
Title 40 CFR Part 191 
Compliance Certification 

Application 
for the 

Waste Isolation Pilot Plant 

Appendix PANEL 

United States Department of Energy 
Waste Isolation Pilot Plant 

Carlsbad Area Office 
Carlsbad, New Mexico 



WIPP PA User's Manual for PANEL 



User's Manual 

for 

PANEL (Version 3.60) 

Document Version 1.00 

WPO #35361 

MAP 10,1996 



P A h a  . Version: 3.60 
User's Manual 

- . 
CONTENTS 

................................................................................................................... 1.0 Ih'TRODUCTION 4 
......................................................................................................... 1.1 Software Identifier: 4 

........................................................................................................... 1.2 Points of Contact: 4 

........................................................................................ 2.0 FUNCTIONAL REQUIREMENTS 5 

2.1 Functional Requirements ................................................................................................. 5 

3.0 REQUIRED USER TRAN'ING AND/OR BACKGROUND .................................................. 6 

4.0 DESCRIPTION OF THE MODEL AND METHODS ............................................................. 8 
4.1 A Broad Description of the CCA Model .................................................................. 8 

4.2 Description of PANEL'S Methods .............................................................................. 10 

4.3 Description of PANEL'S Colloidal-Suspension Model ................................................ 12 

4.4 Description of PANEL'S Dissolution Model ................................................................ 12 

4.5 Accounting-for Valence State During Dissolution ....................................................... 14 

4.6 Description of PANEL'S Decay Model ......................................................................... 14 

4.7 PANEL'S Release Calculation ...................................................................................... 15 

4.8 PANEL'S Run Sequence ............................................................................................. 17 
.- 

5.0 INHEREhPT CAPABILITIES AhTD LIMlTATIOhTS OF THE SOFTWARE ........................ 18 

6.0 USER IhJRACTIONS WlTH THE SOFTWARE ............................................................ 20 
. . 

6.1 Exercmng Panel in General .......................................................................................... 20 

6.2 Exercising ALGEBRA to Prepare PANEL'S Input Flow Data CDB File ..................... 21 

6.3 Exercising PANTEL in an Undisturbed Type-1 Run ...................................................... 22 

6.4 Exercising PANEL in an E2E1 type- 1 Run ................................................................... 73 

6.5 Exercising PANEL in a Decay-Only Run ..................................................................... 23 

6.6 Exercising PANEL in a Radiolysis Run ........................................................................ 23 

....................................................................... 7.0 DESCRIPTION OF PANTEL'S INPUT FILES 24 

8.0 ERROR MESSAGES ............................................................................................................. 25 

9.0 DESCRIPTION OF PANEL'S OUTPLT FILES .................................................................. 77 

9.1 Tips for Using p - 1  Outputs ...................................................................................... 28 

10.0 REFERENCES ..................................................................................................................... 29 

APPEhQIX A: EXAMPLE OF A GENMESH INPUT FILE FOR A P.4hEL RUN ................. 30 

APPEhDM B: EXAMPLE OF A MATSET INPLT FILE FOR A PANEL RUN .................... 31 

APPEhQM C: EXAMPLE OF A POSTLHS INPUT FILE FOR A PANEL RUN ................... 34 

APPEhQM D: EXAMPLE OF ALGEBRA'S POST-POSTLHS SOURCE-TERM 
. 

INPUT FILE ....................................................................................................... 35 



PANEL. Version: 3.60 
User's Manual 

WPO# 3 3 6 1  
May 10. 1996 

*-. 
APPENDIX E: EXAMPLE OF ALGEBRA'S POST-POSTBRAGFLO ENTUT FILES: 

USED TO PREPARE BRINE INPUT DATA FOR PANEL. ........................... 39 

APPENDIX F: EXAMPLE OF PANEL'S OUTPUT DBG FILE ............................................... 77 

APPENDIX G: PAhEL'S COLLOIDAL-SUSPENSION MODEL (NOT AVAILABLE 
FOR THE CCA PA) ........................................................................................... 91 

F. 1 LARGE COLLOIDS . ....................................................... . . . .  . 9 1 

F.2 SMALL COLLOIDS ............... ................................ ................................. 92 

APPENDIX H: PANEL'S OXIDATION-STATE SAMPLING SCHEME (NOT 
AVAILABLE FOR THE CCA PA) ................................................................... 94 

APPENDIX I: QA REVIEW FORMS ...................................................................................... 96 



PANEL, Version: 3.60 WPO # 37361 
User's Manual May 10. 1996 

Page 4 

1.0 INTRODUCTION 
- 

Ths  document is the User's Manual for the WIPP radioisotope-mobilization-and-decay code 
named PANEL (version number 3.60). It discusses the code, its execution, and its performance 
in the context of the 1996 Waste Isolation Pilot Project (WIPP) Compliance Certification 
Application (CCA) Performance Assessment (PA), and in that context only. The manual 
identifies the code, its authors and expert consultants (Section 1). It describes the code's WIPP- 
PA purposes and functions (Section 2), provides recommended user training (Section 3). outlines 
the code's theoretical basis and numerical methods (Section 4), its capabilities and limitations 
(Section 5). describes user interactions (Section 6), input files (Section 7). error messages 
(Section 8), and output files (Section 9), and provides examples of relevant input, output, and 
debug files in its Appendices as well as calculations of interest (distributed throughout). 

1.1 Software Identifier: 

Code Name: PANEL, a and decay code 
.4 @ 

WIPP Prefur: 

Version Number: 3.60 

Date: 10May196 (which is the code's build date in the CMS system) 

Platform: FORTRAN 77 for Open VMS AXP, ver. 6.1, on a DEC Alpha 

1.2 Points of Contact: 

Sponsor: James W. Garner 
Piru Associates, Inc. 
2201 Buena Vista Drive, SE (fourth floor) 
Albuquerque NM 87 106 
Voice: 505 766 9629 
Fax: 505 766 9125 

Consultant: James W. Garner 
Piru Associates, Inc. 
2201 Buena Vista Drive, SE (fourth floor) 
Albuquerque NM 87 106 
Voice: 505 766 9629 
Fax: 505 766 9125 



PANEL. Version: 3.60 
U s n ' s  Manual 

WPO # 37361 
May 10. 1996 

2.0 FUNCTIONAL REQUIREMENTS 

2.1 Functional Requirements 

Given input data that (1) define the radioactive contents of the WIPP repository at time of 
decommissioning, (2)  define the solubilities of all the elements within the repository that are to 
be mobilized for removal, and (3) describe (a) the volume of brine in the panel of interest, and 
(b) the rate at which brine is removed from that panel, PANEL computes the following at all 
future times up to 10,000 years: 

R.l The mass of each radioisotope present in the repository by accounting for 
radioactive decay. 

R.2 The amount of each radioisotope that transforms into a mobile phase 

R.3 The amount of each mobilized radioisotope that is transported by the brine flow 
and removed from the waste area. 

PANEL has several external-interface requirements, including the ability (A) to read data from 
standard binary CAMDAT database fdes, (B) to produce a standard binary CAMDAT database 
file as output, and (C) to link to the following WIPP libraries: CAMDAT-LIB, CAMCON-LIB. 

- and CAMSUPES-LIB. 
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3.0 REQUIRED USER TRAINING AND/OR BACKGROUND 

To exercise PANEL, users should have (1) basic knowledge of open VMS, (2) basic facility with 
Digital Command Language, (3) basic facility of Sandia's CAMDAT database, which is used in 
virtually every WIPP code (Rechard, 1992), and (4) operational familiarity with all of the support 
codes that must be exercised before and after PANEL is exercised. User's should also have (5)  
access to the WlPP cluster of DEC Alpha microcomputers with an open VMS AXP (ver. 6.1 ) 
operating system or their functional equivalents. 

To manipulate andlor interpret the results of PANEL as it is exercised in WIPP PAS, user's 
should have (1) a basic understanding of the chemistry of radioactive decay, solution chemistry, 
colloid chemistry, and fluid flow in confined conduits, (2) a basic understanding of ordinary 
differential equations and integral calculus, as they apply in the mathematical formulation of 
physical principles and especially of conservation of mass', and (3) a basic overview 
understanding of the WIPP PA process, including conceptual models, scenarios, inventories, 
release routes, uncertainty sampling, input-data vectors, and a general familiarity with the files 
and functions of the WIPP support codes that run prior to exercising PAhrEL, namely, 
GENMESH, MATSET, POSTLHS, and ALGEBRA CWIpP PA Dept [5 Volumes], 1992). It is 
also useful to have basic familiarity with two upstream W P P  process codes, namely BRAGFLO 
and DBR-BRAGFLO" . An annotated sketch of the PANEL code sequence involving the above 
codes is shown in Figure 1. 

Smctly speakmp, the system is not mass conserving. Radioactive decay involves the loss of mass, although it is 
insignificant for assessment puposes. Still, PANEL conserves the number of atoms of radioactive material during the 
decay process. Accordingly, PAMEL'S principal computational units are moles. Upon completing its work, PANEL 
converts its release units from moles back to k i l o ~ a m s  for its Culebra applications. For DBR-BRAGFLO 
applications, a final ALGEBRA step converrs ourput units to Normalized EPA units per cubic meter of outflous. 
Nore also that PANEL treats both alpha and beta decay. 
'- In other CCA code documentation, these two codes are sometimes referred to by their CMS version numbers, .. - 
which are BRAGFLO 4.00 and BRAGFLO 4.01, respectively. The two BRAGFLO codes are quite similar in their 
internal smcture, but quite different in their purposes, applications, and run sequences. 
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GENMESH 

Defines rim#e,,slngle-element 
~OmplltatiDhBI g!id 

AsSigN mat?riai p-rtles POSTBRAG 
to g"d blcck (?bile demntai 

maximum mn,cqirations for 
inwntoned and lumped radoisolopes) 

Pmims BRAGFL0,outputs to PANEL. 

POSTLHS 
such as Dnne luxes and s a t u r a l l ~ ~  

Assigm dues  lo mcenain 
parameten sampl$d a ~ d  ranked 

by LHS and y l~ca tes  CDB ALGEBRA 
fiie 100 times 

ALGEBRA Strips away unnecessary data and 
conwns units to those needed by PANEL 

,- 

states and brines, cm?blnes cmcemrdlKms 
due to dissdution and cplloidai mobilization 

to torm a single e?Mmed qunalent 
rnaxiumum concwtratldn for each actmide 

ALGEBRA , . '  
'I , 

Con\ens to,dmensions 
needed to; transfer to CCWGF 

Figure 1: The run sequence for PANEL in a 1996 CCA BRAGFLO run. Process codes are square and support codes are 
rounded. The asterisk represents the location of an addirional ALGEBRA application that is required in DBR-BRAGFLO 
runs to replace POSTBRAGFLO's data with hypothetical flowrate and bnne-volume data. 
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4.0 DESCRIPTION OF THE MODEL AN?) METHODS 

4.1 A Broad Description of the CCA Model 

PANEL'S CCA PA role is to estlmate the mobilized radioactive contmnant load in the brine 
phase of the brinelgas mixture that seeps or flows through the repository's decommissioned waste 
panels. Mobilization by any process, for example dissolution or suspension on colloids, is . - -  
modeled as taking place instantaneously.  hei ion tam in ants introduied into the brine are the 
aged radioisotopes that are assumed to reside in the repository at the time of decommissioning 
plus any progeny of those radioisotopes that may have been produced through natural 
decomposition. Thus, a detailed inventory of the radioactive isotopes stored in the repository at 
the time of decommissioning must be provided to PANEL before it may be exercised. 

PANEL plays no role in the physics of the fluid flow in or near the repository. The volume of 
brine within the repository and the volumetric flow rate out of the repository must be provided to 
PANEL by an independent physical-process code such as BRAGFLO. In DBR-BRAGFLO 
direct-release applications, both data are provided by hypothesis. In both applications, values are 
retrieved from the conmlled WIPP data base. 

In CCA WIPP assessment scenarios, brine is assumed to enter the repository panels in either of 
nvo very different ways, namely: (a) by natural seepage from the surrounding Salado formation, 
and (b) by various locally-enhanced flows induced by hypothetical exploratory boreholes. In the - 
case of undisturbed operation, Salado brine can seep through the disturbed rock zone from the 
surrounding undisturbed hahte and marker beds. In the case of a repository breached by an 
exploratory borehole, Castile andlor Culebra brine could flow into and through the repository via 
the pipe-like channels created by the borehole(s). The most intense flow (of Castile brine) would 
occur if a borehole that penetrates a waste panel also penetrates a deep pressurized brine pocket, 
and some boreholes are assumed to do so. 

The natural time scales associated with deep, tight-media, groundwater flows are typically 
centuries, and WIPP intrusion scenarios include temporal lapses of millennia prior to the 
hypothesized breaching of repository waste panels by boreholes. Moreover, EPA regulations 
extend to 10,000 years after decommissioning. On these time scales, radioisotopes of interest 
exhibit si,&icant natural decay by whch they transform to other radioactive and non-radioactive 
isotopes andlor compounds in a well-established way (Kaplan, 1964). Thus, it is required to 
quantify the decay process and maintain a running record of the decayed contents of the 
repository as well as all the products of decomposition from the time of decommissioning 
onward to 10,000 years. PANEL does that. 

In the context of the CCA, PANEL has two principal areas of application. In the first, given the 
defming characteristics of the flow of uncontaminated brine into the repository's waste panels, 
PANEL is required to account for mobilization due to dissolution and colloidal suspension of 
radioisotopes into the brine that wets the waste panels, and to calculate, given the fluid outflow .- 
rate, the exit rate (via the now contaminated brine flow) of each wacked isotope that was initially 
present in the repository, including the radioactive progeny and parents of those isotopes. The 
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exit rate of contaminants depends on (i) the outflow rate of brine from the panel under 
consideration and (ii) the concentration of radioisotopes within the flowing brine, which depends 
n (iii) the volume of brine the repository at any given time and (iv) the inventory in 

the panel under The first and third quantities must be provided in 
Advance by, for example, BRAGFLO, which analyses the 2-phase Darcy flow throughout the 

8-* Castile, Salado, Rustler, and Dewey Lake Formations throughout the entire Land Withdrawal Act 
is ; uir d to calculate the second and fourth quantities at each of its timesteps, 

% & f P P  code NUTS is charged to perform that very calculation for most 
However, for S6 scenarios in which 2 boreholes penetrate the same waste 

8-22 el and the second one of them also penetrates a pressurized Castile brine pocket, PANEL is 
directed to perform the calculation. PANEL's treatment of the flow field within the repository is 
much simpler than NUTS'S treatment of it, but their treatment of chemical processes is identical 
except that PANEL considers 30' of the release-relevant radioisotopes, whereas NUTS treats 
only the 5 lumped equivalent isotopes. PANEL is afforded that versatility because it exercises 
quickly, run time being a factor on account of the large number of cases that are required. 
PANEL can also serve as an internal consistency check for NUTS by providing reasonable 
upper-bound limits. 

In the second type of application, PANEL calculates the contaminant load contained in the 
volume of brine (if any) that would be released directly to the suIface in the form of a mixture - with the liquid slurry driilers use to cool and lubricate drill bits, and to remove borehole debris. 
Such releases would occur at the time of drilling as a result of pressure relief and are possible 
only if repository pore pressures exceed 8MPa. In this application, PANEL uses ALGEBRA to 
retrieve (1) a fixed assumed repository brine volume and (2) an assumed repository outflow rate 
that is very small but nonzero. PANEL's release rates are divided by the assumed flow rate to 
compute mobilized mass per unit volume of brine for each radioisotope considered. Thus, 
PANEL's final result of radioisotope released per volume of brine released is actually 
independent of the assumed flow rate. The volume of brine that is released (if any) must be 
provided by another code, which was DBR-BRAGFLO in the 1996 CCA. 

In both of the above applications, the outflow rate of the brine and the volume of brine present in 
the repository at any given time are required by PANEL to calculate and report its principal 
results. na&ely, the total transport, up to the present timestep, of each of 21" selected (decayed) 
radioisotopes that exist within the repository. 

Because of natural decay processes, it is entirely possible to find compounds in the effluent that 
were not present in the initial repository inventory. 

PANEL treats 30 of the 33 radioisotopes singled out as potentially important in the 1996 CCA, the other 3 being 
insignificant. One of the 30. SM147, is absent from the initial inventory. It appears only as a decay product, which 
explains why the initial conditions in Appendix Fare 29-rows long. SM147 ingrowth is calculated and reported, but. 
like 8 other isotopes, SM147 is neither mobilized nor released. Thus, PANEL mobilizes and releases 21 

L,, radioisotopes. 
" In 1996 CCA runs, PANEL transpo d the 21 isotopes of 6 elements (Am, Cm, Np, Pu. Th, & U), the choice being 

y-z2+qbased on their significance in earlier assessments. PANEL is able to mobilize any number of radioisotopes if it 
undergoes minor revisions. recompiling, and reQAing. 
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To compute the initial inventory, PANEL assumes the repository comprises (i) 8 storage panels, 
each having a plan-view area of 11,640 m1 , (ii) a southern equivalent panel having an area of 
8,820 mz and (iii) a northern equivalent panel having an area of 9,564 m2 (WIPP PA Div., 1991, 
pages 3-5). These areas are used to scale the inventory linearly to the appropriate panel size. In 
past PAS, PANEL's runs assumed the contents of the entire repository inventory were available 
for release into whatever brine was present. In no PA is the fraction of the repository that is 
avadable to brine flow adjustable as an input parameter. It is hard-wired into the code and is not, 
therefore, readily adjustable by the user. For 1996 CCA regulatory runs, the fraction has been set 

2 . .  to represent one standard panel, that is, 1 1,640 m dlvided by the net area of the repository 
(which is 11 1.504 m2), or 0.1044. 

4 2  Description of PANEL's Methods 

PANEL is triple-purpose model. First, it is a radioisotope waste-mobilization model designed 
specifically to model waste mobilization in the WIPP's wetted repository waste panels. 
Secondly, PANEL is a radioactive-decay model and has the capability of tracking the repository's 
inventory as a function of time so as to account for (i) the decrease in mass of the isotopes 
initially placed there,and (ii) the corresponding increase in mass of their associated daughter, 
granddaughter, and subsequent decay products, which arise due to normal radioactive decay 
processes. Lastly, in the presence of the radiated products of radioactive decay, chemical 
compounds may dmssociate through a process called radiolysis. PANEL is capable of 
calculating the amount of hydrogen gas produced in the repository as a function of time due to - 
radiolysis by each isotope present in the repository. In PANEL, these three h d s  of 
computations are called runs of type 1,2, and 3, respectively. The radiolysis capability of 
PANEL, called a type-3 run, is not used in CCA regulatory calculations. It is unavailable 

.r to CCA users and will not be discussed further herein. 
:- ; ', 
a 

In WlPP type-] applications, PANEL estimates the total radioisotope discharge from the 
repository' that would result from various scenarios including one or more boreholes penetrating 
the Culebra, the Salado, the repository itself, and possibly a pressurized brine pocket in the 
Casrile Formation beneath the Salado. Radioisotope m o b i t i o n  and d i schqe  from the 
repository depend in part on (i) the brine volume within the repository, and (ii) the outflow rate 
of brine from the repository. These are vital inputs for PANELS isotope-transport calculation 
and are normally provided to PANEL by (a) an independent WIPP flow code such as BRAGFLO 
in groundwater applications, and @) by hypothesis in DBR-BRAGFLO direct-release 
applications. 

' PANEL's releases are from the interior of the WIPP repository (i.e., from within its waste panels) to the exterior of 
the waste panels. bu: no further. PANEL does not profess to describe the transport of radioisotopes or brine through 
the porous media surrounding Ihe wasre panels. That task is performed by other WIPP codes such as NUTS or the 
SECO suite of codes. However, because the flow associated with DBRBRAGFLO direct-release applications is 
relatively rapid (time scale of days) PANEL'S results apply directly in that case. 
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In the sections that follow, mobilization of isotopes will be discussed in detail. Efforts have 
been made to provide a unified approach to these two subjects. The general framework used is 
as follows: 

In general, the "inventory" of the ith element at the nth timestep, li(t,,), will mean the total 
amount of the ith element in the repository at the time t, , regardless of its form. Thus, elements 
in their original form, daughter elements arising from radioactive decay, dissolved elements, 
elements attached to colloids, and intrinsic colloids are all regarded as part of the inventory, 
provided they reside within the repository. They are removed from the "inventory" of a given 
element only if (i) they decay or (ii) they are mobilized and transported by means of a brine 
outflow to the exterior of the repository. In the latter case, they are assumed, in borehole 
scenarios, either (a) to flow up the borehole toward the Culebra" and higher level Formations, or 
@) to flow up the borehole and directly to the surface at time of drilling in DBR-BRAGFLO 
direct-release applications. In either case, they may disperse through the various porous media 
found in the vicinity of the repository, such as the disturbed rock zone andlor the anhydrite 
layers, but PANEL does not model the post-repository behavior of such transports. 

If C',,, is a generic maximum concentration (in molesll) in brine of the ith element due to 
some generic physical process (dissolution or mobilization associated with colloids), then, at 
each timestep, PANEL will mobilize mEi moles of the ith element into V(t,,) liters of brine, the 

- volume of brine residing in the repository at the nth tirnestep. If PANEL is being used to support 
Culebra transport, V(&) would be one of the input data provided by BRAGFLO"'. If PANEL is 
being used to support direct-release calculations, V(t,,) is taken to be a constant (4000 cubic 
meters in the 1996 CCA). If sufficient amounts of the ith element are available in the inventory, 
mi will take on its maximum value, namely 

If mg,,,i moles of the ith element are not available in the inventory at the tirnestep in question, 
PANEL will mobilize a smaller amounf namely mgi , into the brine, where m" is whatever 
amount is available at that tirnestep. That is, 

-.. . -,' 
" Within the Culebra, their further uanspon is modeled by the SECO suite of WIPP codes. 
..* 

Because the repository contains both brine and gas, the volume of liquid within the waste panels may vary. That 
is, the repository brine may have a free surface, and that free surface may rise or fall. Thus, the flow rate out of the 
repository need not equal the flow rate into the repository. It is (i) the brine outflow from the waste paneis and (ii) 
the concentration of a radioisotope within that brine outflow that govern the amount of that isotope that will be 
delivered to the Culebra, to other fluid-bearing suaia, or to the surface via a borehole at time of drilling. Saictly - speaking. the timesteps used by BRAGFLO may be smaller than the 50-year timesteps used by PANEL. 
Consequently, BRAGFLO's V(t) could vary over one of PANEL'S timesteps. In that case, PANEL uses the 
BRAGFLO value of V(t) that occurs at the end of its 50-year timestep. 
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The resulting concentration of the ith element in the brine (in molesll) would be CEi = Ii / V. 
To summarize, if, at the end of the nth timestep, Ii 2 (CE,,,i V) , PANEL will have (Cz,,.i V) 
moles of the ith element in the brine. If Ii c (Cgm,,i V), PANEL will have Ii moles of the ith 
element in the brine. 

The two principal mobilization mechanisms (associated with colloids and dissolution) are 
described in detail in terms of the above formulation in Sections 4.3,4.4, and 4.5. The decay 
model is described in Section 4.6 and the actual release calculation is described in Section 4.7. 
The sequence of codes that is run in support of PANEL, including PANEL itself, is described in 
Section 4.8 and shown in Figure 1 (see Chapter 3). 

4.3 Description of PANEL's Colloidal-Suspension Model 

In CCA applications, mobilization associated witb suspended colloids has been combined with 
mobilization due to dissolution. That approach is justified because dispersion and sorption are 
the only physical processes that could cause significant differences in the transport models used 
for dissolved versus colloidal species, and since dispersion and adsorprion are not modeled by 
PANEL, the transpon models that apply to the two species will be identical. The merging of the 
treatment of mobilization of dissolved and colloidal species is performed prior to PANEL in an 
ALGEBRA calculation known as "SOTERM" for "solubility term." In that application, four 
types of colloid-related mobilization are considered, as follows: (i) condensation of hydrolyzed - 
actinide ions into intrinsic colloids, and sorption onto already existent colloidal materials of (ii) 
hurnic, (iii) microbial, and (iv) mineral origin. Maximum concentrations for the four different 
types of colloidal particulates are combined with the maximum concentration for dissolution for 
each of the radioisotopes. A maximum concentration associated with the five processes together 
is then used in a single dissolution-like computation that estimates the net mobilization due to 
colloid mobilization and dissolution. That calculation is described in the next section. 

PANEL contains another different colloid-transport model that is based on the assumptions of (1) 
rapid sorption onto mobile colloids, (2)  the same sorption concentrations for aU radioisotopes, 
and (3) consideration of two sizes of colloidal particulates, namely small and large, with different 
sorption capacities for each. However, that model is not included with PAhTEL for CC.4 
applications and is therefore not included in PANEL's QAed software documentation. For 
information and completeness, that model is described in Appendix G, at the end of this User's 
Manual. Note that several of the defunct data columns repofled in PANEL'S DBG fde 
(Appendix F) relate to this model. 

I' ", , ' 

, * 4.4 Description of PAhJL's Dissolution Model 
, s [; . ! , .  , 

PANEL's "dissolution" model is designed to estimate the net effects of dissolution but cahbe! ,! 

used for any type of mobilization that behaves mathematically like dissolution. In the CCA' ' . 
calculations, colloid mobilization has been combined with dissolution by adding the maximum 
concentration from colloidal forms to the maximum concentrations due to dissolution. The 
modified maximum solubilities or modified maximum concentrations are referred to herein as 
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"enhanced" modified maximum solubilities or concentrations, since the effect of mobilized 
colloids is always to increase net effective solubility limits. 

The dissolution part of PANEL'S waste-mobilization-and-transport model is based on the 
following assumptions: (1) The concentration of each brine-dissolved element is uniform (i.e., 
constant) throughout a waste panel. (2) Mobilization, is assumed to take place instantaneously 
and to maximum capacity, i.e., to saturation if inventory permits. (3) Supersaturation is 
disallowed. (4) When an element has several isotopes, the molar proportions of those isotopes 
dissolved in the brine are taken to be the same as the molar proportions in the total inventory 
contained in the waste panel. 

The total enhanced concentration of the ith element in the repository brine during the nth 
timestep is given by cd,,(t,,), where 

cdmar.i = enhanced maximum concentration of all elements i, 

Ii (t, ) = the inventory (mol) of the ith element at the nth timestep, and 

~ ( t , )  = vo!ume (I) of brine contained in the repository during the nth timestep. 

If PANEL is exercised in support of Culebra transport, tbe repository brine volume V(t,) is 
provided by BRAGFLO. Because BRAGFLO's timesteps are often smaller than PANEL'S. 
PANEL uses the value of ~ ( t , )  reported at the end of its 50-year timestep. PANEL then converts 
~ ( 1 , )  from units of m3 to 1 and uses it in the equations above. The enhanced dissolution 
calculation is carried out element for element without regard to isotope. However, PANELS 
results are reported on an isotope-for-isotope basis. The division of dissolved elements to their 
isotopes is according to the isotopic ratios in the inventory. Hence, 

where all symbols are as previously defined, but with subscript j for isotopes . The inventory, 
I i j  . continues to be time-dependent due to (i) removal from the repository by outflow of 

contaminated brine, and (ii) radioactive decay. The former effect is calculated by PANEL by 
correcting the inventory for the amount of isotope mobilized and removed by outflow. The latter 
effect is explained in Section 4.6 and requires application of Bateman's equations, which 
quantliy both the decay of radioisotopes and the growth of daughter products. 
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4 5  Accounting for Valence State During Dissolution 

PANEL includes a random sampling scheme that apportions the amount of each element present 
in a repository into its various possible oxidation states. This option is not used in the CCA 
calculations, will not be available to CCA users, and is not intended to be part of PANEL'S 
QAed software documentation. However, a description of the oxidation-state sampling option 
is included in Appendix H of this User's Manual. It is included for completeness and 
information. 

4.6 Description of PANEL'S Decay Model 

Despite whatever else may be happening, every radioisotope in every decay chain is continually 
decaying to form its daughter product and, simultaneously, it may be continually growing 
through the decay of its parent isotope. The rates of decay and growth are different for different 
isotopes, often quite different. The equations that quantify the decay-and-growth cycle of 
radioisotopes were first described by Bateman (1910) and traditionally bear his name. 

&&m&'s equations state that the rate at which the mass of a radioisotope decreases by natural 
d d k c t i v e  decay is proportional to the present available mass of that radioisotope. In single 

, ~< 

decays, the constant of proportionality is the natural logarithm of 2 divided by the half-life of the 
radioisotope in question. If the isotope in question is other than the first isotope in the chain, its 
mass will also increase at a rate proportional to the present mass of its parent isotope. In simple -. 

decay chains, the constant of proportionality is the natural logarithm of 2 divided by the half-life 
of the parent. In multiple (i.e., bifurcated) chains, the decay algebra is slightly more complicated. 
However, the simple decay chains used in WIPP PAS have no bifurcations. PANEL'S decay 
chains are listed in the block data GE-CHART given in PANEL'S Implementation Document, 
and a printout of the products of decay appears in Appendix F. 

In equation form, if Mi* (i = 1, 2, 3, ...) represents the present mass of the ith isotope in the 

repository in a ?-member chain, then 

where ?bi is ln(2)mi, and Ti is the half-life of the ith isotope. For example, in a simple, direct, 

three-member chain, Bateman's equations would be written: 

' M includes the amount m of the inventory that was mobilized as well as the remainder that has not been 
mobilized. That is. M includes all forms of all isotopes in the repository. 



PANEL. Version: 3.60 WPO # 37361 
Usar's Manual May 10. 1996 

Pase 15 - 
These are linear ordinary differential equations with constant coefficients and well-posed initial 
conditions. Therefore, they have a unique, simple, well-known, closed-form solution. It 
involves (i) exponential functions, which are library functions on the WIPP DEC Alphas, and (ii) 
the various physical parameters of the problem. It is that solution that PANEL uses to age the 
inventory for decay. For the above three-element example, the closed-form solution is: 

The closed-form solutions of Bateman's equations become algebraically more complex as the 
decay chain they treat becomes longer. However, they continue to involve only ( I )  physical 
parameters of the problem and.12) exponential functions of time (Kaplan [Chapter 101, 1964). 

P A N n  uses the more complex analogue of the above results to age the inventory for decay 
before proceeding to the next timestep. In the equations above, the values of Mi(t=O) are 

- assigned according to the contents of the inventory at the beginning of the PANEL timestep tn . 
The right-hand sides of Bateman's equations are then evaluated using t = 50 years and the 
physical constants of the problem. The results, Mi@) , for t = 50 years, are the decay-corrected 

masses of each isotope at the end" of PANEL's timestep tn. The inventory at each timestep tn 

is corrected twice, (i) once for decay, and (ii) once for removal due to mobilization. It is then 
forwarded as the initial inventory for PANEL's next timestep, which starts at time tn+l. 

The above sections outline the methods by which isotopes are mobilized and decayed. However, 
PANEL's ultimate goal is to calculate, as a function of time, the net releases from the repository. 
The release calculation requires the net concentrations of isotopes within the repository as a /.. . 
function of time, which have been calculated above. It also requires repository brine-outflow 6 

"'gs data. The calculation that combines the two to form reieuses is described in the next section. R; ,J.; 
,'!) 

[ $ 1 ~  I , ( !  I 
4.7 P.4h%L7s Release Calculation ' / ; -'< 1;. !:' .. . .', 
Following WIPP PA performance scenarios (WIPP PA Dept., 1992), pressurized brine either 
flows upward from a deep brine pocket via an intrusion borehole or it seeps slowly through the 
Salado halite. A fraction of it enters a waste panel, flows through the waste, mobilizing 

-- Actually, PANT"EL' decay calculations are centered within each 50-year timestep, the working value being taken 
as the average of the Bateman-decayed inventory at the beginning and end of the timestep. Thus, they are actually - referred to 25, 75, 125, etc years after decommissioning, rather than 50, 100, 150, as described herein. The 
difference is unimportant in principle and inconsequential in fact. 
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radioisotopes as it does, and then flows either ( I )  upward to the Culebra via the same or a second 
intrusion borehole, (2) directly to the surface at the time of drilling via the intrusion borehole 
itself, or (3) along some other path. PANEL's job is to calculate the cumulative mass of 
radioisotopes mobilized at repository level and thereafter transported by the brine. The volume 
of brine removed fiom the repository during PANEL'S nth timestep and transported to the 
Culebra is v, (in I), a quantity that is provided in the output CDB of a WlPP flow code such as 
BRAGFLO, or by hypothesis, depending on the application at hand. The total amount of jth 
isotope of the ith element (in moles) tramported with the brine is cj(t,) v, , where Cli(t,) is 
the enhanced concentration (in molesll) of the jth isotope of the ith element in the repository 
during the nth timestep due to all mobilization processes. It is useful to bear in mind that 
PANEL reports release results subdivided according to isotope but not mobilization process. 
However, the information needed to apportion the PANEL releases between the mobiiation 
processes is contained in the computational database produced by the SOTERM ALGEBRA run. 
Before forwarding its release data, PANEL fust converts release units from moles back to 
kilograms. It does so by multiplying each release by Wij l1000, where Wij is the molecular 
weight of the jth isotope of the ith element in grams/mole, and 1000 is the number of grams in 
a kilogram. In support of direct-release calculations, the cumulative kg release of each isotope 
from PANEL is converted by a post-PANEL ALGEBRA run to concentration data by forming 
the difference of the time integral of the calculated release divided by the difference of the time 
integral of the assumed outflow rate, these calculations being based on the minuscule assumed 
flow rate of roughly loe5 cubic meters per year. ALGEBRA then converts the units to 
Normalized EPA release units per cubic meter and sums the isotopes in preparation for 
multiplication by DBR-BRAGEO's direct-release volumetric-brine-output estimates, which are 
reported in cubic meters. The resultant product is, of course, in normalized EPA  ele ease units. 

In general, BRAGFLO does not provide v, . Rather, it provides the brine outflow rate $2,) (in 
m3/s), and quite often it reports q at timesteps t, to to-] that may be a good deal smaller than 
PANEL'S timesteps t, to Ll. To rectify the mismatch, PANEL (i) converts BRAGFLO's brine 
outflow rates to Us, and then (ii) computes v, by inte,pting q over one of PANEL'S tunesteps. 
The computation is by right-hand mtegration, and looks like - ,  

,. . 

The amounts (in moles) of the jth isotope of the ith element mobilized and transported out of 
the repository during the nth timestep due to dissolution and colloidal mobilization is 
[v, Cid(tn)] , where Cij was defined earlier. Once these materials have exited the repository, the 
inventory must be revised to account for their removal before PANEL can proceed to the next 
timestep. PANEL must also age the revised inventory. Thus, PANEL calculates the inventory at 
the next timestep as: 
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where Dij(tn) represents the total loss of the jth isotope of the ith element due to radioactive 
decay and Gij(&,) represents the gain from the parent. 

The above discussion focused on PANEL'S work during each timestep. However, PANEL does 
not report timestepfor-thestep results. Rather, it adds the release results of the present timestep 
to the sum of the release results for all prior timesteps and reports the sum. That is, it reports, at 
each timestep, the cmuhtive release RG(t,,) of the jth radioisotope of element i from the 
reposito~y. In mathematical terms, the cumulative release due to a generic process is written as 
follows: 

where 

Ci,i(t+J is the individual concentration (in moleslI) of the jth isotope of the ith element in 
the repository brine, due to.the net effective mobilization processes, 
q(t) is the rate (in Us) at which brineflows out from the waste repository at time r. It is 
determined by BRAGFLO and forwarded to PAN'EL as an input on runs supporting Culebra 

5 3 transport, or assumed to be a minuscule amount (10- m Iyr) in runs supporting - DBR-BRAGFLO calculations of direcr release. 
vn(tn) is the volume (in I) of brine ejected from the repository during PANEL'S nth timestep 
and is calculated by PANEL using either (1) outflow data from BRAGFLO, or (2) the 
assumed rate. 

4.8 PANEL's Run Sequence 

To exercise PANEL as it was exercised in the 1996 CCA, it is necessary to exercise a sequence 
of WIPP codes that suppon PANEL in various ways. Figure 1 (see Chapter 3.0) is an annotated 
depiction of that sequence for a run in support of a groundwater release through the Culebra 
(SECOTP and CCDF-GF). The caption of Figure 1 explains the run-sequence differences 
required for DBR-BRAGFLO applications. Sample input files for the five support codes of the 
sequence are provided in Appendices A through E of this User's Manual. The codes themselves 
are discussed in other documents supporting WIPP CCA software 4.4. 
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5.0 INHERENT CAPABILITIES AND LIMITATIONS OF THE 
SOFTWARE 

PANEL is capable of m o b i i g  and decaying all sigmficant radioactive elements that are 
presently given in the repository's inventory, as it is specified on the controlled WIPP data base. 
For the decay calculation, PANEL contains, internally, all the data necessary to age 30 W P  
isotopes, including the relevant system of Bateman solution equations, the decay chains, the half- 
lives, etc. To keep the mobilization calculation efficient, PANEL reads the mobilization 
parameters associated with six selected elements (Am, Cm, Np, Pu, Th, and U) that occur in 
various isotopic forms, which leads to mobilizations for 21 distinct chemical species. What 
PANEL does during each timestep is extremely simple, both physically and mathematically. The 
only differential equations it solves (Bateman's) are solved analytically and evaluated using 
library functions. Its mixing model is essentially algebraic within each timestep. It is 
straightforward and step like, exactly as was described & Section 4, above. PANEL'S most 
advanced step is integating its release results, which it accomplishes straightforwardly using 
right-hand numerical integration. Its limitations are only the validity of its assumptions, which 
are principally: 

1. The mechanical mixing time and chemical reaction-rate times within the repository are small 
compared to characteristic flow times. Time scales (1) for hydrological flows and (2) for 
quiescent periods between exploratory borehole penetrations are so large that this assumption is 
not threatened. PANEL assumes all of the waste (i.e., the maximum possible amount) contained 
in a single waste panel is available for mobilization. It is a conservative estimate and actually 
represents an upper bound. 

2. (A) The concentration of each brine-dissolved element is uniform (i.e., constant) throughout a 
waste panel. (B) The enhanced maximum concentration of each brine-dissolved-and-colloidally- 
mobilized element is dependent on (a) the valence state with which that element occurs in the 
repository and (b) the source of the brine, there being three principal sources, namely: brine from 
the Salado, brine from the Castile, and brine from the Culebra. Item 2B pertains more to 
ALGEBRA'S pre-PANEL analysis than it does to PANEL itself. It is included here for 
completeness. (C) The fraction of each element that is permitted to dissolve into incoming brine 
is set a priori to the enhanced equivalent solubility limit for that element (that is, to the 
maximum possible value). Enhanced equivalent solubility data must be determined on the basis 
of reasonable chemical hypotheses and provided to PANEL. {In the 1996 CCA. these data were 
provided by ALGEBRA (see Figure 1 in Chapter 3). The chemical basis for ALGEBRA's 
calculauons are described in Section 7 of the SOTERM Appenchx of the WIPPs 1996 
Compliance Certification Application}. If insufficient material is available in the repository to 
reach the enhanced equivalent solubility limit, PANEL will mobilize whatever amount is 
available. The amounts of material available within the repository are estimated from inventory 
data. @) Supersaturation is disallowed. (E) When an element has several isotopes, the molar 
proportions of those isotopes dissolved in the brine are taken to be the same as the molar 
proponions in the total inventory contained in the waste panel. 

_f .,. . ..,...' 
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3. Mobi i t ion  by colloidally suspended particulate matter is treated in exactly the same way 
that dissolution is treated. Maximum concentrations for four different types of colloidal 
particulates are added to the maximum concentration for dissolution for each of the radioisotopes 
and oxidation states. The sum of the five maximum concentrations is then used in a single 
dissolution-like computation that estimates the net mobilization due to colloids and dissolution. 
[The chemical basis for these calculations is provided in Sections 6 and 7 of the SOTERM 
Appendix of the WPP's 1996 Compliance Certification Application}. PANEL assumes (a) all 
isotopes present in the repository either form or sorb rapidly onto colloidal particulates, and all 
rapidly reach their assigned maximum capacities, so that (b) time dependency in colloidal 
formation and sorptive processes can Wignored. Item 3 perfains more to ALGEBRA'S pre- 
PANEL analysis than it does to PANEL itself. It is included here for completeness. 

4. In the past, PANEL has assumed the brine has access to the entire inventory, that is, to the 
entire contents of the repository. That is equivalent to assuming all the lower-level internal seals 
in the repository have failed well prior to the time of intrusion. In present applications, 
mobilization is limited to the particular waste panel that was penetrated. That is, internal seals 
are assumed to hold. 

5. PANEL models the inventory as though it were distributed uniformly with regard to intensity 
and species throughout the entire repository. Thus, the full inventory is scaled linearly to a single 
panel's size. The possibility of inventory variability from one panel to another is not modeled. - 
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6.0 USER INTERACTIONS WITH THE SOFTWARE 

In order to be executed, PANEL must have access, through CAMCON, to two previously created 
input data frles. In WIPP PAS, these frles take the form of CDB files (CAMCON Data Base) that 
were written as output frles by the other WIPP PA codes that were exercised before PANEL in 
the PA code sequence. 

LHS, for Latin Hypercube Sampling, is such a code and leads to the production of numerous 
CDB Bes, one for each of the collections of sampled input data called input vectors. The 
number of samples is normally determined by an optimization scheme that balances the need for 
statistical confidence (which favors larger samples) against resource costs (which favor smaller 
samples). The exact number of samples required for the 1996 CCA is fixed at 100. PANEL'S 
calculations will therefore be executed in sets having 100 runs each, and many more if one 
includes replication runs. This multiplicity of runs is intended to assure (a) representative and @) 
adequate sampling. Because of it, reasonable measures were applied to make PANEL as 
efficient as possible in terms of run time. In the 1996 CCA runs, PANEL did not receive its 
sampled data directly from LHS. Rather, as shown in 1, LHS's sampled data were passed 
through an ALGEBRA' step, which modifies some of the chemical data so as to generate 
enhanced equivalent solubility limits (see Chapter 4 herein, and Section 7 of the SOTERM 
Appendix of the WIPP's 1996 Compliance Certification Application). 

As was said above, PANEL executes in three different ways, called run types, and performs three 
very merent  kinds of computations. Type-1 runs mob i i e  wastes (by dissolution and colloidal 
mobilization) and require externally-specified brine flows. Type-2 runs account for radioactive 
decay through Bateman's equations and require that the inventory be specified. Type-3 runs 
account for radiolysis, and will not be used in regulatory calculations. CMS regulatory runs 
are directed from a command fde. To assist the user to understand the individual steps canied 
out by the command file, the two principal WIPF'-type m s  will be discussed below in detail 
from the user-interactive point.of view, but first some general remarks that apply to all three run 
types. 

6.1 Exercising Panel in General 

To exercise PANEL in general, the user types the command line below at the VMS "$" prompt, 
and follows it with a carriage return: 

The five required command-line arguments are defined as follows: 

The value of argl depends on the rype of run PANEL is making. For type-1 runs, argl is an. 
"So for "standard". For type-2 runs, argl is a "D" for "decay only". For type-3 runs, argl is an 
"R" for "radiolysis". 
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arg2 is any one of PANEL'S sampled input CDB files. Typically, they are named' 
LHS-S1-S-Vyyy, where yyy is a variable index that identifies the realization. In CCA 
calculations, yyy would vary from 001 to 100. The file actually employed in 1996 CCA runs 
was named ALEST-CCA-Rz_Sx-Vyyy.CDB, where z ( = 1,2, or 3 )  is the replicate number 
and x ( = 1,2, ..., 6) is the scenario number. 

arg3 is any one of PANEL'S sampled output CDB files. It is not recommended, but users have 
limited freedom in naming these files, providing care is exercised to use proper format and 
compatible scenario and realization identification numbers. For example, this filename might 
use the format PANEL-Sx-S-Vyyy.CDB. The indices x take on the values 1.2, ..., 6, and 
murt correspond to the scenario being analyzed. The yyy are as before. 

arg4 is the sampled input CDB file that specifies the repository brine volume and rate of brine 
outflow from the repositoly and must correspond to the scenario and realization numbers 
specified in the oth&input-fdes. These fileicontain essential brine-flux data, and the user must 
h o w  their BRAGFLO fdenames. Examples are given in the subsections that follow. In 1996 
CC.4 runs, BRAGFLO's output files were passed through a preliminary ALGEBRA step that 
simplified them so as io enhaice run speed (see Figure 1). 

arg5 is PANEL'S output debug file. The user is free to choose its name. An example is given 
in Appendix F. 

Notice that PANEL does not have an input file per se. That is because there is nothing for the 
user to specify beyond the run type, which is chosen in argl, above. All PANEL'S input data 
derive from upstream codes and from the data distributions written on the controlled WIPP data 
base. In that sense, arg2 serves as PANEL'S input file in that it contains all the data previously 
written to the CDB file for the run in question. However, it isn't a control file in the usual sense, 
since control files are normally text files and (arg2) is in CDB format. GENMESH, MATSET, 
POSTLHS, and ALGEBRA are the four codes immediately upstream from PANEL. Examples 
of their input control files for PANEL runs are reproduced in APPENDICES A, B, C, and D. 
Appendix D applies to the source-term ALGEBRA run, which is quite different from the 
ALGEBRA run described in the following section. 

6.2 Exercising ALGEBRA to Prepare PANEL'S Input Flow Data CDB F i e  

It is possible to streamline PANEL somewhat by exercising ALGEBRA in a mode that snips the 
arg4 BRAGFLO CDB file of unnecessary information and, thereby, decreases run time. The 
chanze in run time is small, but it accumulates during multiple runs. This step is a housekeeping 
chore and does not affect PANEL'S operations or foundations in any way. However, as it is 
included in 1996 CCA regulatory calculations, it is described in this User's Manual. The entire 
input fde required by this application of ALGEBRA is included in Appendix E. 

- 'The filenames used in this section will work, however, they differ from the filenames employed by the CMS that 
controls CCA runs. CMS filenames appear in the examples in the appendices of this manual. Also, the letter R. 
which in past PAS signified "realization," has been replaced by V for "vector." R nou, signifies "replicate." 
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The Appendix-E ALGEBRA input file is actually more complex than is absolutely required by 
PANEL, which uses only two of the many POSTBRAG output variables the input file calls, 
namely: variable #30, BRNVOL-W, and variable #78, BNBHUDRZ. However, it is the 
ALGEBRA file that was used in the 1996 CCA calculations and it is therefore listed in Appendix 
E. Variable #30 is volume of brine in the repository during the present timestep. Variable #78 is 
the cumulative brine outflow up the borehole. 

In the paragraph that follows, the command line that exercises the necessary ALGEBRA 
application is given. 

If the file named BRAGFLO-FLOW-S6-V064.CDB is POSTBRAGFLO's output CDB, and if 
its ALGEBRA-revised version is named BRAGFLO-ALG-FLOW-S6-V064.CDB, then the 
command line to exercise ALGEBRA on BRAGFLO's output in preparation for exercising 
PANEL is as follows: 

$ ALGEBRA -<CR> 
- $ BRAGFLO-FLOW-S6-VOM.CDB -<CR> 
- $ BRAGFLO-ALG-FLOW-S6-V064.CDB -<CR> 
- $ POSTALG-CCA-186.INP -<CR> 
- S CANCEL <CR> 

where <CR> means strike the "caniage return", and where the debug file has been canceled. 
The third file in the sequence, POSTALG-CCA-186.W , is the ALGEBRA input control file 
that was actually used in 1996 CCA runs. It resides on the WIPP Alphas in the file 
Ul:[JDMILLE.CCA.POSTALG] and is listed in full in Appendix E. 

6.3 Exercising PANEL in an Undisturbed Type-1 Run - ~ 

"F -.* 

To exercise PANEL in a standard brine-flux type-1 run, enter the following command- 
format at the VMS "$" prompt: 

... 
J 'k; . . .' $ PANEL S ALG-ST-CCA-R~-S~-V~~Y.CDB PANEL-S1-S-Vyyy.CDB - 

. .  , . , 

This command will exercise PANEL in the standard (type- 1) manner for events associated with 
scenario number 1, which is the identification number for the undisturbed state. The brine-flux 
input-dam CDB file is recognized as BRAGFLO's output file for an "undisturbed scenario 
number and unspecified realization number. The hyphen at the end of the command line is the 
digital-command-language symbol for "continued on the next line". In CCA runs, PANTL will 
not be applied to undisturbed runs. 
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6.4 Exercising PANEL in an E2E1 type-1 Run 

In CCA parlance, scenario number 6 corresponds to the E2E1 case in which a double intrusion 
occurs and floods at least one of the waste panels with pressurized brine. PANEL will be used to 
mobilize radioisotopes for all 1996 CCA S6 runs. To exercise PANEL for that scenario and an 
unspecified realization number (i.e., input-vector number) yyy, enter the following command-line 
format at the VMS 5" prompt: 

That command line will exercise PANEL as a standard type-1 NII for a scenario 6, which is an 
E2E1 double intrusion in which the first (E2) intrusion occurs at 1000 years and the second (El) 
intrusion occurs at 2000 years after decommissioning. The brine-flux input-data CDB files 
PANEL requires are again reco,&zed as BRAGFLO's output CDB files as modified by 
ALGEBRA. 

6.5 Exercising PANEL in a Decay-Only Run 

To calculate the time history of a repository inventory when the inventory is influenced only by - the effects of radioactive decomposition, which includes decreases in the masses of the given 
isotopes and increases in the masses of their daughter, granddaughter and succeeding products, 
enter the following command-line format at the VMS "$" prompt. -= 

V 

The above command line will exercise PANEL in the decay mode (a type-? run). Xote that the 
scenario idenufication number is set at 06, as though this were an E2E1 run. That is a 
nomenclature formality. Any scenario number could have been used, since the decay process is 
wholly independent of scenario. The brine-flux input-data CDB fde is canceled, which means 
PANEL defaults to internal values that spec~fy no flow. 

6.6 Exercising PANEL in a Radiolysis Run 

Type-3 radiolysis runs will not be exercised in the CCA P.4. Consequently, this topic will not 
be discussed herein. 
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7.0 DESCRIPTION OF PANEL'S INPUT FILES 

All PANEL'S input data, except for run type, are read directly from CDB input files. 
Consequently, the user may not readily interact with or control these data. In essence, the input 
fde for PANEL is the output CDB file from the post-POSTLHS ALGEBRA run. Examples of 
the input files for the five codes immediately upstream of PANEL are given in Appendices A, B, 
C, D, and E. 

PANEL'S input data include the quantities listed below. They are all read or derived from the 
controlled WIPP data base and are, therefore, not available for user interaction. 

Variable name Description Database Name 
SECPY The number of seconds in a year GLOBAL YRSEC 
SOL(3,IELE) Base-10 log of actinide's solubility in m11 ** LOGSOLM 
XLOAD(ID1ON) The initial inventory of the WIPP ***L+ INVCHD 

***** -, 
where ** = AM, CM, NP, PU, TH, & U , and 

***** = PU242; etc. 

The ranges of valihty of these parameters are not a user-relevant issue. The parameters are 
internally controlled and unavailable for user specification. Those parameters that are uncertain - 
vary over ranges that are speclfed by a scrupulously controlled scientific procedure (WIPP PA 
Div., 1991; and WIPP PA Dept, Vol. 3, 1992). Parameter values that were used in a particular 
run are echoed in PANEL'S DBG file for that run. A sample PANEL DBG fde is included in 
Appendix F. 
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8.0 ERROR MESSAGES 

Because there is relatively little user interaction in PANEL'S operation, there are relatively few 
places for errors to occur. Errors are, however, possible and lead directly to the generation of 
error messages. Most error messages inform the user of the general area in which the error 
occurred. The user is then expected to explore that area and make corrections accordingly. A 
brief list of possible error messages follows and includes comments on appropriate corrective 
actions. 

. INCORRECT FILE ASSIGNMENTS PANEL couldn't find andlor open the files specified in 
the command line. Troubleshoot. 

PROBLEM WITH INPUT CDB . PANEL doubts the POSTLHS output. Troubleshoot. 

. PROBLEM WITH OUTPUT CDB 0 These are normally space problems. Troubleshoot 

0 SCENARIO NUMBER NOT FOUND IN FILE NAME Troubleshoot. 

RUN h W E R  NOT FOUND IN FILE NAME. Troubleshoot 

- PROBLEM WITH FLUX CDB This problem could refer to the BRAGFLO output, the 
NUTS output, or, if ALGEBRA is used to preprocess flux input, to ALGEBRA output. 
Troubleshoot. 

PROBLEM WITH DBOQAREC Problem with the output CDB QA records. 

PROBLEM WITH DBOHEAD Problem starting the Output CDB. 

PROBLEM WITH DBOCLOSE Problem ending the Output CDB 

DTPROBLEM . Indicates a problem with PANEL'S timestep. PANEL's usual timestep is 50 
yr. However. if more than 10% of the brine volume exits during a single timesrep, PANEL will 
reduce its next timestep by 50%. If the auto-reduction option operates several times in 
succession, PANEL will abort. In most cases, that would suggest a problem with the BRAGFLO 
input file. 

. DBOVAR ERROR N, where N=O, 1, 2, 3, etc . Indicates a database output variable error. 
These are usually not run errors, but may occur, for example, if a variable is wnnen to output but 
is not named. 

PROBLEM N WITH FLUXIN.CDB, where N=l, 2.3 Problems reading the brine flux inflow 
file. - . BRINEV=O, TFLUXOUT>O. Problems reading the brine flux outflow flle. 
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-Cq . PROBLEM 1A WITH FLUXINCDB Problem reading the brine flux inflow file. 

INBHFLO, TIME PROBLEM. Indicates a problem in the borehole outflow. Normally, the 
BRAGFLO run would abort before 10,000 years. 

INDBlELBK Indicates input element blocks exceed 100 in number. Normally there are 28 
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9.0 DESCRIPTION OF PANEL'S OUTPUT FILES 

PANEL'S only user-readable output file is its debug file, which echoes input data and repeats, in 
summary format, many of the data reported on PANEL'S output CDB file. An example of a 
PANEL debug file is included in Appendix F. The quantities reported there are described below. 

PANEL writes 92 history variables to the data base at each timestep. Those variables are listed 
below in tabular format and are defined in the paragraphs immediately below the list. 

History Variables: 

BRNVOLOO 
SDOCS137 
SSOPB210 
SLORA228 
SDOTH230 

... - .. SSOTH232 
=. 

<.g \. 
," :f,, i.., \. 

SLOU233 
~8. .  ~. % , -<?:: SDOU235 
11 . b [ : 

t q p @ 
. ,  , 

SSOU236 
'.. ;.> x.:; - t 
, d Is>- 

SLONP237 -~ 
, -.. "*a- ...* SDOPU239 

SSOPU240 
SLOPU242 
SDOAM241 
SSOCM244 
SLOCF252 
SDOSM147 
SSOAM243 
SLOCM245 

SMFLOWOO SDOSRSO 
SLOCS137 ssocs137 
SDORA226 ~ ~ 0 ~ ~ 2 2 6  
SSORA228 SDOTH229 
SLOTH230 SSOTH230 
SDOPA231 SLOPA231 
SSOU233 SDOU234 
SLOU235 SSOU235 
SDOU238 SLOU238 
SSONP237 SDOPU238 
SLOPU239 SSOPU239 
SDOPU241 SLOPU241 
SSOPU242 SDOPU244 
SLOAM241 SSOAM241 
SDOCM248 SLOCM248 
SSOCF252 SDOPM147 
SLOSM147 SSOSM147 
SDOCM243 SLOCM243 
SSOCM245 

SLOSRSO SSOSRSO 
SDOPB210 SLOPB210 
SSORA.226 SDORA228 
SLOTH229 SSOTH229 
SDOTH232 SLOTH232 
SSOPA231 SDOU233 
SLOU234 SSOU23 
SDOU236 SLOU236 
SSOU238 SDONP237 
SLOPU238 SSOPU238 
SDOPU240 SLOPU240 
SSOPU241 SDOPU242 
SLOPU244 SSOPU244 
SDOCM244 SLOCM244 
SSOCM248 SDOCF252 
SLOPMI 47 SSOPM 147 
SDOAM243 SLOAM243 
SSOCM243 SDOCM245 

In the above listing, thc 00 in the BRNVOLOO and the SMFLOWOO variables, and the 0 
used as the third character in all the other history variables are indices intended to identify the 
waste panel that was assumed to be breached. Since 1991, all PA calculations have been full- 
repositoiy runs. That is, the entire contents of the repository were assumed robe wetted by the 
inflowing brine, which, in previous PANEL runs, meant using the panel index numbers 0, and 
00. In CC.4 runs, the panel index numbers will continue to be set at 0 and 00, however, in CCA 
runs, O will mean any one of the standard-sized waste panels (area = 11.640 m' , or roughly one- 
tenth of the repository's total volume). 

BRNVOLOO is the Brine Volume in the repository for the present run in cubic meters 

SMFLOWOO in the time-integrated rate of outflour of brine from the repository up the intrusion - 
borehole in cubic meters. 
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For type- 1 runs: 
SDO***** is the time-integrated mass in kilograms of isotope ***** discharged in solution from 
the panel. 
SM***** is the time-integrated mass in kilograms of isotope ***** discharged on large 

colloids+ . 
SO***** is the time-integrated mass in kilograms of isotope ***** discharged on small 

colloids+. 
-7 .. 

For type-2 runs: v 

SW***** is the current inventory of isotope ***** in Curies. ' . .  
, , ,  ' I  

. , 

Type-3 runs are not included in the CCA PA and therefore are not discussed herein. 

9.1 Tips for Using type-1 Outputs 

PANEL routinely outputs release data for 21 radioisotopes. However, the transport codes that 
read these data as input data may accommodate an even smaller number of radioisotopes. If the 
transport code that follows PANEL is not transporting a certain radioisotope, say R, it is not 
sufficient simply to delete P m ' s  R releases from the computation. That is because the 
transport code may be considering R's daughter, D, or R's granddaughter, GD. If so, the mass 
flux and the inte,mted mass of R should be accounted for and added to PANEL'S calculated 
mass fluxes and integrated masses of D andlor GD. That can be accomplished exactly if the - 
downstream code has complete Bateman-decay capability (in which case, R would act as a 
source term in D's or GD's transport equation). If it does not, the effect can be approximated as 
outlined below. 

For example, suppose the transport code is not considering ra&oisotope PU242, but is 
considering U238. To account fm the U238 produced by decomposition of PU242, one might 
add SDOPU242 to SDOU238, add SLOPU242 to SLOU238, and add SSOPU242 to SSOU238. 
This correction is crude but conservative. 

Alternatively, one might add the integrated release of R in kilograms to the release of D or GD 
(also in kilograms) in such a way that the total amount of radioactivity (in Curies) is maintained. 
For example: one might add SDOPU242*HLPU239/HLPU242 to SDOPU239, where HI,***** 
represents the half-life of a radioisotope named *****. The same correction would be applied to 
the releases associated with PANEL'S colloidal mobilization module when it is enabled (it was 
disenabled in the 1996 CCA). 

+ In the 1996 CCA, SLO and SSO are both zero because colloidal mobilizauon was combined with mobilization due 
to dissolution (see Chapter 4). That is, PANEL'S internal colloidal-mobilization code was disenabled. 
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APPENDIX B: EXAMPLE OF A MATSET INPUT FILE FOR A PANEL 
RUN 

*H*SDING 
RUN= 0 
SCALE=SOURCS 
SCSNARIo=Oo 
TITLlr=SOURCE TERM 

61, 62, 63, 64, 65, 66, 67 
*RETRIEVE*NAMl 
COOP.BINAT3, DIM=3, NAMES=X. Y. Z 
MATERIAL, l=GLOBAL. 2=IGFCON. & 

3=AM241, 4=AM243, 5=CF252, 6=CY243, 7=CYi44, 8=CM245, & 
9=CK248, 10=CS137, ll=NP237. 12=PA231. 13=PB210, iC=PM147. & 
l5=P?J238, 16=PU239, 17=PU240, 18=PU241, 19=PU242, 20=PU244, & 
21=P.A226. 22=R4228. 23=SR90, 24=Te229. 25=TH230. & 
26=TH232, 27=U233, 28=U234, 29=U235, 30=U236, 31=U238, & 
32=AM, 33=CF, 34=CM, 35=CS, 36=NP, 37=PA, 38=PB, 39=PM, 4O=PU, & 
Cl=3A, 42=SR, 43=TH, 44=U, & 
45=SOLMOD3, 46=SOLMOD4, 47=SOLMOD5, 48=SOLMOD6, & 
49=?:XMOX3, 5O=PINMOX4, 51=PHUMOX5, 52=PHUMOX6, & 
53=SOLAM3, 54=SOLPU3, 55=SOLPU4, 56zSOLTH4, 57=SOLU4, 58=SOLU6, & 
59=AM2C1L:AW241r 60=PZi238L:PU238, 61=PU239L:PU239, & 
62=T3230L:TB230, 63=U234L:U234,& 
64=AML, 65=PSJL, 66=THL, 67=UL 

!U.TZRI.ALS 61-69 ARE LWPED PAREKCTERS FOR NUTS 

! ISOTOPSS 

PROPEXTY MATERIIL=Cf252, NA!!S =InvCHi3, InvWE, ATWTIGHT, HGFLIFE 

PXOPSRTY YATERIAL=Cm245, NAMES =InvCHD,InvPHD,A?WSiGHT,HALFLIF3 

PROPERTY MATZRIAL=Np237, NAMES =InvCHD,IqvRYD,AmIGX?,HAL?LIFE 
PROPZRTY MP.TERiAL=Pa23 1, NAMES =InvCHD, InviTTD,ATWEIGHT, :HALFLIFE 
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PROPERTY MATERIAL=Pb210, 
PROPERTY MATERIAL=Pml47. 

PROPERTY MATERIAL=Pu244. 

PROPERTY MATERIAL=SX90 , 
PROPERTY MATERIAL=Th229, 
PROPERTY MATERIAL=Th230, 

. . . . - - - - 

PROPERTY MATERIAL=U234. 

--. -. - 

PRBPERTY MATZRIAL=U238. 
.v 

PROPERTY MATERIAL=AM241L, 
PROPERTY MATERIAL=PU23BL, 

~ - 

PROPERTY MATZRIAL=U234L, 
! ELEMENTS 
PiiOPBTY NATERiAL=AN. 
PROPERTY MATERIAL=CF 

PROPERTY MATERIAL=CS, 

PROPERTY MATERIAL=PB, 

PROPERTY MATERIAL==, 

PROPZRTY YATXXIAL=UL, 
PROPERTY MATE?.IAL=THL, 
!OXIDATION STATZS 
PROPEXTY .NAT!Z?.I.U=SOLMOD3. 
?ROPERTY MATERIAL=SOLMOD4. 
PROPZXTY MATSXIAL=SOLMODS, 
PROPZRTY K~.TERIAL=SO-LMOD6, 

Page 32 

NAMES =InVCHD,InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD.InvFHD.ATWEIGHT,HALFLIFE 
NAMES =InvCHD.InvftKD,ATWEIGHT,HALFLIFE 
NAMES =InVCHD.InvRHD.ATWEIGHT.fiALFLIFE 
NAMES =InVCHD,InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD,InvRHD.ATWEIGHT,HALFLIFE 
NAMES =InvCHD,InvRHD,ATWEIGHT,~FLIFE 
NAMES =InvCHD.InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD,InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD,InvRHD,ATWEIGHT,HALFLIFE 
NAlD3S =XnvCW.InvRXD,ATWEIGHT,HALFLIFZ 
NAElES =InvCHD.InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD.InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD , InvRHD , ATWEIGHT, HALFLIFE 
NAMES =InvCHD,InvRHD.ATWEIGAT,HALFLIFE 
NAMES =InvCHD.InvRHD,ATWEIGHT,HALFLIFE 
NAMES = I n v C ~ . I n v R A , A T W E I G H T , H A L F L I F E  
NAMES =InvCHD,InvRHD,ATWEIGHT,HALFLIFE 
NAMES =InvCHD,InvRHD,ATWEIGHT,HALFL:FE 

NAMES =InvCHD.InvRHD,ATWEIGHT.HALFLIFE 
NAMES =InvCHD,InVftKD,ATWEIGHT,HALFLIF% 
NAMES =InvCHD,InvRHD,ATWEIGHT.%FLIFE 
NAMES =invCHD, InvRHD, ATWEIGHT, HALFLIFE 
NAMES =InvCHD,InVRZID,ATWEIGHT,HALTLIFE 

NAMES =CONC~IN,CONCINT,CAPHVM,CAPMIC,PRO~XIC 
NAMES =LOGSOU4 

NAMES =LOGSOLM 
NAMES =LOGSOLM 
NAMES =LOGSOLM 
NAMES =CONCMIN.CONCINT,CAPHUM,CA?MIC,PROPMIC 
NAMES =LOGSOLM 
NAMES =LOGSOLM 
NAMES =LOGSOLM 
NAMES =CONCMIN,CONCIhT,CAPHUM,CA~MiC,PROPMIC 
NAMZS =LOGSOL% 

NAMES =LOGS07L!! 
N?+MES =LOGSOLM 
NAMES =LOGSOL! 
NAMES =LOGSOLM 

NAMES =SOLSIM.SOLCIM,SOLSOK,SOLCOM 
NAaS =SOLSIM.SOLCIX.SOLSDM.SOLCOM 
NAMES =SOLSIM,SOLCIX,SOLSOIJL,SOLCOM 
NAXES =SOLSIM,SOLCIM,SOLSON,SOLCOM 
N W S  =PHVMSIM. PZLPICIM 
NAMES =PHUMSIM,PZLPICIM 
NAMES =PKUHSIM. PWJMCIM 
NAMES =PHLMS-:M, P:IUMCIM 

NAMES =SOLSIM,SOLCIM 
NAM%S =SOLSIM,SOLCIM 
NAMES =SOLSIM,SOLCIE 
NAMES =SOLSIM 
NAMES =SOLSIM 
NA.NZS =SOLSIK,SOLCIM 
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APPENDM C: EXAMPLE OF A POSTLHS INPUT FILE FOR A PANEL 
RUN 

POSTLHS INPUT FILE 

! - - --- 
! TITLE: POSTLHS input file == POSTLHS-SO0.INP 
! ANALYST: J.W.GARNER - 5/29/92 
! 

I !  

! DESCRIPTION: NAS FALL.1992 SCENARIO 
! 

- 

'END 

ER?, OF APPENDIX C 
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APPENDIX D: EXAMPLE OF ALGEBRA'S POST-POSTLHS SOURCE- 

TERM INPUT FILE 

A detailed explanation of the chemical basis for this input file may be found in Section 7 of the 
SOTERM Appendix of the WIPP's I996 Compliance Certification Application. 

SOURCE TERM ALGEBRA INPUT FILE 

! AM 
!AM=32,SOLYOD3=45,SOLAM3=53,PHUMOX3=49 
LIMIT BLOCKS 32 
DIS=.K3PROP(10**SOLSIM[Br53]~SOLSIM[B:45]) 
~=PIYITLEPROP(MIN~CAP~,101*SOLSIM[B:53]*SOLSIM[B:45]*P~SIM[B: 
MiC1=MAKEPROP~10**SOLSIM[B:53]*SOLSIM[B:45]~PROPMIC) 
T O T = ~ D R O P ( D i S + X l M + M I C l + C O N C I N T + C O N C M I N )  
TOTNM=MAKEPROP~DIS+HUM+CoNCINT+coNcMIN) 
TOTSOL = MAKEPROP(IFLTO(CAPMIC-TOT,MIN(TOTNM+CAPMIC,TOT),TOT) 
KIC= MUZ2PROP(IFLTO(CAPMIC-TOT,TOTSOL-TOTNM.MIC1)I 
LOGSOLM=M?+KEPROP(LOG10(TOTSOL) I 
TRCDIS=MAKEPROP(DIS/TOTSOL) 

!?UT LOGSOLM ZTC INTO SOLPU3 UNTIL CHECK OXIDATION STATE, THZN PPU INTO OU 
!?U=4O,SOLMOD3=45,SOLP~3=54,P.nlMOX3=49 
LIMIT 3LOCKS 54 
DiS=Y3PRO?(10'*SOLSIM[B:54]*SOLSMIB:45]) 
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- - - 
TOT=~PROP(TOTNM+MIC1) 
TOTSOL = MAXEPROP(IFLTO(CAPMIC[B:40]-TOT,MIN(TOTNM+CAPMIC[B:40l,TOT~,TOT)) 
MIC= MAKEPROP(IFLTO(CAPMIC[B:~~~-TOT,TOTSOL-TOTNM,MIC~)) 
LOGSOLM=MAKEPROP(LOG10ITOTSOL)) 
FRCDIS=MAKEPROPlDIS/TOTSOL) 
FRCHUM=MAKEPRoP~HUM/TOTSOLl 
FRCMIC=MAKEPROPIMIC/TOTSOL) 

!PUT LOGSOLM ETC INTO SOLPU4 UNTIL CHECK OXIDATION STATE, THEN PUT INTO PU 
!PU=4O,SOLMOD4=46,SOLPU4=55,PHUMOX4=50 
LIMIT BLOCKS 55 

TOTSOL = MAKEPROP(IFLTO(CAPMIC[B:40]-TOT,MIN(TOTNM+CAPMIC~B:4Ol,TOT),TOT)) 
MIC= MAKEPROP(IFLTO(CAPMIC[B:40I-TOT,TOTSOL-TOTNM,MIC1)) 
LOGSOLM=MAKEPROPlLOG10lTOTSOL)) 
FRCDIS=MAKEPROP(DIS/TOTSOL) 
FRCHUM=MAKEPROP(HUM/TOTSOL) 
TRCMIC=MAKEPROP(NIC/TOTSOL) 
&P.CIIVT@Q~?PROP ( CONCIhT [B : 40 I /TOTSOL) 
ECMP-=MAKEPROP ( CONCMIN [ B : 4 0 I / TOTSOL) 
*!hfoW.'CpCK OX ,> 
; L I ~  ?LOCK 40 
~OGSOLM=MAKEPROP~IFGTO(OX,LOGSOLM[B:55l,LOGSOLM[3:54l) ) - 
FRCDIS =~PROPIiFGTO(OX,FRCDIS[B:55],FRCDIS[B:541)) 
FRCHLM =MAKF?ROP(IFGTO(OX,FRCHDX[B:55],FRCHLM~B:54])) 
FRCINT =WPROP(IFGTO(OX,FRCINT[B:55],FRCINT[B:54])) 
FRCMIN =WPROP(IFGTO(OX,FRCMIN[B:55],FRCMIN~B:54l)) 
FRCMiC =WPROPlIPGTO(OX,FRCMIC[B:55],FRCMIC~B:S4l)) 
! u4 
!PUT LOGSOLM ETC IhTO SOLU4 UNTIL CHPCK OXIDATION STATE, THEN PUT INTO U 
!U=44,SOLMOD4=46,SOLU4=57,PHVMOX4=5O 
LIMIT BLOCKS 57 
DIS=MAKEPROP(10~*SOLSIM~B:57]*SOLSIM~B:46~~ 

! U6 
!PUT SOGSOLM 2TC INTO SOL'J6 UNTIL CHZCK OXIDATION STATE, TXEN PUT IhTO U 
!U=44,SOiMOD6=48,SOLU6=58,P~OX6=52 
LIMIT SLOCKS 58 
DIS=~PROP(i0**SOLSiM~B:58l*SOLSIM[B:481) 
IN?E.=~JK~PROP(~IN(CP.P~IS:44l,10+TSOLSIM[B:5Bl*SOLSIMlB:48]*PKUMSIr![3:52])j 
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. ~ ~- ~ 

FRCHUM=MAKEPROP ~ENM/TOTSOL~ 
FRCMIC=MAKEPROP(MIC/TOTSOLl 
FRCI~MAKEPROP(CONCINT[B:44l/TOTSOL) 
FRCMIh'=MAKEPROP(CONCMIN[B:44l/TOTSOL) 
!NOW CHECK OX 
LIMIT BLOCK 44 
LOGSOLM=MAKEPRO?(IFGTO(OX,LOGSOLMIB:~~],LOGSOLM[B:~~~)) 
FRCDIS =MAKEPROP(IFGTO(OX,FRCDIS[B:58],FRCDIS[B:57])) 
FRCHLlM =MAKEPROP(IFGTO(OX,FRCHIM[B:58],FRCHUM[B:57])) 

- 

FRCMIC = ~ P R O P ~ I F G T O  (OX;FRCMIC~B:~~~ ;FRCIMIC~B:~~~ 1 

! NP 
!PUT LOGSOLM ETC INTO SOLNP UNTIL CHECK OXIDATION STATE, THEN PUT INTO NP 
!NP=36,SOLMOD4=46,PHUMOX4=50,SOLMOD5=47,PHIMOX5=51 
LIMIT BLOCKS 36 
DISNP4=M?iKEPROP(SOLSIMlB:461) 

, 
! ," \.I . , I #  , - \ \ >  

DJSNPS=-MAKIPROP (SOLSIM IB: 47 I ) i I 

H U M N ? 5 = ~ P R O P ( M I N ( C A P H U M [ B : 3 6 ] ,  SOLSIM[B:471 *PKmSIM[B:51] ) ) , ,  i', 

MNP5=MAlEPROP(SOLSIM[B:47l*PROPMIC[B:36]) -- d 

T N M N P 5 = M A K E ? R O P ( D I S N P 5 + ~ 5 + C O N C I N T [ B : 3 6 ] + C O N C M I N [ B : 3 6 ] )  
TOT5=MAKEPROP(TNMNPS+MNP5) 
TOTNPS = MAKEPROP(IFLTO(CAPMIC-TOT~,MIN(~PS+CAPMIC,TOT5),TOT5l) 
MICNP5=MAK3PROP(IFLTOICAPMIC-TOT5,TOTNP5-TNMN?5,M\IP5)) 

LIMIT BLOCKS 37 
LOGSOLV=MUGEPROP ( LOGSOLM [B : 3 6 I ) 

!N3W TO LUMP FOR NUTS 
!NOW INENTORY hRE FOR SINGLZ SPEICES, NEZD TO ADD IN TE229, U233, 
!Pu241, Pu240, Pu242 

!use most conservative method: if added species is shorter-Lived, add curies 
!if added species is longer-lived, add curies sceled by halflives (add grams) 
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LIMIT BLOCK 62 
I~CHD=MAKEPROP(INVCHD[B:~~I+INVC~ID[B:~~~) 
INVRKD=MAE;EPROP(INVRHD[B'251+INVRHD[B:241) 
I '4, ; , ' 

!AM241L=59, AM241=3, PU241=18 
!DECAY ALL PU241 TO AN241 AND ADD THIS IN TO AM241 - 
!SO CONVERT CI PU241 TO KG PU241, CONVERT TO KG AM241, CONVERT BACK TO CI 
AM2 4 1 
!THIS IS DONE USING RATIO OF XALFLIFES 
LIMIT BLOCK 59 
INVCHD=MAKEPROP(INVCHD[B:~]+INVCW[B:~~]*HALFLSFE[B:~~]/HALFLIFE[B:~]) 
1~=MAKEPROP(INVRHD[B:3] +INVRHD[B:18]*XALFLIFE[B:18] /HALFLIFE[B:3] ) 

. 'DU239L=61, - PU239=16, PU240=17, PU242=19 
LIMIT BLOCK 61 

!REDUCE SOLUBILITIES BY RATIO'S WITH OTHER ISOTOPES 
!AML=64,?UL=65,TIIL=66,UL=67: A.M=32,PU=4O,TH=43,8=44 
LIMIT BLOCK 64 
LOGSOLM=MAKEPROPfLOGSOLMiB:321) 

~cMIC=MAKEPROP(FRCMIC[B:~~I) 
LIMIT BLOCK 65 

LIMIT BLOCK 66 
L O G S O L M = ~ P R O P ( L O G S O L M [ B : ~ ~ I - ~ )  
~CDIS=MFLK-P?ROP(FRCDISIB:431) 
?RCITi=MAK%PROP (FRCHUM [B : 43 I ) 
FRCMIC=MAKEPRO?(FRCMIC[3:43]) 
F R C I N T = ~ P R O ? ( F R C I ~ I 3 : 4 3 ] )  
F R C K I C = ~ P R O ? ( F R C M I C ~ B : C 3 1 )  
LIMIT SLOCK 67 
LOGSOLPn.=MAKZ?ROP(LOGSOiMI3:441 

END OF APPENDIX D 
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APPENDIX E: EXAMPLE OF ALGEBRA'S POST-POSTBRAGFLO 
INPUT FILES: USED TO PREPARE BRINE INPUT 
DATA FOR PANEL. 

This file is more complex than is required for PANEL'S needs. PANEL reads only variables #30 
and # 78, which are explained on the file. 

! 'Based on file: POSTALG-CA_-18O.IW (Parameters 1-180) plus 6 additional 
! 
! 07 June 1996 - 186 variables 
! Authors: Joel D. Miller, SNL Org. 9363 

David A. Mc Arthur, Org. 9363 

................................................................................ 
! 
! Eliminate excess output 

DELETE ALL 

! Calculate general pk-meters 

GXIDVOL = DZL-X * DEL-I' TKICK 

! a-ining inventories of steel and cellulose (kg) 

! Param 001: R-ining mass of steel ----------> FE-KG 
! Param 002: Remcining mass of cellulose ------> CELL-KG 

! Remaining inventories of steel and cellulose (%/loo) 

! PL-am 003: Remaining fraction of s:eel -----> FE-m 
! Param 006: Xemcining fraction of cellulose --> C-iLL-XZM 

! cumulative gas generation in waste disposal regions (moles) 

! Param 005: by corrosion ------------> FE-MOLE 
! Param 006: by humid microbial ------> CELL-M-H 
! Param 007: by inundated microbial --> ELL-M-I 
! PL-am 008: by total microbial ------> CELL-MOL, C-K-31-T 
! Param 010: Total gas generation ----> GAS-MOLE 

! Cumulative gas generation in waste disposal regions (moles/D-um) 
! 
! Param 011: by corrosion ------------> FE-MOL-D 
! ?,am 012: by humid microbial ------> CEL-MH-D 
! Param 013: by inundated microbial --> CEL-MILD 
! Param 014: by :otal microbial ------> CELMOL-D, C-MHIT-D 
! Param 016: Tots1 gas generation ----> GASMOL-D 

! Cumulative gas generation in waste dis~osal regions (m*-3) 

! Param 017: by corrosion ------------> GAS-FE-V 
! Param 018: by humid microbial ------> GAS-CMH 
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! Param 019: by inundated microbial --> GAS-CMI 
! Param 020: by total microbial ------> GAS-C-V. C-WIT-V 
! Param 022: Total gas generation ----> GAS-VOL 

! Limit calculation to areas with waste (WAS-AREA + REPOSIT) 

LIMIT EL-T 596 TO 625 

! Define molecular weights of iron, cellulosics, water and brine (kg/mol) 

, ... ! Calculate mass inventories (kg) remaining 

= SUM (GRIDVOL'FECONCI 
KG = SUM (GRIDVOLTELLCONS) 

imum Fe and bio is at time = 0.0 
. .. -%.. -~ . W E  = ENVMFXIFXKG) 

(WL-KG1 ? 

! Calculate masses consumed and divide by initial amount to get fractions gone 
! Subtract fraction gone from one to get fractions remaining 

! Calculate total moles of gas (HZ1 generated from corrosion of Fe 

FE-MOLE s (MXFE - =-KG) /MW-FE* (4.O-STOICOR[B:l2]) /3.O 

! Calculate total moles of gas (E2) generated from biodegradation of cellulosics 

CELL-MOL = (MXCELL - CELL-KG) /MW-CELL'STOMIC [B: 12 I 

! Total moles of gas gemrated 

! Determine humid and inundated biodegradation componats 
! 
! Inundated rate G?.ATI (moles/si 

SATBR = 1.0 - SATGAS 
SATFAC = 1.0 -~D~-1000'S>.TR~l 
LSAT = SEBR - ST-WICK [ B: 12 I * 1 SATF AC I 
LSAT = ZFGTO(~SAT-~,~,LSAT) 

! iiumid rate GmT? (molesls) 

GSAT = SATGAS - SAT-WiCKIB:12]*SATSAC 
GSAT = IFLTO(GSAT,O.O,GSAT) 

! Sete-mine the time interval DT by integrating a non-zero function 

! This is necesser). because the input .cdb file has history variables and 
associated histoq time :reps, which prevents using DT = TIME-TIMEIT:-11 
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- VAL(1) = (VALII-1) + DIVALI /m)*DT where VAL is the integral of DENGAS 
DENGAS is the gas density and is always greater than zero 

! 

! calculate kg/mH3 of cellulose consumed as if rate is valid for entire 
! time interval IDT) 

KGCI = XBGSI [B: 12 I *LSAT*W-CELL'DT 
K G M  = XBGSH [B: 12 I *GSAT*MW-CELL'DT 
KGTOT = KGCI + KGCK 

! Adjust GPATI and GRATH for step when CELLCONC goes to zero 
! Note: KGTOT may be equal to zero if ICBGSI and KBGSH are both zero 
! so to avoid dividirig by zero set DENOM equal to 1, which is 

acceptable since the coding below will use the true branch 
for calculating GRATI and GRATIH 

DENOM = IFEQO IKGTOT, 1 ,KGTOT) 
SLOPE = CELLCONC IT: -1 I /DENOM 
GPATI = IEGTO IcEI~~oNc, GRATI, GRATI'SLOPE) 
GRATH = IFGTO(CELLCONC,GRATH,GRATH'SLOPE) 

! Sum up humid and inundated over panel elements, add together for tot21 

GRATE = 9m 1;M.T:) 
GRATIE = GRATIT - GRATFIT 
! Integrate humid, inundated, and total (note C--1-T should equal CELL-MOL) - 
CELL L H  = INTRIGHT IG!?ATiiT) 

! Clean up output--limit to requested quantities, delete temporary VL-iables 
that are not used in another calculation later 

! 
DELETE MV-FS, MW-CELL, MW-H20, MW-BRINE, W E ,  MXCELL 
DF-UETE GPATRT, GRATIT. GRATIH. GRATI, GRATH. SATBR, IYT, SATFAC 
D-E LSAT, GSAT, DZNGASC, KGCI, KGCH, KGTOT, DENOM, SLOPZ 

! conve-t to ur.its of moles per dLvm by dividing by total number of drums 

?s-MOL-D = FE-MOLE / DRLMTOT[B:121 
CEL-MX-D = CELL-M-H / DRUMTOTIB:121 
CZL-MI9 = CZLL-M-I / DRUMTOTIB:121 
CELMOL D = CELiCELiMOL / DRUMTOT IB: I21 

! Convert to volumetric units Im**3) using ?V=nRT at reference P & T 

! R = 8.3145 J/ lmolrK) = 8.3145 IN'm) /(mol+K) 
! V = n' IR'TIP) m*-3 = n moles * 0.024630 (m1*3) /mole 

GAS-FE-V = 0.02463 * PE-MOLE 
GAS-CMH = 0.02463 CTT-M-H 
GAS-CMI = 0.02463 ' CELL-M-I 
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GAS-C-V = 0 . 0 2 4 6 3  CELL-MOL 
C-MHIT-V = 0 . 0 2 4 6 3  ' C-M-HI-T 
GAS-VOL = 0 . 0 2 4 6 3  GAS-MOLE 

. . .. 
! Param 0 2 3 :  for region 2 3  (waste panel, block 1 2 )  --> WALPRES 

. P w  0 2 4 :  for region 2 4  (rest of repository. block 1 3 )  --> REP-PRES 
.$? Pa+ 0 2 5 :  for region 2 6  (operation region, block 2 1 )  --> OPS-PWS 
'? 0 2 6 :  for region 2 7  (experimental region, block 2 2 )  --> EXP-PRES , ,,, .*, p- 0 2 7 :  for regions 2 3 + 2 4  ------------------------------> W-R-PRES 
. '*$a& 0 2 8 :  for region 3 0  (brine pocket. block 11) --> B-P-PRES 

! Total volume of waste area 

Rl2VOL = SUM (GRIDVOL) 

! Add up brine pressures weighted by element volume 

! 
! Determine average pressure in waste area 

WAS_PRES = RlZPRES/R12VOL 

! WPOSIT 
! 

LIMIT EL!3EhT 6 2 6  TO 633 

! Average brine pressure in waste area and rest of repository 
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! 
W-R-PRES = (R12PRES + R13PRES)/(RlZVOL + R13VOL) 

........................................ 

! Brine pocket 

LIMIT ELEMENT 1007 TO 1023 
R30VOL = SUM IGRIDVOL) 
R30PRES = SUM (GRIDVOL'PRESBRIN) 
B-P-PRES = IUOPRES/R3OVOL 

! 
! Clean up output--limit to requested quantities (regional volumes used below) 

DELETE RlZPRES, R13PRES. RZlPRFS, R22PRE.S. R30PRES 

, t * . + l . * r . * * * * * * ~ * * . . ~ * * ~ ~ * ~ ~ * * * * * * * ~ ~ . * * * * ~ * ~ * ~ * * . * * * * * * . * * ~ ~ ~ * * * * ~ * * ~ ~ ~ . * * ~  

, ~ ~ * . * * ~ f ~ f * f f f f f * * * ~ * * * ~ * * * * * * * ~ . ~ * ~ ~ * . * * . * * * * ~ ~ * . ~ * ~ * * * * * * ~ ~ ~ * . . * ~ ~ . ~ ~ . * ~ * ~  

! Param 029: Total pore volume in repository (m'*3) --> PORVOL-T 

LIMIT 596 TO 625 

.*.. 
! Pore volume = porosity (m"3 void/m-*3 rock) * volume 
! 

! Brine volume in repository Im**3) 

! Param 030: for region 23 (waste panel, block 12) --> BRNVOL-W 
! Param 031: for region 24 (rest of repository, block 13) --> BRNVOL-R 
I paam 032: for regions 23+24 ------------------------------> BRNVOL-T 
! Param 033: for region 26 (operations. block 21) --> BRNVOL-0 
! Param 034: for region 27 (experimental region, block 22) --> BRNVOL-E 
! ?+ram 035: for regions 23+24+26+27 ------------------------> BRNVOL - A 

LIMIT 596 TO 616 

! Brine volume = porosity ' volume * brine saturation 
! Brine saturation = 1.0 - SATGAS 

! REPOSIT 
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! WAS-AREA + REPOSIT 

BRNVOL-T = BRNVOL-W + BRNVOL-R 

LIMIT ZLEMENT 626 TO 631 

BRNVOL-0 = SUM (POROS'GRIDVOL' (1. O-SATGAS) ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! 
! EXP-AilEA 

LIMT ELEMENT 632 TO 637 
! 
BRNVOL-E = SUMIPOROS*GRIDVOL*(l.O-SATGAS)) 

! All repository regions 
! 
BRNVOL-A = BRNVOL-T + BRNVOL-0 + BRNVOL-E 

! Volume-averaged gas saturation (dimensionless) 

! PL-am 036: for region 23 (waste panel, block 12) --s WAS-SATG 
! Param 037: for region 24 (rest of repository, block 13) --> RFP-SATG 
! Puam 038: for region 26 [operation region, block 21) --> OPS-SATG 
! Param 039: for region 27 (experimental region, block 22) --a EXP-SATG 
! Param 040: for regions 23124 ------------------------------> W-R-SATG 
! Param 041: for region 30 (brine pocket, block 11) --> B-P-SATG 

LIET =- 596 TO 616 

! Add up gas saturation weighted by element volume 

! Dezermine average gas saturation in waste area 
! 
WAS-SATG = RlZSATGIR12VOL 

LIMIT ZiiZEWT 617 TO 625 
R13Sf.TG = SUM (GRIDVOL'SATGAS 
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- OPS-SATG = RZlSATGIlUlVOL 

LIMIT ELEMENT 632 TO 631 

! Average gas saturation in waste area and rest of repository 

! Brine pocket 
I 
LIMST 1007 TO 1023 
R 3  OSATG = SUM (GRIDVOL-SATGAS ) 
B-P-SATG = R3 OSATG/R3 OVOL 

! Clean up output--limit to requested quantities 

DELETE RlZSATG, R13SATG. R21SATG. R22SATG. R30SATG 
DELETE R12VOL. R13VOL. R21VOL. R22VOL. R3OVOL 

! Volme-averaged brine saturation (dimensionless) 

! PL-am 042: fox region 23 (waste panel. block 12) --> WAS-SATE 
! Param 043: for region 24 (rest of repository, block 13) --> REP-SA~ 
! Param 044: for region 26 (operation region, block 21) --> 0%-SATB 
! Param 045: for region 27 (experimental region, block 22) --> EXPSATB 
! param 046: for regions 23+24 ------------------------------> W R-SP-T~ - 
! Param 047: for region 30 (bxine pocket, block 111 --> B-P-SATB 

! ors-AFLm 
! 
OPS-S.AT3 = 1.0 - OPS-SATG 
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, * * * . * * f * % f ~ * . * . * + + ~ - ~ - * ~ ~ * . ~ ~ ~ ~ ~ + * ~ . * % .  

! Average brine saturation in waste area and rest of repository 
! 

I***l.****.******-***..********t**tt*t*t 

! Brine pocket 

! Volurhe-averaged porosity Lm--3 void/m**3 rock) 

! Param 048: for region 23 (waste panel, block 12) --> WX-POR 
! Param 049: for region 24 irest of repository, block 13) --> REP-POR 
! oaram 050: for region 26 (operation region, block 21) --> OPS-POR 
! param 051: for region 27 (experimental region. block 22) --> Ex-POR 
.! paam 052: for regions 23+24 ------------------------------> w R - - 

LIMIT ELEMENT 596 TO 616 

! REPOSIT 
! 
L-&T ELEMENT 617 TO 625 

REP-POR = SUM (GRIDVOL*POROS) /SUM (GRIDVOL) 

L N T  SLDLENT 626 TO 631 

O?S-POR = SUM (GRIDVOL*POROS) /Xi3 (GRIDVOL) 

=?OR = SUM (GRIDVOL'POROS) /SUM (GRIDVOL) 

! Average porosi:~ in waste area and rest of repositor). 
! 

LIMIT ELEMEh" 596 TO 625 

W-R-POR = SUM(GRIDVOL'P0ROS) /SUM(GRIDVOLl 
! 



P A N 5  Vcnion: 3.64 
U s d s  Manual 

WPO # 37361 
May 10,1996 

! Param 053: Brine consumed (m**3) --> BRN-RMV 

LIMIT EZEKENT OFT 
! 
! Add up conslmrption rates (resulting units are kg/s) 

! Integrate result to get kg of brine consumed 

6'. . 
,# i,T, !*:! ,., 

! Convert to vohmetric amount (m**3) by *.: ', .; , /..: 
! dividing by brine density (kg/me31 at reference conditions ..,I , , :: , . . .  . 

, .  ! I  

BRKRMV = -1.O*BRN_CON/1220.0 *, . , . : 
! 

! Delete temporazy variables 

DELE- BFN-CR, B W C O N  

! Cumulative brineflow (m**3) 

! PL-am 054: Total brineflow into repository ----------> BRNREPTC 
! Ph-am 055: Total brineflow into waste panel ---------> BRNWPIC 
! Param 056: Total brineflow into rest of repositorv --> BRNRRIC 
! Param 057: Total brineflow into operations region ---> BRNORIC 
! PL-am 058: Total brineflow into experimental area ---> BRNEAIC 
! Param 059: Net brineflow out of repository ----------> BRNREPOC - 

Param 060: Net brineflow out of waste panel ---------> BRNWPOC 
PL-am 061: Net brineflow out of rest of repositom --s BRNRROC 
Param 062: Net brineflow out of operations region ---> BRNOROC 
PL-am 063: Net brineflow out of experimental area ---> BRNEAOC 
Param 064: Net brineflow into repository ------------> BRNREPNC 
Param 065: Net brineflow into waste panel -----------> SRNWPNC 
Param 066: Net brineflow into rest of repository ----> BRNRRNC 
Param 067: Net brineflow into operations regions ----> SRNOmC 
PL-am 068: Net brineflow into experimental area -----> BRNEANC 
Peram 069: Brineflow uo shaft (@element 6611 --------> BRNSHUPC 

! PL-am 072: Brineflow uo borehole (@element 5991 -----> BRNSHLlPP 

! ?&-a 075: Brineflow UD borehole l@element 8411 -----> BRNBHRVC 

! Para 078: Brineflow up borehole (@element 5751 -----> BNSHIJDRZ 

, f * . . * + f . f * * * _ * l f l l * * * * * ~ * * * ~ ~ * * ~ * * ~ * * ~ *  

! Total cumulative brineflow into repository 

- ! Accumulate x-direction inward flows from left side of repository 

BRNREPIX = I?GTO(FLOWSRX[E:596],FLOWBRXIE:5961 $0.0) 
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BRNREPIX = ERNREPIX - IFGTOIFZOWBRY.(EE:~C~I ,FLOWSRY.[E:603! .0.01 
BRNREPIX = BRNREPIX - IFGTO~FLOWBRX[E:610l.FLOWBRX~E:610],O.CI 
! 
! Add x-direction inward flow contributions from right side 
! 
BRNREPIX = BRNREPIX + IFLTOlFLOWBRXIE:6411.-1.O*FLOWBRXIE:6411.0.0~ 
BRNREPX s BRNREPIX - I~TO(FLDWBRX[E:~C~~.-~.O'~DWBRX[E:~C~I,O 0\ 
BRNREPIX = BRNREPIX * I ~ T O ~ T L O W B R X ~ E : ~ C ~ ~ . - ~ . O ' F L O W B R X ~ C : ~ ~ ~ ~ . O . C ~  

! Accumulate y-direction inward flows from bottom of repository 
! 
BP.NREPIY = IFGTO(FLOWBRY[E:5961 .FLOWBRYIE:5961 ,0.0) 
B-IY = BRNREPIY + I I F G T O ~ F L O W B R Y I E : ~ ~ ~ I . F L D W B R Y ~ E : ~ ~ ~ ~ ~ ~ . ~ ~  - ~ -  ~~ . . ~ -  - .~ ~ ~ .. ~~. 
BRNREPIY = BRNREPIY - I F G T o ~ ~ W B R Y ~ E : ~ ~ ~ ~  ,FL3WBRY[E!598) ,O.C] 
BRNREPIY = BRNREPIY * XGTOIFLOWBP.YIE:5991 ,FLOWBRYIE:5991. 3.01 
BRNREPIY = BRNREPIY + IFGTOIFLOWBRYlE:6001 .F'LOWBRYlE:6001 .O.Ol - ~- . .  - ~ .. ~, 

BRNREPIY = BRNREPIY - I C G T ~ I F L ~ ~ R V ~ E : ~ ~ ~ ~ . F Z O W B R Y ~ ~ : ~ ~ ~ ~ . ~ . ~ ~  
BRNREPIY = BRNREPIY - IFGTO~FLOWBRY[E:6021,FLOWBRY[E:6C2].3.O) 
B*IY = BRNREPIY + IFGTO(ELOWBRYIE:6381 .FLOWBRYlE:6381 .O.Ol . . 
BRNREPZY = BRN?SPIY - IFGTOlFLOWBPY[E:617l,FiOWaRY!E:617].L) 0 
BRNREPIV = BRNREPIY * IFZTOIFLOWSRYIE 618!,FLOWSRYl~:618).0.01 
BRNREPZV = SRNREPIV - IFGTClFLOWSRYlE:619l.~O~RV[E:619],0.O 
! Add Y-direction in--d flow contributions from top side 

3RhT5PI? = SilhWPIY .- IXTC..FLOL\3PY!E:468!,-l.0°FL3W3RY:E:46].C.T 
SiW-&?TV = 3?.NRE?:? * I~~~~?~F~3WBRY[E:&691.-1.0'FLOh~RV:Z:C69~.3.0. 
SRNPZPIY = BRNREIIV - IFLTOiFLOW3F'.V!E:470],-1.0D~~~F1YlE:470],C.C, 
3RVREPIY = BRhTSPIY - IFLTO(FLOWSRY[E:C711,-1.0°?LOWSRY:E:C71:,C.C) 
BRlrXEPIV = BmSV - IFLTC !FLWBRY:E:472] .-l.O'?2OWBRVIE:4'2], C O  
3Rh'TXPIY = BiWXPZY - I~TC.FLOL\3RYI~:C73I.-l.O~fOWBRV[Z:473~.0.?~ 
BRW.EPIY = BRNREPIY - IFL'?O(FLOWSRS[E:474], -~.O.FLOWBRYIE:C~~~, C .  O. 
Bm?IV = BRNREPSY - IFLTC(FLOWSRYIE:1751,-1.0°~OWBF1YlE:C751,C.Cl 
BRNRFPIY = B-PIY - ILTC(FLOWSRY[E:C761,-1.0°0~OWBRY:E:C76:,0.01 
BRNREPIY = BRNREPIY + IFLTO ( F L o W B ~ Y I E : ~ ~ ~ ~  ,-I. O'FLOWBRYIZ:~~~~, 0.0) 
BRNRFPIY = BRNREPIY + IFLTTO[FLOBRy[[E:4781,-l.O*FLOWBRY[E:4?81.0.0) 

! Sum x- and y-direction inward flows, then integrate over time 

! Delete flow rate temporary variables 
! 

! * . * * * * * * * . - * f * f f ~ * * ~ * ~ ~ * ~ + ~ * ~ * * t - *  

! Tocal cumulafive brine flow into waste panel 
! 
! Left side 

! Right side 
! 
BRNWPI = B?.NW?I * IFLTOIFLOWBiU[IE:6381.-1.0'ftOWBOW3~lE:i.0.01 

! Bottom 
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BRNWPI =BRNWPI + IFCPOlnOWBRYIE:5991.FLOWBRYrE:5991.0.Ol 

BRNWPI = BRNWPI + IFGTO(FLOWBRYlE:602l,FLOWBRY[E:602],0.0) 

! Top 
! 
BFwvPI =BRNWPl * IFlTO(FtOWSRYIE:C681.-1.O~~iOWBRYlE:C68l,O.CI 
BRNWP: = BRNWPI + ~TO(~OWBRY[E:4691,-l.O~FLOWBRY~E:C69l,O.Ol 
BP.Nh.1 = BRNWPI + ~TO(FLOWBRY~E:C701.-1.O*FLOWBRY~f:470].0.01 
BRNWPI = -'I + IFLTO(FLC%BRY[E:471] ,-l.O*FLOWBRY[E:471] . C . O )  
BRNWPI = BRNWPI - IFL.TO(FU)WBRYIE:4721,-1.O*FLOWBRY[E:472].0.0) 
BRNWPI = BRNWPI - IFLTO(FLOWBRY[E:4731 .-l.O'FXWBRYLE:47?1. L . 0 1  
BRNWPI = BRNWPI + I F L T O ~ F M ) W B R Y [ E : ~ ~ ~ I , - ~ . O * ~ O W B R Y ~ E : ~ ~ ~ ~ . O . ~ ~  

! Integrate for cumulative, delete flow rate 

BRNWPIC = rnRIGHT(BRNWP1) 
DELErE aRlUWPI 
! 
,********tt*******...*+~*~***~~~**~****t 

! 
! Total cumulative brine flow into rest of repository 
! 
! Left side 

BiuJmI = 
BRNRRI = B m I  
BRNRRI =B-I  - ! Right side 
! 
BRNRRI =BRNRRI 
B-I = BRNRRI 
BRNRRI =BRNRRI 

! Boitom 

B-I =B-I  
BRNRRI =BRNRRI[ 
BRNRRI = BRNRRI 
! 
! Top 

SRNRRI = BRNRRI 

! Intewate for 
! 

cumulative, delete flow rate 

! Tore1 cumulative brine flow into operations region 

- ! 
! Right side 
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BRNORI = B R N O R I  + IFLTO(FLOWBRX[E:6461,-1.O~~OWBRXIE:6461,0.0) 
BRNORI = BRNORI + I~TO(~OWBRX[E:6471.-1.O*FLOWBRXIE:6471,0.0) 
BRNORI = BRNORI + InTO(EZDWBRX[E:648],-1.O*FLOWBRX[E:648],O.O) 
! 
! Bottom 

BRNORI = BRNOilI - IFGTD(~OWBRYIE:626].?L~RYIE:6261,0.0) 
BRN3RI = BRNORI - IFGTO (nOWBRY [E: 627 I ,  FLOWBRY [E: 627 1 .0.0 I 

! Top 

BRNORI = B R N O R I  + I~TO(FIX)WBRYIE:4801.-1.O~~OWBRY[E:4801,0.0) 
BRNORI = BRNOIU + IFLTO(~OWBRYIE:4811,-l.O'~OWBRY[E:4811,0.0) 

! Integrate for cumulative, delete flow rate 

~ R N o R I c  = INTRIGHT (BRNORI) 
DELETE BRNORI 

, * * * * f * * * * * * ~ * f * f * * * * ~ * * ~ ~ ~ ~ * * * * * * * * * * * *  

! 
! Total cumulative brine flow into experimental area 

! Left side 

B- = B R N E A I +  IFGTO(FLOWBRX[E:6361,nOWBRX[E:636],0.0) 

! Right side 
! 

! Top 

! Integrate for cumulative, delete flow rate 
! 

BRNEAIC = INTRIGHT IB-I) 
DELETZ BILNEAI 

! .+ l * * f * l * * *_** * l * l * * * * * * * * * * * * * * * * * * * * *  

! Net cumulative brineflow into reposito-y = flow in minus flow out 
! (brine conswed by waste corrosion neglected since brine consumption 

rate not available as history varidDle in bragflow output database) 

! Accumulate x-direction outwazd flows from left side of repository 

! Add x-direction outward flow contributions from right side 

BFXREPOX = BRNREPOX i IFGTO(FLOWBRX[E:641],FLOWBRX[E:641],0.0) 
B m P O X  = BFNREPOX IFGTO(FLOWBRXIE:642],FLOWBRXIE:6421,0.0) 
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BRMEPOX = BRNREPOX + IFGTO~FLOWBRXIE:643l,FLOWBRXIE:643],0.0l 

! Accumulate y-direction outward flows from bottom of repository 

BRMEPOY = 
BRNREPOY = BRNREPOY + 
BRNREPOY = BRNREPOY + 
BRNRPPOY = BRhXEPOY * 
BRNREPOY = BRNREPOY * 
BRNREPOY = BRNREPOY + - - 

BRNREPOY = BRNREPOY + 

BRNREPOY = BRNREPOY - 
-~ ~- 

BRNREPOY = SRNREPOY - 
BRNREPOY = BRNREPOY - 
! Add Y-direction outward flow contributions from top side 

BRNRFPOY = BRNREPOY + IFGTOiFLOWBRYlE:4681 .FLOWBRYlE:4681 .0.01 . . 
B m P O Y  r BRNREPOY - ~ F G T O ( F L O ~ R Y ~ E : ~ ~ ~ ~ ; ~ L O ~ R Y ~ E : ~ ~ ~ ~ . ~ . ~ )  
BRNREPOY s SRNREPOY + I F G T O ( F L O W B R Y I E : ~ ~ ~ ~ , F L O W B R Y L E : ~ ~ ~ I , ~ . ~ ~  
BRNREWY = BRNREPOY + IFGTOIFLOWBRYlE:4711 .FLOWBRYlE:4711 .O.O) 
BRNREPOY = BRNRETOY * IFGTO IFLOWBRYIE:~~~~ ,FLOWBRY :~:472j ;0.0) 
BRNREPOY = BRhPEPOY * I?GTO(FLOWBRY[E:C731,~OWBRY!E:4731,O.Ol 
BRMEPOY = BRNREPOY + IFGTOlnOOWBRYlE:4741.FLOWBRYlE:4741.0.0) 

BRNREPOY = BRNREPOY + IFGTO(FLOWBRY~E:4771,FLOWBRY~E:4771,0.Ol 
B m P O Y  = B-POY + IFGTO(FLOWBRYIE:4781,FLOWBRYIE:47B] ,0.0) 

! Sum x- and y-direction outwk-d flows, then integrate over time 
! ! 
BRNREPO = BRMEPOX + BRMIEPOY 

^V , 
BRNRFPOC = INTRIGHT (BFXPZPO) I / ,  . . 

! Subtract outflow from inflow to obtain net inflow 

B-PNC = BRNREPTC - BPXRZPDC 

! Delete flow rate tempor- variables 

DELETE BP.NREP0, BP.NREPOX, B m P O Y  

, * r . r r * l l . * * * * * - * * * * * * + * * * * * * * * * * - * l  

! 
! Net cumulative brine flow into waste panel = flow in minus flow out 
! 
! Left side outwk-d flows 

! Right side 

BRNWFO = BRNWPO + IFGTO iFLOWBRXIE:6381 .FLOWBRXiE:6381 .O. Ol 

! Bottom 

BRNWPO = BRNWPO + IFLTO(EZOWBRY!E:5991.-1.O*FLOWBRY!E:5991.0.0] 
B-0 = BRNWPO + IFLTO~FLOWBRY[E:600],-1.O~FLOWBRY[E:600],0.0) 
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B m O  = B W 3  + IFLTOIFLOWBRYlE:6011,-1.0'FLOWBRY[E:6011,0.01 
BRNWW = B W O  . I?LTO/EOWBRYlE:602] ,-1.0°FLOWBRY[E:6C21, 0.0) 
! Top 

BRNWPO = B W O  + IFGTOl~OWBRYIE:4691.~0WBRYIE:4691.0.01 
BRNWPO = BRNWPO - I P G T O ~ R O W S P . Y ~ E : ~ ~ O ~ ; F L O ~ R Y ~ E : C ~ O ~ ; O . O ~  
BRNWPO = BRNWPO - IFGTOIFLOWBRY[E:C71I.FLOWBRYIE:4711.0.OI 
BRNWPO = BRNWPO + IFGTO IFLOWERY lE:472l . FLOWBRYlE:4721 . 0.0 1 . . 
BPJWPO = BWO + I F G T D [ ~ O W B R Y ~ E : ~ ~ ~ I . ~ O W B R Y ~ E : ~ ~ ~ ~ ; D . O ~  
B m O  = BRNWPO - IFGTO(FLWBRRYEE:474l,FLOWBRY[E:474].0.0) 
! Integrate for cumulative outward flow, delete flow rate 

! 
! Subtract outflow from inflow to obtain net inflow 

BRNWPNC = BRNWPIC - BRNWPOC 
........................................ 

! Total cumulative brine flow out of rest of repository 

! Left side outward flows 

BRNRRO = IFLTO lFLOWBRXIE:6171 .-1.0*FLOWBRXIE:6171.0.01 

! Right side 

BRNRRO = BRNRRO + IFGTOlFLOWBRXlE:6411.FLOWBRXlE:6411.0.0l - - . . . . 
BRNRRO =BRNRRO- I F ~ T O ~ ~ O W B ~ ~ E : : ~ ~ ~ ~ . F L O ~ R X ~ E : ~ C ~ ~ . ~ . O ~  
SRNRR3 = B-0 * IFGTOIT-OWBWE643: .?dOWBFX:E.6C3j, 0.C) 

BRNRRO = BRNRRO + IFLTO liZOWBRYlE:6171. -1. O'FLOWBRY 12: 6171 .O. 01 . . . . ~  ~. 
BRNRR0 = BRNRRO+ I F L T o ~ F L o W B R Y ~ E : ~ ~ ~ ~ , - ~ . ~ * F L O W B R Y ~ E : ~ ~ ~ ~ , O . O ~  
BRNRRO = BRNRRO + IFLTO(FLOWBRY~E:619l,-l.O'3OWBRY~E:619],0.0) 

! Top 

BRNRRO = BRNRRO + IFGTO IFLOWBRY lE:476I .FLOWBRYIE:C761.0.01 . . 
BRNRRO = 3-0 + IFGTO I F L D W B R Y ~ E : ~ ~ ~ ~  ;FLOWBRY~E:C~~I, 0.0; 
BRNRRO = BRNRRO+ IFGTOIFLOWSRY[E:478],FLOWBRYIE:478],0.0) 
! 
! Integrate for cumulative ouiward flow, delete flow rate 

BRNRROC = INTRIGIITIBRNRRO) 
DELETE SRNRRO 

! Subtract outflow from inflow to obtcin net inflow 

! Total cumulative brine flow out of operations region 
! 

! Left side outward flows 
! 
BrnORO = -- 1.-LTO(FLOWBRX[E:626] ,-l.O*FLOWBRXIE:626].,0.0) 
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BRN3RO = BRNORO- IFLTDIFLOh~RX[E:6281.-1.O'~OWBRX~E:628!.0.3) 
BRNORO = BRNORO * IFLTO(F~OWBRX~E:~~OI,-~.O'?SOWBRX[E:~~O~.~.?) 
! 
! Right side 

BRNORO = BRNORO + IFGTOIFLOWBRXIE:6461.FLOWBRX~E:6461.0.01 
3RNoRo = BRNOR3 + IFGTO (FXIWBRXiE: 6471 ,FL0WBI~k:6471 ; 0.01 
BRNORO = BRNORO - IFGTO(FLOWBRX[E:6481.-F40WBRX[E:6C8:.0 01 
! 
! Bottom 

BRNORO =BRNORO+ IFLTO(FLOWBRYlE:6261,-l.O*FLOWBRY[E:6261,0.0) 
BRNORO = BRNORO + IFLTO (FLOWBRY [E: 6271 ,-1.O'FLOWBRYIE: 6271 ,0.0) 

! Top 

BRNORO =BRNORO+ IFGTO(FLOWBRYIE:480l,FLOWBRYIE:4BOl,0.0) 
BRNORO = BRNORO + IFGTO (FLOWBRY [E:48ll ,FLOWERY lE:481] ,0.0) 

I / 

! Integrate for cumulative outward flow, delete flow rate 

BRNOROC = INTRIGHT IBRNORO) 
DELETE BRNORO 

! Subtract outflow from inflow to obtain net inflow 
- 

BRNORNC = BRNORIC - BRNOROC 
, * * i f ~ * * . * * f * * f f f r * + + * * + * * - * t  

! Total cumulative brine flow out of experimental area: 

! Left side outward flows 

BRNEAO = 
BRNEAO = BRNEaO + 

! fight side 

BRNEAO = BRNF4O + 

! Bottom 

BRNEAO = BRNF40 + 
BRNP40 = BRNEAO + 

! Top 

! Integrate for cumulative outward flow, delete flow rate 
! 

BWrAOC = I h T X I G X T  (BRNFAO) 
DELETE BRNEAO 

! Subtract outflow from inflow to obtain net inflow 
! 

4 Ir~r*********.r**t***~~~..***~*****~**** 

! Cumulative brineflow up tkough shaft (past Salado/Rustler Interface) 
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BRNSHUP = IFGTO(FLOWBRY[E:6611 ,FLOWBRYIE:6611 -0.0) 
BRNSHUPC = INTRIGHT IBRNSHUP) 

!*...***~*.**~***.**.*.**~**ttt******t*t 

! Cumulative brineflow up through shaft (past Rustler) 

BRNSUPR = IFGTOlFLOWBRY[E:6661,FLOWBRYIE:666],0.0) 
BRNSHUPR = INTRIGHT IBRNSUPR) 

,.****~.***.*****t****.*~***.*-t**t**t** 

! cumulative brineflow up through shaft (to surface) 

BI(NSUPS = IFGTO(FLOWBRY[E:~~~I,FLOWBRY[E:~~~I,~.~I 
BRNSKOPS = INTRIGHT (BRNSUPS) 

, * * * * * * * * * . * * * * r . . * . ~ ~ ~ * * * . ~ * * * ~ * . * * ~ * * *  

! Cumulative brineflow up borehole (into panel) 

! Cumulative brineflow up borehole (measured at repository top bounkr) 

BFXWILP = IFGTO (FLOWERY [E:47ll ,FLOWBRY[F3:4711 ,0.0) 
BRNBWPC = INTRIGHT IBRNBW?) 
! 
, * t * . * t ~ * * * t * * * * r * * * * * * * ~ . . ~ * ~ ~ ~ * * * l  

! Cumulative brineflow up borehole (measured at Rustler/Culebra interface) 

! I + f f f * f * f * * * * * * * * * * * * * . * * * * i  

! Cumulative brineflow up borehole (past Rustler) 

BRNBiIRU = IFGTO(FLOWBRYIE:841l,FLOWBRYIE:8C1l,0.0) 
BRNSHRUC = INTRIGHTIBRNBHRU) 
! 
, * l . * f * * * * * * * . * * . * * * * * . ~ + ~ * . * * * * ~ * . * ~ ~ * *  

! 
! Cumulative brineflow up borehole (to surface) 

! Cumulative brineflow up borehole (into lower DRZ below waste panel) 
! 
BNBHLDR = IFGTO(FLOWBRY[E:4391,~OWBPY[E:~391,0.0) 
BNBHLDRZ = INTRIGBT (BNBHLDR) 

! Cumulative brineflow up borehole (at top of DRZ region) 

BNBKUDR = IFGTO(FLOWBRY[E:575],FLOWBRY[E:575],0.0) 
BNBHUDRZ = INTRIGKTIBNBKUDR) 
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........................................ 

! Clean up output--limit to requested quantities 
! 
DELETE BRNSHUP, BRNSUPR, BRNSUPS, BNBIILDR, BNBBmlR 
DELETE BRNBBUP, BRNBRVP, BRNBHRC, BRNBHRO, BRNBHRS 

! Total brineflow out of marker beds toward repositon (m**3) 
! 
! Param 079: MB 138, North --> BRM38NIC 
! Param O8C: A-ydrite A m .  North --> BRAABNIC 
! PL-am 081: MB 139. North --> BPE39NIC 
! Param 082: E? 138. Sou* --s BRM38SIC 
! Param 083 : Anhydrite A m ,  South --> BRAABSIC 
! P a r a m  084: MB 139, South --> BRM39SIC 
! Param 085: all marker beds -------> BRAAtIC 

!**tr+r*********tr*!*ttr+r-*rr*rrr*trrrrrrrr*rr*rr-**+rr+*+!*ttr+r-*rr*rrr*trrrrrrrr*rr*rr-**+rr+*+****!*ttr+r-*rr*rrr*trrrrrrrr*rr*rr-**+rr+*+*************. 

! Total inward brineflow from MB 138, north (right) side 

I*r*********tr******~..**~******~*~~**~* 

! Total inward brineflow from Anhydrite A&B, north (right) side 
C- 

BRNAABNI = IFLTO(FLOWBRX[E:556] .-l.O*~OWB~IE:5561.0.0) 
BRAABNIC = INTRIGHT (BRNAABNI) 

,t~t~t-*.************~*~**~***~**t***tt* 

! Taral inward brineflow from MB 139, north (right) side 

! Total inward brineflow from MB 138, south (left) side 
I 

! Total inwad brineflow from Anhydrite A&B, south (left) side 

,t*+**t*rt~*-r*tt***~~**+*~*.***~****~.* 

! Total inward brineflow from Mti 139, south (left) side 
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h 

! Total inward brineflow from all anhydrite layers 

BRAALIC = BWBNIC + BRAABNIC + BRMYNIC + BWBSIC + BRAABSIC + BRM(9SIC 
! 
........................................ 

! Clean up output--limit to requested quantities 

DELETE BRNM38NI. B w ,  BRNM39NI. BRNM38SI. BRNIIABSI, BRNM39SI 

............................................................................. 

............................................................................. 

! 
! Total brineflow into marker beds away from repository lm**3) 

! PL-am 086: MB 138, NO=& --, BWBNOC 
! PL-am 087: Arhydsice m. North --> BRAABNOC 
! PL-arr.088: MB139, North - ->  BRM39NOC 
! Param 089: MB 138. South --> BWBSOC 
! param 090: ~ y d r i t e  UB, south --> BRRABSOC 
! Param 091: 33 139. South --> BRM39SOC 
! Param 092: all marker beds -------> B W W O C  

. , 
, ' I  . 

........................................ , 
. . . , 

! Total brineflow intB MB 138 away from repository, north (right) side 

! Total brineflow into Anhyd-ite AhB away from repository, north side 

! Total brineflow into MB 139 away from repository, north (rignt) side 

SRNM39NO = IFGTO(FLOWBRXIE:5401 ,FLOWBRXIS:5401,0.0) 
BRM 9NOC = INTFLIGHT lBRNM3 9NO) 
! 
I * * * . * * * * * ~ * * f * l * * * * * ~ t * * ~ ~ * . * * * * * ~ * * . * ~ *  

, * . . * - - * * f f * * * * * * - * * * * " * * * * * * * * * ~ ~ ~ ~ * ~ * ~  

! Total brineflow into MB 138 away from repository, south (left) side 

! Toral brineflow into Anhydrite ALE away from repository, south side 

! Total brineflow into MB 139 away from repository, south (left) side 
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! 
! Total outward brineflow into all anhydrite layers 

BRAALOC = BRM38NOC + BRAABNOC + BRM39NOC + BFX38SOC + BRAABSOC + BRM39SOC 

!~**f**~*.*f*.******.~.*.***--."~**.. .".  

! Clean up output--1st to requested quantities 

D m  BFNM3BNO. BRNAABNO, BRNM39NO. BRNM38SO. BRNAABSO, BRNM39SO 

! Net brineflow through marker beds (m-*3) 

! Param 093: MB 138, North --> BFX38NNC 
! Param 094: Anhydrite AhB, North --> BRAABNNC 
! P X ~  095: MB i39. North --> BFX39NNC 
! Param 096: MB 138. South --> BWBSNC 
! Param 097: Anhydrite A&B. South --> BRAABSNC 
! Param098:MB139, South --> BFX39SNC 
! Param 099: all marker beds -------> BR?ALNC 

! Net brineflow through MB 138, north (right) side 

! Net brineflow through Anhydrite A&B, north (right) side 

! Net brineflow through MB 139, north (right) side 

! Net brineflow through MB 138, south (left) side 

! Net brineflow rhrough Anhydrite A&B, south (left) side 

.- ! Net brineflow iL70ugh MB 139, south (left1 side 

BiUW39SN = FLOWBRX[E:C361 
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BRM39SNC = INTRIGHT lBRNM39SNl 

! Net brineflow through all anhydrite layers 
! 
BRAALNC = BRM38NNC + BfrAABNNC + BRM39NNC + BRM38SNC + BRAABSNC + BRM39SNC 

,.**********~*tt*~.***~.~**..****t.**tt* 

! 
! Clean up output--limit to requested quantities 

............................................................................. 

............................................................................. 

! 
! Cumulative gas flow lm**3) 
! 
! Param 100: up shaft (@element 6611 ---------------> GASSHLiPC 
! Param 101: up borehole (@element 471) ------------> GASBHUPC 
! Param 102: up borehole (@element 575) ------------> GASBH'LmZ 
! Param 103 : into brine pocket (@element 985) ------> WBPDNC 
! P w  104: out of brine pocket (@element 985) ----> GASBPUPC 
! Pk-am 105: net into brine pocket (@element 985) --> GASBPNTC 

! Cumulative gas flow up through shaft (past Salado/Rustler Interface) 

GASSHUP = IFGTOlFLOWGASYIE:661l,FLOWGASYIE:661l,O.0) 
GASSHUPC = INTRIGHT IGASSHUP) 

I%*****-******.-**.*-******"********.*** 

! 
! Cumulative gas flow up borehole (measured at repository top boundary) 

GASBHUP = IFGTOlFLOWGASY~E:471l,EZDWGASY~E:4711,0.0) 
GASBWPC = INTRIGHTIGASBHUP) 

! * l * f f * * * * * f * * * * * l * * * . * * * ~ ~ ~ * * ~ * ~ + * * * ~ ~ *  

! Cumulative gas flow up borehole (measured at top of DRZ) 

! Cumulative gas flow into brine pocket (at top of brine pocket) 

GASBPDN = I~LTOlFLOWGASY[E:9851,-l.O*FLOWGASY[E:985],0.0! 
GASBPDNC = INTRIG-YT (GASBPDN) 
! 
,**+**%."%*-*..=******.***-*.*********.. 

! Cumulative gas flow out of brine pocket (at top of brine pocket) 

GASBPUP = IFGTO(FLOWGASY[E:985l,FLOWGASY[E:985l.O.0) 
GASEPUSC = INTRIGHT IGASBPUP) 

! 
! Cumulative net gas flow into brine pocket (at top of brine pocket! 
! 
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GASBPNTC = INTRIGIIT (GASBPNT) 

........................................ 

! Clean up output--limit to requested quantities 
! 

DELPTE GASSHUP, GASBHUP, GASBELJD, GASBPDN, GASBPUP, GASBPhT 

! Total gas flow though marker beds away from repository (m**3) 

! Param 106: MB 138, North --> GSM38NOC 
! Param 107: Anhydrite A&B, North --D GSAABNOC 
! PX- 108: MB i39. North --> GSM39NOC ~ ~ ~ ~ 

! Param109: KB138, South --> GSM38SOC 
! Param 110: Anhydrite A&B, South --> GSAABSOC 
! param 311: ME i39, South --> GSM39SOC 
! param 112: all marker beds -------> GSAA~OC 

. .  . 
! Total gas flow in %3 138 away from repository, north (right) side 

WC3BNO = IFGTO (FLcrwGASX[E:5881 ,FLOWGASX[E:588]. 0.0) 
G M  8NOC = INTRIGHT ( G A M  BNO) 

! Total gas flow in Anhydrite A&B away from repository, north side 
rC ! 

GASAABNO = IFGTO(FLOWGASX[E:556],FLOWGASXIE:556],0.0) 
GSAABNOC = INTPJGIIT (GASAABNO) 

! Total gas flow in MB 139 away from repository, north (right) side 

! ToCal gas flow in MB 138 away from reposito-y, south (left) side 
! 

! Total gas flow in Anhydrite A&B away from repository, south side 

GASkASSO = IFLTO (FLOWGASX[E:4821, -l.OTLOWGASX[E:482], 0.0) 
GSAABSOC = INTRIGETIGASAABSO) 

........................................ 

! Total gas flow in MB 139 away from repository, south (left) side 

GASM39SO = IFLTD(FLOWGASXIE:4361 ,-I.O*TLOWGASX1E:4361,0.0) 
GSM3 9SOC = INTRIGH? (GASM9SO) - 
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! Total gas flow into all anhydrite layers 
! 
GSAALO€ = GSM38NOC + GSAABNDC + GSM39NOC + G!338SDC + GSAABSOC + GSM39SOC 

,*******..**+**.*+****...**..**~***..... 

! Clean up output--limit to requested quantities 

DELETE GASM3 8NO. GASAABNO. GASM3 9NO. GASM3 8SO. GASAABSO , GASM3 9SO 

! Interbed fracturing: Length of fracturing zone (m) 
! 
! Param 113: MB 138, North --> FRACX38N 
! Param 114: Anhydrite A&B, North --> FRACXABN 
! Param 115: MB 139. North --> FRACX39N 
! Param 116: MB 138, South --> FRACX38.S 
! P a a m  117: Anhydrite A&B, South --> FRACXABS 
! Param 118: El3 139, South --> FRACX39.S 

! Fracturing in MB 138 away from repository, north (right) side 

LIMIT ELESNT 588 TO 595 

! Define meaningful fracturing as doubling of initial permeability 

! Set reference point for fracturing length at the north repository border 

XREF38N = XIN:1590] 

! Determine average x-coordinate of element centroid as element variable 

XECENT = NOD2ELElX) 

! Compare any change in permeability against fracture criterion 
If criterion met (i.e., permeability of an element has at least doubled) 
then calculate length of fracture as distance from reference point 

! to centroid of element, othewise set fracture length to zero 

XDIST = IFGTO (PERMBRX-FR-TDL3 8, XECENT-XREF38N. 0.0 I 

! Exfract -hum value of fracture length at each time 

FRACX38N = SMAXIWIST) 
! 
! Delete temporary variables (tolerance used repeated below, then deleted) 

D%iETS MIEF38N. XECEXT, XDIST 

!-***r*.+.~*r**-*****-******.-**+**i**ii 

! Fracturing in Adydrite a 3  away from repository, north (right) side 

LIMIT 556 TO 563 

XECENT = NODZELE(X) 
WIST = IFGTOIPERMBRX-FR-TOLAB,XECENT-XREFABN.O.0) 
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DELETE YZEFABN, XECENT, XDIST 

,ttt***~..t**tt***t.**~**.********.****. 

! 
! Fracturing in MB 139 away from repository, north (right) side 

LIMIT ELEMENT 540 TO 547 
! 

XDIST s IFGTO (P&.&RX-FR-T~L~~ .XECXNT-XREF39?i, 0.0 1 
F?ACX39N = SHAX(XDIST1 

DELETE XREF39N. XECENT, XDIST 

! Fracturing in MB 138 away from repository, south (left1 side 
! 

LIMIT ELEMZNT 564 TO 571 

XREF38S = X[N:15731 
X3CENT = NODZELE (XI 
XDIST = IFGTO(PERMa.SX-FR_TOL38,XREF38S-XECENT,O.OI 

! 
DELETE XRrT38S. XECENT, XDIST 
! 
, * t * ~ * * . * * * * * * r * * * t * * " * ~ * * t  

! Fracturing in Anhydrite AS3 away from re?ository, south (left1 side 

LIMIT ELEMENT 548 TO 555 

XDIST = IFGTO(PERM~RX-FR-TO~,XREFABS-~C~.O.O) 
FRAO(ABS = SMAX(WIST1 

DELETE XREFABS, XECENT, W I S T  

,*..r.**t***t.l********~~*.**r-***.****** 

! 
! Fractuzing in MB 139 away from repository, south (left) side 

DELETE XREF39S, XECENT, XDIST 



PANEL. Version: 3.60 WPO # 37361 
User's Manual May 10.1996 

Pap  62 - 

! Volume of fracture zone in MB 138 away from repository, north (right) side 
! 

L m T  ELEPIPJT 588 TO 595 
! 
! Extract z-direction thickness of fractured elements, set result to zero 
! for intact elements 

EL-ZZ38N = IFGTO(PEREIBRX-FR_TOL38,THICK,O.O) 
! - 
! Set flag for each fractured element to determine number of affected elements 

FLAG-38N r IFGTO(EL_Z-38N.1.0.0.0) 
TOTF-38N = -(FLAG-38N) 

! Check whethe- any number of elements has fractured, if none then 
set to dununy number for division step to avoid bvlde by zero 

! Obtain average fractured y-z area--note that contributions to area sum 
! from intact elements will be zero and that sum will be zero if no 

elements have fractured 

A-AVG38N = SUM(EL-Z-38N'DEL-Y) /TOTF_38N 

! Multiply average fractured element y-z area times the total fracture length 
to obtain fracture zone volume 

! 
VFRAC38N = FRACX38N * A-AVG38N 

! Delete temporary VL-iables except for tolerance and z-direction thickness 

DEL-PTS PLAG-38N. TOTF-38N. A-AVG38N 

!**r**.rl*+********.*~-+************.*** 

! 
! Volume of fracture zone in Anhydrite A&B away from repository, north side 

L T X T  E i - X !  556 TO 563 

G-Z-ABN = IFGTD(PERMBRX-FR-TOIJLB.THICK.0.0) 
FLAG-ABN = IFGTO('A-Z-ABN.1.0.0.0) 
TOT?_ABN = SUM (FLAG-ABN ) 
T O T - N  = IPGTO [TOTF ABN. T O P  ABN. 999.0) 

! 
DELETZ ?'LAG-ABN, TOT?-ABN. A-AVGABN 

! Volume of fracture zone in M?3 139 away from repository. north (right) side 

- - 
FLAG-39N = IPGTO (EL-Z-39N. ITO, 0.0 j 
TOTC39Ii = SUM(?LAG-39N) 
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........................................ 

........................................ 

! Volume of fracture zone in KB 138 away from repository, south (left) side 

LIMIT ELEEIENIP 564 TO 571 

&zZ38S = IFGTO IPERMBRX-XTOL3 8, THICK, 0.0 ) 
=G-38s = IFGTOIEL-Z-38S.l.D.O.D) 
TOTF_38S = SUMIFLAG-38s) 
TOW-38s = IFGTO (MW-38S, TOW-38s. 999.01 
A-AVG38S = SUM (EL-2-3 8S'DEL-Y) / T O R 3  8S 
VFFAC38S = FRACX38S ' A-AVG38S 
! 
DELFPE F'LAGG38S, TOTF_38S, A-AVG38S. FRTOL38 
! 
!.****.******r***t~~*.*****ff***f**ff*.* 

! 
! Volume of fracture zone in Anhydrite A&B away from repository, south side 

LIMIT EL- 548 TO 5 5 5  
! 
EL-Z-ABS = IFGTO(PERMBRX-FR-TOLAB.THICR.0.0) 
FUG-ABS = IFGTO(EL-Z-ABS.1.0,O.O) 
TOTF-ABS = SUM (FLAG-ABS) - TOP-ABS = IFGTO(T0TF-ABS,TOTF-ABS.999.0) 
A-AVGABS = SOMIEL-Z-ABS*DEL-Y) /TOTF_ABS 
-CABS = FRACX39S ' A-AVGABS 

! volume of fracture zone in MB 139 away from repository, south (left) side 

LIMIT ZLEMZNT 532 TO 539 

! Total volume of all fracture zones in marker beds away Erom repository 

V?XACTMB = m C 3 B N  + VFRACABN + VFilAC39N + VFRAC38S + VFRACAES + WRAC39S 

,- ! Interbed fracturing: Volume-averaged pe-meability in fracturing zone (me-21 
! 
! Param 126: M3 138, North --> APERM38N 
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! Param 127: Anhydrite A&B, North --> AP- 
! Param128: M2139, North --> APEFX39N 
! Param 129: M2 138, South --> APERM38S 
! Param 130: Anhydrite A&B, South --> APEFU4ABS 
! Param 131: M2 139, South --> APERM39S 

I.... ***..t*ttt***t**"*.***.*.*****~.**. 

! Volume-averaged permeability in MB 138 away from repository, north side 

LIMIT ELEMENT 588 TO 595 
! 
! Calculate individual element volume using previously extracted z-direction 

thickness, with thichess set to zero for non-fractured elements 

VOL-E3BN = DELX * DEL-Y EL-2-38N 

. 
! Multiply individual element permeabilites times individual element volume, 

note that result will be zero for intact elements 

! Add up total element volume of fractused elements, note that this could ' . , , ' 
! be zero if no element has fractured-if it is zero then set it to a . ~ 

! dummy value to avoid divide by zero in next step 

! Calculate volume-averaged permeabilities for fract~-ed elements only, 
for timesteps with no fracturing set average permeability to initial value 

APEREDEN = IFGTO (TVOLE38N. SUM (PEIW8N) /TVOLE38N, Pm-X IB: 5 I ) 

! 
! Delete temporby variables which aren't used later 

! * _ . . * * f * * * * _ l . * * * * + * * * * * * * * r t  

! 
! Volume-averaged pe-meability in Anhydrire ALB away from repository, north side 

LIMIT EiZMENT 556 TO 563 

VOL-E&BN = DEL-X DEL-Y ' EL-Z-ABN 
VPERPIABN = PEP.KaRY - VOL-EABN 
TVOLEABN = SUM (VOL-EABN) 
TVOLEABN = IFSTO(TVO~N,TVOLEASN,-993.0) 
LDERm = IFGTO (TVOLEASX, SUM (VPZRMABN) /TVOLEABN, ? E m  IB: 41 ) 

! Volume-averaged permeabiliry in M2 139 away from reposito-q, north side 
! 
LIMIT fiZMZN7' 540 TO 547 

VOL-E39N = DEi-X ' DEL-Y * EL-Z-39N 
VPERT39N = PERI-BRX * VOL-E3 9N 
TVOLE39N = SLlM(V0L-E39N) 
TVOLE39N = IFGTO(TVOLE39N.TVOLE39N,-999.0) 
APZPJD9N = IFGTO (TVOLE39N. SUX(VPERM39N) /TVOLE39N, ?ERM_XIB: 3 I ) 
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/CI 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I***.*...... ............................ 

! Volume-averaged Permeability in MB 138 away from repository, south side 

LIMIT ELEPlENT 564 TO 571 

VOL-E38S = DEI-X ' DEL-Y EL-2-38s 
VPERM38S = PERWBRX VOL-E38S 
TVOLE38S = SUM (VOL-E38S) 
TVOLE38S = IFGTO (TVOLE38S,TVOLk38S, -999.0) 
APEIM38S = IFGTO (TVOLF38S. SUM(VPERM385) /TVOLE38S, PERH-XIB:51 ) 

DEI,nPE EL-2-3 8s. TVOLE3 8s. VPERM3 8s 

! Volume-averaged permeability in Anhydrite A&B away from repository, south side 

, * f . * f* f l f l ** f** l .~***** .******+***** .**  

! 

-. ! volume-averaged permeability in MB 139 away from repository, south side 

LIMIT - 532 TO 539 

VOL~ E39S = DELX * D E L Y  ' ELZZ39S 

! InTerbed fracruring: Increase in pore volume in fracturing zone (m**3) 

! Increase in pore volume in MB 138, north side 

L m T  EL&XENT 588 TO 595 
.- 

! Calc~late total current pore volumes for fractured elements, note that 
contribution from intact elements will be zero since this measure of 
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! their volume was set to zero 

! -act minimum porosity values (are these always initial values?) 

PORMIN = ENVMIN IPOROS) 

.' ! sum minimum pore volume in fractured zone 
! 
Rw3 EN = ZZM (PORMIN*VOL-E3 8N I 

! Increase in pore volume is the current sum minus the minimum 

! Delete temporh? variables 
! 
DELETE VOL-E38N. PVC38N. PVM38N. PO3MIN 
! 
I** *******r**+***t***.~.......~~.**~**** 

! 
! Increase in pore volume in Anhydrite A&B, north side 

LIMIT ELEMENT 556 TO 563 

DELETE VOL-Em, PVCABN. P-, PORMIN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! Increase in pore volume in MB 139, north side 

LIMIT ELEMENT 540 TO 547 
! 
PVC39N = SUM(POilOS*VOL-E39Nl 
PO= = EN- I POROS I 
PVM3 9N = SD% (PORMIN'VOL-E3 9Nl 
PVOLI39N = PVC39N - PVM39N 

DELETE VOL-E39N. PVC39N, PVM39N. PORMIN 

! Increase in pore volume in MB 138, south side 

PVOLI38S = PVC38S - PVM38S 

DELETE VOL-E38S. PVC38S. PVK38S. PORMIN 

,***********.***%+*******.*****.*******. 

! Increase in pore volume in Anhydrite A&B, south side 
! 
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WCABS = SUM (POROS'VOL-?LABS) 
P O W  = ENVMIN (POROSI 
PVXABS = SUM [PORMIN'VOL-EABS) 
WOLIABS = PVCABS - PVMABS 
! 
DELETE VOL-EABS, PVCABS, PVMABS, PORMIN 

, * * t t t * * * r t t - * * * * * - * * * * * * . * * * - * * * * * * t t  

! Increase in pore volume in MB 139, south side 

LIMIT ELEMENT 532 TO 539 

m ? 9 S  = SUM (POREIiN'VOL-E39S1 
W3LI39S = WC39S - P W 9 S  

DELETE VOL-E39S, PVC39S, PVM39S. PORMIN 

! Total increase in pore volume in fractured zones 

PVOLI-T = WOL138N c PVOLIABN + PVOL139N + PVOL138S + PVOLIASS + PVOLI39S 

I ' l * . . . * * . * * * * * * t t * ~ ~ * ~ ~ . ~ * ~ ~ . ~ * ~ . . . + - L - L - L  

I.*t~l~l***.**l**t*~*~*~*~.~*~~~*-*.*************~~*~~~*.****,.******~~*~*~~* 

,***+***.*rl*****tt~~~~.*.~*~~**~*~**.~****~~****..***~~~*.***~*****.**~**.~. - 
! Param 139: Brine volume in brine pocket ---------------> BRNVOL-B 
! Param 140: Downward brine flow at E:223 ---------------> BNBHDNUZ 
! Param 141: Downward brine flow at E:471 ---------------> BRNBWNC 
! Param142: Steelmass remaininginwaste panel -------->FEKG-W 
! Param 143: Cellulose mass remaining in waste panel ----> CELLKG-W 
! param 144: Fraction steel remaining in waste panel ----> FEREM-W 
! Param 145: Fraction cellulose r m i n  in waste panel ---> CELREM3 
! Param 146: Total gas volume generated in waste panel --> GASVOL-W 
! Param 147: Total pore volume in w2ste panel -----------> PORVOL-W 

! Brine volume [m*-3) in brine pocket 

LIMIT ZLZMEWT 1007 TO 1023 

! Brine volume = porosity * volume ' brine saturation 
! Brine saturation = 1.0 - SATGAS 

/ * l * * * * . * * _ * * * * * * * * * * * * * * * . . * * * * * * w * * * * *  

! Cumulative brineflow down borehole at upper DRZ 

DEIIETE BNSHDNU 
! 
........................................ 

C ! 
! Cumulative brineflow down borehole [measured at repository top boundryl 
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BRNBHDN = IFLTO(FLOWBRY[E:4711.-1.0*FLOWBRY[E:4711.0.0) 
BRNBHDNC = INTRIG?lT (BRNBWN) 

DELETE BRNBHDN 

,t*...*****t***ttt*.******..*~.*~~**tt** 

! Total gas volume (me*)) generated in waste panel 

LIMIT ELEMENT 596 TO 616 

! Define molecular weights of iron and cellulosics (kglmol) 

! Calculate mass inventories (kg) remaining 

! Maximum Fe and bio is at time = 0 .O 
! 

m - W  = ENVMAX(FEKG-W) 
MXCELL-W = ENVMAX (CELLKG-W) 

! Calculate masses consumed and divide bq. initial amount to get fractions gone 
! Subtract fraction gone from one to get fractions remaining 

! Calculate total moles of gas (H21 generated from corrosion of Fe 

EEMOL-W = (MXFE-W - FEKG-W) /MW-FE' (4.0-STOICORlB:121) /3.0 

! Calculate total moles of gas (HZ) generated from biodegradation of cellulosics 

! Total moles of gas generated 
! 
GASMOL-W = FEMOL-W + CELMOL-W 

! Convert to volumetric units (m*'3) using PV=nRT at reference P & T 

! R = 8.3145 J/(mol*Kl = 8.3145 IN-m) / Lmol*K) 
! V = n'(R*T/Pl m**3 = n moles 0.024630 Lm**3)/mole 

GASVOL-W = 0.02463 . GASMOL-W 
DELS-CE GASMOL W 

! Total pore volume (m**31 in wasce panel 
! 
LIMIT ELEMENT 596 TO 616 

! Pore volume = porosity lm**3 voidlm*'3 rock) * volume 

PORVOL-W = SUM!POROS*GRIDVOLl 
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! 
,*tt**.****t******+****.***~+*.*****t*tt 

,'f*.*.*.*~*****+*t.**.*********..*******.****.*.**.*.*.*~***~*******.**+.*** 

I * * * * . . . * * t * * * * r * * t " * * * * " * * * . * ~ * * ~ * * ~ . * ~ * ~ ~ * , * . * * * * ~ * ~ * ~ * . * ~ * . " * . * * * ~ * * * + * * . *  

! Param 148: Volume avgd .brine porosity' in waste panel ---------s BRNPOR-W 
! PL-am 149: Volume avgd 'brine porosity' in rest of repository --D BFNPOR-R 
! Param 150: Volume avgd 'brine porosity' in waste regions -------> BRNPOR-T 

........................................ 

! 'Brine porosity' (dim@Nionlessl averaged over Waste Panel 

LIMIT ELEMENT 596 TO 616 

! Brine saturation = 1.0 - SATGAS 
! 
WWOL = SUM(GRIDVOL1 
BRNPORW = SUM(GPJDV0L'POROS~ (1.0-SATGAS) I 
BRNPOR-W = BRNPORW/WPVDL 

DELEIE WPVOL, BRNPORW 

,**ttr*r*****tt**.**.**-*~*~*****.*****~ 

! "Brine porosity' (dimensionless) averaged over Rest of Repository 

LPLTT 617 TO 625 

! Brine saturation = 1.0 - SATGAS - 
RRVOL = SUM (GRIDVOL) 
BRNPORR = SUM (GRIWOL'POROS* (1.0-SATGAS) ) 
BFXPOR-R = B~OTUIRFNOL 

DELETE RRVOL, a m o R R  

! 
! "Brine porosity' (dimensionless1 averaged over Waste Panel and Rest of 

Repository 

! Brine saturation = 1.0 - SATGAS 
! 

BRNPOR-T = BRNPORT/WRVOL 

! Param 151: Total brineflow out of MB 138 towards repository --> BRNM38i 
! Panm 152: Total brineflow out of A. AhB towards repository --> BRNAABl 
! Param 153: Total brineflow out of MB 139 towards repository --> B-91 
! Param 15C: Total brineflow into MB 138 away from repository --> BFNt.5580 
! PL-am 155: Total brineflow into A.  AhB away from repository --> BRNAABO 

r" ! Param 156: Total brineflow into MB 139 away from repository --> B W J 9 O  
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! Total brineflow out of Marker Bed 138 toward repository (me*3) 

! Total brineflow out of Anhydrite A&B toward repository (m**31 

I.*****..**.*.t~***.*.****.***~*.**.**** 

! Total brineflow out of Anhydrite A&B toward repository (m*-3) 

B-91 = BRN39NIC + BRN39SIC 

I**t~****~**+*****.**t*.*****tt****..~~* 

! Ftal brineflow into Mazker Bed 138 away from reposito-ry (m*'31 
I . ,  . . 

I 1  

1 ~otai brineflow into pI.rhydrite A&B away from repository (rne*3) 
! 
BRNAAaO = BRAABNOC + BRAABSOC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! Total brineflow into Marker Sed 139 away from repository (m**3) 

B W 5 9 0  = BRM39NOC + BRM39SOC 

! Prram 157: Brine consumed in Waste Panel (m**3) --> BRhLRMVW 

LIMIT ELEKSNT 596 TO 616 

! Add up consumption rates (resulting units are kg/s) 

BRN-CRW = SUM (BRINRATE'GRIDVOL) 

! Integrate result to get kg of brine consumed 

! Convert to volumetric amount (m**3) by 
dividing by brine de~sity (kg/m-'3) at reference conditions 

BRI-iWVW = -l.O*BFJ?-CONW/1220.0 

! Delete temporary variables 

DELETE BRN-CRW, BRN_COiW 

I * * * * * * + r r . * * * * * * t ~ * * . * * ~ . * * * t - ~ * ~ * * ~ * * ~ * *  

! Param 158: Brine consumed in Rest of Repository (m**3) --> BRN_RMVR 
! 
LIKIT ELEKSNT 617 TO 625 
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! Add up consumption rates (resulting units are kg/s) 
! 

! 
! Integrate result to get kg of brine consumed 

BRN-CONR = INTRIGHT (BRXCRRI 

! Convert to volumetric amount (m**31 by 
dividing by brine density (kg/m7*31 at reference conditions 

! 
BRN-RMVA = -1.O'BRN_CONR/3220.0 

! Delete temporary variables 

! 
! Param 159: Remaining fraction of steel in Rest of Repository --> FEFZ2-R 
! Param 160: Remaining fraction of cellulose in Rest of Repos. --> CELRM-R 

I * ' t t t X * * * * * * * * * * * * l * * * * * * - * . . * - * * * * * * * * * * * * *  

LMIT ELEMENT 617 TO 625 
! 
! Calculate mass inventories (kg) remaining 

FE-KGR = SUM (GRIDVOL*FECONC 1 - CELUGR = SUM(GRIDVOL*CELLCONC) 
! 
! Maximum Fe and bio is at time = 0.0 

MXFER = ENVMY( (FE-KGR1 
MXCELLR = ENVMAX (CELL-KGR ) 

! Calculate masses consumed and divide by initial amount to get fractions gone 
! Subtract fraction gone from one to get fractions remaining 

FEm-R = 1.0 - ( (MXFER - FE-KGR) /-) 
CELREM-R = 1.0 - ((MXCELLR - CELL-KGR)/MXCELLR) 
! 

! Delete intermediate variables: 

DELETE FEJGR, ELL-KGR, M1[FER, MXCELLR 

! Param 161: Cumulative Brineflow into Waste Panel excl. Borehole --> SRWI-XBB 
! PL-am 162: (Salado brine inflowl/(total brine inflow) at DRZ -----> Sa-BR-T 
! Param 163: (Salad0 br. inflow)/(cmconsumed br. inflow) at DRZ ----> SAL-BR-U 
! Param 164: (Salado br. inflow)/(total br. in.) at Waste Panel ----> SS-TB-WP 
! Param 165: (Salado br. in.) /(unconsumed br. in.) at Waste Panel --> SB-UB-WP 

............................................. 

! 
! Cumulative brine inflow into Waste Panel, excluding Borehole 

! Bottom except for Borehole 

.- BRWI-X = IFGTOtFLOWBRYEE:5961 .FLOWBRYIE:596] .0.0) 
BRWI-X = BRWI-X + IFGTO(FLOWBRYIE:597],FLOWBRYIE:597],0.0) 
SRWI-X = ERWI-X + IFGTO(FLORYIE:598l.FiOWBRY~E:598l.0.0l 
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B R K X  
BRWI-X 
HRWI-x 
! 
! Top 

BRWI-X 

B R K x  
BRWI-X 
BRWI-x 
BRwI_x 

= BRWI-X + IFGTOlFLOWBRY[E:600] ,FIX,WBRYIE:600] ,0.0) 
= BRWI-X + IFGTOl~OWBRY[E:601] ,FLOWBRY[E:601] ,0.0) 
= BRWI-X + IFGTO(FLOWBRY[E:6O2l.FLOWBRY[E:602],0.0) 

except for Borehole 

= BRWI-X + IFLT01FL0WBRY[E:4681,-1.0~~0WBRY~E:4681,0.01 
= BRWI~ X + IFLTOIFLOWBRYIE:4691 ,-l.O*FLOWBRY[E:4691,0.0) 

,I 

! Left side- 

BRhT-X = BRWI-X - IFGTO(FLmBFZXI&:5961 ,FLC)WBRXIE;396] , C . O j  
BRK-X = BRWI-X - IFGTOlFLDWBRX[E:6031,nOWBRX[E:603].0.0 
! Right side 
! 

! AccmElate over rime 
! 
B R w I .  = INTRIGHT IBRWI-X) 

I*.****ff**..****fl********~*~*%~.****~.~**** 

! (Salado brine inflow) / (total brine inflow) at DRZ 

! Define a dunmry denominator to avoid dividing by zero 

DENDUM05 I BRAALIC + BNBHLDRZ + BNBIDNCTZ 
DENDUM06 = IFEQOIDENDUMOS.1.O.DENDUMO5) 

! 
! (Salad0 brine inflow) / (unconsumed brine inflow) at DRZ 
! 
! Define a dummy denominator to avoid dividing by zero 

DENilLIM07 = BRULIC + BNBHLDRZ + BNBIIDNOZ - SRN-RMV 
DZNDUMOB = IFEQO~DENDUM07.1.O.D~LIM07) 

! (Salad0 brine inflowl/ltotal brine inflow) at Waste Panel 
I 
! Define a dummy denominator to avoid dividing by zero 

DENDUM09 = BRWI-XBH + BRNBWNC + BRNBWUPP 
DENDUMlO = IFEQO(D~UM09.1.0.DENDUM09) 
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D w  DEMIUMOS , DENDUK10 
! 
I f f * * * * . * * * * . f * . * * . * * * * " * * . * . t l * ~ * * *  

! (Salado brine inflow) / (unconsumed brine inflow1 at Waste Panel 

! Define a dummy denomhator to avoid dividing by zero 
! 

! Cumulative brineflow (m'*31 vertically at Magenta Dolomite Member 

! Param 166: Brineflow up shaft (@element 664) --------> BRNSHUMC 
! Param 167: Brineflow up borehole (@element 777) -----> BRNBHUMC 

! Cumulative brineflow up through shaft (at Magnenta Member1 

BRNSHUM = TFGT0(FLOWaR~[E:664],~0WBRY~E:6641.0.01 
BRNSK[MC = INTRIGHT IBRNSHUM) 

! Cumulative brineflow up borehole (at Magenta Member) 

, ~ _ + * l * * * _ f * f * * . * * * * * ~ ~ * ~ ~ ~ ~ * * * * * * * * * * ~ *  

! 
! Clean up output--limit to requested quantities 

DZLETE BRNSHUM, SRNBHOM 

! Total outward brineflow in mh-ker beds across land-withdrawal boundary (m*-3) 
! 
! Param168: MB138, North --> BRM3BNL.W 
! Param 169: Anhydrite A&B, North --> BRAABNLW 
! param170: MB 139. North --> BRM39NLW 
! PL-am171: MB 138. Sou-& --> SRM38SLW 
! Param 172: Anhydrite A&B. South --> BRAABSLW 
! Param 173: MB 139, South --> BWZDSLW 
! Param 174: all mk-ker beds -------> BRAALLWC 

! 
! Total outward brineflow in ME! ?38 across 1-w boundary, north (right) side 
! 
BpJm38NO = IFGTO(FLOWBRX[E:594l,FLOWBRX~E:5941,0.0) 

A BREU BNLW = IhTRIGIFP lBRNM3 8NO) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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! Total outward brineflow in Anhydrite A&B across l-w boundary, north side 

! Total outward brineflow in MB 139 across l-w boundary, north (right) side 
! 

,****t******t**t*..~~**.******~.**~****. 

,**t**r***.****~-***.*~***+****~.**~tt** 

! Total outward brineflow in MB 138 across l-w boundary, south (left) side 

It**.r**r**ll*******~.~t****~**~~**"*~** 

! . , 

! Total outward brineflow in Anhydrite A&B across l-w boundary, south side ,! ', ' ' *  1 

! 2 ! *. 

! Total outward brineflow in MB 139 across l-w boundary. south [left) side 

,****f .f******f~.*.*****+*************** 

! 
! Total outwk-d brineflow in all anhydrite layers across l-w boundary 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! 
! Clean up output--limit to requested quantities 

.................................................................... 

Ir*r-***rt**+**~**t~~~.*~.~*~*~~*~..*+*t********~~****~.~~*****.****~*~**~.*. 

! 
! Contributions of gas generated from each source i%/100) 

! PL-am 175: Fraction of roral gas due to steel corrosion ----------> XTG-C 
! DL-am 176: Fraction of total gas due to total microbial ----------> FR-TG-M 
! PL-am 177: Fraction of rotel gas due to humid microbial ----------> FR-TG-H 
! ?+ram 178: Fraction of total gas due to inundated microbiel ------> FR-TG-I 
! Param 179: Fraction of microbial gas from humid conditions -------> FR-MG-H 
! Param 180: Fraction of microbial gas from inundated conditions ---> FR-MG-I 
! 

! Fraction of total gas due to steel corrosion 

! Check total amount of gas to avoid subsequent divide by zero lit total gas 
! is equal to zero, then divide by one since fraction will be zeroi 
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GAS-sUM = IFEQO (GAS_MOLE, 1.0. GAS-MOLE) 

! Check total amount of microbial-generated gas to avoid divide by zero 

GM_SLM = IFEQO (C-M-HI-T,l.O,C_M_HI-TI 

&T€-c = FE-MOLE/GAS-SUM 

,"*.*.*t.*r***~*rl*~~****~*.~*.~*~.**** 

! Fraction of total gas due to total microbial degradation 

FR-T€-H = 1.0 - FR-TG-c 
,.t*~*~r**t**t~***t***~*~*.~*~**t**.t*t* 

! Fraction of total gas due to humid microbial degradation 

FR_TG-H = FR-TG-Mg(CELL-M-H/m-SUM1 

I * f t * * * * * * t * * * t t * * * t t r t * * * t * * t * t * - * * ~ * ~ * * * *  

! Fraction of total gas due to inundated microbial degradation 
! 
FR-TG-I = TZ1_TG-M'(1.O - (CELL-M-H/GM_SUMl) 

, * * * * f ~ f * * * * * * * * . ~ * % ~ * * . * * * * ~ * * ~ * * * * % . * *  
! 
! Fraction of microbial gas due to humid conditions 
! 
=JIG-H = CELL-M-H/GN-SUM 

,- ! 
I*ff*.***.***f**~f~*~**~*~**~**~~****.** 

! 
! Fraction of microbial gas due to inundated conditions 

,**t*'*~rl*.**t.~t**~.~~*~*~.*~~~..*~*~. 

! 
! Delete temporary variables 

DELETE GAS-SUM, GM-SUM 
! 

! Param 181: Total brineflow into waste panel ---------> BFNPSIWC 
! PL-am 182: Total brineflow into rest of repository --> BFNPSIRC 
! Param 183: Net brineflow out of waste panel ---------> BRNPSOWC 
! Param 184: Net brineflow out of rest of repository --> BRNPSORC 
! Param 185: Net brineflow into waste panel -----------> B W S N W C  
! Param 186: Net brineflow into rest of repository ----> BRNPSNRC 

! Total cumulative brineflow across panel seal into waste panel 

BRNPSIW = BRNPSIW + IFLTO(FLOWBRX[E:640],-l.O*FLOWBRXIE:6401,0.0) 
r^- 

BRNPSIWC = IhTRIGET (BRNPSIW) 
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DELETE BRNPSIW 

I***.** f**~.*f*f****...**....~*.~**..*** 

! Total cumulative brineflow across panel seal into rest of repository 

& ~ s X R  = IFGTOlFLOWBRX[E:617],FLOWBRX~E:617] ,0.0) 
BpJTpSIR = BRNPSIR + IFGTOlFLOWBRX[E:620],FLOWBRX[E:620],0.0) 
BRNPSIR = B ~ P S I R  + IFGTOIFLOWBRX[E:~~~],FLOWB~[E:~~~],O.~) 

! Total cumulative brineflow across panel seal out of waste panel 
! 
BFXTS3ti = IFGTO(FLOWB?X:E:638!.FLOWBRX[E:638],C.CI 
SiUiPS3ti s BRNPSOW - IFGTCI?LOWBW.IE:639I,F~OWBN[IE:6391,3.0 
BRNPS3W = BRNPSOW + IFGTO (FLOWBRX[E:~~OI ,FLOWBRX[E: 640 j ; 0.01 
! 
BRNPSOWC s INTRIGHT 1aRNPsow1 

DELETE BRNPSOW 
! 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! Total cumulative brineflow across panel seal out of rest of reposito-ry 

BRNPSOR s BTLNPSOR + IFLTO IFLOWBRXIE: 6231, -1. O0FLOWBRX[E: 623],0.0] 

BRNPSORC = INTRIGHT IBRNPSOR) 

D-E BRNPSOR 

I * . * * * * * * * * * * * l . * * * ~ * * * * * t t - t - * * * t  

! 
! Net inflow of brine across panel seal into waste panel 

BRNPSNWC = BRNPSIWC - BRNPSOWC 

! Net inflow of brine across panel seal into waste panel 

BTLNPSNRC = BRNPSIRC - SRNPSORC 

END OF APPENDIX E 
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APPENDIX F: EXAMPLE OF PANEL'S OUTPUT DBG FILE 

Explanatory comerits, which do not ordinarily appear on PANEL'S DBG files, are 
inserted on the DBG file that follows. The are intended to assist the reader and are 
printed in italics SO as to set them off. 

PANEL-PA96 3.60 PROD PA96 05/17/96 06/14/96 13:58:20 

PPPPPP AAAAA N NN EEEEEEE LL PPPPPP W 9999 6666 
PP PP AA AA NN NN EE LL 
PP PPAA A A m  NNEE LL 
PPPPPP AllAAAAA NN N NN EEEEE LL 

PP PPAA AA 9 9 6  
PP PP AA AA 9 9 6 
PPPPPP AAAAAAA 99999 66666 

PP AA AA NN NNN EE LL PP AA AA 9 6  6 
PP AA A A N N  N N E E  LL PP. AA AA 9 6  6 
PP AA AA NN N EEEEEEE LLULLL PP AA AA 9999 6666 

PANEL-PA96 Version 3.60 
PROD PA96 Built 05/17/96 
Written by JIM GARNER 
Sponsored by JIM GARNER 

Run on 06/14/96 at 13:58:20 
Run on ALP= AXP BONNIE OpenVMS V6.1 

Prepared for 
Sandia National Laboratories 
Albuquerque, New Mexico 87185-5800 
for the United States Department of Energy 
under Contract DE-AC04-76DP00789 

Disclaimer 

This computer program was prepared as an account of work 
sponsored by an agency of the United States Government. 
Neither the United States Gove-men: nor any agency thereof. 
nor any of their employees, nor any of their contractors. 
subcontractors, or their employees, makes .my warranty, 
ex~ress or imolied. or assumes anv lesal liabilitv or . 
responsibility for the accuracy, completeness, or usefulness 
of any info-nmtion, apparatus, product, or process disclosed 
or represents that its use would not infringe privately 
owned rights. Reference herein to any specLfic commercial 
product, process, or service by trade name. traaemk-k. 
manufacturer, or otherwise, does not necessr-ilv constitute - 
or imsly its endorsement, recommendation, or favoring by the 
United States Government, any agency thereof or any of thelr 
contractors or subcontractors. The views and opinions 
expressed herein do not necessk-ily state or reflect those 
of the United States Government, any agency thereof or any 
of their contractors or subcontractors. 
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Explanatory Comen t :  The s e c t i o n  that f o l l ows  this connnent echoes PANEL'S i n p u t  data 
and i nc ludes :  fi) t h e  v a l u e s  o f  argl through arg5 (see Chapter  61,  namely:  t h e  run 
t y p e  p lu s  f our  f i l e  s p e c i f i c a t i o n s .  I t  is arranged in  t w e l v e  rows and i n c l u d e s  f i l e  
names, p l u s  da t e s  o f  o r i g i n  o f  t h e  two  e x t e r n a l  f i l e s .  fii) The next row g i v e s  t h e  
number o f  seconds p e r  year .  (iii) The next six rows g i v e  fhe l o g  t o  the b a s e  10  o f  
t h e  s o l u b i l i t i e s  f in  m o l e s / l J ,  which are c a l l e d  LOGSOLM on the -AT data  b a s e  and 
are  provided by ALGEBR9. f i v l  In the next s eve ra l  dozen rows a r e  g i v e n  t h e  i n i t i a l  
i n v e n t o r i e s  ( i n  Cur ies )  o f  contact-handled (IMICFID) and remote-handled (INVRKDI 
rad io i so topes  (no t e  t h a t  unfound i s o t o p e s  are set t o  z e r o  i n v e n t o r y  by de fau l  t J  ; (vi a 
t h r e e - c o l m ,  73-row l i s t i n g  o f  (1) t i m e  (in s econds )  from z e r o  t o  30,000 year s ,  (21 
cumulative brine o u t f l o w  from the r e p o s i t o n  fin m') from BRAGTLO, and (31 volume o f  
b r i n e  in the r e p o s i t o l y  (in ma) f r o m  BRA= (modi f ied  a s  r equ i r ed  t o  conform t o  a 
1000-m' minimum);  fvi) a one-row l i s t i n g  o f  l a )  the panel  i ndex ,  which h a s  n o  meaning 
or  purpose i n  CCA runs  and i s  set t o  unity, and fbl  an i n i t i a l  t i m e  i n d e x ,  which i s  
s e t  t o  z e r o  a t  the t ime  o f  decommissioning; fvi i)  a 6-row, three-column l i s t i n g  o f  t h e  
elements  PANEL. w i l l  m o b i l i z e  g i v i n g  (1) t h e  s o l u b i l i t y  f o r  s o r p t i o n  o n t o  l a r g e  
c o l l o i d s  f s e t  t o  z e ro  in CCA runs), (2) the s o l u b i l i t y  f o r  s o r p t i o n  o n t o  small 
c o l l o i d s  f s e t  t o  z e r o  in CC4 runs), and (3) the s o l u b i l i t i e s  by enhanced equ i va l en t  
d i s s o l u t i o n ,  i n  m o l e s / l ;  (v i i i )  a two-row l i s t i n g  o f  da ta  t h a t  a r e  unused i n  CCA 
, ( ix)  a 30-row lone row f o r  each PANEL i s o t o p e ) ,  7-column l i s t i n g  o f  (1) the 
numerical i n d e x  from 1 t o  3 0 ,  (2) i s o t o p e  i d e n t i f i c a t i o n ,  ( 3 )  h a l f - l i f e  i n  y e a r s ,  ( 4 )  
i d e n t i f i c a t i o n  o f  daughter decay produc t ,  (5)  the r a d i o a c t i v i t y  o f  t h a t  i s o t o p e  i n  
Curies/mole,  (6) the r a d i o a c t i v i t y  o f  t h a t  i s o t o p e  in Curies p e r  k i logram,  (7) t h e  
t o t a l  WlPP i n v e n t o r y  o f  t h a t  i s o t o p e  in Curies, and ( 8 )  t h e  t o t a l  WIPP i n v e n t o r y  o f  
t h a t  i s o t o p e  in ki lograms;  and ( X I  a  f inal row s t a t i n g  t h e  t o t a l  i n i t i a l  i n v e n t o r y  o f  
t h e  WIPP r epos i t o ry -based  on a l l  t ransuran i c  alpha e m i t t e r s  hav ing  h a l f  l i v e s  g rea t e r  
than 20 year s .  End o f  Comment. 

, . 
% FILE ASSIGNMENTS : 

7 ----------------- 
TYPE OF RUN,S=siandh-d,R=radialysis,D=decay o n l y :  

T - 
CAMDAT d a t a  base:  

BONNIE$CCA1~WO~00T:[PANEL.DATA.R1S6V23]~G~ST~CCA_R1~S6~VO23.CDB;1 
W r i t t e n  on 06/02/96 19:59:16 

output  CAMDAT data base :  
BONNIE$CCA~-WOKROOT: IPANEL.DATA.RlS6V231 FANEL-CC7-Rl-S6-V023 . CDB 

FLUX FILES FROM BRAGFLO: 
BONNIE$CCA1~WORKROOT:(PANEL.DATA.R1S6V23lBF~POSTAtG_CCA~R1~S6~VO23.CD3;1 

Written on 06/10/96 20:21:36 
d iagnos t i c s  file: 

BONNIE$CCAl-WORKROOT : [PANEL.DATA.R1S6V23 I PANEL-CCA-Rl_S6-V023 .DBG 
PROM CDB. REFCON YRSEC 3.1557E+07 -~~~ 

FRO?! C3P. TE LXSOL! -7.0535irOC 
FR3K CDE. U LXS3LM -5.C733E-00 
FROM cna. NP LOGSOLM -4.5430~+00 
FROM CDB, PU LOGSOLM -7.0651E+OO 
FROM CDB. AM LOGSOLM -6.4662E+00 
FRON CDB. M LOGSOLM -6.4662E+00 

FROM CDB. CS137 INVCW 8.0600E+03 

FROH CDB. Pa210 INVRHD 7.16OOZ-06 

PROH CDB. PA228 INVCRD 7.4700E-01 

FRO!! CD3, T X 3 i  1NVPNVPV3 $25903-C2 
FR3M C3E. PA231 IhVCP2 4.51003-01 
fK9V C3P.  P;.TZ: 3lVPSZ 1.910CE-C3 
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FROM CD5.  U233 INVCHD 1.7900E+03 - - - - ~ ~  - -  ~ ~ 

FROM WB, U233 INVRHD 1.5800E+02 
FROM CDB. U234 INVCHD 4.6500E+02 
FRCM CDB. U234 IWVRHD 4.270OE+01 ..~. ~ - -  

FROM CDB, U235 INVCRD 1.28OOE+01 
FROM CDB, I n 3 5  INVRH3 4.6300E+00 
FROM WB.  Ll236 INVCW 3.33003-01 
&OM ~ 3 3 ;  U236 INVRW 9.6800E-02 
-iROE CDB. U i38  INVCHD 3.9600E-01 
FROM CDB. U238 LNVRHD 1.0500E-01  
FRCMWB.NP237  INVCHD 5 .6100Es01 
fRCMCDB.NP237 INVRM) 2.85002+00 
FROM W B ,  PU238 INVCAD 2.61OOE-06 
F'ROE CDB, PU23 8 INVRW 1.4500E-03  
~ R O M C D B , P U ~ ~ ~  INVCHD ? .8500E t05  
F R ( R I W B . P R 3 9  INVRW 1.0300E-04 
FROMCDB,PU240 INVCM) 2.i000E-05 
FRCNCDB.PU240 INVRRD 5.0700E-03  
- 3 4  CDB. PC241 IhVCSD 2 .3100E t06  
FROM CDB; PU241 
FROH CDB, PU242 
F R m  CDB, PU242 
FROM CDB, PU244 
FROM CDB, PU244 
FROM WB,  W 4 1  
FROM CD3, AM241 
FROB CDB, M Z 4 4  
FROM CDB, C M 4 4  
FROM CDB. -48 
EaOM CDB, C M 4 8  
FROM CD3, CF252 

rA =OM CDB. -252 

INVCHD 1.1700E-03 
UJVRW, 1.5000E-01  

F R ~ Y  CDB, ~ ~ 1 4 7  INVCHD 7 . 8 7 0 0 ~ + 0 0  
FROMWB.PM147 INVRHD 1.0700E+01 
ELBNAM SM147 AND PROPNAEI INVCW NOT FOUND! ! SET TO 0 .000E i00  
ELBNA?l S M 4 7  AND P R O P M  INVRHD NOT FOUND!! SET TO 0.000E+00 
FROMCDB.AMZ43 INVCHD 3.2600E+01 
FROM CDB, AM243 INvRAD 2.2800E-04 
FROMCDB. CMZ43 INVCHD 2.72OOE+OO . -. . - - - - , - - - 

E?OMCDB,CM243 INVRHD 4.9500E+01 
FROM CDB, -45 INVCW 1.1500E102 
FROM CDB, C M 4 5  

1 0 . 0 0 0 0 ~ + 0 0  
2 7 .0909E+03 



PANEL. Version: 3.60 WPO # 37361 
User's Mmual May 10.1996 

Papc 80 
I 

72 3.1557Etll 3.7294E+04 5.0531E+03 
73 3.2557Eill 3.7294E+04 5.0531E+03 

IPANEL,TZERO= 1 0.0 
SOLS TH 0.00002+00 0.0000E+00 8.8400E-08 

- ~- 

SOLS AM 0.0000E+00 C.OO@OE+@O 3.41845-07 
SOLS CM 0.0000E+00 0.0000E+00 3.C184E-07 

0.000E+00 0.000E-00 0.000E+00 0.000E+00 
m'1. W 2 ,  RAIi3. RAN4 = 
1 IDION RHL 

1.000E-01 5.000E-01 5.000E-01 5.000E-01 
IDAUG N P M O  CUPKG K P P  CURIES WIPP KG 

1.2277Et04 1.3641E+05 0 2.1585E+05 1.5824Et00 
1.1917E+04 8.69822+04 0 2.2406Es05 2.57592-00 
1.6031E-04 7.6339Et04 0 2.5500E+00 3.3404E-05 

PB-210 2.2344=+02 9.8865E+02 1 1.1600E+O1 1.1733E-02 
6.2173E+O4 2.7269E+05 0 8.24702-01 3.0243s-06 
4.8705E+01 2.1269E+02 1 2.9970E+00 1.4091E-02 

RA-226 4.6428E+00 2.0186E+01 1 8.8160E-02 4.3673E-03 
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Q l a n a t o r y  Conment: The  d a t a  t h a t  f o l l o w  a r e  the s c e n a r i o - r e v i s e d  i n i t i a l  i n v e n t o r y  
f o r  PANEL. This  s t e p  i s  d e s i g n e d  t o  r e d u c e  PANEL'S w o r k i n g  i n v e n t o r y  t o  accommodate 
s c e n a r i o s  i n  w h i c h  only a f r a c t i o n  o f  the r e p o s i t o r y ' s  c o n t e n t s  a r e  w e t t e d .  O n l y  o n e  
s t a n d a r d  panel i s  w e t t e d  by brine. C o n s e q u e n t l y ,  the s c a l e  o f  the run i s  set a t  
0.1044. which r e p r e s e n t s  the a r e a  o f  o n e  s t a n d a r d  p a n e l  d i v i d e d  by the a r e a  o f  the 
entire repositozy. T h e  i n i t i a l  i n v e n t o r y  i s  a one - fo r -one  e c h o  o f  the entire 
inventozy r e p o r t e d  a b o v e ,  w i t h  the e x c e p t i o n  t h a t  PANEL h a s  d e l e t e d  SM-147 from the 
l i s t .  T h a t  i s  because i t s  net i n d i v i d u a l  i n v e n t o r y  on  the g i v e n  i n v e n t o r y  l i s t  i s  
zero and i t  i s  n o t  g e n e r a t e d  a s  a r e s u l t  o f  d e c a y .  T h e  i n i t i a l - i n v e n t o r y  d a t a  a r e  
l i s t e d  a s  a 6-column, 29-row m a t r i x .  The  f i r s t  c o l u i m ~  i d e n t i f i e s  the i s o t o p e .  T h e  
2 n d  c o l -  s t a t e s  i ts h a l f - l i f e .  T h e  t h i r d  column g i v e s  the t o t a l  i n i t i a l  i n v e n t o r y  
in Clrr i e s  and  m a t c h e s  i d e n t i c a l l y  the 6 t h  column in  the p r e c e d i n g  d a t a  m a t r i x .  T h e  
fourth column lists Ue  same d a t a  in k i l o g r a m s  and m a t c h e s  i d e n t i c a l l y  the 7 t h  column 
in the mauix above. The f i f t h  and  sixth co lumns  m a t c h  the t h i r d  and f o u r t h  co lumns ,  
b u t  are smaller by a f a c t o r  o f  0 .1044 ,  w h i c h  i s  the s c a l i n g  f a c t o r  l i s t e d  on  the 
s e c o n d  l ine b e l o w  and  r e p r e s e n t s  the f a c t  t h a t  the c o n t e n t s  o f  only o n e  p a n e l  o f  the 
r e p o s i t o r y  are accessible. End o f  comment. 

0 INITIAL  CONDITIONS FOR PANEL $ 1 
SCALE OF THIS RUN= 0.1044 

WIPP INVENTORY SCALED INVENTORY 
ISOTOPE HL CURIES KG CURIES KG 
SR-90 2.912E+01 2.159E+05 1.582E+00 2.253E+04 1.652E-01 
CS-137 3.000E+01 2 .241Et05  2.5763+00 2.339E+04 2.689E-01 
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Explanatory Comment; The remaining data represent  a sunrmary overview sqnopsis  o f  t h e  
r e s u l t s  o f  PANEL'S calcula t ions .  The data are presented i n  e leven s i m i l a r l y -  
s tructured c l u s t e r s  here in  printed as three-clusters-per-  two-pages a f t e r  t h i s  first 
page. Each c l u s t e r  conforms t o  the fo;lowing format: The first row i d e n t i f i e s  t h e  
t imestep i n  years and the  volume ( i n  m J o f  brine i n  t h e  repos i tory .  The next  s i x  rows 
are a five-column sumnary o f  the mobi l i za t ion .  The f irst column represen t s  an 
e f f e c t i v e  d i s so lu t ion  s o l u b i l i t y  f i n  moles / l  J f o r  a l l  i s o t o p e s  o f  t h e  element combined 
i n  tha t  i t ,  mul t ip l i ed  b y  the b r i n e  volume (converted from m' t o  1 ,  and assuming 
mobi l i za t ion  i s  NOT inventory  l i m i t e d )  g ives  the amount i n  t h e  t h i r d  column, which i s  
the  overall  amount f i n  molesl o f  a l l  i so topes  o f  t h a t  element i n  s o l u t i o n  during t h a t  
t imestep.  I f  mobi l i za t ion  i s  inventory  l i m i t e d ,  t h e  limit w i l l  appear in t h e  t h i r d  
column. The second column r e p r e s a t s  the  inventory  ava i lab le  f o r  mob i l i za t ion  (k 
moles) .  The next column is the amounts o f  t h a t  element d issolved  on t h e  b a s i s  o f  t h e  
enhanced equivalent  s o l u b i l i t y  during tha t  t ime s t e p .  The l a s t  two columns are  n o t  
used i n  CCA runs and l i s t  zeros .  The f ina l  column i s  a f l a g  t h a t  s i g n a l s  (if i t  i s  
one) t h a t  t he  entire avai lable  inventory  o f  t h a t  element has been mobil ized during 
tha t  t imestep (as  i s  t he  case for  NF and CM during the second cimestep f i . e . ,  t ime  = 
1 OOyears]) , or  (if it i s  zero)  t h a t  s tocks  o f  unmobilized inven tory  remain a t  the end 
o f  t h a t  t imestep.  The n e x t  grouping i s  a 30-row, eight-column mat r i x  t h a t  l i s t s  the 
symbol fo r  the  i so tope  followed b y  the  r e s u l t s  o f  t h e  r e l e a s e  during t h a t  t imes tep .  
The 2nd and 3rd columns are n o t  used i n  CC4 runs. The four th  column g i v e s  t h e  amount 
o f  t h a t  i so tope  released v i a  enhanced eguivalent  d i s s o l u t i o n  f i n  Kg) during t h a t  
t imestep.  The nex t  two columns g ive  the  remaining i n v e n t o r y  in Curies and ki lograms.  
The l a s t  two columns g ive  the sum o f  the  first three  columns first i n  Curies and 'den 
in kilograms. The f ina l  row o f  t he  da:a c l u s t e r  g ives  t h e  in t egra ted  ( from t = 01 
br ine  out f low from the repos i tory  i n  m . m d  o f  Coment .  

7 TIME= 0. YEARS. BRINE VOLUME= 1000. M"3 - -- - 

0 EL- SOLUBILITY LOADING DISOLVED LARGE COL COL 
TIi 8.840E-08 4.1253+03 8.840E-02 0.000E+00 0.000E+00 0 
U 8.447E-06 6.909E+O4 8.4473+00 0.000E+00 0.000E+00 0 

h NF 2.864E-05 3.926E+01 2.864E+01 0.000E+00 0.00OE+00 0 
PU 8.6D8E-08 6.185Es03 8.608E-02 O.OOOE+OO 0.000E+00 0 
AM 3.418E-07 5.887E+01 3.4182-01 0.000E+00 0.000E+00 0 --  .. , , , 
CM 3.4182-07 3.917E-01 3.418E-01 0.000E+00 0.000E+OO 0 

, ..,, * 

TOTAL 
, . 

OISOTOPE AMOUNT RELEASED (KG) INVENTORY RCMAINING . . 

KG CURIES KG 
.- 

LARGE COL SMML COL DISOLVED CURIES 
SR-90 O.O00E+DO 0.000E+00 0.000E+00 2.253Es04 1.652E-01 0.000Ec00 O.OOOE+OO 
CS-137 0.000E+00 O.OOOE+OO 0.000E+00 2.339E+04 2.689E-01 0.000E+00 O.OOOE+OO 
PB-210 0.000E+00 0.000E+00 O.OOOE+OO 2.662E-01 3.487s-06 0.000E+00 O.OOOE+OO 
a-226 O.OOOE+OO 0.00OE+00 0.000E+00 1.211E+00 1.225E-03 0.000E+00 0.000E+00 
PA-228 0.000E+00 0.000E+00 0.000E+00 8.609E-02 3.157E-07 0.000E+00 O.OOOE+OO 
TW-229 0.000E+00 0.000E+00 0.000E+00 3.129E-01 1.471E-03 0.000E+00 0.000E+00 
TE-230 ~.OOOE+00 0.000E+00 0.000E+00 9.2032-03 4.5593-04 0.000E+00 0.000E+00 
Tx-232 0.000E+00 O.OOOE+OO O.OOOE+OO 1.050E-01 9.571E-02 0.000E+00 0.000E-00 
PA-231 0.0002+00 0.000E+00 0.000E+00 4.7283-02 1.001E-03 0.000E+00 0.000E+00 
U -233 O.OOOE+OO 0.000E+00 0.000E+00 2.034E+02 2.101E+01 O.OOOE+OO 0.000E+00 
U -234 O.OOOE+OO 0.000E+00 0.0002+00 5.300E+01 8.482E+00 0.000E+00 O.OOOE+OO 
U -235 0.000E+00 0.000E+00 0.000E+00 1.8202+00 8.418E+02 0.000E+00 0.000E+00 
U -236 0.000E+00 0.000E+00 O.OOOE+OO C.487E-02 6.9375-01 0.000E+00 0.000E+00 
U -238 0.000E+00 0.000E+00 0.000E+00 5.230E+00 1.556E+04 O.OOOE-00 O.OOOE+OO 
NP-237 O.OOOE+OO 0.000E+00 0.000B+00 6.154E+OO 8.730Et00 0.000E+00 0.000E+00 
PU-238 O.OOOELOO 0.000E+00 0.000E+00 2.726Es05 1.5922+01 0.000E-00 0.000E+00 
Pu-239 0.000E+00 O.OOOE+OO 0.0002+00 8.3023+04 1.336E+03 O.OOOE+OD 0.000E+00 
Pu-240 O.OOOE+OO 0.000E+00 0.000E+00 2.245E+04 9.853E+01 0.0002-00 0.000Et00 
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SKFLOWO 0.000E+00 
1 TIME= 100. YEARS, BRINE VOLUME= 2082. M'-3 
0 ELEMENT SOLUBILITY LOADING DISOLVED M G E  COL SMALL COL 

TH 8.840E-08 4.125E+03 1.840E-01 0.000E+00 0.000E+00 0 
U 8.447E-06 6.914E+04 1.758E+01 O.OOOE+OO O.OOOE+OO 0 
NP 2.864E-05 4.864E+01 4.8642+01 0.000E+00 0.000E+00 1 
PU 8.608E-08 6.129E+03 1.7923-01 0.000E+00 0.000E+00 0 
AM 3.418E-07 5.5063+01 7.116E-01 O.OOOE+OO 0.000E+00 0 
CM 3.418E-07 2.947E-01 2.9473-01 0.000E+00 0.000E+00 1 

OISOTOPE AMOUNT RELEASED (KG) INVENTORY FZNAIh'ING TOTAL RSLEASED 
LARGE COL SMALL COL DISOLVED CURIES KG 

1 TIME= 200. ?RS, BRINE VOLUME= 2875. M+*3 
0 ELEMENT SOLUBILITY LOADING DISOLVED LARGE COL SMALL COL ",, , . 

: ,  . 3 . , TH 8.840E-08 4.125E+03 2.542E-01 0.000E+00 0.000E+00 0 
U 8.447E-06 6.918E+04 2.429E+01 0.000E+00 0.000E+00 0 

M 3.418E-07 2.904E-01 2.904E-01 0.000E+00 0.000E+00 1 
CISOTOlE AMOUNT LPLEASEE (KG) INVENTORY REMAINING TOTAL RSLaFASED 

LARGE COL SMALL COL DISOLVF3, CURIES KG CURIES KG 
SR-90 0.000E+00 0.000E+00 0.000E+00 1.929E+O2 1.414E-03 0.000E+00 0.00OE+00 
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1 T== 300. YEARS, BRINE VOLUME= 3634. M**3 
0 ELEMENT SOLUBILITY LOADING DISOLVED LARGE COL SMW COL 

0.000E+00 0 
0.000E+00 0 
0.000E+00 1 
0.000E+00 0 
0.000E+00 0 
O.OOOE+OO 1 

OISOTOPE AMOUhPP RELEASED (KG) 
LARGE COL SMAZL COL DISOLVED 
O.OOOE+OD 0.000E+00 0.000E+00 

1-ORY REL.IAINING 
CURIES KG 
1.785E+01 1.308E-04 

TOTAL RELEASED 
CURIZS KG 
0.000E+00 0.000E+OO 
0.000E+00 0.000E+00 
0.000E+00 0.000E+00 
0.000E+00 0.000E+00 
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1 TIME= 400. YEARS, BRINE VOLUME= 4215. M"3 
SMALL COL 
0.000E+00 0 
0.000E+00 0 
0.000E+00 1 
0.000E+00 0 
0.000E+00 0 
O.DOOE+OD 1 

TOTAL RELEASED 

o ~ E M E N T  SOLUBILITY LOADING DISOLVED IdRGE COL 

- - ~  

OISOTOPE AMOUNT RELEASED (KG) 
LARGE COL SMALL COL DISOLVED 

SR-~O 0.000E+00 0.000E+00 0.000E+00 

INVENTORY RFMAINING 
CURlES KG 
1.65lE+00 1.210E-05 

CURIES KG 
0.000E+00 0.000E+00 

SMALL COL 
0.000E+00 0 
0.000E+00 0 
0.000E+00 1 
O.OOOE*OO 0 

1 TIME= 500. YEARS, BRINEVOLLIME= 3927. M1*3 
0 EL- SOLUBILITY LOADING DISOLVED LARGE COL 

TH 8.8403-08 4.1263+03 3.472E-01 0.000E+00 
U 8.447E-06 6.925E+04 3.317E+01 0.000E+00 
NF 2.864E-05 7.470Et01 7.470Et01 0.000E+00 
PU 6.6085-08 6.024E+03 3.381E-01 0.000Et00 
AM 3.418E-07 2.9053+01 1.343E+00 0.000E+00 
CM 3.C18E-07 2.835E-01 2.835E-01 0.000Ei00 

0.000E+00 0 
0.000E-00 1 

TOTAL ?-3EASED 
CURIES KG 
0.000E+00 0.000E+00 
0.000E+00 0.000E+00 
0.000E+00 0.000Ei00 
0.000E+00 0.000E+00 
0.000E-00 0.000E+00 
4.5f9E-13 2.139E-15 
2.388E-14 1.183E-15 
1.2633-14 1.151E-10 

OISOTOPE AMOUNT RELEASED (KG) INVENTORY REMAINING 
-LARGE COL SMALL COL DZSOLVED CURIES KG 

SR-90 O.OOOE+OO 0.000E+00 0.00OE+00 l.528E-01 1.120E-06 
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1 TIME= 1000. YEARS, BRINE VOLUME= 3241- M*+3 
OELEMENT SOLUBILITY LOADING DISOLVED m G E  COL 

TH 8.8403-08 4.1263+03 2.865E-01 0.000E+00 
U 8.447E-06 6.935E+04 2.738E+01 O.OOOE+OO 

SMW COL 
0.000E+00 0 
0.000E+00 0 

.~r"'--~ 
.. 

0.000E+00 1 .. . , y,;\ .,' 
0.000E+00 0 ' , c?,, 
0.000E+O0 0 , .' .' 

0.000E+00 1 ./ ' !  , ,  , !  -. 
OISMOPE AMOUNT RELEASED (KG1 INVENTORY RFlMP-INING 

LARGE COL eyILL COL DISOLVED CURIES KG 
0.000E+00 0.000E+00 0.000E+00 1.036E-06 7.593E-12 

TOTAL RELEPSED , , 

CURIES KG 
0.000E+00 0.000E+00 
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1 TIME= 1500. YEARS, BRINE VOLUME= 3882. M"3 
OELQ4ENT SOLUBILITY LOADING DISOLVED LARGE COL .WALL COL 

TH 8.840E-08 4.1263+03 3.4323-01 0.000E+OO 0.000E+00 0 
U 8.447E-06 6.944E+04 3.2793+01 O.OODE+DO O.OODE+OO 0 
NP 2.864E-05 9.784E+01 9.784E+01 0.000E+00 0.000E+00 1 
pn 8.608E-08 5.827E+03 3.3423-01 O.ODOE+OO 0.000E+00 0 . . . ~~ ~ - 

AM 3.4183-07 5.901E+00 1.3273+00 0.000E+00 0.000E+00 0 
CM 3.418E-07 2.621E-01 2.621E-01 0.000E+00 0.000E+00 1 

OTSOTOPE AMOUNT RELEASED (KG) INVENTORY RFMAINING TOTPI. RELEASED . - - - - - - 
LARGE COL SM?.LL COL DISOLVED CURIES KG CURIES KG 

SR-90 O.OOOE+OO O.OODE+OO 0.000E+00 7.022E-12 5.148517 0.000E+OO 0.000E+OO 
CS-137 O.OOOE+OO O.DOOE+OO 0.000E+00 2.077E-11 2.38BE-16 0.000E+DO 0.000E+00 

1 TIME= 2000. YC-ARS, BRINE VOLUME= 4458. M"3 
0 EL= SOLUSILITY LOADING DISOLVED LARGE COL SMALL COL i' . .  , * 

TI3 8.840E-08 4.127E+03 3.941E-01 0.000E+00 0.000E+00 0 

- - 

AM 3.418E-07 2.684Et00 1.524E+00 0.000E+00 O.OOOE+OO 0 
M 3.418E-07 2.520E-01 2.520E-01 0.000E+00 0.000E+00 1 

OISOTOPZ FLFLEASED (KG) INVEhTORli PZXAINING TOTAL RELEASD 
=GE COL SMALL COL DISOL- CURIES KG CURIES KG 

SR-90 0.000E-00 0.000E+00 0.000E+00 4.7612-17 3.490E-22 0.000E+00 0.000E+00 
CS-137 0.000E+00 0.000E+00 0.000E+00 1.997E-16 2.296E-21 0.000E+00 0.000E+00 
Pa-210 0.000E+00 0.000E+00 0.000E+00 1.328Et00 1.7402-05 0.000E+00 0.000E+00 
PA-226 0.000E+00 0.000E+00 0.000E+00 1.345E+00 1.360E-03 0.000Et00 0.000E+00 
3s-228 0.0002+00 0.000Z+00 0.000E-00 1.050E-01 3.849E-07 0.000E+00 0.000E+00 
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1 TIME= 5000.  YEARS. BRINE VOLUME= 5332 .  M-*3 
SOLUBTLITY LOADING DISOLVm LARGE COL SMALL COL 

OiSOTOPE AMO& &-&ED (KG1 INVENTORY REMAINING TOTAL =LEASED 
m G E  COL SMW COL DISOLVD CURIES KG CURIES KG 

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
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1 TIWE= 10000. YEARS, BRINE VOLUME= 5053. M'*3 
O E L E 4 m T T  SOLUBILITY LOADING DISOLVED m G E  COL SMALL COL 

TH 8.8403-08 4.1273+03 4.467E-01 0.000E+00 0.000E+00 0 
U 8.407E-06 7.049E+04 4.268E+01 0.000E+00 0.000E+00 0 
NP 2.864E-05 6.6013-02 6.6012-02 0.000E+00 0.000E+DO 1 
PU 8.608E-08 4.4533+03 4.350E-01 0.000E+OO 0.000E+00 0 
AM 3.418E-07 2.1483-05 2.1483-05 0.00OE+00 0.000E+00 1 
CM 3.418E-07 8.532E-05 8.532E-05 0.000E+00 0.000E+00 1 

OISOTOPE AMOUNT RELEASED (KG) INVZWORY REMAINING TOTAL ?.ELEASED 
IARGE COL SMW COL DISOLLZO CURIES KG CURIES XG 

- - - ~ - -  

C.OOOI+OC 0 COCE-OC 7.158s-C1 
0.0005-00 0.000E-OC 3.1882-02 

END OF APPENDIX F 
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APPENDIX G: PANEL'S COLLOIDALSUSPENSION MODEL (NOT . 
AVAILABLE FOR THE CCA PA) . , \  \ ; I  

\" 
.~-.* 

This section describes, as a matter of record, a colloidal suspension model that is included within 
PANEL, but is hard-wired in the off position for CCA calculations. It is included for information 
and completeness, and is not part of PANEL'S QAed soiiware documentation. 

PANEL'S sorption model is based on the assumption that all isotopes present in the repository 

sorb rapidly onto colloidal particulates, and all rapidly reach the same maximum capacity dmax 
or cSmax in molesfi of brine for large and s d  colloids, respectively. Clearly, this application 
of sorption mechanics is both primitive and inconsistent. Sorption is normally a time-dependent 
process. Moreover, different elements have different affinities for sorption onto colloids, and 
sorptive concentration of an element onto colloidal materials depends (i) on the concentration of 
that element in solution, (ii) the concenmtion of mobile colloids, and (iii) the reversible or 
irreversible exchange characteristics between dissolved and sorbed materials. These more 
advanced issues are beini addressed. The inconsistency arises from the fact that repository 
wastes are permitted ro sorb ontomobile colloids and thereby readily exit the repository in its 
brine outflows, however, they are not permitted to sorb onto immobile repository materials, 
where they would be help captive and thereby prevented from exiting the repository. That - approach to sorption is clearly conservative, but it is also inconsistent. 

F.1 LARGE COLLOIDS 

At each timestep, PANEL combines, by element, the amounts (in moles) of all the isotopes of 
each element present in the repository. Then, to each V(tJ liters of brine in the repository, 

PANEL assigns exactly V(&) cl,,,i moles of each inventoried element to be sorbed onto large 
colloidal particles, assuming that amount is available in the repository. The parameters C' 
are assumed to be given for each of the i elements. If the required amount of the ith 
inventoried element is not available at that timestep, PANEL a s s i , ~  whatever amount remains 
in the inventory, namely, I:(h). Thus, at the nth timestep, the amount (in moles) of ith element 
in the repository sorbed onto large colloids is 

where V(t,,) is the total volume of brine in the repository at the nth timestep. PANEL assumes 
the jth isotope of the ith element sorbs onto large colloids in the same proportion that the jth 
isotope occurs in the inventory itself. Thus, the resultant concentration of the jth isotope of the 
ith element due to sorption onto large colloids is 

A 

~ ' i , ~ ( t n )  = [ li,j(tn) 1 Wn) I mii(tn) / V(tn) 
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where Iij(tn) is the number of moles of the jth isotope of the jth element in the repository. 

PANEL then corrects the inventory to account for sorption onto large colloids during that 
,. . 

timestep. The corrected inventory is given by T'(t,,)), where 
i % * 

i i ( t , )  = o n )  - &tn) I,, 1 . . , ' S t  , 
, , 

At present, numerical values of c'- are not available in the controlled WIPP database: , 

Consequently, its values are specified within PANEL and are presently set at lo-' moledl for all 
inventoried elements within the repository that are to be mobilized for removaI. 

F2 S W L  COLLOIDS 

At each timestep, PANEL combines the masses (in moles) of all the isotopes of every element 
present in the repository. Then, to each V(t,,) liters of brine in the repository, PANEL assigns 

exactly V(L) @ ,,,i moles of each radioactive element to be sorbed onto small colloidal 
particles, assuming that amount is available in the repository. If that amount is not available, 
PANEL assigns whatever amount remains in the inventory, namely, I'i(t,,). Thus, at the nth 

timestep, the amount (in moles) of itb element in the repository sorbed onto small colloids is 

where V(t,,) is the volume of brine in the repository at the nth timestep, and is the 
inventory of the ith element adjusted for sorption onto large colloids. PANEL assumes the jth 
isotope of the ith element sorbs onto small colloids in the same proportion that it occurs in the 
inventory itself. Thus, the resultant concentration of the jth isotope of the ith element due to 
sorption onto small colloids is 

In the above equation, note that although the inventory Ii(tn) changes due to sorption onto large 

colloids, the ratio Ii,(tn) 1 Ii(tn) does not change. 

PANEL then recorrects the inventory to account, in addition, for sorption onto small colloids. 
The recorrected inventory becomes I"(L), where 
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At present, numerical values of @ ,.i are not available in the controlled WIPP database. 
Consequently, its values are specified within PANEL and are presently set at 2x10.~ molesll for 
al l  inventoried elements in the repository that are to be mobilized for removal. 

Overviewing the behavior of colloidal sorption from t = 0 ,  the colloidal load for a given isotope 
will quickly rise from its initial value to a maximum (saturation) and remain there until the stores 
of that isotope can no longer maintain maximum saturation. If that event occurs before 10,000 
years, it will affect the PA release response for that isotope. Specifically, uncontaminated brine 
will continue to enter the repository, but, because excess inventory stores have been depleted, 
except for production of that element as a daughter, the incoming nuclide-free brine will mix as 
is with the near- maximally loaded contents of the wetted repository. As a result, the 
concentration of that element will slowly decrease in the repository. 

In the actual sorption calculation as it is written in the code, a multiplicative factor of 1000 
appears in the colloidal mobilization equation. It represents the number of liters in a cubic meter 
and accounts for the fact that brine volume (from BRAGFLO via NUTS) is reported in cubic 
meters, but is required inliters for PANEL'S adsorption calculation. 

PANEL calculates the mobilized mass of each isotope in moles. However, the next code in the 
sequence (SECOFL2D) prefers to receive the mobilized mass to date in kilograms. That 

- conversion involves multiplication by a constant, namely Wi11000, where Wi is the atomic 

weight of the ith isotope (in grams per mole) and 1000 is the number of grams in a kilogram. 
The conversion is performed by PANEL. 

END OF APPENDIX G 



PANEL Vmion: 3.60 WPO # 37361 
Usa's Manual May 10. 1996 

Page 94 

APPENDIX H: PANEL'S OXIDATION-STATE SAMPLING SCHEME 
(NOT AVAILABLE FOR THE CCA PA) 

PANEL includes a random sampling scheme that apportions each element into its possible 
oxidation states. The scheme is unavailable for CCA calculations and so is not to be regarded as 
part of PANEL'S QAed software documentation. However, for information and compl&ness, 
the scheme is described in this appendix. 

Chemical solub'ity depends on the oxidation state of the compound to be dissolved. Because the 
oxidation states ofthe &lioisotopes in the repository inventory are not known, nor are they 
readily knowable, a sampling method was'devised to estimate the breadth of possibilities. It 
subdivides the amount of a radioactive element present in the repository intoits various possible 
valence states using fourrandomly-generated numbers whose values vary between zero and 
unity. They are called RANI, RAN2, RAN3, and RAN4, and are related to the 6th, 3rd, 4th. and 
5th valence states, respectively. Once the four random numbers have been generated for a given 
realization, the sampling method is as follows: 

- The mass of valence-state-6 ur&um is taken to be the entire inventory mass of uranium 
correctedfm suspended uranium times 0.2xRANl. The remainder is taken to be the mass of 
valence-state4 uranium. 

The mass of valence-state-6 plutonium is taken to be the entire inventory mass corrected for 
-" 

suspended plutonium times 0.2xRkNl. The remaining plutonium is taken to be dishibuted over 
the three remaining valence states 3,4, and 5 in the following proportions: RAN3SUM1, 
RAN3fSUM1, and RAN4fSUM1, respectively, where SUM1 = RAN2 + RAN3 + RAN4. 

Thorium is assumed to exist entirely in valence state 4. 

. The inventory mass of neptunium corrected for the amount sorbed onto colloidal particles is 
apportioned between valence states 4 and 5 in the proportions RAN31SUM2 and RAN4lSUM2, 
respectively, where SUM2 is RAN3 + RAN4. 

The entire inventoj! &ss of americium, corrected for sorption, is assumed to occur in valence 
state 3. 

For example: Suppose the four randomly-generated numbers for the present realization are 
RANI = 0.5, RAN2 = 0.4, RAN3 = 0.6, and RAN4 = 0.2. Suppose further, the amount of 
plutonium available for dissolution at the nth timestep is I",(Pu). Then the amounts of 

plutonium assigned to the four possible valence states are as follows: 

Valence State Amount 
6 p"n(Pu)][0.2][0.5] = 0.1 r',(Pu) 

3 [r'n(P~)][l-0.1][0.4/(0.4 + 0.6 + 0.2)] = 0.30 T',(Pu) 
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Thus, the entire available mass of plutonium is apportioned 10% to valence state 6,30% to 
valence state 3,45% to valence state 4, and 15% to valence state 5. In the same realization (i.e., 
using the same numerical values for the four random numbers), the entire available mass of 
neptunium would be apportioned 75% in valence state 4 and 25% in valence state 5, that is, 
0.6/(0.1%0.2) and 0.2/(0.6+0.2). The random numbers would, of course, change for each 
realization. 

Each valence state has a different solubiity. Using these different solubilities and the amounts of 
each element apportioned into the various possible valence states, the dissolved concenwation of 
each valence state of each element is calculated using the formulation given above. The 
fractional concentrations (in molesll) for all the possible valence states of an element are then 
added The sum, multiplied by the volume of repository brine removed during that timestep, 
represents the mass transport (in moles) of that element due to dissolution during that timestep. 
As was the case for transport due to sorption, the final results are apportioned to the various 
isotopes of each element present in the repository according to the present fractional disrribution 
of isotopes in the repository. These amounts are added timestep for timestep to form a running 
total release. Finally, the final results are converted to kilograms (i.e., multiplied by molecular 

~ .- weight [in ,pms per mole] divided by 1000) in preparation for input to the next code in the PA 
sequence. 

It remains (i) to discuss PANEL'S decay model, (ii) to review, in summary form, the calculation 
by which radioisotopes are removed from the repository, and (iii) to discuss adjustments of the 
inventory to account for removal from the repository. Those topics are &scussed sequentially in 
the sections that follow. However, we state here that once all of those things have taken place, 
that is, once a timestep's worth of radionuclides have been removed from the repository and the 
inventory has been decayed, PANEL allows the fractional distribution of elements to the various 
valence states to readjust themselves to their initial (i.e., prior to dissolution) ratios as determined - .  - .  . , 
by the random sampling scheme. That readjustment takes pIace before the n+lst timestep's ,,*''"a :: 
calculation is begun . Thus, if, say, the 6th valence state suffers a large removal in one 7 '  ,. 

, .,a ' ' ' , , . / :  
timestep, compared to other valence states, PANEL will assume chemical reactions take place: 1. . 
that resupply valence state 6 at the expense of the other valence states, until the overall ratio  of^ ' ' ' 

valence states is returned to its ori,-@I distribution in  time for the next 50-year timestep. 

END OF APPENDIX H 
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APPENDIX I: QA REVIEW FORMS 

As a convenience to users, this section contains a complete history of all the Quality-Assurance 
Review Forms issued during the review of this User's Manual. Review forms are issued after the 
User's Manual has been completed and reviewed. Thus, they will be appended to the manual 
after it has been paginated and therefore they may not, themselves, be paginated. 

Eh?) OF APPENDIX I 

END OF THE USER'S MANUAL 



NOTE: Copies of the User's Manual Reviewer's Forms are available in the Sandia WIPP 
Central Files. 


