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1 .O Introduction 

This report contains the final status surveys (FSS) of-the Active North Filter Bed (ANFf3) 
North Subsurface Sand Filter (NSSF) located at the Columbus Closure Project (CCP), 
1425 State Route 142 East, West Jefferson. OH 43 162. Final status surveys were 
conducted according to the guidance presented thc hkintrcil for Conducting Sirr\~eys iu 
Support of Liccrtse Termination. NUREGICR-5849 (OR4U. 1992) and the Rudiologictrl 
Cliaracier~iza~ioii arid Find Sfcriits Plaji-for Battelle C'olrinihus Lahoralories 
DL.co,nmi.rsionirtg Project. We.rr .kferson Site, DD-97-02 (Final Status Plan) (Battel le, 
2000). The final status suweys were conducted in January and February of 2005. The 
ANFB-NSSF final status also includes the excavation o f a  dosing chamber and a trench 
from the ANFB to manhole (MII) number 2. 

The intent of this final status survey report is to provide a complete and unambiguous 
record of the radiological status of ANFB-NSSF. Sufficient informalion and data is 
provided to enable an independent re-creation and e\*aluation at some future date of both 
the suney activities and the reported results for ANFB-NSSF. Information in this report 
is also available in referenced tcchnical basis documcnts. h a 1  status suney plans and 
procedures, and the Battelle !bfe~)iorid lmtiii~ie C o I t ~ ~ ~ ~ b r ~ s  Operatiom. Deconiniissinnin~ 
Plan, DD-93-19 (BMI Decommissioning Plan). and reporting and quality assurance 
procedures. 

To the extent practicable. this final status survey report is prescntcd with minimal 
information incorporated by reference. The report has been generated follou-ing the 
comprehensive, annotated outline presented in Chapter 9 ofNUREG/CK-S849. 

f .  1 Background 

On April 16, 1943, BMI. acting through what is now its Battelle Columbus Operations 
(BCO). entered into Contract No. W-7405-ENG-92 with the Manhattan Engineering 
District to perform atomic energy research and development (R&D) activities. RCO 
performed nuclear materials research and development at privately-ouned facilities for 
thc Manhattan Engineering District and its successor agencies - the Atomic Energy 
Commission (AEC), the Energy Kcscarch and Devciopment Agency (EWA). and the 
Department of Energy (DOE). Research and development continued until 1988 (Battelle. 
2003). 

The BCO facilities at the King Avenue Site. Columbus. Ohio. and the West Jefferson 
North (WJN) and South (WJS) Sites, West Jefferson. Ohio. became partially 
radiologically contaminated as a result of the R&D activities. Decontamination of the 
King Avenue Sites and WJS sites has been completed and activities continue at the \\;JN 
site. The DOE, as the successor to the AEC and the Government's earlier \vork. is the 
agreed party with predominant liability and responsibility for Jecontaniinatiori arid 
decommissioning (D&D) of the BCO facilities (Battelle. 2003). The Assistant Secretary 
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for Nuclear Energy of the DOE accepted the decontamination and decommissioning 
(D&D) of the WJN into the DOE'S Surplus Facilities Management Program as a major 
project (DOE. 1986). The DOE is the agency funding and managing the cleanup of the 
WJN (Battelle, 2003). However, the site is not a DOE-owned l'acility. 

BMI holds U.S. Nuclear Regulatory Commission (NRC) license number SNM-7. BMI 
has continually operated and conducted D&D activities in full compliance with this NRC 
license. The BMI Decommissioning Plan for the WJN site does not serve as a 
declaration to terminate SN1M-7. but establish the criteria for performing DgLD activities. 
The end goal of the BMI Decomniissioniny Plan is to reach unrestricted use conditions 
for the site (Battelle. 2003). 

The DOE has contracted ECC&E2 Closure Services. LLC (Closure Scwices) to safely 
remove DOE radioactive materials and contamination from the WJN site. Removal 01' 
radioactive material will be to levels allowing hture use of the site without radiological 
restrictions as described in the RMI Decommissioning Plan. Closure Services has 
conducted characterization and final status surveys of the ANFB-NSSF to demonstrate 
that thc structure and escm-ations are available for unrestricted release. 
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2.0 Site Description 

Created in 1984, the Battelle Columbus Decommissioning Project (RCLDP) i s  a 
remediation project that includes nine buildings at the King Avenue site and fi1.c at the 
WJN site. The CCP is the successor ofthe BCLDP. The WJN sitc has one pcnnancnt 
structure (Well I-louse). l'hrec formcr research facilities. JN-I. JN-2. and JN-3 have been 
demolished as well as JN-6. the guard house. Several outl'alls. filter beds, and   ells are 
also located at the site. The ANFB-NSSF is one of the filter beds and is shown on Figure 
1 in relation to the CCP site. 

2.1 Facilify Description 

Constructcd in 1979. the ANFR-NSSF was Constructed to replace the previous filter bed 
serving the West Jefferson North Site. The previous filter bed was constructed in the 
flood plain and periodically flooded out. The ANFB-NSSF was constructed out of the 
flood plain. The ANFB-NSSF served the West Jefferson North Site. including buildings 
JN- 1 .  JN-2. .IN-3 and N-4 .  7'hc ANFB-NSSF is used to trcat thc sanitay waste 
generated from these buildings. 

.J'he ANFB is constructed of two subsurface sand filters cach measuring 30 feet by 36 
feet and arc approsimately 4 fcct deep. The ANFB is constructed of reinforced concrete 
walls and bottom. 

The dosing chamber fed the ANFB. The chamber was excavated and disposed of off- 
site. The AW13 to IMH-2 sanitary sewer pipe runs east from the ANFB. The ANFB to 
Mtl-2 sanitary sewer line i s  constructed of eight inch diameter vitrified clay pipc. In-situ 
surveys pcrfomicd by Sciencc & Engineering Associates, Incorporated in August of'2000 
indicated internal contamination of the pipe. Internal contamination exceeded the surface 
contamination limits for unrestricted release presented in DD-93-02, Sur$ice! Reletrse 
C'rirerio Technical Basis Document jor Bnttelle Colirnibirs Laborcilor-ies 
~~com~~i iss ioni17~~~~i~ Pwjccr.  For this reason. the pipe was removed and disposed of as low 
level waste. 

Two classifications of areas iue used in NUREG-5849 and are tenlied affected or 
unaffected. These classilkations are defined as: 

Affected Areas: Areas that have potential radioactive contamination (based on 
plant operating history) or known radioactive contamination (based on past or 
preliminary radiological surveillance). This would nornially include areas whcrc 
radioactive materials were used and stored, where records indicate spills or other 
unusual occurrences that could have resulted in spread of contamination. and 
where radioactive tnatcrials were buried. Areas immediately surrounding or 
adjacenl to locations where radioactive materials were used, stored, or buricd arc 
includcd in this classification becausc of the potential for inadvertent spread of  
contani inat ion. 
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Unaffected Areas: All areas not classiticd as affected. These arcas arc not 
cspected to contain residual radioactivity. based on knowledge 01' site history and 
p rt'\-io lis info m a t  ion. 

ANFB-NSSF is considered an affected areadue to the documented inlet and outlct pipc 
surveys. The in-situ survey performed by Science & Engincering Associates, 
Incorporated i n  August of 2000 indicated intenial contamination of the pipe exceeding 
thosc levcls prcsented in DD-93-02. Rev 0. Siirjirce Relecrse Crjlwici T d r n i c d  Basis 
L)oc~rrrtert(.for Barrelle Colimibics Lcrhoratorirs D e c ~ t ~ I t ? i i s s i ~ r ~ i r ~ ~  Prqjeci, Thc 
excavations w r e  conducted in both affected and unafl'ected areas. 'I'he base, or iloor. of 
the cscavations was considered affected. and the sidewalls ucre considercd unaf'fected. 
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3.0 Decommissioning Activities 

3. Decommissioning Objective 

ANFH-NSSI: is considered to bc an affected, baseline area. The objcctive of the tinal 
status sun-ey performed in RNFR-NSSF was to statistically demonstrate that the 
slructiire is available for unrestricted release. Table 1 presents the surfacc release criteria 
as detailed in D1)-93-02. Rev. 0. "Surface Release Criteria Technical Hasis Ihcumcnt." 
(Battcllr. 1993A). The excavations are detemiined to be free of residual ndioactivc 
conlamination tvhen remaining soil contamination levels are below those presented I)D- 
93-03, Res. 0. "Volumetric Release Criteria Technical I3asis Document for Ihttelle 
Columbus I,abora~ory Decommissioning Project'' (Battcllc, I993B). Table 2 prescnts thc 
volumetric release criteria as presented in DD-93-03: Rev. 0. 
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4.0 Final Status Survey Procedures 

The CS Characterization Team conducted the final status survey of ANFB-NSSF and the 
excavations according to the Final Status Plan (Battelle. 2000). CS Characterization 
Teams performed final status surveys under Work Instruction 2806 (Closure Services, 
2004). 

The planning and implementation of the iinal status survey of the structure surface and 
affected areas adhered to the requirements of the Final Status Plan (Battelle. 2000). 

4.1 Sampling Parameters 

The Final Status Plan requires that grid systems be established for structure afl'ected areas 
(Battelle, 2000). The ANFB-NSSF characterization and final status survev grid systcm 
comprised of one square meter ( 1 m x 1 in) grids in thc structure. Figure 3 prcscnts the 
ANFB-NSSF grids and the alpha numeric identifier for each. 

Direct and indirect surveys were perfornied within each grid as required by the Final 
Status Plan. $5.1.3 (Battelle, 2000). The characterization Team scanned 100 percent of 
the floor and walls. Scanning surveys included alpha and beta measurements of all 
accessible surfaces, Static one-minute readings were pcrformcd i n  a grid if scan survey 
readings indicated a net activity above the Decision Level Value (l11,V). Scction 4.2 of 
this report discusses the DLV in further detail. 

A large population statistical survey was conducted for the floors and the wall surfaces 
within thc ANFR-NSSF as required by 55.3.3 and 55.4.5 ofthe Final Status Plan 
(Battelle. 2000). Population surveys are those grouped surface activity measurements 
that are performed at randomly and systematically selected locations. Surface activi tv 
measurements are performed for a I -minute. static count, using a large area (1 80 
proportional detector. This method provides detection efficiencies well above thc 
guideline level. 

gas 

I-hz ANFB-NSSF was grouped into "blocks" or "units". The ANFB-NSSF \vas divided 
into two units: the walls being one unit, and the floor thc other. From each block, 30 
grids were selected for the population statistical survey. Population statistical surveys 
consisted of static alpha + beta integrated measurement, of the thirty grids from the tloor 
and the walls o f  the structure. 

Final status soil samples were taken in thc affected base of the trench excavations at a 
frequency of one sample per linear meter. Final status samplcs ofthc unaft'ectcd 
side\\alls were taken by dividing the sidewalls into equal sections and sampling each 
section per Work Instruction 2806 (CS, 2004). Analyses of saniples by gamnia 
spectroscopv were petformed by the RAL. 
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4.2 BackgmunaVBase/ine Levels /dentifieti 

The Characterization Team performed a background survey in support of the 
characterization and final status survey for the ANFB-NSSF. The background sun-e? 
was conducted within Building JN-6 for alpha + beta and alpha integrated measurements 
for each building material type. Additionally, the final status survey pcrformed for 
Building JN-6 supported the uiirestricted release of the facility (Closurc Services, 2004). 
Building material types selected for the background survey included: 

- Concrete block wall. 
- 
- 
- Brick 

Concrete forms & Concrete floor. 
I .ONAM (steel, window framcs. building components). and 

Background surveys were performed in the same manner and with the same 
instrumentation used during thc characterization and h a 1  status survey of the ANFB- 
NSSF. Table 3 through Table 5 lists the results ofthe background sur-vcy. 

A decision lcvcl valuc (DLV) was calculated IO permit the field idcntitication of surfaces 
requiring additional radiological measurements. Decision level values were calculated 
using the following equation (Rattellc. 2000). 

where: 
Xbkg = mean background value (cpm) 
MDA = minimum detectable activity (cpm). 

MDA \dues  \$‘ere calculated using thc following equation: 

Lvhere: 
<sbhg = standard deviation of background value. 

4.3 Major Contaminants Identified 

Thc characterization of the ANFH-NSSF excavation identitied Ccsiuni- 137 (Cs- 137) as 
the primary radiological contaminant of concern (RCOC). Other RCOCs includcd 
Cobalt-60 (Co-60). Europium-1 52 (Eu-152). ELI-l 54. Americium-241 (Am-241). 
Strontiuni-90 (SR-90). Plutonium-238 (Pu-238): Pu-239, and Pu-241. Cs-I 37 is used as a 
surrogate for the other RCOC present in the soils as i t  typically accounts for 64 percent of 
the total isotopic activity. Further. the release criteria set for Cs-137 is considcred 
consenative for the decommissioning activities. l’hc surrogate relationship of Cs- 137 to 
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other RCOCs was calculated using data presented in Table 6. Table 6 presents the 
isotopic quantity and activity concentrations of samples collected from the filter bed area 
by RMI from March through September 2000. These data are not associated with the 
excavation of thc ANFB-NSSF area. Average activities for the multiple samples tvere 
calculated for each RCOC prior to setting the ratios against Cs- 137. ' For each RCOC. 
the average activity concentration was set as a ratio against the average Cs-137 activity 
concentration as obtained from previous actions at the filter beds. Cs-137 activity ratios 
for each RCOC utilized to calculate the RCOCs for the ANBF-NSSF are presented at the 
lower portion of Table 6. 

4.3.1 Guidelines Established 

Sirrfnce Contamitiarioti 

Table 1 presents the surface contamination guidelines applied for ANFR-NSSF. These 
criteria are provided by DOE Order 5400.5 "Radiation Protection of the Public and 
Environment." which reference Regulatory Guidc 1.86. DOE Order 5400.5 does not 
define the release levels for nuclides such as transuranics. Ra-226 and Th-230. thercforc 
the CCP adopted the guidance of Kcgulatory Guide 1.86. 

As previously stated. the more restrictive surface contanhation limits associated ivith 
strontium-90 were applied to the characterization and final status survey for total fixed 
plus removable and removal contarnination for alpha + beta nieasurcments. 

Exposure rates were compared to the 5 pR/hr above mean background limit listed in DD- 
97-02, Rev. 0. The calculated mean background cxposure rate and the 95 percent 
contidence intervals used for the CCP grounds are 8 * 2 pWhr. Data collected from 
trench-like water drainage areas located on Battelle property unassociatrd ~ v i t h  sitc 
operations indicate a geometry effect. increasing the exposure rates inside thc trenches by 
3 to 5 pFUhr. 

Table 2 presents the guidelines for residual radioactivity concentrations ror soil and solid 
volumes as applied to the excavation. Criteria for residual radioactivity concentrations i n  
soil arc dcfincd in a number of references. DOE Order 5400.3. Section IV.a.2 provides 
generic guidelines for residual concentrations of Ka-226, Ra-228, Th-230. and Th-232. 
NRC Guidance has been received by the CCP which contains soil radioactivity 
concentration guidelines for Co-60. Sr-90, Cs-137. Ka-226, and Ka-228. h;RC guidance 
for soil radioactivity concentration guidelines for natural, enriched and depleted uranium 
are also utilized. Table 2 compiles soil residual radioactivity concentration guidelines to 

I Bane I le. Rcldiolngiccll Status of Abandoned Filter Bed Preserrtatiori, hnv:ll\\ww.ohio.doe.roviccp sebl, 
Posted 7/132003. Presentation provided by DOE to the CCP website. Page titled "Radioactive Inventor) 
of the Abandoned North Filter Beds & Limit Fractions" contains sampling data obtained from March 
through September 3000 froin the filter beds. Average Cs-137 ratios were utilized to calculate the a c t k i p  
concentrations of the isotopes of concern. 
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be utilized by the CCP. Table 2 values have been generated primarily from the various 
refercnce technical documcnts and tiom soil guidelines gcnerated froni computer 
pathway analyses. Pu-24 1 is calculated by applying a ratio to sum of Pu-238 and Pu-239 
(obtained From OKlGEN 2.1 derivcd values. Battelle. 2003~) .  resulting in a Cs-137 to Pu- 
241 ratio of3.8. Using thc ratios f’rom Table 6 and the Cs-137 to Pu-241 ratio of 2.8. thc 
s u m  of ratios ofradionuclides will meet unity at Cs-137 concentrations of 1 1  pCi/g. 
Table 6 details the unity ciilculatiori for the RCOCs. 
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5.0 Equipment and Procedures 

5.1 Equipment 

Direct reading gas proportional survey instruments sensitive to alpha and beta radiation 
are used to monitor facility siirfaccs Tor residual radioactive materials. Ludlum Modcl 
13-20 gas proportional detectors (1 80 square centimeters (crn’) detection areas) u i t h  
Eberline ESP-2 meters were used to scan all building surf’aces. The 180 cmz detector was 
used for all static measurements for the determination of residual radioacti\ ity levcis. P- 
I O gas was supplied I ia a continuous feed to the detectors. Thin. flat plate thoriuni-230 
and tcchnicium-99 (Tc-99) sources traceable to the NationaI Institute of Standards and 
‘l‘echnology (NIST) per requirements of ANSLN323a. ”Radiation Protection 
Instrumentation Test and C:al ibration” were used to calibrate the gas proportional 
instruments for alpha and beta detection. respectively (ANSI. 1997). ’l’c-99 was uscd as 
the calibration source in accordance with Section 4.2.2 of ANSI-N323A which states -*the 
detector shall be calibrated with an energy that is less than or similar to beta energies in 
the lleld.” (ANSI. 1997) The ae rage  beta energy of Tc-99 is 85 KeV, with the average 
energies OKU-60, Cs- 137. and Sr-90 being 95. 156, and 196 KeV, respectively. 

Other instrumentation used in the support of the h a 1  status survey includes: 
0 

0 

0 

0 

A I.udIum Model 19 Exposure Rate Meter to perfom1 gamma radiation 
measurements. 
Lucilurn Model 44-10 two-inch by two-inch sodium iodide dctectors with Eberlinc 
ESP-2 meters were used to scan the excavation. 
A VMS based Canberra Procount data acquisition system in conjunction u.ith 
high purity germanium dctectors for gamma spectroscopy of soil samples. 
A Tennelec Model LR5 100 Simultaneous Alpha and Beta Gas Proportional 
Counter to count smear samples. 

5.2 Minimum Detectable Activities 

5.2.1 Structure Surface Scanning 

Minimum detectable activities (MDAs) are determined utilizing the data collected for 
each surface material. The following equation is used to calculate the MDA: 

3 + ( 4 . G j  * oMg ) 
MDA = 

Ef*T*G 

where: 

(sbkg = standard deviation of background value = ,/coitnrs,,, 

Eff = efticiency of detector 
-1. time in minutes - - 
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active probe area in cm’ 
100 

geometry = - - (i 

The MDA for large. wide area sources was calculated assunling the radioactive source 
remained tindcr the dctcctor approximately one minutc. allowing the MD.4 for Lvide-area 
source scan siiiTcys to approach thc MDA reported for a static survey. The ,MI)A for a 
wide-area beta source was calculated at 260 disintegrations pcr minute per IO0 square 
ct‘ntimctcrs (dpm/lOO cm’). Thc MDA for scans involving point sources were cnlculntcd 
by evaluating the time a point source remained under the detection arca. given a worst- 
case brick background. A beta MDA of 1600 dpmfl00 cm2 \vas calcularcd tot ;I point 
source configuration during a scan survey. The calculated MDAs for alpha scms tor 
wide-area and point sourccs are 18.5 and 281 d p d 1 0 0  cm’. Attachment A details the 
method for calculating the M D A ,  

5.2.2 Excavation Scanning Minimum Detectable Concentrations 

Scanning minimum detectable concentrations (MDCS,,,) is dctcmiined to dcnionstratc 
that the b i I l C s c a n  is less tlian the modified Cs-137 screening criteria. Thc h.lI)C,,,n is 
calculatcd utilizing the methodology described in NUREG- 1507 and the background 
count rate and a dcfhult detector response to Cs-137 (NRC. 1998). ‘I’hc cquation during 
the walkover sun.cys of the CCI’ incorporates a d’ of 1.38 and a survcyor cfticicncy of 
0.5. The ambicnt background in the ANFB to MH-2 area was 12.400 cowits per minutc 
(cpni). I’hc !idlowing is the calculation of the MDC,,,: 

( 1  2.400 cpni) x ( 1  sec) x (1  mid60 scc) = 207 counts 

(1.38) x (J-) x (60 sedlmin) = 1 I O 1  cpin 

1191 cpni/& 

1.87 plUhr - - I 684 c p d (  900 cpdpwhr)  

= 7.15pC’if (4 
1.87,uR f hr 

1.307Mf hr 
(5p( .‘i / g ) * 

Thc ambient background in the dosing chamber area was 15.400 counts per rninutc cpm. 
Using the sanic riicthodology as above, the MDC,,, is calculated to be 7.97 pCi/g I’or the 
dosing chamber sun-eys. 

5.3 Procedures 

The Characlcrization ‘Tcam was formally trained and qualified to applicahlc proccdurcs 
prior to the initiation of the characterization and final status surveys. Documentation of  
training is iiiaintaincd by C‘CP Project Records. 
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The lollowing plans and procediircs were iitilizcd for the surveys: 
DD-93- 19, Rev. 5 Decommissioning Plan, Rattelle Memorial Institutc Columbus 

Operations 
IID-97-02, Rcv. 0 Radiological Charactcrizalion and Final Status Plan for BCLDP 

West JelTerson Site 
SC-OP-004, Rev. 0 Radioactivc Contamination Monitoring Requirenicnts for Facility 

S urface Cha rac t erizal ion 
SC-OP-007. Rev. 0 Baseline Reference Values for Facility Radiological 

Characterization Surveys 
SC-OP-010, Rev. 0 Establishing a Surface Reference Grid for Walls, Floors. and 

Ceilings for a Dctailed C1iaracreriz;ition Suwcy 
SC-SP-004.2. Rev. 3 Manual and Mechanical Collection of Surface and Suhsurfacc Soil 

Samplcs in Support of S ik  Characterization 
Wl-2806. Rev 2 Excavation and Trench Sampling and Sunreys 
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6.0 Survey Findings 

6.1 Exposure Rate Surveys 

The calculated niean background exposure rate and the 95 perccnt confidence intenals 
used for the CCP grounds arc 8 f 2 jtWhr. The exposure rate rcadings for each 
appropriate area are presented in  Tables 7 and 8. The exposure rate rcadings were 
individually compared to the mean background value of 8 * 2 pwhr in order to show 
compliance with the 5 pR /hr above background release criterion (grounds exposure rate 
sun.cys must bc less than or equaf to 13 pR/hr LO be compliant. trcnches. lcss than or 
equal to 18 pWhr). The avcrage one nietcr nieasuremcnt \vas 1 1 j t  Wr. thc minimum 
measurement was 10 pWhr and the nia?rimurn measurement was I 2  p Whr. 

6.2 Scanning and Fixed Measurements 

Final status surveys for total (tixed and removable) radiological contatnir~alion \\'ere less 
than the release criteria defincd in Table 1. 

Table 9 presents the static survcy results and Table 10 presents scanning survey results 
from the ANFH-NSSF surveys. Numerical valucs i n  the tables represent residual 
activilies and were computed as follows: 

Where: 
C, = Gross counts (counts/l80 cm2) 
C',, = Mean value of background counts (countdl 80 cm') 
T 
Eff = a\:erage instrument elliciency 

= count time (min) [one minute count time is standard1 

Count rates for both wide area (greater than the probc area of 180 cm2) and point (less 
than thc probe area of I80 cm') sources were normalized to 100 cm' throtrgh this 
equation. Utilizing the equation confirms that all wide-area sources met thc 1 .OOO 
d p d 1 0 0  cm2 release criteria. Point sources. if identified. Lvere also subject to the 
nonndizing equation. Therefore, activities for point sources \vas limited to 1800 
d p d 1 0 0  cm'. which is well below the 3.000 dpnd100 cm' rclcase criteria (or *'hot spots." 

Arcas where measurements excccd the decision level value (ULV). precisc idcntification 
of the area and additional data collection i s  required. Further data collcction includes: 
(a) a static alpha-plus-beta mcasuremenl. (b) a static alpha-only nieasurcnicnt. and (c) ;I 
smear sample. It1 these areas. it is Closure Services current policy to decontaminatc the 
area t o  below 1000 d p d 1 0 0  cm2. or the appropriate radiological cleanup criteria. I f  
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decontamination is not feasible in the area. additicmal information such as the exact area 
of contamination and contamination lcvels using a 100 cm' probc are obtained. 

Location 

The !bllov,ing summarizes the alpha + beta scanning and intcgrated mcasurement suneys 
obtained for ANFR-NSSF. A total of' 178 S w e y  grids were scanned, static 
measurements and smears wcre collected in 60 survey p e d s .  The results ofthcse surveys 
are surnrnarized below. 

Total Alpha + Beta Activity in dpmllOOcm' 
Avcrage I M in i m um I hhximum 

Scanning Survey 
FSS Static - Walls 
FSS Static - Floor 

-82.1 -352 I69 
-189 -258 -134 
-35.6 -109 25.3 

Scanning of the excavations was perfonned with a t~vo inch by two inch sodium iodide 
detector. Results of the survey indicate a uniform distribution 01' residual radioactivity 
and no csposure rates were above the DLV. Survey rcsults are presented Tables 11 and 
12. 

6.3 Excavation Sampling 

Samples of the trench excavation bases were taken at a rate of one per linear meter in 
accordance \\it11 Section 6.3.3 of DD-97-02. Rev. 0. Summary tables ofthc Cs-137 
results in relation to the sample locations arc prescntcd as Tables 13 and 14. Samplc 
results for the excavations are prcsented as Tables 15,16 and 17. Tables 15,16, and 17 
present all radionuclides activities and minimum detectable activities of the analyses. 

Cesium-137 is utilized as a surrogate lbr determining compliancc to the clcanup criteria 
presented in Table 1. Thc CCP has consistently utilized 0 - 1 3 7  as a surrogate for other 
radionuclides of concern as i t  is the predominate radionuclide present throughout the sitc 
and the buildings. Additionally. Cs-137 exhibits the lowest cleanup criteria of 15 pC'i/g. 
I l ie  calculation ol'thc Cs- 137 surrogate value is pel-lornied utilizing samplc results 
obtaincd prior to remediation of the area in question. Pu-24 1 is calculatcd by applying a 
ratio to sum of Pu-238 and Pi1-?39 (obtained from OKLGEN 2.1 derived values, Battelle. 
2003c), resulting in a 0 - 1 3 7  t o  Pu-231 ratio of 2.8. Table 6 presents the results of thc  
pre-reniediation samples ol' thc tiltcr bed and are not associated with the ANI:D-NSSI-. 

Compliance to the cleanup criteria prcscnted in Table 1 is demonstrated through a 
"fraction of limit.'. The total quantity and activity concentrations are calculated using the 
average isotopic ratios of radionuclides to (3-137 as obtained cor thc filtcr beds. n i t 1 1  thc 
exception of Pu-241 (Battelle. 2003b). Scc Table 6. Kesults for Co-60, c's- 137, Sr-90. 
Eu152 and 154. 1)u-239. 240 and 241. and Am-241 rue comparcd to the respcctive release 
criteria and a "fraction of limit'. calculated. The *Traction of limit-' is dctcrmined by 
summing the ratios of each isotopic conccntration to the respcctivc release limit. The 
sum ofratios must be less than one to mcet sample rclcase criteria. Utilizing the avcrage 
ratios from thc filter beds. Cs-137 is the predominate radionuclide and is uscd to quick]!. 
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e\.aluate radioanalytical results. with a modified scrccning criteria of I 1  pCi/g. This ratio 
has been used in past technical basis documents which have been reviewed and appro\#ed 
by the NRC a i d  licensee. The "fraction of limit" for the ANFB-NSSF samples \vas not 
calculated due to thc low concentrations of Cs-I 37 in rcspect to the modified screening 
criteria. The following table summarizes the Cs- 137 analytical results. 

Location 

ANFR to 
MH-2 

Sidewal Is 
ANFB lo 

MH-2 
Excavation 

Base 

Chamber 
Excavation 

Base 

Dosing 

' Number 
of 

Samples 
10 

IO 

7 

Avcrage I Standard I Range I Coniparison I Modified I 
(pCi/g) Deviation (pcilg) Screcning 

( p c  i /R)  (pC i lg) Critcria (pCi/g) 
0.02 0.0 I 0.03 

Statistical analyses were pcrfomicd 011 the sidewall sample data in accordance with 
Section 6.4.3 of DD-97-02. Kcv. 0. Statistical analysis was perforiiicd according to 
NUUG/CK-5849. $8.5. As stated in $8.5, the EPA has recommeiidcd applying thc 
calculated value of pu. relative to a guideline value. at a desired level of confidence. The 
value of pa is compared to the guideline value: if the p,, is less lhan the guideline. the area 
meets thc guideline at a 95% confidence level. This in turn means that the probability is 
less than 5% that the pa. will pass thc test, when thc true mean activity level escecds the 
guideline value. The calculatcd thc pa. [or Cs-137 of'O.03 pCi/g. was lcss than the 
modified screening criteria of 1 1  pc'i/g. Table 18 prcsents the calculation. 

6.4 Overburden Sampling 

Twenty samples were takcn from thc excavation overburden in accordance with Section 
6.5 of this document. The overburden soil from ground surface to three feet above the 
contaminated pipe is designated as overburden "A". The nest two fcct of soil (from three 
feet to one foot above thc pipe) is designated as ovcrhurden *'B". A suniniary table of the 
Cs-137 results in relation t o  the saniplc location is prcsented as Table 19. Sample rcsults 
for the overburden sampling arc prcscnted in Table 20. No man-niade radionuclidcs 
were detected. Thc following is a summary Table of the Cs-137 results. 
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Location Number Average Standard Rangc Comparison Moditicd ’ 
of (pCi/g) Deviation (P%) Value Screening 

Samples (Pcm (pCi/g) Criteria (pCi/g) 
ANFB to 10 0.03 0.02 0.03-0.06 0.04 1 1  

MII-2 
Overburden 

A 

MH-2 
Ovrtrburdcn 

R 

ANFB to 10 0.05 0.05 0.02-020 0.08 I I  

Statistical analyses wcre per~ormed 011 the ovcrburdcn saiiiple data in accordance it.itJ1 

Section in the same manner as Section 6.2 ofthis document. n e  calculation ol’thc cs- 
137 comparison values, 0.04 arid 0.08 pCi/g. \vas less than the modified screening criteria 
of 1 1 pCi/g. The calculation is presented as Tables 21 and 22. 
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7.0 Conclusions 

‘The characterization and Gnal status survey results dcnionstrate that the radiological 
endpoint criteria objcctives of the NRC-approved Decornniissioning Plan havc been met 
l o r  the arcas addressed by this effort. (Battelle. 2003) The scanning and the integrated 
ineasuremcnts for alpha + beta. smear survcy results. and static alpha mcasuremcnts 
obtained from the ANFB-NSSF arc reported 8s concentrations less than those listed in 
Table 1. Reponed analytical results for media saniplcs obtained from the excavation arc 
below the rcsidual radioactivity concentrations for soil and solid volunics as prcseritcd in 
Table 2. 

‘l‘hc final status survey performed on the ANFB-NSSF area. statistically dcmonstrates 
that the remcdiation of the area was succcssful and that the area is free lioiii residual 
radioactive contaniination making i t  suitable for unrestricted release. 
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FIGURE 3 
Grid Map - North Subsurface Sand Filter 
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Table 1 
Surface Contamination Guidelines for BCLDP 

Radionuclides @' 

1 Transuranics. 1 - 125, I - 129, Ra-226. Ac-227, 

Allowable Total Residoal Surfhce Contamination 
( d p d 0 0  crn2)(" 

Avenge gm') Maximum Removable ('@ 

Reserved R6!Sel-Ved Reserved 
Ra-228. Th-228. Th-230, Pa-23 1 
Th-Natural, Sr-90. 1-126. 1-131, 1-133., Ka- 

( 100)' (300)' (20)' 
1,000 3.000 200 

Where surface contamination by both alpha-a!d bera-gammaemitting radionuciides exists. the 
limits established for alpha-and beta-gamma-emitting radionuclides should apply indcpendcntly. I 

223. Ra-224.0-232. Th-232 
U-Natural, U-235. U-238. and associated decay 
product. alpha emitters 
Beta-gamma emittcrs (radionuclides with decay 

~ modes other than alpha emission or 
spontaneous fission) exccpt Sr-90 and others 
notes above. V) 

") Measurcmeiils of average contamination should not be averaged over an area of more than Im'. 
For objects of less surface area, the avcragc should be derived for each such object. 

5,000 15,000 I.000 

5,000 15,000 1 .ooo 

I 
(*) The average and maximum dose ratcs associated with surface contamination resulting tiom beta- 

gamma emitters should not exceed 0.2 mradlhr and 1 .O &., respectively. at I cm. 

(') The maximuin contamination level applies to an area ofnot more than 100 cm2. 

The amount of removable material per 100 cm' of surface area should be determined by wiping and 
area of that size with dry filter or son absorbent paper. applying moderate prcssurc. and measuring 
the amount of radioactive material on h e  wiping an appropriate instrument of known efliciency. 
Wben removable contamination on objects of slrrface area less than 100 cm? is determined, the 
activity per unit area should be based on the actual area and the entire surface should be wiped. It is 
not necesmy to use wiping techniques to measure removable contamination levels if direct scan 
surveys indicate that the total residual surface contamination levels are within the limits for 
removable contamination. 

") 

This category ofradionuclides includes mixed fission products, including the Sr-90 which has been 
separated Gom the otber fission products or mixtures where the Sr-90 has becn enriched. 

Kegulaiory Guide 1.86 
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TABLE 2 
BCLDP GUIDELINES FOR RESIDUAL 

RADIOACTIVITY CONCENTRATIONS FOR SOIL AND SOLID VOLUMES 

I- 129 na I 13 

Final Characterization and Final Status Repon Tor A m - N S S F  
June 16,2006 

Revision 2 



King Avenue 
Concentration 

Ra-226 (> I5 cm of soil) 1 SZP3) 
Ra-228 5(2DJ) 
Ru- 106 na 

Rad ionuclide(a) @ci/g)(b) 

I Sb-125 I na I 1 I8  I 

West Jefferson 
Concentration 

na 
na 
180 

@C i/gyb' 

Sm-151 
Sr-90 
Th-228 
Th-230 
Th-232 

Table 2 Notes and References 

na 6,700 

29 na 
S3) na 
P) na 

5(2) 5 ~ )  

Notes: 

a 

b. 

C. 

d. 

Activity concentrations above nanual background concenwtions. Where more than one 
radionuclide is present, the sum of the ratios of the individual radionuclide concentrations to 
their respective concentration limits shall not exceed 1. 

Concentrations for which no specific reference is cited have been derived from RESRAD 
calculations and are the more restrictive values calculated for soit deposition at a depth of 5 
metcrs. 

Indicates that this radionuclide is not expected to be found at the indicated site. 

Difference in mtium activity concentrations are due to the differcnce in depths of the water 
tables at two sites. The watcr table depth at King Avenuc is deeper than that at West 
Jefferson. 

References: 

1. Options I and 2 of the Branch Technical Position, "Disposal or Onsite Storage of Thorium 
or Uranium Wastes from Past OperaUon~" (46 FR 52061, October 23. 1981). 

2. NRC Memorandum, "Acceptable Cleanup Criteria and Practices for Decontamination and 
Decommissioning (License No. SNM-7)" dated April 17. 1992. to Harley L. Toy, License 
Coordinator and Manager, Nuclear Scienccs, Rattelle Memorial Institute from J.W.N. 
Hickey. Chief, Fuel Cycle Safety Branch, Division of Indusmal and Medical Nuclear 
Safety, Oftice of Nuclear Material Safety and Safeguards. 

3. DOE Order 5400.5, "Radiation Protection of the Public and the Environment" 

4. NRC Policy and Guidance Directive FC83-23. -.Termination of Byproduct, Source, and 
Special Nuclear Material Licenses". 
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Table 3 
Chauvenet's Crtten'on - Pop DLV Alpha-Concrete 

Building J N b  ROOlll Various Sum- Material Concrete Floor - 
Meter ID: 

- 92374 Probe ID: 149047 Probe Area 180 
7/7/2004 Charrwners Criterion 2.488 Suwoy Type POP DLV Alpha 

A1 
A2 
A4 
As 
B1 
82 
83 
84 
05 
A1 
A1 
A2 
A3 
A4 
As 
B1 
0 2  
03 
0.4 
B5 
At 
A2 
A3 
A4 
AS 
01 
02 
83 
B4 
Bs 
A1 
A1 
A2 
A3 
A4 
A5 
01 
82 

U t i l i  
Utility 
U t i l i  
Utility 
Ulilay 
Utility 
Ulility 
Utll* 
U l d i  
Stairwell 
Ulilii 
Ublity 
utility 
U t i l i  
U t i l i  
Utility 
Ublity 
Ullity 
Utility 
Ublity 
Staimell 
Utility 
U b l i  
Utility 
Utilny 
Utili i  
U t i l i  
utillty 
utility 
Utilty 
Stairwell 
Utility 
U t i l i  
Utllny 
U t i l i  
U t i l i  
U t i l i  
Ut i l i  

3 
3 
1 
1 
2 
6 
2 
2 
5 
1 
6 
4 
3 
2 
5 
5 
2 
4 
0 
1 
2 
3 
3 
2 
5 
2 
3 
6 
3 
3 
4 
6 
4 
2 
4 
2 
2 
2 

[Grid ID Ioth.rID Icpm l~rnpuiron cc ] 
At Stailwell 2 0.649 

0.016 
0.016 
1.281 
1.281 
0.649 
1.881 
0.649 
0.649 
1.249 
1 .a1 
1 . m  
0.61 6 
0.016 
0.649 
1.249 
1.249 
0.649 
0.616 
1.914 
1.281 
0.649 
0.016 
0.01 6 
0.649 
1.249 
0.649 
0.016 
1 .Bbl 
0.016 

0.616 
1.881 
0.616 
0 . W  
0.616 
0.649 
0.649 
0.W 

0.016 

MOA 8 
DLV 11 

Sufvey BKG 1 cprn 



Table 4 
Chauvenet's Criterion - Pop DLV Beta-Concrete 

[GM ID IMhwlD lcpm JCompar i ton~~  J 
A1 Floor 361 0.585 
A2 
A3 
A4 
A5 
B1 
B2 
B3 
04 
85 
A1 
A2 
A3 
A4 
A5 
51  
82 
83 
84 
85 
A1 
A2 
A3 
A4 
A5 
81 
82 
03 
84 
Bs 
A1 
A2 
A3 
A4 
A5 
B1 
82 
83 
B4 
85 

Floor 
Flooc 
Roor 
Rooc 
Floor 
Floor 
Floor 
Floor 
Floor 
Floor 
F l a v  
Floor 
Floor 
Floor 
Rwr 
Fbor 
Floor 
Floor 
Floor 
Floor 
Floor 
Floor 
Floor 
Flooc 
Floor 
Floor 
F l m  
Flooc 
Floor 
Floor 
Floor 
Flooc 
Floor 
Floor 
Floor 
F b r  
Fkoc 
FIoor 
Floor 

426 
498 
374 
426 
302 
396 
375 
41 1 
400 
496 
483 
385 
409  
422 
325 
388 
343 
368 
372 
462 
488 
379 
406 
417 
342 
302 
379 
334 
408 
472 
398 
344 
362 
429 
3Ea 
317 
335 
374 
347 

0.616 
1.958 
0.353 
0.616 
1.695 
0 . W  
0.335 
0.336 
0.131 
1.920 
1.678 
0.148 
0.233 
0.541 
1.266 
0.092 
0.931 
0.465 
0.390 
1.287 

0.260 
1,734 
0.44 
0.950 
1.6% 
0.280 
1.099 
0.280 
1.473 
0.094 
0.91 2 
0.m 
0.672 
0.185 
1.415 
1 .OB0 
0353 
0.W 

I . n i  

I Mean 3m1 
Std Dev 54 
Data Points 40 

MDA Bo 
DLV 473 

500 
554 

Survey BKG 277 cpm 



Table 5 
Chauvenet's Criterion - Scan DLV Betaeonmete 

[Grid ID ~OUwrID ].pm Icornparison~~ 1 
A1 SfaiIYall 413 0.419 

1.073 
0.- 
1 251 

t Data Poink 39 
. .--- 
0.823 88 
0.878 545 
0.628 

A1 
A2 
A3 
A4 
A5 
B1 
Bz 
83 
B4 
85 
A1 
A1 
A2 
A3 
A4 
A5 
B1 
0 2  
03 
B4 
B5 
A1 
A2 
A3 
A4 
A5 
B1 
B2 
A2 
A3 
A4 
AS 
B2 
83 
B5 
A2 
A3 
A4 

Ulility 
Utility 
U t i l i  
Utility 
Utility 
Utility 
Utility 
Utility 
u t i r i  
Ublity 
StdiWl 
Utility 
Utlity 
U t i l i  
U t i l i  
Utility 
U t i l i  
m r i  
U t i l i  
U t i l i  
Utilily 
Stairwell 
utili 
U t i l i  
utlr i 
Utility 
Utilty 
U t i l i  
Utility 
Utility 
U t i l i  
U t i l i  
U t i l i  
U t i l i  

Utility 
U t i l i  

Utility 
Uti l i  

345 
557 
587 
371 
548 
522 
439 
51 4 
510 
51 2 
587 
605 
584 
565 
543 
401 
674 
584 
551 
550 
521 
562 
444 
409 
404 
382 
354 
366 
328 
312 
347 
334 
356 
346 
358 
359 
345 
320 

0 170 
0 551 
0 513 
0 552 
1255 
1426 
1224 
l o 4 1  
0830 
0535 
2089 
1 224 
0 907 
0 897 
0 618 
1012 
0 121 
0456 
0506 
0 717 
0986 
0 871 
12% 
1390 
1054 
1170 
0967 
1 0 6 3  
0948 
0 938 
1 073 
1313 

Mean + 2 Sigma 665 
Maan + 3 Sums 769 

Sunmy BKG 332 cprn 





Table 7 
ANFB Dosing Chamber Dose Rate Survey 

ANFB Dosfng Chamber 
Dose Rate Survey (Results in VRhr) 

A 
i’ J 

I 



Table 8 

4 

5 

6 

ANFB to MH-2 DOSE RATE SURVEY 

I 1  

I O  

ArealLocation: Active North Filter Bed to Manhole 2 

Trench Bottom 
N 

A 

30' 

v 
S 

Results in pWhr 

Bkgd = 11pWhr 
Instrument: #89499 





AmspBuilding: Fllter Bed 
Room: Active North Filter Bed 
Date:01126105 

Table 9 
ANFB-NSSF - FSS Surveys - Static Survey Results 

STATIC SURVEY RESULTS 

North Side 



Table 10 
ANFB-NSSF - FSS Surveys - Scan Survey Results 

SCAN SURVEY RESULTS 
AredBuilding: Filter Bed 
Room: Active North 
Dab: 01125106 North Slde 

P q s  1 o l4  





A~a/Building: Filter Bed 
Room: Active North 
Date: Of125105 

Table 10 
ANFB-NSSF - FSS Surveys - Scan Survey Results 

SCANSURVEYRESULTS 

North Slde 



P a 



Table 11 
ANFB Dosing Chamber Walkover Scan Survey 

ANFB Dosing Chamber 
Walkover Scan (Results in Kcprn) 

Trench Battom 

A 
.' 

I 



Table 12 
ANFB to MH-2 WALKOVER SCAN SURVEY 

1 

2 

3 

4 

5 

ArealLocation: Active North Filter Bed to Manhole 2 

14.6K 

13.6K 

14.5K 

13.2K 

14.1K 

Overburdl Side B 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

N 

A 

30' 

'I 
S 

11.8K 

13.6K 

13.9K 

13.8K 

12.3K 

121K 

13.1K 

11.9K 

14.2K 

13.6K 

7 13.OK 

12.2K 3- 

Trench Bottom 

Resulb in Kcpm 

Side A 

Bkgd = 124 Kcpm 
ESP-21Sn t91463 WI LU-1OlSN 894987 



Table 13 
ANFB Dosing Chamber Excavation Soil Result Summary 

ANFB Dosing Chamber 
Soil Sample Results (pCUg) 

A 

23' 

A 



Table 14 
ANFB to MH-2 EXCAVATION SOIL RESULTS SUMMARY 

ArealLocation: Active North Filter Bed to Manhole 2 

Trench Bottom Side B Side A 

A 

30' 

v 

1 1.97E-02(ND) 7- 
2 2.21 E92(ND) -t- 
3 1.89E-02(ND) -I-- 
I 

NO = NonDetect 

(Non-ldentifled Nuclide8) 

1 I4.12E02(ND) 

2 13.21 E42(ND) 

3 2.76E-02(ND) 

4 3.58E-O2(ND) 

b 3.72E-O2(ND) 

6 3.67E-02(ND) 

7 3.68E-O2(ND) 

8 /4.20E-O2(ND) 

--- 

_I_ 

1 
13P 

4 2.41 E-OS(ND) 1 
Cs-137 Results in pCUg 



Table 15 



RL04-16414622 Base Soil 
1 

-- 
Analytlcal Result I 2 0  MOA 

Xu) 
IE-01 
LE-01 
iE-02 
iE-02 
iE-02 
iE-02 

IE-02 

r 

IE-02 
lE-02 

iE-02 

'EO2 
!E41 
IE-02 
IE-02 

iE-02 
'E41 

-- 
--- 

'EQZ 

lEQZ 
IE-01 

__-  

Page 2 of 2 



Table 16 
ANFB to MH-2 Excavation Bare Sol1 Analytical Resulb 







Table I? 
ANFP to MH.2 Excrvatlon Sldewall Sol1 Analytlcal Remulta 



Table 18 
ANFB to MH-2 Sidewall Comparison Value Calculation 

AreaNolume 
ID 

ANFB to 
MH-2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Sidewall Soil 

Sample 
Number 

56 1 
562 
563 
564 
565 
556 
557 
558 
559 
560 

Comparison 
Value 

Equation 

- 

Number 
of Data 
Points 

t95% (n-1) 
Value from 
Table B-1 of 
NU REGICR- 

5849 

10 1.833 

CS-137 Result 
(PC@) 
0.0265 
0.0183 
0.0405 
0.0241 
0.0276 
0.0197 
0.0221 
0.0189 
0.0197 
0.0246 

Average 
0.0242 

Standard Deviation 
0.01 

Final Chmclerimtion and Final Status Kcpon for ANFB-NSSF 
June 16.2006 

Comparison 
Value 
0.03 

Screening 
Criteria 

11 

Comparison 
Criteria 
Yes 

Revision 2 



Table 19 
ANFB to MH-2 Overburden A and B Soil Results Summary 

AredLocation: Active North Filter Bed to Manhole 2 

30' 

v 

Overburden B Overburden A 

-- 

3.43E-02 -- 3 

4 2.26E-O2(ND) 

6 '2.71 - E-OZ(ND) .- 

6 2.82E-O2(ND) 

7 2.94E-OZ(ND) 

8 2.87E-O2(ND) 

9 2.49E-02 

10 2.69E-O2(ND) 

Cs-137 Results in pCi/g 

5 12.30E-O2(ND) 

_____-- 
i 2.41E-02 

9 I !2.36E-OZ(ND) 

10 11.97E-O2(ND) 
~~ 

ND = Non-Detect 
(Non-identified Nuclides) 

N 



Table 20 
ANFB to MH-2 Overburden A Sol1 Analytical Resulb 



Table 20 
ANFB to MH-2 Overburden A Sol1 Analytlcal Resulb 



Table 20 
ANFE to MH-2 Overburden B Sol1 Analytlcrl R e ~ u l C l  

Pace 3 or 4 





Table 21 
ANFB to MH-2 Overburden A Comparison Value Calculation 

t95% (n-1) Value 
Number from Table B-1 of 
of Data NU REGICR- AreaNolume 

ID Points 5849 

ANFB to 
MH-2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Comparison 
Value 

Equation 

Overburden A 

Sample Number 
540 
542 
545 
566 
567 
568 
569 
570 
57 1 
572 

CS-137 
Result (pCi/g) 

0.0634 
0.0527 
0.0486 
0.0213 
0.023 
0.0225 
0.0218 
0.0241 
0.0235 
0.01 97 

Average 
0.03206 

Standard 
Deviation 

0.02 

0.0634 
0.01 97 

Final Characterization and Final Status Report for ANFB-NSSF 
June 16.2006 

10 1.833 

Comparison 
Value 
0.04 

Screening 
Criteria 

11 

Comparison < 
Criteria 

Yes 

Revision 2 



Table 22 
ANFB to MH-2 Overburden B Comparison Value Calculation 

t95% (n-1) Value 
Number from Table 6-1 of 

AreaNolume of Data NUREGICR- 
ID Points 5849 

ANFB to 
MH-2 Overburden B 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Comparison 
Value 

Equation 

Sample Number 
541 
543 
544 
573 
574 
575 
576 
577 
578 
579 

CS-1 37 
Result (pCi/g) 

0.197 
0.0488 
0.0343 
0.0226 
0.0271 
0.0282 
0.0294 
0.0287 
0.0249 
0.0269 

Average 
0.04679 

Stand a rd 
Deviation 

0.05 

10 

Comparison 
Value 
0.08 

Screening 
Criteria 

11 

Comparison c 
Criteria 

Yes 

Final Characterization and Final Starus R C ~ R  for ANFB-NSSF 
June 16.2006 

1.833 

Revision 2 



Attachment A 

Minimum Detectable Activity Calculations for a 
Ludlum Model 43-20 Detector and Eberline ESP-2 Meter 

The minimum detectable activity (MDA) for scanning an alphaheta point source with 
instrument progrcssion rate of 5 centimeters per second ( cdsec )  is calculated using the 
following method: 

Given: 

Width of detector = 10 cm 
Area of detector - 180 cm2 - 

lOcm lmin 
S o n  / sec 60 sec 

Time probe is above point (T) = *-= 0.033 m in 

Nphalbcta background (worst case brick) = 729 counts per minute (cpm) 

scanning background = 729 cpm x 0.033 min = 24.1 counts (c) 

standard deviation of Cb = >cb = 4.9 1 

efficiency of detector = 0.28 counts per disintegration (c/d) 

- - c b  

Sb - - 

Eff = 

For a wide area alphaheta source, the M D A  would approach the static 1 minute count 
MDA: 

1 minute - - T 
S b  = J G & G Z = f i = 2 7 c p r n  

= 260 d p d l 0 0  cm2 3 + (4.65 * 27) 
180 
100 

MDA + 
(0.28 * 1 * -) 

The MDA for an alpha source is calculated using the same methodology. The following 
presents thc calculation. 

Given: 

Width of dctcctor = 10 em 



I 80 cm2 - Area of detector - 

lOcm lmin 
5cm/scc 60sec 

Time probe is above point (T) = *-= 0.033 min 

Alpha background = 1 counts per minute (cpm) 

scanning background = 1 cpm x 0.033 min = 0.033 counts (c) 
standard deviation of Cb = )c, = 0.1 8 
efficiency of dctcctor = 0.23 counts per disintegration (dd)  

- - c b  

Sb - - 

Eff = 

= 28 1 disintegrations per minute 3 + (4.65 * S , )  - 3 + (4.65 * 0.18) 
180 

100 100 

- 
(0.23 * 0.033 * -) A 

MDA = 
E f f * T * -  

For a wide area alpha source, the MDA would approach the static 1 minute count MDA: 

1 minute - - T 
s b  = , / L & Z Z = J r = ~ c p r n  

= 18.5 dpm/lOO cm2 3 + (4.65 * 1) 

1 A 
(0.23 * 1 * - 

100 

jMDA + 
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