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SUBJECT: Seneca Army Depot Activity - Use of the Universal Radiation Spectrum 

Analyzer (URSA) 

Dear Ms. Thorne: 

This letter is in response to comments from the New York State Department of Health (NYSDOH) 
regarding the use of the Universal Radiation Spectrum Analyzer (URSA). This letter was dated 
September 6, 200 I , and was sent under cover of the New York State Department of Environmental 
Conservation (NYSDEC). The letter is attached as Attachment A. 

On August 15 , 200 I , Parsons' Health Physicists Mr. Ronald McConn and Mr. John Hackett gave 
a presentation to radiation specialists from the NYSDOH and NYSDEC. The purpose of the 
presentation was to demonstrate the capabilities of the URSA and explain its applications at 
SEAD-12 during the Phase II building surveys. While the URSA ' s ability to screen areas of 
contamination was noted, concerns were raised about its ability to quantify volumetric 
contamination. These concerns were reiterated in the September 6, 2001 letter from NYSDOH. 

This letter addresses State concerns raised during the August 15th meeting and in the September 
6th letter regarding I) the ability of the URSA to quantify contamination; 2) the correlation of 
material samples and URSA instrument readings; and 3) the use of the Nal-based URSA versus 
the high purity Germanium (HPGe) detector at SEAD-12. 

URSA 's Ability to Quantify Contamination 

The following issues are discussed in support of the URSA ' s ability to quantify contamination , if 
present, at Seneca: 

(I) There is very limited potential for volumetric contamination at SEAD-12 or else where 
at Seneca; 

(2) Very little change in the URSA detector response is predicted when radiological 
contamination is present at probable thicknesses; 

(3) The MDAs achieved using the URSA are below DCGLs; and 
(4) Background radioactivity can be directly subtracted from instrument readings. 

Each of the points are described in detail below. 
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Response to NYSDEC/ NYSDOH comments on the use of the URSA, SEAD-12 

Comments Dated September 6, 200 I 

03/04/02 

I) There is limited potential for volumetric contamination at SEAD-12 or elsewhere at 
Seneca. Of particular concern at SEAD-12 is the migration of Plutonium and Americium 
into porous materials. To determine the potential for Plutonium and Americium 
contamination intrusion into concrete over a 40-year time frame, solubility/infiltration 
modeling was completed . This assessment is summarized in Attachment B of this letter. 
This assessment was completed by assuming that a saturated water solution of Plutonium 
and Americium based on weapons grade Plutonium sits on a concrete surface for 180 days 
per year for 40 years . This solution would migrate through the concrete and deposit the 
radioactive materials within the concrete matrix. Plutonium or Americium materials would 
migrate quickly as liquids or particulates into cracks in the concrete. The initial result of this 
calculation indicates that deposition within the concrete from this mechanism is negligible 
(approximately 2x10-6 pCi/g) over a 40-year time frame. This result was expected as 
Plutonium and Americium materials are not soluble in water and would require a highly 
acidic solution to facilitate further intrusion. Additionally, no cracking of the surfaces was 
observed such as pitting of walls or floors that is typical when concrete is subjected to highly 
acidic conditions, and the use of acid solutions is inconsistent with the activities in the 
facility . Because there is no indication that acid solutions were used in the buildings in 
SEAD-12, appreciable migration of Plutonium and Americium into concrete structures is not 
likely . 

2) Very little change in the URSA detector response is predicted when radiological 
contamination is present at probable thicknesses. Monte Carlo analyses modeling the 
potential extent of volumetric contamination at SEAD-12 were completed based on the 
URSA gamma spectroscopy results. The expected thin crystal Nal detector response to 
volumetric contamination into concrete at various depths was modeled as described in 
Attachment C. The results of the modeling show that for a 60 keV source, a 30% change in 
detector response may be expected at 1 cm (scenario 1) and less than 10% may be expected 
at the 0.25 cm thickness (scenario 2). As discussed above, migration of radionuclides into 
materials is highly unlikely and therefore radionuclides embedded at a thickness of 1 cm 
(scenario 1) is unlikely. Scenario 2 is more probable, where a surface may have been 
painted over. The modeling shows that in this scenario, less than a 10% change in the 
detector response is expected. Based on the outcome of the modeled detector responses and 
the unlikelihood of scenario I, it was determined that the SEAD-12 gamma spectroscopy 
data could reliably be compared to the DCGLs as surface contamination. 

3) The MDAs achieved using the URSA are below DCGLs. The minimum detectable 
activities (MDAs) for the primary materials found in SEAD-12 buildings are adequate using 
a thin window Nal-based system . The Nal-based system can produce results below the 
DCGLs for the building materials using a 60 to 70 -minute count time. The graphs in Figure 
1 and Figure 2 illustrate this point. The URSA measurements are be ing used as part of a 
multi-tiered survey approach at the SEAD-12 buildings to determine if any contamination 
exists. If elevated levels were found during the initial alpha, beta, or gamma surveys those 
areas were then surveyed with a FIDLER that was setup with an electronic window to 
discriminate the Am-241 59.5 keV photon energy. The survey with the Am-241 windowed 
FIDLER was followed by an URSA measurement having a count time of sufficient length to 
meet the DCGL requirements for the material being examined. 
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Response to NYSDEC/ NYSDOH com ment s on the use of the URSA. SEAD-1 2 

Comments Dated September 6, 200 I 

03/04/02 

4) Background radioactivity can be subtracted from instrument readings. Materia l 
specific background in situ gamma measurements can be subtracted from the site in situ 
measurement to show act ivity above background. A graphical example of this is shown in 
Figure 3. The decay gamma energy spectra are consistent with what is expected from 
naturally occurring uranium and thorium . The abi lity to subtract background spectra can be 
used to e liminate elevated readings that may have been encountered during gross 
measurements to truly determine whether or not elevated radiation exists or not. 

Material Sample Results Compared to URSA Readings at SEAD-12 

Material samples analyzed with the URSA in the fi eld were sent to Genera l Engineering 
Laboratories, Inc. for isotopic analysis so that a correlation could be drawn. Locations were 
sampled where field survey equipment indicated an area to be potentially elevated. The 
laboratory analysis indicated that there were no elevated concentrations present in the seven 
material samples that were analyzed for Americium-241 and Plutonium-239/240. These results 
confirmed the determination based on gamma spectroscopy using the URSA that the material 
samples did not contain elevated levels of these radionuclides. Table 1 reports both the 
laboratory analytical results and the URSA results for the seven material sam ples that were 
collected. No correlation factor could be derived since neither the field nor analytical results 
detected anything significant. 

Use of the Nal-Based URSA Versus the High Purity Germanium (HPGe) System 

NYSDEC had expressed concern about using the Nal-based URSA system instead of a high 
purity germanium (HPGe) system. At the end of this letter is a reference list citing severa l 
studies have been done on the use and performance of Nal-based spectroscopy systems. Some of 
the topics that are covered in the articles are: 

• The adequacy of Nal detectors for analysis of natural background measurements (HASL-
258, 1972); 

• The use of the Nal spectroscopy, including making ofNal crystals, electronics deve lopment, 
calibration, analysis, and interferences . There is also discussion on the efficiencies of 
various crystal geometries (Crouthamel, 1960); and 

• A comparison of Nal and Ge measurements fo r various radionuclides w ith different energy 
photons (Lowder, 1972). 

The Nal-based system has severa l advantages over the HPGe system. The high expense of 
purchasing germanium-based systems, limited availability of HPGe renta ls, a:nd additional 
log istics concerns, such as system mobili ty, make an HPGe system an impractical so lution fo r 
the isotopic analysis at SEAD-12. In add ition, the gamma-emitting radionuclides of concern at 
SEAD-12 are low-energy gamm a emitters that can be adequately detected by a thin crystal Nal­
based system . The data co llect ion needs at SEAD- 12 do not justify the additiona l expense of an 
HPGe system. 

Parsons is determined to sat isfy the regulators ' concerns about the app lication of the URSA at 
the SEAD-12 buildings. We are confident that the URSA/Nal-based system is capable of 
radiological quantification at a leve l of certainty that demonstrates it effect iveness. We would 
like to cont in ue to use the URSA in field investigat ions at Seneca to (I) take specific 
measurements at elevated gross read in gs identified during survey efforts, and (2) to determine if 
leve ls detected are (i) distinguishab le from background, ( ii ) above DCGLs, and (iii) to identify 
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Response to NYSDEC/ NYSDOH comments on the use of the URSA. SEAD-1 2 

Comments Dated September 6, 200 I 

03/04/02 

the particular isotope(s) of concern . If residual radioactivity is above the DCGLs, material 
sam ples will be collected and analyzed for the isotope of concern to confirm actual quantities of 
radioisotopes present. The ex-situ sample analysis will provide confirmatory data, and is 
consistent with the NYSDOH requests for assessing contamination . 

In order to standardize the data collection/identification/quantification process with the URSA, 
we have provided "A Guidance for Spectrum Analysis Process" document that has been 
developed by Parsons' Certified Health Physicist, Mr. Steve Woolfolk. This document, which is 
provided as Attachment D to this letter, gives instruction in the process of se lecting, using, and 
analyzing energy-specific radiation emissions data using spectroscopy. Included is information 
on the use of the URSA with a Nal detector for gamma spectroscopy. 

Should you have any questions regarding this letter, please do not hesitate to call me at (781) 
401-2535 to discuss them . 

Sincerely, 

PARSONS ENGINEERING SCIENCE, INC. 

~i:Edt1P{½-
Tast~1t:I:r T:tavneager 

cc : S. Absolom, SEDA 
K. Hoddinott - USACHPPM 
J. Mullikin - USACHPPM 
T. Sydelko, Argonne Nat ' I Lab 
E. Kashdan, Gannett Fleming 
J. Vazquez, USEPA 

T. Enroth, USA COE - NY District 
Marshall Greene, USACOE 
C. Kim , USAEC 
B. Wright, USAIOC 
K. Healy, USACE 
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Figure 1 

Am-241 MDA from NUREG-1506 
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Figure 2 

Pu-239 MDA Extrapolated from Am-241 
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Figure 3 
URSA Background and SEAD-12 Spectra 

Raw Concrete S12.ectrum Seneca Army Depot Activity Background Concrete Spectrum 

The total counts for the maximum pea k 

is 575 in I hour. 

-••< "'-~ 
Note.fu ll sca le is 865 k,: . \_ 

Raw Spectrum with Background Spectrum Subtracted 

Energy \kc V) 

The lolal counls fo r 1hc maximum peak is 135 

(T he difference in toial counl times between 

spec1ra is accounlcd ror) 

Nole ful l scale 1s 865 kcV 

Notes: 

I) This spectrum is of concrete from building 804, room I, grid I 0, location C9. 

C 

43.ll kcV 

C 

The total counts for the max imum peak is 

708 in 45 minu1cs. 

FJ1crgy (kcV) ---~~ Nole foll scale if865 kcV 

Raw Spectrum with Background Spectrum 
Subtracted with Energy_f_ejl_ks_ldentified 

46.58 kcV 

51.l lkcV 
The total counts for the max imum peak is 
135 

l l.9keV 

Encrizy(kcV) 
Nole foll scale is 86l kcV 

P:\Pi1\Projccts•Scncc:1 S I :!:ri C-ommcn1s\U RSA 1spcclra.ppt 





Bu ilding 

Location ID 
( ;nd II) 

Matnx 

Dak collcctccl 
Type 

Lahoratory /\n aly tu:al 

D ata 

IJ RS/\ Data 

Tahlc I 
Anal)1ical and URSA Results for Material Samples 

SEA ll- 12 Buildini? Survey 

Seneca Army Depot Activity 

xn-1 

X04-I-CX 

X0-1-1-5 

Misc So lid 

X/23/2001 

SI\ 

Parameter Resu lt (pCi/g) Error(+/-) Q uali fi er MD/\ 
J\n"k.:ric ium-24 1 o 0 143 0.0 107 0.0 122 

Plutnnium-23W240 .110 122 0 ,0139 u 0.0297 

/\1n .. :ri cium<:!4 I Not Identifi ed 0.06 

Plutonium-'.2:19/240 Not lckntili1.;cl 11 ,04 

FIDU,R scanning data 

Xf14 

X114-3-C3 

X04-.l-14 

tvf,sc Solid 

X/2X/200 I 

SI\ 

Result (pCi/g) Error (+/-) Qualifier 
0.0057 1 0.0 15 1 u 
.o 0137 0.0 12 u 

Not lcknti ficd 

Not lck:ntiliccl 

l(nncn 1.·.ncn~v window) 1.wno. 1 :;300 cpm 11000.20000 cpm 

Fl[)LER llircct mc;isurc1111.:nt 

data (npcn energy window) 
l 4X96 cpm 19 106 cpm 

Field Data
4 

F IDLER sc:mn ing da ta 

l(doscc\ Arn-24 1 window) 300-600 cpm 300-XOII cpm 

J7 1l )I .ER dir~t mcasurcrn.:nt 

data (c lnsL·d /\m-'.2➔ 1 4X5 cpm 

window) 5X I cpm 

I ) In the laboratory annlysis the "U'' qu :1l itl crs indic:itc that tht! ruporkd rt!S ults arc below the MDI\ and are nnn-clt:tectahle nctivity. 

2) "Not lclcntilied" incli cah.:s that there 1s nn discc:m;,hk: ac tivi ty cktectecl above the MDA to allow the r;i.clionuclucles to he iclentiti ecl . 

3) The iclentilicalion for BKGD-Cl3 I o r Pu-239. Am-2-11 is cnmpli catecl by the presence o r mu lt iple rndionuclides having a garnm1 emission at the 13 keV 

energy level. /\lso identili ecl were U-233 at I .XXpC i/g (+/. 0 .94). U-23 X al n.83pCi /g (+/-0.42), Th-208 at 0 .8 1 pCi/g (+/-0.94). and Pb-2 10 at 1.65pC i/g (+/. 

0 .83). The correct icl entiticat ion is n1nst likdy U-238 based on the other raclionuclich.:,-; that arc present in the sn rrq)le: however, the background building was 

never used for radio logical ac ti vities. 

4) Ciricls were selected for m1terial sa111pling h1:causc the FTDLER rneasurem..:nts were e ither the highes t gamma in a room the cxcecckcl hackgrnund b;1secl on 

Wilcoxon R:mk Sum (\,\'RS) st,1tist1cs or the rnnm was nne nf the hight'.St eh..:vat t.x l gan1111,1 ri..:acl ings (based on the OJA:n F TDLER energy winclnw) 

)) NA= Not applic;1hlc. H:1ckgrouncl 1111..•;1sun:mcnts rnr cnrnparisnn ag,1inst n1,1ten al sarnplt•,s were colkctcc\ with the URSA 

P \P11\J>rf\jCcls\Sc11ct:a\S I 2ri\C0 111111 c111s\URS/\\Tah lc I x i._ 

M D/\ 
0.0273 

o.02xx 

007 
o 04 

Pagc 1 pf.) 

3/ 1/~00:2 





ll uil d ,n~ 

Loc:itinn ID 
,;ml ID 

Matnx 

!)ate col\cctcc\ 
Type 

Para mct(T 
I ,alwratory /\nalyhi:al J\mcn cium-241 

Data Plutnni um-239/240 

I/RS/\ Data Airun cium-241 

Plutnnium-239/240 

FIDLER scanning data 

lroncn t,;il Cfl.~\' w indow) 

FIDLER direc t rnc:isuremcnt 

Field Data 4 
data (open energy window) 

FIDLER scann mg data 

closed Am-2-11 wmdow) 
FIDLER d irect mc,1Sur,·n>.:nt 

data (closed Am-24 1 

window) 

P 1J1 i1 \Pn,JCCl<;\Sc11ci.:a\S I 2n\C 0C'm1t1c 111~\URS/\\T;1hlc I XI'-

Tahir I 
Ana lytical and IJRSA Results for Material Samples 

SEA D-12 Buildin:? Survey 
Sencrn Army Depot Activity 

Xi 9 Xl9 

Xl 9-5-C l 1 819-5-C I 3 
X 19-1- l 5 Xl 9-5-l 1 

Misc Solid Misc Solid 
X/23/200 1 X/23/200 1 

SA SA 

Result (pCi/g) Error(+/-) Qua lifi er MDA Res ult (pCi/g) Error(+/-) 

O fl l IX 0.0 103 u 0.0 14 1 0.0 123 0 00989 

-0 0 166 0.0 126 u n.02xx O 00 136 0.00273 

Nnt lch.:nt1liL"d oox Not ldentilicd 

Nnt lch.:nt 1 lil:d n.n-1 Not ldcnt11icd 

Qualilicr 

u 
u 

I 2000- 1 (,fl()() ql!TI I -100fl- I 7flfl0 CPlll 

15X39 cpm 160 14 cpm 

350-500 cpm 300-700 cpm 

41 X cpm 492 cpm 

8 19 

8 19- 12 D-C27 

X19-1 2D-5 

M isc Sol,d 

X/2X/200 1 

SA 

MDA Result (pCi/g) ~:rror (+/-) Qualifier 

n 0136 0.0 104 0.0 139 u 
n 0299 [1.[)0542 0.0 109 IJ 

o nx Nol ldentilied 

n n, Not ldcntili t:cl 

12XIIO- l-1500 cpm 

1-12 11 cpm 

300-450 cpm 

406 cpm 

MDA 
om.1:1 

0.0 163 

oox 

0.05 

Pa~e'.::nf:l 

,/1 /2002 





13uild ing 

Location ID 

Grid ID 

Matnx 
0,1.tc cnllcctc.XI 

Type 

Lahoratory /\nalyt1ca l 
Data 

IJ RS/\ Data 

Field Data
4 

P \P1!\l'rC\1cct,;\Scucc:i\S l :?n\C \m11nc111s\URSA\Tahlc I xis 

Tahle I 
Anal)1ical and URSA Results for Material Samples 

SEAD-12 Buildine Survey 
Seneca Army Depot Adi\'ity 

13K(;I) 

13KGDCl3 1 

NA 

Misc Solid 

X/22/200 1 

SI\ 

Para meter Result (pCi/g) Error(+/-) Qual ifier MD/\ 
/\n).;ric ium-241 n 0 141 00 11 6 u 0 0169 

Plulnn ium-2:19/240 n 0 19:i 0.022:i II 0 19.l 

/\n"k.;ricium-241 11 . .17-' 0 . 19 11.119 

Plutnnium-2YJ/240 I 67-' 0 ;-(3 0.0:i 

1: ll )LER scanning data 

iCnncn .._:ncn.!Y window) NA' 

FIDLER direct mcasurcrncnl 

c\:1ta (np1..:n ent.:rgy window) 
NA 

F JJ)LER scanning data 

l(c losccl /\m-241 wmclnw) NA 

FIDLER direct m:asurcmcnl 

data (clnsccl /\m-2-l l 

wmclow) NA 

13KGD 

l3KGD FL 

NA 
M.isc Solid 

X/23/2001 

SA 

Res ult (pC i/g) Error (+/-) 
n 0 19 0.0 159 

0 OJ I O.Ol :i6 

Not ldenlili ed 

Not lcknti ficcl 

NA 

NA 

NI\ 

NA 

Qu alifier 

u 
u 

MD/\ 
0 02-l 

0 .016:i 

n. 12 

0.116 

Pa~~ J <'f ~ 
,/1 /21102 





References : 

"Standard Practice forNal(TI) Gamma-Ray Spectrometry of Water", ASTM D 4962 - 95, 
American Society for Testing and Materials. 

Dickson, 1976. "Environmental Gamma-Ray Measurements Using In Situ and Core sampling 
Techniques", Dickson et. al. , Health Physics Journal , Vol. 30, pp. 221-227, 1976. 

"In Situ Ge(Li) and Nal(TI) Gamma-Ray Spectrometry", HASL-258, Health and Safety 
Laboratory (AEC), New York, New York, 1972. 

"Comparison of In-Situ and Laboratory Measurement Methods for Radium-226 in Soils", 
Marutzky et. al. , U.S. DOE, UC-70A, 1986. 

"International Series of Monographs on Analytical Chemistry, Vol.2, Applied Gamma-Ray 
Spectrometry", C.E. Crouthamel, Pergamon Press, 1960. 

"Experimental Investigations of the Environmental Field", W. M. Lowder et. al. , U.S . DOE, 
Conf-720805-Pl , 1972. 

~ 
l.!::JPARSONS 



, ' 



ATTACHMENT A 

September 6, 2001 letterfrom the New York State Department 
of Environmental Conservation (NYSDEC) 





New York State Department of Environmental Conservation 
Division of Environmental Remediation 
Bureau of Eastern Remedlal Action, 11th Floor 
625 Broadway, Albany, New York 12233-7015 
Phone: (518) 402-9623 • FAX: (518) 402-9627 
Website: www.dec.state.ny.us 

September 6, 200 l 

Mr. Stephen Absolom 
Chief. Engineering and Environmental Division 
Seneca Army Depot Activity (SEDA) 
5786 State Route 96 
Romulus, NY 14541-5001 

Re: Seneca Army Depot Activity 
NYS Inactive J.la2ardous Waste Disposal Site No, 8-50-006 

Dear Mr. Absolom. 

..... 
~ 

Et1 n M. Crotty 
Commissioner 

Enclosed are the New York State Depamncnt of Health's comments on the Universal Radiation 
Spectrum AnalY2er (URSA) demonstration performed on August 15, 2001. A m.csimile of this letter will 
be sent to you today. If you have any q~estions, please contact me at (SI 8) 402-9623 ar by email at 
aithome@gw.dec.state.ny.us 

Sincc::rcly, 

aa~: ~~ . S> . 

Alicia Thome 
Bureau of Eastern Remediation Action 
Division ofEnviromnental Remediation 

cc: I. Vazquez, USEPA (w/ attach) 
D. Ge:ragley, NYSDOH (w/ at.1:ach) 
M. Peachey, NYSDEC Region 8 (w/ attach) 
R. Scott, NYSDEC Region 8 (w/ attach) 





0■ 
·STATE OF NEW YORK 
DEPARTMENT OF HEAL TH 
Flanigan Square, 547 River Stleet, Troy, New Yor1< 12180-2216 

Antonia C. Novello, M.0., M.P.H., Dr.P .H. Dennis P. Whalen 
Commissioner Executive Depl.lty Commissioner 

August 20, 2001 

Ms. Alicia Thome 
Bureau of Eastern. Remedial Action 
Division of Environmental Remediation 
NYS Department of Environmental Conservation 
625 Broadway1 11111 Floor 
Albany, New York 12233 

Dear Ms. Thome: 

RE: Seneca Anny Depot 
Site #850006 
Romulus, Seneca County 

7 

On August 15, 2001 Mr. Ron McConn and M.r. John Hacken, Health Physicists with 
Parsons Engineering Science gave a demonstration of the Universal Radiation Spectrum 
Analyzer (URSA) from Radiation Safety Associates, Inc. The presentation was followed by a 
discussion of how Parson's intends to use the device to investigate the special weapons area of 
the Seneca Anny Depot. Over twenty radiation professionals from the NYS Departments of 
Health and Environmental Conservation attended the presentation held at the NYSDOH's Center 
for Environmental Health in Troy, New York. The follo'wing comment is provided by the 
NYSDOH's Bureau of Environmental Radiation Protection: 

After the presentation by Parsons of the "URSA" unit as a means to "quantify" the levels 
of.contamination in or on building materials our staff came to the conclusion that while the 
system shows some promise in screening areas for contamination and perhaps identifying some 
of the isotopes, it is, as presently configured, not capable of measuring concentl"ations of the 
isotopes of interest in volumetric ~es. Parsons has admitted that further work is necessary in 
calibrating the system with multiple energy standards and comparing in house analysis with the 
m1it and Jaborato.ry analysis of material samples_ Units such as Canberra's IS_OCS, presently 
being used at the Brookhaven National Laboratory, utilizes a high purity germanium detector and 
has undergone numerous quality assurance measurements to compare field results with 
laboratory analysis and has successfully shown that quantification is possible. 

Until Pan.ons can show that the ''UR.SA" lmit can be compared to lab analys.is and 
correction factors can be applied to field measurements, we feel that itis premature to depend 
solely on in-situ measurements for the final status survey and more sampling is required. 
However, we will .re-evaluate this poS1tion if further study shows the unit to be capable. 





If you have any questions, please contact me by telephone at (518) 402-7890 or by e-mail 
at drgOl@heaitlLstate.n~.us. 

cc: I'tfr. G. Litwin/Mr. M. Rivara/FILE 
Mr. D. Miles 
Mr. D. Napier- RFO 
Mr. B. Dombrowski - SCHD 
Mr. M. Chen-DEC 
Ms. M. J. Peachey - OEC, Region 8 
Mr. G. Ulirsch - ATSDR 
Mr. A. Block-ATSDR 

P:'Burc:su\Sites~011-8\SENECA \850006\SDASHPR.3.00C 

Daniel R. Geraghty 
Program Research S ecialist m 
Bureau ofEnvironm tal ExpoS'UI'e Investigation 
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ATTACHMENT B 

Volumetric Contamination and the Effects on the FIDLER 
Detector Response, Parsons, 2002 
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The purpose of this calculation was to determine the difference in detector response for a Bicron FIDLER for different 
thicknesses of volumes of contamination . The response to a Fl OLER detector was of specific interest as this was used at the Seneca 
Army Depot SEAD-12 site in Romulus, New York to determine the presence of radiological contamination on building surfaces. Of 
specific interest was the radioisotope Am-241 which can be used to identify the presence of weapons grade plutonium. 

References, Inputs and Assumptions 

Assumptions: 
The density of concrete was assumed to by 2.35 glee per Ref 2, table 5.4 and 1.5 glee to represent a lower density material 
typical of soil or paint. 
The source of contamination was assumed to be an area source 2 inches square and have varying thickness (0.1, 0.25, 0.5 , I 
cm). 

References: 
I. "MCNP 48 Monte Carlo N-Particle Transport Code System", Oak Ridge National Laboratory, contributed by Los Alamos 

National Laboratory, Los Alamos, New Mexico, UC 705 & UC 700, J.F. Briesmeister. 

2. "The Health Physics and Radiological Health Handbook" , B. Shleien, Scinta Inc., 1992. 

Inputs To Calculation : 
Appendix A - Sample MCNP Input File 

Appendix B - Excel Workbook Printout 

Discussion 

The presence of volumetric contamination of building surfaces could result in the underestimation of the assessment of 
residual contamination that might lead to release of the facility with levels of contamination in exceedence ofthe release criteria. This 
underestimation would be based on the difference in the survey instrument efficiency for the detection of surface versus volumetric 
contamination. Therefore it is desirable to determine the effect on the detector response from varying thickness of volume 
contamination. It is assumed that the contamination source in question would occupy an area of2 square inches (5.08 cm) with a 
varying thickness between 0.1 and I cm. Further depth was not deemed necessary based on previous calculation (Woolfolk, 200 I), 
this calculation also determined that the actual penetration of plutonium/americium bearing water to be one the order of 1 mm in 
depth. These calculations address the infiltration of americium and plutonium into concrete but did not address the movement of 
material in crack, pores, or other openings in the concrete 's surfaces . It should be noted that during the survey activities the surfaces 
surveyed were intact and did not show signs of cracking or other deteriorate that would also give rise to contamination being present at 
depth within the surfaces. Determination of the FIDLER detector response is being evaluated to support the building surveys that 
were completed at the Seneca Army Depot SEAD-12 in Romulus, NY during the summer of 2001. 

The impact of a volumetric rather than a surface contamination source on the detector response is quantified by estimating the 
resultant gross efficiency of the detector giving the various source thickness. This was accomplished through the use of the Monte 
Carlo modeling software MCNP. A model of a FIDLER probe and the source region was developed (see Figure I and Appendix A). 
The FIDLER, which is a thin crystal detector, was used since it is more effective at detecting and assessing low energy photon fluxes 
because of the reduced impact of the higher energy photons on the instrument . The FIDLER was setup and calibrated to survey for a 

t.Nl.J-l.Jt.-JU (U)-':I / / 
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narrow band around the 59 keV photon associated with Am-241. An example of the input file used for the MCNP model is attached 
as Appendix A. The source thickness was varied by changing the source bottom surface (i .e ., Surface 20 line in the input deck) and 
the bottom of the source in the source card "z" dimension (i.e., the last value in the "si3" line of the input deck) . A series of these 
inputs files (see Table I) were created to cover many different energy sources ( I 0-500 keV), different source thickness (0.1 , 0.25 , 0.5 , 
and I cm), and two different densities of source material (i .e., the density was varied for Cell IO in the input deck) . (Note, the 
FIDLER probe would be used for photon surveys in the IO to 350 keV range.) Each source energy required a separate input file in 
order to account for the down-scatter of photon energy present due to the interaction of the photons with matter (see Table I) . Two 
different densities were used to determine how this parameter would affect the detector response, and are of particular interest at the 
lower energy range (<50 keV). The densities used are 2.35 glee for concrete and 1.5 glee for paint or soil. 

Table 1, Input Files 

Filename Source Source Energy Filename Source Source Density Energy (keV) 
Thickness Density (keV) Thickness (g/cm3

) 

(cm) (g/cm3
) (cm) 

FidlOa I 1.5 or 2.35 10 FidlOOc 0.25 1.5 or 2.35 100 

FidlOb 0.5 1.5 or 2.35 10 FidlOOd 0.1 1.5 or 2.35 100 
FidlOc 0.25 1.5 or 2.35 10 etc .. . 
FidlOd 0.1 1.5 or 2.35 10 Fid180a I 1.5 or 2.35 180 
etc . . . Fidl 80b 0.5 1.5 or 2.35 180 
Fid50a I 1.5 or 2.35 50 Fidl80c 0.25 1.5 or 2.35 180 
Fid50b 0.5 1.5 or 2.35 50 Fidl 80d 0.1 1.5 or 2.35 180 
Fid50c 0.25 1.5 or 2.35 50 etc . .. 
Fid50d 0.1 1.5 or 2.35 50 Fid360a I 1.5 or 2 .35 360 
etc ... Fid360b 0.5 1.5 or 2.35 360 
FidlOOa I 1.5 or 2.35 100 Fid360c 0.25 1.5 or 2.35 360 
FidlOOb 0.5 1.5 or 2.35 100 Fid360d 0.1 1.5 or 2 .35 360 

The geometry ofthe FIDLER and source MCNP model is depicted in Figure I , this figure is not to scale. The air gap 
depicted is 0.08 cm thick while the overall dimensions of the FIDLER are 5" diameter at the detector surface tapering to 
approximately 2" at the end of the photomultiplier tube. The dimensions used in the model were found in the Bircon product manual 
and through actual measurement of a Bicron FIDLER probe. The areas of significant importance are the following: 

• Source thickness, 

• Detector volume and thickness, 

• Distance between the source and detector, and 

• Relative geometry of the source and the detector. 

The other parameters have a relative minor effect. 

CJ~\.J-\.Jl:-30 (U)-~ / J 
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Photomultipier 
Tube 

Detector Volume 
(Na l material) 

Source 

Response 

Figure 1- Basic MCNP Geometry 

____ AirGap 

Side View 

Bottom View 

With the basic geometry defined the input files were run for 60 minutes to ensure that the results would reach statistical 
convergence (a statistica l Monte Carlo error value of <0.0 I or < I %)for the F8 MCNP tally, which collects information regarding 
photon pulses within the detector volume. Note , this error value does not include any assessment of the uncertainty introduced by the 
accuracy of the model assumed. The data from this F8 tally are the number of photons detected for each photon emitted. The data for 
each of the source energies for a given source thickness and density are quantified in this MCNP tally. These values were transferred 
to a spreadsheet and plotted to show how the gross efficiency varies as a function of energy. The output data from the F8 tally was 
compi led in an Excel workbook so that it could be easily manipulated. Th is workbook (mcnp volume seneca.xls) is attached as 
Appendix B. A plot of the gross efficiencies for each density is provided as Figure 2 and Figure 3, note that these plots do not account 
for the photon yield from an specific radionuclide and are meant only to show the relative response variation due to the source 
thickness and change in density. Further ratios (i .e ., 0.1 cm efficiency/the various efficiencies) are developed to compare the response 
at 0.1 cm thickness to each of the other thickness, these ratios are given in Table 2 . These ratios are the factor you would need to 
multiply the FIDLER flux by to obtain the true flux for each of these monoenergetic fluxes. From Table 2, it becomes apparent that 
the difference in detector response is essentially flat beyond 50 keV . This behavior is expected since the shielding of effect (i.e. , 
reduction in flux) of the is determined by: 

-µ(E) • X 
[J ex: e 

Where µ(E) is the energy dependent linear attenuation coefficient. It is the decreasing value of the linear attenuation 
coefficient that results in the curve slope becoming very small. 
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Therefore the results indicate that the change in response for the lower energies (<30 keV) can change significantly with differences in 
surface vs. volume and material density while the higher energy photons (>50 keV) are impacted to a much lesser degree (<30% from 
50 to 80 keV and <10% above that) . Note, the impact of volumetric contamination would be much more significant if substantial 
thickness (i .e., multiple centimeters) were involved or if there was a substantial thickness of concrete (i.e., multiple centimeters) or 
soil above the contaminated zone. 

This data leads to the conclusion that while the presence of volume contamination does lower the overall detector response it 
is only significant for the low energy photon range ( <30 ke V) and in the primary region of interest for the presence of Am-241 at 59 
keV with change in response will not adversely affect the detection capabilities of the FIDLER instrument (i.e. , <30% reduction in 
efficiency). 

When the thickness of the contamination is considered in re la ti on to the Seneca Army Depot SEAD-12 situation (thickness 
on the order of 1 mm to 2.5 mm) it is apparent that the effect is flat (i.e ., no significant reduction in efficiency occurs) above 30 keV 
which indicates that the FIDLER probe will respond appropriately to surface and the very shallow volumetric contamination. This of 
course, relies on the instrument being in place to count for an amount of time sufficient to reach the applicable MDA and level of 
confidence for the project, whether the contamination is on the surface or is volumetric contamination. 

Conclusion 

It has been shown that both the density of the source and the thickness of the source affect the detector response for various 
energies of photon radiation . These two parameters result in the increase of self-shielding by the material that the emitted radiation 
must pass through in order to reach the detector volume. This effect is more important for the low energy photons (<30 keV) than for 
the higher energy range. The response to the low energy band is shown to change be as much as a factor of 10 and as little as no 
change depending on the thickness and density of the material. Therefore if there is a real potential to have volumetric contamination 
of a building surface the radiological surveys will need to factor in the change in detector response that is appropriate for the material 
and radionuclides that produce photon at very low energies. For the Seneca Army Depot SEAD-12 buildings there is extremely 
limited potential for volumetric contamination but this calculation has shown that the change is detector response for the 60 keV 
source, that is representative of Am-241 is less than 30% at the I cm thickness and < I 0% at the 0.25 cm thickness. 

t:Nu-Uc·JU (U)-~ I I 
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Figure 2 - Detector Response, density= 1.5 glee 

Gross Efficiency versus Source Energy, density= 1.5 glee 
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Figure 3 - Detector Response, density= 2.35 glee 

Gross Efficiency versus Source Energy, density= 2.35 glee 
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Table 2 - Detector Response Ratios 

This set is for the 1.5 g/cc density case 

Energy (ke V) 
Thickness 

(cm) IO 20 30 40 50 60 70 80 90 100 

0.1 to I 9.6 4.7 2.3 1.6 lJ 1 2 1.2 I. I I. I I. I 

0. 1 to 0.5 5.2 2.7 1.6 1.3 1.2 I.I I. I I. I I. I 1.0 

0.1 to 0.25 2.7 1.6 1.2 I. I I. I 1.0 1.0 1.0 1.0 1.0 

Energy (ke V) 
Thickness 

(cm) 120 140 160 I 80 200 220 240 260 280 300 

0.1 to I I. I I. I I. I I. I I. I I.I I. I I. I I.I I. I 

0.1 to 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

0.1 to 0.25 1.0 1.0 ,:o 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Energy (ke V) 
Thickness 

(cm) 320 340 360 380 400 420 440 460 480 500 

0.1 to I I. I I. I I. I I.I I.I I.I I. I I. I I. I I.I 

0.1 to 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

0.1 to 0.25 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

This set is for the 2.35 glee density case 

Thickness 
Energy (ke V) 

(cm) IO 20 30 40 50 60 70 80 

0.1 to I 9.8 6. 1 3.0 1.9 1.5 1.3 1.2 1.2 

0.1 to 0.5 5.3 3.4 1.9 1.4 1.2 I.I I. I I.I 

0.1 to 0.25 2.7 1.9 1.3 1.2 I. I I. I 1.0 1.0 

Thickness 
Energy (keY) 

(cm) 90 100 120 140 160 180 200 220 

0.1 to I I. I I. I I. I I. I I. I I. I I. I I. I 

0.1 to 0.5 I. I I. I 1.0 1.0 1.0 1.0 1.0 1.0 

0. 1 to 0.25 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Energy (ke V) 
Thickness 

(cm) 240 260 280 300 320 340 360 

0. 1 to I I.I I. I I. I I.I I.I I.I I. I 

0.1 to 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

0.1 to 0.25 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

t.N\.J -\.Jt.-JU \UJ-'1 / / 
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Appendix A 
Sample MCNP Input File 

ENG-lit:.-30 (0.5 -97) 
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This is to approximate a FIDLER (5 in x 1.6 mm Na!) gamma scint 
c air shield 0.08 cm thick 100 keV Source 
1 2 -0 .001293 1 -7 -3 4 -5 6 imp:p=1 
C 

c photon source 1 cm thick 2 inch square 
JO I -1.5 20-1-2122 -23 24 imp:p=1 
C 

c 5"x I .6mm Nal detector (scinti ll ation material) 
24 -3.678-10-11 imp:p= I 
C 

c 5"x 1.6mm Nal detector 
c window (0.254 mm beryllium) 
3 6 -1.85 7 -8 -30 imp :p= 1 
c detector housing 
4 5 -2 .7 1 I -30 8 -10 imp:p=1 
c photomultiplier housing 
5 5 -2 .7 31 -12 -9 imp :p=1 
6 5 -2 .7 10 -3 I -30 imp:p=I 
C 

c air environment 
100 2 -0 .001293 -100 #1 #2 #3 #4 #5 #6 # 10 imp:p=1 
C 

c outer void 
105 0 100 imp:p=O 

C surfaces 
c Air shield 
1 pz 5 
C 2 pz 5.08 
3 px 125 
4 px -125 
5 py 125 
6 py -125 
c detector window 
7 pz 5.08 
8pz5.105 
9 CZ 3. J 75 
30 CZ 6.83 
c Na! material 
JO pz 5.265 
J 1 CZ 6.35 
c detector back 
12 pz 30.48 
31 pz 15.43 
c universe boundary 
JOO so 200 
c source bottom boundary 
20 pz4 
c source side boundaries 
21 px2.54 

ENG-ut.-30 (05-97) 



~PAASCNS Calculation Page 

Rev Date By Ck Subject: 

Job Number 

730047-01001 

Discipline 

Health Physics 
Page 9 of 10 

e---___ 0 _____ 1_11_6_/_02_---+-__ R_J_M _____ ____, Volumetric Contamination and the Effect on FIDLER Detector 

.--------1-----+-------+----____, Response 

22 px -2 .54 
23 PY 2.54 
24 py -2 .54 

mode p 
sdef ee l= IO erg=O. I x=d I y=d2 z=d3 par=2 
si I H -2.53 2.53 
sp l c O I 
si2 H -2 .53 2.53 
sp2 c O I 
si3 H 4.0 I 4.99 
sp3 c O I 
c current integrated over surface (particles) 
fl :p 8 
e I :p 0 .0 I 0 .02 0 .03 0.04 0 .05 0.06 0.08 0.1 0.125 0. 15& 

0.175 0.2 0.25 0.3 0 .35 0.4 0.45 0.5 0.55 
c flux (part/cm /\2) 
f4:p 2 
e4 :p 0.0 I 0.02 0.03 0.04 0 .05 0 .06 0.08 0.1 0 .125 0.15& 

0.175 0.2 0.25 0.3 0 .35 0.4 0.45 0.5 0 .55 
c pulses created in detector 
f8:p 2 
e8:p O 0.010.020.03 0.04 0.05 0.06 0.08 0.10.1250.15& 

0.175 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0 .55 
c soil (concrete used for composition) 
ml 1000. -0 .0056 8000. -0.4983 I !000. -0.0171 12000. -0.0024& 

13000. -0.0456 14000. -0.3158 16000. -0.0012 19000. -0 .0 192& 
20000. -0 .0826 26000. -0.0122 

c air 
m2 7000. -0.755 8000. -0.232 18000. -0.013 GAS= l 
C ICRU TISSUE 
C m3 J000 . -0 .102 6000. -0. J 23 7000. -0.035 8000. -0 . 72893& 
c I IOOO. -0.0008 12000. -0 .0002 15000. -0 .002& 
C 16000. -0.005 19000. -0.003 20000. -0.00007 
c Sodium Iodide 
m4 I IOOO. -0.1534 53000. -0.8466 
c Aluminum 
m5 13000. -1 
c Beryllium 
m6 4000. -1 
print 
ctme 30 

t:Nl.H.Jt:-JU (U)-97) 
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Worksheet "MCNP Data p= l. 5" of Workbook "MCNP Volume Seneca.x is" 

A B C D E F G H K 

I !11is is the MCNP data for the Seneca Army Depot volume contaminat ion study. _ ,_ _ 
2 The goal is to determine the affect that volume contamination would have on the FIDLER istrumenl used for gamma spectroscopy. 
3 Filenames use the follo~ing fonn al: . . lid energy (keY) depth . - ---

4 where depth is indi cated by: I) a = I cm : 2) b = 0.5 cm; 3) c = 0.25 cm ; 4) d = 0. I cm 
5 ______ 2~n _example lid I OOc is the I 00 ke V source that is 0.25 cm thi c~ _ J_ _ 
6 An air shield ex ists between the source and detector that is 0.265 cm (0.1 inch) thick and should not effect the results. 
7 All runs were completed in 60 minutes of run time. 
8 '!._he_s~un arc with the L5 glee density. 
9 
IO Fi lename fid I Oa 
II 
12 !~11L_ 8 ___ nps = 1500429 19 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

tally type 8 pul se height distribution. 
ta lly for photons , 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 4.22E-03 
I .OOE-01 O.OOE+OO 
I.50E-OI O.OOE+OO 
2.00E-0 1 O.OOE+OO 
2.50E-OI O.OOE+OO 
3.00E-0 1 O.OOE+OO 

--3~50E-O 1 · O.OOE+OO 
4.00E-01 ' O.OOE+OO 
4.50E-OI - O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-OI O.OOE+OO 
6.00E-0 1 O.OOE+OO 
6.50£-01 O.OOE+OO 

- - - - -- --
7.00E-0 1 O.OOE+OO 

·-- ---
7.50E-0 1 O.OOE+OO 

-
8.00E-01 O.OOE+OO 
8.50E-OI O.OOE+OO 

•· 

9.00E-0 1 O.OOE+OO . 
9.50E-O I O.OOE+OO 
l.OOE+OO O.OOE+OO 
----- - -- - -· 
I .05E+OO O.OOE+OO 
1.IOE+OO O.OOE+OO 
1.l 5E+OO O.OOE+OO 
l.20E+OO. O.OOE+OO 
I.25E+OO . O.OOE+Of 

I.30E+OO O.OOE+OO 
---- ·-

I.35E+OO O.OOE+OO 
----- -- --

l .40E+OO O.OOE+OO 
l .45E+OO ~ O.OOE+OO 

--
-------

I.50E+OO O.OO E+OO 
--- - -

l .55E+OO O.OOE+OO -- -- - -
l .60E+OO O.OOE+OO 

- --·· - --
I.65E+OO O.OOE+OO 

---- - -
I .70E+OO O.OOE+OO 

•-
l.75E+OO O.OOE+OO 
1.80E+OO ' O.OOE+OO 
I.85E+OO O.OOE+OO 

-- ------ -
l.90E+OO O.OOE+OO 
I.95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.22E-03 

0 
0.00 13 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 , 
0 
0 
0 
0 

---·- -
0 
0 
0 
0 
0 

0.0013 

un 

Fi lename fid 20a 'Filename 
f-- -

-~-- - --+-----+----! I tally 8 I tally 8 nps = 11 329 1808 I 

tally type 8 pulse height distribution. 
tally for photons · -

cell 2 
energ) 

0 
0.0004 

0 
0 
0 -er -
0 

unit tally ty 
tally fo 

cell 2 
energy 
O.OOE+OO 
5.00E-02 
l .OOE-01 ___ _:_ __ - -
l .50E-OI 

-----'----- -
2.00E-01 

O.OOE+OO O.OOE+OO 
5.00E-02 5.78E-02 
I .OOE-0 I O.OOE+OO . 
I .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+Oo· 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 

- --l- - 0 . -- ' -- - - ·-

2.50E-OI 
3.00E-01 
3.50£-01 
4.00E-01 4.00E-O I O.OOE+OO 0 

4.50E-OI O.OOE+OO 0 1 

-1-----l 

5.00E-0 I O.OOE+OO O: 
5.50E-01 O.OOE+QQ I 0 , 

• - - --- -- - · -
6.00E-0 I O.OOE+OO 0 
6.50£-0 I . O.OOE+OO~ -- o ·---
7 .OOE-0 I O.OOE+OO 
7.50E-OI O.OOE+OO 
8.00E-0 I O.OOE+OO 0 
8.50E-O I O.OOE+OO . 0 ---- ------· 
9.00E-0 I O.OOE+OO 0 

_ _j_ 

9.50E-O I O.OOE+OO O' 
0 

4.50£-0 I 
5.00E-01 
5.50E-Ol 
6.00E-01 
6.50£-0 1 
7.00E-0 1 
7.50E-OI 
8.00E-01 
8.50E-O l 
9.00E-0 1 
9.50E-OJ 
l .OOE+OO I .OOE+OO O.OOE+OO 

l.05E+OO . O.OOE+OO 

I.I OE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 

- . --- ----------1 

-- ---
1 .25E+OO O.OOE+OO 

- --
l .30E+OO O.OOE+OO 

0 
0 
0 
0 ·o-
o 

l.05E+OO 
l.lOE+OO 

-----'~-
1.l 5 E + O O 
l.20E+OO 
1.25£+00 
l .30E+OO 

I .35E+OO O.OOE+OO O I .35E+OO ----------
! .40E+OO O.OOE+OO O I .40E+OO 
1.45£+00 O.OOE+OO - - _O____ -----l-.4-5E+OO 

_ --,---- l-----'---~-----1 
l.50 E+OO O.OOE+oq ! _J)J _________ l._5_0E_+_o--lo 
l.55E+OO O.OOE+OO Q: l.55 E+OO 
l .60E+OO O.OOE+OO . 0 I .60E+OO 

__ J --

1 .65£+00 O.OOE+OO O I .65E+OO -----
l.70E +oo , O.QOE+oo 

1 
~+-- _____ , ___ _,__1_. 1_o_E_+_oo_

1 
l.75E+OO O.OOE+oo ; 0 1.75£+00 
I .80E+OO ' O.OOE+OO -- - 6, ___ _;_ ___ +--1-.8-0_E_+_o-lo 

l.85E+OO O.OOE+oo" 0 1.85£+00 
I .90E+OO O.OOE+OO 
l. 95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 5. 78E-02 

I /16/02 

0 

0 
0 

0.0004 

I 

---
l .90E+OO 
J.95E+OO 

-----
2.00E+OO 

total 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

A I B I C I D I E I F I G I H I I I J l K 

61 
62 Filename I fid!Ob -· 

__ J --- -

64 ltally 8--;ips=-150806258-
65 - 18-lly-iype 8 pulse heigh-t -lisiributioO_.' _ -·· 

66 tally fo; pti~tons - - - . ,- -

67 

t---t----=-=-==- -- · - - - ·-
71 5.00E-02 _2]3!?-03 [.__ 0~0009 
72 1.00E-01 O.OOE+OO ! 0 

73 -- - l.5-0i--Ol ·--cfoOE+-00-- --- 0 
74 

75 
76 

--
2.00E-O I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 

77 3.50f~ l , O.OOE+OO 
78 . - 4.00E-01 O.OOE+OO 
79 4.50E-OI O.OOE+OO 
80 - .S .OOE:01 O.OOE+Of 

- ·---
81 5.50E-O l O.OOE+OO 

82 6.00E-01 O.OOE+OO 

0 
0 
0 
0 
0 
0 
0 
0 
0 

83 . - 6.50E:0 I - O.OOE+OO 0 
T4 - - "f6oi:01' (°i:OOE+OO - -·o 

85 - 7.50E-01 · O.OOE+OO . 0 
- ·---c--c-c=----C-C.......,.._CC"CC - -----j-

86 8.00E-01 O.OOE+OO 0 '. 
87 8.SOE-01 O.OOE+OO 0 
88 9.00E-01 O.OOE+OO 0 

9.SOE-01 O.OOE+OO 0 

-
' 

.. 

- -1- --

o·- -·---t--

I .05E+OO O.OOE+OO 0 
92 l.lOE+OO O.OOE+OO - ··- 0 

93 I. I SE+OO O.OOE+OO 0 
94 - 1:iOE+oo O.OOE+OO - 0 -
95 1.25E+00 O.OOE+OO--

-- -- - - -

96 l .30E+OO O.OOE+OO 
T7 - 1:-3sE+cfo··- o.ooE+oo 
98 --l .40E+OO . O.OOE+OO 
99 - - l-.45E+OO . O.OOE+OO 
JOO . - I .SOE+OO O.OOE+OO 
IOI -- 1-:-ssft oo· O.OOE+00-
102 - I .60E+OO . O.OOE+OO 

103 1.65E+OO O.OOE+OO 
1---t-----,--,-- ·-. - - . 

104 l.70E+OO , O.OOE+OO 
105 -- l :75E+OO·-O.OOE+-00 . 

106 - 1.&0i+oo~- O.OOE+OO 
107 1.85E+OO· O.OOE+-00 

--

.. 

------ ----- --- --108 1.90E+OO O.OOE+OO · 

-· 
0 
0 
0 
0 
-

0 
0 
0 
0 
0 
0 
0 
0 

0 
0' 

109 1.95E+OO O.OOE+OO 0 
110 2.00E+OO I O.OOE+001

- - ol -- - -· 
1---1---- - ---'-- --·- · • -- ___ , . -- _J ---
111 total ' 7.73E-03 ' 0.00091 

1---4--------------+----- _, _ -
112 I I I 

-------,-- --l ill - - · 
t---t~::-:-:----""'-=- ----- J___ ---- •-----,---
114 Filename ;fid!Oc _L 

1 
___ . 115 -----7-- - - - -

m 1tauy-s nps =14s219-sis·- i 

117 - taliy-typ-e 8 pui°seh eight distribution. 
118 --- tally for photons . - - . -m- --- - -- J : 

uo ce11 2 

un 

un 

' I 

Filename fid20b - -: --~~-- ~=-~=: .. - ·------+1-F-ile_n_a_m_e __ _ 

' - - -· -· - .. -- 1--------t-:---;-·-----< 
ltally 8 nps=119258362 _:_ 

1 
__ !ltally8 _ 

tally type 8 _p~lse~~ghti istribution. unit ! tally ty 
tally fo r photons _ _ __ -: __ talJx fo 

cell 2 
energy 

! 
O.OOE+OO 
5.00E-02 
I.OOE-01 
l.50E-O I 
2 OOE-01 
2.50E-OI 
3.00E-01 
3.50E-O I 
4.00E-01 
4.50E-O I 
5.00E-01 
5.50E-OI 
6.00E-01 
6.50E-OI 

.. 
7.00E-01 

·- -- j _ - - _J 

O.OOE+OO 0 
l.02E-OI 0.0003 
-- - -· 

O.OOE+OO 0 
• -- --

O.OOE+OO , o· . -
O.OO E+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+QO ; 0 
O.OOE+OO 0 

•· 

O.OO E+OO 0 

--- --·--- ' 
energy 
O.OOE+OO 
5.00E-02 
1.00E-01 
I .SOE-OJ 
2.00E-01 
2.SOE-01 
3 OOE-01 
3.SOE-0 I __, __ _ 
4.00E-01 

----- ------ -
4.SOE-01 
5.00E-01 

- -------· -
5.50E-OI 

· - ----·--------,--
6.00E-01 O.OOE+OO 0 - ----

O.OOE+OO 0 I 6.50E-OI 
O.OOE+OO -· - 7r·- I 7.00E-01 

. - -- -----
7.50E-OI O.OOE+OO 0 '. , 7.50E-Ol 
8.00E-01_· o·.ooE+OO~ --_ ~ ---_-~_-_; ----!---'-8_.0_0_E_-O_I 
8.50E-OI ·-O.OOE~OO __ 0 1 ! 8.50E-Ol 
9.00E-01 O.OOE+OO O -·--'----+-1 -...,.9-,.0~0-E-...,.O..,.JI 

- • ---- --•--· - - -·-----'------- • 
9.50E-OI O.OOE+O_O ________ O ___ ...J.._ ___ ! __ 9._5_0E_-_0_1

1 
I.OOE+OO O.OOE+OO O : I.OOE+OO . ----- - --··'--- -- - ----·---------..,-,-1 
I .05E+OO O.OOE+OO O ! l .05E+OO 

-- • ... - --- - ---·----- ~------
1.1 OE+OO O.OOE+OO O 1.1 OE+OO 

·- -· - ------ -- --------I 
l.15E+OO __ ~~OO~+oo , o __ -- __ j_ ____ c.____l._1_5E_+ __ o_o 
I .20E+OO O.OOE+OO O l .20E+OO . - . 

l.25E+OO O.OOE+OO 
-

l .30E+OO O.OOE+OO 
l.35E+OO O.OOE+OO , 
l.40E+OO O.OOE+OO I 
I .45E+OO O.OOE+OO ;- - ·-

l .50E+OO O.OOE+OO 
l.55E+OO O.OOE+OO . 

' --
1.60E+OO O.OOE+00 1 - -- ---
1.65E+OO O.OOE+OO 

- · - ---
l.70E+OO O.OOE+OO -- ~-
l.75E+OO O.OOE+OO ' 

- ·- ----
l .80E+OO 

·- _________ , _____ , 
0 l .25E+OO 
- ··---·-----·-
0 l .30E+OO 

-- ------~------
0 l.35E+OO 
0 l.40E+OO 
0 

0 

0 

1.45E+OO 
l.50E+OO 

, 1.55E+OO 
- -· - -----'--- ----1 

0 
0, 

- l -

l.60E+OO 
l.65E+OO 
l.70E+OO 

, l.75E+OO 
0 , 1.80E+OO O.OOE+OO , 

l.85E+OO O.OOE+oo :- oJ ___ ;_l ___ --.;... __ l...,.8-5E_+_o-io 
' ---'------------

l.90E+OO '._ O.OOE+OO I- - - ·o j ! , l.90E+OO 
I .95E+OO O.OOE+OO O ----',-----..;..l--1-.9-5-E-+O--IO 

2.00E+OO O.OOE+OO ~ 0, _ __,_ __ i 2.00E+OO 
!total I.0~~-01~ 0.0003 1 jtotal 
I 

! 
I 

! l 
I ! 

.Filename fid20c , i !Filename ·1-- - - I ----+I----
- ---- - - I - -· 

' !tally 8 nps = I 09009209 
tally type 8 pulse height distr-ihution . -
tally for photons - -- - - · ·- · 

cell 2 

1/ 16/02 

_ ' !tally 8 
-·- uni! ____ tally ty 

tally fo 

cell 2 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

12 1 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

A B 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 I .50E-02 
I.OOE-0 I O.OOE+OO 
I.50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 

-3.50E-O I- O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
1.05E+00 1 O.OOE+OO 
l~I OE+oo ·- o.OOE+OO 
l.l5E+OO' O.OOE+OO 

---- -·-- · --- - - ..J._ 

l .20E+OO O.OOE+OO 

1.30E+iio--o.001::"-+·oo 

l .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
I.70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 

- ----- - - -
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 

I 61 l.95E+OO O.OOE+OO 
162 2.00E+OO O.OOE+OO 
163 total 
164 
165 
166 Filename 
167 

l .50E-02 

fidlOd 

C 

0 
0.0007 

0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 

0 
0 

0 
0 

0 
0 
0 

0.0007 

168 I tally 8 nps = 139690778 

D 

I 69 __ ~a lly_!y~e 8 pu lse _ _!1ei1,ht distribution. 
170 ~a lly for photons 
171 
172 cell 2 
173 energy 
174 O.OOE+OO O.OOE+OO 0 
175 
176 
177 
178 
179 
180 

5.00E-02 4.04E-02 0.0004 
l.OOE-0 I O.OOE+OO 0 
1.50E-O I O.OOE+OO 0 
2.00E-01 O.OOE+OO 0 
2.50E-O 1 O.OOE+OO 0 
3.00E-0 I O.OOE+OO 0 

E 

un 

F G 

energy 
O.OOE+OO O.OOE+OO 
5.00E-02 l.69E-O I 
l .OOE-0 I O.OOE+OO 
I .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 

I 

2.50E-O I O.OOE+OO 
3.00E-0 I ; o_.poE+OO 
3.50E-O I O.OOE+oo : -
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 

' 

I .05E+OO O.OOE+oo ·-
1.1 OE+OO • O.OOE+OO 
1. l 5E+OO O.OOE+OO 
l.20E+OO O.OOE+OO ' 
l.25E+OO O.OOE+OO , 
I .30E+OO O.OOE+OO 

' 1.35£+00 O.OOE+OO 
I .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l.60E+OO O.OOE+OO ' -

- - - _, 
l .65E+OO O.OOE+OO 
I .70E+OO O.OOE+OO 

H 

0 
0.0002 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

- -! -

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 _, 
0 

0 
0 
0 

0 

0 
0 
0 
0 

I.75E+OO O.OOE+OO 0 
I .80E+OO O.OOE+OO 0 
1.85 E+OO O.OOE+OO . 0 
I .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total l .69E-O I 0.0002 

Filename fid20d 

!tally 8 nps = 96950667 
tally type 8 pu lse height distribution. 
tally for photons · - - - -

cell 2 
energy ! 

O.OOE+OO O.OOE+OO 0, 
5.00E-02 2.74E-O I 0.0002 
I .OOE-0 I O.OOE+OO 0 
1.50E-O I O.OOE+OO 0 
2.00E-0 I O.OOE+OO 0 
2.50E-O I O.OOE+Of 0 
3.00E-0 I O.OOE+OO 0 

I /I 6/02 

- ! ----· - ·--

K 

energy 
O.OOE+OO 
5.00E-02 
l .OOE-0 1 
l.50E-OI 
2.00E-0 1 
2.50£-0 1 
3.00E-01 
3.50£-01 
4.00E-0 1 
4.50E-0 1 
5.00E-0 1 
5.50£-0 I 
6.00E-0 1 
6.50£-01 
7.00E-01 
7.50E-O I 
8.00E-01 
8.50E-0 1 
9.00E-01 
9.50E-OI 
I.OOE+OO 
I .05E+OO 
l.l OE+OO 
1.1 5E+OO 

-- · - -
1.20E+OO 
l.25E+OO 
l.30E+OO 

---- - -- •---- - ·-
l .35E+OO 

-·----

---

1.40E+OO 
l .45E+OO 
1.50E+OO 
l.55E+OO 
l.60E+OO 

---
l .65E+OO 

---
l.70E+OO 
I.75E+OO 
1.80£+00 

-----
l .85E+OO 
l.90E+OO 
l .95E+OO ---- -
2.00E+OO 

'total 

- • - __ __J_____ 

'Fi lename 

un it tally ty 
tally fo 

: cell 2 

5.00E-02 
1.00E-01 
l.50E-O 1 
2.00E-01 
2 50E-O I 
3.00E-0 1 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

A B 
181 3.50E-01 0.00E+00 
182 4.00E-0 I 0.00E+00 
183 4.50E . .:01'· 0.00E+00 
184 5.00E-0 I 0.00E+00 
185 5.50£-01 0.00E+00 
186 6.00E-0 I 0.00E+00 
187 6.S0E-01 0.00E+00 
I 88 _2_.Q0E:~ I __ 0.00E+00., 
189 7 .50E-0 I 0.00E+00 
I 90 8.00E-0 I 0.00E+00 
191 8.50E-01 0.00E+00 
192 - 9.00E.:0 1 0.00E+00 
193 
194 
195 
196 
197 
198 

199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 

9.S0E-01 0.00E+00 
I .00E+00 0.00E+00 
I .05E+00 0.00E+00 
I. I 0E+00 0.00E+00 
1.15E+00 0.00E+00 
J .20E+OO O.OOE+OO 

I .25E+00 0.0OE+00 
l.30E+00 , 0.00E+00 
I .35E+00 0 00E+00 
I .40E+00 0.00E+00 
1.·45E+O(J° 0.00E+00 

- - --- --- --~ 
l.50E+00 0.00E+00 : 
l.55E+00 , 0.00E+00 . 
I .60E+00 0.00E+00 
I .65E+00 0.00E+00 

-----• ---
I .70E+00 0.00E+00 
l.75E+00 0.00E+00 

2 IO l.80E+00 0.00E+00 
211 I.85E+00 0.00E+00 
212 l.90E+00 0.00E+00 
213 I.95E+00 0.00E+00 

C 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
o· 
0 

0 

0 
0 
0 

0 

0 
0 

214 2.00E+00 0.00E+00 0 
215 total 4.04E-02 0.0004 

D E 

-
' 

F G H 
3.S0E-0 I 0.00E+00 0 
4.00E-0 I 0.00E+00 0 
4.S0E-0 I 0.00E+00 O: 
5.00E-01 0.00E+00 , 0 
5.50E-0I 0.00E+00 , 0 
6.00E-01 0.00E+00 0 
6.50E-0 I 0.00E+00 0 
7.00E-0 I 0.00E+00 0 
7.50E-01 0.00E+00 0 
8 00E-01 0.00E+00 0 
8.50E-0I 0.00E+00 0 
9.00E-0 I 0.00E+00 0 
9.50E-0I 0.00E+00 
I .00E+00 0.00E+00 
I .05E+00 0.00E+00 
I.I 0E+00 0.00E+00 
l. I 5E+00 0.00E+00 
I .20E+OO O.OOE+OO 

l.25E+00 0.00E+00 
l.30E+00 0.00E+00 
l.35E+00 0.00E+00 
I .40E+00 0.00E+00 

0 

0 

0 

0 

0 

o: 
0 
0 

0 
0 

l.45E+00 0.00E+00 0 

J 

K 
3.50E-01 
4.00E-01 

- - --4.50E-OI 

I 

5.00E-01 
5.50E-01 
6.00E-0 1 
6.50E-0I 
7.00E-01 

- ·---- --
7.S0E-0 1 

-- --- - __ 
8.00E-01 
8.50E-01 
9.00E-01 
9.50E-01 
I.00E+00 
l .05E+00 
I.I0E+00 
I. I 5E+00 
l .20E+OO 

l.25E+00 
l .30E+00 

---
l.35E+00 
l.40E+00 

----
l.45E+00 - - - ---------; 

I.50E+00 0.00E+00 
l.55E+00 0.00E+00 

0 
--1·--

0 , 

l.50E+00 
- -,----'---1-.5-S_E_+_OO-; 

_,__ ______ ---------1 

I.60E+00 0.00E+00 0 I.60E+00 

I.65E+00 0.00E+00 _ _ _ o:--==---_-_+-·---·~--I._6_5E_+_O_O 
l.70E+00 0.00E+00 0 , I.70E+00 --~-
l.75E+00 0.00E+00 0 ' I.75E+00 
I .80E+00 0.00E+00 0 I .80E+00 -- --------- - -
l.85 E+00 0.00E+00 ____ o; ______ . I.85E+00 
l.90E+00 0.00E+00 0 ---'-- l.90E+00 -·- --- ---
I.95E+00 0.00E+00 0 I.95E+00 
2.00E+00 0.00E+00 0 2.00E+00 

total 2.74E-OI ' 0.0002 total 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

I 
2 
3 

4 
5 
6 
7 

8 

9 

L 

IO fid 30a 
II 
12 ps = 85379370 

M N 

13 e 8 E_Ul ~e,height distribution . 
14 photo,:1s 
15 
16 
17 
18 O.OOE+OO 
19 l.71E-Ol 
20 0.00E+OO 
21 O.OOE+OO 

- ---•-
22 O.OOE+OO 
23 O.OOE+OO 
24 O.OOE+OO 
25 O.OOE+OO 
26 O.OOE+oo ·-

27 O.OOE+OO 
28 O.OOE+OO 
29 O.OOE+OO 
30 O.OOE+OO 
31 O.OOE+OO 
32 O.OOE+OO 
33 O.OOE+OO 
34 O.OOE+OO 
35 O.OOE+OO 
36 O.OOE+OO 
37 O.OOE+OO 
38 O.OOE+OO -- ·-39 O.OOE+OO 
40 O.OOE+OO 
41 O.OOE+OO 
42 O.OOE+OO 
43 O.OOE+OO 
44 O.OOE+OO 
45 O.OOE+OO 
46 O.OOE+OO ' 
47 O.OOE+OO 
48 O.OO E+OO 

0 
0.0002 

0 

0 

0 

0 
0 
Q, 

0 

0 

0 

0 
0 
0 
a~ - -

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
O' 
0 

49 O.OOE+OO 0 
50 O.OOE+OO 0 
51 O.OOE+OO 0 
52 O.OOE+OO 0 
53 O.OOE+OO 
54 O.OOE+OO 
55 O.OOE+OO 

0 
0 
0 

56 O.OOE+OO 0 
57 O.OOE+OO 0 
58 O.OOE+OO 0 
59 l. 7 IE-OI 0.0002 
60 

0 

uni 

p Q R s 

Fil ename fid40a 

!tally 8 nps = 595776 17 
tally type 8 pulse height distribution . 
tally for photons · · 

ce ll 2 
energy 
O.OOE+OO O.OO E+OO 
5.00E-02 2.77E-Ol 
I .OOE-0 I O.OO E+OO 
l. 50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3 .OOE-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-01 O.OOE+OO , 
4.50E-OI O.OOE+OO 
5.00E-0 I O.OO E+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OO E+OO 
7 .OOE-0 I O.OOE+OO 
7 .50E-O I O.OOE+OO 
8.00E-01 O.OO E+OO 
8.SOE-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OO E+OO 
I .OOE+OO O.OOE+OO 

J 

l .05E+OO O.OOE+OO 
I.I OE+OO O.OOE+OO 
I .15E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25 E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OO E+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
1.70E+OO O.OOE+OO 
I .75E+OO O.OO E+OO 
I .80E+OO O.OO E+OO 
I .85E+OO O.OOE+OO 

0 

0.0002 
0 

0 

0 
0 

0 
0 

0 
0 
0 
0 

' 0 
0, 
0 

0 

0 
0 
0 
0 

0 

0 
0 

0 
0 

0 
0 
o, 
0 

O' 
0 
o, 
0 
0 
0 
0 
0 
0 

! .90E+OO O.OO E+OO 0 
I .95 E+OO O.OO E+OO 0 
2.00E+OO O.OO E+OO 0 

total 2.77E-OI 0.0002 

! /1 6/02 

T 

un 

u V 

Filename fid50a 

I tallr __!__ - ~ s = 5254 
_ t~ ly type ~ ulse 

tally for photons 
- - -

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.45E-O I 
!.OOE-01 2.29E-04 
l.50E-01 O.OOE+OO 

- ----
2.00E-OI O.OOE+OO 
2.50E-OTD.OOE+OO 
3.00E-01 O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-01 O.OOE+OO 
4.50E-OI , O.OOE+OO 
5.00E-0 1 O.OOE+OO 
5.SOE-0 I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7.50E:0 1- O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 ,- O.OOE+OO 
9.50E-OI O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05E+O'il O.OOE+OO 
I. I OE+OO O.OOE+OO 
l. l 5E+OO O.OOE+OO 

---- --
l.20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 

-·----
l .40E+OO O.OOE+OO 
I .45E-+OOO.OOE+OO 

· ----- - -----i---- -

I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
1.60E+Oo'- O.OOE+OO 
1.65 E+OOO~OOE+OO 
l.70E+OO O.OOE+OO 
I .75E+OO O.OOE+OO 

- - -- - -
1.80E+OO O.OOE+OO 
1.85E+OO O.OOE+Oo' 
I .90E+OO O.OOE+OO 
1.95E+OO - O.OOE+OO 
2.00E+OO O.OOE+OO 

total 3.45 E-O I 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

L I M I N 
61 ,___ - - - -
62 fid30b ,___ . ---1 
63 

64 ps = 90337828 
65 e 8 pulse l;eight distribution. 
66 photons ,- · 

67 
68 
69 
70 O.OOE+OO 
71 . -2~48E-o C 

o: 
0.0002 - ---

72 O.OOE+OO ' -73 0.00£+00 -74 0.00£+00 - · -
75 0.00£+00 ,___ 
76 0.00£+00 
77 0.00£+00 ,___ 
78 0.00£+00 ,___ 
79 O.OO E+OO 

To O.OOE+OO -- - -
81 O.OOE+OO 

T2 0.00£+00 
.. 

83 O.OOE.+00 
84 o.o0E+60- - · 

- -

-

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 - -___ .....____ --- --- -

85 0.00£+00 
86 O . OOE+0◊--
87 b~OOE+OO ,-

0 
0 

93 O.OOE+OO 0 
94 0.00£+00 0 , 
95 0.00£+00 0 
96 0.00E+OO 

97 0.00£+00 
0 

0 
Ts o.ooE+oo - o·-
99 -o.ooE+~ - - - b 
100 0.00£+00 o 
ioi 0.00£+00 o 
102 O.OOE+60 ... 0 
103 0.00£+00 0 

W4 - 0.00E+00 ·- -- 0 
- - - -

105 0.00£+00 O· 
106 o.iof+oo ;·- -- , _ 

0 
I 07 O.OOE+OO 0 ' 
108 O.OOE+OO 0 

109 O.OOE+OO , 0 

-

I 

,_ 

a 

iTo -O.OOE+OO ()7-- - -- -- I 

o I p I o I R I s I T I u I V 

Filename fid40b Filename fid50b 

!tally 8 nps = 63833523 
uni tally type 8 pulse height distribution. un tally type 8 pulse 

-- tctlly fo_i:_photon~ tally for photons · · -

cell 2 
1 -

energy 
O.OOE+OO O.OOE+OO 
5.00£-02 3.46E-OI 
l.OOE-0 I O.OOE+OO 
1.50£-01 O.OOE+OO 
2.00£-01 O.OO E+OO 
2.50£-01 O.OO E+OO 
3.00 E-01 O.OO E+OO 
3.50£-0 I O.OOE+OO 
4 OOE-01 O.OOE+OO 
4.50£-01 O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-OI O.OOE+OO 
6.00£-01 O.OOE+OO 
6.50£-01 O.OOE+OO 

·-
7.00£-01 O.OOE+OO 

! 

7.50£-01 O.OOE+OO 
8.00£-01 O.OOE+OO 

I 
L. 

8.50£-01 O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50£-01 O.OOE+OO 
1.00£+00 O.OOE+OO 
1.05£+00 O.OOE+OO 
1.IOE+OO O.OOE+OO 
I. I 5£+00 O.OOE+OO 
1.20£+00 0.00£+00 
1.25 £+00 O.OOE+OO 
1.30£+00 O.OOE+OO 
1.35 £+00 0.00£+00 
1.40£+00 O.OOE+OO 
1.45£+00 0.00£+00 
1.50£+00 O.OO E+OO 
1.55£+00 O.OOE+OO 
l.60 E+OO 0.00£+00 
I .65 E+OO O.OOE+OO 
1.70£+00 O.OOE+OO 

! 
l.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO . 
1.85£+00 O.OOE+OO 

-t-
1.90£+00 O.OOE+OO 
l.95 E+OO 0.00£+00 

' 2.00£+00 0.00£+00 

0 

0.0002 
o. 
0 
0 
0 

0 
0 

0 
0 

0 

0 

0 

cell 2 
energy 
o.oOE+oo- o~OoE+oo - .. - - --- --- - - - -
5.00E-02 3.99£-01 

- . - ---------
1.00E-O I 2.97£-04 
1.50£-0 I 0.00£+00 
2.00£-0 I O.OOE+OO 

·- -
2.50E-O I O.OOE+OO 
3.00E-0 I 0.00£+00 - - - - -
3.50£-0 I O.OOE+OO 
4.00£-0 I 0.00£+00 
4.50E-O I O.OOE+OO 

----
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00£-0 I O.OOE+OO 

0 6.50E-01 O.OOE+OO 
O; ~~ - --· -- -- --7.00-E-Ol! O.OOE+OO 

. 7.50£-01 0.00£+00 

- · 

0 ,_ 
o, 
0 

0 
0 
0 
0 
0 
0 

- -

-

0 

0 

0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

-

- .. -- - -1---8~00E-OJ j 0.00E+00 
- - - -1 -- - -~ - 8:50E-Ol I O.OOE+OO 

-

-

- - -· - · 

-

9.00£-01 ! 0.00£+00 
' - - ·· 9.soE-oITT':oOE+oo 
_: ~ - - ~ ~--- (.op_~+OO i O.O_OE+~ 

1.05£+00 · 0.00£+00 
i:IOE+OO 0.00£+00 

·-- ----------
1.15£+00 ' 0.00£+00 

-- --- _____ _J_ _ _ ___, 

1.20£+00 0.00£+00 --· --- -- ---
l.25E+OO i 0.00£+00 
1.30£+00 1 O.OOE+OO 

-------
1.35£+00 O.OOE+OO 
1.40£+00 O.OOE+OO 

-, - 1-:4sE+oo 1 O.OOE+OO -· -- - ---
-- - _ ~50~+00 1 0.00£+00 

1.55£+00 O.OOE+OO 
..J_, ____ _ 

l.60E+OO 0.00£+00 
l .65E+OO 0.00£+00 

- -- ---- -- -
1.70£+00 O.OOE+OO 
1.75£+00 O.OOE+OO 
1.80£+00 1 0.00£+00 

"' ~ 5E+OO , 0.00£+00 
' 1.90£+00 ' O.OOE+OO 

---·o;----: 1.95E+oo7 0.00£+00 

~1_1_1.__2_.4_8_£_-0_1...,_! _ _ o_.O_O~ _ ___J_ _ _ ! t_0al 

~1_1-i2l-------tl ___ + I, ___ _______,I _ _ ! _ --
3.46£-0 I --

0: ---~--2-,0-0-E+_o_o-+,-O-.O-O_E_+_O~O 

0.0002 1 1 !total , 3.99£-01 
I l - I I 

113 I 1 - r·----+----1-------'------< I I 

~1_1_4~fi_td_3_0c ______ i ______ _ ·Filename fid40c I ,Filename ifid50c 
-~-- -----'------! 

115 ' 
116 ps = 86256559 ' 

ITT e-Spulse_heightd.istribution. 
i--- --- --r . - . 
118 photons 

1---1-~--- ·----!-
119 

' :Ttally 8 nps = 61525445 __ , __ - ·-- · · I tally 8 nps = 5913 
uni _ tally type 8 pulse height distributio~ _, --- illl' tally type 8 pulse 

' tally for photons - , _ taJltior photo_n~_ 

120 · cell 2 cell 2 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

L M 
121 
122 0.00E+00 O' 
123 3~21 £-01 . 0.0002 
124 0.0OE+00 0 
125 O.0OE+OO- 0 
126 0.0OE+O0 
127 0.00E+O0 
128 0.0OE+O0 
129 0.0OE+O0 
130 0.00E+O0 
131 0.0OE+O0 
132 O.OOE+00:-
133 0.00E+00 
134 0.00E+00 
135 O.OOE+O0 . 
136 0.00E+00 
137 0.00E+O0 
138 0.00E+00 
139 0.00 E+00 
140 0.00E+00 
141 0.00E+00 
142 0.00E+00 
143 0.O0E+00 
144 0.O0E+00 
145 0.O0E+00 
146 0.O0E+00 
147 0.OOE+O0 
148 -0.00E+00 
I 49 0.0OE+00 
150 0.0OE+0O 
151 0.00E+0O 
152 0.00E+00 
153 0.00E+00 
154 0.00E+00 
155 0.00E+00 
156 0.00E+00 
157 0.00E+00 
158 0.00E+00 
159 0.00E+00 
160 0.00E+00 
161 0.00E+00 
162 0.00E+00 
163 3.2 1E-01 
164 
165 
166 fid30d 
167 

168 ps ':' 8~~88i l3 

0 

0 
o. 
0 

0 

0 

0 

0 
0 

0 
0 

o, 
0 

0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
0 
0 

0.0002 

N 

169 e 8 pulse height distribution. 
170 photo11s . - , - -

171 
172 
173 
174 0.00E+00 
175 3.95 E-0 I 
176 0.0OE+00 
177 0.00E+00 
178 O.00E+00 
179 O.00E+00 
180 0.00E+O0 

0 
0.0001 

0 
0 
0 
0 
0 

0 

uni 

p Q 

energy 

total 

0.00E+O0 0.00E+00 
5.00E-02 3.99E-0I 
I.00 E-0 I 0.00 E+00 
I .50E-0 I 0.00E+00 
2.00E-0 I 0.00 E+00 
2.50E-0 I 0.00 E+00 
3.00E-0 I 0.00E+00 
3.50E-0 I 0.O0E+00 
4.00E-0 I 0.00E+00 
4.50E-0 I 0.00E+00 
5.00E-0 I 0.00E+00 
5.50E-0 I 0.00E+00 
6.00E-0 I 0.00E+00 
6.50E-0 I 0.00 E+00 
7 .00E-0 I 0.00 E+00 
7.50E-0 I 0.00 E+00 
8.00 E-0 I 0.00 E+00 
8.50E-0 I 0.00 E+00 
9.00E-0 I 0.00 E+00 
9.S0E-0 I 0.00E+00 
I .00E+00 0.00E+00 
l .05E+O0 0.00 E+00 
I. I 0E+00 0.00E+00 
I. I 5E+00 0.00E+00 
I .20E+00 0.00E+00 
I .25E+00 0.00E+00 
I .30E+0O 0.00E+00 
I .35E+0O 0.00E+00 
I .40E+0O 0.00E+00 
I .45E+00 O.00 E+00 
l.50E+00 O.00E+00 
I .55E+00 0.00E+00 
l.60E+00 O.00E+00 
I .65E+00 0.00 E+00 
l.70E+00 0.00E+00 
l.75E+00 0.00E+00 
I .80E+00 O.00E+00 
l.85E+00 0.00E+00 
I .90E+00 0.00 E+00 
I .95E+00 0.00E+00 
2.00E+00 O.00E+00 

3.99E-0I 

Fi lename fid40d 

I tall y 8 nps = 59784935 

R 

O· 
0.0002 

I 

0 

0: 
0 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 

o. 
0 

0 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
0 

0.0002 

s 

tally type 8 pul se height distribution . 
tally for photons · - -

; cell 2 

energy 
O.00E+00 
5.00E-02 
I.00E-01 

0.00E+00 
4.43 E-0I 
0.00E+00 

l.50E-0 I 0.00 E+00 
2.00E-0 I 0.00E+00 
2.50E-0 I 0.00E+00 
3.00E-0 I 0.O0E+00 

I /1 6/02 

0 

0.0001 
0 
0 
0 

0 
0 

I 

l. 

_J • 

T u V 

energy 
0.O0E+0O -- 0.00E+00 
5.00f -02 4.35E-01 
I.O0E-0 I 3.25E-04 
I .S0E-0 I 0.00E+00 
2.00E-01 O.00E+0O 
2.S0E-0 I 0.00E+00 
3.00E-0 I 0.O0E+00 

- ' -- --- ----
3.S0E-0 I 0.O0E+00 
4.00E-01 0.O0E+00 
4.S0E-0 I 0 O0E+00 -- - -
5.00E-0 I 0.0OE+00 
5.SOE-0 I 0.00E+00 
6.00E-01 0.O0E+O0 
6.S0E-01 0.00E+O0 
7.00E-01 0.00E+O0 
7.S0E-01 0.00E+O0 
8.00E-0 I 0.00E+O0 
8.S0E-0 I 0.00E+O0 
9.00E-0 I 0.00E+O0 
9.SOE-01 0.00E+00 

- - . -
I .00E+O0 0.00E+O0 
I .05E+O0 0.00E+00 
I.I OE+oo · 0.00E+O0 
1.1 SE+00 0.00E+00 
l.20E+O0 , 0.00E+00 

. I .25E+O0 0.00E+00 
• - I .30E+oo ·-o.ooE+OO 

- . -

total 

I .35E+00 0.00E+00 
I .40E+00 0.00E+00 
I .45E+00 0.00E+00 
I .50E+00 0.00E+00 
I .55E+00 0.00E+00 
I .60E+00 0.00E+00 
I .65E+O0 0.00E+O0 
l.70E+O0 0.00E+00 
l.75E+O0 0.00E+O0 
I .80E+00 0.0OE+O0 
I .85E+00 0.O0E+00 
l.90E+00 0.00E+00 
l.95 E+00 · O.OOE+ OO 
2.00E+00 0.00E+00 

4.36E-01 

Filename ' fid50d 

-·ltall); 8 - - ~ps = 5839 ___ , 
un tally type 8 pulse 

tally fo~ ph~ tons -

cell 2 
energy 
0.00E+00 0.00E+00 
5.00E-02 4.63E-0 I 
I.00E-0 I 2.81 E-04 
I.SOE-O f° O.00E+O0 
2.00E~OI 0.00E+00 
2.50E-0 I 0.00E+O0 
3.00E-0 ,- 0.00E+00 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

L M N 0 p Q R s T u V 

18 I O.OOE+OO 0 3.50E-01 O.OOE+OO 0 3.50E-Ol O.OOE+OO --- -- -------
182 O.OOE+OO 0 4.00E-01 O.OOE+OO 0 4.00E-01 , O.OOE+OO 

183 O.OOE+OO 0 4.50E-Ol O.OOE+OO 0 ' 4.50E-Ol O.OOE+OO 

184 O.OOE+OO 0 5.00E-01 O.OOE+OO 0 5.00E-01 O.OO E+OO 

185 O.OOE+OO 0 , 5.50E-O I O.OOE+OO 0 --l- 5.50E-Ol 
I 

O.OOE+OO 
-- () ! 186 O.OOE+OO 6.00E-0 1 O.OOE+OO 0 6.00E-01 O.OOE+OO 

187 O.OOE+OO 0 6.50E-O I O.OOE+OO 0 6.50E-Ol O.OOE+OO 
-- - -- -- -

188 O.OOE+OO 0 7.00E-01 O.OO E+OO 0 7.00E-01 O.OOE+OO 
-------r---·--- l--- - -- i-- - " - ,_ -· -;- -- -- .. 

189 O.OOE+OO 0, 7.50E-O I O.OO E+OO 0 7.50E-Ol O.OOE+OO 

O.OOE+OO 
- --L 

190 0 8.00E-01 O.OOE+OO 01 8.00E-01 · O.OOE+OO 
8.50E-Ol 

-
8-:-50E-Ol I O.OOE+OO 191 O.OOE+OO 0 O.OOE+OO 0 

- ---- ·-- ---
9.00E-01 O.OOE+OO 192 O.OOE+OO 0 9.00E-01 O.OOE+OO 0 

- ------ --
9.50E-O l O.OOE+OO 0 

7 --§:°SCfE--:=-0 I ' O.OOE+OO 193 O.OOE+OO 0 
194 O.OOE+OO 0 l .OOE+OO O.OOE+OO 0. 1.00E+OO O.OOE+OO 

195 O.OOE+OO 0 l .05 E+OO O.OOE+OO 0 l .05E+OO O.OOE+OO 

196 O.OOE+OO 0 I. IOE+OO O.OOE+OO 0 1.IOE+OO O.OOE+OO 

197 O.OOE +OO 0 l.15 E+OO O.OOE+OO 0 1. l 5E+OO O.OOE+OO 

198 O.OOE+OO 0 l .20E+OO O.OOE+OO 0 l .20E+OO O.OOE+OO 

199 O.OOE+OO 0 l .25E+OO O.OOE+OO 0 l .25E+OO O.OOE+OO 
200 O.OOE+OO 0 l .30E+OO O.OOE+OO o: l.30E+OO . O.OOE+OO 

201 O.OOE+OO 0 l .35E+OO O.OO E+OO o: l .35E+OO O.OOE+OO 
---- - --

202 O.OOE+OO 0 l.40E+OO O.OOE+OO 0 l.40E+OO , O.OOE+OO 
.. : -: - - 1.45£+00 O.OOE+OO 203 O.OOE+OO 0 l .45E+OO O.OOE+OO 0 

--- --· -- ---· - --· 
204 O.OOE+OO 0 l.50E+OO O.OOE+OO 0 l .50E+OO O.OOE+OO 

---·- - ---- ----· - o' 
-- - ------- ------ - -

205 O.OOE+OO O· l .55E+OO O.OOE+OO ! l.55E+OO , O.OOE+OO 

206 O.OOE+OO 0 l.60E+OO O.OOE+OO 0 ' l.60E+OO i O.OOE+OO --- ---
207 O.OOE+OO 0. l.65E+OO O.OOE+OO o: l .65E+OO · O.OOE+OO 

-----
208 O.OOE+OO 0 l.70E+OO O.OOE+OO O, l.70E+OO O.OOE+OO 

- - - ~- - - -- ··- - - -- -- -· 
209 O.OOE+OO 0 1.75E+OO O.OOE+OO 0 l.75E+OO , O.OOE+OO 

- - ------ --- -------•----
l.80E+OO 210 O.OOE+OO 0 O.OOE+OO 

- ~ J 
l .80E+OO O.OOE+OO 

--- -- -- .. ·- -- --------
211 O.OOE+OO 0 l.85E+OO O.OOE+OO 0 l .85E+OO O.OOE+OO 

- - - ~- --- -L-----

212 O.OOE+OO 0 l.90E+OO O.OOE+OO O• 1.90E+OO O.OOE+OO 
----- - - -- - --- - ___ .,_ 

213 O.OOE+OO 0 l .95E+OO O.OOE+OO o: I. 95E+OO I O.OOE+OO 
------ ---- - - -- --· -- --- - --- -

214 O.OOE+OO 0 2.00E+OO O.OOE+OO o, 2.00E+OO I O.OOE+OO 
-- · - - - ' 

_ _, 

215 3.95E-O I 0.0001 total 4.43E-OI 0.0001 total 4.63E-01 
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I 

2 
3 
4 
5 
6 
7 

8 
9 
10 
II 
12 15 

w X 

13 height di stribution. 
14 
15 
16 
17 
18 
!9 
20 
21 
22 
23 

0 
0.0002 
0.0091 

0 
0 
0 

24 0 , 

25 0 

26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

Worksheet "MCNP Data p= l.5" of Workbook "MCN P Volume Seneca.x is" 

y 

uni 

z AA AB AC 

'Fi lename fid60a 

!tally 8 nps = 52052452 
ta ll y type 8 pul se height distribution . 
tall y for photons 

cell 2 
energy 
O.OOE+OO O.OO E+OO 0 
5.00E-02 7.65E-02 0.0005 
I.OOE-0 I : 3.08E-O I 0.0002 
1.50E-01 O.OO E+OO 0 
2.00E-01 O.OO E+OO 0 

- - L 

2.50E-O I O.OOE+OO 
3.00E-01 O.OOE+OO 
3.50E-01 O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-O I O.OO E+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9 OOE-0 I O.OO E+OO 
9.50E-O I O.OOE+OO 
1.00E+OO O.OOE+OO 
I .05E+OO O.OO E+OO 
I. I OE+OO O.OOE+OO 
I. I 5E+OO O.OO E+OO 
I .20E+OO O.OO E+OO 
1.25E+OO O.OOE+OO 
1.30E+OO O.OOE+OO 
1.35E+OO O.OOE+OO 
1.40E+OO O.OOE+OO 
I .45E+6o' O.OOE+OO 
I .50E+OO O.OOE+OO 
1.55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
1.65£+00 O.OOE+OO 

I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

total 

l .70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
l .80 E+OO O.OOE+OO 

I 

I .85 E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95E+OO O.OO E+OO 
2.00E+OO O.OO E+OO 

3. 85 E-O I 0.0002 

I /16/02 

AD 

- _..J. 

AE AF AG 

.J 

:Filename fid70a 

!tally 8 nps = 5 1759015 
- --

uni tally type 8 pulse height dist 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 6.76E-02 0.0005 
I.OOE-0 1 3.4 1E-0 1 0.0002 

- ----
1.SOE-O I O.OOE+OO 0 
2.00E-0 I o·.ooE+OO .. _ .. 0 
2.SOE-01 O.OOE+OO 0 
3.00E-0 I O.OOE+OO 1 0 

- ----- - - ---
3.SOE-O I I O.OOE+OO 0 ---- ----
4.00E-01 ' O.OOE+OO 0 

----- --- --- - . 
4.SOE-0 J, _ O.OOE+OO 1_ __ ~ 

5.00E-0 I O.OOE+OO 0 
5.50E-OI O.OOE+OO 0 
6.00E-0 I O.OOE+OO 0 
6.SOE-0 I O.OOE+OO 0 
7 .OOE-0 I O.OOE+OO 0 - ----- .. 
7.50E-O I O.OOE+OO 0 
8.00E-0 I _ _2.0~+_00 

1 
_ 0 

8.50E-O I O.OOE+OO 0 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.15 E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
1.25£+00 O.OOE+OO 
I .30E+OO O.OOE+OO 

0 
0 
0 
0 
0 
0 
0 
0 
0 

l .35E+OO O.OOE+OO 0 
1.40E+OO O.OOE+OO 
1.45E+OO O.OOE+OO 0 --~ --
I.50E+OO O.OOE+OO 0 
1.55E+OO L Q.~OE~OO 0 
I .60E+OO O.OOE+OO 0 

--· --I .65E+00
0 

.. O.~OE-i:@_:---=-o 

total 

l.70E+OO O.OO E+OO' 0 
l.75E+OO O.OOE+OO 0 
I .80E+O( O.OOE+OO-- O 
l .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.08E-OI 

0 
0 

0 
0.0002 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

61 
62 
63 
64 96 

w X y z 

Filename 

!tally 8 

AA AB AC 

fid60b 

nps = 57551805 

65 ~~ight distribution. 
66 

um tally type 8 pulse height distribution. 
tally for photons 

67 
68 

0 

0.0002 
0.0076 

0 
0 

0 
0 
0 

0 
0 
(J 

0 
0 

cell 2 
energy 
0.00E+00 0.00E+00 
5.00E-02 8.20£-02 
I.00E-01 3.46E-01 
1.50E-0I 0.00E+00 . 
2.00E-01 0.00E+00 
2.50£-0 1 0.00E+00 
3.00E-0 1 0.00E+00 
3.50E-0 I 0.00 E+00 
4.00E-01 0.00E+00 
4.50E-0 I 0.00 E+00 
5.00E-0J · 0.00£-;-(J() 
5.50E-0 I 0.00E+00 
6.00E-0 1 0.00E+00 

69 
70 
71 
72 
73 
74 
75 
76 
77 

78 
79 
80 
81 
82 
83 
84 
85 

0 6.50E-0 I 0.00E+00 
O' 7.00E-0 1, 0.00E+00 - _ _) ______ ,___ -

_____ Q_:_ _ ____ ! _ 7.50E-01 0.00E+00 
86 0 

87 0 

88 0 

89 0 

90 0 
91 0 
92 0 

93 
94 

97 

0 

0 

0 

98 0 
----- ---

99 0 
100 0 
10 1 0 
102 0 
103 0 

8.00E-0 I , 0.00E+00 
8.50E-0 I 0.00E+00 
9.00E-0 I 0.00E+00 
9.50E-01 0.00E+00 
l .00E+00 0.00E+00 
1.05E+00 0.00E+00 

- ' - - ·1. I 0E+0O ~-0.00E+OO 
' l . l 5E+00 0.00E+00 

1.20E+00 0.00E+00 
1.25E+00 0.00E+00 
1.30E+00 0.00E+00 
1.35E+00 0.00E+00 
1.40E+00 0.00E+00 
1.45E+00 , 0.00E+00 
1.50E+00 0.00E+00 
1.55£+00 0.00E+00 
l .60E+00 0.00E+00 
1.65E+00 0.00E+00 

104 0 l.70E+00 0.00E+00 
105 ____ _ Q,_ _______ l.75E+00 0.00E+00 
I 06 0 1.80E+00 0.00E+00 

-- --- -- --· 
107 --- 0 . 1.85E+00 1 0.00E+O0 
108 --o.-- --··- - --..;. -----I.90E+OOr ci~OOE+OO 

0 

0.0004 
0.0002 

0 

0 
0 
0 
0 

0 

0 
() 

AD AE AF AG 

Filename !fid70b 

· - ' - ------
!tally 8 nps = 5618 1375 

uni ta ll y type 8 pulse height dist 
tally for photons 

, cell 2 

-· ___ ene'.g,y _ __ 
0.00E+00 0.00E+00 0 
5.00E-02 7.33£-02 , 0.0005 

--- 1.00E-01 3.7 1E-01 0.0002 

1.50_E-0 _!_L 0.00E+00 0 

2.00E-0 I 0.00E+00 0 -- ----
2.50E-0 I 0.00E+00 0 
3.00E-0 I 0.00E+00 0 
3.50E-0 I 0.00E+00 0 
4.00E-0 I 0.00E+00 0 
4.50£-0 I 0.00E+00 0 
5.00E-0 I 0.00E-;-00 0 
5.50E-0 I 0.00E+00 0 

- --- - -- - ·-----
6.00E-0I 0.00E+00 0 

- ·------
6.50E-01 0.00E+00 0 - - _ , 
7.00E-01 0.00E+00 0 
7.50£-0 1 0.00E+00 0 

- --- ·--
8.00E-01 0.00E+00 : 0 

-
8.50E-01 0.00E+00 0 
9.00E-01 0.00E+00 0 

--· ---
9.50E-0 1 0.00E+00 0 

-
1.00E+00 0.00E+00 0 
1.05E+00 0.00E+00 · 0 

' 1.l0E+00 O.0OE+oo · ---·-o 
- -- - ------------

1.15£+00 , 0.00E+00 0 
-- -- ------- . 

I.20E+00 1 0.00E+00 0 ----- --- -- - - __ , __ _ 
l .25E+00 · 0.00E+00 0 
I .30E+00 0.00E+00 0 
1.35E+00 0.00E+00 0 
l .40E+00 0.00E+00 0 

- -----· ---
1.45E+00 0.00E+00 , 0 ____ _, 
1.50£+00 0.00E+00 . 0 

---
1.55E+00 0.00E+00 0 
1.60E+00 0.00E+00 0 

•-- - ----
I.65E+00 0.00E+00 0 
l .70E+00 0.00E+00 0 

-- J ___ - -

1.75£+00 0.00E+00 0 
1.80£+00 0.00E+oo ; 0 
I.85E+00 ! 0.00E+00 I 0 

---' __ L 90E+00 , 0.00E+00 1 0 
109 0 I. 95E+00 . 0.00E+00 

1---1----------- -- - - - - . --

0 
0 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 

0 

0 

0 
0 
0 
0 

0 
0 

_ _ 1 i l.95E+00 ! 0.00E+00 0 
! ---- - - · --2.00E+OO I 0.00E+00 0 110 0 2.00E+00 0.00E+00 

1-l-l-I1--0c--. .,,.-OO'.C'C:02 - !total 4.28E-0 I 0.0002 - -!-·--··1total·- --· -- 4.44E-0I 0.000 1 
1----1------,-- ----- - ----, - - - - -- -· , 

112 I 

- ---~-------;---
: 

11 3 
- - ~- - --~-----~----+-----l 

114 ' Filename 1fid60c 
- --- -----~---~----< 

!Filename lfid70c 
,__1_1_5,----- -~- -- - -; -
1---1---------·...l 
116 01 -~ l~al!Y 8 _ nps = 584 14718 

- - ~---·- ---
/ 

·-- --' - -c-c--~ ----1 
·---~ I tally 8 _ nps = 579_55_5_7_2 __ _, 

117 height distribution . 
118 ---.--- -

uni ta19' !~e 8 pu lse he ight distribution . 
tally for photons 

_ un.!,._ tally type 8 pulse height dist 
tally for photons --- -- -- - . --

11 9 
120 cell 2 
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w 
121 
122 0 
123 0.0001 
124 0.0072 
125 0 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

_o! 
0 

149 0 
150 0 
151 0 
152 0 

153 0 
154 er 
155 0 
156 
157 
158 
159 

0 

0 
0 
0 

160 0 
161 0 
162 0 
163 0.0001 
164 
165 
166 
167 
168 35 

X 

169 height_~str~butio~ . 
170 
171 
172 
173 
174 0 
175 0.0001 
176 0.0078 
177 0 

178 0 
179 0 
180 0 

y 

Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

_J 

I 

z AA AB 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 8.50E-02 0.0004 
I.OOE-0 I 3.69E-O I 0.0002 
l.SOE-0 1 O.OOE+OO 0 
2.00E-01 O.OOE+OO 
2.50E-Ol O.OOE+OO 
3.00E-0 1 O.OOE+OO 
3.50E-0 1 O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OO E+OO 
6.00E-01 O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 1 O.OOE+OO 
7.50E-Ol O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 1 O.OOE+OO 
9.50E-Ol O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
1.1 OE+OO O.OOE+OO 
l.15 E+Oo : O.OOE+OO 

' l .20E+OO O.OOE+OO 
l.25E+OO- O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 

' l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
l .70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 

0 
0 
0 

0 
0 
0 

0 

0 

0 
0 

0 
0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 

I .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.54E-0 1 0.0001 

Fi lename fid60d 

, I tally 8 nps = 5949 1988 

AC 

uni tally type 8 pulse height distribution . 
tally for photons 

cell 2 
energy 
O.OOE+OO . O.OOE+OO 0 
5.00E-02 8.74E-02 0.0004 
1.00E-0 I 3.85E-O I 0.0002 
l.50E-O I O.OOE+OO 0 
2.00E-0 I O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-0 I O.OOE+OO 0 

1/ 16/02 

AD 

I 

- ' 

Uill 

AE AF AG 

energy 
--------

0.00E+OO O.OOE+OO 0 -- - -• -

5.00E-02 7.71E-02 0.0005 
- ---

1.00E-O I 3.87E-O I 0.0002 
- ·--- -

1.50E-Ol O.OOE+OO 0 
2.00E-01 O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-0 l O.OOE+OO 0 

---- 1 

3.50E-O l O.OOE+OO 0 
4.00E-0 I O.OOE+OO 0 
4.50E-O l O.OOE+OO 0 ~--
5.00E-0 l O.OOE+OO 0 

-----
5.50E-O l O.OOE+OO 0 --- ---
6.00E-O l O.OOE+OO 0 
6.50E-O l O.OOE+OO 0 
7.00E-0 1 O.OOE+OO 0 
7 .50E-O I O.OOE+OO 0 
8 OOE-0 I O.OOE+OO 0 
8.50E-O I O.OOE+OO 0 
9.00E-0 I O.OOE+OO 0 
9.50E-OI O.OOE+OO 0 
l.OOE+OO 6-:-0-0E+OO-- -- 0 

l .05E+OO O.OOE+OO 0 
l.l OE+OO O.OOE+OO , 0 
, } 5E+oo- o:Oo{+oo-. -----10 

l .20E+OO O.OOE+OO 0 
l .25E+OO , O.OOE+OO . 0 
I .30E+OO O.OOE+OO 0 
l.35E+OO O.OOE+OO • 0 
1.40E+OO ' Cl.OOE+00~--0 

-- ----
l.45E+OO O.OOE+OO 0 
I .50E+OO O.OOE+OO 0 
l .55E+OO O.OOE+·o-o. ---io 

l .60E+OO O.OOE+06"- - 0 
I .65E+OO O.OOE+OO 0 
l .70E+OO O.OOE+OO 0 
1.75E+OO O.OOE+OO- - ---6 
I .80E+OO O.OOE+OO 0 
1.85E+OO O.OOE+OO ___ _,O 

I .90E+OO O.OOE+OO 0 
1.95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

---
total 4.64£-0 l 0.000 I 

Filename 1fid70d 

l 

!tally 8 nps = 59646535 
- --------

ta~ly for photons 

cell 2 
energy 

~ - _j___ 

O.OOE+OO O.OOE+OO- --- 0 

5.00E-02 8.05E-02 - 0.0004 
l.OOE-0 I 3.97E-O I 0.0002 
1.50E-O I O.OOE+OO 0 
2 OOE-0 I O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 

I 

3.00E-0 I O.OOE+OO 0 
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181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

w 
0 

0 

0 

0 

0 
0 

0 
0 
0 

----- - -
0 
0 

--- - -- · 
0 

X 

----- ----• 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 

0 
0 

0 

0 

0 
0 
0 
0 
0 

0 
203 0 
204 0 
205 0 
206 0 
207 0 
208 0 
209 0 
210 0 
211 0 
212 
213 
214 

0 

0 
0 

215 0.0001 

y 

Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

total 

z AA 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 l . O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OO E+OO 
7.00E-0 I O.OOE+OO 
7.50E-OI ' O.OOE+OO 
8.00E-0 I . O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-OI O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05 £+00 O.OOE+OO 
1.IOE+OO O.OOE+OO 
l. l 5E+OO O.OOE+OO 
1.20£+00 O.OO E+OO 
l .25E+OO O.OO E+OO 
I .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
1.40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
1.50£+00 O.OOE+OO 
1.55£+00 O.OOE+OO 
I .60E+OO O.OOE+OO 
l.65E+OO · O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.72E-OI 

AB 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0.0001 

1/ 16/02 

AC 

7 

AD AE AF 
3.50E-OI O.OOE+OO 
4.00E-OJ · O.OOE+OO , 

I __ 4:SOE-01 O.OOE+00 -

5 OOE-01 O.OOE+OO 
5.50E-O I O.OOE+OO 

AG 
0 

0 
0 
0 
0 

6.00E-0 I O.OOE+OO 0 
6.50E-O I O.OOE+OO 0 
7.00E-01 O.OOE+OO , 0 
7.SOE-01 O.OOE+OO ' 0 

, __ 8.00E-0 (-(f.◊0_!:+_2_0~ ____ .2_ 
8.50E-O I O.OOE+OO 0 

-- - ·-- 9.00E~O I ~ OE+OO 0 
-- ' 9.SOE-01 O.OOE+OO --- 0 

--- - ----~- - - -
I .OOE+OO O.OOE+OO 0 

---- •--

l .05E+OO O.OOE+OO 
1.1 OE+OO O.OOE+OO 
1.15E+OO O.OOE+OO 
1.20E+OO O.OO E+OO 
1.25E+OO O.OOE+OO 
l.30E+OO O.OOE+OO 
I .3 5E+OO O.OOE+OO 
1.40£+00 O.OOE+OO 

0 

0 

0 
0 

0 

0 

0 

0 
I .45E+OO O.OOE+OO 0 
I .50E+OO O.OOE+OO 0 

-- -· · -- - -
I .55E+OO O.OOE+OO 0 

-- -· · - -
1.60E+OO . O.OOE+OO 0 
l.65E+oo : O.OOE+OO · ____ o 
l.70E+OO ; O.OOE+OO 0 
l.75E+OO O.OOE+OO 0 

' ·--- - - - - - -
I .80E+OO O.OOE+OO 0 
I .85E+OO O.OOE+OO 0 
I .90E+OO O.OOE+OO 0 
l.95E+OO 

1 
O.OOE+OO 0 

2.00E+OO-:- O.OOE+OO 0 

1total 4.77E-OI 0.0001 
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I 
2 
3 
4 

5 
6 
7 
8 
9 
IO 
II 
12 

AH 

13 bution. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Al 

Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xi s" 

AJ AK AL AM 

Fi lename fid80a 

ltally 8 nps = ~2458766 
uni tally type 8 pulse height di stribution. 

tally for photons 

cell 2 
energy 

total 

O.OOE+OO O.OOE+OO 
5 OOE-02 4.41 E-02 
1.00E-01 3.78E-Ol 
l .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 1 

3.00E-0 I O.OOE+OO 
3.50E-O I · O.OOE+OO 
4-:00E-O I '. O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7.50E-01 O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.SOE-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.SOE-0 I O.OOE+OO 
l .OOE+OO O.OO E+OO 
I .05E+OO O.OOE+OO 
1.1 OE+OO O.OO E+OO 
1. I 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l.35E+OO . O.OOE+OO 
I.40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
1.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
l .85 E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95 E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.22E-O I 

0 
0.0006 
0.0002 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 
0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0.0002 

l/ 16/02 

AN 

uni 

AO AP AQ AR 

Filename fid90a 

!tally 8 nps = 51437809 
tally type 8 pulse _h!ig~ist~ibution . 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 5.22E-02 
1.00E-01 3.79E-OI 
l.50E-O I O.OOE+OO 
2.00E-0 1 O.OOE+OO 
2.50E-O 11 O.OOE+OO ---- -~ -
3.00E-0 I O.OOE+OO 

0 
0.0006 
0.0002 

0 

0 
0 

0 

3.50E-0 1 O.OOE+oo · 0 
---- --• -

4.00E-01 O.OOE+OO 0 
· - - ·- - ·----1 

4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-OI O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I.IOE+OO O.OOE+OO 
1.15 E+OO ' O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 

-1~35E+OO' O~OOE+OO 
+ -- --

l.40E+OO O.OOE+OO 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

· - - -

-I -- --- ---- - - -----1 

l.45E+OO I O.OOE+OO 0 
-1 - -t-- ----1 

l.50E+OO • O.OOE+OO 0 - --- - · -
l .55E+OO O.OOE+OO 0 

-- I.60E+O{rO~OOE+00 1- - - OL ___ -

total 

l .65E+OO O.OOE+O~ _ 0 
l.70E+OO O.OOE+OO O• 
l.75E+OO - O.OOE+OO 0 
I .80E+OO •- O.OOE+OO . - - - 0 

l .85E+OO O.OOE+OO 0 
1.90E+OO • O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

4.3 I E-0 1 0.0002 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

61 
62 
63 
64 

AH Al AJ AK AL AM 

Fi lename fid80b 

I tally 8 nps = 55386183 
65 bution. 
66 

uni tally type 8 pulse height distribution. 
tally for photons 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 ,,,, 
1: 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 

cell 2 
energy 

- - ---· -
- - ------· -----~ -

--- -

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

0.00E+00 0.00E+00 
5.00E-02 4.45E-02 
l.00E-0 I 4.09E-0l 
l.50E-0I 0.00E+00 
2.00E-01 0.00E+00 
2.50E-0 l 0.00E+00 
3.00E-01 0.00E+00 
3.S0E-01 • 0.00E+00 
4.00E-01 0.00E+00 
4.50E-0l 0.00E+00 
5.00E-0 1 0.00E+00 
5.50E-0l 0.00E+00 
6.00E-01 0.00E+00 
6.50E-0T 0.00E+00 
7.00E~O I ; O.OOE+O0 
7.50E-0I 0.00E+00 
8.00E-01 0.00E+00 
8.50E-0l 0.00E+00 ' 
9.00E-01 0.00E+00 
9.50E-0 l 0.00E+00 
l.00E+00 0.00E+00 
l .05E+00 0.00E+00 
I.I 0E+00 0.00E+00 
l.15E+00 0.00E+00 
l.20E+0o : 0.00E+00 
l.25 E+00 0.00E+00 
1.30E+00 0.00E+00 
1.35E+00 0.00E+00 
l.40E+00 0.00E+00 
1.45E+00 0.00E+00 
l.50E+00 0.00E+00 
l .55E+00 0.00E+00 
l.60E+00 0.00E+00 
1.65 E+oo ' 0.00E+00 
1.70E+00 0.00E+00 
l.75E+00 0.00E+00 
l.80E+00 0.00E+00 
I .85E+00 0.00E+00 
l .90E+00 0.00E+00 

109 ___ l.95E+00 0.00E+00 
110 -: - 2 .ooli+'oo :- o.oof+oo --
111 --- --- --- ,-total- --- - : 4.53E-OI . 
---- - --- - - - l 

112 ------ -- ,__i__ ___ --

113 
1---t---- J --- - - -- -

·Fi lename 114 fid80c 
t----t----~---- - - - - -
115 ---- ----- --- -

0 
0.0006 
0.0002 

0 
0 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 , 

0 
0 
0 

0.0001 

116 ' 1 !tally 8 nps = 57323455 
117 bution. ~ -- tally type 8 pu lse height distribution . 
118 ______________ i:-- - tally for photons 
119 
120 cell 2 

1/ 16/02 

AN AO AP AQ AR 

1Fi lename ,fid90b 

· !tally 8 nps = 54 I 1967~ _ 
uni tally type 8 _pulse_height distribution. _ 

tally for photons 

· cell 2 

energy __ - ·-- _____ _ 
0.00E+00 I 0.00E+oo , 0 

5.00E-o~. ~.:_~6i -~ ___ o_.ooo6 , 
1.00E-01 
l.50E-0I 
2.00E-01 
2.50E-0 l 
3.00E-01 
3.S0E-01 • 
4.00E-01 . 
4.50E-0l 
5.00E-01 
5.50E-0I 
6.00E-01 
6.50E-0I 

4.06E-0I 
O.OOE+oo ' 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 . 

0.0002 
0 
0 

0 

0 
' 0 : 

0 

0 
0 
0 
0 

] :00E-0~. 0.00E+_Q_0'- _ 
7 .50E-0 I 0.00E+00 , 

0 , 
0,------

0 
- - - ---------- ------, 
8.00E-01 0.00E+00 : 0 
8.50E-0I 0.00E+00 0 

--· -- - - -- - -
9.00E-0 I 0.00E+00 0 
9.50E-0I 0.00E+00 0 

- ·- - - - -----1---1 

I .00E+00 0.00E+00 0 
I .05E+00 0.00E+00 o, 

- - --
1.1 0E+00 0.00E+00 0 ·--- -· _______ ___, 
I. l 5E+00 0.00E+00 . 0 · 
l.20E+00 : 0.00E+00 , 01 
1.25E+oo·;- o.ooE+oo · o 

I .30E+00 0.00E+00 0 
1.35E+0O 0.00E+00 ____ o.,__· __ __, 

I .40E+00 0.00E+00 0 -- ----·-----
l.45E+00 · 0.00E+00 0 -- - -
I .50E+00 0.00E+00 0 

-- ---·----
I .55E+00 0.00E+00 0 
l.60E+00 0.00E! _oo , _____ o ----
1.65[+00 0.00E+00 0 

- ·- - - -- -- ---, 
l.70E+00 0.00E+00 0 
I .75 E+00 0.00E+00 0 
l .80E+00 0.00E+00 0 

, l.85E+00 , 0.00E+00 0 i 
·- - I~96E+ocii o-:-ocii:+oo·· -----0-',----1 

- - - -+--- -· -----~· ----l 
l.95E+00 , 0.00E+00 0 , 

- ·- - 2.00E+00 1- 0.00E+00 1 0 
!total 1 4.59E-01·-"-.--0-.0-0_0_l 1----1 
·- ----- --'----

Filena me 1fid90c _, 
- -- - - -- --------< 

I tally 8 nps = 56645897 
uni - ~ ta!!)' !YE~_!__JJ~lse height distribution . 

tally for . photons ·--~--

- . - - -- - - -----------1 
cell 2 
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AH Al 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

---· 
143 - ---
144 

- --- -
145 

- -- --
146 

-
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 bution. 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

AJ AK AL AM 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 4.4 I E-02 0.0006 
l.OOE-0 I 4.26E-01 0.0002 
l .50E-01 O.OOE+OO 0 
2.00E-01 O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-01 O.OOE+OO 0 
3.50E-O I O.OOE+OO 0 
4.00E-01. O.OOE+OO 0 
4.50E-01 O.OOE+OO 0 
5 OOE-01 O.OOE+OO 0 
5.50E-01 O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50E-OI O.OOE+OO 0 
7.00E-01 0.00E+OO 0 
7.50E-O I O.OOE+OO 0 
8.00E-0 I O.OOE+OO 0 
8.50E-O I O.OOE+OO 0 
9.00E-0 1 O.OOE+OO 0 
9.50E-0 1 O.OOE+OO 0 
I.OOE+OO O.OOE+OO 0 
l .OSE+OO . O.OOE+OO 0 
l.l OE+OO O.OOE+OO 0 

•-

O.OOE+oo : l. I 5E+OO 0 - - - ·--
O.OOE+oo · l .20E+OO 0 ...,_ - --

l .25E+OO O.OOE+OO 0 
l. 30E+OO O.OOE+OO 0 
l. 35E+OO O.OOE+OO 0 
l.40E+OO O.OOE+OO 0 
I .45E+OO O.OOE+OO 0 
l. 50E+OO O.OOE+OO 0 
l .55E+OO O.OOE+OO 0 
l .60E+OO O.OOE+OO 0 
l. 65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+OO 0 
I .75E+OO O.OOE+OO 0 
l. 80E+OO O.OOE+OO 0 
l.85E+OO O.OOE+OO 0 
l.90E+OO O.OOE+OO 0 
l. 95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.70E-Ol 0.000 1 

Filen ame fid80d 

!tally 8 nps = 59 133953 
uni tally type 8 pulse height distribution. 

- -
~a lly fo~ photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 4.34E-02 
l.OOE-0 I 4.37E-O I . 
l.50E-O I O.OOE+OO 
2 OOE-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 

0 
0.0006 
0.000 1 

0 
0 

0 
0 

1/ 16/02 

AN 

uni 

AO AP AQ AR 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 5.23E-02 0.0006 .. -

I .OOE-01 4.21 E-O I 0.0002 
I .50E-0 1 O.OOE+OO 0 
2.00E-01 O.OOE+OO 0 
2.50E-OI O.OOE+OO 0 
3.00E-0 1 O.OOE+OO 0 
3.50E-O I O.OOE+OO 0 
4.00E-0 1 O.OOE+OO 0 
4.50E-OI O.OOE+OO 0 

' 
_j ___ -

5.00E-01 O.OOE+OO 0 
5.50E-0 1 O.OOE+OO 0 

----
6.00E-01 O.OOE+OO 0 
6.50E-O I O.OOE+OO 0 
7.00E-01 0.00E+OO 0 
7.50E-0 1 O.OOE+OO 0 
8.00E-0 1 O.OOE+OO 0 
8.50E-OI O.OOE+OO 0 
9.00E-0 1 O.OOE+OO 0 
9.50E-01 · O. OOE+OO 0 
I .OOE+OO O.OOE+OO 0 
l .05E+OO O.OOE+OO 0 

I - -
L l.lOE+OO O.OOE+OO 0 

1.1 5E+OO O.OOE+OO 0 
- ------· 

l .20E+OO O.OOE+OO O' 
-- - .... - - ~- -

l.25E+OO' O.OOE+OO : 0 
l .30E+OO O.OOE+OO 0 --- --
l.35E+OO O.OOE+OO 0 
I .40E+OO O.OOE+OO 0 

-
l.45E+OO O.OOE+OO 0 
l .50E+OO O.OOE+OO 0 
I .55E+OO O.OOE+OO 0 
l .60E+OO O.OOE+OO 0 
I .65E+OO O.OOE+OO 0 
I .70E+OO O.OOE+OO 0 
I .75E+OO O.OOE+OO 0 
l .80E+OO O.OOE+OO - 0-

L -- -
I .85E+OO O.OOE+OO 0 
l. 90E+OO O.OOE+OO 0 
I. 95E+OO--O.OOE+OO, 

-- ------
0 

2.00E+OO O.OOE+OO 0 
'total 0.000 1 

.. --- -
4.73E-OI 

__ , 
1Filename fid90d 

I 
, !ta lly 8 nps ':_ 58~058 1 

ta lly type 8 pulse height distributio; -
I - -- -

tally for photons 

- --- --- ---
cell 2 

energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 5. I 8E-02 0.0006 
I .OOE-01 4.30E-O I 0.0002 
l .50E-O I O.OOE+OO 0 
2.00E-0 1 O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-0 I O.OOE+OO 0 

Page 15 of 108 



Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

18 I 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 

AH Al 

- - - -- --- . -

-------- - --·--

AJ AK 

3 .50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-OI O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.SOE-0 I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7 .50E-O I O.OOE+OO 
8.00E-01 O.OOE+OO 
8.SOE-0 I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-OI O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
I.IOE+OO O.OOE+OO 
1. l 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .SOE+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
l .70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
l.80E+OO O.OOE+OO 
l .85 E+OO O.OOE+OO 
l .90E+OO O.OOE+OO -

213 l.95E+OO O.OOE+OO 
- ---· 

214 2.00E+OO O.OOE+OO 
215 total 4.80E-O 1 

AL 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0.0001 

AM AN 

1/16/02 

I 
--1 

AO AP AQ AR 
3 .50E-O I O.OOE+OO O' 
4.00E-01 O.OOE+OO 0 

' 4.50E-O 1 O.OOE+OO 0 
5.00E-01 O.OOE+OO 0 
5.50E-Ol O.OOE+OO O; 
6.00E-01 j- O.OOE+oo·- -- 0 

- l -

6.SOE-O I O.OOE+OO 0 
7.00E-01 , O.OOE+OO i 0 
7.50E-Ol O.OOE+oo ' QI 

- -l- - -----·----
_8_.0_Q[-0_! 1_Q_.QQ[+QQ _ __o __ _ 

8.50E-O I O.OOE+OO O, ----- --- ~- --- _____ ___, 
9.00E-01 O.OOE+OO : 0 
9.50E-01 ' O.OOE+oo ' O' 

- . ·---- - ·- - --
1.00E+OO O.OOE+OO 0 
l .05E+OO O.OOE+OO 0 
1.1 OE+OO O.OOE+OO 0 
1. l 5E+OO O.OOE+OO 0 
I .20E+OO O.OOE+OO 0 
l.25E+OO O.OOE+OO : 0 

l.30E+OO O.OOE+OO 0 
l .35E+OO O.OOE+OO 1 0 
l .40E+OO O.OOE+OO 0 
l.45E+OO O.OOE+OO _, ____ O~'-
l .50E+OO , O.OOE+OO 0 

--------
1.55[+00 O.OOE+OO 0 

- ---· - -------· - - ---
I .60E+OO O.OOE+OO O, 
l .65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO 0 
l .80E+OO O.OOE+OO 0 

- -- - ----·- ---- ----- --- - -- -
I .85E+OO O.OOE+OO 0 
1.9oE+oo--~ooE+oo ___ o __ ----1 

--~----------~-- . . ---
1.95E+OO O.OOE+OO O, 

. ·- -- ------ ---------- --
- 2_._()~E+OOL O~OOE+oq_ ______ o_. ___ , 

·total 4.82E-01 0.0001 1 
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I 
2 
3 
4 
5 
6 
7 

8 
9 
IO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

AS AT AU AV AW 

Filename , fid I OOa 

I tally 8 nps = 50686392 
uni tally type 8 pulse height distribution. 

tally for photons 

ce ll 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 7.32E-02 
l.OOE-0 I 3.64E-O I 
uoE-o 1 •-· usE-04 

-- - 4---

2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-O I O.OOE+OO 

--·-- - -· - - - -- -
3.50£-0 I O.OOE+OO 
4.00E-01 ; O.OOE+OO 

. -· -

total 

4.50£-0 I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.SOE-0 I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50£-0 I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50£-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50£-0 I O.OOE+OO 
I .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.15 E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
1.55£+00, O.OOE+OO 
I .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
l .70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I. 90E+OO O.OO E+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.37E-O I 

' . 

0 
0.0005 
0.0002 
0.0121 

0 
0 
0 

- - I -

. 01 
0 
0 
o· 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0.0002 

AX AY AZ BA BB 

Fi lename fidl20a 

!tally 8 nps = 48707998 
urn tally type 8 pulse height distribution . 

tally for photons · -- · --·-· 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 l. l 9E-O I 
l.OOE-0 I 9.05£-02 

0 
0.0004 
0.0005 
0.0003 . 

0 
0 

BC 

uni 

l.50E-O I 2.34£-0 I 
2.00E-0 I O.OO E+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50£-0 I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50£-0 I O.OOE+OO 
6 OOE-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50£-01 O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
l. l 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l.55E+OO . O.OOE+OO 
l .60E+OO O.OOE+OO 
l. 65E+OO , O.OOE+OO 
I .70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 

- ----~ 4 - -

total 

I /16/02 

- - --1 -~ 

I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l.95 E+OO- O.OOE+OO 
2.00E+OO O.OOE+OO 

4.44E-O I 

0 
0 
0 , 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0.0002 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
&I 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
I IO 
111 
I 12 
113 

AS AT AU AV AW 

'Filename fidlOOb 

uni 

- ---- -

- --- - -

------ - -

!tally 8 nps = 53575368 
tally type 8 pulse height distribution. 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 7.48E-02 
1.00E-01 ; 3.88£-01 
l.-50E-O ( 1.61 E-04 
2.00E-0 I O.OOE+OO 
2.50£-01 O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50£-0 I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50£-0 I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.SOE-0 I O.OOE+OO 
6.00E-01 0.00E+OO 
6.50£-0 I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50£-01 O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50£-01 O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-01 O.OOE+OO 
- - -·· 
I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15£+00 O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+Of O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
1.40£+00 O.OOE+OO 
1.45£+00 O.OOE+OO 
I .50E+OO O.OOE+OO 
1.55£+00 O.OOE+OO 
1.60£+00 O.OOE+OO 
I .65E+OO O.OOE+OO 
1.70£+00 O.OOE+OO 
1.75£+00 O.OOE+OO , 
1.80£+00 O.OOE+OO 
1.85£+00 ' O.OOE+OO 

- -
1.90£+00 , O.OOE+OO 
- " 

1.95£+00 O.OOE+OO 
2.00E+OO O.OOE+OO 

0 

0.0005 
0.0002 
0.0108 

0 

0 

0 
0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1total 4.63£-01 0.0001 

---~ 

114 · Filename lid I OOc 
115 
116 ___ ,J tally 8 nps = 55968025 
117 u111 tally type 8 pulse height distr_ibution 
118 
119 
120 cell 2 

tally fo~ photons 

AX 

um 

Ulll 

1/ 16/02 

AY AZ BA BB BC 

Filename ,fidl20b 

ltally 8 nps = 51169962 
tally type 8 pulse height distribution. uni 
tally for pl1otons -· -- . 

ce ll 2 
energy __ , 
O.OOE+OO O.OOE+OO 
5.00E-02 1.22£ -01 

I .OOE-0 I !_J _._'!_~~-02 
l.50E-O I 1 2.60£-0 I 
2.00E-0 I O.OOE+OO 
2.50£-0 I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50£-0 I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50£-01 O.OOE+OO 
5.00E-01 O.OOE+OO 
5.SOE-01 · O.OOE+OO . 
6.00E-0 l : O.OOE+OO 
6.50£-0 I O.OOE+OO 
7.00E-0 I O~OOE+00--
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50£-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50£-0 I O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05£+00 O.OOE+OO 

-- --
I .I OE+OO O.OOE+OO 
1.15£+00 O.OOE+OO 
1.20£+00 · O.OOE+OO 
1.25£+00 ,-0.00-E+OO 

1.30£+00 O.OOE+OO 
l.35E+OO O.OOE+OO 
1.40£+00 . O.OOE+OO 
1.45£+00" O.OOE+OO 
1.50£+00 O.OOE+OO 
I .55E+OO i O.OOE+OO 
I .60E+OO O.OOE+OO 
1.65£+00 O.OOE+OO 

. - -
1.70£+00 O.OOE+OO 
1.75£+00 ' O.OOE+OO 
1.80£+00 O.OOE+OO -- - - - -
1.85£+00 I O.OOE+OO 
1.90£+00 : o]OE+ OO- -

1.95£+00 O.OOE+OO 
-- ·---

2.00E+OO I O.OOE+OO 
1 

total ! 4.67£-01 : 
-- i----- -1-

0 

0.0004 
0.0005 ---------
0.0002 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
------· - -----

0 
0 

0 
0 
0 
0 
0 , 

0 
0 --

0 
- --- - - - -

0 
01 

0 
0 
0 

0 

0 

0 
0 

__ j ____ , 

QI ' 
--

0
- c----1 

· 0.0001 
-------,.-------1 

j ____ - -L ----

Filename 
I 

l/id120c 

I tally 8 nps = 53500569 
tally t~pe~ lse height distri_b_ut_io_n_. ____ u_n--11 
tally for photons 

cell 2 

Page 18ofl08 



121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

AS AT AU AV AW 
energy 
O.OOE+OO O.OOE+OO 0 

' 5.00E-02 7.53E-02 0.0005 
I.OOE-01 4.00E-01 0.0002 
l.50 E-O I l .69E-04 0.0 103 
2.00E-01 O.OOE+OO 0 
2.50E-Ol O.OOE+OO 0 
3.00E-0 1 O.OOE+OO 0 
3.50E-O I O.OOE+OO 0 
4.00E-0 I ' O~OOE+OO 0 
4.50E-OI O.OOE+OO 0 
5.00E-0 1 O.OOE+OO 0 
5.50E-O I O.OOE+OO 0 
6.00E-0 1 O.OOE+OO 0 

-· 
6.50E-O l O.OOE+OO 0 
7.00E-0 1 O.OOE+OO 0 
7.50E-O I O.OOE+OO 0 
8.00E-01 O.OOE+OO 0 
8.50E-Ol O.OOE-,-00 0 
9.00E-01 O.OOE+OO 0 
9.50E-Ol O.OOE+OO 0 

- --- - - --
l .OOE+OO O.OOE+OO 0 - -- ---·- --
l.05E+OO O.OOE+OO 0 

---- - - ---- -- --·--
I.IOE+OO O.OOE+OO 0 

---------- - · --
I. I 5E+OO , O.OOE+OO 0 -----
l .20E+OO O.OOE+OO 0 

--- ----· - --- --
l.25E+OO O.OOE+OO 0 - - -- -- . .. 
l.30E+OO O.OOE+OO 0 
l.35E+OO , O.OOE+OO 0 
J .40E+OO O.OOE+OO 0 
l.45°E+o·o" O.OOE+OO 0 - .. 
l.50E+OO O.OOE+OO 0 

- --· · -
I .55E+OO O.OOE+OO 0 
l.60E+OO O.OOE+OO 0 
I.65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO 0 
l.80E+OO O.OOE+OO 0 
l .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 0 
l.95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.76E-Ol 0.0001 

Filename l fid l OOd 

I ta lly 8 nps = 5772877 1 
uni _ t~ type_~_pulse height distribution. 

t~y _for_E_h~ t~ns 

----·-
1 cel l 2 

---- ·-· -
:_n_erg _ . 
O.OOE+OO O.OOE+OO 0 
5.00E-02 7.54E-02 0.0005 

•· 

I.OOE-01 4.08E-O l 0.0002 
l.50E-O I l .52E-04 0.0 107 
2.00E-01 O.OOE+OO 0 
2.50E-0I O.OOE+OO 0 
3 OOE-01 O.OOE+OO 0 

AX AY AZ 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 l.24E-O I 
I.OOE-0 I 7. 91 E-02 

BA 

0 

o.ooof 
0.0005 

l .50E-O I . 2. 75E-O I - 0.0002 
2.00E-0 I ! O.OOE+OO- - O 

2.50E-O I O.OOE+OO 0 
3.00E-0 I O.OOE+OO 
3.50E-O I . O.OOE+OO 
4.00E-0 I . O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 

' . 
6.00E-0 1 O.OOE+OO 
6.50E-O I O.OOE+OO . 

0 
- - - . -

0 
0 
0 

0 
0 

0 
0 

7.00E-0 1 O.OOE+OO 0 
7.50E-O I . O.OOE+OO 0 
8 OOE-0 I . O.OOE+OO 0 

8.50E-O I : O.OOE-i-00 0 
9.00E-0 I O.OOE+OO 0 
9.50E-O I O.OOE+OO 0 
l .OOE+OO O.OOE+OO 0 

j -- - --------

l.05E+OO O.OOE+00 1 0 
T wt+oo o.ooE+o~ - o · 

BB BC 

__ .....J __ _ 

- -- - - -- -- - -----c-f--------'-----1 
l. 15E+OO O.OOE+OO 0 

------------ -----'---------l 
l .20E+OO O.OOE+OO __ __2_!... -
I .25E+OO , O.OOE+OO 0 
l .30E+OO O.OOE+OO 0 

total 

l.35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.78E-O I 

Fi lename ·fidl20d 

I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.000 1 

----
I 

_J ___ 

-· - --

, I ta lly 8 ~ps = -54628718- - -

uni ta lly type 8 pulse_~ ig~~ d~t~ butio;;-~~ 
------I 

Ulll 

ta lly for photons 
· •---

--'-- ----
cell 2 

energy 
-I - ----

O.OOE+OO O.OOE+OO 0 
5.00E-02 l .25E-O I' 0.0004 
l .OOE-01 7.38E-02 0.0005 
l .50E-O l 2.86E-OI 0.0002 
2.00E-01 O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-0 1 O.OOE+OO 0 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

AS AT AU AV AW AX AY AZ BA BB BC 

181 3.50E-Ol O.OOE+OO 0 3.50E-O I O.OOE+OO 0 
4.0oi -01 : o.ooi +oo ' 182 4.00E-0 I O.OOE+OO 0 , 0 

- ·-
183 4.50E-Ol O.OOE+OO 0 4.50E-Ol · O.OOE+OO 0 
184 5.00E-01 O.OOE+OO 0 5.00E-01 O.OOE+OO O' 

185 5.50E-O I O.OOE+OO 0 5.5.<JE:O I , O._OOE+OO 0 
186 6.00E-01 O.OOE+OO 0 6.00E-0 I O.OOE+OO 0 . 
187 6.50E-01 O.OOE+OO 0 6.50E-01 O.OOE+OO ' 0 

188 7.00E-01 O.OOE+OO 0 7.00E-01 O.OOE+OO o , 
- - - ---- . 

O.OOE+OO 0 7.50E~OI I O-.OOE+00 1 ---0- ----·-----
189 7 .50E-01 

--' --- 1- _ -=-:...J____ . -----
190 8.00E-01 O.OOE+OO 0 8.00E-0 I O.OOE+OO , 0 

8.50E-01 O.OOE+OO 0 8 . .50 E-:-o f - o. 00 E +Oo-: 
-------

191 0 - --------
192 9.00E-01 O.OOE+OO 0 9.00E-01 O.OOE+OO 0 

9.50E: 01 O.OOE+OO 0 9.50E-O I 
. - - - - . 

193 O.OOE+OO 0 
194 l .OOE+OO O.OOE+OO 0 l .OOE+OO O.OOE+OO 0 
195 l.05 E+OO O.OOE+OO 0 1.05 £+00 O.OOE+OO 0 
196 I. I OE+OO O.OOE+OO 0 I. I OE+OO : O.OOE+OO 0 
197 l.15 E+OO O.OOE+OO 0. 1. l 5E+OO O.OOE+OO 0 . 
198 l .20E+OO O.OOE+OO 0 l.20E+OO O.OOE+OO O · 
199 l .25E+OO O.OOE+OO 0 l .25E+OO O.OOE+OO 0 
200 l .30E+OO O.OOE+OO 0 l.30E+OO O.OOE+OO 0 
201 l .35E+OO O.OOE+OO 0 l.35 E+OO O.OOE+OO 0 
202 I .40E+OO O.OOE+OO 0 l .40E+OO O.OOE+OO 0 --- ---·-
203 l .45E+OO O.OOE+OO 0 l .45E+OO O.OOE+OO 0 

--- · ---
204 l .50E+OO O.OOE+OO 0 l .50E+OO O.OOE+OO 0 ,. 
205 l.55E+OO O.OOE+OO 0 l.55E+OO O.OOE+OO 0 

206 l.60E+OO O.OOE+OO 0 l.60E+OO O.OOE+OO 0 ---- -
207 l.65E+OO O.OOE+OO 0 l.65E+OO O.OOE+OO O' 

1.70E+OO O.OOE+OO -o· l .70E+OO () ·- - ----- - -
208 O.OOE+OO - - --- ---
209 l.75E+OO O.OOE+OO 0 l .75E+OO O.OOE+OO 0 

---------
210 l .80E+OO O.OOE+OO 0 l.80E+OO O.OOE+OO 0 

--- ~-- -< - - -
. - _____ ,. _ ----

21 1 l .85E+OO O.OOE+OO 0 l.85E+OO ! O.OOE+OO 01 
-- - -- ·- - - ----

212 l .90E+OO O.OOE+OO 0 l .90E+OO O.OOE+OO 0 
l .95E+OO O.OOE+OO 0 l .95E+OO O.OOE+OO-,-

-·- - -----
213 0 
214 2.00E+OO O.OOE+OO 0 , 2.00E+OO _ O.OOE+OO , __ o' ___ 

- ---
215 ,total 4.83E-Ol 0.0001 total 4.84E-OI 0.0001 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

2 
3 
4 
5 
6 
7 

8 
9 

BD 

10 Filename 
I I -- - -

BE BF 

fid l40a 

12 I tally 8 nps = 468 1 I I 35 _ 

BG 

13 ta ll t type 8 pu lse height distribution. 
I 4 ta lly for photons 
15 
16 cell 2 

energ) 17 
18 
19 

20 
21 
22 

O.OOE+OO O.OOE+OO 0 
5.00E-02 1.64E-n I 0.0003 
I. OOE-0 I . 5.63£-02 0.0006 
l.50E-O I 2.27E-O I 0.0003 
2.00E-01 O.OOE+OO 0 

23 2.50£-0 1 O.OOE+OO 0 
24 --f.ooE-Oilo.ooE+<fo o 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

3.50E-O J, O. OOE+OO 
4.00E-01 O.OOE+OO 

- ---- -·- ·-• 

4.50E-O I O.OOE+OO 
- -- ·----

5.00E-0 1 O.OOE+OO 
--

5~50E-:01- O.OOE+OO 
·- ----

O.OOE+OO-6.00E-01 ---- -- --
6.50E-01 O.OOE+OO 

----- · 
7.00E-01 O.OOE+OO 
7.50£-01 O.OOE+OO 

- 8.00E-O 1-· O.OOE+OO 
8.50E-=c>T- ' O.OOE+OO .. 
9.00E-01 O.OOE+OO 

--
950£-01- O.OOE+OO 

---- - -- -
I.OOE+OO O.OOE+OO 

- - -· ------ --
l .05E+OO O.OOE+OO 

-

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 

40 I. I OE+OO O.OOE+OO 0 
41 - l-:T5E+OO- O~OOE+OO 0 

-----
42 1.20E+OO O.OOE+OO 0 
43 --- , ~25.E+OO O.OOE+OO ' 0 

44 I .30E+OO O.OOE+OO 0 
45 J.35E+OO O.OOE+OO 0 
46 l.40E+OO O.OOE+OO 0 

t---1--,--,---,=-- ----- - -
47 l.45E+OO , O.OOE+OO i 01 ------ ----
48 I .50E+OO O.OOE+OO o· 

-- ·--- - - · -
49 I .55E+OO O.OOE+OO 0 
50 l.60E+OO I O.OOE+oo ' - 0 
51 ·--l .65E+Oo'-O.OOE+OO , 

52 l.70E+OO O.OOE+OO 1 

53 - 1:7.SE+OO- O.OOE+Oo' -
54 - - f:soE+oo - o.ooE+oo ' 

55 
56 
57 
58 
59 total 
60 

l. 85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO . O.OOE+OO 

4.47E-0 1 

0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

-

BH 

Unt 

---

Bl BJ BK BL BM BN 

_J 

Filename :fidl60a Filename 

- . - - - ---~-------l 
. I tally 8 I ta ll y 8 nps = 45009897 

tally type 8 pu lse height distribution. 
tally for photons · 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 2.00E-01 0.0003 
I. OOE-0 1 4.1 2£-02 0.0007 · 
l. 50E-O I 7.03E-02 0.0005 .,. 
2.00E-01 l.38E-O I 0.0004 

- -----
2.50E-OI O.OOE+OO 01 

-- - ---
3.00E-01 O.OOE+OO 0 

O.OOE+OO 
------·-

3.50E-O I 0 
4.00E-01 O.OOE+OO 0 

O.OOE+00
1 --

4.50£-01 0 
-- 0-5.00E-01 O.OOE+OO 

O.OOE+OO-- -
·-

5.50E-OI 0 
6.00E-01 O.OOE+OO 0 
6.50E-OI O.OOE+OO 0 

-- . --- - -
7.00E-0 1 O.OOE+OO 0 
7.50E-OI O.OOE+oo · 0 
8.00E-01 O.OOE+OO 0 
8.50£-01 O.OOE+OO 0 
9.00E-01 O.OOE+OO 0 
9.50E-0 1 O.OOE+OO 0 
I .OOE+OO O.OOE+OO 0 

-
I .05E+OO O.OOE+OO 0 
I. IOE+OO O.OOE+OO 0 
l.1 5E+OO O.OOE+OO- 0 
l .20E+OO O.OOE+OO 0 
l. 25E+OO O.OOE+OO 0 
l .30E+OO O.OOE+OO 0 
l. 35E+OO O.OOE+OO 0 
l .40E+OO O.OOE+OO 0 
I .45E+OO O.OOE+oo" -- r 

--
l .50E+OO O.OOE+OO 0 
l .55E+OO O.OOE+OO 0 
l .60E+OO O.OOE+oo ·-- - ()-

' ..J --•---- ---
l .65E+OO O.OOE+OO 0 
1.70E+Oo : 0.00~+00 1 0 
l .75E+OO O.OOE+OO 0 
l .80E+OO O.OOE+OO 0 
l .85E+OO O.OOE+oo ' 0 
l.90E+OO O.OOE+OO 0 
l .95E+OO O.OOE+OO 0 

' 2.00 E+OO O.OOE+OO 0 
total 4.49E-O I 0.0002 

I /16/02 

-+ 
i 
I 

. ---
uni ' tally ty 

ta lly fo 
-----

--1 cell 2 

energy 
-

O.OOE+OO 
- · -- -- -

5.00E-02 
- ---;--l.OOE-01 

- -t-
l .50E-OI 
2.00E-01 
2.50E-O I 
3.00E-01 
3.50£-01 
4.00E-01 
4.50£-01 
5.00E-0 1 

-i-- 5.50£-01 
6.00E-01 
6.50E-OI 
7.00E-01 

- - __j_ 

- - __J_ 
7.50E-OI 
8.00E-01 
8.50£-0 1 
9.00E-01 
9.50E-O I 
I.OOE+OO 

- · -
l.05E+OO 
l. lOE+OO 
1.1 5E+OO 
J.20E+OO 
l.25E+OO 

I l .30E+OO __j ___ 

I .35E+OO 
--• - -

l .40E+OO 
I .45E+OO 
l .50E+OO 

-;-
l. 55E+OO 
J. 60E+OO 

~- -
l. 65E+OO ---
l.70E+OO 
l.75E+OO 
l.80E+OO 

T - 1.8.SE+oO -- --- -
l.90E+OO 
l. 95E+OO 
2.00E+OO 

total 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

BD BE BF BG 
61 
62 Filename fid 140b 
63 
64 ltally 8 nps=49l21867 
65 _ -- ~l_lx ~pe 8 __ pulse __ heig_h_t distribution. 
66 tally for photons 
67 
68 cell 2 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 
83 
84 

energy 
O.OOE+OO O.OOE+OO 
5.00E-02 l.69E-O I 
1.00E-0 I 5.07E-02 
1.50E-O I 2.49E-O I 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.SOE-0 I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
- - . 

7.00£-01 0.00£+00 
85 7 .50E-O I O.OOE+OO · 
86 8.00E-01 .. b.ooi+oo 
87 ---EoE-oi'- o.ooE+oo' 

88 9.00£-01 O.OOE+OO 
89 
90 
91 

9.50£-01 O.OOE+OO 
I .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 

92 I. I OE+OO O.OOE+OO 
93 1.15E+OO O.OOE+OO 
94 l .20E+OO O.OOE+OO 
95 1.25£+00 O.OOE+OO 
96 1.30£+00 O.OOE+OO 
97 I .35 E+OO O.OOE+OO 
98 1.40£+00 O.OOE+OO 
99 1.45£+00 O.OOE+OO 
I 00 1.50E+OO 0.00E+OO 
IO I 1.55£+00 O.OOE+OO 
I 02 1.60£+00 O.OOE+OO 
I 03 1.65£+00 O.OOE+OO 
I 04 1.70£+00 O.OOE+OO 
I 05 l.75 E+OO O.OOE+OO 
I 06 l .80E+OO O.OOE+OO 

- - -- - --- ~ 
I 07 I .85E+OO , O.OOE+OO 
108 --l .90E+OO O.OOE+OO 

109 1.95£+00 O.OOE+OO 
110 2.00E+OO O.OOE+OO 

--------· ·· 
111 total 4.69£-01 
112 
113 

t---t-:::-:-:---- ----- ---
114 Filename fid 140c 1 

--- ·- --- ---· ---
115 
1161tally 8 nps=51199327 

0 
0.0003 
0.0006 
0.0002 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

o'­
o 
0 

0.0002 

117 -- tally type 8 pulse height distribution . 
118 - tally foi'photons -

- --- -- -

119 
120 cell 2 

BH 

Uni 

Ulll 

Bl BJ BK BL BM BN 

Filename fidl60b Filename 

!tally 8 nps = 47330234 ltally 8 -----
tally type 8 pulse_he!ght dist:ibution. _____ u_n_1 __ tally ty 
tally for photons tally fo 

cell 2 
energy 

total 

O.OOE+OO O.OOE+OO 0 
5 .OOE-02 2.06E-O I 0.0003 

'-----'-
1.00E-O I 3.87E-02 0.0007 
l.50E-01 6.71£-02 
2.00E-0 I 1.58£-0 I 
2.50£-0 I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.SOE-0 I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50£-0 I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.SOE-01 . O.OOE+oo · 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-Ol O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I . O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
l.05E+OO O.OOE+OO ,- --

1. l OE+OO O.OOE+OO 
l. l 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30£+00 O.OOE+OO 
I .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
1.50£+00 O.OOE+OO 
l.55E+OO . O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 

0.0005 
· oJio6'3-- - -

0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 oT - -
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
0 

I .70E+OO O.OOE+OO 0 
1.75E+OO O.OOE+OO 0 

J 

I.80E+OO O.OOE+OO · 0 
J.85E+oo o.ooE+oo , o·, 

.,1 __ _ 

I .90E+OO O.OOE+OO 0 
·- -- ~ - ---

1.95£+00 O.OOE+OO 0 
l----- -

2.00E+OO O.OOE+OO 0 
I - -- ·-

4,70£-01 0.0002 

Filename fidl60c 

: cell 2 
energy 

--- - --· - -

-----

O.OOE+OO 
5.00E-02 
I.OOE-01 
l.50E-O I 
2.00E-01 
2.50E-OI 
3.00E-01 
3.50£-0 I 
4.00E-01 
4.50£-01 
5.00E-01 
5.50£-01 
6.00E-01 
6.50£-01 
7.00E-01 
7.50E-O I 
8.00E-01 
8.50£-01 
9.00E-01 
9.50E-Ol 
I.OOE+OO 

-- ------- - -
1.05£+00 
I.I OE+OO 
1.15E+OO ·- ------- -
1.20£+00 
1.25£+00 

---
l.30E+OO 

---
l.35E+OO 

' --- 1.40£+00 
·---- -

I .45E+OO 
l.50E+OO 
l.55E+OO 
- -

l.60E+OO 
I.65E+OO 
l.70E+OO 
l.75E+OO ----

-----
l.80E+OO 
1.85£+00 
l .90E+OO 
l.95E+OO 
2.00E+OO 

----'--
1total 

,-----

/Filename -----------
_J 

!tally 8 nps "'.' 4_9076~4 __ , !tally 8 - -- ---- . ~--------= --- -
tally type 8 pulse_height distributio~·--·-- __ u_n_i __ t~lly _ty 
tally for photons _ ___!~lly fo 

cell 2 . cell 2 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca .xis" 

BD BE 
121 energy 
122 0.00E+00 0.00E+00 
123 5.00E-02 1.7 1 E-0 I 
124 1.00£-01 -4.58.E-02 
125 l .50E-0 I 2.62E-0 I 

BF 

0 
0.0003 
0.0006 
0.0002 

126 2.00E-0 I 0.00E+00 
127 2.50E-0 I 0.00E+00 
128 3.00E-0 1. 0.00E+00 
129 - 3.50E-01

1 
0.00E+00 

130 4. 00E-0 I 0.00E+00 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

4.50E-0l 0.00E+00 
5.00E-0 I 0.00E+00 
5.50E-0 l 0.00E+00 
6.00E-0 I 0.00E+00 
6.50£-0 l 0.00E+00 
7.00E-0 I 0.00E+00 
7.50£-01 0.00E+00 

0 

0 

o, 
0 

0 
0 

0 
0. 
0 

0 

0 
0 

8 00E-0 I 0.00E+00 0 
8.50£-0 I 0.00E+00 0 
9.00E-0 I 0.00E+00 0 
9.50E-0 I 0.00E+00 0 

142 l.00E+00 0.00£+00 0 
143 l. 05E+00 0.00E+00 0 

1-1_44-_ l_.l_O_E+__2_Q__J).OO}+ OO :·-~ - -o• 
145 1.1 5£+00 0.00£+00 0 ----146 1.20£+00 0.00E+00 0 ------ ' --
147 1.25E+00 0.00£+00 0 

- -- --
148 l.30E+00 0.00E+00 0 -- - . 
149 
150 

l .35E+00 0.00E+00 0 
l .40£+00 0.00E+00 

15 l l.45E+00 0.00E+00 
- - -- · 

152 1.50E+00 0.00E+00 
153 - ·1 -:-55£+00 0.00E+00 
154 
155 
156 
157 
158 

1.60£+00 0.00E+00 
l .65E+OO 0.00E+00 
l .70E+oo ·-0.00E+00 

- - - -- - • 

l .75£+00 0.00E+00 
l .80E+00 0.00E+00 ------159 l.85E+00 0.00E+00 

160 1.90£+00 0.00£+00 
- --

161 I. 95E+00 0.00E+00 
162 2.00E+00 0.00E+00 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

163 to tal 4.79E-0 I 
164 

0.000 1 

165 
166 Filename fidl40d 
167 I 

-------- - -...1---
168 I tally 8 nps ~ ~3_008~--

I 

BG 

169 tally type 8 pulse height distribution. 

170 tally f? r photo_n~-L-- ___ _ 
171 
172 cell 2 

energy 173 
174 
175 

0.00E+00 0.00E+00 0 
ToOE-OT l .72E-0l 0.0003 

176 l. 00E-0 I 4. l 4E-02 
177 l.50£-01 2.71£-0 1 
178 2.00E-0 I 0.00E+00 
179 2.50£-0 l 0.00E+00 
180 3.00E-0 I 0.00E+00 

0.0007 
0.0002 

0 
0 
0 

BH 

uni 

BI BJ BK 
energy 
0.00E+00 0.00E+00 0 
5.00E-02 2.08£-0 I 0.0003 
I.00E-0 I 3.68£-02~ 0.0007 
1.50£-0 I 6.26E-02 0.0006 
2 00E-0 I 1.73£-0 I 0.0003 
2.50£-0 I 0.00E+00 0 
3.00E-0 I 0.00E+00 0 
3.50£-0 I 0.00E+00 0 
4.00E-0 I 0.00E+00 0 
4.50E-0 I 0.00E+00 0 
5.00E-0 I 0.00E+00 0 
5.50E-0 I 0.00E+00 
6 00E-0 I 0.00E+00 
6.50£-0 I 0.00E+00 
7 .00E-0 I 0.00E+00 
7 .50£-0 I 0.00E+00 
8.00E-0 I 0.00E+00 
8.50£-0 I 0.00E+00 
9.00E-0 I 0.00E-t-00 
9.50£-0 I 0.00E+00 
I .00E+00 0.00E+00 
I .05E+00 0.00E+00 
1.1 0E+00 0.00E+00 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 

BL BM 

- __ 

; __ 
--- -- ---t 

BN 
energy 
0.00E+00 
5.00E-02 
l.00E-01 
l .50E-0 1 
2.00E-0 1 
2.50£-0 1 
3.00E-01 
3.50£-0 1 
4.00E-01 
4.50E-0 l 
5.00E-01 
5.50£-0 1 
6.00E-0 I 
6.50E-0l 
7.00£-01 
7.50£-01 
8.00E-01 
8.50£-0 l 
9.00E-0T 
9.50E-01 
J.00E+00 
l.05E+00 

l . l 5E+00 O.OOE+Otr -
--- - _,_______ 1.I 0E+00 

1.15E+00 
l .20E+00 

Qi 

1.20£+00 0.00E+00 Q, 

l .25£+00 0.00E+00 0 

total 

l .30E+00 0.00E+00 
1.35£+00 O.OOE+OO ' --
1.40£+00 0.00E+00 
1.45£+00 0.00E+00 
1.50£+00 , 0.00E+00 
1.55£+00 0.00£+00 
1.60£+00 0.00E+00 
1.65£+00 0.00E+00 
l .70E+00 0.00E+00 
1.75£+00 0.00E+00 
1.80£+00 0.00E+00 
I .85E+00 0.00E+00 
I .90E+00 0.00E+00 
1.95£+00 0.00E+00 
2.00E+00 0.00E+00 

4.80£-01 

Fil ename fid l60d 

. ' 
ltally 8 nps = 50700743 

0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
f --
0 
0 
0 

0.000 1 

_j 

-----
__ , __ - I l .25E+00 

- ·---- -
1.30£+00 
1.35£+00 
l .40£+00 
l .45£+00 

----·-- -
1.50£+00 
l .55E+00 

.l-- --

total 

l .60E+00 
l.65E+00 
l.70E+00 
l.75E+00 
l.80E+00 
1.85£+00 
1.90£+00 
1.95£+00 
2.00E+00 

I Filename 

---- - -----'- -,-,----

~--_J I tally _ ~ -- _ 
tally type 8 pulse height distribution. 
tally for -ph~ons-- -- --

um tally ty 
_ __ ta_llyfo 

ce ll 2 
energy 
0.00E+00 O.OOE+OO-- 0 
5.00E-02 2.09£-01 · 0.0003 
l. 00E-0 l 3.52£-02 
l.50£-01 5.79E-02 
2.00E-0 I 1.83£-0 I 
2.50£-0 I 0.00E+00 
3.00E-0 I 0.00E+00 

1/ 16/02 

0.0007 
0.0006 
0.0003 

0 
0 

cell 2 
energy 
0.00E+00 
5.00E-02 
I. 00E-0 I 
l .50E-01 
2.00E-01 
2.50E-0 l 
3.00E-01 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.x is" 

BD BE BF BG BH BI BJ BK BL BM BN 
181 3.50E-O I O.OOE+OO 0 3.50E-O I O.OOE+OO 0 3.50E-OI 

182 4.00E-0 1 O.OOE+OO 0 4.00E-01 O.OOE+OO 0 4.00E-01 

183 4.50E-01 fOOE+OO 0 4.50E-01 O.OOE+OO 0 4.50E-01 

184 5.00E-01 O.OO E+OO 0 5.00E-01 O.OOE+OO 0 ' 5.00E-0 1 .. 
185 5.50E-01 O.OOE+OO 0 5.SOE-01 O.OOE+OO 0 5.50E-O I 

----
186 6.00E-01 O.OOE+OO 0 6.00E-01 O.OOE+OO 0 6.00E-01 

- ----
187 6.50E-OI O.OO E+OO 0 6.50E-01 O.OOE+OO 0 6.50E-0 1 

188 7.00E-01 O.OOE+OO 0 7.00E-01 O.OOE+OO 0 7.00E-01 _, - - • -- --·--- - ---
189 7.50E-OI O.OOE+OO 0 7.50E-01 O.OOE+OO , 0: 7.50E-OI 

- ·-·----- ---· 
190 8.00E-01 O.OOE+OO 0 8.00E-01 O.OOE+OO 0 8.00E-01 

191 8.50E-OI O.OOE+OO 0 8.50E-01 O.OOE+OO 0 8.50E-01 

192 9.00E-0 I O.OOE+OO 0 9.00E-01 O.OOE+OO 0 9.00E-01 

193 9.50E-01 O~OOE+OO 0 9.50E-01 O.OOE+OO 0 
' 

9.50E-OI 
. - - ·--- --

194 I.OOE+OO O.OOE+OO 0 I. OOE+OO O.OOE+OO 0 I.OOE+OO 

195 l .05E+OO O.OOE+OO 0 I. 05E+OO O.OOE+OO 0 l.05E+OO 
196 I. I OE+OO O.OOE+OO 0 1.IOE+OO O.OOE+OO 0 I.IOE+OO 

197 l.15E+OO O.OOE+OO 0 1.15E+OO O.OOE+OO 0 l.15 E+OO 

198 l.20 E+OO 0.00E+OO o' l .20E+OO O.OOE+OO : o: I .20E+OO 

199 l.25E+OO O.OOE+OO 0 l. 25E+OO O.OOE+OO 0 l.25E+OO 

200 1.30E+OO O.OOE+OO 0 l.30E+OO O.OOE+OO 0 l .30E+OO 

201 l.35E+OO O.OOE+OO 0 I.35E+OO O.OOE+OO 0 l.35E+OO 

202 1.40E+OO O.OOE+OO 0 I .40E+OO O.OOE+OO 0 I.40E+OO 

203 I.45E+OO O.OOE+OO 0 1.45E+OO O.OOE+OO 0 I .45E+OO .. - - -
204 I.50E+OO O.OOE+OO 0 l.50E+OO O.OOE+OO 0 l .50E+OO 

.. - - --· 
205 1.55E+OO O.OOE+OO 0 1.55E+OO O.OOE+OO 0 l.55E+OO 

- - - ··o'. . 206 l .60E+OO O.OOE+OO 0 I. 60E+OO O.OOE+OO l .60E+OO 
- - - - ----- ~ o' 207 1.65E+OO O.OOE+OO 0 1.65E+OO O.OOE+OO l.65E+OO 
-- ----- - -

208 l.70E+OO O.OOE+OO 0 l.70E+OO O.OOE+OO 0 I.70E+OO 
- - -·-- -- . . - ---- -

209 l. 75E+OO O.OOE+OO 0 I. 75E+OO O.OOE+OO 0 l.75E+OO 
-------

210 I. 80E+OO O.OOE+OO 0 l.80E+OO O.OOE+OO 0 l .80E+OO 
l. 85E+OO O.OOE+OO 0 1.85E+OO O.OOE+OO -f -- -------- --

21 1 1.85E+OO 
--------- - - ------

212 1.90E+OO O.OOE+OO 0 I.90E+OO O.OOE+OO 0 I.90E+OO 
- -- ---------

213 I.95E+OO O.OOE+OO 0 I.95E+OO O.OOE+OO 0 I.95E+OO 
.. - ------ - . 

214 2.00E+OO O.OOE+OO 0 2.00E+OO O.OOE+OO 0 2.00E+OO 
•--------

215 total 4.85E-O I 0.000 1 total 4.85 E-OI 0.0001 total 
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Worksheet "MCNP Data p= 1.5" of Workbook "MCNP Volume Seneca.x is" 

I 
2 
3 

4 
5 

6 
7 

8 
9 

BO 

10 fid180a 
11 
12 ps =442668l5 

BP BQ 

13 e 8 pulse height distribution . 
14 photons 
15 
16 
17 
18 O.OOE+OO 0 
19 2.30E-O I 0.0003 
20 3.59E-02 0.0008 

--- -------- --
21 5.82E-02 0.0006 
22 l .26E-O I 0.0004-
23 O.OOE+OO 0 

t---t----,----,----,-----,--·---- ---- . 
24 O.OOE+OO O· 

------
25 O.OOE+OO 0 
26 O.OOE+OO 0 
27 O.OOE+OO 
28 O.OOE+OO 
29 O.OOE+OO 
30 O.OOE+OO 
31 O.OOE+OO 
32 O.OOE+OO 
33 O.OOE+OO 
34 O.OOE+OO 
35 O.OOE+OO 

0 

36 O.OO E+OO 0 
37 O.OOE+OO 0 
38 O.OOE+OO 0 
39 O.OOE+OO 0 ----- - -
40 O.OOE+OO 0 
41 O.OOE+OO 0 
42 O.OOE+oo ' 0 
43 O.OOE+OO 0 
44 O.OOE+OO 
45 O.OOE+OO 
-- - -

46 O.OOE+OO 
47 O.OOE+OO 
48 O.OOE+OO : 
49 O.OOE+OO 
50 O.OOE+OO 

- -- --~ 
51 O.OOE+OO 
52 O.OOE+OO 
53 O.OOE+OO 

0 
0 
0 
0, 
0 , 

0 -- - --· 
0 
0 
0 
0 

54 - O.OOE+001
-

-- -- - ·- -
55 O.OOE+OO 
56 O.OOE+OO 
57 O.OOE+OO 
58 O.OOE+OO 
59 4.5 1 E-01 
60 

0 
0 
0 
0 

0.0002 

BR 

Uni 

BS BT BU BY BW BX BY 

Filename lid200a Filename fid220a 

--·--
!tally 8 nps = 43394503 'l tally 8 __ nps =_ 43 ! I 

tally type 8 pulse height distribution. 
tally for photons 

un1 tally type 8 pul se -- -----
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2. SS E-0 I 
l .OOE-01 3.51 E-02 
l .SOE-01 5.07E-02 
2.00E-01 1.11 E-0 I 
2.SOE-0 1 4.24E-05 
3.00E-01 O.OOE+OO 
3.SOE-01 O.OOE+OO 
4.00E-01 O.OOE+OO 
4.SOE-01 O.OOE+OO 
5.00E-01 O.OOE+OO 
5.SOE-0 I O.OOE+OO 
6.00E-01 O.OOE+OO 
6.SOE-0 1 O.OOE+OO 
7.00E-01 O.OOE+OO 
7.SOE-01 O.OOE+OO 
8.00E-01 O.OOE+OO 
8.SOE-0 I O.OO E+OO 
9.00E-01 O.OOE+OO 
9.SOE-0 1 O.OOE+OO 
I.OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
1.IOE+OO O.OOE+OO 
1.15E+OO O.OOE+OO 
l .20E+OO 0.00[+00 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l.35E+OO O.OOE+OO 
1.40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 

' ! 
l.SOE+OO O.OOE+OO 
l.55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l.65 E+OO O.OOE+OO 
I.70E+OO O.OOE+OO 
l.75E+OO O.OO E+OO 
1.80E+OO O.OOE+OO 
l.85E+OO O.OOE+OO 
l. 90E+OO O.OOE+OO 
I.95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.5 1 E-0 I 

1/16/02 

0 
0.0003 
0.0008 
0.0007 
0.0004 
0.0233 

o· 
0 , 
oj --
o 
0 

0, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ce ll 2 
energy 
O.OOE+OO . O.OOE+OO 
5.00E-02 2.74ETI 
1.00E-01 3.4 1E-02 
l.SOE-01 4.67E-02 
2.00E-01 1 2.33E-02 

-- ~ - - 2.SOE-01
1 

7.34£-02 

3.00E-01 O.OOE+OO 
3.SOE-01 , O.OOE+OO 
4.00E-01 O.OOE+OO 
4.SOE-01 O.OOE+OO 

--..J-----+-----1 
5.00E-01 , O.OOE+OO 
5.SOE-01 O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.SOE-0 I O.OOE+OO 

_____ 7.00E-0 1, O.OOE+OO 
, 7.SOE-01 O.OOE+OO 

-----·-
8.00E-O I O.OOE+OO 
8.SOE-01 O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-01 O.OOE+OO 
1.00E+OO O.OOE+OO 
---'----

1.05E+OO O.OOE+OO 
0 I. I OE+OO O.OOE+OO 
0 1.15E+OO • O.OOE+OO 
0 1.20E+OO O.OOE+OO 
0 1.25E+OO O.OOE+OO 
0 I .30E+OO O.OOE+OO 
0 I .35E+00 1 O.OOE+OO --- ~--
0 1.40E+OO O.OOE+OO 

--'---· 

0 l .45E+OO O.OOE+OO __ ,_ 

~ 1- l.50E+OO I O.OOE+OO 
o ---------------,1-=.scc:s=-E+-o:--:o~ o-=.o...,.o=E+-o-:o 

-0l- -- - •--1.60E+oo 1 o.ooE+oo 
0 -- . -- ~-1.65E+OO I O.OOE+OO 

0 
0 
0 
0 
0 
0 

0 
0.0002 

1.70E+OO O.OOE+OO 
- ---

1.75E+OO O.OOE+OO 
I-

1.80E+OO O.OOE+OO 
1.85E+OO O.OOE+OO ~- ---
l.90E+00 1 O.OOE+OO 
I.95E+OO O.OOE+OO -~-
2.00E+OO O.OOE+OO 

,-

total 4.52E-OI 
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BO 
61 
62 fid 1806 
63 
64 ps = 46093043 

BP BQ 

- r 

65 e 8 pulse height distribution . 
66 photons 
67 
68 
69 
70 O.OOE+OO 
71 2.37£-01 
72 3.50£-02 
73 5.48£-02 - . . 

74 l.44£-0 l 
75 O.OO E+OO 
76 O.OOE+OO 
77 O.OOE+OO 
78 O.OOE+OO 
79 O.OOE+OO 
80 O.OOE+OO 
81 O.OOE+OO 

82 O.OOE+OO 
-----••--

83 O.OOE+OO 
84 O.OOE+OO 

85 O.OOE+OO 
86 O.OOE+OO 
87 O.OOE+OO 
88 O.OOE+OO 

•- -- ·- -

89 O.OOE+OO 
90 O.OOE+OO 

0 

0.0003 
0.0008 
0.0006 
0.0004 

0 

0 
0 
0 
0 
0 

0 : 
0 
0 
0 

0 
0 

0 
0 
0 
0 -- -- -- -·-----

91 O.OOE+OO ' 
92 O.OOE+OO 
93 O.OOE+OO 
94 O.OOE+OO 
95 O.OOE+OO 

96 O.OOE+OO 
97 O.OOE+OO 
98 O.OOE+OO 

- ----- - -·-
99 O.OOE+OO 
100 O.OOE+OO 
JO I O.OOE+OO 
102 O.OOE+OO 

103 O.OOE+OO 
104 O.OOE+OO 
105 O.OOE+OO 
106 O.OOE+OO 

·- -- · • 

0 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 

0 
0 
0 
0 

0 
107 O.OOE+OO 0 
108 O.OOE+OO 0 

- -- -- - - ·- -
109 O.OOE+OO . 0 
110 O.OOE+oo · - 0 

- - - - ·----
111 4.71E-OI 0.0002 
112 

- .,_I --- -

BR 

uni 

BS BT BU BY 

Filename fid200b 

! tally 8 nps = 45024097 
tall y type 8 pulse height distribution . 
tall y for photons · -

; cell 2 
energy 
O.OOE+OO 
5.00E-02 
I.OOE-0 l 
I .50E-O l 
2.00E-01 
2.50E-Ol 
3.00E-01 
3.50E-O I 
4.00 E-0 I 
4.50E-Ol 
5.00E-0 1 
5.SOE-01 
6.00E-01 . 

6.50£-0 1 
7.00E-01 
7.50E-O I 
8.00E-0 I 
8.50E-Ol 
9.00E-0 1 
9.50£-0 I 
l .OOE+OO 
l .05E+OO 
l.lOE+OO 
l. l 5E+OO 
l .20E+OO 
l.25 E+OO 
l.30E+OO 
l .35E+OO 
l.40E+OO 
l .45E+OO 
l .50E+OO 
l .55E+OO 
1.60£+00 
l.65E+OO 
l.70E+OO 
l.75E+OO 
l.80E+OO 
l.85E+OO 
l .90E+OO 
1.95£+00 
2.00E+OO 

tota l 

O.OO E+OO 
2.62E-O l 
3.54E-02 
4.80E-02 
l .26E-Ol 
5.08E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OO E+OO 
O.OOE+OO , 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO · 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 1 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.7 IE-Ol 

0 

0.0002 
0.0008 
0.0007 
0.0004 
0.0209 

0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 

0 

0 
0 
( -

0 , 

O• 
0 
0 

o.oooi' 
.L -

113 ----·•---~ -- - - - ---- j - - -

114 fid 180c - --- . - -- -- -
11 5 
116 ps = 47593856 
117 e_8 pulse _h-eight dist~ibution . 
118 photons 
119 
120 

Filename fid200c 

-- 1 ltally 8 nps = 46502368 
; ., 

um 

cell 2 

tally type 8 pulse height distribution . 
tally for photons ' 

1/ 16/02 

BW BX BY 

Filena me ~fid220b 

'. I tally 8 _ ~s = 4_462 _ 
uni - tally type 8 pulse 

tally f01: ph~ons -
- --,.-- -

cell 2 

___ e~~~y --- . - ----
0.00E +OO O.OOE+OO - -- - -- - -
5.00E-02 , 2.83£-0 l 
l.OOE-0 1 3.51£-02 -------
l.50E-O I 4.48£-02 
2.00E-0 1 2.33£-02 
2.50£-01 8.57£-02 
3.00E-0 1 O.OOE+OO 
3.50£-0] O.OOE+OO 
4.00E-0 1 O.OOE+OO 
4.50£ -0 l O.OOE+OO 
5.00E-0 l O.OOE+OO 

- ·-- . 

5.SOE-01 O.OOE+OO 
. -- - -

6.00E-0 I O.OOE+OO - - - - · - ---------
6.50£-0 l O.OOE+OO 
7.00E-61i 6.66E+OO . -· 

7.50£ -01 O.OOE+OO 
8.00E-0 1 O.OOE+OO 

-·8.50E-O 1 ·-◊-.00E+OO 

9.00E-0 1 O.OOE+OO 
9.50£ -01 O.OOE+OO 
1.00E+OO O.OOE+OO 
1.05£+00 O.OOE+OO 
1.1 OE+oo· O~OOE+o·o 

I. I 5E+OO O.OOE+OO 
J.20E+OO · O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
l .55E+OO -- O~OOE+OO 

l .60E+OO O.OOE+OO 
---- -----· -

1.65£+00 O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
1.85E+OO ! O.OOE+OO 
I §OE+00- 0.00E+OO 

I~SE+OO O.OOE+OO 
- 2.00E+00

1
- O.OOE+OO 

-· ------
total ..,_ 4:?_3_E-O I 

- ---· - - -· --- - ------l 

_ J Filename_ i fid220c 

' 
, ]tally 8 nps = 4580-

----i:;;;-r· -----tally type 8 pulse 

ta l_)L!:~~.e_h~~s -

cell 2 
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BO 
121 
122 O.OOE+OO 
123 2.39E-O I 
124 3.43E-02 
125 5.06E-02 
126 I .56E-O I 
127 O.OOE+OO 
128 O.OOE+OO 

BP 

0 
0.0003 
0.0008 
0.0006 
0.0003 

0 

0 
129 O.OOE+OO 0 
130 O.OOE+OO 0 
131 O.OOE+OO 0 

- ---- - -
132 O.OOE+OO 0 

- ---·--
133 O.OOE+OO 0 
134 O.OOE+OO 0 
135 O.OOE+OO 0 
136 O.OOE+OO 0 
137 O.OOE+OO 0 
138 O.OOE+OO 0 
139 O.OOE+OO 0 
140 O.OOE+OO 0 
141 O.OOE+OO . 0 
142 O.OOE+OO 
143 O.OOE+OO 

--- _ _ --J_ 

144 _ 0 OOE+00 1_ 
145 O.OOE+OO 
146 O.OOE+OO 
147 O.OOE+OO I 
148 O.OOE+OO 
149 O.OOE+OO -----
150 O.OOE+OO 
151 O.OOE+OO 
152 O.OOE+OO 
153 O.OOE+OO 

---- --- - -
154 O.OOE+OO 
155 O.OOE+OO 
156 O.OOE+OO 
157 O.OOE+OO 
158 O.OOE+OO 
---- --

159 O.OOE+OO 
160 O.OOE+OO 
161 O.OOE+OO 

0 
0 
0 

- -
0 

0 

0 
0 
0 
0 
0 

0 
0 

0 

0 

0 
0 

0 

0 
0 
0 

162 O.OOE+OO 0 
163 4.81 E-0 I 0.0002 
164 
165 
166 lid 180d 
167 
---~ 

168 ps = 4~7881_9 

BQ 

169 e 8 p~l~e~~ight dist~buti~n: __ 
170 _£ho~~~ 
171 
172 
173 
174 O.OOE+OO 
175 2.40E-O I 

----·-
176 3.38E-02 
177 4.63£-02 
178 l.65E-O I 
179 O.OOE+OO 
180 O.OOE+OO 

0 
0.0003 
0.0008 
0.0007 
0.0003 

0 
0 

BR 

- t-

BS BT 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.65E-OI 
I.OO E-0 I 3.54E-02 
1.50E-O I 4.47E-02 
2.00E-0 I I .36E-O I 
2.50E-O I 5.54E-05 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE +OO 
1.00E+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
l. l OE+OO O.OOE+OO 
l. I 5E+OO O.OOE+OO 
I .20 E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55 E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O OOE+OO 
l.70E+OO O.OOE+OO 
1.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
l.90E+OO O.OOE+OO 
I .95 E+OO O.OOE+OO 

BU 

0 
0.0002 
0.0008 

0.0027 1 
0.0004 
0.0197 

0 
0 
0 
0 
0 

I 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
o; 
-or -
0 

0 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

2.00E+OO O.OOE+OO 0 
total 4.81 E-01 0.0002 

Filename tid200d 

ltally 8 nps = 4 790306 1 
l 

BY BW BX BY 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.86E-O I 
l.OOE-0 I 3.57E-02 
I .50E-O I 4.23E-02 

1 _____ - -----4--

2.00E-O I 2.27E-02 
2.50E-O I 9.44E-02 
3.00E-01 O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I- O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-01 . O.OOE+OO 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7.50E-0 1 O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.'OOE+OO 
9.00E-0 I O.OOE+OO 
9.SOE-0 I · 0.00E+OO 
I .OOE+00 1 O.OOE+OO 

- --I .05E+GO , O.OOE+OO 

1.1 OE+OO O.OOE+OO 
1.15E+OO , O.OOE+OO 
I .20E+OO O.OOE+OO 

--, I .25E+OO O.OOE+OO 
- -- - . - - - · --

I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 

_ _ I .45E+~.OOE+OO 
l .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO , O.OOE+OO 

·- - ---- - --
l .65E+OO O.OOE+OO 

-~-- - - _.J_ --

l.70E+OO O.OOE+OO 
I .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 

! 

l .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO - ·-- - -- ......,_ ___ _ 

total 4.81E-OI 

, Filename , fid220d 

__ __I t~lly_ 8 nps = 4666 
uni tally type 8 pulse height distribution. um __ !~)'._ type 8 pulse 

tally for photons tally for photons 

I-
cell 2 

energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.66E-OI 
I.OOE-0 I 3 .55E-02 
l.50E-0 I 4. I 3E-02 
2.00E-0 I I .43E-O I 
2.50E-O I 5 .56E-05 
3.00E-0 I O.OOE+OO 

1/ 16/02 

0 
0.0002 
0.0008 
0.0007 
0.0004 
0.0 194 

0 

--~----
1 

cell 2 
_j_ - - - _____ , 

_ _ _ 3~er~ _ ~---, 
O.OOE+OO O.OOE+OO 
5.00E-02 2.87E-OT 
I .OOE-0 1 3.62E-02 
i .50E-01 3~9-8E-02 
2.00E-0 I 2. 19E-02 
2.50E-O ( 1.0 I E-0 I 
300E-OI - O.OOE+OO 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

BO BP BQ BR BS BT BU BY BW BX BY 

181 O.OOE+OO 0 3.50E-O I O.OOE+OO 0 3.SOE-0 I O.OO E+OO 

182 O.OOE+OO 0 4.00E-01 O.OOE+OO 0 4.00E-01 O.OOE+OO 

183 O.OOE+OO 0 4.50E-01 O.OO E+OO 0 4.50E-01· O~OOE+OO 

184 O.OOE+OO 0 5.00E-01 O.OOE+OO 0 5.00E-0 I O.OOE+OO 

185 O.OOE+OO 0 5.50E-01 O.OOE+OO 0 5.~0E-~~_Q_.OOE+i)_Q 
186 O.OOE+OO 0 6.00E-01 0.00E+OO 0 6.00E-01 O.OOE+OO 

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

187 O.OOE+OO 0 6.50E-OI O.OOE+OO 0 6.50E-Ol O.OOE+OO 

188 O.OOE+OO 0 7.00E-01 O.OOE+OO 0 'i .ooE:o i-- o.OOE+OO 
--- _.,_ - ._ _____ 

189 O.OOE+OO 0 7.50E-0I O.OOE+OO 0 7.50E-O I O.OOE+OO 

190 O.OOE+OO 0 8.00E-01 O.OOE+OO 0 8.00E-01 O.OOE+OO 

191 6.00E+OO - 0 8.50£-0 I O.OOE+OO o: 8.50E-OI O.OOE+OO 
---- ---· - -

9.00E-01 
- •-

- 9.00E-01 -192 O.OOE+OO 0 O.OOE+OO 0 O.OOE+OO 
-- - --- -· -- ----· 

193 O.OOE+OO 0 9.50£-01 O.OOE+OO ; 0 9.50E-OI O.OOE+OO 

194 O.OOE+OO 0 l.OOE+OO O.OOE+OO 0 I .OOE+OO O.OOE+OO 

195 O.OOE+OO 0 l .05E+OO O.OOE+OO 0 1.05£+00 O.OOE+OO 

196 O.OOE+OO 0 I.IOE+OO O.OOE+OO 0 I . IOE+OO O.OOE+OO 

197 O.OOE+OO 0 l. I 5E+OO O.OOE+OO 0 l.15E+OO O.OOE+OO 

198 O.OOE+OO 0 1.20£+00 O.OOE+OO 0 l .20E+OO . O.OOE+OO - _,__ - . 
199 O.OOE+OO 0 l.25E+OO O.OOE+OO 0 1.25£+00 O.OOE+OO 

200 O.OOE+OO 0 l.30E+OO O.OOE+OO 0 1.30E+OO O.OOE+OO 

201 O.OOE+OO 0 l. 35E+OO O.OOE+OO 0 l .35E+OO O.OOE+OO 

202 O.OOE+OO 0 I .40E+OO O.OOE+OO 0 I .40E+OO O.OOE+OO 

203 O.OOE+OO 0 I .45E+OO O.OOE+OO 0 I .45E+OO O.OOE+OO 

204 O.OOE+OO 0 l.50E+OO O.OOE+OO 0 1.50E+OO O.OOE+OO 
--- -- -

205 O.OOE+OO 0 l.55 E+OO O.OOE+OO 0 l .55E+OO O.OOE+OO 
----- -

206 O.OOE+OO o · 1.60£+00 O.OOE+OO 0 l.60E+OO O.OOE+OO 
- --

O.OOE+OO 0 I .65E+OO , MOE+OO 207 O.OOE+OO 0 1.65 £+00 

208 O.OOE+OO 0 l.70E+OO O.OOE+OO 0 l.70E+OO O.OOE+OO 
- --- -------

209 O.OOE+OO 0 l .75 E+OO O.OOE+OO 0 1.75E+OO I O.OOE+OO -~- - --- -- ----
210 O.OOE+OO 0 1.80£+00 O.OOE+OO 0 l.80E+00 1 O.OOE+OO 

211 O.OOE+OO 0 1.85£+00 O.OOE+OO 0 l.85E+oo · O.OOE+OO 
-------

212 O.OOE+OO 0 1.90£+00 O.OOE+OO 0 1.90£+00 O.OOE+OO --- - - ----· --·----
213 O.OOE+OO 0 l.95E+OO O.OOE+OO 0 1.95£+00 , O.OOE+OO 

· ---- ~-
214 O.OOE+OO 0 2.00E+OO O.OOE+OO 0 2.00E+OO O.OOE+OO 

-- ------ -
215 4.86E-O I 0.0001 total 4.86E-01 0.000 1 total 4.86E-OI 
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BZ CA 

I 
2 
3 

4 

- - --- - -r-

5 
6 
7 
8 
9 
IO 
II 
12 00 
13 hei ght distribution . 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

0 
0.0002 
0.0008 

-
0.0007 

- -
0.001 

0.0005 --- - -
0 

---·-~ -
0 

--- ·- ~--- --·-
0 --- - 6' 

-----·---
0 

-----· 
0 ---- -
0 
0 

- ' 

----------
32 0 ----
33 Q, 

,-

34 0 
35 0 --- - - . 

36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 . 

45 0 
----

46 0 

CB 

-

cc CD CE CF 

! Filename · fid240a 

ltally 8 nps = 42543188 
urn tally type 8 pul se height distribution . 

tall y for photons 

ce ll 2 
~nergy 

O.OOE+OO O.OOE+OO 
5.00E-02 2.90E-Ol 
I .OOE-01 3 04E-02 
I .50E-O l 4.60 E-02 
2.00E-01 . I .59E-02 
2.50E-Ol 6.96E-02 
3.00E-0 I . O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E--0 I i O.OOE+OO 
4.50E-O I . O.OOE+OO . 

5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I . O~OOE+OO 
6.50E-O I O.OO E+OO 
7.00E-01 O.OOE+OO 
7.50E-01 O.OOE+OO 
8.00E-0 I . O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 

0 
0.0002 
0.0009 
0.0007 
0.0012 
0.0006 

0 
0 
0 
o· 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9.50E-O I O.OOE+OO 0 
I .OOE+OO O.OOE+OO 0 

' I .05E+OO O.OOE+OO 0 
I.IOE+OO . O.OOE+OO 0 
I. I 5E+OO . O.OOE+OO 0 

47 0 1 1 
t---i------,--+- - --l - - -i 

l .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30-E+OO . O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
I .45E+O-O. O.OOE+OO 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

48 0 
49 0 
50 0 

--- · --
51 0 · I 
52 ---0- --

53 0 

56 0 
- - --

57 0 
58 0 
59 
60 

0.0002 total 

L 

I .50E+OO O.OOE+OO 
I 

l.55E+OO · O.OOE+OO 
l.60E+OO ' O.OOE+OO 
I .65E+OO O.OOE+OO 

' ' l.70E+OO I O.OOE+OO . 
l .75E+OO O.OOE+OO 
l.80E+00 ' O.OOE+OO 
l.85 E+OO O.OOE+OO 

. ' 
l .90E+OO O.OOE+OO 
l.95E+OO O.OOE+OO 
2 OOE+OO O.OOE+OO 

4.52 E-O I 0.0002 

1/ 16/02 

-
-

CG 

7 

CH Cl CJ 

___ ___J 

Filename ,fid260a ·- ---- . 

_ ltally 8 nps = 42214361 
- - -

urn tally type 8 pulse height dist 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO . 
5.00E-02 3.03E-O I . 
1.00E-0 I f76i-02 
l.50E-O I 4.46E-02 

0 
0.0002 
0.0009 
0.0007 

2.00E-0 I l.57E-02 0.0012 ----, 
2.50E-O I 1.22E-02 0.0014 
3.00~-0I_L 4.89E-02 0.000~ 
3.50E-01 O.OOE+OO ' 0 
4.00E-0 I . O.OOE+OO ' 0 
4 ~50E-0·1' o:o5E+oo o 
5.00E-01 O.OOE+OO 0 
5.50E-01 O.OOE+OO 0 
6.00E-01 i O.OOE+OO I 0 
6 .50E-OIO~OOE+OO ___ o 
7.00E-0 I O.OOE+OO 0 
7.50E-O I O.OOE+OO 0 
8.00-E-OI - O.OOE+O£_ ~-= 0 
8.50E-O I O.OOE+OO 0 
9.00E-0 I O.OOE+OO 0 
9.50E-Ol O.OOE+OO 0 
I.OOE+OO O.OOE+OO 0 
l .05E+OO O.OOE+OO 0 
l.IOE+OO O.OOE+OO 0 
I. l 5E+OO O.OOE+OO 0 
l.20E+OO O.OOE+OO 0 

- - -
l.25E+O_Q , O.OOE+OO 0 
l.30E+OO , O.OOE+00 1 0 
l .35E+OO O.OOE+OO , 0 
l.40E+OO O.OOE+OO 0 
l .45E+OO O.OOE+OO 0 ------- -
1~50E+OO O.OOE+OO ' 0 

- - 1 ~55E+oct o.OOE+OO · 0 
l.60E+OO O.OOE+OO 0 r-- - - -· 
l.65 E+OO O.OOE+OO 0 

--

0 

~ OE+OO , O.OOE+OO 0 --
- . - J:75E+OO~ O.OOE+OO 

_J 
0 -----

I .80E+OO O.OOE+OO- 0 
l .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 0 . ---
l.95 E+OO , O.OOE+OO 0 

- _ __j ____ _ 

2.00E+OO O.OOE+OO 0 
total •- 4:-52E-O I . - 0.0002 
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61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
JOO 
IOI 
102 
103 
104 
105 
106 
107 

BZ CA 

30 
hei~ht distribution. 

0 
0.0002 

- -·--· -

0.0008 
0.0007 

0.001 
0.0005 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -- - -· _, 
0 

·----- - -
0 
0 
0 
0 

--
0 
0 
0 
0 
0 
0 
0 
0 
0 

------ ·--
0 
0 
0 

- - --- --- --- -----
0 
0 

0 - ____ j 

0 ' 
----- -----

108 0 
109 0 

-----·- -
110 ___ ~,- _ 

CB cc CD CE CF 

1 File~ame : fid240b 

!tally 8 nps = 43793979 
uni tally type 8 pulse height distribution . 

tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.99E-OI . 

----· 
1.00E-01 3.14E-02 
l .50E-01 4.52E-02 
2.00E-01 1.51 E-02 
2.50E-OI 8.08E-02 
3.00E-01 O.OOE+OO 
3.50E-01 O.OOE+OO 
4.00E-0 1 O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-01 O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50E-OI O.OOE+OO 
7.00E-01 0.00E+OO 
7.50E-01 O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-Ol O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-OI O.OOE+OO 
I.OOE+OO O.OOE+OO 
l.05E+OO O.OOE+OO 
I. IOE+OO O.OOE+OO 
1. 15E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
1.40E+OO · O.OOE+OO 
l .45E+OO O.OOE+OO 
l.50E+OO O.OOE+OO 
1.5.SE+OO O.OOE+OO 
l.60E+OO O.OOE+OO 
l.65E+OO O.OOE+OO 

- - -- . -

tota l 

l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l.90E+OO O.OOE+OO 
l.95E+OO . O.OOE+OO 
2.00E+OO O.OOE+OO 

4.72E-O I 

0 
0.0002 
0.0008 
0.0007 
0.0012 
0.0005 

0 
0 
0 
0 
0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

111 0.0002 
_ _j.. -- ---

0.0002 

112 ______ . ______ : ---------
I 13 ------ •- -
I 14 ---- ----
115 
116 98 
117 height distribution . 
118 
11 9 
120 

fid240c 

I ta lly 8 nps = 44982423 
uni tally type 8 pulse height distribution. 

tally for photons 

cell 2 

1/16/02 

,-
I 

CG CH Cl CJ 

Fi lename fid260b 

. !tally 8 _ nps = '!_34~2~~ _ 
uni tally type 8 pulse height dist 

tally for photons 

cell 2 
energy 
O.OOE+OO . o:ooE+OO 0 
5.00E-C5'2;3 . I 3E-OJ7 0.0002 

- ' . - I .OOE-01 · 2.86E-02 • 0.0009 
-----

l.50E-OI 4.47E-02 0.0007 
2.00E-01 l.51E-02 0.0012 
2.SOE-01 1.27E-02 0.0013 
3.00E-01 5.80E-02 0.0006 
3.50E-OI O.OOE+OO 0 
4.00E-01 O.OOE+OO 0 -· ---- - . -
4.50E-Ol O.OOE+OO 0 
5.00E-01 O.OOE+OO 0 
5.50E-OI O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 -- ----- - - - . 

6.50E-0 1 O.OOE+OO 0 
-· 

7.00E-01 O.OOE+OO 0 
7.50E-O I O.OOE+OO 0 
8.00E-0 1 O.OOE+OO 0 
8.50E-O I O.OOE+OO 0 
9.00E-0 I O.OOE+OO 0 
9.50E-Ol O.OOE+OO 0 
l .OOE+00 - 0.00E~ OO 0 

-- --- -- -- --
1.05E+OO O.OOE+OO 0 
I.I OE+OO O.OOE+OO 
l.15E+OO O.OOE+OO 

- - L_ -

1.20E+OO O.OOE+OO 
------- -• -

0 

0 

0 
l .25E+OO O.OOE+OO 0 
1.30E+OO O.OOE+OO 0 
l .35E+OO O.OOE+OO 0 

- --- -- --- I.40E+Oo - o.ooE+Oo·· --- ·-o 
- -- - --·--- -

l .45E+OO O.OOE+OO 0 
1.50E+OO O.OOE+OO 0 

- - - -----
' · l .55E+OO O.OOE+OO 0 

l.60E+OO O.OOE+OO . 0 
- -----

I.65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+OO 0 

-- ----
l.75E+OO O.OOE+OO 0 

- • --- - -

l .80E+OO O.OOE+OO 0 
l.85E+OO ! O.OOE+OO , 0 
1.90E+o67' o:ooE+oo : 0 
l.95E+OO. O.OOE+OO ~ 0 

. - - -- 2~00E +00- o:o6E+-O~ --- - 0 
- - - - -- - - - -- I -----

)total 4.72E-OJ ' 0.0002 

__ ___j__ __ - '_ -

!Filename - 1fid260c 

- ---- -
, !tally 8 nps = 44575000 

- --------
uni tally tyy_e 8 pulse height dist 

tally for p~ot~ns 

cell 2 
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121 
122 
123 
124 

BZ 

0 
0.0002 
0.0008 

125 0.0007 
126 0.001 
127 0.0005 
128 0 
129 0 
130 
I 3 I 

132 
133 
134 
135 
136 
137 
138 
139 
140 
14 I 
142 
143 
144 
145 
146 
147 
148 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

149 0 
150 0 
151 0 
152 0 
153 0 
154 0 
155 0 
156 0 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 

0 
0 
0 
0 
0 
0 

0.0002 
- - -- --

---

168 51 

CA 

- t 

I 69 height distribution. 
170 
171 
172 
173 
---

174 0 
175 0.0002 
176 0.0008 
177 0.0007 
178 0.001 
179 0.0004 
180 0 

Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

CB 

Ulll 

cc CD 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.03E-O I 
1.00E-0 I 3.20E-02 
l.50E-O I 4.38E-02 
2.00E-0 I l.39E-02 
2.50E-O I 8.88E-02 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-01 O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6 OOE-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50£-0 1 O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
1.00E+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
1.1 OE+OO O.OOE+OO 
l.15E+OO O.OOE+OO 
1.20£+00 O.OOE+OO 
l.25E+OO ' O.OOE+OO 
1.30E+OO O.OOE+OO 
l.35E+OO ' O.OOE+OO 
I .40E+OO O.OOE+OO 
1.45£+00 O.OOE+OO 
1.50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l.60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
l.80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.81 E-0 I 

Filename fid240d 

!tally 8 nps = 4617 I 680 

CE 

0 
0.0002 
0.0008 
0.0007 
0.0013 
0.0005 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

CF 

tally type 8 pulse height distribution . 
tally for photons 

cell 2 
energy 

L 

O.OOE+OO O.OOE+OO 
5.00E-02 3.04E-01 
l.OO E-0 I 3.25 E-02 
l.50 E-O I 4.22E-02 
2.00E-0 I l.25 E-02 
2.50E-O I 9.52E-02 
3.00E-0 I O.OOE+OO 

0 
0.0002 
0.0008 
0.0007 
0.00 13 
0.0005 

0 

I /16/02 

CG CH CI CJ 
energy 
O.OOE+OO O.OOE+OO , 
5.00E-02 3.17E-0 1 
l.OOE-0 I 2. 92E-02 
1.50E-O I 4.41 E-02 

0 
0.0002 
0.0009 
0.0007 

- - ·------
2.00E-O I 1.41 E-02 
2.50E-O I 1.26E-02 
3.00E-0 I 6.46E-02 

0.0013 
0.0013 
0.0006 

3.50E-OI · O.OOE+OO 0 
4.00E-01 O.OOE+OO 0 

- - -----
4.50E-O I 0.00E+OO , 0 

• - 5.00E-0 I~ O~OOE+OO: ---O 

Ulll 

total 

5.50E-O I O.OOE+OO 0 
6.00E-0 I O.OOE+OO 0 
6.50E-O I O.OOE+OO 0 
7 OOE-0 I O.OOE+OO 0 
7.50£-0 I O.OOE+OO 0 
8 OOE-0 I O.OOE+OO 0 
8.50E-O I O.OOE+OO 0 
9.00E-0 I · O.OOE+OO 0 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 

0 
0 
0 

I.I OE+OO O.OOE+OO 0 -----
l.15 E+OO , O.OOE+OO 0 
l.20E+OO • O.OOE+oo·- 0 
1.25E+ooo.ooE+o-o~,---o--, 

I .30E+OO O.OOE+OO 0 
1.35£+00 O.OOE+OO 0 
l .40E+OO O.OOE+OO 0 

----1 

1.45E+OO O.OOE+OO 0 
1.50E+OO O.OOE+OO 0 
1.55£+00 O.OOE+OO 0 

- ~ ----
l .60E+OO O.OOE+OO 0 
1.65 E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 

0 
0 
0 

1.80£+00 O.OOE+OO 0 
·---

l .85E+OO O.OOE+OO 0 
1.90E+OO O.OOE+OO 0 
l.95 E+OO O.OOE+OO 0 
2.00E+OO . O.OOE+OO 0 

---
4.81E-Ol 0.0002 

Fi lename fid260d 

!tally 8 nps = 45383705 

cell 2 

- -- ___ _, 
tally_type 8 pulse height dist 
tally for photons 
- - ,--- ----l 

--~ ner~)'._ _ _ -c----l 

O.OOE+OO • O.OOE+OO 
5.00E-02 3.18E-01 
1.00E-0 I 2.98E-02 
l.50E-01 4.32E-02 

0 
0.0002 
0.0008 
0.0007 

2.00E-0 I l.30E-02 0 0013 
- . - - --

2.50E-O I l.24E-02 0.0013 _, ___ _ 
3.00E-01 7.02E-02 0.0005 
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BZ CA CB cc CD CE CF CG CH CI CJ 

181 0 3.50E-O I , O.OOE+OO 0 3.50E-O I O.OOE+OO 0 

4.09E-OI J<l: OOE+OO 
- -------

182 ___ 9J ___ 0 -i 
4.00E-01 . O.OOE+OO 0 

- - - -- · - - --- - - - - ·---
183 0 4.50E-OI O.OOE+OO 0 4.50E-01 O.OOE+OO 0 

---------- - i - 5.00E-01 -O~OOE+OO: - -
-

184 0 ' 5.00E-01 O.OOE+OO 0 0 
---- -

185 0 5.50E-01 , O.OOE+OO 0 5.50E-0 1 O.OOE+OO 0 
-----• 

186 0 6.00E-01 O.OOE+OO 0 6.00E-01 O.OOE+OO 0 

187 0 6.50E-01 O.OOE+OO 0 6.50E-OI O.OOE+OO 0 

188 0 7.00E-01 O.OOE+OO 0 7.00E-01 O.OOE+OO I 0 

189 0 7.50E-OI O.OOE+OO 0 7..SOE-::o·( O.OOE+OO 0 
---•- · - -

190 0 8.00E-01 O.OOE+OO 0 8.00E-01 O.OOE+OO 0 
--- J_ ---·-- --- -

191 0 8.50E-01 O.OOE+OO 0 8.50E-01 O.OOE+OO 0 
- - --I-- --

192 0 9.00E-01 O.OOE+OO 0 9.00E-01 O.OOE+OO ' 0 

193 0 9.50E-OI O.OOE+OO 0 9.50E-O I O.OOE+OO 0 
·- -- - . 

194 0 l .OOE+OO O.OOE+OO 0 I .OOE+OO O.OOE+OO 0 

195 0 l .05E+OO O.OOE+OO 0 1.05E+OO O.OOE+OO 0 

196 0 l.lOE+OO O.OOE+OO 0 I.IOE+OO O.OOE+OO 0 

197 0 1.1 5E+OO O.OOE+OO 0 1.15E+OO O.OOE+OO 0 
. - . - ---- ---- -

198 0 l .20E+OO O.OOE+OO 0 1.20E+OO O.OOE+OO 0 

199 0 l .25E+OO O.OOE+OO 0 l .25E+OO O.OOE+OO 0 

200 0 l. 30E+OO 0.00E+OO 0, I .30E+OO 6.o'o'E+6'o' 0 
: - : 

201 0 I .35E+OO O.OOE+OO 0 l .35E+OO O.OOE+OO : 0 
--- --------

202 0 1.40E+OO O.OOE+OO 0 1.40E+OO O.OOE+OO , 0 
- ~-

203 0 1.45E+OO O.OOE+OO 0 l.45 E+OO ' O.OOE+OO 0 
- - - - . ------ -------·-- -- --• 

204 0 1.50E+OO O.OOE+OO 0 1.50E+00 1 O.OOE+OO 0 
- - - . ------- - ··---- -- -- ----

205 0 1.55E+OO O.OOE+OO 0 l.55E+OO O.OOE+OO 0 
------ -- _ ___..j _____ ---- . - - --- -- 1 - - · 

206 0 1.60E+OO O.OOE+OO 0 1.6~E'.0_9 ! O.OOE+OO.J 0 
- ------ ------ -- ---

207 0 1.65E+OO O.OOE+OO 0 1.65E+OO O.OOE+OO , 0 
----·-- -- - - - - ·- .... L ---

208 0 l.70E+OO O.OOE+OO 0 l.70E+OO O.OOE+OO ' 0 
---- · 1 )5E+OO;-O.OOE+OO-

---
209 0 1.75E+OO O.OOE+OO 0 0 

------- -~ - ·- •-· ----- -- · -- -

210 0 1.80E+OO O.OOE+OO 0 1.80E+OO O.OOE+OO . 0 

211 0 1.85E+OO O.OOE+OO 0 1.85E+OO ;-o.OOE+-00-,- - - -0 
212 0 l.90E+OO O.OOE+OO 0 l.90E+OO I O.OOE+OO 0 

- - -- --- - 1 

O.OOE+OO - 0 213 0 1.95E+OO O.OOE+OO 0 l .95E+OO - -------
214 0 2.00E+OO O.OOE+OO 0 2.00E+OO ' O.OOE+OO 0 - _._ _____ 
215 0.0002 ·total 4. 86E-01 0.0002 total 4.86E-01 0.0002 
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I 

2 
3 

4 
5 
6 
7 
8 
9 
IO 
II 
12 

CK 

13 bution. 
14 
15 
16 
17 
18 
19 
20 
21 
22 

24 
25 
26 
27 
28 
29 
30 
31 ~--

-----· -

CL 

Ulll 

CM CN co CP 

Filename fid280a 

!tally 8 nps = 41783854 
tally type 8 pulse height distributi on. 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3. l4E-O l 0.0002 
l.OOE-01 · 2.58E-02 0.00 1 
l.50E-0 I 4.26E-02 0.0007 
2.00E-0 1 1.61 E-02 0.0012 
2.50E-OI 8. I 2E-03 0.0017 
3.00E-01 4.6 I E-02 0.0007 
3.50E-01 O.OOE+OO 0 
4.00E-01 O.OOE+OO 0 
4.50£-01 O.OOE+OO 0 
5.00E-01 O.OOE+OO 0 
5.50E-Ol O.OOE+OO 0 
6.00E-0 1 O.OOE+OO 0 

-1-- ----

6.50E-Ol O.OOE+OO 0 
7.00E-01 O.OOE+OO 0 
7.50E-O I , O.OOE+OO 0 

- - - . 
8.00E-01 O.OOE+OO 0 
8.50E-Ol O.OOE+OO 0 
9.00E-0 I O.OOE+OO 0 
9.50E-O I O.OOE+OO 0 

·-
l .OOE+OO O.OOE+OO 0 

-
l .05E+OO O.OO E+OO 0 
I.IOE+OO O.OOE+OO 0 
I. I 5E+OO O.OO E+OO 0 
l. 20E+OO O.OOE+OO 0 
l.25E+OO O.OOE+OO 0 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

---·----

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l.40E+OO O.OOE+OO -----
l.45E+OO O.OOE+OO 

- - - - j 

O.OOE+OO l .50E+OO 
-- - - · ' l .55E+OO O.OOE+OO -- -

l .60E+OO · O.OOE+OO 
! 

l.65 E+OO O.OOE+OO -- -
l. 70E+OO O.OOE+OO 
l.75 E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 

--- · 
l.85 E+OO O.OOE+OO ~-- -
l.90E+OO O.OOE+OO 

' l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.52E-O I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

1/ 16/02 

CQ 

uni 

CR cs CT cu 

Filename I fid300a 

!tally 8 nps = 42117930 ____ _ 
tally type 8 pul se height distributi on. 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.22E-O I 
I.OO E-0 I 2.43E-02 
l.5 0E-O I 3.78E-02 
2 OOE-0 I I. 93E-02 

0 

o.ooo~; 
0.00 1 

0.0008 
0.001 I 

--- -- - - -- - --
2.50E-O I 6.69E-03 0.0019 
3.00E-01 4.17E-02 0.0007 1 
3.50E-O I l.65 E-05 0.0379 7 

- - ·- - - - -- - -
4.00E-0 I O.OOE+OO 0 
4.50E-OI O.OOE+OO 0 

_J_ - - -- ,----, 

5.00E-01 O.OOE+OO 0 
5.50E-OI O.OOE+OO 0 

- _ _._ --- -·- -
6.00E-01 O.OOE+OO 0 
6.50E-O I- O.OOE+OO . --- - 0- - - -

-- --- - - - - __J___ - -

7.00E-0 1 O.OOE+OO 0 
7.50E-Ol O.OOE+OO • 0 

- -- - ·-
8.00E-01 O.OOE+OO 0 -----
8.50E-O I O.OOE+OO 0 
9.00E-0 1 O.OOE+OO 0 
9.50E-0 1 O.OOE+OO 0 

- -
I.OOE+OO O.OOE+OO 0 
I .05E+OO O.OOHOO 0 
1.IOE+OO O.OOE+OO 0 
l.15 E+OO O.OOE+OO 0 
l.20E+OO O.OOE+OO 0 
l .25E+OO O.OOE+OO 0 --------
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 

---
l.50E+OO ' O.OOE+OO 

0 
0 
0 
0 __ ___, 
o, 

--+-----l 
l.55E+OO , O.OOE+OO O' 

l. 60E+OO O.OOE+OO O, 
T6SE+OO- O.OOE+O~OT'--~0~1-------l 

- J.70E+OO O.OOE+OO 0 
1.75E+OO O.OOE+0----:0-----0-, --

- -· 1-------

l.80E+OO ' O.OOE+OO 0 

l .95 E+OO O.OOE+OO 0 
2.00E+oo · O.OOE+OO- 0 

total . 4.52E-O I - 0.0002 -
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CK CL CM CN co 
6 ) _______ L 

62 ------ -
63 
64 

- - -
I tally 8 nps = 431785_29 

65 bution . 
66 

uni , ta lly type 8 pulse height distribution. 
tally for photons 

67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
10 1 
102 
103 

--- -- - -

-- -------- -

cell 2 
energy 
0.00E+00 0.00E+00 , 
5.00E-02 , 3.24E-0 I , 
I .00E-0 1 2.68E-02 
l.50E-0 I 4.33E-02 
2.00E-01 I .56E-02 
2.S0E-01 8.00E-03 
3.00E-01 5.43E-02 
3.50E-0 I 0.00E+00 
4.00E-01 0.00E+00 
4.50E-01 . 0.00E+oo · 
5.00E-01 0.00E+00 . 
5.S0E-01 0.00E+00 
6.00E-01 0.00E+00 
6.S0E-01 0.00E+00 , 
7.00E-01 0.00E+00 
7.S0E-01 . 0.00E+00 
8.00E-01 0.00E+00 

- - -- -
8.S0E-01 0.00E+00 
9.00E-01 0.00E+00 
9.S0E-01 0.00E+00 
1.00E+00 0.00E+00 
l .05E+00 0.00E+00 
I.I0E+00 0.00E+00 
l.15E+oo · 0.00E+00 
l .20E+00 0.00E+00 
l.25E+00 0.00E+00 
I .30E+00 0.00E+00 
l .35E+00 0.00E+00 
l.40E+00 0.00E+00 
I .45E+00 0.00E+00 
I.S0E+00 0.00E+00 
1.55E+00 0.00E+00 
1.60E+00 0.00E+00 
l.65E+00 0.00E+00 

104 1.70E+00 · 0.00E+00 
I 05 1.75E+00 0.00E+00 
I 06 1.80E+00 0.00E+00 -

---- - ·- --- ---- - --
107 __J _ J.85E+00 ! 0.~0E-+_:_00 . 
108 1.90E+00 0.00E+00 ,___, ________ - - - -
109 __ __j ____ !_. 9-5E+00 9.00E-+_:_00

1 
_ 

110 2.00E+00 0.00E+00 
11 1 -rt~tal____ 4.72E-0l 

--------- -- - - --, 
112 

1---+---- - · - - - - -
113 

t---1------ --I- - - -- -
114 Filename fid280c 
115 
116 !tally 8 nps = 43963300 

0 

0.0002 
0.0009 
0.0007 
0.0012 
0.0017 
0.0006 

0 

0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0.0002 

117 bution. 
118 

uni tally type 8 pulse height distribution. 
ta lly for photons · 

l 19 
120 cell 2 

1/ 16/02 

CQ CR cs CT cu 

--:F ilename ,fid300b 

----- -
I tally 8 nps = 43228791 

um - _ta lly type 8 - pulse_height distribution.-
tally for photons 

! cell 2 -, 
energy 
0.00E+00 0.00E+00 0 , 

- - - - - . - - - --- ----
5.00E-02 3.33E-01 0.0002 
1.00E-0 I 2.54E-02 . 0.0009 
1.50E-0 1 3.85E-6f --6:0008 
2.00E-01 1.94E-02 

- -- -
2.50E-0 I 6.52E-03 
3.00E-0 I 4.89E-02 
3.50E-0I J.99E-05 
4.00E-0 I 0.00E+00 

- -
4.S0E-01 : 0.00E+00 
5.00E-0 I ' 0.00E+00 

0.00 11 
0.0019 
0.0007 
0.0341 

0 
0 
o: 

· ·-- ---•-
5.50E-0l 0.00E+00 0 

----------- -l- -

6.00E-0 I 0.00E+00 0 
6.50E-01 0.00E+00 0 

-1- ----- ---i- - - - -- -'--~-

7 .00E-01 1 0.00E+00 0 
- - ·• - - -- - ------ - -

7.50E-0l . 0.00E+00 0 
- ---- -- - ----- - -----• 

8.00E-0 I 0.00E+00 
- __ J__.__ - - - · -

8.50E-0 1 0.00E+00 ' 
9.00E-0 1: 0.00E+00 

9.~0E: 0..!._'._0.00E+00 
1.00E+00 , 0.00E+00 
1.05E+00 0.00E+00 
1. 1 0E+00 , 0.00E+00 

0 

0 

0 
0 
0 

0 
-- - -------

1. I 5E+00 ' 0.00E+00 0 
1.20E+00 0.00E+00 0 -----~-
l.25E+00 0.00E+00 0 
l.30E+00 0.00E+00 0 

. -------
1.35E+00 0.00E+00 0 
1.40E+00 0.00E+00 0 - - -- -- _J._ ____ ·----
1.45E+00 0.00E+00 0 
l .50E+00 0.00E+00 0 
- - - - -- ---------
l.55E+00 0.00E+00 0 
l .60E+00 0.00E+00 0 
J.65E+oo : o.ooE+oo - ---· - (f - -
l.70E+00 0.00E+00 0 
l.75E+00 0.00E+00 0 

- -- -·-- --- - ---- - - -- ----
1.80E+00, 0.00E+00 0 
l.85E+o6T 0.00E+00 ' - o-· ___ , 

_,___ - ---· -'-- - --
J.90E+00~ 0.00E+00 , 0 
l.95E+00 0.00E+00 ' 0 

-------1--2-.0-0E+oo1 0.00E+00 - 0~-----, 
------ -

;total 4.72E-01 , 0.0002 

- -- _.J.._ - - ·-- --

Filename :fid300c 
' 

------ I - -- -

l tally 8 nps = 44134813 1 __ _, 
uni ' tally type 8 pulse height distribution . 

'. tally ~r photons '. __ _ _ _ : __ _ 

cell 2 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

CK CL CM CN co CP CQ CR cs CT cu 
121 energy energy 
122 0.00E+00 0.00E+00 0 0.00E+00 0.00E+00 · 0 
123 5.00E-02 3.28E-0 I 0.0002 5.00E-02 3.37E-0 I 0.0002 
124 l.00E-0 1 2.75E-02 0.0009 l.00E-0 I 2.6 1E-02 0.0009 

- ·---
125 l.50E-0 1_

1 
4.32E-02 0.0007 
- - -

l.50E-0 I 3.86E-02 0.0008 .., --
126 2.00E-0 1 I .47E-02 0.00 12 2.00E-0 1 I .90E-02 0.001 1 
127 2.50E-0 I 7.6 I E-03 0.0017 2.50E-0 I 6. I 3E-03 0.0019 
128 3.00E-0 I 6.03E-02 0.0006 3.00E-01

1 
5.4 1 E-02 0.0006 

-~-- ~ 

3.50E--=-o 11 6.00E+-00 129 0 3 .5OE-O ( - 2.1 6£.-05 0.0324 
-

130 4.00E-01 0.00E+00 0 4.00E-0 1 0.00E+00 0 
13 I 4.50E-0 I . 0.00E+00 0 4.50E-0I I 0.00E+00 0 · 
132 5.00E-0 I ' 0.00E+00 1 0 5.00E-oi ' O.0OE+00 1 --or---
133 5.50E-0 I 0.00E+00 0 

-7 - -----
5.50E-0I 0.00E+00 0 

--4 

134 6.00 E-0 I 0.00E+00 0 6.00E-01 0.00E+00 0 
135 6.50E-0 l 0.00E+00 0 6.50£-01 0.00E+00 0 
136 7.00E-0 1 0.00E+00 0 7.00E-01 0.00E+00 0 
137 7.50E-0 I 0.00E+00 0 7.50E-0 I 0.00E+00 0 
138 8 00E-01 0.00E+00 0 8.00E-01 0.00E+00 0 
139 8.50E-0 I 0.00E+00 0 8.50E-0I 0.00E+00 0 
140 9 00E-01 0.00E+00 0 9 00E-01 0.00E+00 0 
141 9.50E-0 I 0.00E+00 0 9.50E-0I 0.00E+00 0 - ---- ------
142 I .00E+00 0.00E+00 0 l .00E+00 0.00E+00 0 

- -·-- ·--- - -
143 l .05E+00 0.00E+00 0 1.05E+00 1 0.00E+00 0 
144 l. I0E+00 0.00E+00 0 ( 10E+O0 I 0.00E+00 

0.,.----
---- - -- -

145 l.1 5E+00 0.00E+00 0 I. l 5_E+~0_L.Q:~ ~+00 OL ---
146 l .20E+00 0.00E+00 0 l.20E+00 t 0.00E+00 0 - - ·---- ·- --- --- -
147 l.25E+00 0.00E+00 0 1.25E+00 t 0.00E+00 0 
148 l .30E+00 0.00E+00 0 - l.30E+o6r o.ooE+oo-- o 

149 l .35E+00 0.00E+00 0 _ I.35~+00J_ 0.00E+00 : o , 
150 I .40E+00 0.00E+00 0 
151 l .45E+00 0.00E+00 0 

I .40E+00 0.00E+00 0 -- --- -+ -- . 
I .45E+00 0.00E+00 0 ----

152 l.50E+00 0.00E+00 0 I .50E+00 0.00E+00 0 
-- --

153 l .55E+00 0.00E+00 0 l.55E+00 ' 0.00E+00 0 
154 l. 60E+00 , 0.00E+00 0 l .60E+00 0.00E+00 0 
155 l. 65E+00 0.00E+00 0 l .65E+00 0.00E+00 0 -
156 l.70E+00 0.00E+00 0 l.70E+00 0.00E+00 0 
157 I.75E+00 0.00E+00 0 l .75E+00 0.00E+00 0 
158 I.80E+00 0.00E+00 0 l .80E+00 0.00E+00 0 
159 l.85E+00 0.00E+00 0 l .85E+00 0.00E+00 0 

- ---- -
160 l. 90E+00 0.00E+00 0 l.90E+00 0.00E+00 0 --- ---
161 l .95E+00 0.00E+00 0 l .95E+00 0.00E+00 0 
162 2.00E+00 0.00 E+00 0 2.00E+00 0.00E+00 0 
163 total 4.81E-0 I 0.0002 total 4.8 1E-0 l 0.0002 
164 
165 
166 Filename fid280d Filename 
167 - ' ,_ -
168 J I tally 8 nps = 452 19254 ' I ta lly 8 n_ps = ~ 5009_6_79 ______ , 
169 bution . uni tally type 8 pulse height distribution . u111 t~ly type ~_pu~e height distribution . 
170 tally for photons ___ ___ tally for photons ________ , 
171 ' 
172 cell 2 

• - - - - L --- ~--~-----l 
cell 2 

-- --
173 

--,,---- -
_e_nergy 

174 0.00E+00 0.00E+00 0 
_J _ en_e~gy _ ,---~-----1 

~ 00E+00 0.0~+00
1 

_ 0 __ _ 
175 5.00E-02 3.29E-0 I 0.0002 5.00E-02 , 3.39E-0 I 0.0002 - - - · 
176 l.00E-0 I 2.80E-02 0.0009 l. 00E-0 I 2.66E-02- 0.0009 ' 
177 l .50E-01 4.29E-02 0.0007 l .50E-0 I 3.84E-02 0.0007 

-- ------
178 2.00E-01 I .38E-02 0.00 13 2.00E-01 I .84E-02 0.001 1 

------
179 2.50E-0 1 7.07E-03 0.0018 2.50E-0l 5.64£-03 0.002 
180 3.00E-01 6.53E-02 0.0006 3.00E-0 1 5.85E-02 0.0006 
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CK CL CM CN 
181 3.50E-OI ' O.OOE+OO 

1-1-8-21
-_ -_-__ -=_-_-_______,__~_-_----4.00E-O r - o.OOE+OO : 

183 4.50E-O I O.OO E+OO 
184 5.00E-0 I O.OOE+OO 
185 5.50E-OI O.OOE+OO 

I -

186 6.00E-0 I O.OOE+OO 
I 87 6.50E-O I O.OOE+OO 
I 88 7 .OOE-0 I O.OOE+OO 
I 89 7 .50E-O I O.OOE+OO 
I 90 8.00E-0 I O.OOE+OO 
191 I 8.50E-01 ; O.OOE+OO 

9.00E-0 I O.OOE+OO 
9.50E-Ol I O.OOE+OO 

192 
193 ---,-

194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 

I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l.35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO , O.OOE+OO 

- - - -- I .55E+OO~ O~OOE+OO 
-· - -

- - - ---·-

l.60E+OO O.OOE+OO · 
I .65E+OO O.OOE+OO 
I .70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
1.90E+OO • O.OOE+OO 
I. 95E+OO O.OO E+OO 
2.00E+OO O.OOE+OO 

total 4.86E-O I 

co 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 
0 
0 

0 
0 

0.0002 

CP 

1/16/02 

CQ CR CS CT CU 
3.50E-OI 2.14E-05 ' 0.0323 

- - T -- 4.00E-o-i+ O.OOE+OO O, 
- . - I --- - ------
4.50E-Q] O.OOE+OO • 0 

L --- ----

5.00E-OI O.OOE+OO 0 
--- _...J ---

5.50E-OI i O.OOE+OO 01 
-L-- -- ~-----'-----l 

6.00E-0 I O.OOE+OO 0 
6.50E-O I O.OO E+OO 0 
7.00E-01 : O.OOE+OO , 01 
7.50E-O I O.OOE+OO 0 
8.00E-01 O.OOE+OO 0 
8.50E-O I , O.OOE+OO O I 9:ooE-or o.ooE+oo -- -~ - - ---

9.soE-o I ' O.OOE+OO~ 0. 
- ---- - -- -

l .OOE+OO O.OOE+OO 0 
1.05 E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15E+OO O.OOE+OO 1 

1.20E+OO . O.OOE+00 1 

i".2sE+oo i•o.ooE+oo ' 
I .30E+OO O.OOE+OO 
l.35E+OO ' O.OOE+OO , 
l.40E+OO · O.OOE+OO 
1.45E+OO O.OOE+OO - - -· --
l.50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
·1 .60E+o(r o.o6E+oo ·-

! ___ J -.6fE~OO~_ O.O_OE+OO 
I .70E+OO O.OOE+OO 

-· ------· - ~ 

I .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
l.90E+OO ! ~.O_OE+O~ 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.86E-O I 

o' 
0 
0 
0 

·---- ·-

0 
0 , 

0 

0 

0 
0 -- -- ---------
0 

0 ·01 -- --- -

0 

0 
· ----

0 
0 
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I 
2 
3 
4 

5 
6 

7 

8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

CY cw ex CY CZ 

,_ 

Filename fid320a 

--·--
1 ta lly 8 nps = 41843278 

uni tally type 8 pulse height distribution. 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.30E-O I 
1.00E-0 I 2.30E-02 
I .50E-O I 3.31 E-02 
2.00E-0 I 2.25E-02 
2.50E-O I 6.29E-03 
3.00E-0 I 6. 78E-03 
3.50E-O I 3.09E-02 
4.00E-0 I O.OOE+OO 
4.50E-OI O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-01 O.OOE+OO 
7.00E-0 I O.OOE+OO - -·--- --
7 .50E-O I O.OOE+OO 

- ---- -

total 

8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
l.45E+OO · O.OOE+OO 
I .50E+OO_, O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO , O.OOE+OO 
I .65E+OO ,-0.00E+OO 
l.70E+OO O.OOE+OO 
l.75E+00 1 O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
l.95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.52E-O I 

0 
0.0002 

0.001 
0.0008 

0.001 
0.0019 
0.0019 
0.0009 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 
0 

0 
0 

0 

0 
0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 
0 

0.0002 

DA 

Ulll 

I /16/02 

DB DC DD DE OF 

Filename fid340a 

I '--------1 
!tally 8 nps = 41890720 

-' 
tally type 8 pulse height distribution. 
tally for photons 

ce ll 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.36E-O I 
l.OOE-0 1 2.1 8E-02 
1.50E-O I 2. 90E-02 
2.00E-01 2.52E-02 
2.50E-O I 6. 11 E-03 

. - -

0 

0.0002 
0.001 

0.0009 
0.001 
0.002 

3.00E-01 - 3.80E-Of ~25--
-- - --· - -- -•--- -

3.50E-O I 3.04E-02 0.0009 
4.00E-0 I O.OOE+OO 
4.50E-O i'. O.OOE+OO 

·-- - - . 
5.00E-0 I O.OOE+OO 

0 

0 
0 
0 

0 

0 

uni 

5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-0 1 O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 

-- - -- __ _. - --

total 

--- -
9.00E-0 I O.OOE+OO 

' 9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
1.1 OE+OO O.OOE+OO 
l.15E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
1.40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
l.50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
uoE+o·o 'o.oot+oo' 
I .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO- -

I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.52E-01 

0 - •·---··---, 
0 
0 

0 
0 -- --· 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 

0 

0 
o·­
o 
0 

0 

0 
0 
0 

0.0002 

---'---

- L_ 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

CV cw ex CY CZ 

IFilename- - 1fid 320b . -
. -- --!- -

' I tally 8 nps = 42902308 

61 
62 
63 
64 
65 
66 
67 

uni tally type _8 _p_1:1_lse height di~tr_ibution. 
tally fo r photons 

68 cell 2 
-l-- -

69 _energy 
70 O.OOE+OO O.OOE+OO 

---------
71 5.00E-02 3.41£-01 , 

---- -·- - -

72 1.00E-0 I 2.41 E-02 
73 - fj oE-=-o 1 · 3.3iE-oi 
74 2.00E-0 I 2.32£-02 
75 2.50E-O I 6.18£-03 
76 3.00E-01 7.25£-03 
77 3.50E-O I 3.67£-02 
78 4.00E-01 O.OOE+OO 
79 4.50E-O I O.OOE+OO 
80 5.00E-0 I O.OOE+OO 
81 --- - - ·s.°50E-OI '" O.OOE+OO 

82 6.00E-0 I O.OOE+OO 
83 6.50£-0 I O.OOE+OO , 
84 7.00E-01 : O.OOE+OO i - - - . ·- -- -- - ·-
85 7.50E-O I O.OOE+OO 
86 ------ ~- - 8.00E-01 1 O.OOE+oo · 

87 , 8.50£-01 1 O.OOE+OO ' ___ , __ -- - . -·-- ---

88 9.00E-0 I O.OO E+OO 
----- --

89 9.50E-OI O.OOE+OO 
90 I .OOE+OO O.OOE+OO 
91 I .05E+OO O.OOE+OO 
92 I. I OE+OO O.OOE+OO 
93 1. I 5E+OO O.OOE+OO 
94 I .20E+OO O.OOE+OO 

--- - - - -- -
95 I .25 E+OO O.OOE+OO 

I .30E+OO O.OOE+OO 
--- - -- ····-- --

I .35E+OO O.OOE+OO 

0 
0.0002 . 

0.001 
0.0008 

0.001 
0.0019 
0.0018 
0.0008 

0 
0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
96 
97 
98 
99 
100 
IOI 
102 

-· - - - -

103 
104 
105 

------ _ ___,_ 

l.40E+OO _ _J)J)O_~+OO : 0 
I .45E+OO O.OOE+OO 0 
I .50E+OO O.OOE+OO 

- l.55 E+Oo· O.OOE+OO 

I .60E+OO O.OOE+OO 
l.65 E+OO O.OOE+OO . 
l.70E+OO · O.OOE+OO 
1.75E+OO O.OOE+OO 

0 
0 

0 
0 
0 

0 
106 - - ---r-- l.80E+00 0.00E+00 -01 

-----·---- -· -•--·- -
107 --- __ '_ l.85E+oo : O.OOE+00 1 _ _OL --
108 __ l.:90E+O~~OE+OO : 0 
109 l.95E+OO : O.OOE+OO 0 
110 2.00E+OO , O.OOE+OO 0 
111 ,total 4.72E-O f1 0.0002 : 

1----t------,------+--- - - 1- - - - - - -

112 I __ __ ; __ 
I 13 
114 
115 
116 
117 
118 
I 19 
120 

' :Filename lfid320c· . , -

- J . -

. ]tally 8 nps =43755190 
uni ' tally type 8 pulse height distribution. 

tally for photons 

cell 2 

DA DB DC DD DE DF 

iFilename ] _@340b _- : 

• I tally 8 - nps = 42420720 

uni tally t~P.:_~ pulse ~eight d_istr~ u~ !l- _____ uni 
tally for photons 

ce ll 2 

0 

energy _ 
O.OOE+OO , O.OO_E+OQ 
5.00E-02 3.48E-O I 

. - - - --------l 

I .OOf -0 I r 2.29£-02-_, 

1.50£-0 I 2.95£-02 
2.00E-01 '· 2.63 £-02 . 

2.50E-O I 6.08£-03 
3.00E-01 3.75£-03 
3.50£-0 I 3.59£-02 
4.00E-01 : ·o-:-ooE+OO 

:--- -- ---·-

0.0002 
0.001 

0.0009 
0.0009 

0.002 
0.0025 
0.0008 

0 
4.50£-01 O.OOE+OO 0 
5.00E-01 1 O.OOE+OO 0 

-------- - . -
5.50E-O I O.OOE+OO 0 
6.00E-0 I O.OOE+OO ' 0 

- . -- -- -· ------- -- ---
6.50E-OI O.OOE+OO 0 

- - --•- - - ·--- - _J____ - --

7.00E-01 O.OOE+OO Q, 1 
~· --- --·· - --~ ---- -----

7.50£-01 O.OOE+OO 0 
8.00E-0 I O.OOE+OO O, , 
8.50£-01 : O.OOE+OO O+- -----t 

9.00E-01 O.OOE+OO O· 
9.50£-01 ; 0.0.2_(:0_0~ ____ O; ___ - _ ·_-_ -_-__ -1 

I .OOE+OO O.OOE+OO O' 
- - -- - - - - , __ - - ----- -

I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 

. - -- ----· -
I. I 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
l.25E+00 ; O.OOE+OO 
I .30E+OO O.OOE+OO 

- -- -- -
I .35E+OO O.OOE+OO 
I .40E+OO , O.OOE+OO 
1 As E+oofo":ooE+oo' 

0 
o· 
0 
0. 
0 

l.50E+OO O.OOE+OO 0 -- ---- - ------~- ---1 
I .55E+OO O.OOE+OO 0 
I .60E+OO O.OOE+OO 0 
I .65E+OO , O.OOE+OO 0 

- -- - . -- ----------
1.70£+00 O.OOE+OO 0 , 
l.75E+OO O.OOE+OO 
l.80E+00 1 O.OOE+-00~,--

0 

0 
___ - ....L. ---- - ---

l.85E+OO O.OOE+OO , 0 I -------,----
l.90E+OO ! O.OOE+OO 0 
l.95E+oo i O.OOE+00 1 0---------t 

- 2.0(JE+OO O.OOE+oo'·----o · 
,_ -- -----1.........--- -·-- ____ 1 --------, 
,total ! 4.72£-01 0.0002 
L - --- - l-· -- _.J -- - _ ,_ ---

' ----· 7----- ' - -- --
Filename 1 fid340c _ : . 

- -- -
I tally 8 nps = 4369040~ _ _ 

uni tally type 8 pulse height distribution . 
tally for photons 

cell 2 

uni 
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121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 

138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

CV 

uni 

Worksheet "MCNP Data p= 1.5" of Workbook "MCNP Volume Seneca.xis" 

cw ex CY 
energy 

total 

O.OOE+OO O.OOE+OO 0 
5.00E-02 3.45E-O I 0.0002 
I .OOE-0 I 2.48E-02 0.0009 
l.50E-O I 3.37E-02 0.0008 
2.00E-01 2.32E-02 0.00 1 
2.50E-O I 5.89E-03 
3.00E-0 I 7.43E-03 
3.50E-OI 4.IOE-02 
4.00E-0 I O.OOE+OO -- - - -
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7 .SO E-0 I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I.IOE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
l.25E+OO , O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
I .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.81E-OI 

0.002 
0.0017 
0.0007 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0.0002 

Filename fid320d 

!tally 8 nps = 44494552 
tally_!ype 8 pulse height distribution . 
tally for photons 

cell 2 
energy 

~ o:OoE+Oo' O.OOE+OO 0 
5.00E-02 3.47E-O I 0.0002 
I.OOE-0 I 2.54E-02 
l.50E-O I 3.36E-02 
2.00E-0 I 2.31 E-02 
2.SOE-0 I 5.52£-03 
3.00E-0 I 7.45£-03 

0.0009 
0.0008 

0.001 
0.002 

0.001 7 

DA DB DC 
energy 
O.OOE+OO O.OOE+oo : 
5.00E-02 3.52E-O I 
I.OOE-0 I 2.36E-02 
l.50E-O I 2.96E-02 

DD 

0 

0.0002 
0.001 

0.0009 
2.00E-0 I 2.67E-020.0009 
2.50E-O I 5.85E-03 0.002 
3.00E-01 , 3.55E-031 - 0~0025 ' 
3.50E-O I 4.00E-02 0.0007 
4.00E-0 1, O.OOE+OO - o: 

0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

0 
01 
0 
O, 

0 
0 

0 
0 

DE DF 

--~ 

4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 
7.SOE-0 I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
I. l 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
l.25E+OO , O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
l.60E+OO . O.OOE+001 

1.65£+00 O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
1.85£+00 O.OOE+OO 
1.90E+OO O.OOE+OO 
l.95 E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

_.__ --- ------

total 4.81E-01 

Filename fid340d 

0 
0 
0 
~ 

0 
0 
0 

0 
0 
0 
0 
0 

0.0002 

--- -
I tally 8 nps = 44227210 ___ _ 

uni tally type 8 pulse height distribution. uni 

I/ 16/02 

. ------ -
tally for photons 

1 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.54E-01 0.0002 
1.00E-0 I 2.42E-02 
1.50E-O I 2.95E-02 
2.00E-0 I 2.68E-02 
2.50£-0 I 5.56E-03 
3.00E-0 I 3.27E-03 

0.001 
0.0009 
0.0009 

0.002 
0.0026 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

CV cw ex 
181 3.50E-0 I 4.47E-02 
182 4.00E-01 i 0.00~+00 
183 4.50E-0 I 0.00E+00 
184 5.00E-01 0.00E+00 
185 5.50E-01 0.00E+00 

I 

186 6.00E-01 0.00E+00 
I 87 6.50E-0 I 0.00E+00 
188 7.00E-01 ; 0.00E+00 

. - ------- --1 

189 7.50E-0I 0.00E+00 
190 8.00E-0 I . 0.00E+00 
191 8.50E-0I 0.00E+00 
192 -- 9:-00E~OI l 0.00E+00 
193 9.50E-0I 0.00E+00 
194 I.00E+00 0.00E+00 
195 I .05E+00 0.00E+00 
196 I.I0E+00 0.00E+00 
197 l.15E+00 0.00E+00 
198 l.20E+00 0.00E+00 
199 I .25E+00 0.00E+00 
200 l.30E+00 0.00E+00 
201 I .35E+00 0.00E+00 
202 I .40E+00 0.00E+oo · 
203 I .45E+00 0.00E+00 
204 l.50E+00 ' 0.00E+00 ' 

--- ------ --- - -+-- - - - .. . 
205 _ _____ . _ 1.s_5~+0Q_,_ o~qo~+o9 __ _ 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 

l.60E+00 0.00E+00 , 
1.65E+00 0.00E+00 . ------- --- ··- --

. ---- - --

- -· --- - -

I .70E+00 0.00E+00 
I .75E+00 0.00E+00 
I .80E+00 0.00E+00 
I .85E+00 0.00E+00 

-1~90E+0O- 0.00E+00 
- --- --- ·-- ---•-- -

I .95E+00 0.00E+00 
2.00E+00 0.00E+00 

total 4.86E-0 I 

CY 
0.0007 

Oi 
0 

0 

o: 
o' 
0 
QI 

o' 
O· 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 , 

- -01·---

0 
0 
0 

0 
0 

0 
0 
0 

0.0002 

I -

DA 

I / I 6/02 

DB DC DD DE DF 
0.0007 3.50£-0_1 c 4}_5E-02 

4.00E-01 ! 0.00E+00 
_1_~ ---- - ----

- - j _ ----- - ·- ·-

4.50E-0 I 0.00E+00 
5.00E-01 O.OOE+0O ; 

• I 

5.50£-01 . 0.00E+00 
I 

6.00E-0 I 0.00E+00 
6.50E-0 I 0.00E+00 
7 .00E-0 I 0.00E+00 
7.50E-01 0.00E+00 
8.00E-0 I 0.00E+00 
8.50£-01 · 0.00E+00 
9.00E-0i 

I 
O.OOE+OO, -

9.50E-0I 0.00E+00 
I .00E+00 0.00E+00 
l.05E+00 0.00E+00 
I.I0E+00 0.00E+00 

I 

QI 
I -

0 

0 
0 

0 

0 
0, 
0 

0 

0 
0 
0 
0 

0 

0 

l.15E+00 0.00E+00 0 
I .20E+00 0.00E+00 0 
l.25E+00 0.00E+00 0 
I .30E+oo' O.00E+00~ o' 
I .35E+00 0.00E+00 Qt-
I .40E+00 0.00E+00 
l.45E+00 0.00E+00 , 
1.50E+001 0.00E+00 
1.55£+00 0.00E+00 

- - ---------l 
0 

0 
0 
0 -- ·--- - - - ---~--------, 

)-~_9_!::_+_()01 q.qo_E+qo _ o 
I .65E+00 0.00E+00 0 ___ __, __ _ 
l.70E+00 0.00E+00 0 
1.75£+00 0.00E+00 , 0 ! 

-- ----- --------
l.80E+00 , 0.00E+00 0 - . - . --- -- ______ ___. 
I .85E+00 0.00E+00 
I .90E+OO . O.OOE+OO 

0 

0 
1.95£+00 0.00E+00 0 
2.00E+00 0.00E+00 0 '. 

total 4.86E-01 0.0002 
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Worksheet "MCNP Data p= 1.5" of Workbook "MCNP Volume Seneca.x is" 

DG DH DI DJ DK DL OM ON DO DP DQ 

2 
3 
4 
5 
6 
7 --- -
8 - --
9 --- ---
IO Filename fid360a Fi lename fid380a Filename 

-·---
11 I 

- -- ___j 

12 ltal ly 8 nps = 41724742 ltally 8 nps = 4183 1350 I tally 8 
-

13 tally type 8 pu lse height distribution . un i ta lly type 8 pulse height distr_ibution . um ta lly ty 

14 ta ll y for photons ta ll y for photons tally fo 

15 
16 ce ll 2 cell 2 cel l 2 

17 energy energy energy 

18 O.OOE+OO O.OOE+OO 0 O.OOE+OO O.OOE+OO 0 O.OOE+OO 

19 5.00E-02 3.42E-Ol 0.0002 5.00E-02 3.46E-O I 0.0002 5.00E-02 

20 I.OOE-0 I 2.08E-02 0.001 1 l .OOE-0 I I.98E-02 0.00 11 l .OOE-0 1 
21 l.50E-OI 2.53E-02 0.001 l .50E-O I 2.35E-02 0.001 l .50E-Ol 

-
2.ooE.:-01-

-
2.39E-02 22 2.56E-02 0.001 2.00E-01 0.001 2.00£-0 1 

23 2.50E-Ol 7.89E-03 0.00 17 2.50E-O I 1.0 I E-02 0.00 15 2.50E-Ol 
3.56E-03 ' 

. -
24 3.00E-01 0.0026 3 OOE-0 I 3.38E-03 0.0027 3.00E-01 

25 3.50E-O l 4.45£-03 0.0023 3.50E-O I 2.79E-03 0.0029 3.50E-O l 
--- -

26 4.00£-01 2.32E-02 0.00 1 4.00E-0 1 2.26£-02 0.001 4.00£-0 1 
27 4.50£-0 1- O.OOE+OO 0 4.50E-Ol O.OOE+Oo · 0 4.50£-0 1 

-- --
28 5.00E-01 O.OOE+OO 0 5.00E-0 I O.OOE+OO 0 5.00£-0 1 

29 5.50E-O I O.OOE+OO 0 5.50E-O I O.OOE+OO 0 5.50E-OI 

30 6.00E-0 1 O.OOE+OO 0 6.00E-01 O.OOE+OO 0 6.00E-0 1 
---- --

31 6.50£-0 I 0.00£+00 0 6.50£-01 O.OOE+OO 0 6.50£-01 
- ---- ---

32 7.00E-0 1 O.OOE+OO 0 7.00E-01 O.OOE+OO 0 7.00E-01 

'' ' O.OOE+Oo-·- - - --7-:-5oE-=o I-.).) 7.50£-0 1 O.OOE+OO 0 7.50E-Ol 0 
-· 

34 8.00E-0 1 O.OOE+OO 0 8.00E-0 I O.OOE+OO 0 8.00E-01 

35 8.50E-0 1 O.OOE+OO 0 8.50E-01 O.OOE+OO 0 8.50£-0 1 

36 9.00E-01 O.OOE+OO 0 9.00E-01 O.OOE+OO 0 9.00E-01 
- ------ -

37 9.50£-01 0.00£+00 0 9.50E-OI O.OOE+OO 0 9.50E-O I 
- --·------

38 1.00£+00 O.OOE+OO 0 l. OOE+OO O.OOE+OO 0 I.OOE+OO 

39 l .05E+-OO O.OOE+OO 0 l.05E+OO O.OOE+OO 0 I .05E+OO 

40 l. IOE+OO O.OOE+OO 0 I.I OE+OO 0.00£+00 0 l.l OE+OO 
- · --

41 l.1 5E+OO O.OOE+OO 0 l. 15E+OO O.OOE+OO 0 l.1 5E+OO 
42 l.20E+OO O.OOE+OO 0 1.20E+OO O.OOE+OO 0 1.20£+00 
43 l .25E+OO O.OOE+OO 0 1.25£+00 O.OOE+OO 0 

1 --I .25E+OO 
- · - - - -

44 1.30£+00 O.OOE+OO 0 1.30£+00 O.OOE+OO 0 l. 30E+OO 
45 I.35E+OO O.OOE+OO 0 l .35E+OO O.OOE+OO 0 l. 35E+OO - - -
46 1.40E+OO O.OOE+OO 0 l.40E+OO O.OOE+OO 0 l .40E+OO 

- -- - - - - -
47 l.45E+OO O.OOE+OO 0 I .45E+OO O.OOE+OO 0 l .45E+00 

- --
48 I .50E+OO O.OOE+OO 0 l .50E+OO O.OOE+OO 0 l .50E+OO 
49 l .55E+OO O.OOE+OO 0 l .55E+OO O.OOE+oo : ~ l .55E+OO 

I .60E+OO-· O.OOE+Oo · 
--- --- _ _.,_ 

50 O.OOE+OO 0 I.60E+OO 0 l. 60E+OO 
-- " 

51 l. 65E+OO O.OOE+OO 0 I.65E+OO O.OOE+OO 0 l. 65E+OO 
- ' ------ -

52 l.70E+OO O.OOE+OO 0 I.70E+OO O.OOE+OO , 0 1.70£+00 
' ' I -· - -

53 I.75E+OO 0.00£+00 0 l.75 E+OO O.OOE+OO 0 I.75E+OO -- -

54 I. 80E+OO O.OOE+OO 0 l .80E+OO 0.00£+00 0 1.80£+00 
- -- -

55 1.85£+00 O.OOE+OO 0 l. 85E+OO O.OOE+OO 0 l .85E+OO __,_ 
56 1.90£+00 O.OOE+OO 0 I.90 E+OO 0.00£+00 0 I.90E+OO 
57 I .95E+OO 0.00£+00 0 l .95ET00 O.OOE+OO 0 l .95E+OO 

-·-
58 2.00E+OO O.OOE+OO 0 2.00E+OO O.OOE+OO o! 2.00£+00 
59 total 4.52E-O I 0.0002 total 4.52E-Ol 0.0002 total 

60 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.x is" 

DG DH DI DJ 
61 
62 Filename fid360b 

- - - 7 

63 
64 !tally 8 nps = 42715724 
65 tally type 8 pulse height distribution. 
66 tally for photons 
67 
68 cell 2 
69 
70 
71 
72 
73 
74 

. 75 
76 
77 

78 
79 
80 
81 
82 
83 
84 

energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.53E-O I 
- -- · 

2. 18£-02' 1.00E-01 
1.50E-Ol 2.57E-02 
2.00E-01 2.68£-02 
2.50E-Ol 8.28£-03 
3 OOE-0 I 3.56£-03 
3.50E-Ol 4.85£-03 
4.00E-01 2. 77£-02 
4.50E-Ol O.OOE+OO 
5.00E-01 O.OOE+OO 

- -- - -

5.SOE-01 O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50£-0 I O.OOE+OO 

85 7.50E-O I , O.OOE+OO 

-

0 

0.0002 
0.00 1 

0.0009 
0.0009 
0.0017 
0.0026 
0.0022 
0.0009 

0 

0 
o, 

86 8.00E-01 O.OOE+001_ 
87 - 8.50~ <fooE+OO , ___ _ 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

88 9.00E-0 I O.OOE+OO ---- -- ·- -

89 9.50E-Ol O.OOE+OO 
90 l.OOE+OO O.OOE+OO 

---J-:05E+OO ·-91 O.OOE+OO 
--- -- ·-- --- --· -

92 J.IOE+OO O.OOE+OO 
--- - --- - - -

93 1.15E+OO O.OOE+OO 
------ --- - --

94 l.20E+OO O.OOE+OO 
- -- - - ·- --

95 1.25E+OO O.OOE+OO 
--------- -

96 l.30E+OO O.OOE+OO 
97 l.35E+OO O.OOE+OO 0 

- --IAOE+OO 
, -

O.OOE+OO 0 98 
- TT5E+OO 

·-- -- - -- . ----
99 O.OOE+OO 0 
100 l.50E+OO O.OOE+OO 0 

- -- --· ·- ----· ----
101 1.55E+OO O.OOE+OO 0 

-- T6DE.;oo ·-102 O.OOE+OO 0 
" 103 1.65E+OO O.OOE+OO 0 

104 1.70E+OO O.OOE+OO 0 
- ----- - --•-· 

105 l.75E+OO O.OOE+OO 0 
t-l-0--161--- l.80E+OO'O.OOE+OO • 01 
107 l.85E+OO O.OOE+oo ! -- --- ·0,-

1----1----,~--,--,+- - - - -- ~ - ---- - -- ---al 

108 l.90E+00 1 O.OOE+OQ._ ____ 0 
109 l.95E+OO , O.OOE+OO ! O, 

._l_l_0,___ 2.00E+OO O.OOE+OO ' 01 

-- I 

1---f----~------ , ----- - 1- --- -

111 total 4.72E-01 0.0002 
t-1-12-+-----~--7-- - 1·- - - -

DK DL OM ON DO DP DQ 

'Fi lena me : fid380b ·1 _ . 

nps = 41677709 

, !Filename 

uni 

__ J 

--- -- - --

!tally 8 !tally 8 
tally type 8 pulse height distribution . 
tally for photo~s ' - - - -, -- - -- -, 

___ uni _ _ tally t~­
tally fo 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.58E-01 ' 
l .OOE-0 I 2.08E-Oi; 
I.50E-01 2.39E-02 
2.00E-0 I 2.49£-02 
2.50E-O I I. I OE-02 
3.00E-01 3.42£-03 
3.50E-O I 2.87E-03 
4.00E-0 I 2.68E-02 . 
4.50£-0 I . O.OOE+OO 
5.00E-0 I O.OOE+OO 
5 .SOE-0 I . O.OOE+OO 
6.00E-0 I O.OOE+OO . 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO . -
7 .50E-O I O.OOE+OO 

0 
0.0002 
0.0011 

0.001 
0.001 

0.00 15 
0.0026 
0.0029 
0.0009 

0 
0 

0 
0 
0, 

- -o_, 
0 

8.00E-01 O.OOE+OO i 0 ' 
8.50£-01 , O.OOE+oo ' ____ _ o·-

9.00E-O I O.OOE+OO 0 

1 cell 2 
energy 
O.OOE+OO 

- S~OOE-02 
l .OOE-01 
l .50E-Ol 
2.00E-01 
2.50£-01 
3.00E-01 
3.SOE-01 
4.00E-01 
4.50£-01 
5.00E-01 

· ------ 5-:SOE-01 
- · 

6.00E-01 
'--------

6.SOE-Ol 
- --+-------

7.00 E -O l 
7.50£-01 

- ---· -- - ---'-- -- -- -
8.00E-01 
8.50E-OI . ________ _, 

- - -- - - ------· 
9.00E-01 
9.50£-01 9.50E-OJ O.OOE+OO O 1 

- _j__ ---

1.00E+OO O.OOE+OO 0 1 l.OOE+OO 
l.05E+OO 

- t----

1.IOE+OO 
-- -- t 

l .05E+OO O.OOE+OO . 
I. I OE+OO O.OOE+OO 
l. l 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
I JOE+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 

0 

0 

0 
0 

0 
0 
0 
0 
0 
0 

~----'-----
1. l 5 E + O O - -- · --·----'----

---- -- --- - ---- - --·--·-
l .55E+OO O.OOE+OO O 1 

l.60E+OO O.OOE+OO o · 
-- _J 

l .65E+OO O.OOE+OO 0 

l.20E+OO 
---·--- - -

l.25E+OO 
IJOE+OO 
l .35E+OO 
1.40E+OO 
1.45E+OO ~--
1.SOE+OO 
l.55E+OO 

- -'--
l.60E+OO 

- ·- ------·--- - ----1 

l.70E+OO O.OOE+OO 0 ! I.70E+OO 
l.75E+oo · O.OOE+oo · 0 - - ·--- - - - l.75E+o6 
I.80E+00 ° O.OOE+66i --- 07 - - --'-----+---1.-8-0E+OO 

-f-----'--- - t------+-~~ ,--,--,-1 
l .85E+OO '. _ O.OOE+20_1 ___ _ O-+'----+------+--I._85_E_+_0-10 
1.90E+OO O.OOE:-O_O_L__ _ ~ ___ _,__ _ _ ___[_ __ l_.9_0_E_+0--10 
l.95E+OO I O.OOE+OO : O_.,_l _ _ _ _,_ _____ l_.9_5_E+_0--10 

___ . 2.~oE+oo : o.oo!:+~_QJ ____ ~o,------'----+--2_._oo_E_+_o--10 
total 4.72E-OI 0.0002 ; total 

- -- -i --,------+-- ---,--- ---'-- ---l 

113 I _ _ ! ____ _ _ __ j __ _ 
114 Filename __ lfid360c _ __ ___ __ •Fi lename 

,-- - -
1 _ __ j _ __ ,_I - - --'----~--- - --1 

115 
1----1----------~ - .. -
116 1 tally 8 . nps_:c_ 435~9722__ _ _ 
117 tally type 8 pulse height distribution . 
118 tall~ fo~ photons - ' - - -

119 
120 cell 2 

i fid380c ; Filename 

I tally 8 ~ps = 43535-03-5 -
7

-

-- - -- _ _L 

um tally type 8 pulse height distribution. 
tally for photons 

cell 2 

1/ 16/02 

I !tally 8 
uni. tally ty 

tally fo 

cell 2 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.xis" 

DG DH DI 
121 energy 
122 O.OOE+OO O.OOE+OO 0 
123 5.00E-02 3.58E-O I 0.0002 
124 l.OOE-0 I 2.25E-02 0.00 I 
125 1.50E-O I 2.58E-02 0.0009 
126 2.00E-0 1 2.72E-02 0.0009 
127 2.50E-O I 8.40E-03 0.00 I 6 
128 3.00E-0 I 3.43E-03 I 0.0026 
129 3.50E-Ol 5.05E-03 0.0021 
130 4.ooE-0 1 3. I IE-02 o.0008 ' 

131 - ~_Q_E:_0 1 O:QO~~OQ_l 0 
I 32 5.00E-0 I O.OOE+OO 0 
I 33 5.50E-O I O.OOE+OO 0 
134 6.00E-0 I O.OOE+OO 0 
135 6.50E-O I O.OOE+OO 0 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

7.00E-01 O.OOE+OO 
7 .50E-O I O.OOE+OO 
8.00E-0 I O.OOE-i-00 
8.50£-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05£+00 O.OOE+OO 

- - -- --
I. I OE+OO O.OOE+OO 
l. l 5E+OO O.OOE+OO 

120E+OO- O.OOE+OO-
- -- -- - -

147 l.25E+OO O.OOE+OO 
148 l.30E+OO O.OOE+OO 
149 l .35E+OO O.OOE+OO 
150 l.40E+Oo•-O.OOE+OO ' 
I 5 I l.45E+OO O.OOE+OO 
152 l.50E+OO O.OOE+OO 
153 l.55E+OO O.OOE+OO 
154 l.60E+OO O.OOE+OO 
155 l.65E+OO O.OOE+oo ' 
I 56 l.70E+OO O.OOE+OO 
157 
158 
159 

1.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 

0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
160 I .90E+OO O.OOE+OO 0 
161 l.95 E+OO O.OOE+OO 0 
162 2.00E+OO O.OOE+OO 0 
163total 4.81E-Ol 0.0002 
164 
165 
166 Filename 
167 

fid360d 

- ' 
168 I tally 8 nps = 44108495 

DJ 

I 69 tally type 8 pu lse height distribution. 
170 __ t__ally for photons 
171 
172 cell 2 
173 energy 
174 O.OOE+OO O.OOE+OO 
175 
176 
177 
178 
179 
180 

5.00E-02 3.60E-O I 
1.00E-0 I 2.3 I E-02 
l .50E-O I 2.59E-02 
2.00E-0 I 2. 73E-02 
2.50E-O I 8.41 E-03 
3.00E-0 I 3.23 E-03 

0 
0.0002 

0.001 
0.0009 
0.0009 
0.0016 
0.0026 

DK 

U111 

DL DM DN DO 
energy 
O.OOE+OO O.OOE+OO 
5 OO E-02 3.63 E-Ol 
l.OO E-0 I 2. l 5E-02 
l .50E-O I 2.40£-02 
2.00E-01 2.52E-02 

_o_,_ - --

0.0002 
0.001 
0.001 

0.0009 
2.50E-O I I. l 5E-02 0.0014 
3.00E-0 I 3.33£-03 I __ 0.0026 
3.50E-O I 2.85E-03 I 0.0028 
4.00E-01 3.0IE-02 0.0009 
4.SOE-0 I O.OOE+OO 0 ,_ 
5.00E-0 I O.OOE+OO 0 ---
5.50E-O I O.OOE+OO 0 
6.00E-0 I O.OOE+OO 0 
6.50E-O I O.OOE+OO 0 
7 .OO E-0 I O.OOE+OO 
7.50E-OI O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O 1 O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
l .05 E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.15 E+OO O.OOE+OO 
l .20E+OO O.OOE+OO . 
l.25E+OO O.OOE+OO ' 
I .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
1.40E+OO O.OOE+OO 

1 

l.45 E+OO O.OQ_E~ O_O, _ 
l .50E+OO O.OOE+OO 
1.55£+00 O.OOE+OO 
I .60E+OO O.OOE+OO 
1.65£+00 O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO-
l .80E+OO O.OOE+OO 
1.85E+OO O.OOE+OO 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

l .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.8 1E-Ol 0.0002 

Filename fid380d 

t -

!tally 8 nps = 44 134923 

DP DQ 
ener~y 
O.OOE+OO 
5 OOE-02 
l.OOE-01 
l .50E-Ol 
2.00E-01 
2.50E-Ol 
3.00E-01 
3.50E-O I 

- - ---
4.00E-01 
4.50£-01 
5.00E-01 
5.50E-01 
6.00E-01 
6.50E-Ol 
7.00E-0 1 
7.SOE-01 
8.00E-0 1 
8.50E-O I 
9.00E-01 
9.50E-Ol 
l .OOE+OO 
l .05E+OO 
I.I OE+OO 
1.15£+00 
l .20E+OO 
l .25E+OO ___,_ __ 
l .30E+OO 
l.35 E+OO 

- +- __ ____. ----

l.40E+OO 
_______ __.j ___ ---- -

l.45 E+OO 
l.50E+OO 

------
l .55E+OO 

'-------
1.60 E + O O ~--

-- - - -

l.65E+OO 
l.70E+OO 
l.75E+OO 
l .80E+OO 
l.85E+OO 
l.90E+OO - - · --- --

total 

l .95E+OO 
2.00E+OO 

iFilename 

______ _ !tally 8 
tally type 8 pulse height distribution . uni ____ tally ty 
tally for photons · --- · ta_l_ly fo 

ce ll 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.65E-O I 
I.OO E-0 I 2.20E-02 
l.50E-0 I 2.40£-02 
2.00E-0 I 2.52£-02 
2.50E-O I l . l 9E-02 
3.00E-0 I 3.20E-03 

1/ 16/02 

' 

o: 
0.0002 

0.001 
0.001 

0.0009 
0.0014 
0.0027 

cell 2 _J __ 

______ en~ rfil' 
O.OOE+OO 
5.00E-02 
I.OOE-0 1 
l.50E-O I 
2.00E-01 
2.50£-01 
3.00E-0 I 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

DG DH DI DJ DK DL DM DN DO DP DQ 
181 3.50£-01 5.13£-03 0.002 1 3.50£-01 2.73 £-03 0.0029 3.50£-01 
182 4.00E-O ( 3.40£-02 0.0008 4.00E-01 3.28£-02

1 
0.0008 

. - -----
4.00E-01 

183 4.50£-01 0.00E+00 0 4.50E-0I 0.00E+00 0 4.S0E-01 
184 5.00E-01 0.00E+00 0 5.00E-01 0.00E+00 0 5.00E-01 
185 5.50£-0 I 0.00E+00 0 5.50£-01 0.00E+00 0 5.50£-01 

-- --- - -- - I 
0 : 186 6.00E-01 0.00E+00 0 6.00E-01 0.00E+00 6.00E-01 

187 6.50£-01 0.00E+00 0 6.50£-01 0.00E+00 0 6.50£-01 

188 7.00E-0I · 0.00E+00 01 
- - .! -

7.00E-01 0.00E+00 0 7.00E-01 
-- -- --- -· -- - - -------

189 7.50£-01 0.00E+00 0 ' 7.50E-01 0.00E+00 0 7.50E-0 I 

190 8.00E-01 0.00E+00 0 8.00E-01 0.00E+00 0 8.00E-01 
------

191 8.50E-0I 0.00E+00 0 8.50E-0 I 0.00E+00 0 8.50E-01 
, - ---- ----· 

192 9.00E-01 0.00E+00 0 9.00E-01 0.00E+00 QI 9.00E-01 

193 9.50E-0l 0.00E+00 o, 9.50£-01 0.00E+00 , 
•· 

' 9.50E-0l 0 
- --L-- ---

194 I .00E+00 0.00E+00 0 I.00 E+00 0.00E+00 0 I .00E+00 

195 l .05E+00 0.00E+00 0 l .05E+00 0.00E+00 0 l.05E+00 
196 I.I0E+00 0.00E+00 0 l.l0E+00 0.00E+00 0 l.l0E+00 

197 1. I 5E+00 0.00E+00 0 I. l 5E+00 0.00 E+00 0 l.15E+00 
198 l.20E+00 0.00E+00 0 l.20 E+00 0.00E+00 0 l .20E+00 
199 l.25E+00 0.00E+00 0 l.25 E+00 0.00E+00 0 l .25 E+00 
200 l.30E+00 0.00E+00 0 l.30E+00 0.00E+00 0 l.30E+00 
201 l .35E+00 0.00E+00 0 l .35E+00 0.00E+00 0 l. 35E+00 

-- - ·-- -· ---
0.00E+00 1 --- ---

202 l.40E+00 0.00E+00 0 1.40E+00 o· l.40E+00 
-- ------ - -- -------

203 I .45E+00 0.00E+00 0 I .45E+00 0.00E+00 0 l.45E+00 
---- ---- - ·- - - ----- - - ·- ---+-- ----

204 l.50E+00 0.00E+00 0 l .50E+00 0.00E+00 0· , · I.S0E+00 
-- __J_ ----

205 I .55E+00 0.00E+00 0 l.55 E+00 0.00E+00 0 l.55E+00 

~--1 j_Q~~Q_o L9.ooE+oo~: -- o -----·-----
206 l .60E+00 O.OOE+60:-___ 0 , l.60E+00 

O.OOE+Oo"° 
- - -·- -------

207 __ I .65E+00 I_ 0.00E+00 . 0 l.65E+00 0 l .65E+00 
------ - ---

208 l .70E+00 1 0.00E+00 · 0 I .70E+00 0.00E+00 0 l.70E+00 
209 I .75E+00 0.00E+00 0 l.75 E+00 0.00E+00 0 l.75E+00 - - -- - .._ -
210 I .80E+00 0.00E+00 0 I .&0E+00 0.00E+00 0 l.80E+00 

- - .. -- --- -
21 1 I .85E+00 0.00E+00 0 I .85 E+00 0.00E+00 0 l.85E+00 

- - - -- - ·- ----
212 I .90E+00 0.00E+00 0 I .90E+00 0.00E+00 0 l.90E+00 

213 I .95E+00 . 0.00E+00 0 l .95 E+00 0.00E+00 o· -· ---- - -
1.95[+00 

214 2.00E+00 0.00E+00 0 2.00E+00 0.00E+00 0 2.00E+00 
215 total 4.87E-0 I 0.0002 total 4.87£-01 0.0002 , 1total 
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I 
2 
3 
4 

5 
6 
7 
8 
9 

DR 

IO fi d400a 
--- - ---

11 
12 ps = 4072 1404 

DS DT 

I 3 e 8 pulse_ height distribution. 
14 photons 
15 
16 
17 
I 8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

O.OOE+OO 0 
3.51E-O l 0.0002 
l .89E-02 0.00 1 I 
2.22E-02 0.00 1 
2.23E-02 0.001 

•· 
l.l 8E-02 0.00 14 

-----· 
3.32E-03 1 0.0027 ____ ,_ - - -
2.30E-03 0.0033 
2. l lE-02 0.00 11 
8.13E-06 0.055 

-
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 -----
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+oo·- 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 ,_ 
O.OOE+OO 0 

--·-- -
O.OOE+OO 0 
--- · 

O.OOE+OO 0 
-----'·-- -

O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 ----- ·- -
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 

- ' O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
4.52E-01 0.0002 

DU DY DW DX DY 

-1 -

Filename fid420a 
I 
! -

!tally 8 nps = 4 I 938348 
un1 ta lly type 8 pulse height distribution. 

tally for photons · · · 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.54E-O l 0.0002 
l.OOE-01 I .8 IE-02 0.00 11 
I.SOE-OJ 2.1 OE-02 0.00 11 
2.00E-01 2.09E-02 0.00 11 
2.50E-OI 1. I 4E-02 0.00 14 
3.00E-01 4.94E-03 0.0022 
3.50E-OI 2.21 E-03 0.0033 
4.00E-0 I 3.06E-03 0.0028 
4.50E-0 I l .65E-02 0.00 12 
5.00E-01 O.OOE+OO 0 
5.50E-O I O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50E-OI O.OOE+OO 0 

I 

7.00E-01 O.OOE+OO 0 
7.50E-01 O.OOE+OO 0 
8.00E-01 O.OOE+OO 0 
8.50£-01 O.OOE+OO 0 
9.00E-01 O.OOE+OO 0 
9.50E-01 O.OOE+OO 0 
l .OOE+OO O.OOE+OO 0 
l.05E+OO O.OOE+OO 0 
I. IOE+OO O.OOE+OO 0 
l.1 5E+OO O.OOE+OO 0 
l.20E+OO O.OOE+OO 0 
I .25E+OO O.OOE+OO 0 
l .30E+OO O.OOE+OO 0 
l .35E+OO O.OOE+OO 0 
l.40E+OO O.OOE+OO 01 
l .45E+OO O.OOE+OO 0 
l.50E+OO O.OOE+OO 0 
l.55E+OO O.OOE+OO 0 

I 

l .60E+OO O.OOE+OO 0 
l. 65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO , 0 
l .80E+OO O.OOE+OO 0 
l .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 0 
l. 95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.52E-O I 0.0002 

1/ 16/02 

DZ EA EB 

,Filename fid440a 

!tally_ 8 _ nps = 4 195_ 
un1 tally type 8 pu lse 

-- --
tally fo r photons 

cell 2 
energy 
O.OOE+Oo· O.OOE+OO 
5.00E-02 - -3-:SiE-O I 

I. OOE-0 1 l.73E-02 
l .50E-O l 2.00E-02 
2.00E-0 I . l.97E-02 
2.50E-OJ- l .05E-02 
3.0-0-~-0_!j 6.JOE-03 
3.50E-Ol , 2. 15E-03 
4.00E-0 I 1.57£-03 
-- ---1----
4.50E-OI 1 1.67£-02 
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-01 I O.OOE+OO 

_ 6.50£-0 I , O.OOE+OO 
7.00E-0 1, O.OOE+OO 
7 .SOE-0 I O.OOE+OO 
8.00E-0 1 O.OOE+OO 

-8 .50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.SOE-01 O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
1. IOE+OO O.OOE+OO 
l . I 5E+OO O.OOE+OO 
l .20E+Of O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
I X5E+OOO.OOE+OO --~-
1.50£+001 O.OOE+OO 
l .55E+OO O.OOE+OO 
l.60E+OO , O.OOE+OO 

·-- f6sf.+.ool O.OOE+OO 
----129_~+0_~ O.OOE+OO 

l .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 

--D5E+OO- D.OOE+OO 

l .90E+OO O.OOE+OO 
1.95E+oo•-o.ooE+oo 
2.00E+oo : O.OOE+OO 

total 4.52E-O l 
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DR 
6 1 
62 fid400b 
63 
64 ps = 425_? 9931 

DS DT 

65 e 8 pulse height distribution. 
66 photons 
67 
68 
69 
70 O.OOE+OO 
71 3.63E-0 1 
72 1.99E-02 
73 2.26E-02 
74 2.32E-02 
75 I .30E-02 
76 3.40E-03 
77 2.32E-03 
78 2.50E-02 
79 9.89E-06 
80 O.OOE+OO 
81 O.OOE+OO 
82 O.OOE+OO 

0 

0.0002 
0.00 1 I 

0.00 1 
0.00 1 

0.001 3 
0.0026 
0.0032 

0.00 1 
0.0487 ' 

0 

0 
0 

- -- --·-------·-
83 O.OOE+OO 0 
84 O.OOE+OO 0 
85 O.OOE+OO 0 
86 O.OOE+OO 0 
87 O.OOE+OO 0 
88 O.OOE+OO 0 
89 O.OOE+OO 0 
90 O.OOE+OO 0 -· 
91 O.OOE+OO 0 
92 O.OOE+OO 0 
93 O.OOE+OO 0 
94 6.ooi::+oo-· - 0 
95 O.OOE+OO 0 
96 O.OOE+OO 0 
97 O.OOE+OO 0 

o.ooE+oo ·-
-

98 0 
99 O.OOE+OO 0 
JOO O.OOE+OO 0 
JOI O.OOE+OO 0 
102 O.OOE+OO 0 
103 O.OOE+OO 0 
104 O.OOE+OO 0 

. - - - . 
105 O.OOE+OO 0 

106 o.o-oE+oo ·- 0 
------

____ _, 

107 O.OOE+OO , O! 
-----...I-- -- _, 

108 O.OOE+OO 0 ----
109 O.OOE+OO o, 

- - _ , 

L - -" ---, 

110 O.OOE+oo · 0 ______ __, ___ 
111 4.72E-O I 0.0002 --------- - -- - -
112 
113 
114 fid400c ----- ----
11 5 
116 p_s = 43~8490 __ _ 
117 e 8 pulse height distribution. 
118 J)hotons -- - - -

119 
120 

. 

DU 

uni 

DY DW DX DY DZ EA EB 

'Filename fid420b 
.L-....- ---

Filena me J!i_d_4_40~ 

' !tally 8 nps = 42740350 · I ta lly 8 nps = 4280 
tally type 8 pulse height distribution. Uni ta!!r !.Y.P~.JlU~Se 

tally fo~ _1~hotcrns tally for photons - -

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 367E-Ol 0.0002 
I.OOE-01 l .90E-02 0.001 1 
l.50E-O I 2. 14E-02 0.001 
2.00E-01 2. I 7E-02 0.00 1 
2.50E-O I I .26E-02 0.0014 
3.00E-01 5.38E-03 0.002 1 
3.50E-OI 2.26E-03 0.0032 
4.00E-0 1 3.38E-03 0.0026 
4.50E-OI 1.97E-02 0.001 1 
5.00E-01 O.OOE+OO 0 
5.50E-OI O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50E-01 O.OOE+OO 0 
7.00E-0 1 O.OOE+OO 0 
7.50E-O I O.OOE+OO 0 
8.00E-0 1 O.OOE+OO ·01 

' 8.50E-O I O.OOE+OO 0 
9.00E-0 I O.OOE+OO 0 
9.50E-01 O.OOE+OO 0 : 

I .OOE+OO O.OOE+OO 0 
l.05E+OO O.OOE+OO 0 
I. IOE+OO O.OOE+OO 0 
1. l 5E+OO O.OOE+OO 0 
l.20E+OO O.OOE+OO 0 
l .25E+00 O.OOE+OO 0 
l.30E+OO O.OOE+OO 0 
l.35E+OO O.OOE+OO 0 
l .40E+OO O.OOE+OO 0 
1.45E+OO O.OOE+OO 0 
l.50E+OO O.OOE+OO 0 
I .55E+OO O.OOE+OO 0 
l.60E+OO O.OOE+OO 0 
1.65E+OO O.OOE+OO 0 
1.70E+OO O.OOE+OO 0 
1.75E+OO O.OOE+OO 0 
1.80E+OO O.OOE+OO o ' 
1.85E+OO O.OOE+OO ---o:-

cell 2 
energy 
. . 
O.OOE+OO O.OOE+OO 
5.00E-02 3.70E-0 1 
i .OOE-0 l- 1.82E-02 

l.50E-0 I 2.03E-02 
2.00E-0 I 2.05E-02 
2.50E-O I 1.15E-02 
3.00E-01 7.78E-03 
3.50E-O I 2.24E-03 
4.00E-0 I I .60E-03 

. - - - -

4.50£-01 . 1.99E-02 
5.00E-0 I 0.00E+OO 
5.50E-01 O.OOE+OO 
6.00E-01 O.OOE+OO 

- - . --- -- - · - 6.50E-01 ; O.OOE~:~ 

7.00E-01 i O.OOE+OO 
7.50E-Ol-'O.OOE+OO 

- - -- ---!..---

8.0_0E_-O .!.i O.OO_E+OO 

8.50E-01 , Q.O~~-~ 
9.00E-0 I O.OOE+OO 
9.50E-01 ; O.OOE+OO 

· ------
1.00E+OO , O.OOE+OO 
1.05E+OO O.OOE+OO 

~. - - - -- ·-

I .I OE+OO O.OOE+OO 
l.l 5E+OO O.OOE+OO 
1.20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30E+OO · O.OOE+OO 
l.35E+OO O.OOE+OO 

. 1.40E~OO;O.OOE+ OO 
1.45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 

- ---- - - ------1 

1.55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 

I .65_E+O_QJ. o.o.~E+o9 
1.70E+OO • O.OOE+OO 

T75E+OO O.OOE+OO 

. _ , , l. 80E+00 1 O.OOE+OO 

- --l--- ' I. - - _ _J 
_______ j~ _ _ l .85iE-oo ' O.OOE+OO 

l.90E+OO O.OOE+OO 0 , 1.90E+OO ! O.OOE+OO 
- - -- ·• - --

1.95E+OO O.OOE+OO 01 l.95E+OO , O.OOE+OO 
2.00E+OO O.OOE+OO 

---0 , 
2.00E+OO , O.OOE+OO 

' total 4.72E-01 0.0002 , 1tota l i 4.72E-0 1 

'Fi lename fid420c - i Fi lename ,fid440c ,-

!tally 8 nps = 4338 1849 . , 
uni tally type 8 pu lse height distribution. 

I tally 8 nps = 4305 
Uni ta lly type 8 - pu.lse 

tally for photons · -· · tltllyfo! photons 

cell 2 cell 2 
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DR 
121 
122 O.OOE+OO 
123 3.67E-O I 
124 2.05E-02 

. -- --
125 2.27E-02 ' 
126 2.34E-02 
127 l.38E-02 
128 3.36E-03 i 
129 2.26E-03 

4 
130 2.79E-02 

·-·--- L 

131 1.06£-05 , 
132 O.OOE+OO 
133 O.OOE+OO 

- -
134 O.OOE+OO 
135 O.OOE+OO 
136 O.OOE+OO 
137 O.OOE+OO 
138 O.OOE+OO 
139 O.OOE+OO 
140 O.OOE+OO 

-- - -
141 O.OOE+OO 
142 O.OOE+OO 

DS 

0 
0.0002 

0.001 
0.001 
0.001 

0.0013 
0.0026 
0.0032 
0.0009 
0.0466 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

143 O.OOE+OO 0 
144 O.OOE+OO Q. 

145 O.OOE+OO 0 
146 -0.00E+OO ___ O_ 

147 O.OOE+OO~--- OL 
148 O.OOE+OO 0 

- - - - - · 
149 O.OOE+OO 0 
150 O.OOE+OO 0 
151 O.OOE+OO 0 
152 O.OOE+OO 

- ------ -
153 O.OOE+OO 
154 O~OOE+OO --

155 O.OOE+OO 
156 O.OOE+OO 
157 O.OOE+OO 
158 O.OOE+OO 
159 O.OOE+OO 

0 

0 
0 
Q 

0 

0 
0 
0 

160 O.OOE+OO 0 
161 O.OOE+OO 0 
162 O.OOE+OO 0 
163 4.81£-01 0.0002 
164 
165 
166 fid400d 
167 
168 ps = 44016029 

I-

DT 

169 e 8 pulse height distribution. 
170 ____E!1otons · 
171 
172 

173 
174 O.OOE+OO 0 
175 3.69E-O I , 0.0002 
176 2. 1 OE-02 0.00 I 
177 2.27E-02 0.00 I 
178 2~33£-02 0.001 
179 1.44£-02 0.0012 
180 3.28E-03 0.0026 

DU 

uni 

DY DW 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.7 1£-01 
I.OOE-0 I I. 96£-02 
1.50£-01 2. 15E-02 
2.00E-01 2. 19£-02 
2.50£-0 I 1.34£-02 
3.00E-01 5.62E-03 1 
3.50E-O I 2.23£-03 
4.00E-01 3.55£-03 
4.50£-0 I 2.22E-02 
5.00E-01 O.OOE+OO 
5.50£-0 1 O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50£-0 I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7 .50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O 1 O.OOE+OO 
l .OOE+OO O.OOE+OO 
1.05 £+00 O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.15 E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
1.40£+00 O.OOE+OO 
I .45E+OO O.OOE+OO 
1.50£+00 O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
1.95£+00 O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.8 1£-01 

Fi lename fid420d 

I tally 8 nps = 43990034 

DX 

0 
0.0002 
0.0011 

0.00 1 
0.001 

0.0013 
0.002 

0.0032 
0.0025 

0.00 1 
0 
o, 
o' 
0 

0 
0 

0 
0 

0 

0 
0 
0 

0 
0 

0 
0 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0.0002° 

DY 

tal ly type 8 pulse height distribution . 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.73£-0 1 
I.OOE-0 1 2.0IE-02 
1.50£-0 I 2. I 5E-02 
2.00E-0 I 2. I 9£-02 
2.50£-0 I 1.40£-02 
3.00E-01 5.79E-03 

1/ 16/02 

0 
0.0002 
0.0011 

0.001 
0.00 1 

0.0013 
0.002 

DZ EA EB 
energy 
~.00~+00 : O.OOE+OO 
5.00E-02 3.75£-01 __ __..,:_ 

l .OOE-01 ' 1.88£-02 
1.50£-0 1 2.04£-02 
2.00E-01 2.07£-02 
2.50E-O 1 1.21 E-02 
3.00E-01 8.38£-03 
3.50E-O I- 2.24E-03. 
4.00E-0 r - 1.55£-03 
4.50£-01 , 2.23£-02 
5.00E-01 O.OOE+OO 

----
5.50£-01 O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50£-01 O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50£-0 I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O 1 O.OOE+OO 
9.00E-0 I O.OOE+OO -- . -
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05£+00 O.OOE+OO 
1.10£+00 , O.OOE+OO 
1.15£+00 O.OOE+OO 
1.20£+00 O.OOE+OO 
l.25E+oo : O.OOE+OO 
I .30E+OO O.OOE+OO 
1.35£+00 O.OOE+OO 

:· _ _l_.:_~_QE+6o; O.OOE+OO 
I .45E+OO I O.OOE+OO 
1.50£+00 1 O.OOE+OO 

- - · 1.55£+00 O.OOE+OO 

l .60E+OO . O.OOE+OO 
-- -~ ___ j____ __ _ 

uni 

l .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 

-- -
I .75E+OO O.OOE+OO 
1.80£+00- O.OOE+OO 
1.85£+00 O.OOE+OO 
I .90E+OO O.OOE+OO 
1.95£+00 O.OOE+OO 
2.00E+oo · O.OOE+OO 

total 4.81£-0 1 

Filename fid440d 

!tally 8 nps = 4402 
tally type 8 pulse 

_ ~~ orpl1oton~_ 
_,_ 

cell 2 
energy 

----
0.00E+OO O.OOE+OO 
5.00E-02 3.77£-01 
1.00E-0 I 1.92£-02 
I .50E-OI . 2.05£-02 
2.00E-01 ~ 2.06£-02 
2.50£-01 1.26£-02 
3.00E-0 I 8.85E-03 
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DR OS OT DU DY ow DX DY DZ EA EB 

181 2. I 3E-03 0.0033 3.50E-01 2.16E-03 0.0032 3.SOE-01' 2.2 1 E-03 

182 3.04E-02 ' 0.0009 4.00E-01 3.66E-03 0.0025 ; 4.00E-01·1 .46E-03 
- ---- - - -

183 l.07E-05 0.046 4.50E-OI 2.43E-02 0.00 1 4.SOE-01 2.44E-02 

184 O.OOE+OO 0 5.00E-0 1 O.OOE+OO 0 5.00E-01 O.OOE+OO 

185 O.OOE+OO 0 5.50£-01 O.OOE+OO 0 5.50E-OI O.OOE+OO 
o' - ,- - - ---- --

186 O.OOE+OO 0 6.00E-01 O.OOE+OO 6.00E-0 I O.OOE+OO 
-

187 O.OOE+OO 0 6.50£-0 1 O.OOE+OO 0 6.SOE-01 O.OOE+OO 

188 O.OOE+OO ' 0 7.00E-01 O.OOE+OO 0 7.00E-01 O.OOE+OO 
-------

189 O.OOE+OO 0 7.50£-01 O.OOE+OO 0 7.50E-OI O.OOE+OO 
·- - - - . -

190 O.OOE+OO 0 8.00E-01 O.OOE+OO 0 8.00E-0 I , O.OOE+OO 
-- -- -- . _, 

191 O.OOE+OO 0 8.50£-01 O.OOE+OO 0 8.50£-0 1 O.OOE+OO 
----------- -- --

192 O.OOE+OO ' 0 9.00E-01 O.OOE+OO 0 9.00E-01 ' O.OOE+OO 

193 O.OOE+OO ~ 0 9.50£-01 O.OOE+OO 0 • --9.-SOE-OJIO.OOE+OO 

194 O.OOE+OO 0 I.OOE+OO O.OOE+OO 0 I OOE+00
1 
-0.00E+OO 

195 O.OOE+OO 0 l.05E+OO O.OOE+OO 0 l.05E+OO O.OOE+OO 

196 O.OOE+OO 0 I.IOE+OO O.OOE+OO 0 I. JOE+OO O.OOE+OO 

197 O.OOE+OO 0 l.1 5E+OO O.OOE+OO 0 l.15 E+OO O.OOE+OO 

198 O.OOE-'-00 0 1.20E+OO O.OOE+OO . 0 . l .20E+OO O.OOE+OO 

199 O.OOE+OO 0 l.25E+OO O.OOE+OO 0 l .25E+OO O.OOE+OO 

200 O.OOE+OO 0 , l.30E+OO O.OOE+OO 0 l .3 0E+OO O.OOE+OO 
---- - -

20 1 O.OOE+OO O• J.35E+OO O.OOE+OO 0 I .35E+OO O.OOE+OO 

202 O.OOE+ cfo' 0 l.40E+OO o' ---- ---
O.OOE+OO I .40E+OO ' O.OOE+OO 

l.45 E+OO O.OOE+OO 0 
---•-- --·-- - - -·· -- "1-- --

203 O.OOE+OO • 0 - ·- _ _l.45E+00 1 O.OOE+OO -----
204 O.OOE+OO 0 l.50E+OO O.OOE+OO 0 1.50E+OO ! O.OOE+OO 

- --- - - - --
205 O.OOE+OO 0 l.55E+OO O.OOE+OO 0 l.55 E+OO ! O.OOE+OO 

- - - - - · 
l.60E+OO : O.OOE+OO 206 O.OOE+OO 0 l.60E+OO O.OOE+OO 0 

- ------
0 I .65E+OO . O.OOE+OO 207 O.OOE+OO 0 l .65E+OO O.OOE+OO 

- ----· - - - - - · - - - ---- -

208 O.OOE+OO 0 l.70E+OO O.OOE+OO 0 l.70E+OO O.OOE+OO 

209 O.OOE+OO 0 1.75E+OO O.OOE+OO 0 l.75 E+OO O.OOE+OO - --~ -- . 

210 O.OOE+OO 0 I .80E+OO O.OOE+OO 0 1.80E+OO O.OOE+OO 
- ---. 1- - - -- -- - . 

211 O.OOE+OO 0 l.85 E+OO O.OOE+OO 0 l .85E+OO O.OOE+OO 

212 O.OOE+OO 0 l.90E+OO O.OOE+OO 0 l.90E+OO O.OOE+OO 
-- - -- --

213 O.OOE+OO o· l.95 E+OO O.OOE+OO O· l .95E+OO O.OOE+OO 

214 O.OOE+OO •- 0 2.00E+OO O.OOE+OO 0 2.00E+OO O.OOE+OO 
-- - ----- -

215 4.87£-01 0.0002 tota l 4.87E-O I 0.0002 total 4.87E-O I 
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EC ED 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I I 
12 07 
13 height dist ri bution. 
14 
15 
16 
17 
18 0 
19 0.0002 
20 0.0012 
21 0.00 11 
22 0.00 11 
23 0.0015 
24 0.00 19 
25 0.0033 · - ---
26 0.0039 
27 0.00 12-

28 0 
29 0 
30 0 

-- --· -
31 0 

-- ---•-l-

32 0 
33 0 
34 0 
35 0-
36 0 
37 0 
38 0 
39 - --a ·-
40 0 
41 0 
42 0 
43 0 
44 0 
45 0 
46 0 
47 0 
48 0 

- ---- -
49 0 

-- - ·----
50 0 
51 0 
52 0 
53 0 
54 0 
55 0 
56 0 
57 0 
58 0 
59 0.0002 
60 

- I 

Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

EE EF EG EH El 

Filename fid460a 

ltally 8 nps = 41962666 
tally type 8 pu lse height distribution. 
tally for photons 

cell 2 
energy 
0.00E+OO O.OOE+OO 
5.00E-02 3.60E-O I 
I .OOE-01 I .66E-02 
l.50E-O I I .90E-02 
2.00E-01 l. 86E-02 
2.50E-O I 9.86E-03 
3.00E-0 1 8.38E-03 
3.50E-O I 2. I 6E-03 
4.00E-01. I .57E-03 
4.50E-OI 2.24E-03 
5.00E-01 I .33E-02 
5.50E-O I O.OOE+OO 
6.00E-0 1 O.OOE+OO 
6.50E-OI O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 1 O.OOE+OO 
8.50E-Ol O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 
l. OOE+OO O.OOE+OO 
l.05E+OO O.OOE+OO 
l. IOE+OO O.OOE+OO 
l.1 5E+OO O.OOE+OO 
l.20E+OO O.OOE+OO 
l.25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
l.40E+OO . O.OOE+OO 
l .45E+OO O.OOE+OO 
l. 50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l. 65E+OO O.OOE+OO 
I.70E+OO , O.OOE+OO 
I.75E+OO O.OOE+OO 
l .80E+OO . O.OOE+OO 
I .85E+OO . O.OOE+OO 
l. 90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.52E-O I 

0 

0.0002 
0.0012 
0.00 11 
0.00 11 
0.00 15 
0.0017 
0.0033 
0.0039 
0.0033 
0.00 13 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

1/ 16/02 

EJ 

i -

U111 

EK EL EM 

Filename fid480a 

l tally 8 nps = 42226493 
- - --

tally type 8 pulse height dist 
tally for photons 

cel l 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.63E-O I 0.0002 
l. OOE-0 1 l .60E-02 0.0012 
1.50E-O I 1.81 E-02 0.00 1 I 
2.00E-01 I.77E-02 0.00 11 
2.50E-OI 9.42E-03 0.00 16 

---· -- -

3.00E-0 I 7.86E-03 0.00 17 
-- - --- ---
3.50E-OI 3.85E-03 , 0.0025 
4 OOE-0 I ' I .53f-03 0.0039 
4.50E-OI I .37E-03 , 0.0042 
5.00E-0 I l.33E-02 
5.50E-O I O.OOE+OO -

0.0013 
0 

6.00E-0 I O.OOE+OO . 0 
6.50E-OT {).QQE+()O 0 
7 .OOE-0 I O.OOE+OO 0 _____ , 
7.SOE-01 O.OOE+OO 0 
8.00E-01. O.OOE+OO 0 
8.50E-OI O.OOE+OO 0 
9.00E-0 1 O.OOE+OO 0 

----1 
9.SOE-0 1 O.OOE+OO 0 

- - - c--,-c-c--~--
1.00E+OO O.OOE+OO 0 
I .05E+OO O.OOE+OO 0 
I. I OE+OO O.OOE+OO 0 
l.l 5E+OO O.OOE+OO 0 
1.20E+OO O.OOE+OO 0 
l .25E+oo · O.OOE+oo ·-- - 0 

l .30E+OO O.OOE+OO 0 
l.35E+OO . O.OOE+oo· 0 
l.40E+OO. O.OOE+OO- 0 

I .45E+OO O.OOE+OO 0 
. -

I .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 

0 
0 

l.60E+OO O.OOE+OO , 0 
I .65E+OO O.OOE+OO 0 
I.70E+OO O.OOE+OO 0 

-!....-- - - -

I.75E+OO O.OOE+OO 0 
I .80E+OO- O.OOE +6o' 0 
J. 85E+oo · o.oOE+oo o 
l. 90E+OO O.OOE+OO 0 - - -
1.95E+OO O.OOE+OO , 0 
2.00E+oo · O.OOE+OO . 0 

total 4.52E-O I 0.0002 
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Worksheet "MCNP Data p=I .5" of Workbook "MCNP Volume Seneca.xis" 

61 
62 
63 
64 73 

EC ED 

65 height distribution . 
66 ' 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

0 
0.0002 
0.001 I 
0.0011 
0.00 1 I 
0.0014 
0.0017 
0.0032 . 

0.0038 
0.001 1 

0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

o, 
0 

92 0 

__: 

- - --·- - - - -· 
93 0 
94 0 
95 0 
96 0 
97 0 
98 0 
99 0 

100 
101 
102 
103 
104 
105 

0 

0 
0 
0 
0 

0 

EE EF EG EH EI 

-; Filename fid460b 
- : 

: !tally 8 nps = 427899 I 5 
un( tally type 8 pu lse height distri bution 

- tatty for -photons . I 

, ce ll 2 
energy 
0.00E+00 0.00E+00 
5.00E-02 3.73E-0I 
I. 00E-01 l.75E-02 
l .50E-0I 1.93E-02 
2.00E-01 I. 94E-02 
2.50E-0 l l .07E-02 
3.00E-01 9.60E-03 
3.50E-0I 2.28E-03 
4.00E-01 l .62E-03 
4.50E-0l 2.52E-03 
5.00E-01 . I .60E-02 
5.50E-0I 0.00E+00 
6.00E-01 0.00E+00 
6.50E-0 l 0.00E+00 
7.00E-01 0.00E+00 
7.50E-01 0.00E+00 
8.00E-01 0.00E+00 

' 8.50E-0I 0.00E+00 
9.00E-01 0.00E+00 
9.50E-0 1 • 0.00E+00 
I. 00E+00 0.00E+00 
l .05E+00 0.00E+00 
I.I0E+00 0.00E+00 
I. I 5E+00 0.00E+00 
l.20E+00 0.00E+00 
I.25E+00 0.00E+00 
l.30E+00 0.00E+00 
l .35E+00 0.00E+00 
1.40E+00 0.00E+00 
l .45E+00 0.00E+00 
l.50E+00 0.00E+00 
l.55E+00 0.00E+00 
l .60E+00 0.00E+00 
l.65E+00 0.00E+00 
l.70E+00 0.00E+00 
l.75E+00 0.00E+00 

. ' 

0 
0.0002 
0.00 11 
0.001 1 
0.0011 
0.0015 
0.001 6 
0.0032 
0.0038 

0.003 

I 06 ___ 0_ _ _ j __ I .80E+00 . 0.00E+00 . 

- _J 

i 

EJ EK EL EM 

__ 1 Filename ; fidtf80b 

!tally 8 nps=428l5173 
uni _ tally type 8 pulse height dist 

tally for photons 

cell 2 
energy 

-

0.00E+00 0.00E+00 0 - --
5.00E-02 3.76E-0I 0.0002 

. - --·-·--
I.00E-01 l. 68E-02 0.0012 

- ---- -
l .50E-0l l.84E-02 0.00 11 
2.00E-01 1.84E-02 . 0.0011 
2.50E-0I l .02E-02 0.0015 
3.00E-01 8.99E-0J 0.0016 
3.S0E-01 4.33E-03 0.0023 
4.00E-0 1 I .62E-03 0.0038 
4.50E-0l l.46E-03 0.004 
5.00E-0 I I .59E-02 . 0.0012 

-- -----
5.S0E-0 I : 0.00E+00 0 
-- - -· - - -- -- ---
6.00E-01 0.00E+00 - -- - ---
6.50E-01 0.00E+00 
7 .00E-0 I 0.00E+00 

- ---- -- - --
7.50E-0I 0.00E+00 
---- - -· - - --

8.00E-0 I 0.00E+00 
8.50E-0I . O.OOE+OO 
9.00E-01 0.00E+00 

0.00E+00 
- . -

0.00E+00 
O.OOE+0o' 
0.00E+00 

- -- -
0.00E+00 
0.00E+00 
0.00E+00 

- -

9.50E-01 
I.00E+00 
l.05E+00 
I. I0E+00 
l. 15E+00 
l .20E+00 
l.25E+00 
l .30E+00 
l .35E+00 
l .40E+00 
l .45E+00 
l .50E+00 

- - - --·--
0.00E+00 
0.00E+00 
0.00E+00 : 
0.00E+00 

- - --- -
0.00E+00 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - ·-----~--

I .55E+00 0.00E+00 
l .60E+00 0.00E+00 
I .65E+00 0.00E+00 

- ----- - · ---

0 

0 
0 

l. 70E+00 0.00E+00 0 
- - - -- -----

1.75E+00 0.00E+00 0 
I .80E+00 0.00E+00 0 

107 ----- ~- _J !,85E+oo , 0.00E+00 

0.00 12 
0 

0 
0 
0 

0 
0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 

0 
0 

0 
0 
0 

0 

0 

0 

0 

0 
0 
0 
0 
0 

i - I .85E+00 0.00E+00 0 

108 
109 

0 1 • l.90E+00 0.00E+00 
__ 0 ___ -- - --i l.95E+OO 0~OOE+OO 

I .90E+00 • 0.00E+00 0 
I .95E+00 I 0.00E+00 , 0 

I IO ---- 0 ---- .- - - - i.oo·E+·oo7 0.00E+OO . 
- ------l- -- - - - -- I 

2.00E+00 0.00E+00 , 
- '---- - - ~- --- --l-

0 
Il l 0.0002 1total 4.72E-0 I 0.0002 __ ttotal _ ____ : 4.72E-0 I I 0.0002 
I 12 I ------ - . - -- - -- -· --
11 3 

- - ----·-
! 14 
115 
116 81 

117 height dist~~~o~:__ __ 
118 ' 
119 
120 

uni 

Filename jfid460c 

' !tally 8 nps = 43369000 
tally type 8 pulse height distribution . . 
tally for photons 

cell 2 

1/16/02 

L 
- fid480c 

- -'-·---
l ta lly 8 nps = 42274992 - ---- -

U111 tally type 8 pulse height dist 
- -- - -

tally for photo!1s 

cell 2 
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EC ED EE 
121 
122 0 
123 0.0002 
124 0.0011 
125 0.0011 --- - -- -
126 0.001 
127 0.0014 
128 0.00 17 
129 0.0032 
130 0.0039 
131 0.001 
132 0 
133 0 
134 0 
135 0 
136 0 
137 0 
138 0 
139 0 
140 0 
141 0 
142 0 
143 0 
144 0 
145 0 

' 
146 0 

- -- -- - -
147 0 

- -- -
148 0 
149 0 

----·- ---
150 0 
ISi 0 

-----·--
152 0 
153 0 
154 0 
155 0 
156 0 
157 0 
158 0 
159 0 
160 0 ----
161 0 
162 0 
163 0.0002 
164 
165 
166 
167 
168 77 

169 height distribution . 
- --

170 
171 

--- ---
172 
173 

----
174 0 
175 0.0002 
176 0.0011 
177 0.00 1 
178 0.001 
179 0.00 13 
180 0.0016 

Worksheet "MCNP Data p= 1.5" of Workbook "MCNP Volume Seneca .x is" 

EF EG EH El 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.78E-O I 0.0002 
I.OOE-0 I l .80E-02 0.00 11 
l.50E-O I l.94E-02 0.0011 
2.00E-0 1 l .96E-02 0.00 11 
2.50E-O I l .1 2E-02 0.001 4 
3.00E-01 l .05E-02 0.0015 
3.50E-O I 2.31 E-03 0.0032 
4.00E-0 1 I .60E-03 0.0038 
4.50E-O I 2.67E-03 0.0029 
5.00E-01 ; l .80E-02 0.00 11 
5.50E-01 O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50E-01 O.OO E+OO 0 
7.00E-01 O.OOE+OO 0 
7.50E-O I O.OOE+OO 0 
8.00E-01 O.OO E+OO 0 
8.50E-O I O.OOE+OO 0 
9.00E-01 O.OOE+OO 0 
9.50E-Ol O.OOE+OO 0 

I. OOE+OO O.OOE+OO 0 
l.05 E+OO O.OOE+OO 0 
l.l OE+OO O.OOE+OO 0 
I. I 5E+OO O.OOE+OO 0 
I .20E+OO O.OOE+OO 0 
1.25E+OO O.OOE+OO 0 
l .30E+OO O.OOE+OO 0 
l. 35E+OO O.OOE+OO 0 

.J 

I .40E+OO O.OOE+OO 0 
I .45E+OO O.OOE+OO 0 
I .50E+-OO , O.OOE+OO 0 
I .55E+OO O.OOE+OO 0 

-
I .60E+OO O.OOE+OO 0 
I .65E+OO O.OO E+OO 0 
I .70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO 0 
l .80E+OO O.OOE+OO 0 
I .85 E+OO O.OOE+OO 0 
I .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.81E-01 0.0002 

Filena me fid460d 

I tally 8 nps = 44095084 
un i tally type 8 pulse height distribution . 

tally for photons 

cell 2 
energy 
O.OOE+OO O.OO E+OO 0 
5.00E-02 3.80E-0 1 0.0002 
I .OOE-01 l .84 E-02 0.001 1 
I .50E-01 l.95 E-02 0.001 I 
2.00E-01 l. 96E-02 0.0011 
2.50E-O I l .16E-02 0.001 4 
3.00E-01 l . I 2E-02 0.0014 

1/ 16/02 

EJ EK EL EM 
energy 
O.OOE+OO O.OOE+OO 0 

- ---
5.00E-02 3.81 E-0 I 
I.OOE-0 I l.73E-02 
l .50E-O I l .85E-02 
2.00E-0 I l.86E-02 
2.50E-O I l .06E-02 
3.00E-01 9.80E-03 . 

0.0002 
0.0012 
0.00 11 
0.001 I 
0.00 15 
0.0015 

3.50E-O I 4.63E-03 0.0023 
4.00E-0 I l .63E-03 . 0.0038 
4.50E-O I l .46E-03 0.004 

- - ----t - - --- __J ___ --'--- -

urn 

5.00E-01 1 l.79E-02 0.001 1 
5.50E-01 · o1ioE+oo ;-- - o 

6.00E-0 I O.OOE+OO 0 
6.SOE-01 O.OOE+OO 0 
7.00E-01 O.OO E+OO 0 
7.SOE-01 O.OOE+oo· 0 
8.00E-0 1 O.OOE+OO 0 
8.SOE-0 I O.OOE+OO 0 
9.00E-01 O.OOE+OO 0 
9.50E-01 O.OOE+OO 0 - - -- - --
1.00E+OO O.OOE+OO 0 

·-- -
l .OSE+OO O.OOE+OO 0 
1.1 OE+OO O.OOE+OO 0 
l. l 5E+OO O.OOE+OO 0 

--- - . -- ----
l.20E+OO i O.OOE+OO · 0 
I .25E+OO i O.OOE_+...,.O_O_: ---0 

uof+oo1 o--.-ooE·+oo o 
---

l .35E+OO O.OOE+OO 0 
, --------- ----,---,---- -----1 

l .40E+OO O.OOE+OO 0 
I .45E+OO O.OOE+OO 0 

- ·-- -- . - ---
l .50E+OO O.OOE+OO 0 
l.55E+OO O.OOE+OO ' 0 
l .60E+OO O.OOE+OO • 0 
l .65E+OO O.OOE+OO 0 
I .70E+OO O.OOE+OO 0 
---- - . -- - -
l .75E+OO O.OOE+OO 0 

- •------I--- --

l. 80E+OO O.OOE+OO ___ 0 
I .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 0 
l. 95E+oo · O.OOE+00------,--10 

2.00E+OO O.OOE+OO 0 

L -----

Fi lename fid480d 

I ' 

!tally 8 nps = 44 187332 

cell 2 

tally type 8 puli eheightdist 
tally for photons 

- --- -, ---

___ e~ergy __ 
O.OOE+OO O.OOE+OO ___ O 
5.00E-02 3.83E-O I 0.0002 
I.OOE-01 I. 77E-02 0.00 11 
l.50E-O I- l.86E-0-2 - 0.00 11 

_j 

2.00E-0 I I .86E-02 0.0011 
2.SOE-0 I l .09E-Of 
3.00E-0 I I. 05E-02 

0.0014 
0.00 15 
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Worksheet "MCNP Data p= l .5" of Workbook "MCNP Volume Seneca.xis" 

181 
182 
183 
184 
185 
186 
187 

EC 

0.0032 
0.0039 

0.001 
0 
0 

0 
0 

188 0 
189 0 

0 
o. 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

ED EE 

' 

190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

------- - - - -·- ---

211 
212 
213 
214 
215 

0 
0 

- -
0 

------ -
0 
0 
0 
0 

0.0002 

EF EG 
3.50E-0 I 2.31 E-03 
4.00E-0 I l.55E-03 
4.50E-0I 2.77E-03 
5.00E-01 l.98 E-02 
5.50E-0I 0.00E+00 
6.00E-01 0.00E+00 
6.50E-0 I 0.00E+00 
7.OOE-01 0.00E+00 
7 .50E-0 I 0.00E+00 
8.00E-0 I 0.00E+00 
8.50E-0 I 0.00E+00 
9.00E-01 0.00E+00 
9.50E-0 I 0.00E+00 
l .00E+00 0.00E+00 
I .05 E+00 0.00E+00 
1.1 0E+00 0.00E+00 
l.15E+00 0.00E+00 
I .20E+00 0.00E+00 
I .25E+00 0.00E+00 
I .30E+00 0.00E+00 
I .35E+00 0.00E+00 
I .40E+00 0.00E+00 
1.45E+00 0.00E+00 
l.50E+00 , 0.00E+00 
I .55E+00 0.00E+00 - -- -- . 
l .60E+00 0.00E+00 
I .65E+oo · 0.00E+00 
l .70E+00 0.00E+00 
l.75E+00 0.00E+00 
L80E+00 0.00E+00 
l .85E+00 0.00E+00 
l .90E+00 0.00E+00 
I .95E+00 0.00E+00 
2.00E+00 0.00E+00 

total 4.87E-0 I 

EH 
0.0031 
0.0038 
0.0029 
0.0011 

0 
0 
0 
0 
0 

0 

0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0.0002 

1/16/02 

El EJ EK EL EM 
3.50E-01 4.89E-03 0.0021 
4.00E-O( 1.6IE-Of' --0.0037 
-- - -- --
4.50E-0 I I .43E-03 0.004 
5.00E-0 I l.96E-02 0.00 I I 
5.50E-0I 0.00E+00 0 

- 6.00E-01 1 O.OOE+oo·---0 

6.50£-0 I 0.00E+00 0 
7.00E-01 1 0.00E+00 0 
7.50E-OT 0.OOE+OO~, ---0 

8 00E-0 I 0.00E+00 
- · ---·-- --

8.50E-0 I . 0.00E+00 
0 
0 

·- - -- -
9 00E-01 0.00E+00 , 0 
9.50E-0 I 0.00E+00 0 
l.00E+00 0.00E+00 0 
l.05E+00 0.00E+00 0 
I. I 0E+00 0.00E+00 0 
l.15E+00 0.00E+00 0 
l.20E+00 . 0.00E+00 0 
I .25E+00 0.00E+00 0 
I .30E+00 0.00E+00 0 
1.35E+00 0.00E+00 0 

----
I .40E+00 0.00E+00 0 
l.45E+00 0.00E+00 , 0 
l.50E+oo : 0.00E+00 0 
I .55E+00 0.00E+00 0 

---
l.60E+00 0.00E+00 0 
l.65E+00 , 0.00E+00 , 0 
l.70E+00 0.00E+00 0 - - - -·--
l.75E+00 0.00E+00 0 

- ------ ---
l.80E+00 0.00E+00 0 
I .85E+00 0.00E+00 -- - - - - - ---
l.90E+00 0.00E+00 
l.95E+00 0.00E+00 
2.00E+00 0.00E+00 

total 4.87E-0 I 

0 
0 
0 

0 
0.0002 
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I 

2 
3 
4 

5 
6 
7 

8 
9 
10 
11 
12 

EN 

-- -> 

13 but ion. 
14 
15 
16 
17 
I 8 
19 
20 
21 
22 
23 --- ~ 
24 

EO 

----~--
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.x is" 

EP EQ ER ES 

Filename fid500a 

ltally 8 nps = 42359916 
Uni tally type 8 pu lse height distribution . 

tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.66E-O I 0.0002 
l.OOE-0 I , l.54E-02 0.0012 
l.50E-O I l.73E-02 0.0012 
2.00E-0 I I .68E-02 0.0012 
2.50E-O I 9. I 2E-03 0.00 I 6 
3.00E-01 7.05E-03 
3.50E-Ol 5.61E-03 
4.00E-0 I l.54 E-03 

- - 4-:-S OE-O 1-· l.16E-03 

5.00E-0 I 1.27E-Oi° 
5.50E-01 5. IOE-06 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7 OOE-01 O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 l O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O 1 O.OOE+OO 
I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.l 5E+OO O.OOE+OO 
I .20 E+OO O.OOE+OO 
l .25 E+OO O.OOE+OO 
1.30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
1.40E+OO O.OOE+OO 
1.45 E+oo·•· O.OOE+OO 

I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
l.60E+OO O.OOE+OO -
I .65 E+OO O.OOE+OO 
l.70E+OO O.OOE+Of -
I .75E+OO O.OOE+OO 
I .80 E+OO O.OOE+Of 
I .85 E+OO O.OOE+OO 
I .90 E+OO O.OOE+OO 
l. 95 E+OO O.OOE+OO 
2.00 E+OO O.OOE+OO 

total 4.52E-O I 

0.0018 
0.002 

0.0039 
0.0045 
0.0014 

0.068 
0 

0 

0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0.0002 

1/ 16/02 

ET EU EV 

units number 

. - -1 

J -

T -
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

EN EO EP EQ ER ES ET EU EV 
61 
62 -l-

1Filen ame 1fid500b 
- -- _j 

63 
- l 

' 64 !tally 8 nps = 42864480 _L -------- -. 
65 bution. Ulll tally type 8 pulse height distribution . units number 

-------
66 tally for photons 
67 
68 cell 2 

-t 
69 energy 
70 0.00E+00 0.00E+00 0 
71 5.00E-02 3.79E-0 I 0.0002 
72 l.O0E-01 l .62E-02 0.0012 
73 I .50E-0 I l.76E-02 . 0.001 I 
74 2.00E-0 I l.75E-02 0.00 1 I 
75 2.50E-0 I 9.82E-03 0.0015 
76 3.00E-0 I 8.00E-03 0.0017 
77 3.50E-0I 6.48E-03 0.0019 

78 4.00E-01 l .65E-03 0.0038 
79 4.50E-0 l l .20E-03 0.0044 
80 5.00E-01 1.51 E-02 0.0012 
81 5.50E-0 I 5.83E-06 0.0632 
82 6.00E-01 0.00E+00 0 
83 6.50E-0I 0.00E+00 0 
84 7.00E-01 , 0.00E+00 . 0 
85 7.50E-0 I 0.00E+00 0 

------ -
86 8.00E-0 1 0.O0E+00 • 0 
87 8.50E-OI 0.OOE+O0 0 

-------· 
88 9.00E-01 0.OOE+00 0 
89 9.50E-Ol 0.0OE+O0 0 
90 I.00E+O0 0.0OE+00 0 
91 l.05 E+O0 0.0OE+O0 0 

. - ---- -- -
92 I.I0E+O0 0.0OE+O0 0 
93 1.15E+00 0.0OE+O0 0 
94 l.20E+O0 0.0OE+O0 0 
95 l.25E+O0 0.00E+O0 0 
96 l .30E+00 O.00E+O0 0 
97 l.35 E+00 O.00E+00 0 
98 1.40E+00 0.00E+00 0 
99 l.45 E+00 O.00E+0O 0 
JOO l.50E+00 O.00E+00 0 
IOI l.55E+O0 0.00E+00 0 
102 l.60E+00 0.00E+00 0 
103 l.65 E+O0 0.00E+00 0 
104 1.70E+00 0.00E+00 0 
105 l.75 E+00 0.00E+00 0 
106 l.80E+00 0.00E+00 0 
107 

---,--- - --
l .85E+0O 0.O0E+00 0 - -, -- ·- -

108 
_j_ 

l. 90E+0O 0.O0E+00 0 
- _, 

---'-----l 

109 I .95E+0O O.O0E+00 0 ----
110 2.00E+0O O.O0E+00 0 

---- - -- --~ - --- -
Ill ' total 4.72E-0 I 0.0002 

-- ---- -----+-

112 I - -- - - ---· ----• 
I 

----·-------
113 -- - -- -- I-- - - -
114 Filename ifid500c 
115 I 

----- - -,ltally 8 116 nps = 43458490 
- --- --- __ J_ 

117 bution. um , tally type 8 pulse height distribution . units number 
- - -

I 18 tally for photons 
I 19 
120 cell 2 
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Worksheet "MCNP Data p= l.5" of Workbook "MCNP Volume Seneca.x is" 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

EN EO EP EQ 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.84E-O I 
l.OOE-0 I I .67E-02 
l.50E-0 I I.77E-02 
2.00E-0 I I. 77E-02 
2. 50E-O I I .02 E-02 
3.00E-0 I 8.68E-03 
3.50E-O I 7 .08E-03 
4.00E-0 I l.69E-03 
4.50E-O I I. 18E-03 
5.00E-01 l .70E-02 
5.50E-O I 6.67E-06 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OO E+OO 
7 .OOE-0 I O.OOE+OO 
7.50E-OI O.OOE+OO 
8.00E-0 1 O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 

ER 

0 
0.0002 
0.00 12 
0.0011 
0.0011 
0.00 15 
0.00 16 
0.00 18 
0.0037 
0.0044 
0.0012 
0.0587 

0 
0 

0 

0 
0 
0 
0 
0 
0 

143 l.05E+OO O.OOE+OO 0 
144 I. I OE+OO O.OOE+OO 0 

-- - - -- - -- - - -
145 1.15E+OO O.OOE+OO 0 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

------

- - 1~20E+00 1 O.OOE+OO 
-·1.25-E+oo o.ooE+oo ' 

1.30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 

0 
0 
0 
0 
0 

l.45E+OO O.OOE+OO 0 
I .50E+OO O.OOE+OO 0 
I .55E+OO O.OOE+OO 0 
I .60E+OO O.OOE+OO 0 
l.65E+OO O.OOE+OO 0 
I.70E+OO O.OOE+OO 0 
I.75E+OO O.OOE+OO 0 

. - - -
1.80E+OO O.OOE+OO 0 
1.85E+OO O.OOE+OO 0 
l.90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.81 E-0 I 0.0002 

Filename fid500d 

-----
1 tally 8 nps = 44107757 

ES 

169 bution . 
170 

Ulll tally type 8 pulse height distribution . 
- tally for photons . 

171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

cell 2 
en_ergy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.86E-O I 0.0002 
l.OOE-0 I l.70E-02 0.001 1 
l.50E-01 l.77E-02 0.001 I 
2.00E-0 I I. 77E-02 0.00 I I 
2.50E-O I l.05 E-02 0.0015 
3.00E-01 9.22E-03 0.00 16 

1/ 16/02 

ET EU EV 

units number 
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Worksheet "MCNP Data p=l.5" of Workbook "MCNP Volume Seneca.xis" 

EN EO EP EQ ER ES ET EU EV 

181 L 3.50E-OI 7.60E-03 0.00 17 

182 ' 4.00E-01 1.7 1 E-03 0.0036 
- -; 

183 4.50E-OI 1.13E-03 0.0045 

184 5.00E-01 J.85E-02 0.00 11 

185 ' 5.50E-OI , 6.85E-06 0.0575 __ , --- --
186 6.00E-01 O.OOE+OO 0 

187 6.50E-OI O.OOE+OO 0 

188 7.00E-011 O.OOE+OO 0 
I -· - -----l 

189 7 .50E-01 O.OOE+OO 0 
- ,-- ·-

8.00E-01 O.OOE+OO 190 0 

191 8.50E-OI O.OOE+OO 0 

192 9.00E-01 O.OOE+OO 0 

193 9.50E-O I O.OOE+OO 0 

194 l.OOE+OO O.OOE+OO 0 

195 l .05E+OO O.OOE+OO 0 

196 I. IOE+OO O.OOE+OO 0 

197 l.15E+OO 0.00E+OO 0 

198 l .20E+OO O.OOE+OO 0 

199 I .25E+OO O.OOE+OO 0 

200 I .30E+OO O.OOE+OO 0 

201 l .35E+OO O.OOE+OO 0 

202 I .40E+OO O.OOE+OO 0 

203 I .45E+OO O.OOE+OO 0 
··-- ----- - ----- ---- -

204 l .50E+OO O.OOE+OO 0 
-- .,J.. - -- -- · -- --

205 I .55E+OO O.OOE+OO 0 
---·------ - . - -- . ---

206 l.60E+OO · 0.00E+OO 0 
_____ ! _____ -- l.65E+001 O.OOE+OO 0 7 -- ----

207 - · --- --
208 l.70E+OO--O.OOE+OO 0 

--- -
1.75E+Oo· O.OOE+OO 

- - - --
209 0 

. --- --- - .. 
210 l .80E+OO O.OOE+OO 0 

211 J.85E+OO O.OOE+OO 0 

212 I .90E+OO O.OOE+OO 0 

213 l .95E+OO O.OOE+OO 0 

214 2.00E+OO O.OOE+OO 0 
-

215 total 4.87E-OI 0.0002 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Vo lu me Seneca.xis" 

A B C D E F G H K 
I This is the MCNP data for the Seneca Anny Depot volume contamination study. 
2 The goal is to detennine the affect that volume contamination wou ld have on the FIDLER is tru lllent used for galllllla spectroscopy. 
3 Filenallles use the followin g forlllat : lid energy (keY) depth 
4 where depth is indicated by: l) a = I cm: 2) b = 0.5 Clll : 3) c = 0.25 cm; 4) d = 0.1 Clll 
5 as an exalllple lid l OOc is the I 00 ke V source that is 0.25 cm th ick 

- - . - -
6 An ai r shield exists between the source and de tector that is 0.265 cm (0. l inch) thick and should not effect the results. 
7 All runs were COlllp leted in 60 minutes of run time. 
8 These run arc with the 2.35 glee density. 

- . . 
9 
IO Filename ' fid I Oa 
11 
12 I tally 8 nps = 5_41_35083 
13 tally type 8 pu lse height distribution. 
14 
15 

tally for photons 

16 cell 2 
17 energy 
I 8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

O.OOE+OO O.OOE+OO 
5.00E-02 I .93E-03 
I .OOE-01 O.OOE+OO 
l.50E-OI O.OOE+OO 
2.00E-01 O.OOE+OO 
2.50E-O I O.OOE+OO 
----- --
3.00E-O I O.OOE+OO 

----- -
3.50E-O I O.OOE+OO 

----- -
4.00E-0 I O.OOE+OO 
4.50E-Ol O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 1 O.OOE+OO 

---- - -
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 

- ----- . 
33 7 .50E-O I O.OOE+OO 
34 8.00E-0 I O.OOE+OO 
35 8.50E-OI O.OOE+OO 
36 9.00& 0 I - O.OOE+OO 
37 9.50E-OI , O.OOE+OO -- . 
38 I .OOE+OO O.OOE+OO 
39 I .05E+OO O.OOE+OO 
40 
41 
42 
43 
44 

1.1 OE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
l.20E+OO - O.OOE+OO 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 

45 I .35E+OO O.OOE+OO 
t--46-t---,-l .40E+OO O.OOE+OO 

-------· 
47 I .45E+OO O.OOE+OO 
48 1~50E+OO O.OOE+OO 

t---+-----
49 I .55E+OO O.OOE+OO 
50 I .60E+OO O.OOE+OO 

t---<----
51 I .65E+OO O.OOE+OO 

f---+--
52 1.70E+OO O.OOE+OO 
53 l.75E+OO O.OOE+OO 
54 I .80E+OO O.OOE+OO 
55 I .85E+OO O.OOE+OO 
56 I .90E+OO O.OOE+OO 
57 1.95E+OO O.OOE+OO 
58 2.00E+OO O.OOE+OO 
59 total 
60 

l.93E-03 

0 
0.003 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.003 1 

- -l 

Un 

Filename fid20a 

. !tall y 8 nps = 468 11 064 
tally type 8 pulse height distri_bu tion . 
tally for photons 

ce ll 2 
energy 

O.OOE+OO 
5.00E-02 
l .OOE-01 
1.50E-OI 
2.00E-01 
2.50E-O l 
3 OOE-0 1 
3.50E-O I 
4 OOE-0 I 
4.50E-O l 
5.00E-0 I 
5.50E-Ol 
6.00E-0 I 
6.50E-O I 
7.00E-01 
7.50E-O I 
8.00E-0 1 
8.50E-Ol 
9.00E-0 1 
9.50E-O I 

-
I.OOE+OO 
l.05E+OO 
1.IOE+OO 
l.15E+OO 
l .20E+OO 
l .25 E+OO 
l.30E+OO 
1.35E+OO 
l .40E+OO 
1.45E+OO 
l .50E+OO 
l.55E+OO 

' 

O.OOE+OO 
3.58E-02 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO-
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

__j_ 

0 

0.0008 
0 
0 
0 
0 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 

-1 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 ,_ 

Filename 

: !tally 8 
unit tally ty 

tally fo 

cell 2 
energy 
O.OOE+OO 
5.00E-02 
1.00E-0 I 
l.50E-O I 
2.00E-01 
2.50E-OI 
3.00E-01 
3.50E-OI 
4.00E-01 

----- -------< 
4.50£-01 
5.00E-01 
5.50E-O l 
6.00E-01 
6.50£-0 1 
7.00E-0 1 
7.50E-0 1 

- - ·-----
8.00E-OI 
8.50£-01 
9.00E-0 1 

--9~50E-01 

l.OOE+OO 
-----

l.05E+OO 
I.I OE+OO 

- ·-- -----
l. 15E+OO 
l .20E+OO 
l. 25E+OO 
l .30E+OO 
1.35£+00 

·-----
1.40£+00 

·-----1- -

I .45E+OO 
l.50E+OO 

---
1.55E+OO 

I .60E+OO O.OOE+OO 0 , ___ -'-------1----'.60E+OO 
I .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO - _, 
I .75E+OO , O.OOE+OO 
1.80E+OO O.OOE+OO 
l.85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00 E+OO O.OOE+OO 

total 3.58E-02 

1/16/02 

-

0 
0 
0 

0 

0 
0 
0 

0.0008 

1.65E+OO 
l. 70E+OO ----

total 

1.75£+00 
l.80E+OO 
l.85E+OO 
l.90E+OO 
I .95 E+OO 
2.00E+OO 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

A B C D 
61 

62 _!'_i_!_':_!!~~~ - , fid_l Ob 
63 
64 I tally 8 nps = 53861331 
65 __ taJ_lt_type 8 pulse hei~ht distribution. 
66 tally for photons 
67 
68 cell 2 
69 energy_ 
70 0.00E+00 0.00E+00 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

5.00E-02 . 3.55E-03 
l .00E-0 I 0.00E+00 

- l .50E-0 I 0.00E+00 
2.00E-01 0.00E+00 
2.50E-01 0.00E+00 
3.00E-0 1 0.00E+00 
3.50E-0l 0.00E+00 
4.00E-01 0.00E+00 
4.50E-0I 0.00E+00 
5.00E-01 0.00E+00 
5.50E-0I 0.00E+00 
6.00E-01 O.00E+00 
-- ---- •----· 

6.50E-0l 0.00E+00 

0 

0.0023 
0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

84 - 7JlOE~6T -o.66E+oo-· - · - - - o·: 

85 7 .50E-0 1 -0.00°E+O-() -· - 0 

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
IOI 
102 
103 
104 
105 
106 

8.00E-0 I 0.0OE+OO . 
8.50£-01 O.OOE+OO 

-----
9.00E-01 0.00E+00 

------- -- · -

9.50E-0l 0.00E+00 
------- · --

1.00E+00 0.00E+00 
- ---- - - -

I .05E+00 0.00E+00 
--·---- -- - - -

l.l0E+00 0.00E+00 
- -·-- - --- - -

1.15£+00 0.00E+00 
---------
I.20E+0O 0.00E+00 
l .25E+0O 0.00E+00 
l .30E+0O 0.00E+00 
l .35E+0O 0.00E+00 
l .40E+0O 0.00E+00 
l .45E+0O 0.00E+00 
l .50E+00 0.00E+00 
1.55£+00 0.00E+00 
l .60E+00 0.00E+00 
l .65E+00 0.00E+00 
1.70E+00 0.00E+00 
I.75E+00 0.00E+00 

--------- ·-o-:-ooi:.+oo J.80E+00 

0 
- --

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o· 

0 
0 
0 
0 
0 

I 07 I.85E+OO ; -O.OOE+OO : 0 
- - - - j ---

108 1.90E+00 0.00E+00 0 
109 J.95E+00 ' 0.0OE+-oo ' - - 0 

110 __ 2.ooE+Q0 __ o.~o~+oo ' __ o '. 
111 total 3.55E-03 , 0.0023 , 

------ i-
112 I 
113 
114 Filename ___ J fid I 0c _ 
115 ------ . 
116 lta~y _! __ nps = 5_2772288 
11 7 tally type 8 pulse height distribution . 
118 tally for photons · · 
119 
120 cell 2 

- . 

- . 
I 
I 

- I 

E 

un 

F G H K 

_, ____ ____ , __ _ 
;~d20b ___ L_ _1 -------'- Filename ,Filename 

'--- I -- --- - -- - - - --- - -
!tally 8 nps = 44818681 _ _ , ' !tally 8 

tally type 8 pulse height distribution. unit tally ty 
tally for photons -,--· - . . ta lly fo 

cell 2 
energy 

0.00E+00 0.00E+00 
5.00E-02 6.45E-02 
I.00E-01 0.00E+00 
I .50E-0I 0.00E+00 
2.00E-0 I 0.00E+00 
2.50E-0 I 0.00E+00 
3.00E-0 1 0.00E+00 
3.50E-0 I 0.00E+00 
4.00E-0 I 0.00E+00 
4.50E-O I 0.00E+00 
5.00E-01 0.00E+00 

0 

0.0006 
0 

0 
0 
0 

0 

0 
0 
0 
0 o· ----

i cell 2 
energy 
0.00E+00 

- . --- f OOE-02 

I.00E-0 1 
l.50E-0 I 
2.00E-0 I 
2.50£-01 
3.00E-0 I 
3.50E-0 I 
4.00E-01 
4.50£-U I 
5.00E-01 

---- - ---- --
5.50E-0 I 5.50E-0 I 0.00E+00 

6.00E-0 I 0.00E+00 
- - " ---- -------

0 6.00E-01 
6.50E-0 I 0.00E+00 0 6.50E-0I 

- - - - - -------··- -
7 .00E-0 I 0.00E+00 I 0 7.00E-01 
7.50E-0I O.0OE+o-o ·- -- 0 -t----i50E-O I 

- --- j - l -----

8.00E-0 I 0.00E+00 0 8.00E-01 
- . - - -- -•• - ---

8.50E-0 I 0.00E+00 _0-'-, _________ _ 8.50E-0I 
9.00E-0 I 0.00E+00 0 
9.50E-0 I 0.00E+00 0 

l .00E+00 0.00E+00 
l .05E+00 0.00E+00 
1.1 0E+00 0.00E+00 
l. l 5E+00 0.00E+00 
l .20E+00 0.00E+00 
l .25E+00 0.00E+00 
I .30E+00 0.00E+00 
l .35E+00 0.00E+00 
l .40E+00 0.00E+00 
l .45E+00 0.00E+00 
l .50E+00 0.00E+00 
l .55E+00 0.00E+00 
l .60E+00 0.00E+00 
l .65E+00 0.00E+00 

0 

0 
0 

0 
0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

I.70E+00 0.00E+00 0 
I.75E+00 0.00E+00 0 

9.00E-0 1 
9.50£-01 
l.00E+00 
l .05E+00 

. I. I 0E+00 
; - 1 L I5E+OO 

- . - - - - - -
l.20E+00 
l.25E+00 

, 1.30£+00 
. l.35E+00 

l .40E+00 
---

1.45£+00 
l .50E+00 

-- ---- --
I .55E+00 
l.60E+00 
1.65£+00 
l.70E+00 ---:-T 75E+OO 

1.80£+00 0.00E+00 o: -- --~ I 1.80E+0O 

l .85E+00 0.00E+00i __ 01 ___ 
1 

- +---1.85E+00 
1.90£+00 0.00E+00 - 0 ' J.90E+00 

.J -- - -- - ---~--

J.95E+00 0.00E+00 1 0 J.95E+00 
. -- - 1-------- ------f-------,-----1 

_ 2.00E+00 _ 0.00E~0 , O, _J ___ ~_2_.0_0_E+00 
,total _ 6.45E-~ 0.0006 i !total 

I - - - -, ---- --

Filename fid20c - -·; - - - Filename 

I 

I tally 8 nps = 40709495 j I tally 8 
un tally type 8 pulse height distribution . ___ u_ni_,t, ____ tal_ry ~)_'._ 

tally for photons · · · - - ta lly fo 

cell 2 cell 2 
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A B 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
I 31 
132 
133 

energy 
O.OOE+OO O.OOE+OO 
5 OO E-02 6. 92E-03 
l .OOE-0 I O.OOE+OO 
l .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-01 O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 

134 6 OOE-0 I O.OOE+OO 
135 6.50E-O I O.OOE+OO 
136 7.00E-0 I O.OOE+OO 
137 7.50E-01 O.OOE+OO 
138 8.00E-0 I O.OOE+OO 
139 8.50E-O I 0.00E+OO 
140 9 OOE-0 I O.OOE+OO 
141 9.50E-O I O.OOE+OO 
142 l.OOE+OO O.OOE+OO 
143 l .05E+OO O.OOE+OO 
144 I. I OE+OO O.OOE+OO 
145 l.15 E+OO O.OOE+OO 
146 l.20E+OO O.OOE+OO 
147 l. 25E+OO O.OOE+OO 
148 l.30E+OO O.OOE+OO 
149 l.35E+OO O.OOE+OO 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 to tal 
164 
165 

l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
I. 70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

6.92E-03 

166 Filename 
167 

fid lOd 

168 1~ 12' 8 nps _= 5_1482285 

C 

0 

0.0016 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0-

0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

0 

0 

0 
0 
0 

0.00 16 

D 

169 tally type 8 pu lse_ h_eight distribution. 
170 
171 

tally for phot~ns 

172 ce ll 2 
173 energy 
174 -----◊:-OOE+OO. O.OOE+OO 
175 5.00E-02 1.89E-02 
176 l. OOE-0 I O.OOE+OO 
177 
178 
179 
180 

l.50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 

0 
0.00 1 

0 
0 
0 

0 

0 

E F G 
energy 

total 

O.OOE+OO O.OOE+OO 
5.00E-02 l. l 7E-O I 
l .OOE-0 I O.OOE+OO 
l .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO ; 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OO E+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I 0.00 E+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
l.05 E+OO O.OOE+OO -
I. I OE+OO O.OOE+OO 
1.1 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
1.25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO-· 
l .55E+OO O.OOE+OO 
1.60E+OO O.OO E+OO 
l .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
I. 75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
I. 90E+OO O.OOE+OO 
l.95 E+OO O.OOE+oo·· -

' 2.00E+OO O.OOE+OO 
l.17 E-0 1 

Fi lename fid20d 

H 

0 
0.0004 

0 

- _OJ -
0 
0 
0 

- ' - -
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
O· 
0 

0 

J 

K 
energy 
O.OOE+OO 
5.00E-02 
I.OOE-01 
l.50E-O I 
2.00E-0 1 
2.50E-Ol 
3.00E-01 
3.50E-O l 
4.00E-01 
4.50E-Ol __ , ___ _ 
5.00E-01 
5.50E-Ol 
6.00E-01 
6.50E-Ol 
7.00E-01 
7.50E-O I 
8.00E-01 
8.50E-01 
9.00E-01 
9.50E-OI 
l .OOE+OO 
l.OSE+OO 

- - ,- UOE+OO 

1. I 5E+OO 
~ --1.20-E+OO 

l .25E+OO 
l .30E+OO 
l .35E+OO 
l .40E+OO 
l .45E+OO 
l .50E+OO 
l.55E+OO 
l.60E+OO 

-- - - ------ --
l .65E+OO 
l.70E+OO - ~ - -
l .75E+OO 
l .80E+OO 

-- •------
l.85E+OO 

o•-----·- l.90E+OO 
l .95E+OO 
2.00E+OO o 

0.0004 ·total 

J -- - -1--- - · --·-- --

ltally 8 nps = 3584 I 362 ' !tally 8 
un tally type 8 pulse height distribution . unit tally t); 

tally for photons 
1 
__ t~l_!_)• fo 

cell 2 
energy __ , 

O.OOE+OO O.OOE+OO 
5.00E-02 2. l 8E-O I 
l .OOE-0 I O.OOE+OO 
l.50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 

1/ 16/02 

! 
0 

0.0003 
0 
0 
0 

O' 
o' 

: cell 2 
energy 
O.OOE+OO 

·----
5.00E-02 
l.OOE-0 I 
l.50E-0I 
2.00E-0 1 
2.50E-O I 
3.00E-01 
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A B C 
I 81 3.50E-01 O.OOE+OO 
182 4.00E-01 O.OOE+OO 
183 4.50E-O I O.OOE+OO 

------ ___ j___ 

184 5.00E-01 O.OOE+OO 
--- - - ---- -- . 

185 5.50E-01 O.OOE+OO 
186 6.00E-0 I . O.OOE+OO 
187 - - 6.50E-0-1, O.OOE+OO 

188 7.00E-Ol_ O.OOE+00 1 
189 7.50E-01 O.OOE+OO 
190 8.00E-0 I O.OOE+OO 

--1-- -

191 8.50E-O I O.OOE+OO 
1-1-92-+---- 9.00E-O I l O.OOE+OO-

- --!-

193 9.50E-OI O.OOE+OO 
--- -- .. . -- - -

194 1.00E+OO O.OOE+OO 
195 1.05E+OO O.OOE+OO 
196 1.IOE+OO O.OOE+OO 
197 l.15E+OO O.OOE+OO 
198 1.20E+OO O.OOE+OO 
199 l .25E+oo · O.OOE+OO 
200 1.30E+OO O.OOE+OO 
20 I l.35E+OO O.OOE+OO 
202 1.40E+OO O.OOE+OO 
203 1.45E+OO- O.OOE+OO 
204 · - I _-5-0E+oo · o.ooi:+ oo ' 

205 l.55E+oo : O.OOE+OO 
206 l .60E+OO O.OOE+OO ---- - -- -

207 1.65E+OO O.OOE+OO · ---- -- -- - - - -- - -

0 

0 

0 
0, 

0 , 

0 
0 
0 

0 
0 
O· 
0 

0 

0 
0 

0 
0 
0 
0 

0 
0 : 
0 
0 

0 

0 
0 

o! 
0 208 1.70E+OO O.OOE+OO 

1---1- ---,----·-- --- - - --
209 ____ l.75E+OO _O.OOE+OO _____ 01 
2 IO 1.80E+OO O.OOE+OO 0 
211 1.8.5E+007 ·o.OOE+OO 0 
212 l.90E+oo · O.OOE+OO 0 
213 I. 95E+OO O.OOE+OO 

- - - --

214 2.00E+OO O.OOE+OO 
215 total l.89E-02 

0 
0 

0.001 

D E 

,-

F G H K 
3.50E-01 O.OOE+OO O· 3.50E-01 
4.00E-0 I O.OOE+OO ;· 0 ·----- - · - 4.00E-0 I 

4.50E-01 O.OOE+OO ' 0 - 4.50E-01 
5.00E-01 O.OOE+oo' 0 ------ - 5.00E~Ol 

5.50E-OI O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50£-0 I O.OOE+OO 

7.00E-0 I O.OOE+oo , --
7 .50E-O I O.OOE+OO 

0 

0 

0 

8.00E-01 O.OOE+OO , 0 
8.50E-OI O.OOE+OO 0 

5.50E-01 
6.00E-01 
6.50E-01 
7.00E-01 
7.50E-01 
8.00E-01 

----
8.50E-01 

-- • ----- --~ 
9.00E-01 O.OOE+OO 0 ' 9.00E-01 - ---- - -- ----- - --
9.50E-O I O.OOE+OO 
1.00E+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.15 E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
1.25E+OO O.OOE+OO 
1.30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 

- - ---· - ·-
l.40E+OO O.OOE+OO · 
l.45E+OO O.OOE+OO ' 
1.50E+OO O.OOE+OO ' 

0 - - - . ·- --
0 

--~--

0 

0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
o, 

1.55£+00 O.OOE+OO 
l.60E+OO O.OOE+OO 

1.65E+OO 0.Q~-~+00 ! 
l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO · 0 

' 

I .80E+OO O.OOE+oo'· - - . 0--­
0 

1 9.50E-01 
1.00E+OO 
1.05E+OO 
1.IOE+OO 
l.15E+OO 

---12 0E+OO 

1.25E+OO - -------- -

' 
l.30E+OO 

--,-- 1.35E+OO 
l.40E+OO 
1.45E+Od 

----
l.50E+OO 
1.55E+OO 
1.60E+OO 

- ---
l.65E+OO 

----'-----
l.70E+OO 
l.75E+OO 
l.80E+OO 

l.85E +OO O.OOE+OO 
1.90E+OO O.OOE+OO 
1.95E+OO O.OOE+OO 

l ---
1.85E+OO 
l .90E+OO 
l .95E+OO 

0 
0 

---
2.00E+OO O.OOE+OO 0 2.00E+OO 

total 2.18E-O I 0.0003 , - 'total 
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I 

2 
3 
4 
5 
6 
7 
8 
9 

L 

IO fid30a 
11 
12 ps = 36292._6 15 

M N 

13 e 8 pulse height distribution. 
14 photons 
15 
16 
17 
18 O.OOE+OO 0 
19 l.20E-O 1 0.0004 
20 O.OOE+OO 0 
21 O.OOE+OO 0 
22 O.OOE+OO 0 
23 O.OOE+OO 0 

--- - -- -
24 O.OOE+OO O. 
25 O.OOE+OO 
26 O.OOE+OO 
27 O.OOE+OO 
28 O.OOE+OO 
29 O.OOE+OO 
30 O.OOE+OO 
31 O.OOE+OO 
32 O.OOE+OO 
33 O.OOE+OO 
34 O.OOE+OO 
35 O.OOE+OO 
36 O.OOE+OO 
37 O.OOE+OO 
38 O.OOE+OO 
39 O.OOE+OO 

I 

40 O.OOE+OO 
41 O.OOE+OO 
42 O.OOE+OO 
43 O.OOE+OO 
44 O~OOE+OO ,-

45 O.OOE+OO 
46 O.OOE+OO 
4 7 O.OOE+oo ·- -

48 O.OOE+OO 
49 O.OOE+OO 
50 O.OOE+OO 
51 O.OOE+OO 
52 O.OOE+OO 
53 O.OOE+OO 
54 O.OOE+ool 
55 O.OOE+OO , 
56 O.OOE+OO 
57 O.OOE+OO 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

I 
0, 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

58 O.OOE+OO 0 
59 1.20£-0 I 0.0004 
60 

0 

Ulll 

p Q R s 

J 

Filename fid40a 

I tally 8 nps = 2565 1719 
tall y type 8 pul se height distribution . 
tally fo r photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.21 E-0 I 
I .OOE-0 I O.OOE+OO 
I .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.SOE-0 I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-0 1 O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50£-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50£-0 I O.OOE+OO 
l .OOE+OO O.OOE+OO 
1.05£+00 O.OOE+OO 
1.1 OE+OO O.OOE+OO 
l. I 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
1.25E+OO O.OOE+OO 
1.30£+00 O.OOE+OO 
I .35E+OO O.OOE+OO 
1.40£+00 O.OOE+OO 
1.45£+00 O.OOE+OO 
1.50£+00 O.OOE+OO 
1.55£+00 O.OOE+OO 
I .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
1.70E+OO O.OOE+OO 
1.75£+00 O.OOE+OO 
I .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l. 95E+OO O.OOE+OO 

0 

0.0004 
0 
0 
0 

0 
0 

0 

0 

0 
0 

0 
0 
0 
0 

O· 
0 

0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 ·o, 

__ J 

0 

OL 
0 

o· 
0 
0 
0 
0 
0 

2.00E+OO O.OOE+OO 0 
total 2.2 1 E-0 I 0.0004 

1 /16/02 

T 

un 

- ' 

u V 

Filename · fid50a 

I tally 8 _ ~ps_ =_ 2202 
tally type 8 pulse 
tally for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.99E--O 1 
1.00E-01 1.91 £-04 
l.50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50£-0 1 O.OOE+OO 
f OOE-01 O.OOE+OO 
3.SOE-01 O.OOE+OO 
4.00E-0 I~ O.OOE+OO 
4.50£-01 ·o:ooE+oo 

- - - - -
5.00E-0 I O.OOE+OO 
5.50£-0 I O.OOE+OO - - - __ 
6.00E-01 O.OOE+OO 
6.50£-0 I O.OOE+OO 
7.OOE--01-· . O.OOE+OO 

7.50£-01, O.OOE+OO 
8.00E-0 I - O.OOE+OO 
8.50£-0 I O.OOE+OO 
9.00E-0 1-- ~OOE+OO 
9.50£-010.00E+OO 
I .OOE+OO O.OOE+OO 
1.05£+00 O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.1 5£+00 O.OOE+OO -- - -
1.20£+00 O.OOE+OO 
1.25£+00 O.OOE+OO 
1.30£+00 O.OOE+OO 
I .35E+OO O.OOE+OO 
1.40£+00 1 O.OOE+OO 
1.45£+00 O.OOE+OO 
1.50£+00 O.OOE+OO 
I .55E+OO , O.OOE+OO 
1.60£+00 O.OOE+OO 
1.65£+00 O.OOE+OO 
1.70E+OO~ o:-ooE+OO 
1.75£+00 O.OOE+OO 
I .80E+00+-0.00E+OO 
I .85E+OO I O.OOE+OO 
I .90E+OOO.OOE+OO 
1.95£+00 O.OOE+OO 
2 OOE+OO O.OOE+OO 

total 2.99£-01 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

L M N 
61 
62 fid30b 
63 
64 ps = 34142905 
65 e 8 pulse height distribution. 
66 photon~ _ 
67 
68 

- - ---- ---- ·-
69 
70 O.OOE+OO 
71 1.90E-OI 
72 O.OOE+OO 
73 O.OOE+OO 
74 O.OOE+OO 
75 O.OOE+OO 
76 O.OOE+OO 
77 O.OOE+OO 
78 O.OOE+OO 
79 O.OOE+OO 
80 O.OOE+OO 
81 O.OOE+OO 

- -- - - • 

82 O.OOE+OO 
83 O.OOE+OO 

0 
0.0004 

0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

84 O.OOE+OO 0 

0 p Q R s T u V 

- 1- -
'Filename fid40b 

- 1 - _ _J -

-- - . ----- -

r I tally 8 nps = 24065109 I tally 8 nps = 2178 
. ---- - -

uni tally type 8 pulse height distribution. un tally type 8 pulse -- --r -tally for photons · · ' --- - · - ~~ly fo_r: phot~~-

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.99E-OI 
I.DOE-OJ O.OOE+OO 
l.50E-OI O.OOE+OO 
2.00E-01 O.OOE+OO 
2.50E-01 O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50E-01 O.OOE+OO 
4 OOE-01 O.OOE+OO 
4.50E-01 O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50£-01 O.OOE+OO -- ; ___ 
7.00E-01 O.OOE+OO 

- 6; 
0.0003 -

0i 
O' 
0 
0 
0 

0 
0 

_Lc_:11_2 ___ _ 
energy 

7 O.OOE+00 1 O.OOE+OO 
---·-- s :ooE-02 3.66E-OI 

_i -
I.ODE-OJ , 2.63E-04 

· - ____ ...J 

__ I .50E-O I , O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50E-01 O.OOE+OO 
4.00E-0 r - o.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-01 1 O.OOE+OO 

0 
0 
O' 

o: 
o: 

5.50E-O I O.OOE+OO 
-- -----· 

_ _ _ ··•---- 6.00E-01 , O.OOE+OO 
6.50E-OI , O.OOE+OO 

0 7.00E-01 , O.OOE+OO 
- - - ------ _._ - -- ·-------- - - Cf 7.50E-Ol I O.OOE+OO 85 O.OOE+OO 0 

86 O.OOE+OO o· , 
1-8-7--+-0.,.-. ..,.00°0Ecc-+--,Oc::O----o·•· -- -

. ---· ----- -
88 O.OOE+OO 0 
89 O.OOE+OO 0 ---- · 
90 O.OOE+OO 0 
91 O.OOE+OO 0 

----··-
92 O.OOE+OO 0 
93 O.OOE+OO 0 
94 O.OOE+OO 0 
95 O.OOE+OO 0 
96 O.OOE+OO 0 
97 O.OOE+OO 0 

--- - . 
98 O.OOE+OO 0 
99 O.OOE+OO 0 
100 O.OOE+OO 0 
IOI O.OOE+OO 0 
102 O.OOE+OO 0 
103 O.OOE+OO 0 
104 O.OOE+OO 0 
105 O.OOE+OO 0 
106 O.OOE+OO O· 

- ---- - - --
I 07 O.OOE+OO O, 

- --- --- - ----- __ j_ 

I 08 O.OOE+OO O · ------- - - - -- -- - - - - - . 
109 O.OOE+OO_, - ---~ ___ _ 
I JO O.OOE+OO . 0 --·----·-
111 J.90E-O I , 0.0004 , 

. ' 112 
11 3 

--~--- I --·· ' 

-+---
114 fid30c ----- - ---- -- .. 
115 

116 p~ ": 3 li2~~98 _ 
117 e 8 _ pulse _heig~ distr~?u_tion . 
11 8 ~1otons __ 
119 
120 

j --

7.50£-01 · O.OOE+OO 
8:00E-Of. O.OOE+OO 
8.50£-01 O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50£-01 O.OOE+OO 
J.OOE+OO O.OOE+OO 
l.05E+OO O.OOE+OO 
I.IOE+OO , O.OOE+OO 
l.15E+OO O.OOE+OO 
l.20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
l.35E+OO O.OOE+OO 
l.40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
I .70E+OO O.OOE+OO 
l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
1.85E+OO O.OOE+OO 
l.90E+OO O.OOE+OO 
l.95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

0 , 8.00E-01 , O.OOE+OO 
__ Qi_ __ , ~ 8.50E-Ol - O.OOE+OO 

o· 9.00E-01 O.OOE+OO 
0 

0 
0 

o. 
0 
0 
0 
o·' 
0 

0 

0 

0 
0 
0 , 

0 
' 0 

·- --·' - 9.50E-O I I O.OOE+OO 
I.OOE+OO ' O.OOE+OO 
l.05E+00 1 O.OOE+OO 
I. I OE+OO O.OOE+OO 
l.15E+OO · O.OOE+OO 
I .20E+OO O.OOE+OO 

' 1.25E+00 1 O.OOE+OO 
I .30E+OO- O.OOE+OO 
I .35E+OO O.OOE+OO 

- -- ---
l.40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
J .50E+OO O.OOE+OO 
l.55E+00 ' O.OOE+OO 
C6oE+oo ·o.ooE+oo 
I .65E+OO O.OOE+OO 
J.70E+OO O.OOE+OO 
I .75E+OO O.OOE+OO 
l.80E+OO I O.OOE+OO 

~i>.:....1 __ ___J 

-----! --~--------
-

1 
__ J.85E+OO i O.OOE+OO 

0 I .90E+OO O.OOE+OO 
1---- ·'-----!--- ---

o , ___ , ___ J.95E+OO • O.OOE+OO 

--! total 2.99E-O I 
o : ___ -_-_i ___ ....... · --:,....2_.o_o_E+_o_o-+:_o.,.....o...,.o_E_+_oo

1 

-~0003 r total 3.67£-01 

. ..L ! 

!Filename fid40c Filename fid50c 

_J_ - ----- . - -- _ _____._ __ --

Uni 

hall~ 8 nps = 22565602 __ 1_ _ . ltally 8 nps = 2114 
tally type 8 pulse height distribution . un . tally typ; 8 puls~ 
tally for photons . - - tally for_ photom . 

' 
- ' cell 2 cell 2 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

L M 
121 
122 0.00E+00 0 
123 2. 70E-0 I 0.0003 
124 0.00E+00 0 
125 0.00E+00 0 
126 0.00E+00 0 
127 0.00E+00 0 
128 0.00E+00 
129 0.00E+00 
130 0.00E+00 

0 
0 
0 

--l - - o: -131 0.00E+00 
132 0.00E+00 
133 0.O0E+00 
134 0.00E+00 
135 0.00E+00 
136 0.00E+00 
137 0.00E+00 
138 0.00E+00 
139 0.00E+00 
140 0.00E+00 
141 0.00E+00 
142 0.00E+00 
143 0.00E+0O 
144 0.00E+00 
145 0.00E+00 
146 0.00E+00 
147 0.00E+00 
148 0.00E+00 
149 0.00E+00 
150 0.00E+00 
151 0.00E+00 
152 0.00E+00 
l 53 0.00E+00 
154 0.00E+00 
155 0.00E+00 
156 0.00E+00 
157 0.00E+00 
158 0.00E+00 
159 O.OOE+o"0--

160 0.00E+00 
161 0.00E+00 
162 0.00E+00 
163 2.70E-0 l 
164 
165 
166 fid30d 
167 

..l 

168 ps = 29381852 
- -

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.0003 

N 

169 e 8 pulse height distribution. 
170 _ph_otons - - -

171 
172 
173 - __ , __ -- · 
174 0.00E+00 0 
175 3.60E-01 0.0002 
176 0.00E+00 0 
177 0.00E+O0 0 
178 0.00E+00 0 
179 0.00E+00 0 
I 80 0.00E+00 0 

0 

Uni 

p Q 

energy 
0.00E+00 0.00E+00 
5.00E-02 3.64E-0I 
1.00E-0 l 0.00E+00 
l.50E-0 I 0.00E+00 
2.00E-0 I 0.00E+00 
2.50E-0 I 0.00E+00 
3.00E-0 I 0.00E+00 
3.50E-0 I 0.00E+00 
4.00E-01 0.O0E+00 
4.50E-0 I 0.O0E+00 
5.00E-0 I 0.O0E+00 
5.50E-0l 0.00E+00 
6 00E-0 I 0.00E+00 
6.50E-0 I 0.00E+00 
7 .00E-0 I 0.00E+00 
7.S0E-0 1 0.00E+00 
8.00E-01 0.00E+00 
8.50E-0l 0.00E+00 
9.00E-0 I 0.O0E+00 
9.50E-0 I 0.00E+00 
I .00E+00 0.00E+00 
I .05E+00 0.O0E+00 
I. I 0E+00 0.O0E+O0 
I. I 5E+00 O.00E+00 
I .20E+00 0.00E+00 
l.25E+00 O.00E+00 
I .30E+00 0.00E+00 
I .35E+00 0.00E+00 
I .40E+00 0.00E+00 
I .45E+00 O.00E+00 
I .50E+00 0.00E+00 
I .55E+00 0.00E+00 
I .60E+00 0.00E+00 
I .65E+00 0.00E+00 
l. 70E+00 0.00E+00 
l.75E+00 0.0OE+00 
I .80E+00 0.0OE+00 
I .85E+O0 0.00E+00 
I .90E+O0 0.00E+00 
I .95E+O0 0.0OE+00 
2.00E+O0 0.00E+00 

total 3.64E-0 I 

Fi lename fid40d 

!tally 8 nps = 21608132 

R 

0 
0.0003 

0 
0 
0 
0 
QI 

0 
0 

o_! 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O· 
0 
0 
0 
0 
0 
o' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0003 

s T u V 

energy 
0.0OE+00 0.O0E+00 
5.00E-02 4. 14 E-01 
I.0OE-0 I 3.20E-04 
I .50E-0 I 0.O0E+00 
2.00E-0 I 0.O0E+O0 
2.50E-0 I 0.O0E+O0 
3.00E-0 I 0.O0E+O0 
3.SOE-0 I 0.O0E+O0 

___ _:::; __ ___) __ 4.00E-0 I - 0.O0E+O0 
4.50E-0 I 0.O0E+O0 
5.00E-0 I 0.O0E+O0 
5.50E-0 I 0.O0E+O0 

total 

- - -- -
6.00E-0 I 0.O0E+O0 
6.50E-0 l 0.00E+O0 
7.00E-0 I 0.00E+O0 
7.50E-0I 0.O0E+O0 
8.00E-0 l 0.O0E+O0 
8.50E-0 I 0.00E+O0 
9.00E-0 I O.00E+O0 
9.50E-0 I 0.00E+O0 
l .00E+00 0.0OE+O0 
I .05E+0O 0.0OE+00 
I. I0 E+O0 0.00E+00 
I. I 5E+OOO.OOE+OO 
I .20E+OO. 0.00E+00 
l.25E+OO- 0.O0E+O0 
I .30E+00 0.O0E+O0 
I .35E+00 O.O0E+00 
1.40E+ OO 0.00E+00 
I .45E+00 0.0OE+00 
l .50E+00 0.00E+0O 
l.55E+oo \ O.OOE+OO 
1.60.E+OO O.OOE+OO 
l .65E+O0 0.00E+0O 
l .70E+O0 0.O0E+00 
l.75E+00 0.00E+00 
l.80E+00 0.O0E+00 
I .85E+00 0.00E+00 
I .90E+00 0.00E+0O 
l.95 E+Oo· 0.00E+0O 
2.00E+00 0.0OE+0O 

4.14E-0I 

Filename fid50d 

!tally 8 nps = 2 I 04 
tally type 8 pulse height distribution . 
tally for photons 

un tally typ-~ 8 pulse 
ta~ ly for photons 

cell 2 
energy 
0.0OE+0O 0.00E+00 
5.00E-02 4.24E-0 I 
l .00E-0 I 0.00E+00 
l.50E-0 I 0.00E+00 
2.00E-0 I 0.00E+00 
2.50E-0 I 0.00E+00 
3.00E-0 I 0.00E+O0 

1/ 16/02 

-- ! 

0 
0.0003 

0 

0 
0 

0 
0 

cell 2 
energy 
O.0OE+00 0.00E+00 
5 00E-02 4.52E-0I 
l.00E-0 l 3. I 4E-04 
I .50E-0 I 0.00E+00 
2.00E-0 I 0.00E+00 
2.50E-0 I- 0.00E+00 
3.00E-0 I 0.00E+00 
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L M 
181 0.00E+00 0 
182 o~ooi::+oo~----oi· · 

- ------- -- -
183 0.00E+00 0 
184 0.00E+00 0 

----- -· 
185 0.00E+00 o: 

- -- •- --- I - -

186 0.00E+00 0 
187 0.00E+00 
188 0.00E+00 . 

--- ·- _._ 
189 0.00E+oo · 
190 0.00E+00 , 
191 0.00E+00 
192 0.00E+00 

1-

193 0.00E+00 , 
194 0.00E+00 
195 0.00E+00 
196 0.00E+00 
197 0.00E+00 
198 0.00E+00 
199 0.00E+00 
200 0.00E+00 
201 0.00E+00 
202 0.00E+00 

0 
0 
0 

o! 
0 

0 

0 
0 
0 

0 

0 

0 

0 
0 
0 
0 

203 0.00E+00 0 
--- - ..,_ ----

204 0.00E+00 0 
20s -o-.-6oE-+-o6-- -· o-• 
206 0.00E+00 0 
207 0.00E+00 01 -- - - -- --- - - - - -
208 0.00E+00 0 
209 0.00E+00 
210 0.00E+00 

0 

0 
211 0.00E+00 0 

-- ----·---- -
212 0.00E+00 0 ------- - - - - -

213 0.00E+00 0 
214 0.00E+00 0 
215 3.60E-01 0.0002 

N 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

0 p Q 
3.S0E-0 I 0.00E+00 
4.00E-01 0.00E+00 
4.50E-0 1 0.00E+00 
5.00E-01 0.00E+00 
5.50E-0 1

1 
0.00E+00_ 

6.00E-01 0.00E+00 
6.50E-0 1 0.00E+00 
7.00E-0 I . 0.00E+00 
7.50E-0 I 0.00E+00 
8.00E-01 0.00E+00 
8.50E-0 1 0.00E+00 
9.00E-0 I 0.00E+00 
9.50E-0 I 0.00E+00 
I .00E+00 0.00E+00 
I .05E+00 0.00E+00 
I. I 0E+00 0.00E+00 
1.l5E+00 0.00E+00 
l .20E+00 0.00E+00 
I .25E+00 0.00E+00 
l.30E+00 : 0.00E+00 . 
l .35E+00 0.00E+00 
l .40E+00 0.00E+00 
l .45E+00 0.00E+00 
l .50E+00 0.00E+00 
l .55E+00 0.00E+00 
l.60E+00 0.00E+00 
l .65E+00 0.00E+00 
l.70E+00 0.00E+00 
l .75E+00 0.00E+00 
l .80E+00 0.00E+00 
I .85E+00 0.00E+00 
I .90E+00 0.00E+00 
l.95 E+00 0.00E+00 
2.00E+00 0.00E+00 

itotal 4.24E-01 

l /16/02 

R s T u V 
01 3.S0E-01 0.00E+00 

- ot"~- ' ---- - : 4.00E-01
1 

o.ooE+oo 
- 0 ' - - 0 

-- • 4.S0E-01 1 0.0OE+00 
61 - - -- t - -------5.00E·O 11 0.00E+00 
0. - - - • - - - • - 5.S0E-01 ' 0.00E+00 
____ _j --- __ , ____ __,_ __ ---I 

0 6.00E-01 0.00E+00 - - -
0 6.50E-0 1 0.00E+00 
oi 7.00E-01 I 0.00E+00 -· -----· - ___ ___, __ 
0 
o: 
01 

o; 
O, 

0 

0 

0 
0 

0 

0 
0 
0 
0 

0 

o: 

__ J_ 

____ !_ ----

7.S0E-01 0.00E+00 
-8:00E-01 ,

1

. O.0~+o_o 
8.50E-0 1 0.00E+00 
9.00E-01 . 0.00E+00 
9.50E-0 1 0.00E+00 
l .00E+00 0.00E+00 
I .05E+00 0.00E+00 
1.l0E+00 0.00E+00 
1.1 SE+00 0.00E+00 
l .20E+00 0.00E+00 -- - ---
l.25E+00 . 0.00E+00 . . 

· I .30E+00 ; 0.00E+00 
l.35E+00 . 0.00E+00 
1.40E+00 ' 0.00E+00 
l .45E+00 0.00E+00 

_ _ _________ l.50E+00 j 0.00E+00 

0-1-----'-___ __ ~ 5E+00 ; 0.00E+00 
o: I l .60E+00 0.00E+00 

- - 0,--
I 

. ·------ - -------
l .65E+00 0.00E+00 
l.70E+00 1 0.00E+00 0 - --

- o : ______ I ____ : _ _ l ..,.7-ccc5E=-+...,o.,..o~' o_._00_E_+_oo_, 
0 l.80E+00 1 0.00E+00 
.. -- ---· -- - -------~-- ---l 

0 
0 
0 

0 
0.0003 

I .85E+00 0.00E+00 
-----· 

l.90E+oo , 0.00E+00 
-- 1-:-9s"f+oo·--,--,-o...,.o-0E_+...,o-10 

2.00E+00 0.00E+00 
1total ' 4.52E-0l 
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w X 

I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 03 
13 height distribution. 
14 
15 
16 
17 
18 0 
19 0.0003 
20 0.0154 
21 0 
22 0 

- -
23 0 

---·---
24 O' 
25 0 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
'' 0 JJ 

34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 
45 0 
46 0 
47 0 
48 0 
49 0 

- -- - . 
50 0 
51 0 
52 o" 
53 0 
54 0 
55 0 
56 0 
57 0 
58 0 
59 0.0003 
60 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

y 

U111 

z AA AB AC 

'Filename fid60 a 

I tally 8 nps = 202 19640 
tally type 8 pulse height distribution. 
tall y for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 7.34£-02 0.0008 
l.OOE-01 2.78£-01 0.0004 
I .SOE-0 I , O.OOE+OO 0 
2.00E-0 1 O.OOE+OO 0 
2.50£-0 1 O.OOE+OO 0 
3.00E-0 1- O.OOE+OO O 

- . 
3.50£-01 . O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50£-0 I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50£-0 I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50£-0 I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50£-0 I O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50£-0 I O.OO E+OO 
9.00E-0 I O.OOE+OO 
9.50£-01 O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05£+00 O.OOE+OO 
1. 1 OE+OO O.OOE+OO 
1.15£+00 O.OOE+OO 
1.20£+00 O.OOE+OO 
1.25£+00 O.OOE+OO 
1.30£+00 : O.OOE+OO 
1.35£+00 O.OOE+OO 
1.40£+00 O.OOE+OO 
1.45£+00 O.OOE+OO 
1.50£+00 O.OOE+OO 
1.55£+00 O.OOE+OO 
1.60£+00 O.OOE+OO 
1.65£+00 O.OOE+OO 
1.70£+00 O.OOE+OO 
1.75£+00 O.OOE+OO 
1.80£+00 O.OOE+OO 
1.85£+00 O.OOE+OO 
1.90£+00 O.OOE+OO 
1.95£+00 O.OOE+OO 

0 

0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 

2.00E+OO O.OOE+OO 0 
total 3.5 1 E-0 I 0.0003 

1/ 16/02 

AD 

Ulll 

AE AF AG 

-- _,_ 

Filename fid70a 

ltally 8 nps~ l<j___27_]774 
tally type 8 pulse height dist 
tall y for photons 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 6.48£-02 0.0009 
I.OOE-01 3.19£-01 
I.SOE-01 O.OOE+OO 

0.0003 
0 

-----
2.00E-O I O.OOE+OO 
2.50£-0 1 O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50£-0 I O.OOE+OO 

0 

0 
0 
0 

4.00E-0 I O.OOE+OO 0 
4.50£-0 I O.OOE+Oo" ___ - O 

5.00E-0 I O.OOE+OO 0 
5.50£-0 1 O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50£-0 1 O.OOE+OO 0 
7 .OOE-0 I ~ O.OOE+ OO - 0 
7 .50£-0 I O.OOE+OO 0 
8.00E-0 I O.OOE+OO , 0 
8.50£-0 1 O.OOE+OO · 0 
9.00E-0 I O.OOE+OO 0 
9.50£-0 I O.OOE+OO 0 -----
I .OOE+OO O.OOE+OO 0 

- -----
1.05£+00 O.OOE+OO 0 
1.IOE+OO O.OOE+OO 0 

----
1.15£+00 O.OOE+OO 0 
1.20£+00 O.OOE+OO 0 
1.25£+00 0.00£+06' _____ 0 

1.30£+00 . -O~OOE +00 0 

1.35£+00 O.OOE+OO 0 
I.40E+oo -o.o6t+oo ·---o 

---
1.45£+00 O.OOE+OO 0 

- -- - ---1 

_ l .50E~ OOJ O.:_OOE+OO 0 
1.55£+00 O.OOE+OO 0 -- ---- ---
1.60£+00 O.OOE+OO 0 -- -- --
1.65£+00 O.OOE+OO 

~ -
1.70£+00 O.OOE+OO 
1.75£+00 , O.OOE+OO , 
1.80£+00 O.OOE+OO 
1.85£+00 O.OOE+OO 
1.90£+00 O.OOE+OO 
1.95£+00 O.OOE+OO 
2.00E+OO O.OOE+OO 

total 3.84£-0 I 

0 

0 
0 
0 

0 

0 
0 
0 

0.0003 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

w I X I v I z I AA I AB I AC I AD I AE I AF I AG 

61 
62 
~ ---

Filename fid60b l Fi lename 
I 
fid70b --- ---

__ --J - --- - ---- -·-. --

63 
64 0-3 , I tally 8 nps = 20617424 

- -- -- __ J --·- -
, I tally 8 nps = 20028908 

65 he ight distribution .- _, um 66 -- -- -- tally type 8 pulse height distribution . 
tally for photons 

um tally type 8 pulse height dist 
-- - --tally for photons 

67 -· 
68 1 cell 2 - - - - - . --
69 energy - -- - - ·- ----- . 
70 0 O.OOE+OO : 0.00E+00 - - ·------- - - -
71 0.0003 . 

- -1--

5.00E-02 8.07E-02 - -----~- - · ·-
72 0.0132 l.00E-0 I 3.25E-01 - ---- ,-
73 0 1.50E-0 I 0.00E+00 - - - ' 74 0 2.00E-01 0.00E+00 -75 0 2.50E-01 0.00E+00 -76 0 3.00E-01 0.00E+00 -77 0 3.50E-0 I 0.00E+00 

78 0 4.00E-01 0.00E+00 -79 0 4.50E-0I 0.00E+00 
5.00E-01 , 0.00E-r00 . 
5.50E-0I 0.00E+00 
6.00E-01 0.00E+00 

-
6.50E-0I 0.00E+00 

- •--

7.00E-01 0.00E+00 
7.50E-0I 0.00E+00 86 ___ o _________ _ 

87 - - -o~· __ _,_ --
88-----0----~- -- - - -

8.00E-01 0.00E+00 

-
8.50E-01 : 0.00E+00 . 
9.00E-0 I - O~OOE+OO 

89 0 9.50E-01 0.00E+00 
90 0 

--- --
1.00E+00 0.00E+00 

1---+------·--- - - -
91 0 l .05E+00 0.00E+00 92 0 --- -·· -- l.l0E+00 0.00E+00 93 ----- o ·-- - - -- --

T4 . - -- - 0 - --- ·- ·-
95 --- o·------- - -

___ _ 1 -

96- 0 

97 0 
·- • 

' 
98 0 99 --- 0 --
100 - -- 0 --

ToT - 0 -

103 0 104 ---0-- --
- - ~--

105 0 
106 0 -~------~-------- · 

I -~---+----- - -- -- -· 107 01 
108 o ' 

I 

l.15E+00 0.00E+00 
l .20E+00 0.00E+00 

. . -

l.25E+00 0.00E+00 
l.30E+00 0.00E+00 
I .35E+00 0.00E+00 - ----
I .40E+00 0.00E+00 

- ·--
].45E+00 0.00E+00 
l .50E+00 0.00E+00 
I .55E+00 0.00E+00 
I .60E+00 0.00E+00 
I .65E+00 0.00E+00 
l.70E+00 0.00E+00 
I .75E+00 0.00E+00 
I .80E+00 0.00E+00 
l.85E+00 0.00E+00 · 

-· -- -
1. 90E+00 0.00E+00 

. . 

109 
110 

0 ' 
01 

l.95E+00 , 0.00E+00 
---'-·---' -··2.00E+00 1 0.00E+00 

Ill 0.0003 , -1---,....,....,~-- --,,- ---]total i -~·0?E-0 1 

112 I 
113 I 

-114 - -115 - ~ --------' ----- . ------ -

-

0 
0.0007 
0.0003 

0 

0 
0 
0 
0 
0 
0 
0 : 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I cell 2 
energy 
0.00E+00 0.00E+00 0 __ , ____ -- ---- ----·-----, 
5.00E-02 , 7.14E-02 0.0008 

-- -- -----
1.00E-0I 3.58E-0I 0.0003 
1".sOE-01 . 6.00E+OO 

--- -- j __ _ 

2.00E-0 I 0.00E+00 
2.50E-0l 0.00E+00 
3.00E-01 0.00E+00 
3.50E-01 0.00E+00 
4.00E-Oi . 0.00E+00 
4.50E-01 0.00E+00 
5.00E-01 . 0.00E+00 , 

... - - - --- - - -- ~ 

5.50E-0 I 0.00E+00 

0 

0 
0 
0 

0 
0 
0 
0 - ----
0 

·• - - ---- - ------ -
6.00E-01 0.00E+00 0 -- ----· -

_________ 6.50E-0I : 0.00E+00 0 
7.00E-01 ' 0.00E+00 0 ------ -- -- - .----~---, 
7.50E-0l ; 0.00E+00 ; 0 

- ·- ---t· · --~-------'------'----, 

_ --~'---- 8.00E-0..!_i~oo~_+_oo _ ___ o_, 
______ 

2 
________ 8.5_Q_E~0l l 0.00E+00 ; 0 

9.00E-0 I 0.00E+00 0 
,- ---- - 9.50E-Ol I 0.00E+00 0 

-- __ J _____ . _ I.00E+00 0.00E_+_o_o~ ___ o, 
I .05E+00 0.00E+00 0 ----~----- --
I.I 0E+00 0.00E+00 0 

--•--1. 1sE+Oo ~o.ooE+Oo; 0 
- - 1 -

. l.20E+00 0.00E+00 , 0 
- - - l.25E+00 , 0.00E+00 . 0 

-- _1 ______ - -- - ~-- . - - ----l 

I .30E+00 0.00E+00 0 - - -
I .35E+00 0.00E+00 0 

---·- -· - --c-c---c--'------
l.40E+00 0.00E+00 0 -- -- - --- - - _____ , 
I .45E+00 0.00E+00 0 

- -· ----
l.50E+00 0.00E+00 0 

----- ~------· -
I .55E+00 0.00E+00 0 -- -- . __ __, 
l .60E+00 0.00E+00 0 
l.65E+00 0.00E+00 0 
l.70E+00 I 0.00E+00 , 0 
I .75E+00 O.OOE_+_0_-0 ____ 0-1 

---'- - -- - l.80E+OO i-o:ooE+OO 0 

0 - ~---_:_=-~ ·- l.85E+OO j 0.00E+00 1 0 
0 __ , ___ '._ l.90E+00 i 0.00E+00 1 0 

I l.95E+00 i 0.00E+00 1 0 
2.00E+00 I 0.00E+00 1 0 

0.0003 , 
-

·-•-----;-----,---+--,-.,..=--,------,----1 
!total I 4.29E-0l I 0.0003 

-- _ __J ___ -----

\ I I I 
I 

!- I i 
___ -~---_j~ilena~~ lfid70c : 

: _L____~l----1 
I 
I - -

__ '. I t~lly 8 nps = 20497076 116 36 ____ '.__ __!:_~~y 8 __ nps = 20219776 
117 height distributio~~ _ __ 
118 119 ----- -----

I20 - --'-- -- .. 

uni 

ce ll 2 

tally type 8 pulse height distribution. um tally type 8 pulse height dist 

tally fo~ photons . - :. -~ ~ ~~~=-tally fo!: phot~~s_l ___ -1 

cell 2 
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121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
I 3 I 
132 
133 
134 
135 
136 
137 
138 
139 
140 
14 1 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
I 65 
166 
167 
I 68 43 

w 

0 

0.0003 
0.0 122 

0 
0 

0 
0 

0 

0 -

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 
0 

0 

0 
0 

0 
0 
0 

0.0003 

X 

I 

- _j_ 

-----1 

I 69 height distribution . 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

0 
0.0002 
0.0123 

0 
0 
0 
0 

Worksheet "MCNP Data p=2.35" of Workbook "MCN P Volume Seneca.xis" 

y z AA 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 8.43E-02 
I.OOE-0 I 3.57E-O I 
l .50E-O I O.OOE+OO 
2.00E-0 I O.OO E+OO 
2.50E-O I O.OO E+OO 
3.00E-0 1; O.OOE+OO 

j 

3.50E-OI O.OOE+OO 
4.00E-01 · O.OO E+OO 
4.50E-O I O.OO E+OO 
5.00E-0 I O.OOE+OO 
5.50E-O ( O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7 .50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05E+OO , O.OO E+OO 
I. I OE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 

' I .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OO E+OO 
I .60E+OO O.OO E+OO 
I .65E+OO O.OOE+OO 
I .70E+OO O.OOE+OO 
l.75 E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO 
l.95 E+Oo· O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.4 I E-0 I 

Filename fid60d 

I tally 8 nps = 20832943 

AB 

0 

0.0007 
0.0003 

0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0.0002 

AC 

uni tally type 8 pulse height distribution . 
tal ly for photons 

cell 2 
energy 
O.OOE+OO O.OO E+OO 
5.00E-02 8.69E-02 
I.OOE-0 I 3 .80E-O I 
l.50E-0 I O.OOE+OO 
2.00E-0 I O.OO E+OO 
2.50E-O I O.OO E+OO 
3.00E-0 I · O.OOE+OO 

0 
0.0007 
0.0003 

0 
0 
0 
0 

I /16/02 

AD 

uni 

AE AF AG 

energy 

total 

O.OOE+OO O.OOE+OO 
5.00 E-02 7.55E-02 
I.OOE-0 I 3.80E-O I 
l .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 

- - - -
3.00E-0 I O.OOE+OO , 
3.5oE-o 1- o:Ooi::+oo ; 

0 

0.0008 
0.0003 

0 
0 
0 

0 
0 

4.00E-01 O.OOE+OO , 0 
-- ·----

4.50E-O l O.OOE+OO 0 
5.00E-0 1 O.OOE+OO 0 
5.50E-O I O.OOE+OO 0 
6.00E-0 I O.OOE+OO 0 
6.50E-O I O.OOE+OO 0 
7.00E-0 I O.OOE+OO 0 
7.50E-O I O.OOE+OO 0 
8.00E-01 O.OOE+Of 0 
8.50E-O I O.OOE+OO 0 
9.00E-0 I O.OOE+OO 0 
9.50E-O I O.OOE+OO 0 

·-----
1.00E+OO O.OOE+OO 0 
I .05E+OO O.OOE+OO 0 
1.1 OE+OO O.OOE+Of-- 0 
I . l 5E+OO O.OOE+OO 0 
I .20E+OO O.OOE+OO 0 
1.25E+OO , O:OOE+00 1_ _____ 0 
I .30E+OO O.OOE+OO 0 
I .35E+OO O.OOE+OO 0 - .... -
l.40E+OO , O.OoE-i:oo 1 0 
I .45E+OO O.OOE+OO 0 

· ------
l .50E+OO O.OOE+OO 0 
l .55E+Oo--o.oo-E+oo . - --0 

----
l.60E+OO O.OOE+OO , 0 
l .65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+oo · - 0 
I. 75E+OO O.OOE+oo ' 0 
l .80E+OO O.OOE+OO 0 
l.85E+OO O.OOE+OO · 0 
I .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO . O.OOE+OO 0 _J __ 

4.56E-O I 0.0002 

-~-- -
Filename fid70d 

!tally 8 nps = 20803508 
-~~ 

tally type 8 pulse height dist 
tally for photons - --

cell 2 
energy 
O.OOE+OO O.OOE+OO --- 0 
5.00E-02 7.9fE-020.0007 
I.OOE-01 3.95 E-Ol 
1.50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 

·-- ---
0.0003 

0 
0 

0 

0 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

181 
182 
183 
184 
185 
186 
187 
188 

w 
0 ---------
0 

0 
0 
0 
0 

0 
O: 

189 0 ' 
190 0 

X 

191 0 '. ---- -i 

192 - - -0 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

0 

0 
0 
0 
0 

0 

0 

0 
0 

0 

0 ------ ---
0 

205 0 : 
206 0 -------· 

y 

,_2_01 .... ___ 01 ___ ' - --- -· 
208 0 ------ ----

Z AA 

3.50E-01 0.00E+00 
4.00E-0 I 0.00E+00 
4.50E-0 I°' 0.00E+00 
5.00E-01 0.00E+00 
5.50E-0 I 0.00E+00 

' 6.00E-0 I 0.00E+00 
6.50E-0 I 0.00E+00 
7 .00E-0 I ; 0.00E+00 
7.50E-0 I 0.00E+00 
8.00E-0 I 0.00E+00 
8.50E-0 I 0.00E+00 
9.00E-0 I . 0.00E+00 
9.50E-0I , 0.00E+00 
1.00E+00 0.00E+00 
l .05E+00 0.00E+00 
I. I 0E+00 0.00E+00 
l.15E+00 0.00E+00 
1.20E+00 0.00E-t-00 
1.25E+00 0.00E+00 
1.30E+00 0.00E+00 
l .35E+00 0.00E+00 
1.40E+00 0.00E+00 
l .45E+00 0.00E+00 
1.50E+0O : 0.OOE+OO 
1.55E+00 0.00E+00 
l .60E+00 0.00E+00 
l.65E+00 : 0.00E+00 
1.70E+00 0.00E+00 

209 o: 1.75E+00 0.00E+00 
210 0 1.80E+00 0.00E+00 
211 0-. . 1.85E+00 0.00E+00 

----------- -
212 0 l.90E+00 0.00E+00 
213 
214 
215 

- -- - - - - ---- ·- -- -
0 
0 

0.0002 

1.95E+00 0.00E+00 
2.00E+00 0.00E+00 

total 4.67E-0 I 

AB 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 
o: 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 
0 
0 

0 
0.0002 

1/16/02 

AC AD AE AF AG 

3.50E-01 0.00E+00 0 
- i 
-- I 

-- --~- -- -
4.00E-0I 0.00E+00 0 

- - - --- 4~56E-0-1 :--o.ooE+oo· ----◊ 
I -- 5.00E-OJl- 0.00E+OO 0 

- --- - ·- -- ----
5.50E-01 , 0.00E+00 0 

. - --6.00E-O IT O.O0E +oo' ___ o 
6.50E-0 I 0.00E+00 0 

--l 7.00E-01 , 0.00E+00 0 
7.50E-0 I 0.00E+00 0 

- - ---------

8.00E-0 I 0.00E+00 0 
·--- _,_ 8.50E-0 I , O.OOE+OCJ'"- -- - 0 

9.00E-0 I 0.00E+00 0 
9.50E-0 I 0.00E+00 0 

~ ...... - ·- · ----
1.00E+00 0.00E+00 0 
l .05E+00 0.00E+00 0 
I. I 0E+00 0.00E+00 - 0 
l.15E+00 0.00E+00 0 
l.20E+00 . 0.00E+00 0 
I .i5-E+o6" 0.00E+00 0 
1.30E+0oi 0.0OE+oo•--- 0 

1.35E+00 0.00E+00 0 
I .40E+00 0.00E+00 0 

0 
l.50E+00 1 0.00E+00 0 

, l.55E+00 J 0.00E+00 ; 0 
--- ------; - - i°:60E+OO : 0.00E+00 ____ O_. 
-- '- - - --- -·- - --- -~----+------l 
_ i _ l.65E+00 ' 0.00E+00 , 0 
_ ___ _ _ _ _ ,__ 1.70E+001 0.00E+00 0 

l.75E+00 · 0.00E+00 0 
- · J .80E~ 0.00E+00 0 

- -- --=----_:= T85E+OO -◊.00-:-cE=--+--co-c-o -· ---0 
l.90E+00 0.00E+00 0 _;_ __ _ 
1.95E+00 · 0.00E+00 0 

2.00E+00 0.00E+00 0 
total 4.74E-0I 0.0002 
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2 
3 
4 
5 

6 
7 
8 

9 
IO 
11 
12 

AH 

13 bution. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

Al 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.x is" 

AJ AK AL AM 

:Filename fid80a 

!tally 8 nps = 18691 550 
uni tally type 8 pulse height distribut ion. 

tally for photons 

cell 2 
energy 
0.00E+00 0.00E+00 0 
5.00E-02 4.50E-02 0.00 11 
l.00E-0 I 3.60E-0 I 
1.50E-01 0.00E+00 
2.00E-0 I 0.00E+00 
2.50E-0 I 0.00E+00 
3.00E-0 I 0.00E+00 
3.50E-01 0.00E+00 
4.00E-0 1 0.00E+00 
4.50E-0 I 0.00E+00 
5.00E-01 0.00E+00 
5.50E-0 I 0.00E+00 
6.00E-01 0.00E+00 
6.50E-0 I 0.00E+00 
7.00E-0 1 0.00E+00 
7.S0E-0 1 0.00E+00 
8.00E-0 I 0.00E+00 
8.S0E-0 I 0.00E+00 
9.00E-0 I 0.00E+00 
9.50E-0 I 0.00E+00 
I .00E+00 0.00E+00 
I .05E+00 0.00E+00 
I. I 0E+00 0.00E+00 
1.1 SE+00 0.00E+00 
I .20E+00 0.00E+00 
I .25E+00 0.00E+00 
I .30E+00 0.00E+00 
I .35E+00 0.00E+00 
I .40E+00 0.00E+00 
l.45E+00 0.00E+00 
l.50E+00 O.OOE+0O ' -
l.55E+00 0.00E+00 

~ 1.60E+OO 
I 

O.OOE+OO . 
l.65E+00 0.00E+00 
I .70E+00 0.00E+00 
I .75E+00 0.00E+00 
I .80E+00 0.00E+00 
I .85E+00 

I 
0.00E+00 

I .90E+00 0.00E+00 
I .95E+00 0.00E+00 

0.0003 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.00E+00 0.00E+00 0 
total 4.05E-0 I 0.0003 

1/16/02 

AN AO AP AQ AR 

'Filename ' fid90a 

---- - --- -----
!tally 8 nps = 18222792 

uni tally type 8 pu lse height distribution . - - - - .. -- ~-----
tally for photons 

cell 2 
energy 
0.00E+00 0.00E+00 
5.00E-02 5.24E-02 
l.00E-0 I 3.66E-0 I 
I .50E-0 I 0.00E+00 
2.00E-0 I 0.00E+00 - -- - -
2.S0E-0 I 0.00E+00 

0 
0.001 

0.0003 
0 
0 
0 

3.00E-0 I 0.00E+00 0 
3.50E-0 I 0.00E+00 0 

----
4.00E-0 I 0.00E+00 0 - - - ---•-
4.50£-0 I 0.00E+00 0 

- " -
5.00E-0 I 0.00E+00 0 

0 
0 

5.50E-0 I 0.00E+00 
6.00E-0 I 0.00E+00 
6.50E-0I 0.00E+00 
7.00E-01 , O.OOE+Cfo~ -

0 
0---

- ~ 5O£-oC· O.OOE+oo· 0 
0 8.0_0E-0!_ ~.:.~~+_00 , 

8.S0E-0 I 0.00E+00 
9.00E-0 I 0.00E+00 
9.50E-0 I 0.00E+00 
I .00E+00 0.00E+00 
1.05£+00 0.00E+00 
1.1 0E+00 0.00E+00 
l. I SE+00 0.00E+00 
I .20E+00 0.00 E+00 
I .25E+00 0.00E+00 
l .30E+00 0.00E+00 
1.35£+00 0.00E+00 
I .40E+00 0.00E+00 
I .45E+00 0.00E+00 

-- ---
0 
0 

0 
0 
0 
0 
" - -

0 
---·-

0 
0 -, _ 
0 
0 
0 

I .50E+00 0.00E+00 O, 
~ j....._ ___ _ 

1.55E+00 0.00E+00 0 
l.60E+00 0.00E+00 0 
I .65E+00 0.00E+00 
l.70E+oo ' 0.00E+00 

0 
0 

1.75E+00 0.00E+00 0 

,_ 

l.80E+00 • O.OOE+oo · ~- - 0----I 

l. 85E+00 0.00E+00 . 
I .90E+00 0.00E+00 
I .95E+00 0.00E+00 

0 . 
0 
0 

2.00E+00 0.00E+00 0 
total 4.1 9E-0 I 0.0003 
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61 
62 
63 
64 

AH Al A.1 

Filename 

AK AL AM 

fid80b 

65 bution . 
66 

!tally 8 nps = 19575592 
uni · tally type 8 pulse height distribution . 

67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 

tally for photons 

cell 2 
energy 
O.OOE+Oo" O.OOE+-00 . 

·-5.00E-02 ' 4.57E~02 

J .OOE-01 3.98E-Ol 
l .50E-O I O.OOE+OO 
2.00E-0 I O.OOE+OO 
2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I _ O.OOE+OO 
5.SOE-01 - O.OOE+OO ' 
-----·· --· - -· 

6.00E-0 I O.OOE+OO 

0 
0.001 

0.0003 
0 

0 
0 

0 

0 

0 
0 
0 

0 

--- _ _. - - ---- - - . -- -
0 

0 
0 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

83 6.50E-Ol O.OOE+OO 
84 ------ ----- 7.00E-01 : o.ooE+oo ' 

-- ---- - - - --- . - -

85 7.50E-O I O.OOE+OO 
86 8."00E-oi ' O.OOE+oo· ·-____ _. _____ _ ----- · 

87 8.50E-Ol O.OOE+OO 

88 9.00E-01 O.OOE+OO 
89 9.50E-Ol O.OOE+OO -- - - ------ . 
90 l .OOE+OO O.OOE+OO --- - ------ -- - - - . -

91 1.05E+OO O.OOE+OO 
92 1.IOE+OO O.OOE+OO 

--- - ------- ----· 
93 l. l 5E+OO O.OOE+OO 
94 . - ··1.20E+OO . O.OOE+OO 

95 1.25E+OO O.OOE+OO 
96 l .30E+OO O.OOE+OO 

----·-
97 l .35E+OO O.OOE+OO 

- ---- --- -- -

98 l .40E+OO O.OOE+OO 
. -

99 l .45E+OO O.OOE+OO 
I 00 l.50E+OO O.OOE+OO 
IOI 
102 
103 
104 
105 
106 

- - - - 1-:55E+oo i O.OOE+OO 

l .60E+OO O.OOE+OO 

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

- ------ --- -

-----+----'-

l .65E+OO O.OOE+OO 
1.70E+OO O.OOE+OO 
1.75E+oo: O.OOE+OO 
l .80E+OO , O.OOE+OO ' --

-!..-. --- J 

107 I l.85E+00 i O.OOE+OO 
----·-----· ------~ 

0 

0 

0 
108 _ ________ ).:90_E+OO J O.OOE+OO : 0 
109 __ _j ___ ~ _ __!.95_E::_00 ; O.OOE+90 ! _ 0 
110 ---+---2.00E+OO O.OOE+OO , 0 
111 total ·- - -··!-4.44E-01 ~ 0.0003 

112 
113 
114 
115 
116 

- -- J. ..l 

---+-- --,Filename ·· ·1fid80c -r--·· -

------ - ,_ - -
I ta lly 8 nps = 19920658 

117 bution. u111 tally type 8 pulse height distribution. 

118 -------=-~ ·:__~_~ tally fo~ photons I 
119 
120 

I 
---- ·--- -T -

· cell 2 

1/ 16/02 

AN 

uni 

AO AP AQ AR 

- ---
Filename 1fid90b ---- -

I tally 8 nps = 19238791 
- - ------

, cell 2 

tally type 8 pulse hei~ht dis~~ution . 
tally for photons 

·-,-----------
energy --''---~ 
-~-OOE+OO' O.OOE~O_Q_: ____ _J)_! -= --
5.00E-02 5.34E-02 0.001 
l.OOE-01 3.99E-Ol 1 0.0003 
l.50E-OI O.OOE+OO 0 
2.00E-01 O.OOE+OO . -- - 0 
2.50E-OJ , O.OOE+OO 0 
3.00E-01 O.OOE+OO , 0 
3.50E-Ol O.OOE+OO 0 
4.00E-0 I O.OOE+OO 0 
4.50E-Ol O.OOE+OO 0 
5.00E-01 _ O.OOE+OO 0 
5.SOE-O(~ O.OOE+OO --0-: ---, ..,: __ 
6.00E-01 . O.OOE+OO O· 

- - -- - - -- - ~--------1 
6.50E-Ol O.OOE+OO , 0 

- . --- - ·-- ·- -- -·-· '---- -~------l 
7.00E-01 : O.OOE+OO 01 
7.50E-OJ1 O.OOE+OO 0 

- 8.00E-01 O.OOE+oo · 0 
-+----'------- -----1 

8.50E-Ol · O.OOE+OO , 0 
- ---------- ----l 

9.00E-01 O.OOE+OO 0 -----
9.50E-O I O.OOE+oo : 0 ' ---- - -- - · ---- ----
1.00E+OO O.OOE+OO ___ O 
l.05E+OO O.OOE+OO 0 
l.lOE+OO O.OOE+OO O' 
1.15E+OO O.OOE+OO 0 

- - ------ ----------
l .20E+OO O.OOE+OO . 
l.25E+OO O.OOE+OO 
- . 
l .30E+OO O.OOE+OO 

0• 
0 
0 

· - - . - . -- -- - -
l.35E+00 1 O.OOE+OO 0 

-· --- -- ----. -
l .40E+OO O.OOE+OO 0 

-· ----------l 
l .45E+OO O.OOE+OO 0 
l .50E+OO O.OOE+OO 
- --
l .55E+OO O.OOE+OO 
l .60E+OO . O.OOE+OO 0 
l .65E+OO O.OOE+OO O. ----
l.70E+~~ O.OOE+_~ ;_ _____ o ___ _ 

; l.75E+OO i O.OOE+OO , QI 

-~J- ·-1.80E~q[-o.00E+Oo l o: 

---- ~~E+QQ1-0,00E+oo ; O; 
I J.?OE+001 O.OOE+OO J 0 , 

l.95E+OO I O.OOE+OO ' QI 

2.oOE+OO~ o.oOE+Oo --·-----=o-'---------t 
___ [!.?_ta_l __ --1:_ 4_._53_E_-_O_l_,__0_.0_0_03--+1 ___ --1 

_J 

1Jtally ~ _ ~~s : 19663_4_8_0 __ __,__ 
u111 _tally type 8 __ _pulse height distribution:_ 

tally for photons 

cell 2 
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AH Al AJ AK AL AM AN AO AP AQ AR 
121 energy e_ner~y 
122 O.00E+00 0.00E+00 0 0.00E+00 0.0OE+00 0 
123 5.00E-02 4.51 E-02 0.001 5.00E-02 5.3 I E-02 0.001 
124 I .00E-01 4.20E-0 I 0.0003 I.O0E-01 4. l 7E-0 l 0.0003 
125 l.50E-01 : 0.00E+00 0 l .50E-0 l 0.00E+00 0 
126 2.00E-01 0.00E+00 0 2.00E-0 1 O.0OE+00 0 
127 2.50E-0 I 0.00E+00 0 2.50E-0 I 0.0OE+00 0 

- - - -
128 3.00E-0 1 0.00E+O0 0 3.00E-01 0.00E+00 0 
129 3.50E-0l 0.00E+00 0 3.50E-0 I ' 0:-00E+OO~-- 0 

' 130 4.00E-01 0.00E+00 0 4.00E-01 . O.00E+00 o,_ 
131 4.50E-0I 0.00E+00 0 4.50E-01 O.OOE+00 0 

-1·-
132 5.00E-01 0.00E+00 0 5.00E-01 0.OOE+00 0 
133 5.50E-0l 0.00E+00 0 5._50~-0J:_q.ooE+0O , 0 

- - - -
134 6.00E-01 0.00E+00 0 6.00E-0 I 0.00E+00 0 
135 6.50E-0 I 0.O0E+00 0 6.50E-0l O.00E+00 0 
136 7.00E-0 I 0.00E+O0 0 7.00E-0 1 0.O0E+00 0 
137 7.50E-0 I 0.00E+O0 0 7.50E-0 l O.00E+00 0 
138 8.00E-0 1 0.00E+00 0 8.00E-01 . O.OOE+O0 0 . 
139 8.50E-0 I 0.00E+O0 0 8.50E-01 0.00E+00 0 
140 9.00E-01 0.00E+O0 0 9.00E-0 I O.OOE+OO. 0 

---·-
141 9.50E-0l 0.00E+O0 0 9.50E-0 I 0.00E+00 0 
142 l .00E+00 0.00E+O0 0 I.0OE+O0 0.00E+00 0 
143 l .05E+00 0.00E+O0 0 l .05E+O0 0.00E+00 0 

- - -- - · - ---- --- ----
144 I. I 0E+00 I 0.00E+O0 0 I. I OE+O0 I 0.00E+00 0 
145 i I. I 5E+00 0.00E+00 0 1.15E+oo ' 6.ooE+oo· - 0 

.. 

146 l.20E+00 0.00E+00 0 l .20E+0o · 0.00E+00 0 
- -· - - - - --· - ·-- - - -

147 l .25E+00 0.00E+00 0 l .25E+O0 0.00E+00 0 
·• 

148 l.30E+00 0.00E+00 0 I .30E+O0 0.00E+00 0 
149 l .35E+00 0.00E+00 0 I .35E+00 0.00E+00 0 
150 I .40E+00 0.00E+00 0 l.40E+00 0.00E+00 0 
151 l .45E+00 0.00E+00 0 l .45E+00 0.00E+00 0 
152 l.50E+00 0.00E+00 0 l.50E+00 0.00E+00 0 
153 l.55E+00 0.00E+00 0 l.55E+00 0.00E+00 0 
154 l .60E+00 0.00E+00 0 I .60E+00 0.00E+00 0 
155 I .65E+00 0.00E+00 0 l .65E+00 0.00E+00 0 
156 l.70E+00 0.00E+00 0 I .70E+00 0.00E+00 0 
157 l.75E+O0 0.00E+O0 0 I .75E+O0 0.00E+00 0 

---- - -
158 l.80E+00 0.00E+O0 0 l .80E+O0 0.00E+00 0 

-- ·• 

159 l.85 E+00 0.00E+O0 0 l .85E+00 0.00E+00 0 
160 l.90E+00 0.00E+O0 0 l .90E+00 0.00E+00 0 ---- --
161 l.95E+00 0.0OE+00 0 l .95E+00 0.00E+00 0 

-
162 2.00E+00 0.00E+00 0 2.00E+00 0.00E+O0 0 
163 total 4.65E-O I 0.0002 total 4.70E-0l 0.0002 
164 
165 

-
__. ___ ·---

166 Filename fid80d Filename fid90d -- -
167 

' 168 !tally 8 nps = 206 1 1652 !tally 8 nps = 204259 I 2 
- - .. 

169 bution. uni tally type 8 pulse height distribution . uni tally type 8 pulse height distribution . 
- . -- tally for photons --- - -- ·-170 tally for photons 

-;- -- ,- - ---
, __ 

171 
- -- -

172 cell 2 . cell 2 
173 energy energy 
174 0.O0E+00 0.00E+OO 0 O.00E+00 0.00E+00 0 

' 175 5.00E-02 4.4 1 E-02 0.001 5.00E-02 5.23E-02 0.0009 
---- -

176 l .O0E-0 1 4.34E-Ol 0.0003 l .00E-01 4.29E-0 I 0.0003 
177 l.50E-0 I 0.00E+O0 0 l .50E-0 l 0.0OE+00 0 
178 2.00E-01 0.00E+00 0 2.00E-0 1 0.0OE+00 o· 
179 2.50E-0 l 0.00E+00 0 2.50E-0 l 0.00E+00 0 
180 3.00E-0 1 0.00E+00 0 3.00E-0 1 0.00E+00 0 
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181 
182 
183 
184 
185 
186 
187 
188 
189 

AH 

---· ------ -

Al A.I AK 
3.50E-0 I 0.00E+00 
4.00E-0 I 0.00E+00 
4.50E-0 I 0.00E+00 
5.00E-01 0.00E+00 
5.50E-Ol ; 0.00E+00 

' I 
6.00E-01 0.00E+00 
6.50E-0 I 0.00E+00 
7.00E-01 1 0.00E+00 
7.50E-0l 0.00E+00 

190 8.00E-0 I; 0.00E+00 . 
- --- ___ __,_ __ - --t-- - - . 

191 8.50E-0l 0.00E+00 
192 9.00E-0 I 0.00E+00 
193 9.50E-0l 0.00E+00 
194 l.00E+00 0.00E+00 
195 l .05 E+00 0.00E+00 
196 l.l0E+00 0.00E+00 
197 l.15E+00 0.00E+00 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
21 3 
214 
215 

- --- -· 

-- -----

----· --

l .20E+00 0.00E+00 
I .25 E+00 0.00E+00 
1.30E+00 0.00E+00 
l .35E+00 0.00E+00 
1.40E+00 0.00E+00 
I .45E+00 0.00E+00 
1.50E+00 0.00E+00 
1.55£+00- 0.00E+00 
l.60E+00 1 0.00E+00 
I .65E+00 0.00E+00 
l.70E+00 0.00E+00 
1.75£+00 0.00E+00 
l.80E+00 0.00E+00 
l.85E+00 0.00E+00 
l.90E+00 · 0.00E+00 

-- -
l.95E+00 ' 0.00E+00 
2.00E+00 . 0.00E+00 

total 4.79E-0l 

AL 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

AM 

1/ 16/02 

AN AO AP AQ AR 
3.5~E-01 ; o.oq~+o_Q 
4.00E-01 0.00E+00 
4.50E-01 0.00E+00 

-- - 2j ___ _ 
0 
-·- -

0 
5.00E-01 ' 0.00E+00 0 1 

_5.50£-01 ! 0.00E+00 ____ 0-+-1 

6.00E-01 , 0.0OE+00 0 
6.50E-0 I 0.00E+00 

--7.00E~Ol ; o:ooE+OO ; 
0 

O' - - - - · -----c-c-------
7.50E-0I . 0.00E+00 0 

_ __ s .ooE-01 __ o.ooE+oo ; ___ o ___ --1 

8.50E-0I · 0.00E+00 0 
- 9~00E-6f! O.OOE+oo; o-- - ----

- .! - -~r -- - ·-- -- -
9.50E-0l ,__0.00E+00 , ____ 0 ___ _, 
1.00E+00 0.00E+00 0 -- ·-- -
l.05E+00 : 0.00E+00 0 
1.1 0E+00 0.00E+00 0 
l.15 E+00 0.00E+00 0 
l.20E+00 0.00E+00 0 
I .25E+00 0.00E+00 0 
1.30E+00 0.00E+00 Or-
1.35£+00 O.OOE+oo ' - 0 ----I 

l.40E+00 · 0.00E+00 , O, 

I .45E+00 0.00E+00 0 
1.50£+00 - 0.00E+00 o' -- -- --
1.55£+00 0.00E+00 0 

--- __J - -- - - ·-----'---- --l 
1.60E+00 I 0.00E+00 , 01 __ _ 

I .65E+00 0.00E+001 0 
1.70E+00 O.OOE+Oo ' --5·- ----

- • I -·----•--~---

l.75E+00 0.00E+00 0. 
- _ ! - - ____ j - ---

I .80E+o9 __ 0.00E+00 L ____ o_· ___ , 
l.85E+00 0.00E+00 · 0 
l.90E+00 0.00E+00 · 0 ---i 

2.00E+00 0.00E+00 , 0 , - ---- __________ , 
total 4.81 E-0 I ' 0.0002 ' 
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I 

2 
3 
4 
5 
6 
7 

8 

9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

AS 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

AT AU AV AW 

Filename , fid I OOa 

- _ _1._ ---

, !tally 8 nps = I 7838998 
u111 tally type 8 pu lse height distribution . 

ta lly for photons 

cell 2 
energy 
O.OO E+OO O.OOE+OO 0 
5.00E-02 7. I 9£-02 0.0009 
I.OOE-0 I 3.56£-0 I 0.0003 
1.50£-0 I 1.22£-04 0.02 14 
2.00E-01 O.OOE+OO 0 
2.50£-0 I O.OOE+OO 

_3.00~...:_0 I_~ O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.-50E-O I '. O.OOE+OO 
5.00E-0 1 O.OOE+OO 
5.50E-Ol O.OOE+OO ,_ 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7 .50£-0 I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I , 2-00E+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05 E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.1 5E+OO O.OOE+OO 
1.20E+OO O.OOE+OO 
1.25 E+OO O.OOE+OO 
1.30£+00 O.OO E+OO 
l .35E+OO O.OOE+OO 
I.40E+ OO ; O.OOE+OO 
1.45£+00 O.OOE+OO 

- ...J__ --

1.50£+00 O.OOE+OO 
I .55I(+OO' O.OOE+OO 
l .60E+OO O.OOE+OO 
1.65£+00 O.OOE+OO 
I.70E+OO , O.OOE+OO 

----- ... 
1.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
1.85£+00 O.OOE+OO 
1.90£+00 O.OOE+OO 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

l .95 E+OO O.OOE+OO 0 
2.00E+OO O.OO E+OO 0 

total 4.28£-0 I 0.0003 

J 

AX 

Ulll 

I/ I 6/02 

AY AZ BA BB 

_J 

Filename fid 120a 

I tally 8 nps = 17155768 
tally type 8 pu lse_ height distribution: 
tall y for photons 

cell 2 
energy 
O.OOE+OO ; O.OOE+OO 0 
5.00E-02 1.16£-0 I 0.0007 
1.00E-0 I 1.04£-0 I 0.0007 
l.50E-O I 2.20E-O I 0.0005 
2 OOE-0 I O.OOE+OO 0 

BC 

um 

i 

2.50E-O I O.OOE+OO 
3.00E-0 I O.OOE+OO l 
3.50E-O I , O.OOE+OO 
4.00E-01 O.OOE+0-0' 
4.50E-O I O.OOE+OO 

0 
0 
0 
0 

OJ 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

-1- --

5.00E-0 I O.OOE+G_0_1 
5.50E-O I O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-0 1 O.OOE+OO 
8.00E~O I ; O.OOE+OO 

' 8.50£-0 I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50£-0 I O.OOE+OO 
I. OOE+OO O.OOE+OO : 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OO E+OO 
1.15£+00 O.OOE+OO 
l .20 E+OO O.OOE+OO 
1.25£+00 O.OOE+OO 
1.30£+00 O.OOE+OO 
l .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 

0 --- . ----
0 

1.45£+00 O .OOE+06' __ _ 0 
0 
0 
0 

1.50£+00 : O.OOE+OO 
- -J.- -- ~ 

1.55£+00 O.OOE+OO I 
I .60E+OO ;O _O OE+OO . 
I.65E+OO , O.OOE+OO -·- 0- . -

l .70E+OO • O.OOE+OO 0 
C 

1.75E+OO O.OOE+OO 0 
l .80E+OO O.OOE+OO 0 
1.85 E+OO O.OOE+OO 0 
I .90E+OO O.OOE+OO 0 
1.95£+00 O.OOE+OO 
2.00E+OO O.OO E+OO 

total 4.39E-O I 

0 
0 

0.0003 
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61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
I l l 
112 
11 3 
114 
115 
116 
117 
118 
11 9 
120 

Worksheet "MCNP Data p=2 .35" of Workbook "MCNP Volume Seneca.xis" 

AS AT AU AV AW 

Filename fid IOOb 

I ta ll y 8 nps = I 8893 736 
Uni tally type 8 puls~_height distribution . 

ta lly for photons 

cell 2 
energy 
O.OOE+OO O.OOE+00

1 
0 

5.00E-02 7.46E-02 0.0008 
l. OOE-01 3.84E-OI 0.0003 
1.50£-0 I l.55E-04 0.0 185 
2 OOE-01 O.OOE+OO 0 
2.50E-Ol O.OOE+OO 0 
3 OOE-0 I O.OOE+OO 0 
3.50E-O I O.OOE+OO 0 
4.00E-01 O.OOE+OO 0 
4.50E-01 O.OOE+OO 0 
5.00E-01 O.OOE+OO • 0 

5.50E-01 O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50E-O l O.OOE+OO 0 

-- - · -
7.00E-0 1 O.OOE+OO 0 
7.50£-01 O.OOE+OO 0 
8.00E-01 O.OOE+OO 0 
8.50E-Ol O.OOE+OO , 0 
9.00E-0 I O.OOE+OO 0 
9.50E-Ol O.OOE+OO 0 
I.OOE+OO O.OOE+OO 0 
l.05E+OO O.OOE+OO 0 
I. I OE+OO O.OOE+OO 0 
l. l 5E+OO O.OOE+OO 0 
- -· 
1.20E+OO O.OOE+OO 0 

----·-- - -

l .25E+OO O.OOE+OO 0 
l.30E+OO O.OOE+OO 0 
l.35E+OO O.OOE+OO 0 
l.40E+OO O.OOE+OO 0 
l.45E+OO O.OOE+OO 0 
l .50E+OO O.OOE+OO 0 
l.55E+OO O.OOE+OO 0 
l.60E+OO O.OOE+OO 0 
l .65E+OO O.OOE+OO 0 

·-
l.70E+OO O.OOE+OO 0 
1.75 E+OO O.OOE+OO 0 
- ..; -
1.80E+00

1 
O.OOE+OO 0 

_ __ J_ l.85E+OO O.OOE+oo ; 0 
l .90E+Oo: O.OOE+OO 0 

-· -- - I. 95E+OO-:- O.OOE+OO 0 
·-• - -

i:O-OE+oo ' O.OOE+OO o: 
----- ·--

total 4.59E-OI 0.0003 --- - - - ·-

---- ------ - -·-

-----
fid lOOc 

r --
'. Fi lename 

_ J -----

_ ....JJtallj 8 nps = 19334160 
uni tally type 8 pulse height distribution . 

-- - ~ 

tally fo r:._ photons 

cell 2 

AX 

uni 

AY AZ BA BB BC 

Fi lename fid l20b 

ltally 8 nps = 18 159259 ,_ 
tally type 8 pulse height distribu_ti_o_n. ____ um 
tally for- p_hotons . --- --- ' 

cell 2 
·- ·---·------ 1 

energy , 
O.OOE+OO ~ .OOE+OO 
5.00E-02 1.2 1 E-0 I 
l .OOE-0 I 9.51 E-02 
1.50£-0 I ' 2.49E-O I 
2.00E-01 O.OOE+OO 

0 

0.0006+ ----i----l 
0.0007 ' 

0.0004 1 
-~---

-- ·- -·- -- .., __ -
0 

2.50E-Ol O.OOE+OO 0 
3.00E-01 O.OOE+OO 0 
3.50E-OI O.OOE+OO 0 
4.00E-0 1 O.OOE+OO 0 
4.50E-01 · O.OOE+OO 0 
5.00E-01 . O.OOE+OO . 0 
5.50E-01 O.OOE+OO 0 

- - -----· ----- - - . ~ - -----
6.00E-01 O.OOE+OO 0 

- - -~-- - - --- --· __ __J ~ -- ---

6.50£-01 O.OOE+OO 0 
7.00E-0 1 O.OOE+OO ' Oi _ ___ _ 

' - - --- - f- - -- -- 1- -------i 
7 .50E-O I O.OOE+OO O' 
8.00E-01: _9.ooE+~OJ ____ - 01-1 - --+-----l 

8.50E-01 O.OOE+OO , 0 1 

9.00E-01 o.ooE+-06~ - o~· ---- -
. - ---- --- - - -------,- - - - --

9.50£-01 O.OOE+OO 0 
-· -- --- - - - ----

1.00E+OO O.OOE+oo : __ _ - ~ _ - ~---
l.05E+OO ; O.OOE+OO 0 
I. I OE+OO O.OOE+OO · 0 

· -- - - 1- - - -- . 
1.15E+OO O.OOE+OO I 0 
I .20E+OO O.OOE+OO 0 
1.25E+OO O.OOE+OO , 0 

. ·----- · 
l .30E+OO O.OOE+OO 0 
l .35E+OO O.OOE+OO 0 
l.40E+OO O.OOE+OO 0 
l.45E+OO O.OOE+OO 0 
l .50E+OO O.OOE+OO 0 
l. 55E+OO O.OOE+OO 0 
1.60E+OO O.OOE+OO 0 
l.65E+OO O.OOE+OO 0 
l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO _ __ O 
1.80E+oo'- o.ooE+o·o o1-

_..,___ ___ __,_ _ _ _ ·- -'--- - - --'------! 

I .85E+OO I O.OOE+9_0~ ___ _ 0~-- -----1 
1.90E+OO I O.OOE+OO , 0 1 

I.95E+oo-'o.oiJE+6o · ---~ --

2.ooE+oo O.OOE+OO o , 
jtotal ..., 4.65E-0-1 t---- 0,--.0-:--0c-c0-,-3+-, --------1 

- I I 
l----- '--·---t·-----'----1 

'. Filename _ ifid120c +--- ---+- - ---

- --'------i 

!tally 8 _ nps = 18576478 - --- - ~--- i 

uni ta lly ty~_~_EJ-~Se height distribution. uni 

ta~ly f~:. __ p_ho!ons _______ , ___ _, _ ___ 
1 

I 

cell 2 
- j - · - ___ j __ ---~ ---1 
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121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 I 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

AS 

-- -- ·--
' 

AT AU 
energy 
O.OOE::oo : O.OOE+OO 
5.00E-02 7.SSE-02 
1.00E-0 1 3.98E-O 1 
l.50E-O 1 l.73E-04 
2.00E-0 1 O.OOE+OO 
2.SOE-0 1 O.OOE+OO 
3.00E-0 1: O.OOE+OO , 
3.SOE-01 O.OOE+OO 
4.00E-01 ' O.OOE+OO 
4.SOE-01 . O.OOE+OO 

-- --t-- -

5.00E-01 O.OOE+OO 
5.50£-0 1 O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50E-O 1. O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-Ol O.OOE+OO 
8.00E-0 1 O.OOE+OO 
8.SOE-01. O.OOE+OO 
9.00E-01 · O.OOE+OO 
9.50£-01 O.OOE+OO -

142 l .OOE+OO O.OOE+OO 
143 l .OSE+OO O.OOE+OO 
144 1.IOE+OO O.OOE+OO --- - . 
145 l.lSE+00 1 O.OOE+OO 

- -- - - ----- __ ,__ - -- 1 

146 I .20E+OO O.OOE+OO 
147 . 1.25E+OO O.OOE+OO 

--- -- -- --
148 l.3~E+OO_, O.O~E+OO 
149 .L_ l.35E+OO i_ O.OO_E+Oq__ 
150 I.40E+OO O.OOE+OO 
I 51 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 

l .45E+OO O.OOE+OO 
' l. 50E+OO O.OOE+OO 

1.55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 
1.70£+00 O.OOE+OO 
l.75E+OO O.OOE+OO 
l .80E+OO , O.OOE+OO 
l. 85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.74E-Ol 

. - -
•Filename ,fidlOOd 

- . 
1 tally 8 nps = 20115266 

AV AW 

0 
0.0008 
0.0003 
0.0173 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - ' 
0 
0 
0 
oi 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

165 
166 
167 
168 
169 
170 
17 I 
172 
173 
174 
175 
176 
177 
178 
179 
180 

uni tally type 8 pulse height distribution . 
tally fo r photons - - --

1 cell 2 
energy 

-<--6.-00E+OO O.OOE+oo ·- O 

5.00E-02 . 7.56E-02- 0.0008 
I .OOE-0 l 1 4.07E-O I 0.0003 
1.50E-O I I. 68E-04 0.0 I 72 
2.00E-0 I O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-0 I . O.OOE+OO 0 

AX 

UBI 

1/ 16/02 

AY AZ BA 
energy 

total 

O.OOE+OO O.OOE+OO 
5.00E-02 1.23E-O 1 
l .OOE-0 I . 8.60E-02 
1.50£-01 : 2.68E-O 1 ; 
2.00E-0 I O.OOE+OO · 
2.50E-O 1 O.OOE+OO 
3.00E-0 I , O.OOE+OO 
3.50E-O I . O.OOE+OO 
4.00E-0 I O.OOE+OO 

0 
0.0006 
0.0008 
0.0004 

0 
0 
0 
0 
0 - - - - -

4.50E-Ol O.OOE+OO, 
5.ooi:-o 1-··o.oot+oo 
5.50£-01 O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50£-01 O.OOE+OO 
7.00E-01 O.OOE+OO 
7 .50E-O I O.OOE+OO 
8.00E-0 1 O.OOE+OO 
8.50E-O I . O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50£-0 I O.OOE+OO : 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0, 
0 

l.OOE+oo ;_q_.~OE+OO 0 
l .05E+OO O.OOE+OO 0 
l.lOE+OO O.OOE+OO ' 0 
l.15 E+OO O.OOE+OO 
I.20E+OO O.OOE+OO 
l.25E+OO O.OOE+OO 
l JOE+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO . O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l.65 E+OO O.OOE+OO 
I.70E+OO O.OOE+OO 
l .75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l.90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.78E-Ol 

0 
0 

-- oi 
------ · --

0 
0 
0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0.0002 

Filename fidl20d 

I -

!tally 8 nps = I 9333990 _ 

BB BC 

-------< 

tally_type 8 _pu lse_height distributi~n..:... 
tally for photons 

U111 

-----
1 

- I .l..._ ---

cell 2 
energy 
O.OOE+OO, O.OOE+oo· 0 
5.00E-02: l. 25E-O I 0.0006 
I.OOE-01 ,- 7.75E-02 0 .0008 
l .50E-01 2.83£-01 0.0004 
2.00E-0 1 O.OOE+OO 0 
2.50E-O I O.OOE+OO 0 
3.00E-0 1 O.OOE+OO 0 
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I 8 I 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

AS 

- --- --, 

-- -+· -

I ----·-

AT AU 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO j 
6.00E-01 O.OOE+00 1

-· 

6.50E-Oi . O.OOE+OO - - ------ ... . 
7.00E-01 ; O.OOE+OO 
7.50-E-=-01 -0.ooE+OO 
8.00E-0 I . O.OOE+OO 
8.50E-Ol_; O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 

' I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
J.25E+OO O.OOE+OO 
1.30£+00 O.OOE+OO 
l.35E+OO O.OOE+OO 
1.40£+00 O.OOE+OO 
1.45£+00 1 O.OOE+OO 
1.soE+~o~oo~+oo 
l.55E+OO : O.OOE+OO 

-i .60E+oo! O.OOE+OO , 
1~65E+OO·; O~OOE+OO 
1.70£+00 O.OOE+OO 
l.75E+OO O.OOE+OO 
1.80£+00 O.OOE+OO 

-- - -- - - -
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
J.95E+OO ' O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.83E-O I 

AV 
0 

0 
0 
0 
0 
0 

0 
0 ' 
o' 
o; 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0, 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0.0002 

AW AX 

total 

1/ 16/02 

AY AZ 
3.50E-O I O.OOE+OO 
4.00E-01 O.OOE+OO 
4.50£-0 I O.OOE+OO 
5.00E-0 I , O.OOE+OO 
5.50£-0 I O.OOE+OO . 
6.00E-01 ' O.OOE+OO 

I -- - - -

6.50£-01 O.OOE+OO 
- - -- -- - - . 

7 .OOE__:2_!._,_Q.OOE+OO 
7 .50£-0 I O.OOE+OO 

BA BB 
0 

0 ' 
0 

0 

0 

' ------ · 

BC 

- -- --·--- - ·-- -
8.00E-0 l i _ OJ)_OE+O_O L o, 
8.50E-O I : O.OOE+OO 

- ·- _J.-_.: __ ---- --1 
0 

9.00E-01 ' O.OOE+OO 0 

9.50E-O I O.OOE+OO 0 
l .OOE+OO O.OOE+OO 0 
1.05£+00 O.OOE+OO 0 
l.lOE+OO O.OOE+OO 0 
l. l 5E+OO O.OOE+OO 0 
I .20E+OO O.OOE+OO 0 
J.25E+OO O.OOE+OO 0 
l.30E+OO O.OOE+OO 01 

l.35E+Oo-·o~60E+OO- 0 
l .40E+OO- O.OOE+OO 0-- -

- ---- --------- L 

J.45E+OO ' O.OOE+OO O! 
----L----- --,- - ---- - -1 

J.50E+OO : O.OOE+OO , __ O __ --~-------l 

1.55E+OO O.OOE+OO O, 
1.60E+OO · O.OOE+OO 0 
I.-65E+OO O.OOE+Oo"° 0 
l.70E+OO O.OOE+OO 0 
1.?sE+oo:· o.ooE+oo !--- --o --
1.80E+oo O.OOE+OO 0 -- -·- -- - ·- - - --
l .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 0 
l.95E+OO O.OOE+OO ~ -- - 0 
2.00E+OO O.OOE+OO 0 

·- -- - ------ · 
4.85E-Ol 0.0002 
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I 
2 
3 
4 
5 
6 
7 

8 
9 

BD BE 

_J_ 

IO Filename , fi d 140a 
I I _ __J __ 

12 I ta lly 8 nps = 16595968 

BF BG 

13 ta lly type 8 pulse height distribution. 
- --- - -

14 tally for photons 
15 
16 cell 2 

energy 17 
18 
19 
20 
21 

O.OOE+OO O.OOE+OO 0 
5.00E-02 1.60E-O I 0.0006 
I.OOE-0 I 6.74E-02 0.0009 
l. 50E-O I 2. I 8E-O I 0.0005 

- - -- ~ -
22 2.00E-01 O.OOE+OO 0 
23 -- 2.50E-Ol~ OOE+OO -- o· 
24 3.00E-0_!__ O.OOE+OO !_ __ _ 0 :-
25 3.50E-OI , O.OOE+OO 0 

----· -- -
26 4.00E-0 I ' O.OOE+OO O, 
27 
28 

4.50E-O I O.OOE+OO 
5.00E-01 O.OOE+OO 

29 5.50E-O I O.OOE+OO -~--c-=------- . . 
30 6.00E-0 I O.OOE+OO 
31 6.50E-O I O.OOE+OO 
32 7.00E-0 I O.OOE+OO 
33 - 7.50E-O I' O.OOE+OO 
34 8.00E-0 I O.OOE+OO , 
35 8.50E-OI O.OOE+OO 
36 9.00E-0 I O.OOE+OO 
37 
38 
39 

9.50E-0 1 O.OOE+OO 
I .OOE+OO O.OOE+OO 

- - - - - -- ' 
I .05E+OO O.OOE+OO 

40 I. I OE+OO O.OOE+OO 
41 I .15E+OO O.OOE+OO 
42 I .20E+OO O.OOE+OO 
43 I .25E+OO O.OOE+OO 
44 I .30E+OO O.OOE+OO 
45 I .35E+OO O.OOE+OO 
46 I .40E+OO O.OOE+OO 
47 l.45E+OO O.OOE+OO · 
48 I .50E+OO O.OOE+oo· 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

49 I .55E+OO O.OOE+OO 0 
50 I .60E+OO O.OOE+OO 0 
51 - l.65E+wo.OOE+b0

1 

- 01 

52 l. 70E+OO O.OOE+OOI - O, 
53 I .75E+OO- O.OOE+OO 0 

--- ----- - ' -

54 l.80E+OO ! O.OOE+OO 0 
55 l. 85E+OO - O.OOE+OO 0 
56 I .90E+OO O.OOE+OO 0 
57 
58 
59 total 
60 

I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.45E-O I 

0 
0 

0.0003 

BH 

un i 

__ , ! 
I 

Bl BJ BK BL BM BN 

Filename fid l60a Filename 

' ' 
!tally 8 nps = 16083654 

tally type 8 pulse hc:igh~ distribu~ion. uni - ~ lly_ ty 
tal ly for photons _ , __ _ ~ _ t_aJ ly fo 

cell 2 
energy 

total 

O.OOE+OO 
5.00E-02 
I .OOE-0 1 
I .50E-OI 
2.00E-0 1 
2.50E-O I 
3.00E-01 
3.50E-01 
4.00E-01 
4.50E-OI 
5.00E-01 
5.50E-O I 
6.00E-0 1 
6.50E-O I 
7.00E-01 
7.50E-O I 
8.00E-01 
8.50E-O I 
9 OOE-0 I 
9.50E-OI 
I. OO E-t-00 
l. 05E+OO 
1.I OE+OO 
l.1 5E+OO 
l .20E+OO 
l. 25E+OO 
l .30E+OO 

O.OOE+OO 0 
l.95E-O I . 0.0005 
4.86E-02 0.00 1 I 
7.89E-02 0.0009 
l.26E-O I 0.0007° 

. O. OOE+oo· 

O.OOE+OO 
O.OOE+OO 0 
O.OOE+OO ' 0 
O.OOE+oo · 
O.OOE+OO 

. O.OOE+OO 
O.OOE+OO 

. O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+Oo · 
O.OOE+oo · 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+oo · 0 

1.35E+OO O.OOE+Oo' 0 
I .40E+OO O.OOE+OO 0 
1.45E+OO . O.OOE+o"o·- - 0 

- - l -

1.50E+OO O.OOE+OO -f 
I .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
l.65E+OO . O.OOE+OO . 

l.70E+OO O.OOE+OO 
0 

l.75 E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
l. 85E+OO O.OOE+OO 
l. 90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.49E-O I 

0 
0 

o_J 
0 
0 , 

0 
0 
0 
0 
0 

0.0003 

1/ 16/02 

cell 2 
energy 
O.OOE+OO 
5.00E-02 
I.OOE-01 
l.50E-O I 
2.00E-01 

-- ----
2.50E-OI 
3.00£-01 
3.50E-01 

------

--------

4.00E-01 
4.50E-OI 
5.00E-01 
5.50E-O I 
6.00E-01 
6.50E-O I 
7.00E-0 1 
7.50£-01 
8.00E-01 
8.50E-O I 
9.00E-01 
9.50E-0 1 
I. OOE+OO 
1.05£+00 
I. I OE+OO 
1.1 5£+00 
l .20E+OO -- --
1.25£+00 
1.30£+00 
l .35E+OO 

·•-- ---

__J 

l.40E+OO 
1.45£+00 
1.50£+00 
1.55£+00 __ __;c...._ __ 

1.60£+00 
l.65E+OO 
l. 70E+OO ~--

total 

l.75E+OO 
l. 80E+OO 
1.85£+00 
l.90E+OO 
l.95E+OO 
2.00E+OO 
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BO BE BF BG 

Fi lename fidl40b 

ltally 8 nps = 17524808 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

tally type 8 pulse height_1istribution. 
tally for photons 

cell 2 
energy 
0.00E+0O 0.00E+O0 
5.00E-02 l.67E-O I 
I .O0E-01 5.88E-02 
l .50E-0I 2.43E-01 
2.00E-01 0.0OE+O0 
2.50E-0I 0.0OE+00 
3.00E-01 0.00E+00 
3.50E-0 I 0.00E+00 
4.00E-0 I . 0.0OE+00 
4.50E-01 0.0OE+O0 
5.00E-01 0.0OE+O0 
-·- -- . 
5.50E-0 I 0.0OE+O0 
6.00E-01 0.0OE+O0 - - --- -
6.50E-0I 0.00E+O0 

---- ---·-
o.oof+-00 1 

7.00E-01 
7.50E-0 I 0.0OE+O0 . 
8.00E-0 I O.00E+O0 . 

·- -
8.50E-0 I O.00E+O0 . 

- - - - -· - -- ·'-
9. 00 E-0 I O.00E+O0 
9.50E-0 I O.00E+O0 

·- -
I .O0E+00 O.00E+O0 

0 

0.0005 
0.001 

0.0004 , 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

91 l.05E+00 ' O.00E+O0 0 
92 I . I 0E+00 O.O0E+O0 0 

---- -- • --
93 I.I 5E+00 O.00E+O0 0 
94 I .20E+00 O.O0E+O0 
95 l.25E+00 1 O.O0E+00 
96 - - I.30E+OO O.O0E+O0 

97 
98 
99 
100 
101 
102 

I .35E+00 O.O0E+00 
l.40E+OO . O.O0E+O0 
I .45E+00 O.00E+O0 
I .50E+00 O.O0E+O0 

--- - · --
l.55E+00 · O.O0E+00 
l.60E+00 1 O.O0E+O0 

I 03 l.65E+00 O.O0E+0O 
104 -- -I .7OE+O0 O.O0E+00 

105 l.75E+00 
I 

O.O0E+00 
--- --

106 1.80E+O0 O.O0E+OO 
I 07 l.85E+O0 O.OOE+OO 
108 
109 
110 

--- --- . 
l.90E+O0 O.O0E+OO 

----
l.95E+O0 O.O0E+OO 
2.00E+O0 O.O0E+0O 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

111 total 
112 

4.69E-OI 0.0003 

113 
114 _F_il_en_a_m_e _--fi d140c·- -;-_---

115 
------- j_ 

116 ltally 8 nps= 17900129 
117 - -ta lly. type & -pulse height distribution. 
118 tally for photons 
119 
120 cell 2 

BH 

Ulll 

Ulll 

Bl BJ BK BL 

Filename fidl60b i 

I tally 8 ~ps = 16914761 
-- __ J_ 

tally type 8 pulse height distribution. 
tally for photons ..., 

- -

BM 

-

BN 

Filename 

_ l__!ally 8 
uni tally ty 

tally fo 

cell 2 _____ _ i cell 2 -- --· 
energy 

- t 
energy 

O.0OE+O0 0.O0E+OO I 0 0.0OE+O0 
- - -- ---' --- ---· 

5.00E-02 · 2.04E-0I . 0.0005 I 5.00E-02 
I.O0E-0 I 4.33E-02 0.0011 I .0OE-01 
l.50E-0 I 7.48E-02 . 0.0009 I .SOE-01 
2.00E-01 I .49E-0 I 0.0006 2.00E-01 
2.50E-01 0.O0E+00 01 2.SOE-01 
3.00E-01 0.00E+00 0 3.00E-01 
3.S0E-0 1 0.0OE+0O 0 3.50E-OI 
4.00E-01 0.00E+00 0 4.00E-01 
4.50E-01 0.00E+00 0 4.50E-01 
5.00E-01 0.OOE+00 0 5.00E-0 1 

- -------
5.S0E-01 O.00E+00 0 5.S0E-01 
6.00E-01 0.OOE+00 0 6.00E-01 

- - ---- ----------
6.S0E-01 O.O0E+00 0 6.S0E-01 
7.00E-01 0.00E+00 0 7.00E-0 I 

.I - --·--- --- -
7.S0E-01 0.OOE+0O 0 7.S0E-01 .. ----- ---- --- --
8.00E-01 0.00E+O0 0 8.00E-01 
8.S0E-01 o.ooE+oo ·-- ---- -- ----- -

0 8.50E-0l 
-• - - - - --· 

9.00E-01 0.00E+O0 0 9.00E-01 
9.S0E-01 0.00E+00 

0 . . - --
9.S0E-0 1 

---------- -
I.O0E+O0 0.00E+0O _oc I .0OE+00 

- -------
l .05 E+O0 0.0OE+0O 0 l.05 E+00 

. -- - - -- --
I.I0E+O0 0.0OE+0O 0 I.I0E+00 

i--- --,--- -1..-.-

1.15E+00 1.15E+O0 0.00E+00 o , 

l .20E+O0 0.00E+00 0 l .20E+00 
------ -

l.25 E+O0 0.00E+00 0 l .25E+00 
--- ·-

l.30E+O0 O.00E+00 0 l .30E+00 
- --------

l.35 E+O0 0.00E+00 0 I .35E+00 
l.40E+O0 0.00E+00 0 l .40E+00 
I .45E+O0 0.00E+00 0 l .45E+00 
l.50E+O0 0.00E+00 0 l .50E+00 ---- - --
l.55 E+00 0.00E+00 0 l .55E+00 -- --
l.60E+00 0.00E+00 0 l .60E+00 
l.65 E+00 0.00E+00 0 1.65 E+00 __ ______...,: -------
l.70E+00 0.00E+00 0 l.70E+00 

-- ----· -------
l.75 E+00 O.00E+00 0 l.75E+00 

- - ---- 1 - -·-- --

1.80E+00 O.00E+00 0 l .80E+00 
--· -

l.85 E+00 0.00E+00 01 l .85E+00 
l.90E+00 O.O0E+OCi1 ___ 07 

l.90E+0O - - ---4-- - -- __ ,_ 

I .95 E+00 O.00E+00 . 0 l .95E+0O -- _j ____ -4--
2.00E+00 0.00E+O0 , Qi 2.00E+0O 

total 4.71E-0I - o.ooo_f __ --t-
I total 

! ---- -

_,_ - --- - - -
Filename fidl60c 

' I 

. !tally 8 nps = 1722()850 - --:- - - 7Ttatty-8-

_.i._ 1Filename 
---1-

tally type 8 pulse height distribution. uni : tally ty 
tally for photons I ________ _'. ___ -~ _ tally fo 

' ' 
cell 2 · cell 2 
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BD BE 
121 energy 
122 O.OOE+OO O.OOE+OO 
123 5.00E-02 l.70E-0 I 
124 1.00E-0 I 5.09E-02 
125 - l.50E--O I. 2.58E-O I ; 
126 --2-.00E-OI O.OOE+OO 

127 2.50E-O I O.OOE+OO 
128 3.00E-0 I O.OOE+OO 
129 3.50E-O I O.OOE+OO 
130 4.00E-0 I O.OOE+OO · 

I 

131 4.50E-O I O.OOE+OO 
I 32 - - S:001:,:0 I O.OOE+OO , 

133 5.50E-01 O.OOE+OO 
134 - 6.00E-01 1 O.OOE+OO 
135 6.50E-O I O.OOE+OO 
136 7 .OOE-0 I O.OOE+OO 
137 
138 
139 
140 
141 

7 .50E-O I O.OO E+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 

BF 

0 

0.0005 
0.001 

0.0004 
0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 
o: 
0 

142 --1.0 0T+OO O.OOE+OO 0 
143 l.05 E+OO O.OOE+00 1 

144 --1.-IOE+OO ; O.OOE+OO 

145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 

1.15E+OO . O.OOE+OO 
-------~ --

I .20E+OO , O.OOE+OO 
---l---

l.25E+OO O.OOE+OO 
----· ·-- -· --

I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 

------ -
l.45 E+OO _ O.OOE+OO , 
l.50E+OO O.OOE+OO ---··---- --- . 
I .55 E+OO O.OOE+OO 

----- ·---
I .60E+OO O.OOE+OO 
I .65 E+oo' O.OOE+OO 

------ - - -
l.70E+OO O.OOE+OO 
I .75 E+OO O.OO E+OO 
I .80E+OO O.OOE+OO 
l.85 E+OO . O.OOE+OO 
I .90E+OO O.OOE+OO 
I .95 E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

0 

0 
0 

0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

163 total 
164 

4.80E-O I 0.0002 

165 
166 Filename lid 140d 

-----· 
167 
168 l_ta_lly _8 __ nps = 52304431 

' 

BG 

169 tally type 8 pulse height distribution. 
170 - _ ta.IF for photo_ns - - ; -

171 _ J 

172 cell 2 
173 energy 
174 O.OOE+OO O.OOE+OO ; 

- -- -• 
175 5.00E-02 1.72E-OI 
176 l.OOE-0 I 4.41 E-02 
177 

178 
179 
180 

l.50E-O I 2.70E-O I 
2.00E-0 I O.OO E+OO 
2.50E-O I . O.OO E+OO 
3.00E-0 I . O.OOE+OO 

0 
0.0003 
0.0006 
0.0002 

0 
0 
0 

BH 

uni 

Bl BJ BK BL BM BN 
energy energy 

total 

O.OOE+OO O.OOE+OO . 0 
5.00E-02 2.07E-Ol 1 - 0.0005 

I O.OOE+OO 
5.00E-02 
l.OOE-0 I I.OOE-01 3.93E-02 · 0.001 2 

l.50E-O I ' 6.84E-02 ' 0.0009 
~--

1.50E-O I 
---'-----

2.00 E-0 I l.66E-O I 0.0005 2.00E-OI 
' 2.50E-01 O.OOE+OO 

3.00E-01 O.OOE+00 1--

3.50E-OI O.OOE+OO 
4.00E-01 O.OOE+OO 
4.50E-01 O.OOE+OO 
5.00E-01 O.OOE+OO . 
5.50E-01 O.OOE+00 1 
6.00E-0 I . O.OOE+OO . 
6.50E-01 · O.OOE+oo:-
7.00E-01 . O.OOE+oo · -

7.50E-OI O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-0 1 O. OOE+OO: 
9.50E-OI O.OOE+OO 
l.OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
l. lOE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l .25 E+OO O.OOE+OO 
1.30E+OO O.OOE+OO 
l .35 E+OO O.OOE+oo ; 
l.40 E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55 E+OO O.OO E+OO 
l.60E+OO O.OOE+OO 
1.65E+OO O.OO E+OO 
l.70E+OO O.OOE+OO 
l.75 E+OO O.OOE+OO 
l.80E+OO O.OOE+OO 
l .85 E+OO O.OOE+OO 
I .90 E+OO O.OOE+OO 
I .95 E+OO O.OOE+OO 
2.00E+OO O.OOE-+00 

4.81 E-OI 

0 
0 
0 

0 -·o. -
o' 
0 

0 

0 
0 
0 

0 

0 
o: 

2.50E-01 
3.00E-01 
3.50E-01 
4.00E-01 

-- : --4~50E:01 

5.00E-01 
5.50E-01 

---- ___._ - - -
6.00E-01 
6.50E-01 

___ L __ 2_:,00E-01 
7.50E-O I 
8.00E-01 

- ----
' 8.50E-OI 

- 9.00E-01 
--·---

0 9.50E-OI 
0 I .OOE+OO 
f-----+----~----1 

0 l .05E+OO 

0 I -'-----'-__ I_. I OE+OO 
0 1.15E+OO 
- ·- - - -,----~--------! 
0 l .20E+OO 

_ o __ ----'-----l---_1._2_5E_+_o-10 
0 l .30E+OO 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.0003 

--- - -- --
I .35E+OO 
l.40E+OO 

- - --- --- - +------ --l 
l.45E+OO 
l.50E+OO 

I 1.55E+OO 
-7---1.60-E+OO 
-- •-----

l .65 E+OO 
l.70E+OO 
1.75E+OO 
l .80E+OO 
l .85E+OO ----
l.90E+OO 
I .95E+OO 
2.00E+OO 

Filename fidl60d I Filename 

!tally 8 nps = 50098082 - - - - ---; ltally- f -
tally type 8 pulse hei gl~ distrjbut i_?n. uni tally ty 
tally for photons -~----_l ___ ta_lly fo 

cell 2 
energy .. 
O.OO E+OO O.OOE+OO 
5.00E-02 2.09E-OI 
I.OOE-01 3.63E-02 
I .50E-OI 6.13 E-02 
2.00E-01 l.80E-O I 
2.50E-OI O.OOE+OO 
3.00E-0 I O.OOE+OO 

1/ 16/02 

0 
0.0003 
0.0007 
0.0006 
0.0003 

0 
0 

_j __ 

cell 2 
energy 
O.OOE+OO 
5.00E-02 

---
l .OOE-01 
l.50E-O I 
2. 00E-0 I 
2.50E-O I 
3.00E-0 I 
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181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

BO BE 
3.50E-01 O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-O 1 O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-OI O.OOE+OO 
6.00E-0 I O.OOE+OO ' . 
6.50E-O I O.OOE+OO 
7.OOE-01 O.OOE+OO 
7 .50E-O I O.OOE+OO 

-8 .00E-O I O.OOE+OO 
8.50E-O 1 O.OOE+OO 
9.00E-0 I O.OOE+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30E+OO O.OOE+OO 
I .35E+OO O.OOE+_OO 
1.40E+OO O.OOE+OO 
1.45E+OO O.OOE+Oo· 

. ------ -· -
1.50E+OO O.OOE+OO 
I .55E+o-o· O.OOE+OO 

---- - -- -·- -
1.60E+OO : O.OOE+OO 
I .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
1.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO - ---- --
1. 90E+OO O.OOE+OO 
1.95E+OO O.OOE+OO 
2:ooE+OO-- O.OOE+OO 

- - -- - - -
215 total 4.86E-01 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

BF BG 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 
0 ' 

0 
0 
0 
o'-
o 
0 

0 
0 
0 

0 
0 
0 

0.0001 

BH 

total 

Bl BJ 
3.50E-O I O.OOE+OO 
4.00E-0 I , O.OOE+OO 
4.50E-O I 0.00E+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO , 
6.00E-0 I O.OOE+OO : 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO ' -, 
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO , 

BK 
0 
0 
O· 
0 
01 

BL BM BN 
3.50E-O I 
4.00E-01 
4.50E-O I 
5.00E-01 

-o' -- ----,--- -~ 5.50E-01 
6.00E-01 
6.50E-01 0 
7.00E-01 

- __, __ -~----, 
' 7.50E-OI 

O' --

8.50E-O I O.OOE+Oo·-- - o 
8.00E-01 
8.50E-OI 
9.00E-01 
9.50£-01 
1.00E+OO 
1.05E+OO 
1.IOE+OO 
1.15E+OO 
1.20£+00 

--·--- -- -
9.00E-0 I O.OOE+OO 
9.50E-OI O.OOE+OO ; 
1.00E+OO O.OOE+OO 
I .05 E+OO O.OOE+OO 
I.IOE+OO O.OOE+OO i 
I.I 5E+OO O.OOE+OO 
1.20E+OO O.OOE+OO 
l.25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
1.35[+00 O.OOE+oo : 
l.40E+OO O.OOE+OO : 
I .45E+OO O.OOE+oo· 
l.50E+OO O.OOE+OO 
l.55E+OO O.OOE+OO 

0 
0 
0 
0 
0 
0 
0 1.25E+OO 
0 1.30E+OO 
0 l.35E+OO , _ 
0 , 1.40£+00 
0 l.45E+OO . ----- - --- ---
0 , 1.50E+OO 

- - ----- ___ L_ -

0 1.55E+OO 
I .60E+OO . o.oot +oq_:-____ 0 ' _ _ _ ~--:~-~--= _; 1_:_60E+OQ 
l.65E+OO O.OOE+OO __ ~ : _ , 1.65E+OO 
I. 70E+OO O.OOE+OO 
l.75 E+OO O.OOE+OO 
l.80E+OO O.OOE+OO 
l.85 E+OO O.OOE+OO 

0 
0 
0 
0 

I .90E+OO O.OOE+OO 0 
l.95E+OO O.OOE+OO 0 

. -· - - -- --
2.00E+OO O.OOE+OO 0 

4.86£-0 I 0.000 I 

l.70E+OO 
7 1.75E+OO 

1.80E+OO 
1.85E+OO 
l.90E+OO 

- - ----- - --
l.95E+OO 
2.00E+OO 

.total 
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I 
2 
3 
4 

5 
6 
7 

8 
9 

BO 

IO fid 180a 
II 
12 ps= 15731 365 

BP BQ 

13 e 8 pulse height distribution. 
14 pl~otoITT- · - ' 

15 
16 
17 
18 O.OOE+OO 0 
19 2.25E-Ol 0.0005 
20 4. l 3E-02 0~00 12 
21 
22 

6.62E-02 
1. l 8E-Ol 

0.0009 
0.0007 

23 O.OOE+OO 0 
1-2-4-1--0-.0-0_E_+_OO ____ O 

25 O.OOE+OO 0 
26 O.OOE+OO o, 
27 O.OOE+OO 
28 O.OOE+OO 

---· 
29 O.OOE+OO 

0 
0 
0 

30 O.OOE+OO 0 --- - ----- --- -
31 O.OOE+OO 0 
32 O.OOE+OO 0 
33 O.OOE+OO 0 
34 O.OOE+OO 

------
35 O.OOE+OO 
36 O.OOE+OO 
37 O.OOE+OO 
38 O.OOE+OO 

- -- 1 -

39 O.OOE+OO 
40 O.OOE+OO 
41 O.OOE+OO 
42 O.OOE+OO 
43 O.OOE+OO - -- - - -
44 O.OOE+OO 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

45 O.OOE+OO 0 
46 Offi>E+00-,----

47 O.OOE+OO 
-- ·-

48 O.OOE+OO 
49 O.OOE+OO : 
50 O.OOE+OO 
51 O.OOE+OO . 
52 O.OOE+OO 
53 O.OOE+OO 
54 O.OOE+OO 
55 O.OOE+OO 
56 O.OOE+OO 
57 O.OOE+OO 
58 O.OOE+OO 
59 4.5 I E-0 1 
60 

0 
O• 
0 

0 
o. ---- - . 
0 
0 
0 
0 
0 
0 
0 
0 

0.0003 

BR BS BT BU BY BW BX BY 

•Fi lename fid200a Filename fid220a 

I tally 8 nps = 15458739 !tally 8 nps = 1527 
un1 tally type 8 pulse height distribution. 

tally for photons 
un1 tally type 8 pulse 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.49E-O I 
I.OOE-0 1 3.93E-02 
I .50E-O I 5.79E-02 
2.00E-01 l.05E-O I 
2.50E-01 3.83E-05 
3.00E-01 O.OOE+OO 
3.50E-O I O.OOE+OO 
4.00E-01 O.OOE+OO 
4.50E-Ol O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50E-O I O.OO E+OO 
7.00E-01 O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OO E+OO 
l.lOE+OO O.OOE+OO 
l.15 E+OO O.OO E+OO 
l .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l.55E+OO , O.OOE+OO 
l.60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO . 
l.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.52E-OI 

1/ 16/02 

cell 2 
energy - -
O.OOE+OO O.OOE+OO - - -
5.00E-02 2.69E-O I 
I.OOE-0 1- 3. 75E~62 
l.50E-O I 5.30E-02 

0 
0.0004 
0.0013 

0.001 
0.0007 
0.0411 

0 

- -- - -- -----
2.00E-O I 2.57£-02 
2.50E-Ol 6.77£-02 

·------

0 
-•-----

0 · 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0~ 

- - - - " 

l--- -- - ·-

3.00E-O I O.OOE+OO 
3.50E-OJ , O.OOE+OO 
4.00E-0 I O.OOE+OO 

,_ :1:50~0 1' O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 I ! O.OOE+OO 
-- ------
6.50E-O I O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7.50E-Ol O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-OT O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-Ol O.OOE+OO 
l .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
1.108-0f O.OOE+OO 
l. l 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
l .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
l .40E+OO O.OOE+OO 
l.45E+OO ' O.OOE+OO 
l.50E+OO O.OOE+OO 

0 1.55£+00 , O.OOE+OO 
0. - - -- ·- - - -- - 1 .60£+000.00E+OO 
__ j _____ ---· --- --

0 I .65E+OO O.OOE+OO 
o: 
o' -
0 
0 
0 
0 
0 

0.0003 

l.70E+OO O.OOE+OO 
1.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
l .85E+OO O.OOE+OO 
l .90E+OO O.OOE+OO 
I .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.53E-O I 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

BO 
61 
62 fid 180b 
63 
64 ps = 16493944 

BP BQ 

65 e 8 pulse height distribution . 
66 photons 
67 
68 
69 
70 O.OOE+OO 
71 2.34E-O l 
72 3.81 E-02 
73 6. 17E-02 
74 l .38E-Ol 
75 O.OOE+OO 
76 O.OOE+OO 
77 O.OOE+OO 
78 O.OOE+OO 
79 O.OOE+OO 
80 O.OOE+OO 
81 O.OOE+OO 
82 O.OOE+OO 

o; 
-o~o-oo,f" 

0.0012 
0.00 1 

0.0006 
0 
0 
0 

0 
0 
0 

0 

0 
83 O.OOE+OO 0 

·~--- . 
84 O.OOE+OO 0 
85 O.OOE+OO 0 
86 O.OOE-+06'" ·01 

-

87 O.OOE+OO 0 
·--- - --

88 O.OOE+OO 0 
89 O.OOE+OO 0 
90 o.OOE+oo- o 
91 O.OOE+OO 0 
92 O.OOE+OO 0 
93 O.OOE+OO 0 -- -- - - --------· 
94 O.OOE+OO 0 

-- --- ·---
95 O.OOE+OO 0 
96 O.OOE+OO 
97 O.OOE+OO 
98 O.OOE+OO 
99 O.OOE+OO 
I 00 O.OOE+OO 
10 1 O.OOE+OO 
I 02 O.OOE+OO 
I 03 O.OOE+OO 

0 
0 
0 
0 
0 
0 
0 
0 

104 O.OOE+OO 0-
105 O.OOE+OO 0 
I 06 O.OOE+OO ' 0 
107 O.OOE+OO 0 

----- -- -1--

108 O.OOE+OO 0 
- 1 -- ---

109 O.OOE+OO · 0 ---- ·------ ---- -
11 0 O.OOE+OO 0 
11 1 4.72E-OI 1_ ~ 003 ___ _ 
112 1 
113 -----7-- -

I 14 fidl 80c _, 
------- ' -

115 
116 p~ = 167~5874 _ 
117 e 8 __ pulse -~eigh_!_ disJribution. 
118 photons 
119 
120 

BR 

uni 

BS 

! 

1Filenamc 

! tally 8 

BT BU 

fid200b 

nps = 16 163430 

BY BW BX BY 

-- -- ----+- - --
. Filename __ , fid220b 

I tally 8 nps = 1592 
tal~y type 8 pulse height distribution . 
tally for photons 

uni tally type 8 pulse 

~~lly fo_1Jh~t~s _ 

1 cell 2 
energy 
O.OOE+OO O.OOE+oo , 
5.00E-02 2.60E-OI , 
l.OOE-0 I 3.76E-02 
l .50E-Ol 5.38E-02 
2.00E-01 I .22E-O I 
2.50E-Ol 4.79E-05 
3.00E-01 O.OOE+OO 
3.50E-O I O.OOE+OO . 
4.00E-01 O.OOE+OO 
4.50E-OI O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-O I O.OOE+OO 
6.00E-0 1 O.OOE+OO 

; 

6.50E-Ol O.OOE+OO 
7.00E-0 1 O.OOE+OO 
7.50E-Ol O.OOE+OO 
8.00E-0 1 O.OOE+OO 
8.SOE-01 O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-OI O.OOE+OO 
I.OOE+OO O.OOE+OO 
I.OSE+OO O.OOE+OO 
I. IOE+OO O.OOE+OO 
I. I 5E+OO O.OOE+OO 
l.20E+OO O.OOE+OO 
l. 25 E+OO O.OOE+OO 
l.30E+OO O.OOE+OO 
I.35 E+OO O.OOE+OO 
1.40£+00 O.OOE+OO 
l.45E+OO O.OOE+OO 
I.SOE+OO O.OOE+OO 
l .55 E+OO O.OOE+OO 
I.60E+OO O.OOE+OO 

' 1.65£+00 O.OOE+OO 
l.70E+OO O.OOE+OO 

-
l.75E+OO O.OOE+OO 
l.80E+OO O.OOE+OO 
l.85E+OO O.OOE+OO 
l.90E+OO O.OOE+OO 
1.95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO--

,total 4.73E-Ol 

Filename fid200c 

----- ---
' cell 2 

energy 
' - o.o6E+oo :O.OOE+Oo 

- --------
0.0004 5.00E-02 2.&0E-0 I 
0.0013 

0.001 
0.0007 
0.0359 , 

o, 
o, 
0 
0 
o, 
0 

0 
O· 
0 

0 
0 

l 

I.OOE-01 3.67E-02 
1.50E-OI ;- 4.96£:02 

2.00E-01 . 2.55E-02 
2.SOE-0 I 8.1 OE-02 
3.00E-0 1 O.OOE+OO 

------ ++ 

3.50E-OI O.OOE+OO 
- . - -

4.00E-01 . O.OOE+OO 
4.50E-OI O.OOE+OO 
5.00E-0 I O.OOE+OO 

___ _ __ 5.~0E-01 , O.OOE+OO 
6.00E-01 . O.OOE+OO --~- -- -
6.SOE-0 I O.OOE+OO 
7.00E-01 i O.OOE+OO 
7.SOE-01 , O.OOE+OO 

----- - ·- - g~OOE-01 . O.OOE+OO 
. -- ----L---- -- -- ...J_____ ___ --

8.SOE-O I O.OOE+OO 
- - -- - ------- ---- _1 ___ _ 

9.00E-01 1 O.OOE+OO - ---- -- -- --- -· · - --- ---
9.50E-Ol ; O.OOE+OO 
I .OOE+OO O.OOE+OO 

---- -------
I .OSE+OO O.OOE+OO 

01 I. I OE+OO O.OOE+OO 
O I l. l 5E+OO O.OOE+OO 

- . --- ---· 
0 I .20E+OO O.OOE+OO 
0 l.25E+OO O.OOE+OO 
0 

0 

0 
0 
o, 
0 

o! 
0 
0 

0 --o7 
0 

0 -- o· 

0.0003 

l.30E+OO . O.OOE+OO 
- -----

l.35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
I .SOE+Oo·: O.OOE+OO 
l.55E+OO · O.OOE+OO 
1.60E+OO O.OOE+OO 
l.65E+OO O.OOE+OO 
l.70E+OO , O.OOE+OO 
l.75E+oo, O.OOE+OO . -- ----
1.&0E+OO , O.OOE+OO 

__ -:- I .85E+O(~j__2 :_00~ 0Q 
l.90E+OO , O.OOE+OO 
1.95 E +00 !O. OOE+OCl 

---------
2.00E+OO O.OOE+OO 

1total 
- - -----

- -- - ' --- _! -- - -

I 4.73E-Ol 

! 
I I 

'. - - . -- -- File.;-;. me -j fid220~ -
' -· ----- - - -- ~ - - --- -i----- -

__ .L ____ ... _ --"-- - ~1----j 
,! tally 8 nps= 16393 106 _____ ____ !tally 8 nps= 1615 

uni' tally type 8 pulse height distribution. uni I tally type 8 pulse 
1 - - - I -~ - -- -, - " - j --

tally for pho~ons __ _,__ __ tally for photons _ 

cell 2 I cell 2 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.x is" 

BO BP 
121 
122 0.00E+00 0 

- -----•--
123 2.39E-0 I 0.0004 
124 3.59E-02 0.0013 

- -- --- -
125 5.56E-02 1 0.001 

-- - l -

126 l.52E-0 I 0.0006 
127 0.00E+00 
128 - O~OOE+0O-
129 O.OOE+0O' 

--- ---
130 0.00E+00 
I 31 0.00E+00 · 
132 0.00E+00 
133 0.00E+00 
134 0.00E+00 
135 0.00E+00 
136 0.00E+00 
137 0.00E+00 
138 0.00E+00 
139 0.00E+00 

0 

0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

140 0.00E+00 0 
141 0.00E+00 0 
142 O.OOE+OO- - 0 

___ , __ --1 -

143 0.00E+00 0 
144 0.00E+00 1 01 

1-----1-,--,----~-,--,---,-- - -
145 0.00E+00 0 
146 0.00E+00 o· 
147 O.OOE-+~00 __ _ 0 
148 0.00E+00 0 -- - - -- -----
149 0.00E+oo , 0 
150 0.00E+00 • 0 
151 0.00E+00 0 
152 0.00E+00 0 
153 o:ooE +oo ·-- o 
154 O.O0E+0O- ·- 0 

------
155 0.00E+00 0 
156 0.00E+00 0 
157 0.00E+00 0 
158 0.00E+00 0 
159 0.00E+00 0 
160 0.00E+00 0 
161 0.00E+00 0 
162 0.00E+00 0 
163 4.82E-0 I 0.0003 
164 
165 
166 fidl80d 

.,_1_6_,7 __ __!_ _____ _ 

I 68 ps = 48562650 _ 

BQ 

169 e 8 pulse height distribution . 
170 photons-,--- -- - -- - -
171 -----------. -

172 
173 
174 0.00E+00 0 
175 2.40~-~ I~- 0~0003 
176 3.44E-02 0.0008 
177 4.92E-02 
178 l. 63E-01 
179 0.00E+00 
180 0.00E+00 

0.0006 
0.0003 

0 
0 

BR BS BT BU BY BW BX BY 
energy energy 

- --
0.00E+00 0.00E+00 0 O.OOE+OO 0.00E+00 
5.00E-02 2.64E-01 0.0004 5.00E-022.85E-O I 
l.00E-01 3.65E-02 0.00 13 l.00E-01 3.64E-02 
l .50E-0I 4.89E-02 0.001 I l .50E-0l 4.57E-02 

' - I --- -

2.00E-01 l.33E-0 I 0.0006 2.00E-01 2.43E-02 
2.50E-0l 5.5 1 E-05 0.0333 2.50E-0 I 9.09E-02 
3.00E-01 0.00E+00 01 3.00E-01 0.00E+00 

' - · - -· -

3.50E-0l 0.00E+00 0 3.50E-0 I 0.00E+00 
4.00E-01 0.00E+00 0 4.00E-0 I~ O.OOE+OO 
4.50E-01 0.00E+00 0 - 4.-50E-0 I 0.00E+00 

5.00E-01 0.00E+00 0 5.00E-01 0.00E+00 
5.50E-0 I 0.00E+00 0 5.5of:6Yo. OOE+OO 
6.00E-01 0.00E+00 0 ' 6.00E-01 0.00E+00 --- _ _....__ -
6.50E-0 l 0.00E+00 0 6.50E-0 I 0.00E+00 

---
7.00E-01 0.00E+00 0 7 .00E-0 I , 0.00E+00 
7.50E-0 I 0.00E+00 0 7.50E-0l 0.00E+00 
8.00E-0 I 0.00E+00 0 8.00E-01 0.00E+00 
8.50E-0 I 0.00E+00 0 8.50E-0l : 0.00E+00 _, 
9.00E-01 0.00E+00 0 -9.0-0E-Olj O.OOE+OO 

----- - --- -
9.50E-0l 0.00E+00 0 9.50E-0l 0.00E+00 - -- ----- ----
l.00E+00 0.00E+00 0 l .00E+00 0.00E+00 

- '------- -- - -
l.05 E+00 0.00E+00 0 l .05E+00 0.00E+00 

-- •--
l.l0E+00 0.00E+00 o, l.l0E+00 , 0.00E+00 
l. l 5E+00 0.00E+00 01 J :-f.SE+00 - 0.00E+OO 

0.00E+00 (j" ----- -- - f20E+00 l.20E+00 0.00E+00 
-~----· -7 .25E+00 l 0.00E+00 l.25E+00 0.00E+00 0 

- - . - -- - - ---
l .30E+00 0.00E+00 0 l .30E+00 0.00E+00 -- - •----
l .35E+00 0.00E+00 0 l .35E+00 0.00E+00 
l .40E+00 0.00E+00 0 I.40E+00 0.00E+00 

·- ---
l .45E+00 0.00E+00 0 l .45E+00 0.00E+00 ·- ---
l.S0E+00 0.00E+00 0 l .S0E+00 0.00E+00 

- -·----
l.5S E+00 0.00E+00 0 l .SSE+00 0.00E+00 
l .60E+00 0.00E+00 0 l .60E+00 0~OOE+00 

- - -- ---
l.65E+00 0.00E+00 0 l .65E+00 , 0.00E+00 
l .70E+00 0.00E+00 0 1.70E+00 0.00E+00 

- ---
1.75E+00 0.00E+00 0 1.75E+00 0.00E+00 

- ---·---
l .80E+00 0.00E+00 0 l .80E+00 0.00E+00 
l.85 E+00 0.00E+00 0 l. 85E+00 , 0.00E+00 
l .90E+00 0.00E+00 0 l.90E+00 0.00E+00 
l.95E+00 0.00E+00 0 l.95E+00 ' O.OOE+OO 
2.00E+00 0.00E+00 0 2.00E+00 O.0OE+OO 

total 4.82E-0 I 0.0003 total 4.82E-0 l 
------

Filename fid200d Filename - ·i fid22o"d -

I 
!tally 8 nps = 47123945 _ -·- _ _ !tal ly 8 nps = 4640 

um tally type 8 pulse height distribution . uni tally type 8 pulse 

tally for phot;ns --=-= -1_ _ · -- ~ fo~photons 
_J_ __ 

cell 2 cell 2 
- - -- -

energy energy 
0.00E+00 0.00E+00 0 o.ooE+oo'.o~ooE+oo 

I 

.5.00E-02 L87E-Ol 5.00E-02 2.66E-0 I 0.0002 
I.00E-01 3.59E-02 0.0008 I.OOE-0 1- 3.64E-02 
I .50E-0 I 4.37E-02 0.0007 I .50E-0 I 4. I 6E-02 

-, 
2 00E-0 I 1.41 E-01 0.0004 2.00E-01 2.28E-02 
2.50E-0 I 5.83E-05 0.0 191 2.S0E-01 9.95E-02 
3.00E-01 0.00E+00 0 3.00E-01 0.00E+00 
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BO 
181 O.OOE+OO 
182 O.OOE+OO 
183 O.OOE+OO 
184 O.OOE+OO 
185 O.OOE+OO 
186 O.OOE+OO 
187 O.OOE+OO 
188 O.OOE+OO 
189 O.OOE+OO 
190 O.OOE+OO 
191 O.OOE+OO 
192 O.OOE+OO 
193 O.OOE+OO 
194 O.OOE+OO 
195 0.0.0E+OO 
196 O.OOE+OO 
197 O.OOE+OO 
198 O.OOE+OO 
199 O.OOE+OO 
200 O.OOE+OO 
20 I O.OOE+OO 
202 O.OOE+OO 
203 O.OOE+OO 
204 O.OOE+OO 
205 O.OOE+OO 
206 O.OOE+OO 
207 O.OOE+OO 
208 O.OOE+OO 
209 O.OOE+OO 
2 IO O.OOE+OO 
211 O.OOE+OO 

BP 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0: 
0 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

212 0.00£+00 0 
213 O.OOE+OO 0 
214 O.OOE+OO 0 
215 4.87£-01 0.0001 

Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

BQ BR BS BT 
3 .50£-0 I O.OOE+OO 
4.00E-0 I 0.00£+00 
4.50£-0 I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50£-0 I 0.00£+00 
6.00E-0 I 0.00£+00 
6.50£-0 I O.OOE+OO 
7.00E-0 I 0.00£+00 
7 .50£-0 I O.OOE+OO 
8.00E-0 I 0.00£+00 
8.50£-0 I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50£-0 I O.OOE+OO 
I .OOE+OO O.OOE+OO 
1.05£+00 0.00£+00 
l. lOE+OO O.OOE+OO 
1. I 5E+OO O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30£+00 O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
l.60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
l.70E+OO O.OOE+OO 
I .75E+OO O.OOE+OO 
1.80£+00 O.OOE+OO 
I .85E+OO O.OOE+OO 

BU 
0 
0 
o' 
0 

0 

0 

o, 
0 
o. 
0 

0 
0 
0 

0 

0 
0 

0 : 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 
0 
0 

I .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

total 4.87E-O I 0.000 I 

1/16/02 

BY BW BX BY 
3.50£-01 O.OOE+OO 
4.00E-01 O.OOE+OO 

- · ----
4.50E-OI 0.00£+00 
5.00£-01 0.00£+00 
5.50E-O I --0.00E+OO --, - __ ...,.. __ 
6.00£-01 i O.OOE+OO 

--•-----
6.50£-0 I 0.00£+00 

-r- - 7.00£-0 1- 0.00£+00 

7 .50£-0 I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-OI O.OOE+OO 
9.00E-01 O.OOE+OO 

~--- 9.50E-OI O.OOE+OO 
- - - ----• 

I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I.I OE+OO O.OOE+OO 
1.15£+00 O.OOE+OO 
I .20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
1.30£+00 , O.OOE+OO 
1.35E+000.ooE+oo· 
I .40E+OO , O.OOE+OO 
I.45E+OO , O.OOE+OO 
I .50E+OO O.OOE+OO 
I .55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
I .70E+OO O.OOE+OO 
I .75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO 0.00£+00 

-- - •-· - -- --
l.95E+OO O.OOE+OO 
2.00E+OO 0.00£+00 

-- -- - ----
total 4.87£-0 I 
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2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 24 

BZ CA 

-- --- - L 

- . 
l 

- 1--

CB cc CD CE CF 

I Fi len ame fid240a 

!tally 8 nps= 15156581 

13 height ~istribution . 
14 

Uni tally type 8 pulse height distribution . 
tally for photons 

15 
16 
17 
18 
19 
20 
21 

0 

0.0004 
cfoo13 · 
0.00 1 l 

22 0.0016 
-- -

23 0.0009 

cell 2 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 2.85E-O l 
1.00E-0 l . 3.34E-02 
UOE-0 I 5.12£-02 
2.00E-0 I l .86E-02 --- - -- -- -
2.50E-O I 6.51 E-02 

24 0 ----- ---;- 3.00E-01 . O.OOE+OO ____ , - ---1 - - . . 
25 0 , , 3.50E-OI O.OOE+OO 

t-2-6-+----0 4.00E-01 O.OOE+OO 

0 

0.0004 
0.0014 
0.0011 · 

0.0019 
0.001 

0 
0 

I 

CG CH CI CJ 

I Filename fid260a 

_j __ _ 

I tally 8 nps = 15059499 
uni · - --t-ally type 8 pulse height dist 

tally f o~ ph_otons '. · 

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 

. ---- - . - -
5.00E-02 2.98E-O I 0.0004 
l.OOE-01 3.03E-02

1 

0.0015 
- T 50E-Ol .-4.92E-02 0.001 I 

--- ------ ----'-----l 
2.00E-0 I l.82E-02 0.0019 

- - 2.50E-O 1 - l .32E-02 0.0022 

3.00E-0 I 4.4 7E-02 

27 0 ' 1 - ; - -- 4.50E-O l O.OOE+OO 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

0 

0 
0 

01 
0 

0 
0 

0 

0 
0 

0 
0 

0 

- ------

0.00 12 
3.50E-Ol , O.OOE+OO 0 
4.ooE:oTjo -.o-o_E_+_oo-,---o~ 

--------------- -
28 0 5.00E-0 I O.OOE+OO 
29 0 5.50E-O l O.OOE+OO 
30 0 
31 0 
32 0 
33 
34 
35 
36 
37 

0 
0 --------
0 
0 
0 

38 0 
39 0 

40 0 
41 0 
42 
43 
44 
45 
46 
47 
48 
49 

0 

0 
0 
0 
0 

0 

0 
0 

50 0 

51 0 

6.00E-0 l O.OOE+OO 
6.50E-O l O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-Ol O.OO E+OO 
8.00E-01 O.OOE+OO 
8.50E-Ol O.OO E+OO 
9.00E-01 O.OO E+OO 
9.50E-O I O.OOE+OO 
I .OOE+OO O.OOE+OO 
l .05E+OO O.OO E+OO 
I.I OE+OO O.OOE+OO 
l. l5 E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l.25 E+OO O.OOE+OO 
l.30E+OO O.OO E+OO 
l .35E+OO O.OO E+OO 
l .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO ,_ 

!--+----'---~---- --

l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l.65 E+OO , O.OOE+OO 
l.70E+OO - O.OOE+OO 52 0 

53 
54 
55 
56 
57 
58 
59 
60 

QI 
- ---

0 
0 
0 
0 
0 

0.0003 

I • 

l.75E+OO O.OOE+OO 
I .80E+OO O.OOE+OO 
l.85 E+OO O.OOE+OO . 
l .90E+OO -0.00E+OO 
l.95E+OO 

I 
O.OOE+OO _ 0 

2 OOE+OO O.OOE+OO 0 
total 4.54 E-O I 0.0003 

1/ 16/02 

1 ' 4.50E-O I O.OOE+OO 1 0 
5.00E-01 O.OOE+OO , 0 
5.50E-O I O.OOE+OO 0 

- ------· - -~-- -, 
6.00E-01 O.OOE+OO ' 0 

. - - -- ---------,-! 
6.50E-O I O.OOE+OO 0 
7 .OOE-0 I O.OOE+OO 0 _ _..,! _____ -

7.50E-Ol O.OOE+OO 0 
8.00E-0 I O.OOE+OO 1 0 
8.50£-01 O.OOE+OO ___ O 
9.00E-0 I . O.OOE+OO 0 

- ·-' - - --------
9.50E-O I O.OOE+OO 0 

- -· -------
1.00E+OO O.OOE+OO ' 0 
l.05 E+OO O.OOE+OO 
l.lOE+OO O.OOE+Oo ·-­

l.15E+OO O.OOE+OO 
l .20E+OO O.OOE+OO 
l.25E+OO ' O.OOE+OO 
l.30E+Oo· O.OOE+oo ·­

l.35 E+OO O.OOE+OO 

0 
0 

0 
0 

0 
0 
0 

-1-- - -- --.I ___ , 

l.40E+~O I O.OOE+OO 0 
l.45E+OO I O.OOE+OO 0 

. - l.508 00 1 O.OOE+OO ___ O 

l .55E+OO O.OOE+OO . 0 
--------

l.60E+OO O.OOE+OO 0 
-- - 1 FE+& ci:OoI +oo , o 

l.70E+OO I O.OOE+OO 0 
l.75E+OO O.OOE+OO , 0 

I .80E+OO_ ~-_2_0E_+_O_O~I -----<O 
I .85E+OO O.OOE+OO 0 
l .90E+OO O.OOE+OO 
l .95 E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

total 4.54E-O I 

0 
0 
0 

0.0003 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

61 
62 
63 

BZ CA 

_, __ 

64 89 
65 height distribution. 
66 
67 
68 
69 

-----•-· 
70 0 , 

I- -
71 0.0004 ' -- - · ---
72 0.0013 
73 0.001 I 

-- ----
74 0.00 I 5_, ____ -- ·-
75 0.0008 
76 0 
77 0 
78 0 
79 0 
80 0 

a~. . 

81 
·----·--

82 0 
--- -

83 0 
84 0 
85 o · 

86 0 
87 0 
88 0 

--• - - - . 
89 0 

- ---- -- --
90 0 

---- -· 
91 0 
92 0 
93 0 
94 0 
95 0 
96 0 
97 0 
98 0 
99 0 
100 0 
IOI 0 
102 0 

J 

103 0 
104 0 
105 - ·a~; ___ , 
106 0 

- -- -- ·- - _ , 
107 Oi __ _J ------ ·-
108 0 

-------· ------ · 
109 0 

CB cc CD CE CF 

Filename ,fid240b 

!tally 8 nps = 15771720 
un( tally type 8 pulse height distribution . - - __ , 

tally for photons 

cell 2 
energy 
O.OOE+OO -O~OOE+OO 
5.00E-02 2.97E-01 

0 
0.0004 

J.OOE-01 3.28E-02 0.0014 
l.50E-01 4.92E-02 0.001 I 
2.00E-01 1.74E-02 0.0019 
2.50E-OI 7.71E-02 0.0009 
3.00E-0 I O.OOE+OO 
3.50E-01 . O.OOE+OO 
4.00E-0 I O.OO E+OO 
4.50E-O I O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-01 . O.OOE+OO 
6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-O I . O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-OI O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-Ol O.OOE+OO 
I.OOE+OO O.OOE+OO 
l.05E+OO O.OOE+OO 
I.I OE+OO O.OOE+OO 
l.15E+OO O.OOE+OO 
I .20E+Oo-: O.OOE+OO . 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO . 
I .45E+OO O.OOE+OO 

0 

0 
0 
0 

0 

0 

0 
0 

0 
0 

0 
0 
0 

0 

0 

0 
0 

0 

0 
0 

0 
0 
0 
0 

l .50E+OO O.OOE+OO 0 
l .55E+OO O.OOE+OO 0 
I .60E+OO O.OOE+OO 0 
I .65E+OO . O.OOE+OO . 0 
l.70E+OO O.OOE+OO 0 
J.75E+OO O.OOE+OO 0 
I .80E+OO O.OOE+OO 
J.85E+OO ' O.OOE+OO 
I .90E+OO O.OOE+OO 
J.95E+OO O.OOE+OO 

0 
0 
0 

0 

,_ 

CG CH CI CJ 

Filename fid260b 

I tally 8 nps = 14932828 
. - -

_ l!_ni_ __ taBy ry2_e_ll__ pulse height dist 
tally for photons 

' cell 2 

energy --·-----
0.00E+OO O.OOE+OO 0 ·--· __ 
5.00E-02 3.I IE-01 0.0004 
J.OOE-01 2.98E-02 0.0015 

- J.50E-01 4.80E-02"'t- ().QQl2 
·-- -- - --•--

2.00E-O I 1.71 E-02 0.002 
2.50E-O I l.36E-02 ~ 0.0022 
3.00E-01 5.44E-02 0.001 I 
3.50E-Ol O.OO E+OO 0 
4.00E-01 - 0.00E+OO 0 
-· -~- -
4.50E-01 O.OOE+OO 0 
5.00E-01 , O.OOE+OO 0 

__ 5JOE-OJ..t_Q.OOE+OO . 0 
6.00E-01 O.OOE+OO 0 
6.50E-Ol O.OOE+OO 0 
7.00E-01 O.OOE+OO 0 

. '--
7.50E-OI O.OOE+OO 0 
8.00E-01 O.OOE+OO 0 
8.SOE-01 O.OOE+OO 0 
9.00E-01 O.OOE+OO 0 
9.50E-OI O.OOE+OO 0 
J.OOE+OO O.OOE+OO 0 
J.05E+OO O.OOE+OO 0 
I. I OE+OO O.OOE+OO 0 

• -- - -- __ ---.L..__ ----- - --- - -

J. I 5E+OO O.OOE+OO 0 
0 .. - - -- - -------- - -

l.25E+OO O.OOE+OO 0 
--- -

l.30E+OO O.OOE+OO 0 
• ---l.35E+OO O.OOE+OO 0 

l .40E+OO - O.OOE+ OO --- 0 ' -------- - ·--- - -
I .45E+OO O.OOE+OO 0 

- -- ·--- -- -
l.50E+OO O.OOE+OO . 0 

- - - - l.55E+oci'- O.OOE+OO 0 
J.60E+OO O.OOE+OO 0 
J.65E+OO O.OOE+OO 0 

j_, 

I J.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO 0 

-- - ---I-- -

J.80E+00 1 O.OOE+OO 0 
+ ----'4-· - 185.E+OO OOOE+OO - --- -6 - I _____ _i -- . I_ . I _ 

J.90E+OO I O.OOE+OO 0 
- ---- -------

J.95E+OO O.OOE+OO 0 
110 0 . 2.00E+OO O.OOE+OO 

1----+--~-----·---t·-. I ., -- o, 
0.0003 

- _J_ 2.00E+OO O.OOE+OO; 0 
------ - --

[total i 4.74E-01 0.0003 111 0.0003 . ____________ jtotal _ 4.74E-01 

112 ------- ___ !_ 
113 ' 
114 

!---+---------- - -
115 
116 22 
117 he~h! d.!_stri~uti~n. 
118 
119 
120 

Ufll 

j· -
fid240c 

ltally 8 nps = 15949188 

cell 2 

tally type 8 pulse height distribution. 
tally for photons 

1/ 16/02 

--- ·----

' - - - - •··--
I ' 

Filename lfid260c - _, __________ _ 
---,--- -- -·-,-----a 

- ---- - 1--- -----

' ltally 8 nps = 1582 I 370 
uni1 tally types -pulse height dist 

.. ---·-·7---·-- - -- --- ---- ----
___ . _ !ally fo~ photo.1,1s _: ___ _ 

_....____ ___ --

cell 2 
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121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

Worksheet "MCN P Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

BZ CA CB cc CD CE CF CG CH CI CJ 

- - 0-
---

0.0004 
0.00 13 
0.00 11 

-
0.0016 
0.0008 

0 
0 

-- ··- -
0 --- --
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 I 

0 
0 ·----- -- . -
0 -----
0 

- - - -, - --
--- · -

0 
--- --

0 
o · 
0 

--·-- -
O· 
0 

-- - ---
0 ----
0 ------ -
0 

--- --
0 
0 

- - -· 
0 
0 
0 
0 -----
0 ----~-
0 
0 - - - . 

0.0003 

--- -- -- . -

-
13 
------

height distribution. ---- ...-- -- -
- · --

- j_ 

0 
0.0002 
0.0008 
0.0007 

0.00 1 
0.0004 

0 

energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.02E-OI 0.0004 
I.OOE-0 I 3.26E-02 0.00 14 
l. 50E-O I 4.64E-02 0.00 11 
2.00E-01 I .55E-02 0.002 
2.50E-O I 8.60E-02 0.0008 

__.! 3.00E-01 O.OOE+OO 0 
3.50E-01 O.OO E+OO 0 
4.00E-0 1 O.OOE+OO 0 
4.50E-01 O.OOE+OO 0 
5.00E-0 1 O.OOE+OO 0 
5.50E-O I O.OOE+OO 0 
6.00E-01 O.OOE+OO 0 
6.50E-O l I O.OO E+OO 0 
7.00E-0 1 O.OOE+OO 0 
7.50E-Ol O.OO E+OO 0 
8.00E-01 O.OOE+OO 0 
8.50E-O I O.OO E+OO 0 
9.00E-0 1 O.OO E+OO 0 
9.50E-O I O.OOE+OO 0 
l .OOE+OO O.OOE+OO 0 
l.05 E+OO , Cl.OOE+OO 0 
I.I OE+Of O.OOE+OO 0 
l.1 5E+OO , O.OOE+OO 0 
l.20E+OO O.OOE+OO o ' 

l .25E+OO O.OOE+OO 0 
I .30E+OO O.OOE+OO 0 
l .35E+OO O.OOE+OO 0 
l.40E+OO O.OOE+OO 0 
l.45E+OO O.OOE+OO 0 
l .50E+OO O.OOE+OO 0 
I .55E+OO O.OOE+OO 0 
l. 60E+OO O.OOE+OO 0 
l .65E+OO O.OO E+OO 0 
l.70E+OO O.OO E+OO 0 
l.75 E+OO O.OO E+OO 0 
l .80E+OO O.OOE+OO 0 
l .85E+OO O.OOE+OO 0 
l. 90E+OO O.OOE+OO 0 
l. 95E+OO O.OOE+OO 0 
2.00E+OO O.OO E+OO 0 

total 4.83E-O I 0.0003 

I Filename ' fid240d 

- · -- _J -

ltally 8 nps = 45806593 
un i tally type 8 pulse height distribution . 

tally for photons 
-

cell 2 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.04E-OI 0.0002 
I.OO E-0 I 3.27E-02 0.0008 
l. 50E-O I 4.36E-02 0.0007 
2.00E-01 l.35E-02 0.00 13 
2.50E-OI 9.36E-02 0.0005 
3.00E-01 O.OOE+OO 0 

1/ 16/02 

energy 
O.OOE+OO O.OOE+OO 0 
5.00E-Of 3. 16E:01 . 0.0004 
I.OOE-0 I 2.98E-02- 0.0014 
I .50E-O_I_i 4.62E-02 . 0.00 11 
2.00E-0 I ·Ll.SE-02--0~002 
2.50E-O I l .34E-02 0.0022 
3.00E-0 1 i 6~19E-~O.OOI 

_ _j - -

3.50E-O I I O.OOE+OO 0 

0 4.00E-01, O.OOE+OO 
4:SOE-0 1 ,O.OO E+OOt-----o• 
s .ooE~mO:OoE+oo·• o 

5.50E-O I O.OOE+OO 0 
- --- --

6.00E-O I O.OOE+OO 0 
6.50E-Ol . O.OOE+OiJ°- --0 
7 .OOE-0 I O.OOE+OO 0 
7.50E-O l O.OOE+OO 0 
8.00E-01 O.OO E+OO 0 
8.5-0E-O 1 · O.OOE+OO . 0 
9 .00E-0-1 - O.OOE+OO 0 

- -- ---·-- - - -~ 
9.50E-O I O.OOE+OO 0 
I .OOE+OO O.OOE+OO 0 
l.05E+OO O.OOE+OO ' 0 

----
~ ___ I. I OE+..2.2J_ O.O_O_E_+_OO....:i ___ O....: 

l.1 5E+001 O.OOE+OO , 0 
i --•- ·r 20E+oo o.ooE+oo , o 
• 1 I .25E+OO: O.OOE_+.,...00,...,1 ___ 0,, 

I .30E+OO O.OOE+OO 0 
I -,--------

J.35E+00 • O.OOE+OO 0 
1.40E+007 O.OOE+Oo -· ---o- • 

l.45E+OO • O.OOE+OO 0 
-- - · - -----, 

I .50E+OO O.OOE+OO 0 
l .55E+OO O.OOE_+_o_o'----o 

I .60E+OO O.OOE+OO 0 - - -- ·' ----
I .65E+OO O.OOE+OO 0 

--- __j - - ----

l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO 0 
I .80E+OO O.OOE+OO 0 
1.85E+6o o.oof+oo ____ o 

1.90_!:! 00-" O~~OE+OO 0 
l.95E+OO ' O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

·total _, 4.83E-O I - ---0:0003 
- •• I -- ------• 

!Filename -i fid260d-, ---

- __ , __ -- ---- i ___ _, 
_ __ I tally 8 _ nps = 4457_4_77_3 __ 

um - ~ ly type 8 pulse height dist 
tally for photons 

- - - - -----t 

cell 2 
energy 
O.OOE+OO O.OOE+OO-- -0 
5.00E-02 3. l 8E-O 1· 0.0002 

--- ·---
1.00E-O 1 3.00E-02 0.0009 
l .50E-O I 4.43E-02 0.0007 
2. 00 E-0 1 l.38E-:02 0 .0013 
2.50E-O I l .28E-02 
3.00E-0 I 6.86E-02 

0.001 3 
0.0006 
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BZ CA CB cc CD CE CF CG CH Cl CJ 
181 0 3.50E-OI O.OOE+OO 0 3.50E-O I O.OOE+OO 0 
182 0 4.00E-01 O.OOE+OO 0 

- _! 
4.00E-0 1 O.OOE+OO 0 

183 0 4.50E-01 O.OO E+OO 0 4.50E-01 O.OOE+OO 0 
184 0 5.00E-01 O.OOE+OO 0 5.00E-01 O.OOE+OO 0 

· -
0 185 5.50E-01 , O.OOE+OO 0 5.50E-OI O.OOE+OO , 0 

·- I - - - - -

186 0 6.00E-01 O.OOE+OO 0 __ 6.00E-OJ..i O.OOE+OO , __ 0 
187 0 6.50E-OI O.OOE+OO 0 6.50E-01 O.OOE+OO 0 
188 0 7.00E-01 • O.OOE+OO 0 1.ooE-01 ; o-.-ooE+ooi- 0 

-- - - - - + -- -----1--- -·- -- -· 
189 0 7.50E-01 O.OOE+OO 0 7.50E-01 O.OOE+OO 0 

' - - --· ·--
190 0 , I 8.00E-01 O.OOE+OO 0 I 8.00E-0 1, O.OOE+oo : 0 

I - - · ----- ---------!---
191 0 8.50E-OI O.OOE+OO 0 8.50E::_O__!_J _9-~~::_00 ____ 0 

----
192 0 9.00E-01 O.OOE+OO 0 9.00E-01 O.OOE+OO 0 
193 0 9.50E-O I O.OOE+OO 0 9.50E-OI :- o.o6E+oo· 0 
194 0 l.OOE+OO O.OOE+OO 0 I.OOE+OO O.OOE+OO 0 
195 0 I .05E+OO O.OOE+OO 0 l.05 E+OO O.OOE+OO 0 
196 0 l.lOE+OO O.OOE+OO 0 I.IOE+OO O.OOE+OO 0 
197 0 l.15~+00 O.OOE+OO . 0 1.15 E+OO , O.OOE+OO 0 
198 0 l.20E+OO O.OOE+OO 0 l .20E+OO O.OOE+OO 0 
199 0 l .25E+OO O.OOE+OO 0 l.25E+OO O.OOE+OO 0 
200 0 l .30E+OO O.OOE+OO 0 l .30E+OO O.OOE+OO 0 
20 1 0 1.35E+OO O.OO E+OO 0 l .35E+OO O.OOE+OO 0 . ---
202 0 l .40E+OO O.OOE+OO 0 I .40E+OO O.OOE+OO 0 
203 0 I .45E+OO O.OOE+OO 0 1.4.SE+OO O.OOE+OO 0 

- - - ,-
1.50E+00 1 O.OOE+OO 1:5oE+OO 204 0 0 O.OOE+OO , 0 

205 0 l.55E+OO O.OOE+OO 0 l.55E+OO O.OOE+OO 0 ----
206 0 l .60E+OO O.OOE+OO 0 I .60E+OO O.OOE+OO 0 

--- ·--··--- --
207 0 1.65E+OO O.OOE+OO 0 1.65E+OO I O.OOE+OO 0 

. ---- - -
208 0 l.70E+OO O.OOE+OO 0 l.70E+OO O.OOE+OO 0 
209 0 l .75E+OO O.OO E+OO 0 l.75E+06 ' o~biiE+ao· -

- --
0 

-- - --- . - ·-·- - -----
210 0 l .80E+OO O.OOE+OO 0 l .80E+OO O.OOE+OO 0 

-
21 1 0 1.85E+OO O.OO E+OO 0 l .85E+OO O.OOE+OO 0 

--- -- ·- -·- -· 
212 0 l.90E+OO O.OO E+OO 0 I .90E+OO O.OOE+oo · 0 

-
213 0 I .95E+OO O.OOE+OO 0 1.95E+OO O.OOE+OO ' 0 ,_ - ----
214 0 2.00E+OO O.OOE+OO 0 2.00E+oo , O.OOE+OO 0 ------
215 0.0002 ,total 4.87E-O I 0.0002 total 4.87E-01 0.0002 
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Worksheet "MCNP Data p=2 .35" of Workbook "MCNP Volume Seneca.xis" 

I 

2 
3 
4 
5 
6 
7 

8 
9 
JO 
11 
12 

CK CL CM CN co CP 

Filename fid280a 

!tally 8 nps= 149981 95 
13 bution. 
14 

uni' tally type 8 pulse height distribution. 
tall y for photons 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 I 
52 
53 
54 
55 
56 
57 
58 
59 
60 

cell 2 
energy 

0.00E+00 0.00E+00 
5.00E-02 3.09£-0 I 
l.00E-0 I 2.82£-02 
I .SOE-O J 4.64£-02 
2.00E-01 1.84£-02 
2.S0E-0 I 9.33£-03 
3.00E-01 ' 4.27£-02 

----- -- - -----
' 

--- -----

--------- - . 

---+-- --

----- --

--- ___J_ - _ _l_ 

total 

3.S0E-0 I 0.00E+00 
4.00E-0 I 0.00E+00 
4.S0E-0 I 0.00E+00 
5.00E-0 I 0.00E+00 
5.S0E-0 I 0.00E+00 
6.00E-01 . 0.00E+00 
6.50£-0 I 0.00E+00 
7.00E-01 0.00E+00 
7.50E-0 I 0.00E+00 
8.00E-0 I 0.00E+00 
8.S0E-0 I 0.00E+00 
9.00E-0 I 0.00E+00 
9.50£-0 I 0.00E+00 
l .00E+00 0.00E+00 
I .0SE+00 0.00E+00 
I. I 0E+00 0.00E+00 
l. l 5E+00 0.00E+00 
l .20E+00 0.00E+00 
I .25E+00 0.00E+00 
l .30E+00 0.00E+00 
l .35E+00 0.00E+00 
l.40E+00 0.00E+00 
1.45E+00 0.00E+00 
l.50E+00 0.00E+00 
1.55E+00 0.00E+00 
1.60E+00 0.00E+00 
1.65E+00 0.00E+00 
1.70E+00 0.00E+00 
1.75E+00 0.00E+00 
I .80E+00 ,-0.00E+OO 

l .85E+00 0.00E+00 
I .90E+00 0.00E+00 
I .95E+00 0.00E+00 
2.00E+00 0.00E+00 

4.54E-0 I 

0 

0.0004 
0.0015 
0.0012 
0.0019 
0.0027 
0.0012 

0 
0 

0 

0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0003 

1/ 16/02 

CQ CR cs CT cu 

1Filenamc fid300a 

!tally 8 nps = 1494 181 3 
lllll . tally type 8 pulse height dist; ibutio~. 

tally for photons · ·- ·- -- -

ce ll 2 
energy 

0.00E+00 0.00E+00 0 
-----

5.00E-02 j 3.18E-0l 0.0004 
.: - 1.O0E-0! : 2.~E-O_i ~_-6.001 _6 ____ , 

1.50E-0 I 4.14E-02 0.0012 
----< 

2.00E-01 2.12£-02 , 0.0018 
--------1 

2.50E-0 I 1 7 .83£-03 0.0029 
-~ ----~----1 

3.00E-01 3.92£-02 0.0013 ' 
3.50E-0 I 1.65£-05 0.0638 
-- --- ------- - · -- -----1 

4.00E-0 I 0.00E+00 0 
---i--

4.50£-0 I 0.00E+00 0 i 
- - ---·- -- ---------1 

5.00E-01 0.00E+00 0 ' 
. - - - '----·-- - --· 
5.50£-0 I 0.00E+00 0 
6.00E-0 I~ O~OOE-+-O0 0 ! 

---+------1 
6.S0E-0 I 0.00E+00 0 
7.00E-O( O.OOE+OO- 0· 

. . ------------1 
7 .50E-0 I 0.00E+00 0 , 

. ----- -------
8.00E-0l 0.00E+00 · 01 
8.50£-0 I O.OOE+OO --0 ---

9.00E-0 l . 0.00E+0~ ___ o ___ --1 

9.50E-0 I 0.00E+00 0 ----
I.00E+00 0.00E+00 0 - - -----
I .05E+00 0.00E+00 0 

----
l.l 0E+00 0.00E+00 0 -- . - -
l.15E+00 0.00E+00 0 

o.ooi+oo · 
·----

l.20E+00 o. 
--- - -·-- . ------

I .25E+00 0.00E+00 0 
1.3oE+oo'· o.ooE+oo 0 

- -4-----
I .35E+00 0.00E+00 0 

.J 

. - I AOE+00 1 0.00E+00 0 
- - · -- . --- - - ----~--------l 

; l.45E+00 0.00E+00 0. 
- - ·-- ~--~---< 

l.50E+00 , 0.00E+00 ' o· 
-- ---~------+------1 

1.55E+oo · 0.00E+00 0 
-----------1----'-------l 

I .60E+00 0.00E+00 0 ' 
l.65E+00~ 0.00E+00 0 ' 
I :?OE+OO O.OOE+00 ==-=-==--0+-----
- . 
1.75E+00 0.00E+00 . 0 

- l.80E+OOl O.OOE+OO:-- -,--0,-----• 

total 

-- I - - • 

l .85E+00 0.00E+00 
l.90E+OO ' 0.00E+00 
l .95E+00 0.00E+00 
2.00E+00 0.00E+00 

4.54E-0 I 
0 

0.0003 
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61 
62 
63 
64 

CK CL CM CN co CP 

Filename fid280b 

!tally 8 nps = 15259884 
65 bution. 
66 

uni tally type 8 pulse_height distribution. 
tally for photons 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 

- -- ·--- · 

-------

cell 2 
energy 

~ _- O.O~E+OO ~ 9.ooE+OO . 
5.00E-02 3.22E-O I 
1.00E-01 2.79E-02 
l .50E-O I 4.59E-02 
2.00E-0 I I. 75E-02 
2.50E-O I 9.07E-03 
3.00E-01 5.14E-02 
3.50E-Ol O.OOE+OO 
4.00E-01 O.OOE+OO 
4.50E-O I O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-Ol O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50E-Ol O.OOE+OO 
7.00E-01 ; O.OOE+OO 
7.50E-Ol O.OOE+OO 
8]JOE-O I - O.OOE+OO 
8.50E-OI O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I O.OOE+OO 
l .OOE+OO O.OOE+OO 
l .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15E+OO • O.OOE+OO 
I .20E+OO O.OOE+OO 

-- -- - - ' 
l.25E+OO O.OOE+OO 
l .30E+OO O.OOE+OO 
l .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
l .45E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l .65E+OO O.OOE+OO 

I 04 l.70E+OO O.OOE+OO 
I 05 1.75E+OO O.OOE+OO 
106 ! ."80E+Oo i O.OOE+OO 
107 -- . -1-· -· - - 1.85-E+oo •· O.OOE+OO 

___ __J___ __ - ---- -- --· • ·--

! 08 l.90E+OO O.OOE+OO 
109 l .95E+OO O.OOE+OO 

0 

0.0004 , 
0.0015 
0.0012 
0.0019 
0.0027 
0.0011 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

0 

0 

0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 
0 
0 
0 

0 
I 10 -- --, --- 2.ooE+oo : o.ooE+oo ' - o 

111 --1-to-ta- l ·- 4.74E-01 1 
- 0.0003 

112 I 
I 13 - -------,- - ' 

I 14 ------- 1Filenami-- - 7 fid280-c 

115 
116 

. -· 

!tally 8 
,_ ' 
nps = 15704519 

117 bution. uni ' 
------ -

118 
tally type 8 pulse height distribution. 
tally for photons 

119 
120 cell 2 

1/16/02 

CQ 

uni 

CR cs CT cu 
--- -- --· -

Filename •fid300b 

- -- - - -- -- -
!tally 8 nps = 15147829 

-- -• --- ---
tally type ~_p~lse height dist~~~tion. 
tally for photons 

· cell 2 
energy 
O.OOE+OO O.OOE+OO 0 . 

·•- -
5.00E-02 . 3.31E-OI . 0.0004 , 

- ; 
I .OOE-OJ12 .64E-02 0.0016 
l.50E-01 4.09E-02 0.0012 

- _ _ J___ -- - ---- - , _ --- -

2.00E-0 I 2.09E-02 0.0018 - - - --· ------ -
2.50E-OI 7.47E-03 0.003 
3.00E-01 4.68E-02 
3.50E-Ol 2.03E-05 

- - - ··- -
4.00E-0 I O.OOE+OO 
4.50E-O I . O.OOE+OO . 
5.00E-0 I O.OOE+OO 
5.50E-O I O.OOE+OO 

- . - • 

6.00E-0 I O.OOE+OO 
6.50E-O I , O.OOE+OO 
7.00E-01 ' O.OOE+OO 
7.50E-01 O.OOE+OO -- - - -
8.00E-0 I , O.OOE+OO 

~--: . -~).5_0~~6(" O.OOE+O<[_ 
9.00E-0 I O.OOE+OO 
9.50E-Ol - O.OOE+OO 

- - - -
1.00E+OO O.OOE+OO 
l.05E+OO . O.OOE+OO 
I. I OE+OO O.OOE+OO 

0.0012 
0.0571 

0 
0 
0 

0 
0 
0 
0 
0 
-----l 

0 
-◊.-----

- --- ·-
0 
0 
0--- - -

-◊- - -- - -
0 

l.15E+OO O.OOE+OO 0 

l .20E+OO ,_ O.OOE+OO ; -~= o ·-=-=-=:-
l.25E+OO O.OOE+OO 0 
l.30E+OO O.OOE+OO 
l.35E+OO O.OOE+OO 
l.40E+oo · O.OOE+OO 

-- - -
l.45 E+OO O.OOE+OO 
l .50E+OO O.OOE+OO 
l .55E+OO O.OOE+OO 
l .60E+OO O.OOE+OO 
l. 65E+OO . O.OOE+OO 
l.70E+oo · O.OOE+OO 
l.75E+OO O.OOE+OO 
l.80E+OO . O.OOE+OO - - · 

0 
0 

0 

0 
0 

0 
0 
0 

0 

0 

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

-- ----

- --- - -

__ _j__ _ l.85E+O~ O.OOE+OO , 
0 
0 ---

l.90E+OO · O.OOE+OO 0 
J.95E+Oo · 0.00E+00 . -- -6· --

- 2.00E+OO :- O.OOE+Otr ---0----1 
-- 1io1a1 _____ ,_ 4:74£-01 : 0.0003 

- ' ----- - ' --- ·- - '--" --- -----

I 

_ ;Fi~e~!!le _ _; ~~OOc -: __ -

-'- - -- L___ -
_!tally 8 nps = 156~-:_679 

uni tally type 8 pulse height distribution. 

tally for photons - -- - -- =~ ~-----
cell 2 

Page 90 of 108 



Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.x is" 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

CK CL 

---· -

----~----' 

CM CN 
energy 
O.OOE+OO O.OO E+OO 
5.00E-02 3.27E-0 1 
I .OOE-0 1 2.80E-02 
l.50E-01 4.49E-02 
2.00E-0 1 1.61 E-02 
2.50E-OI 8.40E-03 
3.00E-01 , 5.81 E-02 
3.50E-O I O.OOE+OO 

-, 

4.00E-0 I O.OOE+OO 
4.50E-O I . O.OOE+OO . 

5.00E-0 I O.OOE+OO 
5.50E-O I . O.OOE+OO . 

' 6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-0 I O.OOE+OO 
8.50E-O I O.OOE+OO 
9.00E-01 O.OOE+OO 
9.50E-O I . O.OO E+OO 
l .OOE+OO O.OOE+OO . 
I .05E+OO O.OOE+OO 
I.IOE+OO O.OOE+OO ' 
1.151+00 · O.OOE+oo · 
1.20E+OO ' O.OOE+OO 
I .25E+OO O.OO E+OO ,__...., _________ - - --

148 l.30E+OO O.OOE+OO 
- - ---

149 l.35E+OO O.OOE+OO ---- __ __._ -
150 l .40E+OO O.OOE+OO 

- --- • I 

151 l .45E+OO O.OOE+OO 
152 l .50E+OO O.OOE+OO 

--- --- -
153 l .55E+OO O.OOE+OO 
154 --- - - 1.60£+00 . 0.00E+00 

155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 

----

l. 65E+OO 
l.70E+OO 
l.75E+OO 
l.80E+OO 
l .85E+OO 
l .90E+OO 
l.95 E+OO 
2.00E+OO 

'total -

1---t----~--- --- -! - -

166 'Filename 

167 ----- ---l--

O.OO E+OO 
O.OO E+OO 
O.OO E+OO 
O.OO E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.83E-O I 

fid280d 

168 _ _ _ " I ta lly ~ nps = 44968646 

co CP 

0 
0.0004 
0.00 15 
0.0012 

0.002 
0.0027 

0.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0003 

169 bution . 
170 

uni tally type 8 pulse height distri bution. 
7 

tally for photons · 
--- - ---l -- - I --

171 
- -~-- -

172 cell 2 --~-
173 e_1:er~ -· 
174 O.OOE+OO O.OOE+OO 0 

I 

175 5.00E-02 , 3.29E-O I 0.0002 
176 I.OOE-01 2.82E-02 0.0009 
177 l.50E-O I 4.38E-02 0.0007 
178 2.00E-01 l.45E-02 0.001 2 
179 2.50E-O I 7. 55 E-03 0.00 17 
180 3.00E-0 1 6.41 E-02 0.0006 

1/ 16/02 

CQ CR cs CT cu 
energy 
O.OOE+OO O.OO E+OO 0 
5.00E-02 3.37E-O I 0.0004 
I.OOE-01 2.65 E-02 0.00 15 
l.50E-01 4.00E-02 0.0012 
2.00E-0 1-.- 2.01 E-02 0.0018 

-

2.50E-01 6.83E-03 0.003 1 
3.00E-01 5.25E-02 ' 0.001 I 
3.50E-O I 2.20E-05 0.0539 -, 
4.00E-O(- O.OOE+OO 

- a4 -- --
----

4.50E-Ol O.OOE+OO 0 
-· 

5.00E-01 O.OO E+OO 0 
5.50E-01 O.OOE+OO 0 

_J_ 

6.00E-0 11 O.OOE+OO 0 
- - --- --

6.50E-O I O.OO E+OO 0 
7.00E-01 , O.OOE+OO 0 
7.50E-OI O.OOE+OO 0 
8.00E-01 O.OOE+OO 0 

- ·-- -
8.50E-OI O.OOE+OO · 0 

- 0 -1 -9.00E-01 O.OOE+OO 
9.50E-OI-

I 

OJlOE+OO ' a1-
- - -------- -

1.00E+OO O.OOE+OO 0 
I .05E+00 1 O.OOE+00 1 0 
I.I OE+OO I O.OOE+OO O 1 

- --- -----:--t-:_-- - •-- --+-
I.I 5E+OO O.OOE+OO 0 

-f.20E+OO ,- O.OOE+OO-+-----O-t-----1 
-- --·- --------- +-----l 

, I.25E+oo; O.OOE+OO 0 ' 
l __ 1.30E+oo o.ooE+oo : __ o,___ __ __, 

I .35E+OO O.OOE+OO ' 0 
-- -- --· - -- --l.--- ---+-----l 
1.40E+OO , O.OOE+OO , 0 ' 
l .45E+OO O.OOE+OO 0 
I .50E+OO O.OOE+OO 0 
1.55E+OO O.OOE+OO 
·- ____j_ _ 

l .60E+001 O.OOE+OO -- --· -
I .65E+OO O.OOE+OO 
I .70E+OO O.OOE+OO 

- . -- - . 
1.75E+OO O.OOE+OO 

- ' 
l .80E+OO O.OOE+OO 

0 
0 
0 

0 -----
0 
0 

I .85E+OO O.OOE+OO 0 
I .90E+OO O.OOE+OO 0 
I. 95E+OO : O.OOE+OO 0 - · -- -
2.00E+OO O.OOE+OO 0 - ------- - - · -- ----, 

total 4.83E-O I 0.0003 

I Filename 
. - - ___ _.,_ __ ___,__ ___ , 
1fid300d 

- - ----------1 

_(_ - l -- ------::-:c----;-----
111a11y 8 _ nps= 44818__!E_ 

~ni' tally type 8 pulse heightd --,-i-st-ri,-bu-,ti-on- .---l 
- tally fur photo1~s- -- ---- - ___ , ___ _ 

' _ , - - _____ ----1.,_______ __ _ 

I cell 2 
energy 

- o.ooE+oo ' 6:06E+oo o 1 
5.00E-02 3.39E-O I 0.00_0_2 ,r-------1 

I .OOE-0 I 2.68E-02 0.0009 
l.50E-01 3.9 1E-02 . - !foooi' - -

2.00E-0 1 l.91 E-02-- 0.001 I 

2.50E-O I 6.05E-03 
3.00E-01 5.75E-02 

0.001 9 
0.0006. 
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181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
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CK CL CM CN 
3.50E-O I O.OOE+OO 
4.00E-0 I O.OOE+OO 
4.50E-01 O.OOE+OO 
5.00E-0 I O.OOE+OO 
5.50E-OI , O.OOE+OO ' 
6.00E-01 ,_ O.OOE+Oo ' 

I 

6.50E-O I O.OOE+OO 
1 7.00E-01

1 
O.OOE+OO ; 

7 .50E-O I O.OOE+OO 
8.00E-01 I O.OOE+OO i 

co 
0 
0 
0 
0 
0 
0 
0 

Oi 
0 
0 

. 8.50E-OI i O.OOE+OO -
- I ---- , - -

0 

0 
0 

0 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

0 

9.00E-01 O.OOE+OO ' 
9.50E-OI O.OOE+OO , 
I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 
1.15£-i-OO O.OOE+OO 
1.20E+OO O.OOE+OO 
I .25E+OO O.OOE+OO 
I .30E+OO O.OOE+OO 
I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 

- - --- . l.50E+OO ; O.OOE+'oo 

1.55E+OO O.OO_E+OO 
1 

I .60E+OO O.OOE+OO 
- -- --- -l.65E+OO ! O.OOE+OO 

- - -- - I .70E+OO O.OOE+·oo 

1.75E+OO O.OOE+OO 
l.80E+OO : O.OOE+OO 
I .85E+OO O.OOE+OO 
I .90E+OO O.OOE+OO ---- ---.- - ----·-- ' - J 

I .95E+OO O.OOE+OO 
- --·----

2.00E+OO O.OOE+OO 
total 4.88E-O I 0.0002 

er CQ 

1/16/02 

CR cs CT cu 
3.50E-O l 2.23E-05 0.0316 
4.00E-01 - O.OOE+00 1 

-- 0 ' 

4.50E-01 O.OOE+OO 0 
5.00E-01 O.OOE+OO 0 

_____ 5.50~-0 I O.OOE+OO _0~1 __ _ 

6.00E-01 O.OOE+OO 0 
6.50E-O I O.OOE+OO 0 

2:_00E~Q_!_~OJ)0_~+00_i _ 
7.50E-Ol O.OOE+OO , 

o, 
0 

8.00E-01 I O.OOE+OO : 0 ' 
__ 8.SOE-01 : O.OOE+OO ' O· 
-- - - --f- -- -- . --- -

9.00E-01 ! O.OOE+OO 0 ---------· - ----•-- -- ----
9.50E-OI O.OOE+OO O, 
I .OOE+OO O.OOE+OO 0 

- ---- - - - -----
l.05E+OO O.OOE+OO 0 
l.lOE+OO O.OOE+OO 0 
l. l 5E+OO O.OOE+OO 0 
I .20E+OO O.OOE+OO 
l.25E+OO O.OOE+OO 

0 

0 
I .30E+OO O.OOE+OO 0 
I .35E+OO O.OOE+OO 0 

--- ---- -
l.40E+OO O.OOE+OO , 0 

. - I .45E+007 O.OOE+OO 0 
I .50E+OOT O.OOE+OO O· 

- - - --- - - ---- - -----l 
I .55E+OO O.OOE+OO 0 
I .60E+OO O.OOE+OO 0 

- IK5E+oo l O.OOE+OO ____ o ----, 
- - ---·---

l.70E+OO O.OOE+OO 0 
l.75E+OO O.OOE+OO · 0 
l.80E+OO O.OOE+OO ' 
l.85E+OO O.OOE+OO 

0 

0 
l.90E+OO O.OOE+OO 0 
l.95E+OO O.OOE+OO 0 

•-·--

-------·--- -
2.00E+OO O.OOE+OO 

-- - ----
total 4.88E-O I 0.0002 
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2 
3 

4 
5 
6 
7 
8 
9 

CV cw ex 

Fi lename fid320a 

--· - - ..l -- . , 

, I tally 8 nps = 14924560 

CY CZ 

10 
11 
12 
13 
14 
15 

uni tally type 8 pulse height distribution . 
tally for photons 

16 
17 
18 
19 
20 
21 
22 

cell 2 
energy 
O.OOE+OO 
5.00E-02 
I.OOE-01 
I .SOE-01 
2.00E-01 

-- --

O.OOE+OO 
3.26£-01 
2.SOE-02 
3.65E-02 
2.41 E-02 

23 2.SOE-01 7.24£-03 
1---1----- -- -- - - . . 

24 3.00E-01 7.28£-03 
25 3.SOE-0 I 2.85£-02 
26 -~ 4.00E-0 I O.OOE+OO 

27 
28 
29 

4.SOE-01 , O.OOE+OO 
--- -- j _ 

5.00E-0 I O.OOE+OO 
-- - - • - I 

5.SOE-0 I O.OOE+OO ----
30 _ _ ___ 6.00E-0 I , O.OOE+O~_ 
31 6.SOE-0 I O.OOE+OO 

- --- ·-- -
32 7.00E-01 O.OOE+OO 
33 
34 

-- - 7.SOE-01 ·-o.ooE+OO 

8.00E-0 I O.OOE+OO 
---

35 8.50E-O I O.OOE+OO 
36 9.00E-0 I O.OOE+OO 

- -----
37 9.SOE-01 O.OOE+OO 
38 
39 
40 
41 
42 

I .OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I. I OE+OO O.OOE+OO 

•- l.15E+OO O.OOE+OO 

I .20E+OO O.OOE+OO 
43 I .25E+OO O.OOE+OO 
44 --- - -- - l.30E+OO . 0.00E+00 

- - __ _. 

45 I .35E+OO O.OOE+OO 
----

46 1 I .40E+OO! O.OOE+OO 
I---t-----,----, - -- -· 

47 I .45E+OO I O.OOE+OO 
48 --1.SOE+oo 1 o~ooE+oo · -

49 I .55E+OO O.OOE+OO 
------- -

50 I .60E+OO O.OOE+OO 
51 l.65E+OO-,-O.O-OE+OO . 
52 l.70E+OQ! Q]OE+oo r 

53 l.75E+OO ' O.OOE+oo· 
,___,______ - • -- - j -

54 l.80E+OO · O.OOE+OO 
f--1----'-- - • ' 

55 I .85E+OO O.OOE+OO 
----

56 l.90E+OO O.OOE+OO 
57 I. 95E+OO . O.OOE+OO ' 

58 2.00E+OO O.OOE+OO 
59 ,total 4.54£-01 
60 

0 
0.0004 
0.0016 
0.0013 
0.0016 

0.003 
0.003 ' 

0.0015 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 

01 
0 
o" 
0 
0 
0 
0 
0 
0 
0 

0.0003 

DA DB DC DD DE OF 

I -

Filename fid340a 
- - . 

L __ _____J. __ _ 

· 1tally 8 nps= 1488 1429 

uni tally type 8 _ pulse height di~ib~ion. 
tally for photons 

Uni 

cell 2 
energy 

total 

O.OOE+OO O.OOE+OO 0 
5.00E-02 3.32E-O I 0.0004 ' 
I.OOE-01 2.37E-02 O.OOli -- --·-
I.SOE-OJ 3.22£-02 0.00 14 
2.00E-01 2.66£-02 0.0016 
2.SOE-01 6.98E-Of 0.0031 

---- -~-----
3.00E-01 ' 4.44E-03 0.0039 __., -- __ 
3.SOE-01 2.83£-02 , 
4.00E-0 I; O.OOE+0-6; 

- - --- • -

4.SOE-O I O.OOE+OO 
5.00E-01 ' O.OOE+0(5"° 
- - - - - . __ 
5.SOE-01 ' O.OOE+OO 

0.0015 
0 
0 

0 
0 

6.00E-01 O.OOE+OO , 0 

----,-

--- ---, ------I 

I 

- -- - -· --- _____ __j - -

6.SOE-01 O.OOE+OO O . 
7.00E-0 I O.OOE+OO 0 
7.SOE-0 I ! G_:OO_E+OO 1 
8.00E-0 I O.OOE+OO _, 
8.50E-O I O.OOE+OO 

0 
0 

0 

-· --- ----, 

-----
9.00E-0 I O.OOE+OO 
9.50E-O I . O.OOE+OO . 

0 
0 

I.OOE+OO O.OOE+OQ , 0 
I .05E+OCJ° O.OOE+OO o'-
I . IOE+OO O.OOE+OO 0 ---- - - o•-l.15E+OO O.OOE+OO 

-
l .20E+OO O.OOE+OO 0 

- -- - - •- • 

I .25E+OO O.OOE+OO 0 
I .30E+OO O.OOE+OO 0 

_J 

I .35E+OO , O.OOE+OO 0 
. --- - ·---

I .40E+OO O.OOE+00 1 0 
l.45E+00 1 O.OOE+OO 01 

I .50E+OO O.OOE+O~o: -=.-=.-=_-_-_--c~--"------,.-----1 

I .55E-i:_O_OL_Q:90~:+-0.2.J __ _Q, ______ _ 
l.60E+OO O.OOE+OO 0 , 
l.65E+Oo i o-:-ooE+OoT - 0 
l.70E+OO I O.OOE+0-0 .~---0 ~---+-----< 

---~-- - ---~-----"------! 

l.75E+O~ j O.OOE+OO ..,-O-----,---
l.80E+001 O~OOE+OO ~'. ___ ~---
l.85E+00 1 O.OOE+OO 0 _,_ 
I .90E+OO O.OOE+OO 0 
I .95E+OO O.OOE+OO 0 
2.00E+OO O.OOE+OO 0 

' 4.55E-OI 0.0003 
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CV cw ex CY CZ 
61 
62 Filename fid320b 
63 
64 !tally 8 nps = 15147951 
65 uni tally type 8 pu lse height distribution . 

- -
66 tally for photons 
67 
68 --cell 2 

- --~ 
69 e_n_er_gy . . 

70 O.OOE+OO O.OOE+OO 0 , 
' 71 5.00E-02 3.39E-O I 0.0004 

-- --
2.51 E-02 ' 0.0016 72 l.OOE-01 

73 1.50E-O I 3.59E-02 0.0013 
74 2.00E-01 2.45E-02 0.0016 

75 2.50E-Ol 6.97E-03 0.0031 

76 3.00E-01 7.7 1E-03 0.0029 
77 3.50E-O I 3.46E-02 0.00 14 
78 4.00E-01 0.00£+00 0 

79 4.50E-OI O.OOE+OO 0 

80 5.00E-01 O.OOE+OO 0 
81 5.50E-OI O.OOE+OO 0 
82 6.00E-0 1, O.OOE+OO 0 

--
83 6.50E-OI O.OOE+OO 0 

84 7.00E-01 O.OOE+OO 0 
- • 

85 7.50E-O I O.OOE+OO 0 -- -
86 8.00E-01 O.OOE+OO 0 
87 8.50E-Ol O.OOE+OO 0 

88 9.00E-0 1 O.OOE+OO 0 

89 9.50E-Ol O.OOE+OO 0 
90 l.OOE+OO O.OOE+OO 0 
91 l.05E+OO O.OOE+OO 0 
92 I. I OE+OO O.OOE+OO 0 

. - - - ----
93 l.15E+OO O.OOE+OO 0 - -- - - - - - -

94 l .20E+OO O.OOE+OO 0 

95 l.25E+OO O.OOE+OO 0 

96 l.30E+OO O.OOE+OO 0 
97 l. 35E+OO O.OOE+OO 0 
98 l .40E+OO O.OOE+OO 0 

- - - . -
99 l .45E+OO O.OOE+OO 0 
100 l .50E+OO O.OOE+OO 0 
101 l .55E+OO O.OOE+OO 0 
102 l.60E+OO O.OOE+OO 0 
103 l.65E+OO O.OOE+OO 0 

·-
104 I .70E+OO O.OOE+OO 0 
105 I.75E+OO O.OOE+OO 0 

- - -- - • -

106 I.80E+OO O.OOE+OO 0 
--·----- - -- --- -

107 I.85E+00 1 O.OOE+OO 0 
-----·--- - -· 

108 I.90E+OO O.OOE+OO 0 
- --------- --- _!. - -

109 I .95E+OO O.OOE+OO o· 
--- - -- ·--- - -- -- -1 -

I IO 2.00E+OO O.OOE+OO 0 
---- -- - ·- -- - - ~ -

Ill I total 4.74E-0 1 0.0003 . + -- - - ---- --
I 12 
I 13 --------- ! 

114 ,Fi lename ;fid320c 
115 
I 16 
11 7 
I 18 
I 19 
120 

- - -- -

-----•-
!tally 8 nps = 15532533 - -

uni ' 
L 

tal'x type 8 pulse height distribution. 
tally for photons 
- . -

cell 2 

DA DB DC DD DE DF 

Fi lename 1fid340b 

I tally 8 nps = 15 130 I 77 
uni tally type 8 pulse height distribution . _ _ __ um 

taUy for photons 

cell 2 
energy 

o, O.OOE+OO I O.OOE+OO 
5.00E-02 ' 3.46E-O I 

-----'----1 

- .. -·I 
l.OOE-0 I I 2.38E-02' 
1.50E-OI ; 3.15E-02° 
2.00E-0 1 2.75E-02 
2.50£-01 6.77E-03 
3.00E-0 I 4.31 E-03 
3.50E-Ol . 3.41E-02 
4.00E-01 . 0.00£+00 
4.50E-OI O.OOE+OO . 
5.00E-01 . O.OOE+OO . 
5.50E-OI O.OOE+OO 

0.0004 
0.00 16 
0.0014 
0.0015 
0.0031 
0.0039 
0.0014 

. -- ------ - -

- - ---- -

0 
0 
0 

0 
0 

0 

6.00E-0 I O.OOE+OO 
6.50E-O I O.OOE+OO 
7.00E-01 O.OOE+OO 

! - . 

7.50E-01 O.OOE+OO 
8.00E~O I . O.OOE+OO 
8.50E-O I ' O.OOE+OO 
9.00E-0 I . O.OOE+OO 

o, 
---- - - ---

0, 
9.50E-O l O.OOE+OO 0 1 

1.00E+OO O.OOE+OO : o: -- --- -
l .05E+OO O.OOE+OO 0 
I.IOE+OO '- O.OOE+OCl_, ___ ~- _ ___ _ ____ 

1 
1.15E+OO O.OOE+OO 0 
l .20E+g()_,Jl.()_OE+OO_ __ _ __ O _ _ 
l .25E+OO O.OOE+OO 0 

- -·- --
l .30E+OO O.OOE+OO 0 
l .35E+OO O.OOE+OO 0 ----
I.40E+OO O.OOE+OO 0 
l .45E+OO-· 

------ -
O.OOE+OO 0 

l .50E+OO O.OOE+OO 0 
I .55E+OO O.OOE+OO 0 
l.60E+OO O.OOE+OO 0 
l .65E+OO O.OOE+OO 0 
I.70E+OO O.OOE+OO 0 

-------·-
l.75E+OO O.OOE+OO 0 

- - . -- - -- -
l.80E+00 1 O.OOE+OO 0 
- - - ·- -
J .85E+OO O.OOE+OO 0 

I ------ -
l .90E+OO O.OOE+OO 0 

- -j 

I.95E+00 ' O.OOE+OO 0 
--'---- _,_ ----

2.00E+OO O.OOE+OO 0 
itotal - -4.-74_E ___ O_I _ _ 0_.0_0_03 __ _ 

- -- -t- - . r--- -~-- ---< 

7fid340c 
- '------------'---- -j 

Fi lename 

!tally 8 nps = 15567504 ____ , ___ _ 
uni tally type 8 pulse height distribution. 

tally for photons , 
-~ j _ -

cell 2 

....! -

uni 
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121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 

CV 

- -- -

cw ex 
energy 
O.OOE+OO O.OOE+OO 
5.00E-02 3.45E-O I 
I .OOE-01 2.52E-02 
1.50£-0] 3.50E-02 
2.00E-01 2.42E-02 
2.50E-O I 6.45E-03 
3.00E-0 1 7.77E-03 
3.50E-0 1 3.94E-02 
4.00E-0 1 O.OOE+OO 

_ 4.50E-0 1: O.OOE+oo ; 
5.00E-0 1 O.OOE+OO 
5.SOE-01 O.OOE+OO 
6.00E-0 1 O.OOE+OO 
6.50E-OI O.OOE+OO 
7.00E-0 I O.OOE+OO 
7.50E-O I O.OOE+OO 
8.00E-01 O.OOE+OO 
8.50E-O l O.OOE+OO 
9.00E-01 O.OOE+OO 
9.SOE-01 O.OOE+OO 

- - --- -
I.OOE+OO O.OOE+OO 
1.05E+OO . O.OOE+OO 

---- ---·-
144 _____ ___ 1. 10~+00 O.OOE_+O_Q 1_ 

145 --~ _ ___!_J__?E+O~ O._O~E+001 
146 l.20E+OO I O.OOE+OO 

CY 

0 
0.0003 
0.0016 
0.0013 
0.0016 
0.003 l 
0.0029 
0.00 13 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- _-01 
01 

- .I 

--- -- - - - - - ~----· - .._..j - -

01 
147 l.25E+00 1 O.OOE+OO 

----- - -------! - - _....J --
148 l.30E+OO O.OOE+OO 
149 
150 
15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 

--- - -

I .35E+OO O.OOE+OO 
I .40E+OO O.OOE+OO 
I .45E+OO O.OOE+OO 
I.SOE+OO O.OOE+OO ' 
1.55E+OO O.OOE+OO 
I .60E+OO O.OOE+OO 
I .65E+OO O.OOE+OO 
1.70E+OO-· O.OOE+OO 
1.75£+00 , O.OOE+OO 
I .80E+OO O.OOE+OO 

---

total 

l .85E+OO O.OOE+OO 
l.90E+OO. O.OOE+OO 

-- - - - -
1.95£+00 O.OOE+OO 
2.00E+OO O.OOE+OO 

4.83E-O I 

Filename , fid320d 

0 
0 

- -o· 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

0.0003 

l 

168 -•ltally 8 nps = 445346 16 _ , 

CZ 

169 u111 ta l~t!)'_pe 8 pul~e height distribution . 
170 __ _ __ _tallJ fo_r i:hotons 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

---

-- - --
, cell 2 

energy 
- _J 

O.OOE+OO O.OOE+OO 
5.00E-02 3.47E-01 
I.OOE-0 1 2.55E-02 
l .SOE-0 1 3.42£-02 
2.00E-01 2.36E-02 
2.50E-O 1 5.85£-03 
3 OOE-01 7.65E-03 

0 
0.0002 
0.0009 
0.0008 
0.00 1 
0.002 

0.0017 

DA DB DC DD DE OF 
energy 
O.OOE+OO O.OOE+OO 0 
5.00E-02 3.52E-O I 0.0003 
I.OOE-01 2.40E-02 0.00 16 
l.50E-O I , 3.07£-02 0.0014 , 
2.00E-01 2.75E-02 0.0015 
2.SOE-0 I 6.34E-03 0.0032 
3.00E-01 . 3.97E-03 0.004 
3.SOE-0 l 3.87E-02 0.00 13 
4.00E-01 O.OOE+OO 0 
4.50E-O I O.OOE+OO 0 
5.00E-01 O.OOE+OO 0 
5.50E-O I O.OOE+OO 0 
6.00E-0 1 O.OOE+OO 0 
6.50E-01 O.OOE+OO 0 
7.00E-0 1 O.OOE+OO 0 
7.SOE-0 l O.OOE+OO 0 
8 OOE-0 I O.OOE+OO 0 
8.50E-O I O.OOE+OO 0 ----
9.00E-01 O.OOE+OO 0 ----- -
9.SOE-01 O.OOE+OO 0 

O.OOE+Ooi 
--

I.OOE+OO 01 
l.05E+OO ; O.OOE+O<r- 6: -- -- ----- -

-- - -
I. IOE+OO ;° O.OOE+OO 

Ulll 

I/ 16/02 

01 
I. I 5E+OO O.OOE+OO 1 ~ 
---· -- -· -

I .20E+OO O.OOE+OO 01 
--- - - . ---- ·- -·-

total 

1. 25E+_Qo_: --2:_ooE+~o.., __ - ~ 
l .30E+OO O.OOE+OO 0 

- - -·-----------~ -----· 
I .35E+OO O.OOE+OO 0 ' ---- ··--- - --- --
l.40E+OO O.OOE+OO 0 
I .45E+OO ' O.OOE+OO 0 
I .50E+Oi51 O.OOE+OO - - 0 

--- --- - --
l.55E+OO O.OOE+OO 0 
1.60E+OO I O.OOE+OO 0 
l .65E+oo · O.OOE+OO 0 
I. 70E+OO O.OOE+OO 
1.75E+OO O.OOE+OO 
l .80E+OO O.OOE+OO 
I .85E+OO O.OOE+OO 
l.90E+OO O.OOE+OO 
l .95E+OO O.OOE+OO 
2.00E+OO O.OOE+OO 

4.83E-O 1 

0 - --- --
0 
0 

0.0003 

---- - -----------1 
- - _1 

Filename ifid340d I -- -- ________ , 
I 

,___ - ' - - __;_---~---1 
I tally 8 nps = 44334024 

tally type 8 y ulseheight distribution. ____ u_111 
tally fo r photons 

-l- - -- -•- --

cell 2 
- -- -~----'----l 

- ----- -
energy 

·- - -- -+-
O.OOE+oo : O.OOE+OO 0 
5.00E-02 3.54£-0 I 0.0002 
l .OOE-01 2.43E-02 0.001 

- L 
l.50E-O I 3.0 JE-02 0.0009 
2.00E-0 1 2.72E-02 0.0009 
2.50E-Ol 5.85E-03 0.002 
3 OOE-0 I 3.53E-03 0.0025 
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181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 

CV cw ex 
3.50E-0 I 4.37E-02 -- - . 
4.00E-01 0.00E+00 
4.50E-0 I 0.00E+00 
5.00E-0 I 0.00E+00 
5.50E-0 I , 0.00E+00 -- -- - - - -- --- - - __ 
6.00E-01 , 0.00E+00 
6.50E-0 I 0.00E+00 
7~0oE=-oc: O.OOE+OO~ 

J -

7 .50E-0 I 0.00E+00 
8.ociE~o 1: o~ooE+oo· 

------ --8.56E-OI O.OOE+OO 

9.00E-01- 0.00E+00 
- --- ----- - -

9.50E-0 I 0.00E+00 
- ' - -1.OOE+O0 0.00E+00 

I .05E+00 0.00E+00 
I.I 0E+00 , 0.00E+00 
l .15E+00 _ 0.00E+00 
I .20E+00 0.00E+00 
l.25E+00 0.00E+00 
l.30E+00 l 0.00E+00 

- - -- - - . - -· -
I .35E+00 0.00E+00 
l.40E+00 0.00E+00 . - · 
l.45E+00 - 0.00E+00 --- ------ ·- --
l.50E+00 0.00E+00 , - - - - - - - - - ' 
l.55E+00 , 0.00E+00 

____ _ J.~?_E+00, ~.00E+00 
l.70E+00 0.00E+00 

- - - .. -
209 l.75E+00 0.00E+00 
21 o - --- -----,-- -·-1.sofioo o.o6E+oo 

21 1 l.85E+00 0.00E+00 
212 
213 
214 
215 

- -- ------- ---- ---- -
I .90E+00 0.00E+00 
I .95E+00 0.00E+00 
2.00E+00 0.00E+00 

total ' 4.88E-0 I 

CY CZ 
0.0007 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0; 
0 
0 
0 
0 
0 
o· 
0 
0 , 
0 
0 
0 

o! 
o , 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0002 

DA 

1/ 16/02 

DB DC DD DE OF 
3.50E-0 I 4.27E-02 0.0007 
4.00E-of' 0.00E+00 1 0 , 

_ I _ • _ - -- - - 1 ___ --- -- -- - • - -

4.50E-01 0.00E+00 0 
5.00E-0 1 0.00E+00 0 . 
5.50E-0 11 0.00E+00 - o : 

- ---- _j...._.___ . ____ .....j...._ ------ ----l--- ---a 
6.00E-0 1, 0.00E+00 0 
6.50E-01 . O~OOE+oo ·- ---- o· -

-----· ---- -
7.00E-0 I , 0.00E+00j 0 , ___ --'-- - --a 
7.50E-0I 0.00E+00 0 
8.00E-011 O.OOE+oo' 0 , 
8.50E~ofo.o6E+0O OJ __ - - ·------1 

• --- - - • _ _ _ 1 ___ -- -

9.00E-01 0.00E+00 0 
9.50E-0 I 0.00E+00 
1.00E+00 0.00E+00 
l.05E+00 0.00E+00 
1.I0E+00 0.00E+00 
l. I 5E+00 0.00E+00 , 

: _; 

l.20E+00 0.00E+00 ' 
I .25E+00 0.00E+00 
I .32E+001_ 0.~0E+00 _ 
I .35E+00 0.00E+00 
1.·40E+OO ' fo0E+OO 
l.45E+00 0.00E+00 , 
l.50E+00 I 0.00E+00 , 

0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 

l.55E+00 • 0.00E+00 0. ' 
~ ---- • - --~------< 

I .60E+00 0.00E+00 0 
J.65E+oo'. to~E+oo: _____ o, 
I .70E+00 0.00E+00 0 
I .75E+00 0.00E+00 0 
l.80E+00 , Cl.OOE+0O ' 0 
I .85E+OO . O-:00E+OO _ ___ _ -- 0 ---~---

- -· 
1.90E+00 0.00E+00 0 
l.95E+00 , 0.00E+00 0 , 

- --- -
2.00E+00 0.00E+00 0 - ·-- --

total 4.88E-01 0.0002 

Page 96 of I 08 



Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.x is" 

DG DH DI DJ DK DL OM 

2 
3 
4 
5 
6 
7 
8 
9 
IO Filename fid360a 
I I 
12 I tally 8 nps = 149 15907 

-·-

13 tally type 8 pu l~e_height distribution. units number 

14 ta lly fo r photons 
15 
16 cell 2 
17 energy 
I 8 O.OOE+OO O.OOE+OO 0 
19 5.00E-02 3.38£-0 I 0.0004 
20 I .OOE-01 2.25£-02 0.00 17 
21 1.50£-01 2.84£-02 0.00 15 
22 2.00E-01 2.7 1£-02 0.00 16 
23 2.50£-01 8.49£-03 0.0028 
24 3.00E-01 4.l l E-03 0.004 

-
25 3.50£-01 4.70£-03 0.0038 
26 4.0oE-::-o 1~-2. 1JE-02 0.00 18 
27 4.50£-0 1 O.OOE+OO 0 
28 5.00E-01 ·o.ooE+oo · 0 

-- ·--
29 5.50£-01 O.OOE+OO 0 

- --'----
30 6.00E-0 1 O.OOE+OO 0 

- ---- ---- - -
31 6.50£-0 I O.OOE+OO 0 
32 7.00E-0 I O.OOE+OO 0 
33 7.50£-0 I O.OOE+OO 0 

------· 
34 8.00E-0 1 O.OOE+OO , 0 

- -- - ·-
35 8.50£-01 O.OOE+OO 0 

- ·-
36 9.00E-0 1 O.OOE+OO 0 

--·- --~ 
37 9.50£-0 1 O.OOE+OO 0 
38 I. OOE+OO O.OOE+OO 0 
39 l .05E+OO O.OOE+OO 0 
40 I.IOE+oo ' O.OOE+OO 0 
4 I l.1 5E+OO O.OOE+OO 0 
42 I .20E+OO O.OOE+OO 0 
43 l.25E+OO O.OOE+OO 0 
44 l. 30E+OO O.OOE+OO 0 
45 l. 35E+OO O.OOE+OO : 0 
46 --l.40E+OO- O.OOE+OO ' 0 

' -
47 l.45E+OO I O.OOE+OO 0 - ------ - - - ---•- -
48 1.50E+OO O.OOE+OO 0 
49 1.55E+001 O.OOE+02__ 0 
50 l. 60E+OO O.OOE+OO 0 - --· 
51 1.65E+OO O.OOE+OO 0 

- - - ,_ --; 
52 I .70E+OO O.OOE+OO 0 
53 -- l:75E+OO- O~OOE+OO ____ - 0 

- -- -
54 l .80E+OO O.OOE+OO 0 
----- -

55 l.85E+OO O.OOE+OO 0 
-- ---

56 I .90E+OO O.OOE+OO 0 
57 l .95E+OO . -0.00E+OO 0 
58 2.00E+OO O.OOE+OO 0 
59 total 4.55E-O I 0.0003 

60 
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Worksheet "MCNP Data p=2 .35" of Workbook "MCNP Volume Seneca.xis" 

DG 
61 
62 Filename 

63 

DH 

fid360b 

64 I tally 8 nps = 1511 6807 

DI DJ 

65 tally type 8 pulse height distribution . 
66 tally fo r photons - -- -r - - -, 

67 
68 cell 2 
69 energy 

- --- -
70 O.OOE+OO · O.OOE+OO 0 
71 - - 5.00E-02 3.52E-O I 0.0003, 
72 --!Jlof-o 1 2.26E-02 o.oo 17 ' 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

_ __!_: 50E-q]..L 2.76E-02 
2.00E-01 ' 2.80E-02 
2.50E-OI 8.74E-03 
3.00E-01 4.03E-03 
3.50E-0 I 5.09E-03 
4.00E-0 I 2.60E-02 
4.50E-O I O.OOE+OO 
5.00E-01 O.OOE+OO 
5.50E-OI O.OOE+OO 
6.00E-01 O.OOE+OO 
6.50E-OI , O.OOE+OO 
7 .OOE-0 I O.OOE+OO 
7 .50E-O I O.OOE+OO 

----· ----·--- - -· · 
86 8.00E-01 O.OOE+OO ! 
87 - S:s6E-O f° o.oo·E+oo1 

0.0015 
0.0015 
0.0027' 

0.004 
0.0036 
0.0016 

0 
0 
0 

0 
0 
0 
0 

0 

- --- ------- . - -4--- - 0 
0 
0 

0 

0 
0 

88 9.00E-01 O.OOE+OO 
89 
90 
91 
92 

9.50E-01 O.OOE+OO 
I.OOE+OO O.OOE+OO 
I .05E+OO O.OOE+OO 
I.IOE+OO O.OOE+OO 

93 1.15E+OO O.OOE+OO 0 
- -- -----

94 l.20E+OO O.OOE+OO 0 
95 I .25E+OO O.OOE+OO 0 

-- - -··-
96 I .30E+OO O.OOE+OO 0 
97 I .35E+OO O.OOE+OO 0 
98 I .40E+OO O.OOE+OO 0 

- ------· --- - --
99 I .45E+OO O.OOE+OO 0 
100 I .50E+OO O.OOE+OO 0 

IO I l.55E+OO O.OOE+OO 0 
I 02 l.60E+OO O.OOE+OO 0 
I 03 l.65E+OO O.OOE+OO 0 
104 --1.?0E+oo:-0~60E+007

. o 
I 05 l.75E+OO O.OOE+OO 0 
106 I .80E+OO O.OOE+OO 

---- - -
,._l_0....,7

1 
__ 1._85_E_+_OO _ O.OOE+OO 1 

108 1.90E+OO ' O.OOE+OO 
----- --- - __ j 

0 

0 
0 

109 1.95E+OO O.OOE+00 1 0 
I JO 2.ooE+ool-OJ>oE+oQi-- - o; 

- - - - -
111 total 4.74E-OI ' 0.0003 

- ---- -- ---- - - - -- - -• -- --- .... _ 
112 -- ---
11 3 I 

----+--- - + -- - - :-
114 Filename , fid360c -- -- --- - - - -- - -
] )5 _ _ __ L ___ - · - __ 

11 6 !tally 8 nps = 15541 272 
117 -- - tally type 8 pulse height dist~ibution. 
118 -- --tallyfor photons .. . . 

- - - -

11 9 
120 cell 2 

DK DL DM 

uni ts number 

units number 
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Worksheet "MCNP Data p=2.35" of Workbook "MCNP Volume Seneca.xis" 

DG DH DI 
121 energy 
122 O.OOE+OO O.OOE+OO 0 
123 5.00E-02 3.58E-Ol 0.0003 
124 l .OOE-0 I 2.29E-02 0.0017 
125 I .50E-O I 2.69E-02 0.00 15 
126 2.00E-01 2.8 1E-02 0.00 15 
127 2.50E-O I 8.73E-03 0.0027 
128 3.00E-01 3.77£-03 0.004 1 
129 3.50E-O I 5.24£-03 0.0035 
130 4.00E-01 2.98E-02 0.0014 
131 4.50E-O I . O.OOE+OO 0 
132 5 OOE-01 O.OOE+OO 0 
133 5.50E-O I O.OOE+OO 0 
134 6.00E-01 O.OOE+OO 0 
135 6.50E-O I O.OOE+OO 0 
136 7.00E-01 O.OOE+OO 0 
137 7.50£-01 O.OOE+OO 0 
138 8 OOE-0 I O.OOE+OO 0 
139 8.50E-O I O.OOE+OO 0 
140 9.00E-0 1 O.OOE+OO 0 
141 9.50E-01 O.OOE+OO 0 
142 I.OOE+OO O.OOE+OO 0 
143 l.05E+OO O.OOE+OO 0 

·----~ 
144 I. I OE+OO O.OOE+OO 0 
145 l.15 E+OO O.OOE+OO 0 

- -- -- --- - -
146 l.20E+OO O.OOE+OO 0 
147 l.25E+OO O.OOE+OO 0 - . -- - - -
148 l.30E+OO O.OOE+OO 0 
149 l.35E+OO O.OOE+OO 0 
150 l.40E+OO O.OOE+OO 0 
151 l.45E+OO O.OOE+OO 0 
152 l.50E+OO O.OOE+OO 0 
153 I .55E+OO O.OOE+OO 0 
154 l.60E+OO O.OOE+OO 0 
155 l. 65E+OO O.OOE+OO 0 
156 l.70E+OO O.OOE+OO 0 
157 l.75 E+OO O.OOE+OO 0 
158 l.80E+OO O.OOE+OO 0 
159 l.85E+OO O.OOE+OO 0 
160 I .90E+OO O.OOE+OO 0 
161 l.95E+OO O.OOE+OO 0 
162 2.00E+OO O.OOE+OO 0 
163 total 
164 
165 

4.83E-O I 

166 Filename fid360d 
--- --

167 

168 ltall_L ~ nps = 44253988 

0.0003 

DJ 

169 tally type 8 _ _pulse height distribution . 
170 
171 

tally for photons 
i 

172 cell 2 ----- ----
173 energy 
174 O.OOE+OO O.OOE+OO 0 
175 5.00E-02 3.60E-O I 0.0002 
176 
177 
178 
179 
180 

1.00E-0 I 2.32E-02 0.00 I 
l.50E-0 I 2.63£-02 0.0009 
2.00E-0 I 2.78E-02 0.0009 
2.50E-O I 8.59E-03 0.0016 
3.00E-0 I 3.44E-03 0.0026 

DK DL OM 

units number 
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Worksheet "MCNP Data p=2 .35" of Workbook "MCNP Volume Seneca.xis" 

DG DH 
181 3.S0E-01 5.25E-03 
182 4.00E-01 3.33E-02 ------•---- - - . 
183 4.S0E-01 0.00E+00 
184 5.00E-01 0.00E+00 

-----

DI 
0.0021 
0.0008 

0 
0 

185 5.50E-01 ; 0.00E+00 0 
186 6.00E-01 O.OOE+OO ; - -----(5° 
187 ---6.50E-0 1- 0:00E+O0 0 

- - -
188 7.00E-01 . 0.00E+00 -- ---·-- · 
189 7 .50E-0 1 0.00E+00 
190 8.00E-01 0.00E+00 

------· 
191 8.S0E-01 0.00E+00 

1---+----- ----- - . 
192 9.00E-01 · 0.00E+00 
193 
194 
195 
196 
197 
198 
199 

----- --- - · 
9.S0E-01 0.00E+00 

- ____ ___J ___ ----

1.00E+00 0.00E+00 
1.05E+00 0.00E+00 

- - ----
1.l0E+00 0.00E+00 
I. 15E+00 0.00E+00 
l .20E+00 0.00E+00 
1.25E+00 0.00E+00 

----- ___ .__ + 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 

0 

200 l.30E+00 iJ>.00E+00 ____ 0 
201 l.35E+00 0.00E+00 0 , 
202 1.40E+00 0.00E+00 , ___ 0 _ 
203 1.45E+00 0.00E+00 , 0 
204 l.50E+00 ! 0.00E+00 0 . 
205 1.55E+00 0.00E+00 
206 l.60E+00 0.00E+00 

1-2-0-171----- 1.....,.65----CE +oao~ooE +oo 1• 

208 1.70E+00 0.00E+00 
209 1.75E+00 0.00E+00 ; 
210 1.80E+00 0.00E+00 

0 
0 
◊-

0 
0 
0 

211 1.85E+00 0.00E+00 0 
212 1.90E+00 0.00E+00 0 

1-2-1-13 i--1..,...95,--cE:c-+-=-o.,...o---=---o.o-o-E+oo · -

214 2.00E+00 0.00E+00 
215 total ·- 4.88E-0I 

0 

0 
0.0002 

DJ DK DL DM 
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Worksheet "Plot" of Workbook "MCNP Volume Seneca.xis" 

A B C D E F G H K L M N 
llii s is the manipulation of th e data to complete the initi al plot of the data . 
All energy values are in keV . . . 

This set is fo ,:-thc 1.5 glee dcnsit)• case 
I cm Thick Source · 

energy - IO· 20 · 30 40 50 60 · 70 80 · 90 · I 00 · 120 140 · I 60 

_!J~OE+_QO: o oo_E+ooT o oot+oo ~ o.ooE+ool o ooE+.Q_ol o 00E+o2: o 0~+09~ o ooE+oo1 o.oOE+OD_! ~~~oJ o~ooE:':O.Qi_.9.60~+00 o.ooE+oo o.ooE+oo 
5.00E-02 4.22E-03 5.78E-02 1.7 IE-01 ' 2.77E-O l 3.45E-OI 7.65E-02 6.76E-02 4.4IE-02 5.22E-02 7.32E-02 l.l9E-Ol l.64E-OJ'2.00E-01 
1.00E-01 O.OOE+Oo· O.OOE+Oo· O.OOE+OO- O.OOE+OO 2.29E-04 . 3.08E-O_l _ 3.4 1E-Ol . 3.78E-O I : 3.79E:Ol ' 3.64E-OI , 9.05E-02 • 5.63E-02 4. 12E-02 

U OE-0 tfo .6oE+OO i O OOE+oo;J).OD_E+oo_ j O.OOE+OO . O.OOE+OO !_ O.OOE+OO !_o_coo~+OO l_ojOE+OO -O.OOE+OO ; .!.]?~-~ '._ 2.3~-0 I i f 27E-O I 7 .03E-02 
2.00E-01 , O.OOE+OO O.OOE+OO , O.OOE+OO . O.OOE+oo 1 O.OOE+OO O.OOE+OO ' O.OOE+OO O.OOE+OO O.OOE+OO • O.OOE+OO O.OOE+OO O.OOE+OO • l.38E-Ol 

- TsOE-o( O.OOE+oo · O.OOE+00 1 O.OOE+oo : O.OOE+oo : O.OOE+oo · O.OOE+oo · O.OOE+oo · O.OOE+oo · 0.00E+OO ' O.OOE+oo · O.OOE+oo · 0.00800 O.OOE+OO 
3.00E-01 _ 0 O_()_E~ ~ - O~OOE+~~ O.OOE+ O(J.(_O~ OE+JO O:QOE_::Oi O.OOE+OO : O.OOE+OO _-o-:-oot:+00 _O.OOE+OO I O OOE+i>ol OME+OO O.OOE+OQJ_D_J l_Ol:_::00 
3.50E-OI O.OOE+OO O.OOE+OO r O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO I O.OOE+007 O.OOE+00 1 O.OOE+OO ' O.OOE+OO I O.OOE+OO O.OOE+OO 

4ME-:-o I . O.OOE+oo · O.OOE+oo · O.OOE+OO' O.OOE+OO . O.OOE+OO ' O.OOE+OO , O.OOE+OO , O.OOE+OO -0.00E+OO' O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
4.50-E-O I ·o.OOE+-00 . 0.00E+OO . O.OOE+OO i o:ooE+OO . O.OOE+OO ; O.OOE+OO . O.OOE+OO ·o.OOE+O◊-- O~O-◊E+OO . O.OOE+OO • O.OOE+OO 0.00E+ITTOOE+OO 
5.00E-01. O.OOE+OO ; O.OOE+oo · O.OOE+Oo i O.OOE+-oo · O.OOE+oo· O.OOE+oo · 0.00E+oo· O.OOE+oo : 0.00E+OO o:ooE+OO O.OOE+oi5' O.OOE+OO O.OOE+OO 
5.50E-O I . O.OOE+OO . O.OOE+OO . O.OOE+OO. O.OOE+OO. O.OOE+OO O.OOE+OO 0.00E+OO. 0.00E+OO . O.OOE+OO . O.OOE+ OO . O.OOE+OO O.OOE+OO O.OOE+OO 

4.2E-03 . 5.8E-02 ' 1.7E-OI . 2.8E-O l 3.5E-O l 3.8E-Ol . 4. IE-01 . 4.2E-OI . 4.JE-01. 4.4E-OI 4.4E-O l .4.5E-Ol 4.5E-OI 

---'-· 
energy 70 90 120 140 160 
O.OOE+OO. O.OOE+OO. O.OOE+OO. O.OOE+oo · O.OOE+OO O.OOE+OO. O.OOETOO . O.OOE+OO ' O.OOE+OO . O.OOE+OO O.OOE+oo·· O.OOE+OO O.OOE+OO O.OOE+OO 
5.00E-02. 7. 73E~03 . 1.02E-0 I . 2.48E-O I 3.46E-O I . 3.99E-O I . 8.20E-02 7.33E-02. 4.45E-02 . 5.26E-02 7.48E-02 ' l.22E-OI l.69E-OI 2.06E-O l 
1.00E-01- O.OOE+OO . O.OOE+OO . O.OOE+OO ~ O.OOE+OO - 2.97E-04 . 3.46E-O I . 3.7 1 E-0 I . 4.09E-O I . 4.06E::-01 i f'88E-O I ' -8.48E-02 ' 5.07E-02 3.87E-02 
L50E-OI . O.OOE+oo· O~OOE+Olr -o.O-OE+Oo" O.OOE+oo : O.OOE+oo ' O.OOE+oo · O.OOE+Oo' O.OOE+Oo· O.OOE+0-◊• -1--:6 1 E::-04 -2.ifof..0~ 9E-OI 6.71E-02 
2.00E-01 O.OOE+OO . 0.00E+00 1 O.OOE+OO- O.OOE+OO O.OOE+OO ' O.OOE+OO - 0.00E+OO . O.OOE+OOT O.OOE+OO . O.OOE+OO -0.00E+OO ·-o.OOE+Oo' l. 58E-OI 

- 2.50E:0 t- O.OOE+OO . O.OOE+09_J-~ OOE+OO- o:ooE+OO. 6.00E+OO . O.OOE+OO . O.OOE+Oo i O~OOE+OO'-O.OOE+OO- O.OOE+OO I O OOE+O◊-O~OOE+OO-----◊:ooE+Oo 
3.00E-01 ; O.OOE+O~ ~ O.OOE+00_ 1-0-'00E~~~ O.OOE"':_()0 • O~Q_OE!°OO : O.OOE+OO : O.OOl~:':QO. O.OOE+007 0--:00E+oa'o.oOE+OO I O.OOE+OO O.OOE+OO O.OOE+OO 
3.50E-O I O.OOE+00 1 O,OOE+OO O.OOE+OD_J O.OOE+ool O.OOE+oo : O.OOE+OO O.OOE+OO I O.OOE+OO O.OOE+OO , O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
4.00E-01 O.OOE+oo ·o.ooE+OO- O.OOE+OO i O.OOE+oo ; O.OOE+O~ O.OOE+OO- 0.00E+oo ·o.ooE+OO O.OOE+OO , O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
4.50E-OI O,OOE+QO, O~OOE+oo'.o.oi5E+ooi " O.OOE+00 1 O~OOE+OO 

0

0.00E+OO 0.00E+OO . O.OOE+oo io.ooE+OO ' O.OOE+OO O.OOE+OO O.OOE+OO 
5.00E-0 1' O.OOE+OO O .OOE+OO O.OOE+Ooj 0.00E+OO O.OOE+ ool o.ooE+o6I O.OOE+oo i 0.00-E+OO -o~ oi1 0.00E+OO O.OOE+OO O.OOE+OO i O.OOE+OO 
5.50E-OI O.OOE+OO I O.OOE+oo'o-:-ooE+OOi O.OOE+OO O.OOE+oo · O.OOE+oo 1 O.OOE+oo : O.OOE+OO O.OOE+OO O.OOE+O()j O,OOE+oo : O.OOE+OO O,OOE+OO 

7.7E-03 1 l.OE:0 1 ·- 2.5E-Ol . 3.5E-OI 
1 

- 4.0E-01. 4.JE-01 ' 4.4 E-Ol . 4.5E-OI 4.6E-Of' - T6E-Ol 4.7E-Ol 4.7E-OI 4.7E-O I 
-1 - - - -- •- ---~ _____ ---- -

_ energy __ _ 20 _ _ 30
1 40 - 50 60 70 : 80 - 90~ -~ J0~_ =-120 140°- - ~ 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
40 . J.~E-~ ~-=-,~~~(02:1.69E:0 ~ 3.21E-OT '.L9JE:~ , : 4 ~5E-O I : 8.50E-02 : 7 7IE-Of - 4AJE-02 - 5 23E-=9f 7.53(02 ' l2 4E-Ol ~ l] l~ Ol _ 208E-0.!_ 
41 1.00E-01 O.OOE+OO O.OOETOO O.OOE+OO O.OOE+OO 3.25E-04 3.69E-OI 3.87E-OI 4.26E-OI 4.2IE-Ol 4.00E-01 7.91E-02 . 4.58E-02 3.68E-02 
42 - --l.50E-Oi :0,00E+OO , O.OOE+OO - 0.00E+oo : O.OOE+oo ' O~OOE+OO ' O.OOE+oo ; O,OOE+Oo · O.OOE+W O.OOE+00

1
- T 69E-04 1 21 5E-OJ - 2.62E-=6i626E-02 

43 2.ooE-6 to.oOE+oo · o.ooE+oo· o.ooE+oo o.ooE+oo · o.66E+oo · o.ooE+oo ' o.ooE+oo-:- o.ooE+o-o; oo oE+oo - o.ooE+oo I o.ooE+oo 10.00E+oo 1. 73E-o 1 
44 2.50E-OI --O-◊OE+OO- O.OOE+OO -0.00E+OO · O.OOE+00- 0.00E+OO O.OOE+OO OOOE+oo , O,OOE+oo :· o.OOE+oo : O.OQE+~.9 :-0.o_OE+OQ-OO OE+ ooto:ooE+OO 
45 f OOE-01 ·o.OOE+OOO~O-◊E+OO-• O.OOE+OO . O.OOE+OO ' O~OOE+OO . O.OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO 

- -- - --. - - • · - ! · - - · 1 - -- -1 - ~ - - - ----l -- - --
46 3.50E-OI O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

4.00E-o-, ; O~OOE+00 1 O.OOE+OO ... O.OOE+oo ' O.OOE+oo · 0.00E+oo : O.OOE+oo ' 0.00E+oo · O,OOE+Oo · O.OOE+OO O~OOE+ oo ; O.OOE+oo : O.OOE+OO' O.OOE+OO 
.. 4.50E-o (J>.o~_E_:~ l_O.OOE+OO ~ O.OOE+O~ : O.OO_E+oo : OCOOE+OO- O,OOE+OO O.OOE+OO 

I 

O.OOE+OO . O.OOE+OO . o.oofi-oo .. O .OOE+O~OOE+O◊-- O.OOE+OO 
5.00E-01 O.OOE+OO O.OOE+OO , O.OOE+OO O.OOE+OO , O.OOE+OO O.OOE+oo ' O.OOE+oo · O.OOE+ OO- O,OOE+OO~ ~OOE+OO- 0.0-0E+OO O.OOE+Oo'O.OOE+OO 
5.50E-OIO.OOE+OO O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+OO. O.OOE+OO O.OOE+OO: O.OOE+OO ; Q.OOE+OO : ~ .OOE+O~ _O.OOE+OO :o .OOE+oo' O.OOE+O~ 

1.5E-02- 1.7E-OI 3.2E-Ol . 4.0E-01 4.4E-OI . 4.5E-01. 4.6E-OI 4.7E-OI 4.7E-OI 4.8E-O l 4.8E-OI 4.8E-OI 4.8E-OI .. -

0. 1 cm Thick ·5·~urcc ·-----

energy 10 · 20 30 40 . 50 60 70 , 80 90-· 100 l20J __ 140 160 

- ·o.:90E_::oo ~~ o._!JOE+oo · o.ooE+oo ' o.OOE+oo ~ o.ooE+oo · -o.ooE+oo · o.ooE+oo . o.ooE+oo ~ o.ooE+O_!)~ o.ooE:i:o_o_l_Q)OE+oo_ o.ooE+oo l o.ooE+oo o.ooE+oo 
5.00E-02 4.04E-02 2.74E-OI 3.95E-OI 4.43E-Ol 4.63E-01 8.74E-02 8.05E-02 4.34E-02 5.18E-02 7.54E-02 l.25E-OI l.72E-OI , 2.09E-O I 

- l~OOE-01-'--0.00E+OO . O.OOE+OO i O.OOE+OO i O.OOE+Oo · 2.8IE-04 ' 3.85E-OI . 3.97E-O I . 4.37E-OI . 4JOE-Of 4.08E-OI 4. l4E-02I 3.52E-02 
.. - ~ 50 E-OI- O.OOE+00 i O.OOE+O°+,O.OOE+O{}_J O.OOE+OO O.OOE+OO I O.OOE+OOJ O.OOE+OO , O.OOE+OO O.OOE+OO ; 1.52E-04 2.7 IE-OI 5.79E-02 

2.00E-0 1 O.OOE+OO O.OOE+OO i fOOE+OO 0.00E+OO O.OOE+oo , O.OOE+OO ; O.OOE+ooi o:ooE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.83E-O I 
60 2.50E-O I , O.OOE:':QO 1_0.00E3l6=_0_:96E+_()_~ O §OE+Q_Q _-OJ)D_E_.:0~ O.OOE+O~ 0 OOE+OO i O.:.OOE+OO OOOE+oo' O.OOE+OO i O.OOE+QO 1 0 OOE+OO I O.OOE+OO 

3.00E-01 O.OOE+OO O.OOE+OO O.OOE+OO OJ)OE+OO L O...:OOE+OOJ O.OOE+OOJ_O.D_OE+OO O.OOE+OO O.OOE+OO O.OOE+OO j O.OOE+OO O.OOE+OO O.OOE+OO 
3.SOE-0 1 O.OO_E+OQ, o.09E+OO O.OOE+0~ 1 O.OoE-i:O_()_ l O.OOE: 00_ O.OOE+OO _ O.OOE+OO _ O.OOE_::~0 0.00~_:':D_D_J __!).OOE+OO , O.OOE+OO I O.OOE+OO O.OOE+OO 
4.00E-0 1, O.OQl:+0__()_,...2c00E+OO j O.OOE.:':_001 O.OOE+oo_ , OjOE+oo . O.OOE+OOJ O.OOE+oo : O.QO_E+OO O.OOE+OO , O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
4.50E-OI , O.OOE+OO j O.OOE+00 1_0.00E+OO O.OO_E+90 __ o. o_o~+OJ L O.OOE+OO O.OOE: 00~ O.Oo_I:+00 O.OOE~~ O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

~-OQE-()_I __ o.OOE+OO_ O.O~E+O~_D-~OE+OO '. O.D_OE+o_o_ :_o__,ooE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO I O.OOE+OO O.OOE+OO _o OOE_::QOj_O.OOE+OO O.OOE+OO 
5.50E-Ql1-___()_, 00E+OQ_ O.OOE+OO j O.OOE+OO , O.OOE+J0 1 o_.OOE+OO O.OOE+OO_ O.OOE+oo , O.OOE+OO , 9.00E+~ : O_DOE+OOJ O.OD_ E_:t:OQ O.OOE:':_00 ~ E+OQ 

67 0.1 cm total 4.0E-02 2.7E-OI 4.0E-0 1 4.4E-OI 4.6E-OI 4.7E-OI 4.8E-O I 4.8E-O I , 4.8E-OI 4.8E-O I 4.8E-0 1, 4.9E-Ol : 4.9E-OI 
68 - - - - ~ -----

9.6 4.7 2.3 1.6 1.3 1.2 1.2 I.I I.I I.I I.I I.I I.I 
5.2 2.7 1.6 - 1.3 1.2 I.I I.I I.I I.I 1.0 1.0- 1.0 1.0 - -
2T 1.6 1.2 1. 1' I.I 1.0 1.0 1.0 1.0 1.0 1.0 , ~o · 1.0 

73 
74 
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Worksheet "Plot" of Workbook "MCNP Volume Seneca.xis" 

A B C D E F G H K L M N 

75 _ . _ _j_ _ ; 

76 This set is for the 2.35 glee density case 
·• cm-Thid-So~rce - - -- --- -

energy ·10 · 20 30 . 40 . 50 60 . 10 · 80 ° 90 100 · 120 140 160 
- O.OOE+oo· O.OOE+ooi 0:--ooi+aO: O.OOE+Oo : O.OOE+oo · 0.00E+OO O.OOE+oo · O.OOE+oo · O.OOE+o-o r O.OOE+Oo ' O.OOE+OOi° O.OOE+00° O.OOE+iio-0.00E+OO 

80 5.00E~2 - l :93E-03..L} .58E-02 j 1.20E-0 1. 2.21E-OI ; 2.99E-OI 7.34E-02 . 6.48E-02 : 4.50E-02 : 5.24E-02 : 7.-19E-02: f:".-6E:01 - l.60E-O( l.95°E-OI 
s 1 · -.-:-ooI-01,0:ooE+ao l o:ooi::+6olo.oo·E+oo · o.ooE+oo i 1.91 E-04 2.78E-01 · 3.19E-oT' 3.60E-01 !-i66E-o-11 -f56&°oiT T o4E-01 1 6.74E-02 4.86E-02 
82 - f 56E:0 1 , -◊ --◊OE+OO '. O.OOE+Oo ; O.OOE+oo · O.OOE+·oo · O.OOE+oo · O.OOE+◊O - O.OOE+00 1 O.OOE+-oo i 0:0-◊E+OO ' 1.22E-04 2.20E-OI 2.18E-Ol 1 7.89E-02 

2 .0◊-E -01 --0.00E+OO~-O.OOE+Oo · O.OOE+oo : O.OOE+OO ; O.OOE+oo · O.OOE+oo ' O.OOE+oo · O.OOE+oo · O.OOE+oo · O.OOE+OO~ O.OOE+OO • O.OOE+OO l.26E-OI - - - ---
2.50E-o.-; O.OOE+OO , O.OOE+OO O.OOE+OO , O.OOE+OO , O.OOE+00 1 O.OOE+OO O.OOE+OO O.OOE+OO o:-ooE+OO j O.OOE+OO , O.OOE+oo , O.OOE+OO · O.OOE+OO 
i o6E:OTo:ooi::+oo7 -o.ooE+oo ' o.oofl- oo ' o.ooE+oo ' o.ooE+oo : o.ooE+oo · o.ooE+o-o · o: ooE+oo ! ·o.oilE+66 ! o:-ooE+oo i-o:ooi+ ociio.ooE+oo ! o.ooi::+oo 
3.SOE-01 O.OOE+OO ; O.OOE+OO O.OOE+Oo· O.OOE+OO O.OOE+OO O.OOE+Oo · O.OOE+OO O.OOE+OO , o·_oOE+OO , O.OOE+OO , 0.00E+OO O.OOE+oo ·o:oOE+OO 
4.00E-01 . ·o.OOE+00 ° o:ooE+OoT O.OOE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO O.OOE+00° 0.00E+OO ; 0:00E+OOi_ ·o.OOE+O~ O.OOE+Oo · O.OOE+O~ o:-oOE+OO 
45 0E-oi! o:◊-oE+00 1-o :ooE+007 O.OOE+Oo :· o·_oOE+OOl O.OOE+OO . O.OOE+OO O.OOE+OO . O.OOE+OO I O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO 

. 5.00E-01 O.OOE+ooT o.OOE+00 ,- 0.00E+OO I O.OOE+Oo i O.OOE+oo · 0.00E+OO O.OOE+oo · O.OOE+OO -0.00E+OO , O.OOE+OO O.OOE+00 1 O.OOE+OO J O.OOE+OO 
5.SOE-01 i O.OOE+OO; O.OOE+Oo j O.OOE+Oo : O.OOE+◊-o; O.OOE+oo · O.OOE+Oo · O.OOE+OO O.OOE+oo · O.OOE+o◊-·, o.OOE+001 0:00E+Oo lci:ooE+OO. o:-ooE+OO 

l cmtotal 1.93E-03 . 3.58E-02 ' l.20E-0 1 2.2IE-OI ~ 2.99E-OI . 3.5JE-OI 3.84E-OI 4.05E-OI ; 4.19E-OI f28E:-0 14 :-39E-OI I 4.45E-0!4.49E-O I 

-- - j .. -· - - - r-
0.5 cm thick Source ., 

10 30 50 70 90 120 energy 
O.OOE+OO . O.OOE+OO · O.OOE+OO O.OOE+00 1 O.OOE+OO O.OOE+OO . O.OOE+OO . O.OOE+OO O.OOE+OO . O.OOE+OO . O.OOE+oo·· O.OOE+OO O.OOE+OO O.OOE+OO 
5.◊-0E-02 3.55E-03. 6.45E-Oi° 1.90E-OI . 2.99E-0I . 3.66E-0I . 8.07E-02 7.14E-02 4.57E-02 ° 5.34E-02 7.46E-02 , l.21E-O_I . -l~E-Ol- 2.04 E-01 
I.OOE-01 O .OOE:i. ◊-o : O.OOE+oo : O.OOE+Oo : O.OOE+Oo : 2.63E-04 . ,.25E-01 3.58E-OL 3.98E-OI '. 3.99E-OI ; 3.84E-OI 9.51E-02: 5.88E-02 :--:i:-33E-02 
UOE-01 : O.OOE+OO : O.OOE+oo : O.OOE+OO i O.OOE+oo ; O.OOE+OO · O.OOE~oo · O.OOE+OO _ O.OOE+OO I O.OOE+oo:- i:ss E-0<! ; 2.49E-011 -2.43E-OT 7.48E-02 
2.00E-01 . O.OOE+oo ' O.OOE+OOi O.OOE+Oo i O.OOE+oo i O.OOE+Oo · O.OOE+OO O.OOE+00 1 O.OOE+OO , O.OOE+oo l O.OOE+OO j O.OOE+OO ! O.OOE+OO , l.49E-OI 
T soE-OT:--o.ooE+OO . O.OOE+oo l O.OOE+OO : O.OOE+OO . O.OOE+OO. O.OOE+OO . O.OOE+Oo· O.OOE+OO i 0:00E+Oo' O.OOE+00 1 O.OOE+OO O.OOE+001 O.OOE+OO 

IOI 3.00E-01 . O.OOE+00~ 0.00-E+Oo · O.OOE+oo l O.OOE+oo ' O.OOE+oo : O.OOE+Oo · O.OOE+oo : O.OOE+oo i O.OOE+oo i O.OOE+OO. O.OOE+OOi°O.OOE+oo' o.o<iE+ OO 
102 -T5-0E-O f: -O.◊-OE+O-O~ o:ooE+OO . O.OOE+Oor o:-◊-oE+OO-·O.OOE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OCJ• o:ooE+oo· 0:00E+Of -oJiO-E+OO • O~OOE+OO- -o:ooE+OO 
103 --4:0◊-E-OfO.OOE+Oo : O.OOE+Oo i O.OOE+oo ' O.OOE+oo ' O.OOE+oo · O.OOE+OO O.OOE+OO O.OOE+Oo '. O.OOE+oo i O.OOE+ooi_O.OOE+OOJ 6.00E+OOO.OOE+OO 
104 -- 4:-S◊-f-oT, O.OOE+Ooi-o.OOE+OO ; O.OOE+Oo i O.OOE+Oo : O.OOE+oo· O.OOE+Oo · O.OOE+oo : O.OOE+oo i O.OOE+Oo i o·.ooi::+oo l O.OOE+OO O.OOE+OO O.OOE+OO 
105 -- - soof:oIOOOE+OOc.O.OOE+ OO! O_-OOE+OO ; O.OOE+OO ; O.OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO ; O.OOE+OO ·-0.00E+OO~ O.OOE+OO O.OOE+()() OJiOE+ OO 

5.50E-OI . O.OOE+OO • O .OOE+◊-O J""O .OOE+00 1 O.OOE+OO O.OOE+OO . 0 OOE+OO O.OOE+OO O.OOE+OO ; O.OOE+Oo i O.OOE+00~-0.00E+OQi O.OOE+OO O.OOE+OO 
---- -- - - - -- - - -- f.90E-0 I 2.99E-01 3.67E-OI , 4.06E-0I - 4.29E-0l - 4.44E-OI : 4.53E-Of 4.59£:0}; 4.65E-0I- 4.69E-01 4.7 IE-0I 

• --- _______ I ____ -1 --·-------·· 

energy 20 30 · 40 50 60 70 so · - 90 ______ foo--- -··120i-- -- 1 40 , 160 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO . O.OOE+OO . O.OOE+OO - o'.<ioi::+00 . O.OOE+OO O.OOE+oo , O.OOE+OO O.OOE+OO 
--- s.oo1-o2°--6.92E-o:i · 1-.-iiE-0 1· 2.10E-0 1· 3:64E:Ol'-4.1 4E-OI 8.43E-02 7.55E-02 451E·-02 -s31i:02 -1.ss"i::-02 · l.23E-O I l.70E-OI ! 2.07E-◊-T 
- 1:-ooE:01--0.00E+OO . O.OOE+OO O.OOE+OO . O.OOE+OO . 3.20E-04 . 3.57E-OI 3.80E-OI 4.20E-OI . 4.l7E-OI . 3.98E-0~ - 8.60E-02 , 5.09E-02 3.93E-02 

-- -I :-soE:01 -0 :ooE+OO O.OOE+OO O.OOE+OO ; O.OOE+OO . O.OOE+OO . O.OOE+OO . 0.00E+Oo· O.OOE+OO O.OOE+OO . 1.TIE-04 2.68E-OI 2.58E-Ol 6.84E-02 
- - :2. ooE-OI O.OOE+OQI O~OOE+00 ;-0.00E+OO , O.OOE+0-0 O.OOE+Oo · O.OOE+oo · O.OOE+OO ' O.OOE+OO O.OOE+OO • O.OOE+OO ' O.OOE+oo : O.OOE+OO l.66E-OI 

-2: soE-=-01 - O .OOE+◊-6" O.OOE+Oo i O.OOE+OO . O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+Oo_j O.OOE+O_O; o:OOE+OO ; f~Q!'::+:000.00E+OO o:OOE+OO i O._OOE+~O 
- 3 .00E-◊-1 o:oiJE+OO, O.OOE+OOT O.OOE+oo ; O.OOE+Oo ; O.OOE+OO . O.OOE+OO . O.OOE+OO _ 0.00E+OO __ o..:~ E+OO _ O.O_()_E+O_~ __ O:Q~E+OO __ O_:<JOE+OO i 0.0_()_~+00 
--3.50E-::-01 ·-o:00E+00 ; O~OOE+OOI O.OOE+OO- O.OOE+OO ; O.OOE+Oo · O.OOE+Oo · O.OOE+OO : O.OOE+OO: O.OOE+OO , O.OOE+00 1 O.OOE+OO J O.OOE+00 1 O.OOE+OO 
-- 4.00E-0 , - -0-.00E+OO ·-0.00E+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO O.OOE+oo : O.OOE+oo i O.◊-OE+OO , O.OOE+OOi O:ooE+OO O.OOE+Ooi--o·.ooE+OO 

4.50E-OI O.OOE+OO O.OOE+ooi o'.OOE+OO O.OOE+oo · O~OOE+oo · O.OOE+oo · O.OOE+OO O.OOE+oo ' O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
121 -- s:0os6T--O.OOE+OO. O.OOE+Oo· O.OOE+OO O.OOE+Oo · O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+001 O.OOE+OO O.OOE+0◊~--0.00E+Oa° O.OOE+OO 
122 ---- 550E-O J - OOOE+OO ' OOOE+◊-ol O OOE+OO O.OOE+OO ' O.OOE+OO O.OOE+OO O.OOE+oo : O.O~E+OO~ _ _c[oo"t+o_"o: o:9Q_E_+OO= _O.OOE+OO-_;J>:0~~+00 O.OOE+OO 

.25 cm total : 6.92E-o/ fifE-OC 2.70E-OI 3.64E:0·1· 4.1 4E-OI . 4.4IE-OI . 4.56E-O l 4.65E-OI 4.70E-OI 4.74E-OI 4.78E-OI . 4.80E-OI 4.8 1E-OI 
- -------- - --- - - - - -- - - - -

. 1 cm Thick Source 1 
- -. • ----~ - ! 

--~g{\ooi~ .o~~;~Fo:oofJi~oE+~~ ~ o ooEJ~ ·o o-oE+~~ · o ooE+~~ : o ooE+~~ o ooE+~~. o ooE+~~ . o.ooE~~~-- o.o~~~~i: :.::~i· o.ooE~~~ 

- -5.00E-0-2--l.89E_-02 . 2.1 BE-<i°I ,_ 3.60E:01 4.24E:0.-: 4.52E-OI . 8.69E-02 7.94E-02 4.41 E-02 5.23E-02 7.56E-02 L25E-O I · l.72E-OI 2.09E-OI 
129 --- i .ooi:::OT - o-:-ooE+OO: 0:00E+OO 0.00-E+OO ! O.OOE+OO 3. l4E-04 ·3.BOE-01 . 3.95E-01- 4.34E-OI ! 4.2fE-O t -4:07E-OD _7_75E-02 ; 4.41E-02 1 3.63E-Oi 
130 -- DoE-0-1 - MOE+oo ' O.OOE+oo 1 O.OOE+OOI O.OOE+OO O.OOE+oo : O.OOE+OO . O.OOE+OO O.OOE+OO-- o:-oof+oo- l.68E-04 ---2.83E-Ol J 2.70E-OI 6. l 3E-02 
131 2.00E-01 1 O.OOE+OO I O.OOE+OOJ"O.OOE+O<il O.OOE+OO : O.OOE+oo ' O.OOE+Oo · O.OOE+OO~-O.OOE+00 1 O.OOE+OO; cfoOE+OOI ifoof+oo , 0.00E+OO ! 1.80E-OI 
132 2.50E-O l O.OOE+OO O.OOE+Oo i o:-ooE+OO IO.OOE+Oo ; O.OOE+oo · O.OOE+oo : O.OOE+oo •--6.00E+OO , O.OOE+OO I O.OOE+OO ◊-.OOE+OO .. O.◊-OE+OO O.OOE+OO 
133 3.00E-01 O.OOE+OO 0:00E+OOJ O.OOE+OO O.OOE+007 O.OOE+OO~ O.OOE+Oo · O.OOE+00 1 O.OOE+ooT o.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
134 - 3.50E-010.00E+OO J-◊-.OOE+oo i 0.-00E+oo : O.OOE+ooi O.OOE+oo ' O.OOE+oo · O.OOE+oo · O.OOE+oo · o :o◊-E+Oo ' o:OoE+OO o:ooE+OO I O.OOE+OO O.OOE+OO 
135 4.00E-01 O.OOE+OO OO OE+o·o; O.OOE+oo i O.OOE+oo j O.OOE+oo i O.OOE+oo · O.OOE+oo i O.OOE+oo ! O.OOE+oo i 0 .00E+OO iO.OOE+-◊-O O.OOE+oo : o:-i>OE+OO 
136 · 4.50E-OI , o.ooE+ oo o-.-ooE+ool o:00E+o·o!o.00E+00T o.00E+oo ' o.ooE+oo ; o.ooE+oo ' o.ooE+oo7o:ooE+oo·; oooI+oo , o.ooE+oo -◊.o6E+ooro-:-ooE+oo 

__ 5.00E-OI o.oOE+00 1-o~~E+ooJ-o.ooE+oo ; oooE+oo j o.ooE+oo : o.ooE+oo j o.ooE+oo j o·.oot+_()_O _o.ooE+~o i_<!:._OOE+o-oLo:..0E+o6o.◊-oT+oooJioE+oo 
5.SOE-0 I I O.OOE_:1-00 ,..9·~00E+~~ ..9..00E_:90 : O,Q_OE+OO [ O.OOE+OO _ O.OOE+OO: 0.00E+O~: _O.OO_E_:-00 I ~._()_OE+OO I_ O.OOE+OO O.OOE+OO ~~~<!_0 I O.OOE+OO 

___ I __ .8_9E-~~ ~:18E-~ 3i OE-OI : 4.24E:_C>~j 4.52E-OI : 4.67E-OI I 4.74E-O I 4.79E-OI 4.81E-011 ~ 83_!c_:_C>_!l_~:._8_?~~6E-Ol 4.86E-01 

; -------r-- -- ·1 --7 -,---·------r-- __ 
-~-------~~~:~:-- 6:( --=-= _j.o _- - 1.9 1.5 ' 1.3 1.2° 1.2 ' I. I ------IT - 11 : I.I • I.I 

143 o.1 to0T_____ 5.3 i ·3;1 .. 1.9 Tf 1.2 1.1 · 1.1 - --iT-- - i-:-r---1. r --- fo"- --- 1.0 1.0 
144 0. 1--toQ.25 ______ 2.'71 1.9 . 1.3 . 1.i' I.I I. I 1.0 1.0 1.0 1.0 1.0 · 1.0 1.0 
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Worksheet "Plot" of Workbook "MCNP Volume Seneca .xis" 

0 p Q R s T u V w X y z AA AB AC 

I 80. 200 . 220 : 240 . 260 ' 280 300 320 . 340 360 . 380. 400 420 . 440 . 460 

OOOE+oo: o-:-ooE+oo; O~OOE+OO O OOE+6o J (OOE1:!JOJ _<! .00E+OO I O.OOE+OO ; 0 OOE+OO : O.OOE+oo7 -~ OE~2" OOOE~O O.O~E!_00; OJ>.~~00 _!) OOE! O.!!., 0,90E+OO 
2.30E-OI 2.55E-OI 2.74E-O I 2.90E-O J · 3.03E-01 ' 3.14E-01 1 3.22E-01 3.30E-01 3.36E-0 11 3.42E-OI 3.46E-OI 3.S IE-01 3.54E-O I 3.57E-OI 3.60E-OI 
3.59E-02 3.51 E-02 3.41 E-02 3.04E-02 . 2.76E-02 2.58E-02 . 2.43E-02 . 2.30E-02 2. I 8E-02 2.08E-02 ' l.98E-02 . l.89E-02 '. 1.81 E-02 . I. TI E-02 . l.66E-02 
5.82E-OY 5-.07E-02 . 4.67E-02 . 4.60E-02 4.46E-02 . 4~26E-02 ; 3.78E-02 3.31 E-02 . 2.90E-02 2.:_53E~ 4 2.3fE-02 1 2:-22E-02 . f lOE-02' 2]0E-Of i°:-90E--:-02 
1.26E-01 1.11 E.:01 ·- 2.33E-Of 1.59E-02 ' 1.57E-02 1.61 E-02 1.93E-02 2.25E-02 : 2.52E-02 ; 2.56E-02 , 2.39 E-02 . 2.23E-02 ' 2.09E.:02'J .ffE-O°"f 1-:-86E-02 

12 O.OOE+OO~ 4.24E-05 ' -7.34E-02 ' 6.96E-02 1 1.22E-02 ' 8.12E-03 . 6.69E-03 6.29E-03 6.11 E-03 ' 7-_-89 E~03 . 1.01 E-Oi° i . 18 E-02 . 1. I 4E-02, 1.05E-02 - <f86E-03 
13 O.OOE+OO. O.OOE+OO. O.OOE+OO . O.OOE+Oo : 4.89E-02 . 4.6 1 E-02 4.17E-02 6.78E-03 . 3.80E-03 . 3.56E-03 . 3.38E-03 t T 32E-031 4:-94E-03i 6.90E-03'8.38E-03 
14 o:00E+001-0.00E+00:0.00E+·oo~ O.OOE+OO 

I 
O.OOE+OO ' O.OOE+OO : 1.65E-05 3.09E-02 3.04E-02_: 4.45E-03 , 2.79E-03 I 2.30E-03 2.21 E-03 2.1 SE-03~ 2. 16E-03 

15 -0.00E+oitO.OOE+OO i 00-0E+OO O.OOE+OO I O.OOE+00 1 O.OOE+OO . O.OOE+OO . O.OOE+OO O.OOE+OO 2.32E-02 . 2.26E-02 2.11 E-02 ' 3.06E-03 l.57E-03 1.57E-03 
16 O.OOE+OO . O.OOE+OO. O.OOE+OO O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+OO . O.OOE+OO ' 0.00E+OO . O.OOE+oo·• 8.13E-06 . 1.65E-02 

1 
1.67E-02. 2.24E-03 

O.OOE+OO . O.OOE+OO. O.OOE+OO : O.OOE+OO. O.OOE+OO ' O.OOE+OO O.OOE+OO. O.OOE+OO- 0.00E+OO . O.OOE+ooT o.OOE+OO . O.OOE+001 0.00E+OO- l.33E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OO E+OO. O.OOE+OO ; O.OOE+OO O.OOE+OO . O.OOE+OO 0.00E+OO . O.OOE+OO 0 .00E+OO- O~OOE+00 -0.00E+OO. O.OOE+OO 

4.SE-01. 4.SE-01. 4.SE-01 . 4.SE-01. 4.S E-01. 4.5E-O I . 4.5E-OI 4.SE-01 . 4.5E-OI. 4.5E-=lf1·· 4.SE-01 . 4:-5E-01~ 4.5E-OT~fETi'- 4.5E-OI 

i so · 200 · 220 240 260: 2so· 100 120 340; 360 . 380 ' Joo · :n o· - 440 · 460 
O.OOE+OO . O.OOE+OO O.OOE+OO. O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO'. O.OOE+OO - 0.00E+OO; O.OOE+OO . O.OOE+oo·• O.OOE+OO 

24 2.37 E-01 . 2.62E-o i" 2.83E-01 · 2.99E-01 . 3. 13E-O I ; 3.24E-O I ; }.33E-0 1 · 3.41E-OI . 3.48E-oi" 3.53E-01 ° 3.58E-OI . 3.63E-OI·• 3.67E-OI . 3.70E-01 - 3.73E-OI 
25 - 3.50E-Of° 3.54E:-02 - 3.51 E-02 3.14E-02 2.86E-02 2.68E-02 2.54E-02 2.41 E-02 2.29E-02 . 2. 18E-02. 2.0SE:-02 1 -1~99E-02'. 1.90E-02 I 1.82E-02 : 1~5E:02 

4.BOE-02 ° 4.48E-Of 4.52E-02 4.4 7E-02 . 4.33E-02 3.85E-02 ° 3.37E-02. 2.95E-02 2.57E-02; 2.39E-022.26E:-02~ 4E-021 2.03E-02 1.93E--:-02 
27 1.44E:o-1-: 1~26E:01 -2.33E-02 1.51 E-02 . 1.51 ~-02 : l.56E-o2; 1.94E-02 . 2.3 2E-02 2.63E-02 21i8E:02 

1
2.49E=02

7 2 .32E-02- 2. I ?E-02 ; 2.0SE-02 l.94E-02 
2s o.oo E+oo 5.6sE-Os - s .·s11:-02"- s .osE-02 · 1.21E-02 s.ooE-o3 6.s2E-03 6~1 sE-oT - 6.osE-oJ • s.2sE-63 ;-7 .1 of-of - 1~30E-02 ·"JT6E-021. 1sE-02 1.01E-02 
29 -o]QE+Oo' O.OOE+OO '. ~ OOE+OO - O.OOE+OO , 5J Of0~ ~ 5

0
4~:9i_; _4.89E-02 : 7.25E-03. 3.75E-03- 3.56E-:-03. 3 .42E-03 JAOE-03 5~38E-03 7.78E-03 9.60E-03 

30 _()J)OE+OO I O_()_D~ O~ _D.:_OOE+OO : O.OO_E+OO O._OOE::_<J~l_() .OOE-<:_OOJ l.99E-05 
1 

3.67E-021 3.59E-02: 4.85E-03 . 2.8~.:..0~ 2.32E-03 2.26E-03 j 2.24E-03 ' 2.28E-03 
31 _()J)OE+OO , O.OOE+OO O OO_E~ 00 1 O.OOE+~_O.OOE+OO J_2_:0_0E~OO l O.OOE+OO , O.OOE+o9 __ O.OOE+OO 2.77E-021 2.68E-02 2.50E:oiJ 3.38E-03 I l.60E-03 , l.62E-03 
32 ..2c2~E+OO 0.00E+OO O.OOE+OO O:OO~+oo : O.OOE+Q_0-1..2.:_D~E+O_O~ OOOE+OO , O.OOE+OO i O.OOE+_001 O.OOE+OOJ °-..OOE+OO , 9.89E-06 1.97E-02 t l.99E-02 i 2.52E:-03 
33 O.OOE+OO i O.OOE+OO _O:OOE+OO i ~-20E+_!l0 : O.OOE+oo , O.:_OOE+OQ , O.OOE+OO I O.OOE+OO : O.OOE+OO j O.OOE.:i:_OOJ O.OOE.:i:_OD_._ O.OOE+OO O.OOE+OO O.OOE+OO , l.60E-02 
34 O.OOE+OO O.OOE+OO O.OOE+OO:O.OOE+OO ' O.OOE+00 1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO i O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
35 - 4.7E-ITT- 4.7E-OI 4.7E-Oi-' -4.7£-01 ' 4.7E-OI . 4.7E-OI . 4.7 E-OI . 4.7E-OI 4.7E-O I . 4.7E-:-01 ' 4.7E-OI 4.7E-OI- --4.7E:0- !- 4-:Yf-of" ( 7SOI 

37 ___ , ___ J____ _ I _ • _ _ ____ - ___ __L _______ , __ _ 

38 180 200 220 240 260 280 300 · 320 3401- 360 380 400 420 , 440 460 
39 O.OOE+00- 0.00E+oci" -O~OOE+OO~ O.OOE+OO : O.OOE+OO . O.OOE+OO O.OOE+OO . O.OOE+OO ' O.OOE+0-01 O.OOE+OO 

1
0.00E+oo-'-o.ooE+Oo"' O.OOE+OO O.OOE+OO , O~OOE+OO 

40 2.39E-OI , 2.65E-OI 2.86E-OI 3.03E-O l , f l 7E-0 1; 3.28E-oi ; 3.37E-0 1 3.45E-OI . 3.52E=-01 1 3.:.5_8E-01; _3·_63_E-=-o_I:_:f ifl::-oi 3.71 E-01 . fi5E-0 1 fis E-0 1 
41 3.43E-02 3.54E-02 3.57E-:-0·2~ f 20E-O~ 2.92E-02 . 2 .75E-02 . 2.61 E-02 . 2.48E-02 2.36E-02 , 2.25E-02 , 2. I 5E-02 2.05E-02 . l.96E-02 1 I .88E-02 l.80E:02 
42 5.06E-02 __ 4 47E-02 _ 4.23E-02 r 4.38E-02

1 
4A I E-=02 ;-4.32E-02 I 3.86E-02 · 3.37E-02 · 2.96E-o2· 258E-02 2~4-0E-Oi°U7E-iii1 -2:-1 SE-02 - 2.04E-02 l.94E-02 

43 l.56E-Ol l.36E-O I 2.27E-02 l.39E-02 l.41E-02 l.47E-02 l.90E-02 . 2.32E-02 2.67E-02 · 2.72E-02 '-f52E=o2·- 2.34E~ 2.19E-02 2.07E-02 - l.96E:-02 
44 O.OOE+OO 5.54E-05 9.44E-02- 8.88 £-02° 1.26E-02 : 7.6 1E-03 : 6. 13E-03 . 5.89E-03 5.85E-03 -- 8.40E-03.l.15E-02 : 1:-:isE-02 l.34E-02 t l.2 1E-02 1 1.1 2E-02 
45 0.00E+OO- O.OOE+OO . O.OOE+OO : O.OOE+OO . 6.46E-02 6.03E-02 5.4 1 E-02 . 7.43E-03. 3.55E-03. 3.43E-OJ° 3.33 E-03 3.36E-03. 5.62E-03 · 8.38E-03 1.05E-02 
46 O.OOE+OOCJ~OOE+OO- O.OOE+OO . O.OOE+OO . O.OOE+·oo jO .OOE+OO . 2. I 6E-05 ·4. I OE-02. 4.00E-02 . 5.0SE-03 . 2.85f :of 2.26E-03 2.23E-03 2.24E-03 f3 I E-03 
47 -O~OOE+OO-- O.OOE+OO . O.OOE+OO '-o.OOE+OO . 0.00E+OO ,-O.OOE+o·o. O.OOE+OO . O.OOE+OO. O.OOE+OO . 3.11 E-02 . 3.01 E-OT - i°:-79E-02 3.55E-03 l.55E-031.60E-03 
48 -0.00E+oo ·o.OOE+OO - 0.00E+oo"'o.ooE+Oo i O OOE+OO 'o.OOE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO o-:-ooE+OO::I"ooE+90~- !~6(~ J.:.~E-02 ' 2.23E-02 2~7E:03 
49 -0.00E+ OO~ O.OOE+OO: O.OOE+OO: O.OOE+OO: O.OOE+OO : O.OOE+OO ; O.OOE+OO O OOE+OO . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO . O.OOE+OO l.80E-02 
50 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo ; O.OOE+oo; O.OOE+oo · O.OOE+oo :-o.OOE+ OO O.OOE+OO O.OOE+OO 
51 4.8E:of° -4 .SE-01 - 4.&E-0 1 4.SE-01 . 4.8E-OI . 4.SE-01. 4.8E-OI 4.8E-OI . 4.8E-OI . 4.8E-OI . 4.8E-M. <1 .fE:01 ·- 4.8E-OI _ 4.:.8E_jl_l__ , 4.8E-OI 

54 180 200. 220 . 240 260 280 300 320 . 340 . 360 3-80 ' 400--420--4 40 :- 460 

55 }OOE-<:_0_0: -O~OE-i-QP: 0 OOE+Ocij:0-0E+OO : O.OOE+OO ;·o~OOE+OO ; 0 OOE+OO : 0 OOE+OO : 0 OOE+OO ~_()_ OOE~Oo~ g.OOE+O~~___o OQ_E+~O . 0 09E+OO . O.OOE+OO O.OOE+ OO 
56 2.40E-OJ 2.66E-OI 2.87E-O I 3.04E-0 1 3.18E-OI 3.29E-OI 3.39E-01 3.4 7E-OI 3.54E-OJ 3.60E-OJ , 3.65E-0 1 3.69E-O I i 3.73E-O I 3.77E-O I 3.80E-OI 
57 T 38E-02 -fs5E-02 - y~2E-~ -=3 2~_:02j 2.98E-02 j 2:so~-02; 2 ~6E-02 : 2.54E-02 ; 242~-o~: 2) IE-02 ~ __ 2.20_E-O~ E~2.ITTE-02 l.92E-02 l.84E-02 
58 4.63E-02 4. I 3E-02 3.98E-~Q2E:93.J_ 4]_2E-02 4.29E-02 I 3.84E-02 ! 3.36E-02 . 2.9~ -~~E-02 2.40E-02 1 2.27E-02 2. I 5E-02 2.05E-02 1.95E-02 
59 l.65E-OJ · l.43E-OI _ 2:19E-02 ,_l.2~E-02 I l.30E-02 L l.3_~~-02L l.84E-02 . 2.3 IE-02 I 2.68~-0~ _ 2.73E-02 1 2.5i ~-02 2.33E-02 2. 19E-02 , 2.06E-02 1.96E-02 
60 O.OOE+001 5.56E-05 _!.:_ 01 _E-~ :- 9.52U2 . l.24E-02. _7:07E.:_03, 5:_64E-03 . 5.52E-03 5.5_§E_:_()_~ !_4_1 ~ 03 I. I 9E-02 . l.44E-02 l.40E-02 , l.26E-021 1.1 6E-02 
61 O.OOE+OO O.OOE+OO O.OOE+OO I O.OOE+OO I 7.02E-02 j 6.53E-02 • 5.85E-02 7.45E-03 ; 3.27E-03 I 3.23E-03 3.20E-03 3.28E-03 5.79E-03 8.85E-03 1.12E-02 
62 O.OOE+OO O.O-OE+0010.00E+OO O.OOE+OO 0.00E+OO j O.OOE+00 ° 2.14E-05 4.47E-02; 4.35E-=cm5.13E-03 2.73E-OJ ; 2.13E-03 1 2.16E-03

1 
2.21E-03 , 2.31E-03 

63 O.OOE"':00 , O.OOE+Ooi o.09E+oo 1§~E+~ O:Q_~E+OO ~ O!'! OO i O.:.OOE+oo ; O.OOE+oo ; O.~E+Oll ' 3.40E-02 3.28E-02 3.04E-=02 3.66E-03 1 l.46E-03 1 1.55E-03 
64 O.OOE+OO O.OOE+OO O.OOE+OO i O.OOE~ O ,_Q00_D E~Q_O O.:_ O~E+OO j O.OOE+OO . O.OOE+OO --~-O~E-<:_00 1 O.O~E+OO O.OQ!'+Olli l.07E-05 2.43E-02 I 2.44E-02 ' 2.77~03 
65 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo7 O.OOE+00 1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+00 1 O.OOE+OO • O.OOE+OO J 1.98E-02 
66 -0 OOE+ OO--o-:-ooE+ OO . 0 OOE+_OO~ o-:-o6E+~ ~ 0 09E+OO ,-0.00E+Oo : O.OOE+OO . O.OOE+OO : O.O~E+OQ '. O.OOE: oo l__o ~o~E+OO 1 ·9 .~~+@ O~OE.:i:_~ ~ OOE+OO O.OOE+O_Q 
67 4.9E.:_()_I _ £~-_QJ __ ~ -0! : 4.9E_:OI i 4.9E-01 . 4.9E-01 . 4.9E-Ol 4.9E-O l 4.9E-Ol 4.9E-0 1 4.9E-OI 4.9E-OI 4.9~0 1 __ 4.9E..:.2..!__ 4.9E-OI 
68 

---l-- --- - - - ,__ -~ 
69 
70 I.I I.I 1.1 1.1 I.I I.I 1.1 I.I . 1. 1: I.I I.I I.I , I.I 1.1 I.I 

- 1.0 · 1.0 1.0 1 o·· To- 1-:-0 · - 1.0 - ~ 71 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0~ 1.0 

- 1.0-72 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 - - -
73 
74 
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75 
76 

Worksheet "Plot" of Workbook "MCNP Volume Seneca.xis" 

0 p Q R s T u V w X 

- I 

180 200 . 220 . 240 260 280 . 300 320 . 340 360 
O.OOE+OO . O.OOE+Oo · O.OOE+OO ' O.OOE+OO O.OOE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO . O.OOE+OO . 0.00E+OO . 
2.25E-O.I ' 2.49E-OI . 2.69E-O! . 2.85E-OI ; 2.98E-OI ; 3.09E-OI . 3. 18E-OI 3.26E-OI . 3.32E-Ol 1 3.38E-O I . 

y 

- 4. f3E-Oi°~ 3.93E-02 1 3.75E-02 . 3.34E-02° 3.03E-0f 2.82£-of 2.65E-02 . 2.S0E-02 ; 2.37E-02 2.2SE-02 . ------ - -
6.62E-0_2,_5.79E-02

1 

s:30E-02 . 5.12E-02 4.92E-02 4.64E-02 . 4.14E-02° 3.65E-02° 3.22E-02 2.84E-02° 
I. I 8E-Oi . 1.05E-OI - 2.57E-02 . 1.86E-02 l.82E-02 l.84E-02° 2. I 2E-02 2.4 1 E-02 2.66E-02 . 2.71 E-02 . 

O.OOE+OO 3.83E-05 i 6.77E-Oi' -6.5 1E-02° l.32E-02 ' 9.33E-03 i 7.83E-03 7.24E-03 . 6.98E-03 8.49E-OJ° 
O.OOE+00 ,-0.00E+oo'' O.OOE+Oo l O.OOE+OO I 4.47E-02 •. 4.27E-02 . 3.92E-02° 7.28E-03 ' 4.44E-03 . 4. I IE-03 . 

-0:00E+OO-; O.OOE+OO ~-0.00E+OO ' O.OOE+OO . O.OOE+OO . O.OOE+OO . ! .65E-05 . 2.85E-02° 2.83E-02 . 4.70E-03 ' 
87 O.OOE+OO , O.OOE+OO O.OOE+OO O.OOE+OO : O.OOE+OO 

I 
O.OOE+OO :-o.OOE+OO . O.OOE+OO ' O.OOE+OO ' 2. !3E-02° 

88 'o]io-E+oo1 O.OOE+o<i:O.ooE+OO O.OOE+00T o.00E+001-0.00E+OO. O.OOE+OO O.OOE+OO ' O.OOE:;:oot o:ooE+OO 
89 -O.OOE+OO'. .... o7JDE+OO' O.OO~Op_: 0 00~+00 ~ ~.OOE+OO ~~ (OOE+_DO ! O~OOE+OO : O.OOE+OO O OOE+~o'.OOE+OO 1- ---

z 

90 O.OOE+OO ! O.OOE+OO O.OOE+OO O.OOE+OO • O.OOE+OO , O.OOE+OO , O.OOE+OO O.OOE+oo · O.OOE+oo : O.OOE+OO --- - ,--
91 4.ITE-0!4]2E-oT .. 4.53E:01 · 4.54E-O I · 4.54E-01 · f54E-OI · 4.54E-OI · 4.54E-OI · 4.5 5E-OI ' 4.5st:0 1 · - ·--· - _, __ _ 

-180 · - -· ioo 220 240 260 280 300 
O.OOE+Oo' ·-O.OOE+OO . O.OOE+Oo · O.OOE+OO . O.OOE+OO ' O.OOE+OO O.OOE-,.00 . 
2.34E-OI . 260E-OI 2.SOE-01 . 2.97E-Ol 1 3. I IE-01 . 3.22E-OI . 3.3 1E-0 I 
3.8 IE-02 . 3.76E-02 . 3.67E-02 3.28E-02° 2.98E-02 2.79E-02 . 2.64E-02 . 
6. I 7E-02 5 .38E-02 4. 96E-Oz° 4 .92E-02° 4.80E-02 4.59E-02 4.09E-02 
l.38E-OI . l.22E-01 i :s5E-02 . l.74E-02 1.7 I E-02 l.75E-02 . 2.09E-02 . 

O.OOE+OO-- 4-:-79E-Ofs:10E-02 7.7 1E-Oi' 1.36E-02° . 9.07E-03 7.47E-03 . 
O~OOE+OO i 'o]ioE+00-0.00E+OO . O.OOE+OO : ·-5.44E-02 ' 5.14E-02 . 4.68E-02 
O.OOE+Oo· -o.o6E+OO . O.OOE+00 1 O~OO{t 001-o]J<iE+6/i'· O.OOE+OO . 2.03E-05 . 
O.OOE+00' 0~00E+OO O.OOE+OO .... O~OOE+OO . O.OOE+OO- O.OOE+OO . O.OOE+OO . 

104 o.ooE+oo l o.00E+oo 1-o:001:+·oo ; o.ooE+oo l o.ooE+ooi' o.ooE+oo : o.ooE+oo · 
I 05 --0.00E+OO: 0:00E+6o i O.OOE+OO: O~OE+Oo; O.OOE+OO I O.OOE+OO : O.OOE+OO . 

106 _O.OOE::Q~.OOE+OO ! O.~or+.0~1. O.OOE+oo i O.OOE+·oo: 0 OOE+_oo: 0 OOE+oo : 
107 4.72E-OJ . 4.73E-01 1 4.73E-01, 4.74E-OI 4.74E-01 4.74E-OI 4.74E-OI 
!08 - _, - . ~. I ' 

320 
O.OOE+OO 
3.39E-OI 
2.51 E-02 
3.59E-02 
2.45E-02 
6.97E-03 
7.7 IE-03 · 
3.46E-02 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.74E-O I 

340 360 
O.OOE+oo : 0.00E+OO 
3.46E-O ! 3.52E-O I 
2.38E-02 2.26E-02 
3. I 5E-02 2.76E-02 
2.75E-02 i.80E-02 

- -+ --

6.77E-03 8.74E-03 
4.31 E-03 4.03E-03 
3.4 1 E-02 5.09E-03 

O.OOE+OO 2.60E-02 
O.OOE+OO O.OOE+OO 
O.OOE+OO: O.OOE+OO 
O.OOE+OO •-o.OOE+OO 

4.74E-OI 4.74E-OI 
-- -

AA AB 

--·1 ·- -·------- -i-

180 200~ 
- ---- ,-- -· - -- ---------

111 O.OOE+OO . .... O~OOE+OO ·-o:ooE+OO O.OOE+OO 
112 f:i9E-01 ·--2.64E-6T'- i'85E-OI. 3.0:iE-01 . 

3.26E-02 . 
4.64E-02 . 

260 
O.OOE+OO 
3. !6E-O l 
2.98E-02 
4.62E-02 : 

280 
O.OOE+OO 
3.27E-OI 
2.80E-02 
4.49E-02 

I I 3 3.59E-02 3.65E-02 3.64E-02 
114 -5:56E-02 4-.89E-Of 4.57E~02 

I .52E-OI I .33E-OI 1 2.43E-02 
OJJO-E+OO -5.51-E-65' - 9.09E-02 . 

!.55E-02 l.55E-02 ' 1.6 I E-02 . 
8.60E-02 . . I :34E: 02" 8.40E-03 . 

O.OOE+OO O.OOE+OO , O~OOE+oo · O.OOE+OO- 6.!9E-02 : 5.SIE-02 . 
6.00E+OO · O.OOE+Oo·o.ooE+OO O.OOE+OO O.OOE+OO L..O.OOE+OO 

I 19 .... 000E+OO 'O.OOE+OO O.OOE+Ooi-6.00E+oo i O.OOE+oo · O~OOE+OO 
120 .... o:OOi:+oo o.ooE+oo o:oOE+ao o.ooE+oo· o.ooE+oo· o.ooE+oo ' 
121 -0 OOE+ 00-0.00E+OO .... o-:-ooE+OO o:oof+oo1 O.OOE+6o i O.OOE+OO 
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1. PURPOSE 

This calculation is intended to provide an assessment of the potential for the migration of Plutonium or 
Americium into concrete at the Seneca Army Depot. This assessment is based on the solubility of Plutonium or 
Americium and porosity of concrete. 
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2. REFERENCES, INPUTS, AND ASSUMPTIONS 

2.1 References 

Bevington, Phillip R., 1969. Data Reduction and Error Analysis for the Physical Sciences, McGraw-Hill book 
Co., New York, New York. 

Hodge, H. C., J. N. Stannard, & J.B. Hursh, 1973 . Uranium Plutonium Transplutonic Elements, Springer­
Verlage, New York. 

International Commission on Radiological Protection (ICRP), 1983 . Annals of the ICRP, Radionuclide 
Transformations Energy and Intensity of Emissions, ICRP Publication 3 8, Vol 11-13, Pergamon Press, Oxford, 
England. 

Rai, Dhanpat, R. J. Seme, & D.A. Moore, 1980. "Solubility of Plutonium Compounds and Their Behavior In 
Soils," Soil Sci. Soc. Am J., Vol. 44, 1980, pg 490-495 (see Appendix B). 

Rai, Dhanpat, R. G. Strickert, R. J. Seme, & D.A. Moore, 1981. "Influence of an Americium Solid Phase on 
Americium Concentrations in Solutions," Geochimica et Cosmochimica Acta, Vol 45, 1981, pg 2257-2265 (see 
Appendix B). 

Shefelbine, Henry C. , 1978. "Preliminary Evaluation of the Characteristics of Defense Transuranic Wastes," 
SAND781850, Sandia National Laboratory, Albuquerque, New Mexico. 

Skalny, Jan P., 1989. Material Science of Concrete I, American Ceramic Society, Inc. , Ohio (see Appendix B 
for extract). 

Skalny, Jan P., and Sidney Mindess, 1991. Material Science of Concretell , American Ceramic Society, Inc. , 
Ohio (see Appendix B for extract). 

Skalny, Jan P., 1992. Material Science of Concrete III, American Ceramic Society, Inc., Ohio 
(see Appendix B for extract). 

Tipton, C.R., 1960. Reactor Handbook, Volume I, Materials, 2nd Edition, Interscience Publishers, Inc., New 
York. 

Toxell, Georger Earl, Harmer E. Davis, & Joe W. Kelly, 1968. Composition and Properties of Concrete, 2n 
Edition, McGraw-Hill, Inc. , New York (see Appendix B for extract). 

t.NLJ-Llt:.-30 (0)-97) 



~PAFISCNS 
Calculation Page 

Job/Cal. Number 

730047-01001-01 

Rev Date By Ck Subject: 

Discipline 

Health Physics 
Page 3 of 14 

plus Appendices 

,-O..,....,-d..,....r-a-=-ft...,,B,-----,-1,-;,...,.4..,..,/2,....,0,....,0...,,.2---+-=sw=w:=--::---+-=R...,,.JM::--:----; Assessment of the Potential Migration of Pu/ Am Into 
r-------+---------t----+--------1 Concrete 

U.S. Department of Health, Education, and Welfare, 1970. Radiological Health Handbook, PB-230 846, 
January 1970. 
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2.2 Assumptions 

1. The Am or Pu present would be contamination from the handling of Pu metal so the Pu would be in 
oxide form typically (see Chapter 9, Section II of Hodge, 1973). It is also assumed that Am and Pu may 
be present as hydroxides . The presence of Pu/ Am dissolve in acids is not credible situation since this is 
not a processing area and there is not evidence to acid damage of the concrete in the areas being 
addressed. 

2. The concrete is assumed to be typical construction grade concrete with no significant cracking or pitting. 
The absence of cracking or pitting was observed during the survey activity, but was not specifically 
documented. 

3. The only source ofliquid in the area would be water (i.e., condensate, groundwater, or runoff water). It 
is assumed that the surface of the concrete can be wet for an extended period of time (i.e. , 90 days). The 
water present on the surface is assumed to flow through the concrete based on current data on the 
porosity of concrete. 

4. Other analysis specific assumptions will be detailed in the description of the analysis. 

5. The material of concern is weapons grade plutonium as described by Shefelbine, 1978. Further, the Pu 
isotopes of interest are Pu-239 and to a lesser extent Pu-240. Pu-241 is of less importance since it is a 
beta emitter and has a half-life of about 13 years. The concern associated with Pu-241 is its progeny 
Am-241. 

6. Am is present as a progeny of the Pu-241 in the plutonium. 
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3. DISCUSSION 

This calculation models the movement of Pu/ Am into concrete by considering the porosity of the concrete for 
transport of water, solubility of Pu/Am, and the chemical retardation of the transfer of Pu/Am dissolved in 
water. This calculation is done using an EXCEL spreadsheet (i.e. , "pusol.xls" in Appendix C) with the 
following worksheets: 

• "Pu solubility," 
• "Concrete," 
• "Concentrations," and 
• "Buildup Cal. " 

The data is referenced in the spreadsheet in abbreviated form. These references are identified specifically in 
Section 2.1 

3.1 Transport 

The process model assumed that the initial penetration of Pu/ Am into concrete is as shown in Figure 1 for time 
t=0. The "Transportation Of A Chemical Through Concrete" chapter in the Material Science of Concrete III 
(Skalny, 1989) provides a 1 dimensional model for the movement of chemicals through concrete. It indicates 
that this movement can be modeled as a 1-dimenstion flow using: . 

x(t) = B * t 112 

where the value of B (i.e. , B=56. 7 mm/day) for water can be found in Table I of this chapter. The Pu/ Am is 
assumed to be transported as a dissolved species by the water. However, as is the case in soils, the chemical 
actions of the media can reduce the flow velocity of the chemical to less than the flow velocity of water by 
reacting with the dissolve material or precipitating it due to chemical changes. This can be modeled using a 
retardation factor for the material similar to the retardation factor used in water transport model for soils in the 
RES RAD software. The retardation factor (RT) is the ratio of the average water velocity to radionuclide 
transport velocity as discussed in Appendix E of Yu, 1993. When addressing the transport of Pu/ Am through 
this media, it is important to limit the concentration being transported to less than or equal to the saturation 
concentration. For this simplified model it is assumed that any Pu/Am, which can't be transported due to the 
saturation limit or the retardation factor remains at the originating location. 

The development of the concrete specific data, based on the Pu solubility data (see Section 3.1.5) is done in the 
"Concrete" worksheet of pusol.xls. The time dependent calculations and supporting information is addressed in 
the "Buildup Cal." worksheet of "pusol.xls" (see Appendix C). 
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3.1.1 Time= 0 days 

Figure 1 
Process For Chemical Transport (for time = 0) 

Surface Layer of 
Concrete c1 

RT 
--

1st Day Pentration NC2 Layer of Concrete --
S1 &V1 RT 

S =O 1 

2nd Day Pentration 
Layer of Concrete 

s2 & v2 

S =O 2 

Where the conditions and parameters at time t=0 are as summarized below and in Figure 1: 

.... 
~ 

• Contamination Source is the pool of liquid on the surface of the concrete, which is assumed to contain a 
saturated solution of Pu/ Am. This pool is assumed to be at pH 7 and have a concentration of C0 . 

• The surface layer of concrete is assumed to be a 0.2 cm layer of concrete. The CO2 in the air is assumed 
to have modified the concrete in this surface layer so that the pH in the pore spaces is less than the pH of 
12.5 normally found in concrete(see Section 2.16 of Troxell, 1968). Specifically the pH is assumed to 7 
for this layer for conservatism . The parameters at t=0 days are: 

S0(0) is the radioactivity per unit volume in the surface layer (µCi/ml). 
Co is the incoming activity concentration of the liquid (µCi /ml). 
VO is the volume (ml) of the section assuming a 1 en/ section. 
wf is the fraction of VO that may contain water (ml). 
C 1 is the outgoing activity concentration of the liquid (µCi /ml). 

The activity concentration (µCi /ml) in the surface layer, cell i=0 is So(0) a(i.e. , t=0) is shown in Figure 1. 
Note, Si (i) = 0 for i > 0 since the Pu/Am has not reached these cells yet, since penetration is modeled as 
occuring in 1 day steps and each layer below the surface layer is defined by the penetration boundary for the 
this additional day. Thus the value of "i" can be treated as both the time in days and the cell boundary with 
the break between cell "i=0" and "i=l " being a special case. 
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3.1.2 Time = 1 day 

• The 1st Day Penetration Layer of Concrete is area that is penetrated during the 1 day of in flow into the 
concrete for I cm2 section area minus the So layer. The liquid pH is assumed to be about 12.5 
consistent with the characteristics of concrete. Specifically for this assessment of activity concentration: 

S1(t) is the average radioactivity per unit volume in the surface layer (µCi/ml) at time "t". 
C 1 is the incoming activity concentration of the liquid (µCi/ml). 
V I is the volume (ml) of the section assuming a 1 cm2 section. 
wf is the fraction of V I that may contain water (ml). 
FV 1 is the volume of fluid that can flow in to layer "i= 1" thus FV 1 = wf * V 1• 

NCi is the ingoing activity concentration of the liquid, and is assumed to be 
NCi = Si-I *Vi-1/FVi if this concentration exceeds the saturation concentration then it is 
set to the saturation concentration. Essentially this is the activity in the source cell (i.e., 
Si_1*Vi-J) divided by the volume ofliquid that flows through that cell in a day (i.e., FVl) 
to determine the average concentration. 
RT is the retardation factor for the material (i.e., Pu or Am) for transport by water, 
assumed to be similar to the retardation factor used in modeling water transport in soils in 
the RESRAD model. This is the ratio of average water velocity to radionuclide transport 
velocity (see RESRAD 6 and Yu, 1993). However, to ensure conservatism this value has 
be set to 0. 1. 

To assess the concentration at the end of the first day it is necessary to model the penetration of the concrete by 
the carrier media water and any retardation of the transfer of Pu/ AM by the chemistry of the media through 
which the water is passing. The parameters for modeling this flow were defined above for t=l. 

The activity concentration (µCi/ml) in each cell i is Si(l) (i.e., values at t=l) is summarized below for i < 2, and 
is zero for i z 2, since the Pu/ Am will not have reached these cells. 

S0 (1) = [ So(0) *Vo+ (Co- C1) * FVl +RT* C1 * FVl] / Vo 

Si(l)=0, i>l. 
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3.1.3 Time ;::,: 2 days 

• For time greater than or equal to two days the Penetration Layer of Concrete is that area that is 
penetrated beyond that penetrated the previous day for 1 cm2 section area. The liquid pH is assumed to 
be about 12.5 consistent with the characteristics of concrete for all volume except V 0, which is assumed 
to have a pH of 7. Specifically for this assessment of activity concentration: 

Si(t) is the radioactivity per unit volume in the surface layer (µCi/ml) for cell " i" at time 
"t" . 
NCi is the incoming/outgoing (based on "i") activity concentration of the liquid and is 
assumed to be NCi = Si-i(t)*Vi_1/FVi if this concentration exceeds the saturation 
concentration then it is set to the saturation concentration. 
Vi is the volume (ml) of the section assuming a 1 cm2 section. 
wf is the fraction of Vo that may contain water (ml) . 
FVi is the volume of water that can flow in layer "i". 
RT is the retardation factor for the material (i.e. , Pu or Am) for transport by water and 
this value is assumed to be similar to the retardation factor used in model water transport 
in soils in the RESRAD model. This is the ratio of average water velocity to radionuclide 
transport velocity (see RESRAD 6 and Yu, 1993). However, to ensure conservatism this 
value has be set to 0.1. 

3.1.4 Time t days 

To assess the concentration at the end of each day (i.e., subsequent days ;::,: 2 days) it is necessary to model the 
penetration of the concrete by the carrier media water and any retardation of the transfer by the chemistry of the 
media through which the water is passing. The parameters are defined above in the discussion for t=0 and t= 1 
days. 

The activity concentration (µCi /ml) in each cell i is Si(t) (i .e., t=2, 3, 4, ... ) is summarized below: The 
equations are interrelated to that cell, which the flow has not penetrated will have zero values. 

S0(t z2) = [ So (t-1) *Vo+ (Co - C1) * FVl + RT* C1 * FVl] I Vo 

Si(t ;::,: 2) = [Si (t-1) * V 1 +RT* NCi * FVi - RT* NC(i+ 1) * FVi] / Vi 

with the following boundary condition: 
NCi = if [ Si-1(t-l)*Vi-1 /FVi > Ci-I , Ci-I , Si-1(t-l)*Vi-1/FVi] 

l:.NlJ-u l:.-JU (0)-Y I) 
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3.1.5 Assessment of Saturation Concentration 

Plutonium and americium are essentially insoluable materials unless the solution is highly acidic. The 
solubility is pH dependent and the behavior of a Pu/ Am solution passing through concrete should be similar 
to a Pu/ Am solution passing through soils, which was investigated and quantified as described in Rai, 1980 
and Rai, 1981. For purposes of conservatism it is assumed that concentration flowing into the concrete is 
saturated with Pu and Am, even though this is unlikely. When the potential concentration in an area 
exceeds the saturation concentration, the excess Pu and/or Am is assumed to precipitate and drop out of 
solution and remain in the cell and would be included as a potential future source for future flows and 
existing concentration. 

In the model discussed in Section 3 .1 the concentration in a cell (i.e. , Ci) is modeled based on the pH in the 
cell and the concentration of the entering solution. Above the top cell there is assumed to be a saturated 
solution of Pu and Am for the 90 days/year period that the concrete is assumed to be covered by this 
saturated solution of water. The Pu/Am source in this saturated water solution is assumed to be unlimited 
and have a pH of 7. Cell zero (i .e. , the top cell) is the top layer of the concrete where the pH has been 
affected by the CO2 in the air (i.e. , the top 2 mm), and is assumed to have a pH of about 7 (i.e. , below 12.5 
pH for typical concrete based on Troxell,, 1968 , pg 48 ; Skalny, Jan, 1989, pg 287; & Skalny, Jan and 
Sidney Miness, 1991 , pg 202) . Note, water has a pH of 7 with no contaminates. The concentration in a cell 
is controlled by the pH of the cell (i.e., below the top cell the pH is assumed to 12.5 based on Troxell, 1968 , 
pg 48; Skalny, Jan, 1989, pg 287; & Skalny, Jan and Sidney Miness, 1991 , pg 202) that is being entered and 
any precipitating Pu and/or Am is assumed to be deposited in the cell above. The flow out of a cell is 
always controlled by the pH of the cell below and the flow into a cell is controlled by the pH of the cell. 
The concentration (i.e., C) in the solution flowing from a cell is equal to the radioactivity in the cell divided 
by the water volume in the cell unless this concentration exceeds the saturation concentration for the cell 
that solution is flowing into, in such a case the concentration is reduced to the saturation concentration. 

The saturation concentration for Pu and Am can be characterized by the equations listed below: 

log (PutotaI) = (-3.90 ± 0.10)- (0 .64 ± 0.02) * pH (Rai, 1980) for PuO2 in moles per liter of solution. 

log (PutotaI) = (-1.19 ± 0.08)-(0.80 ± 0.01) * pH (Rai, 1980) for Pu(OH)4in moles per liter of solution. 

log (AmtotaI) = (-3 .76 ± 0.24)-(1.07 ± 0.04) * pH (Rai, 1981) for Amin moles per liter of solution. 

Moles per liter are converted to g/liter by multiplying by the atomic weight of the compound for Pu (i.e. , Pu-
239) and by multiplying by the atomic weight of Am-241. The concentration was then multiplied by the 
specific activity of the radionuclide(s) to calculate the activity concentration, which is Ci . 

Based on the chemistry of Pu and the assumed source of the Pu, which is metallic, the Pu in the solution above 
the top cell and in the top cell are assumed to be Pu 0 2. (Hodge, 1973). In subsequent cells because of the 

t.NU-Ut.-30 (0)-97) 
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abundance of the (OH)" ion the source is assumed to be Pu(OH)4, to ensure conservatism. Based on Rai , 1981 
the Am is assumed to be in ionic form, typically associated with hydroxides of this chemical. 

The solubility as a function of pH is summarized in Figure 1 for Pu/ Am. Note, these values are described based 
on activity and include the specific activity of the material. For Pu we consider both Pu-239 and mixture of Pu-
239/Pu-240 since both are of concern as discussed in Section 3.1.8. 

The assessment of Pu/ Am concentration at saturation is calculated in the "Pu solubi lity" worksheet of pusol.xls 
(see Appendix C). 

3.1.6 Retardation Factor 

The retardation factor (i.e. , RT) for the material (i.e., Pu or Am) transport by water through concrete is 
assumed to be similar to the retardation factor used to model water transport of these chemicals in soils in the 
RESRAD software. Rd is the ratio of the average water velocity to radionuclide velocity and can be calculated 
using (see RESRAD 6 and Yu, 1993): 

RT=l/Rd = 1 +Pb* Kc! / Th 

Where: 
Pb bulk density (g/cm3

) 

Kd distriubtion coefficent for radionuclide (cm3/g) 
Th volumetric water content 
Rd ratio of average water velocity to radionuclide velocity 

The value of Kd can vary based on the material for soils RESRAD uses : 

Element Kd pH Element pH 

Pu 1000 at pH 11 Pu 8500 at pH 7 
Table E.6 of 

Yu, 1993 
Pu 2000 not specified Am 20 not specified RESRAD 6 

These values are large and significantly reduce the movement of Pu/ Am, which is consistent with what is seen 
in nature. However, 1/~ (i .e., RT) was assumed to be 10 for both Pu and Am to ensure conservatism. The 
retardation factor is calculated and used in the "Buildup Cal." worksheet of the "pusol.xls" spreadsheet in 
Appendix C. 

t:,N \J·lit-JU (U'.l-Y/ 
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Figure 1 Pu/Am Solubility As a Function of pH 
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3.1.7 Description of Time Dependent Flow 

The model assumes that the various cells (i.e ., i=0 to 90) represent the amount of concrete that water would 
penetrate concrete in "i" days minus the amount of water that would penetrate concrete in "i-1 " days . The time 
dependent calculation is found in the "Buildup Cal." worksheet of the "pusol.xls" spreadsheet. 

The "i=0" cell is the layer on top of the concrete which is treated separately since it has different pH 
characteristics. The "i=l " cell begins at the bottom of the "i=0" cell and ends at the distance water would 
penetrate from the top of the concrete in one day. Thus the cells can be considered to be a time/distance 
dependent variable. The distance dependent variable begins with x=0 at the top of the concrete and the water 
layer above is not considered as part of the cells. The boundaries of these layers are summarized in Table 1. 
The liquid layer above cell "i=0" is assumed to be an unchanging saturated Pu/ Am solution, which is present for 
90 days/yr and absent for the balance of that period. It is only necessary to address a period of 180 days in each 
year since the water will have flowed beyond the bottom cell at the end of this period. 

At time zero water is assumed to have penetrated cell "i=0" and for each day thereafter the penetration is 
summarized in Table 1. Thus the cell number and the lapse time in days is equivalent with cell "i=0" and "i= 1" 
being special cases. The depth boundaries are also shown in Table 1. Below cell "i=90" there is assumed to be 
continuing concrete or soils, which would have concentrations less than those for the cells above this volume. 

It is assumed that for the first 90 days there is liquid setting on the surface and the water proceeds down through 
the concrete for 90 days. It is then assumed that the saturated water source has dried out and is no longer 
providing Pu/Am saturated liquid input to cell "i=0". Thus after 90 days, each day the water input to the next 
cell ends, ( e.g. , on day 91 cell "i= 1" receives no additional Pu/ Am saturated water and then on day 92 cell "i=2" 
Pu/ Am saturated water) until no water is present in the cells. The Pu/ Am in the cell on the last day it has water 
is assumed to remain in the cell it starts in and is also assumed to flow with the water into the next cell. This 
results in the activity in the solution on the last day a cell has water being double counted to ensure 
conservatism. This conservatism was used since it is unclear if the flow will actually continue after the water 
head above the cell is eliminated and thus keeping the activity in the cell above. The spreadsheet in Appendix 
C, particularly worksheet "Buildup Cal." of the pusol.xls spreadsheet provides a model of 90 days of filling and 
then 90 days of empting out (i.e., drying), which is assumed to happen each year. This cycle is assumed to have 
occurred for 40 years, so this 180 day cycle is repeated 40 times. Assuming the 90 days is continuous 
maximizes the penetration of the Pu/Am solution. 

t N'J -til:-J U (U )-\17) 
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Table 1 Cell Boundaries (Distance and Elapsed Time) 

Depth (cm) Elapsed Depth (cm) Elapsed Depth (cm) Elapsed 

Begin End Time (days) Begin End Time (days) Begin End Time (days) 

0 0.2 
0 I I NIA 

(<2Xl0-5
) ! I 

I 

0.2 5.7 1 i 31.1 31.6 i 31 43.9 44.3 61 
5.7 8.0 2 I 31.6 32.1 I 32 44.3 44.6 62 
8.0 9.8 3 ! 32.1 32.6 ! 33 44.6 45 .0 63 
9.8 11.3 4 i 32.6 33 .1 j 34 45 .0 45.4 64 

11.3 12.7 5 I 33.1 33.5 I 35 45.4 45 .7 65 
I I 

12.7 13.9 6 i 33.5 34.0 i 36 45.7 46.1 66 
13.9 15.0 7 I 34.0 34.5 I 37 46.1 46.4 67 
15.0 16.0 8 I 

I 
34.5 35.0 ! 38 46.4 46.8 68 

16.0 17.0 9 i 35.0 35.4 i 39 46.8 47.1 69 
17.0 17.9 10 I 35.4 35.9 I 40 47.1 47.4 70 
17.9 18.8 11 I 

I 
35 .9 36.3 ! 41 47.4 47.8 71 

18.8 19.6 12 j 36.3 36.7 j 42 47.8 48.1 72 
19.6 20.4 131 36.7 37.2 I 43 48.1 48.4 73 
20.4 21.2 14 I 37.2 

I 
37.6 ! 44 48.4 48 .8 74 

21.2 22.0 15 j 37.6 38.0 j 45 48.8 49.1 75 
22.0 22.7 16 I 38.0 38.5 I 46 49.1 49.4 76 
22.7 23.4 17 I 38.5 38.9 ! 47 49.4 49.8 77 . 
23.4 24.1 18 i 38.9 39.3 i 48 49.8 50.1 78 
24.1 24.7 19 i 39.3 39.7 i 49 50.1 50.4 79 
24.7 25.4 20 I 39.7 40.1 I 50 50.4 50.7 80 . 
25.4 26.0 21 : 40.1 40.5 : 51 50.7 51.0 81 
26.0 26.6 22 I 40.5 40.9 i 52 51.0 51.3 82 
26.6 27.2 23 ~ 40.9 41.3 ~ 53 51.3 51.7 83 
27.2 27.8 24: 41.3 41.7 : 54 51.7 52.0 84 
27.8 28.4 25 I 41.7 42.0 i 55 52.0 52.3 85 
28.4 28.9 26 I 42.0 42.4 I 56 52.3 52.6 86 . . 
28.9 29.5 27 I 

I 42.4 42.8 : 57 52.6 52.9 87 
29.5 30.0 28 i 42.8 43 .2 i 58 52.9 53.2 88 
30.0 30.5 29 I 43.2 43.6 ~ 59 53.2 53.5 89 
30.5 31.1 30 I 

I 43.6 43.9: 60 53.5 53.8 90 

Em1-vt-JU (05-97 
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3.1.8 Radionuclide Groups 

The primary radionuclide of concern associated with contamination from weapons grade Pu is Pu-239, so it was 
specifically addressed. In addition, the Pu-239/Pu-240 mixture consistent with Shefelbine, 1968 was also 
addressed due to the increase in specific activity of Pu-240. The Pu-240/Pu-239 ratio based on the Shefelbine 
data is 0.223 and is reflected in the calculation of the specific activity of the two radionuclides mixture. Am-
241 was also considered since it is a decay product of the short-lived Pu isotope Pu-241 (i.e., halflife of 13 .2 
years). As part of the survey activity the Pu-239 activity was extrapolated based on the Am-241 activity. For 
these analyses based on the projected age of material it was estimated that there are about 4 Pu-239 µCi for 
every single Am-241 µC i. This determination is documented in the survey and workplan documentation. 

The specific activity of the various radionuclides were calculated based on the following equation from the 
Radiological Health Handbook: 

SpActi(Ci/g) = 3.578 X 105 I Tl/2 (yr) I ATW 

Where: 

T 112 is the half-life in years, and 
A TW is the atomic weight of the element. 

The results for specific activity used in this analysis are summarized in Table 2 Specific Activity. 

Table 2 Specific Activity 

Radionuclide At Wt 
[Half-life (yr) 

SpA (Ci/g) 
(ICRP-38) 

~u-239 239 24065 0.0622095 
Pu-240 240 6537 0.2280608 
~m-241 241 432.2 3.4350933 

This data is calculated in the "Pu Solubility" worksheet of the "pusol.xls" spreadsheet. 

t:.Nu-u1:-Ju rus-n 
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4. CONCLUSION 

The projected activity range from 1.5 X 10·6 pCi/g to 4.66 X 10·23 pCi/g for the various layers after 40 years of 
exposure, as summarized in Table 3. The }:Ci/g values were calculated by multiplying the pCi/ml values by 
the density of concrete in g/ml (i.e., 2 g/cm ). The data for the various layer is summarized in detail in 
Appendix A (i.e., Table 4, Table 5, and Table 6) and were calculated by the spreadsheet document in Appendix 
C, specifically in the "Concentrations" worksheet of "pusol.xls" spreadsheet. The values for the various 
radionuclide groups specific solubility were put in the "Activity (uCi/ml) Inflow Concentration Used" line in 
the ""Buildup Cal." worksheet and then the resulting table (i.e., the "Calculation Table") in the 
"Concentrations" worksheet was copied and then the values were "special pasted" into the appropriate 
radionuclide group table to document the calculation. 

Table 3 Summary of Pu/Am Concentrations 

Radionuclide(s) Concentration After 40 Years In 
0 to 0.02 cm Layer 0.02 to 2.08 cm Layer 18.6 to 19.6 cm Layer 
pCVml pCVg pCVml pCVg pCVml pCVg 

Pu-239/Pu-240 l .38E-06 6.89E-07 2.36E-13 1.18E-13 3.61E-50 1.81E-50 
Pu-239 2.20E-06 l .l0E-06 3.76E-13 1.88E-13 5.76E-50 2.88E-50 
Am-241 9.16E-09 4.58E-09 8.90E-12 4.45E-12 1.36E-48 6.82E-49 

The uncertainty in this calculation is only addressed semi-quantitatively since the results are so small that a 
detailed assessment of uncertainty is not justified. The saturation uncertainty data ( see worksheet "Pu 
solubbility" of the pusol.xls spreadsheet in Appendix C) is clearly within an order magnitude. Further based on 
concrete porosity data uncertainties, the calculations of the flow through the concrete (see worksheets 
"Concrete" and "Buildup Cal." of the pusol.xls spreadsheet in Appendix C) are within an order of magnitude. 
The retardation factor is conservative by at least a factor of 2 for Am and orders of magnitude for Pu. Thus 100 
times values in Table 3 and APPENDIX A bound the activity that could be in the cells and the values in reality 
are probably less than the values in Table 3 and APPENDIX A. 

1:.r~u-ul:·JU (U:>-~t) 
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Table 4 Pu-239/Pu-240 Concentration In Concrete (pCi/ml) 

Layer I 2 3 4 5 6 7 8 9 IO 

Thickness of the 
2.00E-01 5.67E+OO 8.02E+OO 9.82E+OO l.1 3E+O l l.27E+O l l.39E+OI I. SOE+O l l.60E+O I I.70E+O I 

Layer (cm) 

Day I 3.65E-09 2.18E- 14 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 

1.3 8£-06 2.36E-1 3 2.33£-13 2.20E-1 3 2.02E-1 3 1.8 I E-13 I.63E-13 1.48£-1 3 l.35E- I 3 1.24E-I 3 
Later ·-------- ,_ _______ ------ ----- ------ ------ ------ ------ ------------------Layer II 12 13 14 15 16 17 18 19 20 

Thickness of the 
I.79E+Ol l. 88E+O I 1.96E+O l 2.04E+O l 2. 12E+OI 2.20E+O I 2.27E+O I 2.34E+O I 2.4 1E+O l 2.47E+O l 

Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 

1.15£ -1 3 l.07E- 13 l.OOE- 13 9.40E-14 8.86E- 14 8.37E-14 7.92E- 14 7.50E-14 7. I lE- 14 6.70E-14 
Later -------- -------· ------· ------ ------ ------------ ------ ------------------Layer 21 22 23 24 25 26 27 28 29 30 

Thickness of the 2.54E+Ol 2.60E+O l 2.66E+Ol 2.72E+Ol 2.78E+O l 2.84E+Ol 2.89E+O l 2.95E+O l 3.00E+O l 3.05E+Ol 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 6. 14E-14 5.41E-1 4 4.58E-1 4 3.71E-14 2.87E-1 4 2. 12E-1 4 1.49E- 14 l .OOE-14 6.44E- l 5 3.95E-1 5 

Later -------- -------■ ·-----· ,------ ------ ------ ------ ------ ------------------Layer 3 1 32 33 34 35 36 37 38 39 40 

Thickness of the 3. 1 lE+O l 3. 16E+O l 3.2 1E+Ol 3.26E+O l 3.3 1E+O l 3.35E+O I 3.40E+Ol 3.45E+O l 3.50E+O I 3.54E+O I 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 2.32E-15 l JOE-15 7.00E-1 6 3.61£-1 6 I.79E- 16 8.57E-l 7 3.94£-17 1.75£-1 7 7.48£-18 3.09£-18 

Later --------:-------· -------,------ ------ ------ ------ ------ ------------------Layer 41 42 43 44 45 46 47 48 49 50 

Thickness of the 
3.59E+O I 3.63E+O l 3.67E+O l 3.72E+Ol 3.76E+Ol 3.80E+O l 3.85E+O l 3.89E+O I 3.93E+O I 3.97E+O I 

Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 1.24£ -1 8 4.80£-19 I .80£-19 6.55£-20 2.32£-20 7.95£-2 1 2.65£-21 8.62£-22 2.73£-22 8.40£-23 

Later -------- -------- ------,------ ------ ------ ------ ------ ------------------Layer 5 I 52 53 54 55 56 57 58 59 60 

Thickness of the 4.0IE+OI 4.05E+O l 4.09E+O I 4.13E+OI 4.17E+O l 4.20E+O I 4.24E+O I 4.28E+O I 4.32E+OI 4.36E+OI 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 2.52£-23 7.40E-24 2.12£-24 5.92£-25 1.62£-25 4.32£-26 l. I 3£-26 2.88£-27 7.22£-28 1.77£-28 

Later -------- -------- ----- ----- ------ ------ ------ ------ ------------------Layer 61 62 63 64 65 66 67 68 69 70 

Thickness of the 
4.39E+O l 4.43E+Ol 4.46E+O I 4.SOE+Ol 4.54E+O I 4.57E+O I 4.6 1E+O l 4.64E+OI 4.68E+OI 4.71E+O I 

Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 

4.26E-29 I .OOE-29 2.32£-30 5.28£-3 1 1.18£-3 I 2.57£-32 5.53E-33 1.17£-33 2.43£-34 4.96£-35 
Later 

Laye r 7 I 72 73 74 75 76 77 78 79 80 

tNIJ·I.Jt-30 (0)-97) 
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Table 4 Pu-239/Pu-240 Concentration In Concrete (pCi/ml) 

Thickness of the 
4.74E+OI 4.78E+O I 4.8 1E+Ol 4.84E+OI 4.88E+O I 4.9 1E+O I 4.94E+O l 4.98E+OI 5.0 IE+O l 5.04E+O I 

Layer (cm) 

Day 1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Yea rs 

9.98E-36 l .97E-36 3.84E-37 7.36E-38 1.39E-38 2.58E-39 4.74E-40 8.55E-4 l 1.52E-41 2.67E-42 
Later --------- -------· -------------- ------ ------------ ------ ------------------Layer 81 82 83 84 85 86 87 88 89 90 

Thickness of the 5.07E+O I 5. IOE+O I 5.13E+O I 5.17E+O I 5.20E+O I 5.23E+O I 5.26E+OI 5.29E+O l 5.32E+OI 5.3 5E+O l 
Layer (cm) 

Day 1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Forty Years 

4.63E-43 7.9 1E-44 1.33E-44 2.22E-45 3.64E-46 5.91E-47 9.46E-48 1.50E-48 2.34E-49 3.6 1E-50 
Later 

Table 5 Pu-239 Concentration in Concrete (pCi/ml) 
Layer I 2 3 4 5 6 7 8 9 10 

Thickness of the 2.00E-01 5.67E+OO 8.02E+OO 9.82E+OO l.1 3E+O l l.27E+Ol 1.39E+Ol 1.SOE+Ol l.60E+O I l.70E+O I 
Layer (cm) 

Day I 5.81E-09 3.47E-14 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 2.20E-06 3.76E-1 3 3.7 1E-1 3 3.S IE-1 3 3.21 E-13 2.89E-13 2.60E-13 2.35E-13 2.l 5E-13 l.98E-13 ·---------------- ----- ----- ----- ----- ----- ------------ ii- - --- - ------
Layer II 12 13 14 15 16 17 18 19 20 

Thickness of the l. 79E+O I l. 88E+OI 1.96E+OI 2.04E+O l 2. 12E+O l 2.20E+O l 2.27E+OI 2.34E+Ol 2.4 1E+O I 2.47E+O l 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later l. 83E-1 3 l.?OE-13 1.59E-13 l. 50E-l 3 l.41 E-1 3 1.33E- 13 l.26E-1 3 l.19E-l 3 l.1 3E-13 l.07E-13 -----------------· ·----- · ·-----· ------ ------ ·----- ------ --------------------Layer 21 22 23 24 25 26 27 28 29 30 

Thickness of the 2.54E+OI 2.60E+O l 2.66E+Ol 2.72E+OI 2.78E+O I 2.84E+OI 2.89E+O l 2.95E+Ol 3.00E+Ol 3.05E+Ol 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 9.78E-1 4 8.63E-14 7.30E-1 4 5.92E-1 4 4.58E-1 4 3.38E-14 2.38E-1 4 l.60E-14 l.03E-1 4 6.29E-15 ---------- i,..----- - ----- - - - - - ----- ------ ------- ------------------~-----
Layer 31 32 33 34 35 36 37 38 39 40 

Thickness of the 3.II E+OI 3.1 6E+Ol 3.2 1E+O l 3.26E+Ol 3.31E+Ol 3.3 5E+O l 3.40E+O l 3.45E+O l 3.50E+O l 3.54E+O l 
Layer (cm) 

Day 1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 3.69E-1 5 2.07E-15 1.II E-1 5 5.76E-16 2.86E-1 6 1.37E-1 6 6.28E- l 7 2.78E-l 7 l.1 9E-17 4.93E-l 8 ----------------- ----- ----- ----- ----- ------ ------ ------------------Layer 41 42 43 44 45 46 47 48 49 50 

Thickness of the 3.59E+Ol 3.63E+OI 3.67E+OI 3.72E+OI 3.76E+O l 3.80E+OI 3.85E+O l 3.89E+O I 3.93E+O l 3.97E+O l 
Layer (cm) 

Day I O. OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty. Years Later l.97E-1 8 7.64E-1 9 2.87E-1 9 1.04E-1 9 3.69E-20 l.27E-20 4.23E-21 1.37E-21 4.34E-22 l .34E-22 

Layer 51 52 53 54 55 56 57 58 59 60 

t Nu-Ut.-J U (05-97) 
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Table 5 Pu-239 Concentration in Concrete (pCi/ml) 
Thickness of the 

4.0IE+O I 4.05E+OI 4 09E+O I 4. 13E+O I 4.17E+OI 4.20E+OI 4.24E+OI 4.28E+O l 4.32E+Ol 4.36E+O I 
Layer (cm) 

Day l O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 4.02E-23 l . l8E-23 3.37E-24 9.43E-25 2.57E-25 6.88E-26 I .80E-26 4.59E-27 l.l 5E-27 2.82E-28 ---------~------ ----- -----· 1------ ------ i- ----- ------ ------ ------------Layer 61 62 63 64 65 66 67 68 69 70 

Thickness of the 4.39E+OI 4.43E+O I 4.46E+Ol 4.SOE+O l 4.54E+OI 4.57E+Ol 4.6 1E+O I 4.64E+O l 4.68E+O I 4.7 1E+O I 
Layer (cm) 

Day l O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Fort)' Years Later 6.79E-29 l.60E-29 3.70E-30 8.4 1 E-31 l .87E-3 l 4. JOE-32 8.82E-33 I .86E-33 3.87E-34 7.9IE-35 --------- '"9------ ■ ·----- ----- ----- ----- ------ ------ ------ ------------Layer 71 72 73 74 75 76 77 78 79 80 

Thickness of the 4.74E+O l 4.78E+O I 4.8 IE+O I 4.84E+OI 4.88E+OI 4.9IE+Ol 4.94E+O I 4.98E+O I 5.0IE+OI 5.04E+OI 
Layer (cm) 

Day l O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later l .59E-35 3. l4E-36 6. 12E-37 l.l 7E-37 2.21E-38 4.12E-39 7.55E-40 I .36E-40 2.43E-4I 4.26E-42 ---------------- ----- ·-----· ------· i------ ------ ------ i------ i------~-----
Layer 81 82 83 84 85 86 87 88 89 90 

Thickness of the 5.07E+OI 5. IOE+O I 5.13E+O I 5. 17E+O I 5.20E+O I 5.23E+O I 5.26E+O I 5.29E+O I 5.32E+O l 5.35E+OI 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.O OE+OO 

Forty Years Later 7.38E-43 I .26E-43 2.l2E-44 3.54E-45 5.81E-46 9.42E-47 1.S IE-47 2.39E-48 3.73E-49 5.76E-50 

Table 6 Am-241 Concentration in Concrete (pCi/ml) 
Layer l 2 3 4 5 6 7 8 s l C 

Thickness of the 2.00E-01 5.67E+OO 8.02E+OO 9.82E+OO l.l 3E+O I l.27E+OI l.39E+OI l.50E+O I l.60E+O I l.70E+O I 
Layer (cm) 

Day l 3.19E-1 l 8.23E- 13 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 9.16E-09 8.90E- 12 8.78E-12 8.32E-12 7.6 1E- 12 6.85E- 12 6. 16E-1 2 5.58E-12 5.09E- 12 4.68E-12 

------------------ ----- ----- ------------ ------ ------------· i------ ------Layer II 12 13 14 15 16 17 18 19 20 

Thickness of the 1.79E+O I l.88E+O I l.96E+O I 2.04E+O I 2. 12E+O I 2.20E+O I 2.27E+O I 2.34E+OI 2.41E+OI 2.47E+OI 
Layer (cm) 

Day l O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Yea rs Later 4.33E-1 2 4.04E-12 3.78E- 12 3.5 5E-12 3.34E-l 2 3.l6E-12 2.99E-12 2.83E-12 2.68E-12 2.53E-12 ----------- ------- ----- ----- ------------------ ----- ----- ~-----------Layer 21 22 23 24 25 26 27 28 29 30 

Th ickness of the 
2.54E+O I 2.60E+O l 2.66E+O I 2.72E+O I 2.78E+O I 2.84E+O l 2.89E+O I 2.95E+O l 3.00E+O l 3.0SE+O I 

Layer (cm) 

Day l O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 2.32E-1 2 2.04E- 12 l.73E-1 2 l .40E-1 2 1.09E- 12 8.0IE-1 3 5.64E- 13 3.79E-1 3 2.43E- 13 l.49E-l 3 

Layer 3 1 32 33 34 35 36 37 38 39 40 

t:.Nu-UE-30 '05-97 



~ Job/Cal. Number Discipline 
Appendices FIARSCNS 

Calculation Page 730047-01001-01 Health Physics 

Rev Date By Ck Subject: 

0, draft B 1/4/2002 sww RJM 
Assessment of the Potential Migration of Pu/Am Into 
Concrete 

Table 6 Am-241 Concentration in Concrete (pCi/ml) 
Thickness of the 

3.IIE+OI 3.16E+OI 3.21 E+OI 3.26E+O I 3.3IE+OI 3.35E+OI 3.40E+OI 3.45E+OI 3.50E+OI 3.54E+Ol 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Yea rs Later 8.74E-14 4.91E-14 2.64E-14 l.36E-14 6.77E-15 3.24E-15 l.49E-l 5 6.60E-16 2.82E-16 J.l 7E-16 ---------- ------- -----· 1------ i------------- ------ -----· ·----- ------ ,.... _____ 
Layer 41 42 43 44 45 46 47 48 49 50 

Thickness of the 3.59E+OI 3.63E+OI 3.67E+OI 3.72E+O l 3.76E+OI 3.80E+OI 3.85E+OI 3.89E+OI 3.93E+OI 3.97E+Ol 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 4.67E-l 7 l.81E-17 6.80E-18 2.47E-18 8.74E-19 3.00E-19 I .OOE-19 3.26E-20 I .03E-20 3.l 7E-21 ---------- ------- ----- ----------------- ------ ----- ----- -----------Layer 51 52 53 54 55 56 57 58 59 60 

Thickness of the 
4.0IE+OI 4.05E+Ol 4.09E+OI 4.13E+OI 4.1 7E+OI 4.20E+OI 4.24E+OI 4.28E+OI 4.32E+OI 4.3 6E+O l 

Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 9.53E-22 2.79E-22 7.99E-23 2.23E-23 6.JOE-24 I .63E-24 4.26E-25 l .09E-25 2.73E-26 6.69E-27 ---------- '"""------· ·----- ------------------ ------ -----· ------· ------ ------Layer 61 62 63 64 65 66 67 68 69 70 

Thickness of the 4.39E+OI 4.43E+OI 4.46E+OI 4.50E+OI 4.54E+OI 4.57E+OI 4.61E+OI 4.64E+OI 4.68E+OI 4.71E+OI 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 1.61 E-27 3.79E-28 8.78E-29 I .99E-29 4.44E-30 9.72E-31 2.09E-3 I 4.42E-32 9.l 7E-33 l.87E-33 ---------- i-------· ----- ----- ------------ ------ ----- ----- ----- ------Layer 71 72 73 74 75 76 77 78 79 80 

Thickness of the 4.74E+OI 4.78E+OI 4.81E+OI 4.84E+OI 4.88E+OI 4.91E+O I 4.94E+OI 4.98E+OI 5.0IE+OI 5.04E+O I 
Layer (cm) 

Day 1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Years Later 3.77E-34 7.45E-35 I .45E-35 2.78E-36 5.25E-37 9.76E-38 l.79E-38 3.23E-39 5.75E-40 1.0 I E-40 ---------- ------- -----
,_ _____ 

i-------i------------- -----· ------· 1------ ------Layer 81 82 83 84 85 86 87 88 89 90 

Thickness of the 5.07E+OI 5.IOE+OI 5.13E+OI 5.17E+O I 5.20E+O I 5.23E+OI 5.26E+OI 5.29E+O I 5.32E+OI 5.35E+OI 
Layer (cm) 

Day I O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Forty Yea rs Later l.75E-41 2.99E-42 5.04E-43 8.38E-44 I .38E-44 2.23E-45 3.57E-46 5.65E-47 8.83E-48 i .36E-48 

t:NLJ-{jJ: - JU \ U)-97) 
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Solubility of Plutonium Compounds and Their Behavior m Soils1 

DHANPAT RAx, R. J. SERNE AND D. A. MooRE2 

ABSTRACT 

The solubilities of •PuO, (c) (crystalline) and •Pu(OH), 
(am) (amorphow) under natural environmental conditions 
were detrrmioed. Thrsr data were thm wrd to predict the (i) 
nature of the solid phases prrsrnt in contaminated sow, and 
(ii) Lota! concentration of Pu that can hr exprcted in aoil 
solutioru when these Pu solid, are presmt. 

Based upon solubility measurmienu, an estimated value of 
the log K' (equilibrium constant at room trmpn-aturr and an 
approximate ionic strrngth of O.OO-t5) for the diSIOlution of 
-PuO,(c) [PuO,(c) :=; PuO1• + r] was found to hr -H.8. 
The estimated value of the log K• for the dis.,olution of 
-Pu(OH),(am) [Pu(OH),(am) :=; PuO,• + 2 H,O + r] was 
found to hr -12.8. 

Comparison of Pu concmtration in equilibrium solution., 
of contaminated Hanford soill with the PuO,(c) and Pu(OH), 
(am) solubility lines suggested that Pu(OH),(am) was absent 
from all the samples and that two of the samples contained 
PuO,(c). The prrsrnce of PuO,(c) was also confirmed by X· 
ray diffraction of Pu panicles isolated from one of the samples. 

A.dditional Index Words: PuO1(c), Pu(OH).(am), equili• 
brium constant, plutonyl (V), oxidation-reduction, redox po­
tential. 

Rai. D., R. J. Seme, and D. A. Moore. 1980. Solubility of plu­
tonium compounds and their behavior in soils. Soil Sci. Soc. Am. 
J. 44:490-495. 

T HE SOLID COMPOUNDS of Pu that may be present in 
soils have a specific solubility at equilibrium in 

a given weathering environment and could control the 
final concentration of Pu in the soil solution. The 
final concentration could, in tum, largely control the 
distribution of Pu in the environment. Therefore, 
knowledge of Pu compounds present in the soil and 
their solubility are necessary in order to predict the 
behavior or fate of Pu in soil. 

Reliable data on the solubility of crystalline Pu ox­
ide [ PuO2 ( c)] and amorphous Pu hydroxide [ Pu 
(OH)4(am)], the compounds most likely to form in 
soils at environmental pH and redox potentials, are 
lacking (13). Based upon thermodynamic data re­
ported in the literature, an uncertainty of at least 
five orders of magnitude in the solubility of these 
compounds is expected (14). An extensive review (2, 
3) of the actinides indicate that numerous workers 
have studied Pu concentrations and distribution with 
depth in soils around nuclear installations. However, 
with the exception of Price and Ames (12), none have 
made any attempt to identify the solid phases of Pu 
present in soils. Price and Ames (12) isolated pluto-

1 Contribution from Baaelle, Pacific Northwest Laboratory, 
Richland . W . .\ 99352. This research was conducted for the 
Office o f :-luclear Waste :'>fanagement (O:-;WI. WIS . .\P ) and 
the Office o f Basic Energy Sciences of the U. S. Dep . o f Energy 
under Contract EY -i6 -C.06 -1830. Received 15 Oct. 1979. Ap­
pro \Cd I 3 Feb. 1980. 

'Senior Research Scientist , Staff Scientist. and Technician , 
rcspecti\'el\ . 
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nium particles from contaminated soils and analyzed 
them with electron microprobe and X-ray diffraction. 
They were able to isolate and identify discrete parti­
cles of Pu as PuO2(c), but were not able to identify 
the nature of other Pu compounds associated with soil 
silicates. The results of Price and Ames (12) are con­
sistent with the theoretical calculations of Rai and 
Serne (13) who predicted that the PuO2(c) would be 
comparatively stable in the pH and redox potential 
ranges found in terrestrial environments. 

Clearly more information is needed regarding the 
solubility of various Pu compounds and the nature of 
the solid compounds that may be present in the soils. 
The objectives of this study were to: (i) determine 
Pu concentrations in equilibrium with PuO2(c) and 
Pu(OH)4(arn) under environmental conditions, (ii) 
identify Pu compounds in contaminated soils, and (iii) 
provide guidelines for selecting concentrations of Pu 
for adsorption experiments to assure that Pu precipi­
tation would be negligible or absent. 

METHODS AND MATERIALS 

The •Pu(IV) hydroxide used in this study was prepared by 
rapid neutralization of a pure •Pu(IV) nitrate solution (BM 
HNO,) with :-JaOH (6). The precipitate was washed with dis­
tilled water. The Pu(IV) hydroxide thus prepared is repre­
sented in this srudy as Pu(OH),(am). As expected, the X-ray 
diffraction pattern of Pu(OH),(am) indicated it to be an amor­
phous compound (Table 2). The crystalline •PuO,(c) (99.1% 
enriched in -Pu) microspheres were obtained from Oak Ridge 
National Laboratory, Oak Ridge , Tennessee. A nearly perfect 
match of the sample 's d spacings with the , ·alues reported in 
American Society for Testing and Materials (4) indicated that 
the PuO.(c) sample used for this study was indeed crystalline 
(Table • I). In order to determine solubility, approximately 8 
mg of these -Pu solids were suspended in 20 ml of 0.0015M 
CaCI, solution. The samples were adjusted to different pH 
\'alues with HCI or NaOH. The suspensions were equilibrated 
with air and shaken for \'arious lengths of time. The pH of 
the suspensions was periodically readjusted (approximatel y ev­
ery fifth day) for the first 3 weeks of the experiment. The pH 
was measured using a glass electrode. The redox potential 
(Em) was measured with a platinum electrode (vs. standard 
calomel electrode corrected to standard hydrogen electrode). 

In order to determine the nature of the plutonium com­
pounds present in cori'taminated soils, three contaminated soil 
samples (29-4-5..\; 29-4-11:\; 212-1D) from two Hanford waste 
disposal cribs (29 and 212) were used. The samples were washed 
once with distilled water to remo,·e soluble salts and then equili ­
brated with 0.0015M CaCI, solution in duplicate. Equilibrations 
were also carried out with soil only and soil plus 5 mg of 
PuO,(c). As in the case of Pu compounds. the suspensions were 
equilibrated with air and shaken for ,·arious lengths of time. 

At ,·arious times , the suspensions containing Pu compounds 
and contaminated soils were centrifuged at 6,000g for 4-0 min 
and a small aliquot of the mpernate was withdrawn for Pu 
analyses. A preliminary anal ysis of these solutions indicated a 
wide rnriation (as high as 30 fold in some cases) in Pu con ­
centrations of duplicate aliquots withdrawn from a sample. This 
,·ariation was later found to be due to the inability of centrifu­
gation to completely separate the solid particles from the solu ­
tion. Filtration through (0.1 and / or 0.015 µm ) Nuclepore® 
filters ga,·e consistent analvses of rluplicate aliquots and thus 
presumabl y remo \Cd the fine solid particles. The Pu acti\'ity in 
solutions was determined by alpha counting in a 21r geometry. 

The cr~stal11n1t y o f th e Pu samples was determined from X­
ra y diffractio n patterns o bta ined by us ing Cu Ka. 
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Table 1-X-ray diffraction data fOC' Pu samples. 

d{ A} from different Pu samplest 

Standarci 
Pu 11..t in study 

PuO.(cl PuO.(c} Pu(OH},(am) Filtered Pu Soil Pu 

3.08 3.118 A 3.13 3.13 
2.67 2.696 A 2.71 
1.894 1.909 A l.919 1.888 
l.617 1.627 A l.631 1.623 
1.548 1.559 A 1.552 
1.234 1.239 A 1.235 
1.203 1.208 A 1.204 
1.199 1.103 A 1.098 

t Standard PuO.(c} data ASTM (1966}; A = amorphous; filtend Pu = Pu 
retained by a 0.1•,.m membrane used to filter PuO,(cl suspenaion no. 20 
equilibrated for 90 days (Table l}; 90il Pu = Pu separated from contami• 
nated 90il Z&-4· llA (l}. 

RES UL TS AND DISCUSSION 

Solubility of Pu Compounds 

The concentration of Pu in unfiltered and filtered 
solutions after contact with 239PuO2(c) and 239Pu(OH)4 

(am) for 90 days is given in Table 2. The samples 
passed through 0.1· and 0.015-µ.m filters do not differ 
significantly from each other, indicating that discrete 
Pu particles >0.015 µ.m and <0.1 µ.m are absent from 
solutions. The Pu concentrations in unfiltered sam­
ples were generally close to those in the filtered solu­
tions except in a few relatively high pH samples where 
the concentration in unfiltered solutions was up to 
three orders of magnitude higher than in the filtered 
solutions. Discrete particles of Pu were found when 
several filters employed in filtration were examined 
with a scanning electron microscope and an electron 
microprobe. X-ray diffraction patterns of the Pu re­
tained on a 0.1 µ.m membrane (Table I) used to filter 
a PuO2(c) sample indicated it to be a crystalline 
PuO2(c) . Thus, the difference in Pu concentration 
between the unfiltered and filtered solutions can be 
attributed to the incomplete separation of Pu particles 
from the unfiltered solutions. Therefore, all subse­
quent samples were filtered before analysis. At the 
end of the 90-day equilibration, the X-ray diffraction 
patterns showed that the PuO2(c) samples were crystal­
line and Pu(OH)4(am) samples were amorphous, as 
was the case at the beginning of the experiment. 
Thermodynamic prediction (13) and literature data 
(IO) indicate that with time Pu(OH)4(am) will crystal­
lize and change to PuO2(c). However, the equilibra­
tion period employed in this study apparently was not 
long enough for this change to occur to any measur­
able extent. 

Plutonium concentrations in solution in contact 
with PuO2(c) and Pu (OH)4(am) for 90, 130, and ap­
proximately 250 days are plotted against pH in Fig. 
1 and 2. Values for 90, 130, and 250 days are similar, 
suggesting that equilibrium had been reached after 
90 days. The pH of the solutions was observed to 
continuously decrease with time (Fig. 1 and 2) pre­
sumably due to radiolysis of water caused by alpha 
decay. With th is decrease in pH the concentration of 
Pu has increased proportionally again suggesting that 
the Pu concentrations have reached equil ibrium values 
at all of the measured pH values. As expected (13) , 
Pu(OH)4(am) maintains a higher Pu concentration 
in solution at environmental pH values than does 

Table 2-Coaceatratioa of Pu in 0.0015M CaCls aolution after 
contact with '"PuO,(cl and '"Pu(OH).(am.) fOC' 

approximately 90 daya. 

Log Pu (mol/liter} in solutiont 

Sample 
Filtered through 

DO. pH Unfiltered 0.1 ,.m 0.015 ,.m 

Solutiona contacting PuO.(c}t 

13 3.80 -6.14 -6.17 -6.12 
14 3.80 -6.09 -6.08 -6.05 
15 4.30 -6.42 -6.60 -6.57 
16 4.30 -6.43 -6.43 -6.44 
18 5.40 - 5.69 -7.28 -7.29 
17 5.45 -6.15 -7.46 -7.47 
19 7.30 -6.33 -8.70 -8.55 
20 7.30 -5.62 - 8.71 -8.78 

Solutiona contacting PulOH},(amlt 

21 3.95 -4.40 -4.44 -4.46 
22 4.00 -4.64 -4.64 -4.52 

5 4.00 -3.90 -4.31 ND 
6 4.00 -3.39 -4.22 ND 

24 5.00 -5.26 -5.25 -5.25 
23 5.05 -5.43 -5.44 -5.47 
8 5.25 -4.99 -5.17 ND 
7 5.30 -5.19 -5.31 ND 

26 6.60 -6.51 -6.77 -6.79 
25 6.70 -6.56 -6.83 -6.98 
10 6.80 - 5.18 -6.63 ND 
9 6.83 -5.71 -6.73 ND 

27 7.50 -7.43 -7.54 -7.58 
28 7.70 -7.19 -7.77 -7.79 
12 7.85 -5.21 -7.11 ND 

t All 90Jutiona were centrifupd at 6,000g for 40 min; ND = not deter• 
mined; the average valuee of three subaamplee counted from each sample 
are given and the error (one atandarci deviation} in all the samplee was 
< ,1: 0.06, except in unfiltered PuO,(c} samplee 19 and 20 and Pu(OH},(am) 
samplee 7 and 9 when the error varied from ±0.13 to ±0.18. 

t Appro:rimately 8 mg of cry3talline PuO, or amorphous Pu(OH}, were 
shaken with 20 ml of 0.0015M CaCI,. 

PuO2(c). The solubilities of both PuO2(c) and Pu(OH)4 
(am) decrease with increasing pH. Linear relation­
ships exist between the pH and total Pu concentra­
tion in solution in equilibrium with the different Pu 
compounds. These relationships for PuO2(c) (Eq. 
[I]) and for Pu(OH)4(am) (Eq. [2]) are : 

log (Putota1) = (-3.90 ± 0.10) - (0.64 ± 0.02) pH [ l] 

log (PUtotal) = (-1.19 ± 0.08) - (0.80 ± 0.01) pH [ 2] 

where Pu1otal is in mol / liter. The measured redox 
potentials (£.,,. in V) and pH of PuO2(c) and Pu(OH)4 
(am) suspensions (Fig. 3) also exhibited a linear cor­
relation as shown in Eq. [ 3]. 

E,,. = (0. 727 ± 0.011) - (0.0545 ± 0.0008) pH. [ 3] 

Rai et al. (15) have shown that the solutions in 
equilibrium with Pu(OH)4(am) contain mainly Pu(V). 
Their results also strongly suggest the presence of 
Pu(V) in solutions contacting PuO2(c) . Pu(V) would 
be expected to be present predominantly as PuO2 • in 
these solutions because (i) the relative tendency of Pu 
ions to form complexes is Pu(IV) > Pu(III) > Pu(VI) 
> Pu(V) (7), (ii) the only anion present in these solu­
tions in significant amounts is Cl-, which does not 
form significant complexes with PuO2• (13) , and (iii ) 
the species PuO2 • remains without further hydrolysis 
between pH zero and pH of approximately 8 (5, 13) . 
Therefore, the Pu101a1 in Eq. [ l] and [2) can be re­
placed with PuO2 • . Thus Eq. [I] and [2] can now 
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be written as Eq. [ 4] and [ 5], respectively. 

log (PuO2 +) = (-3.90 ± 0.10) - 0.64 ± 0.02) pH [4] 

log (PuO2·) = (-1.19 ± 0.08) - (0.80 ± 0.01) pH. f5] 

Estimation of Equilibrium Constants 

The solubility of PuO2(c) and Pu(OH)4(am) is writ­
ten (Eq. [ 6] and [ 7]) in terms of PuO2 +, because the 
PuO2 + 1s shown to be the solution species in equilib­
rium with these compounds (15). 

PuO2(c) =:;: PuOi• + e- [6] 

Pu(OH)4(am) =:;: PuO2 + + e- + 2H2O. [7] 

The products and reactants in Eq. [6] and [7] are 
related to the equilibrium constant (K~ as follows: 

log K 0 = log [PuOz•] - pe [8] 

where [ ] around Pu~• denotes activity and the pe 
refers to the negative log of the electron activity. The 
pe is related to the electrochemical potential (Eh 
in V) (18) by 

pe = 16.9 Eh. (9] 

For reasons discussed later in this paper, it is inferred 
that the Em values are similar to Eh values. There­
fore, pe can be calculated from Eq. [9] for its use 
in estimating the equilibrium constants. Substituting 
the value of Em (Eq. [3]) into Eq. [9] 

pe = (16.9) [ (0.727 + 0.01 I) - (0.0545 ± 0.0008) pH] . 
[ 10] 

Substituting Eq. [ 4] or [ 5] and Eq. [ 10] into Eq. 
[8] and simplifying, the log of the equilibrium con­
centration constant (log Kc) at room temperature and 

·4 

-5 

·8 

·9 

Put0Hi41am1 
[BASED 00 90 AND 130 DAYS] 

SOLUT IOOS COOT ACT ING 

6 PutOHl4laml 

0 PuO~cl 

Al 

FOR APPROXIMATELY 250 DAYS 

4 

pH 

Fig. 2--Concmtration of Pu in filtered (0.1 ,..m) ,olutiom after 
approximately 250 days of contact of 0.0015M CaCL. with 
-PuO,(c) and •Pu(OH),(am). 

low ionic strength (~0.0045) for the dissolution of 
PuO2(c) according to Eq. [6] can be written as 

log Kc= (-16.19 ± 0.21) + (0.28 ± 0.02) pH [ 11] 

and the log Kc for the dissolution of Pu(OH)4(am) ac­
cording to Eq. [7] can be written as: 

log Kc= (-13.48 ± 0.20) + (0.12 ± 0.02) pH. [12] 

Equations [II] and [ 12] hold for a pH range of ap­
proximately 4 to 8 (Fig. 1). The errors quoted in Eq. 
[II] and [ 12] were calculated using a propagation 
of errors method described by Mandel (9). Log Kc, 
at fixed ionic strength and temperature, by definition 
is a constant. However, log Kc in Eq. [II] and [ 12] 
shows a dependence upon pH (approximately 2% de­
viation per pH unit). This dependence on pH is likely 
due to experimental errors in measuring PuO2 +, pH, 
and Em, The estimated value of log Kc for 

PuO2(c) =:;: PuO2 • + e-

at the average pH (4.8) value of solutions contacting 
PuO2(c) is -14.8. The estimated value of log Kc for 

Pu(OH)4(am) =:;: PuO2 + + 2H2O + e-

at the average value of pH (5.8) of solutions con­
tacting Pu(OH).(am) is -12.8. It should be mentioned 
that the solutions are of low ionic strength (:::::0.005) 
and thus the concentration equilibrium constant (Kc) 
is approximately equal to the thermodynamic equilib­
rium constant (K0). 

A literature review was done in order to compare 
the equilibrium constants determined in this study 
with the reported values. A log K 0 for 

Pu(OH)4(am) =:;: Pu•+ + 4-OH- [ I 3] 

based upon solubility measurements in solutions of pH 
< 3.5 is reported by Perez-Bustamente (11) to vary 

----------~-------------------



RAI ET AL.: SOLUBILITY OF PLUTONIUM COMPOUNDS AND THEIR BEHAVIOR IN SOILS 493 

~ 

1 
.J 

0. 1 

0.6 

0.5 

0.4 

0.3 

~ 
0 4' 

" ¾. 

0 
0 

o SOWTIONS CONTACTING 
PuOi(cl 

" SOWTIONS CONTACTING 
PulOHl4(aml 

0 
0 

Eh• 10. 727'0.0llH0.0545'0.IOII lfi 

r2 • 0.86 0 

CONFIDENCE LIMIT• fflt 

0.2 ...._ _ __. __ _._ __ _._ __ ~-~----

3 4 8 

lfi 
Fig. 3--Relatiomhip of measured redox potential (E .. ), with 

re5pect to standard hydrogen electrode, and pH of solutions 
ron1acting different -Pu solid.,. 

from -47.3 to -56.3. Baes and Mesmer (5) reported 
log K 0 for Eq. [ 13) to vary from -52.0 to -56.0. Smith 
and ~fartell (17) selected a value of -47.3 which they 
believed best represents the log K0 for this reaction. 
Clearly, there is wide variation and disagreement in 
reported values for the solubility product of Pu(OH)4 

(am). Based upon the results obtained in the present 
study, the log K 0 for the solubility product of 
Pu(OH)4(am) (Eq. [ 13]) can be estimated in the fol­
lowing manner: 

Pu(OH),(am) :::; PuO, + 2 H,O + e· 
PuO1 • + 

4 H• + e· :::; Pu•• + 2 H,O 
4 H,O :::; 4 H· + 4 OH· 

Pu(OH),(am) :::; Pu•• + 4 OH-

log K• 

-12.8 

18.6 
-56.0 

-50.2 

Reference 

Present siudy 

(8) 
(16) 

[13) 

Assuming the thermodynamic data used in the above 
equations is correct, an estimated log K0 of -50.2 for 
the solubility product of Pu(OH)4(am) is obtained. 
We prefer to represent the solubility of Pu(OH).(am) 
as described by Eq. [7] rather than Eq. [13], because 
there is a large/ossibility of error in the thermody­
namic data use to derive Eq. [ 13] . Nevertheless, 
the estimated solubility product of Pu(OH).(am) ob­
tained in this study is certainly within the range of 
values reported. 

There are no data available in the literature for 
the measured solubility constant of Pu02(c) for 
comparison with this study. Baes and Mesmer (5) 
calculated the solubility of PuO2(c) based upon the 
thermodynamic data and compared it with the re­
ported log K0 values (-52 to -56) of the solubility 
product of Pu(OH)4(am) and found a great differ­
ence (approximately 12 log units) between them. 
They report that such great differences between the 
precipitated hydrous oxide and the oxide are un­
usual and suggested that the reported values for 
PuO2(c) and/ or Pu(OH)4(am) are probably in error 
by several log units. The difference (2 log units) 
between the log Kc of PuO2(c) and Pu(OH)4(am) found 
in the present study is low as predicted by Baes and 
Mesmer (5) but is considerably smaller than their 

estimated difference (8 log units) based upon the 
extrapolation of log K0 vs. the reciprocal of the lat­
tice parameters of the actinide dioxides. 

Making meaningful redox measurements, hence pe, 
in unpoised solutions with a platinum electrode is 
difficult. If reliable values of the equilibrium con­
stant and the PuO2 + activity in solution were avail­
able, accurate values of pe and/ or redox potential 
could then be calculated from Eq. [8]. The values 
of redox potential thus calculated for PuO2(c) and 
Pu(OH)4(am) suspensions should be similar to each 
other, as was the case in measured redox potentials 
(Fig. 3), because the study was conducted using the 
same isotope of Pu and under similar experimental 
conditions. Plutonyl . (PuO2 +) concentrations mea­
sured in this study were all > I.O X ro- 9M, where 
accurate measurements of Pu concentration can be 
made. Baes and Mesmer (5) estimated the log K0 

value of -6.5 for the dissolution of PuO2(c) (Eq. [14] ). 

Pu~(c) + 4H+::; Pu4 + + 2H2O. [14] 

Perez-Bustamante (11) reported the log K0 for the 
solubility product of Pu(OH)4(am) (Eq. [ 13]) to vary 
from -47.3 to -56.3. Assuming these reported log K0 

values are correct, redox potentials were calculated 
using these log K 0 values and the measured PuO2 + 

concentrations in Eq. [ 8] and [9]. The redox poten­
tial thus calculated, Ee, for Pu02(c) reaction (Eq. [8]) 
was approximately 0.61 V higher than the E,,. . The 
calculated Ee for Pu(OH)4(am) suspension was found 
to vary approximately from 0.17 V lower to 0.36 V 
higher than the Em. We conclude from these data that 
the reported value (5) for PuO2(c) solubility is in er­
ror and that the measured E,,. may truly represent 
the equilibrium potential of our suspensions which 
supports usage of our calculated log Kc values as true 
equilibrium constants. The specific reasons for this 
conclusion are: (i) the measured Em for PuO2(c) and 
Pu(OH)4(am) suspensions are similar (Fig. 3) as ex­
pected, whereas the Ee £or PuO2(c) and Pu(OH)4(am) 
are significantly different, (ii) the E,,. for Pu(OH).(am) 
suspension falls within the range of Ee, (iii) the Ee of 
PuO2(c) suspensions fall outside the water stability 
region, and (iv) the Ee of PuO2(c) falls in the PuOi• 
stability region, whereas the Pu species in solution 
were inferred to be PuO2 ... (13). The measured redox 
potentials (Fig. 3) appear to be poised. This poising 
is hypothesized to be due to relatively high concentra­
tions of Pu in the low pH region and/ or radiolysis 
products of water caused by alpha decay. Further 
studies with the use of redox buffers and solid com­
pounds of different alpha emitting isotopes have been 
initiated to check these hypotheses. 

Identification of Pu Compounds from 
Contaminated Soils 

The presence of Pu compounds in sediments im­
plies that the concentration of Pu in solution will be 
governed by the solubility of the Pu compo•Jnds. Thus, 
it is important to determine the nature of the solid 
compounds that may be present in sediment. If no 
Pu solid compounds are present, sorrtion reactions 
alone may govern the concentration o plutonium in 
solutions. 

Large quantities of Pu solids would not be expected 
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tacting con1amina1ed Hanford soili with different treatments. 

to be present in sediments. Therefore, it would be 
difficult to physically isolate, for identification, the 
trace amounts of Pu solids that may be present in 
sediments. It was decided to compare the plutonium 
concentrations in soil solutions with the experimental 
solubility of the solid compounds as a means of pos­
sibly identifying the plutonium solids that may be 
present in the sediments. 

The soil solution data are plotted in Fig. 4 where 
experimental solubility lines for PuO2(c) and Pu(OH)4 

(am) are also traced for reference. Soil solution points 
for soils 29-4-11 A and Z9-4-5A fell very near the 
PuO:!(c) solubility line: however, the solution points 
for soil 212-lD fell considerably below the PuO2(c) 
solubility line. When PuO2(c) was added to these 
suspensions the solution concentration for 29-4-1 lA 
and 29-4-SA did not change appreciably. The solu­
tion concentration for 212-lD soil increased consid­
erably and approached that of the PuO2(c) solubility 
line. Thus, soils 29-4-1 lA and 29-4-SA appear to 
contain Pu~(c) since the soil solution points fell close 
to the PuOz(c) solubility line and the soil solution 
concentration did not change appreciably with the 
addition of PuO2(c) . The presence of crystalline 
PuO2(c) in 29-4-11 A sample, inferred from the solu­
bility data, was confirmed by X-ray diffraction analysis 
of Pu particles isolated from this sample (Table l) . 
Concentrations of Pu in solutions containing soil 
21 2- lD indicate that this soil does not contain PuO2(c). 

The Pu concentration in all the soil solutions stud­
ied were much lower than the Pu(OH)4(am) solubility 
line, indicating that the soils do not contain this com­
pound. 

The results presented above help demonstrate the 
ability of solid compounds to control the solution con­
centrations. If leaching occurs from 29-4-1 IA and 
Z9-4-5A soils and the leachate percolates into the soil s 
containing no PuO2(c), the concentration of Pu in 

solution would be lower than the PuO2(c) solubility 
line and would be governed by sorption reactions. 
On the other hand, Pu concentrations in solutions 
percolating through PuO2(c) contaminated sediments 
would be expected to be similar to the concentra­
tions predicted from the PuO2(c) solubility line (Fi~. 
1). Such an event might occur in the immediate vici­
nity of stored wastes. It is also evident that for the 
determination of meaningful equilibrium distribution 
coefficients (Kd), in an oxidizing environment, the 
Pu concentrations must be below the Pu(OH)4(am) 
solubility line [ and preferably below the PuO2(c) solu­
bility line] (Fig. 1 ). 

Two of the soil samples studied (Z9-4-l 1A and Z9-
4-5A) in this report had received a complex waste with 
significant amounts of organic ligands with strong po­
tential for forming soluble Pu complexes. However, 
the observed Pu concentrations are not significantly 
different than the concentrations present in a dilute 
PuO2(c) suspension devoid of organic ligands. It is 
inferred that the organic ligands originally disposed 
into these soils have degraded over the period when 
the wastes were first disposed (approximately 20 years) . 
This inference is supported by the results of Cleveland 
U· M . Cleveland, Chief, Transuranium Research 
Project, USGS, Denver, Colorado, Personal Commu­
nication, September 1977) who did not find detect­
able amounts of organics in Rocky Flats soil that had 
been contaminated by lathe cooling oil. 
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Influence of an americium solid phase on americium concentrations 
in solutions 
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Abstract- Americium-241 concentrations in solutions contacting contaminated sediments for up to 2 yr 
were measured as a function of pH. Stead y-state concentrations were reached wi thin a few days. The 
solubilit y-limited Am concentration was found to decrease approximately 10-fo ld with o ne unit increase 
in pH. The log equilibrium constant for the solubility of Am,_,,. 11 so lid [Am,_,,. 11 + H • ~ Amt,4 _ """"'"'] 

was found to be -4.12. The predictions based upon thermodynamic data suggest that Am,~, 4 . ' "'""'"' is 
likel y to be Am(OH)i . Although the chemical formula of Am,.,. 11 was not determined. it does not appear 
to be Am(OH))(a). 

Published data on sorption coefficients of Am by different rocks. soi ls. and minerals were criticall y 
evaluated. Final Am solution concentrations calculated from the sorption coefficients of a variety of 
earth materials with several solutions agreed well with the concentrations predicted from the solubility 
of Am1,.;i1 solid, indicating that the sorption coefficient data are controlled by Am precipitation. 

INTRODUCTION 

AMERICIUM is one of the long-lived actinide waste 
products of nuclear energy production (SCHNEIDER 
and PLATT, 1974). To assess possible environmental 
consequences of storing Am wastes in the lithosphere, 
the mechanisms governing Am concentration in 
groundwaters must be known. In recent years many 
studies have tried to determine the distribution coeffi­
cients (K4)* of Am with a variety of rocks and miner­
als common to possible geologic repositories (ALLARD 
et al., 1980; ERDAL, 1979; RELYEA et al., 1979 ; ROUT­
SON et al., 1977 ; SHEPPARD et al. , 1976). AMES and RAI 
(1978) have summarized pre-1978 results on Am K 4 

experiments. Typically, the reported K4 values have 
been large (ranging from 100 to 44,000 ml/g) suggest­
ing that Am is highly sorbed by all types of rocks and 
minerals. However. in most of the Am sorption ex­
periments no attempt was made to either select initial 
Am concentrations at levels below precipitation limits 
or to show that precipitation was absent. 

Distribution coefficients are meaningful only if pre­
cipitation is absent. Precipitation of an Am-solid 
phase would result in an Am concentration in sol­
ution that is controlled by the solubility of the solid 
phase rather than by sorption reactions. This 
phenomenon was previously observed in the case of 
Pu where the maximum Pu concentration in solution 
contacting Pu-contaminated sediments was controlled 
by the solubility of a Pu compound (RAI et al., 1980). 
Therefore, this study was undertaken to determine if 
the Am concentrations in solutions are controlled by 

• The K, is defined as the ratio of the equilibrium radio­
nuclide concentration on the solid phase (µCi /g) to the 
equilibrium concentration of the radionuclide (J1Cifml) in 
the final solution . 

similar solubility constraints and to determine the 
mechanisms or reactions that can be used to predict 
Am concentrations in ground waters. Also. due to the 
high inventory of americium in nuclear wastes, such 
mechanisms are of vital importance and can be incor­
porated into geochemical models used to assess the 
safety of geologic repositories. 

MATERIALS AND METHODS 

In the past, liquid radioactive wastes have been disposed 
in shallow excavated cribs at the Hanford Reservation. 
Washington. These cribs received a complex waste of Pu 
and Am. For this stud y, two contaiminated sediment 
samples (29-4-5A ; 29-4-11 A) from the 29 crib were used. 
Sediment suspensions (one gram of sedimen t in 10 ml of 
solution) had pH values of 3.5---4.3. These contaminated 
sediment samples were very acidic. even though all the 
uncontaminated sediments in the Hanford area are alka­
line (approximate pH 8). The low pH of these contami­
nated sediments is most likely due to the acidic nature 
(approximate pH 2.5) of the liquid waste added to these 
cribs (AMES, 1976) and may also be due to the oxidation of 
dissolved nitrogen to HNOJ by the alpha radiolysis occur­
ring in the wastes (RAJ er al .. 1981 ). 

The uncontaminated sediments are glacio tlu viatile 
deposi ts that originated from Columbia River basalt and 
greenschist facies typical of the Precambrian to Cambrian 
Belt series (AMES. 1974). The disposal of acidic wastes has 
altered the crib sediments. These alterations have been dis­
cussed by AMES (1974). Two-thirds of the minerals in the 
contaminated sediments belong to the greenschist facies. 
These metamorphic minerals include qu artz. feldspars in­
cluding albite, chlorite and hematite. The remaining one­
third df the sediment contains minerals of basaltic or igin. 
These include feldspars (labrador ite to andesine ). augite. 
glassy high-silica groundmass. and titaniferous magnetite 
along with minor amounts of apatite. pigeonite. and ilme­
nite. The sediment samples contain alpha-emitting rad io­
nuclides. Because of radiation safet y requirements. the 
analyses are limited to in struments specifical ly dedicated to 
alpha-contaminated materia ls. 
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The total amounts of 241 Am in the contaminated sedi­
ments were determined by counting the 60 keV gamma ray 
on an intrinsic germanium detector (400 mm 2 x 5 mm). 
Counting samples consisted of 50-ml round-bottomed 
polypropylene centrifuge tubes, each containing the exact 
amount (close to one gram) of sediment and 5 ml of H2O. 
The tubes were shaken and allowed to settle overnight 
before counting. Overall efficiency factors were determined 
by preparing noncontaminated sediment samples in a simi­
lar manner after spiking them with a liquots of solution 
containing a known amount of 241 Am. 

For the solubiliiy experiments. portions of contaminated 
sediments were weighed (2 g each) into 50-ml polypropy­
lene centrifuge tubes. These subsamples were then washed 
with distilled water to remove soluble salts. The washed 
subsamples were suspended in 20-ml portions of 0.0015 M 
CaCl2 . The pH values of these washed sediment suspen­
sions were adjusted to between 3.5 and 8 using HCI or 
NaOH . The suspensions were then shaken for a period of 
approximately 700 days. during which time the pH of the 
suspensions and the concentrations of soluble Am were 
determined periodically. The pH of the suspensions was 
determined by using a combination glass electrode. 

To measure the concentration of elements in solution, 
the solids were separated from solut ion by filtering the 
suspensions through 0.015 µm Nucleopore ® filters (Nuc­
leopore Corp., Pleasanton, California). RAI er al. (I 980) 
have shown that Nucleopore® filters of 0.1 and 0.015 µm 

pore sizes are more effective in separating suspended solids 
from solut ion than centrifugation alone at fo rces of ap­
proximately 6000 g for 40 min. 

The sediment suspensions were made in 0.0015 M CaC1 2. 

The composition of the equil ibrium solution. however, 
would be influenced by the sediments. Four sediment sus­
pensions, representing a range in pH values (4.35, 5.3, 6.8. 
and 7.72) and equilibrated for approximately 100 days, 
were filtered through 0.015 -µm membrane filters . The con­
centration of different elements in these filtrates were deter­
mined by neutron activation analysis (LAUL, 1979). In gen­
eral the concentrations of an element in solutions differing 
in pH values were similar (Table I). The increase in Na 
with the increase in pH is due to the use of NaOH in 
adjusting pH values. The most abundant elements in sol­
ution are Na, Ca, Zn, and Cl. 

Sediments were contaminated with 239Pu and 241 Am, 
both of which decay by alpha emission. The alpha energies 
of 239Pu and 241 Am decay are sufficiently different 
(5.15 MeV and 5.48 MeV, respectively) that surface barrier 
detectors can be used to measure each isotope. Because 
alpha counters are generally more efficient than gamma 
counters, 241 Am was counted by alpha spectroscopy. How­
ever, Pu wastes generally contain a small fraction of 2 3 8 Pu 
which cannot be distinguished from 241 Am by surface bar­
rier detectors. Therefore, in O.Ql5 µm filtrates from a few 
samples, all Pu was reduced to Pu(III ) with NH 2OH · HCI, 
oxidized to Pu(IV) with NaNO2, and extracted with the-

TABLE 1. CONCENTRATIONS OF ELEMENT IN DIFFERENT SOLUTIONS* 
(0 . 015 "m FILTRATES) FROM SEDIMENT SUSPENSIONS 
EQUILIBRATED FOR APPROXIMATELY 100 DAYS 

Element Solutio n So lution 2 So lution 3 Solut i on 4 

ppm ppm ppm ppm 

Al 31 28 34 34 
Ba 2 . 2 7 .4 2 . 2 4 .2 
Ca 60 60 60 60 
Cl 134 142 140 144 
Cr 0. 16 0. 19 0.12 0 .21 
Cu d <3 d d 
Fe 10 . 7 11.1 11. 4 13 .3 
Mg <56 <56 <56 <56 
Mn 0.22 0. 17 0 . 18 0. 16 
Na 34 93 138 189 
Ti 3. 3 <2 .6 <2 .6 4 . 4 
V 0.22 <0.04 0.22 0 .22 
Zn 74 73 86 63 

ppb ppb ppb ppb 

Au 1.2 5. 2 2.0 4.2 
La 10.0 16.6 10.0 12 .2 
Sc 3.9 4.0 3. 3 3.8 
Sm 4 .2 2.9 3. 0 3.4 
Th 3.0 2.6 2.8 3.3 

4-5A** 4-!lA** 
ppm ppm 

F 9.7,. 2 .2 1. 0 ,. 0.1 
N0

3
- 3.9 ,. 0 .4 Nondetectab l e 

PO 3-
4 53. 1 ,. 24. 7 3.2 ,. 0 . 2 

so 2-
4 2 .3 ,. 0 . 5 1. 4 ,. 0. 2 

• The pH of So lut ion 1 = 4.4, So lution 2 = 5 . 3, Solu t io n 3 = 
6.8, and Soluti on 4 = 7.7; t he ioni c s trengt h of the 
so lu t io ns was app rox ima tely 0 . 02 M. 

** Ion chroma t ograph i c analysis of solut ions equ ilibr at ed 
for 4 days wi t h 4-SA and 4- llA s edime nt s wi th pH va lu es of 3. 4 
and 4.1 , r es pecti ve l y. 

noyhr ifl uoroacet, 
aqueous phase C( 

liquid scin1illatio; 
and without the 
that plutonium n 
measu red Am co1 
of 2 38 Pu were pre 
sequent analyses 
using surface bar 

So rpli on of An 
Am behavior in s 
brations show th 
tube was bound t 

RES 

Americium c, 

subsamples of c 
29-4-l IA ) fo r u 
in f igs 1 and : 
different time i: 
stead y-state cor 
days. The colilc., 
with an increas 
tration of Am iE 
ment at any giv 
and for the 2 94 

log Arr 

log An 

The log Am ar 
correlated as u 
cient s (r l of > 0. 
and TORRIE. rs 
scribed by eqn 
ent from each c 

Fig. 1. E· 
sampling 



ing suspended solids 
>ne at forces of ap-

e in 0.001 5 M CaCl 2 . 

solution. however. 
Four sediment sus­

values (4.35. 5.3. 6.8. 
nimately 100 days. 
ane filter s. The con­
~ filtrates were deter­
LA UL. 1979). In gen­
·n solutions differing 
The increase in Na 
1e use of NaOH in 
ant elements in sol-

239Pu and 241 Am. 
. The alpha energies 

mfficiently different 
that surface barrier 

ch isotope. Because 
ficient than gamma 
spectroscopy. How­
all fraction of 238 Pu 
1 Am by surface bar­
filtrates from a few 
with NH 20H · HCI, 
extracted with the-

Influence of Am solid phase to Am concent ra ti ons ~2 59 

no vl tr il1uoroace tone (MOORE and HL' DGE:SS. 1957). The 
aq~eous phase co ntaini ng only Am was then analyzed by 
liquid scintillat ion coun ting. Results of Am analysis with 
and without the remO\'al of Pu from solutions indica ted 
that plutonium removal from solutions did not a ffect the 
measu red Am concen trati ons. Thus. no siRn ifi cant amou nts 
of 238 Pu were present in these suspension-s. Therefore. sub­
sequent analyses for Am were made on 0.0 15 11m filtrates 
using surface barrier alpha detectors. 

s ,,rpti on of Am on tube walls is not expected to co nt ro l 
Am behavior in solution. because the results of 4-yr equili­
brations show that < 1° 0 of the tota l Am ac tiv it y in each 
tube was bound to the inner tube surface. 

RESl.JLTS AND DISCUSSION 

Americium concentrations in so lutions contacting 
subsamples of contaminated sediments (Z9-4-SA and 
Z9-4-1 IA) for up to two years are plotted versus pH 
in Figs I and 2. As seen in these figures. values for 
different time periods are similar. indicating that a 
steady-state condition had been reached within a few 
days. The concentration of Am in solution decreases 
with an increase in pH (Figs I and 2). The concen­
tration of Am in solution contacting the Z9-4-SA sedi­
ment at any given pH can be estimated from eqn (1). 
and for the Z9-4-l!A sediment from eqn (2). 

log Am (mol/1 ) = -4.10 - 1.00pH (I) 

log Am (mol/1) = - 3.54 - I.I I pH (2) 

The log Am and pH in eqn (I) and (2) are highly 
correlated as indicated by linear correlation coeffi­
cients (r) of > 0.96. Usi ng statistical procedures (STEEL 
and TORRIE. I 960) it was found that the lines de­
scribed by eqn (I) and (2) are not significantly differ­
ent from each other. Therefore. data from both sedi-

' "' Q) 
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I 

ments were used to derive eqn (3). which describes 
Am behavior in these sediments. The linear corre­
lation coeffici ent Ir) for eqn (3) was fo und to be 0.97. 

log Am (mol II= 

. - (3 .76 ± 0.24) - I 1.07 I 0.041 pH 131 

No meaningful correlation was found between the 
changes in concentrations of Am and other cations 
beside H - . Of all the cations. only Na ~ was found to 
increase significantly (Table I) with the decrease in 
Am concentration. However. the Na ~ concentration 
increased by approximatel y 5-fold while the corre­
sponding average Am concentration decreased by ap­
prox imately 2000-fold . Thus an ion exchange mechan­
ism relying solely on Na + to control the Am concen­
tration is highly unlikely. Following our research 
reported here. DELEGARD l" t al. ( 1981) working with 
contaminated sediments from another Hanford crib 
also found Am concentrations that are approximatel y 
described by eqn (3). Their observed Am concen­
tration in solution did not differ significantly from 
that calculated by eqn (3) with variations in the sedi­
ment-to-solution ratio (0.3-4 g/ml) and concentrations 
of competing cations (up to I M CaC1 2 and 0.3 M 
Al(NO 3 )J). Thus. their results also suggest that ion 
exchange is not the dominant mechanis111 controlling 
Am concentration in solution. 

If the rate of the dissolution/precipitation reaction 
that controls the Am concentration is fast and if this 
is the predominating reaction in most sediments, 
rocks and soils, then this reaction should determine 
the maximum concentration of Am possible in the 
environment. Such a hypothesis also requires that the 
Am solid phase can be pr_ecipitated from constituents 
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Fig. I. Effect of pH on Am co ncentration in solution contacting Z9-4- 5A contaminated sediment. Total 
sampling and coun ting errors were estimated from triplicate samples and are wi thin the plotted points. 
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Fig. 2. Effect of pH on Am concentration in solution contacting 29-4-1 JA contaminated sediment. Total 
sampling and counting errors were estimated from triplicate samples and are within the points except 

where shown by vertical lines. 

common to most sediments, rocks, and soils and is 
not formed from constituents peculiar to the Hanford 
waste disposal site. To further verify these hypotheses, 
we recalculated the final solution concentration of 
Am in Kd experiments with illite that used 0.03 M 
NaCl, 0.015 M CaC12, 5.1 M NaO, and 0.03 M 

NaHC03 solutions (RELYEA et al .. 1979). The equili­
bration times in these experiments were under 30 
days. The Am concentrations in the NaCl and CaC12 

suspensions were found to be similar to the estimated 
concentrations determined from eqn (3) as shown in 
Fig. 3. Although the concentrations of Am in 
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Fig. 3. Comparison of Am concentrat ion in solutions contacting illite (estimated fro m R EL YEA er al .. 
1979) with the predicted concentration (eqn 3). Shaded area represents 95~~ confidence limit in the 

regression line. 
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illite-NaHCO3 suspensions were all < 10 - 9 M. these 
concentrations are several orders of magnitude higher 
than predicted from the contaminated sediment 
results. Some of the factors that could explain these 
NaHCO 3 suspension data are : (1) incomplete separ­
ation of illite, which has large amounts of Am sorbed 
from the solution (Na at this concentration and pH is 
a good dispersant for illite); (2) formation of carbon­
ate complexes of Am ; and (3) relatively high Am 
detection limits (minimum detectable concentration 
was between 10- 9 and 10 - 10 M). At pH values where 
the Am concentration falls near or below the detec­
tion limits, the third factor will have an overriding 
influence. To study Am in such a low concentration 
range, use of different analytical techniques with 
lower detection limits (such as alpha spectroscopy 
used in the present study) is necessary. 

Because the results on illite (Fig. 3) are for suspen­
sions that were equilibrated for approximately 30 
days (in comparison with the Z9-4-5A and Z9-4-l 1A 
sediment samples equilibrated for up to 2 yr), we can 
conclude that the rate of the reaction that limits Am 
concentration is relatively fast. These results (Fig. 3), 
which are similar to the results of DELEGARD et al. 
(1981), also show that Na + and Cai+ concentrations 

-8 

-9 

• .. 

8 ...., 

-9 

-10 • 

LOG 241Am (moles/I)= 

do not affect the Am concentration and that the maxi­
mum Am concentration in these solutions is predict­
able from eqn (3 ). 

Recently, ALLARD et al. (1980) studied the effect o f 
pH and mineral type on Am sorption. using relatively 
low initial Am concentrations ( ~ 10 - 9 M) and low 
ionic strength solutions. Although ALLARD et al. 
(1980) reported their results as sorption coefficients, 
we have converted these coefficients into the final Am 
concentrations in solution. These concentrations are 
approximate because precise values of different par­
ameters needed for the calculations were not available 
in their paper. Their results along with the estimated 
concentration from contaminated sediments (eqn 3) 
are plotted in Fig. 4. These results are generally simi­
lar to Fig. 3 and shows that the maximum concen­
tration of Am in a solution with a pH value of < 6.5 is 
predicted very well by eqn (3). As was the case in 
Fig. 3. however. the Am concentrations at pH values 
> 6.5 appear to be independent of pH. which is in 
contrast to the Am behavior observed in contami­
nated sediments (Figs I and 2). The factors discussed 
earlier (incomplete separation of solid from solution. 
formation of Am-carbonate complex. and detection 
limits) are the likely reasons for the differences in Am 
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Fig. 4. Comparison of Am concentration in solutions contacting different minerals (estimated from 
ALLARD et al .. 1980) with the predicted concentration {eqn 3). Shaded area represents 95% confidence 

limit in the regression line. 
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TABLE 2. COMPARISON OF EXPERIMENTAL ANO PREDICTED 11m CONCENTRATIONS 

I nit ia 1 Log 11m (moles/R.) 
log Am Kd Ca lcu 1 ated Estimated 

Materia 1 (moles/ R.) pH (ml/g) From Kd from Eq. [3] Reference 

Argi 11 ite -6.66 8.57 (5400)* (-13.19)* -12.91 £ROAL ( 1979) 
Tuff (JA-18) -6.40 8 . 44 430 -10 . 33 -12. 77 £ROAL ( 1979) 
Tuff (JA-37) -6 . 40 8 . 64 37000 -12.27 -12 . 98 £ROAL (1979) 
Sha le -7 . 30 6.8 962(394)*- -9 .80(-8.70)** -11.02 SILVA et a 1. ( 1979) 
Quartz -7 .30 6 . 6 1323( 12700)** -9.15(-10.13)** -10 . 80 SILVA et a 1. (1979) 
Bas alt - 7 .30 6. 4 1033( 14300)** -9.18(-10.31)** -10.57 SILVA et al. ( 1979) 
Burbank Soil -6. 75 7 .o 1200-8700 -11.09 to -10 . 23 -11.23 ROUSTON et al. (1977) 
S. Carolina Soil -7 . 32 5 . 1 1-67 -9.55 to -7 . 86 -9 . 20 ROUSTON et al. (1977) 
Muscatine Soil -7 .52 5. 3 48309 -13.2 -9.42 SHEPPARD et a 1. ( 1979) 
Burbank Soil -7 .52 8.1 7143 -12.37 -12 .41 SHEPPARD et al. (1979) 
Ritzville Soil -7 .52 6. 5 9709 -12.51 -10.70 SHEPPARD et al. (1979) 
Fuquay Sand -7 .52 5. 2 2488 -11. 92 -9.31 SHEPPARD et al. ( 1979) 
Hanford Soil -7.52 8. 1 1250 -11. 62 -12 .41 SHEPPARD et al . ( 1979) 
Idaho Falls Soil -7 . 52 8.3 39216 -1 3. 11 -12.62 SHEPPARD et al. (1979) 

* The numbers in parentheses are derived from measurements on filtered (0.4 µm) samples. 
•• The numbers in parentheses are deriveo from measurements on filtered (0 . 05 µm) samples. 

concentrations observed by ALLARD et al. (1980) 
(Fig. 4) and those observed in contaminated sediments 
(Figs I and 2) at pH values > 6.5. 

A number of other researchers have also reported 
on Am sorption by different rocks and soils. In most 
cases, meaningful treatment of their data in a manner 
similar to that described above was not possible 
because of factors such as (I) pH values of 8 or higher 
where very low concentrations of Am were obtained. 
(2) pH values either approximate or not reported, (3) 
initial concentration of added Am either approximate 
or not reported. (4) large variations in Kd, (5) inad­
equate methods of separating the solid from solution, 
or (6) detection limits not reported. However. a few 
calculations were made from the data reported in the 
literature (Table 2) just to show that the calculated 
concentrations are within one or two orders of magni­
tude of the concentrations predicted from eqn (3). 
Therefore. these results (Figs 3 and 4, and Table 2) 
indicate that the final Am concentrations in solutions 
are limited by a reaction that appears to be common 
to all the rocks. minerals. soils and sediments. 

Knowledge of the mechanisms that control Am 
concentration in solutions is important. In our experi­
ments with contaminated sediments (Figs I and 2), 
the Am concentration in solutions contacting Z9-4-5A 
and Z9-4- ll A sediments would be 9 .5 x 10 - 7 M and 
1.8 x 10- 6 M, respectively if all the Am present in the 
sediments were dissolved. These concentrations are 
several orders of magnitude higher than the actual 
solution concentrations observed (Figs I and 2) ; thus 
most of the Am was present in a solid phase in these 
experiments. The Am solid phase would amount to 
approximately 5 µg of Am per gram of contaminated 
sediment. This presents a major problem in trying to 
locate physically the specified Am solid phase. 

The literature data (Figs 3 and 4. Table 2. DELE­
GARD et al .. 198i) show that regardless of (I) the 
beginning Am concentrations. (2) the type of the sol-

utions, and (3) the type of sorbing material, the final 
concentrations of Am in solutions are similar at any 
given pH, especially where the pH values are < 6.5. 
Furthermore, Am concentrations in the sorption 
measurement experiments are similar to those in the 
contaminated sediment experiments. For these 
reasons it is hypothesized that the concentration of 
Am in solutions contacting sediments is limited by the 
solubility of some Am solid phase. Even though Am 
sorption may occur on solid sorbents or on the con­
tainer walls, the equilibrium Am concentration will be 
determined by the solubility of the Am solid phase 
rather than the sorption reaction as long as an excess 
of Am solid phase is present. 

Whether the Am concentrations are limited by 
solubility of an Am solid phase or by some unde­
termined desorption reaction, the Am behavior in 
these sediments fits the following reaction (not 
balanced): 

H,O 
Am(soil) + H+ == Am~,4. eom~k,1 · (4) 

The value of the log equilibrium constant (K) for eqn 
(4) was found to be -4.12 and was derived by fitting 
the data (Figs 1 and 2) to eqn (4) using the least 
squares method (STEEL and TORRIE, 1960). 

In investigating the Amt.q. compJuJ• predictions based 
upon the thermodynamic data (APPS et al. , 1977) 
show that solution species of Am(III) are expected 
throughout the Eh and pH range of environmental 
importance. To predict the type of aqueous Am(III) 
species in eqn (4), thermodynamic data summarized 
by SCHULZ (1976) and that reported by ALLARD et al. 
(1978) were consulted. The value (8.2) of log Kf 
[(AmOH2+)/(Am3+XOH - )] chosen by ALLARD et al. 
(1978) is based upon solvent extraction data of DESIRE 
er al. (1969), whereas measurements based upon elec­
trophoresis (MARIN and KIKINDAl, 1969) and more 
recent measurements based upon electromigration 
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TABLE 3 . EQU ILIBRIUM CONSTANTS (K) AT 25 · c ANO I ATM PRESSURE FOR SELECTED SPECIES 

React io n 
Number 

Ionic 
Strength 

Reaction Medium ( µ ) ~ log K* Reference 

6 

3+ - 2• 
Am + H/04 :=; AmH/04 

8 Am3+ + so
4 

2- ~ AmS0
4 

+ 

1.0 
0 

0.5 
0 

0.5 
0 

1.0 
0 

0 

0 

10.7 SHALI NETS and STEPANOV (1972) 
(10 . 5) and KOROTKJN ( 1974a ) 

20.9 SHALINETS and STEPANOV (1972) 
(20.9) and KOROTKJN ( 1974a ) 

0.01 "0.1 SCHULZ (1976) 
(0.9) 

3. 29 AZIZ and LYLE ( 1969) 
( 4.27) 

6 .11 AZIZ and LY LE ( 1969 ) 
( 7 .52) 

0.2 " 0.06 SCHULZ ( 1976) 
( 1.12 ) 

2.51 

3.68 

SILLEN and MARTELL ( 1971 ) 

SIL LEN and MARTELL ( 1964 ) 

• Values corrected to zero ionic strength are given in parentheses; valu e of reacti on 2 was 
est i mat ed by SHALJNETS and STEPANOV ( 1972) ; the values given for reacti ons 3 and 6 are averages 
of values stated by three different researchers who are quoted by SCHULZ ( 1976 ) . 

(SHALINETS and STEPANOV. 1972) put the log Kf 
values at I I.I and I 0.5. respectively. SHALINETS and 
STEPANOV ( 1972) experimentally determined stability 
constants of hydroxocomplexes [M(OH){] of Y. Ce. 
Pm. and Cm. From these values. they estimated the 
formation constant of Am(OH)i (log KI = 20.9). 
Based upon the distribution chromatography method. 
K0R0TKIN (1974a) mentioned that he obtained values 
of K I and K 2 that were similar to the values reported 
by SHALINETS and STEPANOV (1972). KoROTKIN (1974a) 
also states that the difference in K I values based upon 
the solvent ex traction (DESIRE er al .. 1969) and the 
electromigration methods (MARIN and KIKINDAI, 
1969 ; SHALINETS and STEPANOV. I 972) is due to the 
suppression of hydrolysis. because of the presence of 
high ionic strength solutions. in the so lvent extraction 
techniques. The estimated value of the Am(OH){ for­
mation constant by ALLARD ec al. (1978) is approxi­
mately 6 orders of magnitude lower than the value 
reported by SHALINETS and STEPAN0V (1972). Experi­
mental data for the formation constants of Am(OH)3, 
Am(OH)i and Am-carbonate species are not avail­
able. 

The foregoing shows the paucity and variability in 
existing Am thermodynamic data for some of the 
important ligands. SCHULZ (1976) and S1LLEN and 
MARTELL (1964. 1971) have summarized the data on 
formation constants of Am wi th Cl - . F - . NO 3. 
H2 PO; . and Soi -. These compilations show that 
experimentally determined formation constants of the 
abov.: species by several resea rchers are generall y in 
good agreement with each other. The se lected thermo­
dynamic data are given in Tab le 3. 

The activities of the ligands present in significant 
amounts in solutions contacting Am-contaminated 
sediments were calculated from data in Table 1 by 
using the Davies equation (LINDSAY, 1979). These ac­
tivities in conjunction with the thermodynamic data 
(Table 3) were used to estimate the relative abundance 
of different Am solution species (Fig. 5). The lines in 
Fig. 5 _were calculated as though the solid phase was 
Am(OHh. It should be recognized that different 

A-12 

A-13 

~ 
j A-14 ·~ < <;\., . , 
~ 

A-15 

A-16 

4 

pH 

Fig. 5. The activity (A i) of different Am species. at specified 
acti vities of various ligands. in equi librium wi th Am( III ) 

hydroxide (log K- = A = log Am' - + 3 pH). 
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solids may give different slopes than those in Fig. 5. 
Because (1) each solid will have a unique AmH equi­
librium concentration, and (2) all other species (Fig. 5) 
are in equilibrium with AmH, the lines for Am(III) 
species would bear exactly the same proportionality 
to the AmH line as shown in Fig. 5. Although 
Am(OH)3 or polynuclear Am hydroxy species are not 
plotted in Fig. 5 because of the lack of thermo­
dynamic data. experimental results of KoROTKIN 
(I 973. 1974a.b) indicate the presence of significant 
amounts of these species only at pH values > 8.5. 
Other species such as AmH PO;. carbonate com­
plexes. and mixed complexes are also not treated 
because of lack of thermodynamic data. Barring an 
effect of this limitation. it appears that Am(OH); is 
the primary solution species and that the dissolution 
reaction reported in eqn (4) can now be written as : 

H,O 
Am(soil ) + H+ == Am(OH); 

(log K = - 4.12). (5) 

To determine the Am1,oin solid phase, the solubility 
of Am(III) hydroxide (Am(OHh) was determined. 
Preliminary results (RAI, RYAN, STRICKERT, MOORE, 
Battelle Pacific Northwest Laboratory) show the 
Am(OHh(a) is approximately 5 orders of magnitude 
more soluble than Am1soli) indicating that Am1,oil) is 
not Am(OHh(a). Research is continuing to identify 
the Am1,oil) solid. 

In summary eqn (3) [logAm(mol/1 ) = 
-(3.76 ± 0.24) - (1.07 ± 0.04)pH] can be used to 
predict the Am concentrations in solutions contacting 
contaminated sediments from old waste disposal sites 
and from laboratory contaminated rocks. solids. and 
minerals. Lithospheric materials (granite. basalt. tuff, 
salt) that are being considered for high-level waste 
disposa l generally contain alkaline (pH > 7) ground­
water. Americium will not be very mobile in this 
environment because the solubility-limited Am con­
centration is low and this solution concentration 
decreases approximately l 0-fold for each pH unit in­
crease [eqn (3)]. Because of the possible formation of 
Am carbonate complexes. eqn (3) may not be directly 
applicable to high carbonate groundwaters. Care 
should be taken in applying eqn (3) to surface waters 
that may contain significant amounts of organic 
ligands. However. results of CLAYTON et al. (1981) 
indicate that organic ligands. such as humic acid and 
glycolic acid, do not significantly increase Am concen­
trations in solutions and that. in some cases, organics 
may decrease Am concentrations due to complexation 
with sediment solids. 

The log equilibrium constant for the solubility of 
Am1soil ) solid 

H 20 

[Am(soil) + H + == Am(:q . complu)J 

was found to be - 4.12. The predictions based upon 
thermodynamic data suggest that Am1!q. ,omplu) is 
likely Am(OH);. Although Am1soi l) was not identified, 
it does not appear to be Am(OHh(a). 
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Mechanisms of Corrosion of Steel in 
Concrete 
ARNOLD ROSENBERG, w. R. Grace and Co.; CAROLYN M. HANSSON, The Danish 
Corrosion Center;· and CARMEN ANDRADE. Institute Eduardo Torroja de la 
Construction y dcl Cemento 

No amount of experimentation can ever prove me right; 
a single experiment can prove me wrong. 

A/but Einstein 

Corroaloa or relaforci■1 steel I ■ coacrete bu become tbe major cause or railure or 
moden1 coacrete struct11ru. Succeuful repalr or tbese stnactures ud tbe pnn■tioa 
or similar problems I■ future coastnactloa require aa uadentaadla1 or the causes 
ud mecbaalsms or corrosloa. Ia this cb■pter, tbose characteristics or co■crete or 
relevuce to relaforceaeat corroslo11 are prese11ted fint. The buic pri■ciplu or 
corroalo11 scie■ce ud tbe mala causes of breakdo"a or the protecdn qulldes are 
thea described. Fiaally, some commeats are alve■ oa senral parameten or co■crete 
techaoloay which must be takea lato accouat to easure a reasoaably 10■1 senice 
life. 

Introductiou 

Good-quality concrete provides excellent protection for steel reinf'orcement. 
Chemical protection is provided by concrete's high allcalinity and physical protection 
is afforded by the concrete actin1 as a barrier to the access of aggressive species. 
Presumably because of this excellent protective nature, concrete is 1enerally specified 
only on the basis of its (28-day) strength with little, if any, regard for its durability. 
However, despite these inherent protective qualities, corrosion of steel reinf'orcement 
has become the most common cause of failure in concrete structures. In such 
structures as bridaes and parkin1 garages, this fact may be attributed in large part 
to the use of de-icin1 salts. In other structures, carbonation of the concrete cover 
and/or salt penetration from sea spray may be responsible for the corrosion. The 
unexpected rapidity of these effects may, in tum, be due to a number of factors such 
as incorrect specifications or the lack of control in mixing or placing of the concrete. 
They may also be due to incorrect use or inadequate knowledge concerning the use 
of the many cement and concrete additives and replacement materials which have 
become available in recent years. 

Materials Science of Concrete 285 



The purpose of this chapter is to first present a description of concrete as 
electrolyte physically supported by a solid phase, then to briefly summarize 
principles of corrosion science of relevance to reinforcement corrosion. Thereaf 
the two main causes of breakdown of the protective qualities of the concrete 
described and, finally, some comments are given on several parameters of con 
technology which must be taken into account to ensure a reasonably long service • 

Concrete As An Electrolyte 

In general, the stone and sand constituents of concrete do not play a signifi 
role in th~ protection or corrosion (no teachable ions) of reinforcing steel. 
presence and transport of the corrosion reactants (water, oxygen, and various ions 
the corrosion products, and the passage of the ionic current necessary to sup 
corrosion are normally confined to the cement paste phase. It is, therefore, this p 
which will be considered here. 

ne Cemat Phase 

The composition and hydration of portland cement are described elsewhere · 
this volume and will not be discussed in detail here. To understand the influence 
the cement paste on corrosion, it is sufficient to consider the paste as a two-ph 
system consisting of the hydrated minerals and a liquid phase-the pore solutici 
From the point of view of reinforcement corrosion, the controlling parameters 
( 1) the composition and quantity of the pore solution; (2) the structure 
distribution of the pores, and (3) the presence of the Ca(OH)z in the hardened pas 

CDM1lt Paste Pon Sol1'tion 

The composition of the pore solution is the decisive factor in determin· 
whether embedded steel will be passivated or whether it will actively corrode. ID 
recent years, many laboratories have obtained equipment such as that described i.111 
Ref. I for pressing the solution out of hardened paste, mortar, or concrete an 
cons...aqucnt!;-, :. larit iin'lount oi data is being accumulat~_.on the influence of a 
number of factors on the composition of the pore solution. 

These investigations have shown that the bigb.ly ,oluble sodium and potassi 
salts can give the pore solution of ordinary portland cement a pH of greater than 1 
while the pH of blended cements is somewhat lower, a described below. A ma· 
application of the technique has been to determine how much of the total chlori 
content of the cement is present as free chloride ions in the solution and is, therefore,. _ 
available to attack the iron. Again, the interest has been in bow the composition of · 
the cement influences the degree of binding of the chloride ions. 

11w Slrtlt:lun Oltd Distribuliolc of Pora 

The structure, size distribution, and interconnection of pores in the cement phase- · 
determine the availability of oxygen and moisture at the steel surface, both of which · 
are necessary for the maintenance of a passive film. They also determine the rate 
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of penetration of chlorides and of carbon dioxide which, as mentioned above, are the 
two most common culprits in the corrosion of embedded steel. 

There are several techniques available for determining the pore-size distribution, 
those most commonly employed for cement being mercury intrusion porosimetry. 
vapor adsorption, and vapor desorption. A comparative review of these three 
techniques is given in Ref. 5. The major disadvantage of the mercury porosimetry 
and vapor adsorption is that the cement paste must fint be thoroughly dried and the 
drying process alters the pore structure, causing the finer pores to collapse under the 
capillary forces. Two new techniques which do not suffer from this disadvantage 
and are also able to determine pore sizes over a considerably wider range than earlif.r 
techniques are small-angle neutron scattering6 and low-temperature calorimetry . .S 
The resulu of these two techniques have, independently, been interpreted as showing 
a clear bimodal distribution of pore sizes corresponding to the gel and capillary pores. 
It is the capillary pore system which is responsible for the diffusion and permeation 
processes and, therefore, of importance for corrosion. 

11,e PITSffla of~ llJdrozide 

Ca(OH)i has a very limited solubility in aqueous solutions and the bulk of this 
hydration reaction product remains as a solid substance embedded in the cement 
paste. It adds little to the strength of the paste but provides a pH buffer for the pore 
solution, keeping the solution at a constantly high pH. As described below. the 
higher the concentration of Ca(OH)z, the longer it takes for a carbonation front to 
penetrate the concrete cover to the steel surface and the greater the pozzolanic 
content can be without risk of a significant decrease in pH. 

It has been reported9 that Ca(OH)z has a second advantageous effect, namely that 
of precipitating as a coating over the surface of the steel, the pore walls, the mold 
walls, and so on. This coating of Ca(OH)i hexagonal plateleu constitutes a physical 
protection of the ban. This is one of the reasons why reinforcement corrosion tests 
in solutions cannot be simply extrapolated to the real behavior of steel in concrete. 

Principles or Corrosion 

r.----•-" --· ~~ . ·-
Corrosion of steel in concrete occurs by an electrochemical reaction. 10 The 

corrosion process is similar to the action which talces place in a flashlight battery and, 
as in the case of a battery, the corroding system consists of an anode where 
electrochemical oxidation talces place, a cathode where electrochemical reduction 
talces place, an electrical conductor, and an electrolyte (in the case of concrete, this 
is the cement paste pore solution). 

For steel in concrete, the iron is oxidized at the anode (the negative pole) by one 
of a number of half -cell reactions such as: 

(1) 

The electrons released at the anode now through the steel to the cathodic areas, as 
illustrated in Fig. I, where they are consumed by the cathodic half -cell reaction. In 
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Methods of Steel Corrosion Control 
and Measurement in Concrete 

S. G. EHRLICH AND A M. ROSENBERG, W. R. Grace & Co. 

Neil Young 

The corrosion oC steel in cooc:rete Ls a va, costly problem commonly leading to 
the cletaioratioa o( concrete highways, marine structures, bridgedecks, parking 
pnces, and bulld1np. Several practlcal methods oC reducing the level oC 
conosion ue outlined in this chapter. In order to determine whether or not a 
specific approach oC corrosion preYmtlon is adequate, an effective method ol 
naluadng the leftl oC corrosion Ls needed. This chapter reviews several 
lechoiques used to assess the leftl oC corrodoa ldhity. 

Introduction 

Reinforced concrete is a widely used construct.ion material which possesses 
many desired performance propertks including high strength. durability, low cost, 
and availability. Conacte can be made to be strong in compression, with 
·compressive strengths of over 150 MPa (typical values of about 40 MPa are 
usually achieved); however, concrete alone cannot withstand very high tensile 
~ (usually only about 10-15% of the compressive strength). Reinforcing 
concrete with steel produces a composite material which performs well in both 
compression and tension. Concrete normally provides a protective environment 
against corrosion of the embedded steel Good-quality concrete hinders the 
diffusion of corrosion-inducing species to the metal surface and offers a highly 
resistive electrolyte which impedes the rate of electrochemical corrosion current 
flow. In addition, the concrete maintains an alkaline pH, due to the presence of 
hydroxide ions in the pore solution, which provides the necessary environment to 
allow the iron to passivate, thus protecting the reinforcing steel from corrosion. 
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As long as the steel maintains its passive film, the natural tendency of the iron 
to corrode can be suppressed. However, once this passive film is damaged, 
corrosion may occur, leading to the production of an iron oxide which may 
expand to occupy from two to nearly seven times the volume of the original steel 
This produces internal tensile forces which can lead to disbondment of the steel 
from the a>ncrete, and aacking and spalling of the a>nacte which may result fa 
even greater oorrosion since the steel may be left open to the environment. · · 

Many factors can lead to the breakdown of passivation of reinforced steel iil • 
a>ncrete, including the in~ of aggres.sive chloride ions into the a>ncrete. 
carbonation of the a>ncrete (which lO'IVCrs the pH of the a>ncrete and alters the 
passivatibg a>nditions), and poor a>nstruction practices. Chloride ions can be 
introduced into the a>nacte in a number of ways including using sea-dredged 
aggregates, using chloride-containing admixtures (i.e., caJcium chloride as an 
accelerator), a>ntact of the oonacte with salt water, and using chloride-a>ntaining 
deidng salts.. If the .chloride con:cnt in the a>ncrete reaches a high enough 
a>ncentration, the protective, passive layer on the steel will break down, u 
resulting in serious a>rrosion problems. Corrosion of steel in a>ncrete can also 
be induced by lowering the originally protective, passivating pH of the pore 
solution surrounding the steel (which is normally about 12.5), thus bringing the 
steel into the active region of the Pourbaix diagram,3 as shown in Fig. 1. The pH 
is lowered by reaction of the Ca(OH>i in the pore solution with CO2 in the ail. 
This is referred to as carbonation: 

The a>rrosion of steel reinforcement in a>ncrete bridges, highways. parking 
garages, and buildin~ is a very costly concrete durability problem not only in 
terms ofJts finanriial .implications but also its structural safety. About half the 
:;oo,ooo US. bridges are in need of structural repait as a result of oorrosion. 
Much can be done to mitigate the deleterious effects of a>rrosion in a>nac 
especially during initial a>nstruction. This chapter outlines possible methods of 
a>rrosion inhibition, and methods of assessing the extent of a>rrosion activity ill 
a>ncrete. To understand the methods of protecting the reinforcing steel in 
a>ncrete presented in this chapter, one should first review the mechanisms of _ 
a>rrosion process which are presented in •Mechanisms of Corrosion of Steel . 
Concrete,• by A M. Rosenberg et at.. in Volume 1 of Materials Science 
Concrete.5 
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J Materials Science of Concrete III 

Transport of Chemicals Through 
Concrete 

H.W. REINHARDT. Stuttgart University and FMPA BW 

•What we know u a drop, what we do not know an ocean.• 
Isaac Newton 

1bl1 paper dealt m11lnly with the tnnaport or oraanlc Ouida throu&h concrete 
when they come lnt.e111tlonally or by chance Into contact with It. After some 
remarks on the mkroatructure or hydrated cement paste, the main transport 
mecbanllma, capllluy absorption and lnllltratlon, are dlacuaaed. Testlna 
arranaementa developed In various laboratories are Introduced and test results 
within thla rather rouna fteld or lnvuUaaUon are presented. The reaults are 
dlscuuecl, focualn1 on concrete composition, moisture content. type or 0ulct. and 
type or experlmenL Finally, research need• appear for a clear undcrstandlna or 
the chemical and physical aspecta or the tnnsport phenomena concerned. 

Motive and Scope 

Chemical products are part of our industrial era. Th~ are beneficial as 
medicine. fertilizer, plastics, solvents, fuel. and so on. They ire dangerous to the 
health of human beings and animals If not used in the correct doses. Groundwa­
ter and soil can be spoiled by poisonous liquids and gases from leaking 
production. handling. and storage facilities. This is the area where the civil 
engineer is challenged to design. analyi.e. execute. and maintain structures in 
such a way that no material reaches groundwater and soil in concentrations 
harmful to health. 

There are various methods in use to make a structure impervious to fluids. 
Surface layers of metal. plastic. ceramic tiles, glass plates. and coatings are used, 
depending on the type of fluid that has-to be retained. In the case of water, 
concrete, clay. and loam are sufficient. as has been demonstrated in dams. pipes. 
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Transport Mechanis01S 

Either gas or fluid as a Oowing medium is oonsidered as a oontinuum. 
Knudsen8 defined a dimensionless number Kn = >JL (Knudsen number) with A 
the mean free path length and L a typical length. This length can be attnl>uted 
to the pore diameter '2T. If Kn < 0.01, the flowing fluid may be oonsidered as 
a oontinuum. When Kn Af 1, it is a slip-Oow regimc,9 and when Kn > 1, there 
is Knudsen flow or free molecular flow. The most important oontnl>ution to the 
flow in ooncrete is in the range Kn < 0.01; the other two ranges can be 
neglected in the present study. 

To consider 'the transport as a continuum process means to study it by 
macrosoopic · considerations. The local phenomena. that is, what happens in a 
real single pore, are not modeled but the average behavior of all pores together 
is modeled. This macroscopic approach relies upon microsoopic observations 
and theoretical backg?"'-..Und from physics and chemistry (e.g., the interaction 
between a liquid and a solid). 

The main transport merbani$m of a fluid flow in ooncrete is due to capillary 
forces and ~tatic pressure. Gas flow is caused by concentration gradients 
(or partial pressure gradients) and external pressure. Other sources, such as 
electrical voltage, are of minor importance. Temperature is implicitly oonsidered 
since all material coefficients are temperature-dependent 

The flow through a porous medium is proportional to the gradient of the 
total hydraulic potential The hydraulic potential is the sum of c:rtemal forces, 
such as hydraulic pressure and gravity, and capillary forces. 

Assuming a steady state laminar flow, Darcy's law relates the rate of flow 
dq/dl to the hydraulic pressure gradient dh/dl 

dq dh 
- • K • F­
dt di 

(1) 

with K the coefficient of permeability and F the cross section exposed to the 
fluid. 

For one-dimensional flow, the advance of a sharp wetting front is given by 

..r(t) = &112 (2) 

with B the fluid (in the past usually water) penetration coefficient B is a 
function of the potential and the interaction of the liquid and the solid. If 
capillary forces are the only forces, then 
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(3) 

with " = surface tension, I • ex>ntaa angle, r • radius of the i:ylindrical 
capillary, 1J • dynamic visa>sity of the fluid, and Pc capillaJy tension. If a 
hydraulic pressure Pe acts simultaneously, then 

B • i[P, tr (4) 

Since most bailding materials bBYe very narrow pores, the capillary tension 
is large compared ID memal forces. 

lbe influeDce of the memal pressure is illustrated by Fig. S, which shows 
the ratio between penetration or water with extema1 pressure and without 
external paessure as a function of capillaly radius. It is dear that larger pressure 
increases the penetration; the more pressure, the luger the capillarity. As far 
as ex>naete is ex>ncerned, the pores range from nanometers to sew:ral miaome­
ters, 5 which means that a pressure of 1 m fluid head should be negligil>le. 
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Fi&- 5. InOoence ol atemal pressure on penetration. 
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However, there is currently little knowledge about the interaction of 
arbitrary liquids with concrete, especially with moist concrete. If Pe can be 
neglected, the penetration coefficient is directly dependent on (u"1)112. 

Another quantity is the Ou.id absorption ooefficientA. It links the absorbed 
mass per unit surface to the absorption time 

m(t) = ~ 

With the poro.sity E and density of the Ou.id p, it follows 

A= EpB 

(5) 

(6) 

with the dimensions kg-m-2 s-112 for A and m•s-112 for B. The sorptivity Sis 
A divided by p and bas the dimension m•s -1/2 •10 

The above couid be made more general and rigorous if the laws of 
unsaturated Oow were considered. 11.12 Funhermore, the laws governing the 
simultaneous Oow of two liqui~ther misdble or not-6hould be taken into 
accounL These arc 6dds that need more attention in future research.. 

The diffusion of gases (vapor) through a porous medium can be descn'bed 
by Fick's first law for the steady state and Fick's sea>nd law for the unsteady 
state, which read for the one~ional case 

ac (7) m•-D•-ax 

and 

ac a2c 
-•D• -
at ax2 

(8) 

with c ,. concentration and D • diffusion coefficienL The diffusion coefficient 
is usually a function of the concentration. Solutions for various initial and 
boundary conditions arc giYen in Re!. 13. While water vapor and some gases 
such as methane were investigated in the past, there is almost no data available 
about the diffusion of vapors of harmful liquids diffusing through concrete. This 
should also be a field of future research. 
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~ Table I. Data of Absorption and lnflltratlon Tests on Concrete 
4>,. 

Comprculve Molal A,e at Teat Abeort>cd Pcnctrallon Penetration 
1ype o( Strcn1tb Curtn1 Tcatln1 Duration Auld Sorptlvl Depth Coefficient 

Auld Teat• w/c (MP•) (days) (days) (days) (Um2) (mm,'d (mm) (mmld"; Ref. Remarb 

n-<>etane Inf. 0.6 25 1 28 3 82 47.3 15 
xylene Inf. 0.6 25 1 28 3 55 31.8 15 
ethyl acetate Jnr. 0.6 25 1 28 3 72 41.6 u 
methyl ethyl ketone Inf. 0.6 25 1 28 3 77 44.4 u 
chlorobenzenc Inf. 0.6 25 1 28 3 79 45.6 15 
nllrobenz.c:nc Inf. 0.6 25 1 28 3 66 38.1 u 
3-mcthoxy butanol Inf. 0.6 25 1 28 3 63 36.4 u 
butyl acetate acetic In(. 0.6 25 1 28 3 71 41.0 15 

n -butyl atcr 
n-bulanol lnr. 0.6 25 1 28 3 60 34.6 15 
vinyl ICCtale ICCllc lnr. 0.6 25 1 28 3 72 41.6 15 

vinyl atcr 
ethylene 1lycol Inf. 0.6 25 1 28 3 25 14.4 15 
mclhlnol Inf. 0.6 25 1 28 3 37 21.4 15 
11011ium chloride, Inf. 0.6 25 1 28 3 35 20.2 15 a:: 10% lol. 

"' 1nlllne Inf. 0.6 25 1 28 3 40 23.1 u .... 
n 

i n-butylamloe Inf. 0.6 25 1 28 3 39 22.5 15 
IC!Ctone lnr. 0.6 25 1 28 3 41 23.7 15 

~ dle1hytene glycol In(. 0.6 25 1 28 3 22 12.7 15 
n fuel oil, light lnr. 0.6 25 1 28 3 54 31.2 15 
i:, WIier Inf. 0.6 25 1 28 3 36 20.8 15 R lubricalln1 oil Inf. 0.5 44 31 140 30 1.02 0.19 34 6.2 18 
0 tdethytene glycol Inf. 0.5 44 31 140 30 1.27 0.23 37 6.8 18 ..... 
g dlelhylene glycol Inf. 0.5 44 31 140 30 4.46 0.76 29 5.3 18 
i:, lubricating oil Inf. 0.5 60 31 133 30 0.51 0.09 17 3.1 18 
Q triclhytene glycol Inf. 0.5 60 31 133 30 1.15 0.21 32 5.8 18 n .... dlcthylene 1lycol Inf. 0.5 60 31 133 30 2.29 0.42 28 5.1 18 n 

s dlchloromcthlne Inf. o..s 50 7 68 3 2.00 1.15 40 23.1 16 

. . · · '-"'---· Jlrl ■h1 ■ C -- -
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:=: Table I. (Cont'd.) 
~ ... 

Compn::111Yc Moiat A&c at Teat Ablorbcd Penetralloo Penetratloo 0 

a· 1ypc o( S1ren11b CUrina Tcatlna Duration Auld Sorptl\~ Depth Coefficient 
Iii' Auld Tca1• w/c (MPa} (daya) (daya) (daya) (l.Jml) (mm/d ) (mm) (mm/dl/2) Ref. Remarb 

~ dlchloromelhane lnr. o.s S3 7 68 3 1.00 0.S8 15 8.7 16 1pccial 
0 admixture i::, 

R bulanol Inf. 0.7S 26 7 S6 7 ◄.07 1.54 77 29.1 20 
0 waler Jnr. 0.75 26 7 S6 7 8.66 3.27 150 56.7 20 .... 

◄S 1 44 1 1 .◄0 0.53 18 6.8 20 g butanol Inf. 0.57 

i::, water Inf. 0.57 ◄S 1 44 7 1.66 0.63 so 18.9 20 
Q bulanol Inf. 0.66 42 3 700 3 7.27 4.20 95 54.8 23 
0 butanol Cap. 0.66 42 3 700 3 3.72 2.lS ◄O 23.1 23 0 
i::::l 

ethyl aoctalc Inf. 0.66 42 3 700 3 8.05 4.65 95 5◄ .8 23 .... ethyl acetate Cap. 0.66 42 3 700 3 6.55 3.78 75 43.3 23 
but.no! In(. 0.66 42 3 700 3 14.48 8.36 125 72.2 23 dried•lm"C 
ethyl ac:ietalc Inf. 0.66 42 3 700 3 14.63 8.◄5 130 75.0 23 dried•lm"C 
but.Doi Cap. 0.66 42 3 700 3 6.17 3.56 6S 37.5 23 dried • lm'C 
ethyl acct.le Cap. 0.66 42 3 700 3 13.08 7.55 110 63.5 23 dried • lm'C 
n-hept.ane In(. 0.54 48 7 90 3 3.90 2.25 19 
n-hept.ane Cap. 0.54 48 7 90 3 3.20 1.8◄ 19 
waler Jnr. 0.S4 44 7 90 3 3.00 1.73 19 
waler Cap. 0.54 44 7 90 3 2.50 1.44 19 
n-bui.nol Cap. 0.68 36 7 121 7 13.00 4.91 105 39.7 21 dried• lm"C 
walu Cap. 0.68 36 7 121 7 21.64 8.18 198 7◄.8 21 dried• lm"C 
n-butanol Cap. 0.61 39 7 107 7 10.18 3.85 85 32.1 21 dried•lm"C 
waler Cap. 0.61 39 7 107 7 13.36 s.os 98 37.0 21 dried•l~ 
octanooc Cap. 0.60 46 8 90 3 2.14 1.24 29 16.7 24 
octanooe Cap. 0.30 94 60 90 3 0.◄9 0.28 8 4.4 24 
pent.none Cap. 0.60 46 8 90 3 2.22 1.28 24 
pent.none Cap. 0.30 94 60 90 3 O.◄ l 0.24 24 
n-bepllne Cap. 0.54 48 7 90 3 3.60 2.08 80 46.2 25 
waler Cap. 0.54 48 7 90 3 2.50 1.44 25 14.4 25 

~ n-hept.anc Inf. 0.54 48 7 90 3 4.15 2.40 90 52.0 25 
waler Inf. 0.54 48 7 90 3 2.25 1.30 30 17.3 25 

- ---------------
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Table I. (Cont'd.) 
Compreulve Molal A,eat Test Abaorbcd Penetration Pcnctratloa 

Type o( Strcn11th CUrtn1 Teslln1 Duratloa fluid ~lvl~ Depth Cocffidcnt 
fluid Test• w/c (MPa) (dayl) (dayl) (dayl) (L/ml) (m~:1 (mm) (mm/dill) Ref. Remark& 

bu\iiyiaayta1c Inf. 0.38 53 7 68 3 0.27 0.16 12 6.9 1pec:i.al 
admilturc 

mcthaayl acid In(. 0.38 53 7 68 3 0.08 0.05 10 5.8 lpec:i.al 
admbllurc 

2-bydl"Ol)'etbyl In(. 0.38 53 7 68 3 0.25 0.14 13 7.5 lpec:i.al 
accyl11c admlllurc 

2-ethylhcxyl Inf. 0.38 53 7 68 3 0.19 0.11 12 6.9 lpec:i.al 
aaylatc admilture 

cthylacrylate Inf. 0.38 53 7 68 3 0.48 0.28 13 7,j apedal 
admilturc 

mctbylmcth1aylatc Inf. 0.38 53 7 68 3 0.39 0.22 1.5 8.7 lpec:i.al 

s:: admlllurc 

Cl) vinyl ICIClalC In(. 0.38 53 7 68 3 0.42 0.24 13 7.5 apedal ... admbllurc 0 

i mc:thylaayl acid Inf. 0.37 74 7 68 3 0.12 0.07 22 12.7 
ethyl aaylltc Inf. 0.37 74 7 68 3 0.73 0.42 23 13.3 

~ vinyl ICClalC Inf. 0.37 74 7 68 3 0.39 0.22 1.5 8.7 
0 crude oil Cap. 0.4 7 25 100 33 3.3 26 ~-105"C 
t:S crude oil Cap. 0.5 7 25 100 30 3.0 26 ~-•m-c R 
e. crude oil Cap. 0.6 7 25 100 28 2.8 26 ~•lm"C 

g •inf. • lnf11tratlon 

t:S 
Cap. • Capillary abaorptloa 

~ -0 

s 

• " .. ,.~- 1,, • ' : • ' - -· 
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Table IV. Absorption oC Acetone and Water in Concrete After Thne Days• 

1 2 

w/c ratio 0.60 -0.65 
fee (MPa) 46 
Volume (mL on 50 cm2 surface) 

53 

acetone 9 10 
water 6 7 

•oata Crom Ref. 24. 

Porosity 

Concrete 
3 

0.65 
58 

8 
s 

4 

0.60 
69 

7 
6 

s 
0.30 

94 

2 
1 

There are only a few references that supply data on porosity of the ooncrete. 
It is an interesting question whether Eq. (6) is valid if the total porosity is 
imp!C!!lented i:: this relation. In Ref. 2i, penetration depth and absorbed 
volume are oomparcd and it appeared that only 3-8 vol% oould be filled by 
butanol if the ooncrete was stored in an ambient environment and that 12-14 
vol% oould be filled for an oven-dried ooncrete. Unfortunately, the total 
porosity bas not been measured but can be estimated to be 15-18 vol%. This 
means that Eq. (6) bas to be used with caution. More research is necessary to 
investigate the interaction between organic fiuid, water, and hydrated cement 
paste in oonaete. 

Dynamic Viscosity and Surface Tension 

The absorption of a fiuid in a porous medium depends on surface tension, 
dynamic visoosity, and oontact angle, as stated by Eq. (3). If all quantities and 
the pore system of oonaete were known, the absorption could be predicted. 
Since :.his is wt the ~ experiments have to be conducted and it can be 
checked whether a general relation can be oonfirmed. Test results from Ref. 15 
are plotted in Fig. 16 for water-misa"ble and immisante fluids and one type of 
concrete. 

Although the scatter is considerable, there is a clear tendency of larger 
penetration with larger (qfr1)112• The oorrelation is better for fiuids that are not 
miscible with water (numbers 1-10), whereas the misa"ble fiuids deviate the most 
from the correlation line. This behavior should receive more attention in future 
research with respect to the interaction of 0uid and pore water. It should also 
be emphasized that the oontact angle is assumed to be the same for all fiuids, • 
which is certainly not true. But there was no information available about the I 
contact angle of organic fiuids and concrete. Looking to Fig. 16, there is the re-
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ONE 
THE NATURE OF THE PROBLEM 

1.1 Composition of concrete. Concrete is a composite 
material which consists essentially of a binding medium 
within which are embedded particles or fragments of a 
relatively inert mineral filler. In portland cement concrete 
the binder or matrix, either in the plastic or in the hardened 
!tate, i~ a combination of portland cement and water; it is 
commonly called the "cement paste." The filler material, 
called "aggregate," is generally graded in size from a fine 
sand to pebbles or fragments of stone which, in some con­
cretes, may be several inches in diameter. 

In practical concrete mixtures, the overall proportions 
of these principal components, the binder and the aggregate, 
are controlled by the requirements that, (1) when freshly 
mixed, the mass be workable or placeable, (2) when the 
mass has hardened, it possess strength and durability ade­
quate to the purpose for which it is intended, and (3) cost 
of the final product be a minimum consistent with acceptable 
quality. A diagrammatic representation of the composition 
of concrete of the proportions used in construction is shown 
in Fig. 1.1. 

The aggregate occupies roughly three-quarters of the 
space within a given mass. For convenience, particles 
smaller than about ~e in. in diameter are designated as fine 
aggregate or sand. Natural coarse aggregates may con­
sist of gravel or crushed stone. Other materials employed 
as aggregates include slag, cinders, and artificial lightweight 
aggregates made of burned clay or shale. 

The space not occupied by aggregate, roughly one­
quarter of the entire volume of an average concrete, is filled 
with cement paste and air voids. After concrete has been 
placed, even though it has been compacted with consider­
able thoroughness, some entrapped air remains within the 
mass. In a freshly made and compacted concrete of suit­
able proportions, the volume of unavoidable entrapped air is 
comparatively small, usually not over 1 or 2 percent. For 
particular purposes, however, there has developed in recent 
years the practice of incorporating ln the mixture special 
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water content is kept constant, approximately the same consistency is 
maintained. 

From the fact that the water content is practically constant while the 
cement content varies considerably, it is apparent that the dilution of the 
paste, expressed, say, as the ratio of water to cement, must be greater 
for the lean mixes than for the rich ones. Stated in practical terms, it 
means that as the amount of cement in a mix is reduced, more water must 
be used per sack of cement, if constant consistency is to be maintained. It 
is apparent that an intimate relation exists between richness of mix and 
water-cement ratio in mixes of the same consistency. 

In the hardening process, a unit quantity of a particular cement can 
potentially combine with a specific quantity of water. Thus for a given 
quantity of cement paste, a paste having a higher water-cement ratio (small 
percentage of cement) will have a larger volume of potentially uncombined 
water than will a paste of lower water-cement ratio. Since capillary-pore 
space derives from uncombined water, the paste in the leaner mixes has 
a more porous structure than that in the richer mixes. 

1.4 Influence of quality of paste upon properties of concrete. The cement 
paste has been characterized as the active element in concrete. The perfor­
mance of concrete is largely influenced by the properties of the paste, pro­
vided the mineral aggregates are of satisfactory quality. Ordinarily, sound 
strong aggregates are not difficult to secure. 

For a cement of given chemical composition, the strength and porosity 
of the paste-structure are dependent almost entirely upon the water-cement 
ratio (see Art. 10.12). So long as plastic workable mixes are used, the 
lower the water-cement ratio, the greater the strength and water-tightness. 
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This is true regardless of the richness . of mix. Whatever measures of 
strength are used (compressive, tensile, or flexural strength) the relationships 
between them and the water-cement ratio are similar [100, 101).1 

Durability, or resistance to weathering, is a function of both ~rength 
and watertightness. The quality of the paste thus has a direct influence 
upon this important property. This has been shown not only by tests but 
also by studies of the condition of structures in the field [101]. 

It is apparent that other properties which are affected by the character 
of the paste structure will be influenced by the water-cement ratio. For 
example, the higher the water-cement ratio, the greater the shrinkage of 
paste due to drying. The volume change of concrete, however, is dependent 
upon the quantity of paste as well as upon quality of the paste; in some 
casM the shrinkage due to the effect of increase in water-cement ratio 
may be offset by the effect of increased quantity of aggregate. 

A basis that has been used in the past for selecting a water-cement 
ratio for a particular job is the compressive strength of concrete. However, 
even with fairly high water-cement ratios, ample strengths are obtained with 
most present-day normal portland cements. Hence any limitations that are 
placed upon the water-cement ratio should also be governed by considera­
tions of resistance to weathering. Recommendations on this basis, for vari• 
ous types of structures and degrees of exposures, have been made available 
(see Table 6.5 and Ref. 100). In any case, fixing the water-cement ratio 
gives a measure of control over the potential quality of the concrete. 

1.5 Concrete makinc. The making of concrete is a manufacturing process, 
even though the plant may often be temporary and the product is made 
in thu fieici. In many areas, however, concrete is now produced in a central 
mixing plant and is hauled to the construction site. In any case, the prob• 
lams of material procurement, of personnel organization, of quality control 
and economics parallel those of any other manufacturing process. When 
the plant is temporary, the problems of proper plant layout and widely varying 
sources of material must be recognized as a part of each job. Furthermore, 
from a general point of view, because the process of securing a concrete 
of desired quality is not completed until the concrete structure is finished, 
each job presents its own peculiar problems of forming, placement, and 
curing. These considerations call for special experience and judgment on 
the part of the manufacturer. 

An engineer or engineering staff is usually responsible for the technical 
phases of the process, whether the operating organization is provided by 
a contractor or by the owner. The engineer must be familiar with the 
principles of concrete making as well as the art of producing it. He must 

1 Numbers in brackats indicate references listed in Appendix J. 
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CONCRETE-MAKING MATERIALS-PORTLAND CEMENT 

2.1 Cementinc materials. For constructional purposes a 
cement is a material capable of developing, after appropriate 
reactions have taken place, those adhesive and cohesive 
properties that make it possible to bond together mineral 
fragments to produce a hard continuous compact mass of 
masonry. There are a variety of cementing materials in 
use for this purpose; two important cla~ of such materials 
are calcareous cements and bituminous binders. The 
cementing or bonding action of the calcareous cements is 
attained through a chemical reaction involving lime or lime 
compounds. 

For structures which must sustain and transmit appre­
ciable load and which must offer appreciable resistance to 
disintegration under a range of adverse conditions of ex• 
posure, by far the most important of the cementing materials 
(except for use in paYements) are the calcareous hydraulic 
cements. Hydraulic cements have the special property 
of setting and hardening under water. Key and essential 
components of these cements are lime and silica. In the 
presence of water, the lime and silica or lime-silica com• 
pounds, react to form ultimately a hardened product con• 
taining hydrated calcium silicates. 

2.2 Portland cement. For the purposes of this book, the 
discussion is directed primarily to portland cement, which, 
of all the hydraulic cements, is in the most widespread use 
fur constructional purposes at the present time. The origin 
of the name "portland" cement is usually attributed to 
Joseph Aspdin, a brick mason in England, who in 1824 took 
out a patent for making artificial stone; he called his product 
portland cement because the mortar made with it resembled 
in color the stone which was quarried on the Isle of Portland. 
The production of material which would approximate the 
composition and properties of present-day portland cements, 
however, did not begin in appreciable quantity until the 
latter part of the nineteenth century. 

As manufactured fur use in construction work, portland 

l 
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the details of cement manufacture, see Refs. 201, 203, 206. For some 
historical aspects of cement production, see Refs. 210 to 216. 

2.8 Chemical analysis of portland cement. The results of a routine chemi­
cal analysis of portland cement are reported in terms of the oxides of the 
constituent elements [Cl 14]. Table 2.4 indicates the general proportions 
of the major constituents in the clinker, expressed as oxides, for a range 
of ordinary commercially made porttand cements. It may be noted that 
these four major constituents account for over 90 percent of the total. Also, 
it may be noted that the oxide composition varies among the cements repre­
sented over a fairly narrow range. However, a relatively small change in 
wmpcsitlon as i!'!dicated by the oxide analysis may result in an appreciable 
change in the proportions of the actual compounds that make up a cement. 

A typical oxide analysis of a type I portland cement is shown in Table 
2.5, which includes constituents other than the major ones given in Table 
2.4. 

The role of the major constituents will _be discussed in greater detail 
in subsequent articles. At this point however, it is pertinent to note the 
significance of certain other items reported in the usual chemical analysis. 

,. Table U Major constituents of normal po,tland 
- cement dlnker, In tarms of the ollidH 

P9rcetrt,111Jwt 
.. •Jor constituents 

:~ In farms of 
c: -Ut.ollfdes 

Rep,...ntatl" ~llfmate 
;;ftBgc l'1lftte 

·:.:_. Lime, Cao 63 fill-Qi 
~ : Silica, SiO, 

_Alumina, Al.01 
21 20-24 
6 4-8 

· Iron, Fei01 3 Z-5 

Table 2.5 Typical dtemlcal analysis 
'~ a type I portland cement 

~ Other 
by wt determlnatl-

20 .67 Mg() 
5.96 Na.0 
2.35 K.0 

63 .62 Loss on ignition 
2.13 Insoluble ,.sidue 

Free Cao 

Percent. 
bywt 

Z.58 
0. lZ 
0 .94 
1.37 

0.26 
1.43 
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Under the assumptions made here, with a paste having a water-cement 
ratio of 0.35 by weight, the original water-filled space would be completely 
filled with cement gel at 100 percent hydration, and with pastes having 
water-cement ratios lower than this, all of the original cement could not 
be hydrated. There does not appear to be firm evidence as to the exact 
magnitude of this critical water-cement ratio to permit complete hydration. 

It has been estimated that the percent of gel-pore space in cement 
gel is about 26 to 28 percent [236, 245]. In the range of intermediate 
water-cement ratios used in ordinary concretes, in which some capillary space 
would also exist in the cement paste, the porosity of the hardened, fully 
hydrated cement paste may be 40 to 55 percent. 

2.16 Role of paste structure and composition in behavior of concrete. A 
number of aspects of the behavior of concrete may be predicated from 
the structure of the hardened cement paste and from the chemical nature 
of its constituents. Because the basic structure of the hardened paste 
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is a rigid gel with a considerable porosity and a large specific surface, 
it is capable of holding a substantial quantity of water under the influence 
of attractive forces of varying degrees of magnitude. It may be expected 
that the amount of water held within the overall gel structure will vary 
with humidity (vapor pressure) of the surrounding atmosphere. Some water' 
occupies the capillary-pore space, but a significant amount occupies the 
gel-pore space. The gain or loss of gel water, by altering the forces within 
the gel structure, results in expansion or contraction of the paste (and 
of the cdncrete in which it may be used). While a part of this volumetric 
change is reversible, complete drying of the paste results in some volumetric 
shrinkage that is not recovered by subsequent wetting. 

Because of the fine network of interconnected gel pores (and usually 
also some capiliary-pore space, net always interconnected), hardened cement 
paste is permeable to water. It is to be expected that as hydration proceeds 
and more of the space between the originally discrete cement grains is 
filled with cement gel, the permeability will decrease. The permeabil ity 
of a fully hydrated paste may be of the order of 10- times lower than 
that of a paste only a day or so old. The permeability of a mature paste 
is comparable to that of fairly dense rocks, such as marble or diorite [236, 
245). Because of the forces induced in water contained in pores of the very 
small size that exist in cement gel, the flow characteristics of water in 
such pores are not the same as those of free water [254]. Voids and 
channels in a concrete mass outside the gel mass per se may, of course • 
also affect the permeability of concrete. 

Because water in the gel pores does not freeze at the same temperature 
as free water, it may be expected that a paste having a fully developed, 
denSe gel structure will exhibit greater resistance to fre-..zing and thawing 
than one having a higher wlurne of water-filled capillary pores. On the 
other hand, small, non-water-filled air bubbles distributed throughout the 
mass enhance resistance to freezing and thawing by providing a source 
of relief to pressures built up by freezing of water in the capillary spaces 
[252]. 

The strength of a paste derives in large degree from the bonds formed 
between the very small particles that compose the cement gel. Generally, 
the greater the number of such particles and the denser the gel structure, 
the stronger the gel mass [245]. This is why the ratio of water to cement 
in the original mix serves as a useful index of potential strength. The 
amount of pore space (and hence density of paste) that can finally be devel• 
oped is a function of the initial water content; and the amount of gel that 
can potentially develop is a function of the relative amount of cement pres­
ent. Increase in amount of gel, as hydration proceeds, results in increase 
in strength. 

If water is removed from the paste structure, not only is the gel volume 
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decreased, but some of the interparticle attractive forces are increased; 
thus pastes or concretes tested after drying exhibit greater strength than 
if they were tested in a ful_ly saturated condition. 

Because of the preponderance of lime and lime compounds tn cement 
paste, the paste may be regarded as essentially chemically basic in nature. 
Hence, exposure to acidic solutions can be expected to cause dissolution 
and damage to concrete. Even long exposure to chemically pure water 
can cause lime to be leached, but in a dense concrete, other than superficial 
reacti9n is negligible over long periods in pure water. 

When certain alumina-bearing compounds are present in the cement 
of a hardened concrete, its exposure to water containing sulfate ions results 
in the formation of ettringite, accompanied by a volumetric expansion within 
th~ fabric of the hardened paste which can result in disruption of the gel 
structure. Hence, for concretes that will be exposed to sulfate-containing 
soils or waters, low C3A cements (type II or V) are often specified. 

The disruption of hardened cement paste that can be caused by delayed 
hydration of hard bumed CaO and MgO has been mentioned in Art. 2.8. 

Because CO: is present in the atmosphere, under some conditions 
it may react with the Ca(OH) 2 or other lime-bearing compounds in the hard­
ened cement paste. It has been observed that when hardened pastes are 
exposed to air containing CO: at relative humidities ranging from perhaps 
35 percent to something less than 100 percent, a decrease in volume occurs 

that is called "carbonation shrinkage" [203, p. 473]. This shrinkage takes 
place even though the reaction of CO: with Ca(OH): gives a product having 
a volume greater than that of the Ca(OH)2 consumed. The mechanism 
of this phenomenon is not fully understood; one view that has been postu­
lated is that as the reaction takes place, Ca(OH): is dissolved, some of 
the -ras .. -ttrng CaC03 in solutio11 is deposited eisewhere in the paste structure, 
and the existing tensile stresses in the gel water cause a decrease in the 
space previously occupied by the Ca(OH): [255). While surface crazing 
has been observed to result from carbonation shrinkage, such action is 
confined to only a very thin layer near the surface and apparently is not 
harmful to the remaining mass of concrete. 

When CO, is dissolved in water it produces a weak acid; thus under 
some circumstances of exposure of paste to CO1 -bearing water, some mild 
dissolution may be caused. 

Compounds of sodium and potassium are usually present in portland 
cement as minor constituents. These alkalis can react rather strongly with 
certain silicates in some aggregates, with resultant volumetric expansion 
and disintegration of a hardened concrete mass. For this reason special 
steps should be taken to offset this potential reaction if the aggregates 
to be used contain such silicates. One procedure is to limit the alkali 
content of the cement to some small amount which experiment and experi-
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ence has shown has seldom resulted in deterioration. Another procedure 
is to use a siliceous (pozzolanic) admixture in the concrete mixture that 
will readily react with both the alkalies and calcium hydroxide during the 
early stages of the hardening process. 

2.17 Specifications requirements for portland cements. Specifications fgr 
cement generally include a statement of chemical and physical requirements, 
methods of testing, limitations on additions, and provisions concerning pack­
aging,. marking, storage, and inspection and rejection. Of interest here 
are the nature of, and reasons for, the chemical and physical requirements. 

The principal chemical requirements for the several types of portland 
cement manufactured under ASTM Specifications are outlined in Table 2.9. 
Th6 background and implications of these requirements have been discussed 
in Arts. 2.5, 2.8. and 2.9. 

The principal physical requirements of the several types of portland 
cement manufactured under ASTM Specifications are given in Table 2.10. 
The usual physical requirements prescribed for acceptance of a cement are 
concerned with (1) fineness, (2) time of se_t, (3) soundness, and (4) 
strength. In addition, for some types of cement, there may be requirements 
having to do with heat of hydration, false set, and air content of mortar 
made with the cement. A discussion of the determination of fineness is 
given in Art. 2.11. Background on the meaning of time-of-set requirements 
and on false set is given in Art. 2.14. Comments on heat of hydration 
are given in Art. 2.13. While a basis has been laid for the significance 
of the soundness test in the discussions of free lime and magnesia in several 
preceding articles, some summary comments on soundness are pertinent 
here. Also, some brief comments relative to the strength tests made for 
acceptanar of cement .. -m b6 made. 

&u,tdnesa. Unsoundness in (set) cement is caused by undue expan­
sion of some of the constituents, which expansion is manifested by cracking, 
disruption, and disintegration of the mass. One source of unsoundness 
In cement is the delayed hydration of free lime incased within the cement 
particles (see Art. 2.12). A protective film prevents the immediate hydration 
of the f,- lime. However, moisture may finally reach the lime after the 
cement has set, and since lime expands with considerable force when hy­
drated under restraint, its delayed hydration may disrupt the mass. One 
advantage of a slow setting cement is that more time is given to hydrate 
the lime before the mass becomes rigid. 

Another possible cause of unsoundness is the presence of too high 
a magnesia content (see Art. 2.12). Standard specifications limit the mag­
nesia content to 5 percent. 

Fine grinding of the raw materials brings them into more intimate 
contact when bumed, so that there is less chance of free lime existing 
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PERMEABILITY AND DURABILITY 

PERMEABILITY 

11.1 Pore structure of concrete. Concrete is inherently 
porous, as not all the space between the aggregate particles 
becomes filled with a solid cementing material. To obtain 
workable mixes it is necessary to use much more water in 
concrete than is required for hydration of the cement. 
Furthermore, the absolute volume of the cement and water 
gradually decreases as chemical combination proceeds, 
and this makes it impossible for a cement paste of any 
water-cement ratio to continue to occupy completely the 
space originally required by the fresh paste; consequenty, 
the hardened paste develops some voids. In addition, 
during the mixing of concrete some air is always entrapped 
in the mass. 

As the water and air voids in concrete are generally 
interconnected, concrete is inherently pervious to water. 
This is evidenced by its absorption of water by capillary 
cictiuii and b-; the p.::.2ge through it of water under pres­
sure. While absorption and permeability may permit dis­
Integrating agencies to damage the concrete or shorten its 
life, fortunately it is not difficult to obtain concrete that is 
sufficiently watertight for all practical purposes if materials 
of good quality are used in proper proportions, if the con• 
crete is well mixed and compacted in place, and if ade­
quate curing is provided. 

The porosity of concrete is largely developed during 
the setting period. Settlement of the solid particles causes 
the water to rise and form many water channels. Some of 
the water is trapped below the aggregate particles, and 
some fills the fine interstices among the cement particles. 
Hydration of the cement produces a gel which decreases 
the size of these water voids and increases the watertight­
ness of the concrete (see Art. 2.16) but the voids are never 
eliminated completely. It is evident that thorough curing 
is necessary to secure watertight concrete. 
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though some other materials may be effective, particularly in lean mixes, 
many produce no beneficial effect. In general, except for pozzolans, the 
use of extra cement will usually be more effective than the use of other 
waterproofing admixtures, and the extra cost for an equal effect will usually 
be less [1100, 1105, 1106]. 

Water-pressure tests on concrete containing entrained air show that 
the permeability of concrete is not appreciably affected by entrained air 
in the percentages ordinarily used on concrete construction if the water­
cement ratio remains unchanged [106]. 

Many surface treatments are effective in reducing leakage through 
porous concrete when applied to the face subjected to water pressure. The 
principal ones can be divided into the following classifications: 

1. Fabric membranes cemented to the concrete with hot asphalt 
2. Asphaltic emulsions 
3. Cement plasters, adequately cured 
4. Paraffin, silicone compounds, etc. dissolved in volatile solvents 
5. Inert fillers in an alkyd resin vehicle 

Of these surface treatments the first two are most commonly used 
when their black color is not objectionable. The other treatments have 
been most used when a good appearance must be maintained. 

11.9 Unifonnity of concrete. The permeability test is very sensitive. Mi­
nor defects or nonhomogeneous conditions in concrete that would have no 
appreciable effect on compressive strength influence the leakage through 
the specimen to a marked degree. 
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Probably the majority of leaks in concrete structures are due either 
(1) to defects such as cracks in the structure or (2) to void spaces in 
the concrete caused by honeycombing or segregation of the constituent ma­
terials rather than to inherent porosity of the cement paste or aggregate. To 
prevent leaks, the mix should be workable so that segregation and honeycomb 
can be avoided in placing the concrete. The effect of vibratory compaction 
in reducing the permeability of concrete is shown in Fig .11.4. Care should 
be taken so that excessive water and laitance do not accumulate at the 
surface~ of fresh masses and that good bond is obtained between successive 
lifts. Contraction joints should be designed, if necessary ,with flexible water 
stops. 

11.10: Absorption. Absorption is a physical process by which concrete 
draws water into its pores and capillaries. In one method of test the con­
crete is submerged in water for 24 hr, surface-dried, weighed, oven-dried, 
and weighed again. The difference in the soaked and dry weight is taken 
as the absorption. It is usually expressed as a percentage of the dry 
weight. In a second method the concrete is first oven-dried, weighed, boiled 
in water for 5 hr, cooled in water, and weighed after surface-drying. The 
percentage absorption is computed as in the first method. The results 
of these two procedures do not agree, as the loss in weight of a saturated 
specimen in drying is roughly 5 to 10 percent greater than the absorption 
after drying [1108]. 

In both procedures the drying operation withdraws not only the mechan­
ically suspended water but also some of the colloidal water more tenaciously 
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held in the cement gel. Hence the absorptions, or porosities indicated 
by the absorptions, are larger than for the usual temperature-humidity envir­
onment of the concrete. 

The absorption is considered to be related to the resistance of concrete 
to weathering, since if no water entered its pores, there would be little 
or no disintegration caused by freezing or thawing or by aggressive waters. 
However, actual tests show no reliable correlation of total absorption 
with durability of concrete, but some correlation appears to exist between, 
the rate of absorption and durability [110]. 

DURABltlTY 

11.11 Deterioration of concrete. The useful life of concrete may be 
markedly reduced by the disintegrating effects of (1) weathering, including 
the disruptive action of freezing and thawing and the differential length 
changes due to temperature variations and alternate wetting and drying, 
(2) reactive aggregates, (3) aggressive waters in alkali regions, (4) leaching 
in hydraulic. structures, (5) chemical corrosion, and (6) mechanical wear 
or abrasion. These subjects are covered in some detail in Ref. 1120 by 
ACI Committee 201. 

11.12 Weatherinc. In severe climates, resistance to weathering is an im• 
portant consideration. There is, however, no quantitative index or direct 
laboratory test for weathering resistance. Various accelerated tests to simu­
late weathering action have been devised; most of these involve alternate 
cycles of freezing and thawing [1141]. 

It is considered that the destruction of concrete by freezing is caused 
by hydraulic pressure developed by the expansion of water when converted 
to ice, this expansion being about 9 percent. When under pressure, water 
does not freeze until the temperature is somewhat below the normal freezing 
temperature of 32"F, but it will freeze even at pressures as great as 30,000 
psi provided the temperature drops to about -8°F [1196]. The disruption 
of concrete by freezing is contingent upon the presence of sufficient water 
in the void spaces so that high internal pressures will develop, because 
when the concrete is not sufficiently saturated the expansion of the ice 
will merely force some of the water into inner voids. Tests have shown 
that the higher the moisture content of the concrete, the fewer the cycles 
of freezing and thawing required to rupture the mass, so that when nearly 
fully saturated an ordinary concrete will disintegrate completely in less than 
5 cycles [1141]. But ordinary concrete has many air-filled cavities that 
cannot readily be filled with water even upon immersion in water. These 
cavities are entrained air bubbles, pores in the aggregates, and thin fissures 
under the larger aggregates. The fissures, formed during the period of i 
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~ PARSONS 

I 
Appendix C of Calculation Cal. No. 730047-01001-01 

I T - - I --i I I I I -- I I ___l I - I 

II mole I I I moles/liter 
Value 

Uncerta inty I I 
Value Uncertainty l 

(2*SD) I lsasis I l 
Pu02 

Pu(OH), 

!Am 

Compoun 

d 

Pu02 

I 
27t [g ----- __ j Pu~2 l[Pu02]= -3.90000 I 

- I 
I 

~07 !~ ________ !P~(?H)4 _ l[P~(°-H),J=_ ~ 19000 1 

pH 

241 lg 

I , 
u i-

2 
I 

2.5 I 
31 

I 
]Am 

L_ -

[Am)= -3.76000 

- - - _J_ -- ~ 
log Kc 

, Equi lbrium Concentration , 

~:i:: ~. 1~o~ert,;,ty 

~-5~00E~~~ I--5 .~9E_::_02 1 
-4_8600E+OO -5.220E-02 ' 

-~ 1800E~OO -?-~8~~-02 : 
-5 .5000E+OO -5.590E-02 

--- - . ---
-5 .8200E+OO -5 .831 E-02 

(moles/liter) j 
~- --- I 

Value 

2.88E-05 

I .3iE-05 
6.6iE-06 

3. 16E-06 
1.51 E-061 

Unct:rtainty 

5.19E-06 

2.54E-06 
1.26E-06 

6.25E-07 
3.13E-07 

3.5 -6 .1400E+00
1 

-6. IOfE:02 7.24 E-07 i l. 57E-07 
4 -6.4600E+OO . :6.4031:-:-02 ; 34 7E-0'71 7.88E-08 

4.5 -6.7800E+OO I -6T27E--02 I 66E-07f 3.97E-08 
5~ :-7.I OOO E+OO - -7.071 E-02 7.94E-08 2.00E-08 1 

5.5 -7.4200E~QO -7.43~~2 38QE-08 l.OIE-08 ! 
_ 6 _ -7.7400E+OO -7.8 10E-02 ~ 8~E-~8 __ _2:q_i!E-09] 

6.~. _ -8 O~Q_·0-~+00 _ -8.201 E-02 8 ?.!_!:-09 _ 2.56E-09L 
7 -8.3800E+OO -8.602E-02 I 4. I 7E-09 l.29E-09 j 

7.5. - :-S.700,0E+OO ~014E-O-~ -~' 2~00E-09. 6A7E-1 0 I' 
8 -9.0200E+OO -9 .434E-02 9.55E- l O 3.25E- 10 

8.5 -9.3400E+OO -9.862E-02 4.57E- IO - l.63E-10 
9 ----9~600E+OO -l.030E-0 1 2. 19E-10 - 8 16E--l ( 

9.5 - ::§.9800E+OO 7 .074E-:o I I ~05E-10 4 OSE-11 

10 -1.0300E+0 1 I -I.I 18E-0 1 5.0 IE-11 1 204E-11 
1-0.5 r -1.0620E+o 1 1 - 1. 163E-o-1 r- -2.40E- 11 l.02E-11 

11 ,--- -1.0940E+Oll -1 .208E-0 1 1.ISE-il - 5.08E-12 
Ii.s _ - :!.:..1260E+~ -:12541:--:-or _ s:s~E-1~ _ f. 53f -1 ~ 

12 -1. 1580E+O I - l.300E-O I 2.63E-12 l.26E- 12 

12.Sr- -1.1 9008 0 11 -T:f46E-0 1 - l.26E-m2 - illE-13 
13 - l.2220E+OI -1.393E-01 6.03E-13 3. IO E-13 
- -- --- 1----- - -- --- -

13 .S _ - ~-~~01:_~0 11 ~).4~~1:-~ 2~E-1_~ !_:._5~E-!3 
14 -l.2860E+O I , -1.487E-01 l.38E-1 3 7.64E-1 4 , 

pusol3.xls Pu solubility 

0 l0000 1"+" -0.64000 . I 
I -

o 03000 J" +" I -~~~0~0 1 

0.24000 1"+" l -1.07000 

I l - - - .--
Equiiiiriu1i1 Concentration 

-0.02000 "*" pH 
-----

-0:~IOO~t :" lpH 

-0.04000 l"•" lpH 

I Rai_ Dhanpat, R. J. Serne. & D.A. Moore, "Solubility o 
Plutonium Compounds and Thei r Behavior In Soils." 

!so il Sci. Soc_ Am J .. Vol. 44, 1980, pg 490-495. 
1 -· - --- ----- -- ·-- - -- ·-

Rai. Dhanpat, R. G. Strickert, R. J_ Serne, & D.A. 
Moore, "Influence of an Americium Solid Phase on 

Americium Concetrations in Solutions." Geoch imi ca et 

Cosmochimica Acta, Vol 45, 198 1, pg 2257-2265 . 

l 
l 

Activity (uCi/ml ) -1-I 

I 

r it;rl - r--- -11 .. " I "" -, 

Value : Uncertainty I Value [ [ Unce~ainty I Unce~ainty I 

Pu-239 Pu-239 & Pu-240 

I -
II II 

Value 

- I - ~ ~II 

7.82E-03 , 

3.74E-03 ' 

1.79E-03 
8.57E-04 

4. IOE-04 

l.96E-04 1 

9.40E-Os i 
4.50E-05 j 

2.15~::_os [ I 
I -

l.~IE-03 ~ ~-~E-0_7 :_ j 
6.90E-04 ~~E-Q?_j 
3.41 E-04 1.11 E-07 1 

1~9~-0~ 1- 5.331:_-0&i_ 
8.4 7E-05 2.55E-08 

4 25~-os [ ~22E-~ ; 

2 . .0_E-~ ~.85E-:Q9 1 I 

I .08E-05 2.80E-09 
-- - - -- -- ---1 

?.42E-Q6 _!_ .~E-~~ I j 

I .03E-~~ l- _ L 2.73E-06 6.4 1E- IO I 1 

IJSE-06 - 3.07E-io~ j 
6.94E-07 l.47 E-10 j 4.93E-06 

2.36E-06 
I.I 3E-06 

5.41 E-07 

I 

: I- ---- -- - -- - ·- ---
3.49E-07 7.03E-11 

2.59E:07 ' --
I . 75E:07- 3.36E-TT C 
8.81E-08 L61E:11 

12~E-O? \ _ I_ ~.42~ -q8 I 1.11E-12 _ 
5.93E-08 7 2.21E-081 3.69E-12 
2.84E-08 
i .36E-08 ,. 

6.SOE-09 

3.1 IE-09 
1~49E:09 

Y 13E-IO 
3.41E-10 
l.63 E-1 0 
7.82E- 1 I 
3.74E- 11 

I.I I E-08 j I. 77E-12 

5 53E-09 i 8.45 E- 13 
2.76E-09i 4.04E-TJ°' 

I .38E-~ r I .94E::-f3 
- 6.85E-10 9.26E-14 
- 3.4 1E -t 6t- 4.43 E-14 

-f- f:69E-10 r 2.12E-="f4
1 

-

8.4 1E-l I l.02E- 14 
4.17E-11 4:S6E-1 5 
2.07E-TT 2.33E-15 
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l.7SE-07 

8.58E-Os° 
4.24E-08 

2. I IE-08 
I .OSE-08 
S.29E-09 
2.66E-09 
I J4E-09 

6.7s:_E-1_01· 
3.40E-10 
l.7IE-l oj 

8.63E:1 i7 
4..34E-1 Ji _, 
2.18E-I 1 

1~0-~-~i 
S.49E-12 

2JsE-TI 
l.38E-12 

Uncertainty I Uncertainty 
l 

l.7SE-07 1 7. 75E-07 

8 58E-OS I - fiIE-07 
4 .24E-08 r t.i7E-07 

2.1 IE -08 8.49E-08 

I .OSE-08 ; 4.07E-08 

5 29E-~9 l _ I .95E-08 
2 66E-Q? 

1 
93 1 E-OJ 

1 

I J4E-09 4.46E-09 

6.75E -10
1I -- 2. 13E-09 

3.40E-10 ___ l.02E-09
1 

l.7IE-1 0 4.89E-10 

8.63E-IJ --= -_ 2.34E -_!_0 1 

~34_E-_!_!T -- _ L l2~ 10 j 
218E-ll j 5.36E-11 
i IOE-11 1 - 2.57E-11 

5.49E- d - l.23E-11 

2.75E-12 
I.38E:12 

5.88E-12 

1.36E-08 1 

- J 
6.22E-09 ' 

2.88E-09 1 

l.3 5E-09 
6.36E- 10 i 
- . -i 

~ ~02E-l~ j 
l.44E-10 1 - - - . 
6.91E-l 1 
3.32E-1 l 

I .60E-11 

I .36E-08 

6.22E-09 
2.88E-09 
I .35E-09 
6J6E-10 
3.02E-1 0 
l.44E-10 
6.91E-l 1 
3.32E- 11 

l.60E-l 1 
UOE-121 770E-12 

3J2E- i21 3.72E-f2 
TioE-12 

&.67E-t3 
- --

4 .19E-13 

2.02E-13 

l .80E-12 

8.67E-1 3 

4 .19E-13 
2 02E-(3 

2 ~781:- 1 ~ , 9 .?_8E-14 
4.73E-14 4.73E-14 

6~88E-~ . 6.88E~ _ 

3.43E- I 3 I 3.43E-1 3 

2.8 1E-1 2 
1.35E-12 

6.44E- 13 

f08E-13 

I .48E-13 

1.I OE- 14 1.IOE-14 
~.28E-1 4 ~ 228~-1 4 

!.71E-I}1 - ~ 7~E-2_3 , _ 
8.53E-l ,i1 8.53E- 14 

5.32E-15 SJ2E-15 

4.24E- 14 
2. 11 E- 14 

I.OSE-14 
5. 19E-15 
2 .57E-15 

2.57E-I 5 I 2.57E-15 
-424E-1 4 --7 07E-14[ - 124& 15 l.24E-1 5 
2. flE-14 3.38E -t4 S§?E-16 --s.97E-16 

_!J)2E~14 __ 1.62E-~4 2_:_88E-(6 2.8~E-1 6 
4.86E-15 7.75E- 15 l.39E-16 l.39E-16 
i.33E-1 5i - 3 71E- 1s ; 6.69E-i 7 6.69E-1 7 
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[ ~ [ ~,;"RS□NS -l --_ _ - _ _ _ __ A~pen_dix ~ of Ca~c~lat~o~ 
1 

t _ -~a~ :o~-7300~-0--1~~•: 01 

-=:_ ~ -- --~- -- -- ---- - - -- J--------- . -- -r-I _--· .. --- --- -_ '- I A~tivity {t,Ci/ml ) __ _J -- ]-----
H c Equilbrium Concentration Equi lbrium Concentration p 

23 
-- -- - - · ·- - - -

p log K (moles/liter) (g/litcr) u- 9 Pu-239 & Pu-240 

-+----- Val:- --1~ ncertai~; - Va~e -1 u _nc~rtaint; - ~a-:e 1 --II Un~~~in~y ·-Value I "+·". "-" . ---V~lu~ - ] -__ -~ '+" _- 7_ - -;;_;;- --
1 __ _ Uncertainty I Uncertainty , _ Uncertainty] Uncertainty 

___ --~ __ _I_L .. :L 99~ E+?O I -8.?~o~o_{ _ 1.02E-02 4.13E-03 3.14~::_oo _ __1 ~_7_~+~0 ____ t.9~E-o! I l.58E-04 t.58E-Q4 j ___ 3..: l_!_E..:Q~j __ l.96E-O~L 1_.26~-Q4 

1.s -2.3900E+oo -1.203E+oo l 4.07E-03 2.osE-03 1.2sE+oo 6.29E-o 1 7. 7&E-os! 7.83E-os 7. 78E-os \ l.24E-04 9. 74 E-os --·--i--- -- 2 -2.7900E+Oo --T602E+OO --l.62E-03 - 9.31E-=o4 4.98E-0 1 ·- -· 2:&"6E-Oi - 3.IOE-Os! -- - 3.56& os! 3. IOE-051 4.93E-05 4.43E~os ·- 4~43E-05 

- - -_ ~ ~--_f 5 - --~~~o ~~~o -= ~-~~E-~ 1- -~-_os~--04 _l .98E~_I_ . =-~P~:Q_I_ _-1 lJE-05 r ·' -: 1.ssE-=oi J I 23E-_~ [ - ·· i:96E-os t .93E-05 _ I -~3E-~ 
,___ _ __ _ ___ 3 -!_: 5900E+OO -2.401E+QO __ ~~?_E-0~ 1 _! _ _- 2_2~ 04 2_-~~E-0~ _ 5.28~~_9_2 4:91E-~6 ~ \ ~--~~-:_~ 4?1_E-Q~ 1 ____ 7.82E-06 - ~:.!.7E-Q6 7.82~ -06 

1 3.5 -3 .9900E+OO -2.801E+OO 1.02E-04 7.18E-05 3. 14E-02 2.2 1E-02 l.95E-06 i : 2.74E-06 ' l.95E-061 3. IIE-06 3.41E-06 3 .IIE-06 ~- -~ -- ·t~ - -~ -- -4 .3900E+OO -3 .201E+oo ! --- ~ ?2_E_-OS . 2.9~E--O_i : _1_-2~ -~Qj ·-_-_ ~) .12~: ~3- _!78E-~ i ·-n~-0~! ?78~~??.l l.24E-06 - l .4 IE-06 - I .I4E-O~ 

--- .J - - -4.5 I -4 .7900E+OO ~.60! E+~ 1· !-~-~-0~ __! -~__E-05 - - ~.9_~~::Q31- 1 E ~E-03 _}. IOE-?2_j_ ! ~.66~:07 : ~ _! OE_:9~ --· 4.93E-07 5.79E-07 ~.93E-07 
I S j -5 .1900E+OO -4.00IE+OO 6.46E-06 4.98E-06 l.98E-03 I 53E-03 l.23E-07 j l.90E-07 J l.23E-07 ' l.96E-07 2.37E-07 l.96E-07 -- _ ----r-:- s j __ -5 .S900E+O_Q_ .4.4q 1E+~ oi"--2. 57E~o6 ! _ 2q~1-o~[ 2_~~-=-04 ·-, __ 6.f~E_-04 _-4.f_I_"f-~ l _ -- ~-7~E~~ : 4.9_ 1~-o_s ! -- ~~2E-~~ _-2:~2E-08 --.l__.s2~ -~s 

______ :_ _ 6 _ __i.9900E+00-4.801 ~ 00 j _ 1.Q_?E-0~ 1 ~~~-02_[_ ~-14E-Q~ '. 2~~: 04 __I_ J~-0_!! [ , ~-~~E-08 _! -~~:Q8 '. _ 3. I IE-~~ 3.90E-08 _ 3:.!__1_~_-:__~ 
' 6.5 -6.3900E+OO -5 .201 E+00 i 4.07E-07 3.32E-07 1 _ l.25 E-04 , l.02E-04 7.78E-09 l.27E-08 7.78E-09 l.24E-08 ' l.58E-08 l.24E-08 

- - .. _ ~ -- -6.79~ l-.:5.60!E+~ !-6r~-?f l 1.~f-.~ - ~--~~-=_os l - -_4."!:_1!-05 _ -_ p oE-~~: EI_i:-02_ 3 l~E-~9 : _ ~~3E-O~i - ~36~-09 f ,r~__E-0~ 

7.~ _ -7 .1900E+?~

1

, -?~01 E+~o ; ?-~~E-. 0~1.. ?-39~_-~?~ I _1_:98E-~sJ 1 ~~~-os 1~ 3~ -02 1 ~ o~~-o~. 1~2?E-:_09 _ _ _I__:96E-09..! _ ~ :?6~~ J.96E-o~ 
8 -7 .5900E+OO _ -6.400E+OO ' 2.57E-08 ' 2.17E-08 j 7.89E-06 ' 6.65E-06 4.91E-10 ' 8.28E-10 , 4.91E-IO ~ 7.82E-l0 i l.03E-09 1 7.82E-IO 

8. 5 -7 .9900E+00 , -6.800E+OO . - I oiE-os' 8.ifE-0~- ' 3.14E-06
1
- 2.67E--06 ' - ··1.95E-io 1 3.33E-IO i .95E-10 - TTTE-10: -- 4. 14E-10 3. IIE-1 0 

-- -·· - - 9f- -s _3900E+oo l -1.200E+oo ·-- ~ o'7t? __ ~ - l}oE:o? _ L_zJ~.:?i I ·!!!!~-~ __ ?=~s!:~d __ 1 ~-~~-10 , 1.7~E:_fTJ ·· - 124E-i°?1 :_I ~~:10 _ 1.24E-10 
L62E-09 l.40E-09 4.98E-07 4.31 E-07 3.1 OE- 11 5.36E- I I 3.1 OE-I I , 4.93E-I I 6.66E-11 4.93E-11 

_ ~ .46 ~-1 0 - _} .6fE-10 _ i.9sEj! _ _ T 13E~ 1m :n · ·t-2.1"sE.-1 1 ~I 2TE-TT -- 1.96E-11 -- T67E-TT i~ 
2.57E-10 2.25E-10 7.89E-08 6.91E-08 4.91E-12 8.60E-12 4.91E-12 7.82E-12 l.07E-1 I 7.82E-12 
1.02E-IO 901E- II - 3. 14E-08 - --2 .77E-08 - I .95E-l i -- -- 3.44E:-f2 ~E-12 3. I IE- 12 - -;QSE- 12 3.I IE-1 2 

- ~-----~~- -~--.+-I ~- ~--~-~_- _,...,_+I ~ 4~.0~7E-11 -- ITIE- 1 I - TTSE-08 ·· ·- ---TTIE-08 - 7.78E-l3 1 _1 ___ T.38E-i2 l - 7.78E-13 I 1.24E- I2 1 1.71 E-121 C.24E-12 

I - -
1 

- --- --
1 l.62E-1 1 l.44E- 11 4.98E-09 4.43E-09 3 .IOE-1 3 1 I 5.SIE- 131 3. IOE- 13 

-- - - - . ---- 6.46E-12 - 5 .77E-12 -- l.98E-09 - l.77E-09 l.23E-13 r-r- 2.20E::Ui. ~, ~.2~3E~-~13,-tl--.~-~-~ -..,..,- ' --::-=- ; ___ , • - - - -- · 

9.74E-05 

_j__ 

~~-~ ~l -- _?;~ -8.7900E+OO -7 .600E+OO 
-9. 1900E+OO -8.000E+OO 

10.5 -9.5900E+OO -8.400E+OO I 
11 -9 .9900E+OO -8.800E+OO 

----
11.5 I -1.0390t+U l 1-\UUUt+uu 

~--· 12 1 -l.0790E+Ul 1-Y.oUUt+UU 
12.5 -I . I I 90t+Ul 1-1 .UUUt+U l 

4.93E-13 I 6.86E-13 493E-13 
1.96E-1 3 2.74E-13 l.96E-13 

---·- ----
13 -I. I 590E+O I -1.040E+U I 

-- - ---
13.5 -I. I 990E+O I - l.080E+O I 

~ 57E? ~ __ 2.ill-12 7.89E- JOI ··- 7.08E- 10 4.91E-14 '-~~~ -= 14 f ___ 4._9 1_E_-_14-+------+-
l.02E-12 9.22E- l3 3.14E-IO 2.83E-IO 1.95E-14 3.52E-T41 l.95E-14 - . --

7.82E-14 I.I OE-13 7.82E-14 

J . l lc-14 1 ·-;r.r8E-1 4 3.I IE-14 
----- ---

14 1 -1.2390E+U I l.:! -12UE~U__I__.. 
---- - -- 4.07E-13 - 3.68 E-1 3 T 25E-10 --, - l.13E-IO i 78E-=-is .. I.24E-14 I ··7:-:, 5 E-I 4 ----

l.24E-1 4 l.4 1E-14 1 7.78E-15 

-- .. ---+-- ----+-- --
-- - -- -+- ----+-- ------! -- -- ·--!--·- ·· - f----·-+ ---f ---- ----t-----·--+-··· I ·-· -----1· ---- -+------ ~ ---
-- - + - --+-------- 1--- 1-- - ·-!-· -- - - !---- --t-- 1 -·- --+-------·-- t ··--1 --+ - ---•·-· ··---1 - - ~ .. ---+-- --- -

-- ---+------+------ ----1-- ---- f- ------ --- - -- --+- - - ---r- --- ---1- -------~ -- - --- -- --· 
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PARSCNS 
Appendix C of Calculation 

Compoun 
d 

Am 

T-

f- -· 

1- .. I 

t - - -

I I 1 ~ - -- --- - - -
EquTib rium Concentration I Equilbrium _ 1 Am-24 1 Activity (uCi/ml) pH log Kc 

;-

Value 

(moles/liter) Concentration (g/li!er~ : _ _ __ _ __ _ , __ _ 

l ~ n:e:i~ty ii ;alue I :ccrt~i:y r Value - Uncertainty I Val ue r Unc~~~inty I Unc:~~int, 
I I I I l 

I -4.8300£+00 -0.12 16553 I 
-- - - -- -- j 

1.5 -5 .3650£+00 -0. 1236932 I 
2 -5 .9000£+00 -0.12649 11 ' 

2.5 -6.4350£+00 -0.13 

·-- - - - - _..._ - -- ;.... 

4 -8.0400£+00 -0. 144222 1 
- 1-.... ---- ·- ---
4.5 1 -8.5750£+00 ' -0. 15 

51 -9. I IOOE+Otr ·0.156205 
5- :.;j_-9.6450£+00 -0 .. 1627882 

- _6 L -fol80E+OI -0.1697056 
__ 6.~I -1.0115£+0.!J -0.1169 181 

71 -l.1 250£+0~ -0. 1843909 
7.51 -1.1785£+01 -0.1920937 

81 -1.2320£+0 1 ---0~2 
8.sf- -1.2855£+0 I -0.2080865 

-· •- --- ➔- -----+ 
_ 9 L -l.339~ ::? ' I -o.~633~1 
9.5 -1.3925£+0 11-0.2247221 
IOI -l.4460E+Ol -0.233238 1 

1.48£-05 6.5 9E-06 L 3.56£-03 1.59£-03 , 1.22£-05 1 1.09£-05 1 1.09£-05 
4.32£°:-06 ' l.96E--06 1.04£-03 ; 4.72£-04 . 3.57E-06T 3.24E-Cf6'. 3.24£-0fi 
).26£_-06 . - 5 85E -oi; 3.03E-04~ 1.4 ~ -04 I O~E-06- --9_6-8§ -07 '- ?-681.'.-07 
3.67£-07 1.76£-07 8.85E-05 • 4.23£-05 3.04£-07 2.9 1£-07 2.91£-07 

- • - - • L ---- -· ·- !.. -- - -- - • • • . 
1.07£-07 5.30£-08 2.58£-05 1.28£-05 8.87£-08 8.78E-08 8.78£-0 H 
3. 13£-08 1.6 1.E-08 7.53E-06 . 3.87E-06 2.59£-08 2.66£::-08 2.59£-(18 
9. 12£-09 4.88£-09 2.20E-06 
2.66E-09 ··- 1.49£-09 6.4 1 E-07 ! 

--~7.76E_-10j ·_::: ~ 53!:.fo; ~.8i( o1 j' 
2:~6£-I OL _ l_.38£-10 5.4_?E_-08 L 
6.6 1 E-11 1 4.23£-11 1.59£-08 I 
L 93E-l 11 1.29£-11 4.65£-0§1 

--~-62E- 12L _ ~.95~-~2 ~-3~E_:Q9 \ 

l.64E-1 2f l.21E-1 2! 3.95E-101 
4.79£-1 31 3.68£-1 3 1.1 5£-10 [ 

l.40E- 13j 1.1 2£-1 3 3.37£-11 '

1 4.07£- 14 3.43£-14 9.82£- 12 
- 1.1 9£-1 4 - ·1.05£-1 4 2.86£-12 

3.47£-1 5 3.19£-1 5 8.36£-13 

1.1 8£-06 1 i 55E-09 8.08£-09 7.55£-09 
-- - L -- ------- ---

3.58£-07 2.20£-09 2.46£-09 2.20£-09 

I.?9.§.:-07 ~- ~.43£-1 0. [ _ _2_50£- 10 ~ - ?.43£--10 
3.33£-08 1.87£-1 0! 2.29£-1 0 1.87£-1(1 
rill-os - 5.47£.:-i , 1 1.00E-1 1r s.47E-i 1 

·3_ I IE-09 1 _ 1.6-6&11r Tl4E- l TT 1.60£-11 
9.51£-I OI 4.66E-1 2L 6.54E- 12 i 4.65£- 12 

2.9 1£- IOL 1] 6E- 12I ~-?OE- 121 1.3~£~ 1~ 
8.88E-l l 1 3.96E- 13 6.IOE-13 3.96£-1 3 
2.7 IE-11 1.1 6£-13 1 1.86£-13 

8.26£-1 2 ~ 3.37£-1 4 
2.52£-1 2 9.84£- 15 
7.68£-1 3 2.87£-1 5 

5.68£-1 4 
1.73£-14 
5.27£-1 5 

1.1 6£-1 3 
3.37£-1 4 

l_0.5 [ : l .4995E+O_ lt :0.24 18677J - l.OIE-1 5-1- 9.70£-1 6 2.4_ 4£-1 3._ 
11 -1. 5530£+0 I -0.2505993 2.95£- 16 2.95£-1 6 7. 11 E-14 

11 .5 -l. 6065E+OI -0.2594224 8.61£-1 7 8.97£-1 7 2.07£-1 4 
12 -1.6600£+0 1 -0.2683282 2.5 1£- 17 2.73£-1 7 6.05£-1 5 

12.5 -1.7135£+0 1 -0.2773085 7.33£-1 8 8.28£-1 8 1.77£-15 

2.34E-1 3 8.3 7£ -1 6 1 1.61£- 15 

9.84£-1 5 
2.87£- 15 
8.37E:l6 

it l E~ t4T - 2.44£- 16 
illE-141 7. 13£-1 7 

4.89£-1 6 I 2.44£_-L ~ 
1.49£- 167 7.13£-17 

6.57£-1 5 
2.00E:fs 

2.08£- 17 I 4.51 E- 17 I 2.08£-1? 
6.07£-1 8 137£-17 ~ 6.07£-1 8 

13 ~ 7670£+0 11 -0.2863564 
!3.:..5;_ :~-~20~+0! -0.29~46~~ 

14 I -1.8740£+0 I -0.3046309 f 

2.1 4£-1 8

1 
2.51E-1 8

1
5.15E-1 6 

~-~E- 19 _ 7.62~:~9 !50!:-~6 
1.82£-1 9 2.3 1 E-1 9 4.39£-1 7 

6.05£-1 61_ 1.77£-18 4. 16£- 181 1.7'7"f : 18 
!.-8~~-!_~ ~~6_!?-1? 1.26£-18 1 5 16_£_~ 1~ 
5.56£-1 7 1.5 1£ -1 9 3 82E-19j 1. 51£- 19 
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I

Half-li fe(yr) ' 

1 
(ICRP-38) ISpA (Ci/g) Basis I 

I 

-: 
1 -1- -

Cal. No_ 730047-01001-01 

I I I I 
Ratios 

r 
- - __ \-- _____ _IIPu-239 

I I 
239 i 24065 1 0.0622095 j 

1-- - -·-- - I . , 

-

-1 Mass 

I -·-

Ratio IA~tivity jRefence 
I ---

I 

I 
1-

1 

- - i-
i 
I 

I 

Pu-240 

m-241 

_J ______ L 

I I From Radiolgical 

240 1 6537 ! 0.2280608 ;Health Handbook 
I- . . 

241 ! 432 2 I 3.4350933 : 

l _ . I _ l 

Pu-240 
IIPu-239 
Am-2"4 1 

vPu-239 

- _ I - j I -T I i 

- i Pu/Am Activity At Saturation In Water 
I 

- l 
I' 

J 
- d 

11 

-i 
.,-J 

-- f 

__ j 
I - - __ ( 

l.00E-03 

1.00E-05 
s. 
~ 1.00E-07 ...... 
~ 

~ 1.00E-09 .. 
0 - l .00E-11 e 
~ 1.00E-13 u 
::s 

l.00E- 15 

l.00E- 17 

-- 1 -------
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Appendix C of Calculation Cal. No. 730047-01001-01 PARSCNS 

I I 

Concrete Depth versus Ph I 
I I 

Depth 
lpH I Basis 

I 

I 
I 

I 
I I I 

I (cm) I I I I 
' 

0.2 >7 iTroxell , et al , "Composition and Properties of Concrete," pg 48 ; Skalny, Jan, "Material Science of 
I 

0.2 12 _51Concrete I," pg 287; & Skalny, Jan and Sidney Miness, "Material Science of Concrete II ," pg 202. 

I I I I I I 
Materials Fraction in Concrete I I I I 

Material I Wt% Bound I Vol% Bound Basis I I 
Upper !Lower 1 Upper Lower I I I 

H20 I I O. I 
I 

7.5 20.3 ' J61 

Portland I 
19.8

1 
I 5 26.51 2 1.4 Table 51. 7 1, Tipton, C. R. Jr. , "Reactor Handbook Volume I, Material s," pg I 075. 

Cement 
Sand I 77.51 70. II 62.6 53.2 

I 

Density ! 2.25 2 I Table 51.69, Tipton, C.R. Jr. , "Reactor Handbook Volume I, Materials ," pg i 075. 

i : I I 
I ! 

I ' I I I I I 

Pentration 

x{t)= 'B (mm/d "")*t w days JEqn 2, Skalny, Jan , "Materi al Science of Concrete Ill ," pg 2 15 

B= 56.7! I jTable I, Skalny, Jan, "Material Science of Concrete III ," pg 224 

I Activity (uCi/g concrete) e, I I I 

Depth I 
1 Pu-239 I I Time (days) I Pu-239 Am-241 I Pu form !"@ Assumes water is saturated with radionuclide. 

(cm) I 1 /Pu-240 1 
0.2 1 1.244E-o5 I 7. lOE-10 1 l. l 3E-09 I 4.70E-l II oxide velocity I ! 

5.671 1/ l.25E-1 2 I l.98E-! 2 , 4.70E-l l 1hydroxide , 5.470068059 11 2, 0.299669981 1 

8.0 1859 1 21 l.25E-1 2 l.98E- l 2 , 4.70E- l l 1hydroxide 2.348590899 111 ! 0.30 I 358302, 

9.8207281 31 l.25E-1 2 1 l.98E- 12 , 4.70E-1 l I hydroxide , 1.802 137 l 81 11 o, 0.3030754851 

11 .34' 4 ' 1.25E-l 2 , l .98E-1 2 4.70E-l l ;hydroxide 1.51927192 l I 09 0.304822362! 

12 .6785 1' 5 l.25E-l 2 I l.98E-1 2 4. 70E- I l / hydroxide l .338505432 l 08 0.306599797 

13 .8886 11 6 1.25£- 12 I l.98E- 12 ' 4.70E-l l hydroxide 1.21010 1409, 107 0.308408692 

15 .00141 ! 7, I.25E-12 l.98E-1 2 , 4.70E-I I hydroxide I 1.1 l 2803092 106 0.310249987 

16.037 18; 8' l.25E-12 l.98E-1 2 ' 4.70E-l l hydroxide I 1.035771864 105 0.312124661 , 

17.0 1 9 
' 

l.25E-12 , 1.98£-1 2 4. 70E- l l ihydroxide 0.9728 18203 1041 0.3 140337331 

17.930 11 
' 

10 1.25£-12 ! l.98E-1 2 , 4 .70£- 11 ,hydroxide 1 0.9201 14333 103 0.3 1597827 

18.80526 11 l.25E-12 1 l.98E-l 2 : 4 .70E-l I hydroxide ' 0.875 148228 102, 0.317959384, i I 
19.64146 , 12 1.25E-12 : 1.98£-12 4.70E-l l hydrox ide 0.836 193597 101 0.3 I 9978234 

20.44348, 131 l.25E-12 1.98£-12 1 4.70E-I I Jhydroxide I 0.8020 195741 100 0.322036036 I 
I 

21.2152: 14 l.25E-l 2 ' l.98E-l 2 1 4.70E-1 l !hydroxide 0.77 I 721651 99 0.324 134057 
' 

21 .95982 15 l.25E- 12 · 1.98£-12 4.70E-l l I hydroxide I 0.74461819 98 0.3262736251 

22.68, 16 l.25E-l 2 l.98E- l 2 4.70E-l l hydroxide 0.720 184427 97 0.328456 l 3 I 
I I 

23.37801 1 171 1.25E- 12 1.98£-12 , 4. 70E-l I hydroxide I 0.698008897 ' 967 0.330683028 I I 
I 

24.05577 18, l.25E-12 l.98E-12 4.70E-l I hydroxide 0.677763799 95 ' 0.3329558441 

24.714961 19 1 l.25 E-l 2 I l.98E- l 2 I 4.70E-l l :hydrox ide ! 0.6591843 14 941 0.3352761781 I 
25.3570 1 20 l.25E- l 2 1 l.98E- l 2 I 4.70E- l l 1hydrox1de 0.642053855 93 0.337645709, I I 

25 .9832! 2 11 l.25E-l 2 1.98E-12 ! 4. 70E- l l hydrox ide I 0.626 1933261 92 0.340066202, I 
I 

26.59466 22 l.25E-12 ' l.98E-12 1 4.70E- l l !hydroxide I 0.6 11453 168/ 9 1 0.3425395081 I 
27 .192361 23 l.25E-l 2 l.98E- l 2 4.70E-l l \hydroxide I 0.597707379: 90 0.345067578 ! I 

27.77721 24 1 l.25E-12 l.98E-l 2 i 4.70E- l l hydrox ide I 0.584848946, 89 0.347652462 I I 
28.35 25 1 l.25E-l 2 ; l.98E-l 2 I 4.70E-l I hydrox ide I 0.5727863171 88 0.3 5029632 1 I 

28 .9 11 44 261 l.25E- 12 , l.98E-12 4.70E-l I hydroxide I 0.56 14406421 87 0.35300 l 433 I 
29.46218 271 1.25E-12 j l.98E-1 2 4 .70E- l 1 hydroxide I 0.5507435951 86, 0.355 770199 

30.00282 281 1.25E-12 ' l.98E-12 4.70E-l 1 hydroxide I 0.54063563 l 1 85 0.358605 156 I 
30.53388 291 l.25E-12 I l.98E-12 4.70E-l l hydroxide I 0.53 1064589 84 0.36 15089831 i 
3 1.055871 30 l.25E- l 2 l.98E-l 2 , 4.70E- l l lhydroxide 0.521984554 831 0.364484516 I ! 
31.56922' 3 1 l.25E-l 2 1 l.98E-l 2 4. 70E-l l I hydroxide I 0.5 13354927' 82' 0.367534756 I 
32.07436 32 l.25E-l 2 1.98E- l 2 4. 70E-l l , hydroxide 0.505 l 39657 81! 0.37066288 I 

32.57167 33 ' l .25E- 12 1.98E-l 2 4. 70E-l l ' hydroxide 0.4973066 1 l 80 0.373872262 I 

33 06 15 34 1.25E-l 2 l.98E- l 2 4. 70E-l l hydroxide 0.489827038 79 0.377 166482 I 

33.544 17 35 l.25E-l 2 1.98E- l 2 4. 70E-l l hydroxide 0.482675126 78 0.380549344 
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' Appendix C of Calculation : Cal. No. 730047-01001-01 
PARSONS I 

' 
34.021 36, J.25E- 12 l.98E-12 , 4.70E- l 1 !hydroxide , 0.47582763 77, 0.3840248971 I 

' 34.48926: 37 J.25 E-l 2 ' J.98E-12 4.70E-l 1 I hydroxide I 0.469263547 76> 0.387597453 ' ! 
34.952231 38 J.25E-12 , l .98E-12 4.70E-l 1 jhydroxide 0.462963851 751 0.39127 I 6081 ' I 
35.40914' 39 J.25E-12 l.98E-12 4. 70E-l l !hydroxide 0.4569112541 741 0.395052274 I I 

35.86023 ' 40 l.25E-12 l.98E-12 4.70E-l 1 I hydroxide 0.451090015 ' 73 0.3989446971 

36.30571 4 11 J.25E-12 i l.98E-I2 1 4.70E-11 !hydroxide i 0.445485761 72 0.4029544931 I I 
36.74581 421 J.25E-12 , l.98E-12 I 4.70E-11 hydroxide I 0.4400853341 71 0.4070876841 I I 

37. 180681 43! l.25E-12 J.98E-12 1 4.70E-l l hydroxide I 0.434876673 10: 0.411350731 I i 
I 

37.61053 44 '. l.25E-12 J.98E-12 I 4.70E-l 1 hydroxide ' 0 .429848691 691 0.41575058 ' I : 
38.03552' 451 J.25E-12 ' I.98E-12 I 4.70E-l 1 hydroxide , 0.42499 I 1751 68 0.420294707 , 

' 
I 

38.45581 46 l.25E-l 2 l.98E-12 4.70E-l l lhydroxide 0.420294707· 671 0.424991175 · I ! 
38.87 156 47 , J.25E-I 2 l.98E-12 4.70E-1 I lhydroxide 0.4 I 575058i 66j 0.42984869: ! I 

39.28291 48, I.25 E-12 l.98E-l 2 4. 70E-l I I hydrox ide 1 0.41135073 I , 65 : 0.434876673 I 
39.69, 49 ' 1.25E-12 l.98E-12 4.70E-l l ihydroxide I 0.407087684 64! 0.440085334 I i 

40.09295 50 l.25E-l 2 l.98E-12 4.70E- l l hydroxide I 0.402954493 631 0.445485761 I 

40.4919 ' 51 J.25E-12 l.98E-12 4.70E-l l ,hydroxide , 0.398944697 . 62 0.45 I 0900 IS : 

40.88695 ; s2 ; J.25E-1 2 , l.98E-12 4.70E-l 1 jhydroxide / 0.395052274! 6 I 1 0.4569 I 1254; I 
41.27822 53 ' l.25E-l 2 l.98E-12 : 4.70E-l 1 hydroxide I 0.39127 16081 601 0.462963851 I 
41.66582 · 54 l.25E-12 l.98E- 12 4.70E-I 1 lhydroxide I 0.387597453 ' 59i 0.46926354 71 ! ! ' 
42.04985 55 1.25E-12 l.98E-12 4.70E-l l 1hydrox ide . 0.384024897 ' 58 0.4 75827631 ! 
42.43039 56, l.25 E- 12 l.98E-12 4.70E-l l :hydroxide i 0.380549344 571 0.482675126, I 
42.80756 57 ; l.25E-1 2 ' J.98E-12 1 4.70E-l 1 jhydrox ide 0.377166482 56 0.4898270381 I i 
43.18143 58 l.25E-12 l.98E-12 4.70E-l l 1hydroxide 0.373872262, ss : 0.49730661 I! I i i 

43 .5521 1 591 1.25E-12 I.98E-12 , 4 . 70E-l 1 hydroxide 0.37066288 54 j 0.505139657! ' I 

! I 
43 .919631 60, l.25E-12 1 l.98E-12 , 4.70E-1 1 hydroxide I 0.367534756: 531 0.5 I 33549271 I 

44 .28412: 61 1.25E-1 2 l.98E-12 , 4.70E-l l /hydroxide 0.364484516 521 0.521984554. 
' 

44 .645621 62 I.25E-l 2 I.98E-12 4.70E- l l I hydroxide 0.361508983 ' 51 1 0.531064589 I i 
45 .00423 63 1.25E-12 l.98E-12 4.70E-1 I ,hydroxide 0.358605 156 so1 o.54063563 I I 

45 .361 64; l.25E-12 l.98E-12 , 4.70E-l l 1hydroxide 1 0.355770199, 49: 0.550743595 , l I 

45.713 65 1.25E-12 l.98E-12 4.70E-l l 1hydroxide ' 0.353001433 • 48 . 0.561440642 ' 

46.0633 , 66 l.25E-1 2 l.98E-12 , 4.70E-ll hydroxide 1 0.350296321 1 47i 0.5727863171 I ! 
46.41095 67 ; l.25E-12 l.98E-l 2 4.70E-l l !hydroxide I 0.347652462 46, 0.584848946 ' I 
46 .75602 68 1.25E-l 2 l.98E-12 , 4 .70E-l 1 !hydroxide I 0.345067578 45! 0.597707379 ' ' : 
47.09856 69 1.25E-l 2 I.98E-12 ' 4.70E-1 l jhydroxide 0.342539508 441 0.611453168! ' j 
47.43862, 70 , l.25E-I 2 l.98E-12 4.70E-l l I hydroxide , 0.340066202 43 0.6261933261 I 

I 

47.77627 71 l.25E-l 2 · l.98E-12 4.70E-l l jhydroxide 1 0.337645709 42, 0.642053855 

48.1 I 1551 72 1.25E-12 l.98E-l 2 · 4. 70E- l l ; hydroxide : 0.335276178 4 ]! 0.659184314 ' 

48.44451 73 l.25E-12 l.98E- 12 4.70E-l 1 I hydrox ide . 0.332955844 401 0.677763799 I 

48.77518 74 l.25 E-l 2 l.98E-12 4.70E-l 1 lhydrox ide 1 0.330683028 39 0.698008897 ' ' I 

49.10364' 75 , 1.25E-l 2 l.98E-l 2 4 .70E-l l jhydroxide 0.32845613 38 0. 720 I 844271 I 
49.42991 1 76! 1.25E-12 1 l.98E- l 2 t 4.70E-l l !hydrox ide I 0.326273625 ' 371 0.74461819i : ' i 
49 .75405 77 1.25E-12 l.98E-12 4.70E-l l 1hydroxide 0.324134057 36: 0.771721651 , 

50.07608' 78• l.25E-12 l.98E- I 2 I 4.70E-l l /hydroxide ' 0.322036036 351 0.8020195741 ! 
50.39606! 79 I.25E-12 , l.98E- l 2 1 4 .70E-l I jhydroxide 10.319978234 34 0.836 I 93597 I I 

50.714021 80 l.25E-12 I.98E-12 1 4 .70E-l l I hydroxide · O.f l 7959384 33 j 0.875 148228 I I 

51 .031 81 ' l.25E-12 ' I.98E-l 2 I 4.70E-l 1 !hydrox ide I 0.31597827 32 0.920 I 14333 I : 

51.34403 82 , 1.25E-12 l.98E-12 j 4.70E-1 l hydroxide I 0.3140337331 31 0.972818203 I : 

51.65616: 83 l.25E-l 2 I l.98E-12 j 4 .70E-1 l hydroxide I 0.312124661 j 30 1.035771864 I I 

51.96641 84! l.25E-12 ; l.98E-I 2 I 4 .70E-ll !hydroxide I 0.3 10249987j 29 1.112803092 I 
I 

52 .27482 851 I.25E-I 2 I l.98E-12 1 4 .70E-I I jhydroxide : 0.3084086921 28 1.2101014091 I 
52.58142 86j l.25E-12 ' J.98E-12 j 4 .70E-l 1 hydroxide I 0.3065997971 27 1.3385054321 I 
52.88624 871 l.25E-12 l.98E-12 I 4.70E-11 hydroxide I 0.3048223621 26 1.519271921 I l 
53.18931 881 l.25E-12 J.98E-12 ! 4 .70E-11 hydroxide I 0.30307 54851 25 1.80213718 I I 
53.490671 89, J.25E-12 , l.98E-12 j 4.70E-11 hydroxide I 0.3013583021 24 2.348590899 I I 
53 .790341 90 l.25E-12 ' l.98E-12 i 4.70E-1 l lhydroxide 1 0.299669981 I 23 5.4 70068059 I I 

I 91 , I I 0 I I 
I 
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I Laye, _ . : , : f:4t" Ia~!· --~: ---,= .: ,: w!I -- --r- ---
-+-----~--- -,--- - ----,- -- -·--

-I-----~---

I -

Thickness of the 
Layer (cm) 

Day T ---
----· -----

Forty Years Later 
Layer 

Thickness of the 
Layer (cm) 
Day! - -

Forty Years Later 
Layer 

-Thickness o f the 
Layer (cm) 
Day ! 

l.60E+0I l.70E+0l 

2. l 5E- l 3 l.98E- I 

2.00E-0 I 5.67E+OO 8.02E+. 00 _9 8. 2E+i 0 l.13E+O. l l .27E_+~ _ I .39E~~ j ~ 50-E+. 0 I 

5.81E-09 3.47E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
2.20E-06 3.76E-13 3.71E-13 3.51E-13 3.21E-13 2.89E-13 2.60E-13 2.35E-13 

- 11 ---- 12 - - 13 - - 14 -- -15 - - 16 -·-- 17 --- - -- 181--~.-+--

0.00E+00 O.OOE+~jl - -- -- ~ 

~1- 2011 --
I.79E+0l I I.88E+0 I I I.96E+0 l I 2.04E+0I I 2.12E+0I I 2.20E+0 l I 2.27E+0I I 2.34E+0I 2.41E+0l 2.47E+0 l 

0.00E+00 --~ 00E+. ~ 0.00E+00 _ 0._Q_0E+0~ 0 00E~0_9 0 O_Q~+OOrJ)jOE+O~ _Q.00E+00 0 00E+00 0.00E+0( 1~---­
I.83E-l 3 l.70E-13 1.59E-13 l.50E-13 l.41 E-13 I.33 E-13 l.26E-13 1.19E-13 1.13E- 13 1.07E-I 

-- ---21 -- - 22~ - 2 3 - 24 25 - 26 27 - 28 29 ~ --To -- - -

2.54E+0 I I 2.60E+0I I 2.66E+0 l I 2.72 E+0 l I 2.78E+0I I 2.84E+0 I I 2.89E+0 I I 2.95E+0I I 3.00E+0l I 3.05E+0l 

~ ·--

- l-- - -- - t - ·--

1-- ---

- --
-

0.00E+00I 0.00E+00 0.00E+00I o]0E+00 () OOE+o~ 0.00E+00 0.0OE+OOI 0.00E+00 0.00E+00 0.00E+0 r--
Forty ~:;f!::ater r __ 9.?8E-~t =8_j~E~~; 7~30E-~ 5:92E~~; f~8E4:1 )J8E-i; 2.38E-r; I 60E-

3
~ -~-03E-~; 6.~E-~i -- ---1----

Thickness of the -
Layer (cm) 

Day I 
Forty Years Later 

Layer 
Thickness of the 

Layer (cm) 
Day I 

- ----
Forty Years Later 

---Cayer -
Thickness of the 

Layer (cm) 

-----! --- -- 11 -

3.l lE+O l 3.16E+Ol 3.21E+-Ol 3.~6E+~ ~~E~ Ol 3~3~=+~1 3.40E+Ol - ~~:~ 3.50E+OI 

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
3.69E-15 2.07E~IS - I-.I IE- 15 --5~76-E=-16 2.86E-16 · 1~I7E-16 6.28E-17 2.78E-17 1.19E-17 

41 42 - 4-3 44 45 - 46- -- - 47 48 ___ 49 

3.54E+0l 

OOOE+0~1~: 
4.93E-l~ 

50 -

- ➔ -

- I 

--- ---- _ , __ -- -- -- 11--- I- --+--- ·-- ·-1- ---

3.59E+0I I 3.63E+0I I 3.67E+0I I 3.72E+0I I 3.76E+0 I I 3.80E+0I I 3.85E+0I I 3.89E+0I I 3.93E+0I I 3.97E+0I 

0.00E+00I -~00E+00 0.00E+00 _ o~,!~1 ooo}+oo 
l.97E-18 7.64E-19 2.87E-19 l.04 E-l 9 3.69E-20 

_ --~1 52 I -53 
- -- ----

54 55 
- --- --

0.00E+00 0.00E+00 o.ooE+ool o.ooE:ggj o.ooE+oi 

_ I 27E-m 4 23 E-:~ I- l .37E-:~ 4.34~ l .34E-~~ 

4.28E+0l 4.32E+0I 4.36E+0l 

,_ 

- -- -----l------,1-----

- -- - - ---1- -----+---
- 1--· -----+------ t----

-- ---

--

=~ D- ay- 1 ~~r __ _ 4 OI E+OI _4:"'Effl I 4 09E+"'_~ 4 ~Ei 4 l7E+~ltE+i 4 24E+OI 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0I 

4.59E-27 l. l 5E-27 -2.82E-~1- - ·7---
-------<f--- ---

Forty Years Later 
-- ---

Layer 
Thickness of the 

Layer (cm) 
Day I 

Forty Years Later 
Layer 

Thickness of the 
Layer (cm) 

Day I 

4.02E-23 l. l 8E-23 3.37E-24 9.43E-25 2.57E-25 6.88E-26 1.80E-26 
61 62 63 -- 64 -- 65 I 66 I o, 

--- -- --- --
, _ - 68 69 701 -- ·-· --- --· -- - 1---

1 , ----- - , __ -\-----1>•--- -- I --

4.39E+0l 4.43£+01 4.46E+0l 4.50E+0l 4.54E+0I 4.57E+0 I 4.61E+0l 4.64E+0l 4.68E+0l 4.71 E+0 l 

O.OOE<-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE<-00 0 OOE<-00 O.OOE+OO O.OOE+OO O OOE+™ I --==-- I I -c _J-:::-.= 
6.79E-29 l.60E-29 3.70E-30 8.4 I E-31 l.87E-3 I 4.1 0E-32 8 82E-33 I.86E-33 3.87E-34 7.9 1 E-3' 

71 72 73 -- - 74 - 75 76 77 78 79 80, --- -
---- t-------<-----+- - - -+-----+---- ------- ·-+-· 

4.74£+0 1 I 4.78E+0I I 4.8 I E+0l I 4.84E+0l I 4.88E+0I I 4.91 E+0 l I 4.94E+0I I 4.98E+0l I 5.0IE+0I I 5.04E+0l 

-- --+----+-----+------,-----

Forty Years Later 
Layer 

0.00E+00 0.00E+00 0.00E+00 0.00E+i 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O( 
_ I.59E-35 ~ .14E-36 6.12E-37 - 1-. I ~E~2 - 2.21 E-~8 ~:.!_2_!:-39 7.55E-40 l.36E-40 _ 2.43E-41 4.26E-4 c==----L -:--=.._ 

81 82 83 84 85 86 87 88 89 90 
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- ·-r---•- ·- --r-· ----
5.07E+0l l 5.I0E+0l l 5.13E+0I I 5.17E+0l l 5.20E+0I I 523E+0l l 5.26E+0I I 5.29E+0I I 5.32E+0l l 5.35E+0I 

Thickness oftlie-.­
Layer (cm) 

-- Day r - ----1 · o.ooE+oo o.ooE+oo o.ooE+ool ... o.ooE+oo[ o.ooE+ool ... o.ooE+ool o.oor::+ooj- o~oot+ool o .ooE+oo! o.ooE+oo 
Forty Years Later 1 7.38E-43 1.26E-43 2.12E-44 3.54E-45 5.81E-46 9.42E-47 l.5IE-47 2.39E-48 3.73E-49f 5.76E-5C 

Layer 
Thickness of ihe 

Layer (cm) 
DayT -

- ---- ·-- ---
Forty Years Later 

Layer 
Thickness of the 

Layer (cm) 
__ Day~_ 
Forty Years Later 

Layer 

-----i---·---1-··--· - 1- - --1· --

Pu-239/Pu-240 

1.00E+00 I 2.00E+00 I 3.00E+00 I 4.00E+00 I 5.00E+00 I 6 00E+00 I 7.00E+00 I 8.00E+00 I 9.00E+00 I I.00E+0 I 

2.00E-01 5.67E<OO 8.02E+OO 9.82E+O~ Ll3E+O'I _ 1.27M~_l.39E+O I l.50E+OI l.60E+O.l l- l .70E+O· I· 

3.65E-09 2. I 8E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 
l.38E-06 2.36E-13 2.33E-13 ... 2.20E-13 2.02E:1j I.SiE- 13 l.63E=-i"3 !ASE-TI l.35E~l3 1.24E-13 

-- ... 11 -- -TI - 13 ... 14 - ---· 1s i6 11 - -T8 19 201 

1.79E+0I I 1.88E+0 I I 1.96E+0I I 2.04E+0I I 2.12E+0I I 2.20E+0I I 2.27E+0I I 2.34E+0l l 2.41E+0I I 2.47E+01 

_ __Q.oo~o_qf .Q:00E+oof _ _Q.00E_:1:_oof o.ooE+ogf o.gg__E+oof o 00E:9.qf o.ooE+oqf _.Q:00E+C!Qf-o.ooE+p_o\ Q:9.0E+011=-::.... 
1.15E-13 1.07E-13 1.00E-13 9.40E-14 8.86E-14 8.37E-14 7.92E-14 7.50E-14 7.1 IE-14 6.70E-14 

21 22 23 24 25 26 27 2s · - - 29 30 
- --

----r---·-

- -·- ! ·-

!· - -

--

--- ---

ayer cm 
~ _ Day J__ ~ __ - o ooE+oo o.ooE+oo o ooE+oo o ®E+oo o.ooE+oo oo~E+oo o~oo~+_(_lo · ooo_E+oo, _o.~oE+oo - ~ ooE+g_ =--- --~- L~ __ ·-+ --­

Th:Lickn ... ess( of)ilie~ 2.54E+0I 2 60E+0I 2 66E+0 I 2 72E+0I 2 78E+0I 2.84E+0I 2.89E+0I 2.95E+0l 'I 3.00E+0 I 3.05E+0I 

Forty .Y:ar~ L~ter __ j~~ 2._4__!~~- ~:?~E_:-_I_~ _ 3:_?IE-~ 2:~2!'-14 2.12E- 14 1.4?E-~4 __ LOOE:}_41

1 

-~.44E-~~ ~?._E_:_1_1 -~-t=-
--1•·-

Layer 31 32 33 34 35 36 37 38 39 40 ----- -- -· -- -- -------- - - - - -· ... - -- - ... - -- - ___ ,_ ·-· 
Thickness of the 

Layer (cm) 
3.IIE+0l l 3.16E+0l l 3.21E+0l l 3.26E+0 I I 3.31E+0I I 3.35E+0I I 3.40E+0I I 3.45E+0I I 3.50E+0I I 3.54E+0I 

Day I - . - 0.00E+00 0.00E+OO O .00E+00 0.OOE+00 0.00E+00 0.00E+00 O.00E+OO 0.00E+00 0.00E+00 O.OOE+o1' -
1--- --- ----- ---- ------·. ----- ---- - - - - ----- _ , 

Forty Years Later 2.32E-15 l.30E-15 7.00E-16 3.61E-16 1.79E- 16 8.57E-17 3.94E-17 1.75E-17 7.48E-18 3.09E-18 
--- Layer _____ 41 --;rr ------ 43 - 44 ____ 4s 46 47 -4& ___ 49 ---· so 

- Thicknessofthe - --------- ... - - ----- ·- -- -· -- - - -- --· ·-- - ·-·---· I -· -- -

L ( ) 
3.59E+0I 3.63E+0I 3.67E+0I 3.72E+0I 3.76E+0I 3.80E+0I 3.85E+0I 3.89E+0I 3.93E+0I 3.97E+0I 

ayer cm 
- Day]-- ~ 00E+00 0.00E+00 0.00E+00 - O.00E+00 0.00E+00 O~0E+00 0.00E+00 6.00E+O0 0.00E+00 O.OOE+oq1- ... , - -- I -- - , -· 
~o~y ~Y~ars Lat~ __ L24E- l 8 _ ~~E- 19 l.8~E::_1_2_ - 6.55E-2g -2.32f -20 T95E-21 2.65E:~ --s:62E~ - 2.73f 22 ~40E-21 ~=---r ~ -=- _ __ =----=-· -~=~ 

Layer 51 52 53 54 55 56 57 58 59 60 

f hLickness( oT)the 4.0IE+0I 4.05E-:; --:;:-O;E+OI ~--;3~+~ 4.1;~+0 1 420E:OI 4~ 4~+-01 4.28E+0I 4~;~+~~ ~.36E+O I 
ayer cm 

- + ----·•-- - I -

I ------•--1 ----•--... Day)____ 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 -◊.OOE+00 0.00E+00 0.00E+00 0.00E+00 0 00E+0~ 

Fo_!-fyYears Lat~~-~-2-~- 7.40E-24 2.l~!:-24 5 92E::25 - l_:_62(2~ ~-4.32E::2.? _T}tE-2~ 2}8E~ ~ ~~-28 _ ~ 77E-I f ~=--r -=--- ___ , ____ _ 
Layer 61 62 63 64 65 66 67 68 69 70 

-- I - - -+-----
Thickness of the 

Layer (cm) 
4.39E+0l I 4.43E+0l I 4.46E+0 I I 4.50E+0 I I 4.54E+0I I 4.57E+0I I 4.61 E+0I I 4.64E+0l I 4.68E+0 l I 4.71 E+0I 

---- -Day I -- 0.00E+00 0.00E+00 O.OOE+oof O.OOE+OO 
Forty Years-Later - - - 4 26E-29 TooE-29 2.32E-301 5.28E-:3 T 
- Layer - - -:rr -·... TI -- -- 73 74 

o, %~~~~1 -~0507~~~~1 ~505%~~1 ~~%~~~ ~~~~~~1-Od0906~+~1 -- ·- --=-~1. ... -=t...-= --
75 76 77 ~I 79 80 
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Thickness of the · 
Layer (cm) 

Day 1 
Forty Years Later 

Layer 
Thickness of the 

Layer (cm) 
Day 1 

Forty Years Later 

Layer 
Thickness of the 

Layer (cm) 
Day I 

Forty Years Later 
Layer 

Th ickness of the 
Layer (cm) 

Day I 
Forty Years Later 

Layer 
Thickness of the 

Layer (cm) 
Day I 

Forty Years Later 
Layer 

Th ickness of the 
Layer (cm) 

Day I 
Forty Years Later 

Layer 
Thickness of the 

Layer (cm) 
Day I 

Forty Years Later 
Layer 

Th ickness of the 
Layer (cm) 
-·-- -
Day 1 

Forty Years Later 
Layer 

-----~-- - _ , __ ·- -· -
4.74E+O l I 4.78E+O l I 4.8 1E+O l I 4.84E+O l I 4.88E+O l I 4.9 1E+O l I 4.94E+O l I 4.98E+Ol I 5.0IE+O l I 5.04E+O l 

- ~00~+00 - ~00~_:+-00f O.:.O()E+o91 O.OOE+OO o. ooJ+oo -O.OOE+OO o:66E+OO -0.00E+oo, -~~~_:+-q<J O.OOE+O-( 
9.98E-36 1.97E-36 3.84E-37 7.36E-38 l.39E-38 2.58E-39 4.74E-40 8.55E-41 1.52E-41 2.67E-4; 

- 81 . - 82 - 83 - 84 85 - 86 - 87 - 88 ---89 90 

5.07E+O~ 5. IOE+~l ~ 5. 13E+O l 5. 17E+O l 5.20E+O l 5.23E+O l 5.26E+O l 5.29E+O l 5.32E+Ol 5.35E+O l 

O.~OE+OO -0.00E+O~ O.OOE+OO O.OOE+OO O.OOE+OO O 00~+09 O.OOE+·oo O.OOE+OO o.09E+OO O.OOE+O( 
4.63E-43 7.91E-44 1.33E-44 2.22E-45 3.64E-46 5.91E-47 9.46E-48 l.50E-48 2.34E-49 3.6 1E-5( 

- - ·-·- --- - _,_ 

Pu-239 

l.OOE+OO I 2.00E+OO I 3.00E+OO I 4.00E+OO I 5.00E+OO I 6.00E+OO I 7.00E+OO I 8.00E+OO I 9.00E+OOI l.OOE+O l 

--=:OOE-0~ 5 67~00f 8.02E+O~ 9.8=E+Ol l .13E+O I 127-E+~l 1.39-E+~ I. SOE+~~ l. 6~E+O I l.70E+O I 

5.8 1 E-09 3.47E-14 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OC 
2.20E-06 3 :'76E-13 . 3.71E-1 3 3.SIE-1 3 3.2 1E-1 3 2.89E-13 2.6-0E- 13 2.35E-1 3 2.ISE-1 3 1§8E-l 

11 - - 12 13 14 15 . 16 17 18 , 19 20 

1.79E+Ol l 1.88E+O l l 1.96E+O I I 2.04E+OI I 2.12E+O I I 2.20E+O I I 2.27E+O l l 2.34E+O l l 2.4 1E+O I I 2.47E+O I 

O.OO_E+0~1 o.?QE+O~ O.~OE+OOI O ~OE+OOI O 0~+001 O.OOE+OOI O.OOE+OOI ~-O~E+_901 O.O~E+O~I O.OOE+O( 
1.83E-1 3 1.70E-1 3 1.59E-1 3 1. SOE-1 3 l.41 E-l3 l.33E- 13 l.26E-13 l.l 9E-1 3 l.l 3E-1 3 l.07E-1 

- 21 22 23 . 24 25 26 27 28 - 29 - 30 

-~-:4E~~~ - ~60E+O~ 2.66E+OI 2.7~E+OI 2 ~8~+01 2.84E+Ol 2.89E+Ol ~9. SE+_~-~r ~- -00_:-+0 l 3.0SE+OI 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+O( 
- 9.78E-14 8.63E-14 7.30E- 14 - s':°92E- 14 4.58E-1 4 3.38E-14 2.38£-1 4 l.60E:f4 l.03E-14 6.29E-I: 
- 31 - - - 32 - 33 34 35 36 37 -- - 38 --- 39 40 
----1--- -I-

3. 1 IE+O l 3. 16E+O l 3.2 1E+O l 3.26E+Ol 3.3 1E+O l 3.35E+O l 3.40E+O l 3.45E+O l 3.SOE+O l 3.54E+Ol 

O.OOE+OO o]6E+OO O.OOE+OO o'.OOE+OO O.OOE+OO O.OOE+OO -O~OOE+OO 0.0-0E+OO O.OOE+ OO O.OOE+O( 
3.69E-15 2.07E-15 1 .I IE-1 5 5.76E-16 fi6E- 16 I.37E_-16 - 62.SE-1 7 U8E-17 1T§E:17 4.93E-1! 

41 I 42 43 44 45 46 1 47 1 48 49 50 
-- - -- - ·--+--

3.59E+O l 3.6.3E+Offi 3 67=~~~ _3.72E+O] 3.76E+O l 3~80E+O l 3_.85E+~ __ 3.~E+Ol f 3.93E+OI 3 97E_+OI 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OC 
1.97E-1 8 7.64E-19 i:87E-1 9 l.04E-1 9 3.69E~O 127E-20 4.23ET! l.37E-21 4.34E-22 l.34E-f 

51 52 53 54 55 56 57 58 59 60 
--t- - -- - 1 -- -- •-- I --· _.._ ___ ---- t---

4.01 E+O l 4.0SE+O I I 4.09E+O l I 4. 13E+O l I 4. l 7E+O l , 4.20E+Ol 4.24E+O l I 4.28E+O l 4.32E+O l , 4.36E+O l 

O.OOE+OO O.OOE+OO) 0.00E+OO OOOE+OOJ ·o. OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO -o.oofi-6( 

~.02_E-* _ ~. 18E-:~I- 3.37E-:;I 9.43E-J:I 2}_2_E-:~1_6-88E-::1- 1 -~OE-:~! ~.59E_-Ji~ ~ 5E-:;1- 2-~2E-~~ 
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Thickness of the 
Layer (cm) 

~-- - --~--- -+------- ,--- -- -- -· -·-· --- . - -, -- --- --,------y-----

oay r- --
Forty Years Later 

. Layer . 

Thickness of the 
Layer (cm) 

Day· ! 

Forty Years Later 
Layer 

Thickness of the 
Layer (cm) 
- oay 1 

4.39E+OI I 4.43E+OI I 4.46E+OI I 4.50E+OI I 4.54E+OI I 4.57E+OI I 4.61 E+O I I 4.64E+OI I 4.68E+OI I 4.71 E+OI 

o.00E+oo1 o.00E+oo1 o.ooE+ool o.00E+oo1 o.ooE+ool o.ooE+ool o.ooE+ool o.ooE+ool o.ooE+ool o.ooE+oc 
6.79E-29I t.60E-29I 3.70E-30I 8.41 E-31 

71 72 73 74 
l .87_~-3 11 _4. IOE-321 8.82_~ -3~1_!_:_86E-~ 1 _3_-~2E:3~1--'.·9 I ~:3\_ 

75 76 77 78 79 80 -,--- -
4.74E+OI I 4.78E+OI I 4.81 E+Ol I 4.84E+O l I 4.88E+Ol I 4.91 E+Ol 

o.ooE+ool o.ooE+ooi o.ooE+ool o.ooE+ool-o.ooE+oo 

l.59E-35 I 3. l-:~-361- _6. 1_2E-371- ~- I 7E-3?j- 2.2 I ~-28 
W- 82 83 84 85 

- •---··-

o OOE+-60 
4.12E-39 

86 

4 94E+~~ ~ 9;E+~ I 

---- •--

5.0IE+O I 5.04E+OI 

O.OOE+OO O.OOE+OO . O.OOE+OO O.OOE+O( 
7.SSE-40 I .36E-40 2.43E-4 I 4.26E-4, 

87 - - 88 -=-- ~ -- 9011 ~=- --- ---

5.07E+Ol l 5.IOE+Ol l 5.1 3E+Ol l 5. 17E+O l l 5.20E+OI 5.23E+OI 

- :+00 

5.26E+Ol I 5.29E+OI I 5.32E+OI I 5.35E+OI 

O.OOE+OO O.OOE+OOI O.OOE+OOI O.OOE+OOI O.OOE+OOI 0.001 . . . 
Forty Years Later 7.38E-43 126&43 D2E-44 -f54E-45 s-:STE=46 9.42 - - •--- - - _, --- __ , ·--E-47 

- __ ,_ - -- J 
Am-24 1 

■ 

) I Layer I I 21 3 I 41 51 ( . 
Thickness of tl1e 

Layer (c~~- , 
Day I 

Forty Years Later 
Layer 

Thickness of the 
Layer (cm) 

Day I ' 
--------

Forty Years Later -------- --

---------1----
2.ooE-01 I s.67E+oo l 8.02E+oo l 9.82E+oo 1 1.13E+o 11 1.21E+o1 1 u9E+o 1 1.soE+o 1 I.60E+o 1 1.10E+o1 

3.l9E-ll 8.23E- 13 O.OOE+OO 
---9. 16E-09 8.90E-12 8.78E-12 

11 12 13 

l.79E+01 I l.88E+Ol I l.96E+OI 

----- -
O.OOE+OO 
8.32E-12 

14 

2.04E+O I 

----
O.OOE+OO 

- ---·-- -
7.61E-12 

- -
15 

2.12E+Ol 

o.oof+oo 
6.85E- l2 

-
16 

2.20E+O l 

O.OOE+OO O.OOE+OO 6:-iJoE+OO O.OOE+Oc" -
6. t6i:.:"f2 - 5.58E-12 - 5.09E-f2 4.68E- I; 

17 is -- -·19 -20 

2.27E+Ol I 2.34E+Ol I 2.4I E+Ol I 2.47E+Ol 

o.ooE+oo o.ooE+oo o.ooE+~Qf -9 00~+~1--0 oo_E+ool o.o_~E+~1 ·-~ 0~+001 o 00E+o91 o.oo_~+-061 Jo_o~+o11_-_ -
4.33E-12 4.04E-12 3.78E- 12 3.55E-12 3.34E-1 2 3.l6E-12 2.99E-12 2.83E-1 2 2.68E-l2 2.53E-J; 

21 22 23 - - 24 ------- 25 - - 26 - 27 -- 28 ______ 29 __ 30: Layer 

T h1ekness 07the·- 1 2.54E+o1 I 2.60E+01 I 2.66E+~~ 1-;.-;~E+O l I 2.78E+Ol I 2.84E+O l I 2.89E+01 I 2.95E+O l I 3.00E+O l I 3.05E+Ol 
Layer (cm) 

- Day- I - O.OOE+OO O.OOE+OO O.OOE+OO O .OOE+Oi◊-OOE+OO O.OOE+6oj: o.OOE+OO -o:ooE+OO O.OOE+OO O.OOE+OC 

~o~ ~;~~~~~ ~-23 2E-~ ~ 2.04E-~~ I. 73E-~: _!_~0~-~, ~ 1.09~1{ -8 01-~~f-f 64~~; -3~~9~}: _ 2.~_E-¾} - I .:~-~~I[-=-~-
Thickness of the 

Layer (cm) 
3.IIE+Ol l 3.16E+Ol i 3.21E+Ol i 3.26E+Ol i 3.31E+Ol i 3.35E+Ol i 3.40E+OI I 3.45E+OI I 3.50E+OI I 354E+OI 

Day 1-- O.OOE+OO 
Forty Years Later - 8.74E-1 4 

Layer 41 

o.ooE+oo o.ooE+OQ, __ o.ooE_:1-oo~-o~ oE+o~1 ~-~o. E+.oof o~~+oo o.ooE+oo o.ooE+oo olloE+oc"- - -
4.91E-1 4 2.64E-l4 l.36E-14 6.77E-15 3.24E- 15 l.49E-15 6.60E-16 2.82E-16 l.17E-1( 

42 -4 3- - -44 -- --45 - - - 46 ---- 47 -- 48 49 --- 5()11 
__ _ 

- ·----, --·--- .. -· '·-------t-------1-------t--·--· --
3.59E+Ol i 3.63E+O l i 3.67E+OI I 3.72E+Ol I 3.76E+Ol I 3.80E+OI I 3.85E+OI I 3.89E+OI I 3.93E+OI I 3.97E+OI 

Thickness of the 
Layer (cm) 

- --Day I--1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O~OOE+OO -0.00E+·o~o]OE+OO O]OE+OO O.OOE+OO~ O.OOE+O~, - -- -
Fo_rty_Years Lat<:_r __ ~ 67E~2 ~-~IE-17 6.80E-1~ 2.47E-18 8.74E-19 3 OOE-~9 l.OOE-_19 _3~26E-~ __ l_.93E-20 _3.17~-2_11 __ 

Layer 51 52 53 54 55 56 57 58 59 60 
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Thickness of the 
Layer (cm) 

Day I 

------ .. -------+-- ·-· - ,--· - ..... -

Appendix C of Calculation 

Forty Years Later 
Layer 

Thickness of the 
Layer (cm) 

Day I 

4.0 1 E+0 I 4.05E+0 I 4.09E+0 I 4.1 3E+0 l 4. l 7E+0 I 4.20E+0 I 4.24E+0I 4.28E+0 l 4.32E+0 IJ 4.36E+0 I 

- 0.0_?E+00 _ ~ 00E+O0 0 00~+00 (OOE+O~ o.o6l:~6o 0.~0E+0.0 ~ 00E+0O _ 0.00E+00 0 00E_+~O J!3J~+OC 
9.53E-22 2.79E-22 7.99E-23 2.23E-23 6. 1 0E-24 l.63E-24 4.26E-25 l.09E-25 2.73E-26 6.69E-21 
-- 61 62 63 64 ---- 65 -- 66 67 68 - --69 - 10" -

Forty Years Later 
Layer 

Thickness of the 
Layer (cm) 

Day I 
Forty Y cars Later 

Layer 
Thickness of the 

Layer (cm) 
Day I 

Forty Years Later 

l' u-239/l'u-240 
l'u-239 
Am-24 1 

4.39E+0 I I 4.43E+0 I I 4.46E+0 I I 4.S0E+0 I I 4 54E+0 I I 4.57E+0 l I 4.6 1 E+0 I I 4.64E+0 I I 4.68E+0 I I 4.7 1 E+0 I 

O.OOE+OOI () O0E+OOI 0.0OE+OOI O.OOE+OOI O 00~+001 O.OOE+OOI O.OOE+o~ ·o.OOE+OOI O.OOE+OOI O.OOE+O( 
1.61 E-27 3. 79E-28 8. 78E-29 l.99E-29 4.44E-30 9. 72E-3 I 2.09E-3 1 4.42E-32 9. I 7E-33 1.87E-3 

11 12 13 74 1s 76 n -- 'ls - - 79 80 

4.74E+0 I I 4.78E+0 I I 4.81 E+0 l I 4.84E+0 I I 4.88E+0 I I 4.9 1 E+0 l I 4.94E+0 I I 4.98E+0 I I 5.0 I E+0 l I 5.04E+0 I 

0.~OE. +00 0.00E+00 0.0_0E+0~ 0 00E+09 0:Q_0E+00 ~ 0OE+_§;- () 0OE+~() ~~00E+0~ :o OO_E+OOI -0.00E+O( 
3.77E-34 7.45E-35 l.45E-35 2.78E-36 5.25E-37 9.76E-38 l.79E-38 3.23E-39 5.75E-40 1.0 1 E-4( 

- --8 f 82- -83 84 85 -86 -- 87 88 -- - 89 - 90 

5.07E+0 I 5. I0E+0 l 5.13E+0 I 5. 17E+0I 5.20E+0 l 5.23E+0l 5.26E+0I 5.29E+0 I 5.32E+0 I 5.35E+0 I 

O.OOE+OO 0.00E+00 o-:O0E+O0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0O 0 00E+0C 
- l.75E-4 1 2.99E-42 5.04E-43 8.38E-44 l.38E-44 2.23E-45 3.57E-46 5.65E-47 8.83E-48 l.36E-48 

Summary Table 

l Layer 0 Layer I Layer 90 

pCi/ml [ pCi/g pCi/ml [pCi/g pCi/ml [pCi/g 

I 38E-~ , 6.8~E:07 1 2.36E-l 3~ l. 18E-13 3.6 IE-50 1.8IE-50 
2.20E-06 I. I 0E-06 3. 76E- 13 l.88E-13 5. 76E-50 2.88E-50 - -- ---- - ·- - ·- - - - : 
9. I 6E-09 4.58E-09 8.90E-1 2 4.45E- l 2 l.36E-48 6.82E-49 
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~ Appendix C of Calculation Cal. No. 730047-01001-0l 
1 
.~ P~l=ISCINS 

1---1 -
R,i= _______ _,_l+Pb* Kdrrh l I l Eqn. E.8 -- =-~----- -~-=---- T - -~~-- -.:==- - ·=·: =-:_-::_- - --
Pb bulk density (g/cm3

) 

Kd distriubtion coeflicent for radionuclide (cm3/g) ANL/EAD/LD-2 

2 
3 

4 

5 
6 

7 

8 

9 

-ii-r--.- - ------ - . ·- - .. -· -· -- --- ·- ---1~ h ____ ____ volumetric water content 
-- -· ~ - ratio of average wate~ velocity to radioiuclide ~ iocity --

7 
~ -

12 
13 

- ·---

14 
--

15 
16 

17 
-

18 
19 
20 
21 

-
22 -
23 
24 
25 

26 

27 
1--1 -

28 
1---

29 
1--1- ·-

30 
1---1- --

= ::~" -- ----= --- J;:: ;: :; ;~: :~:11 II -~ ~~~24• -- -1--~:: ~ pl~ ~ ~-- r~~:~) -~:- :_ ~!c;Tiv.;;ro~:J . ----

~ .. Y"irililile- - - - - -T- - _-Va,luT :- - G;;°it-;:-:-=-1 ~---:-~~-~~ I--=:- _ _: __ l~(assurn~~ - ~--=-_!~ i ~~enceddata)
1 

___ _ 
--

Value Stdev pH 7 pl-I 11 pH 7 pH 11 
-l1-c1d-ay_s_p-er_y_e-ar_w_a-te-r-pr-e-se_n_t o--in l -- - · I I- - ---- - --- ---- - l·--

surface 
11 

irne since contamination 
pH near surface layer (2 111111) 
pH below near surface layer 
(2 mm) 

60 
40 
i 

11.5 
- 0.18 15-Water fraction (vol) 

Pu Kd near surface I -- --1000 
P~d below near surface --

Am Kd 

Flow rate 

row in Concrete worksheet 

Upper layer boundary (cmlJ 
jDay 
Activity (uCi/ml) Inflow 
Concentration Used 
Activity (uCi/ml) Inflow 
Concentration Pu-239 
·- ! - -·-

Activity (uCi/ml) Inflow 
Concentration Pu-239/Pu-240 
Activity (uCi/ml) Inflow 
Concentration Am-241 

2000 
20 

I 
I 
I 

flow voiu.me •-

time since contamination 

30 ldays 1 IPu 0.1 0.1 4.27E-05 8.54E-051 
51yr I - - 111. 111 ---- - - ------ - - - 0.004252 o.0042s2I 

> -1 r - - value (~irnl) -- Stde v - -- --· I 
I f _ --- - --- I 

-1- ___ J_ - -~b.:._ --2~ -~25 --- -- __ J 
0.02~~ _____ I · 

221 
0.21 

0.001 

l.1 3E-09 
---

7.IOE-10 
- - -

l.13 E-09 

4.70E-l l 

-- __ 1 
- - 1 --- ___ ,_ ____ _ 

- - - I -

I 

I 
I 

23 24 2sl 281 29 

I 

26 21 1 301 31 

s.67I 
1.001 

8.0185908991 9.820728) 

2.001 3.001 
13.88861 1 15.001411 16.037181 17.01 11.34 12.678505 

4.00 s .001 6.001 7.00[ 8.001 9.00 

l.98E-l2 l.98E-1 2I l.98E-I2 l.98E- 12 l.98E- 12 
- ----

l.25E- 12 l.25 E-12I l.25E- l 2 l.25 E- I 21 l.25E- I 2 

l.98E-121 l.98E-121 l.98E- 121 1.98E-1 2 

l.25E-J l.25E-I21! .25E-I21 l.25E- I2 
- - . 

l.98E-I 2 l.98E- I21 l.98E- I2 l.98E-1 2 l.98E-l 21 l.98E-I 21 l.98E- l 2I l.98E-I 21 l.98E-l 2 
--- -· -~---- - __ ,_ -- -+------- ·--!----+-----

4.70E-l I 4 70E-11 I 4.70E-l l 4.70E- l l 4.70E-I II 4.70E- I II 4.70E-l II 4.70E- I II 4.70E- I I 

Activity (uCi/g concrete)(a) 
"@Assumes water is saturated with 

radionuclide. 

31 Years 

(ml of 

~----------➔ _ '".a_!er) 
days cover in water (90 wet 

and 90 drying} 

--- ---T --
-f -~-:F--~ - I -i - 1--· I --- I 

32 
'T3 

0 
I ,- - - OINA I 2.05E-10 

I_ - o 9928 1735 5.8104 IE~09 ° 3.4745E- I~I 
01 o, ~I --- -t----~ --- ~ 
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~ Appendix C of Calculation 
1 
.~ P~ R S □ NS Cal. No. 730047-01001 -01 

i 249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
26 1 
262 
263 
264 
265 
266 
267 
268 
269 
270 
27 1 
272 
273 
274 
275 
276 

285 
286 
287 
288 
289 

t-------1 -
290 

'"T9T 

2 
2 

2 
2 

2 

2 

2 
2 
2 
2 
2 

2 
2 

2 

2 
2 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 

2 
2 

2 
2 
2 
2 

i 
2 
2 

2 
2 
2 

371 ~085 1~133 1_90~~5LE-0~1 1.3~~2E-13 
38 0.08402794 9.07295E-08 l.3232E-13 

- 39! o:08292939! 9. IT977E-08I 1.3232E- I 3 8.48605E- 14 3.86E-1 4 1.29265E-14 3.204E-15 6.03E- 16 8.89E-17 1.06E- 17 1.05E-1 8 

8.36542E-1 41 3.77E-1 41 1.24804E-1 41 3.055E-15 [ 5.66E-1 61 8.23E-171 9.67E-181 9.42E- 19 
- 8.426 1 IE- 14 3.8 1E- 14 l.27024E-14 3. 129E-15 5.84E-16 8.55E-17 - I.OI E-1 7 9.93E-1 9 

- 40I _o.08_1~_1_28<:I- 9. 16599E-o~I u232E-13I ~.54524E-14 1 ~-9~E- '':l- r3 1529~- 141 3.28 1_!:-15 1 6.2 1E-1 61 9.23E-11 l_ 1.11 ~-1 1 
41 0.08085567 9.211 64E-08 l.3232E- 13 8.60369E-14 3.95E-1 4 l.338 14E-1 4 3.359E-15 6.41E-1 6 9.58E-1 7 1.1 6E-1 7 

l. lE-1 8 
I.I 6E- I8 

421 0.07987549 1 9.25674E-08I l.3232E-13I 8.66i4 IE-14 I 4E-14 1 -- l .3612E-141- 3.438E-15 
43 0.078930 12 9.30 13E-08 l.3232E-13 8.7 184 IE-1 4 405E-i4 1.38448E-1 4 3.5 18E-15 

6.6E-1 61 9.95E-171 · 1.2 IE-l 71 1.22E-18 
6.&E- 16 I 03E-16 7 .27E-17 t.29E-1 8 

4~ 0.~~80 l 7541 9.34534E-081 l .3232E- l 3 
45 0.0771359 9.38889E-08 l.3232E- l 3 
46 0.07628349 9.43196E-08 l.3232E-13 

4 71 0 0'.~58?3 1 9.4 ~':5~~-~~8 l.3232E-l 3 
48 0.074660 I 6 9.5167 1 E-08 l.3232E- l 3 
49 0.07388641 9.558431:-08 l.3232E- l 3 
501 0.073 I 3624 I 9 59972E-osr 1.32321~- l 3 

8 7747E-1 4 I 4. IE-14 1 l.40797E-14 3.6E- 15 I 7 OIE-161 1.07E-16!7.32E:j°7 1 l.35E-1 8 
8.83029E- 14 4. 14E-1 4 l .43 167E-14 3.682E- i5 7.iIE-1 6 1.I IE-16 ,-_38E-17 t.42E-18 
8-.885 18E- 14 4.19E-1 4 l.45559E-1 4 3.766E- 15 7.43E-16 t.I SE-16 - l.44E=-i7 t.5E- I8 
8.93939E- 14 4.24E-1 4 - l.47971E-14 3.851E-15 7.65E- 16 l.1 9E-16 l. 5E-1 7 l. 57E-18 
8.99293E-1 4 4.29E: 14 l.50405E-14 3.938E-15 7 87E-16 1.24E=-i6 1.57E-1 7 1.65E-1 8 
9.0458E- 14 4.33E-1 4~59E::-j4 i025E-15 8.09E-1 6 I.28E-16 I.64E-17 I.73E-18 

9.098E- 14 4.38E-14 l .5533fE-14 4. Ii 4E-1 5 8.33E-16 I.33E°=-16 - I.7 IE-1 7 I.82E-1 8 
511 001240846 [ 96406E-08[ 1.32321:-13[ 9 I4956E-I 4 [ 4.43E-I 4! T 57828E::-14 [ 4.204E- I5l 856E- I6 I l.37E-I 611.18E-11 i t.9 IE- I8 
52

1

1 0.07 179~ 99 1 9.68 108E-~81 l.3232E- l 3 
53 0 07 IO I 58 9. 72 l l 7E-08 l.3232E-l 3 

5~1 0.07034894 1 9. 76089E-081 l.3232E- l 3 
55 0.06970052 9.80024E-08 l.3232E- l 3 

9.20047E-14 1 4.48E-14 ~ 1.60344E-i4 1 4.295E-1 51 8.8E-1 61 l .42E-; 6 l. 85E-17 
9.25075E- 14 4.53E- 14 _·1.6~~t 1~ 4.388~-1 5 9.05E- 16 l .47E: ~6 ~ .93E=-i7 
9.3004E- 141 4.58E-14 l.65435E-1 4 4.482E-1 5 9.3E-1 6 1.52E-16 2.0 IE-1 7 

2E-18 
2. IE-1 8 
2.2E-1 8 

9.34944E-I 41 4.62E- 14 l.68011E-1 4- 4.577E- I51 9. 56E- I61 l. 57E- I61 2.09E-I71 2.3 IE- 18 
56 0.0690697 1 9.839231:-08 l.3232E- 13 9.39786E-1 4 4.67E-14 l.70606E- 14 4.673E-1 5 9.82E-16 l. 62E""=-i6 2.18E-17 2.42E- 18 
57 0.06845572 9.87788E-08 l.3232E- 13 9.44567E-1 4 4.72E- 14 l.7322IE:f4 4~771E-1 5 1.0 IE--15 l.68E-16 2.26E=-i7 2.53E-1 8 
58 0.06785782 9.91619E-08 l.3232E-13 9.49289E-14 4.77E-14 1.75855E-14 4.87E-1 5 1.04E-15 TI4ET6 . 2.35&17 2.65E-1 8 
59 0.0672753 1 9.95417E-08 i.3232E-13 9.53953E-1 4 4.82E--14 1.78509E-14 4.97E-1 5 1. 06E- 15 1.79E- 16 -2.45E-1 7 2 77E-1 8 
60 0.0667075-6 9.99183E-08 - l.3232E- I 3 9.58558E- I 4 4.86E-l 4 -I.SITT I 1::14 5.072E- l 5 1.09E: 15 1.85E-16 2.54E- l 7 2.9E- I 8 
61 0:0661 5394 I.00292E-07 l.3232E-i°J 9.62974E::-14 4.9 IE-14 - 1.83873E: f4 5. 175E-15 I.1 2E- 15 t.9 1E- 16 2.64E-17 3.03E-18 
62 0.06561388 - l.00662E-07 l.3232E-13 9.6720 1E-14 4.96E-14 l.86583E-1 4 5.279E: 15 1.1 5E-15 1.97E-1 6 2.75E-1 7 3. 17E: is 

63 0.065Ci8684 I~OI03 E~07 l.3232E-13 - 9.71246E-1 4 5.0IE-14 1.89311E-14 - 5.385E-1 5 1. ISE-1 5 2.04E-1 6 2.85E-1 7 3 .31E-l8 
64 0.06457229 I.01394E-07 1.3232E-13 - 975 113E-14 5.06E-1 4 1.92058E:14 5.492E-15 1.21E: 1s -·2~ i .96E-1 7 3.46E-18 
65 0.06406976 l.01756E:07 1.323:ZE-13 9:"'78807E-14 TfE-14 l.94823E-14 5 .6E=-i5 l.24E-l-5 ·2. 17E-16 3.07E-17 3.-61E-18 

- 66 0.06357878 I.02115E-07 l.3232E-13 9.82333E-1 4 · s.T5E- 14 t.97605 E-14 5.709E-1 5 T.27E-1 5 2.24E-16- -3. 19E-17 3 77E-1 8 
67 006309892 l.02471E-07 l.3232E- 13 9.85697E-14 5.2E- 14 200405 E-14 5.82E-15 l.3E-1 5 2.3 1E-1 6 3.3 1E-17 394E-1 8 

---- 68 0.06262977 l.02825E-07 l.3232E-TI - 9.88903E- 14 5.25E-1 4 2.03223E~ l4 5.932E- 15 · 1.34&15 2.38E-1 6 3.43E-17 4.IIE-18 
- - - - - - -- - - - ----· -- -- - - - +-- ------ -- ------ --

69 0.06217092 l.03 176E-07 l.3232E-13 9.91955E- 14 5.29E-1 4 2.06057E-14 6.046E-1 5 l.37E-1 5 2.45E-1 6 3.56E-1 7 4.29E-1 8 
-- ---- 70 M61 ill02 l.03524E-07 l.3232E-1 3~ 9.94858E-1 4 5.34E-14 2.08908E-1 4 6. I 61 E-15~ l.4E-1 5 2.53E-16 3.69E-17 4.47E- l 8 

-- -------~ 0.06 12827 l.0387E-07 - L 3232E-13 . 9.976 16E- 14 5.39E-14 2.11 775E-1 4 6.277E- 15~ 1.~ 2.6E-16 3.83E-17 466E-1 8 

72 0.06085263 l. 0421 4E-07 l.3232E-13 l.00023E-l3 5.43E-1 4 2.14659E-1 4 6.394E-If ~ l.47E-15 2.68E-16 3.96E-17 4.86E-1 8 
73 D.06043149 10455 5E-07 1.3232.E: 13- l.0027 1E-1 3 5.48E- 14 2.17558E- i4 6 .5 13E-15 l. 5IE-15 2.76E-16 4.IIE-17 5.06E- 18 

- -- - 74 0.06001 897 - l.04894E-07 l.3232E-1 3 l.00506E-13 5.53E-14 2.20473 E-1 4 6.633E--15 I .54E-1 5 2.84&16 4.25E-17 5.28E-18 
-·- -- 7 5 0.05961479 l.0523E-07 1.3232E-13 l.00728E-1 3 5. 57E-14 2.23403E-1 4 6.755E- 15 l. 58E-l5 2.93E-1 6 4.4E-17 5.49E-1 8 

76 0:05921 866 - l.05565E-07 1.3232E-1 3 l.0093 7E-13 5.62E-14 2.26347E-1 4 6.878E:15 - C62E-1 5 3.0I-E-1 6 4.56E-17 5.72E-1 8 
--- - 77 0.05883033 t.05897E:07 - t."3232E-13 101 I34E-13 5.66E-14 2.29306E-1 4 7.002E: 15 I.6SE-15 3. 1&16 -4.72E-17 5.96E-1 8 

21·- -- ----- 78 0~05844954 - t.06227E-07 i.3232E- 13 ·1 :0 13 I9E- 13 - 5.TIE-1 4 2.32279E-14 7.T28E-15 t.69E-15 3. 19E=-i6 4.88E-1 7 - 6.2E-1 8 
2 - - 79 0.0-5807605 l.06555E-07 l.3232E- 13 l.0149J°E- I3 5 .75E- i4 2.35266E-14 7.255E:j"s T73E-15 3.28E-T6 5.0SE-17 6.45E-18 
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.~ P..A.ASCJNS Appendix C of Calculation Cal. No. 730047-01001-01 

172151__ ~ , 1631 0.12301413 ,~. 19676~ -~~, 22~3E=-!~ 3.70516~~ 3.51E-D, __ .3.21066E-I ~, 2.89E-13 __ 2.6E-13 , 2.35E-13 2.ISE-13 l.98E-13 
172161 40 164 0.12668861 2.l9676E-06 3.7553 E-13 3.70516E-l3 3.51E-13 3.21066E-13 2.89E-13 2.6E-13 2.35E-13 2.15E-13 1.98E-13 

1651 0.13071347 1 2.19676E-06! 3.7553E-13! - 3.70516ET3 3.51 E~l3 3.21066E-13 - 2.89E-13 - 2.6E-13 2 ·.35E-13 2.15E-l3 1.98E-l3 l12171- ~ 
7218 40 166 0.1351482 2.19676E-O6 - 3.7553E-13 3.70516E-13 3.SIE-13 3.2l066E-l3 - 2.89E-13 2.6E-13 2.35E-13 2.l5E-13 1.98E-13 
7219 ----<IO - 167 0.14006748 ·-·2. i967 6E-06 -· 3.7553 E-13 3.70516E-IT----r.sfE-l 3 3.21066E-13 2.89E-13 -- 2.6E-13 .. 2.35 E-13 2. l SE-13 1.98E-13 
mo 40 168 O.l4556655 2. 19676E-06 3.7553E-13 3.70516E-13 3.51E-13 3.21066E-13 . 2.89E-13 2.6E-13 2.35E-13 2.15E-13 l .98E-13 
mt --·-40 - 169 0.15176914 2.19676E-06 3:7553E~l3 3.W516E-13 3.51E-13 3:21066E~ 2.89E-13 - 2.6E-13 2.35E-13 2.15E-13 1.98E- 13 
m2 . . 40 - 170 0.1588394 - 2. l9676E-06 3.7553E~11 --T 1o·si6E -13 - 3.51E-13 3.2l066E -1 3 2 :89E::-f"3 - 2.6E-13 2.35E-13 2.15E-13 l.98E-13 
7223 40 171 0.16700075 ·-2.19676E-06 3.7553E-13 3.70516E-13 3.51E-13 3.21066E-13 2.89E-13 2.6E-13 2.35E-13 2.15E-13 1.98E-l3 

7224 40 172 0.1765665 2.19676E-06 3.7553E-13 3.70516E-l3 3.51E-13 3.21066E-13 2.89E-13 2.6E-l3 2.35E-13 2.15E-13 1.98E-13 
7225 40 173 0.18799259 .. 2 .19676E-06 3.7553E::0 3.70516E-13 3.51 E- 13 3.21066E-13 2.89E-13 2.6E-13 2.35E-13 2.15E-13 1.98E-13 
7226 - 40 174 0.20197376 2.19676E-06,- 3.7553E~~ 3.70516E-13 3.5IE-13 3.21066E-13 2]°9E-13 - · 2.6E-13 2 .35E-13 2.15E-13 1.98E-13 
7m . 40 175 0.21963341 - 2 .1%76E-06 3.7553 E-13 - 3.70516E-13 3.51 E-13 3 .21066E-13 
7228 40 176 0.24293874 2.19676E-06 - 3.7553E-l r -3.7051 6E-13 3.SIE-13 3.21066E-13 

172291
• - 40 177 0.27574785 ·2. 19676E-06 3.7553 E-13 3.70516E-13 3.51E-13 3.2l066E-13 

7230 40. 178 0.3270879 - 219676E-06 3.75 53 E-13 .. 3.705l 6E- l3 3.51E-13 3.21066E-13 

2.89E-13 2.6E=-i31 2.35 E-13 I 2. I 5E-13 I l.98E-13 
2.89E-13 · 2.6E-13 2.35E-13 2.ISE-13 1 l.98E- l3

1 

2.89E-G - 2.6E-13 2.35E-l3 2.15E-1 3 l.98E-l3 
2.89E-13 - --2.6E-13 1 2.35E-13 l2.15E-13 I l.98E-13 
2.89E-13 tnTI1 -~ - 1191· O.42626925 1 2.19676E-061 · 3.7553E~TI, 3.7051 6E-i 31-H fTT3) 3.21066E-13 

172TI1 -~ 180 0.99281735 2. l9 676E-06 3.7553E-13 3.W51 6E-13 3.51E-131 3.21066E-l3 1 2.89E-1 3 
. 2.6E-! ~1 ~.35E-13 2:TSE-13l l.98E-13 

2.6E-13 2.35E-13 2.ISE-13 l.98E-13 

pusol3 .xls Buildup Cal. Page 169 of 1014 01 /03/20024:34 PM 



N I O I P 

~ 
~PAFISCNS 

1 

Q R s T u V w 

Appendix C of Calculation 

--~-------t----~-----,----- ,- ~-·--, 

X y z AA AB AC AD 

Cal. No. 730047-01001-01 

7215 l.83E-13 l.7E-13 l.59E- l3 I.5E-l3 l.4IE-13 l.33E-l3 l.26E- l3 l.19E-l3 l.l3E-1 3 l.07E-1 3 9.78E-14 8.63E-l 4 7.3E-14 5.92E-14 4.58E-l4 3.38E-l4 2.38E-14 
72 16 -l.83E-13 l.7E-l3 l.59E-:_ l3 --1~ 13 1-:-41 E- 13 l.33E-l3 l.26E: 13 l.l9E-13 l.l3 E-13 l.07E-l3 9.78E-14 -8.63E-1 4 7.3E-14 5.92E-1 4 4.58E-1 4 3.38E-14 2.38E-14 
7217 l.83E-13 l.7E-13 l.59E-13 l.5E-13 l .4 1E-13 I.33E-13 I.26E-1 3 - I.19E-:.TI l.13E-TI 7 O7E-l3 9.78E_:-l4 - 8~63E:f4 - t3E-1 4 5.92E-14 4.58E-1 4 3.38E-14 2.38E-l4 
72 18 f83E-13 - l.7E:13 1.59E-:.-f3 ·1.5E- 13 l.41E-1 3 -L33E-l3 l.26E-13 I. 19E-13 l.l3 E-1 3 - l.07E- 13 9)8E-14 8.63E:-f4 7.3E- l4 5.92E-14 4.58E-14 3.38E-14 2.38E-14 
72 19 l.83E-13 l.7E-l3 I. 59E-1 3 - l.5E-13 - l.41E-13 l.33E-13 -l .26E-1 3 l.19E~ - l.13 E_:-13 I.O?E-13 9.78E-l 4 8.63E-14 - 73E-:_ l4 5.92E- 14 4.58E- 14 3.38E-1 4 .... 2.38E-1 4 
7220 I.83E- 13 I.7E-13 l.59E-13 - l.5E-13 -l.41E-13 l .33E-13 - T°26E-13 -1.19&13 T i3E- l3 - I.07E:f3T78E-14 8.63E- 14 7.3E-14 5.92E-1 4 4.58E-14 3.38E-14 2.38E-14 
7221 - l.83E.:-j3 l.7E--13 l.59E-O - 1.5E-13 ··1.4IE- 13 l.33E-i3 l.26E-1 3 l.19E-13 l. 13E-l3 -l.07E-O 9.78E-14 8.63E-14 -7.3E-l 4 5.92E-1 4 4.58E-l 4 - 3.38E- 14 2.38E-14 
7222 l.83E-l3 l.7E-1 3 1.59E-I S L5E-1 3 l.4IE~ l3 l.33E-13 l.26E~TI 1~19E-l3 l.13 E-l3 I.07E-1 3 9.78E-14 --8.63E-1 4 7.3E-14 5 .92E-1 4 4.58E-143.38E-14 - 2.38E-14 
7223 l.83E-13 l.7E-13 l.59E-l3 LlE-13 IAIE-13 l.33E-i3 l.26E- 13 - l.19E-O Ll3E-1 3 l.07 E-l 3 9.78E-14 863E:f4 7.3E:1 4 5.92E-14 4.58E-14 3.38E-1 4 2.38E:14 
7224 T.83E-13 -1.7E-l 3 1 .59E-l3 - l.5E:f3 IAIE-T:i l.33E-13 T 26E-13 l.19E-13 l.l3E-l 3 l.07E-1 3 9.78E-1 4 8.63E-14 7.3E-l 4 5.92E-1 4 4.58E- 14 3.38E-l4 2.38E-14 
7225 l.83E-l3 l.7E-1 3 1.59E-1 3 - l.5 E-13 l.41E-13 l.33E-l 3 l.26E-l 3 illE:13 1.ili.:-jj l.07 E- 13 9.78E-14 8.63E-1 4 7.3E-14 5.92E-14 4.58E-14 3.38E-l4 2.38E-14 
7226 l.83E-1 3 T7IT3 1.59&13 - l .5E-13 T4TE-l3 l.33E-l 3 - l.26E-13 l.19E:f3 T l3 E-13 l.07E- 13 9.78E-14 8.63E-i4 7.3E-14 5.92E-l4 4.58E-1 4 3.38E-1 4 2.38E-14 
7227 °I83E-i3 l.7E-l 3 l.59E-l3 15E-13 - 1.41&13 1.33f.1 3 I.26E: l3 l.19E-13 1.ili:jJ l.07E-l 3 9.78E-1 4 8.63E-14 7.3 E-l4 5.92E-14 4.58E- 14 3.38E-14 -2.38E-14 
7228 T83E-=-13 - l.7E-l3 l.59E-l3 -15E-13 - l.41&13 IJ3E-i3 l.26E-l3 - illE-13 .l.13E-13 l.07E-l 3 9.78E-l4 -8.63E-1 4 7.3E- 14 5.92E-l4 4.58E-l4 3.38E-1 4 2.38E-14 
7229 l.83E-13 l.7E-13 l.59E-l3 l. 5E-f3 1.41&13 IJ3E- 13 l.26E- 13 - 119E-(3 l.l3E-13 l.07E-13 9.78E-14 8.63E-1 4 ~ 7.3E-14 5.92E-l4 4.58E-143 .38E.:-j4 2.38E-14 
7230 l.83E--:_i3 1.7E-1 3 l.59E-:-f3 - l.5E-13 - l.4 1E-l 3 IJ3E-13 - l .26E-1 3 -l19E-13113E-i.3 - I.07E-l3 - 9.78E- l4 8.63E-l4 --73E-14 5.92E-14 4.58E-14 3.38E-l 4 D8E-l4 
7231 l.83E-13 l.7E-13 l.59E-1 3 ·uE-13 l.41E-13 IJ3E- 13 l.26E- 13 ,J.19E-l3 - WE:13 107E:l3- 9.78E-1 4 8.63E-i4 7.3E- 14 5.92E-14 4.58E-143.38E-1 4 2.38E-14 
7232 1.83E- l3 l]E- 13! 1.59&13 l.5E-l3 l.4 1E-l 3 l.33E-l3 l.26E-1 3 l.19E-l3 l.13E-1 3 l.07E-13 9.78E-1 4 8.63E-i4 --7.3E:-f4 S.92E-14 4.58E-1 4 3.38E-14 2.38E-14 
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1.0 INTRODUCTION 

The purpose of this document is to provide guidance to Health Physicists (HPs) or Nuclear 
Scientists in the process of selecting, using, and analyzing energy specific radiation emissions data 
using spectroscopy. This guidance is used in conjunction with standard operating procedures such 
as: 

• SOP-R-MCA-02, Gamma Spectroscopy Instrument Operation, Parsons Infrastructure 
and Technology Group, Inc. , Richland, Washington current version. 

• SOP-R-MCA-02, Gamma Spectroscopy Instrument Operation, Parsons Infrastructure 
and Technology Group, Inc., Richland, Washington current version. 

This document addresses the use of radiation spectroscopy for collection of radiological data use in 
Parsons' field activities to support various clients. Radiation spectroscopy allows the collection of 
radiation flux data as a function of energy for energetic photons (i.e. , gamma rays and X-rays), 
alpha particles, beta particles, and neutrons. The sections of this document addressing the various 
types and methods of spectroscopy will be included in this document, as the equipment is obtained 
and the need is identified. The change history will only indicate sections actually containing 
information. 

This document is written for the use of professional Health Physicists and Nuclear Scientists and is 
not intended for use by others. It assumes a significant level of background information. This 
document is intended to provide guidance for completion and ensure the consistency of these 
activities. Specifically it will assist in the generation ofreproducible and accurate data of the highest 
quality. The information in this document is addresses professional scientific decision, for which 
proceduralization is not practicable. 

The major sections of this document address : 

• Gamma Rays/ X-rays Spectroscopy, 
• Alpha Spectroscopy, 
• Beta Spectroscopy, 
• Neutron Spectroscopy, 
• Modeling, 
• Survey Techniques, and 
• Uncertainty. 

Each section is intended to provide the support information and the process for implementation of 
spectroscopy in these areas to provide the data required by Parsons ' various projects. 
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1.1 Definitions 

Geometry as used in this procedure refers to the relative configuration between: 
• The radiation source and the detector (e.g., point source beneath detector centerline a I 

cm from the detector face) and the material, 
• The distribution of the radioactive material in the radiation source. 
• The type and amount of any materials between the source and the detector. 

The materials associated with the radiation source and any associated container including back­
scatter surfaces. 

Health Physicist is professional with at least 2 years of experience in implementing health physicist 
(radiological safety activities and/or radiological laboratory analysis) activities as described by the 
National Health Physics Society. 

Mutichannel Analyzer (MCA) is an instrument with the capability of collection of radiation flux 
data as a function of radiation energy when attached to a suitable detector. These instruments 
typically have associated hardware/software for the identification of radionuclides in addition to 
the assessment of detected flux. 

Nuclear Scientist is an individual with a background in nuclear engineering or radiochemisty and 
at least 2 years of experience in the implementation of radiological analyses. · 

Photomultipler (PM) tube receives light pulses from a detector and produces a current pulse 
proportional to the energy of the photons received by the tube and this pulse can then be so1ied 

and counted by equipment such as an MCA. The solid state equivalent is the photodiode. 

Region of interest (ROI) is a set of spectral data peak typically associated with a radionuclide. 
This set of peaks is used when quantifying activity. 

Resolution is a measure of the ability of the detector, photomultipler tube, and MCA system to 
include a discrete energy count in the appropriate MCA channel. In other words how 

uncertain (i.e., wide) the energy peak is. The resolution is the full width at half maximum of 
the full energy peak (FWHM) divided by the height of the energy peak (see Knoll , 1989). 

1.2 Selection of Spectroscopy Types 

To assess if spectroscopy is applicable and if applicable the appropriate types and methods to be 
used to collect the data it is essential to: 

• review the projected radiological conditions at the site, 
• identify the type of data necessary to meet the project objectives, and 
• establish the appropriate data quality objectives ( e.g. , a method for establishing data quality 

objectives can be found in EPA, 2000 and EPA, 1987). 
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Then the determination of the viability of the process based on the projected DQOs can be evaluate 
using the following steps: 

1. Identify the radionuclides that maybe present due to past activities at the site in the 
samples. 

2. Project the credible range of activities and activity ratio for these radionuclides. 
3. Identify the projected background radiation levels (i.e ., radionuclides, ambient flux , and 

activity concentration) associated with the general environment and specific materials 
(e.g., uranium decay series, thorium decay series, K-20) including decay progeny. 

4 . Review the radiation emissions of the materials present and assess the feasibility of 
detection using the various methods based on this data. 

5. Evaluate interferences related to background and potential material present. 
6. Project system geometries for in situ measurements and collected samples, to assess 

required correction for flux attenuation and impact of source dispersion on detection 
capability, measurement accuracy, modeling costs, and regulatory acceptance. 

7. Identify viable mechanism for radionuclide identification and quantification. 
8. Identify interferences and limitations associated with the method that would limit the 

viability of an approach. 
9. The feasibility of obtaining confirmatory data (e.g. , 2 spectral peak, radiation flux of a 

specific type) to reduce the uncertainty in the results. 
10. Identify potentially cost effective alternative methods (i .e., sampling and analysis, 

controlling various radiation fluxes based on a conservative upper bound). 
11 . Identify relationship that would allow extrapolation of radiation data for a radionuclide 

from other radionuclide data, including reliability, defensibility, and regulatory 
acceptance. 

12. Assess equipment, procedures, standards, and trained personnel availability for the 
various approaches. 

13 . Assess the approaches cost, schedule, safety, and regulatory compliance impacts to 
implement and defend . 

14. Based on this data identify approach for various radionuclides that provide the best 
solution for project success, with emphasis on schedule, cost, technical feasibility, and 
regulatory acceptance. 

In assessing the approach it is helpful to sort types and energies of radiations based on range in 
materials, well as interference (i .e., spectral overlaps) associated with the suite of expected radiation 
em1ss10ns. 

The survey/analysis approach is typically documented in the work plan for the activity. In all cases 
the basis for the decision should be formally documented. Note, as project conditions change the 
approaches may need to be modified to provide a cost effective and safe mechanism for meeting the 
project goals. 

P:/lnstSOP/G D-R-MCA-0 I-a 09/ 17/0 15:27 PM 



~ I 
TECHNICAL GUIDANCE DOCUMENT 

I 
Page: 2-1 of 15 

Parsons in this Section 
Title: GUIDANCE FOR SPECTRUM ANALYSIS PROCESS 
No. GD-R-MCA-01 I Revision: 0 draft A I Date: August 31, 2001 

2.0 GAMMA RAYS/ X-RAYS SPECTROSCOPY 

Gamma Ray/X-ray spectroscopy can be done with various types of detectors associated with a 
multichannel analyzer (MCA). Typically the MCA will use software to identify radionuclides and 
assess activity rather than permanently encode analysis routines. In some cases two software 
packages maybe involved one for use when the MCA is attached and the other for use with just the 
computer. This software package(s) is subject to the same requirements for verification and 
validation that is applicable to other types of software, under the applicable Parsons quality 
assurance (QA) program, such as QA-19.2. 

2.1 NaI Based Spectroscopy 

A typical NaI based Spectrometer consists of 6 pieces as shown in Figure 1 with associated cables 
and NaI crystal/PM-Tube packaging. Parsons currently has a Universal Radiation Spectrum 
Analyzer (URSA) which integrates the High Voltage supply, Pre-amplifier, and MCA into a single 
unit. The Fidler detector currently owned by Parsons has a beryllium window on the NaI crystal's 
integrated PM-Tube package. 

2.1.1 Detector Selection 

In choosing a NaI based spectroscopy system it is important to consider the detector characteristics, 
particularly crystal size and window material. Thin crystal, such as the Fidler, tend to be more 
effective at characterizing low energy photon emissions while large crystals such as the 3 X 3 (i.e. , 
a 3 inch diameter cylinder 3 inch high) crystal is more effective at characterizing the higher energy 
portions of photon spectra (i.e., gamma rays and X-rays). In addition, the lower the thickness and 
atomic number of the surface coatings (i .e. , typically measured as density thickness) the more 
effective the detector is at measurement of lower energy emissions. Crystal size typically needs to 
increase as: 

• the flux to be detected decreases, 
• the speed of travel (i.e. , for surveys) increases, 
• or the counting times (i.e., for static counting and surveys) decreases 

The exception to this is when the photons of interest are low energy and then large diameter thin 
crystal allow the large detection area but decrease the background associated with the higher energy 
photons that would be detected in the additional volume of a larger crystal. Crystals with a well 
within the crystal allow the detection efficiency based on crystal geometry to exceed 2 0 thus 
significantly increasing the detection efficiency. Very large and specialized crystal shapes and sizes 
are often cost prohibitive. Detector selection is often the balances of what is practicable with the 
technically ideal solution, with detector selection being controled by the data quality objectives and 
considerations of practicality. If the choice of crystal size and shape is not obvious or addressed by 
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Figure 1 Typical NaI Spectrometer Package 

MCA/PM-Tube in Integrated 
Packaging 

Nal 
Crystal 

PM-Tube 

High Voltage 
Power Supply Pre-Amplifer MCA 

Computer with 
Analysis Software 

specific guidance then it is typically appropriate to select a detector based on simple Monte Carlo 
modeling (see Section 6.0) of the detector response to determine what detector will allow you to 
meet your DQOs and schedule, within the acceptable range of costs. 

Parsons currently has a Fidler crystal (see technical information in the Technical Manual section of 
the Parsons SOP manual). 1 X I (i.e. , a 1 inch diameter cylinder 1 inch high), 2 X 2, and 3 X 3 
crystal are readily available for sale or rent. 

2.1.2 MCA Setup 

The setup of an MCA system is dependent on the equipment to be used. Each system currently 
used by Parsons will be addressed briefly. In all cases setup should be based on a through review of 
the manufacturer provided documents . 

2.1.2.1 Universal Radiation Spectrum Analyzer (URSA) with Nal Detector 

Most of the setup parameters for the URSA system are addressed in procedure SOP-R-MCA-01 , 
Gamma Spectroscopy Instrument Operation (URSA) and SOP-R-MCA-02, Gamma Spectroscopy 
Instrument Calibration (URSA). As part of the setup process for the URSA (see 
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Figure 2) the Project Health Physicist (PHP) will need to provide some specific direction on the 
setup of the equipment. Sections 1.2, 2.0, 2.1, and 2.1.1 address the initial identification of the 
required equipment. 

Smoothing factors are used to remove some of the spurious statistical fluctuations in the spectral 
data. A smoothing factor is basically some type of moving average. Smoothing is most important 
during the peak identification process of the spectral analysis and the analyst will typically look at 
various values to so that the most effective credible peak identification can be obtained. The 
smoothing factor for data collection is typically set so that the low energy peaks in the Cs-13 7 
spectra can are just below the resolution of the instrumentation. The URSA peak smoothing scales 
are 1, 8, 16, 24, 36, and 48. Based on past experience and a review ofresolution of the Cs-137 
spectra the PHP will establish the appropriate smoothing factor. 

During setup the PHP will need to provide the projected initial operating High Voltage and 
Maximum High Voltage for the detector. This information should be present in the detector' s 
manual/literature or from the manufacturer, although the initial operating high voltage may be more 
effectively determined based on past experience with the detector once sufficient data is available. 
The PHP may elect to reduce the Maximum High Voltage recommended by the manufacturer to 
reduce the noise at low energies. This will typically result in the need to increase the pre-amplifier 
gain during the setup activities (see SOP-R-MCA-02) . 

The recalibration period for the equipment setup is typically based on manufacturer 
recommendations , although this should be modified in experience with the equipment or similar 
equipment for the intended usage indicates other values are more appropriate. For the activities 
associated with setup and calibration of the URSA (see SOP-R-MCA-02) the recalibration periods 
in Table 1 have been established pending better data. 
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Figure 2 URSA MCA General Operations Screen 

Table 1 Calibration Expiration Period 
Typical Re-

Activity Setup/Calibration Period 
( choose less those listed) 

(months) 
Setup 12 
Energy Calibration 12 or Setup expiration 
ROI 12 or Energy Calibration 

expiration 
Efficiency 6 or ROI expiration 
Calibration 

Choice of the calibration source must be based on the projected radionuclides of interest and those 
potentially present in the background materials and the ambient environment. The selection of the 
calibration source(s) should be to span the energy range of interest as determined based on Sections 
1.2 and 2.1.3. Where feasible a peak every 200 to 300 keV is preferred with a total activity of less 
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than 500,000 cpm in the detector corrected for the area and projected position of the source. In 
addition a 1 18JCi Cs-137 source is helpful for setup and calibration of the system. These sources 
must be traceable to the National Bureau of Standards and Technology (NIST) or an equivalent 
organization. If quantification is not required then, the source traceability need only address 
identification/purity of the radionuclides and a general indication of the radionuclides relative 
activity. When specifying spectra lines for radionuclide identification the specification of a 
primary and secondary line with a known relative activity ratio is preferred. 

To establish the count times (or required number of counts) for spectral collection the PHP must 
consider: 

• the established data quality objectives and how to effectively achieve them including the 
balancing of background data count times and location/sample count times. 

• practicable limitations of cost, schedule, and personnel exposure. 
• whether it is feasible to review results and then re-initiate data acquisition at a later time 

if further data is needed for a location/sample to meet the data quality objectives. 
• the projected radioactivities of the various radionuclides that may be present. 
• the level at which the activity can be treated as not requiring detailed quantification (i.e. , 

the point at which only a less than number is required) for the limiting case 
radionuclides, and 

• a typical count time is about 30 minutes for in situ measurements at environmental levels 
and about 5 to 10 minutes for sample counting but is dependent on source activity. 

It is important to recognize that count time (or required number of counts) is always a balance 
between practicality and data accuracy, which must reflect the data quality objectives. 

2.1.3 Analysis of Nal Spectra 

The software associated with MCA provides an integrated system of peak analysis for the 
identification ofradionuclides and peak height analysis to assess activity of the radionuclide. When 
interpreting Nal spectrometer results various effects, which may be dependent on crystal size and 
geometry, must be considered. These peaks are best characterized based on experimental data but 
can be projected using Monte Carlo analyses. The discussions in this section are based on 
Shafroth, 1967; Knoll, 1989; and Crouthamel, 1970. 

2.1.3.1 Peak Identification and Quantification Interferences 

When attempting to identify and quantify radionuclides in the environment or a sample, the 
potential interferences associated with Nal spectroscopy will need to be considered. This includes 
the continuurns and peaks produced that are not useful for the identification and quantification of 
the radionuclides present and the presence of ambient background radiation and radioactive 
material. These interferences result in peaks that do not support radionuclide identification and 
quantification and effect that significantly reduce the resolution of the peaks of interest. In some 
cases for low count rate peaks the peak may be totally obscured by these interferences. In addition, 
background or source material of interest may also produce peaks that totally obscure a peak of 
interest. Also a peak may result in the identification of several radionuclides most or all of which 
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are not present or not of interest. Thus the review of spectral data to identify radionuclides and 
quantify the activity present must involve a detailed analysis of the results with support information 
to provide an assessment of radionuclides present, their quantity, and the uncertainty associated 
with this determination. The sections that follow provide a brief introduction to some of the 
potential interferences. 

The characteristic X-ray escape peaks are one effect (see Figure 3). In the photoelectric 
absorption process, the absorber (i .e., about 29 keV) emits a characteristic X-ray for Nal. If this X­
ray escapes before absorption (i.e. , many of the X-rays emitted near the detector surface may 
escape) this energy is not detected. Thus energy deposited in the detector is decreased by the 
energy of these X-rays, that escape; resulting in a second peak with energy equal to the photopeak 
minus the energy of the characteristic X-ray. This peak is generally called the X-ray escape peak 
and is most significant in low incident gamma ray energies and for detectors, like the Fidler, with 
high surface to volume ratios . 

Figure 3 X-ray Escape Peak (Shafroth, 1967) 

6 

P U L_;,E HEIGHT (KEV) 

The compton continuum is another characteristic of the interaction of radiation with the affects the 
spectra. Compton scattering produces a continuum of energies from the scattering of radiation (see 
Figure 4 ). At several hundred ke V compton scatter becomes important. Since only a fraction of the 
incident energy is absorbed in compton scattering the variability of this fraction results in a 
continuous distribution of energies rather than a discreet peak. This continuum can interfere with 
peak identification. 
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Figure 4 Compton Continuum (Shafroth,1967) 
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The bremsstrahlung escape continuum (see Figure 5) is a source of interference with peak 
identification. This is caused by the escape of some of bremsstrahlung photons which decreases the 
energy absorbed in the detector based on the amount of energy lost. The fraction lost increases 
significantly as the energy of the incident photon increases. 

A similar process involving the loss of the secondary electrons also occurs near the surface of the 
crystal and may cause an effect similar to characteristic X-ray escape or bremsstrahlung escape if 
the crystal is small ( e.g., a Fidler crystal). This effect is more significant for higher energy photons 
since the secondary elections will have a higher energy and thus a longer range. 

The backscatter peak (see Figure 6) may also be present in spectra. A peak in the vicinity of 0.2 to 
0.25 MeV caused by gamma rays from the source that have interacted with the surrounding 
materials, including the detector wall , by compton scattering. · 

The annihilation peak if the source included positron emitters or the photon spectra has energies in 
excess of 1.2 Me V so pair creation can occur, then the photons associated with positron annihi lation 
(i.e., 0.51 MeV) (see Figure 6) may occur in the spectra. If the 0.51 MeV is pronounced you may 
also multiples of this energy due to simultaneous detection of annihilation photons. 

In addition background material and the ambient environment provides various sources of 
radiation with their own characteristic peaks that interfere with radionuclide identification based on 
peak identification. Typically this impact can be minimized by electronic subtracting out the 
applicable background spectra if it is available. Typically these are the naturally occurring 
radionuclides (e.g., see Table 2) and in some cases other isotopes maybe present due to commercial 
usage of radionuclides and possibly fallout. In addition to the natural environment ambient 
background, there are also various materials that may contain or have associated radioactive 
material (e.g., see Table 3) which will also produce interference in the data collected. Thus it is 
important to consider the impacts of background radiation and the approach for correcting for thi s 
impact ( e.g., typically background subtraction). 

These interferences result in false peak and peak broadening which must be considered during peak 
identification. In addition, any peak maybe be an indicator of several different radionuclides thus 
other consideration must be used to support peak identification. Whenever feasible radionuclide 
identification should be based on multiple peaks that occur in the correct relative ratios. Finally the 
credibility of the presence of the radionuclide must be considered. 

2.1.4 Peak Identification/Quantification Library 

Peak identification libraries are needed for the peak identification process and the activity 
quantification process. These libraries need to include both peak energy and yield data. The default 
libraries supplied by the URSA manufacturer are based on David Kocher's Radioactive Decay Data 
Tables (DOE/TIC-11026). All peak identification/quantification libraries must be based on a 
recognized source of spectral data. Currently the preference for the source of this data, in order of 
preference, is: 
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I. U.S. Department of Energy 's National Nuclear Data Center (NNDC) at Brookhaven 
National Laboratory (access is available through the internet), 

2 . David Kocher's Radioactive Decay Data Tables (DOE/TIC-11026), or 
3. ICRP,s (International Commission on Radiation Protection) Radionuclide 

Transformations Energy and Intensity of Emission , A_nnals of the TCRP, JCRP 
Publication 38. 

Use of library data sources is questionable and a specific justification of such a decision needs to be 
documented. Peak libraries should include all credible radionuclides including those associated 
with background. Any library used must be approved by the PHP and, if it is not an existing 
iibrary, it must be documented and reviewed, as if it were a Parsons' calculation. 

Figure 6 Annihilation Radiation Related Peaks (Crouthamel, 1970) 
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Table 2 Naturally Occurring Radionuclides (ICRP-38, NCRP-93 & NCRP-94) 

Alpha Beta 
Gamma/ 

Radionuclide Parent Source X-ray 
Emission Energies (MeV) 

H-3 cosmogenic natural (very low abundance) 0.00568 
Be-7 cosmogenic natura l (very low abundance) 0.478 
C-14 cosmogenic natural 0.04945 
Na-22 cosmogenic natural (very low abundance) 0.2 15 0 .51 I , 1.28 
K-40 primordial natura l (about 0.0118% of 0.585 1.46 

natural K, usua ll y a small 
fraction compared to U in most 
soil/rock based materials) 

Rb-87 primordial natural (Rb abundance is less 0.111 
than 1% ofK) 

Th-232 cosmogenic natural (activity is typically I to 9.9 - 4.1 
4 times the U-238 activity) 

Ra-228 Th-232 Th-232 0.055 
Ac-228 Ra-228 Th-232 1.2 - 2.1 0.34 - 0.96 
Th-228 Ac-228 Th-232 5.3 - 5.4 0.08 
Ra-224 Th-228 Th-232 5.4 - 5.7 0.24 
Rn-220 (gas) Ra-224 Th-232 6.3 
Po-218 Rn-220 Th-232 6.8 
Pb-212 Po-218 Th-232 0.35 - 0.59 0.24- 0.3 
Bi-212 Pb-212 Th-232 6.0-6.1 1.6 - 2.3 0.04 - 1.7 
Po-212 Bi-212 Th-232 8.8 
Tl-208 Bi-212 Th-232 1.3 - 1.8 .5 -2.6 
U-235 cosmogenic natural (in natural uranium 4.3 -4.6 0.14 - 0.2 

about 4.5% to 5% of U-238 
activi ty) 

Th-231 U-235 U-235 0. 14 - 0.3 1 0.03 - 0.08 
Pa-231 Th-231 U-235 4.9 - 5.0 0.02 -0.08 
Ac-227 Pa-231 U-235 4.8 - 5.0 0.4 0.02 - 0.09 
Th-227 Ac-227 U-235 5.7-6.1 0.05 -0.3 1 
Fr-223 Ac-227 U-235 1.2 0.05 - 0.24 
Ra-223 Th-227/ U-235 5.6- 5.8 1.5 - 0.33 

Fr-223 
Rn-219 (gas) Ra-223 U-235 6.4 - 6.8 0.27 - 0.4 
Po-215 Rn-219 U-235 7.4 
Pb-21 I Po-215 U-235 0.29 - 1.39 0.410-0.83 
At-215 Po-2 I 5 U-235 8.0 
Bi-211 Pb-2 1 I/ U-235 6.2 - 6.6 0.35 

At-215 
Po-21 I Bi-21 l U-235 7.5 0.57 - 0.9 
Tl-207 Bi-21 l U-235 1.4 
U-238 cosmogenic natural 4.15, 4.2 
Th-234 U-23 8 U-238 0/ 103 , 0. I 93 0.063 , 0.093 

Pa-234m Th-234 U-238 2.29 0.765(0.3%), 
1.00 (0.6%) 

U-234 Pa-234m U-238 4.72, 4.77 0.053 (0.2%) 

Th-230 U-234 U-238 4.62 , 4.68 0.068(0.6%) 
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Table 2 Naturally Occurring Radionuclides (ICRP-38, NCRP-93 & NCRP-94) 

Alpha Beta 
Gamma/ 

Radionuclide Parent Source X-ray 
Emission Energies (MeV) 

Ra-226 Th-230 U-238 4.6, 4.78 0.186 

R.ri-222 (gas) Ra-226 U-238 5.49 

Po-210 Rn-222 U-238 6.0 

Pb-214 Po-210 U-238 0.65, 0.71 , 0.295 , 0.352 
0.98 

Bi-214 Pb-214 U-238 1.0, 1.51, 0.609, 1.12, 
3.26 1.76 

Po-214 Bi-214 U-238 7.69 

Pb-210 Bi-214 U-238 0.0 I 6, 0.061 0.047 

Bi-210 PB-210 U-238 1.16 

Po-210 Bi-210 U-238 5.31 

Table 3 Common Comsumer or Industrial Product Radionuclides 
Radionuclide Source Alpha I Beta I Gamma/X-ray 

Emission Energies (MeV) 

Ra-226 & Instrumentation Dials (i.e., luminous materials), Various see Table 2. 
progeny lighting rods 
Th-232/U- Building materials, ceramics, counter weight, or Various see Table 2. 
238/U-235 & high density weights, ceramic glazes, fl y ash 
progeny 

Th-232 Welding Rods, Lantern Mantels, special glass (e.g., Various see Table 2. 
lenses) 

Am-241 Smoke Detectors, Pace Makers, density gauges 5.49, 5.44 0.060, numerous lines 
below this region 

H-3 Lights/ lighting, luminous materials 0.00568 
K-40 Fertilizers, dental products 0 .585 1.46 
Co-60 Various Irradiation and gauging sources, Spark gap 0.0958, 1.17,1.33 

irradiators, spark tubes & glow lamps (i.e ., 0 .626 
fluorescent tube starters) 

Ni-63 Voltage regulators, surge protectors, spark tubes & .0171 
glow lamps (i .e., fluorescent tube sta11ers) 

Kr-85 Lighting, electronic tubes, spark tubes & glow 0.251 0.514 
lamps (i .e., fluorescent tube starters) 

Cs-137 Various Irradiation and gauging sources, Voltage 0.173, 0.662 
regulators, surge protectors 0.425 

Pm-147 Luminous materials, spark tubes & glow lamps (i.e., .062 
fluorescent tube starters) 

Po-210 Static eliminators 5.31 
Pb-210 Voltage regulators, surge protectors Various see Table 2. 
Pu-239 Density gauges 5.1, 5.2 numerous lines in the 

less than 0.03 region 
Pu-238 Pacemakers 5.46, 5.5, numerous lines in the 

less than 0.03 region 
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2.1.4.1 Libraries Of Specific Radionuclides (LSR) 

Typically MCA radionuclide/isotope identification/quantification software allow development of 
libraries of specific radionuclides (LSR). These LSRs reduce the number of false identification of 
peaks that may have multiple attributions. However, they may also result in the failure to 
appropriately identify and/or quantify radionuclides, if the LSR is not complete. When establishing 
an LSR it is important to include all radionuclides that may be present associated with the location, 
sample, material background, and/or ambient environment. In addition, all peaks that are 
significant contributors to the flux (i.e. , 1 % ) need to be identified, even if they will not be used for 
identification and quantification of the radionuclide, they may represent an interference to another 
radionuclide. This becomes particularly important when a more common radionuclide has a peak 
that may interfere (i .e. , cause false identification or quantification) of another radionuclide because 
it has a minor peak in the same region. These interferences complicate the interpretation of spectra 
significantly particularly for radionuclides with very low action levels/DQOs. 

The LSRs developed must meet the criteria for a library, as specified in Section 2.1.4. As long as 
the library from which the LSR is generated is appropriately documented, the documentation of the 
LSR can be limited to the working datasheets and project specific documentation. However, it 
should to added to the LSR Listing datasheet in the SOP Manual and verified by a Health Physicist. 

2.2 Analysis of NaI Spectra 

Spectrum analysis is initiated by setting up the URSA or running the URSA software on a 
computer. Select the appropriate ROI for the spectra being analyzed. Identify the spectra to be 
analyzed and associated background(s) spectra, then initiate a Radionuclide Identification 
worksheet (see Appendix A) (RIW). The analysis number on the RIW is sample/location spectrum 
file name proceeded by "RIW-". If quantification is required page 2 of the RIW will be completed. 

2.2.1 Radionuclide Identification 

The background spectrum for the sample/location spectrum of interest should be loaded as the 
background spectra and the sample/location spectra as the active spectrum. Document the 
background spectra ' s file name(s) on the RIW and assign it an identification (which is unique for 
this datasheet). Where multiple background files maybe applicable the sample/location spectrum 
maybe analyzed with each and the results used to select the background most appropriate to the 
sample/location. Background subtraction should improve the resolution on the peaks of interest. 

Once the spectra are active, use the URSA software to find the various peaks and repeat this process 
with the various smoothing factors , as needed, to eliminate noise based peak identification but not 
eliminating real peaks. If several smoothing factors appear appropriate treat each one as a separate 
case and assign it the existing analysis number followed by a lower case Greek letter with first letter 
assigned to the smallest smoothing factor to be evaluated and then increasing both as needed. If 
multiple smoothing factors are used in the analysis, the smoothing factor analysis must include all 
available smoothing factors between the smallest and largest smoothing factors used. Revi ew the 
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peak identification visually and eliminate inappropriate peak identification and add any peaks that 
may have been missed. Have the software conduct a peak identification analysis and print out a 
copy of the peak identification report. Record the RIW number, a dash (i.e. , "-"), "P", a dash (i.e. , 
"-"), the background filename identifier from the datasheet, and if necessary a dash (i .e., "-") 
followed by the smoothing factor lower case Greek identifier. Review the outputs of this peak 
identification process against the projected interferences discussed in this document and identify 
any peak may be inappropriately identified. Then review of the radionuclides identified for 
confirming peaks and credible radionuclides that maybe present. Identify the peaks that appear to 
be clearly appropriately identified and those that are clearly misidentified and annotate this on the 
record. 

If a peak is identified several times be sure to resolve, which multiple identifications may be valid. 
The determination maybe based on determining if the relative fraction of the peak that should be 
assigned to each identification is appropriately apportioned for the confirmatory peak and other 
information (i.e., known relative ratios of radionuclides based on known relationships, such as 
progeny or natural relative isotopic ratios) . If there are peaks that have multiple identifications note 
this on the report for later followup . Also clear identify any unidentified peaks for followup. Sign 
and date this report near the identification number on this report. This gives real time results of the 
radionuclides identified and activity present and may lead to additional steps being performed. The 
radionuclide identification should be completed initially through peak centroid +/- 10 ke V ( or a 
value specified by the PHP and noted in the comment section of datasheet GD-R-MCA-1-2 , 
Appendix A) comparison and confirmed through comparison of the full width at half maximum 
(FWHM) of the software library and the results. Through the use of these two techniques the 
potential for misidentification can be limited . 

Repeat the process described above based on peak identification for an analysis based on FWHM. 
The "P" in the identification number will be an "F" for the FWHM analysis. Repeat this process to 
address all applicable smoothing factors and background data sets. 

Use these reports and any available support data to complete the analysis and the Radionuclide 
Identification worksheet (see Appendix A) (RIW) . Identify these reports on the RIW and attach 
them to the RIW. Radionuclide identification should use both sets of data and where applicable any 
data reports based on alternative backgrounds and smoothing factor data to attempt to eliminate 
multiple identification of peaks and unidentified peaks documenting this on the radionuclide 
identification worksheet. The analyst will document the basis for radionuclide identification on the 
RIW. Where there is multiple identification of peaks that cannot be resolved based on other data 
the HP may show alternatives for the radionuclides identification, then the limit case (i.e., limiting 
case for the specific analysis or evaluation being made) radionuclide will be used in subsequent 
analysis. Note, when several alternative radionuclides are identified use of these radionuclides in 
the analysis should not exceed an applicable fraction greater than one. Laboratory based analysis 
may also be used to resolve peaks with multiple identification or unidentified peaks if determined to 
be justified by the PHP and Project Manager. 
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2.2.2 Radionuclide Quantification 

Quantification of the activity is based on the ROI and associated peak identification. For the 
radionuclide identification the URSA should be calibrated for the specific or span the range of the 
radionuclide of interest in the ROI being addressed. This should include consideration of 
confirmatory peaks. Note, quantification can only be done based on traceable sources. The activity 
projected by the URSA using the quantification results will be based on the specific geometry of the 
calibration sources used in quantification. The sources are typically point or small area sources. 
However, the material being characterized is often in a different relative geometry with attenuation 
of the flux occuning from the source and intervening materials. To defend quantification of the 
activity present it will be necessary to model the impact of the geometry including potential 
variability in the geometry and correct the difference from the calibration source geometry. 

Often in situ quantification provide a more accurate assessment of true conditions where the 
material is not uniformly distributed at the location or located on the surface at the location. 
Laboratory sample for non-uniform contamination generate inconsistent (i.e. , randomly providing 
ultra-conservative or non-conservative results in some cases) results depending on: 

• Whether the random sampling process collected the locations of high contamination and 
• Whether the material collected contained large amounts of contaminated material. 

If the sample is high localized ( e.g .. surface contamination) the amount of matrix required to meet 
the minimum analytical requirements typically results in significant dilution of the sample and 
significant under estimation of the surface activity concentration. In addition, in situ quantification 
can provide a more practicable solution. 

To correct for geometry effects it is necessary to accurately model (i.e ., assess) relative flux 
associated with: 

• The detector-source geometry to provide the calibration baseline, 
• The credible detector-source geometries to provide an assessment of the potential 

correction for the difference between the calibration geometry and the potential 
conditions, and 

• Model the credible detector-source geometries to include consideration in the variability 
of material thickness, composition, and density in assessing these differences. 

Once the data has been modeled, the geometry correction factor(s) (GCF) can be calculated for each 
credible geometry (including consideration of material thickness, composition, and density) using: 

GCF = (credible detector-source geometry flux based on modeling) 
/(detector-source geometry to provide the calibration baseline flux modeling) . 

Once the range of GCF (with their associated uncertainties are established) the range of and a 
typical GCF for a measure can be established. The typical GCF is a probability weighted average 
for the various credible GCFs. The projected activities measured by the URSA are multiplied by 
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the GCF or the range of GCFs to assess the range of activity that maybe present for a specific 
measurement. In making these assessments it is essential to consider the propagation of error in the 
results and provide the associated uncertainties. (see Section 9.0) 

These results should be documented consistent with the applicable Parsons and project calculation 
documentation procedure/requirements. 

2.3 Intrinsic Germanium Spectroscopy 

Reserved for later use . 
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3.0 ALPHA SPECTROSCOPY 

Reserved for later use. 
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4.0 BET A SPECTROSCOPY 

Reserved for later use. 
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5.0 NEUTRON SPECTROSCOPY 

Reserved for later use. 
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6.0 MODELING 

The purpose of modeling is to determine the relationship between the calibration geometry and the 
field geometry to allow quantification of the measured activity . Typically the intent is to assess the 
difference in the detected flux in the detector for the two conditions so a co1Tection factor based on 
the relative ratio for assessment of activity can be developed. Such modeling would involve the 
assessment of the relative changes in the detected flux between the calibrated conditions and the 
field conditions. Often the field conditions must be projected based on a range of conditions that 
might exist. When assessing the calibration and field conditions it is import to address: 

• Relative distance and position of the source relative to the detector, 
• The materials and geometry of the detector, 
• The materials present between the source and the detector, 
• The source geometry, materials, and the activity distribution within the materials, 
• Potential back-scatter surfaces (location and material), 
• When assessing material properties the type of material and its density will need to be 

addressed, and 
• The probability of the various variable field conditions existing. 

The acceptable uncertainty and level of detail associated with this data and the selection of the 
software used to model the relative relationships is based on the requirements of the DQOs. In all 
cases the uncertainties in the modeling and the propagation of these uncertainties in results must be 
considered. 

Currently Parsons typically uses MCNP software for this modeling. All modeling activities must be 
clearly documented consistent with Parsons and the project requirements for the documentation of 
calculations. Further, the software used must be validated and verified for this use consistent with 
the Parsons and project procedures and requirements. 

The results of the modeling are normally an assessment of the Correction Factor (CFi) between the 
field geometry detected flux (FGFi) and the calibration geometry ' s detected flux (CGFi) for field 
geometry "i". Specifically: 

Where defensible, probabilities can be assigned to the various field configurations (Pi) then a typical 
Correction Factor (CFt) can be provided where: 

CF1 = ~ Pi * CFi . 
i 

When calculating CF is and CF1 ensure that the propagation of error is considered to provide an 
assessment of uncertainty. The CF data will normally include the range of applicable CF is , and CFt 
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with 95% confidence level uncertainties . The workplan, sampling and analysis plan, and/or the 
DQOs will establish: 

• What modeling is required , 
• The acceptable uncertainties (i.e., typically 95% confidence level two tailed), 
• Which CFs are calculated and how they are used. 

All CF determination shall be clearly documented in a calculation consistent with Parsons ' and the 
project's requirements and procedures. 

P:/lnstSOP/GD-R-MCA-0 I-a 09/ 17/0 15:27 PM 



~ 
I 

TECHNICAL GUIDANCE DOCUMENT 

I 
Page: 7-1 of 2 

Parsons in this Section 
Title: GUIDANCE FOR SPECTRUM ANALYSIS PROCESS 
No. GD-R-MCA-01 I Revision: 0 draft A I Date: August 31, 2001 

7.0 SURVEY TECHNIQUES 

The survey techniques used by Parsons should be consistent with: 

• MARSSIM, 
• NMSS Decommissioning Standard Review Plan (NUREG-1727) 
• Manual for Conducting Radiological Surveys in Support of License Termination 

(NUREG/CR-5849), 
• Analysis of the Ability of Current Health Physics Instruments to Predict Dose in Exposed 

Individuals (NUREG/CR-4239), 
• Human Performance in Radiological Survey Scanning (NUREG/CR-6364), 
• A Nonparametric Statistical Methodology for the Design and Analysis of Final Status 

Decommissioning Surveys (NUREG-1505), 
• Measurement Methods for Radiological Surveys in Support of New Decommissioning 

Criteria (NUREG-1506), 
• Minimum Detectable Concentrations with Typical Radiation Survey Instruments for 

Various Contaminants and Field Conditions (NUREG-1507) , 
• applicable Parsons SOPs, 
• applicable project requirements and procedures, 
• the project DQOs, and 
• good health physics practices 

In selecting survey techniques it is important to consider: 

• DCGLs and associated DQOs for the project, 
• the type, energy, and projected flux of the radiation to be detected, 
• possible inference/confounding-factors in interpretation of the data based on the 

projected radionuclides of interest in the background environn1ent, 
• the detection limitations for the instrumentation based on survey height and scanning 

rate, 
• scanning heights should be consistent with projected averaging areas/volumes for 

contamination based on the DQOs and field conditions, 
• the human factor limitations for personnel (e.g. , detection of change, such as meter 

movement versus sound, easy of repetitive handling of the equipment), 
• when scanning versus static counts will be used, 
• when energy based radionuclide identification maybe appropriate, 
• where direct survey versus smears/material-sampling should be used, 
• the environn1ental conditions at the site, 
• practicability limitations in the selection of equipment, 
• regulatory acceptance of the equipment, 
• availability of established procedures and protocols, and 
• availability of the instrumentation and personnel required. 
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The basis of the selection of survey instrumentation types and techniques will be fully documented 
in the DQO and SAP documentation. 
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8.0 DATA VALIDATION AND VERIFICATION 

The data validation and verification process consists of several components, such as: 

• Project's DQO or equivalent based data validation and verification process as addressed 
in Section 8.1 of this document. 

• Project's or Parsons ' process for the investigation of apparent data errors during 
collection as addressed in Section 8.2 of thi s document, 

• Validation and verification of the software used in support of radiological survey and 
analysis activities that are addressed by applicable project or Parsons procedures, such as 
QA-19.2, Quality Assurance Procedure, Computer Software Verification and 
Validation , l, Quality Assurance Manual, Parsons, Richland, Washington, 

• Validation and verification of modeling and other calculations that are addressed by 
applicable project or Parsons procedures such as, Preparation of Calculations, Project 
Procedures Manual , Parsons, Richland, Washington, 

• Resolution of nonconformance reports (NCRs) associated with data that are addressed 
by applicable project or Parsons procedures such as, QA-15.0, Quality Assurance 
Procedure, Nonconformance Control, Quality Assurance Manual, Parsons, Richland, 
Washington. 

8.1 General Data Validation and Verification Process for Verified Field Data 

The general data validation and verification activities discussed in this document are intended to 
support the data validation and verification process associated with the specific project. When ever 
discrepancies are identified the appropriate project and QA procedures (e .g. , NCR process) should 
be implemented, as needed. The first step in the data validation and verification process is to 
review the data documentation and ensure that it meets the requirements of the applicable 
procedures and requirements. Verify that the appropriate paperwork is in place and signed by the 
data collector and verifier. 

Once it has been established that the appropriate documentation is available the analysts and data 
collectors should review the data for the following technical considerations, prior to its release to 
the customer: 

• Are the data technical consistent, 

Is the behavior of the data consistent with known scientific principles, 
Are the changes in the data discontinuous or the rate of change incongruous, such that the 
data suggests that a recording or collection error may have occurred. 
Do the results fall below background at a frequency or in an amount that would suggest a 
recording or collection error beyond the normal fluctuations of background. 
Does the data imply the unexplained creation or loss of flux or material beyond the 
variability expected in the statistical fluctuation of the data . 
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Is the activity and the associated units consistent with the credible range of data values. 
Review the specific activity of the source materials to verify that the mass, density , and 
activity have credible values. 
Are there any non-credible radionuclides identified based on the data. 
Are the radionuclides that should be present represented in the data at credible levels. 
Are the relative ratio of activity and hazards consistent with known scientific information. 

• Were appropriate and current calibration sources used , 

Are all the sources used in the calibration of the instrument traceable with current 
calibrations. 
Do the sources used in the calibration span the energy range of interest. 
Are the activity levels of the sources consistent with the capability of the instrumentation 
and at a level and accuracy to meet the quantification required in the DQOs. 
Is there evidence that the source have been damaged so that the calibration may not be valid. 
Is the source geometry consistent with that needed to meet the DQOs or has justified 
modeling been performed to address the impact of the source geometry. 
Is the energy response behavior consistent with expected energy response and/or scientific 
principles. 
Are there coatings on the source that may degrade the energy of the emitted photons. 

• Is there appropriate documentation for all calibrations sources in the records, 

• Were appropriate peaks selected for radionuclide/isotope identification and quantification of 
activity, 

Are the peaks selected for radionuclide identification part of the designated 
radionuclide/progeny spectra. 
Are there interferences from background, detector/instrument response, or other 
radionuclides that may have resulted in an incorrect interpretation of this data. 
Were confirmatory peaks selected and evaluated to verify the interpretation of the primary 
peaks. 
Are the relative activity ratio between the primary and other peak associated with 
radionuclide consistent with the yields for each peak. 
Does the peak analysis and FWHM produce consistent results . 
Are there peaks with duplicate identifications that can be separated. 
Are the unidentified peaks and how will their identification be resolved. 
Is it feasible to quantify the activity based on the activity level of the peak and the 
interference from other sources of spectral data. 

• Are the background values credible and are the background data consistent with the statistical 
variability expected, 

• Are the expected progeny present and in the appropriate ratios (Note, when making this 
assessment the variation in solubility of the progeny and presence of gaseous progeny may 
affect these ratios si gnificantly), 

• Are the expected background radionuclides present. 
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• Are there any radionuclides identified or present in concentrations that are not credible or at 
least require followup , 

• Have appropriate background data sets been obtained, 
• Is there consistency between these values and the other survey data, 
• Are the radionuclides present in credible relative ratios, 
• Is additional count time required to resolve spectra appropriately, 
• Are there unidentified peaks that require resolution, 
• Are there potential mis-identified peaks (e.g, impact of interferences), 
• Does the equipment appear to be functioning properly, 
• Were any technical concerns/inconsistencies appropriately followed up on and resolved, 
• Has the appropriate quality control/verification samples been taken, 
• Are there any other outstanding technical , operational, or quality issues associated with the data. 

(Carefully review any comments on the datasheets as an indication of such impacts.) 

Review the survey results using other techniques to verify that they are consistent with the results 
from these calculations. Consider progeny and other radiation emissions. If there are 
inconsistencies issue an NCR to document resolution of this potential inconsistency. The 
explanation or justification of any inconsistencies should be documented in a manner consistent 
with Parsons or the project' s procedures and requirements addressing calculations. 

If samples are sent for analysis then review these sample results and compare them with the in situ 
measurements for this activity. If the values are not consistent (i .e., with the projected uncertainties 
of the two results) review the data for potential problems and issue and NCR to document resolution 
of this potential inconsistency. The explanation or justification of any inconsistencies should be 
documented in a manner consistent with Parsons or the project's procedures and requirements 
addressing calculations. 

It is recommended that appropriate statistical tests be applied to the various data sets to verify that 
statistical anomalies are not present in the data. Statistical anomalies in the data shall be treated like 
any other data discrepancy and handled accordingly. 

8.2 Resolution of Field Data Verification Problems 

Until the data quality and associated uncertainty are resolved the data should be labeled as suspect 
and not used for safety or environmental protection determination, unless the data is assumed to be 
the most conservative value. If there is an apparent problem associated with data collection the HP 
or Project Manager should initiate an NCR documenting the apparent problem. The HP shall 
review the apparent problem to determine its impact on data quality. If the data is determined to be 
suspect and thus not usable this should be documented on the NCR form and the process resolved 
under the NCR process. If the HP determines that the data is usable then in addition to the 
implementation of the NCR process the HP shall provide a technical justification of the data validity 
in the form of a Parsons calculation which must be prepared, reviewed and. issued in a manner 
consistent with applicable project and Parsons procedures and requirements. 
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In establishing the potential validity of impacted or suspect data the HP should review the source 
and probability of occurrence of the event or condition that cause the impact. Determine the 
additional uncertainty this condition may have on the resulting data. Then the HP should determine 
if the data has any functional value based on this uncertainty. 
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9.0 UNCERTAINTY 

Uncertainty in the results for these measurements must always be determined and justified based on 
sound scientific/engineering data and practice. This uncertainty may come from many sources 
including: 

• Statistical variability in the nuclear decay and counting process. 
• Measurement error inherent in the equipment. 
• Visual uncertainties resulting from interpolating a scale. 
• Variability of the natural environment and the materials being measured. 
• Uncertainty in the calibration of the equipment. 
• Inherent bias in the measurement or measure data set. 
• Statistical variability or inhomogeneity in the item or area being measured. 
• Human observation and recording errors or intentional misrecordings. 

With the exception of human observation and recording errors or intentional misrecordings 
the process will attempt to minimize and quantify these errors. The procedural and guidance 
process used in this activity is intended to minimize the potential human observation and recording 
errors or intentional misrecordings errors. 

The statistical variability associated with the various process (e.g., the nuclear decay and 
counting process) is addressed using counting statistics and increasing the count times and number 
of counts/sample taken. Typically most thing in nature have lognormal distributions with the 
exception of basic natural process like radioactive decay, which is normal (i.e., pure guasian 
distribution) . As the activity levels (i.e. , count rates) decrease poisson statistics should be applied to 
the evaluation of this data. Whenever a statistical distribution other than those described above is 
used to characterize data associated with this activity a clear justification for the choice must be 
provided as a basis for this alternative distribution based on the physical characteristics of the 
process and not just on the apparent statistical behavior of a very limited data set. The confidence 
level to which uncertainties are to be established should be based on the DQO process with a default 
assumption that all uncertainties in data should be established at the 95% confidence level. 

The measurement error inherent in the equipment are quantified by the calibration and accuracy 
check process for the instrumentation. Further, potential failure can be projected by the control 
charting process. The upper and lower bounds of the acceptable uncertainties are established based 
on the DQO process. The accuracy check boundary and the calibration uncertainty maybe used to 
assess the uncertainty associated with the equipment, although use of the actual calibration and 
accuracy check uncertainty maybe used. Data like the fine tuning results from the MCA can be 
used to assess instrument variability in addition to the calibration error. The preference in 
establishing the uncertainty of the data is to do a detailed analysis of all the data and propagate the 
error as appropriate or model it with monte carlo analysis . In addition visual uncertainties 
resulting from interpolating a scale must be considered in this uncertainty as discussed below. 
However, a default solution for equipment uncertainty (UNC) is: 
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UNC = SQRT ( UNCca1/ + UNCca1/ + UNCai + UNCvis2 + UMDA2
) + MDA 

where: 

UNCcalS is the specified uncertainty of the calibration source and/or the outside 
calibration. If there is more than one value involved this value is the square root of 
the sum of the squares of the values (Bevenington, 1969). 

UNCcalF this is the uncertainty based on the field calibration ignoring the uncertainty 
in the calibration sources based on statistical variability and background. This 
should determined based on good health physics practices and the information in 
NUREG/CR-5849, NUREG-1575, and NUREG-1507). If a modeling correction 
factor is use then the uncertainty of UNCcalF and correction factor should be 
consolidated using the square root of the sum of the squares of the values 
(Bevenington, 1969). 

UN Caci is the uncertainty in the accuracy or tuning checks, which can be estimated 
as the 95% confidence level for the entire set of values generated. 

UNCvis this is 50% of the smallest marked subdivision for an analog readout. For a 
digital readout it is the smallest value record by the read out ( e.g., if the readout is 
95.6 then the uncertainty is 0.1). (Typically can be ignore for most MCAs.) 

MDA is the minimum detectable amount (a.k.a. , minimum detectable activity) value 
for the measurement system. This can be computed as described in NUREG-CR-
5849, NUREG-1506, or in a specifically reference teclmical document included in 
with the calculation. If the MDA is assigned a distribution of values based on a 
technical defensible scientific approach this value should be set to zero in the 
calculation of UNC. 

UMDA is the 95% confidence level uncertainty in the MDA value if calculated. 

Variability of the natural environment and the materials being measured is based on 
characterization by multiple measurement of the environment, either background or sample/location 
variability for the area of interest. (Note, in counting statistic count for extended times is the same 
as making multiple counts in this extended time.) The 95% confidence level uncertainty for the 
entire set of values generated 

If there is a known inherent bias in the measurement or measure data set this value should be 
subtracted out of the result. If the bias is not known then it is presumed to be adequately addressed 
in the measurement error inherent in the equipment. If there is a known bias it should be 
removed prior to determining the measurement error inherent in the equipment. 
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The statistical variability or inhomogeneity in the item or area being measured is extremely 
difficult to assess accept as partially quantified in the variability of the natural environment and 
the materials. Typically the balance of this uncertainty can only be addressed qualitatively. 

9.1 Minimum Detectable Amount (MDA) 

It is important to quantify the Minimum Detectable Amount (MDA) that the in-situ spectroscopy is 
capable of detecting to determine if the DCGLs can be met using this teclmology . To do this one 
must consider that the in-situ equipment is used to count a specific location for longer times than the 
1 minute scalar static count that is used with survey instrumentation. The MDA is estimated using 
the following equation from NUREG/CR-5849, "Manual for Conducting Radiological Surveys in 
Support of License Termination". 

2.71+4.65*.JBR *t 
MDA = -------'---

t * E * -A_ 
100 

• Where:MDA is the minimum detectable amount in dpm/100 cni2 
• BR is the background count rate in cpm 
• t is the count time in minutes 
• Eis the efficiency of the detector in cpm/dpm 
• A is the active area of the detector in cm2 

Using this equation with the detector information the MDA values for various count times and 
detectors can be estimated. The use of the ROI has the net effect oflowering the background count 
rate for that specific region. Radionuclide specific efficiencies and associated MDAs can be 
developed for other radionuclides as needed . Other formulas such as those in NUREG-1506 can be 
used to estimate the MDA. The basis used for assessing the MDA should be clearly documented. 
In addition, it is equally important to document how the MDA is used in subsequent analyses . 
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Established by 

Radionuclide followed by energies Source of Developed By: Verified 
Name Type 

in MeV in parenthesis Information Print 
Print Signature Date 
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Initial Date 

Source Reference 
.u. .., '" "" "- "" t"dU O 

I U.S. Department of Energy 's National Nuclear Data Center (NNDC) at Brookhaven National Laboratory (access is available 
through the internet) 
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J ICRP,s (International Commission on Radiation Protection) Radionuclide Transformations Energy and Intensity of Emission , Annals 

of the ICRP, ICRP Publication 38 
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I 
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