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P.O . Box 550 
Richland, Washington 99352 

0044786 

Mr . Steve M. Alexander 
Perimeter Areas Section Manager 
Nuclear Waste Program 
State of Washington 
Department of Ecology 
1315 W. 4th Avenue 
Kennewick , Washington 99336 

Dear Mr. Alexander: 

TRANSMITTAL OF FINAL DATA PACKAGE FROM THE LIMITED FIELD INVESTIGATION (LF I) 
FOR 13O1-N AND 1325-N LIQUID WASTE DISPOSAL SITES 

Enclosed is the final data package resulting from the LFI activities 
associated with the Hanford Site's 13O1-N and 1325-N Liquid Waste Disposal 
Facilities. This data set will be repeated in the forthcoming LFI report, and 
is being provided for your information. Data in this package includes 
geologists' borehole logs, particle size data, moisture retention data, 
neutron moisture and radionuclide logging (geophysical) data, surface 
radiation measurement plots, laboratory constituent data, and physical 
properties data. In addition, soil radionuclide data from N Area pump-and­
treat wells (199-N-1O3A, 199-N-1O4A, 199-N-lOSA and 199-N-1O6A) are also 
provided with this package. 

If you have any questions , please feel free to contact me at 376-7326. 

NAP:DEO 

Enclosure 

cc w/encl: 
P. R. Staats, Ecology 

cc w/o encl: 
M. E. Greenidge, BHI 
P. S. Innis, EPA 
M. J . Lauterbach, BHI 
R. L. Person, EM-442 
R. W. Scheck, MACTEC 
E. F. Shorey, CHI 

Sincerely, 

David E. Olson, Project Manager 
N Area Remedial Actions 
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DATA PACKAGE 

This data package is the result of limited field investigation (LFI) activities associated with the 
Hanford Site's 1301-N and 1325-N Liquid Waste Disposal Facilities. The Description of Work 
for Vadose Zone Characterization of the 1301-N and 1325-N Liquid Waste Disposal Facilities1, 
was used to guide the field work. Sampling and analytical requirements were agreed upon by the 
Washington State Department of Ecology, the U.S. Environmental Protection Agency, and the 
U.S. Department of Energy. These requirements are documented in Data Quality Objectives 
Workshop Results for 1301-N and 1325-N Characterization2. · 

Investigation activities included the following. 

• Cable-tool drilling of three LFI boreholes from November 6, 1995 to January 11, 1996 
(199-N-107A, 199-N:-108A, 199-N-109A) 

• Geophysical logging to measure gamma-ray emissions at four existing wells (199-N-35, 
199-N-45, 199-N-67, and Research Well No. 1) 

• Geophysical logging to detect soil moisture content at three existing wells (199-N-35, 
199-N-45, and 199-N-67) 

• Geophysical logging (spectral gamma and soil moisture content) in the three LFI 
boreholes 

• Soil sample collection from three LFI boreholes with subsequent laboratory analysis for 
radionuclides, metals, and physical properties. 

Corresponding data in this package includes geologists' borehole logs, particle size data, 
moisture retention data, neutron moisture and radionuclide logging (geophysical) data, surface 
radiation measurement plots, laboratory constituent data, and physical properties data. In 
addition, soil radionuclide data from N-Area pump-and-treat wells (199-N-103A, 199-N-104A, 
199~N-105A and 199-N-106A) are also provided with this package. 

1DOE-RL, 1995, Description ofWorkfor Vadose Zone Characterization of the 1301-N 
and 1325-N Liquid Waste Disposal Facilities, DOE/RL-94-104, Rev. 1, U.S. Department of 
Energy, Richland Operations Office, Richland, Washington. 

2BHI, 1996, Data Quality Objectives Workshop Results for 1301-N and 1325-N 
Characterization, BHI-00368, Rev 0, Bechtel Hanford, Inc., Richland, Washington. 
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· 199-N-107A Geophysical Data Package (Page 1 of 5) 

· RADIONUCLIDE LOGGING SYSTEM 
Log Analysis Sunmary Report 

Borehole: 82536£ {~9-tJ- \ D7A-') 
Log Types:. HPGe Spectral Gamma-Ray 

. Neutron Moisture 

General Notes: 

Report.Date: Jan· 17, 1996 
Final Log Date: Dec 21; J995 

The borehole was surveyed after the 10-inch and 8-inch casi~gs was advanced to 
:their maximum depth, on December 1 and De~ember 21, ·1995_ · The :survey depths 

· are measured from top of casing. The borehole was surveyed with two HPGe 
detector sizes to assure accurate measurement of radionuclide concentrations 
at low and high activ;ty levels. The low activity detector, RLSG3.0, contains 
a 35% germanium crystal that has detection range of 0~2 pCi/g to.SOC pCi/g 
before electronks dead-time exceeds 40% •. The high activity detector,'.· ·" 

. RLSG5.0, contains a 10% germanium crystal inside a tungsten shield that. . 
reduces the observed gamma-ray activity by 1100%. The high activity probe 
also contains a cadmium-zinc-tellurium (CZT) detector. for excessive count-rate 

· intervals. The CZT detector was used. to record the act i vi :ty from 8' to 11' 
where·both germanium detectors were saturated. · 

.. The computed radionuclide concentration could not be computt!d from 8' to 11' 
·_when the dete¢tor counting system was satura"t:ed. The computed radionuclide 
:concentrations for all other log runs (RLSG3.0, RLSGS.O, single and ·double · • s: 
· casings) and repeats· are. displayed on the data plot. 

The concentrations· of th~ naturally octurrfog radionuclides potassium, 
uranium, and thorium are typical for Hanford sediments.·· The high ganana-ray 
activity from 2' to 2S' masked the natural gamma-ray activity, preventing 
reliable detection of the natural radionuc:lide concentrations.· · 

• 

·Neutron Moisture· 
°The neutron moisture survey is displayed with.the spectral gamma survey. 

·Moisture-varhtions show :good correlatton with the contaminant distribution 
.profile. Interpretation ·notes have been added to the log data plot. Note at· 
64' that the moisture and contaminant change is not consistent with the log · 
responses above this depth. 

Man-made Radionuclides .. · · · · · · ·. · 
Cesium (Cs-137) was identified from the surface to the maximum survey depth of 
74'. The decay activity ·exceeded 200 pCi/g from 1.5' to 25.5~, and exceeded 
SOOO pCi/g froni 7' to 22'. · The maximum activity encountered was 22,000 pCi/g 
at 14.5'. The .cesium activity between 8' and 11'. is un_known. · 

Cobalt (Co-60) -was identified from the surface to the ·maximum survey depth.of 
74'. · The decay activity exceeded 200 pCi/g from '1.5' to 20.5', and exceeded 
5000 pCi/g from 7 .• 5' to· 11 •. The maximum activity encountered was 9000 pC.i/g 
at t_he .base of the detector saturation zone at 11', indicating that cobalt 
likely exceeds 9000 pCi/g between 8' and 11'. · 
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Project 
Borehole 

· 199-N-107 A Geophysical Data Package (Page 2 of 5) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

1301-N LWDF Log Types: HPGe Spectral Gamma-Ray 
WID# = B2536 (1qq- tJ -1c7A') Neutron Moisture . 

Borehole Environment Information 
Borehole liquid depth 73 (ft) from Ground Level 

Casing size Casing thickness Top depth Base depth 
(in.) (in.) (ft) (ft) 

16 0.5 0 9 
10 o.s -0.6 17 
8 0.5 -1.0 77 

RLS P ass,ve S t 1 G ipec ra anma Survey n orma ,on I f t· 

Logging Engineer(s) J. E. Meisner J. R. Kunk E. R. Selle 
Loq deoth reference at zero (0.0) deotrr is ,Too of Casino 

Log Date Archive Disk Log mode speed Depth interval {ft) 
Detector ID Too Base Iner 

Dec 1, 1995 82536\8071 FIXED 0.7 fpm 0 16 0.5 
RLSG3.0 (35%) " ft 0 5 0.5 

Dec 1, 1995 82536\8072 FIXED O. 7 fpm 0 16.5 . 0.5 
RLSG5.0 (10%) ft " 11 16.5 0.5 

Dec 21, 1995 82536\8079 FIXED 0.7 fpm 15 74.5 0.5 
RLSG3.0 (35%1 ft n 63 .74.5 0.5 

Dec 21, 1995 82536\8080 FIXED 0.7 fpm 8 30 0.5 
RLSGS.O (10%) n n 20 30 0.5 -··· 

Dec 21, 1995 82536\MS35 MSA 30 sec 6 70 0.5 
RLSMl.l moist ft " 53 57 0.5 

ft n 63 68 .25 
-~u: 1-aea .,....,._ny at '- Dltl ::,pee0 Vl::.A: MOV9•:0tDp-ACQUln, tpm: teet per 1mnuu1 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22, 1995 (HPGe-35%), Nov 20, 1995 (HPGe-10%) 
Calibration Report: WHC-SO-EN-TI-292, WHC-SO-EN-TI-306 

Analyst Name(s): R. K. Price 
Analysis Date: Jan 17, 1996 

Analysis Notes: HPGe detectors saturated {8-11') for both probes 
Radionuclides Identified: Cs-137 22.000 pCi/g @14.5' Co-60 9000 @11.5' 
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199-N-107 A Geophysical Data Package (Page 3 of 5) 

R.LS Spectral Gamma.&· Moisture Borehole Survey 

Project: 1301-N LWDF -
Borehole: 82536 ( I ~q-rJ-, 01A) 

Last Log Date: Dec 21, 1995 
Analysis Date: Jan 17, 1996 · 
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199-N-107A Geophysical Data Package (Page 4 of 5) 

RL:s·· Spectral Gamma.& l\lloisture Borehole Survey 

Project: 1301-N LWDF 
Borehole: 82536 (lqq-i\J -1 °7A-) 

Last Log Date: Dec 21, 1995 
Analysis Date: Jan 17, 1996 
Westinghouse Hanford Company 
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199-N-107A Geophysical Data Package (Page 5 of 5) 

RL:S-Spectral KUT_ Processed Data 

Project: 1301-N LWDF Last Log Date: Dec 21, 1995 
Borehole: 82536 (1C\q-rJ -101A) Analysis Date: Jan 17, 1996 

Westinghouse Hanf~rd Company 
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199-N-108A Geophysical Data Package (Page 1 of 5) 

RADIONUCLIDE LOGGING SYSTEM 
Log Analysis Sunmary Report 

Borehole: 
Log Types: 

82537(1'\q-N · l046Ft) 
HPGe Spectral Gamma Ray 

Report Date: Dec 5, 1995 
Final Log Date: Dec l, 1995 

General Notes: 
_·The borehole was surveyed after each casing was advanced to its maximum depth, 
on November 13 and December l, 1995. The survey depths are measured from top 
of casing. The borehole was surveyed with two HPGe·detector sizes to assure 
accurate measurement of radionuclide concentrations at low and high activity 
levels. The low activity detector, RLSG3.0, contains a 35% germanium crystal 
that has detection range of 0.2 pCi/g to 500 pCi/g before electronics dead­
time exceeds 40%. The high activity detector, RLSGS.O, contains a 10% 
g~nnanium crystal inside a tungsten shield that reduces the observed gamma-ray 
·activity by 1100%. 

High gamma-ray activity, exceeded 40% dead-time, from 16' to 23' for one of 
the four survey runs though the interval. The computed radionuclide 
concentration for this portion of the survey h not displayed. The computed 
radionuclide concentrations for all other log runs (RLSG3.0, RLSGS.O, single 
and double casings} and repeats are displ~ye~ ~n the data plot. 

Interpretation notes have been added to the data plot. Note at 21' the 
distribution ratio between cesium and cobalt change, with an increase of 
cesium between Zl' and 23'. 

The "Total Gamma" curve from the RLSG3.0 detector is displayed on the data 
plot. The two athin-line" curves from 25' to 36'~show the gamma-ray 
attenuation encountered through the second (8") casing for the over-lapped 
interval. 

The concentrations of the naturally occurring radionuclides potassium, 
uranium,' and thorium are typical ._for. Hanford ~-ediments.. 

Due to restricted field coverage in Radiation Control Areas, no neutron 
moisture survey was acquired by WHC in this borehole. 

Han-made Radionuclides 
Cesium (Cs-137) was identified near the-surface, from l' to 39'. The decay 
activity exceeded 200 pCi/g from 15' to 23.5', and exceeded 5000 pCi/g from 
17' to 22'. The maximum activity encountered was 12,000 pCi/g at 18'. 

Cobalt (Co-60) was identified from near the surface, from 1' to the maximum 
survey depth of 72'. The decay activity exceeded 200 pCi/g from 16'· to 22.5'. 
The maximum activity encountered was 2230 pCi/g at 18'. 
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199-N-l0SA Geophysical Data Package (Page 2 of 5) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

Project 
Borehole 

1301-N LWDF Log Types: HPGe Spectral Gamma-Ray 
WID# - 82537 (fqq_f,l-109~) Neutron Moisture 

Borehole Environment Information 
Borehole liquid depth 72.3 {ft) from zero (0.0) depth reference of log 

Casing size Casing thickness Top depth Base depth 
(in.) (in.) (ft) . (ft) 
10 0.5 -0.6 36.5 
8 0.5 -0.4 72 

RLS P ass,ve S t 1 G ,oec ra anma s urvey I f n orma ,on 
Logging Engineer(s) J. E. Meisner J. R. Kunk J. P. Kiesler 
Log depth reference at zero (0.0) depth is To[I of Casino 

Log Date ArcMve Disk Log mode speed Depth interval (ft) 
Detector ID - . . . . Top Base Iner 

Nov 13, 1995 82537\8070 FIXED 0.7 fpm 0 36.8 0.5 
II • 31.8 36.8 0.5 

RLSG3.0 (35%) II II 25.0 32.0 o.s 
Nov 13, 1995 82537\8071 FIXED 0.7 fpm 12 32 0.5 

II II 27 30 0.5 
RLSG5.0 (10%) n II 29 32 0.5 

Dec 1, 1995 B2537\8073 FIXED 0.7 fpm 20 70.0 0.5 
RLSG3.0 (35%) II II 62 72.4 0.5 

Dec 1, 1995 82537\8077 FIXED 0.5 fpm 10 30 0.5 
RLSGS.O .(10%) II 0.7 fpm 10 30 0.5 . 

IACU: rUlea va....,..y o ..... .., l:>pettO pm: ,e,n per mmute 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22, 1995 (HPGe-35%), Nov 20, 1995 (HPGe-10%) 
Calibration Report: WHC-SD-EN-TI-292 

Analyst Name(s): R. K. Price 
Analysis Date: Dec 5. 1995 

Analysis Notes: ~PGe{35%) detector saturated thru zone in single casing 
Radionuclides Identified: Cs-137. Co-60 (max 12,000 & 2230 pCi/q@ 18'} 
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199-N-108A Geophysical Data Package (Page 3 of 5) 

RLS~Spectral Gamma.& Moisture Borehoie Survey ·· 

Project: 1301-N LWDF 
Borehole : 82537 (J'f9-N -108ft.) 

Last Loa Date: Dec 3, 1995 -Analysis Date: Dec 5, 1995 
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199-N-l0SA Geophysical Data Package (Page 4 of 5) 

RLS ·spectral ·Gamma· & Moisture·eorehole ·survey 

Project: 1301-N LWDF 
Borehole: 82537 (1qq,1,J-1o&A-) 

Last Log Date: Dec 3, 1995 
Analysis Date: Dec 5, 1995 
Westinghouse Hanford Company 
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199-N-l0SA.Geopbysical Data Package· (Page 5 of 5) 

·RLS ·spectral·KUT-Pro·ce·ssed Data 
. . . 

Project: _1301-N LWDF Last Log Date: Dec 3,.1995 
Borehole: 82537(\C\q~/J-\O~A-) .· Analysis Date: ·oec 5, 1995 · 

Westinghouse. Hanford Company· 
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199-N-109A Geophysical Data Package (Page I of 5) 

RADIONUCLIDE LOGGING SYSTEH 
Log Analysis Sunmary Report 

Borehole: 
Log Types: 

B253 9 (I'\ 'l- kl-.l ~ A-) 
· HPGe Spectra 1 Gamma Ray 

Neutron Moisture 

Report Date: Jan 22, 1996 
Final Log Date: Jan 2, 1996 

General Notes: 
The borehole was surveyed after each casing was advanced to its maximum depth, 
on December 20 and January 2, 1996. 1he survey depths are measured from top 
of casing. 

The computed radionuclide concentrations for both log runs and repeats are 
displayed on the data plot. The depth reference of the data plots is the 
gound level. · 

·The concentrations of the naturally occurring radionuclides potassium, 
uranium~ and thorium are typical for Hanford sediments. The interface between 
the. Hanford .formation-and Ringold fonnation is established· a:t 44' and is 
identified by an increase in potassium content. 

Neutron Moisture _ ... 
The neutron moisture survey is displayed with the spectral gamma survey. 
Moisture variations show good correlation with the contaminant distribution 
profile. Interpretation notes have been added to the log data plot. Note at 
58' that the moisture repeat at O.ZS' increment identified fine stratification 
in the sediments. 

Nan-made Rad i onuc.1 ides · 
Cesium (Cs-137) was identified from 5' to 14'. The decay activity exceeded. 
200 pCi/g from 7.5' to 9'. The ma~imum activity encountered was 420 pCi/g at 
8.5'. 

Cobalt (Co-60) was identified from the surface to the maximum survey depth of 
65'.. The maximum activity encountered was 175 pCi/g at 8'. 
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"199-N-109A Geophysical Data Package (Page 2 of 5) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

Project 
Borehole 

1325-N LWDF Log Types: HPGe Spectral Gamma-Ray 
WID# - B2539 (1CfCI-AJ· IO'lA) · Neutron Moi store 

Borehole Environment Information 
Borehole liquid depth 63 (ft) from ground level 

Casing size Casing thickness Top depth Base depth 
(in.) (fo.) . (ft) (ft) 
10 0.5 -0.91 21.9 
8 0.5 -2.0 64.6 

RLS P ass1ve S t 1 6 ipec ra ama s urvey I f n orma 10n 

Logging Engineer(s) J.E. Meisner - .• E. R. Selle 
Loo olot depth reference at zero (O.Ol death is Ground Leve 1 

Log Date · Archive Disk Log mode speed Depth interval ·{ft) 
Detector ID Ton Base Iner 

Dec 20, 1995 B2539\8078 FIXED 0.7 fpm 0 21 0.5 
RLSG3.0 (35%) n • 0 21 0.5 

Jan 2, 1996 B2539\8081 FIXED 0.7 fpm 0 66 0.5 
RLSG3.0 (35%) n n 55 66 0.5 

Jan 2, 1996 B2539\MS36 MSA 30 sec 6 64 o.s 
RLSMl. l moist n " 55 64 .ZS 

"1A1;&.1: '""'"" VelOCllY OJ WID"' :OpeflG im..a~: rnaivv-atop-ACQUIIB 1pm:teet per rnmu1e 

Calibration and Analysis Information 

RLS Calibration Date: Mar ZZ, 1995 {HPGe-35%), Aug 31, 1995 (Moisture) 
Calibration Report: WHC-SD-EN-Tl-292, WHC-SO-EN-TI-306 

Analyst Name(s): 
Analysis Date: 

R. K. Prke 
Jan 22, 1996 

Analysis Notes: Geology change at 54' retained migrating contaminants 
Radionuclides Identified: Cs-137, Co-60 (max 420 & 175 pCi/q@ 10'} 
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' . . ·,. . . 

l99-N-~09A. Geophysical Data Package· (Page·3 of5); .. · 

RLs-·s·pet:fral -Ga_mma & Moistute ·eorehole S-urvey· 

Project: .1325~N LWDF _ ·- Last L.og Date: Jan 2, 1996 · 
Analysis Date:, .Jan 22, 1996 · Borehole: _ 82539 (1C\,-t-1-\oC111). 

. Westin~house Hanford Company _ · 
. . ~ 
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199-N-109A Geophysical Data Package (Page 4 of 5) 

RLS Spectral Gamma & Moisture-Borehole Survey 

Project:. 1325-N LWDF 
Borehole: 82539 ( 1q1-tJ ·1°qA) 

Last·Log Dale: Jan '2, 1996 
Ana.lysis Date: Jan ·22, 1996 · · 

_ Westir~house Hanford Company 
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· · · •· 199-N-109A Geophysical Data Package (Page 5 of 5) 

· RLS:Spectral KUT Processed Data 

·Project: .1325-N LWDF Last Log Date: Jan2,·1996 · 
.··\ · Borehole: . 82539(.rqq,µ,,oqi>) Analysis Date: Jan 22,-199.6 · 

. Westinghouse Hanford Company · 
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199-N-35 Geophysical Data Package (Page l_of 8) 

RLS Borehole Survey Report 

Borehole: 199-N-35 

Casing 
Water 
Survey 

Depth: 0' - 64' 
n/a 
Depth: 0' - 47' 
Depth: 40 ' - 62' 
Depth ref: Top-of-casing 

General Notes: 

Report Date: June 23. 1995 

Size: 6" Thickness: 0.25" 

Date: Jun 15. 1995 
Date: Jun 21. 1995 
Casing stick-up: l' 

Activities on June 15. 1995 included: Cl) Determine well/water depth from an 
acoustic depth instrument (43 ft). (2) Swab well for internai contamination 
prior to logging. The maximum swab depth of 43.3 ft corresponds to a 
telescoping screen (unknown configuration) from 44' to 64'. (3) The well was 
surveyed to 47' without reaching bottom. logging was aborted for fear of 
sticking the tool in the screen. Remote access to the well dictated that 
survey data from 5 ft to Oft be acquired using manual methods. 

Activities on June 21. 1995 included: (1) Run "E-Tape" to determine water 
depth (62.25 ft). (2) Run dummy probe to check for restrictions in the hole. 
(3) Complete Spectral-Gamma survey to 62 ft. (4) Run neutron moisture survey 
to 62 ft. 

All Spectral-Gamma survey data are included on the plots. A separate plot 
that combines the Total-Gamma and moisture survey is included. The survey 
depths are measured from top of casing. 

The highest total gamma activity encountered (162.000 cps) occurred at the 
surface (0 ft). The measurement taken at the surface contained very high 
count rate_ with no gamma-ray peaks identifiable in the· spectra. which is 
characteristic of back-scatter gamma-rays. probably from the crib its self. 

The concentrations· of the naturally cccurri_ng radionuclides potassium. 
uranium. ·and thorium (KUT) are typical for Hanford sediments. 

The potassium and thorium activity decreases from 32' to the maximum survey 
depth. indicating a probable change in geology. 

Man-made Radionuclides 
Cobalt (Co-60) was identified from the surface to 6' and from 23' to the 
maximum survey depth of 62'. The maximum activity encountered was less than 
20 pCi/g. 

Antimonv (SB-125) was detected from 30' to the maximum survey depth of 62'. 
When deiected the concentration is approximateiy half the concentration of 
cobalt. The maximum activity encountered was less than 10 pCi/g. 

Cesium (Cs-137) and Europium (Eu-152) are commonly encountered in the 100 
Areas. but were not identified in the survey spectra. The plot tracks are 
shown for presentation uniformity. 
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. 199-N-35 Geophysical Data Package (Page 2 of 8) 

Westinghouse Hanford Company 
RLS Spectral Gamma-Ray Borehole Survey Log Header 

Project: 1325-N LWDF 

Borehole 
Coordinates 
Elevation 

199-N-035 Drill Date Aor 1984 
7485 N 4390 W ft (N-Area System) 

449.38 ft Top of Casing 

Borehole Environment Information 

Borehole liquid deoth na (ft) from zero (0.0) deoth reference of log 

Casing size Casing thickness Top depth Base depth 
(in.} (; n.) (ft) (ft) 

6 0.25 0 64 

RLS P ass,ve 1De! ra S ct l G amma s urvey I f n ormat1on 

Logging Engineer(s) R. K. Price J.E. Meisner. J.P. Kiesler 
Log depth reference at zero (0.0) depth is Too of Casino 

Log Date Archive Log mode speed Depth interval 
file names Too Base 

Jun 15. 1995 H1N035\8061 FIXED 0. 7 fpm 5 42 
-

.. FIXED - -0-. 7 fpm 47 40 
MSA · 45 sec 4 

.. 
0 

Jun 21. 95 H1N035\B062 FIXED 0. 7 fpm · 40 62 
FIXED . 0. 7 fprn 48 53 

MSA 300 sec station 49.5 
MSA 200 sec station 42.5 

'IACU; 1""1xe0 ve10cnv os: 1.ac,e :.oeec 1vJ:,,....: JVIOVe•.::ttOP•-"'CQUlre rpm: reet per m1nu1e 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22. 1995 
Calibration Report: WHC-SD-EN-TI-292 

Ana 1 yst Name ( s) : R ... K. Price 
Analysis Date: jun 23. 1995 

.. 

(ft) 
Iner 

0.5 
0.5 
LO 
0.5 
0.5 
0 
0 

Analysis Notes: Maximum cross activitv (162.000 ens) at surface 
Radionuclides Identified: _C .... o._--=-60--........=.Sb:::..---=1-'='25_, ___________ _ 
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_ : 1~?.~N~35 Geophysical Data Package ·(Page 3 of 8) · . , _ 

RLs· Spectral Gamma.:Ray Borehole Survey 

Project: 1325-N LWDF 
Borehole : 199-N-35 
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Log Date : Jun 21, 1995 
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199-N-35 Geophysical Data Package (Page 4 of 8) 

RLS Spectral KUT Processed Data 
' ' ' 

. Project 1325-N LWDF. Log Date : Jun 15, 1995 

Borehole: 199-N-35 · Westinghouse HariJord Co. 
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:- _199-N-35 Geophysical Data.Package (Page 5 of 8) 

Formation Moisture Borehole Survev Report 

Borehole: 199-N-35 
Survey Depth: 4.5'- 61' 

Casing Depth: . 0' - 64' 
Water · Depth : · 62. 25 ' 
Depth ref ·. Top-of-casing . 

Date: Jun 21. 1995 

·Thfckness:. O. 25" · 

_Casing stick-up: 1.0' 

General Notes: ._ . .. . 
.. Prior to logging the water level was measured with an E-tape. and a dummy probe 

was run to check for restrictions.that might hang up the logging probes below 
the te 1 escopi ng screen at 44 feet. . The probe centralizer was not . used for , 
fear of hanging up the probe in the screen. The well was surveyed from 4.5 
to 61' at .move-stop-acquire mode for· 30 seconds every. 0. 5' . The second ·log 
survey from 28' to 35' at O. 2' samp i e intervals was acquired. · .A 11 survey data 
are included on the piot. The survey depths are measured from top of ·casing. · 

The grout i nsta 11 ed while· the starter "casing was removed extends to 30.' . as 
indicated by the decrease in moisture.content at.30.ft. 

The "Void Space;, response indicates v~id spaces that are prese~t behind the. 
casing. The response is plotted in counts-per-second of the back-scattered 
garmna-rays from a source implanted in the probe. The response is plotted on a 

· reverse scale to high-light problem zones. The "void space" count rate 
decreases (indicating a possible problem with the formation moisture 
measurement) when voids space is present behind the casing. This log shows .. 

· that the count rate increases when the casing size decreases. as seen below 45 
feet where the telescoping screen was inserted._·· 

Formation Mai sture . . .. 
·Toe water bound in the grout (unknown constituents).of-approximately·l8%.by 
volume from 8' to 30' is consistent with other wells logged at Hanford. · 

The incr.ease in forma:ion moisture to 10% at .32 ft corresponds to the first 
major occurrence of cbba J t-60 encountered· in· the spectral garmna: log. This is · 
possibly an interval of finer grained sediments.that retained contaminants. 

. ' . " - . . ' .. 

A second increase in formation moisture greater than 5% . from 39. 5 ft to 43. 5 · 
ft also retained cobalt-60 from the effluent discharge. . 

The decrease in apparent moisture content from:43:5 ft to SO.ft corresponds 
with an increase in the vpid space indicator signal and may not represent a 

. decrease in formation moisture. Geologic inference of formation properties 
without further evidence is not appropriate. 

The third interval of elevated formation moisture content (SO to 53 ft) is 
different than th_e previous two zones. if. the moisture f ram 43 ft to 50 ft is. 
validated. The spectral garmna survey shows that the cobalt-60 occurs above 
this interval and not concurrently. ·rt·is probabie that the sediments from 50 
ft to 53 ft retarded the downward movement of effluent liauids and caused them 
to spread horizontally above it. thus leaving significanti'y more cobalt-60 in 
the sediments than other zones: 
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199-N-35 Geophysical Data Package (Page 6 of 8) 

Westinghouse Hanford Company 
Formation {Neutron) Moisture Borehole Survey Log Header 

Project: 1325-N LWDF 

... 

Borehole 
Coordinates 
Elevation 

199-N.;035 
7485 N 4390 W ft 

449.38 ft 

Borehole Environment Information 

(N-Area System) 
Top of Casing 

Borehole liquid decth 62.25 (ft) from zero (0.0) deoth reference of log 

Casing size Casing thickness Top depth Base depth 
(in. ) (in.) . (ft) (ft) 

6 0.25 0 64 

F orma ,on. eu ron O1s ure t· (N t ) M . t s urvev I f n orma ,on 

Logging Engineer(s) R. K. Prfce J. E. Meisner M. A. Wendlina 
Log decth reference at zero (0.0) deoth is Too of Casino 

Log Date Archive Log mode speed Depth interval (ft) 
file names Too Base Iner 

Jun 21. 1995 HlN035\MS25 MSA 30 sec 4.5 61 0 . .5 
-.. MSA 3·0· sec 28 35 0.2 

·IXi:1.1: r1xea ve10crtv or 1...ac1e :,peeo 1\1'1~"": 1v10ve-::. tOP-Ac:Qu1re rpm: ,eet per minute 

Calibration and Analysis Information · 

Calibration Date: Mar 16. 1995 
Calibration Models: Hanford Moisture (Lampson-Pasco) 

Analyst Name(s): R. K. Price 
Analysis Date: Jun 23. 1995 

Analysis Notes: Grouted well to 30·ft. masked formation readina 
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· 199:-N-35 Geophysical Data ~ackage. (Page 7 of 8) 

- . - -

Formation ·(Neutron) Moisture· Borehole ·survey 

Borehole : 199-N-35 
Location: LWDF 1325~N Crib 

Moisture (pct-volume) 

. Log Date: Jurie 21, 1995 
·· · Westinghouse Hanford Co. 

- - . - _-:,.~ ":'"-,-,:_. 

• Void Space (cps} 

900 800 700 600 
0 5 10 15 20 25 0 ....:.,_ __ __,.._....;.__-___________ ...__,,---,------,---,--~ 30 

·-
.. 

. .. 
. . 

10 

20 

50 

60 

70 __L. __ _;.. ___ ;..._ __ _;__ __ .,;..,;,._ __ ........:.. ___ ~_;.__~----

61 



199-N~35 Geqphysical Data-Package (Page 8 of 8) 

~Total-Gamma· and Moisture·survey :· ·. 
. ' . ' -

Borehole : · _199-N-35 · 
Location: LWDF 1325-N Crib 

Moisture (volume pct) 

Log Date : June 21, 1995 
. . . - '. . 

·-·westinghouse_Hanford Co. 
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· 199-N-45 ·Geophysical Data Package (Page 1 of 7) 

RLS Borehole Survey Report 

Borehole: -199-~·45 ' · Repc rt Date: Aug . . 1995 

Casing Depth: 0 .• i3' Size: 8" Thick:iess: 0.33" 
Water n/a 
Survey Depth: .., . 

\,; . 64' Date: Jul ia. 1995 
Depth: 64' • 64.5'. Date: Jul 12, 1995 

Depth: 64 '· 54' Date: Jul 18. 1995 
Depth re-=-- 1. Top-of-casing Casing stick-up: 2:" 

General Notes: 
Activities on July 18. 1995 included: (1) Determine well/water depth from an · 
acoustic depth instrument {55ft)~ C2l Swab -well f~r internal· contamination 
prior to logging. The maximum swab depth of 51-54 ft tcrresponds to a 
telescoping screen (unknown ~onfiguration) from 51' toil'. (as per as built). 
(3) The well was surveyed to 64' ~ithout reaching bottom. 

Activities on July 18. 1995 included: . (1) Run "E·Tape" to determine water 
depth (65 ft). (2) Run dummy probe tc check for restrictions in the hole. 
(3) Complete Spectral~Gamma .survey to 64 ft. (4) ~un neutron ~oisture survey 
to 64 ft. · 

All Spectral-Gamma survey data are included on the plots. Separate plots for 
the Total-Gamma including KUT and moisture survey .are included. The survey 

.depths are measured from top of casing. 

The highest total gamma activity encountered (64:000 cos) occurred at the 
surface CO ft): - The measurement taken ~t the surface ~ontained very high 

.count rate with no gamma-ray peaks identifiable in the spectra. which is -
characteristic of _Qack·scatter. gamma~rays, probably from.the crib its self. 

The concen~ratibns cf the naturallj cccurrjng radion~c1ides potassium. 
·uranium. and thorium "{KUT) are typic_al for Han-for:i sediments. · 

The potassium activity increases from 42' to the maximum ~urvey deoth. 
indicating a probable change in geology. 

Man-made Radionuclides 
Cobalt (Co·60l was identified from the surface to i' and~ifom 24' to the 
maximum survey depth of·54· _ The ·maximum activity encountered was less than. 
20 pCi/g. 

Antimony (SB-125) was aetected from 45'- to survey 6epth of 54'. When detected 
the concentration is not well carrel a!ed to the c,oncentrati on of cabal t_. - The 
maximum activity encountered was less than 5 pCi/g. 

Cesium CCs-137) and Europium CEu-152) are commoniy encountered in the 100 
Areas. bu: were.not ioentified 'in tne survey spectra: The piot·tracks are 
shown for presentation u~iformity .. 
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· · 199-N-45 Geophysical Data Package (Page 2: of 7) 

. . . . Westinghouse Hanford Company . . . . . 
RLS · Spectral Gamma-Ray Borehole Survey Log Header 

Project: 1325-N' LWO: 

' 

-

Borehole l~:--N-045. Drill Date Ao: 2984 

Coordinates 

Elevation 

7474 N 42-:-3 W ft 

452.32 ft 

Borehoie Enviromnent Inf0:ma.ti0n 

(N-Area. system) 

Top ::f Casing 

Borehole liquid depth na (ft) frcm zero·. (0.0) depth reference Of 
log 

Casing size Casing thickness T-- depth Base ..,_~ .. ,., 
~~ 

.. (in. l (in. I (ft) (ft) 

6 0.25 7(51) 71 ·' 

8 0.33 0 .. 51-53 (7) 

ii:.!= :'.:-:c :ois":.~~· l:;; 

·RI,S Passive Spectral. Gamma. survey Inf0::ma.ti0n 

Logging Engineer(s) J. E. Meisne: J. Kunk ·' 

,Log depth reference at zero (0. 0) depth· is Too of Casino 

Archive l 
; 

Depth interval {ft) Log. Dat:.e . Log i;node speed 
fiie names· T.9p. Base 

-.. ... Iner•-

Jul 14, "F.1~045\B068 :IXZD 0. ::m 0' 64 0.5 
1995 :E'!XED ·o. 7 fpm · 64 

-=-~V"!'':"I n ., .., __ 
.. ~a 

. .. ... ·-

Cal..iDration and Anal.ysis Inf0:ma.ti0n 

RLS Cal.ibration Date: Mar 22, .1995 

·cal.ibration Report: WHC-SD-EN-T!-292; Rev. 0 

Analyst Name(sJ: R. R. Randall 
Analysis Date:. Aucr _, 2995· 

· 64.5 
"-1! 
.. 

Analysis. Notes·: Ma:-tirnu!::: :rr::>ss a::ti ·.ri .o;·: r64 ;obo ::-os ~ =-'= surface· 
Radicnu::lides !den";ifie:: ....... c_::>_-_5_0_ ...... s~b_-_1~2_5 ______________ _ 
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· 199-N-45 Geophysical Data Package (Page 3 of 7) 

RLS Spectral Gamma.:Ray ·sorehole Survey - · 

Project: 1325-N LWDF 
Borehole : 199-N-45 

Log Date: July 14, 1995 
Analysis Date: Aug 1, _ 1995 
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199-N-45 Geophysical Data Package (Page 4 of 7) 

RLS Spectral KUT Processed Data 

Project:. 1325-N LWDF 

Borehole: 199-N-45 

0 200 

Total Gamma 
cps 
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Log Date : July 14, 1995 
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199-N45 Gepphysical Data Package (Page 5 of 7) 

Formation Moisture Borehole Survey Report 

Borehole: 
Survey 

Casing 
Water 
Depth ref 

199-N-45 
Depth: 2.0'- 64' 

Depth: o '. - 64' 
Depth: 65' 
Top-of~casing 

General Notes: 

Sfze: 8" 

Date: Jul 18. 1995 

Thickness: 0.25" 

· Casing ~tick-up: 25• 

Prior to logging the water level was meas~red with an E-tape and a dummy probe 
was run to check for restrictions that might hang up the logging probes beiow 
the telescoping screen at 51 feet. Thj probe centralizer was not used for 

. fear of hanging up the probe in the screen. The well was surveyed from 2' to 
64' at mov~·stop-acquire mode for 30 seconds every 0.5'. The sec6nd log 
survey from 64' to 54' at 0.5' sample intervals was acquired. All survey data 
are included on the plot:. The survey depths are measur~d from top of casing. 

The "Void Space· response indicates void spaces that are present behind the 
casing. The response is plotted in counts-per-second of· the back-scattered 
gamma-rays from a source implanted in the probe. The response is plotted on a 
reverse scale to high-light problam zones. The "void ~pace" count rate 
decreases (indicating a possible problem with the formation moisture 
measurement> when voi~s space is present behind the casing. This log shows 
that the count rate increases when the casing size decreases. as seen below 54 
feet •.-1here the teiescoping screen was inserted. Moisture is not plotted in 
intervais of void indications. 

Formation Moisture 
The increase in for~ation moisture to 8% ·at 45 ft cor~esponds to the first 
major occurrence of ~obalt-60 encountered in the spectral gamma log. This is 
oossibly an interval of finer grained sediments that retained contaminants. 
Just at this point in the well. the void indicator informs that the use of the 
moisture response is not valid. 

The void count rate from 57' to 64' is indicative of a 6" casing. The start 
of thi~ 5" casing or screen is somewhere between 51' and 54'. and the as built 
calls out a 51' depth start. ·since there is some ambiguity about the screen 
diameter. th~ moisture calibration was applied for an 8" casing throughout the 
well survey. · 
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199-N-45 Geophysical Data Package (Page 6 of 7) 

Westinghouse Hanford Company 
Formation (Neutron) Moisture Borehole Survey Log Header 

Project: 1325-N LWDF 

Borehole 

coordinates 

Elevation 

199-N-045 

7474 N 

452.31 ft 

4273 W 

Drill Date .n.n= 1 9·94 

(N-Area system) 

Top cf Casing 

Borehole Environment Information 

Borehole liquid de-pth na (ft) from zero (0. 01 depth reference of log 

Casing size casing thickness Tep depth Base depth 
(in. l (in. l (ft) (ft) 

6 0.25 ? (51) 71 
.. 

8 0.33 0 51-53(?) 

(info frcm ~is~ure le;> 

:ru.s Pa.ssi.ve SOectral. Gamma survey In£o%mation -
Logging Engineer(s) J. E. Meisner J. Kunk 

Log depth reference at zero (0.0) depth is Ton of Casinc:r 

Log Date Archive Log mode speed Depth interval (ft) 
file names Top Base Inc:r 

Jui 18, 1995 HlN045\MS30 MSA 30 sec 2.0 64 0.5 
MSA 30 sec 64 54 0.5 
MSA 30 sec: 11.5 13 0.5 

... .. - . - .. .. 
-':'· '!"-,. - -- . ·- ·-· -- --- ,_ - .., ... -- --·-- ·--- - - - -· . 

Ca.l.il:lration and Anal.ysi.s In£orma.tion 

RLS calibration Date: Ma= 16, 1995 
Calibration Report: Hanford Moisture (Lampson-Pasco) 

Analyst Name(s): R. R. Randall 
Analysis Date: Aue~, 1995 

Analysis Notes: Two intervals show void and moisture not nlot~ed 
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· · .199-N-45 Geophysical.Data Package (Page 7 of7) 

·Formatiqn (Neutron) Moisture Borehole Survey 

Borehole : 199-N-45 

Location: LWDF 1325-N Crib 

Moisture (pct-volume)· 

Log Date : July 18, 1995 

Westirighouse Hanford Co. 

· Void Space (cps) 
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_199-N-67 Geophysical Data Package (Page 1 of 7) 

RLS-Borehole Survey Reoori· 

. Borehole: . 199-N·A-5'' 7 

· Casing. · -. 
Water 

·survey 

Depth:· O'- .76' · Size: 6" 
71.9 
Depth: - 4.6'.:: 67.5' 
Depth: 64.7'· 67.5! 
Depth: 65.0' - 71.0' 

-~epth ref: ~op-of-casing 

Report Date:· Aug 1. 1995 

Thickness: ·o·~ 25" 

·Date: Jul 20 1995 
Date: Jul 20. 1995 

.Date£ Jul 20. 1995 
Casing stick-up: 25~ 

-General Notes: ,, 
Activities on July 20. 1995 includ·ed: Cl) Determine well/water depth from·ari 

. acoustic depth instrument (65ft); (2) Swab well for in~ernal tontamination 
prior t·o logging. The maximum swab depth of 71. 9 ft corresponds to a tape of·· 
water, · - · 

~ctiv~ties on July.20. i995 included: Cl) Run "E-Tape" to determine water -
- depth ·c71.9 ft). (2) Run dummy probe. to check for restrictions iri the hole. 

(3) C_omplete Spectral-Gamma survey ton. ft. (4) Run neutron moisture.survey 
to 71 ·ft. · · · 

~- - . 
·- All Spectral -Gamma survey data are included on the plots. Separate plots. for· 

_ the naturally occurring KUT and ttie·_moisture survey are included. foe survey 
· · depths a re measured from top of casing. 

The highest total gamma activity encountered· (40,000 cps) occurred.at the-. 
- surfac~ CO ft). The measurement taken at the surface contained very high 

count rate with no gamma-ray peaks identifi~ble in the ipectra. which· is 
characteristic o.f back-scatter gamma-rays, probably from the crib its· self. 

. . . 

. The concentrations of the naturally occurring radionuclides potassium;· 
uranium. and thorium C ~UT) are close to typical for Hanford sediments. There · 

· ·are KUT responses-that reflect· the completions profile. This is confirmed by 
· _the moisture log response.· There is bento.nite from 23' to 59'. with a gap at 

4~' that is also reflected in the KUT signature. This conclusion could no; be. 
deriv•d ·upon the basis of the spectral gamma ray data only. · 

~inade ~gj PJ11'.fl ides . 
.J=uoa .'b''t'CttO) was identified from the surf ace to 5 · and from 31 · to the depth 

of.70'. Tha maximum activity encountered was about 320 pCi/g. 
· Coha Lt (Co _:-'0 ) . . 

· tfi.@&i YR'. ( Gs 117) was detected from surface to 5 · and from 31.' to survey depth 
of 70'. When detected the concentration is not well correlated to the. 
concentration of cobalt. The maxim~m activity encountered was less than 10 
pCi/g, 
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199-N-67 Geophysical Data Package (Page 2 of 7) 

Westinghouse Hanford Company 
RLS Spectr.?tl Gamma-Ray Borehole Survey Log Header 

Project: 1301 -N LWDF 

. 

Borehole 

Coordinates 

Elevation 

199-N-067 

7438 N 

458.46 ft 

-Drill Date Feb 198e 

5970 W ft (N-Area system) 

Top of casing 

Boreho1e Environment :tnfo:cma.tion 

9orehole liquid de-pth 71. 9 (ftl f::-cm zero (0.0) de-pth reference of log 

casing size casing thick.'less Top depth Base depth 
Cin. l (in. l (ft) 

6 0.25 0 

6 screen 0.25 60.5 

:RLS Passive Spectral Gamma Survey :tnfo:ma.tion 

Logging Engineer(s) J. E. Meisner J. Kies1 er 
Log depth reference at zero (0. 0) de-pt.h is TO'O cf 

Log Date Archive Log mode speed Depth 
file names To-p 

Jul· 20, ElN045\B06S MS;.. · . 30- sec 4.. 6 
1995 MSA 30 se::: 64.7 

MS;.. 30 sec 65 
- .. - -

CalilJration and Analysis :tnfo:cma.tion 

RLS Calibration Date: Mar 22, 1995 
Cali=,raticn Reper:.: WHC-SD-EN-T!-292., Rev.a 

;..nalyst Name ( s l : 
Analysis Date: 

?. . ?. . Randal2. 
P..u::: l, 1995 

(ftl 

60.5 

76 

Casino 

interval 
Base 

67.5 
67.5 

71 

Fo.nalysis Notes: ~axi:rr,um c:ross a::tiv::.t,; <40,000 cosl a':. surface 
Radionuclides Ident~fied: ....:::C~c_-~6~8 ....... ~C~s_-~1~3~,------------

71 

(ft) 
Iner 

0.5 
0. 5 
0.5 
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199-N-67 Geophysical Data Package (Page 3 of 7) 

RLS Spectral ·Gainma~Ray Borehole Survey 

Project: 1301-N LWDF 
Borehole : 1 e9-N-67 

Log Date: July 20, 1995. 

.. Analysis Date: Aug 1, 1995 . 

Total Gamma 
1x100 

cs:..137 pCi/g . Co-60 pCi/g Sb-125 pCi/g EIJ:-152 pCi/g 

0 10 20 30 40 50 0 4 8 12 16 20 

O 2 4 6 8 10 12 0 4 · 8 12 16 20 0 10 20 30 40 50 

0 _;_,..;_ ........... --1 . . 0 . 

.. 5 

10 

15 

20 

25 

30 

35 

40 

45 

· 50 

55 

60 

· 65 

70 

. •. ·. .. 
·. -. 

" .. 
:•, ,: .•,· ·\: ··-• ~=:-: . . a,: 

~: 
;;: c:: 
a,: 

::2! 
.. ,,: . ' •, : a,:. . . : : s::: .. 

: 0: 
:.- ::: .• :Z:. 

. : 

.. 

.. 
. . . .. :· 

G:-1"-~--;._..Ll 
.. 

: ., 

.. 

'.' 

'· 

,· 
·, 
., 

_.:' 

.. 

. ·-. 

.. 

... 

.. 

-·: 

. . 

"C: 
Q): . 

-;: 
::=: 
: c:: 
: Q); 
: "C: .--. 
: ,a>: 
: C:: 

.: 0: 
:Z:. .. 

.·. 

. ' 

,-: . 

--: 

:·· 

:--

: - . 

.. 

.. 

,· . . . 

5 

10 

15 

20 

25 

30 

35 · 

40. 

45 

50 

55 

60 

65 

....&-......;;..'·c;......;__;.._-'----'-------'-------.:.........;_;..._,~...;_-'--'-----'-------.._ 70 
D 2 4 6 B 10. 

D 1 2 3 
1x10.aaa . 

1X1 ,DOD 

D 1 2 3 4_ 5 
4 5 D 1 

1x1 .oao 

D 1 
2·3 4 5 

2 3 4 S 

1X1 ,000 
,x,.ooo . 

. . 72 



, " 

-..... 
Q) 

-~ -

fll 1.1 i 'l••4c·Lt ·15· 6'0, :;;4( I, ' f~. • . , 
', ij ,/ .~. !-~.'' ',, ~, .. , 

.. 199-N-67 Geophysical Data Package (P~e 4 of 7) 

· RLS.Spectral KUT Processed Data 

. Project: 1301-N LWDF . 

. Borehole: · 1 ee-N-67 

Log Date : · July 20, 1995 

. . Westinghouse Hanford Co. 

·. Total Gamma -Potassium Uranium Thorium 
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•.Borehole:. 
· Surve,y _ 

Casing 
.. water 
Depth r~f 

· . 199-N-67 Geophysical Data· Package (Page 5 of 7) 

Formation Moisture Boreho)e Survey Report 

1~9-N-67 
Depth: 4.6'- 71' 

Depth: o·- 76' 
Depth: 71. 9' 

. Top-of-casing 

Date: Jul 20. ·. 1995 ., · 

Size: ·5" ·Thickness: 0.25" 

Gjnera1 Notes: · ·· · · 
Prior to ldgging the w~ter level was measured with an E-tape and a du~my probe 
was run to check f6r restrictions that might hang up the 1-ogging probes below 
the start of screeh at 60.5 feet. The probe centralizer was not u~e& for fear 
of·hanging up the probe in :the screen. The well was surveyed from 4.6'. to -71 "< 

at· move-stop-acquire mode for 30 seconds evEfry 0. 5'. Two repeat passes were 
~~rformed over the refefence sectioris .. All su~vey data ate inciuded on the 
plot. The survey depths are ~easur~d from top of casing. 

. . , . 

The "Void Space" response indicates void $paces that are present behind the 
casing; The response is plotted in counts-pet-second of the bac~-scattered 

. ga~m~-.rays·from a source implanted in the probe.· The response is plotted on a 
reverse scale to high-light problem zones. - The "void space" count rate· · 
decreases Ci.ndicat_ing a possible problem with the formation moisture 
measurement) ·whe~ voids space is present behind the casing. · Thii log shows 
very' u~ilorm character. 

Formation Moisture 
The only ~ection of thi well that has a formation.moisture respons~ ii the 
interval fr.om 60' to 71'. · The upper sectjon of the well is completed with 
bentonite · seal .. ·. The instrument. response is then the degree of fi ll.ing the 
hole to outside of· casing. Note·.the lack of seal at the 45 foot levE;l in the 

·well:· 
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199-N-67 Geophysical Data Package (Page 6 of7) 

Westinghous_e Hanford Company 
Formation (Neutron) Moisture Borehole Survey Log Header 

· Project: 1301-'-N LWDF 
' . 

Borehole 

coordinates 

Elevation 

1 99-N-067 

7439 N 

458. 46 ft 

5970 W ft 

Drill Date Feb 1988 

CN-Area system> 

Top of Casing 

Boreho1e Envi.ronment J:nfo:z:ma.tion 

Borehole li~id de-pth 71.9 (ft) from zero (0. 0) depth reference of log 

Casing size Casing thickness Top depth Base depth 
!in. l Cin. l (ft) (ft) 

6 0.25 0 60.5 
" -· 

s 0.33 60.5 76 

m.s Passi.ve Spectra1 Gamna survey J:nfci:ma.ti.on 

Logging Engineer ts) J. E. Meisner J. Kiesler 
Log decth reference at zero (0.0) de-pth is Too of 

Log Date Archive Log mode speed Depth 
file names Top 

Jul 20, HlN045\MS32 MSA 30 sec 4.6 
1995 MSA 30 sec 64.7 

MSA 30 sec 65.0 
•· 

" - . .. . --
_,._ -. ,. - .. -·-· -- -- . ,. - - . - -~ .. . .. . MM. :!:In ., :op Ac:j::.U. ...... 

Ca1il:l:ra.tion and Anal.ysi.s J:nfc%mation 

RLS Calibration Date: Mar 16, 1995. 
Cal~bration Report: Hanford Moisture (Lampson-Pasco) 

. Analyst Name (sl: 
Analysis Date: 

R.R. Randa1l 
Aua 1. 1995 

Casina 

interval (ft) 
Base Iner 

67.5 0.5 
67. 5 0.5 
71.0 0.5 

. 

Analysis Notes: B0 ntoni te· sea, ·cisti'!ayed, ·uctier 22' not. fully sealed 
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199-N-67 ~eophysical Data Package (Page 7 of 7) 

-- -

Formation (Neutron) Moisture Borehole·-survey·· 

Borehole : 199-N-67 
Location: LWDF 1301-N Crib 

Moisture (pct-volume) 

Log Date: July 20, 1995 

Westinghouse Hanford Co. 

Void Space (cps) 
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RW No. 1 Geophysical Data Package (Page 1 of 6) 

RADIONUCLIDE LOGGING SYSTEM 
Log Analysis SlDlli1ary Report 

Borehole: PNL Research Well 1 ( t2.'W~\) 
Log Types: HPGe Spectral Gamma Ray 

General Notes: 

Report Date: Jan 23, 1996 
Final Log Date: Nov 13, 1995 

The existing borehole does not have a Hanford well number or Well ID number 
(WID) and was identified by Bechtel Hanford Inc as "Research Well l" drilled 
by PNL. The survey depths are measured from top of casing. The borehole was 
surveyed with two HPGe detector sizes to assure accurate measurement of 
radionuclide concentrations at low and high activity levels •. The low activity 
detector, RLSG3.0, contains a 35% germanium crystal that has detection range 
of 0.2 pCi/g to 500 pCi/g before electronics dead-time exceeds 40%. The high 
a~tivity detector, RLSGS.O, contains a 10% germanium crystal inside a tungsten 

·shield that reduces the observed gamma-ray activity by 1100%. 

The computed radionuclide conc.entrations for both log runs (RLSG3.0, RLSGS.O) 
and repeats are displayed on the data plot. 

Interpretation notes have been added to the log data plot. Note that the 
maximum radionuclide concentrations for cesium-137 and cobalt-60 occur at 
different depths. The distribution profiles·for all ·three boreholes in the 
1301-N facility (82536, 82537, and Research Well 1) indicate that the 
contaminants (cesium & cobalt) migrated at different rates. 

Man-made Radionuclides · 
Cesium (Cs-137) was identified from the first _survey reading at 5' to the 
maximum survey depth of 27'. The decay activity exceeded 200 pCi/g from 17.5' 
to the maximum survey depth, and exceeded 5000 pCi/g from 18' to 23.5'. The 
maximum activity encountered was 18,000 pCi/g at 19.5'. · 

Cobalt {Co-60) was identified from the -first iurvey reading at 5' tot-he· 
maximum survey depth of 27'. The decay activity exceeded 200 pCi/g from 20' 
to 25.5'. The maximum activity encountered was 1300 pCi/g at 20.5'. 

77 



RW No. 1 Geophysical Data Package (Page 2 of 6) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

· Project 
Borehole 

1301-N - LWDF Log Type: HPGe Spectral Gamma-Ray 
PNL Research We 11 1 (12.~ 

Borehole Environment Information 
Borehole liquid depth none (ft) from zero (0.0) depth reference of log 

Casing size Casing thickness Top depth Base depth 
(in. l {in.) {ft\ (ft) ... 

8 0.375 -2.25 27.9 

RLS P ass1ve s iDectra 1 Ga11111a Survev Information 
Logging Engineer(s) J. E. Meisner . J. R. Kunk 
Log depth reference at zero (0.0) depth is Tor of Casino 

Log Date Archive Disk Log mode speed Depth interval (ft) 
Detector ID Tor:> Base Iner 

Nov 13, 1995 RESWEL\B072 FIXED 0.7 fpm 5 26.5 o.s 
· RLSG3.0 (35%1 n II 15 21 0~5 

Nov 13, 1995 RESWEL\B073 FIXED 0.7_fpm 19 27 o.s 
RLSG5.0 '10%1 n II 22 27 0.5 

•IAt:IJ: l'"IJl8d \letoc:lly O 4..ADMI ::tpefld pm: teec per nwwne 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22 9 1995 (HPGe-35%), Nov 20, 1995 (~PGe-10%) 
Calibration Report: WHC-SD-EN-TI-292 

Analyst Name(s): R. K. Price 
Analysis Date: Jan 23, 1996 

Analysis Notes: HPGe{l0%} detector required to measure highest activity 
Radionuclides Identified: Cs-137, Co-60 max 18,000 & 1300 pCi/q@ 19.5' 
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RW No. 1 Geophysical Data Package (Page 3 of 6) 

"RL.s:spectral Gamma ... & Moisture ·aorehole Survey 

Project: 1301-N LWDF 
Borehole: Research Well 1 

Last Log Date: Nov 13, 1995 
Analysis Date: Jan 23, 1996 
Westinghouse Hanford Company 

Total Gamma 
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· : · RW, '.No. l Geophysical Data Package (Page 4 of 6) 

· · RLS Spectral .Gamma=-& Moisture Borehole:sarvey 

· ·project: 1301-N LWDF . 
,Borehole:· Research Well 1 

Last Log·oate: Nov 13, 1995 . 
Analy$is Date: Jan 23, 1996 . 

Total Gamma 
1x1000-

· Westinghouse Hanford Company . 
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RW No. 1 Geophysical Data Package (Page 5 of 6) 

RLS Spectral KUT.Processed Data 

Project: 1301-N LWDF Last Log Date: Nov 13, 1995 
Borehole: Research Well 1 Analysis Date: Jan 23, 1996 

Westinghouse Hanford Company 
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N~u,ron Molstur~ (% voiume frartion) for W,Hs 199-N-35, 199-N-45, 199-N-67 
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Sample ID: BOGL88 BOGL89 BOGL91 BOGL92 (Dup) BOGL9S BOGL94(EB) 
'Elevation (feet above mean sea level) 451-449 449-447 432-430 432-430 403-401 .. 

Depth (feel below ground surface) 9-11 11-13 28-30 28-30 S7-S9 .. 
Depth frnm crib base (feel) (-1)-1 1-3 18-20 18-20 47-49 .. Background 

Sample collected: 11/29/95 11/30/95 12/S/9S 12/S/9S 12/8/95 12/8/95 Values 
Radlonuclldes (11Cl/g) 

Americimn-241 1,110 1,050 NR NR NR NR •• 
Cerimn-144 -130 U 62.9 U · -O.S7 U 0.0968 U , -0.0378 U -0.103 U •• 
Cesimn-134 31.1 U 4.84 U -0.01 U -0.0459 U -0.0177 U 

.. 
-0.00734 U •• 

Cesinm-137DA '15,800 12,500 2.46 6.01 0,0144 U 0.0116 U. 0.919 
Cobalt-SR -120 U -100 U 0.9383 U -0.00793 U 0.0116 -0.0SSJ U •• 
Cobalt-60 _ 139,000 120,000 '4,96 5.57 1.29 , -0,00425 U ... 
Europiuiu-1 S2 2.8S U 71.7 U 0.0936 U · -0.207 U 0,0341 U .. 0.0453 U •• 
Europiinn-1 S4 990 807 O.ISS U 0.147 U · 0.0.133 U -0.0017 U •• 
Ei1ropium- I SS 207 141 0.0209 U . 0.133 U 0.0133 U 0.0359. U •• 
Gross Alpha 1,980 2,530 7.43 .. 6.43 U 6.61 3.62 U •• 
Gross Beta ' 128,000 lll,000 4,480 S,120 293 2.88 .. 
lron-S9 -40 U .. 142 U -0.284 U -0.0398 U 0.0729 U -0.0956 U •• 
Mancanese-S4 · S6.8 U 19.3 U 0.0983 U . 0.047 U 0.0357 U -0.0116 U · •• 
Plutonimn-238 226 465 -0.00126 U 0.00823 U 0.00339 U ,0.000822 U •• 
Plutonlmn239/40 1,590 J,340 0.0~3 U 0.0708 ,0.00156 U 0.00472 U o;o21 
Potassimn-40 . 879 55.4 . 9,33 9,93-. 15.7 D,488 16.64 
Radimn-224DA NR NR NR 0.SS2 U 0.435 0,0857 •• 
Radimn-226 NR NR NR NR -NR NR •• 
Radium-226DA · 104 U 2S U 0,346 J 0.369 J 0.365 J 0.189 J O.SIS 
Radimn-228 NR NR NR NR NR NR •• 
Radimn-228D A NR : J\IR NR NR 0.562 NR .. 
Ruthenium-I 06DA 

•. 103 U -42S U. 0.403 U -0.203 U -0.146 U -0.0924 U •• 
Stronlimn-90 9,560 19,700 1,530. 1,310 50 0.0771 U ·0.1,1 
Thorium-228DA 3S.S U 144 U 0.47 0.402 0.462 0.179 •• 
Thorit1111°232DA 62.2 U -156 U 1.08 0.388 U 0.624. NR '1,315 
Uranimn-234 IO.SU S.12 U · 0,414 0,479 0,302 0,0347 •• 
Uranimn-235 · 0.677 U -0.672 U 0:0221 U 0.00386 U 0.0193 U . 0.00388 U •• 
Uranimn-238 -0.226 U 9.99 U 0,363 0.441 0.364 0.0127 U •• 

lnorganlu (mg/Kg) 
Cadmium 0.46 B 0.73 0,37 B 0,47 B 0.19 0.08 U •• 
Chromium 45,7 J 57,7 J SJ 12.7 J 12.4 J 0,23 BJ 18 .. 5 
Lead· 6,3 J' 21.9 J 1.3 J 1.2 ,J 1.5 'J 0.1 U l0,2 
Nickel 16.7 J 15.7 J SJ 7,S J 13.8 J 0.4 UJ 19.1 

U = TI1e concentration is undetected al the specified detection limit. 
J = TI1e concentration have been qualified as estimated. · 
NR = Not requested · 

8 = Conce1ilratioi1 is less than the contract reqnired detection limit (CRDL) bnt greater than the instrument dele_cted limit (IDL). 
UJ = Concentration may not accurately reflect the sample detection limit and the associated data have been qualified as estimated. 
Dup = Duplicate sample collected at the site. 

EB = Equipment Blank .. = Not reported. 
•• = No depth associated with equipment blank .. 
BJ = The concentration reported is less than the contract required detection limit (CRDL) but greater than the instmment detected limit (IDL). 

Dne to mii1or qnality control deficiency identified during data validation the associated data have been qnalified as estimated. . · 
DA (Daughters) = Actual gamma lines are measured from a daughter isotope with assumed equilibrium with the reported parent. 
Negative radionuclide results= Radioactive results are measured as decay counts (e.g. counts per/minute). 

An average background count subtraction is applied, which may be more than the specific sample count, therefore a negative result ls possible. 
Backgronnd values for lnorganics are from Hanford Site Background, Part I, DOE/RL-92-24, Rev. 3 and are tl1e 90th percentile from the log nonnal distribution. 
Background values for Radionulcides are from Hanford Site Background, Part 2, DOE/RL-96-12, DraR A and are the 90th percentile from the log nonnal distribution. 
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Sample ID: · BOGL71 BOGL73 BOGLJ5 (Dup) BOGL81 BOGL86 BOGL79(EB) .. 
El~valion (feel above mean sea·tevel) ' 

... :-
442.5-440.5 . 434-432 . 434-432 4i5-413 . 395-393.5 --

· ··. Depth (feel below grinind surface) 14.5-16.5 23-25 23-25 42:44 62-63.5 -- ... 
.. -Depth fro!" trench base (feel) (,3.5)•(-1.5) S-1 5:7 24-26 ·· 44-45.5 -- • B11ckground .. 

. Sample collected: 11/9/95 11/10/95 ll/10/95' ll/lS/95 11/16/95·· 11/15/95 :-Values 
Rlidlonuclldes (pCl/g) 

Americium-241 . 6.!l!I NR NR NR NR NR .... 
Cerium-144 · -0.638 U 0.163 U 0.259 U - -0.0552 U -0.0879 U o.omu· •• 
Cesium·-134 !1.28 -0.0578 U -0.0252 U · · 0.0237 U -0.037 U · -0.0188 U .. ... . 
Ceslum-137DA 6,770 44,3 · 6!1.8 0.00704 U -0.0205 U .0.0135 U. . ·- 0,919 
Cobal1<58 -0.559 U· . ·-0.00341 U -0.0123U 0.0425 U 0.0158 U ,0.0118 U ·•• . 
Cobalt-60 1,200 · 7,1 -9.2 . 0,!147 - 0,53!1 -0.0278 U ... 
Europium-152 0.833 U 0.00937 U · 0.0632 U -0.0682 U · -0.00833 U . -0.0386 U .. 
Europium-I 54 8.17 0.178.U 0,232 0.0979 U -0.0225 U 0.00875 U •• 
Europium-155 2.36. 0.013 U -'0.112U· -0.00806 U 0.109 U -0.0316 U .. 
Gross Alpha . JO.I 7.69 7,6 9.33 2.9 U 2.99 U .. 
Gross Bela !1,750 3,790 2,740 132 328 2.14 U •' .. 
lron-59 0.221 U -0.127 U 0.0766 U -0.219 U 0.0356 U -0.0121 U .. 
Manganese-54 . 0.936 0.0565 U 0.0493 U -0.0179 U -o.ooeo1 u· 0.00963 U •• 
Plulonium-238 1.17 U ·0.105 U 0.0862 U -0.00376 U OU · -0.00608 U ... _ 

Plulonium239/40 ,12.6. 0.0211 U 0.301.U -0.00376 U. -0.00416 u. · -0.00187 U · .. ·. 0.021 · 
Polassium-40 .. . 13.7 J 18,1 J 15.8 J 10.9 J ·18.6 5.68J 16,64 
Radimn-224D A NR 0.772 0.903 . 0.462 0.41!1 0.11!1 •• 
Rndium-226 NR . NR ·NR NR NR .NR ... •.. 
Radium-226D A 1:54.U 0.5~9 J 0,808 J 0.5·J 0,524 J 0,258 J 0.815 
Radimn-228 

--
NR NR NR .. NR NR NR .. 

Radium-228D A NR NR. 0.!19 0.814. NR NR· .. 
R111heni11m-l06DA 0.378 U -_0.271 U :0.159 U . 0.0126 U -0.13 U. -0.14S U ... 
Slroiilium-90 768 1430 1,740 57,9 -- 144 ·. 0.274 0.167 
TI1orium-22BDA _0.744 U 0.883. 1.08 0.748 0.635 0,18S J. .. 
TI1orium-232DA -1.13 U NR 1.12 O.S96. 0,822 0.27 1.31!1 
Uranimn-234 "' 0.111 U 0.407 U I U 0.534 0,398 0.0433 •• 
Uranlum-235 -0.111 U. . 0.0762 U 0.104 U 0.0324 U .0.0268 U . -0.00146 U .. 
Uranium-238 1.74 0.343 U 0.842 0.487 us_ 0.0892 .. 

lnorganlcs (mg/Kg) 
Cadmium 0.3S U 0.36 U 0.36 U 0.35 U 0.09 U 0.08 U .. 
Chromium. 22.2 J 18.!I J 20.4 J 27.J J UJ. 0.12:BJ .18.!I 
Lead ' .. 0.!17 J · 0.69J · 0.76 J 0.21 BJ •. 0.63 J . 0.1 UR 10.2· 
Nickel 13.1-J 9.J J 9,8 J 14.!I J .12.5J 0.4 U J9.l 

U = The conce~lralio~ is undetected al the specified detection limit. B = Concentration Is less than the contract required detection limit (CRDL) but greater than ihe Instrument detected linilt (IDL). · 
J = The concentration '.have been qualified as estimated. Dup = Duplicate sample collected atthe site. · . - . ' · .• · · . · ·. · . · · · .. · - -. . .: ... 
NR = Not requested · · •• = Not reported. . · · · · · · · · · · · · 
EB = Equipment Blank. •. . , . :. = No depth associated wiih equipment blank; · 
BJ = The concentration reported is, less than the contract required detection limit ·(CRDL) but greater than the instrument detected limit (IDL). _ 

· Due to minor quality control deficiency identified during data validation the associated data have been qualified as estimated.· . · 
. DA (Daughters)= Actual gamma lines are measured from a daughtedsotope with assumed equilibrium with. the reported parent. 
Negative radionuclide results "' Radioactive results are measured as decay counts (e.g. counts per/minute).. . 

An average background count subtraction Is applied, which may be more than the spe~ilic sample count, therefore a negative result is possible. 
Background values for lnorganics are from Hanford Sile Background, Part I, DOE/RL-92-24, Rev. 3 and are the 9_0th percentile from the log normal distribution. 
Background values for Radionulcides are from Hanford Site Background, Part 2, DOE/RL-96-12; Draft A and are the 90th percentile from the log normal distribution. 
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Sample ID: BOGL97 BOGL99 BOGLBI BOGLB3 BOGLB4 (Dup) BOGLB6 BOGLCO BOGLB8(EB) 
Elevation (feel above mean sea level) 443-441 4415-439 434.-432 427-425 427-425 412-410 391,5-389.5 .. 

Depth (feet below ground surface) 8-10 10-12 · 17-19 24-26 24-26 39-41 59.5-61.S .. 
Depth from crib base (feet) (-1.5)-0.5 1-3 8-10 15-17 15-17 30-32 49.5-52 .. 

Samole collected: 12/19/95 12/20/95 12/20/95 12/22/95 12122/95 12127/95 12/28/95 12/27/95 
Radlonuclldes (pCl/g) 

Americimn-241 14.2 NR NR NR NR NR NR NR 
Cerium-144 2.36 u · -0.079 u -0.176 u -0.0485 u -0.131 u -0.0915 u -0.173 u -0.0309 u 
Cesitim-134 0.633 u -0.0107 u -0.00192 u -0.0138 u .. 0.0131 u 0.0031 u -0.0296 u -0.0113 u 
Cesium-137DA :- !173 0.!122 0.143 · 0.0!187 0.0337 u 0.00348 u -0.0148 u -0.00721 u 
Cobalt-58 0.268 u -0.03· U -0.0036 u 0.00897 U' 0.00889· u -0.0391 u 0.00725 u . -0.013 u 
Cobalt-60 379 4.!11 2.37 1.57 1.43 0,!146 1.48 -0.00818 u 
Europium-152 -0.315 u -0.116 u -0.0339 u 2.0!1 0,703 0,216 0.00186 u 0.0472 u 
Europium-154" 2.86 0.00621 ·U 0.106 u 0.164 u 0.129 u 0.0456 u 0.0676 u -0.00481 u 
Europimil-155 2.02 0.0156 u ·0.0136 u 0.0912 u -0.0231 u 0.0212 u -0.0203 u -0.00461 u 
Gross Alpha 39.8 6,69 5.7 5.52 6,8 5,79 4.53 u -0.906 u 
Gross Bela 3,170 2,450 808 !130 491 64 60,5 . .1.53 · . U 
lron-59 0.236 u -0,135 u -0.0845 u -0.131 u -0.127 u 0.0867 u -0.0488 u 0.0232 u 
Manganese-54- 2,74 .0.000466 u -0.0106 u 0.00315 u 0.0234 u 0.00878 u 0.0152 · u 0.0205 u 
Pluloninm-238 3.81 0 u 0.0751 u- 0 U. 0.0142 u -0.00257 u 0.00589 u -0.00105 u 
Plntonium239/40 24,1 0.385" u 0.15 0.0246 u -0.00228 u 0 u 0.0103 u -0.00IOS u 
Polassillft\•40- 12.5 J 9.01 J 9,62 J 8.03 J 7,93 J 8,62 J 12.4 J 4.19 J 
Radium-224DA NR 0.353 0.422 0.473 0.477 0,535 0.627 .0.125 
Radimn-226 NR NR NR NR NR NR NR NR 
Radium-226D A · 1.58 0.322 J 0.368 J 0.415 J 0.304 J 0.358 J 0.34 J 0.116 u 
Radium-228 NR NR·- NR NR NR NR NR NR· 
Radium-228DA NR .. NR o.481 NR NR NR 0.434 .NR 
Ruthenium-106DA 2.44 u 0.178 u 0.205 u 0.153 u -0.162 u . 0.245 u 0.0541 u -0.00963 u 
Stronlimn-90 1,340 · 1,230 401 226 200 27,7 · 16 -0.013 u 
Thorimn-228DA- 0.535 u 0.409 0.42 0.406 0.498 . 0.!174 0.!167 0.304· 
Tiiorimn-232D A . -0.167 u NR 0.622 0.504 0.156 0.682 0.616 0.134 u 
Uranium-234 1.36 0.451 u. 0.727 0.642. 0.354 0.348 0.454 0.0509 
Uranlum,235 -0.21 UJ 0.0846 UJ 0.0333 UJ -0.00422 UJ 0.00763 UJ 0.0169 UJ · 0.0191 J 0.00324 UJ 
Uranium-238 0.776 u 0.564 u 0,44 0,435 0.531 0.5 0.418 0,0178 

lnor11amcs (mllll<g) 
Cadmium o.36 u· 0.36 U 0.35 U 0.35 U 0.35 U 0.09 U 0.36 U 0.08 U 
Chromium 8.9 J 6.2 J' 3.2J SJ 3.6 J 1.7 J 12.lJ 0.24 BJ 
Lead 2.7 1.9 1,7 1.6 1.7 1.2 3.2 0.1 U 
Nickel 8.!I J 7.4 J 4.6 J 5.5 J 4.5J 3.4 J 11.9 J 0.4 U 

U = The concenlration Is undetected at the specined detection limit. 
J = The concentration have been qualified as estimated. 
NR = Nol requested . · 

B = Concenlratiori Is less than the contract required detection limit (CRDL) but greater than the Instrument deiected limit (IDL). 
UJ = Concentration may not accurately reflect lhe sample detection limit and the associated dale have been qualified es estimated. 
Dup m Duplicate sample collected al the site. · 

EB = Equipment Blank • • c Not reported. 
•· = No depth associated with equipment blank. 
DJ = TI1e concentration reported Is less lhan lhe conlract required detecllon limit (CRDL) but greater than the lnstrumenl detected limit (IDL). 

Due to minor quality control deficiency Identified during dale validation tho associated data have been qualified as estimated. 
DA (Daughters) m Actual gamma lines ere measured from a daughter Isotope with assumed equilibrium with the reported parent. 
Negative radionuclide ~esuits = Radioactive results ere measured as decay counts (e.g. counts per/minute). 

An average background count subtraction Is applied, which may be more than the specific sample count, therefore a negative result is possible. 
Background values for lnorganlcs ere from Hanford Site Background, Part I, DOFJRL-92-24, Rev. 3 and are the 90th percenlilo from the log normal distribution. 
Background values for Redlonulcides are from Hanford Sito Background, Pert 2, DOll/RL-96-12; Draft A and are tho 901h percenlile from lhe log normal distribution. 
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Sample ID: · BOGGC3• BOGLF4 - BOGLF5_ · BOGLF7 BOGLF6 BOGLl'8 (Du,p) BOGLF9 BOGLGO 
Elevation (feet above meer ,. 

449-447 . see level) NIA 451-449 437 432-430 · . 432~430 420 410 
Depth (feet below grounc •' ... 

surface) NIA 9-11 11-13 , 23 28.30 28-30 40. so 
.. 

Depth from_ crib base (feet) NIA (-1)-1 ,_. 1-3 · · 13 18-20 18-20_ 30 40 
Semple Collected: 812519S · 11/2919S ' 11/3019S 121S19S i_21S19S 121S19S 121619S 121619S 

Units:· pCi/g pCi/g pCi/g - pCilg - pCi/g pCi/g pCllg pCilg 

Actinium-228 NR NR NR NR- · NR. 'NR NR NR 
Americium-241 17,300 856 1,130 NR •. NR NR NR NR 
Bismuth-214 · NR · NR · NR NR , . NR NR NR NR 
Cerium-144 NR 4S6 U 402 U . 11.2 U . 6.S U NR 2.SI U 1.17 U 
Cesium-134 NR 97.9 U . 87.8 U, 2,61 · 0.282 U 0.22S U 0.097 U 0.076 U 
Cesium-137 102,000 12,100 15,100 2,790 5.81 5.69 0.143 U NR 
Cobelt760 56,300 107,000 132,000 23.9 5.82 5.25 ·1.2 0.786 
Europium- I S4 . 11,800 1,030 1,370 0.978 U ... 0.SS1 U 0.567 u. 0.286 U 0.294 U 
Europium: I SS · 4,120 355 304 5.55 u . 2.01 U I.BS U 0.716 U 0.332 U 
Gross Alpha 13,900 941 38,200 2.52 U 2.18 U -3.39 U 1.44 U 0.968 U 
Gross Beta 305,000 63,700 ·60,600 4,310 2,810 2,490 1,680 145 
Lead-214 _ · NR NR NR NR .NR - NR NR NR 
t,1angeni:se-54 _ - NR . 140 U 127 U 0.568 U 0.26S U · 0.258 U 0.097 U 0.105 U 
Plufonium-238 .NR NR 222 U NR " NR NR NR NR 
Plutonium-239 12,700 .. 689 .. -- . . . .. .. 
Potassium-40 · NR 422 U 457 U 0.11 7.02 U NR 11.6 2.05 
Radium-224 · NR NR -- NR NR NR NR NR NR 
Radium-226 NR 1,410 U 1,260 U 45 U 6.77 U 9.28 U 3.36 U ·. 2.07 U 
Rulhenium-l06 NR 1,930 u· 1,740 U 29 U. 4:81U 4.69 U. 1.RSU 1.76 U 
Strontium-90 . 92,299 3,250 12,600 · 1,170 1,550 1,350 1,080 · _1118 
Thorium-228 NR 5,270 U 4,650 U 152 54.2 U 50.4 19.9 u. _ 8.84 U 

•sample was collected from soil on a boulder removed from the base of the crib: ·_ 
· U "'The conce~tretion is undetected et-the specified d·etectlon limit. · 

NR = Not requested. · · · 
NIA "'Not applicable ·. 
Dup = Duplicate (se~ond) sample collected at borehole. · · 

· c. = Arialy~is was not performed because the total alpha aclivity was less than 20 pCilg. 
•• = Not reported. 
Background vui~es ere from Hanford.Site Background, Pert 2, DOE/RL-96-12, Draft A end ere the 90th:perceniile from-the log normal dislributi~n. · . 

BOGLGI BOHIV6 
.. 

403-401 391 

'" 
S7-S9 · 69 

·, 

47-49 59 Background -
121819S 121819S VeJues 

1-1 
'-0 
'-0 

pCi/g· pCilg pCi/g 
NR NR •• z 

I ..... 
NR NR .•. 
NR NR ... 

2.44 U .2.4S U •• 
0.144 U 0:161 U •• 

= > 
~-

0.41 U 0.421 U 0.919-. 
I.IS 0.709 •• 

JI' 

1 
0.524 U 0.49 U .. 
0.703 U 0.697 U •• 

1.96 _u -2.11 - •• 
g -00 n 

124 123 •• ~ . NR NR •• 
0.241 U 18.3 U .. 

NR ., NR •• 

:rt 
1:1 
1:;-

(JQ .!. 
.. -- 0.021 t:, 

16.9 - 17 16.64 
. NR ·NR .... Cl) 

S' 
4.94 U · _4.53 U 0.81S 

·J.52 U 3.36 U •• 
63.1 54.6 0.167 

a' 
El .. 

20.6.U · 18.2 U •• 1:1"' ,, 
N 
N 

·N 
I 
00 
r'4 
Cl) 
.er 
0 
"'I 
Cl) . ..... 
0 

-~ 



00 
ID 

Sample ID: B0GLD2 B0GLD5 B0GLD3 B0GLD4 (Dup) B0GW6 B0GLD7 B0GLD8 B0OLD9 B0GLF0 

Elevation (feet above !11ea1 
sea level) 443-441 439 434-432 434-432 . 429 424.5_ · 415-413 410 405 

Depth (feet below grounc 
surface) 14.5-16.5 18 23-25 2_3-25 28 32.5 42-44 47 52 

Depth from trench bast 
(feet) (-3.S)-(-1.5) 0 S-1 · S-7 , 10 14.S 24-26 29 34 

Sariiple Collected: 11/9/95 11/9/95 11/10/95 11/10/95 · 11/10/95 11/10/95 11/15/95 · 11/15/95 11/15/95 
Units: pCi/g nCi/g pCi/g pCi/g pCi/g pCl/g pCl/g pCi/g nCl/g 

Actinium-228 NR NR NR -NR NR NR NR NR NR 
Americium-241 " NR NR NR NR NR NR NR NR NR 
Bismuth-214 · NR NR NR NR NR NR NR NR NR 
Cerium-144 66.7 U 107 U 22 U 15.5 U 12 U 6.89 U 7.42 U 9.32 U IO.I U 
Cesium-134 5.54 U 17.1 1.5 U 1.32 U 0.962 U 0.622 U 0.536 U 0.808 U 0.688 U 
Cesium-137 3,200 15,700 108 84.9 24.1 1.34 U 1.73 U 2.27 U 1.7 U 
Cobalt-60 522 3,300 ID.4 14.2 3.53 · 0.999 U. 0.832 U 0.976 U 1.37 U 
Europium-154 9.05 U 18.3 U 3.99 U 3.64 U 2.2 U 1.61 U .2.24 U ·3.IIU 3.76 U 
Europium- I 55 16.1 U 24.I U 6.09 U 4.21 U 3.18 U 1.66 U 1.98 U 2.12 U 2.68 U 
Gross Alpha 1.4 SI.I 1.33 U 1.45 U I.JIU 1.38 U 1.02 U 1.86 U 2.46 U 
Gross Beta 2,280 17,600 2,690 2,770 43S 228 --80.9 34.8 20 

Lead-214 NR 'NR NR NR NR NR NR NR NR 
Manganesc-54 5.05 U 9.49 U l.35U 0.978 U 0.943 U 0.591 U 0.589 U 0.969 U 0.988 U 
J>lutonium-238 NR 11.2 NR NR NR NR NR NR NR 
Plutonium-239 .. 73.7 .. .. .. .. .. .. . . 
Potassium-40 43.1 U 43.3 U 48.4 U 13 U 35.4 U 15.7 U 27.1 U 35.2 U 12.6 U 
Radium-224 NR NR NR NR NR NR NR NR NR 
Radium-226 '• .121 U 200 U 36.1 U 27.1 U 20.8 U 11.7 U 12.9 U 16.2 U 21.8 U 
Ruthenium- I 06 109 U 184 U 31.4 U 16.1 U 20 U 10.6U 12.6 U 14.4 U. 18.9 U 
Strontium-90 ·- 139 78S 1,410 1,380 195 119 24.6 4.33 1.38 

Thorium-228 · 427 U 651 U 165 U 115 U 81 U 51.7 U 48.9 U 63.S U 75.4 U 

U = The concentration is undetected at_the specified_ detection limit. 
· NR = Not requested . 

Dup = Duplicate (second) sample c~llectcd at borehole. 
· .. = Analysis was not perfonned because the total alpha activity was less than 20 pCi/g. 
•• = Not reported. 
Background values are from Hanford Site Background, Part 2, DOE/RL-96-12, Draft A and are the 90th percentile from the log nonnal distribution. 

B0GLFI B0OLF2 

397.5 395-393.5 

59.5 62-63.5 

41.S. 44-45.5 
11/15/95 11/16/95 
pCi/g pCi/g 

NR NR 
NR NR 
NR NR 

11.IU 8.47 U 
0.855 U 0.827 U 
2.52 U . 2.06 U 
1.77 U 0.983 U 
3.74 U 1.92 U 
2.62 U 2.21 U 
1.53 U 1.6S 
S37 272 
NR NR -

0.876 U 0.719 U 
NR NR: 
. . .. 

25.1 U 16.6 U 
NR NR 

20.3 U 14;7 U 
17.6 U 15.8 U 
239 24.7 
74.6 U 61.7 U 

B0OLF3 

388 

69 

. SI 
11/16/95 

pCi/g 

NR 
NR 
NR 

7.54 U 
0.463 U 

1.86 U 
0.604 U 
_.2.41 U 

1.8 u 
1.47 U 

74 
NR 

0.765 U 
NR 
.. 

30 U 
NR 

14.1 U 
13.6 U 
129 

·S.o.4U 

Background 
Values 
nCi/g 

•• 
•• 
•• 
•• 
•• 

0.919 
•• .. 
•• 
•• 
•• 
•• 
•• ... 

0.021 
16.64 ... 
0:015 .. 
0.167 
•• 

·-·~ 

-·~ 
'-~ 

-:~--i;i 
.;.;..c 
m 
--~ 

·.ii! 



ID 
0 

Sample ID: B0HIV7 B0HIV8 B0HIV9 B0HIWI · 
Elevation (feel above mear 

: sea level) 443-441 441-439 434-432 427-425 
. · Depth (feel bclow.grounc 

surface) 8-10 10-12 11~19 24-26 

Depth from crib base (feet) (-1.S)-0.5 1-3 8-10 15-17 
Sample Collected: 12/19/95 12/20/95 12/20/95 · 12/2_2/95 

Units: pCi/g pCl/g pCi/g pCl/g 

Actinium-228 .. NR 0,866 NR NR 
. Americium-241 6.51 NR NR NR 
Bismuth-214 ·NR 0,65 0,59 NR 
Cerium-144 5.29 U · 2.29 U 1.57 U S.79 U 
Cesium-134 0.478 U 0.105 U · 0.0917 U 0.402 U-
Cesium-137 371 · 0.211 U 
Coball-60 225 3.83 
Europium- I 54 1.05 U 0.332 U 
Europium- I 55 •. 1.37 U 0.677 U 
Gross Alpha 5.26 0,969 
Gross Beto · 2,440 1,610 
Lead-214 NR .1.09 
Manganese-54 I.II . 0.13 U 
Plutonium-238 NR NR 
Plutonium-239 NR NR 
Potossium-40 ID.I 9.18 
Radium-224 NR NR 
Radium-226 9.32 U _3.28 U 
Ruthenium-106 9.29 U 2.07 U 
Strontium-90 1,080 866 

· Thorium-228 36.S U 18.2 U 

· U = Th~ concentration is .undetected at th~ specified detection limit.. · 
NR = Not requested 

· 0.14 U 
1.65 

Q.287 U 
0.448 U 

1.15 U 
579: 

0,788 
0.I09 U 

NR· 
NR 

6,56 
Nil 

2.29'U 
1.67 U 
331 

12 U 

. Dup = Duplicate (second) sample. collected al borehole. . _ . 
-- = Analysis was not performed because the total alpha activity was less than 20 pCi/g. · 
•• = Not reportef · 

0.498 U 
· 1.73 

., 

1.2 U 
I.OS U 

D.981 
346 -· 
NR 

0.417 U 
NR 
NR. 
17:9U 
NR 

JO u 
7.23 U 
193 

27.6 U 

BOHi W2 (Dup) B0HIW3 . B0HIW4 

427-425 421 412-410 .. 
•· 

. 24-26 . 30 39-41 

15-17 21 30-32 
12/22/95 12/22/95 12i27/95 
-pCi/g pCl/g pCl/g 

NR NR 0,794 
NR NR . NR 

NR NR 0,709 
3.33 U 3.02U 0.936 U 

0.185 U 0.241 U 0.0763 U 
0.415 U 0.512 U 0.14 U 

1.95 2.78 0.542 
0.654 U · 0.681 u, 0.264 U. 

I.OS U 0.826 U 0,264 U 
1.42 U D.912 1.45 U 
319 · 228 30:5 · 

· - NR NR 0.787 
0.209U 0.246 U 0.089 U 

NR NR NR 
NR NR· NR 

· 7,19 . 6.38 U 9.86 
20.5 NR Nil 
4.83 1J 5.23 U · 1.77 U 
4.08 U. 3.99 U .1.42 U 
147 m . 2.34 

28.3 U 22.9 U 7.23 U 

Background values are from Hanford Site Background, Part 2, DOE/RL-96-12, Draft A and are the 90th percentile from _the log norm·al dis_tributlon. 

B0HIWS B0H5N9 

401 391.5-389.5 

so 59.5-61.S · 

41 49.5-52 Background 
12/27/95 12/28/95 Values 

pCl/g pCiig · pCi/g 

0.85 0.866 •• 
NR NR •• 

D.929 0,846 ... 
1.03 U I.OS U •• 

0.0843 U 0.0904 U •• 
0.151 U 0:144 U 0.919 

1.25 1,42 •• 
0.34 U 0.311 U •• 

0.293 U 0.288 U •• 
I.IS ·o.997 u •• 
11.3. 42.3 •• 
1.62 1.16 .. 
0.1 U Q.11 U •• 
NR NR .. 
NR NR 0.021 

13 U 13.8 16.64 
NR NR •• 

2.01.U 1.98 U 0.815 
1.6 U 1.76 U .. 

4:61 18.1. 0.167 
. 7.82 U 8.16 U •• 



Sample Sample 
· Interval Elevation Sample 

(ft bgs) (ftaMSL) Number 

15 - 441.76- -BOGL72 
15.5. 441.26. · 

18 438.76 BOGL76 

.. 

24- 432.76- BOGL74 
24.5 432.26 

28. 428.76 BOGL77 

32 424.76 · BOGL78 
. 

43- 413.76- BOGLS0. 
43.5 413;26 ., 

47 409.76 BOGL82· 

52 404.76 BOGL83 

59.5 397.26 BOGL84 .. 

62.8- 393.96- BOGL85 
63.3, 393.46 

69 387.76 BOGL87 

Note: See Appendix_B for detailed results 

Gravel = particles greater than 2 mm 
Sand = particles between 2 and 0.075 mm 
Fines= particles below 0.075 mm 
NA = not analyzed 

199-N-108A Physical Prope.rties Data 

·Moisture Dry Bulle Particle 
Content· Particle Size Density Density Porosity Moisture 

(Wt"/4) 
Distribution (glcml) , (glcml) 

·Retention 

4.03 Gravel 69.1% 2.08 2.72 0.24 ~graph in 
Sand25.5% (estimated) Appendix B 
Fines5.4% · 

2.98 Gravel 83.7% NA. NA NA NA 
Sand 11.6% ••' .. 
Fines4:7% : 

. . 
8.86 Gravel 3.5% 1.76 2.70 0.35 see graph in 

Sand66.1% (estimated) AppcndixB 
Fines 30.4% 

3.83 Gravel 66.6% NA . NA· NA· NA. 
Sand30.1% 

· Fines3.3% 

2.60 Gravel 54.3% NA NA' NA, NA 
Sand41.3% ;--,·-

Fines4.4% 

6.48 Gravel 60.9% 2.00 2.72 0.26. · see graph in 
Sand31.1% (estimated) AppendixB 
Fmes8.0% 

2.84 Gravel 62.9% NA NA NA NA 
Sand31.3% ·• 

'. Fines5.8% •' 

4.27 Gravel 0.5% NA NA NA NA 
Sand 87.9% 
Fines 11.6% 

4.93 Gravel 60.0% NA NA NA.·. NA 
Sand37.7% . ' 

Fines2.3% 

2.77 Gravel 50.8% 1.96 · 2.72 0.28 see graph in 
Sand42.2% (estimated) AppendixB 
Fines 7.0% 

3.20 Gravel 66.2% NA NA NA NA 
.. Sand26.8% 

Fines7.0% 

Estimated = particle density determination was not requested; laboratory estimated value based on previous onsite work. 

91 

. Saturated 
Hydraulic 

Conductivity 
(cm/sec) 

3.2 x lo-' 

" 

NA 

3.0 X 10-5 

NA 

NA 

8.2 x lo-' 

NA 

NA 

NA 

7.4 x IO"' 

NA 



. 199-N-109APhysical Properties Data 

· Sample . Sample Moisture Sample. Particle Size 
Interval J;levation Number 

Content 
Distribution 

. (ft bgs) (ftaMSL) ' (Wt°/4) 

10 440.45 BOGL96 5.38 NA 

105 ~ 439.95 ~ · BOGL98 5.76 Gravel 76.1% 
11 4~9.45 (3.969% Sand23.2% 

from liner) Fines0.7% 

17.5 -. 432.95- BOGLB0 3.72 Gravel 64.5% 
18 432.45 (3.208% · Sand33.5% 

fiom liner) Fines 2.00/4 

24;5 - 425.95- BOGLB2 3.36 Gravel 72.0% 
25 425.45 (2.97%from Sand263% 

liner) Fmes 1.7% 

30 420.45 BOGLB5 5.63 Gravel 77. 7% 
"· Sand 19.5% 

. Fines2.8% 

39.5- 410.95- BOGLB7 3.59 Gravel 72.1% 
40 

,. 
410.45 (3.3?1% from Sand27.0% 

,., line~) 
.. , 

so 400.45 BOGLB9 2.54 
·, 

,, 

·-· 

60 . -- 390.45 BOGLCI 4.63 

Note: See Appendix B for detalled results .. 

Gravel = particles greater than -2 mm. . 
Sand = particles ~een 2 and 0.075 mm 
Fines= particles below 0.075 mm 
NA= not analyzed 

Fines0.9% 

Gravel 79.2% 
Sand 17.9% 
Fines2.9% 

Gravel 58.0% 
~and32.6% 
Fines 9.4% 

92 

Dry Bulk Particle. 
Density · Density Porosity 
(g/cml), (g/cmJ) 

NA NA -. NA 

2.201 (wet) 2.981 0.290 
2.117 (dry) 

2.135 (wet) 2.864 0.278 
2.069 (dry). 

2.239 (wet) 2~875 0.244 
2.175 (dry) 

NA NA NA 

., 

l.986(wet) 2.927 0.344 
1.921 (dry) ·., 

NA NA NA 
.. 

NA NA · NA 
•' 

•,! 

Saturated 
Moisture Hydraulic 
Retention Conductivity 

· (cm/sec) 

NA NA 

see graph in 5.9 x 10-2 . 

Appendix B,. 

see graph in 5.8 X 10-2 

AppendixB 

see graph in 6.2 X lo-2 
AppendixB . 

NA NA 

see graph in 5.3x 10-2 

AppendixB 

NA NA .. 

NA NA 
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Laboratory: 
Location: 

Sample ID: 
Melhod: 

Sample Collected: 
Depth (feel below grounc 

surface): 
Units: 

Gross alpha 
Gross bela 
Actinium-228 
Americium 241 
Antimonv-125 
Bismuth-214 
Cadmium-109 
Carbon 14 
Cerium-144 
Cesium 134 
Cesium 137 
Chromium51 
Cobalt60 
Cobalt-58 
Europium I 52 
Europium I 54 
Eurooium-1 S 5 
Iron 59 

Lead-214 
ManRanese-54 
Plutonium - 238 
Plutonium 239/240 
Potassium 40 
Radium226 
Radium-224D A 
Radium-226D A 
Radium-228 
Radium-228D A 
Ruthenium !06 
Ruthenium-I 03 
Strontium 90 
Technetium 99 
Inorium 228 
Thorium 232 
Tin-125 
Tritium 
Uranium 233/234 
Uranium 235 
Urariium238 
Uranium-234 
~inc6S 

Quantcrra 
199-N-103A 

BODRK7 
ST 

l/30!9S 

i9-32 
pCi/i 

10.24 
26.3 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

0.00079 U 
NR 

0.00186 U 
0.00031 U 
0.00459 U 

11.11141 lJ 
0.0468 

0.00291 U 
NR 

.NR 
NR 
NR 

15,4 
0.452 
0.595 

NR 
0.701 

NR 
NR 
NR 

0.0399 U 
NR 
NR 
NR 
NR 

281 U 
NR 
NR 

0.518 
NR 
NR 

PNNL EAL 
199-N-103A 199-N-103A 
103NSS-S1 I03NSS-S1 

ST ST 
2/l/9S 2/ll9S 

55-56.5 55-51 
pCi/11 pCi/11 

NR NR 
NR NR 
NR NR 
NR , 2.8 U 

NR 1.9 U 
NR NR 
NR NR 
NR NR 
NR 4.2 U 
NR 0.95 U 
NR 0,86 U 
NR NR 
NR 0.95 U 
NR NR 
NR 7.3 U 
NR 3.2 U 
NR 2.3 U 
NR NR 
NR NR 
NR NR 
NR NR 
NR 110 000 U 
NR ID U 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR 7.4 
NR NR 

_o,56 NR 
NR NR 
NR NR 
NR 3.3 U 
NR NR 
NR NR 
NR NR 
NR 4.5 U 
NR 130U 
NR NR 
NR NR 

Quauterra PNNL EAL 
199-N-I03A 199-N-I03A 199-N-103A 

BODRKH I 03N60.S-62 103Af60.S-62 
ST ST ST 

2/2/9S 2!2!9S 2/2/9S 

-59-60.5 60-61.5 60-61.5 
pCi/g pCi/g · · pCi/g 

5,79 NR NR 
·25,4 NR NR 

NR NR NR 
NR NR 2.8 U 
NR NR 1.9 U 
NR NR NR. 
NR NR NR 
NR NR NR 
NR NR 3.7 U 
NR NR 0.93 U 

0.0159 . NR ·o.91 u 
NR NR NR 

0,149 NR I.I U 
0.00821 U NR NR 
0.00334 lJ NR 4.5 U 

-0.005 IJ NR 3.5 U 
0.0166 U NR 2.2 U 

0.00459 U NR NR 
NR NR NR 
NR NR NR 
NR . NR NR 
NR NR 110,000 U 

15.4 NR 17 
0,368" NR NR 
0.451 NR NR 

NR NR . NR 
0.461 NR -NR 

NR NR NR 
NR NR 6.6 U 
NR NR NR 

2.26 2.54 NR 
NR NR NR 
NR NR NR 
NR NR 2.1 U 
NR NR NR 

127,000 NR NR 
NR NR NR 
NR NR 4.2 U 

NR NR !IOU 

NR NR NR 
NR NR NR 

Quaulerra EAL PNNL 
199-N-103A l99-N-I03A 199-N-I03A 

BODRK9 I03Af6S-67 103N6S-67 
ST ST ST 

2!6/9S 2/3/9S 2/3/95 

65-67 -65-67 65-65.S 
pCi/g pCi/g pCi/g -

15.4 NR NR 
337 NR NR 

NR -NR NR 
NR. 3.3 U NR 
NR 2.1 U NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR 4.7 U. NR 
NR 1.2 U NR 

0.0201 0.82 U NR 
NR NR NR 

0.617 1.2 U NR 
0.0!04 U NR NR 

-0.0254 lJ 6U 
., 

NR 
0.0293 U 3.8U NR 
0.0466 U 2.7 U NR 
-0.035 U NR NR 

NR .NR NR 
NR NR NR 
NR NR NR 

. NR 130.000 U NR 
16,2 -12u NR 

0.469 NR .NR 

0,592 NR NR 
NR NR . NR 

0.665 NR -NR 
NR NR NR 
NR 7U NR 
NR NR NR 

153 NR 120.48 
NR NR NR 
NR NR NR 
NR 2.8 U NR 
NR NR NR 

84800 NR NR 
NR NR NR 
NR SU NR 
NR 120 U NR 
NR NR NR 
NR NR NR 

PNNL- EAL 
199-N-I03A l99-N-103A 
103N6S-67 I03N70-72 
. ST (Dup) ST 

2/3/95 2/7/95 

65-65.5 70-72 
pCi/g pCi/g 

NR NR 
NR NR 
NR NR 
NR 3.1 U 
NR 2.1 U 
NR NR 
NR NR 
NR NR -
NR 4.5 U 
NR l U 
NR 0.95 U 
NR NR 
NR 1.2 
NR NR 
NR 6.S U 
NR 3.9 U 
NR 2.5 U 
NR NR 
NR NR 
NR NR 
NR -NR 
NR 120 000 U 
NR 10 U 
NR o-u 
NR NR 
NR NR 
NR NR 
NR NR 
NR 6.9 U 
NR NR 

119 NR 
NR NR 
NR NR 
NR 2.1 U 
NR NR 
NR NR 
NR NR 
NR. 4.5 U 

.NR 120 U 
NR NR 
NR NR 

PNNL 
l99-N-103A 
103A/70-72 

ST 
211195 

70-71.5 
pCi/g 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
MR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

80,322 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

~ 
~ .... 
0 

~ ~ = a. e .... 
"0 ~ 
~ (';) = 0 ~= 
~8 ... = l'D .... = ... .... = 
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Laboratory: PNNL EAL Quimterra EAL PNNL PNNL' EAL EAL EAL PNNL EAL EAL 
' ·• Location: 199:N-I03A 199-N-103A 199-N-103A 199-N-103A l99-N-103A 199-N-103A 199-N-IOJA 199-N-104A 199-N-IOJA 199-N-l!)JA 199-N-103A 199-N-~04A 

Sample lb: IOJA/7S-77 IOJA/7S-77 BODRLO 103A/80-82 IOJA/80-82 !1 OJA/8S-87 103A/8S-87. 103A/90-92 103A/9S-97 103A/9S-97 104A-IO lll4A-20 
Method: ST ST ST . ST ST ST ST ST ST ST (ii, Gh 

Sample Collected: 2/8/95 . 2/8/9S · 219/9S 2/9/95 2/9/95· 2/22/95 2/22/95 2/23/95 3/2/95 3/2/95 2/16/95 2/17/9S 
Depth (feet below ground 

surface): 1S-16.S 1S-11 77-78 , '80-82 81-82 85-87 85-87 90-92 
•. 

95-97 95.S-97 10 20 
Units: pCi/g pCi/1! pCi/g pCi/g pCi/1! · pCi/g pCi/g pCi/g pCi/g pCi/g _pCi/g pCi/g 

Gross alpha NR NR 2:81 u NR NR NR NR NR NR NR . NR NR 
Gross beta NR NR 23.6 · NR NR NR NR NR NR NR NR NR 
Actinium-228 NR NR NR NR NR NR NR NR NR NR NR NR 
Americium 241 NR 0.27 U NR 0.44 U NR NR. 0.48 U 0,41 U 0.5 U NR 0.43 U 0.49 U 
Antimonv-125 NR 0.1 U NR O.IS U NR ··NR 0.32 U 0.16 U 0.18 U NR 0.16 U . 0.2 U 
Bismuth-214 NR NR NR NR NR NR NR NR NR NR NR NR 
Cadmium-109 NR NR NR NR NR NR . NR NR NR NR NR NR 
Carbon 14 NR NR NR NR NR NR NR NR NR 'NR NR NR 
Cerium-144 NR 0.29 U. NR 0.46 U NR NR O.SI U 0.41 U. o.s u NR O.S2 U 0.44 U 
Cesium 134 NR 0.041 U NR 0.074 U NR. NR 0.084 U 0.077 U 0.099 U NR 0.068 U 0.061 U 
Cesium 137 NR 0.043 U · 0.0043S U 0.068 U NR NR 0.048 U 0.059 U 0.067 U NR 0.05 U 0.065 U 
Chromium 51 NR NR NR NR NR NR NR NR NR NR NR NR 
Coboll60 NR 0.07 U 0,0678 0.11 NR NR 0.094 U 0.069 U 0.081 U NR 0.1 U 0.093 U 
Cobalt-SB NR NR 0.00469 U NR NR NR NR NR NR NR NR NR 
Europium I 52 NR 0.19 U -0.0112 u, 0.36 U NR NR 0.47 U . 0.28 U 0.25 U NR 0.42 U 0.44 U 
Eurooium I 54 NR O.t6'U -0.0283 U 0.19 U NR NR 0.26 U 0.27 U 0.22 U NR 0.25 U 0.31 U 
Eurooium-1 5 5 · Nil 0.17 U 0.0288 U 0.29 U NR NR 0,33 U 0.26 u· 0.3 U NR 0.28-U 0.28 U 
Iron 59 NR NR -0.006 U. NR NR NR NR NR NR NR NR NR 
Lead-214 NR NR NR NR NR NR NR NR NR NR NR NR 
Man!lancsc-54 NR NR NR NR NR NR NR NR NR NR NR NR 
Plutonium • 238 NR NR NR NR NR NR NR NR NR NR NR NR 
Plutonium 239/240 NR 7100 U NR 12 000 U NR NR 13 000 U 12 000 U 14 000 U NR '13.000 U 12 000 U 
Potassium 40 NR 15 9.5 14 NR NR 13 12 12 NR II JO 
Rodium226 NR NR 0.301 NR NR NR NR NR NR NR OU NR 
Radium-224D A NR NR 0.394 NR NR NR NR ·NR NR NR NR NR 
Rndium-226DA NR NR NR NR NR NR .NR NR NR NR NR NR 
Radium-228 NR .NR 0.424 NR NR NR NR NR NR NR NR NR 
Radium-22BDA . NR NR NR 'NR . NR , NR NR NR NR NR NR NR 
Ruthenium 106 NR 0.36 U NR 0.59 U NR NR 0.54 U 0.53 U 0.73 U NR 0.62U 0.7 U 
Ruthenium-I 03 NR NR NR NR NR NR NR NR NR NR NR NR 
Strontium 90 3.194 NR 0.976 NR 0.88 0.621 NR NR NR 0.41 NR NR 
Technetium 99 NR · NR NR NR NR NR NR NR NR NR NR NR 
Thorium 228 NR NR NR Nil .. NR NR. .NR NR NR NR NR Nil 
Thorium 232 NR 0,52 NR 0.57 NR NR 0,64 0.44· 0.55 Nil 0'.55 0.311 
Tin-125 NR NR NR NR NR NR NR NR NR NR NR NR 
Tritium NR NR 59,400 NR NR NR NR NR NR Nil NR NR 
Uronium 233/234 NR NR NR NR Nil NR NR NR NR NR NR NR 
Uranium 235 NR 0.3 U NR 0.45 U NR . NR 0.56 U 0.36 U 0.55 U NR 0.56 U 0.52 U 
Uranium 238 NR 5.2 U NR 9.3 U NR NR NR 9U 8.6 U NR 7.2 U 8.0 U 
Uranium-234 NR NR NR NR NR NR NR NR NR NR NR NR 
~inc 65· NR NR NR NR NR NR NR NR NR NR NR NR 



---- ---------------

Laboratory: EAL Quanteara EAL EAL PNNL EAL. EAL PNNL EAL PNNL Quonterro. Quanterra 
Locution: 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-104A 199-N-I04A l99-N-l04A 

Sample ID: 104A-30 BODRLI 104A-40 I04A-50 104A-58-60 104A-60 104A-65 104N63-65. I04A-70 I04N68-70 BODRJ.2 UODRL3. 
Method: Gb· ST Gb Gb ST Gb Gb ST ST ST ST ·ST (Dup) 

Sample Collected: 2/21/95 2/22/95 2/23/95 2124/95 2/24/95 2/27/95 2/27/95 2/27/95 2/28/95 2/28/95 3/1/95 3/1/95 
Depth (feel below grounc 

surface): 30 31-33 40 so s8:S-S9.S 60 65 64-6S 70 69-70 . 73.5-76 73.5-76 
Units: .pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Gross aloha · . NR 6.25 NR NR NR NR NR NR NR NR 6.44 4.7 U 
Gross belo NR 14.3 NR NR NR NR NR NR NR NR 30.9 21.4 

. '·",O· ,a.,.,, 
Aclinium-228 NR NR NR NR NR. NR NR .. NR NR NR NR NR 
Amcricium24 I 0.42 U NR 0.39 U 0.32 U NR 0.44 U 0.33 U' NR 0.5 U NR NR NR 
Anlimonv-125 0.14 U NR 0.14 U 0.11 U NR 0.14 U 0.13 U NR 0.2 U NR NR. NR 
Bismuth-214 NR NR NR NR NR NR NR NR NR NR NR NR 
Cadmium-109 . NR NR NR NR NR NR NR NR NR NR NR NR 

~ """"""' = ~~ 
c:i. --.if= .... ·U') 0 
1:1 ~ 

"'Cl C .~ 
-:~ 

Carbon 14 NR NR NR NR NR NR NR NR NR NR NR NR 
Cerium• I 44 · 0.37 U NR 0.46 U 0.37 U NR 0.41 U 0.4 U NR 0.54 U NR NR NR 
Cesium 134 0.068 U NR 0.07 U 0.056 U NR 0.072 U 0.0S8 U NR 0.093 u. NR NR NR 
Cesium 137 0.06 U -0.00118 U 0.063 U 0.05 U NR 0.068 U 0.057 U NR o.085 u· · NR 0.00734 U -0.009 U 
Chromium51 NR NR NR NR NR NR NR . NR NR NR NR NR 
Cobell 60 ,, 0.061 U 0.00567 U 0.083 U. 0.069 U NR 0.096 U. 0.062 NR 0.18 NR 0.138 0.137 
Cobalt-58 NR -0.00186 U NR NR NR NR NR NR NR NR 0.00389 U -0.015 U 

. Europium I 52 0.4 U 0.0111 U 0.5 U ll.29 U· NR 0.36 U 0.3 U NR 0.59.U NR -0.00717 U -0.028 U 
Europium I 54 0.24 U -0.0166 U 0.24 IJ 0.16 U NR 0.17 U 0.21 U .·NR 0.29U NR 0.0127 U -0.005 IJ 
Eurooium-1 5 S 0.24 U 0.00548 U 0.26 U 0.23 U NR 0.27 U 0.25 U NR 0.36 U NR 0.0338 U 0.025 U 
Iron 59 NR -0.00665 U NR NR NR NR NR NR NR NR -0.0217 U 0.037 U 

C n 
,_ -a .... ·~ 

c:i. 
"O fD 

·~ 

I -= ("') 
Cl 0 
c:i. 1:1 
I n 
~ fD 
""I 1:1 
fD .... = tl .... 
~ 

.... .... 
0 

fD 1:1 -Lead-214 NR NR NR NR NR NR NR NR NR NR NR NR - ~ 1:12 

;;, Man~anese-54 NR NR NR NR NR -NR NR NR NR NR NR NR 
Plutonium· 238 NR NR NR NR NR NR NR NR NR NR NR NR 
Plutonium 239/240 11.000 U NR 11.000 U 9,700 U NR 12 000 U 11 ooo·u NR 15 000 U NR NR NR 
Potassium 40 8.7 7.1 9.3 8.2 NR 15 12 NR 19 NR 19.5 0.604 
Radium226 NR 0.276 NR OU NR NR OU NR 0 U · NR 0.32 -0.08 U · 
Rodium-224D A NR 0.349 NR NR NR NR NR NR NR NR 0.542 0.415 · 
Radium-226D A NR NR NR NR NR NR NR NR NR NR NR NR 
Radium-228 NR 0.376 NR NR NR NR NR NR NR NR 0.627 0.62 

~ 
fD .... 
fD = n 

(JQ .... 
fD fD 

~ c:i. .... 
0 1:1 ..., 

00 \C 
'-" 0 .... -

Radium-228D A NR NR NR NR NR NR NR NR NR NR NR NR 
Ruthenium 106 0.57 U NR 0.54 U · 0.45 U NR 0.65 U. 0.53 U NR 0.74 U NR NR NR 
Rulhenium-103 .NR NR NR NR NR NR ·NR NR NR NR NR NR 

er 
0 a 

Strontium 90 NR 0.105 U NR NR 0.485 NR NR 0.613 NR 1.318 1.17 0.25 U 
Technetium 99 NR NR NR NR NR NR NR NR NR NR NR NR 
Thorium 228 NR NR NR NR NR NR NR NR NR NR NR NR 
Thorium 232 · ·' 0.47 NR 0.51 0.37 · NR 0.46 0.36 NR .0.67 NR NR NR 
Tiri-125 NR NR NR NR NR NR NR NR NR NR .NR NR 
Tritium NR n9U NR NR NR NR NR NR NR NR 20 200 . 0.336 U 
Uranium 233/234 NR NR NR NR NR NR NR NR NR NR NR NR 
Uranium 235 0.39 U NR 0.43 IJ 0.39 U NR 0.44 U 0.43 U NR 0.55 U NR NR NR 
Uranium238 7.7 U NR 7.8 U 5.4U NR 8.4 U 5.5 U NR NR NR 0.87 0.05 U 
Uranium-234 NR NR NR NR NR NR NR NR NR NR NR NR 
~inc65 NR NR NR NR NR NR NR NR NR NR NR NR 



·' 

Laboratory: Quantemi EAL PNNL PNNL PNNL EAL PNNL EAL Qlianterra PNNL EAL EAL 
Locution: l99-N-104A 199-N-104A l99-N-104A 199;N-104A 199-N-104A l99-N-104A 199.N-l04A l99CN-104A 199-N-104A l99;N-104A 199-N-104A 199-N:105A 

Sa~p!e ID:" BODRL4 104A-75 · · 104A/73-75 to4A/79:s1 104A/79-81 : 104A-80 i 104A/84-84.·5 104A-85. BODRL5 104A/89-90 104A-90 1051\-IO 
M~thod: ST (Dup) ST ST ST ST(Dup) ST . ST ST ST ST .. ST Gh 

· Sample Collected: 3/1/95 2/28/95 2/28/95' 3/3/95 ~/3/95 3/3/95 3/8/95. 3/8/95 . 3it0/95 3/10/95°- 3/10/95 :l/16/95 
· Depth (feet below ground 

73.5-76 14-15 79.5-80.S 89.S~9i't5 90 _ surface): 15 79.5-80.5 80 -_84-84.5 85 89-91 · 10. 
Units: pCitg . pCi/g pCi/g pCi/g pCi/g pCi/g ·pCi/g pCi/g pCi/g pCi/g pCi/g· pCitg · 

Gross aloha • 7.78 NR NR NR NR NR NR NR 1.19 NR NR NR 
Gro•• beta 33.6 NR NR NR NR NR NR NR · 21.7 NR NR NR 
Actinium-228 NR NR NR NR NR 

··-
NR NR NR NR NR NR NR 

Americium 241 NR 0.48 U NR NR NR 0.41 U NR 0.38 U ,NR NR 0.37 U 0.39 U 
Antimonv-125 NR 0.11 u· NR NR . NR 0.13. U NR 0.15 U NR NR 0.13 U 0.16 U 

~ = Q. 
Bismuth-214 . NR ·NR NR NR NR NR NR NR NR NR NR NR 

.... 
0 

Cadmium-109 NR NR NR NR NR NR NR NR NR NR .NR NR 
Carbon 14 NR NR NR NR NR NR NR NR NR NR 'NR .NR 
Cerium-144 NR 0.5 U NR NR NR 0.41 U NR 0.38 U NR NR 0.41 U 0.46 U 
Cesium 134 NR 0.o78U NR NR NR 0.06 U NR 0.058 U NR NR 0.062 U 0.059 U 
Cesium 137 0.00667 U 0.085 U NR . NR NR 0.048 U NR 0.051 U -0.00344 U NR 0.056 U 0.067 U 
Chromium 5 I· ·NR NR NR NR -NR NR- NR NR NR NR NR NR 
Coball60 0.124 0.13 NR NR NR 0.069 NR 0.075 U · 0.0498 'NR 0.072 U 0.082 U 
Coball-58 · 0.00159 U NR NR NR .NR NR NR NR 0.00582 U NR NR NR 
Euronium I 52 0.01 U 0.33 U NR NR NR 0.27 U NR 0.34 IJ 0.0128 U NR 0.3 U 0.25 U 

= 
-~ C 

n -a .... 
Q. 

"Cl fD 
I » n = 0 
Q. = I n 
~ fD ... = fD .... 

Euroniuin I 54 0.0268 lJ 0.3 lJ NR NR NR 0.26 lJ NR · 0.27 IJ 0.0366 U NR 0.19 U 0.24 U = ... .... = Euro11ium-l 5 5 0.0307 U 0.3 U NR NR NR 0.26 U NR 0.26 IJ 0.0247 U NR 0.26 U 0.31 U 

Iron 59 0.00157 U NR NR NR NR NR NR. NR 0.00265 U NR NR NR 
Lead-214 NR NR . NR NR NR NR NR NR 'NR NR NR NR 
Manaanese-54 NR NR NR NR NR NR NR. NR NR NR NR NR 
Plutonium - 238 NR NR NR NR NR NR NR NR NR NR NR NR 
Plutonium 239/240 NR 13 000 U NR NR NR 10000 U NR 10,000 U NR NR 9300 U 13000 U 

Potassium 40 18 17 NR NR NR 14 NR lO 14.7 NR ·13 Ii 
Radium226 0.317 NR NR NR NR NR NR NR 0.349 NR NR OU 

~ 
.... .... 
0 

fD = -- t::I fl.I 

-;a fD •'" ~I. .... 
fD » n 

(JQ .... 
~ fD . 

,S:o. Q. .... 
IRadium-224D A 0,542 NR NR NR NR NR NR NR 0.554 NR NR NR 
Radium-226D A NR NR NR NR NR NR NR NR NR NR NR NR 
Radium-228 0.496 NR NR NR NR NR NR NR 0.582 · NR NR NR 

0 = ~ 00 \0 - 0 .... -Radium-228DA NR NR NR NR NR NR NR .NR NR NR NR NR 

Ruthenium 106 NR 0.56 U NR NR NR 0.57 U NR 0.47 U NR -NR 0.43 U 0,6 U 
=;, 
0 

Ruthenium-I 03 NR NR NR 'NR NR NR NR NR NR NR NR NR a 
Strontium 90 0.97 NR 1.0·05 0.577 0.531 NR 0.435 NR 0.00059 U 0.231 . NR 1.5 
Technetium 99 NR NR NR NR NR NR NR NR NR NR NR NR 
Thorium228 . NR NR NR NR NR NR NR NR NR NR NR . NR 
Thorium 232 NR· 0.4 NR NR NR 0,5 NR 0.45 NR NR 0.42 0.56 
Tin-125 NR NR NR NR NR NR .NR ,NR NR ·, NR NR NR 
Tritium -· 20,000 NR NR NR NR NR NR NR 14,300 NR NR NR 
Uranium 233/234 NR NR NR NR NR NR NR NR NR NR NR NR 
Uranium 235 NR 0.51 U NR NR NR 0.42 U NR 0.41 U NR NR. 0.42 U 0.46 U 

Uranium 238 NR 7.9U NR NR NR 6.7 U NR. 6.7 U NR NR 6.2 U 9.1 U 

Uranium-234 NR NR NR NR NR NR NR NR NR . NR NR NR 
Zinc 65 NR NR NR NR · NR NR NR NR NR NR NR NR 

' ... , 



' I 

Laboratory: EAL EAL EAL EAL Qunnterra EAL PNNL EAL PNNL EAL EAL PNNL 
Location: 199-N-IOSA 199-N-IOSA 199-N-lOSA 199-N-lOSA 199-N-IOSA 199-N-IOSA 199-N-IOSA 199-N-IOSA 199-N-IOSA 199-N-IOSA 199-N-lOSA 199-N-I05A 

-Sample ID: I05A-15 IOSA-20 lll5A-25. IOSA-30 BODRL6 IOSA-35 I05A-40 I05A-40 I05A-45. 105A-45 I05A-50 I05N51-53 
Method: Gh Gb Gb Gh ST Gb Gh Gb Gb Gb Gb ST 

Sample Collected: 3/16/95 . 3/17/95' 3/20/95 . 312v95 3/21/95 3/21/95 3/22/95 3/22/95 3/22/95 .. 3/22195 3/22/95 3/24/95 
Depth (lc:et below !,'found 

surface): 15 20 2S JO. 34-36 35 40 40 45 45 50 5.1-52 
Units: pCiig pCi/11 i:lCi/11· pCi/11 pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Gross alpha NR NR NR NR 1.1· NR NR NR NR NR NR NR 
Gross beta NR NR NR NR 16.1. NR NR NR NR ·NR NR NR 
Actinium-228 NR NR NR 'NR NR NR NR NR NR NR NR NR 
Americium 241 11.33 U 0.42 lJ 0.41 lJ 0.29 U NR 0.34 U NR 0.35 U NR 0.4 U 0.74 lJ ·NR 
Antimonv-125 0.1S U 0.13 U 0.12 U 0.095 U NR 0.14 U · NR 0.12 U NR 0.18 U 0.18 U NR 

· Bismuth-214 NR NR NR NR NR NR NR ·. NR .NR NR NR . NR 

Cadmium-109 NR NR NR NR NR NR NR NR NR NR NR NR 
Cnrbon 14 NR NR NR NR NR NR NR NR NR NR NR NR 
Cerium-144 0.41 U 0.44 U 0.46 U 0.36 U NR 0.39 U NR 0.39 U NR 0.46 U 0.77 U NR 
Cesium.134 0.053 U 0.06 U 0.068 U 0.06 U NR 0.044 U NR 0.049 U NR 0.043 U 0.068 lJ NR 
Cesium 137 0.046 U 0.051 U 0.065 U. 0.039 U 0.00295 lJ 0.041 U NR 0.043 U NR 0.059 lJ 0.062 U NR 
Chromium 5 I 'NR NR NR NR NR NR . NR NR .. NR NR NR NR 
Cobalt60 0.075 U 0.081 U 0.074 U 0.057 U 0.00269 U 0.08 U NR 0.1176 lJ NR 0.093 U 0.12 U . NR 
Cobalt-58 NR NR NR NR -0.00265 U NR NR NR NR NR NR NR 
Europium 152 0.28 U 0.3S U 0.23 0.29 lJ -0.0025 U 0.3S U NR 0.3 U NR 0.38 U 0.26 U NR 
Europium I S4 0.18 U 0.22 U 11.26 U · 0.19 lJ 0.0104 U 0.27 U NR 0.19 U NR 0.28 U 0.16 U NR 
Euronium-1 S 5' 0.24 U 0.25 lJ 11.28 U 0.21 U 0.0169 U 0.25 U NR 0.24 U NR 0.26 U 0.51 U NR 
Iron S9 NR NR NR NR 0.00215 U . NR NR NR NR . NR NR NR 
Lead-214 NR NR NR NR . NR NR NR NR NR NR NR NR 
MnnRanese-S4 NR NR NR NR NR NR NR NR NR NR NR NR 
Plutonium - 238 NR NR .NR ' NR NR NR NR NR NR NR NR NR ., 

Plutonium 239/240 10.000 U II 000 U II 000 U 10,000 U NR 10 000 U NR 8700 U NR 11,000 U 17000 U NR 
Potassium 40 11.0 10.0 11.0 7.1 !1.22 8.5 NR 8.7 NR I] 10 NR 
Radium 226 NR NR NR OU .0.353 NR NR NR NR ·NR NR NR 
Radium-224D A NR NR NR NR 0.4!15 NR NR NR NR NR NR NR 
Radium-226D A NR NR NR NR NR NR NR NR NR NR NR NR 
Radium-228 NR NR NR. NR 0.4!17 NR NR NR NR NR NR NR 

-·-~ 
,G...,,,, 

~ :$..=== 

= -~' 
=- .. ~:.;:: .... -r,,;.,, 
0 
r:, ~~ 

~ = .,. 
= = n ·~ 

a - --~ .... 
=- . =-,,,,.j 

"Cl fD .w~~ I 

~ = r:, 0 =- r:, 
I n 
~ fD 

ri r:, .... = jJ .... 
~ ::t. 

0 
fD r:, -- t::i fl.I 

-;a fD .... 
fD = n 

(JQ .... 
tD' ~ 

lll =-.... 
0 r:, ..., 

00 \Q ._,, 0 .... -Radium-228D A NR NR NR NR NR NR NR NR NR NR -NR NR ::r 
Ruthenium l06 0.48 U o.ss u . 0.44 U 0.48 U . NR o.s u NR 0.43 U NR 0.61 U 0.62 U NR 
Ruthcnium-103 NR NR NR NR NR NR NR NR NR NR NR NR 

0 a 
Strontium 90 0.87 0.64 0.34 I.I 0.0724 U 1.8 0.41!1 J.I 0.3!11 3.1. 14 431 

·. Technetium 99 NR NR NR NR NR NR NR NR NR NR NR NR 
Thorium 228 NR NR '· NR NR NR NR NR NR NR NR . NR NR 

Thorium 232 0.44 0.53 0.55 0.38 NR 0.42 NR O.l!I NR 0.4 0.2!1 NR 
Tin-125 NR NR NR NR NR .NR NR NR NR NR NR NR 
Tritium NR NR NR NR 148 U NR NR NR NR NR NR NR 
Uranium 233/23 4 NR NR NR NR NR NR NR NR NR NR NR NR 
Uranium 235 0.42 U 0.42 U 0.46 U 0.37 U NR 0.41 U NR 0.39 U NR 0.48 U 0.78 U NR 
Uranium 238 S.2 U S.2 U 6.S U 6.7 U 0.4!18 SU NR 6U NR 7.8 U 7.6 U NR 
Uranium-234 NR NR NR NR NR NR NR NR NR NR NR NR 
Zinc 6S NR NR NR NR NR NR NR NR NR NR NR NR 



\0 
00 

Lnhorntory: 
Location: 

Sample ID: 
Method: 

Sample Collected: 
Depth (feel below groun<l 

surface): 
Units: 

Gross aloha 
Gross beta 
Actinium-228 
Americium 241 
Antimonv-125 
Bismutlt-214 
Cadmium-109 
Carbon 14 
Cerium-144 
Cesium 134 
Cesium 137 
Chromium SI 
Cobalt 60 
Cobalt-58 
Europium I 52 
Europium I 54 
Europium-155 
Iron 59 
Lead-214 
Man~•nese-54 
Plutonium • 238 
Plutonium 239/240 
Potassium 40 
Radium 226 
lladium-224DA 
Rodium-226DA 
Radium-228 
Radium-228D A 
Ruthenium I 06 
Ruthenium-I 03 
Strontium 90 
Technetium 99 
Thorium 228 
Thorium 232 
Tin-125 

Tritium 
Uranium 233/234 
Uranium 235 
Uranium 238 
Uranium-234 
Zinc 65 

PNNL Quanlerra 
199-N-I0SA ,199-N-I0SA 
l05NSI-S3 B0DRL7 
ST (Dup) ST. 
3/24/95 3/24/95 

51-52 51-53 
pCi/g pCi/g 

NR 4.17 
NR 1680 
NR NR 
NR NR 
NR NR 
NR NR 

.NR NR 
NR NR 
NR NR 
NR NR 
NR -0.0144 U 
NR NR 

. NR 1.52 
NR 0.00386 U 
NR -0.0293 U 
Nil 0.0274 U 
NR -11.0362 U 

NR 0.0321 U 

NR NR 
NR NR 
NR NR 
NR NR 
NR 11.2 
NR 0.266 
NR 0.413 
NR NR 
NR 0,474 
NR NR 
NR NR 
NR NR 

503 709 
NR NR 
NR NR 
NR NR 
NR NR 
NR 16,200 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

PNNL EAL PNNL EAL 
199-N-I0SA 199-N-i0SA 199-N-I0SA 199-N-IOSA 
I05N54-56 I0SA-SS I 05N59.S-6 (5 105A-60 

ST Gb ST ST 
3/27/95 3/27/95 3/28/95 3/28/95 

54.5-55,5 ss 59.5-61.5 60 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 1.2 lJ NR I.I u 
NR 0.27 U NR 0.27 U 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 1.2 U NR I.I u 
NR 0.074 U NR 0.12 U 
NR 0.085 U NR 0.11 U 
NR NR NR NR 
NR. 0.7 U NR 0.67 U 
NR NR NR NR 
NR 0.6 U NR 11.59 U 
Nil 0.24 IJ NR 0.43 U 
NR 0.84 U NR 0.76 U 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 28,000 U NR 25 000 U 
NR 12,0 NR 18.0 
NR ·NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 0.71 U NR 0.8 U 
NR NR NR NR 

136 60 149 43 
NR NR NR NR 
NR NR NR NR 
NR D.41 NR 0.43 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 1.2 U NR I.I u 
NR 12U NR II U 
NR NR NR NR 
NR NR NR NR 

EAL PNNL Quanterra 
, 199-N-I0SA l99-N-I05A 199-N-I0SA 

I05A-6S IOSN6S-67 B0DRL8 
Gb ST ST . 

3/30/95 3/30/95 4/4/95 

65 66-67 70-72 
pCi/g pCi/g pCi/g 

NR NR 9.49 
NR NR 262 
NR NR NR 

0.89 U NR NR 
0.19 lJ NR NR 

NR NR NR 
NR NR NR 
NR NR NR 

0.85 U NR NR 
0.068 U NR NR 
0.D78 U NR -0.00233 U 

NR NR NR 
0.17 U NR 0.1411 

NR NR -0.013 U 
0.41 U NR -0.0017 U 
0.23 U NR 0.0235 U 
0.62 U NR 0.0156 U 

NR NR -0.0465 U 
NR NR NR 
NR NR NR 
NR NR NR 

21 000 U NR NR 
13.0 NR 15.4 

NR NR 0.359 
NR NR 0.579 
NR Nil NR 
NR NR 0.536 
NR NR NR 

0.69 U NR NR 
NR NR NR 

50 91 114 
NR NR NR 
NR NR NR 

0.41 NR NR 
NR NR NR 
NR NR 68,700 
NR NR NR 

0.87 U NR NR 
8.3 U NR NR 

NR NR NR 
NR NR NR 

EAL PNNL 
199-N-I0SA 199-N-105A 

IOSA-70 I0SN70-72 
ST ST 

3/31/95 3/31/95 

70 71-72 
pCi/g pCifg 

NR NR 
NR NR 
NR NR 

0.71 U NR 
0.15 lJ NR 

NR NR 
NR NR 
NR NR 

0.72 U NR 
0.072 U NR 

0.06 U NR 
NR NR 

0.15 U NR 
NR NR 

0.25 U NR 
0.25 U. NR 
0.49 U NR 

NR NR 
NR NR 
NR NR 
NR NR 

17,000 U NR 
11.0 NR 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

0.52 U NR 
NR NR 

24 IOI 
NR NR 
NR NR 

0.43 NR 
NR NR 
NR NR 
NR NR 

0.71 NR 
6.7 U NR 

NR NR 
NR NR 

PNNL 
199-N-I0SA 
IOSN70-72 
ST (IJup) 
· 3/3)/95 

71-72 
pCi/g 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

112 
NR 
Nil 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
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Laboratory: PNNL EAL PNNL EAL EAL 
Location: 199-N-105A 199-N-105A 199-N-105A I 99-N-lll5A . 199-N-105A 

Sample ·ID: 105A74-75.5 105A-75 105A/80-81.5 105A-80 105A,85 
Method: ST ST ST ST ST 

Sample Collected: 4/6/95 4/6/95 4/12/95 4/12/95 4/13/95. 
· Depth (feet below ground 

surface): 74-75 75 80-81 80 85 
Units: , 

,. 
pCi/g pCi/g pCi/g pCi/g pCi/g 

Gross aloha NR NR NR NR NR 
Gross beta NR NR NR NR NR 
Actinium-228 NR NR NR NR NR 
Americium 241 NR 0.55 U NR 0.42 U 0.39 U 
Antimonv-125 NR 0.13 U NR 0.15 U 0.12 U 
Bismuth-214 .. NR NR NR NR .. NR 
Cadmium-I 09 NR NR NR NR NR 
Carbon 14 NR NR NR NR NR 
Cerium-144 NR 0.57 U NR 0.46 U 0.41 U 
Cesium 134 NR 0.054 U NR 0.073 U 0.058 U 
Cesium 137 NR 0.048 U NR 0.055 U 0.055 U 
Chromium51 NR NR NR NR NR 

. Cobalt 60 NR 0.095 U NR 0.092 U 0.067 U 
Cobalt-58 NR NR NR NR NR 
Euronium 152 NR 0.37 U NR 0.27 U ·0.27 U 
Euronium 15 4 NR 0.23 U NR 0.25 U 0.21 U 
Eurooium-1 5 5 NR 0.39 U NR 0.28 U 0.26 U 
Iron 59 NR NR NR NR NR 
Lead-214 NR NR NR NR NR 
Manaanese-54 NR NR -NR NR NR 
Plutonium-238 · NR NR NR NR 'NR 
Plutonium 239/240 NR 13,000 U NR 13,000 U 9700 U 
Potassium 40 NR 9.1 NR II lO 
Radium226 NR NR NR NR NR 
Radium-224D A NR NR NR NR NR 
Radium-226D A NR NR NR NR NR 
Radium-228 · NR NR NR NR NR 
Radium-228D A NR NR NR NR NR 
Ruthenium I 06 NR 0.41 U NR 0.59 U 0.52 U · 
Ruthenium-103 NR NR NR NR NR. 

Strontium 90 70 S.7 11.5 2.6 U 1.9 
Technetium 99 NR NR NR NR NR 
Thorium228 . NR NR NR NR NR 
Thorium 232 NR 0.39 NR 0.54 0.46 
Tin-125 NR NR NR NR NR 
Tritium NR NR NR NR NR 
Uranium 233/234 NR. NR NR NR NR 
Uranium235 NR 0.58 U NR 0.48 U 0.47 U 

Uranium238 NR 6.1 U NR 7.1 U 6.5 U 
Uranium-234 NR NR NR NR NR 
Zinc65 NR NR NR NR NR 

PNNL Quanten-n PNNL 
199-N-105A 199-N-105A 199-N-105A 
105A/K5-87 B0DRL9 I.0.5A/90-92 

ST· ST ST 
4/13/95 4/13/95 4/17/95 

85.5-86.5 85-87 90.5-91.5. 
pCi/g . oCi/g oCi/g 

NR 6.78 NR 
NR 46.3 NR 
NR NR NR 
NR NR NR 

·NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR 0.00396 U NR 
NR NR NR 
NR 0.0483 NR 
NR -0.00432 U NR 
NR -0.0143 U NR 
NR · -0.00742 U NR 
NR 0.0157 U NR 
NR 0.00434 U NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

, NR 0.488 NR 
NR 0.35 NR 
NR NR NR 
NR NR NR 
NR 0.471 NR 
NR NR NR 
NR NR NR 
NR NR NR 

1.7 ll 2.9 
NR NR NR 
NR NR .NR 

NR NR NR 
NR NR NR 
NR 17,300 . NR 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

EAL PNNL 
199-N:105A 199-N-105A 

105A-90 I 05A/95-97 . 
ST ST 

4/17/95 4/18/95 

90 96-97. 
·oCi/g pCi/g 

NR NR 
NR NR 
NR NR 

0.4 U NR 
0.12 U NR 

NR NR 
NR NR 
NR NR 

0.4 U NR 
om4u NR 
0.067 U NR 

NR NR 
0.09 U NR 

NR NR 
0.26 U NR 
0.23 U NR 
0.25 U NR 

NR NR 
NR NR 
NR. NR 

.NR . NR 
10,000 U NR 

10 ·NR 
NR NR 
NR NR 
NR NR 
·NR .NR 
·NR NR 

0.53 U NR 
NR NR 

2.3 U 0.8 
NR NR 
NR NR 

o.s NR 
.NR NR 
NR NR 
NR NR 

0.44 U NR 
5.2 U NR 

NR NR 
NR NR 
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Lnhoratory: 
". ·-Locatjon: 

Sample tn: 
Method: 

Sample Collected: 
Depth (feel below ground 

surfa~e): 
Units: 

Gross aloha 
Gros.~ heta 
Actinium-228 
Americium 241 
Antimonv-125 
Bismuth-214 
Cadmium-109 
Carbon 14 
Cerium-144 
Cesium 134 
Cesium 137 
Chromium SI 
Cobalt60 
Cobalt-SB 
Eurooium 152 
Eurooium 154 · 
Europium-155 
Iron 59 
Lead-214 · 
Mari1ianese-54 
Plutonium.• 238 
Plutonium 239/240 
Potassium 40 
Radium226 
Radium-224D A 
Radium-226D A 
Radium-228 
Radium-228D A 
Ruthenium I 06 
Ruthenium-I 03 .. 
Strontium 90 
Technetium 99 
Thorium228 
Thorium 232 
Tin-125 
Tritium 
Uranium 233/234 
Uranium 235 
Uranium 238 
Uranium-234 
~inc 65 

EAL EAL 
199-N-IOGA 199-N-106A 

106A-15 106A-25 

Gb Gb 
8/I0/9S: ,11/11/95 

15 25 
pCi/g ·pCi/g 

NR NR 
NR NR 
NR . NR 

0.36 U -. 0.39 U: 
0.18 U 0.16 U. 

NR NR 
NR. NR 
NR NR 

0.5 U 0.46 U 
· 0.071 U 0.067 U 
·-0.018 u- 0.055 U 

NR .. NR. 
0.1 U 0.086 U 

NR NR 
0.5 U 0.42 U 

0.23 U 0.22 U 
0.3 U 0.25 u. 

NR NR 
NR NR 
NR NR. 
NR . . .. NR 

12,000 U · .. 13,000 lJ 
11 10 

·NR OU 
NR NR 
NR NR 
NR NR 

·'.NR NR 
- 0.43 U 0.62 U 

NR NR 
NR NR 
NR NR 
NR NR 

0.58 0.45 
NR NR 
NR NR 
NR NR 

0.52 U 0.49 U 

8.5 U _7_9·u 

NR NR 
NR NR. 

EAL EAL EAL 
.199-N-106A 199-N-1061 ·199-N-l06A 

106A-3_5 106A-45 106.A-55 .. 
Gb , Gb Gb 

8/14/95-' 8/16/95 8/16/95 

35 · 45 55· 
pCi/g pCi/g . pCi/g 

NR NR NR 
NR NR NR 
NR NR NR 

0.41 U 0.41 U 0.41 U 
0.14 U 0.14 U 0.16 U 

NR NR NR 
NR NR. .. .NR 
NR NR NR 

0.46 U 0.4 U 0.48 U 
0.077U 0.076 U 0.076 U 
0.062 U 0.064 U 0.073 U, 

. NR NR NR 
0.079 U 0.057 U. 0.13 U 

NR NR NR 
0.27 U 0.33 U 0.39 U 
0.22U 0.20 U 0.24 U 
0.27 U 0.27 U 0.29 U 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

II 000 U 13,000 U 13,000 U 
9:2 9.2 11 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

0.55 U 0.61 U 0.49 U 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR. 

0.48 0.38 0.49 
NR NR NR 
NR NR NR 
NR NR NR 

0.47 U ·0.45 U 0.46 U 
8.6 U 5.9 U 6.6U 

NR NR NR 
NR NR NR 

EAL·, Qunnterra EAL Quanterra · EAL Quanlerra 
l99-N-I06A 199-N-106A. ,199-Ncl06J\ 199-N-I06A 199.-N-106A 199-N-106A 

to6A~6s.,. BOGGB6 ,' 106A-75 BOGGB7 I06A-85 BOGGB8' 
·01, ... ST. .ST . si· ·_ ST ST 

8/17/95 11/22/95 8/22/95 .8/23/95 8/23/95 11/25/95 
,_ .. .. 

'. 
65 73-75 75 · 83-85 -85 . 96-98 

pCi/g pCi/g pCi/g pCi/g t>Ci/11 pCiig 

NR 5.43 NR 9.06- . NR 9.68 
NR 649 · NR 464 NR · 372 
NR NR NR NR NR NR 

·oAs u NR 1.2 U NR 0.48.U NR 
0.18 U, NR · 0.3 U NR 0.12 U NR 

NR NR NR NR 
.. 

NR NR 
NR . · NR .. NR _,- NR NR NR . 

NR NR NR NR NR NR 
0.56 U NR I.I u NR 0.49 U NR 
0.09 U ·NR 0.12 U NR 0.047 U NR 

0.063 U -0.0039 U · 0.088 U -0.0163 U 0.043 U 0.0199 
NR NR NR NR NR NR 

0.16 U 0.641 0.46 U · 0.302 0.23 U 0.453 
NR 0.0055- NR -0.0173 U NR 0.015 

0.34 U -0.0094 U. '11.58 U -0.00276 u. 0.19 U -0.00907 U 
0.25.U 0.0107 0.34 U 0,00629 0.16 U 0.0098 
0.31 U 0.0105 0.78 U 0.00858 0.33 U -0.00503 lJ 

NR 0.0008 NR 0.00597 NR -0.0135 U 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR -0.0489 U NR OU NR -0.0136 U • 

13'000 U . 0 U · ,28 000 U -0.0422 U .12000 U 0.122 
15 14.5 9.2 15.6 6.5 · 15.4 

NR 0.362 NR 0.289 NR 0.529 
NR 0.463 NR 0,382 NR 0.809 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR .0.577 NR 0.45 NR 0.863 

0.61 U NR -0.88 U .NR 0.4 U NR 
NR NR NR NR . NR NR 
NR 210 NR 78.8 NR 118 
NR NR NR NR NR NR 
NR 0.491 NR 0,369 NR · .0.8 

0.48 NR 0.59 NR 0.31 NR 
NR NR NR NR · NR · . NR 
NR NR -NR : NR NR NR 
NR NR NR NR NR NR 

0.5 U NR 0:12 U NR. 0.5 U' NR 
8.2 U NR 15 U NR . 4.6 U NR 

NR NR NR NR ·NR NR 
NR NR NR NR NR NR 



Laboratory: EAL Quanterra 
Location: 199-N-106A 199-N-106A 

Sample ID: 106A-103 B0GGCI 
Method: Gb ST 

Sample Collected: 8/26/95 8/26/95 
Depth (feet below ground 

surface): 103 105-108 
Units: oCi/g oCi/g 

Gross aloha NR 7.51 
Gross beta NR 510 
Actinium-228 NR NR 
Americium 241 0.8 U NR 
Antimonv-125 0.21 U NR 
Bismuth-214 NR NR 
Cadmium-109 NR NR 
Carbon 14 NR NR 
Cerium-144 0.85 U NR 
Cesium 13.4 0.061 U NR 
Cesium 137 0.093 U 0.0113 
Chromium51 NR NR 
Cobalt 60 0.15 U 0.272 
Cobalt-58 NR .-0.0105 u 

..... Euronium I 52 0.54. U .0.00184 

0 Eurooium 154· 0.28 U 0.0202 ..... Eurooium-155 0.54 U 0.0152 
Iron 59 NR 0.0243 
Lcad-214 NR NR 
Man11ancse-54 NR NR 
Plutonium• 238 . NR -0.0112 u 
Plutonium 239/240 20 000 U -0.0111 u 
Potassium 40 14 18.4 
Radium226 NR 0.31 
Radium-224DA NR 0.543 
Radium-226DA NR NR 
Radium-228 NR NR 
Radium-228DA NR -0.558 
Ruthenium 106 0.73 U NR 
Ruthenium-103 NR NR 
Strontium 90 NR 52.2 
Technetium 99 NR NR 
Thorium228 NR 0.57 
Thorium232 0.64 NR 

Tin-125 NR NR 

Tritium NR NR 

Uranium 233/234 NR NR 
Uranium235 0.87 U NR 
Uranium238 8.1 U NR 
Urenium-234 · NR NR 
~inc65 NR NR 

EAL 
199-N-106A 

106A-115 
Gh 

8/28/95 

115 
pCi/g 

NR 
NR 
NR 

0.35 u 
0.13 u 

NR 
NR 
NR 

0.31 u 
0.1 u 

0.095 u 
NR 

0.22 u 
NR 

0.06 u 
0.10 u 
0.34 u 

NR 
NR 
NR 
NR 

0.31 u 
1.3 

NR 
NR 
NR 
NR 
NR 

0.1 u 
NR 
NR 
NR 
NR 

0.58 
NR 
NR 

NR 
0.31 u 

0.096 u 
NR 
NR 

U = Concentration undetected ~t specified detection levels 
J "' Estimated volue 

NR = Not reported 
Dup = Duplicate 
EB = Equipment Blank 
Gb = Grab Sample 
ST = Split Tube 

Negative radionuclide results • Radioactive results are measured as decay counts ( e.g. counts per/minute) 
An average background count subtraction is applied, which may he more than the specific sample count, 
therefore a negative result is possible: 

DA (daughters)= Actual gamma lines are measured from a daughter isotope with assumed equilibrium 
with the reported parent. · 

EAL= Environmental Analytical Laboratory 
PNNL = Pacific Northwest National Laboratory 
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