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ABSTRACT 

WAPPA-C is a waste package performance assessment code that 
predicts the temporal and spat ia l extent of the loss of conta in-
ment capab i l i t y of a given waste package design. This code was 
enhanced by the addi t ion of the capab i l i t y to calculate the sen-
s i t i v i t y of model resul ts to any parameter. The GRESS automated 
procedure was used to add t h i s capab i l i t y in only two man-months 
of e f f o r t . The v e r i f i c a t i o n analysis of the enhanced code, 
WAPPAG, showed that the s e n s i t i v i t i e s calculated using GRESS were 
accurate to w i th in the precis ion of per turbat ion resul ts against 
which the s e n s i t i v i t i e s were compared. S e n s i t i v i t i e s of a l l 
summary table values to eight diverse data values were v e r i f i e d . 

v 



I . INTRODUCTION 

WAPPA1 is a waste package performance assessment code that predicts 

the temporal and spat ial extent of the loss of containment capab i l i t y of a 

given waste package design. The code models the problem in a one-dimension 

radial geometry on timescales up to one m i l l i on years af ter i s o l a t i o n . 

WAPPA has f i ve d i s t i n c t barr ier degredation process models that are driven 

in te rna l l y by waste decay and external ly be repository stress and f l u i d s . 

The f ive process models t reat the ef fects due to rad ia t ion , thermal heat 

r°mcyal, mechanical stress, corrosion and leaching. The modelling approach 

is barr ier - in tegrated and process-sequential. These process models are 

coupled at the system level by state variables such as source inventory, 

decay power, temperatures and radionuclide d i s t r i bu t i ons , material property 

degredations and barr ier i n t eg r i t y parameters. The WAPPA code w i l l be 

used in conjunction with UCBNE10.2,2 modified to include integrated decay 

chains, and with BRINETEMP3 in the overal l repository performance assess-

ment. BRINETEMP w i l l be used to calculate brine flow rates and waste pack-

age surface temperatures as input to WAPPA. The radionuclide f luxes out of 

the waste package as calculated in WAPPA w i l l be used as input to UCBNE10.2 

to calculate the migration of the radionuclides through the groundwater. 

The purpose of th is paper is to report on the test ing and ve r i f i ca t i on of a 

version of WAPPA that w i l l ca lcu la te, at the user's opt ion, the der ivat ive 

of a l l responses with respect to any var iable used in the code. 

A 



1 1 . BACKGROUND 

The Of f ice of Nuclear Waste I so la t i on (ONWI) is responsible for the 

charac ter iza t ion and performance assessment of candidate h igh- leve l waste 

sa l t reposi tory s i t e s . Because of the large uncer ta in t ies general ly asso-

c ia ted wi th the data character iz ing geological media and waste behavior and 

because of the p red ic t i ve nature of the simulat ions supporting the assess-

ment, s e n s i t i v i t y and uncerta inty analysis are necessary components of the 

overa l l performance assessment. To date both s t a t i s t i c a l and de termin is t i c 

methods have been used to ca lcu la te uncer ta in t ies associated with the 

geological disposal of h igh- level waste.^ 

General ly, s t a t i s t i c a l methods are preferred for codes wi th a moderate 

number of parameters; d i rec t de termin is t i c methods when there are many 

performance measures of in te res t and a moderate number of parameters; and 

ad jo in t de termin is t i c methods when there are a l im i ted number of pe r fo r -

mance measures and a large number of parameters. For large codes wi th an 

extensive data base, such as the computer models used by ONWI fo r pe r fo r -

mance assessment, the de te rmin is t i c approaches are more cost e f f i c i e n t fo r 

producing a comprehensive ranking of s e n s i t i v i t i e s of resu l ts to data. 

Both the d i rec t and ad jo in t per turbat ion methods, which have been widely 

used in analyses of nuclear systems,5 re ly on model reruns fo r ca l cu la t i ng 

f i r s t de r i va t i ves . The cost of the reruns can be p r o h i b i t i v e l y expensive 

depending upon the scope of the analysis and the number of var iables of 

i n t e r e s t . To circumvent t h i s problem, a procedure® was developed to make 

use of computer calculus and the chain ru le of d i f f e r e n t i a t i o n to calcu-

l a te f i r s t der iva t ives of any model var iab le wi th respect to any other 

model va r iab le . In add i t i on , to avoid the cos t l y programming e f f o r t of 
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implementing th is capab i l i t y in the various codes of in terest to ONWI, a 

Gradient-Enhanced Software System (GRESS)7 was developed that automatically 

adds the necessary l ines of coding to any FORTRAN source program. GRESS 

has already been successfully applied to the SWENT, UCBNE10.2, 0RIGEN2 and 

TEMP computer codes .®* 9 , 1 0 , 1 1 The fol lowing sections summarize the app l i -

cat ion of GRESS to WAPPA and the tes t ing and ve r i f i ca t i on of WAPPAG, the 

gradient-enhanced version of WAPPA. 



I I I . APPLICATION OF GRESS TO WAPPA 

The t rans la t ion of WAPPA through the GRESS precompiler required about 

two man-months e f f o r t and resulted in the version of WAPPA that has an 

automated der iva t ive- tak ing capab i l i t y , WAPPAG. Most of the e f f o r t in 

t r ans la t i ng WAPPA was expended in changing the three-dimensional arrays 

to two-dimensional arrays and el iminat ing a l l doubly argumented var iab les. 

These changes were necessary because of the l im i ta t i ons of the current ver-

sion of GRESS. These l im i ta t ions w i l l not be present in the next version 

of GRESS. The tes t ing and ve r i f i ca t i on of the der iva t ive- tak ing capab i l i t y 

of WAPPAG required about one man-month of e f f o r t . 

WAPPAG has the capab i l i t y to calculate the f i r s t der ivat ive of any 

var iable with respect to any other var iable in the code. For most app l i -

cat ions, the variables with respect to which the der ivat ives w i l l be ca l -

culated are chosen to be data values of i n te res t . These variables w i l l 

be referred to as parameters. The variables for which der ivat ives are 

calculated with respect to the parameters of in teres t w i l l be referred to 

as the responses. In WAPPAG the user has f u l l control over the choice of 

parameters and responses. In addit ion to the der iva t ives , f i r s t order 

s e n s i t i v i t i e s are also calculated in WAPPAG. The s e n s i t i v i t i e s , s, are 

defined by s • (a/R)/(dR/da), where R and a are the reference values of the 

response and parameter of in te res t . Defined in t h i s manner, the values of 

s are normalized s e n s i t i v i t i e s in the sense that s is equal to the percent 

change in response R per percent change in a. 
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IV. SENSITIVITY COMPARISONS WITH RERUNS 

The sample problem used in th is i n i t i a l ve r i f i ca t i on is one that 

accompanied the WAPPA source tape that ORNL had received from ONWI. The 

problem models the performance of a Commercial High Level Waste (CHLW) 

borehole concept for the proposed Deaf Smith County reposi tory. The waste 

canister has a cast steel overpack and is modeled with one glassy waste-

form, two metal bar r ie rs , two a i r gaps, two corrosion/oxide layers and one 

high-MG brine crushed sa l t b a c k f i l l . 

The responses chosen for comparing s e n s i t i v i t i e s for th i s ve r i f i ca t i on 

study are the masses out of the waste package of the 24 nuclides considered 

in the sample problem (Summary Table 10 in the WAPPA output) . The nuclide 

d i s t r i bu t i ons are calculated at 260 time steps a f te r i n i t i a l placement of 

the wasteform into the reposi tory, but the resul ts are pr inted for only 52 

time steps of i n te res t . The nuclide masses l i s t ed in Summary Table 10 of 

the WAPPA output are the to ta l masses out of the waste package integrated 

over a l l the years up to each of the 52 time periods. Sens i t i v i t i es and 

gradients for the 10,000 year time period were calculated both by reruns 

and by WAPPAG for selected data from the various input f i l e s . The re fe r -

ence calculated responses are l i s t e d in Table 1, which is a copy of Summary 

Table 10 of the WAPPA output. Comparisons between rerun-calculated sensi-

t i v i t i e s and GRESS-calculated s e n s i t i v i t i e s are shown in Tables 2-7. 

The f i r s t parameter with respect to which s e n s i t i v i t i e s were calcu-

lated was the thermal power source term at the time of bu r i a l . This 

var iab le , RHEAT(l), is used in the Thermal Model to calculate temperature 

w i th in the various problem annul i . The temperatures are then used in 

the Mechanical, Corrosion and Leach models. Thus the s e n s i t i v i t y of the 



8 

responses of interest with respect to RHEAT(l) provides a good test for 

WAPPAG since a l l but one of the process models are involved. The re fe r -

ence thermal power source at time of burial is 984.3 watts per metric ton 

of i n i t i a l heavy metal. The sens i t i v i t i es of the nuclide masses escaping 

the waste package boundary 10,000 years a f te r i so la t ion of the waste to 

the value of RHEAT(l) are l i s ted in Table 2. The sens i t i v i t i e s calculated 

using WAPPAG are wi th in the calculated precision of the f i r s t - o r d e r sensi-

t i v i t i e s estimated from reruns. 

The 14C, 1 2 9 I , 135Cs and 137Cs masses are the most sensit ive to the 

i n i t i a l decay heat. Note that i f the value of RHEAT(l) is changed, in 

r e a l i t y the subsequent tabular values of RHEAT input to WAPPA would be 

changed propor t iona l ly . I f the sens i t i v i t y to i n i t i a l decay heat is impor-

t a n t , the s e n s i t i v i t i e s to a l l twenty values of RHEAT would be calculated; 

but for the purpose of ver i fy ing WAPPAG only the sens i t i v i t i e s to RHEAT(l) 

were calculated. 

The second parameter chosen for ve r i f i ca t i on purposes was the height 

of the wasteform, SHTWP. Although th is parameter would not be of real 

in teres t in most s e n s i t i v i t y studies, the height d i r ec t l y af fects the vol-

ume and density of the wasteform and dose rate densit ies and thus provides 

a good v e r i f i c a t i o n t e s t . The WAPPAG and rerun-calculated s e n s i t i v i t i e s 

of the element masses to SHTWP are compared in Table 3 and show excel lent 

agreement. The s e n s i t i v i t i e s to SHTWP are generally greater than those to 

RHEAT(l). The " T c , 126Sn, Pu and Am nuclides are the most sensi t ive to 

the wasteform height. 

The t h i r d parameter with respect to which sens i t i v i t i e s were calcu-

lated was the outside radius of the wasteform. The sens i t i v i t i e s shown 
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i n Table 4 ve r i f y that WAPPAG correct ly calculated the s e n s i t i v i t i e s of 

the nuclide masses to th is parameter. A l l of the sens i t i v i t i e s of the 

nuclide masses to t h i s radius are greater than the corresponding values 

wi th respect to height . This resul t was ant ic ipated because the problem 

modelling is one dimensional in the radial d i r ec t i on . Thus the radius 

af fects not only the dose and property densit ies to a higher order than 

does the height, but a change in radius af fects the analyt ica l solut ion 

of the temperature p r o f i l e . 

The gas gap thickness between the metal canister and the overpack for 

t h i s sample problem is 1.5 cm. The outer radius of the gap, SRTEMP(4), was 

the fourth parameter examined. The s e n s i t i v i t i e s of the responses of 

i n t e r e s t , the nuclide masses escaping the waste package during the f i r s t 

10,000 years, to a change in the outer radius of t h i s gap were calculated 

by WAPPAG and reruns. The s e n s i t i v i t i e s , shown in Table 5, are in good 

agreement. Except for 230Th, a l l the mass s e n s i t i v i t i e s to SRTEMP(4) are 

opposite in sign compared to the s e n s i t i v i t i e s to SRTEMP(l). For the 

heavy elements, an increase in gap thickness decreases the i r escape from 

the waste package by about 2 percent for each percent increase in the gap 

thickness. The ^ C , 1 2 9 I , 135Cs, 137Cs and 230Th are the only nuclides 

whose s e n s i t i v i t y indicates an increase in mass out of the waste package 

fo r an increase in gap thickness. However, at 10,000 years the decrease 

i n the escape of the heavy act inides is more important since the I and Cs 

rad ioac t i v i t y are very low at that t ime. 

The f i f t h parameter with respect to which s e n s i t i v i t i e s were calcu-

la ted was the 233U mass at 5,000 years. This value, RADT0X(11,13), is 

datum taken from 0RIGEN2 output and input in to WAPPA as a member of the 
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tabulated mass inventories at each of twenty 0RIGEN2 time steps. The 

WAPPAG s e n s i t i v i t i e s of masses to RADT0X(11,13) are zero, and the rerun-

calculated s e n s i t i v i t i e s for a -1.0% perturbat ion are also zero as shown 

in Table 6. 

Sens i t i v i t i es were calculated with respect to a s ix th parameter, 

RGAMA(l), the gamma ray source in photons/sec/MTIHM at time of i so la t ion of 

the waste. Because the cumulative gamma dose rate does not a f fect property 

degradation and radio lys is enhancement factors in th^ model u n t i l a c r i t i -

cal dose level is reached, RGAMA(l) had no e f fec t upon the masses out of 

the waste package. The zero s e n s i t i v i t i e s in Table 7 confirm th i s e f fect 

and ve r i f y that for th is tes t case the ar i thmet ica l l y calculated WAPPAG 

s e n s i t i v i t i e s are correct for th is parameter. 
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V. WAPPAG SENSITIVITIES FOR TWO LEACHING PARAMETERS 

WAPPA pr in ts fourteen Summary Tables providing various types of 

information based upon the nuclide concentrations throughout the time 

period being modelled. For t h i s sample problem there are 24 nuclides and 

52 pr inted time steps, resu l t ing in a t o ta l of 17,472 pr inted values. 

Sens i t i v i t i es of these responses to the leach rate coe f f i c i en t fo r d i f f u -

sion of the matrix component, WLRHLF, and to the d i f fus ion coe f f i c i en t 

of the representative matrix component in water, WDBULM, were calculated 

using WAPPAG. Results of d i r e c t l y calculated s e n s i t i v i t i e s were obtained 

from perturbations of WLRHLF and WDBULM. Comparison of these s e n s i t i v i t i e s 

to the WAPPAG-calculated s e n s i t i v i t i e s ve r i f i ed that the WAPPAG s e n s i t i v i -

t i es were accurate to wi th in the precision of the d i r ec t l y calculated 

s e n s i t i v i t i e s . 
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VI. CONCLUSIONS 

The WAPPA-C waste package performance assessment code was enhanced 

by the addit ion of the capab i l i t y to calculate the sens i t i v i t y of model 

resul ts to any parameter. The GRESS automated procedure was used to add 

t h i s capab i l i t y in only two man-months of e f f o r t . Another month was 

expended for tes t ing and ve r i f i ca t i on analysis. The v e r i f i c a t i o n analysis 

showed that the s e n s i t i v i t i e s calculated using GRESS were accurate to 

w i th in the precision of the perturbation results against which these sen-

s i t i v i t i e s were compared. The sens i t i v i t i e s for a l l summary table values 

were ve r i f i ed . 
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VI I . FUTURE WORK 

The GRESS precompiler is presently being updated to handle most a l l 

FORTRAN 77 statements and to handle up to seven-dimensional arrays. In 

addi t ion, work is now underway that w i l l couple the derivatives between the 

GRESS versions of UCBNE10.2, BRINETEMP and WAPPA. This coupling w i l l pro-

vide sens i t i v i t i es of the responses of interest in an overall performance 

assessment study to the basic data. A software system is being developed 

that w i l l automate most of the actual coupling of gradients between the 

various computer codes.12 

Another ac t i v i t y that might prove beneficial would be to calculate 

sens i t i v i t i es of selected intermediate variables in any of the codes of 

in te res t . By careful selection of the intermediate variables for which 

sens i t i v i t i es to other variables could be calculated, the ef fect of d i f -

ferent physical process upon the responses of interest could be isolated. 

For example, consider that the degradation of a material af fects the 

calculat ion of a variable y that in turn is used in the determination of 

a response R. The ef fect of the degradation process can be quant i ta t ive ly 

determined by calculat ing the sens i t i v i t y of R with respect to y . Further-

more, i f a sens i t i v i t y of R with respect to a data value a is calculated, 

the portion of the sens i t i v i t y due to the degradation process can be deter-

mined by also calculat ing the sens i t i v i t y of y to a. Even i f the physical 

process is intertwined into the calculat ion of the response of in te res t , 

dummy variables can often be introduced into the equations in such a manner 

that they mult ip ly any variables effected by the physical process. By then 

taking out the process of interest and calculat ing the sens i t i v i t y of R 

with respect to the dummy var iable, a quant i tat ive value of the sens i t i v i t y 

of the ent i re process upon R can be determined. 



16 

At some point the sens i t i v i t i e s w i l l be used in conjunction with 

response surface techniques and/or s t a t i s t i c a l methods to quanti fy the 

overal l uncertaint ies in the performance assessment that ar ise from use 

of the computer models. Presently work is being carr ied out to i den t i f y 

the best way to use the sens i t i v i t y data in an uncertainty analysis. 



Table 1. Reference Values of Summary Table 10 for Sample Problem 
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Table 1 (Continued) 

CATS; 23-JAN-do 
TIME: 06:24:38 

HAPPA 
A hASTE PACKAGE PERFORMANCE ASSESSMENT COOE 

PAGE NO. 301 

CHLW iOSEHOLE COhCEPT: C TEAR kETTING TINE. 4.00G 
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SUMMARY TABLE I 10 
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TIME SINCE EMPLACEMENT (TEARS) 
ELEMENT SS.G 65.0 75.0 93.0 125.0 1S0.0 175.0 200.0 
C 0.20192:*03 C. 203 41E*03 0. 20440e*03 0.205526*03 0.20644E*03 C.20699E*03 0 •20742E+03 0.2077AE*03 
S« <l.43i52c-G1 C.5023V6-&1 0. 56S40E-01 0.&3877E-01 0.8680CE-01 C.1G135E*00 0 .11554 E+00 0.12935E*00 
Sr 0.29905e*02 C.321731*02 0. 3 3481E*02 Q.3603(!E*02 0.37t»82E*02 0.39006E*02 0 .39874E+02 O.f0360E*02 
Tc U.43955E-G1 C.504 20t-C1 0. 56S35E-01 0.6S572E-01 0.88529E-01 0.10423E+00 0 .11985 E*C0 0.13541E*00 
Sn 0.43956e-02 C.50422E-C2 0. 56839E-02 0.695806-02 0.88549E-02 0.10426E-01 0 .11950E-01 0.13548E-01 
I 0.2B710S*03 C.28918E*M 0. 29055E*03 0.29211E*03 0.29339E+03 0.29416E*03 0 •29476E*03 0.29323E*03 
C* 0.2tot7:*04 C • 26M6 E*04 0. 26911E* 34 C.270166*04 0.27098E*04 0.27147E*04 0 .27184E+04 0.27214E+04 
Ct 0.2oo67£*C4 C.26t1cE*04 0. 26911c*04 C.2701<E*G4 0.2709SE+04 0.27147E*04 0 •271E4E+04 0.272146*04 
R* 0.12Suit-C5 C.12E36E-0> 0. 130S9E-05 0.13438E-05 0.1380VE-05 0.140 7oE-05 0 •14320E-05 0.14551E-05 
Th 0.7Cj«3E-Q2 C.712 84E-C2 0. 717C4E-02 C.72319E-02 0.72777E-02 C.73059E-02 0 .732E0E-02 0.73458E-02 
U 0.43V»efc-C1 C.S0432E-01 0. 56S55E-01 0.69619E-01 0.886496-01 0.10443E*00 0 •12016E*00 0.135856*00 
U 0.4 3 'o2t-C1 C.Sr.43Jt-C1 0. SfE55e-ni 0.e9«19E-01 0.88649E-01 0.10443E*00 0 •12016E*00 0.13585E*00 
u n.439e2fc-C1 C.50432E-01 0 . 56355E-01 C.69619E-01 0.88649E-01 G.10443E*00 0 •12016E+00 0.13S85E*00 
Np 0.43vS0i-01 C.J0411E-01 u . 56822E-01 0.69542E-01 0.98458E-01 0.1G412E+00 0 .119496*00 0.135206*00 
Pu 0.43844e-C1 C. 502 2<:t-01 'J. 5o5tlE-U1 C.688S2E-01 0.8*762E-01 0.1013QE*00 0 .11S48E+00 0.1292BE*00 
Pu 0.43844E-01 C.5022SE-01 0 . 545246-01 G.68S52E-01 0.86762E-01 0.101306*00 0 .1154SE+00 0.129286*00 
Pu 0.43ei44fc-01 G.S02 2eE-O1 0 . SB524C-01 0.68852E-01 0.86702E-01 0.10130E*00 0 .1154JE+00 0.129 28E*00 
Pu 0.4384*6-01 C .502 25E-01 0 . 515246-01 0.68852E-01 0.8O762E-01 C.10130E*00 0 .11548E+00 0.12928E*00 
Pu 0.4384*6-01 C.J022SE-01 0 . 3o524E-01 0.688 526-01 0.86762E-01 0.101306*00 0 .115486*00 0 .129286*00 
Pu 0.43u44£-G1 C.50ice£-01 0 . 5«524E-01 o . t e e s 2 E - o i 0.86762E-01 C.1C130E+00 0 .11548E+00 0.129286*00 
An 0.43»e2fc-U2 C.504326-02 0 . 5*>!55E-02 C.69620E-02 0.88650E-02 0.10443e-01 0 .120UE-C1 0.1338SE-01 
An U.s3»e2i-P«! C.5C432E-02 0 . 55O35E-02 C.6?«20S-02 0.88650E-02 0.10443E-01 0 • 12016E-01 0.13585E-01 
Co 0.425e0E-C1 C.47<J5S-01 0 . 519215-01 C-.57772E-01 0.42702E-01 C.6Sc7feE-01 0 • 67914E-01 0.69617E-01 
Ca 0.42SO0E-31 C .47* JSt-'jl 0 . 51921C-01 G. 57772E-01 0.62702E-01 0.65676E-01 0 .67914E-01 0.69«17E-01 
MATRIX 0.1E2S1c*07 C.1=424;*07 0 . 1iM;6*07 C.1862OE+07 0.18714E+07 0.18767E*07 0 .18d09E*07 0.188416*07 

STNUCk(lsiTMl)*SNUCWT(I) SNUC 
STNUChM(ITHl) = Pf>STNUCkiv»fcLrL If'Cc 

T(I)'SNLCkTU) «ShUChP(I)<OELTAT 
T«T PRSTNLC«M=STNUCHN(ITM1-1; 

oo 



Table 1 (Continued) 

DATE: 2 3 - J A N - E a WAPPA P A G E N O . 382 
T I M E : 0 i : 2 4 : 3 3 A k l S T £ PACAAGE PERFORMANCE ASSESSMENT CODE 

CHLk dOSEMOLE CGfcCePT: 0 YEAR kETT IM f i T I K E . 4 . 0 0 0 
CANISTER WITH CAST STEEL 0V6RPACH, 2 METALS* 24 NUCLIOESr 2 AIR SAPS 

DEAF SI* I TM COUNT* CHLb H I G H - N t BRINE CRUSHED S I L T BACKFILL 6 . 0 0 0 

SUNNART TABLE I 10 

TOTAL ELEMeMT MASS OUT AT HASTE PACKAGE BOUNOARV (GRANS) 

T IPE SINCE EMPLACEMENT (YEARS) 

ELEMENT 225.C 25C.O 2 7 5 . 0 3 0 0 . 0 JJQ.O 4 0 0 . 0 4 S 0 . 0 5 0 0 . 0 

C 0 . 2 0 8 Q 5 E * O J C •2Q£20E*Q3 0 . 2 0 S S 2 E * 0 3 0 . 2 0 8 7 1 E * 0 3 0 . 2 0 9 0 4 E * 0 3 0 . 2 0 9 3 1 E * 0 3 0 . 2 0 9 5 4 6 * 0 3 0 . 2 0 9 7 3 6 * 0 3 
s* 0 . 1 4 > 5 J t * G C C . 1 5 * 0 1 E*0Q 0 . 1 6 i ! 9 = * 0 C C . 1 S 1 4 6 E * 0 0 0 . 2 0 5 7 5 6 * 0 0 0 . 2 2 8 9 0 6 * 0 0 0 . 2 5 0 9 7 E + 0 0 0 . 2 7 2 0 0 6 * 0 0 
S r 0 . 4 1 1 3 5 E + 0 2 C . * 1 « 3 7 E * 0 2 0 . *2oece*o2 0 . 4 2 4 7 3 6 * 0 2 0 . 4 3 1 4 J E * 0 2 0 . 4 3 4 9 6 E * 0 2 0 . 4 4 1 6 3 6 * 0 2 0 . 4 4 3 6 3 E + 0 2 
Tc 0 . 1 5 C 9 1 E H C C .16<5<56<CO 0. 1 8 1 7 5 E + 0 0 0 . 1 » 7 1 0 E * 0 0 0 . 2 2 7 6 S E * 0 C 0 . 2 5 8 0 2 6 * 0 0 3. 2S820E*CO 0 . 3 1 8 2 0 6 * 0 0 
Sn 0 . 1 SIC 11—01 c 4 9 E - 0 1 0. 1 * 1 $ 2 E - 0 1 0 . 1 9 7 J G E - 0 1 0 . 2 2 7 9 4 6 - 0 1 0 . 2 J 8 4 1 E - 0 1 0 . 2 8 8 7 2 6 - 0 1 0 . 3 1 8 8 o E - 0 1 
I 0 . 2 9 S » 3 E * 0 3 0 . 2 9 5 9 8 6 * 0 3 ' 0. 2 9 i 2 S E * 0 3 0 . 2 9 6 5 5 6 * 0 3 0 . 2 9 7 0 1 f * 0 3 0 . 2 9 7 3 8 E * 0 3 0 . 2 9 7 7 0 6 * 0 3 0 . 2 9 7 9 7 6 * 0 3 
C i 0 . 2 7 2 3 S E H 4 c • 2 7 < 5 V E * 0 4 0. 2 7 2 7 8 6 * 0 4 C . 2 7 2 9 4 6 * 0 4 0 . 2 7 3 2 2 6 * 0 4 C . 2 7 3 4 5 E + U 4 0 . 2 7 3 6 4 E + 0 4 0 . 2 7 3 8 1 6 * 0 4 
C* 0 . 2 7 2 3 6 E + 0 4 C • 2 7 2 5 9 E * 0 4 0. 2 7 2 7 8 6 * 0 4 0 . 2 7 2 9 4 E * 0 4 0 . 2 7 3 2 2 6 * 0 4 C . 2 7 3 4 J E + 0 4 0 . 2 7 3 6 4 6 * 0 4 0. 2 7 3 8 1 E + 0 4 
R* 0 . 1 4 7 6 8 E - 0 5 c • 1 4 9 7 1 E - 0 5 0 . 1 5 1 6 5 6 - 0 5 Q . 1 5 3 5 Q E - 0 S 0 . 1 5 7 0 5 6 - 0 5 0 . 1 4 0 4 7 6 - 0 5 0 . 1 6 3 8 4 E - 0 5 0 . 1 6 7 2 1 E - 0 5 
Th 0 . 7 3 6 1 1 E - C 2 c . 7 3 7 4 5 6 - 0 2 0 . 7 3 S 6 S E - 0 2 C . 7 3 9 7 3 E - 0 2 0 . 7 4 1 6 C E - 0 2 0 . 7 4 3 2 0 E - 0 2 0 . 7 4 4 5 8 6 - 0 2 0. 7 4 5 8 1 6 - 0 2 
U O . I S l i t E t C r 0 . 1 o 7 1 3 E * 0 « 0. 162?!E*00 C.198101*00 0 . 2 2 9 3 9 E * 0 C 0 . 2 6 0 3 9 E + 0 0 0. 2 9 1 3 3 E * 0 0 0. 3 2 2 2 0 E * 0 0 
u 0 . 1 5 1 5 1 E + C C c . 1 e ? 1 3 E « C 0 0 . 1 8 2 7 3 £ * Q 0 C . 1 9 8 3 0 E * 0 0 0 . 2 2 9 3 9 E + 0 0 C . 2 6 0 3 9 E * 0 0 0 . 2 9 1 3 3 6 * 0 0 0. 3 2 2 2 0 E * 0 0 
u 0 . 1 5 1 5 1 E * C C c • H : I 3 E * O O 0. 1 8 2 7 3 E * 0 0 0 . 1 9 8 3 0 6 * 0 0 0.22939E*OG 0 . 2 6 Q 3 9 E + 0 0 0. 2 9 1 3 3 E + 0 0 0 . 3 2 2 2 0 E * 0 0 
Np 0 . 1 5 U o * E * 0 0 c . 1 e c 0 2 E * 0 0 0 . 1 1 1 3 e E * 0 0 0 . 1 9 6 6 4 E * 0 0 0 . 2 2 7 0 6 E + 0 C 0 . 2 5 7 3 0 E * 0 0 0 . 2 8 7 3 6 E * 0 0 0. 3 1 7 2 7 E + 0 0 
Pu 0 . 1 4 2 7 o E » C C c . 1 5 5 9 3 E * 0 0 0 . 1e t l£2EtOO C . 1 8 1 4 2 * * 0 0 0 . 2 0 5 7 1 6 * 0 0 0 . 2 2 S 9 1 E + 0 0 0 . 2 5 1 0 5 2 * 0 0 0. 2 7 2 1 7 E + 0 0 
Pu 0 . 1 4 2 7 s E t 0 C c . 1 5 5 9 3 E « 0 0 0. 1t3E2EtnO 0 . 1 B 1 4 2 E « 0 0 O . 2 0 5 7 1 E * 0 C 0 . 2 2 8 9 1 6 * 0 0 0 . 2 5 1 C 5 E * 0 0 0. 2 7 2 1 7 E + 0 0 
Pu 0 . 1 4 2 7 6 6 * 0 0 c . 1 5 5 » 3 E « 0 0 0. I 6 f c t 2 e * 0 0 0 . 1 8 1 4 2 6 * 0 0 0 . 2 0 5 7 1 S * 0 C C . 2 2 8 9 1 6 * 0 0 0. 2 5 1 C 5 E * 0 0 0. 2 7 2 1 7 E * 0 0 
Pu 0 . 1 4 2 7 6 E + 0 C c • 1 5 5 9 3 E * f ! 0 0. H 3 E 2 6 * 0 0 C . 1 S 1 4 2 E * 0 0 0 . 2 0 S 7 1 E 4 0 G Q . 2 2 8 9 1 E * 0 0 0 . 2 5 1 0 5 6 * 0 0 0. 2 7 2 1 7 6 * 0 0 
Pu 0 . 1 4 2 7 o E * 0 C c • 1 5 » 9 3 S * 0 0 0. 1 » 3 i 2 E * 0 0 C . 1 S 1 4 2 E * 0 0 0 . 2 0 5 7 1 E * 0 0 0 . 2 2 8 9 1 E * 0 0 0. 251C5E*C0 0. 2 7 2 1 7 6 * 0 0 
Pu 0.14276E*CC c •155 936*00 0. 1 c 4 t 2 6 * 0 0 0 . 1 8 1 4 2 E * 0 0 0 . 2 0 5 7 1 6 * 0 c 0 . 2 2 8 9 1 E * 0 0 0. 2 5 1 0 5 E * 0 0 0. 2 7 2 1 7 E + 0 0 
Aa 0 . 1 5 1 5 0 E - C 1 c •1t712E-ni 0. 1 S 2 7 1 E - 0 1 C . 1 9 3 2 8 E - 0 1 0 . 2 2 9 3 J E - 0 1 C . 2 6 0 2 9 E - 0 1 0. 2 9 1 1 6 £ - 0 1 0. 3 2 1 9 4 E - 0 1 
Am 0 . 1 5 1 5 0 E - Q 1 c • 1 6 7 1 2 E - 0 1 0. 1 E 2 7 1 E - 0 1 0 . 1 9 8 2 S E - 0 1 0 . 2 2 9 3 3 6 - 0 1 0 . 2 6 C 2 9 E - 0 1 0. 29116 E - 0 1 0. 3 2 1 9 4 E - 0 1 
Cm 0 . 7 1 U 2 3 E - C 1 c • 722 5 4 6 - 0 1 0. 7334 J c - G 1 0 . 7 4 3 1 5 E - 0 1 0 . 7 5 9 6 3 6 - 0 1 0 . 7 7 3 2 7 6 - 0 1 0. 7 8 4 7 7 6 - 0 1 0 . 7 9 4 6 1 E - 0 1 
Cm i i . 7 1 0 2 3 i - 0 1 r . 7 2 2 5 4 E - 0 1 0. 7 3 3 4 3 E - 0 1 0 . 7 4 3 1 5 E - 0 1 • J . 7 S 9 6 3 E - 0 1 C . 7 7 3 2 7 6 - 0 1 0. 7 8 4 7 7 E - 0 1 0. 7 9 4 6 1 6 - 0 1 
NATR1A 0 . 1 l i o 9 E * 0 7 C • nSV3E«07 0. 1 6 v 1 4 E * 0 7 0 . 1 6 9 3 2 6 * 0 7 Q . 1 8 9 6 4 E+07 0 . 1 8 9 9 0 6 * 0 7 0. 1 9 0 1 2 E * 0 7 0. 1 9 0 3 0 E + 0 7 

S T N U C b ( 1 / I T M l )*SNUCUT ( I ) S N U C k T C D - S N b C H T d ) • S K U C h P f I )»DEL TAT 
S T N U C U K ( l t M 1 ) = PRSTI 'UCl iK. l .LFL»» '«0^LTAT PPS7NCC »«*S TNLC UM ( I T N l - 1 J 



Table 1 (Continued) 

OAT£2 2J-JAN-St «»PPA
 ,,4GE 383 

TINc : 06:24:38 * WASTE P«CK.*<ic PERFCa»ANCE ASSESSMENT CODE 
CHLb 60REH0LE CCk'CEFT: 0 TEAR WETTING TINE. 4.000 

CANISTER klTH CAST STEEL OVERPAC*/ 2 METALSc 24 NUCLIDES, 2 MR GAPS 
OEA* SMITH COUNT* CHLN HICH-NG URINE CRUSHED SILT BACKFILL 4.000 

SUBPART TABLE * 10 
TOTAL ELDKTNT MASS OUT AT WASTE PACKAGE BOUNOART (GRAMS) 

TIME SINCE EMPLACEMENT ((EARS) 
ELEMENT 
C 
S« 
Sr 
Tc 
Sn 
I 
C» 
Ct 
Ht 
TO 
u 
u 
u 
Np 
Pu 
Pu 
fu 
Pu 
Pu 
Pu 
An 
An 
Cm 
Cm 
•M A T fc IA 

575.C 
0.209v7t*C3 
0.30145t*CC 
0.4 50S7E*02 
0.34241E+CC 
U.3e37J=-01 
0.t«Hj0e*C3 
0.27401fc + 04 
0.27491£+04 
0.171*46-05 
G.7U37c-02 
i).3cS40£+CC 
O.?ta4Ct»0r 
0.Jes40c*CC 
0.3r177fc*CC 
0.!f.1e1r*CC 
0.?r.1t1S*0C 
0.301d1E+OC 
0.?C1e1e*0C 
u.ifiais+cc 
•J.3C1o1fc*CC 
0.3e792E-C1 
U.ets7J=-01 
U.:Cs73E-C1 
j . 1 vnM ;*C7 

65C.0 
r.21C17k«03 
C.328S3:*aO 
C.45457E*02 
C.40i9SJ«-ju 
C.40M6E-01 
C.29f5et*03 
C.2741SE*U4 
C. 27<IUE<0<. 
C.17C23E-C5 
C.74E70E-02 
C .*144oE*0Q 
C.4l*4eE*0P 
C.4l44!>E*G0 
C.405J2e*00 
C.529156*00 
C.32515c*00 
C.J?915E*0n 
C.32S1SE*no 
C.3241S?*00 
0.325156*00 f .413t7E-01 
C .41J c 7r-C'1 
C.«1«5'c-01 
C..lUi:r-fl1 
C.1"C7ir«07 

7 25.0 
P.21'J33E*03 
0.35345E*0C 
0.457«CE»02 
0.4505?E*00 
0.4521EE-01 
O.2«sE0E«O3 
C>. 27431 E*04 
0.27431E*Q4 
0.1H022E-05 
0.74964E-O2 
0.46039E*OC 
0.46039S*0C 
0.46C3«E*00 
0.44943E*90 
0.35437E«00 
0.3 5437E+Q0 
0.35437E*0C 
0.!5437=*0e 
0.3 54! 7E*'3G 
0.15*376*00 

0.45V14E-01 
0.-.24t1c-01 
O.^KlE-OI 
' • 1 90tv t'*07 

S O C . O 

0.210466*03 
0.37638E+00 
G.4e571E*02 
G.4*3715*00 
C.4*5746-01 
C.29i99E*03 
C.274436*04 
0.27443E*04 
C.18J99E-05' 
0.750856-02 
0.50619E*00 
C.5C«19E*00 
0.506196*00 
0.492SBE*00 
0.377676*00 
0.377676*00 
C.377c7E+00 
C.377671*00 
C.37767E*00 
C.377t7E*0Q 
C . 5 C 4 3 6 S - 0 1 
C.50436E-01 
C.S3140E-01 
C . 6 3 1 4 G = - 0 1 
0.1»101E*n7 

(50.0 
0.21054E+03 0.J906SE+0G 
0.46 
a .52 
0.52 
0.29 
0.27 
0.27 
0.18 
0.75 
0. 43 
0.53 
0.53 
0.S2 
0.39 
0.39 
0.19 
0.39 
0.39 
0.39 
0.53 
0.S3 
0.13 
0.63 
0.19 

J6c*02 
18E*0Q 
J2E-01 
10£*0j 
496*04 
49E*04 
42E-05 
4<E-02 
6«E*00 
66E»0C 
6<E*00 
12E+0Q 
2<E*0C 
266*00 
24E+00 
2«E*0G 

226E+0C 
22tE*0C 
432E-01 
J2E-01 
J8E-01 
JJE-U1 
08 E*07 

900.0 
0.21Co1E*03 
C.40425E+00 
0.46J8e£*02 
0.550411*00 
0.55309E-01 
0.29920E*03 
0.274S6E+04 
0.2745«E*04 
Q.18E4CE-05 
C.75203E-02 
0 • 56707E+00 
C.567076*00 
0.567076*00 
0.54945E*00 
C.4C«11E*00 
a.4G611E*00 
0.4Qe11E*00 
C .46611E*00 
C.4G611E*00 
0.40611E*00 
C.56411E-01 
0.56411E-01 
C.83897E-01 
C.BJS97E-Q1 
C.1«115E*07 

950.0 
0.210686*03 
0.41 
0.46 
0.57 
0.S8 
0.29 
0.27 
0.27 
0.19 
0.75 
0.59 
0.59 
0.59 
0.57 
0.41 
0.41 
0.41 
0.41 
0.41 
0.41 
0.59 
0.59 
0.84 
0.S4 0.1V 

711E+00 
522c*02 
39E+00 
45E-01 
29E*03 
61E+04 
61E*04 
14E-0S 

257E-02 
743E*00 
7<3E*00 
43E*00 
59E*00 

928E*C0 
928E*00 
92«E*00 
928c *00 
«28E*00 
92SE+00 
373E-01 
73E-01 
23E-01 

22JE-01 
122E*07 

1 0 0 0 . 0 

0.21074£*03 
0.429316*00 
0.46647E*02 
0.e0e12E*00 
0.609586-01 
0.29933£*03 
0.2746»E*04 
0.27466E*04 
0.19345E-05 
0.75307E-02 
0.62773E*00 
0.62773E*00 
0.62773E*00 
0.605536*00 
0.43181E*00 
0.43181E+00 
0.43181E*00 
0.43181E*00 
0.43181E*00 
0.43181E+00 
0.62316E-01 
0.62316E-01 
0.84521E-01 
Q.B4521E-01 
0.19127E*07 

ro O 

>1NUCU(I# 1TM1 )'SNUCUT (I) SKUC|<T(I)»SMCWT(I) 
STNUCIiM(H-i1)=FkSTNUCli>:*i.iFL»''.!.-lTAT F" 

«SKUCkP(I)*OELTAT 
n.-i CW<t«STNLC.»<ITMl-1) 



Table 1 (Continued) 

GATE: i i - J A f . - : ' 
TIME: Lt:?4:J: A kASTE PACKAGE PERFORMANCE ASSESSMENT CODE 

PAGE NO. 384 

CHLk BOREHOLE CChCkPT: 0 YEAR hETTING T I N E . 4 . 0 0 0 
CANISTER k i l n CAST STEEL OVERPACK* 2 METALS/ 24 NUCLIDES ' 2 A IR GAPS 

OfcAF SMITH COUNTV CHLW HI6H-MG bRINE CRUSHED SALT BACKFILL 6 . 0 0 0 

SUMMARY TABLE I 10 

TOTAL ELEMENT PASS OUT AT*WASTE PACKAGE BOLNOART (GRAMS) 

TIME SINCE EMPLACEMENT (YEARS) 

clement 1 9 i 0 • u 1 1 A C . 0 1150.0 1 2 0 0 . 0 1 4 0 0 . Q 1 6 0 0 . 0 1 8 0 0 . 0 2 0 0 0 . 0 

c 0 . 2 1 0 9 0 E + 0 2 C . 2 l C : 5 £ + 0 3 0. 21050E+03 C . 2 1 0 9 5 E + 0 3 0 . 2 1 1 1 1 E + O I 0 . 2 1 1 2 6 E + 0 3 0 . 2 1 1 3 B E + 0 3 0 . 2 1 1 4 8 E + D 3 
0.44U9VE+GC c • 452 27fc+00 0. 4 e 3 1 e E + 0 0 C . 4 7 3 6 9 E + 0 0 0 . 5 1 2 1 3 E+OC 0 . 5 4 6 1 1 E + 0 0 0 . 5 7 6 4 2 E + 0 0 0 . 6 0 3 6 S E + 0 0 

Sr 0.4t7t> t.c*Z2 C • 4oE7<>s + 02 0. O 9 7 9 S + 02 C . 4 7 0 7 8 E + 0 2 0 . 4 7 4 2 5 E + 0 2 0 . 4 7 7 1 7 E + 0 2 0 . 4 7 9 6 7 E + 0 2 0 . 4 8 1 8 5 E + 0 2 
Tc 0 . c i J o 5 c + C 0 C • oo100t+00 0. cSh17S+0G 0 . 7 1 5 1 O E + 0 0 0 . 8 2 1 1 S E + 0 0 0 . 9 2 4 3 3 E + 0 0 0 . 1 0 2 4 7 E + 0 1 0 . 1 1 2 2 4 E + 0 1 
Sn C • 6 e 5 3 3 s - 0 1 0. 6 9 2 ? t E - 3 1 C . 7 2 0 4 3 E - 0 1 0 . 8 2 8 5 S E - 0 1 0 . 9 3 4 1 4 E - 0 1 0 . 1 0 3 7 2 E + 0 0 0 . 1 1 3 7 B E + 0 0 
1 0 . 2 H 4 : > c + C i J* . 2 9 9 5 3 E + 0 3 0 . 29560E+03 C . 2 9 9 6 6 E + 0 3 0 . 2 9 9 9 0 E + 0 3 0 . 3 0 0 0 9 E + 0 3 0 . 3 0 0 2 6 E + 0 3 0 . 3 0 0 4 1 E + 0 3 
C» 0 . 2 7 4 7 1 E + 0 4 C • 2 7 4 7 5 E + 0 4 0 . 274S0E+04 C . 2 7 4 3 4 E + 0 4 Q . 2 7 4 9 E E + 0 4 0 . 2 7 5 1 0 E + 0 4 0 . 2 7 5 2 0 E + 0 4 0 . 2 7 5 2 9 E + 0 4 
C t 0.27*71E +C4 0 . 2 7 4 75E+04 0. 274E0E+O4 C . 2 7 4 6 4 6 + 04 0 . 2 7 4 9 E E + 0 4 C . 2 7 5 1 0 E + 0 4 0 . 2 7 5 2 0 E + 0 4 0 . 2 7 5 2 9 E + 0 4 
Rt 0 . 1 V 5 7 J E - 0 5 c • 1 X 7 9 7 E - Q 5 0. 20018 E-Q5 C . 2 0 2 3 7 E - 0 5 Q . 2 1 0 9 5 E - 0 5 0 . 2 1 9 4 5 E - 0 5 0 . 2 2 8 C 3 E - 0 5 0 . 2 3 6 8 2 E - 0 5 
Th 0.7J55ic-C2 c • 7 5 4 0 2 E - 0 2 0 . 7 5 4 4 S E - 0 2 0 . 7 S 4 9 1 E - 0 2 0 . 7 5 6 5 5 E - 0 2 0.75e05E-02 0 . 7 5 9 4 5 E - 0 2 0 . 7 e 0 7 9 E - 0 2 
U G . e > 7 ( " : E + CC c • 6 6 E 1 9 E + 0 0 0. 7 ' ? 3 s E + O 0 C . 7 4 8 4 8 E + 0 0 0 . 4 6 B 5 2 E + 0 C 0 . 9 8 7 B 8 E + 0 0 0 . 1 1 0 6 6 E + 0 1 0 . 1 2 2 4 6 E + 0 1 
U 0 . e 5 7 v s E + C C c . 4 8 5 I V c + 0 0 0. 71BJ 5s + 00 0 . 7 4 8 4 6 E + 0 0 O.e6S52E+0C 0 . 9 8 7 4 E E + 0 0 0 . 1 1 0 6 6 E + 0 1 0 « 1 2 2 4 a £ + 0 1 
U 0.65795E+CC 0 • 6st I9e»fl0 0 . 71B35E+0C 0 . 7 4 8 4 d E + 0 0 0 . 3 6 8 5 2 E + 0 C 0 . 9 B 7 8 E E + 0 0 0 . t 1 0 c o E + 0 1 0 . 1 2 2 4 6 E + 0 1 
Np O . e 3 3 3 0 E » 0 C .66C92E+0C 0. oe-'JtE+oa 0 . 7 1 5 7 0 1 + 0 0 O.B2329E+OC 0 . 9 2 8 5 5 E + 0 0 0 .10*316E+01 0 . 1 1 3 2 4 E + 0 1 
Pu 0 . 4 4 3 3 5 E + C C c . 4 5 5 4 9 E + 0 0 c. 4 c 6 7 6 £ + ) 0 C . 4 7 7 6 7 E + 0 0 0 . 5 1 7 8 1 E + 0 0 0 . 5 5 3 6 5 E + 0 0 0 . 5 B 5 9 5 E + 0 0 0 . 6 1 5 2 7 E + 0 0 
Pu 0 . < i * 3 r . >E+nc r . 4 5 5 4 9 5 * 0 0 0. 4 6 6 7 6 E + 1 0 C . 4 7 7 6 7 E + 0 0 0 . 5 1 7 8 1 E + 0 C C . 5 S 3 6 5 E + 0 0 0 . 5 8 5 9 5 E + 0 0 0 . 6 1 5 2 7 E + 0 0 
Pu 0 . 4 4 i 6 5 E + 0 0 c . 4 5 5 49E + 9 0 0 . 4 t s 7 o E + 1 0 C . 4 ? 7 » 7 E + 0 0 0 . 5 1 7 8 1 E + 0 0 C . 5 S 3 6 S E + 0 0 0 . 5 8 5 9 5 E + 0 0 0 . 6 1 5 2 7 E + 0 0 
Pu U.445o5E+0C r .4S549E+00 0 . 4oc?t£+0C C . 4 7 7 6 7 E + 0 0 0 . 5 1 7 8 1 E + O C C . 5 5 3 6 5 E + 0 0 0 . 5 8 5 5 5 E + 0 0 0 . 6 1 5 2 7 E + 0 0 
Pu 0 . « , 4 i S 5 E + QC c •45i49E«00 0 . 4»»76£+00 C.47747E+00 O . S I T B U ' + O C C . 5 5 3 65E+00 0 . 5 8 5 9 5 E + 0 0 0 . 6 1 5 2 7 E + 0 0 
Pu 0.44jo5t+CC c •45549E+0J 0. 4<>o7cE+0C> C . 4 7 7 o 7 E + 0 0 0 . S 1 7 8 1 E + 0 D 0 . S 5 3 6 S E + 0 0 Q . S 8 i 9 S E + 0 0 0 . 6 1 5 2 7 E + 0 0 
Aa 0 . 6 3 2 4 3 E - C 1 c .651546-01 0. 7 V 5 C E - 0 1 C . 7 3 9 3 0 E - O 1 0.B524EE-01 0 . 9 6 2 3 6 E - 0 1 0 . 1 0 6 C 4 E + 0 0 0 . 1 1 6 9 9 E + 0 0 
Aa 0 . 6 5 L , T = - 0 1 c . 5 4 c - 0 1 0. 7 1 J 5 0 E - 0 1 0 . 7 3 9 3 0 E - 0 1 0 . 8 5 2 4 8 E - 0 1 C . 9 6 2 3 6 E - 0 1 0 . 1 0 6 3 4 E + 0 0 0 . 1 1 E 9 9 E + 0 0 
Cm a . 6 4 7 y 7 E - C 1 c . « 5 C l d £ - 0 1 •3. 8 5 3 C 4 E - 0 1 C . 8 5 5 5 c E - 0 1 0.eo340E-01 0 .S7CO4E-O1 0 . 8 7 5 6 J E - 0 1 0 . 8 8 0 4 2 E - 0 1 
Cm 0 . E 4 7 V 7 E - 0 1 c . i 5 C 5 « c - 0 1 0. J 5 3 C 4 E - 0 1 C . S 5 5 3 6 E - 0 1 0.86340 E-01 0 . 8 7 0 0 4 E - 0 1 0 . 8 7 5 6 3 E - 0 1 0 . 8 8 0 4 2 E - 0 1 
MATRIX 0 . 1 V 1 3 3 E * C 7 n • 1V13KE+/7 i m : +07 C.19147E+07 0 . 1 9 1 6 3 E + 0 7 C . 1 9 1 7 7 E + 0 7 0 . 1 9 1 E 8 E + 0 7 0 . 1 9 1 9 8 E + 0 7 

f\3 

S T N U C N ( I / I T M 1 > J S N U C H T ( I > ' * , j C W T ( l ) = 5 M . < - W T < r > + SNUCkPn>»OELTAT 
iTNUCliH(IT««1>»PRSTNUCki»' - .Lf ' -> i .« ' • , ' .T£T T M ' . ' - S T K c C ' U T M 1 - 1 J 



Table 1 (Continued) 

OATE: 2 3 * J A N - f i t KAPPA PACE NO. 38S 
T I H c i 0 0 1 2 4 : 5 6 A WASTE PACKAGE PERFORMANCE ASSESSMENT COOE 

CMLH dCAEHOLE CONCEPTS 0 YEAR k E T T I N G T I M E . 4 . 0 0 0 
CANISTER WITH CAST STEEL OVERPACK, 2 METALS* 24 N U C L I D E S , 2 A I R GAPS 

DEAF SMITH COUNTY CHLU HIGH-MG BRINE CRUSHED SALT BAC KF ILL 6 . 0 0 0 

SUMMARY TABLE * 1 0 

TOTAL ELEMENT MASS OUT AT WASTE PACKAGE BOUNDARY (GRAMS) 

TIME SINCE EMPLACEMENT (TEARS) 

ELEMENT 2 2 5 0 . 0 2 5 0 0 . 0 2 7 5 0 . 0 3 0 0 0 . 0 3JOO.O 4 0 0 0 . 0 4 5 0 0 . 0 5 0 0 0 . 0 
- - - • • — . . . . . . . . - - - - - - - - —- - - -

C 0 . 211oOE<C3 0 . 2 1 1 7 0 E * 0 3 0 . 2 1 1 7 9 E * 0 3 C . 2 1 1 8 8 6 * 0 3 0 . 2 1 2 0 3 E + 0 3 0 . 2 1 2 1 6 E + 0 3 0 • 2 1 2 2 7 E * 0 3 0 . 2 1 2 3 7 E * 0 3 

S t 0 . 6 3 4 5 1 E*CC 0 . 6 6 2 7 4 6 * 0 0 0 . e 8 d 7 3 c * 0 0 c . 7 1 2 8 0 E * 0 0 0 . 73SS2E*QC G. 7 « I 6 7 E * 0 0 0 . 8 2 7 3 9 E + 0 0 0 . B 5 7 7 4 E * 0 0 

S r 0 . 4 8 4 2 5 E*C2 c • 4 2 ( 4 1 6 * 0 2 0 . 4 6 6 3 o E * Q ^ . „ G . 4 9 0 1 3 6 * 0 2 0 . 4 9 3 2 6 6 * 0 2 0 . 4 9 5 9 5 6 * 0 2 0 . 4 9 S 3 2 E * 0 2 0 . 5 0 0 4 2 6 * 0 2 

Tc 0 . 1 2 4 1 2 E * C 1 c . 1 3 ! e 8 E * 0 1 0 . 1 4 t ? 5 E * n i a . 1 5 7 9 3 E * 0 1 0 . 1 7 9 0 A E + 0 1 0 . 1 9 S 1 3 E + 0 1 0 . 2 1 8 2 9 E + G 1 0 . 2 3 6 5 8 6 * 0 1 

Sn 0 . 1260S E * 0 0 c . 1 3 6 0 4 6 * 0 0 0 . 14975E+0C- 0 . 1 6 1 2 0 E * 0 0 0 . 1 8 3 2 8 E * 0 C 0 . 2 0 4 4 2 E * 0 0 0 . 2 2 4 6 7 6 * 0 0 0 . 2 4 4 1 0 E * 0 0 

I 0 . 3 0 0 5 7 E * 0 3 0 • 3 Q C 7 1 E * 0 3 0 . 3 0 0 8 4 E + 0 3 0 . 3 0 0 9 6 E « 0 3 0 . 3 0 1 1 7 E * 0 3 ^ 3 0 1 3 5 6 * 0 3 0 . 3 0 1 5 1 6 * 0 3 0 . 3 0 1 6 5 E + 0 3 

C< 0 . 2 7 5 3 9 E + C 4 c , 2 7 5 4 7 E « 0 4 0 . 2 7 5 5 5 E * 0 4 c . 2 7 5 e 2 f * 0 i » 0 . 2 7 5 7 « - * 0 4 o ! 2 7 5 8 t £ * 0 4 0 . 2 7 5 9 6 E * 0 4 * 0 . 2 7 6 0 4 E * 0 4 

Ct 0 . 2 7 5 3 9 6 * 0 4 c . 2 7 5 4 7 6 * 0 4 0 . 2 7 5 5 5 E * 0 4 0 . 2 7 5 6 2 E * 0 4 0 . 2 7 5 7 5 i < 0 4 c . 273 86 E * 0 4 0 • 2 7 5 9 6 E * 0 4 0 . 2 7 6 0 4 E * 0 4 

RB 0 . 2 4 7 7 V = - 0 S 0 • 2 5 t 5 t c - 0 5 0 . 2 6 9 2 9 E - 0 5 0 . 2 8 0 0 3 E - 0 5 0 . 301B7E-OS 0 . 3 2 4 5 9 6 - 0 5 0 . 3 4 8 6 4 E - 0 5 0 . 3 7 4 4 1 E - 0 5 

Th 0 . 7 6 2 3 S E - G 2 0 . 7 6 3 9 3 ^ - 0 2 0 . 7 6 5 4 3 E - 0 2 0 . 7 6 O 8 9 E - 0 2 0 . 7 6 9 7 7 E - 0 2 0 . 7 7 2 6 3 6 - 0 2 0 . 7 7 5 5 3 E - 0 2 0 . 7 7 8 5 1 E - 0 2 

u a . 1 3 7 1 2 6 * 0 1 c . 1 S 1 7 0 E * 0 1 0 . 1 o e 2 0 E * 0 1 0 . 1 6 0 6 1 6 * 0 1 0 . 2 0 9 1 9 E + 0 1 0 . 2 3 7 4 3 E * 0 1 0 • 2 6 5 3 9 E + 0 1 0 . 2 9 3 0 3 E * 0 1 

U 0 . 1 3 7 1 2 E*C1 c . 1 5 1 f S E * C 1 0 . 1 6 « < 0 E * 0 1 0 . 1 5 0 6 1 6 * 0 1 0 . 2 0 9 1 « E * 0 1 0 . 2 3 7 4 5 E * 0 1 0 , 2 6 5 3 9 E t 0 1 0 . 2 9 3 0 3 6 * 0 1 

U 0 . 1 J 7 1 2 E * C 1 c . 1 5 1 7 0 6 * 0 1 0 . 1 6 6 2 C E * 0 1 0 . 1 8 0 6 1 1 * 0 1 0 . 2 0 9 1 $ E * 0 1 c . 2 3 7 4 5 E * 0 1 0 • 2 c 5 3 9 E * 0 1 0 . 2 9 3 0 3 E + 0 1 

Np 
Pu 

0 . 1 2 5 5 7 6 * 0 1 c , 1 3 7 4 l E * i 1 0 . 1 4 9 4 2 S * 0 1 0 . 1 6 0 9 S E 4 0 1 0 . 1 8 3 2 4 E * 0 1 0 . 2 0 4 6 3 6 * 0 1 0 . 2 2 5 1 7 6 * 0 1 0 . 2 4 4 9 3 6 * 0 1 Np 
Pu 0 . c4d83E*GC c .67S 81t«QO a . 7 0 f c 5 9 E * 0 0 G. 7 3 J 4 8 E « 0 0 0 . 7 B 4 2 4 E + 0 0 0 . 8 2 7 9 3 5 * 0 0 0 . 8 6 7 5 6E+00 0 . 9 0 3 B 8 E * 0 0 

Pu 0 . 6 4 « 6 3 £ * C C c , 6 7 v e 1 E * C 0 0 . 7 0 8 5 9 6 * 0 0 c . 7 3 5 4 8 6 * 0 0 0 . 7 8 4 2 4 6 * 0 0 0 . S 2 7 9 3 E + 0 0 0 . 8 6 7 5 6 6 + 0 0 0 . 9 0 3 8 S E + 0 0 

Pu 0 . c 4 8 b 3 £ * 0 C 0 . 6 7 9 31 E * 0 0 0 . 7 0 « S 9 E * 0 C 0 . 7 3 5 4 8 E * 0 0 0 . 7 » 4 2 4 E * Q C 0 . S 2 7 9 3 6 * 0 0 0 . 8 6 7 5 6 6 * 0 0 0 . 9 0 3 8 8 E * 0 0 

Pu 0 . 6 4 8 S J b * C ( c . 6 7 9 S 1 t * C 0 0 . 7 0 i 5 9 E * 0 G 0 . 7 3 5 4 8 6 * 0 0 0 . 7 8 4 2 4 E * 0 0 c . 8 2 7 9 3 6 * 0 0 0 . 8 6 7 5 6 6 * 0 0 0 . 9 0 3 8 B E * 0 0 

Pu 0 . e * B H 3 i * 0 C c , 6 7 W 1 c * C C 3 . 7 0 e i 9 E * O G 0. 7 3 5 4 3 6 * 0 0 0 . 78424E+QG c . 8 2 7 9 3 £ * 0 0 0 • 6 6 7 5 6 £ * 0 0 0 . 9 0 3 8 8 6 * 0 0 

Pu 0 . c 4 8 o 3 S * C C c . o 7 S 8 1 f c * 0 0 0 . 7 0 6 5 5 6 * 0 0 c . 7 3 5 4 8 E * 0 0 0 . 7 8 4 2 4 E * 0 0 c . 8 2 7 9 3 E * 0 0 0 . 8 6 7 5 6 6 * 0 0 0 . 9 0 3 8 8 E * 0 0 

Aa 0 . 1 2 V 1 9 £ * 0 C c . i 4 c y » E « o o 0 . 15232 6*00 c . 1 6 3 3 S E * 0 0 0 . 1 8 3 9 < E * 0 C c . 2 0 2 9 2 6 * 0 0 0 . 2 2 0 2 6 E * 0 0 0 . 2 3 6 0 3 E * 0 0 

Am 0 . 1 2 H v ! « G C c , 1 4 C 9 9 E * 0 0 0 . 1 5 2 3 8 6 * 0 0 a . 1 6 l 3 5 c * 0 0 0 . 1 8 3 9 6 E + 0 C 0 . 2 0 2 9 2 E * 0 0 0 • 2 2 0 2 6 E * Q 0 0 . 2 3 6 0 3 6 * 0 0 

Cm 0 . d 6 5 o 0 E - 0 1 c . 6 9 C 1 J E - P 1 0 . 8 9 4 1 7 = - 0 1 0 . 8 9 7 7 7 S - 0 1 0 . V 0 3 8 e E - 0 1 0 . 9 0 8 9 0 E - 0 1 0 • 9 1 3 1 4 E - 0 1 0 . 9 1 6 7 5 E - 0 1 

Cm 0 . fcSJoOfc-CI c , * 8 C 1 5 E - 0 1 0 . J 9 4 1 7 5 - 0 1 c . 8 9 7 7 7 E - 0 T 0 . 9 0 3 8 6 E - 0 ! 0 . 9 0 8 9 0 E - 0 1 0 . 9 1 3 1 4 E - 0 1 0 . 9 1 6 7 5 E - 0 1 

MATRIX 1 . 1*2106*07 c . 1 » 2 1 « S * 0 7 V* • 1 » 2 2 F E « 0 7 0 . 1 9 2 3 7 E * 0 7 0 . 1 9 2 5 1 E * Q 7 c . 1 9 2 f t J E * 0 7 0 . 1 9 2 7 4 E * 0 7 0 . 1 9 2 8 4 E * 0 7 

STHUCk,(I,ITMl)̂ iNUC«iT(I) S»LC«T(l)»SNUCkTtli •SN'JCuK!>*OELTAT 
SIhUCi.MliT«i;sf»Srf.U'.K'.«liiL-L»- LTAT PFSTK . " -CTK t̂. U T N 1 - 1 ) 



Table 1 (Continued) 

U n T c : i i - J W t WAPPA PAGE NO. 386 
TIMES : i A LASTS PACUxfac PERFCPMANCE ASSESSMENT CODE 

Chlfc BOREHOLE COACEFT: 0 TEAR kETTI t tG T I N E . 4 . 0 0 0 
CANISTER WITH CAST STEEL OVERPACK, 2 METALS/ 24 NUCLIDES/ 2 AIR GAPS 

3EAF SMITH COUNT* CHLW HIGH-HC BRINE CIUSHEO SALT BACKFILL 6 . 0 0 0 

SUMMARY TABLE * 10 

TOTAL ELEMENT PASS OUT AT HASTE PACKAGE BOUNDARY (CRAMS) 

T IPS SINCE EMPLACEMENT (YEARS) 

ELEMENT e2SU.O 7 S 0 C . 0 S 7 J 0 . C 1 0 0 0 0 . 0 

c 3 . 2 1 2 o 0 E + 0 3 C . 2 1 2 B 2 c + 0 3 0 . 2 1 3 0 2 E + 0 3 0 . 2 1 3 2 1 E + 0 3 
s» O . 92730E+CC G . 9 9 < 3 7 £ + 0 0 0 . 1 0 S 4 0 E + 0 1 C . 1 1 1 2 6 E + 0 1 
Sr O.SO>21E+vJ2 0 . S 0 V 6 7 E + 0 2 0 .S13C7E+Q2 0 . S 1 7 8 7 E + O 2 
TC 0 . 2 6 0 4 6 e + G 1 C . 3 2 2 9 3 E + 0 1 0 . 3 C 4 1 9 E + 0 1 0 . 4 0 4 3 9 E + 0 1 
Sn 0.2S<JV0c+0C C . J3632fc+0Q 0 . 5 6 0 S 9 E + 0 0 0 . 4 2 1 S 4 E + 0 0 
I 0 . 3 C 1 V 7 E + 0 3 C . 3 0 2 2 7 E + 0 3 0 . 3 0 2 5 i f + 0 3 0 . 3 0 2 8 1 E + 0 3 
Cs 0 . 2 7 6 2 4 E + C 4 C . 2 7 6 426+94 0 . 2 7 6 S 9 E + 0 4 0 . 2 7 6 7 5 E + 0 4 
C» •'1.27 624 E+04 C . 2 7 6 4 2 E + 0 4 0 . 2 7 a 5 9 E + 0 4 C . 2 7 6 7 S E + 0 4 
ii r j . 4 4 5 6 0 E - C i 0 . S 2 6 4 7 E - 0 S 0 . 6 1 9 6 4 E - 0 5 0 . 7 2 7 7 2 E - O S * 
l h 0 . 7 B t S * e - C . 2 C . 7 9 i B 0 E - 0 ? O . B C 6 4 4 E - O I 0 . M B 4 1 E - 0 2 
U 0 . 3 6 1 4 2 E + 0 1 C • 4 2 9 2 1 E + 0 1 0 . 4 9 6 3 0 E + 0 1 C . S 6 3 3 1 E + 0 1 
U 0.36142E+C1 C . 4 2 9 2 1 E + 0 1 0 . 4 9 6 J 0 E + 0 1 0 . 5 6 3 3 1 E + 0 1 
U 0 . 3 e 1 4 2 E + C 1 C . 4 2 9 2 1 E + 0 1 0 . 4 »650E+01 G . 5 6 3 3 1 E + 0 1 
NP 0 . 2 * 2 e 4 t » 0 1 0.3J901E+01 0 . 3&429E+01 0 . 4 2 6 6 0 E + 0 1 
Pu 0 .95S5US+CC C . 1 0 < 9 1 = + 0 1 0 . 1 1 4 6 7 E + 0 1 C . 1 2 2 1 8 E + 0 1 
Pu 0 . 9 8 i 5 e E + 0 C C.10S91E+01 0 . 1 1 4 6 7 E + 0 1 0 . 1 2 2 1 8 E + 0 1 
Pu •J.9b9S8i-+GC C . 1 0 c 9 1 E + 0 1 0 . 1 1 4 6 7 E + 0 1 0 . 1 2 2 1 8 E + 0 1 
Pu 0 . i E J 5 3 c + Q C C . 1 0 4 V 1 E + 0 1 0 . 1 1 4 6 7 E + 0 1 0 . 1 2 * 2 1 8 1 + 0 1 
Pu 0 . * & c S 6 c * G C C•106 »1E+ 01 J . 1 1 4 6 7 E + 0 1 0 . 1 2 2 1 8 E + 0 1 
Pu 0 . Je*56E+CC C . 1 C t 9 1 E + 0 1 0 . 1 1 4 6 7 E + 0 1 C . 1 2 2 1 8 E + 0 1 
Aa 0 . 2 7 1 6 1 E + C C C.3C2 i 1 E + 00 0 . 3 3 2 3 9 E + 0 C C . 3 ! " 2 0 E + 0 0 
Aa J . 2 7 1 o 1 s + C C C . i O ' e l E + U " ; 0 . 3 3 2 3 9 6 + 0 0 0 . S S E 2 0 E + 0 0 
Ca • : . < 2 4 3 2 E - C t C.93C64E-I"11 0 . » 3 6 r i E - 0 1 C . 9 4 0 S 9 E - 0 1 
Cm n . 9 J C 4 * E - 0 1 n . 9 l « C 1 E - 0 1 C . 9 4 0 S 9 E - 0 1 
MATRIX 0.19J0eb+r7 C . H ! 2 7 f + 07 0 . 1 V J 4 6 E + C 7 C . 1 9 5 6 S E + 0 7 

S T N U < . N U / 1 T m 1 ; = S N u I n T U > SNUCk t ( I ) " S N L C k l ( I ) + S f t U C k P ( I ) * O E L T A T 
iT: .OH>- ( I ' . s i STMI CkKcULFLK* >'J ' ' . I E P" ">»'»< C »«•* . T«iUC«P ( I T H l - 1 ) 
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Table 2. Comparison of WAPPAG and Direct ly Calculated Sens i t i v i t i es 
t o Thermal Power at Time of Burial 

Rerun perturbat ion, % -0.944833E+00 
Parameter value, W/MTIHM 0.984300E+03 
Parameter name RHEAT(l) 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

C 14 -0.139775E+01 -0.141480E+01 0.213209E+03 
Se 79 -0.126189E+00 -0.122580E+00 0.111276E+01 
Sr 90 -0.245947E-01 -0.210575E-01 0.517873E+02 
Tc 99 0.158648E+00 0.163489E+00 0.404388E+01 
Sn 126 0.182543E-00 0.187391E+00 0.423839E+00 
1 129 -0.144410E+01 -0.146271E+01 0.302813E+03 
Cs 135 -0.149290E+01 -0.151266E+01 0.276751E+04 
Cs 137 -0.149290E+01 -0.151266E+01 0.276751E+04 
Ra 226 -0.601444E+00 -0.602368E+00 0.727716E-05 
Th 230 -0.845911E+00 -0.849164E+00 0.818810E-02 
U 233 0.369588E+00 0.374087E+00 0.563315E+01 
U 234 0.369588E+00 0.374087E+00 0.563315E+01 
U 238 0.369588E+00 0.374087E+00 0.563315E+01 
Np 237 0.187171E+00 0.192005E+00 0.428599E+01 
Pu 238 -0.134674E+00 -0.131020E+00 0.122183E+01 
Pu 239 -0.134674E+00 -0.131020E+00 0.122183E+01 
Pu 240 -0.134674E+00 -0.131020E+00 0.122183E+01 
Pu 241 -0.134674E+00 -0.131020E+00 0.122183E+01 
Pu 242 -0.134674E+00 -0.131020E+00 0.122183E+01 
Pu 244 -0.134674E+00 -0.131020E+00 0.122183E+01 
Am 241 0.136951E+00 0.141553E+00 0.358202E+00 
Am 243 0.136951E+00 0.141553E+00 0.358202E+00 
Cm 244 0.125190E-01 0.160715E-01 0.940592E-01 
Cm 245 0.125190E-01 0.160715E-01 0.940592E-01 
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Table 3. Comparison of WAPPAG and Di rect ly Calculated 
Sens i t i v i t i es to the Wasteform Height 

Rerun perturbation 0.999998E+00 
Parameter value, m 0.370000E+01 
Parameter name SHTWP 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

c 14 -0 .374480E+00 -0.370955E+00 0.213209E+03 
Se 79 0 •845037E+00 0.842392E+00 0.111276E+01 
Sr 90 0 .955058E+00 0.951906E+00 0.517873E+02 
Tc 99 0 .113061E+01 0.112917E+01 0.404388E+01 
Sn 126 0 . 115462E+01 0.115326E+01 0.423839E+00 
I 129 -0 .420103E+00 -0.415598E+00 0.302813E+03 
Cs 135 -0 •467530E+00 -0.462265E+00 0.276751E+04 
Cs 137 -0 .467530E+00 -0.462265E+00 0.276751E+04 
Ra 226 0 .376438E+00 0.376176E+00 0.727716E-05 
Th 230 0 •163473E+00 0.159067E+00 0.818810E-02 
U ; 233 0 .134260E+01 0.134239E+01 0.563315E+01 
U 234 0 .134260E+01 0.134239E+01 0.563315E+01 
U 238 0 .134260E+01 0.134239E+01 0.563315E+01 
Np 237 0 •115927E+01 0.115795E+01 0.428599E+01 
Pu 238 0 •836422E+00 0.833868E+00 0.122183E+01 
Pu 239 0 .836422E+00 0.833868E+00 0.122183E+01 
Pu 240 0 •836422E+00 0.833868E+00 0.122183E+01 
Pu 241 0 .836422E+00 0.833868E+00 0.122183E+01 
Pu 242 0 •836422E+00 0.833868E+00 0.122183E+01 
Pu 244 0 .836422E+00 0.833868E+00 0.122183E+01 
Am 241 0 .110881E+01 0.110754E+01 0.358202E+00 
Am 243 0 .110881E+01 0.110754E+01 0.358202E+00 
Cm 244 0 .989706E+00 0.986804E+00 0.940592E-01 
Cm 245 0 •989706E+00 0.986804E+00 0.940592E-01 



26 

Table 4. Comparison of WAPPAG and Di rec t ly Calculated Sens i t i v i t i es 
to the Outside Radius of the Wasteform 

Rerun perturbat ion 
Parameter value, m 
Parameter name 

0.998985E-02 
0.267300E+00 
SRTEMP(l) 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

C 14 -0.193548E+01 -0.192568E+01 0.213209E+03 
Se 79 0.197116E+01 0.214798E+01 0.111276E+01 
Sr 90 0.247692E+01 0.250775E+01 0.517873E+02 
Tc 99 0.236960E+01 0.252596E+01 0.404388E+01 
Sn 126 0.240556E+01 0.255010E+01 0.423839E+00 
I 129 -0.214671E+01 -0.214173W+01 0.302813E+03 
Cs 135 -0.247961E+01 -0.246728E+01 0.2767HE+04 
Cs 137 -0.247961E+01 -0.246728E+01 0.276751E+04 
Ra 226 0.111017E+01 0.151566E+01 0.727716E-05 
Th 230 0.234794E+00 0.272117E+00 0.818810E-02 
U 233 0.268899E+01 0.273269E+01 0.563315E+01 
U 234 0.268899E+01 0.273269E+01 0.563315E+01 
U 238 0.268899E+01 0.273269E+01 0.563315E+01 
Np 237 0.241280E+01 0.255367E+01 0.428599E+01 
Pu 238 0.195461E+01 0.215058E+01 0.122183E+01 
Pu 239 0.195461E+01 0.215058E+01 0.122183E+01 
Pu 240 0.195461E+01 0.215058E+01 0.122183E+01 
Pu 241 0.195461E+01 0.215058E+01 0.122183E+01 
Pu 242 0.195461E+01 0.215058E+01 0.122183E+01 
Pu 244 0.195461E+01 0.215058E+01 0.122183E+01 
Am 241 0.233614E+01 0.250435E+01 0.3e3202E+00 
Am 243 0.233614E+01 0.250435E+01 0.358202E+00 
Cm 244 0.243261E+01 0.245171E+01 0.940592E-01 
Cm 245 0.243261E+01 0.245171E+01 0.940592E-01 
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Table 5. Comparison of WAPPAG and Di rec t ly Calculated Sens i t i v i t i es 
to the Outer Radius of the Outermost Gap 

Rerun perturbat ion, % 0.338989E+00 
Parameter value, m 0.295000E+00 
Parameter name SRTEMP(4) 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

C 14 0. 165940E+01 0. 165378E+01 0.213209E+03 
Se 79 -0 . 197326E+01 -0 . 196764E+01 0.111276E+01 
Sr 90 - 0 . 171478E+01 -0 . 171188E+01 0.517873E+02 
Tc 99 -0 . 186445E+01 -0 . 185777E+01 0.404388E+01 
Sn 126 -0 . 185474E+01 -0 . 184792E+01 0.423839E+00 
I 129 0. 176379E+01 0. 175958E+01 0.302813E+03 
Cs 135 0. 198282E+01 0. 197950E+01 0.276751E+04 
Cs 137 0. 198282E+01 0. 197950E+01 0.276751E+04 
Ra 226 -0 . 162479E+01 -0 . 162254E+01 0.727716E-05 
Th 230 0. 285323E+00 0. 273961E+00 0.818810E-02 
U 233 -0 . 177831E+01 -0 . 177088E+01 0.563315E+01 
U 234 -0 . 177831E+01 -0 . 177088E+01 0.563315E+01 
U 238 -0 . 177831E+01 -0 . 177088E+01 0.563315E+01 
Np 237 -0 . 185288E+01 -0 . 184614E+01 0.428599E+01 
Pu 238 -0 . 197794E+01 -0 . 197265E+01 0.122183E+01 
Pu 239 -0 . 197794E+01 -0 . 197265E+01 0.122183E+01 
Pu 240 -0 . 197794E+01 -0 . 197265E+01 0.122183E+01 
Pu 241 -0 . 197794E+01 -0 . 197265E+01 0.122183E+01 
Pu 242 -0 . 197794E+01 -0 . 197265E+01 0.122183E+01 
Pu 244 -0 . 197794E+01 -0 . 197265E+01 0.122183E+01 
Am 241 -0 . 187275E+01 -0 . 186621E+01 0.358202E+00 
Am 243 -0 . 187275E+01 -0 . 186621E+01 0.358202E+00 
Cm 244 -0 . 178447E+01 -0 . 178047E+01 0.940592E-01 
Cm 245 -0 . 178447E+01 -0 . 178047E+01 0.940592E-01 
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Table 6. Comparison of WAPPAG and Direct ly Calculated Sens i t i v i t i es 
to U-233 Mass at 5,000 Years 

Rerun perturbat ion, % -0.100000E+01 
Parameter value, g/MTIHM 0.480000E+03 
Parameter name RADT0X(11,13) 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

C 14 O.OOOOOOE+OO O.OOOOOOE+OO 0.213209E+03 
Se 79 0.000000E+00 O.OOOOOOE+OO 0.111276E+01 
Sr 90 O.OOOOOOE+OO O.OOOOOOE+OO 0.517873E+02 
Tc 99 0.000000E+00 O.OOOOOOE+OO 0.404388E+01 
Sn 1.26 O.OOOOOOE+OO O.OOOOOOE+OO 0.423839E+00 
I 129 O.OOOOOOE+OO O.OOOOOOE+OO 0.302813E+03 
Cs 135 O.OOOOOOE+OO O.OOOOOOE+OO 0.276751E+04 
Cs 137 O.OOOOOOE+OO O.OOOOOOE+OO 0.276751E+04 
Ra 226 O.OOOOOOE+OO O.OOOOOOE+OO 0.727716E-05 
Th 230 O.OOOOOOE+OO O.OOOOOOE+OO 0.818810E-02 
U 233 O.OOOOOOE+OO O.OOOOOOE+OO 0.563315E+01 
U 234 O.OOOOOOE+OO O.OOOOOOE+OO 0.563315E+01 
U 238 O.OOOOOOE+OO O.OOOOOOE+OO 0.563315E+01 
Np 237 O.OOOOOOE+OO O.OOOOOOE+OO 0.428599E+01 
Pu 238 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 239 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 240 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 241 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 242 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 244 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Am 241 O.OOOOOOE+OO O.OOOOOOE+OO 0.358202E+00 
Am 243 O.OOOOOOE+OO O.OOOOOOE+OO 0.358202E+00 
Cm 244 O.OOOOOOE+OO O.OOOOOOE+OO 0.940592E-01 
Cm 245 O.OOOOOOE+OO O.OOOOOOE+OO 0.940592E-01 



Table 7. Comparison of WAPPAG and Di rec t ly Calculated Sens i t i v i t i es 
to the Gamma Ray Source at Burial 

Rerun per turbat ion, % -0.990000E+02 
Parameter value, p/s/MTIHM 0.743600E+16 
Parameter name RGAMA(l) 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

C 14 O.OOOOOOE+OO O.OOOOOOE+OO 0.213209E+03 
Se 79 O.OOOOOOE+OO O.OOOOOOE+OO 0.111276E+01 
Sr 90 O.OOOOOOE+OO O.OOOOOOE+OO 0.517873E+02 
Tc 99 O.OOOOOOE+OO O.OOOOOOE+OO 0.404388E+01 
Sn 126 O.OOOOOOE+OO O.OOOOOOE+OO 0.423839E+00 
I 129 O.OOOOOOE+OO O.OOOOOOE+OO 0.302813E+03 
Cs 135 O.OOOOOOE+OO O.OOOOOOE+OO 0.276751E+04 
Cs 137 O.OOOOOOE+OO O.OOOOOOE+OO 0.276751E+04 
Ra 226 O.OOOOOOE+OO O.OOOOOOE+OO 0.727716E-05 
Th 230 O.OOOOOOE+OO O.OOOOOOE+OO 0.818810E-02 
U 233 O.OOOOOOE+OO O.OOOOOOE+OO 0.563315E+01 
U 234 O.OOOOOOE+OO O.OOOOOOE+OO 0.563315E+01 
U 238 O.OOOOOOE+OO O.OOOOOOE+OO 0.563315E+01 
Np 237 O.OOOOOOE+OO O.OOOOOOE+OO 0.428599E+01 
Pu 238 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 239 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 240 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 241 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 242 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Pu 244 O.OOOOOOE+OO O.OOOOOOE+OO 0.122183E+01 
Am 241 O.OOOOOOE+OO O.OOOOOOE+OO 0.358202E+00 
Am 243 O.OOOOOOE+OO O.OOOOOOE+OO 0.358202E+00 
Cm 244 O.OOOOOOE+OO O.OOOOOOE+OO 0.940592E-01 
Cm 245 O.OOOOOOE+OO O.OOOOOOE+OO 0.940592E-01 
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