RPP-8821
Revision 0

Analysis and Summary Report of Historical
Dry Well Gamma Logs for the 241-AX Tank
Farm - 200 East. |

Data Analysis By:
Three Rivers Scientific
West Richland, Washington

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

CH2MHILL

Hanford Group, Inc.
Richland, Washington

Contractor for the U.S. Department of Energy
Office of River Protection under Contract DE-AC27-98RL.14047

Approved for Public Release
(Upon receipt of Clearance approval)
Further Dissemination Unlimited



RPP-8821
Revision O

Analysis and Summary Report of Historical
Dry Well Gamma Logs for the 241-AX Tank
Farm - 200 East.

Data Analysis By:
Three Rivers Scientific
West Richland, Washington

Randall K. Price : Duratek Federal Services Northwest

September 2001

Prepared for the U.S. Department of Energy
Assistant Secretary for Envirqnmental Management

CH2MHILL

Hanford Group, Inc.
Richland, Washington

Contractor for the U.S. Department of EnerEy
Office of River Protection under Contract DE-AC27-99R1.14047

" HANFORD
RELEASE

Voot K Fauad — 3-13-03

Clearance ApProval Date " Release Approval (stamp)

Approved for Public Release
(Upon receipt of Clearance approval)
Further Dissemination Unlimited



RPP-8821

Revision 0
For use with Technical Documents (when appropriate)

EDC- FMP-

EDT- 631760 ECN-

Project No.: Division:

Document Type: Page Count. {§2

For use with Speeches, Articles, or Presentations (when appropriate)
Abstract | | Summary _ Full Paper | Visual Aid

Conference Name:

Conference Date:

Conference Location:

Conference Sponsor:

Published in:

Publication Date:

LEGAL DISCLAIMER

This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any of
their employees, nor any of their contractors, subcontractors or
their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy,
completeness, or any third party's use or the resuits of such
use of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply Its endorsement, recommendation, or favoring by the
United States Government or any agency thereof or its
contractors or subcontractors. The views and opinions of
authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.

Scientific or technical information is available to U.S. Government and U.S. Government

contractor
it is availab

?ersonnel through the Office of Scientific and Technical Information ()OSTI).
e to others through the National Technical Information Service {NTIS).

This report has been reproduced from the best available copy.

Printed in the United States of America



ANALYSIS AND SUMMARY REPORT
OF HISTORICAL DRY WELL
GAMMA LOGS FOR THE
241-AX TANK FARM - 200 EAST

Data Analysis By:

Three Rivers Scientific
West Richland, Washington

Randall Price

September 2001

RPP-8821, Rev. 0



RPP-8821, Rev.0.

Title Page

Analysis and Summary Report of Historical

Dry Well Gamma Logs for
241-AX Tank Farm — 200 East

September 2001

Randall Price



RPP-8821, Rev.0.

Table of Contents

Page
THEIE PAZE...cieeiieicrirrireesescrceene et st ettt estsssss e st ss s e s s e br e b es s ubs s b s s n s e s asan st e s ansa s s beesaeeasunsnnnes i
Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-AX Tank Farm
— 200 East Area......ccccceeerereenvesienissnsrissnsnnnes OO OO U OO O UR SO PEOPI O EPPIPPOPIPOT 6
1 I EOBUCTION 1eveeeeeeeeeeeeeieiotisssssessssastsnrsrsassassresrssnssarsssassessennsnnsessseseeesnnnnesnsssssssstserasressssessanes 6
1.1 BACKEIOUNA ...ccoiiiiiinrineieernsieces s se e et s smevreen s b b s bt sh s s b e s b s b s b s s h s s bR s R e e a s aR e nE e st e b e e b e man e ranenaanas 8
1.2 Data Analysis DesCriPlION....ccverirereerecrrereereereriasrisssssesissssssess siastsssssessess s e e e s s ba s bbb RS are S s R e bR TR ws b e ner T b s 8
2 SUbSUTACE CatEZOTIES .. ueiviveiriierierierreerrereiereores sttt eestesesesssaesrsesssssssbisssserbsasrsssesnssssrrensees 13
Dl CIEAN oeeeeeeeeeeeeessesersaseeasesseesneraaseasesssessnensaennesss s sasbssR b st s iostsstssabsssabasnseransssnnsbesansaesnsentessansassrerensannesssnrrensss 13
2.2 CONTAMINALEL 11 eerereireericrissienereresrssssenerssesssesasvessressssasssransrastsesssssrrnsratersssssssssbasseessneesossssssrnnrnesnsssssesssssen 13
2.2 Tank Farm ACHVILY ..ooceeeeiererresse e it it ensrr s sar s s s ssanessnssr e s sed 4 s rhbasabta s e e na b e st e s e e s b e s b e e snm e e raen 15
2. 2.2 UNACLEEITHIIEA .ot ieeeecevvereesecsssssenseses ossnssastnssassassnsssnsensssossassrtnnsesses sosassen bascssaessasesssenanmansessssenssssnnranss 15
223 GBI, e eeeeeeeee e et et e e tteabe et bt bt s b s Re R e S EE S $A e BB R Y S SRR IR SR YO RTINS ek e At et e ereeeeaneree s desead b4 bheba bt saes 15
2.2 UNSEADIC. oot iireri it cie it siersere s i s eesserantvasaseasearrarassassessrarsasssrannrebebbress et st sassbanesaararnenesinsnsensnrsnnssearnrirar 16
3 Details of Contaminated CONAIIONS ....vuvveveevrieiiriiririireirrerssissroseisersertesresrssssasssesssssanesssssesases 17
3.1 SHADIE ZONES..ueuereiereeeieiiinermiiieiessesssabesesassasressensenessossrsnnrantrresssasras sesstasaseeresraassansnts soessonsrnnererteteerasisasraseterasas 17
3.2 Depth of ContAMINALION ......c.vcvecvervsceresrerissssssssissisic st st ssss s e s e s bbb s s s sa s bbb AR e S aE £ s b S b e e Re s A A AP EsRe sa0 20 18
3.3 Contaminant MODILIEY c...ooevveverirersnrsreine s sse st s sssan s s s s s s s s s e aas arsar s s re e n e e s Re s s n e v e 22
3.4 1S0tOPes TANLIFIEA ......cociininiirerncriesis e ser s e srs s s s ss st et e e n s se s s s san s e b s b s be b b e ba b st naanesensae s 23
3.5 Subsurface Conditions During the Monitoring Period........cceccreeevnrcmrcrcrceirsisssissnssnsisississnssnsas s sssrseans 23
G SUINIMALY . 10eeeriaeeiaereorsereorecisetesimeeiorssrsirsessarsessasses sarsessorssesirsesirsrsesbbtsesssssserhesterarssesanssnsassnsanas 24
S RCECTCICES cvvvevrerenreerissreeseorsaseesereeesassossasesssessesassassssnssseseessessssssseserenressseressssnsessrseraessesssssrsarase 24
Brief Listing of General Observations and Special Data Presentation Conditions.........oevenuvinne 26
GENEIAL DDSCIVALIONS c.eevevieciseeererersassssrrnrereriasssssastessessorsssissssssessessssesnssssssessesianssnnsesssesessnsrasasansansessassassasasnassas 26
Special Presentation ConditionS. ... ..o isses st s ssesse s srssssssstesessssssssssssessssnsasssassesansnses 26
TANK AXKT0T coeeieeeeeeeeeeeeeeereeerecenrsstestasiaserserareereaneeneeresrrerrerrsnrsnrntrsrsstnsrdnrdts et sssassasnsssesnsssarssrssiasssesssssessnsss 28
BOrehole 11-01-01 o.oouiiiiriiisiiiiiiitieiesseraitnecsresrsseinsrantresestossanresssssssassassassensessssossrassrnanessesss srossrassnsntasesss 29
BOTEROIE 10102 oo iieeeeireeriuretossnssssrosssssssssssstsssssssesssnss esnssssasssnsssessssessasnsanssssnnass sasssenssassnsanenssananserase 33
BOTEhole 11-0T-04 ..o oo vvtrestebeetessat s itbstsss sassasssnstnsesssssssssastnsess srssssnsbansassnssassarsasatennseneeresassrsnes 37
BOTEROIE T 1a0To05 ..o iiieeeteteerietsersbessessassssisssisstsstossssnssnsesississsssssssnsssisassestantensasensasssnsnbansessasassassnsses 41
BOTEROLE 1 1m01o07 o.oooeeeeeviieessrnsissesssssssssssiessasissionsssssssssssessasssssssessrrsassnntesnsssssasarssstensaenessessesaasarnansenrass 45
Borehole TT-001-00 . oi iirririiiiiritiieiisiiesissieseesesnesssssnsesssssnsses sessesen sassasassansasssesstsasssssaseessassanssresrenenes snserses 49
BOrhole 11-01-F0 ..ooooeeeiieveeiieeineeaseesersirserseeseeseesersersnrsersrrsnressnssnnsssnsssnessssntsntsstssbsnsssssssssssonsansonsasserssss 53
BOTEhOIE T1-01-11 e ioiiiiiiiiieiiiit s sastseasessbessesbenes sesasbasesssnssesssransen sansasansranaseersnrensessrrsenessrannenraren 57
TANK AK 102 eoeeeeeeeeeeeeeseteeesesseseeceressassesbessssnet sasbtersssasstssasass asnsssstrssnssssbessesssssnnesssnnsssbassasseesssnsensnassns 61
Borehole TI-02-01 ....iiriitiiiiiiiiiiririinisiisieesnrassrasastiesariasssiestsarastesrassassassarsassssassresenrisssts bissssssssssssasssones 62
BOThole 11202402 ..ocovuiiieireiaeirnmanereeseraereereerrerresresrerrerrsntesssnstisteseisssstsstsstssssesssesssssriarssrasrassssissssessossases 67
BOTEhole 11202-03 ....cicirccrirecrerenriereierssereersrsrees sressossmnsesrebasss sassnssasssnsessssssnsssasssssessassnsessesranssessennenes 71
BOTHOLE 11-02~04.....oeeeiiiceiiieieceeeieeersareessesesnrres assesssssonasssssssnssnssssassnsssessssnsssasssessssesssannrssnssssnnsarsses 75
BOTEhole 11202-05 .....vvieiiireiesreeirereesssesssesvassssrsssesssrensnnestastesstssessssssbesiasbasssssessssassstssessssnssnnssesnesssnnss 79
BOtehole 11-02-07 oo cieitiieiisivetiereeseesessressessessasrssrsnsransresersessassnberens e senrassssassas sassassnrsansanassssosssanes 83
BOTEhole 1102010 oairiiieiicieeiteiiiiieieesecseaseenetnessesssssrrnnrasersbeenessatantassassessessssntssssssonsossasransnsenassonsen 87
BOTEHOIE 11-02-11 cneereiiiceriiiiireeessrrerresssssersessarses assessasssssesassssssessssssassssnssesesssnaseesnsntasssnssnsarersranaessanes 91
BOTEhole T1-02=12 . oot ieiose i csiasiosisstasssstssisss sassssbsnstnsssessissrantansessrrssssessnnntensansresansasnssansassassasen 95
BOrehole 11a02-22 . .umiiiiiiiiiiiiiiririiiiieiis s bstsssisssessesbesassassasensassansassssassessasreses sassntensssssnnssrassenessensnresas 103
AT AT 03 i cee e e e e e e er e ere s s s s s rs s is s assassasssasasastensansessansessensasensenestrearetantsstnnsnnsnnnnnranbesnnsrasbsants 108
BOrehole 11-03-02 ...oeeeeieiiseeireienerrtistseseessrssssrssearersnrassssrsernersssasssssssnnnsnnnsressnsnsrssssssssstsresssssssnnsassnsanss 109
BOTERIOIE T 10305 .ot iieeiistimrtnetestssbastsssse sasssssssssssssiesisstssssssssioss sasssssinststsessossssnnrensessesessessssestansasansen 114
Borehole I1-03-07 ...ccovcviireirirrerrssressernenrissarsenssssnseessssarssevsrronsvosnnss erehateeesiiniesesasseeastensesresbereeserntanen 118
BOIEhole 11203400 ... oot eeceriiseraereieceeessressssesssesssseessssessrsnesranessrsssressssnerasntessabessssssasstssssssss sansessanas 124
BOrehole T1-03-10 .. iieiieiiiiieiiiiieiiiniisiisiesvareareaseasearessessessesresserneneetsrrmesessrssensed e btsesssss s bassaton asraspasrassns 129

Page it 2



RPP-8821 Rev.0.

BOFEROLIE 110312 o rneieeieeiesisirasistsseseassassennrestaesesiasssssannronessesssssessssnsassossssnstassssesnrensssrsrsnntsss snsassassansens 133
TAIK A X104 oneeeoeeveeseersrrsssssesosssesssessessorsnsassassessasrasnresresrtssasssbstssesssnnssssrasstsrssssnsessonnssssssbhssesesssesenessnnnees 139
BOTEhOIE 110401 ...oiireerereeeiesississesssssesssssssissesassassss sassassassassassssestessossessssinstertrntensrnsstranntnsstssrssrsarsanes 140
BOFEhOIE 1104405 ...ooveereesrereirossesiisssarisssenessssansassastansassassesrssrssbtdsssissssossssnaassanssnsiassatnssossassesssrassssaanass 148
BOFEhOLE 11a08-07 o.voveirercesirerertesessessesssssresssssrseresssresassrsnsesrossisasssssnssssnnsressssss ssiessrnansssansnsrsesensanessssns 152
BOTEhOlE 110408 ...oeeeiieeieeieeercvieieesssersreressrssrssrrsssssssssessessastsnnsanessesassassanssssassssrsiabitstestssansasrsnnsunnnssns 156
BOTEhOIE 1 Ea04m30 1 icreiiricieeeeeesssessivntssssasesrassnnsessasssssesossssnssessansasassenssnsonreessastbbts iasirsss sasssssnessessasene 160
BOrehole T1-04-1T ..o.ooeeoeeeeiuriesnernensersmsstississsssnssnstassassansessassassnssassernssnssnssmsnisissiesssosiostosiossaranrnsrarrarraes 164
BOTEROIE 110419 oo cneeeerecreeveesssrsssssssssassesssseisssassassassnsasssenessrassesssbosiss sesissssstsnasnessssnsntsssnsasnesseanaree 174

Page 3



Summary Report

o



RPP-8821, Rev.0.

Analysis and Summary Report of Historical Dry Well Gamma
Logs for the 241-AX Tank Farm - 200 East Area
Summary Report
September 2001
./
Randall Price
o

Surmmary Report Page 4



RPP-8821, Rev.0.

Table of Contents

Page

THELE PAEE..veevierereeriresereronssaesaesessssssasossoissessisintinsennensassassstestassessssssaestestesasssesssneraessesonantssssosnans i
Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-AX Tank Farm
— 200 BaSt ATBa..ueveviieeeerieiiiisiirteraeresserissssssssssssssassssssssneeeessssssssssssasssssissssaessesssssnrassssssnannsrssiasses 6
T IIETOQUCHION c..veoevvievresrireesnesesseerssreneasaseeseesaseaseesessasssrassansesstonsssssssranssnesassssansssranessasersssastanoss 6
1.1 BACKGIOUNG .....ccvvirrsiriuresiirisvecnsemtessebsbn st s ssas s sss st st e sess e msasssroese e et LA SR s SR bR s b s e 3
1.2 Data Analysis DescriPtion. ... s v serssssts b ssasassass st massssstsmsstsesssssssesssasssss e 8

2 SUDSUITACE CAtEZOTIES ..veivreerrriernereriesrierisienietie st ne bt sttt s b e s a e s s aaessrssa bt s anssmsassaeesaaresbsss 13
Dol CLBANL eecveeseescerecessateesiesrtsean s e sera e srsssensssassesasnsanssnnesetes bt sasssrs s begssaneabeEsrree e s PN RaaRsaabe e abdaasbe bt e hab e sasaaressaseate 13
2.2 CONAMINALED ....eoverrrrrrrrrireresressenseseessanensesseasseenercsmesterssssmrassessassasers eeebrertesrasesteear e e arerosRsata st e st st n e nans 13
2.2.1 Tank FAIM ACHVIEY ..coveveverrrinstisiistsisiisesiesnesasistasssisbssssr sesns b semsarssses brse shss babsnssnss saasssassessssrassasssasissnes 5
2.2.2 UNAEIEITAINED ...evvrevvierreseicesiesesciiessassssssasssaessessssassssaseessnssarasses baebass bostbstbssssnsnnssssnsrantastassassnnsssasansenses 15
223 DI ... iiiiiiiiiii et aar s e e e e teete e ta e e eaeesee e ne et A dhe S RE S AR E SRR AR RSN RS YRR AR S Re s bR e TR e s R e s st 15
2,24 UNSEADIE. ....ccueeeriereececviestesiescsssssseesbassessersossrensasstssessussussasssssssaenassns ses s bRt sbe bR abEReRbe s R T e br R ban bt s ne s ae s earanns 16

3 Details of Contaminated CoNGItIONS cvuiveeceeerrerrerirriririernreessiietiniesisreisnessssesesssssessnsessaees 17
3.1 StADIE ZOMIES .uereereeieeeeesereeee st rerneeressesessonne s e bt ea e b e e bR ea RS n RS e SR bR e RPN R VRS R LR e bR R RS b e S e R TR b e b e e e e ssa s e nannans 17
3.2 Depth of COMAMHNALION .....ccevrieaeeracrcrieer ettt ii i s st st e e s s b s et en s ar et e e e a s st s SEA LS Rad hadbe s s R b b 18
3.3 Contaminant MOBIHEY .......ccvccevernereerecrrrrerersnesrorssrisstississssssisesasssss s sresmssase st sasasbessasnssassssarsnsensoissesssssassanens 22
3.4 ISOtOPes [ACNLIfIEM ...oucueereruerrenrrrerrer et e et sns e s sa bbb e s s p et e st e s 23
3.5 Subsurface Conditions During the Monitoring Period.. ... ssssrssssesssissnsssssssssnessans 23

4 SUIMINATY . ...veeevreereenserseerersssesiasistississsissasiasasssrssnssssetssessesssnrsssseessessssritessaesnsessnsosmessaseasersasssses 24
5 RETEICIICES .uvviviieieirieiieriraerserssresssirieressassareressossonressesassssssesssbbnssosssannssssassissassesarsssnaesessennessn 24
Brief Listing of General Observations and Special Data Presentation Conditions ............cceuenen. 26
GENETAl ODSETVALIONS ....c.veuveerevenresnessrisesiassastesssssstasarsasssstessnssnsansrnsonssasse st rasors beebd sbbsthtbbatbatbarsassanssnsssassntsnassns 26
Special Presentation CONGItIONS.......ovieiiinriiiiieiini i s s bas s ss st st s sss s sra s sssasssnonssnasasas 26
TANK AXT0T cnirioririierristericsirireseesrrssesnnesses s e rs s assas es s bt s e as bt e ss e s rT e s s n b bns aas bt sbasanabstrasnanesransranersvansasas 28

TANK AXAT02Z convvireerernvssrrerrensnsrassesseeesenssneassassensinsnsesasssarassassssssssansssssssesssnssbtesssosassasses ereeneaneennee et teras 61

TANK AX=T03 ooeereeiiiierieiiniesssssnsescentessrerrasssrresassmsrsssasstnsassansessssrrasssssssnesnssnssessassansesesssens erreererssaennarnes 108

TAIK AX L0 oot ecstinee st e ss e ren e e s ba e s st sabas s ha s ba RS saa e ee se e srn b e s PN A Sas ab AR be s ass e s aa s e s A ba e b A bR e ne s ntaeaas 139

Table of Figures

Page
Figure 1. AX Tank Farm Borehole Locations and Total Depth ..o, 9
Figure 2. AX Tank Farm Radiation Zone Categories........ccouimiiiimnisssessisnisniniseesesssssesessssness 14
Figure 3. Radionuclide Half-life Decay RAtes ......cccceovcerennirninsiiniiniiisseseessessesssevrersnrensrsssessassssseses 18
Figure 4. AX Tank Farm Top of Contamination ............cciiiiainiiinnrissesnsesssssssessssssssssssssssesss 19
Figure 5. AX Tank Farm Observable Bottom of Contamination ...........ccueeeremeeenverianesssnciinnisnsiisessseens 20
Figure 6. AX Tank Farm Grade Thickness Product Greater Than 1,000 ft*c/s.....c.cccrviniinieinienncenens 21

Table of Tables

Page
Table 1. AX Tank Farm Borehole Analysis Results Summary .....cccccceeeevevcvvsssssinnniniiscesenn. 11
Table 2. AX Tank Farm Clean Wells......... . rrriiicciiciencctcessseensessssansssesssssassssssssssssssssssssssssas 13
Table 3. AX Tank Farm ACtiVILY ZOIMES......ccvvieerererrrrrrrrrrrrrrismrrsssssssssessssssssssssnmseesisssssasnnsnsssssssesensas 15
Table 4. AX Tank Farm Stable Zones .......ccoccivecciiiierireerrirecrnsssmeceerressssssssmssssssssssssssssssssesssnresssssssnes 16
Table 5. AX Tank Farm Unstable Early Zones.......cccccccevveeeervccmmnnrnimrmssiiiiinsssesssesssees 16
Table 6. Half-life of Isotopes Identified in the AX Tank Farm Boreholes........ceceveerecuiiiiininiceennnnn. 18
Table 7. Contaminant Mobility in the AX Tank Farm......cc.ccccvvvvcreeeeerernenrrrmrnrrrrririsresssissssiiisesnn 22

Summary Report Page 5



p—

o/

RPP-8821, Rev.0.

Analysis and Summary Report of Historical Dry Well Gamma
Logs for the 241-AX Tank Farm —~ 200 East Area

1 Ihtroduction

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

Digital gross gamma ray logs were acquired for the period from January 1975 through 1994 and
have been re-analyzed to determine contaminant distribution in the subsurface around boreholes.
Data acquired prior to 1975 require reformatting to be useful for this analysis. The available data for
each borehole varies; some begin in 1975, others as late as 1980. Data for some boreholes ends in
1989, while for others it continues into the 1990s. A detailed description of the analysis procedure is
in “Analysis Techniques and Monitoring Results, 241-SX Dry Well Surveillance Logs,” (Randall and
Price, 1999a).

Isotopes identified during the spectral gamma logging analysis acquired from 1995 to 1999 for all
single-shell tank farms is integral to the analysis of the gross gamma ray data. Log data for AX Tank
Farm were obtained by Three Rivers Scientific from a report issued by the U.S. Dept. of Energy
prepared by MACTEC-ERS (1997). The spectral gamma logging system (SGLS) employs a high-
purity germanium (HPGe) detector to obtain data leading to the identification and depth of gamma-
emitting radioactive isotopes. The identity of gamma-emitting radionuclides in soils surrounding a
tank is required for interpretation of the tank farm gross gamma ray dry well surveillance logs. By
integrating SGLS data with historical dry well surveillance data, information concerning the tank
leak history along with the historical mobility and decay of man-made gamma-emitting
radionuclides in the vadose zone is obtained. These analyses concern gamma-emitting contaminants
and contaminant mobility (or lack of mobility) that has oceurred over the time period spanned by the
avzilable data (i.e., 1975 to 1994).

This report provides a summary of the gross gamma ray data for the 241-AX Tank Farm and is
intended to identify changes in the gamma activity of gamma-emitting radionuclide contaminants
around each accessible borehole, and is not intended to provide interpretation of the data relative to
vadose zone mechanics. Trends in the data, as well as areas where additional information would be
helpful in evaluating the unusual nature of some of the data, are discussed. In general, the analysis
of historical gamma log data resulted in the identification of two types of subsurface conditions; clean
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dry wells and dry wells with radionuclide contamination at one or more depth intervals. Within the
dry wells with contaminated intervals (discrete depth zones) four general categories of
contamination have been designated. The four categories are listed here for completeness, even
though this tank farm may not experience a given category. Each zone in a borehole will be
classified as one of these categories: :

1. CLEAN: no gamma-emitting contaminants detected for the survey speeds and sensitivities of
the gross gamma ray probes used; specifically no systematic trend above the naturally occurring
radionuclide background in the soils is indicated by the data. Note, in several boreholes
designated “clean”, the SGLS detected gamma-emitting contaminants, but at levels below the
detection threshold for the gross gamma tool. Where the SGLS detected a gamma-emitting
isotope with an activity of less than 6 pCi/g, activity generally will not be seen on the gross
gamma probes used in tank farm logging.

2. CONTAMINATED

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

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

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

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

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

Stable vs. unstable is an apparent condition limited by the time interval over which data were
collected, the sensitivity of the tools, and the level of contamination; it is nof necessarily a statement
concerning the fixed or mobile nature of a given isotope in the vadose zone.

Radionuclide isotopes discussed are either identified using the HPGe data or are hypothesized to
exist presently or to have existed in the past. Radionuclides cannot be identified from a gross
gamma ray log alone. The hypothesized isotopes assumed or known to be present generally have a
rapid rate of decay (e.g., Ru-106) which may not be identified by the HPGe tool if the level of
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radioactivity falls below detection limits at the time the SGLS data were obtained (mid 1990’s). The
earlier presence of such isotopes can be speculated based on the fit of a decay curve of the isotope to
the change over time of the gross gamma ray data and knowing that such an isotope was initially
present in the leaked waste. Ru-106 was hypothesized in several AX Tank Farm zones.

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

1.1 Background

A series of four tanks were constructed at the 241-AX Tank in 1963 and 1964 to receive high-level,
liguid, mixed waste resulting from chemical processing of spent fuel rods (Brevick, et. al., 1996).
These tanks hold 1,000,000 gallons (each), were constructed on 100-foot centers and are 75 feet in
diameter, leaving 25 feet between the sides of each tank. The peak of the dome of each tank is about
7 feet below ground surface; the base of each tank is about 55 feet below ground surface. Each tank
consists of a reinforced concrete exterior with a single lining of carbon steel. These tanks are not
connected with cascade lines, the details of which can be obtained from the engineering construction
diagrams for this tank farm. A network of vadose monitoring boreholes (dry wells) was installed
throughout the AX Tank Farm as part of a leak detection and surveillance system. Borehole
locations (centered on the borehole name) and the depth of logging, (listed below borehole name) are
presented in Figure 1. The boreholes range in depth from 50 to 125 feet, with 27 (of 31) being 100 or
more feet deep. The 1975 to 1995 digital gross gamma ray data were analyzed by Three Rivers
Scientific (under subcontract to Duratek Federal Services, Richland, Washington) and the results are
the subject of this xeport.

Tanks AX-102 and AX-104 in the AX Fé.rm are suspected to have leaked (Hanlon, 2000). The
category of “suspected leaker” addresses leaks from tanks only, and not from any of the associated
facilities (e.g., piping, diversion hoxes or pits) which may have also released waste to the soils.

1.2 Data Analysis Description

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

Data from the dry well logs were compiled to maximize trend identification. This process does not
add or delete data, but merely compiles the data into a more useable format. This data set is used to
create a depth vs. time plot (stack plot) to identify trends over time and zones of contamination. All
historical log surveys for a single dry well (borehole) are analyzed as a whole for each radioactive
zone above background in the well, allowing statements to be made about the apparent condition or
rate of change of any given radicactive interval. For clarity, all logs are not plotted in the stack plot;
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quarterly logs are plotted to render the stack plot readable without affecting the integrity of the
data.
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Figure 1, AX Tank Farm Borehole Locations and Total Depth

Review of the historical gross gamma ray data revealed that limits in the system design for
collecting data prior to 1983 created a situation where the zero-depth reference point for the start of
data collection was inconsistent. This difference in zero-depth point makes evaluating trends in the
data difficult. Several methods can be employed to overcome varying zero points and to essentially
create a common starting point from which to view the data, making trend identification easier. One
method applies a depth shift to the data, which is simply adjusting data up or down so that certain
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identifiable features in the logs can be aligned and evaluated. No depth shifting was required to
analyze the AX Tank Farm, thus maintaining maximum data integrity.

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

Note: (iross gamma ray data were collected using a variety of probe types. The count rates generated by these probe
types do not directly correlate, as discussed in the Analysis Technigues report (Randall and Price, 1999a). Caution
must therefore be used when relating GTP values in zones recorded with different probe types (e.g., the Nal probe type
04 does not record values that relate to those recorded with the Green or Red GM probe types 01 and 02). Scaling
factors between the different probe types are presented in “Dry Well Probe Calibrations” (Randall, 1999).

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

The average background activity for the GTP calculation and “Average Background” plots, which are
provided, is the gamma radiation from naturally occurring potassium, uranium, and therium (i.e.
natural background) in the soil. The average background is computed and reviewed for each survey
and thus provide a level of confidence that the instrumentation worked consistently and that the
gross gamma ray data are valid. The average background is calculated either between a lower and
upper count rate limit or for a depth range. The lower count rate limit is generally set at zero (0) ¢/s;
a value defined as indicating a data gap. The upper count rate limit is generally set at 50 c¢/s for the
Nal probe (i.e., type 04 probe), a conservative value near what is considered background activity.
For comparison, the original leak detection program responsible for collecting the log data considered
a count rate equal to or exceeding 200 c/s a reportable occurrence for the probe type 04 (Nal).

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

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

Note: Spurious data were generated during normal data collecting activities. Spurious zero values are called data gaps
and are considered as unrealistically low natural background activity when recorded with the sodium-iodide probes.
Between 1975 and 1982, the equipment would occasionally record a spurious data value of minus one (-1) or zexo (0). A
value of minus one represents an invalid count rate. Data gaps occur at various locations in the surveys, including in
the background or in the middle of a high contamination zone within a borehole. Data gaps are not included in the
calculation of average background, grade thickness product, or frequency clean values.

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

The objective of the analysis is to assure that a consistent and thorough examination of dry well
surveillance logs is performed and to determine if contamination abruptly entered the region of the
borehole and quickly migrated out. All digital surveys within the time interval analyzed are
examined to minimize undetected problems or conditions. Table 1 contains a list of the dry wells

located in the AX Tank Farm as well as information concerning the identity, level, and depth of
contamination.

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

e Inability to identify when down-hole contamination is a result of vadose zone transport or drag
down during casing installation '

¢ Insufficient gross gamma ray data to establish a statistical trend or rigorous statistical analysis
s Lack of HPGe data or lack of reported analysis of HPGe data

¢  The time interval over which data are évaﬂable is not sufficiently long

s Insufficient borehole depth

e Inability to identify isotopes that have decayed to levels below the detection limits of the HPGe
detector

+ Inability to fit single or combined decay curves to zones where no gamma-emitting isotopes are
detected by the HPGe detector

Table 1. AX Tank Farm Borehole Analysis Results Summary

Borehole |Survey| Number { *Probe PCategory Zone | Zone |[Max GTP| Year ‘Isotopes

Number | Dapth of Type Top Base | (ftx cls) Max Present
{feet) | Surveys {feot) | (feet)

11-01-0%t | 100 530 4 TF Activity 0 2 400 1975 "iCs

11-01-02 { 100 523 4 TF Activity 0 10 300 1984 WCs

11-01-04 { 100 519 4 TF Activity 0 12 200 1975 T Ge
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Borshole |Survey| Number | “Probe *Category Zone | Zone |MaxGTP Year “isotopes
Number | Depth Of Type Top Base | {ft x cls) Max Prosent
(foet) | Surveys (feat) | (feot)
11-01-05 | 100° E37 4 TF Activity 0 18 500 1984 TCs
11-01-07 | 100 639 4 TF Activity 0 12 4K 1975 ~TTes By
11-01-09 | 103 695 4 TF Activity 0 14 400 1983 TCs
11-01-10 | 78 305 4 TF Activity 0 20 350K 1985 T7Cs. ™ Eu
110111 | 100 657 4 TF Activity 0 8 400 1984 WTCs
110201 | 27 149 4 Clean
11-02-02 | 100 328 4 Clean
11-02-03 74 38 4 Clean
11-02-04 | 100 311 4 Clean
11-02-05 | 100 311 4 TF Activity 0 8 300 1675 TCs |
11-02-07 { 100 309 4 Clean
11-02-10 | 100 322 4 Clean
11-02-11 | 100 73 4 Unstable Early | 50 65 700 1980 Ru
110212 | 50' 264 4 TF Activity 0 27 200K 1975 ~ s
281 14 Unstable Early | 32 50 20K 1975 RuTCo
11-02-22 | 125 283 4 Clean
11-03-02 | 100 366 4 TF Activity 0 29 140K 1975 ()
Stable 29 40 2K 1975 TTCs,Sb
11-03-05 | 100 351 4 Clean
11-03-07 | 104 360 4 TF Activity 0 14 75K 1975 TTCs, " Eu
Unstable Early | 14 40 5K 1976 ™Ru
Unstable Earlly | 66 82 400 1976 Ru
110300 | 120 361 4 Unstable Early | 48 106 14K 1975 T Ru
11-03-10 | 100" 359 4 Clean
11-0312 | 100 366 4 TF Activity 0 20 5K 1975 T7Cs, 5
11-04-01 | 100 307 4 TF Activity 0 12 200 | 1985 TTCs
Unstable Early | 14 68 50K 1975 BREGT
110405 { 100 209 4 TF Activity 0 10 400 1975 Cs
11-0407 | 96 269 4 TF Activity 0 8 400 1976 TTCs
11-04-08 | 100 57 4 Stable 60 72 500 1980 ™RuU
11-04-10 | 102 265 4 TF Activity 0 15 35K 1985 ¥iCs
110411 | 125 312 4 Unstable Early | 18 82 1K 1975 ™Ru
Unstable Early | 90 102 300 1977 Ry
11-04-19 | 126 168 4 Unstable Early | 56 78 200 1978 TRy

asProbe type:
Caution must be used when relating GTP values in zones recorded with different probe types.
14 = Shielded Nal, moderately sensitive; reads moderate levels of gamma ray activity.
4 = Nal, most sensitive, reads lowest level of gamma ray activity and therefore used in zones of
limited activity

bCategory: defined above in 1.0 Introduction.
TF Activity; abbreviation for Tank Farm Activity

<Isotopes Present: Radionuclides used in GTP plot. Radionuclides identified as present by HPGe
survey or hypothesized based on rate of decrease (e.g. Rul%), see 3.4 Isotopes Identified.
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2 Subsurface Categories

2.1 Clean

A clean well is one that exhibits no observable change in the character of the activity over the
logging history of the well, and does not have any isotopes identified by the SGLS greater than the
average background levels of naturally occurring gamma ray emitting isotopes. Non-gamma
emitting radionuclides or other contaminant species might be present but are not detected by either
HPGe or gross gamma logging. Although spurious surveys (those readings that do not repeat over
time) may exist in the frequency clean and the average background plots, the trend of the data is
clear. Nine of 31 dry wells (i.e., 30%) in the AX Tank Farm are considered clean (Figure 2) and are
listed in Table 2. The remaining 22 wells are considered contaminated and are categorized and
discussed in the following sections.

Table 2. AX Tank Farm Clean Wells

Borehale Survey Category
Number Depth

(feet)
11-02-01 121 Clean
11-02-02 100° Clean
11-02-03 74 Clean
11-02-04 100 Clean
11-02-07 100° Clean
11-02-10 100° Clean
11-02-22 125' Clean
11-03-05 100’ Clean
11-03-10 100' Clean

2.2 Contaminated

A total of 28 contaminated zones were identified in the remaining 22 boreholes, with up to three
zones identified in one borehole (11-03-07). In some cases, the zones are continuous; in others, there
are non-contaminated intervals between zones of contamination. This is especially true for boreholes
in which there are zones of Tank Farm Activity which, typicaily, occur in the upper 20 feet of a
borehole.

Specific gamma-emitting isotopes that are in the subsurface are identified from data acquired by the
HPGe detector. Integration of the decay rate of the radionuclide species identified by HPGe with the
gross gamma ray data collected during the dry well surveillance program provides insight as to the
rate of change, if any, of radionuclides in the subsurface. During the analysis of AX Tank Farm
data, five gamma-emitting isoiopes were identified or hypothesized to have occurred in one or more
radioactive contamination zones, They are antimony-125 (Sb-125), cesium-137 (Cs-137), cobalt-60
(Co-60), eurcpium-154 (Eu-154), and ruthenium-106 (Ru-106).
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Cesium-137 was identified in 18 zones, most often as the sole isotope in a zone, although it is found
with other gamma-emitting isotopes in six zones.

Antimony-125, Cobalt-60, and europium-154 were identified by the HPGe survey in six total zones,
always with other isotopes (generally cesium-137).

Ruthenium-106 is hypothesized as the sole isotope in nine zones and is present with cobalt-60 in one
Zone.

The isotopes identified in AX Tank Farm with the HPGe detector exist primarily under three
categories of subsurface conditions: tank farm activity, unstable early, and stable. Nine unstable
early conditions, two stable, and seventeen tank farm activity zones are present in AX Tank Farm.
Dry well locations (centered on the borehole name) and the conditions of subsurface zones are shown
in Figure 2. A single symbol for a dry well may indicate multiple zones of the same designation.
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Figure 2. AX Tank Farm Radiation Zone Categories
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2.2.1 Tank Farm Activity

A sudden, significant change in the intensity of gross gamma rays between successive gross gamma
surveys at or near the ground surface suggests that contamination may have resulted from tank
farm activities or logging procedure changes. Radioactive contamination occurs at the surface in
seventeen wells, apparently as the result of tank farm activities (i.e., logging procedure changes,
transfer line operations, valve box and conduit leaks, surface spills, etc.). These wells are listed in
Table 3.

Table 3. AX Tank Farm Activity Zones

Borehole Survey |"Probe Type "Category Zone Zone Max GTP Year ‘Isotopes
Number Dapth Top Base {ft x c/s) Max Present
(feet) {feet) {feet)
11-01-01 100' 4 TF Activity 0 22 400 1975 “'Cs
11-01-02 100" 4 TF Activity 0 10 300 1984 “Cs
11-01-04 100° 4 TF Activity 0 12 200 1975 ¥Cs
11-01-05 100 4 TF Activity 0 18 500 1984 “Cs
11-01-07 100' 4 TF Activity Y; 12 4K 1975 ™Cs, " Eu
11-01-08 103’ 4 TF Activity 0 14 400 1983 ™'Cs
11-01-10 75 4 TF Activity 0 20 350K 1985 TCs, “EU|
11-01-11 100° 4 TF Activity 0 8 400 1984 ~'Cs
11-02-05 100° 4 TF Activity 0 8 300 1975 “'Cs
11-02-12 50 4 TF Activity 0 27 200K 1975 “'Cs
11-03-02 100' 4 TF Activity 0 29 140K 1975 S'Cs
11-03-07 104' 4 TF Activity 0 14 75K 1975 BCs, ™ Eu
11-03-12 100 4 TF Activity 0 20 5K 1975 'Cs,>Sh
11-04-01 100’ 4 TF Activity 0 12 200 1985 “'Cs
11-04-05 100" 4 TF Activity 0 10 400 1975 ¥'Cs
11-04-07 96’ 4 TF Activity 0 8 400 1976 “Cs
11-04-10 102 4 TF Activity 1] 15 35K 1985 ¥'Cs
2.2.2 Undetermined

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the system
design criteria (both upper and lower limits), insufficient data, possible effects of depth shift, and
surface activities. No zones in the AX Tank Farm are categorized as undetermined.

2.2.3 Stable

The subsurface condition of a zone with radicactive contamination is considered stable when:

e The decay rate of the isotope(s) identified with HPGe survey matches the trend observed in
the GTP of the gross gamma ray data,
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e Contaminants continue to decay at a rate consistent with the hypothesized isotope(s) half-
life, and

¢ No noticeable change in concentration is apparent over the short time interval that data
were collected.

Two zones are considered stable in AX Tank Farm and are listed in Table 5.

Table 4. AX Tank Farm Stable Zones

Borehole Survey |'Probe Type| "Category Zone Zone Max GTP Year ‘lsotopes

Number Depth Top Base {ft x cis) Max Present
{foet) (feet) (feet)

11-03-02 100' 4 Stable 29 40 2K 1975 | ™'Cs, Sb

11-04-08 100 4 Stable 60 72 500 1980 ™Ru

The term “Stable”, as used in this analysis, is defined as the apparent match of the GTP values to
the decay curve for the isotopes known or hypothesized to be present, and does not refer to the
inherent condition of the contamination. The mobility of the radioactive contaminants in the
subsurface soils before or after the gross gamma ray and HPGe data collection period is
undetermined. If a new driver were introduced (e.g., the influx of a large volume of liquid),
contaminants could be remobilized. Similarly, a change in geochemical conditions in the soil could
also affect mobility. Given the current gross gamma and HPGe data, it cannot be determined if
remobilization will or will not occur.

2.2.4 Unstable

The subsurface condition of a zone with radioactive contamination is considered unstable when, at
some point within the time interval of data collection, contamination was not decreasing at the decay
rate of the isotope(s) identified with HPGe detector. In this case, the decay curve does not match the
trend observed in the GTP of the identified or hypothesized isotope. In the AX Tank Farm, nine
zones are identified which exhibited instability within the time period that gross gamma ray data
were collected. In each of these nine zones the instability occurred during the earlier years of data
collection for certain depth intervals; however, in later years, the GTP follows the decay curve of the
known or hypothesized isotopes. A listing of the nine unstable early zounes is presented in Table 6.

The rate of decrease in the GTP for four of the unstable early zones is faster than the hypothesized
isotope (1Ru) which may indicate that either the isotope selection may need to be revised, or that
the contaminant migration rate could be high, or both (boreholes: 11-03-07; 14-40 ft, 11-03-09, 11-04-
01, and 11-04-11; 18-33 ft).

Table 5. AX Tank Farm Unstable Early Zones

Borehole | Survey *Probe “Category Zone Zone Max GTP Year “Isotopes
Number Dapth Type Top Base {ft x cis) Max Prasent
(foot) (feet) {feet)
11-02-11 100 4 Unstable Early 50 65 700 1980 ™Ru
11-02-12 50 14 Unstable Early 32 50 20K 1975 | "°Ru,"Co
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11-03-07 104' 4 Unstable Early 14 40 5K 1976 "Ru
11-03-07 104' 4 Unstable Early 66 82 400 1976 "Ru
11-03-09 120 4 Unstable Early 48 106 14K 1875 "Ru
11-04-01 100" 4 Unstable Early 14 68 50K 1975 "Ru
11-04-11 125' 4 Unstable Early 18 82 MK 1975 ™Ru
11-04-11 125 4 Unstable Early 90 102 300 1977 ™Ru
11-04-19 128 4 Unstable Early 56 78 200 1978 "Ru

3 Details of Contaminated Conditions

Characteristics of the contaminated zones are summarized in the following discussions.

3.1 Stable Zones

The fixed decay rate of the isotope(s) present is used to calculate the decay curves (Figure 3). Table 6
lists the half-life of the isotopes encountered in the AX Tank Farm.

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

Several zones within a number of wells in the AX Tank Farm exhibit gross gamma ray activity above
natural background. Some of these radioactive intervals are observed to be stable as verified by the
change in GTP over time which coincides with the decay rate of the isotope(s) identified or
hypothesized to have been present in the soil surrounding the dry well during the time interval data
were collected. The isotopes present in these zones vary and are presented above in Table 3 through
Table 5. In general, they occur as follows:

e (s-137 is present in all of the tank farm activity zones, in half (cne) of the stable zones and
in none of the unstable early zones. -

e Ru-106 is hypothesized as present in half (one) of the stable zones and all of the unstable
early zones. In several unstable early zones the rate of decline in the GTP is greater than
the decay rate of Ru-106, which may indicate a contaminant with high mobility.

¢ Co-60 occurs in one zone (unstable early) and in combination with other isotopes.

¢ Eu-154 occurs in three tank farm activity zones, each time with Cs-137.

e Sb-125 occurs in two zones, one tank farm activity and one stable zone. Each time Sh-125
occurs with Cs-137.
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Table 6. Half-life of Isotopes Identified in the AX Tank Farm Boreholes

Isotope Half Life (yrs)
Co-60 5.27
Cs-137 30.17
Eu-154 8.50
Ru-106 1.02
Sb-125 277
Radionuclide Half Life Decay
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Figure 3. Radionuclide Half-life Decay Rates

3.2 Depth of Contamination

About two-thirds of the dry wells in the AX Tank Farm show some confamination, 22 of 31 wells
(70%). Seventeen wells show surface contamination (categorized as Tank Farm Activity) from ground
surface to depths as great as 29 feet. Fourteen Tank Farm Activity zones are restricted to the upper
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20 feet and twelve contain only Cs-137. In thirteen boreholes, surface contamination (TF Activity) is
the only contamination in the borehole; in others, it is the uppermost zone of contamination, with
other contaminant zones at greater depth.

Figures 4, 5, and 6, depict borehole locations (centered on the borehole name) and contaminant
information. Figure 4 illustrates the depth to the top of contamination and the isotope(s) present at
that depth. Figure 5 illustrates the depth to the bottom of contamination and the isotope(s) present
at that depth. Figure 6 shows locations where GTP values are greater than 1,000 ft*c/s. Most
contaminant zones are less than 20 feet thick. The range in thickness is from 8 feet (thxee wells) to
64 feet (one well; 11-04-11).
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Figure 4. AX Tank Farm Top of Contamination
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Figure 8. AX Tank Farm Observable Bottom of Contamination

A few boreholes contain multiple zones, with a maximum of three zones in one borehole (11-03-07).
The observable maximum depth of contamination (Figure 5) is dependent on the depth to which
detectors penetrated the subsurface. There appears to be one case in the AX Tank Farm where gross
gamma logging data indicate that gamma-emitting contaminants reached the bottom of a borehole
(11-02-12).

Tt should be noted that on various stack plots, there are high counts at the bottom of a borehole that
doesn’t appear after 1983 when the log survey start and stop depths were controlled by the
computer. These high gross gamma responses at the bottom of the borehole resulted from longer
counting times due to operators activating the instrument a few to several seconds before activating
the hoist to move the logging tool up the borehole. The absence of elevated gamma counts after 1983
and the lack of confirmation by HPGe survey indicate that the high count rate zones seen at the base
of numerous boreholes before 1983 is apparent rather than real (resulting from tank farm
operations, i.e. logging practices).
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Depth control issues related to logging make much of the data at the surface prior to 1983 unusable
for evaluating contaminant conditions. Changes and variability in near count rate levels in the 1970s
through the early 1980s were common in many boreholes. Depth control issues inhibit the ability to
identify any downward movement of contamination prior to 1983. However, where depth control is
not an issue, data analysis can identify movement of contamination by the changes in the gross
gamma ray activity occurring at a rate that is faster than the decay rate of the isotope(s) present in

the zone.

AX Tank Farm

Grade Thickness Product
> 1000 (ft*c/s)

(*Values are Nal unless noted)

(0-20) 5K
11-03-12
11-01-11
{0-28; 140K
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{0-20) 350
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(46108 14K 11-01-08
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K
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14-2-10
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Figure 6. AX Tank Farm Grade Thickness Product Greater Than 1,000 ft*c/s

Summary Report

Page 21




N/

RPP-8821, Rev.0.

Brevick, C. H., R. L. Newel], J. W. Funk, May 1996, “Supporting Document for the Historical Tank
Content Estimate for BX Tank Farm,” WHC-SD-WM-ER-311, Rev. 1, Westinghouse Hanford
Company, Richland, Washington.

Hanlon, B.M., 2000, Waste Tank Summary Report for Month Ending February 29,2000, CH2MHill,
Hanford Group, HNF-EP-0182-143.

MACTEC-ERS, 1997, "Hanford Tank Farm Vadose Zone AX Tank Farm Report,” GJO-HAN-12,
GJ0-97-14-TAR, MACTEC-ERS, Richland, Washington, August 1997.

Randall R. R., 1999, “Dry Well Probe Calibrations,” HNF-3861, Lockheed Martin Hanford
Corporation, Richland, Washington.

Randall, R. R., R. K. Price, 1999a, “Analysis Techniques and Monitoring Results, 241-SX Dry Well
Surveillance Logs,” HNF-3136, Lockheed Martin Hanford Corporation, Richland, Washington.

Randall, R. R., R. K. Price, 1999b, “Analysis of Historical Gross Gamma Logging Data from BX Tank
Farm,” HNF 3531, Lockheed Martin Corporation, Richland, Washington.

Summary Report Page 25



General Guservations

EEA R e L ey




o

RPP-8821, Rev.0

Brief Listing of General Observations and Special Data
Presentation Conditions

General Observations

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

*

Ru-106 is hypothesized to be present in several contamination zones where the grade thickness
product (GTP) is decreasing at a high exponential rate. If the rate of change in the GTP has a
poor match with the hypothesized isotope then the zone is categorized as Unstable Early. The
presence of Ru-106 in these old contamination zones is not certain. These unstable early
contamination zones may have contained other radionuclides with high migration rates and little
soil retention properties.

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

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

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

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

Occasionally, different files with different dates show the exact same data indicating electronic
copying errors,

Before the onset of depth control (around 1984}, the bottom reading for surveys varies between
low and high count-rates for successive surveys. The pattern between surveys is apparently
random,

The HPGe minimum detection limit for the gamma-emitting contaminants is less than the Tank
Farms gross gamma surveillance probe detection limit. The detection limit for the Tank Farm
logging system is about 6 pCi/g.

Special Presentation Conditions

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

No data are deleted from the presentation plots; thus spurious surveys are often viewed.

Stack plots are generated from a selected frequency (most common is quarterly). There is no
selection based upon interpreted validity of the survey.

During analysis each survey is processed and analyzed, even when some surveys are not viewed
in a specific plot, such as the stack plot. A few anomalous (spurious) surveys can be presented on
the stack plot that have invalid data (generally due to tool failure). And the following survey,
generally the next day is consistent with the surveys prior to the anomalous survey.
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The oldest and latest survey plots on a grade thickness plot are not necessarily the first and last
in the electronic data set. The oldest and latest surveys that represent the true vadose zone
condition are shown in the GTP and Clean plots. Thus the dates on the log plots may not match
the dates listed in the table on the header page preceding each dry well presentation.

The random readings at the bottom of surveys before 1984 are judged not valid unless the SGLS
data indicates a measurable quantity at the bottom of a dry well.

While other probe data exists in the set analyzed, these data are not processed in this work scope
unless they affect the conclusion for the stability of the dry well. However, the presence of these
data may be useful to the reader, and thus are listed in the table of the header page.
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Tank AX-101
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This section contains the analysis results for vadose zone boreholes (dry wells) agsociated with the
Tank 101 in the AX Tank Farn:.

Special Notes: None
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Borehole 11-01-01

Contamination (Cs-137) from 0-22 feet is Tank Farm Activity.

Grade thickness product over 0 to 22 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 10 pCi/g from the surface to 5 feet and in a thin zone at 19 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 1/13/1975
Last Survey Date : | 1/06/1995
Number Surveys Processed : | 530

Analysis Notes
Method Used to Compute | Fixed background (24-50ft)
Background :

Depth(s) where Contamination | 0-22 ft Tank Farm Activity
Identified in Gross Gamma Surveys :

Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-01-02

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

Grade thickness product over O to 10 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 7 pCi/g from the surface to 5 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 1/13/1975
Last Survey Date : [ 1/06/1995
Number Surveys Processed : | 523

Analysis Notes
Method Used to Compute | Fixed background (12-50ft)
Background :
Depth(s) where Contamination | 0-10 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : { R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-01-04

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.

Grade thickness product over O to 12 feet is variable and erratic from 1975 to 1987,
indicative of tank farm activity. Since 1987, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 6 pCi/g from the surface to 5 feet and less than 3 pCi/g from 5 to 30 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : [ 100 ft
First Survey Date : | 2/11/1975
Last Survey Date : | 1/05/1995
Number Surveys Processed : | 519

Analysis Notes
Methed Used to Compute | Fixed background (20-50ft)
Background :

Depth(s) where Contamination | 0-12 ft Tank Farm Activity
Identified in Gross Gamma Surveys :

Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-01-05

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

Grade thickness product over 0 to 18 feet is variable and erratic from 1975 to 1987,
indicative of tank farm activity. The concentration of Cs-137 (HPGe identified) is up
to 100 pCi/g from the surface to 3 feet and less than 2 pCi/g from 3 to 15 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : [ 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 2/11/1975
Last Survey Date : | 1/05/1995
Number Surveys Processed : | 537

Analysis Notes
. Method Used to Compute | Fixed background (20-45ft)
L Background :
Depth(s) where Contamination { 0-18 ft Tank Farm Activity
Identified in Gross Gamma Surveys :

Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-01-07

Contamination (Cs-137 & Eu-154) from 0-12 feet is Tank Farm
Activity.

Grade thickness product over 0 to 12 feet is variable and erratic from 1975 to 1984,
indicative of tank farm activity. Since 1984, the grade thickness product is
consistent with a least square fit for the decay of Cs-137 and Eu-154 (both HPGe
identified). The ratio of Cs-137 to Eu-154 on 1/1/1995 is 8.6:1. The HPGe survey
also identified Co-60 at low concentrations (less than 0.2 pCi/g) at 4 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 2/11/1975
Last Survey Date : | 1/05/1995
Number Surveys Processed : | 639

Analysis Notes
Method Used to Compute | Fixed background (16-46£t)
Background :
Depth(s) where Contamination | 0-12 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-01-09

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

Grade thickness product over 0 to 14 feet is variable and erratic from 1975 to 1995,
indicative of tank farm activity. The concentration of Cs-137 (HPGe identified) is up
to 14 pCi/g from the surface to 7 feet and less than 2 pCi/g from 7 to 32 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : [ 03: Neutron
Survey Depth : | 103 ft
First Survey Date : | 1/20/1975
Last Survey Date : | 1/05/1995
Number Surveys Processed. : | 695

Analysis Notes
Method Used to Compute | Fixed background (15-50ft)
Background :
Depth(s) where Contamination | 0-14 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-01-10

Contamination (Cs-137 & Eu-154) from 0-20 feet is Tank Farm
Activity.

Grade thickness product over 0 to 20 feet is variable and erratic from 1981 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with a least square fit for the decay of Cs-137 and Eu-154 (both HPGe
identified). The ratio of Cs-137 to Eu-154 on 1/1/1995 is 14.8:1. The HPGe survey

also identified Co-60 at low concentrations (less than 5 pCi/g) from 4 to 6 feet.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : [ 03: Neutron
Survey Depth : | 75 ft
First Survey Date : [ 1/12/1981
Last Survey Date : | 1/05/1995
Number Surveys Processed : | 395
‘ Analysis Notes
Method Used to Compute | Fixed background (20-50ft)

Background :

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

0-20 ft Tank Farm Activity

Analyst Name :

R.K. Price

Company Name :

Three Rivers Scientific

Tank AX-101
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RPP-8821, Rev. 0

Borehole 11-01-11

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

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 20 pCi/g from the surface to 4 feet and less than 1 pCi/g for the remainder of
the borehole.

Gross Gamma Survey Information
Probe Type Processed : [ 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 1/13/1975
Last Survey Date : | 1/05/1995
Number Surveys Processed : | 657

Analysis Notes
Method Used to Compute | Fixed background (10-50ft)
Background :
Depth(s) where Contamination | 0-8 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : [ R.K. Price
Company Name : | Three Rivers Scientific
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Tank AX-102
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 102 in the AX Tank Farm.

Special Notes:

In borehole 11-02-12, two gamma probes were required to record the rapid decrease in gamma
activity. The high gamma activity in the upper contamination zone (0-27 feet) may be beyond the
linear count rate region of the Nal detector (probe type 04). The contamination in the lower zone (32-
50 feet) may extend beyond the bottom of the borehole (hole depth, 50 feet).
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Borehole 11-02-01

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1978 and 1994 in
the vadose zone from 2 to 121 feet. The HPGe logging system detected Cs-137 at up
to 10 pCi/g from the surface to 2 feet and less than 2 pCi/g for the remainder of the
borehole.

The low level contamination zone between 50 and 72 ft identified in the HPGe
survey (Cs-137) is below the detection threshold of the Tank Farm Surveillance
system. The detection threshold is about 6 pCi/g and the maximum Cs-137
concentration is 2 pCi/g from 70 to 71 feet.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 121 ft
First Survey Date : | 6/12/1978
Last Survey Date : [ 6/03/1994
Number Surveys Processed : | 149

Analysis Notes
Method Used to Compute | Threshold (0 < val < 50 cfs)
Background :
Depth{s) where Contamination | None
Identified in Gross Gamma Surveys :

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

Tank AX-102 Page 62



11-02-01 Combination Plot

RPP-8821, Rev. 0

{19ay) ydeq o o
© 2 &= B = 3 @ = 2 = 2 =
T I 1 [ ! | | 1 T | T 1 ] | I | I
s _ | i | _ ﬂ _ _ i
~F QI _ | i [ “ | | | _
P - L e e
I S T R N TR PO AN S M |-
nm T m T T T T T T — i
W I R T R R R
- I _ | _ _ _ | | , |
1 1 I I SV N | 1 i I S I I | Lo ] ]
i 1 T @l i I li T T ! T 7T T I} ] T 7 1 I T m
t | sl | | | i i | | ]
_ 3 _ _ | ] _ i m i i
- _ ol [ _ _ _ _ 1 | _
[ Elo 1 | _ _ _ _ | i o
B8 e —— ] _ 8o
Tm s [ I _ f | ! I
[ [ _ _ | [ [
| | _
_
[
|
i
L
_
_

"""%i

IR |

Tank AX-102

100

50

Page 63



11-02-01 Combination Plot

RPP-8821, Rev. 0

{190} yidaq
(] ] [we] [ ] o} [} [ow] o = =] =
= = o o 2 -y =) = = = =
T " T “ | " _ _ T “ | " T _ T “ T " T “ mL
> & _ _ i ! _ _ I i {
s|1&?r1|}rillrtiirlltfill+iil+1t|L|||L|||LL| 4g
(7] =3 _ I _ 1 | _ _ _ I b
o 9 _ i | | | i _ | [ =%
o _ | | | [ [ | _ _ I lo
:.iii|T|:|1|1|11|11!1i+1i:+||141||45114|114|| =&
hat i _ | i I _ [ I i _ ]
_ ! i _ | { _ i _ 1
PN SN T AR TUOO N RN (N N RN ROV EN M o S sy SR P
| | T I 3 [ | ] | | 3 [ | i H | | 1 I I ®
[ | _ _ [ [ _ _ _ [
S
= i _ | _ _ | ] _ i i |
w.iiiT||lT|l|Tli|+||t+|l|+§||+|tz+|z|L:|llllmw
ol e L | _ _ _ ! _ | |
[ _ _ _ [ _ _ _ [ _ |
B | [ | _ _ [ _ | _ I
i _ [ l [ _ [ I ; _
1 ] | | 1 | | ! I | 1 ] ] | | | ] | | } o W
i T I T T T T I T T T T T T T T T T I J
B | _ I _ 1 [ _ _ _ J
AR N VRN AN N DR SN N S
= { | _ | | _ | I i 12|
o - ! _ [ | i _ ! e
i | | b i I i _ R
e e e e e i o -8
k i _ _ _ _ _ ]
_ | | [ _ _ _
1 ] ] i | | I ] 1 1l | | ] ] 1 ] | ] ] | _ M
SN M I B M R W SN BN SR RS N B AN R I A B R o
_ _ | 1 I { _ ] i
" _ i i _ i 1 _ _ |
[ _ I _ _ _ | _ _
= _ [ ! | | _ i [ [ _ 2
-l M ERUU I N e RE R Se b bttt s B S
& | [ | _ i _ _ | _ _ &
! _ _ I _ [ I ; |
' _ | ! I _ ! .
i NN PO . |
1 | i ] _ L ! 1 i _ o
[=]
I ] [ ¥ 1 I ! ] t [ | [ 1 ] ! [ ] ©
5 | | | | | | u
_ _ _ _ i _
[ TSN PR PRSI SN Sy [N R SENEIPRE 4.d dg
TV VR
5 -
I _ _ _ i _ _ | &
f o e + R et i Ay B
3 _ _ [ _ | _
[ _ [ _ i _ 7
I T U I [ . I IO I I [ . da
T T T T T v 1 T T o 2
= _ 1 ; [ ! i [ | | | 3
e -
8 _ _ _ _ _ _ | _ _ o™
S I e ettt Sty St St = LS|
B E i _ _ ¢ | _ _ I ! t 374
= _ _ _ j I | _ ! ] [
B _ i i _ ! ] _ | _ [
R AP N AR VU NPV ARV SO U SO
| l -
I I _ ! _ I [ , “ _ I w | : “ , “ 2
= =3 ] [} o [} =} [] foen } [ [
= = o o i B =) = ® > =
Geey) uideq

Tank AX-102 Page 64



: T T
0000000000000
111111111111

- -~ -



0
0

Old Survey
6/19/1978
Gamma (c/s)

100

200

10 -

20 -

30 -

40

(9]
(=3

[«>]
<

Depth {feet)

70 -

80

80 A

100 -

110 1

120 -

RPP-8821, Rev. 0

Borehole 11-02-01

No Gamma-Ray Emitting Contamination
Above Survey Detection Threshold

Average Background (c/s)
— N ] w w £ I &
6] [=] [=2] o [5.] o ot (=1

iy
o

Bl [
o I

1975

1985
Date (Year)

100 -

£ 2} w0
o Q o
1 ] AL

Frequency Clean {%)

]
[=]
2

o
8 o o =]

1

Analysis by: Three Rivers Scientific

Tank AX-102 Page 66



RPP-8821, Rev. 0

Borehole 11-02-02

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 8 pCi/g from the surface to 2 feet, up to 5 pCi/g from 2 to 6 feet, and less than 2

pCi/g for the remainder of the borehole.

The low level Cs-137 contamination zone (HPGe identified) between 30 and 55 ft is
less than 1 pCi/g and is also below the detection threshold of the Tank Farm

Surveillance system.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : [ 2/11/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 328

Analysis Notes

Method Used to Compute
Background :

Threshold (0 < val < 50 ¢fs)

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

None

Analyst Name :

R.K. Price

Company Name :

Three Rivers Scientific

Tank AX-102
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11-02-02 Combination Plot
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RPP-8821, Rev. 0

Borehole 11-02-03

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1978 and 1995 in
the vadose zone from 2 to 74 feet. The HPGe logging system detected Cs-137 at up
to 20 pCi/g from the surface to 2 feet and less than 3 pCi/g for the remainder of the

borehole.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 74 ft
First Survey Date : | 7/10/1978
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 38

Analysis Notes

Method Used to Compute | Threshold (0 < val < 50 cfs)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
Tank AX-102
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RPP-8821, Rev. 0

Borehole 11-02-04

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 8 pCi/g from the surface to 2 feet and less than 2 pCi/g for the remainder of the

borehole.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : [ 100 ft
First Survey Date : | 2/11/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 311

Analysis Notes

Method Used to Compute | Threshold (0 < val < 50 ¢/s)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys :
Analyst Name : [ R.K. Price
Company Name : | Three Rivers Scientific
Tank AX-102
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Borehole 11-02-04
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RPP-8821, Rev. 0

Borehole 11-02-05

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

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 10 pCi/g from the surface to 6 feet and less than 1 pCi/g for the remainder of

the borehole.

Gross Gamma Survey Information
Probe Type Processed : { 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 2/11/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 311

Analysis Notes
Method Used to Compute | Fixed background (10-50ft)
Background :
Depth(s) where Contamination | 0-8 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-02-07

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 13 pCi/g from the surface to 2 feet and less than 1 pCi/g for the remainder of the

borehole.

Gross Gamma Survey Information

Probe Type Processed : [ 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 2/18/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 309
Analysis Notes
Method Used to Compute | Threshold (0 < val < 50 c/s)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific

Tank AX-102
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RPP-8821, Rev. 0

Borehole 11-02-10

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 8 pCi/g from the surface to 2 feet and less than 1 pCi/g for the remainder of the
borehole.

Gross Gamma Survey Information
Probe Type Processed : [ 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 2/11/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 322

Analysis Notes
Method Used to Compute | Threshold (0 < val < 50 ¢/s)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys &
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-02-11

Contamination (Ru-106) from 50-65 feet is Unstable Early.

The stack plot identified a contamination zone (50 to 65 feet) that was detected with
the first survey (1980) but rapidly decreased by 1986 to below detection levels. The
Grade thickness product for the first gamma surveys in 1980 shows that the activity
is probably increasing for a short time period. An increase in activity indicating a
possible unstable condition in the contaminant zone. After August 1980 the grade
thickness product is decreasing consistent with the decay of Ru-106 (hypothesis). By
the time the HPGe survey was acquired in 1996 the contamination level was below
detection levels. It can not be determined from the stack plot if the contamination
was migrating vertically through the formation soils.

The HPGe survey identified low levels of Cs-137 at the surface with the
concentration falling to less than 2 pCi/g by 2 feet. This near surface contamination
zone does not stand out on the stack plot.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 5/05/1980
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 73

Analysis Notes
Method Used to Compute | Fixed background (66-90ft)
Background :
Depth(s) where Contamination | 50-65 ft Unstable Early
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : [ Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-02-12

Contamination (Cs-137) from 0-27 feet is Tank Farm Activity.
Contamination (Ru-106 & Co-60) from 32-50 feet is Unstable
Early. |

Two gamma probe types were required to record the rapid decrease In gamma
activity during the twenty year monitoring history. The analysis used probe types
14 (shielded) and 04 (unshielded scintillator, Nal).

The average background gamma activity and frequency clean plots during the early
years show that there are few depth positions in the surveys with low gamma
counts in the range of background. Also, the grade thickness product values had
less deviation when the average background was not subtracted during their
calculation.

Grade thickness product over 0 to 27 feet is for a high gamma activity zone with a
large amount of variability, indicative of tank farm activity. Probe type 04 may be
beyond its linear count rate region for this contamination interval. A decay line for
Cs-137 (HPGe identified) is plotted as a reference. Other HPGe identified isotopes
(Co-60 and Eu-154) are at concentrations too low to influence the grade thickness
product.

Grade thickness product over 32 to 50 is decreasing at a rate faster than the decay
of Ru-106 (hypothesis) during the time that the shielded Nal probe was used (1975
to 1981), which indicates an unstable condition. After 1981, the grade thickness
product for probe type 04 is decreasing consistent with the least square fit for the
decay of Co-60 (HPGe Identified) and Ru-106 (hypothesis). The ratio of Ru-106 to
Co-60 on 1/1/1975 is 2370:1. The zone is categorized as unstable early.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal 14: Shielded Nal
QOther Probe Types : | 03: Neutron
Survey Depth : | 50 ft
First Survey Date : { 04: 5/27/1975 14: 5/28/1975
Last Survey Date : | 04: 6/03/1994 14: 9/01/1980
Number Surveys Processed : | 04: 264 14: 281

Analysis Notes

Method Used to Compute Background : | Background Not Subtracted
Depth(s) where Contamination | 0-27 ft Tank Farm Activity
Identified in Gross Gamma Surveys : | 32-50 ft Unstable Early
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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11-02-12 Combination Plot

RPP-8821, Rev. 0
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Probe 04

Borehole 11-02-12

RPP-8821, Rev. 0
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RPP-8821, Rev. 0

Borehole 11-02-22

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
~gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 125 feet. The HPGe logging system detected Cs-137 at up
to 10 pCi/g from the surface to 2 feet and less than 3 pCi/g for the remainder of the
borehole.

The gamma survey depths increased from 70 to 125 feet for logs after April 15,
1978. The representative gamma survey plot on the borehole analysis graph shows
the first good survey after the log depth were increased to 125 feet.

Gross Gamma Survey Information
Probe Type Processed : [ 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : [ 125 ft
First Survey Date : | 6/09/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 283

Analysis Notes
Method Used to Compute | Threshold (0 < val <50 c¢fs)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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RPP-8821, Rev. 0
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RPP-8821, Rev. 0

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

Special Notes:

Borehole 11-03-07 - Two unstable early zones (14-40 and 66-82 feet) had increasing gamma activity
in 1976. In the upper contamination zone (14-40 feet) the stack plot in 1975 and 1976 shows a
change in shape of the gamma logs, indicating possible downward migration of the
contamination.

Borehole 11-03-09 — The grade thickness product is decreasing faster than the decay of Ru-106.
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Borehole 11-03-02

Contamination (Cs-137) from 0-29 feet is Tank Farm Activity.
Contamination (Cs-137 & Sb-125) from 29-40 feet is Stable.

Grade thickness product over 0 to 29 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. The HPGe survey identified Cs-137 and Co-60 in
the interval. The dominant gamma-ray emitting contaminant is Cs-137 with
concentrations up to 2000 pCi/g. The maximum Co-60 concentration was 10 pCi/g.
The decay of Co-60 was not included in the grade thickness product plot decay line.

Grade thickness product over 29 to 40 feet is decreasing consistent with a least
square fit for the decay of Cs-137 and Sb-125 (both HPGe identified). The ratio of
Cs-137 to Sb-125 on 6/1994 is 539:1. The HPGe detection of Sb-125 occurred at non-
contiguous depth locations near 10 and 35 feet. The zone is categorized as stable.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 3/03/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 366
Analysis Notes

Method Used to Compute
Background :

Fixed background (41-65ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

0-29 ft Tank Farm Activity
29-40 {t Stable

Analyst Name :

R.K. Price

Company Name :

Three Rivers Scientific

Tank AX-103
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Borehole 11-03-05

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 12 pCi/g from the surface to 2 feet and less than 1 pCi/g for the remainder of the
borehole.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 2/24/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 351

Analysis Notes
Method Used to Compute | Threshold (0 < val < 50 cfs)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-03-05
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Borehole 11-03-07

Contamination (Cs-137, Eu-154) from 0-14 feet is Tank Farm
Activity.
Contamination (Ru-106) from 14-40 feet is Unstable Early.
Contamination (Ru-106) from 66-82 feet is Unstable Early.

Grade thickness product (GTP) over 0 to 14 feet is variable and erratic from 1975 to
1985, indicative of tank farm activity, Since 1985, the grade thickness product is
consistent with a least square fit for the decay of Cs-137 and Eu-154 (both HPGe
identified). The ratio of Cs-137 to Eu-154 on June 1994 is 5.3:1.

The stack plot shows two intervals of contamination (14-40 and 66-82 feet) that
decreased to non-detectable levels by 1983. When the HPGe survey was acquired in
1996 the only low levels of Cs-137 was detected in the interval from 14 to 40 feet at
concentrations less than 2 pCi/g, which is below the detection threshold of the
gamma surveillance logs. The GTP for these lower two contamination zones shows
an increase in activity in 1976 followed by rapid decrease in activity. The GTP
decrease in the upper zone (14-40 feet) is faster than the decay rate of Ru-106
(hypothesis). While, the GTP of the lower zone (66-82 feet) is consistent with the
decay of Ru-106. The stack plot shows a change in shape in 1975 and 1976 of the
gamma logs for the 14-40 feet contamination zone, indicating possible downward
migration of the contaminates. This downward movement does not affect the
analysis result. The zones are categorized as unstable early.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 104 ft
First Survey Date : | 1/20/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 360

Analysis Notes
Method Used to Compute | Fixed background (40-65ft)
Background :
Depth(s) where Contamination | 0-14 ft Tank Farm Activity
Identified in Gross Gamma Surveys : | 14-40 ft Unstable Early
66-82 ft Unstable Early
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-03-09

Contamination (Ru-106) from 48-106 feet is Unstable Early.

The stack plot shows a contamination zone (48 to 106 feet) that rapidly decreased
by 1980 to non-detectable levels. The Grade thickness product for the contamination
zone is decreasing at a rate faster than the decay rate of Ru-106 (Hypothesis). The
category is unstable early. By the time the HPGe survey was acquired in 1996 the
contamination level was below detection levels. It can not be determined from the
stack plot if the contamination was migrating vertically through the formation soils.

The HPGe survey identified low levels of Cs-137 at the surface with concentrations
declining to less than 2 pCi/g by 2 feet. No grade thickness analysis was presented

for this zone.

Gross Gamma Survey Information

Probe Type Processed : [ 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : [ 120 ft
First Survey Date : | 1/13/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed. : | 361

Analysis Notes

Method Used to Compute
Background :

Fixed background (10-46ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

48-106 £t Unstable Early

Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
Tank AX-103

Page 124



11-03-09 Combination Plot

RPP-8821, Rev. 0

110

F e

T TN

|
{
i

i SN I E
I
!
I

i

Jos

I
...____..,.._+___.____._...___

|

|

|
.-———_._-—_t__...-.-—_

]

|

]

_’_

|

!

|

F———

toL LTI

TR TS T |
140

I S P I

300
0

200
cps

1
0

pCilg

pCifg

101

RN

10 g

20 4———

I

40 e

2
(lesy) ;ﬁwmo

Tank AX-103

76 dem -

- R S

40

pCilg

10

110

Page 125



11-03-09 Combination Plot
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Borehole 11-03-10

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 7 pCi/g at the surface to 2 feet, less than 4 pCi/g from 2 to 15 feet, and less 0.5
pCi/g for the remainder of the hole. The gross gamma survey detection threshold is
about 6 pCi/g.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 1/20/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 359

Analysis Notes
Method Used to Compute | Threshold (0 < val < 50 c/s)
Background :
Depth(s) where Contamination | None
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-03-12

Contamination (Cs-137 & Sb-125) from 0-20 feet is Tank Farm
Activity.

The stack plot shows two contamination zones (0-9 ft and 9-20 ft) each with
different apparent character. The two sub-zones were examined separately to
determine any possible major differences. The only difference was the relative
contribution of the two dominant isotopes, Cs-137 and Sb-125 (both HPGe
identified). The grade thickness product for the two sub-zones are included as a
reference.

Grade thickness product over 0 to 9 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with a least square fit for the decay of Cs-137 and Sb-125. The ratio of
Cs-137 to Sb-125 on 6/1994 is 28:1.

Grade thickness product over 9 to 20 feet also is erratic from 1975 to 1982, relative
to the decay line, and possibly is an artifact of tank farm logging procedures before
1982. After 1982 the grade thickness product is consistent with a least square fit for
the decay of Cs-137 and Sh-125. The ratio of Cs-137 to Sb-125 on 6/1994 is 1.4:1.
The contribution from Cs-137 to the gross gamma log is significantly less in this
lower zone.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 1/13/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 366

Analysis Notes
Method Used to Compute | Fixed background (21-50ft)
Background :
Depth(s) where Contamination | 0-20 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : | Three Rivers Scientific
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Tank AX-104
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 104 in the AX Tank Farm.

Special Notes:
Borehole 11-04-01 — The stack plot shows a distribution profile change that possibly indicates
migrating contaminants

Borehole 11-04-11 — The stack plot shows increased gamma activity at progressively lower depths
and at successively later times. However, there is no definitive evidence that the contaminants
migrated vertically during this time interval.

Borehole 11-04-19 — The grade thickness product shows increasing activity in 1978.
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Borehole 11-04-01

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.
Contamination (Ru-106) from 14-68 feet is Unstable Early.

Grade thickness product over 0 to 12 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration is up to 15
pCi/g from the surface to 3 feet and near the minimum detection threshold (6 pCi/g)
from 3 to 12 feet. '

The stack plot shows a large contamination interval (14 to 68 feet) with a changing
distribution profile as the activity decreased to non-detectable levels by 1982. When
the HPGe survey was acquired (1996) the only detectable contamination was Cs-137
at low concentrations (less than 2 pCi/g). The grade thickness product (GTP) is
decreasing faster than the decay rate of Ru-106 (hypothesis). The GTP plot shows
an increase in activity in 1976, followed by continued rapid rate of decline. The Ru-
106 decay line is plotted as a reference. The zone is categorized as unstable early.

The grade thickness product plot for the main zone (14-68 ft) is divided into three
sub-zones (14 — 29 — 45 — 68 ft) to examine how the contamination distribution
profile changed with time. The upper sub-zone (14-29 ft) decreased steadily at a rate
faster than the decay rate of Ru-106. The middle sub-zone (29-45 ft) increased
during 1975, reaching a maximum in May 1976, then decreased at a rate faster
than the decay of Ru-106. The lower sub-zone (45-68 ft) had two time intervals of
increasing activity, the first increase began in 1976 and the second began in 1979.

Gross Gamma Survey Information
Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 100 ft
First Survey Date : | 1/20/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 307

Analysis Notes
Method Used to Compute | Fixed background (70-95ft)
Background :
Depth(s) where Contamination | 0-12 ft Tank Farm Activity
TIdentified in Gross Gamma Surveys : | 14-68 ft Unstable Early
Analyst Name : [ R.K. Price
Company Name : | Three Rivers Scientific
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Borehole 11-04-05

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

Grade thickness product over 0 to 10 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. The concentration of Cs-137 (HPGe identified) is up
to 20 pCi/g from the surface to 6 feet and less than 2 pCi/g for the remainder of the
borehole.

Gross Gamma Survey Information

Probe Type Processed : { 04: Nal

Other Probe Types : [ 03: Neutron

Survey Depth : | 100 ft

First Survey Date : [ 2/24/1975
Last Survey Date : | 6/03/1994

Number Surveys Processed : | 299

Analysis Notes
Method Used to Compute | Fixed background (12-50ft)
Background :
Depth(s) where Contamination | 0-10 ft Tank Farm Activity
Identified in Gross Gamma Surveys :
Analyst Name : | R.K. Price
Company Name : { Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-04-07

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

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
reached a maximum of 35 pCi/g at 1 foot, is less than 10 pCi/g from 1 to 4 feet, and
is less than 1 pCi/g for the remainder of the borehole.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 96 ft
First Survey Date : { 3/17/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 269
Analysis Notes

Method Used to Compute
Background :

Fixed background (10-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

0-8 ft Tank Farm Activity

Analyst Name : [ R.K. Price
Company Name : | Three Rivers Scientific
Tank AX-104
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RPP-8821, Rev. 0
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Borehole 11-04-08

Contamination (Ru-106) from 60-72 feet is Stable.

The stack plot shows a contamination zone (60 to 72 feet) that rapidly decreased by
1986 to non-detectable levels. The stack plot indicates that the gamma activity in
the upper portion of the contamination zone (60 to 65 feet) decreased at a faster rate
than the lower portion. By the time the HPGe survey was acquired in 1996 the level
of contamination was below detection. The Grade thickness product for the
contamination zone is decreasing with the decay rate of Ru-106 (Hypothesis), thus

the classification of stable.

The HPGe survey identified low levels of Cs-137 at the surface with concentration
declining to less than 3 pCi/g by 2 feet. No grade thickness analysis was presented

for this zone.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : { 03: Neutron
Survey Depth : | 100 {t
First Survey Date : | 1/23/1980
Last Survey Date : | 6/28/1989
Number Surveys Processed : | 57
Analysis Notes
Method Used to Compute | Fixed background (72-95ft)
Background :

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

60-72 ft Stable

Analyst Name :

R.K. Price

Company Name :

Three Rivers Scientific

Tank AX-104
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RPP-8821, Rev. 0

Borehole 11-04-10

Contamination (Cs-137) from 0-15 feet is Tank Farm Activity.

Grade thickness product over 0 to 15 feet is variable and erratic from 1975 to 1984,
indicative of tank farm activity. Since 1984, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration is Cs-137
is up to 2000 pCi/g from the surface to 12 feet and less than 3 pCi/g for the
remainder of the borehole. The Co-60 and Eu-154 were detected by the HPGe
survey between 2 and 5 feet at concentrations much lower then Cs-137, 0.5 and 3
pCilg respectively. The low levels of Co-60 and Eu-154 have no effect on the

analysis results and are not plotted.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 102 ft
First Survey Date : | 3/10/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed. : | 205
Analysis Notes

Method Used to Compute
Background :

Fixed background (16-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

0-15 ft Tank Farm Activity

Analyst Name :

R.K. Price

Company Name :

Three Rivers Scientific

Tank AX-104
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11-04-10 Combination Plot

RPP-8821, Rev. 0
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RPP-8821, Rev. 0

Borehole 11-04-11

Contamination (Ru-106) from 18-82 feet is Unstable Early.
Contamination (Ru-106) from 90-102 feet is Unstable Early.

The gamma log survey depths increased from 100 ft to 125 ft after May 1978.

The stack plot shows two intervals of contamination, a broad one (18 — 82 feet) and
a narrow one (90 — 102 feet). The activity in both zones decreased to non-detectable
levels by 1983 and when the HPGe survey was acquired in 1996 the contamination
was below the minimum detection threshold.

The gamma survey distribution profile in the stack plot shows the gamma activity
increasing at progressively lower depths and at successively later times. For
example, between the first and second stacked gamma survey logs (1975) the
activity of the zone at 60 feet increases significantly. Followed shortly by increases
at 72 and 94 feet, (1976 and 1979, respectively). Even though there are obvious
increases in the gamma activity in sub-zones on the stack plot, there is no definitive
evidence that the contaminants migrated vertically during this time interval.
Either interpretation could be applied.

The grade thickness product for the upper contamination zone (18-82 ft) shows a
decrease in gamma activity with variations that may indicate contaminant re-
distribution (which includes horizontal movement). The decay line of Ru-106
(hypothesis) is plotted as a reference. The zone category is unstable early.

This upper contamination zone is sub-divided into three sub-zones (18 — 33 — 65 —
82 ft) to examine how the contamination distribution profile changed with time. The
upper zone (18-33 ft) decreased at a rate faster than Ru-106 and had a change in
decay rate in 1979. The middle zone (33-65 ft) increased during 1975, reaching a
maximum in May 1975, then decreased at a variable rate that was slower than Ru-
106. The ten GTP values near zero at the end of 1975 are for surveys that are not
consistent with the borehole profile either before or after the anomaly, These
surveys may be for another borehole. There was a second increase in grade
thickness product beginning May 1978. The lower zone (65-82 ft) had two time
intervals of increasing activity. The activity of the lower zone increased in 1975,
reaching a maximum in November 1976 and again increased a very small amount
in 1981.

The grade thickness product plot for 90-102 ft shows an increase in 1976, reaching a

maximum in September 1976. The grade thickness product does not begin to
decrease until 1980. The decay line for Ru-106 (hyppthesis) is shown as a reference.

Tank AX-104 Page 164
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The average background plot on each grade thickness product graph shows a rise
during 1976 that is not characteristic of the gross gamma survey data. Also, notice
the slight decrease in 1976 of the frequency clean plot. The increase in average
background possibly reflects a general increase in gamma activity during 1976 that
may be the result of low level contamination influencing a large depth interval

around this borehole.

Gross Gamma Survey Information

Probe Type Processed : | 04: Nal
Other Probe Types : | 03: Neutron
Survey Depth : | 125 ft
First Survey Date : | 1/20/1975
Last Survey Date : | 6/03/1994
Number Surveys Processed : | 312
Analysis Notes
Method Used to Compute | Fixed background (82-90ft)
Background :

Depth(s) where Contamination
Identified in Gross Gamma Surveys :

18-82 ft Unstable Early
90-102 Unstable Early

Analyst Name :

R.K. Price

Company Name :

Three Rivers Scientific

Tank AX-104
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RPP-8821, Rev. 0

Borehole 11-04-19

Contamination (Ru-106) from 56-78 feet is Unstable Early.

The stack plot shows a low level contamination zone (56 to 78 feet) in the first
couple of years of gamma surveillance logs. By the time the HPGe survey was
acquired in 1996 the level of contamination was below detection. The grade
thickness product for the zone shows a rapid increase in activity during 1978 with
the maximum activity being reached in August 1978. The rate of decrease was also
rapid, decreasing to non-detectable levels by 1982 and is almost a linear decline. A
decay line for Ru-106 (hypothesis) is plotted as a reference. It is not clear whether
or not the decrease in grade thickness product is consistent with the decay of Ru-
106. No activity has been identified in the zone since 1982. The zone category is
unstable early.

The HPGe survey identified Cs-137 in the borehole at concentrations below the
gross gamma detection threshold. The Cs-137 concentrations are 3 pCi/g and less
for depths from 2 feet to the borehole bottom.

Gross Gamma Survey Information

Probe Type Processed : { 04: Nal

Other Probe Types : { 03: Neutron

Survey Depth : | 125 ft

First Survey Date : | 3/23/1978

Last Survey Date : | 6/03/1994

Number Surveys Processed : | 169

Analysis Notes
Method Used to Compute | Fixed background (10-50ft)
Background :

Depth(s) where Contamination | 56-78 ft Unstable Early
Identified in Gross Gamma Surveys :

Analyst Name : | R.K. Price

Company Name : | Three Rivers Scientific
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11-04-19 Combination Plot

RPP-8821, Rev. 0
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11-04-19 Combination Plot

RPP-8821, Rev. 0
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