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HNF~3S3.l -REVO 

Borehole 21-00-01 

No Gamma-Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 2 to 145 feet. 

oss a urvey Gr Gamm s Inf• ti orma on 
Probe Type : 04: Nal 

Other Probe Types : 03: Neutron 
Borehole Deoth : 14.S ft 

Survey Dcoth : 145 ft 
First Survev Date : 1/14/1975 
Last Survey Date : 6/17/1993 
Number Survevs : 154 

1ys1s 0 S Anal . N te 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Backw-ound : Threshold 0<val<50 

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

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

oo oo~ ·. 
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Log Date: J-!'I- /"/1 11 

HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys l.fab 
# neutron surveys A 
t,-) ?-'1.Y Last 

Probe Type Dr' 
# GR Surveys J €??" 
Presentation Plot Dates ------

Contamination Zone Depth(s): --''-'-?-t-...;..rr7-;_,_.,,_.;;..._=f;--'' /.?'-:::,..,..__ _____ _ 
(lf diffcnnt from 1• & Lui) 

Isotope from Spectral Survey: __ _.""'~---------- Max Survey Depth / ~ 

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

HI-ZONES Txt 
SurvevDate Reason Selected 1nurn. Samples Comment 

BackGndTxt 
Survcv Date Reason Selected mun. Samoles Fea.Clean Av2.Bka Comment 

::,:, 
AnalystName_...,.,/t:___..__-________ _ S/W ver T /: /; ,;L?.ep:;5· ,)~J_ 
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HNF::353.1 -REVO 

Borehole 21-00-02 

Contamination (Cs-137 & Ru-106) from 70-80 feet is Stable, late 
Contamination (Co-60) from 80-90 feet is Stable 

Grade thickness product from 70 to 80 feet increased starting 1975. but consistent with a 
least squares fit for Cs-137 (HPGe identified) and Ru-106 (hypothesis) from 1976 to 1994. 

The least squares fit results in a ifOss gamma contribution ratio ofRu-106 to Cs-137 of 
17.1 as of Dec 1975. This zone appears stable since 1976. 

Grade thickness product from 80 to 90 feet appears stable from 1975 to 1993. 

ross ma urvey G Garn S Int; ti onna on 
Probe Type : 04: Nal 

Other Probe Types : 03: Neutron 
Borehole Dei,th : 100 ft 

Survey Depth : 100 ft 
First Survev Date : 1/14/1975 
Last Survey Date : 6/17/1993 
Number Surveys : 141 

IYSlS 0 S Anal . N te 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Background : Threshold O<val<SO 

Depth(s) where Contamination Identified 70-80 Stable late, 80-90 Stable 
in Gross Gamma Surveys : 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF.::.35}.l -REVO 

ax Dry Well Survey Analysis - Notes 
v · r 1 JU p 

Borehole 2, I .,, ('Jt} - C> Total # Surveys ~ Probe Type D 7' 
..........::: # neutron surveys 'dt # GR Surveys t;!e'if3 / ,Y / 

Log Date: / -l 1/ - 2}, 1st t -J z---9' J Last Presentation Plot Dates 
(If diffi:ren_l_D'Offl_l"..-&_La_st_) -

Contamination Zone Depth(s): ?o -7D 11?-fi?P .f ~ P ~1P 
Isotope from Spectral Survey: Cs L~ .;e;;:; l,~ 12 -1;;-- / Max Survey Depth / 00 

Cb (JP ) I > I [>() ..i?O 
GAPS.Txt 

SurvcvDate num. Gaos num. Samoles Comment 

HI-ZONES. Txt 
Survey Date Reason Selected num. Sanmles Comment 

~ 

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

,
; 

Analyst Name _ _,,.,-~~--------- S/W ver f fif@ X. 2 
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filein := ''two.txt" 

A ::. READPRN(filein) 

N := last(yr) 

tco :z 5.27 'tCS := 30.17 

( ) 
ln( 2 ) 

- yri-7S -
Cs

1 
:., acs·e 1a1 

HNF::353..l -REVO 
.. 

Well 21-00-02 

,_ A<I> yr .-

N =107 

net :s A<7 > 

i :=O .. N 

aco :=00 

k := o .. 300 

acs :,. 50 

at'OUj :-=Mti 
This data edited for spurious points 

j := 0 .. 299 
368.2 

teu:=-
365.2.5 

Eu vadables are 
Ru-106 aeu := 100 

soo-----------~---------~---------------. 

300 
(P'Olli 
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toti 
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ssq(acs ,aeu)•0 I• 1 

ln( 2) -(yri - 7S)--;;-
Cs. := acs·e I . 

out<O> :o:: yr out<) > := tot 

Two component decay.med 

exes = 46.585 

WRITEPRN("twop.txt") := out 

8/1/98 

00 011. 

90 

aeu = 799.464 

92 
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E~ -5 
- =8.048•10 
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HNF::353.1 -REVO 

Borehole 21-00-05 

No Gamma Ray Emitting Contamination was identified. 

No si&nificant levels of 2amma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 5 to 140 feet. 

oss a urvev onnation Gr Gamm s Inti 
Probe Tvoe: 04: Nal 

Other Probe Tvoes : 03: Neutron 
Borehole Oenth : 140 ft 

Survev Denth : 140 ft 
First Survev Date : 1/14/1975 
Last Survev Date : 6/17/1993 
Number Survevs : 100 

Anal . N otes IVSIS 

Number Surveys Rejected : 0 

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

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

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

00 "12 
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HNF::353.1 -REVO 

J?A-' 
Dry Well Survey Analysis - Notes 

\._./Borehole 2/-ot?-o 1;- Total# Surveys I ov 
# neutron surveys 3 

Probe Type Or: 
# GR Surveys '17 
Presentation Plot Dates Log Date: ) -/ 3/·- r.fl •t k -1"?--V Last 

Contamination Zone Depth(s): ~-n,,.,,--'--,,...a"?_/aa..-.... ~..,,~,/Z/),~'4'-~----~--------­
Isotope from Spectral Survey: --=C_s;_ .. _k'"""-'-1z~r __ r, __ 4 __ ""_ .. ~1_··-----

~~------(If diftmnt from 1 • & Last) 

Max Survey Depth )1tO 
,;lyh)J 

GAPS.Txt 
Suiv Date num. Ga s num. Sam Jes Comment 

ID-ZONES.Txt 

BackGnd. Txt 
Survev Date Reason Selected num. Samples FeQ.Clean Avg.Bkg Comment 
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HNF::353.1 -REVO 

Borehole 21-00-07 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from S to 145 feet 

ross ma urvey ormat1on G Garn S Inf1 
ProbeTvoe : 04: Nal 

Other Probe Types : 14: shielded Nal. 02: GM~ 04: Neutron 
Borehole Deoth : 90 ft 

Survey Deoth : 90 ft 
First Survey Date : 1/15/1975 
Last Survey Date : 10/5/1993 
Number Surveys : 358 

lYSIS 0 S Anal . N te 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <= 0 
Method Used to Comoute Back2round : Threshold 0<val<50 

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

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

0
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HNF~353..l ·REVO 

Dry Well Survey Analysis - Notes 
I~ ,!:), .... 

Probe Type 61/ 
} 

# GR Surveys '-3 ,b -z---
Presentation Plot Dates 

V Borehole 2/-- tJd' -?'7 
Log Date: ) - / f"'-7 > 1st 

Total # Surveys 'J? :J 
# neutron surveys ~ 
IIJ ,£: V Last 

Contamination Zone Depth(s): __ l\_1 P_ W _ _ . __ J.-_;;:-,_ef' ......... _ _ ____ _ 
Of di.tr._ercu_t_from_li ...... .t._La_s_Q_ 

Isotope from Spectral Survey: _c_,'-----,y--,-.:----.a..;9'--k~.,-'-'-.)- - ----- Max Survey Depth :ii? 
GAPS.Txt 

Surv Date num. Ga s num. Sam lcs Comment 

ID-ZONES.Txt 
Surve Date 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Pea.Clean Avg.Blea Comment 

Anal sis Notes 

/~:;.-
Analyst Name _ #-a_ ______ ____ _ 

I 
S/Wver TTC/?t?---~·g . 2-. 
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HNF::.353.l -REVO 

Borehole 21-00-09 

Contamination (Ru-106) from 45-60 feet is Undetermined 

Grade thickness product from 45 to 60 feet was specially processed with no natural 
backaround subtraction. due to fitting inconsistencies. There is only a possible show of 
Ru-106 early provided no background subtraction. Activity levels are near threshold. 

lli G oss s am.ma urvey ormatton 
ProbeTvoe: 04: NaI 

Other Probe Tvoes : 03: Neutron 
Borehole Deoth : 75 ft 

Survey Depth : 75 ft 
First Survev Date : 1/15/1975 
Last Survey Date : 10/5/1993 
Number Surveys : 205 

IYSlS o es Anal. Nt 

Number Surveys Rejected : 0 

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

Depth(s) where Contamination Identified 45-60 Undetermined 
in Gross Gamma Surveys : 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF.::353.1 -REVO 

ff 
Dry Well Survey Analysis~ Notes 

VBoreho1e 2, /-t:>P - @? Total# Surveys 2,0fr Probe Type O L/ 
# neutron surveys :3 # GR Surveys ~o..r-

Log Date: / -/ )'--? r 1st .-7 -,$? V Last Presentation Plot Dates 
j () - f- ~:; . (lf diffi_erffl_t from-I..,." &-La-,1)-~ 

Contamination Zone Depth(s): _..;;:.C..::;.!J; _ _ .f......___·~
4
{{-:.-+--·t _______ _ 

Isotope from Spectral Survey: ____ v ___ ~.___,-~_,,-... J:,.-~.....,...~.__...C ..... s _____ _ 
l 

Max Survey Depth Z?-
GAPS.Txt 

Surve Date num. Ga s num. Sam les Comment 

HI-ZONES.Txt 

BackGnd. Txt 
Surve Date 

Analyst Name __ /L __________ _ S/W ver Tl:'?Y,.??~;2.. l.._ 
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filein ;: "two.txtH 

HNF~353.l -REVO 

Well 21-00-09 

A := READPRN ( filein) yr :=A<I> 

N ::: Ja.,t (yr) N = 131 i :=O .. N 

ico ::r 5.27 ics := 30.17 aco := 2760 

ln(2) 
•(yri-7S)-

Cs1 :• acs·e tcs 
( ) 

ln(2) 
-yri-75--;;;-

Coi := aco·e 

grossi ::: neti 

sooo 

4000 

(II'OISi 

• 3000 
toti 

Coi 

c.i+Coi 
2000 

1000 

0 

Given 

This data edited for spurious points 

74 76 78 80 82 

ssq ( acs, aeu, aco )•0 

84 
yri 

acs l : :::: Mmerr(acs,aeu,aco) 
acs =48.288 

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

ln(2) 
-(yri - 75) ·-;-

Eu. := aeu·e 
I 

bkg := A<6 > max ::: A<4> 

368,2 

k := 0 .. 300 j :::: 0 .. 299 
teu::-

365.25 

acs : .. 56 

86 88 90 

Eu variables are 
Ru-106 aeu := 1270 

tot1 := Cs1 + Eu1 + 0 

92 94 

a2 :"' aco 

3 o:eu = 1.281•10 
3 a:co =- 2. 769• l 0 

/ ) ln(2) -~yri-75 ._ 
eo, :::: o:co·e 'I:() 

acs 
-=0.038 
aeu 

E~ -4 

out<O> ·­,-yr ou{1 >:=tot WRITEPRN("twop.txt") := out 
-= 1.244•10 
C5N 

Two component decay.med 811/98 Page 1 

00 024 



filein :: Mtwof3.txt'' 

A := READPRN(filein) 

N ::: last(yr) 

HNF::353.1 -REVO 

Well 21-00-09 

yr := A<l> not := A<7> bkg := A<6> 

N = 160 i:,.O .. N k := 0 .. 300 

max := A<A> 

j := 0 .. 299 
368.2 

'teu :"--
365.25 

'tCO := 5.27 'tCS := 109 aco := 00 acs :s 443 Eu variables are 
Ru-106 aeu := 142 

-(yri - 75) 1%1(2) 

Cs1 :"" acs ·e TI:S 

ln(2) 
-(yri - 75)--

Col := aco·e TCO 

111(2) -(yri - 75)---
Eul := aeu·e tet1 • 1 

arossi := neti 
This data edited for spurious points 

700.------...---..---..---..---...---...---...---..,.....----, 

600 

groui 
0 500 

toti 

• 

0. 
o0 0 

400 

0 0 

• • 
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•• 
• 0 

• 0 0 
o o• 

0 0 

• 0 

300'-__ .._ __ ........ __ ........ __ .._ __ .._ __ ..,__ __ ..,__ __ _,_ __ _,_ _ __. 

~ ~ n ~ ~ ~ ~ ~ w ~ ~ 

yri 

-(yr-- 75) ·- -(yr- - 75) ,..___ 
[ [ 

11(2) ln(2) ]]2 

ssq(al ,a3) :• L grossi - al ·e • 'IICI + a3·e • wu 

ssq(acs,aeu)•O 

[: ] := Mmerr( acs, aeu) 

11(2) 
- (YI'.· - 75)-

1 'tCS 
Csi := acs·e 

out<O> :a yr out<! > := tot 

Two component decay.med 

1•1 

acs =443.157 

WRITEPRN("twop.txt") := out 

8/1198 

00 025 

aeu = 142.533 

~=3.109 
cxeu 

Ello 
-:c:0.313 
Cs0 

Page 1 



HNF:".'..353.1 -REVO 

Borehole 21-00-11 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of ~ma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 2 to 140 feet. 

oss amma urvev Gr G s Irm ti orma on 
Probe Type: 04:Nal 

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

Survey Deoth : 140 ft 
First Survey Date : 1/21/1975 
Last Survey Date : 10/5/1993 
Number Survevs : 189 

lYSIS o es Anal. Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=0 
Method Used to Comuute BackRround : Threshold 0<val<50 

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

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

on "26 
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HNF~353.l ·REVO 

J,X Dry Well Survey Analysis - Notes 

"-''Borehole 2-- / - (/1} -I/ Total # Surveys J o/ 2-. Probe Type O 'I ~ 
___ # neutron survey; 3 # GR Surveys I H 

Log Date: ) - J.. ) -1? 1 •t I P -r-9'J Last Presentation Plot Dates--~--,,---
y ) (If ditret'lnt from 1 • di: l.Ast) 

Contamination Zone Depth(s): 11;/lZ!/' ( ».#~/ 
I~tope from Spectral Swvey: --'-(1~7, ~....._~~~-w..:;.,;.;..;...:;.::;.,~""'"~-"-.;,-_,..-/-J70_:/)_, -8 ... ~" Max Survey Depth .l$=¥ £;? 

GAPS.Txt 
Surv Date num. Ga s num. Sam !es Comment 

HI~ZONES. Txt 

BackGnd. Txt 
Comment 

~-y AnaJyst Name _.,,..,a_ __________ _ S/W ver TEb~ ·2 
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HNF:-.. 353.1 -REVO 

Borehole 21-00 .. 21 

Contamination (Co-60, Cs-137 & Ru-106) from 45-80 feet appears 
Stable 

Grade thickness product from 45 to 80 feet is decreasing consistent with 
a least squares fit for Co-60 (HPGe identified). Cs-137 (HPGe identified 

and Ru-106 (hypothesis) from 1975 to 1993. 
The least squares fit results in gross gamma contribution ratios of 

Ru-106:Cs-137:Co-60 of 1281:48.3:2769 as of Jan 1975. Special note. a fit can be 
obtained for Ru & Co just as well since this low level of Cs is not a significant factor in 

the total gross i8Jllma observed Likewise the confidence for the stability of Cs is 
extremely low. 

oss mma urvey Gr Ga s In£ f orma1on 
Probe Type : 04: Nal 

Other Probe Types : 03: Neutron 
Borehole Depth : 145 ft 

Survey Depth : 145 ft 
First Survev Date : 1/28/1975 
Last Survey Date : 6/17/1993 
Number Surveys : 134 

lYSlS o es Anal . Nt 
Number Surveys Rejected : 0 

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

Depth(s) where Contamination Identified 45-80 Stable 
in Gross Gamma Surveys : 

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

00 031 
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HNF::353..l -REVO . ' .. 

'-" ?X 
Borehole J. / -P/1- ~ / Total # Surveys (p 7 Probe Type t:>~ 

,r- # neutron surveys "ii # GR Surveys l~f 
Log Date: J .-Jr-ft' 1 ' t {!- !'z-, ?'J Last Presentation Plot Dates __ __,,_ __ _ 

(Jfdiftcrait from 1• & wt) 

ContaminationZoneDepth(s): R""--+ ~ (~~ 
Isotope from Spectral Survey: C...11 a C~ {J./~-~ f Y~ Max Survey Depth /J/k 

">.>P~r-
. GAPS.Txt 

Dry Wel1 Survey Analysis - Notes 

Survev Date num. Gaos num. Samoles Comment 

HI-ZONES. Txt 
Survev Date Reason Selected num. Samples Comment 

y 

BackGnd. Txt 
Survey Date Reason Selected num. Samales Fee.Clean Av2.Blcit Comment 

A I . N otes na1vs1s 
('A,_ - -y ,I - .... ..J, ---~ ___ -,,,,,t;. 

# J . . .-_ -- .-, ,.t- ..._,,,.~r .. K'~-,;-t--. / , "" 

\ r 
Ana)yst Name _}f ___ ".?________ S/W ver TF~2 ~ 
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Borehole 21-00-22 

Contamination (Ru-106) from 10 .. 26 feet appears Stable 
Contamination (Co .. 60) from 26-40 feet is Undetermined 

Grade thickness product from IO to 26 feet is decreasing consistent with 
Ru-106 (hypothesis). The level ofRu-106 is near threshold. The Cs-137 and Co-60 

istotopes identified by the HPGe detector are at sufficiently low levels to not register with 
the ifOSS pmma log data. 

Grade thickness product from 26 to 40 feet is undetermined due to low levels. The Co-
60 concentrations identified with the HPGe are higher in this interval, but statistical 

precision is lacking for a rigorous conclusion. 

oss a urvey ormatton Gr Gamm s Inf1 
Probe Type: 04: Nal 

Other Probe Types : 03: Neutron 
Borehole DeOth : 75 ft 

Survev Depth : 75 ft 
First Survev Date : 1/28/1975 
Last Survev Date : 6/17/1993 
Number Survevs : 154 

lYSlS o es Anal. Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute BacklU"Ound : Threshold O<val<32 

Depth(s) where Contamination Identified 10-26 Appears Stable, 26-40 Undetermined 
in Gross Gamma Surveys : 

Analyst Name : RR. Randall 
Comnanv Name : Three Rivers Scientific 
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VBorehole 2~a?-2 "l.. 

Log Date: J-2..t-;?£ l "1 

HNF~353.1 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys JF'7 
# neutron surveys _3 __ 

Probe Type () 4 
# GR Surveys L£7' 
Presentation Plot Dates 

i 
/,«-!?-?;} Last 

Contamination Zone Depth(s): -!i-u/}__-_z_t~_"'2....,F-==---'fi ...... ~_....,~r-ilf._--:r-_ 

Isotope from Spectral Survey: _c._=:"---"f.i:::.-...;...cc,,-:::c.-_.,.p_;;;;~...___-~"-'-Z'""""""-

-----,,----
(If different from 1 • & Last) 

Max Survey Depth 2F 
GAPS.Txt 

Survey Date num. Gaos num. Samples Comment 

1-ll-ZONES.Txt 
Survev Date Reason Selected 1num. Samples Comment 

...,/ 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment 

~~ Analyst Name __ rf:1____________ S/W ver T~ ;2. ~7-
~ 00 039 
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HNF::353.1 -REVO .. 
Borehole 21-01-01 

Contamination ( Cs-13 7) from 0-6 feet is Undetermined 
Contamination (Cs-137) from 6-13 feet is Undetermined 
Contamination (Cs-137) from 13-23 feet is Stable, late 

Contamination (Eu-154, Co-60, & Ru-106) from 23-37 feet is Stable 
Contamination (Eu-154, Co-60, & Ru-106) from 37-49 feet is Stable 

Contamination (Sb-125) from 49-53 feet is Undetermined* 
Contamination (Sb-125 & Co-60) from 53-60 feet is UNSTABLE early 

Contamination (Sb-125) from 70-79 feet is Stable 
Contamination (Sb-125 & Ru-106) from 79-86 feet is Stable 

Contamination (Sb-125) from 86-90 feet is Stable 
•Believed UNSTART ,E but comcrvative olusifioatioo 

These data for this well over the history is complex. Several items need explanation. Depth shifting is 
necessary in order to analyze the historical data, and one or two zones exhibit downward movement 

1 

after depth shifting. The other zones display very consistent depth control after the depth shift, 
indicating accurate depth shifting. Two low level zones near the surface are labeled undetermined due 
to possible surface effects. (i.e. 0-6 and 6-13 feet). Cs is identified by the HPGe for the classification of 
stable late for the zone 13.23 feet. 

The two zones over 23-37 and 37-49 feet were identified by the HPGe to contain various combinations 
ofCs-137. Co-60, Sb-125, & Eu•l54; however. Ru-106 is necessary in order to achieve a reasonable 
least squares fit to the historical trends. The interval from 23-37 feet shows consistent decay with a 
least squares fit for Co-60 (identified by HPGe), Eu-154 (identified by HPGe). and Ru•l06 
(hypothesis), with relative gross contributions of32,210:79,250:194,900 ft•c/s for Co:Eu:Ru as of 
l/14n5. Note that Sb-125 and Cs-137 were identified by the HPGe in this interval, but does not affect 
the least squares fit results. The interval from 37-49 feet shows consistent decay with a least squares fit 
for Co-60 (identified by HPGe). Eu-154 (identified by HPGe), and Ru-106 (hypothesis), with relative 
aross contributions of 39,140:1,723:97,060 ft•cts for Co:Eu:Ru as of 1/14n5. Note that very low levels 
of Sb-125 were identified by HPGe in this interval, but does not affect the quoted least squares fit. The 
interval from 53-60 feet shows consistent decay with a least squares fit for Co-60 (identified by HPGe) 
and Sb-125 (hypothesis) from mid 1980 to 1994, with relative gross contributions of 1,014:5,542 ft•c!s 
for Co:Sb as of 1/14n5. The interval from 79-86 feet shows consistent decay with a least squares fit for 
Sb-125 and Ru•l06, (both hypothesized), with relative gross contributions of 898:70 ft*c/s for Sb:Ru as 
of 1/14/75. 

The zone from 49.53 feet is believed unstable, but conservatively classified as undetermined due to low 
levels and possible nearby zone influences. The zone from 53 to 60 feet is unstable early, refer to 
expanded stack plot. This interval has only Co-60 identified from the HPGe data, and the historical 
trend definitely requires Sb-125 and Co-60 decay~ furthennore, the depth shifting is judged to be 
precise based upon the results for the two zones centered at 76 and 83 feet (refer to expanded stack 
plot). The zone at 70-79 feet follows Sb-125 (hypothesis) decay to low enough levels to not be 
detectable with the HPGe system. The low level contaminated zone from 86-90 feet is consistent with 
Sb· 12S (hypothesis) decay at levels below detection threshold for the HPGe system. 

'}') 041. 



HNF~353.l -REVO 

ross a urvev ormatlon G Gamm S hm 
ProbeTvoe: 04: NaI 

Other Probe Tvoes : 14: Shielded Nal 03:Neutron 
Borehole Depth : 100 ft 

Survey Depth : 100 ft 
First Survev Date : 1/14/1975 
Last Survev Date : 4/20/1994 
Number Survevs : 238 

Anal . N otes IVSlS 

Nwnber Surveys Rejected : 0 

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

Depth( s) where Contamination Identified 0-6 & 6-13 Undetermined 
in Gross Gamma Surveys : 13-23 Stable late 

23-37 & 37-49 Stable 
49-53 Undetermined 
53-60 UNSTABLE 
70-79 & 79-86 & 86-90 Stable 

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

00 042 
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Borehole 21-01-01 04/20/94 
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HNF.:.353.1 -REVO 

Dry Well Survey Analysis - Notes /Jf? 

Probe Type {)I/-Total # Surveys ~ J./ Z 
# neutron surveys 1 

Log Date: I- I,'-, 7f 1• J./ ~ 7. P-'?'r' Last 
# GR Swveys 231' 
Presentation PJot Dates 

Contamination Zone Depth(s): $~ ~~ 
Isotope from Spectral Sw-vey: c;.~£1~')( /J. 

------(l( dittcralt 6um 1• .t Last) 
I ptJ 

Max Survey Depth~ 

GAPS.Txt 
Survev Date num. Gans num. Samolcs Comment 

ID-ZONES.Txt 
Sul'\lev Date Reason Selected num. Samples Comment 

\. _J 

BackGnd. Txt 
Survev Date Reason Selected num. Samples Fee.Clean Ava.Bk~ Comment 

Analyst Name ---l,'JINll,iCl-~~""6,L---- S/W verTr~5@ "J. . ..,_ 

oo n57 



V 

V 

filein := "two23-37.txt" 

HNF~353.1 -REVO 
Well 21-01-01 -ceu := 30.17 t4 :::: 8.5 

A := READPRN(filein) net :• A<T> bkg := A<f>> max := A<A> a4 := 80000 
368.2 

N := last(yr) N = 132 i:s0 .. N 

'fCO :s S.27 'fCS := 2.77 aco := 33000 

-(yri- 75) ln(2) 

Cs1 :• acs·e 'llll 

8f(&i := neti 
This data edited for spurious points 

k := 0 .. 300 j:: 0 .. 299 

acs ::a 000 

( 
ln(2) 

- yrl - 7S) -
Eu1 := aeu ·e wu 

teu:•--
365.25 

Eu varjabfes are 
Ru-106 aeu := 196000 

- yr.-7S)-[ ( ln(l)] 
f<>\ :::: Coi + Eui + Csi + &4·e 

1 

"'
4 

t -106 .-----.---~---.----,-----..---,---~---.----.---.----. yr 113 = 81 .805 

groai \ 
• \ toti 1•105 

\ 
Bui \ 

\ 
\ 

\ 
\ 

1°10
4 

74 76 78 80 

Given 

ssq(aeu,aco,a4)•0 

[:] ,. Mmm(Mu,=,M) 

82 84 86 
>Tj 

4 aco = 3.221 •10 

88 90 92 

s aeu = 1.949•10 

94 

k := O .. N - 112 

erk := !n (grossk.+ 112) 

I 
m := slope(t,cr) 

m =-0.098 

9< ln(l) = 7.097 
-m 

aco :• 0 

acs =O 

4 aco 
aeur = 7.925•10 - = 0.16S 

. 111(2} aeu ln(2) -(yri-75)~ 
Eu.:= aeu·e 

I 

-(yri-75)-
Cs. := acs·o tc1 

I 

-(yri - 75) ln(2) 

Eur. := aeur·e t4 
I 

out<I)> :=yr out <l > ::: tot 
E"N -4 
~ :.: 1.319•10 

r3 for 23-37.mcd 

WRITEPRN("twop23-37.txt") := out 

8/1/98 Page 1 

00 "58 



\_..,,. 

filein := "two37-49.txt" 

A:= READPRN(filein) 

N := last(yr) 

TCO := 5.27 TCS :z 8.5 

-(yri - 7S) ln(2) 

es1 :• acs·c '!CS 

HNF::353.1 -REVO 
Well 21-01 .. 01 

bkg :=A<6 > 

N =130 i :• O .• N k := 0 .. 300 

aco := 30000 acs :• 8000 

j :::: 0 .. 299 
368.2 

Teu:•--
3M.25 

Eu variables are 
Ru-106 aeu := 100000 

8f()SSi := neti 
This data edited for spurious points Cs variable is Eu-154 

1•10
5 

\ srossi 
9 \ toti 

\ 
Eui \ 

S•I04 
\ 
\ 
\. 

'- --0 
74 76 78 80 82 84 86 88 90 92 94 96 

yri 

[

gross [ -(yri-7S) ~) [ -(yri-7S) ~) -(yri -7S) '1!:)]1]2 

( 1 a3 -~) ·-~ i al·e + a3·e +a2·c 
ssq a• ,-. ,- L.., -------------------------~ 

' gross! grossi 
1 

Given 

ssq( aco ,aeu,acs)•0 l•l 

[: l ~ MMn(=.~.-l 
aco =3.914•10

4 
aeu =9.706•10

4 acs = 1. 723•10 
3 

( 
ln(2) 

- yri -7')--
Co. := aco ·e 100 

I 

ln(2 ) -(yri - ")--
Eu- :== aeu·e • 

I 

ouf0 > := yr out<l > := tot WRITEPRN( "twop37-49.txt") :• out 

7/14198 Two comp decay 37-49.mcd 

00 059 

E~ -S 
-=S.409•10 
c°N 

~=0.403 
aeu 

Page 1 



tp'OISi -toti 

HNF:.353..l -REVO 

0 '---~-___. __ ....._ _ __._ __ ,...._ _ _._ _ ___. __ ....._ _ __._ __ ..i....;_ _ __, 

N U n 80 ~ « U U 90 ~ % 
yri 

o L_____J__:_~~~~~~_J 
N U n 80 ~ M ~ U 90 ~ ~ % 

yri 

b~ 6n. := gross . ._ ___ - tot. 
1 1 moan(bkg) 1 

I I 

&· 1 

I I 

70 80 90 100 70 80 90 100 

Two comp decay 37-49.mcd Yft 7/14/98 yri 

00 060 
Page2 



filein :a:: "two53-60.txt~ 

A := READPRN ( filein) 

N :a: last(yr) 

HNF=353.l -REVO 
Well 21-01-01 

,_ A<l> yr .-

N =24 

net := A<l> 

i :.,O .. N 

bkg := A<!J> 

k := 0 .. 300 j :c 0 .. 299 
-teu := 2.77 

"tCO := 5,27 "tCS ;a:: 32, 17 aco := 1000 

ln(2) -(yri-75)--;;;-

acs := O 
Eu variables are 
Sb-125 aeu := 5500 

-(yri-75)·'::) 
Csi := acs·e Co. := aco·e 

I 

ln(2) -(yri- 75) · 'WU 

Eu. := aeu·e ·l 
I 

grossi := ~ 
This data edited for spurious points 

2soo---~---~---~------~---~---~---

2000 o 

ISOO 
groesi 

C) 

toti 
-- 1000 

soo 

0 ..__ __ ___. ___ _._ _______ ..__ __ _.._ ___ ......__ ___ ....._ __ ___. 

~ M M ~ ~ ft ~ % 
yri 

-(yr.-75)~ -(yr--75)-
[ [ 

ln(2) ln(2) ]]l 
ssq(a] ,a3) :• L grossi - al ·e • TOO + a3 ·e i 1tlll 

Given 

ssq(aco,aeu)•O I• I 

[cxco] := Minerr(aco,aeu) 
aeu 

-(yr; - 75) ln(l) 
Co. := aco·e 'l'C() 

I 

out<O> := yr ou{1 > :=tot 

Two component decay.med 

3 
<XCO = 1.014•10 3 aeu = 5.542•10 

tot. := Co. + Eu. 
I I I 

WRITEPRN(~twop53-60.txt" ) := out 

7/15198 

00 061. 

aco 
- =0.183 
aeu 

E~ 
- =-0.553 
~ 

Page 1 



\_.I' 

\_.I 

HNF:-.353.1 -REVO 

2500 

2000 

1500 
~ -tot. 

l 

-1000 

500 

0 
80 82 K4 86 88 90 

yri 

2000 

~ 1500 

groai o.n(blqi) -lot; 
1000 

500 

0 
80 82 84 86 88 

yr. 
I 

6 j := grossi - toti 
bk~ 

6n. := gross.·---- tot. 
1 1 mean(bkg) 1 

6· l 0 - 0 
8fOSS; 

-200 .__ _ __._ _ _ ......._ _ ___, 
80 

7/15/98 
IIO 85 90 . 95 

Two component decay.med 

00 062 

92 94 96 

90 92 94 96 

85 90 95 
YI:· 1 Page2 



filein ::: '.'two79-86.txtn 

A :a:: READPRN(filein) 

N :• last(yr) 

HNF::353.1 -REVO 

Well 21-01-01 

' A<l> yr ·"' 

N = 123 

net::: A<T> 

i :• O .. N 

bkg := A<6> 

k :• o .. 300 

max := A<4> 

j :• 0 .. 299 
teu := 2.77 

'tCO :=- I -res := 32. 17 aw:= 200 acs := O Eu vartabfu are 
Sb-125 aeu :"' 900 

1!(2) ·()'1"1- 75)-
Cs. := acs·e tcs 

I 

grossi := ndi 
This data edit~d for spurious points 

11(2) -(yr.-75}""-"--
Eu. := aeu·e le\1 • l 

I 

J.50().-----...-----,----"T"""----,-------,------.-------, 

IIJ'OSlj 

0 

toti 

1000 

0 o.__ ___ ...__ ___ ....._ ___ _.__ ___ ....,_ ___ ......._ ___ __._....,._ __ ~ 

74 76 78 80 

Giveo 

ssq(aco,aeu)•O l•l 

[:] :• Minerr( aco, aeu) 
ClCO =69.SS? 

lrl(l) -(yri-75)-
Co. := ttco ·e ,oo 

1 

lrl(2) -(yri-75)-
Eu. :: aeu·e * 

I 

82 84 
yr. 

I 

CleU = 898.178 

out<O> := yr out<l > := tot WRITEPRN("twop79-86.txt") := out 

Two comp decay 79-86.mcd 7/15/98 

00 063 

86 

aco 
- =0.077 
tteu 

88 

Page 1 



HNF::353.1 -REVO 

1000 

800 

600 
poai -toti 

.40() 

200 

0 
14 76 78 80 82 84 86 88 

yri 

1000 

500 

0 .__ ___ ...__ ___ ,._ __ __, ___ __. ___ __., ___ __.,...;;:,i: __ __,J 

N M ~ 80 ~ ~ 86 88 

&. := gross. - tot. 
I I I 

bkgi 
&n. :=gross.·---- tot. 

i i mean(bkg) , 

V -500 .__ _ __._ __ .__ _ __. 

75 80 8S 90 75 80 85 90 

TWo comp decay 79-86.mcd yri 7/15/98 yri Page2 

00 064 
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C 

10 

20 
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30 J=K 
L D -r==t=J;;t:;/7;.~ 
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~C;/ 

Borehole 21-01-01 

Q) ~--:l----=~~~--~~9:::S=-r"3.~~ 
) Q) 
.) ._, 
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<:! Q) 6-----1 
e,, 0 

--70 

100 

HNF'.":353.1 -REVO .. ( 

(. -J.3 

1 ?- )} } 
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1975 1980 1985 
Date f'(ear) 
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HNF~353.l -REVO 
.. 

Borehole 21-01-02 

Contamination (Cs .. 137) from 5 .. 12 feet is UNSTABLE early 
Contamination (Co-60 & Ru .. 106) from 54-64 feet is UNSTABLE early 
Contamination (Co-60 & Ru-106) from 64-72 feet is UNSTABLE early 

Contamination (Co-60) from 72-78 feet is UNSTABLE early 

Grade thickness product over 5 to 12 feet sharply increased at the start of 1977 and asainjust 
before 1978. The character since this time is consistent with the natural decay of the HPGe 
identified Cs-137. Grade thickness product from 54 to 64 feet appears unstable from 1975 to 
1977. Since 1977 the grade thickness product is decreasing consistent with a least squares fit for 
Co-60 (HPGe identified) and Ru-106 (hypothesis) until1994. The least squares fit results in gross 
i8ffllll8 contribution ratio ofRu-106 to Co-60 of 8.8 as of Jan 1975. Grade thickness product from 
64 to 72 feet is unstable from 1975 to 1977. Since 1977 the grade thickness product is decreasing 
consistent with a least squares fit for Co-60 (HPGe identified) and Ru-106 (hypothesis) until 1994. 
The least squares fit results in gross gamma contribution ratio of Ru-106 to Co-60 of 4.3 as of Jan 
1975. Grade thickness product from 72 to 78 feet begins an increase in 1980 and rises until 1985. 
Since 1985 this interval appears stable for Co-60 as identified by HPGe detector. 

Special note: There may be some indication ofRu-106 moving down from the 54-64 feet zone to 
the 64-72 feet zone between 1975 and 1977. but more study would be required to make this 
conclusion. (refer to grade thickness product plot from 54 to 72 feet). Likewise, pre 1975 data 
would assist this study. Additionally, the Co-60 increase in the 72-78 feet interval is most likely 
not due to downward movement from the Co-60 in the adjacent interval above, since this interval 
above is stable from 1980 to 1985. 

oss urvey ormat1on Gr Gammas lnf1 
Probe Tvoe: 04: Nal 

Other Probe Tvoes : 02: Red GM 14: Shielded Nai & 03: Neutron 
Borehole Deoth : 100 ft 

Survey Deoth : 100 ft 
First Survev Date : 1/14/1975 
Last Survev Date : 4/20/1994 
Number Surveys : 147 

1ys1s o es Anal. Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=0 
Method Used to Compute Background : Threshold O<val<50 

Depth( s) where Contamination Identified 5•12, 54-64, 64-72, & 72-78 UNSTABLE early 
in Gross Gamma Surveys : 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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C ·( ( 

01/14/75 Borehole 21-01-02 04/20/94 
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HNF~353.1 -REVO 

yx Dry Well Survey Analysis - Notes 
JJ-/7 I I 

"---13orehole 21 -- t) I - 0 "2.... Total # Surveys J F'? 
# neutron surveys s7 

J-J -20 -o/'f Last 

Probe Type O '-I O 2 I '-1-

Log Date: J- I If-7£ I st 
# GR Surveys , '1 7 
Presentation Plot Dates -------(lf ditrcrent ti-om J" .it w t) 

Contamination Zone Depth(s): ~R_i-<;.:..__t_.,; ...... {_o _______ _ 

Isotope from Spectral Survey: C-z C, l.-\,, £&< ,,1t· Max Survey Depth J ~1) 

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

HI-ZONES. Txt 
Survey Date Reason Selected num. Samolcs Comment 

J 

BaclcGnd. Txt 
Survev Date Reason Selected num. Samples Fea,Clean Aviz.Bkiz Comment 

' 

AnaJystName ~ ~ 
00 074 



V 

filein ; .. "two54-64.txt" 

A :a:: READPRN(fllein) 

HNF~35ll -REVO 
Well 21-01-02 

net:= A<l> 

N :• last(yr) 

'tCS := l 

N=46 i:• O .. N 

BOO:= 2700 

k :• 0 .. 300 

acs ::i: 23000 

j :• 0 .. 299 
'teU ;:s 2.77 

'tCO := 5.27 

-(yr,-75)~ 
I 'IICI 

Csl :• acs ·e 

grossi :• ~ 
This data edited for spunous points 

Eu variables are 
~ aeu ::: 0 

100L----l"----1----L...--......_ __ J.--_----J ____ __,_ __ ....,_ __ ~ _ __,J 

U ~ ~ ~ ~ ~ ~ n % 
yri 

'teu :• l 

-(yr,-7S)- -(yr,-7S) -
[ [ 

ln(l) ln(2)]]t.O 
ssq(al ,a3) := L srossi - al ·e I 1IX> + al·e I llCS 

Given 

[:] := ~rr(aco,acs) 

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

k 
k := O .. 100 t. := 75 +-·20 

1' lM 

3 
aco = 2.621 •10 

4 acs == 2.3•10 

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

WRITEPRN{ "twop54-64.txt") := out 

·(\-1S) ~) ·(\- 7S) ~) 
trk := aco·e + acs·e 

aco 
-=0.114 
exes 

E~ 
-=O 
~ 

Two component decay54-64.mcd 7/15/98 

00 075 
Page 1 



v 

out<O> := t 

~ _._ 
toti 

Irk 

Iii 

HNF~353.1 -REVO 

out<l >:=tr WRITEPRN("twop54-64.txt") :::s out 

1•105 

" 1•104 " 
1•103 

1001-.._....1.. __ .,_ _____ ....__ _ _._ __ .._ _____ _._ _ __,.._ _ _,_ _ __. 

~ U n 80 ~ M U ~ ~ ~ ~ % 
)Ti')Ti'1c 

6000 

2000 

01-..-----'----'-----'----'---_._ __ ...__ __ .__ __ .__ _ __,1-,,. _ __, 

soo 

0 

-soo 

U ~ 80 ~ ~ U ~ ~ ~ % 
Yl'j 

bkgi 
&n. :• gross.··--- - tot 

1 1 mean(blcg) 1 

I I 

111 r o- -poet. 
I 

-1000 
I I 

70 80 ~ 100 70 80 ~ 100 
)Ti 

Two component decay54-64.mcd 7/15198 
)Ti 

00 076 

Page2 



HNF:'.-353.1 -REVO 
filem := "two64-12. txt" We II 21-01-02 

A := READPRN ( filein) bkg := A<6> max:• A<•> 

N :• la.,t(yr) N=60 j :• 0 .. 299 
-ceu ::: 2.77 

"CCO :z: 5.27 "CCS := 1 

i :• O .. N 

aco := 2000 

k :• 0 .. 300 

acs :: 8000 Eu variables are 
Sb-125 aeu := o 

( ) 
ln(2) - yri-75 .___ 

Cst := acs·e tee 

) 
ln(2) -(yri-,s. --;;;-

Coi := aco·e 

8f09Si :• n.~ 
This data edited for spurious points 

1°104 ....----.----.----.---....----r---.----,.------.------, 

0 
100L---.J.----L..--.....L...--..._--.__-__. __ _,L __ _.._ __ ....L-_-----I 

U ~ ~ ~ M ~ ~ ~ ~ ~ % 
yri 

"COU :• I 

-(yri - 75)-;- · (Y?1 - 75)-:;;-
[ [ 

ln(2) • ln(2)]]2 

ssq( al ,a3) := L grosst - al ·e + a3·• 

ssq(aco ,acs)•O I• l 

[:] :• t.tinerr(aco,acs) 3 aco = 1.811•10 3 acs=7.801•10 

ln(2) -(yr, - 75)---
Co, :• aco·e '100 

ln(2) -(yri-75)-
Cs. :• acs·e 101 

I 
tot. := Co. + Cs. 

I I I I 

out<O> := yr out<l > := tot WRITEPRN ( "twop64-72. txt" ) :s out 

k 
k := 0 .. 100 t. := 75 +-·20 

1C 1M 

· (\- 75) ~) -(tk- 75) ln(
2

) 
trk := aco·e + acs·e '!CS 

Two component decay64-72.mcd 7/15198 

00 077 
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out<O> := t ouf1 > :•tr 

\ 
\ 

HNF.:.353.1 -REVO 
WRITEPRN("twop64-72.tlct") := out 

100'---_._ _ __. __ _._ ____ ~-~--...._-----------

blqjl 

N M ~ 80 ~ ~ ~ ~ 90 n M % 
yri,Yti'\ 

3000 

BJ'OSlj mean( blqj) 2000 
-+­
toti 

400 

200 

6j 0 

-200 

-40() 

1000 

0'--_______ ..._ __ ...._ ____________ ~------

70 

u ~ 80 ~ M ~ ~ 90 ~ M % 
yri 

bkgi 
6n. :=gross. ··---- tot. 

' ' mean(bkg) ' 

I I 

~ rJ) &j 
o- -

grosai 

I I 

80 90 100 70 80 90 100 
)Ti YI'j 

Two component decay64-72.mcd 7/15198 
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HNF::.353.1 -REVO 

Borehole 21-02-01 

Contamination (Cs-137) from 0-5 feet is Tank Farms Activity 
Contamination (Cs-137) from 5-10 feet is Stable 

Grade thickness product from 0 to 5 feet has the characteristic signature of very rapid 
changes indicative of tank farm activities such as transfer lines close to surface and this 

borehole. 
Grade thickness product from 5 to 10 feet is decreasing consistent with 

Cs-137 (HPGe identified) from 1975 to 1994. 

oss a urvey ormation Gr Gamm s Inf; 

Probe Tvoe: 04: NaI 
Other Probe Tvoes : 03: Neutron 

Borehole Det,th : 100 ft 
Swvev Depth : 100 ft 

First Swvev Date : 1/14/1975 
Last Survev Date : 6/13/1994 
Number Survevs : 159 

Anal . N otes 1ys1s 

Number Surveys Rejected : 0 

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

Depth(s) where Contamination Identified 0-5 Tanlc Farm Activities 
in Gross Gamma Surveys : 5-10 Stable 

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

00 080 
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Dry Well Survey Analysis - Notes 

'-'Borehole 21- t/2 - 0 I Total # Surveys } l, -~ Probe Type O if 
# neutron surveys J.f # GR Surveys )£1 
t, -[J,- 2'+ Last Presentation Plot Dates.,._---,,..---Log Date: /- /If., '7 r 1 It 

err dift'emit 1rom 1 • & uist) 

Contamination Zone Depth(s): ~ (1- ->') f fP" -IR 
Max Survey Depth I DC> Isotope from Spectral Survey: -.:L:;.=--__________ _ 

Surve Date eason Selected um. Sam les Comment 

GAPS.Txt 

HI-ZONES. Txt 

BackGnd. Txt 

S/W ver TP?~ A ~ 
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HNF ::. 35.3.1 -REVO 

Borehole 21-02-03 

Contamination (Cs-137) from 36-42 feet is Stable 
Contamination (Sb-125 & U238/235) from 70-75 feet is Stable 
Contamination (Sb-125 & U238/235) from 80-86 feet is Stable 

Contamination (Sb-125 & Co-60 & U238/235) from 86-95 feet is Stable 

Grade thickness product from 36 to 42 feet is decreasing consistent with Cs-137 (HPGe 
identified) from 1975 to 1994. Grade thickness product fro111 70 to 75 feet is decreasing 
consistent with a least squares fit for Sb-125 (hypothesis) and U-238/235 (HPGe identified) 
from 1975 to 1994. The least squares fit results in gross gamma contribution ratio ofU-238/235 
to Sb-125 of0.068 as of Jan 1975. Grade thic~ess product from 80 to 86 feet is decreasing 
consistent with a least squares fit for Sb-125 (HPOe identified) and U-238/235 (HPGe 
identified) from 1975 to 1994. The least squares fit results in gross gamma contribution ratio of 
U-238/235 to Sb-125 of 0.020 as of Jan 1975. Grade thickness product from 86 to 95 feet is 
decreasing consistent with a least squares fit for Sb-125 (hypothesis). Co-60 (HPOe identified) 
and U-238/235 (HPGe identified) from 1975 to 1994. The least squares fit results in gross 
gamma contribution relation ofSb:Co:U of 291:80:41 as of Jan 1975. 

Gross Gamma Surv Infonnation 

100 ft 
1/14/1975 
6/13/1994 
169 

lYSlS otes Anal . N 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <= O 
Method Used to Compute Background : Threshold 0<val<50 

Depth(s) where Contamination Identified 36-42, 70-75, 80-86, & 86-95 Stable 
in Gross Gamma Surveys : 

Analyst Name: R.R. Randall 
Company Name : Three Rivers Scientific 
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p~ Dry Well Survey Analysis - Notes 

Borehole ~ I-Pl-()). Total # Surveys I 7 'J... 
# neutron surveys :3 

Probe Type CJ~ 
# GR Surveys ) {,, 1 
Presentation Plot Dates Log Date: J-1'/'~7£ 1rt µ-/l-r;,t Last 

Contamination Zone Depth(s): ---=----,---,------­
Isotope from Spectral Survey: C ? C" 71"f z b 

GAPS.Txt 
Survey Date num. Gaps num. Samples Comment 

lfl-ZONES.Txt 
SurvevDate Reason Selected num. Sarnnles Comment 

BackGnd. Txt 
SurvevDate Rr.uon Selected num, Samoles Fee.Clean Ava.Bkiz Comment 

(lf dil'Annt--from-1"~&-Lut-) -

Max Survey Depth I fJb 

Analyst Name-~-,;..,.-, :;;__ _______ _ S/W ver/ £G.,fz?/.> 2 . 2-. 
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HNF~353.l -REVO 
. . 

filein := "two70-75.txt'' Well 21-02-03 

A := READPRN(filein) yr :• A<l> 

N :• last(yr) N =:157 i :•O .. N 

'tCO :• 5.27 'tc;& :a: 4. 7 · 109 
800 := 00 

-(yri- 75) 111(2) 

Csi := acs·e ics 

ln(2} -()Ti - 75) ._ 
Co. := aco·e tco 

I 

grossi :• neti 
This data edited for spurious points 

bkg :=A~> 

k :• 0 .. 300 

acs := 40 

max:= A<4> 

j :• o .. 299 
'tell: .. 2.77 

Eu variables are 
Sb-125 aeu := 550 

600.----..... --r---,-----,i-----r--~--,---,----r----,----.----, 

200 

0 0 0 
0 

0 
82 · 7• 76 78 80 84 86 88 90 92 

}Ti 

· (YT· - 75) .____ · (YI'.· - 75) .____ 
[ [ 

ln(2} ln(2)]f 
ssq(al,a3) :• L grossi- al•e 

1 
~ +a3 ·e 

I 
f8U 

Given 

ssq(acs,aeu)•O l•l 

[:] := Mmerr(acs ,aeu) 
acs =36.937 aeu = 545.202 

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

out<O> :=yr out<l > :• tot WRITEPRN("twop70-75.txt") ::o: out 

Two comp decay 70-75.mcd 7/16198 

00 096· 

0 

94 

acs 
-=0.068 
aeu 

E"N 
-=0.114 
c6N 
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filein :• "two80-86.txt" 

A := READPRN ( filein) 

N :• Jast(yr) 

HNF::.353.1 -REVO 
Well 21-02-03 

yr:=A<I> net := A<7> bkg ::: A<t,> 

N=I59 i:•O .. N k :•0 .. 300 j :• 0 .. 299 
1'eu :-= 2. 77 

'tCIO := 5.27 'tCS :s 4.7•}09 8'0 :=00 acs :=35 Eu vartables are 
St>-125 aeu := 1800 

ln(2) -(yri - 75) · tell 

Eu. := aeu·e · I 

orn<1S. :• net o--- I I 

1500 

11'0"1 
0 

toti 
1000 

500 

0 
74 

I 

This data edited for spurious points 

76 78 80 82 84 86 
YI"j 

-(yr· - 75) ~ -{Yl· - 75) '---'-'-.[ [ ln(2) ln(l) ]]2 

ssq( al, a3) :• L grossi- al·e 
1 

1e1 +a3·e 
I 

wu 

Given 

ssq(acs,aeu)•O l•l 

[:] := Minerr(acs,aeu) 
acs =37.091 

lz(2) -(yri-75)~ 
Cs. := acs·e -

1 

88 90 92 94 

3 
aeu = 1.825•10 

acs 
-=0.02 
aeu 

out<O> := yr out<t > := tot WRITEPRN("twop80-86.txt") :c out 
E~ 
-=0.379 
~ 

96 

Two comp decay 80-86.mcd 7/16/98 

00 0~}8 
Page 1 
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HNF::353.l -REVO 

yr. 
l 

2500r----:--,---r----.---r----,---,-----,---..-----.---....-----, 

2000 

bkg1 6n. :=- gross.•·--- - tot 
1 .1 mean(bkg) 1 

200-----~-..... 
0 

- 0 

-200 

-400 ,____ _ _._ ________ _, 

70 80 90 100 

TWo comp deeay 80-86.mcd YI1 7/16198 

00 099 
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filein := "two86-95.bct" 

HNF::i35ll -REVO 
Well 21-02-03 

A :• READPRN(filein) ,_ A<l> yr .- net := A<l> bkg := A<t,> 

N :• last(yr) N = 161 i :•O .. N 

'tCO := 5.27 'tCS :a 4,7•109 aa, :=80 

ln(2) -(yri-7S)-
Cs. :• aes·e u 

ln(2) -(yri-75)-
Co. := aco·e ico 

I I 

gross. ::: net. 
I I 

This data edited for spurious points 

k :• O .. 300 
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HNF :: 353..1 ·REVO 

Borehole 21-02-04 

Contamination (Cs-137) from 0-8 feet is Stable 
Contamination ( Cs-13 7) from 8-15 feet is Stable 
Contamination (Cs-137) from 29-38 feet is Stable 
Contamination (Cs-137) from 38-62 feet is Stable 
Contamination ( Cs-13 7) from 62-7 4 feet is Stable 
Contamination (Cs-137) from 74-84 feet is Stable 

Contamination ( Cs-13 7) from 84-110 feet is Stable 
Contamination (Cs-137) from 125-134 feet is Stable 
Contamination (Cs-137) from 134-144 feet is Stable 
Contamination (Cs-137) from 144-148 feet is Stable 

Grade thickness products for each of the intervals listed above exhibit the same historical 
character. Early stages of instrumentation development for the red GM resulted in calibration 
changes prior to mid 1980. but apparent consistency after this time. AU zones exhibit decreases 
in grade thickness product consistent with Cs-137 (HPGe identified in zones below detector 
saturation) from mid 1980 to 1994. Note the reason for computina grade thickness products for 
discreet intervals within a contaminated zone is to analp.e for possible downward migration. 

oss ma urvey Or Garn s Inf• at' orm 10n 

Probe Type : 02: RedGM 
Other Probe Types : 04: NaI, 14: Shielded Nal 

Borehole Depth : 150 ft 
Survev Deoth : 150 ft 

First Survev Date : l/1S/1975 
Last Survev Date : 6/13/1994 
Number Survevs : 181 

Anal . N otes lYSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Backaround : Threshold O<val<50 

Depth(s) where Contamination Identified 0-8, 8-15, 29-38, 38-62, 62-74, 74-84, 
in Gross Gamma Surveys : 84-110, 125-134, 134-144, and 144-148 

Stable 1980-1994 

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

00 102 
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Gamma (els) 2> Gamma (els) 

0 100 200 T" 
0 100 200 

0 .... 8 I!> I o I Depth: 29-38 ft (Narrowl.n) 

10L ===-i &~---- I 10 

:s T"" 
)( 

20 f I i I :o ... I 20 • 0 

I 
30~ -I & 0 0 I 30 

I 
0 00 

T"" • ~ 0 X 

~ 
0 0 

40 ~ oO~ O I a. 0 0 0 40 
0 

I Cl:> 
Cs-137 Decay Line 

50 ~ /I I & 50 :I: 
T"" 

~ \ z 
i I ,, ..,. 

0 \ -60 

i 
I -60 : [ I 

ai 0 \ i vJ $. 2> \ ro C) -r- \ ~70 
V, 

~ Q. "" G) ..... 
0 a BO 80 0 0 - _, I 

0 

1:l( 
:::0 

90 _, I 
1975 1980 

fT1 
1985 1990 1995 < 

100 f -----~ , Date (Year) 0 
-20 -s 

110f< I f i15 I I 110 
G) 5 10 

120 f ') I ~ f ~ ~IHff!!tl!ttHH t t r t 't t f t t 1$ I 
120 

130 ~ 1 --100 I 130 r~ 80 

1401 
- U..) 1 o-§60-l I 140 

!- 40 
LL020 : ...,W • •• • . 150 I , (Wide Line) ..... ,....... . ......... .. . . • I 

. \ • . . ..... 150 . . . . . 
0 10000 20000 0 0 10000 20000 

Gamma (els) 
AnalyliB by: llfte RMn Sclenlific 

Gamma(c/s) 



( ( ( 

01/15/75 ·eorehole 21-02-04 Red GM 
06/13/94 

Gamma (els) 2> Gamma(c/s) 
0 100 200 T"" 0 100 200 

0 ~ 0 

Depth: 38-62 ft (NarroWl.ile) 
e-, 

10 2> 10 
r 

0 ., 
~ 20 p 20 

j 
& 30 - 30 tS T"" 

:::J 

~ ,:, CID 

40 e ~oOo 40 a. 0 0 .,, 0 .,, e, tP",,,,. Cs-137 Decay line . =:t: 
50 

., 0 
50 

~ 
T"" z 

~ 0 \ 
.,, 

~ 0 ti 
-60 \ -60 

1 
I "" - 0 \ -! & ~ ' ! V, 

-;: 70 C) 
..... 

£70 ~ - 8 0 eo ..... 
i- Q. 

T"" 
00 

CD 

080 0 
080 

' 0 ::c 0 

0 
Oo 0 JT'I 

90 90 < 1975 1980 1985 1-990 1995 
Date (Year) 0 

100 -20 100 
-s 

110 ti15 110 

~ 2 10 

IHfH tMHHt t f t t t f t 120 <f 5 f t r ti 120 

m 0 
130 l_jOO 130 

°' 80 -140 ~.i: 140 

(Wide line) . 
ILO 2Q . ~ ........ . 

150 ---~·-•·. ···.:·• ... . . . . \ I . . .... 150 I . 
0 10000 20000 0 • 10000 20000 

Gamma(c/s) 
MtJlysJis by. Thee Rlvens Sdrilc 

Ganvna(c/s) 



( C ( 

01/15ll5 Borehole 21-02-04 Red GM 
06/13/94 

Gamma(c/s) & Gamma (els) 
0 100 200 ... 0 100 200 

0 ~ 0 0 ... Depth: 62-74 ft (Narrow lile) 

10 0 
10 

& 

j 
..... 
)( 

20 0 20 CX) 

j 
Bo o 30 - & 30 

~ 8 ..... 

~ ~ 
0 

0 

40 0.. lo& 40 

I 
0 

50 & rPg9,_ Cs-137 Decay Line 
50 ..... 

)( \ 

~ ij \ 
\ 

-60 \ -60 

! t 0 

\ i & 0 ... ~ 570 C) ... ::; 70 
~ 

0 

!80 
Q. N CD 

0 C 80 
0 

0 

90 
0 90 
1975 1980 1985 1990 1995 

100 
Date (Year) 

100 -20 -s 
110 ti15 110 

I) e 10 

IHtH t*#HH f 120 ~ i 5 t t f ff t t f t tt 120 

m o 
130 (.-JOO 130 

~ 80 -140 c-j 60 140 

(Wldel.Jne) 
f 40 . 
u..O 20 .......... ~ .......... :··· .. . (Wide Line) 

150 . . . . 
' ' 

. . . ~- 150 . . . . I 

0 10000 20000 0 0 10000 20000 
Gamma(c/s) 

Analyail by: Three Rivenl SdenHc 
Gamma(c/s) 



( 

01/15ll5· 
Gamma (els) 

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

-., 
20 p 

15 
~ 
lS 
::, 

"O e 
a. 
:! 
CD 

~ 
:c .... 
-8 
~ 

90 

.. . ----- -- -------------------- - - ----------------

( 

; Borehole 21-02~4 Red GM 

Depth: 74-84 ft 

I 
0 

~ 0 

• 

i 
Cs-137 Decay Line 

•
0

00 \ 11000- O \ 
\ 

\ 

§ 
.... 

0 

\ 0 
0 

0 

0 
0 

0 0 __________ __,_..__......._~_..._--.-__._ ..__.....__.__--.-~ __..___..___.__~ 

1975 1980 1985 1990 1995 
Date (Year) 

( 

06/13/94 
Gamma(c/s) 

0 100 200 o-------

90 

100 

110 

120 

130 

140 

(Narrowl.ile) 

150 ....__....a.,__--'--_, 

0 10000 20000 
Gamma(c/s) 

:c 
z ,, 

: ( I 
· \>I 

V, 

~ ..... 
: I 

::::0 
rn 
< 
0 



C C C 

01/15r15 Borehole 21-02-04 Red GM 
06/13/94 

Gamma (els) Gamma (els) 
0 100 200 § 0 100 200 

0 0 co 
oo Depth: 84-110ft (Narrawl.ile) 

• 
10 10 -
20 p ~ 20 -Cl) 

,! 
30 - 30 -g • 

~ 40 0 40 0.. 

~ 
0 

II) 
II) Cs-137 Decay Line 

50 i ~ 
~o 50 :c 

~OoO \ 

~ 
Oo \ z 
Oo ~. O . \ 

-60 
.,, 

-60 0 0 0 \ .... i ~ 
I i : ( I 

J 0 \ \>,I 
;;10 C) 570 u, - ~ a. a. 
Cl) 0 ~ 80 

..., 
0 80 0 

0 

0 0 

0 
I 

90 
0 

90 .::0 
1975 1980 1985 1990 1995 1TJ 

Date (Year) < 
100 -20 100 0 -s 
110 411 i15 110 . i 610 

I HrH t iHHtt t r ff t t 120 <f 5 r f t t Ht 120 

m 0 
130 i,.JOO 130 

~ 80 -140 e1: 140 

(Wldel.lne) . 
u.020 ... ..i ••• • ~ , ....... ,:··· •• 

. (Wldel.Jne) 
150 . . . . 

' I . . """· 150 . . . . • 
0 10000 .20000 0 • 10000 20000 

Gamma (els) 
Analyais by: TITee Rlvels Sdenlitlc 

Gamma(c/a) 



( C C 

01/15/75 Borehole 2.1-02-04 Red GM 
06/13/94 

Gamma (els) § 
Gamma (els) 

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

Depth: 125--134 ft (Narrowln) 

10 10 

~ 
0 

0 0 

20 
If) 20 OQdlO 

°tioo o 

rP 
30 30 

0 

40 40 
0 01•,t,1,oe Cs-137 Decay Line 

50 § 
8 0 50 :r: 

0 \ 
\ z 'ot \ 0 

.,, 
160 0 -60 

0 \ ci ( I 

0 
~ 

\ ~ "" i70 \ -5 70 VI 

!8() ~ 
CD 0 ~ 

a 80 

0 0 
I 

90 
0 90 

;:c 

1975 1980 1985 1990 1995 rri 

Date (Year) < 
100 -;-20 100 0 

" 110 &i15 110 
; ~ 10 

IHtH t*,tHtt t f 120 ~ a 5 

f r f t t f t t tt 120 

I a 
130 i_jOO 130 

* 80 -140 a-§ 60 140 

(Wldel.ine) 
I!- 40 . 
1LO 20 .... ••-:-W•··•· :·--=··· ... . tWldalJne) 

150 
. . 

• • . ' • . . . ..,.,_ 150 
0 

. 
0 10000 20000 0 10000 20000 

Gamma(c/s) 
MIJlpJia by: Thee Rivers Sc::ienlfk: 

Gamma(cls) 



( 

01/15175 
Gamma (els) 

0 100 200 

( 

Borehole 21-02-04 Red GM 

0 ...--------- ~ .---------------. 

20 

90 

100 

110 

120 

130 

140 

0 

(J 

0 

0 
0 

~o !o o 

~8 
0 

o eo s 
0 0 

0 

0 

0 

Depth: 134-144 ft 

Cs-137 Decay Line 
\ 

\ 
I 

\ 
I 
\ 
\~ 

0 +-......._......_ _ ____..____,._..,,_____~_.__-.--___.___.___.,_.....__..--......._......_ ___ .----i 

1975 1980 1985 1990 1995 
Date (Year) 

-20-t------.----.-----.----'---,-----..---.---~-----.-~_._-------------4 -s 
&i15 
~ :::, 10 
CD e 
~ i s ttH tMtHtt f t f t f t t t t t f t 
mo~~-~~~~~~~~--~~------~~ 

~.JOO 
~ °' 80 

Jjoo 
(Wide Line) ._ o 40 • 

150 LL 20 ._..,..... . ._....:. •• ••-=-~•••: !•':••• •• • • • • I • \ 
0 . 10000 20000 0 _ _...._......__~ --..~--~_.__-.--___.___._~_.....__..--......._......_ _ __.__ 

. 
• • • -4W"I• 

Gamma(c/s) 
Analylis by:-Ttne RIYets Sdentllc 

( 

06/13/94 
Gamma (els) 

0 100 200 
0-e---------, 

10 

20 

40 

50 

.:;- 60 

J 
::C- 70 
i-
0 80 

90 

100 

110 

120 

130 

140 

(Narrowln) 

150 (Wide Line) 

0 10000 20000 
Gamma(cls) 

::c 
z 

: ' ;:o 
F'Tl 
< 
0 



( 

01/15ll5 
Gamma (els) 

0 100 200 
0 

10 

20 

30 

40 

50 

-60 
1 --10 

f 
~ 

' 08() 

-~ 
90 

),) 100 

110 

120 

130 

140 

(Wide Line) 
150 

0 10000 20000 
Gamma (els) 

--s 
t.. 

l 
~ 
~ 
CL 

= I 
~ 
CD 

~ 
C, 

§ 
N 

~ ..-

§ 
..-

~ 

0 

cP 
t9 
0 
0 

0 

0 

0 

( 

Borehole 21-02-04 Red GM 

Depth: 144-148 ft 

Cs-137 Decay Line 

\ 
\ 

I 

\ 
\ 
i 

0 0 1 0 

0 o 

1975 1980 1985 
Date (Year) 

1990 1995 

-20 
~ 

ti15 · 

~ 510 <f 5 
m 0 

g'..JOO 
~ ao · 

a,~ 60 

t.140 
1L020 

0 

. ...._..,...,_ ...... ~ ......... : .... . ..... . . . . . 
• • • I • \ I • • • ..,. 

( 

06/13/94 
Gamma (els) 

0 100 200 
o--------

10 

20 

40 

50 

-60 
i 
~70 
Q. 
CD 

C 80 

90 

100 

110 

120 

130 

140 

(Narrow Lile) 

150 ..._____...;.__--=-..., 

0 10000 20000 
Ganwnll(c/s) 

::c 
z 

: ( I 

"" u, 

: I 
:x, 
rn 

- 0 



( ( ( 

Borehole 21-02-04 Red GM 

0 j ~~~~ r <.:.:i ( f ._f ( ( ( ( ( ( ( ( I I I I ( 

10 

20 

30 

40 

50 

_ 60 
G> 

o J!! 70 
o._,, 
~ £ 80 
~ C. 
~ ~ - 90 

100 

110 

120 

130 

140 

150 

160 

~-~~Ji-is S ~ L~ ~ )' -l , ~ ~, 4-_ - -1 

1975 1980 1985 
Date f(ear) 

1990 1995 

:J: 
z ,, 

: ( I 

\>I 
V, 

~ ..... 
: I 

:::0 
rn 
< 
0 



( C ( 

Borehole 21-02-04 Depth Shifted - Tool 02 Red GM 

o 1 w \.;MJ LlJ__UJbL~ ~ \ \ ~ ~ ~ ~ ( ( \ \ ( I l 
10 

20 

30 

40 

50 

lf60 
g ~ 70 

~ £ 80 
~ a. 
~ ~ 90 

100 

110 

120 

130 

140 

150 

~ L ~.:_ >6::...__~t;p ~ ~ 

160 I JI I I I J , I I J t I ' J 1 1 

1975 
) I I , I I l J I I I I I I I ,I J f ' I I I 

1980 1985 
Date (Year) 

<)? 
c l 

I I I I I I I r 

1990 1995 

:c 
z .,, 

: t • 

"" u, 
~ .-

: I 
::0 
rn 
< 
0 



HNF::353.1 -REVO 

Dry Wel1 Survey Analysis - Notes @ 
II l°I ) '!J'I 

Total # Surveys J..A ff Probe Type D lf I 1/- 0 A-
# neutron survey---;--yr # GR Surveys ) B" J 

~ -I, -2 '7 Last Presentation Plot Dates ----:e----
. at dillcmtt from 1 • .t LHI) 

~,x 
Yorcholc g /- CJ~ -0 1/ 

Log Date: /- J ,~ 7[' 1 •1 

Contamination Zone Dcpth(s): _____________ _ 
Isotope from Spectral Survey: ______________ _ Max Survey Depth __ 

GAPS.Txt 
SurvevDate num. Gap.t num. SarnpJe, Comment 

I-fl-ZONES. Txt 
Survey Date Reason Selected num. Samples Comment 

\. .,/ 

BackGnd. Txt 
Survev Date Reason Selected num. Samples Fea.Clean Av~.8kl( Comment 

Analyst Name 
7

~ SIW ver Jr"~~ ;2, 7--

,v, 115 
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HNF.:.353.1 -REVO 

Borehole 21-02-06 

Contamination (Co-60) from 34-46 feet is UNSTABLE 

Grade thickness product over 34 to 46 feet is increasing starting 1975 and rapidly 
decreasilli at different rates until 1984, from which time the &f8(le thickness product is 
consistent with the Co-60 (HPGe identified) decay. A depth shifted and expanded stack 

plot is provided as an aid to demonstrating no vertical zone chanses. indicating no 
vertical contaminant migration. Additionally, a Ru-106 plus Co-60 decay curve is 

presented for relative indications of intensity, but no least squares fitting is performed 
since instability is still present. However, possibilities of Ru-106 may prove significant 

for other investigations and should be pointed to as possible. 

oss urvev ormation Gr Gainma s In£ 
ProbeTVl)C: 04:NaI 

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

Survev Deoth : 100 ft 
First Survev Date : 1/14/1975 
Last Survev Date : 6/13/1994 
Number Survevs : 171 

Anal . N otes IYSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values: <=O 
Method Used to Compute Backwound : Threshold 0<val<50 

Depth(s) where Contamination Identified 34-46 UNSTABLE early 
in Gross Gamma Surveys : 

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

00 117 
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Dry Well Survey Analysis - Notes 
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Borehole 21-02-07 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of iamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet. 

Gt- G oss s amma urvey Inf• ormation 
Probe Type : 04: Nal 

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

Survey Depth : 100 ft 
First Survev Date : 1/14/1975 
Last Survey Date : 6/13/1994 
Number Surveys : 179 

BlYSIS o es Anl . Nt 

Number Surveys Rejected : 0 

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

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

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

n.n 123 
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Dry WeH Survey Analysis - Notes 

Probe Type O j 
# GR Surveys t 7'f 
Presentation Plot Dates LogDate: l-1'f-7r 1'1 

Total # Surveys } ~ I 
# neutron surveys ~ 

& - rJ - '2'1: Last 
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GAPS.Txt 
Survey Date num. Gaos num. Samoles Comment 

ID-ZONES. Txt 
Survey Date koason Selected num. Samolcs Comment 
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BackGnd. Txt 
Survev Date Reason Selected num. Samoles FM.Clean Ava.Bkll Comment 
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Borehole 21-02-11 

No Gamma Ray Emitting Contamination was identified. 

No si&nificant levels of iamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet. 

Gr Gamm s lnfi oss a urvey ormation 
ProbeTvoe : 04: Nal 

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

Survev Deoth : 100 ft 
First Survev Date : 1/14/1975 
Last Survey Date : 6/13/1994 
Number Surveys : 156 

Anal . N otes lVSlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=-0 
Method Used to Comoute Back2Tound : Threshold O<val<50 

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

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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~x Dry Well Survey Analysis .. Notes 
v 

Borehole ; /-P~- // Total # Swveys /£Y Probe Type tJ ti 
# neutron surveys ;?,. # GR Surveys / J'/, 

Log Date: /-/'f-rf l" fl-(~- o/'t Last Presentation Plot Dates,,...--~--..-......,,--,---
(lfdiJferenr 6um 1• .1: 1.a,1) 

Contamination Zone Depth(s): .......,.....__,.~---------­
Isotope from Spectral Survey: ~ ,r;;; @ ~ 

GAPS.Txt 
Survey Oare mun. Gaos num. Samolea Comment 

ID-ZONES Txt 
SwvevDate Reason Selected num. Samoles Comment 

y ' 

BackGnd. Txt 
Survev Date Reason Selected num. Samoles Fea.Clean Avg.Bkg Comment 

Analysis Notes 

Max Survey Depth I OD 

T 

Analyst Name ~ S!W verT,F6l(t¥,tr d-- 2-
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Borehole 21-03-03 

Contamination (Ru-106) from 60-80 feet is Stable late 

Grade thickness product over 60 to 80 feet increased starting 1975 and from mid 1976 
exhibits the decay rate ofRu-106 (hypothesis) down to background levels near 1980. 

Gr Ga oss s mma urvey Inf; ormation 
Probe Type: 04: Nal 

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

Survey DcDth : 100 ft 
First Survev Date : 1/14/1975 
Last Survev Date : 6/17/1993 
Nwnber Surveys : 324 

1ys1s o es Anal. Nt 

Nwnber Surveys Rejected : 0 
I 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Backllround : Threshold O<val<SO 

Depth(s) where Contamination Identified 60-80 Stable late 
in Gross Gamma Surveys : 

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

00 132 
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v . (?X 
Borehole 11-0 :J - 0 J, 

Dry WeJJ Survey Analysis .. Notes 

Probe Type OJ/ Total # Surveys ;~ 2. r 
# neutron surveys 't 
k-1'1 .. ,1 Last 

# OR Surveys :3 ~ 4-< 
Log Date: I-JI(,, 7r I,t Presentation Plot Dates _______ _ 

(If diJfcralt from 1 • .t Lue) 
Contamination Zone Depth(s): ____________ _ 
Isotope from Spcctral Survey: C, t;l" "4¥ C p -&;:, Max Survey Depth I t?i!/ 

GAPS.Txt 
Survev Date num. 0.01 num. Sam0lea Comment 

ID-ZONES Txt 
SurvevDate Reason Selected lnum. Samples Comment 

c, L u,_J ~ - ; -,.. .,.., ,,. --~~ .✓J,,. __ - ~-
r f' / '/ 

~ 

BackGnd. Txt 
Survev Date Reason Selected num. Samples Feo.Clean Aw.Bk1r: Comment 

Anal sis Notes 

Analyst Name .c_:::? ~ SIW ver TFk~~ 3 .'2.. ---:7.,C.,~~~-"'--------- - -
00 136 
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Borehole 21--03...05 

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

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

The least squares fit results in gross gamma contribution ratio of 
Ru-106 to Co-60 of7.7 as of Jan 1975. 

oss a urvey Gr Gamm s Inf; af orm ton 
Probe Type: 04: NaI 

Other Probe Types : 14: Shielded NaI, 01: Green GM, 
02: Red GM. & 03: Neutron 

Borehole Depth : 100 ft 
Survev Depth : 100 ft 

First Survev Date : 1/14/1975 
Last Survey Date : 6/17/1993 
Number Surveys : 332 

IYSIS 0 S Anal . N te 

Number Surveys Rejected : 0 

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

Depth(s) where Contamination Identified 60-80 Stable 
in Gross Gamma Surveys : 

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

no 1.37 
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Dry We11 Survey Analysis .. Notes iJ. 

v 
BorehoJe Zl-t?J- OF 

;1- -;12- 1 ""T" I 

Total# Surveys JI-/ 3 Probe Type DI-/ DI D 1- JJ-/ 

Log Date; j-Jt.f ..- I) Ist 
# neutron surveys ;;- # GR Surveys z~l-
f-J ?-CZ, Last Presentation Plot Dates-,--_,_.....,.... __ _ 

(lfdift"erent 6-o(n 1• & l.111) 

Contamination Zone Dcpth(s): -=---..------=---------,---­
Isotope from Spectral Survey: r"i .\kusJa.wy' · Ct> {fzR-7,•I 

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

HI-ZONES. Txt 
SurvevDate Reason Selected num. Samples Comment 

0 ~ /_ .,,,, V'/J n, ..,_ ., b~- 'w¥ ,.,,, -
~ (/ 

Max Survey Depth ( DO 
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BackGnd. Txt 
Survev Date Reason Selected num. Samoles Fca.Clean Avg.Bkg Comment 

'1-J{J Analysis Notes 
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filein := "two. txt" 

A := READPRN ( filein) 

N := last(yr) 

'tCO :c 5.27 'tCS ;:: 30.17 

-(yri - 7S)·J~) 
Cs1 := acs·e 

HNF-:. 3531 - REV 0 

Well 21-03-05 

net:= A<7> bkg := A<.6> max:= A<4 > 

N =317 i :"' O .. N 

aro := 650 

k := 0 .. 300 j :c o .. 299 

acs := 0 

ln(2) -(yr-- 7S) ~ 
I 'rllU 

Bui := aeu ·e · l 

368.2 
-teu :=--
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HNF-:353.l -REVO 

Borehole 21-03-07 

Contamination (Cs-137) from 2-10 feet is Tank Farms Activity 

Grade thickness product over 2 to 10 feet increased April 27, 1977, from this time, the 
interval is decreasing consistent with a least squares fit for Cs-137 (HPGe identified) and 
Ru-106 (hypothesis) from April 27, 1977 to June 17, 1993. However, the rapid change 
character is indicative of tank farms activity such as transfer line proximity. The least 
square fit results in gross gamma contribution ratio ofCs-137 to Ru-106 of0.30 as of 
July 1, 1977. Even ifno Ru-106 is present, it was added for relative comparison that 
mi&ht be useful for other studies as a possibility. Note readings between 6/29/82 & 

11/16/83 are artificially low due to incomplete logging of entire interval. 

ross a urvey G Gamm S ti orma on 
Probe Type : 04: Nal 

Other Probe Types : 14: shielded Nal & 03: Neutron 
Borehole Deuth : 95 ft 

Survcv Deoth : 9S ft , 

First Survev Date : 3/3/1976 
Last Survev Date : 6/17/1993 
Number Survevs : 271 

Anal . N otes lySlS 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <-0 
Method Used to Compute Background : Threshold O<val<50 

Depth(s) where Contamination Identified 2-10 Tank Farms Activity 
in Gross Gamma Surveys : 

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

143 



C 

03/03/76 
Gamma (els) 

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

10 

20 

30 

£ 
~50 
0 

60 

70 

80 

90 

-(I) 

p -Q) 

~ 
0 
:::, 

"8 ... 
0.. 
(I) 
II) 
Q) 

~ 
:.c 
I-
Cl) 

"O 
a, ... 

C) 

§ 
..... 

0 

~ 
8 
~ 

~ 
§ 
(") 

0 

§ 0 

N 
0 0 

§ 
0 -

( 

Borehole 21-03-07 

Depth: 2-10 ft 

Cs-137 Decay Line 
I 

\ 
\ 
\ 

\ 
\ 
¾ 

0 
0 0 

0 O 0 

0 

D o 
0 0 0 

0 

0 o 
oo 00 0 

Oo 

0 

0 

0 

0 

0 0 0 0 
0 

0 +--~,.:::,IIIIIQ._.&. __ .__..---_.___.____.____.,_..___-,.-_.___.____.__.___--.--__.___..___,__.____. 

1975 1980 1985 
Date (Year) 

1990 

. .J.Htt!HHHftH!HHHtHHtH!H I f ! ! 

... SI I 4 d lps 1 Ii' 1111111.u& •••••••••• I I • • • • • • • • • • • • • • • • • • • • • • • • • 

.. 

1995 

Analysis by: Ttne Rlver1 Soienllfic 

C 

06/17/93 
Gamma (els) 

0 100 200 o-----

10 

20 

30 

_40 

1 -= g-50 
0 

60 

70 

80 

90 

(Wide Line) 100 .-.__;;..... _ ___,;.__, 

O 500 1000 
Gamma (els) 

:c 
z .,, 
t 

\>I 
\11 

"" ...... 

I 
;o 
fT1 

< 
0 



C 

03/03/76 
Gamma(C'Js) 

§ 
0 

o 100 200 
,-... 

10 
~ 

~ 
0 • 

j 0 

~ 
20 -ts 

:::, s "8 ... 
Q_ 

30 :g 
Cl) ~ ~ 
:c 

,....40 I- 8 
1 ~ 0 

aJ N ... 
£ 

C) 

g. 50 § 
0 -

60 0 

1975 

-;;-50 
70 ~40 

a, "'C 
01 C 3Q I!!:::, 

80 
~ e 20 

O> 
<t 110 

a) 0 

90 
~,..JOO 
c'#. 80 GI-; 60 

[J 40 

100 
u.O 20 

0 

0 

C 

Borehole 21-03-07 

Depth: 2-10 ft 

Cs-137 Decay Line 

0 0 

\ 
\ 
\ 
' \ 

0 O 0 
00 \ 

0 0 

0 

1980 

0 
0 O 

0 0 0 

0 

0 

00 o 
0 0 

1985 
Date (Year) 

0 O 

0 

0 
0 

0 0 0 0 0 

1990 

-HHHHHfrtHH!H!HHH!H!H t l ! ! 

e .. Jl I a 11 *' --• • e • e • e e •••I• I•••••• e • • • e e • • • • e • • • • • . . 
.. 

\ 

1995 

Analysis by: Tiree Rivers Scientific 

( 

06/17/93 
Gamma (C'ls) 

0 
T'"o __ 1_00 __ 200~ 

~ 
z 
"Tl 
. I 
\J,.I 
V, 
\,,I ..... 

£j I 

i-50 ::::0 
Cl l"T1 

< 
a 

60 

70 

80 

90 

100 (Wide Line) 

0 500 1000 
Gamma ·(c/s) 



C 

10 

20 

30 

~ 40 
Q) 
Q) -~ 

~ .c 50 
+"' 
C. 
Q) 

Cl 60 

70 

80 

90 

C ( 

Borehole 21-03-07 

1 00 ..,__,__..,..,..............._._,._.._.......,....... ............... l.....l..-+,-l-........,__.___----'---+--'--__.,__....__..,,........___...~-.----'--r-~~r--r--+-

1975 1980 1985 
Date <:(ear) 

1990 1995 

I 

:::0 
rn 
< 
0 



. ,x 
'--iorehole A/- 0J-1}1 

Log Date: z -J- 7t l tt 

HNF-. 3531 -REVO 

Dry Well Survey Analysis - Notes 
I 

Total # Surveys 6 f P 
# neutron surveys 1 
~-l Z-o/1 Last 

Probe Type Q 11 I >I 
# GR Surveys $2. 7 / 
Presentation Plot Dates ---------(Ifdiff'erent from 1• .t Laat) 

Contamination Zone Depth(s): __ ____,,,__... ________ _ 
Isotope from Spectral Survey: _C_p_ .... k ...... 1-J--"'-----------­

~ 

Max Survey Depth lf 
~JJM.~D GAPS.Txt 

Surv Date 

Survev Date Reason Selected num. Samples Fea.Clean 

AnalystName ~ ~ 

1-ll-ZONES.Txt 

BaclcGnd. Txt 
Avg.BkR Comment 

S/W ver tJ=C p!,p%.~e ~ 
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filein :::: "two. txt" 

A:= READPRN(filein) 

N :o last(yr} 

"tCO := 5.27 tcs := 30.17 

( ) 
h(2) 

- yri-75 "-;:;-
Cs1 := acs·e 

HNF-3531 -REVO 

Well 21-03-07 

net := A<1> 

N =189 i :c O .. N 

aco := 00 

bkg := A<6 > 

k :"' 0 .. 300 

acs := 2000 

8f'OSSi != neti 
This data edited for spurious points 

j :" 0 .. 299 
-teu := 8.5 

aeu :Cl 2000 

600().-----r------r----r------r-----,-----,----,-----,-----, 

5000 

4000 
groni 

0 
toti 

-- 3000 

2000 0 

0 o,----~------
0 0 

0 
0 0 

1000'----...I---__J'----......__ __ _... ___ ...1.-__ --1. ___ .L..... __ __._ __ ___,J 

% H M ~ ~ ~ ~ ~ ~ ~ 

acs := 2800 aeu := I 0000 
-teu :• I 

-(yr, - 75)- -(yr- - 75) '--'-'-
[ [ 

ln(2) ln(2) ]]2 
ssq( al ,a3) :sa L grossi - al ·e I ~ + a3 ·e l ~ 

Given 

ssq(acs ,aeu)•0 

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

out<:O > := yr out<1 > :"' tot 

V 

Two component decay.med 

3 a.cs= 2.831 •IO 
3 

<XeU =9.418•10 

tot := Cs. + Eu. 
I I I 

~ = 0.301 
aeu 

E~ --1 

WRITEPRN("twop.txt") := out 
-= 1.408•10 
c~ 

6/29/98 
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HNF-.3531 -REVO 

Borehole 21-03-11 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1976 and 1993 in the vadose zone from 2 to 100 feet 

oss mma urvey Gr Ga s Inf• ti onna on 
Probe Type : 04: Nal 

Other Probe Types : 14: Shielded Nal & 03: Neutron 
Borehole Deoth : 100 ft 

Survey Dcoth : 100 ft 
First Survev Date : 3/2/1976 
Last Survey Date : 10/5/1993 
Number Survevs : 154 

An 1 . N otes atys1s 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Background : Threshold O<val<50 

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

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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Borehole )J-oJ- JI ; 

HNF-3531 -REVO 

Dry Well Survey Analysis - Notes 

Tota) # Surveys ~ 1f 'f 
# neutron survey~ 

Probe Type '0 f 
# GR Surveys 
Presentation Plot Dates Log Date: '2-J.-2b 1 at lf+-.... 0(J Last--

Contamination Zone Depth(s): __ fJ_<rl'\l ____________ _ 
------(J( cturcren, lhJl1I 1 • .t l.a•O 

lsotopefrorn Spectral Survey: C5 lw,j2'1N-4/ ee 1ktvtfi''/llr Max Survey Depth ) 00 
' 

GAPS.Txt 
Survey Date ntlln. O&ns mun. Samoles Comment 

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

i- -7f .. .J:.-#J r 

7rt) -L 1AI ~---
/ , 

-
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BackGnd Txt 
Survey Dare Reason Selected num. Samples Fea.Clean Avg,BkR Comment 
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HNF-3531 -REVO 

Borehole 21-03-12 

Contamination (Cs-137) from 15-35 feet appears Stable 

Grade thickness product from 15 to 35 feet is decreasing consistent with 
Cs-137 from 1983 to 1993. However, there is some question of exceeding high count 

rate limits for this interval, particularly prior to 1983. 

G G ross aroma s urvey Inf; ormation 
Probe Type: 04: Nal 

Other Probe Types : 14: shielded Nal & 03: Neutron 
Borehole Det)th : 100 ft 

SurveyDet>th: 100 ft 
First Survev Date : 7/24/1980 
Last Survey Date : 6/17/1993 
Number Surveys : 80 

Anal . N otes IYSlS 

Number Surveys Rejected : 0 
I 

Lower Threshold for Bad Survey Values : <=0 
Method Used to Compute Background : Threshold 0<val<50 

Depth(s) where Contamination Identified 15-35 Stable 
in Gross Gamma Survevs : 

Analvst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.l "'REVO 

Dry Well Survey Analysis - Notes 
Ip'/;' \_.;' fl ,t 

Borehole J /-bl - / 2- Total # Surveys ( () ( 
# neutron surveys 3 

Probe Type CJ>/ 
# OR Surveys f"/J 
Presentation Plot Dates LogDate: 7-2f-t/l1,. b..,/2-?~ Last 

Contamination Zone Depth(s): _.£,.;) 5';....._.j;-l-~---------
--------(1(dUflll'Ctlt6-om J• .t WII) 

lsotopc from Spectral Survey: ____________ _ Max Survey Depth J 00 

GAPS.Txt 
Surv Date num. Ga s num. Sam les Comment 

HJ-ZONES. Txt 
Surve Date 

BackGnd. Txt 
Survey Date Reason Selectod num. Samoles Fco.Clean Av2.Bksz Comment 

,~-Jr~ Analysis Notes 

-
tt- /,,,b K C/t; ,.g~_._; b~~ • - ~·- ./_ ~ . L __ r o / - -
.A"L.LI .... / 

,,, 

, 

; 

,07$ 
Analyst Name r-,.. ------------ S/W ver Trb~ ~ 2-
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HNF-3531 -REVO 

Borehole 21-04-01 

Contamination (Cs-137) from 2-20 feet is Stable 

Grade thickness product from 2 to 20 feet is decreasing consistent with 
Cs-137 (HPGe identified) decay from 1977 to 1994. 

The levels are near threshold. 

Oro Gammas ss Inti f urvey onna 10n 

Probe Type : 04: Nal 
Other Probe Types : 02: Red GM 14: Shielded Nal. 03: Neutron 

Borehole Depth : 100 ft 
Survey Deoth : 100 ft 

First Survev Date : 2/24/1977 
Last Survey Date : 3/25/1994 
Number Surveys : 273 

Anal . N otes 1ys1s 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Comoute Back2rom1d : Threshold O<val<32 

Depth(s) where Contamination Identified 2-20 Stable 
in Gross Gamma Survevs : 

Analyst Name : R.R. Randall 
Company Name : Three Rivers Scientific 
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HNF-3531 -REVO 

Dry Well Survey Analysis - Notes 
I ( 

\.....I 
Borehole 2/-t>J/- P I 
Log Date: i-~"/, Z? I" 

Total # Surveys ~ ? 2 
# neutron surveys 6 
~-ZF-t'f- Last 

Probe Type · t>f b~ J'f 
# GR Swveys i 7 '3 
Presentation PJot Dates --,--_,...,~~-

(J(diffemrt 6oin 1• A Laal) 

Contamination Zone Depth(s): ____________ _ 

Isotope from Spectral Survey: C£ ~ ~~ (~Jll.nw?) Max Survey Depth I OtJ 

GAPS.Txt 
Survey Date mun. Gaos num. Samoles Comment 

HI-ZONES.Txt 
Survev Date Roason Selected num. Samnlca Comment - .,, J .I I 

J/ __ _.,~ - ..- -- v_ - - · -~- ,I _L. Jf 
- r , 

~~ 

t--,'' 

BackOnd. Txt 
Survev Date Reason Selected num. Samples Fea .Clean AvR.Bkl{ Comment 

/ A 

~J _.,,_~~ 
V' •· ,'..A 

y /Wt£"" 71)) . L.----" 

J,-//Af.~ ,,,.,. ., .... Analysis Notes 
? ... / ~,., ;' J - :_ ~ ~ /__/ 2-7-P,; ·- - _/ ~ -- /-_ , ~- J__.. 

LL b-:!:.fJt"-< ';#~ 111V .~ ~~ 
/ __ ~ z-. 

},_,/,r, ........ _ _L -,hze ,,,'-r- '7":Z,L ~ - L _,,.,,,_ 
'T , .... . . . 

~~ Analyst Name_£!__ __________ _ 
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Borehole 21-04-03 

Contamination (Cs-137 & Eu-154) from 0-12 feet is Tank Farm 
Activity early, stable late 

Grade thickness product over Oto 12 feet exhibits chan~g behavior from Jan 14. 1975 
until Jun 1, 1982. Also from Jun 1, 1982 until Feb 8, 1984 readings arc artificially low 

due to incomplete logsing of entire depth interval. From Feb 8, 1984 until Mar 25, 1994 
the interval is decreasing consistent with a least squares fit for Cs-137 (identified from 

HPGe detector) and Eu-154 (identified from HPGe detector). Note the Co-60 identified 
from HPGe data is too low to observe with aross gamma response. The least square fit 

results in gross gamma contribution ratio ofCs-137 to Eu-154 of 6.0 as of Mar 25, 1994. 

ross a urvey onnatJon G Gamm S Infi 
Probe Type : 04: Nal 

Other Probe Types : 14: Shielded Nal 02: Red GM, 03: Neutron 
Borehole Depth : 100 ft 

Survev Depth : 100 ft 
First Survev Date : 1/14/1975 
Last Survey Date : 3/25/1994 
Number Surveys : 389 

lYSlS Otes Anal . N 

Number Surveys Rejected : 0 

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

Depth( s) where Contamination Identified 0-12 Tank Farm Activity early, Stable late 
in Gross Gamma Survevs : 

Analvst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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Dry WeU Survey Ana1ysis - Notes 
I ( 

Log Date: }-I 1/-7.F 1 tt 

Total# Surveys ~ 2.tf 
# neutron surveys :$ z -~- ')"?' Last 

Probe Type D 1./ · If t,2. 
# OR Surveys ~ l':! 
Presentation Plot Dates j ,"L0-7S­

(1£di6enml &am 1• & r..ut) 

Contamination Zone Depth(s): ____________ _ 
Isotope from Spectral Survey: C-,s Jiµ Co k -- -- - 8Anv'~, Max Survey Depth IG'I 

GAPS.Txt 
SUNeV Date num. Oaos num. Sample, Comment 

ID-ZONES. Txt 
Survey Date Reason Selected inum. Samples Comment . 

F~ 1,-U.- ~;z 7, ~ -i' _,,,, . L.,t r -
_,,-1;_ '7-:: ~ r .,,, 
, y 

_/ 

BackGnd Txt 
Survey Date Reason Selected num. Samples Feo.Clean AvSl.Bka Comment 

t-1.fJ ~ t••.:t 
IYSIS otes Anal N 

&7,,,, ~L- // /t:,,, _,o~., ~ 
,. L---~~ .,~ / -~- -

• r y -

y 

Analyst Name ~ ~ S/W ver [E~Z.2-
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filein := "two.txt" 

A := READPRN(filein) 

N :a last(yr) 

tCO := 5.27 tCS := 30. )7 

HNF-_}531 -REVO 

Well 21-04-03 

N = 82 i :,. O .• N 

aco := 00 

bkg := A<6 > 

k :m 0 .. 300 

acs := 3000 

j := 0 .. 299 

) 
ln(2 ) 

- (yr. -75 -
I teU 

Eu1 ::: acu·e ·1 

This data edited for spurious points 

-reu := 8.5 

aeu := 1500 

60()()....----,.------r---.-----.---....---..-----.-----.----,----,----, 

5000 

~ 
0 4000 

toti 

3000 

0 
0 

0 

0 
0 0 

0 0 

0 0~ 
0 

0 2000 ,.__ _ __......_ _ __,_ __ _.._ __ _._ __ __.__ _ _ ..__ _ ___. __ __._ __ __.."---_-' 0~ 

94 84 85 86 87 88 89 90 91 92 93 
Yl"j 

-(yr-- 75) ,__ - yr. - 75)------
[ [ 

ln(:Z) ( ln(:Z ) ]]2 

ssq( al ,a3) :.; L grossi - al ·e 
1 

'11)11 + a3·e 
1 

'!al 

Given 

ssq(acs , aeu)•0 

[
acs] := Minerr(acs ,aeu) 
aeu 3 acs = 3.029•10 

ln(2) -(yri - 75)--;;;-
Cs. := acs-e 

I 

ln(2) -(yri-75)--;;-
Eu. :=aeu·e 

I 

3 aeu = 1.568•10 

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

acs 
- = 1.933 
aeu 

EuN · 

out<O> := yr ou(1 > :=tot WRITEPRN("twop.txt") :"' out 
-=0.168 
c~ 

9S 

~ - = 5.96) 
B~ 

Two component decay.med 6/30/98 
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3500 ~----~-------~--~-------------

3000 

2500 

2000<-----'-----L--...I.---L------L--....l-----'-----'----L,IL---...I.----...J 
84 8S 86 87 88 89 90 91 94 95 

5000,------r----r---~---.--.......----r---..------.-----r----,-----, 

4000 

bqi 
gross. ··--­-1 mOUl(bkg) 3000 

toti 

2000 

l000 

l\ := grossi - toti 

soo 

6· I 0 

-500 
80 

84 

Two component decay.med 

8.5 

85 86 88 89 90 91 92 93 94 95 

yri 

bkgi 
6n. :: gross. - tot. 

' i mean(blcg) i 

6i -- 0 
~ 

90 95 80 8.5 90 95 
yri yri 

6/30/98 
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HNF'.'."_35}.l -REVO 

Borehole 21-04-04 

Contamination (Cs-137) from 2-25 feet is Stable 

Grade thickness product from 2 to 25 feet is decreasing consistent with 
Cs-13 7 (HPGe identified) decay from 1977 to 1994. 

ss amma urvey Gro G s Inf• ti onna on 
ProbeTvoe: 04:Nal 

Other Probe Types : 14: Shielded Nal. 02: Red GM 03: Neutron 
Borehole Denth : 96 ft 

Survev Deoth : 96 ft 
First Survev Date : 5/4/1977 
Last Survey Date : 3/25/1994 
Number Surveys : 338 

IY81S o es Anal ' Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <= O 
Method Used to Compute Back2found : Threshold O<val<32 

Depth(s) where Contamination Identified 2-25 Stable 
in Gross Gamma Surveys : 

Analvst Name : R.R. Randall 
Comnanv Name : Three Rivers Scientific 
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HNF-:353.l - REVO 

~ X Dry Well Survey Ana 
"-" 
Borehole 2/-PJf - Pf Total # Surveys H 1.... 

# neutron survey~ 

Iysis - Notes 
I L 

Probe Type b1/ J't 
C),.. 

# GR Swveys ~,..r 
Presentation Plot Dates LogDate: FJ-/-7?1 11 ~~ll-1'!' Last 

Contamination Zone Depth(s): __,".,.._r_-_2--_r._/t: __ t;t __ 
Isotope from Spcctral Survey:--~--~-------

([( dilftren( 6-om ,. 4l La.c) 

Max Swvey Depth ft 

GAPS.Txt 
Su Dato mun. Ga I num. Sam lea Comment 

HI-ZONES .Txt 
Jes Comment 

BackGnd.T xt 
Comment 

s 

r.l~ , 

AnalystName ~ ~ S/Wv er lf~M¥ 2 ~ 
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Borehole 21-04-06 

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity 
Contamination (Cs-137) from 8-20 feet is UNSTABLE, Stable late 

Grade thickness product over Oto 10 feet demonstrates radical changes indicative of tank 
farm activities. The higher readings from mid 1984 to last readings may be affected by 

hi&h count rate limitations. but are still sianificantly hia}ler than from 1975 to 1982. The 
grade thickness product over 8 to 20 feet also shows some changes that may be caused by 

the upper interval. However, since 1985 this interval shows a decrease consistent with 
the natural decay of Cs-13 7. 

Information 
04: Nal 
14: shielded N 03: Neutron 
100 ft 
100 ft 
1/14/1975 
3/29/1994 
392 

Anal . N Otes lYSIS 

Survey Dates Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Back2round : Threshold O<bk~O 

Depth(s) where Contamination Identified ·0-10 Tanlc Fann Activity, 8-20 
in Gross Gamma Surveys : UNSTABLE Early 

Analyst Name : RR. Randall 
Company Name : Three Rivers Scientific 
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HNF-.3531 -REVO 

·fX Dry Well Survey Analysis - Notes 

Yoreho1e X/ -Otf -()It, Total# Surveys ? 'J7 
' 

I 
Probe Type O 1 JI/ 
# GR Surveys ;3 9 ~ # neutron surveys 't 

Log Date:)-) J,/1- t ~ l st .-,-2-2,-"t If Last Presentation Plot Dates I -) t:J-?~ 
(If diff'erent from I iii .t. La11) 

Contamination Zone Depth{s): ~ ~;....:, --=S-_..=:;~i__::;;.F-_-..;.:::d_-_____ _ 
Isotope from Spectral Survey: _....C ... x.......:a#i;.../;;=-:..a:«1....-:::"Z""--Ji:ti:z:~.J=~",:;a:_....;;:M-~2 ..... £ __ Max Survey Depth l em 

GAPS Txt 
Survev Date mun. Gaos num. Samoles Comment 

HI-ZONES. Txt 
Survev Date Reuon Selected lnum. Samolea Comment 

~ -

BackOnd. Txt 
Survev Date Reason Selected mun. Samoles Fen.Clean Av~.BkR Comment 

S!Wver~~ ... 2-
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Borehole 21-04-08 

Contamination ( Cs-13 7) from 0-14 feet is Stable 
Contamination (Co-60) from 59-65 feet is Stable 

Contamination (Co-60) from 80·100 feet is Stable 

Grade thickness product from 0 to 14 feet is decreasing consistent with 
Cs-137 (HPGe identified), even thouib the logging system was not desianed to operate 
near the surface or bottom of the well. Also. during 1983. the top 2 feet of the well was 

not logged. Grade thickness product from 59 to 65 feet is decreasing consistent with 
Co-60 (HPGe identified), and at very low levels. Grade thickness product from 80 to 100 

feet is decreasing consistent with Co-60 (HPGe identified). 

ross a urvey ormation G Gamm S Inf• 
Probe Type: 04: Nal 

Other Probe Types : 02: Red OM. 14: Shielded Nal. 03: Neutron 
Borehole Deoth : 100 ft 

Survev Deoth : 100 ft 
First Survev Date : 5/4/1977 
Last Survev Date : 3/25/1994 
Number Survevs : 346 

lVSlS otes Anal . N 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <-=O 
Method Used to Comoute Back2round: Threshold 0<val<50 

Depth(s) where Contamination Identified 0-14, 59-65, & 80-100 Stable 
in Gross Gamma Survevs : 

Analyst Name: R.R. Randall 
ComnanvName : Three Rivers Scientific 
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Dry WeII Survey Analysis - Notes 
I I 

Probe Type {) '/ ()Z.- I I/ 
# GR Surveys ~ J/t 
Presentation Plot Dates 

~rchole 2'/- fl{(lt 
Log Date: 7 -t( ... 77 1" 

I 

Total # Surveys 3 fl__ 
# neutron survey~ 
2 -z t--o/d: Last 

Contamination Zone Depth(s): ____ tJ_-_l-'-3/-....:t,:;.-;...t? ___ .;_~_P ___ _ 
-Isotope from Spectral Survey: _:::;.C..c..t ....... ""'~H-41"""''.l~c#-. -'~~6P~:...----

GAPS Txt 
Survev Date num. Gans num. Samolea Comment 

Hl-ZONES. Txt 
Survev D11e Reuon Selected num. Samole, Comment . . 

{ '(!; .,~ L-- ,;..- nY#-A ,L_ , . . 
~ 

~ . . 

BackGnd Txt 
Survev Date Reason Selected num. Samoles Fea .Clean Av~.Bk~ Comment 

An I . N a1ys1s otes 
v~,-- V__,. JI., - / - __, ~--#~ p '\.~ -•t-

j' / 

~...I 

Analyst Name---,~~""~-~~..__ ______ _ 
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Borehole 21-04-11 

Contamination (Cs-137) from 2-17 feet is Stable late 
Contamination (Co-60) from 60-95 feet is Stable 

Grade thickness product from 2 to 17 feet is decreasing consistent with 
Cs-137 (HPGe identified). Due to system limitations near the surface and very low 

contamination levels, the grade thickness product was computed for the laraer interval. 
Prior to 1984, the historical trend is undetermined, but stable from 1984 to 1994. 

Grade thickness product from 60 to 95 feet is decreasing consistent with 
Co-60 (HPGe identified). Agai~ the low levels of Co-60 required the wider intervals, 

thus, no statement of downward movement is possible. 

Gr Gammas oss urvey Inti t' orma1on 
ProbeTvne: 04: NaI 

Other Probe Tvnes : 02: Red GM, 14: Shielded Nal. 03: Neutron 
Borehole Del)th : 100 ft 

Survev Deoth : 100 ft 
First Survev Date : 5/4/1977 
Last Survev Date : 3/25/1994 
NumberSurveys : 275 

Anal . Note lYSlS s 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Background : Threshold O<val<SO 

Depth(s) where Contamination Identified 2-17 Stable late, 60-95 Stable 
in Gross Gamma Survevs : 

AnalvstName: R.R. Randall 
ComJ)Blly Name : Three Rivers Scientific 
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Dry Well Survey Analysis - Notes 
I I 

Total # Surveys g L ? 
Log Date: F-'1-1;1,. 

# neutron surveys 7---
Probe Type 2.!L. O ~ J // 
# OR Surveys ~ 

2 -l, f:-°17' Last Presentation Plot Dates ___ .....,,......,,_. __ 
(J(d&lfCRIII tn,m 1• .t C..•I) 

Contamination Zone Depth(s): _____________ _ 

Isotope from Spectral Survey: .....;C....,:~$ ...... 4 ...... ,1,o111:,.l_.lia4cP-...l..,..t"'Y""----- Max Survey Depth __ 

GAPS Txt 
Survev Date mun. Oaos num. Samotes Comment 

HI-ZONES.Txt 
Survev Date Reason Selected nwn. Samolcs Comment . 

f'_ ...,.. ./~ I' ,._ ~~~ 7 L _-,,£.....,.~ 

- - - , __ ;~- / 
.... 

~ 

BackGnd Txt 
Survey Date Reason Selecte d num. Samoles Fea.Clean AVjl,Bkjl Comment 

- A I . N otcs na1vs1s -

1/.-- - JI_ - ,, Y.-- - _/": +Y - ··- f .. _:- J_.,_ . .._ 7::- -~ 
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, 

~ -

Analyst Name ~A S/W ver TEr; /(t!?f;Z 2.... 
'rV"T'f' 
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HNF~3531 -REVO 

Borehole 21-05-02 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1994 in the vadose rone from 2 to 100 feet. 

ross urvev onnation o 0ammas IIW 
Probe Type: 04:NaI 

Other Probe Types : 02: Red OM. 03: Neutron 
Borehole Denth : 100 ft 

Survey Depth : 100 ft 
First Survev Date : l/14/1975 
Last Survey Date : 6/13/1994 
Number Surveys : 362 

IY51S oes Anal. Nt 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Comoute Backaround : Threshold O<val<S0 

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

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 
i 

Probe Type D 1j O 2.­
# GR Surveys .3 ~ '2---

Yorcholc 2-, /- Ofa-0 6, 

LoaDate: / ✓/1-1.r' 1•' 
r 

Total # Surveys ~? 7 
# neutron surveys If 
(L-/2 -"l'f Last Presentation Plot Dates_·--=---­

(lfdift"ll'Cftt from 1• .t Laat) 
Contamination Zone Depth(s): ______________ _ 
Isotope from Spectral Survey: (; n,.t;&l, 4~~ Max Survey Depth (flt) 

Survev Dare nwn. Gans num. Samole, 

Survev Dale Reason Selected rwm. Samolea 

~ 

Survev Date Reuon Selected nurn. Samples 

GAPS Txt 
Comment 

HI-ZONES Txt 
Comment A , 

~ 6- .... .-/ /J ./:. ~ -- .....,.__ Al .,,/_._ ,II' 

Feo.Clcan 

' 

BackGnd Txt 
Ava.Ska Comment 

S/W ver z;:i:-~?-,, ~ 
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HNF-_3531 -REVO 

Borehole 21-0~03 

Contamination (Cs-137) from 2-20 feet is Undetermined 

Grade thickness product from 2 to 20 feet is near threshold and the stability cannot be 
determined. 

Gr Gammas oss urvey Inti ti orma on 
Probe Tvt>C : 04:Nal 

Other Probe TVl)CS : 02: Red GM 03: Neutron 
Borehole Deoth : 100 ft 

Survev Deoth : 100 ft 
First Survey Date : 1/14/1975 
Last Survey Date : 6/13/1994 
Number Surveys : 348 

lYSlS o es Anal. Nt 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <""'0 
Method Used to Compute Back2Tound : Threshold O<val<S0 

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

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

'-s"orehole }/-tJy'-l)J Total# Surveys 3Fv 
I 

Probe Type ~ t:l 2,, 
# GR Surveys "f,3/Q: # neutron surveys 1 

Log Date: J - Jt-/ -7£ 1st 
/,,-Q- "l 'f Last Presentation Plot Dates _____ _ 

(If dilfcrent from 1 • & l.ut) 

Contamination Zone Depth(s): _ __._Y6',ltf716-:;--...---------
Isotope from Spectral Survey: --'-C...;f?z..._...=~""-""'"'---'i......,..~""""'"'~4,.,,._,q..___ __ _ Max Survey Depth l (l1J 

GAPS.Txt 
Survey Date nwn. Gaos num. Samples Comment 

HI-ZONES. Txt 
Survey Date Reason Selected num. Samples Comment 

i,,,.::t~ -- ·~-rz _v \,,\,1-AA A- ~.,.J 

- / 

\........I 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Feo.Clean AvR.Bk~ Comment 
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HNF:-:353.1 -REVO 

Borehole 21-05-05 

Contamination (Co-60) from 60~80 feet is Undetermined 

Grade thickness product from 60 to 80 feet appears to decrease slower than Co-60 (HPGe 
identified). but the levels are at threshold and over the history drop below threshold for 

the gross gamma instrumentation. 

TOSS urvey ormation G Gamma S Intl 
ProbeTYDe : 04: NaI 

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

Survev Deoth : 100 ft 
First Survev Date : 1/14/1975 
Last Survev Date : 6/13/1994 
Number Survevs : 375 

IYSlS 0 Anal . N tes 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=0 
Method Used to Compute Back2J'ound : Threshold O<val<S0 

Depth(s) where Contamination Identified 60-80 Undetermined 
in Gross Gamma Surveys : 

Analyst Name : R.R Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353l -REVO 

Dry Well Survey Analysis - Notes ~* 
~hole 2,/-~_5"-()£ Total# Surveys z<t'O 

# neutron surveys If 
Log Date: }7J/-7t" 1,. U-/1-'!{ Last 

i 
ProbeType pt/ tJ2,,,­
# GR Surveys ~ 
Presentation Plot Dates~_,......-,.,,..,-,-.-­

(lfditfercm 6'0II\ 1• .t La11) 
~ 

Contamination Zone Depth(s): -"'Z~t:2"-------------
Isotope from Spectral Survey: --k~---~¥1'. ~QaN'"4'f.,..,;.t-,_....,~_..,J a""'a'--__._C:-r2~Z ..... 0;._>- Max Survey Depth l O 0 

GAPS Txt 
Survov Date mun. Gans mun. Samoles Comment 

HI-ZONES Txt 
Survey Date Reason Selected n1Jm. SamD)eJ Comment 

\.... ~77.- ~ ,,,,,.,,, - /. -., '\.. -- -
___ p_ - --, . , -..~ 

-
~-~ rlf? (Q} 7// /'J I'... -

r'\.....,I 

BackGnd. Txt 
Survev Date Reason Selected num. Samples Feo.Clean Ava.Bkll Comment 

·2,-('.,._ /.7": - -- .: A ..JI._ ,. 

~ 

\. 

AnalystName ~~ 

I . N Ana1vs1s Otes . 

+~ l... - _,A - ~ ./ -~-~ - ~-:. . 
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. 

S/W ver T~z. 'L 
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HNF~353.l -REVO 

Borehole 21-0S-06 

Contamination (Cs-137) from 2-15 feet is Stable late 
Contamination (Co-60) from 60-95 feet is Undetermined 

Grade thickness product from 2 to 15 feet is decreasing consistent with Cs-137 (HPGe 
identified). from 1984 to 1994. However, due to system limitations near the surface. no 

conclusion can be stated for the history before 1984. Grade thickness product from 60 to 
80 feet appears to decrease slower than Co-60 (HPGe identified). but the levels are at 

threshold and over the history drop below threshold for the gross gamma instrumentation. 
Note that the larger interval was used for the two intervals (one at 70 and other at 87 feet) 
in order to assist the low threshold. thus no statement can be made concerning downward 

movement. 

Gross Gamma Surve Information 

100 ft 
1/14/1975 
6/13/1994 
370 

IY5lS 0 Anal . N tes 
Nwnber Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <==0 
Method Used to Comoute Background : Threshold 0<val<SO 

Depth( s) where Contamination Identified 2-1 S Stable late 
in Gross Gamma Surveys : 6()..80 Undetermined 

Analyst Name : R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

Probe Type O t/ 
( f 

!Ir l>':J-Total# Surveys '5 '?' 7 
# neutron surveys £ 

LogDate: /-ltj-:f" 1st t,-12-?'I Last 
# GR Surveys :? 74?' 

Contamination Zone Depth(s): ~~ 97 kwt"~ ~ 
Isotope from Spectral Survey: C ~J Ca Fu ~ '/I 

7 

Presentation Plot Dates-----­
or di.lfercnt 1rom ,. A 1..uo 

. Max Survey Depth / 00 

GAPS.Txt 
Survey Date mun. Gaos num. Samolea Comment 
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Survey Date Reason Selected num. Samnles Comment . 
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HNF-:.3531 -REVO 

Borehole 21-05-10 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1994 in the vadose zone from 2 to 98 feet. 

Gross Gamma Surv Information 

03: Neutron 
98 ft 
98 ft 
1/14/1975 
6/13/1994 
372 

IYSlS es Anal . Not 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <=0 
Method Used to Compute Bacbround : Threshold O<val<50 

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

Analyst Name : RR Randall 
Comnanv Name : Three Rivers Scientific 
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&X 
V 

Dry Well Survey Analysis• Notes 

Borehole 2 /-~ l O Total # Surveys 2 Z: 2 
# neutron surveys 7' 

Log Date: )-Jf-7/:" I" ~-~'J-2?/ Last 

Probe Type /j_ JJ 
#GRSurvcy~ 
Presentation Plot Dates 

Contamination Zone Depth(s): __,...__,;..N_:.m~-l'.: ________ _ 
Isotope from Spectral Survey: C.:a ;;;;,;A- ~-k 

(lf diffi_.,..crffll--,6\xn-J"""ii .a--L.t-,.-}-

Max Survey Depth '/ r 
GAPSTxt 

Survev Date num. Oaos num. Samolea Comment 

HI-ZONES Txt 
Survev Date Reason Solected rwm. Samoles Comment 

r L1 1 J/J 
- I -

r\._../ 

BackOnd Txt 
Survey Date Reason Selected num. Samofes Fiea.Clean Av11..Bkiz Comment 

nalVSIS otes A l . N 
(' j',-, - - -

-
\. ; 

Analyst Name ,;:t;,L S/W ver 't;J?k.lf/J.C.C .2. ., ~ 
r - -
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Borehole 21-05-12 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1994 in the vadose zone from 2 to 98 feet. 

oss a urvey ormat1on Gr Gamm s 11W 
Probe Type: 04: Nal 

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

Survey Depth : 100 ft ' 
First Survev Date : 1/15/1975 
Last Survey Date : 6/13/1994 
Number Surveys : 381 

lYSlS otes Anal . N 

Number Surveys Rejected : 0 

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

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

AnalvstName: R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF:-:35Jl -REVO 

1?{ Dry WeH Survey Analysis - Notes 

¥orehole ~ /-/;> F- ) 6 Total # Surveys 29' k Probe Type tJ 3/ 
# GR Surveys z ~/ 
Presentation Plot Dates 

# neutron surveys ;;-
Log Date; I - IF~ 7£ 1 • , -1z-'2?f Last, 

Contamination Zone Depth(s): __,,..---4~,....,..~-----------­
lsotope from Spectral Survey: _c_· 9-~~--_.i,....., e1il"9"i4Hi1·l~o:::-e~.------

GAPS. Txt 
Survev Date num. G.ns num. Sunnies Comment 

HI-ZONES. Txt 
Survey Date Reason Selected num. Samples Comment 

r I ~ - .,. - '"" ..... ,, 

\_.,,' 

BackGnd Txt 
Sur.-ev Date Reason Selected num. Samoles Fen.Clean Ava.Bkg Comment 

A I . N otes naIys1s 

r' J - ... ~-
- 1 vv--r 

~ 

AnalystNamc--1~~~~""---------
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HNF-:3531 -REVO 

Borehole 21 .. 06-0l 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of 2amma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet. 

Gross Gamma Surv Information 

02: Red G 03: Neutron 
100 ft 
100 ft 
1/15/1975 
10/5/1993 
331 

Anal . N Otes IY51S 

Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=0 
Method Used to Compute Background : Threshold O<val<50 

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

Analvst Name : R.R Randall 
ComoanvName : Three Rivers Scientific 
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HNF-:3531 -REVO 

Dry Well Survey Analysis - Notes 
I \-I .$/' 

Borehole 2/-tU-rzL Total # Surveys '3 ,J:,? 
# neutron surveys :j 

Probe Type O 4 Ov 

Log Date: }-/{, 7 r: 1" 
> 

, o--~....._v Last 
# GR Surveys 33l 
Presentation Plot Dates 

Contamination Zone Depth(s): _ __,,h-f ..... LlJ..&...L~~;...__-------­
Isotope from Spectral Survey: --C ...... ~ii:a--1odG~,..,,+fe1....s..ual2"""'k---------

(Irdifti_ilrffll_hn_l•.,,...&-Lut-) -

Max Survey Depth / (?(? 

· GAPS.Txt 
Survev Date nwn. Gans num. Samolca Comment 

HI-ZONES. Txt 
Survev Date luuon Selected num. Samt>les Comment 

') -
('! ~ Vd7"' C 

....... 

-

BackGnd. Txt 
Survey Date Reuon Selcctec num. Samr,lcs Fea.Clcan Ava.Bkll Comment 

An 1 . N otes aIys1s 
r J ,.,,..,, ,. .4 

\._.,, 

AnalystName_~--~------------
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Borehole 21-06-02 

No Gamma Ray Emitting Contamination was identified. 

No sianificant levels of pmma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose mne from 2 to 100 feet. 

oss a urvey ormation Gr Gamm s Inf• 
ProbeTVDe: 04: Nal 

Other Probe Types : 02: Red GM. 03: Neutron 
Borehole Deoth : 100 ft 

Survcyl)epth: 100 ft 
First Survev Date : 1/13/1975 
Last Survev Date : 10/5/1993 
Number Survevs : 334 

lYSlS 0 Anal . N tes 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survev Values : <- 0 
Method Used to Comoute Bacbround : Threshold 0<val<S0 

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

AnalystName: R.R. Randall 
Comoanv Name : Three Rivers Scientific 
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HNF~353.l -REVO 

Dzy Well Survey Analysis - Notes 

"iorchole g /-/Jt-0 b 
Log Date: f- JJ.,, ?.7 I" 

Total# Surveys ~ 4'/ 
# neutron surveys 1/ 
10-~-12 Last 

Probe Type flt./ I t-J /J ~ 
# GR Surveys ~ 
Presentation Plot!5afes 

Ofdifti_cren_t_&om_l.,...aA-La-~-l-
Contamination Zone Dcpth(s): ______________ _ 
Isotope from Spectral Survey: _...;C_,1;'--'~ ......... ~-k~-:l:-=¥'"-"'=.,_.....__ __ Max Survey Depth J of) 

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

ID-ZONES. Txt 
Survev Date Reason Selected mun. Samoles Comment 

(" 1 <J/',?,M 

1 < 

\-I 

BaclcGnd. Txt 
Survev Date Reason SoJecrecj num. Samples Feo,Clean Av.R.Bk.R Comment 

Ant . N Otes aIys1s 

r /,,-,.- .. -- , 

~ 

Analyst Name__,&~~'-t;."f,...-'.c:<...._ ______ _ S/W ver Y~'J... 2--
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Borehole 21-06-05 

Contamination (Cs-137) from 32-44 feet is Stable 
Contamination (U-238/235 & Sb-125) from 44-60 feet is Stable 

Grade thickness product from 32 to 44 feet is decreasin& consistent with 
Cs-137 (HPGe identified) from 1975 to 1993. Note that Sb-125 is HPGe identified, but 

at low levels for this interval. 
Grade thickness product from 44 to 60 feet is decreasing consistent with 

a least squares fit for U-238/235 (HPGe identified) and Sb-125 (hypothesis) from 1975 to 
1993. The least squares fit results in gross gamma contribution ratio of 

U-238/235 to Sb-125 of0.07 as of Jan 1975. Special note, the HPOe did identify Sb-125 
at shallower depths than 44-60, but the Sb-125 in 44~ feet decayed to level below 

detection. Likewise, the levels in the 32-44 feet were completely masked by the strona 
Cs-13 7 sipl. 

Gross Gamma Surve Information 

14: Shielded Nal 02: Red G 03: Neutron 
100 ft 
100ft 
1/15/1975 
10/20/1995 
344 

IYSlS 0 Anal . N tcs 

Number Surveys Rejected : 0 

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

Depth(s) where Contamination Identified 32-44 & 44-60 Stable 
in Gross Gamma Surveys : 

Analvst Name : R.R. Randall 
ComoanvName : Three Rivers Scientific 
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HNF:-:353.1 -REVO 

~,r 
'lfurchole A /- 0?-0 £ 

Dry Well Survey Analysis - Notes 
I I 

Probe Type D 'f J 'I O i. 
# GR Surveys 3 3/:1 
Presentation Plot Dates Log Date: )-/f-?f' I" 

Total# Surveys -:;,FJ 
# neutron s~s 7 

> 0 -2-e-z Last 

Contamination Zone Dcpth(s): -------.-------­
Isotope from Spectral Survey: CG z/z X ~ 

GAPS.Txt 
Survev Date num. Gam num. Smmlea Comment 

HI-ZONES. Txt 
Survev Date huon Selected num. Samoles Comment 

)-I 

. BackGnd. Tiet 
Survev Date Reason Selected num. Samples Fec,.CJean Ava.Blea Comment 
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filein := "two.txtN 

A:• READPRN(filein) 

N :• last(yr) 

'tCO := 5.27 'tCS :• 3 · 109 

111(2) -(yri-75)-
Cs. := acs·e 1et 

I 

HNF:-:353.1 -REVO 

Well 21-06-05 

net:• A<T> bkg :11: A<.6> 

N ::::331 i :•O .. N k :• o .. 300 

aco := 00 acs:a 90 

grossi := netl 
This data edited for spuriouS points 

max:: A<A> 

j :• 0 .. 299 
i:eu := 2.77 

Eu yarjabfn are 
Ru-106 aeu := 11so 

toti :• Csi + Eui 

Cs variables are U238 

2000,--.-""""T"--.....------.---.---r------.---"T"""--------------. 

1500 

lltOlli 
o 1000 
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O'---__._, __ .....,__ _ ___. __ _,_ __ ..__ _ ___._ __ ...._ __ .__ _ __._ __ ...._ _ _, 
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Y(, 
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[ [ 
•(yri-7S)ln(2) -(yr,-7S)ln(2)]]2 

ssq(al ,a3) :• L grossi - al ·e 1e1 + a3·e 
I 

teU 

Given 

ssq(acs,aeu)•O 1•1 

[:] :•Minerr(acs,aeu) 
exes =83.878 
U·238 

111(2) • (:rri - 75)-
Eu. :• cxou·e 1111 

I 

88 

out<O> :•yr WRJTEPRN("twop.txt") := out 

Two component decay.med 7/20/98 
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toti 

soo 
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O'-----'----'-----'--....,_ __ .,__ _ _..._ _____ __. __ _._ __ ..,__ _ ___. 

~ U n 80 ~ ~ M U ~ ~ ~ % 

bqi 
8IOll1lj mean(bkg) -toti 

)T, 
I 

2000 

1500 

1000 

500 

0'----------------------..__ _ __._ __ ....._ _ ___, ___________ ___, 
~ u n so ~ ~ ~ ~ 90 n ~ % 

6. := gross. - tot. 
I I I 

bkg1 &n. := gross.·----tot. 
• • mean(blqd • 

soo 
15 · I 

0 

-soo .____._......._ __ ~ _ __, 
70 80 90 100 

Two component decay.med 7/20/98 

228 

70 
75.041 

80 
yr! 

90 100 
95 .80S 

Page2 



HNF:--:353.1 -REVO 

Borehole 21-06-10 

No Gamma Ray Emitting Contamination was identified. 

No significant levels of gamma ray contamination are present above the survey probe 
detection threshold between 1975 and 1993 in the vadose zone from 10 to 100 feet. 

There are some activities from 0 to 10 feet, but most likely surface phenomena, thus the 
classification of clean. 

Gross Gamma Surve Information 

103 ft 
1/17/1975 
10/20/1995 
341 

Anal . N Otes lystS 

Number Surveys Rejected : 0 

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

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

Analyst Name : R.R. Randall 
Comnanv Name : Three Rivers Scientific 
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Borehole 2/.- fJt, -I 0 

HNF:-:35}1 -REVO 

Dry WeU Survey Analysis - Notes 

Total # Surveys J,t/F 
# neutron surveys 'f 

Probe Type C> '-/ 
# OR Surveys ~ (z/' 
Presentation Plot Dates LogDate: 1-11-?/1 .. 1ll- it?-'7wt ~----~~--(I( duf enn t &om 1• 4 uat) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: Cs -Q.hzz 1- :iii;/ 

GAPS Txt 
Survev Date num. GaM num. SamDlea Comment 

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

V ~ .-SJ'r' rvAt-1 

V 

BackOnd Txt 
Survev Date Reason Selected num. Samoles Fea.Clean Avlil .Blcll 

Analyst Name __ ~~~~=-----------
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HNF ~3531 -REVO 

Borehole 21-07-03 

Contamination (Co-60) from 62-68 feet and 82-100 feet is Stable 

Grade Thickness Product for two radioactive zones (62-68 and 82-100 feet) is decreasing 
within the gross gamma sensitivity at a rate consistent with the decay of 

Cobalt-60 (identified from HPOe detector). 

Anal . N IVll:!1 Otes 

Number Sw ,...,,.., Reiected : 0 
Lower Threshold for Bad Survev Values : <=O 

Method Used to Conmute ~ ·• -· ound : 45 to 60 feet 

Depth(s) where Contamination Identified in 62...(;8 feet is Stable 
Gross Gamma Surveys : 82-100 feet is Stable 

Analyat Name : R.K. Price 
Analysis Bv : Three Rivers Scientific 
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HNF:-:.353.1 -REVO 

Dry Well Survey Analysis - Notes 

v' Borehole..6X (2/- t17-t>3J 

Log Date: 7 5-()/-/'-r 1st 

Total # Surveys f Oo 

# neutron surveys ,3 
'1 '7-t>S-JJ:, Last 

Probe Type tJ 7 
# GR Surveys ~.S­
Presentation P~ - · ---,----

(If diffcn:nt from I 11 & Last) 
Contamination Zone Depth(s): _____________ _ 

Isotope from Spectral Survey: CS-t J 7 C t? ~ ~ ,a T) L. S r' U~ Max Survey Depth / O<J 

GAPS.Txt 
Survey Date nwn. Gaps approx #Sampl's Comment 

75-0'f-Z:L. '1..-J .S7D 
76- 07-2..7 hi 7S-
77-0/.-()J 8.3 '13 
"l't- a-fl J J i J~a 

'" 0 HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 

7 S-tJJ-zo >-I t-1$/cG- J~{j 

7 1,-,..:r -J L, H1-/SICG-- Id~ 
cg 1-0,-()i. ·r~()(_ 1'1ta~ )10 

91'-n-i., 7"8&>'- /7,to, 'ii' f( 

9'Z. - d z.._ -; .3 1-f/-~IC.6 I o.c ""'TlJCJL ~ ~ C-7.,..c,.-(..; 

BackGnd. Txt 
Comment 

Anal sis Notes 

S/W ver T,c.weo-S.J ✓ z.., ~ 
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HNF:-:353.1 -REVO 

Borehole 21-07-06 

Contamination (Cs-137) from 20-34, 34-53, and 53-99 feet 
is Stable 

Grade Thickness Product in the two lower radioactive zones (20-34 and 53-99 feet) is 
decreasing at rate consistent with the decay of Cesium-13 7 ftom July 1980 through 

May 1994 for the intermediate sensitivity probe {OJ Green GM). 

For the high radioactive z.one (34-53 feet) the Green OM probe (01) was unable to 
confirm the stability, whereas the Red OM probe (02) was run during the same time 

interval and confirmed that the radioactive zone is decreasing at a rate consistent 
with the decay of Ceaium-137. 

Probe Type: 01: Green GM (Intermediate Sensitivity) 
02: Red OM (Lowest Sensitivity) 
14: Shicldod Nal Saturated 

Other Probe Types : 04: Sodium Iodide Scintillator (Saturated) 
03: Neutron 4 surv 
100 ft 
100 ft 

First Survey Date: 7/24/1980 (Type 01) 
S/0S/1980 (Type 02) 
1/11/1980 14 

Last Survey Date: S/26/1994 (Type 01) 
S/26/1994 (Type 02) 
9/02/1980 14 

Number Surveys: 274 (Type OJ) 
283 (Type 02) 
32 14 

Numbers 

Deptb(s) where Coowniution Identified in 20-34 feet is Stable 
Gross Gamma Surveys : 34-53 feet is Stable 

53-99 feet is Stable 
RK.. Price 
Three Rivers Scientific 
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Dry Well Survey Analysis - Notes 

"-" Borehole (3 X { ?.J-ol-DIP) 

Log Date: 'dD-fi7- Z-'-f' 1st 

Total # Surveys S"f ! 
# neutron surveys 't: 

fy-c:,- "2--/- Last 

P/ { 27'f) 'ftl-/>1-1.!f"+.,V·G-~ 
(J"l .. (2D) fD-1u--<o-~~s-,. 

Probe Type 0/ 6'7"-{i'-~ f9-6J-t1'>1/if?, 
# GR Surveys ?....7.j.'fl J J 'fc-i,-1, • r1--lf-a~ 

. ~S#""'tA~ Presentation Plot Dates______ @ 
(If ditrcrcnt from 111 & Last) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: C.,>-13 z { &'-<- ~'-<- L~r~ Max Survey Depth I O 2. 

,. GAPS.Txt 
Survey Date nwn. Gaps approx #Sampl 's Comment 
i~-01-12..IJ 2,,J I~ 
i1- ot -02.. I '7 I ()0 

ft-10-i.3 l1 /ct, 

'11- 07-1c.r /cJ/ /~I 

ONES.Txt 
eason Selected approx #Samp's 

/SO 
/()() 

BackGnd.Txt 
Comment 
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101 

Anal sis Notes 

'f§~c ~~ 

S/Wver ~~~.l/2. • .2..o 
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Borehole 21-08-02 

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

Grade Thickness Product from Oto 14 feet is erratic from 1975 through 1979, 
and is categorized as Tank Farm Activity. Grade Thickness Produce from 1980 through 
1994 the is decreasing at a rate consistent with the decay of Cesium-13 7 (identified from 

HPGe detector). 

<•O 
Threshold O< val < SO 

Depth(s) where Contamination Identified in 0-14 feet is TF Activity 
Gross Oamma Surv 

R.K. Price 
Three Rivers Scientific 
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\.....,' Borehole Bx(z.J -a8-oy 

Log Date: 75-t:J) -/ t.r 1st 

HNF:-:35~.1 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys~...;.._,_/ _ _ 
# neutron surveys ....;;~-­
&/ Y - b/,-1 3 Last 

Probe Type/It _ _ _ 
# GR Surveys .Z. Z ~ 
Presentation Plot Dates ----,----

(If different from 111 &. Last) 
Contamination Zone Depth(s): _ _________ ___ _ 
Isotope from Spectral Survey: Cs- 1 J z I tJ-1 I r-r .J m~> 1~~/C..:/r Max Survey Depth ).3-o 

GAPS.Txt 
Survey Date mun. Gaps laoprox #Sampl'i Comment 
7/,- /J'f- 2, 7 I I I 'J-0 

77-tJ 'l-12.. J . .,.., I«> 

"1-f-07-11 33 ,o 
7'1- tJ'i-tJY .,~ /'U) 

'i (l- OS"- 2.f ., ~ 
if "t-D 3 - Ly I Z,y- HI-ZONES.Txt 
Survey Date lleason Selected approx #Samp 's Comment 

17--of-lO /ft- ~K.<, /3() 

rtJ-//-17 h / .-l:J k. e,. / .3o (/)Cc.. .,,,,,,,,,,,,_<.... ~c../>C.J,. _-;:,; ,,.,_ . 

BackGnd.Txt 
Survey Date Reason Selected nwn. Samples Fea. Clean Av2. Bh Comment 
75-/<J-21 i4/v6-~ ~"· 'r..J~ -z... 7.'l> 
76-/J5-IZ.. ~ Y.-,ANV '1~ ~ "1'7J 

--,7-0,- l)J /4-vt,, rJ-'<.. c... 9Y 7~ -, ,. 1/ 
177-11-IJ ~hY '+7 ~.52. LJ,/ 
17f _.. _.,,,. -r~v-, /TVG!3Ju._. 1' lf '?<r 11 .. s-
~-IJ1-/I '¼C-LJtAv )2~ IL'?~ Z"'7 
qJ-IJ-17 ?.,c~ I /IC ) I 'Z lt.J 
f v-~J~ L'f /t-.1'&-- JJl<...t:.. J CJD 9'..>~ 2-3 

An I . N a1vs1s otes 
ff ~/,f7re>/V -zJJ,!V£.. ,c / ,l'(_s 7 Al-'/c . .: .-: ~ _.., 7,1-1'7/ - 1"17 f /\AT G,_-,;,.._,u.,..,.c:..J 
/'( ~I A,--;r,-~ K-c! ~A/J"T.;lfw 7 - /}-~6,4 7'f'~-X.-:l-3 

\. .I 

AnalystNam/f~ 4£,~ 
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HNF:-:353.1 -REVO 

Borehole 21-08-04 

Contamination (Cs-13 7 & Eu-154) from O to 12 feet 
appears Stable 

Grade Thickness Product from O to 12 feet is decreasing within log acquisition 
procedures, consistent with a least squares fit for Cesium-13 7 and Europium-I S4 

(both identified from HPOe detector) between January 1975 and June 1994. The radiation 
zone was partially logged from May 1982 through February 1984, as shown on the stack 
plot. The least squares fit results in a gross gamma contnbution ratio of0.28 forEu-154 

to Cs-137 on June 1994. 

1/14/1975 
6/13/1994 
341 

IYIII oes Anal. Nt 

Number Surveys Reiected : 0 
Lower Threshold for Bad Survey Values : <•O 

Method Used to Comoute Back~ _, . Threshold (O< val < SO) 

Depth( s) where Contamination Identified in 0-12 feet appears Stable 
Orou Gamma Surveys : 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 
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Log Date: 7S-d/-ly 1st 

HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

~'r~ Total# Surveys_._--=-_ 
# neutron surveys S-
~ '7-~t -13 Last 

Probe Type by 
# GR Surveys ::J 't' I 
Presentation Plot Dates 

(If diffi_crcnt_from----:1"-:-&-Las-t)-

Contamination Zone Depth(s): _____________ __ 

Isotope from Spectral Survey: C5-/ 3 z f d "nJ 2..Y ~ 7') <=-3 '~ C-vjy 
~-id ~ r c:_ 0 • _3 / C,,.!/r- • 

GAPS.Txt 

Max Survey Depth / tJO 

Survey Date mun. Gaps approx #Sampl '5 Comment 

'77-~l,-o I q1 /80 

7 'i-b1-I.J ~, ero 
1'f-67- II 9S- I 2-1J 
1 ~-PY-l)'r 2-2- /tJ() 

qJ-11-17 /Or) 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

Anal sis Notes 

Analyst Name rf ~ ~ S/W P-~as-...s V.?.- 2-o ver ______ . 
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HNF::35}.l 

filcin := "two.od" [~ell 21-08-04 J 
A:= READPRN(filcin) 

N := last(yr) 

yr := A<I> 

N = 330 

net := A <l> 

i := O .. N 

bkg := A <6 > 

k := 0 .. 300 

max := A<4> 

j := 0 .. 299 

2nd Isotope is Eu-154 (8.5 yrs) 

tcs :=30.17 

t2 := 8.5 

( 
ln(2) 

- yri-75) ~ 
Cs. := acs ·c ics 

I 

This data edited for spurious points 

0 

: 
8000 

grossi 
6000 

0 

toti 

4000 

2000 

0 0 

0 
0 

0 0 O 
<> 

0 

0 
0 

acs := 4000 

a2 := 3500 

tot. :=Cs . + X2 . 
I I I 

<> 

0 
<> 

0 L----'------'----....L..--..1...----'---'----....L..--..1...---'-----'-----' 
~ ~ ~ W ~ M U ~ ~ ~ ~ % 

yri 

-(yr,-7S) ln(2) -(yr,-7S)~ 
[ [ ]]

2 

ssq(al ,a3) := L grossi - al ·e 
I 

ics + a3·e 
I 

t2 

Given 

ssq( acs, a2)•0 

[
ex.cs l a

2 
:= Minerr( acs , a2) 

ouf1 > ; .. tot 

Cs-Eu-Decay.med 

l•l 

3 acs = 4•10 

WRITEPRN ( "twop.txt" ) := out 

2'6 
7/16/98 

3 
a2 = 3.5•10 

~ = 1.143 
a2 

Page 1 



HNF'.':353.1 -REVO 

Borehole 21-08-0S 

Contamination (Cs-137) from Oto 35 feet is Stable 
Cont:amination (Co-60) from 62 to 72 feet is Stable 

Surveillance logging activities were not designed to monitor 
low contamination levels and monitor contamination at the surface. 

The upper radioactive mne (0 to. 35 feet) indicates that a short lived radionuclide, such u 
Ru-106, may have been present from 197S to 1976. Ru-106 wu identified (hypothesis) in 

the adjacent borehole, 21-08-06. 
Grade Thickness Product ftom O to 3S feet is decreasing within counting system limitation 

at a rate consistent with Cesium-137 (identified from HPGe detector) 
between January 1975 and June 199:4. 

Grade Thickness Product from 62 to 72 feet is decreasing within counting system 
limitation at a rate consistent with Cobalt-60 (identified from HPGe detector) between 

January 1975 and June 1994. After 1984 the concentration ofCo-60 is at and below the 
sensitivity threshold . 

• a__:,..:s Notes 

Number Surveys Reiected : 0 
Lower Threshold for Bad Survey Values : <-0 

Method Used to ri e Baclazround : Threshold (O< val< SO) 

Depth(s) where Contamination Identified in 0-35 feet is Stable 
Gross Gamma Surveys : 62-72 feet is Stable 

_:& .... i..':! Name : R.K. Price 
AnalvsisBv : Three Rivers Scientific 
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V Borehole BX { < J -6~- oS) 

Log Date: 7S- ~)-/':f 1st 

HNF::35}.l -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys 3 '..J 
# neutron surveys -3 
9 't'- tJlr-1.3 Last 

Probe Type ~ Y 
# GR Surveys 3 /;,o 
Presentation Plot Dates ------

Contamination Zone Depth(s): L,14J ?..tJ'l.A£ (l,5- 12 ;CT) 

Isotope from Spectral Survey: CS -1.17 ( '1 ... ~cJ,,er) <. S ~ ~ $ J 

(If different from 1 • & Last) 

~.> 
Max Survey Depth /6''7/ 

GAPS.Txt 

Hl-ZONES.Txt 
Comment 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Fea. Clean Av2. Bkiz Comment 

76-LlJ-2.Y- ,A..(/(,- ~<v- q-~ [(J()~ r. "2) 

'"11.-07-2.0 ~~T'"'?' s2- 3"~ 3&,.--Z> 
77-{)t.f--2..tJ ~CrHAA q7 /% 'rs,?J 
71-07-11 t-~71-f' 4-7 3't'"~ 3'1,f 
~2.-0S-19. AV'-.ix..~ c:;·9 t)~ (P,'l) 

"1'~//-/7 ~Ct.b1-v <?if ~% ~7,9 
<t 'r-03-Z '-r /tve-,!J./<-4, Cff lo/a I. v 

Anal sis Notes 

lf75 

261 



V 

HNF:-:353.1 -REVO 

Borehole 21-08-06 

Contamination (Ru- I 06) from 43 to 52 feet is Stable 

Grade Thickness Product from 43 to 52 feet is decreasing at a rate 
consistent with Ruthenium-106 (hypothesis) half-life 

between January 197 5 and June 1981. 

ss urvey onnation Gro Gamma s Inf1 
Probe Type: 04: Sodium Iodide Scintillator 

Other Probe Types : 03: Neutron (3 surveys) 
Borehole Depth : 100 ft 

Survey Depth : 100 ft 
First Survey Date : 1/14/1975 
Last Survey Date : 6/13/1994 
Number Surveys : 458 

lYSlS o es Anal. Nt 
Number Surveys Rejected : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Compute Back2round : Threshold (0< val < 50) 

Depth(s) where Contamination Identified 43-52 feet is Stable 
in Gross Gamma Surveys : 

Analyst Name : R.K. Price 
Analysis Bv : Three Rivers Scientific 
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\.._./ Borehole bX { 'U -Cfl--tJ() 

Log Date: 7:5-Dr-l~ 1st 

HNF~35}.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys fl, I 
# neutron surveys 3 
'f'(-ct-a Last 

Probe Type C, 't 
# GR Surveys 1/5 l 
Presentation Plot Dates -----,----

(If diff'ercnt from 1 • & I.mt) 

Contamination Zone Depth(s): -------,---------­
Isotope from Spectral Survey: CS-13 z (0-/ _5,cr:) <:....I/ C>:.~ 

GAPS.Txt 
Survey Date mnn. Gans lallprox #Sarnpl'i Comment 

r11-a1-1 ~ 1...? f'fl 
7f'-07-/t A-., 35" I.ft> 
11'-~ 1-rJ'·l 2.., -/DC 

'f 7 -Cl- 2.. 'L 2..,., I 1 '2.-

lil-ZONES.Txt 
eason Selected approx #Samp's 

BackGnd. Txt 
Comment 

Anal . N lYSlS otes 
Nt! ....>e,;{ 1/G Y.S ~ ,t; -:J~ Cr'//? 

JH~ /I 7' I 1 V-A/7 11 ,v.,, /1-r'l'tn'V 2(!) 11,,/~ 

Max Survey Depth 1 tO 

Analyst Name /[~j_J.f-'-'-<? -,-~/ A V L 2.r. S/W ver '-'7"l:. t1..,sr ..., 
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HNF::35}.l -REVO 

·sore.hole 21-08-07 

Contamination {Cs-137) from 0-12 feet is Tank Farm Activity, 
Contamination (Cs-137 & Co-60) from 3042, & 42-54 feet 

is Stable 

Grade Thickness Product &om Oto 12 feet is erratic from 197S through 1979, and is 
categoriz.ed as Taruc Farm activity. Orade Thickness Product from 1980 through 1994 is 

decreasing at a rate comiltent with Ca-137 (&dentified &om HPOe detector). 

The main radioactive interval was evaluated as two radioactive zones to identify if 
downward movement bad occurred. Grade Thickness Products from 30 to 42 and 42 to 

54 feet is decreasins at a rate consistent with a least squares fit for Cesium-137 and 
Cobalt-60.(identiflod from HPOe detector) between January 197, and June 1994. The 

least squares fit results in a sross pmma contribution ratio for Co-60 to Cs-137 
of 1.8 and 8..6, respectively, on June 1994. 

Other Probe Types : 03: Neutron ( 4 surveys) 

100ft 
100ft 
1/14/1975 
6/13/1994 
250 

r · .. Notes 
Number Surveys V ' 

. 0 
Lower Threshold for Bad Survey Values : <;O 

Method Used to Compute n • 
. Threshold (O< val< SO) 

Depth(s) where Contamination Identified in 0-12 feet is Stable 
Gross Gamma Surveys : 30-42 feet is Stable 

44-54 feet are Stable 

A=!-:: Name ~ R.K. Price 
.Aimi ... ~Bv: Three Rivers Scientific 
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HNF:-:35}.l -REVO 

Dry Well Survey Analysis - Notes 

\._..I Borehole.8)(.(2/- 61-07) Total# Surveys 2..5_3 Probe Type b 4-

Log Date: 7.S~tJ J -Jy-1 st 
# neutron surveys_:!, _ _ 
q '1-o b - / 3 Last 

# GR Surveys -LS1:J 
Presentation Plot Dates 

~---,------,,,-----
(1 f diff'erent from 1 • & Last) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: _____________ _ Max Survey Depth 1 tJo 

GAPS.Txt 
Survey Date num. Gaps lpprox #Sampl'~ Comment 

'J 7-tJ 7-11 7% 
-, q~"I- I) Lf 2:z.. 
9 "r-~ '3-zv SY 

ill-ZONES.Txt 
Comment 

IDOL -1) 

BackGnd.Txt 
Comment 

Anal . N tys1s otes 
~ <( ~ t/"5. V5 rt,tl_-::T~ ~-7~,-,, 

-

Analyst Name/(~ cJ? ~~ S/Wver'P-~t?..£5 . 
1/2.o 2-0 
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HNF:-:353.1 -REVO 

filein := "two30-42.txt" 

A:= READPRN(tilein) 

N := last(yr) 

"CCO := 5.27 ,:cs := 30.17 

-(yri - 75) 1:> 
Csi :c: acs •c 

grossi := neti 

Well 21-08-07 

N =245 

net:= A<7> 

i:=0 .. N 

aco := 3400 

Thia data edited for spurious points 

max:= A<•> 

k := 0 .. 300 j := 0 .. 299 

acs := 220 

sooo..----,---..----.--- --r---..------,.---~--.......,....---,----r-----. 

4000 

s,oa. 3000 
I 

0 

toti 

-- 2000 

1000 

0 0 

o.__ _ ___.. __ .........._ __ _._ __ ...._ __ ,.__ _ __. ____ __._ __ _._ __ ......._ __ _.__ _ ___. 

~ ~ u ~ ~ ~ u ~ ~ n ~ % 

-(yr, - 75)- -(yr, - 75)-
[ [ 

ln(2) ln(2 )]]2 
ssq( al ,a3) :• ~ arossi - al ·c 

I 

tea + a3·e 
I 

TCO 

Given 

ssq( acs, aco )•O 

[
acs l := Minerr( acs , aco) 
aco 

ln(2) -(yri-75)--;;-
Csi := a.cs·e 

out<l > :== tot 

l•l 

acs = 228.235 

WRITEPRN("twop.txt") := out 
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3 cxco =3.459•10 

a.cs = 0.066 
a.co 

~ . . ... ) 

-=l.803 I I 

..... ~_:_J 

Cs-Co-Decay.med 7/20/98 Page 1 



filein := "two42-54.txt" -
HN .. 5 F:-:3 3.1 

Well 21-08-07 
A := READPRN(filein) yr:= A<l> net := A<7> blcg := A<6> max := A<4 > 

V 
N := last(yr) 

'tCO := 5.27 tcs := 30.17 

N =244 i:= O .. N 

aco := 1S00 

-(yri-75) I~) 

Csi := acs·e 

grossi :• neti 
This data edited for spurious points 

k := 0 .. 300 

acs := 30 

j := 0 .. 299 

2000..------..-----,.----,-----,---.....---------,----,.--------

0 

1500 

grossi 

o 1000 
tot. 

I 

500 

0 0 

0 '-----''------'----'-----'----'----'-------'---.......... --....... --........ ----' 
74 76 78 80 82 84 86 88 90 92 94 96 

-(yr,-75 ·- - yr.- 75)-
[ [ ) ln(2) ( ln(2)]]2 

ssq(al ,a3) := L grossi - al ·e 
I 

tCS -r a3·e 
1 

-ico 

Given 

ssq( acs ,aco )•O l•l 

[::I:= Minerr(acs,aco) 
a.cs =21.068 

. (yr, - 75) ~ 
I "a:D 

Eui := cxco·e 

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

273 
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3 
cxco = 1.567 • 10 

~=0.013 
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HNF:-:35,.1 -REVO 

Borehole 21--08-10 

No CT8Jl)ma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 197S and 1995 in the vadose mne from 2 to 100 feet. 

Information 
04: Sodium Iodide Scintillator 
03: Neutron 3 surv 
100ft 
100ft 
1/14/1975 
6/13/1994 
229 

.A ........ ~s Notes 

Number S,... ·--~ Reiected : 0 
Lower Threshold for Bad Survev Values : <-=O 

Method Used to C B- . . . ... ,....,.,,,,.,._ ____ Threshold (O< val < 50) 

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma Survevs : 

Analvst Name : RK.Price 
.•- •_,._:_By: Three Rivers Scientific 
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Oldest Survey 
1/1411975 
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'--..I Borehole Ex (-:i.1- 09--10) 

Log Date: 15-l)J- J--r 1st 

HNF:-:35:,,1 -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys 2 3 2.. 
# neutron surveys _3 _ _ 
C/ 'f'- 61,-1.3 Last 

Probe Type b L, 
# GR Surveys .2.. Z 9' 
Presentation Plot Dates 

:,::---:,---.,....---
(If diffemit from 1111 & Last) 

Contamination Zone Depth(s): -----------,-------,,--
Isotope from Spectral Survey: Cs-1 .3 7 {tJ .:3:::£:JC-::Z:) · < .S / ~,& Max Survey Depth /lkl / 

GAPS.Txt 
Comment 

HI-ZONES.Txt 
eason Selected approx #Samp's Comment 

J-l (-.6/<C-

I ~o 

/lltt, 

Comment 

Anal sis Notes 

AnalystName /(~LJf~ S/W ver-;? 6/t M...5 II 2- 2..:0 
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HNF:"'..353.1 -REVO 

Borehole 21-08-12 

Contamination (Cs-137) from 2 to 10 feet is Tank Fann Activity 

Grade Thickness Product from 2 to 10 feet is generally zero (0) with time intervals of 
enatic activity, indicating the poSSl'ble Tanlc Fann activity. The radionuclide identified 

from the HPOe detector survey is Cesium-137. 

Information 
04: Sodium Iodide Scintillator 

100 ft 
100 ft 
1/14/1975 

.6/13/1994 
226 

.A_:_.,;_ Notes 
Number Surveys Rejected : 0 

Lower Throshold for Bad Survey Values : <=O 
Method Used to ComDUte Backaround : Threshold (0< val < SO) 

Depth(s) where Contamination Identified in 2-10 feet is TF Activity 
Oross Gamma Survevs : 

_Anai1vat Name : RK. Price 
.A......;!.,..:.. Bv : Three Riven Scientific 
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VBorehole /!J \"' {-::/1-09-12..) 

Log Date: 7 5- bl-/ 'I- 1st 

Dry Well Survey Analysis - Notes 

Total # Surveys :, Zf 
# neutron surveys ..:3 
9 <t- -tJ '- 7.3 Last 

Probe Type fJ y 
# GR Surveys z., ~ 
Presentation Plot Dates ------(If different from I• & Last) 

Contamination Zone Depth(s): _____________ _ 

Isotope from Spectral Survey: .... c.s"'----/._,J:;;..,7,.___.(3......._-_.l._P e~-r.c...:)_<::'.....;;....,.:J~e_¼,c..;;,,c.y 
C!J-1,0 r.n ..__ 7.9F-r) <- Ir' C!.~ 

GAPS.Txt 
Survey Dat.e mun. Gaps approx #Sampl's Comment 

17 7-tJ'i~;2.. I 'r 9t0 
r71-t7/-J3A. ' 3 0 <? _y-
1~-n7-IJ £~ • .S-:2.. 5b 

7?-td-lH' 3.F ~f 

m~ZONES.Txt 
eason Selected approx #Samp's Comment 

/10 
J It> 
t~D 

lt:IJ 

/-3/ 

BackGnd. Txt 
Survey Date Reason Select.ed mun. Samples Feq. Clean Avg. Bkg 

15-l't-bf %C~ ~., "f~~ ¥.9,/ 
'1-A- DJ-'z;J bJ6-./!.)cG- 'f7 /8CJ~ /&, ~ 
76-fJ,-;Jo %C.Lti1,..J 9',P /% 3'7, O 

71-07-/J,L , ~Le~ -'ff J2~ 23,t; 
4S 0-/2-()J ~ 4-o ,j~ u,K 
'12-is--1~ ~..&<..'- JD3 "~ (!). 0 

<1.r 1,-11 /4.)&-dk..t>- I {J3 2.J?,... Y,t,() 

Anal sis Notes 

AnalystName ~ &-~~--~-~-"_Z) __ 
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HNF~35}.l -REVO 

Borehole 21-09-02 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 197S and 1994 in the vadose zone from 2 to 100 feet. 

Threshold O< val < SO 

Depth(s) where Contamination Identified in No Contamination 
Gross Oamma Surv 

R.K. Price 
Three Rivers Scientific 
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HNF:"'..353.1 -REVO 

Borehole 21-09-02 
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V Borehole /3 'X (2..l-tJe;-tJz..) 

LogDate: 7S-oJ-J"'tl st 

HNF:-:35J.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys 3 ~/ 
. # neutron surveys .:3 

'fJ- /o-D5 Last 

Probe Type b '-t' 
# GR Surveys 3 7f 
Presentation Plot Dates - - ----(If different ti'om 111 & Last) 

Contamination Zone Depth(s): __________ _ _ _ _ 

Isotope from Spectral Survey: C.J- 1 ;J 1 / ~ 7D 25' ,,,c 7) <::./ d / a~ Max Survey Depth ) 0 tJ 

GAPS.Txt 
Survey Date own. Gans lapprox #Sampl'i Comment 
1s-10-0J '1 r~ 
71,-()/J-(f l'-t '1 ~ 
7 '1-tJf-1J 2_"2._ Joe 
71- 01-11 I.J3 Cji) 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Fea. Clean Av2. Bk2 Comment 

-,1,.-11~-'2..3 Mt-L3Kt- o/"' //;~~ lr, y 
71,-(JS-lf 

,, 
97 7'r'Z "Ft, 2.. 

i-11,-17-1'1 ~..,..,,, 3..3 I~,~ 2..j';f 

71'-67-/J ~dt<.~ q I f) ~ (j?.O 

'ie-t"""2.$ A ,, <tr ~ uz (J,tV 

ftJ-/c-2.~~ I I T7 ? "7. ~,O 
,z-os"1'l II 17 "/p An 

IYSlS o es Anal . N t 
/V (!) .$ () ;( "e-¢.s' /f4--::T4.c7""~-d 

V. 

Analyst Name e~ L-;:> S/Wver'T?=-~aD V-Z Zl) 
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HNF-:353.1 -REVO 

Borehole 21-09-04 

Contamination (Cs-137) from 5 to 14 feet is Tanlc Farm Activity 

Grade Thickness Product from S to 14 feet is erratic from 1975 through 1984, and is 
categorized as Tank Farm activity. Grade Thickness Product from 1984 through 1994 is 

decreasing at a rate that is slightly greater than the decay of Cs-13 7 
(identified from HPGe detector). 

Information 
04: Sodium Iodide Scintillator 

100ft 
100ft 
01/14/1975 
10/05/1993 
381 

lY81S Otes Anal . N 
Number S1.11-,w;:; Rejected : 0 

Lower Tbreahold for Bad Survey Values : <=O 
Method Used to Comoute B~uund : Threshold (O< val < 50) 

Depth( s) where Contamination Identified in 5-14 feet is TF Activity 
Gross Gamma Sw u,.,.., : 

Analyst Name : R.K. Price 
~ ..:..Bv : Three Rivers Scientific 
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HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

V Borehole /3 X { 2 f- t, 1- b 'f) Total # Surveys ~ $Y Probe Type 6 't: 
# neutron surveys 'f # GR Surveys .3 B / 

Log Date: 7 5-0l-/'f-' 1st 9):/t)-OL Last Presentation Plot Dates _____ ---,,-__ _ 
(lf different from 1 at & Last) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: C5-/.J7 ( '8,cz ~ ~~ "-/9) ...-..- M~ Survey Depth I ()fJ 

own.Ga 

'2. 

)7 

HI-ZONES.Txt 
Comment 

BackGnd.Txt 
Comment 

Anal sis Notes 
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HNF:-:353.1 -REVO 

Borehole 21-09-08 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the IW'Vey probe 
detection threshold between 1975 and 1994 in the vadoae zone from 2 to 100 feet. 

Information 

100 ft 
100 ft 
1/14/1975 
10/05/1993 
367 

Threshold O< val < SO 

Depth(s) where Contamination Identified in No Contamination 
Gross Gammas 

R.K. Price 
Three Rivers Scientific 
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V Borehole l$X (2,;1-()'l-08) 

Log Date: 7S-~l- l'-r 1st 

HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys 3 70 
# neutron surveys _.3..___ 
C/ 3- 117-0.:r Last 

Probe Type O Y 
# GR Surveys 3 I, , 
Presentation Plot Dates ------(If different from 1 • & Last) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: C.S-1,37 I O?b /S,cr) < S/1 c.:,,,{,- Max Survey Depth /00 

GAPS.Txt 
Survey Date num. Gaps ~prox #Sampl's Comment 

177-0'6-/ ~ '2.Z. q5' 
71-tJ'i-Oy 21 C'/<t 
'i"t-~5'-~L. / ,0 /Oo 
crz-o.,. -/'(/I '1 7 Cfr 

HI-ZONES.Txt 
Surve Date Comment 

BackGnd. Txt 
Comment 

Anal sis Notes 

S/W ver ;,P(;,-/( O 5...S rl Z' 2. 0 
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HNF:-:353.1 -REVO 

Borehole 21-09-12 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1994 in the vadose z.one ftom 2 to 100 feet. 

Information 
04: Sodiwn Iodide Scintillator-
03: Neutron 3 surv 
100ft 
100ft 
1/14/1975 
10/05/1993 
306 

Anal . N Otes IVllS 

Number S'" . .-~ . .-; Re.iocted : 0 
Lower Threshold for Bad Survev Values : <=0 

Method Used to r ,_ ft • JI Threshold {O< val < 50) 

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma Sw Y~YG : 

• .&:.:.Ly-= Name : -R.K. Price 
Analvsis Bv : Three Rivers Scientific 
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\J Borehole.l5X {z1-o'i-1z..) 

Log Date: 7 5-tJ/-t'f' 1st 

HNF::353.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys >Of 
# neutron surveys .:3 
e;" J- /o-o.s Last 

Probe Type t> Y 
# GR Surveys JO/ 
Presentation Plot Dates ---,---

(If different frorn 1 • & Last) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: <:...~-1..Jz (t!:J To 3..>-,.c.7) < Z/' w.~ Max Survey Depth/C9c:,.,.c T 

GAPS.Txt 
Survey Date mun. Gaps •pprox #Sampl'5 Comment 

'12-t>S-1 s· Cf 7 I f)tJ 

Hl-ZONES.Txt 
Survev Date Reason Selected approx #Samp's Comment 

1->....._/) 'f-M F(I-/J~~ q 'l 
7..,:_{}/,-'7< HI-~'- 1ft 

v 

BackGnd. Txt 
Comment 

Anal sis Notes 

v -------------------------------------1 

Analyst Name If~ S/W ver ~&r(o.55 VJ ;Jp 
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HNF-:35Jl -REVO · 

Borehole 21-10-01 

Contmnination (Cs-137) from Oto 10 feet is Tank Farm Activity 
Contamination (Cs•137 & Co.60) from 3'8 to 52 feet is Stable 

Grade Thickness Product from· 0 to 10 feet is somewhat erratic from 1975 through 1985 
and is categom.ed u Tank Farm activity. Grade Thickness Product from 1986 through 

1994 is decreuing at a rate consistent with Cs-137 (identified from HPGe detector) within 
the logsina system senaitivi~. 

Grade Thickness Product from 38 to 52 feet is decreasing at a rate coDliatent with a least 
squares fit for Cesium-137 and Cobalt-60 (both identified from HPOe detector) between 

January 1975 and February 1994. The least squares fit results in a gross gamma 
contribution ratio of0.0S for Co-60 to Cs-137 on February 199f 

100ft 
1/16/1975 
2/23/1994 
369 

."' •. ~-Notes 
Number Surveys n ' _. · 0 

Lower Threshold for Bad Survey Values : <- 0 
Method Used to C - . _ ,...A : Threshold (O< val < SO) 

Depth(,) where Contamination Identified in 0-10 feet is TF Activity 
Gross Gamma Surveys : 38-52 feet is Stable 

~--L-::Name: R.K. Price 
_A - • • • Bv : Three Rivers Scientific 
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HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 
\._.,I 

Borehole /3X(z.J-J~-II) Total#Surveys 37.3 ProbeType Y 

Log Date: 1 S-bJ-f />I st 
# neutron surveys 'Zr" # GR Surveys :::, , p 

'1...,--tn- 2..3 Last Presentation Plot Dates _ _ _ - _ _ 
(If difrncnt from 1 • &. Last) 

Contamination Zone Depth(s): ____________ _ _ 
Isotope from Spectral Survey: C..S-t .J 7 f Cb-t,,o Max Survey Depth / 6'0 

GAPS.Txt 
Survey Date mun. Gaos 18Dprox #Sampl 's Comment 
,l,-IJS-U I "!>1 / 70 
!71-b7-J) L.fcJ t..o 
71'-di-o Lo/' 3/ qr 
q2-(Js--1B q ff I t!>7J 

- . xt HI ZONES T ~, 
Survey Date Reason Selected approx #Samp's Comment I I ""-lf 

1:T-tJl-t.J '"° 
~ 

~C,(.. /C-A-1 <-- 1 / 7 <i - t,'i- 7.. z. · -roe,~ ~ U'L 

-r.r-oJ-D5 /IJO -f' t:,r)i_. ,<A.IL- / 7 'i" - /t:)- ,t:>I¼ ( 'tP~-d .s~ 
-7 5"- 03-Jt l-0.V'-~/4',, I 7t f?llc.o,<d,.......t::-- 'f,,,f~~ll J 71-~7-II /.J- ({,o) .s~IA 

. '15-Uf"-C~ /80 .-r4CL.. /C-hl'- J i )-tJJ -2.. 3 lo~ l,M'~~ ~ 

7t-as-z_,1, Le ~C,-J.ACVf/1 I 10 rf LC!C,<,a.~~ ~,t// t:'f'l..-oT-/ S> I a) llhl' ~~ I, ~ r 

v r7 J-lf-2.;J 6 //;2- ffM ..fc.//(,,cl4.y /I 
7 ~ -(J/-(Jl.-f' I> qo ~~ 17V'-('1:.J -~ I i'i-02-z..1 J~o ~~- xt 

Survey Date Reason Selected nwn. Samples Feq. Clean AvR. BkR Comment 
1s-ot--1s Avt.-.iSF<C.. 7'7 0~ &,V 
7 5~ tJl..-/3 

,, '1'5 07~ (), 1) 

r,5- (;3-05' I ( fg l5% 4 7) 

·,s-c<r-c &- I! qf 0% t9, 0 
7(,...0$-/l... ~a!.V,tv' 7, 3.3~ tr,. 5 
7 t-()f-Z,'2.. M.x,.-,!)K.L- q7 IL~ 37 
'7 9-ffl-2, 'l ~-(,~ ·"'f'7 - /~~ '-r:J,.) 
C{ 1..--(JS-1'i lr"''--~~C,, 

-, , 
Cl~ (9,0 

Anal sis Notes 

v-----------------------------------.i 

Analyst Name /?~J~-;> S/Wver 7 ~o..1S 1/2 . 2.0 
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filein := ''two.txt" 

A := READPRN(filein) 

N := last(yr) 

'tCO := 5.27 -res := 30.17 

HNF:-:35~.1 -REVO 

Well 21-10-01 
yr := A<I > net:= A <7> bkg := A<6> 

N:: 356 i :=0 .. N k := 0 .. 300 

aco := 400 acs := 900 

( ) 
ln(2) 

- YTj- 75-;;;--
Coi := aco·e 

This data edited for spurious points 

1400 

1200 

grossi 1000 
0 

toti 

800 

600 

• 

<> 

max := A<4 > 

j := 0 .. 299 

400'----''-----'-----'---...._ __ ...__ __ ,__ _ __. __ _._ __ _._ __ ..._ _ __, 
~ M n w n M ~ ~ ~ ~ ~ % 

yri 

Given 

ssq(acs ,aco)•0 

[
exes] := Minerr(acs , aco) 
a.co 

out<I > := tot 

Cs-Co-Decay. med 

( ClCS = 905 .409] 

WRITEPRN("twop.txt") := out 
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acs = 2.22 
aco 
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HNF-:3531 -REVO 

Borehole 21-10-03 

Contamination (Cs-137) from Oto 96 feet is Stable 

The surveillance logs were analyz.ed u six radioactive z.ones to identify if downward 
movement bad occurred. The Nal and Green GM probe types were not designed to 

monitor high contamination levels (greater than 40,000 and 20,000 els, respectively). The 
radiation zone (0.23 feet) exceeded the count rate capabilities of the Green GM. . 

The Red GM probe (0-23 and 23-41 feet) showed that the .Grade Thickness Product wu 
decreasing at a rate consistent with Ca-137 between July 1980 and May 1994. The lower 
five radiation z.ones (23-41, 41-57, 57-72, 72-88. and 88-96 feet) have Orade Thickness 

Product, (Green GM) that are decreuing at a rate consistent with the decay of 
Cesium-137 between July 1980 and May 1994. 

Method Used to Co 

· Oroas Gamma SUJV Information 
Probe Type: 01 : Green GM (Intermediate Sensitivity) 

02: R.ed GM west 
Other Probe Types : 03: Neutron (4 surveys) 

Borehole 

F'tnt Survey Date : 

04: Sodium Iodide Scintillator (saturated) 
14: Shielded Nal saturat limited time 
100ft' 
100ft 
7/24/1980 (Type 01) 
S/05/1980 (Type 02) 
1/11/1980 14 

Last Survey Date : S/2611994 (Type 01) 
5/26/1994 (Type 02) 
9/02/1980 14 

Number Surveys: 133 (Type 01) 
ISS (Type 02) 
32 T 14 

<=0 
Threshold O< val < 10 

Depth(s) where Contamination Identified in 0-23, 23-4l, 41-57, 57-72, 
Gross Gamma Surveys : 72-88 88-95 feet are Stable 

RK. Price 
Three Rivera Scientific 
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"-./ Borehole 8 X [ 2./- ID -o.5) 

Log Date: 11-~-2.,.,,. 1st 

HNF-:3531 -REVO 

.,r- "/ ( 13:J) S-t-tQ-z,,., ➔~~ Dry Well Survey Analysis - Notes 
t')~bT) 7P-oS-'7:T ~.,-~-; 

Probe Type b/ P'rtl-) "Tl-eJl-dt ~9Scar-/, Total # Surveys '.J 3o 
# neutron surveys~ 
Cf 'f:-OS-- 't. ~ Last 

# GR Surveys Jyl#f-{Tz} StJ-t'l-11 +~~t>j-e'l:.... 

Presentation Plot Dates 
,.,---- ,----

(1 f different from 111 & Last) 

Contamination Zone Depth(s): _____________ _ 
Max Survey Depth I c:t, Isotope from Spectral Survey: u-1 ~ 7 r-<.J'-<- J.h~ .. '-<-

Ct:9-, c C <.. I 17 c:,.,;-,,,) 
, ,/$,~ GAPS.Txt 
~ 

Survey Date mun. Gaps 

f l-trJ-2'- 8 'f'o , 87_,,f:"-~f 11 }J 

Cf'J-67-FZ,. CJ 1 
'f]-t'7-l'f" '11 -~ -'Ill- 65-2. 7 U 

8 .z-i,2-2. -z..... "! 

approx #Sampl'! 

I tJtJ 

/~6 

/t,O 

Ide 

/IJO 
11'10 

Comment 

1 5~-06-"l.- (1r~.J.) 
m-ZONES.Txt 

Comment 

BackGnd. Txt 
Comment 
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Borehole 21-10-05 

Contamination (Cs-137) from 31-52, 52-62 and 74-85 feet 
is Stable 

Grade Thickness Product in three contamination zones 
(i.e. 31-52, 52-62, and 74-85 feet) is decreasing at a rate consistent 

with Cesium-137 decay between July 1980 and November 1989. 

Oro Gammas ss urvey Infl rmati 0 on 
Probe Type: 01: Green GM (Intermediate Sensitivity) 

Other Probe Types : 02: Red GM (Lowest Sensitivity) 
04: Sodium Iodide Scintillator (Saturated) 
14: Shielded Nal (limited time) 

Borehole Deoth : 100 ft 
Survey Depth : 100 ft 

First Survey Date : 7/24/1980 (Type 01) 
1/14/1980 (Type 02) 
1/11/1980 (Type 04) 
7/24/1980 (Type 14) 

Last Survey D_ate : 11/06/1989 (Type 01) 
7/22/1981 (Type 02) 

12/16/1980 (Type 04) 
5/05/1981 (Type 14) 

Number Surveys : 74 (Type 01) 
36 {Type 02) 
32 (Type 04) 
39 (Type 14) 

lYSIS o es Anal . N t 

Number Surveys Reiected: 0 
Lower Threshold for Bad Survey Values: <= -1 

Method Used to Compute Background: Threshold (O< val < 10) 

Depth(s) where Contamination Identified 31-52 ft is Stable 
in Gross Gamma Surveys : 74-85 ft is Stable 

Analyst Name : R.K. Price 
Analysis By : Three Rivers Scientific 
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HNF'.":353.1 -REVO 

Dry Well Survey Analysis - Notes d I ( 7Y) to·t:v-z.y ..::-8-11--c> 

\ .... / . 

Borehole /!,j{2.l- ltJ-DS- Total # Surveys / i' I 
# neutron surveys () 

0 2 (3 6) 'l'~-C/-/~~ 'J..o7-z­
Probe Type ~ I O't {3"l.) 8b"'t!l-i✓ ~ 1'11-tt.~ 

#GRSurveys IY/39) Vl>-Q--zr~y,~ -­
Presentation Plot Dates-- -----=,---- IQ Log Date: At>- 07- 2. Lf"l st ,1-1,-0' Last 

(If different from 1 • & Last) 

Contamination Zone Depth(s): ----,-----:--------- ----,--
Isotope from Spectral Survey: C,s -117 (Al'-"--~') -r ~ -(,,~ <J,e t,,~ Max Survey Depth / d~ 

GAPS T t . x , -
Survey Date num. Gaps approx #Sampl'l Comment 
11-10-2.1, ~ 'i'!> 
11- /7--tJ7 f -rs 
<j2.-M-~ lo ,~ 

:.... ,~M'-27 7.... "-f q " 
. b- M, - t,2,lf- ~ 

HI-ZONES.Txt 

Survey Date llleason Selected num. Samoles Fea. Clean Av2. Bk.It Comment 
I 11-10-12/r p~--7';-t 't'"Z 73-Z '?. I 
2.. "oO-~-t?l.. ,D C,t LA. er• 5¥-cg I. 1. 

( $ ()-())-3/ lfvt-&/<='- ~" ~ "7,, (P.,,r, 

11-6'/~'r ~c~ '7'? f 7",Z, 21. t) k,,,' /{d-"-'C-,. &o~k'lfr ; 

Anal sis Notes 
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HNF~353.1 -REVO 

Borehole 21-10-0.7 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ny contamination is present above the survey probe 
detection threshold between 197S and 1994 in the vadose zone from 2 to 100 feet. 

Analvsis Notes 
Number Surveys~ . . 

0 
Lower Threshold for Bad Survev Values : ❖~O 

Method Used to r - . . . Threshold (O< val < SO) - IYU&AA• 

Depth(s) where Contamination Identified in No-Contamination 
Gross Gamma S- .. - ... : 

_A ... "':t Name : R.K. Price 
AnalYBia By : Three Riven Scientilic 
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\J Borehole /3,X {2.J-/0-~7 

Log Date: 1 S-()/-f..> 1st 

HNF~35~.l -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys 3 rr 
# neutron surveys ~ 
1'f"-()2. - Z.J Last 

Probe Type Dr 
# GR Surveys 3 'I Y 
Presentation Plot Dates 

c:------::---
(1 f diffi:rent from 1 • & uist) 

Contamination Zone Depth(s): -----------,-----­
Isotope from Spectral Survey: f!.Srt.J.1 ( <:...1/ c..'/,,,.,J l')T ..5v<fH: 

GAPS.Txt 
Survey Date mun. Gaos 11pprox #Sampl's Comment 

'iS--1z-03 I.J 9 f{ 
7tf- l'J9-eJY z_f '16 
f/-01-0, /2- ~r 

HI-ZONES.Txt 
Comment 

BackGnd. Txt 
Comment 

Anal sis Notes 

Max Survey Depth / d O 

,_.,,,.-------------------------------------t 

AnalystName~/G~~~--~-~~---
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HNF:-:353.1 -REVO 

Borehole 21-10-11 

No Gamma-Ray Emitting Contamination was identified 

No signifir.ant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet. 

Information 
04: Sodium Iodide Scintillator 
03: Neutron 4 
100 ft 
100ft 
1/15/1975 
2/23/1994 
363 

A • .:. .. .:... Notes 
Number ~ YVYIII' ~ • 

. . 
0 

Lower Threshold for Bad Co'.!,·-.":::.· Values : <=O 
Method Uaed to r~ e .. . _.. Threshold (O< val < SO) ,__.. 

Depth( s) where Contamination Iclentified in No Contambaation 
Grou Gamma Surveys : 

.A--';-;: Name: llK. Price 
Analysis By : Three Riven Scientific 

327 



\..J 

'-..I 

Oldest Survey 
1/15/1975 
Gamma (els) 

O O 100 200 

10 

20 

30 

40 

i 
Jso 

eo 

70 

80 

90 

100 

50 

45 

40 

-,S 35 -
1: 
t: 

10 

5 

0 

HNF:-:353.l -REVO 

Borehole 21-10-11 

No Gamma-Ray Emitting Contamination 
Above Survey Detection Threshold 

j 

• 
1975 1980 1985 1990 1995 

Date (Year) 

100 

l • 0 • 0 

i 80 
Oo 

0 

a eo Cl) 

i: 0 

0 0 
0 

Ana~ by: ThrM Rlwrt sc.nlfflc 

328 



0 

10 

20 

30 

70 

80 

90 

100 

( 

', ) 

. 

. 

} 
. 

J 

. 
I 

I 

. 
) 

' I . 
J 

I 

} 

J 
I l I ) 

} ,, } . I ) 

' 

' 
)' 

I I 

I ) 
I 

' . ' 

!) ' 

t ) 
I 

' I 
I 

I ) 
I I 

. } 

' ?;> 
' . I J 

. 
I\._"-(''> 

~?f I ITT r(( . 
1975 

I ) . ·, 
' 

1 

' 

I 
} 

I ) 

) 
I 

? 

' 
I } I 

1' 
J 

I . 

' l J . 

I 

I > I 

' ' 

' 
I 

J 

' 1 

I 

) ~ (( ' ) 

I 

1980 

( 

Borehole 21-10-11 

/ 
. 

' 

' 
) 

' 

) 

) 

) 

I 

} 

} 

V 

,, (( ( ) 

J 
) 

I 

) 

} 

I 

} 

l 

> 
I 

} 
' 

) 

~ 

) 

' 

1 

I ) 
' l 

' l 

J 
) 

j 

} 

I 

J 

' 
' 

) 

' 
} ' 

'r ' 
l 

1985 
Date (Year) 

. 

' 

} 

I 

( 
) 

I 

I t 
I 

' 
) ' 

l 

' 
) 

1 
I 

I 

} 

} 

t 
,> 

' I } 

I 

> 

' ' 

. 
1990 

,I 

} 

' 

. 

i 

' 
' 1 

I 

I 

} 

' 

} 
I 

} 

C 

~ 

.. 

.. 

'" 

-} 

'" 

.. 

'" 

1995 

:c 
z: .,, 
( ' 
\.,-! 
V'I 
~ ..... 

: I 
::;o 
rT7 
< 
0 



V · Borehole.8X{Z/-/1J-J/) 
I 

Log Date: 7 S-tJ/ -tsi st 

Dry Well Survey Analysis - Notes 

Total # Surveys 3 ~ 7 
# neutron surveys 'f 
If 'f-fJZ. -2.3 Last 

Probe Type b'f 
# GR Surveys .3 tJ 
Presentation Plot Dates ----,----

(if diffmnt from 1 • & Last) 
Contamination Zone Depth(s): _____________ _ 

Isotope from Spectral Survey: Cs-1? z ..S:"1C'5d:a' a-v, y {"TD 2.Y~T) 

Survey Date mun. Gaps 

71,-M-2-o 32 
ilf-t11-II I~ 
7f-o9~v 3 F 

lq 2-fl S-1 ~ q J,. 

approx #Sampl's Comment 
(, eJ 

!:,7) 

'fS" 
/l>D 

<//~ 
GAPS.Txt 

HI-ZONES.Txt 

BackGnd.Txt 
Comment 

Anal sis Notes 

Max Survey Depth I PO 

AnalystName (f~ iLrf'~ S/W ver /,C-C,y,(,d.SJ // ?- Z--0 
C, 
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HNF'.":35}.1 -REVO 

Borehole 21-11-03 

Con tamination (Cs-137) from Oto 10 feet is Undetermined 
tamination (Cs-137)-:from 34 to 44 feet is Undetermined 

ntamination (Cs-137) from 44 to 62 feet is Stab~e 
ontarnination (Cs-137) from 62 to 70 feet is Stable 
ontamination (Cs-137) from 70 to 94 feet is Stable 

Con 
Co 
C 
C 

Surveillance logging activities were not designed to monitor hish contamination levels 
rates exceeding 40,000 els (34-44 feet) and monitor contamination at the with count 

surlace (0-10 feet). 

Grade 
. 

Tbidmess Product from 44-62, 62-70, and 70-94 feet ia decreasing at a rate 
with Cesium-137 (identified from HPOe detector) between July 1980 and consistent 

December 1989. 

Gross Gamma Swv Infonnation . 

100ft 
7/24/1980 
12/19/1989 
176 

Lower <aO 
MethodU Tbreabold O< val < SO 

Depth(s) where Contamination Identified in 0-10 feet is Undetermined 
Gross Gamma Surveys : 34-44 feet is Undetermined 

44-62 62-70 70-94 ft Stable 

R.K. Price 
Three Rivers Scientific 
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HNF::35,.1 -REVO 

Dry Well Survey Analysis - Notes ) 'I'-=- </d-o/-/0 ~ Sf-
l .l..1) ~ e 

"-" Borehole f3X(2..l-ll..03 

Log Date: '6 D-o 7-2..'rJ. st 

Total # Surveys q 7 
# neutron surveys 0 
'8'1-12.,-;q Last 

Probe Type t> ~,, I 'I' 
# GR Surveys __LZJ___ 2..1 

Presentation Plot Dafes --- ---(If difment from 1 • & Last) 
Contamination Zone Depth(s): _ _____ _______ _ 
Isotope from Spectral Survey: __ c..s_--'-1=-3_7 _________ _ Max Survey Depth I tJ V 

GAPS.Txt 
Survey Date mun. Gaps mun. Samples Comment 

g I-ID-I J i 'l- /00 
9S-0/-3D /J 9f' 

m~ZONES.Txt 
Survey Date Reason Selected ~mm. Samples Comment 
1-r-tJf-z.. 2.. A.I" r~<..s /diJ W;li( tJ;\/C,- _$,!) 'tL.. ..,.;...,.,, A 

BackGnd. Txt 
Survey Date Reason Selected mun. Samples Pea.Clean AVi.Bk.e: Comment 
j /..-tf!-2..2. H /-&i<e- 97 ,s-~ --r-2..J 
B f-0-r-,2... ~ r, ~ "1'\-' </~ 97~ 23. R' 
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HNF:-:353.1 -REVO 

Borehole 21-11-04 

Contamination (Cs-137) from 35 to 46 ft is Stable 

Swveillance logging activities were not designed to monitor 
high contamination levels with count rates exceeding 40,000 c/s. 
Grade Thickness Product from 35 to 46 feet is decreasing within 

counting system limitations at a rate consistent with Cesium-13 7 decay 
between July 1980 and December 1989. 

oss amma urvey Gr G s Infi f orma 10n 
Probe Type: 04: Sodium Iodide Scintillator 

Other Pro be Types : 14: Shielded Nal (22 surveys; 1980, 85, 89) 
Borehole Deoth : 100 ft 

Survey Depth : 100 ft 
First Survey Date : 7/24/1980 
Last Survey Date : 12/27/1989 
Number Surveys : 218 

IYSlS o es Anal. Nt 
Number Surveys Rejected : 0 

Lower Threshol4 for Bad Survey Values : <=O 
Method Used to Compute Backizround : Threshold (O< val < 50) 

Depth(s) where Contamination Identified 35-46 ft is Stable 
in Gross Gamma Surveys : 

Analyst Name : R.K. Price 
Analysis By : Three Rivers Scientific 
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HNF~35}.1 -REVO 

Dty Well Survey Analysis - Notes 

V' Borehole /3 X { 2/- 1/-fJ 't) 

Log Date: <i' (J- 01-1. 'f 1st 

Total# Surveys 2 'ff) 
# neutron surveys 0 
'If- I Z -1., 7 Last 

Probe Type dy, l'f ;u (. 
# GR S 

. ,i:,',f'cg 7 f lJ-t)J-10 To 8'9-,;. 
urveys 2/f c 

Presentation Plot Dates -------
Contamination Zone Depth(s): _3...,.o_-_'n;_,:._-r _________ _ 
Isotope from Spectral Survey: Cs-137 (..o-ka 

(1 f different from 111 & I..a.,t) 

Max Survey Depth / oo 

GAPS.Txt 
Survey Date mnn. Gans mun. Samples Comment 

<JJ-/l)-1J 2-'r qB 
fy-~6j-/ Y- / /) !PO 

HI-ZONES.Txt 

,, 

BackGnd. Txt 
Survey Date Reason Selected hum. Samples Feq,Clean Av.it.Bk£ Comment 

1 I-I C>-13 % /'-1..i~ '16 -67% Z..'i'. 1 
"i 5"-()J-11L, M'-~~'- 'T ,f 72f '-r. J 
vs-«-u ,i+v1,,-.JJKC... 91 fl"t,~ I 7../ 

lYSlS 0 S Anal . N te 

Analyst Name ___ _________ _ S/Wver ---- - -
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HNF'.":35}1 -REVO 

Borehole 21-11-05 

Contamination (Cs-137) from 40 to 46 ft is Undetermined 

Grade Thickness Product from 40 to 46 feet is decreasing at a rate that appears to be 
greater tlW1 the decay rate ofCesium--137 (identified from HPGe detector) between 

Jamwy 197S and February 1994. 

Information 

100 ft 
100 ft 
1/14/1975 
2/23/1994 
558 

A...! .. ..:..Nota 
Number Sw,.1wy8 D ' 

. 
0 

Lower Tbreabold for Bad Survey Values : <=O 
Method Used to r n • ..ti. SO to 90 ft -•uuuu. 

Deptb(s) where Contamination Identified in 40-46 feet is Undetermined 
Gross Gamma Surveys : 

A--L-Name. . -· . RK. Price 
Analyaia By : Three Rivera Scientific 
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\....,I Borehole JJX [ 2 (- /1-()n 

Log Date: 7 S-01-11.t' 1st 

HNF~353.1 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys __n 2. 
# neutron surveys 't 
t:'l'f-tJ2 -LJ Last 

Probe Type ()1/ 
# GR Surveys ; 5Jl 
Presentation Plot Dates 

Contamination Zone Depth(s): _ff_z._~_-r ___________ _ 
:-:-------=:-----

(If different from 1 • & Last) 

Isotope from Spectral Survey: ...,C.=-s"-7....._..3>,_,.7 __________ _ 

Survey Date 

</J-J,,,-,--, lA-

'i!J-/,J-IJ~ 

1l f-11J-1.J (,. 

~~-bf-23 

Survey Date 
75-02..-JJ 

7 S- tJ'f-r/ 

-:-'fr oli--,z 
r7 6- b3-2.,'f 

f<'l-!D-J ~ 
1 s-oz-2.ii 
'85-()8'-U, 

'f 1- l'lt -2./ 

mun. Gaps mun. Samples 
,, 9~ 

2-'1" .,. " 
2... 2.. 91{ 

'f /()e} 

GAPS.Txt 
Comment 

HI-ZONES.Txt 
Comment 

rcc0 AA-I <-V,!,£ 
BackGnd.Txt 

Reason Selected mun. Samples Fea.Clean Av2.Bk11; Comment 
/hi~&$/<:"'- '98 /!)~ ll,n 
,4i..,...,~ {;.. 1'J 2,.5 % 31.F 
•Z, C 1 .6'M/ '11:, 't/ 7n 3c9, f:) 

/rt)Crdrce,.. C/b /Q9o/o, I.Seo 
~c~ ei7 7/~ 22•7 
~ c.-dlc '-- ? '( C)o/,,, ,9, '[J 

Jt,16- I!>/<£ 99 13~ /..1. z 
/h)I,- SK<... q~ C/7 "Tr. 1/B:o 

O,o 
Anal sis Notes 

Max Survey Depth / ~() ,C7 



HNF'.":353.1 -REVO 

Borehole 21-11-07 

Contamination (Cs-137 & Co-60) from 35 to 45 feet is Stable 

Surveillance logging activities were not designed to monitor low contamination levels. 

Grade Thickness Product from 3 S to 45 feet is decreuing at a rate consistent with a least 
squares fit for ~ 13 7 and Cobah-60 (both identified ftom HPOe detector) between 

January 1975 and February 1994. The least squares fit results in a grou gamma 
contnbution ratio for Co-60 to Cs-137 of 1.3on February 1994. 

Information 
04: Sodium Iodide Scintillator 

100 ft 
100ft 
1/15/1975 
2/23/1994 
561 

S to 35 feet 

Depth(s) where Contamination Identified in 35-4S ft is Stable 
Gross Gamma S 

ll.K. Price 
Three Rivers Scientific 
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HNF~353.1 -REVO 

Dry Well Survey Analysis - Notes 

\.....I Borehole EX{2/-II-07) Total# Surveys SlS Probe Type (; 't 

V. 
I 

_ # neutron surveys J./-
Log Date: /J-!J/-IF 1st 9','-02-2..3 Last 

# GR Surveys S-61 
Presentation Plot Dates 

Contamination Zone Depth(s): 't O ,o. 7 ( 35'-'-I <> ,=. r ~ 
Isotope from Spectral Survey: CS-/ 3 7 { <. s,.,,, 6-/. ID {!) ~ ~" ') 

(..,0 -,p @ "f'-f' ,C.-r ~ ~ C / ,,() CA,:;/ r1"f 

------,---
( l f di ffmn t from 1• & Last} 

Max Survey Depth / 0 cJ 

GAPS.Txt 
Survey Date num.Gaps mun. Samples Comment 
7£.- t:Jl!J-flZ 5? 4'-cl /3,1t::1 5 c/2( (,I~ 't" 

~1-61'-13 -:,_ I 9{/ 

HI-ZONES.Txt 
Comment 

Comment 

0, 0 

An 1 . N alYSIS otes 

IV I) 51,1,;(? t/~VS /('L, JL~ 7' .J> __.. 

A~k /">../ c:h.,_LJ 5" - ~ -,-,.c, '? 

Analyst Name /?~ oJ ~ 
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V 

filcin := "two.bet" 

A := READPRN(filein) 

N := last(yr) 

'tCO := 5.27 'tCS := 30.17 

-(yri- 7S) i:) 
Csi := acs•e 

grossi := neti 

HNF~35Jl -REVO 

Well 21-11-0Z 
---, A<I> yr ,c 

N =550 

net:= A<7> 

i:= O .. N 

aco := 170 

ln(2) -(yri-75)-:;;-
Coi := aco·e 

bkg := A <6 > 

k := 0 .. 300 

acs := 20 

This data edited for spurious points 

400 

300 
grossi 

<> 
toti 

-- 200 

100 

max:= A<4 > 

j := 0 .. 299 

o'----.l..---.l-.--.l-.--.1...---'-------..__......,......,.....___:-=-->10<..:....;...o._ ........ =----------
N ff H W n M ~ ~ ~ ~ M % 

-(yr,-75)- -(yr,-7S)-
[ [ 

ln(2) Jn(2)]]
2 

ssq(al ,a3) := L grossi- al•e 
I 

tcs +a3•e 
I 

ico 

Given 

[
acs l 
a.co 

ssq(acs,aco)•O 1•1 

:= Minerr( acs , aco) 
acs = 15.785 

ln(2) -(yri-75)-
Eu. := aco·c teo 

I 

out<! > := tot WRITEPRN("twop.txt") :"' out 

351 

aco = 170.204 

~=0.093 
aco 

Cs-Co-Decay .med 7/20/98 Page 1 



I 

L 

V 

Borehole 21-11-10 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1994 in the vadose mne from 2 to 100 feet. 

£A-• .... -::, Notes 
Number Survevs Reiected : 0 

Lower Threshold for Bad ~- ...... Values : <=O 
Method Used to I ,..e Bac:UU uuaa: : Threshold (O< val < SO) 

Depth(s) where Contammati,m Identified in No Contamination 
Gross Gamma Survevs : 

Analvst Name : R.K. Price 
t-=.::.· . ..:: By : Three Rivers Scientific 
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HNF:-:35}.l -REVO 

Borehole 21-11-1 O 

No Gamma-Ray Emitting Contamination 
Above Survey Detection Threshold 
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Ana.,._ by: ThrH Rtver. Sclentiflo 
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HNF:-:35,.1 -REVO 

Dry Well Survey Analysis - Notes 

V Borehole ~ X ( 2.,/-II- IO) 

Log Date: 75"-- 0 J-1 :r 1st 

Total# Surveys S-Sf) 
# neutron surveys 4 
Cf '-1-tfl-Zl Last 

Probe Type b 4 
# GR Surveys ~ 
Presentation Plot Dates 

Contamination Zone Depth(s): -------------­
Isotope from Spectral Survey: C.S-l .3 7 5 v?f' Mre ".-vc.., y 

Survey Date 

7h-05-tfj 
7!,-6'6-1~ 
){)-hl-3c 
'i!i o-OJ.-2.' 
Cf!-P'!:-V 

\..._,../ 

GAPS.Txt 
mun. Ga s num. Sam les Comment 

00 

Reason Selected nwn. Samples 
J'T/-t:31<'- 1, 
Ht-i!!J<:.'- </'1 
_5R" -'C7 J.,,t~ "I /Z, 
Hr -,::!,kt;. /t)f) 

H l-61'<-"-- 'lo/ 

HI-ZONES.Txt 
Comment 

~"..t,Yh:$ u. 72#J<- ~11-1 ~~ 
BackGnd. Txt 

Fea.CJean Av~.Bk.2 Comment 

15°4, ~19.I 

J'f ,z, 39,.J 
'?I~ "2 J. ' 
l>Z. fJ-r, 
L) ~ t).,. t) 

Anal sis Notes 

,.--,,-.--::----
(If different from 1 • & Last) 

Max Survey Depth /dO/ 

__________________________________ __, 

Analyst Name x~ ~ 
355 



HNF::}5}.l -REVO 

Borehole 21-11-11 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of pmma-ray contamination is present above the survey probe 
detection threshold between 197S and 1994 in the vadose zone from 2 to 100 feet. 

Gross Gamma Sw-v: Information 

100 ft 
100 ft 
1/15/197S 
2/23/1994 
SS4 

r ~. ' Notes 
Number Surveys !I.-: -~ .. : 0 

Lower Threshold for Bad ~-~·=-· Values : <so 
Method Used to Conmute n • -~. Threshold (O< val < 50) 

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma Siw ... .,.u: 

Analvst Name : R.K. Price 
Analvsia Bv : Three Rivers Scientific 
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Borehole 21-11-11 

No Gamma-Ray Emitting Contamination 
Above Survey Detection Threshold 
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HNF::35}.l -REVO 

Dry Well Survey Analysis - Notes 

'--" Borehole.BX (,/-JJ-1/) 

Log Date: 75-t>I-/J 1st 

Total # Surveys 5 SB 
# neutron surveys ~ 
·</ 'r-tJZ-23 Last 

Probe Type {) 7" 
# GR Surveys 551/ 
Presentation Plot Dates 

(If diffcre_n.....,t from-1=• &-~-t)-

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: C--5-t 3 7 ( .S VJ'< M-~ o-,v e,, Y) Max Survey Depth / {) 0 ~,, 

GAPS.Txt 
Survey Date mun. Gans num. Samples Comment 

1s- ,z-:ie i:, &J's-
'i'TR-t,~-1.3 2£J 9'r-
BJ-10-1:J z. -z_ IDO 

ill-ZONES.Txt 
Survey Date Reason Selected num. Samnles Comment 

~l-10-1.s- Hl-...il<f- I <9D . 

rs-02--v. --rca...-~,~ loo -rlJO(... /11~ ~c 7,~ ~ 

q 1-63-0:s- [S"1 ,~v~# Pb ~ loo Ptl~S.fdL~ 0,,,,,, 6f/l(/ '- Ne1r1..Z..-,;:7 

q I- Of-2,r /.(J -~k.'- I ()0 H 1 /Jve- -rt:'>~"-- 0 u,.., -r< 

BackGnd. Txt 
Comment 

o I 
J () {) 

Anal . N IVSlS otes 

Ne ~(/7(. VA V...$ A £,'::J' £ c:. .,,... ~ A 

/\I() It 1'r('hA-"7l (!)#\./ ~~ :Z:~~71 ~ I~_/'? f;A.J rr= ..5~'-'='~ 

'---

Analyst Narnell ~ Lt e~ , 

359 



\....,/ 

HNF~353.l -REVO 

Borehole 21-12-02 

Contamination (Cs-137) from Oto 6 feet is Tanlc Farm Activity 
Contamination (Cs-137) from 6 to 20 ft is Undetermined 

Grade Thickness Product from o· to 6 feet is erratic from 197S to 1986 and is catfllC)rized 
u Tank Fann activity. Surveillance logging activities were not designed to monitor low 
contamination levels or contamination near the surface. Grade 'lbickneu Product from 

1986 through 199S is decreasing at a rate consistent with Cs-137 (Klentified front 
HPGe detectm:). 

The radioactive zone from 6 to 20 feet bas three time intervals that warrant diJcussion. 
(1) From 197S to 1976 the Grade Thidmess Product appears to be decreuina at a hish 
rate which may indicate a short lived radionuclide, ponably Ru-I 06. (2) From 1976 to 

1982 the Grade Thickness Produce is decreasing within countins statistics at a rate. 
consistent with Cesium-137, then a step increase appears to have occurred. (3) From 1982 

through 1994 the Grade Thickness Produce is decreasing within countins statistics at_ a 
rate consistent with Cesium-137 (Identified from HPOe detectoi:)-

04: Sodium Iodide Scintillator 
03: Neutron 3 sur¥ 

100ft 
100 ft 
1/14/1975 
S/25/1995 
361 

_• •F ··- Notes 

Lower Threshold for Bad Survey Values : <=- 0 
Method Used to C en · ·· .. · 20 to 9S feet 

Depth(s) whore Contamination Identified in 0-6 ft is TF Activity 
Gross Gamma Surveys : 6-20 feet is Undetermined 

_A ·~ • Bv: Three Rivers Scientific 

360 
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HNF:-:35}.1 -REVO 

Dry Well Survey Analysis - Notes 

V Borehole IJX (2-/- /2-0L-) 

Log Date: 7 S- OJ- 1'-t 1st 

Total # Surveys > b '-f-
# neutron surveys _3 __ 
q 5 -{)J-25 Last 

Probe Type (j '"I 
# GR Surveys 3 I, I 
Presentation Plot Dates - - -,--- -

(If different from 1 • & Last) 

Contamination Zone Depth(s): .5'L11,c&4. Za 1 o ~ 7' 
Isotope from Spectral Survey: Gs - 137 { ~- ~ o E <f-2.F 7 < 11 <J'~~ax Survey Depth / Do 

GAPS.Txt 
Survey Date mun. Gaps mnn. Samples Comment 

l7b-fJ/- b1 i '1'i 
17~- PJ- i..v- 1 J, '1 <( 
fl- M-1.3 /3 /~V 

1'1'1.-(JS-t B' ~7 /(Jo 

ID-ZONES.Txt 
Survey Date lleason Selected mun. Samples Comment 

lf'8l.-62-()! ~(;.., PR~c.,£..p~ CH+,,~ :--:/4 Jl\..--1 ... 

.,S"v,( VJtl-,' '7"" 7~~ Wd-Ll 

V 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Feq.Clean Av2.Bb Comment 1,-b'r--c'f '7. / . .I.oil... o/R 6/% .3 't;'() /frr~ Bk<-

7 lrll';>-2, V A.An$~~ '11> 0~ O,o 

'7t- ,-,L- J IJ .kt"~-- q3 ~7% 33.9 
7J-o z-, £J HJ t)I< c- q7 5r~'2 1.7. 7 
7 'f-1.z.-~, %c..u.,A.;v 'f6 7~ 3..S. z.. 
'12-oS-Ji JYt,d.5~vt--f" 97 O?-. O, --o 
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Borehole 21-12-05 

No Gamma-Ray Emitting Contamination was identified 

No significant levell of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1995 in the vadoae mne from 2 to 100 feet. 

04: Sodium Iodide Scintillator 
03: Neutron 4 aurv 
100ft 
100 ft 
1/14/1975 
5/25/1995 
344 

_A--L;-=s Notes 
Number Sua ......... Reiected : 0 

Lower Threshold for Bad Survey Values : <•O 
Method Uaed to C 

.,._. 
'OUDd: Threshold (0< val < 50) 

Depth(s) where Contamination Identified in No Contaminadon 
Orou Gamma Surveys : 

Analvst Name : R.K. Price 
A •• B •-•- ly : Three Rivers Scientific 
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Borehole 21-12-05 
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Above Survey Detection ThntShold 
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HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

V Borehole L3x(2J--1Z -o>J Total# Surveys .3 'r? Probe Type t> 'f 
# neutron surveys '1: 

Log Date: 7 S--ol-l'f' 1st '15- pS-ZS Last 
# GR Surveys 3 '1:'t: 
Presentation Plot Dates ------

Contamination Zone Depth(s): /JPN£ ( G'--e,&v: 
Isotope from Spectral Survey: C$- 1~ r /t r ..5t..lJ1t. M:t!' 

(lfdiffuent from 111 & Last) 

Max Survey Depth '17 ~..,, 

GAPS.Txt 
Survey Date num. Gaps num. Samples Comment 
?f-trJ-J_j 27_ .,, 7 
1/-td-l!, 7 /~t 

12-D.5---16 '1 ~ 9 8' 

HI-ZONES.Txt 
Survev Date Reason Selected burn. Samples Comment 
75-0 f"-of 1-//t.H t11<t.r r'\.-q ~ 
7b - b, -3C' Htl,,f'rc./J "' W->-
1"11. - D"/- 2- z rfl~# 61<'4- 1--u'I s-

BackGnd.Txt 
Survey Date lRcason Selected num. Samotes Pea .Clean Avi.Bb Comment 

7 ~O'tt:Y/ ~ -C~ "i'I 5.5% 3~- j 
··1/,- {)I,-?,o ~ I'_,,_ .IA'V' 9Y 3~9a 2 9, ~ 
7J.- tJ'I- z.."' %LIL~. 17 27 •Z, '+3, L 
17~-1)9-J) 'Jo Gu?Av <f.>- 7b~ 1-i # 2-
'l2.. ~ OJ,/ f %C~.HV 'I~ () '?~ 6J n 

Analyst Name/?~(?~ 



HNF-:3531 -REVO 

Borehole 21-12-07 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet. 

Information 

100 ft 
100 ft 
1/14/1975 
S/25/1995 
359 

.A.:::..1..y...:. Notes 
Number Survevs n . 

. 
0 

Lower Threshold for Bad Survev Values : <=O 
Method Uaed to r - n • . . Threshold (0< val < SO) - -

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma s .... -y-:;-: : 

Analvlt Name : R.K. Price 
A ... ..:,..:..Bv : Three Rivers Scientific 
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'--" Borehole .0 X L Z I - 12 - o7) 

Log Date: 7 5-o)-l'r Ist 

HNF:-: 353.1 - REV 0 

Dry Well Survey Analysis - Notes 

Total # Surveys 3 t, 3 
# neutron surveys 4-
'1 f- DS'-LJ: Last 

Probe Type 6 7 
# GR Surveys 3.ft/ 
Presentation Plot Dates ------(Jf diffemit ftom 111 & Last) 

Contamination Zone Depth(s): ___ __________ _ 
Isotope from Spectral Survey: 0-1 !,z -'i7 $</d~ltr I' Max Survey Depth / o O 

1 

GAPS.Txt 
Survey Date mun. Gaos nwn. Samples Comment 
7<;-(J'f-(~ I$ 't., "s-
$/-IC-t!, '3 / JD 2-
'i'-r-1:J'l-z...,- I 'r /00 
'f2-f)5"-J$ ~<'{ /r:0 

ID-ZONES. Txt 
Comment 

-rcoc. 

!CO '77,,,(L'ld.M~ V 78b~~~c::.....,.-,...~ 

1 DD '' BackGnd.Txt 
Comment 

Anal sis Notes 

Analyst Name __ ~----~-~_..;a;;......._ __ _ 
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HNF:-:353.1 -REVO 

Borehole 21-12-10 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet. 

Information 
04: Sodium Iodide Scbmllator 
03: Neutron 4 sur¥ 

100ft 
100ft 
1/14/1975 
S/25/199S 
3SS 

.A. -• . Notes . 
Number Survevs hieoted : 0 

Lower Threshold for Bad ~ T·;;-.; Values : <--0 
Method Used to r - . ound: Threshold (O< val < SO) 

Deptb(s) where Contamination Identified in No Contamination 
Gross Gamma :_ n,_.,,. '. 

.• --1.-:: Name : R.K. Price 
A • . Bv: Three Rivers Scientific . 
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HNF::35,.1 -REVO 

Dry Well Survey Analysis - Notes 

v · Borehole 13 X ( 2/-12 -/ 0 Probe Type 6Lf 

Log Date: 75-0J-/ 'r 1st 

Total # Surveys 3 to 
# neutron surveys ..> 
'7 5-os-, f Last 

# GR Surveys 2>2 
Presentation Plot Dates 5~ ,,,...----=-,e-----

(lf different from 1 • & Last) 

Contamination Zone Depth(s): _____________ _ 
Isotope from Spectral Survey: _____________ _ Max Survey Depth /!JO 

GAPS.Txt 
Survey Date num. Galls num. SamDles Comment 

~,-,o-J3 21. '1/JfJO 

1crz-0S-:1 i q~ -i..10[) 

ID-ZONES.Txt 
Survey Date Reason Selected num. Sanmles Comment 

71, -OL-ZJA- Ht -c,/_s ,,_, I Ct> Fn~zr71 r~L- MA-L ,a v,vr_ -r .,,., - _ 

'1 L -IJ Ii - 3 D A..kiv~ /Jv~ (. ~ I.,..,., HI (,..H"" ,, CP.s 7'~~ A...d ,,f'.,,, ~ 

BackGnd. Txt 
Comment 

AnalystNam~}f £~ S/W ver '?;!~~ V2 • 2..~ 
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HNF:-:353.1 -REVO 

Borehole 21-12-12 

Co11tamination (Cs-137) at 4-10 ft is Stable 

Grade Thiclcnesa Product between 4-10 feet appears to be decreasing at a rate consistent 
with Cesi.um-137 (tdentificd ftomHPGe detector) between January 1975 and May199S. 

04: Sodium Iodide Scintillator 

100ft 
100 ft 
1/14/1975 
S/2Sll99S 
33S 

.. -\;-.;! .. ;.:; Notes 
Number Sua .......... Reiected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Uaed to r~ B . . Threshold (O< val < SO) . 

Depth(s) where Contamination Identified in 4-10 ft. is Stable 
Gross Gamma Surveys : 

Analvat Name : R.K. Price 
~ ·_,...:_By: Three Riven Scientific 
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HNF:-::,5}.l -REVO 

Dry Well Survey Analysis - Notes 
:x,1 

Total # Surveys ;J-'t'fi- Probe Type t:J't' 
# neutron surveys '1- # GR Surveys 3.3S-
qs-- IJ5"-V-Last Presentation Plot Dates 

\._./ Borehole f3X (2 1- 12-ri) 

Log Date: 7S--OI -/Y1 st 

Contamination Zone Depth( s) : 7,c. 7" ( 2 - 2 'I I! r FIi"'°' .S<;,LJ) 

----,----
(If diffcrmt from 1• & Last) 

Isotope from Spectral Survey: CS-1.3 7 Max Survey Depth lo()ef 

GAPS.Txt 
Survey Date nwn. Gaos num. Samcles Comment 
7f -01- 1:J I 7> '1 8 

111- Jb-J.J )3 /oz 
o, 1. ,..bS-/8 9ft Joo 

HI-ZONES.Txt 

BackOnd. Txt 
Survey Date Reason Selected nwn. Samoles Pea.Clean Avg.Bh, Comment 7, ... ().- Jo HJ'-"' L/ J Cf't I ,z, 't#f, i 
qz-()'S-lf NJut INV.5 q ~ ~% t9,0 

Anal sis Notes 

S/W ver fr 6--/t.O.f .S II 2., ')e, -::T ~ ~t 
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V 

HNF""..353.1 -REVO 

Borehole 21-27-01 

Contamination (Sb-125 & U-235/238) from 68 to 78 feet is Stable 

Grade Thickness Product for the radioactive wne (68-78 feet) is decreasing within the 
gross gamma sensitivity to each isotope and relative intensity at a rate CODlisteot with a 

least aquares fit of Antimony-125 and Uranium-235/238 (both ideotified from HPOe 
detector) between January 1979 and March 1993. The least squares tit results in a gross 

gamma contnbution ratio for Sb-125 to U-235/238 ofO.S on March 1993. 

Gross Gamma S Information 

OtherProbe 
Borehole 100 ft 

100 ft 
1/09/1979 
3/17/1993 
38 

Anal . N IVlll otel 
Num>er Surveys Reiected : 0 

Lower Threshold for Bad Survev Values : <•O 
Method Used to CJ .. e .... -• :vund : Threshold (O< val < SO) 

Deptb(s) where Contamination Identified in 68-78 ft is Stable 
Gross Gamma Sw-.·~-; : 

& '_--:Name : R.K. Price . 
AnalvsisBv: Three Riven Scientific 
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\.._,, Borehole BX/2/- 27- &I ) 

Log Date: ? Cf--o/-o'j 1st 

HNF~35~.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys -4/ c:? 
# neutron surveys 2..... 
'l'J-oJ- 17 Last 

Probe Type 7"" 
# GR Surveys 3 A 
Presentation Plot Dates ------(Jf different from I 11 &: Last) 

Contamination Zone Depth(s): ---c-----:----------­
Isotope from Spectral Survey: C .r 13 "7 { t:J - l "" 7 ) c:: ~ 6' u /:;," 

GAPS.Txt 
Surve Date 

lfl-ZONES.Txt 
Surve Date Comment 

71/- DJ-CS" 

BackGnd. Txt 
Survey Date Reason Selected mun. Samples Feq. Clean Avg. Bb Comment 

M (,)N' ,,r ,A_, s,~ ~LJ,V~ .,, ,J.,. A,/Y✓-t!/• ~~ - , -

Anal sis Notes 

Max Survey Depth / t:r:J 

S/W ver JrC/ctJS_J \/ z.~ VJ 
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\._..,' 

filein := "two68-78 .txt" 

A := READPRN(filein) 

N := last(yr) 

HN . - 5 F:-.3 3.1 

Well 21-27-01 
yr := A <I> 

N = 37 

net := A<7 > 

i := O .. N 

-REVO 

bkg := A<6 > 

k := 0 .. 300 

1st Isotope is U (4.5 e6 yrs) 'tCO := 4.5 · 109 aco :=- 30 

2nd Isotope is Sb-125 (2.77 yrs) t2 := 2.77 

ln(2) -(yr,- 75)·-
I lCO 

Coi := aco·e 

This data edited for spurious points 

a2 := 1550 

max := A<4 > 

j := 0 .. 299 

800 ....-------""'T'"----r----..------.---""'T'"------.------, 

600 

200 

() 
0 

0 .._ __ __,_ ___ __._ ___ ........_ ___ ..___ __ __. ___ _._ ___ ....._ __ __, 

n ~ ~ ~ ~ ~ ~ ~ ~ 

yri 

-(yr--75)- -(yr,- 75)-
[ [ 

ln(2) ln(2)]]
2 

ssq(al ,a3) := L grossi - al ·e 
I 

ffl> + a3·e 
1 

t2 

Given 

ssq(aco,a2)•0 l•l 

[: ] := Minerr( aco, a2) 

aco =30.656 

out<O> := yr ouf1 > := tot WRITEPRN("twop.txt" ) :,. out 

a2 = l.572 • 103 

Ratio Sb/U 

aco = 0.019 
a2 

X2N 
-=0.505 
~ 

Co-2nd-Decay.med 8/1/98 

316 
Page 1 



HNF~353.l -REVO 

Borehole 21-27-02 

Contamination (Sb-125 & U-235/238) from 68 to 78 feet is Stable 

Grade Thickness Product for the radioactive zone (68-78 feet) is decreuing within the 
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a 

least squares fit of Antimony-125 and Uranium-23S/238 (both identified from HPOe 
detector) between January 1979 and June 1993. The least squares fit results in a gross 

gamma contn'bution ratio for Sb-125 to U-235/238 of0.2 on June 1993. 

Oroas Gamma S Information 
ProbeT 04: Sodium Iodide Scintillator 

03: Neutron 2 
100ft 
100 ft 
1/09/1979 
6/17/1993 
41 

-•~. ,; 1 Notes 
Number Survevs Reiected : 0 

Lower Threshold for Bad :iui T""' Values : <-0 
Method Used to Cnmnnte n. • ... und : Threshold (O< val < 50) 

Depth(s) where Contamination Identified in 68-78 ft is Stable 
Gross C,amma Sw T"""'" : 

.A..=-.... -;t Name : R.K. Price 
Analysis By : Three Riven Scientific 
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V Borehole ~X(2./•2 7- t!J 1/ 
Log Date: 7f-()J-02 1st 

HNF:-:353.1 -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys ~ 3 
# neutron surveys g_ 
9J-. ot,- 12 Last 

Probe Type O Y 
# GR Surveys ~ I 
Presentation Plot Dates ------

(If different from l" & Last) 

Contamination Zone Depth(s): _,,.....-------------
Isotope from Spectral Survey: _C-_6-----'-J-=3"'""7 __________ _ Max Survey Depth I t?P 

GAPS.Txt 
Survey Date num. Gaos lal>prox #Sampl'1 Comment 

/Vn .$(/l(. V ~V5 Wt Ir....,, >? .~ 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 

7?~~ ~MJut~" 5S",c.7 f ~ ht -r .5 u><. "k'-v 

7f-t,f-O"i ~,1().fUll,~~ ~o ~ 

BackGnd. Txt 
Survey Date Reason Selected nwn. Samples Fea. Clean Avg.Blaz Comment 
7'/-Dl-o'I '-bvr;.-,7'~ 5.3 9 6 "l. 2- 7, 7 

Anal sis Notes 

Analyst Name _/4_~ ____ /:_..-_~____..c=_. _ _ _ -r_L" /-.LI //~ 2.-z, S/W ver / /- "7'C r-..S-5 
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HNF:-:35}1 -REVO 

tilcin := "two68-78.bd'.;. Well 21-27-02 _,, 
A := READPRN(tilein) net:= A<I> bkg := A<6> max := A <4> 

N := last(yr) N =36 i := 0 .. N k := 0 .. 300 j := 0 .. 299 

1st Isotope Is U (4.5 e6 yrs) i:co := 4500000 aco := 30 

2nd Isotope is Sb-125 (2.77 yrs) ,:2 := 2.77 a2 := 600 

gross. := net. 
I I 

ln(2) -(yri - 75) -~ 
X2i := a2·c 

This data edited for spurious points 

300.----------.-----------------~---~------. 

200 

grcm. 
I 

0 
tot. 

I 

100 

0 
78 80 82 84 86 88 

yri 

-(yr.-7S)- -(yr.- 75)-
[ [ 

ln(2) ln(2)]]2 
ssq(al ,a3) := L grossi- a1 ·e 

1 = +a3 •e 
1 

't2 

Given 

ssq(aco,a2)•0 

[ :: ] := Mincrr(aco,a2) 

-(yri - 75) I:) 
Co. := aco·c 

I 

<0> out :c yr out<! > := tot 

Co-2nd-Decay.med 

l•l 

u 
aco =30.229 

WRITEPRN("twop.txt") := out 

391 
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90 
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a2 =607.599 
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92 

aco 
-=0.05 
a2 

c~ ---........J -- = S.048 
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H.NF~353.l -REVO 

Borehole 21-27-06 

No Gamma-Ray Emitting Contamination was identified 

No significant levels of gamma-ray contamination is present above the survey probe 
detection threshold between 1979 and 1993 in the vadose zone from 2 to I 00 feet . 

. "--~;;:a Notes 
Number Survevs !> • ,~ .. . 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to r en. ~. Threshold (O< val < SO) uuuu . 

Depth(s) where Contamination Identified in No Contamination 
Gross Gamma Surveys : 

Analyst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 
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HNF:.353.1 -REVO .. 

Dry Well Survey Analysis - Notes 

~ Borehole /3 X{u- ZJ-pt,} 
/ 

Total# Surveys "Y 3 
# neutron surveys 2. 

Probe Type -/: 

Log Date: 7f-ol-o91 st 'IJ-()(P-17 Last 
# GR Surveys _"-I'~/_ 
Presentation Plot Dates 

(1f difti_ere_n_t fr-om--,! •==-&-Las-t) -

Contamination Zone Depth(s): -.,,...------------ -
Isotope from Spectral Survey: _ C_s_-1_:37 __________ _ Max Survey Depth ,,1dz) 

GAPS.Txt 

HI-ZONES. Txt 
Surve Date eason Selected approx #Samp 's Comment 

1'-r-/Jl,-f 

BackGnd.Txt 
Survey Date Reason Selected num. Samoles Fea. Clean Avg. Bkg Comment 

frt 7Xo -p ' ~ %r~.A- , 97 ~~ 2.'2., .,-

Anal sis Notes 
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HNF~3531 -REVO 

Borehole 21-27-07 

Contamination (Sb-125 & U-235/238) from 68 to 84 feet and 
90 to 118 feet is Stable 

Grade Thickness Product for the two ndioactive mnes (68-84 and 90-118 feet) is 
decreasing within the gross gamma sensitivity to each isotope and relative intensity at a 

rate consistent with a least squares fit of Antimony• 12S and Uranium-23S/238 (both 
identified from HPGe detector) between April 1979 and June 1993. The leut squares fit 

results in a gross gamma contn'bution ratio for Sl,.125 to U-235/238 
ofO.S and 0.04, respectively, on June 1993. 

The majority ofU.235/238 in the lower radioactive zone (9()..118 feet) is concentrated in 
the lowest portion from I 08 to 118 feet. 

Information 
04: Sodium Iodide Scintillator 

138 ft 
138 ft 
1/22/1979 
6/17/1993 
37 

_A~-!..-· Notes 
Number Survevs Reiocted : 0 

Lower Threshold for Bad Survey Values : <=O 
Method Used to Conmute Back .. "'~ : Threshold (O< val < SO) 

Depth(s) where Contamination Identified in 68-84 feet is Stable 
Gross Gamma Surveys : 90-118 feet is Stable 

_.& ... 1.~ Name: R.K. Price 
~i.._...;. • .:... Bv : Three Riven Scientific 

396 



( 

01/22ll9 
Gamma (rJs) 

O O 100 200 

10 

20 

30 

40 

50 

)60 -s::. 110 
80 

90 

100 

110 

120 

130 

140 .___ __ ___, 

0 2IO 500 
Gamma (els) 

( 

Borehole 21-27-07 
§-----------~ 
('f) 

Depth: 68-84 ft 

U-235/238 Decay Line 
.. Sb-125 & U-235/238 Decay Line 
\ 

\ 
\ 
\ 
\ 

\ 

" \ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 

I 

\ 
\ 
·' 

0 _.....__.....__~___.__..........-~___.__.___.__---..-~_.....__..__...__-,---_.__~___.____.__ 

1975 1980 1985 
Date (Year) 

1990 

IHHf H*ttHtt t t t t t t t t t t f 

.... . . . . . . .... . . ... . . . . . . . . . 

1995 

( 

06/17/93 
Gamma (rJs) 

0 100 200 
0 

10 

20 

30 

40 

50 :I: 
z 

-60 
.,, 

1i ; I . 
,!! \,,! 

~70 U1 
15. "" i! 80 

.-
I 

90 ::::0 
f'Tl 
< 

100 0 

110 

120 

130 

140 

150 



( 

01/22/79 
Gamma (els) 

O O 100 200 

10 

20 

90 

100 

110 

120 

130 

140 

ine) 

0 2&0 &00 
Gamma (c:/s) 

( 

Borehole 21-27-07 
lr--------------

0 

1975 

'ii 50 
~40 

i~30 
'g20 
~ !1~ 
i,.JOO 

~80 
ceo 

l I ,10 
u.. 0 20 

0 

Depth: 90-118 ft 

U-235/238 Decay Line 
\ 

\ 
\ St>-125 & U-235/238 Decay Line 

1980 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
•, 0 

198S 
Date (Year) 

\ 
\ 

\ 
\ 

\ 

\ 
\ 

I, 
\ 

0 

1990 

... . . . . . . ... . . . . . . . . . . . . . . . . . 

1995 

( 

06/17/93 
Gamma (els) 

O O 100 200 

10 

20 

30 
40 

50 ::J: 
z 

160 "Tl 
; e; 
\>! 

170 Ut 

"" ~ 80 
..... 

' 90 
;o 
rr, 
< 

100 0 

110 

120 

130 

140 

150 



-

( ( 

Borehole 21-27 -07 
0 ....._....,._ I ....._, '- \ '- '- ,_, / _,,,,, '- 1 ,,,, .1 .1 _., - - ~ -

10 

20 

30 

40 

50 
C' 
Cl) 60 
-! 

~ ........ 
i:5 70 

C. 
(I) 80 
0 

90 

100 

110 

120 

130 

140 

1975 1980 1985 
Date (Year) 

1990 

( 

1995 

::c 
z .,, 
: f 
\J-.' 
V'I 
~ ..... 

' ::0 
rr, 
< 
0 



HNF:-:353.1 -REVO 

Dry Well Survey Analysis - Notes 

~ Borehole /3 X{2J,2.7-o7 

Log Date: 1 f- tJ I- l:2. 1st 

Total # Surveys 3 7' 
# neutron surveys 12.. 
qJ,0/.-17 Last 

Probe Type OS,,: 
# GR Surveys 3 7 
Presentation Plot Dates --- ---

I 

i 

Contamination Zone Depth(s): ---,=---~---------­
Isotope from Spectral Survey: C~, .£5'-✓ 2~ 1/ 

GAPS.Txt 
Survey Date mun. Gaps ai,prox #Sampl's Comment 

No .5 <./1! 1 1"4-y.> u t'l"H / ,,,, ~ --" -,, (" 

HI-ZONES.Txt 
SurvevDate Reason Selected approx #Samp's Comment 

l vfJ f'JJ,ff) .,5(.//i, _, ~ ., 
_._..·LI ~ 

BackGnd. Txt 
Survey Date Reason Selected own. Samoles Fea. Clean Avg. Bk2 Comment 
jv() ~ ~~. YS -I:, ,, (//p-:, _, ll" I A.-c!!)~k, ~ 

Anal . N lYSlS otes 
fi.t, SU;,,e c/.& Y'c £4 .:::,-"~-?"~.A 

(If different from 1 • & Last) 

Max Survey Depth ../.:::,z:;7 
1 'ZfO 

,t,.;</1 

AnalystNamer?~~ e~4) '///A vz.z_o 
S/W ver 'r-v-,l ()..>..> 



HNF~353.1 -REVO 

mein := "two6s-os4.txt" Well 21-27-07 
A := READPRN(filein) yr:= A <I> 

N ==36 

net:= A <7> bkg := A <6 > max:= A <4 > 

N := last(yr) i := 0 .. N Jc :: 0 .. 300 j := 0 .. 299 

1st Isotope Is U (4.5 e6 yrs) t@ := ~00 aco := so 
2nd Isotope is S~125 (2.77 yrg) -t2 := 2.77 a2 := 3900 

ln(2) -()'fi - 75)-
eo. := aco•e 1CO 

I 

) 
ln(2) -(yri-1s a 

X2i := a2·e 

This data edited for gpurious points 

1500 

grossi 
0 

loti 
1000 

500 

o...__ __ ........., ___ ....__ __ _. ___ _._ ___ .__ __ __._ ___ _.__ __ ___. 

n W ~ M ~ U W ~ M 
yri 

-(yri-75)~ -(yri-75)2 [ [ 
ln(2) Jn(2)]]l 

ssq( al, a3) := L grossi - al •c + a3 ·c i: 

Given 

ssq(aco,a2)•0 l•l 

[ :; ] := Minerr(aco,a2} u 
aco = 82.557 

ln(2) -(yr--75)-
1 'tCO 

Coi := aco•e 
( 

ln(2) - Yl';-75)-
){2 . := a2·c t2 

. I 

out<O> := yr ouf1> := tot \1/R.ITEPRN( "twop.txt") := out 

Co-2nd-Decay.med 7/17/98 

401 

yi, 3 
a2 = 3.911 •10 

a.co 
-=0.021 
a.2 

Page 1 
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HNF:-:353.1 -REVO 

filcin := "two90-ll8.txt" Well 21-27-07 
A := READPRN(filcin) ·-A<l> yr.- net := A <7 > bkg := A <6 > max := A <4 > 

N := last( yr) N =36 i := 0 .. N k := 0 .. 300 j : .. 0 .. 299 

1st Isotope is U (4.5 e6 yr& .co :i:: 4500000 aco := 560 

2nd Isotope is Sb-125 (2.77 yrs) .2 := 2.77 a2 := 2400 

This data edited for spurious points 

1600 

1400 

1200 

gross. 
I 

0 1000 
toti 

800 

600 

400 
78 80 82 86 

yri 

- yr. - 75 .___ - (yr, - 75)-

[ [ 
( ) 111(2) ln(2)]]2 

ssq( al, a3) := L grossi- al·e 
I 

tc0 +a3•c 
1 12 

Given 

ssq(aco,a2)•0 

[ :: ] := Mincrr(aco,a2) 

ln(2) -(yri- 7S)~ 
Coi := ac:o·c 

l•l 

u 
<lCO :: 566.072 

88 

out<O> := yr out<!> := tot WRITEPRN("twop.txt") := out 

0 
0 

90 92 94 

5.h 3 
<l2 =2.426•10 

~=0.233 
<l2 

c°N 
-=23.682 
X2N 

Co-2nd-Decay.med 7117198 
402 
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Borehole 21-27-08 

Contamination (Sb-125) from 40 to 86 feet is Stable 
Contamination (Co-60&Sb-125&U-235/238) from 

92 to 116 feet is Stable 
Contamination (U-235/238) from 130 to 146 feet is Stable 

Grade Tbickneas Product for the ndioactive zone ( 40-86 feet) is decreasing at a rate 
consistent with the decay of Antimony-125 (identified from HPOe detector) between 

April 1979 and June 1993. 
Grade Thickness Product for the radioactive zone (92-116 feet) is decreasing within the 
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a 
least squares fit of Antimony-125 (hypothesis), Cobalt-60 and Uraniwn-235/238 (both 

identified from HPGe detector) between April 1979 and June 1993. The least squares fit 
results in a gross gamma contribution ratio for Co-60:Sb-125:U-23S/238 is 182:43: 1097 

on June 1993. 
Grade Thickncsa Product of the radioactive zone (13()..146 feet) appears to be stable, 
within the measurement counting uncertainty, with Uranium-235/238 (identified form 

HPGe detector). Surveillance logging activities were not designed to monitor low 
comamioation levels. 

_A_:-..:.,L ... ;:1 Notes 
Number :_ ....... s Reiected : 0 

Lower Threshold for Bad Survey Values : <•O 
Method Used to C".ntnN•te .... • . uuud : Threshold (0< val < SO) 

Depth(s) where Contamination Identified in 40-86 feet is Stable 
Oross Oamma Surveys : 92-116 feet is Stable 

130-146 feet is Stable 

Analvst Name : R.K. Price 
Analvsis Bv : Three Rivers Scientific 

403 
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V Borehole SX(iJ-2.7-oc;J 

LogDate: 71/-tJ't-o31st 

HNF~353.l -REVO 

Dry Well Survey Analysis - Notes 

Total# Surveys 3 7 
# neutron surveys 2.. 
9 3- t.1,:;:-1 z Last 

Probe Type /J Y 
# GR Surveys 3.J[ 
Presentation Plot Dates ------(If difl'ucot from t • & Last) 

\. 1 

Contamination Zone Depth(s): --:::~-=------::----,.,-------­
Isotope from Spectral Survey: C.. t C~ £ lf 3~ U 

GAPS.Txt 
Survev Date mun. Gaps approx #Sampl's Comment 
N fJ .5 ll)t ll 5_y_s w 1-r,.., '7 i, ~s 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 

"d 't-lU, -17 ,::;l(c;d, 4-3 t-~ tu ~~<-<.. 

BackGnd.Txt 
Survey Date !Reason Selected num. Samples Fea. Clean · Avg. Bk2 Comment 

j'r~,-12. "7.C:,,1/JLi f ,- q-, AJ.r2 .. "2,¼e, 

Anal . N otes IYSIS 

l\b .5r .ht. l,,1d . .ve /'lAl,7~7";....,., 

AnalystName ff~~ 

-

Max Survey Depth /~c., 



'-1' 

filein := Mtwo92-l I 6.txt" 

A := READPRN(filein) 

N := last(yr) 

HNF:-:353.1 -REVO 

[ Well 21-27-08 \ 
yr := A<l> net := A<7 > 

N =33 i := O .. N 

'tCS := 5.27 

bkg := A<6 > 

k := 0 .. 300 

max:= A<4> 

j := 0 .. 299 

2nd Isotope is Sb-125 (2.77 yrs} ,2 := 2.77 

acs := 2000 

a2 := 4030 B := 1100 B is Uranium 

ln(2) -(yri-75)--;;--
Csi :a: acs ·e 

This date edited for spurious points 

sooo~--~--- ........ ---~---...---~--------........ --~ 

<> 
4000 <> 

grossi 
3000 

<> 
toti 
-2000 

<> <> 

1000 

0 
78 80 82 84 86 88 90 92 94 

yri 

-(yr--75 ~ - yr.-7S)·-
[ [ ) ln(2) ( ln(2) ]]2 

ssq( al , a3, a5) := ~ grossi - al ·e 
I 

tes + a3 ·e 
I 

t2 + a5 

Given 

ssq(acs,a2,B)•0 l•l 

[:] a• Wnerr(aos,~,B) 
Co 3 
a:cs =2.072•10 

Sb 3 a2 =4.39•10 
u 
bk= 1.097•103 

ln(2) -(yri - 75) ·-;;-
Csj := a:cs·e 

ln(2) -(yri- 7S)·-
X2. := a.2·e t2 

I 

ouf0 > := yr out<I > := tot WRITEPRN("twop.txt") := out 

409 
lsotopes-3.mcd 7/31/98 

a.cs =0.472 
a2 

~=43.262 

Page 1 



HNF~353.l -REVO 

mcin := "twol30-146.txt" Well 21-27-08 
A := READPRN(filcin) yr := A<!> 

N=33 

nct :=A<7> bkg :=A<6> max :=A<4> 

N := last(yr) i :r: 0 .. N k := 0 .. 300 j := 0 .. 299 

1st Isotope is Co (5.27 yrs) 

2nd Isotope is U (4.5 e8 yrs) ___ ___, 

't"CO := 5.27 

't2 := 4500000 

This data edited for spurious points 

aco := 100 

a2 := 150 

3SO.-----,,----,----.----.----,----"'"T'"---"'"T'"----, 

300 

250 
JTOSSj 

0 
toti 

-- 200 

ISO 

0 

0 

Oo 

• 

0 0 
0 

0 

0 
0 

0 
0 

0 
0 0 

0 
0 

0 
0 

0 0 

0 
100,__ ___ ,...._ __________ ~---~---~- -----------

78 80 82 84 86 88 

yri 

-(YT· - 7S)- -(YT· - 75) ._ 
[ [ 

ln(2) ln(2)]]
2 

ssq(al,a3) := L grossi- al•e 
1 

,co +a3·c 
I 

t2 

Given 

ssq(aco ,a2)•0 1•1 

[:] := Mincrr(aco,a2) 

a.co= 99.729 

out<0 > ::: yr out<I > := tot WR.ITEPRN("twop.txt") := out 

410 
Co-2nd-Decay. med 7/17/98 

90 92 94 

a2 = 156.799 ----

aco =0.636 
a.2 

Page 1 
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HNF-:353.1 -REVO 

Borehole 21-27-09 

Five Zones of Radioactive Contamination Established 
70 to 91 feet (Cs-137 & Sb-125) is Stable 

91 to 101 feet (Cs-137 & Sb-125) is Stable 
101 to 107 feet (Cs-137 & Sb-125) is Stable 

107 to 116 feet (Cs-137 & U-235/238) is Stable 
116 to 124 feet (Cs-137 & Sb-125 & U-235/238) is Stable 

Grade Thickness Product from 70 to 91 feet is decreasing at a rate consistent with a least 
squares fit for Antimony-125 and Cesium-137 (both identified from HPGe detector) 
between April 1979 and June 1993. The least squares fit results in a gross gamma 

contribution ratio for Sb-125 to Cs-137 of 1.8 on June 1993. 

Grade Thickness Product from 91 to IO I feet is decreasing at a rate consistent with a least 
squares fit for Antimony-125 (hypothesis) and Cesiurn-137 (identified from HPGe 

detector) between April 1979 and June 1993. The least squares fit results in a gross 
gamma contnoution ratio for Sb-125 to c .. 137 of0.6 on June 1993. 

Grade Thickness Product from 101 to 107 feet is decreasing at a rate consistent with a 
least squares fit for Antimony-125 (hypothesis) and Cesium-137 (identified from HPOe 

detector) between April 1979 and June 1993. The least squares fit results in a gross 
gamma contnoution ratio for Sb-125 to Cs-137 of0.09 on June 1993. 

Grade Thickness Product from 107 to 116 feet is decreasing at a rate consistent with a 
least squares fit for Cesium-137 and Uranium-235/238 (both identified from HPOe 
detector) between April 1979 and June 1993. The least squares fit results in a gross 

gamma contnbution ratio for U-235/238 to Cs-137 of 4.6 on June 1993. 

Grade Thickness Product from 116 to 124 feet is decreasing at a rate consistent with a 
least squares fit for Antimony-125 (hypothesis), Cesium-137 and Uranium-235/238 (both 
identified from HPOe detector) between April 1979 and June 1993. The least squares fit 

results in a gross gamma contribution ratio for U-235/238:Cs-137:Sb-125 of 171: 143:5 on 
June 1993. 

Page 1 of2 
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HNF~3531 -REVO 

Borehole 21--27-09 

Gross Gamma Surv Infonnarion 

ISO ft 
ISO ft 
4/03/1979 
6/17/1993 
34 

• na~,:is Notes 
Numb« Surveys Reiected : 0 

Lower Threshold for Bad Survev Values : <=O 
Method Used to Conmute Backaround : Threshold (O< val < SO) 

Depth( s) where Contamination Identified in 70..91 feet is Stable 
Gross Oamma Surveys : 91--101 feet is Stable 

101 .. 107 feet is Stable 
107-116 feet is Stable 
116--124 feet is Stable 

Analyst Name : R.K. Price 
•4:..:.1.,;::s By : Three Rivers Scientific 

. page 2 of2 
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HNF~.353.1 -REVO 

Dry Well Survey Analysis - Notes 

"-...,, Borehole /3)< { ~/-2..7- P1) Total# Surveys _3_6 __ 
# neutron surveys :z_:. 

Log Date: 7 f-o'r-03 1st 9J- c,-17 Last 

Probe Type~ 7" 
# GR Surveys -' '-I' 
Presentation Plot Dates 

Contamination Zone Depth(s): _a....&7__,_5'_-_;_2.,,...;;;2.. ____ M_:._ _______ _ 
=----:---:,------

(1 f different from 1 • & List) 

Isotope from Spectral Survey: _<.._5....,.,,~5_h~)~V ________ _ Max Survey Depth l.>o 

GAPS.Txt 

HI-ZONES.Txt 
Surve Date Comment 

v.___ ___ .....__ ___ ....... ___ ....... ____________________ ___. 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Feci . Clean An .. Bh Comment 

tvO ..s'~ '1£,JU Wli ~ ~l(l"'J ~ ,L,,; ,, •v ~let,.. 0~ P,lC~ 

Anal sis Notes 

\._..1L....-----------------------------_.,.....,....1 
Analyst Name /(~<£'~ ~ 



filein :=[" Ab-070-091 . .;J 
A := READPRN(filein) 

N := last(yr) 

HNF-:3531 -REVO 

Well 21-27-09 
yr:= A<I > 

N =33 

net := A <7> 

i :=0 .. N 

bkg := A<6> 

k := 0 .. 300 

2nd Isotope is Sb-125 (2.77 yrs) 

'tCS := 30.}7 

-r2 := 2.77 

acs := 300 

a2 := 20000 

This data edited for spurious points 

6000 

2000 

max := A<4 > 

j- := 0 .. 299 

0 .__ __ ___. ___ ___._ ___ _._ ___ ....__ ___ .__ __ __. ___ ___._ ___ _, 

n W U M M ~ ~ ~ M 
yri 

-(yr.-75)- •(yr.- 75) -
[ [ 

111(2) . ln( 2) ]]
2 

ssq(al,a3) := L grossi - al ·e 
1 

'!CS +a3 ·c 
I 

t2 

Given 

ssq( acs ,a2)•0 

[acsl cx
2 

:= Minerr(acs , a2) 

out<D > := yr ou{1 > := tot 

Cs-Sb-Decay. med 

a.cs'= 166.337 

WRITEPRN ( "twop.txt" ) := out 

7/1~98 
4Zl 

4 
<12 = 2.003 • 10 

~ =8.306•10-3 

a2 

Page 1 



filein :~l-101~ 

A := READPRN ( filein) 

N := last( yr) 

HNF~353.1 -REVO 

Well 21-27 -09 
A<I> yr := 

N =33 

net:= A<7> 

i := 0 .. N 

bkg := A<6> 

k := 0 .. 300 

2nd Isotope is Sb-125 (2.77 yrs) 

"tCS := 30.17 

-r2 := 2.77 

acs := 200 

a2 := 7000 

This data edited for spurious points 

2000 

IP'O'Sj 

0 

toti 

1000 

max := A<4 > 

j := 0 .. 299 

0 .__ __ __._ ___ ___._ ___ _..__ __ ~1--------'------'----..__ __ ___, 
78 80 82 84 86 88 90 92 94 

yri 

• (Yf· - 75) •- -(yr· - 75)-
[ [ 

111(2) ln(2) ]]l 
ssq( al ,a3) := L &rossi - al ·e 

I 

tcs + a3 •e 
I 

u 

Given 

ssq(acs,a2)•0 

[acsl a
2 

:= Minerr(acs,a2) 

acs =- 189.428 a.2 = 7.29S• 10
3 

•(yt--75)~ 
I . n;s 

Csi := acs ·e 

out<O > := yr 

Cs-Sb-Decay.med 

111(2) 
-(yri- 75)7 

X2i := a.2 ·e tot. := es. + x2. 
I I I 

out< 1 > := tot WRITEPRN("twop.txt") := out 

7/15/98 

422 

acs = 0.026 
a2 

Tx~ · · · 
(

- =0.58} 

-~~_/ 

Page 1 



\..,./· 

'-" 

filein :=&b-101-107.t~i"i? 

A := READPRN ( filein) 

Well 21-27 -09 
·-A<I> yr.-

N := last(yr) N =33 

net := A <1> 

i :=0 .. N 

bkg :" A<6> 

k := 0 .. 300 j := 0 .. 299 

2nd Isotope is Sb-125 (2.TT yrs) 

ln(2) •(yri-7S)-
Cs. := acs·e ics 

I 

'tCS := 30.17 

.2 := 2.77 

acs := 100 

a2 := 500 

gross- := net. 
I I This data edited for spurious points 

350 

300 

250 

gross. 
I 

0 200 
toti 

ISO 

100 

50 
78 

0 

80 82 84 86 

yri 

0 

88 

-(yr,- 75)- -(YI"- 7S)-
[ [ 

111(2) ln(2) ]]2 

ssq(al ,a3) := L grossi - al ·c 
1 = + a3·e 

I 

t2 

Given 

ssq(acs ,a2)•0 

[
acs l a2 := Mincrr( acs , a2) 

ln(2) -/yr.-75)-
1 I 1CS 

Cs- := acs ·e 
I 

out<O> := yr out<! > := tot 

Cs-Sb-Decay .med 

l• I 

acs = 93.113 

WRITEPRN("twop.txt") := out 

7/15/98 

423 

0 
0 

0 

90 

5i:rf Z.'> 
a2 =552.88 

92 94 

acs =0.168 
a2 

Page 1 



filein := "Ab-107-116.txt" 

A := READPRN(filein) 

N := Jast(yr) 

HNF~353.l -REVO 

[Wf!I_I ~1-27-09 J 
yr:= A<I> 

N =33 

net:-= A<T> 

i := O .. N 

bkg := A<6> 

k := 0 .. 300 

-res :"' 30.17 acs := 100 -2nd Isotope is U {4.5 E9 yrs) -r2 := 4.55 · 109 a2 :• 300 

ln(2) -(YT;-7S)a 
X2i := a2•e 

This data edited for spurious points 

max:= A<4> 

j := 0 .. 299 

soo...-------,------,-----,----..---------,---......-----.-----, 

400 

gross. 300 
l 

0 
tot. 

I 

-200 

100 

0 
0 • o 0 o 

8 0 
0 0 

0 

0 
ooo 0 

/) 0 0 
0 • 0 /) 0 (> 

o<> 0 0 0 

0 
0 

0 ..__ __ _._ ________ _._ ___ ......_ __ ___. __________ ....._ __ ___. 

n w ~ M ~ ~ ~ n ~ 

yri 

-(YT· - 75) ·- -(YT· - 75)--
[ [ 

ln(2) ln(2)]]2 

ssq( al ,a3) := 2:: grossi - al ·e i ~+a3·e, Tl 

Given 

ssq(acs ,a2)•0 1• 1 

[
<XCS] a.2 := Minerr( acs ,a2) 

acs • 100.651 

u 
a.2 = 301.399 

~ =0.334 
a.2 

out«>> := yr 

ln(2) · (YT;- 75)a 
X2i := a.2-e 

out<!> := tot 

toti := Csi + X2; Wt- ~ v x~ 
WRITEPRN( "twop.txt") := out ~ C5N ==

4
·
576 

Cs-Sb-Decay.med 1131m ,2, Page 1 



filein := "Ab-116-124.txt" 

A := READPRN ( filein) 

HNF~3531 -REVO 

/Well 21-27-09_{ 
·-A<I> yr ·- net:= A <7> bkg := A <6 > max:= A <4 > 

N := last(yr) N =33 

2nd Isotope is Sb-125 (2.17 yrs) ~-----

i := 0 .. N k ::::1 0 .. 300 j := 0 .. 299 

'tCS := 30.17 

't2 := 2.77 

acs := 217 

a2 := 530 B := 170 B is Uranium 

ln(2) -(yri - 7S) · 'tCS 

Csi := acs·e 

ln(2) -(yri-7S)-
X2 - := a2·e 't2 

I 

SJ'O'Sj 
0 

toti 

This data edited for spurious points 

600 ,------.------,-----.----~---....-------.---.....---~ 

400 
0 

0 

200 

o,___ __ .......... ___ _.__ __________ .......... ____________ ......_ __ ___, 

n m ~ ~ u ~ ~ ~ ~ 

yri 

-(yr,- 75)- -(yr,-7S)-
[ [ 

ln(2) ln(2) ]]2 

ssq(al ,a3,a5) := L grossi - al ·e 
1 = +a3·e 

I 

t2 +a5 

Given 

ssq(acs,a2,B)•0 l•l 

_Sb 
, ) -[: 1 =Mffi=(=.~,B) 

acs =218.629 a2 ,.537,142 bk= 171.423 

( 
ln(2) - yri-75)-

X2. := a.2·e a 
I 

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

lsotopes-3.mcd 7/31/98 

425 

~=0.407 
a2 

~

>b 
x~ =5.293 

C5N = 143.053 

Page 1 



HNF~353.1 -REVO 

filein :=tAb-070-124.;-~ Well 21-27-09 
·- Co,_,,.1!5, ~ 

A := READPRN(filein) A<I > A<l> yr := net := 

N := last(yr) N =33 i :=0 .. N 

-res := 30.17 

bkg := A<6> 

k := 0 .. 300 

2nd Isotope is Sb-125 (2.TT yrs) -r2 := 2.77 

acs := 1300 

a2 := 22000 

This data edited for spurious points 

grosai 
6000 

0 

toti 

4000 

2000 

0 
78 80 82 84 86 

yri 

-(yr,-75)- -(yr.-75)-
[ [ 

111(2) ln(2) ]]
2 

ssq(al ,a3) := L grossi - al ·e 
1 

~s +- a3·e 
1 

't2 

Given 

ssq(acs,a2)•0 

88 

~ax := A<4 > 

j := 0 .. 299 

90 92 

[:] := Minerr(acs,a2) 

3 
<1CS = J.29•10 4 

<X2 =2.196•10 

out<1 > := tot 

Cs-Sb-Decay.med 

WRITEPRN("twop.txt") := out 

7/15198 
42'6 

<1CS =0.059 
112 

Page 1 



HNF~353.l ·REVO 

Borehole 21-27-10 

Contamination (Cs-137&Sb-125) from 70 to 102 ft is Stable 
Contamination (Cs-137&U-235/238) from 118 to 135 ft is Stable 

Grade Thickness Product for the radioactive zone (70-102 feet) is decreasing within the 
grou gamma sensitivity to each isotope and relative intensity at a rate consistent with a 
least squares fit ofCesium-137 and Antimony-12S (both identified from HPOe detector) 

between April 1979 and June 1993. The least squares fit results in a gross pmma 
contribution ratio for Sb-12S to Cs-137 ofO.SS on June 1993. 

Grade Thickness Product for the radioactive zone (118-13S feet) is decreasing within the 
grou gamma sensitivity to each isotope and relative intensity at a rate consistent with a 

least squares fit ofCesium-137 and Uranium-235/238 (both identified from HPOe 
detector) between April 1979 and-lune 1993. The least squares fit results in a gross 

gamma contribution ratio for U-23S/238 to Cs-137 of0.3S on June 1993. 

150 ft 
4/03/1979 
6/18/1993 
3S 

... ·~ · Notes . 
Number S ... •-? .. Rciected : 0 

Lower Threshold for Bad Survey Values : <so 
Method Used to Comnute Backaround : Threshold (O< val < 50) 

Depth(s) where Contamination Identified in 70-102 ft is Stable 
Gross Gamma Surveys : 118-135 ft is Stable 

Analyst Name : R.K. Price 
Analyais By : Three Rivers Scientific 

427 
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'-' Borehole /3~ Ul-2-,-10 ) 
I 

Log Date: 71-~~t73 I st 

HNF:--.353.1 -REVO 

Dry Well Survey Analysis - Notes 

Total # Surveys J 7 
# neutron surveys 1..... 
7.:3 .-ot.--, 8 Last 

Probe Type OT 
# GR Surveys .3 S 
Presentation Plot Dates 

Contamination Zone Depth(s): JH4rt,,.,-~ be~ 

----,.,..---
(If~fferent from 1• & Last) 

(71J'1t?<J,c7 f /2.,-(J~J 
Isotope from Spectral Survey: 4, ·&c, lJ . S .. b 

~ > 
Max Survey Depth l~p 

GAPS.Txt 
Survey Date nwn. Gaps approx #Sampl'5 Comment 

'Ylrbt-dl 5b I~ 

HI-ZONES.Txt 
Survey Date Reason Selected approx #Samp's Comment 

BackGnd. Txt 
Survey Date R.eason Selected num. Samples Fea. Clean Avg. Blee: Comment 
f'{}-o/-08 ?.C1 I..L /57) '-r$~ u.g-

Anal sis Notes 

S/W ver 1~ o.s...s V ~- zz., 

431 



HNF~353.1 -REVO 

filein := "two118-13S.txt" Well 21-27-10 
A := READPRN(filein) yr:= A<I> 

N=32 

net:= A <1> blcg := A <6> max:= A <4> 

\....,· N := last(yr) i := 0 .. N k := 0 .. 300 j := 0 .. 299 

1:cs := 30.17 acs := 180 

2nd Isotope Is U-235/238 (4.5e9 yrs)1:2 := 4.5·109 a2 :• 40 

ln(2) -(yri-7S)--;;-
Csi := acs·e 

) 
ln(2) -(yri-75 ·-

x2. := a2 ·e t2 
I 

This data edited for spurious points 

2so.-------.-----.----......----...---~-----.-----.------. 
0 

0 
~ 0 0 

200 

ll'OISj 
0 

to\ 

ISO 0 
0 

0 

100.__ __ __,_ ___ ........ ___ __._ ___ .1.-__ __. ___ ........ ___ _,__ __ _, 

n w n M u u ~ n ~ 

yri 

-(yr,-75)- -(yr.-7S)-
[ [ 

ln(l) ln(2)]]2 

ssq(al ,a3) := L grossi - al ·e 
1 

1Cll + a3·e 
I 

t2 

Given 

ssq(acs,a2)•0 

[:] := Minerr(acs ,a2) 

ln(l) -(yri - 75)--;;-
Csi := acs·e 

out<O> := yr out<'> :s tot 

Cs-2nd-Decay. med 

1•1 

acs= 181.528 

WRITEPRN("twop.txt") := out 

8/1/98 

432 

\..J 
a2 =41.26 

~=4.4 
a2 -----q i/ X2N 

( 
-=0.347 
CsN _1 

~ ·-· ··- ---

Page 1 



- - - ~--------

HNf~_:,531 -REVO 

filein := "two70-102.txt" r Well 21-27-10] 
A := RBADPRN ( fllein) net:= A <7> blcg := A <6> max :2 A <4 > 

\,..../ N := last(yr) 

yr := A<I> 

N=33 i :• 0 .. N k := 0 .. 300 j := 0 .. 299 

\,_) 

2nd Isotope Is Sb-125 (2.77 yrs) 

'tCS := 30.17 

't2 := 2.77 

acs := 122 

a2 := 4470 

ln(2) -(yri-7S)a 
X2i := a2·e 

This data edited for spurious points 

2000---------------.---.....,.....----.-----,----...-------. 
0 

ISOO 

groui 
0 1000 

toti 

soo 

0 • 0 .__ __ __._ ___ .......__ __ ___. ___ ....._ ___ .__ __ ......... ___ ........_ __ _ 

~ ~ ~ M ~ U ~ n ~ 

yri 

-(yr--75)- -(yr--7S)-
[ [ 

ln(2) ln(2)]]2 
ssq(al,a3) := ~ grossi - al·e 

1 

,cs+a3·e' t2 

Given 

ssq(acs ,a2)•0 I• I 

[ :; ] := Minerr(acs,a2) 

acs = 122 

out<O> := yr out<!> := tot WRITEPRN ( ''twop.txt" ) := out 

Cs-2nd-Decay.med 8/1/98 
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5.b 3 
a.2 =4.47•10 

~=0.027 
a.2 

Sb X2N 
-=O.S52 
~ 

/.--------· 
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HNF:-:353.1 -REVO 

Borehole 21-27-11 

Contamination (Co-60 & Sb-125 & U-235/238) from 66 to 110 
feet is Stable 

Stability of Contamination (Co-60 & U-235/238) from 110 to 138 
feet is Undetermined 

Orade Thickness Product for the radioactive mne ( 66-110 feet) is decreui.ng within the 
grou gamma ~ to each isotope and relative intensity at a rate consistent with a 
least squares fit of Cobalt--60, Antimony-125, and Uranium-23S/238 (all three identified 

from HPOe detector) between April 1979 and June 1993. The least squares fit results in a 
gross gamma contn'bution ratio for Co-60:Sb-125:U-23S/238 of 144:818:890 Qn 

June 1993. 

Grade Thickness Product of the radioactive zone (110-138 feet) can not be established . .A 
least squares fit for the HPOe detected radionuclides (Cobalt-60 and Uranium-235/238) is 
presented. The least squares fit results in a gross gamma contribution ratio for Co-60 to 

U-235/238 of0.2 on June 1993. 

Gross Gamma Surv Information 

138 ft 
138 ft 
4/30/1979 
6/17/1993 
36 

LVSII otes Anal . N 

Number Surveys R~ected : 0 
Lower Threshold for Bad Survey Values : <=O 

Method Used to Comoute Bae~~.: : 40 to 60 feet 

Depth( s) where Contamination Identified in 66-110 feet is Stable 
Gross Gamma Surveys : 110-138 feet Undetermined 

. "•~-Name : R.K. Price 
Analysis Bv : Three Rivers Scientific 

434 
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HNF~35}.l -REVO 

filcin := "twol 10-138.txt" Well 21-27-11 
A:-= READPRN(filcin) 

N := last(yr} 

yr := A<l > 

N=30 

net:= A <I> bkg := A <6> max:= A <4 > 

i := 0 .. N k :::. 0 .. 300 j := 0 .. 299 

'tCO := .l:Z2. aco := 1200 

2nd Isotope is U (4.5 E6 yrs) 't2 := 4500000 a2 := 530 

This data edited for spurious points 

1600---~----------------------.-----------~ 

1400 

1200 

groui 
0 1000 

toti 

800 

600 

0 

0 

0 

400L--------L---....L..---...L.---___,JL-----_..... ___ __._ ___ _._ __ ___. 
ss 90 78 80 82 86 

yri 

-(yr,-75)- -(yr--75)-
[ [ 

ln(2) 111(2) )]
2 

ssq(al ,a3) := L grossi - al ·e 
I 

te0 + a3·c 
1 12 

Given 

ssq(aco,a2)•0 

[:] := Minerr(aco ,a2) 

out<O > :: yr out<'> := tot 

Co-2nd-Decay.med 

3 aco :::; 1.21 •10 

WRITEPRN("twop.txt" ) := out 

811/98 
431 

t) 

a2 == S33.806 
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HNF~353.l -REVO 
Well 21-27-11 filein := "two66-110.txt" 

A:= READPRN(filein) ·- A<I> yr.- net:= A <1> bkg := A <6> max := A <4 > 

N := last(yr) N =-34 i := 0 .. N k := 0 .. 300 j := 0 .. 299 

1st Isotope is Co-80 (5.27 yrst 
2nd Isotope is Sb-125 (2.n yrs) 

'tCS ;;; 5.27 . -
t2 := 2.77 

acs := 1660 

a2 := 83000 

( 
ln(2) - yri-75)7 

X2i :a: a2·e 

This data edited for spurious points 

B := 888 Bis Uranium ------

0 ..__ __ __._ ___ ....._ __ ........._ ___ ..__ __ __._ ___ ..._ __ ___._ __ ___. 

78 80 82 84 86 88 90 92 94 

yri 

-(yr· - 75)- -(yr· - 75) ·-
[ [ 

111(2) ln(2) ]]2 
ssq( al ,a3 ,a5) := L grossi - al ·e I = + a3·e I -t2 + as 

Given 
ssq(acs ,a2,B)•O 

I• 1 

[
acsl 
:: :== Minerr(acs,a2,B) 

c. 3 
acs = 1.631•10 

(/ 

bk =890.279 

~=0.02 
a.2 

.s 
out<O> ::: yr ouf1 >:=tot 

x~ 
-=5.686 
C5N 

X2N =817.994 
WRITEPRN("twop.txt") := out 

~=143.856 
~ 

lsotopes~3. med 8/1/98 Page 1 
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Dry Well Survey Analysis - Notes 
,-

~ Borehole 8')( {2-I-- 2. 7- ,, ) Total# Surveys 3 f' Probe Type Oz 

·L , . 

Log Date: 11'-1'/-.Jo 1st 
# neutron surveys 7-. 

13-J•-17 Last 
# GR Surveys _;$_6 _ _ 
Presentation Plot Dates =--~--=-~--((fdlffm:nt from 1• & Last) 

Isotope from Spectral Survey: -'Cs~,+J~........_."""'-') l...:.J _____ __ _ 

Contamination Zone Depth(s): e 
Max Survey Depth / -38' 

25-...,fPr _ ft,O-...... 70 ~ JJ7~-r 
· /:7 GAPS.Txt 

Survev Date mun. Oaos num. Samples Comment 

'ilt"bl-0 ~ ' " I "t $' 
'l'r-~-/2,.. ,.z...~ / '-(() 

HI~ZONES.Txt 
Survey Date ~eason Selected mun. Samples Comment 
fl.f- 0'-1 2,. I BhtJ .Sth(l/11/f /~ (trlf'IP p~ F-74__4' "1 lf1f'l) 711 /9-,/J) 

BackGnd. Txt 
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bb: Comment 
~ '+-P/,-1 z._ /tv<,- IJ/C&- 137 

e "" 
"f ~ t> 

lYSlS o es Anal. Nt 

~ 1)- -rro C-e>/j-J, t:D.. 1-1., J :;:- t>.5¾ t,P, ~,.,,,,,,... 6__,.,, r .L.f / d 'f/S 

AL> S~V'$ ~ 'J~7'~ 

Analyst Name fl~~ 
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