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ADDENDUM 

This addendum to the Final Work Plan for Western Dog Pens, Background, and Of-Site 
Investigations (Weiss Associates, 1997) (the Work Plan) addresses additional shallow soil sampling 
and Cesium-137 (Cs-137) analysis along the Old Davis Road drainage ditch in the vicinity of the 
Radium Leach System (Figure 1). This additional sampling is being conducted because Cs-137 was 
detected at levels at or exceeding the lowest Risk-based Action Standard (RBAS) (O.lpCi/g) in 
eight of the nine surface samples collected during the recent investigations in Areas 1 and 4 (see 
Figure 1) of this drainage ditch. The highest Cs-137 activity detected in these samples was 0.32 
pCi/g in a sample collected in Area 1 near the pipe under Old Davis Road (Figure 1). Details of the 
previous investigations and results in this area are presented in the Final Technical Report: Results 
of Western Dog Pens, Background and Of-Site Investigations (Weiss Associates, 1998). 

On June 1, 1998, a surface gamma radiation survey was conducted in the storm water 
drainage ditch along Old Davis Road using a hand-held scalar instrument (Ludlum 2221) with a 
2 inch by 2 inch sodium-iodide gamma scintillation detector. Prior to conducting the survey, a 
background reading of 503 counts per minute (cpm) was established by taking measurements at four 
of the previous background boring locations. The drainage ditch gamma survey was conducted 
along the lowest point of the ditch in the four areas shown on Figure 1. These four areas were 
defined based on drainage patterns: Area 1 collects run-off from the southwestern part of the LEHR 
site, and the flow direction in the trench is to the north towards the pipe under Old Davis Road; Area 
2 collects run-off from the northwest part of the LEHR site and from UC Davis facilities north of 
LEHR, and the flow direction in the trench is to the south; Area 3 collects run-off from UC Davis 
facilities west and northwest of that area, and the flow direction in the trench is to the south; and, 
Area 4 receives the run-off from Areas 1, 2, and 3, as well as from UC Davis facilities to the west, 
and the flow direction is south to Putah Creek. 

Continuous readings were taken along the entire lengths of these areas, and one-minute 
integrated readings were taken at least every 10 lateral ft. In addition, one-minute integrated 
readings were taken at five of the previous surface soil sampling locations in Area 1, and at locations 
5 ft north and south of each of these previous sampling locations. Gamma readings from this surface 
survey ranged from 370 cpm to 617 cpm, with no apparent pattern to the distribution of the readings. 
Readings at the previous sampling locations and at 5 ft from the previous sampling locations were 
within this same range. Readings for each of the four areas shown on Figure 1 were similar, with 
averages for the four areas ranging from 501 cpm for Area 1 to 552 cpm for Area 4. Based on the 
results of this survey, it appears likely that surface soil Cs-137 activities in the four areas surveyed 
are similar to each other and to the Cs-137 results already obtained for surface soils in Area 1. Given 
the relatively small range of readings throughout these areas, it also appears unlikely that any areas 
of significantly higher Cs-137 activities are present in these four areas. 
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Based on these survey results, surface soil sampling will focus on comparing Cs-137 levels 
in Areas 1, 2 and 3. Area 1 is the area most likely impacted by LEHR activities, Area 2 may be 
impacted by both LEHR and upstream activities, and Area 3 should not be impacted by LEHR 
activities and Cs-137 levels in this area may reflect only global fallout accumulation. Therefore, 
comparing the Cs-137 levels in these three areas should help determine whether the slightly elevated 
levels previously detected in Areas 1 and 4 are the result of impacts from the LEHR site, impacts 
from other local sources, or reflect global fall-out accumulation. Area 4 will not be included in this 
round of surface soil sampling because it receives run-off from Areas 1,2 and 3, so the significance 
of data from this area may be difficult to interpret. 

The Wilcoxon Rank Sum (WRS) Test (EPA, 1992) was used to estimate the number of 
samples needed from each area so that statistically valid comparisons can be made. It was assumed 
that Cs-137 activities in Areas 2 and 3 would be more similar to those in Area 1 than to those at the 
previous background sampling locations; therefore, Area 1 was defined as the reference area for the 
WRS test, and previous data for this area were used in the calculations. The number of samples 
required was calculated so that the Type I and Type I1 errors are 0.2 or less and the delta between 
means is 30% or less. 

Based on these assumptions and parameters, 8 additional samples will need to be collected in 
Area 1 and 12 samples each will need to be collected from Areas 2 and 3. Sample locations in each 
of these three areas will be determined by stretching a measuring tape along the deepest part of the 
trench and sampling at locations along the tape determined by a random number generator (see Table 
1). In addition, 3 samples will be collected in Area 1 at previous sampling locations B-1, A-5 and A- 
l l .  Field duplicate samples from approximately 20% or 7 of these 35 sample locations will also be 
collected and analyzed. 

In addition, 5 surface soil samples (4 primary and 1 field duplicate) will be collected from 
the storm water run-off ditch along Old Davis Road north of the railroad tracks and south of 
Interstate 80. Based on visual inspection and input from UC Davis, samples will be collected from 
locations within the storm water run-off ditch that appear to be in similar condition (i.e., similar 
surface soil types and vegetation with no evidence of recent reworking) and receive similar volumes 
of storm water run-off (i.e., similar run-off area with a similar proportion of pavement) as Area 1. 
These samples should provide additional data on Cs-137 levels in storm water ditch soils impacted 
only by global fall-out accumulation. 

All 47 soil samples will be analyzed for Cs-137 at the LEHR site by Pacific Northwest 
National Laboratory (PNNL) using high-resolution gamma-ray spectrometry with a high-purity 
germanium (HPGe) diode and a multi-channel analyzer to obtain a nondestructive radiological 
analysis of a soil sample by passively measuring radioisotope emissions of associated gamma rays. 
The PNNL HPGe system requires approximately 1.5 liters (6 to 8 pounds) of sample per analysis. 
The surface soil samples will be collected in the same manner as those previously collected from the 
drainage trench; i.e., a hand auger with drive sampler will be used to collect the first six inches of 
soil beneath any loose vegetatioddebris. The soil will be packed into a Marinelli beaker as 
described in the procedure in Attachment A prior to being transported to the on-site laboratory. 
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Sample collection is expected to begin on July 1, 1998. Once the sample has been received 
at the on-site laboratory, we anticipate that each sample will require approximately 1.5 hours to 
weigh, run, and document the results. This assumes a counting time of approximately 60 minutes. 
The three samples from previous locations represent the range of Cs-137 activities detected in Area 
1, and will be used to compare the previous GEL results with the on-site HPGe system results and to 
determine the optimum count time to obtain the needed precision and minimum detectable activity 
(assumed to be approximately 0.03 pCi1g for both). If possible, the previously collected samples 
from these locations will be retrieved from GEL and analyzed instead of newly-collected samples 
from the same locations. 

Approximately 30% of the 47 samples will be sent to General Engineering Laboratories 
(GEL) in Charleston, South Carolina, for confirmation analysis. These samples will be analyzed for 
Cs-137 by Gamma Spectrometry, EPA Method 901.1. The detection limit required for the Gamma 
Spectrometry analysis is 0.01 pCi1g. One equipment rinseate sample will also be sent to the off-site 
laboratory for analysis. 

Sample collection, handling, labeling, and data documentation will comply with Standard 
Operating Procedure (SOP) 10.3, Sample Collection, Handling and Data Documentation for Field 
Analysis using Gamma Spectrometer and Beta Scintillation Detector (Attachment A) and with SOPS 
1.1, 3.1, and 15.1 contained in the Work Plan (Weiss Associates, 1997). The on-site HPGe analysis 
will be conducted by PNNL in accordance with their established procedures (Attachment A). 
Quality assurance/quality control and health and safety procedures will be in accordance with those 
presented in Sections 7 and 8 of the Work Plan (Weiss Associates, 1997). Additional health and 
safety procedures will be implemented because of hazards associated with Old Davis Road vehicular 
traffic. These include wearing orange safety vests at all times while working in and around the run- 
off trenches, and using caution when crossing the street. 

The results of all sampling described above will be presented and evaluated in a technical 
memorandum. Based on this evaluation, a course of action will be recommended. If additional 
sampling is recommended, a brief work plan will be prepared and reviewed by the U S .  Department 
of Energy (DOE) and the remedial project managers (RPMs) prior to conducting the work. 

WEISS ASSOCIATES Project Number: 128-4000 



Final Off-Site Cesium-137 Investigation Addendum to Final Work Plan 
For Western Dog Pens, Background, and Off-Site Investigations 
LEHR Environmental Restoration I Waste Management Rev. 0 6130198 
DOE Contract No. DE-AC03-96SF20686 Page 4 of 4 

REFERENCES 

U.S. Environmental Protection Agency (EPA), 1992, Statistical Methods for Evaluating the 
Attainment of Cleanup Standards, Volume 3: Reference-Based Standards for Soil and Solid 
Media, EPA 230-R-94-004, December. 

Weiss Associates, 1997, Final Work Plan for Western Dog Pens, Background and Off-Site 
Investigations at the Laboratory for Energy Related Health Research (LEHR), University of 
California, Davis, California, October 3. 

Weiss Associates, 1998, Final Technical Report: Results of Western Dog Pens, Background and 
Off-Site Investigations at the Laboratory for Energy Related Health Research (LEHR), 
University of California, Davis, California, June. 

WEISS ASSOCIATES Project Number: 128-4000 



Final Off-Site Cesium-137 Investigation Addendum to Final Work Plan 
For Western Dog Pens, Background, and Off-Site Investigations 
LEHR Environmental Restoration / Waste Management Rev. 0 6130198 
DOE Contract No. DE-AC03-96SF20686 

FIGURE 

WEISS ASSOCIATES Project Number: 128-4000 



Draft Off-Site Cesium-137 Investigation Addendum Figures 
LEHR Environmental Restoration / Waste Management Rev. A June 1998 
DOE Contract No. DE-AC03-96SF20686 Page F1 of Fl 

Proposed Cs-137 sampling area 

Surface water flow direction 

Figure 1 .  Proposed Off-Site Cs-137 Sampling Areas, LEHR Site, UC Davis, California Weiss Associates 
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Table 1 Randomly Selected Cs-137 Sampling Locations for Three Areas of Investigation, 
LEHR Site, UC Davis, California 

Investigation Area Distance From Pipe Under 
Old Davis Road 

Area 1 

Area 2 

0 ft S 

14 ft S 

45 ft S 

77 ft S 

94 ft S 

10Oft S 

l l 6 f t  S 

121 f t s  

8 f t N  

17 ft N 

19 f t N  

128 ft N 

l3Oft N 

159 f tN  

190 ft N 

195 ft N 

Investigation Area Distance From Pipe Under 
Old Davis Road 

Area 2 

Area 3 
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SAMPLE COLLECTION, HANDLING AND DATA 
DOCUMENTATION FOR FIELD ANALYSIS 

USING GAMMA SPECTROMETER AND BETA 
SCINTILLATION DETECTOR 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure has been developed for sample preparation, handling, transport, 
and data documentation when using a field gamma spectrometer andlor beta scintillation detector. 

REFERENCES 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 17.1 - Sample Labeling 

SQP 4.2 - Records Management 

PROCEDURE 

Responsibilities 

The Project Task Leader is responsible for ensuring that samples for field analysis using the High 
Priority Germanium Detector (HPGe) and Beta Scint Detector (BSD) are properly collected and the 
sampling event is properly documented in accordance with this procedure. This will be 
accomplished through staff training and by maintaining quality assurance/quality control (QAIQC). 

The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this sampling. If perceived variances occur, the PQAS is also 
responsible for issuing notices of nonconformances and requests for corrective action. 

Field personal assigned to these sampling activities are responsible for completing their tasks 
according to the specifications outlined in this SOP and other appropriate procedures. All staff are 
responsible for reporting deviations from procedures to the Field Coordinator or the PQAS. 

J:U)OE\4000U)3\SQ&OPS\WASOPS\Sop 10-3 .DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 10.3 
LEHR Environmental Restoration I Waste Management Rev. 0 6/98 
DOE Contract No. DE-AC03-96SF20686 Page 2 of 5 

The Laboratory Technician is responsible for analyzing the samples in accordance with the 
established procedures. 

3.2 Sample Preparation and Handling 

Table 1 describes the sample specifications, including required weight, volume, quality and container 
types, needed for each Gamma Spectrometry (GS) using a High Purity Germanium Detector (HPGe) 
and Beta Scint Detector (BSD) analysis. 

Table 1. Sample Specifications for HPGe and BSD Analysis 

Parameter Gamma Spectromety 
Using HPGe Detector 

(Radium-226lCesium-137) 

Beta Scint Detector 
(Strontium-90) 

Sample Container Marinelli Beaker 1 gallon Ziploc Bag 

Sample Volumelweight 1 liter beaker16 pounds 1 gallon bag16 pounds 

Other Requirements No voids in container No objects > %" mesh or organic matter 

3.3 Gamma Spectrometer Sample Preparation 

Procedures that will be followed during sample preparation for the gamma spectrometer analysis are 
presented below. 

0 

0 

0 

0 

0 

Place soil directly in the Marinelli beaker with minimal disturbance to soil; 

Ensure that no voids are present in the beaker; 

Seal the top of the beaker using electrical tape; 

Place sample label on the top cover of the beaker; 

Sample labels shall be in accordance with SOP 17.1 and shall include the Weiss 
Associates (WA) sample ID, sampling time and date, requested analyses, and 
the sampler's initials; 

If appropriate, ensure that the sample container is frisked by the Radiological 
Control Technician (RCT) in accordance with SOP 2.1 if samples are collected 
from within a Controlled Area (CA); and, 

If appropriate, deliver the sample to the "courier" outside of the CA within five 
minutes of collection or hand carry sample within 5 minutes of sample 
collection to gamma spectrometer operator. 
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3.4 Beta Scintillation Detector Sample Preparation 

Procedures that will be followed during sample preparation for the BSD are presented below. 

Place soil to be analyzed in the sifting device with a minimum of %" Mesh 
screen; 

Sift the sample and remove any other visible debris and organic matter; 

Collect the sifted soil sample and place it in a 1 gallon ziploc bag; 

Seal and label the bag; 

Sample labels shall include the WA sample ID, sampling time and date, 
requested analyses, and the sampler's initials; 

If appropriate, ensure that the sample container is frisked by the rad tech if the 
sample was collected from within a controlled area; and 

If appropriate, deliver the sample to the "courier" outside of the CA or hand 
carry the sample to the BSD operator. 

3.5 Sample Transport 

Once the samples have been cleared out of the CA, either the field sampler or a designated courier 
will transport the samples to the Animal Hospital No. 1 (AH-I) where the field analytical instruments 
have been setup. Sample transport from a CA shall follow the procedures described below. 

Place soil samples received from the CA inside a transport container; 

Transport container shall consist of a cooler or other rigid box; 

Each sample received from the CA shall be logged in the Sample Transport Log 
by the courier (sample of the log is attached); 

The sample ID, sample time, delivery time at the laboratory, and the 
transporter's initials shall be included on each Sample Transport Log; 

Upon arrival at the laboratory, samples shall be placed in the pre-designated 
"SAMPLE DROP-OFF" area; and, 

The Laboratory Technician shall be notified by radio 5-10 minutes prior to each 
sample drop-off. 

3.6 Sample Documentation 

Sample documentation will consist of recording the sample ID, sampler ID, field sample location, 
depth, soil type, time and date of sample collection, and resultant concentration as determined from 
the HPGe andlor BSD and are shown on the Gamma Spectrometry and Beta Scintillation Detector 
Sampling and Analysis Log (Attachment 5.1). 
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3.7 Sample Storage/Disposal 

Once the samples have been analyzed, the Laboratory Technician will place the soil samples in their 
original container, seal each container, and place the container in a predetermined "ANALYSIS 
COMPLETE" area. 

Depending on the analytical results of each sample, it will either be temporarily stored or disposed. 
Samples selected for storage will be placed in the "STORAGE AREA." The Construction Engineer 
will determine whether samples need to be stored. 

At the completion of analytic testing, the sample will be returned to its point of origin by a field 
technician, sampler, andlor pre-designated courier. Each sample will be disposed of at its original 
location. The courier will note the fate of each sample on the Sample Transport Log. 

3.8 Analytical Result Documentation 

The Laboratory Technician will submit to the Weiss Associate (WA) Project Task Leader (PTL) or 
field geologist the analytical results at the completion of each day. The Laboratory Technician will 
tabulate analytical results in the Field Screening Analytical Results Form (attached). 

4.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

5.0 ATTACHMENTS 

5.1 Field Screening Sampling and Analysis Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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Attachment 5.1 

Field Screening Sampling and Analysis Form 
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Field Screening Sampling and Analysis Form 
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1. Remove all neotsJary M m p O w  from padded slorqe container: beta #nsor, KP 
m 4 A  DC poaw supply (plus power cord). power suppiy-to-sensor cable, HP 1OOL.X 
palmtop computw, d computer-to-scmr saial cable. 

2. Connect power cord to back of DC power supply and piug into AC outlet (ensure that 
unit u tumcd OFF prior to phg~ing into AC power source). 

3. Connect power cable to strrsor and M= power supply. Scrcw-t~pe bayonet connector 
is attadzed to scnsor (connector orientation is restricted by positioning tabs) and 
power lssds an connected to two RED plugs on DC p w e r  supply (BLACK phg is 
not wed). Ensure that positive (7) Md &e (-) Ieds ue not reversed (if this 
occun inadvertently, the ibIine fiue will blow when DC power supply is t a d  on 
ad mwt be replaced). 

4. Connect pahntop computer to seamor usbg serial c&e (9-pic D-type connector at 
-or, sm& tabbed corinector at computer; rwte propet o r i c ~ a  of the latter 
cormsctor). 

5. Batwe that VOLTAGE knob on DC p o w  supply is at minima swhg (full cou t t r -  
cbckwisc position) and CURRENT knob is at amximum sming (full clockwise 
position) before tuning on power. Turn unit on via push button and increase vohge 
slowly by turning VOLTAGE knob c l o c W  until 18 n l t s  are indicated on tbe left 
(voltage) mcm. Cuma should automatically stabilize at 4 amps on right (current) 
mta. Allow electronics to wann up and stabilirr for i5-30 minutes. 

6. &ure palmtop computer has adequate, tmcry rupp!y or connect :o AC power via the 
unit's AGDC converter, If mcesay, ref% to HP 1 WLX urn's guide for details 
regding this unit. Turn on computer, Following warm-up period (see if5 above), the 
system win be ready to initiate mawrremmts. 

Sensor h r a t ~ o q  

1. Following warrp up, initiate individual measurements by typing go and pressing the 
ENTEiR key a! the C:\BETA> prompt. T h i ~  commlnd c a b  up a k c h  f3e (go.batj 
that includes the user=speci&d measurement parameten* and an executable file 
(betaconem). It i s  assunaj at tNs point that the seruor ie c a l i e d  for the so& 
being atdyed (ifnot, nfcr to Sensor C d i i n  section below). 

2. Set up m r  at the location whtn andyscs arc to be perSomrsd. Initihte a location- 
specific backgrowl mwmvtment by typing go and pressing tbe ENTER kry a the 
C:\BETA> prompt. Record resulu (note: rcsulfs will be indicated in units of pCQ, 
which it the detauh tmhg, dbugh aut units sn *counts p a  second"). Repeat 



twke, for a total of three background measurements, and calculate the average of 
these values. Record the average value. 

3. Place an "uncontaminated" soil sample (ie., one that contains 0 pCYg, above 
background, of ths contaminant in question) in a tray directly below the sensor, initiate 
a measurement, and record the results. Initiate rneasuremmts on a series of spiked 
mils (i.e., samples with known quantities of the contaminaDt in question) and record 
results, At h t  four spiked soh, whose concentrations span the anticipated range of 
contamination levels, arc rccormneadcd for a viable calibrarion Using a linear least- 
squares method calculate the slope and intercept m e s  of the resulting linear 
calibration curve, 

4. Modify the batch file (go.bat) by substitutiig the riew values for slope, intercapt, and 
background as d e s c n i  in above note (Sensor Operation section). The sensor is now 
calibrated and r d y  f ir  rnabg measurements on samples with unknown contaminant 
concentrations. 

Sensor Shutdown 

1 .  When counting is complete, turn VOLTAGE knob on DC power supply down (fU 
counter clockwise) and turn unit off via push button 

2. Disconnect all cables and place individual components in padded storage container to 
preclude damage. 

Sample Pre~aration and Handliq 

Samples ofpossibly contaminated soil should be handled as if contaminated until 
proven otherwise. Whrle handhng the sarq?Ies, the operator must wear protecrive 
gloves and a respiratory Wr to prevent ~nhalation of sample dust. Do not handle 
contaminated samples if skin lesions, cuts or open sons could be exposed to the soil 
Use a plastic liner bag in the sample tray to completely collect and enclose tbe sample 
after measurements are complete. Mer cornpletrng the measurements, invert the 
plastic bag and seal the liner opening with tape. 

An adequate sample kr the BetaScint sensor requires suflicimt soil to fin the sample 
tray with an even layer not less than one catheter in thickness and not more than the 
depth of the tray. This may require between ore and three kilograms of sample 
depending on soil type and moisture content. C l q s  of soiI larger than one 
centimeter in diameter should be broken up. Stones or other non-soil particles larger 
tban one centimeter in diameter must be removed. Be particularly carell to remove 
any sharp particks that might puncture the sensor's plastic window covering if it 
comes in contact with the soil. 



3. Excess moisture content in the sample can interfere with accuracy of tbc 
mtasruements. The soil must be dry enough so tbat larger particles can be casw 
broken up with the hgers. A cormaercial household-type soil-moisture tester may be 
used to determine relative moisture content (On a scale of 1 to 4, with 1 representing 
the dry end of the scale, a mwsuremcnt of 1 or 2 is normally su$cicntly dry for good 
results). If the moisture content is too high, spread the Sample in the tray and allow to 
dry as long as necessary befbre r d h g s .  

4. Sample identification must include sufEcient information to uniquely identi@ the 
sample such as place, date, time and namt of person responsible fbr the sampling 
and/or a unique sample number that refers to a log of such information Record the 
sample identification idbnnation, the date and time of testing and the measurement 
results in pCi/g. ;Use record any unusuaI laboratory conditions or other facts related to 
the measurtintnt. 



P h X  TECHNICAL PROCEDURE 

GEA-001-- ASSAY OF RADIUM-226 IN SOIL USIN0 mGH-RESOLTON GAMMA-RAY SPECTROMETRY 

' Thir jxocedure applics to the operation of r Rad~um-226 A m y  Syatem &signed and consauctcd by PNA'L. The PhWL 
Assay System incorporotcr high rcsohtior. gamma-my spccSonetry u s h ~  a germanium diode (HPdc), together wi% 

: integrated computer ~ofhvare, to detMlnine the Radiun-226 content of unprocessed soit. An analpis u e i q  rhe P3TL 
' Assay System is performed by collecting mil k: r I-L Marintlli-type belker (designed to fl t  anugly around the end of the 
I diode), countin@ the soil to detenninc ths lovek of ndioaetive species, and comparing the results tn a count of the 

radionuclide background as mcuwed on uncontaminated soil from h c  site. T h e  saii w not bcrted or dried before counting 
to presctve the secular quilibrurn established id the raw soil betwen Rauium226 and m daughter products, Lead 2 14 
and Bismuth-214. Mew-driven softwuc requircs Operator responees to questions regarding ,oil weight, sample 

' identification, Operator identification, iocation, and other appropriate information. An exarnplc of sofbmc prompts and 
, Operator input we provided. The softwue adjuts pnvioudy detemked effuicncy calibrations to correct for my 
rttenuatang effccts of moisture in the roil. A Library of gmrmray energies is used by the gaxnrna-ray anaiysis SO- to 
generate a report of observcd levels of activity, or upper limib of activity when &e :adionuclide is not observcd. 

I 

, . , c v c m  
! -  .o : the measured relationship of counts recorded by the detection equipment and radiation emncc by 
the source. 

I . . 
' e  w: r shndrrd: radiation critter whose abtolutc rare of emission is known. 

' a  -: a radiation cmittcr used to catab!lh cquipnicnt opcrhbility. me check source is gencraily run bdore and 
after each series of rusays. However, in mutinc counting situtions, die check sourct r e d t a  of &e next day can bc w d  io 
,bracket the vakdity of counts taken the prcviow day rftex the zhcck source had been mu. h e  results of  the control-source 
,check are maintained in a log book. 

:* m: uscd in this procedure to indicate a demmaation of equipment opcrabiiity 

:. ?he Technical Led 
,.' The Opaator 
:. Thc Annlyst 
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PNNL TECHNICAL PROCEDURE 

l 3 e  objective of thc work conducted using this p r o c c h e  is to obtain a noadestructivc radiological analysis af the 
contents of suspect soil 3y passively =rauring radicisotapc emissions of usociated gamma rays, a~ specified by 
Uc client. 

Exhibit 1 providu infamation regarding calibntion and operation of the gamma-ray spectrometer. Othcr rxh~bits 
calibration md operotion or provide a chcck-list for we ir, mining a new operator. 

The client u responsible to: 
provide r suitb!e ruaple of unproccased toil in a timely m e r  
provide a source of reliable clcctrical power ( I  10-V AC, 1 J Amp circuit) 

* specify applicable QA and training requirements 

An analysis may t e  limited to IXI w h t e  of Radium-226 levels based upon the obsenfed nctivity of its daughter 
producr, Lead-214 and Ristouth.21d. A comparison to thc 186-keV gamma ray may be wcd to support claim of 
secular equilibrium or to wun of a break m secular cq;lrlibrium and b c  need for a recount lam on. 

The Operator shall: 
have Qcvnanted training and experience with the operatlcn of gamma-ray specaomacrs 
have demonsaatcd the abi!ity to oporate IBM/fCtype computers 
be qurlifkd by cocumenrcd aa&g to htndIe sealed rzdioactive sources 

+ bc quaMed by documnted trrining to tnacile liquid nitrogen 

A new Opraror shell spcnd a: mnimum of ane day of i n s m c n t  operation with an expmenccd 0pe:ator to 
mure a bnsic understanding of rhc opereaon of rhc PNh'L Radium-225 Assay Sys:em 

The Analyst, who interprets chc results, shdl have a fuactionrl kno-wl6dge of gamna-ray spectoncW 
clthcr; 

through formal college count  work ir: Nuclear Physics or Nwlcsr Chemistry or 
a through a minunam of 2 yean of rclrtcd work expaimc:. 
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PNSL TECHNICAL PROCEDURE 

Principles of ALARA are followed whc3 dealing with any or known rrdiolopical hazard. 

The location for conducthfi Qo radiological assay is sclccted by h c  m. A dry location is required 
b s c u  samc high-vdtqc ekcticol insmmcntotian is used. 

';he portion of the soil assay system wcd f9: ~ & , M J Y ~ A - R A Y  cp3i9u of: 

Refer to Exhibit 1 for a nchematic of the glunm-ray intcrconnectione and a lilt of tlccuonic 
modules, coblss, and denca with acceptable altcmativcs. 

The PNn-built lead cave ir illustrated in Exhibit 2 

Replacement or redesign of the following s y x m  con9onents shall bc wder the supcrvbion or direction of 
the and shall kvolve, at a ruinirnm, a crags cdhratian, u described in Section 4.4.2 
below, to usure that opcratioa of the ayotern is equivaicr.t to operation bcfore t i c  reploccrnent or redesign: 

high-puri? gcrmanium (HPac) specmmcttr and a~so~ia ted  preaaplifier 

lead sample-countmg cave 

gamma-ray &eck sourcc ued for daily cquipnert verification 

gamma-ray calibration standards used to csreblish e5ci:ncy calibration 

clcctronic components such M timer and coumcr NLM modulcs 
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Ph'M. TECHNICAL PROCEDURE 

4.3.4 
I 

Many componentc of the PNXL Radium-226 &say System are not critical to the integrity of thc resultirq 
data, i.e., replacing the component doer ~t nuysitatz recdibratior. of h e  system. Such components 
include (but arc not limited to): 

mechanical con,poncntc such rs trolleys, cofm, a d o r  dollies for maneuvering detectors 

electrical componcau such as elccuicd wiring (i.c., wiring to distribute house powcr as opposed to 
elsctronic wiring), portable hlM bins (euch ds Berkeley Nucleonics Corp. PORTkVIM, Modcl AP-I mG'0r 
Model AP-3), etc, 

coquacr-related components tuch rs scdiUparalle1 interfaces, memory chips, disk dnves, print buffers, 
ctc. 

4.3 -4.1 Calibration 

The PNNL Radium226 Assay Syatcm u caliSnted wing radioactive standardc traceable to NIST. 
The calibration xr perfomcd on o ~ ~ p l e s  of unc0ntan;innted (blank) mi! that arc spilccd with Radium- 
226. 

Details on the NET-traccoblc calibrrtion ~tm&rdr are contained in documents contained h the 
asrociated Pmjcct f i l e8  mintrind by the -. 

43A-2 I a t r m a t  Perfannrnce Vcrificotion (Opabilty Check) 

An operability chcok to verLCy the comet operation of the equipment io pnformcd m c e  each day hs 
part of a sm-cs of u u y e :  oncc befcre any container is cowkd  2nd oncc after a11 coatainerb in a 
serics have been counxd. 

GAMMA-RAYSPECTROMETER: The H?Oc gamma-ray apectromctet is vuified ar oplsrabie by 
counting a thorium check source, r r  described ir. Sectiotw 4,4.2.1-4.4.2.6. If the control ~tandrrd is a 
thorium salt of sufficient age to dernorstmte seculk equilibrium i3 xatior of photopeak areas 
arsociated with the decay of dnughrnr products then no decay correction is applied :o the nc: 
photopcak areas. If the thorium salt is cot in s e d u  equiIibrium, then the appropriate decay 
corrections are to be ap3iied to cfiE resulting net photopeak arczs. .The nsulu of h e  opcrabilify chack 
ihall bc maintained in a log book. 

I A scale or balrncc capable of mcrsurkg weights up to 7 kg with 0.5% uneercainty is accepttble to 

I m e t  spccificatioa, of this procedure. 
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PNNL TECHNICAL PROCEDURE 

The QWAIQB ia responsible for all nepr leading to dats wquisttion, initial dam reduction, data storage on 
, tanspornble magnetic media when appopriatt, and the initial review for data validity before find review by the 

mdJor -A&E& m i b i t  15 provid:s a:: e~arnp!e ;heck-list for training a new optntoz 
in (yrtem set-up and operation, An alternative method no); be used providcd key information [sample ID, cptrator 
ID, sanqde weight, date, time, locatiob] specified in Exhfbit ; 5 is cor.miaed witbin rhc &Iternate method, and 4 a t  thc 
idonnation is iaihl:d/signcd and dated by the This form, or :ts equivalent shall be com?!cted dwmy 
cach day's data collection. 

4.4.1 PMPARATORY: Aaswc rhst liquid nitxogen has been kcpt !JI the lewar for at leas: a dny pnor to the assay. 
M.1 the system is  moved to the work a m ,  wkct a Eite which ir reasonably isolated from other socrces of 
rndiatian and k accessible ro a 15.Amp source of 110-V A.C. elechicai pawei. 

POWER-UP: Apply POWdr tc +be computer, p.intcr, a d  HPGe diode (sloxlly at approximately 130 V per 
second]. 

4.4.2 INSTR UMEhT O P E R A B I  CHECK 

COMPONENTREPLACEMENT (AS NEEDEDj: If changes arc made to any of the components liotcd x 
Section 4.3.3, Spocirl 'Equipcnt, (c.g,, the detector, prealp,  arnplifkr, power vupp!y, etc.) or .f the 
geometry of the source relnbve to the detector is changci, th:n it shall be neceesaty to erorr-cslibrate the oid 
eonuol value to a new control vduc by counting thc chwk source successively for 10 comas The new 
conbol value is the arithmetic average of the 10 countl. 

--RAY- OPERABILITY CEEM: Vc:ify that the equipment ir cperatior~l by 
performing the fonowiag operability check: 

4.4.2.1 CHECKSOURCE PLACEMErIT: With the snout of thc HPOc diode por:tioncd in the lead 
smtpk cave, place h e  Mmel l i  bt&e: ccntruii i  t!e thoria standerd over h e  diode snout 
and shut thc door of the sample cave. 

4.4.2.2 GAINSEE Ester 'QAlX' on the computa keybord to cctivate the ADCASI '?\fCA' 
com;nercial eoftware. Set b c  gain and z u s  (acrgy ca5kation) of 5 e  system to 
1 kcVIchaanel by ad;uting the cenuotds ofthe 238.7- md  91 1.7-keV pe& to withk *2 
h c I s  of 238.7 md 9 1 1.7, respectively. 

4.4.2,3 ZERO ADJUST (OPTlaNAL): If ncccssbr);, adjust kc cnergy-specaum zso US@ the m- 
screw potcr.ciolr.ttn, mnrkcd 'ZERO', cn %e fxcc of the 318A ADCAM . W J L T T C H A ~ ~  

' BUFFER module. If netxrrtwy, adj~et  thc cnergy-spectrum gain winij the coarse a d o :  fkc  
gain controls on the ORTEC 570 or 57: Arr.plificr nodule. The 'UD' dial on the ADCAM 
module is generally preset to limi: gamms-rry counts to channel 40 or above in the apecaun! 
a d  may be adjustcd b ~ r d i n g l y  by the w. 
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PNNL TECHNICAL P R O C E D C .  

4.4.2.4 EFFICIENCY CHECK: With the g a b  of the system set, count the check saurce witb 8 preset 
live drne of 600 3 wing the following sdng of kcyatrukcb: 

When the count hoe &ded mter the fcllowing string of keystrokes to sovc the spectrum and 
to act the ngiw of interest prior to entry in the log: 

4.4.2,s LOG EESTRY: Enter into the iog book the nct area  for the ? reported photopeaks, 238-, ;1 I -, 
and 2614-kcV, a dctcrmined by the commercial ADCAM 'YCA' ~ m r n a c i a l  softwue ushe 
the steps described in Secfon 4 4.2.4 above. The ne: ucss  are used to detmnine the 
operability of the HPOt gamma-ray spectrometer. Thc log book is mainuimd as a rccord of 
the equipment operability 

4.4.2.6 DEVUTIONS: Two (2) of the 3 nct photopeak ucas must be within 3% of the control values 
for the ~~t to bc considered opab!c, ?'he ir allowcd to perform 1 ' 
ncount of the thoria check source if the 2-of-3 net-area criteria is not met on the fust count. 
If the recount hdicrtcs tha: ;he I c s m t n t  is not operating canectly, then the Q E R A T a  
hall  attempt to r r c c ~ i  the cause mc! to remedy the situation. Thc instrumcnunion BhrU be 
rimed to prcpdoperating s~ecifications before any wrstc container is assayed. Subsequent 
recount8 of thc check source should be performed M c e  to verify imtrummt perfomunce. 
Tbs client :hall be notiikd of acy instrument deviation if the count perfarmed subrequent !o 
arsaying work indicates hq Q: instnzpent k not operating properly. Tbe c a w  of my 
equipment-rclsted problerr~ s&U be recorded in the log book. 

4 4.5 i&UU&AY COUNT QESQIL w: This section provides thc specifics for equiprnenr set-up, aad 
actios r e q w d ,  to perform CAMMA-RQ Y ANAL YSIS. 

4.42.1 POSITIONSIWLE I~ . 'SIDE'OAM~A-R~ Y DZTECTOR SAMPLE CHAMBER : O ~ Q  the d m  of 
the amplc chamber and p o s i t h  the Marinelli-type beaker coataii!tg 'he roil s q l e  over the snout 
of thc ga.pmo-ray spectrometer. Close the door of the lead sample chamber. 

4.4.5.2 BEQIN GAMMA-RAY DATA ACQUISITION Invoke thc rcquisxion code by r p u q  'SARREL' 
(which ir the n a m  of the brrch file that scam the contralhg ssfhvuc) at the computer prompt. 
Ancwer the softwarc aenu questions as required. A aamplc sofwarc scssidn is illustrated in 
Exhibit 7. Asrure that 'BKG' appcars in 'SAVPLE Idendfi:at13n Text' wher. prompted by 'ID:' to 
cstablish the count u spurn background. Count the empty MarineUi-type bcaker for 1000 seconds. 
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PNNL TECHNICAL PROCEDURE I 
1.4.5.3 CILIBRATION COUW If the system has been prev;ously calibrated uaing the Radium-226-spiked 

soil standads, then pmceed wlth thc instructions of section 4.4.3.4. 

Assure that the atuvford wed for the fliciency calibration is ~ositionod properly o w  the diode 
snout within the I+ cave. Pnfonn an cficiency calibratio:! uiug the stcp below that conesponds 
to the approprirte titugtian: 

G M A - A . 4  Y CAWBRATION OF BLANK SOIL REFEREACE; Position the blank 
ulibmcon standard o v a  the snout of the HPGe g m r - r a y  detector, Count t ! e  standard with 
Qe gunnu-ray dcttctor for a minimum of 1000 e or longer, ra determined by the 

gufficient to establsh good co'unting statistics, t y p i d y  tc provide an 
uncertainty on t5e overall activity level at -40% for activity !evcls under I0 pCi'g whcn ia 
equilibrium with h e  daughter products. 

GAMMA -l?A Y CALJBRA nON OF CALlBRATION SOURCES: Position the calibration 
rtandard over the moot of the HPGe gamma-ray detector, Count the standard with the 
g~mma-ray detector for a minimum of 1OCO s or longer, as determined'jy the TECHNICAL 
Lpgg auffkimt to sstabllh good counting rtstistics,  typical!^ to provide aa uncertainty on 
thc ovemll activity level at ~ 5 %  for the 20 pCilg source and <lo% for the other sourca. 

GAMMA-R( Y W B R A  TI0.V CONFIRMA TTON Plot or graph the observcd activity icvels 
a e  for two daughters, Pb-2 24 and Bi-214, vasw the known cdibrarion atandard ncrivity 
!evels to wnfm that the efficiency cutves ued by thc softwucr are'vslid . Contact thc 
TECHNlCU LEAD in the went that t!!~ calibration results do not appear linear with a 140- 
I M o  of reported activity YS, known activity. 

VTINE SOIL COLrNtlNG USIN0 QAMMA-R4YSPECTROMBTRY; Assurc !hat a beaker of soii 
has been collected, lightly tamped d o m  to remw: air pockets, sealed with a l;d, weighed, and 
hened over t!e snout of the HPGe garma-ray counting diode. 

L.4.5.4.1 GAMMA-R.4 Y DATA ACQUISlflCW:. hwer thc soilware mcnu questio~u ac requircd 
providing such dormrrion at oanple weigh:, sample identification nuaber, SlEMIQB 
identificrtioa, locrtion, etc. A sample so-%are rersion i s  ~Ilusaated in Exhibit 7. Asur t  ths  
'BKO' docs no: appear in the 'SA!!LE Idcn5flca:ion Text' when ~ r o n ~ t e d  by 'ID:'. Acquire 
prmma-ray data for a minunurn of 300 s Zr  longer, based on t , e  m s  estlmaticn 
and my other available information. 

4.4 5.4.2 S- b e  re~ultr of the gamma-ray anaiysis cf data by reporting h z  activity f0ur.c for 
the Ra-226, Pb-214, and Bi-2!4. Indude thc reported uncertaintici. 

Asrry subsequent soil sample$ u ~pecified in 4.4.5.4. 

4.4.6 Review the hardcopy record of thc &la at the cornpktion of each assay for my obvious errors or problcrns 
1f eorrectiom or modifications are requircd, ths ahd! effect &c appro7riate dangee and/or 
recount the smplc,  as deemed necessary by the or m-. Thc OPERATQB 
sh!l  initial any corrections made to h e  hardcopy record. The Q . P E R A a  shall init%.the nrrdcopy record 
and forward all &to to the or for fmrl review. 

4.4.7 The hardcopy ncord of the data thrt is au:omahcsl!y prinred out at th end of each soil w a y  and n floppy- 
dire copy of all data shdl be dclivacd to the =!CAI l&&J sr deeignated - fot review. 
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Sothvuc control is provided fo: in the most rsccnt rcvision of the applicable Quality Asauraace Project Plan.(') All 
Lla collected and procased are rccorded on hard disc and copied to h p p y  disc for archiving. Traceability 
mf'mution and preliminary rtsultc ahail be printed on the hardcopy rccord diseurred in 4.4.6. The signed version 
o f  the hardcopy printout of the conputu entry and ~ ~ a l y s a  S ~ N C I  PI U1c primary field documcntatioa Secondary 
or support documcntltion include the log book and dam recorded on magcctic media. Secondary dccmwtation is 
not provided to the client unlecc requested or specified. Sufficvnt raw dam uc on the floppy disc for subsequcnt 
rearulysis of nll dau. Fcr record keeplag purposu, the k d c a p y  ourput ia coneidtred the record copy md is 
delivered to the curtoner for sbragc and controI., 

All data shall be acquired MCI all calCul0tio;lcl sbd be pe r fomd by soRwueM thrt is under c o n f i p n o n  
management, with the exception of land conections which shall b~ initialed md dated by the OPEBATOR, 
AhhLXSL or TECITM.CP.UEA3.. T h e  gamma-ray specmi shall be dccocvoluted using the 'RAYGLN3) code 
and levels of ndiobotopes rhdl be computed by thc 'RAYGL'N' code. Bfffcicncy a w e s  shsIl be based on 
mearwmrntr obtained using tht calibration source placed in the ponion(r) specified in Suctions 4 , 4 5 3  and 
4.4.6,3. 

The or aNArYST dctcrrnines the .eceprability of the resulting data bued on the systcm 
operability and the sppmpriateners of h! &to for uhcving wrim client apccificadom. The client spcc1ficat:on is 
vical:y for ndiologicd data i? scpport of meeting applicable soid.warte iispoed 

All datl shall be revicwcd by the or desiprted prior to releasc to h e  client; 8s 
u;dicared by the -8 or -s rigcat~re and date anached to the ~UIIUXUI~  of data which 
shall acccmpany the hardcopy reccrd seat to the client. 

I 
i1) 'P.\Z (329) Gamma-ScannerlNeumn Analysis Activities Qurlity Asrnrtance Project Plan MCS-032, Revkoa 2". 
' . Pacific Ko.+wult Laboratory, Richland, Wuhington. 

5)  W. K. tfersley, E. A. ~ e p d ; M .  E. Yuly, and K. H, Abcl, "Adopaton and Implementation of RAYGUN 
G L ~ - R a y  Anaiysio Code on t!e IBM PC", 124,481 (1988), 

I 

9) For example, N.  P, Willis, October 1993, "Hmford Site Solld Wsm AAcceptancc Criterian, WHC-EP-0063-4, 
U'athghouge W o r d  C o q m y ,  Richhad, Washington. 
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Ctllbrithn Studrrdr 

I 

56238-33.1 
5623630-2 
56231-30-3 
56231-304 
5623130.5 

B W  Scil Smdard 
SOU with 1.156 pCVgm b.226 
SOU aim 1.95? h-a  
Sol1 with 4.744 pCi/gt~ a226 
Soil wih 19.439 pCilgm IU-226 
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mi foilowiq EpieXW a typical interactive resrioa with thc GEA software used to uurtrol &c Radium-226 w a y  aymn.  
UGr responses Ire entered as WI.C.ICICC. The response represented by indicates that Y e  
' R I T U R N ! .  'Enter ' ,  o r  'Carriage Return' key on t ke  cornouter keyboard i s  pressed Note 
tha t  t he  first response af te r  typing b d  i s  r t o  place the GEA code i n t o  SINGLE nwrrurermnt 

w+. The fol lowing l i s t ing i s  for illustration only and does not represent required 
responses t c  GEA input requests, 

SEGMENTED BARREL SCANNER PROCUM 
by Bruce Cevthood & Ual t  Henslry 

BATTELLL - -  PAC1 F l C  NOITHUEST LABORATORIES 

................................................... 
Current Program mod@: 

! M R ~ L  S C A h Y l f f i  MWL - -  COLLECT bath G e m  k Neutron Data  
p C U N  FOT M for each s e g n n t  
CROSS w i g h t  urf ng CRAM unf tr i n  ROYGUW 

cho& progrm noor drs i rod 
N P.* NO W E  Chrnge 

Mode! sr  l u t i o n  E W N D S  Current .-* chanen t o  
B b-, IARREL scanning mode 
w F=, -EL scanning redo - - b  WILL Lo~eing made 
s =a, W E ;  s c r m i n g  mode - -*  SlNQLE measurement mode 

Enter dcs i red HOOE :N) : 8 

Current Program made: 
SINGLE nEASUREHfN1 MODE 

chrdc progrom I1Q)L derfrvd 
N :=* No W E  Change 

H o d e i s e l c c t i ~  C0NHAK)S Current --b changes t o  
B r=, ~ ~ N C L I  n r m u r n n m t  node - .r  pARL: rcrmfng made 
U *a* LlNGlE mkasurcmcnt modr .-, U L L  toggcng mode 
S ?=* SIYGLE nnrrumcnt modc 

p.'ogrn cont ro l  F l A G S  i f  c e d e d  
o No Change '"T 

'-* Return t o  M S E  menu 
ton;& C a U N o s  Current - - *  throes t o  

H HARDCOPY of R I A L  L /PLOTS - - b  UO HARDCDPY 
U =k* a c  gr-8 VSICHT - - b  w e  ntt WIItnl 
U n b  us. grm - -r  use ki l o g r a  UNITS 
C :;=> usr N N  386 computer --* uca OLD ccrrprtcr 
D ?> DEBUG in forsut ion  

Cntrr' decired actfon [I) : <CR> DRAFT 



A ,  , 1 1 : A PRO JEC? MANASEMENT 

.................................................. 
C u r r a n t  Progrm We:  

The; ayatem time I s  12: 0858 10/ZZ/91 
Change program eantrol PIRA#TER$ i f  needed 

91 =a* NO Change 
*; -.* Return t o  M#)L mew 

VALUC ENTRY C ~ I D S  
C. ==P change COMPUTER CLOCK/CALENOQR 
U! ==, chmo. rift UiDtH tram; 1 .OC Inches 
I; a=# change hard disk ROLLOUT dlrcctory from: \SAVDAT\ 
H I  =a* change MARD disk fI 1C s w i n g  --  MlNlWW VACKUP 

€nt+r desired action [I): <CR> 

I 
I r t c r i ? g  .ABORTN caucrr program t o  abort 
antering a RElURN me, prrviour text 

Entir 4 chrrrcter rite token (MI 
Sit4:I8e 
sitq; .*, 

lt"harne(# True Eneroy Error 
1 238.8 238.578 kW 236.6J3 koV - iO5S keV 
21 336.6 336.420 k.V 338.281 k*l ,139 keV 
3' 5 . 7  5Q.OZikrV 58S.lbbk.V - ,726 k r V  
4 728.0 727,250 W 727.277 h U  ..C27 kcv 
5 :  911.9 9?1.160k.V 911.120ke~ .OW kcv 
6 ;  969.8 966.970 keV 968.957 kcV .C33 keV 
7: 2611.2 2610.350 icV 2614.357 krV .007 keV 

Gal i p r a t j m  constantar Zero- ,0907. kcV L Gain- ,99866 k tV /chr~  

?he ~ c c c p t a t l c  c w t f n g  t ines  !or each aegncnt rrr 1 --P f0,000 t r c d r  
EnteC d r s i  red eQUnt tim for each segmnt (src. ) [ 100.01; *line mhndmm> 
Is r !  100.0 rrcand count tlmr acceptable? [Y] :  cCR> 
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~rojs Ueight of the SAUPLC (+U==PLR. )(-#=.*kg) t 5l,Ol? rnmr@rorr web1  
Enpfy Uright of the SMPLE ( * l *=*Lk.  )(-#=*Lo) ( Y0.017 MIW 1U. wdght 
Grodr W P L E  Yefght - 23.13 kf looram = 51.00 pounda 
Ndt SAMPLE Uaisht .45 kiLogrm = 1.00 punar 

Nrktng c r l f b r r t i m  f l lr: \OAIA\91102JOL.~hL 

Do $OLI nigh to thmnge anything? 

N i-> No Change 
ENT&+ ERK3R C0URECT:ONS 

0 P=* GENERAL in tomt ion c h m c  #fTE/OPR 
E hi*  ENERGY calibrrtfon chame 
C CoURTlNG tfme change from 300, sccondr 
8 t.=* WS!C surgtr intomtion change ID/W 

DcFA~ILT clrmgeo 
L LIBRARY ehrnge trm: ~ 0 W R U l . D A T  

Enter &@ired a c t f o n  Dl]: <CR> 

~ i c d e  h l t  return <CR* uhcr? rtbdy to contfnuc 

You have 5 . 9 ~ .  to abort by Hrahing EIC 

TbeiGEA program continues a t  t h i s  p o i r t  ta collect data and create the hardcopy record. 
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I 
I 
I 

I OPERABILITY, CALIBRATION, AND MEASUREMENT CHECKLIST 
I .  I I n s t r u w t a t  i on ~ h g &  - -  

I 
Gamma-Rav S ~ e c t  r m r v  Svstev 

I 

I 

514 Check MFGe operab i l i t y  w l th  thor ia  standard ( 4 . 4 . 2 )  
2 Set gain and zero contro ls  f o r  HPGe syster ( 4 . 4 . 2 )  

: G3. Check efficiency o f  HPGe a t  b e g i n n i ~ g  and end o f  day and record lcg entry 
( 4 . 4 . 2 )  

I I 

I start - end 
I 
; G4. Assure check source counts ' ind icate equipment - 

. ,  i s  j n  control  ( 4 . 4 . 2 )  - G5. Determine detector background a t  f i e l d  locat ion 

I Q j i b r a t i o n ~  

i 
m , p R a v  S y c t r m e t r v  S v s t ~ m  

I 63 .  Posit ion HPGe gamma-ray spectroneter ( 4 . 4 . 5 . 3 )  - 
' 64. Perform ef f ic iency c a l i b r a t i o n  blank samp:e ( 4 . 4 . 5 . 3 )  

I 
I Record gross weight of s o i l  sample gross pounds 
I 

b m b a - ~ a v  -try S v s b  

A G 1 .  Pcsi t ion sample .on of HPGe detector as dme f o r  c a l i b r a t i c n  steps ( 4 . 4 . 5 . 4 )  
' G2. Performgamma ray data acqu i s i t i on  ( 4 . 4 . 5 . 4 )  - 
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R8-226 Calibration Curves 

Nel Counts Obscrved in 1000-s Counl 
Run No. Standard lD Added Activity b 4 2 6  Pb-214 61-214 

h=if@ 1DC *.y 351 LcV M S  It& 

BE043001 Empty Cave 0 0 84 
98043002 5823&301 0 119 483 339 
980430W 56238-30-2 1.155 1 46 664 521 
98043004 56238-303 1.957 21 2 769 671 
Q8043005 58238304 4.744 282 1157 929 
98043000 58238-303 19-99 674 3453 2743 - - - -  - -  - -- -- - - - - - -- - - - - - 

Ra-226 in Soil: Calibration Curves 

Page 1 


