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Dear Ms. Browder: 

On September 25, 2004, Kerr-McGee received a Request for Additional Information (RAI) on 
the Indoor Final Status Survey Repot submitted for the Technical Center on April 15, 2004. The 
RAI focused mainly on the issue of embedded piping and the scenario developed to account for 
exposures related to removal of that material. On October 2 1 , 2004, a conference call was held 
between Kerr-McGee, NRC Region IV and NRC staff in Washington, DC to hr ther  discuss the 
RAI and what would be expected in a response. 

- 
Attached are three copies each of the following documents that address the RAI  and issues raised 
in the conference call. 

Line by Line responses to the September 28, 2004 RAI 
o This contains response to each of the questions posed in the RAI. 

Technical Memorandum 04-26 Benchmarking of the MCNP Calcrilated ~Wodels as 
Applied to the 3"x1/-3" NaI(T1) Detector. 

o This document validates the ability of the MCNP model to predict the sensitivity 
of a 3"x1/2" NaI detector for any given exposure rate. 

Technical Memorandum 04-25 Emminatio)i of Variabifie Befir,eerz ,Val Probe arid Count 
Rate Meter Combinations. 

This document shows that the variation between all available detectors is less than 
20%, which conforms to the guidance for allowable instrument variations 
contained in the American National Standards Institute N323A- 1977. section 
4.2.2 on surface contamination measurement instruments. 

o 

Technical Memorandum 04-29 Dci-ii*ntioit of Embedded Piping DCGLs, for  Renointion 
atid Occiipariontil Esposiisc Sceiiai-ios at KlVlTC. 

Kerr-McGee Shared Services Company LLC 

123 Robert S. Kerr Avenue. Oklahoma City, OK 73102 - P 0 Box 25861, Oklahoma City. OK 73125 



L 
3 This document demonstrates that the exposure scenario submitted in  the Indoor 

Final Status Sumey report is more protective than the Occupational and 
Renovation scenarios developed at the request of NRC staff made during the 
October conference call. 

We believe this submittal addresses all of the questions and concerns raised by the agency. We 
propose that we get together on a conference call in mid- December to discuss any questions you 
or the Washington staff may have. In the meantime, if you have any questions, please feel free 
to call. 

Sincerely, 

L Project Manager 

Attachments 



NEXTE P Environmental 
~~ 

808 Lyndon Lane, Suite 201 
Louisville, KY 40222 

Phone: (502) 339-9767 

EmaiI:nextep@,nextep.cc 
Fax: (502) 339-9275 

Response to NRC RAI 

These responses are to the NRC Request for Additional Information (RAI)’. The responses to the 
seven individual questions are as follows: 

Question 1 Although use of the MCNP code can accurately model the photon interaction rate 
in the Nal detector, the simulation cannot accurately predict the output of the 
detection system resulting from this interaction rate. The simulation therefore 
appears to have assumed a specific relationship between the interaction rate in 
the crystal and the count rate of the system. The staff finds such an assumption 
as insufficiently reliable, and therefore the results from this simulation is lacking 
an adequate technical basis for the intended purpose. Further work, or an 
alternative approach, to establish an acceptable relationship between 
contamination levels in the pipe and the detector count rate is therefore required. 

NEXTEP benchmarked the MCNP code to the measured results of a NaI 3” x 0.5” 
detector. NEXTEP Technical Memorandum (TM) 04-26* validates the ability of 
the MCNP model to predict the sensitivity of a 3”x %” NaI for any given exposure 
rate3. Further, TM 04-2S4 documents that the variation between the available’ 
detectors is less than 20% based upon the guidance for allowable instrument 
variation contained in the American National Standards Institute (ANSI) N323A- 
19976. Any 3” x %” NaI probe and Ludlum count rate meter combination may 
therefore be utilized for surveys without preference to a particular instrument. 

Response 

Question 2 The Microshield runs and output data provided in Attachment C (C-1 through C- 
17, pages 214-247) indicate a source dimension of 65.0 cm. This source is 
assumed to be the length of the pipe. However, on page 25 1, for calculation of the 
exposure using a pipe source, an individual is assumed to be exposed to a 20 m 
length of contaminated pipe. Please explain or reconcile. 

TM 04-02’ used a detector on contact with the piping in order to estimate the 
MDC as well as estimate the counts from the proposed DCGLs (i.e. contamination 

Response 

~~ ~ 

’ U.S. NRC, Letter to R.H. Jones: Request for Additional Information. Sept. 28,2004. ’ NEXTEP Tech Memo 04-26, Benchmarking of the MCNP Calculational Models as Applied to the 3” x 
%” NaI(TI) Detector. H.J. Newman, CHP. 
The term exposure rate is used to convey all information related to energy fluence. 
NEXTEP Tech Memo 04-28, Examination of  Variability Between NaI Probe and Count Rate Meter 
Combinations. A.H. Thatcher, CHP. 
All detector configurations in current calibration for the Cushing, Cimarron, and Tech Center sites. 
ANSI. American National Standard Radiation Protection Instrumentation Test and Calibration, Portable 
Survey Instruments. N323A-1997. 1997. 

’ NEXTEP Tech Memo 04-02. Use of the 3” x %” NaI Detector for Measurement of Contamination Inside 
Pipes for KMTC. N. Zhang. 
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Question 3 

Response 

Question 4 

Response 

Question 5 

Response 

on the inside of the piping). In an on-contact setting, a pipe length of 65 cm 
resulted in greater than 90% of the infinite count rate and is therefore appropriate. 
In the derivation of the DCGL performed in TM 04-03* however, the exposure to 
a hypothetical individual at a distance of 1 meter from the pipe is assumed. The 
modeling for this exposure used a pipe length of 20 meters in order to insure an 
infinite pipe. Both geometries are appropriate for the conditions used. 

The Microshield runs and output data provided in Attachment C (C-1 through C- 
17, pages 214-247) indicate results of the total exposure rates for different piping 
configurations and for different radionuclides and mixtures. These exposure rates 
were reported in the range of I E 4 3  to 4.5 E-01 mR/hr. The report did not 
provide a direct conversion of these exposure rates to dose using a realistic 
exposure time of an average member of the critical group. It is unclear how these 
derived exposure rates were used in the dose calculations or in deriving the 
DCGLs. Please explain. 

The Microshield code was used in TM 04-02 to provide a photon flux resulting 
from a contaminant concentration at the DCGL (provided in TM 04-03) for the 
on-contact configuration in order to predict the NaI count rate using the MCNP 
code. TM 04-02 did not serve as the basis for the exposure modeling. TM 04-03 
serves as the basis for the exposure modeling and the results from TM 04-03 
should be used for exposure rate extrapolation. 

The source input values of Microshield runs in Attachment C (C-1 through C-17, 
pages 2 14-247) were provided as total radioactive source inventory (e.g. curies) 
and surface concentration pCi/cm2. Please provide information on assumptions or 
data for deriving radionuclide source inventory and surface area contamination. 

For TM 04-02, a background concentration was assumed that matched well with 
on-site measurements. The concentrations used for predicted counts in TM 04-02 
were based upon the predicted DCGLs derived in TM 04-03. For TM 04-03, the 
modeling assumed a unit concentration of activity in order derive the DCGL based 
upon an allowable exposure limit (25 mredy). No assumptions were made as to 
the total source activity. The Microshield code does provide the total source 
activity as part of its output but this value has no bearing on the analysis or 
scenarios used. 

For the building renovation scenario, the external exposure to contaminated 
material was assumed to be 50 hours. Please provide the rationale for selecting 
this occupancy time, taking into consideration the much longer occupancy period 
for the building occupancy scenario. 

A number of scenarios are available when modeling exposures for an industrial 
setting. A traditional occupational scenario’ assumes a 2000 hr/yr exposure rate. 

* NEXTEP Tech Memo 04-03. Derivation of Embedded Piping DCGLs for KMTC. A.H. Thatcher, CHP. 
NUREG 5 5 12, Table 6.21. 

- 2 -  



L 

A building renovation scenario” assumes a 500 hr (one time) exposure. The 
exposure time of 50 hours used in TM 04-03 is not an “occupancy time” in the 
traditional sense of an occupancy scenario. The 50 hours represents the estimated 
time any single individual might be exposed to the embedded piping in relatively 
close proximity. The 50 hours represents 1/10 of the renovation scenario in 
NUREG 5512 as TM 04-03 assumes that the entire building is not undergoing 
renovation, only the piping. Were the entire building included in the renovation 
scenario (Le. 500 hours of exposure), the exposure distances would have to be 
significantly greater to account for that portion of the time that an individual spent 
away from the potentially contaminated piping which occupies a small area of the 
building. Similarly, for a traditional occupational exposure scenario, a very small 
fraction of the time would be spent in chaseways or spaces in proximity to the 
potentially contaminated piping. For context, TM 04-29” was developed to 
further explore the potential dose to a 500 hour renovation scenario and a 2,000 
hour occupational scenario. 

Question 6 For calculation of the inhalation exposure, the KMTC assumed that the inhalation 
of radioactive contamination only occurs during 20 mechanical disturbances, 
where each disturbance lasts only for 3 seconds. In a typical building occupancy 
scenario, it is assumed that the inhalation time is the same as the indoor or outdoor 
exposure time corresponding to the indoor/outdoor occupancy time. In other 
words, it is assumed that mechanical disturbances of the source occur during 
individual occupancy. Please provide further explanation for using a total of one 
minute per year for the total mechanical disturbance time of the source. 

Response Similar to the discussion in the response to Question 5, significant differences 
exist in the assumptions used for a traditional occupational exposure scenario and 
that of the renovation scenario in TM 04-03. For a building occupancy scenario as 
applied to KMTC embedded piping, no inhalation exposure would exist when the 
only source of exposure would be the internal contents of enclosed and 
undisturbed piping. A traditional building occupancy scenario is generally 
designed to analyze the potential impact of contaminated building surfaces and is 
therefore fundamentally different from the exposure analysis to embedded piping. 
In TM 04-03, the renovation scenario assumed that all of the material was 
stockpiled and crushed such that all of the potential contamination were available. 
It is then assumed that 20 resuspension events occurred with the three second 
exposure time based upon the wind speed for the resuspended plume. This total 
one minute of inhalation exposure sounds like a short period of time but the small 
air volume used in the calculation and the total activity made available actually 
work to make this a conservative scenario. In contrast to the analysis in TM 04- 
03, for a total building renovation scenario (such as developed in TM 04-29), the 
potential airborne exposure is limited by a smaller area of contamination available 
and a significantly larger dilution volume. 

l o  NUREG 5512, Table 6.20. 
” NEXTEP Tech Memo 04-29. Derivation o f  Embedded Piping DCGLs for Renovation and Occupational 

Exposure Scenarios at KMTC. A. H. Thatcher, CHP. 
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Question 7 The reference, ICRP 1995, provided for the DCFs on pages 260 and 262 should 
include the ICRP series number or a complete reference. 

Response ICRP, Age-Dependent Doses to Members of the Public From Intake of 
Radionuclides: Part 5 Compilation of Ingestion and Inhalation Dose 
CoefJicients, ICRP Publication 72, Oxford, Pergamon Press, 1995. 

- 4 -  



NEXTEP Environmental 

TECHNICAL MEMOR4iVDUM 04-26 

E\OO&FV.FXT. T'nis jtxurnenl ;ontaim thc rcrults u f r c w r c h  and t c c h n d  aiialy>is uhicti Iizw Seen r c ~ i c w d  
and approved for publication by the I'whrurnl Dircctor. V3TF.P Environmental. [n;. 
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- Ab&-- 
Da to ' Harry J. S e m a n .  CHP. Technical Dircctor 

. -  

1.2 

! .-i 

INTRO D CCT ION 

Predicrive niodcls arc used in certilin environmental applications whcn the direct 
measurcm~'nt rclrults are not feasible or pmcrical. Application zxunples include the 
predicted counts which w-ill be recorded by a mcasurcment system from contaminated 
m;lrt+al such as concrete. large area buried or surface contamination. a id  exureml 
measurements of internally contaminatcd piping. 

Tlw Technical Mrrnoranduni ('TM) benchmarks a model developtd by Nextep using the 
Monte C d o  \ Panicle (MCNP) code' LO b r h  mcastircd md calculated resuits ora 3" s 
ha1 detector. 

rlic benchmarking ir! tltia TM in\olvcs four parts as dclincatccl in the Scope & l l e thds  
section. Each part is introduced and surnmarkd. and [he results associated with each 
method are reponed. 

Finail). 3 recommendation regding  tlic applicabiliry of rhe LKYP model used by 
\T?CTF-P for problem cvaluanon is  prescnred. 



2. SCOPE & METHODS 

2.1 The benchmarking performed in this investigation validates the ability of the MCNP model 
to predict the sensitivity of a 3”x 1/21) NaI detector for a given input energy and photon flux. 
The detector model used for the benchmark comparisons is described in detail in Nextep 
Technical Memorandum (TM) 03- 14.2 

’zv 

2.2 The benchmarking is performed in a series of four stages: 

2.2.1 In Part I, the sensitivity of a 3” x 1/21) NaI detector to gamma emissions from a mono- 
energetic point source ((3-137) positioned 15 cm fiom the face of the detector in the 
unshielded configuration is calculated by two methods and compared with the MCNP 
model. 

2.2.2 In Part 11, Laboratory test results for a shielded 3”x W’ NaI detector positioned 30 cm 
above a poly-energetic point source (0.377 pCi Ra-226) are compared with the MCNP 
model configured for the same source, detector, and geometry. 

2.2.3 In Part 111, the sensitivity of the 3”x W NaI detector to gamma emissions from a poly- 
energetic point source (3.54% enriched U) positioned 15 cm from the face of the 
detector is calculated based on a predicted photon flux3 and a tabulated energy-based 
absolute sensitivity? 

2.2.4 In Part IV, the calculated efficiency (cpm/pR/hr) from Part 111 is compared to an 
MCNP modeled efficiency ( cpdpwhr )  initially developed in TM 03-24’. - 

3. RESULTS AND DISCUSSION 

3.1 PART I - 3”X1/2” NAI DETECTOR SENSITIVITY IN CPM/(WH) FOR CS-137 

3.1.1 Method 1 - Calculation from Basic Principles 

3.1.1.1 

3.1.1.2 

Method 1 is a manual calculation of the expected count rate from a 3” x YZ” 
detector given a 1 pR/hr exposure rate (0-137 in a narrow beam geometry). 

The expected count rate fiom a 3”x 1/21) Nal detector is calculated from first 
principles as follows. 

3.1. I .2.1 The count rate can be calculated using Equation 1 : 

NEXTEP TM 03-14, NalsCan Survey of Concrete Rubble in Sector 8 of the Ken-McGee Cushing F a d @ ,  N. 
Zhang. 
Obtained usinn Microshield software: Grove Engineering, Microshield, Version 5.03, Rockville, MD. 1998. ‘ C. C. Grosjeak W. Bossaert, Table of Absolutebekcti& Efficiencies of Cylindrical Scintillation Gamma-ray 
Detectors 
NEXTEP TM 03-24, Nal Scan Survey ofconcrete Rubble Containing SNM in Section I O  of the Ken-McGee 
Cushing Site, N. Zhang. 

TM 04-26 Benchmarking of MCNP Calculational Models and Methods Revision 0 
NEXTEP Environmental, Inc. December 2004 
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3.1.1.3 

’L 

Equation 1 
Count Rate (cpm) =p x A x 60 - e-+wx 

Where: 
(p = Gammajluence (photondm’*s) 
A = Detector area (45.6 cm’) 

pNd = linear attenuation coeficient fov Nal ( 0 . 3 / ~ m ) ~  
x = thickness of detector (1.27 cm) 

3.1.1.2.2 The photon fluence is calculated by Equation 2: 
Equation 2 

D p=- 
Pnl - * E  
P 

Where: 
D = dose rate in air (plUhr) 
E = photon energy (MeV 
urn - =mass energv absorption coeflcient (cm’/g), see 3.1.1.3 below 
P 

A standard plot of energy vs. mass energy absorption’ is presented in Figure 1. 
The mass energy absorption coefficient for air was determined by interpolation 
of values using a 6th order polynomial curve fit equation presented in 
Equation 3. Equation 3 is an empirical fit’ and is valid only over the region 
shown in Figure 1 .  It has descriptive value only. 

Equation 3 

y = -0.0048~~ + 0.0372 - 0 . 1 1 5 1 ~ ~  + 0.1866~~ -0.16712 + 0.0741~ t 0.0172~ 

where: 
y = 
x = 

the mass energy absorption cueficient in cm2/g 
the energy of the gamma in MeV. 

St. Gobain Crystals, “Eflciency Cakulations for Selected Scintillators”, p. 4., available at http:ll 
\c-\\~~.detectors.saint- 
~!obain.com/media/docu1nents/j~X~O~X)O~M~~M~~~~~X)OOOoO3/S~~%2~k‘l~icienc~%2OCaIulations%20X0~~. ddf 
Values plotted in Figure 1 were obtained from: 
http:l/physics.nist.gov/PhysRefDaWXrayMassCoefKomTab/ak.html 
Correlation coefficient R2 = 0.9989 

’ 
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Mass Energy Absorption Coeff. vs Energy 
for Air, Dry (Near Sea Level) 
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Mass Energy Absorption COG Vs. Energy for Air, Dry 
(Near Sea Level) 

Figure 1 

3.1.1.4 For the 0.6617 MeV gamma of (3-137, the interpolated mass energy absorption 
coefficient is 0.0294 cm*/g. Using l p w h  as the exposure rate in air in Equation 
2, the photon fluence was calculated as 0.894 photons/cm*-sec @ I@. By 
substituting t h ~ s  photon fluence into Equation (l) ,  the resulting count rate9 was 
774 cpm/(pR/h) for (3-137. 

Manual calculations using Method 1 were also performed and compared to the 
manufacturer’s reference values’o for several Nal detector sizes (see Table 1). 
The results, plotted for reference in Figure 2, are withm about 17% of the 
manufacturer’s stated values. Given the small percentage difference for these 
detector configurations, the calculated value for the 3” x %” NaI detector is 
expected to have similar accuracy. 

3.1.1.5 

Although termed a counting rate, this result is also correctly identified as a sensitivity @e. countdactivity) since 
a unit exposure rate was assumed. 
A manufacturer’s reference value is not available for the 3” x 44” detector. The values are those reported by 
Ludlum Measurements for several detector sizes 

9 

10 

TM 04-26 Bemhnwking of MCNP Calculational MadeLp and Methods Revision 0 
NEXTEP Environmental, Inc. December 2004 
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Table 1 

M m u d  Colcrtlalions and Manufaduer Reference V&es of 3"x %" Nd Detector E m n c y  

*ne satsitivity has been normalized based on detecta volume fiun that repor(ed by Ludlum Measuraaen(s, Inc. Their statement wps given in 
terms oftfie cpm as a function of j&h. The data poinl at 58 cm' repreaents the 3"x %"&kctor. 

Correlation of colculaled Nd Detector Sensitivity with Manuf&urer's Specs 
Figure 2 

3.1.2 Method 2 - Calculation Using Gmsjean Sensitivity Tables 

3.1.2.1 According to Grosjean", the absolute sensitivity of a NaI(Tl) detector with 
dfferent configurations and different source-detector geometries can be 
calculated from the average energy of photons impinging on the detector. The 
simplest case is that of an isotropic point source. Grosjean provides sensitivity 
tables for different detector configurations and different source-detector 
distances. 

Using the same sourcelgeomeby combination as in Method 1, the Microshield 
code was used to generate the total number of gammas which would be emitted 
from the source. Microshield was also used to calculate the exposure rate at a 
distance of 15cm from the source. me Microshield output for this configuration 
is presented in Attachment 1. 

3.1.2.2 

' I  C. C. Grosjean, W. Bossaert, Table of Absolute Dekction Efficiencies of Cylindrical Scintillation Gamma-ray 
Detectors 

TM 04-26 Benchorking 4MChP Calculatianal Models and Medrods Revision 0 
NEXTEP Environmental, Inc. December 2004 
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3.1.2.3 The total number of gammas times the absolute sensitivity derived above can 
then be used to derive the count rate. This count rate divided by the exposure 
rate will give the sensitivity in units of cpm/(p€Uh). 

The detector sensitivity in cpm/(@/h) was calculated as follows: 3.1.2.4 

3.1.2.4. I Total gammas per minute &om the point source: 

34,040 photons/sec x 60 sec/min = 2,042,400 phoions/min 

3.1.2.5 The closest table in Grosjean to 0.66 MeV for a 3” x !h” NaI detector is for 
photons with an energy of 0.594 MeV.I2 The absolute sensitivity is given as: 

T@) = Tp@j = 4.58764E-03 counts/photon 

The count rate in cpm can therefore be calculated as: 
2,042,400 photondmin x 4.58764E-03 counts/photon = 9,370 cprn 

3.1.2.6 From the Microshield output, the corresponding exposure rate at 15 cm fiom the 
point source is 14.51 pR/h. The sensitivity of the 3” x %” NaI detector in 
c@( @Uh) can be calculated as: 

9,370cpm / 14.51pRh = 646 c p d f l  for Cs-137 

3.1.2.7 Given that the efficiency of a 0.661 MeV photon would be slightly less than that 
of the 0.594 MeV photon used in the calculations, the calculated value is 
expected to be within 20% of 774 cpm/pR/h as calculated using Method 1 above. 

3.1.3 Method 3 - MCNP Simulation 

3.1.4 The specific gamma-ray constant of Cs-137 is 0.33 (R*m2/Ci*h). So, 3.03 pCi of Cs- 
137 in the same configuration will generate l@/h at the f$ce of the detector, The 
MCNP model was run to obtain the absolute sensitivity of a 3” x %” NaI detector for 
this geometry. The result was 1.045E-04 countdphoton. The detector sensitivity is 
calculated as follows: 

(3.03 pCi x 3.7 E+04 photons/sec/pCi x 60 sec/min x 1.045E-04 countdphoton) / I pR/h 
= 703 cpd(jdt&) 

3.1.5 The MCNP modeling process provided results that benchmark within 9 percent of 
either Method 1 or Method 2 for the 3” x !4’ NaI detector. 

3 2  PART I1 - 3” X %’”AI DETECTOR SENSITIVITY IN CPM/(cIR/H) FOR RA-226 

32.1 NEXTEP performed laboratory tests using a NIST-lraceable Ra-226 standard and a 
shielded 3” x !4” NaI detector coupled with a Ludlum 2221 scalehtemeter to 
determine the sensitivity in cpm/pR/h. The results were 2,248 cpd(jd2h) using the 

Grosjean, ibid., Equation (lo), page 283. 12 

TM 04-26 Benchmarking of MCNP Calculational Models and Methodr Revision 0 
NEXTEP Environmental. Inc. December 2004 
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4 
“window out” mode. The “window out” mode accumulated those counts from pulses 
larger than 5OmV. Each mV corresponds to approximately 1 keV photon energy, so 
the lower energy cut-off for the “window out” mode was approximately 50 keV. 
Experimental results are provided in Attachment 2. 

3.2.2 The MCNP model was configured with an isotropic, 0.1 pCi, Ra-226 point source 
30 cm away from a 3” x 1/21) Nal detector, in accordance with the geometry used during 
the laboratory tests. Running the MCNP model, the absolute sensitivity for this 
geometry was 0.0024 countdphoton using a 15 keV energy C U ~ - O & ~ .  

3.2.3 The Microshield code was used to model the photon flux from an 0.1 pCi Ra-226 
point source (30 years decay was assumed). The total activity of this source as 
calculated by Microshield (see Attachment 3) is 85,080 photondsecond (5,104,800 
p hotondm inute). 

(5,104,800 photondmin x 0.0024 countdphoton)/lO @AI = 1,225 cpd(jd?hlr) 

3.2.4 The MCNP model calculation is within 7% of the measured value of 1,148 
cpm/(CLR/h) for Ra-226 with a 50 keV energy cut-off. 

3.3 PART I11 - 3” X %,, NAI DETECTOR SENSITIVITY IN CPM/(pWH) FOR 3.54% 
ENRICHMENT URANIUM 

3.3.1 This section provides a calculation of the sensitivity of the 3” x 1/21) NaI detector for 
gamma emissions from enriched uranium (3.54%). The calculation is based upon the 
referenced efficiency from Grosjean. 

According to Table 6 of TM 03-2414, the activity of U-235 and U-238 will be 
0.0318 pCi and 0.135 pCi, respectively for a lpCi source of 3.54% enriched U. The 
Microshield output (see Attachment 4) shows that the total activity is 1,940 
photondsecond ( I  16,400 photordminute). The exposure rate for this case is 
021 1 pR/h. Grosjean” can be used to obtain an absolute sensitivity of 0.006819 
countdphoton. The sensitivity is calculated as follows: 

3.3.2 

(I  16,400 photons/min x 0.00681 9 cou~1tdphoton)/O.21 I pR/h = 3762 cpd(j&h) 

3.4 PART IV - BENCHMARK CHECK AND VERIFICATlON OF THE MCNP MODEL 
USING THE SENSITIVITY REPORTED IN PART 111. 

3.4.1 In TM 03-24, one geometry that was utilized for the MCNP model is the one shown in 
Figure 3. This geometry and the resulting modeling runs were used to benchmark the 
MCNP 3” x 1/21) Nal model. 

Ra-226 and its progeny have no significant photon energies lower than 50 keV so the two energy endpoints are 
equivalent. 

I‘ NEXTEP TM 03-24, ibid. 
Grosjean, ibid., p. 283. 
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3.4.2 The same geometry, materials, and nuclides were also modeled using Microshield 
(see Attachment 5) in order to obtain the exposure rate as an input for the comparison. 

The Microshield-calculated exposure rate at the point of interest (detector) was 
0.003316 pR/h. By applying the efficiency result from Part 111, which was 3,762 
cpm/(pRh), the counting rate for this case will be 12 cpm. These results are within 
20?! of those generated by the MCNP model and reported in Table 8(a) of TM 03-24, 
which were 15 cpm. The difference between the two results may be explained by the 
fact that the MCNP model did not have an energy cut-off at 15 keV, while the 
Microshield model did. Lower energy photons are known to interact with NaI with a 
higher sensitivity than higher energy photons. 

Concrete Block 

1 cm thickness Contamination layer 

3.4.3 The MCNP model produced results within 25% of the benchmark calculations for 
3.54% enriched uranium. The MCNP results were higher in part because the model 
does not reflect the 15 keV cutoff used in the benchmark calculations. 

1 metR 

MCNPModel G w W J E O ~  TM 03-24 
Figure 3 

4. CONCLUSIONS 

4.1 The MCNP model for the 3” x !4” NaI detector provided results that benchmark within 9% 
of calculations from basic principles and calculation from Grossjean sensitivity tables for a 
0 - 1 3 7  point source. (Par. 3.1.5) 

4.2 A field test using a NIST-traceable Ra-226 standard demonstrated that the NEXTEP MCNP 
model for the 3 ” x  5’ detector was capable of determining sensitivity (in terms of 
cpm/pRh) within 7% of the known value. (Par. 3.2.4) 

TM 04-26 Benchmarking of MCW Calculational Models and Methods Revision 0 
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4.3 The MCNP model produced results within 25% of the benchmark calculations for 3.54% 
enriched uranium. The MCNP results were higher in part because the model does not reflect 
the 15 keV cutoff used in the benchmark calculations. (Par. 3.4.3) 

4.4 The MCNP model used by NEXTEP is an acceptable method for estimating the sensitivity 
and efficiency of the 3” x 9”’ NaI(TI) detector when direct measurements are not feasible or 
practical. 

w 

5. RECOMMENDATION 

5.1 The MCNP model should be used for estimating the sensitivity and efficiency of the 
3” x WNal(TI) detector in complex situations and when direct measurements are not 
feasible or practical. 
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ATTACHMENT 1 

YkroShMd v5.03 (5.0300427) 
NEXTEP ENVIRONMENTAL INC. 

L 

-v. 

Page 1 
DOS File CS137 hlS5 
Run Date January 22 2004 
R u i  T r r e  5 06 06 PM 
Du’atlor GC 00 00 

File Ref 
Date 

BY 
Checked 

Case Tltle: Case 5 
Description: Case 5 
Goometry: 1 . Point 

Dose Points x Y 
. # 1  15 cm 0 cm 

5 9 in 0 0 in 

Shields 
Shield Name Material 

Air Gap k r  

Source Input 
GIUUD~IUI Method : Actual Photon Energies . -  - 

&g& beccluerels 
Ba-137m 9 46oOe-007 3 5002e-004 
0 - 1  37 1 ooooe-006 3 7OOOe*004 

Bulwup 
The material nfenncr is : Air Gap 

Results 
Enerav Fluence Rate Fluence Rate Exposure Rate 

0 0318 7 246er02 8 11Oe-03 8 16%-03 6 755e-05 
0 C322 133ie+G3 1 514e-02 1524e-02 1 219e-04 
0 5364 4 865e+02 6 234e-03 6 276e-03 3 542e-05 
0 6616 3 ‘49e+W 7 360e+DO 7 369e+OO 1427e-02 

TOTALS 3 404e+W 7 389e+OO 7 398e+GO 1449e-02 

@.?J photonvsec MeVklll’lSW MeV:an’/sec mRlhr 
No BuiMu~ Wth Buildup 

z 
0 cm 

O G  In 

0 30122 

Expcwre Rate 
mRl_hr 

With Bbildw 
6 80’e-C)5 
1 227e-34 
3 566e-35 
1429e-32 

145‘e 02 

TM 04-26 Benchmarking of MCM, Calculational Madels and Methods Revision 0 
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Y 

Ludlum 2221 Ser. No. 
3 x 0.5 inch probe 
Ra Std 

Measuring Distance 
Dose Rate at Distance* 

Window out 
Shielded probe face on 

v 

A'ITACHMENT 2 

Laboratory Calibration 

Dose rate Calibration of Ludlum 2221 w. 3x03 inch Nal rorobe 

Background 

197779 lwing Powell, Terry Keane 
312319 11/1zo4 

SRM 4967 
2729 Bq/gm 

5.1167 gm 
13,963.4743 Bq 13,664.33 Decay corrected value 
3.77391E-07 Ci 3.69E-07 Decay corrected value 

30 cm 
3.27E-06 Rhour 

cpm Average netcpm cpmlmicroRlhr 
5892 5865 3753 1148 
591 9 
5914 
581 5 
5708 
5885 
5923 
5861 
5802 
5928 

2191 21 12 
2123 
2054 
2080 

Note: the dose rate at a distance of 30 cm from the radium source was calculated using the 
Microshield Code, Version 5.03 

TM 04-26 Benchmarking of MCNP Calculational Models and Methods Revision 0 
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ATTACHMENT 3 

YkroShIokJ vS.03 (5.0300027) 
NEXTEP ENVIRONMENTAL INC. 

=age ' 
X)S File RAZZ6338 MS5 
i u n  Date January 23.2OC4 
iun Time 10 09 2' AM 
3uration 00 00 00 

!&&& 
81.210 
BI-214 
Pb-210 
Pb-214 
Po-2 1 0 
PO-2 14 
Po-21 8 
Ra-226 
Rn-222 

tnerqy 
Me'/ 

0 05 
C 08 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  

1 0  
1 5  
2 c .  

TOTAL 5 

o e  

A C A C  
photonrisec 

13&+03 
841&+03 
4 957~401 
3 933e+03 
7 535e+03 
1397e+04 
6 523e+02 
1761e+04 
3 457e+03 
1 !438+04 
6 952e+03 
9 772e+03 

8 508e+04 

File Ref 
Date 

Checked 
BY 

Case Titi.: Case 6 
Dnctiption: Cas8 6 
Goofnoby: 1 - Point 

Dose Poinb 
X v 

I 1  30cm O m  
11 8 in C 0 in 

Shielda 
Shield Name Material 

Air Gap Air 

Source Input 
Orouplnp Method : Standard 1ndk.r 

Number of Group. : 25 
Lowor Ensrgy Cutow : 0.015 
Photons < 0.015 : Ercludod 

Llbrary : Grove 
C* becauereis 

6 018%-007 2 2270e+004 
9 86QOe-007 3 6515e+M)4 . ~ ... . 
6 021 3e-007 2 227%+004 
9 86W-007 3 6515e+004 
5 9522e-007 2 2023er004 
9 866%-007 3 6508e+004 
9 870%-007 3 6522e+004 
9 8709e-007 3 6522e+004 
9 870%-007 3 6522e+OW 

Buildup 
The material relerence is : Air Gap 

Fluence Rate 
MeV/Crn%ec 
No Buiklup 
5 732e-03 

4 359e-04 

1 %le-01 
4 925e-01 
2 a75e-02 
9 313e-01 
2 435e-01 
1009e+W 
9 203e-01 
1 725e+OO 

5 92Oe-02 

6 92%-02 

RnuRs 
Fluence Rale 
MeV/cmals8c 
WIM Buildup 

5 807e-03 
5 985e-02 
4 4ooc-04 
6 965e42 
2 Woe-01 
4 942e-01 
2 883e.02 
9 337e-01 
2 44oe-01 
10108+00 
9 21%-01 
1 7 2 7 ~ 0 0  

Exposure Rale 
m r  

No Bullduo 
1527e-05 

1222e-04 
3 777e-04 

9 =Be-05 
6 e - 0 7  

9 598e-04 
5 M3e-05 
1 81&-03 
4 631e-04 
1859403 
1548e-03 
2 668e-03 

5-0 5 695e+00 9 W e - 0 3  

z 
0 cm 
0 0 in 

0 00122 

ExDosure Rate 

Wnh BuilduD 
1 547e-05 
9471e-OS 
5 731e-07 
1229e-04 
3 793e-W 
9 629e-04 
5 659e-05 
1823e-03 
4 640e-04 
1862e-03 
1 550e-03 
2 671e-03 

1 oooe-02 

TM 04-26 BerachmaJ-king of MCW Calculational Models and Methads Revision 0 
NEXTEP Environmental, Inc. December 2004 
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ATTACHMENT 4 

Page 1 
DOS le R A  MS5 
R u n  Date January 23 2004 
Run Time 10 36 25 AM 
Duration 00 00 33 

2 213e+OO 

MicroShield v5.03 (5.0300027) 
NEXTEP ENVIRONMENTAL INC. 

F le Ref 
Date 

Nuclide 
Ac 227 
81-2 10 
81 2! 1 
81 274 
Fr-223 
Pa 231 
Pa-234 
Pa-234m 
Pb-210 
Pb-211 
Pb-714 
PC-210 
Po-21 1 
PO-2  14 
PO-2 15 
Po-2 18 
Ra-223 
Ra-226 
Rn-219 
Rn-722 
T1-22 i 
rl .2 3cr 
1n-231 
rh-234 
TI-20' 
U-2% 
U-255 
u >?>E 

Case Title: Case 1 
Description: Case 1 
Geometry: 1 . Point 

Dosf Points 
x v T 

# I  15 cm 0 Cll l  0 c n  
5 3 in 0 3 I7 OOtn 

Shields 
Shield Name M s a  I peJy& 

Air Gap Air 0 W177 

Source input 
Grouping Method : Standard Indices 

Number of Group. : 25 
Lower Energy Cutoff : 0.015 
Photon6 c 0.015 : Excluded 

Library Grove 
s g  

7 179k-0 12 
1 2 9 ~ - 0 1 8  
7 1304e-0!2 
66194e-0'8 
9 9074e-0'4 
2 0175e-0'1 
2 1603e-010 
35OOee-007 

. 2933e-Gl8 
7 1304e-C12 
6 5194e-C18 
12040e-018 
19466e-014 
6 618Oe-018 
7 1305e-012 
6 6208e-018 
7 1305e-012 
6 6308s-018 

6 6208e-018 
7 0501e-012 
15404e-015 
3 1800e-008 
13500e-007 
7 111oe-012 
1144%-011 
3 18ooe-008 
1 35ooe 00: 

r 130%-012 

b e c m s  
26563e-301 
4 7729e-338 
2 6383e 331 
2 4492e-007 
3 6657e-003 
7 4651e-001 
79920e*300 
49950e+333 
4 7851e-008 
2 6383e-001 
2 4492-007 
4 4548e-008 
7 2024e-004 
2 4487e-007 
2 6383e-001 
2 4437e-OCi 
2 6383e-CCi 
2 45Me-007 
2 6383e-OC 1 
2 4497e-007 
2 6085e-001 
5 6993e-005 
1 ~ 766e.cc3 
4 9950e*OC3 
2 63"e-031 
4 2345e-031 
1 1766e*003 
49$50e+003 

Buildup 
The material reference is : Air Gap 

Results  
Flue& Rate fxmsure Rate Exposure Ra!c 
MeV/cm'/sec mR!t .." L.LI.""y -. 

1 142e-05 

Revision 0 
tvironmental, Inc. December 2004 
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Page 2 
DOSFle R A M S 5  
Q u n  @ate Jaruary 23 2004 
Q i r  Time 1C 35 25 AM 
Oura!im CC 00 00 

EnerQ 
M e V  

0 02 
0 03 
c 94 
C 05 
0 06 
0 08 
0 1  

0 15 
0 2  
0 3  

EbCIOnS!S€!C 

3 '62e-03 
1725e+02 
1 149e-02 
2 568e-02 
2 01 l e i 0 2  
' 453e+02 
4 296e+02 
1 8 5 8 e 4 2  
7 278e+G2 
7 773e-01 

0 4  5 599e-01 .~ . - .  

0 5  7 301e-01 
0 3 2 578e+00 
L 3  1659e*31 
1 3  5 307e+31 
7 5  1 118e+DO 
2 0  1443e-01 

TOTA1.S 1940e+O3 

F luence Rate 
MeV lcdbec  

2 20ee-08 
NO BullduD 

1819e-03 
1619e-07 
4 524e-07 
4 254e-03 
4 398e-03 
1 515e-02 
5 832e-03 
5 137e-02 
8 231e-05 
7 907e-05 
1289e-04 
6 310e-04 
4 689e-OJ 
1 873e-02 
5 928e-04 
1020e-04 

1 1:6e-C1 

Fluence Rate 
MeVlcrn'lsec 
WRh Buildup 

2 222e-08 
I 831e-03 
1630e-07 
4 554e-07 
4 280e-03 
4 120e-03 
1523e-02 
9 870e-03 
5 151e-02 

i 921e-05 
' 291e-04 
5 318e 04 
4 694e-03 

5 932e-04 
1023e-04 

1 119e 01 

8 24%-35 

187%-02 

Exoosure Rate 
m&r 

luo Buildup 
7 547e-10 
1 B03e-05 
7 152e-10 
1205e-05 
8 449e-06 
6 485e 06 
2 318e-05 
1 61%-05 
9 066e-05 
1561e-07 
1541e-07 
2 530e-Cmi 
1 2 3 2 ~ - r ~  
8 5 ' 9e-06 
3 452e-C5 
9 573e-07 
1577e-07 

2 104e-34 

Exposue Rate 
mR/hr 

7 695e-10 
Wlh Buildup 

1815e-05 
7 709e-10 
12'3e-C5 
8 501e-OE 
6 520e-E 
2 324e-05 ~ ~~. 

1625e-05 
9 OC2e-05 
I xst.3; 

543e-07 
2 534e-07 
' 233c 06 
8 928e-06 
5 455e-05 
6 38Oe 07 
1 578e-0' 

L l l l e 0 4  
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ATTACHMENT 5 

Page 1 
DOS f le CONBT MS5 
Run Date January 15 20C4 
Run Tlwe 5 35 36 AM 
Duraton CO 00 06 

&lcJ& 
Ac-227 
81.210 
8,-2 1 1 

Fr-223 
Pa-231 
Pa-234 
Pa-234rr 
Pb-2 10 
Pb-211 
Pb-214 
Po-2 10 
Po-21 1 
-214 
Po-2 15 
Po-2 18 
Ra-223 
Rib226 
An-2 19 
Rn-222 
~ h - 2 2 7  
Th-230 
Th-231 
Th-234 
TI-207 
u-234 
U-235 
U-238 

81-214 

YktoShleld v5 03 (5.0300027) 
NEXTEP EWlRONMENTAL IMC. 

Case Tkle: Case 1 
0.script)on: Caw I 

Geometry: 13 - Rectangular Volume 

Source Dlmenslona 
Lengtn 1 o cm 0 4  In 
Width 100 c cfr 3 H 3 4 1 n  
Helght 100 c cfr 3 n 3 4 1 n  

Dose Points 
Y L 
50 z n  50 cni 

1 fl6011 1 f t 7 i 1 n  ' f t 7 i i n  

& 
X 1  4 5 7 2 c n  

Shields 

Source 1 00e+04 cm' Concrete 2 2 
Shleld 1 29 5 c m  Concrete 2 2 
Air Gap Air 3 00122 

Shield Name Dlmenston Marerlai 

Source Input 
Grouplng Method : Standard Indices 

Number of Groupo : 25 
Lown Enogy Cutoff : 0.015 
Photons < 0.015 : Excluded 

Qg!Q 
1545%-010 
7 3034e-012 
15354e-0'0 
2 0839e-011 
2 1325e-012 
4 1945e-010 
4 3481e-009 
2 7175e-006 
7 3156e-012 

53%e0 10 
2 3839e-01. 
6 9491e-012 
4 191Se-013 
2 8833e-0 1 
15354e-010 
2 8845-011 

53540010 
2 8874e-01' 
15354e-010 
2 88453-01 1 
3 517%-010 
4 4624e-009 
6 4013e-007 
2 7175e-006 
15312e-010 
16526e-005 
6 401 3e-007 
2 7175e-006 

Llbnty : Grove 
bccruerels 

5 7 176e+W 
2 7023e-001 
5 6808e+W 
10671e+oOO 
7 8903e-MI2 
1552oe+001 
16088e+OM 
10055e+005 
2 7072e-001 
56808e+M)O 
10671e+000 
2 5712e-001 
15509e-002 
1 o668e+ooo 
5 6809e+OOC 
10673e+oOc 
5 6809e*o00 
10683e+OoO 
5 68G9e+ooc 
10673e+OOC 
5 616Oe+OCC 
16511e+OCi 
2 3685e'OW 
10055e+005 
5 6653e+OOC 
6 1145e+005 
2 3e85e+o61 
10055e+005 

Buildup 

uCl.cm' 
15453e-008 
7 3034e-Cl0 
15354e-008 
2 8839e-009 
2 1325e-010 
4 1945e-008 
4 3481e-GG7 
2 71 75e-004 
7 3166e-01C 
15354e-008 
2 8839e.005 
6 9491e-070 
4 1915e-011 
2 8833e-005 
153-e-008 
2 8845e-008 
15354e-008 
2 8874~-009 
15354e-008 
2 884%-009 
15178e-008 
4 4624e-00T 
6 401 3e-005 
2 7 17%.OoO 
15312e-008 
16526e-003 
6 40 1 Je-005 
2 7175e-004 

BP" 
5 7176e-004 
2 702%-005 
5 6808e-004 
1 C671e-004 
7 8903e-006 
1552Oe-003 
16088e-GO2 
10055e+301 
2 7072e-005 

10671e-004 
2 5712e-005 
15509e-006 
1 0668e-004 
5 6809e-004 
10673e-004 

10683e-034 
5 6809e-004 
10673e-004 
5 6 16Ce-034 
1 651 le-037 

2 3685e+ooo 
10055e+001 
5 6653e-004 
6 1145e*001 
2 3B85e+ooo 
10055e+001 

5 68W-004 

5 680%-004 
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Page : 2  
DOS File : CONBT.MS5 
Run Date: January 15,2004 
Run lime: 9:35: 36 AM 
Duration : 00:00:06 

Enew 
MeV 

0 315 
0 02 
0 03 
0 04 
0 05 
0 C6 
0 C6 
c 1  

0 15 
0 2  
0 3  
0 4  
0 5  
0 6  
3 8  
1 0  
1 5  
2 0  

TOTALS 

phOt9nS>'SeC 

4 455e+0' 
5 615e-02 
3 477e+03 
7 330e-C1 
7 2 i l e+02  
4 @4Ee+OL( 
2 924e+05 
8 8%e+Oj 
3 740e+C2 
1465etC4 
' 61Oe+C: 
. 177e+C 1 
* 472e+C 1 
6 0 4 6 . ~ 0  1 
3 341e+02 
1 OB8e+03 
2 2728+01 
:: 13oe.30 

The materlal reference is : Shield 1 

Integration Parametere 
X Oirectffin 
Y Directlon 
2 Direction 

Fluence Rate 
MeVicrn'Isec 
No Buildup 
8 763e-237 
1 432e-135 
5 245e-45 
5 310e.28 
7 288e-17 
1171e-12 
6 965e-1G 
3 371e-08 
2 575e-07 
4 198e-06 
2 601e-08 
5 982e-08 
1757e-07 
1421e-06 
2 207e-05 
1524e-04 
1 2C7e-05 
3 931e-06 

4 003e+24 1 W6e 04 

Results 
Fluence Rate - 
MeV/un'/= 
Wflh Bulldue 

1497e-31 
3 6ooe-34 
4 386e-29 
2 500e-27 
7 06%-16 
1 926e-11 
2 07 1 e 4 8  
1424e-06 
1309e-05 
1 969e-04 
8 770e-07 
1475e-5% 
3 317e-06 
2 14le-OS 
2 355e-04 
1253e-03 

163Oe-05 
6 45%-05 

18OBe-03 

10 
20 
20 

Exwsure Rate 
rnRlhr 

No Buildup 
7 516e-298 
4 959e-' 37 
5 198e-47 
2 348e-30 
1941e-19 
2 325e-15 
11C2e-12 
5 158e 11 
4 240e-10 
7 409e-03 
4 934e-11 
' l & - l O  
3 44%-10 
2 774e-05 
4 199e-08 
2 838e 07 
2 031e-08 
6 078e-09 

3 504e-07 

t x w s u r e  Rate 
mR/h. 

Wfih Builduo 
1284e 32 
1247e-35 
4 3 7 e - 3 1  
1 l f f ie-29 
1 883e-18 
3 82Ee-14 
3 278e-11 
2 179e-03 
2 156e-03 
3 476e-07 
1 We-05 
2 874e-Ob 
6 S l le -09  
4 180e 08 
4 480e-07 
2 31Oe-06 
1 055e-07 
2 521e-08 

3 315e 06 
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NEXTEP Environmental 

TECHNICAL MEMORAIVD U,IM 04-28 
Deccmber 1,2004 

Originator: A H .  Thatchcr, CHP. Senior HP Scientist 

Subjmf: Exumiiiatiorr of Variability Between ,Val Probe urd  Cuutrf Role Mgtur 
Combittarions 

Rcvisiori: 0 

1. I\THODI~C710\ 

1.  I This Technical blemorrlndum (7'41) exanlines thc rcsults or t ight 3" s L,'i' \al prohecount 
rate mctcr combinations expc~sed ta 3 Cs-137 source. T?w rcsulrs arc compared to 
determine whether the individual instrummr combinations are within ZU"/O of thc 
Convenrionaliy True Value (C'I'V I as described in AYSI N333A-1997'. 

- 
2. SCOPE 

2.1 3" x !I?" ?lid dewtors arc used at Km-htcGee facilities in Oklahoma for a number of 
surveys. In order to ensure that any 3" s Y:'' XaI probe;count nte  meter combination may 
bc used 10 perform the suneys. this TM is used to docunmit that thc variation between the 
available detectors'. 

2.1 The guidance for allowablc insrrurnent variation is ohrained from the American Yational 
Standards instilute (,ANSI) N323X- 10W. Sccrion 1.2.2. The section specifically states [hat 
"Thc cxchangt. of probes shail be permitted i f  the vcuiarion bcnvccn combmalions of units 
provided to a s i v m  location has been documented to be within N o &  ofthe CTt;". 

For all Kzrr-blcGcc f'kili~ies in Oklahdhoma couni rate m e w  and 3" x :ii" NaI probe 
combinations are 1101 changed following calibration by pracrice so the possible 
combinations LUC iimitzti to unique sets oT3" x !+" Kid probos ;tnd detectors. 

2 . j  



Table 2 
Nei I-ol MeaiFurement Resub and Averages (cpm) 

-_ .  
Lower 20% 
upper 20% 

W 

~~ 1 LOW 10% I 3369 2994 

4492 I Upper 10% [ 41 17 

622201 *I 
C1- 129 

3817 
3 899 

4.3 The conventionally true value and upper and lower 20% acceptance criteria are included in 
Table 3. In addition, the upper and lower 10% of the CTV are included for perspective. 

Table 3 
Overall Average and Acceptance Values (cpm) 

I rn I 37A1 I I I 

4.4 A review of the data indicates that all individual data results are within the acceptance 
criteria of +20% of the CTV. In addition, no measurement results exceed _+lo% of the 
CTV indicating good agreement among all detectors. 

4.5 Based upon the acceptance criteria stipulated in ANSI N323A, each detector combination 
analyzed responds within the range of acceptable count rates. Any calibrated probdcount 
rate meter combination is therefore acceptable for use in surveys without preference. 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 All net measurement results were well within the acceptance criteria of ANSI N323A. 

5.2 Any calibrated 3” x W NaI probe and Ludlum count rate meter combination may be 
utdized for surveys without preference to a particular instnanent. 

TM 04-28, Examination of Variability Betuw~~ NaI Probe and Count Rate Meter Combinations Revision 0 
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3. METHODS 

3.1 Eight shielded detector combinations were exposed face on to an -8 pCi Cs-137 source at a 
source to probe distance of 0.3 meters. All instruments were in calibration and were 
operated in window out mode with a lower threshold set at 50 mV. Each detector 
combination was exposed to the source in identical configurations and 10 one-minute 
counts were obtained and record&. 

3.2 Four, one-minute background measurements were also recorded for each detector 
combination in the same configuration as the source measurements were obtained. 

3.3 The gross individual measurements results were corrected by subtracting the detector 
specific average background to obtain net measurement results. The ten net individual 
results for each detector were then averaged and the sample standard deviation was 
computed. 

3.4 Those eight detector averages were then averaged and applied as the CTV in a comparison 
of results. Using the criteria presented in ANSI N323A (and Included in Section 2.2), an 
upper and lower bound on the data is estimated by adding and subtracting 20% to the CTV. 

b 

4. RESULTS AND DISCUSSION 

4.1 The individual background results and calculated averages are provided in Table 1. 

Table 1 
Background Measuremenis and Average Background for Each Ddeetor (em) 

4.2 The net individual measurement results, average and standard deviation are included in 
Table 2. 

Data collected at the Cushmg Facility Laboratory by Irving Powell and Terry Keane on November 12,2004. 4 

TM 04-28, Examination of Variability Between NaI Probe and Count Rate Meter Combinations Revision 0 
NEXTEP Environmental, Inc December 2004 

2 
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1 INTRODUCTION 

1.1 This Technical Memorandum (TM) develops the Derived Concentration Guideline Level 
(DCGL) for two scenarios, a renovation and an occupational exposure scenario as applied to 
exposure from embedded piping at the Ken McGee Technical Center (KMTC) Facility. 
This TM explains the technical basis and assumptions used in developing the DCGLs for 
each scenario and defines what piping at the facility the derived release limit applies to. 
Following the development and discussion of the two scenarios, a comparison is made to the 
DCGLs developed in TM 04-03' in order to determine which scenario is most limiting. The 
most limiting scenario results will be recommended as the embedded pipeline release limit. 

*' 

2 SCOPE 

2.1 The chemical drain system at the facility includes the piping fiom the laboratories into the 
plumbing chase running underground out of the building and into a sedimentation tank and 
limestone pipe as shown in Figure 1. The exposed portions of piping located within the 
laboratories (traps, drains, etc) are not considered to be embedded and are subject to the 
building surface release criteria2. This Th4 and resulting DCGLs specifically apply to the 
embedded portions of the system within the plumbing chase and underground. 

' NEXTEP TM 04-03, Derivation of Embedded Piping DCGLsfiom KMTC, A.H. Thatcher 
NEXTEP TM 04-01. Chemical Drain System Addendum for the KMTC FSSR Indoor Suwey Units. R. 
NWlTWl. 

2 
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Exit to Sanitary Sewer 

Schematic Diagra~ns of Prumbing System 
Figure 1 

2.2 In TM 04-033, a building renovation scenario was developed that essentially assumed that 
the embedded piping was removed, stockpiled, and crushed with external and inhalabon 
exposures resulting from the piping stockpile. The building renovation scenario in this TM 
uses a more traditional 500 hour, one time exposure setting with an assumed individual 
spending a considerable fraction of hidher time cutting and removing the embedded piping 
in the chaseways within the facility. Exposure pathways include both external and 
inhalaon exposure. This building rmovation scenario assumes that the building will no 
longer be used as a laboratory but instead is being converted to an office building. 

2.3 The buildmg occupahonal exposure scenario uses a 2000 hour per year exposure setting. 
The exposures are based upon the continued use of the building as a laboratory. In this 
scenario, no inhalation exposure exists as the piping is assumed to remain in place without 
modification. External gamma exposure is therefore the only mode of exposure to 
personnel. 

’ NEXTEP TM 04-03, Derivation ofEmbeddedPiping DCGLs f o r k M K ,  A.H. Thatcher, C€€P 
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3 METHODS 

3.1 General Assumptions 

3.1.1 NUREG 55 124 serves as the basis for the two exposure scenarios used in deriving the 
DCGLs. In developing the occupational and renovation scenarios, the following 
assumptions are jointly applied: 

3.1.1.1 

3.1.1.2 

3.1.1.3 

3.1.1.4 

3.1.1.5 

3.1.1.6 

3.1.1.7 

A unit uniform contamination on all buried surfaces is assumed to be 1 dpmil00 
cm2 for the uranium series to uranium 234, Radium 226 and progeny (includes 
contribution from Th-230), and Thorium 232 and progeny. 

30 years of ingrowth are assumed. 

The thickness of the contamination is assumed to be 1/32” (0.0008 m). 

Regardless of the composition of the pipe material, no shielding is taken into 
consideration in the calculations. 

There is no external contamination on the pipes. 

A rotational geometry is assumed for all external exposures5. 

Buried piping outside of the building is not considered. 
removed the exposure would be limited due to the following: 

If the piping were 

3.1.1.7.1 The soil surrounding the piping would provide significant shielding except for 
short periods of time 

3.1.1.7.2 The work would likely be performed using a track hoe or similar equipment, 
further reducing potential exposures. 

3.1.1.7.3 Any inhalation exposures would be small due to the increased diffusion 
outdoors and the presumed greater distances of exposure as compared to indoor 
cutting. 

3.2 The Building Renovation Scenario 

3.2.1 The goal of the building renovation used in this scenario is to remove all piping from the 
chaseways in the buildings. This renovation scenario maximizes the time that an 
individual must spend near the embedded piping as well as maximizes the inhalation 
potential through the cutting and subsequent removal of the piping. Unlike the crushing 
and stockpiling assumed in the renovation scenario used in TM 04-03, the removed 
piping is simply placed in roll-offs and transported for disposal6. Assumptions that apply 
specifically to this building scenario are as follows: 

Kennedy, W.E. and Strenge, D.L. Residual Radioactive Contaminationfiotn Decommissioning. 
In reality this would seldom be the case as non-uniform exposures from the various line sources would 
dominate and would result in doses less than those predicted from a rotational geometry. 
If crushing or volume reduction were to occur, the common construction practice is to simpl? use a track hoe 
or similar device to smash the material in the roll-off. No significant exposure would exist in this  instance as 
the closest individual is in the track hoe, a significant distance away in terms of both inhalation and external 
exposure. 

ti 
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’v 3.2.1.1 The exposed individual spends a significant amount of time working on or near the 
embedded piping as opposed to working a majority of time in the laboratories. 

Two individuals are assumed to work in the chaseways removing piping. The two 
individuals spend over 440 man-hours in the chaseways, almost 6 weeks of full 
time work. This type of time commitment for a few individuals is considered quite 
conservative. 

No shielding is considered from the non affected piping above the drain lines in the 
chaseways. 

Figure 1 shows that a number of vertical and horizontal piping runs dominate the 
chaseways. The majority of these pipes are 2” in diameter with the exception of 
the single 4” drain pipe running at the bottom of the chaseway. All chaseway 
exposures, however, were modeled as two 4” pipes running in each chaseway. 
This conservative assumption provides uniformity to the external exposure in the 
chaseways as opposed to assuming a given amount of time spent near the vertical 
drain lines that run from each lab into the chase approximately every -6 meters. 
Additional conservatism is also built into the model as the 2” pipe only contains ‘A 
the activity (per pipe length) of a 4” pipe’. 

There are a total of 3,270 feet (-997 m) of vertical and horizontal piping contained 
within the facility’. This piping is both glass and PVC, 2“ and 4”. The modeling 
assumes all piping is 4” in order to maximize the inhalation potential for a greater 
surface area of contamination. 

For exposure considerations, the piping is assumed to be cut (or severed) in 10‘ 
lengths for a total of 327 breaks in the piping. Piping cuts are assumed to take two 
minutes each with the affected area for each break being l /8” wide over a 4” 
diameter pipe for a surface area of 0.001013 mz per cut. Inhalation exposures are 
assumed to occur during the two minutes of cutting per pipe section and the 
sections are assumed to be cut in sequence such that an individual is exposed 
continuously to airborne contamination’. 

Following the active cutting, the contaminated material is assumed to uniformly 
deposit on the chaseway flooring and result in an inhalation potential through the 
resuspension of material. 

3.2 E-5 of the material is available for resuspension” from pipe cutting activities. 

3.2.1.2 

3.2.1.3 

3.2.1.4 

3.2.1.5 

3.2.1.6 

3.2.1.7 

3.2.1.8 

’ A two inch pipe contains only 50% of the activity of a 4“ pipe per unit area. This directly translates into a 
smaller external dose contribution while cutting, carrying, and working near the pipe. Since % of the piping is 
2” in size, the combined conservatism is approximately 25%. 
Bensinger, J. KMTC facilities manager. Email to A. H. Thatcher 11/1/2004. 
While cutting a PVC pipe, very little internal contamination would be available for release as the only opening 
is the blade width of the cut until the pipe is removed thereby significantly limiting the potential for re- 
suspension ofcontaminants within the pipe. Glass piping contains junctures at I O  ft. intewals that allon for 
ease of removal and replacement. No inhalation potential should exist from removal of the glass piping but the 
same exposure is nevertheless assumed. 
See NEXTEP TM 04-03. Derivation of Embedded Piping DCGLs for KMTC, Thatcher, A.H., for 
calculations of  the re-suspended fraction. 

* 
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3.2.1.9 For the renovation worker’s time spent in the labs, two 2” piping runs are assumed 
to run in the chaseway at heights that would allow for a possible exposure to 
individuals in the lab. It is important to emphasis that an individual in the lab 
cannot be exposed to the 4” piping on the chaseway flooring due to the depth 
below grade and the extensive concrete shielding of the sides of the chaseway. 

The width of the chaseways is 5 feet ( I  .524 m). The diffusion is conservatively 
assumed to only reach a height of 3 meters in the chaseway”, thereby limiting the 
diffusion to the longitudinal travel of the chaseway in either direction. 

The diffusion is assumed to spread at a rate of 0.5 ft/s with no  ent ti la ti on'^. This 
diffusion rate is potentially important in the event the initial exposure is significant 
and would otherwise be underestimated. 

Chaseway CW-2 (59’ x 5’ x 13’) is used as the model for the inhalation 
calculations. A total of 14 piping cuts on affect piping are assumed to be made in 
this chaseway. All inhalation and resuspension calculations are based upon the 
results for this chaseway. 

An individual is assumed to carry two 10’ pipe sections at a time, carrying them 
under the arm and against the chest. The dose point on interest for these 
calculations is not the on contact dose rate (which would be a skin dose in effect), 
but a dose 3” in depth to the torso in order to approximate a whole body doseI3. 

The time spent near the roll-offs is negligible compared to the hours spent in close 
proximity to the piping in the chaseway. 

Exposure (both inhalation and external) is segregated into a series of stages with exposure 
times (in hours) assigned to each stage. 

3.2.1.10 

3.2.1.1 1 

3.2.1.12 

3.2.1.13 

3.2.1.14 

3.2.2 

3.2.3 External Exposure Calculations 

3.2.3.1 The general formula used for calculating the external dose equivalent for outdoor 
exposure is as follows: 

‘ I  

I’ 
As opposed to the full 13’ height ofthe chaseway. 
This diffusion rate is based upon lateral diffusion measurements of smoke in a calm environment. Smoke is 
used as a \i isible indicator of particulate movement and face velocity. While the vertical diffusion rate of 
smoke \vould be artificially high due to temperature differentials, lateral diffusion would not be affected by 
temperature and is therefore used as the basis for the mixing environment. The evpcrimental diffusion 
measurement setup can be found at htt~:/ /~~~.osha.gov/SLTC/indoorair~ualitv/evaluation.html,  then select 
sentilation investigation, then investigation guidelines. This experimental setup was performed multiple times 
by A.H. Thatcher on 11/10/04 in an outdoor, protected, calm environment. The 0.5 ft/s measurements were 
measured on both sides of the smoke plume. 
A dose point 3” in depth to the torso is very conservative for a whole body dose. For reference, a whole body 
dose would include the head, trunk (including male gonads), arms above the elbow, or legs above the knee. A 
dose point at the centroid of the torso (about 8” for reference man) \+auld be more appropriate \vithout being 
conservatibe. 

I3 
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Equation 1 
D,, = C * DCF * ED * 100 

W 

Where 
D,, = Dose (mrem) 
C = Concentration (dpm:100 cm3 

DCF = Dose conversion factor, nucfide specific (mSv lddpm' I00  em? 
ED = Exposure duration (hours !year or hours) 
100 = Conversion from mSv to mrem 

3.2.3.2 The external dose conversion factors used in this TM are calculated by the 
Microshield computer codeI4 based upon a uni t  contaminant concentration 
contained within a PVC pipe. All piping lengths modeled are infinite in length (10 
meters) with the exception of thel0' piping lengths carried by personnel for 
disposal. 

3.2.4 Inhalation Exposure Calculations 

3.2.4.1 Inhalation Exposure calculations involve two separate calculations for the 
renovation scenario. 

3.2.4.1.1 

3.2.4.1.2 

The first calculation is performed for the time exposed while cutting the piping. 

The second calculation is for exposure time spent in the chaseway removing 

In order to more accurately calculate the inhalation exposure while cutting the pipe 
in the chaseway, the contamination is modeled as a continuous release over the 
time period of interest. Chaseway CW-2 is used as the reference example for 
inhalation exposure (chaseway dimensions 59'xI 3'xS) with a total effective 
volume (assuming a 3m effective height) of 83.4 m3. 

The airborne activity at any time during the cutting of a single pipe'5 is described 
in equation 2. 

Equation 2 

brackets and piping from the chaseways. 

3.2.4.2 

3.2.4.3 

Where: 

C = Contaminant activity of 1.67 Bq'mz(equivalent to  I dpnu'100 cm? 
A,,,, = Cut area ofpipe susceptable to resuspension (4" diameter pipe, 1.8 '' length) 
c(,ia: = The (oral assumed time per cut ( I20  seconds) 

T, = The time period of interest f r o m  0 to I20 seconds) 
Vi = The air volume at T ,  based upon the 3 dimensional diffusion paranielers 

C,,, = Airborne Concentration (Bq/m3) 

Fre:ea.sed = Fraction Released (3.2E-05)I6 

Grove Engineering, Microshield, Version 5.03, Rockville, MD. 1998. 
An assumed 2 minute period. 
Details provided in TM 04-03. 

I4 

'' 
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Y 3.2.4.4 The average concentration during the first pipe cut is a time weighted average of 
the 120 second exposure (airf) .  Air concentrations in CW-2 for subsequent cuts 
are calculated as follows: 

Equation 3 

C,,, =air, + ___ + [e] + ... 
3 

Where 
1 

.4rrlro,r~ 
= The total air volume in the chasewa-v (83 4 m') 
= Activity released during the pipe cut operalion (= C*A,,,,,J 

3.2.4.5 The air concentration over time approximates an exponential buildup, particularly 
since no loss terms are included in the calculation over the 5.4 hour exposure 
period of affected pipe cutting. 

There are a total of 14 pipes cut in CW-2 given that a pipe is cut every 10' and the 
pipes are assumed to run in parallel. The equation for estimating this exposure is: 

Equation 4 

3.2.4.6 

D,", =C * B,,, * ED * DCF * 10' 

Where: 
B,,, 
ED 

DCF 
IO' = Conversion factor (mrem/Sv) 

= Worker brealhing rate (1.2 m'lhr) 
= Time ofexposure in I year (5 .4 hours) 
= Dose conversion factor (SvIBq)" 

3.2.4.7 

mreni I y r  
D,,,, = Dose rate normalized to I dpm/lOO cm2 

Following the initial inhalation exposure, the airborne contaminated material is 
assumed to settle and the individuals are exposed to re-suspended material that has 
deposited out on the chaseway surfaces. The equation for calculating this exposure 
is as follows: 

Equation 5 
D,,, =* R, * B,,, *ED* DCF * I O 5  

Where: 
Concentration = Total activity releasedfrom 14 pipes in CIF'-2 divided bs  the 27.9 m' area of 

the chaseway. (Bq/m2) 
Rr = indoor resuspension factor (5 E-OS/m)" 

ED = time spent removing affected brackets andpiping (16 8 hours) 

ICRP, Age-Dependent Doses to Members of the Public From Intake of Radionuclides: Part 5 Compilation of  
Ingestion and Inhalation Dose Coefficients, ICRP Publication 72, Oxford, Pergamon Press, 1995. 
Kennedy, W.E. and Strenge, D.L. Residual Radioactive Contamination from Decommissioning. NUREGICR- 
5512. 1992. 

17 
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Y 3.3 Occupational Exposure Scenario 

3.3.1 The occupational scenario is intended to represent a worst-case exposure to individuals 
working in the facility. The individual is chosen as someone who works in the labs and at 
various locations within the building. The occupational exposure scenario involves only 
external exposures as no piping replacement work is assumed to occur that would result in 
any meaningful exposure . Assumptions for the occupational scenario include: 

The chaseway walls are the equivalent of 1” of concrete in thickness” and that this 
is the only shielding between the individual working in the lab and the embedded 
piping2’. 

Two 2” piping runs are assumed to run in the chaseway at heights that would allow 
for a possible exposure to individuals in the lab. The time that the occupational 
individual spends in the chaseways however, is modeled using the same 4” pipes 
used in the renovation scenario. It is important to emphasize that an individual in 
the lab cannot be exposed to the 4” piping on the chaseway flooring due to the 
depth below grade and the extensive concrete shielding of the sides of the 
chaseway. 

19 

3.3. I .  1 

3.3.1.2 

3.3.2 Exposure is segregated into a series of stages with exposure times (in hours) assigned to 
each stage. External exposure calculations are performed in the same manner as detailed 
in the renovation scenario. 

3.4 Individual Release Limits 

3.4.1 The internal and external dose contributions may be combined and applied to the 
25 mremly proposed release limit in the following manner: 

Equation 6 
25(mreml y r )  

DCGL = 
D,”, + De,, 

Where: 

nireni I yr 
dpm I 1 OOcni ‘ D,,,, = Normalized exposure rate due to inhalation 

Assume that three sections of piping are replaced in any given year and the occupational individual is invol\:ed 
in the replacement and that resuspension values considered in the renovation scenario occur. Further assume 
that the total exposure time is 15 minutes for the pipe replacement and that the average Concentration is 2.6E- 
09 Bq/mJldpm/100cm2 (see attachment on air concentration calculations for three pipe breaks). the resulting 
exposure is approximately 50 times less than that of the renovation exposure calculations. This impact is less 
than 0.2% of the final occupational release limit. Any reasonable inhalation exposures for the occupational 
scenario may therefore be neglected. 
The {falls are actually made of a clay brick. Each brick is comprised of an inner and outer wall of 
approximately 1.5 cm thickness each and an inner wall of approximately 1 cm in thickness. 
Glass piping exits the lab as floor level and immediately drops into the piping trench in the chaseuay, thereby 
limiting the exposure to individuals within a laboratory to exposures shielded not only by the chaseway ivalls 
but also by the concrete on the sidewalls of  the chaseways beneath lab floor levels. I t  is likely that littlc if any 
exposure would occur to an individual in the lab for the piping in the chaseways. 

19 
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Dexl = Normalized exposure rate due to external dose contribution 

I: dpm rnrem'yr f lQOcm2 1 
DCGL = Release limit based upon 25 mredjlr exposure standard (dpm;IOOctd) 

3.4.2 The limits may be calculated for U-238 to U-234, the thorium series, and Ra-226 and 
progeny (plus Th-230). 

3.5 Combining Individual Release Limits 

3.5.1 An overall release limit for embedded piping may be determined by combined the 
individual release limits in the following manner: 

Equation 7 

DCGL,,,,= - v- t;l 
Lm, 

Where: 
DCGL,,, 

Lm, 
F, 

= Composite DCGL for  Uranium, Radium and Thorium parenls combined, 
( d p d l 0 0  cm 7 

= maximum concentration of U? Ra, or Th in radioactive equilibrium" 
= paction of radioactivity represented by Ckaniitm, Radium and Thorium 

4 RESULTS 

4.1 Renovation Scenario results 

4.1.1 The stages assumed and links to supporting documentation for U-238 to U-234 
calculations are included in Table 1 .  Attachment 1 documents U-238 to U-234 
calculations, Attachment 2 documents the thorium series calculations, and Attachment 3 
documents the radium and progeny calculations (including Th-230). The Tables 
identified in the Supporting Calculations in Table 1 apply to all three attachments. 

Equilibrium for both series with the progeny at the same concentration as the parent. 22 
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Table 1 
Renovation Stages, exposure path ways, and time estimates 

4.1.3 Table 2 summarizes the external dose contributions for U-238 to U-234 for the 
renovation scenario based upon the exposure estimates and the calculated Microshield 

Note that the Microshield calculations provided in the Attachments are for a single pipe. Results are simpl) 
doubled for the external exposure calculations. The rotational geometry results \\ith buildup are used. 
Based upon the time to cut and remove approximately 10 times the affected piping (includes hot and cold 
water, chilled water, deionized water, compressed gas, natural gas, argon, nitrogen, steam (no longer used). 
and vacuum lines) plus an inefficiency factor of t i c 0  due to the large amount of piping. 

25 Once cut and cleared, the piping is assumed to take about six times that of the drain line piping to remove, due 
mostly to smaller diameter piping. 

” The operating assumption is that it takes two minutes to cut open or break open a pipe and that inhalation 
exposure only occurs during this time period. There is 3,270 feet of piping, assumcd to be cut into 10’ 
sections. Two individuals area assumed to cut the piping. (3,27011 0*2 minutes* 1 hour/60 minutes)L? 
persons=5.44 hours. 
Additional time spent near the piping prior to removal. 
Note that the Microshield calculations in Figure 3 also apply to the external calculations in Stage 4.  
3,270 feet of piping cut into 10 foot sections, carried in bundles of two for 5 minutes while dumping. Also 
assumes that two people will be performing the work. 327/2 people* 5 minutes’l hour/60 minutes = 6.8 
hours. 
Note that the inhalation exposure times are combined in Figure 7 for calculational ease. 
500 hours minus the time spent in the chaseways. Exposure is modeled using 2“ piping nith wall shielding. 

” 

” ’* 
29 

30 
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W 

6 

Total 

L 

100 328.2 1.36 E-12 4.46 E-08 NA 

2.71 E-07 3.7 1 E-07 

Nuclide 
Radium-226 and progeny (including Th-230) 

Th-232 and progeny 
U-238 to U-234 

4.1.6 The release limit for all three radionuclide groups are shown in Table 3. 

DCGL,v (dpm/l 00cm2)* 
1,600,000 
1,070,000 

39,000,000 

Table 3 
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- 4.1.7 Combining Individual Release Limits 

4.1.7.1 The three individual release limits may be combined using Equation assuming all 
three radionuclides were present in equal proportions. 

Equation 9 

DCGL,,,, = 1 =1,910,000- dPm 
0.33 + 0.33 + 0.33 1 OOcm * 

39,000,000 1,070,000 I, 600.000 

4.2 Occupational Scenario Results 

4.2.1 The stages assumed and links to supporting documentation for U-238 to U-234 are 
included in Table 4 for the occupational scenario. Attachment 4 documents the U-238 to 
U-234 calculations, Attachment 5 documents the thorium series calculations, and 
Attachment 6 documents the radium and progeny (and Th-230) calculations. The Tables 
identified in the Supporting Calculations in Table 4 apply to all three attachments. 

Table 4 
Occupational Stages, exposure pathways, and time estimates 

4.2.2 Table 5 summarizes the external dose contributions for U-238 to U-234 for the 
renovation scenario based upon the exposure estimates and the calculated Microshield 
results. 

32 Note that the Microshield calculations are for a single pipe. Results are simply doubled for final results. The 
rotational geometry results with buildup are used. 

unlikely". 
Bensinger, J .  Email to A.H. Thatcher 11/8/04. Considered 100 hours oftime in the chaseways "highly 
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4.2.3 

Conversion 
Exposure Exposure to Rem 

Table 5 
Occupational Stages, exposure path ways, and time estimates 

Hours of Estimated dose 
Exposure (mrem/l dpm/lOO 

Step 
1 
2 
3 
4 

Total 

rate (mSv/hr) from Sv (hours) cm"2) 
3.13E-12 100 500 I .57E-07 
1.36E-12 100 1000 1.36E-07 
6.41E-13 100 400 2.56~-oa 
6.31E-12 100 100 6.31~-oa 

3.8 1 E-07 

The external dose contributions for uranium 238 to uranium 234 may be applied to the 25 
mrem/y release limit in the following manner: 

Nuclide 
Radium-226 and progeny (including Th-230) 

Th-232 and progeny 
U-238 to U-234 

Equation 10 

DCGL,. (dpm/100cm2)* 
1,300,000 
920,000 

65,600,000 

25mrem I y 3.81~-07 m r e m i )  = 6.56E~07dpm/100cm2 
dprni100crn' 

4.2.4 The release limit for all three radionuclide groups are shown in Table 6 .  

Table 6 

4.2.5 Combining of Individual Release Limits 

4.2.5.1 The three individual release limits may be combined using Equation 1 1  assuming 
all three radionuclides were present in equal proportions. 

Equation 11 
dpm = 1,620,000 - 

0.33 0.33 0.33 1 00cm2 
DCGL = 1 

.... + +- 
65,600,000 1,300,000 920,000 

5 DISCUSSION 

5.1 Combining the individual external gamma exposures and converting this to an allowable 
release limit based upon a 25 mremly standard results in the calculated release limits 

L TM 04-29 Derivation of Embedded Piping DCGLs at KMTC 
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provided in Table 3 and Table 6. Embedded piping release may be performed by assuming a 
conservative mix of contaminants and determining the external on contact counts from a Nal 
detector for that radionuclide mix. 

Multiple layers of conservatism are intentionally built into the calculations. Areas of 
conservatism within the document are: 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

All piping for the renovation scenario was modeled as 4” in diameter when in fact a 
majority of the piping is 2” in diameter. 

The extent and placement of the 2” piping was modified for the occupational scenario in 
order to maximize the dose to an individual. Glass piping actually exits the lab near floor 
level and immediately drops into the piping trench in the chaseway, thereby limiting the 
exposure to individuals within a laboratory to exposures shielded not only by the 
chaseway walls but also by the concrete on the sidewalls of the chaseways beneath lab 
floor levels. 

Contaminant resuspension from cut piping is assumed to present an inhalation potential. 
In practice, glass piping can easily be removed without any breakage thereby preventing 
any resuspension hazard. PVC piping, if cut, would present a minimal resuspension 
potential due to the limited area within which contamination could escape during cutting 
operations. In addition, deposited material on the internals of piping is readily attached 
to the walls and not readily susceptible to removal (or re~uspension)~~.  

The rotational geometry is the assumed external exposure geometry. It  is likely that 
external exposures would not be uniform and represent some form of an anisotropic 
exposure situation that would not be equivalent to an effective dose. 

The exposure time estimates for the renovation scenario are quite conservative as only 
two individuals are assumed to work in the chaseways to remove old piping. It is likely 
that a number of individuals would be present for removal operations. 

The time that an occupational individual spends in the chaseways is likewise 
conservative. 

5.3 The conservatism is left in the model in order to clearly indicate that the potential exposures 
from the occupational and renovation scenarios in this TM do not approach the release level 
in TM 04-03. 

5.4 In both scenarios presented in this TM, the calculated release limits are greater than that 
derived in TM 04-03. Table 7 provides a comparison of the three scenarios. 

Bensinger, J. Personal communication with A. H. Thatcher and R. Callahan on 11/16/04. 34 
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Renovation Scenario Occupational Scenario 
Nuclide DCGL, (dpm/lOOcm’) DCGL,, (dpm/100cm2) 

1,600,000 1,300,000 Radium-226 and progeny 
(including Th-230) 

Th-232 and progeny 1,070,000 920,000 

39,000,000 65,600,000 U-238 to U-234 

6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Tables 3 and 6 provide a summary of the individual release limits calculated for both the 
renovation and the occupational scenarios. 

The release limits calculated under this TM result in a greater release limit than that 
calculated under TM 04-03. 

The embedded piping should be released to the proposed limits published under TM-04-03. 

6.2 

6.3 

TM 04-03 Renovation Scenario 
DCGL, (dpm/lOOcm’) 

I, I50,OOO 

487,000 

4.350,OOO 

Re\ ision 0 
December 2004 
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ATTACHMENT 1 
Calculations for the Renovation Scenario 

(U-238 to U-234) 
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WithaUr R d r  [Summed WCI astgierl Unlr Bddw 

Erpmurc a d  Dose Rater 
Emmure Rate in& 
Absabed Dose Rate vl Am 

Deep Dose Equvalent Rate 
o Paralel Geometry 
o Opposed 
o Rd&onal 
0 ISOtloplC 

Shallow Dote Equrvakrt Rate 
o Parallel Geometry 
o Opposed 
o R d a t a n d  
0 lrdroplc 

with t 
Buidup 

mR/h 6062e-010 

mradhi 5 292e-010 
mty/hi 5292e012 

[ICFIP 51 .1987] 
m S v l h  7 179eU12 

4 B73e-012 
4 B34c 012 
4 437e 01 2 

Photon Fluerce Rate [fbx] 

[ICRP 51 .19871 
m5v/h 7 3E9e.012 

6 376e-012 
6 376e-012 
4 760e-012 

Photms/cd/sec 1 B4Oe 006 1 93% 006 

6 2 6 2 ~ 0 1 0  
5 467e 01 2 
5 467e-010 

7 441e 01 2 
5 02ee-012 
4 986e 01 2 
45Ble012 

7 654e-012 
6 5 8 7 ~ 0 1 2  
6 587e 01 2 
4 91 5e-012 - 

Microshield External Exposure Calculations at 1 meter for  U-238 to 11-234 
Table 1 

Conversion of calculated exposure in air to dose 
FILE: C:~Ss\DATA\TE~CE"l\TWIPE1 U.MS5 

Case Title: Embedded piping 
This case was run on Wednesday. November 17.2004 at 10:33:02 PM 

Dose Point # 6 - (205.08.500.0) cm 

I I 
Phdm Fl- Rate Iflux) JPhotont/cnf/rec 8 006e 007 
Pholm Ene ig  Fluence Rate MeV/cm'/sec 1 457e OC7 

Expasue and Dose Rdcs 
Enposue Rate in Air 
Absorbed Dme Rate n Ar 

Deep Dose Equvdenl Rate 
o Paalel Geometry 
o Opposed 
0 Rotatlond 
0 lS0llOPlC 

Shalow Dose Equwderd Rate 
o Patdkl Geometry 
o Opposed 
o flotation4 
0 Isot1OpIC 

mFl/hr 2 65Oe.010 
m(jy/hr 2.313~-012 
mrad/hr 2 31 3e-010 

UCRP 51 -19871 
mSv/hr 3 136e.012 

2 132e-012 

1 941e-012 
2 115e.012 

(ICRP 51 .1987l 
rnSv/hr 3.228e-012 

2 788e-012 
2.7FJBe-012 
2 oaze-oi 2 

with 2 
B u h p  

B712e007 ' 
1534e-W7 

2793e010 1 
2 43& 012 
2438e010 ' 

I 

3 3 2 4 ~ 0 1 2  ' 
2242e012 
2 224e-012 
2 043e 01 2 

i 

3 41& 01 2 
2939e-012 , 
2 939.2 01 2 
2 1 9 2 ~ 0 1 2  1 

- 

Microshield External Exposure Calculations at 2 meters for  U-238 to U-234 
Table 2 
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Wlthoul 
BUUUP Rerul r  IS& wu e n a ~ W  UrrlS 

f- 

Photon Fluence Flats [flu] 1Photonr/cm?/tcc 3 81 4e-006 3 941 D O 0 6  , 
Pholm Enecpy Fluence Rate MeV/cm'/tec 6 878e-007 7 01 7e 007 

with 2 
Buildup 

Erporuie and Dore Rales 
Ewoture R d e  m A #  
Abrubed Dose Rate in41 

DecpDore Ecpwdent Rate 
o P a a k l  Eeo~r&ry 
o Opposed 
o Rdatand 
0 Isotrope 

Shdbw Dose Equivalenl Rae 
o Paalel Gcomeliy 
oOppored 
0 Rotational 
0 lroll0pC 

1 253e OW 1 278e 009 mR/h 
mGy/hi 1 093e 01 1 1 116e 01 1 
miadhi  1 093e 009 1 11 6e 009 

CcRP51 19871 
mSv/hr 14Me011  1518e011 ~ 

1 Offie011 1026e011 I 

9 9 8 3 ~ 0 1 2  1 0 1 8 ~ 0 1 1  ; 
9 164e 012 9 349e 012 

[ICAP 51 1987) 
mSv/hr 1527e011 1 5 6 1 ~ 0 1 1  

1 317e011 1 344e011 
1 317e 011 1 344e-011 
9 833e 01 2 1 003e 01 1 

Microshield External Exposure Calculations at 0.5 meters for U-238 to U-234 
Table 3 

Inhalation Cal~ulation?~ for U-238 to U-234 
Table 4 

"Note that [USNRC, 19941 is U.S. NRC. Policy and Guidance Directive PG-8-08: Scenario s for Assessing Potential 
Doses Associated with Residual Radioactivity. 1994; and [ICRP, 19951 is ICRP 72. 
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Diffusion Diffusion Diffusion 
distance distance distance Air 

ime Release Activity x direction y direction z direction volume ion 
Total travelled in travelled in travelled in Affected air Concentrat 

(mA3) (Bqlm"3) seconds) rate (Bqls) (Bq) (m) (m) (m) 
1 4.51E-10 4.51E-10 3.05E-01 1.52E-01 3.05E-01 1.42E-02 3.19E-08 
2 4.51E-10 9.02E-10 6.lOE-01 3.04E-01 6.10E-01 1.13E-01 7.97E-09 
3 4.51E-10 1.35E-09 9.15E-01 4.56E-01 9.15E-01 3.82E-01 3.54E-09 
4 4.51E-10 1.80E-09 1.22E+00 6.08E-01 1.22E+00 9.05E-01 1.99E-09 
5 4.51E-10 2.26E-09 1.52E+00 7.60E-01 1.52E+00 1.76E+00 1.28E-09 
6 4.51E-10 2.71E-09 1.52E+00 9.12E-01 1,83E+00 2.54E+00 1.07E-09 
7 4.51E-10 3.16E-09 1,52E+00 1,06E+00 2.13E+00 3.45E+00 9.14E-10 
8 4.51E-10 3.61E-09 1.52E+00 1,22E+00 2.44E+00 4.51E+00 8.00E-10 
9 4.51E-10 4.06E-09 1.52E+00 1.37E+00 2.74E+00 5,71E+00 7.11E-10 

10 4.5lE-10 4.51 E-09 1.52E+00 1,52E+00 3.05E+00 7.05E+00 6.40E-10 
11 4.51E-10 4.96E-09 1.52E+00 1.67E+00 3.05E-01 7.75E-01 6.41E-09 
12 4.51E-10 5.41E-09 1.52E+00 1,82E+00 4.57E-01 1.27E+00 4.27E-09 
13 4.51E-10 5.87E-09 1.52E+00 1.98E+00 6.10E-01 1.83E+00 3.20E-09 
14 4.51E-10 6.32E-09 1.52E+00 2,13E+00 7.62E-01 2.47E+00 2.56E-09 
15 4.51E-10 6.77E-09 1.52E+00 2,28E+00 9.14E-01 3.17E+00 2.14E-09 
16 4.51E-10 7.22E-09 1.52E+00 2,43E+00 1.07E+00 3.94E+00 1.83E-09 
17 4.51E-10 7.67E-09 1.52E+00 2.58E+00 1,22E+00 4.79E+00 1.60E-09 
18 4.51E-10 8.12E-09 1.52E+00 2,74E+00 1.37E+00 5.70E+00 1.42E-09 
19 4.51E-10 8.57E-09 1.52E+00 2.89E+00 1.52E+00 6.69E+00 1.28E-09 
20 4.51E-10 9.02E-09 1.52E+00 3.00E+00 1,68E+00 7.64E+00 1.18E-09 
21 4.51 E-1 0 9.48E-09 1.52E+00 3,00E+00 1,83E+00 8.34E+00 1.14E-09 
22 4.51E-10 9.93E-09 1.52E+00 3.00E+00 1,98E+00 9.03E+00 1.10E-09 
23 4.51E-10 1.04E-08 1.52E+00 3,00E+00 2,13E+00 9.73E+00 1.07E-09 

Figure abbreviated and continued below 
102 4.51E-10 4.60E-08 1.52E+00 3.00E+00 1.42E+01 6.46E+01 
103 4.51E-10 4.65E-08 1.52E+00 3.00E+00 1.43E+01 6.53E+01 
104 4.51E-10 4.69E-08 1.52E+00 3,00E+00 1.45E+01 6.60E+01 
105 4.51E-10 4.74E-08 1,52E+00 3.00E+00 1.46E+01 6.67E+01 
106 4.51E-10 4.78E-08 1,52E+00 3.00E+00 1.48E+01 6.74E+01 
107 4.51E-10 4.83E-08 1.52E+00 3.00E+00 1.49E+01 6.81E+01 
108 4.51E-10 4.87E-08 1.52E+00 3.00E+00 1.51E+01 6.88E+01 
109 4.51E-10 4.92E-08 1.52E+00 3,00E+OO 1.52E+01 6.95E+01 
110 4.51E-10 4.96E-08 1.52E+00 3.00E+00 1.54E+01 7.02E+01 
11 1 4.51E-10 5.01E-08 1,52E+00 3.00E+00 1.55E+01 7.09E+01 
112 4.51E-10 5.05E-08 1,52E+00 3.00E+00 1.57E+01 7.16E+01 
113 4.51E-10 5.10E-08 1,52E+00 3.00E+00 1.58E+01 7.23E+01 
114 4.51E-10 5.14E-08 1,52E+00 3.0OE+00 1.60E+01 7.30E+01 
115 4.51E-10 5.19E-08 1,52E+00 3.00E+00 1.62E+01 7.37E+01 
116 4.51E-10 5.23E-08 1.52E+00 3.00E+00 1.63E+01 7.44E+01 
117 4.51E-10 5.28E-08 1,52E+00 3,00E+00 1.65E+01 7.51E+01 
118 4.51E-10 5.32E-08 1.52E+00 3,00E+00 1.66E+01 7.57E+01 
119 4.51E-10 5.37E-08 1,52E+00 3.00E+00 1.68E+01 7.64E+01 
120 4.51E-10 5.41 E-08 1.52E+00 3,00E+00 1.69E+01 7.71E+01 

Average 

Air Concentration for  a Single Release3' 
Table 5 

7.12E-10 
7.1 1E-10 
7.11E-10 
7.1 OE-10 
7.1 OE-10 
7.09E-10 
7.08E-10 
7.08E-10 
7.07E-10 
7.07E-10 
7.06E-10 
7 05E-10 
7.05E-10 
7.04E-10 
7.04E-10 
7.03E-10 
7 03E-10 
7.02E-10 
7.02E-10 
1.29E-09 

l6 Only a portion of all 120 seconds of a single release was included for basic space considerations. One can 
obseme the progression of airborne activity over time with the beginning and ending times sholvn. The 
average represents the average over 120 seconds of exposure. 

TM 04-29 Derivation qf Embedded Piping DCGLs at KMTC Revision 0 
NEXTEP Environmental, Inc December 2004 

19 ATTACIMENT 1 



Concentration buildup 
in Chaseway from 
subsequent cuts 

:ut # (Bq/mA3) 
1 1.29E-05 
2 1.94E-0: 
3 2.59E-0! 
4 3.24E-0! 
5 3.89E-09 
6 4.54E-09 
7 5.19E-09 
8 5.84E-09 
9 6.48E-09 

10 7.13E-09 
11 7.78E-09 
12 8.43E-09 
13 9.08E-0s 
14 9.73E-OS 

,Average 5.51 E-09 

Reference 
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Conversion of calcxllated exposure in air to dose 

004 at 10:33:02 PM 

Ewposue dnd DOSG Rate5 
Ewpotut Rate in Air 
Abmtbed Dose R a e  n An 

Deep Dote Ewivaknl Rate 
o Paald Geometry 
o Opposed 
o Rotatlard 
0 lfOllOPK 

Shalow Dore Equwdent Rate 
o PatdlelGeornetry 
0 Opposed 
0 Rotatlond 
0 lrotropc 

mR/h 
rnGyhr 
m i d h i  

[ICRP 51 .19871 
rn5vlhr 

(ICRP 51 .1987] 
mSv/hr 

6 2Me 009 
5 457e 01 1 
5 4579 M9 

7 407e.011 
5 019e 01 1 
4 978e 01 1 
4 5712 011 

7 624t 01 1 
6 572c 01 1 
6 571e 011 
4 905e 01 1 

6 2R9e 009 
5 491e 011 
5 491 e 009 , 

7 4 5 8 ~ 0 1 1  
5 049e 01 1 
5WBeO11 
4 59% 01 1 

7 676e 01 1 
6 613e 011 
6613eOl l  , 
4936eOl l  

7 

Microshield External Exposure Calculations at 0.0076 meters for U-238 to U-234 

04 at 8:41:15 AM 

d / h  2 645e 01 1 8 408e-01 1 
d y h r  2 309e 01 3 7 34Oe 01 3 
m r d k  2 u19e.011 7 34Dc 01 1 

[ICRPSl -19871 
rnSvht 2 %Be 01 3 1 041 e.012 

2 187e.013 6 824e.013 
2185e.013 6 7 9 3 0 1 3  
1969e013 6289e013 

Shdbvr Dose Equvdenl Rate [lCRP51 1987) 

, oOpporcd 

o ltotrwc 

d v h t  3035e013 1 ffiOeff12 
2776e 01 3 9 036e 01 3 
277Ee013 9 0 3 6 ~ 0 1 3  
2103e013 6 6 9 5 4 1 3  

o PaaUei Geunetty 

0 RdatmMl . 
Microshield External Calculations at 3 meters for U-238 to U-234 

Table 9 
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ATTACHMENT 2 
Calculations for the Renovation Scenario 

(Thorium Series) 

Tbt 04-29 Derivation of Embedded Piping DCGLs at KMTC 
NEXTEP Environmental, Inc 

Re\ ision 0 
December 200.1 

ATTACHMENI' 2 22 



Conversion of calculakd exposure in air to dose 
Fl 1T.MS5 

This w e  was 2004 at 11 :26:43 PM 
Dose Point t 2 - fl05.08.500.0) cm 

Rswkr (Sunmed OVI ~ W W )  

Phdon Fluencc Rate [lluul 

Exposure and Dose Rates 
Erposure Rate inhi  
%tubed Dose Rate in Ai 

Wthoul Wlul 2 
LIAS B U M  Buildup 

Rotons/cnf/sec 1 535e-005 1 597e W5 

Deep Dose Equvalat  Rate 
o Paralel Geometry 
0 oppcued 
o RdaIJomI 
o Isoliopic 

ihdow Dose E p l w d e d  Rate 
D Parallel Gemetry 
o Opposed 

o Isdrcptc 
o Rdatandl 

mRlhr 
mGy/hi 
miadhi 

[ICRP 51 ,19871 
m S v h  

(ICRP 51 .19871 
m 5 v h  

4 687e 008 
4 092e 010 
4 092e OOE 

4 800e 010 
4LllZe010 

3608e010 
4 mie mo 

5034e010 
4 796e 01 0 
4 796e 01 0 
3800e010 

2 887e 005 

4 741e Do8 
4139e010 
4 13% 008 

4 859e 01 0 
4 047e 01 0 
4 046e 01 0 
3 649e 01 0 

5095e010 
4 B Y c  01 0 
4 852e 01 0 
3 843e 01 0 

Microshield External Exposure Calculations at 1 meter for the Thorium Series 
Table 1 

Conversion of calcul&d exposure in air to dose 
R E :  QMSS\DATA\TECHCE" 1 \TCpIPEl T.MS5 

Case Title: Embedded piping 
This case was run on Wednesday. November 17,2004 at 11:26:43 PM 

Dose Point# 6 - (205.08.500,O) cm 

Exporue and Dose Rdes 
Exporue R&e m &I 

Absorbed Dose Rate nAr 

Deep Dose Eplwalent Rate 
o Paidlel Gcometiy 
o Opposed 
o Aotatiod 
0 lsotropf 

Shdbw Dlue Equvalent Ralc 
o PaaHd Geometry 
0 Opposed 
o Rotdimd 
0 ItolIOpC 

mR/hi 2 ffi3eOJ8 2 102eJXkl 
m G y h  1 801 e-01 0 1 835O010 
miadhi 1 801 e-008 1 835e 008 

(ICRP51 19371 
mSv/hi 2 11 2e-010 2 155e 01 0 

1 7 6 2 ~ 4 1 0  1 794e 010 
1 7 6 1 ~ 0 1 0  1 7 9 3 ~ 0 1 0  
1588e010 1617e010 

[ICRP 51 ige71 
mSv/hi 2215e010 2259eO10 

2 11 l e  010 2 151e 010 
2111e010 2151e010 , 
1 6 7 3 ~ 0 1 0  1 7 0 3 ~ 0 1 0  

Microshield External Exposure Calculations at 2 meters for the Thorium Series 
Table 2 
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c 

Rsrulr [Surmad WI enarger) 

Photon Flvente Rate lfluwl 

mrenion of calculaied expos 
S5\OATA\TECHCE"l \T 

Wednesday. N wember 17,2004 at 11 :26:43 PM 
e Title: Embedded pipin 

ose Point # 5 - fi5.08.500.0) cm 

WIlhW with :: 
8- Burcrup + Unh 

Photont/c&tec 7 224e W5 7 336c 005 

fraction of 
material 

available for 
Dose Time spent Breathing rate Air resuspended 

conversion cutting piping for time cutting Concentrati from cutting Dose Estimate 
Isotope factor (Sv5q) (hours) piping (rnn3/hr) on (Bqlrn"3) disburbance (CED) (Sv) 

U-238 1.90E-06 5.44 1.2 3.20E-05 O.OOE+OO 
U-235 1.97E-06 5.44 1.2 3.20E-05 O.OOE+OO 

EKPOSUC and oost RdtCS 
ERWSUC Rate m Air mA/h 9 644e-008 9 71 4e 008 
Absorbed Dose Rate n Air rnGy/hi 8 420e 01 0 8 480e 01 0 

IWddhf e 4 M e w 8  a4meooe  

Dose Estimate 
(CEDI 

(rnrem)/ldpmllOO 
cm' 

O.OOE+OO 
O.OOE+OO , 

D e w  Dose Equvdent R a e  [ICRP 51 .19871 
o Paalcl Geometry mSv/hi 
o Oppored 
o Rotahond 
0 lrot1opc 

Shalbw Dose Equvdlent Rate [ICRP 51 .1987] 
o Patale1 Geometry mS v / h  
o Opposed 
o Rotationd 
0 lSOb0plC 

9.87&.010 
8.234e-010 
8.231 e01 0 
7.423e-010 

1036e.DO9 
9 86&.010 
9 B6Be.010 
7 81 7e-010 

9 954e 010 
8 2% a i  o 
8 289e 01 0 
7 475e 01 0 

1 044e 009 
9 941e 010 
9 941e-010 J 7 87% 01 0 

Microshield External Exposure Calculations at 0.5 meters for the Thorium Series 
Table 3 

37Note that [USNRC. 19941 is U.S. NRC. Policy and Guidance Directive PG-8-08: Scenario s for Assessing Potential 
Doses Associated with Residual Radioactivity. 1994; and [ICRP, 19951 is ICRP 72. 
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v 
Diffusion Diffusion Diffusion 
distance distance distance Air 

Time Release Activity x direction y direction z direction volume ion 
(seconds) rate (Bqls) (Bq) (m) (m 1 (m) (m"3) (Bqlm"3) 

Total travelled in travelled in travelled in Affected air Concentrat 

1 4.51E-10 4.51E-10 3.05E-01 1.52E-01 3.05E-01 1.42E-02 3.19E-08 
2 4.51E-10 9.02E-10 6.10E-01 3.04E-01 6.10E-01 1.13E-01 7.97E-09 
3 4.51E-10 1.35E-09 9.15E-01 4.56E-01 9.15E-01 3.82E-01 3.54E-09 
4 4.51E-10 1.80E-09 1.22E+00 6.08E-01 1.22E+00 9.05E-01 1.99E-09 
5 4.51E-10 2.26E-09 1,52E+00 7.60E-01 1.52E+00 1.76E+00 1.28E-09 
6 4.51E-10 2.71E-09 1,52E+00 9.12E-01 1.83E+00 2.54E+00 1.07E-09 
7 4.51E-10 3.16E-09 1.52E+00 1.06E+00 2.13E+00 3.45E+00 9.14E-10 
8 4.51E-10 3.61E-09 1.52E+00 1.22E+00 2.44E+00 4.51E+00 8.00E-10 
9 4.51E-10 4.06E-09 1.52E+00 1.37E+00 2.74E+00 5.71E+00 7.1 1E-10 

10 4.51E-10 4.51E-09 1.52E+00 1.52E+00 3.05E+00 7.05E+OO 6 40E-10 
11 4.51 E-10 4.96E-09 1.52E+00 1.67E+00 3.05E-01 7.75E-01 6.41 E-09 
12 4.51E-10 5.41E-09 1.52E+00 1.82E+00 4.57E-01 1.27E+00 4.27E-09 
13 4.51E-10 5.87E-09 1,52E+00 1.98E+00 6.10E-01 1.83E+00 3.20E-09 
14 4.51E-10 6.32E-09 1.52E+00 2.13E+00 7.62E-01 2.47E+00 2.56E-09 
15 4.51E-10 6.77E-09 1,52E+00 2.28E+00 9.14E-01 3.17E+00 2.14E-09 
16 4.51E-10 7.22E-09 1.52E+00 2.43E+00 1.07E+00 3.94E+00 1.83E-09 
17 4.51E-10 7.67E-09 1.52E+00 2,58E+00 1.22E+00 4.79E+00 1.60E-09 
18 4.51E-10 8.12E-09 1.52E+00 2,74E+00 1.37E+00 5.70E+00 1.42E-09 
19 4.51E-10 8.57E-09 1,52E+00 2,89E+00 1.52E+00 6.69E+OO 1.28E-09 
20 4.51E-10 9.02E-09 1.52E+00 3.00E+00 1.68E+00 7.64E+00 1.1 8E-09 
21 4.51E-10 9.48E-09 1.52E+00 3.00E+00 1.83E+00 8.34E+00 1.14E-09 
22 4.51E-10 9.93E-09 1.52E+00 3.00E+00 1.98E+00 9.03E+00 1.10E-09 
23 4.51E-10 1.04E-08 1,52E+00 3.00E+00 2.13E+00 9.73€+00 1.07E-09 

Table abbreviated and continued below 
102 4.51E-10 
103 4.51E-10 
104 4.51E-10 
105 4.51E-10 
106 4.51E-10 
107 4.51E-10 
108 4.51E-10 
109 4.51E-10 
110 4.51E-10 
111 4.51E-10 
112 4.51E-10 
113 4.51E-10 
114 4.51E-10 
115 4.51E-10 
116 4.51E-10 
117 4.51E-10 
118 4.51E-10 
119 4.51E-10 
120 4.51E-10 

4.60E-08 
4.65E-08 
4.69E-08 
4.74E-08 
4.78E-08 
4.83E-08 
4.87E-08 
4.92E-08 
4.96E-08 
5.01 E-08 
5.05E-08 
5.1 OE-08 
5.14E-08 
5.19E-08 
5.23E-08 
5.28E-08 
5.32E-08 
5.37E-08 
5.41E-08 

1.42E+01 6.46E+01 
1.43E+01 6.53E+01 
1.45E+01 6.60E+01 
1.46E+01 6.67E+01 
1.48E+01 6.74E+01 
1.49E+01 6.81E+01 
1.51E+01 6.88E+01 
1.52E+01 6.95E+01 
1.54E+01 7.02E+01 
1.55E+01 7.09E+01 
1.57E+01 7.16E+01 
1.58E+01 7.23E+01 
1.60E+01 7.30E+01 
1.62E+01 7.37E+01 
1.63E+01 7.44E+01 
1.65E+01 7.51 E+01 
1.66E+01 7.57E+01 
1.68E+01 7.64E+01 
1.69E+01 7.71 E+01 

Average 

Air Concentration for  a Single Release3' 
Table 5 

7.12E-10 
7.11E-10 
7.1 1E-10 
7.1 OE-1 0 
7.1 OE-10 
7.09E-10 
7.08E-10 
7.08E-10 
7.07E-10 
7.07E-10 
7.06E-10 
7.05E-10 
7.05E-10 
7.04E-10 
7.04E-10 
7.03E-10 
7.03E-10 
7.02E-10 
7.02E-10 
1.29E-09 

38 Only a portion of all I20 seconds of a single release was included for basic space considerations. One can 
observe the progression of airborne activity over time with the beginning and ending times shoirn. The 
average represents the average over 120 seconds ofexposure. 
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Concentration buildup 
in Chaseway from 
subsequent cuts 

:ut # (Bqlm"3) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

9verage 

1.29E-09 
1.94E-09 
2.59E-09 
3.24 E-0 9 
3.89E-09 
4.54E-09 
5.19E-OS 
5.84 E-OS 
6.48E-0C 
7.1 3E-OS 
7.78E-OE 
8.43E-OE 
9.08E-0: 
9.73E-0! 
5.51 E-O! 

Average air concentration in C W-2 
Table 6 

Inhalation Resuspension Calculations for the Thorium Series 
Table 7 
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Conversion of calculated exposure in air to dose 
FILE: C\MSs\DATA\TE~CE”l\TCPIpEl T.MS5 

004 at 11:26:43 PM 

Erpotue and Dose Rater 
EM~OSUC Rate inkr 
Absotbed Dose Rate in Ar 

Deep Dose Equlvdent Rate 
o Paidlel Geometry 
o Opposed 
o Rotatmal 
0 1rotropc 

mR/h 4 78%-007 4 800e OD7 
mGy/hr 4 181e009 4 190e 009 , 

I 
m i a d h  4 181e-007 4 190eM7 ~ 

[lCRP51 19871 I 
mSv/hr 4906e-009 4917e009 , 

4 088e.009 4 0 9 7 ~  009 
4 m7e-009 4 095e 009 
3 686e.009 3 693e 009 

Shalow Dose Equivaknt Rate [ICRP 51 19871 
o Paidlel Geometry 
0 Oppored 
o Rotational 
0 Irotrow 

49We009 4911e009 
490Oe009 4911e009 
3 882e 009 3 890e 009 

Microshield External Exposure Calculations at 0.00 76 meters for the Thorium Series 
Table 8 

Conversion of olcul&d exposure in air to dose 

4 at 8:40:59 AM 

MeV/un‘/rec 205  

Exporuie and Dose R a t a :  
Exposure Rale n Air 
Abtoibed Dose Rate in Air 

mRh 3 280eW9 5461e-009 
mGy/hr 2 864e-011 4 767e-011 
miadhi 2 864e Do9 4 767c 003 

D c q  Dose Eqmalenl Rate [ICRP51 .19871 
mSv/hr 3 307e-011 5 649e-011 

2 826e 01 1 4 650.5 01 1 
2 E260 01 1 4 647e 01 1 
2 552s 011 4 196e 011 

o P a d l d  Geometry 
0 Opposed 
o Rotational 
0 Irot1opr: 

Shallow Dose Equvalent Rate [ICRP 51 1987) 
mSv/hr 3471e011 5912eOl l  

3 33Ze.011 5 604e 01 1 
3 332e.011 5 6Mc-011 
2 679e 01 1 4 421 e 01 1 

o Paald Geometry 
0 opposed 
o Rotational 
0 lfOtfOPC 

Microshield External Calculations at 3 meters for the Thorium Series 
Table 9 

TM 04-29 Derivation ofEmbedded Piping DCGLs at KMTC Revision 0 
NEXTEP Environmental, Inc December 2004 

27 ATTACHMENT 2 



ATTACHMENT 3 
Calculations for the Renovation Scenario 

(Radium & Progeny) 
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Conversion of cdculahd exposure in air to dose 
PElRMS5 
9 

This 2004 at 12:06:09 PM 
cm 

Lwpcrue m d  Doe Rates 
:wposue Rate ~ A I I  
i bmbed  Dote Rate in Air 

Ieep Dose Equivalent Rate 
o Paialkl Gcmetiy 
o Opposed 
o RotatwMl 
0 ltotropc 

jMbw Dose Eqlivdnt R d e  
o Paalld Geunetry 
o Opposed 
o RotatloMI 
0 lsotrqnc 

dlhr 
mGy/hr 
miadlhr 

(ICRP 51 . 19871 
rnSv/hr 

[ICRP 51 ,1987) 
mSvhi  

3 me 008 
2 94oc ma 
294OeOlO 

3 459e 01 0 
2 B54e 010 
2653co10 
2 551e 01 0 

3636e010 
3468eOlO 
3 468e.010 
2 69% 01 0 

1 % l e  005 

3 me-008 
2 976e 01 0 
2 976e 008 

3 5 0 3 ~ 0 1 0  
2863e010 
2888e010 
2 582e 01 0 

3 682e 010 
3 512e 010 
3 512e 010 
2 729e 01 0 . 

Microshield External Exposure Calculations at I meter for  Radium and Progeny 
Table 1 

2004 ai 12:08:09 PM 

Exporue snd Dose Rates 
Enpoaure Rate In Au 
Abroikd Dose Rate in AJ 

Deep DmeEsuvalentRate 
o Paalld Geometiy 
0 Opposed 
o RolatwMl 
0 lrotroplc 

Shalow Dose Equivalerl Rate 
o Paiallel Geometry 
0 Opposed 

0 ltotropc 
0 RofdWndl 

1 481 e008 1 51 1 e008 &/hi 
m G y h  1 293e 010 1 319e 010 
nuadrhr 1 293e-008 1 319e.008 

[ICRP51 13E71 
mSv/hr 1 521e 010 1 553~010 

1 25% 010 1 280e 010 
1122eOlO 1 1 4 4 ~ 0 1 0  

1 256c-010 1 2 8 0 ~  010 

(ItRP 51 .1%7l 
m 5 v h  1 5990010 1 63Ze-010 

1526e010 1557e010 
1 526e-010 1 5570010 
1 186e-010 1 2100010 

I . 
Microshield External Exposure Calculations at 2 meters for Radium and Progeny 

Table 2 
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Conversion of calarlated exposure in air lo dose 
FILE: C:WSS\DATA\TECHCE"l \TCPIPEl R.MS5 

e: Embedded piping 
day, November 18,2004 at 12:08:09 PM 

Exposure end Dose Rates 
EMporue Rate n Air 
Absorbed Dose Rate n All 

m R h  6 9 3 2 ~ 0 0 8  6365e008 
m G y h  6 0 5 1 ~ 0 1 0  6DSBe010 
mad/hr 6 051 e 008 6 098s KM 

DeepDoteEquivalcnlRate (ICRP51 -19971 
m S v h  7 1 2 0 ~ 0 1 0  7 1 7 7 ~ 0 1 0  

5 874e 010 5 919e 010 
5 872e 01 0 5 91 7e 010 
525Oe010 5293e010 

o Paalld Geometry 
0 opposed 
o Rotabonal 
0 IsoIIq.llC 

S~MIOW Dore Equvalent Rate [ ICAPSl -19971 
mSv/ty 7 484e-010 7 544C010 

7139eOlO 7195eOlO 
7 13S.010 7 195e-010 
5 550e 01 0 5 592e 01 0 

o Palallel Geometry 
o Opposed 
o Rotatronal 
0 IrnllOplC - 

Microshield External Exposure Calculations at 0.5 meters for Radium and Progeny 
Table 3 

Inhalation Calc~lation?~ for Radium and Progeny 
Table 4 

"Note that [USNRC, 19941 is U.S. NRC. Policy and Guidance Directive PG-8-08: Scenarios for Assessing Potential 
Doses Associated with Residual Radioactivity. 1994; and [ICRP, 19951 is ICRP 72. 
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Diffusion Diffusion Diffusion 
distance distance distance Air 

Time Release Activity x direction y direction z direction volume ion 
(seconds) rate (Bq/s) (Bq) (m) (m) (m) (mA3) (Bqlm”3) 

Total travelled in travelled in travelled in Affected air Concentrat 

1 4.51E-10 4.51E-10 3.05E-01 1.52E-01 3.05E-01 1.42E-02 3 19E-08 
2 4.51E-10 9.02E-10 6.10E-01 3.04E-01 6.10E-01 1.13E-01 7.97E-09 
3 4.51E-10 1.35E-09 9.15E-01 4.56E-01 9.15E-01 3.82E-01 3.54E-09 
4 4.51E-10 1.80E-09 1.22E+00 6.08E-01 1.22E+00 9.05E-01 1.99E-09 
5 4.51E-10 2.26E-09 1.52E+00 7.60E-01 1.52E+00 1.76E+00 1.28E-09 
6 4.51E-10 2.71E-09 1.52E+00 9.12E-01 1.83E+00 2.54E+00 1.07E-09 
7 4.51E-10 3.16E-09 1.52E+00 1.06E+00 2 13E+00 3 45E+00 9.14E-10 
8 4.51E-10 3.61E-09 1.52E+00 1.22E+00 2.44E+00 4.51E+00 8.00E-10 
9 4.51 E-1 0 4.06E-09 1.52E+00 1,37E+OO 2.74E+00 5.71 E+OO 7.1 1 E-1 0 

10 4.51E-10 4.51E-09 1.52E+00 1.52E+00 3.05E+00 7.05E+00 6.40E-10 
11 4.51E-10 4.96E-09 1.52E+00 1.67E+00 3.05E-01 7.75E-01 6.41 E-09 
12 4.51E-10 5.41E-09 1.52E+00 1.82E+00 4.57E-01 1.27E+00 4.27E-09 
13 4.51E-10 5.87E-09 1.52E+00 1.98E+00 6.10E-01 1.83E+00 3.20E-09 
14 4.51E-10 6.32E-09 1.52E+00 2.13E+OO 7.62E-01 2.47E+00 2.56E-09 
15 4.51E-10 6.77E-09 1.52E+00 2,28E+00 9.14E-01 3.17E+00 2.14E-09 
16 4.51E-10 7.22E-09 1.52E+00 2.43E+00 1.07E+00 3.94E+00 1.83E-09 
17 4.51E-10 7.67E-09 1.52E+00 2.58E+00 1.22E+00 4.79E+00 1.60E-09 
18 4.51E-10 8.12E-09 1.52E+00 2.74E+00 1.37E+00 5.70E+00 1.42E-09 
19 4.51E-10 8.57E-09 1.52E+00 2.89E+00 1.52E+00 6.69E+00 1.28E-09 
20 4.51E-10 9.02E-09 1.52E+00 3.00E+00 1.68E+00 7.64E+00 1.18E-09 
21 4.51E-10 9.48E-09 1.52E+00 3.00E+00 1.83E+00 8.34E+00 1.14E-09 
22 4.5lE-10 9.93E-09 1.52E+00 3.OOE+OO 1.98E+00 9.03E+00 1.10E-09 
23 4.51E-10 1.04E-08 1.52E+00 3.00E+00 2.13E+00 9.73E+00 1.07E-09 

Table abbreviated and continued below 
102 4.51E-10 4.60E-08 1.52E+00 3.00E+00 1.42E+01 6.46E+01 7.12E-10 
103 4.51E-10 4.65E-08 1.52E+00 3.00E+00 1.43E+01 6.53E+01 7.11E-10 
104 4.51E-10 4.69E-08 1.52E+00 3.00E+00 1.45E+01 6.60E+01 7.11E-10 
105 4.51E-10 4.74E-08 1.52E+00 3.00E+00 1.46E+01 6.67E+01 7.10E-10 
106 4.51E-10 4.78E-08 1.52E+00 3.00E+00 1,48E+01 6.74E+01 7.10E-10 
107 4.51E-10 4.83E-08 1.52E+00 3.00E+00 1.49E+01 6.81E+01 7.09E-10 
108 4.51E-10 4.87E-08 1.52E+00 3.00E+00 1.51E+01 6.88E+01 7.08E-10 
109 4.51E-10 4.92E-08 1.52E+00 3.00E+00 1.52E+01 6.95E+01 7.08E-10 
110 4.51 E-10 4.96E-08 1.52E+00 3.00E+00 1.54E+01 7.02E+01 7.07E-10 
111 4.51E-10 5.01E-08 1.52€+00 3.00E+00 1.55E+01 7.09E+01 7.07E-10 
112 4.51E-10 5.05E-08 1.52E+00 3.00E+00 1.57E+01 7.16E+01 7.06E-10 
113 4.51E-10 5.10E-08 1.52E+00 3.00€+00 1.58E+01 7.23E+01 7.05E-10 
114 4.51E-10 5.14E-08 1.52E+00 3.00E+00 1.60E+01 7.30E+01 7.05E-10 
115 4.51E-10 5.19E-08 1.52E+00 3.00E+00 1.62E+01 7.37E+01 7.04E-10 
116 4.51E-10 5.23E-08 1.52E+00 3.00E+00 1.63E+01 7.44E+01 7.04E-10 
117 4.51E-10 5.28E-08 1.52E+00 3.00E+00 1.65E+01 7.51E+01 7.03E-10 
118 4.51E-10 5.32E-08 1.52E+00 3.00E+00 1.66E+01 7.57E+01 7.03E-10 
119 4.51E-10 5.37E-08 1.52E+00 3.00E+00 1.68E+01 7.64E+01 7.02E-10 
120 4.51E-10 5.41E-08 1.52E+00 3.00E+00 1.69E+01 7.71E+01 7.02E-10 

Average 1.29E-09 

Air Concentration for a Single Release4’ 
Table 5 

L- 

Only a portion of all 120 seconds of a single release was included for basic space considerations. One can 
observe the progression of airborne activity over time with the beginning and ending times shown. The 
aberage represents the average over 120 seconds of exposure. 

40 
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Concentration buildup 
in Chaseway from 
subsequent cuts 
(Bq/rn "3) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

1.29E-09 
1.94E-09 
2.59 E-0 9 
3.24E-09 
3.89E-09 
4.54E-09 
5.1 9E-09 
5.84E-09 
6.48E-09 
7.1 3E-OS 
7.78E-OS 
8.43E-06 
9.08E-06 
9.73E-OS 
5.51 E-OS Average 

Average air concentration in CW-2 
Table 6 

Inhalation Resuspension Calculations for Radium and Progeny 
Table 7 
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Conversion of c 

I I I r- 
I P h o t m d c d l r e c  2 600e 004 2 61 1 e004 Photon Fbence Rate [fbn] 

Photon Enerpy Fluence Rate MeV/cn?/sm: 1960e-004 

Erposue and Dose Rates 
Empasue Rate inhi 
Absorbed Dose Rate in Ar 

Deep Dose EquNdlent Rate 
o Pardel Gecmetry 
o Opposed 
o Rotatimd 
0 laotropic 

Shallow Dose Equnalent Rate 
o Pdidlel Geometry 
o Opposed 
o Rotstimd 
0 isotropic 

rnR/hi 3 4 4 k M 7  
rnGy/hr 3006~009 
mradlhr 3 006e Kt7 

(ICRP51 19871 
rn5vlhr 3 537e 009 

2 9 i B e m g  
2 91 7e m9 
2 60& M 9  

[ICRP 51 19871 
m5vhr 3 71 8e 009 

3 547c 009 
3 547e 009 
2 757e 009 

1 96% 004 

3 452e-007 
3013e009 
3 01 3e 007 

3 546e.009 
2 925e 009 
2 924e 009 
2 614e-009 

3 727e-009 
3 555eOW 
3 555e 009 
2 763e 009 

Microshield External Exposure Calculations at 0.0076 meters for Radium and Progeny 
Table 8 

ember 21.2004 at 8:40:41 AM 

Exposure and Dose Rater 
Erpsuie Rate in Am 
Absoibed Dose Rate in Air 

Deep Dose Equvdlent Rate 
o P a d l d  Gmrnetry 
0 Opposed 
o Rotatiawl 
0 lrotl0Pic 

d / h r  2 229e 009 3 890e 009 
&y/hi 1 946e 01 1 3 396e 01 1 
rnradihi 1 946e 009 3 396e 009 

[ I m p 5 1  -13871 
mSvihr 2261e011 40Me011 

1901e011 3291c-011 
1901eOl l  3290e011 
170OeOll 2943e011 

Shslow DOK Equivalent Rate [ICRP51 .19871 
mSv/hr 2 380e-011 4 221 e 01 1 o P a d l d  Geometry 

0 Opposed 2 284e 01 1 4 015.9011 
2 284e 011 4 01% 011 
1793eOl l  3112e011 

Microshield External Calculations at 3 meters for Radium and Progeny 
Table 9 
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ATTACHMENT 4 
Calculations for the Occupational Scenario 

(U-238 through U-234) 
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Conversion of calcul&d exposure in air to dose 

This -8B 4 ai 8:41:15 AM 

~ p o s u e  and Dose Ridst 
.wposue Rate in hi 
ibrorbec Dose Rake in AI 

Ieep Dose Eqwdent  Rae  
o Paialel Gcometiy 
o Opposed 
o Rotationd 
a lsotrapc 

jhalbw Dose Eauivalenl Rate 
o Paallel Geometly 
o Opposed 
o Rotatbond 
0 lrotropc 

m R h r  5 886e 01 1 1 93% 01 0 
mGy/hi 5 139e 01 3 1 689e 01 2 
madhr 5139e011 1689eOlO 

[ICRP 51 19871 
mSv/hr 6 451 e 01 3 2 384e 01 2 

4870e013 1571e012 
4 8 6 6 ~ 0 1 3  1 5 6 5 ~ 0 1 2  
4 3E3e 01 3 1 447e 01 2 

[ICRP 51 19871 
mSv/hi 6 738e 01 3 2 430e 01 2 

6 174e 01 3 2 078e 012 
6 174c 013 2 078e 012 
46BOe013 1 %le012 

Microshield External Exposure Calculations at 1.5 meters for U-238 to U-234 
Table 1 

004 at 8:41:15 AM 

R a d :  [ S m d  o w  mgkl 

Euporure and Dote Rates 
Exposue Rate n A n  
Absotbed Dose Rate in &I 

d / h r  2 M5e 01 1 0 408e.011 

mrad/hi 2 30% 01 1 7 340e 01 1 
dyhr 2 309e 01 3 7 340e 01 3 

D n p  Dose Equivalenl Rate llCRP51 19871 
mSv/hi 2 908e 01 3 1 041 G 01 2 

2 187e 013 6 824e 013 
2 18% 01 3 6 7932 013 
1 9 6 3 ~ 0 1 3  6289e-013 

o Psralkl Geometry 
o Opposed 
o Rotatanal 
0 lsotropc 

Shdbw Dose Equwden( R&e [ICRP 51 19871 
mSv/hr 3 03% 01 3 1 060e-012 

2 7 7 6 ~ 0 1 3  9036e013 
2 7 7 6 ~ 0 1 3  9036e013 
2 1 0 3 ~ 0 1 3  6 6 9 5 ~ 0 1 3  

0 Pilldlkl GeMllCIly 
o Opposed 
o Rotatonal 
0 lrotropc 

Microshield External Exposure Calculations at 3 meters for U-238 to U-234 
Table 2 



Renl lr  ( S v m r d  o w  ae~glecl 

Photon Flucnce Rate lflurl 

Expowie and Dote Rates 
Enpowre Rate in Ar 
&:oibedDore Rate inhr 

Wltbut Wdh 
Buldup Bddup UrUlS 

Photonrlcm'lscc 2 277c 008 1 44% 007 

Deep Dote Equvalenl Rate 
o Paallel Geometry 
0 Opposed 
o RdatioMl 
0 ISdrcQlC 

Shdlow Dose Equvdenl Rate 
o Paallel Geunelry 
o 0 pposcd 
0 RdalaMl 
0 ltotroplc 

dlhr 
&Y/h 
miadhi 

[ l a p  51 .19E7] 
mSvihr 

[ICRP 51 - 198'11 
rnSv/hc 

1 281 e01 1 
1 ll8e.013 
1 llEeOll 

1412e.013 
1 05Be-013 
1 057e.013 
9 5%~-014 

1 472e.013 
1 345e-013 
1 345e.013 
1018~013 

2 292e 008 

1 
3 968e-011 
3 464c 01 3 
3 464e 01 1 

4925~013 
322k013 
3204e 013 1 
2 968e 013 

5 014e 013 
4 26% 01 3 
4265e013 
3 16k 013 - 

Microshield External Exposure Calculations at 5 meters for  U-238 to U-234 
Table 3 

Conversion of calculated exposure in air to dose 

Dose Point # 4 - (1 55.08.500.0) cm 

I 
Photon Fuerce Rate [IIJx] J P ~ o I ~ ~ / c I + / s ~ c  1 ia9e m6 1 231~006 
photon Enaw Fluence Rate MeV/cd/sec 2 086e 007 2 176e 007 

Evpoxue and Dose Rater 
Ewposuc Aatc in Aii 
Absorbed Dose Rate n Air 

Deep Dose Equivdent Rate 
o Paiallel Geometry 
o Opposed 
o Rolatlond 
0 ltotropc 

m R h  3794~010 3961e010 , 
mGyhi 3312~012 3458~012 ' 
nuadlhc 3312~010 3458~010 

(ICRP51 13971 
mSvhr 4 492e 01 2 4 71 Oe 01 2 

3 051s 01 2 3 leOe 012 
3 027e 01 2 3 154c 01 2 
2778~012 289&012 

Shdbw Dote Equvdml  R a e  (ICRP 51 .1987] 
o Paidlel Geometry mSvhr 4623e.012 4844e012 1 
o Opposed 3991e-012 4167e012 I 
o Rolationd 3991e.012 4167~-012 , 
0 lsotropc 2 9808012 3 109e.012 

Microshield External Exposure Calculations at 1.5 meters for  U-238 to U-234 
Table 4 
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ATTACHMENT 5 
Calculations for the Occupational Scenario 

(Thorium Series) 
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marl 
A d s  [ S m d  ova snslgiul U* BUlduO 

I I I 

Photon Flumce Rate Iflw] IPhotonr/cd/rec 4 WEc 006 1 llle-OD5 
pholon Eneig, FcRnce R a e  MH/cnf/rec 4 702e 006 7 B50e 006 

With 
B a u p  - 

Expatwe a d  Dose Rates 
Exposue Rate nAr 
Abrabed Dose Rate in A1 

mR/h 7478ew9 129oe008 
d y l h r  6 52% 01 1 1 127e-010 
m i a d h  6 52% 009 1 127e-008 

Deep Dose Eqmalerl  Rate [lCRP51 19871 
mSv/hr 7532e 011 1 3332 010 

6447e011 1099eOlO 
6447eOl l  1099e010 
5 824e 011 9 918e 011 

o PaidM GeomeW 
0 OPPoted 
0 Rotatonal 
0 lsotropc 

Shdow Dose Eq;nvderl R a k  (ICRP51 19871 
mSv/hr 7906e011 1396eOlO 

7 593e 01 1 1 324e-010 
7 59% 01 1 1 324e 01 0 
6111e011 1045e-010 

D Paldkl Gemetry 
o Opposed 
o Rotatanal 
0 lsollopc 

Microshield External Exposure Calculations at I .  5 meters for Th-232 and Progeny 
Table 1 

Conversion of calculabd exposure in air lo dose 

/sec 2057e006 3319e 006 1 

Enpxuie and Dose R a t a  
Exposuie Rate n AN 
Absorbed Dose flde n Air 

m R h i  3 280s 009 5 461 e 009 
mGy/h 2 864e m 1 4 767e 01 1 
miadlhr 2854e009 4767e009 I 

Dcep Dose EWvakM Rate [ICRP51 19071 
mSv/hr 3 307e 01 1 5 649e 01 1 

2 B26e 01 1 4 6% 01 1 
2 826e 01 1 4 647c 01 1 
2 552s 01 1 4 196e 01 1 

o Paidlel Geometry 

o Rotdtiond 
0 Opposed 

0 ltotropc 

Shalow Dose Equvdcnt Rate [ICRP 51 19871 
&"/hi 3471e011 5912e011 

3 332e 01 1 5 6Cde 01 1 
2 6 7 9 ~ 0 1 1  44218011 

3 3 3 2 ~  m 1 5 6 ~ a - 0 1 1  
0 Pdldkl Geometry 
o Oppored 
0 Rolatlond 
0 I mtropc 

Microshield External Exposure Calculations at 3 meters for Th-232 and Progeny 
Table 2 

TM 04-29 Dei 
NEXTEP Env 



Exporus and Dote Rater 
Expotuc Rate in Air 
Abmibed Dose Rate n Ar 

&/hr 1562c.009 2545~-009 

miallhi 1 364e W9 2 222e 009 
rnGy/hr 1 364e.011 2 222e 01 1 

Deep Dose Eqwdent Rate [ICRP 51 19871 , rn5vlh 1 576e 01 1 2 63% 01 1 , 
1 345s-011 2 167e.011 
1345~011 2166eOll 
1215e011 1 S O 1 1  

o P a J d  G m l r y  
o Opposed 
o Ratatimal 
0 lrOtlOPr 

S h a h  Dose Equvalerl Rale 
o Padld Geometry 
0 Opposed 
o Rotatlard 
0 lSOllOpK 

[ICRP 51 ,19871 
rnSv/hr 1 654s-011 2 757e-011 

1588eOll 2612e011 
1 588c.011 2 61 2e 01 1 
1275c-011 2061e011 

I '1 

Microshield External Exposure Calculations at 5 meters for Th-232 and Progeny 
Table 3 

ure in air to dose 
\TCPlPElT.MS5 

04 at 11 2 6 4 3  PM 

MdJlcnflrec 1 7% 005 1 820e 005 

Exposure and Dose Rates 
Exposure Rete lnAi 
Abrotbed Dare Rate in aU 

Deep Dose Equivalent Rate 
o Parallel Gemetiy 
o Opposed 
o RdataMl 
0 lrctrcqlc 

Shdow Dose Equvdenl Rate 
o Paallel Geometry 
0 Owoted 
D RotatIOMI 
o Itdrc$nc 

rnR hi 
m G y h  
mfdd/h 

(ICRP 51 .1987] 
nSv/hr 

(ICRP 51 - 19871 
r n S v h  

2.9452~008 
2 571 e-01 0 
2 571 e-008 

3 01 52.01 0 
2514e.010 
2 51* 010 
2 267e 01 0 

3 162e.010 
3 01 3.01 0 
3.01 3e 01 0 
2 387e-010 

2 9We-008 
2 610e 01 0 
2610e008 

3 064e 01 0 
2552s-010 , 
2 551e 01 0 
2 300e 01 0 

3 21 3e-010 
3 060c.010 
3050e.010 1 

2 423e 01 0 

I 
Microshield External Exposure Calculations at 1.5 meters for  Th-232 and Progeny 

Table 4 
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ATTACHMENT 6 
Calculations for the Occupational Scenario 
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Conversion of calculakd exposure in air to dose 
FILE: C:yASs\DATA\TEWCE”’l\TcPp1 AR2.MS5 

er 21, 2004 at 8:40:41 AM 

L 1Photons/cd/rec I I 3 071em6 7 493eUD6 
Phctm Fluence Rate [Hun1 
Photm Energy Fhence R a e  MeV/a*/rec 2 923e-M6 

Exposue and Dose Rates 
Evposue Rate in& 

Abrarbed Dote Rate in AI 

Deep Doxe Equvdenl Rate 
0 Padud G W e t t y  
o Opposed 
o Rotdlonal 
0 ISOtIOPK 

Shalow Dose Equivalent Rate 
o Pad ld  Geometry 
0 O p p r d  
0 Rotatmd 
o lsotropc 

m ~ / h r  5047~-m9 
m G y h  4.406e.011 
mrad/hr 4406~009 

[ICRP51 -1367l 
dvh 5.1174ll 

4 308e-011 
4 2137e-011 
3 652e.011 

[ICRP 51 ,13671 
m S v h i  5 387e-011 

5 17Oe.011 
5 17De.011 
4 063e.011 

5 22% 006 

91fficOW 
8 Ol8e 011 
E 018s O W  

9 4E3e 01 1 
7 772e 01 1 
7 769e 01 1 
6 949e 01 1 

9 958e 01 1 
9 477.5 01 1 
9477e011 
7 347e 01 1 

Microshield External Exposure Calculations at 1.5 meters for Ra-226 and Progeny 
Table 1 

Conversion of cafculated eqosure in air  to d o s e  
FILE: CWSS\DATA\TECHCE’”l \ T W 1  ARZ.MS5 

EK~OSUC and DOSO R&OS 

E ~ p o r u c  Rate inAr 
Absoibed Dore Rate n Ai 

Deep Dose Equivalent Rate 
o Pardlel Getmetry 
o Opposed 
0 Rotatanal 
0 isotropic 

mR /tu 2 22% M9 3 8We OW 
&y/h 1 946~411 3 396e 01 1 
m r a d h  1 946e 009 3 396~ 009 

[imp 51 .is71 
d v h i  2261e01l 4020e011 

1901~411 3291e011 
1901e011 3290e011 
1 moeoii 2943~011 

Shalbw Dore Eqwdenl R a e  (ICRP 51 19871 
rnSv/hi 2 3flOe411 4 221 e 01 1 

2284e011 4015~011 
2 284s 011 4 01% 01 1 
1793~011 3112e011 

o P a d d  Gwmetry 
o Opposed 
0 Rotarmdl 
0 I SOtlOPK 

Microshield External Exposure Calculations at 3 meters for Ra-226 and Progeny 
Table 2 

Revision 0 
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dose 
.MS5 

4 at 8:40:41 AM 

Resub ( s u m d  OMI t3rmxgkrl 

Photon Flueme Rate [flu4 

'hoton Flumce Rate [fkrn] IPhotont/cd/sec 6 59%-007 1 510e.006 
'hoton Ewrpy Fluena Rae M e V / c d / u c  6 157e u17 1 031e-006 

Wdhal With 2 
BUldUp B U W  Umtr 

Pho(ons/cd/rec 1 589e 005 1 635eMl5 

nposue and Dose Rates 
nporue Rate inhi 

rbtorbed Dote Rate in Am 

k e p  Dose Ewvalenl Bale 
o Padld Geometry 
0 opposed 
o R o t a t m l  
0 lsotropc 

ihalbw Dose Equwdent Rate 
o Paidlel Geanctiy 
o Opposed 
o Rotatimal 
0 lsatropic 

mR/hi 
mGylh 
mrad/h 

i m p  51 . iga71 
mSv/hr 

[ICRP 51 - 19871 
d V / h l  

1065eM19 
9 30Oe.012 
9 300~-010 

1 081 e.011 
9 0a5~-0 i  2 
9 084e-012 
a i ze -012  

1 13k.011 
1092e011 
1 092e 01 1 
a 5 7 ~ e  012 

1 81 4e OW 
1 584e-011 
1 5a4e OW 

1 8758 01 1 
1 53% 01 1 
1 534e 01 1 
1 372e 01 1 

1 969e 01 1 

1 872e-011 
1 4 5 1 ~ 0 1 1  

1 a m  011 

Microslr ield External Exposure Calculations at 5 meters for Ra-226 and Progeny 
Table 3 

Exposue a d  Dote Rater 
Erpotuc Rate nAir 
Absorbed Dose Rate in Aii 

mR/h 2115e008 2149cWB 
mGy/hr 1 846e 010 1 876e 010 
mId& 1 a46e ooa 1 8 7 6 ~  ooa 

Deep Dose Equivalent Rate [ICRP51 19871 
o Padld GCOIWII~ mSv/hr 2 172e.010 2 20% 01 0 
0 apposed 1 793e.010 1621e 010 
o Rotational 1 7 9 2 ~ 0 1 0  1 82le 010 
0 ItOtlDDlC 1602e010 1 6 B e O l O  I 

I 
Shdbw Dose EquvsM Rate [ICRP 51 19871 ~ 

o Pardlel G e m t r y  m S v l h  2 2 8 3 ~ 0 1 0  2 3 2 2 ~ 0 1 0  1 
o Opposed 217&010 2214e010 1 
o Rotatond 2 1 7 6 ~ 0 1 0  2214e-010 , 
0 ltotropc 1 693e 010 1 721e-010 .. 

Microshield External Exposure Calculations at 1.5 meters for Ra-226 and Progeny 
Table 4 
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