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Follow-up Items from.June 1. 2006, Meeting with DOE on INL TFF Waste Determination

As committed by NRC staff at the conclusion of the June 1, 2006, meeting, the following list of follow-up
items that require a response from DOE was provided. Information requested is based on the questions
provided to DOE for this meeting as well as NRC’s Request for Additional Information (RAI). DOE has
provided responses following each request for information.

1.  Based on mformatlon provided in clarifying RAI #3 and as a follow—up to RAI #6, NRC
requests the following information.

" DOE-ID should provide specxﬁcanons or standards that will be imposed on the slag to ensure its
. suitability for cement blending and to ensure that it will release its content of reducing agents.

Resgon'se

,  Attachment 1 provxdes the detalls of the vendor slag specification to be used in the Tank Farm
Facility encapsulation pours. The vendor is contractually required to meet ASTM C-989 and the
applicable quality assurance requirements have been specified. The slag will be stored in silos at
the site of the batch plant and will remain dry at all times.

DOE-ID should provide additional Justification regarding why the effect of stresses imposed by the
large mass of grout and concrete to be emplaced in the tank and vault on the physical degradation
of the concrete base mat can be neglected. :

Response:
Load Capacity of the High-Level Waste Tank Base Slabs

Per Drawing Number 5773-CPP-WM-185-S-5, the base slab consists of 2.5- ft-thick,
steel-reinforced concrete. General Note 3 states the base slab shall be at a 3,000-1b strength at
28 days. Because a sub-base slab is poured between the base slab and the bedrock, there is no
opportumty for any shear load on the base slab, so strength calculations are based solely on
compressive strength No credit is taken for the additional strength provided by the steel
reinforcing present in the base slab(s) or the sub-base. :

Tank WM-185 was used fof the example. Tank information from Table A-1 of the Idaho

Hazardous Waste Management Act/Resource Conservation and Recovery Act Closure Plan for
Jdaho Nuclear Technology and Engmeertng Center T anks WM-I 84 WM—I 85, and WM-186

- (DOE/ID-11067). ,
-‘.';Tankdlameter L L : 5'0‘ft .

’ ‘-'.Tank helght to sprmglme e C21ft
‘ ‘Lower tank thickness - oL 703125 in.
Uppertankthlckness R . - 0.25in. '
-»_'Domehelght 85 ft
‘Approx. total tank volume - R 825 yd3

: 'Y’::Approx total dome volume E"' i 300 yd3

E For conservatlve welght estlmate assume the tank is consndered to be a cylmder w1th ﬂat ends
29.5 ftin helght witha wall thlckness of 0.3125 in., whlch is filled w1th hardened concrete (den51ty .
of 150 Ib/f® - Encyclopedza of Science and Techno[ogy) ‘The dens:ty of stainless steel is assumed
to be 7.9 g/cm’ (493 1b/ft*) (The Physics Factbook).




Based on the calculations that follow, filling the waste tanks with grout will not provxde' a
compressnve load on the base slab that approaches the strength requlrements of the concrete used in
- pouring the high-level waste tank base slabs.

Calculations:

Area of tank base

A=nr A=n(25’) A=1963.5f (282,744 in2)
Volume of cylinder '

V=nrh V=n(25)(29.5°) V= 57,923 d (2,145 yd’)

Wexght of concrete = (vol. of cylinder) (density of concrete)
Weight of concrete = (57 923 f* ") (150 1b/ft%) = 8,688,450 Ib

Weight of stainless steel = (vol. of outer cylinder — vol. of inner cylinder) (density of stamless
. steel) + (2) (vol of end) (density of stainless steel) .

vol of outer cylinder =n r* h == (25°)* (29.5%) = 57,923 f?

vol of inner cylinder = n r* h = (25’ - 0.026°)* (29.5) = 57,802 ft’

vol of end(s) =n  h== (25°)*(0.026°) = 51.05 f*

Weight of stainless steel = [(57, 923 ft’ — 57,802 ft’) + (2) (51.05 ft*)] (493 1b/ft>) = 109,988 Ib
' Total weight on slab = welght of concrete + weight of tank |

=8, 688 450 Ib + 109,988 1b = 8,798,438 Ib

Welght per square inch of slab = 8,798,438 1b/282744 in? = 31.12 lb/m

Compressnve strength ¢ of base slab concrete = 3,000 1b/in.2

Loading factor =31.12 Ib/in.2/ 3000 Ib/in.? = 0.0104

Tank and concrete will provide a nominal load of 1.04% of slab compressive strength, whlch
allows for a very conservative load/strength ‘safety factor (96)

2.  Based on mformatlon provnded in response to RAIs #1 and #4, the following information is
needed to determine if the uncertainty in the Np-237 inventory in the sand pad will have a

~ significant lmpact on the modeling results and to help explain inconsistent modeling results
for Sr-90 in response to RAI #4.

~ DOE-ID should provzde the Kys used for Np-237 in the screenmg analyszs since DOE did not
B petform addztzonal ' modeling of release and transport of Np-237, although the uncertainty in the
mventory of Np-23 7 was much greater than it was for other modeled constituents in response to
- RAI #. : - '

"Resgonse :

T‘«‘The Kd values used for the screenmg analy31s are provxded in Table 3 1 of the performance .
- "',’assessment (PA) (DOE/ID 10966) Table 1 summarlzes the Kd values used for 2‘"Pu 2‘"Am and

Tablel Sorptlon coefﬁc:ents used in the screenmg analy51s L - -
R - 0. GrowtKe. o T SandKy o

Radlonucllde B (m3/kg) o (mbke)
241Pu SRR I 5 : : 055
Am 5 ' 1.9
2iNp 5 - 0.005




The screening values for the tanks, provided in Table 3-2 of the PA were based on the grout K4.
The screening values for the sandpads, provided in Table 3-3 of the PA, were based on the sand K.
The screening results provided in Tables 3-2 and 3-3 of the PA show that these radionuclides were
not excluded durixig the first screening iteration. Therefore, contaminant release modeling was
conducted using DUST-MS to evaluate the release from the tank/vault system. The results of this
screening are prov1ded in Figures F-28, F-29, and F-30 of the PA (shown below).

The controlling factor in the release of **'Pu, *'Am, and Z7Np from the tank/vault system is the
grout K. The concrete K4 values for both oxidizing and reducing conditions are the same for 2lpy,
*'Am, and 7Np (i.e., 5 m*kg). The sandpad contaminants must pass through approx1mate1y 2ft
of the concrete vault floor Figures F-28, F-29, and F-30 show the releases are delayed to
approximately 10,000 years post-closure. Since the release of these contaminants was beyond the
compliance period, no further modeling was conducted.
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DOE-ID should explain the inconsistent and unexpected high sand pad inventory values for most of
the low pH K4 sensitivity runs for Sr-90 contained within response to RAI #4.

Response:

During the creation of the tablés in Word from Excel spreadsheets, selected cells were not tagged
throughout the entire workbook, which resulted in incorrect numbers appearing in the low pH
columns. Tables RAI-4-4 through RAI-4-6 provided in RAI #4 were impacted by these errors.
The referenced engineering design file (PEI-EDF-1029) has been revised (specifically, Tables 6
through 8) and is included as Attachment 2.

Based on new characterization data (ICP/EXT-04-00244) that show inconsistencies with
DOE-IDs hydrogeologic conceptual model (HCM), NRC needs additional information to
determine the implications of this new information on DOE-ID’s modeling results. As a
follow-up to information provided in response to RAIs 10, 11, 12, and 13, that addressed
controlling hydrogeologlc features and model support, NRC is requestmg the following
mformatlon

' DOE-ID should provide the reference that contains a new west/east geologic cross-section B-B'
that is illustrated in Figure 3-4 of “Evaluation of Tc-99 in Groundwater at INTEC: Summary of
Phase I Results” (ICP/EXT-04-00244). The reference from ICP/EXT-04-00244 that contains this
cross-section is “Phase 1 Monitoring Well and Tracer Study Report for Operable Unit 3-13, Group

. 4, Perched Water," DOE/ID-10967, Revision 1, 2003. DOE-ID did not provide the most recent
geologic cross-sections for the study area in response to NRC RAI 12.

~+Response:

“Revision 1 of DOE/ID-10967 (2003) is classified as “Official Use Only,” which restricts its release
‘to the public. A more recent revision, Revision 2, of this document is also classified as.“Official
~~Use Only.” The requested cross-section (Flgure B-12) has been cleared for release and is provided
“below. The cross-sections in DOE/ID-10967 are not considered to be more accurate than the.
~Anderson cross-section used in the PA; the cross-sections are considered to be an additional
‘interpretation of the geologic profile at INTEC.

The authors of the DOE/ID-10967 cross-sections note the following: “The cross-section

correlations are interpretations based on individual well/borehole stratigraphic columns.

Correlation of basalt flows and sedimentary interbeds between well locations without

- paleomagnetic, geochemical, K-Ar age dates, or petrographlc data is possible but lacks a large
 degree of confidence.” The authors also note that a detailed and accurate stratlgraphlc correlation ~
-beneath INTEC may not be possxble given the currently available data. Collection of sufﬁcnent data

to enable thls accurate correlatlon would be cost-prohlbltlve
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DOE-ID should provide any additional reports documentmg recent characterization activities
related to the elevated Tc-99 monitoring well data that may provide aa'dmonal information
regarding the updated HCM for vadose zone flow at TFF.

Response:

Additional reports can be found on the INL website at: httg //ar.inel. gov. Select the “Select All
for Operable Unit (OU)” link and then select the “3-14” link. This database includes all of the
recent OU 3-14 information :

DOE-ID should provzde the approximate thickness and extent of perched zones in the final
calibrated model in plan view along the cross-section, final calibrated heads at nearby
moniitoring well locations, and the hydrostratigraphic location of the top of the perched zones.
Based on new information that shows the HCM for vadose zone flow at TFF has evolved based
on collection of additional characterization data (ICP/EXT-04-0244), NRC needs additional
information to determine the goodness of fit of the modeled versus observed heads to determine
the amount of dilution in the perched zones, and to estimate the magnitude of attenuation during
lateral transport along the perched zone. . '

Response:

The data requested are not currently available. Development of these data requires another setup
of the model to provide the specified parameters and several runs of the model. This is planned to
be completed by July 15, 2006. :

DOE—ID should provza’e center-lme plume concentrations (as depicted in Figure 4-2 of the PA) as
a function of time for modeled radionuclides at key locations in table format and a figure
showing these locations. Locations should include the following grid cells: 1.) directly
underneath the TFF in the perched water, 2.) near the “spilbway” in the perched water, and 3.) in
- the saturated zone. DOE-ID revised the time of ‘peak release for Tc-99 in Table 4-1 of the PA in

. ‘response to RAI #13. The source of the error described in the RAI response is not clear.
Furthermore, the travel time to saturated groundwater is difficult to determine with the use of
scientific notation which truncates the year of maximum concentration in groundwater for Tc-99
(DOE-ID should provide the travel time in years). The information requested above is also

" needed to clarify to what extent Sr-90 concentrations are reduced due to attenuation in the 600

meters of lateral transport in the unsaturated zone, whzch cannot be determined easrly  from the
currently avatIable mformatton - :

. Resgonse

o The data requested are not currently avarlable Development of these data requ1res another setup
- of the model to provide the specrﬁed parameters and several runs of the model Thrs is planned to
be completed by July 15, 2006 ' : .

o DOE- ID should provxde a new f gure lhat shows an accurate depzctton of the Iocatxons of
L sedzmentary mterbeds as shown in Fi; 1gure 4-2in the PA (the Iocatton of the sedtmentar;v
e znterbeds depzcted on thls f gure rs not conszstent with F tgure 2-12 in the PA)

: Resgonse e

A new ﬁgure is presented below as Frgure 1 whlch shows the correct mterbed locatlon in Figure -
4-2 of the PA.
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Figure 1. Depiction of the ldcétion's‘d-f‘ Sédimentary interbeds ‘at the INTEC Tank Farm Facility.




DOE ID should Iry to provide a better explanation regarding the large lateral extent (0.5-1 mile)
of the contaminant plume near-surface and as it enters the saturated zone. For example, is the
large lateral extent near-surface indicative of perched water in the alluvium? DOE-ID should
also explain why the contaminant plume is depicted at the surface of the model domain in Figure
4-2 of the PA when the tanks are located at approximately 45 feet below grade. .

Resgonse.

The data requested are not currentiy available. Development of these data requires another setup
“of the model to provide the specified parameters and several runs of the model. This is planned to
be completed by July 15, 2006.
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3. Subtask:

4. Title: Supplemental Sandpad Inventory Modeling

5. Summary

This report presents supplemental mode]mg conducted to evaluate the radxonucllde mventory in the sandpads
contained in WM-185 and WM-187 at the Tank Farm Facility. A two-dimensional, advective flow model was
developed in PORFLOW (ACRi 2000) to evaluate the flow of the contaminated vault waters into the sandpad.
“The results of the analy51s are compared to the sandpad inventories predicted using the performance assessment
(DOE-ID 2003) one-dimensional, diffusion model.
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' Dave Thorne, CHP
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1. INTRODUCTION AND PURPOSE

This report presents supplemental modeling conducted to evaluate the radionuclide inventory in the
- sandpads contained in WM-185 and WM-187 at the Tank Farm Facility (TFF). A two-dimensional,
_advective flow model was developed in PORFLOW (ACRIi 2000) to evaluate the flow of the

contaminated vault waters into the sandpad. The results of the analysis are compared to the sandpad
inventories predicted using the TFF performance assessment (PA) (DOE-ID 2003) one-dimensional,
diffusion model. . :

2. CONTAMINATION EVENT

. Aleakage of 31,700 gal of radioactive first-cycle aluminum nitrate-nitric acid raffinate waste from
Tank WM:-187 to the vault occurred between 1530 hours on March 16, 1962, and 1300 hours on .
March 17, 1962. Instrument charts indicated that the siphon event began at 1530 hours on
March 16, 1962. Jetting back to the tank was started at 1300 hours on March 17, 1962, and completed at
0230 hours on March 18, 1962. Therefore, the waste was in the WM-187 vault for a period of 35 hours,
21.5 hours of which material was siphoning into the vault, and 13.5 hours of which the vault contents
were being jetted back into Tank WM ]87 (Latchum et al. 1962).

On March 19-20, 1962, a srmrlar event occurred with regard to WM-185 and 33,500 gal were
released to the vault. The mechanism of the transfers of the quuld radioactive wastes was determined to
 be the result of a siphon established through the vault sump jet piping to the tanks. At 0730 hours on
~ March 20, 1962, jetting of the vault contents back to Tank WM-185 was started. Jetting was completed at

- 1730 hours on March 20, 1962. Therefore, there was waste solution in the WM-185 vault for a total of
' 21.25 hours, 11.25 hours of which material was siphoning into the vault and 10 hours of which material
was being transferred back to the Tank WM-185 (Latchum et al. 1962).

- The TFF design concept was based on the requrrement of secondary waste storage confinement and

.. .the belief that the secondary barrier, the vault, would remain in a static (dry) condition as long as the
gmtegrrty of the tank was maintained. A tank failure was considered highly improbable. However, due to
the serious consequences of a release of radioactive wastes to the environment, the double containment
concept was considered necessary. Commensurate with the probability of tank failure, only minimum

' transfer equrpment and mstrumentatron were prov1ded (Latchum et al. 1962) :

Operatmg experrence up to 1962 had proven that the vault sumps would not always remain dry
~ dueto spring thaw. ‘During the two months prior to the mcldent heavy precrpltatron ‘and warm weather
caused consrderable ﬂoodmg at the Idaho Natlonal Laboratory (INL) and the mcrdence of vault seepage

]evel alarm by the more or less routme explanatron of Water ﬂoodmg (Latchum et al 1962)
L The mrtral amount of each radronuclrde in the tanks at the trme of the accrdental sprlls was
‘ evaluated with limited samplmg of Tanks WM-185 and WM- 187 on February 14, '1962. Due to the ,
. limited number of radionuclides provrded by this’ samplmg analysrs, an altematrve method using, - f “
_ mformatron from a release from Tank WM-181 was used to determine the source term “This release -
"occurred in 1972 when rafﬁnate ‘was released into the sorl (Wenzel 1997). Usmg an aluminurh-clad fuel
with an initial *U enrichment of 93% and a burnup of the processed fuel of 18%, Wenzel (1997) L
evaluated the expected radionuclide content of the tank. The fuel from MTR Cycle No. 198 (Dykes 1963) ‘
~ was taken as typical for the fuel processed The reactor contained 4,842 g of %°U and had 684 megawatts
per day of operation over a 417-day period. For calculational purposes, inventories were normalized to
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the activity in a typical 200-g element. Table 1 presents the initial (i.e., 1962) inventories of the hqmd in
Ci/mL for all radionuclides and associated half-lives. The ORIGEN2 data were corrected to the
- concentration of '¥'Cs in Tank WM-185 1 month before the incident. Data for Tanks WM-185 and

- WM-187 were shown in the record of the incident (Latchum et al. 1962). Tank WM 185 was used
because of the sllghtly higher '¥Cs concentration of 1.71 Ci/L.

Table 1. Radionuclide half-lnves and concentrations in the liquid released into the tanks in 1962,

T : TIR2 TI2
Nuclide (yr) Ci/mL Nuclide ~ (yn) Ci/mL Nuclide (yr) Ci/mL
PAc 2.74E-02 1.4815-15_ B ) 460E+1S  3.18E-19 °Ra 4.05E-02  1.48E-15
2Ac 2.18E401 ~ 437E-13 V'La. L12E+11  4.57E-18 *Ra . L60E+03  1.08E-13
PAc 699E-04  3.09E-18 *™Nb .  146E+01  208E-08 *Ra 5.75E+00  3.09E-18
10y 45IE-06  2.06E-16 *Nb  203E+04 10IE-08 *Rb 473E+10  6.13E-13
WmAg 127E+02.  232E-15 . ®Ni - 1.00E+02  6.54E-17 *Rn 125E-07  438E-13
#Am 432E+02  156E-07 *Np  108E+00 113E-14 ZRn 1.76E-06  3.26E-11
MAm 1.83E-03  2.60E-12 Z'Np 2, 14E+06> 239E-09 Z?Rn 1.05E-02  1.08E-13
MmaAm  L52E+02  262E-12 PNp 580E-03  131E-14 '®sb 3.40E-02  1.14E-09
*Am 738E+03  1.84E-11 *Np 6.45E-03  1.84E-11 '¥"sp 3.62E-05  8.12E-09
2T py 1.02E.—09' 148E-15 **™Np  124E-04 0.00E+00 "Sc 6.50E+04  9.13E-09
1¥7mBa 486E-06  1.62E-03 *Np 141E-05  139E-18 'sm 7.00E+07  1.33E-16
"%Be 1.60E+06 '62913—14 "z.“P_a '328E+04  237E-12  ¥Sm 6.90E+09  2.14E-13
‘210 1.37E-02 1441-:-14 pa 739E-02  2.39E-09 '!'Sm~ 9.00E+01  2.01E-05
2g; 405E-06  438E-13 2P 7.64E-04  1.22E-13 '¥'"sp 7.60E+01  1.66E-09
212 LISE-04  3.26E-11 '..254'.“}"&1 222E-06  9.42E-11 'sn 1.00E+05  8.12E-09
2; 868E-05  148E-15 2%Pb . 371E-04  148E-15  %Sr 2.86E+01  '1.63E-03
214g; 378E-05  1.08E-13 - 2%b 223E+01  144E-14 *Tc 420E406  9.71E-15
“c 573E+03  2.53E-12  MPb . 6.86E-05 438E—13. *Te (2.13E405  3.17E-07
mCd L 137TEs011S9E-07 Wb L 121B-03  326E-11 BT . 100BMI3 24922
Cep 3516402 232623 MPb . 510E-05 - L0BEZI3.RTh ' Si2E02 432E-13 |
WGP L3IEWI 204E-23 Pd- . 650B+06 33613—10”\1235,‘11{.“‘5 © 191E+00 © 325E-11
CMCr 900EH2  S3IE-26 Pm.  5S3EH00  127E-09  TTh . 734E403  148E-15
20¢ 264E+00 C3ASE-26 MPm . 7 2.608400 4431-:-04_"1,’?%"} . 770B%04  3.72E-11
¥Cm . 4.47E-01 ».“_2.185—12»if’{"égl. 0 U379B-01 128E-14  Ph  291E-03° 884E-09 .
vy 2855401 253513 Mpo _‘ijl"16413-os'.‘ 123E-15 CPMhC  14IEHO’ 687E-18
e Y |81E+01~"; l;SOEin.;;;'lef?PQ_..,?,”:::9445—-15 :‘12."(:)‘97}3“:—:1"11*_r-'”""l"h‘-'b_'rb':’ 6.60E-02  9.42E~11
%Cm | 850E+03° ‘440E<1s’ o 33E-13 ¢ LASE-1S MM ‘“;-‘?"907}3-06 437E-13
2460 475E+03. - 9.85E-17 7 - 21‘3_-‘_12;_. LOSE-13: LTI SSIE06  L17E-1]
#Cm 1S6E+07  3.52E-23 247E-11  438E-13 W7 418606 . 3.20E-17
#Cm 339E+05  1.08E-23 463E-09  326E-11 Py 247E-06 * 0.00E+00
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Table 1. (continued).

T2 - , T1/2 CTIR

Nuclide . (yr) Ci/mL Nuclide (yr) Ci/mL Nuclide (yr) Ci/mL
®Co - 527E+00  1.47E-06 2"®po 5.80E-06  1.08E-13 z3"U "7.20E+01  3.25E-11
s 2.30E+06  1.97E-09 ¥‘Pu 285E400 495E-12 MU 1.59E+05  1.30E-12
Bcs 3.02E+01  1.71E-03 '¥pm . 8.78E+01  7.14E-07 U 245E+05  3.30E-07
1525y I36E+01  125E-08 “Pm ' 241E+04 366E-07 YU T.4E+08  8.84E-09
Eu  8.80E+00  7.77E-06 20p 6.54E+03  827E-08 U 3.42E+06  1.11E-08
2gy 9.13E-06  148E-15_ *'Pu 144E401  589E-06 Z'U 1.85E-02  1.45E-10
gy C414E-05  6.03E-15 %Py 3.76E+05  1.32E-11 %y 447E+09  9.42E-11
192Gd 1.I0E+14  1.32E-21 pu 565E-04 3.52E-23 P 1.61E-03  1.39E-18
’H 123E+01  5.02E-06 2*pu 8.26E+07  1.39E-18 *Y "7.32E-03  1.64E-03
166mHo 120E403  1.50E-13 2PRa . 3.13E-02  4.38E-13  %Zr 1.53E+06  4.71E-08
1291 1.57E+07  5.09E-10 **Ra 362E+00  326E-11

Radionuclides that were found to contribute the majority of the dose in the PA and for the Class C
calculations were e\_'aluated using the new two-dimensional advective model. These radionuclides include
140, 131cs, 1291 %N, ©Ni, %°Sr, ST, zssP 239P 24oP 21y 242Dy and #Am

.3;‘» MODEL DESCRIPTION

A two-dimensional model was eonstructed for the sandpad. The model consisted of a 1-m slice
from the center of the tank to the inner edge of the 6-in. concrete curb containing the sandpad. All model
boundaries were set as no-flow conditions with the exception of the outer edge of the sandpad that is .
exposed. This area was set as a P=0 boundary condition (i.e., saturated condmon at boundary) The model
domain was 8 by 0.15by 1 m consrsted of 100 by 100 by 1 nodes with a spacing of 0.08 m in the
x-direction (i.e., 8 m from the center of the sandpad to the concrete curb) and 0.0015 m in the z-direction
(ie., 0. 15-m-th1ck sandpad). The model was developed using the PORFLOW groundwater flow and
transport model (ACRi 2000). The model mput ﬁles are provrded in Attachment 1

4 HYDRAULIC PARAMETERS

;

There are no detalled specrﬁcatrons for the sand sizé drstnbutlon under the tanks However, sand

- size distributions used as concrete aggregate in vault constructlon was avarlable from the same source

- used for the sandpads ‘Standard Specification for Concrete Aggregates (ASTM C 33 Ol) provndes a
drstrrbutlon for fme aggregate listed below ln Table 2 -
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Table 2. Fine aggregate grading specifications.

Sieve Specification (mm) ' Percent Passing
95 o £ 100
475 95-100
236 |  80-100
1.18 o - 5085
0.600 | _ 25-60
0300 5-30
0150 010

Flgure 1 was used and compared to the ASTM size distribution in whlch three of the soil
clarification systems defined the material under the tanks as coarse sand. Moisture characteristic curves
from Taylor and Ashcroft ( 1972) for coarse sand (see Figure 2) provide an estimate of capillary forces.
Saturated hydrauhc conductivity was estimated using Figure 3 (Freeze and Cherry 1979). Assuming that
the aggregate is clean sand with an upper size boundary of approxlmately 4-5 mm (i.e., below the gravel
range), provxdes an estimate for the saturated hydrauhc conductmty of 0 1 cm/s.

¢ x-*“o'uxh‘!!; w’&mﬁm ’m's aa.rnu T A T N Y IO 4 SR e S S s g ‘e&
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—a ) - 8: .;—\]n L o) s
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Figure 1. Typical grain size distribution curves for various soils by classification (Bear 1972).
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Figure 3. Range of values for hydraulic conductivity and penneébility (Freeze and Cherry 1979).
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The porosity for coarse sand is reported to range from 25 to 50% (Freeze and Cherry 1979). Since
size grading directly affects the porosity and the sandpad consists of well-graded material
(ASTM.C 33-01), a lower range value of 30% was chosen as a realistic estimate. The moisture
‘characteristic curve for coarse sand shows a residual saturation of 0.01. This value was doubled for the
_ model-based grading considerations described in Bear (1979) (see Figure 4). Using the moisture
characteristic curve for coarse gravel and modifying it for well-graded sand, the resulting moisture
~ characteristic curve provided in Figure 5 was developed for the model.

a1 >'§u3‘§‘:>3. "? "ss.'f

. Figure 4. Schematic curves for water during drainage (Bear 1979).

Sand Pad Molisture Chracteristic Curve

1000

100
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'0.001 +— - - — -
©+ 0 : 01 +02 ~°03 . 04 .05 .06 .07 . ‘08 - 09 . 1°
c : .. .Degree of Saturation . "~ RPN

Figure 5. Moisture characteristic curve used in the sandpad model.
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Applying Van Genuchten’s closed form analytrcal model (Van Genuchten 1978), the relative
hydraulic conductivity (K,) can be calculated using the moisture characteristic curve. Relative hydraulic
conductivity is used to predrct the affect on convective transport at various moisture contents in the sand

- pores. Figure 6 illustrates the dependency of hydraulic conductivity on moisture content for unsaturated

flow predictions in the sandpad modeling effort.

Relative Hydraulic Conductivity

0.01

0.001

0.0001 /

0.00001

o ' 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Degree of Pore Saturation

Figure 6. Hydraulic conductivity versus degree of saturation used in the model.

5. CONTAMINANT TRANSPORT PARAMETERS
As noted earlrer radronuclrdes that were found to contrrbute the rnajonty of the dose in the PA and
for the class C calculations were evaluated using the new two-dimensional advective sandpad model.
These radronuclrdes mclude 14C 137Cs 129I 94Nb 63N1 9°Sr, 99Tc 238Pu 239Pu, 24°Pu 2‘“Pu, ?"zPu and

Sandy sorl sorptron coefficnents from Sheppard and Thrbault (1990) were used in the PA

(DOE-ID 2003) analyses for the sandpad As noted by Sheppard and Thibault (1990), soils contammg .
. greatér than 70% sand-sized particles were classified as sand soils. Therefore, these sand soils did contam_ L
.. silt- and clay-srzed partrcles In addmon the initial event released highly acrdlc waste to the vaults and
- the pH was less than 1. Also, ‘the sandpad is considered to be well-graded coarse sand wrth little to no- -~
= fine and clay partlcles Additional sorption coefﬁcrents were located for quartz and gramte mineral phases

in the Japan Nuclear Cycle Development Instltute (Shlbutam etal. 1999 Suyama and Sasamoto 2004).In -

. addition, EPA (1999) provides a summary " of radionuclide sorptron coefﬁcxents for low clay and low pH

conditions. These sorption coefficients are shown'in Table 3.
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a. Values for sand soil from Sheppard and Thibatxlt (1990).

b. Values from EPA (1999) for low clay and low pH.
c. Shibutani et al. 1999; Suyama and Sasamoto 2004.
" d. Shibutani et al. 1999; Suyama and Sasamoto 2004.

PA K4 EPA K, Quartz Ky Granite K4
- Nuclide ~ (mL/g)* (mL/g)° (mL/g)° (mL/g)°
Am 1,900 10-100 0-66
C 5
" Cm 4,000
Cs . 280 10-200
I 1
Nb 160°
Ni 400 - e
‘Np 5 4-30 5-50
Pu 550 5-420  4-30 10-100
Sr 15 1-40
Tc 0.1

and gramte values, whlchever was lower

The sorption coefficients in Table 4 were used in the sandpad modeling. Three transport cases were
- assessed during the two-dnmensxonal advectnve modeling:-(1) PA sandpad sorption coefficients;

“. (2) moderate pH, low clay sorption coeff' cnents, and (3) low pH, low clay sorption coefficients. The PA
sorption coefficients are considered to be boundmg The moderate pH, low clay sorption coefficients were
. used for the reasonable case. The low pH, low clay sorption coefficients were used in a third case for the

initial acidic siphoning event, with the moderate pH, low clay sorption coefficients used for the washing
events from snow melt and rainwater entermg the vaults after the event.

The moderate pH, low clay sorptlon coefficients were chosen from the midpoint of the sorption
coefficient ranges. reported by EPA: (1999) for low ‘clay soils, or from the sorptlon coefficients reported
for quartz and granite, ‘whichever was more conservatlve ‘The low pH, Tow clay sorptlon coeffi cients were
~ chosen from the low end of the sorptxon coefﬁcxent ranges reported from EPA (1999) or from the quartz
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Table 4. Sorption coefficients used in the modeling analysis.

‘ Moderate pH Low pH
PA K4 Low Clay K4 Low Clay K4
Nuclide . - (mL/g) (mL/g) (mL/g)
Am 1,000 50 10
o 5 5 - 5
Cm 4,000 4,000 4,000
Cs o 280 S 100 ' 10
I 1 1 1
“Nb | 160 160 . 160
Ni 400 400 400
Np s 25 4
Pu 550 | 210 5
Sr - 15 " 20
Te ol 0.1 0.1

6. FLOW MODELING RESULTS

"The coarse sand hydraulic characteristics used in the sandpad modeling resulted in the entire
modeling domain being saturated at the end of the 24-hour period. Four initial saturation cases were
“evaluated in the sandpad modeling to evaluate the impact of the wet conditions that preceded the
contamination event. The initial saturation values were 0.06, 0.3, 0.5, and 0.68. The initial saturation
value of 0.68 corresponds to the mass balance calculations presented in Latchum et al. (1962), which
indicated that 600 gal of liquid were input to the sandpads.

7. SA‘ND'PAD INVENTO»RY RESULTS

The mmal mass of radronuclldes mput into the model domain were based on the initial contaminant
concentratlons in the vault (Table 1) and the volume of water input into the model domam based on the
initial saturatron values. The volume of water input mto the ‘model domain for initial saturation levels of
- 0.06,0.3,0.5, and 0.68 was 6.61 m* qQ, 746 gal),;4.93 ] m’ (1,302 gal), 3.52 m’ (930 gal),and 2.27 m>
(600 gal), respectrvely This volume of water was then multiplied by. the values in Table Tto determme
the mltlal actrvnty of each radlonuclrde 1n the sandpad after the mltral event . et

The contammant concentratlons in the sandpad after the 1mt1al contammatlon event were then

S 'ﬂushed (ie., rainfall and snowmelt water entering vaults) one time per. year for 38 years, to the year 2000 o

" .‘the vault

o " The final sandpad mventones were then decayed from 2000 to 2012 wnthout addltlonal flushmg eventsin

The results of the sens1t1v1ty/uncertamty analysrs for th Y \rymg mmal saturatlons and sorptlon
coefficients are provided in Tables 5-8 along with a comparison to the results presented in the draft 3116
Determination (DOE-ID 2005) based on the dnffusnon model originally used in the PA analyms for the
saridpad inventory.
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Table 5. Sandpad inventory (Ci) at 2012 for an initial saturation of 0.06 and varying Ky value’s.

Two-Dimensional Advective Model | Draft 3116 Det erminéti on®
with 0.06 Initial Saturation Values Based on PA One-
: : : Low pH and Dimensional Diffusion
Nuclide PAKys = Moderate Ky Moderate K s Model
1 Am 206 187 1.83, 1.89
“c 495E-06  4.95E-06 4.95E-06 3.90E-07
#2Cm © 1.11E-05 ' 9.88E-06 9.75E-06 1.38E-05
9Cs 3511 3,375 3,326 .~ 1,650
P 1.13E-05 L13E-05 ~ 1.13E-05 1.08E-06
*Nb B 641E-02  641E-02  641E-02 . 229E-02
ONj : ~ 3.01E-10  3.01E-10 3.01E-10 1.69E~10
Np 473E-03 . 124E-02 1.20E-02 3.71E-04
28py , 3.43 337 327 2.06
py 239 235 227 1.57
240p,y " 054 0.53 051 0.35
241py 3.47 3.41 3.30 228
2py 8.63E-05 8.47E-05 8.21E-05 5.68E~05
- r 2,134 - 2,362 © 2,049 - 249

PTc - 2.73E-16 273E-16 2.73E-16 2.02E-12

"a. DOE-ID 2005.
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Table 6. Sandpad inventory (Ci) at 2012 for an initial saturation of 0.3 and varying K4 values.

Two-D.imensiongl_Advgctivq Model . 3116 D eterminéti on®
with 0.06 Initial Saturation Values Based on PA
' , Low pH and One-Dimensional
Nuclide PAKsy - Moderate K4 Moderate K;s Diffusion Model
Hiam . 1.54 1.40 1.36 1.89
“c 3.70E-06 . . 3.70E-06 " 3.70E-06 3.90E-07
#2Cm _ 8.30E-06 7.37E-06 7.27E-06 . 1.38E-05
Pics 2,618 2,517 2,480 © 1,650
. - 8.39E-06  8.39E-06 ~ 8.39E-06 ' 1.08E-06
*Nb ‘478E-02 478E-02 . 4.78E-02 - 2.29E-02
3Ni 2.25E-10 - . 2.25E-10 - 225E-10 - . 1.69E-10
Z'Np ’ 3.53E-03 . 9.24E-03 894E-03  3.71E-04
28py , . 256 ©2.51 2.44 2.06
py 1.78 175 170 1.57
240py, 0.40 0.39 038 0.35
241py 2,59 2.54 2.46 228
#py 6.43E-05 6.32E-05 6.13E-05  5.68E-05
90gy 1,591 1,761 1,530 249

STe 2.03E-16 2.03E-16 2.03E-16 2.02E~-12

a. DOE-ID 2005.




TEM-0104 : ’ ) PEI-EDF- 1029
04/03/2006 ENGINEERING DESIGN FILE : Rev. ]
Rev. 0 . . ) . © Page 150f27

Table 7. Sandpad inventory (Ci) at 2012 for an initial saturation of 0.5 and varying Ky values.

Two-D.imension'al- Advectiv.e Model 3116 Determination®
with 0.5 _Imtlal Saturation Values Based on PA
) . Low pH and One-Dimensional
Nuclide : PA K, Moderate K4 Moderate K s Diffusion Model
- HAm 110 1.00 097 . 189
e 2.64E-06 2.64E-06 2.64E-06 3.90E-07
2Cm  593E-06 5.26E-06 5.19E-06 1.38E-05
Bigg 1,869 - - 1,797 1,770 1,650
125 5.99E-06 5.99E-06 5.99E-06 1.08E-06
%Nb - 342E-02 3.42E-02 3.42E-02 . 2.29E-02
oNi 1.60E-10 . 1.60E-10 1.60E-10 1.69E-10
BINp | 252E-03 - 6.60E-03 638E-03 3.71E-04
28py- 183 179 174 2.06
29py, . 127, 125 1.21 1.57
upy 029 0.28 L 027 ' 0.35
21py | 185 182 1.76 2.28
#2py " 4.59E-05 4.51E-05 437E-05 5.68E-05
%S¢ 1,136 1,258 ©1,09 249
"Tc : 145E-16 1.45E-16 © - 1.45E-16 2.02E-12

a. DOE-ID 2005.
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Table 8. Sandpad inventory (Ci) at 2012 for an ihitia’l saturation of 0.68 and varying K, values.

Two-Dimensional Advective Model 3116 Determination®

" . with 0.68 Initial Saturation _ : Values Based on PA
o ' Low pH and One-Dimensional
Nuclide . " PAKy Moderate K4 Moderate K4s Diffusion Model

Am .. 070" 0.64 0.62° 1.89
Hc 1.69E-06 1.69E-06 1.69E-06 3.90E-07
#2Cm | 3.79E-06 - 3.36E-06 3.32E-06 A 1.38E~05
s 1,195 1,149 1,130 1,650
12 '3.83E-06 3.83E-06 3.83E-06 1.08E-06
**Nb 2.18E-02 - 2.18E-02 2.18E-02 2.29E-02
®Ni 1.02E-10 . 1.02E-10 1.02E-10 1.69E-10
2"Np : 1.61E-03 4.22E-03 4.08E-03 . 3.71E-04
2%y 117 -~ .. 115 1.11 2.06
29py 0.81 0.80 0.77 1.57
40py ' 0.18 0.18 017 " 035
Mipy | 118 116 112 . 228
242y . 2.94E-05 2.88E-05 2.80E-05 5.68E~05
90y 16 804 698 249
STc .- 929E-17° 9.29E-17 - 9.29E-17 ' 2.02E-12

a."DOE-ID 2005.

8. GCONCLUSION

A two-dimensional advectlve model was developed to assess the potentral sandpad inventory based
on varying initial saturatlon condmons and varying sorptron coefficients. The results indicate that for
most radionuclides of concern, the inventories do not increase significantly. Radionuclides such as '*’Cs
and *°Sr increase by a factor. of 2.1 and 8.6, respectrvely However, the increases in the sandpad
mventones wxll not result in the exceedance of the performance obJectrves presented in the PA

- The water levels in the Tank WM 185 and WM 187 vaults pnor to the mc1dents are not completely : ‘_i o
- ,_known ‘The mcrdent report does not descnbe the conditions i in WM-187 pnor to the incident (Latchum I .
" “etal."1962). ‘Theré are some descnptlons of the water levels in WM 185 prior | 'to the incident but itis . .:

gREE known water continued to enter the vaults as the steam jets were bemg used to empty the vaults. It is also *, - S

“mentioned in the incident report that the water level mstrumentatlon was not workmg to specifications

. dueto leaks in mstrumentatron lines and because operators had tumed off alarms because of the continued

water influx in the weeks prror to the mcrdents
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The incident report states:

During the two months prior to the incident, heavy precipitation and warm
weather caused considerable flooding in the area and the incidence of vault
seepage was incurred again. One of the consequences of Seepage has been to
nullify the original intent of a high sump level alarm by more or less "routine"”
explanation of water flooding. (Latchum et al. 1962)

Since during this period of time, influx of water into the vaults was fairly routine, and it was
assumed that some level of residual sand saturation was evident. Water infiltrates through the tank roof
and leaks down on the tank, vault walls and directly into the vault. Since the tank occuples a large area of
. the vault it is likely the water leaks onto the tank and enters the vault floor by moving down the tank

walls. There is no direct mformatron to determine the amount of saturation before, during, or after the
incident, However, the vaults are not ventilated (the relative humidity in the vault was likely near 100%)
and this time period was one of greater-than-average precipitation at the INL. A residual saturation of
~30-90% prior to the incident could be inferred but not measured because of the short time between the
vault steam jetting and the incidents (approximately 1-2 hours) and the recognized vault filling events,
~ which were common in the weeks preceding the incident.

Therefore, the sandpad mventones for the higher initial saturation values are likely a better
indicator of the potential sandpad mventory The sandpad inventory at an initial saturation value of 0.5
indicates that the sandpad inventory is not srgmﬁcantly greater than that predicted in the PA using a
one-dimensional diffusion model.
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"' ] SOLID MATRIX PROPERTIES
.. 'FOR ZONE'1 $Coarse Sand

“TEM-0104 : o

g“ef“,’?o“ ENGINEERING DESIGN FILE
/=== PROBLEM IDENTIFICATION . m====/

/ /

/ PROBLEM IDENTIFICATION:

TITLe Sand Pad Two dimensional pressure run -

USER Peter Kearl Dave Thome .
- [File sandpad_twoD.inp
. ‘/Date: March 24, 2006 _

v /

/ GEOMETRY SPECIFICATIONS:
TIME=0.0 . .
GRID 102x 102 : ' :
COORdinates X -008 008 016 024 032 040 048 056 0.64
- 08 088 - 09 104 112 120" 128 136 144 152
160 168 176 1.84 192 200 208 216 224 232
240 248 256 264 272 280 288 296 304 3.2
320 328 336 -344 352 360 368 376 384 392
400 408 416 424 432 440 448 456 464 472
480 488 496 504 512 520 528 536 544 552
560 - 568 576 584 592 600 608 . 6.16 624 632
640 648 656 664" 672 680 688 696 7.04 712
720 728 736 744 752 160 7.68 .776 7.84 792
7.96 . 8.04 : :
NODEs

COORdinates Y -0.0015 0.0015 0 003 0. 0045 0 006 0.0075 0.009 0.0105 0.012 0.0135
0.015 0. 0165 0.018 0.0195 0. 021 0.0225 0. 024 0.0255 0.027 0.0285 '

0.03 0.0315 0.033 0.0345 0.036 0.0375 0.039 0.0405 0.042 0.0435

0.045 0.0465 0.048 0.0495 0.051 0.0525 0.054 0.0555 0.057 0.0585

0.06 0.0615 0.063 0.0645 0.066 0.0675 0.069 0.0705 0.072 0.0735

0.075 0.0765 0.078 0.0795 0.081 0.0825 0.084 0.0855 0.087 0.0885

0.09 0.0915 0.093 0.0945 0.096 0.0975 0.099 0.1005 0.102 0.1035

-0.1050.1065 0.108 0.1095 0.111 0.1125 0.114 0.1155 0.117 0.1185

0.120.1215 0.123 0.1245 0.126 0.1275 0.129 0.1305 0.132 0.1335

0.1350.1365 0.138 0.1395 0.141 0.1425 0.144 0.1455 0.147 0.1485

0.14925 0.15075

NODEs

/ ’I
/ ALLOCATE NEW SPACE: '
/
ZONE 1 from (1 1) to (102 102) $Coarse Sand e
IANS . o : R R
_GRAVity 0, -9. 81 ; vy g LT e T
DATUm « coordmates (0 0) Lo e
, K ST PR . , - R 'I.'
"/ FLUID PROPERTIES & CONSTANTS A

/DENSrty of FIRSt phase = 1000 $kg/m3

HYDRaulic 1.0E-244.9 44 9 $0 1 cm/s after Freeze and Cherry (1979) ’
ROCK DENsrty 2650.0 POROsity 0.28 0 30 $ < =
MULTiphase properties:TABLe of 6 .~

/ moisture characteristic curve, theta sub s vs. pressure 0

/data detailed in scientific notebook

PEIL-EDF- 1029
Rev. 1
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Page 26 of 27
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;0{‘:/:)3(;2006 ENGINEERING DESIGN FILE

1.0000 0.001

0.98 10.002
0.133 0.508
0.09 0.9
- 0,067 1.52
10.066 101.6

/Developed using Van Genuchten (1978)

MULTiphase CONDuctivity TABLe of 6

. /unsaturated hydraulic conductlwty, theta sub s vs. relative k(0)
1.0000 -  1.00000

095 . 0.60

0.90 0.44

050 - 0.043

0.20 0.00189

0.05 0.0000195 :

/ ' A /
/ SOLUTION OPTIONS: ~1SOP -

/ INITIAL & BOUNDARY CONDITIONS:

INITial for S is 0.06 EVERywhere -

BOUN(dary condition P FLUX X- 0.0 EVERywhere
BOUNdary condition P FLUX X+ 0.0 EVERywhere
BOUN(dary condition P FLUX Y- 0.0 EVERywhere
BOUN(dary condition P Y+ 0.0 EVERywhere

SELEct subdomain (1 102)(95 102)) ID=tank

SELEct subdomain (96 102)) (102 102)) ID=sand
BOUNdary condition P FLUX Y+ 0.0 for ID=tank
BOUN(dary condition P Y+ 0.0 for ID=sand

/ : /
/ OUTPUT CONTROL:

SAVE 'sandpad_twoD.sav' FORMatted

DIAGnostic node at: (90 20) frequency: 10 TIME SP
CONVergence P GLOBal 0.0001 1010
CONVergence FLOW 0.0001 10 10

/ , /
-/ OPERATIONAL CONTROL:

SOLVe for 0.000000001 in step of 0. 0000000001

. SOLVe for 0.00000001 in step of 0.0000000001

. . SOLVe for 0.0000001 in step of 0.000000001 =
" SOLVe for 0.000001 in step of 0. 00000001 -

SOLVe _for 0.00001 in step of 0.0000001

SOLVe for 0.0001 in step of 0. 000001

SOLVe for 0.001 in step of 0.000001

SOLVe for 0.01 in step of 0.000001

SOLVe  for 0.23888 in step of 0.000001

SOLVe for 0.75 in steps 0f 0.000001

/OUTPut C C2 C3 C4 in XY NARRow format everywhere .

/ APPEND TO THE END: IAPPENDEND
END g

PEI-EDF- 1029
Rev.1 .
Page 21 of 27
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/=== PROBLEM IDENTIFICATION =—

/ g - ’I

/ PROBLEM IDENTIFICATION:
TITLe Sand Pad Two dimensional pressure run 30% saturation
~ USER Peter Kearl Dave Thorne

[File sandpad_twoD30.inp .

/Date: March 24, 2006 .

/ /-

/ GEOMETRY SPECIFICATIONS:
‘TIME = 0.0

GRID 102x 102 . -

COORdinatesX -008 008 016 024 032 040 048 056 0.64 0.72
080 088 096 104 112 120 128 136 144 152 ' :
-1.60  1.68 176 184 192 200 208 216 224 232
240 248 256 264 272 280 288 296 3.04 3.12
320 . 328 336 344 352 360 368 376 384 392
400 4.08 416 424 432 440 448 456 . 464 472
480 488 496 504 512 520 528 536 544 552
560 568 576 584 592 600 608 616 624 632
640 648 656 664 672 680 688 696 7.04 7.12
720 728 736 744 7152 - 760 768 7176 7184 792
" 796 8.04 ' : .

. - NODEs

COORdinates Y -0.0015 0.0015 0.003 0.0045 0.006 0.0075 0.009 0.0105 0. 012 0 0135
0.0150.0165 0.018 0.0195 0.021 0.0225 0.024 0.0255 0.027 0.0285 .
0.03 0.0315 0.033 0.0345 0.036 0.0375 0.039 0.0405 0.042 0.0435

0.0450.0465 0.048 0.0495 0.051 0.0525 0.054 0.0555 0.057 0.0585

0.06 0.0615 0.063 0.0645 0.066 0.0675 0.069 0.0705 0.072 0.0735

0.0750.0765 0.078 0.0795 0.081 0.0825 0.084 0.0855 0.087 0.0885
10.09 0.0915 0.093 0.0945 0.096 0.0975 0.099 0.1005 0.102 0.1035

0.1050.1065 0.108 0.1095 0.111 0.1125 0.114 0.1155 0.117 0.1185

0.120.1215 0.123 0.1245 0.126 0.1275 0.129 0.1305 0.132 0.1335

0.1350.1365 0.138 0.1395 0.141 0.1425 0.144 0.1455 0.147 0.1485 .

-0.14925 0.15075

NODEs

/ /
/ ALLOCATE NEW SPACE: o
/ ‘ '
ZONE 1 from (1 1) to ( 102 102 ) $Coarse Sand °

!ANS ‘ o v

/- ' — e /.
GRAthy0-981 ' Lo o

DATUm coordinates: (0 0)

'IBC R o S .

. FLUID PROPERTIES & CONSTANTS:
o /DENSrty of FIRSt phase ="1000 $kg/m3
- V'FPC ot e R

/- SOLID MATRIX PROPERTIES TS S
FOR ZONE 1 $Coarse Sand - S a
HYDRaulic 1.0E-244.9 449 $0 1 cm/s after Freeze and Cherry (1979)
ROCK DENsity 2650 0 POROsity 0. 28 0. 30 $ e ,
MULTiphase properties:TABLe of 6 '
/ moisture characteristic curve, theta sub s vs. pressure ()
/data detailed in scientific notebook




" SOLVe for 0.75 in steps of 0.00001 -
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©1.0000 0.001

0.98 0.002

0.133 0.508

0.09 09-

0.067 1.52

0.066 101.6

. /Developed using Van Genuchten (1978)

MULTiphase CONDuctivity TABLe of 6

hinsaturated hydraulic conductivity, theta sub s vs. relative k(0)
1.0000 1.00000

0.95 0.60
0.90 0.44
0.50 0.043 -
0.20 0.00189
- 0.05 0.0000195
/ /
/ SOLUTION OPTIONS: 1SOP

/ INITIAL & BOUNDARY CONDITIONS:

INITial for S is 0.30 EVERywhere
-BOUNdary condition P FLUX X- 0.0 EVERywhere

BOUN(dary condition P FLUX X+ 0.0 EVERywhere

BOUN(dary condition P FLUX Y- 0.0 EVERywhere

BOUN(dary condition P Y+ 0.0 EVERywhere

SELEct subdomain (1 102)(95 102)) ID=tank

SELEct subdomain (96 102)) (102 102)) ID=sand

BOUN(dary condition P FLUX Y+ 0.0 for ID=tank

BOUNdary condition P Y+ 0.0 for ID=sand

/.- : : /

/.- OUTPUT CONTROL:

SAVE 'sandpad twoD30.sav' FORMatted .
:DIAGnostic node at: (90 20) frequency: 10 TIME S P
" CONVergence P GLOBal 0.0001 10 10
.CONVergence FLOW 0.0001 10 10 _

1--- ' /

/ OPERATIONAL CONTROL: : '

SOLVe for 0.000000001 in step of 0.0000000001

SOLVe for 0.00000001 in step of 0.0000000001

SOLVe for 0.0000001 in step of 0.000000001

SOLVe for 0.000001 in step of 0. 00000001

SOLVe for 0.00001 in step of 0. 0000001

SOLVe for 0.0001 in step of 0.000001-: .- -

SOLVe for 0.001 in step of 0.00001 " -

"~ SOLVe for 0.01in step 0f 0.00001 - . SO

.-.SOLVe for 0.23888 in step of 0. 00001 G

/OUTPut C C2 C3 C4 in XY NARRoW format everywhere ~

—— APPENDTO THEEND ; _IAPPENDEND. ..

END -




'f/

TEM-0104 ‘ ' " PEI-EDF- 1029

04/03/2006 ENGINEERING DESIGN FILE Rev. 1

Rev. 0 ' -~ Page24of27
/=== PROBLEM IDENTIFICATION ===,

/ _ /

/ PROBLEM IDENTIFICATION:
TITLe Sand Pad Two dimensional pressure run 50% saturation
USER Peter Kearl Dave Thorne
_ [File sandpad_twoD50.inp

/Date: March 24, 2006 ) )

/ o /

/ GEOMETRY SPECIFICATIONS:
"TIME=0.0

GRID 102x 102 : .
COORdinatesX -0.08 008 016 024 032 040 048 056 064 0.72
080 088 096 1.04 .12 120 128 1.36 1.44 1.52
. 1.60 168 176 1.84 192 200 208 216 224 232
240 248 256 264 272 280 2.8 296 3.04 3.12
3200 328 336 344- 352 360 .368 376 384 392
. 400 408 416 424 432 440 448 456 464 472
480 488 496 504 512 520 528 536 544 552
560 568 576 58 592 600 608 616 624 632
640 648 656 664 672 680 688 696 7.04 712
720 728 736 744 752 760 768 176 784 792
796  8.04 . :

NODE:s

COORdinates Y -0.0015 0.0015 0.003 0.0045 0.006 0.0075 0.009 0.0105 0.012 0 0135
0.0150.0165 0.018 0.0195 0.021 0.0225 0.024 0.0255 0.027 0.0285 -

0.03 0.0315 0.033 0.0345 0.036 0.0375 0.039 0.0405 0.042 0.0435
" 0.045 0.0465 0.048 0.0495 0.051 0.0525 0.054 0.0555 0.057 0.0585
10.06 0.0615 0.063 0.0645 0.066 0.0675 0.069 0.0705 0.072 0.0735

0.075 0.0765 0.078 0.0795 0.081 0.0825 0.084 0.0855 0.087 0.0885

0.09 0.0915 0.093 0.0945 0.096 0.0975 0.099 0.1005 0.102 0.1035

0.105 0.1065 0.108 0.1095 0.111 0.1125 0.114 0.1155 0.117 0.1185

0.12 0.12150.123 0.1245 0.126 0.1275 0.129 0.1305 0.132 0.1335

0.1350.1365 0.138 0.1395 0.141 0. 1425 0.144 0. 1455 0.147 0. 1485

0.14925 0.15075

NODEs :

/ 'I

/ ALLOCATE NEW SPACE: )

ZONE 1 from (l 1) to( 102 102 ) $Coarse Sand
!ANS

GRAVity0,-9.81 - Lot
DATUm coordmates (0 0) R
ch e _ e T L

* '/ FLUID PROPERTIES & CONSTANTS: =~ . -
L ‘/DENSxty of FIRSt phase =:1000 $kg/m3 Sl

oA SOLID MATRIX PROPERTIES BERER
FOR ZONE 1 $Coarse Sand . o
HYDRaulic 1.0E-2 44.9 44. 9 $0 1 cm/s after Freeze and Cherry ( 1979)
ROCK DENsity 2650.0 POROsity 0.28 0.30 $
MULTxphase propemes TABLe of 6 ’
/ moisture characteristic curve, theta sub s vs. pressure ()
/data detailed in scientific notebook




TEM-0104 :

047032008 ' ENGINEERING DESIGN FILE
1.0000  0.001

0.98 0.002

0.133 0.508

0.09 0.9

0.067 1.52

0.066 101.6

/Developed using Van Genuchten (1978)

MULTiphase CONDuctivity TABLe of 6 -

" funsaturated hydraulic conductivity, theta sub s vs. relative k(0)
1.0000 1.00000

- 0.95 0.60
0.90 0.44
0.50 0.043
020 ~  0.00189
005  0.0000195 .
JA— : /
/ SOLUTION OPTIONS: ISOP '

/ INITIAL & BOUNDARY CONDITIONS:
INITial for S is 0.50 EVERywhere -
BOUN(dary condition P.FLUX X- 0. 0 EVERywhere
BOUNdary condition P FLUX X+ 0.0 EVERywhere -
BOUN(dary condition P FLUX Y- 0.0 EVERywhere
BOUN(dary condition P Y+ 0.0 EVERywhere
SELEct subdomain (1 102)(95 102)) ID=tank
SELEct subdomain (96 102)) (102 102)) ID=sand
BOUNdary condition P FLUX Y+ 0.0 for ID=tank
BOUN(dary condition P Y+ 0.0 for ID=sand
/ : /
/ OUTPUT CONTROL: : :
SAVE 'sandpad_twoD50.sav' FORMatted ‘
DIAGnostic node at: (90 20) frequency 10 TIMES P
CONVergence P GLOBal 0.0001'10 10
CONVergence FLOW 0.0001 10 10 ,
/ ' /
/ OPERATIONAL CONTROL: - -
SOLVe for 0.000000001 in step of 0. 0000000001
SOLVe for 0.00000001 in step of 0.0000000001 -
SOLVe for 0.0000001 in step of 0.000000001
SOLVe for 0.000001 in step of 0.00000001 :
.SOLVe for 0.00001 in step of 0. 0000001
'SOLVe for 0.0001 in stép of 0. 000001 -
SOLVe for 0.001 i in step of 0.00001
SOLVe -for 0.01.in step of 0.00001

" SOLVe for 0.23888 in step of 0. 00001

. SOLVefor0.75 in steps of 0.00001", S :
T '/OUTPut C C2 C3 C4i in XY NARRow format everywhere

S X APPEND TO THEEND !APPENDEND

. PEI-EDF- 1029

Rev. 1
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/ 'SOLID MATRIX PROPERTIES
"~ FOR ZONE 1 $Coarse Sand .=

TEM-0104

04/03/2006 . :+ ENGINEERING DESIGN FILE
/=== PROBLEM IDENTIFICATION —
! /

/ PROBLEM IDENTIFICATION: , .
TITLe Sand Pad Two dimensional pressure run 68% saturation
USER Peter Kearl Dave Thome
[File sandpad_twoD68.inp
. /Date: March 24,2006
/ ' /
/ GEOMETRY SPECIFICATIONS: .
TIME=00
GRID 102 x 102 o
COORdinates X -0.08 008 016 024 032 040 048 056 0.64
080 08 09 104 112 120 128 136 144 152
160 168 176 184 192 200 208 216 224 232
240 248 256 264 272 280 288 296 3.04 3.12
320 328 336 344 352 360 .368 376 384 392.
400 408 416 424 432 440 448 456 464 472
480 488 496 504 512 520 528 536 544 552
560 568 576 584 592 600 608 616 624 632
640 648 656 664 672 680 688 696 7.04 7.12
720 728 736 744 752 760 768 776 784 192
796  8.04 o o
NODEs - '

COORdinates Y -0.0015 0.0015 0.003 0 0045 0.006 0.0075 0.009 0.0105 0.012 0.0135
0.0150.0165 0.018 0.0195 0.021 0.0225 0.024 0.0255 0.027 0.0285

0.03 0.0315 0.033 0.0345 0.036 0.0375 0.039 0.0405 0.042°0.0435

0.045 0.0465 0.048 0.0495 0.051 0.0525 0.054 0.0555 0.057 0.0585

0.06 0.0615 0.063 0.0645 0.066 0.0675 0.069 0.0705 0.072 0.0735

0.075 0.0765 0.078 0.0795 0.081 0.0825 0.084 0.0855 0.087 0.0885
1 0.09 0.0915 0.093 0.0945 0.096 0.0975 0.099 0.1005 0.102 0.1035

0.105 0.1065 0.108 0.1095 0.111 0.11250.114 0.1155 0.117 0.1185
©0.120.1215 0.123 0.1245 0.126 0.1275 0.129 0.1305 0.132 0.1335

0.1350.1365 0.138 0.1395 0.141 0.1425 0.144 0.1455 0.147 0.1485

0.14925 0.15075

NODEs .

/ . 'I
/ ALLOCATE NEW SPACE:
/ =

ZONE 1from(11)to(102102)3$Coarse Sand . . "~
-1ANS B S
[ ' : - = /
"GRAVity 0,-9.81 . S
DATUm coordmates (0 0)
'IBC C o L

- /. FLUID PROPERTIES & CONSTANTS

o /DENSxty of FIRSt phase = 1000 $kg/m3

2 > X

" HYDRaulic 1.0E-2 44 944, 9 $O 1 cm/s after Freeze and Cherry (1979)
"'ROCK DENsrty 2650. 0 POROsxty 0.28 0.3 30 5. - .

MULTiphase properties:TABLe of 6 ™

/ moisture characteristic curve, theta sub s vs. pressure ()

/data detailed in scientific notebook

PEI-EDF- 1029
Rev. 1
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:“v‘.-_‘.'.END o

TEM-0104

0410312006 o ENGINEERING DESIGN FILE
10000  0.001.
* 0.98 0.002
0.133 0.508
- 0.09 0.9
0.067 1.52
0.066  101.6

/Developed using Van Genuchten (1978)

MULTiphase CONDuctivity TABLe of 6

/unsaturated hydraulic conductivity, theta sub s vs. relative k(0)
1.0000 = 1.00000 ‘

0.95 0.60
090 - 044

0.50 0.043 -

0.20 0.00189

0.05  0.0000195 ‘
ya— /
/ SOLUTION OPTIONS: ISOP

/ INITIAL & BOUNDARY CONDITIONS:
INITial for S is 0.68 EVERywhere - .
BOUNdary condition P FLUX X- 0.0 EVERywhere
BOUNdary condition P FLUX X+ 0.0 EVERywhere
BOUNdary condition P FLUX Y- 0.0 EVERywhere
BOUN(dary condition P Y+ 0.0 EVERywhere
SELEct subdomain (I 102)(95 102)) ID=tank
SELEct subdomain (96 102)) (102 102)) ID=sand
BOUN(dary condition P FLUX Y+ 0.0 for ID=tank
BOUNdary condition P Y+ 0.0 for ID =sand
/
/ OUTPUT CONTROL.:
SAVE 'sanidpad_twoD68.sav' FORMatted
DIAGnostic node at: (90 20) frequency: 10 TIME S P
CONVergence P GLOBal 0.0001 10 10 '
CONVergence FLOW 0.0001 10 10 ‘
/ > /
/ OPERATIONAL CONTROL: "
SOLVe for 0.000000001 in step of 0.0000000001
SOLVe for 0.00000001 in step of 0.0060000001
SOLVe for 0.0000001 in step of 0. 000000001
-SOLVe for 0.000001 in step of 0. 00000001~ .~ " B
SOLVe for 0.00001 in step of 0. 0000001
SOLVe for 0.0001 in step of 0. 000001
SOLVe  for 0.001 in step of 0.00001:
SOLVe .for 0.01 in step 0f 0.00001
- SOLVe for 0. 23888 in step of 0. 00001
* "SOLVe for 0.75 in steps of 0.00001 e TR '
- '_/OUTPut ccz C3 C4 in XY NARRow format everywhere

-~

.- I APPENDTOTHEEND::" | !APPENDEND
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