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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.

CNWRA
CONTROLLED
COPY AZ25

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.

Made in U.S.A.
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John Walton

TPA and EBSPACK code testing results:

B= bug that should be fixed
8= suggestion or minor problem
W= appears to work properly

EBSPACK: Overall the code authors have done an excellent job of putting these
codes together in a short period of time based on previous codes.

1. (S) In sample input file initial Runge-Kutta time step (25 yr) is > maximum
time step (10 yr). Examined time stepping throughout the week and found that a)
100 yr maximum time steps give faster run times with no loss of accuracy
(limited tests) and b) the eps parameter should be reduced from 16-2 to l1e-4 to
ensure good mass balance. Making both changes appears improve mass balance and

:}cronso run tt,’p.
¢ D ! :L;{

2. (W) Changed flow rate, funnel factor, alteration, and solubilities and
examined cumulative fractional releases. This allows testing of a vareity of
limiting cases where release is alteration controlled (high solubility
radionuclides) and solubility controlled (low solubility) radionuclides. In
every case the code worked correctly. Mass balance errors in the range of 10X
could be obtained unless the eps parameter was reduced. Lowering the eps
parameter to 1e-4 or less reduced mass balance errors to < 2%.

i

3. (W) Changed diffusion coefficients and flow rates to switch between advection
and diffusion controlled release. The default diffusion parameters give
insignificant diffusional release. The code appears to work correctly.

4. (S) Note that in the relcum.out file the fraction remaining is actually the
fraction that can be released that remains - not the total fraction remaining.
This is a bit misleading as it is assumed in the code that portions of areas and
portions of containers will never wet and thus never have liquid release. The
never released fractions are not counted in the fraction remaining.

5. (S) The variable amassc, the mass of spent fuel in a container is read into
the code then multiplied and divided in a manner such that is makes no
difference in the final results. This is misleading and it would be preferable
to simply remove it from the code. Actual inventories are obtained from the
ebsnuc.dat file.

6. (S) Changing the timintv variable from 48.9989 to 50 changes the output
results in the third of fourth significant figure. This is a small difference
but perhaps greater than it should be. Larger changes in this variable cause
about the same change in results.

7. (W) Changing the humdc varisble influences aqueous corrosion times in the
correct manner.




26

8. (S) The ebsfail code inputs a two dimensional grid but actually uses a one
dimensional spherical grid. The spherical grid is based on the x coordinates.
The first x coordinate is the first delta r but the rest of the delta r's are
obtained by differencing the x coordinates. The location of the backfill/rock
interface is calculated in the code and difficult to determine by the analyst.
This makes it difficult to change backfill to rock properties in the input file.

8. (S) Separate treatment of advection and diffusion is a hold over from SOTEC.
It does not allow diffusionally released radionuclides to be flushed out of the

rock and backfill during high flow periods. The diffusion should either be
eliminated or coupled with the advective release.

10. (8) Only a fraction of each container is subject to wetting and release even
at time=infinity using the current "bathtub" conceptual model. Since container
corrosion continues over time, all mass on wetted containers should eventually
be subject to release. It would be preferable to make all spent fuel subject to
liquid release even with the bathtub model (perhaps by just increasing the
release period subject to the fraction wetted. This option in the code can be
effectively bypassed by increasing the wetted fraction to 1.0 and lowering the
internal volume of the container. These parameter changes effectively switch the

eptual model from a bathtub to a dripping mode. The ability to switch
conceptual models with input parameters is a good design feature in the code.

11. (8) The sollay variable is not used in the ebsfail code and should probably
be eliminated.

12. (8) EBSPAC fails with an internal stop when the # of defectives + # scenario
failures > total number of waste packages. The TPA code does not allow this to
happen. EBSPAC could have some logic to handle this problem.

13 (S) The ebsfail code allows corrosion of the canister to begin when water can
condense on the metal at relative humidity less than one. The ebsrelease code
does not allow the spent fuel to alter until drips begin (and container has
corroded). This is inconsistent. If condensed water can corrode the steel, it
can also corrode the spent fuel. The ebsrelease code could be modified easily to
be consistent with the assumptions in ebsfail.

14. (8) The code internal documentation says that the variable "wu" keeps
leaching to zero before tit. It actually sets leaching to zero after tit.

15 (B) The wetfrac variable is improperly translated from height fraction to
volume fraction in ebsrelease. This results in errors of up to ~a factor of 10
that are propagated throughout TPA. (Note: this has already been fixed and had
to do with a radians vs degrees problem).

18. (B) The "gap fraction" (actually just a lumped initial release fraction) is
not multiplied by the volume fraction wetted as is the case with the rest of the
inventory in liquid release. This allows gap inventory to be released even when
dry. The amount of error invelved depends upen input verisbles but could be up
to 10-20% and is propagated throughout TPA.

IFA Coue (esting:

1. (B) Individual code output files are deleted by TPA between realizations but
not between respository areas (currently 7 areas are used). If a code (e.g.,
ebsfail, ebsrelease) fails during the first area the TPA code stops with an
error. If the code fails during the second or later area (e.g.., with an internal
stop because of a numerical problem) then TPA appears to read the old output
file from the previous area and goes upon its merry way. This allows false
answers to propagate (e.g., area 3 results are used for area 4). Problem can be
solved by deleting all output files in the repository areas loop.

2. (B) The TPA runs are most generally stopped by a negative subscript in
neftran. Increasing the half-life of Pb-210 seems to eliminate the problem at
least in some cases. Perhaps Pb-210 can be eliminated from the transport codes
in TPA since it is in secular equilibrium with Ra-2267 If results from Pb are
desired it could be put back in at the dose model stage by setting its activity

27

equal to Ra-228.

3. (S) The TPA code runs too slowly when the time

is increased to 100,000 years.
Each area was taking > 45

. minutes and the major problem is in neftran. We need
to find a method for speeding up neftran. Unfortunatel

y I have no s
to how. uggestions at

- (S) TPA sample input files has examp les where the rock grain density is <
typical rock bulk density. This is unlikely teo be correct and should be checked

\

N\
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1 Cm246 2.8056394E+02 2.3538470E+01 2. 00?32?1'51»01
1 U238 2.7478227€+02 8.2864892E+01 5.7475475€+01
1 Cm245 1.7080162E4+03  1.5435288£+402 1.3744190E+02
1 Am241  1.8722565E+05 1.8710797E+04 4.1817533E+03
1 Np237 1.8183511E+04 6.68754894E+403 3.7016835E+03
1 An243  1.8242838E+05 1.7594821E+04 1.5525556E+04
1 Pu239 3.8099821E+04 5.1511287E+03 4.8378628E+03
1 Pu240 3.90842176+04 5.0108285E+03 3.9887331E+03
1 U234 1.0328079E+03 | 0. + . +00
1 Th230  2.1333622e+03 | 0.0000000£+00 0.000000C0E+00
1 Ra228 7.0055060E+02 | 0.0000000E+00 ©O.0000000E+00 i
1 Pb210 5.7666208E-02 |0.0000000E+0C 0.0000000E+00 ?
1 Cs135 7.1245394E+03 |0.0000000E+00 O.0000C00E+00
1 1129  2.0880238£+03 |0.0000000£+00  0.0000C00E+00 | e
1 Tc88 2.5304568¢+05 | 0.0000000E+00 0.0000C00E+00 \ "ﬁ
1 Ni59 4.9159834E+04 | 0.0000000E+0C0 0.0000000E+00 i \\\\
1 c14 1.5571508E+04 | 0.0000000E+00 0.0000000E+00
1 Se79 7.5297761€+03 | 0.0000000€+00 O.0000000E+00
1 Nb94  3.2780828€+02 ) 0.0000000+00 0.0000000E+00
1 Cl36  2.4206453e+02 | 0.00000002+68 ©.00DDOBOE+00
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1 Cm246  1.5434507E+03  2.4299441E -04” 2.3705083E-04
1 U238 2.3528478E+04 3.4353957E+03  3.4062535E+03
1 Cm245 7.7155440E403 2.1281168E-03  2.0789601E-03
1 Am241  1.B43B098E+08  2.0422170€-01 1.96525812E-01
1 Np237  3.8073945E+04  5.4821036E+04 §.4792826E+04
1 Am243  9.4179410E405 2.7400191E+01  2.6818372E+01
1 Pu239  3.1088448E+07 6.2981833E+05  6.2168284E+05
1 Pu240 5.0022588E+07 5.4937958E+05 6.4187188E+05
1 U234 1.1184080E+05 1.5968010£E+04  1.5832087E+04
1 Th230 4.4571233E+02 5.528807CE+01  5.8532892E+01
1 Ra226  1.7730783E+01  1.79572326+01  1.8153516E+01
1 Pb210  1.3843217E+01  6.18380236+01  3.8343808E+01
1 Cs135  2.4410258E+04 6.1512569E403  6.1104750E+83
1 1129  1.849870BE+03  1.8510650E+03  1.9490247E+08
1 Tc99 8.9325882E+05 8.8030592E+05  B8.8041638E+E8
1 NiS9  1.7508539E+05  7.0889759E+04 7.0855202E+84
1 C14 9.0811720E404 0.0000000E+00  0.0000C00E+E0
1 Se78  2.6897922E+04  1.3041078E+04 1.2086477E+84
1 W04 2.5260958E+02 2.43989B0E+02  2.4275692E+02
1 CL38  §.3376084E+«02  §.3380035E+0 8.3434802E+02
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1 Cm246  1.4459441E403 2.0642920E-05  2.0334405E-05
1 U238 2.0133681E+04 8.1111241E402  8.0612305E+02
1 Cm245  7.2664689E+03 1.8086279E-04 1.7819318E-04
1 Am241  1.36303326408 1.7383378E-02  1.8929458E-02
1 Np237  4.0193435E+04 2.8611919E404  2.B555797E+04
1 Am243  8.8642212E+05 2.9630291E+00  2.9233803E+00
1 Pu239  1.8455080E+07 8.1745458E+04  8.1022050€+04
R Pu240  2.8377007E+07 7.0141686E+04  B6.95019136+04
1 U234 9.5511745E404 3.7686415E403  3.7434366E+03
1 Th230  4.8258775E+02  1.1407530E+01  1.1855582E+01
1 Ra226  2.9618020E401 3.3683807E+00 3.3931707E+00
1 Pb210  2.44814106+01  1.0389190€401  7.5774955€400
1 Cs135  2.1585527E+04  1.8872853E403  1.8781065E+03
1 Cm 1.8438107€403  1.6091877E+03  1.80835326403 ) —~— U | /.
1 Tc99 7.7755753E+05 B.6740783E+05  6.6743612E+05 SV
1 Ni59  1.5508088E+05 2.5211267E+04  2.5118534E+04 P
1 C14  7.9725078E+04  0.0000000E+00  0.000GO0OE+00 —
1 Se79  2.3936491E+04  4.9031488E+03  4.8872545£+03 a-ga L
1 Nb94  2.206356BE+02  1.2881140€+402  1.2840480E+02
1 CL38  7.3976723+02  6.3574944E402 6.3578518E402 _ ___ $56 h
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VAR S TN
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Ciwe S Pack (LD

Cn248  8.1000471E+02 4.8047480E-08 4.8717485E-05

U238  2.2571884E+04  2.4912210E+03  2.4848472E+03
Cm245  3.3527810E+03 4.2551628E-04 4.1393660E-04
Am241  1.0539784E+07 1.8001192E-02 1.5272494E-02
Np237  3.3717556E+04 2.8140778E+04 2.B0B0529E+04
Am243  4.0086608E+05 6.0739371E+00 5.9251353E+00
Pu239  1.4095223e+07 1.8654B70E+05 1.8360013E+05
Pu240  2.0495276E+07 1.5818450E+05 1.5558922E+05
U234  1.0873335E+05 1.1565447E+04 1.1441781E+04
Th230  1.7089100E+03  3.2988739E+01  3.5318721E+01
Ra228 4.12005006+02 9.5593439E+00 ©.6831510E+00
Pb210  3.8474705E+02  3.3040854E+01  1.9361854E+01

[ ——

Cm246
238
Ccm245
Am241
Np237
Am243
Pu238
Pu240
U234
Th230
Ra226
Pb210
Cs135

.. 1129

Tc89
Ni58

c14
Se79
NbS4
cl3e

1.8878806E+02
2.1877222E+04
1.0423821E+03
2.8686817E+06
1.2188991E+04
1.2100721E+05
4.3754144E+08
6.1439234E+08
1.0342408E+05
1.3895140E+03
3.3297654E402
3.1808800E+02
1.9858111E+04
3.6241344E+02
8.3547556E+05
1.4374027E405
8.4052251E+04
2.2052645E+04
2.2155085E+02
6.8876086E+02

EAs

Lo sty bz Lo

Cu hl/'i“«"“ V*(I’&A

1.5352720¢-08
2.4031818€+03
1.3683108E-04
4.6450237€-03
9.0618158€+03
1.9183607E+00
5.8468592E+04
4.9157294E+04
1.1155136E+04
3.1315840€+01
9.0332917E+00
3.1301560€+01
4.1649429E+03
3.7853392E+02
8.36892348E+05
5.2170885E+04
0. 0000000€+00
9.7920355E+03
2.1268125€+02
7.1938003E+02

u 2

1.4808913€-05
2.377B467E+03
1.3287815E-04
4.4323477€-03
9.0324862E+03
1.8692480E+00
5.7527979E+04
4.8344561E+04
1.1036425E+04
3.3579660E+01
9.1475854E+00
1.8321122E+01
4.1307374E+03
3.7861791€+02
8.3860301E+05
5.1860752E+04
0.0000000E+00
9.7420993E+03
2.1149713E+02
7.1913838£+02
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2wmy
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Cs136  2.5720233e+04 5.2645020£+03  5.2204503E+03 -_—
1128  9.8321841E+02 1.0009697E+03  1.0012687E+03 "'\‘(l‘i‘
Tc89 8.5631252E405 8.5491812E+058 8.5455780€+ i ‘1 ‘l 3,5‘
Ni58 1.8205110E+05 6.4477800E+04 8.408087GE#::\\\\‘~\\\\~__~\~:‘>
Ci4  8.2207982E+04 0.0000000E+00  O.0C00CO0E+00
Se78  2.8003594E+04 1.2120813E+04  1.2058084E+04
Nb84  2.2227757E+02 2.1418817E+02  2.1288485E+02
Cl36  8.7388754E+02 8.8831034E+02 8.8815691E+02 ¥ AAf ETt
¢ v

Ed  u2fT szt

Cm248

u238
Cm245

Am241

/

p237
An243

//’ Pu2s9

Pu240
U234

Th230
Ra226

Pe210

Ce135
1128

Te89

ni69

c14
079

ci3s

7.0378371E+02
2.3082134€+04
3.8276848E+03
1.1927881€E+07
3.8261829E+04
4.5829483E+05
1.6071081€+07
2.3383836E+07
1.0913977€+05
1.7801542E+03
4.3525979E+02
4.1730852E+02
2.8710770E+04
1.1072320€+03
8.5787748E+05
1.8883128E+06
8.5190528E+04
2.9058259€E+04
2.2198514€+02
9.0859760E+02

5.7977670E-05
2.5690565E+03
5.1438726€E-04
1.8086211€-02
3.0046263E+04
7.2929376E+00
2.1973933E+05
1.8600018E+05
1.1925904E+04
3.3718085€+01
9.7604117E+00
3.3708376E+01
5.5066966E+03
1.1333296E+03
8.5790844€+05
6.7123134E+04
0.0000000£+00
1.2606309E+04
2.1351718E+02
9.2127874£+02

BN = O 0D = N =D W == NNN =~ 5a N

.8322855E -05
.5417564E+03
.9988977E-04
.7258117€E-02
.9956041E+04
. 1094945E+00
.1624484E+05
.8284202E+05
.1798808E+04
.6139180E+01
.8844073E+00
.9751271E+0%
.4810002€+03
.1329256E+08
.5855289E+08
. 87153408404
.0000000E+00
.2540183E+04
.1232033€+02
.2196542E+402
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C;;“ R Nole  1pa  S2d Ae  vetn | -"p
14 {
N ’/un- \)4( Wi £ ] 7“/
Cm246  1.1283806E+03  9.40825882-05 9.1 . , 1_/
U238 2.1895717E+04  2.4048925E+03 2.3:;1.;::;:: Sk Sime (:"“h’ “'('O 10 g
Om245  6.1471033E+03  8.3480326E-04  8.10745108-04 ! I
An241  1.7973544E+07  2.8809942E-02 -2.7578204¢-02 \
Np237  6.1280684E+04  4.8988853E+04 488513448404 EJH 12 S%
An243  7.3669809€+05 1.1845275E+01  1.15424578481 Ca246  1.59395868+81  5.8035096E-07  5.7209951E-07 /
Pu230  1.8726024E407  2.2949938E+05  2.2582253+08 U238  1.8508085E+04 1.8820231E+03  1.86176048+09 / \
Pu240  2.4103116E+07  1.9374382E405  1.90546882008 Cm245 1.3602568E+02 6.1073462E-08  5.91844208-08
U234 1.0351066E+05  1.1162271E+04  1.10434798+04 An241  2.0537243E+04 5.8237888E-05  5.51355902-08 ,_7L+
Th230  1.3851B38E+03  3.1334044E+01  3.35993184+01 Np237  4.8848080€403  2.3914805E+03  2.3758634R+403 /
Ra228  3.3300379E+02  9.0382504E400  ©.15261482+09 Am243  8.6368124E403 5.3505153E-02  5.20062608-02
PR210  3.1805782£402  3.1318726E+01  1.83311528481 Pu239  8.4434300E+05  2.9654243E403  2.9049308€+09 / ]\
Co13  1.9803845E+04  4.1672341E+403  4.13299728+08 Pu240  4.4031757E+05  1.8828B07E+03  1.84547608+03 /( \I\
1128 1.73228656403  1.8188302E+03  1.81875218+88 U234 8.7713652E+04  8.7380054E+03  8.63950288+03 } =me(A
To88  8.3618437E+05  8.3762401E+05 8.37299808+88 Th230  2.540B057E+02  2.3292205E401  2.5071584€+81 ‘q‘/ \ \
W88 1.4408677E405  5.2260164E404  5.19492850¢8¢ Re226  7.3962000E+00 6.5118227E+00  6.6004860E+80 t
C14  6.40732256404  0.0000000E+00  0.0000000E+88 PB210  2.6876785E+00  2.2450367E+01  1.31554048+81
Se79  2.2073657E+04  9.7887047E+03  9.7486937%+88 08135  7.3448420E+02  5.1893087E+01  5.11724508+01
NbB4  2.21550506+02  2.1268087E+02  2.1149875E 1120  1.2988403E+02  1.2411086E+02  1.24075128+82
CL38  6.80440525+02 7.20035000400  7.1982307¢ Te80 8.5208717E+06  8.3645807E+05  8.36887008+08
= . NiS8  1.2830583E+D4  3.7545454E+03  3.7271B84E+03
By u S 2 c14  3.5413003E+03  0.0000000E+00  O.0000COOE+00
Se79  1.5843016E+03  5.9361838E+02  5.B98838BE+02
' NbG4  2.0852830E+02  1.9913622E+02  1.8784011E+02
CLIS  5.0870837E+01  4.81778822+81  4.8178601E+01
L¥)) L Q.} o |
CR248  1.5384970E+03 1.2452894€-04 1. 1£-04 1@{ —
U238  2.30730B4E+04  2.5683208E+03  2.5410390£+08 _
x‘)vdn‘ew\ 4 W Cm245 8.3211970E+03  1.1037899E-03  1.0725968%-03 1.1263806E+03  9.4082585E-05  9.1348931E-05 Ccm246  1.5220831E402  1.0764172E-05  1.0450764E-06
a o balas An241  2.57313B0E+07  3.8752284E-02  3.6977258£-02 2.1885717E+04  2.404B925E403  2.3791588E+03 23  2.0105043E+04 2.1516621E+03  2.1284335E+03
+ Mp237  8.0562868E+04  B.3562209E+04  6.3376308E+04 6.1471033E+03  8.3480326E-04 8.1074510E-04 __  opa48  8.7702085E+02 ©.6487963E-05  0.3702574E-08
aby V2| Smeg An243  1.0018941E+08  1.5705649E+01  1.5309848€+01 1.7973544E+07  2.8899842E-02  2.7578204E-02 Aa241  1.9198535E408  2.9774441E-03  2.8400088E-03
My metds | Pu238  2.2449037E+07  3.0336400E+05  2.9852664E+08 §.1280684E404  4.8088853E404  4.8851344E+04 pp2a7  1.1053178Es04  7.8512800E403  7.8211101E483
, Pu240  3.270351BE+07  2.5664084E405  2.5241090E+08 7.3669889E+05  1.1845275E+01  1.1542457E+00 .. an243  0.81618586404  1.3444B81E+00  1.3099347K+88
“g Wl Yt \ V234  1.0808756E+05 1.192247BE+04  1.1785522E+04 1.8726024E+07  2.294993BE+05  2.2582253E+08 pu239  2.6392080E+08  2.8578337E+04  2.81041148+04
Th230  1.7508979E403  3.3708784E+01  3.6129438E+01 2.4103116E+07  1.9374382E+05  1.0054665E+08 '~ pu240  3.3502509E+08  2.3489009E+04  2.3071710E+84
Re226  4.348042BE+02 9.7577749E+00  9.88175188+00 1.035106BE+05  1.1162271E+04  1.1043479E+04 .——  yg34 ©.5017869E+04 §.9868082E+03  9.87874420+83
P210  4.1686800E+02  3.3699083E+01  1.97457408+01 1.3851638E+03  3.1334044E+01  3.3509319E+01 TH230  4.0571887E+02  2.7587862E401  2.9618063E+01
Ce135 2.6685026E404 5.4993498E+03  5.45370822+03 3.33003796+02  9.0382504E+00 9.1526149E+080 ~—  pg228  5.2079748E+01  7.8810383£400  7.8835207E+00
1120 2.2859817E+03  2.3216605E403  2.32086928+03 3.1805782E+02  3.1318726E+01  1.8331152E481 .  pp210  4.6124870E+01  2.73208356+01  1.5892012E+401
Tc88  8.576B815E+05  8.5760328E+05  8.5833491K+08 1.9893B45E+04  4.1B72341E+403  4.1329072E408 0e135 3.1213051E+03 5.2516547E+02  5.2048421E+02
Ni58  1.8807043E+05 6.7192254E+04  6.8784381E+04 1.7322865E+403  1.8168302E403  1.8167521E+88 1129  3.8421798E+02  3.62084296+02  3.8201440E+02
Cl14  8.5280095£+04 0.0000000E+0C  O.0000000E+08 TS89  8.3B1B437E+05  8.3762401E+05 8.3729980E¢88 .~ 7089  8.0059342E+05 7.0843507E+405  7.8832058€405
8079  2.9088415E+04  1.2622730E+04  1.2556514E+04 j NiS9  1.4408677E+05  §.2260184E+04  5.19492858+84 NiBO  3.0725383E+04 9.9743097E+03  9.8103351E+03
Mb34  2.2108268E+02 2.1361474E402  2.1231795E402 - 14  6.4073225E+04  0.0000000E+00  0.0000000E+08 g4 1.23173426404 0.0000000E+00  0.00000OOE+00
CL36  §.0798803E+02  9.22633198+02  §.2332123402 So79  2.207367E+04  0.70070478483 0.74000878408 | 5470  4.6700484E+03  1.8571302E403  1.8480654E403
NeS4  2.2155080E+02  2.1268087E+82  2.1140878E482 NbG4  2.20080468+88  2.11487026+02  2.1027765E+402
CI38  §.90440838+02  7.20035830402 7.1082%07Ee02 138 1.44280135068  1.43817$1E+02  1.4243524E+02
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John Waiton

TPA and EBSPACK code testing results:

B= bug that should be fixed
S= suggestion or minor problem

—

W= appears to work properly

EBSPACK: Overall the code authors have done an excellent job of putting these

des together in a short period of time based on previous codes.

An241  1.6614837E+07  2.34B9183£-02  2.2392754E-02
Np237  5.5091758E+404  4.1702478E+04  4.1581292E+04 o more b 2d
An243  6.7010820£+05 9.81765156400  9.3683908E+00 N
Pu239  1.5143004E407  1.9085975E+05  1.8756525E+05 o tin A
Pu240  2.19051386+407  1.8085580E+05  1.5817190E+08 Chongy

U234 1.0118461E+05  1.0870820E404 1.0556054E404 ¥
Th230  1.2527895€403  3.0072856E+01  3.2233407E+01
Ra226  2.993B456E+02  8.6812120E400  8.7895289E400
Pb210  2.8622200E402  2.9963968E+01  1.7553897E+01
Ce135  1.8019199E404  3.5192351E403  3.4899276E403

1129 1.5680512E403  1.5523864E403  1.5525397E408

Te99  8.5622275E+05  8.5368945£+05 s.sssuzz:m\

Ni50  1.2984002E405 4.4118424E404  4.3849853£404

14  5.8026356E404  0.0000000E+00  0.000000OE+0Q \

$e79  1.9923125E404  8.3034187E+03  8.2602252E+08 ~

W94 2.1991905€402  2.1154721E402  2.1036835E402

Cl38  6.2206287E+02  6.1660439E+02 6.1655723E+02

Ca\ld’ apd Vi t 0w weth

>
< (J—_?o; ‘m‘“ V] Vg!!'luf + b\‘\j A

>0 sk \jaa

i L prac % M e

CC TR L L Y N Y P NPT

aad \zmh In e gegay Mv,mlat:o-\ é’.u

- Yth n W ekl ubE

mm&&&wn%

1. (8) In sample input file initial Runge-Kutta time step (25 yr) is > maximum

time step (10 yr). Examined time stepping throughout the week and found that

a) 100 yr maximum time steps give faster run times with no loss of accuracy
(limited tests) and b) the eps parameter should be reduced from 1e-2 to l1e-4

to ensure good mass balance. Making both changes appears improve mass balance

and decrease run times.

2. (W) Changed flow rate, funnel factor, alteration, and solubilities and

examined cumulative fractional releases. This allows testing of a vareity of

limiting cases where release is alteration controlled (high solubility
radionuclides) and sotubility controlled (low solubility) radionuclides. In

every case the code worked correctly. Mass balance errors in the range of 10%
could be obtained unless the eps parameter was reduced. Lowering the eps

parameter to le-4 or less reduced mass balance errors to < 2X.

3. (W) changed diffusion coefficients and flow rates to switch between

advection and diffusion controlled release. The default diffusion parameters

give insignificant diffusional release. The code appears to work correctly.

4. (8) Note that in the retcum.out file the fraction remaining is actually the

fraction that can be released that remains - not the total fraction remaining.
This is a bit misleading as it is assumed in the code that portions of areas

and portions of containers will never wet and thus never have liquid release.

The never released fractions are not counted in the fraction remaining.
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5. (S) The variable smasss, the mass of spent fuel in a container is read into
the code then multiptied and divided in a manner such that i{s makes no
difference in the final results. This is misleading and it would be preferable
to simply remove it from the code. Actual inventories are obtained from the
ebsnuc.dat file.

8. (S) Changing the timintv variable from 49.9999 to 50 changes the output
results in the third of fourth significant figure. This is a small difference
but perhaps greater than it should be. Larger changes in this variable cause
sbout the same change in results.

7. (W) changing the humdc variable influences aqueous corrosion times in the
correct manner.

8. (S) The ebsfail code inputs a two dimensional grid but actually uses a one
dimensional spherical grid. The spherical grid is based on the x coordinates.
The first x coordinate is the first delta r but the rest of the delta r’s are
obtained by differencing the x coordinates. The location of the backfill/rock

interface is calculated in the code and difficult to determine by the analyst.

b This makes it difficult to change backfill to rock properties in the input
. file.

s

e 9. (S) Separate treatment of advection and diffusion is a hold over from
o

i

L

s

M? SOTEC. It does not allow diffusionally released radionuclides to be flushed

ﬁ; out of the rock and backfill during high flow pericds. The diffusion should

either be eliminated or coupled with the advective release.

ul

" 10. (8) Only a fraction of each container is subject to wetting and release
e even at time=minfinity using the current "bathtub" conceptual model. Since

i container corrosion continues over time, all mass on wetted containers should

L~ eventually be subject to release. It would be preferable to make all spent

fuel subject to liquid release even with the bathtub model (perhaps by just
increasing the release period subject to the fraction wetted. This option in
the code can be effectively bypassed by increasing the wetted fraction to 1.0
and lowering the internal volume of the container. These parameter changes
offectively switch the conceptual model from a bathtub to a dripping mode. The
ability to switch conceptual models with input parameters is a good design
feature in the code.

11. (S) The sollay varisble is not used in the ebsfail code and shou ld
probably be eliminated.
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12. (8) EBSPAC fails with an internal stop when the # of defectives + #
scenario failures > total number of waste packages. The TPA code does not
allow this to happen. EBSPAC could have some logic to handle this problem.

13 (8) The ebsfail code allows corrosion of the canister to begin when water
can condense on the metal at relative humidity less than one. The ebsrelease
code does not allow the spent fuel to alter until drips begin (and container
has corroded). This is inconsistent. If condensed water can corrode the steel,
it can also corrode the spent fuel. The ebsrelease code could be modified
easily to be consistent with the assumptions in ebsfail.

14. (S) The code internal documentation says that the variable "wu" keeps
leaching to zero before tlt. It actually sets leaching to zero after tit.

15 (B) The wetfrac variable is improperly translated from height fraction to
volume fraction in ebsrelease. This results in errors of up to ~a factor of 10
that are propagated throughout TPA. (Note: this has already been fixed and had
to do with a radians vs degrees problem).

16. (B) The "gap fraction" (actually just a lumped initial release fraction)
is not multiplied by the volume fraction wetted as is the case with the rest
of the inventory in liquid release. This allows gap inventory to be released
even when dry. The amount of error involved depends upon input variables but
could be up to 10-20% and is propagated throughout TPA.

TPA Code Testing:

1. (B) Individual code output files are deleted by TPA between realizations
but not between respository areas (currently 7 areas are used). If a code
(e.g., ebsfail, ebsrelease) fails during the first area the TPA code stops
with an error. If the code fails during the second or later area (eo.g., with
an internal stop because of a numerical problem) then TPA appears to read the
old output file from the previous area and goes upon its merry way. This
allows false answers to propagate (e.g., area 3 results are used for area 4).
Problem can be solved by deleting all output files in the repository areas
loop.

2. (B) The TPA runs are most generally stopped by a negative subscript in
neftran. Increasing the half-life of Pb-210 seems to eliminate the problem at
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least in some cases.

3. (8) The TPA code runs too slowly when the time is increased to 100,000

years. Each area was taking > 45 minutes and the major problem is in neftran.

I tried increasing the time step in the neftran infiltration input from 500 to
2500 years and neftran run times went from 23 seconds cpu time to 4-5 seconds

cpu time. This is at least one method of making neftran run faster.

4. (S) TPA sample input files has examples where the rock grain density is < -
typical rock bulk density. This is unlikely to be correct and should be

checked.

5. (B) When the time frame of the simulations is increased from 10,000 to

20,000 or 50,000 years, uzflow gives flow rates into the repository areas that

appear to be on an ever increasing sine wave pattern leading to unrealistic
infiltration rates. The code results should not spirial upward indefinitely.
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6. (B) When infiltration rates are very high neftran in the unsaturated zone
gets too few legs in the input file (prepared by uzft.f) and stops execution.

When this occurs no release is predicted/allowed from the system just when

releases should be greatest. For high flow situations ebspac output results
can be sent directly to the saturated zone run.

A,

i

7. (8) ashmovo.f, dcags.f, and dclgv;f have a number of do loops ranging from
1 to 43 nuclides. Rather than hard code the loop range it might be preferable

to use the maximum nuclides variable available in the codes.

8. (W) Traced the flow of water through the system and this appears to be

working correctly with exception noted above.

9. (W) Checked mass balance between subsystems (EBS, UZ, SZ) and mass balance

errors are generally < 2%.

10. (B) Changing the time step ratio in tpa from the default (100) to values

of 10, 1 and some other values resulted in cumulative release changes at (EBS,

UZ, SZ) of around 1000% or more in some cases. Since one does not know a
priori when the greatest action is, it is probably best to use a multiplier of

1.0. Someone needs to investigate how many time steps will be required to

obtain needed accuracy in mass balance in tpa.

The major problem seems to come in prior to neftran. One area to examine is in

releaset. releaset writes an output file using a number of time steps hard -
wired into its template input file. The is the variable nbt. It would be

preferable (but require some coding) to have ebspac use the same time steps as \\\\

tpa. Alternatively one might hard code nbt to be the same value used in tpa \\
and make the tpa time steps of constant duration.

At a minimum the time step problem needs to be resolved. I examined its

influence on cumulative release but it is likely that peak releases are more

B S, A

sensitive to the issue.
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