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Objective 

• This is a preliminary comparison of resistivity data 
(SGE) to other known subsurface data sources, i.e.: 
geophysical logging, historical records, and soil 
chemical analysis. 

• SGE data are presently used for the following purposes: 
• Support interim surface barrier (ISB) placement (sampling 

locations, contamination extents); 
• Bulk soil characterization to support environmental 

closure ( sampling locations, contamination extents). 

• Many plots presented here have not been previously 
released. No attempt at environmental interpretation has 
been made. These plots are for comparison purposes 
only and are not intended for use in environmental 
decision making without appropriate context. 
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Historic Records - Leak Loss Assessment 

- loss volume estimates & relative locations 

- waste stream components & approximate timing 

- can't identify unrecorded losses 

Soil Geochemical Analysis - Direct Push / Sampling 

- direct quantitative soil measurement (physical sample) 

- detect multiple analytes (chemical & rads) 

- discrete locations (restricted to drywell/boring locations) 

Geophysical Logging - Gamma / Spectral Gamma /Moisture 

- indirect quantitative soil measurements ( gamma rads only) 

- discrete locations (restricted to drywell/boring locations) 

- high resolution at borings 

SGE -Well to Well & Surface Resistivity 

- indirect relative bulk soil measurements (high ionic concentrations) 

large area investigated at one time 

- relatively quick results 
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What is SGE? 

• ~urface ~eophysical fxploration includes multiple 
remote imaging tools. But for the purposes of this 
presentation is limited to Electrical Resistivity 
Tomography (ERT). 

• Resistivity allows the imaging of the subsurface by 
measuring the variation in electrical properties. An 
electrical current is applied to the soil and the resulting 
voltages are measured systematically across the site. 

• Hanford soils are very electrically resistive. Hanford 
waste streams are typically very conductive (high 
salts/ionic content & moisture) 
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• Resistivity is sensitive to 
the presence of salts & 
moisture in the 
subsurface. 

• The distribution of 
Nitrate (a salt) has been 
shown to correlate well 
with 99Tc, for some 
waste streams. 

• This suggests resistivity 
can be used to help 
locate 99T c, at some 
waste sites. 
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Feature Legend 
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SGE Data Types 

Processed 

Presented 

Examples 

3D 

. . . 

*Since well to well is modeled in 3D space some depth information can be obtained depending on the amount of 
variation in well length and whether the survey was augmented with surface electrodes. 
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Well to Well 
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~· ~ Ga111ma Logging 
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• Gamma logging is performed at the drywell locations, 
some farms have laterals for measurements under tanks. 

• Responds to gamma emitters in the subsurface within 
-18" of the drywell casing. 

• Data were extracted for comparison by projecting 
anomalies to a common plane. Values between 15 feet 
and the surface were not used since the near surface 
data is typically highly influenced by the presence of 
transfer infrastructure. 

,.., .. 
. "· ,,-
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Gan,ma Projection Construction 
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log • 

ults: RPP-RPT-46613 Gamma Results: GJO-98-64-TARA/ GJO-HAN-23 Soil: PNNL-14083 
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T-Farm Well to 
Well & Ga 
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SX-Farm 
washinglon rlver Well to Well protectionsolulkms 
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~· ~ Summary 
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• Looked at multiple data sources for waste 
losses in four farms. 

• In some cases, all data sources appeared to 
correlate. 

• In some cases, different data sources 
provided complementary information, 
depending on the type of waste loss (volume, 
composition, etc.) 

• Each information source provides value. 



~· ~ Conclusions 
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• SGE is a valuable tool in the vadose toolbox. 

• Helps to fill the gaps between records, logging, and 
sampling. 

• The technique provides bulk, relative information for 
subsurface conditions related to NO3 distribution and 
subsequently 99Tc for some waste streams. 
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Questions? 
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~ • What is Electrical 
- ~ m Res1·st1·v1·ty? protectionso/ut,ons • 

• Electrical resistivity is a four-pole 
electrical measurement where two 
poles are used to inject a current 
into the ground and the remaining 
two are used to measure the 
resulting voltage. 

• The resistivity data in this 
presentation uses the pole-pole 
array where one voltage and one 
current pole are placed at effective 
infinity. 

• By moving the pole locations and 
geometry, a spatial image of the 
electrical resistivity distribution in 
the subsurface can be generated. 

• This array allows for increased 
resolution and decreased influence 
from local infrastructure. 
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A-Farm Leak Loss Assessment 

Tank 

~ : .. j 
. , ·,·.t. 
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romOc ob &, 198 to .larch 5 19 . the liquid ]e\,"el in tank 
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'01\"e\ . liquid ·waste ev i.n 'A-103 would also~ owl rise 
over a. period of 9 to 1 months, then drop rapid! O'irer one to nvo day 
period. The liquid ~ :el decline ma. ;t' been doe retained gas 
release and not a lo of was e. ro increase in r dioactivi •was 
detected in d:rywe or teral.s beneath · t · during these events. 
Assessme team members oncluded · no e,,,--idenoe tank~ -103 
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were added to tm1.: A-10 from J. ovember 1970 to Deced>er 19 8 o aid in e\--aporalive cooling. Approximatel • 
_3-.000 gillons of added cooling l ter are potentiall ' unaocmmied for in the estimate of e\'llJ)Or.ltt\'e water. In 
accordance with DangerOllS Waste Regulations [Washington AdminimtiYe Code 1 -303-070 , a u , as 
amended. \"asbington St~ Ol!partment ofEcology 1990, Olympia. \\J · on] my of this cooling water that has 
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A-Farm Gamma Logging 
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B-Farm Leak Loss Assessment 

Tank 

... l<. ~ 
• !' l ~~ 

Description 

Tank 41-B-105 was c-ategorized ' ·questionable 
integrity due to the une.xplained high level of 
gamma activity in drywells 20-05-06 and 0-06-06. 
There arc no occurrence reports associated ,,0itb this 
tank and no unexplained liquid level decrease . 
Known spills and a cascade line leak were identified 
as potential sources of the drywell activity obsm:e& 
Inventory estimate assumes inlet and outlet cascade 
line le.ak and inlet leak at tank B-106. Lower leak 
volume estimate if a tank leak. 

Tank 241-B- 107 is categorized a "confirmed leaker' 
with an estimated 8,000 gal lost based on a 3 inch 
liquid level decrease in 1969 and gamma activity in 
drywell 20-07-02 just below the base of the tank 
(35 ft). Waste tran fer records indicate 14.000 gal 
of waste is ooaccounted for between 1963 and 1969. 
Current SIM composition estimates are 
representative of the waste leaked. 

Tank 241-B-1 to was classified a confirmed 
leaker" with an estimated 10,000 gal leak based on a 
liquid level decrease. Liquid level decreases may be 
attributed. at least in part, to gas release event and 
pipeline leaks were identified as an alternate source 
for activity in dry,vells near the tank. Based on 
activity in drywell 20-10-1 and little or no activity 
in surrounding drywells, an estimated upper volume 
for a release near tank B-110 was 13,000 gal for 90 r 
recovery waste with a 13 Cs concentration of 
2 c · gal or proportionally larger for a more dilute 
waste stream. Activity near B-110 may be entirely 
due to line leaks or a combination of line leaks and a 
tank leak. SIM estimates should be revised to a 
13,000 gal release of strontium recovery supemate 
w aste . 

HNF-EP-0182 
(Re,·. 269) 
Estimate 

2 

8,000 gal 

10,000 gal 

cascade line. 
total 

Re-assess tank leak 
classi fication per 
TFC-ENG-GHEM-D-42. 

Re-assess tank leak 
classification per 
TFC-ENG-CHEM-D-4-. 



wash1ngton river 
protection solutions 

B- Farm Gam111a Logging 
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B-Farm Pseudo 3D & Gamma 
(180m amsl / 66 ft bgs) 
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Table ES-l. Summar~- of Tank ,vaste Loss En-nts (2 sheets) 

Tank De~criptioo 

241-BX-101 BX-1 01 was •mspected ofleaking based on high gamma-ray acti,-ity detected in 
drywell 21-0 1-01 in 1972. This activity was likely due to a leak from ariser in the sluicing pit 
and probably not due to a breach in the tank steel liner. SIM estimate of 4,000 gal should~ 
revised to use 900 gal and 700 Ci of cesium-137 (13 Cs) . Other analyte inYeotories use the 
HDW CSR waste type (B-Plant IX) dividw by 2 based on 13 Cs measuremen . 

-102 was suspected of leaking based on high gamma-ray activity in drywdl 21-02-04 in 
72. Two leaks from the spare inlet ports likely occurred. The first release occurred in 19S 1 

of91 ,600 gal ofMWl supernatant and _0,000 kg of uranium. The inventory estimates in IM 
appear to be reasonable for the 1951 release. A second release occurred between 1962 and 
1970. Based on available data a 3 Cs inventory of 4 000 to 40 000 Ci with a leak volume of 
5,000 to <S0,000 gal was estimated for the second release. The upper estimate for releases 
from BX-102 is-140,000 gallons and 40.000 Ci of 131Cs and 20,000 kg ofuranium. 
The additional release after 1962 should be added to STh1. For other constituents for the later 
release multiply a leak volume of 5,000 gal by 1/ the HDW concentration estimates for a 
IX(C R) waste type. 

41 -BX-108 BX-108 was declare.cl a leaking tank in 1974 based on an increase in gross gamma acti.vity in 
drywell 21-08-06 and declining liquid levels in the tank. However, liquid levd decreases were 
suspect and two potential sources (tank o,·erlill and transfer line leaks) for activity near 
tank BX-108 were identified in addition to a potential tank leak There was no basis for an 
inventory estimate for this tank.. 

241-BX-110 Tank _41-BX-11 0 was declared ' questionable integrity'· in 1976 based on an increase in 
drywell gross gamma activity in drywells _l -10-03 and 21 -10-05. The increase may be due to 
an old transfer line le-ak. spare inlet overfills or a tank leak. Bee.a.use the data suggests two 
potential leak sources (tank over flow and transfer line leaks) for activity near tank BX-11 0. 

- '.>{', ~ ... ::~..: ....... RPP-RPT-47562, Rev. 0 

HNT-:EP-0182 
{R.eY. 261) 
:Estimate ReYised fatimate1 

o estimate <900 gal 

70,000 gal 

2,500 gal 

No estimate 

, 00 Ci 13 Cs 

Re-assess tank leak 

Re-assess tank leak 
classification per 
TFC-ENG-CHEM-D-4_ 

o basis for estimate 

Re-assess tank leak 
classification per 
TFC-ENG-CHEM-D-42 

o basis for estimate 

Re-assess tank leak 
classification per 
TFC-ENG-CHEM-D-42 
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BX-Farm Gamma Logging 

Assumed 1e.11ie-ri; (H'-'"'tWI ~) ..,,. sltown ;,, t&d terr. 

i 

l 

BX- 112 BX· 09 BX•106 BX· OJ 

BX-111 BX-I05 BX-102 

BX• 104 

Depth OI HOll.zontal Planot S lice @ • 3 11 BGS 

lte:,s (Hanlon ~ ) •ro V.own lo red ran. 

BX-112 BX- 109 

BX- 111 BX-108 

8X· 110 

BX-106 BX- 103 

SX-10$ 

BX-104 

I $1ice@6011 BGS 

C • 137 ISOlev • 0. 5 pCl/g 
Cs-137 Concentration (pCi/g) 

10 ·• 10• 10 • 10• 10• 10 • 10 • 10 • 10 1 10• 

U-235 lsolev I = 2 pCVg 
IJ.235 Concentration (pCi/g) 

10 100 

0.1 

ltsaumHI IHlf•rs {Hmlon ~) •rw shown in red t.xt. 

i BX-112 BX-109 BX-1 06 BX-103 

BX•111 BX-108 BX- 105 BX-1M 

BX-TIO 

Assumed #Hkers (Hanlon~) are shown m red text. 

i 

C<H!O I solov = 0.1 pCilg 
Co-410 Concentration (pC i/g ) 

10 100 

sx-112 

BX•111 

BX- 110 

BX-109 BX-106 BX-103 

BX-108 SX-105 BX-102 

BX-107 Bx-ma BX-101 

lleoth of Honzonlal Planar Slice ill) ! 26 tt BGS 

Sb-12S l solevel " 0 1 pCUg 
Sb-12S Concen_trallon (pC i/g) 

0.1 10 100 

1000 U- 238 lsQlevel • 20 pCl/g 
U-238 Concentrallon {pCllg) 

10 100 1000 



e,• 
~ BX-Farm Well to Well & Gamma 

wash1ngton river 
protection solutions 

36 
3 4 
32 
3 
28 
26 
24 
22 

.... ~ - .. i~ 

~~ ~:.,~. -- . ' ...::~'.(}~ ::: suits: RPP-RPT-46613 Gamma Results: GJ0-98-64-TARA/ GJO-HAN-23 



washington river 
protection solutions 

BX-Farm Pseudo 3D & Gamma 
(180n, amsl / 66 ft bgs) 
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BY-Farm Leak Loss Assessment 

Table ES-1. Summa1·y of Tank" aste Loss Events 

Tanl-- Desniption 

( 241-BY-103 ) ank BY-103 was classified as a confirmed leaker in 1973 
....._ -- based on ele ·ated gross gamma-ray activity in drywellc; 

241-BY-105 
241-BY-106 
241-BY-107 
241-BY-108 

Sound 
BY-Farm 
Tanks 

Linc losse 

surrowiding the tank. o unacoounted for liquid level 
decreases observed. < 5.000 gal leak based on uncertainty in 
manual tape measurements. Drywell activity estimate 
indicate the leak may have been maller but are inconclusive. 
SIM composition estimate e-.onsi tent with sample data, 
Increases SThif volume estimate from 400 gal to 5,000 gal. 

QI or assumed leaker based on dry well activity (low 
compared to BY-103). No basis for tank leak estimates. Line 
leaks, Overfills (spares/casc..ades), ITS process spills and other 
operations spills could account for activity ob erved. 
Extensive near surface activity. Low 3 Cs but 60Co below 
tanks. Recommended TFC-ENG~CHEM-D-42 assessments 
for all to reassess tank integrity. 

Due to uncertainty of the liner integrity for ITS and ITS 
bottoms tanks, the leak assessment panel Teoommended that 
formal leak integrity asse sments be conducted for all 
BY-Farm tanks including tank currently dassified as 'sound ' 
in HNF-EP-018-, except BY-103 (confirmed to have leaked in 
the past) per TFC-EN~CHEM-D-42. The assessment are 
needed to support determination of technologies to retrieve 
waste from BY-Farm tanks in the future. 

Line leaks and operations spills identified for BY, BX and B, 
some are cunent UPRs, many are not. 

RPP-RPT-43704, Rev. 0 

111'.""F-EP-0182 
(Re,· 264) 
Estimate 

<5,000 gal 

No esti.m.. .. te 

NA 

Re,ised 
Estimate 

~ <5,000 gal , 
~ s: 14,500 ./ 

1ro e timate 

o estimate 
for most line 
leaks 
ide.ntificd in 
the report 



washing ton river 
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BY-112 

BY-11 

BY-110 

BY-Farm Gamma Logging 

BY- 09 BY-10 BY,103 BY-112 BY- 09 

• 

BY-105 BY- 102 BY-1 I 

BY-107 BY-104 BY-101 BY-110 

Le kers l'f! s/lown /r, /'«:I rexr. L k rs re s own In l'f!d leitt 

De o orizontal P nar SIICE! @ 5 ft 8GS 

Cs-1 37 ISO!CVel "' 0 5 pCi/g 
Cs,137 Concentr•t on (pCl/g) 

10 10• 10 • ,,oi 10 10 • 10 1 10• 10 1 

0.1 

Co-60 l50level = 0..3 pCilg 
Co-60 Coocentr•tlon (pCIJg) 

10 

0.1 

100 

St>• 125 tsole-v "' 0.1 pCl19 
Sb-125 Concentr tlon (pCl/g) 

GJ0-96-2-TARA / GJO-HAN-6 

BY,103 

BY-105 BY-102 

B -104 BY-101 

nar Slice IP) 80 ft BOS 

10 



e,• 
~ BY-Farm Well to Well & Gamma 

wash1ngton river 
protectionsolulkms 

Log Resistivity ( Ohm-m) 

~ ~ ~ ~ ~ ~ N N 
w ~ ~ m ~ ~ o ~ 

• ..i· - ~ 
~. ••• ~ _,, I 

....... ..ti.--. 



washington river 
protection solutions 

BY-Farm Pseudo 3D & Gamma 
(180m amsl / 66 ft bgs) 

137400 

137300 

I131200 
(!) 
z 
:i: 
I­
C:: 
0 z 

137500 

137400 

137300 

137200 

Q Single shell high level 
waste tank 

EASTING (m) 

• Well 

c:1 High level waste diversion 
box or vau lt 

-3.50 -1 .25 1.00 
Log 10 Conductivity (S/m) 

>: lliill' .. 
' . ,. ~ .~. -22520 I RPP-34690 Gamma Results: GJO-99-113-TARA/ GJO-HAN-28 



• 
• 

• 

• 

• 

• 

• 

• 
• 

• 

• 

washing ton river 
protection solutions 

• • 
• • • 

• • • 

•• 
• 

• 

• 

• 
• 

• 

• 

• • 

• • 

• • 

• • 

• • 

BY-Farm 3D SGE & Gamma 

• 

• • 

• • 

" " • 

• • • 

• • • 

• • 

• • 

• • • • • • • 

• 

I 
I ,. 

I 
• • • • • • I • 

, _____________ ., 
• • •• • • • 

• • • • • • • 

• • • 

• • 

• • • 

• • 

• • 

• • 
• • • • 

• • • • • • • • 

,r,, 
,, .... Gamma Projection .. ...... ,,, 'J 

Fence 

• 

137546 

0 

-5<1 



AX Farm Leak Loss Assessment 
washington river 

protectionso/utions 

Tank 

AX-10 

AX-104 

•" ,:I'.•').,.,!' _ ..... , 
. , .. -~~ 

Table :ES-1. Sum.man· of Tank "·aste Loss l:Yents 
. ..\nalyc;is HNF-:EP-0182 

The • essment team has determined the estimated waste loss of 
3 400-gallonc; from tank _41-AX-10 is inconsistent ,,iith the 
relativ,el low level of :radiation detected in the Je.ak detection pit and 
drywen associated with this tank. The lmely OUKe of radioactivity 
detected historicall in drywdls 11-0_-l l and 11-0--1 i the leaking 
Dresser coupling 4: ociated with the tank off gas piping. 
It is doubtful that PSS waste leaked from tank _ 4 l-AX-104. The 
lwely ource ,of radioacti rity detected .historically in dryi.Yell 11 ~04-
0 l and 11-04-11 is the leaking Dresser coupling as ociated with the 
tank offga piping. The source of the historical 1°'1lu radioactivity 
detected w dty\vells 111 ~04-08 and 11 -04-19 can .not be .deftniti ·ely 
determined, but could be from migration ,of contamination. sociated 
with the Dre er coupling leaks or nearby ,condensat,e lin.e l ·hich may 
hav leake.d. 

:Ec;timate 
(gallonc;) 

3 000 

Current 
:Estimate 
(gallons) 

0 

indeterminate 



washing ton river 
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AX-Farm Gamma Logging 

• · Monitoring Borehole 

i AX-103 

AX-104 AX-102 

Auumed leakers (Hanlon 2000> are shOWTI in rvd tut. 

Depth 

C!l-137 i$0 ,v,el "' 0.5 pClfg 
Cs-137 Concentration (pCi/gl 

onlal Planar Slioe@ 12 ft BGS 

Eu-154 lsolevel = 0 .2 pCifg 
Eu-154 Concentration (pCllgl 

10·• 10° 10 1 1o t 101 10• 101 

Go-60 lsole'llll = O. l pCilg 
Co-60 Conoentnltion (pCifg) 

0.1 10 100 

0.1 10 0.1 

St>-125 lso 'llll = 0. pCi/g_ 
Sb-12S_Conce_!l!~tlon (J>Cl/gl 

10 

10 

• Monitoring Borehole 

. 

AX-103 AX-1 01 . 

. . 

AX-104 AX-102 

Assumed ~.akers (Hanlon :X,OO> are slYown In red ten 

Oeptn c,f lHo onlal Planar S lice @:ia rt :BG$ 

CS• 37 I Olovel,. 0.5 pC 9 
Cs-137 Coneentratlon (pCl/g) 

,, ... ~ 
; ' ...;,, o"f~ Gamma Results: GJ0-97-14-TARA/ GJO-HAN-12 ------_.;;;'"""--



~· ~ AX-Farm Well to Well & Gamma 
wash1ngton river 

protectlonso/ut,ons 

... . ' 

✓...~,» Gamma Projection 1 

' I 

log Resistivity (ohm-m) 
r 

L ....__,_........._............,_.__....._,____.__,'--'---._.._,,__.__. 
0.6 0 .9 1.05 1.2 1.35 1.5 1.65 

ts: RPP-RPT-46613 Gamma Results: GJ0-97-14-TARA/ GJO-HAN-12 



wash1ngton river 
protection solutions 

C-Farm Leak Loss Assessment 

Table E . -1. ummary of Tank" aste Loss En•nts 2 sheets 

Tank Analy,;i,; 

Estimated v;-aste release volume based on an 
assumed CWP2 waste type and drywell readmg . ~---..L According to surface level measurements there 
, a waste release ofup to ~37,000 gal, like! a 

-,. ___ ,..- combination of a CWP2 relea e from the spa:fe 
inlet and condensate (depending on condenser 
operation). 

Cascade line leak next to tank C-104. Tank C­
.-1,,,---..L 104 was fil led to 560.000 gal ofCWPl waste in 

-105 

65 . No transfer wa identified, however. the 
rface le.,·el decre.ased to the spare inlet 

elevation of ~532.000 gal resulting in a pos ible 
8.000 gal release. 

Cascade tin leak and po 'ble P 1 leak at the base 
of tank C-105. Leak volume estimates are based 
on high 37C activity(> 10 pCifg) in drywell 
30-05-07 near the base of the tank and 
comparatively little or no activity in surrounding 
drywells. 

sumed Cascad Pipeline release. Tank C-108 
filled to 568.000 gal of CW-HS waste in 1965: 

.-1,,,---..L ecreased in surface level to 53 000 gal through 
trans fer to tank C- 102; waste lo s assumed to 

.,... __ ~ be 18.000 gal based on 60Co and soil moisture 

detemiinations. Waste volume based on CW 
waste composition . 

HNf-EP-0182 
" ·a-.te Loss 

Estimate (gallon,;) 

0.000 

NA 

0 

NA 

. ,-

•" ::;:j ~ RPP-ENV-33418, Rev. 2 

RPP-E.iY-33418 Wa,;te 
Lo,;s Estimate 1 

(Recommend tank integrity 
assessment per TF -ENG-
CHEM-D ) 

Less than __ ooo gal 
Cascade line and po ible 
tank liner leak. 

(Recommendation to 
reclas ify as "a sumed 
leaker,' RPP-ASMT-
46452) 

release. 



wash1ngton river 
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C-Farm Gamma Logging 

C-20, C-203 C-202 C-201 

C-112 C-109 C-106 

C-111 C-108 C-105 

. . . . 
C-110 C- 107 C-104 __ ..,._,,,,,, ___ .., __ 

C.-137 ,_ • 0.5 pCU~ 
C11-137 Concentration (pCWg) 

10.- 10• 10 1 101 tOJ 10• 10 • 10• 10> 101 

0. 

co-eo 1-•01pevg 
co-ea ConcanlTation (pCVg) 

C-204 C-203 C-202 C-201 

. . 
C.112 

C-111 

C•ltO 

C- 109 

C- 108 

C 107 

C-106 

C-105 

. . .... 
C 104 

IO 

°"""'of..,,_ Pl.,,., 5"oo O 89 "BGS 

co-eo-• Ot pCl/g 
co.- Conc..,tration (pCl/g) .. , 10 

C-103 

C-102 

C-101 

Eu- 15'1 ,_ ... • 0.1 pC' 
Eu-15-4 Concentr.tlon (pC 

0,1 10 

C-103 

C-102 

C-101 

100 

.. , 

0.1 

C-204 C-203 C-202 C-201 

: 

C- 112 C-109 

C-llt C-108 

C-110 C-107 

Co-60-•0tpCUg 
Co-to con...,ITation (pCVg) 

10 

C-21M C-203 C-202 C-201 

C-1 12 

C-111 C·108 

C-110 C-107 

C-106 

C-105 

.. . . . . 
C-104 

100 

C-105 

C-104 

Depfftot HorlzontMPla-nair Slee O 104 ft BG$• 

Co-e0-•01pCig 
c-cone .. ......, (pCV11 ,. 

C-103 

C-102 

c -101 

C-103 

C-102 

C-101 



wash1ngtonriver 
protection solutions 

C-Farm Soil Data 

60Co 
0.25 pCi/g 

-.~.,/' 
.:;,'! 

y 

N03 
48 ug/g 

, /. C8106 

;,, •C7'"" C-~4 ✓ 

C-111 

376 
• C-110 

Concentration: 0 

c.1,? c-202 
C-201 

C-109 

C7672 

C-108 • C-106 

C-105 • C-103 

C-102 

10 40 192 290 

678 

• C-110 

B 
432 

Total Actinides 
18 

3.8 x10 

C-2O4 / 

C- d(" 
_/' C-202 

C-112 
C-201 

C-111 C-109 

C76T2 

C-108 • C-106 

C7&70 

C-107 • 

CB1 

C7466 • 
C-103 



t,• 
;.J C-Farm Well to Well & Gamma 

washing ton river 
protection solutions 

JN-Df-U 

<"II ! 

.21N27.1 

• 

olun-m 

28 

26 

24 

22 

2 

1 8 

14 

, 2 

08 

06 

04 

1.0 log Ohm-m 
1.6 log Ohm-m 

- 2.0 log Ohm-m 
Gamma 
Pro·ection 

0 
C204 

C203 

0 
C202 

C201 

• 
" 



wash1ngtonriver 
protection solut,ons 

C-Farm Soil Analysis: Co-60 

C-201 

• Co-60 @ 0.24 pCi/g 

1.0 log Ohm-m 
1.6 log Ohm-m 

- 2.0 log Ohm-m 
Gamma Projection 
Co-60@ 0.24 pCi/g 

0 
C204 

----- UPR-137 
C203 

0 
C202 

C201 

• 
" 



wash1ngton river 
protectlonsolut,ons 

UPR 81 3D Resistivity & 3D Nitrate 

Nitrate 
(48 PPM, 63 PPM) 

II 

~ 
~ C6406 

'c:97 • 
C 9 

C64eR,392 
• 

.. 

• 0. -02S O 

f 0.25-0.S 
• 0.6-2 



wash1ngton river 
protection solutions 

UPR 81, 82, & 86 3D SGE 

SGE Target Components 

250,000 

200,000 

150,000 

100,000 

50,000 

UPR-81 UPR-82 UPR-86 

• Anion (mg/L) 226,765 43,700 24,000 

• Volume (gal) 36,000 17,400 

UPR-81: UPR-82: 
Target Identified No Target Identified 

60 

45 

15 

UPR-86: 
No Target Identified 



washing ton river 
protection solutions 

SGE Targets at WMA C UPR-81, 82, & 86 

; UPR-82 
43,700 

15% 

Leaked 
Vol.(gal) 

UPR-81 
36,000 

64% 

Anion 
Cone. 
(mg/L) 

UPR-81 
226,765 

77% 

• UPR-81 had waste stream components that were 
both high in volume and high in anion 
concentration sufficient for SGE target 
identification. 

• UPR-82 had low volume and low anion 
concentration. 

• UPR-86 had a half the volume of UPR 81, but the 
anion concentration was the lowest of the three 
sites. 

• Even non-detects provide relevant information 
regarding the presence of contaminants of 
concern. 



washing ton river 
protectionsolut,ons 

S-Farm Leak Loss Assessment 

Tank De-srriptton 

~-EP-0182 
(Re-v. 269) 
Estimate- Re-vise-d Esttmate-1 

S-104 was uspected of leaking based on a 4 inch liquid 
level decrease from 1966 to 19 0 and high acti ity in 
dl.ywell 40-04 -05 . The waste wa relea ed to the soil 
through one or more spare inlet nozzle . It is 
recommended that the cmTent cla sification of the tank as 
an ' assumed leaker' be reas essed per 
TFC-ENG-CHEM-D-42. 0.uTent SIM invento1y 
estimates 137Cs =120 Ci. 99Tc = 0.04 Ci) are low 
compared to inventory estimates based on 19 2 and 1994 
sample results and should be adju ted. 

24.000 gal 

Other 
241 -S 
Fann 
SSTs 

All of the tanks were filled above the cascade level and 
SSTs S-103. S-110 and S-112 were filled above the spare 
inlet level. Some SSTs show activity in nearby d1ywells 
that has previously been attributed to operations spills. 
overflows or line leaks but no e idence of a liner failme 
was found for any of the e tanks. 

A 

1 
Except a noted. 137Cs inventorie are decayed to Janua1y 1. 2001 consi tent with values in SIM. 

SIM = Hanford Soil In ento1y Model 
SST = single-shell tank 

References: 
HNF-EP-0182. Waste Tank S1111111ia1J· Report for Month Ending August 31, _010. Rev. 269. 
TFC-E G-CHE -D-42. Rev. B-2. 'Tank Leak A e sment Proce s." 

RPP-RPT-48589, Rev. 0 

spare inlet overflow. 

Recommend tank 
integ1ity assessment 
perTFC-E G­
CHEM-D-4 . 

137Cs =8.200 Ci* 
99Tc = 2.9 Ci 

A 



washing ton river 
protection solutions 

S-Farm Gamma Logging 

t 

• 
Cs- 137 Concen1rati on (pCl/g) Horth -

l . o M.: «: l~·X >.:·X 

Figure 14-28. Visualization of the Cs-137 Contamination 20 Ft Below the SUrface of 
the S Tank Farm 

Cs,137 C o,centr atlo n (pCrg) 
North ----+ 

' ' 

Figure 14-34. Visualization of the Cs-137 Contamination at the Base of the 
s Tank Farm Tanks 

Gamma Results: GJ0-97-31-TAR/ GJO-HAN-17 



washing ton river 
protectionsolut,ons 

S-Farm Injection Leak Monitoring 

a 

C 

g 
ell 
C 1344 0 

:.a 
§ 
z 

e 

g 
ell 

·= ..c 
t: 
0 z 

134460 

Ea ting (m) 
¾ difference -----

log Re ·istivity 
• (ohm-m) 

2.9 
2.7 
2. 
2.3 
2. 1 
1.9 
1.7 
1.5 
1.3 
I. I 
0.9 
0.7 
0.5 
0. 
0.1 

Legend 

• long electrode 

CJ injection well 

r,'-~ ::::..;;:;;;;;~~ ~ ;;;---"'-T~~7 0 tank footprint 

Easting (m) 
% d ifference 

Rucker, D.F. , Fink, J.B. , and Loke, M.H. , 2011. 
Environmental monitoring of leaks using time-lapsed 
long electrode electrical resistivity. Journal of 
Applied Geophysics, 74:242-254. 

Fig.10. R~ ul ofnm LlpSetl t.ld in of l , le lroded ct.a) prel r · ovtcy w1th a - O 
lea r IStlY w 1rh a = O.I. e) per nt differ ocr berwttn pre nd posr for a = 0.001 , per 
h t1ge of zero. 

res is ovtcyWl[h a - 0.001 . ) pr I r 1SD\1Iry w1tha - O.I , d) post 
for a = o. l. he so d Line u'I ) nd LSD v11:y 



washing ton river 
protection solutions 

SX-Farm Leak Loss Assessment 

Table ES-1. Summa1 of Tank Waste Loss EYents 

De cription 

auk SX-108 wa remo,·ed from en-ice and identified a a 
confumed leaker iu 1964 ba ed on dry well and lateral 
actiYity. The reYi ed 13 C iJ1Yentory i ba ed on ,·ado e 
zone data and ktigiug analy e . The wa te concentration at 
the time of the leak 3. C gal for 137C i ba ed on 
1-1196 X-108 ample data. Thi equate to a leak 
,·olume of 11.000 gal: the re,·i ed leak Yoltune range i 

Tank S -11 _ wa declared a leaking tank in January 1969 
due to liquid leYel decrea e and increa ed actiYity u1 tank 
lateral . The re,·i ed leak Yohune and 13 C in,·ento1y are 
from a 1969 ARCHO repon* and appear to be consi tent 
with d1ywell data . The high ratio i needed becau e IM 
u e a leak rnlume of only 1.000 gal. 

S T X- 113 \\·a confumed a leaking in 196_ ba ed on 
the leak te t and gamma actiYity detected in lateral 
m1derueath the tank. o chamze wa made to earlier leak 
,·olume e timate . A mall ch~1ge in the 137c irffentory 
wa made ba ed on October 196. ample data . 

Tank SX-11 wa continued a a leak ing tank in 196 
ba ed on rnea ured liquid le,·el decrea e and gamma 
acth·ity in drywel and lateral . The revi ed leak ,·olume 
i the upper Yolume ir1 a proce repo11 (HW-83906-E-RD. 
page 6 c**) and the re,·i ed 13 C itl\"entory i ba ed on 
September 1964 tank ample re ult . The SIM ratio 
account for Yolume and ample difference from cmTeut 
SIM e tirnate . 

RPP-ENV-39658, Rev. 0 

H. -F-EP-0182 

0.000 gal 

1 .000 gal 

0.000 gal 

SIM Ratio : 16.1 

._~~~!'UUCi 
IM Ratio: 1.13 



wash,ngton river 
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SX-Farm Gamma Logging 

SX Gamma Logging Data 

• 
• . (J) 

~ 
• -0 

w 

• 
C$-1J7 . • 

I 00,000,000 pCWg • 
10,000.000 pCWg C/) 
1 .000.000 oC~ 

, 00,000 oCilo ·• -0 
10,000PCil!I 

1,000 pC•o 

IOoCIIO 

• ... 
•• 

~ ... ·• 
• 

·• •• 
I -

• • 
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• • 

• 

• 
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.. 
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• 
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• • • 
CJ) • (J) 
)( ~ . - -0 0 

• - • • • 
• • 

• • 
• CJ) (I) 

>< ~ • • .. -0 • C) 
CJ\ • 

• • (I) 

• -• <:> .. • 
• • 

• • 
(I) (I) 

~ 

91 ,. 
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Well to Well & Pseudo 3D Resistivity 

Clt55/56 
'"'fv .. 1 

121• bes 

C7157/58 

125' bes. 

Nitrate @ 130 ft bgs 
& WTW Resistivity 

C7t113/M 
)IJ.J 

129'his 

SX-103 SX-102 SX-101 

Nitrate PPM: 

0185/~ fl, - 1,000 - 10,000 
SX-106 ,,,; 0 SX-105 mii1,}iX-104 

119' hr.'- -.-~:l ~:: 
::I 

!iOmt"IPrS. 

33000 
30000 
27000 
24000 
21000 
18000 
15000 
12000 
9000 
6000 
3000 
0 

D 1.5 Ohm-m {WTW Resistivity 2008, RPP-RPT-38322) 

3.0 Ohm-m {WTW Resistivity 2008, RPP-RPT-38322) 
• 
• 

soil sample location 

groundwater well 

Note: The highest concentration for each boring and associated depth are listed. The WAC 
limit for nitrate in soil is 9.3 PPM as nitrogen. This map suggests that both investigation 
areas are well above the WAC limits. 

STS Resistivity @ 130 ft bgs 
& WTW Resistivity 

0 10 20 ,40 

Surflc•-to-Surface Log Resistivity (lmlted range) ••• ••• • 
0.56 0.66 0.7& 0.86 0.96 

Tank Fann Objects 

0 
/ 

Well-To-Well Results 
W'TW3 Co r'llour1 

,- -·-~ 

WTW3 Con"""2 

wrw31,,..,.. 
Mooe! n 

Soll Sampling Results 
Moisture (%1, Nitrate (mg/L, 

Moisture Nltr-
21 -28 m BGS 5 178 

26-32 mol rs SGS 12 825 

32-37metenBGS 
l7_.1 _.,. IGS 174 

281 



fk• 
fa SX-Farm Well to Well & Gamma 

washing ton river 
protection solutions 

0157/58 
1 f .3 

125' bgs 

0183/84 
)().~ 

129' bgs 

SX-103 

0171/72 
( '.i '.1 1• 7r\ ~ ' 

" ,!tJ " 127'bgs 

50 meters 

B8809 
3,932.S 
129' bgs 

C7169/70 
27.0 

114' bgs 

SX-102 SX-101 

C7167/68 
1,953.4 
130' bgs 

Nitrate PPM: 
l.t,,·1 

1,000 - 10,000 



SX-Farm 
wash1ngton river Well to Well protectionsolulions 

-., •. 
Cs-137 

100,000,000 pCUg 

1 0,000,000 pCVg 

1,000,000 pCUg 

100,000 pCVg 

10,000 pCUg 



washington river 
protection solutions 

241-T-102 

41-T-103 
(T-103) 

T-Farm Leak Loss Assessment 

De-.c1iption 

Classified an assumed leaker" based on one 2.6- in. liquid level decrea e. 
Drywell 50-01-04 hows 13 Cs activity betw,een 20 and 120 ft below ground 
surface. Historical documentation indicates that CWR waste wa rele-ased from 
the spare inlets. The volume and inventory of...,,aste released w. estimated 
based on 137Cs distribution ill d()'\Yells and the waste type in the tank (C'\VR2) 
when it was overfilled in 1969. 

Currently classified a ound tank. A narrow peak of gamma activity was first 
detected in drywell 50-02-05 in 1974· ~2,000 pC" g of 13 C-; was detected using 
the spectral gamma logging system in 1998 and 50,000 pc· g of 37Cs was 
detected using the high rate logging system in 2009. The estimated volume and 
inventory of the release was based on drywell Ioggjng results and 1974 sample 
results. 

Classified an assumed leaker'' based on 0.3-in. liquid level decrease. The 
liquid level decrease was determined to be suspect High levels of gamma 
activity were detected in drywell 50-03-04. The activity was reported to be 
from a leak in a failed grout seal in the spare inlet line. 
The size of the leak and inventory of waste released ,vas estimated based on 
drywell 3 Cs activity 1974 sample data, and CSR wast,e concentration 
estimates . 

Classified an «as ume.d leaker" based on a 42-in. liquid level decrease in 1973 
and ,ele ·a.ted gamm... activity in drywell 50-08-11. Based on in-t.ank liquid level 
measurements an estimated l 15,000 gal of ion exchange (CSR) waste leaked 
from the bottom of the tank. RHO-ST-14, Htgh-Ll!vel Waste Leakage from the 
41-T-106 Tank at Hanford estimates the inventory of 137Cs and other 

radionuclides released. 

IDr-EP-0182 
". aste Loss 

Estimate (gal) Re,ised Estimate1 

7,500 

0 

<1,000 gal 

115 000 

Tank .integrity a sessmeut 
(TFC-ENG-CHE f-D-42 Taruc Leak 
Assessment Process ') recommende . .<t 

50 to 500 gal 

Tank integrity assessment in progress 
per TFC-ENG-CHEM-D-4_, additional 
characterization i recommended to 
detennine the reason for the increased 
13 Cs activity and source of the release. 

1.300 gal 
600 Ci of 13 Cs 

Tank integrity assessment 
(TFC-ENG-CHEM-D-4_) 
recommended. 
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T-Farm Gam111a Logging 
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TX-Farm Leak Loss Assessment 
washing ton river 

protection solutions 

241-TX-105 
(TX-105) 

241 -TX-10-
(TX-10- ) 

2-l-1-TX-110 
(TX-110) 

241 -TX- l 13 

Desrl'iptlon 

1rrently classified as a "som1d'" tank. Drywell 51 -04-0 and 1-04-05 
how high manium activity at 45 ft below ground surface. The proximity of 

these drywells to spare inlets and evidence of tank overfills indicate metal 
waste may have been released from the pare inlet . However. a tank leak 
(i.e .. failed liner is pos ible. The estimated ·olume and in\·entory of the 
release was ba ed on drywell logging and borehole result and the 
compo ·ition of metal waste. 

rrently classified a an '·as lm1ed leaker.•· The mu and 238 in dry wells 
ear tank TX-1 0 5 appears to be the result of a transfer line or spare inlet 

release in the 1950 or may be a tank leak. The estimated \·olume and 
itn-ento1y of the relea e wa ba ed on drywell logging and borehole results 
and the composition of metal wa te. 

Currently clas ified as an ··assumed leaker:· The 60co and 15~u ach ·1ty 

near tank TX-1 o- appears to be from a tank leak of SRR waste. The size of 
the leak and ill\'entory of waste released was estimated ba ed on drywell 
60co acti\·ity and Hanford Defined Wa te model estimates for SRR wa te 
concentrations. 

Cuffently clas 1fied as an '"a%umed leaker:· Gamma actinty measured in 
drywell 51 -10-12 on the northwest side of tank TX -110 may be atttibuted to 
uugration from tank TX-114 or may indicate a relea ·e from tank TX-110. 
::--re1ther drywells nor surface JeyeJ measurements it1dicate a release from 
near thi tank. 

Cum~ntly cla sified as an ··as urned leaker.'" The ul\'entory associated ~.-ith 
137 Cs activity at -1-5 ft in drywell 51 -14-0-l ts included as part of the 
tank 241 • TX-11 -+ (TX-11 ..i) 111nntory. · o ill\'ent01y for a release wa 
esumated for thh, tank. 

RPP-RPT-50870 , Rev. 0 

~F-EP-0182 
Waste Loss 

Estimate (ial) 

0 

2 

2.500 gal 

2 

. 800 to 2.500 Ci 

(Recommend tank integrity as e sment 
per TFC-ENG-CHEM-D-42) 

. 5.000 to 
s 

(Recommend tank integrity as essmeut 
per TFC-ENG-CHEM-D-42 may need 
additional characterization to determine 
ource 

1.300 srnl 
0.22 Ci of 60Co. 1.030 Ct of 131Cs 

Re onunended tank integrity 
as e·sment per 
TFC-EJ',;"G-CHB1-D-42. 

Re oll1111ended tank integiity 
as essment per 
TFC-ENG-CHE~l-D--1-2 . 



washing ton river 
protectlonsolulions 

TX-Farm Gamma Logging 
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TX tank farm 
Contours on the top of Caliche 

Eu-154 

89 pCi/g 

10 pCi/g 

1 pCi!g 

01 pCI/g 

0.01 pCi/g 

SB-125 
0.4 pCl/g 

01 pCl/g 

U-238 

100 pCi/g 

30 pC1/g 

10 pCI/g 

3 pCi/g 

1 pCl/g 

5 pCi/g 
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TX-Farm Well to Well & Gamma 

--, •• Gamma '--' 
Projection 
Nez Perce 

RPP-RPT-38320, Rev. 0 
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TX Trenches 
Pseudo 3D Resistivity & Gamma Logging 

Color Sc;.a·le (ohm-m) 

0-40 

- 40-75 



washing ton river 
protection solutions 

TY-Farm Leak Loss Assessment 

Tank 

241-TY-101 

Dt'l<'ription 

Tank TY-IOI was classified a potentially lcahng tank 
b=d on a liquid level dccreaseof0.35 inches in 1973. 
The surface level measurements appe.ir to h.we been 
drifting in and out of calibration and the 0.35 inch liquid 
level decrease is suspect and considered to be within the 
margin of uncertainty. Low levels of activity obsernd 
in drywells near TY-10 I ~-ere attributed to other 
sources. It was determined that there is no basis for a _,,J~----~ ..... k invt'ntory estimate for tank TY-10 I. 

241-TY-103 Y-103 was classified as a leaking tank based on 
-r-----r-•i~d level decreases and increased acriv-ity in drywells 

in 1973. The tank may have leaked up to 3,600 gal of 
242-T evaporator feed with a mes inventory of 422 Ci. 
Current SIM inventory estimates should be divided by a. 
factor of 7.2 to account for a higher leak volume and a 
lower supemate composition in the tank in 1973 
compared to the concentrated T2-Sltck used in SIM. 

24 l-TY-104 TY-104 was classified as a leaking tank based on 
. in liquid level decrease in 1981 . The pa.Item of the 

liquid level decrease is a strong indication of a leak. 
Analytical results for TY-I 04 S31Dplcs rcp£csentativc of 
supernatant in the tank at the time of the kak shows a 
13 Cs concentration of0.21Ci/ga1 compared to 
0.044 c· gal in SIM. Inventories in SThf hould be 
· eased by a factor of 4.8 (0.21 /0.044= 4.8). 

241-TY-105 TY-105 was classified as a leaking tank based on 
-i-----r""'lw·d level decreases between 1959 and 1961. The 

range in leak volumes is due to discrepancies in the 
liquid level information. The supernatant leaked was 
TBP-UR waste with a 13 Cs cone. of0.04 Ci/gal No 
repre.sentative liquid sample was identified for TY-105 
at the time of the leak. However. the HDW IM 
estimate appears to provide a good estimate for 
TPB-UR waste. SIM inventory estimates should be 
adjusted for a range of30,000 to 43,000 gallons. 

TY-106 was classified as a leaking tank based on 
o level decrea.scs between August and October 

-,-----1 1959. An estimated 18,000 gal ofTBP supernatant 
leaked. No liquid sample d3ta was identified for 
tank TY-106. Therefore the SIM estimate for 137Cs of 
0.04 c· gal was used. SIM inventories should be 
multiplied by 0.9 to account for the change in leak 
\'Olume estimate (18.000 0,000). 

H:\T-EP-0182 
(Rn. 2~) I 
Estimat• Rel"isfd Estlmat• 

1.000 gal 0 {leak unlikely) 

35.000 g 

18,000 gal 
137Cs: 720 
SIM ratio: 0.9 

RPP-RPT-42296, Rev. 0 
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Tc-99 Soil Samples 
1,000 pCilg 

100 pCi/g 

10 pCi/g 

1 pCl/g 

Cs-137 
9,948,059 pC1/g 

1,000,000 pCilg 

100,000 pCi/g 

10,000 pCi/g 

1,000 pC1/g 

100 pCi/g 

10 pCi/g 

Co-60 
61 pC1/g 

10 pCl/g 

1 pC1/g 

01 pCilg 

0.01 pCi/g 
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TY Tank Farm 
Geophysical Log Data 

& Soil Samples 
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U-Farm Leak Loss Assessment 

Table E S-l. Summary of Tank\\ aste Loss E vents 

De,;cription 

ank U- 101 was suspected oflcaking based on liquid level decreases in 1960. Neither gamma 
ctivity nor low resistivity was found near tank U-10 1 and tank surveillance data appear to be 

inconsistent and unreliable. Lacking additional infonnatiou_ the tank U- 101 leak ,·olume 
estimate is considered highly uncertain with a range of zero to the reported 30,000 gal. The 
inventory of waste released should be based on 1965 tank U- 106 sample results; cuneut SIM 
inventory estimates (13 Cs= 1.300 Ci. ix>-rc = 0.46 Ci) should be multiplied by a factor of6 for 
the upper leak volume estimate. 

ank U- 104 was first suspected of leaking based on a reported bulge near the center of the tank 
and a liquid level decrease in 1956. A leak test was performed between 1957 and 1961 , 
confirming the suspected leak. It was concluded that tank -104 leaked during the leak test and 
likely leaked as early as 1953 during sluicing. The leak volume is highly uncertain because of 
the tank bulge and uncertainty in liquid level measurements. Based on drywell data, as much as -----1 46,000 lbs (7 Ci} of 23'u may have been released from the tank. 

Other 
241-
Farm SSTs 

U- 110 was first suspected of leaking based on a liquid level decrease and simultaneous 
;vell gamma activity increase in 1975. It was conclude.cl that tank -110 leaked during 1975. 

and that the composition of the leak should be based on the 1975 sanlple. Cunent SIM estimates 
use a mes concentration that is a factor of22 higher than the measured 1975 13 Cs 
concentration_ Also SThf estimates for Cs are hi~ SIM e timates for other analytical 
constituents should be divided by a factor of 5_5 to coincide with the new upper bound estimate. 

ank U- 112 was classified as ' questionable integrity" based on a 3-inch liquid level decrease 
ctwcen February 1969 and March 1970 and increased gamma activity in drywcll 60- 12-0 l _ 

The tank was reclassified as an assumed leaker in 1980. Based on process records and the high 
137Cs concentration in drywell 60- 12-0 1. the waste leak was probably mostl REDOX waste 
(Rl) with a higher 137Cs concentration (0.34 c· gal) compared to the cunent waste mix and 
concentration in SIJ\,i (0-2 c· gal)_ 

Some SSTs show activity in nearby drywclls that has previously been attributed to operational 
spills. overflows or line leak,; but no evidence of a liner failure was found for any of these tanks 
and no basis for an inventory e timatc for releases from these tanks .. 

1 
Except as noted. 13 Cs inventories arc decayed to January 1, 2001 consistent with values in SIM. 

REDOX = Reduction-Oxidation (S Plant) SIM = Hanford Soil Inventory Model 
References: 
HNF-EP-0182, Waste Tank Summary• Report/or .Month Ending December 31, 2010. Rev_ 273. 
TFC-ENG-CHEM-D-42. Rev. B-2. "Tank Leak Assessment Process." 

RPP-RPT-50097, Rev. 0 

~-EP-0182 
(Re,·. 2 3) 
Estimate 

30.000 gal 

SIM uses 
5,000 gal 

55.000 gal 

5_000 to 
8, 100 gal 

8,500 gal 

NA 

SST = single-shell tank 



U-Farm Gamma Logging 
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washing ton river 
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Preliminary 
U-Farm ,.., 

•' • " Gamma Extent .... , " 
U-103 

• 
U-111 

Resistivity Contour1ing 

0.33 ohm-m 

0.5 ohm-m 


