hill! 110 a,~ t t t t t t f tt t t 

110 

f 2: >a 
120 CC iS 10 120 

ID m 0 
130 ~....300 . 130 

C °#, 8() 

140 ~~60 . . . . 
140 . . . a . 

~_; 40 - ...,.:,,,,,.._ ........ . . 
UM) u.O 20 . ... 

(Wide~ 
150 

. 150 
0 1000 2000 0 0 5000 10000 

Gamma(clst 
Analya by: Tlne Rivers Saenlfic 

Gamma(c/s) 



V 

filein := "two40-80.txt" 

A := READPRN ( filein) 

HNF~353.2 -REVO 

Well 21-00-03 

bkg := A<fJ> 

N :• last(yr) N=197 i:•O .. N k :• o .. 300 

acs := 15120 

j :• 0 .. 299 
-teu :• 2.77 

'tC:O := 5,27 'tCS :::r 5,27 aa, :=O 

-(yri-1') ·~) 
Csi :• acs·e 

grossi ; .. neti 
This data edited for spurious points 

Eu vadables are 
Ru-106 aeu ::: 14790 

toti ::: Cai + Eui 

Cs variables are ~ 

O'------' __ __._ __ _._ __ ~ __ .._ _ ___, __ __._ __ _..J-__ _,__---,1 
90 92 74 16 78 80 82 

[ [ 
-()'l'.--75)11( 2) -(yr--7S)ln(

2
)]]

2 

ssq(al ,a3) :• L grossi - al ·e 
1 

'Illa + aJ ·e 
I 

wu 

Given 

ssq(acs,aeu}•O l• 1 

[::] :c Mmerr(acs,aeu) 

out<O> :• yr out<l > := tot 

86 

4 
aeu = 1.47•10 
Sb-125 

~=l.018 
aeu 

E~ 
-=0.11 
C9N 

Two comp decay40-80.mcd 8128198 Page 1 

00 070 



HNF~353.2 -REVO 
filein := "twol28-140.txt" Well 21-00-03 

A:= READPRN(filein) bkg := A<h> 

N :• last(yr) N =199 i :•O .. N k :• 0 .. 300 

a.cs := 400 

j :• 0 .. 299 
'teu := 2.77 

'tCO :: 5.27 'tCS := 5.27 aco := O 

ln(2) - (>Tt - 7S) ._ 
Cs. :i:: acs·e 'let 

t 

gross. := net. 
t t 

!SOO 

1000 

groai 
0 

toli 

500 

This data edited for spurious points 

0 

0 

Eu variables are 
Sb-125 aeu := 100 

tot, :z: Csi ~ Eui 

Cs variables are Co-60 

o .__ _ ___,~ _ ___. __ _.,._ __ ....._ __ ....._ __ _._ __ _._• __ ....___o __ .__ _ ___, 

Given 

74 76 78 80 82 

ssq(acs,aeu)•O l•l 

[:] := ~(acs,aeu) 
exes =388.289 
c~ 

111(2) -(yri - 75)---
Eu. :"' aeu ·e 111N 

t 

86 88 90 

a.cu = 688.076 
Sb-125 

out<O> :• yr out<l > :s tot WRITEPRN{"twop40-80.txt") :• out 

Two comp decay128-140.mcd 8/28198 

00 071. 

92 

~ 
-=O.S64 
cieu 

E~ 
_ .. Q.223 
C5N 

Page 1 



HNF::353.2 -REVO 

'? 'I Dry WelJ Survey Analysis• Notes 
"'-I 

Probe Type 0)£ Borehole 2i3 -00 ~ CJ L/ 
Log Date: / -/ ~ -7r 11t 

Total # Surveys 'J- I ·z.... 
# neutron surveys 2-: 
k-J7-?;z Last 

# OR Surveys -::1.J C 
Presentation Plot Dates 

(If didi_ercn_t_li\llt\_l"_A_Lut_) -

Contamination Zone Depth(s): _,,__ _______ ...,....._..,.._ ___ _ 
Isotope from Spectral Survey: C2 !\; Cc --, Peu:- Ii~ Max Survey Depth J Ct' 

Survcv Date num. Glos num. Samoles 

Survev Date Reason Selected num. Samoles 

~ 

Survev Date Reason Selected num. Samoles 

- D 

GAPS.Txt 
Comment 

HI-ZONES Txt 
Comment 

- a ~.AL ,.6) $5//, £ C, ·- I z, 
r /,,,~/flt b ....... :-// ~ .£ ,,_~ 1 n- 7~-

/ 

BackGnd Txt 
Feo.Clean AvstBkll Comment 

S/W vcr T ~,ft:zf Z . .2-. 

oo ()?a 



..) 

filein :,. ''two48-70.txt" 

A :s READPRN(tilein) 

HNF:-:353.2 -REVO 

Well 21-00-04 

. A<I> yr ;:a net :s A<7> bkg := A<t,> 

N :• last(yr) N = 193 i :•O .. N k :• 0 .. 300 

acs := 20 

j !• 0 .. 299 
-reu := 2.77 

Eu variables are 
Sb-125 aeu :a 480 

-rco :::1 5,27 -res := 5.27 

ln(2) · (yri - 15) ~ 
Cs. :• acs·e 1C1 

I 

KO ::: 00 

ln(2) · (yri - 75) ._ 
Co. :• aco·e 'tCO 

I 

) 
ln(2) • (yri - 75 ..__ 

Eu. :" aeu·e ,eu • 1 
I 

tot :11 Cs. + Eu. 
I I I 

mnc,,i , :• net 
0--1 I Cs variables are Co-$ 

This data edited for spurious points 

800r------..---........ ----..----.----...----.---------..------, 

600 

aroui 
o 400 

tot . 
I 

200 

-(YT· - 7S) ~ -(yr, - 75) '--
[ [ 

ln(2) ln(2)]]2 

ssq( al, a3) :• L grossi - al·e 
1 

,cs +a3 ·e 
1 

'leu 

<O> out := yr 

ssq(acs,aeu)•O l•l 

acs = 19.557 
Co-60 

a.eu =485.S48 
Sb-125 

tot. := Cs. + Eu. 
I 1 I 

out<l > :c tot WRITEPRN("twop48-70.txt") :,. out 

U('S 
-""0.04 
aeu 

~ - ::: 3,525 
~ 

TWo oomp decay48-70.mcd 8128198 Page 1 

00 073 



V 

filein :• "two 70-85. txt" 

A :s READPRN(filein) . 

HNF::353.2 -REVO 

Well 21-00-04 

net :,. A<7> bq :• A<t.> 

N :• last(yr) N = 199 i :•O .. N k :• 0 .. 300 

acs := 270 

j :• o .. 299 
'teu :• I 

"CCO :: 5.27 "CCS ;: 5.27 aco := 00 

( ) 
ln(2) 

- yr1-75-;;--
Cai :• acs·e 

grossi :•~ 
Thia data edited for spurious points 

eu voctabfes are 
BY:106 aeu :a 820 

tot. := Cs. + Eu. 
I I I 

Cs var1ablas are ~ 

1500,-----.~---r----r--~--~--...---------,.------,.----, 

' 1000 

arossi 
0 tot, 

soo 

-(yr· - 75) .........__ - (yr. - 75) '-----'-[ [ 
ln(l) ID(2) l]l 

,sq( al ,a3) :• L grossi - al ·e ' u -t- a3 ·e , ,eu 

ssq(acs,aeu)•O 1•1 

[:] :•Mmerr(acs,aeu) 
acs =272.956 
c~ 

aeu =818.978 
Ru-106 

out<()> := yr out<) > :s tot WRITEPRN( "twop70-85.txt") := out 

acs 
-=0.333 
aeu 

E~ -S 
-=9.422•10 
C5N 

TWo comp decay70-85.mcd 8/28198 

00 ()?4-

Page 1 



HNF~353.2 -REVO 

f77 Dry WeJJ Survey Analysis - Notes 

"-i3orehole 22 -C'tl -J () Total # Surveys ;J- .g- 9 
# neutron surveys __._Lt_ 
I (2-l-f -CJ 3 Last 

Probe Type (!) L/ 
# GR Surveys 'fr s-r 
Presentation Pl~t Oates Log Date: J - 9- 2[ 111 

CTfdidi_emic_lium_l.,..•.t-LA.c_J_ 

Contamination Zone Dcpth{s): -------.-----,------
Isotope from Spectral Survey: ___ c .... $'.___.~ ........ -i--+-H ...... ~--_' ____ _ Max Survey Depth /?.., t) 

GAPS.Txt 
Survev Date num. Gaps nwn. Sampica Comment 

HI-ZONES. Txt 
Survev Date Reason Selected num. Samolcs Comment , 

:n47 ,~hnc., d ('<" ,,,"';/- /-c:?'' -~ 
A1&~£ D ~ /'_y___ - ,,/4~ 

-

y 

Survey Date Reason Selected num. Samples Fea.Clcan 

I 

BackGnd. Txt 
Ava.Ska Comment 

S/W ver 7cGM,55 .2,. ~ 

00 <'?S 



C C ( 

01/09ll5 Boreh.ole 22-00-10 10/04/93 
Gamma (els) Gamma (cJs) 

0 100 200 8 0 100 200 
0 0 lO 

Depth: 35-60 ft 
10 

a, ij Referrence Only 10 

1' 
20 l 

~~ 0 
0 

30 e 
~ :r: ID ., 0 z 

40 18 Cs-137 Decay Line 
-r, 

0 
_N r• 
~ 

~50 "" ~50 !8 \1'I 
J 0 ! \,-1 - N 
t60 0 .c 

<r- 160 0 0 

~ 0 oO 
8 0 I 

0 
0 0 0 ::0 

0 rn 
70 0 0 0 70 0 0 0 < 

1975 1980 1985 1990 1995 0 
Date (Year) 

80 80 .so 
~40 f 

90 ti~ ~t+f!+~tlf+tffif !ffit++!+ttit++!+ffi+t++ 90 

> a20 
<~10 

100 • 100 
CD 0 
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~~80 

. . 
110 

. 110 
C 60 
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ll 40 

120 
LL O 20 
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0 

Analy9la by: Tine Rlwn Sdenlftc 



HNF~353.2 -REVO 

Borehole 22-01-01 

Contamination (Cs-137) from 0-6 feet is Tank Farm Activity 
Contamination (Cs-137) from 6-15 feet appears Stable 

Grade thickness product from O to 6 feet is intermittently changing from 1975 to 1987 
which is indicative of tank fann activities such as a transfer line activity. The grade 

thickness product for this interval is decreasing consistent with Cs-137 (HPGe identified) 
from 1987 to 1993. 

Grade thickness product from 6 to 15 feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1975 to 1993. The levels are near threshold. 

oss ma urvey lli Garn s Inti ti onna on 
ProbeTvne: 04: Nal 

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

Survey Death : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 10/4/1993 
Number Surveys : 406 

Anal . N Otes IYSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute BacklZJ'ound : Threshold O<val<50 

Depth(s) where Contamination Identified ().(j Tank farm activity, 6-15 Stable 
in Gross Gamma Surveys : 

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

00 077 



C ( C 

01/16(15 Borehole 22-01-01 10/04/93 
Gamma(cls) Gamma (els) 

0 100 200 ~ 0 100 200 
0 0 ... 

~ 
Deptli: o0-6 ft 

000 

10 - ... 0 10 ., Oo 

Jl § 
0 

0 

! 0 

T"" 0 0 0 0 

20 l> 20 
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~ ~ 
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Cs-137 Decay Line ::c 
ll.. 

30 • 00 
CIO • ~ ao 

~ o e : t I 
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0 ""' ~ IS' V, 
-40 

Cb o 
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"" 0 I ~ N 
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(!) oQ) 0 0 

0 f so 8 oooo 0 gO 
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0 oo 0 

'X 
0 0 rn 
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• m O 
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.Analyllll by: Tine Rlwn Sdenlllc: 
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01/16175 Borehole 22-01-01 10/04/93 
Gamma(cls) Ganma(c/s) 

0 100 200 0 100 200 
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Analylis by: Tl'l'ee Riven Sdenllc 
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Borehole 22-01-01 
0 -,-------- ------- --- --------~ 
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V 

Borehole 22-01-03 

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

Grade thickness product from Oto 10 feet is intennittently changing from 1975 to 1986 
which is indicative of tank farm activities such as a transfer line activity. The grade 

thickness product for this interval is decreasing consistent with Cs-137 (HPOc identified) 
from 1986 to 1993. 

oss a urvev onnatton Gr Gamm s Inti 
ProbeTvoe: 04: Nal 

Other Probe TVt>CS : 03: Neutron 
Borehole Deoth : 100 ft 

Swvey Deoth : 100 ft 
First Survey Date : 1/16/1975 
Last Survey Date : 10/4/1993 
Number Survevs : 395 

An l . N otes alVSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Bacbround : Threshold O<val<SO 

Depth(s) where Contamination Identified 0-10 Tanlc farm activity 
in Gross Gamma Surveys : 

AnalYstName: R.R. Randall 
Comna.nv Name : Three Rivers Scientific 

00 081 
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01/16/75 Borehole 22-01-03 10/04/93 
Gamma (els) Gamma (els) 
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Analijlil by: Ttne RiYers Sdentilc 
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HNF~353.2 -REVO 

Borehole 22-01-04 

Contamination (Cs-137) from 0-15 feet is Tank Farm Activities 
Contamination (Cs-137) from 15-30 feet is Stable 

Contamination (Co-60 & Sb-125) from 30-60 feet is Stable 

Grade thickness product from O to 15 feet is changing erratically indicative of tank fann 
activities such as changes in transfer lines. 

Grade thickness product from 15 to 30 feet is decreasing consistent with 
Cs•l37 (HPGe identified) 1975 to 1993, within systematic limitations. 

Grade thickness product from 30 to 60 feet is decreasing consistent with 
Co-60 (HPGe identified) & Sb--125 (hypothesis) from 1975 to 1993, within systematic 
limitations. The least squares fit results in gross gamma contribution ratio of Sb-125 to 

Co-60 of 6.38 as of Oct 1993. 

oss a urvey ormatlon Gr Gamm s Inti 
Probe TVt>C: 04: NaI 

Other Probe Types : 03: Neutron 
Borehole Deoth : 100 ft ' 

Survey Depth : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 10/4/1993 
NumberSurvevs: 408 

IYSIS 0 S Anal . N te 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Back2round : Threshold O<val<50 

Depth( s) where Contamination Identified 0-15 Tanlc Fann Activity, 
in Gross Gamma Surveys : 15-30 & 30-60 Stable 

Analyst Name: R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF::3532 -REVO 

Borehole 22-01-07 

Contamination (Cs-137) from 0-6 feet is Tank Farm Activity 
Contamination (Cs-137) from 6-15 feet is Stable 
Contamination (Co-60) from 40-55 feet is Stable 

Grade thickness product from O to 6 feet is intermittently changing from 1975 to 1987 
which is indicative of tank fann activities such as a transfer line activity. The grade 

thickness product for this interval is decreasing consistent with Cs-137 (HPGe identified) 
from 1987 to 1993. 

Grade thickness product from 6 to 15 feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1975 to 1993. The levels are near threshold. 

Grade thickness product from 40 to 55 feet is decreasing consistent with Co-60 (HPGe 
identified) from 1975 to 1985. 

Gr G oss s amma urvey ormatton 
Probe Type: 04: NaI 

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

Survey Depth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 10/4/1993 
Number Surveys : 394 

Anal . N lYSlS otes 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Backsrround : Threshold O<val<50 

Depth(s) where Contamination Identified 0-6 Tank fann activity 
in Gross Gamma Surveys : 6-15 & 40-55 Stable 

Analvst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehole 22-01-10 

Contamination (Cs-137) from 0-10 feet is Tank Fann Activity 
Contamination (Cs-137) from 15-25 feet is Stable 

Contamination (Cs-137 & Co-60) from 25-44 feet is Stable 

Grade thickness product from O to 10 feet is intennittently changing from 1975 to 1987 
which is indicative of tank farm activities such as a transfer line activity. The grade 

thickness product for this interval is decreasing consistent with Cs-137 (HPGe identified) 
from 1987 to 1993. 

Grade thickness product from 15 to 25 feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1975 to 1993. 

Grade thickness product from 25 to 44 feet is decreasing consistent with 
Cs-137 (HPGe identified) & Co-60 (hypothesis) from 1975 to 1993. The least squares fit 
results in gross gamma contribution ratio ofCo-60 to Cs-137 of0.03 as of Oct 1993. The 

very low level of Co-60 is only required to have the grade thickness product follow a 
consistent trend 

oss a urvey orm Gr Gamm s Infi ati on 
Probe Type : 04: Nal 

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

Survey De'Oth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 10/4/1993 
Number Surveys : 419 

IYSlS 0 Anal . N tes 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Baclazround : Threshold O<val<SO 

Depth( s) where Contamination Identified 0-10 Tanlc Farm Activity, 
in Gross Gamma Surveys : 15-25 & 25-44 Stable, 

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

00 094 



( 

01/09/75 
Ganvna(c/s) 

0 100 200 
0 ......------. 

10 

20 

30 

60 

70 

80 

90 

( 

Borehole 22-01-10 
~ ...----------------. 

0 

0 

0 

0 

1975 1980 

Depth: 0-10 ft 

0 

0 

0 

1985 
Date (Year) 

Cs-137 Decay Line 

0 

1990 1995 

( 

10/04/93 
Gamma (els) 

0 100 200 
0 -r------, 

10 

20 

30 

-40 

l 
..c. 

lso 
C 

60 

70 

80 

90 

• 
:::0 ,.,, 
< 
0 



C C ( 

01/09/75 Borehole 22-01-10 10/04/93 
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Dry Well Survey Analysis .. Notes 

Total # Surveys 4 0 Y 
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Probe Type _Q!/_ 
# GR Surveys Jfd 
Presentation Plot Dates -----­ot dirtcrenl D'\llJl 1 • etl,,UI) 
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Dry WeJJ Survey Analysis .. Notes 

~orehole 22 -0/-0'3 

Log Date: /-/k-?£ 1st 

Total# Surveys _:3o/'/ 
# neutron surveys R-

I O -1-/- q:3 Last 

ProbeType pt/ -# GR Surveys ::z 7-Z 
Presentation Plot Dates -~---.....,.....--(If di.tfcrau D\1fll I• & Last) 

Contamination Zone Depth(s): ---.:0~-/t..t> _______ --,----__ _ 
Isotope from Spectral Survey: (; ,&4~ e,;1ey f if .i-tr ·< Max Survey Depth rOO 

Survev Date num. GaM num. Samoles 

SurvevDate Reason Selected num. Samolcs 

y 

Survev Date Reason Selected num. Samples 

GAPS.Txt 
Comment 
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Comment . 

~ ., ,..,_ __ .£ - /n,,L~ J :.,:7:: ,.._ :,~ ~ 
/Y. · . ,# £,__, ,, / /' - ./ 

BackGnd. Txt 
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Dry Well Survey Analysis - Notes 
\....,I 

Borehole J.J- 0 I - 0'-1 

Log Date: / -/f-Zz._.,, 1 •1 

Total # Surveys 4 IO Probe Type o!./ 
# neutron surveys 2 # OR Surveys :t I?~ 
1 O-Jt-9 ~ Last Presentation Plot Dates 

(lfdUl_ircnl_lium_l• .... .t-Lu-1) -
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Isotope from Spectral Survey: ___..C .... ~ .... - ..... f-.... C::::::"""'---------- Max Survey Depth l 00 
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Comment 
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filein := "twol0-60.txt" 

A:= READPRN(tilein) 

N :• last(yr) 

'tCO :s S.27 tCS := S.27 

HNF~353.2 -REVO 

Well · 21-01-04 

N =391 i:•0 .. N 

aco := 00 

bkg := A<6 > 

k :• 0 .. 300 

acs := 24 

j :• o .. 299 
-reu := 2.11 

Eu yartabtes are 
Sb-125 aeu := 1384 

-(yri- 1S) ~} 
Csi := acs·e 

grossi :::: neti 

to\ :• Csi + Eui 

Cs variables are Co-60 

This data edited for spurious points 

2000---------,..------------..-----------------. 
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o 1000 
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,eu 

Given 

ssq(acs,aeu)•O 1• 1 

[:] ~ Mmerr(acs.aeu) 

out<O> :• yr out<l > := tot 

Two comp decey30-80.mcd 

acs=24 
Co-60 

3 
aeu = 1.384•10 
Sb-125 

~=-0.017 
aeu 

tot :• Cs. + Eu. 
I I l 

WRITEPRN("twop.txt") :• out 
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Dry We11 Survey Analysis - Notes 
V 

Borehole ,2) -DJ"" 0 2 Probe Type O 7' Total # Surveys ',J '} ~ 

Log Date: 1-2-7 r/ 1 SI 

# neutron surveys ;!.. 
( o-:r -q J, Last 

# GR Surveys $._21/: 
Presentation Plot Dates 

(If diff'-1_.,.....-...,.liom-l.,,...;, .-L,-1-l) -

Contamination Zone Depth{s): ______________ _ 
Isotope from Spectral Survey: C'.j ¼·, }:;z .. ~; ~'/ C.e: '/4, i.Jf-,FC Max Survey Depth l t 1tJ 

GAPS.Txt 
Survev Date num. Glos num. Samoles Comment 

Survey Date Reason Selected num. Samz,Jes Comment 

y 

Survev Date Reason Selected num. Samples 
BackGnd. Txt 

Fea.Clean Av.M.BkJ.t Comment 

Anal sis Notes 

S/W ver W ~.;? .. 2.-
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~'1 Dry Well Survey Analysis - Notes 

½orchole 7-. 2 -0/ -41!/ 0 Total# Surveys 1-/ J.. I Probe Type t)f-

LogDate: / ✓ ~-7,r ltt 
# neutron surveys ·1-,, # GR Surveys 'f J 9 
I t-'t-~ ~3 Last· Presentation Plot Dates __ ....,,.. __ _ 

err diJferen1 mn , .. • c...,, 
Contamination Zone Depth(s): ____________ _ 
Isotope from Spectral Survey:___,;;;.;;;;;_ __________ _ Max Survey Depth ( 6n1 

Survev Date num. Glos num. Samoles 

Survev Date Reason Selected lnum. Samoles 

V 

Survey Date Reason Selected num. Samoles 

D- o 

GAPS.Txt 
Comment 

HI-ZONES Txt 
Comment . 
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BackGnd. Txt 
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filein := "two. bet" 

A:= READPRN(filoin) 

N :• last(yr) 

HNF::353.2 -REVO 
. . 

Well 21-01-10 

net := A<7> bkg := A<f>> 

N=407 i:• O .. N j :• 0 .. 299 
't'CU := 5.27 

'tCO := 5,27 't'CS :• 30.17 aco := 00 

k :• O .. 300 

acs := 463 Eu variables are CQ:6Q 
aeu := 116 

ln(2) -(yri - 7S) '-:;;-
Co. := aco·e 

I 

ln(2) -(yri - 7.5)-
Eu. := aeu·e mi • I 

I 
toti := Csi + Bui 

Cs variables are U238 
This data edited for spurious points 
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HNF::353.2 -REVO 

Borehole 22-02-01 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity 
Contamination (Cs-137) from 10-20 feet is Tank Fann Activity 

Contamination (Cs-137) from 40-53 feet is Stable 
Contamination (Ru-106) from 55-75 feet is Stable 

Contamination (Co-60 & Ru-106) from 80-96 feet is Stable 

Grade thickness product, Cs-137 (HPGe identified), from Oto 10 and 10 to 20 feet is erratic, 
indicative of tank farm activities such as transfer line operations. The grade thickness product 

appears stable from 1986 to 1993 for 0-10 feet and stable from 1984 to 1993 for 10-20 feet. 
Grade thickness product from 40 to 53 feet is decreasing consistent with Cs-137 (HPGe 

identified) from 1975 to 1993. (Special note the possibility of Co-60 at very low levels may 
account for the very slight deviation from 1975 to 1983. 

Grade thickness product from 55 to 75 feet is decreasing consistent with Ru-106 (hypothesis) 
from 1975 to 1993, but at very low levels. 

Grade thickness product from 80 to 96 feet is decreasing consistent with a least squares fit for Co-
60 (HPGe identified) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit results in 

gross gamma contribution ratio ofRu-106 to Co-60 of2.18 as of Jan 1975. 

Gr Gamm s oss a urvey onna1on 
ProbeTvoe : 04: Na! 

Other Probe Tvoes : 03: Neutron 
Borehole Depth : 100 ft 

Survey Det,th : 100 ft 
First Survev Date : 1/9/1975 
Last Survev Date : 10/27/1993 
Number Surveys : 593 

IYSlS o es Anal ' Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Back2round: Threshold 0<val<S0 

Depth( s) where Contamination ldentified 0-10 & 10-20 Tank Farm Activity 
in Gross Gamma Surveys : 40~53. SS-15. & 80-96 Stable 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehole 22-02-02 

Contamination (Cs-137) from 0-6 feet is Tanlc Farm Activity 
Contamination (Cs-137) from 6-18 feet is Stable 

Grade thickness product from O to 6 feet is erratic indicative of tank farm activities such 
as transfer line operations. 

Grade thickness product from 6 to 18 feet is decreasini consistent with 
Cs-137 (HPGe identified) from 1975 to 1993. 

ss ma urvey ormation Gro Garn s Inf• 
ProbeTVDe : 04: Nal 

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

Survey Depth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 10/27/1993 
Number Survevs : 540 

Anal . N otes IYStS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Background : Threshold 0<val<S0 

Depth( s) where Contamination Identified 0-6 Tank Farm Activity 
in Gross Gamma Surveys : 6-18 Stable 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehole 22-02-05 

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

Grade thickness product from Oto 10 feet is erratic indicative of tank farm activities such 
as transfer line operations. 

Grade thickness product from O to IO feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1986 to 1993. 

oss amma urvey Gr G s Infi ormat1on 
Probe Type: 04: Nal 

Other Probe Tvoes : 02: Red GM, 03: Neutron 
Borehole Deoth : 100 ft 

Survey Depth : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 10/27/1993 
Number Surveys : 545 

IYSIS o es Anal. Nt 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute BackRround : Threshold O<val<S0 

Depth(s) where Contamination Identified 0-10 Tanlc Farm Activity 
in Gross Gamma Survevs : 

Analvst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehole 22-02-07 

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

Grade thickness product from O to 10 feet is erratic indicative of tank farm activities such 
as transfer line operations. 

Grade thickness product from O to IO feet is decreasing consistent with 
Cs-137 (hypothesis. no HPGe data) from 1986 to 1993. 

Special note. the average background changed consistently after May 25, 1978. 

ss ma urvey onnat1on Gro Garn s lnf1 
Probe Type : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Borehole Deoth : ISO ft 

Survey Depth : 150 ft 
First Survey Date : 1/9/1975 
Last Survey Date : 10/20/1993 
Number Survevs : 452 

Anal . N otes IYSIS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Background : Threshold O<val<S0 

Depth(s) where Contamination Identified 0-10 Tank Farm Activity 
in Gross Gamma Surveys : 

Analyst Name : RR. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF::3532 -REVO 

Borehole 22-02-09 
Page 1 of2 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity 
Contamination (Sb-125) from 20-26 feet is Stable 

Contamination (Sb-125 & Ru-106) from 26-34 feet is Stable 
Contamination (Sb-125 & Ru-106) from 34-44 feet is Stable 

Contamination (Co-60 & Cs-137 & Ru-106) from 44-52 feet is Stable 
Contamination (Co-60) from 55-65 feet is Undetermined 

Grade thickness product. Cs-137 (HPOe identified), from O to 10 feet is erratic, indicative of 
tank farm activities such as transfer line operations. The grade thickness product appears stable 

from 1986 to 1993 for 0-10 feet. 

Grade thickness product from 20 to 26 feet is decreasing consistent with Sb-125 (hypothesis) 
from 1975 to 1993. 

Grade thickness product from 26 to 34 feet is decreasing consistent with a least squares fit for 
Sl,.125 (hypothesis) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit results in 
gross gamma contribution ratio ofRu-106 to Sb-125 of 5.34 as of Jan 1975. Note, Cs-137 HPGe 

identified, but at low enough levels to not register above threshold. 

Grade thickness product from 34 to 44 feet is decreasing consistent with a least squares fit for 
St,.125 (hypothesis) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit results in 
gross gamma contribution ratio ofRu-106 to Sb-125 of0.19 as of Jan 1975. Note, Cs-137 HPOe 

identified, but at low enough levels to not register above threshold. 

Grade thickness product from 44 to 52 feet is decreasing consistent with a least squares fit for 
Ru-106 (hypothesis) and Co-60 (HPGe identified) and Cs-137 (HPOe identified) from 1975 to 

1993. The least squares fit results in gross gamma contribution ratio ofRu-106:Co.60:Cs-137 of 
1780:613:106 as of Jan 1975. 

Grade thickness product from 55 to 65 feet is decreasing consistent with Co-60 (HPGe 
identified) from 1975 to 1993, but at very low levels. There may be some indication ofRu-106 
at low levels very early (1975-1976). but such a short time cannot be used to differentiate stable 

from a hypothesis fit. 
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HNF~353.2 -REVO 

Borehole 22-02-09 
Page 2 of2 

oss a urvcy ormat1on 0r Gamm s um 
Probe Type : 04: Nal 

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

Survey Depth : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 10/27/1993 
Number Surveys : 607 

Anal . N otes IYSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Backszround : Threshold O<val<50 

Depth( s) where Contamination Identified 0-10 Tanlc Farm Activity, 20-26, 26-34, 34-
in Gross Gamma Surveys : 44, & 44-52 Stable, 55-65 Undetermined 

AnalvstName : R.R. Randall 
Comnanv Name : Three Rivers Scientific 
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Yorehole 

J?Y 
2,2,-tz2 -b I 

HNF::353.2 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys b02' Probe Type D '-/ 

Log Date; / - C7-?£ I" 
# neutron surveys ~ 
/t>27-9J Last 

# GR Surveys £'I. 3 
Presentation Plot Dates 

(I( ctiffl_ermt_Crom_J.,,_" .. -La-,-1) -

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: C ~ i C <Z 1lit7 1 kvc,, Max Survey Depth I Ci P 

GAPS.Txt 
Survev Date num. Gaos num. Samoles Comment 

HI~ZONES. Txt 
Survev Date Reason Selected num. Samoles Comment 

\.. ~ 

BackGnd. Txt 
Survev Date Reason Selected num. Samoles Feo.Clean Ava.Ska Comment 

00 :13:~ 



V 

filein ;::: "two.bet" 

A:= READPRN(filein) 
80-96 feet 

HNF::353.2 -REVO 
Well 21-02-01 

yr::cA<I> net :• A<r> bkg := A<.6> 

N :• last(yr) N =515 i:•O .. N k :• 0 .. 300 

acs := 172 

j :• 0 .. 299 
-reu := 1 

~co:= 5.27 ~cs:• S.27 aco := 00 Eu vartabtos are 
Ru-106 aeu := 375 

ln(2) . (yri - ")--
Cs. ;z acs·e 1CI 

t 

ln(2) · (yri - 75)-
Eu. := aeu·e WAI • I 

I ~ := Csi + Eui 

Cs variables are Co-60 grossi := net. 

groui 

• 
toti 

400 

200 

This data edited for spurious points 

o L--1_---1._......L~_:i_:~~n~~PAIIIJ!!liilll~~r.J 
74 76 78 80 82 86 

[ [ 
•(yr,-7.5)1n(2) ·(YTi-7.5)~2)]]2 

ssq(al ,a3) :• L grossi - al ·e 
1 

• + a3·e 1W 

Given 

ssq(acs,aou)•O 1•1 

[:] :• Mmerr(acs,aeu) 
acs = 172.836 
co.ea 

88 

out<O> := yr out <I > :s tot WRITEPRN("twop.txt") :• out 

90 

aeu = 375.357 
Ru-106 

92 

~=0.46 
aeu 

E~ -S 
-=6.068•10 
~ 

Two comp decay80-96.mcd 8128198 

00 104 
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HNF::353.2 -REVO 

V r3Y 
Borehole l~ -OJ.-.-Q?---.. 

Log Date: /-[--21 1st 

Dry Well Survey Analysis - Notes 

Total # Surveys Ff 5" Probe Type 01j 
# neutron surveys O: # GR Surveys $?t~ 
/t;-7,7-tz Last Presentation Plot Dates or~·---.lh,m--,,J~-11-I..t-,r-) -

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: C1 @ .&,,t·k~ 

I 

Max Survey Depth ft!> 6 

GAPS.Txt 
Surv Oare num. Ga s num. Sam cs Comment 

HI-ZONES. Txt 

BackGnd. Txt 
Av .Bk Comment 

Anal sis Notes 

Analyst Namc ~~c;,&.:....,,.~~~~~--- S/W ver r;:::::Atf2r ::1" ;;L, J._ 

00 1.~5 
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HNF:-:3532 -REVO 

Dry WeH Survey Analysis - Notes 
I ?;Y 

~orehole A?,-o;z -o F Total# Surveys Ft/°! ..-.. Probe Type O '/: 0 2-
# GR Surveys £f-£ 
Presentation Plot Dates 

# neutron surveys 3 
Log Date: ]-It., 7f l st I I} --2-7-'7 J Last ------(If ditrcrenl from t • .t last) 

Contamination Zone Depth(s): _ _,D"---__ I P _________ _ 
Isotope from Spectral Survey: __..C,....:f....._ ..... n,,d..._~lf.1,_ __ =--,r.-~--~1<-:1~---- Max Survey Depth ( P 0 

GAPS. Txt 
Survev Date num. Gaps num. Samolos Comment 

ID-ZONES. Txt 
Survey Date Reason Selected num. Samoles Comment ~ 

0-/1?, ~;t' #L. - - .-.L. ...... --
~ / ....1~~~ 
--, 

\.-,,' 

BackGnd. Txt 
Survey Date Reason Selected num. Samoles Feo.Clean Avg.Bk~ Comment 

Anal sis Notes 

S/Wver~,~ 

136 



• HNF~35}.2 -REVO 
t• . • • 

Dry Well Survey Analysis - Notes . 
V 

Borehole J.1- 0 ~ -0'7 · Total # Surveys lj/? f Probe Type PJ/ 
# neutron surveys :2.. # GR Surveys 't~ 

Log Date: /-! -Zf: 1• f fl-1f -~~ Last Presentation Plot Dates __ _,,,..~--
(If dit\crcn• 6um 1 • .1 La•O 

Contamination Zone Dcpth(s): -~-0--,.J.~_P,__ _________ _ 
Isotope from Spectral Survey: --=-~&M...~~~--------- Max Survey Depth [ b&) 
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Surv Dale num. 0a s num. Sam les Comment 
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Surve Date Comment 

()-/0 

BackGnd.Txt 
Av .Bk Comment 

S/Wvcr ]c~ 2-.2-
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HNF::353.2 -REVO . . . '' 

Dry WeJJ Survey Analysis - Notes 
V 

Borehole J-2. - () 2 - 0 j 

Log Date: f-- /?-zr l ' 1 

Total# Surveys f, / 0 
# neutron surveys '.? 
f P-l..?-'}, Last 

Probe Type O_J.{ __ 
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Presentation Plot Dates 
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Contamination Zone Depth{s): --------------­
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• filein := "two26-34.txt" 

A := READPRN ( filein) 

HNF:-:353.2 -REVO 
Well 21-02-09 

net := A<7> bkg := A<li> 

N :• lut(yr) N=577 i:•O .. N k:•0 .. 300 j :• 0 .. 299 
'teu := l 

• 
\...,.,' 

• \_,I 

'CCO := 5.27 'tCS :: 2.77 

ln(2) -(YTt-,s)-
Cs. := acs·e 105 

I 

aco :z 00 

) 
ln(2) 

-(yri-7S ~ 
Coi := aoo·e 

This data edited for spurious points 

500 

400 

300 
~ 

9 
toti 

-200 

100 

0 
74 76 78 80 82 84 

~-I 

acs := 82 

86 

-(yr, - 75) ............_ -(yr, - 75) ·-
[ [ 

ln(2) ln(2) )]2 
ssq( al ,a3) :• L grossi - al ·e i lCS + a3·e • 'ICU 

Given 

ssq(acs,aeu)•O l•l 

[:] := Mmerr(acs,aeu) 
acs :::. 79.253 
Sb-125 

ln(2) -(yri-75)-
Cs. :~ acs·e ,cs 

I 

( 
ln(2) - yri-75)-

Eu. := aeu·e 'le\! 
I 

88 90 

aeu = 423.444 
Ru-106 

<0> out := yr out<]> := tot WRITEPRN("twop26--34.txt") :o: out 

Two comp decay26-34.mcd 81'l8198 

139 

Eu varfab!es are 
Ru-106 aeu := 419 

t~ :• Csi + Eui 

Cs variables are Sb-125 

92 

~=0.187 
cxeu 

94 

E~ -3 
- :::.1.279•10 
c~ 

Page 1 



filein ::o "two34--44. txt" 

A := READPRN(filein) 

HNF~353.2 -REVO 
Well 21-02-09 

, A<l> yr .• net := A<T> bkg := A<Jj> 

N :• last(yr) N =586 i :•O .. N k :• 0 .. 300 

acs := 1630 

j :• o .. 299 
-eeu :s 1 

-rco := 5.27 'tCS := 2.77 

( 
ln(2) · yri-75)-

Cs. :,. acs·e 1108 

I 

aco := 00 

ln(2) -(yri-75)-
Co. :• aco·e too 

I 

This data edited for spurious points 

ln(2) -(yri-7S)--;;-
Eu. := aeu·e ·1 

I 

f;y vanables are 
BY:106 aeu := 300 

toti : .. Csi + Eui 

Cs variables are Sb-125 

2500,-----.----.-----.----.---""T"""--.,......--,------,------,-----

2000 

1500 
arossi 

0 
totj 

-1000 

0 
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76 78 80 82 86 

· (YI'.· - ") '---'-'- · (YI'.· - ")----
[ [ 

ln(2) ln(2)]]2 

ssq( al, a3) :• L grossi- al·e i tcS +a3·e t teu 

Given 

ssq(acs,aeu)•O l•l 

[:] := Mnerr(acs,aeu) 3 acs = 1.637•10 
Sb-125 

ln(2) 
• (YTi- 75) ln(l) 

Cs. := acs·e 1101 

I 

. -(yr;-75)--;;;-
Eu. :=aeu·e 

I 

88 90 

aeu =311 .536 
Ru-106 

out<O> := yr out<l > := tot WRITEPRN("twop34-44.txi") := out 

Two comp decay34.«.mcd 8/28198 

140 

92 

acs 
-=5.255 
aeu 

E~ -1 
-=4556•10 ~-

Page 1 
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\.J 

filein := "two44-52.txt" 

HNF~353.2 ·REVO 
Well 21-02-09 

A :a: READPRN(filein) 

N :• last(yr) 

't'CO := S.27 't'CS :: 30.17 

Cs ·- - (yri - 75) ln( 2) 
i ·- acs·e ic, 

gross. := net. 

yr:= A<!> net::s A<1> 

N =589 i:•O .. N 

aco := 613 

•(yri-7S)~ 
Co. := aco·e tco 

I 

I I 
This data edited for spurious points 

2500 

2000 

1500 
arossi 

0 
IOli 
-- 1000 

'l.. soo 

0 "--

0 • 0 

0 
74 76 78 80 82 84 

yri 

bkg := A<6> max:"' A<4> 

k :• 0 .. 300 

acs := 106 

j:•0 .. 299 

-(yr--75)~ 
Eu. :s aeu·e i Tell 1 I • 

0 

0 

2 ., 2 a .e ·~-• 
86 88 90 

Teu :• I 

Eu variables are 
Ru-106 aeu := 1780 

~ := Csi + Eui + C, 

92 94 

ssq(al ,a3 ,a2) :•"""'[gross._ ( al ·e• (yri- 75) ~) [ . • (yri- 75) ~) • (yri- 75) ln(2)]]]2 
~ 1 + a3 e + a2·e teo 

Given 

ssq(acs,aeu,aco)•O 

[:] ,= MMrr(~,Mu,=) 

l•l 2•2 

acs = 106 
Cs-137 

Cs .,. ,.. • (yri- 75) ln(2) 
i · ... cs·e 11:9 

Eu ·- • ()Ti- 7S) ln'.2) 
i .-aeu·e 1a1 

tot. := Cs. + Eu. + Co. 
I I I I 

out<O> : .. yr out<J > := tot 

aeu = 1.78•103 
Ru-106 

ClC0=613 
Co-60 

ClCS 

Co .,. •(yri-7S) ln(2) ;-eu =0.06 

1 • aco·e tto 

~ =5.576•10-s 
C5N 

Two comp decay44-52.mcd 

WRITEPRN("twop44-52:txt") :• out 

81'28198 Page 1 
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HNF:-:35J2 .. REVO 

Borehole 22-0J .. o 1 

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

Grade thickness product from Oto 10 feet is erratic indicative of tank farm activities such 
as transfer line operations. 

ss ma urvey ormation Oro Gam s Inf• 
Probe Type: 04: NaI 

Other Probe Types : 02: Red GM. 03: Neutron 
Borehole Depth : 95 ft 

Survey Deoth : 95 ft 
First Survev Date : l/16/1975 
Last Survey Date : 4/22/1994 . 
Nwnber Surveys : 538 

LYSIS 0 S Anal . N tc 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Backlll'ound : Threshold O<val<SO 

Depth(s) where Contamination Identified 0-10 Tank Farm Activity 
in Gross Gamma Surveys : 

Analyst Name : RR. Randall 
Comnanv Name : Three Rivers Scientific 
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HNF~353,2 -REVO 

Borehole 22-03-04 

Contamination (Cs-137) from 0-10 feet is Tanlc Fann Activity 
Contamination (Cs-137) from 10-30 feet is Tank Farm Activity 

Contamination (Sb-125) from 40-55 feet is Stable 
Contamination (Co-60 & Sb-125) from 55-85 feet is Stable 

Grade thickness products from 0 to 10 and 10 to 30 feet are erratic, indicative of tank farm 
activities such as transfer line operations. 

Grade thickness product from 40 to 55 feet is decreasing consistent with 
Sb-125 (HPGe identified) from 1975 to 1994. Note that Co-60 is HPGe identified, but at low 

levels for this interval. 
Grade thickness product from 55 to 85 feet is decreasina consistent with 

a least squares fit for Co-60 (HPGe identified) and Sb-125 (hypothesis) from 1975 to 1994. 
The least squares fit results in gross gamma contribution ratio of 

Co-60 to Sb-125 of0.36 as of Jan 1975. Special note, the HPGe did identify Sb-125 at 
shallower depths than 55-85, but the Sb-125 in 55-85 feet decayed to a level below detection. 

Oro G ss s amma urvev ormation 
ProbeTvoe: 04:NaI 

Other Probe Tvoes : 03: Neutron 
Borehole Deoth : 100 ft 

Survey Depth : 100 ft 
First Survev Date : 1/16/1975 
Last Survev Date : 4/20/1994 
Number Survevs : 457 

Anal . N otes ,SIS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Backllfound : Threshold O<val<S0 

Depth( s) where Contamination Identified 0-10 & 10-30 Tank Farm Activity 
in Gross Gamma Surveys : 40-55 & 55-85 Stable 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehole 22-03-05 

Contamination (Cs-137) from 0-5 feet is Undetermined 
Contamination (Cs-137) from 5-15 feet appears Stable 

Contamination (Cs-137) from 15-60 feet appears Stable 
Contamination ( Cs-13 7) from 60-85 feet appears Stable 

Grade thickness product from O to 5 feet is undetermined due to lack of depth control near the 
surface and the short time span of the data. 

Grade thickness product from 5 to 15 feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1980 to 1990. 

Grade thickness product from 15 to 60 feet is decreasing consistent with 
Cs-137 (HPGe saturated, but observed above and below) as determined by the red GM, since 

the green GM count rate limits. were exceeded. 

Grade thickness product from 60 to 85 feet is decreasing consistent with 
Cs-137 (HPGe identified). The very slight deviation from Cs-137 early cannot be claimed as 
deviation given the short dura~ion of the data collection. Special note, the HPGe did identify 

Co-60 in this interval, but the levels are low and dominated by the very high Cs-137 
concentration. 

Or G oss amma s urvey ormation 
Probe Type: 01: Green GM & 02: Red GM 

Other Probe Tvoes : 14: Shielded Nal 03: Neutron 
Borehole Depth : 100 ft 

Survev Dcoth : 100 ft 
First Survev Date : 7/24/1980 tool O 1 & 5/5/80 tool 02 
Last Survev Date : 11/8/1989 tool O 1 & 11/8/89 tool 02 
Number Surveys : 235 tool 01 & 255 tool 02 

S1S 0 Anal . N tes 

Number Surveys Rejected: 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Background : Threshold O<val<.50 tool 02 

Threshold O<val<20 tool O 1 
Depth( s) where Contamination Identified 0-5 Undetermined 

in Gross Gamma Survevs : S-15. 1S-60. & 60-85 Stable 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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HNF::353.2 -REVD 

Borehole 22-03-06 
Page 1 of2 

Contamination (Cs-137) from 0-10 feet is Tank Fann Activity 
Contamination (Cs-137) from 20-28 feet appears Stable 

Contamination (Cs-137, Co-60, & Sb-125) from 37-48 feet is Stable 
Contamination (Ru-106, & Sb-125) from 48-60 feet is Stable 

Contamination (Co-60, Ru-106, & Sb-125) from 60-94 feet is Stable 
Contamination (Sb-125) from 94-105 feet is Stable (when logged) 

Grade thickness product Cs-137 (HPGe identified) from Oto 10 feet is erratic indicative of tank 
farm activities such as transfer line operations. 

Grade thickness product from 20 to 28 feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1975 to 1993. Note that background subtraction may account 

for the small deviations observed. 

Grade thickness product from 37 to 4~ feet is decreasing consistent with 
a least squares fit for Cs-137 (HPGe identified). Co-60 (HPGe identified), and Sb-125 (HPGe 
identified) from 1975 to 1993. The least squares fit results in gross gamma contribution ratios 
ofCs-137:Sb-125:Co-60 of 690:80:1265 as of Jan 1975. The stack plots shows this interval to 
change profile over 1975 to 1993, which indicates the slower decay components are located in 

the upper section. 

Grade thickness product from 48 to 60 feet is decreasing consistent with 
a least squares fit for Ru-106 (hypothesis), and Sb-125 (hypothesis) from 1975 to 1993. The 
least squares fit results in gross pmma contribution ratios ofRu-106 to Sb-125 of0.25 as of 

Jan 1975. Note, Co-60 was marginally identified in this interval, but not visible in gross gamma 
due to large Sb-125 contribution. Sb-125 present; but not at detection levels when HPGe data 

collected. 

Grade thickness product from 60 to 94 feet is decreasing consistent with 
a least squares fit for Ru-106 (hypothesis), Co-60 (HPGe identified), and Sb-125 (hypothesis) 

from 1975 to 1993. The least squares fit results in gross gamma contribution ratios ofRu-
106:Sb-125:Co-60 of 581:3440:299 as of Jan 1975. 

Grade thickness product from 94 to 105 feet is decreasing consistent with 
Sb-125 (hypothesis) from 1975 to mid 1983, when logging of this interval ceased 

Due to the complex nature of the intervals in this borehole, a depth shifting was required for all 
zones analyzed. 
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HNF~35}.2 -REVO 

Borehole 22-03-06 
Page2 of2 

ross urvey ormat1on G Gammas ltm 
Probe Type : 04: Nal 

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

Survey Depth : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 4/20/1994 
Number Surveys : 490 

IYSlS o es Anal ' Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Background : Threshold 0<val<50 all zones but 

60-94 least sauares fit background 

Depth(s) where Contamination Identified 0-10 Tank Farm Activity 
in Gross Gamma Surveys : 20-28, 37-48, 48-60, & 60-94 Stable 

94-105 Stable (when lo22ed) 

AnalvstName : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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Borehole 22-03-07 

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity 
Contamination (Co-60 & Sb-125) from 47-62 feet is Stable 
Contamination (Ru-106, & Co-60) from 62-90 feet is Stable 

Grade thickness product Cs-137 (HPGe identified) from Oto 8 feet is erratic indicative of tank 
farm activities such as transfer line operations. 

Grade thickness product from 4 7 to 62 feet is decreasing consistent with a least squares fit for 
Co-60 (HPGe identified) and Slrl25 (hypothesis) from 1975 to 1993. The least squares fit 

results in gross gamma contribution ratio ofSb-125 to Co-60 of2.10 as of Jan 1975. 
Grade thickness product from 62 to 90 feet is decreasing consistent with a least squares fit for 

Ru-106 (hypothesis) and Co-60 (HPGe identified) from 1975 to 1993. The least squares fit 
results in gross gamma contribution ratio ofRu-106 to Co-60 of 1.0 as of Jan 1975. Note, the 
background was least squares fit and subsequently subtracted for this interval grade thickness 

product. 

oss a urvev Gr Gamm s orma on lnfi ti 
Probe Type : 04: Nal 

Other Probe Tvoes : 02: Red GM, 03: Neutron 
Borehole Denth : 100 ft 

Survev Deoth : 100 ft 
First Survey Date : 1/16/1975 
Last Survey Date : 4/20/1994 
Number Surveys : 475 

IYSlS oes Anal. Nt 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Background : Threshold O<val<SO all zones but 

62-90 with least sauares fit baclazround 

Depth(s) where Contamination Identified 0-8 Tank Fann Activity 
in Gross Gamma Survevs : 47-62 & 62-90 Stable 

Analyst Name : R R Randall 
ComoanvName : Three Rivers Scientific 
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Borehole 22-03-08 

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity 
Contamination (Co-60 & Ru-106) from 40-60 feet is Stable 

Contamination (Co-60) from 80-98 feet appears Stable 

Grade thickness product Cs-13 7 (HPGe identified) from 0 to 8 feet is erratic indicative of tank 
farm activities such as transfer line operations. 

Grade thickness product from 40 to 60 feet is decreasing consistent with a least squares fit for 
Co-60 (HPGe identified) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit 

results in gross gamma contribution ratio ofRu-106 to Co-60 of 5.92 as of Jan 1975. 
Grade thickness product (Co-60) from 80 to 98 feet is decreasing consistent Co-60 (HPGe 

identified) from 1975 to 1993. The levels are near threshold for gross gamma. 

ross ma urvev ormat1on G Garn S lnf4 
Probe Type: 04: Nal 

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

Survev Depth : 100 ft 
First Survey Date : 1/15/1975 
Last Survey Date : 4/20/1994 
Number Surveys : 504 

Anal . N otes IYSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Comoutc BackRTOund : Threshold 0<val<50 

Depth( s) where Contamination Identified 0-8 TanJc Farm Activity 
in Gross Gamma Survevs : 40-60 & 80-98 Stable 

Analyst Name : R.R. Randall 
Comnanv Name : Three Rivers Scientific 
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HNF~353.2 -REVO 

Borehole 22-03-09 
Page 1 of 2 

Contamination (Cs-137 & Eu-154) from 0-11 feet is Tanlc Farm Activity 
Contamination (Ru-106) from 11-24 feet is Undetermined 

Contamination (Ru-106 & Sb-125) from 24-52 feet is Unstable Early 
Contamination (Ru-106) from 44-52 feet is Unstable Early 
Contamination (Co-60) from 78-82 feet is Unstable Early 

Contamination (Co-60) from 48-95 feet has downward Movement* 
•During downward movement could be any radionuclide 

Grade thickness product Cs-137 (HPGe identified) from Oto 11 feet is erratic indicative of tank 
farm activities such as transfer line operations, but also contains Eu-154 (HPGe identified) that 
shows stable from 1986 to 1994. Note Co-60 HPGe identified) levels are too low to be seen. 

The interval from 11 to 52 feet bas possible downward movement, refer to stack plot. Thus this 
interval is broken into several sections, 11-24, 24-52, 44-52, and 11-52 feet. Co-60 and Cs-137 
were both identified by HPGe logging system; however, Sb-125 & Ru-106 are hypothesized for 

some of the intervals. Grade thickness product from 11 to 24 feet is decreasing nearly consistent 
with Ru~106 (hypothesis) and the HPGe identified Cs-137 is to low to register. Depth errors may 
cause the small deviation observed, but due to possible downward movement depth correction is 
not computed. Grade thickness product from 24-52 feet follows a least squares fit for Sb-125 & 

Ru-106 (both hypothesized) after initial increase and fixing from 1975 through 1977. Given 
these radionuclides, the gross gamma contribution ratio of Sb-125 to Ru-106 is 0.23 in Jan 1975. 

If the upper mne from 11-24 is Ru-106, then the increase from 1975 to 1977 for 24-52 feet is 
lateral. Grade thickness product from 44 to 52 feet is observed for the structure from 1984 to 
1994. Before 1984, there is possible downward movement into this mne, but after 1984 the 

possibility of fixing in this bed exists. Given the isotope is Ru-106, then the interval is stable 
after 1984. May be a case for downward movement to a fixing mne. The entire mne from 11-
52 feet has the dominant character of24-52 feet, and stable after 1977 for Sb-125 and Ru-106. 
Therefore, the total conserved radionuclides are stable within this encompassing zone and any 

downward movement is confined to this total depth interval. The least squares fit results for the 
gross gamma contribution ratio of Sb-125 to Ru-106 is 0.20 in Jan 1975. 

The interval from 48 to 95 feet is chosen in order to view the clearly downward moving front 
and avoid depth control problems. An attempt to process a grade thickness product over this 

interval to cover all the downward movement range is not possible since the movement is below 
the borehole depth. However, the interval from 48 to 95 feet should cover all downward 

movement from 1975 to mid 1985, and over this time there is no stability. This indicates lateral 
influx as well as the downward migration. An Sb-125 decay curve (hypothesis) is shown over a 
possible early (and thus stable) time froni 1976 to 1978. The Sb-125 may have been stable and 
still not register on the HPGe due to detection thresholds, but could have also been remobilized 

and flushed from the zone. Final note, from 1991 to 1994 the interval appears to be stable Co-60 

00 17!1 
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Borehole 22-03-09 
Pagel of2 

(HPGe identified), which indicates a residual left behind. Likewise, the interval from 78-82 feet 
may be a lense that retained Co-60 after the front moved down. Thus the grade thickness plot 

for 78-82 feet should be viewed from about 1987 to 1994. Over this time, the interval does 
match the Co-60 (HPGe identified) suggesting fixed Co-60 after passage of the front. Note that 
in 1975 the front covered this thin zone, therefore, it is possible this fixed Co-60 was in place 

before the front moved through. The front in this entire interval is moving at a rate near 2 ft/year 
downward. Given this rate is maintained, then the present leading ledge of the front is now (Aug 

1998) at a depth of 122 feet. 

During instability, no identification of isotopes is possible. and any one or combination may in 
fact be the mobile species. 

oss urvey ormation Gr Gamma s Inf1 
Probe Type: 04: Nal 

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

Survev Deoth : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 4/20/1994 
Number Survevs : 618 

Anal . N otes lYSIS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Background : Threshold 0<val<50 all zones but 

24-52 with least souares fit back2round 

Depth(s) where Contamination Identified 0-11 Tank Farm Activity 
in Gross Gamma Surveys : 11-24 Undetermined 

24-52 & 44-52 & 78-82 Unstable Early 
48-95+ Downward Movement 

Analvst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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01/16175 
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HNF~353.2 -REVO 

Borehole 22-03-10 

Contamination (Cs-137) from 0-8 feet is Tanlc Farm Activity 
Contamination (Cs-137) from 8-30 feet is Stable 

Grade thickness product Cs-137 (HPGe identified) from Oto 8 feet is erratic indicative of tank 
farm activities such as transfer line operations. 

Grade thickness product from 8 to 30 feet is decreasing consistent with Cs-137 (HPGe 
identified) 1975 to 1994. The activity levels are near threshold for the gross gamma logging 

system. 

oss urvey ormation Gr Gamma$ hm 
Probe Type: 04: NaI 

Other Probe Types : 03: Neutron 
Borehole Deoth : 100 ft 1975 85 ft from 1980-1994 

Survey Depth : 100 ft 197S 85 ft from 1980-1994 
First Survey Date : 1/16/1975 
Last Survey Date : 4/20/1994 
Number Surveys : 472 

Anal . N otes IYSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Comoute Backaround : Threshold O<val<50 

Depth(s) where Contamination Identified 0-8 Tank Fann Activity 
in Gross Gamma Surveys : 8-30 Stable 

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

00 189 
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HNF::353.2 -REVO 

Dry Well Survey Analysis - Notes 
V 

Borehole zx-o>- 0 / 

Log Date: I-W-7! ztt 

Total II Surveys ...ffL 
# neutron surveys -7--
H -i.'1- - 2:r' tast 

Z­

Probe Type pf t> 2-
# OR Surveys b-~ ~ 
Presentation Plot Dates 

(lf diffi~-..---,-hn-1,jj,....~-La-lt-) -

Contamination Zone Depth(s): ~---,-------,,-----­
Isotope from Spectral Survey: C? ..PA:tY :t /J ¥« Max Survey Depth °I£ 

GAPS.Txt 
Suivev Date num. Gaos num. Samc,le, Comment 

HT-ZONES.Txt 
Survey Date Reason Selected num. Samples Comment . 

0 -1'!7 i-tf.h1 - 'Jt!a::. .)t-. 

j 

BackGnd. Txt 
Survey Date Reason Selected num. Samoles Fea.Clean Avg.BkM Comment 

narysrs ores A I . N 

Analyst Name 
e __ gv 

S/W ver Tfi.8R?t(~.,, "2,..-, - ----
' , -

00 19~. 



V 

HNF~353.2 -REVO 

filein := "two. net" 
15-95feet 

Well 21-03-01 Special study in low grade Cs over all wen depths and 
sensitivity to background. 

A := READPRN(filein) net := A<7> 

N :• last(yr) N = 515 i :•0 .. N 

TCO := 5.27 aco ::: 00 

gross. ::: net. 

bkg :• A<.6> 

le :• 0 .. 300 

ICS :: 1600 

j :• o .. 299 Teu :2 30.17 

Eu vadables are 
Ru-106 aeu :• 500 

tot. :• Cs. + Eu. 
I I I 

Cs variables are U238 
I I 

This data edited for spurious points 

J()()().----..___,..------------,--......,..---.---.-----..---r---....-----, 

l['Olli 
0 

2,00 

toti 2000 

2000 

1500 

1000 

Given 

74 

0 

• 
0 

0 

76 78 

ssq(acs , aeu)•O 

[ :: ] ~ Mmerr( acs, aeu) 

out<O> :• yr out<I > :c tot 

0 

80 

0 
0 

0 
0 0 O 

0 

0 

82 84 
yri 

l•l 

3 acs = 1.562•10 
U-238 

86 

0 
0 

0 

• • .. ,. ..... 
0 0 0 

88 

0 

90 92 

aeu =532.09 
Sb-125 

tot. :a: Cs, + Bu. 
I I l 

~=2.935 
aeu 

WRITEPRN("twop.txt" ) :21 out 
E~ 
- -= 0.219 
C9N 

96 

Two comp decay44-60.mcd 8/31198 Page 1 

00 194 



Borehole 
?7 
U-tlJ-o'/ 

Log Date: f-JJ-7£1•1 

HNF~353.2 -REVO 

Dry Well Survey Analysis - Notes 

Total# Survey{jt,=-J,. __ 
# neutron surveys q 
t-/-20 '9'/ Last 

Probe Type OJ/ 
# GR Surveys '1£7 
Presentation Plot Dates 

(If dilfi=-cnnt~6vm-l,,..• i&_fA_IC_) -

Contamination Zone Depth(s): _______________ _ 
Isotope from Spectral Survey: __.C-R:~kj----L_..k _____ C_p ____ _ Max Survey Depth \C,0 

Surv Date num. Ga s num. Sam lea Comment 

Surve Date 

GAPS.Txt 

HI-ZONES. Txt 

BackGnd. Txt 
Comment 

Anal sis Notes 

S/WverTr;{;~ 

00 195 



V 

V 

V 

filein :• "two55-85.txt" 

A := READPRN(filein) 

HNF~353.2 -REVO 

Well 21-03-04 

net := A<1> bkg := A<6> 

N :• last(yr) 

'fes := S.27 

N =-435 i :• O .. N k :s0 .. 300 j :• 0 .. 299 
"teu ;a 2.77 

"tCO :• S.27 aco :• 00 acs := 230 

( 
11(2) 

• yri - 75)----
Cs. :• acs·e tea 

1 

This data edited for spurious points 

1000 
) 

800 

600 aroa-l 
0 

Ioli 
400 

200 

0 
74 76 78 80 82 84 116 88 

yri 

• (yri - 75) '--'--- • (yri - 75) ,_____ 
[ [ 

ln(2) ln(2) ]]2 
ssq(al,a3):•L grossi- al ·e 111:1 +a3 ·e wu 

ssq(acs ,aeu)•O l•l 

[:] :c Mmerr(acs,aeu) 
acs = 229. 704 
Co-60 

o,o 

90 92 

aeu •638.998 
Sb-125 

tot. := Cs. + Eu. 
I I I 

out<O> := yr out<l > := tot 

Two comp decay55--85.mcd 

WRITEPRN("twop.txt") :« out 

8/15198 

00 196 

Eu yanables are 
BY·] 06 aeu :• 640 

toti := Csi + Eui 

Cs variables are U238 

94 

~=0.359 
aeu 

E~ 
~ =0.281 

Page 1 



HNF~353.2 -REVO ~-~ 
~ ~,-b-41 I 

Dry WeIJ Survey Analysis -- Notes :zl-1>-~,; 7 , 

Total# Surveys _£.5;/... Probe Type 0/ · D~ t'1' 1'1-
# neutron surveys '/: # GR Surveys 

Log Date: 7-:Z .f-~~ 1st Q II - ff' - 1 f' Last Presentation Plot Dates (E.V (l(dilferent_...,.&an_l.,,....., .t_Ll_.t_) _ 

Contamination Zone Depth(s): ----------------­
Isotope from Spectral Survey: c; ~J{,fd/') Co Max Survey Depth / t>D 

Survev Date num. Gaps num. Samples 

Su 

Survev Date Reason Selected num. Samoles 

GAPS.T,ct 
Comment 

HT-ZONES. Txt 

BackGnd. Txt 
Feci.Clean Avtt .BkK Comment 

S/W ver TEG/(4JfS"' ~ p:)... 

00 197 



HNF:-.353.2 -REVO 

Dry Well Survey Analysis - Notes \....,,' ~ i 
Borehole -J ~ -() '3 - 0 /, Total# Surveys I/ 9(, Probe Type 0// 

# neutron surveys It # GR Swveys J,Jr,ff: V?'t?J 
Log Date: }- Jv,} f I tt J.t-i1J -o/11- Last Presentation Plot Dates _____ _ 

(ttditferent &om 1• ~ uiat) 

Contamination Zone Dcpth(s): ------------­
Isotope from Spectral Suryey: C ,- C,,,-,S)_,_ 

t S/.,,,.,.,. rwl°.,~ 
GAPS.Txt 

Survev Date num. Ga0s num. Sami,les Comment 

HT-ZONES. Txt 

BackGnd. Txt 
Survev Date Reason Selected num. Sami,les Feo.Clean Av2.Bk11 Comment 

Max Swvey Depth l!/2._ 

AnalystName ~ ~ S/Wvei"J:~,2,..-~ 

00 198 



fiJein := ·two37--48.txt" 

A:= .R.EADPRN(filein) 

V 
N :• last(yr) 

HNF~353.2 -REVO 

Well 21-03-06 

net:= A<7> bkg :• A<f>> 

N=472 i:•0 .. N 

max:= A<4> 

j :• 0 .. 299 
'teu := 2.77 

'tCO :• 5.27 'tCS := 30.17 ~ :=80 

k :• O .. 300 

acs := 690 Eu variable§ are 
Bu-106 aeu : .. 126so 

~ :• Csi +Eui +0 

Cs variables are U238 
This data edited for spurious points 

5000 

0 .___ ......... __ ...___..,.L __ ...__ ......... __ ....,__ _ _... __ ....__ _ __._ __ ......._ _ ___, 
~ M n ~ ~ ~ ~ n ~ ~ % 

yri 

-(yr1 - 75) ,_____ - (yri - 75) •- -(yri - 7S <.....;....;.. 

[ [ 

ln(2) [ ln(2) ) ln(2)]]]2 
ssq(al ,a3 ,al):• L grossi - al-c, 11:1 + a3 ·e '11N + a2·e 100 

ssq(acs,aeu,aco)•O 

ID(2) -(yri - 7S)-

1•1 2•2 

acs = 689.623 
U-238 

aeu = 1.265•104 

Sb-126 

acs 
-=0.0S.S 
aeu 

aco =79.7 

Cs. := acs·e u:s 
I 

( 
ID(2) 

• yr;-75)'-'----
C<>i := aco·e 100 

E~ 
-=0.228 
C5N tnt. := Cs. + Eu. + Co, -'i 1 1 I 

out.<1J> := yr Out<l > := tot 

Two comp decay37-48.mcd 
WRITEPRN("twop37-48.txt") :,. out 

8118198 

00 1.99 
Page1 



V 

V 

V 

HNF~3S}.2 -REVO 

tilein := "two48-60.txt" Well 21-03-08 

A:= READPRN(filein) net :z A<7> bkg :• A<f,> max := A<4> 

N :• last(yr) N=473 i :•0 .. N 

,:co := 1 i:cs :• 30.17 · 109 aco := 500 

-()Ti- 75) ln(2) 

Cs. := acs·e a 
I 

gross. :• net. 
I I 

This data edited for spurious points 

k :• o .. 300 j :• o .. 299 

8CS :•-60 

h(2) -(yrt-75)-
Eu. :• aeu ·e 1a1 • l 

I 

,:eu :a 2. 77 

Eyyarjabfesare 
Ru-106 aeu := 2000 

tot := Cs. + Eu. + C, 
I I I 

Cs variables are U238 

3000.-----------------------,-----,...----.-------r-----....----

2000 

IIJ'Ollj 

o 1000 
to(i 

0 

-1000 ._ _ _._ __ ......_ _ _._ ___ .__ _ _.__ _ _. ____ __._ _______ __. __ _, 

74 76 78 80 82 86 88 90 92 

[ [ -(YI'· - 75) ~ [ -(YI'.· - 75) ~ ]]]
2 

ssq( al , a3 , bkg) :• L grossi - al ·e 
1 100 + a3 ·e 

I 
wu + bkg 

Giwn 

i 

asq(aco,aeu,blcg)•O 

[:] •· MMn(-.uu,bQ) 

l•l 

Bkg • -59.013 
Background 

ln(l) -(yri-75)-
Eu, := aou·o iau 

I 

3 aeu = 1.998•10 
Sb-125 

94 

bkg :•-50 

aco == S0I.47 
Ru-106 

E~ 
~ =-0.266 

~<IJ> :• yr out<I > :• tot 

Three comp decay48-e0.mcd 
WRITEPRN("tbreep48-60.txt") :• out 

8/28198 

Negative background from overstrtpplng 

Page 1 

00 200 



HNF~353.2 -REVO 
filein := "nw60-94b.txtN Well 21-03-06 

A :• READPRN(fiJein) 

N :• last(yr) 

'fCO := 5.27 -res :::r l 

ln(2) • ()'Ti - 75)----
Cs. : .. acs·e ,cs 

I 

N=470 i :• O .. N 

aco :.:: 299 

ln(:2) •(yri-7S)-
Co. :z: aco•e TCO 

I 

This data edited for spurious points 

Includes bkg, i.e. no background subtraction 

bkgrkp :• A<£>> max := A<4> b := 34·28.l 

k :• 0 .. 300 

acs := 581 

j :• o .. 299 
-reu :• 2.77 

Eu vanables are 
Sb-125 aeu :• 3440 

tot :• Cs. + Eu. + Co. + 
I I I I 

Cs variables are Ru-106 

6000 -----......--------------.-----------------, 

sooo 

4000 

gro,si 
0 3000 

tDti 

2000 

1000 

0 

0 ,...__........., __ ....._ _ __. __ ~ __ ....__ _ __._ __ ...._ _ __, __ ~ __ ...._ _ ___. 

u u n ~ ~ ~ ~ ~ ~ ~ % 

• (yri - 7S) ~ • (yri - 75) •- • (yri - 7S) ._______ 
[ [ 

ln(2) [ ln(2) ln(2) ]]]2 
ssq(al,'a3,a2,b) :• L grossi- al·e 1e0 + a3 ·e 91 +a2·e • +b 

ssa( aco.aeu.acs.b)•0 I•l 
aco 

aeu 
: .. Minerr( aco , aeu, acs, b) 

bkg 

tnt. :• bkg + Eu. + Co. + Cs. -1 1 1 I 

out<!.)> :2 yr out<)> ;: tot 

Three comp decay60-94Bkg.mcd 

exes =581 
Ru-106 

WRITEPRN("twop60-94Bkg.brt") :• out 

8.00/98 

00 201 

3 aeu =3.44•10 
Sb-125 

UCO s299 
Co-60 

_aco_ = 0.087 --------, 
bq • 9SS.4 aeu 

Flt background 

E~ 4 951,"t _1.,1,fc.l. 
- • 3.056•10 ~ - dt'-& 
~ J5pr 

Page 1 



HNF~3532 -REVO 

Dry Well Survey Analysis - Notes 
V 

Borehole ')J -IJ)- 01 Total # Surveys ffr? 
# neutron surveys 7 
l.f-'Jf--9 .f Last 

I 

Probe Type o'i._ t!).2.­

# OR Surveys 4£ ~ 
Presentation Plot Dates Log Date: /-ft.,, 'lf l •t 

Clfdiffinnt::---:-livm-1,:r-; .t"""u_lC_) -

Contamination Zone Depth(s): ____________ _ 
Isotope from Spectral Survey: __._C-9:;,...._ .... C;.aotz.._ ________ _ Max Survey Depth I ()P 

GAPS.Txt 
Survev Date num. Oaos num. Samoles Comment 

HI-ZONES. Txt 

BackGnd. T,ct 
Survev Date Reason Selected num. Sa,noles Feo.Clcan Av1r.Bk2 Comment 

A I . N otes nalYSJS 

,/ 

Analyst Name L~L£d S/W ver t/:wf't?>7 g,,2__ , . . ·- ... 
00 20" 



filein :• ~two47-62.txt" 

A:• READPRN(filein) 

N :• last(yr) 

HNF:-:353.2 -REVO 

Well 21-03-07 

net:= A<T> bkg := A<t,> 

N=460 i :•O .. N 

max:= A<4 > 

j :• 0 .. 299 
<teu :• 2.77 

'tCO :s 5.27 'tC:S :• 3 · 109 aco:: 408 

k :• o .. 300 

acs := 00 Eu variables are 
RU:108 acu := 856 

aross-:• net. 
I I 

This data edited for spurious points 

1soo.------.-----.---....... --....---.-----.---"T"'""---.---.---~----, 

&r'()Sli 
0 

toti 

1000 

500 

0'----'---....... ----'...__ _ _,__ __ ....__ _ _._ __ _._____,...__....__ _ __.____,;;..._..&..:.. _ __, 

74 
yri 

-(yrt - 75)........... - {Yf· - 75) ~ 
[ [ 

111(2) ln(2)]]2 

ssq(al ,a3) :• L grossi - al·e 'IICO +a3·e i wu 

Given 

ssq(aco,aeu)•O l•l 

[:] := Minerr(aco ,aeu) 
aco = 407.175 
Co-SO 

ln(2) -(yri - 7S)---
Eu. :: aeu·e 1llll 

l 

aeu = 856.208 
Sb-125 

out<O> :"' yr WRITEPRN("twop47-62.txt•) := out 

Two comp decay47-62.mcd 8120/98 

00 203 

~ .. 0.476 
aeu 

E~ 
-=0.213 
c°N 

tot := Co. + Eu. 
I I I 

Page 1 



HNF:-:35~.2 -REVO 

fiiein := "two62-90B.txt" Well 21-03-07 

A := READPRN(filein) 

N :• last(yr) 

'tCO := S.27 'fCS := 3 · 109 

-(yri-75) ~) 
Csi := acs·e 

' A<I> yr ... 

N=4SS 

net := A<7> 

i :•O .. N 

aco := 558 

( ) 
ln(2) 

- yri-7S ~ 
c°i := aco·e 

srossi ="'~ 
This data edited for spurious points 

0 

2000 

gr<>lli 

o 1500 
toti 

1000 

bkg := A<6 > 

k :• 0 .. 300 

acs ::: 00 

max :e A<A> B := 28·28 

j :• 0 .. 299 
-ceu := l 

Eu yartabtes ac, 
Ru-108 aeu :~ S62 

SOO'-----'---~-__. __ ........_ __ .._ _ _._ __ ....... _ __. __ _.._ __ _._ _ _, 
N u ~ ~ ~ ~ ~ n ~ n % 

yri 

[ [ 
-(yr, - 75) h1(2) -(yr, - ") 111(2) ]]2 

ssq(al,a3,B) :• L grosai - al ·e 
I 

wo -t-a3·e 
1 

._ +B 

Given 

ssq(aco,aeu,B)•O l•l 2•2 

Bk,=798.926 l: l ~ -c-.-.01 aco • 572.423 
Co-60 

aeu = 548. 753 
Ru-106 

~:c::1 .043 
Bkg =28.533 
28 

out<O> :• yr out<l > :• tot 

Two comp decay62-90.mcd 

WRITEPRN("twop62-90.txt" ) :• out 

~ - 799 =45.129 

8120/98 

00 204 

aeu 

~ ~ -=l.878•10 
~ 

~=45.202 

Page 1 



V 
Borehole 

Log Date: 

it 
1',,Z--t>J -r;!I 

1-1£-7£'1•1 

HNF::353.2 -REVO 

Dry WeH Survey Analysis - Notes 

Total # Surveys _J;-/CJ 
# neutron surveys _/.c..___ 
lj, 2/J-1 y Last 

Probe Type ()¥ 
# GR Surveys 5:/J f 
Presentation Plot Dates 

ordiffi:rent,,....--&om-1• ..... .,-w-0-
Contamination Zone Dcpth(s): ~-----------,,----­
Isotope from Spe<:ttal Swvcy: Ce 'tif l;, .... Ji? ,t fd-,174 

GAPS.Txt 

Max Survey Depth J,?l'J 

Survev Date num. Ga0s num. Samoles Comment 

HI-ZONES. Txt 
Survey Date Reason Selected num. Samples Comment , 

J./ /1-!IP ~.,_-;-~ ~ll-~P I -~~ 

~~J-/.. JI I 
r 

V 
BackGnd. Txt 

Survey Date Reason Selected num. Samples Feq.Clcan Avg.Bkg Comment 

AnalystName ~ ~ S/W ver ~,,fp~ ~,.. '-
00 205 



V 

filein ;a "two40-60.txt" 

HNF:'.'.-353.2 -REVO 

Well 21-03-08 

A := READPRN(filein) net:= A<7> 

N :• lut(yr) N=496 i :• O .. N 

'tW ;a S.27 aco := 198 

•(yri-7S) ~) 
Csi :s: acs·e 

( ) 
11(2) 

• yr1-7S--;;;;-
Coi := aco·e 

grossi :• neti 
This data edited for spurious points 

bkg :• A<.6> 

It:• 0 .. 300 

acs := o 

max:= A<4 > 

j :• 0 .. 299 
'teu :a 1 

Eu variables are 
Bu-106 aeu :• 1114 

tot :• Co. + Eu. 
I I I 

1500...---........ ---------.---.....-----.-------.------......-----. 
00 

Given 

ssq(aco,aeu)•O 

[:] :=Minerr(aco,aeu) 

out<O> :=yr out<!> ;,r; tot 

l•l 

aco = 198 
Co-60 

3 «eu = l.174•10 
Ru-106 

aco 
-=0.169 
aeu 

E~ --4 
WRITEPRN( "twop40-60.txt") := out - =1.162•10 

~ 

Two comp decay4~.mcd 81'20198 

00 206 
Page 1 



...._,, 
Borehole J.J.; OJ-0'1 
Log Date: 1--J{,}f 111 

HNF:-:3532 -REVO 

Dry WeH Survey AnaJysis - Notes 

Total # Surveys la 2. 7 
# neutron !eys--=:'.:I:" 
Jj -',O~ f Last 

Probe Type () q 
# GR Surveys L, I s1 
Presentation Plot Dates 

(If difti-,-cn:nt---,-from---,l,1,,...t-l..a_lll_) -

Contamination Zone Depth(s): _______ ,__ _____ _ 
Isotope from Spectral Surv~y: -4,,,.C.;.,..5 __ rL"'ll~~-g=---h JJ(.l>'---1(.:...--____ _ 

Survev Date num. Gaos num. Samples 

Survey Date Reason Selected num. Samoles 

)-

Survcv Date Reason Selected num. Samples 

Max Survey Depth lc212 

GAPS.Txt 
Comment 

HI-ZONES. Txt 
Comment - - ~ 

5.~-~ JA-1. CrP ,:...7=, /-

Feo.Clean 

I 

BackGnd. Txt 
Avll.Bkg Comment 

S/W ver ~~ ~ ~ 
00 207 



filein :• "two00-11.txt" 

A:=- READPRN(filein) 

N :• last(yr) 

HNF~353.2 -REVO 

Well 21-03-09 

b.kg :• A <6 > 

N=227 i :• O .. N j :• o .. 299 
i:eu :• 8.5 

,:co:= 5.27 ,:g : .. 30.17 aoo := 00 

k :• 0 .. 300 

acs := 830 
Eu variabfts are 
BU-106 aeu :• 1236 

gross. ::s net. 
I I 

This data edited for spurious points 

1400 

0 

1200 

IJOl'j 
0 

toti 1000 

C.j"l.48 

800 

600 
86 87 88 89 90 91 

yri 

[ [ 
-(yr1-") ln(2) -(yr.-7!!) ln(2)]]2 

11sq( al 'a3) :• L grossl - al ·e -a + a3 ·e i wu 

Giwn 

ssq(acs,aeu)•O l• 1 

acs "'830.143 
Cs-137 

( 
ln(2) 

- YT;-75)--
Cs. :2 ac:s·o -

I 

92 

0 

93 

3 aou = 1.237•10 
Sb-125 

~ ... o.671 
cxeu 

E°N 
out<O> ::::; yr WRITEPRN ("twop00-11. bet" ) : .. out 

- 2>0.481 
C5N 

Two comp decay0-11.mcd 8121/98 

00 20~ 

tot := Cs. + Eu. 
I I I 

95 

Page 1 



filein := "twol 1-52.txt" 

A :• READPRN( filein) 

N :• last(yr) 

HNF~3Sl2 -REVO 

Well 21-03-09 

bkg :• A<6> 

N=528 i :• O .. N 

max:• A<4> B :• O 

j :• 0 .. 299 
-reu :a 1 

't'C:O := 5.27· 109 
'tCS :a: 2. 77 IC() := 0 

k :• 0 .. 300 

acs := 10570 Eu variabfes are 
Ru-106 aeu :• 53160 

( 
ln(l) 

- )Ti-75)-
Cs. :• acs ·e 11CS 

l 

ln(l) -()Ti - 75) · 100 

Co. := aco·e 
I 

( ) 
ln(2) - yri - 75 .____ 

Eu. := aeu·e ,eu • l tot :-= Cs. + Eu. + Co. + B 
I I I I 1 

grossi := neti 
This data edited for spurious points 

-(yr- - 75) .______ -(yr· - 7S) '--'---
[ [ 

ID(2) ln(2) ]]2 
11.9q( al ,a3) :• L amsai - al ·e I tcs + a3·e I ~ + 0 

Given 

ssq(acs,aeu)•0 

111(2) -(>TG-7')-;;-
Csi := acs·e 

out<O> :s yrf oui<1 > :• tot 

two11-62bkg.mcd 

l•l 

4 exes-= 1.057•10 
Sb-125 

Blcg 
-= 
28 

WRITEPRN("twopl 1-52.txt") := out 

8/31/98 

00 209 

aeu=S.316•10
4 

Bkg= 
Ru-106 

exes aco :c: 
-=0.199 
aeu 

E"N -4 
- =7.1S2•10 
C9N 

Page 1 



V 

HNF:-:353.2 -REVO 

filein := "two24-52B.txt" Well 21-03-09 

A :s READPRN(filein) 
net := A<T> bkg :• A<t,> max:= A<4> B :• 432 

N :• last(yr) N =513 i :• O .. N k :• 0 .. 300 

acs :a 11670 

j :• 0 .. 299 
teu := 1 

tco := 5.27·109 
tcs := 2.77 

ln(2) -(yri-1S)-
Cs. :a acs·e 'ICI 

1 

100 := 0 

This data edited for spurious points 

iJQllli + .01 

o 1•104 
tot

1 

76 77 78 79 80 

-(YT· - 75)-........... -()T• - 75)----... 
[ [ 

ln(2) ln(2) ]]2 

ssq(al ,a3 ,B) :• L grossi - al ·e 
1 

-a + a3·e 
I 

fllll + B 

Given 

ssq(acs,aeu,B)•O 

[ ::] :• Minerr(aca,aeu,B) 
n1.

8 i • 
yrf. :• 75 + 20·-

I N 
ln(2) -(yrfi - 75)-

Cs. :• acs·e tta 
I 

out<'O> := yrf out<l > := tot 

l•l 2•2 

4 
<XCS = 1,167•10 

--Ge-111 7 fa/;;!,,) ..... 

Bka = 15.429 
28 

81 82 

Eu yariabfta are 
Ru-106 aeu := sos90 

83 

aeu=S.089•104 Bkg:432 
Sb-125 ~/ 
J:{x/t?y 

~ "'0.229 cxco = 
cxeu 

E"N -4 
~ =6.201°10 

SB tryTwo comp dacay24-52Bkg.mcd 
WRITEPRN("twop.sb-24-52Bq.txt") :• out 

8131198 Page 1 

00 210 
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Borehole 22-03-09 U5M 
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( C C 
HNF-:353.2 -REVO 

Borehole 22-03-09 
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1 
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. f;lj 
~ 

Borehole 7:7-IJ -,,., / 0 

HNF~353.2 -REVO 

Dry Well Survey Analysis - Notes 

Probe Type O 1/ 
# GR Surveys 'f:'72,.... 
Presentation Plot Dates Log Date: 1 ✓1t ·7 L1" 

Total# Surveys If Z'f 
# neutro,:eys '7 
t/,-1# - '!' Last 

(lf difti-._-&om--1.,.-.il •-ui-lt-) -

Contamination Zone Dcpth(s): ____________ _ 

Isotope from Spectral Survey: -'-C ... s'--~~riu---------
GAPS.Txt 

Su Date num. 

HI-ZONES. Txt 
Survev Dare ~ea.son Selected num. Samola Comment ~ " I • 

~u1.-./ 4 'I).- ~,ti. y_ 
~ 

,_ - / 
- --/ \ / 

Survev Date Reason Selected num. Samoles 
BackGnd. Txt 

Fea .Clean Av11.Bk11 Comment 

Anal sis Notes 

S/W ver T~/?e?~ ~ ":l... 

00 213 



HNF:-. 353.2 ·REVO 

Borehole 22-04-01 

Contamination (Ru-106) from 20-35 feet is Stable 
Contamination (Ru-106) from 35-45 feet is Stable 

Grade thickness product over 20 to 35 feet is decreasing consistent with Ru-106 
(hypothesis) decay. There may be some indication of non-stability from 1981 through 

1987, but the levels are near threshold and no definite conclusion can be reached. 

Grade thickness proquct over 35 to 45 feet is decreasing consistent with Ru-106 
(hypothesis) decay. 

ss amma urvey Gro G s 0 10n Inf; rmat' 
ProbeTvoe : 04: Nal 

Other Probe Tvoes : 03: Neutron 
Borehole Deoth : 100 ft 

Survev Oept.b : 100 ft 
First Survev Date : 1/9/1975 
Last Survev Date : 10/4/1993 
Number Survevs : 439 

a1ys1s 0 AnJ ' Ntes 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Background : Threshold O<vaJ<SO for 20-3S & 3545 

Threshold O<val<40 for 20-45 

Depth( s) where Contamination Identified 20-35 & 3545 Stable 
in Gross Gamma Surveys : 

Analyst Name : RR. RmldaJJ 
ComDllllvNamc : Three Rivers Scientific 

00 214 
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HNF~353.2 -REVO 

Borehole 22-04-05 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet. 

G OammaS ross urvey Inf• af onn lOD 

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

Borehole Del>th : 100 ft 
Survey Depth : 100 ft 

First Survev Date : 1/9/1975 
Last Survey Date : 10/4/1993 
Nwnber Surveys : 403 

IYSlS oes Anal . Nt 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Baclazround : Threshold O<val<SO 

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

Analvst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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'-,,i 

Oldest Survey 
1/09/1975 

Gamma {cJs) 
0 0 100 200 

10 

20 

30 

40 --j -Jso 

60 

70 

80 

90 

100 

50 

45 

40 

-~35 --g 30 
~ 
C) !25 
120 
Cl> 
~ 15 

10 

5 

0 

Borehole 22-04-05 

No Gamma-Ray Emitting Contamination 
Above Survey Detection Threshold 

t j 

t 
t 

1975 1980 1985 1990 
Date (Year) 

100 - ZIQzt'\ ....:..~ 0oea:0 H oc 00ccac000 •0ai000oi,ic,000 - v- """'17'-- -.,. O 0 0 

-eo o• 0 

s 60 

0 
0 
0 08 0 

1~ 0 

0 

u. 20 0 

0 

0 -

1995 

Analyeltby:TintRNel'ISolenlfflo 

00 21.9 



0 

10 

20 

30 

0 ~ 
0 ~ 

40 

N 
~ 
0 

..._,, 

.c 50 
C. 
Q) . 

Cl 60 

70 

80 

90 

( 

• 

. 

. 

. 
I 

l . 

-

-
I 

I - \ 

• ;< 
) ) 

I 

) 

I 

\! I 

) 

I 

I I 
) ) ' 

I 

l l 

( 
) 

) 

I( I 

I 

I 
) 

I 
I 

~ ~LLr ~ ..-::: 100 
1975 

I 

I ) ' - ) } ) 

) J 

) 

I I 

I 
I I 

I 
) 

I 

) 

I 

• 

) 

( 

) 

I 

) 
)< 

) 

) 

' 

I> 

' ) 
) 

J 
) I 

((((~ 11 

1980 

C 
Borehole 22-04-05 
l ) 

I I 

I 
'> l 

I 

I 

) I I 
) 

I I 
I } ) 

) 
) I 

) 

) 

) 

• 
) 

I 
) 

I 
I 

I > 
} 

) I 
I < 

) 

I I 
l 

) 

• 

) ) 
I I 

) 
I 

< ) 

I ' 

) I I 
l I I 

J 

I 
l I 

( >? >f(r> 
l 

I 
) 

1985 
Date (Y~~r) 

) 

) 

I 

) ) 
( 

) 

> 

I 

• 

) 

) 

,> I 

I 
J ) 

I 

) 

l I / 
I 

I 

) 

? 
) 

l 
) 

) 

I 

) 

I 

I 

l I 
I 

1990 

• 

I 

I 

) I 

I 

) 

I 

) 
) 

I I 
I 

J 

I l 

I 

) 
I 

I 

I 

) 

I 
J 

) 

I 

) 

( 

.. 

.. 

,. 

,. 

-

-

1995 

:c 
z ..,, 

: l 1 
\,,I 
V, 

""' N 

I 
::::0 
rn 
< 
0 



HNF::353.2 -R£VO 

Borehole 22-04-07 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of pm.ma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet. 

Of G oss s amma urvey Inf• ormation 
ProbeTvne: 04: Nal 

Other Probe TYt>Cs : 03: Neutron 
Borehole Deoth : 100 ft 

Survev Deoth : 100 ft 
First Survev Date : 1/9/1975 
Last Survev Date : 10/4/1993 
Number Survevs : 409 

Anal . N otes IVSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Back2I"Ound : Threshold O<val<50 

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

Analvst Name : R.R. Randall 
Comnanv Name : 'Three Rivers Scientific 

00 221 
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HNF~353.2 -REVO 

Borehole 22--04-09 

Contamination (Cs-137) from 0-8 feet is Tank Fann Activity 
Contamination (Co-60) from 75-95 feet is UNSTABLE Early 

Contamination (Co-60) from 105-120 feet Stable (when logged) 

Grade thickness product, Cs-137 (HPGe identified), from 0 to 8 feet is erratic, indicative of 
tank farm activities such as transfer line operations. The grade thickness product for this 

interval appears stable from 1986 to 1993. 

Grade thickness product over 75 to 95 feet is increasing starting mid 1979. After the rapid 
increase stops in mid 1980 until 1982 the grade thickness product is not changing consistent 
with Co-60 (HPGe identified) from mid 1979 to 1982. A rapid decrease indicated by four 

surveys in early 1982 ends with a data gap, and when logging data resumes, the decay appears 
consistent with Co-60, but at low levels. 

Grade thickness product, Co-60 (HPGe identified) from 105 to 120 feet first appears 12-22-83 
due to apparent well deepening and from this time to 1993 is stable. Special note that there 
arc no data to indicate downward movement if it occurred; however, the contaminant could 

be in this interval (105-120 feet) as a result of the drilling process. 

Gr Gamm s Inf• oss a urvev onnation 
Probe TVDC : 04: NaI 

Other Probe Tvoes : 03: Neutron 
Borehole Denth : 125 ft nresent 

Survev Det>th : 100 ft at start and 125 ft after 12-22-83 
First Survev Date : 1/9/1975 
Last Survev Date : 10n11993 
Number Survevs : 451 

Anal 'N otes 'VSLS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute BackllI'ound : Threshold 0<val<50 

Depth(s) where Contamination Identified 0-8 Tanlc Farm Activity. 
in Gross Gamma Surveys : 75-95 UNSTABLE. 105-120 Stable (when 

loa:lled) 

Analvst Name : R.R. Randall 
Comnanv Name : Three Rivers Scientific 
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Borehole 22-04-11 

Contamination (Cs-137) from 0-8 feet is Tanlc Farm Activity 
Contamination (Cs-137) from 10-25 feet is Stable 
Contamination (Ru-106) from 25-50 feet is Stable 

Contamination (Co-60) from 90-100 feet is Undetermined 

Grade thickness product, Cs-137 (HPGe identified), from Oto 8 feet is erratic, indicative of tank 
farm activities such as transfer line operations. The grade thickness product appears stable from 

1986 to 1994. 

Grade thickness product from 10 to 25 feet is decreasing consistent with 
Cs-137 (HPGe identified) from 1975 to 1994. 

Grade thickness product from 25 to 50 feet is decreasing nearly consistent with 
Ru-106 (hypothesis) from 1975 to 1994. Special note, there is a very slight deviation early from 
a single Ru-106 decay. The addition of a lonser lived component cannot be computed since the 

levels of confidence do not allow such a procedure and a definitive statement. 

Grade thickness product from 90 to 100 feet is decreasing consistent with Co-60 (HPGe 
identified), between 1976 and mid 1982, but gross gamma logging was not designed to 

accurately measure near the surface or bottom of the borehole. Also, some presence of a rapid 
decay is indicated from1975 to 1976, but system limitations do no allow a conclusion. 

Gr Gamm s oss a urvey onn on 
Probe Type : 04: Na! 

Other Probe TVDCS : 14: Shielded Na!. 02: Red GM 03: Neutron 
Borehole Depth : 100 ft 

Survey Depth : 100 ft 
First Survev Date : 1/15/1975 
Last Survey Date : 10/4/1993 
Number Surveys : 405 

lyslS Otes Anal . N 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Backizround : Threshold O<val<50 

Depth(s) where Contamination Identified 0-8 Tanlc Farm Activity 
in Gross Gamma Surveys : 10-25 & 25-50 Stable 

90-100 Undetermined 

Analyst Name : R.R. Randall 
ComoanvName: Three Rivers Scientific 
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Dry Well Survey Ana1ysis - Notes 

Total# Surveys J./>I/ 
# neutron surveys 2: 

Probe Type Mf 
# GR Surveys ~ 
Presentation Plotfiates LogDatc: )-0, ,7£ 11

' IQ - '1-- i7J Last .-,----,---,,----
(1( diff'erau 6um I• ,tl.att) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: Cs Ro,,, ~ ad .. Max Survey Depth I (JC, 

Survev Dare num. Gans rwm. Samples 

Surve Date 

Survey Date Reason Selected num. Samoles 

Comment 

fr.fl.Clean 

GAPSTxt 

HI-ZONES. Txt 

BackGnd Txt 
Av11.Bkg Comment 

S/Wver ~~~ .. ~ 
00 Z35 
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isY Dry Well Survey Analysis - Notes 

'-Borehole 22-0J/-tJJ,.._, Tota] # Surveys 'f b ~ Probe Type _Q!/__ 
# neutron surveys ~ # GR Surveys Y~f 

Log Date: 1-1-?7 111 

Contamination Zone Dcpth(s): 
Isotope from Spectral Survey: 

fU-Jf-9~ Last Presentation Plot Dates_.,-----,,.---r k. ([f dift"erenc from 1 • .t Laat) 

Ci~/-4uz 1.kuz ~"? MaxSurveyDepth~ 

GAPS.Txt 
Survev Date num. Gaos num. Samolca Comment 

HI-ZONES Txt 
Survey Date keason Selected 1num Samoles Comment 

J: ~ ,._, ~ ., 7"L. ~ ,..~-- .,._ .... L ..-6 

~·t:. ~ ._ ... P1~-~ . / 
.. -

\.,.,i 

BackGnd. Txt 
Survev Date Rea.son Selected num. Samples Fee.Clean Avv..Bkiz Comment 

. . A I ' N otes na1vs1s 
1µt tl~~ ... l..U~/ 1'::- tt.~ • ~ ,JI.- - - .. -. 

'y 
. 

S/Wver7T~2.-2... 
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Dry Well Survey Analysis - Notes 

Y.rehole /2 ~ -0'1'-0 7 

Log Date: I-°!-'7t: 191 

Total# Surveys 1/:J/ 
# neutron surveys ,z.._. 
10,I(.,, "I$ Last 

Probe Type O'f 
# GR Surveys f-<?P: 
Presentation Plot Dates 

Ofdilt_Cftll_l_lnlcn_l_ii .t-La-,-1) -

Contamination Zone Depth(s): ---------,,--------.---
Isotope from Spectral Survey: C,,; .£,; • 4 114 j Gr /,«7 ( l,..,-.4J) Max Survey Depth J t>tJ 

, 7' 

OAPS.Txt 
Survev Dare num. Gaos num. Samolc, Comment 

HI-ZONES.Txt 
Surve Date 

BackGnd Txt 
Survev Date Reason Selected num. Samples Fea.Clean AVK.Bkll Comment 

A I . N na1ys1s otcs 

~ , 

Analyst Name £--~ £~ S/W ver Tr~~_r ..:z. ' 
I' ~ - -
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Dry We11 Survey Analysis - Notes 

Total # Surveys 2/f?: 
# neutron survey~ 

Probe Type 0~ 
# GR Surveys Jf£/ 
Presentation Plot Dates J fl -z .... qJ Last --,----,,--,----

(Ifdilfermt &om I" .t Laat) 

Contamination Zone Depth{s): ----r--------------­
Isotope from Spectra] Survey: [,p .L,..,:(~ C., J_,,;, -4 k.z Max Survey Depth~ 

Survev Date num. Ga.os num. Samples 

Surve Date 

Survey Date Reason Selected num. Samples 

GAPS.Txt 
Comment 

HI-ZONES.Txt 

BackGnd. Txt 
Fea.Clean Ava.Ska Comment 

Anal sis Notes 

S/Wver ~.? 2-- •"l­
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~1 Dry Well Survey Analysis - Notes 

'-Borehole AA --[JI/-// Total# Surveys '7:P? Probe Type ~t/ 
# neutron surveys &, # GR Surveys J1 Q,f 

Log Date: /-1.,. 7£ 1 't /{l-'t--~, Last Presentation Plot Dates + Of dift_cm11_from_l",.....t._Ll_tt_) -

Contamination Zone Depth(s): ----------..-~----
Isotope from Spectral Survey: c'? L;; xhk c; ;,; d'n, "~ Max Survey Depth J (90 

Survey Date num. Gaps num. Samples 

Surve Date 

Survev Date Reason Selected num. Samoles 

Comment 

Feo.Clean 

GAPS.Txt 

HI-ZONES.Txt 

BackGnd. Txt 
Av2.Bkll Comment 

S/W ver T/?~/(tiz? Z. 2-

00 24·1. 



\...,/ 

\._;i 

v 

HNF:-:.35J2 -REVO 

Borehole 22-05-01 

Contaminatio n (Cs-137) from 0-10 feet is Tank Farm Activity 

Grade thickness product Cs-137 (HPGe identified) from Oto 10 feet is erratic indicative of tank 
transfer line operations. However, some of the surveys are near the 
0,000 to 40,000 els. Also, the consistent steady decline from Jan to, 
ul 11, 1975 is not usual for such "Tank Farm Activity". 

fann activities such as 
limits of count rate at 2 

1975 to J 

Gross Gamma Surve Information 
04: Nal 
03: Neutron 
100 ft 
100 ft 

F 1/10/1975 
4/22/1994 
737 

Anal is Notes 
NumberS urveys Rejected : 0 

Lower Threshold for B <-0 
Method Used to Come Threshold 0<val<S0 

Depth(s) where Contam ination Identified 0-10 Tank Farm Activity 
Gamma Surv s : in Gross 

R.R. Randall 
Name : Three Rivers Scientific 

' 
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Borehole 22-05-05 

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

Grade thickness product Cs-137 (HPGe identified) from Oto 10 feet is erratic indicative of tank 
farm activities such as transfer line operations. There is also some indication of problems 

associated with depth control near the surface. 

oss urvev onna ion 
Probe Type: 04: Nal 

Other Probe TYOCs : 03: Neutron 
Borehole DeDth : 100 ft 

Survey DeDth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 4/22/1994 
Number Surveys : 704 

Anal . N lVSIS Otes 
Nwnber Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <== 0 
Method Used to Comoute Backaround : Threshold O<val<SO 

Depth(s) where Contamination Identified 0-10 Tank Farm Activity 
in Gross Gamma Surveys : 

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

00 245 
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HNF~353.2 -REVO 

Borehole 22-05-09 

V Contamination (Co-60) from 55-66 feet is Unstable Early 
Contamination (Co-60) from 55-90 feet is Unstable Early, Undetermined 

Late 

Grade thickness product Co-60 (HPGe identified) from SS to 66 feet appears stable from 1977 to 
1994. and the rapid change before 1977 could be movement or a rapid decay component. The 

stack plot clearly displays downward movement from a peak at 70 feet down. and after 1985 there 
is not enough signal to determine if the movement down continues. The grade thickness product is 
processed for SS to 66 feet in order to view stability after possible movement down clears out of 

the region. 

The stack plot clearly shows downward movement of the peak at 70 feet. After 1984, the levels 
are too low to make a determination of continued movement from the stack plot. Therefore, a 

grade thickness product is computed for the entire interval of SS to 90 feet to quantitatively assess 
the dynamics after 1984. The trend does not clearly match the Co-60 decay from 1984 to 1994, 

but the deviation is near threshold at the end and a definitive classification is not possible. 

ss amma urvey Gro G s t' orma1on 
. Probe Tvt>e : 04: NaI 

Other Probe Types : 02: Red GM & 03: Neutron 
Borehole Depth : 100 ft 

Survey Depth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 4/22/1994 
Number Surveys : 643 

IYSIS 0 S Anal . N te 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Coml)Ute Background : Threshold O<val<SO 

Depth(s) where Contamination Identified SS-66 & SS-90 UNSTABE EARLY 
in Gross Gamma Surveys : & Downward Movement (Undetermined 

late) 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF::353.2 -REVO 

f'/ Dry WeII Survey Analysis - Notes 

Jorehole l2 -(}f ... f;> / Total# Surveys 7tlf 
# neutron surveys _7_· _ 

Probe Type tJf' 
# GR Surveys Z3 Z 

\. .I 

Log Date: /-/1-7,Ci.t Jf-1-1---1£ Last Presentation Plot Dates~~--,,---­
err diffemi1 &om 1 • & 1..a,1> 

Contamination Zone Depth(s): -,---=----~----.r-----­
Isotope from Spectral Survey: _.__CJ-Ar...-. .... D,9Q11.___ __ L__.· t?"-"til......,._~J,Jr-111""+" ... --...... ...___ - .~,,,, ~ 

GAPS.Txt 
Survev Date num. Gaos num. Samolcs Comment 

HI-ZONES.Txt 
SurvevDatc Reason Selected lnum. Samolca Comment , 

!,Y:::-: ~ -, tJ-1 b, 

BackGnd. Txt 

Max Survey Depth ./M-

Survev Date Reason Selected num. Samples Feo.Clean Ava.Bka Comment 

na1ys1s o es A I . N t 

~ 

Analyst Name £,, ~ ~// S/W ver t;F:~ 2. 2-
, , r.- - - - -
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- _/3 / Dry Well Survey Analysis - Notes 

vrehofe 22 -{,J;?-_ I?.__ Total # Surveys '70 Y Probe Type O '-I 
' # neutron surveys 1f # GR Surveys 7tJtf 

Log Date: I -o/ ""/4Y 1st Jj--l k-c}tf Last Presentation Plot Dates ----,,-,---
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SurvevDate Reason Selected num. Samples Comment 
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Survey Date Reason Selected num. Samoles 
BackGnd. Txt 

Fea.Clean AvR.Bk1t Comment 

S/W ver i~~??. Z 

00 25~ 



HNF~353.2 -REVO 

Dry WeIJ Survey Analysis - Notes / 

v'°rehole J.2-0'7- 09 
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HNF::353.2 -REVO 

Well 21-05-09 

A := READPRN ( filein) bkg := A<i,> 
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HNF::353.2 -REVO 

Borehole 22-06-01 

Contamination (Cs-137) from 0-8 feet is Tanlc Fann Activity · 
Contamination (Sb-125) from 42-52 feet is Stable 

Contamination (Co-60 & Ru-106) from 52-65 feet is Stable 

Grade thickness product Cs-137 (HPGe identified) from Oto 8 feet is erratic indicative of tank 
farm activities such as transfer line operations. 

Grade thickness product Sb-125 (hypothesis) from 42 to 52 feet is stable from 1975 to 1994. 
The levels are near threshold early, and at background late. Co-60 is HPGe identifi~ but at 

levels too low to register with gross gamma. 

Grade thickness product is consistent with a least squares fit for Co-60 (HPGe identified) and 
Ru-106 (hypothesis). The least squares fit results in gross gamma contribution ratio of C<>-60 to 

Ru-106 of 1.07 as of Jan 1975. 

oss a urvey Gr Gamm s Inf1 ti orma on 
Probe Type : 04:Nal 

Other Probe Types : 02: Red GM & 03: Neutron 
Borehole Depth : 100ft 

Survey Depth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 4/20/1994 
Number Surveys : 726 

lyslS 0 S Anal . N te 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Background : Threshold O<val<SO 

Depth(s) where Contamination Identified 0-8 Tank Farm Activity 
in Gross Gamma Surveys : 42-52 & 52-65 Stable 

Analvst Name : R.R Randall 
Comoanv Name : Three Rivers Scientific 
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Borehole 22-06-01 04/20/94 
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HNF::353..2 -REVO 

Borehole 22-06-05 
Paee 1 ofl 

Contamination (Cs-137) from 0-8 feet is Tank Fann Activity 
Contamination (Sb-125 & Co-60) from 28-36 feet is Stable 

Contamination (Sb-125 & Co-60) from 36-50 feet is Unstable Early 
(Down Movement) 

Contamination (Co-60) from 62-84 feet is Unstable (Down Movement) 
Contamination (Co-60) from 28-84 feet is Unstable (Down Movement)* 

•Zone used to auess downward misration 

Grade thickness product Cs-13 7 (HPGe identified) from O to 8 feet is erratic indicative of tank 
farm activities such as transfer line operations. However, the majority of history is low level. 

Grade thickness product from 28 to 36 feet is consistent with a least squares fit of Sb-125 
(hypothesis) and Co-60 (HPGe identified) decay from 1975 to 1994. The gross gamma 

contribution ratio of Sb-125 to Co-60 is 0.54 on 4/20/94. 

The stack plot clearly shows downward contaminant movement from 40 to 84 feet. Grade 
thickness product from 36 to 50 feet is computed and displayed on expanded scale in order to 
assess the later years for stability after the front may have passed through. After 1981 through 
1993. the grade thickness product is consistent with least squares fit of Sb-125 (hypothesis) and 

Co-60 (HPGe identified) from 36 to 50 feet. Given the presence ofSb-125, the conclusion is that 
after the contaminant front moved through this zone a stable residual of Sb-125 and Co-60 remain. 

The aross pm.ma contribution ratio of Sb-125 to Co-60 is 6.5 as of 4/20/94. 

As the contaminant front moves below 62 feet, there is clear indication of possible hang-up at 62 
feet. Therefore, a grade thickness product was computed for 62 to 84 feet in order to assess the 

later years for stability after the front moved into the zone. This interval covers the deepest depth 
for the front advancement. as of the data collection. A match to Co-60 (HPGc identified) is not 
clear, and at most only for the last 2 years. This indicates that from 1987 to 1992 there may be 

lateral influx into this interval as well as downward movement. 

Grade thickness product from 28 to 84 feet is computed that covers all downward movement span 
(refer to stack plot). Thus all contaminant intervals is conserved. but the trend does not match an 
exponential decay except for possibly 1977 to 1980 for a Co-60 decay. Note also some indication 

of very ear~y increase. 
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Borehole 22-06-05 
Pa1el ofl 

~ Gammas oss urvev Inti ormation 
ProbeTVDC: 04: NaI 

Other Probe Tvoes : 02: Red GM & 03: Neutron 
Borehole Deoth : 100 ft 

Survev Deoth : 100 ft 
First Survev Date : 1/16/1975 
Last Survey Date : 4/20/1994 
Number Survevs : 718 

Anal . N otes (ySlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Comoute Backszround : Threshold O<val<SO 

Depth(s) where Contamination Identified 0-8 Tank Fann Activity 
in Gross Gamma Surveys : 28-36 Stable 

36-50 & 62-84 Unstable early (Downward 
Movement) 
28-84 Downward movement not conserved 

Analyst Name : RR Randall 
Comna.nv Name : Three Rivers Scientific 
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HNF::353.2 -REVO 

Borehole 22-06-07 
Paplof2 

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity 
Contamination (Cs-137) from 40-52 feet is Unstable Early 
Contamination (Co-60) from 52-64 feet is Unstable Early 
Contamination (Co-60) from 64-80 feet is Unstable Early 
Contamination (Co-60) from 52-80 feet is Unstable Early• 

•.zone computed to assess downward movement 

Grade thickness product Cs-13 7 (HPGe identified) from O to 8 feet is erratic indicative of tank 
farm activities such as transfer line operations. 

Grade thickness product from 40 to S2 feet is not consistent with Cs-137 (HPOe identified) 
decay from 1975 to 1985. Since 198S there is no gross gamma indication of contaminant. 

Grade thickness product from 52-64 feet is increasing from 1975 until 1980, refer to stack plot. 
Since 1985 this interval is decreasing consistent with Co-60 (HPOe identified) until 1994. The 

rapid increase is followed by a faster decrease than Co-60 decay until onset of stability near 
1985. Note Cs-137 is also HPGe identified, but at too low a level to reamer on the gross 

gamma. 

Grade thickness product ftom 64-80 feet is increasing from 1975 until 1980, refer to stack plot. 
Since 1984 this interval is decreasing consistent with Co.60 (HPGe identified) until 1994. 

Unlike the upper zone, this zone increases asymptotically to stability near 1984. Note Cs-137 is 
also HPGe identified, but at too low a level to register on the gross gamma. 

The grade thickness product for the entire interval from 52 to 80 foet is processed to assess the 
poSSl'bility of downward contaminant movement. Since this complete zone shows an increase 

from 1995 to 1980, and stability from 1980 to 1994 there is lateral influx into this total interval. 
Also, the onset of stability is sooner than either sub z.one indicates some downward transfer of 

contaminant between the sub z.ones. 
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HNF~353.2 -REVO 

Borehole 22-06-07 
Pace2ofl 

04: NaI 
02: Red GM & 03: Neutron 
140 ft 
140ft 
1/9/197S 
4/20/1994 
53S 

A. •• '-Notes -
Number Surveys Rejected : 0 

Lower Tbrelhold for Bad Survev Values : <cO 
Method Used to r~- ~ .I - ound: Threshold O<val<SO \ 

Depth(s) where Contamination Identified in 0-8 Tank Fann Activity 
Gross Gamma Surveys : 40-52 & 52-64 & 64-80 UNSTABLE Early 

52-80 Unstable early (some downward 
movement) 

."--a..-::Name: R.RRandall 
C-- .Name: Three Rivers Scientific 
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HNF::353.2 -REVO 

Borehole 22-06-09 

Contamination (Ru• l 06) from 70-90 feet is Unstable Early 

Grade thickness product Ru-106 (hypothesis) from 70 to 90 feet is decreasing consistent with a 
least squares fit to Ru• l 06 and a constant backaround after the initial very short time of 

increase from 1975 to 1976. 

Gr G oss s amma urvey lnfi ormatton 
Probel'Vl'e: 04: Nal 

Other Probe Types : 02: Red GM & 03: Neutron 
Borehole Deoth : 100 ft 

Survey Deoth : 100 ft 
First Survev Date : 1/9/1975 
Last Survey Date : 5/23/1996 
Number Surveys : 709 

Anal . N otes IYSIS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Compute Backaround : Threshold 0<val<50. rest least sauares fit 

Depth(s) where Contamination Identified 70-90 UNSTABLE Early 
in Gross Gamma Survevs : 

Analvst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF:-:353.2 -REVO 

Borehole 22 .. 06--l l 

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

Grade Thickness Product from Oto 10 feet is erratic from 1975 through 1986, and is 
categorized as Tanlc Fann activity. Grade Thickness Product from 1986 through 1994 is 

decreasing within counting statistics at a rate consistent with Cs-137 (identified from 
HPGe detector). 

oss a urvev ili Gamm s ormation 
Probe Type : 04: Sodium Iodide Scintillator 

Other Probe Types : 03:Neutron(4survevs) 
Borehole Depth : 100 ft 

Survey Depth : 100 ft 
First Swvev Date : 1/09/197S 
Last Swvev Date : 4/20/1994 
Number Survevs : 543 

Anal . Not IYSIS cs 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <-0 
Method Used to Comoute Backm-ound : Threshold (O< val < SO) 

Depth(s) where Contamination Identified 0-10 feet is TF Activity 
in Gross Gamma Survevs : 

Analyst Name : RK. Price 
Analysis Bv : Three Rivers Scientific 

• 
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Borehole 7 z ~ 01/-al 

LogDate: {-?-?~ 1"1 
-

HNF~35).2 -REVO 
' . . 

Dry Well Survey Ana1ysis .. Notes 

Total # Surveys 2.1.Z_ 
# neutron survey~ 
11- -it?- ?r Last 

( 

Probe Type 2.fc.._D:2-
# GR Surveys 26 , 
Presentation Plot Dates 

~rdift1-._-&om-••-.,-u-,,-> -

Contamination Zone Depth(s): --.....----=--------­
Isotope from Spectral Survey: C,; 1/4,;, 7 r; J!ni 

J 
Max Survey Depth ) OlJ 

GAPS.Txt 
SuN Date num. 0. s num. Sam let Comment 

HI-ZONES. T,ct 
eason Selected 

BackGnd.Txt 
Av .Bk Comment 

0-

00 28J 



tilein := "twoS2-6.5. bet" 

A ::z READPRN(filein) 

N :• last(yr) 

'tCO :• S.27 'tCS := 3 · 109 

HNF~35}.2 -REVO 
Well 21-08-01 

N=698 i :• O .. N 

aco := 300 

ln(2 ) •(yri-75)~ 
Co. :r: aco·e 

I 

bkg := A<i,> 

k :• 0 .. 300 

acs := 0 

This data edited for spurious points 

j :• o .. 299 
teu :• 1 

Eu variables are 
Ru-106 aeu := 281 

tot. := Co. + Eu. 
1 I I 

Cs variables are U238 

800 ,--"""T""---.-----,.-----,---~---.---...... --.------r---...... ---, 

600 

groui 
0 400 

tot. 
I 

200 

0 L--......l..----'--__,JL........-...J...--..1......-=-...;..J.----....sr.:...ui= 
86 88 14 76 78 80 82 

• (yr, - 75) ·- · (Yf· - 75) ....___ 
[ [ 

lr(2) 11(2)]]2 

ssq(al,a3) :• L grossi- al·e 
1 100 

+a3·e 
1 

11DU 

Given 

ssq(aco,aeu)•0 l•l 

90 92 

[:] :• Mmerr(aco,aeu) 
aoo ~ 300.40.5 
Co-60 

aeu = 281.326 
Ru-106 

· tot :• Co. + Eu. 
l I I 

<O> out :c yr WRITBPRN("twop52-6.5.bct") := out 

Two comp decay52-65.mcd 

00 ~4 

94 96 

~=l.068 
a.ou 

E~ -5 
~ =1 .837•10 
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HNF::35)2 -REVO 

·r> 'I Dry Well Survey Analysis - Notes 

\_..;Borehole 2 A - ()f-tJ~ 

Log Date: / - /? .,, 7 f 1 •1 

Total # Surveys l.Z.f__ 
# neutron surveys ~ 
11 -2.tJ~1'f Last 

( 

Probe Type Of b 2. 

# GR Surveys 7/ fr 
Presentation Plot Dates 

Ofclift'cnn_t_&om_l ...... .t-l.l_M_) _ 

Contamination Zone Depth(s): ---~~~~e-------­
Isotope from Spectral Swvey: C fr a (p ( Jijl) Max Survey Depth ft)~ 

GAPS.Txt 
Survev Dare num. Gaps num. Samoles Commenr 

ffi-ZONES. Tx:t 
Survey Date Reason Selected num. Samoles Comment 11 

rM-'R- /.,,._,,_,. J, ~~~ ~ ./.) ,Liv v~ .e ,.,..,,~ ~ / 
?" / 

\..........1 

BackGnd. Txt 
Survev Date Reason Selected num. S1m1>les Fffl.Clean AvJZ.Bka Comment 

00 285 
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filein := ·two36-50.txt" 

A := READPRN(filein) 

HNF~35}.2 -REVO 
Well 21-06-05 

net:= A<7> bkg :• A<i>> B :=0 

N :• last(yr) N-==442 i :•O .. N k :• 0 .. 300 j :• 0 .. 299 
teu := 2.77 

'\'CO:= 5,27 '\'CS := 30.l 7 aco :z 42 

( 
ln(2) · yri-7S)-

Cs. := acs·e -
I 

grossi :• neti 
This data edited for spurious points 

8" := 0 Eu variables are 
Sb:125 aeu := 2940 

tot. :-= Co. + Eu. 
I I I 

soo.------,.---------.....-----.----~----,-----.------, 

600 

200 

0 ..__ __ _,.J.. ___ ,..1.... __ --1L----....J...---.J.A..----l~---I~ 

80 

[ [ 
-(yr,-7S)ln(l) •(yr,-7S)ln(2)]]l 

ssq(al,aJ):•L grossi-- al·e 
1 100 +a3·e 

1 

-

Given 

ssq(aco,aeu)•O l•I 

[: ] :• Mnerr( aco, aeu) 

i 
yr. :• 75 + -·20 

I 11.T 
111(2) • (yri - 7S)--

Co. := cxco ·e 11CO 
I 

aoo =42 
Co-60 

3 aeu = 2.94•10 
Sb-125 

out<D> :=yr out<1 > :• tot WRITEPRN("twop36-S0.txt") := out 

Two comp decay36-50.mcd 9/3198 

00 287 

96 

~=0.014 
aeu 

E~ 
-=6.Sl7 
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filein := "two28-36.txt" 

A :• READPRN(filein) 

HNF:-:35}.2 -REVO 
Well 21-06-05 

net := A<T> bkg := A<t,> B : .. o 

N :• last(yr) N=704 i:•0 .. N k :• 0 .. 300 

acs := O 

j :• 0 .. 299 
'teu :• 2.n 

'tCO :• S.27 'tCS := 30.17 a.co :r: 89 

This data edited for spurious points 

ln(2) 
· {>Ti - 75)-;;-

Eu. := aeu·e ·l 
1 . 

Eu vanablel are 
Sb-125 aeu :=- 477 

tot := Co. + Eu. 
l I I 

600~--.-......... --.......-----------...------T---,---.------.---......----, 

200 

0 '-------'---.....1---...JL..-.---L---....__---~ 
74 

yr. 
I 

-(yr, - 75)------ • (Jr· - 75) '--'-'-
[ [ 

111(2) ln(2)]]2 

ssq( al ,a3} :• ~ grossi - al •e 
1 

'IICO + a3·e 
I 

wu 

Given 

ssq(800,aeu)•0 1•1 

ln(2) -(yri-75)-
Cs. := aco·e ~ 

I 

aco =89 
Co-80 

• 
90 92 

a~ =477 
Sb-125 

out<l > :• tot WRITEPRN( "twop28-36.txt") := out 

Two comp decaY2S-36.mcd 9/3198 

00 288 

96 

UCO 
-=0.187 
cxeu 

E~ 
-=0.542 
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HNF~353.2 -REVO 

f ;I Dry Well Survey Analysis - Notes 
I 

½orehole J.1'.-/1-- D; Total # Surveys '5"" fa'. 
# neutron surveys _1J: __ 

Log Date: f - ~ ., 2r 1 a1 kl-to -o/J./: wt 

Probe Type O V D 'J,.. 

# GR Surveys £J.r 
Presentation Plot Dates 

(l!diffi_c:ten_l_frorn_l.,,..." .t_La_tt_) -

Contamination Zone Depth(s): ........ -------------
Isotope from Spectral Survey: ....,;C:::;..$,;......;;/1,,,,,-1,,C ..... c _________ _ Max Survey Depth J '-I~ 

/JO 
GAPS.Txt 

Survcv Date num. Gaos num. Samoles Comment 

HI-ZONES. Txt 

BackGnd. Txt 
Survev Date Reason Selected num. Samoles Fea.Clean Ava.Bk,c Comment 

Anal sis Notes 

00 489 



'-Borehole ·'2 2 -Q/.,- {J 2 
( C -

HNF:-:3532 -REVO 

Dry Well Survey Analysis - Notes 
I 

Probe Type O ti O 2-
# GR Surveys '7 fl ') 

Presentation Plot Dates 

Total# Surveys 7/£ 
# neutro s eys >. 

.... ~ Last Log Date: - 1 -7 f 1st 

or mffi::-c:ren-t~mn-1 iii,,_•_i.._11_> -

Contamination Zone Depth(s): --....---,-.-------"!~------
Isotope from Spectral Survey: _C...:.?....:< ... /;i ...... ,.._·' _ _.(-"r,__.;..J..,.ha...aa...,, ..... 2 ___ _ Max Survey Depth --ftJC> 

GAPS.Txt 
Survev Date num. Gaos num. Samole1 Comment 

HI-ZONES. Txt 
Survey Date Reason Selected num. Samoles Comment ~ J 

Jb':: .b / ~,,,t,r&~ w ff z,7,, r7. ..,,_ ·./ '111"7/J . r / 
)//.//£ 

\.._.I 

BackGnd. Txt 
Survey Date Reason Selected num. Samoles Fea.Clean Ava.Bka Comment 

' 

An I . N otes a1ys1s 

Analyst Name L..J':..._ ~£ / S/W ver ZT~ ->2 r 2-
.,- y V...,. - .- ~ 

00 290 



V 

ft.loin := "two70-90.txt" 

A := READPRN(filein) 

HNF::353.2 -REVO 
Well 21--06-09 

net := A<T> bkg :=- A<6 > 

N :• la.,t(yr) N=649 i :• O .. N k :• 0 .. 300 j :• o .. 299 
teu ::i 1 

'tCO := 5.27 

600 

groas. 
I 

• 400 
tot! 

200 

aco :• 00 

ln( 2) •(>Ti- 75)--;;-
Co. := aco·e 

I 

This data edited for spurious points 
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Dzy Well Survey Analysis - Notes 

Borehole BY/ :2.2-d h-// ) 

Log Date: 15-<JJ-tJ9 1st 

Total# Surveys J''r 8 
# neutron surveys o/: 
'f'r-()'f-l.l:J Last 

Probe Type tJ 'z:: 
# GR Surveys .5'7';::, 
Presentation Plot Dates ------(If different from 1 • &: Lut) 

IsotopefromSpectralSurvey: C:1-c1:J /o-.37Fr) ~/oe C(/y 
Contamination Zone Depth(s): .ic.0_---'--t'"""~;,:..__..-t __________ _ 

Max Survey Depth /tJo 

GAPS.Txt 
Survey Date mun. Gaos approx #Sampl's Comment 

76-07-2.,J 4'<-r KS 
-fI.-c7-2..'l' I z... ';'D 

'17-tJf-l }_ "l.,] 7D 
?f-tL-?.,, 7 'f 1:, 9;-
'i 2-61- 2- 7 1-/ 

Survey Date Reason Selected 
7T-d,..,,-J. Ht Pke,.. 

1'1 .J. _n4-,•u; J.fJ ~ It:" c-
1tJ-0'1-oK ;,""'a,l /;4((.... 

'f~{Jtf-/J 7"'.-.-r J44.rL 
~'f'-{jl,'-°UJ £,:JUL..~l_ 

approx #Samp's 

9J 
q_y-
/(Jl) 

/<!JO 

/~C) 

HI-ZONES.Txt 
' Comment 

BackGnd. Txt 
Comment 

S/W ver ITFGROSS) /12.- 2.../J . 
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. . . ' 

Borehole 22-07-01 

·"-" Contamination (Cs-137) from Oto 10 feet is Tank Farm Activity 
Contamination (Cs-137) from 40-52 feet is UNSTABLE 

Contamination (Co-60) from 52-70 feet is Stable 
Contamination (Co-60) from 70-92 feet is Stable 

Grado Thickness Product ftom Oto 10 feet is erratic from 1975 to 1986, and is 
categori7.ed aa Tank Fann activity. Then from 1986 to 199S the Grade Thickness Product 

is decreasing within counting statistics at a rate consistent with Cs-137 (identified from 
HPGe detector). 

Grade Thickness Product for radioactive zone (40-52 feet) shows a consistent 
INCREASE ftom 1975 to mid-year 1976, then ftom 1976 to 1979 a decrease is shown 

that is not consistent with the decay rate ofCs-137 (identified from HPOe detector). The 
contaminant responsible for much of the gross ganuna may be other than Cs-137, but 
moved out laterally, since the lower zones are stable. After 1986 the Grade Thickness 

Product is essentially at background activity. 
Grade Thickness Product for the two radioactive zones (52-70 and 70-92 feet) is 

decreasing within the gross gamma sensitivity at a rate consistent with the decay of Co-60 
(identified from HPOe detector) between 197S and 1994. 

Information 
04: Sodiwn Iodide Scintillator 
OJ: Neutron 7 surv 
100ft 
100ft 
1/09/1975 
4/22/1994 
242 

" . ' Notes • 
Number Survevs Rfliocted : 0 

Lower Threahold for Bad Survev Values : <-0 
Method Used to r. 0 Background : 10 to 40 feet 

Depth(1) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma Surveys : 40-Sl feet WU UNSTABLE 

S2-70. 70-92 feet ii Stable 

A.,...\,~ Name : R..K. Price 
Analvsis Bv : Three Riven Scientific 

00 293 
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Borehole 22-07-01 

04/22/94 
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Borehole 22-07-02 
page 1 of2 

CoDtamination (Cs-137) from 6 to 20 feet is Appears Stable 
Contaminmon (Co-60) from 42-53 feet is UNSTABLE 
Contamination (Co-60) from 53-70 feet is UNSTABLE 
Contamination (Co-60) ftom 70-82 feet is UNSTABLE 
Contamination (Co-60) from 82-95 feet is UNSTABLE 

Grade Tbicknesa Product for the low level radioactive zone &om 6 to 20 feet appears to 
be decreasing within counting statistics at a rate consistent with Cs-137 (identified from 

HP0e detector), except for 1976 when the Grade Thickness Product was below the docay 
line. 

Grade Thickness Product for radioactive zone {42-SJ feet) bas a significant INCREASE in 
1975, then &om mid year 1975 to 1980 the rate of decreue ia significantly greater than 

the decay rate of Co-60 (identified &om HPGe detector). In 1980 a large atep change in 
the Grade Thickness Product occurs. The Co-60 decay line is plotted to show the activity 

in the radioactive zone does not match the decay rate. 

Grade Thickness Product for the radioactive mne (53-70 feet) is slowly INCREASING 
&om 1975 to 1979, then in 1979 a large and rapid increase occurs, followed by a rapid 
decreue to 1983. The ltaclc plot shows the rapid occummce of a radioactive zone that 
coincides with the depletion of the radioactive mne from 42-53 feet. The decay line for 

Co-60 (Identified ftom HPGe detector) ia plotted but does not match the Grado Thickness 
Product. 

Grade Thickness Product for the radioactive .zone (70-82 feet) is decreasing within the 
grou gamma aeaaitivity at a rate consistent with the decay of Co-60 (identified &om 
HPGe detector), except &om 1980 to 1987. In 1980 an INCREASE in the Grade 

Thickness Product occurs, then &om 198 I to 1987 the rate of decrease is much greater 
than the decay rate ofCo-60. 

Grade Thidmea Product for the radioactive zone (82-95 feet) is decreuing within the 
gross gamma sensitivity at a rate consistent with the decay of Co-60 (identliled from 

HPOe detector) durins two time intervals (197S.1982 and 1987-1995). During the other 
times (1975-1978 and 1982-1987) an INCREASE followed by an extended period of 

accelerated decrease was recorded. 
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Borehole 22-07-02 
page2of2 

Oracle Thickness Product for the combined radioactive 7.0111 ( 42-9S feet) bu two periods 
of rapid INCREASE (197S and 1979) followed by two periods of accelerated decrease 

(1976-1979 and 1980.1987), indicating that two releases of radioactive materials 
occurred. 

J. • . Notes 

Number S- ·-·· Ileiected : 0 
Lower Tbreabold for Bad Survev Values : <-0 

Method Used tor - -• _.. 20to40feet ---· 
Deptb(a) where Contamination Identified in 6-20 feet is appears Stable 

Orou Gamma Surveys : 42-S3, 53-70, 70-82, 82-95 feet is 
IJNST.ARTJ;" 

_ ....... "'-:Name: llK. Price 
_ ....... ~•Bv: Three Riven Scientific 
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Borehole 22-07-05 
page 1 of2 

Contamination (Co-60) from 40-57 feet is UNSTABLE 
Contamination (Co-60) from 57--65 feet is UNSTABLE 
Contamination (Co-60) from 65-78 feet is UNSTABLE 

Contamination (Co-60) from 90-100 feet is Undetermined 

Grade Thiclcneu Product for radioactive zone (40-57 feet) is decreuing at a rate that is 
much greater than the decay rate ofCo-60 (identified ftom HPGe detector) from 1975 to 
1983. The Co-60 decay line ia plotted to show the activity in the radioactive zone doea 

not match the decay rate. 

Grade Thiclmeu Product for the radioactive mne (57--65 feet) is decreuing within 
observed systematic limitations at a rate consistent with the decay of Co-60 (identified 

from HPOe detector) during two time intervals (1975•1979 and 1986-1995). However, 
from 1979 to 1986 an INCREASE followed by an elevated decreue in the Grade 

Thickness Product occurred. The stack plot shows the migration of contamination down 
through this zone. 

Grade Thickneu Product for the radioactive zone (65• 78 feet) is decreasing within 
observed systematic limitations at a rate consistent with the decay of Co-60 (identified 

from HPOe detector) during two time intervals (1975-1982 and 1988-1995). However, 
from 1982 to 1988 an INCREASE in the Grade Tbiclcness Product occurred. 

Grade Thickneu Product for the radioactive z.one (90-100 feet) is erratic from 1975 to 
1985. Surveillance logging activities were not designed to monitor low contamination 

levels near the surface or bottom of the borehole. Grade Tbickneas Product fiom 1985 
through 1994 is decreasing within counting statistics at a rate consistent with Cs-13 7 

(identified from HPGe detector). 

Grade Tbickneu Product for the combined radioactive zone (40-78 feet) is decreasing 
within observed systematic limitations at a rate consistent with the decay of Co-60 

(identified ftom HPGe detector) between 197S and 1994, indicating that no additions to 
the radioactive materials occurred while the contaminants were migratilJ8 throusb the 

vad01ezone. 

00 309 



V 

V 

V 

HNF:'."..353.2 -REVO 

Borehole 22-07-05 
page2of2 

04: Sodium Iodide Scintillator 

97ft 
97 ft 
1/09/1975 
4122/1994 
238 

A . . Notes . 
Number Surveys Reiected : 0 

Lower Threshold for Bad Survev Values : <a:0 
Method Used to Comnute Backmnund : 10 to JS feet 

Depth(1) where Contamination Identified in 40-57, 57-65, 65-78 feet is UNSTAQJ.,E 
Gross Oamffl.11 Sm Y~YO : 90-100 feet is Undetermined 

Analvst Name: R.K. Price 
."' - • _. - By: Three Rivers Scientific 
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HNF:-~353.2 -REVO 

Borehole 22-07-07 

Contamination (Cs-137 & Ru-106 & Sb-125) from 30-54 feet 
islJNSTABLE 

Contamination (Co-60 & Sb-125) from 80-98 feet is UNSTABLE 
Grade Thickness Product for radioactive mne (30-54 feet) is docreuing within the grou 

gamma sensitivity at a rate conaistent with the decay ofRu-106 and Sb-125 (both 
hypotheses) and Cs•l37 (identified from HPOe detector) from 1975 to 1980, then in 1981 

the Grade Thickness Product decreases rapidly in a few months to background levels. 

Grade Thickneu Product for the radioactive zone (80.98 feet) is INCREASING in 197S 
then from 1976 to 1983 has an erratic rate or decrease. The rate of decrease (since 1983) 
does not clearly identify the radionuclides that may have bocn praent, other than Co-60 

(identified from HPOe detector). The p~ of Sb-12S (hypothesis) is comidered 
because of its probable presence in the shallower mne and other boreholes in this Tanlc 
Farm. Two decay lines are presented. The decay line for Co-60 shows stability since 

about 1990. The decay line for Sb-125 and Co-60 shows stability since 1983. 

100 ft 
100ft 
1/09/1975 
4122/1994 

<•O 
Method Uaed to C ss to 80 feet 

Depth(s) where Contamination _Identified in 
Orou Gamma :ooiJlm.-.. 

:R.K. Price 

00 318 



C ( ( 

01/09ll5 
Borehole 22-07-07 

04/22/94 
Gamma (els) 

o o Gamm{as~ 0 100 200 
0 

Ln) Depth: 30-54 ft (Narrow Line) 

10 j 10 
Cs-137 & Ru-106 & Sb-125 

l Decay line 
:,, -· 20 1S ,, 20 

l!l! 
,' 

) 

) :c 30 1- 30 ) z 
• 

..., 
> 

: : . 
40 f= . Sb-125 Decay Line 40 \>.I 

0 I 3 I I V, 

0 2! \,-1 

150 
C, 

i,50 I N 
C,J 
~ c! :\ I 

~ ::c 
rn eo 0 80 < 

1975 1980 1985 1890 1995 [ 0 
Date (Year) 

-so 70 140 

·-
70 

t )30 fff+H t f t t t t f t f t 80 <1; 80 
) 

90 roo • . . . . . • . • 90 ) . . .,,,,.;.. ,,,,,.. ........... -... • . . 
~80 1} ceo t/11'(1.• • • • 

J40 . . . 
100 u.O 20 100 fWldeLlne) 

0 250 500 0 0 250 500 
Glmma(c/1) 

~ by: 1111M RMIS8cienllllc 
Glmma(c/1, 



( ( C 

01/09ll5 
Borehole 22-07-07 

04f22/94 
Gamma(cls) Gamma (els) 

0 100 200 O 100 200 0 
0 (Nanowl.Jnt) line) Depth: 80-98 ft 

10 
i 10 

i I 

• 
20 

~ 20 

~o~ 
, 

l§ C0-60 Decay Line ) :r: 
30 r ' 0 ol 

I 30 > z ., .,, ; 0, / Co-60&Sb-125 I ,OecayUne : t I / 
\J,,I / ., 

) 
40 0 ,,✓ .. 40 \J"I ' / 

0 I J 
0 ,, / i \,.a 0 0 / 

0 • / I N 
.' / 

Jso : / J:: 

' 
,, !50 • c-.) 00 i,, l ; 

l:S 
r 

) :::0 
f'T1 
< eo 0 eo 0 

1975 1NO 1985 1990 1995 ) 

Date (Year) t~ 70 ,so 
i·- 70 

11; HHH f f i t f t t f f t 80 80 
J 

J 

roo • . . . • . . . . 90 
} 

~ao . ..._;.., ~ ,...... ........ • • . 
""1(1.• • • • . 

t JE • 
(WldaUne) 100 tWld9LIM) 

0 - IOO 0 
0 2IO IOO 

Gamma(c/9) 
Anafrtia br, Tine RMfs Scilnllftc 

Gammll(C/9) 



( 

0 lll \......_., I I J J J J tlJ ll t J 

10 

20 

30 

.-..40 .... 
o I oe 50 
CJ :5 
N Q. 

~ ~ 60 

70 

80 

90 

100 

1975 1980 

( 

Borehole 22-07-07 

1985 
Date (Year) 

C 

1990 1995 

:c 
:z: .,, 

: : I 
\JJ 
V, 

vi 
N 

I 
::0 
r,, 
< 
0 



H NF ~ 3 5 3. 2 - R E V 0 

Borehole 22-07-09 
page 1 of2 

Contamination (Cs-137) from 0.9 feet is Tank Fann Activity 
Contamination (Cs-137) from 9-17 feet is Stable 

Contamination (Cs-137) from 17-36 feet is Appears Stable 
Contamination (Cs-137) from 62-74 feet is UNSTABLE 
Contamination (Co-60) from 74-84 feet is UNSTABLE 
Contamination (Co-60) from 84-94 feet is UNSTABLE 

Contaminlltion (Co-60) from 94-100 feet is UNSTABLE 
Grade Thickness Product from Oto 9 feet is erratic in 1975 and from 1982 to 1986, and is 

categorized as Tank Farm activity. Grade Thickness Product ia decreuing within 
counting statistics in two time intervals (1976-1982 and 1986-1994) at a rate consistent 

with Cs-137 (identified from HPGe detector). 

Grade Tbicknesa Product for the radioactive zone (9-17 feet) is decreasing within the 
grou gamma sensitivity at a rate consistent with the decay ofCa-137 (identified ftom 

HPOe detector) between 1975 and 1994. 

Grade Thickness Product for the radioactive mne (17-36 feet) appears to be decreasing 
sensitivity at a rate consistmt with the decay ofCs-137 (identified from HPOe detector) 
except prior to 1981. The grou gamma activity is at the 30,000 counts per second rate 

which may be beyond the linear region of the counting system. 

Grade Thickness Product for radioactive zone (62-74 feet) is INCREASING from 1975 to 
mid-year 1976 then ia deorasing at a rate that would appear to be stable contamination. 

However, the stack plot shows the migration of contamioation out of this zone (Le. 
vertical movement to lower depths), therefore, fitting the decrease in grade thickness 
product to a radionudide decay would be incolTect since movement is apparent. The 

grade thickness product fits the decay of Cs-13 7 (identified ftom HPOe detector) ftom 
1987 to 1995. 

Grade Thickness Product for the radioactive .zone (74-84 feet) bu two time intervals of 
INCREASING radioactivity (1975-1978 and 1980-1982) followed by decreues. The 

docreue would appear to be stable contamination, however, the stack plot shows 
migration down from this mne to the lower zones. Therefore, fitting the decreue in 

grade thickness product to radioactive decay would be incorrect even though the decreue 
ia consistent with the decay of Antimony-125 (hypothesis) and Cobalt-60 (Identified ftom 

HPOe detector). The grade thidmeu product does not fit the decay of Co-60 (HPGe 
identified) wrti1 very recently ftom 1990 to 199S. 

00 322 
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HNF~3532 -REVO 

Borehole 22-07-09 
page2of2 

Grade Thickness Product for the radioactive mne (84-94 feet) shows background activity 
from 1975 to 1982, then INCREASING radioactivity from 1982 to 1985. The Grade 
Thickness Product has been decreasing from 1989 to 1995 at a rate consistent with the 
decay of Co-60 (identified &om HPOe detector) within obeerved systematic limitations. 

Grade Thickness Product for the radioactive zone (94-100 feet) shows background 
activity fi'om 1975 to 1984. them INCREASING radioactivity from 1984 to 1986. The 

Grade Thickness Product bas been decreaaing from 1990 to 1995 at a rate consistent with 
the decay ofCo-60 (identified from HPOe detector) within observed l)'ltematic 

limitations. 

Grade Thickness Product for the combined radioactive mne (62-100 feet) shows three 
time intervals of INCREASED radioactivity (197S, 1980, 1984). The Grade Tbick:nas 
Product hu been decreasing within observed systematic limitations at a rate consistent 

with the decay ofCo-60 (identified fi'om HPGe detector) from 1990 to 1995. 

Information 
04: Sodium Iodide Scintillator 
03: Neutron 4 
100 ft 
100ft 
1/09/1975 
4122/1994 
393 

A .. Notes . 
Number - ft-· .t. 0 -·-·- . 

Lower Threshold for Bad :.... ..... Values : <,., 0 
Method Ueed to r, - . . . 40to 60 feet -•,UUIJU • 

Depth( 1) where Contamination Identified in 0-9 feeH1 TF Activity 
Gross Oamma Surveys : 9-17 feet is Stable 

17-36 feet Appears Stable 
62-74, 74-84, 84-94, and 94-100 feet 
are IJ~~t'~lll C 

... \..;Name: R..K. Price . 
.:'--•~•By: Three Riven Scientific 
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HNF~35J2 ·REVO 

Borehole 22-07-10 

Contamination (Cs .. 137) from 0-6 feet is Tanlc Farm Activity 
Conuunination (Cs--137) from 6-12 feet is Stable 
Contamination (Cs-137) from 12-20 feet is Stable 
Contamination (Cs-13 7) from 20-30 feet is Stable 
Contamination (Cs--137) from 3044 feet is Stable 

Grade Thickness Product ftom O to 6 feet is erratic for the 20 years of surveillance 
logging. The decay line for Cs-137 (identified from HPGe detector) is shown on the plot 

but is not fitted to any set of survey data. 

Grade Thickness Product for the four radioactive z.o.oes (6-12, 12-20, 20-30, and 30-44 
fed) is decreasing within the gross gamma sensitivity at a rate consistent with the decay of 

Cs-137 (Identified ftom HPOe detector) between 1975 and 1994. 

Information 

97ft 
97ft 
1/09/1915 
4/22/1994 
356 

A...;..'T.:.., Notes 
Number :;_ .. - ... Reiected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Comoute n • _. 

4S to 70feet ~- . 
Deptb(s) where Contamination Identified in 0-6 feet ia TF Activity 

Gross Gamma SUl ....... .'T .. : 6-12. 12·20. 20-30. 30-44 feet are Stable 

.•--L-:;:_ Name : llK. Price 
•-A'--=s Bv · ......... J ... 1 • Three Riven Scientific 
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HNF::353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole /J Y{z 2 -t:)7-tJJ) Probe Type O C..,,-

Log Date: 75-ol-t,f 1st 

Total# Surveys 2.. '-t'J 
# neutron surveys 7 
q 't'::: /J 'f-2,s.. Last 

# GR Surveys z '1' 2... 
Presentation Plot Dates ------

(If different ft-om 1 • & Last) 

Isotope from Spectral Survey:_____________ Max Survey Depth / ~o 
Contamination Zone Dcpth(s): 0 - I O 

1 ~<t -S:?_, J--2.-7$, 7'<J -A:f Z.. 

GAPS.Txt 
Survey Date nwn. Gans illoprox #Sampl'! Comment 

7 I.- ()'f-~a //.; 10 
17 h - (tJ IJ-eJ 2 ,~ qy 
71-{)'/-t 3 2, er 'L. 
</l'-b 'i-1 f I o '10 

lil-ZONES.Txt 
Comment 

Comment 

: Stable, TF Activi Undetermined CHANGED 

Analyst Name ff~ et..,A..,(._,/? S/W ver (JFGROSS} 
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Dry Well Survey Analysis - Notes 

Borehole£3 '/ ( 7.,,, l -tJ7- iJ z,,} 

Log Date: ·7_r- r, 1-0~ st 

Total# Surveys 3 'r?..­
# neutron surveys 6 
9 y-o y-z.. z.-Last 

Probe Type 19'7" 
# GR Surveys 33, 
Presentation Plot Dates ,.,,-----,,.---,-...-

(If di&ent ftom 1• & Last) 

Isotope from Spectral Survey: ---....,,..._,.-=-=-___,,,.._..---=""______ Max Survey Depth .i-7--
Contamination Zone Depth(s): b -2..~ Zf 2-S.3., s3~ 76( 1tJ-g J'2 - 'T..r 

Survey Date 
7S-o 8-z, 
7J.,6'!'-~r, 
7/.-At;-A ~ 

7 'I-/J~-/1 

Survey Date 
7 t-fJ~-;_l,O 

,t:i-11-01 
7 'I-~ Y-iJ,, 
'7 f- /l}v(J_j 

'f (:)-/Z.-tJ) 

c:f 'f--C'-r - :1_#1 

4-i ~5',t:.r 
GAPS.Txt 

mun. Gans aoprox#Sampl'! Comment 
It,/ 

2.o 
/7 
q<t 

Reason Selected 

( a.,(.. ~ (., 

B~u;~ 
..iA.d i.86-
j,, I ,d/t:. C.. 

Jr,,ss -RN· 
l.:JtJt,., hH <-

/Q'l) 
q.> 
t:io 
/(!)() 

approx #Samp's 

95" 
too 

,l) 

/tJc 
95· 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

S/W ver (TFGROSS) V fl.,, 20 . 
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Borehole BY { '2.2-t>7-62S) 

LogDate: 75"'-0l-(21 1st 

HNF~353.2 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys @­
# neutron surveys., -zyj\ 

q y-t> ~ 2..2.Las'f--"' 

Probe Type t) '-I' 
# OR Surveys 23 8 
Presentation Plot Dates 

(If dift'ai=--en~t &om~1=11 &.,,...Llft---,-)-

Isotope from Spectral Survey: -.----=------,-------­
Contamination Zone Depth(s): 'tc9-S?; s:z-t~ 6.r-7i ~0- /Pt} 

Max Survey Depth 9: 7 

OAPS.Txt 
Comment 

HI-ZONES.Txt 
Comment 

Comment 

num surve s re· ected: 0 

CHANGED 

S/W ver ITFGROSS} ll l..- · J..t:J 
' 
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Dry Well Survey Analysis - Notes 

Borehole l3 'f { Z?..-07-0 7) 

Log Date: 7.S: dl-0</ 1st 

Total # Surveys 22 7 
# neutron surveys 2... 
'1'r-fJ 't-2.2. Last 

Probe Type O y 
# GR Surveys z. z. r 
Presentation Plot Dates ,.,.----,------

(If ditfcrent from l • & Lat) 

Isotope from Spec~ Survey:--------,,---------­
Contamination Zone Depth(s): 3'2-S:'t, go:'7 ~ 

GAPS.Txt 
Comment 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

S/W ver CTFQROSS} 
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Borehole l!>Y (2.2-Q 7-t!;1) 

Log Date: 7 5-0 /--f!i I st 

HNF:-:3532 -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys 3 '1 'l 
# neutron surveys 4t' 
9 't'- f) C,,- z.. '2. Last 

Probe Type el 7'" 
# GR Surveys .3 9 J 
Presentation Plot Dates ------,----

(lf difl'erellt ft-om 1 • .t LIil) 

Isotope from Spectral Survey:_____________ Max Survey Depth / #o 
Contamination Zone Depth(s): t,-4 7- IZ /7_ 3 ,,, ~ Z.- Z'( 7<.r--'l'f;, ~'l-'-9 ~ 1 Y-t4t0 

GAPS.Txt 
Survev Date num. Ga0s -.,prox #Sampl'i Comment 
7 h-fJY-2,-1 '-t' y 'IO 
7 I. -11 ~- L f :Jt) ,,o 
"7 f-b"I-IY I q ~l) 

</6-0'/,,~ I ._, 'io 
/DO 

fil-ZONES.Txt 
Comment 

BackOnd. Txt 
Comment 

Analyst Name ~e~ S/W vcr (TFGROSS) 1/Z- 2.0 
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HNf:'.:353.2 -REVO 
filein := "GTP62-74.txt" Well 22-07-09 

A:= READPRN(filein) 

N := last(yr) 

'tCs:=30.17 ~--
acs := 80 

yr:= A<l> 

N =291 

'tCO :: 2.77 

aco := 1200 

net := A<7> 
i:=O .. N 

'tCU :: 1.02 

bkg := A<6 > 

k := 0 .. 300 

Co variables are 
aeu:=4000 fil2;J_2.Q 

, -~ ·va~s'an!:, 

max := A <4 > 

j := 0 .. 299 

-(yri- 75) I~) 
Csi := acs ·e 

-(yri - 75)•'::) ;, &.! -- -~-·· .. ··:(yri-15)~ 
Co. := aco·e Eu. := aeu ·e ffll • I 

grossi := neti 

2000 

1500 
grossi 

0 

toti 

-- 1000 

SO() 

Given 

I I 

This data edited for spurious points 

78 80 82 84 

ssq(acs,acu,aco)•O l• I 2•2 

86 
yri 

[:]~-<=.~•.=) 
ln(2) -(YT· - 75)----

1 uu 
Eui := aeu·e 

88 90 92 94 

~=0.016 
aeu 

96 

8"N -4 
-=1.969•10 

out«>> := yr out<! > := tot WRITEPRN("twop44-52.txt") := out 
CsN 

ThreeCompDecay.mcd 8/24/98 
00 347 
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filein := "GTP74-84.txt" 

A := READPRN ( filein) 

HNF~35}.2 -REVO 
Wei I 22~07 -09 

N := last(yr) 

yr:= A<I> 

N=96 

net := A <7 > bkg := A <6 > max := A <4 > 

i := 0 .. N k := 0 .. 300 j := 0 .. 299 

1st Isotope is Co (5.27 i.rsJ 

2nd Isotope is ~bJ~.;.I?-~'ll 
111(2) -(Yf;-75)~ 

'tCO := 5.27 

't2 := 2.77 

aco := 1000 

a2 := 4400 

Coi := aco·e 

groai 
0 

tot . 
I 

Given 

This data edited for spurious points 

1soo----.----...------,.---~----.-------...----~ 

1000 

500 

0 0 

oL-----L----..,__ __ __. ___ ......,_ __ ___,'------L----..,__ __ ---1 

~ u ~ u n ~ n ~ % 

yri 

ssq(aco,a2)•0 l• 1 

[:] :-- Minerr(aco,a2) 
.. · ··3 , 

; ixf~AOS•lO I 
.; $hc125-•' ,.,-- "'" · ttco 

-=0.227 
a2 

tot. := Co.+ X2. 
1 I I v~-- -~ / ~ -• . -""i 

out<O> := yr out<I > := tot 
•-•••- ... y- - = 2.246~ 

WRITEPRN("twop.txt") := out Y? _ 
. Ratio Co/Sb -~ i 
.' - .·• •ii,11•., -"' 't' "• .'-"·• • -.. •1'-, ...... ~ .. -' 

Co-2nd-Decay .med 8/24/98 

00 348 
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Borehole /3 Y { 2.1- -Dl- to) 

Log Date: 7 $-41--691 51 

HNF::353.2 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys 3 t, '{) 
# neutron surveys '7 
9 c.,, ... l'f- 1 -i, Last 

Probe Type I) y 
# GR Surveys 3 SI, 
Presentation Plot Dates --~---(Ifdiff'cnnt from 1• 4 Last) 

Isotope from Spectral Survey: -,,..__,..~---------,,-----,=--­
Contamination Zone Depth(s): 0- '< , -/ Z, / 2 -U,,. 2..~ -3c01 Jd>-y y 

r ' 

GAPS.Txt 
Survey Date nwn. Gaps approx #Sampl's Comment 

7.5-/2-2.., lo 9~ 
7 '-6'r-V1 ~.3 'NJ 
'lt-b'l-t ~ /J '1.r 
'15-b Y-~..3 I~ /'8'D 

ID-ZONES.Txt 
Survev Date Reason Selected approx #Samp's Comment 
-T t-tJ 'r-- ,6 (3AP Uc- 'f-0 
71,-07-c12.. /JNUC,... '10 

7 7-fJY-O'r r'~Mtc... /dl'J 

7't-lJ-o I 7lC,c,.n,,{Jf'"' ,,'O 
7f-kJ-,7 IJMu~ 4f"i) 

qwY-u "'?".:tac,..Mr, /A?\ 

BackGnd. Txt 
Comment 

, Undetermined, CHANGED 

Max Survey Depth __ '? __ z_ 

Analyst Name ~ £~ S/W vcr ITFGROSS} V .L LU 
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HNF=:353.2 -REVO 

Borehole 22-08-01 
page 1 of2 

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity 
Contamination (Co-60 & Sb-125) from 22-32 feet is Stable 
Contamination (Co-60 & Sb-125) from 32-42 feet is Stable 
Contamination (Co-60 & Sb-125) from 42-59 feet is Stable 

Contamination (Co-60 & Sb-125) from 59-82 feet is UNSTABLE 
Contamination (Co-60 & Sb-125) from 82-95 feet is UNSTABLE 

Grade Thickness Product from Oto 10 feet is erratic from 197S through 1986, and is 
categorized aa Tanlc Farm activity. Grade Thickness Product from 1986 through 1994 is 

decreasing within observed systematic limitations at a rate consistent with Cs-137 
(identified from HPOe detector). The gross gamma activity is at the 30,000 counts per 

second rate, which may be beyond the linear region of the counting system. 

Oracle Thickness Product for three radioactive zones (22-32, 32-42, 42-59 feet) is 
decreasing within the gross gamma sensitivity to each isotope and relative intensity at a 
rate consistent with a least squares fit ofSb-12S (hypothesis) and Co-60 (Klentifi.ed from 
HPOe detector) from 197S through 1994. The least squares fit results in a gross gamma 
contribution ratio for Sb-12S to Co-60 of0.7, 0.1, and 0.3, respectively for each zone, on 

June, 1994. 

Grade Thickness Product for the radioactive zone (59-82 feet) ii decreasing at a rate that 
exceeds the decay ofSb-125 (hypothesis) and Co-60 (identified from HPOe detector) 

from 1976 to 1979, then is less than the decay rate from 1980 to 1984, and thea is 
consistent with the decay rate from 1985 to 1995. Movement in this zone is unclear on 

the stack plot. The least squares fit results in a gross gamma contribution ratio for Sb-12S 
to Co-60 of 0.04 on June 1994. 

Orade Thickness Product for the radioactive zone (82-95 feet) shows the zone is clean 
until 1982, then from 1982 to 1987 the radioactive contaminant is INCREASING, and 
begins to decrease at a rate consistent with the decay of Co-60 (Jdeotmed from HP0e 

detector) from 1987 to 1995. This can be seen in the stack plot upon close examination. 

Grade Thickness Product for the combined radioactive zone (22-95 feet) is decreasing 
within the gross gamma sensitivity to each isotope and relative intensity at a rate 

consistent with a least squares fit ofSb-125 (hypothesis) and Co-60 (Klentificd ftom HP0e 
. detector) ftom 1975 to 1995. Thia indicates the contaminants likely entered the 

subsurface in a single mm and the contaminant movement is ongoing redistnbution. The 
least squares fit results in a grou gamma contribution ratio for Sb-125 to Co-60 of0.14 in 

1995. 
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HNF:'.:353.2 -REVO 

Borehole 22-08-01 
page2 of2 

Information 
04: Sodium Iodide Scintillator 

100 ft 
100 ft 
1/09/1975 
6/13/1994 
312 

.. •_..:..Yi>·s Notes 

Number :iu. ,...,YD Reiected : 0 
Lower Tbrelhold for Bad Survev Values : <=-0 

Method Used to r.l'Ul'I.,. ... - • _.. 12 to 22 feet .UUIIU, 

Depth( s) where Contamination Identified in 0-12 feet is TF Activity 
Gross Gamma Surveys : 22-32, 32--42, 42-59 feet is Stable 

59-82. 82-95 feet iTN~ 1 1 
A. Ill 1:1 

.&-•.:!-.• ; Name : R.K. Price 
A ·. ' Bv: Three Riven Scientific -
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HNF::353.2 -REVO . . . 

Borehole 22-08-02 
page 1 of2 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity 
Contamination (Sb-125) from 20-30 feet is Stable 

Contamination (Sb-125) from 44-62 feet is UNSTABLE 
Contamination (Sb-125) from 62-72 feet is UNSTABLE 
Contamination (Sb-125) from 72-84 feet is UNSTABLE 

Contamination (Sb-125) from 84-100 feet is UNSTABLE 
Ora.de Thidmeas Product from O to 10 feet is erratic for the 20 years of surveillance 

monitoring, and is categorized u Tanlc Fann activity. The decay line for Ca-137 
(identified from HPOe detector) is shown but does not agrees with any significant number 

of surveys. 

Grade Thickness Product for the radioactive mne (20-30 feet) is decreasing within the 
gross gamma sensitivity at a rate consiltent with the decay of Sb-12S (hypothesis) 

between 197S and 1994. 

Grade Thickneu Product fbr the radioactive zone (44-62 feet) is decreasing at a rate from 
197S to 1981 that does not fit the decay ofSb-12S (bypothesia) or Co-60 (identified from 

\.....,; HPGe detector). The decay line for Sb-12S is shown u a reference. The stack plot 
shows that radioactive materiala migrated down, out of this zone. 

Orade Thickness Product for the radioactive zone (62-72 feet) is INCREASING in 197S 
then decreuel at a rate from 1977 to 1988 that does not fit the decay of Sb-12S 

(hypothesis) or Co-60 (identified from HPOe detector). Tho decay line for Sb-125 is 
shown u a reference. 

Grade Thickness Product for the radioactive zone (72-84 feet) is INCREASING from 
1981 to 198S with decreasing rates the other timet (197S-1981 and 1985-1995). The 

decay line for Co-60 (identified ftom HPOe detector) is shown as a reference. The stack 
plot shows that radioactive materials migrated down, through this 7.0DC'). 

Grade Thickness Product for the radioactive zone (84-100 feet) is INCREASING from 
1988 to 1991 with decreasing or constant rates the other times (1975-1988 and 1991-

199S). The decay line for Co-60 (Identified ftom HPOe detector) is shown u a reference. 

Grade Thickness Product of the combined radioactive zone (44-100 feet) is decreaains at 
a rate that is consistent with a 1eut squares ftt of Sb-125 (bypothesia) and Co-60 

(identified from HPOe detector) from 197S-1985 and deviates &om 1985-1995. The 
deviation may indicate added contamination in the 7.0De. The least squares ftt results in a 

gross gamma contn"bution ratio for Sb-12S to Co-60 of 0.1 on June 1994. 

n<1 160 
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Borehole 22-08-02 
page2 of2 
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HNF~353.2 -REVO . . . 

Borehole 22-08-05 
page 1 of2 

Contamination (Cs-137) from Oto 8 feet is Tanlc Farm Activity 
Contamination (Co-60) from 36-45 feet is Stable 
Contamination (Co-60) from 45-53 feet is Stable 
Contamination (Co-60) from 53-63 feet is Stable 

Contamination (Co-60) from 63-74 feet is UNSTABLE early 
Contaminfltion (Co-60) from 74-84 feet is UNSTABLE 

Grade Thickness Product from O to 8 feet is erratic from 1975 through 1986, and is 
categorized as Tanlc Farm activity. Grade Thickness Product from 1986 through 1994 is 

decreasing within counting statistics at a rate consistent with Cs-137 (identified from 
HPOe detector). 

Grade Thicknesa Product for three radioactive zones (36-45, 45-53, 53-63 feet) is 
decreasing within observed systematic limitations at a rate consistent with Co-60 

(Identified from HPOe detector) .from 1975 through 1994. 

0 Grade Thickness Product for the radioactive zone (63-74 feet) is decreasing at a rate that 
is·significantly less than the decay ofCo-60 (ideotitled from HPGe detector) ftom 1975 to 
1986. Then from 1986 to 1995 the decrease in grade thickness product ia consistent with 
the decay rate. The stack plot shows the radioactive contaminants to be migratins deeper 

in the formation. 

Grade Thiclcnesa Product for the radioactive z.one (74-84 feet) shows the zone ii clean 
until 1985, then ftom 1985 to 1990 the radioactive contaminant is INCREASING, and 
begins to decrease at a rate consistent with the decay of Co-60 (identified from HPGe 

detector) ftom 1990 to 1995. 

Grade Thickness Product for the combined radioactive zone (36-84 feet) is decreuing 
within the gross gamma sensitivity at a rate consistent with Co-60 (identified ftom HPOe 

detector) ftom 1975 to 1995. 

00 370 
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Borehole 22-08-06 
page 1 of2 

Contamination (Cs-137) from Oto 8 feet is Tank Farm Activity 
Contamination (Cs-137) from 8 to 18 feet is Tank Farm Activity 

Contamination (Cs-137) from 18-29 feet is Stable 
Contamination (Cs-137 & Co-60) from 46-54 feet is Stable 

Contamination (Co-60) from 54-63 feet is Stable 
Contamination (Co-60) from 63-73 feet is Stable 

Contamination (Co-60) from 73-83 feet is UNSTABLE early 

Grade Thickness Product from O to 8 feet is erratic from 1975 through 1986, and is 
categorized as Tank Farm activity. In the radioactive zone from 8 to 18 feet the Grade 

Thickness Product from 1976 to 1985 is lower than the other time interval. In both zones 
the Grade Thickness Product from 1986 through 1994 is decreasing within counting 

statistics at a rate consistent with Cs-137 (identified from HPGe detector). 

Orade Thickness Product for radioactive zone (18-29 feet) is decreasing within the gross 
gamma sensitivity at a rate consistent with Cs-13 7 (identified from HPGe detector) from 

1975 through 1994. 

Grade Thickness Product for radioactive zone (46-S4 feet) is decreasing within the gross 
gamma sensitivity to each isotope and relative intensity at a rate consistent with Cs-137 
and Co-60 (both identified from HPGe detector) from 1975 to 1995. The gross gamma 

contribution ratio for Co-60 to Cs-137 was 0.4 in 1995. 

Grade Thickness Product for two radioactive zones (54-63 and 63-73 feet) is decreasing 
within the gross gamma sensitivity at a rate consistent with Co-60 (identified from HPGe 

detector) from 197S through 1994. 

Grade Thickness Product for the radioactive zone (73-83 feet) is roughly constant and 
below the radioJUJclide decay line for 1975, then from 1976 to 1995 the radioactive 

contaminant) is decreasing within the gross gamma sensitivity at a rate consistent with 
Co-60 (HPOe detector identified). The stack plot shows on close review that the broad 

gamma ray peak becomes better defined after 1975. 

Grade Thickness Product of the combined radioa.ctive zone (46-83 feet) is decreasing 
within the gross gamma sensitivity to each isotope and relative intensity at a rate 

consistent with a least squares fit of Co-60 and Cs-13 7 (both identified from HPGe 
detector) from 1975 to 1995. The least squares fit results in a gross gamma contribution 

ratio for Co--60 to Cs-13 7 of 1.1 on June 1994. 
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Borehole 22..08-06 
page 2 of2 

04: Sodium Iodide Scintillator 
03: Neutron 2 
100 ft 
100 ft 
1/09/1975 
6/13/1994 
314 

_,._...:. . ..: Notea 

Number Survevs Reiected : 0 
Lower Threshold for Bad Survev Values : <=O 

Method Used to Comoute Backmound : 30 to 46 feet 

Depth(s) where Contamination Identified in 0.8, 8-18 feet is TF Activity 
Gross Gamma Surveys : 18-29, 46--54, 54-63, 63-73 feet is Stable 

73-83 feet was TJNST.4.RT I: early 

Analyst Name : R.K. Price 
AnaJvsis By : Three Rivers Scientific 
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HNF ::. 353.2 -REVO 

Borehole 22-08-07 

Contamination (Cs-137) from Oto 8 feet is Tanlc Fann Activity 

Grade Thickness Product &om O to 8 feet is erratic &om 1975 through 1986, and is 
catesorized u Tanlc Fann activity. Grade Thickness Product ftom 1986 through 1994 is 

decreasing within counting statistics at a rate consistent with Cs-13 7 (identified &om 
HPGe detector). 

Anal . N otes lysJS 

Number Surveys Reiected : 0 
Lower Threshold for Bad Survey Values : <=O 

Method Used to COlllDUte Backaround : 20to 40feet 

Depth( s) where Contamination Identified in 0-8 feet is TF Activity 
Gross Gamma Survevs : 

Analvst Name : R.K. Price 
Analnis By : Three Rivers Scientific 

'JO 392 
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HNF~35}.2 -REVO 

Borehole 22-08-09 

Contamination (Cs-137) from Oto 10 feet is Tanlc Farm Activity 
Contamination (Cs .. } 3 7 & Ru-106) from 72 to 84 feet was 

UNSTABLE early 

Grade Thickness Product from Oto 8 feet is erratic from 1975 through 1986, and is 
categorized as Tanlc Farm activity. Orade Thickness Product from 1986 through 1994 is 

decreasing within counting statistics at a rate consistent with Cs-13 7 (identified from 
HPGe detector). 

Grade Thickness Product for the radioactive zone (72-84 feet) for 1975 was 
INCREASING, Then from 1976 to 199S Grade Thickness Product was decreasing at a 
rate consistent with the decay ofRu-106 (hypothesis) and Cs-137 (identified from HPOe 

detector). The gross gamma contribution ratio for Ru-106 to Cs-137 was 3.5 on 
January 1, 1976. 

100 ft 
100 ft 
1/10/1975 
6/13/1994 
403 

NumberSwv 
<=O 

Method Used to Co SO to 70 feet 

Depth( s) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma S11

"""""""" 72-84 feet was UNSTABLE 

R.K. Price 
Three Rivers Scientific 

()0 395 
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HNF::353.2 -REVO 

Borehole 22-08-12 
page 1 of2 

Contamination (Cs-137) from Oto 8 feet is Tank Farm Activity 
Contamination (Cs-137) from 25-40 feet is UNSTABLE 

Contamination (Co-60 & Sb-125) 40-Slfeet UNSTABLE early 
Contamination (Co-60) from 51-60 feet is UNSTABLE 

Contamination (Co-60) from 60-70 feet is UNSTABLE early 
Contamination (Co-60) from 70-82 feet is UNSTABLE early 

Grade Thickness Product from O to 8 feet is effltic for the 20 year surveillance period. 
and is categorized as Tanlc Farm activity. Grade Tbicknen Product is plotted on a 

loprithmic scale to show the variability of the computed results. A decay line for Cs-137 
(identified from HPGe detector) is shown but does not tit a significant number of 

surveys. 

Grade Thickness Product for radioactive zone (25-40 feet) shows a consistent 
INCREASE ftom 1978 to 1980 then a decrease from 1980 to 1983. The decay rate of the 
isotope that migrated through the wne (25-40 feet) could not be identified. A decay liloe 
for Cs-137 (low level identified ftom HPGe detector) is shown but docs not fit the data. 

Grade Thickness Produot for the radioactive zone (40-S1 feet) is decreasing in 1975 at a 
rate that is greater than the decay of Sb-12S (hypothesis) and Co-60 (identified from 

HPOe detector), then after 1976 exhibits a reasonable fit to the decay line. In 1982 a 
decrease in the Grade Thickness Product is observed. The gross gamma contribution ratio 

for Sb-12S to Co-60 was 0.4 in 1995. 

Grade Thickness Product for the radioactive zone (51-60 feet) shows a decrease from 
1975 to 1980 that does not fit the remainder of the monitoring logs. From 1980 to 1982 

the Grade Thickness Product is erratic and increases, then begins to decrease at a rate 
consistent with the decay ofCo-60 (identified from HPOe detector) from 1982 to 1995. 

Downward movement of the oontamination may be occurring. 

Grade Thickness Product for the radioactive wne (60-70 feet) is greater than the decay 
rate ofCo-60 (identified from HPOe detector) from 1975 to 1983. Then from 1983 to 
1995 the Grade Thickness Product decay rate is consistent with Co-60. The stack plot 

shows movement down of contamination through this wne to the next lower wne. 

Grade Thickness Product for the radioactive zone (70-82 feet) shows the contaminants to 
be INCREASING from 1975 to 1983. Then ftom 1983 to 1995 the Grade Thickness 

Product is decreasing at a rate that is consistent with Co-60(identifled from HPGe 
detector). 
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Borehole 22-08-12' 
page 2 of2 

Grade Thickness Product for the combined radioactive zone (40-82 feet) is greater than 
the decay rate ofSb-125 (hypothesis) and Co-60 (identified from HPOe detector) in 197S. 
Thtm from 1976 to 1995 the Grade Thickness Product rate of decrease is consiatent with 

the decay ofSb-12S and C~. The gross gamma contnl>ution ratio for Sb-12S to Co-60 
of0.04 on January 1996. 

Information 
04: Sodium Iodide Scintillator 

10S ft 
105 ft 
1/10/197S 
6/13/1994 
380 

_1i. --1.-:. Notes 
Number Surveys 'D • 

~ . 0 
Lower Threshold for Bad Survey Values : <=O 

Method Used to Comoute Backwound : 10 to 24 feet 

Depth(s) where Contamination Identified in 0-8 feet is TF Activity 
Gross Gamma Swveys : 24-40, 40-Sl, 51-60, 60-70, and 70-82 feet 

WU TJNSTARI ,F. 

.1i.--1.~ Name : R.K. Price 
A~-;;sBv: Three Rivers Scientific 
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Dry Well Survey Analysis - Notes 

Borebolel3 Y { ZZ- /Jf- d/} Total# Surveys 3/Y Probe Type() '7' 
# neutron surveys 2- # GR Surveys :3 I ~ 

Log Date: 7 5' -o 1-M 1st 'I "r'-P6- IJ Last Presentation Plot Dates ___ ,,__ __ 

~ 
(If ditl'emlt ftom 1 • & 1-) 

Isotope from Spectral Survey: Ls (>:3oo, t' u;I. Sz./_2 7 - /a,/ L Max Survey Depth IP? ' 
Contamination Zone Depth(s): d-1 2..,, Z 2~:z;j 2._µ,5 f 2.. -5'1,,...rf-1 ~ '/"l.-4f.S-

GAPS.Txt 
Survey Date num. OaDS IU>prox #Sampl'J Comment 

'7"1-·07- ?-/ LJJ 9.S-
'io- o'f- l'l 2.-, 'Z... S--0 
cr~-1z-1 l ~" lcn 

HI-ZONES.Txt 
Survey Date Reason Selected •pprox#Samp's Comment 

7£-ql..-~ H t l!l /c..c. 9S 
1 i,-{,il- U IJ,9.1,Svv~ .... q5 

7<J-I.J'f"-I) £. 6 4tt, -~V -t.'i t,o 
~J-12.-17 ~119 I?• to r /~7) 

V BackGnd. Txt 
Comment 

Ull-4- Jz.-

S/W ver (TFGROSS) 

00 410 
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mein := "two42-s9.txt" Well 22-08-:..01. 
·--- • . , .... pr 

A := R.EADPRN ( filein) 

N :• last(yr) 

yr := A<I> 

N=308 

net ; .. A <7 > bkg := A <6 > max := A <4 > 

i:=0 .. N k :=0 .. 300 j:"0 .. 299 

1st Isotope is Co (5.27 yrs) tco := 5.27 aco := 5000 

a2 :,. 21000 

ln(2) -(yr,- 75)-;;;-
Coi :• aco·c 

This data edited for spurious points 

0 

yri 

-(yr,-75)- -(yr--75)-
[ [ 

ln(2) . ln(2)]]
2 

ssq(al ,a3) := .I: grossi - al ·c' 'ICO+a3·e 
1 

,a 

Given 

ssq(aco,a2)•0 1•1 

[
aco] a

2 
:., Mincrr(aco,a2) 

aco = 6.202• l o3 
.s.6 
a2 = l.9S2•104 --

~=0.318 
a2 

ln(2) -(yri-75)--;;;-
Coi := aco•e tot. := Co. + X2. 

I I I ·• ••... . _ . . 

out<O> := yr out<l > := tot 

X2 1 

r ,,.. ' ···· ., ~ =0.313} 
WRITEPRN("twop.txt") := out /~_E~'?.? -~-~-,-~, ..... 

.J.. '2- .}2 ,=-,, Sl¥cc -:: (j, (;b 

~ J.-'f2.P.. 7 ..f,f}(..d ..:. "• I'+' 

Co-2nd-Decay.med 8/18/98 

00 41.1. 

( l9'1i,,) 
(l99t) 

Page 1 
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HNF~35}.2 .. . 

Well 22-08-01 filein := ''tw~" 

A := READPRN(tilein) 

N := last(yr) 

yr := A<l> 

N =308 

net := A <1> 

i := 0 .. N 

bkg := A<6> 

k :=0 .. 300 

max :v A<4 > 

j := 0 .. 299 

1st Isotope is Co (5.27 yrs) 'tCO := S.27 

2nd Isotope Is Sb-125 (2.77 yrs) t2 := 2.77 

gross. := net-
' I This data edited for spurious points 

sooo 

aco := 6000 

a2 := 7000 

0 .__ _ _._ _____ _.__ _ __._ __ .....__ ........ __ ......_ _ _._ ____ _._ __ 

~ M n W ~ « ~ U ~ ~ ~ % 

yri 

-(yri - 75) • ,co -(yri - 75) tl 
[ [ 

ln(2} ln(2)]]2 

ssq(al ,a3) := L grossi - al •e + a3 ·e 

Given 

ssq(aco,a2)•0 

[ :: ] :~ Minorr(aco,a2) 

ln(2) -(yri-75)-;;;-
Co. := aco•e 

I 

out«>> := yr out<I > ;aa tot 

Co-2nd-Decay.med 

l•l 

3 aco = 8.634•10 

WRITEPRN("twop.txt") := out 

8/18/98 

00 412 

5b 3 
a2 =3.401•10 

~=2.S39 
a2 

X2N 
-=0.039 

Ratio Sb/Co c°N 

Page 1 
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Dry Well Survey Analysis - Notes 

Borehole BY(z.z-os--oz) 

Log Date: 75- 0/-09 1st 

Total# Surveys.3°7 
# neutron surveys !l­

'/ '-t- 0,-1) Last 

Probe Type () 'i 
# OR Surveys 3o..r 
Presentation Plot Dates 

(If dlffi=-eren--:t &om,---1~• -:--& ,....Last_,.)-

Isotope from Spectral Survey: -------,-----,----=------ Max Survey Depth /do 
ContaminationZoneDepth(s): 0-10,,, ?r4rJb1'f't-l,4 LJ.;72

1 
72-8"'1; fl't':-/"o 

GAPS.Txt 
Survey Date mun.Oaos ~prox #Sampl'1 Comment 
'JO-t,9-d.. 2-9 9'r 
~J-o'-1'-~ 17 q,S' 

HI-ZONES.Txt 
Comment 

'L - 'f' 

BackOnd. Txt 
Comment 

S/W ver (TFOROSS) t/ Z · 2..0 . 

00 413 



\..../ 

HNF~35}.2 ""REVO 

filein := "0TP44-100.txt" Well 22-08-02 
... .., Nil. 

A :-= READPRN(filein) yr:= A<I> 

N=300 

net := A <7> bkg :- A <6> max := A <4 > 

N := last(yr) i := 0 .. N k := 0 .. 300 j := 0 .. 299 

1st Isotope is Co (5.27 yrs) 

2nd Isotope is Sb (2. 77 yrs) 

'tCO := S.27 

12 :s 2.77 

aco := 13000 

a2 := 14000 

This data edited for spurious points 

(> 

0 '----'---'------'------'I..----'-----'---'----'----'----'----' 
N M n ~ U M ~ ~ ~ ~ ~ % · 

- yr--75 - -(yr--7S)-
[ [ ( ) ln(2) 111(2)]]2 

ssq(al ,a3) := L grossi - al·e ' '!Co + a3·e , -a 

Given 

ssq(aco,a2)•0 

[: ] := Minerr( aco, 11.2) ~/ -r--~-:1, _/ aco = 1.304•10 ! a2 = 1.417-10 

L, ___ ~~0 ... -~ ; -~~.:!~ co 
111(2) -(yri- 7S)---;; 

Coi := a.co·e 
-(yri- 75) ~ • ~ = 0.92 

X2i := a2•e a tot. := Co. + X2 
I 1 , ..-..,.\.- :,,..._. . 

out<0 > := yr ouf1 > := tot 

·c°N . ., __ ., __ 

WRITEPRN("twop.txt") :• out ?Ratio~~ X2N =9.261) 
:.- - · ' ··· ··•-·,,..... -- ... _ _f 

Co-2nd-Decay .med 8124/98 

00 414 
Page 1 
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filein := "GTP20-30.txt" Well 22-08-02 .... 
A := READPRN(tilein) yr := A<I> 

N=290 

net := A <1> bkg := A <6> max:= A <4 > 

N := last(yr) i :• 0 .. N k := 0 .. 300 j := 0 .. 299 

1st Isotope is Co (5.27 yrs) 

2nd Isotope is ~b (2. 77 ~ 

'tCO := 5.27 

t2 := 2.77 

aco := 0 

a2 := 1000 

This data edited for spurious points 

1200 

1000 

800 

grossj 
() 600 

tot . 
I 

400 

200 

0 

0 
74 

-(YT· - 7S) ._ -(YT· - 7S) ·-
[ [ 

\n(l} ln(l)]]2 
ssq( al ,a3) := L gross; - al ·e 

I 

ice + a3 ·e 
I 

tl 

Given 

ssq(aco,a2)•0 l•l 

[ :: ] := Mincrr(aco,a2) 
.. ....... ' ·""':· 

aco c-53.762 , ____ ....,,.,~ 

Co-60 , 
' - 1 

I •()'r;-75)7 
X2; := cx.2·e 

88 90 92 

... ... . , 
_______ ...... : 

{ 

,w ' ' {. iJ -· 

:i = l.014•103 ~ 
t~--.:;z 

-=-0.053 
a2 

96 

out<O> := yr out<I > := tot 

, · c°N 
, j -=-0.534 

WRITEPRN("twop.txt' ) := out J Ratio Co/Sb X2N 
~ .............. 11"""* .... .\VWt,i~• ,..>"' 

Co-2nd-Decay.med 8/24/98 

00 415 
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HNF::353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole6 Y{ 2. 2-0f-o.;, Total# Surveys 3 / f Probe Type fJ Y 
# neutron surveys :'z::: # GR Surveys 3 / z:: 

Log Date: 7 S'- tJ/-CJ'1t st 1 Y-bto~o Last Presentation Plot Dates __ - __ _ 
(If dltfefent !tom I• ,tl.at) 

Isotope from Spectral Survey: Ll Cp (J r- YI /C7) Max Survey Depth /<20 
Contamination Zone Depth(s): d - ~, 3 6-~ '-f',S ... <: 3, J 3 -~ ! tJ-7 'f', 7~- fy 

GAPS.Txt 
Comment 

HI-ZONES. Txt 
n Selected approx #Samp's Comment 

mun surv s re'ected: 0 

BackGnd. Txt 
Comment 

S/W ver ITFGROSS) V ~ Z.-0 . 

00 421. 
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Dry Well Survey Analysis - Notes 

Borehole 8 Y { 2 <- -D g-c,, ) Total # Surveys ,3 I b Probe Type O 'r 
# neutron surveys f2_, # OR Surveys .3 / 7' 

Log Date: 13 -0 l -O "I 1st '1~-fJlq -r? Last Presentation Plot Dates=--~-..,..----
(Ir difl'aa!I from 1 • & LIit) 

Isotope from Spectral Survey: C_s CD J 6 '-I' - ~pz)_ Max Survey Depth / <Jo 

Contamination Zone Depth(s): 8-8)1 'S- I 1, / ~ - 6.q;j1, -~ -N--'~ ,3-7.J ~ J-U. 0 3 -9 -

Survey Date 
i75-()3-t 2.-

"1~--/1-1 l.Jlr 
'7'-fJ~-2,,0 
'"!tr- ()1- z.,g 
1 f-Jl-d/ 

'11- (J'l..-f' 

J -.> (}. -

G .Txt 
Comment 

/ 

/D 
Ill-ZONES. Txt 

Reason Selected approx #Samp's Comment 
'111-A I<'- /o -i_ 

At1d >Vlt~~ ro 
Ta"c..../LAJ-t L I /Jn 

Okl .Su/"'V • 97) 

,_.,, -.i J:.. (:;, itJo 
Ill-di<-'- tao 

BackGnd.Txt 
Comment 

S/W ver (TFGROSS) (/ L, L1J 

00 422 



filein := "GTP46-83.txt" 
HNF::353.2 -REVO 

Well 22-08-06 
A := READPRN ( filein) yr:= A<I> 

N =298 

acs := 150 

net:= A <7> bkg := A <6> max := A <4> 

N := last(yr) 

'tCS := 30.17 

i := 0 .. N k := 0 .. 300 j := O .. 299 

'tCO := 5.27 

-(yri- 7S) I:) 
Csi := acs·e 

gross; := net; 

aco := 1430 

ln(2) -(yri - 7S) ·--;;-
Coi := aco•c 

This data edited for spurious points 

2000.----.----.-----...-----.--~--~--~--------.----.----, 

1500 

500 

QL----'-----'----L-----l----L-----'-----'-----'----'----'----" 
N M n W ~ ~ ~ ~ ~ ~ M % 

yri 

-(yr.-7S)- -(yr--75)~ 
[ [ 

111(2) ln(2)]]2 
ssq(al ,a3) := L grossi - al ·e 

I 

ic.s + a3·c 
1 = 

Given 

ssq(acs,aco)•O 

[ 
a.cs l := Minerr(acs,aco) 
a.co acs = 150.188 

-(yr, - 75) ~ 
I U:S 

Cs;:= acs·e 

out<O> := yr out<! > := tot WRITEPRN("twop.txt") := out 

Cs-Co-Decay.med 8/19/98 
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Dry Well Survey Analysis - Notes 

Borehole6Y { 22..--o'il· eJ7) Total# Surveys 3~/ Probe Type O ~ 
# neutron surveys L # GR Surveys 2. ? ,-' 

Log Date: 7 S-fJ/ -<JP 1st '1 'f-0,-1_3 Last Presentation Plot Dates~-,,---,,.---

( 
(If different liom 1 • .t ~ 

Isotope from Spectral Survey: CJ .C:, S /' ti-/ f:' 4'-0-1 Of/ 'j Max Survey Depth _/A£_ 
Contamination Zone Depth(s): {}-{, f!J- 7IJ yo-7~ 'rota{) {Of)-1 u 

; 7 > 7 Z:,~~~ 

V 

GAPS.Txt 
Survey Date num. Oaos approx #Sampl'1 Comment 
7 l:i-/;7-2. ~ 7Z.... I YO 

1 '1 {)...69-/ 7 'l..O /30 

'lY-w-oJ Z, '-1' I '3 S" 
q 1-JZ-df I 2.fj ) :3zi 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 
15-bl-/2... Ill- L1 kt,.. I '-fo 

7 6-0,S-'ZdJ. Fl"JCT{., FAIL /Lf'/; 
,t.-t>J-l,,/ /Ji,,,+/< #-71)"' l',V 
7 j-/1-or )f 1-eJrc...c.- ) '-t"o 
f (;) -/{)-Zfj J-11-l!,/r:..~ I '-n) I 

~J-07-l"r' ffl-.11k.. c,.., I '-rD 

BackGnd.Txt 
Comment 

\......,,· _ ___, ______ --i ___________________________ _ 

Analyst Name _L_~--· _e ___ j:--=""-t.-:L<~5:).,_,__ S/W ver (TFGROSS) /j Z, Z-c) 
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Dry Well Survey Analysis - Notes 

BoreholefS Y ( 2.. 2.. --t:'B -t:J9_) Total # Surveys '-l's :t: Probe Type O S,, 
\.,_.,: # neutron surveys 2 

Log Date: 75-bJ-10 1st 'f 'f-tJ(,-1 3 Last 
# GR Surveys ~o.i 
Presentation Plot Dates 

\.._; 

::::--------(If different &om I• &I.ISi) 

Isotope from Spectral Survey: __.'=::::;.,,£;_..-...:..l..c.}...;1 __ __,, ______ _ 

Contamination Zone Depth(s): C, :Illa 7' • 7%,- 'Io/ 
J 

Max Survey Depth /Pa 

GAPS.Txt 
Comment 

HI-ZONES.Txt 
n Selected approx #Samp's Comment 

I t97J 

/1, 7 

so .QJ-- 7o 

Analyst Name rr~l,a,JJ f ~ SIW ver (TFGROSS) {I z. Z:1) 
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V Log Date: 1.>-- tt/-to 111 

HNF:i:353..2 -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys 31U 
# neutron surveys ~ 

Probe Type b Y 
# GR Surveys 3 I f2 
Presentation Plot Dates ~Y-IJ6-l ~ Last --___,,,..._ __ 

(Ifdlft'etent &om t• cl Lat) 

Isotope from Spectral Survey:____________ __ Max Survey Depth / c:J::r 
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Survey Date 
,"75-l)J.- n~ 
1,,-01- 2..5 
71,_,-t;,J-2,1 
7 i-D..,._ 'b 

g o--D9- 2,,r, 
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OAPS.Txt 
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Reason Selected approx #Samp's Comment 

HI-Al<J- /~o 
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-1' DerL. /!A-1 (., c:rv 
B H .$ ut tJ.4) I Ltv 
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I t!Jb 

Ice> 
{ g 1.. - (JS-11 --ro f 2. -o !'·-o <) 

BackGnd. Txt 
Comment 
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Borehole 22-09-01 

Contamination (Ru-106) from 24 to 35 feet is Stable 
Contamination (Sb-125 & Ru-106) from 40 to 55 feet is Stable 

Grade Thickness Product for the radioactive zone (24-3S feet) is decreasing within 
observed systematic limitations at a rate consistent with Ru-106 (hypothesis) between 
1975 and 1978. The gamma ray activity decreases quickly to background activities. 

Grade Thickness Product for the radioactive zone (40-5S feet) is decreasing within 
observed systematic limitations and relative intensity at a rate consistent with a least 

squares fit ofR.u-106 (hypothesis), Sb-12S (hypothesis) between 1975 and 1994. Cobalt-
60 (identified from HPGe detector at low concentrati~ less than O. 7 pCi/g) was not 

included in the least squares fit and is below the gross gamma detection threshold. When 
included the concentration for Co-60 resulted in a negative quantity contribution to the 

resultant fit. The least squares fit results in a gross gamma contribution ratio for Sb-125 
to Ru-106 on January 1975 was 0.36. 

100ft 
100 ft 
1/09/1975 
12/28/1993 
674 

Analvsis Notes 
Number Survevs Reiected : 0 

Lower Threshold for Bad Survey Values : <:a 0 

Method Used to Comoute Backaround : 10 to 20 feet 

Depth( s) where Contamination Identified in 24-35 feet is Stable 
Gross Oamma Sw .. -~;-;: 40-S5 feet is Stable 

Analvst Name : R.K. Price 
_.t _ _:. _:_ By : Three Rivers Scientific 
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HNF::353.2 -REVO 

Borehole 22-09-02 

Contamination (Cs .. 137) from 0-10 and 10-14 feet is 
Tank Farm Activity 

Contamination (Cs-137) from 14 to 34 feet is Stable 
Contamination (Ru-106) from 42 to 64 feet is Stable 

Grade Thickness Product from 0-10 and I 0-14 feet is erratic from 1975 to 1986, and is 
categomed as Tanlc Fann activity. Grade Thickness Product from 1986 through 1993 is 

decreasing within counting statistics at a rate consistent with Cs-13 7 (identified from 
HPGe detector). 

Grade Thickness Product for the radioactive mne (14-34 feet) is decreasing within the 
gross gamma sensitivity at a rate consistent with Cs-137 (identified from HPGe detector) 

between January 197S and December 1993. 

Grade Thickness Product for the radioactive :zone (42-64 feet) is decreasing within the 
gross gamma sensitivity at a rate consistent with Ru-106 (hypothesis) 

from 1975 to 1982. 

Information 
04: Sodium Iodide Scintillator 
03: Neutron 5 surv s 
100 ft 
100 ft 
1/09/1975 
12/28/1993 
468 

Analysis Notes 
Number Survevs Rejected : 0 

Lower Threshold for Bad Survev Values :- <=O 
Method Used to Compute B- '~ -und : 34 to 42 feet 

Depth( s) where Contamination Identified in 0-10 & 10-14 ft is TF Activity 
Oroas Gamma Swveys : 14-34 feet is Stable 

42-64 feet is Stable 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 
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Borehole 22-09-05 

Contamination (Cs 
Contaminati 

-137) from Oto 10 feet is Tanlc Fann Activity 
on (Sb-125) from 40 to 58 feet is Stable 

Grade Thickness Product ftom 0-10 feet is erratic from 1984 to 1986, and is categorized 
Orade Thickness Product from 1976 through 1993 (except 1984 

within counting statistics at a rate consistent with Cs-137 (identified 
as Tank Fann activity. 

to 1986) is decreasing .. 
from HPOe detector). 

Grade Thickness Product for the radioactive mne (40-58 feet) is decreasing within the 
grou gamma sensitivity 

least squares fit of Sb-1 
to each isotope and relative intemity at a rate conaistem with a 
25 (hypothesis) and Cs-137 (identified from HPOe detector) 
The least squares fit results in a gross gamma contribution ratio 
b-125 to Cs-137 ofO.l on December 1993. 

between 1975 and 1993. 
forS 

100ft 
p· 1/09/197S 

12/28/1993 
562 

Numbers, 
Lower Threshold for Bad 

Method Used to Cnnlftl 12 to 38 feet 

Deptb(a) where Co . 
ntamination Identified in 0-10 feet ia TF Activity 
Groaa Gamma ........ ,....,,_ 40-S8 feet is Stable 

R.K. Price 
Three Rivers Scientific 
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Borehole 22-09-07 

Contamination (Ru-106) from 20 to 40 feet is UNSTABLE 
Contmnination (Ru-106) from 40 to so feet is JllSSTABLE early 

Contamination (Sb-125 & Ru-106) 50 to 64 feet UNSTABLE 
Grade Thickness Product for the radioactive 7.0ne (20-40 feet) from 1975 to 1978 ii 

decreuing at a rate consistent with Ru-I 06 (hypothesis) decay, however &om mid-year 
1978 to 1982 the Grade Thickness Product is consistently greater than the fitted decay 

curve, indicating additional cnnt1nrinant1 in this zone. 
Grade Thicknesa Product for the radioactive zone (40-50 feet) is WDNfPI during 197S 

then becomes stable and in 1976 the Grade Thickness Product ia decreasing within the 
gross gamma sensitivity at a rate consistent Ru-106 (hypothesis) ftom 1976 to 1981. The 

Grade Thickness Product is greater than the decay curve from 1981 
to 1983. 

Grade Thickness Product for the radioactive ?.One (S0-64 feet) is erratic from 197S to 
1976. then is decreasing at a rate consistent with Ru-106 and Sb-12S decay (both 
hypothesis) to 1980. however ftom 1980 to 1986 the Grade Thidmess Product is 

consistently less than the fitted decay wrve. 
Grade Tbickneu Product for the combined radioactive zone (20-64 feet) is decreasing 

within the arou gamma sensitivity to each isotope and relative intensity at a rate 
consistent with a least squares fit of Sb-125 and Ru-106 for the 20 year surveillance 

period from 1975 through 1994. The least squares fit results in a gross gamma 
contribution ratio for Sb-12S to Ru-106 of0.22 on January 197S. 

A · .. Notes . 
Number SIU YW'H 'D • 

. 
0 

Lower ThNlbold for Bad Survey Values : <•O 
Method Uled to r e.....:..____..: : 'lbreshold (O< val < SO) 

Depth(1) where Contamination Idontified in 20-40 feet ii UNSTABLE 
Grou Gamma Surveya : 4().50 feet is UNSTABLE 

S0-64 feet is UNSTABLE 
A--......... Name · ___ . ..., . llK. Price 

.... ·-ev Three Rivers Scientific 
,._,___ . 

• J • 
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Borehole 22-09-08 

Contamination (Cs-13 7) from 16 to 30 feet is Undetermined 
Contamination (Co-60) from 43 to 52 feet is Stable 

Contamination (Co-60) from 76 to 90 feet is Undetermined 

Grade Thickness Product from 16 to 30 feet does not match the decay rate of 
Cs-137 (identified from HPOe detector) and the gross gamma activity is at the 30,000 

counts per second rate which may be beyond the linear region of the counting 
system. 

Grade Thickness Product for the radioactive zone (43-52 feet) is decreasing within the 
gross gamma sensitivity at a rate consistent with Co-60 (identified by HPOe detector) 

from 1980 to 1993. 
Grade Thickness Product for the radioactive zone (76-90 feet) is at low levels (detection 

threshold) and appears to be constant from 1984 to 1994. Stability of the zone from 1980 
to 1984 can not be detennined. Agreement with the decay rate of Co-60 (identified by 

HPOe detector) can not be detennined. 

Other Probe Types : 03: Neutron (4 surveys) 
14: Shielded Nal 29 ........ _, 
98 ft 
98 ft 
7/24/1980 
12/28/1993 
368 

... ·. · Notes r 

Number Sw Y".Y., ~ected : 0 
Lower Threshold for Bad Survev Values : <=0 

Method Used to Comoute Bao~uua..:! : ss to 74 feet 

Depth(s) where Contamination Identified in 16-30 feet is Undetermined 
Gross Gamma Surveys : 43-52 feet is Stable 

76-90 feet is Undetermined 

Analvst Name : R.K. Price 
A-•L-: B ... _.n,8 ly: Three Rivers Scientific 

00 447 
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HNF~3532 -REVO 

Borehole 22-09-11 

Contamination (Cs-137) from Oto 10 feet is Tanlc Farm Activity 
Contamination (Cs-137 & Sb-125) from 16 to 25 feet is Stable 

Contamination (Ru-I 06) from 25 to 38 feet is Stable 
Contamination (Ru-106) from 38 to 52 feet UNSTABLE early 

Grade Thickness Product from O to IO feet ia erratic from 1975 through 1986, and is 
categoriud u Tank Fann activity. Grade Thickness Product from 1986 through 1994 is 
decreasing within observed systematic limitations at a rate consistent with Ca-13 7 (HPOe 

detector identified). 
Grade Thickness Product for the radioactive mne (16--25 feet) is decreasing within the 
gro11 gamma sensitivity to each isotope and relative intensity at a rate consistent with a 
least squares fit of Sb-125 (hypothesis) and C1r-l 3 7 (HPGe detector identified) between 

January 1975 and 1994. The least squares fit results in a sross gamma contribution ratio 
for Sb-125 to Ca-137 of0.03 on December 1993. 

Grade Thickness Product for the radioactive zone (25-38 feet) is decreasing within 
observed systematic limitations at a rate consistent with the decay ofRu-106 (hypothesis) 

between 1975 and 1994. 
Grade Thickness Product for the radioactive mne (38-52 feet) is decreasing at a rate that 

exceeds the decay ofRu-106 (hypothesis) in 1975 then from 1976 to 1993 the rate of 
decrease is consistent with the decay ofRu-106. 

03: Neutron S su 
100 ft 
100ft 

First S 1/09/197S 
Lasts 12/29/1993 

SS2 

Anal • N Otes IVSIS 

Number Surveys Reiected : 0 
Lower Threshold for Bad Survey Values : <=O 

Method Used to Collll)Ute Backszround : 60 to 90 feet 
Depth(s) where Contamination Identified in 0-10 feet ia TF Activity 

Gro11 Gamma Swveya : 16-25 feet is Stable 
25-38 feet is Stable 
38-52 feet wu UNSTABLE early 

Analvst Name : R.K. Price 
Analvsis By : Three Rivers Scientific 

00 452 
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01/09ll5 Borehole 22-09-11 12'28/93 
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HNF::.35}.2 -REVO 

Dry Well Survey Analysis - Notes 

GAPS.Txt 
Comment 

HI-ZONES. Txt 
Comment 

I t:JO 

V 
BackGnd.Txt 

Survey Date Reason Selected nwn. Samples FeQ. Clean Avg. Bk.2 Comment 
7b -b1-oJ e:%c~ <1 j ~ /4 L 
7 (. -- i, 'f-tH Av t- /j/<..{,. o/7 h 5'~ 3$., Y" 

7 6-ll. -t to 131/6'-lJk&- i/r 7...l~ Yt?,1' 
7 7-.. 0 J...-o 'i" kc,~~ .,.._-5"" S7~ ✓¥<,,----' 

7 7-ot.-<J2. o/c_ C-tA..t..._ e; :r II -Z. 1.3 
7 'l-t)l-1~ ,Auc;.-IJI~ 9::, 7"?,.. J 't:, i, 
~.J- o<r-13 %C~ 'fe 3~% 3~~ 

V Cate o ·: Stahl , TF Activi , Undetermined, CHANGED D ,rf .'~>,,_,,,~~ 'l- -;.-- ~ T ) ye> ·: jS ,. 

i'fJ J / J, /4/ Uh 1..0 
Analyst Name f'.L,t-::,'.'::ffelL{,tL~ S/W ver .... CTF.........aaG=R ..... O ____ S ____ S....,) ___ _ 

00 458 
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HNF~3532 -REVO 
filein := ''two40-5S.txt" Well 22-09-01 2-~~£--«17" Fl 7 

A:= READPRN(filein) 
net:= A<7> bkg :2 A<6 > 

N:=last(yr) N-=659 i:=0 .. N k:=0 .. 300 s . -,l5 
1st Isotope is-Go ~.27 ffS) tco := 2.77 aco := 510 -2nd Isotope is Ru-106 (1 .02 yrs} t2 := 1.020 a2 := 1800 

This da1a edited for spurious points 

max:= A<4> 

j := 0 .. 299 

2soo.-----,r-----,.-----r----r---~--~--~--.-----,r-----, 

2000 

1500 gross. 
I 

0 

toti 
-1000 

500 

0 .__ _ ___, __ __.__ __ ~___, 

74 76 78 80 82 84 
yri 

- yr.- 75)- -(yr--75)-
[ [ 

( ln(2) ln(2)]]2 
ssq( al, a3) := L grossi - al •e 

1 
'!CO + aJ·e 

I 
t2 

Given 

ssq(aco,a2)•0 

[ :; ] := Minerr(aco,a2) 

1•1 

~-12.. r 
aco =514.041 

86 

out<O> := yr out<1 > := tot WRITEPRN("twop.txt") := out 

Co-2nd-Decay.med 8/29/98 

00 459 

0 

88 

f{ ,J _,,,1,, 
3 a2 = l.8•10 

90 92 

5/, 

~=0.286 
a.2 

~ ,J 

.Si,~ 
7(;)-=994.027 

RatioGeA:I X2N 

94 

Page 1 



HNF:'.:353.2 -REVO 
filein := ~aTP40-SS.txt" Well 22-09-01 

A:= READPRN(filein) ·-A<l> yr.- net:= A<7> 
i:=O .. N 

bkg := A<6> 
k := 0 .. 300 

max:= A<4 > 
j := 0 .. 299 N := last(yr) 

'tCS := 2.77 

acs := 600 

( ) 
ln(2) 

- yrj-75 ~ 

Csi := acs ·e 

N =655 

'tCO := S.27 

aco := 10 

'tCU ;: 1 

aeu := 1700 

grossi := neti 
This data edited for spurious points 

r6! variables a~ 
Ru-106 ) 
QI variables are , 
~h .... - -- ~(· -- 75) 111(2) 
ll!.!a! - yr. - ·--

1 ffll 
Eui := aeu·e · l 

2500------~--~--~--------~--~---~--

2000 

1500 
grossi 

0 

toti 

-- 1000 

500 

0 .__ __ ...._ __ ....____ __ __,__-= 
74 76 78 80 

Given 

ssq(acs ,aeu,aco)•O 

lacs l 
:: := Minerr(acs,aeu,aco) 

ouf0> := yr out<I > := tot 

ThreeCompDecay.mcd 

82 86 88 90 

---···•- --· .. ~- - .. _,.,. 

/ acs = 621.888 
/_ Sb-125 

3 
aeu = 1.733•10 
Ru-106 

--------- --
ln(2) -(yri - 7S) ·--;;-

Co.:= aco·e 
I 

WRITEPRN("twop44-52.txt") := out 

8/17/98 

"~ 460 

0 

92 94 

a.cs 
-=0.359 
aeu 

EuN -4 
- =6.186•10 
CsN 

Page 1 
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HNF:-.3532 -REVO 

Dry Well Survey Analysis - Notes 

Borehole /J 'I { U-09-() 2.. 

Log Date: 7S-CJl-091 st 

Isotope from Spectral Survey: 

Total # Surveys ¥ 7 t, Probe Type O 't 
# neutron surveys ..5- # GR Surveys "rt. S 
'f J-/ -Z.- 21 Last Presentation Plot Dates 

(If difli=eii-en-t fi'om:----7.:1 •:-=&-Last--,-) -

CS-/37 (2n,4a/'y l!1A-:>a )P7) MaxSurveyDepth /tJo 
Contamination Zone Depth( s): ty-lll,/P-1¥,_ ty-3''t 'rz1~ 

GAPS.Txt 
Survey Date nwn.GIDS 111>prox #Sampl'l Comment 
7 h-tf}- 'L} '-f ,6 1D 
77-0h-tJ t, "h /(90 

iJ?-Oi-1 l, I 7 J.r~ 
i'i 0-01-1 7 If c:,o 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 
7 6·-t)J-2,1 Ve, I< ll.t:iZ~ g_;-
-?7-Ph·-Ol.A Wl0-"-"¥ /--t,11 ,, '1' s-
77-1 J-:>_ 1. A./ntl/,() .7AM. 6"0 
7 f- (Jf-.31 t\JI) /?M~ i_ /t!x:) 
?i5-()7-3, /11 (./}VC;ff~ la> J'llflS!,F~ ~--r~v...- 7Y A-r -" ~~ __, - -
q 2-tJl-13 t3l.r1 r?vv f <:fl) 

BackGnd. Txt 
Comment 

Anal. Nt lYSJS o es 
mun surveys reiectcd: (0) ~610 BackRtound ='iv~0) .3 Y-'t' Z tr- -r 

0- --- .. 

Category: (Stable, TF Activity, Undetermined, CHANGED 

Analyst Name _r}_~--=---=~=--=~l-£ ..... · ---~~c"i>""""<:2 __ S/W ver (TFGROSS) \/ 2 ,, 2 V . 

n') lt61 .. 



HNF-. 3532 -REVO 

Dry Well Survey Analysis - Notes 

V Borehole l!,t(z.z-C!i··CJs) 

Log Date: 7S - £) I - c,; 1st 

Total # Surveys 561 
# neutron surveys .S: 
Cf .3-1 2. - ZS: Last 

Probe Type <7 '[ 
# GR Surveys S 6 z.. 
Presentation Plot Dates ,,,..---,---,,----

(1 f different from 1 • & Lut) 

Isotope from Spectral Survey: _CJ_-_, .... 3 ...... 7.....__-______ _ 
Contamination Zone Depth(s): :I:() - S-5 , 0 - IC , 

Max Survey Depth / 0 (j 

GAPS.Txt 
Survey Date num.Gaps -.iprox #Sampl's Comment 

7 5-bt-tJY JI 9~ 
-, [- f,7-1 I 4J '1'2-
7 i. - t"J9'- ,., ~ I 3 q j 

'7 7-C t -02 e; I I tJ fJ 

HI-ZONES.Txt 
Comment 

v-----------------------------____. 

V 

BackGnd.Txt 
Comment 

Anal . N lYSIS otes 
mun surveys rejected: (0) ZeAo Background= (O~<SO') ,2.-ss-

Category: (Stable. TF Activity, Undetermined, CHANGED 

r{ -'J 
AnalystName ~~l .. J)' 11--:?<--? 

00 

S/W ver CTFGROSS) V L. .. 2-u 

46~ 



• filein := "GTP40-S8.txt" 

A:= READPRN(filein) 

HNF~3 53 2 -RE VO 
Well 22-09-05 

net:= A <T> bkg := A <6 > max:= A <4 > 

V N := last(yr) N =548 i := 0 .. N k := 0 .. 300 j := 0 .. 299 

• v 

1st Isotope is Cs (30.17 yrs) 'tCO := 30.17 

2nd Isotope is Sb-125 (2.n yrs) 't2 := 2.77 

aco := 30 

a2 ;:: 250 

ln(2) -(yr-- 75) ·-
I tCO 

Coi := aco·e 

This data edited for spurious points 

0 0 

300 

8f'OSSj 
0 200 

toti 

100 

0 
74 76 78 80 82 84 86 

yri 

- (yr, - 75)- -(yr, - 75) ·-
[ [ 

ln(2) 111(2) ]]
2 

ssq( al ,a3) := L grossi - al ·e 
I 

ico + a3·e 
I 

t2 

Given 

ssq(aco,a2)•0 

[:] := Minerr(aco,a2) 

aco =29.993 

88 90 

a2 =250.811 

Cs-137 Sb-125 
111(2) 

- (yri - 75) ·-;;-
Co;:= aco·e 

( ) 
ln(2) 

- yri - 75 ·a 
X2i := a2·e tot; := Coi + X2i 

92 

0 

94 

~=0.12 I 
a2 

X2N 
-=0.112 out<O> := yr out<1 > := tot WRITEPRN("twop.txt") := out 

Ratio Sb/Cs c°N 

Co-2nd-Decay.med 8/19/96 

00 461 
Page 1 
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HNF:-:353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole {3Y(2 Z-IJ'l-o7) Total#Surveys 'f'(j 7 Probe Type a y 
# neutron surveys S- # GR Surveys 'T 9) 

Log Date: 15=(} I-lo 1st 1 3-Ji- 28 Last Presentation Plot Dates ·7Y-P:s-I(,, 
(If diffi:rent tom 1 • & Last) 

Isotope from Spectral Survey: C-,5 ( O- Y,,.:. t: J u, [ z ;:-IS::-PT) Max Survey Depth 12 
Contamination Zone Depth(s): 1.. 0 -' "f',,c, L 6,-7"~ "'\,, O { ,9~e-~) 

GAPS.Txt 
Survey Date mun. G&DS laPJ)rox #Sampl'5 Comment 

7(r1Jl- Z, I 1 7 
7t,,-oJ-z-i· 5'f 
77-0fo--.:J L 4-7 
77-oS -12,, 22. 

'$ 0- o'l-t7 Z-'2, 
jz..,...a1-2 7 If 

Surve Date 

num surveys rejected: (0) 
A,_., o t-1'7" 6- 7~ 

Ii{} 

Yo 
9--.:: 

7~ 
'lo ,~ 

Z-Mo 

Comment 
HI-ZONES. Txt 

BackGnd. Txt 
Comment 

Anal . N 1ys1s otes 
Back2round = (O<val<50) 

A:;-'( J - :z..so ·7JJ /.~ c r /<4..rB ~ j 

Category: (Stable, TF Activity, Undetermined, CHANGED 

Analyst Name /!tL·M---c/4,zJ-L tZ~~ S/W ver (TFGROSS) V Z., Zc, 

0') 464 

• 

• 
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V 

• V 

• V 

HNF:-:3532 -REVO 
fi(ein := "two20-64.txt" Well 22-09-07 

A := READPRN(filein) yr:= A<I> net:= A<1> bkg := A <6 > max :=A<4 > 

j := 0 .. 299 N :=last(yr) N=463 i:=0 .. N k:=0 .. 300 

1st Isotope is Sb125 (2.77 yrs) ffl> := 2.77 aco := 4300 

2nd Isotope is Ru106 (1 .02 yrs) 't2 := 1.02 

ln(2) -(yri-75)-
Co. := aco·e ,co 

I 

2 .5•104 

1.s-104 
grossi 

0 
Ioli 

5000 

This data edited for spurious points 

a2 := 19000 

oL-L-_L.__L~~:::==i .... _..__,___'---1...--.J 
~ ~ ~ ~ ~ M ~ ~ ~ n M 

yr. 
I 

-(yr,-75)~ -(yr.-75)~ 
[ [ 

ln(2) ln(2)]]
2 

ssq(al,a3):=Lgrossi-al·e 
I 

lCO+a3·e 
I 

t'2 

Given 

ssq(aco,a2)•0 

[:] := Minerr(aco,a2) 

1• 1 

t5b 
3 aco =4.289•10 

ln(2) -(yri - 75)--:;;-
Co. := a.co•e 

I 

ln(2) -(yri-75)-
x2. := Cl2·e t2 

I 

out<0> := yr out<I > := tot WRITEPRN("twop.txt") := out 

/(v 
/ 4 

Cl2 = 1.917•10 

.5,,.. 
aco =0.224 

~v Cl2 
,.,,5b 
~ 
-=778.729 

Ratio Sb/Ru ~N 
l{t_) 

Co-2nd-Decay.med 8/10/98 no 11.65 
Page 1 



V 

HNF~35}.2 -REVO 

filein := "GTP20-40.txt" Well 22-09-07 
A := READPRN ( filein) 

N := last(yr) 

yr:= A<I> 

Nc465 

net := A<J> 

i := O .. N 

bkg := A<6 > 

k := 0 .. 300 

max := A<4 > 

j := 0 .. 299 

1st Isotope is Sb125 (2.n yrs) 'tco := 2.77 

2nd Isotope is Ru106 (1 .02 yrs) ,2 := 1.02 

5000 

This data edited for spurious points 

8 
• 0 
0 

aco := 0 

a2 := 11000 

o L_1-_ _i__:_......::~~-.____,1 __ ,..__.,__..__...i.._-J 
N u n ~ n M ~ ~ ~ ~ ~ 

yr. 
I 

-(yr· - 75) _.!£2 -(yr· - 7S) ~ 
[ [ ]]

2 

ssq(al ,a3) := L grossi - al •e 
1 

1CO + a3·e 
I 

t2 

Given 

ssq(aco,a2)•0 

[acol a
2 

:= Minerr(aco,a2) 

aco =-453.63 

out<t > :"' tot WRITEPRN("twop.txt" ) := out 

Co-2nd-Decay.med 8/19/98 
Of) 4fi6 

4 
a2 = 1.17•10 

~=-0.039 
a2 

CoN 
-=-134.997 

Ratio Sb/Ru X2N 

• 

• 

• 
Page 1 
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HNF~. 3532 -REVO 
filein := "GTP40-50.txt" Wei I 22-09-07 

A := READPRN(filein) 

N := last(yr) 

yr := A<I> 

N = 472 

net := A <7> 

i := 0 .. N 

bkg := A <6 > 

k :• 0 .. 300 

max := A<4> 

j := 0 .. 299 

1st Isotope is Sb125 (2.77 yrs} tco := 2.77 aco := 0 

2nd Isotope is Ru106 (1.02 yrs} 1'2 := 1.02 a2 := 14000 

gross. := net. 
I I 

gross. 
I 

() 

tot . 
I 

5000 

ln(2) -(yri - 75) ·a 
X2. := a2·e 

I 

This data edited for spurious points 

oL_..L__--1_......:J~~~----------i.--L.--.i...--l 
74 76 78 80 82 84 86 88 90 92 94 

yr. 
I 

· (YT· - 75) •- · (YT· - 75) ~ 
[ [ 

ln(2) ln(2 ) ] ]
2 

ssq(al ,a3) := L grossi - al ·e 
1 

'ICC + a3·e 
I 

t2 

Given 

ssq(aco,a2)•0 

[ :: ] := MJnerr(aco , a2) 

out<O> := yr out<I > := tot 

1•1 

3 
aco = 2.009•10 

WRITEPRN ( "twop.txt" ) := out 

3 a2 = 8.467•10 

~ = 0.237 
a2 

c°N 
-=82S.736 

Ratio Sb/Ru x2N 

Co-2nd-Decay.med 8/19/98 

"') 467 
Page 1 



HNF:-:35}.2 -REVO 
Well 22-09-07 filein := "GTPS0-64.txt" 

A :::: READPRN(filein) 

N := last(yr) 

yr := A<I> 

N =469 

net:= A<J> 

i :=O .. N 

bkg := A <6 > 

k := 0 .. 300 

max := A<4 > 

j := 0 .. 299 

1st Isotope is Sb125 (2.n yrs) 'tCO := 2.77 

2nd Isotope is Ru106 (1 .02 yrs) 't2 :: 1.02 

ln(2) -(yri- 75)---:;;-
Co. := aco ·e 

I 

This data edited for spurious points 

aco := 2930 

a2 := 180 

sooo ~---.----,-------.------.----.---....---.....----,.-----,-----, 

4000 

3000 
grossi 

0 

Ioli 

- 2000 

1000 

0 
L____J _ __1_---1~~~_i!iiiiiiii11a-.-.... ~.....,. .... ..J 
74 76 78 80 82 84 86 88 90 92 94 

yrj 

-(yr, - 75)- -(yr· - 75) ·-
[ [ 

lll(2) ln(2) ]]2 
ssq(al ,a3) := L grossi - al ·e 

1 

1CO + a3 ·e 
I 

t2 

Given 

ssq(aco,a2)•0 1•1 

[ :: ] := Minerr(aco,a2) 

aco = 2.921 •103 

out<O> := yr out<l > := tot WRITEPRN(wtwop.txt") := out 

Co-2nd-Decay. med 8/19/98 
00 4G~ 

a2 = 183.627 

~ = 15.91 
«2 

c°N 4 
- =5.538•10 

Ratio Sb/Ru x~ 

-

• 

Page 1 



HNF~35}.2 -REVO 

• Dry Well Survey Analysis - Notes 0~:::: 3,, 
Total # Surveys Lf o L Probe Type O 'f l'-f z. Z? ( 1 , 3a) 

# neutron surveys 7 # GR Surveys .3 b j 
9 J-J, -zJ Last Presentation Plot Dates 

(If difti~crent~ftom:--=1•..,,..&-Last....,)-

lsotope from Spectral Survey: C-5 {(2,.f98 I? ~ Ly:.ri! 2., 't: F- r-) Max Survey Depth 7' J: 
Contamination Zone Depth(s): t l- 3'0, "rJ- Si., 7k-: fl 

> r 'f tJ 

Borehole l3 'I ( 2 Z-tli-oS} 

Log Date:!J()- 67-2.)f I st 

GAPS.Txt 
Survey Date own.Gans lloprox #Sampl'1 Comment 

<J f.J-- IIJ-1 7 "L J t:j.) 

ID-ZONES.Txt 
Comment 

Comment 

l<t t-----+-----+-----+---+----+-------------~ 

AnalystName /[~~ S/WverITFGROSS) .i/.l.M. 

00 469 



Borehote/3 Y{Zl-tl'I - fl) 

HNF:-:.3532 -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys S-Sf 
# neutron surveys .S-

Probe Type OZ: 
# GR Surveys s-:rz_ 
Presentation Plot Dates 

• 
Log Date: 75'-0/ -0ft st qJ-12- ?.9Last 

Isotope from Spectral Survey: C..s ( ~ .3S ~ -r J Ce, 2 } - ,.WA:;, 
(If dlfti=-a-en-:-::t fl'om:---"".1=• &~Lut_)_ 

Contamination Zone Depth(s): O-le1 I , - 2=:..G, 3 ~- s 7..- e 7 
Max Survey Depth / o Q 

GAPS.Txt 
Survey Date num. Gaos ~prox #Sampl's Comment 

1 t, -t.i-o-3 17 /~1J 
77-CJ{p- o l., 7'7' I i:JO 

'10-~'}-/7 ).J 'jp 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

v Cate o Stable, TF Activi Undetermined, CHANGED 

Analyst Name /(t2--:rv/4Lf rf ~~ S/W ver ITFGROSS) LIL, 2-l) 

00 470 



• 
\.._,, 

• \..._..; 

filein := "OTP16-25.txt" 

A := READPRN(filein) 

N := last(yr) >~--I 2. r 
'tCO ;:: 2.77 'tCS := 30.17 

-(yri- 75) I~) 

Csi := acs ·e 

grossi := neti 

HNF:-:3532 
. . 

[well 22-09-1 D 
·- A<I> yr .- net:= A <7> 

N=545 i:=0 .. N 

aco := 220 

This data edited for spurious points 

- - -------- -----

-REVO 

bkg := A <6 > max := A<4 > 

k := 0 .. 300 j := 0 .. 299 

acs := 108 

soo~--r----..----..----..----..----..-----.-------.-------, 

400 

gross. 300 
1 

100 

• 

0 ...._ __ ...__ __ ....._ __ ....._ __ ....._ __ _._ _____ ....._ _______ ~ 

~ M ff W ~ M U U W ~ ~ 

yri 

-(yr, - 75) ·- · (YT· - 75)---
[ [ 

ln(2) ln(2) ]]2 

ssq( al ,a3) := L grossi - al ·e 
1 

1CS + a3·e 
1 

'ICO 

Given 

ssq(acs,aco)•0 

[acs] := Minerr(acs ,aco) 
aco 

1• I 

______ ... --
acs = 105.&25 

ln(2) -(yri - 75) ·-;;-
Eui := aco·e 

out<O> := yr ouf1 > :=tot WRITEPRN("twop.txt") := out 

~ =0.494 
aco 

Cs-Cc,.Decay.mcd 8/17/98 Page 1 

00 471 
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HNF:::353.2 ·REVO 

Borehole 22-10-05 

Contamination (Co-60) from 45 to 55 feet is Stable 
Contamination (Co--60) from 55 to 75 feet UNSTABLE early 

Grade Thicknesa Product for the radioactive zone (45-55 feet) is decreasing within 
observed systematic limitations at a rate consistent with the decay of Co-60 (identified 

from HPOe detector) between 1975 and 1994. 

Grade Thickness Product for the radioactive 7.0nc., (55-75 feet) is decreasing within 
observed systematic limitations at a rate consistent with the decay of Co--60 (identified 
from HPGe detector) from 1979 to 1994. However, from 1975 to 1979 the radiation 
zone was below the Co-60 decay rate (i.e. increasing radioactive contaminants.) The 

activity in the radiation zone is at low levels. 

03: Neutron 4 su 
100 ft 
100 ft 
1/09/197S 
10/4/1993 
400 

Analw~;, Notes 
Number Survevs Reiected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Backaround : 20 to 40 feet 

Depth(s) where Contamination Identified in 4S-55 feet is Stable 
Gross Gamma Surveys : S5-15 feet was UNSTABLE earlv 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 

00 47~ 

- ------ - -
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01/09ll5 
Gamma (els} 
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Gamma (els) 
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H NF:-: 3 5 }.2 - REV 0 

Borehole 22-10-07 

Contamination (Co-60) from 45 to 65 feet UNSTABLE 

Grade Thickness Product for the radioactive zone (4S-6S feet) shows only background 
activity except for a brief time period (1980-1985) in whidi radioactive 

contaminants migrated put the gamma probe investigation radius. During the time 
period of 1980 to 1983 the contaminant concentration was increaaing, followed by 
a brief period from 1983 to 198S of decreasing activity. The rate of decrease of 

the grade thickness product does not appear to be the decay of a stable 
radionuclide. A half life decay curve for Co-60 (identified from HPOe detector) is 

shown to demonstrate that the radioactive contaminants were not stable. 

Gross Gamma Surv lnfonnation 

100ft 
100 ft 
1/09/1975 
10/4/1993 
377 

AnalvsisNotes 
Number S- ·-·" Reiected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Bac~UUI~ : Threshold (O< val < SO} 

Depth( s) where Contamination Identified in 45-65 feet UNSTABLE 
Gross Gamma Survevs : 

_A--~;·:::, Name: R.K. Price 
Analvsis By : Three Rivers Scientific 

00 476 
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HNF~353.2 -REVO 

Borehole 22-10-09 

Contamination (Cs-137) from Oto 10 feet is TF Activity 

Grade Thickness Product from O to 1 O feet is erratic for the 20 yean of survey data and is 
categorized as Tank Farm activity. Changes in the logging procedure when logging 

surface radiation zones perturbs reliable calculation of the Grade Thickness Product. A 
decay line for Cs-137 (identified from HPOe detector) fitted to the last few survey values 

is presented. 

04: Sodium Iodide Scintillator 

100ft 
100 ft 
1/09/197S 
10/4/1993 
364 

IVSIS otes Anal . N 

Number S"" ... :.~ Reiected : 0 
Lower Threshold for Bad Survev Values : <=O 

Method Used to Compute Backaround : 10 to 40 feet 

Depth( s) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma Surveys : 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 

00 ~-80 
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HNF.:-..353.2 -REVO 

Borehole 22-10-10 

Contamination (Co-60) from 58 to 76 feet UNSTAB1=E early 

Grade Thickness Product for the radioactive zone (58-76 feet) exhibits a rate of change 
that does not fit the gross ~ response characteristics for a stable radioactive zone. 
The high rate of decrease &om 1975 to 1985 in the gamma-ray activity is confinned by 

multiple and frequent surveillance logs. The conclusion is that the radioactive zone (SS. 76 
feet) from 1975 to 1980 was not stable. The Co-60 (identified from .HPOe detector) 

decay line fita the grade thickness product data from 1980 to 1995 and is used to establish 
the later stability. A combined decay line ofSb-125 (hypothesis) & Co-60 is presented on 

the plot for reference to show the poor tit. 

100 ft 
100 ft 
01/09/1975 

Last Surv 10/04/1993 
406 

Anal . N 1ys1s otes 
Number Survevs Reiccted : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Bacmound : 80 to 95 feet 

Depth(s) where Contamination Identified in 58-76 feet UNSTABLE early 
Gross Gamma s'" ......... : 

Analvst Name : R.K. Price 
Analvsis By : Three Rivers Scientific 

00 483 



( 

01/09ll5 
Gamma (CIS) 

O O 100 200 

10 

20 

30 

60 

80 

90 

100 

0 280 -
Gamma (els) 

l 
,! -

1975 1980 

( 

Borehole 22-10-10 

Depth: 58-76 ft 

Co-60 Decay Line 

I 
i 

1985 
Date (Year) 

co-eo & ~125 Decay Line 
(plotted to show instabifity) 

I 
i 

! 
I 

/ 

1990 1995 

~~~----..-.......-J'------.--,---.-_...----,-______ _._ ________ ~ 

840 
JJ30 
t e20 <f 10 

mo+4-------------------------7 rt: .......... , ........... ----~~ ~······································ 
! C 60 
i.1 .. 0 
1L020 

O++----~----,.~-~~---r-----------r---~~----1 

( 

10/04/93 
Gamma(cls) 

O O 100 200 
~ (Narrow Une) 

J 

10 > 

I 

> 
20 > 

30 I 

70 
I 

80 

I 

90 

100 
(WlaUnl) 

0 21D IOO 
Glnlllla(c/9) 



c• 
0 

~1 j ) 

~~ ) I I ) 

10 ' 11 . 
I I 

l 

20 
I I 

} 
) 

) I I 
I I . 

? 
} 

) 

30 I I 

' ) . l 
I 

,__ 40 ...., 

I 
I ) 

) 

I ) 

} l 

Q) 

~ .! 
0 ._. 50 

.s:::. ~a 
~~ 60 

) 
) I 

) 
I I ) 

I 
'> l I I 

I 
) 

) I 
I 

~ 
l 

) . l l I 

\ I 

.i 

70 

. 80 

j .--........!.~ I } . ) ) 

---~,,,,. 
' ) 

I --~ } 

.l -- \ ,> ,.. i I I 
) 

I I 
) 

} ) > } 

I 
j ) ) 

) 

90 

100 

.~ 

I 
) 

L ) I ) '> > 
I 

} ) ) ) 

. 

• . 

1975 1980 

c• 
Borehole 22-10-10 
I 

} 

C 

) 

C I 

) 

l I 

) 

) 
I 

) 
I 

) 

l I > 
I ) ) 

) 

( 
< 

I 

I 

I 

l 

l 
) 

I I ., 
) 

) 
) 

} 
I 

( 
) 

I 

i 

l 

I 
I 

I 

' 
i ) I 

) ) 

I 
) 

. 
1985 

Date (Year) 

l 

) 

) 

I 

, 

l 

C 

? 

) 

. 

L / / ( 

~ ) 
} 

(C 
I ~ 

) 

\:::: • 

) "' ~ 
~ 

I ~ 
} 

I 

l -~ > .--, :..--

2.. I 

~ 
p-

[ 
g:-.. I 

~ ) ) 
>-< 

C: i --
0 -

I 

l I 
C I 

~ • 

) < 
) 

"' I -V 
- ~ 

L_ 
r--. r---.. ) 

) 
~ 

. 
1990 

> 
) 

1, 

I 

l 

l 

) 

) ) 

I 

} 

I C 

'> I 

I 
I 

) 
I 

) 

I 

( 

) 

) 

) 

\ 

i 

C 

l 

• 
. 

-

-

-

~ 

. 

.. 

.. 

1995 

:r: 
z -.., 

: t. 
U,I 
U'I 

""' N 

I 
::::0 
rn 
< 
0 



HNF:-:353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole B 'I (2.2- /0-£.) s) Total# Surveys 'i Ob Probe Type C) '-r 
# neutron surveys y # GR Surveys '-roo 

Log Date: 75-o/-()91 st 9 3 -1 c7 -as~Last Presentation Plot Dates~~--=----
(If difraent from t • & Last) 

Isotope from Spectral Survey: ~ '- 1' ( "f'5 - 7 5 ') 4- I .~ u* Max Survey Depth Io o 
Contamination Zone Depth(s): '-1-' S -.S.5' s-5- 7 S6 r 

/ 

GAPS.Txt 
Survev Date own. Gans BPl>l"OX #Sampl' ! Comment 

I Lbl./'-JQ 'Ji ~L 

71,-f)J~J,,fl s-r~ 1,,, 
'1-,.. Of,-01., i, l ~O 

~o ,:;1 ,t /y- I 9r., 

IB-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

\.._,I Cate o : Stable, TF Activi , Undetennined, CHANGED 

Analyst Name /[ ~L[ (} ~ ~ S/W ver ITFGROSS) I/ Z, L V 
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HNF~35}2 ·REVO 

Dry Well Survey Analysis~ Notes 

Borehole '5 'f { :z.. 2. - I e - e; 7) 

Log Date: 7 S - 8 I - tJ f 1st 

Total # Surveys ;3 9 f 
# neutron surveys lf 
q J-10-oy Last 

Probe Type '2 ';r: 
# GR Surveys 3 7 7 
Presentation Plot Dates 

Isotope from Spectral Survey: _&;;.x;_·::k........,~a;:::..-________ _ 
----,,.---

(If different ftom l • & Lfs!) 
Max Survey Depth / Oo 

Contamination Zone Depth(s): _'-f._5'_·-_t,_o_,=._-r..__ _______ _ 

GAPS.Txt 
Survey Date num. Gaos IJ>Dr0X #Sampl'5 Comment 
7 (, - OS- 21, J; 9.S 
1 J-~1.-DU eJv- '"" 7f-e,9-t~ I 'r I !>CJ 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 
1 irov-- 2,, 2. HI - d,';.,t- J,:,o 

17 'l-li-CJt Ht -Aki$ iov 
1 s- ()/ -o, f'\/M j 'f ..s Ltf ... /()(J 

BackGnd. Txt 
Comment 

V '.) 
S/W ver ITFGROSS} 1- -· t,,:__"> • 
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H NF :".'. 3 5 3. 2 - R E V 0 

Dry Well Survey Analysis - Notes 

Borehole {3 f { 2 2 - / o - 4 'f) Total # Surveys 3 7 (J 

# neutron surveys S 
Probe Type 6 ~ 
# GR Surveys .) '7 'z 
Presentation Plot Dates Log Date: 7..S-O / - t1'11 st 'j .3-1°-tJy Last ~-~---(If different ftom 1 • A Last) 

Isotope from Spectral Survey: C--.s ""- St 0- / y ~- S::F 7 

Contamination Zone Depth(s): _l)--'7'4"'""'8:..._;..tc_.z'-----------
Max Survey Depth / tlo 

GAPS.Txt 
Survey Date mun. GaDS 111>prox #Sampl's Comment 
7S-t,-oJ 13 I O'?J 

7 b-.A.C: -~ 7...t> I~-;; 
'16-67 · it 4- 5" t,5 

-, 7- (JI, ·-0 L 9-s I c, tJ 

HI-ZONES. Txt 
Comment 

BackGnd.Txt 
Comment 

Anal . N IYSIS otes 
num surveys reiected: (0) ·7 ,;~~O Back2l'Ound = (0~50) If) - 'fZ> 

" 

,. ·-

CateJ?ory: (Stable( TF Activity)Jndetennined, CHANGED 

S/W ver ITFGROSS) V 2.. 2 ° 
00 48~ 

I 
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HNF:-:353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole /3 Y(z.z- ld-1 o) 

Log Date: 1 S- Pl-o<t l st 

Total# Surveys 41 tJ 

# neutron surveys 7 q J -1d-p 'r Last 

Probe Type C9 '::r: 
# GR Surveys '-t t7 I:. 
Presentation Plot Dates ,------,,----

(If different fiom t • & I.alt) 
Isotope from Spectral Survey: _____________ _ Max Survey Depth 1 (I (J 

Contamination Zone Depth(s): ..... -2=---g'::;..._-_7_.b......._r_-_, _______ _ 

GAPS.Txt 
Survey Date num. Gam laoorox #Sampl'1 Comment 

'rls--,~-,J ~ /3 I IJO 

'1 l, - CS-2-i, 13 qs-
71,-07-l f '1' .5 'i'r 
17-6{·-0 L 'l 2.- J otJ 
JJ-1u-1 3 1-> I c, o 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 
75'-~ -zo 'ri&o <- rA<t rs 

1"7 S'- 11'~-f~ µ., RA:dZ-~ /7-o 
r-16-t'Y-L 2- Ml B'< &-.. I eo 
71,-07-2- V" 8Ai.::>~v41~ 'fD 

7 J-bl. -tJJ , n a 1<.-1..,,- /Qy-' 

1'7 g-tJS--IJ f'ooL-n"Ht..,.. I t)1} 

C/-()(-'76 'FCit,,J... (.,- ( 

BackGnd. Txt 
Survev Date Reason Selecte, num. Samples Fea. Clean Av2. 8kg Comment 

1'"1,C-~-/J L~7~ 19? S-? ~z 2..~- 'J 
· 7 i, -O't"-L-2.- AilGtikt. 1..i- 17'7 ... >'"Z~ 
7 ir-e 1- 2., 9" ~Cl~A. *-' 4-S-'% 2.f.,/ 

I...,, Z'-::;;f" .I 
✓ - ' ~ c:....., AL. lo I /)% /g"a] 

77-IJS-OS ~c/6 (Jk(; 9.:r (37~ 3 7. 7-
71-os--11 o/,.. u.U,,v 9'1 ~~ 0, t) 

1i--o,-v, ll 116-- 111<.t,.. 1 i, ir,1,. 37,.j> 

~ 9-d/-tJt- ¾ CUA_/ 91' ¥'i"~, 2Z.9 

'--" Cate o : Stable TF Activi , Undetermined, CHANGED ,· 

Analyst Name r? ~lj re~ S/W ver (TFGROSS} V Z... Zo 
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HNF~353.2 -REVO 

mcin == "twoss-16.txt" Well 22-10-10 
A := READPRN ( filcin) 

N := last(yr) 

1st Isotope is Co {5.27 yrs) 

yr := A<l> 

N =393 

net:= A <.7> 

i:=0 .. N 

~co := 5.27 

bkg := A<6 > 

k := 0 .. 300 

2nd Isotope is Sb125 (2.77 yrs) 't2 := 2.77 

aco :=- 200 

a2 := 1000 

ln(2) -(yri-75)~ 
Coi := aco•c 

max:= A<4> 

j := 0 .. 299 

I ~ t~/1 
This data edited for spurious points 

- l_i/1/U 
1lJL-

1500 

gross. 
I 

0 1000 
lo\ 

500 

-(yr--7S) - -(yr,- 7S)-
[ [ 

ln(2) ln(2)]]
2 

ssq(al,a3) := L grossi- a]·C 
1 

'tCO+a3 •c 
I 

a 

Given 

ssq(aco,a2)•0 

[:] := Mincrr(aco,a2) 

ln(2) -(yri - 75) • 1CO 

Co. := aco·c 
I 

·- ····· -

/ 

3 
\____ a2 = 1.534•10 

A 
,. i 

acp =-0.043 
a2 

out<O> := yr out<1 > := tot WRITEPRN("twop.txt") := out 

~ 
-=--0.395 

Ratio Co/Sb X2N 

Co-2nd-Decay.med 

I 

,,,-r 
/' / 7 

_{-.,,-· , I 

Page 1 
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HNF~35}.2 -REVO 

Borehole 22-11-01 

Contamination (Cs-137) from 0-5 and 5-10 feet is TF Activity 
Contamination (Cs-137) from 19 to 28 feet is UNSTABLE 

Grade Thickness Product from O to S feet is erratic for the 20 years of survey data and is 
categorized u Tank Fann activity. Changes in the logging procedure when loSSins 

surface radioactive z.ones perturbs reliable calculation of the Grade Thickness Product. A 
decay line for Cs-137 (identified from HPGe detector) that was fitted to the last few non­

zero survey values is presented. 
Grade Thickness Product from S to l O feet is erratic from 1983 to 1986 and is categorized 

as Tanlc Fann activity. Grade Thickness Product from 1984 through 1994 is docreuing 
within counting statistics at a rate consistent with Cs-13 7 (identified from HPOe 

detector). 
Grade Thickness Product for the radioactive zone (19-28 feet) bu fuur time intervals of 
changed activity. (1) Oracle Thickness Product was decreasing within the gross gamma 

sensitivity at a rate consistent with Cs-137 (identified from HPGe detector) from 1975 to 
1980, then a step change in concentration may have occum,d. (2) From 1980 to 1983 the 

Grade Thickness Product continued to decrease with Cs-137 decay. (3) From 1983 to 
1989 the Grade Thickneu Product was erratic with five pulses of increased and decreased 
activity. (4) From 1989 to the end of the surveys (1993) the Grade Thickness Product has 

decreased dramatically. 

04: Sodium Iodide Scintillator 
03: Neutron S surv 
100 ft 
100 ft 
1/09/197S 
10/4/1993 
41S 

_•_...:. ..:1 Notes 
Numb« Survevs Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Background : Zones 0-10': Threshold (O< val< 50) 

Zone 19-28': Bb: = 30-45' 

Depth(s) where Contamination Identified in 0-5, S-10 feet is TF Activity 
Gross Gamma Survevs : 19-28 feet is UNSTABLE 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 

0() 491 
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HNF::35}.2 -REVO 

Borehole 22-11-05 

Contamination (Cs-13 7) from O to 10 feet is TF Activity 

Grade Thickneu Product from O to 1 O feet is erratic from 1975 to 1985 and is categorized 
as Taruc Fann activity. A decay line for Cs-13 7 (identified from HPOe detector) shows 

the surveys since 1985 are consistent with the radionuclide decay. 

100 ft 
100 ft 
1/09/1975 
10/4/1993 
450 

Anal . N lVSIS otes 
Number Surveys lleiected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comnute Bacbround : Threshold (0< val< 50) 

Depth(s) where Contamination Identified in 0-1 O r eet is TF Activity 
Gross Gamma Survevs : 

AnaJvst Name : R.K. Price 
A.&.-.. &..-:s Bv : Three Rivers Scientific 

00 496 



( ( ( 

01/09/75 Borehole 22-11-05 10/04/93 
Gamma(ds) Gamma (as) ti) 

0 100 200 • 0 100 200 
0 O now line) ... 

0 Depth: 0-10 ft 
• 0 

10 0 10 
i 0 00 

0 
0 a 

::, 

i l 
0 0 

» 00 a a 

20 0 20 • CS-137 Decay Line 
1S - 0 
:::, 0 0 

l 
0 0 

30 30 

I ::c: 
z 

I 0 
.,, 

Cf) a a 

"° 
.J:: + 40 : ; I ... • 

i -» - 0 0 

J \>J 

s 0 
0 0 V, 

0 

"" - 0 -!50 0 150 [\J 

I 

N ::0 
60 + 60 rr, 

0 G) 

"1975 1980 1985 1990 1995 < 
0 Date (Year) 0 

,g.o 150 70 
~ -40 

-~t+t+i1tt+H+f+i+ll+l+ttf+t~+++!i 
'1 f J30 -80 e20 80 

<f 1: 
90 (,JOO ~- 90 

----·•:··································· ~ao . . 
:::, ~80 

. 
100 l 40 .. 100 

(WldallneJ IL 20 (WldaUne) 

0 - 1000 0 0 - 1000 
Gamma (els) 

~ by: T1ne RI\Wa Sclentlllc 
GlmlM (els} 



( 

0 

10 

20 

!l!;I ,::;~~ -=-= 
r~ 

~ 
......,-P 

..,, r.._.,_-, /' 

r I 
I I l l ( - ) 

} 
) I 

f 
} > ) I • J 

I } 

- ) 

30 
I I ) 

- I I 
I 

) 
I 

:;::-- 40 
G) 

- I 

I 

~ -50 
.c ... 
C. 

~ 60 

I 
• ) ) I I - ) 

I 

'~/ 

I 

s I 

- i, 
J • 

} J 
> • 

I 

70 
0 
0 
~ 80 
~ 
rx, 

90 

100 

) -
) < } • 

) 

t > 
) 

• 

'~ 
l 

- -~ --- > } l 

I< ~ ;/ > > 
> ( 

-'""' . r 
1975 1980 

( 

Borehole 22-11-05 
, - . .t:._ _(. L L <-- LL' L / £.. { L £.. L 

V ......... ~ 

( 

~ ....... ::-----......:: '-... :"""-. ~---:::::::--.._ i~ --,., ,,--.....,__~ 7--i_-...._,_-r-_.7, =7 
> - ' I / / _. I ,,,.- (' ,, ,/ / -~ 

> I I I I 
I 

I 

J 
I 

• 

.> 

} . 

I 
I 

} > 
) 

> 
) 

} I 

I 

) 

( 
} ) 

l 

I 

} 

I 

I 

I 

j > 
) 

I 

) 

1985 
Date (Year) 

> 

I 

I 

I 

) 

I 

} 

I 

I ) 

} 

) 

I 
J 

I 

) 

} l 

? 
) 

I 
> I I 

) 
} 

) 

• 

I 
) 

I 

I 

) 

--
I . 

1990 1995 

-

~ 

~ 

~ 

I-

.. 

::c 
z ..,, 

: t. 
\,J 
V, 

""' N 

I 
;;o 
rr, 
<'. 
0 



HNF:-. 3532 -REVO 

Borehole 22-11-08 

Contamination (Cs-137) from Oto 10 feet is TF Activity 
Contamination (U-238/Pa-234 & Co-60) from 56 to 66 feet 

is Stable 

Grade Thiclcness Product from Oto 10 feet is erratic cfurinB 1975, 1981, 1984 to 1986, 
and is categorized as Tanlc Farm activity. A decay line for Cs-137 (identified from HPOe 

detector) is shown for ~-

Grade Thickness Product for the radioactive zone (56-66 feet) is decreasing within the 
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a 

least squares fit ofCo-60 (hypothesis) and U-238/Pa-234 (identified &om HPOe detector) 
between January 1979 and October 1994. Protactinium (Pa-234) is a decay product of 
U-238. The least squares fit results in a gross gamma contribution ratio for Co-60 to 

U-238/Pa-234 ofO.S on October 1994. 

100 ft 
100 ft 
1/09/1975 
10/4/1993 
438 

<=O 
40 to SO feet 

Depth(s) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma Surveys : 56--66 feet is Stable 

R.K. Price 
Three Rivers Scientific 
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HNF::3532 -REVO 

Borehole 22-11-09 

\_,- Contamination (Cs-13 7) from O to 8 feet is TF Activity 
Contamination (Co-60) from 20 to 34 feet is Stable 

Contamination (Co-60) from 34 to 46 feet was UNSTABLE early 

Grade Thickness Product from O to 8 feet is erratic for the 20 years of survey data and is 
categoriz.ed as Tank Farm activity. A decay line for Cs-137 (identified from HPGe 
detector) is shown for reference and was fitted to the last few years of swvey data. 

Grade Thickness Product fonhe radioactive zone (20-34 feet) is decreasing within 
observed systematic limitations at a rate consistent with the decay of eo.60 (identified 

from HPGe detector) between 1975 and 1994. 

Grade Thickness Product for the radioactive zone (34-46 feet) from 1975 to 1978 was not 
showing radioactive docay and is clusified as UNSTABLE. Then from 1978 to 1994 the 
radiation zone is decreasing within observed systematic limitations at a rate consistent with 

the decay of Co-60 (identified .from .HPOe detector.) 

Gross Oamma Surve Information 
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Depth(s) where Contamination Identified in 0-8 feet is TF Activity 
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R.K. Price 
Three Rivers Scientific 
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HNF~353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole /3Y(2z-l/-01) 

Log Date: 7 5- {)J-o9' 1st 

Total # Surveys 4 I Y 
# neutron surveys s= 
q 3- I 0-o'(-: Last 

Probe Type CJ '7: 
# GR Surveys ~ I .s­
Presentation Plot Dates ~--,-..---

Isotope fu>m Spectral Survey: C.s'--1 ~ 2 <- /8c ,e a./ r ( ()- .,...,,,. r J 
Contamination Zone Depth(s ): t)- 5 ~ -r , S,.. 1 ti I r- is-, , 

(1 f different &om 1 • & I.Ast) 

Max Survey Depth / tJr, "' 

GAPS.Txt 
Survey Date nwn. Gans '1pprox #Sampl's Comment 

11:r-,z- 1, I Z... /(fl) 

~7-1}~ -oz,, 1J:, I «J 

l'ILt-eJJ-11, IL /0() 

f't-11- "1,/ J z..._ '"° 
HI-ZONES.Txt 

Comment 

BackGnd. Txt 
Comment 

Analyst Name If~ f~ SIW ver (TFGROSS) \I 2 ... 2() . 

00 SC'-~ 



HNF~353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole 6 Y {2.,2..- 11-os-J Total # Surveys Lt-.SS­
# neutron surveys ....S­
C/ 3-/o --d Y Last 

Probe Type C> 7 
# GR Surveys 9 ..>'?:7 
Presentation Plot Dates 

Isotope from Spectral Survey: CS-1 .:,7 Cc..; O<!J;fJ a,/.,. z-'{&-;r) 

~-,,---=----
(If different ftom 1 • ,U.ast) 

Max Survey Depth / /J{J 
Contamination Zone Depth(s): _____________ _ 

/ 

GAPS.Txt 
Comment 

141-D 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Survey Date Reason Selected mun. Samoles Fea. Clean Avg.Bka; Comment 
15~rf'l-Jl i..MC1l'H /9o 1.7% ·z. Zh 
71t,-(j-(-l,l., ~fJl<.r;.., 'i...r '-f'-t'~ l;-'l,.r 
-, 6-t:JS --2-1 1../J.,vr,..Jr H 1'!Y '71, ·~ ?.:1,.1 
7 7-0/,,-0 I.- "7-,(,1 ,,,,,.,. e; ,6 ~ '-I: "b 

77-0J-:Z..-L Aut;,-&/<.6-- qs- 17 .. :?o Lt'. L--

·,S-nt--2,9 Av&,Bla-- o/,.( ~~~ "]' I:,. L 
-rs-o'f-2, 7 Ira C,A~~ 

°'"" 
'5'7% 2at 

~ J-10-27 -%~A/ ~o SS'~ 2..7,h 

v.o 
Anal is Notes 

mun surve s re· ected: 0 2/'.zfiJJ 

Analyst Name ___________ _ S/W ver ITFGROSS) 

00 509 



HNF~353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole 1.37' {zz-11-o&) Total # Surveys '-f y J Probe Type CJ tr 
Log Date: 7 .5 'ti /-oft st 

# neutron surveys S:: # GR Surveys 9:Jlf 
c; 3 - / e>- tJ'-f- Last Prese~tion Plot Dates 

(If diffcn:nt ttom 1 • & Lat) 

Isotope from Spectral Survey: C .S -, J 7 t < <?,,e a/ ,y 4'-1?)) }! .
2

,,,1 Max Survey Depth / oo 
Contamination Zone Depth(s): ____________ _ 

Survey Date 
71-0, ·-t) 1-

71-m --ll A:, 
~J-JO-LJ 

Survey Date 

7 S -dt-o 'i 
7 (,:, - {}S-t,5 

1 ·?-fJ-Z.-03 
-,G ·~-!"''~ 

~C/-03-oJ 

num. Gaos approx #Sampl's Comment 

13 too 

, J'l'-r t7o 
. l'J IC!O 

Reason Selected approx #Samp's Comment 
Ht-4k.&- I A ·/"J 

1-11 C,/'..5 /o,-:r /70 
HI -dJC.t:,.. I c!J 1...; 

/3"'7~~ rN' /de) 

81tJ.S LA€t.M:i ~ Joo 

GAPS.Txt 

HI-ZONES.Txt 

BackGnd. Txt 
Comment 

Anal sis Notes 4-v-q;o l=-T 

S/W ver (TFGROSS) LIL.. le> . 

00 510 



HNF'.'.". 3532 -REVO 

filein := "GTP56-66.txt" Wei I 22-11-08 
A := READPRN(filein) yr := A<l> 

N =426 

net := A <T> bkg := A <6 > max:= A <4 > 

N := last(yr) 

1st Isotope is Co (5.27 yrs) 

2nd Isotope is U (4.5 Bf1yrs) 

i := 0 .. N k := 0 .. 300 j := 0 .. 299 

,CO := 5.27 

,2 := 4.5·109 
aco := 98 

a2 := 16 

( 
ln(2) 

- yri-75)'-
Co. := aco·e 1CO 

I 

ln(2) -(yri-75)·7 
X2. := a2·e 

I 

This data edited for spurious points 

200r---..---""T'""'----r----.-----,,---,,---,----.,......---,---~ 

0 

150 

grossi 
<> 100 0 

tot . 
I 

0 
00 0 

50 0 0 0 
0 

0 0 00 0 
0 0 0 

0 
0 0 00 O 

0 00 0 0 0 0 0 
0 o..._ __ ...__ _________ __._ __ ___.._._ ___ .__ __ ...___..___...._ __ _.__ __ ~ 

74 76 78 80 82 84 86 88 90 92 94 
yri 

. (yr, - 15)- -(yr, - 7S) ._ 
[ [ 

ln(2) ln(2) ]]2 
ssq(al ,a3) := L grossi - al ·e 

I 

l1XI + a3·e 
1 

't2 

Given 

ssq(aco,a2)•0 

[ :: ] := Minerr(aco,a2) 

out<O> := yr out<I > := tot 

Co-2nd-Decay .med 

l•l 

aco =98.175 

Co-60 

a2 = 16.748 

Uranium 
~=5.862 
a2 

tot. := Co- -t- X2 -
1 I I (c~ ~ _ . 

RN( " ") ,_ f,__--· ---0.491) 
WRITEP twop.txt ,- outRatio C~ _ -~~-,· 

8/18/98 

00 51.1. 
Page 1 



Borehole/1'1' {2.z.-/1-o'f) 

Log Date: 75'-oJ-M 1st 

Dry Well Survey Analysis~ Notes 

Total # Surveys -3/'1- ) 
# neutron surveys '-z: 
q H o-o '::r Last 

Probe Type O -.,. 

# GR Surveys 't;37 
Presentation Plot Dates ~--,.-~---

QC diftcnmt 6om 1 • & l.ut) 

Isotope from Spectral Survey: -----~~------­
Contamination Zone Depth(s): o-S' 1 .. :2,- 3{.): 3 c- 'f '-/ 

J ' 

GAPS.Txt 
Survey Date mun.Gaos approx #SampJ'3 Comment 

'17-(),-0l "74 /d(;) 

q I - 1~11 2.c l~o 
flV-nJ-lh IT" /00 
is- oer-1~ /0 1L1d 

I-ll-ZONES. Txt 
ason Selected approx #Samp's Comment 

/ 

BackGnd.Txt 
Comment 

Max Survey Depth / &O 

~ / / 

Analyst Name / , ~/_ {/~t-e;;) S/W ver (TFGROSS) ii 2.. 2- 0 
' 

00 512 
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Borehole 22-12-01 

No Gamma-Ray Emitting Contamination was identified 

No aignificant leveJs of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1995 in the vadose wne from 2 to 100 feet. 

Surveillance logging activities were not designed to monitor low contamination levels near 
the surface or bottom of the borehole. Low levels of Cesium-13 7 (identified from HPGe 

detector) present at/near the surface and at the bottom were are below the detection 
threshold as shown on the Orade Thickness Product plots for O to 25 and 90 to J OS feet. 

100 ft 
1/09/1915 
6/13/1994 
424 

Analvsia Notes 
Number Survevs Reiected : 0 

Lower Threshold for Bad Survey Values : <•O 
Method Used to Compute Backaround : Threshold (O< val < SO) 

Deptb(s) where Contamination Identified in No Cootaminadon 
Gross Gamma Surveys : 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 

"f) 513 
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Borehole 22-12-03 

Cont.amination (Cs-137) from 0-10 feet is Tanlc Farm Activity 
Contamination (Cs-137) from 10-20 feet is Stable 

Grade Thickneas Product from O to 1 O feet is erratic for the 20 years of surveillance 
monitoring, and is categorized u Tank Farm activity. The gross gamma activity exceeds 

30~000 counta per second which may be beyond the linear region of the counting 
system. The decay line for Cs-l37 (identified from HPOe detector) approximately agrees 

with the decrease in Orade Thickness Product. 

Grade Thickness Product for the radioactive zone (10-20 feetl!~ decreasing within the 
gross gamma sensitivity at a rate consistent with the decay ofCesiWU,:137 (identified from 

HPGe detector) between 197S and 1994.· · 

03: Neutron 3 su 
100 ft 
100 ft 
1/10/1975 
6/13/1994 
509 

Anal . N otes lystS 

Number Survevs Reiected : 0 
Lower Threshold for Bad Survey Values : <=O 

Method Used to Compute Background : 28 to 42 feet 

Depth(s) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma Surveys : rn-20 feet is Stable 

Analvst Name : R.K. Price 
AnaJvsis By : Three Rivers Scientific 
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HNF:"'..353.2 -REVO 

Borehole 22-12-05 

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

Grade Thickness Product from O to 20 feet is erratic from 1975 through 1986 primarily 
from logins procedure changes and is categoriud as TanJc Farm activity. Grade 

Thickness Product from 1986 through 1994 is decreasing within counting statistics at a 
rate consistent with Cs-137 (identified from HPOe detector). 

100 ft 
1/09/1975 
6/13/1994 
426 

_ .......... Notes 

Number Surveys Reiected : 0 
Lower Threshold for Bad Survev Values : <=O 

Method Used to Commrte n- • - ,___: : 25 to 40 feet 

Depth(s) where Contamination Identifiod in 0-20 feet is TF Activity 
Gross Gamma s .... ·-· ... : 

'---L ...... Name · - ·- . R.K. Price 
• • . . By : Three Rivers Scientific -
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HNF:'.":353.2 -REVO 

Borehole 22-12-06 

Contamination (Cs-137) from Oto 20 feet is Tanlc Farm Activity 

Grade Thickness Product ftom Oto 20 feet is erratic from 1975 through 1986 primarily 
from loging procedure changes and is categorized u Tank Farm activity. Grade 

Thickness Product from 1986 tbroush 1994 is clecreuing within counting statistics at a 
rate consistent with Cs-137 (identified from HPOe detector). 

Information 
04: Sodium Iodide Scintillator 
03: Neutron 4 surv 
100 ft 
100 ft 
1/09/1975 
6/13/1994 
428 

Analysis Notes 
Number Survevs lleiected : 0 

Lower Threshold for Bad :;... ........ Values : <•O 
Method Used to Comoute B~uund : 20to 40 feet 

Depth(s) where Contamination Identified in 0-20 feet is TF Activity 
Oroa Gamma Sui . .-;~-; : 

•--L-~ Name· ·-··-. . R.K. Price 
Analysis Bv : Three Rivers Scientific 
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HNF:-:353.2 -REVO 

Borehole 22-12-07 

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

Grade Thickness Product from O to 1 o feet is erratic throughout the monitoring interval 
and is CllegOriml as Tanlc Farm activity. Grade Thickness Product shows that on 

occuion the p,nma bg reaponae exceeded the background activity. A decay line for 
Cs-137 (identified from HPOe detector) is presented for the surveys from 1986 to 1991 

that were above background. 

<=O 
Threshold O< val < SO 

Depth(s) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma S11TV1'!1111111 

R.K. Price 
Three Rivers Scientific 
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HNF:-:35,.2 -REVO 

Borehole 22-12-09 

No Gamma-Ray Emitting Contamination was identified 

No significant lcvela of gamma-ray contamination is preamt above the survey probe 
detection threshold between 1975 and 1995 in the vadose mne from 2 to 100 feet. 

Gross Gamma S Information 
04: Sodium Iodide Scintillator 

100 ft 
100 ft 
1/16/1975 
6/13/1994 
429 

Anal . N Otes IYll 1 

Number Survevs Reiected : 0 
Lower Threshold for Bad Survey Values : <•O 

Method Used to Comoute n • 11..A • Threshold (O< val < SO) 

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma Surveys : 

•-~•~Name · . - . R.K. Price 
.., __ ._ -·- Bv · ---·- . Three Rivers Scientific 
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HNF:-. 353.2 ·REVO 

Borehole 22-12-10 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 197S and 1995 in the vadosc zone from 2 to 100 feet . 

100 ft 
100 ft 
1/16/197S 
6/13/1994 
424 

Analvsis Notes 
Number Sw ..... ~-; Reiected : 0 

Lower Threshold fur Bad Survey Values : <=O 
Method Used to Comoute - • ..I. Threshold (0< val < SO) V\UIU • 

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma Survevs : 

-"' 
. Name: R.K. Price 

AnalvsisBv : Three Rivers Scientific 
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HNF:".'.353.2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole BY {.2.Z-/2-6/) Total# Surveys 4'-7-i' Probe Type 0£r 
,...., # neutron surveys ..3 # OR Surveys "t-2.. :Y 

Log Date: 1.J ·(JJ-b<fl st 9 't'-Ot,-aLast PresentationPlotDates=--__,,_--.,.-----
, (If different ftom 1 • ii: LIit) 

Isotope from Spectral Survey: {!_s - ~ 2..e t!'. / t:'. ( d-, , er) Max Survey Depth t DO 
Contamination Zone Depth(s): NtJ~ ~ · 

GAPS.Txt 
Survey Date num.G&ffll IUJprox #Sampl't Comment 

1 lr/J7-2A 2-3 'IS-
77-(Jl,-O'l- 9.S- /t>O 
i 'f-/ 1..,-2,,7 1 1i 
f 't'--1 I - 2, I 13 / t!Jr:> 

ID-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

S/W ver ITFGROSS) -:2." 2- 1' . 
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HNF::353..2 -REVO 

Dry Well Survey Analysis - Notes 

Borehole 8 fi(z 2 - /Z -0 3) Total # Surveys SI J. p be Type () 1/ J l/ { ~ .S lnC, v~ _ ro _ 7,/77 
# neutron surveys ,3 # GR Surveys 5 tJ 9 
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HNF~353.2 -REVO .. 
Dry Well Survey Analysis - Notes 
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