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ABSTRACT

Before disposing of transuranic radioactive waste in the Waste Isolation Pilot Plant (WIPP), the United States
Department of Energy (DOE) must evaluate compliance with applicable long-ternl regulations of the United States
Environmental Protection Agency (EPA). Sandia National Laboratories is conducting iterative performance
assessments (PAs) of the WlPP for the DOE to provide interim guidance while preparing for a final compliance
evaluation. This volume ot' the 1992 PA contains results of uncertainty and sensitivity analyses with respect to

migration of gas and brine from the undisturbed repository. Additional information about the 1992 PA is
provided in other volumes. Volume 1 contains an over_ iew of WlPP PA and results of a preliminary comparison
with 40 CFR 191, Subpart B, Volume 2 describes the technical basis for the performance assessment, including
descriptions of the linked computational models used in the Monte Carlo analyses. Volume 3 contains the
reference data base and values for input parameters used in consequence and probability modeling. Volume 4
contains uncertainty and sensitivity analyses with respect to the EPA's Environmental Standards for the
Management and Disposal of Spent Nuclear Fuel, High-Level and 7"ransuranic Radioactive Wastes (40 CFR 191,
Subpart B). Finally, guidance derived from the entire 1992 PA is presented in Volume 6.

Results of the 1992 uncertainty and sensitivity analyses indicate that, conditional on the modeling
assumptions and the assigned parameter-value distributions, the most important parameters for which uncertainty
has the potential to affect gas ,and brine migration from the undisturbed repository are: initial liquid saturation in
the waste, anhydrite permeability, biodegradation-reaction stoichiometry, gas-generation rates for both corrosion

and biodegradation under inundated conditions, and the permeability of the long-term shaft seal. Gas and brine
migration are less sensitive to other parameters, although additional information is needed to confirm that the
preferred conceptual models and assigned parameter distributions adequately describe reality.
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PREFACE

The Preliminary Performance Assessment ]'or the Waste Isolation Pilot Plant. December
1992 is currently planned to consist of six volumes. The titles of the volumes are listed below.
All analyses reported in the 1992 Preliminary Performance Assessment, including those described
in this volume, are based on computer modeling of disposal-system performance that was
completed in November 1992.

This report is the fifth in a series of annual reports that document ongoing assessments of
the predicted long-term performance of the Waste Isolation Pilot Plant (WIPP); this
documentation will continue during the WIPP Test Phase. However, the Test Phase schedule and
projected budget may change; if so, the content of the 1992 Preliminary Performance Assessment
report and its production schedule may also change.

Volume 1: Third Comparison with 40 CFR 191, Subpart B

Volume 2: Technical Basis

Volume 3: Model Parameters

Volume 4: Uncertainty and Sensitivity Analyses for 40 CFR 191, Subpart B

Volume 5: Uncertainty and Sensitivity Analyses of Gas and Brine Migration for
Undisturbed Performance

Volume 6: Guidance to the WIPP Project from the December 1992 Performance
Assessment
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1 1. INTRODUCTION

2 3"he Waste Isolation Pilot Plant (WIPP) is planned as a research and development facility to demonstrate the

3 safe disposal oftransuranic (TRU) wastes generated by defense programs ofthe United States Department of

4 Energy (DOE). Before disposing of waste in the WIPP, the DOE must evaluate compliance with applicable long-

5 term regulations of the United States Environmental Protection Agency (EPA), including 40 CFR 191, Subpart B

6 (Em, ironmental StandardsJbr the Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic

7 Radioactive Wastes, Final Rule [U.S. EPA, 1985]) and 40 CFR 268.6 (Petitions to allow land disposal of a waste

8 prohibited under Subpart C of Part 268 [U.S. EPA, 1986]), which is the portion ofthe regulations implementing the

9 Resource Conservation and Recovery Act (RCRA) that states the conditions for disposal of specified hazardous

10 wastes. Perlbrmance assessrnents (PAs) will form the basis for evaluating compliance with all applicable long-term

11 regulations of the EPA. The WIPP Performance Assessnlent (PA) Department of Sandia National l.,aboratories

12 (SNI+) is performing iterative preliminary PAs to provide guidance to the Project while preparing for final

13 compliance evaluation. Previous preliminary PAs for40 CFR 191, Subpart B, have been documented for 1990

14 (Bertram-Howery et al., 1990; Rechard et al., 1990; Helton et al., 1991) and 1991 (WIPP PA Division, 1991 a,b,c;

15 tlelton et al., 1992).

16 1.1 Purpose of Volume 5

17 This volume describes uncertainty and sensitivity analyses of gas and brine migration for undisturbed

18 performance only (i.e., without a breach of the repository by human intrusion). The volume is part of a set

19 documenting the 1992 preliminary PA, and is not intended to provide a stand-alone description of the WIPP or of

20 the compliance-assessment modeling system, Some essential information from other volumes ofthe 1992 PA is

21 repeated here as necessary, but in general, cross-references are given throughout to more complete discussions

22 elsewhere. Volume I ofthe 1992 PA provides an overview of the 1992 preliminary comparison with 40 CFR 191,

23 Subpart B. Volume 2 describes the technical basis for the compliance assessment modeling systern, including

24 conceptual model development, probability modeling, and consequence modeling. Volume 3 compiles model

25 parameters, constructs cumulative distribution functions (CDFs), and discusses their derivation from the pertinent

26 data of disposal-system characterization. Uncertainty and sensitivity analyses specifically related to 40 CFR 191,

27 Subpart B, (including analyses of consequences of human intrusion) are contained in Volume 4. Volume 6 contains

28 guidance to the WIPP Project derived from the entire 1992 PA. Similar analyses of undisturbed performance based

29 on simulations completed earlier in 1992 are documented elsewhere (WIPP PA Department, 1992).

30 Analyses of undisturbed performance are of interest for both the Individual Protection Requirements (§ 191.15)

31 of 40 CFR 191 and 40 CFR 268.6. As discussed in Volume 4 of this report, brine migration is of interest for 40

32 CFR 191 because ofthe potential for radionuclide transport in the liquid phase. Both gas and brine migration are of

33 interest for 40 CFR 268.6 because of the potential for transport of regulated hazardous constituents in both gas and

34 brine phases. However, the preliminary results reported are intended to provide interim guidance to the WIPP

35 Project as it develops a compliance strategy for 40 CFR 268.6, and should not be used as the basis for regulatory

36 decisions. The modeling system and data base remain incomplete, and one potentially important process, the

37 pressure-dependent fracturing of anhydrite interbeds above and below the waste-emplacement region, has not been

38 included in the 1992 PA. Furthermore, transport ofradionuclides and heavy metals in brine and volatile organic

39 compounds in gas is not modeled. Performance measures described here apply only to the migration of the fluid
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1. Introduction

1 phasesand do not provide intbrmation about potential concentrations of contaminants within the fluids. If

2 additional analyses of gas and brine migration continue to show a potential for gas migration beyond regulatory

3 boundaries, a cornpliance determination tbr 40 CFR 268.6 will be based on evaluations of hazardous constituent

4 concentrations using expanded data bases and more detailed computational models.

5 1.2 Requirements of 40 CFR 268.6

6 The Land Disposal Restrictions (40 CFR 268) regulate disposal of specified hazardous wastes. For the WIPP,

7 hazardous constituents mixed with the radioactive transuranic waste can include solids such as lead and other heavy

8 metals, and semivolatile and volatile organic compounds (VOCs) as residual liquids sorbed on waste materials or as

9 gases associated with the waste in waste containers. A detailed inventory ofthe 40 CFR 268 contaminants

10 anticipated for the WIPP is not available at this time, but a preliminary list of anticipated hazardous constituents

11 were documented in the Waste Isolation Pilot Plant No-Migration Variance l'etition (DOE, 1990). The

12 Environmental Protection Agency (EPA) subsequently issued the ('onditional No-M_ration Determination.[br the

13 Department of Energy Waste Isolation Pilot Plant (WIPI'), which mandated waste characterization requirements for

14 the WIPP Test Phase and recommended waste characterization data needs in support of any long-term performance

15 assessment. Methods ofsampling and analysis for volatile and semivolatile constituents have been developed for

16 headspace gases (DOE, 1991a) and additional methods for analysis of hazardous constituents in homogeneous solid

17 waste forms are under development as part of the Waste C'haracterization Program Plan._r WIPP Experimental

18 Waste (DOE, 1991b).

19 In general, 40 CFR 268 prohibits the disposal of hazardous wastes unless the owner or operator of the facility

20 petitions for a variance and successfully demonstrates "to a reasonable degree of certainty, that there will be no

21 migration of hazardous constituents from the disposal unit or injection zone for as long as the wastes remain

22 hazardous" or the waste is treated in accordance with applicable standards (40 CFR 268.6 (a), U.S. EPA, 1986).

23 General guidance provided by the EPA on the interpretation ofthis wording indicates that "no migration" will be

24 defined to be concentrations of hazardous constituents below health-based or environrnentally based levels at the

25 disposal-unit boundary (U.S. EPA, 1992). Following guidance from the EPA (U.S. EPA, 1990a, p. 13073) the SNL

26 WIPP PA Department has assumed for the purposes of these analyses that the length of the regulatory period is

27 l0,000 yr.

28 1.2.1 Status of WlPP Compliance with 40 CFR 268.6

29 In response to a no-migration variance petition from the DOE (U.S. DOE, 1990a) the EPA issued a conditional

30 no-migration determination (U.S. EPA, 1990b) allowing the emplacement of a limited amount oftransuranic mixed

31 waste in the WIPP for experimental purposes during the Test Phase (U.S. DOE, 1993). I-lowever, as the EPA states

32 in the supplementary inforr:mtion included with the no-migration detcrrnination "[b]efore DOE may move from the

33 test phase to full-scale operations, it must petition EPA again and demonstrate no migration over the long terrn, that

34 is, it must successfully address current uncertainties about long-term WIPP perlbrmance" (U.S. EPA, 1990b, p.

35 47704). Long-term uncertainties specifically identified by the EPA include "the extent and effects of gas

36 generation, the effects of brine inflow into the rcpository, and the influence of a 'disturbed rock zone' surrounding

37 the mined repository" (ibid.).
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1 1.2.2 The 40 CFR 268 Disposal Unit

2 The "disposal unit" for the WlPP as applied to 40 ('FR 268.6 (RCRA) is defined to include the entire volume of

3 the Salado Formation frorn top to bottom within the 41 km 2 (16 mi2) WIPF' land-withdrawal area (U.S. DOF,,

4 1990b) (Figure I- I ). The SNI, WlPP PA Department assumes lbr the purpose of PA modeling that the disposal-unit

5 boundaries will remain unchanged for long-term perform:race. The RCRA disposal unit contains a smaller volun]e

6 than that contained within the boundary of the accessibleenvironment used in preliminary comparisons with 40

7 CFR 191, Subpart P,(see Section 3.2 of Volume I of this report). As is the casefor radionuclidcs regulated under

8 40 CFR 191, migration of hazardousconstituents is allmved into the Salado l'ormation within the land-withdrawal

g area. Unlike the requirements of 40 CFR 191, however, migration ol'hazardous constituents into the Rustler

10 Formation and other overlying stratawithin land-wilhdrawal areaconstitutes a potential violation.

11 1.2.3 Human Intrusion and 40 CFR 268.6

12 The extent to which estirnates of the consequences ot' human intrusion will be required for long-term

13 compliance evaluations has not beendetermined, The EI'A has determined that hun]an intrusion neednot be

14 considered for the Test Hlase, and describes it as a long-term issue to "be addressed at the tirne a petition is

15 considered for permanent disposal" (U.S. I-PA, 1990b, p. 47720). Consideralion of inadvertent human intrusion is

16 required for cornpliance with 40 CFR 191, Subpart B, and analyses of the consequences of intrusion during

17 exploratory drilling tbr hydrocarbons are described in detail in Volumes I and 4 ofthis report,

_8 1.3 PA Methodology

19 Analyses have been perfl_rmed using the Monte Carlo methodology and modeling system described in detail in

20 Volume 2 of this report. In keeping with the requirement in 40 CFR 191.13 for probabilistic estirnates of

21 perlbrmance and a consideration of uncertainty in the results, this methodology relies on rnultiple realizations using

22 deterministic rnodels of physical processes and a l.atin hypercube sampling (1,1IS) strategy to incorporate

23 uncertainty tbr input parameters. Values for selected pararneters are described by a range and distribution based on

24 available data, and each simulation uses a separate input vector of sampled values drawn from the assigned

25 distributions. The rnethodology is well suited for conducting uncertainty and sensitivity analyses that provide

26 quantitative and qualitative insights about the potential wu'iability in model results caused by uncertainty in specitic

27 input data (llelton et al., 1991, 1992; I lelton, 1993). Sensitivity analysis techniques and rnethods for displaying

28 their results have been surnnmrized by l lelton et al. (1991 ), Scatterplots and stepwise linear regression analyses are

29 used in this volurrm to ewduate model sensitivity to uncertainty in sampled parameters.

30 Analyses described in this volume have been performed using the same modeling system and same vectc,rs of

31 sampled input parameters used for the analyses described in other volumes of the 1992 PA. As discussed in Chapter

32 3, selected pararneters have been changed frorn the previous simulations to examine specific aspects of the disposal-

33 system, such as shaft-seal system performance. Because these analyses are otherwise unchanged frorn those

34 reported in Volume 4, direct comparisons may be made between specific realizations.

35
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TRI.63:lO 79

I"igure I-I. Artist's concepl of'lhe WII'P dispusal s\'slcm, showing lhe boundaries of the 40 ('I"R 268 disposal tlllil.

lh_undarics of lhe accessible cnvironn'lctll as dot]ned l"b' <10 ('FR I01, Sul_rmrt ll, arc shown for

comparison. l'he scale or the rupusih_ry/shal'l s\'stem is exaggerated.
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1.4 Cases Selected for Analysis

1 1.4 Cases Selected for Analysis

2 All analyses reported in this volume rise a two-dimensional representationol'the repository and surrounding

3 strata as a vertical, llorth-south cross-section(described in detail in Chapter 2). 'l'his geometry is similar to that used

4 in the analyses ol'undisturbed performance reported in Chapter 4 of Volume 4 of this report, differing only in the

5 representation used Ior tile shaft-seal system. Model stratigraphy is unchanged, and flow of both gas and brine is

6 simulated in Iithologies within the ,";aladoFornlalion including halite, anhydrite Marker Beds 138and 139, and

7 anhydrite interbeds a and b (combined into a single model unit, anhydrite a t b) (Figure I-2), as well as in the

8 excawtted regions o1"the repository and the overlying l;',ustlerFormation (represented in the sirnplilied model

9 geometry only by the Culebra Member) (Figure I-3),

10 Variations of the modeling system are used to simulate three separate cases: one in which the total volume of

11 all Ibur existing shafts is combined into a single shaft with the total cross-sectional area and the l'otlr-shal't-

12 equiwllent volume (as was done in Volume 4 ot'this report); a second case in which the volume ;.rodcross-sectional

13 area ot'only a single shalt was modeled; and a third case using the tbur-shaft-equiwilent-w:_lume geometry in which

14 the dynamic creep closure model was not used, and instead tim waste-emplacement regions were assumed to have

15 closed to a final porosity before gas-generation began. The first case represents the I'A I)epartment's preferred

16 conceptual model for the behavior ot'the repository/shaft system. 'i'he second case was examined to simulate flow

17 under conditions where only one shaft functioned as a migration pathway. The third cask, analogous to cases

18 analyzed in Volume 2 lbr hunmn intrusion scenarios, was analyzed to provide insight into the effect of including

19 dynamic creep closure on disposal-system pertbrmance.
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Figure I-2. Stratigraphy within the Salado Formation near the repository elevation (after Munson et al., 1989).
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Figure I-3. Proposed WIPP repository, showing transuranic-waste emplacement regions and location of the shafts.
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1 2. MODEL DESCRIPTION

2 This chapter contains descriptions of tile geometry, boundary conditions, and initial conditions for the

3 repository model used in these simulations, as well as a brief discussion ofthe approach used to incorporate

4 dynamic creep closure of the repository into the analysis. In general, the conceptual and computational models used

5 to simulate the disposal system are essentially unchanged Ii"omthose used in the previous volumes ol'the 19¢)2PA,

6 and theretbre much of the discussion has not been repeated here. Parameter values used to characterize the various

7 comr_onents within the model are described in Chapter 3.

8 2.1 Conceptual Model for the Repository

9 The conceptual model used for the repository includes gas generation by corrosion of iron and microbial

10 degradation ot'cellulosic waste; pressure-depelldent two-phase (brine and gas) Darcy llow in the repository and the

11 stlrrom.=dingstrata; development of a disturbed rock zone (DRZ) around the excavated area before the repository is

12 sealed; dynamic pressure-dependent closure ofthe ,,vaste-ernphlcen.=ent region by halite creep after the repository is

13 sealed; isolation of the waste by both panel and shaft seals; mid possible tluid migration from the waste through

14 anhydrite intcrbeds above and below the emplacement region and through the panel- and shall-seal systems. Brine

15 is assumed initially (i.c., before development of the DRZ) to 1ill the pore space in all strata surrounding the

16 repository. Pressure-depender_t Ii"acturing ofanhydrite interbeds as a result ofgas generation is not yet included in

17 the conceptual or computational model, but will be included in future PAs. l)iscussions of the other processes

18 included in the conceptual model can be Ibund in previous volumes ol'this report, together with extensive

19 references to primary documents: gas generation is described in Sections 1.4.I and 3.3 of Volume 3; two-phase

20 llow is described in Section 7.2 ol"Volume 2; properties of the strata around the repository and the DRZ are

21 described in Section 2.3. I of Vohlme 2 and Chapter 2 o1"Volume 3; development of the DRZ and closure by halite

22 creep is described in Chapter 4 of Volume 4; the panel- and shaft-seal systems arc described in Section 2.3.2 of

23 Volume 2 and ,'Section 3.2 of Vohlnle 3; and migration pathways are described in Section 4.2.3. I of Volunle 2.

24 2.2 Computational Model for the Repository/Shaft System

25 Analyses reported in this volume do not include radionuclide transport or human intrusion, and therefore the

26 computatiomd n.=odellbr the repository/shaft system uses only two ot'the computer codes described in previous

27 w_lunles, I3RAGFI,O and SANCIIO. I3I_,AGFI_O(WIPP PA Division, 1991b) simulates gas generation and two-

28 phase flow in the entire model domain, and is described in Appendix A of Volurne 2 of this report. SANCi IO

29 (Stone et al., 1¢)85) is a tinite-element program tbr the quasistatic, large detbrmation, inelastic response oftv,,o-

30 dimensional solids, and is used to simulate halite creep. The implen.=entation of SAIqCIIO results it=BRAGFI_O, it.=

3"1 terms of emplacen.=ent-room porosity as a function of pressure, is described in Chapter 4 of Volume 4.
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2. Model Description

1 2.3 Model Geometry

2 l'hc nlesh liscd in tile I1P,AC71.'I.() sinluhitions attempts Io incOl'l_orate radial flow l_henoincna at large dislanc'l:s

3 Ii'tlnl the relx)Silory and to include iht: l'ull a¢cl.,s._ihlevoltillle ;.lvaihil_le ['or llltllIiptlilse flow. l'ilne lipid cost

4 conslrainls l;'urrenliy pr¢clildl: a 1i111Illl'e¢-dhnl:n.,;ionill rc,l_rl.,S¢llhilion ol'llie rl:l)osilor )' and stlrroilllding slrlila, st_;i

5 two-dilllenSiollal appro×hllalion Ill the llcluill gl:oni(tl'V v,,il,,;illildt:. II1 redu¢iIlg the Ihret_ dinll,'nsiollS to two, tel'lain

6 lll¢;isur(s were preserved. The sinlgll: lliosl illlpilrllilll lllCiiSUl'l: i_ llll: vohllllt; o1"various i'e7iOllS. In ¢onstrticlirig the

7 lllesh (l'igur¢ 2-1), the:t'ull inilial eXCllWlled voltilllCS ill'till cxcliWllcd regJoli.,,;W¢l'e preserved. This incllldes tile

8 r(posilor)', tht: drill seals and drift backlill, lhl: shall, lind tile t:Xl}el'inlental l'egioll. In addition, Ihc volull]e ol'ih¢

9 I'ortllaliOll_ surroilnding the rol'lOsitorv and other t:xcavalcd rc'gions CotlM be i)rc,serv(d. Ill oi'dl:r to include the Irtie

10 voltllll_2s ()l'each oflhl:se r(giOllS, but still i'¢dllcCythe tlinlclisiollalil), to two, oilier llica_lire.,; hild Io be Cl)lnprt:)lili_¢d.

11 Which ol'lht:st_ wci'e l_rl.'s¢i'ved and which wl:le COllll)l'onlisltd in _tllll¢ l'iishion dt:ll:rnlhied how die iilesh w;.is

12 constructed.

13 "l'he Ilil:sll was developed ils follows. 'l'hc relx).,;ilory wlis Inodt:l_d as a single h.lr[4eroom, with a volunlc the

14 Silllle ilS currl:ntl)' l)hinned t_lr Ih; enliru wasll: disposlll i'l:_,ion, including all i'OlllllS and drills. 'l'h_: initial l:xcaviiled

15 heighl, 3.% m, was prt:servt:d. l'his was d_:sirabll: [}_clitl,,;e lhe crec,p closurl: IrC;.llillelll is basl:d Oil porosil), c'haiiges

16 ill ii nl2wJ), I_X¢ilVilled illld lilh:d loilnl. l'he hcil_hi ot'thl: l'OOln,alonL2,wilh its illitial porosity, is linty ot'lhl: t'cw

17 feilitir(s Ihiil can l_¢ nlaintaint:d ideniicllll), hl:lw{¢:l] the originlil sail ci'cep nll_d_l donl: using SANCllO and the

18 nlodel as inipl(nlt;nll:d in ItI/A(IFI,(). (This is descl'ibl:d hi'it:fly in Section 2. I lilld ill more delail ill Scclioli 4.2.2.2

10 in Volliille 4 ol'ihis r¢lxlrl), !I was also considel'cd dt:.,;il'able Io pl'L's(rve the overall ItmL,lh in lht_norlh-stluih

20 dire(lion ({447 Ill). This dislanc¢ wa_ SOlli(whai al'bilrar)_', il l'12l)res¢iltsa conl|lrlllilisc ill ih_: nlaxilllunl dislancl: lhal

21 c(}nlillllillillt2d hrine nlilst I]OW I'ronl ()Fit:end ol'the reposilol'V I(i the:acct:ss drifts ll:lidinl_ to the sh;.ifl. Ill the Ii'tle

22 I'Cp(isitory Colll]guraliClll, S(.>llll2brille could l]ow ii gl'caler dishlliC¢ (e.g,, starting t'ronl the far Sotllhwesl ¢Ol'llcr ol'tht_

23 Sotllhwesl pal]ul). ()11the other hand, S(lllll2 ol'lhis bi'illc is alrG.ld)' <it the drift seals leadillg to the shaft, so so11112

24 cOnll_i'tlnlist_ was lll:c(ssal'y, l laving I]×ed lhl: volulnl:, hl:i_ght, and length ol'lh¢ reposilol'y, lhl: l:asl-wt:sl din]ensioi]

25 illUSl be 13 1.7 m,

26 l'he dilllt_nsions ot'lh_: other t_cawllt_d rt_gions wt:l'¢ estllblishl:d in a Silllihir I'ashion. I'ht_ distance lionl th_

27 north end of lhc, rel'l(isil(iry to the il(aru.,;l shali (till.' Waslc Sllatt) was Illaililaili(d ill 332 nl. The height ol'tht: access

28 drifts, as w_:ll ilS ol'lh¢ cxl_cl'il]l(nhll region, was li×ed lit the Slllll_ initial (xcavillt_d height ot'lhe wastt:-disposal

20 i'egion to sinlplit_, Ihe 111t;sh.In I'ealil);, access drills and l:xi_el'inlenlal rooills vary in ht_ight li"oln ;.il)olli 3.7 to 4. _)nl.

30 llaving SlX:cili_:d the length, ht:iL_hl, lilitl vohllll¢ of'the, sclilcd alld backl]lled ilC'¢essdrills, the width ofihal r(giOll

31 was fixed at 30.35 ill, which was lll_proxilli;llel 3' the COlll|lillc, d widths ol'the four llorth-souih drills. Sinlilarl._,, the

32 diSlallCe l'rolll thu _VVilSlc,Shall to the n(Irlh¢l'nnl(.Isl end o1"the uxpurinicnlal I'u_,ion was l_rcs_:l°v_:dill 561 ill, ,_othe

33 tXlSt-wesl width ol'lhal I'¢_iOll is 4g..'i Iil.

34 In the base case, the shall is a comp(isile or the four existing shafts. l'he voluml,' of the four conlbined shafts

35 was preserved, and the heighl was sc,i hy Ihc slralil_rapil)'. The hol'iZtllllal cross-sl:cliolllil _ir_2_iwas Iherctbre thl: .,iuill

36 o1"the cross-sectional ill'({is (it" the t'otlr sll_lll.,;, q4.I) 1112.It .,;eUlllUdIlll!.t;! rl2_lSOllil[31t2Io Illodt_l the shall ils havillg a

37 squilre cro.,;s secliOll, iillhough iht_ slliii'_e is nlll likl:ly Io be inlr)Ol'lalll. 'i'hus, the shaft is nl_ld¢li:d its _isqliar¢ cohlnln

38 i).'74 Ill OI1each side. The lltll'tilm of'the shaft below the Rustler I:ol'nlalion Ixii _it)(Ivl2tile sliait seal is i'et'errcd to il._

39 lhe lower shall. "l'he lipp(r shalt, ahovl2 the L'ull2bra, is ilt)i nlodt_led her(.

4o
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2.3 Model Geometry
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Figure 2-I. North-south vertical cross-seclion showing dimmnsions ot'the mesh used in BRAGFI,O calculations

Ibr this volume.
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2. Model Description

1 This completely specifies the :._izesand shal_esC,l'lhcexc_lvaludre'glens. lhe nexl slep wasm I_uild lhe mesh

2 surrmmdinB lhcsc regions. lhe oh.jccliw.,wasIo include al _mygivell h_)lizcmIh¢ enlire _Jccessiblepore slnlceas far

3 astilemesh extended,thatix,toincludetilepurevoltiiilUintileeast-v,cstdirectiontothe.sameeXlelltitsillthe

4 nurth-southdirection.In_iplanviewattherelmsilor),lu_rizon,l.igure2-2,thisisd_meby includingw_lumeeast

5 and,,vesfofthe,,:xcavacedregioninthevuh(meelgridcellslulhenurthands_mlhel'theexcavatedrcgiuns.

6 II"themodelwererndiallvsymmetrical,thisv_'ouhlbee_silvaccomplishedhv requiringthattheeast-west

z dimension,or,\l,lwequallu2_r,whereristher_idialdislanceli"_mltheaxisolsynmlelr 5. Vos.s(I0_4)showslhnl

8 when ,\visvariedinthi_mannerusingrectilineargeumctrv,theresultsareexactlyequivalenttosulving utrue

g radialproblem.Thisgeometr.v_,,'_isusedintileV¢IPI_I_AFurhuman intrusionsccmu'ios,_IsdescribedinVolurncs2

1o and,Iofthisreporl,llnl'orumately,tilegeomelrylhalhastol_cusedintileundi_,lurbedscenarioisnotradially

11 symnletrical, it is not clear In_wtile meshshuuh.the "llared" in tile ,\r-directi_m at cecil end _1"the exc_lv_ltcd

12 regions in order lu mimic radial S\llllllelr\ with complete accuracy, if indeed il can bedune riguruuslv. lhe

13 procedureusedintilecurrenlcalculationsessentiallydividesIllecxc_ivaledregiunsinI,,,,.oalung,.,a verticalc;isl-wesI

14 plane. Then layers _lthickness ,\v _lre"unwrapl_ed" I'rom the outside el'the excavated region. "lhc lutal length o1"

15 e;_chunwrar_pcdlayer becomesthe ,\r corresponding to that grid cell. I:igurc 2-_ illustrates Ibis unwrappinb.,. At a

16 given elevation,ahlyurintileverticaldirectionc,lthickness,_,:umlhorizont_llnorth-soulhv,idlh,_vinchldcs!he

17 vOlllllleol'asegmentwithcrossseclJon,M,\:bothl'rorntileeastsideandtilewestsideel'theexcavatedregion.

18 Allexarnplcwillhelpclaril_,theprocedure.lhe lirslgridblocksmllh{_l'lherepository,Cellg,is:\vx Im

19 longinfilenorth-snulhdirnensiorl(l"igure2-3).Inlhc12ilSl-westdirection,tllcdimension,,\v_inthesum el'the

20 lengthsoffivesegments:8_,gl+],XW, _INI!,and8NW. the firstSC_lllellI(X._ IllFigure2-2)isthee;,lst-v¢cslwidth

21 oftherepository,131.7m. The secondistilelengthol'aAvx-thicksegment,I,II..,lhatuXtelldsalongllmenlirceast

22 side_l'therepository,plus2/kvx,_r,_4g.7m. The lhirdsegment,_NI._,v,'r;ipsaroundthenorthend_lthe

23 repository, endinBat the sealsand backfill regiuns, lot a length el 5077m. lhe lmn'th and fifth segments,I,IW and

24 {_NW, are duplicates el'the second and third, respectively, except that they wrap arou_Ldthe west side el'the

25 ,epusilury. Thus, (he u,tal _'idth uF('ell 8 alier il ix un_vrapped ix .\r x 131.7 +2(8,18.7 _ 50.7) 1930.5 m. For

26 (.'ells 7, 6, and 5, .\r ix ew_luated in exactly tile s;tme manner. Because the stone pr'occss is carried out ;.Itthe north

27 end elthe mesh. tile segmenls along lhe east and west sides ollhe repository will cventuall 5' run into tile line

28 dividing the llorlI1 and SOtllhends el'the mesh, and will no longer wrap around the norlh end ol'lhu repusilory. ()sly

29 (;ells 5-g will wrap around Ihc noMh end el'the reposilory. Beginning _vilh (_'ell4, tile segments along the east and

30 west sides el'the repository (bel\_re being IlllWl'ilpped) llO_V intersect tile Iltu'lh-sotllh midpoint of the mesh, but

31 otherwise each ,\v inevaluated the same as for ('ells 5-8. lhus, all el'the volume el'the strata surrounding the

32 exctlvaled regiuns is included in the mesh. l'his representation is not strictl,, equi,,alenl to cylindrical geometry, but

33 ix reasonably accurale tit large distances from tile repusilory. Very near tile repusitory, this representation requires

34 all 11o_ to go past tile end elthe reposilory, rather than through the sides, producing some loss ofaccuracy.

35 Fhis two-dimensi{m_l _lpproximution to three-dimensional geometry will be necess_lry until full three-

36 dimensionalsimulatiunsbecometechnicallyandeconomicallyfeasible.IIixdoubtf'ullllattheFullsuileofPA

37 simulalions can ever be carried out in three dimensions. I Io_vever, a more limited set _sill necessarily be do_e in

38 three dimensions to conl'irm the approxin_atiuns used in the two-dimensional calculations. A thst, robust, iterative

39 solver combining a conjugate gradient preconditioner with a rnultigrid solution algorithm is being adapted to

40 I]RAGFI,O. Together ,,vilh newer machines lhill ;ire more lhan an order o1"magnilude t'asler tim! those currently

41 used, full three-dimensional simulations should bc more practical by next )'e;u.
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2.3 Model Geometry
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2. Model Description
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2 4 P._undaryand Imtial Conditions

1 2.4 Boundary and Initial Conditions

2 13oundaryconditions were tile sameas in all previous I3RA{il:I.() calculati_msdone I_r PA: there was no flow

3 • in the normal directions acr¢_ssall f_lr-l'ieldboundaries except the hi,feral boundarjes of the c.'ulebra,.where the initial

4 pressure of 1.053 MPa was held c{}nstalll throu, ghoul the sinlulations. Initial far-field pressure in the Salado

5 Formation was varied hydrostatically from the sampled value for pressure in MHI 3_,}.This resulted in a pressure

6 discontinuity at the boundary between the Salado and the Culebra that had little effect on tluid tlow because of the

7 low permeability ol'tlle halite,

8 Initial condil,ons were treated the same as for the undisturbed pertbrmance calculations discussed in Volume 4

9 of this report, l,',ather than simply sr_ecilying uniform pressures and saturations in each region at time zero, spatially

10 varying initial conditions were computed over a 50-yr operational or disposal period. This enabled more realistic

11 presstire and saturation distributions to be established in the formations surrounding the repository at the time when

12 the repository is sealed. "lhe procedure used to calcuhl,te initial conditions will be summarized here; a more detailed

13 description can be tbund in Section 4.3 of Volume 4.

14 l)Llring the disposal phase of the WIPP, brine ,,,,,illseep in continually Ii'om the surrounding formations,

15 reducing the pressure in the vicinity olthe excawl,ted regions. Water in the brine will ewlporate into the well-

16 ventilated almosphere of the excawili_ms or will be ruzmped oHI if It accumulales anywhere. ']'hus, the formations

17 surroundirlg the excavations ,,viii be dewateredand depressurizedduring the operation. !]5' modeling the time

18 betv,'eenexcawltion and decommissioning explicitly, the conditions at decornmissioning (lime zero) ,,,,,illbe much

19 more realistic, in the absence ol'this calculation, certain unrealistic results are obtained. I:oremost among these is

20 the large quantity c_lbrine that immediately drains into excavated regions, in particular the waste, owing to the large

21 pressure gradient between the initially pressurized surrounding Ibrrnalions and the atmospheric excavations.

22 Because brine will be coiltJnl,iously removed during the lime each, p,mel is open, it would be incorrect to assume that

23 it is still aw_ilable to react with waste COlllpOllelltS tO produce gas. When this brine is assumed to react with waste

24 the restilt is erroneously hl,rge estimates of gas generation and inaccuracies in the predicted interaction of gas

25 generatiun and brine and gas llow throughoul the modeled region.

26 The duration (_1"the disp(_salphaseof the WIPI' wasassumedto be50 yr. I'll,is rnay beexcessively long for this

27 calculation even if it is an accurale cslimate ol'the duration ol'the disposal phases because panels will be excawl,ted

28 as needed, not simullancously, and will be scaled after _mly a few years. Therefore, only a portion ol'lhe excavation

29 is open to the atrnospllere at any given time. ! lowever, the initial condition calculation does not appear to be highly

30 sensitive to the dl,lration. Most of the del_ressurization, and drainage occurs during til,e tirst 20 yr, the dunration used

31 in the disturbed t'_erfornl,anceassessment. A longer dunraiionwas used in the undisturbed performance assessment to

32 be consistent with, the I_mgerduration el'the disposal phase when considering the entire repusitory instead of a

33 single panel.

34 The illlportant l'_altll'CS o1"this 50-yr disposalphase t_rinitial ccmdition calculation are as tbllo,.vs. At the

:35 beginning _1"this calculation, pressure in the shaft, drills, waste, and experimental region,arc atmospheric (0.101

36 MPa) and fully g;l,s-sHll,.IrHled. Ill all {_lherregiuns, the pressure is hydrostatic rehl,tive to the pore pressure in

37 MBI3C), which is sampled from a range of 12 to 13 Ml'a. l'hese regions are assumed to be lillly brine-satul,'ated. So

38 far, this is how previous I_AcalctJlalicms started at time zeru; rmw they are starling at -5fi yr. After 50 yr (i.e., at

39 time zerc_when the disposal region is sealed), pressure in the waste is reset to atmospheric from the calculated wllue
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2. Model Description

1 (in most realizations very slightly above atmospheric), and the brine saturation in the wasteis set to its sampled

2 value. Any brine in the waste in excessofthe sampledsaturation is ignored, sirnuhlting its disappearanceby

3 evaporation or pun]ping. In all other excavated regions, the brink saturation is set to I.(), and the pressure is reset to

4 atmospheric. (A hydrostatic gradient would be more accurate,but becauseof the high permeability of theseregions,

5 this is achieved very quickly and nluch more conveniently in the course ofthe calculations atler time zero.) The

6 perrneability ofeactl region is reset at this time. Excavated regions ,,',,ereoriginally given, a very high l_erm_abi[ity

7 ( i.0 x 10-10 rn2) and a porosity of l.O to simulate cavities. At time zero, these regions take on different

8 characteristics, becoming ,;eals or backfill, each with different permeabilities and porosities, as described in
9 Section 3.

10 The DRZ receives special treatment. The porosity of the I)RZ is assumed to increase at time zero from the

11 porosity ¢_t"intact halite to the porosity ol'the highly fractured disturbed zone. ()he of the rnore important objectives

12 ofthis initial condition calculation is to account more accurately for rnobile brine content ofthe DRZ. In previous

13 F'A calculations, the DRZ was assumed to be fully saturated at tithe zero, with a relatively large permeability. This

14 allowed large quantities ofbrine to drain from the I)RZ into the waste, providing much ofthe brine source for gas

15 generation. The current initial condition calculation recognizes that much ofthis brine will have been removed

16 during the disposal phase ot'the WIPP. Theretbre, when the porosity ot'the I)RZ increases at time zero, the brine

17 volume is held constant, and the additional pore volurne is filled with gas. The pressure in the I)RZ, already very

18 close to atmospheric, is set to atmospheric (0. I01 MPa) to preclude any gas drive frc,rn being artitqcially created

19 when the DRZ porosity is changed. Sucll a gas drive could three an immediate and unrealistic surge of remaining
20 DRZ brine into the waste.

21 'l'he calculations proceed frorn this calculated initial condition for the 10,000-yr perforrnance period. The most

22 important effect ofthese more realistic initial conditions is that lessbrine will flow into the excavated regions

23 (including the waste), becausethe initial "surge" of brine thatoccurs upon excavation hasbeen eliminated, and the

24 pressuregradients in the immediate vicinity of excavations have beengreatly reduced.

25 At time zero,waste is assumedto have some initial brine saturation that is awfilablc for waste degradation.

26 This is a sampled parameter, ranging Ii"om0.0 to O.14. When it arrives at the WIPP, waste is expected to contain

27 sortie small quantity of frcc liquid. For BRAGFI,O simulations, this liquid is assumedto be Salado brine; its actual

28 composition is unknown. The actual liquid content, or saturation, is also unknown. In 1991, the initial brine

29 saturation was wlried from 0.0 to 0.276. The naaximum (0.276) is the assurncd residual brine saturation ofthe waste

30 (WIF_PPA, 1991c). In the absence ofreal data, residual saturation was selected as the maximum liquid that the

31 waste could contain and still con]ply with transportation regulations (U.S. I)OF., 1991c) that prohibit transporting

32 any waste that contains significant quantities of mobile liquids, i.e., liquids that can flow and, therefore, exceed

33 residual saturation. In 1992, the maxirnunl initial brine saturation was reduced to 0.14. This reduction was

34 necessitated by numerical constraints irnposed by the creep closure model that was irnplernented in 1992. Thus, the

35 range of values over which the initial brine saturation is sampled (0.0 to 0.14) is sonlewhat arbitrary, t lowever, the

36 range does satisfy two other important criteria: ( I ) It inclttdes wflues of initial brine saturation that are physically

37 reasonable and possible. (2) It is stlfficiently broad to enable sensitivity analyses to determine how initial brine

38 saturation affects the performance of the WIPP.
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2.5 Summary of Model Assumptions

2.5 Summary of Model Assumptions

2 "l'ahle2-I c¢_ntainsa list ot"important asSUml_lionsmade in modeling tbr the sensitivity analysesreported in this

3 w_lume. In general, the impact c_l'theseassumpti¢mson disposal-systemperlbrmance is dil'licult to quantify.

4 ('_mplexities of the coupled processesal'fecling two-phase Ilow preclude predictions about how the systemwill

5 respol_dtc_specifi_ changesin mgdeling asstnnptions. Assumr_tionsthat have a high potential 1(7al't'ect
• ,,Q

6 r_erf__rmance,such as thec_missionof pressurc-dcl_endentfracturing ol'anhydrite interheds, will be investigated in

7 tliture analyses as impmvenlents are made in the PA modeling system.

8 Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
9 Reported in Volume 5 of the 1992 WIPP PA

10

11 General Assumptions12
13 Brine and gas flow obeys generalized Darcy's Law for compressible fluids in all media. Pore space
14 is fully interconnected in all regions.

15 Dimensions of all regions are fixed and do not change with time.

16 All gas is assumed to have the physical properties of hydrogen.

17 All liquid is assumed to be Salado Formation brine.

18 Gas does not dissolve in brine.

19 Pressure-dependent fracturing of anhydrJte interbeds does not occur.

20 Stratigraphy is simplified as shown in Section 2.1.

21 Initial conditions calculated by simulating a 50-yr operational period during which the repository

22 remains open. Time to for the 10,000 yr simulations is at the end of the operational phase, when

23 the repository is sealed. Permeabilities, porosities, and saturations are adjusted at this time as

24 described in Ch. 4 of Volume 4 of this report.

25 PermeabilJties and porosities of selected regions are adjusted at 200 yr to reflect consolidation of

26 the seal system (this volume only).

27 No hysteresis in capillary pressure curves.

28 Permeabilities and porosities sampled independently. (Sufficient data are not yet available to

29 correlate permeability with porosity,)

3o No-flow boundaries everywhere except far-field Culebra, where pressure is specified.

31 Klinkenberg effect is ignored.

32
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2. Model Description

1 Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
2 Reported in Volume 5 of the 1992 WIPP PA (Continued).

3

4 Halite Assumptions

5 " Permeability specified, and constant in time. " " " "

6 Initial (pre-excavation) porosity specified; varies with pressure (because of compressibility);

7 unchanged at to.

8 Initial brine saturation specified; unchanged at to.

9 Initial pressures specified, vary with depth; pressures at to are calculated.

10 Threshold capillary pressure a function of permeability; constant in time.

11 Anhydrite Assumptions

12 Permeability specified and constant in time.

13 Initial porosity specified as same as intact halite; varies with pressure (because of compre_,sibility).

14 Initial saturation specified.

15 Initial pressure specified.

16 Threshold capillary pressure a function of permeability; constant in time.

17 MB138 not included in the DRZ above the repository.

18 Disturbed Rock Zone (DRZ) Assumptions

19 Includes what was originally intact halite between the repository and MB139 and anhydrite a + b;

20 also includes what was originally intact MB139 and anhydrite a + b directly above and below the

21 repository; also includes (for this volume only) one meter of what was originally intact halite below

22 MB139 beneath the repository.

23 Permeability specified and constant during operational phase; changes at to and is constant

24 thereafter; the DRZ does not "heal."

25 Threshold capillary pressure is zero and constant in time.

26
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2.5 Summary of Model Assumptions

1 Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
2 Reported in Volume 5 of the 1992 WIPP PA (Continued).

3

4 Initial porosity specified as same as intact halite; varies with pressure (because of compressibility);

5 changes at to.

6 Initial brine saturation specified, variation calculated during operational phase as brine flows in or

7 out. At to, brine volume is conserved when porosity changes; brine saturation changes and added

8 pore volume is filled with gas.

9 Initial pressure same as that of intact halite at the same elevation; calculated during operational

10 phase. Pressure set to atmospheric at to.

11 Transition Zone Assumptions

12 Located in what was originally intact halite between anhydrite a+b and MB138 above the

13 repository.

14 Permeability specified as same as that of anhydrite; constant in time.

15 Initial porosity specified as same as intact halite; varies with pressure (because of compressibility).

16 Initial saturation specified.

17 Initial pressure specified.

18 Threshold capillary pressure a function of permeability; constant in time.
19

2o Culebra Assumptions
21

22 Initial permeability zero; at to, nonzero permeability specified, uniform, and constant in time.

23 Initial porosity specified, varies with pressure (because of compressibility).

24 Initial saturation specified.

25 Initial pressure specified, _ in hydrostatic equilibrium with underlying halite; far-field pressure
26 constant,

27 Threshold capillary pressure a function of permeability; constant in time.
28

29

2-11



2. Model Description

1 Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
2 Reported in Volume 5 of the 1992 WIPP PA (Concluded).

3

4 Waste/Disposal Region Assumptions
5

6 Initially treated as an empty cavity; very high permeability,, porosity equals 1.0 and is constant in, ,

z time; threshold capillary pressure zero and constant in time; pressure is atmospheric; no gas

8 generation.

9 At to, waste and all panel seals are emplaced simultaneously, and all properties change.

lo Permeability specified, constant in time, independent of porosity.
!

11 Threshold capillary pressure zero and constant in time.

12 Pressure at to is atmospheric, calculated for later times.

13 Brine content at end of operational phase is discarded (assumed to be removed by ventilation);

14 brine saturation at to is saturation of the newly emplaced waste.

15 Gas-generation rate is dependent on degree of brine saturation, ranging from humid rate to

16 inundated rate; rate is zero if brine saturation is zero. If brine is present, gas continues to be

17 generated until all corrodible and biodegradable material is consumed. No functional dependence

18 of rate on pressure or chemistry. Corrosion consumes water. Biodegradation requires the

19 presence of water. Mineral precipitation is ignored.

2o Dynamic creep closure as a function of pressure in waste results in large porosity changes from
21 the initial specified porosity; porosity changes only as pressure increases, and varies slightly

22 (because of compressibility) if pressure decreases. Dimensions of the modeled waste-disposal

23 region remain constant in time regardless of porosity.

24

25



1 3. UNCERTAIN VARIABLES USED IN SIMULATIONS
2 OF UNDISTURBED PERFORMANCE

3 i:'rcvit_u_volumes el' tile 1902 WIPI' I_erlbrnl;ulce iz.',;se._.,,;ment.'.;elected,:1_}impreci.',;elyknov,,'nvariables l'rw

4 c_m_ideration(_ee l'ahle 3-I oI Volume 4 ¢11"this report). Ninetc',:n of"the_e p!lrameter_ are used in simllhltion_ o1"

5 ,_a,sand brine migration I'or undisturbed r_erl_rmnn_:e,c;tl_erdirecll'y or t¢_derive the r_ai'anlL, ters used a.',;I]RA(;I:I,()

6 inpul. ,Sampledwlluu_ Ibr these 19 ixuameters are unt:hanged in this volume liom those used in uther analyses in

7 the 1002 PA and are as reporled in Appendix (.' or Volume ,1. Six additional parametersrelated specifically 1¢_the

8 r_ert'ormanceo1"Ilie sh;ll/-seal S_.'MUlll h;,IVeheel1included in Salnpling l'_r this volume. Values lbr theseparamelers

9 are provided in Apr_endix l:l or this I'Cl'_Ol'l, lugether with wllues ¢_1'paramelers derived I'rom sampled wiri_d_lesand

l0 useddirecllv in I'IRA(II:I,().

11 Table 3-1 identilies the 25 variables sampled lbr these analyses, and provides inl'm'mati()n about I'an_es,

12 di._lributions, and source.', o1"addilicmal inl'urmntiun I'm' each, lhe nineleen v_u'ialfles unchanged li'om earlier

13 w_lume.sare listed fil',',;l, and are rollowed hy Ihe six a:lditiCmalvariables added I'urtheseanalyses,

14

15 Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment a

Variable Definition

16 BCBRSAT Residual brine saturation for Salado Formation (Sir) (dimensionless). Range: 0.0 to 0.4.
17 Median: 0.2. Distribution: Uniform. Additional information: Section 2.3.1, Volume 3.

18 Variable 13 in Latin hypercube sample (LHS).

19 BCEXP Brooks-Corey pore-size distribution parameter for Salado Formation (X) (dimensionless)

20 Range: 0.2 to 10. Median: 0.7. Distribution: Piecewise uniform. Additional information:
21 Same as BCBRSAT. Variable 11 in LHS

22 BCFLG Pointer variable (flag) for selection of characteristic curve sub-model. Range: 0 or 1

23 Distribution: 33% 0, 67% 1. Value of 0 selects Van Genuchten/Parker Model; value of 1

24 selects Brooks-Corey model Additional information: Section 2.3.1, Volume 3. Variable
25 12 in LHS.

26 BCGSSAT Brooks-Corey residual gas saturation for Salado Formation (Sgr) (dimensionless).
27 Range: 0.0 to 0.4. Median: 0,2. Distribution: Uniform. Additional information: Same as
28 BCBRSAT. Variable 14 in LHS.

29
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3. UncertainVariables

1 Table 3-1. Variables Sampled in 1992WIPP PerformanceAssessment (Continued)

Variable Definition

2

3 BRSAT Initial liquid (brine) saturation of waste (dimensionless). Range: 0 to 0.14. Median: 0,07,
4 Distribution: 0niform, Additional information: Section 34:3, Volume 3. Variable.1 in
5 LHS,

6 CULPOR Matrix porosity (®m) in Culebra (dimensionless), Range: 5.8 x 10-2 to 2.53 x 10-1.

7 Median: 1,39 x 10"1, Distribution: Piecewise uniform. Additional information: Table 4.4,

8 Kelley and Saulnter, 1990; Table E-8, Lappin et al,, 1989; Section 2,6,2, Volume 3.
9 Variable 43 in LHS.

10 GRCORHF Scale factor used in definition of gas generation rate for corrosion of steel under humid

11 conditions (dimensionless). Actual gas generation rate is GRCORH-GRCORHF •
12 GRCORI. Range: 0 to 0,5. Median: 0.1, Distribution: Piecewise uniform, Additional

13 information: Memo from Brush, July 8, 1991,contained in Appendix A, WIPP PA Division,
14 1991c; Section 3.3.5, Volume 3. Variable 3 in LHS.

15 GRCORI Gas generation rate for corrosion of steel under inundated conditions (mol/m2.s surface

16 area steels). Range: 0to 1,3 x 10-8,s, Median: 6.3x10 "9. Distribution: Piecewise
lz uniform, Additional information, Same as GRCORHF, Variable 2 in LHS

18 GRMICHF Scale factor used in definition of gas generation rate due to microbial degradation of

19 cellulosics under humid conditions (mol/kg cellulosics,s), Actual gas generation rate is

20 GRMICH = GRMICHF, GRMICI. Range: 0 to 0,2, Median: 0.1. Distribution: Uniform.
21 Additional information: Same as GRCORHF. Variable 6 in LHS.

22 GRMICI Gas generation rate due to microbial degradation of cellulosics under inundated

23 conditions (mol/kg,s cellulosics). Range: 0 to 1.6 x 10"8. Median: 3.2 x 10"9.
24 Distribution: Piecewise uniform. Additional information: Same as GRCORHF, Variable 5
25 in LHS.

26 MBPERM Permeability (k) in intact anhydrite marker beds in Salado Formation (m2). Range; 1 x
27 10-21 to 1 x 10"16. Median: 5.0 x 10"20, Distribution: Piecewise Ioguniform
28 Correlation: 0,3 rank correlation with SALPERM. Additional information: Section 2.4,2,
29 Volume 3. Variable 15 in LHS,

30 MBPOR Porosity ((l))in intact anhydrite marker beds in Salado Formation (dimensionless), Range:
31 1 x 10-3 to 3 x 10"2. Median 1 x 10"2. Distribution: Piecewise uniform, Additional

32 information: Section 2.4.4, Volume 3. Variable 16 in LHS

33
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3. UncertainVariables

1 Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Continued)

Variable Definition

2

3 MBPRES Far Field Pressure (p) in Salado formation at the MB139 elevation. Range: 1.2 x 107 to
4 1"3x 107: "Median; 1.25x 107. Distribution: Uniform. Additional information': Section

5 2.4.3, Volume 3. Variable 18 in LHS.

6 SALPERM Permeability (k)in intact halite component of Salado Formation (m2). Range: 1 x 10"24

7 to 1 x 10"19. Median: 2 x 10"21 Distribution: Piecewise loguniform. Correlation 0.3
8 rank correlation with MBPERM. Additional information: Memo from Gorham et al., June

9 15, 1992, contained in Appendix A, Volume 3; Howarth et al., 1991; Beauheim et al.,
lo 1991; Section 2.3.5, Volume 3. Variable 10 in LHS.

11 STOICCOR Stoichiometric coefficient for corrosion of steel (dimensionless). Defines proportion of two

1_ different chemical reactions taking place during the corrosion process, Range: 0 to 1.
13 Median: 0.5. Distribution: Uniform Additional information_ Brush and Anderson in

+4 Lappin et al., 1989, p. A-6; Section 3.3.5, Volume 3. Variable4 in LHS.

15 STOICMIC Stoichiometric coefficP'lt for microbial degradation of cellulosics (mol gas/mol CH20).
16 Range: 0 to 1 67. Median. 0.835. Distribution: Uniform. Additional information: Brush

17 and Anderson in Lappin et al., 1989, p. A-10; Section 3.3.5, Volume 3. Variable 7 in LHS.

18 TZPORF Scale factor used in definition of transition zone and disturbed rock zone porosity (@z),
19 with the transition zone and disturbed rock zone porosity defined by TZPOR = SALPOR +
2o (0.06 - SALPOR) • TZPORF. Range 0 to 1. Median: 0.5. Distribution: Uniform.
21 Additional information: Section 2,4.4, Volume 3. Variable 17in LHS_

22 VMETAL Fraction of total waste volume that is occupied by IDB (Integrated Data Base) metals and

23 glass waste category (dimensionless). Range: 0.276 to 0.476. Median: 0376.
24 Distribution: Normal, Additional information: Section 3,4.1, Volume 3+ Variable 9 in LHS.

25 VWOOD Fraction of total waste volume that is occupied by IDB combustible waste category
26 (dimensionless). Range: 0.285 to 0.484. Median: 0.384. Distribution: Normal.
27 Additional information: Section 3.4+1,Volume 3+ Variable 8 in LHS.

28
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3. Uncertain Variables

1 The following variables were sampled for the undisturbed calculations reported in this volume only,
2 and were not used in the calculations reported in Volume 4, Sampled values for these variables are given

3 in Appendix B of this volume

4

I

5 " Table 3-1. Variables'Sampled in 1992 WIPP Performance Assessment (Concluded)

Variable Definition

6

7 BKFLPOR Porosity of backfill materials in drifts and experimental region and in the shaft below the

8 shaft seal (dimensionless). Range 001 to 0.075, Median: 0,0425, Distribution

9 Uniform. Additional information: Memorandum by Finley and Vaughn, Appendix A of this

10 volume Variable 26 in LHS for the Volume 5 calculations

11 DSEALPRM Permeability of panel and drift sea;s (m2). Range: 1,0 x 10"21 to 1,0 x 10"18 , Also used

12 to define porosity for panel and drift seals (see Appendix B of this volume for definition of

13 relationship). Distribution Iognormal_ Additional information: Same as BKFLPOR,
14 Variable 25 in LHS for the Volume 5 calculations,

15 SEALPRM1 Permeability of the shaft for the time period from 0 to 200 yr (m2), Range: 1,0 x 10"19 to

16 5.0 x 10"16, Median 7.0 x 10"18, Distribution: Iognormal, Additional information:

17 Same as BKFLPOR, Variable 22 in LHS for the Volume 5 calculations.

18 SEALPRM2 Permeability of the shaft seal and shaft-fill material within the Salado Formation for the

19 time period from 200 to 10,000 yr (m2) Range_ 10 x 10"21 to 1,0 x 10"18 . Median 32

2o x 1020. Distribution: Iognormal. Also used to define porosity for the shaft seal and

21 shaft-fill material (see Appendix B of this volume for relationship). Additional information;
22 Same as BKFLPOR Variable 23 in LHS for the Volume 5 calculations.

23 SHFTPRM Permeability of the shaft-fill material within the Salado Formation for the period from 0 to

24 200 yr (m 2) Range: 1,0 x 10"19 to 1.0 x 10"15. Median. 1.0 x 10"17, Distribution:

25 Iognormal, Additional information Same as BKFLPOR_ Variable 24 in LHS for the
26 Volume 5 calculations.

27 SEALTHK Thickness of the shaft seal within the Salado Formation, as modeled (m). Range: 30 to

28 100. Median: 65. Distribution Uniform, Additional information Same as BKFLPOR.

29 Variable 21 in LHS for the Volume 5 calculations.

3o

31 aAdapted from Table 3-1 of Volume 4 and Tables 6.0-1, 6.0-2, and 6.0.3 of Volume 3 of this report.
32

33
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1 4. GAS AND BRINE MIGRATION

2 111thischapter,resultsaredi.s_ussedl'_)rthreecases.Inthefirst,theh_isec_ise,theshallismodeledasa

3 compo._iteol'thel'ourexistinl_shalls.lhe secondcaseconsiders_zsingleshallinsteadol'conllbinin_alll'_urslmlls

4 into (me, hut is otllervvisei(lenlic,I to the basecase. In the third c,se, the base(.'aseis repe_Ltedhut without dytmmic

5 c'reepchisur_.",instead,the porosii.v'ot'ihe repository is I]xed ai' Ih_ medi_m'l]nal-st_ltepi)r_sit>,ol It)%. This is tile

6 bestcurrent estimate Forthe reposih_ry-wideaverage porosit),of'wastecOnllmctedto litlmslatic pressure ( I,I,X Mlhl)
7 (i}uleher, 1990),

8 In all three canes,the behavit)r t)l'the repository and the respt)nses_t' the surr()ul)dirlg strata to chang,es in tile

9 repositor>:is largely det_.'rminedhy tile initial brine saturationin the v,,';Isle.IIga,_ generalitm is rehLtively low,

10 primarily asa result of' low initi_LIbrine gontenl in the wasle, lhe pressure in the repository risesslowly as brine honl

11 the FarI]ehl flows in t()equilibrate repository pressurewith tl_eI',r Field, I Inder theseconditions, tile direction t)l

12 flow is mostl)' irl toward the repositor),',lind tile repository helmvessinlpl>' lls lj brine sink. A more common

13 response(iLl 70% of'the re_llizations)is Forgasto be genel'atudsul'ticientl), rapidly so tha_tile presstlreill tILe

1,1 repusitorv builds quickl),, exc_.,edingthe I'ar-I'icld pore pressure, In about Ilall'(d'the realizations, the disposal-regitm

15 l_ressureexceedslithostatiu pressure, Ill thesecases,brine andgas m'edriven away I_onl tile repositoJ'),out the most

16 t_errneablelmlhways: the three anh>'drite hl>,ers,and the sealed and backf_lled slmli, I)espite tile high pre;,sures

11 reached in thereposit()r.v,cLlmulativebrine llovv olltward through tile anhydrile layers is never erlough to reach the

18 disposal-unit boundar.v, l]rine tlov,'sup the sealedshali are also small and do not reach the('ulebra, (,umuhilive

19 gas flow out the anhydrile la)'ers is sufficient in 6 ol'the 70 realizationsI'or gas to Ilo,,vbeyond the dispusal-unil

20 boundary, (ias reachesthe (.'ulehra in 12()l'the 70 realizations,

21 Results Forthe sinBle-shali caseditler little I'rom tile b_lsecase, ('umuhltive brine lluws ill) tile shall m'eImver

22 than in tile basecaseill i_roportionto the cr(_sssectionalareaol'the shall, Cut_ulative gas flows into tile (Tulebra_lre

23 alsu i_rol')ortiom;telyluwer, Flows of'brine mid _as out tile mlhydn'itelayers_lreindislinguishable t'ronl those ol'the
24 basecase.

25 Results Forthe lixed-poro_ily casedill'er Fromthe basecaseprimarily in the pressuresobtained in the

26 repository. Peak pressuresare considerahl>'higher, reaching 39 MPa versus2,1N,1Pain the basecase. I lowever, in

27 the absence_1'a model l'or l')ressure-dependentI'racturingot"mfl_)'driteinterbeds, the higher repository pressures

28 have e_sentiall), m) et'l'ecton the ()tiler"perl'ornlance measuresexamined, I_rine mid gas flows ()tit the anhydrite

29 layers and up the shaft are umd'l'ectedhy the useol'a fixed repository porosit), insteadol'a tirne-var),Jngporosil),,

30 This conclusion may change in t'uture perl'_)rmimceassessments ',vhenpressure-dependentli"acturing is included in
31 simulations.

32 4,1 Four-Shaft Equivalent Geometry

33 I",ep_)sitor)'behavior is lar_el)' dictated b), the amountol'vvaler initially presenl in the waste, I)ressurein the

34 repositt_ry initially increases,either rapidl)', as a resultul'L4asgeneration,or slowly, v,,hile gradually equilibrating,

35 with t'ar-tield pres_,ureil'the Bas_enerationrate is h)vv. Peak l)ressuresrange lrum ,_,I',lto 23,_ MP_I. t_rine

36 saturati(m irl tile waste rises steeply during the First 100-.I0())'r as creep closure reduces tilt pore volume ol'the

37 waste more rapidl)' than _:orrosionconsumesbrine, Atier peaking atabout 300 )'r, lhe brine saturationgenerall)'
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4, Gas and Brine Migration

1 dc:crc_ls,,.'sc_llli_lu_)ztslv during Ih_.:remainN.'r c_l"Ih_ I0,1)()()_r (ulll_ss the initi_ll brine s_mlnzli_m and Ihc c_rr_siotl

2 r'atc arc Imlh ver)' low) bcc_lusc r,.'_rrc,si_n t'_msumes brine t'asle,r tllarl it Ilov,,s into the rept_sitor_ Ir_,rn the l'ar timid.

3 I_,ccausc _ut'licic_u brine is m_l available, the initial iron inventl._tX _ftl'l,,: rcpo.,.;itor_ i_ usually rmt Fully corL,-;llmu'd

4 within I(),0()(9 yr. 111¢_)l_posilc i_ true Ihr cellulose. ,'ks_1rcstnlt ot" it.,.;Io_,_,critlitial invcnt_l'b and hi_,h_.,ri'_acti_m

5 raise,_'elluh_c gcm.,r_lllv is Ihlly ¢,,msUtlled t'airls, c_u'i) (withirl the Ih'_l ._()()()yr), wh_.,n.,.;ull_,ient brine i_ ,still

6 available' I_r I_iodcb,mdatirm to t_lkc place. Although t l_cam_un! _._1"brine Illal t'l_,_v,,'s,into II_c I"Cpo_itorx is.usuall,,,

7 gr_;m.'r Illan the ;,mmunt that Ilo_,v_ cut, brine inlluw ha.,,;little cll'_'_:Ior1 gas Betleration bc_:aus¢ it tClld',, 1oac_,umul_ltc

8 in r,,.,gi(msol'thc rcp_sit,,'u-.ytheir arc deplu,tcd o1' r_,.,_letanls.lllus, the initi_,l brine _:('mlcnt ollhc waste: ha.',,_1Far

9 greater impact that_ hrin_ inllow r_nIm,,_,much gas is _,cr=eratcd.

io ('umuhtlive brine t'h)w _._utthe higl_-i_crr_lcabililv patl_v,,'aXs th_ three anh._'drit_.,la.s'ursand the shall

11 impa_:t.,._directly _'mrugulatorx ,,:_)rrq_lian_..u.In none _,)l'tllc realizatiot)_ did s_ull]ciunt brine II,,)w (,_ularts, _,dlll_s_,a

12 pathwa._'.sto r_ach Ihc di_p().sal-t_nit bc,tuld_.lr.s'. P,ecm._c Iransp_)rt v,,'a,sn()t m,,)dcl,,.:d,the anal s'si_ i.sb_.',,ed_)n

13 guantilies _,_l'brin_ tl_._wrelative t_._I'_atll_sa)' p(_te volumes and I'usidual satul"ati_m.'._.As Cxl'_ccted, the larB_st volulltcs

14 ol'l"_rine II_w _l.ll M I_,I3_.). N_,mcIlow.'., uut anllvdrite a _ b. A lth(,.IBh _.'rmuBhbrine llov,,_'d out M I.II.:I_I t_ v,,,'ar'r_l_lt

15 sotnc _:_11c_.'.rn,it is 11_tcl_.'arthal the brine 111¢ICci_uld _t'i_inatc in the wa,,Ic, it is p_._siblc Ih_if bril1_.,ill K,II] I _lt4,as

16 cu1"t'cnIl_'111_del_cd,is nol ¢oiHaminalcd, bul inslu_id_,i_in_itu",in MI]I._ _i the.'I1'allSili_m/olI_.' _ibov_: the r'cl_nii_ly.

17 .'qn'lall aln_urlls cd blillu Ilowud lll_w;.ll'd IhrouBh tllc sh_llI sual, bul !1oI u,tl_,}tlBIIto I]11the r'¢cslotthc I(Iwcr shrIFt

18 betwucn the s_.,al_lrld th_ ('ulcbra. AlthouBh alllll_sl Iiv_blirlc Ilm,vs I/tl._ll.t_/1the drili .seals, it h,, l'u.ls,_csthe drill seal.'.,

19 by Ilc_winB tllroUBh Ihu, I)P,/abcw¢ ;.1ridbelr_w the s_als.

20 gut'lici_ll gUalllilies _lga.',; _.lrcpr_(luc,,.'d in (__1 Ihe ?() rcali/ali_ms li_r gas mtlow bu,),_mdthe disposal-unit

21 boumtar),. lhc hu'gesl am__.lrlt.s<_l'gas II_r,v rml I'vlil I.I_,_,L:ven Ilmugh Ihis palh,,v;.I)' is al_ Ihe mair_ _:_mduit I'_r brim.'

22 I]uw. ,",;mailer guaHtitics Ilm,v _l.lt anh)drilc a _ b and Mi_ 131,1:in the six r_llizations having Ilow past the dislmsal-

23 unil b(_undar.s',such l]()w ()COLOrsirl _lll lhrcc anh),dril_ layers. (his als_ I]_ws up the' shall into the ('ul_'bra in the

24 S;,lllle ,',;ixrealizaliulls. Ih¢ l_allel alld drill seals v,/er_.'trot o_)nlpletel_' _,l]cutivc in sl_j'_l_ilIB[.,a.',Il_,n,_: less than 0 ()l"i,

25 _l'lhe t,_tal gas I'h_v, t'n_m Ihe v,,a_teentered the Fumel and drill sculls.

2_ 4.1.1 Repository Behavior

27 J)rc.',;.'.;I.lrc_in the vva_t_,(l"igur_., d-I)i_lcrcasc l'_)r al Iea_t tile J']rsl J0()0 yr ill all r_alizali_ms. In _111_:a_es,the,

28 l_res_,l.lleSnlilt't _1Iatnl_Sl"_lluric (0. I()1 M l>_l), Sonic _._t"the illcruase ill pressure results I'rorn brine inl'lm,',, I'rom the lilr

29 field,_uldSOIll¢ nr11_tllComl_(mcntFrom theruducti(m()I'wildw)hlrnebv creepclusu1'e,Most ()Itheinc1eas¢.,,

30 parlicularlX ir1lh()sercaliz;tli(m,si_Iwhich pru'ssurcrises_iImvethe lhr.Ii¢Idp()1"ep,'esstu'c(12 t_.)I_MPa), is_;aused

31 b)' gas g_.'llerali_n I_y cor'rosi,m ;llld bir,,legradali,m ¢_!'1h¢xsa.,,;te.Allcr I(),0()() )'r, pl"cssures ra11Bel'runl 5.fl I_._22..]

32 MI:_II;Peak Pre.ssurcs rar_BeIi_._m5.1'Ih_2"t.I',IMPa. l'w_ b'erlcral t.vp_.'s_l'bellavi_._r can bu,ohsel'ved. It1 about 1wo-

33 thirds _1"the casc.,._,the' prcsstir_' pltd'llc pc+lkx in less than I(),0()() ),1",olten I'airl), eat'Ix - bet,,vc_n I()0() and 300() ),1".

34 IntheseinstalIeL's,b.,a_is_CllCralcdl'a_IcrIIlarlp1"es.'.;urecan be ru'licv_db_,lhii¢IsllowinBoutof'theanh.s'drilclayers

35 _rup tile.se_11cd.sh_Jli.livcntuall),,citlicrl'¢;tclilnlsarcfullycorlsutnedorbrinei._no lonBeravailablelhrcor1"_si_n,

36 and B;ISBcner'ali_)11stopsorsle_,,s_.rcatlv.1:i"_mithattime_1i,l_1¢'_s1.1resinthe_,',,';.isleB1"aduall)'cguilibratewith the

37 l'ar-l]ch.lprcssutcs,ll'thcpressurehas exceededtilel'ar-l'i,:Idprcssu1"cattheelevationol'theru'p¢_silorX,thenthe

38 pressure will dr_p.

39
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4.1 Four-Shaft Equivalent Geometry

Figure 4-I. Volume Average Pressure in the Waste Repository.

4-3



4. Gas and Brine Migration

1 Otherwise, tile pressurewill continue to rise. This is seen in about one-third of the runs, where the pressurehas not

2 vet reached tile far-t]ehl pressurewithin 10,0()0yr, and is increasing so slowly that it may never exceed the far-field

3 pressure. I,ithostatic pressure is exceeded in about hail'el'the realizations, l,]ntil fracturing of the anhydrite layers is

4 included in tile model (planned for 1093), these high repository pressures will always be obtained in some ofthe

5 realizations.

6 Pressuresin tile waste can also increaseasa result ofcreep closure reducing tile pore volume. In lhe current

7 implernentalion ofcreep closure, it is difficult to delermine how much creep closure contributes to pressure

8 increasesin tile presenceof other phenomena. This will be discussedfurther in Section 4.3. In order for creep

9 closure to have a significant effect, pressures in tile waste must first increase independently ofcreep closure, as a

10 result of eitlmr gas generation or intlux of fluid Irom outside the repository.

11 l'here are a few realizations in which the pressure tluctuates. This generally results when gas generation rates

12 vary rapidly. For example, in tile realization producing tile highest pressures (see Figure 4-1 ), tile pressure peaks

13 very early at 20 MPa, drops briefly, thc:n rises again to peak at 23.8 MPa. In this case, biodegradation is very rapid,

14 causing pressures to rise rapidly. Hut when tile biodegradable inventory is fully consumed (in about 600 yr), gas

15 generation slows dramatically, resulting in a rapid drop in pressureasgas continues to migrate into the far field.

16 Eventually, gasgeneration from corrosion brings tile pressuresback up to the higher peak, when all corrodible

17 materials are finally consumed.

18 Brine saturation ill tile waste also generally increasesinitially (Figure 4-2), peaking quite early .... within a few

19 hundred years after the repository is sealed. The saturation increase is a direct result of'the rapid creep closure

20 during these early times and results in a sharp decrease in pore volume in the waste (l:igure 4-3). Although

21 corrosion consun]es brine during this time period, which causes tile brine volume in tile waste to drop (Figure 4-4),

22 tile decrease in pore wflume is more rapid than the decrease in brine volume. Consequently, brine saturation

23 undergoes a rapid increaseinitially. ()nee the repository has crept shut about as tar as it can in tile current creep

24 closure implementation, brine c¢)nsunlplion causes the brine saturation to decrease. Generally, the rate ol'decrease

25 in brine saturation is quite rapid, dropping to lessthan 20% of ils peak value within 2000 yr. In most cases,once

26 brine saturation begins to decrease, it never rises again during tile remainder of tile 10,000 yr. ()nly in a few

27 realizations in which tile brine saturation is always quite Ima,(less than 0.05) does tile saturation increase after 1000

28 yr. Ill these cases, tile pressure in tile repository remains fairly low, typically below hydrostatic (about 7 MPa),

29 because little gas has been generated, and some brine is still able to Ilow in from outside the repository, llowever,

30 in most cases, the rate of brine flow in from tile far field is quite low as a result of low interbed permeabilities and

31 pres._mreswithin tile repository that me comparable to tile far-field pressures. Any brine that does llow into the

32 repository is usually consumed by' corrosion as quickly as it Ilo_ss in. Thus, there is generally no increase in brine

33 salur;.llJon atier about 1000 yr.

34 The two reactants, iron and cellulose, differ markedly in their time-dependent behavior (Figures 4-5 and 4-6,

35 respectively,). In 18 of the 70 realizations, all _)t'lhe iron is consumed. The initial corrosion rate is generally tile

36 highest rate; however, tile initial brine content is consumed in most oflhe realizations, and, given the generally low

37 tlow of brine into tile W_.lsle,llluch iron is often unreacled after 10,000 yr. in contrast, cellulose is fully consumed in

38 52 of the 70 realizations. This stems from tile lower initial content and higher reaction rate Ibr cellulose con]pared

39 with iron. The median value for tile initial mass of cellulose is about 17% that o["iron. The median biodegradation
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4 Gas and Brine Migration

1 rate among the 70 realizations is about 6 times higher than themedian corrosion rate on a mass basisunder

2 inundated conditions. Thus, cellulose is expccled to be IljIly consumed in approximately 1/40th of the time required

3 for corrosion, at their full rates. Becauseof thesmaller initial colltent _,llld Iligher rate, biodegradation is not

4 inhibited by lack of brine as nltlch as Col'rosJonbecatlS¢it is largely conlpleted while brine is still presenl in the

5 waste, whereas, brine is depleted it] the waste lol]g before corrosion is completed, (Note lhal although

6 biodegradalion is currently assumednot to consunle water, therestill must be water present in order for

7 biodegradation to occtnr, ('orrosion, as currently modeled, consumeswater, so water must also be present for

8 corrosion to take place. l'hese stalements arc true for boll] the intlndaled reaclions and the humid reactions. See

9 Sections 1.4.I and 3.3 ofVohnne 3 ol'tl,,s report Ibr additional discussions ofllle gas-generation model,)

10 Averaging over the 70 realizations, 32% ol'the total initial iron conlel]l of the waste remains unreacted after I0,0()()

11 yr, whereas,only 16% ol'lhe Iotal initial biodegradablecontent remains at thal tinle.

12 The amotlnl of gas generated,Figure 4-7, ranges l'rom 3,() _ 100to 3.2 _ I()7 m3 (at referenceconditions: 30 °C'

13 and 0.101 Ml'a). This corresponds to 1.3x I0_to 1.3 _" I0 ° tool 112tolal, or nominally 160to 1600mol/drunl

14 (based on 6804 drums/room, asmodeled). l'hc full potential as currently modeled is 2.0 :,<107to 3,5 × 1071113 (al

15 reference conditions), or equiwdenlly 8. I _ 10x to 1.4 × 10'_11101112total, or 1000 to 1770 moltdrunl. Because so

16 much iron remains aftcr 10,000 yr, the average cunmlalive gas generated (I .8 _,:107 mJ) is relatively low, only 70

17 percent ol'thc average potential (2.6 × 107m3).

18 Total brine consumed by corrosion, Figure 4-8, ranges from 160(I Io 29,600 mJ; conlpared with the total brine

19 required to complete corrosion, 19,700 to 32,200 n]3. in 45 realizations (or 64%), sul'ticient brine is available in the

20 waste initially to corrode all the iron in the waste without any brine flowing in fi'om outside the waste. I lowever,

21 only in 18 of the realizations (or 26%) was all o1"the iron fully consumed. In the other 27 realizations, the corrosion

22 rate was too low to consume all ol'lhe iron within 10,000 yr, even though enough brine was always available.

23 As shown in Figure 4-9, there were mon'c realizations (39) in which the net brine tlow was into the waste, rather

24 than.fi'om the waste (It)), and in 12 of the 70 realizations, there was no brine tlow either into or out of the waste.
25 'l'he maximuna brine outlqow was I1,400 m3. In some realizations, the net cunaulative flow ofbrine was inward

26 because of an early surge of inllowing brine, but there was still a substantial amount of brine outllow. I lowever,

27 even in the nlost extreme case (the second curve fronl tile bottom in Figure 4-0), only about 7100 m3 of brine

28 flowed back out after laaving Ilowed into the waste. It is interesting that irathe ten realizations with the highest

29 inllow ol'brine, none had all the iron fully corroded. This suggests that brine inllow has only a nlarginal impact, at

30 bust, on corrosion, and that corrosion rate is a nlorc important thclor inllucncing corrosion and gas generation,

31 rather than the availability of brine. In contrast, those realizations with the highest brine intqow generally had

32 among the lowest initial brine present in tlac waste, so, whereas brine inflow nlay not be important, initial brine

33 content is. Brine intlow has little effect on corrosion because it tends Io Ilow in just at the edges of the repository

34 and then pool in the bott()nl of the repository. Iron naay be largely constlnled there, but not enotlgh brine tlows in to

35 fill the repository to the top, so iron remains relatively unreacted irathe upper portion ot'the repository.
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4 Gas and Brine Migration

!

1 4.1.2 Brine Flow Behavior

2 A key question Ibr PA to mlSv,'eris: Where doe_contmnimlted brine tl_v,,to',' I_,ecmmethe presenceof brine in

3 the v,'_lsteresults in gil,_gener=ltion,it is also de_ir=d'flet_ km_w`'vherebrine _:_mlesfru,m, specilimflly, vvlult=1rethe

4 Ilo`'vDlth.s l_lkenby brine ne=lrthe WIPP site ,wer the Illou_ands ¢_l')'e=lr._f_lh_v,'ingtile se_flitlgol'the reposit_ry. As

5 discus._ed_bove, _lsmucll =lsII ,4()0 m-*ot' brine ll_v,'ed out _1'the v,'_iste."l'his brine is presurrmhlyccml=unintited

6 v,,ithmdio=lctiveisotopeszmdhi|zi|rdous constituents, Although tile rm_deluseddues not simuh=tetrimsport, the
7 extent =roddire¢lions ofcontfmlitmled brine llow cmnbe estirmlted, in _ldditicmto the sourceseft'brine llml ll¢_v,,,,inlo

8 the wtzste. I:igure 4-10 sllcbWSIhf|t illmost no brine Ilm,,vedIhmugh thedrill se=lls.The mzzxirm=m_umuhlliVe ll_w,'¢_t"
g contmllin=ltedbrine i'r_aillthe wilst¢ i_.totile se=tls_,V_lS0.03 mo_,In tm_stre_lli,,._ltions,brine Ilo`'ved l'mnl the Skills into

10 the W_lSte,but the rrulxirnurn v,,_lSstill only 0.¢}m,_. lhe bulk _:_1'Ilov,, int¢_¢_rm_l¢_t'lhe`",'_lsle,,,,'=¢sthr'¢_u_hthe I)RZ.

11 The drilt se_ls,_s currently modeled, _lrevery ett"_¢tivein blocking brine tl_w l'mm the `'v_istethrough tile se_ils,but

12 the)' do not prevent tluids li"om byp==ssingthe seills hy wily ¢_l'tlleI)RZ.

13 Fluids do n¢_tmigrate signilicmlt distm_cesin the Iow-permmlbility Imlite, _mdIo get to tile disp,_s=ll_.unit

14 bound_lry,corltlmlim|ted brine must llo`'v through cmeol'the permeiible units: Lhe_mhydriteh_yers(M_rker Ih.'ds

15 13gor 139or tile combined mlllydrite "a" m_d"b" ID,er), _i' up the sealed slmlt. As described below,',the r'esulls__f
16 lhe 13RACII'I.Osimuhilions show tirol no cont_lrnin_lledbrine would h_were_lchedtile uniLbound_lries, 'i'llis

17 conclusion is b_lsedon exm'nirmtionsof tile qmmtities of brine _mdg_lSth_ltflowed int_)v_rious regions,n_th_rth,;m

18 t_tt_lCttmltrmlsport ctllcuhltions becmmethose c_ilcuhltionswere not perfurnled.

lg Iq._rthesemodel results, it cm_s==l'_lybe suited tirol no ¢ont_mlin_te,Jbrine re==chedthe ('ulebn_ up,,vilrd thr¢_ugll

20 the slmlt se_l system. As Figure 4-II shows, in most re=_liz_tio_;,_,brine llowed dov,'nv,'==rdtllrmngh the nlodeled

21 slmtt se_=l,not upw_m:t,=roddid not pnwide _ potenti=ilmmsport n_ediurn_=w=_),from theW=lSte.In sevenre=_liz=_ti,ms

22 there wits _ positive netupw_=rdllow o1"brine, m'_dthe rm_×irnurnIlow W=lSonly 2_ rnt. In _ldditicm,there ,,','ere

23 severtfl realiz_tions in which brine Ilowed duwnw_._rdinithtlly but llowed upwtlrd h_ter, "!o be conserv_ltive, it IllUSl

24 he _ssumedtll_t all ol'lhis upw_rd-tlowing brine is contaminated, _flth_ughthis m_y nc_the true. In tile worst cases,

25 _ll'_proxirmltcly40 nl -_of brine tlows upwm'd (even tliough in one _t"tllose re_lliz_ttionsthe nel cumuhltive II_._ww_s
26 30 m-_downw_lrd). I I,.w,'ever,Figure 4-12 shows tlmt tile rnir=in_umbrine volume in the lower slmlt (=lbovetheslmlt

27 scullbut below the Culebrn se=_l)is 370 rnJ, This tigure =flsoshows tllm tile brille volume in tile lower sluflt is ne_rly

28 constant in mo'.,tc_lseseven thougll tl'mt portion ol'the sh_ll'tis never fully s_mlnltedwith brine Jilter 200 ),r, so brine

2g in the Io`'versh_lt is never completely disph_cedby tile sm_fllamount ol'brine llowing up tlirmngll the scull.

30 Therefore, 40 m._ol'brine Ilowing through the sh=dise=_lwm_ld llow truly _lbout I/1Oth ofthe dist_mcefrom tile se==l

31 to tile C.'uleb_mnever _ctu[flly re_ching tile (.'ulebra, InI'_=ct,when individual re_tliz=ltionsm'eexmnined, tile qmmtity

32 of brine tlmt _lo,,vsthrough the sllal/seal never _mlountsto more titan 1.7% _fl'the brine w.flumein tile lower slmlt,

33 (In l'igure 4-12, the sm_flldrop in brine wflume th_ltoccurs in ever), re_lliz.t_timl__t200 yr results li'om tile elrangeit;

34 porosity in the Culebr_ seal _t tlu_t tinle, _s described in thernernorm'_dm'r_by I:iuley _mdVmlglln in Appendix A o1'
35 ttlis w_lume,)

38 13eforeconsidering tile other Ilo`'v p_llls .....the tllree m_hydritehlyers .... it rnust be pointed out thtlt tile

37 l'undmnent=d_lssurnptionof plug llow in _1porous medium requires thtlt [my out,,v_lrdllow ol'corltm'nirmted brine

38 Ii-orntile waste must disph_ce_flltile brine-s_m_mtedpore vc_lunlein _lgrid block before it cml move t_._he next grid

3g block. 13ecm=seol'the qtmsi-cylindric_=lgeometry used iJ1the mesh, the wflurne ol'grid blocks incre_lsesgretltly _lS

40 one nloves outw=_rdl'rorn tile repository (seeNection2,3), "i'_ble4-I lists thecurr_ul_._tivegrid block w.flumes in e_lctl

41 _mhydrite hlyer for tile meshused in thesecalcul_tbns, _dongwith tile distmlce t'rom tile repository to the outer edge
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4. Gas and Brine Migration

1 Table 4-1. Cumulative Volumes in Anhydrite Layers in BRAGFLO Mesh (South of Repository) (see

2 Figure 2-1)

3

Volume (m 3)

Layer 9

Distance Layer 7 Anhydrite Layer 16
Cell No. (m) MB138 a + b MB139

8 1 347 521 1,640

7 6 2,110 3,160 9,950

6 26 9,500 14,300 44,900
5 126 55,100 82,700 260,000
4 626 387,000 580,000 1,830,000

3 2,500 3,230,000 4,840,000 15,200,000

2 7,500 23,200,000 34,800,000 109,000,000
1 22,500 191,000,000 287,000,000 902,000,000

4

5

6 ofthe grid block. Table 4-2 lists initial pore volumes in the same grid blocks. This is the actual volume ofbrine

7 that must be displaced by contaminated brine and gas flowing out from the repository. This will help to put into

8 perspective the large amount of brine that has to be displaced in order for contaminated brine to reach the disposal-

9 unit boundary. If some ofthe pore volume is occupied by gas, then the estimates oftravel distances must be

10 increased proportionately. The tables give volumes only for the portion ofthe mesh to the south ofthe repository.

11 Generally, the cumulative flows of gas and brine are greater south o1"tile repository, so only flows to the south are

12 examined.

13 Cumulative brine flow southward out through Marker Bed 138 is shown in Figure 4-13. The amount of brine

14 that flows inward toward the repository is generally far greater than tile arnount that flows outward. In eight

15 realizations was there a net outward flow to the south ofthe repository, with the maximum being 320 m3. ltowever,

16 in many other cases large quantities of brine flowed in toward the repository initially, but flowed outward later as

17 pressures within the repository built up. This occurred in 40 ofthe 70 realizations. Although the most brine that

18 flowed south from tile repository was 520 nl3, which would occupy 54,000 m3 of MBI38 volume (at a porosity in

19 this realization of 0.0097), another realization that had 350 m3 brine flow at a lower porosity (0.0046), so that brine

20 occupied 77,000 m3 of the rnarker bed. Table 4-I shows that this brine would flow as far south as Cell 4, or 626 m,

21 provided that the marker bed was fully saturated with brine. Ilowever, this is generally not true. If some

22 contaminated brine flowed out early on, followed by a large quantity ofgas, even small amounts ofcontaminated

23 brine could be pushed far out. A more accurate way to estimate the distance contaminated brine has flowed is to

24 sum the volumes ofbrine and gas (at local pressures) that flowed out. The maximum gas flow out through MBI38

25 is 2.8×i0 t' m3 at reference conditions of 0.101 MPa, as shown in Figure 4-14. The repository pressure must exceed

26 the tar-field fluid pressure in order for gas to flow out from the repository, so gas pressures in MB 138 must be at

27 least 12 MPa, which is the low end ot"the sampled range of far-field pressures. Thus, tile maximum cumulative gas

28 volume that has flowed south out of MB 138 is approximately 2.3/, 104m3, which, at the minimum sampled marker

29 bed porosity of 0.001 i 59, would occupy 20x I0¢'m3 o1"the marker bed. Table 4- I shows that when gas and brine

30 flows are combined, they could flow out into Cell 2, 7500 Ill south ofthe repository, or 5 km beyond the disposal-

31 unit boundary, using all the most unfavorable parameter values from the Latin hypercube sampling. Because these

32 extreme combinations of parameter values did not occur in tile l.atin I lypercube Sample (LHS), tile maximum gas
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4.1 Four-Shaft Equivalent Geometry

1

2 Table 4-2. Pore Volumes in Grid Blocks in Anhydrite Layers in BRAGFLO Mesh (South of Repository) a
3 (see Figure 2-1)
4

Layer 7 Layer 9 Layer 16

MB138 . Anhydrite a + b MB139
Minimum Maximum Minimum Maximum Minimum Maximum

Distance Volume Volume Volume Volume Volume Volume

Cell No. (m) (m 3) (m 3) (m 3) (m 3) (m3) (m 3)
8 1 0 10 1 16 2 49

7 6 2 63 4 95 12 298

6 26 11 284 17 426 52 1,340

5 126 64 1,650 96 2,470 302 7,790

4 626 448 11,600 673 17,400 2,120 54,700

3 2,500 3,740 96,500 5,610 145,000 17,700 456,000

2 7,500 26,900 693,000 40,300 1,040,000 127,000 3,270,000

1 22,500 221,000 5,720,000 332,000 8,570,000 1,050,000 27,000,000

5

6 a Basedonactualsampledminimumandmaximumanhydriteporosity 0.001159and002992;notonminimumandmaximum

7 reportedin Volume3, TableinVolume3, Table2.4.4:0.001and0.03.

8

9 and brine llow out through MBI38 is much less. In only one realization does en(mgh gas tlow ()tit through MI3138

10 t{) occupy all the pore volume in MBI38 to a distance beyond the disposal-unit boundary. In this one case, 19,700

11 Ill _ ot"gas at local pressures llmvs Otll of MBI38, occupying only 4.8 × 10_'m:_of marker bed volume, which would

12 Ollly extend into Cell 2 in MBI38, ihe firsl cell beyond the disposal-unit boundary.

13 It still cannot be slated with certainty whether conlamilmted brine actually reached tile boundary, however.

14 First, MB ! 38 isnot fully saturaled with either gas or brine. The residual brine saturation ill the realization that

15 potentially crosses the boundary is 0.2001. ('lhis parameterwas sampledand is collstalll in any given realization.)

16 Thus, some brine, contaminated ()r not, remainsas residual saluralioll rather thanbeing pushed aheadofthe gas.

17 l'his residual brine results in a smaller w)lume fro"gas storageil_ the marker bed, and causesgas t_ migrate

18 approximately 25% farther than it would iflhe unit were fully gas-saturated.

19 Residual brine volume in MHI38 in the realization in which brine potentially reached the unit boundary is

20 2650 m:_,wherea,_ the calculated volume ofcumulativc brine llow past the disposal-unit boundary is far less at

21 150 m,_. Second, it is necessary to know the history of release of contaminated brine from tile waste to know

22 whether tile underlying assumption that COlltanlinated brine preceded gas tlow {lilt M!3138 is true. No brine actually

23 llowed out ofthe waste in this realization; therefore, no contaminated brine could have reachedthe disposal-unit

24 boundary. This reali_,.ation illustrates the hazards inw_lved in making conserwitive assumptions. With enough bad
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I 1 I I 1 ! ! I I

Figure 4-13, Cumulative Brine Flow South out MB138. (Positive values indicate flow southward away from the

repository.)
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4. Gas and Brine Migration

1 assumptions about the results, it would appear that brine crossedthe disposal-unit boundary it] at leastone
2 realization, when in fact, this did not occur.

3 This analysis can be repeatedtbr Ihe anhydrile a _ b layer, which is expected to have a larger curnulative gas
4 flow than MI] 138. The brine flow should be greater simply becausethis layer is thicker, and, being slightly closer

5 to the repository, the driving pressuresare higher. Surprisingly, Figure 4-15 showsthat no oulward brine flow

6 occurred south ofthe repository in this layer. Brine flowed only in toward the repository. As prcs,.,uresquickly

7 built tip in the waste, inward brine tlow ceased. In more than halfofthe realizations, this occurred within the tirst

8 1000 yr. At the sametime, gas beganto flow outward (Figure 4-16). As expected, the volume ot'gas flow out

g through this layer is somewhat higher than in MBI38, ranging up to 3.5 _,:I()r' rn3, compared with 2.3 x 104 n]-_in
10 MBI38.

11 l'he analysis tbr MBI39 is similar in complexity to MBI38. The net cun]ulative brine llow out of MBI39

12 (Figure 4-17) is positive (i.e., outward) in 13 realizations, with a maximum of 2030 rn3. From Table ,1-2, it can be

13 seen that ifMBI39 were fully brine saturated, this maximuna quantity of brine, which may or may not be

14 contaminated, would flow only as far as Cell 4, or 626 m from the repository, assuming the nlinimunl value for

15 porosity, llowever, as seen in MBI38, more than halfoflhe realizalions that had net inward cumulative flows

16 actually had a substantial amount ofoutward brine flow following a large initial inward surge. The largest ofthese

17 was 6700 m3. In a brine-saturated MBI39, assuming minimum porosity, this brine would reach Cell 3, which

18 extends to the disposal-unit boundary. In fact, the realizations having the greatest outward flow ofbrine do not have

19 the lowest porosity. The realization with the largest brine flow has a porosity o|'0.004 I, meaning that the brine

20 flows only to Cell 4, or 626 m from tile repository, not to Ihe disposal-unit boundary.

21 As shown in the analysis for MP,138, gas flow has a major impact on how far contaminated brine might tlow.

22 Figure 4-18 shows that as much as 3.6 x I()_,m3 of gas flowed out through MP,139. That large quantities of gas

23 flow out through MBi3q is surprising; previous work has suggested that brine will tend to pool in tile lower portion

24 of the waste and beneath the repository (Bertram-I lowery el al., 1990; WIPP PA Division, It)C_lb; WIPP PA

25 Department, 1992). The main flow path for brine inflow is MBI39, but ifgas generation in the repository raises the

26 pressure there rapidly enough, little brine ever flows in. Generally, model results indicate that any brine initially

27 present in the repository is converted to gas, which raises the presstire, preventing any further significant influx of

28 brine, and driving large amounts of gas out through MBI39. If it is again assumed that contaminated brine precedes

29 any outflowing gas, then it must be concluded that contaminated brine flows past the disposal-unit boundary

30 through MP, 139. However, at least a residual saturation of brine will remain throughout the anhydrite layers, in the

31 case in which the maximum brine outflow was 6700 m3, residual brine w_lume out to the disposal-unit boundary is

32 12,500 m3, nearly double the actual contaminated brine volume that flowed into MBI39. St) again, no

33 contaminated brine could have reached the disposal-unit boundary through any ofthe anhydrite layers.

34 The results show that except for flow out the anhydrite layers, there is little movement of brine in the vicinity of

35 the repository. Figure 4-19 shows that almost no brine flowed from the seals and backfill regions into the shaft,

36 while flow in the other direction, curnulative brine flow amounted to less than 800 m3. Flow from the experimental

37 region into the shaft, Figure 4-20, is almost a mirror image of flow from the seals and backtill into the shaft,

38 indicating that the shaft does little to impede flow from the experimental region to the seals and backfill.

39 Considering the small volume ofthe lower shaft., this result is e_¢pected. The flow behavior in these regions stems

40 directly from the initial conditions. At time zero, all of the excavated regions except for lhe repository were

41 assumed to be fully saturated with brine. This assumption was based on the expected brine content ofthe halite
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4 1 Four-Shaft Equivalent Geometry
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4 1 Four-Shaft Equivalent Geometry

1 hacklill, _.'_timatedm h_:Slu FIv,_.,i_hti)cr¢._nt(,_:_.,m_:nmrandumI',, I.inlc ,, m+dVmlk,hn in Appendix A).

2 I)L.,r_ndin_ (m tll_ lmr_)_itx_dth_.,bm:kIill (a _amph:dl'mramet_:r),thR cum.,,,pun(ht, n_,rl) I0()", hrin_ _aturati_m
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7 particularl._ tllat purti(m ,)ttl)_ I)R/h_m.,ath tile ,,_al,,and Im_:ktill_,drt!giun,,, In the maj(_rit) olrealizati(m_, tt)i_
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_ 4.1,3 Gas Flow Behavior
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. _ and ,I.2H shin,,,the ¢umuhztiv_.'_u, lh)_,_'.,past the:25 Iluv,,,,_ir¢_r_.'atL'rthe:rethan 1(_the.'n,_rth I i_urc,.,.|-...b.,1.2?,
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38 hi_her thin) th_ m.,×thighest result su_4_l', tlmt _m'nplin_,+huuldhc mor_ dvt;_ilcd in order t() fill in the _,aphctwc_.,n
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4.1 Four-Shaft Equivalent Geometry
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Figure 4-,.... Cumulative Brine Flow from MBI38 into Shaft.
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4 Gasand Brine Migration

1 threeanhydrite layers: a maximum ot'2.5 , i()q'm3versusan averagemaximum ot"3.3 × I()r' vn_ to the south tn

2 eachanhydrile layer. A somewhat greateramount Ilows through the I)RZ into theshaft below the shaft seM (l, igure

3 4-31), up to 3,q :, I()q'nl3 Gasencounters little resistancebetween the repository andtile shaft, which leavesthe

4 shaft seal to prevent gas migration into the C;ulebra. (It is assumedthat there is no I)RZ around the shaft above

5 MH138 through which gascould bypass theshaft seal [see Figure 2-1],) ()ther tlow paths betweenthe repository

6 andthe shaft are insigniticant, I,ess than50,000 m ._ofgas tlows into tile shaft via the transition zone, and lessthan

7 80()0m_by way o1"MI]I.tS; in fact, ill somerealizations, tile tlow is in theoppositedirection, p'om the shall, rather
8 than into the shall,

9 4.2 Single-Shaft Geometry

10 In thesecalculations, the shall waschanged f'rom the original c_mfiguralion (in which all four slmlts were

11 combined into one), to a single shaft thesize of the ,Salti landling Shaft. All other parametersare idciltical to those

12 usedin the four-shall equivalent geometry calculations. As slmwn in the following discussion, the affect of

13 reducing the size ofthe shaft is negligible, l'luid flows up the shall were reduced in proportion to the shall cross
14 sectionreduction, ih)wever, shaft tlows had only a srnall effect on theoverall perfornlance of the repository in the

15 original calculations, There were no tlows ol' brine and small Ilows of gas to the top of the Salado l-ormation in

16 both four-shafts-in-one geometryor the single-shaft geometry, In particular, the shaft seal performance was good

17 enough lhat the presenceof the shaft was ol"no consequencein either performance assessment,whether there was
18 oneshaft or four,

_9 4,2.1 Repository Behavior

20 Although rninor differences occurred between individual realizations,on the whole, thepressures in the

21 repository differ insigniticantly between thesesingle-shall calculations and the basecase(see Figure 4-32), The

22 peak pressure was still 23.8 MPa; after 10,000 yr, pressures ranged liom 5.4 to 22.3 MPa, compared with 5.8 to

23 22.3 MPa in the base case. Because the transient pressure behavior in tile repository differed little from the base

24 case, other performance measures would also be expected to differ little. Plots of remaining corrodible content,

25 biodegradable content, and total gas generated ..... Figures 4-33, 4-34, and 4-36, respectively ......are nearly

26 indistinguishable from their base case counterparts. ()ther results describing conditions in the waste are also very

27 similar: pore w_lumes,cumulative brine consumption, and hrine and gas saturations. These results are not

28 surprising, The shatt is a relatively small region located more than 600 m frorn the waste-disposal region. Its
29 diameter should not and does liOt have any signiticant effect on processesthatoccur in thewaste, particularly

30 becausethe behavior of the repository is largely determined by the amount of brine initially presentand by marker

31 bed permeability, Shaft diameter would be expected to have a noticeable effect only on tlows up the shaft, although

32 fluid flow in other regions should be considered,

aa 4.2.2 Brine Flow Behavior

34 Cumulative brine flow from the repository, Figure 4-36, is virtually identical to the base c_se, Figure 4-9, which

3,5 was expected because all other repository responses are unchanged, Plots of cumulative brine flow out each ot'the
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4.2 Single-Shaft Geometry
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4,2 Single-Shaft Geometry

1 three anhydrite layers overlay plots ofthe base case exactly and arc not repeated here, Where differences are

2 expected is in flow up the shaft. The most apparent difference between the single-shaft results and the results with

3 Ibur shafts combined is in flows through the shaft seal, l:igure 4-37, Comparing this with the earlier plot, Figure 4-

4 I I, the flow of brine through the shaft seal is reduced by the smaller shaft cross section. The maximum net upward

5 flow is now 3 1113versus 25 m3 with lbur combined shalls. Ilowever, the minimum pore volume ofthe lower shaft,

6 37 m3, is still 10 times the volume of brine that flowed up through the shaft seal, just as in the base case. Although

7 the lower shatt pore w)lt,me is smaller with the single shati, the amount of brine that flowed up the shaft is reduced

8 proportionately. (Although there were a few realizations in which brine initially flowed downward but later

9 reversed direction, as in the base case, the total upward flow was still less than 5 m3.)

10 The amount of brine that tlows out through the anhydrite layers is negligibly different when the shaft is

11 modeled as a single shaft the size ofthe Sail ltandling Shaft compared to modeling it as all four shafts combined.

12 Brine flow ui the shaft is proportionately smaller when a single shaft is used. 'f'hus, shaft diameter has no effect o11
13 releases of contaminated brine as far as 40 CFR 191B is concerned.

_4 4.2.3 Gas Flow Behavior

15 As with brine flow, gas flow is largely determined by the behavior of the repository. The shaft has only a

16 minor impact on repository behavior, since it is more than 600 m away, whereas the anhydrite layers provide flow

17 paths ofmuch greater capacity. Thus, the same conclusions arrived at with the base case hold true for the single-

18 shaft case. Cumulative gas flows out each of the anhydrite layers are nearly identical with the base case: Maximum

19 southward gas tlows past the Disposal unit boundary in MBI39 are 1.30 x 106 rn3 in both cases; southward flows

20 out ofanhydrite a + b are 1.65 x 106 m3. Only in MBI38 are maximum flows slightly lower: 1.65 x 106 m3 versus

21 1.72 × 106 i133in the base case. In the single-shall calculations, gas flows into the Culebra in twelve realizations,

22 compared with six realizations in the combined-shafts case. However, the rnaximum cumulative gas tlow are now

23 !.9 × 104 m3, instead of !.4 × 105 m3 with combined shafts. With a single shaft, the average cumulative gas flow is

24 5400 m3 (fbr 12 realizations), which is about one-tburth of the [bur-shaft average, 22,900 m3 (for 6 realizations).

25 The main difference when using a smaller versus a larger shall is the flow up through the shaft seal, Figure 4-

26 38. The obvious difference is the smaller cumulative llows through the seal. The maximum is now 30,000 m3,

27 compared with 194,000 m3 in the base case. 111both cases, there were 37 realizations in which the cumulative flow

28 was greater than I m3. The average flow among those 37 was 4500 m3, compared with 12,400 m3 in the base case.

29 4.3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure

30 This set of calculations is identical to the base case, with all [bur shafts combined into one, except that the

31 repository does not undergo creep closure. Instead, the initial porosity is set at 19%, which is the median final

32 closed porosity of[he repository. Small changes in porosity are allowed as a result of compressibility effects.

33 However, unlike the case of dynarnic creep closure, in which the repository porosity varies from an initial value of

34 66% to as low as 12%, the "fixed porosity" varies by no more than 1.2 percentage points from its initial value (i. e.,

35 from 19 to 20.2%). This has a major effect on the behavior ofthe repository, especially on pressures within the

36 repository, ltowever, the net effect over the 10,000-yr compliance period is negligible, because, ultimately, what
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Figure 4-37. Cumulative Upward Brine Flow through Shaft Seal, Single Shaft Model
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Figure 4-38. Cumulative Upward Gas Flow through Shaft Seal (at 30°C; 0.101 MPa), Single Shaft Model,
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4, Gas and Brine Migration

1 drives gas migration is the number of moles of gas generated in the waste, which is primarily dependent on the

2 amount ol'brine present there initially, Conditional on the conceptual models and parameter distributions used in

3 these analyses, results described have suggested that detailed modeling of the dynamics ofcreep closure may be

4 unnecessary.

4.3.1 Repository Behavior

6 Pressures in the waste generally peak at much higher values than in the calculations with dynamic creep closure

7 (Figure 4-39), In order to maintain the gas generation potential in the fixed porosity calculations to be the same as

8 in the dynamic creep closure calculations, the same initial repository brine volume is used. This results in

9 approximately the same amount of gas being generated, (Compare Figures 4-40 and 4-7). With dynamic creep

10 closure, final porosities greater than the median value are often obtained, particularly when large amounts ofgas are

11 generated and pressures are relatively high. In fact, in one dynamic closure realization, the repository is tbrced open

12 to 34% porosity after closing down to 2 I%. When the porosity in this realization is fixed at 19%, the presstire is

13 proportionately higher. Instead ofpeaking at 23.8 MPa, it now peaks at 38.8 MPa. At the other extreme, sorne

14 realizations that result in very low porosities with dynamic closure (as low as Ii .6%) because little gas is generated

15 now have lower pressures because the porosity is fixed at 19%. Over time, the differences become less significant.

16 After 10,000 yr, pressures within the repository range from 5.8 to 22.3 MPa using dynamic creep closure, compared

17 with 4.0 to 29.2 MPa with fixed porosities. Even more similar are the averages over the 70 realizations: 14.9 MPa

18 with dynamic closure versus 14.2 MPa with fixed porosity. Thus, it would be expected that a few realizations will

19 display significantly different behavior, but that overall, the results using fixed porosity will not differ much from

20 using dynamic r,:ep closure.

21 Other performance measures for waste behavior are less affected by the dynamics of porosity changes. Based

22 on the data currently available, gas generation is modeled as a direct function only of brine saturation, not of

23 pressure. As shown earlier, the amount ofgas generated, as well as the rate, is strongly influenced by the amount of

24 brine present initially and relatively little by the amount of brine that flows into the repository over time. Porosities

25 and pressures therefore have little effect on the amount ofgas generated. Since gas generation is unaffected, the

26 amount of reactants remaining in the waste over time is also unaffected by how the porosity of the waste is modeled.

27 4.3.2 Brine Flow Behavior

28 Differences in how the waste porosity is modeled should manifest themselves in fluid flow behavior outside the

29 waste, as a result of differences in peak pressures. Because the initial brine volume is fixed between the two sets of

30 calculations, the initial brine saturation is about 3.5 times higher in the fixed-porosity calculations. Whereas the

31 original brine saturations range f'rom zero to 0.14, where the maximum is half the residual brine saturation, now the

32 initial saturations ranges as high as 0.48, well above residual saturation. This enables brine to flow from the waste

33 in several of the realizations from the start (Figure 4-4 i ), in contrast to the dynamic closure model, in which brine

34 could flow out of the waste only after the repository has crept shut enough to raise the brine saturation above

35 residual. (Brine could also flow out after first flowing in; th,:s behavior is seen in both models.) With the porosity

36 fixed, the number of realizations in which there is a net positive flow of brine from the repository is larger (25

37 versus 19), and the maximum outflow is greater (13,300 m3 compared with 11,400 m3 with dynamic closure).

38 While this constitutes a larger source of contaminated brine, the key measure remains the distance this brine flows
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4, Gas and Brine Migration

1 toward the disposal-unit boundaries, and whether it reachedthe boundaries. In tile tixed porosity results, the

2 nlaxInlLiIll cumulalive brine tlows OUl each Of tile anhydrite layers in Ihe southern direction arc 7200 nl 3 out MI3139

3 (the lowest curve in I'igure 4-42, outilow occurs only after approxirrmlely 600 yr), zero out anhydrite a t b layer

4 (Figure 4-43), and 540 nl3oUt Mlt 138(Figure 4-44). These wllues differ little tl'om tile dynamic closure results

5 reported in Section ,1.1,2(6700 m3 for MFI130, zero tbr anhydrile a t b, and 520 rn3 tbr Mf],138). In Mll 130,the

6 realization having tile greatestoutllow Ilasan anllydrile porosily of0.O041 and a residual saluralion ot'0.20, both

7 sampled parameters. Thus, the residual brine in M!]139 OUt IO tile disposal-unit boundary is 12,500 m,_, Even il'all
8 ol'lhe brine tlowing o1`11MBI39 is corltaminated, it will not even occupy all the volume required lbr residual brine

9 saturation, and will not reach the dispt)sal-unit boundary. Residual brine occupies 2650 m-_ot'pore volume in

10 MB138 between tile repository and tile southern boundary in therealization with tile maxinlum brine o1`ltflow,so,

11 again, tile [1111o1.1Iliof potentially contaminated brine tlowing south out MB138 will not reach theboundary. The

12 lrtaxin'lum upward brine tlow throtlgll theshat/seal (Figure 4-45) is 58 nl], somewhat more than the 40 m3 in the

13 dynamic closure calculation, but still not enough to till the lower shaft to thelop ot'lhe Salado, Thus, none el'the

14 brine tlow pertbrrnance measuresshows any signiticant difference betweendynamic creepclosure and lixed waste

15 porosity.

_6 4.3.3 Gas Flow Behavior

17 Cumulative gas flows out tile anhydrite layers and through the shaft seal are similarly unaffected by repository

18 porosity dynamics. The high peak pressures that are obtained when the waste porosity is lixed occur because the

19 low permeability ofthese pathways prevents significant outiiow ofgas from the waste. It is only when tile

20 permeability of the anhydrite is high that large volumes ot'gas can llow out these pathways, and in those cases, the

21 driving pressure remains relatively low. As pointed out earlicr, it is ultimately the amount ofgas generated that

22 causes the driving Ibrce for gas rnigration ti'om the repository, After 10,000 yr, the pore volume ofthe waste differs

23 littlc regardless orhow the pore volume dynamics are modeled because nearly the same final porosity is attained, so

24 tile quantity ofgas generated and the permeability of flow paths away from the waste are the controlling factors in

25 determining how thr gas rnigrates, l'igures 4-46, 4-47, 4-48, and 4-49 show the amount of gas that flows past the

26 disposal-unit boundary in MBI39, anhydrite a _-b, MBI38, and tile shaft seal, respectively. Comparing these with

27 their counterparts in Section 4.1.3 shows that tile number or realizations in which gas migrated past the boundary is

28 tile same and the total volumes are insignilicantly differer_t. Thus, none ofthe gas flow 13errormance measures

29 shows any significant difference between tixed waste porosity and dynamic creep closure as currently modeled.

30 "l'his conclusion rnay change when pt'essure-dependent fracturing ofanhydrite interbeds is included in future

31 performance assessments, potentially lowering peak repository pressures and allowing tbr additional gas migration.
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Fig,re 4-42. Cumulative F',rine Flow South out MBI39, Fixed Waste Porosity Model. (Positive values indicate
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Figure 4-43, Cumulative []rine Flow South out Anhydrite Layers a + b, Fixed Waste Porosity Model, (Negative

values indicate flow northward toward repository.)

4-56



4,3 Four.ShaftEquivalentGt,ometrywithoutDynamicCreepClosure

1

-1

-3

-4

-5

-6

-7
0 1 2 3 4 5 6 7 8 9 10

TIME (103 yr)
Tnl.e342.27_.o

Figure4-44. Cumulative BrineFlow South out MBI38, Fixed Waste Porosity Model. (Negative wducs indicate
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4,3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure
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Figure 4-46. Cumulative Gas Flow South in Marker Bed 139 Past the WIPP Boundary (at 30 °C; 0.101 MPa),

Fixed Waste Porosity Model. (Negative values indicate flow southward away from repository.)
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I 5. UNCERTAINTY AND SENSITIVITY ANALYS_S RESULTS

2 /]ncertainty and sensitivity analyses were performed to determine factors that affecl gas generation and

3 movement olgas and brine away from the reposit_try. The uncertainty and sensitivity analyses in this presentation

4 use techniques based on l,atin hypercube samf_ling, including examination ofscatterplots, partial correlation

5 analysis, andstepwise regressionanalysis. Specilic perlbrmance measuresexamined were cumulative gas and brine

6 flows out through the threeanhydrite layers to the south ()t' the repository, cumulative gas and brine tlows up

7 through the shaft seal and the distance that gas Ilowed out tt_rough the three anhydrite layers. ()nly the base case, in

8 which the four shal/s were combirmd into one, was analyzed. Gas and brine Ilows to the north of the repository

9 were not analyzed because they were generally smaller and, therefore, of less importance from a regulatory

I() standpoint. Also examined were wlrious measures ot'tim behavior of the repository itsell_ including cumulative gas

l l generation by' means of corrosion and biodegradation, pressure in the repository, and repository pore volume.

12 i'hese were analyzed to show how gas generation is affected by variability in the sampled parameters, because gas

13 generation is the driving force behind gas and brine migration away from the repository in the undisturbed scenario.

14 The results show that the most important parameter affecting gas and brine migration from the repository is the

15 initial brine saturation in the waste. This one parameter has the greatest impact on total gas generation, which

16 effectively controls gas and brine llow into and out ofthe waste. Other important parameters include the gas-

17 generation rates tbr corrosion and biodegradation under inundated conditions and the biodegradation stoichiometry.

18 These parameters also affect gas generation, but are secondary to initial brine content in determining the total

19 amount of gas produced. Over the 10,000-yr regulatory period, it is the total volume of gas generated, rather than

2(} transient behavior such a_,;pressure in the repository, that most affects h_w far gas and brine migrate. Thus, rcae._'of

21 gas generation are most important only if suftScienl brine is awfilable to consume all the reactants in the waste.

22 Biodegradation stoichiometry (i. e., the moles ofgas produced per mole of cellulose consumed) is important

23 because its sampled range extends to zero, which can completely nullify the effect of biodegradation. Because the

24 amount ot'gas produced by biodegradation is directly proportional to the stoichiometric coefficient, gas generation

25 by biodegradation can vary greatly, and, all other things being equal, this parameter can have a major impact. The

26 only other parameter of significance was the shall-seal permeability, which, tbr the range sampled, impacts gas

27 tlow, but not brine tlow, up the shall. These conclusions are valid only over the ranges ofall the parameters used in

28 the calculations and within the limits of the conceptual and numerical models.

29 Numerous sampled parameters had no noticeable effect on any of the performance measures. These include all

30 tbur of the relative permeability model parameters (Brooks-Corey exponent, Brooks-Corey weight factor, residual

31 brine saturation, and residual gas saturation lbr all regions except the waste), the far-field pressure in MB139, the

32 shaft seal thickness, drift seal permeability, shaft porosity, and Culebra porosity. As modeled, drift seals were not

33 effective; higher-permeability I)RZ layers above and below the drill seals allowed gas and brine to flow around,

34 rather than through the drift seals, so performance was insensitive tile permeability ofthe seals. The porosity ofthe

35 Culebra was also not tested adequately, because little gas and no brine from the waste reached the Culebra; when

36 few realizations result in nonzero tlow, the sensitivity to porosity cannot be properly analyzed.
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5. Uncedainty and Sensitivity Analysis Results

1 l'hc remaining 10 saml-_led paran]elers had, at most, a minor effccl on these perfornlancc measures. These

2 parameters iucludc: the Dls-gcncrati_m rates l'_n'corrosion and biodegradation trader humid condititms: corrosion

3 stoichionletry; the initial w)lume fractions ot'biodcgradables and metals in tile waste; the porosity ofanhydrite

4 iuterbetls; the I)RZ porosity; the pcrmeabilities el'halite and the shaft seal during the first 200 yr: and the

5 permeability of the shaft between the shaft seal and the Culebra during the first 200 yr.

6 'l'hese results tire strongly dependent on the conceptual models that are currently used. If the conceptual models

7 were modified, the results could differ from those presented here.

8 1._achof the i)erformance measures is discussed separately below.

9

lo 5.1 Sensitivity Analysis Techniques

11 The purpose of sensitivity analysis is to determine the relatiol]ships between the uncertainty in the independerlt

12 variables used irl an analysis arid the uncertainty in the resultant dependent variables. IJncertainty analysis provides

13 rneasures of the uncertainty in estimates for del_endent wlriables of interest, irlcludilig means, wu'iances, and

14 distribution functions. A formal uncertainty analysis is not presented here because such an analysis is not

15 particularly useful in cletermining relationshir_s amorlg wu'iables. I lowever, urlcertainly analysis is incorporated in

16 the sensitivity analysis. This section describes briefly the sensitivity antllysis techniques tised, including

17 scattcrrilois, stepwise regression analysis, and partial correlation arlalysis. A rnore detailed discussion of these

18 techniques and their application to the WIPP pro.joel caii be lbund in I lelton el al. ( I C,_t)I ).

19 "l'he generalion ofscatterplots is the simplest sensitivity arialysis teclinique. 'l'his approacli corlsists of

20 generating plots ofdependenl variable value versus inctepel]dent variable wiluc, with each point on the plot

21 rep,'esenting ()lie realization. When there is no relationship between the indcpeildel]t and dependenl wiriable, the

22 hldividual points will be randonlly spread over the phil. in contrast, the existence ol'a well-defined ielatioi]ship

23 betweell the indel)endent and dependent variabh.; ol'ten will be revealed by the distribution oflhe individual poinls.

24 "l'he exaininatioli of such plots when I.atin hypercube sanlpling is used Call be particularly revealing because oflhe

25 full stratificatiori over the range of each indepeildent variable. For each dependerlt variable examined in this

26 clitlpter, scatterplots are presented only for the two lllOSt inrlueniial independerlt variables. As tlle contribution of

27 additional independent wiriables to the variability of the del)endent variable decreases, the distribution ol'points in

28 the scatterplois becomes illore rtlndoln and less useful, so additiorlal plots are Rot presented.

29 in stepwise regressiori analysis, a sequence of regression models is constructed. The first regression model

30 coritains the single itldependerlt variable that has the largest impact orl the deperldent wtriablc. The second

31 regressiorl nlodel contains the two inder_endetlt variables that have the largest irnpact ori the deperldent variable --

32 the independent variable frorrl the first step plus whichever ot'the rernail]irig wu'iables Iias the largest inlpact on the

33 variation not accounted lbr by the first step, Additional models in the sequence are constructed in the same manner

34 until a point is reached at which further models are unable to increase meaningfully the amount of variation in the

35 dependent variable that can be accounted tbr. The order in which the variables are selected in the stepwisc

36 procedure provides an indication of w.u'iable irnportance, with the most important variables being selected first, the

37 next most important variable being selected second, and so on. The R2 values (coefficients of determination)

38 indicate how much variation in the dependent variable can be accounted tbr by till variables selected through that
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5,1 Sensitivity Analysis Techniques

I anotherstepintheregressionanalysis.When thevariablesm'eindeper_dcntand uncorrclated,astheyarcassumed

2 tobehere,tiledifl'ercnccsintheR2valuesforeachstepinther'cgrcssionmodelsequalsthefractionol'Ihefetal

3 variabilityinthedependentvariablethatcanbeaccountedfurby theindividualh_dependcntvariableaddedateach

,I step.When thevariationai'_ollttileregI'essionmodelissm_dl,thecorreslumtling11,2valueisclosetoI,which

5 indicatesthattheregressionmodelisaccountinglbrmostoI'tllewu'i._bilityinthetlepern.lmltvariable.('onvcrsely,

(:_ anR2valuecloseIozeroindicatesthattheregressionmodelisnotverysuccessfulinaccountingforthevariability

7 inthedependenlvariable.InadditiontoR2wdues,standardizedregressioncoeI'I]cieras(SR(2s)intheindividual

8 regressionrnodelsprovidemlindicationofvariableimportance,andthesignoftheSRC indicateswhetherthe

c) independentanddcpcru:ler]tvariablelendtoincreaseanddecreasetogether(apositive,'qR(.,)c,rtendtomove in

10 _pposile directions (a negative ,",;I_,(.'),

I I l'he statistical program, ,SI'I'PWI%I,;(Iman ei hi., 1980; Rechard, 1902), was used to evaluate wlriable

2 iml_ortanceusing thestepwisercL.,ressionprocedureon rank-transformeddata.Regressionanalysesoftenperl'oml

3 poorlyv,,hcntilerelationshil_Shct,,veentheindepcnden!anddependentvariablesarenonlinear.Poorlinearfitsto

4 nonlinear data can olien be avoided when tile dala are replaced with Illeir corresponding ranks and the rcgressioll

5 proceduresarel:_erl'_wlnedon lhcseranks(InlanandC'onover,I07_)).Inmostcases,lheanalyseswerefriedwith

6 bothraw andrankeddata.'l'herankregressionsgenerallygavebelierresulls,meaningthattilerankregression

7 models couh.taccount for higher pcrcentagc.sol'the observed variability in the dependent wuiables. ()nlv the rank

8 regressionanalysesarereported,althoughray,,dataarcshm,vninthescatterph)Is.

tO %tepwiseregressionanalyseswerepc;'I'orn]edon resultsattileendoftheIO,00()-yrsimulations."I'ables5-Iand

20 5-2summarizethevariablesusedintileslepwisereg,rcssJollanalysis.Itixnecessarytohavesome criterionto stop

21 theregressionmodelconstructionprocess.I'llesearediscussedinIIcltonel.al.(I_)01).Intheanalysesreporled

22 here,an_._-wiIu¢of0.02was usedIoaddavariabletotheregressionmodelandavalueof0.05todropavariable

_:, fromtilemodel ('l'hetx-vah.leistheprobabilityol'oblainingastrongerrelalionshil_thantileone identifiedinthe

2,1 anah,sisasaresultof'chancevarialiun.)Inaddition,tilePredictedl,;rror%urnof,Squares(PRI,I%S)criterionwas

2.':,LiscdIoprotect;.igaJ1'Jstm,'erl'ii.

26 PartialcorrelalJonanalysisprovidesmeasuresofthelinearrelationshipbetweenadependentvariableand an

27 independentvariablewhen thelineareffectsoI'lheotheril_dependenlvariablesareremoved,WIlenawell-defined

28 linear relationshil'_exists betweenan independent variable and a dependent variable, the l'mrlial correlation

29 coeft]cient will be close to _I or-I, regardles,_of the dislribulion assignedto the independentvariable or the

30 magnitude of'the impact that the independent variable hason tile dependen! variable. A positive partial correlation

3 1 coefficient indicates that two variables tend to increase and decrease together, whereas a negative correlation

32 coefficienl indicates that, as one variable increases, tile other decreases. Partial correlation coefficients were

33 calculated using time-dependent results, such as those shown in figures in C'hapter 4, and show how the impact of

34 different independent wuiablcs changes over time. These analyses complement the stepwise regression analyses,
-, ,::;._. which provide more detailed st;,llislJcs btll ;,It ;:1single time. Nole thai because wu'iables change in imporUmce

36 through time the regression analyses and partial correlation coefficienl analyses may idcntil_; different variables as

37 being important.

38 l'he partial correlation analyses were done using the statistical module I'CC'SRC (Iman el al., 1985: Rcchard,

30 1992). As v,,ilh lhe stepwJse regression analyses, these analyses were performed on rank-translbrmcd dala. For

40 each dependent variable, a plot of'the partial rnnk correlation coeffieienls is presented that shows the linle

41 dependence ofthe coefficient for II]e four most inl]uential indepertdent variables.
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5. UncertaintyandSensitivityAnalysisResults

2 Table 5-1. Latin Hypercube Sampled Independent Variables Used inStepwise Regression and Partial
3 Correlation Analysesa

Independent LHS
Variables No. Description

BCBRSAT 13 Residual brine saturation in all regions except waste

BCEXP 11 Brooks-Corey exponent

BCFLG 12 Brooks-Corey/van Genuchten-Parkerweighting factor

BCGSSAT 14 Residual gas saturation in all regions except waste

BKFLPOR 26 Porosity of backfill material in drifts, the experimental region,
and in the shaft below the seal

BRSAT 1 Initial brine saturation in waste

CULPOR 27 Culebra porosity

DSEALPRM 25 Permeabilityof drift seals

GRCORHF 3 Humid corrosion rate factor

GRCORI 2 Inundated corrosion rate

GRMICHF 6 Humid biodegradation rate factor

GRMICI 5 Inundated biodegradationrate

MBPERM 15 Log of anhydrite interbeds permeability

MBPOR 16 Undisturbedanhydrite interbeds porosity

MBPRES 18 Far-field pressure in MB139

SALPERM 10 Intact Salado halite permeability

SEALPRM1 22 Initial shaft seal permeability

SEALPRM2 23 Shaft seal permeability after 200 yr
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5.1 Sensitivity Analysis Techniques

I Table 5-1. Latin Hypercube Sampled Inaependent Variables Used in Stepwise Regression and Partial

2 Correlation Analyses (Concluded)

Independent LHS
Variables No. Description

SEALTHK 21 Shaft seal thickness

SHFTPRM 24 Permeability of shaft-fill material above shaft seal

STOICCOR 4 Corrosion stoichiometry factor

STOICMIC 7 Biodegradation stoichiometric coefficient

TZPORF 17 Factor used in calculating DRZ and transition zone porosity

VMETAL 9 Initial volume fraction iron in waste

VVVOOD 8 Initial volume fraction cellulose in waste

5 a Ranges of values for independent variables are given in Table 3-1. Sampled values are given in

6 Appendix B

10 Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwise Regression and Partial

II Correlation Analyses

12

Dependent
Variables Description

BIOCONT Cellulose remaining in waste

BRNANHSC Cumulative brine flow south of repository out anhydrite layers a + b

BRNMB8SC Cumulative brine flow south of repository out MB138
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5. Uncertainty and Sensitivity Analysis Results

I Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwise Regression and Partial

2 Correlation Analyses (Continued)

Dependent
Variables Description

BRNMB9SC Cumulative brine flow south of repository out MB139

BSHSLLJPC Cumulative brine flow up through shaft seal

BWSTC Cumulative brine flow from waste

FECONT Iron remaining in waste

GASANHSC ' 'umulative gas flow south of repository out anhydrite layers a + b

GASGENVC Cumulative gas generated by corrosion and biodegradation

GASMB8SC Cumulative gas flow south of repository out MB138

GASMB9SC Cumulative gas flow south of repository out MB139

GASCULTC Cumulative gas flow into Culebra from shaft

GDSTANHS Distance from waste that gas flowed south in anhydrite layers a + b

GDSTCULS Distance from shaft that gas flowed south in Culebra

GDSTMB8S Distance from waste that gas flowed south in MB138

GDSTMB9S Distance from waste that gas flowed south in MB139

GSHSLUPC Cumulative gas flow up through sha,ff seal

GWSTC Cumulative gas flow from waste

PORVOLW Pore volume in waste

PRESWAST Average pressure in waste

QRGBIOVC Cumulative gas generated by inundated and humid biodegradation

QRGCORVC Cumulative gas generated by inundated and humid corrosion

QRHCUMGB Cumulative gas generated by humid biodegradation
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I Table 5-2 Latlq Hypercube Sarvlple Dependent Variables tlsed irl Stel.)wtse R(_Clressl(marid ,'arhal

2 Correlation Analyses (Conch.JJed)

Depender_t
Variables Descnpt_on

QRHCUMGC C:umtilative gas ge.r,leratedby humid corrosloll

QRSCUMGB Cumulative gas generated by mundaled bv(:)degradahon

QRSCUMGC Cumulahve gas generated by inundated corns_on

SBAVW Volume-average brine saturahon m waste
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Figure 5- !. Scatterplots and partial rank correlation coefficients for gas generation from inundated corrosion.
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5.2 Gas Generation and Repository Performance

! The other two variables selected in the analysis, MBPERM (anhydrite permeability) and GRCORI (inundated

2 corrosion rate), play a relatively minor role irl affecting inundated corrosion. The small effect of the inundated

3 corrosion rate on inundated corrosion is, in part, a result of the current model used for gas generation and corrosion,

4 in which the intlndated rate is proportional to the brine saturation. Because brine saturation tends to decrease over

5 time, the net inundated rate decreases, becoming relatively unimportant alter 10,000 yr. These results may not hold

6 true using a different corrosion model, but sufficient data do not yet exist to warrant changing the model.

7 Scatterplots relating cumulative gas generation to the two dominant variables, BRSAT and GRCORHF, are

8 shown in Figure 5-1. While these two together account for 69% of the variability in gas generation by inundated

9 corrosion, it is apparent from these plots that neither variable is a reliable predictor ofgas generation, even though
10 some correlation is evident.

! ! Table 5-3. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

12 Resulting from Inundated Corrosion (QRSCUMGC)

13

Step Variable Description SRC a R2b

1 BRSAT Initial brine saturation in waste 0.68 0.49

2 GRCORHF Humid corrosion rate factor -0.47 0.69

3 MBPERM Log of anhydrite interbeds 0.25 0.75

permeability

4 GRCORI Inundated corrosion rate 0.16 0.78

14 a Standard regression coefficients (SRC) for variables in the regression model at each step

15 b R2 value for the regression model at each step

16 5.2.2 Gas Generation from Humid Corrosion

17 Unlike gas generation by inundated corrosion, gas generation by humid corrosion is a fairly strong function of"

18 the rate of humid corrosion. (See Volume 3, Section 3.3.5 for a description of the current gas generation model and

19 paraineters used in the model.) In 3"able 5-4, the first variable selected in the regression analysis for gas generation

20 by humid corrosion is GRCORFIF, the factor multiplying the inundated rate to obtain the humid corrosi,m rate.

21 This variable accounts for 64% of the variability in gas generation by humid corrosion. 3"he next variable selected

22 is the inundated corrosion rate, GRCORI. Together, these rate parameters account for 75% of the variability. ]'he

23 regression coefficient for GRCORI is positive now, because humid corrosion does not occur unless inundated

24 corrosion is taking place at the same time. Recall that the corrosion model requires brine to be present for humid

25 corrosion to occur, even though the humid corrosion rate is modeled as proportional to gas saturation.
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5. Uncerlainty and Sensitivity Analysis Results

I The initial brine saturation in tile waste, BRSAT, is a less-important variable, accounting for only an additional

2 8% ot'the variability in gasgeneration by hun]id corrosion. The plot ofpartial rank correlation coefficients in

3 Figure 5-2 shows that BRSAT had a negative effect at first, becon]ing significantly positive only after about 3000

4 yr. This results fl'om the changing relative in]portance ot" inundated corrosion con]pared with humid corrosion.

5 Initially, when the brine saturation is usually highest, the total reaction rate is dominated by the inundated reaction.

6 Latcr, as the brine saturation in the waste decreases, having been consumed predominantly by inundated corrosion,

7 humid corrosion becomes more important.

8 Scatterplots of the first two variables selected in the regression analysis, Figure 5-2, show some clear trends Ibr

9 the first variable, GRCORHF. The correlation is much weaker ['or the second variable, GRCORI.

l0 Table 5-4. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

I1 Resulting from Humid Corrosion (QRHCUMGC)

Step Variable Description SRC R2

1 GRCORHF Humid corrosion rate factor 0.79 0.64

2 GRCORI Inundated corrosion rate 0.32 0,75

3 BRSAT Initial brine saturation in waste 0.29 0.83

12

13 5.2.3 Gas Generation from Inundated and Humid Corrosion

14 When both inundated and hum id corrosion are considered together, the regression analysis selects BRSAT first,

15 accounting for 56% of the variability in gas generation by corrosion. This suggests that corrosion under inundated

16 conditions contributes more to the amount of gas produced by corrosion than humid conditions, since BRSAT has a

17 strong positive impact on inundated corrosion, but only a weak effect o:1 humid corrosion. The scatterplot relating

18 cumulative gas generation by corrosion to initial brine saturation in the waste, Figure 5-3, shows a clear trend, even

19 more so than for inundated corrosion alone, with the amount of gas generated increasing as the initial brine

20 saturation increases. The plot ot'partial rank correlation coefficients in Figure 5-3 shows that BRSAT has a strong

2 ! effect throughout the 10,000 yr, although other variables were slightly more irnportant at first, when intindated

22 corrosion was not yet inhibited by a lack ofbrine.

23 The intindated corrosion rate, GRCORI, was selected next, accounting tbr an additional 11% of the variability

24 in gas generation by corrosion. The scatterplot relating cumulative gas generation by corrosion after 10,000 yr to

25 inundated corrosion rate in Figure 5-3, however, shows only the slightest oftrends to increasing gas generation as

26 the rate increases. As shown in the plot ofpartial rnnk correlation coefficients, Figure 5-3, GRCOR! has the greatest

27 impact dtaring the tirst 3000 yr, when adequate sources ofbrine rernain from the initial brine saturation. Its

28 influence gradually decreases from the start, as brine is consumed.
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5.2 Gas Generation and Repository Performance

I The regression analysis (Table 5-5) selected three more variables as having sorne measurable effect on total gas

2 generation by corrosion: MP,PF,RM, the permeability ofanhydrite interbeds; STOICCOR., a factor that determines

3 the relative importance of two corrosion reactions and thus the stoichiometry for corrosion; and GRCOR! IF, the

4 hurnid corrosion rate |'actor. Together, these three account for an additional 12% of the variability in gas generation

5 by corrosion. The linear correlation with five variables accounts tbr 70% ot'the variability. S'I'OICCOI,', has a

6 negative correlation coefficient, indicating that as this variable increases, gas generation decreases, This occurs

7 because the corrosion stoichiometric coefficient, or the rnoles of gas generated per rnole of iron consumed,

8 decreases as STOICC()I,', increases: the stoichiometric coefficient has a wilue of 1.333 when STOICCOR is 1.0, and

9 a wllue of !.0 when S'i'OICCOR is 0. The minor effect of STOICCOR stems from the relatively narrow range of

10 values taken by the stoichiornetric coefficient. Anhydrite permeability has a small el'feet on gas generation by

I I affecting the amount of brine that can tlow into the repository and contribute to additional corrosion. As discussed

12 in Section 4. I. I, little brine t]ows into the waste in general, so the effect is not great.

13 Table 5-5. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

14 Resulting from Both Inundated and Humid Corrosion (QRGCORVC)

15

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.74 0,56

2 GRCORI Inundated corrosion rate 0.33 0.67

3 MBPERM Log of anhydrite interbeds 0.24 0.73
permeability

4 STOICCOR Corrosion stoichiometry factor -0.17 0,76

5 GRCORHF Humid corrosion rate factor 0.16 0.79

16

17 5.2.4 Gas Generation from Inundated Biodegradation

18 The .,;ensitivity analysis done for gas generation by corrosion is repeated for ga.':,gellet'ation by biodegradation.

19 For inundated biodegt'adation, the regression analysis in Table 5-6 selected ST()ICMIC, the biodegradation

20 stoichi()metric coel'licienl, as the most inll_ortanI variable. This wu'iable accounts for 36% of the variability in gas

21 generation by imtndated biodegradation. The scatlerplol relating cumulative gas generation to this wu'iable, I:igure

22 5-4, shows a definite trend, with the amounlt of gas generated increasing as ST()ICMIC increases. This result is

23 exactly as expected, since this is the definition of'the stoichiometric coel'ficicnt (moles ol'gas produced per mole of

24 cellulose consumed).
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5. Uncertainty and Sensitivity Analysis Results

I 'l'his nnalysis lbund eight variables having a measurableel'feet, although the additional inlluence ol'each of the

2 last five is very slight. As with inundated corrosion, hiodegradation under inundated conditions requires brine to be

3 present, although biodegradation is currently assumed not to consume water. Thus, the next most important

4 variable selected is I]RSA'I', which shows a trend similar Io that tbr STOICMIC, but less pronounced. As expected,

5 the inundated hiodegradalion rate, (;RMICI, is one ofthe more important variahles, but it is surprising that it

6 accounts for only 8% ol'the wlriability in gas production by inundated biodegradalion. As the partial rank

7 correlation coefficient plot in I:igure 5-4 shows, (]I,IMIC:i was the dolninant variable early, but its inlluenced

8 decreased steadily over the fil'sl IO0()yr as brine in the waste was consumed, in addition, as seen earlier in I:igure

c) 4-6, much ot'the cellulose in the waste was fully consumed within that sam',' time period, which explains why tile

I() curves in the plot of partial rank correlation coet'l'icients are fiat utier about 150() yr. (;R(7()RI I1:has a negative

I I regression coefficient, indicating that humid corrosion competes with inundaled hiodegradation by consuming brine

12 needed for inundated hiodegradation. As the partial rank correlation coefficient plot shows, (]RC()R! IF becomes

13 signific_mt only after tile microbial rate becomes less signilicant. At later times, hunlid corrosion tends to consume

14 the remaining brine required lhr any further inundated biodegradation.

15 Table 5-6. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

16 Resulting from Inundated Biodegradation (QRSCUMGB)

17

Step Variable Description SRC R2

1 STOICMIC Biodegradation stoichiometric 0.61 0,36
coefficient

2 BRSAT Initial brine saturation in waste 0,42 0,53

3 GRMICI Inundated biodegradation rate 0.28 0.61

4 GRCORHF Humid corrosion rate factor -0.22 0.65

5 BCEXP Brooks-Corey exponent 0.18 0,69

6 GRMICHF Humid biodegration rate factor 0.20 0.72

7 VVVOOD Initial volume fraction cellulose -0.18 0,75
in waste

8 SEALPRM2 Shaft seal permeability after 0,17 0.78
200 yr

18
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5. Uncertainty and Sensitivity Analysis Results

I 5.2.5 Gas Generation from Humid Biodegradation

2 The regression analysis in Table 5-7 is for cumulative gas generation by hun]id biodegradation. As with hunlid

3 corrosion, humid biodegradation, as currently modeled, requires brine to be present, l lowever, as with inundated
4 biodegradation, it is assumedto consume no brine, in conuast to corrosion, in which both inundated and humid

5 reactions consume brine. The lirst variable selected in the regression analysis is STOICMIC, the biodegradation

6 stoichiometric coefficient. It accounts for only 29% of the variability in gas generation by hunlid biode_radation,

7 making it sornewhat less important here than in inundated biodegradation, although the scatterplot in Figure 5-5 still

8 shows a clear trend. As it was under inundated conditions, STOICMIC is important because it strongly affects the

c) amount of gas produced for a given amount of reactants. The second wlriable selected, GRMICI IF' (humid

10 biodegradation rate factor), contributes nearly as much as STOICMIC to the variability in cumulative gas generation

I I by humid biodegradation. The scatterplot for this variable also shows an apparent trend, but with more scatter than

12 shown by STOICMIC. The partial rank correlation coet'licients in Figure 5-5 show STOICMIC becoming more

13 important apparently at the expenseot'the immdated biodegradation rate, GRMIC'I, which dominated at tirst. The

14 inundated corrosion rate,{;RCORI, has a very small positive effect on gas generation by humid biodegradation by

15 consuming brine, thereby increasing the gas saturation, which results in more gas production under humid, rather
16 than inundated conditions.

1"7 Table 5-7. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

18 Resulting from Humid Biodegradation (QRHCUMGB)

19

Step Variable Description SRC R2

1 STOICMIC Biodegradation stoichiometric 0.55 0.29
coefficient

2 GRMICHF Humid biodegradation rate factor 0,50 0.53

3 GRMICI Inundated biodegradation rate 034 0.64

4 GRCORI Inundated corrosion rate 0.20 0.68

2O
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5. Uncertainty and Sensitivity Analysis Results

I 5.2.6 Gas Generation from Inundated and Humid Biodegradation

2 The regression analysis for cumulative gas generation by both inundated and humid biodegradation, shown in

3 "l'able 5-8, selected STOICMIC as the dominant variable in determining the variability ot'gas generation. It

4 accounts Ibr 50% ot'the variability. 'l'he scatterplotrelating gas generation to biodegradation stoichiometry, in

5 Figure 5-6, conlirms the strong inlluence thal stoichion]etry has on the alllount el'gas generated. Because

6 ST()ICMIC was most intluential under both inurldated andhumid condilions, lhis result is not surprising,

7 The nex! wlriable selected,(;RMICI, contributes another 14% to tile wlriability in gas generation. GRMICi

8 pla)'s a measurably signilicant, if minor, role becausea large portion of tile gas produced by biodegradation takes

0 place under inundated condilions. This can be deduced li'om Figures4-2 and 4-6, which show the time-dependent

10 behaviourof" brine saturation in tile wasteand cellulose contentremaining in the waste, respe(:tively, I lowever, its

I I scatterl_lotindicates that the effect is not very strong.

12 The inlluence of initial brine saturation, i]RSA'I', is understandable,because,in the absenceot'a large inllux of

13 hrine from outside the waste, inilial brine ,_alurationessentially provides Ihe driving force for hiodegradation.

14 I Iowever, il aclually contributes very little to lhe variabilily o1'total gas generatkm from biodegradati(m, only

15 4%.The partial rank correlation coefficients ill Figure 5-6 show the sametrends as I'm inulJdatedand humid

16 hiodegradation separately, with the inundatedrate, (;RMICI, dominating at Iirst, to he supersededlaterby

17 %'I'()I('MI('. This ordering of inlluence consistenll.voccurs I_ecause,as brine and re;.iclant_; (celluluse)are depleted,

18 tile amount el'gas produced per unit quantity el'reactant hasan increasingly greater impact on total gas generated,

I0 whereas the refit becomes irrelevant, (ias _eneration per unit of reactant,as measuredby the sloJchJonletric

20 coeflicient, also hasa l'ar greater impa(:l than polential. 'lhe original basis tbr potential, VW()()I) (the volume

21 l?action of cellulose in the initial inventory), has nu diseernihle effect becausethestoichiometry, which ranges Ii"om

22 0.() to 1.67,completely determines hew much of'this initial cellulose inventory will heconverted to'gas. 'l'his will
23 hetrue as long as any c¢:llulo_eis pre.'.;enlinitially, iI'the initial _:ellulo.seColllCllt el'the waste were also wu'ied over

2,1 arange that extended to zero, it could possibly become asimportanl as ,";T()ICMI(, ill determining tile wiriahility in

25 Table 5-8. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

2(_ Resulting from Both Inundated and Humid Biodegradation (QRGBIOVC)

2"I

Step Variable Description SRC R2

1 STOICMIC Biodegradation stoichiometric 0.70 050
coefficient

2 GRMICI Inundated biodegradation rateor 0,38 0.64

3 BRSAT Initial brine saturation in waste 0.23 0.69

4 GRCORHF Humid corrosion rate factor -0,18 0,72

28

5-18



5,2 Gas Generation and Repository Performance

P,AV RANK

105 • i _' i" , ''i ...... , ' _ 70 -'" _ .... t w "'v w i ' *

o e • I •

90 ' •
.- 60 • ,

e
e a,

= =•

- 75 " 50 • " .

% e 0 "

O 60 .

• • _ 40 • ' .

• _ o•ee°

o :i 30 o, .o ,, •

_o *i • •
.e • .

30 • • 20 • '

I •

I 5 .:. . • 10 . • " "

00 r"' " " "'.... l, _ ' ' ' ' I I l I i 'l

0 IX) 0 25 0 50 0 75 1 00 1 25 1 50 0 10 20 30 40 _ 60 70

BIODEGRADATION BTOICHIOMETRIC COEFFtCILNT BIODEGRADATION STOICHIOMIETRIC COEFFICIENT

RAW RANH

f"' ! ! ' ! ' L ! T ..... ! ! 70 ,n..... l I I "1 " '1 ' IT ! '
• u t

• • eI

9 0 • 60 • " ,

• e

7 _ , 50 ' . ".

_ ,*• ' • e o • •

60 , . 40 " ' ,

eel • _ I • •
E • " ,

',345 • ' " , ' ' 30 , •

• i L1 ' . ' •

30 • " • , , 20 ' ''
(J

% . w . •

15 ; . 10 " •

• #1 i • . ii •
I • i

O0-I ,, t '1 .... I I I ' _ " 0 ' 1, I " I ' I I ,,1

0 2 4 6 8 10 12 14 16 0 10 20 30 40 50 60 70

INUNDATED BIODEGRADATION RATE (10 g mol.,'_g • q) INUNDATED BIODEGRADATION RATE., _u_ .,,,=* o

1 O0 '_ ' ! ' t' I I I !

oso b _..-- _._M,C,

0 25 i _XX'XBRSAT

< GRCORHF
_. -075

• 100 t J J ....... I . I t ,L, ,
O0 15 30 45 60 75 90

TIME (103 yrs)

i,im_, ,,_,,,to

Figure 5-6, Scatterplotsm_dp;u'tialrime corr,-lation coefficients for gas generation rrom inundated and humid
biodegradation.

5-19



5. Uncertainty and Sensitivity Analysis Results

1 gas generation. I Iowever, cellulose will be present in some of tile waste (as wood and paper products), and the

2 fraction of cellulosics in the initial waste inventory, VWO()I), is assumed to range Ii"om0.284 to 0.,184. Therefore,

3 the sampled value for initial celhnlose content will always be nonzero, and its range will be relatively narrow

4 compared to the currently assumed range of stoichiometric coet'ticients.

5 The other two variables selected in the regression analysis contribute very little to the wlriability in gas

6 generation. BltSA'! _continues to have some influence, but is dominated by the stoichiornetry and inundated

7 biodcgradation rate. l'hc corrchltion coefficient for GI_,f'()RI IF is negative, indicating that it continues to show a

8 competing effect on gas generation by consuming brine that must bc present tbr biodegradation to take place.

,_ 5.2.7 Gas Generation from Corrosion and Biodegradation

0 When gas generation by both corrosion and biodegradation are considered, the regression analysis, Table 5-9,

I shows that the initial brine saturation ofthe v,'a._teis the dominant variable, accounting tbr 55% ofthe variability in

2 the amount ofgas generated. The plot of partial rank correlation coefticients in Figure 5-7 indicates that this is true

3 ahnost from the beginning. The scatterplot relating the amount ofgas generated to initial brine saturation (Figure 5-

4 7) shows a clear trend, The biodegradation stoichiornctry, which is dominant in determining gas generation by

5 biodegradation, also has a significant impact on the total gas generation, although the scatterplot is less convincing.

6 The inundated biodegradation rate, GI_,MICI, is a major influence at Iirst, but, as cellulose is rapidly consumed, its

7 effect decreases greatly, as seen in the plot of partial rank correlation cocfticicnts. The inundated corrosion rate is

8 also a dominant wlriable at first, but its intluence gradually decreases over time, as the amount ofgas generated

9 under more prevalent humid conditions increases.

20 Anhydrite permeability continues to show up in the regression analysis. Accounting for 5% ot'the variability in

21 gas generation, it is clearly not a dominant variable, but still cannot be ignored, because it controls the f]ow ot'brine

22 into the waste as well as the flow of gas out ofthe repository. Gas flow does not affect gas generation directly, but

23 when the pressure in the repository approaches that ofthc far field, it can strongly inhibit the influx of brine from

24 outside the waste, llighcr anhydrite permeability over tile range of sampled values can allow the pressure in the

25 repository to be relieved, in turn allowing more brine to flow inward. Iiowevcr, because the permeability is st) low,

26 little brine can flow under any circumstances, and these mechanisnls are relatively uninaportant. Thus, the overall

27 impact ofanhydrite permeability on gas generation is minor. Knowing that absolute permeability has only a small

28 clTcct over the range of sampled values, it is understandable that relative permeability has no discernible effect.

29 Neither of the relative permeability parameters, []CI:.XP and BCFI.(i, was selected in the stepwise regression

3(1) analysis. Scatterplots relating cumulative gas generation to these two variables, Figure 5-8, show completely

31 random scatter and suggest no trends. These results reinforce the conclusions that brine flow has little effect on gas

32 generation and that the initial state el'the waste, along with parameters directly affecting gas generation, largely

33 control how much gas is generated.
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5.2 Gas Generation and Repository Performance

I Table 5-9. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

2 Resulting from Corrosion and Biodegradation (GASGENVC)

Step Variable Description " " SRC R 2 " "

1 BRSAT Initial brine saturation in waste 0.73 0.55

2 STOICMIC Biodegradation stoichiometric 0.32 0.66
coefficient

3 GRCORI Inundated corrosion rate 0.28 0.73

4 MBPERM Log of anhydrite interbeds 0.20 0.78

permeability

5 GRMICI Inundated biodegradation rate 0.16 0.80

6 STOICCOR Corrosion stoichiometry factor -0.15 0.83

5 5.2.8 iron Remaining in the Waste

6 Analysis of other perforrnance measures will help to understand the behavior of the repository. Table 5-10

7 shows the regression analysis for iron content remaining in the waste, FECONT. Initial brine saturation in the

8 waste, BRSAT, is the first variable selected, accounting for 61% of the variability in FECONT. The correlation

9 coefficient is negative, indicating, as expected, that the more brine present initially if] the waste, the less iron will

10 remain after 10,000 yr. The corrosion rate under inundated conditions, GRCORI, also hassome influence, but the

II rate is sufl]ciently high that if the waste were fully inundated at all times, all of the iron would be consumed in most

12 realizations within 10,000 yr. As seenearlier with gas generation, potentials becomemore important over the long

13 tern] than rates. In the caseof corrosion, initial brine content in the waste is one of thesepotentials, becauseso little

14 brine flows in tYomoutside the waste. Another potential measure,VMETAI,, the initial volume fraction of

15 corrodible metal in the waste, also shov,,s up in the regression analysis, but accounts tbr only 3% of the wlriability in

16 Ff-CONT becausethe limiting potential is the amount of brine available.

17 Anhydrite permeability, MBPERM, has a small effect, accounting for 4% of the variability in FF.CONT. The

18 correlation coefficient is negative, so higher permeabilities result in more iron being consumed, indicating that brine

19 inllux does contribute to gas generation. Ilowever, because anhydrite permeability has so little influence on

20 remaining iron content, it is clear that brine influx has at most a minor impact on gas generation,
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5. Uncertainty and Sensitivity Analysis Results

I The plot of partial rank correlation coefficients in Figure 5-9 illustrates the dominating et'fcct that initial brine

2 saturation has on the amount of iron remaining in the repository.

3 The scatterplot relating iron content to initial brine saturation, Figure 5-9, shows the strong negative effect that

4 brine saturation has on the amount of iron that remains after 10,000yr. The relationship between remaining iron

" 5 content and the next most int:luen-tialvariable, inundated corrosion rate, also in Figure 5-9.,.showsthe large amount

6 of random scatter typical ot'an independent variable that accounts tbr only 1I% of the variability of a dependent
7 variable,

8 Table 5-10. Stepwise Regression Analysis with Rank-Transformed Data for Iron Remaining in the

9 Repository after 10,000 yr (FECONT)

10

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste -0.77 0.61

2 GRCORI Inundated corrosion rate -0.33 0.72

3 VMETAL initial volume fraction iron in 0.20 0.75

waste

4 MBPERM Log of anhydrite interbeds -0.18 0.79

permeability

5 GRCORHF Humid corrosion rate factor -0.17 0.82

12 5.2.9 Cellulose Remaining in the Waste

13 The amount ot'cellulose remaining after 10,000 yr, BIOCONT, is nat strongly dependent on any single

14 variable. The most influential, GRMICI, accounts for only 29% ofthe variability in BIOCONT, as shown in the

15 regression analysis in Table 5-II. BRSAT appears once again, with nearly as much intluence as the biodegradation

16 rate. The scatterplots tbr each of these two variables, Figure 5-10, show some correlation tbr GRMICI and less tor

17 BRSAT. The partial rank correlation coefticients in Figure 5-10 show that these wlriables, as well as STOICMIC,

18 dominate at very early times, but their iniluence degrades over time.
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5. Uncertainty and SensitivityAnalysis Results

I Table 5-11. Stepwise Regression Analysis with Rank-Transformed Data for Cellulosics Remaining in
2 the Repository (BIOCONT)

' Step Variable 'DeScription - SRC . R2 -

1 GRMICI Inundated biodegradation rate -0,47 0.21

2 BRSAT initial brine saturation in waste -0,42 0.38

3 GRCORHF Humid corrosion rate factor 0,25 045

4 STOICMIC Biodegradation stolchiometric 0.25 051
coefficient

5 GRCORI Inundated corrosion rate 0,22 056

5.2.10 Repository Pore Volume

6 I)or_ volum_ in th_ repositury is or interest pritnurily as a measure_t the impu¢l _,_l'cr'ccpclosure _t'trepository
7 l_¢rl'_,'nlance. I11_.,.,tepwis_regressionamllysis (Table 5-12) s_l_¢led initial brine salurlttiotl in flu.,waste ilSt11¢first

_1 variable, llCCOl.lntinB I'or 5'7'_, ol'the variabilily in I)()RV()I.W, "l'hestr¢11,l.t,lh _l'this c_,'rehltion is _.'ollllrtned by the

9 _cattcrph)Isllow11in, l:i_ur¢ 5. I I, in,whM1 i11¢r¢is, clear trend to irlcre,sing the pore wdun1¢ ilSIllu brine siil1.mltion

IO ir1¢rcases.l'h¢ el'l_'cI is actually all indirect o11¢.I lil.z.h,¢rinitial brine Sllt1,1rilliotlresults i11more _is being _¢llCtriititd,

I wh,i_:hinl turn, raisesth¢ pr_:s,sur_.,in ther_p()sitory, l'his initially La,im:id_:swith a d¢¢n.,ascin p_r¢ volume, Thus,

2 111¢partial rank ¢orl"_.,hltion¢o_1"1i¢ieiiI,I:iBur_ 5-I !, sll_Wslllal brim.,saluralion inilially IlllS tl llCBllliV_¢l_rr_hllilm

".I with p_re volun1¢, lh_wevcr, llSseetl irl l.'igl.m.,.i-_, Ih¢ porosity in llle Wilsl¢qui_:kly rca¢llcs11tnlin1,inlunlaud Illcn

,I _t_irt.,,;I_ i1'Icreas¢again il_ tll¢ l_r¢_.,.;ur¢¢ontillUCSto rise. Tlle rcducthm iu p_n.'w_Iill1,1_,ill, ils_.,ll_¢OlltribIJI¢_to this

5 pressurerise. '1"11rc¢oilier variables iullucuc¢ t11¢l_l'¢SSill'¢nietlStlrtlbly ill Cal'lyIiule.S: NI()I('MI(', (IR('()RI, auld

6 (IRMI('I. 1'11,¢impa_l ol'll,.'s_.,variables d¢¢rcase.sow.'r liu1,_,h.'avin_ I_tl_,NAI' I_ domimll_ uw.,rII1_10,()()()-yr

? periled, as II!_ plol o1"parlial rank ¢orr¢hllions shows. A¢_:_rditIBm 111¢cr¢¢p _:h_sun.,iIim1_1tlScurr_1111y

8 in_l_lcnl_nted,_11c_II1¢pressurebegins h_decline, 111_porosity is Ii.x_d(_x¢_.,plI'_,'._11u111COulprcs,sihilily¢l'l'_,_:ts),

9 l'llus, t11¢pore vohu!l¢ ill I(),000 yr is stnm_ly al'l_'¢lcdh) Ii1¢peak prcssur_ allaim.,d,usually I'airly vllrly, _,_'11MIis
20 huavily inllu_:m:¢d by inilial hrin_ salurali_m,

5-26



I 52 Gas Generationand Repository Performance

RAW f:tANK

._ 7o " o ot_O . • a
o e o

i %. r,o
I, . ,.o.,...

_1 40 ' ,

_ o o _ o= • e,=etQ elwaNeooa,o=o_ e_oietot_.=ed, o_,t*Na_=o.,

10 . 10
t

OO _-'.'I.,II.,.-t.... ' "-=' ' " _'' "t¶"Q '-Y ' ='P:_*" O -- L....... =__, ,L ............,,= . .. ___ _ ......_.
o i_ 4 O tl tO ti/ 14 t[_ 0 LO tO ,10 40 _O _ tO

INIJNDAT|:D BIC')()I CtltAI)A 11(')N IrA Ii (1o mmoVkg, _) INtJNDAtID I_IIOI)I_C]I|ADAII()N Ilktl;

ItAW IIANI(

I
i

! I eo
s

i e

• s

_ , Ii _ "

i_I _o " '.' ' ' I I_=_ 4_,_

4n, ; . I I_

3 0 e _ _. _ • e_oooioo.ee_e. e .e .e..¢.io ,it ¢eeelo_to_.eet

! "
{1 l_l I _ I I •i I_ I IIIIl. ] I II I e_ IIIIIIi • eI_ loll Ill=-- 0 --; 1. .. I I :. I i _L ..... :I

OO0 002 O04 OIl_ (')O!1 0 tO 0 i_ (! t4 O I10 it() _1_} ,14) _|) l_l.i _II

INITIAL It|IlNI hA ltlflill( IN tN WA_III INIItAI fllllNl _AIIIIIA ItIIN IN WA!,Ilt

I I vw,..,I IIII_IAI

4_ () _(} | ;/

• {iIIMI¢,I

IlMt ttO _V_lL

l"il.'llrc _i.I(). _c.llcI'l_h_t_.lid l_llrlilll rilllk c¢_rrcl.lioncocl'l]ci_'lli_,lor CL'II.lo,._rcnlllit|inR ill lh_.'%%'lisle,(I(OWS (If"
poinl_ ill lhc nmk I_I,_I_wilh idcnlic.i r.nk,, r¢,..ullFromlhc Col_'cnlion u_cdIo .',',ilm r.nk,, Io
rc.li/.lion_ wilh idcnlic=ll l.w rc_ull_l i,c,,,¢'n,l)

S-27



5 Uncertaintyand SensitivityAnalysisResults

RAW

o

* ee

e e

• *
, eI

ee * *

_ ° ,e _ e, o

i .U , * *

' .
* , 40 , * *

tO* o ** o ,,, * , * _ . . o ,, . e, o , * '*O* *,0 *o 0_6* * , _ _ ,*
I • ** e * o

* • tlO , ** o I_ o • ee *

7S , , %
* , tO . .*

i 0
o e

O0 *Or' 004 OOQ OOII *tO Oli_ Or4 0 t0 ilO 30 40 IF* e* tO

INITIALBRINE_ATL.IF"_TIONIN WASTE INIYIALBRINE_ATL,I_TIA")NIN WABVE

RAW RANK

o ,
, ee

_tO * _ e

e

4_" * e * ,e ,

t_ , ',

• * e , e

tOS * * _ *

e* ° (I • * * a

o, o e°o , me , ,

e ,* * * e e * / O ,30 **J * *. , .. . .,

f "

6 e e ,

_e el , , o Oo

ill , * ' ,
• * tO ' * ,

t, ° e
(I ! ,

0 rio (| _ 0 _iO O PP_ t O* t_ II_ % _0 _,O _ 40 _0 i=) tO

IItO_}_{ilA/i[_AI I()N 14! ()i_)_I()M_Ti_ C (;()_ I_PI_,t_NT 1_i(_(9|('_I|tAOAlK)N 9AI(X(_)(I{)M| ! liK_(_;()1_I' _1(;I| N1

0 t!k .....................................................Ir_i_..........................

I°°

i t) _)

! t _0 41_ qtO pi IiO

l'*iL_,r_._-II,,_ll_.,rph_l_.o_dl_,rli_lnmk c_rr_.,l_liun_'_I'11_i_.I,,l'.rr_l_il_r>_!_r__,_l.m_,,

._-2X



2 Gas Oenerntlon_ndRepositoryPerformance

I Table 5-12 Stepwme Regressiolt Analysis with Rank-Transformed Data for Pore Volume in the Waste

2 (PORVOLW)

Step Variable "De_criptlon SRC R2 '

1 BRSAT Initial brine saturation in waste 0 75 0 57

2 STOICMIC BiodegradatJon stoich0ometric 0 28 065
coefficient

3 GRCORI Inundated corrosion rate 0 23 0 tO

4 GRMICI Inundated btodegradation rate 0 22 0 75

.= 6.2.11 Average Brine Saturation in the Waste

(_ I'll'Jilt:'_llltlritliml ill lhL.'_*,1t'i1¢,._ItAVW, I h.,_,_.-,,_r,...u ||1 lt..'lll ilh.l¢ L'ltllll'ihlllL",it.0.ruilll)I_,IIIL'_,,t!riill'filil).

i ? _i,'_lllurpltll',L,I"IhL'I_,_,',__.,=|rial_h.,,,II|_tl_tli_.,t'lNItAV_' rmt,,l ,,l|t_ri_l), I,i_t|rl, _- 12,_'||lll'iril| Ihitl lh_'r,,,hlliml,_l|ilt,_,Ire

I_ ,,_,-_,,=lklily i'_l_l,)t' l_;lrli_tlr=lllkw_rl¢lilli,|ll _:|||.'tl}_l¢l|l,_,,,h|.,,,,.Ih;ll, lit tit',t, itliti;tl hlill_.'_ill|lrilli_tt il1Illu _,_.ii,du

q _,l_lt_i_=ll¢.,,,;It), dvllllili,,ll, Ih¢'t'u,,h,,.h,l I_' _ I'|¢rli,'t'l_.lvhttttm ilttti=tll) I ill|,'l, _1,__.llll't|'_,itlll_,;,|n,_tlllIcdhriii¢, tl|v

I(I itttir_d_ll|,'d_.'ml_.q_.lrlllu hil,,,_1_,ll,_lll_i.II._'.¢L' II|_u_vI, I_} Ill,l!(lll )r, i1_,t=._=it'|lL'd,_ll|ilttth.',,,,U__ltIh_ttll=',hI|t_tlt}
II h,l_,,v'_,m..',,m=|llviii.',.I

I ? Table 5,,13 Stepwise Regression Analys=s w=thRank_Transformed Data for Average Bt=ne Saturat=on m

I _ the Waste (SBAVW)

1,1

Step Variable Descript=on SRC R2

! BRSA 1 Imt=albrine s.turat_on m waste 0 39 0 !4

2 GRCORI Inundated corrosion rate O 36 0 26

3 I/PORF Factor used m calculating [.)RZ .0 29 0 35

and transition zone porosity
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5.2 GasOeneralton and Repo_llory Perforn-lnnco

I Table 5-13 Stepwise Regression Analysis with Rank.Transformed Data for Average Brine Saturation in
2 the Waste (SBAVW) (Concluded)

Step Variable Description ' " SRC " R2 '

4 SALPERM Intact Salado t_atite 0 29 0 41

permeability

5 STOICCOR Corrosion sto_chiometry factor .0 28 0 49

6 SHFrPRM f_ermeabdity of shaft.fill 0 23 0 54
material above shaft meat

7 BCFLG Brooks.Corey/van Genuchten- -0 23 0 59

Parker weJghling factor

,t 5,2.12 Pore Pressure In the Waste

I|¢'__ltl_,_'IIIL' itr_,,_lll¢ ill IhL'I_il*_lL,IL'51111'_lil_llt l,tit', _._,'llt.'liltiLIlt,till" _,_tl'i_tl_l_.",Ihitl _tllt'_l_t,_)_t,°ltt'lti|lttlt,lL'it_litlI|

t_ _.,Hlll,lli, illl,I I!l_l_?_L_hllllt.'_ht_ti!¢l4ih,_.IIi.'LI I!I'I_'%NIIIt_' I t|1_' lt,'l_t,ttt_'_ilHlllttitl__i_, I ethic!'_oI.i, _ttltI}l'llt_thl_ ( )ltt'v

1_ IL'pt_,_ill_l)pIl_'_lllt_ I IlL'_tdllL'lllhd I_'hllillk',Itl_'_llll ' If! IIIilhll I_lillt' _illIIlillil,l| _tll_ lh_' _lll_lt)! _.iltl_.'l¢IlllllIt_'i_,_'_,,It

_l iht't_l I _ l_lh_'l_II1:i,1t_1_,_hil_,_'_11!)Illlliill illlpil_t_, .llh_lll_h ih_'il i111|11_'11_.° _,,|__.'_11_1_1_'1i11_1_!tll.'ill_.'r_11_,oitli)

III IIII1_'_,il_ _11_11t_) Ih_'p,illt_tl I_1111_l._ll_,'l_llii,II_,'111_.t_'111_,III I it_111_° '_;I t

Ii 1able 5 14 Slepwtse Reglesston Analysis w,th Rank.Transformed Data for Average Pore Pressure m the
12 Waste (PRESWAST)

Slap Variable Descr_pl=on SFtC I:t2

1 BRSAT Iniliai brine saturatlon in wast_ 0 19 0 62

2 STOICMIC B_odogradat_onsto=ch=omettlc 0 24 0 68
coofltcmnt

3 GRMICt Inundated b_odegradal=onrale 0 21 0 72
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5,3 Brine Flow

t 5.3 Brine Flow

2 ,,'_kL'vl_rt'_)l-tllan_:_,111_'a._urcI'l)rtli_ WII)I' under iJndi_turl')_dc()nditi_)n_ix th_ ,111()tlnt{)l"C{)lltamill;ints(cith_r

] radi(,uut'lid_ (,"ha_arLJ_)u__:h_.,mi_:al_.'_)f1_liltl_.'tlt.,,)i, l')rin_t11;1t11{)w_b%,_mdt11_(li_p()_,l unit h()umhiric_. In Ih_

,I al')_fClZcV(d"actual ,I)_)(.Iclit)g_f c.'()ntanlitlantt1;11zsr_(_rt,_tlrr_;it_ key 111easur_s_Iresitr11_lyth_ arlz(uints(_l"brir1_that

s Ih_,,',_)utIh_:,val'i_ul_flm,,' l);itll_ l'r(,!1 tile'i"_f'_it_r,,,, it1¢ludin_,t]1_thr_:_[lllJ)._'drit¢ltly_.,rsarid lJl_:,,,_tahtdsllllf't,_.ILl

{) this s_.,ti_ln,t11_',,_..I'_.'rl_)rmat)¢_:nl_a_ur_stire _,xami,_.,dt() d_,lcrmit)_:,,,,,'hi_.,h_aml_lcdpflri111)_tt_rs;11"1_'_:1th_nl, This

I() 5.3.1 Cumulative Net Brine Flow from the Repository

I I I, I ;ll'_h:._-I._,Ilu.' 1'_ru.,,.,,i_,,;i11;11__i_fbr _:umuhltiv_11_Ibrim: II()w I'r(_n'lthu r_:p()sit()_'_:h:_:t_.'dII1_initial brim:

12 _,;lltlr;tti(_ll_l"t11_:_,v,lst_;1_IhL,tir_t vari;lt'_l_, '111,:_utl_:rpl:)t r_.latirl_,brim: II()w t(_briu_ _lturati_n, I:i_tlr_ 5-1,1,

1,1 I'1_,_ui-2,1,()()()i11_I_ , I I,,1()()ill t, impl>,in_ tllat _1_11_:t11itlimumirlilial brim: _atur;iti_,l i_mt¢_s,_;iryIhr brim: t() fl()w
I'_ _uil_dIJl_.'_',tl._t_.'.I_,_:;111_.' Ihc itlilial brim.' _alLmlti(_tli_at 1_1_,)_1h,ll'_)l'lllu r_.'_idzlalhri11__alUrali_)rl()t'th_ wa,_t¢,II'u:

Ih ;nit;ill _;11ur;11i_,lit_,_ll'i_11_I._ul'l_i_:i_l)lt_ _:;lU_:II_w I'r()mIIl_ _,,,'a_tu.I,Iatll_:r,wllcn 111(.'_bri11_'i._pr_:_:nl initially,

17 I_.,,,,,i111h_,'i_ required 1_)_.'x_.'_.._.,di_.,_iduillI'_el'_r¢all_wir)_ hrilu.' I_ tlm_,'(1t11.A Is()al'lL'¢ti,_ this ct)rrelati(,'l is 111_:

I l,I _.'l'_:_:p_:l_1lle rrl_d_.,I.I_,rille_;lltlr;lli_,l i,, im.,r_.'a,,_.,dre.re rap;all.,,';Uldrv_idu;ll _;llurlltit_n i_rL'_:hed rm_requi_:kl,,*,

I _) ;111w,_,'i11__Vql)_rd'll)_' iuilial hrillC _(1111_.,111_d'II'H.,;,.;i_1_It) lh)w _.Jl irl _(1111_..r_,;11i/;iIi_.1_,I/n(.J(crtllc._e¢ir_.'ur11_l;in¢_,

2(1 il i_ nr_111e_ssa1")I'r_riln) hrir_, 1r,llm,.- irl 1ir_1,;llth()ti_h, ;i,,,,seen in l.i_u1_ ,I-_'),thind_)e,_i)_:¢1.1ri11s_1111_re.li/atio1'is,

21 lh_.'p;11"Ii;_lriltlk _:_rr_h_ti_'q),_.et'ti¢i_.'1)1_ii_ l"iBur_ _-1,1_).llrm 1h.I I),_:<,AI' i,, the dr,mi,.nt v_ri,bl_ al't'c,_tillg._I
22 I1_,,',l'r_u11Ih_ _,".;I_I_,

2t Atlll._dril_ p_r_),,.,il_;l¢_.'_uuI_I'_.",u addili_,ltlalX'!i,_t'[h_: v_triahilil.',,ill brim: I1_,,_,*t'r_ul_Ih_ ,,,,,_1_t_:.It h_i_;I

2,1 ilv_;11i_,'_.,_.'¢_rr_:hlli,,i¢:,_111_.'i_,111,imli_.'at_rIF,Ihal brin_:_,,jtll¢_,,_.1_:cr_.,._1,,¢_a_,thu anllydrit_: p¢_r_,_il,,irl_r_a_:_. I li_h_:r

2'_ p_r_.'-,iti_..,,_llh_,,_,'II1_._brine t(_11_,,_in I()',_,;ird111_r¢l_)_it(,'._'h¢_au_: ttu: _t_rtlt.t,ucapacity'_t'th_ _11dl_'dril_:i_ _r_al_:r,

2_ _ the di_la11_.'e_.,r _,,,hi_.'ht11_,hrin_ mu_l Ira_,,_:li,_h.',,,_,_in_il,rly, brine II_l_,in_ _ut _t' t11_:rep_it_l"_' lmi_t di_pla_:_

27 hri11_'it1111¢;it111_driI_.'_,w_.,r;I _r_.,iller_,li_I;111_tt_,_,11_..ntli_.,p(_,v'_,_.,,,iI_ix h_wer,

2f,I ,,_11111'drit_I'_'r111_.';ihiliI:;iI_)11;i,,,_,i..,1111111i1111uL,11_u_11h1in_11_t_wI'r_.11lllt.' _,_,it,_t_',It lla,,,i111_;11ivu_'()rrt.'hlti_)n
"I I,..._ _:_)_ll]_i_:t_t,a_,arlll)dritL, I_(.'_',,il_' d_1_.',,,,f_l 111_'.',;mI¢I*_,';IN[)IIS. Ili_h t_:rm_.,,biliti_:_c()nt1'ihul_I_ hrine tl_)w in I'r(ml

._(1 tilL,lilr li_:ld, fhi,, I'_ri,_.,i1111_,.,,,,_.,v_'rlluilll>'Ii11,_1t1_:I)l,l/_.',.u_,h 1. ,11(),,_,_hrin_:t. Ih_',' lilt()flu: wllst_:,wh_:r_:it nla_'

'_2 ,_:_..Ul',,I'_.,_.'all,,_.,_:r_.'_.'l'__:h_51or_:ha_i11_:r_.,tlS_dtlu: I'_rim:_;llur_ti(_l_in II1_:_,:ilSt_:imh:l'.:nd_ntl.v _)1"brilu: inlh)w t'r()nl t11_

l_ far livid I llu,,,,anll._drit_:I'_rulL'tlhilil)' crlllilnC_'_brinu ll_v,' int_ t11_.,_,.,il_Ie,and itlhihits _,,ltfl()w b.,,'Illlitl_ the.,I)l_,/

._,1 Ihill ,,Ul"rl)Utld,,II1_,r_.T_il_)r.__,,,ilh t)rhl_,,

5-_]
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5 3 Rtlne Flow

I Table 5-15 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

2 from the Repository (BWSTC)

3

Step Variable Description _;RC N2

1 BRSAT Initial brine saturation in waste 0 72 0 53

2 MBPOR Undisturbed anhydrite -0 30 0 61

interbeds porosity

3 MBPERM Log of anhydrite interbeds -024 0 67

permeability

4 BCBRSAT Residual brine saturation in all 0 18 0 70

regions except waste

4 5.3.2 Cumulative Net Brine Flow Out MB939

5 tl'li_ St_l'_wiscr_2_rc,ssi(_nanalysis (lahl_ 5-I(_) l¢_r_.'un_ul_tivt_i_.,tI_rinuI1L_vI_til MI_I .__)1_ th_ ,,_ulh _1Ih_:

6 r_pt_.sitt_ry(trom ('_.:118 t(_('ell ? in Figure.'2-2) s_.,lc.,_:tcdlll_,";A'l a_th_ lir,,t _ari_d_h.'.It il_._.'_utlt,,I'_,r,l'_"i, iflthv

7 variability in hrin¢ ll_w. 'lhc scattc.'rpl_tr_latin_ MI_,13L)i_rin_I1_ t_ initi_l _va,',t_.'brim.' ',,ahirali_)ll,ill I, i_ur_'_,-I_,,

xh¢_w_that brine llow ¢_uti.snegativei_1m(_sIr_.'alizati¢m.,s,that i_, hrin_,II,_,', h_'ard Ih¢ rCl'_¢_sil¢_r.,,'(i_,tl_.,r_dl._,the.'

0 inward brine tlmv i.s_rcatesl when th_ initial hrin_ _attlr_lli(_lli_ I_wc.stht_t:au.,,,_.,I_'s_,_m, i.s_.,m,,rat_,din thv _,_I,,IL',

I() Icavin_ theprc,s,,,tm2in the waste I()w_'r,and thcruhy ()t'lL,ri,lg lessrc,sist;zm:_t,_hrim.' t1(_ It_m Ihv lizr li_.,Id.

I I Anhydrit_ pcrmt_ahilil), is als() an inilu_nlial parameteral/'_ctin_ bridle 11_)_,in Mltl 1_,_,i1_.'_:_tmtiliplhr iln

2 additienal 16%()f the variahilit.v in hrin_ llmv. "l'hcscall_rpl()l in i:ig,ur_ S- i S _h(_s 1hal_'h_n Ih_ pcrm_z_l_ilit._i,,

3 hi_h, n_tbrine ot=Itl(_wis mt_r_likely t(_h_ n_gatiw, ¢_rtm_,'ardthe r_.'p_sil¢_=3,_.,sp_.'_.'iifll)'at _.'izrl._'lime', _ h_.'nthe

4 prcs:_urcgradient l'r¢_mIh_ Farfield I_ th_ r_l_,_.siloryis gr_zlu.st. lhi.s i.sthe .samecl'l'¢.,ctthat _,=is_t_n _1 tlt_'

5 cumulative brine llt_w ti"(m_the waste, Inturmediale wilue.sol'I'ermeabilil )' (1()"lg t() I()"?_)m2)can _lll¢_v.,,,_m_'

6 outward ll()w, which is a c¢)ncernt'roma regulal()ry .slamlpc)int. In these_:ase,,,,¢:rceptic,sure =tml_._1',gL'llUl'l|lit)ll

7 may reversethe prcsstH'cgradit_ntwl_il¢ _21¢vatingthess'ast¢brine saturati()nI¢_the l_,)illt _herL, I_ri_lu,Ca_lIi,_ li',_m

Ihe waste. I1"the l'al_2at which lhcs_ processeslake phzcuis I'a.st_rthan therate _l't'_ri11_inll_,,v lhr¢_ul_hk.tltl _*__h_'=_

_) Ih_ anhydrilc pcrm_=_bilit_'is intt_rmt_di_ltuin value, I_rineII(_w¢_ulMlll._ _)will r_.,sull.When lh_.'purlm.'¢d_ilil_is h.,ss

2() than I()"2(Im2, Mne mcw_.'mentin the anhvdrile layer:; Iemls l(_t)ec()meinsignificant. [he p¢lrlii_lrank c_rrelati_n

21 ¢:oel'l_eientssh_)wthz_tpermeability is rot)re impt)rtantat earl_,'time,s,but its inl'hiL,m:e gr_ldually de_.'r_.,=l_.',,¢)w.'rlh_.,

22 fir.st2000 yr. 'l'his occurs hecause,when there is a large qu=mtity()f hril_., I1_)_',it generldly t=lkesplace _.'_lrl_,wh_.,n

23 thewastepressure is still very It_wanti the pressuregradient I'r()m the l'ar l]¢ld I,_the _,_,a,steis larg,c.'sl.A_,the'

24 pressure in the waste.'builds, ther_.'laliveiml3¢_rlam:e¢_fpermeahility dec:teases¢:_mparedwith the i11ilialhrin_.'

25 saturatioI_,which str_ngly inlluences pressurehuildt_p.
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5.3 Brine Flow

I The third variable selected in the regression analysis, TZPORF, is a measure ot"the I)RZ porosity. It has a

2 small negative effect o11brine flow out MB139 for the same reason that I]CI3RSAT affects brine tlow from the

3 repository, BWSTC. A high I)RZ porosity constitutes a larger storage capacity in the DRZ, effectively damping out

4 the interchange of fluids between the rcposilory and the anhydrite layers. For brine flow out MBI39 to occur, the
5 DRZ must first fill at least to residual saturation with brine. Whether that brine comes from initial inflow fi'om

6 MBI39 or, as it must eventually, from the waste, the more pore wflume in the I)RZ, the longer brine tlow out

7 MBI39 will be delayed.

8 Anhydrite porosity and halite permeability each account for 3% of the variability in brine flow out MBI39.

9 ltighcr porosity tends to result in greater brine flows by providing more source and sink capacity close to the

10 repository, ltigher halite permeability allows brine to tlow vertically out ofthe anhydrite layer and into halite

!1 instead ot'through the anhydrite, thus .'educing tlow outMI3139.

12 Table 5-16. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

13 South into MB139 (BRNMBgSC)

14

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.65 0,45

2 MBPERM Log of anhydrite interbeds -0.35 0.61
permeability

3 TZPORF Factor used in calculating DRZ -0.26 0.68
and transition zone porosity

4 MBPOR Undisturbed anhydrite interbeds O.17 0.71
porosity

5 SALPERM Intact Salado halite permeability -0.18 0.74

15 5.3.3 Cumulative Net Brine Flow Out Anhydrite a + b

16 Brine flow out through the anhydrile a Fb layer differs in one major respect from tlow in MBI39: there is no

17 net outward brine flow in any ot'the 70 realizations. Brine flows in early when the pressure gradient from the filr

18 field to the waste is high. But this brine either flows into the repository or ends up further down in the DRZ or

IC) MI3139. When the pressure in the waste exceeds the far-field pressure, there is no "pool" of brine at the repository

2(1 end ofanhydrite a _ b to flow back out. Anhydrite permeability, as might be expected, is the dominant variable

21 affecting brine flow. The scatterplot (Figure 5-16) shows that, as with MB !39, cumulative flows into the waste can

22 be large when the anhydrite permeability is greater than 10"18m2, and arc nearly zero when the permeability is less
23 than lO"21Jrn2.
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5. Uncertainty and Sensitivity Analysis Results
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5 3 Brine Flow

I Alth_)u_.hthe.,regre_si_mamll,__is ( I ahles ._-I7) indi_.'ill_stllill the initial hrin_:sillUrtlti_mlll,sl_llt1_11nmderale

2 inllucnL.'_.,_)nhrine il_,',' in anll),dril_.,a , b, thu's_altel'l_l_lin i"igur_ S-In suggeststhat tilL'¢i'l_'_.'li_ not rl.'illl)' vet',,

.'t predicfablu. IIIlel'lllu(lialu values ojhrinL, sallll'ali_n CallrusuIf ill lart!L'Ih'm,'_II)_,ill'(I IhL'rul'm_iturv, bill I(_, v_tluus

,1 ofinitial hrinu ._allll'ali(mhaiL' _1IIl()l'u _.'_IIsisIL'lll_.'I'IL'_'I.w'hen thL.,reix little hrinu,it1th,,,_astc, Ih_.'I'_it_kI,,r,cssUt_

._ created irl the waste rumair_sh_w,alh,,,,'ing,m_l'_.'brirk.,I_._,i1_,, iris,yard tlm.m£h rmh',,drit,,.,a _b I h_.'l',h_t_.:dl_arlial

() t'illlk c('_rrehilioilc()ei'l'icielllSill I.igur,..,._-ih itldicates that the.'u'ffL',,:t_)finitinl v_asl,..,brine Silllll'illJ(lll t.,.l'l)_.s'.,lilzhll)

7 over I(L(I()Ovr, v,,hil,,.,the.,inllu_.,nu_.,_1'pvrm_.,alfilit,,startshigh m',dr_main,, ,.,lcad_,.

()th_.,rBas-Beneration-related,,ariablu_ alsv,ha_,_a sm_fllell_'ct, cs_cnliall,_e_mtrihulit_gh_fhe in_.'rL,_,.,in I',_ck

q pressure that ,,:ventuall.,,'',,,tOl'_Sthe t'h_,,,,_dI_vinethrough anh,,drit_.'a , b As in NIIt I qu, hi_her halil_: peritleabilil)

I11 lends t_ redu,,.'ellm,v thnmgh the anh_,drituht_,crh)alh_v,,inL,,s_,II_'brine h, ent,,.'rthe halife inslL,ad _1_:_mlinuingt_,

II lh_v,,Ihrough the anhvdrile

12 Table 5-17 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

I_ South into Anhydrlte Layers a + b (BRNANHSC)

1,1

Step Variable Description SRC R2

1 MBPERM Log of anhydrite interbeds -0 64 0 46
permeability

2 BRSAT Initial brine saturation in waste 0,52 0,74

3 GRMICI Inundated biodegradation rate 023 079

4 SALPERM Intact Salado halite permeability -0 17 082

5 STOICMIC Biodegradation stoichiometric 0 12 0.84
coefficient

6 GRCORI Inundated corrosion rate 0 12 0.85

15 5.3.4 Cumulative Net Brine Flow Out MB138

16 'l'he r'eL4rcssi(manalysis I'_rnel brine II(_wout MP,I ._H,'lahlc 5- I _, shows that the initial hrine saturati,m in the

17 wasteand anhydrile pcrmeahilitx are =d'_uutegually inlluenlial variables, altlmuBh neither UllUprovides a vet'),stl¢)nL.t,

18 c_rrelati(m, Ncatterplots fro"th_se w_riabl_sin Figure S-1"7I¢_k very similar to tlm.set'_r the sam_.'variahles in

IO anhvdrite a _ h. The partial rank c_rI'_:h_tionc_et't]cients, Figure s-I?, show similar trends, allh_ugh the el'l'_:l (_1'

20 permeabilitydecreasesslightlymore_wertimethanl(_ranhvdritca _h.

,_-_)



5, Uncertaintyend SensitivityAnelysiBResultA

RAW RAI'_
,....... ; .... _........• "' __,-...., '_ .... , , to "........,_ _.... , - , -,_, .......- ;.:""'"'_

• e •

• e * ,
m ,• * , , _ , *,

_,tO , • , , •,

• * e • e

Ill , |_o J
o •

i .ao i " ' '
.30 | * , * *

• I l

! . ..40 * , ' i*

! , ,. . .i e

•_O , • **tO * *
• =

•O0 *
........ L I L• i -J. ,u,- * . _ i .. J .......* . i • * ** i i :_ _J_rt_-

O0 O(M 004 OOQ OOJ ,tO Ot_ 0t4 0 tO _ ,10 40 _ _ tO

IMTIALRRINr t*,ATtJrlAIIONIN WART[ IMI'IAL (ql11_ fIA1'tJlqA]'IONtNWAflTE

RAW FIAN*(
.................... " -: ";:--" tO_-.... ' , , ....... ; - • •....... •_ ;- ; : - " A'V - ", ...... v ...... -v ........

• , , • e

oo..... - - -_ ._'=_tJ**,, , ,
,'..

e t

l

•tO * *o _ * * ,

i , , |,_ , '
e

•_ 0 1 * *0 *40 ** *

.30 _ * •* $

,

! . ,.
i .40 * • * ,d

JbO , ,
tO * *

-e0 *
..... • ::! ........ A II It lI* :''*-J ........ J ii B ...... 0 [ i_ | i • Q J' IIIII *|I

10p, tOI_* tO ,e tOt* I0 ot tO m 0 tO _ 30 40 li_ tO tO

ANHYDRITEINT|'IrlBEDHP[ItMEARILITY(mp) ANHYDRITEINTERIIEDII PERMEAItlLITY

i|___._ ._ _

O0 _II 30 41_ 60 lib O0

TIME(t0_y_s)

Figure 5-17. Scatt_rplols and partial rankcorrelation¢oel't'icientsfor c.m.lative net brineflow OtitMIi 13K,

5-40



3 BrineFlow

I Table 5.18 Stepwtse Regression Analysis with Rank-Transformed Date for Cumulative Net Brine Flow

2 South into MB138 (BRNMBSSC)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation inwaste 0 51 0 27

2 MBPERM Log of anhydrtte interbeds .0 51 0 52
permeability

3 STOICMIC Biodegradatton stoichiometrtc 0 22 0 57
coefficient

i

,= 6,3.6 Cumulative Net Brine Flow Upward through Shaft Seal

'_ lit,: ,_|_p_,,i,,er_grt:,_,,i.. =t=t_il)_l_( I =lhlv_'_.Iq)pcrt't_rmvdi_r L'm.uhflivc .el .pu,,.rd tlt_t_,_d|'_rm,.'thr_m_hIhv

¢_ ,,hcdl,,,:¢tl,ll_l I_1.t !l_(.' _h_,_,,,th=ttthe dLttilhiatil v.ri.hl_ i,_IhL'p_rtttvizhilit)d.ritig the Ilr,d 21)t))_r.t' the ,,hMt

7 _th_,_ tl,_¢,.h_dlwedI_mh,:l.,,_ die t'tll_llrit (5111.IPXM), 1.1IlhL.I.lllb.tc'rtlt ,_l_i_tl_==1p_rtll_=|hilil),. =i__q_,.,Itlilthl

1_ ,:_,p_:l, Iht_,_cvcr,the,,il¢¢_,tilltl_liir ,ml) _,1".t_t*flit. t.riithilil); ill hrine I111t_,ltlr.zl_h the,,dl,|ll will, ,_h.ii _¢'=11

*_ p,_r111_.hilit)durillg IhL,Ilr,d _(1(I)r (._I,AI,PI(M I ) i,, iteilrl) =1,_hllpOrt.ltl, ¢_.tlrlhllllltt_ t111,dtl_r2h". t=_111¢,t_lri=lhilll)

I() ii1I_rim.'II._t. _:_ttl_rph_i,_i11I:i_tll'_:_oI _(cttltllrlll Ih.I .either tilrlilhl_ ill.lit: i,_t_:r,, ,drottl,tly¢_rr_htt_dIo hri._

! I tl_,, _ll.ii p,.,rm,:.hilil_dUl'ilt_the Iir_t 2(l(I_r (,_IIF I I'RM) _,._ ,_=mtllh.'dItttltI it r=mpeIh=tlt,_.e.rl} id_'.li_,dh_

12 Iht: r..gL, ,_1w.I I_,_rme.hilil.__G_rIh¢ll,_.ltt¢liltt,: peri,_d. Ile¢,_¢_,_eih.l p_,_rlitqtttl the ,dtitl}i,__Iq II_ 111(*)lit htlt_

I.t I_vr111,:.lfilii_=_t_Ill,., h_t¢,r,Jlill} i,, ,,lighll_111_rv_i_11i11_:(i.IIIt(m w_tlp_r.l¢.hilib ill d¢lcr111iltilt_hrilt_ II;w_Ihrtttll_h

ih IIl_.,,,lliil} w.I _it_ d¢_tllu,.rd dnliml_.. I_),t_r._,'il._dtlrhll_111_I]r,d ._()()_,r hi 111,_r_Ihltlt Ilillt ,dth,_ r_:itli/itti,m,,,II1_

I"7 t1_ diru¢:li.. _vL,,ll=lilll_r,.,v,.,r,,e._t Ipt_,,.rdtlt)u,,lll=lttilk_,_ph.:_ ,.,,er tll_ hl_l¢}()I)()_r ,lr ,**_i,, _iit.II _:¢.11p.r_dt_

IX thv i.iti.I d,,_.u,,rd _ur_v, hul i,_p,_t_.li.ll_ mtic:hill¢_r_ilt|p¢_rlltnlh) rL,l_tihih_r..,¢',.llpll.,l_:_ (_ N_'_th.t,| I 3 Gtr
I') .ddili_m.l di.,_:.,,,_icm_,1'hri.c I1_,_,)

20 I hllih.'perme.hilil_ h.., ill| ,ddili...I ¢,11_:1,hill it i_,¢_1'_¢'_.'¢md=ir)Jlllr_lrllut_:v,I|I_iI|INC lit' Ihv hirg_.'_|trf'i|¢_.° ilrl,'|t

I _d'I11¢,_11=II}-lI.1ilci111_:rla_:L,,,,_q11_:hrifz_d,=li.,,i,lI,_111__11.1}l'nmlI11¢_tlrri,.lldi111_11111iI_,_:vL.11ill,mi_hlllvlli_lt_.,,d

2_ _tlrl_.',,Ihr1._:,,,:¢.rr_:d¢l_Iri,iL_111_.'_(1.)rdi,,pO_illp11._¢.,111.1l_ri1.:_'11_r_:mo,,,_:dl'ri.11lhv,_i11111hiIio..tIi111_:icri_

_,I l)_pil_:I11i,,,_11¢,11111_:l_:rm_.'ilhilil._'Cd'llillil¢'i__ul11_:k'.ll)11i_11,,_._11_:,,i_.,_:p._..Ih.11lh_.,,_iihld_,i111ollle,,1i.11olI_,.

2._ _.'_.itin11¢_,11_._:¢,lIi11l.igllr_:,I.2.i,111i__.'_qtlrihutc_hltl1_.¢h_v.,llW.rdll.t_'_,I'Ivil1¢,IIII'¢_IIL_lltl1__11.i}_cliI,hut_11¢mhl

2'7
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'_ Table 5-19 Slepw,_e Regress,on Analy_ wdh Rgnk. Transformed Date for Cumulative Net Brine Flow

*', Upward through Shaft _eat (BSH_LUPG)

t SHf_TPRM Pefmeabit,ty of _h_ff.fitl O 5_ 0 33
materiela_ve IIhgfl _legl

5EALPRMt lrl,ltat _hatl lnl _rm_tiblt,ty .0 Gl 0 5g

3 _Ai PERM Intact Satndo hattie • 34 0/'1

petmettblhty

8.4 GII Flow

_! _ I_'_, Iii'I IIIIlII_IIIL I* lllI'_.l_!ill: ' h*l Ill*__ Vi II'I* illlde! omh_,It!th_,d t._Otldllh01_ t_ lii_. _llll*llllll !*I _,ol,ltlG'llll_illlli

III _,**l!il_,llll,l_ I_I II '_!dt_,*d_,rd ii! !.hi_lhulllh,_*.,,i,_,_,_otdllw di,,l_o_41!Iliii h**lllid_llh,,, lll, imi_,.,II_ilI_11l!II ,_IVI It ,_
i i !*_l'_lllll _L'I IsL%'IItl,,,d_'l_.dli'_lllk _ IiI__'I_**ph,,,_eiI**_lllsI**li_l, llli_l',ii!i_ lli_,_!l_,_l,_l hl, llI__ _llti_ IlW lilliltillil _l!ld *iI'_l_lll_l' ilhll

I? l_i'. lh_,,,_,,_old lh_'_**iliiili'_t|ltb_,_,l',_,lh,,tl!Oll lhi' i_ii,_,lh_l_,_ !IiI hilllili_ file llill_'t' _illh_,lllih ' !,i)t_l_ _l!Itl tile ,,_'**h',l_lhlll

I I le,**lit,_ i** !h,.' i _il_,l_l_ I I,_,,: ilt_l-_lll,_ '_, li!**_ i,Ii _ i!l_l_hl ilih, u,hl_h l_ilil!lii, il, i,_ *_**IIII,*I llii_hllilOl **i _I II _ _,_,iiil_!l

II i_,,_li_lllli'l,_! _ IL'_IIIill _IIi_,Ii' ,iiie!lli_!l l_il!d l_,_'Iil_ll_*_iliiiii.' llii,,l_,llilld li_lhl!, _iII_I _,'_IIi,_IIiIOlil_'lqihll h_llllll"_ l*l III_' !ll_,dcl
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,, 8.4.1 Cumulative Net Oai Flow Out MB139

iq I h*..*lil_! llllt'l/!_,'t Iilltthllll_ I._ Itli_iI_li!l"_*III lil" l_'_!lllilli'll ,II!' th*_'I,lilIllll_ili_i' lh*',',,, _,***llil_,*,_Itd!*III L'_ILh **I tlt*:
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4 OAmFlow

'_ _Iltlttt_lti_,_ t_i_ll|_'d _tlit__Iti_l_llilltIii_tlIt.i.iIll_'It'_Iili_l_IthilVtlml_Im_ fillilli|t_'_:_tlt_rlil_l,_i'_lh_ti

_ _tllh_ililvI_.Itti_._tiitltt}.Ilia,_.td_dII__iI_t_ttlIll"?_Iil_,til__ittil,_lhl_.I_,h_,_'_ht_hl_fiiti,lh_x_I_,_iiliV_iIi_i_Itilli:aItl,

1t) f_lbie 5-20 _tcJpwi_ Filegtes,_iOtlAneiiy#t_with I_Artk..ft_lnsfotrned Dalai lot CunlutDtivl_Net OaI Flow

l_ 5oulh into MB 139 (OASMBOSC)

!?

Step Vilttitbl(e DeIiCtipliuri _RC R_

I BHSAT Intti_iIbftnostIlurnltoninw_Iiltl 0 49 0 _6

MBPERM Log of emhydtile tntetl_dl_ 0 41 0 43

5tOICMIG B_egr_ld_t_on _tmchtom_mc 0 _,? 0 50
_oetficlent

_ 6,4,2 Cumulative Net Oa| Flow Out Anhydrtte a + b

I'_ _h,'_I_'_lIIX_ I_1'_tl__IIl,,l_ilhIl_li_ !ti_'_-_tll_'i_llhtlti__IIli'_lhtl_llt_It_lllhltIiI_.l_Ill_.llllIU lh,'_,_m_'i_t_

I _ !hl__iIt!illl__IIl_'t_lIIltpd_I_"II_l_ll_ _llh_jtil_'p_'ItI|t_i!_iI!l__iIl_t!_h_l_'I_l_i_l_llh_i!_h_l_hi_Itt_'ll__,_'I_' _iI_!ilI

I_i _i!!_IiII_hil__i_IIl_IIi_I!!iIIwItl_'_ll!h_'dIth_!!!I!_! I_:!_I!hll!h_ __I the'_IIi!__Itd_.lil'__I the'ph_l_ipdMhll IiIII_

_!I _.ll_'i_tthtl!_I!_i_h'!|I_,IiI_i_i_'_ ?It_h_ _,thudItI_h_ i_11_I_lltPII_.I_h.ttIlhih;ill_l_!h'lI|Ii!mtI_the'_,llItIiIhlII_'i_l_,

_? i_i__i_ m_l ||_i__III_ilth_llih*_I_ !_,the'_lht_ ,lI_hlIll14'iiiI_'|:',,h_f |IIIIil,_,lllI!_II|t_IIi,ill_iili_'uIll'_li_Ipi'IIIIi'_Ii_ItIi._
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5.40almFlow

I Table 5-21 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow Out

2 Anhydrite Layers a + b (GASANHSC)

_ ,...._.,.,..,_.....

Step Variable Descnplion SRC R2

1 BRSAT In0tial brine saturation in waste 0 59 0 37

2 MBPERM Lof of anhydrlte interbeds 0 50 0 61

permeability

3 STOICMIC Biodegradatlon stoichiometrlc 0 22 0 66
coefficient

4 GRCORI Inundated corrosion rate 020 069

,1 5.4.3 Cumulltlve Net Gas Flow Out MB138

I'11¢r_'l_re_,_itt11Ultul)_i,, li.' _:tlllluhlli_,_g=1_lh_, _olilh ¢_ulthrough MIII3X, lubh., 5-22, =l,,iibr lllc ¢_tl1¢,rlw¢_

(_ aull).driI_ La_r_, wlw,lcd I_,R,_AI=md MIWIiRM a_Ih¢I_o UlU_iiulpt_rllml vari.ldt,_ ,l'l_'clhlg L_u._lh_w (l;i_urc

7 _-21), I'_'LI ¢_llu:r_it,i l_Cllcriltitul pilri1111_.,h:r,_.S I( HI.'MI(.' lind til_,I.'I)RI (intindilled corro,iiCqlrills:), ill_t_niildt: .,inlilll

14 cCqllrihuticu1,_tu flu.' _.¢irial_iliI.,_II'I_.iI,,i]t1_ tHII Mlll IK, ('_u11111unt.5Ulildc iiho_c rt'_urdin_ the,_IllurIwt_ilnhydril,:
0 h=>,t,r_uppi_ ab,u t_ Mlil.11(,

I_) ()_IC,_tlu.,rp.r.luulcr, li('l I (i, v,hich i,,11.:v,ci_htiug l'_u.'t¢.'thai th:l_.,ruiinu__'hich ruhIiiv_:l'u.,rmcahilit.vmt_dt:l

I I I** u,_u.,du_,,'ud. _ulull iul]ucm.'c iol.II tllruu_mh,,drituhlvt,r_ (but uul_, iu the pl_I5 ()I purtiul rauk c_rrulutitq)

12 co_:l'licit'ut,, Ihr M ltI.tO ,11d_ulll>drit¢_ _b). WIi_:uI_,('l.'l.(i 0, flu: v_111(iUiluchtcu.l_arkcr uu_dcl is u,,ud',v,.h_:l_

I_ I_,('l'l.(i I. ilu: Itr,u_ks-('_r,.,._I!1_dcl i_u,,cd. In MIll.!*}, It('l.l.(i Ilud 11pt)silivc c_rn:hlti(m c¢,.'l'l_cicul,wllcrca,_tu

1.1 tlull._drilL,il , I_ilnd ill Mill IX, il Iltld =1lu,,l_uli_,,t,ct_rn.,lilli_m.It ispo.,,ilivcdllrin_ Ihc first 5()0_r t_l's¢_iu all Ihr_:u

I_ hl._Vl'_,bul IIIvn.' i5 i11111u,,II!u _i=5Ih)_ durinl_Illi_ p_:l'i_dill Ull_ rctlli/,litql. I'll_:r_:l'_ru,Ilu: Iltgll vilhlu that scuiIt_I_

It_ d_utlin=ll_ull ,_Illt'rvilriilbl_ _vL,r that li111_periledi,, lll_pilr_,iltl_,spuii_us, ()nee gi1.,i11o_'_ililV_ _Iarled iu nlusl

17 n.,ulis=11itms,lh¢ il11]tlVl1_;_.,t_l"11('I.I,(i quickl_, h_,ctm1_.,._iusiguillciUlt,
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5 UncertaintyandSensitivityAnalysisResults
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54 (Ja_Flow

I Table 5-22 Stepwise Regression Analysis with Rank.Transformed Data for Cumulative Net Gas Flow Out

2 MB138 (GASMB8SC)

3

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0 58 0 34

2 MBPERM Log of anhydrite interbeds 0 53 0 61

permeability

3 BCFLG Brooks.Corey/van Genuchten. -0 22 0 64

Parker weighting factor

4 STOICMIC Biodegradation stoichiometr,c 0 20 0 68
coefficient

5 GRCORI Inundated corrosion rate 0 17 0 71

4 5.4.4 Distance Gas Flows Out Anhydrite Layers

5 l'hreL' additional perl'_rmance mea._urcstestthe p_,,ihle illlpi,|_| t)l'the _t¢)ra_e_:iip_l_:it,,',_tLearl(m,,re_i(m',

6 These measurc._are the di.stam:esthat_qa_flows ¢_LIIeach (if' the threeanhydrit_ hl._,ers,l'm:t_rs tirol llllL,ct st_rat,t.e,_r

? retention _t' t]uid_ would he e×pcctedt_ inlluem:e h_v, far _m _:m_I1¢,w.

X The results ¢_i'thestepv,'i_er_.,gressionanal)'scsand partial rank cc_rrel_ititmanal_',,e,,_:_mtinuet¢_,,l_t_,,,,thal the

9 initial brine saturatkm in the wasteis them_)stimlx)rlant v==riahle_lfl'e_:lin_h¢_v,'lar l_a_,ll,_v,*,,a',','=Dl'r_m_the

I() rep¢_silor),.N¢_.,,lora_et'act¢_rs,such as anh.,,'drilepor,_sit)'m_di)i,l./p¢_ro,,it),, and nu relenlitm I_aram_:ter',,,,ut:hm,
II r_sidual saturatkms,have an)' measurahl_;ulIL'_:tcm the distance lhal _Is mip,ralcs l l¢)mlh_.'rep,_sil¢_r,,

12 The Stel}wisel'eVles_icmanal.vsisl'_r di_lan_:ethal _as llov,'__ut _,'II_139,_h¢_v,nin I ahlu _i.73,_elecled I_IR,"iAI
3 as the l_rstvariable. Allhcm_h it has _r_aler influence lhan an)olher variable, il,_iml}a_.'lis lidrl_ weak, a_:c¢_unlin_

4 l'_r only 27% ¢_l'lhevariahilit_' in _as flow distance. N_arl> im influential i', m_h_'drilepcrmeahilil_,, A', ,,_:enin

5 l'_re_.'edin_analyses, initial brine saturati_min thewasteresults in the main drivinB l_rce l'_r _i_smil_rati_m_,a_ lhm_

6 the.rep_sit_r),, v,'hereasmlh_,'drit_perme_._hilit),d_atermin_sth,a_s_ with v,,,hid__as I1_ s _ml as it is gl.,l_.,raled.

? Scatterpl(_t_n:latin_ gas llow distali_:eto these tx,,,(_variahl_s, l:igl.lre 5-22, c_mlirm theslight trends ill the raw data

I',l (;as miL_rationdistances api)earat a small numher ¢_1fixed values. lhese ar_ethe distance._t'rcmlIhe rep¢_il¢_r) I¢_the

9 crateredge of the _rid cells in Ihe mesh, as shown in l'_ff)le,1.I, (it=sis assumedI¢_hav_.reached llml di,,lan_ev,,hen

20 the saturati¢)nin il _rid cell _.'xceeds1,0, I0"I_'-,V¢_lumesol'_as in gr_d_ell._at this minimum saturati_mare

21 extrernel), ,small(i.e,, lessIhan one m3).

22
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5.4 Gas Flow

I The next variable selected in the regression analysis is tile relative permeability model weight factor, BCFI, G.

2 This wlriablc has a negative regression coefficient, indicating thr,t gas migration distance tends to bc less when

3 BCFI,G : I (i. e., when the Plrooks-Corcy model is used), and n'igration distances tend to be greater when the wm

4 Genuchtcn-Parker model is used. The et'f'cct is minor, but seems to stem from the differences in capillary pressure

5 between the two models. Unlike the Brooks-Corey model, the wm Genuchten-Parker model uses a threshold

6 capillary pressure of zero, so there is no minimum gas pressure required for t]ow to occur. The slightly greater ease

7 with which gas flow is initiated using the wm Genuchten-Parker model results in greater migration distances.

8 The last variable selected in the regression analy.,;is is STOIC MIC, the biodcgradation stoichiometric

9 coefficient. Although its inlluence is slight, it contributes to the driving force behind gas migration in the same way

10 that 13RSAT does.

11 The plots of partial rank correlation coefficients shown in Figure 5-22 indicate that the influence of the first

12 three variables increases slowly over at least the last 8000 yr. The inundated corrosion rate shows some impact

13 during the first 3000 yr, but its inlluencc wanes after that.

14 Table 5-23. Stepwise Regression Analysis with Rank-Transformed Data for Distance Gas Flows Out

15 MB139 (GDSTMBgS)

16

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0,52 0.27

2 MBPERM Log of anhydrite interbeds 0,45 0,46

permeability

3 BCFLG Brooks-Corey/van Genuchten- -0.36 0.56

Parker weighting factor

4 STOICMIC Biodeg_'adation stoichiometric 0.21 0.60
coefficient

17

18 The regression analysis (Table 5-24) for gas migration distance out through anhydrite a _ b is essentially

19 identical to that of"MI3139, but with slightly better correlations.

20 The regrcssion analysis (Table 5-25) lbr gas migration distance out through MB 138 is also nearly identical to

21 that of MB 139 and anhydrite a _ b, but with still slightly better correlations. An additional gas generation

22 parameter has been added, although its effect is barely measurable.
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5. UncertaintyandSensitivityAnalysisResults

I Table 5-24. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South
2 Out Anhydrite Layers a + b (GDSTANHS)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0,59 0.34

2 MBPERM Logof anhydrite interbeds 0.45 0.53
permeability

3 BCFLG Brooks-Corey/van Genuchten- -0.35 0.62
Parker weighting factor

4 STOICMIC Biodegradation stoichiometric 0.24 0.68
coefficient

5 Table 5-25. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South
6 Out MB138 (GDSTMB8S)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation inwaste 0.58 0.34

2 MBPERM Log of anhydrite interbeds 0,51 0.57

permeability

3 BCFLG Brooks-Corey/van Genuchten- -0.41 0.71

Parker weighting factor

4 STOICMIC Biodegradation stoichiometric 0.19 0,75
coefficient
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5,4 Gas Flow

I The regression analysis fi_r gas migration dislance out through Ihe Culebra, shown in Table 5-26, selected

2 BCI:I,(] as themost influential variable, although its effect is minor. The low wdues of R2are obtained because

3 only eight realizations resulted in gas migration distancesfrom the shatt into the Culebra that were greaterthan zero.

4 With so few non-zero responses, little signiticance can be assigned to this analysis.

5 Table 5-26, Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South

6 Out the Culebra (GDSTCULS)

Step Variable Description SRC R2

1 BCFLG Brooks-Corey/van Genuchten- -0.49 0.18

Parker weighting factor

2 BCEXP Brooks-Corey exponent -0.35 0.29

3 SALPERM Intact Salado halite permeability 0.27 0.36

5.4.5 Cumulative Net Gas Flow Upward through Shaft Seal

9 Two more crucial perlbrmance measures are llow through the shali seal and tlow into the Culebra layer of the

10 BRAGI:LO model. Since the lower shaft is assumed to have zero residual gas saturation, any amount of gas that

I I gets through the shaft seal can, in principle, reach the Culebra layer, which is outside the disposal unit boundary.

12 (The top ofthe Salado Formation is the boundary for purposes ot'evaluating gas migration.) Cumulative flow into

13 the Culebra, GASCUI,TC (which is actually measured fi'om the Culebra shaft seal into the Culebra), is greater than

14 zero in 6 ofthe 70 realizations. Flows range from 109 to 136,000 m 3,

15 The regression analysis for cumulative gas flow through the shaft seal, Table 5-27, once again selected the

16 initial brine saturation in the waste as the first variable. As in the anhydrite analyses, the correlation between gas

17 flow and brine saturation is not particularly strong, but the scatterplot, Figure 5-23, shows an apparent nlininaum

18 value of brine saturation (6%) below which no gas flows through the shaft seal. 'l'his again stems from a minimum

19 gas and pressure generation required for gas to migrate beyond the repository. The plot of partial rank correlation

20 coefficients, Figure 5-23, shows that BRSAT is the dominant variable over the full I0,000 yr. Together with

21 STOICMIC, gas generation parameters account for at least 47% ofthe variability in gas flow through the shaft seal.
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5 Uncertaintyand SensitivityAnalysis Results
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I _4 (,_,n flow
I table 5-27 Stepwise Regression Analysts wtth Rank-Transformed Data for (.:umulat=veNet Upward Gas

;_ Flow through Shaft Seal (GSItSLUPC)

Step Variable Description SRC R2

1 BRSAI initial brine saturation in waste 0 60 0 31

2 SEAI.PRM2 Shaft seal permeability after 0 50 0 60

200 yr

3 STOICMIC Btodegradabon sloich_ometric 0 31 0 70
coefficient

.t 5.4.6 Cumulative Net Gas Flow Upward into the Culebra

() sclc_:tw.lIhl.'l_crmL'al)ilily_llhc.,,hall,',,_.'aiallu,r2(l(Iyrusthe.'lh_tvm'h11_Iv,As v'_p_.,.d_d,the,hi_lu.'rthL,l'_rmL'abilit)',

? tl1_.'n1_)rL,_iln lh)w_'dinI(_tl1_,('ul_.'bra, I11_.,_.'urr_.,laliunis n_,H_I1'_Ult4,a_:_'u1111Ii11)zl'_u_111),tiP. _fl'th_.'_,'ariilbilit)' iI_

_l (iA._('I II ,1'(', bill tllb, i_ larl4_.'lyil I'_.'sull,_t II1_.'IL'w(u:uurr_.,n_:u,,,(_l"Iluw inlu II1_.,('uh.,hra; IIit,l'_.,v_,_.'n., tml._'_ix

_) rcali/aliuns in v,hiuh ll1_.,n.,v,,asan), sil.ulil'iuatlI lhr,v. (I v,u 111urcr_'ali/i1IiUllshad 11_inui_'qumiIiti_.,s_I' _,11,,lltw,' i11m

() the.,('ul_,l'_ril _,I1()il_hIu rL,sulI it1111_.'ilsuri11'_I_'_ZilSnli_nlli(,1 di,,lan¢_,,.) Wh¢t_ils liv_.,_,_i'I11¢_,cn111Iz_'dI'1'umI l(I t11

I lu I()7() Ill _,Ihcl'_.,WilSi_ll_'r_.,illizaliualIhal ic_,ullu'din I.t_'_,11111)iii _, lilt ',cilll_l'llh_ls ,,,lluwnill I' il.,.urv_-2,1illu,,Irul_,'

2 h(_v,'tlli.s c_rr_.,lali_)nis umllJl)' w_.,il4hl_dI'b' _1sitll41_u111l.,,inl.t,dilta i'ufinl, illtll(uq.th111_,r_.,l.,,n.'_,_i(milnaly_i_,_uppurls

"_ inluiliw'ly l_n(lin# lllaI s_,ill lwrnlcabiliI) ' aild parilln_.,l_,r,,.,Ihal _.:_)lllr_l_11.,,i.t_'n_.'ratiunlla_,,ct11¢nlusl iilllu_'i1_ _tl Ilw

,1 anl_)Ulll_f'_ZilSthai fluws inlu II1_.'('ulcbra. I11_.,I}ttrliill HIIk _.'_)rr_.,hltiunc_¢l'l_'iu,llls, I"ilZlll'_._-2,1,illdiual_ Illlll II1_.,

.s inlhlu,ncu,_l'thcs_ Iw(_I_aranl_'l_.,rsis/4r_wii1_ with lim_', I11_.,sk'p.likc b_,llavi_r ul'th_'_:urvu_is indi_aliw, ultll_ I_v

('_ ruali/ali_ms in whi_:h II_w,,into tile ('uh.,braaciually ru'sullcd.

17 Table 5-28. Stepwlse Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow into

IX the Culebra (GASCULTC)

Step Variable Description SRC R2

1 SEALPRM2 Shaft seal permeab01ity after 0.55 030

200 yr

2 BRSAT Initial brine saturation onwaste 0,38 0.45
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, e. SUMMARY AND CONCLUSION8
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4 ;lildiV_llll_,_l..ddt._li_'li_.'dii_l_:_llil);lil,_It,_h_I_!_Ii;iI_I__qhltidilld__l'h¢I_._I'Allli_l_lill_!_I_:IIi_ii_,:_Ii_I

; _iliI_,itl_'llld_diiiirlllllli,11,_k_).ll(ililli_,_IIl)_vil_ll,_.riii_,d_ihlI_i,_'_llllll¢IvI_,_iiiI_;fly:l_f_._:lil_.dli_'IvI_

i_ t'_f_'_',ld¢lllll_Iilli}IIII¢I;III_:VII_ih_'WII'I, I_H¢_'i_I,_III)Idlll_r_il;Irill;ll_'l_tllI111;lli_'¢_'l;llll;lllI_ll

!(I _l_I|III_IIll_'Ilwt__tllh_'l_..'Ii_!IIII_iIi_.:_IIi[_i,_III_',__)II_I(ik'tk'd-lh_',_'r_l_INIllIvl_*l__II_.'li_i_,'dilil_tlfl_'h.I_I,_"_r,,

1_ ltltI_itl_itllli_ll_Ii,_.'h:l._I'__h_!_IIII_!h__¢li_iIi',II_;IIl_lh,_d_.'_iI_'dIIii'h_iI_I_I__IlltI,,_IiIIii_I_ih_'iIIIIi_IIl_III,:

it, l_¢tIL't_il_'dih¢hililliIIliiIIlllI_I II_.il_pX.li_'l_il_:d,I.IilllI,_ilill_fl,_h_,_lllll_,h_il_II_ _i.lil._.tpththe:kilri_ill_

I_ t_,l_._t_,l_ilh_t_,,I!.I_:,_,,II.:_:t_illp._,_i_¢._:r_ll_,fillyI__vl__ti_ill,ll.:li_llIb!il_.p_k'Ii_'lill._liI1q_l{llli_ll_ill_'di_

ti_ hl_'l_I_,11_';IIllii_l,_'tIIiiiiii_Ilh_',_dilqflcdhi.p._'.I11!_iII11_'I_',i_Ii,__Ill|i_iVlllli_l)iiI_1i_I|I_11)lliv_¢iI_I_i_II.IIIIiI

._r) _iht'lliii.'pill;llll_'lk'l_iI_Ik'dil_"_k'f_lllllkillillll";II_;iIlhlkilIIldt!tlltlilk'litlltl|II_:ll_llll!}_il_ilIlli|illtl_llIi}Ililll_illIliilIl

;_I IIi_!_'I_tI_"_.I_.III..'tt_:lh.'_.II__IIitl;Ii_Iilihillifl'lh_iIIIIIIIIiIIIIi__IIIIIIIIIitlllh_li!IIli_°_IIIIIIIi|Il_IIII¢

;'_ "ltlll_llt;llil"Inl';tlll_h.I lh_.',,_'liillillIl_t_l__;I_IiiiliI_;llllIiiIiI_;Il_i_uI'thelvIilV_limiltliIl__,_fell(tiledill

?TI II_,,,lllliillll¢Iill}i_iilllIlli;ll_;II;lllA.i_IIIlllilil_illl;lli_ii__.Illl_I)llliIIllllIdq_I_iil_.'v_.'li._.'d

:l!., _lll_ I_._Ultdt_llllti_d i_rl'_lltillll_¢, _lllik_Illittilli_li,3l_ Ihlll iil_ itl_liIlllli_;inl li_"l¢tk'11,I'lllchlil Iilillrl_ II_il_ll_ l III;1_
,..']if] ll_ IIl¢lI_ Iltlliill'lillil Ill Ii._¢_ili_ II_l|_i_lllitlllv_3Ii,'fllq_,_,t.l_1hllliliilI Illll_Ii_illli
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table _ 1 Impotlnnce nf Sampled P_it_trrmler_wdh He:_r_ct to 40 C;rH ;_fiM13 t_eStJll_ _lpply only tO
,_ undt_lurbed _rfotmi_lnCO of the tepos_loty (tin hum_tn tnlru_ton) nnd ar_. condiltortal tin
_ modetitiq a_tmp!_on_ lt_t__hot_.eof par_tmel_.t_ _mrtpt_d and tlip._S_tjl'_rmdparitrtml_t, valu_
4 di_ilribubon_Comparable re._idlsfor40 CFH tgtB (d,_Iiitbedp_rforrr_ncelc_trt_ fearedin

Volume. 4 of lh_._r_pOtl
fi

............p_r__m?.!erN.er_.ie.......................................................................................p_r,._!er_._c_i.pl.,}),........................................................

v_ryImports|tit!.)ittart!_let_I!_,led_n_rr.I_Of_mpo!1_InC_)

FJRSAT !nthitlbftn_ _atur_tttOnin w_t_te'

MI_PERM _giado atthydtde _Imeitbitity
_TOICMIC l:Iiodegt_Id_llton_lo_ch_omelt_ccoeff_cienl

ORCORI Cotff)s)ort gas.g_n_al_on_le _tundal_dco_-tdI_l_on_

('_RMICi l]todegt_io_i_onga_.g_,nmahontitle inund_l_dcondil_o_

tmportitrtl PitrItmete!*_ (li_i_d in aiph_b_itcat o_d_-ti

HCf:|.O t_t't_kt_-GOll_lHvitn_ttui;h|eh..Pa_kI_t pint, let
ORCORHF Cortes|on ga_-g(_.nmal_ontale faclor hurn_dcortdtl=on_
ORMICIff Owodegr_dal_onga_.gertmalton tal_ tit(clot humid condd,on_
MI]POR 511tadoanhydttle poro_dy
_ALPERM SitlIIdo halile pc_tm_abdtly
SEALPERMt Shittl seal p_,m_bildy 0200 yr
._' "TPRM Lowm llhaff pt_fmeabd_ly 0 200 yr
_ IOtCCOR Corrosion slmchtomel_=ccoeli!clenl

TZPORr lritrtmlton/.one Itnd DR/porosity taclo_
VMErAL Ind=_lvotum(_fr_t¢;tlonOf mei#l_ and glas_ _nw_t_le
VWOOD Inillitivolume,ftgcl=onof(;ombusbbl__nw_tsle

IICBRSAT Re_itduittbrineIiilturalion _nSalad() Fm
t]CEXP Otook_Co_oy t_lat=v(_pt_rnmitbdllymod_t _pon_nt
BCGSSAT Re_iduat ga_ _alutal_o_tm Sa!ado rm
BKFLPOR Poro_dy Of backfill in dMfls. _=p_rlm_nltll t_gion and r_ltaftboiow _eai
CUI. PeR Mamx poro_ty of CuIobf_
DSEALPRM Dr_Mantlpanel seal permeabddy
MBPRES f:at..field pressure _I Bttlado Fm
SEALTHK Shaftsealvmtlcallh_cknel_

' Importanr.o of enlttal brine !_aturat!on tn lho watiIo mIly bt) I,ghly son_tl_ve to the assumed

..........parameter,value d_slr_buhon See texI..foqra._E!d!tjo[!.a!.o!nfprr!!a.!!O[_"..........................................................................................................
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APPENDIX B: BRAGFLO REFERENCE TABLES

Table B-I. Variable _'arameters for Volume 5 BRAGFLO Calculations

Halite

(I) Permeability = 10k [m2]
k = Sampled variable

(LHS variable #10)
LHS distribution type: Cumulative
Range: -24.0 to - 19.0

(2) Porosity = Sampled anhydrite porosity [dimensionless]
(LHS variable #16)
LHS distribution type: Cumulative
Range: 1.0 x 10-3 to 3,0 x 10-2

(3) Compressibility _,p_g_) _.r [Pa-II
Ss = Specific storage [m -i ]

= 1.4 x 10-6

pf = Salado brine fluid density [kg/m 31
= 1.23 x 103

g = Acceleration due to gravity [m/s 2]
= 9.79

_b = Porosity [dimensionless]

flf = Salado brine fluid compressibility [Pa-! ]
= 2.5 x 10-10

(4) BCEXP = Sampled Brooks-Corey exponent [dimensionless]
(LHS wlriable # 11)
LHS distribution type' Cumulative
Range: 2.0 x 10-2 to 1.0

(5) BCBRSAT = Sampled residual brine saturation [dimensionless]
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0,4

(6) BCGSSAT = Sampled residual gas saturation [dimensionless]
(LHS wlriable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

(7) dCFLG = Sampled Brooks-Corey weighting factor [dimensionless]
(LHS variable #12)
LHS distribution type: Delta
Range' 0.0 to 1.0

(18) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56. (Permeability) -°'346
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Appendix B: BRAGFLO Reference Tables

Table B-i. Variable Parameters for Volume 5 BRAGFI,() Calculations (Continued)

In__itialDisturbed Rock.Zone (DRZ)
(Initial DRZ used during time period of-50 years to 0 years)

(I) Permeability = 1.0 x 10-17

(2) Porosity = Sampled anhydrite porosity Jdimensionlessl
(LI-tS wlriable #16)
LItS distribution type: Cumulative
Range: 1,0 x 10-3Io 3,0 x 10-2

(3) Compressibility = ( S' )Ptg¢ [31 IPal I
Ss = Specit'ic storage Ira-I ]

= 1.4x 10-6

,0f = Salado brine fluid density [kg/m3l
= 1.23 x 103

g = Acceleration due to gravity Ira/s21
= 9.79

¢ = Porosity Idimensionlessl

_i = Salado brine fluid compressibility [Pa-I ]
= 2.5 x 10-I°

(4) BCEXP = Sampled halite Brooks-Corey exponent [dimensionless]
(LHS wu'iable #11)
LHS distribution type: Cunluhltive
Range' 2.0 x 10-2 to 1.0

(5) BCBRSAT = Sampled halite residual brine saturation [dimensionless]
(LHS wlriable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4

(6) BCGSSAT = Sampled halite residual gas saturation [dimensionless]
(LHS wu'iablc #14)
I_,HSdistribution type: Uniform
Range: 0.0 to 0.4

(7) BCFLG = Brooks-Corey weighting t'actor [dimensionless]
= 1.0

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure IPal

= 0.56. (Perrneability) -°'346
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AppondlxB:BRAGFLOReteroncoTables

Table I|.I. Viirlable Parllmeters hJr Volume 5 IIRA(;FIA) Calculations (('mlllnued)

'.'r : " ) 'I _=_nsitionZ_nc

(i) Permeability = IO' ira2!
k = Sampled variable

(I.,!IS variable #15)
I,liS dislrihulion lype: (:umulalive
Range: -21,() Io-16,()

(2) Pomsily = Sampled anhydrile p_r_sily Idimensionlessl
(LltS wlrial_le# 16)
I,tlS dislribulion lype' Cumulalive
Range: 1,0 x I(1-3It) 3,0 X !(12

(3) Coinpressibility =/P/,_¢"_'_-[t') IPa-ll

,%. = Specil'ic storage [nv I I
= 1.4 x 10-6

pf = Salado brine l'luid density ikg/m3l
= 1.23 x 103

g = Accclcralion due to gravity [m/s2l
= 9,79

= Porosity [dimensionless]

fir - Salad¢ brine lluid compressibility IPal I
= 2.5 x !0 -I()

(4) BCEXP = San]pied halite Bmoks-Corey exponent Idimensionlessl
(I_,ItSwlriable #11)
LHS distribulion type: Culnulalive
Range: 2.0 x 1(1-2 Io 1.0

(5) BCBRSAT = Sanlplcd halite residual brine satunition [dimcnsionlessl
(I,llS variable #13)
M IS distribulion lype: t]nil'orm
Range:0.(1to 0.4

• 3(6) BCGSSAT = Sam ! led halite residual gas saturation [dimensitmlessl
(LttS variable # 14)
LltS distribulion lype: Unilbrm
Range: 0.() to 0.4

(7) 13CFLG = Brcu_ks-Cc_reyweighling factor [dimensionlessl
= i,0

(8) BCPCT = 13rtoks-( orcy Threshold Capillary Presstlre IPa]

= 0.56. (Permeability) -°'34¢'
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AppendixB: BFIAGFLOReferenceTRblee

Tlllfle II. I. Varhllfle IDltrilmelt,r_ r.r V.lume _ IIRA(;I,'I,() (]tll¢'uhllhm._(('.nllnut.d)

(!) I)ermeahility = I()* Inl21
/," = Sun,piedVal'iabl¢

(I.! IS Val'iahlt,#15)
I.,tlS di_lribuli¢)ntype' ("lllllllhllivt.,
R,_|llg¢' -21.() l()-16.()

(2) l)oro,_ily = Salnpled variahlt: Idilnt'n..,;ionles._l
(I.IIS Vlil'iilhle#16)
I.tlS distributitm type: ('tlllltiliitiv¢
Range: 1.0 x I()'3 t() 3.()x IO2

, )-- L_2L_ ..

(3) (?(mlpressibility Plgq_ /J_ IPall
,%. = Spccil'ic stt)rl.lge I.wll

= I,()x I()q'

pj = Sahido brine tluid density Ikg/m:_l
= 1,23x I0 ]

g = Acceleration due it) gravity [m/s2l
= 9.79

¢ = Porosity Idimensi()nless]

_i = Salado brine Iquidc_mll)ressibilily
= 2.5 x 1()-I()

(4) BCEXP = Sanll:)led halite Bro(,)ks-('orcy exp()nent [dimensionlcssl
(LHS variable #11}
LItS dislribution type: Cumulative
Range: 2.()x I0 -2 to I.()

(5) BCBRSA'F = Sampled halite residu;.t] brint? s;.lltll';,ilion Idimensionlessl
(LtlS variable # 13)
I_,HSdistribution type' Unif¢)rm
Range' 0.0 to 0.4

(6) BCGSSAT = Sampled halite residual gas saturation [dilnensionlessl
(L,HS variable #14)
I.,ttS distribution lype: LJnif_)rlll
Range: ().Ott}0,4

o,) • , ,%(7) I3CFLG = Sampled SALAD(.) Bit oks-Coicy weighting
factor Idiinensionlessl

(LHS variable #12)
LHS distribution type: Delta
Rangc: O.Oto 1.0
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AppondtxB: BFIAGFLORoferort(_eTablo_

T.hle I1-1, V.rhil)le I'.r|lnielers Sir V.lumc 5 IIRA(;FI,() (?.lctllallomt(C.Itlllltled)

k 4 |An_drlte_(_:ludLdj

(1_)BCPCT = l_lr,}()ks-C()v'ey'l'hr¢_h(dd('tLptlltlryl)res_ure II).1

= (),Sr_,(Pcrmctibilily)-()'_q4(_
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AppendixB: BRAGFLOReferenceTAblen

Tilhic ii.I, Viirliil;le lhiramelers hJrV.lunie AIIRA(;FI.() C.idcuhitl.ns (C.nllnued)

(('_ivily I u_cdl_ de,,erihew._t_-¢mi')hicen1¢ntr¢_iqlnduring lime pcrii_dc_l'--5()year_ l(_()

(I) Pcrmeid_ility = I.() x I()_l'_ In|Z1

(2) P_r_ily = I,() Idinleri_i,_nle_l

[3) (c ll|preN,Nlblljly = (),() II,. _I]

(4) II('I:.XI' = ,Nalllplet!halite lJl'C_lk._('llrt'y eXl!()nel)l Idimen,_icmlc_,_]
(I.IIS v,rild_h..#11)
I.IIS (li_trihuticultype: ('umtllative
RmIBe:2,0 x I()2 I_ I,()

C(5) I] I]RSAT - Rc_iduai brine ,5_lttlrlllJ()l) Idimen_i_)nles.5]
= 0,()

(f_) i),.,,-.,SA'I' - Rc._itlual Bitsnaturati()n Idimcnsi()nlessl
= 0.()

"(" " C - ....(7) I_, vi, _ -kll'()c)ks-{ t)rey weightin_ I'act_r Itllmcn,,,i_)nle_l
=1,0

(8) 13C',l:'C:"l" = 13rt)t)ks-C()royTllresht_IdC'apillary Pressure [Pal
= 0,()

I.]-F_



AppondlxEl: BI.:IAGFLOFlof,mnc, T_bton

'r.lde It.I, V.rl.I)le I'.r.meler.,i r.r ¥.lm.e 5 ItltA(;FI.() (,llh:.l.ll..,_ (('qmll..ed)

(('.lchril I tl_l'¢lduriltla,tiltl_ rtcriud ,1i'=_()yf:itr_tt_() yfeilr_)

(I) l)¢rm¢;lt_llity = (1.() Ira21

(2) I'(.'t_ily = _;.,pl¢'t! ('.lcl'.';I p,.'..,ily Idimc,_it,ilr:_ I
(hll,_ v;iri=lldc#4._)
I.IIS di._lril_uli,mlyi_L.:I}ill;I
Ritn_L¢,:,_,I,t().%._x I() 2 li) 2,._2_()_ I()1

(.t) ('itll|pr¢_il_ilily = (),() I1_¢1II

(.1) I}('I;,XI' = lJr_{lk_.(',.'_,yt:Xl_t)nt:lll I(lili|C:lt_i(.lil:._I
"-()7j

(._) I}('Ig,R_A'I' = RL,_idLI;llt_rillV_;iltll'lllil)ll I(lilllC.'l|_i¢}ltlv.'_J
=1),2

(('_)I1( (,S, A I = R_:_iduiil_tl.__;lltlr|llil)ll jdimc._i(),ll¢_l
=().2

=1,()

(_) 13(' PC'T = 13r(._k_-('(.'_.'3/Thre._h(_lclC'_ipill_lr.vl)l'e._,_LIl'e I!'{_i
= (),()
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Appendix B: BRAGFLO ReferenceTilbloit

Tiible II-I, Viirhihle l'.rilmt, ler._hlr Volulne _ IIRA(;FI.() ' ,(_..I_uhilliiii,_ ((_ontlnued)

_J
(('ilvity 2 ll,_tl li) i,h_L'l'it'tt,'L,XL'II%'|IIctlv(iltlIII¢ Illllcl' thllll Wil_lt_'_L'lllplilct_lllL'lll rcgillll (JuI'iI|i_
tinli: l_criiltl tll' _5() yciiI'_ tli () _,¢tir_)

(I) Pcrtni_iibility = I() _ I(),,_¢} 1,1_21

(2) P_ir,t_ity = I,() Itlililcn_iiltlle,_l

(;_l)(',iillprc_ihility = ()() II'. i I

(4) I]('I;.X P = ,_llenpIcdhiilile llmc_ks-C't_rcycxpoili:nl Iclimcvl_ionlc_l
(I.IIS vliriiibl¢ #11)
i.IIS di,,ilribtllitmtype: Ctlintihlliv¢
R=intle'2,() x I()2 to I,O

(.'i) BCIIRSAT = lc,_i¢liitil brine ,_tiliii'iiliiln Idiinen,_ionle._,_l
-- (),0

(6) BC(ISSAT = Rc,_idlilllgiissliitiriiiitln Idiincn,_ii:lnl¢,_,_l
= (I,Ii

(7) il ,.I i.tl -- llrlillks-Ctil'cy wcillhtingt'lil:hir Idinlcn,_iilnlc,_sl
= I.ll

(H) IIC" PC"T = ltl'tltlk,_-('iil'cy Tlir¢,_holdC'llpillliry lll'l_,%,_LIl'l_ [Pill
= ().(i
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AppendixB: BRAGFLOReferenceTables

" '1'l'ilhlu Ii- I, Vilrhlhle lhlri..l, ter,_ l'.r V.lume ._ II RA (; I,'I.() (..Ilk t hlti.n_ (C.ntlnued )

(WiIMC FCIII_K.'¢_('itVily ] ill lilllC=() yL:iir_)

(I) I'crllwat_ilily = I.() x I() I'_ imZl

{2) I'(,'(_,,ity = _"_.(+1117X5x I111 Idimcnsitmlc.s.sl

(?.1 ( _m+l','c,,,,ihility = i.fi x I1)'_ II'aII

(,l} I]('I!X P = l]rtH_k_-('c,+cy cxptmcnt Idimcn.sit>nlcssl
= 2.8_J

(5) I]('I]RSA'I' = Re,,idual brine _tltul'ati(.I I¢limensi_mlessI
= 2,7(_x I() I

(fi) B('(ISSAT = Residual gas saturaticm [tiinicrLsi_mlcssl
= 1').7

(7) ll('l:l.(J = l],r_)i>ks-('t_rcy wcig,hting t'actt_r Idimcnnicmicssl
= I.()

'_ ,),18) I](' !'('1 ' = ilr_,ks-('_,'cy Thrcsht_ltl ( al illary lJrcs.,iur¢ IPal
= ().()

(_J} Initial ll'_n {l:c)('t)nccntrati_m: lkg/m:_l

j,, , ) "", , '_ ll RMI: 1 ( L_'I'I"RH:'/VI)RUM) (_). VWASTE + WTI"ECONT

VRI:'POS

WT'I)RMI:'7" = _'l_ts__1+c_mtcnt_ _)l"_mc drum _)f metal+glass Ikg]
= (_4.5

WTI.'RI"I." = Mass i'r;tcli_m _lc_,rr_dablc l_ctal in

i_ctal+gl_t,,,., Idimcnsi_mlc.,.,s ]
= (),721()()2I

o) = V_lul_c Iracti_t_n_1'rectal (i.c. I:c) Idimcn.si_mlcssl
= Sa_wplcdv;_ri;d',lc (I,! tS v;triablc #_))

I.II."; tlistribt_li(m lypc: N_rmal
Rarlgt.'.: 2.76 x IO-I t_ 4.76 x 1()I

VI)R(/M = Vt_ltlIl'_c(intl.'rn;._Jcap:tcily) _1"(me ttrur_ [rn3]
= ().21

VWAS'I'/:' = Dc,,ign v_lttrne _I' wa,.,tc in rcp_)sit_)ry Im 3]
= !.75564 x IO5

WTi"I:'CONT" = Mas.,,_I"l;c irt c¢mtttincrs Ikgl
= 2.6132656 x 107

VRI:'I'OS = 'l'(,lal cxcavatcd sic)rage vc_lumc (_l't'cp_sit(_ry Ira31
= 4.36()23214418 x I1')5
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AppendixB: BRAGFLOReferenceTables

' ° sTable B- I, Varlable i)aranzeters for Volume 5 I| RA (; I,'1,() (alculation.' (Continued)

' (Continu
(Waste replaces ('avity i at lime=() years)

( ¢llul()se ' " '(10) Initial "- (i)nccntrallon: [kg/m 3]

= C()NCBIO!

WTDR('OMI:t. WTI"RBIO. o_ , ( VWASTE/VDR UM) + WTIIiOCONT

VREP()S

W77)RCOMB = Mass ()l'contcnts olonc drum ()l'c()tnbtzstiblcs Ikgl
= 40.0

WTt"RBIO = Mass I'ractioll ol' biodegradahlcs ill
combustibles Jd imells i_}nlcss i

= (),5546459

(o = V(_lume t'raclion o1'comhtlslibles Idimensionless]

= Sampled variable (1,I IS wu'iahlc #8)
IAIS dislribulion type' Nornlal

Range: 2,84 x 1()-I Io 4.84 x I()I

VWAS'IT", = r)esign v()ltlme ()1'w;_ste in i'eposilory [m 3]
= 1,75564 x I()5

VI)RI/M = V()lun]e (inlcrnal c;ipacJly) ()[' ()11Ci.R'Ulll
= ().21

W7'IIlO('ON7' = Mass ()f I_i()tlcgratlal'_lcs in containers Ikgl
= ().()

VIH"IJ()S = 'l'(_tal excavated sl_tr;.lgt,v()lumc of rcp()silory [!11_l
= 4,36()23214418 x I().s

( I I ) Gas I)r()ducti,m Rate, C()rr().%j()ll,IllUlltl;ilcd In_{)lI'c/(ln3's)l

= ......
((4() - (o)/3 ()) Vt'ANhI,X

A. = Sampled variable Im_)lI"e/(m2's)!
(I,IIS variahlc #2)
I,liS distributi()n type: (/ulntllativc
Range' ().()l_ 13 x I() x

ASI)RUM - ' • "- SuI l,lce area of c()rrt)dablc mc|al lwr tlrulll l ii 2l
= 6,()

I)RPANI"I, - Number _}1l)runis in ()no l);Inci I¢li_ensi_.ilcssl
= 8.6()6362 x !()"l

VPANEI,X = l:,xcavalcd volume of cmc panel [lli3l
= 46097.6458546

4()- (o
= Am)xic Iron ('orrosi()n St()ichiomctry Idinlensionlessl

3,0

(o = Sampled variat-,Ic Idimcnsionlessl
(I,IIS variable #4)
I,llS distributi_m type' t!nil'orm
Range: ().()to I,()
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Appendix B: BRAGFLO Reference Tables

Tal)le B- I. Varial)ie Parameters for Volume 5 ltRA(;FIA) Calculations (Continued)

_Waste (Conllnu_d)
(Waslc replaces Cavity I at time=() years)

(12) (;as l:'r_duction Rate, Micrubial, Inttmlated: lmol cellulose/(m3.s) ]

_ _ CONCBIOI/- ' /STOIMI(I

A = Sam ! led wtriable [rnol cellulose/(kg,s)]
(I.llS variable #5)
LitS dislrilmlion type: Cunlulative
Range' 0.0 to 1.6 x 10-x

('()N('BIO! = Initial Cellulose ( '- ". 'C )nc:.cntt,ttlon Ikg/m3 I
(same as equal ion (10))

W7DRCOMB. WTFRBIO. o). (VWASTE/VDRUM) + WTBIOCONT
VREPOS'

WTDRCOMB = Mass ufcontents of(me drum ofcornbustibles [kg]
= 4(),()

WTI"RBIO = Mass I'raction of biodegradahles in
combustibles [dimensionless]

= 0.5546459

(o = Volutne fraction ot"combustibles [dimensionless]
= Samffled variable (t, HS variable #8)

LHS distribution type: Normal
Range: 2.84 x 10-I to 4.84 x 10-I

VWASTI_ - l)csign volulne of waste in rep()sitory [m3]
-- I 15564x 105

VDRUM = Volume (internal capacity) of one drum [m3]
= 0.21

WTBIOCONT = Mass of biodegradables in conta:ners lkg]
= 0,()

VREP()S = Total excavated storage volume of repository Im3]
= 4.36023214418 x 105

STOIMIC = Microbial Stoichiometry [dimensionless]
'q "-I,= Sampled variable

(I+IISvariable #7)
LtlS distribution type: Uniform
Rimge: O.Oto 1.67

(131 l-lumidity Factor, C()m)si_m = Sampled wu'iable [dimensionless]
(LIIS variable #3)
I.tlS distribution type: Cumulative
Range: 0.0 to 0.5

(14) I iumidity l:aclt)r, Microbial = Sampled variable ]dimensionless]
(1.1IS variable #6)
LtlS distribution type: Unil'orm
Range: 0.0 to 0.2
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Waste (Conc.,,!uded)
(Waste replaces Cavity 1 at time=0 years)

4.0-w
(15) Anoxic Iron Corrosion Stoichiometry - [dimensionless]

3.0

co = Sampled variable (LHS variable #4)
I_,HSdistribution type: Uniform
Range: 0.0to 1.0

(16) Microbial Stoichiomctry = Sampled wtriable [dimensionless]
(LHS variable #7)
LHS distribution type: Uniform
Range: 0.0to 1.67
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Final Disturbed RockZone (DRZ)
(Final DRZ replaces Initial DRZ at time=0 years)

( 1) Permeability = 10k [m2]
k = Sampled variable (LHS variable #10)

LHS distribution type: Cumulative
Range: -24.0 to - 19.0

(2) Porosity = Ca + 09(0.06- _A) [dimensionless]
Ca = Sampled anhydrite [dimensionless]

(LHS variable #16)

o_ = Sampled variable [dimensionless]
(LHS variable #17)
LHS distribution type: Uniform
Range: 0.0 to 1.0

(3) Compressibility =(p/grpS" i_,1 [pa_l]

Ss = Specific storage [m-I ]
= 1.4 x 10-6

pf = Salado brine fluid density [kg/m 3]
= 1.23 x 103

g = Acceleration due to gravity [m/s 2]
=9.79

= Porosity [dimensionless]

]_f = Salado brine fluid compressibility [Pa-1]
= 2.5 x 10-l°

(4) BCEXP = Sampled halite Brooks-Corey exponent [dimensionless]
(LHS variable # 11)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

(5) BCBRSAT = Sampled halite residual brine saturation [dimensionless]
(LHS variable # 13)
LHS distribution type: Uniform
Range' 0.0 to 0.4

(6) BCGSSAT = Sampled halite residual gas saturation [dimensionless]
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0
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Appendix B: BRAGFLO Reference Tables

Table B-I. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Final Disturbed Rock Zone (DRZ) (Concluded)
(Final DRZ replaces Initial DRZ at time=0 years)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56. (Permeability) -0'346
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AppendixB: BRAGFLOReferenceTables

Table B-I. Variable Parameters t'or Volume 5 BRAGFLO Calculations (Continued)

Culebra
(Culebra replaces Culebra 1 at time=0 years)

(1) Permeability = tell [m2]
Pfg

t¢ = Hydraulic Conductivity [m/s]
= 2.24 x 10-7

/.t = Culebra brine viscosity [kg/(m.s)]
= 1.0 x 10-3

pf = Culebra brine fluid density [kg/m 3]
= 1.09x 103

g = Acceleration due to gravity [m/s 2]
= 9.79

(2) Porosity = Sampled variable [dimensionless[
(LHS variable #43)
LHS distrribution type' Data
Range: 5.80565 x 10-2 to 2.52500 x 10-I

(3) Compressibility = 5' ,6r [pa.i]
tpl r_g

S = Storage coefficient (= Specific storage
x thickness) [dimensionless]

= 2,0 x 10-5
t = Culebra layer thickness [m]

=7.7

,Of = Culebra brine fluid density [kg/m 3]
= 1.09 x 103

¢ = Porosity [dimensionless]
g = Acceleration due to gravity [m/s 2]

= 9.79

ill' = Culebra brine fluid compressibility [Pa-! ]
= 2.5 x 10-!°

(4) BCEXP = Brooks-Corey exponent [dimensionless]
=0.7

(5) BCBRSAT = Residual brine saturation [dimensionless]
=0.2

(6) BCGSSAT = Residual gas saturation [dimensionless]
=0.2

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0
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Appendix B: BRAGFLO Reference Tables

Table B-I. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Culebra (Concluded)
(Culebra replaces Culebra ! at time=0 years)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56, (Permeability) -0'346
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Table B-I. Variable Parameters for Volume 5 IIRAGFI_O Calculations (Continued)

Shaft, Seal
(Shaft Seal, Upf_er Shaft, Lower Shall, Backfill, (ulcl ra Seal, and Experimental Region
replaces Cavity 2 at timc=O years)

(i) Permcabilily = Sampled variable Ira2]
(LHS variable #22)
I_,HSdistribution type: Lognormal
Range: 1.0 x 10-I° to 5.0 x 1()-16

LOGj_jm - LOGio(l.OxlO _ )

(2) Porosity = /".,OG,,,(l.0xl0 '_)=/_)_ii;(_xii) ")_ (0.(.)9-0,01)+0.01

[dimensionlessl

o_ = Sampled variable Ira21
(I.,IIS wlriable #23)
LHS distribution type: l.,ognormal

Range' l.Ox 10-21to 1.0x 10-18

(3) ( (imprcssJhllily = ' ,Bt [Pa-I ]

Ss = Specific storage [m-I1
= 1.4 x I0 -_

pf = Salado brine tluid density [kg/m 3]
= 1.23 x 103

q_ = Porosity [dimensionless]

g = Acceleration due to gravity Ira/s21
= 9.79

/3I' = Salado brine lluid compressibility IPa-II
= 2.5 x 10-I_1

(4) BCEXP = Brc {_ks-Corcv exponent [c.imensionless]
= 0,7

(5) BCBRSAT = Residual brine saturation [dimensionless]
= 0.2

(6) BCGSSAT = Residual gas saturation [dimensionless]
= 0.O

(7) BCFI_,G = I:lrcx_ks-Corey weighting factor ldimensionless]
= 1.0

(8) BCPCT = Brooks-Corey Threshold Capillary Pressure [Pal

= 0.56. (Pernaeability) -0'346
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Table B.1. Variable Parameters fi;r Volume 5 BRAGFI,O Calculations (Continued)

Up_pft
(Shal't Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=0 years)

(1) Permeability = Sampled wu'iable [m2]
(LHS variable#24)
I_,HSdistribution type: l_,ognornml
Range: 1.0 x I0 -19 to 5.0 x 1()-15

(2) Porosity ( I_OG'°w- LOG'o(I'OxlO-2' ) I
= , _..... ....... 2_ (0,09-0.01)+0,01

LOGl,(l.OxlO )- LO(;io(I.OxlO )
[dimensionlessl

co = Sampled variable [m21
(LHS variable #23)
LItS distribution type: Lognormal
Range' 1.0 x 1021 to 1.0 X ] 0-18

(3) Compressibility = (
_Plgg'-Sa//1 [Pall

Ss = Specific storage [m-I ]
= 1,4 x 10-6

pf = Salado brine lluid density [kg/m 31
= 1.23 x 103

q = Porosity [dimensionless l
,t4 = Acceleration due to gravity [m/s 2]

=9,79

tiff = Salado brine tluid cornpressibility [pa-ll
= 2.5 x 10-10

(4) BCEXP = Brooks-Corey exponent [dimensionless]
=0,7

(5) BCBRSAT = Residual brine saturation [dimensionless]
= 0.2

(6) BCGSSAT = Residual gas saturation [dimensionless]
= 0.0

(7) BCFLG = Brooks-Corey weighting Factor [dirnensionless]
= !,0

"_ .... IPa](8) BC_.PCT = Bi¢c_ks-Ct)xcy"l'lareshold Capillary Pressure

= 0.56. (Permeability) -_1'346
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Table B.I. Variable Parameters for Volume 5 BRAGFI,O Calculations (Continued)

Lower Shaft
(Shaft Seal, Upper Shafl, Lower Shal't, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at i ime=O years)

(1) Permeability = l.Ox 10-15 [m2]

(2) Porosity = Sanq_led variable [dimensionless]
(LHS wiriable #26)
LHS distribution type: Uniform
Range: 1.0x 10.2 to 7.5x 10-2

Compressibility = ,S', -fit ]
(3) [Pa-l]

p_k'¢ /

Ss = Specific storage [m-I ]
= 1.4x 10.6

pf = Salado brine fluid density [kg/m 3]
= 1.23 x 103

¢ = Poro,';ity [dimensionless]

g = Acceleration due to gravity [m/s 21
= 9.79

flf = Salado brine fluid compressibility [Pa-I ]
= 2.5 x 10-I°

(4) BCEXP = Brooks-Corey exponent [dimensionless]
=0.7

(5) BCBRSAT = Residual brine saturation [dimensionless]
= 0.2

(6) BCGSSAT = Residual gas saturation [dimensionlessl
= 0.0

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0

"I )(8) BC_PCT = Brooks-Cx rey Threshold Capillary Pressure [Pal

= 0.56. (Permeability) -_1'346
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Table B.I. Variable Parameters for Volume 5 IIRAGFI,O Calculations (Continued)

Backfill
(Shaft Seal, Upper Shal't, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavily 2 at time=O years)

(I) Permeability = 1.0 x I()15 [nl 2]

(2) Porosity = Sampled L,OWER SHAF'T porosity [dimensi(mlessl
fMIS variable #26)
I.,ItS distribulion type: Uniform
Range: 1.0 x 10-2 to 7,5 x 10-2

(3) Compressibility =[ S, /Jr) [Pal]P;g¢ ,
Ss = Specific storage Im-II

= 1.4x 10-6

P.I = Salado brine fluid density [kg/m3l
= 1,23x 1()3

¢ = Porosity [dimensionless]
r_ = Acceleration due to gravity [m/s 2]

= 9.79

/3/ = Salad()brine fluid compressibility ]Pa"1]
= 2.5 x 10-I°

(4) BCEXP = Bmoks-Corey exponent [dimensionless]
= 0,7

f5) BCBRSAT = Residual brine saturation [dimensionless]
= 0,2

(6) BCGSSAT = Residual gassaturation [dimensionless]
= 0,0

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0,56, (Permeability) -°'34(_
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Table B-I. Variable Parameters for Volume 5 BRAGFI,O Calculations (Continued)

Experimental Region
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=0 years)

(I) Permeability = 1,0 x 10-15 [m21

(2) Porosity = Sampled Lower Shaft porosity [dimensionless]
(LHS wlriable #26)
LHS distribution type: Uniform
Range: 1,0 x 10-2 to 7,5 x 10-2

(3) Compressibility _,Plg¢ _i [Pall
Ss = Specific storage [m-l ]

= 1,4x 10-6

pf = Salado brine fluid density [kg/m 3]
= 1,23 x 103

q = Porosity [dimensionless]
g = Acceleration due to gravity [m/s2]

= 9.79

_f = Salado brine fluid compressibility [Pa-1]
= 2,5 x 10-j°

(4) BCEXP = Brooks-Corey exponent [dimensionless]
=0.7

(5) BCBRSAT = Residual brine saturation [dimensionless]
= 0.2

(6) BCGSSAT = Residual gas saturation [dimensionless]
=0.0

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0

(8) BCPCT = Brooks-Corey Threshold Capillary Pressure [Pal

= 0,56. (Permeability) -0'346
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Table !|. 1. Variable Parameters for Volume 5 BRAG FI,() Calculations (Continued)

Shaft Seal 2
(Shaft Seal 2 replaces(_u ebra Seal,Upper Shaft and Shaft Seal at tirn¢=200 years)

(!) Permeability = Sampled Shaft Seal permeability [m2l
(LHS variable #22)
LHS distribution type: Lognormal
Range: 1.0x 10-19to 5.0 x 10-I(_

LOGioco- LOGio(I.O,rl )
(2) Porosity - LO¢ iil-6x-(ff i_i;i iii.O.(.lO )

(0,09- 0,01) + 0.01

[dimensionless]

_'o = Sampled variable [dimensionless]
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.0x 10-21to 1,0x 10-1

(3) Compressibility =(Ptg_S" fit] [Pa'l]

Ss = Specific storage [m"1]
= 1.4x 10-6

Rl = Salado brine fluid density [kg/m 31
= 1.23 x 103

¢ = Porosity [dimensionless]
g = Acceleration due to gravity [m/s 2]

= 9.79

_l = Salado brine fluid compressibility IPa-I ]
= 2.5 x IO-I()

(4) BCEXP = Brooks-Corey exponent [dimensionlessl
=0.7

(5) BCBRSAT = Residual brine saturation [dimensionless]
= 0.2

(6) BCGSSAT = Residual gas saturation [dimensionless]
= 0.0

(7) BCFLG = Brooks-Corey weighting factor [dinlensionless]
= 1.0

(8) BC__PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56, (Permeability) -°'346
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Talile B-I. Varlalile Paranleters I'orVolume 5 liRA(;FI,O Calculathins (Continued)

Panel Seal

(I) Permeability ", t ,d= Sauplc variable Ira21
(LIlS variable #25)
LI+ISdi,'tributlon type: Logrlormal
Rallle: 1.0× IO-:l it) 1.0 x IO-114

-[ -#_'()(7!!,-(-pel'!,l-}-e,{i)-!!-i-i:y)-- LOGIo(I'()xlO-21))(('.<' <)- 0.115)+0.05(2) Porosily - LOGIIi(I,OxlO_I8)_ LOGIo(I.O.vlO_21 )
[dimensionless I

(3) Compressibility = Ptg¢ fll [pa-iI

Ss = Specific storage [m-I1
= 1,4 x 10-6

p/, = Salado brine t'luid density ikg/in 3]
= 1.23 x 103

= Porosity [dimensionlessl
g = Acceleration clue to gravity Ira/s2 I

= 9.79

ill' = Salado brine l]uid compressibility [Pa-I1
= 2.5 x 10-I'l

(4) BCEXP = Brooks-Corey exponent [dimensionless l
= 0,7

(5) BCBRSAT = Pesidual brine saturation [dimensionless]
= 0,2

(6) BCGSSAT = Residual gas s,'lturation [dimensionless]
= 0,0

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1,0

(8) BC_PCT = Brooks-Corey Threshold Capilhtry Pressure [Pal

= 0,56. (Permeability) -°'346
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Table B-I. Variable Paranleters for Volume 5 IIRAGFI,() Calculations ('Concluded)

Culebra Seal

(1) Permeability = 1,0 × 10-18 Ira21

(2) Porosity = 0.2 [dimensionless]

(3) Compressibility =lPlg¢S' _/3, 1 [Pa"l
Ss = Specific storage [m"1]

= 1.4 x 10-6

pf = Salado brine fluid density [kg/m 31
= 1.23 x 103

= Porosity [Oimensionlessl
g = Acceleration due to gravity [m/s2l

=9,79

_f = Salado brine fluid compressibility [Pa-I ]
= 2,5 x lO-10

(4) BCEXP = Brooks-Corey exponent ldimensionlessl
=0.7

(5) BCBRSAT = Residual brine saturation [dimensionless]
=0,2

(6) BCGSSAT = Residual gas saturation [dimensionless]
=0,0

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1,0

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pal

= 0.56. (Permeability) -0'346
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Appendix B: BRAGFLO Reference Tables

Table B-2. 1992 BRAGFLO Computed Variable Values fl_r ANttYDRITE

Run

N__, P_ __ Compressibility _ BCBRSAT BC(_ _ _"

1 2,8660x10 -_ 1.4125x10 -I_ 2,6476xl0 9 9.6790 8,7890x 0 2 2.33(X)xlO l O,(X)O0 g.40()2xl() 5

2 6.9900x 10 3 1.6982x 10 2o I. 1631 x 10 .8 4,966()x 1() l 1.4570x O J 1.2590x O I I .(X)00 3.8780x t 06

3 2.8970x10 2 9.1201x10 19 2.6166x10 -9 6,790()x10 1 1,8490x 0 1 2.1660x ()-I 1,(X)O0 9.7730x1() 5
4 5.6130x10 :_ 5.0119x 0 2° 1.4545x10 -8 5,1820 1.7260x 0 1 1,8900x ().I l.O000 2,6668x10 ('

5 2.0560x10 -2 1,1482x 0 2° 3.7891x10 c_ 4.0710xl0 1 1,9880x 0 1 1.4590x 0 1 I,(X)00 4,4405xl0 _
6 1.3750x10 2 1,5136x ()-2_i 5.7896x10.,_ 6.1420 3.3170x 0 "1 4.7930x 0 .2 0,(X)O0 4,0356x10 ('

7 2.5930x10 2 1,7783x 0 -2° 2.9526xl(Y 9 1,099() 3,5430x 0 2 1,6220x 0 1 O.(X)O0 3.8167x10 ('
8 3,1850x10 :_ 1.8197x 0 ltj 2,5824x10 g 6,4480 3,8660x 0 "1 2,8520x 0 .2 I,(XXX) 1.7070x10 ('

9 2.727()x10 2 1.2303x (1.2o 2.7953x10 9 4.2610xl0 1 3.4f)80xlO 1 1.8690x 0 "1 1.(XX)O 4.3356x10 _
10 9.6770x10 --a 5,2481xl0 _ 8.3317x10 9 1,517() 7.9000x10 2 3.4810x10 l I.(X)00 5.3342x1() 5

11 2.5730x10 3 1.3183x10 -2() 3.2026x10 _ 5.1250x1() 1 2.7170x10 1 2.0030x10 "1 0,0000 4.2332x1() ('

12 9.8270x 10 --a 2.2387x 10 -19 g.2(X)7x I0 9 7.4960 1.4 I(X)x 10 1 2.8620x 10 1 1.(X)00 1.5889x 106
13 1,6610x 10 -2 4.8978x 10 2° 4.7497x I0 9 2.2490 3.6500x I0 1 2.9370x I0 1 1.(XX)O 2.6881x I() ('

14 1.9600x 10 2 1.(XX)Ox10 .2o 3.9870x 10 -9 3.0620x I 0 l 8.3660x 1(i 3 1.7360x 10" I 1.0(X)O 4.6579x I()_'
15 1.1590x10 _ 2.0893xi0 2° 7.1402x10 _ 4.4620x10 -I 2.31(X)xlO -I 3.8350x10 l 0,000() 3.6097x10 ('

16 5.8700x10 :_ 5.1286x1(1 19 1.3897x10 -g 5.3590x10 1 3.7890x10 1 2.1720x10 1 l.O000 1,1927x1(I 6

17 2.3950x10 -? 5.7544x10 2° 3.2174x10 -9 5.9190 l.l130xlO l 3.8060x10 -I 0,0000 2.5423x1() ('
18 6.1370x10 _ 6.6069xl0 -2° 1,3282x10 g 5.873(1x10 l 2.9470xl0 -I 8.6120x10 3 0.(X)O0 2.4236x1(1 ('

19 6.2550x 10 3 4.5709x I0 2° 1.3026xI0 -8 2.(X)50 1.1640x10 -I 1.6670x10 -I I .O(XIO 2.7531x10 ('
20 1.7()70x10 -2 4.4668xl0 -2° 4.6150x10 9 6.709()x10 l 1.2940xl0 -I 3.2110xl0 1 I.(ggX) 2.7752x ()('

21 2.3500x10 2 1.1481x10 19 3.2838x10 '_ 2.2590x10 -I 1.9770x10 -2 2.2330x10 1 0.0000 2.0018x ()(_

22 2.6030xi0 2 7.4131x10 2° 2.9403x10 -9 1.4340 2.1830x10 -I 1.8710x10 2 I,(X)O0 2.3290x ()f'
23 2.9921"1x1()2 3.5481x10 -2° 2.5256x10 '_ 7,(199() 2,3880x10 j 4.5230x10 2 1.0000 3.(.X)53x (_'

24 1.4710x10 -2 6.1660x1(1 2° 5.3955x10 -'_ 4.3270x10 l 6.1270x10 2 2.tM30xlO 1 l.(X)()O 2.4823x (1_
25 2.4720x1(1-2 3.2359x1() -2(_ 3.1094x10 -'_ 2.7610 3.0510x 0 I 9.9900x10 2 1.(_)00 3.1()26x (1('

26 1,882(1x10 2 2.3988x10 2° 4.1626x10 -9 5.2660 2.47(X)x ()-I 6.8060x1()-2 I,OG00 3,4412x10 e'

27 2.274(1x1(1-3 2.187gx1() 2() 3.6269x10 g 8.333(I 2.128()x ().1 7,573()xl0.2 I.(X)00 3.5526x ()r,
28 2.883(1x I0 3 1.9499x ()-2° 2.8555x 10x 7.946() 3.474()x O-I 1.527Ox 10-I O.O(X)0 3.6970x I(1_'

29 1.2680xi0 2 3.09(13x 0 .2o 6.2993xl0 -'j 6.()410x10 l 3.3040x 0 l 3.5780x 0 l 1.(X)00 3.1525xI(1 ('

30 8.7910x10 -_ 7.4131x ()2° 9.1966x10-,) 2.(X)40xl() l 1,4050x 0 2 1.5530x 0 -I (1.0000 2.3290x1() ('
31 1.7650xl0 2 3.2359x 0 21 4.4551x10 -9 3.316()x1() l 2.113()x ()-I 2.405()x 0 -I I.(X)()() 6.8822x106

32 2.(-)93(1x1(1 2 1.()471x 0 .2o 3.7177x10 -'_ 8.88()() 3.143(1xi() 1 3.7550x 0 1 I.(XX)() 4.5842x ()_'
33 6.6f14()xl() -3 4.6774x 0 19 1.2212x1(1-8 5.22(X)xlO 1 1.0530x1() -I 3.4190x 0 -1 I.(XX)() 1,2313x_O f'

34 9.1(130x ()..a 1.23(13x 0 .2o 8.8728x10 -'_ 8.6520 2.515()x1() -I 3.62gOx 0 1 0.(X)()() 4,3356x ()('

35 2.423(1x 0 -3 2.8184x 0 ?° 3.4(124x10 -_ 3.947()x1(1 -I 29f)70xl() -I 1.339()x (11 .(XX)O 3,2545x ()('
36 2.712()x ().2 1.9953x (1 2_ 2.8121x1(1-,_ 2.75()()xI0 _ 3.7(19(1x10- 3.6960x ()_ .(XX)O 3.6677x1():'

37 5.096()x 0 .3 2.57()4x10 -2° 1.6046x1() -8 6.9780 2.2650x1()- 3.0790x (1-2 .(X)(IO 3.3599x ()('
38 l.g94()xl() -:_ 1.5136x10 -19 4.3596x10 -_ 2.964() 1.781f)xl()- 3.9620x 0 1 .(XX)O 1.8193x ()_'

39 l.(X)90x ()-2 5.6234x 10 .2o 7.98()4x ()-_ 2.6()6()x If) I 1.633()x I(1 3.724Ox ()-2 .(XX)() 2.5626x 0 ('

4() 2.2760x 0 2 2,()893x1() !9 3.3987_10 .9 2.416()x1() _ 2.4340x1() l.ll(Xlx ().1 .(X)O(I 1.6273x ()_'
41 l.gO2{)x {}.2 3.9811x1{}-_9 4.3585x {}{_ 5.749(}x1{) I 1,334()x10- 1.{)651)x1(}_ .{XX}(} 1.3{}19x {)('
42 2.199(1x 0 .2 2.3442xi0 21 3.5265x _)_ 5,4840xi(1 1 3.964(}x1() 3.35{X)xl(} l O,(XX)O 7.6943x {}_'
43 5.179()x {1B 2.6915x1{} 19 1.5785x {)s 4(X1{1{1 3.907{1x1()- 1.204(1x1(1_ ().(}(X)() 1.49(1gx (1_'
44 3,901{)x ()-_ 5.37(}3x1(} 2{} 2.1(138x ()_ 3.6(}5{}x1() _ 2.5980x1(1 5.7350x1(1-2 (}.{XIO0 2.6()38x (/'
45 9.387()x10 3 9.7724x1{1-2° 8.5968x 0 .9 3.2390x10 -I 1.583(1x1()- 9.4190x1{} 2 I.(X)()O 2.1166x ()_'

46 2.828(1x1() 2 1.6596x1(1 2° 2.6865x 0 -9 4.606f/xl() l 6.517()x1()2 2.388Ox1()-I l.(_)(X) 3.9090x f)_'

47 6.570(1x1() 3 9.1201x1() -'° 1.239()x f)g 3.4760 3.1780x1() 1 2.6060x1(1 1 I.(XXX) 2.1678x ()_'
48 2.2390x1(1 2 1.4125x1() 2° 3.459(1x ()-'_ 7.708(I 4.5510x10 -2 2.(1750x10 -I O.(X)(X) 4.1332x ()_

49 1.6820x10 3 6.9183x1(1 -I'_ 4.9123x ()_ 3.753()x1() I 5.()ll()xl() 2 6.9900x1() 2 1.O(X)O 1.0753x ()¢'
50 1.289()x1() 2 2.4547x10 2() 6.1926x ().t) 3.5390x1() I 1.8990x1() I 1.985()x10 I I.(X)00 3.4139x!() ('

51 7.8440x10 3 4.0738x10 17 1.0337x1() 8 5.6()()0x1() -I 2.3180x10 2 1.1810xl() -2 I.(X)(X} 2.6250x ()s
52 4.7130x 1(1.3 8.7097x 10 .2o 1.7370x IO _ 3.2370 1.5(14(1x 10 I 3.8860x 10 I O.(X)O0 2.2(127x 0 ('
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Appendix B: BRAGFLO Reference Tables

Table R-2. 1992 BRA GFLO Computed Variable Values tor ANHYDRITE (Concluded)

Run

No. _ Pem_leability Compressibility B_ BCBRSAT ]3CGSSAT BCFLG

53 1.5900x10 2 7.7625x 0 -19 4.9729x10 ° 6.741(I 2.8470x10 1 1,8060xl0 1 I.(X)O0 1.0334xl06
54 1,45()0x 10 2 1,4454x 0 .2o 5.4772x lO 9 4.72(X)x I0 -I 1.6590x 10 1 2.7290x 10 l 0.fXX)() 4.1004x 106

55 2.0030x10 2 1.0233x (1.17 3.8960x1()-_ 6.503(),_1() 1 3.2450x1() 1 3.0330x 0 1 0.0000 4.2338x105
56 1.1650x10 2 I.(_)65x 0 2° 6.8783x10 -9 4.8480 9.2770x10 2 5.2210x 0 -2 0.0000 4.5118x106

57 4.5630x1() -3 5.2481x 0 21 1.7950x10 8 9.211(} 5.1160x10 3 2.7770x 0 1 I.(X)O0 5.8219x106
58 8.7110x10 -3 3.3884x 0 -1_ 9.2833x 0 '_ 6.4060x10 -1 3.4880xl0 i 3,2980x (.)-I I,O000 1.3766x106

59 2.5160x ()-2 7.9433xl0-2o 3.0507x ()-9 8.9580 8.5120xl0 -2 3.127()x 0 1 1.0000 2.2740x1(1 _'
60 8.2600x 0 .3 9.5499x10 -2° 9.8038x ()-'_ 9.8020 7,0380xl0 2 8,1940x 0 .2 1.0000 2.1336x10 _

61 7.3840x 0 .3 4.1687x10 -2° 1.0997x 0 .8 8.(Ng0x10 1 2.7910xi0 1 1.3890x 0 1 1.0000 2,8423xl06

62 1.2250x 0 -2 5.4954xl0 19 6.5292x 0 .9 2.8630x1() l 3.5990xl0 j 2.5120x 0 1 1.0000 1.1645xI06
63 4.1090x 0 -3 9.5499x10 -17 1.9961x 0 -8 3.7540 2.0010x10 "1 2.8360x 0 -I 0.(X)00 1.9548x 05

64 3.7390x 0 3 2.6915x10 -2° 2.1960x 0 .8 2.4950 2.9320x10 2 8.7020x 0 .2 l.(X)O0 3.3068x 06
65 7.4700x (1.3 3.7153x10 2° 1,0867x10 -_ 2.5410x10 l 2.6410xI0 _ 3.5100x 0 1 1.00(10 2.9578x 06

66 3.5330x10 -3 3.9811xl0 2° 2.3255xl0 -_ 6.9150xl0 l !.2380xl0 1 3.1630x 0 1 0.(XX)0 2.8879x 06

67 8.1910x10 -3 1.3804x10 19 9.8885x10 -9 5.5890 5.6350x1() 2 2,5370x 0 1 0,(X)O0 1.8782x 06
68 1.0760x10 2 6.7608x10 2° 7.4679x10";' 4.5200 3.0240xl0 l 2.997(1xl0 -1 0,000() 2.40,44x 06

69 1.5190x1() -2 3.3113xl0 2° 5.2171x10 -'_ 4.3270 3.7150xl0 -I 4.8390x10 3 1.0(X)0 3.0780x 06

7(1 1.4890x10 3 1.3490x10 21 5.5522x10 8 6.2770xl0 -1 l.O130x10 -I 1.1920xi0 -I I.(X)O0 9.3155x 06
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Appendix B: BRAGFLO ReferenceTables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for ANHYDRITE

Run
No, Porosity _P..c_r.t.l]__NJ_ Compressibility _ BCBRSAT BCGSSAT BCFb_ BC PCT

I 68, 66, 3. 69, 16. 41. 1, 5.
2 24, 16. 47, 21. 26. 23, 24, 55,
3 69. 65. 2, 34. 33. 38. 24, 6.
4 18. 37. 53. 52. 31. 34, 24. 34,
5 54, 8, 17, 15, 35. 26, 24, 63.
6 42, 14, 29, 56, 59. 9. 1, 57,
7 63. 17, 8, 37. 7. 29, 1, 54,
8 9. 54. 62. 57. 68, 5, 24, 17,
9 66. 9, 5, 16. 60, 33. 24. 61.
0 34. 67, 37, 39, 14. 61. 24, 4.
I 7. I1. (_, 22, 48, 36, 1. 60,
2 35. 56, 36, 61, 25. 51, 24, 15,
3 47, 36. 24, 41, 64, 52. 24. 35.
4 52, 5. 19, 8, 2, 31, 24, 66,
5 1. 20, 70. 18. 41, 68, I. 51.
6 19. 61. 52. 24. 67. 39. 24. 10,
7 60. 40. II. 55. 20. 67. 1. 31.
8 20. 42. 51, 28. 52. 2, I. 29.
9 21. 35. 50. 40. 21. 30. 24. 36.

20 48. 34. 23. 33. 23, 57. 24, 37.
21 59. 51. 12. 2. 4. 40, 1, 20.
22 64. 44. 7. 38. 39. 4. 24. 26.
23 70. 30. 1, 60. 42. 8. 24. 41.
24 44. 41. 2'7. 17. II. 47. 24, 30.
25 61. 28, 10. 43. 54. 18. 24. 43,
26 51. 22. 20, 53. 44. 12. 24. 49.
27 5. 21, 66. 64. 38. 14. 24. 50,
28 8. 18. 63. 63. 61. 27. 1, 53.
29 40. 27. 31, 29. 58, 63. 24. 44.
30 31, 44. 40. 1. 3. 28. I. 26,
31 49. 3. 22. 10, 37. 43. 24. 68.
32 55. 6. 16, 66, 55. 66, 24. 65.
33 23. 60. 48. 23. 19, 60. 24. 11.
34 32. 9. 39. 65, 45, 64. I. 61.
35 6. 26. 65, 14. 51. 24. 24. 45.
36 65, 19. 6. 6. 65. 65. 24, 52.
37 16. 24. 55, 59. 40. 6. 24, 47.
38 4. 53, 67, 44. 32. 70. 24. 18.
39 36. 39. 35. 5. 29, 7. 24. 32.
40 58. 55. 13, 3. 43. 20. 24, 16.
41 50. 59. 21, 27. 24. 19. 24. 12,
42 56. 2. 15. 25. 70. 59. 1. 69.
43 17, 57. 54, 48. 69. 22. 1. 14.
44 12. 38. 59. 12. 46. 11, I. 33.
45 33. 50. 38. 9. 28. 17. 24, 21.
46 67. 15. 4. 19. 12. 42, 24. 56.
47 22. 48. 49. 46. 56. 46. 24. 23.
48 57. 12. 14. 62. 8. 37. 1. 59.
49 3. 63. 68, 13. 9. 13. 24. 8.
50 41. 23. 30. II. 34, 35. 24. 48.
51 27. 69. 44. 26. 5. 3. 24. 2.
52 15. 47, 56. 45. 27. 69. 1. 24,
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGI:q_O Ranks of CCmlputed Variable Values for ANHYDRITE (Concluded)

Run
N_, _ Perme;ability .O._mpressibility _ BCBRSA_712I_CGSSAT _

53 4(,. 64. 25. 58, 50. 32. 24. 7,
54 43. 13. 28. 20. 30. 48, 1, 58.
55 53. 68. 18, 32. 57. 54. I. 3.
56 38. 7. 33, 51, 17. I(). I. 64.
57 t4. 4. 57. 68. I. 49. 24, 67.
58 30. 58. 41. 31. 62. 58. 24. 13.
59 62. 46, 9. 67. 15. 55. 24. 25,
60 29. 49. 42. 70. 13. 15, 24. 22,
61 25. 33. 46, 36, 49. 25, 24. 38.
62 39, 62 32. 7. 63. 44. 24. 9.
63 13. 70. 58, 47, 36. 5(1. !. I.
64 11. 25. 60, 42, 6. 16. 24. 46,
65 26. 3 I. 45. 4. 47, 62, 24. 40.
66 10. 32. 61. 35, 22. 56. 1. 39.
67 28, 52, 43. 54, 10. 45. I, 19,
68 37, 43, 34. 50. 53. 53. I. 28,
69 45, 29, 26. 49, 66. I. 24, 42.
70 2. I. 69. 30. I8. 2 I. 24, 70.
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Appendix B: BRAGFLO Reference Tables

Table I]-2 1q92 BRAGFI,O Computed Variable Values for BACKFIIJ.

Run

I 2 449()x1() 2 .O_X)OxlOIs 4.497,1x1() u 7.(XX)Ox ()-I 2,(X)(X)xlO j ().(XX)() I.O_XX) 8.6734x1() '_
2 1.1240x1() 2 .(X)(X)xlO l_ I,(X)94xl() x 7.(XXX)x ().l 2.(XXX)xI() -I O.(XX)() I.O_XX) 8.6734x1() 4
3 5.1(}3()xi() 2 .(XXX)xlO Is 2,0283xi() '_ 7,(XX)()x () I 2,(X)OOxlO-I ().(,XIXX) I.(XXX) 8.6734x1() 4
4 1.6()7()x1() 2 .(XX)()xI() _-s {_.9X4XxI() '_ 7,(XX)()x ().1 2.fXXX)xlO.I ().(XXX) I.(XXX) 8,6734x104
5 4.325()x1() -2 .(X)()()xl() is 24381x10 u 7.(XXX)x ().1 2.(X)()()xl0.1 0.(X)(X) I,()O(X) g.6734x104

6 5.g63()x I() 2 .(X)(X)x I 0 15 1.7330x I() '_ 7.(XX)()x ()J 2.(XXX)x I0 l O.(XX)O l .O(XX) 8.6734x I04
7 6,652()x1() ? .(X)()()xl() _s 1.4978x1() 9 7.(XX)()x ()-I 2.(XX)()xlO O.(X)0() I.(X)(X} 8.6734x1() 4
X 3.614()x I0 -2 .(X)()()x 10Is 2.9670x 10-'_ 7.(X)(X)x ()-I 2.(X)(X)x I() O.(X)0() I .(X)(X) 8.6734x I04
9 1.92 l()x I () 2 .(XX)()x I() I ._ 5.8022x I0 'j 7.(XXX)x i () i 2.(X)OOxI() O.(XX)O .O()(X) 8.6734x I() 4

(} 4,73()()x I() 2 .()()O()xI 0 -l-s 2.2(180x I() _ 7.(XX_()xI() 2.(XXX)x 1() (),(X)(X) .(X)(X) 8.6734x10 '_
I 6,769()x I() -2 .(X)(X)x I() S 1.4676x 0 -u 7.(XX)OxI() 2.(XXX)x l() ().(X)(X) .(X)(X) 8,6734x 104
2 2.504()x ()2 .(XX)()x I() s 4.3931 x 0 '_ 7.0()(X)x I(Y 2.(XXX)x I()- O.(XX)O .(XXIX) 8,6734x I()4
3 7.()630x (i 2 .(X)()()xl() 5 1,3961x ()_ 7.(XXX)xI() 2.(X)O()xl() O.(XX)() .(XXX) g,67_4xlO 4
4 4 ()42()x ().2 .(XX)()x I0- s 2,626,1x ()-o 7.(XXX)x I0 2.(XX)Ox 10- O.(XXX) .(XXX) 8,6"734x 104
5 2, 1150x 0 2 .(X)(X)x I() s 5.247()x OU 7.(XX)Ox I0 2.(XXX)x I()- O.(XXX) ,(XXX) 8.6734x I0 '_
6 7.25(X)x 0 2 ,(X)(X)xlO 5 1.3536x 0 _ 7.(XXX)xlO 2 (XXX)xlO (),(XXX) .(XXX) 8.6734xI0 '_
7 4.9250x 0 2 l.(X)O()xlO s 2.1107x ().u 7.(X)O()xl() 2.0(XX)xlO O.(XXX) .(XXX) 8.6734xi04
8 1.345()x ().2 I,(XX)OxI() s 8,3941x 0 u 7.(XXX)xI() 2.(XXX)xI()- O,(X)O0 .(XXX) 8.6734x104

It/ 7,4520x ().2 ,(XX)()x ()-s 1.3101x ()"_ 7,(X)()()xl() 2,(XXX)x O O.(XX)O .(X)(X) 8,6734x ()4
20 3,7170x ()-2 .(X)O()x O s 2.8779x ()"_ 7.(X)()()x I0 2.(X.)_X)x ().l O.(X)O() .(XXX) 8.6734x 04
21 5.563()x ().2 .(X)OOx () s 1.8399x ()"J 7.(XX)()x () 2.(XXX}x 0 -I O.(XXX) .(X)(X) 8.6734x 04
22 4.4()0()x 0 .2 .(X)OOx 0 -Is 2.3969x ().c_ 7,(XXX)x () 2.(XX)()x 0 -I O.(XX)() .(X)(X) g.6734x ()a
23 6.01()()x (1.2 .(X)O()x ().Is 1,6845x ()_u 7,(X)()Ox ().i 2.(X)(X)x ()-I O.(XX)() .(X)(X) g.6734x ()4
24 6,98()()x1() 2 .(X)(X)x ()Is 1.4157x ()_ 7,(X)()()x ()-I 2.(XXX)x ()-I (),(XX)() ,()(XX) g.6734x 04
25 6. l l()()xl() 2 .(XX)()x ().Is 1.652XxI() _ 7.(X)O()x ().I 2.(XX)Ox ()-I O.(X)(X) .(XXX) 8.6734x 04
26 5.693()x1() 2 .(X)(X)x ()15 1,7922x1() m 7,(X)()()x ().1 2,(XXX)x 0 "1 O.(X)OO ,()O(X) 8.6734x ()4
27 2,862()xI() 2 ,(X)(X)x ().I_ 3.k123xl(),_ 7.(X)(X)x ()i 2,(XXX)xlO i ().(XX)() .(XXX) g.6734x ()4
2X 4 149()x IO .2 .(XXX)x ()-_5 2.5522x I0 u 7.(X)OOx ()l 2,(X)tX)x I() -I ().(X)O() ,(X)(X) g.6734x ()4
29 1.426()x1() 2 ,(XXX)x (}-Is 7,9()31x1()-,_ 7.(XX)()x 0 ] 2.(XX_)xl() I ().(XX)() .(XXX) 8.6734x1() 4
30 3.214()xi() 2 .(XXX)x (l-is 3.3674xi(),_ 7,(XXX)x ()] 2,(XXX)xI() -_ (),(XX)O I.()(XX) g.6734xlO 4
31 2.6760x 1()-2 ,(X)(X)x I() -15 4,()946x () u 7.(X)O()x 0 2.00(X)x I() O,(_XX) I.(XXX) g.6734x 104
32 3.919()xi0 2 .(XXX)xI(} _s 2.7166x ()'_ "?.(XX)Ox () 2.(X)(X)xI()- ().(XX)() I.(XXX) g.6734xl() 4
33 4.5660x I() 2 .(X)(X)x I() _s 2.2963x ().u 7.(XX)Ox (1 2.(X)(X)x I() ().(XXX) .(X)(X) 8.6734x l() 4
34 3.458()x1() 2 .(X)(X)xI() is 3.1121x ()-'_ 7.(X)(X)x (1 2.(XXX)xI() ().(X)(X) ,(XXX) 8.6734x104
35 3.87_i()x l 0 2 .(X)(X)x I 0 15 2.741.ff)x [()_ 7.(XXX)x I0 2.(XX)()x I 0 O,()(X)() .(XXX) g.6734x I() 4
36 4.663()x 10,2 .(X)()OxI() ].s 2.2433x ()"_ 7.(XXX)x I() 2,(XXXIx lO O.(XXX) .(XXX) 8.677,4x I() 4
37 1.65()()x I() 2 .(X)()OxI() s 6.7962x ()') 7.(XX)()x I() 2.(XXX)x I() 0 (XXX) .(XXX) 8.6734x I04
38 6,753()x I() 2 ,(X)OOxIO s 1,47 I(_x ()u 7.(XXX)x I() 2.(X)()Ox10 ().(XX)() .(XXX) 8.6734x 104
. "_ "_ ' (X)O()x I() _"_9 6._3,,0x I() 2 • 1.6156x 0 -'_ 7.(X)O()x I()" 2,(X)()()x 10 ().(XX)() .(XXX) 8.6734x I() '_
40 5.474(1x I() 2 (XXX)x I() _ I,X739x 0 u 7,(XX)()x I() 2.(XXX)x I()- ().(X)(X) .(XXX) 8.6734x I() 4
41 6.35X()x I() 2 .(X)()()x I() _ 1.5786x ()'_ 7,(X)()()x I O- 2 (X)()()x i()- (),(X)O() .(XXX) g.6734x I() 4
42 7,146{)x1() 2 .(X)()()xl() s 1.377()x () t_ 7.(X)()()xl() 2,(X}()Oxl() O.(XX)() .(X)(X) X.6734x ()'_
43 4.4580x l() 2 .(XX)()x I() s 2,3580x ().u 7.(XX)()x I(1 2.(X)(X)x I()- ().(XXX) .(XXX) 8 6734x ()4
44 7.387()x I() 2 .(X)()()xI0- s 1,3239x () '_ 7.(XXX)x I0 2.(XXX)x I() ().(_)()0 .()(XX) 8.6734x I)'_
45 2.9730x I(1 2 .(X)()()x I() s 3,66()6x ()-'_ 7.{X)()OxI0 2,(XX)Ox l() () (XX)() .(.X_(X) 8.6734x ()4
•16 1.2610xi() 2 ,(X)()()xl() S _96'99x ()'_ 7.(_()()()xlO 2.(XX)()xlO O.(XXX) .()_XX) 8.6734x ()4
47 6,()51()xI() 2 .(X)O()xl() S 1.671,Ix (1"_ 7,(X)()()xl() 2.(X)OOxl() O.(XX){) .(XX_) X.6734x ()a
48 3.309()xi() -2 .(X)()()x]() s 3.2635x ()'_ 7.(XXX)xlO 2.(XX)()xI()- O.(XX)O ,(X_(X) _.6734x ()a
49 4 176()x1() -2 ,(X)()()xl() s 2,5341x ()"_ 7.(X)OOxlO 2,()O(X)xl() O,(X)(X) .(XXX) g.6734x ()4
5() 3.(151(1x1() 2 .(X)O()xl(} s 3.56()6x 0 '_ 7.(XX)()xI() 2.(XX)()xI() (),(X)(X) ,(XXX) X.673.1x ()4
51 1,818()x1() 2 .(X)()()xl() s 6,1451x ()m 7.(Xl()()xlO 2,(XX)()xI() I O,(XXX) (XXX) 8.673,1x {)4
52 6.Sll()xl() 2 .(X)()()xl() s 1.5356x ()_ 7.(XXX)xI() 2.(X)()()xl() -1 ().(XXX) (XXX) _.67t4x ()4
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Table B-2 1992 BRAGFI.O Compuled Variable Values for BACKFILl. (Concluded)

Run

_ _ Compressibility _ BCBRSAT _ _ tL._

53 2.052OxlO 2 I.OO(Xilx O- 5 5.4158xlO-9 7,(XXX)x () 2.0(XX)x 0 1 O.(XXX) .(XXX) 8.6734x104
54 6,44()()x 10 .2 I,(XXIOx '0 5 1.5553x I[1 9 7.[XXXIx O 2.(XXX)x 0 I O.(XX)0 .(XXX) 8,6734x (14

55 26330x10 2 I.(X)(X)x () 5 4.1656x1()-9 7.(XXX)x (1- 2.(XI(X)x 0 1 O.(X)(X) ,O()(X) 8.6734x 04
56 3,5470xl0 2 I,(XXX)x 0- .s 3,0278x10._ 7.00(X)x 0- 2.(XXX)x 0 1 0.(XXX) ,(X)(X) 8,6734x 1)4
57 1,9820xl0 2 I.(XX.)Ox 0 .s 5.6159x10-,_ 7,(XXX)x ()- 2,(XXX)x (11 O.(X,_X) .(_XX) 8,6734x 04

58 2.3880x 10.2 I.(YO()Ox 0 5 4.6186x I0 -'_ 7.(XXX)x O 2,(XX)Ox 01 O.(XX)() .OCXX) 8,6734x ()'_
59 5.7990xl0 2 I.OOOOx0 5 1.7549x1() 'j 7,(X)OOx O 2.(X)(X)x 0 1 O.(XX)O .(XXX) 8.6734x 04
6(1 69150x10 2 .O(X)Ox 0 -I,s 1.4313x10 _ 7.(X)OOx () 2,(X)OOx 0 l O.(XX)() .(X)fX) 8,6734x (1'_
61 1,5400xi0 2 .(X)O0x 0 15 7.2995x10 '_ 7.(XXX)x () 2,(X)tX)xlO 1 0.(XXX) .O0(X) 8.6734x 04
62 2,789()xl0 2 ,(XX)0._I0 15 3.9186x10 -9 7.(X)00x O 2.(XXX)xl0 -I O.O(XX.) ,(XXX) 8,6734x 04

63 5.2340x10 2 ,(XX)Ox ()-15 !,9713x10-_ 7.(X)O0x ()- 2,0000x10 l O.(XXX) .(XXX) 8.6734x 04
64 5,3500xl0 2 .(X)O0x ().l.s 1.9231x1() -_ 7.(XX)()x O 2.(XX)Oxl0 1 0.(XX)0 .00(X) 8.6734x 04

65 1.0820x 10 .2 .(XX)Ox 0 15 1.0495x 1()_ 7,(X)(X)x O 2.(XXIOx I0 -I 0.0(XX) .(XXX) 8.6734x !04
66 5,0410x10 2 .O(X)0x • 15 2.0563x10 9 7.(X)00x (1 2.(X)(X)xl0 1 O.(XXX) ,(X)(X) 8.6734x 04

67 3,3230xl0 2 ,(XXX)x 0 -15 3.2487x10 _ 7.(X)(X)x () 2.(X_(X)xl0 I 0.(X)00 .(X)00 8.6734x 04

68 2.2660x I0 2 .(XX)Ox 0 15 4.8807x I() _ 7,(X)(X)x O 2.(X)O(lx 10 -I O.(X)O0 ,(XXX) 8,673,4x 04
69 4.8950xl0 2 .(X)O0x 0 15 2,1251x10 '_ 7.(XXX)x 0 2,(XX)OxlO 1 ().(XXX) .O(XX) 8.6734x 04

70 5,3660x10 2 .O(X)0x 0 15 1.9166x1() -!_ 7.(XXX)x 0 2,(XX)0xl0 1 O.O0(X) .0(XX) 8,6734x ()4

B-32



Appendix B: BRAGFLO ReferenceTables

Table B-2 1992 BRAGFLO Ranks ot' Computed Variable Values for BACKFILL

Run
Porosity _ o.q.9___gessibiIib' B_ BCB_SAT BCGSSAT BCFLG

I 16, 55,
2 2, 69,
3 45, 26,
4 7. 64. .
5 36, 35,
6 53, 18.
7 61. 10.
8 29, 42,
9 10, 61.

0 4 I. 30,
I 63. 8.
2 17, I, 54,
3 66, 1, 5.
4 33, 1, 38.
5 13, I, 58,
6 68, !, 3,
7 43, , 28,
8 4. , 67. !.

19 70. , I. I. 1. !.
20 30. . 41. !. 1. I.
21 50, 21. I. !. I.
22 37. 34. I !,
23 54. 17, I. 1. ,
24 65. 6. I,
25 56, 15, I. ,
26 5 I, 20, 1, •
27 21. 50, I,
28 34. 37, I,
29 5, 66. I,
30 24, 47. I, 1.
31 19, 52. !. I.
32 32. 39. I, !,
33 39. 32, !. !,
34 27, 44. I, I,
35 3 I, 40, I, I,
36 40. 31, I, I,
37 8. 63. I. I,
38 62, 9. I. 1,
39 57, 14, 1. i,
40 49, 22. I. I.
41 58, 13, I. I. I.
42 67. 4, I. I, I,
43 38, 33, I, 1. I.
44 69. 2, I. 1, !.
45 22, 49, I, I, I.
46 3, 68, I, 1, 1.
47 55, 16, I. 1. I,
48 25. 46. I. I. I.
49 35, 36, I, I. 1,
5(1 23, 48, 1. I, 1,
51 9, 62, I, I, 1.
52 60, I I, I, i. 1.
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Table B-2 1992 BRAGI:I.O Ranks oI Computed Variable Values fur 13ACKFILL (Concluded)

Run

_N._ _ _ £'.__cssibility _ __ BCGSSAT _ /_._

53 12, , 59. I. I.

54 59, 12, I. i
55 18. 53. I. I.

56 28, , 43. 1. I,
57 !1, 6(). I, I,

58 15. 56, i, I.

59 52. 19. I. I.
6() 64. 7, I. I,

Ol 6. 65. I, I.
62 2(1. 51. !. I.
63 46. 25. 1. 1.
64 47, 24. I, I. I.
65 1. 70. I. 1, I.

66 44. 27. I. I. I.

67 26. 45. I. 1. I,
68 14, 57, I. I. I,

69 42. 29. I. I. I.
7() 48. 23, I. I. I. I.
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Table t3-2 1(,'-12BRAGFLO Computed Variable Value.', for CAVITY_I

Run

I .(X)(X) (XXX)x I () Io O.(XXX) 9.6790 O.(X.XX) O.(XXX) .(XXX) ().(X)(X)
2 ,(X)Oi) .(XXX)x () j() O,(XX)O 4,966Ox I() I O.(XXX) (),iX,K)() .(XXX) O.OiXX)
3 .(X)()() .(X)()Ox ()-IU O,(X)()i) 6.79(X)x IO I (),(XX)O O.(XXX) .(XXX) ().()fXX)
4 ,(X)()() (X)()(lx O1(} O(XX)() 5.1820 O,(XXX) O.(X)(X) .(X)(X) O.(X)(X)
5 .(X)()() .(XX)Ox()_(} O,(X)()() 4.()7l()xI0 1 ().(X)(X) O.(X)O0 .(XXX) ().O()(X)
6 ,(X)(X) .(XXX}x0 j(_ i),(X)O0 6.1420 O.(XXX) O.(X)O0 .(H)(X) (),(X)(X)

7 .iK)()() .(XXX)x()I° 0 (XX,X) I.()990 O.(X)(X) O.(XX)() .(X)(X) ().i)O(X)

F_ .(XX)() .iXXX)xO ]o ().(XX)O 6.448(I (),(XX)O ().(XX)() .(X)(X) O.O()(X)
9 (X)()() .(X)(X)x i)-Io O.(X)(X) 4.26 l()x I O I O.(XXIX) ().(X)OO .(XXX) O.(XXX)
li) .(X}()() .(X)(X)xli1 _(_ (),[XXX) 1,5170 (),(XX)() i).(X)Oi) .(X)(X) O.(X)iX)
II ,(X)O() .(XXX)xIO-l(_ O.(XXX) 5.1250xI()-i (}.IX)iX) O.(X)O() ,O(XX) O.(XXX)

12 .(X)(X) ,(X)Oi)xI0 l(J (),(X)()() 7.496() O,(XX}() O.(XX}O (XXX) O.O0(X)

13 ,(X)O() (XXX)xI()Io 0 (XXX) 2.2490 O.(XXX) ().(XX)O .(X)(X) O.(XXX)
14 .(X)O() ,(XX)OxIO _(_ ().(XKX) 3.()620xI()_ O.(XX)O (),(X)()O .(XXX) ().(X)(X)

15 .(X)O() .(XXX)x10 I{_ O (X)i)O 4.462()x IO I O.(XXX) O.(XX)() .(XXX) O.O()(X)
I _ .(X)()() ,iX_()(),,IO j() ().O(X)() 5.3590xI()l ().(XXX) (),(XXX) .(XXX) O.(XXX)
17 ,(X)()() .(X)(X)xI0I° ().(XX)O 5.9190 ().(XXX) O.(XXX) .(XXX) O.OOiX)

IR (X)()O .(X)t)()xI()t(_ O.(XX)O 5,873(}xI()] (),(XX)O O.(XXX) .(X)O0 ().O0(X)
It9 (X)/)() .()t)(X)x I O](_ ().(X)(}() 2.(X)5() O.(XXX) O.[WXX) .(XXX) O.(XXX)
2() .(X)O() (XX)(ixI0 io O.(X)()() 6.7(19()xI()I O.(XX)O (}.(XXX) .(XXX) O.O()(X)
21 ,(X)()O .(X)(X)xIi)Io ()(X)()() 2,259()xI()-1 (),(XX)O O.(XXX) ,(XXX) ().(XXX)

22 ,(X)O() .(xX)Ox IO IO O.(X)O() 1.434() O,(X)(X) O.(XXX) OO(X) O.(X)(X)
23 ,(X)()() .(XXX)xI()IO O.(X)(X) 7,099() O.(X)(X) ().(XXX) .(XXX) O.()O(X)

24 .(X)O() .(XXX)xI0 I(_ (),(X)()O 4.3270xI0 I O.(XXX) (),(XIXX) .(X)(X) O.O()(X)
25 (X)()i) I.(XX)()xIO i(_ ().(X)()() 2 76 I() O.(XX)() O.(X)(X) I.(XXX) ().(X)(X)

26 .(X}()() I.(XX)(}xI()Io O.(X}O0 5.266(I (I,(XXK} ().(KX)() I.iKXX) ().O()(X)

27 .(XX)() I,(XXX)xIO I(_ (),(X_()O 8.3330 O,(XXX) ().(X)()() l.(X)(X) ().()():X)
28 I,(X)(X) I (XX)_)xI()I(_ ().(X)()() 7.946(I ().(XXX) ()(XX}O I,(XXX) (),()()()0
29 1.(X)(X) I .(XXX)x I () ]o O,(XXX} 6.()4 I(}x I() I (),(XXX) O.(X)(X) I .(XXX) O.O()(X)
30 I.(X)()() .(X.X)()x1O j() (),(X)O() 2.()(14()xI()I (1,(_)()()O.(XXX) I.(XXX) (I.()(XX)

31 I .(X)()() ,(X)(X)x I0 Io O,(X)()() 3.316()x I() I O.(X.XX) ().(XX)() I .(XXX) ().Of)iX)
32 1,(X)()() ,(X)()OxIO lo O.(X)()(} _.8_(X) O.(X)(X) ().(XXX) 1.00(X) O.O(XX)
33 I .(X)()() .(XXX)x IO _(_ O.(X)()() 5.22(X)x IO _ (),(XXX) ().(XXX) ! .(XXX) O.(X)(X)
34 I .(X)()() .(X)(X)x I() _1_ i).(X)O() 8.6520 O (XXX) O.(XXX) 1.(XXX) 0 (XI(X)
35 I.(X)O() .(X)()OxI()io ().(X)O(} 3.94"70xI()-I O.(XXX) O.(-XX)() ,(XXX) (),O0(X)

36 I .(X)O() (X)(X)x I0 lo ().(X)i)() 2.75(X}x I(} I O.(XXX) O.(XXX) .(XXX) O,(XXX)
37 I,(X)O() ,(X)O()xlO to O,(XX){) 6 97_() i).(XX){) O.(XY,)() .{XXX) {),Oi){X)
3b; I,(X)()O (X)O()xI(}I(_ O.(X)()O 2.964() O.(XX_) O,(X)(X) .(XXX) O.()()(X)

39 I .(X)OO .(X)O()xI() io O.(XX)() 2.606()x I() I ().(XX)() ().(XX)() .(XXX) O.(XXX)
40 1.(XX)() .(XX)()x I() -I° O.(X)O() 2.416(Ix I() I O,(I(X)() O.(XX)() .(XXX) O,(X)(X)
41 I.(X)(X) .(X)O()xlO i() ().(X)()O 5,749()xlO I ().(XXX) O.(X)O0 .(XXX) O.O(XX)
42 I.(X)()() .(X)O()xI0-l(_ (),(X)()() 5.4840xI()I O,(X)(X) O.(XXX) ,(XXX) O.(XXX}

43 l,(X)(X) .(XXX)xI()-j(_ O.(X)()() 4.()()(X) O.(XXX) ().(XXX) .(X)(X) O.(X)(X)

4,1 I .(X)(X) ,(XX)()x I O"Io ().(X)(K) 3.6050x If) I O,(XX)O O.(X)(X) .(XXX) O.()(}(X)
45 I.(X)()() .(XXX)x()-i(_ O(X)()() 3.239()xI()_ O.(X)()O ().O(X)() ,(}(XX) O.(XXX)

46 I.(XX)() .(XX)OxOi° O.(}(X)O 4 606Ux I(YI O.(X)O0 O.(XX)O .(XXX) O.O()(X)
47 I.(X)()() .(X)OOx0i° ().(X)O() 3.4760 O.i)(X)() O.(XXX) .(XXX) O.(X)(X)

4_ I.(X}()() .(X)O()x:0I° O.(X)()O 7.7080 O.iXXX) ().(X_(X) .(X)(X) O,(X)(X)
49 l,(X)i)() .(XXX)xO _(_ O.(X)(X) 3.7530xI0 i O,(XX)O O,(XX)O .(XXX) O.(XXX)

50 I.(X)()() .(X)()()xO-io O.(X)()() 3,539()xI0 i O.(}(X)() O.(W)(X) .(XXX) O.()()(X)
51 I.(X)O0 ,(xX)i)x()._o O.(X)O() 5,6()(X)xI()i (),(X)()()().(XXX) ,(XXX) O.O0(X)

52 I.(XX)() .(XXX)x()io O,(X)()() 3.237(I O,(XXX) O.(XXX) .(XXX) (}.i)O(X)
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"Fable B-2 1992 BRAGI"IX)('omputed Variable Values h)r CAVITY. I (Concluded)

Run

53 I ,(X)(X) I .(X)(X)x f)-to O.(X)(X) 67410 O,(XX)O (),(XXX) .(XXX) ().(XX)()
54 (XH)() ,(XXH)x().I() ().(XXX) 4.72(X)xI()t ().(XXX) O.(XXX) .(XXX) (),(X),()()

55 ,(XX)() (XXXJx()lo O,(X)()(} 6.5(130x I() J (').(_)0()().(XX)O .(X),(X) (),(,W)(X)

5_ (X)()() ,(XXX)x0 i() ().O(XX) 4,848(1 O.(XX)(} ()(XX)() ,(.X}(X) ().()_)0()
57 .(X)()O .(XXX)x()-to (,).O0(X) 9.21 I0 ().(XXX) O.(XX)_) ,(X)(X) ().(X)(X)

58 .(K)()() .(X){X)x(Jl,'J O.(XKK) 6.4()(;0xI()I ().(XX}O O,(X),().() .(,W)()) (),(g)()()

59 ,(XX)O .(X)(l,()x()-io O,(XXX) 8.9580 ().O(XX) O.(X)(X) ,(X)(X) ().(X)()()
6() ,(X)()() .(X)(X)x()to O.(XXX) 9.8620 (),O'(_X) ().()'()()(),(XXX) O.(X)()()

61 .(XXK) ,O(}()()xO l(,_ O,(_XX) X,(I,,.IV()xll)I ().(XXX) ()(X_)() .(X)(X) (),(XX_()
62 .(X)(H) .(W)O()x ()1(_ O.(}()(X) 2,8630x I()l O.(X)(X) ().(XXX) .(XXX) (),(X_()()
63 ,(XX)() ,(XXX)x I() I(_ ().(XXX) 3,7540 (),(XX)() O,(XX)() ,(XX)) (}.fXX)(_
64 .(X)O() .(XXX)xI()io O,O_XX) 2.4950 0,0'00() O.(XXX) .(XXX) ().(),(1)0
65 .(XX)() .(X)(XIx I() 1_ 0 (XX)t) 2.54 I()x I()I O.(XX)O () (XXX) .(XXX) O.(XX)()
66 .(X)()() ,IXXX)xI()I(_ ().(X),(X) 6.9150xI(1t O.(XX)() ().(X)(IO .O,(XX_ ().(XX)O
67 (XX)() .(X_.W)xI0 t() O,()O(X) 5.5890 O,(X)O() ().(XXX) .(X)(X) ().(X)()()

68 .(X)()O .(XXX)xI0 io 0 (XXX) ,-I,52()() (),(XXX) ().(XXX} .(XX)() O.(X)O()

69 .(X)()() .(XXX)xl()j(j O,(XX),() 4,3270 (').O(KK) O,('K),(XJ .O,O(X_ 0.()000
7(1 .(),(XX) .(X),(X)xlO-t() O.(X)(X) 6 2770x lO-i O.(XXX) ().(XHX) .(X)(X) 0 (X)()()
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Table P,-2 It_92 V,I,tA(;FI,() Rank,,ot ('_,mputcdVariable Values f,, ('AVITY I

Run

I h9
2 21
3 34.
.1 52.
5 i5,
6 56
7 37.

57.
9 16.
1() 39.

12 61.
13 41.
14 8,
15 18.
16 24,
17 55.
I_ 28,
19 40.
2O 33.
21
22 38
23 6(1.
24 17.
25 43,
26 53
27 64
28 63.
29 29.
3(} 1
31 I().
32 66.
33 23
34 65.
35 14,
3(, 6.
37 59.
38 44
39 5
4O 3
41 27
42 25 1.
43 48 I.
44 12 1,
45 9. I.
46 It). I,
47 46. I.
48 62. I.
49 13. I,
50 I1. 1,
51 26. I.
52 45. I,
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_I (Concluded)

Run

IN_ _F'orosity Permeability Compressibility ][3_EXP [3_..Q_BR_.._'kT_TBC_SAT.T_ BB__(7.FLG 13(_._2"PCT

53 1, 58.
54 1. 20.

55 I. 32.
5(_ 1. 51.

57 I. 68.
58 I. 31,
59 1. 67.

60 1. 70.

61 1, 36.
62 I. 7.

63 1. 47.

64 1. 42.
65 1. 4.

66 1. 35.

67 I. 54.
68 I. 50.

69 I. 49.
70 !. 30.
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Table B-2 1992 BRAGI:I.,O Computed Variable Values for CAVITY 2iull

Poro&i!S I'_ f_mDr, si ihl

I 1,(X)O0 1.(X)OOxI (')-Io O,(XX)() 9,6790 O.(X)OO O,O(XX) 1.00(g) 0.(X)O0
2 1.00()0 I. O()()Ox1()_I_) ().(XX)() 4.9660× l O I O.(XX)O O.()(RR) I .()O(X) O.(X)Of)
3 1.fX)O() I .(X)O0x I O"m 0.0000 6.79()0x I O"I 0.0000 O.(_)(X) 1.(X)(X) O.(X)O(I

4 I .(XJO0 I .(X)OOxI(Y _(_ O.(KK)(I 5.1820 0.(X)O0 O.0(XX) 1.()O(X) 0.(XX)O
5 l .(X)O(} I .(X)O()x1(')-m 0.0000 4.0710x l 0 1 0.(X.X)O 0.()000 I .fX)(X) O.(X)O0
6 1.(X)O() I .(X)O0x I f)-if) (}.(X)(X) 6.1420 0.(X)O0 O.OOfX) I .O(XXJ O.(X)()O
7 1.(X)()O l .(K)O0xl O )o O.(XXXJ 1.0990 0.0()00 0.0{XX) I .O(XX) O.(X)00
8 1.(X)()0 I .(X)OOx!0-1o O.(XX)() 6.448(i) 0.(X)O() O.()0(X) 1.00fX) 0.0000
9 1.(X)O0 I. ('X)O()x1O Jo 0.(XX)0 4.2610x 10 I O.(X)O0 O.(XXX) 1.(X)fX) O.(X)00
10 I ,(X)O0 I ,(XX)0x 1O"_(_ O.(X)()0 1.5170 0.00()) O.O0(X) 1,0OO0 0.0()0(/
I l 1.0000 I .(X)OOxI O j() O.(X)O() 5.1250x I0 I 0.(X)00 O.00(X) 1.00(X) 0.('X100
12 1.(X)O0 1.0fXX)x I 0 1o O.[X)O() 7.4960 0.(XXX) O.O0(X) I .(XXX) O.(X)00
13 1.0000 1.(YO(X)xI (1-Io O.(X)O0 2.2490 0.0000 O.O(XX) I .OO(X) O.(XX)O
14 1.0000 1.(X)OOxI O Io O.(X)O() 3.0620x I O I 0.(X)O0 (}.00(X) I .O0(X) (I.(X)00
15 I .(X)O0 1.(XlO()x IO-IO O,C)O00 4.4620x IO-i O.(X)00 0.0()()0 1.00(X") O,(X)O(I
16 l .(X)O0 i .(XX)0x 1O Io 0.0000 5.3590x 10"I 0.00()0 O.(XXX) 1.00(X) 0.0000
17 i .(X)00 I .O(X)Oxl O Io O.(X)(X) 5.919,') 0.O0(X) 0 00(X) I .OO(X) 0.(X)0()
18 1,(YO00 I .(X)OOxI O I c) 0 (X)O0 5.8730x I O; O.(XX)O O.(RX_) I ,()O{X) 0.0000
!9 I .(X)()O l .(X)O0x I O Io 0.000() 2.(X)50 0.O(XX) O.O(XX) I .(X)O0 O.(X)00

20 I .(X)O() I .(X)O0xI 0 lo 0.O(100 6.7090x I O I () (X)O(I O.(XX,_) 1.0(XX) 0.00()()
21 I .(X)(IO I .O{X)Oxl O-JO O.(X)O0 2,2590x l(l ] O.fX)(X) 0.0000 I .(X)O0 0,(_000
22 I .(X)()() I .O()(X)xI O-J0 ().0000 1.434(I 0.(X)O0 O.0tR)O 1.00(X) O.(X)O0
23 1.(X)f)O I .(XX)0x I 0 1o 0.(D00 7.(N90 0.fX)O(I O.(XO00 1.00(X) O.(X)(IO
24 I .(X)O0 I .(X)(10x10 m O.(XIO0 4.3270x I 0 I 0.00(X) O.O(XX) 1.00CX) 0.fX)00
25 I .(XIO0 I .(X)(X)x l O Jo ().(X)O0 2.7610 0.0000 O,O0(X) 1.0(XX) 0.(X)00
26 I .(X)O0 .00(10x 1O lo 0.(X)O0 5.2660 0.(X)O0 0 O0(K) 1.00(X) (I.(X)O0
27 I .(X)00 .(X)O0x10-_o (I.(X)(10 8.3330 0.0()(X) O.(X)00 1.00(XJ 0.00(10
28 1.(X100 .(XX)OxI (1 Io O.(XX)0 7.9460 0.(X)O0 O.(XXX) I .(X)(X) 0.0000
29 1.(XJO0 .fX)()0x I O If) 0.(X)()0 6.0410x I O 1 0.(X)O0 O.(X)(X) I .O()(X) O.(XI00
30 I .(X)()() .(XJ(lOxI O-IO O,(X)O0 2.(XI40x 1O _ O.(X)O0 O,O(XX) 1.0000 O,(XX)O
31 1.(X)O0 .(X)OOx1O ;o O.(XX)O 3.3160x 1O _ 0.(X)(X) O.0(XX) I .(X)(XI () (X)O(/
32 1.(X)00 .(X)O0x I 0 J() f).(YR)O 8.8800 0.O(XX) O.(XXX) 1.fkO00 O.(X)O(I
.33 I .fX)O(I .(X)()OxI O Io 0.(_1(10 5.22(XJx I 0 l 0.00(X) O.0(XX) 1.00(X) ().(XX)()
34 I .(X)O0 .0000x l O I(_ O.(X)(_0 8.6520 0.O(){X) O.00(X) I .O(XX) O.(XX)O
35 1.00(1(/ .(X)O()x1O-{I) O.(X)O0 3.9470x 1O { 0.(.K)(X) ().(XI(X) 1.00(X) 0.(X100
36 I .(XI(XI .(X)()Ox1(I -Io 0.fX)()(I 2.75(Y0x IO-I 0.(X)O0 O.O(XX) 1.0000 O.(Y00(J
37 J.(X)()() 1.(XlO0x l (1 IO O.(X)O0 6.9780 ().(X)()O O.()()(X) 1.()(XX) O.(X)O0
38 1.(X)O0 I .(XX)(Ix l O-IO O.(X)O(I 2.9640 0.(X)0fl (I (XXXJ I .O:;(XI O.(X)O0
39 1.(X)()0 1.(X)(X)x I O Jo 0.(X1(10 2.6060x I O I 0.0000 0.0000 1.00(X) O.(X)O0
40 1.0000 1.(X)OOxI O Io (I.(XJO() 2.4160x 1O I 0.0000 0.O()(X) 1.00(X) O.fX)()O
41 l .(X)O0 1.0000x 1()-_) O.(X)O(/ 5.7490x lO-I 0.(X)(X) 0.(._)00 I .(X)fX) O.(X)00
42 l .{X)O() 1.0000x l (I-m O.fX)O0 5.4840x 1()-I 0.(XX)O O._)(XI 1.00(X) O.(X)00
43 I .(X)O0 I .(XX)0x 10 m 0.(X10(/ 4,0000 0.(XI()() O.O0(X) I ,(XXX) O.0(XX)
44 1.0OO{) I .(X)OOxI (l-zf) O,(X)O0 3.6050x IO _ O.(X)(X) O.O('DO 1.0OO0 0,00(1(I
45 1.(XX)() I .(X)O(Ix1O lo O.(X)O0 3.2390x 1O I 0.(XX)O O.(X){X) I .(XJfX) O.(XJ(XI
46 l .(XX)0 I .()Y)O0x1O IO 0.00()0 4.6060x I O"I O.(XXX) O.fX)(X) I .(XXXI 0.0000
47 1.0{)()0 I .(X.)()()x1O IO O.(X)(I() 3.4760 0.(X)O() O.(X)OO I .(X)(X) O.(X)O0
48 1.0000 1.(X00(Ix1(i-Io ().(IX)()() 7.7080 O.(X)(){I O.0000 I .O0(X) O.(X)O0
49 l .(XXIO I .OOflOx1f) IO 0.(XJ00 3.7530x I O-I 0.(X)(X) O.O(XX) 1.00(X) O.(X)(IO
5(/ I .{X)O() 1.(X)O0x I (Y 1o f).(XlO0 3.5390x 1O-I 0.(X)O(I O.(X)fXI 1.0(XX) 0. fX)O(I
51 1.(X)(I(] I .(X)O0x10 -Jo ().(X)()() 5.60(XJx 10-1 0.fX)(XI ().0{K)0 I .(X)(X) 0.(X)O0
52 I .(X)O0 1.(_)fl0x 1()-_o 0.()O00 3,237(I 0.(XX)(I O.('XXX) 1.(XKX) O.(X)O0
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Table B-2 1992 BRAGFI.O Computed Variable Values for CAVITY_2 (Concluded)

Run

_LY Permeability Compressibility B_ BCBRSAT BCGSSAT BCFLG B(7 PCT

53 .(X)O0 .(X'){X)xl O IO O,(XX)O 6.74 I0 O.(XXX) O.(XXX) .(X)(X) O.(X)()()
54 .0000 .OOOOxI O Io O,(XX)() 4,72(}0x I O I O.(XX)O O,OO(X) .(XXX) O,(XX)()
55 .(X)O() ,OO00x lO IO O.(XX)O 6.5030x lO 1 O.(X)OO O,O0(X) .(XXX) O,(X)()()
56 .(X)O0 ,O(X)OxI O io O.(X)()O 4.841_0 O.(XXX) O,(XXX) .(X)(X) O,(X)O()
57 .(X)O0 .(X)OOxI 0 Ic) O.(X)O() 9.2110 O.(X)O0 O.(X)(X) .(XXX) O.(X)()O
58 .OO(X) .O(R)Ox1O lo O.(XX)O 6.4060x I O I O.(X)(X) O.(X)(X) .(X)(X) O,(XR)O
59 1.(X)OO .(X)OOx1() lo O.(XX)O 8.95X0 O.(XX)O O.()O(X) .(_XXJ O.(X)O0
60 1.(X)OO .(X)OOxl O Io O.(X)(X) 9.g620 O.(XX)() ().(X)(X) .(X)(X) O.(X)()O
61 I .(X)O0 1,(X)OOxI O I(J O,(X)(X) 8.0490x I O-] O.(X)()() O,O(XX) ,O0(X) O.(X)O()
62 1.(X)O0 I .(X)OOx O Io O.(XX)O 2.8630x I 0 l 0,0()00 O.OO(X) .OO(X) O.(X)O()
63 1.(X)O0 l .(XJOOx 0 l° O.(X)O0 3.7540 O.(XX)O O.00(')0 .00(_) O.(X)()()
64 I .(X)()O 1.(XX)Ox 0 i° O,(X)OO 2.4950 O.(X)OO (),(){XX) .(X)(X) O.(X)()()
65 1.0000 I .(XXX)x O io O,(X)O0 2.5410x IO i O._X)O0 O.(){XR) .(X)(X) O.(X)O0
66 1.(X)O0 1.(X)(X)x O-1o O.(X)O0 6.9150x 1()-I O.(XXX) O,O{X)O .O(XX) (),(X)O0
67 I ,(X)O() I ,(X)(X)x 0 1° O,(X)O0 5.5890 ().(X)O0 O.O(XX) .(XJ(X) (),(X)O0
68 I .(X)O0 1.(X)OOx 0 1° O,(X)O0 4.5200 O.(X)O() O.O0(X) .(X)(X) O,(XX)O
69 1.0()()0 l ,(X)OOx 0 1° O.(XXX) 4.3270 O.(XX)() O.(X)CX) .O(XX) 0.(X)O0
70 I .(X)O0 I .(XX)Ox oi° O.(XX)O 6.2770x I0" I O.(XXX) O.(XXX) .(X)OO O.(X)O0
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_2

Run

No. Porosity Permeability Compressibility BCEXP I_CBRSAT BCGSSAT BCFLG BC PCT

1 I, 69.
2 1. 21.
3 I. 34,
4 1. 52.
5 1. 15.
6 I. 56.
7 I, 37,
8 1, 57.
9 1, 16.
10 . 39,
il 22.
12 61.
13 41.
14 8.
15 18,
16 1. 24,
17 I. 55. I.
18 1. 28, I.
19 1. 40. I.
20 1, 33. I.
21 1. I. 2. 1,
22 1. 1. 38, I. 1,
23 1. !. 60. 1. 1,
24 1, 1. 17, 1. 1.
25 1. 1. 43. I. 1,
26 1. i. 53, I. I.
27 1, I. 64. I. 1. I.
28 1. 1. 63. I. I, I,
29 1. 1. 29, I, I. 1.
30 I. 1, I, 1. I. I.
31 1. 1. 10. I. I. I.
32 I. 1. 66. 1. I. 1.
33 1, I. 23. I. . 1.
34 I. 1. 65. 1. .
35 !. 1. 14. !, .
36 1. !. 6. i,
37 1. 1. 59. I. .
38 1. I. 44, .
39 1. 1. 5, .
40 1. 1. 3. ,
41 1. 1, 27.....
42 1. 1. 25....
43 1. I. 48.
44 1. I. 12. .
45 1. 1. 9. .
46 1. 1. 19. ,
47 1, !. 46. .
48 1. 1. 62.
49 I. I. 13. .
50 I. 1. 11.
51 1. I. 26.
52 1. I. 45.
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Table B-2 1992 BRAGFLO Ranks of C'omputed Variable Values for (.'AVITY 2 IConcluded)

Run
12__.mJl_ l_.n.e__.N!ib: C.__ Ii(2LX['. ILCI3_R_SA!" t!_X_T _. t&(EJX21"

53 58.
54 211.
55 32.
56 5 I,
57 68,
58 31.
59 67.
60 711.
61 I, 36,
02 I. 7.
63 I, 47.
64 I. 42.
85 I. 4.
66 I. 35. I.
67 1. 5,1. I.
68 I. 50. I.
69 I. 49. I.
70 I. 3(). I.
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Tahle I]-2 1992 BRA(;FI..()Computed Vmiable Values for ('LII..IZBRA

l_ LIII

F_._,,!1_r::_it._ Ikt:u_.thi_b.b: .(-e_,_:_.,_,ibilib_ IWL.SI' Lt£_l_,__.hI tLCICi_._.Y.I_CELC.; IK'.I_'.(I!;

1 143()x1()I 2.()991x1(1j'_ ._795x() " 7(xx)()xl() 2.(x)()()xl()_ 2.(x)(x)x{) .(xx)() 3.(1253xl(r_
2 822()x1() _ 2.()991x1() 14 ()gSgx ()9 7.(X)()()xl()- 2,(X)O(lxl() I 2.(X)(X)x (1 .(_)()() 3()25_,x1(} 4
3 726(1x1(1 I 2()gt,_lxl() I'_ .1602x :().u 7 (X)()(Ixl() 2.(XX)()xI() I 2.(XXX)x () .(XXX) 3.(125_xl(r _
4 .284()x1(1 2.()9qlxl() ]4 .64'_7x ()u 7.(X)(X)xl() 2.(XX)()xI() _ 2.(XXX)x (} .(X)()() !.()25 _x1()_
5 .22()()x I() 2 ()991x1(1 14 .7,151x () u 7.(XX)()xI() 2.(XI()(lxI(F I 2.(X)(Xlx () .(X)()() 3.()25_,xl(r _
fi 7,R_()xl() 2()q9 xl() 14 .l151x ()u 7.OW)()()xl() 2(X)()()xl() I 2.(XIX)x () .(X)()() 3.()253x1() 4
7 .2()M)xl() 2()9u XI()14 .7683x ()u 7.(X)(X)xll) 2.(XXX)xI() I 2.(XXXlx () (X)()() 3.()25Lx1() 4
8 {)-t5(1x1() 2()q9 x 0 14 2()792x () u 7.(X)t)(lx!¢_ 2.(X_X)xI() 1 2.(XXX)x {) (w)()() 3.()253x1(14
9 21()Oxl(} 2099 x ()14 I 7616_ ()'_ 7(X)(XIxI() 2.(XX)(IxI() I 2.()()(X)x () .(X)()() 3.()253x1() 4

() h3.1()xl() 2()')9 x ().14 1.23't(_x ().u 7.(X)()()xl(} 2(XXX),_I() I 2(X)(X)x () .(X)(X) 3()253x1(} 4
I 788(1x1() 2.()99 x ()14 I.ll13x ()'_ 7(X)()(lxl() 2.(WXXlxI(t 2.(X)(XIx () .iX)()() 3.O25_x1(14

2 374¢)x1() 2.(1U9 x ()l.l 1.5215x n '_ 7,(xxxix () 2.(xl(Xixl() 2(xXX)xlil- (xx)() 3()253x1() 'l
3 I.ll5()xlil 2099 x (1 i,l I g_33(ix (l" 7.(xxx)x (I 2(l(x)(ixlO- 2,()(HX)xl() .(xX)() 3.0253 I() 4
4 1.259()xlo 2()9c_1x (!.14 1.6833x ().u 7.()_x)()x 0 I 2.(xx)()xl() 2.(xXX)xl()- .(x)()() 3()2__ I(I 4
5 1()75()x1() 2()991x (i '14 211142x1() '_ 7(x)()()x () 2.(xXX)xl() 2.OO(X)xl() (XX)_) 30253 1()"_
t, 1.229()x I(1 2.(),tt,_lx IO 1"1 1.73()5x I() u 7.(x)l)()x () 2.(xl()(lx i() 2.(xXx)x I() I.(XXX) 3.()253x (I4
7 1.4,16()x10 2(1,:)91x10 I'_ 1.4333x1() u 7.(x)()()x () 2.(X)()()xl(I 2(xXX)xl() l I (XX)() 3()253x !(}a
8 1.782()x () 2 (,}qlxl() 14 I.I 15Uxl() '_ 7 (x)()(lx () 2 (x)(X)xl() 2.()(xx)xl() 1 I (w)()() 3.()25_,x 104
9 7.6(12()x (1 2 2.()991x1(1 la 2.9519xli) '_ 7.(wl()i)x () 2.(x)(X)xl() 2.(xXX)xlO -I ()_10() 3.()257,x (14

2() 2()52(1x ()l 2 ()9_lxl()1,1 93619x1() i,_ 7.(xl()ilx (_ 2,(x)()()xl() 2.{xXx)xl() -I (XX)() _.()253x (1_
21 I.()5()()x (1 _ 2 ()991x1() 14 2.(x_82xl() '_ 7 (Xli)()x () 2 (x)()i)xl() 2.txxXlxl() i .(x)()() ._()253x (?
22 1.311()x (i i 2.()991x1() 14 ] (,()¢,_-,xI()u 7 (x)(l(h (i 2 (x)()(lxl() 2.(xXXlxl() (X)()() ,1()25_x (r1
2.1 I ,122()x () 2 (F,,)lxl() 14 I 4617x1(I '_ 7.(x)()()xl() 2 (_xHlxl() 2 ()(XXlxI(I .(X){)() -_(125_,x (14
24 I.,151()x (1 2()t)glxli} _4 i..1275xl(lU / (X)()()x l() 2(X)(){)xl() 2(XIYXlxI() .(X)()() 3()25_,x ()4
25 2.(1341)x (1 2.()gt_lxl() 14 t,_,lhhSxl() I_, :(Xl(lilxl() 2.(X)()()xl() I 2()(XXIx (1 (X)()(} _ (125_x (I4
2G '..()7_()x I) 2 (F_t) x I() 14 U 2134x1(} I_ 7 (Xl()ilx I() 2 (X)(XhI() I ) ()(XX)x () (R)()() 3 1)25.'_x (),I
27 (_47()x () 2()q9 xll) 14 1.227% It) U 7(X)()()\I() 2.(X)()()xl() 2.(XHX}x () (W)()() _()253x (t4
2,_ .8_9(1x (I 2.(D9 x I() 1,1 1.()385x I{) '_ 7 (X)()(),,I(1 2.(X)()ilx I() 2.(XXXlx () (X)()() t ()2_,x (1'_
2U .55,1()x l} 2.(_09 x I() 14 1.3163x l)" 7(Xl(l(lxl() 2.(X)()()xl() 2(X)(K)_ () (XX)() 3()253x ()_
3() h()2()x(! 2 (X)t)X 10 14 121-15x (1'_ 7 (_)()()xI() 2 (XX)()xI(1 2.(XXX)x(1 .(XX)() ._()253x()'_

_1 ()2()()x i) 2()t)t) xl() i,_ 2 13_<_\ () '_ 7(x)()()xl() 2(XH)()xI(} 2()(H)_)x () (X)()() 3()253x ()a
32 224()x I() 2()9 t) x ()14 I 7.'_Xhx (1 '_ 7 (_()()()xI() 2 (l_HXlxI() 2.i)(HXlx (1 .(RX)() 3.()25 _x (),1
31 .255()x1() 2.()9U X ()14 1.6R95x (t 'a 7(WX)(),,I() 2(XX)()xI() 2()(RXIx (1 .(X)()() !.()253x ()4
34 45,R(}X]() 2()9t}X ()14 1.4195X (lu 7.(X}i)()XI()2(X)()()xI() /(X)(Xlx() (X)()()3(1253x (}4
35 2()2i()x1() 2.()9g x ().14 9,543Xx ()_u 7 (X)()()\ I() 2(XI(X)xI() 2.(XXX)x () (X)()() 3.()253x ()4
!h 1 71_()xl() 2()';9 x ()14 1¢,68x ()u 7(Xl()()xl() 2.(XI(X)xI() 2(XXX_x () .(X)()() 3()251_,x ()4
37 l.()t)9()x I() 2 ()t)glx O 14 .c)()4_X (1 '_ 7 (X)()()\ I() I 2 (X)()(b I() 2 (X)(XIx I() 1 I.(X)()() 3 ()251x ,1)4
3,_ 1.19N)xl() 2()991x (1 14 .7852x ()') 7(X)(I()xI() I 2(XX)I)xI() 2()()(X)xI() _ I.(X)()() 3()253x (14
39 1.?,28()x1() 2()991x ()14 .5829x ()u 7(X)()()xl() I 2.(X)()()xll) 2.(X)(X)xI() I (X)()() 3.()25tx ()4
4(I 1.916()x1() 2.()gUlxl() 14 .()2()4x ()'_ 7.(X)()()xl() 2(X){XIxI() 2(XXX)xI() 1.(X)O() 3.()253x (}4
41 1.431()x I() 2 (1991x1() _4 451()x1(1 '_ 7 (X)()(}x I() 2 (X.X)(h I() 2.(X)(X)xI() I.(X)()(I 3.(1253x ()4
42 9.562()x()2 2.()991xi(114 2.2955xll)U 7(X)()()xl() 2._X)_X)x.O 2.()()(X)xl().(X)()()3.()253x()4

43 1.215()x {)1 2.()991x1()._4 1.7533x1(),_ 7.(X)()()xl() 2.(XX)()x () 2,()(XX)xI() .(X)()() 3.()25._,x ()'_
44 I 5uq)x ()1 2.(F)91xl()-}4 1.278{)xl(l.u 7(X)()()xl() 2.(X)()()x () 2.()()(X)xl() (X)()() 3()25._x ()4
45 1.617()x ()1 2.O991xlO 14 1.2553x1() `_ 7.(XI(H)xI() 2.(XX)(Ix 0 2.(XXX)xI() .(X)_)O 3.()25_,x ()4
46 I 368()x O I 2.O991x1() _4 1.5293x11) -'_ 7(_()()()xl() 2.(X)()()x () 2.(IO(X)x () .(K)O() 3.()253x (}4
47 7.999()X ().2 2.(F)91XI()-14 2 793Ox1()-9 7.(XI()OxI() 2.(X)()()X 0 2.O()(X)X () .(X)()() 3.()253x (14
41"; 1462Ox ()t 21(X)t)lxl()-I,l 1.41,49xl().u 7.(XH)()xI() 2.(X)O()x 0 I 2.(XXX)x () (XX)() 3.()25_x ()4
49 1.231()x ().1 2.(F)qlxlO-14 1.7273x1()-9 7(X)()(}xl() 2.(X)()()x ().1 2.(X)(X)x () .(XX)() 3.(1253x (14
5() 64()50x 0 .2 2.(F)91xl()-_4 3.55()2xI()̀_ 7.(X)()()xl()2,(X)()()x()i 2.(X)(X)x() (XX)() _.()253x()a

51 I.()65()x ()1 20991x1(114 2.()355xl().u 7 (X)()(),,I() 2.(X)()()x (}_ 2.()(XX)x () (X)(X) 3.()253x04
52 2.4520x ()I 2.()991xi0.i,_ 742(_8xl{)-lu 7.(,R)()()xl()2(X)()(lx()I 2.(XXX)x() .(X)()()3.()253x(r_
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'l';Jble !]-2 1992 I{RA(;FI .O Computed Vari;ible Values liar CLJI.Iil]RA (Ccmcludedl

Run

53 1.61X()xl()1 2.()gt_lxl() _'1 1.2544x1()-'_ 7.(X)()()xlO 2.(XXX)xI() i 2.(XXX)x() .(X)()() 3.()253x (),1
5,1 2.18,1()xlOD 2.O991x1(1i4 8.(_449x1()Io 7 (X)(X)xI() 2.(X)()Oxl() t 2.(XI(Xlx () .(l()()() 3.(12._3x{)4
55 1.793Ox1(1 2.()991xlO _'} 1.1(175x1()'_ 7.(X)ll()xlO 2.(X)()t)xI() l 2 ()()(X)_IO .(X}()() 3.(1253x 04
.% I.(_}7()xl() 2.O991x11)14 1.2.'_53x1(1'_ 7.(XXX)xI() 2.(X)(Xlxlt) I 2.O()(X)x(1 .IX)()() 3.(1253x()4
57 1.488(1xi() 2,(F_Olxl() 14 1.3858x11)'_ 7.(XX)()xl() 2(X)()()xl() I 2()()(X)x (1 .iX)O() 3.()253x 1)_
58 1.784()x1() 2.()9_)1x1(1i4 I.I 144x1() '_ 7.(l_)()()xl() 2,(X)(l(lxl() I 2,O()(X)x() .(XX)() 3.()253x (),1
59 1.4()9(IxI(1 2.(199 x I() -14 I 477.% ()'_ 7.(XXX)xI() 2.(X)()()xI()I 2,(XXX)x () .IX)()() 3.()253x (14
¢,() 9"187()x1()- 2.()99 xl()14 2.237()x ()'_ 7.(X)()(lxl() 2.(XX)()xl() I 2.(X)(X}x()- .(X)()() 3.()253x ()4
{,I 1.171()xl() 2.()99 xl()1,1 1.8286x ()'_ 7.(X)O()xl() 2.(XX)OxI()1 2(X)(X)x () .(XX)() 3.O253,_(1_
(_2 1.781()x1(1 2.()99 xl() -14 I.II(_7x ()'_ 7.(XX)(IxI() 2.(X}(l()xlO) 2.O()(X)_() .()(X)() 3.()253x 04
63 1.151()xl() 2099 xl() 14 I,_,.17x (1"_ 7(X)()()xl() 2.(X)(X)xl() _ 2.()()(X)_() .(X)()() 3,(1253x()4
(_4 1.624()x1() 2.099 xl() 1'1 1.2488x ()'_ 7.(XX)()xl() 2.(X)()()xl() I 2.(XXX)x () .(XX)O 3.()2._3x (14
65 I.(X)4()xl() 2.()99 x ()_4 2,1744x (1'_ 7.(X)()()xl() 2(XXX)xI()_ 2()()(X)x () .(XX)() 3.()253x O_
{ff_ 2.O(_2()x1() 2.()99 x ()l,I 9.3()43x ()-i(_ 7.(Xl(l(Ixl() 2.(k)()¢)xl()1 2,O()(Xlx (} .(X)()O 3.()2.S3x04
67 2 387()x1(1 2.(199 x O _4 7.6971x ()_) 7.(X)_)()_I() 2,(x)()(lxl() _ 2.(Xl(Xlx (1 .(XX)() 3()253x ()4
68 1.238()x1(1 2.()_)9 x (114 1.71(_lx ()'_ 7(XXX)xI() 2.(X)(X)xI()_ 2(X)(X)x O .(IX)() 3.()253xL(14
__9 I 78()()x1() 2.()99 x ()_4 I 1175x () '_ 7.(X)()()xl() 2.()_X)()xl()I 2.(X)_X)x() .(X)()() 3.O253x1(I'_
70 I (_17()xl() 2.()991x O I,_ 1.25_3x1(1'_ 7.(X}(l(lxl(I 2,()O(X)_I()I 2,(_XX)x O .IX)()() 3J)2_3x _()4
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values tbr CULEBRA

Run
_. Penneabilit_ Compressibility _ BCBRSAld BCGSSAT _ BC PCT

I 14. 57, . I. I.
2 60. II, I, 1.
3 52, 19. I. I.
4 28. 43. 1. I,
5 21. 50. I. I.
fi 56. 15. I, 1.
? 18. 53. I. 1.
8 8, 63, I, I,
9 19. 52. I. I.
O 48. I. 23. I. 1.
I 58. I. 13. I. I,
2 32. I. 39. 1. 1,
3 ! a. i. 58. I. I.
4 27. 1 44. I. I,
5 II. I. 60. I. I.
6 23. 1. 48. I. I.
7 36, I. 35. I I.
8 55. I. 16. I. I.
9 2. 1. 69. I. I.

20 65. I. 6. I. I.
21 9. l. 62, I. I,
22 29. !. 42. I, I.
23 34. I, 37, I. I.
24 37. !, 34. I. I.
25 64. i. 7, 1, I.
26 67. I, 4, I. I.
27 49. 1. 22. I. I.
28 61, 1, 10. I. I.
29 4 I. !. 30. I. I.
30 50. 1. 2I. I. 1.
31 7, I, 64. I. I,
32 22. 1, 49, I. 1.
33 26. I. 45. I. 1,
34 38. 1. 33. , I.
35 63. I 8, , I.
3'5 51. I. 20. . I.
37 12, I. 59. . I.
38 17. !. 54. . I.
39 30. 1. 4 I. . I,
40 62. I. 9. . I.
41 35. !, 36. . 1,
42 4, I. 67. . I.
43 20. I. 5 I, . I.
44 42, 29. . !.
45 43. 26, I, I.
46 3 I. 40. I, I.
47 3. 68, I. I.
48 39. 32. I. I.
49 24. 47, I. i.
50 I. 70, I. I.
51 10. 61, I. I. !,
52 70. I. I. I, I,

B-45



Appendix B: BRAGFLO ReferenceTab',_s

Table B-2 1992 BRA(]FI.O Ranksof (.'ompuled Variable Values t'orCUH_BI_A (C_mcluded)

Run

53 46. I. 25. 1, I.
54 68, I, 3. I. I.
55 50. I, 12, I. I,
56 43, I, 26. I. I.
57 40 I, 31, I. I.
58 57, 1. 14, I, i,
59 33. I. 38, I. I.
6() 5. 1. 6{1. I, I.
61 16, I, 55. i, I,
62 54. I. 17. I. I.
63 15. I. 56 I. I.
64 47, I. 24, I. I.
65 6, I. 65. I. i,
66 66 I, 5. I, I,
67 69. I, 2. I. I.
68 25, I. 46. l, I.
69 53, 1, 18. l, I.
7() 43, I, 26. I. I.

B-46



Appendix B: BRAGFLO Reference Tables

'rable I! 2 1',)_2 I'IRA(;FI,() {,.'(mq[_uledVariahle Value_ fi_ CLILI!ItRA II<ut_

_,
|._r_U.L__..d.!iJjb:I 1' '

I 1,1_()x1() () (X)_X) (),(X)OO "7(X)_XIxI(I _ 2,I)I'){X)_I(}-J 2.(X_X)x I{) I I .(XI()(} O.(Xll)O
2 N22(K I() I) (XX)r} I,kIXXX) 7.(XX)I)x II) J 2,(XXX)_ II) I 2 (XXX)_IO I I.(XXXI I).(XiIX)
:L 72_"()_I() fl (X)_)()' () (XX){) 7(XXX)_ I() I 2(XlOOx I() I 2.(X)OOxI() _ I (XXX) ().IX)()()

,1 .28,11)xI() (I (1()()1) (I (XXII) 7.(XXXIx Ill I 2.(XXX)x I() I 2 IXXX)x I() I I .()(XX) ().(XX)()
_i 221){)_I() (1(XX}(} (L(IOO() 7.(XI(X)x I(J I 2 {XX)OxI(I I 2.(k)_X)_ I(l I I,(XXX) (I.(XX)()
_ 78 _()xI() () (X)()() (),(XXXI 7,(X)(XIx I0 I 2 (XX)(I_ I(I I 2 (X)(X)x I() ; I ,(XX)() (1(XXX)
7 2(ll}(l_ I() I).(XXX) (),(XXX) 7,{XXX)_I() 3 2,(XX)I)x I() J 2,(XXX)_ I0 J I,(XXH) () (XX)O
g .(MSOx I() () (XXl() O.(XXX) 7,(X)l)(}x I() I 2,(XX)()_ i(),J 2.(kX)Ox I0 I ! (XX)() ().(X)()()
{1 1,2 IIXI_ 10 O.(XX)() O,(XX)() 7.(XXIOxI().l 2,(XXX)x I1) I 2,(XXIOxlO i l .(XX)O O,(X)()(i
I() i 67,4l)_ I() (),(XX)() ().O(X)O 7,(XXIOxI()I 2,(X)()O_I()I 2.(XXXIx I0-1 I,(XXX) O.(XX)()
I I I 788l)_ I() ().(X)()O ().(XX)O 7,(X)O(lx I()I 2.(XXX)xi() I 2.IX)(X)x I0,1 ! (X)(X) O.(XX)()
12 I _74l)_ I() O.(I(X)() (L(X)(X) 7,(XXX)_I()I 2 (XX)()xIO' I 2,(){,XX)xI()-I l ,(X.X)O O.(lO()()
13 I, I 15(),_1() (),IX)O(} 0 (XXX) 7,1X)OOxI()-_ 2.0_XX)_I()" _ 2,(XX.X)xI() I I .(XXX) O.(X)O0
I ,l 1.25(_0_ I() ().(XX)() 0 (XXX) 7.(XXXIx !0 _ 2.(XX)()_ I() ; 2.(XXII)x I0-t
15 I ,()75()_ I() ().()_XX) O.(X)()O i .(XXX) O,(X)()()
I0 I "_'_tt 7,(XI_X)x I()-I 2.(XXX)x I()f 2,(X)OOxI0 I I .(XXX) O,(X)()()

.... ()_ I () I),l X)()() ().{X)()_) 7.(X_O{),_I() I 2,(X)O(lx I () I 2.(X)O0,_1O-I I .(XXX) O.(X)(X)
I 7 1.4460x I() (),(XX)() (I (XX)() 7.(X)OOxI_) I 2,(XXEIx I 0 1 2,(X.XX)xI O-I l .(XXX) O,(X)O()
18 1,782l)_ i() O,(XX)O (1(X)()O 7(XXXk I{1 I 2,(XXXIx I0-1 2.(XX)O_I()_ I .(XX)O (I (X)IX)
It) 7 o()2l)× I() 0 (X)(){) (),(X)()() 7 (XX)()._I() i 2(XX)()x lO.I 2,(XXXIx I0-1 I.(XXX) O,(XX)o
2() 2 (1520x I()- o.(l()()() ().(XX)() 7,(xxx)_ Ill I 2.(XXX)_ I() I 2,(XXX)x lO..I I .(XXX) O.(X)O0
21 1.0500_ !0 0 IXX)() () (XX)O ?.(XXXIx I()-_ 2.(XXXIx I ()-_ 2 ,(XXX)_I O I I ,(X)(x) O.(XXXI
22 1.311(Ix I() ().{X)()() ().(XX)(} 7,(X)IX)_ I0.1 2.(XXX)_ I() _ 2,(XXX)_ I() _ i ,(XXX) O,(X)()O
23 I 4220_ I0 O,(_X_) () (XX_) 7.(X_)O_I()-_ 2 (X)(XIx I0 _ 2.(_X_)_ I0_ I.(XXX) 0 (_X)
24 1.45 I(l_ l(l _ ( ) r ( _ )( )( ) (') ' ( _ R )( ) 7,1XX){)_I() 2.(XXX)xIO I 2.(XXXIx I() I I .(XXX) 0 (XX)()
25 2,()34()_ 1() I 0 (X)fX) (I IX)IX) 7 (X)()()_I l) 2 (X_')(I_I () I 2.(X){X)x I0 I ! .(XXX) O,{XX)O
2fi 2.()7_(1_ 1(1-1 ().(X)O() (),O(X)(I 7 (X)(_'I_If) 2,(XXXI_ I() I 2.(XXX)x I()) I .(XX)() (1(XX)O
27 1'647()x I0 1 ().(XX)() (I.(XI(_) 7 (XXXIxI(} 2 (XXX)_I() _ 2 (X)(XIx i() i I,(XXX) (),(X_X)
2R I b;_;9(),_j{) I O,(X)O() ().(l()(}() 7,(X)(XIx I(I 2,(XX)()_ I(1-1 2 (XXX)x I(),1 I ,(XXX) O,(XXX)
29 1.55d0_ I0 1 ().(X)IX) O(XXXI 7 (XXX)_I() 2.(XXX)x Ill I 2.(XX)O_I() I ,(XXXI O,(XXXI
30 I ,(}62(1_l() I f) IXX)O 0 (XXX) 7,(XXX)x I() 2,(I(XX)x I() i 2 (XX)()_I0 I ,(XX)O O.(X)(X)
31 I.()2(1(_ I() _ 0 ()<X)() () (X)()() 7 (k)(X)_ I() 2,(XX)Ox I1) t 2 (kXX)_II)-_ ,(XXX) OIXXX)
32 1,224()x I() _ O,(X)(X) (I (XX)() 7(k)(l()x I1) t 2 (XXX)_I() i 2.(XXX)_I0- _ .(XXX) ().(XXX)
33 1,255()x I() I 0 (XXX) (L()OI){) 7 (X)(X)x I() I 2 (XX_')_I() I 2.(XXX)x I()-I ,(XXX) O.(XX)O
34 1.4580._ 1() I () (XI(X) ()(1()(}() 7.{X)_X)xlO _ 2.(XXXIxl(} i 2.(xX_)xl(), I .(X)_) (),(x_)()
35 2,021()_ I() _ () (_)(l(} ().(X)()() 7.IXXX)x I(),_ 2.(XX_)_ I(1-_ 2.(XXX)x I()- _ (XXX) O.(XX_)
36 1.71N()x J() I () (XX)(} () (k)()() 7,IX)()_)_I() I 2,(XXX)xI()I 2,(XXX)_,I()l r ( _)( ) { ) . { _ R _ )

37 I ()gt)(l_ I() I ()IX)()() () (N}()() 7 (X)O()._I() I 2.(XX)I.)_I() I 2,(lO(X)x I() I .(XXX) O.(XXX)
3g I. I t)6()x I() I () {X)()() () (X)()() 7 (X)lllh, l I) I 2 (XXX)_,I O I 2.(X){X)x l()-I .(XX)O () (XX)()
-_) 1,32_()_ I() J 0.(_)()() () (X)I)() 7 (X)()()_I() I 2,(Xl()Ox i() _ 2.(XX)Ox I(1 _ I,(XXX) (1(XX)O
4() I Ylbl)_ ll) I () ()_)0{) ()+(X)(I() 7 (Xl()(lx I() 2 IX)(X)_I(l_ 2.(XXX& !0 I I (XXX) (I(X)()()
4 1 1.43 I{)x I() I () (X)()() () (X)()() 7.(XX)(Ik 1(I 2.(XXX)x I()1 2,(XXX)x I()I I ,(XXX) ().(XXX)
,12 t),562()_ i() 2 (1 IX)()() () (X)()() 7.IX)(XIx I() 2.(_)_ I() I 2.(XX)O_!(). I I.(XXX) ().(_X_)
•13 1.2 IN)x I() I () ()_XI(I f) IX)()() 7(X)IX)x I() 2.(XX)Ox I() I 2.(XXXIx I() I i ,(XXX) () (XX)_)
44 1,593(1x I() _ () (X)()() () IX)()() 7,(X)()()_I() 2.(XXX)_ I().l 2.(X)t)OxIO I I ,(XXX) O,{I()(X)
45 I .t'}l 7l)x I() I (),IX)()() i'){X)D{) 7 (XIIX)), I1) 2,(XX,I()._I() I 2 {_X.XIxI(,l I I (X)(X) {} (X)(X)
46 1.368()x I(1 I () (X)O() (I (XI(){) 7.(X)l)Ox II) 2,(XX)(JxI()I 2.(XXXIx I0-1 I (X)(xI O.(XXX)
47 7,t)Ut)l)x I() 2 ()IX)()() (),(X)()() 7.(X)()()_ I{) 2,(X)()()x IO.I 2.(XXX)x II)-I I ,(XX)O (I,(XXX)
48 1.4f)2(1._Ill I () (X)()() () (X)()() 7.(X)()()_ I()1 2.(XXX)x I(1 1 2.(XXX)x I() I ! .(X)()O ().(X)O()
49 1,231()_10 _ ().(X)(I() ().(X)()() 7 (XX)()x I().} 2 (X)()()_I()-_ 2.(X)(X)x I(), I I ,(XX)O ().(XX){)
5() _ -t()5()_ I() : ()IX)()() () (X)()() 7 (X)ll()_ I() I 2(X)()()_ I() I 2.fXX)t)x I0 I I .(XX){I () IX)l)()
51 1.1)65()_I(I I () (X)()I) () ()_)()() 7 (X)()()_I1) I 2.(X)O()xI() I 2.(_X_)_ IO I I ,(XX)_) (),(X)(X)
52 2 4521)_1() I q.(X)(X) (1{X)()() 7(X)()()_ I() I 2(XIO0_ I() I 2.(X)_X)xI() I I.(XXX) (I,(X)_X)
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Table P,.,,2 I_)U2 FIRA(;FI.() ('mnputcd Variable Values lm CttI.FII]IL,_ I ((.'unvluded)

RIlI1

53 I {_lX()xl() I ().(X)()() L)(X)(X) 7 ()I(R)_I() I 2 (XXX)x {} 2 ()){X)_]() I i,(XR}{) ().(l(}()(I

54 2, Ig,l()x I() I (),(X)()() ().(R)(X) 7.{1()(}{)_I() I 2 {l(XX)x () 2,(X)(){)xI() I (XXX) {)(X)()()
55 1.79t()x I() -I ().(X)(X) {) (){XX) 7.(X)()()_,I() I 2.(XX)()x () 2.(X){R)xI() I ,(XX){) () (X)()()
5{, I {_lT()xl() I ().())()() ().(XR)) 7 (XX)(i_I() I 2 (X}{X)x () 2,(XXl{lxl() -I (X)){I ().(XX)()

57 1.4gX()x I() I () (R){)(} () ()()(X) 7.(X)()()_ I{) -I 2(XXX}x {) 2 (kl(R)x I(I I .(kl(l() () ()l()(I
5g I 7t44()xl() I ().{X)(X) ()/XXX) 7.(X)(Xlxl() I 2(XXX)x (1 2.(XXX)xlI} I (IX)() ()(I(R){)

5l) 1.4()q(}xll} 1 ().(X)()() ()(}()(X) 7.(X){)(Ixl() I 2 (X){R)x {) 2.(XRRIxI() I .(X)(X) ().(1()()()
{_() 9 7g7(lxl(I 2 {),(I(1()(} (I.(XXX) 7.(X)(l()xl() I 2,(XR}Ox () 2.(XXR)xI() 1 .(R))() I)(l()()()

{_I 1 171()xlO I ().(X)(X) ().(Xl(l() 7.(X)()()x I() I 2,(XXllx () 2.(XXX)xI{) I (XR}(} () (X)()()

{i2 I 781()x1(} ().(X)()(} ().l)()(l() 7.IXXX)x I() 1 2 INXX)_ () 2(XXX)x )() I .{XX)(} () (X)(}O
_'_3 I 151()xl() ()(X){}() ().{I_){X) 7.(X)()()xl{) 2.()XX)_ {) 2(XX)()xlO t I.(XX)() ().(X)()(}
64 1.624Ox1() O.(X)()() ().(XXX) 7.(XXX)_,I() 2 (XXX)x () 2 (XXX)_Ifl t I.(XX)() (),(X)()(}
65 I.(X)4()_ I() ().(XI(X) ().l)()(X) 7 (XXI(Ix I()- 2.(XXXIx () 2.(XXXIx I() I I .(I(XX) {I.(XX){)
66 2 ()N2()_,I(I ().(X)O() ().(XXX) 7.(XX)()x I() 2.(X)()Ox () 2.(XXX)x 1()I i .(XX)() () (X)()()
67 2 3X7()xl() (}.(XX){} (}.(X)(X) 7.(X)()()_l{) 2 (XXX)x () 2.(XXXlxl() l I,(XX)() {}_X)()()
6X 1.23X{)x I() () (XX)(} ().(X)(X_ 7.(X)()(),, I (} 2.(XXX)x () 2 (XXX)_I() l I .(XXX) ().(X)()()
(,_) I 7X{)()x I() O.(X)()() () (X)i)q 7.(XX)Ox I() 2.(XXXIx () 2 (XXXIxI() I I.(XXXI l) (XXI(I
7() 1.61?()x I()- () (XXX) () (X)(XI 7.(XX)()_I() 2 .(l(IOOx () 2 (XXXI_ I() i I .(XXX) () (X)()()
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"TableB-2 IOO2BRA(;FI,() Rank,,¢,f (.'ompuled Variable Values fearCUI,I-I]RA I

Run

I 1,1. 1,
"_ 60.
3 52.
4 28

21.
6 56.
7 18, I.
X 8. I,
9 19 I. I.

() 4X. I. I,
I 5X I
2 32. I.
3 13. I.
4 27. I. I,
5 II I. I.
6 23 I. I,
7 36. I, ,
8 _5. I.
9 "_ I,

2O 65. I.
21 9, I.
22 29. I.
23 34. I,
24 37, I,
25 64. I,
26 67. I.
27 49. I,
211 61, i,
29 41, I,
30 5O I. i.
31 7, I, 1.
32 22. I, I,
33 26. I, 1. I.
34 38, I. I. I.
35 63, I, I, I.
36 51, I. I. I,
37 12. I. I, I.
38 17, i, I, 1.
39 30, I, i. I,
4(1 62. I. I, I.
41 35, I. I, I.
42 4. I. I. !.
43 20, I. I. I.
44 42, I. I. I.
45 43. I. I, I,
46 31, I, I. 1.
47 3, I. I, I.
48 39. I. I, i.
49 24, I. I. I,
50 I. I, I. i.
51 IO, I, I, I.
52 70. I. I. I.
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'l'_d_le13-2 It_tl2 I]RAGFI.() Rank,,_t ('t,uqmlt, d Variable Values for CLTI.I-I]RAI ((',mchJdcdl

Run

53 41_ I
5,1 {_8. I.
55 59, I

57 40 I,
5x 57 1.
5q 33 I.
B() 5, I. I,
_1 I t_, I. I
62 5,1. I. I.
63 15. I. I, I.
1>1 47. I. I. I.
65 t_ I. I I.
_ 66. I I. I. I.

f_8 25. I, I I, I,
6t_ 53. I I I, I.
70 43, I, I. I, I
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Table I]-2 1092 BRA(H:I.()Cnmputed Varmble Value,, tor CUI,I!t]I,',A_SI-AI.

Run

b__, 15a_,'b: l_ztn._thLlib __tb. k)__ 13.c2It_L_ lkf,;._&.:.__,,'xYfK:EL(5 #91'.__

1 2(XX)OxI() I (X)O(lxl0 8 3.3 31xl()Io 7.(XXXIxI() 2.(X){X,)xI() O(XXX) I.(XXX) t_.4f_f_Sxl()_
2 2.(X)OOxl() _ .(XXXIxlO 8 3.3 31_1() 1() 7.(XXX)xlO 2.(XXX)xI(I ().(XX)O I,(XXX) U4('_65xl() _
3 2.(XX)OxI() I (XXX)x I(.1 _< 3,3 31xl() I° 7,(XXX)x I0 2,(XXXIx I() ().(XI(X) I .(){)(X) 9.46f, Sx I() s
4 2,(X)(l()xlfl l (XXX)xI()- s 3,3 31xl(} I() 7.(XX)OxI(I- 2(XXXlxI() O,(XXX) IDO(X) q.4(_)Sxl() _
5 2 (X){X)x I() I .(XXX)x I() _ 3.3 31xl() l° 7 (XXX)x I() 2 (XXXIx I1) ().(X)O() I .(XXX) 9.4(')65x 10 _
6 2.(X)()()xl() 1 .(XXX)xl0 _ 3.3 31xl()I{) 7.(XX)flxl() 2,(XXX)xlfl O.(XX)O 1.(X)(X) 9.4(ff)5xl() s
7 2 (XX)(lxl() .(XIX)()xI() l)< 3.3 31xl() l° 7.(XXl_lxl() 2.(XIXXIxI() (),(X)(X) I.(XXX) t).4b(')SxlOS
8 2.(X)l)(lx I() .(XXXIxl0 I_ 3 3 31xl() I_) 7 (XXX)_I() 2.(X)OOxl()- O.(XXX) I.(X)(X) O.46f)Sxl() _
9 2.(X)IXIx I() .(XXXIx I() 1_ 33 31xlO _(_ 7 (XXXIx 1(1 2 (XX){)x I1) (1(X)(X) I ,(X)OO 9.4665x I(1_

1) 2(X)()llxl() (X)O()xl() I_ 3_ 3Ix () In 7(XXXIxI()- 2.(XXXlxlO ().(X)(X) I,(XXX) 9 4605x1() _
I 2(X)()()xl() .(XXX)xlO I_ _.._, 3ix (I _'_ 7,(X){X)xI() 2(XX)4)xI() ()(X){X) I.(XXX) 9,lf165xl() _
' 2.(X)()(lxl() .(XXX)xI() I_ _,3 3Ix (1 _(_ 7,(_XX)xl() " (X){X)xI() ()(XX)O I,(,XXX) 0.46(_'_x1()s
3 2.(Xi(l(lxlfl .(XXX)xI() l)< 3.3 3Ix ().1o 7,(XXX)xI() 2.(XX)OxlO O,(X)()() I.(XX)O 9.46flSxl() s
4 2(X)O(lxl() .(XXXlxI() 1)_ 3.3 3Ix (11() 7,(XXX)xI()- 2.{.XXXIxlO -I (I.(XXXi I,(XIX)O u.4665xl() _
5 2(X)l)()xl()' .(X)()()xl() )s 33 3Ix ()-I() 7(X)(XIxI() 2(XXXIxI() ().(X)(.)() 1,0(XX) 0,4665x1() _
(, 2(X)()OxlO- .(XXX)xI() _)_ 3.3 3Ix ()l() 7.(X)(X)xI() 2.(XXXIxlt) O.(XXX) I.O4){X) 9.4(565x ()_
7 2,(XX){Ixl() (X)(X)xI() _ 3.3 3 x ().1() 7.(XX)(Ix () 2.(XX)O_I()- O(XXX) I.(XXX) 9,4665x ()_
8 2(X)()(lxl() .(XXX)xI(Y _)_ 33 3 x () I_ 7.(XXXlx () 2.(XXX)xIO- ()(XXX) I.()()(X) 9.46flSx 0 _
t_) 2.(X)()llxl() .{X}(){)xl() 1_' 3,3 3 x (1In 7.(XXXIx 0 2.()_XX)xl0 (,)(X){)O I.(XXX_) 9.4665x (1_

20 2(X)OOxl()' .(XXX)xI() I_ t313 x (11° 7.(XX)(Ix (1 2(XXX)xlO O.(X)O() ! ()(XX) 9.,_,¢_5x 05
"1 2.(X)()llxl() (XXX)xI() 11< "_.31:_ x (1 _o 7.(XX)()x (1 2.(X){X)xI0- O.(XXX) I.O{XX) 94665x ()"
22 2(X)O(lxl()- .(XXX)xl0 1_ 3.313 x )it) 7,(X)(X)x O 2.(X)(){)xl() ().(XXX) ,(.)()(X) 9,46_)5x (1_
23 2.(X)(l()xl() (X)()()xll) I_ 3 313 x 11_{) 7.(X)OOx () 2,(XXX)xI() (}.(XXX) ,(XXX) o.4065x (1_
24 2(x)()(lxl() (XXX)xl() _ 3.313 x .'3_ 7.(XXX)x () 2(XXX)xI() O.(XXX) .(XXX) 9,4(_65x (1_
25 2(_)()Oxl()- .(XXX)xI() 1_ 3.313 x (1 I() 7(XX)')x () [X)(X)xI() ()(XX)() .(){XX) 9.4bbSx ()_
26 2.(X)(X)xI() ()()(X)xl() _s 3._13 x ()I_) 7.(XX)_)x 11- 2.(XX)()xI()- ()(XX)() ,(XllX) 04f_b5x 1)5
27 2.(X)i)(lxl() (_.XXIxl())8 3 313 x 11_ 7.(Xlili)x 0 2_(XXXlxl() tl,i_X)() .(t(XX) U.4665x ()_
2_ 2.(X)()()xl() l.(X)()OxlO I)_ 3.313 x ()_ 7.(XX)(h, 1)- 2{XXX)xI()- ().(XX)(} ,()(XX) 9.4r_65_ 0 -_
29 2 (_.)()()xl() I.(X)()(.lxll) 18 3313 x (1 I, 7.(XX)Ox () 2(XXXIxI() ().(XXXI .(XRX) 9.4665x;0 -_
3() 2.(X)()(lxl() I,(X)(X)xI() 1_ 3313 x ()_u 7.()O()()x () 2.(XXX)xlO ()(XXX) ,(X){X) 946_5x (15
31 2(X)()(lxlO I,(X)IX)xlO _ 3.313 x 0 1() 7,(XX)IIx () 2.(XXX)xI() ().(XXX) .(XXX) 94665x ()s
32 2.(XX)(IxI() 1.(X)O()xI(Y I)_ 3.313 x () _ 7.(X)(XIx () 2JXXX)xl() ().(X)()() .()O(X) 9.4665x (I s
33 2.(X)OOxl() I.(.X)(X)xI() I)4 3.313 xl )._u 7.(XX)flx 11- 2,(XXX)xI() ().(_XX) ,(X){X) 9.4665x (15
34 2.(X)(XIxIO I.(X)()()xlO _ 3,313 x ()_u 7.(X)()()x (1 2.(X)(X)xI() ().(XXX) .(X)(X) 9.46¢)5x (1_
35 2 (X)()Oxl() I.(X)()(lxl() 1)_ 3.313 x (1 _u 7,(X)()(lx (') 2.(XXX)xI()- O,(X)(X) .(X){X) 9.4665x 05
36 2.(X)()()xlO I.(X)()Oxt() _ 3.313 x t) _() 7(X)()()\ (1 2.(X){X)xI() ().(X){X) .0{){X) 9.4665x 0 _
37 "/.(X)()()xlO I.(X)()Oxl() _ 3.313 x () _(_ 7.(X)()llx () 2.(XXX)xI() ().(X)()() .(}(XX) 9.4665x ()_
38 2.(X)OOxl() I.(XX)(Ixl() _ 3.313 x ().lu 7,(XX){)x () 2.(X)(X)xl() ().(X)()() .(XXX) 0.4665x (1_
3t,_ 2.(X)O()xl() I.(X)()Oxl(I 1_ 3313 x ).lu 7(X){X)x (1 2.(XXX)xI() ().(XXX) ,O()(X) (4.4665x (1s
40 2.(X)()()xl() I.(X)(X)xI() _)4 3.313 x )._u 7(X)()()x (1 2.(X){X)xlO ().(XX)() .fXXX) 9.4665x ()_
41 2,(Xl()(lxll) I.O{XX)xI0 1_ 3.313 x 0 I() 7.(XX){Ix i) 2.(X){X)xlO ().(XX)() ,(X){X) 94665x 05
42 2.()()(X)xl() I.(XXX)xl0 _)_ 3,313 x ()-_u 7.(Xl()(lx ()- 2.(){)O()xlO ().(X){X) .(XXX) 0.4665xi() s

43 2,(X)O()xl() l.{XlO(lxlO lg 3.313 x (1.1o 7.(XXI(lx (1 2.(XX)4)xlO O.(X){X) (XXX) 9,4665x1(} _
44 2.(X)OOxlO I,(XXXIxI() I)4 3.313 x ()I_) 7.(X)()(ix O 2.(XXXixI() (),(XXX) .(XXX) 0.4665xI0 _

45 2,(X)()Oxl0 .(X){XJxI() -I_ 3.313 x ().1() 7.(X)()()x ()- 2.(X){X)xI() O.(X)()() .0{XX) 946/_5x1() _
4(_ 2,(X)()()xlO .(X){X)xlO_ 3,313 xl )I() 7,(X)()()x () 2.(X)(X)xI() (}.(XX)() ,(XXX) 94(_5xI() s

47 2.(X)()()xl() .(XX)()xlO 1_ 3.313 x ().1() 7(X)()()X () 2.(X)O{)xlO O,(X){X) ,(X){X) 94(')65x10 _
41_ 2.(X)()(lxl{) .(X)OOxl() _ 3.313 x 0 )() 7.(XX)()x () 2.(XX)()xlO ().(XXX) .()O{X) 9.46fi5xlO _

49 2.(X)()()xl() .(X)()OxlO 1)_ 3.313 x 0 _() 7.(X)()()x () 2.(X)(X)xI() ().(X)O() .(XXX) 9.4665xl() s
50 2.(XX)OxI() ,(X)OOxlOl_ 3.313 xl) I() "7.(X)(X)x () 2.(X)(X)xI() O.(X)OO .O{_X) 94665x1() s
51 2.(X)(X)xI()- .(X)O()xl0 18 3.313 x () _() 7.tX_,14)x() 2.(XXX)xlO ().(XXX) ,O(XX) 9.4665x10 _
52 2(X)()Oxl()- .CX){)Oxl01_ 3.313 x 0 _() 7.(X)(X)x () 2.(XX){)xlI.) O.(X)O() ,(XXX) 9.4665x10 _
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Table B-2 1992 BRA(IFI.(] Computed Variable Values for CUI.EBRA SEAL (Concluded)

Run

Po_ Penneabi!ib' Cm_.r¢ssibi!ib' _ BCBRSAT BcGSsAI "B___C_EI_

53 2.(X)O()xl() .(X){X)xI() -I_ 3.313 xl() 1(_ 7.(XXR)x ().1 2.(XXl{)xl() O,(XXX) .(XXX) 9.4665x ()s
54 2.(XX)OxI() .(XX)OxIO TM 3.313 x}() -I(_ 7.(XX}()x ()-I 2.(XXX)xt() O,(XXX) .(X)(X) 9.4665x ()_
55 2.(XX)Ox () ,(X){)()xl() IR 3,313 xl() 10 7.(XXX)x ()1 2,(X){X)xI() O.(XXX} .O()X) 9.4665x ()_
5(1 2,(X)()()x O .(X)OOxlO TM 3.313 xl() 1() 7.(X)O()x ()l 2.(XX)(}xI() O.(XX)O .(X)(X) 9.46(15x ()s
57 2.(X)()()x (1 (XX)OxI() ]_ 3.313 xl() 1(_ 7,(X){)(lx ()l 2.(X)()()xl() ().(X)O() .(X)(X) 9,4665x 05
58 2.(X)()()x () .(XXI()xlO l_ 3,313 xl()I(_ 7,(X)(X)_IO l 2.(XXX)xlO- O.(XX)O .(XI(X) 9.4665x ()_
59 2.(X)(l()x () ,(.X)()()xl() l_ 3.3131x1(1 1() 7.(X_(l()x ()-I 2.(XXX)xI() O.O(X)O .O(XX) 9.4065x (}5
60 2.()O()()x () ,(X)(X)xlO l_ 3.3131x1() t() 7.(XXX)x ()-I 2.{XXX)xIO O(XX)O .(X)(X) 9.4665x ()5
61 2,(Xl_)()x () .(X)OOxlO1_ 3.3131x1() l(_ 7.(X)(){)x 0 1 2,(X){X)xlO- O.(X)OO .OO(KI 9,4665x 0 s
62 2.(X)()()x() ,(XXX)xI()-l_ 3.3131xI()-I° 7.(XXX)x().i 2,(X)OOxlO- ().(XX)() .(XXX} 9.4665xi()s

63 2.(X)O()x () .(XXX)xI() -I_ 3.3131x1(1 1° 7.(XX)(Jx (l-I 2,(X)(}OxIO O.(XX)O .(XXX) 9.4665x ()s
64 2.(X)()()x () ,(XXX)xlO I_ 3.3131x1().1() 7.(X){)()x 0 -I 2,(XXX)xI()- ().(X)(X) .(XXX) 9.4665x ()s
65 2 (X)(}(}x (} .(XX}()x I0 -1_ 3.3131x10 j() 7.(XXX)x ()-I 2,(XXX)xIO O.(XXX) .(X)(X) 9.4665x I()s
66 2,(X)O()x (I .(XX)()xlO I_ 3.3131x10 1° 7,(XX)()x ()-I 2,(XX)Oxl() ().(XXX) .(X){X) 9.4665x ();'
(17 2,(X)()_tx () (_()(X)xl() I_ 33131xlO-t(_ 7.(XXX)xIO i 2.(XXX)xIO- O.(XX)() ,(X)(X) 9.4665x ()s
68 2.(X)()()x (_, .(X_Oxl() -I_ 3.3131x1() -t(_ 7.(X)(X)xlO 1 2.(XXX}xl() O,(XXX) .(XXX) 9,4665x 05
69 2.(X)O()x() .(X)(}OwI()I_ 3.3131x1().1(_ 7.(XXX)xlO-I 2.(_'XX)xlO O.(XX)O .O()(X) 9.4665x 05
7() 2.(X)O()xl() .(X)()()xI0 IH 3,3131xi()-I() 7.(X)OOxlOI 2,(XXX)xI() ().(X)(X} .(XXX) 9.4665x I()5
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA_SEAL

Run
"No." Porosity Permeability Compr'essibility BCEXP "BCBRSAT BCGSSAT _ • - BC PCT

I 1. I.
2 !. I.
3 I. I,
4 1. I.
5 I. I.
6 I. I,
7 1. !.
8 I, I,
9 I. I.
0 I, I,
I I. I.
2 I. I.
3 I, I.
4 1. 1.
5 1, i.
6 I. I.
7 I. I.
8 I. I.
9 I. !,

2() I. I. I.
21 I. I.
22 I. I.
23 I. I.
24 I. I.
25 I. I,
26 1, I.
27 I. I.
28 1, I.
29 1, I.
3(I I. I.
31 I, I.
32 I, I.
33 I, I.
34 I. I.
35 I. I.
36 I, I.
37 I. I.
38 I, I.
39 1. I.
40 I. I.
41 I. I,
42 I. I.
43 I, I.
44 I.
45 1.
46 1,
47 I.
48 I.
49 I.
5(1 1.
51 I.
52 . I.
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA_SEAL (Concluded)

Run
No, Po_ permeability CompressibiliLY BCEXP, .. _ BCGSSAT. BCIzLG BC PCT

53 I. I, 1.
54 I, I, I.
55 I, 1, I.
56 I, i,
57 i. I,
58 I, !.
59 1. I,
60 1. I,
61 I. I.
62 I, I.
63 I, I, I,
64 1, I, 1, I,
65 I, I, I, I,
66 I. I. I, I.
67 I, I, I. I.
68 1, I. I. !, I,
69 !, I, I, I, I.
70 I. I, I. I. _.
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'lalqe B-2 I%_2 I]RA(II:I ()('olnpulcd Variahh' Value,, f,r I{XI_I!RIMIiN'rAI ... RI.XIION

Run

I 2 449()x () : I.(XX)()xI() _ 4 497,1x1(1 " 7 (X)(X)xI() 2.(XXX)x () I ()()(XX) (X)(X) X _734x (14
2 1.124()x (12 I.(X)()(lxl() _ l(Xl_,_4xl(I _ 7(l()()()xl() 2.(X)(X)x ()1 ().(X)(I(I (XXX) k.t37),4x ()4
3 5.1()3()x ()2 I (XX)()xI() _ 2.()2X3xl() '_ 7(l()(X)xl() 2(l(X)()x () ().(XXX) .(X)(X) X.673,1x ()4
4 I.¢,()7(1x (I 2 I.(X)()()x I(I _ 69_4Xx I() '_ 7(X)(X)x I() 2.(XXX)x (1 ().()()(X) .(XXX) 1,16734x ()4
5 4.325()x O 2 .(X)()()xl() _ 2.43XIxl() " 7.(XXX)xl() 2 (XXX)x 1) ().()_XX) .(XXX) 1,I6734x ()4
6 5.863()x (): .(X)()(lxl() _ I 733()x1() '_ 7.(XXX)xI() 2.(XXX)x () (}.(XXX} .(XXX) X.6734x ()4
/ fi652()x (I 2 (X)()()xl() _ 1.497_x1(I '_ 7(Xl()()xl() 2.(XXX)xI() O.(XXX) .(XXX) X.6734x (14
l_ 3.6140x ()2 .(X)()()xl() 5 2.967()x1()'_ 7(XX)()xI() 2.(XXX)xI() (),(XXX) .(XXX) 1_,6734x_()4
9 1.921()x (): .(X)()()xl() _ 5._()22x1() '_ 7,(XXX)xI()- 2.(X)(X)xlO ().()(XX) .(XXX) I_.h73,1x 04
I() 4 73()()x 0 .2 .(X)(X)xI() s 2,2()X(lxl()" 7.(XX)()xI() 2.(XXX)xlO O.(XXX) .()()(X) 8.6734x ()4
II 6 7_9()x ()2 .(X)()()xl() .s 1.467flx1(} " 7.(X)(X)xI() 2.(X)(X)xI() ().(XXX) .(X)(X) _.6734x 04
12 2.5()4()x (): .(X)()(ixl(l _ 4.3931x1(1 '_ 7.(X)()(lxlO 2.(XXX)xI() O,(XXX) .(XXX) 8.6734x (14
13 7.()63()x (12 .(XX)()xI() s 1.39fllxl(i,'_ 7.(X)(X)xl() 2.(XX)()xlO- O.(XXX) .(XXX) _.6734x (1,1
14 4.()42()x ()2 .(X)()()x i() ,_ 2.h2(_4x I0" 7.(X)()()x 1() 2.(X)(X)x I() O.(XXX) .(XXX) _1.6734x 04
15 2.115Ox 0 2 .(X)()()xl() _ 5.247()x1() _ 7.(X)()()xl() 2.()(XX)xlO O.O(XX) .tXXX) X.b734x (),1
16 7.25()()x () 2 I.(X)O()xl() s 1.3536x1() '_ "l.(X)()()xI() 2.(XXX)xI() O,(XXX) .(_)(X) I4.6734x 04
17 4.925()x ().2 I.(X)OOxl() _ 2.11()7xl() '_ 7.(X)()()x I(} 2.(XXX)xlO ().O(XX) .(X)(X) X6734x 04
lb_ 1.345()x ()-2 I.(XXX)xI(} 5 X.3941xl()" 7.(XX)()xI() 2.(XXX)xI()- O.(XXX) .(XXX) Y,.6734x 04
19 7.452()x () 2 l.(X)()()xl() s 1.31()lxlO " 7.(X)()()xl() 2.(X)(X)xI() O.(X)(X) .(XXX) 86734x ()4
20 3.717()x ()-2 I.(X)O()xl() ,_ 2.1_779x1()_ 7.(X)()()xl()- 2.(XX)()xI() O.(XXX) .(XXX) 8.6734x 04
21 5.563()x () 2 .(X)()OxlO s l.X399xlO-U 7.(X)(_)xl() 2.(XX)()xI0 0.(XXX) .(XXX) I_.6734x 04
22 4.4()9()x 0 2 .(XX)()xlO _ 2.3X69xlO '_ 7.(X)()()xl(l 2.(lO()()xl() ().(XXX) .(X)(X) 8.6734x ()4
23 6.()l()Ox 0 2 .(Xl()()xl()- s 1.6X45xl().,_ 7(X)(l()xl() 2.(X)(X)xI() (),(X)(X) .(X)(X) Y,.6734x (14
24 fl.9_()()x ().2 .(X)()()xl() -_ 1.4157x1(1 '_ 7{X)()()xl() 2.(XXX)xI() O.OO(X) .()()(X) 8.6734x ()4
25 6.11()fix 0 .2 .(X)()()xl() s 1.6528x1(1.,_ 7.(X)()()xl()- 2.(XX)()xlO ().(X)(X) .(X)(X) l_.h734x (.)4
26 5.693(1x (I : .(X)(X)xI0 _ 1.7922xI() _ 7 (X)()(lxl() 2.(XXX)xI() ().(XXX) .(XXX) 8.6734xI() '_
27 2.862()x () 2 (X)()()x I0 s 3.8123x I() '_ 7.(X)()()x I() 2 (X)()OxI0 ().(XXX) .(X)(X) X.6734x ()4
28 4. 1490x (12 .(X)O()xIO s 2.5522x I(1'_ 7,(XlO()x I() 2.(XX)()x I(1 O.(XXX) .(XXX) 8.6734x ()4
29 1.4260x 0 2 .(X)O()xl0 s 7.9()31xi().,_ 7.(X)()()xl() 2.(XXX)xI() ().(XX!() .(X)(X) _.h734x ()4
3(I 3.214()x ()_ .(X)()Oxl() s 3.3674x1()" 7.(X)()()xl() 2,(XXX)xI() O.(XXX) .(XXX) 8.6734x 04
a l 2.676()x 0 2 .(X)()()x I0 s 4.()_,_46xI() _ 7.(XX)()x I() 2.(XXX)x 10 (),()(XX) ,(XXX) 1,1.6734x 04
32 3.919()x 0 `2 .(XX)()xlO 5 2.7166x1()-" 7.(I(XX)xI() 2.(XXX)xlO O.(XXX) .(X)(X) 1_.6"734x ()4
33 4.56(_()x (I .2 .(X)()()x I() s 2.2963x I() -_ 7.(XXX)x I0- 2.(X)(X)x I0 0.(XXX) .(XXX) 8.6734x ()4
34 3 45X()x 0 2 .(XXX)xI() _ 3.1121xl(I _ 7.(X)(X)xI() 2.(XXX)xlO O.(XXX) .O(XX) 8.6734x ()4
35 3.g78()x ()2 .(X)()()xl() s 2.74X()xl()" 7.(X)()()xlO 2.(XXX)xlO ().(X)(X) .(XXX) _.6734x ()4
36 4.663()x ()2 .(X)()Oxl() s 2.2433x1().,_ 7.(X)()()xl() 2.(X)()()xlO- O.(XXX) .(XXX) X.6734x ()4
37 1.65()0x 0 .2 .(l()()Oxl(). s 6.7962x1() ') 7.(X)()()xl() 2.(XX)()xlO O.(XXX) .(XXX) 86734x 04
3X h,753()xl() 2 .(X)()()xl() 5 1.4716x1()'_ 7.(X)(_()xl() 2.(XX)()xI() O.(X)(IO .(X)(X) Y,6734x 04
39 6232()x I() 2 .(X)()(}x I() _ I.fl156xl() u 7.(X)()OxI() 2.(X)()()x IO O.(XXX) .(XXX) Y,6734x !()4
4() 5.474()x1() 2 .(X)()()xl() s 1.8739x1().'_ 7.(X)()()xl() 2(XXX)xI() O,(XXX) .(_)(X) Y,.6734x 04
41 6.358()x I() 2 .(X)()()x I() IS 1.57_6x ()m 7.(X)()I)x I(1 2.(XX)()x I0 O.(XXX) .(XXX) I,I.6734x 04
42 7.146()xI() 2 .(X)()()xl() _s 1.377()x ()'_ 7,(XX)()xI0 2.0()(X)xl0 ().()()(X) .()(XX) g.6734x 04
43 4.45_(1x1() 2 .(X)()()xl() _s 2.35k()x ()"_ 7.(X)()()xl() 2.(XXX)xI(I ()(XXX) .(XXX) X.6734x ()4
44 7.3X7()xl() 2 .(X)()()xl() I_ 1,3239x ()-'_ 7.(X)()()xl() 2.(XX)()xlO- O.(XXX) .O()(X) 8,6734x (I4
45 2.973()x I() -_ .(XX)()x IO 15 3.66()(_x ()" 7.(X)()OxI(1- 2.(X)(X)xI() ().()(XX) .(X)(I() _.fi734x ()4
46 1.261(1x1() 2 .(XX)()xlO-_S X._)699x()" 7.(XX)(lxI() 2.(XXX)xlO O.(XXX) .(XXX) t_.6734x (14
47 6.()51Ox1() 2 .(X)(X)xI() Is 1.6714x ()"_ 7.(XX)OxI() 2.(XXX)xI() ().(XXX) (X)(X) g.67_,4x 04
48 3.3()9Ox1() e .(X)()()xl() I_ 3.2f135x ()" 7.(X)()()xl() 2.(X)()()xlO ().(XXX) .(XXX) 86734x ()4
49 4.17fl()xl() 2 .(X)()()xl() _s 25341x ()" 7.(X)()()xl() 2.(X)()()xl() O.()()(X) .(XXX) X.6734x (14
5(1 3.()51()x1(1 2 (X)()()xl() Is 3 5(3()('_x() " 7.(X)()()xl() 2.(X)(X)xlO ().O()(X) .(X)IX) t,t.6734x 04
51 I._l_i()x I() 2 .(X)()Oxl() _s 6.1451x () '_ 7.(X)()(}xl() 2.(XXX)xlO O.(XXX) (XXX) _.6734x ()4
52 6.511()xl() 2 .(XXX)xI(! Is 1.5_,56x [)"_ 7.(X)()(hl() 1 2.(XXX)xI() ().(XXX) .(XXX) 8 6734x ()4
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"Fable B-2 1992 BRAGFI.O Computed Variable Values t'or EXPERIMF.NTAI._RI:_(HON (Concluded)

_._Ull

PorosJly'" _Cn]]cabi]il._ ComprcssibiliJ_ BCEXP _ _ ' [_ ._,

53 2.O52Ox10 2 I.(XXX)xlO Is 5.4151_x1()(J 7.(XX)OxI()- 2.(XXX)xI() I O.(XXX) .(XXX) _.6734_ IO4
54 6.44OOx IO.2 I.(XX)Ox IO I_ 1.5553x IO"`_ 7.(XXX)x I() 2.(XX)OxI() I O.(XXX) .(X)(X) X.O734x 04
55 2.6330x 10.2 I.(XX)()xlO I._ 4. 1056x I0 `) 7.(XXX)x IO 2.{XXX)xI()-I O.(XXX) .(X)(X) 8.0734x ()4
56 3.5470x 10 .2 I.(X)O()x IO I._ 3.()278x I() -') 7.(XX)()x I() 2.(XX)Ox1()l O.(XXX) .O()(X) 1_.673,1)_04
57 1.9820x I0 2 .(XXXIx I(1 )._ 5,6159x I() `_ 7,(XXX)x () 2.(X)(X)x I0 t O.(X)(X) .(X)(X) 8.0734x ()'_
58 2.3880x1() 2 .(X)(X)xl() -I.s 4,61146xlO.'J 7,(XXX)x O 2.(XX)()xI() I (),(X)(X) ,(X)(X) X.h734x ()4
59 5.7990x 10.2 .(X)()OxIO 1_ 1.7549x If) ') 7.(XX)Ox ()- 2.O(XX)x I() 1 O.(XX)) .(X)(X) _.fi734x ()4
60 6.915()x 10.2 .(X)(X)x IO Is 1.4313x If) '_ 7.(XXX)x 0 2.(XXX)x IO ) ().(XXX) .(X)(X) 8.673.1x (14
61 1.540()x10 2 .(XX)()xI() -Is 7.2995xl().'J 7.(XXX)x ()-I 2.(XXX)xI().I O.(XXX) .O(XX) g6734x ()4
62 2.7890x1('1 2 .(X}(XIxlO -t_ 3.O1_6xlO _j 7.(X)(X)x (.).l 2.(X)O()xl() i ().OO(X) I.(XXX) 8.6734x ()4
63 5.2340x 10.2 .(X)O()xI() I_ 1.9713x If) () 7.(X)()()x : O I 2.(X)()OxI() l (),(X)(X) I .O0(X) _.fi734x 04
64 5.35()Ox I() 2 .(X)()()x I() Is 1.9231 x I() "° 7.(X)O()x I0 2.(X)(X)x I() 1 ().(XXX) I .(XXX) I_.6734x ().t
65 1,082()x 10 2 ,(X)(X)x1()J._ I.(_95x I0 _ 7,(X)(X)x IO 2,(XXX)x IO-) O.(XXX) ,(XXX) 1_.6734 If) _
66 5.()4 IOx IO 2 .(XX)()x IO I.S 2.()563x I() t) 7.(X)()()x I() 2.(XX)(}x I()I O.(XXX) .(X)(X) Fl.f734x 04
67 3.3230x 10 2 I.(XXX)x IOlS 3.2487x IO 'j 7.(X)()()x I() 2.(X)O{)x I0 1 ().(XXX) .(XXX) X.6734x 04
('_ 2,2660x 10,2 ).{XX)Ox 10 1._ 4,8807x I0 (_ 7.(X)O()xI() 2,(XXX)x I()I O,(XXX) .()()(X) _,¢')734x [()4
69 4.8950x102 I,(X)(X)xl(Y I'_ 2.1251x1() ') 7.(X)(X)xlO- 2.(X)(X)xI() I (),(XXX) ,(XXX) 1_,0734x 04
7() 5,366()x102 I.(XXX)xlO l_ 1.9166x1() `J 7.(X)()()xlO- 2,(XXX)xI() -I O.fhXX) ,(XXX) 1_.6734x ()4
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'l'ahlc !i+2 1002 I'IRA(IFI,(> Rank,,,11('ompuled Varialdc Valuta, tut liXIqiRIM!!NTAI.. RI!GI()N

Run

N.u, l'_.t_ib{ l'__:J:ttt_b.il_ C_tt_r_Lbilitx bT'__Lvd_' tK2.IRSA]" _SA]? IJ_LY/L(J _ffl]£1'

I 16. 55. • • I, I.
2 2. _,9. I. I.
3 45. 26 I, I.
4 7. 64. I. I.
5 36. 35. I I.
6 53. I N. I. I.
7 61. I(). I. I.
14 2q. 42. I. I.
9 I(). (11, I. I,
() 41, 30 I I.
I 63. N. I. I.
2 17. 54. I. I.
3 66. 5. I. I
4 33 38. I. I.
5 13. 5X I. I.
6 68. 3, I. I.
7 43. 28. I. I.
g 4, 67. I. I.
9 7(). I, I, I,

20 30. 41. I. I.
21 5(). 21. I. I.
22 37. 34. I. I.
23 54. 17. I. I.
24 65, 6. I. I, I.
25 56. 15. I. I. I,
2(1 5 I, 2(1. I I, I,
27 21. 5(). I. I. I.
2N 34, 37. I. I. I.
29 5. 66 I. I. I,
30 24. 47. I. I. I.
31 It;. 52. I. I. I.
32 32. 39. 1. I, I,
33 39. 32. I. I. I,
34 27. 44. I. I, I.
35 31. 4(). I. I. I, I.
36 4(). 31, I. I. I. I.
37 8 63. I. I, I. I,
38 62 9. i. I. I. I.
39 57 14, I. I. I. I.
4(1 4tl 22, I. I. I. I,
41 58 13, I. I. I. I,
42 67 4. I. I. I. I,
43 38 33. I. I, I, I.
44 6') 2, I. I. I. I.
45 22 40, I. I. I.
46 3 68. I, I. I,
47 55. 16. I. I. I.
48 25. 46. I. I. I.
49 35. 36. I. I. I.
5(1 23. 4N. I. I. I.
51 9. 62. I. I. I.
52 6(). II, I. I, 1.

I]-57



Appendix B: BRAGFLO Referencelables

Table P,-2 1992 IH_,A(il:I,,ORanks ot Computed Valiablc Values for [:XIq!iRIMFNTAI, Rt._(711ON(Ctmcludedl

Run

N__. '_IL_,LI_ Pcrme_lbility ¢omprcssib.ili_ 1_,_2_!- _ _S.&T _k_ I_CI_T

53 12, 59, I. I. I
54 59. 12, I, I. I.
55 18, 53, I. I. I
56 28. 43, I. I. I
57 II. 60 I, I, I.
58 15, 5b. I. I. I.
59 52. It), I. I. I,
6t', 64, 7. I, I I
61 6 _5. I, I. I
62 20 5 I. I, I. I
63 46. 25 I. I I_
64 47. 24. I. I, I.
65 I. 70 I. I, I,
66 44. 27, I, I, I, I
67 2h 45, I. I, I. I.
6X 14. 57, I, i. I, I.
69 42, 29. I, !. I I.
70 4X. 23, I I, !. I

1]-58



Appendix B BFIAQFLO Reference Tables

'l',tfle !i-2 1_t92 IIRA(II,I,() ('_m,puted Vmi,hh, Vahws h, I"INAI. NAI,AI)() I)RZRun

_'., .['k'l._a_b' l'¢tpt¢.&W.b _-k',-_'l_:_._&iJil_Ll_k'l_,_', IJ_}..IL_'I LI_L(,i_A'I'I___L(j Ll(_l'k"l

I 2 9._._X_l(I ? 1 (X)(X)_ I() Is _.712N_1() '_ N.6791) X 7X_)()_IO ,' 2..1 _(X)_I(I I (X_X) N 67.t.1_ i(r I "? t22,1.1t11),' I(i(l(l_hl() 14 t 4'_7._11) '_ ,196611x1(ll i,l.S71).tl()l
.'_1(17_1() ). I fk)l)(h,l(i is _ _ , 1.2491hll) I (XX)t) X.h7.l,l_ll),l

, • ().h,l_lll h79f)lhll) I I N,19(Ixl(I I "_ Ifi/'()._l(i I ()IX)I) N/,7_,ttl(),l,1 _.gNN()x II). I (XItI()x II) I'_ 1.6_116._I(1 '_ '_ IN2(I I 7261),_II) I "
'_ 2 _()9.'_ II) _ I (kXXhl() is ,1 7X,II_I()' I Xglillxlf) I ()_1(_'1 X 67_,1_1l)'_

, ,11)711)_1()1 19NX()_,II)I I,l_(l(hl(I I (XXk) N67_,1_,1(l.1
h 5 NIS_;_I_'I, I (X)I)I)x I{1 I_ I 7,1(1()_II) ' 6 142(1 _' _17(h,l() I ,1 79_lh(l().' .(XXt(I X hTLl_li),l
7 3.51h1)_ I() : I II()()(h Ill IS ?,()567,, I()' I (_t_)l) ._5,1_(1_I(1 :' I h22(hll) I .(XXX) X q?'l,lxl(y_
N .1 _1 Ix I(I .' I IX)l)t)_ II) I_ _ (ll,19x II) ' 6 ,I,.IN(I .t X6fi()_ Ill I _.N5211_Ill _ (XXKI NB7 LI_, II) '1'; ,1 Ih7.1_ll) ' I II_XI(I_I() Is 2.5_9_,_111 '_ ,- "

II) 2,125(1_1(1: I.()_)1)()_1() I'_ ,1_4.12,_11), ,1261(1._1()_ _,10_1)._11)1 I X69(hl() t (I_X_') N67LI.,_IIH
' I ._17(1 7 9(X_'h I(1 .! ._,1Xllh i(i I (I(XX) l':.hT}J_ I(),_

II 3XTM)_II).. I (Xl(l(lxl()I_ 2 /,IXN_I() '_ 5 12'_(1._1(iI 2"1171)._11)I 2(l()t(Ixl() I {XXXI XfiT_,|_l()412 ._ 72N2xl(! ? I (_XI_)_II) _', 2 NhN,_ll)' 7 ,lUhl) I ,l l()_)xJ() I
I _I I g799_ Ill ;', I (1(1(1()_I() I'_ 5 .,.,,.,.,_r'_',_I() '_ "_2,1q() _,.hS(_()_I1) I 2 Xf)2(h I(1 I .11(101) X t',714._ I()J
I,! ,t "76fi7_ 11)- I IX)I)t)_ I() I_ _ X t6,fi_ I(1 '_ " 2 _l_T()xl() I .()_Xk) 867.A,1_.II)J

' "- A()62llx II) I X 3h6(lx I() _ I 73fi{)_ I() I (XXk) X.hTl,l_ I(} '1
15 5.1N92_1(I - I (l(l()(h II) I_ 1.9_t(l%_111'_ '1.,162(1_11)I 2 ?,llXk_l(I I .t NI5()_II) I I)_NXt Nh7t4_ll).l
Ifi ,I 6(17f)_11) ? I (X)()()_I(; _ 2.22..19,_11)'_ 5._,591)_11) I I 7t"lq(hll) I 2 17211x111I .(XX)I) N67.LI_IIH
17 5.1_Nt_1(1.' I (X)()t)_II)Is I NNTX_I() '_ ._Ulg(I I II](;xl() I i_,Xlihl,k_l() I ()(XXI X h7_.l_llr _IX 2MIhl)_ll),_ I(XX)()xI() Is ,l()h23xl(l, _ 5X7_I}_IIII ")947()_ll) I
19 .1N_;._,;_I(I ,' I IX)()I)_I()I_ 2 I,'57xl()' -_ " X612(hl(I t .(X)II_) X67_,1_11),1
2(1 .l.N_lh_ll) ? i (l_l(l(hl()I_ 2 126N_1() '_ . (l_l'_() I Ih.ll)_l(i I I hhTl)_l() ! (l_l(k) N hTt.l_,l{i.l
21 .t i.t77x111 ' I fl_)lt(l_l(I I_ _,15_,1_11),_ h'71lglhlll_ 129,111_111I t211(1_111 I (lt)tkl X67_,1_111'_
... • 22fi911_111 i I Y77(hl(I.' 2 2tt(1_111 I tXXXI Xh7t,l_llr I
_'_ 5 1)-192_Ill : I (X)t'XIxI11 I_ 2 11526_11) '_ I ,1_,111 2 INtlhll) I I _Tlll_ll);' .(XXI() X fi71,l_ll)._

2.t _,lfil_l_l() ; I III)011_11)I_ I XXIIX_III' "1119_H) 2 tXNII_III I ,1 ._2.tl)_1112 I (_)(k) N h7t,1_1(14
2J 23tfih_l(I' I(XXI_)_II) I_ 4-f2.1U_111, _ ,1 t2711_1111 h 127i1_1(1) 26-1t1)_11) I I1)_)11(I N.I)7t,I_II),I
2S 5 5692_111 2 I.(X)()()_I(I IS I X.l?hxlll' ;_"/hill _115111_111I _19h_lX)_lt't ? I I)t)IX; N fiTl,l_,lll.l
2h 5 19X6_,111,' IIX)t)I)xI() I_ I'lNh.l_ll)' 5 _hh(i 2'171)_1_1111 fit"(llhl)_ll 2 IlRl(kl NI')71.|),II),I
27 _ IlJUT_ Ii):' I (l()(Xhl(I I_ I ,INNX_III '_ X _,_,tl1 2 12N()_I() I 7 S?II;_ I11 I I)l)tk) X.67 LI_IO,I
2_ I .1X26,_Ill ) I ()IXl()x I11 I_ 7 :_UlT_ll)' 7 9J611 I ,17,111_Ill I I 5271)_Ill I.(X)(I() X h7 _,,1_ilr I
2u 1 I_1tlxl() : I (ltlll)_lll IS h 162t_1(1 '_ hliqlll_l(I I I Ill,lib, l() I I _?X(I._II) I Ot)tl_l N 671,1_111.1
311 '_'_5_111,_ I.I){)l)_l_lll IS i X.127_1(1,_ 2(XHI)_II) I I.ll)_(l_l(i,' I S'_,tII_III IIX_'X) NhTt.l_l(14
_1 _ _,NS?_II),? I.(l(llll)_ll) IS .t INlU_II)'_ t_'lfi(l_l(t I 2 IIh)_l(i 2,111_(hll) I I)t)tXI N67LI_II)'_

32 _ 7726_11) :? I,(lOlXlx I(I I_ I 76.11)_I11' N NXIII) _ 1,1ql_ Ill t 75'_1l_[(I 1)t)1)I) X.h?.t,l_llr_
3._i,i5911,ll)_l().lNT(ff)_ll).,? III'XII)t)_II)I,_XX)_IIIIsl_ 217.191_1117192_111'_'_i221_'1_l(1 1 I I1._II1_111 ._,11911_111 IXXX) l,(h7_,l_ll),_
_S ,1 7,177x I(1 ? I.(X)()I)_II) I_ _ I'INI,I_ I11' N h5211 2 _l'_(hll) t fi2N(lx I11 (XXk) X 67LI_111,1
.. ' " lY,17(I_II) I 2.gl)Tllxlql I 33911_111 (XXXI N67_,,I_II; 4
lt_ ,1 77h5,_11). i (Xlll(Ixlll I_ 2 IN.III_I(I_) 2 7.(il)(l_l(i I _ 7(1911_11) ._6Y611_111 (X)_X) N67LI_,II),I

_7 t,-IIIX_I(I .' I (X)()()._I( I Is 3 157h_11)'_ h Y?I,(() 2 2hS(t_l() -t117911_1112 (XXX) N hTt.l_ll),_
tN _ 9_,_;_ ii) 2 I (Xi()(I_ Ill I_ ) 71H2_111v 2 Yh,lll I 7Nll)_ll) _ 962(1x I1) I 1)0t)_1 N67 14x I11'1
)'_) ,l._h,19_lll? I.(XII)()_II) I_ 2,11_,f)_lll' 2hll¢)(hll) I I h13lh, l(I ?, 72,111_1()2 ()(XX) NhT!l,l_llr t
,1(I ,_-6X,15_1/I,' I(X)(III_II) I_ ,I(IN(INxI(I, _ 2,11hllxl(I I 2,1t,ll)xlll I II(}Oxll) I I)_t11_1 R6/t,I_II),I
,11 2.1_Y_xI(I;' (X)t)llxl(I IS ,1 '_lht_lll" _;7,19()_1() t I .lt,l(l_l(i I I)6'_(1_1(I I (XXX) N.hTl,l_l(i,I
,12 _,Th_l_ I() ,' (_'t()(hll) I', 2 N_9_,I(I '_ 5 ,IN,I(I_,I(I I _,Yh.ll)_(lll _ _5()()_1() I ()_XX) Nh'/_,1_.11),_,13 2N2_lxll) 2 IXXXI_I(I I_ _XhX2xl(I '_

,1,I I 7N25x 1(I ,? IX)I)()_ II) _ 6 _72_,_ II) ' ,1 IX)()I) ,I Y()7(I_I1.1 I 2().1()_I(I I ()IXX) X 67L1_ I(H
.. _ _ _ fi(l'_(l_ If) I 2 59N1,'_,I(I 5 7]_,1)_II) 2 I.(RXI(I Nh7 _,.1_,III '1

,lfi ) _,19_1()- (X)(l(h,l() I_ ,It')91,;U_l(l'_ _2_91)_11) I I 5Nil(hi() 9,11_I()_1() I Ot)tX; Xfi73.1_I(H,lh 56711x1()? IX)I)I)_II) I_ I N()(II_II} '_ ?

" 'IG()6(i_,II) I 1')5171)_1() 2 3XNI)._.II) I I(XXXj X67LI_(I(I'_
,17 I ,-111-1._II), (XXXIx I(I IS 7 9X72_ I(i '_ l, ,lTfi() _ 17NO,_I() 2 60fi(tx I(} I I I)(XX) X fiT._,Ix Ii),1
,IN 5 72,17x1(I ? .(X)()I;x I()I'_ i .71.(()9_11),_ 7"/(IN() '1 5_IIL_I(I 2 _ ()75()_11) I I (I()(X) X h7 _,1._ii),1'I_; 5 _')(t()(.t_II) 2 (XXRIx I1') I_ I 79/11_ I(I '_

_;() ,1 572h_1(I .' .IX)()()),I() I'_ _ _'t _ _, 75.t()x1() I _ ()111hll) :' 6 _ttl(Xl_l(i ;' I {X)_k) N fi7_,l_,l(),l
..... I)_,II) '_ _1fi _9()._II) I I N'/91)_I(I I I 9XSI)x II) I I (Rt(I(I X h? _,,1_I{) '1

._1 '2 _t"(9N_II)- (X)()(I_I(I I_ ,lhl_()_l() ') _'hl)(ll)_lll I 2 _IX()_I()" I IXI()_I()," I(X)tX) X6?LI_II).I
.'_? ,1 5()7,1x I() ? (X)IX)x I(I I_ 227X9_ II)'_ _,.2_7() I '_l),l(h I(I I _ XXh()xl() I I (XI(I_) X 67t,1_1(r I



Appendix B' BRAGFLO Roference Tables

Table 13.219'_2I]RA(IFId)('(,mpult,d VariableValu¢,._h_rFINAl. SAI A{}(} |)RZ (['(mcludt.d)R HI1

_u, 'tgi_ _!_n_abil_C_u ...........'-_""'-----'-"---

.e

5,t t ()l,llSx I() 2 I.(XXX)x i().1, _ 3.523U_1() '_ 6.741(I 2 I'147(1_I0 I i._4()fl()xi() I .(kXWi t,i f17LIx 1()454 3(k',_/hl()-: I.(XXI#IxI() _ 3 537_;x1(1 `j ,1 72(X)xI() J 1.65tI0_10 I
55 '| ()lh3Xl(I 2 I OfXHjxlO.I, 4 2,6448x10 '_ 2.72q(lxlO I (l(l()() 8 67,_,1_I0,1

.... ' 6 5(;_3(}._If) I 3.245()_ I() I 3 ()3t()_ I/)I .(Rl(l(} M673,1_ 1()4
56 'i "_"74x1() = 1 (WXXIxI(} I'_ I t_7,11_l()" 4 Ig4Ml) 9 2770x1() • 5 221(h1(1 2 .(XXWI It (17)l,tx I(),=
57 7()516x1()._ IfIXX)xI(I _'; lt',238x1()_ !1.2111) .'i. l16(Ixl(I i 27770x101 (h'KKI 1'167t4xllr=
.'ft,t 2.'i041xI(_ 2 t (X)OOxI(} I_ 4.3921_x10 v fi 4()6(1x1(1 I 3 4148()xj1) I J.29bl(lx]O I ,IX_(X) I,lflT_14xl().l
,it; 2 1'142M_,1()2 I (i(XX)xI() I _; _lH3_;I,l_I()w 14qSl.t() 8.512()x1() 2 3 127()x1() I ,(I(XX) 8 671_4xl(),t
fl() 4 94()7_ I() 2 IdXK)(Ix )() I_ 2 7(XI3x I(! v 9 1,((,2(i 70Jlt, lOxI() 2 I_.Iq,lfix I0 fI(X)(; 8 h73,1,_ i0.1hi I ¢,.t(12,tliT) 2 I/XXXJxlO I'_ h.Sl, tlh._ ill, _ 2

_ t4().19(k11) I 2791()x1() I 1.3Mti(lxl() I I.(XXX) 1,1.67114_1(i,1
62 2.9951x1(I, I.(XX)()xI() I_ 3 6.t11,t_11) '_ 2 M6_l(hl() I t 59911x11) I 2.512(}x11) I I (XXX) g.h73,1xlO,i
6] 4 Iltiqxl()2 I(i(NX)xI() I'_ 257t,12x1(i, _ _.754(I 2(kllOxlOI 2816(k101 I,fXXW) t'107.t,hltpI

64 3()1.17x/()2 l.(kX)(),_tl()I_ 3.fl(i79x10t_ 2 4t15(i 2 932(1xi()2 MI7()2,)x1()2 /.(X)(X)g h734xll),i
h5 _,8t_7F(xl()2 I.(NX)(i_I()_" 2.732_ixi(},_ 2.5410_I(1] 26.11()xI()I 3'ii(Xlxl(}i I.(XXW) H.f1734xl()'!

6h 3.7103t1(I _ I.(XI'IX)xI()I'_ 3.10t45x1(l_ 6'tl.4(j_10 I I.Z1MOxl(ll 3 If,3lhlf) I I.OfXW) l,tf_734,_lf),l
h7 2 (J75fhl{) 2 I (XXI(ixIO I_ 5.]531x1(1 w 5 58q(} 'i 635()x11) 2 2537(1_J() I I.IXXXi 8 6714_tj(),i
bN 3.h,134,,1() 2 1 fXXX)xIO I_ 2.q411xll) '_ 4 52(X1 3 024(Ixl(i I 2,9971}x1(i I I,()OfX) N.673J_lO,l
69 2 31ht)_tlf} 2 I.(k'lf_lxlt') I_ 4 761,16_1t)'J ,.1t270 .t 715/l_lf) i ,1.1439(),_1f)_ I.IHH_) 14673,1,_jf)471) 7t615()x10 _ I (XX)t)xI() I_ 3 19()txll)_ 6277(h11) I i llll(l_l()l

I 192(k1() i IO(XW) 14673,1x1(),_

l]-fl()



AppendixB: BRAGFLOReference Tables

Table !1-2 1992 BRA(JFI.() Ranks of Computed Variable Values for I:INAi, SAI.ADO DRZ

Ru"n ........................ - '...... .................... - ' .....

I 23. I. 48, I_9, I_1 4 l,
2 3(), I 4 I. 2I, 2h 23
3 _6, I. I _. 3-1, 33. 3_
4 7(). I, I, 52 31 34.
5 I I. I fl(|, 15. 35, 26
6 614, I. 3 56 _t). 9
7 33. 3N 37. 7 29,
N 34, 37, 57 fin 5.
9 4h. 25, ih, 61). 31,
() I II, 55 39. 14. 61
I 4(). 3 I, 22 4N. 36
2 30. 3,_ 61 25. 5 I
t 9 62 ,l I. 64 52.
4 3_. 3_,. _ 2. 31
5 ._7 14. IM 41 68
6 50 2 I. 24. 67, 3t).
7 h(L II. 55. 2(). 1}7,
1_ 20 5 I, 28. 52, 2,
t; 54. I 7 4(I, 2I. 30

211 53, 18, 33 2_, 57
21 20 42. 2 ,I, 4()
22 55 Ih 314 3t_, ,1.
23 (_I I l) 6(1 42 g
24 I_. ._14 I "I I I 47
25 hi_. M 41_, _,l IM
2¢1 5N. 13 53. 44 12
27 28, 43. M 3M 14
2g 5. h6 h), h I 27.
20 14 63 2g 5t_ h3.
311 62 t) I 1 214
._I 31 4() Ill t7 ,13,
32 h7, 4 6f_ 55 66

), hO. 2. 23. I_1 6()
34 30 32 65 45, I_-t.
35 51 211 14. 51 24
311 52. 19. {_. 6_i h5
37 32 39 59. ,l(I (1.
314 42 . 2t_ 4,1 32. 7()
3t,) 47. . 2,1. 5. 2t_ 7
4(1 It}. 52. 3. 43, 21).
4 1 17. 5,l 27 24 It)
4 2 37 34. 25 7(). 5U
43 2I, ._(I 414. 69. 22
4,1 7 _,I. 12. 46 I I.
,15 14. 57, 9 214 17.
46 64. 7 lU. 12, 42.
47 ,4 {'_7 46. 56 46
4N 66. 5. 62 g. 37.
49 65. 6 I _, 0 I _,
51) 414. 23. II. 3,1. 35
51 I_. 5h 26 5 3.
52 4t;. 22 ,15 27. 6t_.

B-t_I



AppendixB: BRAGFLO ReferenceTables

"FableI}-2 1992BRAGI:L() Ranks uf C(,npuled Variilble Values Ior FINAl. SAI.ADO. I)RT. l('unchJded)
.............................. , , ,, - _ ..... ,,,u -_ .... , ","

Run

._ 27. 4,.I 51,I 50. 32
5,1 2h. 4._ 2(). 31)_ 4x
55 4,1. 27, 32 57, _4
St, 5_} 12. 5 I. 17 II1
57 3 6_, t_. I 4L;
51,l I_ 53 3 I. h2 _X
St; 22 ,19. 07 I _. S5
hl) ,13. 28. 71) i._ I ._
hI 6. t,5 _ 4t; 25

62 24 47 7 fl_ 4,1

t_4 25 4h 42 h I1_
05 4 1 311 4. 47. 62
{',_'_ 2 6t_. 35. 22 56
t,,7 Ill ill. 54. ll) 45
h_ 35 3¢, 5() 53. 53
_lt; 12 St; 4"; h6. I
711 1 711 311 I1'1 21

L, "' , r

i



.....



AppondlxB: BRAGFLOReferenceTables

Table B-2 1992BRA(IFI.() ('omputed V_,iahle Value.,,for INITIAl. SAI_AD() DRZ (C(m(:luded)

- _iJl,........ - " - .................................. ""

_3 I.Sq0()xl() 2 .(XXX)xI() 17 7.()621x1() '_ fi?.ll() 2.847()xl0 i 1.8()6()x10 I .(X)(X) 4.2{,7hx1()_
,_,l I 45(1()x1()2 .(XXXIxI() 17 7.76HIxl() '_ ,l 72(X)xl() I I.flSg(lxl() I 2.729()x!() I ,(X)(X) 4.267Ox111s
55 2,(X13(1_I(12 .(XXX)xI() 17 5,5544xi() " (_,5(1311xI(1I 3,245()xI(I _ 3.033(1xi(1 _ .(XXXI 4.2676xI(1 '_
56 ! 165(Ix1(12 (XX)()xI() 17 9.72tjOxl() '_ 4._,11,t(i 91277()_1()2 5.221()x1()2 .(X_X) 4.267(_x111_
57 4 563(ix1() _ .(XXXIxI(}17 "__'_gxl() x 9 "_110 5.116Oxll) _ 2.777Ox1()1 .(X)(X) 4.2_71',x1()'_
5M 8.7110xl() _ .(XXX)xI()17 1.3()t17xl()_ 6.411fi()xl()t 3.4t,IH(IxI()1 3.298()xlo 1 .(XXX) 4.2676x1()_
5t,_ 2.516(1x1()2 I.(XXXIxI() 17 4.37()_tx1()'_ 8,t)5_1() 8.512()x102 3.1270x1() l .(XXX) 4.267(}x1(1s
('_() _26()0x1() _ I ()()(X)x() 17 1.3H25xl()_ 9._62() 7.()]H()xlO2 1_.194()x1(I2 .(XXX) 4.267(_x1()_
61 7 3M4()xl()_ I.(XXX)x () I'_ 1.5495x)() x _I.()49()x1()1 2,791()x1()I 1.3Mg0xl()-I .(XXX) 4.2676x1()_
62 1.225()x1()2 (XX_()x().17 9 24()Mxl()" 2,H63()xl()1 3.5990x1() I 2.5120x1()-I .(X)(X) 4.2676x1()_
f13 4. l()_,_()xl()_ .(XXX)_() I? 2.1_{HSxl()_ 3.754() 2.(Xll()xl() l 2.836()x1() I .(XXX) 4.2670x1()_
64 .3.73q(}xl()_ .(XXX)x() 7 3.()Y,45xl()_ 2495() 2932()x1() 2 H 7()20x1()-2 .(XXX) 4.267(,x1()_
65 7.47(X)xl() _ .(X)(l(lx (i ? 1,5314x1(1_ 2,541(1x1(11 2.MI(lxlO I 3,51(X)xl() I ,(XXX) 4,267flx1(1_
fi(_ 3.533(),_1()_ (X)(X)x () 7 3.2_5_x1() _ 6915()x1() I 1.23_(1x1()_ 3.163(1x101 .(XXX) 4.2670x1()_
67 t_l_l()xl() _ .(I(XX)x() 7 I .'_t)44xl()_ 5 5H9(1 5635()x1()2 2.537()x1() t .(XXX) 4.2676x1(1_
('_ I.()Tfi()xl() .'_ .(XXXIx()7 i,()555x1(1_ 4.52(X) 3()24()xl(Y I 2.gg70xl(} 1 .(XXXI 4,2676x1()_
fi_) 1.51t_()_l(}2 (XXX)x () ? 74()3gx1() " ,1327() 3.715(1x1()-I 4.M3_,_()xl()_ .(XXX) 4.267hx1()_
7(I I 414q(lxl() _ (_)()(Ix () ? 77H31xl() _ 6277(Ixltl I 1.(ll30xl(I I i.it_2Oxl() I .(XXX) 4.2(,7hx11)_

,,, ,,, ._
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Table B.2 1992 BRAGFLO Ranks of Conlputed Variable Values for INIT1AI._SALADO_DRZ

Ru" - ' ...........................
_ P_ermeabtlity Compressibil!ty _ BCBRSAT _ B_

o

i 68, 3. 69. I6. 4 I, I,
? 24, 47. 2 I. 20. 23. I.
3 69. 2, 34, 33, 38. I,
4 18, 53, 52, 3 I, 34, 1.
5 5,.I, 17, 15, 35. 26, I.
6 42. 29, 56. 59. 9. I.
7 63, 8. 37, 7. 29, I.
8 9, 62. 57, 68. 5, I.
9 66, 5, 16 6(), 33, I.
0 34. 37, 39. 14, 61, I,
i 7. 64, 22. 48. 36, I,
2 35. I. 36, 61, 25, 51, ,
3 47, I, 24. 4 I, 64, 52,
4 52, I, 19, 8. 2, 31,
5 !, I, 70. 18. 4 I, 68,
6 19, I, 52, 24, 67, 39,
7 60. I. I1. 55 20. 67,
8 20. !. 51, 28 52, 2.
9 2 I. I, 50, 4() 2 I. 30,

20 48. I. 23. 33, 23, 57.
21 59, I, 12. 2, 4. 40.
22 64. I, 7, 31,t. 39, 4,
23 70, I, I. 6(). 42, 8,
24 44. I, 27, 17. I i, 47,
25 61, !, I0. 43, 54, 18.
26 5 I. I. 2(1. 53, 44. 12.
27 5, 1. 66, 64, 38, 14
28 8, I, 63. 63, 61. 27.
29 40, I. 3 I. 29 58, 63. I.
30 31. I. 4(). I, 3. 28. I.
31 49. I, 22, I(), 37. 43. I
32 55, I, 16, 66, 55. 66, I,
33 23. I. 48. 23. 19. 6(1. I
34 32, I. 39, 65, 45. 64, I.
35 6, I, 65. 14. 5 I, 24, 1,
36 65. I, O, 6, 65, 65, I
37 i6. I, 55, 59, 40, 6, I.
38 4, !, 67. 44. 32 70, I.
39 36. !, 35. 5, 29, 7. I.
40 58, 1. 13, 3. 43, 20, I,
41 50. i, 21, 27, 24, 19. 1.
42 56. I, 15. 25, 70. 59, I,
43 17. I, 54. 48, 69, 22, i,
44 12, I. 59. 12, 46. I I. I,
45 33, I, 38. 9, 28. 17. I,
46 67, I, 4, 19. 12, 42. I.
47 22, !, 49. 46, 56. 46. I
48 57. I, 14. 62. 8. 37, I.
49 3. I, 68. 13. 9, 13. I,
50 4 I. I. 3(), I I, '- 34. 35, I,
51 27, I, 44, 26. 5. 3, I,
52 15, 1, 56. 45, 27. 69, I,

,,,,.., ,,,.
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Table B-2 1992 BRAGFLO Ranks orComputed Variable Values for INITIAL SAI,ADO_DRZ (Concluded)

Run

Porosity Permeabilik_ Compressibility .B___EXP BCBRSAT BCGSSAT BCFLG

53 46. 25. 58. 5(1. 32. 1.

54 43. 28. 2(7. 3(7. 48. I.
55 53. 18. 32. 57. 54.

56 38. 33. 51. 17. I0.
57 14. 57. 68. I. 49.

58 3(7, 41. 31. 62. 58.

5t} 62 9. 67. 15. 55.
6() 29. 42. 70. 13. 15.

61 25. 46. 36. 49. 25.
62 39. 32. 7. 63. 44.

63 13. 5N. 47. 36. 5(1.

64 1 I. 60. 42. 6. 16.
65 26. 45. 4. 47. 62.
66 1(7 61. 35. _,.,.. 56.
67 28, 43. 54. I(). 45.

68 37. 34. 5(). 53, 53. 1.

6!) 45. 26. 49, 66. I. I.
7(1 2. 69. 3(I. I8. 2 I. I.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFI.O Compuled Variable Values for LOWER SHAFF

Run

_ Pcrmc;abilily ComprcssibiliLv BCEXP BCBR_AT BCGSSAT _ BCPCT

I 2.4,,190x I 0 2 I.(XI00x () s 4.4974x I()-¢_ 7.(XX)0x I0- 2.(XXX)x10 I 0.(XXX) I.(XXX) 8.6734x I1)4

2 1.1240x10 2 I.(XXIOx O s 1.(X)94xlO-_ 7.(X)OOxl() 2.0()(X)xlO 1 O.(X)O0 I.(XX)O 8.6734x104
3 5. 1030x I O 2 I .(X)(lOx ()- .s 2 0283 x I O-!_ 7.(XIOOxI O- 2.())OOx I O I O.OO(X) I .(X)O0 8.6734x 104
4 1.6070x ().2 I.(X)()Ox O 5 6.9848x10.,_ 7.(XXX)xlO 2.(_)OOxlO 'l O.(XX)O I.O(XX) 8.6734x104
5 4,3250x ().2 l.(X)()O,_I()- s 2.4381x10.,_ 7.(XX)OxlO 2.(XX)OxlO I O.(X)(X) I.(X.X)O 8.6734x104
6 5.863()x 0" I.(X)OOx O 5 i 7330x10.c_ 7.(XXX)xlO- 2.(X.XX)xlOl 0.0OO0 1.0000 8.6734x104
7 6.6520x ().2 .(X)OOx ()-5 1.4978x1()-,_ 7.(X)(X)xlO 2.(X)(X)xlO 1 0.000() I.OO{X) 8.6734x104
8 3.614()x ()-2 .(X)OOx () s 2.9670x1()-,_ 7.(X)(X)xlO 2.00(X)xlO j O.(XX)O I.(X)O0 8.6734x104
9 I.q210x (12 .(X)OOx (1-5 5.8022xI(1-c_ 7.(XX)()xlO 2.(XX)OxI() l 0.0000 I.O(X)O 8.6734x1() 4
IO 4.730()x 0 2 .(XIO()x ()15 2.208()x10-,_ 7.0(X)OxlO 2.0(X)OxlO -I O.O(XX) 1.0000 8.6734x104
II 6.7690x ()? .(X)()Ox 0 Is 1.4676x10 -'_ 7.(X)(XIxlO 2.(XXX)xl0 -I O.O(XX) 1.O(X)O 8.6734x104
12 2.5()40x ()-2 .(X)(X)x O-15 4.3931 x I ()"_ 7.(XXX)x O 2,0(XX)x I0 O.O(X)O 1.0OO0 8.6734x 104
13 7.()63Ox (12 .(XIC)Ox().Is 1.3961x1()-,_ 7.(X_X)x O- 2.0(XX)xlO O.(X)OO .(X)OO 8.6734x1(14
14 4.O420x ()" .(XX)Ox ()-is 2.6264x1(1-9 7.(XXX)x O- 2.(XXX)xlO O.(XXX) .OO(X) 8.6734x104
15 2. I 150x ().2 .(X)(X)x IOIs 5.247Ox 10.9 7.(XXX)x O- 2.0(XX)x I0 O.(X)O0 .(X)O() 8.6734x t04
16 7.25()0x I(12 .(XX)OxI0 Is 1.3536x I() 9 7.(XX)Ox () 2.(XX)Ox IO- O.(XXX) .000() 8.6734x I04
17 4.9250x I() 2 .(X)OOxIO-is 2, 1107x IO.9 7.0tX)()x ()- 2.(X)(X)x I() O.(XXX) .(XXX) 8.6734x I(I 4
18 1,3450x 1()2 .(X)(X)x I 0 l_ 8.394 Ix I() '_ 7.(XX)()x O 2.(XXX)x I O O.O(X)() .(XXX) 8.6734x I0 a
19 7.4520x I() 2 .(XX)()x1()15 1.3101xl() '_ 7.(X)OOx ()-I 2,(XXX)x I O O.(XXX) .(XXX) 8.6734x I04
2() 3.717()x I() -2 .(XX)OxI 0 -Is 2,8779x I() '_ 7.(X)(IOx 0 1 2.(X)(X)x I 0 O.(XX)O .O0(X) 8.6734x 104
21 5 563()x1() 2 .(XX){)xI()-I-s 1.8399x ()m 7.(X)()(lxlO -I 2.(XXX)xI() O.(X)(X) .0000 8.6734x i()4

22 4.4()9()x I 0 2 .(XX)OxI0 -15 2.3869x 0 '_ 7.(X)O(lx I 0 1 2.(X)OOxI O O.(XYOO .(X)O() 8.6734x 04
23 6,()lOOxlO -2 .(XI()Oxl() IS 1.6845x (1_ 7.(X)()()xlO I 2,(X)(X)xlO- O.(XXX) .(XX)O 8.6734x (14
24 6.98()()x10 2 .(X)OOxl(} Is 1.4157x ()'_ 7.(X)()Oxl() 1 2,(XXX)x O O.(X)(X) .(X)O() 8.6734x 04
25 6,11()()xl() 2 .(X)OOxlO Is 1.6528x ()'_ 7.(Xl(l()xl() i 2.(X)(X)x () ().(X)()() .(X)O0 8.6734x C)4
26 5.6930x1() -2 .O()()()xlO is 1.7922x 0 -') 7.(X)()()xlO -I 2.(XX)()x O- O.(X)(X) .(XX)O 8.6734x 04
27 2,862()x1() 2 .(X)()()xl() Is 3.8123x ()"_ 7.0000xlO _1 2.(X)OOx () O.(X)O0 .(X)O() 8.6734x 04
28 4.149()xi() ? .(X)()Oxl() Is 2.5522x ()"_ 7.(X)()()xl() l 2.(X)(X)x O O.(XXX) .(XX)O 8.6734x 04
2_ 1.4260x1() 2 .(X)()Oxl() 15 7.9()31x ()_ 7.(XX)()xtO l 2.(X)(X)x 0 O.(XX)O .(X}O0 8.6734x ()'_
3(! 3.2140x10 2 .(X)()Oxl() -Is 3.3674x ()'_ 7.(X)O()xlO I 2.()O(O)x 0 1 O.(XX)() .0000 8.6734x 04
31 2,676()x1() -z ,(X)()Oxl() -_ 4.0946x ()q 7.(X)()Oxl() -I 2.(X)OOx 0 -I O.(XXX) .(XXX) 8.6734x 04
32 3.9190x1() 2 .(X)()()xlO Is 2,716hx 0 '_ 7.(XX)OxlO 1 2.00(X)x 0 -I O.(X)O0 .(XXX) 8.6734x 04
33 4.5fi6()xl() 2 .O0()()xl() s 2,2963x 0 '_ 7.(X)(X)xlO 2.(X;OOx 0 1 O.(XXX) .(XX)O 8.6734x 04
34 3.458()x10 -_ .(X)OOxlO s 3.1121x 0 9 7.(X)OOxlO 2fXXX)x 0 -i O.(X)O0 .(X)O0 8.6734x 04
35 3,878()x1() 2 .(X)OOxlO-5 2.748()x ()"_ 7.(X)()OxlO 2.(XXXlx 0 -I ().(X)()() .(XXX) 8.6734x104
3h 4.663()x1() -2 .(XX)OxlO s 2.2433x ()"_ 7.(XX)()xI()- 2.(XXX)x 0 I ().lX)()O .0000 8.6734x104
37 1.65()0x 10 .2 .(XX)OxI() s 6.7962x ()-_ 7.(X)()()x I()- 2.(X)OOx O-I O.(X)(X) .(XXX) 8.6734x 104
38 6.753()x10 -2 .(X)O()xl()-s 1.4716x ().t_ 7.(X)O()xl() 2.(XX)Ox ().1 O.(XX)() I.(XX)() 8.6734x104
39 6.2320x 1()2 .(X)O(lx IO-15 1.6156x 0 '_ 7.(X)()Ox 1() 2.(XXX)x ()-I O.O(X)() I.(K)O0 8.6734x 104
40 5.4740x 10_2 .(X)()OxI0 s 1.8739x (}-_ 7,(X)()()x I()- 2.(XX)Ox I0 l O.(X)O() I.(X)O0 8.6734x 104
41 6.358()x 10 2 .(X)OOx10- 5 1.5786x ()"_ 7.cX)()()x I0- 2.(XXX)x I0 I O.(X)O0 I.(XXX) 8.6734x 104
42 7.146()x I() 2 .(XXX)x I0 s 1.3770x 10.,_ 7.(X)()()x I O 2.(X)OOxI 0 1 O.(XXX) I .(X)O0 8.6734x 1()a
43 4.4580x 102 .(XX)Ox1O 5 2.3580x 1()-,_ 7.(X)()Ox 1()- 2.(XX)Ox I 0 -I ().(X)()() I .(X)O0 8.6734x 1()4
44 7.3870x 10-2 .(XXI()x I (1 5 1.3239x10.9 7.(X)CX)xI() 2.(XXX)x I 0 -I O.(X)O0 I .(XX)O 8.6734x I04
45 2.9730x I() 2 .(X)OOx1() s 3.6606x 10'_ 7.(X)(X)x 1()- 2.(XXXIx 10-I O.(XXX) I.O(XX) 8.6734x 104
46 1.2610x 1O-2 .(X)()()x I O- s 8.9699x 1()-'_ 7.(X)OOxI() 2.(X)(X)x I O I ().iX)O() .(XX)O 8.6734x 104
47 6.()5 I()x I(1-2 .(XX)()x I 0 s 1.6714x i()-,_ 7.(X)OOxI0- 2.(XXXlx I 0 -_ O.(XX)() .(XX)O 8.6734x I04
48 3.3090x I() 2 .(X)OOxI O-s 3.2635x i()._ 7.(X)()Ox I() 2.00(X)x I 0 -I ().iX)O() .(_)00 8.6734x I() 4
49 4.1760x 10 .2 .(X)()OxI()- 5 2.534 lx I0 '_ 7.(_)()()x I0 2.(XX)Ox10 1 O,(X)(X) .(XX)() 8.6734x 104
50 3.()5 l()x 1()2 .(X)()()x I O s 3.56()6x i 0-,_ 7.(X)(X)x 1() 2.(XX)OxI 0 1 O.O(X)() .O(XX) 8.6734x 104
51 1.8180x 1() 2 .(XX)Ox1()- 5 6,145 lxl()-_ 7.(XX)()x 10 2.(X)OOx1() -I O.(XX)() .(X)O0 8.6734x I() 4
52 6,51 l()xl() 2 .(X)()()xl() .s 1.5356x1()-9 7.(X)()Oxl() 2.(XXX)xlO 1 O.(XX)O .(XX)O 8.6734x104
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Table B-2 1992 BRAGFLO Computed Variable Values tbr LOWER_SHAFT (Concluded)

Run

No, Porosity Pemleability Compressibilily BCEXP BCBRSAT BCGSSAT BCFLG

53 2.0520x I0 2 .OOOOxI 0 15 5,4158x ()"J 7,(XX_)x I 0 1 2.0(XXJxI 0 1 (},O(XX) I .(XXX) 8,6734x104
54 6.440Ox I0 -2 .(XX)OxI 0 15 1.5553x 0 .9 7.(XX)Ox I0 j 2,0(X)Ox ! 0 -I O.(X)OO I .(XXX) 8,6734x I(H
55 2.6330x I(I 2 ,(XXXIx I0 _5 4.1656x 0 .9 7.fXX)f)x I 0 i 2.fXI(X)x 101 O.(_XX) I .(XXX) g.6734x I() 4
56 3.5470xi() 2 .OO(X)xlO 5 3.0278x 0 .9 7.(XK)Oxl() 1 2.(XXX)xlO 1 O.OO(X) I.(XXX) 8.6734x104
57 1.9820xl0 2 .(XXX)xl0 5 5.6159x 0 .9 7,(X)(X)xI(Y I 2,(X)(lOxl() 1 0,0(KX) I.O(XX) 8.6734x104

58 2.3880x 10 .2 .0(XI0x 10 _s 4.6186x 0 _ 7,(XXX)x i(1-1 2.(XXX)x 1()-1 0.0()00 I.(3000 8.6734x 104
59 5,7990x10 "2 .0(X)Oxl0 5 1.7549x 0 'q 7.(XXX)xI.) 2.(XXX)xl0 1 0.0(XX) 1.00(X) 8.6734x1() 4

60 6.9150x10 2 .(KIOOxI O 5 1.4313xI0-9 7.(XXX.)xI 0 2.(KXXIxlO -I O.(XXX) 1.0OO0 8.6734x IO 4
61 1.5400x I0 2 .O000x 10" 5 7.2995x 109 7.(XXX)x 10- 2.(XXX)x I0-J 0.(XK)O ! ,(X)O0 86734x 104
62 2,7890x IO-2 ,(X)(XlxI O" 5 3.9186x I0-_ 7,(X)(X)x 1()- 2,(X)O()x I 0 1 O,(XXX) I ,OOfX) 8,6734x I04
63 5.2340x 10`2 .OO00x I () 5 1.9713x I() -'_ 7.(X)fl(lx 113 2.(XXIOx I O I O.(hgO0 I ,(XX)O 8.6734x 104
64 5.35OOx 10":' ,fXX)O,xI O 5 1.9231x iO.,J 7.{XIfXIx I() 2.(XXX)x I • I O.O(X)O I ,(XXX) 8,6734x I f) 4
65 1,0820x I() -2 ,(X)OOxI() 5 1,0495x 10 I_ 7,(XXX)x I0 2,0(XX)x I O I O,(X)O0 1,(X)O0 8,6734x 104
66 5.(HlOx 10 2 1.0000x I0 5 2.(1563x i(l-9 7,OO(h')x IO 2.(XX)Ox 10 1 O,O0(X) I.(X)O0 8.6734x I04

67 3.3230x I():' I,(X)OOxIO 5 3.2487x i()-,_ 7.(XXX)x I0 2.(XXX)x I 0 l O.(X)O0 1,0OO() 8.6734x I04
68 2.266()x 10 2 1,(XXX)x10 5 4,8807x 10-9 7.(XX)0x I0 2,fXXX)x I(11 0,O(XX) I,(XXX) 8.6734x 104

69 4,8950x I f) 2 1,(XXX}x1O .s 2.1251 x 1(1-9 7,O(X)()x I () 2,(XX)Ox l O-I O,(XXX) I ,(X.XX) 8,6734x ! 04
70 5.366Ox 10 2 I.(XXX)x 10 5 1.9166x10.9 7.(XXX)x I O 2.(XXX)x I() -I O,(X)O0 I .(XXX) 8,6734x104
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for LOWER_SHAFT

Run

No. Porosity Permeability Compressibility BCEXP DCBRSAT BCGSSAT BCFLG

1 16. 55. I.
2 2, 69, I.
3 45. 26, 1.
4 7. 64, I,
5 36, 35, I,
6 53, 18. I,
7 61, 10, I,
8 29, 42. 1.
9 10. 61. I.
10 41, 30. I.
I1 63, 8. 1,
12 17, 54. I.
13 66, 5. I.
14 33, 38. I.
15 13. 58, 1,
16 68, 3. I.
17 43, 28, 1.
18 4, 67, I,
19 7O, 1. 1,
20 30, 41, 1.
21 50, 21. 1.
22 37, 34, I,
23 54. 17, 1,
24 65, 6,
25 56, 15.
26 51, 20,
27 21. 50,
28 34, 37.
29 5, 66,
30 24, 47.
31 19, 52,
32 32. 39,
33 39, 32.
34 27, 44, ,
35 3 !, 4O, ,
36 40, 31. .
37 8. 63, ,
38 62, 9, ,
39 57, 14, .
40 49, 22, I.
41 58, 13, !.
42 67, 4, I.
43 38, 33, I,
44 69, 2. I,
45 22. 49, I.
46 3. 68. I.
47 55. 16, !.
48 25, 46, I,
49 35. , 36, l,
50 23, 48. 1.
51 9. , 62, I.
52 60, . I i, I,
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Table B-2 1992 BRAGFLO Rank.',,of Computed Variable Values for LOWER_SHAI;'I" (Concluded)

Run

Porosily Permeability Compressibility BCEXP BCBRSAT BCGSSAT _

53 12, 59, I. I.
54 59. 12. !,
55 18. 53. 1,
56 28, 43, I,
57 II, 60. I.
58 15. 56. I,
59 52. 19. I,
6O 64, 7. I,
61 6. 65, I,
62 2O. 5 I. I.
63 46. 25. I. I.
¢)4 47. 24. I, I.
65 I, 70, I, 1.
66 44. 27, I. I.
07 26. 45, I I.
68 14, 57. I. I,
69 42, 29. I. I,
70 48, 23, I, I. I.
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Tahh, B 2 1(,",12IW, A¢;Hj) ('ompmcd Variable Value,, h.' I'ANI!I,. SEAl,Rut]

I 6'1546x1{)2 12't30x1{)2° 15512x1() '_ 7.(XXXh/(I I 2 (XXX)xI() t (),(XR)() I fX)f)O '1.3._2h IW,
2 6.!;()5(Ix I() 2 2.6NJOxl() 2o 1.4337x1() '_ 7,(XX)OxIO-I 2.(_'XXlxlO _ (),(XXX) I.(X_X) 3,31(Xhlij_,
3 f14267xl{) 2 1'1750x1()2° 1.55qlxlO ') 7,(XXX)xlO I 2.(XXX)xI()-_ ().(XXX) I,(X_)() 4 4()51xl(V,
4 7.4(),_OxI0 2 6,397()x10 2o 1.3194x1(I-'_ 7.(XXXIxlO J 2.(XXX)xI() J ().(XXX) I.(XXX.I 2.45()9x if)r,
5 7.(),12._x1() 2 3.4()2()x1() 2o 1.4(XX)_I() '_ 7.(XXX)x i() J 2.(X)(X)x I() J ().(_rX)(I I(XX)O 3 (Hg,I._ Ifl_'
6 t"75()1 x 1(12 2O54()x 1(12() 1,4724x I0 '_ 7.(XXXlx I(1 I 2.(XX)OxIO. I O.(XXXI I.(XXX) 3,63 I()x I(/,
7 6 766()xlO 2 2.11 i()xl() 2o 146_3x1() 'J 7.(X)(X)x I11 _ 2.O(_X)x i(). I O,(XXff) I.(X)_X) 3.59hSxl()_,

7.4185x1() 2 6..(;14Oxi0 2o I 3172x1()(_ 7(XI(X)x Ifll 2,(Xff)Ox IO f O.(XX)O I.(X)(X) 2,4356x I()_,
9 6 7849x 1()-2 2.18 IOx I() 2o 1.46.t()× I()" 7,(XXX)x I()-I 2.(XXXIx I(1 _ O.(XXX) I .(XXX) 3.3564x I(/'
I11 6.5()15x10 2 1.337()x 1().2() 1.53_2xlO '_ 7.(XXt()x IO t 2 (XXX)xlI).t O.(XXX) I (X)OO ,l.2126xltff,
I I _ 3154x 102 3 (166(I,_I() I,_ l. 14_2x I() .'_ 7.(XX)Ox I() I 2.(XXX)x I() I (') (XXX) I .(XX)O 1.425 Ix If/'
12 6 O92(Ix I() 2 6,592Ox I() 21 165_4x I()u ?.(XX_(IxI() I 2.(XXX)xI() i O.(XXX) I.(,_X)O 5,3_O3x1()_,
13 62562_1o2 8.75,_(Ix I(1 ?_ 1.60_4x I() '_ 7 {XXXIxI(I I 2,(XXXIxlO. I O.(XX)() I.(XX)(I 4.8776xlO _,
14 7.76_9._1() 2 1.193()xl1') _'_ 1.2465xlfl '_ 7.(XX)OxlO ] 2.(XXX)xI() i O.(XXX) I,(XXX) 1.9755x1(/,15 7.47_g_1[1 2 7.23()(IxlO 2o 1.3()46xlO '_ 7.(XXX)xlO _ 2.(XXX)x I(1
16 N.65.S7x I0 2 5 51N(b,l() I,_ I.O932x1(I ') O.(XXX) I (X)O(I 2.3,192x I()_,
17 h.(1226xl() 2 5._470x1() 2_ 7 (XXX)xI(I _ 2.(XXX)x i() I 0.(X_X) I (XXX) 1.1629,_ I(ir,

-, 1.68(15xI(I ') 7.{XXX).,_I() _ 2.(XXX)x I(I _ 0.(XXX) I .(XXX) 5,0()_3x I(i (,
I_ 7.2424x I(i, ,l._06()._ I() 2o I 3.';'i3x I()") 7 {XXX)xI() I 2 (_XX)xI() O.(XXXI I.(XXX) 2.705/% I()(,
I(_ 7.83OIx I(I 2 1.326()x I() i,) 1,234_x I(I 9 7.(Xll)()x I(I I 2,(XXX)x I(I O,(XX_') I.(,_XX) 1,9(HSx i()_,

2(1 6.27_3_ I() 2 9.(1(14()xI() :'_ 1.6(11_ I() `_ 7.(XX_')xI() I 2(XXX)x I(1 ().(XXX) I JXXX) 4 _135x I(/'
21 5 935),_ i() 2 5 (12(,lOxI() 21 I 7(188x I() o 7.(XXX)xI0 I 2.(X}(X)x I(I O.(XX)() i Ll()fX) 5 U()85x IfP"
22 7.7_,19x1() 2 I 125()x111 I, 1.2531xll) '_ ?.(XX}OxI(I 2.(X)fX)xlO O.(XX)() I.(XXXI 2.()160x1()_,
23 ¢_.379(h 1112 I (Ibl2tlx I() 2o 1.572()x I() '_ 7,(X)O(h I(1 2.(XXX)x 10 ().(XXX) I.(XXI() 4.5326x IO t'
24 7.622()x I() ? t) 257()x 1(I 2_ 1.275,1_ I() '_ 7.()_XX)xIf1 2.()_XX)x10 O.(X)(X) i (k'_'_') 2.1567x I(1_,
25 5.7(1,15x1(1 2 3.3760x 1().2_ I 7_lxl() '_ 7.(XX)(Ix I(I 2.(X){X)x I(1 ().(XX)() I.()00(1 6,782()_ i()_,
2(} 7 13(l,h I() 2 3.9fl IOx 10 2o I .t_().'ix I0 '_ 7.(Xl()(lx I(1 2.(X)(XIx I() ().(fiX){) I .(XX)() 2 89.!flx I(16
27 6 613,h I0 2 i .622()x I(I 2{_ 1.5(1_11_I0 ') 7 (XX)(b, I() 2.(XXX)x I() ().(_X)O I .(X)O(I 3.94(11 x I() ¢_
28 _ .!'19_I() 2 3.545()x I() _'_ I. I .t,12x If) ') 7.{X,X)x I() 20(X)()_I() ().(X)(X) I .(X_)() 1.3553x I(ff'
2') 7()_2 Ix I(J 2 .t.6,1,1()xtO 2o I ),916_ I(1 9 7.fXl()()x I() 2.(X)(I()x If) ().(XXI() I .(XXX) 2,(1777x I() (,
3(I X.(1747_ I(I 2 2.(12]()_I(1 _'_ I 1898_ I(I ') 7 (_X)(lx I11 2d_X)()x I() (),(XI(X) I dXXX) I.M5()x I(/'
31 ().Mh()x I() ? 1.7i6()x If) :'{) I 4()94x I()'_ 7.(XX)OxI() 2.(X_'X)x I() O.(XX)() I.(XXX) 3.X641x i(1_,
32 7.9457x1() 2 1.619()x1() _'_ 1.2132x1() `_ 7.(XXI()x I() 2,(XX}Ox I() ().(XX_') I.(XXX) 1.7774x IW,
33 () 1584_ I() 2 7 3()_(Ix I(1 21 I 6.]79_ I() '_ 70(Xl(Ix I() 2 (XI(X)x I() ().(XXX) I.(_X)() 5.17 I(lx I() _,
3,1 0 87.s2_ I() 2 2 _49()x I() 2(_ I 4-11()xI() '_ 7.()(10(1._I{1 2.(XRI(Ix I() ()(XXX) I.(XX)(I .136t)6x 1(16
.t'_ 5.7582x I() 2 ._ 7(H(h/() 21 1,7/,'11x I11'_ 7.(Xl(l(h 1() 2.(X_(XIxI(1 ().(XXX) I.fXX)() t',.5{,79x I() _,
3(} 6 6N()7x i() 2 I N22(JxI[) 2o I 4()(13_I() '_ 7 (X)()()_I() 2 (XXIIIx I(1 0.(XXX) I.(XXX) 3.TN48x I(ff'
37 6.3 _K_,xIf) 2 I (XIg()x I() 2o 1.58,12_I{1 '_ 7.(X)()()x If) 2 (,_)(XIxI() () (XXX) I.(_'_XI 4.6435x I(I _,
38 6 (1375_ I() 2 6.(X)()Ox If) 21 I 0757_ I(1 _ 7.(X)(l()x I() 2.(X)(X)_ I(I O.(X)()() I.(XI(X) 5 558.1x I{) ¢'
•_(_ _'_9617x If) 2 2.96()()xi() 2_ 1.42(X)xl() '_ 7.(XX)OxI() 2 (X)(X)x i(i.I (I.fXXXI I.(XXX) 3 1998x I(/,,If) 71929x i() 2 4.412()x1() 2(_ I _{ff,-lxl(_ " 7.(X)()()_ I() 2.(X1{t(),{I{}

41 8 5712x1(1 2 4.769()x1() I,) I I()_vlxl() '_ (},(XXX) I.(X)()(_ 2.787{).x1(/,
42 ¢)1966x I(1 -" 7.897()x I() 2_ 7.(X)()()x I() 2.(X)(1(1_I() 0.(XXXI I.(XX)() 1.223 I.x I(/'

162(,2,_ I() '_ 7 (X)(){)_I() 2 fXXXIx 1{) ().(XXX) I.(XXX) 5 (15,14xI() ¢,
43 8.0322._ I() _ 1.88{)()x I(I I,_ I. 1(175xI(1 9 7 (X)Ollx I() 2.(Xt()()x If) (I.(XXXI I.(XXX) /.()g78x I(/'
,14 6.82{11x I,,) 2 2.318Ox1() 2(_ I 4547_1()'_ 7.()(1(10xI{) 2.(XXX)x I() O.(XX)(I I.(XX)O 3.4822x I(/,
45 6.(1955x I() 2 3.13_()x1() 2o 1.412()_1() '_ 7 (Xl(l(Ix I{) 2.(XXIflxl() (I.(XXX) I.(XX_() .3 1358x1(/,
•lfl 7.6523x I() 2 9.755(,Ix l() 2(_ 1.2(_93.xI(1 u 7.(Xl()(lx I11 2 (XX)()xI() O.(XXX) I.(XXX) 2. I I8(Ix I(1¢,
47 6.7(18()x I() 2 1.91()()x IO 2o 1.,18.t2x ll') `_ 7.(X)()Ox1().I 2 (XXXIx I(} O.{XXX) I,(Kfflf) 3.7235._ I()_,
48 7.559(1,_10 2 8 ?,()._(}xI() 2o 1,28_1x1()"_ 7.(X)()()_ I(1 _ 2.()_XX)xI() (I,[XX)() I.(XX)(I 2.23_,Hx I()_,
4q 5 51.S6xl(} 2 2 436(Ix1(1 2} 1._579,_1(1 9 7.(X)()()xI() _ 2.(X)()()x I() 0.(XXI{) I (X/(X) 7.5927x I(/,
5(} 7.3176x I(1 2 5.473(1x I() 2{) 1.3388x I() '_ 7.(XX)()x I{I I 2.(XXX)x If) (1(X)(X) I .(XI(X) 2.5868x I() _,
51 7.()199xlfl 2 3.273()_ I() 2{) I 4(162x1(I `_ 7.(XXX)x I() I 2.()0(1()x I() O,(XXX) I.(XXX) 3.(X,104_I{)_,
52 7 1211xl() 2 3.8980x1().2{ ) 1.3826x I() `_ 7'(XX)IIx I() i 2.(X_'X)xI() ().(XXXI I.(XX)() 2.9091x1()(,
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Table B-2 1992 BRAGFI..O Computed Variable Values for PANEl. SEAL (Concluded)_-------_

,.=.am.m=

53 8,1495x I0-" 2,3020x iO. 19 1,1766x10 t_ 7"(XX)Ox10 I 2'{X)fX)x10 I O,fXX_0 I,OO(X) 1,5736x lot _
54 7.8822x 10-2 1.45JOxJ0"19 1.2250x 10-_/ 7,1,XXIJxlO I 2.1'XJ{X)x 10 I 0,0OO0 1,1'XI{X) 1,846 Ix 106
55 8.2516x 11,)2 2.7460x IO I_ I. 1590x I0 _ 7,0(X101{10-I 2,(X)(hOxI0-I 0.(X100 1,1,X)O0 1.4805x I0_'
56 6,5560x 11,)-2 !.4690x 10-2o 1,52341{11')-9 7.0OO01{10 I 2,(X.100){I0 J 1,),(X100 I.(,XX)O 4.0775){ 106
37 7.4885x 1(!-2 7.35 IOx 10-2o 1,30261{IO-_ 70000){ I0 I 2.(X)Of)){It) I 0.0000 1.1'X__) 2.3358x 10¢,
58 5.1492x 10.2 1.2940x10.21 2.(,_'1791{I (,)-9 7.(XX)O){i(,)_I 2.001'101{I0 I 1,).(XXx.I I .(XX)O 9.4506x 106
59 9.00_)x 10.2 i .1,XXX)x1O-18 1.1,1418x10-9 7.(XXX)x10 I 2.1'XX)OxI0 t !0.00(_) I .O0{X} 9.4665x I0 ,'_
61,) 5.58351{10-2 2,7390x 10-21 1.8323x 10-_ 7.00(X)x10 I 2,0000){ 10 I 1,1,0000 I.OfKJO 7,29(191{lilt,
61 7.68601{1(I-2 i .0340x10 19 1.26261{11'1-9 7.(XX)O){IO-I 2.(XX){)){110-I (').(XX)O I .O0(X) 2.0757x 106
62 7.1746x1/0-2 4.2750){1().2o !.3705x 10-9 7.0000x 10 I 2.0(X)Ox10"t O.(Xh30 1.1'X)O0 2.8176xI1,)('
63 7,3762x 10-2 6,0550){ 10-2o 1,3262x !0-_ 7,0(FOOxI0 I 2,(xhqOx10"I 0,1,XI{X) 1,1,X)O0 2.4979x 106
64 7,5663x 10-2 8.4080){10-2o 1.2866x I0-_ 7,0(_;x 110-1 2,0000){if)"I 1,),1,XX)O 1.1,1000 2,2297x 10t,
65 7.31,)45){10.2 5,3500){10-2o 1.3417){10,9 7,0f_)){ I0 I 2.(X)O0){10 I 0.0000 I.(K_) 2,6072x 106
66 5.1070x10-2 1.20301{10.21 2.0265x 10.9 7.(XX)O){IO I 2.(X)OOx10 I O.O0(X) I .iX)00 9.692 Ix 106
67 7.2562x I0--_ 4.9221,11{10-2o 1.35231{I0-_ 7.(X)OOxIO-I 2.00OOxI01 O,(XK)O I.(XXX) 2,6835x 1106
68 6.91491{11,)-2 2,730(I){11,)-2o 1,4313x It)-o 7,(IOO01{10"I 2.(g]{h3xI0 ! O.(h_O I.(X._XI 3,29061{It)t,
69 5.8844){10-2 4.606(,I){10-21 1.72581{10-9 7.(X.I(X)){i0 I 2.(XX)O_i0 I O.(X)fX) I .O('XX) 6.091'19x106
7(') 6.51481{10-2 1.36801t10-2o 1.53461{i(,i-(_ 7.(XX)Ox10 I 2.1,XXX)){10-1 0.1,)00() ! .O0(X) 4.17931{lot,



AppendixB: BRAGFLO ReferenceTables

Table B-2 1992 BRAGH.O Rat_ksof Computed Variable Values fl_rPANEL_SEAL

Run
No. Porosity __ Compressibility BCEXP BCBRSAT BCG_SAT BCI:LG BCPCT

I 19, 19. 52, I. 52,
2 32. 32. 39. i. 39,
3 18. 18. 53. I, 53.
4 48. 48, 23. I, 23.
5 37, 37, 34. I, 34,
6 27, 27, 44. I, 44,
7 28, 28. 43. I. 43,
8 49, 49. 22. I, 22,
9 29. 29, 42. I, 42.
0 20, 20. 51. 1. 51.
I 66. 66. 5, I, 5.
2 II. II. 6(). I. 60,
3 14. 14, 57. I, 57,
4 58. 58, 13. I, 13.
5 50. 50, 2 I. I. 2I,
6 69. 69. 2, I, I. 2,
7 9. 9. 62, I. 62.

43. 43, 28 , I, 28.
9 59. 59, 12. , I, 12,
20 15, 15, 56. . I. 56.
21 8, 8. 63 I, 63.
22 57. 57. 14, I. 14.
23 17, 17, 54. , I. 54,
24 54, 54. 17, I, 17,
25 5. 5. 66 I, 66,
26 4(1, 40. 31, I, 31,
27 23. 23, 48, I, 48.
28 67, 67. 4, I, 4,
29 38, 38, 33, I, 33,
30 63, 63, 8. I, 8,
31 24, 24. 47. I, 47.
32 61. 61. I0, i, i0,
33 12, 12, 59. I, 59,
34 31. 31. 40. I. 40,
35 6, 6, 65. i, 65.
36 25. 25, 46. I, 46.
37 16. 16, 55, I, 55,
38 I0. I0. 61. I, 61.
39 34. 34, 37, I, 37,
40 42, 42, 29, I, 29.
41 68, 68, 3, I. 3,
42 13, 13, 58, 1, 58,
43 62. 62, 9. I, I. 9,
44 30, 30, 4 I. 1, I. 4 I,
45 35. 35, 36, I, !, 36,
46 55. 55, 16, 1. 1. 16,
47 26. 26, 45, i, I. 45.
48 52. 52, 19. I, I. I. 19,
49 3, 3, 68, I. I, I. 68.
50 46. 46, 25, 1, I, I. 25,
51 36, 36, 35, I, I, I, 35,
52 39, 39, ?2, I, I, I, 32
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Table 1t-2 19L,_2BRA(IIq.() Ranks_,! .,reputedVariable Value,, IOrpANliI_ SEAl. (('lmcluded_

Run

53 64 6,1. 7. I 7
54 6(I 60 II, I II.
55 65 65. 6. I 6
56 22 22. 4t_ I 4t;
57 51. 51. 2(I I 20
58 2. 2, 1;9 I 6t_
5,; 70 70. I. I I
6(I 4, 4 67, I. 67
_I 56 5_, 15, I 15
(12 4 I. 4 I. 30. I. 30.
_3 47. 47. 24. I 24,
1,4 53 53. I X. I iX.
65 45. 45 26. I 26
66 1, I, 7(/ I. 71).
67 44, 44, 27. I I 27
61_ 33. 33 3X I I 3_
f_t; 7, 7. 64 I, I. h-I
70 2 l, 21. 50 i. ! 511.
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'raNe B2 I*_92 IJRA(II:I ()('o,lpuwd Vltidhlt, Vilhll?N for SAI,AI)()
Rtm

_-_, l!_u_ L_ml_,ihb, LMi_¢_£_hb It_L_l_ II_2L!I_{/ IJ_T U__I':L_ LK.+I!_'Ì

I 2 l_h6lh I() : t (',l()Mx I() _1 3 NllhO)_I() '_ 9 fi79() 8TNt'_(lx I() ? 2.:131XlxIll I (I(XXXI 6 ()l?,5_ ii)¢,
"_ h 91)l)_)Xll) _ ¢) 772,1X1() _1 I btS_xl(I _ ,l 9hhl)_lit I I 'lS?()xll) I 1.25_()_1() 1 I O0(k) 'lfi951_llY'

2 _';7()x I(I 2 I _18t_1() 21 _.7632x Ill '_ h 79110_Ill I 1.1_49()xIll I 2.166()x I() I I (X)I)O tLJgi)Ox I(if)
4 _ _13(hll) _ I 51.]_xl(I ;'l 2 (Hh:t_tll)_ 5 1_2() 1.726(h1(l ) I.I_I)(XIxlI) I I (10(10 1_.*)517_tllff'
5 2.1)5hlhll) 2 2 NN4(I_II) ,'2 5 4I),IN_III '_ 'I ()71(hll) J I 9NNOXI(I _ I 459()_ II) I I.(XIO0 Ir,_7_ ()7

fi I..t7_11_1(I ,' 7 244,1_ I() :,1 t_.2()55x Ill '_ 6 142l) ] tlT(IxlO I ,1 ?')]()x Ill ? (I(I()_X) _ h_:_7_I()'
7 2 _t_(Ixlll : I I,l_lxl(I :: ,l.2L_Txll),_ I (_/qi) 354_()_1(I : 1622(ix1(I It I_(hll) _ 4 N971_ Ill 22 _ h25l_111 _ " ()(_()()0 2.184_h ill 7
(1 2 72711xI(, 2 4 71_63_I I) :4 " 6 44_(1 .] X6htl_ I(I I 2 X5211_Ill "_ I.(XXX) I 3,_,.7x_II17
It) t,, 677(1_ i( I t t 9t411xll) 21 4 111Mxl(I '_ 4 2(')llhlll I :),,l(iN(Ix i(I I i NOt,)()),i( I I.(XXX) b 5(')l)lx l) 7

I 17h,l_tlO_ I ._1711 79()(Xh11)2 .l,agl(ixl(I IIMMX) 64()fi(lx (P
II 2 _7._lhll) _ 7 762._1(1 ,'1 ,1 ,lt)Uh_ll)_( 5 125(I._,1l) _ 2 717(1)_111I 2,(Xl3llxll) ()(XXX) 5(1_45_t II t'
12 9 N27(htl() _ ,4 12()lxll) 21 I I,_lxl() )_ 7,19(')() I 'll(Xlxl(I I 2 N620)_1() i (XI(XI 4 _(IN'I_, l/'
I _, I (',hI(ht I(i ? g 7()gh_tI(); '1 6 7496), i() '_ 2.24_,)l) t (L_()()_I() I 2 ()37()_ I(I I (XXX) ,fi,}127_ ()_
14 I tI()(X.IxI() -" 7()795xi1) 2_ 5 (,)l_lMxll), _ 3 0(')2()),1(l I M .%bhl)xl() _ I 73fi())_1() I.()(XX) 2.SN2N_ (I 7
I_ I 159Ih1() _ ] {)2(1_)_1(l?.1 ) iNN)h_l() ? 4 4h2llxll) I 2. till(hill i 3.8_5(htl() ().(_(HI() 7fiqlt2s il)_

16 5 _7(X)),I(I _ I tl{153xll)21 I h)55()xl(I x 5 ))5,,)llxI(11 _ 7g(llhlO _ 2 172(Ix1(1 I (XXX) g I ),5(')_t(p
17 2 luS(lxl()? i 2_1,12),11122 ,1 6(14.1_11)u _1),'11 i II?'lhlO I )l.l,ll)6()xl(i OI)IXX) 2(X,)l,)h_ ()?
I_ h 1_71hll) _ h 76(INxI(I 22 I l_hg'_,_ll) I_ ._ gZlllxll) I 2 t/,17lhll) i I'(6120)_11) ()(X_/X) I I1_t1_ rl)_
It) (', 2551)_1() _ t ttgllxll) _ 1 t'11_._7_1()_ _)1)1)51) I I('M(Ixl(I I ' .,21) I 7()7()_1().' I 1_197._11)a) ,_ " I.t)h7lhll) I.(XXX) 3 152(h (),

•._ , h _fi()()_ II) h 7(F/lh I(I I I 29,11hll) I ].2110xlO I.()t)t)() ] 7_h,l_ll)"
,;I 2 _(_lXlxll) " 2N_4(l),I() 2o 4 h97,l_ll) ') 2 2_(_()_I(l I 1 977(hli) : ,)2L_lhlO O IXXX) 3 22_7_ rot'
2" 2 ¢)()1()_I() : ,_,lq)5,1_ti() 21 d 21h5_1() ') i ,ILlt) 2 ItL_()_ I(I _ I 871()x1() 2 I ()(XX) 5 72%)(h 1)¢,
2 _ 2 {,)_;2()xI() ." _ -1(-)_,1_I() 22 3 6_.(ig_ I() " 7 ()t;t_() 2 _g_()), I1) I .1 52_{h I(1 2 I (_X)() I 271(h l) 7
2.1 I ,171(hll),' I 2()2]_t1() 21 7 ¢),_37_t11),) ,I 127(1_1(l I h 127(h1(); 2 643(1_t1(11 I IX)_k) 9.fig,ll_ (i t,
2,_ 2,1721)_ 11); 7 1)7(;_I(l 21 4 4512_II)u 2 7hill I (;(_I(1_I(i I (1 99lX)_ II) 2 I (XIIXI 5 2,1ql_ IP
2¢) 1 8_2()_, Ill 2 1 737N_ 11) 21 _ (,)27¢)_l(l '_ 5 2hhl) _ ,IT(X)_ I() I ,
27 2 27'1(h1(1 _ 5 128h_1()22 _(1N77_1()_( " (')SI)(')lhll)- I (X)(I() N .(i), ),(), ()¢,
2_ _ . _(_II() 2 12Nlhll) ) 7,_7_(1_I(1 .' I IX)IX) I ]() N_ ()7

, _g.),l)_l() i 4 57()t;xl()2: 4 lX)77_1())< 7 (LI¢)() _ld7,1lhl() ) I 527(h1() I ()IXXX) 1.35,17: ()7
2 _; I 2hNl)xlll 2 2 34,12_1l),'1 N t)lt)(lxl(i u 6(Hllhl() I _ _(t4(l_,lll I )) 5781h1() I I.(XXX) 7li9,13, (){,
31) g 7{)lf),_l() i 7 (143_11) ;2 I 2(175_1() _ _ (_),ll)_l() I I ,l().'llh II) ;' I _.](1_ I(I I_1 I 7{)51)_1112 3 31_8,1_t1()22 h._71._lllU " .. ()1)001) I I I_th Ill _
,12 _ ()g:ll)_ Ill ' 6 I()6(h I() 21 :] .]lh(l_ I() I 2 113(h Ill 2 ,l()Sllx Ill I }.I)_X) I 5(125_, i()7

" () ll)'l_,lll') 14g_{){) )) 14_t()_l(I .t.755())tl I) l I.(XXI() 5._()hl_ i/'
]_ ()¢)¢),1()_1() _ I()l)_)t)xl() 21 i 7ltlf)xl()_ 5.22()_1._1(11 I (I._(hl() 141(_11_1(1I I(IO(X) I.()_._2, I() 7
:L| tl I(l_(Ixll) _ 2.t,)_1( I 2_ I 2522_ II) _ g t}.S2() 2 5151)_1() t 62_(Ixlll I I)l)l)(l() I h(.i]2x ()_
t5 2,123(h I() _ ._ ()_)()Asl() 21 ,l 77t_1(1 _ 3 (HTlhl() I 2 ()()7(hill I 339()x I() I I (l_)_k) fi q(128_ (ff)
.W) 2 712(l_ l(l ,? 1 584{h 11)2,? 4 ()_7(l_ I() '; 2 75l)()_ Ill I ] 7(lq(l_l() _i(')tH)lh i( ) I I ()_)_)(1 I (}5,|?)_ 1)7
]7 5 ()'H)()_ I() i 851 i,l_ I() :: 2 2._h,l_ ll) _ _) t17_1) 2 2f)Sl)_ ll) I 1)79(l), l(l : I (XXX) I (){)2S_ (l 7

IX I 8tJ.l()_ll) _ 5 128()_1() 21 ¢.).1i.),51t1() _ 2 t16.1() I 7_(1())_1() 3 (Jfi2(hl() I I (XXX) (i 8(')_5_ (if)
3g I (X)9()_ I() ? 7.5N58_1() 22 I 127.),,(I(I _( 2 6l)()l)_ Ill I I (')__()x I() 3 72,1()x I1) 2 I (XXI(I I.l.l)f)t)), 1)7
,1() 2.270(1x1(1 ? 2 57().1)_I1) :_ 4 MSg2xl() ') 2 ,ll(')()x Ill I 2,13,ll)_ I() I I ilXhl() I I.(XXX) 3 (')h71x 1)7
41 I 8()2()_11) ? 5.8884_1()21 h.2l)lgxll)U _ 7,19(1_1(l I I L_,llhll) I ()05(Ixll) I I()_)(X) 5 fit_,16_:(I_,
42 2 ItJglh(l() 2 (').?,()(Hv(l () 22 5 I)_71xll) ') 5 .tS,llh I() I _ t,)t')4()._I(I .t L_,IXh i() I (),(XXX) I 2117_ 07
,13 5 17(;()_1() _ 2 4547x1() 21 2.21';{;_1(I _ 4.(X)t)() 3 q()7()xlO I 2()4()x1() i ()(RI(X) 7._727_ (if'
44 ]t/()l(h I() _ 39811xl() 21 2 9(_(i )'_ I() )< 3 f)(l_(h I() I 2 59N()x I() _i7 ]5()x I(),15 (J.3971)_l() _ 2 8M4()xl() 21 I _)13.{ixl() )< - . - ()(XXX) b4!)()()._ (if)
41") ") 82_()x1(I 2 I (MTIxlO 24 "- • 3 2),(,)()_1() I 1.51,Ul(hl() (t 419()x1() 2 I.(X)IXI 7 I()ltt_ ()_)

" 3/,1¢)11._1(i '_ 4.f)l)(')()._II) I 6 517(h1(i ? 2 _,8_(h ii) I [ (){)(X) I 1()99_ ()_
47 ().57()(),_1() _ 5 7544x1().2o 1,74,10x1() _ 3 47h() :1 1714()_1()_ 2 (h()(')()_l() I I.(_){X) 25,12h ()¢'
4N 2.219()x II) : 2 818,1x I()21 4.942b_11)(_ 7.7(1_() 4.551()x I() 2 2 ()7_Ox I0 _ ()(X)(X) 7.21t_2_ :(),,
4{) I h82(hll) ,_ I 9953x1(I 22 () _72_ I() _ 3 75]1)x II) I 5 ()11()_1(I ? () 9{)lk)x I() ? I ()_XX) I,g(),|f)_ I )1
5() I 289()x I() 2 I M62Ix II) 22 M 7()t/()), I(I '_ .)_.5.)_t)l))_I() I I .gg(1()x I() I I q85(h I() I I.(XXX) I._,183x I() 7
51 7N.l,l()xl(I _ 87()9hx1()21 I.,1572x11)_ 56(X)(b,l() I 2318(bt11) 2 1,181(hl(l: If)IXX) 4.885t,)_I()_,
52 "171t()x1() _ I 995"h1() 21 2 4"IIN)_I() )< 3.2t70 I 5()4()x1() ) -t.SNh()xl() I ()(XXX) 817,50, I(ff'
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l'_hlr II-2 1992 BRA(iFI.O rZcmipuledV_rillble Villue_ fur SALAI)O ((:on_'luded)Run

,_.1 1.591X)x1()2 4.6774x10.2J 7.(1621xI/} _ 6.74 I0 2 _l,170xII)I I.Hl)60x I0 I I (I(XX) h05MSxII) f,
54 I 4"_f)O_I()I 371'_4x I(I Z2 ?.76MIxIO 4 472(Xl_ I1) I I '6'_VOxI0 i 2729Ox I0 I (1(XMX) 1,4554_i117
5,'_ 2 (X}30_I0 2 1.412,_x1022 5.._._44xI() _ 6.,_03(IxI() _ 3,24._(1x10 I 3.()3.t0x10 J (HXXX) 2 ()3.t7xIll 7
._6 I, 16._(IxI0 2 1.6595x1(I-_4 9.72V6.4I(I-_ 4._14HII 9.2770x I(I-;_ ,_,22IOxlO 1 O.I)flfk) 9 46tVx Ill _
•'_7 4.._63()_i(I _ 3.1,(91)4xi() 2,_ 2,._229_IO.M ¢,'.21I() 5.11fi0xlO ._ 2'7770x I() I I.(XXk) I 4324xI(),'
_ t_.71IOxI() _ 2. IMTl,(x10.2_ 1.3097x10._ 6.4060_ I1)I 3.41_1,1{)xi0 _ 3.2V140x10 t I.(XXI(I 3 1(77_ IIi _
_9 2 5160x 10.2 1,47_tlxItl._._ 4.37(_)_I0'_ l,l.9,_1,10 8.._120_10-2 3,1270x10-1 I,(XXX) 4,439N_ I() _
60 l_26(X_xl(l_ v.12OIxl(I 2_ 1.3l'125_10H 9.1,162() 7.0.t1'10x1(1'? t'1.1940x1(1;_ IO(XM) 2,.1661xl0_
61 7,.t1_40xI(} _ 1.0?l_x I1)21 I,_4V,_xI(1 " 1"1(l'490_I(11 2'7_t1I)_I0 I 1"31'19(Ix10l I,(1(10(I I,(klMl,lx I(f_
62 1.22,_iIIxl(I2 1.2,1(i,i_10.I,, 9,240_1_10'_ 2,863!)._10 I 3,._99l),_1llI 2.._120x1(}I I.(XXX) 2.133t_1117
63 4 1()90xlO _ 3 (}g(13xI0 12 2.1404._Ill_ .'t,?_4(1 2.(X)l(lxlO I 2,1'136()xi0 _ 0 (XXX) i._._1Ix I(ft64 3,7.t9(IxI() _ I 6_.'1'12x1022 3,l}1_45xI(IM 2.4_;5() 2.0320x102
6._ 7.47/X)xl(i _ I,.54HM_1().21 I.,_ill4xll) a 8.702(}_1(l? i,(_lO0 I.g(ll_l_l(l_
6h 3,_,ttOxl() t 41,(UTl_xl()2_ 2..%411)xll)1 26410x1(11 3,.%l{X}xlOI I.(XI(X) l'(,IqSllTxl()_,

.t.26_1,1x1()_ 69150xl0 I 1.2]l_(Ixl0l 316]0xl01 ().(XXX) 29.t.'_txl0_fl? _ 191()xl()._ I. 141,12x102_ 1.3944xl0 _ 5._1,19(l _ 6.t._('lx10 '
61_ 1.0760_I0 -' 2.2.1t_7xI0 ,'2 I.O._,_,'_xIll _ " 2.5.17(IxI(I _ (I.O()(l(I _).t_49t,lx It) t,
69 1.5190x10 2 2._7(),.1xi(i 2., 4._2{X) "t'024(ixI()l 2.997()x10-1 (}.ll(Xk) I 7.t42x1()_

'_ 7.4(),tV_I()'_ 4 327() 3.71._()_I(l I 4 k390x I()
7(1 1.4149()xI(1._ 2 5?()4xl(i.,,4 ? 71_]1_11)_ 6.2770x11) I I (ll.tOx I(1 I I.(XXX) 1.6._},2xIlf_

"- 1,192{Ix111t IO(l(k) t,1.1144x11)7
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AppendixB BRAGFLO Reference Tables

Table B-2 1992 BRA(iFI.() Ranksul (h,mpuled Variable Values hlr SAI.AD()

Run

I (18, 55 3 {,_ 16 ,l i I I_',
2 24 t',7 47 21 2_ 23 24 4
3 69 44 2 34 3_ _X 24. 27
4 18 45 5! 52. _I t4 24 2(,
5 54 2_', 17 15 35 2{_ 24 ,15
e, 42 _, 2t_ 56. 59 9 i (15
7 8.a 15 8 37. 7 29 I, 5{,
8 9. .t2. 62 57 t,M 5 24 39
9 _6, 5, 5 I tl bl_ 3?, 24 t,¢_
(I 34 5{1 37 3q 14 ¢11 24 14
I 7 154 64 22. 48 _t, I 7
2 35 68 3fi. 61 25 51. 24 5
3 47. 7, 24 41 64 52. 24. ¢,4
4 52 13 19 8 2 11 24 5_
5 I, 4. 70. 18. 41 (,8 I {17
(! It,' 48. 52. 24. 67 3t) 24 22.
7 6(I 17 I I 55 211 67 I 5,1

20 3_ 51 28. 52 2 !. 35
9 21 I I. 5(i 40 2 I_ ?,11. 24 811

21) 414. 6_, 23 33 23 57 24 3
21 59. 69 12 2. 4 4{1. I 2
22 (,4 6(1. 7 38. 39 4, 24. ii
23 711. 34 I. 611 42 _ 24 .",7
24 44 43 27 17 II 47 24 2_
25 {11 63, I(). 4?,, 54. I _ 24.
26 51 47. 20 53 44 12 24 24
27 5, 33, 66 (,4 38 14 24 38
28 8 3 I. 63, 63. 61 2"7 I. 4()
29 411. 50. 3 I. 29. 58. 63 24. 2 I
30 31 31_. 4([ I, 3. 28. l, 3_,
31 ,19 28 22. I0 37. 43 24. 43
32 55. 62. 18 (_{_ 55 h8 24. 9
33 23, 4(1. 48 23. l U N). 24. 3 i.
34 32 24. 39. 65. 45. 64 I, 47.
35 {_. 54. 65 14 51 24 24 17.
36 65. 19. 6, f,, 65 65, 24. 52.
37 I6, 39 55, 59 40. 6, 24 32.
38 4. .%L 67, 44. 32, 7(I 24, i2
39 36. 37. 35, 5. 29 7 24. 34.
4() 58, i11 13. 3, 43. 2(). 24, 6 I,
41 50. 61, 2 I, 27. 24. I t). 24. I().
42 56. 35. 15. 2.5. 70. .St). l, 36.
43 17, 5I. 54. 48. 69 22 I, 20.
44 ! 2, 5(_. 59. 12, 46. I I, I. 14.
45 33 53. 38, 9. 28. 17. 24, I 8.
46 67. I. 4. 19. 12. 42, 24. 7(},
47 22. 7(1. 49, 46. 56 4fi, 24. I,
48 57, 52. 14, 62, 8, 37, I, 19.
49 3, 22. 68. 13. 9. 13. 24, 49,
5(1 4I, 2I, 30. II, 34 35, 24. 50,
51 27. 65. 44. 26. 5, 3 24, 6,
52 15. 48. 5fi 45. 27. 69. I. 22,
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Table H-2 19q2 ItRA(]FI,() Rank,,ul (.'ominlted Vawmt_leValues for ,SAI.AI)() (('oncludt'd)

Run

5,_ 4_ 5_ 25 5_ 5(_ 32 24 I_
5.1 4 ! 2t,_ 28 21) 31) ,IX. I ,12
55 5! Il,l 114 .t2. 57. 5,1 I 53
56 £tR 2 33 5 I. 17 I(). I 69.
57 14 3(i 57 I'_ i 4t,_ 24 a }
58 3(). ':_ 41 31 _2 51,1. 24 f12
5t_ 62 X t_ l_7 15 55 24 r_3
6() 2q. 14 42 7(/ 13. 15 24. 57
61 25 41 4{_ 2,_ ,lq 25 24 3()
h2 3LJ I(, ,12 7. 6?,. 44 24 55
6] 13 27 5t.l 47 3f_ 5() I 4.1
64 I I 211 (_() 42 6. 16 24, 51
65 2(_ .l_ 45 4 47 62 2,1, 25
6{_ I() 12 61 3_ 22 ,_ I 5tt
f17 2X 42 4! 54 I1) 45 I 2q
61'I 37 2_ 3.1 511 5! 53 i, 48
6t) 45 25. 2h 4t_ _'_f_ I 2.1 4 fl
70 n _ 6t1 _1) 18 _I 2,1 flS

1]-71,1
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AppendSx B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values liar SHAFT". SEAL (Concluded)
Run

53 5,8188x 1() 2 6.3790x i0 i _ i ,7480x 10.(_ 7(XXX)x lOl 2.(X)_X)x10 1 O.(XX)() [ .(XX){) 4,9859x 1()5
54 6.7354x1{) 2 1,5511)x111 17 1,4762x1(). 9 7'(XI(XlxI()I 2,fXXXlx]()I ().(XX)() I.(X)Ot) 3,6664x1115
55 3,91183x10 2 3.5291Jx I11 _ 2.7248x 1() _ 7.(XNXlx I0 1 2.fX)OOx10 1 O.(XX)() .(_X)() 6 1 i93x 105
56 6.6469x 111-2 8.16611xI(1 In 1.4991 x I() _) 7.(XX){)x 10 1 2.(X)()()x I11 I O.(XX)() .(XXX) 4.5775x I0 .s
57 5,,742q_ l(_ 2 5.3740x ;I) in 1,9260x 1¢_'_ 7.(XX)Ox11)_I 2,(XXIOx111' (}.(X){)O .(XX)O 5.2906x I115
58 5.4958x I11 2 9.3._i90x ]t). 17 1.8655x I(t (_ 7(XXX)x 101 2.(Xl(_'lx I (11 O.(X)()() ,(X)O() 1.9685x iO 5
59 5.2762x I() 2 5.7450x I()- J_ 1,9535x 1(),(; 7(XXX)_ I(}-I 2.(XXX/x I0 l O,(XX)() .(X)O0 5. 1698x I()_
611 21;62{)x1().2 3.1910xlOJ_ 3,6751 ._iO.,_ 7.(X;(I(Ix 1(1_ 2.(X)()Oxi O- I ().(X)(_) .(XX)() 0,3362x10 s
61 ,1 1)431)xI() 2 2.81Xl()x I0 _ 2.6256x I0 -'_ 7.(XXXlx I()I 2.(X,_)OxI0 -1 O.(XX)O .(X)O() 6.6294x I(15
62 4,4173x I().2 6.3220x l O-r7 2.3820_ I11') 7,0_){)1)xI()-I 2.(XX)Ox I0 J O,(XX)O .(XX)O 2.2547x i O,S
63 5.9404x 11).2 1.2981)xIf), It, 1,71171x I11._ 7(XXX)_ I() I 2.(XXXIx I0 I O.(XX)() .(X)()O 1.7579x i05
64 3.2463x I() 2 5.8550x 11)-}_ 3.3314x I(),_ 7.(XXX)x 10-1 2.0(KXjx i O,r O.(X)(,_) ,(XX)() 5.1360x l()S
65 7,1865x l 0 2 2.4680x I11 Iv I, 3678x 11)-'j 7.(XI_X)x1O I 2.(XXX)x I () I O.(XXX] ,(X)(X) 3.1220x 105
66 4.5()1)3x 10 2 6.8401J× I(l In 2.3335x IO') 7.(XXXIx I0 I 2 (XX)OxI0 l O.(X)O0 I .(XX)t) 4.8670x I05
67 3 1591)x i() 2 l1241}x 11)17 3431Mx I(}u 7 (XXXIx1(1 1 2.(XXR)x 10-1 ().(XXX) I,(XX)O 4.0985x 1(15
6_ I {XJt)()x1112 2,442tIx 10 _i_ t, 1376x t(__ 7.(X)(X)_ 10 J 2.(Kt(XIx tO .I O.(XX)() I.(X)(X) 1.54 JSx Jf)_
6_,_ 5 1572x I11-2 1.32611xI()17 2.()1144xIt) '_ 7.(X)t)Ox I0 I 2.(XXIOx I(1 I ().C_tt_l) I .(XX)(} 3.87flTx I0 s
71) 3 7ql 7x11)2- 2.()St,_)x I()I_ ,-.816,_I()'_ _ '_ 7(XX)t)x 111I 2.(X)(lOx }() I O.(X)(X) I .(XXX) 1.4933x iO 5



Appendix B: BRAGFLO ReferenceTables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SHAF'q'_SEAI.

Run
Poroi_L_ Permeability Compressibility BCEXP BCBRSAT BCGSSAT BCFLG

I 46. 56. 25. 15.
2 25, 44. 46. 27.
3 2(/. 6 I, 5 I, IO.
4 49. 49. 22. 22,
5 15. 5. 56. 66.
6 33. 40, 38. 3 I.
7 3, 57, 68. 14.
8 13, 12, 58. 59.
9 69. 4, 2. 67,
I0 34. 37, 37, 34,
I I 5 I, 26. 20, 45,
12 45. 5 I. 26. 20.
13 64. 6(i). 7. I I,
14 52, 30, 19, 41.
15 36 28, 35. 43.
16 14. 11. 57, 60.
17 47. 8. 24. 63.
18 68, 23, 3, 48,
19 56, 63. 15, 8,
20 2. 29, 69. 42,
21 31, 17, 40. 54,
22 30. 59. 41. 12,
23 37. 16. 34, 55.
24 6 I. 6, 10, 65,
25 39. 66. 32, 5.
26 22. 2, 49, 69,
27 53. I. 18, 70.
28 16. 41. 55, I, 30.
29 62, 27, 9, 1, 44,
30 32, 64. 39. I. 7,
31 5. 50. 66. I. 2 I.
32 29. 70. 42. 1. I,
33 42. 9, 29, I. I, 62,
34 58, 36, 13. 1, I, !. 35.
35 6. 43. 65, I, I, I, 28,
36 7. 21, 64. i. I. I. 50.
37 35. 46, 36. I. 1, 1. 25.
38 23. 13, 4X, I. I. I. 58,
39 18. 69. 53, I. 1, 1. 2.
40 54, 39. 17. I. I, I, 32.
41 55. 7. 16, I. 1. 1. 64,
42 44. 10. 27, I. I, I. 61.
43 12. 52. 59. I. i. I, 19.
44 65. !4. 6. I. I. I. 57.
45 57, 54. 14. I. 1, I. 17,
46 28, 18. 43. 1, 1, !, 53,
47 66. 58. 5. 1. 1. I. 13.
48 70, 48, I, I. I. I, 23.
49 67, 20. 4. I. 1, I, I. 51,
50 4. 55. 67. I. 1. I. 1, 16,
51 8. 19. 63, I. I, I. 1. 52.
52 24, 15. 47. I, 1, I, 1, 56.
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Appendix B: BRAGFLO Reterence Tables

Table B-2 1992 BRAGFI.() Ranks ¢_f('omputed Variable Values tbr SHAI-'I'_SEAI_.(("¢mcluded)

Run

fl_. 12_ l"e___nneabiliLv_9_t!Jpre_sbilits.' ____X__ BCBRSAT I3_.(.?(SSSAT _ I3_(2EC.2T

53 4Y,. 34. 23. , 37.
54 60. 47. II, 2,1.
55 19. 2.5. 52, 4_.
56 59, 38. 12. 33,
57 41. 31. 3(1. 40.
58 43, 65. 28. 6.
59 4(1. 32. 31. 39.
60 9. 24, 62, 47.
61 21 22. 5(). 49
62 26, 62. 45. 9.
03 5(). 67, 2 I, 4.
64 II. 33. 6(). 38.
_5 63. 53. X. 18.
66 27, 35. 4-I, 36.
67 I(). 42. 61. 29.
68 I. 3. 7(1. I, 68.
69 38. 45. 33. ]. 26,
7() 17, 68. 54. I. 3.
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Appendix B: BRAGFLO Relerence Tables

Table I]-2 1992 IIRAGFI,O Computed Variable Values for SHAF'I" SEAl._2

Run

PorosiLy Pcrm¢_bility C_mprcssibili!y _' _CBRSAT _CGSSAT _

I 5.t',_133x (12 5.51 i()xl() 20 1.81()2x1() '_ 7.(X)()()xl() 2.(X)(Xlx 0 -I ().(X)(X) I.(XXX) 2,514()6xlO6
2 4,3305x 0 .2 1,774()x1() 2(_ 2.4347x1() '_ 7,(XX)()xI() 2,(X)_X)x ()l ().(X)O() 1.(X)(X) 3g199xlO 6
3 4,(X-)73x ()-2 1.342()x1() -2r) 2.6512x1() -_ 7.(XXX)xI()- 2,(X)OOx 0 1 O.(XXX) I.(XXX) 4.2071x1() _'
4 5.14422x (1 " 6.544()xlO 2_) 1.74()()x10 u 7.(XX)()xI() 2,(XX)()x ()-I (),(X)O() I.(X)(X) 214317x10 ('
5 3,5889x ()2 9.351()x1(),2. 2.9895x1(),_ 7.(X)(X)xlO 2.(XXX)x ().1 ().(X)(X) 1 (XXX) 4.7673x106
6 4,14739x ()2 2.1436Ox10.2o 2.1354xl()U 7.OO()()xl() 2,(XX)Ox (1,1 ().(XX)() I,(X)(X) 3.2475x1(16
7 1.8565x I() 2 2,0950x I 0 21 6.(1125x I() ') 7 (XX)()x I0 2,()X)Ox (1-1 ().(X)()() I .()()(X) 7.9994x I(16
14 3,3804x1() 2 7.81()0x1() 2_ 3,1893x1(1 u 7.(X)()()xl() 2.(X)()Ox 0 t O.(XX)() I.()O(X) 5 0738x1() 6
9 14,21447x()_2 5.392()x i()-I,_ i 1533x 1()-,) 7.(X)()()x 1(I 2.(XXX)x I() I ().(I(X)() 1,(X)(X) 1,1722x I()6
I() 4,8961x 0 2 2.1491()x1()2_) 2.1246x1() (_ 7,(X)()()xl() 2.(X)()()xl() 1 O.(X)(X) I.OO(X) 3,226Ox10 t'
I I 6,()343x 0 ,2 7.7240x 102(I 1.6767x I()'_ 7.(XX)()x I() 2.(XX)()x I0 I O.(XX)() 1.()O(X) 2.2961 x 106
12 5.5800x ()-2 5,21 gOx I ()-2o 1.8336x I(1c_ 7.(XX)()x I() 2.(XXX}x 1O I O.(XXX} I .(X)(X) 2.6299x 1()c'
13 7,2964x ()2 2,297Ox IO- i'_ 1.3434x i().'_ 7.(X)(X)x 1O 2,(XX)()x I() ().(X)(X) .(XXX) I .5748x I(16
14 6.{}84{}x 0 ,2 8.{}63(}x 10.2o 1,661{}x I ().u 7.{XXX)x I O 2.{XXX)x 1{} (}.(X)O(} ,O0{X) 2,2623x I {}t,
15 5.05145x 0 ,2 3.326(}x1(} 2() 2.0484x1() -`_ 7,{XX}Ox O- 2.(X}(}()xl() ().(X)(X} .(XXX) 3.0733x1(} 6
16 3.5074x () 2 g.7150xl().21 3,06414x1()._ 7.(X)()Ox () 2.(XXX)xlO O,()(XX) .()(XX} 4.8849xlO 6
17 5.71,16x ()-2 5.861Ox1{)2o 1.7845x1()9 7,(X)()(lx O 2.(X)(X)xI() O.(X)(X) ,(X)(X) 2.5262x106
114 8.2()74) IO 2 5,()44()x1() -I'_ 1,1666x1() o 7.()()O()x (1 2,(X)OOxl() O,(XX)() ,(XXX) 1.1996x106
19 6.3721x ().2 1.0340x1() I,; 1,5746x1().,_ 7,(X)()()x () 2.(XX)()xlO O,(X)(X) .(XXX) 2.0757x10 e'
20 1,6736x 0 .2 1.7890x 10,2] 6,6967x I() -'_ 7,(X)O()x (I 2,(XXX)x I() O.(XXX) ,(X)(X) 8,4486x I() 6
21 47082x ().2 2.4580x10-._o 2.2194xlO.CJ 70_)()()x 0 2.(X)O()xlO ()(XXX) .(X)(X) 3.4123x10 _'
22 4.6655x I() 2 2.369()x10 2() 2,2420x I() '_ 7,(X)f)()x () 2.(X)OOxI0 O.(XXX) .(X)(X) 3,4561xI06
23 5.0975x It) -2 3.44(K)_1() 2() 2.()3()8x1() 'j 7,(X)(X)x ()-I 2 (X)O()xl() ().(_XX) .(X)(X) 3.O377xlO 6
24 6.852()x1() 2 1.565()x10 1'_ 1.,1468x ()u 7.()_X)()x O I 2(X)(X)xl(l ().(X)(X) .OO(X) 1.79144x 06
25 5.1999x10 2 3,75140x ()-2(_ 1.9859x ()"J 7,(X)()()x ()-I 2,(X)()Oxl() ()(X)(X} .(X)(X) 2,9461x () t'

26 4,1033x 10.2 1.45g()x ()-2() 2,51434x ().u 7,())()()x ()l 2.(X)()()xlO O,(X)()() .()(XX) 4,014142x06
27 6.1762xI() 2 8.731()x ()-2o 1.6324x 0 t_ 7,(XlO()x ()-t 2.(XXX)xlO O,(X)O() .()()(X) 2.2(1()8x 06
214 3,7132x:() 2 1.041()x 0 .20 2.81411x ()"_ 7,(X)OOx ().1 2,(X)(XIxI() O.(X)()() .()O(X) 4,5936x ()t'
29 69933× 0 -2 1,76140x 0 19 1.4125x 0 -_ 7,(X)OOx 0 I 2,(X)(X)xI() {),(X)(X) ,(X)(X) 1.7241x 06
3() 4.7777x 0 .2 2.61(X)x 0 2() 2.11434x 0 u 7,(XX)Ox 0 1 2.(XX)()xlO ().(XXX) .(XXX) 3,3422x ()_'
31 2,2998_ 0 2 3,072()x 0 21 4,14054x 0 _ 7,(X)OOxl() 1 2.(X)O()xl() 1 O.(X)(X) ,(XXIX) 7.0()71x ()¢_
32 4.5772x 0 .2 2.195()x 0 .2o 2.29()1x 0 -'_ 7.(X)C)()xI()1 2.(X.X)OxlO_ O.(X)()() ,(X)(X) 3.54146x 06
33 5,3975x ()-2 4.4570x 0 .20 1.9040x 0 '_ 7.()O()()x I01 2.(X)OOxI()1 O.(X)(X) .()O(X) 2.7773x ()_'
34 6,6056x 0 .2 1,265()x 0 19 1,51()lx ()_ 7.(XX)OxI() 1 2,(X)(X)xlO 1 O.(X)()O .(XXX) 1.9358x ()_'
35 2.51459x 0 .2 3.933Ox 0 21 4.246()x (1.9 7.(X)()OxlO 1 2.(XXX)xlO 1 O.(X)OO ,(XXX) 6,4330x 06
36 2.7519x 0 .2 4,539{)x ()-21 3.97414x ()-'; 7,(X)O()xlO 1 2,(XXX)xlO -I O.(XX)() ,(X)(X) 6.1218x 06
37 4.9770x 0 .2 3,100()x 0 .20 2.0146()x 0 9 7,(X)OOxlO _ 2.(XXX)xlO -_ O.(XXX) .O(XX) 3.1490x 06
314 4.2030x 0 .2 1.5890x 0 `20 2,5162x 0 '_ 7.(X)OOxtO 1 2.(XX)OxI() -I O,(X)O() .O0(X) 3,96143x ()6
39 3.8123x 02 I. 134()x O 2o 2,7997x 0 -u 7,(X)()Ox10 1 2.(X)OOx10 1 O.(X)O0 .(X)(X) 4,4596x ()6
4(i) 6.2212x 0 .2 9,0770x 0 .2¢) 1.61814x10-_ 7,(X)OOxlO ] 2,(X)OOxlO -] O.(X)O0 ,(X_(X) 2,1714x 06
41 6.21479x 0 .2 9,615()x 102(_ 1.5990x 109 7,(XX)OxI O 2.(X)(X)x I 0 1 O.(X)(X) .O0(X) 2.1286x 106
42 5.5614x ()-2 5.135()x 1()-21) 1.8405x 10-9 7,(X)OOxI O 2.(XXX)x I 0 1 O.(X)O0 1.0(XX) 2,6445x 106
43 3.3383x (-)--_ 7,5310x I0 21 3.2327x 109 7,(X)OOxI O 2,()O(X)x I ()-I (),(XX)() I ,(X)(X) 5.13140x 10t,
44 7.4798x ()2 2.6910x 1O 19 I, 3044x I 09 7,(X)OOx1O 2,(X)()Ox1O I O.fXXX) 1.(X)O0 1,4909x 106
45 65132x 0 .2 1.1680x10 _9 1,5350x I0 9 7.0000x I() 2.(X)OOx I01 O.(XXX) I .(X)(X) 1.99(X)x 106

46 4.5591x 0 2 2.1610x10 -2° 2.3001x I0 9 7.(X)(X)xIO 2.(XXX)x 101 O.O0(kO I ,(X)(X) 3.5678x 106
47 7,6297x 0 .2 3.0630x 10-I_ 1.2738×10 .9 7.0000x I O- 2.(X)OOxI 01 O,(X)O0 I ,(XXX) 1.4256x 106
48 9.(X)OOx ().2 I .(_)(X)x I () 1_ 1,0418x I() '_ 7.0000x I O 2.(XX)OxI O I O.(X)(X) 1.(X)(X) 9.4665x I 05
49 7.8712x 0 .2 3.7730x I O 19 1,2271 x 10.9 7.(X)(X)x I O 2,(X)OOx1O-I O,(X)()O I .O0(X) 1.3263x 106
5() 2.2704x 10-2 2.9950x 10.21 4,8708x 10.9 7,0000x I0- 2,(XXX)x I O I O.(X)O0 I ,O0(X) 7.06149x I0 t'
51 2.814()x 0 .2 4.7890x 1021 3.8816x I() _ 7,0000x 10 2,(X)()Ox 101 O,O(X)O 1,(XXX) 6.0093x 106
52 4,2389x 0 -2 1,6390x I0 2° 2,49214x I() -_ 7,(X)O()xI() 2,(X)O()x I0 1 0,0000 I.(XXX) 3.9259x 106
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Appendix B: BRAGFLO ReferenceTables

Table I-I-2 1992 BRAGFLO Computed Variable Values t(}r SHAVF_SEAI. 2 (C{mcluded)

Run
l_ l_k._2_ P_rmeabilib,. "}._aill__g_s"_.l.L_ib' _ BCBRSAT lkCGSSAT _

53 5.8188x1() 2 8,413{)x1() 2() 1.7480x1() '_ 7,(XX_Ox().1 2.(XXX)xlO O.O(XX) .(X_(X) 2.4488x {)_'
54 6,7354x1() 2 1.415()x10.1,_ 1.4762xlo 'j 7,(XXX)x{).1 2.(}(X)()xlO O.(XX)() .(XXX) 1.8622x (16
55 3.9()83x I(} 2 1.232(}xI() _° 2.7248x I{) '_ 7.0(X)(}x (1_ 2.000(}x I0 O.(XX}O .(X)(X) 4.3335x {/'
56 6.f1469xl()? 1.311()xl(}1'_ 1.4991x1(){J 7,(X)(X)x ().1 2.(XXX)xlO O.(XX)() .()tXX) 1,912()x (1('
57 5.3429x1(}2 4.252()x1()2° 1,926()x (){_ 7,(XXX)x ()1 2.(X)(X)xlO ().(XX)() .(XXX) 2._229x 06
58 5,4958x I()-2 4.8520x I0 2(_ 1,8655x 0'_ 7.(XX)Ox01 2.(XXX)xI0 O.(X)()() .(XX)t') 2.6969x ()e'
,59 5.2762x1(}2 4.0140x10-2° 1.9535x ()"} 7,(XX)(}x {)-I 2,(X)(X},_I0 O.(XXX) .(XXX) 2.8797x (}¢'
60 2.962()x1()2 5.4420x1()'21 3.6751x {)_ 7,(XXX}xI(}1 2.(X)()()x () ().O(X)O .(XXX} 5.7493x ()t,
61 4.0430x 10,2 1.3840x 02() 2,6256x (1'} 7.(X)(X)xI0 I 2.{XXX)x()" O.{X)()O .()O(X} 4,1625x ()_
62 4,4173x10 2 1.9120x 0.2o 2.3820x 0 ') 7,(XX}OxI()-I 2.(XX)Ox(P O,(XX)O .(XXX) 3.7221x ()('
63 5.9404x1()2 7.1230x ()-2(} 1.7071x (){_ 7.(XXX)xlOl 2.(XXX)x () O.(X)()() .O(XX) 2.3614x ()_'
64 3.2463x 1(1.2 6.9560x 0.2] 3,33 Idx ()"_ 7,(X)()OxIOl 2,{XX)OxO O.(X)O0 ,O(XX) 5.2812x ()_'
65 7.1865x10 -2 2.0890x ()lC_ 1.3678x ()"_ 7.(X)()Oxl(}1 2.(XX)0x O" 0.()O00 .(XXX) 1,6274x ()_'
66 4.5(}(13xI()2 2,(}54(1x 0 .2o 2.3335x (}_ 7,(}()()(}xI01 2,(}O0()x (} 0.(}{}0(} .O(}(X} 3.63 I{}x {)_'
67 3.159(}x1(}2 6.451(}x 021 3.4304x {)'} 7.{X)()()xl()1 2.(XX}(}x ()- O.(X)O0 ,OO(X} 5,4207x ()_'
68 I.(X)()()xIO.2 I .(X)O()x021 I, 1376x (} _ 7.(X)OOxI0-I 2,{XXX}xO I O.{X)(X) ,(}OiX) I.(}332x 07
69 5.1572x1() -2 3.622(}x 0 -2{} 2,(}044x (}_ 7.(}()O()xl()l 2.(}()()Ox()-I ().(1(}()(} ,(}0(}(} 2.984(}x 06
7(} 3,7917x1()-2 I,II4(}x O2° 2.8162x (}-'} 7.(X)(){}xl(YI 2,{XX)Ox().l O.(X)()() .{XX}(} 4.4871x (}¢'
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Appendix B: BRAGFLO ReferenceTables

Table 1t-2 1992 BRAGFI.O Ranks of Conq}uted Variable Values for SilAI-:F SISAL 2

Run
Porosity PNxlI._'i_abi]_. __J_NIJ.Ly D_JZ,XI_ 13C_ BCGSSAT B__I..I_ D_[LCI:

I 4¢}. 46. 25. I. I. I 25.
2 25. 25. 46. I. 1. I. 4fi
3 2(). 2(). 51. I. i. I. 51.
4 49. 4{). 22. I. I. I. 22.
5 15. 15. 56. I. 1. I. 56.
6 33. 33. 38. I. I. I. 38.
7 3. 3. 68. I. I. I. 68.
8 13. 13. 58. I. I. I. 58.
9 69. 69. 2. I. 1. I 2

() 34. 34. 37. I. I. I. 37.
I 51. 51. 2(). I. I. I. 20.
2 45. 45. 26. I. I. I. 26.
3 (_1. 64. 7 I. I. I. 7.
4 52. 52. 19. I. I. I- 19.
5 36. 36. 35. I. 1. I. 35.
6 14. 14. 57. I. I. I. 57.
7 47. 47. 24. 1. I. I. 24.
8 68 68. 3. I. I. I. 3.
9 56. 56, 15. I, I. I. 15.

20 2, 2. 69. I. I. I. 69,
21 31. 31. 40. I. I. I. 40,
22 30. 3([ 41, I. I. 1, 41.
23 37. 37. 34, I. I. I. 34.
24 61, 61. I(), I, 1. I, I0,
25 39. 39. 32, I. I. I. 32,
26 22. 22. ,19 I. I. I. 49.
27 53, 53, 18. I. I. I, 18,
28 16 16. 55. I, I, I. 55,
29 62, (}2. 9. I. I. I, 9.
30 32. 32. 39. I. I. I. 39.
31 5. 5. 66. I. I. I. 66.
32 29. 29. 42. 1. 1. I. 42.
33 42. 42. 29. 1. I I. 29.
34 58. 58. 13. I. I I. 13.
35 6. 6. 65. I. 65.
36 7. 7. {}4. 1. 64.
37 35. 35. 36. 1. 36.
38 23. 23, 48. 1, 48,
39 18, 18, 53. I. 53.
40 54. 54, 17. I, 17,
41 55. 55. 16. I. 16.
42 44. 44. 27. I. 27.
43 12. 12. 59. I. 59.
44 65. 65. 6. 6.
45 57. 57. 14. 14.
46 28. 28. 43. 43.
47 66. 66. 5. 5.
48 7{1. 70. I. I,
49 67. 67. 4. 4,
50 4. 4. 67. 67,
51 8. 8. 63. 63.
52 24. 24. 47. 47.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFI,O Ranks of (_'¢)mputedVariable Value,,, tor SIIAF'I" SliAI, 2 ¢C'oncluded)

Run
_L [k_ Permeabilily _._ I]ELK]2 _.%_ I£(,'£LS._.A]: /5£J"LQ l_ffJ?.(2X

53 48 ,18 2_ 2:_
54 60 ill) II II
55 19. 19 52. _2
56 59 59, 12. 12
57 41 41 30 _t)
58 43 43 28 28
59 40 40 ?,1 31
60 9. 9 62 f12
61 21 21 50 5()
62 2(') 2(5 45 4_
63 5(). 5() 21 21
64 I I I I 6(). 6()
65 fl-_. 63 8
f)6 27, 27. 4.1 44
67 I0 I0 6 I. 61
68 1 I 7(). 7()
69 38 38 3_ 3_
7(1 17 I7. 5.1 54.
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Al,l,_mdi_ H B_]AGPI_O It_forer)cf> Tnffl_.s

lahh, II ,' Iclu,2 lIRA( ill III ',mllUllvd Vmhllde \',flues hll 'IRAN.klITIf)N ?()NI:RuiJ

f U!¢(,l[qh!)

f'''.Uml'l_'_it, U_!_ l]tfLi_!' L!ffL!ILSA] 13kLi_-bA] i.!k'l LLi LtCI<'I

I 2t_lm()_lli,' 1,11,'s_11i I_ t_(mq,_lil w uq,7_l(i X714VII_III ? q'4fl_kl(i I ()ll_l{I t4,11t{i2_1l)_
6_l_ifl{)kll! _ I (,UX2_IIi <w, i 6_i_1xll) _ ,1 _tf_fP(l_I1) I ,l_7fhl(I I ?_Vll_,l(t I I (_I(1{) I _7141h,1()_,

,1 St')ltf)xlf) _ _(ltlU_tll:,_ 2fi, hgt_l(l_ _ I_2(I I 7)fi(l_,l(I I l'4U(l{l_lll I I(1()()11 ,-!hfifiX,_lil_,
2 ()_ffffl_ Ill ' I 1*t_2k Ill ,m 5 .lli, l_ Ill v .I (t711l_ Ill I U14t41l_I(I I ,l_u/)_ Ill I I f_t(_tp ,1 ,l.lll_,_ lilt,

e, I _TS(l_l(i ' 1%1 ifl_,lll ,m X 2II'_S_II)w 6 1<12ll t _ll(l_lf) .1 79 tll_111.' (J(l_l(l{) 'l(l_fi_,l(y,
7 2 flu tlh If) .' i .7714q_if) 2H '1 2qqlxlfl w I IF)VII 3 5,1311_I11 i t<_221ki(j II f)_)llfl 3 141M/_I1/,
X ._ I)4_li_.ll) _ I klg"l_lll I'_ _h2qt_ltl _ fv,l,lXIi .t Xqff_(I,_l(I 2 M52fl_l(I I (ll)(l(I I 7l)','lh, lll t,
9 2 7271P._I(I ' I 2 ql)l_lfl 2_) ,t ill LI_ lit" -I 2l_ltl_ II) I A"IiIX(I_ I(I I I"lq,!til_If) I (IO(){) .1. t_t_/)_ i(y,
I(I 9q?.,'7(l_l(j _ _ ?*ll_l_l(l I_ I Ii'q,.t_lfl _ i _1'/(1 lqDf)()!, (1o' _d141fhlfl I I)f_) _ q_14?._lf)"
II 2 _7"lfi_lfl _ I _l_q_ll).'_ ,I.IUtt,_I() _ _ 12S(I_III I 2 717lhlll 2 fl_).](l_l(! f)(l(l{)(I ,i 2_12_lflt,
I) It _27(l_11l _ 2 21_'47_1(I lU 1 I'_XI_IIi _ 7.1UMI I .ll(l{l_lfl } 14fi2(lt Ill I (l(){l(I I .'Ii_XV_ITP
I q I flqvlfl_ lii .' 4 MU?t,I_,Ill ;!1_ 6 7,1U6_If) v ? 2.PIll 1 t'_(lt_X Ill 2 U]Tll_ I11 I (_}l_ll 2 q_l_XIx Ill t,
1,1 I Ufi(lfh, I(i ,' I (l_t{Ifl_ I() _" _ q_,_l_i_I1) w _ ()/)_ll_ Ill I 1,1tq_f_fhIll I 7t6f)._ Ill I (l(l{i{I '1fi_79xl(P
IS l I_q(l_ Ill q ;7fiX9 Ik IIt 2il I ll_)(l/,_ Ill ; ,I ,162(h I(t I 2 tll){l_ I() t I'1t_(l_l() (t fXl(i_l _ hl)UT_ i(i _,
Iq_ 5 X7()(l_ I(I _ 5 12k6_lfl IW I (!'iSt)_ Ill _ S -qSYlh Ill ] 7Xgfl_l(I 2 1720xl(I I gl_l{){i i IU27_III t,
17 ? q'_S(l_III :' 5 754,1_Ill a_ .1q)dJ-14xIll '_ S ';19I) I i I t(h Ill _ _fJfl()_ I(1 (i IK_tf) 2 _,12t_ II) t`
I_ q_I _7(J_If) _ q_/_(IMt_,i(i ?(I I 146q_11) _ _ 147.t11_I(i 2 V,17ll_l(I 146121ix10 (I (l_l{l{I 2,12.ql)_ lift,
IU h 25_t)_1(1 _ 4 ._?IIU_Ill 2_ I Xq_7_l(t _ 2 (l_i_ll I Iq_,lll_ Ill I q,lYT(l_If) I (_(l{l{I 2 75t1._1(P

2fl I 71)711_IO -' *1,lhfi_, I() ;'_ fi _(,(Iq_ I() v t_ 7OUfl_ Ill I 2U.I()_If) t 21 Ill_ Ill I (Kt{l{) 2 7752_ Ill t'
21 ? _5()(1_I(),' I I,IXI_I() Iv ,I qYIT,l._I(I ,t 2 2'Ylfk Ill I Y77(1_Ill 2 2] q(l_l(I (If_)(I 2 (_'llS_llff,
22 26(1_(1_1ll : 741.q1_11l -_" 4 21f,'_l(I " I 4klll 2 IX31)_ Ii I I XTliI_I(I 2 .f)_l 2 ]29fhl(F'
2l _ q¢,l)f)_l(i 2 ] .%1_1_,111:h) I f't'i)_'l(I ' 7 (l_;Yll _ ]MI',I/I_ () I 'l.$2qllt Ill I Ill, If) t O#)_l_l(it,
;7.1 I.lTlll_l(j 2 q_ Iflflll_lf)'!lt 7(15t7t1(i'_ 4 t2'/ll_ll) I f! 127lh1(12 _ql.llfhll) I
25 2 ,l72fl_ I() ? t ?t_/_ Ill .'" .1 ,IS 12>,I(i " _ '/h Ill " (),ll#tll 2,1_2 t_ Ill t,
2q_ I i"tI'42l)_Ill ;> 2 tUX_Ill :'¢i " qfiSllhclfl Ii "lgllll_ I(i I (_l_l li Ifi2fY_ lift,
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AppendixB BRAGFLOReference TAbles

Tahlr I1-2 1_92 I{RAfII:I() Ra.ks ol ('t,llptlled Variable Values li. TRANSITION Z{}NI!

Run

2 24 I(% 47. 2I, 26, 23 24 55
:_ 69 fiS, 2, 3,1. 33. 3N 24. 6
4 I _ 37, 53. 52. 31 34. 24 34
5 54 M I7_ 15. 35. 26. 24 63
6 42 14. 2_J 56. 59 9 I_ 57
7 63 17 8. 37, 7 29. i. 54,
H q 54 62. 57. 68. 5 24. 17
t) 66 9. 5. 16. 6(). 33. 24. fiI
I(1 34. 67 37. 39 14. 61. 24. 4
II 7 !1_ {_1, 22. ,18 36. I. 6o
12 35. 56, 36. 6 I. 25. 5 I. 24. 15
13 47 36 24. 4 I, 6,1. 52 24. 35
I.l 52 5. i_ M 2. 3 I. 24. 66
15 I 2() 7(), 114. 41. t,14. i. 51.
16 Iq 01, 52. 2.1. 67 39 24 I()
17 60, 4(I I I, 55. 20. 67. I. 3 I
114 2() 42. 51. 214 52 2. I. 2t._
19 21 35. 50 4(/ 2 i. 3(1 24. 36
2(1 4M 34 23. 33 23. 57. 24. 37.
21 59, 51, 12. 2. 4, 41), I, 2(1
22 64. 44 7. 311. 39. 4, 24 26
23 711 31) I. 6il 42 14. 24. 4 I,
24 44. 4 I. 27, 17. I I, 47. 24, 3(1.
25 61. 214 I(1. 43 54. IN 24. 43
21! 5 I. 22. 21/ 53. 44. 12. 24, 49
27 5. 2 I. 66 {_,l, 314. 14. 24. 50
211 8. l g. 63 63 61. 27. I. 53_
29 411 27. 3 I. 29 514. 63. 24 44
3(I 31, 44 411, I. 3. 2M, I 26
31 49 3, 22. I(1, 3"7. 43, 24. 68
32 55, 6. 16, 66 55, 66 24. 65.
33 23. 6(1. ,114. 23 19. 60. 24. II.
34 32, 9, 39, 65, 45. 64. I. 6 i
35 6, 26, 65, 14 51. 24. 24, 45
36 65. 19. 6. 6, 65, 65. 24 52.
37 I6. 24. 55 59. 4(1. 6. 24. 47.
314 4. 53. 67. 44. 32. 7(1. 24. I 8.
39 36. 39. 35 5. 20. 7. 24. 32.
40 5N. 55. 13. 3 43 211. 24. 16.
41 50, 59. 2 I. 27, 24. 19. 24, 12.
42 56. 2. 15. 25. 711. 59. I. 69.
43 17. 57. 54. 48. 69. 22. I. 14.
44 12. 38. 59. 12. 46. I I. I. 33.
45 33, 50. 314, 9, 28, 17, 24, 2 I,
46 67. 15. 4. 19. 12. 42. 24. 56.
47 22. 48. 49. 46. 56. 46. 24. 23.
48 57. 12. 14. 62. 8. 37. I. 59.
4t_ 3. 63. 68. 13. 9. 13. 24. 8.
511 4 I. 23. 3(), I I. 34. 35. 24. 48.
51 27. 69. 44. 26. 5. 3. 24. 2.
52 15. 47. 56. 45. 27. 69. I. 24.
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Appendix B BRAGFLO ReferenceTablos

'latd¢' B. 2 Iqt_2 ltRA(}F'I.()Rank,, ul ('.reputed Variable Value,, h. I tl)lq;R SIIAI;I'

Run

FI_. l!_m._lb: 'lkm_zab..tl_£kanm_:_,,ihl.tbIK_"{1) IL_]_ I_L_,5.A'I' LtEI!I.,Lt U.[I%'I

I 46 ._ 25 6X
2 25 27 46 4,1
3 20 "_I. 51 4(1
,l 49. 6 ,.,._"_ 6.
._ 15 5 -%. 66
¢_ 33 42 3X 2t_
7 3 55 6t'1. 16
N 13. 41 58 3(I
t_ 69 ¢_2 2 0
I(I 14 6,t 37 7
I I _ I 15 2(} 56
12 45 23 2h. 48
I 3 M 2 7 60
14 52 40 19. !1
15 _f_. 36 35 35
16 14. 13, 57, 58
17 ,17. 14 2,1. 57
i I"I 68 65 ] 6
It_ 5h. 45 15 2fi
20 2 21 fit; 511.
21 31 I0 40 61
22 3() 44 41 27
23 37 6(1. 34 11
24 61, 33. I0 3g
25 3u 2t1 32 42
26 22 16. 4t; 55.
27 53 3,1 IN 37
28 If) tt _5 {12
2tl fi2 7 9 twl
i%0 32 46 39 25
! I 5 70 66. i
32 29 5,1 42 17
3._ 42 ,.,.'_'_ 2t_ 49
34 5_ ?,N I _ 3._
35 (I 50 6'_. 2I
36 7 2N 64 4._
37 35 R 3{, 63
3N 2 _ 6] 48 8
39 I N 4 5A fi7
4I) 5,1 5h 17 15
41 55 58 Ih I ,_
42 44. 57. 27 14.
4 ] 12 ", ,: 5t_ 46
44 65 43 6, 2N.
45 57, 35 1,1 3fi
46 28, 4R. 43 2:_
47 (){}, 5I, ,_ 2().
4H 7() 30 I, ,ll
49 67. 12 4. 59
5(1 4, 32 67 39
51 1_ 24. 63. 47
52 24. 69 47 2
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Appendix B: BRAGFLO ReferenceTables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for UPPER_SHAFT (Concluded)

Run
No, Porosity Permeability Compressibility BCEXP BCBRSAT BCGSSAT BCFLG BCPCT

53 48, 49, 23, 22.
54 60, 17. 11. 54.
55 19, 37. 52. 34.
56 59. il. 12, 60,
57 41, 66, 30, 5.
58 43, 52, 28, 19.
59 40, i. 31, . 70,
60 9, 47, 62, I, 24.
61 21. 61. 50. I. 10,
62 26, 26, 45, I. 45,
63 50, 67. 21. 1. 4,
64 11, 53. 60. 1. 18.
65 63, 39, 8. I. 32.
66 27, 20. 44, 1. 51,
67 10. 68, 61, 1. 3,
68 ! 19. 70. 1, 52,
69 38. 59. 33. I. 12,
70 17. 18, 54. 1, 53.
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