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1. PURPOSE

The design of the Yucca Mountain high level radioactive waste repository depends on the performance
of the engineered barrier system (EBS). To support the total system performance assessment (TSPA),
the Engineered Barrier System Degradation, Flow, and Transport Process Model Report (EBS PMR)
is developed to describe the thermal, mechanical, chemical, hydrological, bxological, and radionuclide
transport processes within the emplacement dnfts which includes the following major analysns/model
reports (AMRs)

EBS Water Distribution and Remova.l (WD&R) Model

. EBS Physical and Chemical Environment (P&CE) Model
EBS Radionuclide Transport (EBS RNT) Model
EBS Multiscale Thermohydrologic (TH) Model

Technical information, including data, analyses, models, software, and supporting documents will be
provided to defend the applicability of these models for their intended purpose of evaluating the post- -
closure performance of the Yucca Mountain repository system. The WD&R model ARM is xmponant
to the site recommendation.

Water dlstn'butzon and removai represents one component of the overall EBS. Under some conditions,
liquid water will seep into emplacement drifis through fractures in the host rock .and move genera]ly :
downward, potentially contacting waste packages. After waste packages are breached by corrosion,
some of this seepage water will contact the waste, dissolve or suspend radlonuchdes and ultimately
carry radionuclides through the EBS to the near-field host rock.

Lateral dwemon of liquid water within the dnﬁ will occur at the inner drift surface, and more
significantly from the operation of engineered structures such as drip shields and the outer surface of
waste packages. If most of the seepage flux can be diverted laterally and removed from the drifis
before contacting the wastes, the release of radionuclides from the EBS can be controlled, resultingina
proportional reduction in dose release at the acoessible environment. - . '

The purposes of this WD&R model (CRWMS M&O 2000b) are to quantify and eva]uate the
distribution and drainage of seepage water within emplacement drifts during the period of compliance

" for post-closure performance. The model bounds the fraction of water entering the drift that will be
prevented from contacting the waste by the combined effects of engineered controls on water
distribution and on water removal. For example, water can be removed during pre-closure operation by
ventilation and after closure by natural drainage into the fractured rock. Engineered drains could be
used, if demonstrated to be necessary and eﬂ‘ecuve, to ensure that adequate dramage capacity is
provided. .

This report provides the screening a:guments for cextain Features, Events, and Processes (FEPs) that
are related to water distribution and removal in the EBS. Applicable acceptance criteria from the Issue
Resolution Status Reports (IRSRs) developed by the U.S. Nuclear Regulatory Commission (NRC
1999a; 1999b; 1999c¢; and 1999d) are also addressed in this document.
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1.1 OBJECTIVES

The specific ObJOCtIVGS of this AMR (CRWMS M&O 2000b) are to:

e estimate the leakage of seepage water through drip shields that are degraded because of

~ general corrosion, stress-corrosion craclqng, or dislocation of the drip shield segments;

e predict liquid flux and saturation in the invert, and their dependence on seepage during and
after the thermal period;

¢ -evaluate the dependence of temperature and relatxve humidity in the emplacement drifis on
seepage during the thermal period; : .

e identify thermal-hydrologic conditions that could produee oondensatlon on the underside of
the drip shields; v

e provide screening arguments for relevant FEPs; and

¢ - address the IRSR technical issue acceptance criteria.

1.2 SCOPE OF WORK

The WD&R model Revision 01 performs calculations, analyses, and modeling to reflect the repository
baseline design without backfill (CRWMS M&O 2000b). It is developed to evaluate the water

_ distribution and removal aspects of the EBS. The model consists of a set of submodels (models and
- submodels are interchangable hereafter) that describe: (1) water diversion through drip shield; (2) water
drainage on the drift floor; (3) thermohydrologic conditions within the drift; and (4) condensation on
the underside of drip shield. Submodels (1), (2), and (3) were formerly developed and documnented for
the backfill case in three separate AMRs which will not be revised for the no-backfill case. Submodel
(4) is newly developed for this document. The appropnateness of using backfill for submodel (2) is
justified in Section 6.2 in this report. -

1.3 ANALYSIS/MODEL APPLICABILITY

The WD&R model results are applicable for the Total System Performance Assmnent General
guidance on the selection of materials was provided by the Emplacement Drifi System Description -
Document (CRWMS M&O 2000r, Section 2) on the basis of thermal, hydrological, and geochemical
consequences. The guidance included selection of a ballast material for the invert, and a drip shield.

Any significant change to these basic pararneters would require an assessment of the subsequent
impacts to this analysis/model. It should be noted that the footprint that delineates the -area of
‘repository heating in this report (CRWMS M&O 1999¢) is slightly. larger than the one in the new
baseline design (CRWMS M&O 2000x) due to small differences in the representation of the
northwestern and southwestern repository boundaries. However, the total heat loading is the same, and
the area difference is negligible, so the areal heat loading is basically unaffected. Also, the use of 14c4
and Mcl locations for the repr%entahon of repository center and reposﬁory edge, respectively, is
unaffected.

ANL-EBS-MD-000032 REV 01 14 November 2000



2. QUALITY ASSURANCE

This document has been prepared in accordance with AP-3.10Q, Analyses and Models, and the
Technical Work Plan for Subsurface Process Modeling FY 01 Work Activities (CRWMS M&O
2000b) which includes the Water Distribution and Removal Model. The technical work plan was
developed in accordance with AP-2.21Q, Quality Determinations and Planning for Sc:entgf‘ ,
Engineering, and Regulatory Comphance Activities.

The apphcablhty of the QA program is documented in an activity evaluation per AP-2 21Q. The
activity evaluation (CRWMS M&O 2000b) has concluded that this document is quality-affecting
and subject to the QA controls of the Quality Assurance Requirements and Descnpnon (DOE .
2000)

The des:gn analysis, Classification of the MGR Ex-Container System (CRWMS M&O 1999),
was performed in accordance with QAP-2-3, Classification of Permanent Items. The drip shield
is part of the Ex-Container System identified on the Q-list (YMP 2000, p.II-11), which is
identified as Quality Level 1 (QL1). Water distribution and removal, which affect the physical
and chemical environment, is not spemﬁcally addressed by the Q-list but is a characteristic of the
ex-container system. For this document, it is assumed that the classification of features affecting
the physical and chemical environment is Quality Level 1, which states that the structure,
~ system, or components whose failure could dlrectly result in a condition adversely affect pubic
safety These items have a high safety or waste 1solanon significance.

Quahﬁed and accepted input data and references have been identified. All electromc data used
in the preparation of this AMR were obtained from the Technical Data Management System as
appropriate. Electronic data were controlled and managed per the technical work plan in-
accordance with AP-SV.1Q, Control of the Electronic Management of Information. Unqualified
data used in this report are tracked in accordance with AP-3.15Q, Managing Technical Product
Inputs. Computer software and model usage are discussed in Sectlon 3 of this report.

As per Section 5.9 of AP-3.10Q, the results of this analysxs/model will be" submltted to the
 Technical Data Management System in accordance with AP-SIIL3Q, Submittal and
Incorporation of Data to the Technical Data Management System. DTNs of any associated
developed data, as well as decisions and recommendations based on the analysis and modeling
actmty are summarized in Section 7.6.
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3. COMPUTER SOFI'WARE AND MODEL USAGE

Per AP-3. IOQ and AP-SI.1Q, electromc files developed for this report are discussed in the
followmg sections and provided in the attached CD (Attachment XVI). A complete list of files
is saved as “directory_listing.doc” and provided in the CD.

3.1 WATER DIVERSION MODEL

Mathcad 7 is an all-purpose, commercially available software that has many built-in functions .

for performing and documenting mathematical calculations.. Mathcad 7 is used in the water

diversion model to solve the equations for the crevice flow by interception of film flow in

Attachment I (crevice_flow_f.mcd), the crevice flow by impulsive force in Attachment II
(crevice_flow_p.mcd), and the thin film flow by adsorptive condensation in Attachment III
(adsorptive_film.mcd). Accuracy of the Mathcad calculations were checked by comparing with
hand calculations as shown in the Attachments. Electronic files are provided in the attached CD
under the “diversion” directory. Computer execution was performed at U.S. DOE/YMP
CRWMS M&O 112831, which is physically located at cubicle 1022C.,

‘32 WATER DRAINAGE MODEL

The computer software and routines used in the water drainage model are identified in this
section. All the computer files associated with this model are identified in Attachment XI and in
the attached CD (Attachment XVI) under the “drainage” directory. This model is validated and
documented in Section 6.2.7. Table 3-1 shows the sources of inputs and the actual file names of
the input and output files for the various routines and software packages used in this model.
Figure 3-1 further illustrates the path of data through routines and software packages. Software
tracking numbers (STNs) are provided where applicable. Computer execution of the soﬁware
and routines were performed at machines listed in Table 3-3.

3 2.1 * Description of Software Used

"The NUFT V3.0s (Nitao, 1998) software code was obtained from the software eonﬁguratlon y

management (CM) and was used within the range of validation in accordance with AP-SI.1Q.

The software was applied to solve the simultaneous heat and water flows appropriately in this
‘document. NUFT is classified as a qualified software program per AP-SL1Q, Software
Management, and is under configuration management (STN: 10088-3.0s-00) in Table 3-1.

NUFT was run on a Sun Ultra 10 workstation with SunOS 5.6 operating system at locations
listed in Table 3-3.

NUFT, specifically the USNT module of NUFT, was used in this model to simulate flow through
a fractured porous media. NUFT solves the non-isothermal problem by solving a coupled set of

balance equations for transported component. NUFT is based on the numerical technique called

the integrated finite difference method or the finite volume method. This method allows for

arbitrary polyhedral shapes. This method reduces to the standard finite difference method for a

standard rectangular mesh. Because of the high degree of non-linearity in the van Genuchten

constitutive relation for relative permeability for the fluid phase, NUFT uses various weighting
" approaches. The saturated permeability of a fluid phase between two adjacent cells is
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harmomcally weighted, while the relative permeablllty is upstream welghted This approach is
used throughout the model domain..

The key options used for the NUFT simulations include the dual permeability model (DKM) and
the active fracture concept (AFC). These modeling methods are NUFT options selected in the

NUFT input files (see Attachment XI, files: *.in).

~ Table 3-1. Software and Routine Usage -

Software
Mentifiers | '
Name/ Number [Description (S::J) _Input source In'put File name Ou'tq;;ul:,: ile
Validation
Location
_Intermediate file *in
" Qualified
NUFT V3.0s Software {10088-3.0s-00 ) ' *ext
' . vtough.pkg
Supporﬁng input file dkmafo-vsgg-Revw-
' - Dkm-afc-NBS-WDR
, . Tepa9g_primary_mesh _
me6vi4 | Validated | Attachment LBI9EBS1233129.001 UZ99_3.grd LBLOS-YMESH
-4} Routine Vil ' - - .
Attachment V
: - Qualified v ' - .
XTOOL V10.1 | Software |10208-10.1-00 Intermediate file | *ext *ps
: Routine '
! ' o Qualified - '
YMESHV153 | Software |10172-1.5300 Intermediate il (LBLO-YMESH | 1404 col.units |
Routine ' . 4od.dat y
Chim_Surf_TP Validated | ,,,.. ‘| LBI9EBS1233129.001 | Tspag99_primary_mesh.
V1.0  Routine | AttachmentVl], ooorns1233129.003 Bes_89.dat outpt, outpt_wt
Validated ) MO9911MWDEBSWD. | X
Cover V1.1 Routine Attachment (V 000 dft1.dat shape1.dat
Qualified .
COI;VERTS??RD Software | 10209-1.1-00 M09911MggIOJEBSWD. *inf "NV
: R Routine ‘ : :
Columninfiltration | Validated |, : .| - Intermediate files SNV *.out (infiltration|.
AR | Routine Attachment VI Table V-3 Column.data rates)
RETC V1.1 Validated | 10099-1.1-00 Identified in Attachment| Attachment XV
Routine . -Attachment XV XV
17 November 2000
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The DKM conceptualizes the fractured rock as having two interacting materials, one
representing the matrix and one representing the fractures. The interaction between the fractures
and the matrix is explicitly calculated from the local temperature and pressure differences, thus
allowing transient behavior to be predicted. The DKM underestimates the fracture-matrix
interaction for steep temperature and pressure gradients (Birkholzer and Tsang 1998, p.2).
Simulations in this model are at isothermal, so there are no steep temperature or pressure
_gradnents simulated in this model. Therefore, the DKM is appropnate for the model developed
in this document.

The active fracture concept accounts for the contact area between the fracture and the matrix, as *
- well as the frequency of fractures. The AFC is that fracture flow only occurs through some of

the fractures. This is more conservative than assuming the influx flows evenly through all -

fractures. The flux through a fracture is greater when it has higher saturation and,. therefore,

focusing flow through a portion of the fractures (i.e., to active fractures) maximizes flux and

results in fast pathways for flux through the mountain. -

The rock properties in DTN: LB990861233129.001 were calibrated using an inverse modeling
technique that assumes the properties will only be used in DKM employing AFC.. Therefore the
DKM and AFC are appropriate NUFT options.

The RETC (RETention and Conductivity fitting) Version 1.1 (Software Tracking Number (STN)
10099-1.1-00) computer program was acquired from the software configuration management and
used for curve fitting to estimate the saturated hydraulic conductivity for the invert as contained
in Attachment XIV. RETC is appropriate for the apphcatlon used in this task, and was used
within the range of its validation.

322 Description of Routines Used

Three routines used in the preparation of this model are qualified through software routiné -
reports in accordance with AP-SI.1Q Section 5.1.2, in_cluding XTOOL V10.1, CONVERT .
COORDS V1.1, and YMESH V1.53. All other routines used in the preparation of this document
are qualified in accordance with AP-SL.1Q Section 5.1.1 and documented as follows:
Chim_Surf TP V1.0 is quahﬁed in Attachment VI, ColumnInfiltration V1.1 is qualified in -
Attachment VII, Cover V1.1 is qualified in Attachment IV, and rme6 V1.1 is quahﬁed in
-Attachment VIII

3221 XTOOL V10.1

XTOOL is classxﬁed as a qualified software routine (STN: 10208-10. 1-00) per AP-SI. lQ (Table
3-1). The routine was acquired from the software configuration management and used within the
range of validation. The routine was applied to produce graphical presentations appropriately in
this document. The output from XTOOL is graphical (no actual data is produced with XTOOL).
XTOOL is qualified and tracked in accordance with AP-SI.1Q because it is not commercial off
the shelf software. XTOOL was used to develop graphical representations of the results in the
NUFT output files (Attachment XI-files: *.ext). XTOOL is appropriate for the application used
in this task. XTOOL was run on a Sun Ultra 10 workstation with SunOS 5.6 operating system at
locations listed in Table 3-3.
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322. 2 CONVERTCOORDS Vi1

CONVERTCOORDS V1.1 is class1ﬁed asa quahﬁed software routine (STN: 10209-1.1-00) per

AP-SL1Q (Teble 3-1). The routine was acquired from the software configuration management
and was appropriately used within the range of validation. CONVERTCOORDS was used to
convert from Universal Transverse Mercator coordinates to Nevada State Plane coordinates, as
well as to reformat the data (see Attachment VIII, files: *.inf). The desired format is columns of
data, with the input files in a matrix- format. CONVERTCOORDS is appropriate for the
application used in this task. CONVERTCOORDS was run on a Sun Ultra 2 workstation with -
SunOS 5.5.1 operating system at locatlons listed in Table 3-3. :

3223 YMESHV1S3

YMESH V1.53 is classified as a qualified software routine (STN: 10172-1.53-00) per AP-SL1Q
(Table 3-1). The routine was acquired from the software configuration management and was
appropriately used within the range of validation. YMESH was used in this model to interpolate
the thickness of the stratigraphic units as described in the flow chart of Figure 3-1. YMESH is

. appropriate for the application used in this task. YMESH was run on a Sun Ultra 2 workstation
with SunOS 5.5.1 operating system at locatlons listed in Table 3-3

32, 2.4 Chim Surf TP V1.0

‘Chlm Surf TP V1.0 is classified as routines per AP-SI 1Q, and is quahﬁed in Attachment VI.

- The purpose of Chim_Surf TP V1.0 was to interpolate the temperature and pressure at the
ground surface and at ‘the water table, respectively, for a given X-Y location using the inverse
distance method (Isaaks and Srivastava 1989, p.258). The routine executes the expected -

mathematical operations accurately (see Attachment VI), and are therefore appropriate for the -

application in this task. Chim_Surf TP V1.0 was run on & Sun Ultra 2 workstatlon w1th SunOS
5.5.1 operatmg system at locanons listed in Table 3-3.

"~ 3225 Columnlnﬁltratlon Vi.1

ColumnInfiltration V1.1 is classified as a routine per AP-S1.1Q, and is qualified in Attachment
VIL The purpose of Columninfiltration V1.1 was to interpolate the infiltration at a given X-Y
location using a Gaussian weighting function (Isaaks and Srivastava 1989, p.208 and Kitanidis
1997, p.54). This routine executes the required mathematical operations accurately (see
Attachment VII), and is therefore appropriate for the application in this task. ColumnInfiltration
V1.1 was run on a Sun Ultra 2 workstatlon thh SunOS 5.5.1 operating system at locations listed
in Table 3-3, _ _

' 322.6 Cover V1.1 ,
Cover V1.1 is classified as a routine per AP-SIL.1Q, and is qualified in Attachment IV. The
purpose of Cover V1.1 is to develop a block model based on the plan view of the repository that

approximates the area and location of emplacement. The results of this routine meet these
objectives (see Attachment VII). The routine is, therefore, appropriate for the application
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in this task. Cover Vl 1 was run on a Sun Ultra 2 workstanon with SunOS 5.5. 1 operatmg
system at locations listed in Table 3-3.

b

3.2.2.7 rme6V11

The routine rme6 V1.1 is classified as such per AP-SI 1Q, and is quahﬁed in Attachment VIIL
The purpose of rme6 was to reformat and combine specific files (Attachment XI files:
‘tspa99_primary_mesh, UZ99 3.grd, 14c4.dat). The resulting file, LBL99-YMESH was used by
a subsequent sofiware program, YMESH V1 (Table 3-1 and Figure 3-1). The results of this
routine meet the objectives (see Attachment VIII) and, therefore, the routine is appropriate. The *
routine rme6 V1.1 was run on a Sun Ultra 10 workstatlon with SunOS 5.6 operating system at
locations listed in Table 3-3. :

“

323 -Other Software

In addition to the above listed items, both Microsoft Excel 97 and Mathcad 7 Professional were
used. These software items were used to perform support calculations as described in Section
6.2 and Attachments V and XI. Computer execution of these programs were performed at
machines listed in Table 3-3. To provide documentation of the analysis in sufficient detail to
“allow independent repetition of the software in accordance with AP-3.10Q Attachment 1, and to
ensure compliance with AP-SI.1Q, the minimum- mformatmn required by AP-SL.1Q Section
5.1.1.2 has been provided: _

e Identification of Excel and Mathcad ﬁles, mcludmg the version of the ﬁle, are prov:ded in
Section 6.2, Attachment V, and Attachment XI.

e The name and version of the commercial software are provided as described above. |

o The inputs, spreadsheet cell contents and equatlons and results are provided in attached CD |

(Attachment XVI). This provides sufficient documentation that these standard mathematical -

calculations provide correct results for the speclﬁed range of i input parameters.

33 THERMOHYDROLOGIC MODEL

_Software and software routines are used for the Thermohydrologlc (TH) Model portion of the
WD&R model (Table 3-2). Table 3-3 contains a list of the CPU’s where these programs were
executed. For the models described in this report, thennohydrologlc software is used within the
range of validation, where such constraint information is available, or within the range of
standard practice, where such information is unavailable.

The following subsections describe these codes and routines in more detail. Documentation and
validation of the software routines are summarized in Table 3-2. Table 3-4 lists the input files
used for all NUFT V3.0s runs dlscussed in this report. Discussion of the output files is provided
in Table 6-8.

All input and output ﬁles and software routine sources files have been saved electronically in the
attached CD (Attachment X VI) under “thermohydro” directory.
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Table 3-2. Software Codes and Routines Used for Thermohydrologic Calculations

Software Name | Type | STN [  Attachment
‘ Codes (qualified per AP-S1.1Q Section 5.1.2)
NUFT V3.0s | Simulation Code |  1088-3.0s00 | N/A
Routines (qualified per AP-81.1Q Section 5.1.2)

'YMESH V1.53 NUFT preprocessor 10172-1.53-00 N/A
XTOOL 10.1 NUFT postprocessor 10208-10.1-00 . NIA
CONVERTCOORDS V1.1 NUFT preprocessor 10209-1.1-00 " N/A

Routines (see Attachments for Qualification/Validation Documentation)
RMEE6 V1.1 NUFT preprocessor N/A vill
.| COVER V1.1 NUFT preprocessor N/A ‘ o\
COLUMNINFILTRATION V1.1 | NUFT preprocessor . NA Vil
CHIM_SURF_TPV1.0 NUFT preprocessors N/A : Vi

Table 3-3, Sofiware Execution

‘Workstation/PC Name Physical Location
8139 : : LLNL, T1487 Rm 150A
889 LLNL, T1487 Rm 150
116 ' LLNL, T1401 Rm 1119
s117 ' LLNL, T1487 Rm 112
) §187 ‘ ' o LLNL, T1487 Rm 153
870 ' ' ' LLNL, T1487 Rm 148
51t : - LLNL, T1487 Rm 146
| » s08 ' LLNL, T1487 Rm 145
828 LLNL, T1487 Rm 154
513 . LLNL, T1487 Rm 124
" 8188 . LLNL, T1487 Rm 138
8175 LLNL, T1487 Rm 114
Dell PowerEdge 2200 #112524 - : Las Vegas, Rm 611
Deli Optiplex #116400 - . Las Vegas, Rm 1031F
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Table 34. NUFT Input Files for Calculations Described in the Thermohydrologic Model

. File Type

Filename

te

l4c4 location; mean infiltrati

NUFT input (.in) file

on; 56 MTU/acre 0% Seepage onto Drip Shield
14c4-LDTHS6-mi.00.in ol

Restart file from preclosure run 14c4-LDTHS6-1Dds_mc-mi-a.res
Rock properties file dkm_afc-1Dds-mc-mi-00 ‘
EBS properties file .dkm-afc-EBS_Rev21
Therma! conductivity *modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg

| Run control file fun_control_param_LDTH-v09
Genmsh grid file 14c4-LDTH56-5pt.xz ‘
Flux output control file fuxOutput100
Enthalpy history file for seepage flux enthalpyWater56Med.nft
‘Time steps for ext file output outputtimes-56-20a | -

14c4 location; mean infiltrati

_ NUFT input {.in) file

on; 56 MTU/acre 3% Seepage onto Drip Shield
14¢4-LDTHS6-mi.03.in ‘

Restart file from preclosure run l4c4-LDTHS6-1Dds_mc-mi-a.res
Rock properties file “dkm_afc-1Dds-me-mi-00
EBS properties file dkm-afc-EBS_Rev21

| Thermat conductivity "modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file | vtough.pkg : .
Run control file run_control_param_{DTH-v09
Genmsh grid file 14c4-LDTH56-5pt.xz
Flux output control file fiuxOutput100
Enthalpy history file for. seepage flux enthalpyWaterS6Med.nft
Time steps for ext file output output.times-56-20a -

14c4 location; mean infiltration; 56 MTU/acre 30% Seepage onfo Drip Shield

NUFT input (.in) file -

Kc4-LDTHS6-mi.30.in

Restart file from preclosure run

Mc4-LDTHS6-1Dds_mc-mi-a.res -

/| Rock properties file dkm_afc-1Dds-mc-mi-00
EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity “modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file viough.pkg
Run contro! file run_control_param_LDTH-v09
Genmsh grid file 44c4-LDTHS56-5pt.xz
Flux output control file fluxOutput100
Enthalpy history file for seepage fiux enthalpyWater56Med.nft
Time steps for ext file output output.times-56-20a
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File Type . | Filename

14c4 location; “Iower" lnﬂltratlon. 56 MTU/acre 0% Seepage onto Drip Shield
NUFT input (.in) file }c4-LDTHS6-i.00.in
Restart file from preclosure run Kc4-LDTH56-1Dds_mc-li-a.res
Rock properties file - | dkm_afc-1Dds-me-i-00
EBS properties file ‘ dkm-afc-EBS_Rev21
Thermal conductivity “modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg e
Run control file : run_control_param_LDTH-v09
Genmsh grid file 14c4-L DTH56-5pt.xz
Flux output control file ' ) © ] fuxOutput100 -+
Enthalpy history file for seepage flux enthalpyWater56Low.nft
Time steps for ext file output output.times-56-20a
i4c4 location; “Iower" infiltration; 56 MTU/acre 3% Seepage onto Drip Shield
-NUFT input (.in) file 14c4-LDTHS56-1.03.in -
| Restart file from preclosure run Mc4-LDTHS56-1Dds_mc-li-a.res
Rock properties file ‘ " | dkm_afc-1Dds-mc-i-00
EBS properties file dkm-afo-EBS&ﬁ
Thermal conductivity "modification” file modprop_dr-20
.| Heat generation file . LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file ' -viough.pkg :
Run control file - run_control_param_LDTH-v09
Genmsh grid file : ‘ 4c4-LDTHS56-5pt.xz
Flux cutput controt file fuxQutput100
Enthalpy history file for seepage fiux enthalpyWater56Low.nft
Time steps for ext file output . ) oufput.times-56-20a
- 14c4 location; “lower” inﬁltrat:on, 56 MTU/acre 30% Seepage onto Drip Shleld
NUFT input (.in) file 14c4-LDTH56-1.30.in
Restart file from preclosure run c4-LDTHS56-1 Dds_mc-li-a.res
Rock properties file dkm_afc~-1Dds-me-i-00
| EBS properties file - - .~ | dkm-afc-EBS_Rev21
* | Thermal conductivity “modification” file modprop_dr-20
Heat generation file . LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg
Run control file o run_control_param_LDTH-v09
Genmsh grid file | Kc4-LDTH56-5pt.x2
Flux output controf file , fluxOutput100
Enthalpy history file for seepage flux enthalpyWaterS6Low.nft
Time steps for ext file output output.times-56-20a
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File Type

Filename

14c4 location; “upper” infiltration; 56 MTU/acre 0% Seepage onto Drip Shield

NUFT input {.in) file

M4c4-LDTHSE6-ui.00.in .

Restart file from preclosure run 4c4-LDTHS56-1Dds_me-ui-a.res
Rock properties file dkm_afc-10ds-me-ui-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conduclivity "modification” file modprop_dr-20

Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file viough.pkg

Run control file run_control_param_LDTH-v09
Genmsh grid file 14c4-LDTHS6-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater56Upp.nft

Time steps for ext file output ‘| output.times-56-20a

14c4 location; “upper” infiltration; 56 MTU/acre 3% Seepage onto Drip Shield

NUFT input (.in) file 14c4-LDTHS6-ui.03.in

Restart file from preclosure run 4c4-LDTH56-1Dds_mc-ul-a.res
Rock properties file dkm_afc-1Dds-me-ui-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity "modification” file modprop_dr-20

Heat generation file . LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver coritrol file vtough.pkg S
Run control file run_control_param_LDTH-v09
Genmsh grid file K4cd-LDTHS6-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWaterS6Upp.nft

Yime steps for ext file output output.times-56-20a

14c4 location; “upper” infiltration; 56 MTU/acre 30% Seepage onto Drip Shield

NUFT input (.in) file

14c4-LDTHS6-ui.30.in

Restart file from preclosure run 14c4-LDTHS6-1Dds_mc-ui-a.res
Rock properties file dkm_afc-1Dds-mc-ui-00
| EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity "modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg
Run control file run_control_param_LDTH-v09
Genmsh grid file | 14c4-LDTH56-5pt.xz
Flux output contro! file fluxQutput100
Enthalpy history file for seepage flux enthalpyWater56Upp.nft
Time steps for ext file output output times-56-20a
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File Type

|

Filename

l4c1 location; mean infiltration; 34 MTU/acre 0% Seepage onto Drip Shield

NUFT input (.In) file

14c1-LDTH34-mi,00.in

Restart file from preclosure run 14c1-LDTH34-1Dds _mc-mi-a.res
Rock properties file dkm_afc-1Dds-me-mi-00
EBS properties file dkm-afc-EBS_Rev21
-} Thermal conductivity “modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg :
Run control file run_control_param_| LDTH-v09
Genmsh grid file I4c1-LDTH34-5pt XZ
Flux output control file . - fluxOutput100 °
Enthalpy history file for seepage flux enthalpyWater34Med.nft
Time steps for ext file output ‘output.times-34-20a

HMc1 location; mean infiltration; 34 MTU/acre 3% Se¢epage onto an Shield

‘NUFT input (.in) file

4c1-LDOTH34-mi.03.In

Restart file from preclosure run I4c14 DTH34-1Dds_mc-mi-a.res
Rock properties file ' '| dkm_afc-1Dds-me-mi-00
EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity “modification” file modprop_dr-20
| Heat generation file LDTH-SDT-0.3Qheat-1eby _ vent-ZO
Solver control file vtough.pkg :
Run control file run_contro!_param_LDTH-v09
Genmsh grid file 14c1-LDTH34-5pt.xz
Flux output contro! file fiuxOutput100
Enthalpy history file for seepage fiux enthalpyWater34Med.nft
Time steps for ext file output output.times-34-20a

Mc1 location; mean infiltration; 34 MTU/acre 30% Seépage onto Drip Shield

NUFT Input {.in) file

K4c1-LDTH34-mi.30.in

Restart file from preclosure run

14c1-LDTH34-1Dds_mc-mi-a.res

Rock properties file dkm_afc-1Dds-mc-mi-00 -
€BS properties file dkm-afc-EBS_Rev21
"1 Thermal conductivity “modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file “vtough.pkg
Run control file run_control_param_LDTH-v09
Genmsh grid file 14¢1-LDTH34-5pt.xz
Flux output controf file fluxOutput 100
Enthalpy history file for seepage flux enthalpyWater34Med.nft
Time steps for ext file output outputtimes-34-20a
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File Type

Fﬂename

l4ct location; “lower” Inf' itration; 34 MTU/acre 0% Seepage onto Drip Shield

NUFT input {.in) file

Kc1-LDTH34-i.00.in .

Restart file from preclosure run

Kc1-LDTH34-1Dds_mcAi-a.res

Rock properties file dkm_afc-1Dds-me--00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity “modification” file modprop_dr-20

Heat generation file - LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file viough.pkg

Run contro! file run_control_param_LDTH-v09
Genmsh grid file 4¢1-LDTH34-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage fiux enthalpyWater34Low.nft

Time steps for ext file output output.times-34-20a

14c1 location; “Iower" infiltration; 34 MTU/acre 3% Seepage onto Drip Shleld

NUFT input (.in) file

14c1-LDTH34-1i.03.in

Restart file from preclosure run 4c1-LDTH34-1Dds_mc-li-a.res
Rock properties file dkm_afc-1Dds-me-i-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity "modification” file modprop_dr-20

Heat generation file « LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file viough.pkg '
Run control file run._control_param_LDTH-v09
Genmsh grid file 4c1-LDTH34-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater34Low.nft

time steps for ext file output 1 output.times-34-20a .

l4c1 location; “lower” infiltration; 34 MTU/acre 30% Seepage onto Drip Shield

NUFT input (.in) file

4¢c1-LDTH34-4.30.in

Restart file from preclosure run

‘| Mc1-LDTH34-1Dds_mc-li-a.res

Rock properties file dkm_afc-1Dds-me-i-00

EBS properties file dkm-afc-EBS_Rev21

Therma! conductivity “modification” file modprop_dr-20

Heat generation file ‘LDTH-SDT-0.3Qheat-1e6y_vent-20

Solver control file vtough.pkg

Run control file run_control_param_LDTH-v039

Genmsh grid file KMc1-LDTH34-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater34Low.nft

Time steps for ext file output output.times-34-20a
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File Type

! Filename

$4c1 location; "upper” infiltration; 34 MTU/acre 0% Seepage onto Drip Shield

NUFT input (.in) file

14¢1-LDTH34-1i.00.in

Restart file from preclosure run

I4c1-LDTH34-1Dds mc-ul-a res

Rock properties file dkm_afc-1Dds-mc-ul-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity “modification” file modprop_dr-20

Heat generation file tLDTH-SDT-0. 30heat-1e6y_vent-20
Solver contro! file viough.pkg

Run control file fun_control_param_LDTH-v09
Genmsh grid file 4c1-LDTH34-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater34Upp.nft

Time steps for ext file output output.times-34-20a

i4c1 location; “upper” Infiltration; 34 MTU/acre 3% Seepage onto Drip Shleld

NUFT input (.in) file

14¢1-LDTH34-ui.03.in-

| Restart file from preclosure run 4c1-LDTH34-1Dds_mc-ui-a.res
Rock properties file ' dkm_afc-1Dds-mc-ui-00
EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity *modification” file modprop_dr-20

| Heat generation file LDTH-SDT-0.3Qheat-1 e6y vent-20
Solver control file vtough.pkg
Run control file’ run_control_param_LOTH-v09
Genmsh grid file 14¢1-LDTH34-5pt.xz
Flux output control file fluxOutput100
Enthalpy history file for seepage flux enthalpyWater34Upp.nft
Time steps for ext file output output.times-34-20a

HMc1 location; “upper” Infiltrat

ion; 34 MTU/acre 30% Seepage onto Drip Shleld

NUFT input {.in) file

4c1-LDTH34-ul.30.in

Restart file from preclosure run 4c1-LDTH34-1Dds_mc-ui-a.res
Rock properties file dkm_afc-1Dds-mc-ul-00
EBS properties file dkm-afc-EBS_Rev21

*| Thermal conductivity “modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_ vent-20
Solver control file vtough.pkg - :
Run control file mn=contro|£aram_LDTH-v09
Genmsh grid file 14c1-LDTH34-5pt.xz
Flux output control file fluxOutput100
Enthalpy history file for seepage flux enthalpyWater34Upp.nft

Time steps for ext file output
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' v File Type

1

Filename

l4c4 location; mean infi Itrat:on' 56 MTU/acre 3% Seepage onto Invert

NUFT input (.in) file

14c4-LDTH56-mi-inv.03.in

Restart file from preclosure run Kc4-LDTHS56-1Dds_mc-mi-a.res
Rock properties file dkm_afc-1Dds-mc-mi-00
EBS.properties file dkm-afc-EBS_Rev21

Therma! conductivity “modification” file modprop_dr-20

Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg : -
Run control file run_control_param_LDTH-v09
Gennish grid file c4-LDTHS56-5pt.x2

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater56Med.nft

Time steps for ext file output output.times-56-20a

14c4 location; mean infiltration; 56 MTU/acre 30% Seepage onto Invert

NUFT input {.in) file $4c4-LDTH56-mi-inv.30.in
Restart file from preclosure run l404-LDTH56-1Dds__mc-mI—a.res
Rock properties file dkm_afc-1Dds-me-mi-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity “modification” file modprop_dr-20 .
Heat generation file , LDTH-SDT-0.3Qheat-1 e6y vent-20
Solver coritrol file vtough.pkg

Run control file run_control_param_LDTH-v09
Genmsh grid file ' 14c4-LDTH56-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater56Med.nft

rime steps for.ext file output output.times-56-20a

}4c4 location; “lower” Infiltration; 56 MTU/acre 3% Seepage onto Invert

ANL-EBS-MD-000032 REV 01

NUFT input (.in) file 14cA-LDTHS6-i-inv.03.in
Restart file from preclosure run Kc4-LDTHS56-1Dds_mcHi-a.res
Rock properties file ’ dkm_afc-1Dds-me-1i-00
| EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity "modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vitough.pkg
Run control file run_control_param_LDTH-v09
Genmsh grid file 14c4-LDTH56-5pt.xz
Flux output control file fluxOutput100 -
Enthalpy history file for seepage fiux enthalpyWater56Low.nft
Time steps for ext file output output.times-56-20a
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File Type

Filename

¥c4 location; “lower” infiltration; 56 MTU/acre 30% Seepage onto Invert

NUFT input (.in) file

14c4-LDTH56-li-inv.30.in

Restart file from preclosure run

14¢c4-LDTH56-1Dds_mc-li-a.res

Rock properties file dkm_afc-1Dds-mc-i-00
EBS properties file dkm-afc-EBS_Rev21
-| Thermal conductivity “modification” file modprop_t dr-20
Heat generation file LDTH-SDT-0. 30heat-1e6y vent-20
Solver control file vtough.pkg
Run control file run_contro!_param_| LDTH-VOQ
Genmsh grid file c4-LDTHS6-5pt.xz
Flux output control file . - fluxOutput100
Enthalpy history file for seepage ﬁux ‘enthalpyWaterS6Low.nft -
Time steps for ext file output output.times-56-20a

c4 Iocation' “upper” infiltration; 56 MTU/acre 3% Seepage onto Invert

NUFT input (.in) file

14c4-LDTHS6-ui-inv.03.in

| Restart file from preclosure run 4c4-LDTHS56-1Dds_mc-ui-a.res
-| Rock properties file -dkm_afc-1Dds-me-ui-00
EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity "modification” file modprop_dr-20
1 Heat generation file LDTH-SDT-0.3Qheat-1eby_vent-20
Solver control file vitough.pkg
Run control file run_control_param_. LOTH-v09
Genmsh grid file 14c4-LOTHS6-5pt.xz '
Flux output control file fluxOutput100
Enthalpy history file for seepage flux enthalpyWater56Upp.nft
Time steps for ext file output output times-56-20a

l4c4 location; “upper” infiltration; 56 MTU/acre 30% Seepage onto lnvert

NUFT input (.in) file

{4c4-L DTH56-ul-inv.30.in

‘Restart file from preclosure run -

4c4-LDTH56-1Dds_mc-ui-a.res

Rock properties file dkm_afc-1Dds-me-ui-00 -
| EBS properties file dkm-afc-EBS_Rev21
'| Therma! conductivity *modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file viough.pkg
Run control file run_control_param_LDTH-v09
Genmsh grid file Mc4-LDTH56-5pt.xz
Fiux output control file fluxOutput100
Enthalpy history file for seepage flux enthalpyWaterS6Upp.nft
Time steps for ext file output output.times-56-20a
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File Type

Fulename

l4c1 location; mean lnfiltratson, 34 MTU/acre 3% Seepage onto Invert

NUFT input (.in) file

14c1-LOTH34-mi-inv.03.in

Restart file from preclosure run

14c1-L.DTH34-1Dds_mc-mi-a.res

Rock properties file dkm_afc-1Dds-me-mi-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity "modification” file modprop_dr-20 )
Heat generation file - LDTH-SDT-0.3Qheat-1e6y_vent-20

Solver controt file vtough.pkg

Run control file run_control_param_LDTH-v09

Genmsh grid file Mc1-LDTH34-5pt.xz

Flux output control file fluxQutput100

Enthalpy history file for seepage flux enthalpyWater34Med.nft

Time steps for ext file output output.times-34-20a

l4¢1 location; mean Infiltration; 34 MTU/acre 30% Seepage onto Invert

NUFT Input {.in) file

14c1-LDTH34-mi-inv.30.in

Restart file from preclosure run Mc1-LDTH34-1Dds_mc-mi-a.res
Rock properties file dkm_afc-1Dds-me-mi-00

EBS properties file dkm-afc-EBS_Rev21

Thermal conductivity “modification” file modprop_dr-20

Heat generation file LOTH-SDT-0.3Qheat-1eby_vent-20
Solver contro! file viough.pkg - :
Run control file run_control_param_LDTH-v09
Genmsh grid file 14c1-LDTH34-5pt.xz

Flux output control file fluxOutput100

Enthalpy history file for seepage flux enthalpyWater34Med.nft

Tlme steps for ext file output outputtimes-34-20a

Mc1 location; “lower” Infiltration; 34 MTU/acre 3% Seepage onto Invert

NUFT input (.in) file

14¢1-LOTH344i-inv.03.In

ANL-EBS-MD-000032 REV 01

Restart file from preclosure run 14c1-LDTH34-1Dds_mcHi-a.res
| Rock properties file | dkm_afc-10ds-mcHi-00
EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity "modification” file modprop_dr-20
Heat generation file ] LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file vtough.pkg
Run control file run_control_param_LDTH-v09
Genmsh grid file Kc1-LDTH34-5pt.xz
Flux output controf file fluxOutput100
Enthalpy history file for seepage flux enthalpyWater34Low.nft
Time steps for ext file output output.times-34-20a
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Flle Type

Filename

14c1 location; “lower" inf‘!trat:on. 34 MTU/acre 30% Seepage onto lnvert

NUFT input (.in) file

l4c1-LDTH34-IHrW 30.in

#4c1-LDTH34-1 Ddszmo-h.-a.res

Restart file from preclosure run

Rock properties file dkm_afc-1Dds-mc-i-00

EBS properties file dkm-afc-EBS_Rev21

Themal conductivity “modification” file modprop_dr-20

Heat generation file LDTH-SDT-0.3Qheat-1e6y_vent-20
Solver control file viough.pkg )

Run control file run_control_param_LDTH-v09
Genmsh grid file 14¢1-LDTH34-5pt xz

Flux output control file fluxOutput100 - -

Enthalpy history file for seepage flux enthalpyWater34Low.nft

Time steps for ext file output -output.times-34-20a

l4c1 location; “upper” infiltration; 34 MTU/acre 3% Seepage onto Invert

NUFT input (.in) file

c1-LDTH34-ui-inv.03.in

4c1-LDTH34-10ds_mc-ui-a.res

| Restart file from preclosure run

Rock properties file dkm_afc-1Dds-mc-ui-00
EBS properties file dkm-afc-EBS_Rev21
Thermal conductivity *modification” file modprop_dr-20
.| Heat generation file LDTH-SDT-0.3Qheat-1e6y_) vent-20
Solver contro! file viough.pkg
Run contro! file run_control_param_LDTH-v09
Genmsh grid file 4c1-LDTH34-5pt.xz
Flux output control file fluxQutput100
Enthalpy history file for seepage flux enthalpyWater34Upp.nft
Time steps for ext file output output.times-34-20a -

Mc1 location; "upper" infiltration; 34 MTU/acre 30% Seepage onto Invert '

NUFT input (in) file 14¢c1-LDTH34-ul-inv.30.in
Restart file from preclosure run 4c1-LDTH34-1Dds_mc-ul-a.res
Rock properties file dkm_afc-1Dds-mc-ui-00
EBS properties file dkm-afc-EBS_Rev21

* | Thermat conductivity “modification” file modprop_dr-20
Heat generation file LDTH-SDT-0.3Qheat-1 e6y vent-20
Solver control file vtough.pkg »
Run contro! file run_control_param_LDTH-v09
Genmsh grid file 4¢c1-LDTH34-5pt.xz
Flux output control file fluxOutput100
Enthalpy history file for seepage fiux enthalpyWater34Upp.nft
Time steps for ext file output - output.times-34-20a
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3.3.1 Descnptron of TH Software Used

The software used for the thennohydrologlc model is NUFT v3.0s (STN: 1088-3. 0s-00) as
discussed in Section 3.2.1.

332 Description of TH Routines Used

The routines used for the thermohydrologrc model are listed in Table 3-2. Descnptlon of the
routines is presented in Section 3.2.2.

34 DRIP SHIELD 'CONDENSATION MODEL

The computer software and model usage for the drip shield condensation model are the same as |
those discussed in Section 3.3, Thermohydrologrc Model.

Microsoft Excel 97 spreadsheet files were used to calculate the condensation index using the data
extracted from the Multiscale Thennohydrologrc Model. The Excel files are named as
“wdrdsc.xls” and “wdrdscu.xIs” and are provided in the attached CD (Attachment XVI) under
the “dscondensation” directory. - A macro was also programmed in Microsoft Excel 97 to
mterpolate linearly the values of vapor pressure and temperature from a steam table. The steam
table is obtained from Himmelblau (1996) for temperature (T) versus saturated vapor pressure
(Vp) data at every 2 Fahrenhelt-degree intervals (approximately 1.11 deégrees Centigrade).
Qualification of the macro is shown in Attachment XIII. .
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4. INPUTS
41 DATA AND PARAMETERS ‘
4.1.1 Water Diversion Model
: 4.1.1.1 (Not Used)
4.1.12 Water and Water Vapor Properties

Thermophysical properties ‘of water and water vapor are requlred for the film flow and ‘vapor
condensation calculations. Table 4-1 presents some of these property values at 60 °C while the -
properties as a function of temperature can be found in' Teble I1I-1 in Attachment III. These data
are appropnately used. : .

Table 4-1. Selected Water and Water Vapor Propemes at60°c ™

Parameter 1 Symbol | . Unit Value -

Liquid ‘ .
Density D kgfm® 983.2

| Absolute Viscosity Pw Pa.s 4.7x10”
Surface Tension Ow N/m - 0.06624
Vapor : S
Density Pv kglm 0.13
Saturated Pressure Peat "1.99x 10"
Gas Constant R _Jkg "K 461.8

Note: *" Robmson R. N ., (1987, p.4-28, and p. 5-22)

4.1 2 Water Drainage Model .
4.1.2.1 Hydrologic and Thermal Properties of thé NBS

Tables 4-2 to 4-5 present the hydrologic and thermal properties for the hydro-stratigraphic units-
considered in this model. The data are from DTN: LB990861233129.001, generated by the UZ

. Model (CRWMS M&O 20000). Fracture porosity, matrix porosity, tortuosity factor, fracture

bulk permeability, matrix bulk permeability, maximum and residual saturation in fractures,

maximum and residual saturation in matrix, van Genuchten parameters a and m (or 1) for

fractures and matrix are used in the analysis. These data are appropriately used.
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Table 4-2. Matrix Hydrologic Parameters for NBS (DTN: LB990861233129.001)

van

A . ‘ van Residual tia
Unit Pem(;;g;:llny (!;om§ny Genuchten | Genuchten | Saturation sgfuratt?gn
raction) | ; (pa”) m (Fraction) | (Fraction)
Tew11 3.86E-15 0.253 4.00E-05 047 0.07 1
Tewi2 2.74E-19 0.082 1.81E-05 0.241 0.19 1
Tewi13 9.23E-17 0.203 3.44E-06 © 0.398 0.31 1
Ptn21 9.90E-13 . 0.387 " 1.01E-05 0.176 0.23 1
Ptn22 2.65E-12 0.439 1.60E-04 0.326 - 0.16 1
Ptn23 1.23E-13 0.254 5.58€-06 0.397 0.08 -1
Ptn24 7.86E-14 - 0411 - -1.53E-04 0.225 0.14 1
Pin25 7.00E-14 0499 527E-05 0.323 0.06 1
Ptn26 2.21E-13 0.492 2.49E-04 0.285 0.05 1
Tsw31 . 6.32E-17 - 0.053 3.61E-05 0.303 0.22 -1
Tsw32 5.83E-16 0.157 3.61E-05 0.333 0.07 1
Tsw33 3.08E-17 - 0.154 2.13E-05 0.298 0.12 1
. Tsw34 4.07E-18 0.11 3.86E-06 0.291 0.19 1
Tew35 3.04E-17 0.131 6.44E-06 0.236 0.12 1
Tsw36 5.71E-18 0.112 3.55E-06 0.38 - 0.18 1
- Tew3d7 4.49E-18 0.094 5.33E-06 0.425 0.25 1
Tsw3s 4.53E-18 0.037 6.94E-06 0.324 044 1
Tsw39 5.46E-17 0.173 '2.20E-05 0.38 0.29 1
Chiz 1.96E-19 0.288 2.68E-07 0.316 033 1
Chiv 9.90E-13 0.273 1.43E-05 0.35 0.03 1
Ch2v 9.27E-14 0.345 - 5.13E-05 0.299 0.07 1
Ch3v 9.27E-14 0.345 5.13E-05 0.209 0.07 1
. Chav 8.27€-14 0.345 5.13E-05 0.299 0.07 1
" ChSv - 8.27E-14 0.345 5.13E-05 0.299 0.07 1
Ch2z 6.07E-18 0.331 3.47E-06 0.244 0.28 1
Ch3z 6.07E-18 0.331 3.47E-06 0.244 0.28 1
Ch4z 6.07E-18 0.331 3.47E-06 0.244 0.28 1
Chsz 6.07E-18 10.331 3.47E-06 0.244 0.28 1
- chbé 4.23E-19. 0.266 3.38e-07 0.51 0.37 1
pPp4 4.28E-18 0.325 1.51E-07 0.676 028" 1
pp3 - 2.56E-14 0.303 2.60E-05 0.363 0.1 1
pp2 1.57E-16 - 0.263 2.67E-06 0.369 0.18 1
pp1 6.40E-17 0.28 1.14E-06 0.409 0.3 1
bf3 "2.34E-14 0.115 4 48E-06 0.481 0.11 1
bf2 2.51E-17 0259 | = 1.54E-07 0.569 0.18 1
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Table 4-3. Fracture Hydrologic_Parameters for NBS (DTN: LB990861 233129.001)

» Satiated

. van .~ van ‘Residual
Unit ""”"(‘eib""y I;orosny Genuchten | Genuchten _Satur:tign Saturation
' -~ (m) (Fraction) | = (pa) m (Fraction) | (Fraction)
tow11 241E-12 0.028 © 3.15E03 0.627 ’ 0.01 1

" tow12 1.00E-10 © 0.02 2.13E-03 0.613 0.01 1
tew13 5.42E-12 .0.015 1.26E-03 0.607 0.01 1
ptn21 1.86E-12 0.011 1.68E-03 © 0.58 0.01 1
ptn22 2.00E-11 0.012 7.68E-04 0.58 0.01 1
ptn23 2.60E-13 0.0025 9.23E-04 0.61 0.01 1
ptn24 4.67E-13 0.012 3.37E-03 - 0,623 0.01 1
ptn25 7.03E-13 0.0062 6.33e-04 . 0644 0.01 1.

. ptn26 4.44E-13 0.0036 279E-04 | 0.552 0.01 1
tsw31 3.21E-11 0.0055 2.49E-04 0.566 - 0.01 . 1
tsw32 - 1.26E-12 0.0095 1.27E-03 - 0.608 - 0.01 1
tsw33 5.50E-13 0.0066 1.46E-03 0.608 0.01 1
tsw34 2.76E-13 0.01 5.16E-04 0.608 0.01 1
tsw35 1.29E-12 0.011 7.39E-04 0.611 0.01 1
tsw36 9.91E-13 0.015 7.84E-04 -0.61 0.01 1 -
tsw37 9.9E-13 0.015 7.84E-04 0.61 0.01 1
tsw38 5.92E-13 0.012 4 87E-04 0.612 0.01 1
tsw39 4.57E-13 0.0046 . 9.63E-04 0.634 001 1
chiz " 3.40E-13 0.0002 143E-03 0.631 0.01 1
chlv 1.84E-12 0.0007 100E03 |. 0.624 0.01 1
ch2v 2.89E-13 0.0009 " 5.18E-04 0.628 0.01 1
ch3v 2.89E-13 0.0009 5.18E-04 '0.628 0.01 1
chdv 2.89E-13 0.0008 .| 5.18E-04 0.628 0.01 1
chbv 2.89E-13 0.0009 5.18E-04 0.628 0.01 1
ch2z 3.12E-14 0.0004 4.88E-04 0.508 0.01 1
ch3z. 3.12E-14 0.0004 4 88E-04 0.598 " 0.01 1
ch4z 3.12E-14 0.0004 4.88E-04 0.598 0.01 1
ch5z 3.126-14 0.0004 4.88E-04 0.598 0.01 1
ché 1.67E-14 0.0002 7.49E-04 0.604 0.01 1
pp4 3.84E-14 0.0004 5.72E-04 . 0.627 0.01 1
pp3 7.60E-12 0.0011 8.73E-04 0.655 0.01 1
pp2 1.38E-13 0.0011 1.21E-03 0.606 0.01 1
pp1 1.12E-13 0.0004 5.33E-04 0.622 0.01 1
bf3 4.08E-13 . 0.0011 9.95E-04 0.624 - 0.01 1
bf2 " 1.30E-14 0.0004 5.42E-04 0.608 0.01 1
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Table 4-4. Hydrologic Parameters for Fracture-Matrix Interaction for NBS (DTN: LB990861233129.001)

’ Fracture to matrix
Active Fracture " Frequency
Unit S connection area
Parameter (1Im) | (m’lm’)
tew11 0.30 0.92 1.56
tow12 0.30 : 1.91 13.39
tew13 030 - 2.79 .77 -
ptn21 0090 , 0.67 1,00
ptn22 : 0.09 - 0.46 1.4
ptn23 0.09 0.57 175
ptn24 0.09 |- 0.46 034
pin25 0.09 ‘ 0.52 k 1.09
ptn26 ' 0.09 0.97 ' ' 3.56
tsw31 006 217 3.86
tsw32 0.41 o112 o, 321
tsw33 0.41 0.81 ’ 444
tsw34 041 . 4.32 13.54
" tsw35 0.41 . 3.16 - 9.68
tsw36 041 4.02 : ’ 12.31
tsw37 041 | 402 - C 1231
tsw38 , 0.41 4.36 13.34
tsw39 0.41 : 096 - - 2.95
ch1z 0.10 0.04 ' 01
chiy 0.13 - ! : - 0.10 0.30
ch2v : 0.13 - : 0.14 . 043
ch3v : 0.13 ‘ 0.14 043
, . chév 0.13 0.14 043
chsv ' 0.13 0.14 0.43
ch2z 010 ) . 0.14 : 043
ch3z - 010 0.14 . 043
chdz 0.10 0.14 , 0.43
ch5z . 0.10 0.14 ’ 043
ch6 0.10 . 0.04 0.11
ppd 0.10 0.14 - .043
- pp3 ' 0.46 ' 0.20 0.61
pp2 - 046 0.20 . .. 0.61
pp1 0.10 . 014 o 043
bf3 - 0.45 0.20 0.61
Bf2 . 0.10 - ] 0.14 043
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Table 4-5. Thermal Parameters and Tortuosity Factor for NBS (DTN: L8990861'23v31:29.001)

Rock Grain

Rock Gréln

D Wet
Unit _Denst Specific Heat rdondhr‘gtivlty Conductivity Tortuosity
{Kg/m (J/Kg K) (Wim K) (Wim K) ‘
tew11 2550 823 1.60 2.00 0.7
tew12 2510 851 1.24 1.81 0.7
tew13 2470 857 0.54 0.98 07
ptn21 2380 1040 0.50 107 0.7
pin22 2340 1080 0.35 . 0.50 0.7
ptn23 2400 849 0.44 0.97 07
ptn24 2370 1020 046 1.02 0.7
pin25 2260 1330 035 ° 0.82 . 0.7
pin26 2370 1220 0.23 - 0.67 0.7
. tsw31 2510 834 037 1.00 0.7
tsw32 2550 866 " 1.06 1.62 0.7
tsw33 2510 882 0.79 1.68 07
tsw34 2530 948 © 1.56 2.33 0.7
tsw35 2540 900 . 120 2.02 07
tsw36 2560 865 142 184 . 07
tsw37 - 2560 865 142 1.84 0.7 .
tsw38 2360 984 169 2.08 0.7
tsw39 2360 984 1.69 208 0.7 .
chiz 2310 1060 0.70 1.31 0.7
chiv 2310 1060 070 ° 1.31 0.7
ch2v 2240 1200 - 0.58 1.17 0.7
ch3v 2249 1200 - 0.58 . 1.17 0.7
_chdv 2240 1200 0.58 1.47 0.7
chSv - 2240 1200 0.58 1.17 0.7
ch2z 2350 1150 0.61: 120 0.7
ch3z 2350 1150 0.61 - - 1.20 0.7
chdz 2350 1160 0.61 120 0.7
ch5z 2350 1150 0.61 1.20 0.7
ch6 2440 1170 0.73 - 135 - 0.7
pp4 2410 577 0.62 1.21 0.7
pp3 2580 841 0.66 1.26 0.7
pp2 2580 841 0.66 . 1.26 0.7
pp1 2470 635 0.72 133 07
b3 2570 763 1.41 183 0.7
bf2 2410 633 0.74 1.36 0.7
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4.12.2 Fluid and Thermodynamic Properties of Water and Air

Thermophysical properties of watef as a function of temperature are used in the NUFT models
and some are shown in Attachment III, Table III-1 (Incropera and DeWitt (1996, pp. 839, 843,
and 846). These data are appropriately used. '

4123 Univefsal Constants

The Ideal Gas Constant R (1.987 cai/(g mol-K)) and Gravitational Constant g (9. 807 'm/sz)
(Robinson, 1987, cover page) are accepted data mcorporated into, the NUFT code. These
constants are appropriately used.

4,124 Hydrologic and Thermal properties of the EBS

As stated in the scope of work for this report (Section 1.3), the materials used and specifications -
for EBS components follow the LADS EDA II design concept (CRWMS M&O 2000r, p.2,
Sections 2.2.2.2 and 2.3). The backfill consists of Overton sand (CRWMS M&O 2000g, Section
6.1.2.6.1) and the invert consists of crushed tuff (CRWMS M&O 2000w, Section 7.5). The
crushed tuff is part of the TSW2 lithostratigraphic unit (CRWMS M&O 2000v, p.13). The
“hydrologic and thermal properties of the backfill are developed in Attachment X based on DTN:
MO9912EBSPWR28.001 while the property values for the invert are developed in Attachments
~ XIV and XV based on the following input data from DTNs: GS000483351030.003 (Table XIV-
3), GS000683351030.006 (Section XIV.5), and GS980808312242.015 (Figures XIV-1 and XIV-
2). These data sets are utilized in Attachments X, XIV and XV to calculate the hydrologlc and
thermal properties for the EBS. These data sets are appropriately used.

4.1.3 Thermohydrologlc Model
413.1 Hydrostraﬁgi'aphic Unit Properties

The hydrologlc properties used in the TH portion of thls report are fully consistent with the
one-dimensional (1-D), drift-scale property sets from the UZ model (CRWMS M&O 20000,
" Section 3.6). The property values for units in the 14c4 and 14cl columns are exactly those given
.for these units by the following:

+ DTN LB990861233129.002 (1-D, dnﬁ-scale, “upper” infiltration case)
- DTN LB990861233129.001 (1-D, drift-scale, mean infiltration case)
'_ DTN LB990861233129.003 (1-D, drift-scale, “lower” infiltration case)

These property ‘sets include porosity, saturated permeability, and parameters for water potential
vs. liquid-phase saturation and relative permeability vs. saturation relationships, based on the

analytical expressions developed by van Genuchten (1980) and Mualem (1976). Each property:
- set contains similar descriptions for the rock matrix and for the fracture network for each
hydrostraugmphxc unit. The fracture network is assumed to behave as a continuous porous
medium in these calculations, and the continuum- properties are assumed to be homogeneous
within each hydrostratigraphic unit (Assumptlon 532).

The property . sets listed previously also include values for parameters that describe
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nonequilibrium ﬁ'acture.—matrix interaction using the AFC, which are ihput direétly-to NUFT
V3.0s. These parameters include fracture spacings and the y-parameter for each unit. The
hydrostratigraphic unit properties are appropriately used. .

4132 (Not Used) |
4.1.3.3 Model Gridding ana Numerical _Contrb! Parameters
NUFT V3.0s input files (vtough.pkg; run_control_param LDTH-v00; 14c*.in in attached CD in

Attachment XVI) specify control parameters such as numerical-convergence tolerances, time- |
step control, and parameters for controlling implementation. of the nonlinear relations among

saturation, relative permeability, and potential. These numerical control parameters. are

appropnately used. S
4134 Thermal Propertnes for Natural Barner Materials

The thexmal propertxes (DTN: LB990861233129 001) used by NUFT V3 Os are dry thermal -
conductivity (zero hqmd saturation), wet thermal conductivity (100 percent water saturation),
specific heat, and grain density. The values used for these calculations are shown in Table 4-5
- (Same as the Water Diversion Model). For partial saturation, the NUFT V3.0s code is instructed
in the input file (l4c*.in) to linearly interpolate between dry and wet values, based on liquid
saturation. Linear interpolation is appropriate because only two constrairit data points (dry and
-wet) are available. .

414 Drip Shicld Condensation Model

The input data and parameters used for the drip shield condensatiori model are the same as 'tl'xose
discussed in Section 4.1.3, thermohydrologic model,

4, l.S Miscellaneous

Drip Shield for bounding calculation - The dnp sl'ueld length is 5.485 meters for flow through
the drip shield (CRWMS M&O 2000g, Attachment II).

4.2 CRITERIA
4.2.1 Drip Shield Material

The Emplacement Drift System Description Document (CRWMS M&O 2000r, Sectlon 1.2.1.18)
speclﬁes that the drip shield will be titanium grade 7, at least 15 mﬂluneters thick. This criterion
is used throughout Section 6.

4.2.2 Emplacement Drift System

The Emplacement Drift System, as part of the Engmeermg Barrier System (CRWMS M&O
2000r, p.6), provides the interface between the various WP systems and the Ground Control
System, and in conjunction with the WPs, limits the release and transport of radionuclides from
the WP to the nature barrier. . The Emplacement Drift System consists of the structural

* ANL-EBS-MD-000032 REV 01 | 41 November 2000

.‘ :



support hardware (emplacement drift invert and WP emplaeement pallet) and any performance-
enhancing barriers (backfill, if used, drip shield, and invert ballast) installed or placed in the
emplacement drifts (CRWMS M&O 2000r, Section 2 1).

From the above, it is inferred that a drip shield is part of the Emplacement Drift System and it is
necessary to be included in modeling. This criterion is used throughout Section 6.

423 System Closure

The system shall be designed to be closed as early as 30 years after emplacement of the last WP
. (CRWMS M&O 2000r, Section 1.2.1.5). This criterion is used throughout Section 6.

4.2 4 Maximum Heat Load l'or Line Loadmg of Waste Packages

The system shall be designed for line loadmg of WPs wnthm individual cmplacement drifts, -
defined as a maximum heat load of 1.5 kW/m of emplacement drifts, averaged over the entire
emplacement drift at the time of completlon of loading of the emplacement drift (CRWMS M&O
2000r, Section 1.2.1.6). This cntenon is used in Sectlon 6.3.

4. 2.5 Water Dramage A

For 10 000 years, the system shall allow free-hqmd-phase water, from the inflow of 2m® perm
- of emplacement drift, to drain out of emplacement drifts, via the emplacement drift floor
(CRWMS M&O 2000r, Section 1.2.1.8). This criterion is used in Section 6.2.

4, 2.6 lnvert Ballast Material

The invert ballast material shall be granular (CRWMS M&O 2000r, Section 1.2.1.11). This
criterion is used in Sections 6.2 and 6.3.

427 Drip Shield Life

. The drip shield shall have an operatmg life of 10,000 years (CRWMS M&O 2000r, Section
'1.2.1.12). This criterion is used in Section 6.1.

42.8 Water Diversion from Drip Shield

~ The drip shield shall divert water dripping into the emplacement drift around the WP and to the
drift floor (CRWMS M&O 2000r, Section 1.2.1. 13) This criterion is used in Section 6.1.°

429 Emplacement ant Wall Temperature

The system. shall limit the emplacement drift wall temperature to less than 200 degrees C
(CRWMS M&O 2000r Section 1 2 3.1). This criterion is used in Section 6.3.

- 42,10 Heat Removal Dunng Preclosure

The system shall accommodate removal of 70 percent of the heat generated by WPs by the
Subsurface Ventilation System during the preclosure period (CRWMS M&O 2000r, '
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Section 1.2.4.5). This criterion is used in Section 6.3.
4.2.11 Waste Pachge Spacing T

The system shall accommodate a minimum spacing of 10 cm between WPs within individual
emplacement drifts (CRWMS M&O 2000r Section 1.2.4.7). This cntenon is used in Section
6.3.

4.2.12 Emplacement Drift Spacing

The system shall accommodate a nominal spacing of 81 m.between individual emplacement '
drifts (CRWMS M&O 2000r, Section 1.2.4. 8) Thxs cntenon is used in Section 6.3.

A

4.2.13 ' Emplacement Drift Dlameter

The system shall accommodate a nominal emplacement drift excavated diameter of 5.5 m
(CRWMS M&O 2000r, Section 1.2.4.9). This criterion is qsed in Sections 6.1, 6.2, and 6.3.

4. 2.14 Closure and Heat Removal

; At least 70 percent of the total heat generated by thc WPs within the emplacemcnt drifts durmg
the first 50 years of the preclosure period shall be removed by ventilation. (CRWMS M&O
2000w, Section 5.1.3.1). Used in Sectlon 6.3. .

4.2.15 Invert Material

The invert is desxgned‘ to provide sﬁpport for 'thé WP einplacemenf pallets during the preclosure
period. It will be composed of a steel frame filled thh crushed tuff ballast (CRWMS ‘M&O
2000w Section 7.5). Used in Section 6.2.

43 CODES AND STANDARDS

The Water Distribution and Removal Model was prepared to comply with the DOE interim
guidance (Dyer 1999) which directs the use of specified Subparts/Sections of the proposed NRC -
high-level waste rule, 10 CFR Part 63. Relevant requirements for performance assessment from

‘Section 114 of that document are: “Any performance assessment used to demonstrate

- compliance with Sec. 113(b) shall; (a) include data related to the geology, hydrology, and
geochemistry ... used to define parameters and conceptual models used in the assessment. (b)
Account for uncertainties and variabilities in parameter values and provide the technical basis for
parameter ranges, probability distributions, or bounding values used .in the performance
assessment. ...-(g) Provide the technical basis for models used in the performance assessment
such as compansons made with outputs of detailed process-level models ..
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5. ASSUMPTIONS

§.1 WATER DIVERSION MODEL
S.1.1 _ Drip Site

The majority of the pendant drops are assumed to form at rough locations along the trace line of
fractures. Drip site diameter is assumed to be equal to the aperture width of fractures. This
assumption is based on engineering principles and such phenomenon is observed in caves, SO
venﬁcatlon is not reqmred These assumpnons are used in Section 6.1.2.

5.1.2 an Falling Distance

Pendant drop falling distance (H) is deﬁned as the air gap between the arched crowns of the drift
roof and the upper side of the drip shield. H = 2.304 m is calculated based on the assumed EBS ‘
Geometry reported in Tabulated In-Drift Geometric and Thermal Properties Used in Drzﬁ-ScaIe

Models for TSPA-SR (CRWMS M&O 2000u, Table 2). Dimensional variations in the
configuration will have little affect on this model, this assumption does not requlre venficanon
This assumptlon is used in Section 6.1.3.

_ 5, 1.3 Drip Water Redistribution on Drip theld

The: pathways for seepage into the drifts are fractures, and as a result, seepage will vary spatlally
and temporally over the approximately 10,000 waste packages. Drops falling on the drip shield
wet the solid surface by splashing, splashing is neglected in this analysis, and spreading. Kinetic
energy of the falling drops causes the splashing and may lead to the ejection of secondary drops. -
Spreading from the primary and secondary drops produces a thin film of water on the drip shield.
Therefore, the response of groups of waste packages is represented as averages for performance .
assessment. It is assumed that splashing and spreading cause the drip water to be uniformly
redistributed on the drip shield and that any breach is located so that it will collect all fluid that
- drips onto the drip shield or waste package at the same axial location as the breach. This
assumption conservatively ignores the fact that fluid dripping onto the lower portion of the drip
.shield or waste package will not flow through a breach high on the drip shield or waste package.
Because of these conservatism’s this assumption does not require venﬁcatlon This assumption
1susedeect10n6 L5.

5.14 an Shield Dimensions

The drip shield dlmensmnal data are adopted from CRWMS M&O 2000u Table 2, as best |
available information, and does not require verification since dimensional variations in the drip
shield configuration will not affect this model. -

Outside radius (R) = 1,300 mm

Chord = 2,505 mm '

Internal structural reinforcement beam height (x) = 90 mm

Space between two water diversion rings = 245 mm

Space between outer water diversion ring and inner axial seismic stabilizer = 85 mm
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Space between two axial seismic stabilizer = 250 mm

The following d1mens1on is calculated:
Acute angle from the dnp shield arched crown to the plate l/plate 2 connection = 74.46 degrees

(Figure 6.6). - | _ v ' ) :

The dnp shield dimensional data are used in Sectlons 6.1.3 through 6.1.7.
5.1.5 Viscosity

Viscosity is a measure of the shear force between adjacen‘t molecule layers when one layer is
accelerating from the other. In water far away from a solid surface, the force that causes the
shear is the intermolecular attraction. However, water in thin films is also attracted to the solid -
surface by hydrogen bonding and van der Waals forces. These additional forces cause greater
viscosity of water in the thin film than in locations unaffected by the solid surface. Also, the
Newtonian fluid characteristics of water are deviated in the thm film since the viscosity becomes
nonlmear

In the water diversion model analyses, it is assumed that water in the thin film still possesses the
Newtonian fluid characteristics and the viscosity is not affected by the solid surface. This
- assumption is conservative as the smaller viscosity .of water results in less shear force for the
flow. This assumption is used in Sections 6.1.6 and 6.1.7 and does not require verification.

51,6 Maximum Percolanon Rate at the Repository Horizon

The percolation rate at the repository horizon is assumed to be 25 mm/yr. This is based upon a
review of the fluxes in DTN:MO9901YMP98017.001 (unqualified). Using this value and
ignoring the capillary barrier effect adequately establishes an upper bound for the seepage rate
into the drifts. This assumption is conservatxve and does not requlre verification. It is used
Sections 6.1.2 and 6.1.5..

5.1.7 * Parallel Plates

Capillary properties of the crevices are approximate by those of parallel plates. Irregular shape -
cracks possess large surface area and tend to exert greater surface force on water being held than

. parallel plates. This assumption is conservative and does not require verification. It is used in
Sections 6.1.4 and 6.1.6.

518 Water Ponding on Drip Shield -

Depressions or basins on the top of drip shields resulted from rock falls are assumed to occur in
isolated places and do not represent a general phenomenon; therefore water ponding on drip
shields is not considered in this analysis because isolated ponding will not impact model results.
This assumption is used in Sections 6.1.5 and 6.1.6 and does not require verification.

519 Impact Time

~ Impact time (z) between the moment that a drop touches the solid surface and before the drop
- splashes is 2.4 milli-seconds (Mutchler, 1967, p.92). This is assumed to reflect the same
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time as a drop impacts the drip shield. This assumption is used in Section 6.1.3 and does not
require verification. .

5.1.10 Fracture Property of Rock in the Repository Horizon

Mongano et al. (1999, pp.83-84) indicates that most of the fractures are very close and more than
40% of the aperture size are between 0 and 1 mm in the Tptpll unit. This supports using an
assumed aperture width (D) of 1 mm for the pendant drop calculation in Section 6.1.2, This
input is appropriately used, and does not require verification.

S.1. ll Water Evaporatlon

For this model, it is assumed that any water oontactmg the dnp shield or waste package does not
evaporate. Water that contacts the drip shield would evaporate and this evaporation at the drip
shield surface would reduce the potential flow rate, therefore, it is conservative to exclude
evaporation for the purposes of calculation the flow rate through the drip shield at isothermal
temperatures. This assumption is used through out as a bounding condmon

52 WATER DRAINAGE MODEL

The assumptlons used in the Water Drainage Model are to support the backﬁl] case. Tlus model
was developed for the backfill case and was not redone for the no-backfill case. The justification

- for that was that there was more seepage flow into the drift because of the backfill than without

backfill, therefore the conclusion is that since the drainage was adequately addressed for backfill

~ it-did not need to be re-evaluated for the no-backfill case. These assumptions were developed for

the backfill case and may vary from the valués used for the no-backfill case used in other places
in this report. These differences even though they may appear s1gmﬁcant have little or no affect
on the water dramage model results.

521 Drip Shield

" For ease of modeling, the top of the drip shield is assumed to be stair-stepped in shape rather
~ than curved. The technical basis of this assumption is that a flatter shape will result in a
. conservative estimate of the saturation level above the drip shield. This assumption is used in

Sectlon 6.2 and does not requlred verification.

5.2.2 _Hydrologic Properties of Drip Shield

' The drip shield, which is made of titanium, is assumed to be impermeable with properties the

same as the waste package. The technical basis for this assumption is that the drip shield by :
design would limit water. This assumption is used in Section 6.2 and does not require
verification because any leakage through mterlocked sectlons of the drip shleld will not be high
enough to impact nodel results. .

523 Backfill Material and Invert Placement

The Overton sand backfill is assumed to completely fill the outer annulus between the drip shield

- and the drift wall rather than leaving a relatively small air gap on top of the backfill. This
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assumption is conservanve because it allows any mﬂux into the crown of the drift to be in direct
contact with the backfill and, thus, would facilitate flow to the invert of the drift. These
assumptions are used in Section 6.2 and do not required verification.

524 | Tortvuos.i'ty Factors

A factor of 0.0 is assigned to simulated waste packages and drip shields since they are assumed
~to be air and water tight and to be impermeable. A factor of 0.7 is assigned to the invert material
since it is & granular material similar to the lxthostratlgraphlc units at the repository horizon. This
coefficient was estimated for a range of liquid saturation in'soils by Fetter (1993, p.44) and was
found to be 0.66 (~ 0.7) as an average value. This assumption'is used in Sectlon 6.2 and does not
require venﬁcatxon :

525 Thermal-Hydrological-Chemical and Thernial—Hydrqlogicél—Mechanical Effects

The thermal-hydrological-chemical (THC) and thermal-hydrological-mechanical (THM) effects
are accounted for by reducing the intrinsic permeability of the fractured welded tuff directly
‘below the invert to the intrinsic permeability of the matrix for welded tuff. The technical basis
for this assumption is that the THC effects would more likely affect the unsaturated flow
. properties of the existing fractures, and that THM  effects would not likely induce additional
fracturing. This assumption is used in Section 6.2.5. 3 and does not require verification.

-82.6 Location of Model'

Inputs that vary with location are found by using an assumed location of the 14c4 block element,
with coordinates Easting 170500.3 and Northing 233807.3 (Attachment V). This assumption is
used in Attachment V and in all YMESH and NUFT input files. The technical basis for this
assumption is that this point is near the center of the proposed repository (Section 1.3). Since
edge effects are not considered in this model, the center of the repository is used as the
 representative location. This model is not sensitive to this mput. This assumption is used in .
Section 6.2. :

5.2.7 Steady State Two Dimensional Model at Isothermal Temperature

. The NUFT analysis is performed using a steady-state two dimensional model at isothermal
" temperatures. The technical basis for this assumption is that temperatures in the EBS will be less
and water flux rates will be higher than those predicted with repository heating. The heat given
off by waste packages can be neglected for purposes of assessing water drainage. It is
conservative to assume isothermal temperature conditions for the purposes of water drainage.
- This assumptmn is used in Section 6.2.

528 Thermal Conductmty of Stationary Components

The thermal conductmty of the welded tuff as measured in laboratory experiments (Brodsky et

al. 1997, pp.27-34) is assumed to apply to the stationary components. The technical basis for

this assumption is that measured values are in general agreement with values in the literature
(Bear 1988, p.650). This assumption is used in Section 6.2.4 and does not require
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verification. »
529 Model for the Center of the Repository wnth Reflective Side Boundanes

The analys1s assumes that the side boundaries are reﬂectnve with no flow of water, air or heat
occurring across the side boundaries. The technical basis for this assumption is that flow in the
vadose zone is dominantly in the vertical direction for the vertical system of fractures. This is a
common practice for vadose zone flow simulations and does not require verification. This
assumption is used in Section 6.2.3. e

5.2, 10 Modeling of the Rock Mass as a Dual Permeabxlity Medium

The nonhomogeneous rock mass is modeled as two mteractmg materials representmg the matrix, |

and a system of fractures. The interaction between the fractures and the matrix is explicitly
calculated from the local temperature and pressure differences under transient flow conditions.
The technical basis for this assumption is that rock mass is characterized by a matrix and system
of fractures. Under low flux and high absolute moisture potential, flux occurs through matrix.
Under high flux and low absolute moisture potcnnal flux occurs through the fractures. This is a
recognized modeling technique and does not require venﬁcatxon This assumptwn is used in
Sectlon 6. 2 :

_ 5 2. ll Potential Field Theory for Closed Fomi Analyﬁcal Solution

The solution is based upon potcntlal field theory (Phillips 1991 p-67) that assumes a small
perturbation in one part of the field will effect the entire field, not just a local area. The basis for -
this assumption 'is that the flow is irrotational with vorticity equal to zero (Phillips 1991, p.67).
This assumptlon is used in Attachment XII and does not reqmre verification. '

5i2.12 Water Flux Rate under ‘Steady-State Condmons fora Deep Water Table

The water flux rate under a specified percolation rate for a deep water table occurs under steady-
state conditions in which the flux rate equals the unsaturated hydraulic conductivity (Jury et al.
1991, p.127). The basis for this assumption is that over the long term, an equilibrium in
_hydraulic potennal will develop along the boundary of the inclusion with the surrounding host
rock. This is a recognized modeling technique and does not requu'e venﬁcatnon This
assumptxon is used in Attachment XIl. ~

5.2.13 » Inﬁltration ,

It is assumed that infiltration data source estimated for the UZ site scale model (CRWMS M&O'
20000) adequately . describes the glacial climate, These data are from DTN:
MO9911MWDEBSWD.000 and support the computer files *.inf in Attachment VIII. The data-
* contained in the DTN were developed from unqualified sources that do not meet current data
quality requirements. These data are the only available source for glacial infiltration parameters -
and were developed using sound analytical methods. Glacial infiltration is used in this model as a
bounding condition. Thesc infiltration data are appropriately used in Section 6 and do not require
confirmation. :
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52.14 Model Geometry for the NBS and EBS

The UZ site scale model (CRWMS M&O 20000) is a three-dimensional model used to estimate
.the thickness of stratigraphic units. A lithostratigraphic column was developed for the 14c4
column with coordinates Easting 170500.3 and Northing 233807.3 in this analysis as discussed
in Section 6.2.2. The assumed thickness at this column is based upon unqualified data from
DTN: LB99EBS1233129.001. This is the best information available and any changes during
data qualification are not expected to beofa magnitude as to 1mpact model results. The data is

used in Section 6.2 and does not required venﬁcahon

Also, additional layout details are required to supplement the global parameters listed in Section
4.2, These are summarized in Table 5-1 below and are assumed to construct the final in-drift

configuration for the water drainage model used in Section 6.2. Any variation in dimensional ‘

data as the current design is advanced is not expected to be of magmtude as to impact model

results. Verification is not necessary.

Table 5-1. Additional EBS Dimensional Details (CRWMS M&O 2000u, Table 2)

Mode! Input Value
- | Waste package outer diameter 167m
Location of waste package center above bottom of drift - 1.945m
Location of waste package center below the springline 0.805m
| Inside radius of drip shield 1.231m
0.606 m

Top of invert as measured from bottom of drift

5.2.15 Temperature and Pressure Boundary condi_tioﬂs

The assumed data for the temperature and preséure boundary conditions at the ground surface

and water table are based on DTN: LB99EBS1233129.003 from the UZ site scale model -

(CRWMS M&O 20000). The derivation of téemperature and pressure boundary conditions based

on the source data is described in Section 6.2 3.

Although the data are from an unqualified source, changes resultmg from data quahﬁcatlon are

* not expected to be of such a magmtude as to impact model results. The data used are the best
available and were deve]oped using sound analytical Judgement This assumption is used in

Section 6.2 and does not require venﬁcatxon

53 THERMOHYDROLOGIC MODEL

53.1 Effective Tortuosity Factor
See Section 5.2.4.

5.3.2 Homogéneous Fracture Continuum

~ In the conceptual basis for NUFT V3.0s, the fracture network is assumed to behave as a
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continuous porous medium with homogeneous properties within each hydrostratigraphic unit.
This assumption is used in development of the UZ model (CRWMS M&O 20000), from which
the unit pmpernes used in this report were obtained, and therefore applies to this model. This
assumption is consistent with the purpose of the TH calculations reported here, which is to
calculate the average response to heating under a range of effective seepage mﬂow conditions.

This assumptlon is used in the calculations descrﬂ:ed in Section 6.3.1. No further justification of
this assumption is required.

53.3 Component Properties -

The properties of components air and water, distributed in the gas and liquid phases, are
incorporated in a NUFT V3.0s input file (vtough.pkg,-attached CD in Attachment XVI). The
values used are approximations that are suitable either because different values would have a
negligible effect on the NUFT V3.0s results, or because they are not used in TH simulations such
as these which do not use the contaminant transport features of NUFT V3.0s. For those
parameters that are used in TH simulations, the assumed values consist of the following:

Equivalent molecular weight of air: 29.0 g/mol
Molecular weight of water: 18.0 g/mol
Binary diffusivity for water vapor into air in the gas phase

D=14S,D, [“273)9 - (Eq. 5.1)

273

where

Dva = 2.13 x 107 m¥/sec
0 = 1.8 (dimensionless)

T = temperature in °C

t = effective tortuosity coefficient

Sg = gas saturation (calculated by NUFT)
¢ = porosity

Diffusivity of air in liquid water: 10-9 m2/sec
Specific heat of air (C;): 1009 J/kg-K

Vapor-pressure lowering is active for these calculatlons This feature of the NUFT V3 Os code
simulates the interaction between capillary water potential and the vapor pressure goveming
water mass transfer between the liquid and gas phases. The vapor pressure is lowered by an
amount determined from the capillary pressure using the Kelvin Equation (Atkins 1990,
Equation 13b, p. 148). The capillary radius for this calculation is computed from the capillary
pressure (Atkins 1990, Equation 12, p. 148). This increases the boiling temperature for partially
. saturated capillary media, which is the point at which vapor pressure equals the total
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pressure. The vapor pressure lowering due to the potential formation of salts within the EBS is
neglected. This is conservative since the effects of vapor pressure lowering due to salt formation
would lower moisture potential and reduce the potentlal for water to be retained within EBS
components.

This assumptlon is used in the calculatlons descn‘bed in Section 6.3.1. No further Jus’nﬂcatlon of
this assumption is required. :

534 Zero Dispersion Coefficients

For TH problems, the use of zero dispersion for the gas phase is equivalent to an assumption that -
dispersive behavior is small relative to diffusion or that velocities are small. For gas-phase mass
flux rates, gas densities, and-fracture porosities and apertures used in this report, the resulting
Peclet Number is much less than unity, therefore dispersion can be neglected in TH sunulatxons
in accordance with established principles (Bear, 1988; p. 608)

This assumptlon is used in the calculatlons described in Sectlon 6.3.1. No further Jusnﬁcatlon of |
this assumption is required.

53. 5 Preclosure Ventilation Effects

For this report, the effects of preclosure ventilation on the TH state of the host rock is taken into
account by running NUFT V3.0s for 50 yr (Sections 4.2.14 and 4.2.3) assuming that ventilation
has effectively removed 70 percent of the heat generation from WPs (Sections 4.2.14 and 4.2. 3).
The drying effects of ventilation on the host rock and preclpltatlon of solutes predominantly in
the rock matrix are neglected in this model. The result is that the LDTH model overpredicts the
water and relative humidity present in the drift environment for the first few tens or hundreds of
years after closure. This tends to shorten the time until return of moisture to the environment,
ahd is therefore conservative in conjunction with the assumed environmental conditions that
promote corrosion (Assumption 5.3.6). This assumptlon is used in Section 6.3.4 and no further
justification is required.

§3.6 Thermal Loading and Aging of Waste Inventory

The heat-generation curves from CRWMS M&O 2000i are modified to account for the reduced
lineal power density assumption for the no-backfill case (relative to the backfill case) and to
account for the influence of ventilation. The assumption is based upon an initial bounded lineal
thermal load of 1.45 kw/m averaged over all of the emplacement drifts in the repository for the
current no-backfill case (CRWMS M&O 2000x, Section 6.2.3.2) and an initial thermal load of -
1.5404 kw/m for the backfill case (CRWMS M&O 2000y, Attachment I-1). Therefore, the heat-
generation decay curve for the LDTH submodels used in the backfill case in the
thermohydrologic . model is multiplied by a factor of 1.45/1.5404 (= 0.94131) to obtain the
revised curves for the LDTH-model calculations for the no-backfill case (LDTH-SDT-0. 3Qheat-
le6y_vent-20). This includes all of the LDTH-model calculations described in this report

In addition, the line source strength (LDTH-SDT-0.3Qheat-le6y_vent520) was mod:ﬁed to

account for the heat-removal effect of ventilation during the preclosure period. These
calculations are based on the 70 percent heat removal ventilation (Sections 4.2.10 and
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4.2.14). Accordingly, the heat-generation rates are therefore mutltiplied by a factor of 0.3 during
the 50-yr preclosure period (Sections 4.2.3 and 4.2. 14) Note that the drying influence of drift
vennlatlon is neglected in these caleulatlons

This assumption is used in Section 6.3. It does not required verification because any deviations
from the assumed heat generation curves are not expected to be significant enough to affect
model results. :

5.3.7  Thermal and Hydrologic Propérﬁes for EBS Materials

The EBS invert ballast material is crushed tuff (Section 4.2.15). This material (devitrified, -
welded) is assumed to behave hydrologically as an unfractured medium. When fractured rock is -
crushed, the fracture properties are lost so the crushed material behaves hydrologically as an
unfractured porous medium. But because the NUFT program was used to simulate the entire
unsaturated zone, including the undisturbed host rock, the DKM feature is applied. Since the
invert crushed material does not possess fracture properties, only porous medium properties are -
used. This is represented in the DKM by splitting the total property value between the fracture
‘and matrix continua. Half the porosity is assigned to the matrix continuum, and half is assigned
“to the fracture continuum. Density, specific heat, thermal conductivity, permeability, and other
-hydrologic properties are assigned the same way. The AFC is not used for EBS material
properties. Any deviations from the assumed splits are not considered to be significant enough
to affect model results. Verification is not required. This assumptlon is used in Section 6.3.

5.3.8 Geometry of the Drift and Drip Shield and Waste Package

For the models in this report, it 1s assumed that the waste package, drip shield, and pedestal
supporting the waste package are combined into a single body with outside dimensions
representing those of the drip shield. The rectilinear NUFT V3.0s grid is designed with spacing
so that this composite body as well as the drift, invert, and drip shield are represented. The cross-
sectional areas of each component (drift, invert, waste package/drip shield) in the grid are -
approxunately the same as speclﬁed in Sections 4.2 and 5.2.14. Verification of this assumption

is not required as changes in dimensional data are not expected to be significant enough to

impact model results. The assumption is used throughout Section 6. : -

539 Properties of the Waste Package

The waste package is modeled as a umform solid body, with thermal conductxvnty and heat
capacity scaled to represent the response of the composite body. The waste package is assumed
to have a thermal conductmty of 14.42 W/m-K, specific heat of 488.86 J/kg-K, and densxty of
8189.2 kg/m based on a review of avallable data (CRWMS M&O 2000u, p.11).

These values are based on area-averagmg usmg prescribed geometry and matenals for the waste .
package and drip shield. Treatment of the drip shield, waste package, and waste package
supports as a composite body, is consistent with the objectives of this model, which include
investigation of the bulk environment but not the fine-scale variability of conditions in the spaces
enclosed by the drip shield. In addition, the temperature in the bulk environment during the
~ thermal period will be determined by the processes that convey heat away from the drifts,

but not by heat transfer within the spaces enclosed by the drip shields. The space between
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the drip shield and waste package remains warmer, and therefore drier, than the bulk
environment during cooldown, so aqueous processes will take place primarily outside the drip
shield for these conditions. Finally, the storage of sensible heat by the waste package and drip j
shield will not be significant to the bulk environment, because temperature changes will occur
very slowly. Accordingly, the results are insensitive to the value of specific heat, used to
represent the composite body. This assumption is used in Section 6.3. Verification is not
required because model results are not sensmve to potential small changes in waste package
propertles : : : :

53.10 Thermal Cvondu'ctivity,A the Lower,and Upper Invert Layer -

The thermal conductivity, specific heat and density of crushed tuff are developed in Attachment -
XIV. The invert of the no-backfill case consists of two layers with respect to thermal
conductivity Ks. The lower half of the invert (called the lower invert layer) has a Ky, value for
pure crushed tuff (Section 4.1.6). The document Invert Effective Thermal Conductivity
Calculation (CRWMS M&O 2000n, pp. 15-24) presents a calculation thermal conductivity for a . -
composite upper invert comprised of stecl beams and crushed tuff of various thicknesses.
Because of the orientation of the steel beams, there is directional anisotropy for the effective Ki,
of the upper invert layer. Because NUFT does not handle directional anisotropy in Ky, it was
judged that a lateral value of Ky (1.520 W/m-K) is the most appropriate single value of Ky for
the upper invert layer in the no-backfill calculations in the LDTH models. This assumption is
- used in Section 6.3. Verification is not required because model results are ‘not sensitive to
potential small variations in the conductivity.

53.11 Mass l)ensnty of the Waste-Package/Drip Shield Monolith

The drip shield and waste packagé are repfesented as a monolithic body in the LDTH model. The
mass density of this monolith is based on the respective densities and cross-sectional areas of the

waste package and drip shield (Table 4-1 and Figure 4-2 of CRWMS M&O 2000i). As stated in~

Section 5.3.10, the storage of sensible heat in the drip shield and waste package is neghglble,
~ consequently, it will not significantly affect heat flow in the EBS. This assumption is used in
. Section 6.3 and does not requlre venﬁcatlon

'5.3.12 Thermal Conductivity and Density for the Active Fracture Model

The thermal conductivity and density values of the fracture and matrix are ‘apportioned by the
followmg

fracture conduc_tivity = total conductivity x (fracture porosity)
matrix conductivity = total conductivity x (1 - fracture porosity)
fracture density = total density x (fracture porosity)-

matrix density . = total density x (1 - fracture poros1ty)

There is no common]y accepted approach to apportioning fracture and matrix oonductmty and -
density. However, it is important to note that the total value of conductivity and the total value of
density. Therefore, the total conductive heat flow is the same as a single continuum with the

same total value of thermal conductivity. Similarly, during the transient (heatup) period, '
we honor the correct mass density of the rock mass. - This assumption has no impact on this
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model. This method is used in all submodcls (used throughout) Tlns assumptlon does not
require confirmation.

53.13 Hydrostratigraphic Unit Thickness, 'Centi.u":t' Elevations, and Extents

Thirty one locations were selected to assure that the variability of host-rock units and local
percolation flux were adequately represented in the Multiscale TH Model (CRWMS M&O
'2000i). Integration with UZ model unit thicknesses, contact elevations, and lateral extents was
accomplished using YMESH V1.53 (Table 3-2) to read mesh and gnd files from the UZ model
(CRWMS M&O 20000).

It is assumed that data from an unquahﬂed source (DTN: LB99EBSIZB3129 001) describe
contact elevations for each of the 31 model locations. This information was manually
incorporated into the NUFT V3.0s input files, and is best data available. Any change in this
assumption during the data qualification process is not expected to be of a magnitude to impact
model results. Therefore, confirmation of this assumption 1s not required. This assumptlon is
used in Section 6.3.

5.3.14 Temperature and Total Preseure »Boundary Cc'mditions

For the 2-D models used in these calculations, the model domain extends from the ground
surface to the water table. Temperature and total pressure conditions (Table 5-2) are assumed at
each boundary based upon unqualified DTN: LB99EBS1233129.001. The values were obtained
from the UZ model files “bes_99.dat” and “tspa99_primary_mesh”, which are read dlrectly into
the CHIM_SURF_TP V1.1 soﬁware routine. Inverse-squared distance weighting is used to
interpolate the UZ model information at the required l4cl and 14c4 locations. ,

These files represent the best available data because any change to the data during quahﬁcatlon

is not expected to be of a magnitude as to impact mode] results Confirmation is not necessary
The assumption is used in Section 6.3.

Table 5-2. Temperature and Total Pressure Boundary Conditions - '

Ground Surface Water Table
Mode! Location Temperature (°C) | Pressure (Pa) | Temperature {°C) Pressure (Pa)
4c1 16.954 85,587 32.360 92,000
Med - 15.910 84,511 32.544 92,000
NOTE: Source: Software routine CHIM_SURF_TP V1.1 and CRWMS M&O (2000i)

The air mass-fraction at the ground surface is calculated from the temperature and total pressure
such that the relative humidity is 100 percent. This prevents water from diffusing upward
through the ground surface when NUFT V3.0s calculates initial, steady conditions prior to the
application of heat. The air mass-fraction is calculated from ’
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wW=062—2Y ' (Eq.5.2)
' . Pb =Pv .
where
W = specific humidity, weight of water per unit weight of dry air
pv = partial pressure of water vapor
p = baromelnc pressure

0.622= constant, mole wt HOto mole wt dry air

- At the water table, the air mass-fraction is assxgned a small value (comparable to the solublllty of
air-constituent gases in water). The air mass-fraction boundary condition values used in this
report are shown in Table 5-3. The temperature and total pressure boundary conditions are
appropnately applied.

Table 5-3_. Air Mass-Fraction Boundary Conditions

o : Ground Surface ' » Water Table
" Model Location "Alr Mass-Fraction ’ Air Mass-Fraction
Kcl 0.98584 ' 1.0x10°°
Mcd4 098660 - - : 1.0 x 10

NOTE: Source: Equation 1, using barometric pressure

Vapor pressures are obtained for the ground surface temperatures indicated in Table 5-3, usmg a vapor
pressure table {Weast and Astle 1981, p D-1 68) ,

5.3.15 (Not Used)
5.3 .16 Effective Thermal Conductivity of Cavities Insxde Drifts

Thermal radiative heat transfer inside cavities within the emplacement drifts can be represented

- with the use of an effective thermal conductivity, which is given as a function of time. The only

“available source of effective thermal conductivity versus time. relationships is Eﬁ’ecuve Thermal
Conductivity for Drift-Scale Models Used in TSPA-SR (SN9907T0872799.002). It is assumed
that these data from an unqualified input source adequately describe the effective thermal
conductivity of cavities inside drifts with time. The assumption is justified because the data used

- were developed using sound analytical methods. Any changes to these data during quahﬁcahon‘

are not expected to be of such magmtude as to impact model results. Therefore, verification is

- not required. Thls assumption is used in Section 6.3.

5.3.17 Heat Generatlon Rate

The only avaﬂable source of heat-generation decay curves for the LDTH models is information
in the files 2-Dwpermeterxls and heatTSPA-SR-99184.txt from unqualified DTN:
SN9907T0872799.001. These curves apply directly to the backfill case. These curves are
modified for the no-backfill case and to account for ventilation according to the assumptions in
Section 5.3.6. The heat generation rate is appropriately used in Section 6.3. Any changes
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during data quahﬂcatlon are not expected to be of such 2 magmtude as to 1mpact model results.
This assumptlon does not require venﬁcat:on :

53.18 Net Inﬁltratlon Boundary Conditions s

Software routine CONVERTCOORDS V1. l is used to convert unquallﬁed infiltration grid files
obtained from the U.S. Geological Survey (USGS) (LB99EBS1233129.004) from UTM to
NSPC (metric), while reformatting the file from matrix to column format. Infiltration values at
selected model locations are then - interpolated using software  routine
COLUMNINFILTRATION V1.1. In the climate model represented by these files, the monsoonal -
values are assigned to begin at 600 yr after waste emplacement, and the glacial values are

assigned to begin at 2000 yr (LB99EBSIZ33129 004).

The resulting assumed infiltration values for the model locations are shown in Table 5-4.

Table 5-4. Infiltration Values for Mode! Locations

Glacial (mmiyr)

Infiltration Present-Day Monsoonal
Location Distribution (mmlyr) (mml/yr)
“lower” 0.00 10.13 1.99
14cd mean 1013 28.88 - 42.00
“upper” - 2429 47.61 - 82.01
"lower” 0.18 4.79 3.31
Ke1 mean 4.7¢ 12.09 18.88
“upper” 10.98 19.40 34.45

NOTE: Source: Spreadsheet “inﬁltration.-xls' (Attached CD in Attachment Xviy

These values are included in the NUFT V3 Os mput file (*.in). The infiltration flux values for the
31 locations in the multiscale TH Model, produced in the manner described previously, are _
compiled in the spreadsheet “infiltration.xls” (Attached.CD in Attachment XVI). For comparison
purposes, the average flux values for all 31 locations are shown in Table 5-5. The infiltration
boundary conditions are appropriately applied. ‘

Table 5-5. Average Flux Values for Model Locations

- Present-Day

Location Infiltration Monsoonal _ Glacial (mmlyr)
Distribution (mmiyr) (mmlyr) .
. “ower” - 0.56 5.08 2.99
Average mean 5.98 16.07 2486
(31 locations) - “upper” " 14.56 26.17 46.73

NOTE: Source: Spreadsheet “infiltration.xis” (Attached CD in Attachment XVI)

This assumption is justified because lt is based upon the best available data. Model conclusions
are based upon a range of values and are not sensitive to variation, that may occur as the data is
qualified. Venﬁcatlon is not required. The assumption is used in Section 6.3.
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S4 DRIP SHIELD CO_NDENSATION MODEL

Assumptions used in the drip shield qondehsation model are the same as those discussed in
Section 5.3, thermohydrologic model. o
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6. ANALYSISIMODEL

The purposes of the Water Dlstnbutlon and Removal Model (CRWMS M&O 2000b)- are to
provide analyses that support the development of EBS PMR and FEP screening, which are
important fo waste isolation, repository design, and TSPA for the no-backfill case. Principle
features of the model include the simulations and analyses of unsaturated flow and heat transfer
‘in the geologic materials, temperature and relative humidity environment, and water diversion
and water drainage within the emplacement drifts. This section presents a set of submodels
which describes the movement of water within the emplacement drifts under ambient and
thermally driven conditions. This section combines the results from:

e  Water Diversion Model

¢  Water Drainage Model

¢  Thermohydrologic Model

o . Drip Shield Condensation Model'

This Section also presents the screening arguments for certain FEPs that are related to water
distribution and removal in the EBS, and addresses the apphcable acceptance criteria from the
" IRSRs. :

The water diversion model analyzes the flow of water, resulted from seepage dripping, through
‘breaches in the drip shield, and the thin film flow on vertical walls underneath the drip shield due
to adsorptive condensation. It also investigates the possibility of capillary flow through the gaps
between overlapping drip shield segments. The breaches include mainly fine cracks caused by
stress corrosion and patches by general corrosion. The model uses the term “corroded crevices”
to represent both the fine cracks and the patches. Results of the water diversion model can be
used for evaluating the drip shield design. -

The water drainage model simulates the unsaturated flow through fracture rocks using an -
implicit dual permeability model (DKM) to evaluate drift seepage, water movement in the drift,
and permeability modification in the host rock, that could lead to complete saturation of the
invert. This information is appropriate for evaluating the selection of invert materials, the invert -
configuration, and the needed drainage capacity to ensure free drainage throughout the evolution
.of the host rock. This model was based on the use of backﬁll for the No-backfill case the
justification is.provided in Section 6.2.

In-drift thermal and hydrologic conditions are predicted in the thermohydrologic model. This
model simulates the thermal-hydrologic conditions in the EBS, including: (1) drift crown
temperature and relative humidity; (2) drip shield temperature and relative humidity; and (3) invert
temperature, relative humidity, saturation, liquid flux, and evaporation rate. The spatial vaniability of

liquid saturation, liquid flux, and evaporation rate throughout the invert is of interest for radionuclide =

transport modeling. The temperature and relative humnidity at the invert, drip shield, and drift wall
surfaces are of interest for predicting condensation under the drip shield and from the drift crown. The
model analysis was performed for a range of hydrologic conditions that could be imposed on the
drift environment.

The potential for condensation under the drip shield is evaluated in the drip shield
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condensation model using the vapor pressure lowering in the invert as a model feature. The
invert thermal-hydrologic conditions and drip shield temperatures from the thermohydrologlc
model are used to predict the onset of condensation.

The sources of uncertainty in the WD&R model include the variation in infiltration rates, spatial

variability in drift seepage rates, waste types and waste placement locations, heat generation

rates, thermal-hydrological-chemical (THC) and thennal-hydrologlcal-mechamcal (THM)

effects on host rock fracture plugging, and uncertainties in corrosion propertles for the drip

shield. These uncertainty issues are addressed by the submodels prmented in the following and
are also summarized in Section 7.5.

61 WATER DIVERSION MODEL

The diversion of water within the emplacement drift is important to the long term postclosure
performance of the EBS system. The distribution of seepage water in the emplacement drifts can

be highly variable due in part to variations in the spatial distribution of percolation. The -
performance of the drip shicld may divert the water flux around the waste packages to the invert.
Diversion will occur along the drift wall, at the drip shield, and around the waste package
surface, even after the drip shield and WP have been breached by corrosion. The water diversion
model herein focuses on the drip shield performance based on the waste placement alternative
without backfill. Water diversion on the waste package surfaces is discussed in CRWMS M&O
(20004).

Several seenarios that seepage water enters the underside of the drip shield, in the forms of liquid
and vapor, through capillary flow and adsorptive condensation are investigated, including: .

e capillary flow through drip shield connectors
e  capillary flow through corroded crevices

e ‘thin film flow due to adsorptive condensation. on walls of the internal structural
' ~ reinforcement beams o

Conceptual models are developed in the followmg to describe these ﬂow mechanisms and their
related physical processes.

6.1.1 Model Processes , ,
6.1.1.1 - Capillary Flow through Drip Shield Connectors

Figure 6-1 shows the drip shield connection configuration that is designed to eliminate capillary -
flow through the gaps between overlapping segments (CRWMS M&O 2000g). Although water
could be held in the capillaries between contacting surfaces of two drip shield segments,
capillaries are broken by open spaces, e.g., between the two water diversion rings, between the
outer water diversion ring and the inner axial seismic stabilizer, and between the two axial
seismic stabilizers (Section 5.1.4). “Also, structures and/or materials that could retain water on
top of the drip shield and hence create driving force for the capillary flow do not exist.
Therefore, capillary flow through dnp shield connectors will be prevented by the current joint
design. _
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- Capillary Breaks .
:7 — ri

Figure 6-1. Drip Shield Connection Configuration
* (1=Water Diversion Rings; 2=Axial Seismic Stabilizers}

6.1.12 Capillary Flow through Corroded Crevices

The NUFT simulations for the water drainage model in Sectlon 6.2 indicate that the unsaturated _
flow in the repository host horizon is dominated by fracture flow as the matrix exhibits orders of
magnitude lower hydraulic conductivity. As a result seepage water enters the emplacement drift ©
primarily through fractures in the form of pendant drops. The formation and detachment of a

drop is the result of dynamic equilibrium between surface tension and gravity. Figure 6-2 shows
that a pendant drop is formed at the fracture intersection with the emplacement drift roof as the
fracture flow continues to provide water to the drop. Due to the slow matrix flow and
condensation of water vapor from the air, a thin film of water is developed on the drift roof that

- can also feed the pendant drop. At first, surface tension is in balance with the gravitational force.

With slight incremental increases in the drop weight the hanging drop goes through a sequence
of equilibrium shapes in response to the inflow. Fmally, gravity overcomes the surface tension
and the drop begms to fall (dripping).

Pendant drops tend to form at rough locahons (drip s:tes) because the rough surfaces exert
greater surface forces, and therefore provide more stable sites for water retention. Many drip
sites could co-exist along the trace line of a fracture intersecting the drift roof. Drip site density
is dependent on fracture spacing, trace length, and roughness on the drift roof. Drip sites could
also exist outside the fracture trace line but the water supply is limited to the matrix flow and

. possibly condensation. Drip site density affects the frequency of drops at each drip site because ‘
the volumetric flow rates of seepage and dnppmg should be equal at steady state.

In early stages after ventilation stops, water dnppmg may not occur because any scepage water
reaching the drift roof will evaporate owing to the high temperature and low humidity
environment. As humidity increases the evaporation rate will decrease and dripping may start
where there is sufficient seepage flux. If moisture loss to the host rock by vapor diffusion is
insignificant, the air will eventually be saturated by water vapor. At this point, water dripping
occurs at a rate that equals to the seepage rate.
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Porous Matrx Flow

Porous Matrix Flow -
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Pendant Drop -

Figure 6-2. A Pendant Drob Formed at Fracture Intersection with Drift Roof

Water dripping on the drip shield wets the solid surface by splashing and spreading. Inertia of
the falling drops causes the splashing that leads to the ejection of secondary drops. The
spreading from the primary and secondary drops produces a thin film of water on the drip shield
that very slightly thickens away from the crest (Figure 6-6 and Figure 6-8). "It is assumed that

~ splashing and spreading cause the dripping water to be umformly distributed on the drip shield
(Assumption 5.1.3).

Crevices of various sizes will be developed in the drlp shields due to pitting and crevice
corrosions, i.e., by general corrosion and by stress corrosion (CRWMS M&O, 2000e). Crevices
in the drip shxeld can draw water from the thin film due to capillary suction and gravitational
forces. . Direction of the capillary force changes from downward to upward during the filling
process. Figure 6-3 shows that the contact angle of water in the capillary increases from less
than 90° to greater than 90° to accommodate the weight increase. The capillary force acts against
gravity in holding the water in place when the contact angle is greater than 90°. Maximum
~ contact angle is reached at 180° that corresponds to a maximum water holding capacity. Water
contents in the crevices can vary from saturated, to partxally-saturated to not capable of holding
water (see Table 6-1 for calculation results) as the aperture sizes increase.

Film flows over saturated crevices have little impact to the water held in the crevices due to the

- effect of capillary plug. However, film flows into the partially-saturated crevices can cause -
pendant drops to be formed and released on the underside of the drip shield in a discrete manner. -

In addition, drops falling directly on the crevices (saturated and unsaturated) result in kinetic
energies to be converted to pressure pulses (impulsive force) that break the capillary and

grawtatxonal force equilibrium, causing some or all of the water to be squeezed out of the
crevices. Film flow and falling drops will go through large cracks and patches and therefore are

not analyzed.
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Figure 6-3. Contact Angle in a Crevice (a) Less Than 90° and (b) Greater Than 90°

.6.1.1.3 Thin Film Flow by Adsorptlve Condensatmn :

Water vapor molecules will condense to solid surfaces by chemical and physical adsoxptwn in
addition to thermal condensation (discussions on the thermal condensation are provided in
Section 6.4). In chemical adsorption the dipolar water molecules form covalent bonds with the
positively charged metal surface, while in physical adsorption the water and metal molecules
attract each other by the long-range van der Waals forces (Atkins, 1990, p.884). Physical
adsorption is a weak interaction and the energy released is of the same order of magnitude as the
enthalpy of thermal condensation. The enthalpy for chemical adsorption is much greater than the
one for physical adsorption. A good discussion on adsorption of gases and vapors on solids can
be found in Birdi, 1997 (pp.282-288). Further discussion in adsorptive condensatlon is provided
in Section 6.7.

As a result, a film of water will be formed on the drip shield due to the adsorptive free energy
associated with the interaction of the metal surface with the moisture in the air. The adsorptive
potential for additional moisture deposition will decrease as the film thickness increases. At
‘steady state, adsorption is in equilibrium with desorption and the film thickness becomes stable.

Water adsorbed on horizontal surfaces is immobile because hydraulic gradients for the flow do
not exist. The thickness of films can vary from a mono-layer of water molecules to less than 100
Angstrom (&) depending on the relative humidity in the air (Philip, 1977, p.5074; Lee and
Stachle, 1997, p.37). However, water adsorbed on vertical walls such as the surfaces of the
internal structural reinforcement beams can flow under the influences of gravity (Figure 6-11).
Films thicken along the downward flow paths to accommodate the increase of mass and drops
can form at the bottoms of the vertical walls. The rate of film flow under such condition is
controlled by the rate of adsorptive condensation.
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6.1.2 Drop Size, Drip Site Densxty and Drip Rate V

Tate s law (Middleman, 1995 p.94) gives a solutlon for predxctmg the maximum size of a
pendant drop simply by equating the capillary force to the weight of the drop (Equation 6.1). It
assumes that the capillary has a diameter (D,) and the maximum drop volume (V) that could
exist is when the contact angle 6 = 180° (Equation 6.2). .

-0wnD,c0sO = pygV - (Eq.6.1)
where:
Cw & surface tension of water (N/m);
pw - =density of water (kg/m’);
) = contact angle (degrees);
D, = aperture w1dth (m); and
v = volume (m*);

Negative sign indicates that surface tension and gravitational forces are in opposite directions, or

V max = T2 (Eq.62)
PwE
If the released drop were a sphere, then |
: o\ _ ,
De =(6V"“) | (Eq. 6.3)
P , .
t - o
where:
Dg = diameter of péndant drop (m); and

Vmax = maximum drop volume (t'n’).

However, studies show that some residual liquid remains attached to the capillary when a

pendant drop falls. Hence, the drop volume is lower than the one predicted by Equation (6.3).

- Harking and Brown (Middleman, 1995, p.170) introduced a correction factor to the Tate’s law
based on experimental data. The correction factor is a function of the surface tension and drop

diameter and is found to be between 0. 5 and 0.8.

A larger drop will carry higher kmetlc energy when it falls. To be conservative in estimating .
: drop size, correction factor is not used in this analysis. Usmg D, =0. 001 m (Section 4.1.1.1), the

maximum drop volume Vy, is determined to be 2.2x10% m® (22 mm’) while the drop diameter

Dy is 0.0035 m (3.5 mm).
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The drip site density will depend on the roﬁghness spacing, trace length, and spacing of the rock
fractures on the drift roof. The drip rate is defined as the number of drops per drip site per time
and is determined by

0

o= (Eq. 6.4)
NV max
-where:
n = drip site density (sites/m?),
Q = maximum seepage rate to the drift (m/yr), and

Q' = drip rate (drops/yr/dnp site).

As mentioned prevmusly, the dlstributnon of seepage water in the emplacement dnfts can be

highly variable due in part to variations in the spatial distribution of infiltration. To account for

the uncertainties, a wide range of secpage rate values is applied to-Equation (6.4). The

percolation rate at the repository horizon is assumed to be 25 mm/yr (Assumption 5.1.6, DTN:

MO9901YMP98017.001). Figure 6-4 shows the drip rate as a function of dnp site density at
seepage rates of 10 mm/yr, 20 mm/yr, and 40 mm/yr.

Note that the range of estimated seepage flow rates are presented in the Abstraction of Drift -
Seepage (CRWMS M&O 2000a, Table 11). These estimated seepage rates indicate that the
‘median seepage rates are much less than the values used in this analysis. The seepage rates used
in this analysis are therefore conservative in est:matmg water diversion in and around the drip
shield. :

1 ) 3 4 s 3 ? 3 9 10
Drip Site Density {sitcsim’)

Figure 6-4. Drip Rate vs. Drip Site Density

6.1.3  Impulsive Force, Impact Time and Splashing
The maximum pressure (impulsive force) from a falling drop is achieved during the drop

compression period (impact time) between the moment that the drop touches the drip shield and
before the drop splashes. Neglecting air drag, the final velocity of a drop depends on the
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falling distance from the drift roof to the drip shield surface

U = (2gH)"? ' (Eq. 6.5)
where:
U = final ‘velocity (m/sec); and
H = falling dlstance (m)

The distance from the drift roof to the top of the drip shield i is 2 304 m (Section 4.1.1 .2), so the -
maximum final velocity of a falling drop is 6. 72 m/sec. -

The maximum pressure (Pms;) €xerted on the dnp shield surface equals to pugH, or , _
" Pmax=22,223Pa , (Eq. 6.6) .

High-speed photography has been used to study splashes from water drops on rigid surfaces with
and without standing water (Mutchler, 1967; Rochester and Brunton, 1974). Generally, drop
splashes are produced within milli-seconds (ms), depending on the depth of the standmg water.
The impact time () of 2.4 ms (Assumption 5. 1 .7) is used in this analysis.

Splashmg on the drip shleld surface depends on drop size, final veloclty, and surface roughness.

CRWMS M&O (2000d, p.II-10) presents an equatlon for determining the threshold velocxty for
splashing

1
where:

o o (DY*® - '

U= 33(—2—) ' - (Eq.6.7)
U, = threshold velocity for splashmg (m/sec)

. Dy is the drop diameter in mm. Usmg D4 = 3.5 mm as determined in Section 6.1.2, the threshold _
‘velocity for splashmg is calculated to be 2.37 m/sec, smaller than the final velocity of 6. 72 m/sec
as calculated using Equation (6.5), therefore, splashing will generally occur.

- 6.14 Crevice Water Holding Capacity at Equilibrium

As shown in Figure 6 9a the capillary force is in statxc equilibrium w1th grav1ty in holdmg water
in the crevices. It is assumed that the crevices can be represented by parallel plates (Assumptlon
~ 5.1.5). The ‘upward caplllary force in the parallel plate is (Corey, 1977, p.18)

~ (Eq.68)

while the downward gravitational force is
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Faon=pug (At +h) | (Eq. 6.9)

where:

B; = crevice width (m);

At = drip shield thickness (m); and
h = thin film thickness (m).

Equating Equations (6.8) and (6.9), we have -

_PuEBI+R)B
20

w

(Eq. 6.10)

cosg =

Neglecting the thin film thickness (h = 5.6x10° m, see Figure 6.8), the contact angle can be
calculated as a function of crevice width and thickness using Equation (6.10). Table 6-1 shows
that B; = 0.916 mm is the maximum crevice width that can hold the full column of water (At = 15
mm) when the maximum contact angle 6; is reached at 180°. Less than 10 mm of water can be
held when crevice width increases to greater than 2 mm. Capnllanty breaks if air becomes
interconnected from top to bottom when the water holding depth is thin, i.e., B;> 5 mm..

. Table 6-1. Contact Angle and Water Holding Capacity as a Function of Crevice Width

Crevice - Water Holding Contact
Width Capacity Angle
B, H; : L
(mm) (mm) (degree)
0.001 15 90.06
0.01 - 15 - 90.63
~ 0.1 15 96.27
0.2 15 102.62
0.3 15 109.12
0.4 15 ‘ 115.90 -
0.5 15 - 123.10
0.6 15 130.84
07 - { . 15 139.86
0.8 15 150.89
0.9 15 169.38
0.916 15 180
1.0 13.74 180
20 6.87 180
3.0 4.58 180
4.0 3.43 180
5.0 2.75 180
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6.1.5 Crevice Flow By Interception of Film Flow

As shown in Table 6-1, crevices become unsaturated when aperture width increases to greater
than 0.916 mm when capillary force can no longer support the weight of a 15 mm column of
water. Under such circumstances, film flow on top of the drip shield will be intercepted by the
unsaturated crevices and pendant drops will be developed on the underside of the drip shield
(Figure 6-5). The dripping is discrete and the process is similar to the dripping from the fracture
rock to the drip shield. For example, a drop is released when the maximum holding capacity is

reached so the volume of water in the crevice is reduced by V. As the film flow continues to

feed the crevice under the influence of capillary force and gravity, the volume of water in the

crevice increases and so is the weight, which lead to the grow of a new pendant drop. If we

ignore this transient process and focus on longer-term average, the dripping flow rate shall equal
to the film flow being intercepted, depending on the orientation of the crevices.

Figure 6-6 illustrates the thin film profile on top of the drip shield due to splashing and spreading

of water from the emplacement drift roof. The flux (q) from dripping is uniformly distributed on
‘the drip shield not because of the primary drops, but the redistribution of secondary drops from
splashing (Assumption 5.1.3). Section 6.1.3 concludes that splashing will generally occur on the
 drip shield because the final velocity of the drops is almost three times faster than the threshold
velocity for splashing.

Figure 6-5. Film Flow as the Source of a Pendant Drop in an Unsaturated Crevice
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Figure 6-6. Control Volume for Foroe-Momentum Balance for Thin Film Flow down the Cylindrical an
Shield Surfaoe

The flow of thin film down the cylmdncal drip shield surface can be derived through a force-

' momentum balance on the control volume

pug sind (R + r)d6(8 )= %0 R+1)30 + 1:,(R + S)de (Eq. 6.11)
where: | |
o' = angle for the arc length from the drip shleld crown (radlans),
R =drip shield outside radius (m);
T = distance from drip shield surface to the bottom surface of control volume (m),
- do = finite angle for the control volume (radians);
o = film thickness at angle 6 (m);

to  =shearat(R+r)and angle® (N/m?);and - ’
T =airdragon the film surface at (R + §) and angle 8 (N/m?).

Iftyis assumed to be negligible, Equation (6.11) reduces to

o= pugsind(s- ) | (Eq.6.12)
;0 can also b¢ writ_tcn.as | | |
" To= pu dugldr | ) 7 (Bq.6.13)
~ where: 7
Ug = ﬁﬁn flow veio‘city atrand angle 0 (m/sgc). - E
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Combine Equations (6.12) and (6.13) and rearrange, we have

due = _e!g__s_m_g_r(é. —~r)dr ) (Eq 6.14)

w

Integrate Equation (6.14) once and apply boundary condition ug = 0 at r = 0, we have

uo=LwESHO (5 1.2y . (Eq.6.15)

He 2
The volumetric flow rate of the thin film is obtained by }ntegraﬁng Equation (6.15)

0(6) = [ wdr - PugSinG g5 - (Eq. 6.16)
0 3#!\' . v
where: ' '

" Q(0) = volumetric flow rate of film (m*/sec).
Q(0) can also be obtained by integrating the flux (q) ﬁ'om splashmg

L 00)= ja qua gRO (B 6.17)

Equate Equations (6.16) and (6.17) and rearrange, we have

Assume an unsaturated crevice (aperture width greater than 0.916 mm) is perpendlcular to the

film flow, use p, = 4.7x10™* Pa.s and p,, = 983.2 kg/m® at 60 °C (Section 4.1.1.3), R= 1.3 m

(Section 4.1.1.4), and q = 25 mm/yr (Assumption 5.1.4, this bounding drift seepage rate is used

' to determine the maximum film flow rate and thickness on the drip shield), the volumetric flow

rate Q(0) and film thickness (d) are calculated in Attachment I and the results are summarized in
Figures 6-7 and 6-8.
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Figure 6-8. Film Thickness vs. Crevice Location

6.1.6 Crevice Flow by Impulsive Force

Figure 6-9 shows the balance of forces on the water body within the crevice prior to the impact
of a falling drop and when the contact angle () reaches 180°, respectnvely These forces are
presented for the water Wlth a unit length as follows , -

Gravmmonal force '

p W.g.At-Bj'
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Capillary force in equilibrium with the gravity before a drop hits (90° < §; <180°)
-2'c W.' cos (91)

Impulsive Force
P maxfB i

Capillary force poténtial corresponding to oontéqt angle increase from 6; to 180°
-2¢ w‘(l + cos(ej))

Vlsoous force (Mllne-Thomson, 1968, pp 650-651)

12p wUYo

Bj

“where:

U, = averagé velocity of the flow proﬁlerat' time t (m/sec).

() - LN
Figure 6-9 Foroe Balances (a) Pnor to the Impact ofa Falling Drop (b)

When Contact Angle Reaches 180°

Write Newton’s Second Law of Motion : , .
du
F=m— .6.19
2 = | (Eg. 6.19)

where:
F = force (N); and

-m = mass (kg).
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Apply the forces shown in Figure 6-9b and use the mass m = prtBj

Pmax Bj 2aw(1+cos(3)) ’; Lwlo p,— f;; (Eq. 6.20)
B :

Rearrange Equation (6. 20) and mtegrate

12 o
£1 du= (Pmax 20’w(1+c°8(3)) 'quO)dt (Eq' 6'2])

0 PyAIB; prj

 Pow 20,0 cos)

- At - p AIB;

y, == Pl (Eq. 6.22)
-1 12p, '
et

prj.

Equation. (6.22) is, valid only if the impulsive force (PmaxB;) is greater than or equal to the
capillary force potential discussed previously in this Section. Negative velocitieés will be resulted
if PraxB; is less than the resistance force. In this case, the contact angle increases but not enough
to reach 180° so water is not released from the crevice, or velocity is zero.

The average velocxty of water over the drop impact tlme period is

L [ e o
U, =2 (Eq. 6.23)
T
Vo ’
and the capillaty flow through corroded crevices during the impact period is
Qj =U,Bjwr  (Bq.624)
“where: |
T =impacttime (sec), '
U, = - average velocity over nnpact time (m/sec),
w. = crevice flow width (m); and

Q" = crevice’ flow induced by a drop (m /sec)

Set w, = Dy and use 1 = 0.0024 sec (2.4 ms), Q”is calculated in Attachment II and the results are
* shown in Figure 6-10. Table II-2 in Attachment I shows that the crevice flows can vary from 0.0

mm®/drop for B; < 0.01 mm to the entire column of water in the capillary for B; 2 4 mm.
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 Figure 6-10. Crevice Flow Induced by a Drop

617 Thin Film Flow by Adsorptive Condensation

Philip (1977 p.5072) used the partial specific Gibbs free energy to correlate the adsoxptlve
potential of a solid surface to the thickness of a water film

AGr = _ER(;SZ'. " . (Eq.625)

where:

AGr - = Gibbs free energy (J/kg);

A =aconstant (10" m);

R = gas constant (461.8 J/kg-°K for water vapor),
T = absolute temperature (°K); and

8 = film thickness (m). :

“The film thickness can also be associated with the vapor pressures by applymg AGr to the Kelvin
Equatlon (Philip, 1977, p.5070)

AGF A o ‘
P, =F,e AT = R, s I (Eq.6.26)
where:
P, = water vapor pressure in the liquid and gas interface (Pa); and

Pt = saturated water vapor pressure at temperature T in the drift (Pa).

ANL-EBS-MD-000032 REV 01 I 73 ) : A November 2000



The water vapor pressure in the drift (Po) can be calculated using the relative humidity (RH) as

Py =Py -RH'

(Bq.6.27)

With the known pressure difference (P» - P;), the rate of adsorptive condensation can be
determined. Figure 6-11 shows a thin film profile on the side wall of a parallel plate system, in
“which the thickness is controlled by the rates of adsorptive condensation and downward flow.
Solvmg the momentum and mass transport equations will prov1dc the solution for the mass flow

rate in thc film.

Write the Navier-Stokes equation in x-direction (Thibodeaux, 1979, p.99)

oy Oy O ) oy 0p
LI L7 i U"=Lx—¢-£+
ot  ox oy az p, P, Ox

where:

.X,¥,z = dimensional values (m);

= velocity (m/sec),

=body force (N/m®);

= pressure (Pa);

= kinematic viscosity (m%/sec); and
= time (sec).

A< UM

i‘{‘-.‘
Metal ;

Figure 6-11. Thin Filfn Flow due to Adsorptive Co_ndensation
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Because the flow is one-dimensional and only occurs in the x-direction

At stéady state

Oux

— =0

or

0 2
._Uﬁ=o atf‘:o
Oox ox

arn 2 ,
U, P,
0z Oz :

Therefore, Equation (6.28) is simplified as

=—Z _~x (Eq. 6.29)
The body force X is equal to
X=p,g (Eq. 6.30)
Usethe boundary layer approximation (Incropera and DeWitt, 1981, p.486)
P eps o ' (Bq.631)
7 S P8 N Eq. 6. )
Substitute Equations (6.30) and (6.31) to Equation (6.29)
a*Ux
P

Integrate Equation (6.32) twnce using tbe followmg no-sllp and no-flow boundary conditions,
respectively

=£ Y . (Eq.632
e (py—pPw) (Eq. 6.32)

U.x’y=0=0‘

OyUx

'y:é‘(x):o
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the thin film velocity profile becomes

Ux(y) = g(pwk :v)é 2 [5 _ ;(_g_ﬂ | (Eq.6.33)
The mass ﬂow rate at distance x in the'thin film is
ri(x) - I: (*_) P -Us(y)dy | (Eq.6.34)
where: | |
n'?(x) = mass flow rate at distance x (l;g/sec).
or .
()= LeE (e =p)o® o | (Eq. 635)

3#., :

" The adsorptive condensation in Figure 6-ll can be expressed by the Flck’s First Law of
diffusion

dm(x | '
dfi ) = —D‘,JB —dy—ly =&(x) (Eq. 6.36) |
where:
-~ dA  =finite area (m ); ‘
- Dap = binary diffusion coefﬁcxent (mzls) as given by (Ho, 1997, p.2665)
| Jf1:10°Y 7 ¢ o
D,=D : .637
5. [ P 1273.15) (Eq )

and the negative sign states that dlﬂ‘usmn occurs in the direction of decreasing concentration.
The left side of Equation (6.36) can be obtained from Equation (6. 35)

diir(x) _ ut(Pu )57 d6 | (Eq. 6.38').
dx My dx

To obtain the nght side of Equanon (6. 36), it is necessaxy to solve the Fick’s Second Law of
diffusion
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ac_, (a’c 82C azc}
=D, +

+ .6.39)
o R (Eq )
where:
C = water vapor concentration (kg/m®); .-

Because of the steady state condition and one-dimensional diffusion in the y-direction

oc

-a—z—- - L)
o’C d%c

P A

’C_o - (Bq. 6.40)

Integrate vKuation (6.40) twice using the following boundary conditions

e )=C,

e
where:
C; = = water vapor concentration at film-air interface (kg/m’); and-

Cwo_ = water vapor concentration in the drift (kg/m’)

For capillary systems, the concentration of water vapor C(y) between the ﬁlm surface at 6 and
the centerlme of a parallel plate at B/2 is ~ :

VCCB
55, 2"

For non-caplllaxy surfaces, B/2 is the boundary layer thickness of air where water vapor
diffusion occurs. Therefore, the right side of the Equanon (6. 36) is ,

Cy) = /°° (Eq. 6.41)
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e D, (C,~C.) n
-D, “‘l y=b(x) = e (Eq. 6.42)
/ _B/ -
@' 8- B/
Express C; - Co in pressure terms using Equations (6.26) and (6.27)

1.

s _ -
-D, %‘ﬂ(x) = D“g"i(;/z) RTR%I) (Eq. 6.43)
Equate Equations (6.38) and (6.‘43_) and rearrange, we have
®% ~3° 5t i #,D Py x | |
. |
s .g LRH g pwg(pw“ PR o (Beoed

Average velocity of the flow proﬁle can be derived by mtegratmg Equatlon (6.33) in respect to y
and dividedby &

- 2 .
v.=& (p*3#p 2 - . (Eq.649)

‘where:
U = avérage velocity of the flow prbﬁle (m/sec).”

Equation (6.44) presents an implicit solution for the adsorptive condensation film thickness as a
- function of flow distance, relative humidity and temperature. It is our particular interest to know
- the mass/volumetric flow rates at the bottom of the internal structural reinforcement beams on
‘the underside of the drip shield (x = 90 mm, Section 4.1.1.4). Using the drip shield temperature
and relative humidity histories for the 14c4 location with-an approximate AML of 56 MTU/acre
(CRWMS M&O 2000s, Section 2.3.1), the mean infiltration rate distribution, and 0% seepage as
shown in Figure 6-34, the film thickness in Equation (6.44), average velocity in Equation (6.45),
and mass flow rate in Equation (6.35) can be solved as a function of relative humidity. Mathcad .
7 is used to solve the nonlinear, first-order integral equation as shown in Attachment IIl. Figures .
6-12 through 6-15 illustrate the drip shield temperature, film thickness, mass flow rate,
volumetric flow rate, and average film- ﬂow velocity- as functions of relative humldxty,
respectively. ~ '

Results show that as temperature drops in time, relative humidity in the drift rises that creates 8
stronger driving force for the adsorpnve condensation. As a result, the film thickness increases
and that is associated with the increases in mass and volumetnc flow rates and average film flow
velocity.
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~ Figure 6-13. Mass Flow Rate as a Function of Re