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1.0 Introduction 

One new Resource Conservation and Recovery Act (RCRA) groundwater monitoring well was 
installed during September 1998 at the single-shell tank farm Waste Management Area (WMA) B-BX- 
BY in 1998 in fulfillment of Ti-Party Agreement (Ecology 1996) milestone M-24-40, The well is 299- 
E33-44 and is located east of the BY single-shell tank fm. The well is a new upgradient monitoring 
well drilled in support of the groundwater assessment program at WMA B-BX-BY. The locations of all 
wells in the monitoring network at WMA B-BX-BY are shown on Figure 1. 

The groundwater monitoring plan for singleshell tanks (Caggiano and Goodwin 1991) describes the 
hydrogeology of the 200 East Area and WMA B-BX-BY. An Interim Change Notice to the groundwater 
monitoring plan provides justification for the new well. The new well was constructed to the specifica- 
tions and requirements described in Washington Administrative Code (WAC) 173-160 and WAC-173-303. 

This document is a compilation of information on the drilling and construction, well development., 
pump installation, and sediment testing and analyses applicable to well 299-E33-44. Appendix A con- 
tains copies of the geologist’s log, the Well Construction Summary Report, and Well Summary Sheet 
(as-built diagram); Appendix B contains results of laboratory analyses completed on samples of sediment 
from the well; and Appendix C contains geophysical logs. An aquifer test (slug test) was done in the well 
after well completion. Results from the aquifer test will be published elsewhere. Additional documenta- 
tion concerning well construction is on file with Bechtel Hdord ,  Inc., Richland, Washington. 

English units are used in this report because they are used by drillers to measure and report depths 
and well construction details. The conversion is made by multiplying feet by 0.3048 to obtain meters or 
multiplying inches by 2.54 to obtain centimeters. 

2.0 Well 299-E33-44 

2.1 Drilling and Sampling 

Well 299-E33-44 was drilled using a cable tool rig and a drive barrel from 0 to 247 ft  below ground 
surface (bgs) and cable tool rig and hard tool from 247 to 255 fi bgs. The well was drilled to a total depth 
of 255 ft  bgs during September 1998. Temporary 8 5/8-in.-outside-diameter, carbon steel casing was 
used from ground surface to 247.8 ft bgs. Approximately 45 gal of water was added to the borehole 
during hard tool drilling in basalt from 247 to 255 ft  bgs. Static water level was 239.36 ft  bgs on 
September 26,1998. 
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Sediments encountered during drilling are part of the W o r d  formation and were predominantly 
sandy gravel and sand with minor silty sand and silty, sandy gravel from the surface to about 163 ft bgs; 
silt and sandy silt fiom 163 to about 174 ft bgs; gravelly sand and silty, sandy gravel from 174 to 247 ft 
bgs; and basalt fiom 247 ft to total depth. A geol~gist~s log is included in Appendix A. 

Grab samples were collected at 5-ft intervals fiom the surface to 230 ft bgs for analysis of leachable 
ions, pH, electrical conductivity, cation exchange capacity, and moisture and calcium carbonate contents. 
Additional grab samples were collected at 70, 125,230,231,234,236,241,243, and 245 ft bgs for analy- 
sis of particle size distribution. One split spoon sample was collected from 208 to 210.5 ft bgs (100% of 
recovery) for determination of particle size distribution, moisture content and hydraulic properties. Sam- 
ples also were collected every foot fiom 230 ft to 246 ft  bgs for analysis of residual contaminants left 
from a falling water table. Results from all available laboratory analyses are in Appendix B. At depths 
fiom which samples were not collected for other purposes, sediment samples were collected for geologic 
description and archive at approximately 5-ft intervals throughout the entire borehole. 

The particle size data show that the sediment at 70 to 74 fi bgs is very fine grained (predominantly 
very fine sand, silt and clay), the sediment at 125 ft bgs is coarser sand, and the sample fiom near 240 ft 
bgs is a mixture of gravel, sand, and silt. There is a thin layer of cemented material at 166 ft depth that 
appears to be sulfate rich (possibly gypsum). The moisture contents seem to correlate with particle size 
with the finer grained material having higher moisture content. 

The water extract nitrate data for depths 80 to 105 ft and 140 to 175 ft seem higher than natural sedi- 
ment, suggesting that the vadose zone in this area may have been impacted by liquid discharges. Sulfate 
is higher than expected in many of the same samples. The cation exchange capacity seems to show a 
positive correlation with particle size distribution as is expected. The mix of divalent and monovalent 
cations is within the range expected for natural sediments. 

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide con- 
taminants. No contamination was found. . 

A gross gamma-ray log, using a sodium iodide detector, and a neutron moisture log were obtained for 
lithologic purposes on September 23,1998. A high resolution, spectral gamma-ray log was obtained on 
September 24,1998, for identification of man-made radionuclides. All geophysical logs were run fiom 
0 to 254 ft bgs. The spectral gamma-ray log identified cesium-137 near the surface (0.5 to 3 it) with a 
maximum activity of 3 pCi/g and cesium-137'at intermittent depths throughout the borehole at activities 
<0.3 pCi/g. No other man-made radionuclides were identified. All geophysical logs are in Appendix C .  

2.2 Well Completion 

The permanent casing and screen were installed in well 299-E33-44 during September 1998. A 4-in.- 
inner-diameter, stainless steel, wire wrap (0.01 in. slot) screen was set from 253.0 to 238.0 ft bgs. The 
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permanent casing is 4-in.-inner-diameter stainless steel fiom 238.0 ft bgs to 1.94 ft above ground surface. 
Centralizers were placed above and below the screen and every 40 f t  fiom the screen to the surface. The 
bottom of the screen has a 4-in. end cap. 

The sand pack is 20 to 40 mesh silica sand from 253.9 to 227.2 ft bgs. The annular seal is 0.25 in. 
bentonite pellets fiom 227.2 to 199 ft bgs, medium bentonite chunks fiom 199 to 9.8 f t  bgs, and Portland 
cement from 9.8 R to the surface. A 4 ft by 4 ft by 6 in. concrete pad was placed around the well at the 
surface. A protective casing with locking cap, four protective steel posts, an a brass marker stamped with 
the well number were set into the concrete pad. The Well Construction Summary Report and the Well 
Summary Sheet (as-built) are in Appendix A. 

The vertical and horizontal coordinates of the well were surveyed in December 1998. The horizontal 
position of the well was determined by Global Positioning System observations referenced to horizontal 
control stations established by the U.S. Army Corps of Engineers. The coordinates are Washington 
Coordinate System, South Zone, NAD83/91 datum. Vertical datum is NAVD 1988 and is based on 
existing bench marks established by the U.S. Army Corps of Engineers. Survey data are included in 
Table 1. 

Table 1. Survey Data for Well 299-E33-44 

299-E33-44 

2.3 Well Development and Pump Installation 

Well 299-E33-44 was developed on October 1,1988. A 2 hp Grundfos pump was used to remove 
about 300 gal of formation water from the well at 4 gaVmin. The final turbidity was 3.23 NTU. 

A dedicated Hydrostar sampling pump was installed in well 299-E33-44 on October 17,1998. The 
sampling pump intake is at 25 1.4 ft depth relative to the brass cap (see Table 1). 
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Appendix B 

Physical and Chemical Properties Data 

This Appendix includes the results of laboratory testing for pH, conductivity, particle size distri- 
bution, moisture content, total inorganic carbon, and major cations and anions fiom 1:l water:sediment 
extractions. 

Moisture content was measured as weight loss d e r  drying an aliquot of the bulk sample at 105'C for 
24 h or until weight was constant for two consecutive measurements. 

Total inorganic carbon was measured from an air-dried aliquot of the <2 mm hction. The sample 
was combusted in a total carbon analyzer at 975°C and the weight of evolved carbon dioxide was deter- 
mined and converted to calcium carbonate equivalent. Reagent grade calcium carbonate was used as a 
standard. Instrument precision was *3 weight percent based on replicate measurements of reagent grade 
calcium carbonate. . 

Exchangeable cations were determined by inductively coupled plasma analysis (ICP) after exchange 
with an ammonium acetate solution. Twenty grams of air dried sediment were mixed with 50 mL of 1 M 
ammonium acetate for 16 hours. Electrical conductivity, pH, and major cations and anions were deter- 
mined fiom a 1: 1 waterxediment extract. The concentrations of major cations were measured with ICP, 
anions were determined by ion chromatography (IC), and alkalinity was measured by titration. Electrical 
conductivity and pH were determined from unfiltered aliquots and cations and anions from aliquots of 
solution filtered through 0.45 pm membranes. 

Particle size analysis was done using standard sieve techniques. Samples were oven dried at 105OC 
for 24 h (or until weight was constant for two consecutive measurements) prior to analysis. 
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Table B.l. Moisture Content, pH, and Electrical Conductivity of Samples from Well 299-W33-4 
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Table B.2. Particle Size Distribution Data for Samples fkom Well 299-E33-44 
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Table B.2. (contd) 
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Well 299-E33-44 
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Table B3.  (contd) 
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Table B.4. Cation Exchange Capacity and CaCO3 Content of Sediment 
Samples from Well 299-E334 
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Appendix C 

Geophysical Logs. 

This appendix contains the high purity, germanium spectral gamma-ray log; the sodium iodide 
spectral gamma-ray log (with units pCi/g); the sodium iodide spectral gamma-ray log (with units counts/ 
second); and the neutron moisture log. All logs were run by Waste Management Federal Services, Inc., 
Northwest and log data analyses completed by Three Rivers Scientific Company. Included with each log 
are a Log Header sheet, Acceptance QA Processing data, and a Log Analysis Summary Report. In addi- 
tion, a description of the method used to convert the pCi/g values fiom the sodium iodide log to counts 
per second values is included in this appendix. 
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RLS Spectral Gamma-Ray Borehole Survey 
Waste Management Federal Services NW 

.Log Header 
. .  

Project: RCFA Drilling - 1998 Well: 299 - E33 -44 
Log Type: HPGe Spectral Gamma-Ray 

Borehole Information 
WellID B8554 WaterDepth 239.5 
Elevation Reference No Data Elevation d a  ft 
Depth Reference Ground Surface Casing Stickup 3.65 ft 
Casing Diameter xi Depth Interval 0 to 257.7 A Thichess 0.50 in 
Casing Diameter i n  Depth Interval ft Thichess in 

Total Depth 23’4.1 .ft 

Analysis Information . 

Company . Three Rivers Sc’ientific 
Analyst Randall Price 
Date . . Sept 30,1998 

Notes Cs-137 was identified near’the surfa&’(O.5 to 3.0 ft) with a maximum concentration of 3 pCVg and at 
intermittent locations (less than 0.3 ~Ci/g) to the bottom ofthe well. No other man made radionuclides 

. were detected. 

Logging lnformation . 

Log Type: 
.Company 
Datekchive File.Name Sept 24,1998 EEE33044 
Logsing Engineers A.Pearson 
Instrument Series RLSG3.1 . 

Depth Interval 0 to 180 f t  PrefixB217 
177 to 253.5 ft PrefxB218 
253 to 225 ft  

Instrument Calibration Date Sep 11,1998 
Calibration Report WHC-SD-EN-TI-292, Rev. 0 

HPGe Spectra1 Gamma Ray . 
Waste Management Federal Services NlY 

Logging Unit . €us2 

Prefur B218 (repeat) 
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RLS Spectral Gamma Ray Borehole Survey 
Waste Management Federal Services. NW 

120' 

Project:. .RCW Drilling - 4998 .. Log Dater Sept. 24,1998. 
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. RLS Spectral Gamma Ray Borehole Survey . 
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RLS Spectral Gamma-Ray Borehole Survey 
Waste Management Federal Services NW 

. .  
. . .  Project: -RCW Drilling - j998 . Log Date: Sept. 24, 1998' 

Borehole: 299-E33-44 (88554) Man-Made Radio-Isotopes of Concern 
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RLS Spectral Gamma-Ray Borehole Survey 
Waste Management Federal Services NW 

'reject: RCRA Drilling - 1998 Log'Date: Sept. 24 , 1998 
Borehole: 299-E3344 (B8554) Man-Made Radio-Isotopes of Concern 
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RLS Spectral Gamma-Ray Borehole Survey 
Waste Management' Federal Services NW 

Project: RCRA Drilling - 1998 Log .Date: Sept. 24 , 1998 
Borehole: 299-E33-44 (B8554) Man-Made Radio-Isotopes of Concern 
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RLS Spectral Gamma Ray Borehole Survey 
Waste Management Federal Services NW 
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RLS Spectral Gamma Ray Borehole Survey 
Waste Management Federal Services NW 

. Project: . RCRA'Drilling - 1998. - .Log Date: . .  . Sept. 24, 1998 
Borehole: 299-E33-44' (B8554) . Natural Radionuclides & Cs-137. . 
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RLS Spectral .Gamma Ray Borehofe Survey 
Waste Management Federal Services NW 

Project: RCRA Drilling - 1998 Log Date: . -  . Sept. 24, '1998 
Borehole:' 299-E33-44 (B8554) Natural Radionuclides & Cs437 . 
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RLS Spectral Gamma-Ray Borehole Survey 
Acceptance QA Processing 

Project: RCRA Drilling - 1998 
Borehole: 299-E334 (B8554) 
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RLS Spectra) Gamma-Ray Borehole Furvey 
Waste Management Federal Services NW 

. . Log Analysb SumGary ‘Report.. 
.. . . 5 . 

Project: RCRA DrilIkg - 1998 
Log Type: HPGe Spectral Gamma-Ray 

Well ID: 
. Log Dates: 

299-E33-44 
Sept 24,1998 

General Notes: 
Totid gamma 
fiction of formation lithology below 4 feet 

The system dead-&e l i t  was not exceeded (less than 5%) for the borehole swey.  

System Performance Verify: The pre- and’post-~og verification was performed using Coleman #2 mantle, and 
passed the equipment performance check maxi&n FWHM for the 583 keV gamma ray photo peak for both 
survey dates was 2.20 keV.- The maximum acceptable F W H M  resolution is 3.10 keV for probe RLSG3.1 on the 
log dates. 

Repeat Interval: The repeat intervd, 225 to 253 4 a p e s  with the maip log within acceptable l*its, refer to the 
Acceptance QA Processing pIot 

Environmental Corrections: The K W  a d  man made radionucIide concentrations have been corrected for casks 
attenuation (entire well) and water inside the casing (below 239.5 fi) for a centraked detector configuration. KO 
Casing correction was applied to the total gamma due to Compton downscatter interference. 

a response to man made gamma-my emitters and formation lithology fkom surface to 4 feet, and a 

Radionuclides: 
Cs-137 was identified near the surface (05 to 3.0.R) with a m&mum concentration of 2 pClg at 2 feet and at- 
intermittent locah’ons (less than 0.3 pcyg at depths greater than 10 ft) to the bottom of the Well. N O  Ofher 
made radionuclides detected. 
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Project: 

Log Type: 

RLS Spe'ctral Gamma Ray Borehole Survey 
Waste Management Federal Services NW 

Log Header 

RCRA Drilling 

Nal Spectral Gamma Ray 

Well: 299-E334 

DepthReferene Ground Level W i g  Stickup 3.65 % 

CasingDiameter -inID 
CasingDiameter LinID Depth Interval 0 to 254.1 % Thiclcness 0.5 in 

Loaaina Information 
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RLS Nal KUT Processed Data. 
Waste Management Federal Services NW. 

Project: RCRA Drilling 
B.orehoIe: 299-E3'3-44 . . 

Log Date : Sep 23,1998 
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'RLS NaI KUT Processed Data 
Waste Management Federal Services Nw 

Project: RCRA Drilling 
Borehole: 299-E33-44. 
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RLS Nal KUT Processed Data . 
Waste Management Federal Services N W  

Project: RCRA Drilling . 
Borehole: .: 299-E3344 . 

Log Date : Sep 23,1998 
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RLS Spectral Gamma Ray Borehole Survey 
Acceptance QA Processing 

ProJect: . RCRS Drilling . Log Date: SEp 23,1998 
Borehole: 299?E33-44 Compare Main Log and Repeat 

. .  . .  

'Nal Gross Gamma (ds) 
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Spectral Gamma Ray Borehoie Survey 
Waste Management Federal Services N W  

. . ’. Log Analysis Summary’Report .. . ‘ 

Project: .RCXADrilling 
Log Type: NaI Spectral GammaRay 

WellID: 299-E33-44 
Log Dates: Sep 2 3 , i m  

BasicResponse: 

Total gamma is, in general, a response offormation Ethology, except for the near surface peak at 2 feet Cs-137 
is identikd with the HPGe logging in the peak at 2 feet The NaI detector logging e is only. 
calibrated for the natural radionuclides and not man-made radionuclides. 

The potassium, uranium and thorium concentdons are normal forHanford formations. 

Repeathtewak 

The repeat interval, 228 to 252 feet, agrees with the main log within acceptable limits ( d e r  to t$c Acce@nse . QAPmesingplot). 

Environmental Correctionsi 

The concentrations have been for casing attenuation over the entire welt NO casing correction 
was applied to the total gamma due to Compton dovmcatk interference. Water correction was applied over the 
intervals where water k present in the borehole. 
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RLS Spectral Gamma Ray Borehole Survey 
Waste Management Federal Services NW 

Log Header 

Project: RCRA Drilling Well: 299-E33-44 

Log Type: Nal Spectral Gamma Ray 

Bore hole Information - 
Well ID B8554 WaterDepth 239.5 fi TotalDepth 254.1 ft 
Elevation Reference Elevation UN ft 
Depth Reference Ground Level Casing Stickup 3.65 ft . 
CasingDiameter LinID Depth Interval 0 to 254.1 ft Thickness 0.5 in 
CaSingDiauleter -inID Depth Interval ft Thickness in. 

Logging Information 

Analvsis Information 
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RLS NaI Special Processed Data 
Waste Management Federal Services NW 

. Log Date : Sep 23,1998 
KUT Processed for Coun€s!Second 

Project: RCRA Drilling 
Borehole: 2994533-44 . ... . 

. .  . .  
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: RLS Nai Special Processed Data. 
.' Waste' Management Federal Services NW 

Project: RCRA Drilling 
Borehole: 299-~33-~ 

Log Date : Sep 23,1998 
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RLS NaI Special Processed Data 
Waste Management Federal Services NW 

Project:. RCRA Drilling 
. .  . Boreho1.e: 299-E33+' . 

Log Date : Sep 23,1998 
KUT Processed for CountsSecqnd. . .  
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RLS Spectral Gamma Way Borehole Survey 
Acceptance QA Processing . 

Project: RCRS .DriIling Log Date: SEp 23,1998 
Borehble: 299-€334 Compare Main Log and Repeat 

Nal Gross Gamma (ds )  
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RLS Spectral Gamma Ray Borehole Survey 
~p eciai CoUnts/S econd Pro casing 

Waste Management Federal Services NW 

Log'Analysis Summary Report .' 

. .. 
. _  . .  

. .  
.. . . 

Project: RCRADrilling Well D: 299-E33-44 
Log Dates: Sep 23,1998 Log Type: NaI Spectral GammaRay 

BasicRaponse: 

Total gamfna is, in general, a response offormation lithology, except for the near surface peak at 2 feet. Cs-137 is 
identified with the HPGe logging system in the peak at 2 feet. Zbe Nd detector loggins system is only calibrated 
for the natural radionuclides and not man-made radionuclides. . .  

The potassium, uranium q d  thorium concentrations are not plotted, but the equilivent count per second 
These count rates hive been casing and water corrected. 

plotted. 

Repeat Interval. 

The repeat interval, 228 to 252 feet, a p e s  with the main log within acceptable limits (refer to the Acceptance QA 
. Processingplot). 

Environmental Corrections; 

The KUT count rates have been corrected for casing attenuation over the entire well. NO Casing correction was 
applie to the total gamma due to Compton downscatter interference. Water correction pms apptied to the 
count rates over the intervals where water is present in the borehole. 

There is no reIative difference between the units of count rates and concentrations. This faa is due to the s d g  
factor relationship between-the casing wkected count rates and the conce&ons. The scales for the I(uT plots 
. have been adjusted to prdduce an ~ c t  overlay of the two sets of plots. The scales are q*e .  . 

* K: 6-433ds 
U: 0-11.3cls 
Th: 0-7.94 ds 
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Wground  - _  

Methoaoiogy for Deriving KUT Net Count Rates for NaI Spectral Data 
J Ru&eIpandatI,PhD 

Decem& 14,1998 

. -  

&I spectral data collected by Waste Management ~ ~ & w e s t  (WhbTW) is presently processed 
to produce K, U, .& Th.concentmions. The &%ration1  produce^ a set of coefficienh that are 
used to convert the count rate observed in selected 
concentrations. This 3 by 3 mzh-k of coefficients does not produce the net effedve K, U, lk ?p 
count rates. 

windows to the K, U, 22 Th 

A 
logging data In order to meet this request, a different c&%ration tecKque is required, and then 
application of resuliing coefficients to the log data: yields net couut rates. This document provides 
the description of the methodology used to derive the coefficients that can be applied to log data 
in order to generate the net count rates for K, U, & Th as a function of depth. 

was made to produce cokt rates for each of t6e radionuclides K, U, & Ih fiom NaT 

Basic Spectral Response 

The detected signal for N d  loeging data is observed events as-a function of the energy of the 
pulse event detected. Figure 1 contains a representative spectra fiom the K model and the U 

Summed Spectra From SBK Model 

. K  
Totll 

100xl0Q - 

10x10Q t 
0 500 .IO00 1500 

Energy (keV) 

L 
2ooo 2500 3000 

Figure 1. Summed spectra from the K calibration model FFith'a scaled spectra from the 
SBA model, with notation ofthe energy windows used. 
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model at the Hanford site. The inherent energy resolution of the NaI Gstd becomes an issue 
vhen there arc either multiple radionucli& or any given radionuclide has multiple photo peaks 
fiOm several gamma rays. Both natural U, and thorium, Th, have many photo P& 
tfiat are not clearly resolved   ow ever, &ae are analysis techniques that can be applied to 
deconvolve the response of K, XJ, & 16 gamma rays fiom aminimum of three observed cowit. 
rates from three energy Windows (ref& to for &e prinaoivs used by W-W @Y& . 
procedures). . . 

COGder the energy window labeled K-Total. This energy window covers a l l  the Observed 
gamma events betyeen 1320 and 1575 kev- Any observed gamma event recorded in this 
window can be fiom one of the foxowidg: 

1. Kphotopeak 
2. K Compton (on the lower portion of the window) 
3. Uphotopea?~ 
4. UCompton 
5. Thphotopeaks 
6. ThCompton 

. 

All of these 6 sources of observed gamma  ray^ can be lumped into three terms; all event caused 
by the presence of K, all events cased by the presence of V, and likewise, Th 
by K is defined as the net K count rate component of the esents recorded in the total window. All 
events observed in the window due to the presence of K is proportional io the K cuncen*ons, 

K =  .Cnet Eq.1 . 

where; K is the potasium concentration in pci/g a x  is a calrbration coefficient, and &-is the 
net count rate in the K-total window tint is due to the presence of K. On the basis of the above 
discussion for the sources of the recordzd events, the net countrate fiom K  an be d e m h d  by 
the following: 

events 

K . K  

m. 2 
where, CK is the total observed count rate in tfte K-total window, U is the d m  concentration 
i.p the formdon, am is a calibration coefjiicient to be det&ed, T is the Th concentration in the 
formation, ai is a CaJil'bration coefficient to be dete&ed. Sub+tution of this expression into 
the previous renilts in: 

m. 3 

Therefore, the above equation has three &owns and can be solved usbg aminimrlm of three 
'measurementi. The data collected in the SBK, SBA, and SBT models were used to Solve for 
these thee coefficients. - 
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SBK 53.5 1.16 0.11 
SBA 11. 63.0b 0.66= 

, SBT . 10.63 . 10.02 . 58.11 

The SBU model has more rigorously &&led mncentiations of all components over the SBA 
model, but the detector exceed the high count rate Limit for the SBU model. The Nd 
designed to be very large and therefore sensitive in order to obtain the most lithologic information 
with the lowest cost of Ioggbg. Likewise, the SBM model exceeds the high count rate limitation 
for this instrument 

is 

Model 

Calibration data were collected in thethree models, SBT, SBK, and SBA Ea'chmodel used 
to iecord ten spectra of 300 seconds each. Table 2 contains the average total count rate observed 
for dch of the selected energy windows used in the KUTprocessing. Also included in table 2 
are the energy ranges for each of the processing dvindows. 
Table 2. Observed average count rates in' the  energy windows 

K-40 (pCi/g) U (Ra-226) (pCilg) Thorim ( ~ C i k )  

Appendix A contains the details of the &d&om'for the coeffidienk The only coefficients of 
a w l i d o n  are the coefficients of eq. 1 for each of the radionuclides, K, U, & ?.h. Table 3 
contains the resulting values as determined from &e diiration data and simultaneous s01utions. 
TabIe 3. Resulting conversion ckficients for the effective net count rates 

. ' 

Radionuclide I Calibration Factor (pCi/g)/(c/s) 
IC40 I 0.692 

uraniura(Ra-226) I 0.176 
I . .  T h O r i n m  0.252 - 

Verification 

It is possible to arrive at an independent &ate for &e K net count rate Since this radionuclide . 
has only one eqitted gamma ray. This fact can be used to derive the net photo peak count rate by 
S h g  a gaussian to observed spectra This estimate will be somewhat less than the value derived 

C.28 



and listed table 3, since only the photo peak net count rate can be measured Usiog this 
technique, and the derived coefficients are a result of photo peak intensiw and ComPton 
background intensity due to the presence of K. . 

. 
. 

A gawsiim plus linear background fit was performed for &e K-model &ed spectra for the . 
, do*t 1461 keV gamrparay, ref& to fig 1. Append&B containsthe de&+ ofthis peak ._ 

fitting calcdation. The rd t iug  count rate for 'thisphoto pe& intensiry &ve background is . 
652 ds. This count rate is 14% lower than fiat derived on &e basis of the coefficient listed 
table 3. As can be Seen in fig 1, some ofthe count recorded in the K-total window are due to both 
K-40 and its Compton down scatter. Tbus the 14% lower figure for just the photo peak is . . 
reasonable and substantiates the total "net" count rates that can be arrived at by using the 
coefficients in table 3. 

Results 

The methods have been descnied covai~g the derivation of the scaling h to r s  that relate the net 
effective Count rates for K, U, & Th from the elemental concentrations. This derivation h'as been 
Verified using apeak fitting for the single photo peak of K-40 in the SBK cdiimtion model. . . 

The application ofthis derivation to the production of log plots in "net" effecive KUT count rates 
is then straight forward. If the normal log analysis has been performed, then the e~ementd ' 
concentrations have been casingkdor water level corrected andthe count rates are &ply a 
result of scaling the concentrations by division ofthe coefficients listed in table 3. Note ifthe 
normal-log analysis has not been performe4 then apply this normal analysis and then proceed 
with the scaling to produke the net effective count rates. It must be pointed out that since the 
scaling factor is a constant then there is no relative difference between the elemental . 
concentrations and the net effective count rates. 

. 

' 
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Appendix A Compu&ons for Coefficients 

finding coefficient forTh covemion from count ratesdo concentration ... 

. . .  kt? -05 . . 
58 . aTr- 

.. 
'Gm . 232 ' aT= I 

58.11=aT231.7 - b10.02 
0.66-aT.11.44 - kt-63.0 

SBT model 
SBA model 

k g r = -  
a gr= I . .  Check of solutions 8.231.7- a.BT.10.02. # . 

a11.44 - k63.0- I 

AtemateGuse other two models 

kt:. -05 
58 aT a - 
232 

ctna 
aT= I 

58.11=aT.231.7 - k.10.02 SBT model 
SBK model 

a =  I @ciig)l(ds) k= I 

k p=- 
a . check OF solutions 

Only difference from 0.252 to 0.25: 
a231.7 - aP10.02 = i 
r.637 - k.1.16 = I 

Process for U coefficient 
U=au*Gu - kl 'K - k27 
au Z= - kl s -01 k2r5 au= I 

for each model 
63 

361 
GiYal 

63.0-n~.3613 - k2e.66 SBA model 
10.02-aw563.4 - k2.58.11 SBT model ' 

an-' ' I 

a =  I 

Checking 
a3613 - de.66 = I 

a.563.4 - d.58.11= I 

~6.9.8 - de.11 = I 
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memate solution for other set of twp models 
Given 

63.0=-3613 - k 2 s . 6 6  

1.16=~698 - k2..11 

a =  0.175 
' Che'cking 

a3613 - de.66 = 63 

13463.4 - d.58.11~ 64.722 
a698 - de.11. 1.16 

Process for K coefficient . 

K=ak'Gk - kl'U - k27 

SBArnodeJ 
SBK model 

- .  

d =  0.587 

Difference is acceptable, (.lTI to -175) 

for each model 

k.2-2 ak= 0.128 . 

SBAmodel. . 11-A.335.9 - kl-63.0 - kZ.66 

10.63=&*2972 - kl-10.02 - B.58.11 SBT model 

535ak.8358 - kl.1.16 - k2-.ll . SBK model 

a =  0.692 C = 3.487 d =  2756 
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Appendix B Calculations for peak and background fitting' 

K spectral stripping ... . 

as- l7O0 . b=11000. 
-250 

I 

(y- 1463)2-I. 

6s' 11700.e 3100 + a.en%i b 

1575 11320 I -@- 1463)' 

11700.e 3100 

1.152*1O6 = 65z5 
5.97.295.8.10 

.. 

dE = 1.152-10' 

1700 

Versus the 62.4 ds from GammaVision 

When I fit the exponential only the total curve, I get 14% higher count rate due mostly 1. 
the Compton background on the low energy side. Thus the true stripped net is low by i ' 

least 4 5% from the K contfibuiion in the energy dndow used. 

C.32 



Project: 

RLS Moisture Borehole Survey 
Waste Management Federal Sewices NW 

Log Header 

RCRA Drilling Well: 299-E334 

Log Type: Moisture 
Borehole lnformation 

E l d o n  Reference Elevation UN % 
DepthRdkrence Ground Casingstickup 3.65 ft 
CasingDiameter 8.oinID Depth Interval 0 to 254.1 % T h i h e s s  0.500 in 
CasingDiameter - inID DepthInterval ft ThiCkIleSS in 

Loaaina lnformation 
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RLS Moisture Processed Log Data. 
Waste Management Federal Sewices NW 

Project: RCRA Drilling 
Borehole: 299-E33-44 
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: RLS Moisture Processed Log Data 
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Project: RCRA Drilling 
. .Borehole: 299-E33-44 
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Acceptance QA Processing 
Log Date: Sep 23,1998 

Compare Main Log and Repeat 
Project: RCRA Drilling 
Borehole: 299-E3344 
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RLS Moisture Borehole Survey 
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Log Analysis Summary Report . .  

Well ID: 299433344 Project: RCRADrilling . _  

Log Type: 'Moisture LogDates: . Sep 23,1998 

General Notes: 
At these low values for the earth surround the bo&&, other parameters such as void space and formation 
d e I l s i t y a f E - e c t t b e ~  readings more thanmoisture, since so little moisture is present. There aretm elevated 
moisture zones at 164 and 172 feet. Also, the very low reading zone at 207 feet is most like@ the presence a€ a void 

Then does appear a smaU correlation between gross gamma ray @e. lithology) and the moisbm. 

spacebehindihcr=rrinp. 

system Performance ~erificatioi: The pre- and post-log v e d o n  was p f o m e d  using instnunent canier. .me 
pn-log reading is 4% lower than the post-log reading, well within tolerance. 

Repeat Intern& The repeat bterval, 160 to 180 feet, agrees ~5th the main log within -table limits (refer-to the 
Acceptance QAprocessingplot). . .  

applied 
Environmental Cortections: The casing thibw, a d o n  has been applied. A dendty correction was not 

The borehole diameter is a nominal 9 inch value and there is no &%ration for this diameter. However, at these low 
moisture values, an extrapolation would not yield any si@cant chge.  

. .  
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