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Carlshad, New Mexico 88221

February 26, 1997

Ms. Ramona Trovato, Director

US Environmental Protection Agency
Office of Radiation Programs

401 M. Street SW

Washington, DC 20460
Dear Ms. Trovato:

The Carlsbad Area Office (CAQ) is pleased to submit this fifth and final group of
responses to requests for supplemental information contained in the EPA letter of
December 19, 1996 to Al Alm. We have submitted four previous groups (January 17 and
24, and February 7 and 14) as the material was developed in order to provide EPA with -
the requested information as early as possible. This final group completes our responses
to your request. As in the earlier submittals, we have reproduced the issue verbatim from
the December 19, 1996 letter and inserted the CAQ response in each case. |

We are confident that the EPA will find this supplemental information helpful in your
review process. Should you have any questions regarding this information or require
anything further, please contact me at (505) 234-7300.

Sincerely,
%éfgrge 1als
Manager
Enclosure
cc:

-F. Marcinowski, EPA

970458
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Comment Page 1 of 2

EPA Comment
Enclosure 1, Page 4
194.14(a)(2)

Comment Text

194. 14(a) (2)

Part 194 requires a description of the geclogy, geophysics, hydrogeology, hydrology,
and geochemistry of the disposal system and its vicinity and how these conditions are
expected to change and interact over time.

The CCA does not include updated information obtained from recent site
investigation-related studies. The CCA states that “these recent studies... provide
detziled information necessary to construct the conceptual models,” but does not
summarize what these studies entailed and how they impact the understanding of site
characteristics relative to older data. The CCA implies, on page 2-9, Section 2.1,
that these data are included in Chapter 6 and associated appendices.

The CCA should include more detailed information pertaining to the more recent
studies so thar an understanding of the site conditions and linkages of this information
with the conceptual model development can be achieved. In addition, the CCA should
provide a discussion of newly acquired site-specific information (i.e., information on
Culebra and retardation studies presented at the 10/11/96 meeting between DOE and
State of New Mexico representatives), and discuss how this information impaclts site
conceptual model development.

'DOE Response

Detailed information pertaining to recent development on the conceptual model for
transport in the Culebra that was presented at the October 11, 1996 meeting between
DOE and State of New Mexico representatives is contained in SAND97-0194
Conceptual Model for Transport Processes in the Culebra Dolomite Member, Rustler
Formation by R. M. Holt. This report is in review at Sandia National Laboratories
and is not available for distribution at this time. Arrangements can be made through

" the records center for EPA representatives to see a high-quality, near-final draft of
this report. A publication pre-print will be available for release in March. The
concepts of Culebra transport contained in this report were used in development of the
performance assessment parameter vaiues. These concepts represent a significant
increase in confidence regarding the predictability of Culebra transport processes and
a significant decrease in associated uncertainties.

DOE’s Response to EPA’s Request for Additional Information February 27, 1997
on the WIPP Compliance Cenification Application :



194.14(a)(2) ' : : Comment Page 2 of 2

The SAND report by Holt focusses on the Culebra field tests and conceptual insight
gained from them. It also contains a brief description of the intact-core column
testing elution experimental technique; identification of the radioactive tracers used as
non-sorbing and sorbing tracers; presentation of typical elution breakthrough curves
for Na-22 and U-232; observation of the fact that, of the actinides, only Np and U
have eluted (so Am, Pu, and Th have not). In addition, the report contains
petrographic descriptions of the core columns and interpretations of the advective and
diffusive porosity distributions in the cores.

DOE'’s Response to EPA's Request for Additional Information . February 27, 1997
on the WIPP Compliance Certification Applicarion :
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EPA Comment
Enclosure 1, page 5
194.22(a) (2) (iii)

Comment Text

Models and Computer Codes

Part 194 requires that the CCA include a description of conceptual models and

scenario construction used to support the CCA. In addition, Part 194 states that
" ‘documentation of all models and computer codes must be included.

" There is a 51gmf1cant problem with the completeness of the CCA documentation that
deals with the CCDF formalism and the codes that implement it. While the current-
versions of the formalism and codes may be doing exactly what is required of them,
and while those intended activities may be what is needed for the PA, it is often

- difficult and sometimes impossible to determine what it is, exactly, that they are doing
and to verify that this is all happening as intended. The documentation is, in places,
too sparse to enable a reviewer to acquire a comprehensive understanding of the
current form of the formalism and codes. ' '

DOE needs to provide documentation for the CCDF formalism and for the codes that
implement it. Specific examples are provided below.

DOE Response

Because the comment on 194.22(a)(2)(iii), enclosure 1, page 5 and 194.23(2)(3)(id),
enclosure 1, page 7, raisé very similar points, the DOE has chosen to address them
with a common response.

Because these two comments raise very similar pomts the DOE has chosen to address
them in a single response.

Many of the questions raised here are addressed in Appendix SA of the CCA, where
the construction of CCDFs for cuttings and cavings releases, spallings releases, and
direct brine releases are described. For example, Section SA.3, and Table SA-1
specifically, describe the construction of CCDFs for cuttings and cavings, including a
description of the use of interpolation. Section SA.5, and Tables SA-2 and SA-3,
contain similar information for spallings releases. Section SA.8, and Tables SA-4 and
SA-5 provide the analogous information for direct brine releases.

Additional documentation of the construction of CCDFs has been pr’ovided to the EPA

DOE’s Response to EPA’s Reque&r Sfor Additional Information February 27, 1 997
on the WIPP Compliance Certificarton Application
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EI‘A Comment
Enclosure 2, Page 3
194.23(a)(3) (iv)

Comment Text

194.23(a)(3)(iv) ,
Section 194.23(a)(3)(iv) requires documentation that the “...computer codes are free
of coding errors and produce stable results.”

One feature of the SECOFL2D computer code (SECO User’s Manual) that was not
tested was that the code implements the transition from a regional grid to a local grid.

The Department needs 1o devise a test of this key component and document the
accuracy of the bilinear interpolation scheme for both boundaries and properties.

DOE Response

PRESECQFL2D, the pre-processor for SECOFL2D, is the code that implements the
transition from regional properties to local properties for SECOFL2D. Documentation
of the testing of PRESECOFL2D which documents the accuracy of the bilinear
interpolation scheme for the properties is found in the QA records for
PRESECOFL2D: PRESECOFL2D, Version 4.02Z0, Version Date 5/20/94,
Requirements Document and Verification & Validation Plan contains the design of the
test problem, and the results of the test are found in PRESECOFL2D, Version
4.02Z0, Version Date 5/20/94, Validation Document (both documents are attached).

SECOFL2D implements the transition from the solution on the regional grid to the
local grid boundary. Documentation of the testing of SECOFL2D which documents
the accuracy of the bilinear interpolateion scheme for the boundaries is found in the
QA records for SECOFL2D: SECOFL2D, Version 3.01Z0, Versicn Datz 8/9/93,
Requirements Document and Verification & Validatior Plan contains the design of the
test problem, and iiie results of the test are found in SECOFL2D, Version 3.01Z0,
Version Date 8/9/93, Validation Document (both documents were previously supplied
to the EPA).

DOE’s Response to EPA’s Request for Additional Information February 27, 1997
on the WIPP Compliance Certification Application
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1.0 INTRODUCTION

The purpose of this document is to identifv the requirements of the PRESECOFL2D code and to
describe the testing, including coverage analvsis and regression testing, that will be nerfarmad.

- This code was qualified as Level A under QAP 19-1 Rev. F. The QA package for this code.

" referred to as the primitive baseline. is on file in the SWCF. The verification section of that

package demonstrates that the functional requirement R. 1 stated in this document is satistied.

1.1 Software Identifier

PRESECOFL2D Version 4.0220 WIPP PA Code Prcﬁx:- SF2D1

1.2 Points of Contact

Code Sponsor:  Rebecca L. Blaine
Code Consuitant: Rebecca L. Blaine
 Ecodynamics Research Associates. Inc.
P. 0. Box 9229
Albuguerque. New Mexico 87119
(505)843-7445

1.3 Description

The purpose of PRESECOFL2D is to create all of the input files requxred to run the code’
SECOFL2D. Material properties and grid information are obtained from CA\AD AT dambases

2.0 - REQUIREMENTS

2.1 Functional Requirements

R.1 - Creates all input files needed to run SECOFL2D. These files are:
1} An ASCII file containing run pararneters

2) A binary file containing regional material property mformatmn obtained from .

a CAMDAT database.
3) A binary file containing local material property informaiion.
R.2 - Interpolates material properties from the regional grid to the local grid.

INFORMATION ONLY
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2.2 Performance Requirements .

This code has no performance requirements.
2.3 Attribute Requirements

This code has no attribute requirements.
2.4 External Interface Requiremenls

R.3 - This code reads an ASCIJ input file containing run parameters.

R.4 - This code reads an input regional CAMDAT database with grid information
material properties.

R.5- This code reads an input local CAMDAT database with gnd information.
R.6 - This code produces all of the input files necessary to run SECOFL2D,

R.7- This code must be linked to the libraries CAMCON _LIB, CAMDAT _LIB and
CAMSUPES_LIB. |

2.5 Other Requiremcnts

There are no other requirements for PRESECOFL2D that need verification.
3.0 DESIGN OVERVIEW

31 I/0O Description

The following is a description of the input and output files associated with PRESECOFL2D. _
The first three output files are used as input to SECOFL2D. All file names shown here are for
example only. The user chooses the approprniate file names for the particular calculation being
done 2t PRESECOFL2D execution time.
Input Files:

presecofl.inp - ASCII input file containing run parameters.

secofl_loc.cdb - Input local CAMDAT database containing local grid information.

secoft reg.cdb - Input rcgionai CAMDAT database containing material preperty and grid

information. :

INFORMATION ONLY
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Qutput Files: .
secofl.inp - ASCII output file created by PRESECOFL2D containing run directives and
“ boundary condition information. Used as an input file by SECOFL2D.

secofl _reg.prp - Binary output file created by PRESECOFL2D containing the grid
material property information for the regional grid. Used as an input tile
by SECOFL2D.

secofl_loc.prp - Binary output file created by PRESECOFL2D containing the grid and
' material property information for the local grid. Used as an input file by

SECOFL2D.
presecofl.dbg - ASCII output debug/log file

3.2 Context Diagram
The data flow design tor PRESECOFL2D is presented using the context diagram in Figure 3.1,

FIGURE 3.1
Data Flow for PRESECQFL2D

secufl_loc.cdb

présecoﬂ.inp secofl _reg.cdb
a . 2
PRESECOFL2D
g. ] “ '\‘
secofl.inp © presecofl.dbg
> « '
secofi_reg.prp secofl_loc.prp

3.3 Design Constraints |

This code has already been developed and therefore has no design constraints.
4.0 ADDITIONAL FUNCTIONALITY TO BE TESTED

There is no additional functionality to be tested,

«
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5.0 FUNCTIONALITY NOT TESTED

The following features will not be tested because they will not be used as part of the WTPP PA,

1) Input of well parameters - standard and time dependent.

2} Inputof lake. river. and precipitation factors,
6.0 TESTING ENVIRONMENT

Hardware Platform:  DEC Alpha
Operating System:  OpenVMS Version 6.1,
Directory: WPSTESTROOT:[SF2D1]

INFOEMATION ONLY



PRESECOFL2D Version 4.02Z0 _ WPOH 23318

Requirements Document and Verification and Validation Plan October 9, 1593
Page 8

7.6 . STATIC TESTING

Static testing will be performed using both the source code analyzer FLINT and the source code
analvzer DECset-SCA. ELINT is used to detect non-ANSI standard FORTRAN coding.
DECset-SCA is used to reveal anv uncatled modules, to ieveal any unreferenced variables, and
the displav the calling tree. Since PRESECOFL2D is a muitimodule program. a single file
should be created with all of the modules appended together. FLINT should be used on this file.
The output from FLINT will be examined by the code sponsor and any findings will be
resolved,

DECset-SCA will be invoked during the build process. The build process will be performed
using the vuild script SF2D1_BUILD.COM. This process will be described i more detail in the
iVIPP PA Implementation Document for PKESECOFL2D Version 4.02Z0. As a result of the
_build process. a debug executable capable of doing PCA (Performance Coverage Analysis)
analvsis will be created and the SCA code analyzer will create the following files:

SF2D1_SCA_MOD_NOT_REF.TXT
SF2Di CALLTREE.TXT
SCASEVENT.DAT

These files will be described in complete detail in the W/PP P4 Validation Document for
PRESECOFL2D Version 4.02Z0. A complete description of the process outlined below to
convert the data in SCASEVENT.DAT to a readable format will also be contained in that

document.

| Following the build process. SCA wili be invoked at the VMS § prompt and the following
commands should be executed on the SCASEVENT.DAT file in the WPSTESTROOT:
[SF2D1.SCA] directory to convert data in the file to ASCII format:

SCA> set lib []
SCA> show module/all/output=sf2d1_modules.out

SCA> exit

The SCA output will be examined by the code sponsor. Unreachable coding will either be
changed so that it is reachable. or justified as not being relevant to the performance of the
software as it relates to WIPP PA.

~
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8.0 COVERAGE TESTING

The coverage analysis for PRESECOFL2D will be performed using DECset PCA. This too} will
be used to identify modules that are not exercised by the test set. A unique cxecutable wili be
created tor the purpose of coverage analysis during the build process. This executabie will be

generated by using the SCMS build script, SF2D1_BUILD.COM. The creation of this executable -

will be described in more detail in the WIPP P Implementation Document for PRESECOFL2D
Fersion 4. 0270,

The command file SF2D1_TESTCASE _PCA -CUM.COM will be used to run the
PRESECOFL2D test cases with PCA. The PCA output will be examined bv the code sponsor

and any unexercised modules must be justified.

INFORMATION ONLY



PRESECOFL2D Version 4.02Z0 WPO# 23318
October 9, £995

Requirements Dacument and Verification and Validation Plan -~
Paue [0

9.0 FUNCTIONAL TESTING

Verification of functional requirement R.1 has been done and is on record in the primitive
baseline submitted ic the SWCF. The foliowing iest case will be used tor verifying requirement

R.2. for coverage analyvsis, and for regression tesung.

All files needed to test PRESECOFL2D can be fetched from-the SCMS. The directory
WPSTESTROOT:[SF2D1.TESTCASES] on the DEC Alpha has been created and shouid be
used for running the test-case. To verify requirement R.2 and for regression testing, Test Case |
(described below) is run using the command file SF2D1_TEST_NODBG_RUN.COM. This file

is shown in Figure 9.1.

INFORMATION ONLY



PRESECOFL2D Version 4.02Z0 WPO# 23318

Requirements Document and Verification and Validation Plan QOctober 9, 1995
Page 11

FIGURE 9.1
SF2D1_TEST_NODBG_RUN.COM - Command file for Running The Test Case

5 sel noon

%1

S R e e e e e L T T S R e R

5! .

$! Thig file runs all test cases for PRESECOFL2D using the NODESUG executable

$1

fl======s&oo==-mRn L r TSI s SSSoECCICISCSSSICEIISSERESSSSSTSSSSSIS=SSTSSSCSIEIEST

%1

11

$ TESTDIR_SYM == "“wpStestroot:[sf2dl.testcases)”

$ PRESECOFL2D == "% wpSprodroot:{sf2d.exe)presecofl2d,exe"

§!

% define /proc testdir wnStestroot: [§f2d1.testcasns]

5!

5 show sym testdir_sym

$ If FSMODOE () .EQS. "BATCH" .AND. FSENVIRONMENT (“DEPTHY) .EQ. 0 THEN -

$ SET DEFAULT *TESTDIR_SYM! .

%1

$!

$! Set up the first test case amnd run PRESECOFL2D

. R

$ WRITE SYSSOUTPUT MSTARTING THE RUN FOR THE PRESSCOFLZD TZsST CASEY

31

$ PRESECOFLZD S$F2D1_REGION_TEST.CDB SF2D1_REGION_TEST.CDB -
_5F201_LOCAL_TEST.CDB CANCEL SF2D1_PRESECOFL_TEST.IKP SECOFLZ2D_TEST.INP -
SF201_REGION_TEST.PRP SF2DY _LOCAL_TEST.PRP CANCEL PRESECOFL_TEST.DBG

s! .

5 write sys3output "“SUCCESSFUL COMPLETION OF TEST EXECUTION"
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9.1  Test Case | - Interpolation Test and Regression Test
9.1.1  Test Objective

This test :s run to test the interpelation of properties fromn the regional grid to the iccal grid. This
test case satisfies requirement R.2. This test is also run for regression testing. The purpose of
the repression lest ;s 10 show that PRESECOFL2D produces identical results when writing the
regional binary property file as were produced in the verification process documented in the
primitive baseline. The entire verification process is not relevant to this regression test and so
only the portion of the results in the primitive baseline that relate to writing the binary property
file will be used. The regression test wiil show that data currently written to the regional binary
property file is exactly the same as in the baseline verification process. PRESECOFL2D also
writes an ASCII input file and a debug file. The ASCI irput file was verified by visual
inspection and by demonstrating that SECOFL2D read and used the input data correctly. The
nature of this verification is not useful for regression testing and is not included here. The debug
file does not contain information relevant to the verification process in the baseline and is not
documented there. ‘

9.1.2 Test Procedure

The following is a list of all the files that are associated with this test case. All of the input files

are input for PRESECOFL2D. The output files have designated in parenthesis which program

has produced them. The testing 1o0ls have designazed. in paranthesis. the test they are used for.

Input files: '
WPSTESTROOT (SF2D 1. TESTCASES]SF2D1_REGION_TEST.CDB
WPSTESTROOT:{SF2D1.TESTCASES])SF2D1 LOCAL_TEST.CDB
WPSTESTROQT:[SF2D 1. TESTCASES)SF2D1_PRESECOFL_TEST.CDB

Output Files: |

' WPSTESTROOT:{SF2D1. TESTCASES]SF2D1_REGION_TEST.PRP (PRESECOFL2D)

WP$TESTROOT:[SF2D1.TESTCASES]SF2D1_LOCAL_TEST.PRP (PRESECOFL2D)
WPSTESTROOT:{SF2D1. TESTCASES]SF2D1_REGION_TEST.ASC (READ_PRP)
WPSTESTROOT:[SF2D1. TESTCASES]SF2D1_LOCAIL_TEST.ASC (READ_PRP)
WPSTESTROOT:[SF2D1.TESTCASES]|SF2D1_TEST_RFAD.OUT (TEST_READ_I)

Testing Tools: .
WPSTESTROOT:[SF2D1. TESTCASES]SF2D1_READ_PRP.FOR (Interpolation)
WPSTESTROOT:[SF2D1.TESTCASES]SF2D1_TEST_READ_1.FOR (Regression)

Run the test case with the command file shown in Figure 9.1. The procedure to follow for
regression testing is stated in Section 10 below. For the interpolation test, following the

. INFORMATION ONLY
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execution of the command file. the program SF2D1_READ_PRP (compiled and linked from
SFZD1_READ_PRP.FOR) should be executed twice, cnce using the regicnal data and once
using the local data. This program converts the rezional binary property file,
SFIDI1_REGION_TEST.PRP. to an ASCII file, SF2D1_REGION _TEST.ASC, and the loca!
binary preputy file, SF2D1 LOCAL TEST.PRP, 10 an ASCII dile.
SFZD1_LOCAL_TEST.ASC, so that they can be examined with an editor. All of the material
properties used to run SECOFL2D are constants except for hydraulic conductivity. Therefore.
checks of porosity {(phi) and bulk cbmpressibilit}' (alpha) need only show that they have
remained constant. A hand-calculation is done for hydraulic conductivity to show that the values
have been correctly interpolated (using bilinear interpolation) from the regional grid to the local
grid. ‘ ' ‘

To verity that the parosity and bulk compressibility have remained canstant. edit the file
SF2D1_REGION_TEST.ASC. First. search for the string “alpha” Examination of this array
shows that this is a constant value of 7.57E-01 for each element in the grid. (The value of bulk
compressibility is 7.57E-10 on the database, but it has been scaled by 10° as required by
SECOFL2D.) Next, search for the string “'phi”. Examination of this array shows that this is a
constant value of 1.4542E-01 for each element in the grid. Now repeat this process with the file
SF2D1_LOCAL_TEST.ASC. Searching for the string “alpha™ shows that this amray is a censtant
value of 7.57E-01, and searching for the string “phi” shows thzt this arrav is a constant of
1.4542E-01. |

To verify the interpolation for the non-constant values of hydraulic conductivity, four points are
checked by hand-calculation. The four element locations in the laocal grid are cells (12.15).
(20.47). (35,25) and (40,40}, First. the element locations relative to the'regional gnd are found.
The element locations in meters are converted to locations (in meters) in regional domain. The x
and vy offsets of the local grid from the origin of the regional grid are 12826.1 and 10663.8
respectively. The angle of rotation is 38° counter clockwise. The coordinates (in meters) of the
cell centers of the elements in the local grid are: '

Element 1 (12,15): 1437.5, 1812.5

Element 2 (20,47): 2437.5, 5812.5

Element 3 (35,25 4312.5, 3062.5

Element 4 (40,40): 4937.5,4937.5

The regional coordinates are calculated by:
Element 1: 12826.1 + 1437.5c0s38° - 1812.5s5in38° = 12842.97903
10665.8.+ 1812.5c0s38° + 1437.5s1n38° = 12979.08286
‘Element 2: 12826.1 + 2437.5¢0s38° - 5812.5sin38° = 11168.34389
10665.8 + 5812.5c0s38° + 2437.5sin38° = 16746.78735
Element 3: 12826.1 + 4312.5¢c0s38° - 3062.35in38° = 14338.933 11
- 10665.8 + 3062.5c0s38° +4312.5sin38° = 15734.12303
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Element 4: 12826.1 + 4937.5c0538° - 4937.55in38° = [3677.07456
10665.8 + 4937 5c0s38° + 4937 35in38° = 17596.43163
Next, the cell centers of the adjacent cells are used (the properties reside at the ceil center) to
crleulate the proportional distances used in bilin=ar interpolation.
Element 1 proportions from coordinates of regional cells (32.10) and (33.11):
xp = (1284297903 - 12625.0%/(12850.0 -12625.0) =0.9687956889
vp = (12979.08286 - 12730.0)/(153125.0 - 12750.0} = 0.6108876267
Element 2 proportions from coordinates of regicnal cells (24,34) and (25,35):
xp=(i1168.34389 - 11075.0%/(11225.0-11075.0)=0. 6222926
yp = (16746.78735 - 16725.0)/(16950.0 - 16725.0) = 0.0968326666
Element 3 preportions from coordinates of regional cells (39.26) and (40.27):
xp=(14338.93311 - 14150.0)/(14450.0 - 14150.0) = 0.6297770553
- yp={15734.12305 - 15600.0)/(15800.0 - 15600.0) = 0.67061525
Element 4 proportions from coordinates of regional cells (37,38} and (38.39):
xp = (13677.07456 - 13675.0)/(13887.5 - 13675.0) =0.009762635294
yp = (17396.43163 - 17475.0)/(17630.0 - 17475.0) = 0.783429871
Then., the bilinear interpolation ts done.

Element 1:
al =4985 + 0. 96379\68890498 0 - 498, 3) = 1466.81129]

22 = 670.3 + 0.9687936889(707.4 - 670.3) = 706.2423201
a = 1466811291 + 0.6108876267(706.2423201 - 1466.811291) = 1002.189117
Element 2: . :
al = 182.5+0.6222926(267.1 - 182.5) = 235.145934
=109.1 +0.6222926(119.8 - 109.1) = 115.7585308
a =235.145954 + 0.0968326666(115.7585308 - 235.145954) = 223.5853515
Element 3;
al = 495.8 + 0.6297770333(960.2 - 495.8) = 788.2684543
a2 = 816.1 + 0.6297770333(1041.0 - 816.1) = 957.7368548
a =788.2684343 + 0.67061525(957.7368548 - 788.2684543) = 901 9163481
Element 4: :
al = 159.6 + 0.009762635294(277.6 - 159.6) = 160.751991
a2 = 117.4 + 0.009762635294(28 47 - 117.4) = 116.5318088
a =160.751991 + 0.783429871(116.5318088 - 160.751991) = 126.1085794

INFORMATION ONLY
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FIGURE 9.1-1
SF2D1_PRESECOFL_TEST.INP - ASCII Iaput File for Running Test Case 1

*RUN_TYPE
SET_AQFR, TYPE=DEF, AOFR_iD=1.0C1
SET_GREG, TYPEsdef, GREG_(L=1.3C2
SET GLOC, TYPE=DEF, GLDC_[D=1.025, X_REL=12826.1, Y_REL=10665.8, THETA=3B.0
FLOW, pDoth=transient, LOC_BOUNO=yes

*canstant
screen_io=BRIEF

=INITIAL_CONDITIONS
CAMDAT, HEAD=HEADat, K TYPE=ATTR
RESET :

*ATTR

HYCND_V=HYCND _X

*REG_TIHE
SEQ, NUM_STEP=10, START=0.0, FINISH=10000.
AUTO, OPTION=DEL_TIME

*LOCAL_TIHE
SEQ, NUW_STEP=10, START=0.0, FIN1SH=10000.
AUTO, OPTION=DEL_T IME

*BOUNDARY : :

REG, BOUNDARY=LOWER, TYPE=HEAD, END=25000., Clim_frac:O.
REG, BOUNDARY=UFPER, TYPE=HEAD, END=10000., Clim_frac=%.
Req, BOUNDART=UPPER, TYPE=HEAD, END=173G0., clim frac=0.
REG, BOUNDARY=UPFER, TYPE=GRAD, EWD=£5000,, ciim_frac:D.
REG, BOUNDARY=RIGHT  TYPE=HEAD, END227240., clim_frac=0.
REG, BOUMDARY=RIGHT, TYPE=GRAD, END=30000., clim_frac=0.
REG, BOUNDARY=LEFT, TYPE=HEAD, END=4000., clim_frac=0,
REG, BOUNDARY=LEFT, TYPE=GRAD, END=18595,, ¢lim_fraczO,
REG, BOUMDARY=LEFT, TYPE=r2AD, END=30020., clim frac=1.
LDCAL, BOUNDARY=LCWER, TYRPE=HEAD, END=5730,
LOCAL, BOUNDARY=UPPER, TYPE=HEAD, END=5750Q.
LOCAL, BOUNDARY=RIGHT, TYPE=GRAD, END=4&25.
LOCAL, BOUNDARY=LEFT, TYPE=HEAD, END=6625.

*REG_CLIMATE
LAKE, AMP=0.0, CYCLES=1,0, START=0.0, FINISH=25000., RATIO=2.0
RECHARGE, AMP=0, CYCLES=T1., START=0.0, FINISK=10000.
HEAD, AMP=amplitud, CYCLES=cycles, head_faczclimtide &

START=0.Q, FINISK=40000.
*END -

INFORMATION ONLY
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FIGURE 9.1-2
(Page | of 4)
SF2D1_READ_PRP - Program Used to Convert the Binary Property File to ASCII

DROCEAN RZAD_PRP

C
o Reads binary property file (FOR020.DAT) written Dy SET_GREGZ and
C transiates it Sato an ASCI] output file.
o Prompts user for the input file name {(i.e. FORD20.DAT) and the
C user's choice af output file names.
~
[MPLICIT DOUBLE PRECISION (A-H,0-7)
c TMPLLCIT NONE **w¥mweswstmswasa= REMOVED

dimension TMPARR(O:100,0:100), TMPVEZ(D:;1C0)

INTEGER 1, J, IDUW1, IDUM2, ISECO2, !L, JL, !DFIL_GREG
c REAL RDLUM1, ROUM2, RDUM3 **wewsrr=+ g norceded

CHARACTER=4Q [KFILE

DATA LSECO2/107

DATA IDFIL_GREG/20/

Carrr €I OO

C...BEGIN PROCEDURES...

CAXrrCrSaar LI LHC>

WRITE(S,*) 'Enter the name aof the ipput file:!'
READCS, ' (AY') [NFILE

OPEN(URIT=[SECO2 FILE=INFLILE,STATUS='0LD ' ,READCONLY,
+ FORM="UNFORMATTED ")

WRITE(S,*) 'Enter. the name of the output file:*
READ(S,*{AY'Y INFILF
QPEN{UNIT=10FIL_GREG, FILE=INFILE,STATUS="HEW")

10 CONTINUE
WRITE (IDFIL_GREG,9520)
9520  FORMAT (' OUTPUT from program SET_GREG2/SET_GLOC2.',/
' Humeric FORMATS are',/
3216, 1PEV3.5)t,/
3216, 114, 3x)1, s
3( 16, 1PE13.5)F, .
SET_GREGZ rum with ilGR,jiGR, GREG_ID,",
' {lGR,jLGR, AGFR_ID = 1
READ(ISECO2) 1L, JU, RDUM1, [DUM1, [DUMZ, RDUM2
WRITE (1DFIL_GREG,953) il, jL, RDUMI1, il, jl, RDUM2
953 FORMAT (3(214, 1PE13.5))
READ{ISECO2) &DUM], RDUMZ  RDUM3
WRITE (IDFIL_GREG,956) ROUM!, ROUMZ, RDUM3
956  FORMAT (' x1_rel, y1_rel, thetl_rel =' /7, 1P3E13.5)

Lo

c 1-D arrays
§55  FORMAT (3(I&, 1PE13.5))

c Read x-coordinates
READ{ ISECO2) (TMPVEC(!),1=0,1L+1)
WRITE ([DFIL_GREG,?540)
9540 FORMAT {' (i,x(i), i=0, ilGR+11 1)
WRLTE. {IDFTL_GREG,93%)
“$ (i, TMPVEC(I), 1=0,il+1)

INFOKMATION ONLY
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FIGURE 9.1-2
{Page 2 of 4)
SF2D1_READ_PRP - Program Used to Convert the Binary Property File to ASCII

Read y-cooardirates

READ(1SECOZ23 (TMPVEC{1),1=0,4L+1)
WRITE (IDFIL_GREG,¥541)

FORMA™ (' (j, v(j), =0, JLGR+1y ")
WMAITE (IDFIL_LREG,995)

$(j, THPVEC(JY, J=0,jl+1)

(@]

542

Read gelta x's .

READ(ISECO2) (TMPVEC{I), [=D,1L+1)
WRITE (IDFIL_GREG,%542)

FORMAT (* (i, ada(i}, i=0, jiGR+1) ")
WRITE C(IDFIL_GREG,95%)

$ (i, TMBVEC(L), 1=D,il+1)

9543

¢ 2-D

C

9529

9331

9532

Read delta y's
READ(ISECQZ2) {(THPVEC(I), =0, JL+1}
WRITE (IDFIL_GREG,9541)
FORMAT (' (], ady(j), j=0, jIGR+1) *)
WRITE (IDFIL_GREG,%55)

$ (], THPVEC(J}, J=0,jl+1)

arrays

Read x relative offsets
READ(1SECO2) ({THPARR{1,J), [=0,IL+1),J=0,JL+1)
WRITE (IDFIL_GREG,¥32%)
FORMAT (' ((i,j,x_relRACi,jY, i=0, TlGR*1), j=0,. jlGR+*1) ")
WRITE (IDFIL_GREG,953)
$ ((i,},TMPARR(I,J), 1=0,i1+1), J=,jle1)

Read v relative offsets
READ{1SECD2) ({TMPARR{1,!},1=0,1L+1),4=0,4L+1)
WRITE (IDFLL_GREG,9528)
FORMAT (' ((i,j,y_relRA(i,j), 1=0, ilGR+1), j=0, .JLGR+1) ')
WRITE (IDFIL_GREC, 953} . ’
$ (i), TMPARR(I, ), [=0,i1+1), J=0,jl*13}

Read x hydraulic conductivies
READ(1SECOZ) ({TMPARR(I,J),1=0,1L+1),4=0,dL+1)
WRITE (!DFTL_GREG,9531). :
FORMAT (* ((1,j,aKx(i,j), i=0, ilGR+*1), j=0, jLGRe%) )
WR1TE (IDFIL_GREG,%53)
% ((i,J,TMPARR(Y, 1), [=0,il+1), J=0,jL1+1)

Read y hydraulic conductivies
READC[SECO2) {(TMPARR(L,J}, [=0,1L+1),J=0,JL+1)
WRITE (IDFIL_GREG,%332)
FORMAT (' ({1,],aKy(i,]), is0, ilGR+1), j=B, jLGR+1) ")
WRITE CIDFIL_GREG,95D) : ’
$ (Ci, ], THPARRCL, Y, I=0,il+1), J=0,ji+1)

Read fluid compressibility
READ(I1SECOZ) ((THPARR(E,J),1=0,1L+13,J=0,JL+1)
WRITE (IDFIL_GREG,8532)

BS32  FORMAT (' ((7,i,alpha (i,j), i=0, ilGR+1), j=0, jLGR+1) ") T

WRI1TE (IDFIL_GREG,953)
$ (i, ], TMPARR{I, DY, 1=0,il+1), J=0,jl+1)

Read porosity

INFORMATION ONLY
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FIGURE 9.1-2
{Page 3 of 4)
SF2D1_READ_PRP - Program Used to Convert the Binary Property Filc to ASCII

READ(ISECC2) ((TMPARR(L,J),120,1L+1), 420, i+t
WRITE (IDFIL_GREG,8533)
B5I3  FORMAT {' ((i,j.,phi (i,j), 1=0, itGR=1}, j=0, ;iGR+1) ')
WRITE (IOFIL_GREG,953)
$(Ci, ] TMPARR(I,Jy, 1=0,ile)), J=0,jieD)

[

Read specific storage
READ( ISECOZ2) {(TMPARR(I,J), =0, 1L+1Y,J=0,3L+1)
WRITE (IDFIL_GREG,K9533)
9533  FORMAT (' ((i,],spec_storli,}), i=0, jlGrR+1), =0, jlGR+1) "}
WRITE (IDF[L_GREG,953)
S (Ci,],TMPARRTI, 4), 120,ile), =0, jiet)

C Read acuifer storitivity
READ(ISECO2) ((TMPARR{!, J),1=0,11+1),J=0,JL+1)
_ NRITE (I1DFLL_GREG,9534)
9534 FORMAT (' {{i,],aq_stor(1,j), i=0, ilGR+1), j=0, jlGR+1) ')
WRITE (IDFIL_GREG,9%3) '
$  ((i,j,TMPARR{IL,J), I=0,il+1), J=0,jl+1)

C Read aquifer thickness
’ REAP(ISECD2) ((TMPARR(!,J),1=0,14+1),J=0,JL+1)
WRITE (IDFIL_GREG,9535)
9535  FORMAT ¢' ((i,j,aq_thick(i,j}, 7=0, ilGR+1), j=0, jLGR+1) ")
WRITE (IDFiL_GREG,953)
$ ({i,],TMPARR{I,J), [=0,il+1), J=0,jl+1)

C Read aquifer bottom
READ(ISECD2) ({TMPARR(I,J),[=0,1L+1),J=0,JL+1)
WRITE (1DFIL_GREG,9635)
9635  FORMAT (' ((i,],aq_bet(i,/j), 1=0, itGR+1), j=0, JIGR+1) '}
WRITE (IDFiL_GREG,953) .
S ((i,j, TMPARR(L,J), [=D,il«1), <=0, jl+t)

c . Read well/river recharge term
* READ(ISECQ2) ((TMPARR(,J),1=0,1L+1),4=0,JL+1)
WRITE (IDFIL_GREG,933&) ) .
9536  FORMAT (' ((i,],€10_rch(®, ), =2, ilGR+4), j=0, jiGR+1} '}
WRITE (IDFIL_GREG,953)
S ((i,],THPARR(I,Jy, I=0,il+1), J=0,jl+))

o Read river cenductivity
READ{[SECOZ)Y ¢(TMPARR(1,J}),1=0,1L+1),J=0,JL+1)
WR1TE (IDFIL_GREG,9537)
9537 FORMAT (' {{i,],riv_con{i,j), i=0, ilGR+1), j=0, jlGR+1) '3
WRITE (IDFIL_GREG,953)
S ((i,],TMPARR(I,J), 1=0,ils1), J=0,jl+1)

C Read river head
: READ(ISECO2)Y {{THMPARR(I, 3, 1=0,1L+1),4=0, JL+1)
WRITE (IDFIL_GREG,%637) :
9637  FORMAT (' ((i,j,riv_head(i,j), i=0, ilGR+1), j=0, P{GR+1) ")
WRITE (IDFIL_GREG,953)
S ((i,],TMPARR(L,J), [=0,i(+1), J=0,jl+1}

C fead river bottom
READ{ISECO2) ({TMPARR(I,J), 1=0,1L+1),0=0,JL*1Y
_ WRITE (IOFIL_GREG,9737)
9737 FORMAT (' {{i,j,riv_bot{i,j), i=0, ilGR+1), j=0, jLGR+1} ")

INFORMATION ONLY
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FIGURE 9.1-2
{Page 4 of 4) ‘
SF2DI_READ_PRP - Program Used to Convert the Binary Property Fi-lc‘to ASCII

WRITE (IDFIL_GREG,753)
"% ((1,), THRARRCI,JY, 1=0,il+1), J=0,jieN)

L Read constant head
READ{ISECOZ) ((TMPARR(!,J), [=0,1L+1},J=0,JL+1)
WRITE {IDFIL_GREG,9538)
9538 FORMAT (' ((1,j,head(i,j), i=0, {iGR+1), j=0, jlGR+1y '3
WRITE (IOFIL_GREG,993)
B OCC0, ), THRARRCI,J), 1=0,il+1), 4=0,jie1)

STOP 'READ_PRP: NORMAL COMPLETION'
END

INFORMATION ONLY
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FIGURE 9.1-3
{Page 1 of 3)
SF2D)_TEST READ_1-Program Used Read Selected Data from the Binary Property File

PRUGRAM TEST _READ 1

C

Covune 6-$-94 ELLEN 5. DOMBROSKI

C..... THIS PROGRAM WAS WRITTEY FOR THE SIMGLE PURPCSE OF
Cuvinn YERTFYING BINARY QUTPUT FROM SECDFLZD.

C...,.SPECIFIED RANGES CF SPECIFIZD ARRAYS ARE PRINTED TO THE
| OUTPUT FILE FOR VERIFICATION BY LNSPECTION.

[P

C Reads binary property file (FOR020.DAT) written by SET_GREGZ and
c transiates it into an ASCI] output file.

o Frompts user for the input file name (i.e. FORD20.DAT) and the

c userts choice of output file names.

C

[MPLICIT DOUBLE PRECISION (A-H,0-2)

dimension TMPARR{C:100,0:100}
CHARACTER*5Q INFILE, OUTFILE
DATA [SECD2/10/

DATA ]DF[L_GREGfEU/

CLr<2 D OIF O LFLOLP >

£...BEGIN PROCEDURES...
Cer << LD HLPO DO

SCE = 1.D0-9

WRITE{6,*) 'Enter the name of the inputr file:!
RESAD{S, '(A)') INFILE ‘
OPEN(UNIT=1SECO2, FILE=INFILE,STATUS="CLD' ,READONLY,
+ FORM='UNFORMATTED )

WRITE(S,*) 'Enter the name of the output file:?
READ(S,'(A)') OUTFILE ’
OPEM(UN]}T=|DFIL_GREG,FILE=OUTFILE ,STATUS="HEW')

WRITE {{DFIL_GREG,?520) INFILE

$520 FORMAT (! ASCI! OUTPUT FROM FILE * A/
$ ' THIS FILE CONTAINS SPECIFIC RANGES THAT WILL BE USED',
% ' FOR VERIFICATION. &-%-94.')

953  FORMAT {3(216, I1PE13.5))
953 FORMAT (216, 1PEIS.5)

Cuvenn READ{ISECO2) IL, JL, ROUMY, IOUM1, 10UM2, RDUM2
READ(ISECO2) 1L, JL '
| S READ( ISECO2) ROUMY, ROUMZ2, ROUM3
READ (ISECO2) ROUMI, ROUMZ, ROUM3
C..uun 1-D arrays
Tivaen Read x-coordinates
READ{1%ECD2)
| Read y-coordinates
READ{ISECDZ}
Covnnn Read delta x's
READ ( [ SECO2)
Covunn Read deita v's
READ{1SECO2)
C..... 2-0 arrays

Coenes Read x relative offsets

INFORMATION ONLY
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FIGURE 9.1-3
(Page 2 of 3)
SF2D1_TEST READ_! - Program Uscd Read Selected Data from the Binary Property File

READC153L02)
Coven- Read y relative of fsets
READ{ ! SECO2)

| S READ AND ECHO THESE FCR TEST. &6-9-94
... ..Read x hydraulic cemducTivies
READ(ISECD2Y ((TMPARR(CT,J)Y,i=0,1L+1),J=0,JL+1)

WRITE (IDFIL_GREG, 100)
100 FORMAT' (' ((7,),aKx(i,j), iz 1,103, j= 1, 139
WRITE (IDFIL_GREG,953)
$C{i, ], THPARRC L, JI*SCF, 1=1,10), J=1,1)

WRI1TE (lDF!L_GREG,102)

102 FORMAT (! ((i,j,aKx(i,j), i=21, 30y, j=28,28)")
WRITE (IUFIL_GREG,QS}] .
$((i,j, TMPARRC], I"SCE, 1=21,30), J=28,28)

WRITE (IDFIL_GREG,104)
106 FORMAT (* ((7,].aKx{i,j), i=41, 50), j=57,57)")
WRITE {IDFIL_GREG,953)
$C(i,], TMPARR( I, J3*SCF, 1=41,50), J=57,57)
£..... READ AND ECHO THESE FOR TEST. &-9-%4
Conuns Read vy hydraulic conductivies
READ(ISECO2) {{THMPARR{!I J),1=0,1L+1),4=0,JL+1)

WRITE (lDFlL_GREG,110)
110 FORMAT €' {(i, ], aky(i, ), i= 1,300, j= 1, 13
WRITE C(I1DFIL_GREG,$S3)
$(Ci,j, THPARRCT, I SCF, 121,100, 4=, %)

WRITE (IDFIL_GREG,112)
112 FORMAT ¢! ((i,j,aky(d, )y, =21, 30y, j=28,28)"%)
WRIE (XDFIL_GREG,953}
$CCT, [, THPARR(I,J}*5CF, 1=21,30), J=28,28)

WRITE (IDFIL_GREG, 1142
114 FGRMAT (' ((i,],oKy{i,j}, i=41, 501, j=537,57)")
WRITE (IDFIL_GREG,953)
$((1,], THPARR(!,JI*SCF, 1=41,50), J=57,57)
Covunn READ AND ECHO THESE FOR TEST. 6-9-94
| read fluid compressibility
READ(I1SECO2) ((THMPARR(1,J),1=0,1L+1),3=0,JL+1)

WRITE (IDFIL_GREG,120}

120 FORMAT (' ((7,],alphali, ), i= 1,103, j= 1, 1)
WRITE (IDFIL_GREG,953)
$(Ci, ], TMPARRCE,JI¥SCF, 1=1,10), J=1,1)

WRITE (iDFLL_GREG,122)

127 FORMAT (' ((1,],alphati,j}, i=21, 303, j=28,28)')
WRITE (IDF1L_GREG,953) _
$C(i, ], TNPARRCL, J)™SCF, 1=21,303, J=28,28)

WRI1TE (IDFIL_GREG,124)
124, FORMAT (* ((i,],alphali,jy, i=41, SOy, j=57,573"})
WRITE (IDFIL_GREG,933)
’ .

INFORMATION ONLY
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FIGURE 92.1-3
(Page 3 0f 3) :
SF2D1_TEST_READ 1 - Program Used Read Selacted Data from the Binary Property File

$r¢i,j, THPARRC], JY*SEF, [=£1,50), [=57,57)

C.....
Covens READ AND ECHO THESE FCR TEST. 6-9-0&
C.o.... Read poresity
READCISECOZ2Y ((THPMRR(I,J},1=0,1L+1) J=0 Ji+12
C.....
WRITE (IDF|L_GREG,130)
130 FORMAT (' ¢(1i,j,phiCi,jy, i= 1,10y, j= 1, W19
WRITE {IDFIL_GREG,¥53)
$CCi,j, TMPARR(L,JY, 121,103, J=1,1)
Covnns
WRITE (iDF]L_GREG,ISZ)
132 FCRMAT (' ((i,j,phiCi,jy, 1=2%, 30y, [=28,28)%)
WRITE (IDFIL_GREG,953) :
$((i,], TMPARR{],J), 1=21,30), /=28, 28)
|
WRITE (IDFIL_GREG,1]£)
134 FORMAT (' ((i,j,phiti, [y, i=&1, 503, j=57,57)y'})
WRITE (IDFIL_GREG,953) ;
S{(i,], TMPARR(T, ), 1=41,50), J=57,57)
Co....
Covuns Read specific storage
C  READCISECDZ)
Covntn Read aguifer storitivity
C READ( ISECO2)
Cou... Read aquifer thickness
c READ([5ECC2) ’
| . Read aguifer battom ,
c READ(1SECGR} ‘
Cour-n Read well/river recharge term
C READ{[SECO2)
Civana Read river conductivity
C READ(ISECO?}
C..... Read river head
C READ({1SECD2)
Covnnn Read river bottom
C READ{1SEC02)
Coovn Read constant head
C READ(31SECO2)
| SR

STOP 'TEST_READ_1: WORMAL COMPLETION'
END

INFORMATION ONLY
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9.1.4 Acceptance Criteria

The acceptance critenia for the iegression tesing Js stated in Section 10 below.

For requirement R.2: The values for porosity and bulk compressibility remain constant. The
values for hvdraulic conduct vity from LOCAL ~TEST.ASC (mterpolated from the regionat grid)
will agree with the hand-calculation 10 6 decimal places.

From file LOCAL_TEST.ASC From hand-calculation -
Element } (12,13) 1.00219E+03 X 1002.19
Element 2 (2047 2.23585E+02 233.585
Element 3 (35.25) 9.01917E+02 501.917
Element 4  (40.40) 1.26109E+02 - - 126.109

10.0 INSTALLATION AND REGRESSION TESTING

Test Case 1 is suitable for installation and regression testing. For regression testing against the
primitive baseline on file in the SWCF, after the command file 10 run this test case is executed,
run the program SF2D1 TEST_READ ] (compiled and linked from

SF2D1 TEST READ 1.FOR). The FORTRAN file is shown in Figure 9.1-3. The user will be
prompted for input and outpui file narnes. The input file is SF2D1_REGION_TEST.PRP. The
output file name is SF2D1_TEST_READ.OUT. This ptogram was previously used to produce
the output on pages 4-6 of the verification section of the priritive baseline using the regional
property file created during that verification process. Copies of these pages are included as
Appendix B. This program should produce the identical results to the previous results in the
primitive baseline when run during this testing exercise. The results from the current execution
in the ASCII file SFzD1_TEST_READ.OUT can be printec.

~ INFORMATION ONLY
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WASTE
'SoLATION Requirements Document Reviewer's Form
.n ia PLANT _
::hgnal Form Number: 458 cffective: 7/31/95
Laboratories | Procedure: __ 191 Revision: ! Page of !
WPO Number 2 5 21 § Software Classification: SN - S

——— —
—_—

Reviewer Instructions:

Check "Yes for each ftem reviewed and fourd acceplable.

Check “No" for each item \ihuch requires further work,

Check "N/AT for items which are nct appiicable.

Check ‘W/R" for iterms not reviewed (only if there are muittiple reviewers).
For muitiple reviewers, each reviewer shall complete an KD review form.

Frior to sign-off of the RD, all "No* items shall be appropnately agdressed by ihe code sponsor so that "\.’es" ar
"N/A" may be checked, or a memo from the DM shall be 2ftached to the RD explaining the reason for the
nonconformance,

This forrn snall be included as pat of the bassiine RD.

1. Functionality B oves ] No T 1 NR
Are the functions that the software is to perform adequalely identified?

2. Performance i
Are the time-related issues of software operations such as speed,
recovery lime, or response time identified?

(]

Yes ] No [X Na L NR

3, Design Constraints ‘ [ Yes 1 No E A T ONR
Are elements that will restrict design cptions identified? : _

4. Attributes [Oves T ne D va [T NR
Are non-time related issues of software operation such as portability : _
acceptance cnteria, access cnteria, and maintainablility identified?

5. External Interfaces ‘ - X Yes 1 Noe {1 NA L] NR
Are required interactions with people, hardware, and other scftware ‘ —
identified? ;

|
1

8. Completeness Yes No

Are the requirements complete?

[

7. Verifiability N/A

. Can meeting the requirements be verified?

NA [T N
L

T%ON ONLY

Yes [ ] No

[

Yes No

CNIA [N
Yes | NUDNIADN

8. Cansistency _ T
Are th2 requirements consistent wath each other?

INFORMA

K K K =
-
]

2. Technical Feasibility
Are the reguirements technicaily feasible?

3

& Laovid /,m/?g,mﬁ” S n A hls e S /e s
7 rd
Reviewer Name (prnted} Signature 4 Date 7

SWCF File Code: [N
wEes



WASTE T 3 : -
ISOLATION Verification and Validation Plan
cda PLANT - Reviewer's Form
National Form Number: 460 Eftective: 7/31/95
Laboratories Procedure: ___19.] Revision: Page _ 1 of

WPFQO Number: z23%i8 ' . Software Classification:

SAL -Sea |

Reviewer Instructions:
Check “Yes for sach ttern reviewed and found acceptabia.

Check "No' for sacn tem whie) requires furthsr work,
Check “N/A” for tems which are not appécabie,
Check "N/R” 72r tems not reviewsd fonly o there are mutiple re viewers).

For muttiple reviewers, each reviewsr shaf compiels a VVP Review form.

Frior to sign-off of the VVP, all *No” #ems shaf be Approprately addressed by the code sponsor so that *Yes™ or "N/A" may be checked, or &

mema from the DM shal beé attachad (o the VP explaining the reason for the nonconformance.

This form shaf be inciuded as part of the baseine VVP.

1. Sufficient Test Cases
Does the V/P identify sufficient test cases and accegtance
cntzria tn ensure the final software end-product satisifies the
requirements of the RD? (Check "N/A"if pear review fulfills
the validation requirements)

2. Adequacy of Test Cases _
Do the test cases demonstrate that the code adequately
performs all infended functions and produces valid.results for
problems encompassing the range of permitted usage as
dafined by the User's Manual? (See Saction 4.3.3 for
User's Manual dascription)

3. Operational Controi .
if the software is used for operational controf, do tests
demecnstrate required performance over the range of
cperation of the controlled function or process?

4. Unintended Functions
Da the test cases show that the code does not perfarm any
dnintended functicn that either by itself or in comaination with
other functions can degrace the intended outcomes of the
software?

5. Test Case Comparisons

Are the test case results compared t0 ane of the following?
- hand calculations;
- calculations using cormparable provern problems

" - empirical data and information from confirmed published

data -

- correlation and/or technical literature: or
- results from other validated software of similar purpese.
(Enter N/A if pear review is usad (o fulfil this function)

6. Peer Review — F?E VI
If peer review will be required to validate the saftware, is it identified D No E N/A D NR

in the VVP? :

7. Installation and Regression Testing
Are test cases which are suitable for installation ‘esting and regression
testing identified from the set of verification and validation test cases?

@ Yes

T Yes

L]

L]
[—

2

R yes O Ne (O A [ NR

Ne [ 1Na [ NR

No [ ] nwa

[
3

No X NwA [ ] NR

No pd Na 1 NR

INFORMATION ONLY

< yﬂu’/'a/ (/ﬁb/e;?/‘qﬁ‘ . JL/

Reviewer's Name (printed) Signature

-
oo 75

Date

SWCF File Code: (. 1,4, §
: WES



WASTE
ISOLATION Review Comment (Software)
PILOT ‘
sla:m_aial PLANT Form Number: 299 EFective: 7/31/95
i aliona
Laboraicries Procedure; _QAP 19-1 Revision: ____ | - Page __1 of _2_
‘ &
File Code: SWCF~ ___~F (/0T A et
TWBS #(s) Alpha Cade
eywords: (Used for unique identification)
PReEseco Fun S F g
SECTION |
o
1. Software Name: Version ID; Version Date: / Eg
Zo/ N
PRETECO FL2L L.oz s 7Y N4
a
2. Type of Comment. (check one) g Required D Suggested [] Emor %
Software Type: fcheck cra) D Commercial E Developed - D System E
4. Comment: {check one, aftach pages as needed) <] Technical | Document

RO/ v, »9 ¥ Seciion $.0 |

/ YRRy | o
The RO, bR for SEWFLZD SrS7ead mrany  Copeb/iTies
o Secorcry Thal were nol Tes7ed. TF FPRESEDFLLD
bes The odb LTy To hensle JThese co‘/ﬂa////ﬁe; Snd Jhey ore po]

Hisled /n  Seclion .5—.:7/ f%"e.y Aoty L€ -

SECTION [l

5. Comment Resolution: (check one; attach pages as needed; describe Ej Agree D Oisagree
impact to previous uses of code, if applicabie)

TNELE Ay _Tn Gretita Teprg. mal Alalid em ScCOFC2Z0
e (fé"”t«z—:f&-{ié;’& .,Zf?( st i LTt e LT M«ﬁa,f'vt;("”éb

AL geo LTCA CWV?EMZL_Z?‘;E wzzzyy 2"7 2 ?“‘f'?"f’ff&*-
Jac (L’ofé’.cu{f XZﬁﬂZ;Z.LJw ﬁ'fﬁf{{mj‘f—_ME v thalerry QO

/’{Zc% L /W‘%/ 7 W%“f Vo i cocts
| SWCF File Code: (-0 6. F

vwBSs



WASTE '
ISOLATION Review Comment (Software)
IO
sja?_ma'_ PLANT " Form Number: 299 Effective: 7/31/95
ationa
| “abaratories Procedure: _QAP 19:1 Revision: ___§ Fage __ I _ of _
i
File Code: Swer. __F A4S A ’
' WES f(s) . Alpha Code !
Keywords: [Used for unique identification) ' i
PRES & co FLAD SFLD .
. . |
i
!
SECTION
1. Software Name: Version 1D: ’ Version Date: .
lPess&Ecess2p F.07. 5”726/?‘/
2. Type of Comment: (check one) Z Required D Suggested D Emor
Software Type: (check one) 1 Commercial E Developed - [] System
4. Comment: (check one, aftach pages as needed) X Technical G Deocument
RS v F PR g, Lo 8 ,
e 5 weof foc o line /S MISSing Some
e S ecofi_ feC. ‘
7K au/pa’/‘r 7/ < /'ﬂﬁf‘mafoﬁ For

ot i mgalion - L7 comTarns maferiol /N‘f/ver/f/ ,
I . “ e / |
;/)Q« /oc_a/ﬁ?rf'd"’ L e ﬁ,_y,y/ 75 olfic wsed oS on v p

file Jo SECocL2p Gpd PISTSECOEL2D

SECTION I

5. Comment Resolution: (check one; attach pages as needed- descrez. §71 Agree (] Disagree
dMpact 1o previous uses of code, if appficabie)

et joag dred

SWCF File Code: 1~ 1 6. 7
WHBSa
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WASTE
ISOLATION Review Comment (Software)
fila?dial PLANT Form Number: 29% Effective: 7/31/95%
all1ona . i .
Lzboratories Procedurs: QAP 19-1_ Revision: ] Page __L_ of
File Code: SWCF. ___ /4 /LA FA et
WEBS #(s) : Alpha Code
Keywords: (Used for unique identification) _ '
PraszcsrL2n SF2y |
| |
SECTION|
1. Software Name: Version ID; Version Date:
- - 5 /20 /
PRESECOFL 2D .02 ! /2T
2. Type of Camment: (check one} Z Reguired D Suggested D Eror
Sottware Type: (check ore) ™} Commercial [X) Developed 1 Systam
4. Comment: (check one, atfach pages as neegag) g Technical . {1 Document

/Cﬁ//r/«"/, ,mfe_f SecTion 2.4

| se f/c,
ars /e
s re mre,m'Crrf L. & *?E_e_d'ea/? \,{7" a g€
Somm e 95 2.7 .
SECTION Ui
5. CommentResoiutlon (check one, altach pages as needed; describe [ ) Agree % Disagree

rr-*pac: (o previous uses of code, if appucab!e) ; . _
q J(_(,x L/{i—‘(_/ ‘LL Jtcfm f e L/L;(-”_fz/i i{/w/(éif‘i’H‘" ~ /ZC}' [4
¢ . , s gy Lé@/(,{/{-q.d-(./-c‘
[ /c«/u d _/Z‘/C(u;:g/u,u; al «éﬁzutm«:{%
et f’/ﬂLL Ao flﬁ.cv«_,fwlsu/c}j‘ D L an‘“/x _,/Mc/; [t Z—_}f’ﬁz’—/i cre ok

et U Ay (Disal en lToher 4

ALl gt gl Lol ,__f
Z . :

SWCF File Code: {03 6.

WRSE



WASTE '
ISOLATION | Review Comment (Software)
??diau PLANT Form Number: 299 Effective: 7/31/95
ationa. . )
L Laborateries Procedure: _ QAP 19-1 Rewvision: ____1 Page __J of
File Code: SWCF- __F /" /(.9 | PA T
| WES #(s) Alpha Caode
Keywords: (Used for unique identification)
PRE SEcs FL 1D S FE 2D
SECTION |
1. Softwara Name: Varsion ID: Version Date:
PRESECOFL 2D F.OZ 5/20/57
2. Type of Commaent: (check one) g Required [j Suggested B Error
Software Type: (check ore) [} Commercial @ Developed - D System
4. Comment: (check one, attach pages as needed) X Techmcal 1 Document

ZD//VV’&) /ﬂje« /O) Secficn /O.C

 peESsSEceFerl produces 4&/7/&/7‘ Fres .. Only porl

ro ThHE e’f‘////o é{.& éogc/#c ﬂc//';dcff 7[/6 ThH = reMﬂfﬂ/&J
1[;;/?__5') C_xc/ud/}:} Y B Q/Q,éa}f 7[/-;6) _5%'.7«//9/ /5 éc, Cam/ﬂarqa/

(/’ .
. ‘ < Ex, e .
secTioNt  7? mokel Sor 7hey ConTein e cfea’ reso 7Y

. 5. Comment Resolution: (check one; attach pages as needed; describe Agree @ Disagres
impact fo previous uses of code, if apphcable)

\ﬂL ff*’/‘bf/ /4_,(1‘5 ,{’deéi o ~CAL v/ﬂdx_,u,;q T%L%%f*—'c:o’f'" g

M’Lf/-tfeb("«_m’; ;M,z,,ca g,:mzz' ,Uu lsval ny %/“*
L ledt Db Hre0 gu«z,w el ol et et
/Z;L._é‘M v /um M/LLWWMMA

o The _ar///aff 7(\/5‘ SF LI _ REG /I~ 7EST. PRP) /5 comparted

I

e Coge: (- [, 6.
,{,cd/.zﬁ—a/é _ﬁéﬁ"‘ LLW-/_LLZD/] L!OMMWCF File Code: — 1
{‘dj{ Lo {,Lﬂ-f'_/;—\, M‘(—(/ < /’“h ~FIL a ﬁ /_7/@6_42/? LA,



WASTE
ISOLATION . Review Comment (Software)
':‘}a?dial  PLANT Form Number: 299 Effective: 7/31/95
ationa
Labosatories Procedure: _QAP 19-1_ Revision: 1. - Page __1 of _2
File Code: sWCF- 7 //4.9 FA SFT
WBS #(s) . Aipha Code
Keywards: (Used for unigue identification)
PRESRco FLob Srrz0
SECTION
1. Software Name; _ Version ID; Version Date:

PRESECe Fu 2D L 62 20 | 5’/’24/7}/

INFORMATION ONEY-

2. Type of Comment: (check one) E Reguired D Suggested D Emror
Softwace Type: (check one) [: Commercial E Developed _ D System
4. Comment: (check one, attach pages as needed) i 1 Technical ™ Document

ro/vvF ) Pzl 3T
e  » eréncef 7o /’/é;c/f& B om THIS /7526’_’
Shouid be wmrovecd 7o TAe /osfﬁak—?m// o # /9?@ /2.

SECTION I

5. Commant Resoiu.tion: (check one, attach pages as needed: describe E Agree I'Yl Diszgres
7 impact to previous uses of code, if applicaoie) ' =
: . K_,/' A . 2 : - 2.
&:Q'C’vu buzq o 7y /LL%/LML,&L LHiak MW %
# \/{/{1 Ry {'_;Z’ %,L;, ) ' Ve 5 (U aZ”
AT~ ) f%é_ dieligry , 20 AhaT ~«

SWCF File Code:  _fe/ 6.5

WESR



PRESECOFL2D Version 4.0220 WPO# 23318
Requirements Document and Venification and Validation Plan : October 9. 1995

Appendix B

APPENDIX B - PRIMITIVE BASELINE DOCUMENTS

The follcwing pages are from the verification section primitive haseline documentation currently
stored in SWCF as a part of the prior QA efforts. The results of the current test will be compared
10 these numbers with the numbers matching exactly,

FigureB-1
{Page 1 of 31
Pages 4-6 of the Verification Section of the Primitive Baseline
' Fage & of 16

ASCI1 DUTPUT FROM FILE nfsl:: [carrx:nn.presecoled.test]regdat_test.inp
TH!S FILE- CONTALNS SPECIFIC RANGES THAT WILL BE USEQD FOR VERTFICATION. &-9-94.
(G, g, aKka gi, jy o, iz 4,10, j= 00
1.89500€-04
.04700E - 04
L4SE00E-05
.67B0QE-03
.38800E-05
.B7400E-05
.04300E-05
L94670CE-05
. GBOOCE -05

10 .S94Q0€E-0&
(Ch,5,aKx (i,1), i=21, 30, j=28,23)

21 28 1.50900€-07

22 28 1.32000€-07

23 28 1.42400E-07

24 28 1.63900E-37

23 28 4.32500e-07

OO~ — W L

bk A ok ok k —a b — —k
‘“l—*NN—'NNuI'\J

26 28 1.B&S00E-06
27 28 1.B7000E-06
28 28  {.15800E-06&
20 28 1.30800E-C6
30 28 1.49000E-06
(Ci,j,aKkx (i, j), i=41, 50), j=57, 57)
41 57 4 ,204006-10 .
42 57 1.B56LOE-10
43 57 2.02000E-10-
4t 57T 2.59200E-10
45 57  2.66900E-10
46 . §7 1.62500E-10
&7 57  2.1580CE-10
L8 57 2.5V900E-T1
49 57 1.78000E-10
50 57 2.50900€-09
(i, i.aky(i, 1, i=t, 103, j=1, D
1 1 1.BY500E-0h
2 1 2.04700E-0&
3 1 3.45600-=-05
4 1 2.47800F--05
5 1 2.3BB00E-05
6 1 1.87400E-05
7 1 2.043CJE-05
8 1 2.96700E-05
9 1 1.68900€-05
10 1 7.59600E-06

((i,j,aky ¢i,pi=21, 30y ,j=28, 28]
21 28 . 1.50900E-07
22 28 1.32000€-07
23 28 1.4240QE-07

INFORMATION ONLY



PRESECOFL2D Version 4.02Z0 7 WPO# 23518
Requirements Document and Verification and Validation Plan October 9, 1993
. Appendix B

FigureB-1
(Page 2 of 3)
Pages 4-6 of the Verification Section of the Primitive Baseline

Pagz 5 of '%

24 28 1.63900€-07
25 28 4.32500€-07
) 28 1,84500E-06
27 28 1.87000€E- 00
28 28 1.19800E-C6
25 28 1.30800E-06
30 28 1.49C00E- 06

¢i ,jaKy Ci, j), is4 %, 50y, j=57,5 7
41 57  4.20400E-10
42 57  1.85400E-10
43 57  2.02000E-10
XA 57 2.59200£-10
45 57 2.56%00E-1C
Lk 57  1.42500E-1%0
47 57  2.158CCE-10
48 57  2.51900E-10
a9 57  1.78000E-10
50 57  2.509QCE-10
¢¢i,] alpha €1, jy, 1=1,10), j=i, N
4 7.37000E-10
1 7.5700QE-130
1 7.570C0E-10
1 7.5700Q€-10
1 7.57000E-10
1 7.57000E-10
4 7.570GOE-10
1 T.1700DE-10
1 7.57000E-%0
1 7.57T000E-10
¢i, j, alpha (i, j) . i=21, 30), j=28, 28)
21 28  7.57000E-10
22 28 7.57000E-10
23 28  7.57000E-10
24 28  7.57000E-10
25 28  7.57000£-10
26 28  7.S57000E-10
27 28  7.57000E-10
28 23 7.57000E-10
29 28 T.STO00E-10
30 28 7.STO00CE-10
(i, I, alpha (i, J) , i=41, 50), j=57, 57
; 57 7.57000E-10
42 $7  7.57000E-10
43 57  7.570Q0E-10
Liy 57  7.57000E-10
45 57 7.57000E-10
&8 57  7.57000€-10
L7 57  7.57000E-10
L8 57  7.5T000E-10
49 s7  7.S570CIE-30
50 $7  7.57000€-10
(¢i, j, phi ¢i, iy, i=1, 10, j=1, 1)
1 1 . 1.45420E-0L
2 i 1.45420E-01-
3 1 1.45420€E-01
4 1
5 |
& 1

O N o~ oW

1.45420€-01
1.45420E-01
1.45420E-01

INFORMATION ONLY
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Appendix B
FigureB-1
. {Page 3 of 3)
Puages 4-6 of the Verification Section of the Primitive Baseline
Paze o o 1o

L45462CE-01
LL5462CE-00
La542CE- 2L
L65420E-01
.0, =21, 30y, =28, 28)
L454820E-01
L45420E-01
L45420E-01
L45420E-01
L65420E-01
L&5420E-01
LG5420E-01
LG5420E-00
L45420€-01
L43420E-01

jy o, i=41,50), [=57,57)

Le54208-01
LL5L2CE-01
L&542CE-01
LAS5420E-D1
L65429€-01
454208010
LB5420€-O1
L65620E-01
..5420E-01
LA5620€-01

INFORMATION ONLY



PRESECOFL2D Version 4.02Z0 ‘ _ WPQO# 23318
Requirements Document and Verification and Validation Plan Qciober 10, 1995
Appendix B

APPENDIX B- PRIMITIVE BASELINE DOCUMENTS

The following pages are from the verification section primitive baseline documentation currently
stored in SWCF as a part of the prior QA efforts. The results of the current test will be compared
10 these numbers with th2 numbers matching exactly.

Figure B-1
(Page 1 of 3)
Pages 4-6 of the Verification Section of the Primitive Baseline

Page 4 of 14
ASCI[ OUTPUT FROM FILE nfsl:: (camcon.presecoflild.test]regdat_test.inp

THIS FILE- CONTAINS SPECIFIC RANGES THAT WILL BE USED FOR VERIFICATION. &-9-%4.

i, J, ake (i, jy =1, M, =10
1 1 1. 8950GE- G4
2 1 2.04700E-04
3 1 1.454600E-05
4 1 2.67800E-05
5 i 2.38800E-05
1 1 1.87400E-05
7 1 2.04300E-05
B 1 2.96700E-05
9 i 1.68900E-05

10 1 7.59600€-06

(i, j,akx (i,j), i=2%, 30y, j=28,28)
21 28 1.50900€£-07
22 28 1.32000E-07
23 28 1.42400E-07
24 28 1.863900E-07
25 28 4 .3250C€E-07
26 28 1.BAS00E-06
27 28 1.87C00E- 06
28 28 1.15800E-06
29 28 1.30800E- 06
3D 28 1.490008-06&
((i,],aKx (i, j), i=41, 303, j=57, 57

&1 57  4.204D0E-1C
42 57 1.8560CE-10
43 57  2.02000E-10
hi 57  2.59200e-10
L5 57 2.68P00E-10
Lé 37 1.62500€-10
47 57  2.15B0CE-10
48 57 2.5190CE-11
4% 57+ 1,78000E-10

S0 57 2.50900E-49
(i, ,akyCi, jy o, i=1, 10), =1, 1)
1.89500€ - 04
1 2.04700E-06
1 3.45600-=-05
1 2.67800F--05
1 2.3B800E-05
1 1.B7400E-05
1 2.04I00E-05
1 2,96700E-05
1 1.68900€-05
1 7.59400E-06
(i, oKy (i,jri=21 , 30) ,j=28, 28)
21 28 1.509006-07
22 28 1.32000€-07
23 28 1.424D0E-07

O 0@~OoWn R

—
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Figure B-1
{Page 2 of 3)
Pages 4-6 of the Verification Section of the Primitive Baseline

Page 95 of &

&b 28 1.53%G0E-C7
25 28 4.32500€-07
26 28 1.86500E-06
27 28 1.8700CE-Cé
28 2B 1.15800€ - 06
29 28 1.308C0E-06
34 28 1,4900GE - 06
(i ,jaKy (i, jy, i=4 1,5 0%, j=5%7, 57}
41 57 4,204C0E-10

42 57 1,85600E- 10
43 57  2.02000€-10
A 57 2.59200Z-10
45 57 2.66%00E-10
7.3 57 1.62500E-10
47 57 2.15800E-10
[A-] 57 2.51900€E-10
oy - 57 1.78000E-10
50 57 2.5090CE- 10
({i,} alpha {1, ]y, .i=1,100, j=1, 1)
1 7.57000€-1C
1 7.57900€-1Q
A 7.57000E-10
1 7.57000E-10
1 7.57000E-10
1 7.5700CE-10
1 7.57300E-10
1 7.17000E-10
1 7.57000€E-10
1 7.57000E- 10
i, 1, alpha (i, ;) , i=2%, 30), j=28, 28)
28 7.57000E-10
22 28 7.570Q0E- 10
23 28 7.57000E-10
2= 28 .7.57000E-1Q
25 28 7.57000€E-10
26 28 7.57000€-10
27 28 7.57000E-10
28 23 7.57000€-10
29 28 7.57000E-10
30 28 7.57000€-10
(i, j, alpha ¢i, |) , i=41, 50), j=57, §7)
41 57 7.57000E-10
42 57 7.57000E-10
43 57 7.57000E-10
44 57 7.570Q0€-1C
45 57 7.57CQ0E-10
L6 57 7.57000€E-10
o7 57 7.57000E-10
4 57 7.570Q008-10C
[A= 57 7.57380¢:-10
50 57 7.57000E-30
Cei, g, ophio (i, ), i=t, 103, =101
b 1.45420E-01
1 1.45420E-01-
1 1.45620€-0(
1 1.45420€E-01
1
1

oD~ A=

Py

~

1.,45420€-01L
§.45420€-01 .

[s VR S R
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(i,

Figure B-1
{Page 3 of 3}
Pages 4-6 of the Verification Section of the Primitive Baseline

_Page & of 5

1 1,654 20808

1 1.45420E-01

1 1.45420€-0!

3 1.4542GCE-01 )
phi (i, j) , i=21, 30y, =28, 28)
2B 1.65420E-01
28 1.45420C-01
28 1,4542DE-01
28  1.45420e-01
28 1.4L5420E-01
28 1.4542CE-J1
28 1.45426E-01%

28 1.45420E-01
28 1.45420E-01
23 1.45420E-01
phi (i, jy , i=41, 50), j=57,57)
57 1.45420€-0%
57  1.45420E-01
ST 1.45420E-01
57  1.45420E-01
57 1.45420E-01
57  1.45420€-01
57  1.45420E-01
ST 1.45420E-01
57 1.45420E-01
57  1.45420E-04
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1.0 INTRODUCTION

The purpose of this document is to summarize the results of the testing activities prescribed in the
RD/VVP and to provide evaluations based on those results. The PRESECOFL2D code has
previously undergone a QA process complete with u review and is currently yualified as Level A
under QAP-1 Rev. F. Both static testing and coverage testing was camied out in the sime manner
s with 4l other codes. but the funcronal testing consistad primarily of regression testing.

1.1 Software Identifier
PRESECOFL2D version 4.0220 (WIPP PA Code Prefix: SF2D1)

1.2 Poinls of Contact

Code Sponsor: -Rebecca L.Blaine ' Ecodynamics Research Associates. {nc.
Code Consultant: Rebecca L. Blaine P.O. Box 9229 _
Albuquerque. NM 87119
. (505) §43-7445

7.0 TESTING ENVIRONMENT

Testing for PRESECOFL2D was performed in the following comguter environment:

Hardware plaform:  DEC Alpha
Operatng System:  OpenVMS version 6.1
Directory: . WPSTESTROOT:[SF2D1]

3.0 TEST TOOLS

The testing 100ls which were used as part of the software validation are described in Table 3-1.

Table 3-1
Software Testing Tools
Tool Name Usage
FORTRAN-Lint (FELINT) | Source Code Aralyzer used to identify non ANSI standard
' coding.

DECset SCA Source Code analyzer used to identify uncalled modules. to

identify unreferenced variables. and to display the calling wee. '
DECser PCA Performance Coverage Analvzer, used to identify any

unexercised modules '
DEC FORTRAN Compiler | Compiler, used to éreate the executables and identify
version EV6.2-508-274 | compilation errors and warnings. :

INFORMATION OMLY _
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4.0 STATIC TESTING

For PRESECOFL2D, static analysis was performed using both the source code analyzer FLINT
and the source code analyzer DECset-SCA . FLINT was used to detect non- ANSI standard
FORTRAN ccding. DECset-5CA was used to reveal any uncalled modules, to reveal any
unreferenced vanables. and to display the calling tree.

The DECset SCA Jnala 515 was performed on directory WPSTESTROOT: [SF2D1.BUILD]
during the LCHCF‘MOH nf the PCA executahte. The FLINT analvsis was corried out in the
WPSTESTROOT:[SF2D1.SRC] directory. :

4.1 Flint Analysis: Procedure And Results

PROCEDURE: Since PRESECOFL2D is a multimodule program. FLINT was used on a file
created by appending all the modules together in alphabetical order. The file resulting from
running FLINT, SF2D1_FLINT.OUT. is shown in Figure 4.1-1.

RESULTS: As aresult of running FLINT, two wpes of issues were noted. First. it was noted
that several variables were defined but not referenced. This.was as expected by the code sponsor.

Second, it was noted that some lines in the code were over the ANSI standard 72 columns in
length. [t was found to be a result of padding with blanks and 1s of no concern with the platform
and compiler with which the WIPP PA will be performed.

_ INFORMATION ONLY
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Figure 5-5
Code Sponsor’s Response to Coverage Analysis

Most of the modules that show up in the performanc= coverage analysis as not being called ar=
modules in the CAMCON libraries that the code is linked to. The following is & list of the non-
CAMCON modules in PRESECOFL2D that are not called. The reason why each routine ts naot

called is that feature is not used by the WIPP PA unless ntherwise stated. The remaining uncalled

modues are CAMCON modules

CGETSLV -

FIND_UA -

INTE -

PRSORC -
QAABORT -
QABATCH -

RDAQFR -

RDSOLV -
RDWELL -
SETGHR -

WRTWEL -

Prelimary set up of solving parameters. This routine is not called because the
default sertings are used by the WIPP PA. '

Tinds the location of a cell in the regional computational grid relative to the
problem defining grid. For WIPP PA, these two gnds are identical so rouune 1s
not called.

Interoplates the properties from the problem defining grid to the regional
computational grid. For WIPP PA, these two grids are identical so this routine (s
not catled. :

Used for time dependent wells.

Used for error handling. If no errors oceur, this routine will not be called.

Used only if code is run in CAMCON batch made.

Used to define precipitation. rivers, lakes and constant head cells. These are not
used 1n WIPP PA.

Used 1o set up solving parameters.- The defaults are used for WIPP PA.
Sets up wells. Wells are not used in WIPP PA.
Used if databases are predefined with all properues.

Writes well informtion to SECOFL2D input file. Wells are not used in WIPP PA.

IHFORMATION ONLY
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6.0 FUNCTIONAL TESTING

A list of requirements for POSTSECOTP2D can be found in Figure 6-1. PRESECOI'L2D has
already undergone QA and is qualified as level A under QAP 15-1 Rev F. Therefore, the test case
consisted of running the current code for the purpose of coverage analysis and regression 1esung,

[he test case was run in the directory WPSTESTROOT:[SFZD 1. TESTCASES], and all files
associated with the functional testing are focated in this directory. To run the test case a scnipt

was used, and that script can be seen in Figure 6-2.

An evaluation of the test case can be found in Sections 0.1

INFORMATION ONLY
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Figure 6-1
Requirements of PRESECOFL2D

Functional Reduirements:
R.l  Creates all input files needed to run SECOFL2D. These files are:

1y An ASCiI file containing run parameters

2) A binary file contining regional matetial property infcrmaton obtained trom
a CAMDAT database.

3} A binary file containing local muterial pronerty information.

R.2 [nterpolates material properties from the regional grid to the local grid.

Performance Requirements:

This code has no performance requirements,

| Attribute Requirements:

This code has no atribute requirements.

External Interface Requirements:

R.3  Thiscode reads an ASCI input file containing run parameters.

R4  This code reads an input regional CAMDAT database with grid informaton and
maierial propertes '

RS  Thiscode reads an input local CAMDAT database with grid information..

R.6  Thiscode produces all of the input files necessary 10 run SECOFL2D.

‘I Additional Requirements:

_There are no additional requirements for PRESECOFL2D that need verification.
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Figure 6-2
Script Used for Running Test Case for Functional Analysis

]
—ima 35 ieine e m TetememT DTt TTMDT DTSN T —T=T E.‘AE:,"-.':A -
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.

6.1  Test Case #1: Regression Testing And Coverage Test Case

6.1.1 Test Objective

This test case was run to do the following:
i) tertthe interpolanon of properties from the regional grid to the local
boundary,
2) ‘regression test the current code in the CMS so that it gets the same
results obtained when the code was previously QA'd to the A level, and
3} assure modular coverage.

The issue of modular coverage has been addressed in both the use of DECset SCA and in the '
PCA Analysis.

6.1.2  Test Procedure

PART 1: (Tu test the interpolation of properties from the regional grid to the local boundary}

The pre-processor is executed followed by the execution of the program READ_PRP.FOR. This
program converis the regional binary property file, REGION_TEST.PRP. to an ASCII fie.
REGION_TEST.ASC. and the jocal binary property file, LOCAL_TEST.PRP, to an ASCI file,
LOCAL__TEST.ASC, so that they can be examined with an editor. All of the material properties
used to run SECOFL2D are constants except for hydraulic conductivity. Therefore, checks of
porosity (phi) and bulk compressibility {alpha) need only show that they have remained constant.
A hand-calcutation is done for hydraulic conductvity to show that the values have been comrectly
interpolated (using bilinear interpolation) from the regional grid to the local grid.

To verify that the porosity and bulk compressibility have remained constant. edit the file
REGION_TEST.ASC. First, search for the sming “aipha”. Examination of this array shows that
this is a constant value of 7.37E-Q1 for each element in the grid. (The value of bulk
compressibility is 7.57E-10 on the database, but it has been scaled by 10° as required by
SECOFL2D.) Next; search for the string “phi”. Examination of this array shows that this is a
constant vajue of 1.4542E-01 for each element in the grid. Now repeat this process with the file
LOCAL_TEST.ASC. Searching for the sring “alpha” shows that this array is a constant value of
7.57E-U1, and searching for the string “phi™ shows that this array is a constant of 1.4542E-01.
The above mentioned searches were done and the constant values were verified. The first twa

rows of each 47x34 array are shown for completeness. Figure 6.1-1 gives a listing of the testing .

tool READ_PRP.FOR used to convert the CDB files to ASCII files. The first two rows of the
"alpha™ array can be seen in qurc 6.1-2 and the firsi two rows of the “‘phi”™ amray can be seen in
Figure 6.1-3. The data in both figures was extracted from the LOCAL_TEST.ASC.

Four points are -checked by hand-caiculation for the hydraulic conductvity. The four element
locations in the local grid are (12,15}, (20.47), (35.25) and {40.40). First, the cell locations
relative to the regional gnd are found. The cell locations in meters are converted to locanons (in
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meters) in the regional domain. The x and y offsets of the local grid from the origin of the
regional gnid are 12826.1 and 10665.8 respectively. The angle of rotation is 38°
counterclockwise. The coordinates (in meters) of the cell centers in the local grid are:
Elemeat } (12,15): 1437.5,1812.5
CElement 2 (20.47). 24375, 58325
Element 3 (35.25):  4312.5. 3062.5
Element 4 (40.40;:. 4937.5 49375

The regional coordinates are calculated by:

Eiement 11 12826.1 + 1437.5c0s38° - 1812.55in38° = 12842.97903
10665.8 + 1812.5¢0s38° + 1437.55in38° = 12979.08286
Element 2: [2826.1 + 2437.5c0s38° - 5812.5sin38° = 11168.34389
10665.8 + 5812.5c0538° + 2437.551n38° = 16746.78735

Element 3; 12826.1 + 4312.5¢0s38° - 3062.55in3%8° = [4338.93311
10665.8 +3062.5c0s38% + 4312 .535in38° = 153734.12305
Element 4; 12826.1 + 4937 .5¢0s38° - 4937.55in38° = 13677.07456

10665.8 + 4937.500538° + 4937.55in38° = 17596.43163

Next, the cell centers of the adjacent cells are used {the propemes rc51de at the cell center) t
calculate the propomonal distances used in bilinear interpolagon. ‘
Elemcnt | proportions from coordinates of regional cells (32.10) and (33.11):

xp =(12842.97903 - 12625.0%/(12850.0 -12625.0) =0. 9687956889

= (12979.08286 - 12750.0)/(13125.0 - 12750.0) = 0.6108876267

Element 2 propomon: from coordinates of regional cells (24.34) and (25.33)%

xp = (1116834389 - 11075.0/(11225.0 - 11075.0) = 0.6222926

yp = (16746.78735 - 16725.0)/(16930.0 - 16725.0) = 0.0968326666
Element 3 proportions from coordinates of regional cells (39,26) and (40.27):

xp = (14338.93311 - 14150.0)/(14450.0 - 14150.0) = 0.6297770333

yp = {15734.12305 - 15600.0)/(15800.0 - 15600.0) = 0.67061525
Element 4 proportions from coordinates of regional cells (37,38) and (38.39): -

Xp = {1_3677‘07456 - 13675.0y/(13887.5 - 13675.0) = 0.009762635294

yp = (17596.43163 - 17475.0)/(17630.0 - 17475.0) = 0.783429871

Then, the bilinear interpdlation isdone. -
Element I: '
=408.5 + 0.9687956889{1498.0 - 498.5) = 146€.811291

a2 = 670.3 + 0.9687956889(707.4 - 670.3) = 706.2423201
a = 1466.811291 + 0.6108876267(706.2423201 - 1466.811291) = 1002.189117
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Element 2:

al = 182.5 + 0.6222926(267.1 - 182.5) = 235.145954

a? = 100.1 +0.6222926(119.8 - 169.1) = 115.7585308

2 =7235.145954 + 0.0968326666(115.7535308 - 235.145954) = 223.5853515
Element 3:

al = 495.8 + 0.6297770333(960.2 - 495.8) = T8X.2684543

22 = 816.1 +0.6297770333(1041.0 - 8§16.1) = 957.7368548

2 = 788.2684543 + 0.67061525(957.7368548 - 788.2684543) = 901 9165451

- Element 4:

al = 159.6 + 0.009762635294(277.6 - 155.6) = 160.751991

a2 = 117.4 + 0.009762635294(28 .47 - 117.4) = 116.5318088 _

a = 160751991 + 0.783429871(116.5318088 - 160.751991) = 126.1085794

Acceptance Criteria :

The ‘values for porosity and bulk compressibility remained constant. The values for hydraulic
conductivity from LOCAL_TEST.ASC (interpolated from the regional gnd) will agree with the
hand-calculation to 6 decimal places.”

From file LOCAL_TEST.ASC From hand-calculation
Element 1 (12,15 1.00219E+03 1002.19
Element 2 (2047) 2.23535E+02 233.585
Element3  (35.23) 9.01917E+02 901.917
Element 4 (40.40) 1.26109E+02 o 126.109

Figure 6.1-4 shows rows 15, 25,40, and 47 of the 47x54 array AKX in the LOCAL_TEST.ASC
file created. Visual inspection verifies that the results are in agreement with the hand calculations
performed.

PART 2: (To show that the regression test of the current code in the CMS in fact gets the same
results obtained when the code was previously QA’d to the A level) '

Test Case 1 is suitable for installation und regression tesung. For regréssion testing against the
primitive basetine or file in the SWCEF, this test case uses a utility program, TEST_READ_L.
This program was used to produce the output on pages 4-6 of the verification section of the
primitive baseline. Copies of these pages are included as Appendix B. This program should
produce the identical results to the results in the primitive baseline when run during this tesung
exercise. : :

The input file for TEST_READ_1.FOR is the SF2D1_REGION_TEST.PRP cutput file. A
listing of TEST_READ_1 .FOR 15 shown in Figure 6.1-5, and the results from the current
execution are in the file TEST READ.QUT as shown in Figure 6.1-6. This Program should
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produce the identical results to the results in the primitive baseline wher. run during this testing
exercise. The input file for this test case is shown in Figure 6.1-7.

6.1.3 Input/Output Files

Since only a single run of the PRESECOFL2D was made te perform the functional analysis. the
command file and the input files used is the same for both parts of the analysis. They are:
Command File:
SFZDI_TEST _NODBG_RUN.COM

[nput Files: :
WPSTESTROOT:[SF2D ). TESTCASES)SF2D1_REGION_TEST.CDB
WPSTESTROOT:(SF2D1. TESTCASES|SF2D1_LOCAL_TEST.CDB
WPSTESTROOT:[SF2D1. TESTCASES]SFIDI_PR ESECOFL_TEST.INP

A l‘isting of the input file SF2D1_PRESECOFL_TEST.INP is shown in Figure 6.1-7.

The 1nput files SFZDLREGION;TEST.CSB and SF2D1_LOCAL_TEST.CDB have not been
included in this documents becuase they are not orly in binary formar but are also very large. The
size of ASCII file of the contents would be prohibitive and would lend little information related to
the testing. Both files will be submitted and rewined in SCMS. ‘

Each part of the functional analysis required the use of different ourput files which were then
examined using short utility codes wrinien for that purpose with resulting output files from that
process. These files will be described for each part of the test case. '

PART I:

Ourput Files:
WPSTESTROOT:[SF2D1_REGION_TEST.PRP)
WPSTESTROOT:[SF2D1_LOCAL_TEST.PRP]

Tesung Tool: _
WPSTESTROOT:(SF2D1_READ_PRP.FOR]

Output'Fi}cs from Testng Tool:
WPSTESTROOT:[SF2D1. TESTCASESIREGION_TEST.ASC
WPSTESTROOT:[SF2D.TESTCASESILOCAL_TEST.ASC

PART 2:

Output Files: R
WPSTESTROOT:(SF2D1_REGION_TEST PRP
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Tesung Tools:
WPSTESTROOT:[SF2D. "[”ESTCASES]TEST READ_I.FOR

Output Files from Testing Tools:
WPSTESTROOT:[SF2D. TESTCASES|TEST_READ.OUT

6.1.4 Evaluaiion

PART 1:

The acceptance for this pant of the funcuonal analysis was that once the alpha and phi values input
were in fact constant. the output for four points on the local grid boundaries would have AKX
values consistent with the conductivity values derived with hand calculations. This was in fact the

case and the acceptance criteria has been met.

PART 2.

The acceptance for the regression testing of the current code required that the output from the

current test case could be examined ond the resuits would show no differences from tae outp.t
file as noted in the primitive baseline. This was found to be the case and the acceptance criteria
has therefore been met. However. only one file of the four generated by PRESECOFL2D was

checked. :

INFORMATION ONLY
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7.0 RELATED TESTING DOCUMENTATION
, Table 7-1
Documentation Related to the Testing of PRESECOFL2D
Test Item Description | SCMS Filename
Test Lag (5508 ;s events Wt arvse duning | SF2DI_TESTLOG.1XT
the tesung of PRESECOYFL2D
version 4.02720
FLINT Output Output generited as o result of SFIDI_FLINT.OUT

running the source code analyzer,
FORTRAN-Lint

Scenipts used

Command files used to build the -
executables. and the run the PCA
aalvsis and test cases

SF2D1_BUILD.COM

SFIDL.MMS

SF2Di_BUILD.LOG
SF2DI_TESTCASE_PCA_CUM.COM
" SF2D1_TEST _NODBG_RUN.COM

running the program coverage
anatvzer, DECset-PCA

SCA Cutput Output peneratzd as a result of SFID! SCA_MOD_NGT_REF.TXT
running the source code analyzer, SF2D1_CALLTREETXT
: DECset-5CA SF2D1_MODULES.OUT
PCA Output Output generated as a result of SF2D1_PCA.LOG

SF2D1_TEST_COVER.TXT
SFIDL_COVERAGE_CUM.TXT
SF2D1_COVERAGE.TXT

Input Files

Input files required to perform both

the PCA anajysis and the functional

testing.

SF2D1_PRESECOrL.INP
SF2D!_REGION_TEST.CDB
SF2D1_LOCAL_TEST.CDB

Testing Tools

Source codes of utlity proyrams
used duning testing

SF2DI1_READ_PRP.FOR
SE2D1_TEST _READ_LFOR

Iniput Files for Testing Tools

Input {iles on which esung tools
operate

SF2Di_REGION_TEST.PRP
SF2D1 LOCAL_TEST.PRP

Output Files trom Tesing
Tools

Output files resulting from running
the testing [ools.

SF2D!_REGION_TEST.ASC
SF2D1_LOCAL_TEST.ASC
SF2D! _TEST_READ.OUT

Requirements Document A list of the requirements for N/A
o : PRESECOFL2D
Verification and Validation | A description of the testing strategy ; N/A
Plan ‘| for PRESECOFL2D .
Implementation Document Source code listing and a N/A
description of the executable
: generation
User's Guide Instruction for using N/A
PRESECOFL.2D '
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8.0 CONCLUSION

The testing for PRESECOFL2D as prescribed in the Verification and Validation Plan has been
completed and all acceptance criteria have been sansfied. The test case pravided in Section 6
provide complete coverage of ail functional requirements as described in Section 6.

9.0 REFERENCES
1} WIPP-PA - Qualification Guide for Pre-existing Software. Version 2.0. dated 8/24/95.

2) WIPP-PA - Implementation Document for PRESECOFL2D Version 4.02Z0, WPO#
- 23294

3) WIPP-PA - Requirements Document for PRESECOFL2D Version 4.0220 WPO# 23318
4) Rechard. R.P.. ed. 1992. User's Manual for CAMCON: Compliance Assessment
Methodology Controller Version 3.0. SAND 90-1983. Albuquerque, NM: Sandia

National Laboratories.

6) WIPP-PA - User’s Manual for PRESECOFLED Version 4.02Z0. WPO# 23297
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10.0 APPENDICEE
APPENDICES A - Reviewer’s Forms

See attached
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WASTE

ISOLATION Validation Document Reviewer's Form
- PILOT .
di : . -
Natiorsi  PLANT Form Number: 452 Effective: 7/31/95
baboratories Procedure: ___19-1 _ Revision: ] Page __| of 1
; ’3 3 ' Gi ’ - AL —
WPO Number Z Software Classification: 5 o 50

Reviewer Instructicns:

Check the "Yes" box for each item reviewed and found acceptable,

Check the “No" box for each item which requfre.é further work,

Check.the "N/A™ box for flerns that are not applicable,

Check the "N/R" box for items not reviewed (only if there are multiple reviewers).

For muftiple reviewers, each reviewer shall complete a Validation Document Reviewer's Form.

" Prior to sign-off of the Vaﬁdarion Document, all "No” items shall be abpmprfarely addressed by the code sponmrg

that "Yes® or "N/A* may be checked, or a memo from the DM shall be attached to the Validation Document
explaining the reasor: for the nen-conformance.

This formn shall be included as part of the baseline Validation Document.

1. Test Documentation Completeness
Are all tests identified in the VVP documented, inciuding

significant inputs and outputs, and the hardware and T va No N/A
software configurations used tc run the test cases? E ves D D

(]

2. Test Resuit Validation .
Are the test results compared to at least one of the following? @ Yes D Na D N/A,
- hand calculations,
- calculations using comparable proven problems, _
- empirical data from published sources and/or technical literature, or
- other validated software of similar purpose.

[]

3.  Peer Review
If test cases did not provide sufficient validation, was a

i
i

documented peer review performed? (] Yes [J No E NA - [ NR
4. Test Documentation Acceptability :
Do the testsmeet the acceplance criteria identified in the VWP? <] Yes 1 No [ wa [ NR
5.  Test Documentation Repeatability , :
Are the tests documented in sufficient cetail such that they B ves [ No (] wa [ NR
¢an be repeated? - : -
6. Computer File Documentation '
Are the test case input and dutput files included in the @ Yes [ ] No ] ~na [T AR
Validation Document? '
7. Understandability of Documentation
Are the validation methods, {est data, results,and conclusions : _ '
documented in a form that can be understood Dy an independent, Ea Yes D No D N/A E] N/R
technically competent individual?
. . _
C Lo Yodooratt L Buvguse J Y 0T 55
Reviewer Name (panted) ) J Signature / Date '

SWCF File Coge: ;. {.9

St



WASTE
ISOLATION Review Comment (Software)
PILOT
‘-i:‘,di-‘" PLANT Form Number: 299 ' Effective: 7!/31/95
ationa .
Laboratories Procedure; _QAP 1§.] Revision: ____ 1 _ Page _1__ of __2 _
Fle Code: SWCF- % /0-0a PR g
: WEBS #(s) Alpha Cade
Keywaords: (Used for unique identification)
PRE SECo Fr20 SE 2D
SECTION |
1. Software Name: Version {(D: Version‘Dat :
PRESECo£L2LD L.o2. ‘ é_/?—ﬁ/‘f'f
2. Type of Comment: (check one) E Required D Suggested D Ermor
Saftware Type: ({check one) ] Cemmercial [ Oeveloped (] System
4. Comment: (check one, attach pages as needed) [ ] Technicai X Document

valiala7som ﬂacamerf}; /009 5 Sec7ion /2

. f/le f’coc/e_ Canjd/rqﬂf.j}/'hﬁrm@vf:"dﬁ 7 eeslS ﬁ /6
Svi e/

SECTION (I

5. Comment Resolution: /check one; attach rages as needed: describe @ Agree D Disagree
impadct to previous uses of code, if applicable)

dﬁﬂk

SWCF File Cade: /-7 6.9
) WRSH

Y




WASTE :
ISOLATION Review Comment (Software)
P{
Sla?dial " PLANT Form Number: 299 Effective: 7/31/35
ationa
—abgoratories Procedure, _QAP 19-] Revision: ____} Page _ 1 __ of__>
File Coce: swor- /- _ o | FA  ser
WBS #(s) Alpha Code
Keywords: (Used for unique idanlification)
PRESECO pPLp < Fipy
SECTION | | 24
1. Software Name: Version ID: Version Date:
pPeEssw Lz | L.02Z 5‘/""/77
2. Type of Comment: (check one) @ Required E] Suggested D Error
Software Type: (check one) D Commerciat E Developed ' D System' E
4, Cemment: (check one, aftach pages as needed) KZ‘ Technical [T Document
| Sldldion Dockment, gose 5§ PART 2, 17 poragreph

- fbgurc §./-F referrea o /u The /ar‘oﬁqf“dﬁ/? /S
actyally. o PRESECFLID [vupul f/e. Copies of 74
'c.au-«/or/'sc’f? /;o;ej‘ Qr e oxtei oc,/'aa/gb[ /e /f/d/ena//‘x g.

F,;;eure £./-FZ s 1 &1 /'U%/'CMC-CQ/ /&rar,;gr/}./,' Kﬁg?&,-‘ The

secTioNt 79p oFf poge 57 repears correcily rhe b0 Hom of poye £7

5. Comment Resolution: (check one; attach pages as needed: describe /K] Agree D Cisagree
_impac: to previous uses of code, if applicable)

Lo Ay i el

SWCF Fite Code: 7+ . &7
wWass




WASTE '
ISOLATION Review Comment (Software)
PILOT
Sxm'ml PLANT Form Number: 299 Effective: 7/31/95
ationa
.. Labaratories Precedure: _QAP 19-1 Revision: L __ Page __| of _2
File Code: SWCF- ___4- (/L9 rA SFT
WBS a(s) Alpha Cade
Keywords: (Used for unigue identification) '
PRESEcoPL Ld SR 2D
SECTION { \ o)
1. Software Name: - Version 1D: Version Date:
PRESECoFL 2D £.02 S /S20/5y
2. Type of Comment: {check one) @ Required [} Suagested . [] Emor
" Software Type: (check orie) [ Commercial E Developed _ D System
4. Comment: (check one, attach pages as needed) fXj Technical D Document

ValydaT ea Jocoment, £y 60, Section 6.1-%, Jos7 2
LRESECT AL w;_d&ﬁrq?‘es 6‘%’ < vu7/}u7‘ £ jes .

e oy el &//é,/ gar7? of I wes chectes %?"Q/ﬂj/“ The
V. aca_SVART S Corresponding baseline f. /e . Exclain rhe.

reasenivty for checAli g Ol a7 of gire 2l £ 1C
- R 7T a
SECTION I}

S. Comment Resolution: (check one; attach pages as needed- describe [] Agree ' [] Disagree
impact tp previous uses of code, if applicabile) . v
AL oy ¢ 2 ; S ) A
e SIALL 74«& ARy TH Ay free I |

SGLene £ propen &yl sdigrp i adeo. AAe A A
lViad Ledndt o gde d:zg Z%mc/u/ He mé/ [Preapety et SR

. 'Z'/?\,?'/Z,U{/( ,%«,);( g e ag T e Lﬂi& M@J
5-,‘7{/(’,(,/ %Zf' d/b&{,é«,% y M(/Jgfa&i%.

[

SWCF Fite Coce: 12 0:6.9

wWHSE



WASTE
ISOLATION Review Comment (Softwara)

3332“. PLANT Form Number:' 239 Effective: 7/31/95

. na . .

Laboratories Procedure: _QAP 19-1_ Revision: ___1 Page __| of __2

‘ — _

File Code: SWCF- __L‘:L____ / /. ¢.q . "}A SET

WES #(s) Alpha Codae
<e y'worda (Used for unigue identification)
2 BbSE(oF’LO _ SEID

SECTION ;

1.‘ Software Name; Version iD; ‘ Version Date /

PRESECTFL 7.0 L. o2 5 /Z'“"f 7 7

2. Type of Comment: (check one) g Required D Suggested D Error | g

. Eoftware Type: (check ore) D Commercial g Developed D System

4. Comment; (check‘one attach pages as needed) E Technical - D Document

//q/xd’a-?’/m ff’cw’*fcrff ) A L, Table .
f/‘,aﬂ_z-—-[//fﬂ“ '/1/0/_'_._. AL E L, 7-)(7'~ EK//QI#? wé/ The
Frle does mo7 Sbows s Todle “. /-
SECTION Il
. Comment Resolution: (check ane; é?ach pages 2s needad, describe .E. Agree D Diségree
Jmpac: to previous uses of code, n’ appncable)

\j’éﬁ s /C—c AL Gl b @y e 5(’24 f"i{*’{éLC/({
g ?M %(./L,L_ \,%L é’é//é/{r,(_/\j gu;,.i,d/(m m@;c/\? e d&
RO/ P Al g 7 i floe? THL Lpision s piiiwen |
\;Zé{ﬂf f/(él.d «’f&&r!’-w‘guﬁ £

SWCF File Code: _L_iﬂ,_
wBSsa



WASTE '
ISOLATION Review Comment (Software)
Lo
‘ir}dill PLANT Form Number: 299 Effective: 7/31/95
atiena
| aboratories Procedure: _QAP 19.1. Revision: __ 1 ‘ Page __1 of __2.
File Code: SWCF. ____/7 (/LT | /A SET
WEBS #(s) Alpha Code
- Kevwords: (Used for unique identification)
PRESECOFL 20 SF20/(
SECTION | oy
1. Software Name: Version |D: Version Date: — / :
| : $/20/54
FPRESECoL L 2.0 L. 02
2. Type of Comment: (check one) '@' Required D Suggested D Ermor E .
Software Type: (check ore) f: Commergial @ Ceveloped D System E
4. Comment: (check one, aftach pages as needed) E Technical D Document
o @70 iacqm:-e/,’f '
;’2,9 ure §&-/
. b1’ 77 s
‘/ée__/oﬁwr‘ame”f 2. & Shovlod #& eAMngféa/. L7
The S@mre o5 . Z .
SECTION I
5. Comment Resalution: (check one: attach pages as needed: describe [] Agree @ Disagree
' impact to previous uses of code, if applicable) -
- N " - . . . ) . 4 ~7
\._O L{L@L(_&M /C//U—/J /teg’cwww uﬁ,é’,é??_&/c /c.x
041 T lacyicis I Heed zAire oo /n&’C/‘”’"j Cigries
= ’ s . — (A
Mz ldl /Wuumﬁ—ézj(?\ A (bt att o M*ZJZ’//7 Pl ‘f v
' . e e L gt L St
\c‘[f A e ’f;{glem,a,(‘ STl 1L el T T
(AT 2 e ¢W“5“—¢b¢7{f o aats

SWCF file Code: (-7 6. §
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APPENDIX B:  PRIMITIVE BASELINE DOCUMENT

The following pages from the verification section primitive baseline documentaton currently
stored in SWCF as a part of the prior QA effarts. The basis of the curtent regression testing is to
duplicated the results from prior testing. This was done by reproducing the results found in the
baseline documentation. This reproduction is found in Figure 6.1-2.

FigureB-1
(Page 1 of 3)
Pages 4-6 of the Verification Section of the Primitive Baseline

ASCIT
THIZ T n-3-5a >‘
IRt g
R D04 o
2 N 1,45
- z 2.67 g
= z 2.28 :
2 - z.9
2 z .z 34
- DT =)
S I T 33 T=1%. 25 [
21 cs &
2z g
SR ¥ 41 IL,oin T=IT, 17
PR - 73
a1 2T I.33380E-12
4% =7 286202210
12 27 1.92508=-18
4T 3T 2.158002-13
38 27 Z.51800z.0 1
4132 27 L.78060E-13
58 57 2.509C0E-0%
cibL dLakyil, )y o, i=1, 10Y), 5=1L01
L 1 1.693C2E-04
z L 2.04700E-04 .
2 H 3.45500-=-05
4 b 2.678BC0F--28
S i 2.18800E-03
5 1 1.874002-G5
7 x 2.043CCE-0S
5 - 2.967C02~23
o 1 1.68900DE-05
pRY A 7.5960Gz2-05

vil,j,aky (1,3)1=21 , 30) ,3=28, 25

>z 28 1.509872:2-27
2z Zd 1.3206GQ2-07
22 23 L.eza02T-07



PRESECOGELLD Version 40220
Validation Document’

WPO# 23319
October 10, 1995
Appendix B

FigureB-1
(Page 20f 3)
Pages 4-6 of the Verification Section of the Primitive Baseline
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FigureB-1
(Page 3 of 3)
Pages 4-6 of the Verification Section of the Primitive Baseline
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Comment Page 1 of 2

EPA Comment
Enclosure 2, Pages 3-4
154.23(a) (3) (iv)

Comment Text

Section 194.23(a)(3)(iv) requires "computer models accurately implement the
numerical models" and are free of coding errors and produce stable results.

Appendix PAR identifies the assigned values for both longitudinal and transverse
dispersivity in the Culebra as 0.0. Although this value would appear to lead to
conservative results by reducing the amount of surface area available for matrix
diffusion, there is insufficient evidence presented in the CCA that the SECOTP code
will provide stable solutions at such low dispersivities. In fact, in a letter from James
McCord to James Ramsey (Sandia National Lab), provided as an attachment to the
Parameter Record Package for non-Salado longitudinal dispersivity, Dr. McCord
states "Assuming that the numerical codes used correctly solve the governing partial
differential equations, simulations using local dispersivities less then or equal to 2 m
will yield results consistent with field scale dispersive spreading observations as
reported by Gelhar et al. (1992)." '

The Department needs to provide evidence that the mumerical solver method
implemented in the SECOTP code correctly solves the partial differential equations at
the dispersivities of 0.0 over the range of Courant numbers used in the CCA.

DOE Response

Numerical approximations of advection-dominate transport problems may result in -
spatial oscillations near regions where the concentration gradients are steep. These
oscillations (commonly referred to as undershoot and overshoot) are caused by the
inability of second order numerical approximations to accurately propagate short
wavelength harmonics. The pheromenon becomes niore apparent when the local
Peclet number exceeds a value of 10 because the short wavelength harmonics become
increasingly important (Huyakorn and Pinder, 1983, p. 206). The Peclet number,
which is inversely proportional to the dispersion coefficient, is quite large when the
dispersivities are set equal to zero.

In most transport simulators this phenomenon is addressed by enhancing spatial
discretization and/or introducing numerical dispersion by reducing the order of the
numerical approximation (upwind or upstream weighting discretization schemes).

DOE's Response to EPA's Request for Additional Information February 27, 1997
on the WIPP Compliance Ceriification Applicarion '



194.23(a)(3)(iv) - 7 Comment Page 2 of 2

Fully-weighted upwind schemes do not have undershoot and overshoot problems, but
numerical dispersion is oftén quite large and the resulting solution may not be
accurate. To avoid oscillatory behavior limit numerical dispersion, a total variation
diminishing (TVD) flux limiter scheme is invoked in SECOTP2D. The underlying
concept is the application of upwinding techniques where needed to the degree
necessary to prevent non-physical oscillations. A discussion of TVD including
references is found on page 7 of the WIPP PA User’s Manual for SECOTPZD,
Version 1.30 (Appendix SECOTP2D of the CCA).

In the CCA, zero dispersivity coefficients were used in both the longitudinal and
transverse directions. The dispersion coefficients are extremely small, but non-zero,
due to contributions from the molecular diffusion component. Because the '
SECOTP2D results did not exhibit oscillatory behavior, the CCA runs are in and of
themselves 2 test of the stability of SECOTP2D and demonstrate that zero
dispersivities are not a probicm for SECOTP2D.

Reference:

Huyakorn, P.S., and G.F. Pinder, 1983. Computation Methods in Subsurface Flow,
Academic Press, Inc., New York, NY. (Textbook)

DOE's Response to EPA’s Request for Additional Information February 27, 1997
on the WIPP Compliance Certification Application .
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EPA Commen
Enclosure 2, 1 '
194.23(a)(3) (i g g

Comment Tex

194.23(a)(3)(iv)
Section 194.23(a)(3){iv) requires "computer models accurately implement the
numerical models."

In regard to the BRAGFLO computer code, Appendix MASS stzies "Approximating
convergent and divergent flow around the intrusion borehole and the shaft creates two
narrow necks in the otherwise fairly uniform width grid in the region representing the
repository. In the undisturbed performance scenario and under certain conditions in
other scenarios, flow in the reposilory may pass laterally tarough these necks. In
reality, these n2cks do not exist. Their presence in the model is expected to have a
negligible or conservative impact on model predictions compared tc predictions that
would result from use of a more realistic model geometry.” The text further states
that "The time scale involved and the permeability contrast between the repository and
surrounding rock are sufficient that lateral flow that may occur in the repository is
restricted by the rate at which liquid gets into or out of the repository, rather than the
rate at which it flows through the repository." To support this contention, a grid
study comparing a two-dimensional and three-dimensional model was performed and
included as MASS Attachment 4-1. The results of this analysis indicate that under

- undisturbed performance the grids would provide similar answers. However, the
models were parameterized such that, in both cases, brine did not flow up the
borehole following an intrusion and therefore, the adequacy of the gnd under,
disturbed conditions cannot be evaluated.

The Depaﬁn&ent needs to provide a similar analysis that is representative of an
intrusion scenario in which brine reaches the Culebra. That is, the pressures in the
repository have to be high enough so brine from the repository reaches the Culebra,

DOE Response:

'The modeling study documented in Appendix MASS, Attachment MASS 4-1,
demonstrates that a 2D grid set up with radial flaring is adequate in approximating the
behavior of the 3D system. The critical performance measure is not what in’
particular happened (e.g., brine flow reaching the Culebra), but that all representative
measures of fluxes te comparable in both models. As demonsirated in the piots at the
back of MASS Attachment 4-1, this is the case. Note that in addition to examining
the effects of a 2D representation of the 3D system, the study documented in MASS

DOE’s Response to EPA’s Request for Additional Information : February 27, 1997
on the WIPP Compliance Certification Application ' :



194.23(a)(3)(iv) ' : , Comment Page 2 of 2

Attachment 4-1 also favorably benchmarked the BRAGFLO code against the
TOUGH? code, which uses quite different numerical approaches in solving similar
multiphase flow equations and in defining WIPP-specific processes.

The calculations performed were appropriate for the determination because the
geometries are comparable to those used in the CCA and the parameter values used in
the codes are similar to the median values used in the CCA performance assessment.
(at the time the simulation was executed, the values used were median values in the
SNi. WIPP performance assessment database). To select a case in which brine flow
occurred up the borehole, more extreme values than the medians would have lo be
selected for some variables. As indicated in the DOE response to the EPA comment
on grid geometry, page 8 of enclosure 1, 194.23(a)(3)(iv), part (2), the use of median
values for mode! geometry comparison studies has been recommended as appropriate
by EPA representatives. ' ' '

DOE's Response 1o EPA’s Request for Additional Information February 27, 1997
on the WIPP Compliance Certificaiion Application
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EPA Comment
Enclosure 2, page 4
194.23(c)(2)

Comment Text

194.23(0)(2)
Section: 194.23(c)(2) requires, among other things, .. .repurts on code verification,

benchmarking, validation, and quality assurance procedures.”

The Requirements Document and the Verification and Validation Plan for the
NUTS computer code establishes the criterion that "the integrated sum of releases
passing any point of interest should be less than the integrated release from the
repository.” However, this does not prove that mass is being conserved, nor is
evidence of mass balance provided elsewhere in the documentation.

The Department needs o perform a mass balance analysis on the NUTS computer
codb. '

DOE Response

Inspection of the material balance variables associated with the ASCIT outputs
provided in the Requirements Document and the Verification and Validation Plan -
(RD/VVP) for all test cases, except Test case #5, show that material is conserved.
Results of Test case #5 were reported in Computational Data Base (CDB) files
rather than ASCII files, and therefore are not readily available for inspection of
material balance. Results of the four other test cases, as reported in the RD/VVP,
are sufficient to demonstrate mass batance. '

All the ASCII output files reported in the RD/VVP for the NUTS computer code
contain the Material Balance Error in terms of the variables mentioned in the
response to Item (5) in the comment in Enclosure 1, page 9. However, these
vaniables are not reported in the CDB files.

DOE's Response to FPA's Request for Additional Information February 27, 1997
on the WIPP Compliance Certification Application '
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EPA Comment
Enclosure 2, Pages 5-6
194.23(c)(2)

Comment Text

194.23(c){2)
Section 194.23(¢)(2) requires, among other things, reports on code venﬁcatm'l
benchmarking, validation, and quality assurance procedures

The GRASP_INV computer code user’s manual describes a number of test problem
computer runs. However, none of the test runs is similar to the way in which the
code is implemented in the performance assessment. It is also never stated in the
documentation that the GRASP-INV code has been tesied in a manner in which it will
be implemented in-the performance assessment.

The Department needs to provide evidence that the GRASP-INV code was tested in a
manner in which it will be impleniented in the pe-formunce assessment, akd p,owde a
sample compuier run that corresponds to the CCA results.

- DOE VResponse:

The test runs for GRASP-INV were conducted in a manner similar to that used for
CCA PA code implementation. The documentation which describes ‘test problem 16
for the GRASP-INV, Version 2,01, Version Date 8/21/95, Requirements Document and
Verification & Validarion Plan and GRASP-INV, Version 2.01, Version Date 8/21/95,
Validation Document describe the specifications and results of a test problem which
is functionally similar to the CCA PA application of GRASP-INV. Test problem 16
contains the 1992 Culebra model grid but uses a two categorical transmissivity
classification. The test problem includes steady-state calibration to the 1992-selected
steady-state heads as well as a demonstration of the functionality of the
transient-calibration process. Thus, only minor differences exist between Test
problem 16 and the CCA apphcatlon of GRASP-INV. Specifically these dlfferences

arc’

1) the CCA PA model used different boundary conditions,

2) the CCA PA model used different categorical and continuous variable
variograms, =

3) the CCA PA model used a finer finite-difference gnd,

4) the CCA PA model used qualified data, and

DOE’s Response 10 EPA's Request for Additional Information February 27, 1997
" on the WIPP Compliance Centification Application



194.23(c)(2) - Comment Page 2 of 2

5) the CCA PA model assigned weights to the observed steady-state head data.

With the exception of number 5 above, the functionality of the code tested in Test
Problem 16 was identical to the application of the code during the CCA PA. In
response tc number 5, the end-to-end test problem being executed in response to-the
request in Enclosure 2, page 5, first 194.23(¢c)(2) citation, addresses this concern.

DOE's Response to EPA's Request fof Additional Information _ February 27, 1997
on the WIPP Compliance Centification Application
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EPA Cominent
Enclosure 2, page 9
194.34(c)

Comment Text

194.34(c)
Section 194.34(c) requires documentation of computatlonal techniques used in
generating uomplemenwy, cumulative distribution functions.

Although the general approach to sampling of parameters is described briefiy in
Chapter 6, the User's Manual for Latin Hypercube Sampling (LHS), and Appendix
PAR, no detailed discussion of the LHS procedure is included. The User’s Manual
contains a brief discussion of the advantages of this approach, but it does not clearly
describe the irplementation of the method.

The Depdrtmem needs 1o provide a detailed discussion of the LHS procedure and its
implementation.

DOE Response

As the comment notes, Latin Hypercube sampling is described in Chapter 6, the
User’s Manual for Latin Hypercube Sampling, and Appendix PAR. Additional
information about the theory and application of LHS is described in references cited
in those portions of the CCA, as appropriate.

The attached text provides additional background information on the use of LHS.
Details of the application of LHS in the CCA follow.

For the purposes of creating samples for the CCA performance assessment analysis,
the LHS code and its preprocessor, PRELHS, were run in the production mode by the
CCA_MASTERs using their execution scripts. PRELHS was run to extract
distribution information from the INGRES database and write it out to a file that
served as the input file for LHS. At that point, the official execution scripts called
the LHS code in order to create the actual samples. Three official samples were
created, one for each of the three sample replicates described in the CCA
documentation. At that point, the sampled information was available for use by client
codes, either in its existing form or after postprocessing. The LHS sample files are
not saved into the CMS after creation and are deleted. This is done because the
sample files are easy to recreate if needed from PRELHS input files and INGRES
database views, which were saved in the electronic archives.

DOE's Response to EPA’s Request for Additional Informarion February 27, 1997
on the WIPP Compliance Certification Application :
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Description of the steps ILHS goes through to create a sample

Following is a listing of the steps performed by the LHS code as it creates a sample.
It is meant to. show the order of how things are accomplished in the LHS process.

1.

[ORS}

First, coding is invoked to open and name the irput file, output file, and
vanous scratch files used by LHS.

Then, a subroutine is called to read the LHS input file containing the
information extracted from the INGRES database for each distribution to be
sampied. Furthes information is read defining execution’ flags and parameters
for the upcoming run, along with any specified correlation among
distributions. '

Next, subroutines are called to write a banner to the output file followed by 2n
schoed table of the distribution information and-execution flags specified on
the input file.

Following that, if the user has specified a correlation structure, then the
correlation matrix is echoed and checked to make sure that it is positive
definite. The Cholesky factorization is computed to be used later as part of
the process for inducing the desired correlation structure.

At this point, subroutines are called to sample the distributions identified in the
input file. For the case of the 57 distributions of interest in the LHS sample
created for the CCA performance assessment, each distribution was fully
evaluated in the order it appears in the input file, independent of any of the
other distributions. :

With the sampled values in hand, the next fask is to call subroutines designed
to arrange the sampled values to match the desired correlation structure as
specified in the input file. For cases where no correlation structure was
defined in the input file, I.HS will arrange the sampled values in a way that
minimizes correlations between distribution pairs. Correlations are
implemented based on the ranks of the sampled distributions rather than on
raw distribution values. '

The final task is to call subroutines designed to write the sample values for
each of the distributions to output files. Furthermore, depending on the
execution keywords specified in the input file, other output tables may be

DOE’s Response 10 EPA's Request for Addirional Information February 27, 1997
on the WIPP Compliance Certification Application '
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created containing sample ranks on a vector by vector basis. Additionat output
may be produced containing correlation tables based on both rank and raw data
and histogram plots for each distribution sampled.

DOE'’s Response 10 EPA's Request for Additional Information February 27, 1997
on the WIFP Compliance Cerrification Application
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1 Sampling Procedures

Extensive use is made of sampling procedures in the CCA performance assessment (PA). In paricular, random
sampling 15 used in the generation of individual CCDFs (i.e., for integration over the probability space (<, A, Pat)
for stochastic unceriainty) and Laun hypercube sampling is used for the assessment of the effects of impreciseiy-
known analysis inputs (i.c., for integration over the probability space (Sy,. .. p,.} for subjective uncertainty). Due
to the importance of sampling procedures in this PA, brief descriptions are given for random sampling, importance
sampling and Latin hypercube sampiing, which are probably the most widely used sampling lcchniqueé. For

notational convenience, assurne that the variable under consideration is represented by

x =[x3, xg, ..y Xav] : - S LD

and that the corresponding probability space is (&, A, p).

In rar.dom sampling, sometimes also calied simple random sampling, the observations

X = [Xe1, X, o 2 vl k=1,2, ..., 1R, (2

where R is the sample size, are selected according to the .joint probability distribution for the elements of x as
defined by (S, J, p). In practice, (S, 4, p) is defined by specifying a distribution D; for each clechnt x of x..
Points {rom different regions of the sample space S oceur in direct relationship to the probability of occurre-nce of
these regions. Further, each sample element is selected independently of all other sample elements. As illustrated in
Fig. 1.1 for'xl =U,x3=V,nV=2and nk = 5, the numbérsrRU(I), RU(2), ..., RU(5) are sampled from a uniform
distribution cn {0, 1} and in turn lead to a sample [{1), 1J(2), ..., U(5) from U based on the cumulative distribution

function for {/. Similarly, the numbers RV(1), RV(2), ..., RV(5) lead 10 a sample W(1), V(2), ..., V(S) from V. The

pairs
Xp=[UK), VIR, k=1,2,...,nR =5, o R )

then constitute a random samgple from X = [{/, V], where £ has a normal distribution on {-1, 1] and V has a trangular

distribution on [0, 4].

Random samples are generaléd in an analogous manner when X has a dimensionality greater than 2 (e.g., nV =
100). Specifically, if the elements o X are represented by-U, V, ..., W and a random sample of size nR is to be
cenerated, then random numbers RU(L), RU(2), ..., RU(ER) are sampled uniformly from [0,1] and used o obtain

corresponding values U{1), U(2), ..., U(nR) for U, random numbers RV(l}, RV{2), .., RV(nR) are sampled
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uniformly from [0,1} and used 10 obtain corresponding values V{1), V(2), .., V(nR) for V, and so on, with the
process continuing through atl elements of X and ending with the selection of random numbers RW(1), RW(2), ...,

RW(nR)} from [0,1] and the generation of the corresponding values W{1), W{2). ., W(nR) for V. The vectors
Xy = (UG, VDL . WY, k=1,2, ., nR, (1.3a)
then constitute a random samyple from x = [U, V.., W],

In random sampling. there is no assurance that points will be sampled from any given sub-region of the sample
space &, Also, it is possible for an inefficient sampiing of &to occur due Lo several sampled values falling very close
together. The preceding probiems can be partiallv ameliorated by using importance sampling, With this technigque,
& is exhaustively divided into a number of nonoverlapping subregions {i.e., strata) S i= 1.2, .. nS. Then, n§;
values for X are randomly sampled from &, with the random sampling carried out in consistency with the definition

of (S, 4. ) and the restriction of X 10 &, The resultant vectors

ns

Xe = [xpq, Xp20 o xk.,,v}, k=1,2, ...;2”5, ' (1.4)

i=l

then constitute an importance-based sample from & (i.e., a sample obtained by importance sampling).‘ Typically,

only one value is sampled from each &, with the result that the sample has the form -

X, = [«tkla T xk.nV]v krz 1,2, ..., n§, . _ (15)

The name 1mportance samplirng derives from the fact that the 5 are in part dcﬁned.on the basis of how important the
X's contained in each set are to the final outcome of the analysis. dﬁcn, importance sampling is used 1o assure the
inclusion in an analysis of X's that have high consequences but low probabilities (i.e., the probabilities p(<5) are
small for the & that contain such -x‘s). When importance sampling is used, the probabilities p(<;) and number of
observations nS; taken from each & must be folded back into the analysis before results can be meaningfully

_presented.

Several examples of importance sampling for x = [/, V] are given in Fig. 1.2. The two top frames are for strata
of equal probability (i.c.. al! p(5) are equal). For two uniform distributions, this results in all strata having the same
area (upper left frame). For two nonuniform distributions, different sirata can have different areas even though they
have the same probability (upper night frame). The two lower frames ére for strata of unequal probability. In this
case, the variable distributions and the strata probabjlities interact to determine the area of the strata. However, ;a is
imporiant to recognize that specifying variable distributions, number of strata .and strata probébilities does not

uniquely definc an importance sampling procedure; rather. there are many wavs in which the sirata & can be defined

1o
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that are consistent for the preceding constraints. In particular, appropriate definition of strata will depend on specific
properties of individual analyses. Similar ideas also hold for more than two variables, in which case the strata

become enclosed volumes in a space with the same dimension as X.

Importance sampling operates o ensure the full coverage of specificd regions in the sample space. Tﬁisidea is
carried farther in Latin hypercube sampling to ensure the full coverage of the range of each variable. Specifically,
the range of each variable {i.e., the x;) is divided into nLHS intervals of equal probability and one value is selected at
random from each interval. The nLHS values thus obtained [or xy are paired at random without replacement with the
rLHS values obtained for x:. These nLHS patirs are combined in a random manner without replacement with the
nLfS values of x3 to form nlLHS triples. This process is continued until a set of nLHS nV-tuples is formed. These

nV-tuples are of the form

X = [xe1s 2z, oo Xinvls k=1, . nLHS, (1.6)

and constitute the LHS. The individual xJ, must be independent for the preceding cons.ruction procedure o work; a
method for generating Latin hypercube and random samples from correlated variables has been developed by Iman
and Concver (1982) and will be discussed briefly. Latin hypercube sampling is an extension of guota sarpling
(Steinberg 1963) and carn be viewed as an n-dimensional randomized genéraiization of Latin square sampling (Raj

1968).

The generation of an LHS of size nl.HS = 5 from x = [U, V] is illustrated in Fig. 1.3. Initially, the ranges of U
and V are subdivided into five intervals of equal probability, with this subdivision rcprgsenied by the lines that
originate at 0.2, 0.4, 0.6 and 0.8 on the ordinates of the two upper frames in Fig. 1.3, extend horizontally to the
cumulative distribution functions, and then drop verticallv to the abscissas 1o produce the 5 indicated intervals.
Random values Uf1), L(2), ..., U(5) and V{13, V(2), ..., V(5) are then sampled from these intervals. The sampling of
these random values is implemented by (1) sampling RU(1) and RV(1) from a uniform distribution on [0, 0.2], RU(2)
and RV(2) from a uniform distribution on [0.2, 0.4], and so on and (2) then usiﬁg the cumulative distribution
functions to identify (i.e., sample) the corresponding U and V values, with this identification represented by the
dashed lines that originate on the ordinates of the two upper frames in Fig. 1.3, extend horizontally to the cumulative
distribution functions, and then drop vertically to the abscissas to produce U(1), U(2), ..., U(5) and V(1}, V(2), ...,
V(5). The generation of the LHS is then completed by randomly pairing {without replacement) the resuliting values
for U and V. As this pairing is not unigque, many possible LH5s éan result. Two such LHSs are shown in the lower
two frames in Fig. 1.3, with one LHS resulting from the pairings [U(1), V23], [L(2). V(5)]. [U(3).7 V(3)], [U(4),
V1)), [U(3), ¥(3)) (lower left frame) and the other LHS resuiting from the painings {0 ), V)L, [UC), VO, [U(), W
), LUC), VOIL LUC). VOO
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The geéneration of an LHS for nV > 2 proceeds in a manner similar to that shown in Fig. 1.3 for n¥ = 2. The
sampling of the individual variables for nV > 2 wkes place in exactly the same manner as shown in Fig. 1.3.
However, the nV variables define an nV-dimensional solid rather than a 2-dimensional rectangle in the plane. Thus,

the two lower frames in Fig. 1.3 would involve a partitioning of an nV-dimensional solid rather than a rectangle.

Random sampling is the’ prefeﬁed technique when sufficiently large samples are possible because it is easy to
implement, easy to explain, and provides unbiased esimates for means, variances and distribution functions. The
possible problems with random sampling derive from the rather vague phrase “sufficiently large" in the preceding
sentence. When the underlying models are expensive to evaluate (e.g., many hours of CPU time per evatuation) or
estimates of extreme quantiles are needed (e.g., the 0.999999 quantile), the required sample size to achieve a specific
purpose may be too large to be computationally practicable. In the CCA PA, random sampling is used for the
estimation of CCDFs (i.e., integration over (S, £ ., p.)} because it was possible to develop a computational
strategy that allowed the use of a sample of size nS = 10000 to estlmatc an exceedance probablluy of 0.001 (i.e., the

0.999 quanule of the distribution of normalized releases to the accessible environment).

When random sampling is not computationally feasible for the estimation of extreme quantiles, importance
sampling is often emptoyed. However, the use of importance sampling on nontrivial preblems is not easy due to the
difficulty of defining the recessary strata and also of calculating the probabilities of these strata. For example, the
fault and event tree techniques used in probabilistic risk assessments for nuclear power stations and other complex
cnginecred facilities can be viewed as algorithms for definiag immportance sampling prozedures. The bettom line is
that the definition and implementation of an importance sampling procedure is not easy. Further, without extensive a
priori knowledge, the strata may end up< being defined much more finely than is necessary, with the result that the
importance sampling procedure ends up requhiring more calculations than the use of random sampling to calculate the
same outcomes. For example, the numbers of strata in the importance sampling procedure used to estimate CCDFs
in the 1991 and 1992 preliminary WIPP PAs (Helton and luzzolino 1993) greatly exceeds the size of the random ‘
- samples used in the CCA PA to estimate CCDFs. The unequal strata probabilities also make the outcomes of
analyses based on importanc.e sampling inconvenient for use in sensitivity analyses (e.g., how does one interpret a
scatterplot or a regression analysis derived from results obtained from an importance sampling procedure). For the

preceding reasons, importance sampling was not used in the PA for the CCA.

Latin hypercube sampling is used when large samples are not computationally practicable and the estimation of
very high quantiles is not required. The preceding is typically the case in uncertainty and sensitivity studies to assess
the effects of subjective uncertainty. First, the models under consideration are often computationally demanding,
with the result that the number of calculations that can be performed to support the analysis is necessarily limited.
For example, the totality of the model calculations (i.e., BRAGFLQ, NUTS, PANEL, GRASP_INV, SECOFL2D,
SECOTP2D, CUTTINGS_ S, BRAGFLO_DBR) in the CCA PA is too exlcﬁsivc to permit the generation of
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Fic. 1.4 Examples of Latin hypercube and random sampling to generate a sample of size 10 from variables U

and V with (i) U/ and V uniform on [-1, {}. and (2) I/ norma! on [-1, 1] {mean = 0, 0.01 quantile = -1,
(.99 quantile = 1) and V trianguiar on [0. 4] {mode = {).
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thousands of CCDFs in an uncertainty/sensitivity study to assess the effects of subjective uncedainty. Second. the
estimation of very high quantiles is generally not required in an analysis to assess the effects of subjective
uncerainty. Typically, a 0.90 or 0.95 quantile is adequate to establish where the available information indicates a
particular analysis outcome is likely to be located; in particular, a 0.99, 0.999 or 0.9999 quantile is probably not

nexded in assessing the eflects of subjective unceiisinty,

Desirable features of Latin hypercube sampling include unbiased estimates for means and distribution functions
and dense stratification across the range of each sampled variable (McKay et al, 1979). In particular, uncertainty and
sensitivily analysis results obtained with Latin hypercube sampling have been observed 1o be quite robust even when

relatively small samples (i.e., nLHS = 50 to 200} are used (Ii-nan and Helton 1988, 1991; Helion et al. 1993),

For perspective, Latin hypercube and random sampling are illustrated in Fig. 1.4 for two different distribution
* pairs. To facilitate comparisons, the grid that underlies the LHSs is also shown for the random sumples, although it
plays no role in the actual generation of these samples. The desirability of Latin hypercube sampling derives from
the fuli coverage of the range of the sampled variables; specifically, each equal probability interval for I/ and also
each probability interval for V has exactly one value sampled from it, In contrast, the random sampling makes less
efficient use of the sampled points, with the possibility existing that significant parts of a variables range will be
omitted and that other parns will be overemphasized. The enforced siratification in Latin hypercube sampling

prevents such inefficient samplings while still providing unbiased estimates for means and disttibution functions.

The outcome of the enforced stratification associated with Latin hypercube sampling is that estimates of means
and distribution functions tend to be more stable when generated by Latin hypercube sampling than by random
sampling. Here, stability refers to the amount of variation between results obtained with different samples generated
by the particutar sampling technigue under consideration. This stability can be illustrated by comparison of

estimates of the CDF for the simple function
RUWV=U+V+UV | T (1.6)

obtained with Latin hypercube and random sampling under the assumplion that &/ and V are uniformly distributed on
[, 2]. In particular, each sampling technique is used to generate 100 samples of size 10 and also 100 samples of size
100 from U and V. Each sample givessnse to an estimated CDF for f (Fig. 1.5}, .The goal is to compare the
variability between the estimates obtained with Latin hypercube and random sampling. . Presenting plots similar to
those in Fig. 1.5 for 19C CDFs at a time is not very informative because the CDFs tend to turn inte a solid black
mass. A more informative presentation i3 to surimarize the distributions of CDFs with mean and percentile curves.
The location of the percentile curves then provides an indication of how stable the estimates of the CDFs are. In

particular, limited separation between low and high percentiles (e.g., the 10th and 90th) indicates that the sampling



10 Randormn Samples of size 10
T T T

T

a8 - !

a8 ’ .

ol b

06 [ . .

Q5 -

o4t _ .

03 —

Probability of Value <=1
Probability of Valug <=

03k 4

0.1 . -

00 1 ] 1 1 1 1 0.0 il ot 1 L 1 1 1
Q.0 1.0 20 3.0 4.0 50 6.0 7.0 g.0 0.0 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0

UMY = U+ Y+ UV _ HUV) = U+ V + UV

TAI-6342-4848-0

Fig. 1.5. Example CDFs for {il/, V) = U + V + UV estimated with random samples of size 10 and 100 under the
assumption that U and V are uniformly distributed on [0, 2].



100 Rangom Samgees of sze 10
v, !

/. 7, ]
o _
kY
[} 1-
=
3 -
= o
k) 4
=
=] 1
= N
=)
E -
o -
0.0 0 20 0 30 40 50 B¢ 70 8O
UM =U+ V+ UV
100 Latin Hypercube Samples of size 10
1.0 T T T T T
" _
W
o]
=2 _
(]
- 4
k) i
=
= J
1] -
L
E 4
o .
0.0 10 20 30 40 50 80 70 B0
flUVi=U+ VUV
Fig. 1.6

Probabitity of Value <= f

Probability of Value <=

100 Random Samples of size 100
T T

1.0 T T "7 _::;‘.':,;.,,_
b - 4
- ol
09 - - o 4
” 4
ot
08 | ”/ '4- -1
L |
07 - & lr -
r)r
06 - ‘e -
X [y
4 . ]
05 - /
A / ’!' j
04 ’I I B
F . ,’ '! -
C3 [ .
I ’1 i
! [ T
02 VA T ampeama
r e  emeea 100 parcantle P
’
0.1 / e maan i
r / ‘J
YA 1
0.0 wE=_L ] ? j 1 i I
6.0 1.3 2.0 3.0 4.0 50 £.0 7.0 a.0

HUV) =U +V LUV

l i Il 1

4.0 8.0
fUV) = U +V+UV

TRI-6342-48480

Summary of distribution of CDFs for AU, V) = U + V + UV estimated with 3 replications of 100 Latin

hypercube and random samples of size 10 and 100 under the assumption that €/ and V are uniformly

distributed on {0. 2].



procedure is providing stable estimates of the CDF (i.e., there is little variability in the estimated CDF from one
sample to the next); in contrast, a large spread between low and high percentiles indicates that the sampling
procedure is not providing stable estimates of the CDF (i.e., there is substantial variability in the estimated CCDF
from one sample to the next). The previously indicated 100 samples of size 10 and 100 are summarized in this
manrer in Fig. 1.6, Further, the analysis was replicated three times (o give three estimates of the 10th percentile,
three estimates of the 50th percentile. and so on, As examination of Fig. 1.6 shows,‘Lmin hypercube ssmpling 1s
producing CDF estimates that are rﬁore stable than those produced by random sampling (i.e., the spread beiween the
10th and 90th percentile curves is tighter for Latin hypercube sampling than for random sampling). The stability of
the mean and percentile esttmates across the three replicates indicates that the observed stability is real rather than a .

chance occurrence associated with a particular set of 100 Latin hypercube or random samples.

From the perspective of uncertainty and sensitivity analysis, the full stratification over the range of each sampled
variable is a parﬁcularly desirable property of Latin hypercube sampling. In 2 large analysis such as the CCA PA,
there are .potentially hundreds of predicted variables that will be examined at some point iﬁ the uncentainty and
sensitivity cnalysis. Further, it is likely that almost every samplcd variable will be important with respect te at least
one of these predicted variables. With Latin hypercube sampling, every variable gets equal treatment (i.e., full
stratification) within the samplc;, should a varjable be important with respect to a particular output variable, it has
been sampled in a way that will permit this importance to be identified. In contrast, it is very difficult i’.O design an
imporiance sampling procedure that provides acceplable results for a large number of sampléd and predicted
variables. In one sense, Latin hypercube sampling can be viewed as a compromise importance sampling procedure
when a priori knowledge of the relationships between the sampied and prcdicted‘variables 15 not available. When
random sampling is used with a small sample size in an analysis that involves a large'numbcr of sampled and
predicled variables, the possibility exists that the chance structure of the sample will result in a poor representation of
the refationships between some of the sampled and predicted variables. Such poor relationships can also occur for
Latin hypercube sampling when several sampled variables affect a given predicted variable, but are less Iikg]y to do

so than is the case with random sampling.

For reasons just outlined, the CCA PA uses Latin hypercube sampling to determine the effects of subjective
unccﬁaimy (i.e., to integrate over (S, £ pe)). In paniéular. Latin hypercube sampling is felt to be the most
appropriate procedure to use to meet the requirement in 40 CFR 194.34(b) that “Computational technigues, which
draw random samples {rom across the entire range of the probability distributions developed pursuant to paragraph

«b) of this section, shall be uscd in gen:rating CCDFs and shall be docuinented in afy compiiance application,”

2 Correlation Control (Adapted from Sect. 3.2 of Helton 1993)

Control of correlation within a sample can be very important, If two or more variables are correlated, then it is

necessary thal the appropriate correlation structure be incorporated inte the sample il meaningful results are to be
L4 . .



obtained in subsequent uncertainty/sensitivity studies. On the other hand, it is equally important that variables do not

appear (o be correlated when they are really independent.

It s often difficult to induce a desired correlation structure on i sample. Indeed, most multivariate distributions
are incompatible with the majority of corretation patterns that might be proposed for them. Thus, it is fairly commaon
to encounter analysis situations where the proposed variable distributions and the suggested correlatiors between the
variables are inconsistent; that is, it ts not possibie to have both the desired variable distributions and the request.ed

correlations between the variables.

In response to this situation, Iman and Conover (1982} have proposed a method of controlling the correlation
structure in random and Latin hypercube samples that is based on rank correlation (i.e., on rank-transformed
variables) rather than sample correlation (Le., on the original uniransformed data). With their technique, it is
possibie to induce any desired rank-correlation structure onto ‘[hc sample. This technigue has a number of desirable
properties: (1) It is distribution free. That is, 1t may be used with equal facility on all types of distribution functions.
{(2) Itis simple. No unusual mathemarical techniques are required to implement the method. (3) It can be applied to
any sampling scheme for which correlated input variables can logically be considered, while preserving the intent of
ihe sampling scheme. That 15, thie same numbers originally selecied as input values are ietained; oniy U.eir pairing is
affected to achieve the desired rank correlations. This means that in Latin hypercube sampling the integrity of the
intervals is rﬁainwined. If some other structure is used for selection of values, that same structure is retained. (4)

The marginal distnbutions remain intact.

For many, if not most, uncertainty/sensitivity analysis problems, rank-correlation 15 probably a more natural
measure of congruent variable behavior than is the more traditional sample correlation. What is known in most
situations is some idea of the extent to which variables tend to move up or down together; more detailed assessments

of variable linkage are usually not available. T is precisely this level of knowledge that rank correlation captures.

The following discussion provides an overview of the Iman/Conover procedure for inducing a desired rank
correlation structure on either a random or a Latin hypercube sample. A more detailed discussion of the procedure is
given in the origina! article. The procedure begins with a sample of size m from the n input variables under

" consideration. This sample can be represented by tne m X 1 malrix

Fll Ly o Xqp
Xy oo l’zﬂ

X=|"- ‘ : 7 (2.1)

Xmi ¥m2' Tmn ]

where x;; is the value for vanable j in sample clement /. Thus. the rows of X correspond to sample elements. and the
. .

columns of X contain the sampled values {or individual variabies.



The procedure is based on rearranging the values in the individual columns of X so that a desired rank
correlation structure results between the individual variables, For convenience, let the desired correlation structure

be represented by the n X n matrix

€11 Cy2 o Gy
Cay Coa 0 Cay

C: (27!
Cnl  Cp2 " Cpy

where cy; is the desired rank correlation between variabies x; and x;.

Although the procedure is based on rearranging the values in the individual columns of X to obtain a new matrix
X* that has a rank correlation structure close to that described by C, it is not possible to work dirsetly with X.

Rather, it is necessary to define a new matrix.
S= . . . _ (2.3)

that has the same dimensions as X, but is otherwise independent of X. Each column of § contains a random
permutation of the m'van der Waerden scores (Conover 1980) &~ !(i/m +1)i=1,2, ..., m where ®7} is the
inverse of the standard normal distribution. The matrix S is then rearranged to obtain the correlation structure
defined by C. This rearrangement is based on the Cholesky factorization {Golub and van Loan 1983) of C. That is,

a lower triangular matrix P is constructed such that
C=PPT : ' (2.4)
This construction 1s possible because C is a symmetric, positive-definite matrix (Golub and van Loan 1983, p. 88).

If the correlation matrix associated with S is the n % n identity matrix (i.e., if the correlations between the values

1n different columns of S are zero), then the correlation matrix for
§* = SPT | 2.5)

is € (Anderson 1984, p. 25). At this point, the success of the procedure depends on the follewing two conditions:
{1 that the correlation matrix associated with S be close o the n x n identity matrix; and (2) that the correlation
matrix for §* be approximately equal to the rank correlation matrix for S*. If these two conditions hold, then the

desired matrix X* can be oblained by simply rcarranging the values in the individual columns of X in the same rank



order as the values in the individual columns of §*. This is the first time that the variable values contained in X enter
into the correlation process. When X* is constructed in this manner, it will have the same rank correlation matrix as

S*. Thus, the rank comelation matrix for X* will approximate € to the same extent that the rank correlation matrix

for §* does.

The condition that the correlation matrix assaciated with § be close to the identity matrix is now considered,
For convenience, the zorrelation matnx tor S will be representeu by E. Unforunately, E will not always be ihe
identity matrix. However, it is possible 1o make a correction for this. The starting point for this corection is the

Cholesky factorization for E:
E=QaT _ (2.6)
This factorization exists becausc E is a symmetric, positive-definite matrix. The mauix S* defined by
S*=8@HPT | | (2.7)

has € as its comrelation mairix. In essence, multiplication of 5 by {(Q-1)T transforms S into a matrix whose
associated correlation matrix is the 7 X r identity matrix; then, multiplicatica by PT produces a matrix whose
associated correlation matrix is €. As it is not possible to be sure that E will be an identity matrix, the matrix §*
used in the procedure 1o produce correlated input should he defined in the corrected form shown in (2.7) rather than

in the uncorrected form shown in {2.5).

The condition that the correlation matrix for 8* be approximately equal to the rank correlation matrix for $*
depends on the choice of the scores used in the dcﬁni;ioh of 8. On the basis of empirical investigations, Iman and
Conover {[982) found that van der Waerden scores provided an effective meahs of defining 8, and these scores are
incorporated inio the rank correlation procedure in the widely used LHS program (Iman and Shortencarier 1984).
Other possibilities for deﬁnihg these scores exist, but have not been extensively investigated. The user should
examine the rank correlation matrix associated with 8* to ensure that it is close to the target correlation matrix C. 17
this is not the case, the construction procedure used to obtain $* can be repeated until a suitable approximation to C
is obtained. Results given in Iman and Conover (1982) indicate that the use of van der Waerden scores leads to rank

correlation matrices for 8* that are close o the target matrix C.

Additional information on the Iman/Conover (ie., restricted pairing) technigue to induce a desired rank-
correlation structure is given in the original article. The results of various rank-correlation assumptions are
illustrated in Iman and Davenport {1982). The LHS (Latin Hypercube Sample) program generates both random and

Latin hypercube sampies with user-specified rank correiations between variables,



3 Sampile Size for Incorporation of Subjective Uncertainty

The gutdance in 40 CFR 194.34(d) states that “The number of CCDFs generated shall be large enough such that,
at curtnlative releases of 1 and 10, the inaximum CCDF ygenerated exceeds the 99th percentile of the population of
CCDFs with at feast a (.95 probability.™ For 2 Latin hypercube or randem sample of size n, the preceding guidunce

is equtvalent to the inequalily

| —0.997 =095, . . (3.1

which results in'a minimum value of 298 for 1. In consistency with the preceding result, the 1996 CCA PA uses an
LHS of size 300 to integrate over the probability space (S, g pau) for subjective uncertainty, Actually, as
discussed in the next section, three replicated LLHSs of size 100 each are used, which results in a Lotal sample size of
300,

4 Statistical Confidence on Mean CCDF

The guidance in 40 CFR 194.34(f) states that “Any compliance assessment shall provide information which

demonstrates that there is at least a 5 percent level of statistical conflidence that the mean of the population of
| CCDFs meets the containment requirements of § 191.13 of this chapter.” Given that Latin hypercube sampling is to
be used, the confidence intervals required in 194.34(f) can be obtained with a replicated sampling technique
" propesed by R.L. Iman (1982). In this technique, the LHS 1n Eq. (1.6) is repeatedly penerated with different rasdom
seeds. These samples lead to a sequence P, (R),r =1,2,...,nR. of estimated mean exceedance probabilities, where

I_J, {R) defines the mean CCDF obained for sample r (i.e., -!3, (R) is the mean prbbabi]ity that a normalized release

of size R will be exceeded) and nR is the number of independent LHSs generated with different random seeds. Then,

nR
P(R)= > F.(R)/nR : (4.1)
r=1
and
nR /2
SE(R) = E[E(R) - F(R)f { nR(nR — 1) : (4.2)

r=1

provide an additional estimate of the mean CCDF and an estimale of the standard error associated with the mean
exceedance probabilities. The r-distribution with nR—1 degrees of freedom can be used to place conlidence intervals
around the mean exceedance probabilities for individual R values (i.e., around JE(R) ). Specifically, the 1-a

confidence interval is given by P{R)* 1]_g SE(R), where 1y_g/9 is the 1—0/2 quantile of the t-distribution with

16



nR-1 degrees of freedom (e.g., f1_gy2 = 4.303 for & = 0.05 and nR = 3). The same procedure can also be used Lo

place pointwise confidence mtervals around percentile curves.

5 Generation of LHSs

The LHS program (Tman and Shortencarier 1984) was used (o produce threc independently ecnerated LHSs of

size nLHS = 100 each, lor 4 1etal of 300 sample elements. Each individual replicate is an LHS of the form

Xou k=[Xk [ K2 Xpnv ). kK=1.2,..nLHS=100. (3.1)

In the context of the replicated sampling procedure described in Sect. 4, nR = 3 teplicales are being used with each
replicate of size 100. For notational convenience, the replicates are de;signatcd by R1, R2 and R3 for .replicalcs.l, 2

and 3, respectively.

. Al the beginning of the analysis, only the 31 variables that are used as input to BRAGFLO had been fully
specified (i.c., their distnbutions D; had been unambiguously defined); the remaining variables were still under
development: To allow the calculations with BRAGFLO to proceed, the previously indicated LHSs were generated

- from nV =75 variables, with the first 31 variables t;eing the then specified inputs to BRAGFLO and the remaining
44 variables being assigned uniform distnbutions on {0, {]. 7 Later, when the additional variables were fully specified,
the uniformly distributed variables were used to generate sampled values from them consistent with their assigned
distributions. This procedure ailowed the analysis 1o go fofward while maintaining the integrity of Latin hypercube

sampling procedure for the overall analysis,

With nV = 75 in the LHSs and 31 variahles already assigned, 44 additional variables were available for
| incorporation inio the analysis. To assure that the number of available positions in the LHSs was not exceeded, each
group of investigators developing characterizations of variable uncertainty was assigned a maximum number of
variables that they could elect to have incorporated into the analysis, with the sum of these maximums being less than
44. Ultimately, 26 additional variables were selected for incorporation into the analysis, which produced the 57

variables sampled in the CCA PA.

The restricted pairing techniguc described in Sect. 3 was used to induce requested correlations and also to assure
that uncorrelated variables had correlations close to zero. Due o the sequential manner in which the variables were
developed, it was actually only the first 31 variables used as input to BRAGFLO that could have specified non-zero
correlations.. The correlations for the remaining variables were controlled in the sense that they were forced 10 be

ciose to zero.

The variable pairs (ANHCOMP, ANHPRM), (HALCOMP, HALPRM) and (BPCOMP, BPPRM) were assigned

rank correlations of —0.99, ~0.99 and —(.75. respectively. Further, all other variable pairs were assigned rank

17



correlations of zero. The restricted pairing technique was quite successful in producing these correlations.

Specifically, the comelated variables have correlations that are close to their specified values and vncorrelated

vanables have correlations that are close 10 zero.
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Comment Page 1 of 3

EPA Comment
Enclosure 2, Page 11
194.44

Comment Text
Engineered Barrier

194.44

Section 194.44 requires that the disposal system incorporate engineered barriers

designed to prevent or substantially delay the movement of radionuclides towards the
- . accessible environment.

While the inclusion {of] magnesium oxide (MgQ) as a backfill material will improve
repository performance, the Department must provide an engineered design which
supports the assumptions about the performance of MgO. The evidence must support
the assumptions used in PA.

The Department must provide an engineering design which provides the method of
placement and quantity emplaced such that the MgO will be distributed as assumed in
the conceptual models to support the reaction of MgO to be as predicted in the expected
WIPP repository environment. The Department must also provide information which
demonstrates that the excess volume proposed to be emplaced can actually be
accommodated and whether it covers the uncertainties in the actual geochemical

. process. ‘

" DOE Response

The DOE will respond to this comment in two parts: Part I will address the physical
placement of MgO within the repository and address the stated concern regarding the
distribution of. MgQ being consistent with the conceptual models assumed. Part I
demonstrates that the excess volume can be emplaced and that the uncertainties in
possible reactions has been considered in determining the guantity to be emplaced.

Uncertainty in the geochemical reactions that may occur is not covered as part of the
response to this EPA comment. Rather, uncertainty in geochemical reactions is being
addressed in response to a different EPA comment through direct experimental
demonstration of the efficacy of MgO. Tt is important to remember that the MgO
backfill is an assurance measure intended to satisfy, in part, the requirement to include
an engineered barrier in the disposal system.

DOE's Response 1o EPA's Request for Additional Information February 27, 1997
on the WIPP Compliance Cemﬁcarign Application



194.44

Comment Page 2 of 3
Part I- Engineering Design for MgO placement

The method of MgO placement and quantity are described in Section 3.3.3 of the CCA.
Preliminary placement test have been performed using minisacks and supersacks in the
repository setting and demonstrate that backfill can be emplaced as described in
Section 3.3.3 without significant impact to waste handling operations.

WIPP waste handling procedures WH-1011, Revision 2, dated.October 1, 1996,
describes the emplacement procedure for mini sacks of MgO in the void spaces between
the waste drums in the 7-pack configuration. Current waste handling procedures for
emplacement of waste in rooms are being modified to specify MgO placement with
standard waste boxes (SWBs), MgO placement along the rib (space between the waste
containers and the wall of the room), and super sack placement on top of waste

- containers. These procedures will provide those specific actions that must be -

performed such that the emplacement design specified in Section 3.3.3 will be
achieved.

Part II- Co}zsisrency of emp[acemem method with concepmal models and consideration
of uncertainty in determination of quantities of MgO to be emplaced.

The emplacement methodology described in Section 3.3.3 of the CCA was developed
with specific consideration of the performance criteria required by the conceptual
models relevant to MgO backfill. The assumptions in the conceptual models regarding
MgO are covered in Sections 6.4.3.3 (Gas Generation), 6.4.3.3 (Chemical Conditions),
6.4.3.5 (Dissolved Actinide Source Term), and 6.4.3.6 (Colloidal Actinide Source
Term), as well as Appendix SOTERM and Appendix BACK of the CCA. Additional
discussions of MgO backfill can be found in Chapter 9, Section 9.3.1.2.10.2 and
Appendix PEER, Section 1. The essential performance criteria relevant to placement of
MgO are (1) that MgO be distributed in such a manner that the assumption of
uniformity of chemical conditions through disposal rooms is valid, and (2) enough MgO
is emplaced such that the consumption of all CQ, produced is assured.

The MgO will be emplaced consistent with the design specified in Section 3.3.3. This
design provides for MgO to be distributed throughout waste disposal rooms, including
between waste drums and standard waste boxes. This distribution is sufficient to assure
accessibility of MgO to chemical reactions taking place over the regulalory time scale.
The Conceptual Model Peer Review Panel considered this in their examination of the
MgO issue and found the emplacement design to be consistent with the conceptual

- model assumptions (Final Report, July 1996, page 3-154, Assumption (1)).

DOE's Response 1o EPA's Request for Additional Information February 27, 1997
on the WIPP Compliance Cerrificarion Application :



194.44

Comment Page 3 of 3

The quantity of MgO required to be emplaced to assure removal of CO, from the gas
phase is based on calculations that consider all processes that might contribute to CO,
production. These calculations are very conservative in that they utilize a maximum
estimate of CO, production, a quantity that is unlikely to be attained. Based on the
BIR and memoranda in the records center, the total number of moles of MgO required
to react with the maximum possible amount of CQ, generated is 9.85 x 10° moles.
Using the appropriate conversion factors (40.3 gm/mole, 0.001 kg/gm, 2.202 kg/lb,
0.0005 Ib/ton), at total of 43,700 tons of MgO are required to react with this maximum
estimate of carbon dioxide production. Section 3.3.3 of the CCA documents that
approximately 85,600 tons of backfill will be emplaced in the repository. Therefore,
by dividing the mass of backfill to be emplaced (85,600 tons) by the maximum mass of
MgO required to react with the maximum possible carbon dioxide production (43,700
tons), a 1.95 factor of safety results. In other words, 95% more MgO will be emplaced
than is required to react with a conservative estimate of the maximum quantity of CO,
production.

DOE’s Response 10 EPA's Request for Additional Information February 27, 1997
on the WIPP Compliance Certification Application ’



Page 1 of 1
EPA Comment

Enclosure 2, Page 11
'194.51

Consideration of Protected Individual

Section 194.51 requires, among other things, that exposure from all sources of
radionuclide release from the disposal system to the accessible environment be
examined.

Chapter 8 of the CCA provides a bounding analysis to demonstrate compliance
with 40 CFR 191.15. However, the analysis only assumes exposure via
consumption of poiable water. It does not explicitly include the analysis of doses
posed by other potential exposure pathways such as stock consumption or
irrigation. ‘

The Department needs tc provide documentation which discusses why pathways other
than consumption of potable water are not considered.

DOE Response

The DOE has analyzed pathways other than the consumption of potable water as
reported in the attached report, "Analysis Report for Estimating Dose from Caitle,
Vegetable Consumption and Inhalation Pathways Utilizing Contaminated Water from
the Top of the Salado, Culebra, and Selected Marker Beds for an Undisturbed Case

" Supporting Review Compliance Certification Application.” The report shows that
doses received from these pathways are indeed negligible and are bounded by the
analysis conducted, described, and reported in Chapter 8 of the CCA. It is
important to remember that these pathways are more unrealistic than the
bounding case evaluated in the CCA.

DOE'’s response to EPA's Request for Additional Informarion _ February 27, 1997
on the WIPP Compliance Certification Application '
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1.0 Introduction

This analysis report summarizes the background, analysis procedure and results for the

Waste Isolation Pilot Plant (WIPP ) Repositoiy dose calculation resulting from (i)

. consumption of beef cattle drinking water from a stockpond utilizing a contaminated
ground-watcr source by a rancher residing at the location of the well; (2) consumption of

~crops irrigated from a contaminated ground-water source by a farm family residing at the
location of the well; and (3) inhalation of resuspended irrigated soil. The requirements
and standards which form the guidance for this calculation are set forth in the following
paragraphs. This analysis represents a continuation of the drinking water pathway
calculation, reported in Chapter 8 of the CCA. ' :

1.1 Purpose of this Analysis and Background Information

The purpose of this analysis is to provide quantitative analysis of pathways for human
exposure L0 radionuclides which potentially may be released through MB 139 (and Mbs
138, a & b} at the site boundary during 10,000 years of undisturbed performarce. The
CCA contained results of a conservative and bounding analysis of the hypothetical doses
from consumption of contaminated drinking water, {Chapter 8, CCA). This analysis uses
the same conservative and bounding assumptions used in the CCA to examine alternative
exposure pathways. Specifically, this analysis presents dose calculations for ingestion
pathways for beef and irrigated crops, and for the inhalation of resuspended particles of
irrigated soil. These analyses were performed to address comments raised by the EPA in
their review of the CCA [EPA-1]. - :

The undiluted sources for this analysis appear in Table 1-1. A dilution facior of 52.4 was
used for the purpose of achieving a potable water supply. This was based on a
recommendation of 10,000 ppm (mg/L) TDS for potential drinking water sources
contained in 40 CFR 191 (1993) . However, in the NALCO Water Handbook [NA-1] a
value of 500 ppm (mg/L) TDS is indicated as the level for potable water,

Three hundred realizations of the modeling system were generated during the CCA
analyses for the containment requirements (Chapter 6, CCA). These same realizations
were also used for individual and groundwater protection requirements (Chapter 8, CCA).
These 300 realizations are comprised of three sets {or replicates) of one hundred '
realizations eactl, generated using the Latin Hypercube sampling technique. Of the 300
realizations, none show any vadionuclides reaching the top of the Salado through the
sealed shafts.

Nine of the 300 realizations show concentrations of radionuclides greater than zero
reaching the accessible environment through the anhydrite interbeds. All of the
remaining 291 realizations show that no radionuclides reach the accessible environment
during the regulatory time frame of 10,000 years after repository closure through the
anhydrite interbeds. A receptor in the accessible environment could not come in contact
with the anhydrite interbeds located at a depth greater than 2000 feet. Table 1-1 shows
the maximum concentrations of radionuclides calculated by the modeling evaluation as
reaching the accessible envircnment in the nine non-zero realizations. The full range of
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estimated values for radionuclide concentrations is from zero to the values shown in
Table 1-1. The maximum concentration values shown in Table 1-1 occur 10,000 years
after closure. These are the same values used in Chapter 8, CCA.

For the purposes of this analysis, the maximum concentration set, Replicate 3 Vector 64,
was used to determine doses for the cattle, vegetable consumption, and inhalation
palhways since this represents the largest concentration and gave the largest dose from
drinking water as reported in Chapter 8, Table 8-2, CCA.,

40 CFR Part 194.51 states that doses must be estimated for an individual who resides at
the location in the accessible environment where that individual would be expected to
receive the highest exposure from radionuclide releases from the disposal system. All
potential pathways for exposure associated with the undisturbed performance of the
repository must be assessed (40 CER § 194.32).
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Table 1-1. Maximum Concentrations of Radionuclides (Undiluted)
Within the Salado Inierbeds at the Disposal System Boundary Occuring at

10,000 yrs. after Ciosure( Modified from Table 8-1, CCA)

Realization Yector Concentration (Curies/ftiter)
No. No.”
MiAm ’.JQPU ZJSPU 134U 230Th

1 Replicate 1 | 1.36x10" | 433x107 | NP | 582x10° | 2.10x 10"
Yector 46 )

2 Replicate 2 N 513x10M N | 677x10% | 1.89x 10T
Vector 16

3 Replicate 2 N 135510 { - N L65Sx 107°% | 7.00x 10
Vector 25

4 Replicate 2 | 132x10" | 7.18x 107 | N | 9.76x 10" | 936 x 10
Vector 33 :

5 Replicate 2 N 6.23x 10 N N N
Vector 81 ‘

6 Replicate 2 | N 520x10% | N 7.40 x 1077 N
Yector 90 ' ' .

7 Replicate 3 | 350x10% [ 3.08x107 | N [ 432x107 | 1.07x 107 |
Yector 3 ' ' .

8 Replicate 3 | 538x10" | 741x10™ | N | 9.09x 10" | 230x 10>
Vector 60 :

9 Replicate3 | 542x10" | 585x 10" N 7.61x 1077 | 4.68 x 107
Yector 64

10-300 . N N N N N
1. . The procedure used to extract these values from the NUTS data is described in
Appendix C. '

[

other values and are not reported.

Values less than 107 curies per liter are considered to be negligible (N) relative to the
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1.2 Bounding Analy-is

‘Uncertainty in thz calculation of radionuclide concentrations in the.anhydrite interbeds is
described in Section 6.1.2 ({CCA-1]) . Additional uncertainty is involved in the
calculation of doses resulting from the specified exposure pathways, Given this
uncertainty, the DOE has elected to perform a bounding analysis using assumptions that
do not represent reality, but that would result instead in a bounding estimate that is much
greater than any reasonably expected dose to a recepior. If this unrealistic bounding
analysis results in calculated doses to the receptor that are below the regulatory limit,
compliance with the standard can be demonstrated.

The bounding analysis used for this assessment is based on the following factors and
assumptions: '

1. No specific transport mechanism is postulated. Instead, all of the contamintass
reaching the accessible environment within the anhydrite interbeds during the year
of maximum releases (10,000 years after closure) within the 10,000 year period,
are assumed to be available to a receptor. ‘

2. Brine derived from the anhydrite interbeds has total dissolved solids (TDS)
corcentrations of about 324,000 parts per million [BR-1]; this represents a
concentration that is too high to be consumed by humans. For the bounding
analysis, the calculation includes the dilution of this brine by a factor of 32.4 to a
TDS concentration of 10,000 parts per million. '

3 The resulting annvat committed effective dose is calculated based on a 50-year
dose commitment. Calculations were performed using the GENII-A dose code
(Appendix GENII, CCA). A 50-year dose commitment is selected because this
period is specified in Appendix B of 40 CFR Part 191.

4. The parameters associated with the individual receptors for each scenario appear
in Tables 1-2, 1-3, and 1-4. Data related to food pathways, irrigation and
inhalation were selected as representative values typical of the associated
activities [NRC-1], [DOE-1], except where noted.
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Tuble 1-2 GENI-A Input Purameters for Farm Family Scenario-
Terrestrial Food Consumption Utilizing Imigation from Ground Water Source.

Food Grow Imigation | Time Yield Consumption Cunsumption

Type Time' | | hale motnis | g Heidup sdays) Rale (kgsvr}
Days (Cm/yT)

Leaf |90 100 - 6 |15 14 135

Root | 90 100 6 4.0 14 140

Fruii- | 90 100 6 2.0 14 64

Grain | 90 100 6 |0.8 180 72

Table 1-3  GENII- A Input Parameters for Cattle Rancher Scenane.

Food Consumption Rale Censumption Drnking Diet Grow | Stored Feed Stored Stored Stored
Type (kg/ye) Holdup {days} Water Fraction Time | lrrigation Feed Feed Feed
. Comamination days | Rate (cm/vr) Time Vil florage |
Fracuon {months) | (kg/m3) Time i
(davsi
Beef 70 34 i 1 90 100 6 0.8 180

Table 1-4 GENII-A Input Parameters for Farm Family Inhalation Pathway

Breathing Rate 270 cm’fsec. (Chronic)
Inhalation Penod 8760 hours/yr,
"Mass Loading Factor 1.0E-04 gm/mj

The mass loading factor is based on data representative of regional resuspension data for
the 1991 to 1996 ume period , Appendix-B and [AIRS-1]. Section 194.51 states that
DOE shall assume that an individual resides at the single geographic point where that a
individual would rece1ve ihe highest dose. With the bounding analysis, the DOE
‘complies with the intent of this criterion, but the specific location of the receptor is not
1dentified because all of the contaminants reaching the accessible environment within the
- anhydrite interbeds during the year of maximum releases are assumed to be directly
available to the receptor, regardless of the location of the receptor. The well from which
the receptor drinks is assumed to be located such that the contaminants reaching the
anhydrite interbeds are detivered directly to the well. This well is the source of the
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stockpond from which the cattle drink and from which irrigation for feed and vegetable
crops is obtained. Additionally, an inhalation calculation for the farm family represents a
pathway by which dried irrigated soil is resuspended above the farm area and inhaled by
the farm inhabilants. The data used in this analysis appear in Tables 1-2, 1-3, and 1-4.
Data related to food pathwavs, rrigation, and inhalation were selected as representative
values typical of the associated activities [NRC-1], [DOE-1], except where noted .

The bounding analysis dose calculation was performed using the GENII-A code, Version
2.16[GEN-1]. This program runs on the DEC Alpha Systern. Appendix GENTI of the
CCA [CCA-1] describes the modeling method. GENII-A incorporates dose-calculation
guidance provided in Appendix B of 40 CFR Part 191.

1.3 Dose Calculation Results -

The maximum doses calculated to result from the releasés listed in Table 1-1 after
applying the factors and assumptions listed above, are shown in Table 1-5. Because of the
“conservative and unreatistic assumptions unde:lying the analysis, the bounding doses are
greater than any realistic doses that could be delivered to a receptor. Thz calculated
bounding doses are well below the regulatory standard, which is an annual commirted
effective dose of 15 millirem. The full range of estimated radiation doses is from zero to
some value less than the bounding values shown in Table 1-5

Table 1-5 Calculated Annual Committed Effective Doses at 10,000 yrs. after Closure

Scenario . Annual Committed Effective Dose (millirem)
Farm Family
Inhalation 3.1x10°
Farm Family 4.6x10"
Ingestion
Cattle Rancher 3.3x10°

+ For comparison, the maximum dose re.ported in the CCA for the drinking water pathway
is 4.7 x 10" millirem/yr, (Table 8-2 of the CCA).
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2.0 Summary of Compliance with the Individual Protection Standard

In performing the compliance assessment, the DOE applied a bounding-analysis approach
using unrealistic assumptions that result in the over-estimztion of potential doses #nd
contaminant concentrations. This conservative approach assumes that all contaminants
‘reaching the accessible environment are directly available to a receptor. Using this very
conservative approach, the calculated maximum potential dose to an individual would be
about one-thirtieth of the individual protection standard.
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3.0 Software Used for Analysis

NUTS [NU-1] :

GENIl-A |, Version 2.10 (GEN-1), [GEN-2], [{GEN-3)

‘This program runs on the DEC Alpha System under VMS Operating system.
This analysis was performed by Leo J. Rahal, the code sponsor,

3.1 Point of Contact

Code Sponsor: GENIO-A Leo J Rahal , Org. 6849, Geo-Centers Inc. {508) 766-9629
The GENI-A code was run on the DEC Alpha system using VMS. The calculations were

-

performed by Leo J. Rahal , the code Sponsor.

Radionuclide source data were obtairied from the NUTS [NU-1} output thirough the
Compliance Assessment Methodology Controller (CAMCON) library data access

process. All calculations were periormed within the Configuration Management
System (CMS) environment to ensure QA procedures are followed.,
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4.0 Calculational Procedure

The following information describes the calculation procedure used to evaluate doses at
selected times and locations, These input and output files are listed in Appendir. A, Table
B-1. The Description column indicates the location, vector number and time for the Input
data obtained from the NUTS3 code, The output files are generated by running these input
tiles according to the command given in Appendix A, ie, @run_gi2 100 where 100 is the
number associated with the data file g12_calc100.inp for example. For the purpose of this
analysis the time selected was 10,000 vears after closure. 10,000 years is the cut-off time
for required calculations. The 10,000 year period represents the time at which maximum
values occur within the required 10,000 year period. The GENII-A {GEN-1] dose code

determined the dose correspondin £ to this selected time.
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Appendix A; Listing of Input and Output Data Files for Dose Calculation: Marker
Bed 139 (Table A-1)

Table A-1 Input and Qutput Files for Dose Calculations

- e e

 NI'UT FILE OUTPUT FILE DESCRIPTIOI:J
i. giZ2 calc3]Linp gi2_calcd11_trnsout  r3s1v064 {0.000 yrs. MB139s {Farm Family- Food Ingestion)
> £12_cale312inp @12 _calc312_trnout . r3s1v064 10.000 vrs. MB13ys {Cattle Rancher)
3 o2 _cale8l2.inp 212_calc812_wnoot  rislv06e4 10.000 vrs. MBI39s {Farm Family-Inhalation}
Footnote I:

To run these data files type the following command: RUN_GI2 100 where 100 js the number
associated with the duta file GI2_CALC106, INP, for examipie.

" An output file GI2_CALC100_TRN. OUT, will be generated.

The edit command LLT filename was used o open ana edit input and output Files.
Legend:

r3 replicate 3 of NUTS OUTPUT

51 undisturbed case

v vector number
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Appendix B: Graph of Mass Loading Data Teken from 1991 to 1996 Jor Lea County.

15
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Appendix C: Procedure for Extraction of NUTS data used in this analysis,

The directory UL:[JDMILLE. TEST] contains the following files used in the extraction
of data from NUTS:

I. PA_NUTS_ISO_S!_CONC.INP | the equation tie , plus the NUTS.CDB ouput file'
are uszd to extract data from NUTS,

2. PA_NUTS_ISO_CONC.COM is the command file for ALGEBRACDB [ALG-1]
used io process these daia.

3. The resulting CDB files are : -

PA_NUTS_ISO_R1S1_CONC_V(46.CDB
PA_NUTS_ISO_R2S1_CONC_V0i6.CDR
PA_NUTS_ISO_R2S1_CONC_V025.CDB
PA_NUTS_ISO_R2S1_CONC_V033.CDB
PA_NUTS_ISO_R2S1_CONC_V081.CDB
 PA_NUTS_ISO_R2S1_CONC_V090.CDB
PA_NUTS_ISO_R3S1_CONC_V003.CDB
PA_NUTS_ISO_R3S1_.CONC_V060.CDB
PA_NUTS_ISO_R3S1_CONC_V064.CDB

4. Selected times are obtained through processing by SUMMARIZE [SUM-1] , using the
input file

PA_NUTS_ISO_S1_CONC.SMZ
5. This output is transferred to an EXCEL spreadsheet form through multiple files, one
for each vector. The EXCEL input fije, containing all vectors is

PA_NUTS_ISO_S1_CONC.TBL.

6. All files have been transferred to the CMS system.

[ALG-1] ALGEBRACDS , WPO# 21247, 1995

[SUM-1] SUMMARIZE , WPO# 21781, 1995




