
Department of Energy 
Carlsbad Area Office 

P. 0. Box 3090 
Carlsbad, New Mexico 88221 

Felxuary 26, 1Cf.J7 

Ms. Ramona Trovato, Director 
US Environmental Protection Agency 
Office of Radiation Programs 
401 M. Street SW 
Washington, DC 20460 

Dear Ms. Trovato: 

A- 93-o;) 

X-.I-/0 

The Carlsbad Area Office ( CAO) 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 AI Aim. 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 CAO 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. 

Enclosure 

cc: 
F. Marcinowski, EPA 

97-04SR 
UFC 1200 

Sincerely, 

(/ e_QJ_· 
£eo~s 

Manager 

@ Prrr1\ed on recycled paper 



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

Comment Text 

194.14(a) (2) 

Comment Page 1 of 2 

Part 194 requires a description of the geology, 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 
detailed 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 that 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 10111!96 meeting between DOE and 
State of New Mexico representatives), and discuss how this information impacts 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 values. 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 lriformation 
on the WIPP Compliance Cenification Application 

February 27, 1997 



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

The SAND report by Holt focusses ort 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 

on the WIPP Compliance Certification Application 
February 2 7, 1997 



EPA Comment 
Enclosure 1, page 5 
194.22(a)(2)(iii} 

Comment Text 

Models and Computer Codes 

Comment Page I of 2 

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 
docrnnentation of all models and computer codes must be included. 

· There is a significant problem with the completeness of the CCA docrnnentation 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 docrnnentation 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(a)(3)(ii), 
enclosure 1, page 7, raise very similar points, the DOE has chosen to address them 
with a common response. 

Because these two comments raise very similar points, 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-l 
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 provided to the EPA 

DOE's Response to EPA's Request for Additional information 
on the WIPP Compliance Certification Application 

February 27, 1997 



ErA Comment 
Enclosure 2, Page 3 
194.23(a)(3)(iv) 

Comment Text 

194.23(a)(3)(iv) 

Comment Page 1 of 1 

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 nl'eds to devise a test of this key component and document the 
accuracy of the bilinear interpolation scheme for both boundaries and properties. 

DOE Response 

PRESECOFL2D, 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 4.0220, Version Date 5120194, 
Requirements Document and Verification & Validation Plan contains the design of the 
test problem, and the results of the test are found in PRESECOFL2D, Version 
4.0220, Version Date 5120194, 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 3.0120, Versicn Date 819193, 
Requirements Document and Verification & ValidatiOJ~ Plan contains the design of the 
test problem, and ii1e results of the test are found in SECOFL2D, Version 3.0120, 
Version Date 819193, Validation Document (both documents were previously supplied 
to the EPA). 

DOE's Response to EPA's Request for Additionalltifonnation 
on the W1PP Compliance Cenification Application 

February 27, 1997 
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1.0 INTRODUCTION 
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The purpose of this document is to identify the requirements of the PRESECOFL2D code Jnd to 
d~scribe the testing. includi:-1.~ cover;~g~ analysis and regression testing, that '.\·ill t>e rerf0rfn·:-d 

This code was qu::llified as Le,·el A under QAP 19-l Rev. F. The QA package for this code. 
referred to as the primitive baseline. is on file in the S\VCF. The verification section of that 
pacbge demonstrates that the functional requirement R.l stated in this document is satisiied. 

1.1 Software Identifier 

PRESECOFL20 Version 4.02ZO WIPP PA Code Prefix: SF2D l 

1.2 Points of Contact 

Code Sponsor: Rebecca L. Blaine 

Code Consultant: Rebecca L. Bl:.iine 

Ecodynamics Research Associates. Inc. 
P. 0. Box 9229 
Albuquerque. o<ew \lexica S"i 119 
(505)843- 7445 

1.3 Description 

The purpose of PRESECOFL20 is to create all of the input files required to run the code 
SECOFL2D. Material properties and grid information are obtained from CAMDA T databJses. 

2.0 REQUIREMENTS 

2.1 Functional Requirements 

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

I) An ASCII fole containing run parameters 

2) A binary file containing regional material property information obtained from. 
a CAMDA T datJb<>.s~. 

3) A binary file containing local material property information. 

R.2 · Interpolates material properties from the regional grid to the local grid. 



PRESECOFL2D Version 4.02ZO 
Requirements Document and Veriflcation and Validation Plan 

2.2 Performance Requirements 

This code has no perfmma:1ce requirements. 

2.3 Attribute Requirements 

This code has no <.~!tribute requirements. 

2.4 External Interface Requirements 

R.3 - This code reads an ASCII input file containing rt'!l rarameters. 

WPO# 23318 
October 12, 1995 
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R.4 - This coJe reads an input regional CAMDA T datab&se with .grid info:mation 
material properties. 

R.5 - This code reads an input local CAMDA T database with grid information. 

R.6- This code produces all of the input files necessary to run SECOFL2D. 

R.7- This code ~ust be linked to the libraries CAMCON_LIB, CAMDAT_LIB anJ 
CAMSUPES LIB. 

2.5 Other Requirements 

There are no other requirements for PRESECOFL2D that need verification. 

3.0 DESIGN OVERVIEW 

3.1 UO Description 

The following is a description of the input and output tiles associated with PRESECOFL2D .. 
The first three output files are used as input to SECOFL2D. All file names shov.n here are for 
example only. The user chooses the appropriate file names for the particular calculation being 
done et PRESECOFL2D execution time. 

Input Files: 

presecofl.inp- ASCII input file containing run parameters. 

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

secofl_reg.cdb · In;;ut ;~gio[iJl Ct.MD.A T database containing materi?J prcperty and grid 
information. 
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Output Files: 
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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 outp,:t file created by PRESECOFL2D containing the grid 
material propeny information for the regional grid. Used as an mput file 
by SECOFL2D. 

secofl_loc.prp- Binary output file created by PRESECOFL2D containing the grid and 
material propeny information for the local grid. Used a<; an input tile by 
SECOFL2D. 

presecofl.dbg- ASCII output debug/log file 

3.2 Context Diagram 

The data flow design for PRESECOFL2D is presented using the context diagram in Figure 3.1. 

FIGURE 3.1 
Data Flow for PRESECOFL2D 

secofl_loc.cdb 

presecofl. in p secofl_reg.cdb 

·.,._ . .. 
PRESECOFL2D 

~

secofl. inp 
,.. 

secofl_reg.prp 

3.3 Design Constraints 

-..... 
presecofl.dbg 

... 
secofl_loc.prp 

Jl-,is code has a.lreacy been dev:~~oped and therefore has no design conctraints. 

4.0 ADDITIONAL FUNCTIONALITY TO BE TESTED 

There is no additional functionality to be tested. 
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5.0 FUNCTIONALITY NOT TESTED 
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Th~ following features will not be t~st~d b~cause they will not be used as part of the \VfPP PA. 

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

2) Input of lake. river. and precipitation factcrs. 

6.0 TESTING El\YIRONMENT 

Hardware Platform: 
Operating System: 
Directory: · 

DEC Alpha 
Open VMS Version 6.1. 
WP$TESTROOT:[SF2D 1] 

• 
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7.0 STATIC TESTING 
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Static testing will be performed using both the source code analyzer FLINT and the source code 
analyzer DECset-SCA. FL!l"T is used to detect non-A:\SI standard FORTRAN coding. 
LlECset-SCA is used to re,·eal any uncalled moduks. to teveal any unreferenced variables. and 

the dispby the calling tree. Since PRESECOFL2D is a multimodule program. a single file 
should be created with all of the modules appended together. FLINT should be used "11 this tile. 
The output from Flll"T will be examined bv 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 uuild script SF2DI_BUILD.COM. This process will be described in more detail in the 

lii!FF FA Illlp/ementmion Document for FkESECOFLJ.D Version -1.02ZO. As a result of the 
build process. a debug executable capable of doing PCA (Performance Coverage Analysis) 

analysis will be created and the SCA code analyzer 'vill create the following files: 

SF2Dl_SCA_MOD_NOT_REF.TXT 
SF2Dl CALL TREE.TXT 
SCA$EVENT.DA T 

These files will be described in complete detail in the W!FP FA Validation Documenrfor 
FRESECOFL2D Version -1.02ZO. A complete description of the process outlined below to 
convert the data in SCASEVENT.DA T to a readable format "~11 also be contained in that 
document. 

Following the build process. SCA will be invoked at the VMS S prompt and the following 
commands should be executed on the SCASEVENT.DAT file in the \VPSTESTROOT: 

[SF2D l.SCA] directory· to convert data in the file to ASCII format: 

SCA> set lib [] 
SCA> show module/all/output=sf2dl_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 relJ.tes ro WIPP P A. 
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8.0 COVERAGE TESTING 
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The coverage analysis for PRESECOFL:?D will be performeci using DEC set PCA This tool will 
be used to identify modules thar are not exercised by the tes: set. A unique executable will be 
created t'or the purpose of coverage analysis during the build process. 1 his executat.ie will be 
generated by using the SCv!S build script, SF2DI_BUILO.COM. The cre~tion of this executable 
will be described in more detail in the 11'/PP PA !mplemenrmian Documenrfor PRESECOFL:.!D 
l'ersian .f O:.!ZO. 

The command file SF:?D!_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. 
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9.0 FUNCTIONAL TESTING 
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Verification of functional requirement R.l has beEn done and is on recurd in the primitive 

baselir.c submitted lc the SWCF. The fullowing :est case will be used for verifying req~ir.emenl 

R..2. for coverage dr.alysis, J.~1J fvr regression lesung. 

All files needed to test PRESECOFL2D can be fetched from·rhe SCMS. The director;· 

\VPSTESTROOT[SF2D l.TESTCASES] on the DEC Alpha has been created and should be 

used for running the test·case. To verify requirement R.2 and for regression testing, Test Case l 

(described below) is run using the command file SF2Dl TEST NODBG RUN.COM. This file 
._ - - -

is show~. in Figure 9.1. 
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FIGURE 9.1 
SF2Dl_TEST_NODBG_RUN.COM- Command file for Running The Test Case 

S set r.oon ,, 
$'o-o"ooo-oo:::~o::::::::::o:::=-==-:o:o:o:::o:::::::::oo:oooo::::"=-==:::oo.::: ,, 
S! This file runs all test cases for PRESECOFL2D using the f.IOOEilUG exec\Jtable ,, 
$!=======~=========================================================~=========== ,, ,, 
S TESTOIR_SYH "wpStes t root: (s f2d1 • tes teases] u 
S PRESECOFL2D -- "S wpSprodroot: [sf2d.exe)presecofl2d.exe'' 

$ define /proc testdir ~o~oStestroot; (Sf2d1. testcas~sl ,, 
S s~ow sym testdir sym 
S IF FSMOOE () .Ea$. "BATCH" .AND. FS.ENVJRONHE\IT ( 11 0EPTH 11 ) .EQ. 0 THEN • 
S SET DEFAULT 'TESTOIR_SYM' ,, ,, 
S! Set up the first test case and run PRESECOFL20 ,, 
$ WRITE SYSSOJTPUT 11 STARTING THE RUN FOR THE P~ES~COFL20 EST CASEH 
$' 

S PRESECOFL2D SF201 ~EGlON TEST.COB SF2D1 REGION TEST.COB • 

S' 

SF 201 LOCAL TEST. CCS cANCEL SF20 1 PRE'SECOFL TEsT. I NP SECOH20 TEST. !NP 
SF201=REGIDN_TEST.PRP SF201_LDCAL=TEST.PRP ~ANCEL PRESECOFL_rEsT.DBG 

S "'rite sysSoutput "SUCCESSFUL C()o~PLET !ON OF TEST EXECUT !ON" 

$!============================================================================== 
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9.1 Test Case 1 -Interpolation Test and Regression Test 

9.1.1 Test ObjcctiYC 
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Th:s test :s run to :est the mtcrpu!:nion ofpropcnies from the regionai grid to the local e:rid. This 

test case satisftes requirement R.2. This test is also run for regression testing. The purpose of 
the regression test ;s to show that PRESECOFL2D produces identical results when \\Titing the 
regional binary propeny tik as were produced in the \erification process documented in the 
primitive baseline. The entire verification process is not relevant to this regression test and so 

only the ponion of the results in the primitive baseline that relate to \Hiting the binary propeny 
file will be used. The regression test will show that data currently \\Titten to the regional binary 
propeny file is exactly ~he o:une as in the baseline verification process. PRESECOFL2D also 
\VTites an ASCII input f:le and a debug file. The A3CF input file was verified by vi3ual 

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 
docl!mented 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 pmduced them. The.testi:-,? t:>ols h~·;e design:o:ed. in parenthes:s. the test they are use<l for. 

Input files: 

WPSTESTROOT:[SF2D I. TESTCASES]SF2D I_REGION_TEST.CDB 

WPSTESTROOT:[SF2Dl.TESTCASES]SF2Dl_LOCAL_TEST.CDB 

WP$TESTROOT:[SF:2D l.TESTCASES]SF2D l _PRESECOFL_ TEST.CDB 

Output Files: 

WPSTESTROOT:[SF2D l.TESTCASES]SF2D 1_ REGION_TEST.PRP (PRESECOFL20) 

WP$TESTROOT: [SF2D l.TESTCASES ]SF2D 1_ LOCAL_TEST.PRP (PRESECOFL20) 

WP$TESTROOT:[SF2D l.TESTCASES]SF2D !_REGION_ TEST.ASC (READ _PRP) 

WP$TESTROOT:[SF2D l.TESTCASES]SF2D !_LOCAL_ TEST.ASC (READ _PRP) 

WP$TESTROOT:[SF2D l.TESTCASES]SF2DI_ TEST _READ.OUT (TEST _READ _l) 

Te,ting Tools: 

\VP$TESTROOT: [SF2D !.TESTCASES]SF2D !_READ _PRP .FOR (Interpolation) 

WP$TESTROOT:(SF2D !.TESTCASES]SF2D I_ TEST _READ _!.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 
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exe~ution of the command file, the program SF2D !_READ _PRP (compiled and linked from 
SF2D !_READ _PRP.FOR) should be executed twice, once using :!1e regional data and once 
using the local data. This program converts the redional binar; property file, 
SF2Dl_REGION_TEST.PR.P. to an ASCII file. SF:2Dl_REGION_Tr:ST.ASC, and the loca: 
iJi,;c..ry i'~Cpcnv fik. SF:!D l_ :...C•C AL _ TESTPRP, co an ASCII ;[le, 
SF2Dl_LOCAL_TEST.ASC so that they can be examined with an editor. All of the material 
properti~s used to run SECOFL2D are constants except for hydraulic conduc!ivity. Therefore. 
checks of porosity (phi) and bulk compressibility (alpha) need onlv show that they have 
remained constant. A hand-calcul3tion is done for hydraulic conductivity to show that the valc:es 
have been correctly 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 
SF2Dl_REGlON_TEST.ASC. First. search for the string "alpha". Examination ofthis array 
shows that this is a constant value of 7.57E-O I for each element in the grid. (The value of bulk 
compressibility is 7.57E-l0 on the database, but it has been scaled by 109 as required by 
SECOFL2D.) Next, search for the string "phi". Examination of this array shows that this is a 
constant value of !.4542E-O I for each element in the grid. Now repeat this process with the file 
SF2Dl_LOCAL_TEST.ASC. Searching for the string "1lpha" shows that this array is a ccnstant 
value of 7.57E-O I, and searching for the string "phi'' shows th:::t this array is a constant of 
!.4542E-O I. 

To verify the interpolation for the non-constant values ofhydr:::ulic conductivity, four points are 
checked by hand-calculation. The four element locations in tl-te local grid are cells (!2.15). 
(20.47). (35,25) and (40,40). First. the element locations relative to the regional grid are found. 
The element locations in meters are converted to locations (in meters) in regional domain. The x 
andy offsets of the local grid from the origin of the regional grid are 12826.1 and 10665.8 
respectively. The angle of rotation is 38° counter clocb\ise. The coordinates (in meters) of the 
cell centers of the elements in the local grid are: 

Element I (12,15): 

Element 2 (20,4 7): 

Element 3 (35,25): 

Element 4 ( 40,40): 

1437.5, 1Xl2.5 

2437.5,5812.5 

4312.5, 3062.5 

4937.5,4937.5 

The regional coordinates are calculated by: 

Element l: 12826.1 + 1437.5cos38°- 1812.5sin38° = 12842.97903 

10665.8+ 1812.5cos38' + l437.5sin38' = !2979.08286 

Element 2: 12826.1 + 2437.5cos38°- 5812.5sin38° = 11168.34389 

10665.8 + 5812.5cos38° + 2437.5sin38° = !6746.78735 
Element 3: 12826.1 + 4312.5cos38°- 3062.5sin38° = 14338.93311 

10665.8 + 3062.5cos38° + 4312.5sin38° = 15734.12305 
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Next, the cell centers of the adjacent cells are \!sed (the prooerties reside at the cell <:enter) to 
cclcul3te the proportional distances used in bilin~ar interpalatio;-J.· 

Ekment I proportions from coordinates of regional cells (32.10) and (33.11): 

xp ~ ( 1184 2.97903 . 1 2625.0)!( 12850.0 -12625 0) ~a. 9687956889 

yp ~ (12979 08:286- 12750.0)/(13 125.0- 12750.0) ~ 0.6108876267 

Element 2 proportions from coordinates of regional cells (24,34) and (25,35): 

xp ~(II \68.34389- \ \075.0)/(1 \225.0- \ \075.0) ~ 0.6222926 

yp ~ (\6746.78735- 16725.0)/(16950.0- 16725.0) ~ 0.0968326666 

Element 3 prap0rtions from coordinates ofregiona1 cells (39.:26) and (40.27): 

xp ~ (\ 4338 933 1 \ - 14\ 50.0)/( 14450.0- 14150.0) ~ 0.6297770333 

yp ~ ( 15734.\2305 - \5600 0)/( \5800.0 - \ 5600.0) ~ 0.6706\525 

Element 4 proportions from coordinates of regional cells (37.38) and (38.39): 

xp ~ (1367707456- 13675.0)/(13887.5- 13675.0) ~ 0.009762635294 
yp ~ (\ 7596.43163- \ 7475.0)/(17630.0- \ 7475.0) ~ 0.783429871 

Then. the bilinear interpolatior, is done. 

Element I: 

a!~ 498.5 + 0.9687956889(1498.0- 498.5) ~ 1466.811291 

o? ~ 670.3 + 0.9687956889(707.4 · 670.3) ~ 706.242320] 

a~ 1466.81\291 +0.6108876267(706.2423201-146681129!)~ 1002.\89117 

Eiement 2: 

a! ~ 182.5 + 0.6222926(267 I - 182.5) = 235.145954 

a2~ 109.1 +0.6222926(119.8-109.1)~ 115.7585308 • 

a ~ 235.145954 + 0.0968326666(1 \5.7585308 - 235.145954) ~ 223.5853515 

Element 3: 

a1 ~ 495.8 + 0.6297770333(960.2- 495.8) ~ 788.2684543 

a2 ~ 816.1 + 0.6297770333(1041.0- 816.1) ~ 957.7368548 

a ~ 788.2684543 + 0.67061525(957 .7368548 - 788.2684543) ~ 901.9165481 

Element 4: 

al ~ 159.6 + 0.009762635294(277.6- 159.6) ~ 160.751991 

a2 ~ 1\7.4 + 0.009762635294(28.47- 117.4) ~ 116.5318088 

a ~ 160.751991 + 0.78342987\(116.5318088 -160.751991) ~ 126.1085794 
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SF2D1_PRESECOFL_ TESTJNP- ASCII Iap~;t File for Running Test Case 1 

~-------------------------------------------------------------------------------

! Test case for PRESECOFL2D 

*R'J~ _TYPE 
SET_AOFR, ~YPE=DEF, r..oFR_;o=1.0C1 
SET_GREG, TYPE=def, GREG_lC.=~ .GC2 
SET _GLOC, TYPE=DEF, GLOC_ID=1. 02'5, X_RH=12826.1, Y _REl=10665. B, THETA=38.0 
fLD'..I, DOtf1=trans.i~nt, LOC_BCltJNO-=yes 

*canst ant 
screen io=BR!EF 

•INITIAL coNDITIONS 
. CAMiJAT, HEAD=HEAOat, TYPE=ATT~ 

RESET 
•ATTR 

HYCNO_Y=HY'CND X 
*REG TIME 

-SEIJ, NUM_STEP=10, STAIH=O.O, FIIIIISH=10000. 
AUTO, OPTION=DEL_TIME 

*LOCAL TIME 
s£Q, NU~ STEP=10, START=O.O, FIN1SH:;:1QOOO. 
AUTO, oPliON:;:OEL_TIME . 

•eOONOA.RY 
REG, BOONOARY=LQI,jER, TYPE-=HEAD, EN0::.2S000., Clim frac=O. 
REG, SOJNOARY=UPPER, TYPE.::HEAO, EN0=:10000., Clim=frac=1. 
~~9. BOUNOARY=UPPER, TYPE=HEAO, EN~=173GO., Ctim_frac=O. 
REG; 8ClJ)oj0ARY=UPPER, TYPE=GRAD, END:::.2.5000., dim frac=O. 
REG, BCttJ.IOARY=RIGHT, TYPE-=HEAO, ENO:z2n40., clim-frac=O. 
REG, BCUW[),ARY=R!GHT, TYPE-=GRAD, EtW::-30000., dim=frac=O. 
REG, BO.JNDAiH:;:LEFT, TYPE:;:HEAD, EloiO::::.OOO., clim frac=O. 
REG, BCXJNOARY:;:LEFT, TYPE=GRAD, END::18595., clim:frac=O. 
REG, BCX..:NOA~~-=:.:FT, TYPE:;:f'':.AO, END:::300JO., cl im_fr:.c=1. 
LOCAL, BOUNDARY:;:l~ER, TYPf:;:HEAD, END=S750. 
lOCAl, BOUNOARY:;:UPPER, TYPE=HEAD, EN0:;:5750. 
LOCAL, BOUNDARY:;:RJGHT, TYPE=GRAD, ENQ:;:6625. 
LOCAL, BOUNDARY=LEFT, TYPE:;:HEAD, END=6625. 

•REG CLIMATE 

*END 

-LAKE, AMP-=0.0, CYClES=LO, START:O.O, FlNlSH:25DOO., RATI0=2.0 
RECHARGE, AMP=O, CYCLES=l., START=O.O, FJ~ISH=10000. 
HEAD, AHP=amplitud, CYCLES=cycles, head_fac=climtidx & 

START•O.O, FINISH•40000, 
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SF2DI_READ _PRP- Program Used to Conwrt the Binary Property File to ASCII 

c 
C Reads binary property file {FOR020.0Al) wr.itten by SET_GREG2 and 
C trans;ates it ',-,to .m ASCJJ cutwt filL. 
C Prompts user for the input tile name (I.e. FOR020.DAT) and the 
C user's choice of output file names. 
c 

IMPLICIT DOUBLE PRECISION (A·H,O-Z) 

C 1 MPll C 1 T lr,IQNE •••••••••••••••••• REMOVE;) 

dimension TMPA.RR(0:100,0:100), TMPVE:<0:1CQ) 

INTEGER I, J, l!lUH1, IDUM2, JSEC02, !L, Jl, lOF!L_CiREG 
C REAL RDUM1, RDUM2, RDUM3 •*-****'"'•• superceded 

C~ARACTER"40 [NFILE 
DATA !SEC02/10/ 
DATA IDFIL_GREG/20/ 

(<><><><><><><><><><><><> 

C •.. BEGIN PROCEDURES ••. 
C<><><>~><><><><><><><><> 

'WRITE(6,•) 'Enter the name of the input file:' 
RE.\0<5, '(A)') l!r4F!LE 
OPEN(UNIT=JSEC02,FILE=INFILE,5TATUS='OLO' ,READONLY, 

+ FORM=·' UNFORMATTED') 

~RITE(6,•) 'Enter the name of the output file:' 
REA.0(5,'(A)'' INFIL': 
OPEN(UNIT=lDFIL_GREG,FILE=INFllE,STA~US='NE~' l 

10 CONTINUE 

"RITE ( IOF<L_GREG,9520l 
9520 FORMAT(' OUTPUT from prcgram SET GREG2/SET GLOC2.',/ 

S Nuneric FORMTS are',/ - -
S 3(216, 1PE13.5)',! 
S 1 3(216, 110, 3x)',/ 
S 3( 16, 1PE13.5) ',/ 
S SET _GREG2 run with i lGR, jlGR, GREG_IO,', 
$ ilGR,jlGR, AQFR_to = 1 ) 

REAOCISEC02) IL, JL, RDUMI, IOUI<1, IDUM2, ROUH2 
'WRITE (10FIL_GREG,953) il, jl, ROUMl, il, jl, ROUM2 

953 FORMAT (3(216, 1PE13.5)) 
READClSEC02) ~DUMl, RDUM2, ROUM3 
"RITE (IDFIL_GREG,956) RDUMI, ROUH2, ROUM3 

956 FORMAT(' x1_rel, y1_rel, thetl_rel ~·.t. 1P3E13.5) 

955 cORHAT (3(16, 1Pt13.5)) 

C Read x·coordinates 
REAO(ISEC02l (TMPVEC(t),t=O,tL+I) 
"RITE (IDFIL_GREG,9540) 

9540 FORMAT(' (i,x(l), i=O, iLGR+1) ') 
'WRITE (IDFll GREG,955) 

·s (i, TMPVEC(l), l=O,il+1) 
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SF2Dl_READ_PRP- Program Used to Convert the Binary Property File to ASCII 

c Re<'ld y·coordirates 
READ( !SEC02) (H1PVEC( l ), !=:Q, JL+-1) 
URITE (IDFIL GREG,95,1) 

9541 FORMA,..(' (j~ y(j), j=O, jlGR+-1) ') 
W~ITE <lOFIL LR£G,955) 

S (j, TMPVEC(J), J=O,jl .. J) 

C Read delta x's 
READ(ISEC02) (TMPVEC(l),I~O,IL+l) 

~RITE (10F1L GREG,9542) 
9542 FORMAT(' <( adx(i), i=O, ilGR+1) ') 

~RITE !IDF1L GREG,955) 
$ (i, TMPVEC(I), [:O,il+-1) 

C Read delta y's 
READ(1SEC02) (THPVEC(l),J::O,JL ... 1) 
WRITE ( IDFIL GREG,9S43) 

9543 fORMAT(' (j~ ady(j), j=O, jlGR+l) ') 
WRITE (IDFIL GREG,955) 

$ (j, TMPVEC(J), J:O,jl+-1) 

c 2-0 arrays 

C Read x relati11e offsets 
READ( 1 SEC02) ((TMPAiHI( I, J), I =0, IL+1), J=O, JL+1) 
'llo'RITE {lOFtl GREG,9529} 

9529 FORMAT(' ccT 1 j,x_relRA(i,j), i=O, ilGI\+1)
1 

j=O, jtGR+1) 1 ) 

~RITE 11DF1L GREG,953J 
S ((i,j,TMPARR(!,J), J=O,il-<·1), J=D,jl•1) 

C Read y relative offsets 
READ{ 1 SEC02) ((TMPARR(l, J)' l=O, IL+l) I J=O, JL+1) 
WRITE (IDFIL GREG,9528l 

9528 FORMAT ( 1 <<i,i,y_re\RA(i,j), i=O, ilCR-t1), j=O,.jlGR+1) ') 
~R1TE (JOFIL GREG,953i 

S ((i,j,TMPARR{J,J), i=O,i\+1), J=O,jl+1) 

C Read x hydraulic conductivies 
REA0(1SEC02) ((TMPARR(l,J) 1 l=O, Jl+1).J=0,JL-t1) 
WRJTE I 1DF1L GREG,9531) 

9531 FORMAT ( 1 ((f,j,aKx(i,j), f=O, flGR+1), j=O, jlG~+1) 1 ) 

~RITE (JDF1L GREG,953) 
$ ((i,j,TMPAKR(l,J), I=O,il+1), J=O,jl+1) 

C Ready hydraulic: conductivies 
REAO( I SEC02l ( (THPARR( I I J )·, 1=0, IL+1) I J=O I JL+1) 
~RJTE 11DF1L GREG,9532) 

9532 FORMAT(' ((i,j.aKy(i,j}, i:;:Q, itGR+1), j;::Q, jlGR+1) ') 
~RITE 11DFIL ~REG,953J 

S ((i,j,TMPARR(l,J), I=O,il·+1), J=O,jl+1) 

C Read fluid COOllressibility 
READ( 1 SECOZJ ( iTMPARRI 1, J l, 1 =D, I L •1 l, J=D, JL +1) 
WRlTE (10FIL GREG,8532) 

8532 FORMAT(' C(i,j,alpfla (i,j), i=O, ilGR+1), j=O, jlGR+1) ') 
~RITE IIDF1L GREG,953) 

$ ((i ,j,TMPARR(J,J), l=O,il+1), J=O,jl•1) 

C Read porosity 
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SF2Dl_READ_PRP- Program Used to Convert the Binary Property File to ASCII 

READCISECG2) ((TM~ARR(l,J),I=O,IL•1!,~=0,JL+1) 

~RITE ( IDFIL_GREG,8533) 
8533 FORMAT(' ((i,j.phi (i,j), i=O, ii.GR•l), j=O, J\GR•1) ') 

WRITE CIOFIL_GREG,953) 
l (( i, L TioiPARR (I} J}' ! =0 I i l + i ), .; =-0' j ! + 1) 

C Read specific storage 
REAO( JSEC02) ( CTMPARR( l,J), 1=-0, IL-..1) ,J=O,JL+1) 

"RITE (IDFIL_GREG,9533) 
9533 FORMAT(' ((i,j,spec_stor(i,j), i=-0, ilGR+1), j=O, jlGR+l) ') 

YRITE (IOFIL_GREG,953) 
S ((i,j,TMPARP:(I,J). l=O,il+1), J::O,jl+1) 

C Read a~uifer storitivity 
READ( ISEC02) ( (TMPARR( I, J) ,J=O, IL+1), J=O, JL+1) 

~HTE (IOFIL_GREG,9534) 
9534 FORMAT(' ((i,j,aq_stor(i,j), ;:Q, ilGR-+1), j;Q, jtGR"'1) 1 ) 

~RITE (IDFIL_GREG,953) 
S ((i,j,TMPARR(l,J), I=O,il+-1), J=O,jl"'i) 

C Read aquifer thic~ness 
REAN ISEC02) ( (TMPARR( I ,J), J;Q, ll+-1), J=O, JL-1"\) 

~RITE (IDFIL_GREG,9535) 
9535 FORMAT(' ((i,j,aq_thick.(i,j), i=O, ilGR-+1), j=O, jlGR.,.1) 1 } 

'..'RITE (IOF'1l_GREG,953) 
S ({i,j,TMPARR(l,J), I=O,il-+1), J='O,jl-+1) 

C Read aquifer bottom 

c 

c 

READ( ISEC02) ( (TMPARR( i, J), !=0·, IL+-1), J=.:J, JL•1) 

VRITE (10Fll_GREG,9635) 

9635 FORMAT(' {(i,Laq_bot(1,-j), i=O, ilGR•l}, j=O, jlGR-+1) ') 

~RITE (IDFIL_GREG,953) 
$ ((i,j,TMPARRCl,J), I=O,il+-1), J=O,jl-+1) 

Read well/river rec!'Jarge term 
READ(ISEC02) ( (TMPARR( l I J) I 1 =0, \l-+1 ),J=O, JL-·1) 

~RITE (IDFIL_GREG,9536l 
9536 FORMAT ( 1 ((i ,j ,c10_rch(; ,J) r i ::) I i LGR+-1), j=O, j l ':lR-+1) ' ) 

'WRITE (IDFIL_GREG,953) 
s {(i,j,TMPARRCI;J), I =0, i l+-1), J=O, j l <~-1) 

~ead river ccnductivity 
READ( I 5EC02) ( (TMPARR(!, J), l=O, I L+1 l, J=O, JL+t) 
WRITE (IOFIL_GREG,9537) 

9537 FORMAT ( ' ((i,j,riv_con(i,j), i=O, ilGR-+1), j=O, jtGR+1) ' ) 
WRITE (10FIL_GREG,953) 

s ( ( i, j, TMPARR( I, J), I =0 I i l•1), J=O, j l+1) 

C Read river head 
RF.AU( ISEC02.) { CMPA.~R( 1 .~)' 1=0, !L+-1) I J;Q, Jl-+1) 

"RITE (!0Fll_GREG,9637) 
9637 FORMAT(' ((i,j,riv_head(i,j), i=O, ilGR-+1), j=O, jlGR+1) ') 

"RITE ( IOFil GREG,953) 
S ((i,j,TMPARR(!,J), !=O,il+1), J:::Q,j(-+1) 

C Re.ad river bottom 
READ([ SEC02l ( (TMPARR(I, J), I :0, I L •t), J=O, JL •l l 
~RilE (!DFIL_GREG,9737) 

9737 FORMAT ( 1 ((i,{,riv_bot(i,j), i=O, ilGR+1), j=O, jlGR-+1) ') 
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SF2Dl_READ_PRP- Program Used to ConYer! the Binary Property File to ASC!I 

~RITE c:DF!L_GREG,?53) 
S ((i,j,TMPARR(I,Jl, J~O,il•1), J~O,jl•11 

Read constant head 
READ( 1 SEC02) ((iMPARR(!, J), 1=0, ll.+l), J.::Q, ,JL +1) 
\JRlTE (!DFIL GREG,,9538} 

9538 FORMAT(' c(T,j,head(l,j), i=O, ilGR+1), j=O, .1lGR:+1) ') 
WRITE (10Fll_GREG,953) 

$ ((i,j,THPARR(l,J), I=O,il-+1), J=O,jl+-1) 

STOP 'REAO_PRP: NORMAL COMPLETION' 
END 
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SF2Dl TEST P-EAD 1 - Pr()gr~m Cscd Read Selected Data from the Binary Proper()· File 

P~~GRAM TEST_REAO_l 
c 
C .•... 6-9-94 ELLEN. S. DOMBROSKI 

C ..... THIS PROGRAM WAS ~RITTE~ FOR THE Sl~GLE PURPOSE OF 
C ..... 1JERIFYING BINARY ourPuT FROM SECOFL2D. 

C .•• ,.SPECIFIED RANGES OF SPECJFI~D ARRAYS ARE PRINTED TO THE 

C. .... CXJTPUT FILE FOR VERIFICATION BY INSPECTION. 

c ... .. 
C Reads binary property file (FOR020.DAT) written by SET_GREG2 and 

C translates it into an ASCII output file. 
C Prompts user for the input file name (i.e. FOR020.DAT) and the 

C user 1 i Choice of output file names. 

IM~LICIT DOUBLE PRECISION (A-H,0-2) 

dimension TMPARR{0:100,0:100) 

CHARACI!:R•SO PHiLE, OJTF!LE 

DATA ISEC02/10/ 
DATA IDFIL_GREG/20/ 

(<><><><><><><><><>~><><> 

C ... SEGIN PROCEDURES ... 
c <> <>.;:: <><><> <.><><> <><> <> 

SCf • 1.D·9 

'-IR!TE{6,*) 'Enter the name of the input file:• 
RSA0(5,'(A)') \NF\LE 

OPEN(UNIT=lSEC02,FILE=lNF!L£,SiATUS='OL0' ,READONlY, 

* FORH='UNFORKATTED') 

URITE(6,*) •Enter the name of the output file:' 
READ(5, 1 (A)'} CKJTFILE . 

OPEN(IJN IT= !OF ll_GREG, F 1 LE=CKJTF ILE, STATUS=' NEW' ) 

WRITE IIDFIL GREG,9520) INFILE 

9520 FORMAT(' ASCI! OOTPUT FROM FILE ',A/ 

~ 1 THIS FILE CONTAINS SPECIFIC RANGES THAT ~Ill BE USED', 

S FOR VERIFICATION. 6-9-94.' I 

C 953 FOR>IAT (3(216, IPEI3.5)) 

953 FOR>IAT (216, IPEIS.SJ 

C ..... READ(ISEC02l IL, JL, ROUMI, IOU!<!, IOUM2, ROUM2 

READ(tSEC021 IL, JL 

C ..... READ(ISEC02J ROUM1, RDUM2, RDUM3 

READ(ISEC02) ROUMI, ROUM2, ROUM3 

C ..••• 1-0 arrays 
: ..... Read x·coordinates 

READ(ISEC02) 
C ..•.. Read y-coordi nates 

READitSEC021 
C ••••• Read delta x•s 

READ( ISEC021 
C ..... Read delta y's 

REAO(ISEC02) 
C ..... 2·0 arrays 
C ..... Read x relative offsets 
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SF2Dl_TEST_R,EAD_I- Program Used. Read Selected Data from the Binary Property File 

K~A~( !S:;:CG2) 

C ..... Read y relative offsets 
READ(!SEC02) 

C ..... READ AND ECHO THESE FOR TESi. 6-9-94 
,.,.. ..... Read x hyaraulic ccnducr1v1es 

READ( ISEC02) ( ( TMPARR( 1, J), 1=0, I L+1 ), J=O, JL+l) 

c ..... 
'tJRlTE (lOF!l GREG, ,00) 

100 FORMAT'(' u'T,j,aKx(i,j), i= 1,10), j= 1, 1)') 

WRITE (t0fll_GREG,953) 
S{(i,j,TMPAilR(l,J)*SCF, 1=1,10), J=-1,1) 

c ..... 
'WRITE CIDFIL GREG,102} 

102 FORMAT ( 1 {(\,j,aKx(i,j), 1=21, 30), j=-28,28)') 

WRITE (!OF!l GREG,953) 
$({i,j,TMPARR(i,J'*SC~, !=-21,30), J=-28,28) 

c ..... 
I.IRITE (lDFIL GREG, 104) 

104 FORMAT(' ((i,j,aKx.(i,j), i=-41, 50), j=-57,57)') 

'WRIT.E {lDF1L_GREG,953) 
S((i,j.TMPARR(I,J)*SCF, 1=41_,50}, J=57,57) 

C ...•• READ A'O ECHO THESE FOR TEST. 6·9·94 
C .•••• Ready hydraulic conduct ivies 

READ(1SEC02} ((T/'IPARR(I,J), 1=0,!L+1),J=0,JL+1) 

c ..... 
'WR!TE ( lDFll GREG, 1 10) 

110 FORMAT(' ((\,j,aKy(i,j), i= 1,10), j= 1, 1)') 

WRITE (IDFIL GREG,953) 
S{(i,j,TMPARR7I,J)"*SCF, 1=1,10), J=1,1) 

c ..... 
WRITE (lDF!l GREG,112) 

112 FORMAT (j ((""f,j,aKy(i,j), i=21, 30), j=28,28)') 

'WRIIE ( IDFll GREG,0:jl53) 
S((i,j,TMPARRCI,J)•SCF, !=21,30), J=28,2Bl 

c ..... 
WR!TE (tOFIL GREG, 114) 

114 FCRMAT (' c(i,i,aKy(i,j), i=41, 50), j=57,57)') 
WRITE (IDF1l_GREG,953) 

$((i,j,TMPARR(l,J)"*SCF, 1=-41,50), J=57,57) 

r: .•••• 
C ..... READ AND ECHO THESE fOR TEST. 6-9-94 

C ..... Read fluid compressibility 
READ( 1SEC02) C (TMPARR( I, J), I =0, I L+l), J=O, JL+1) 

c ..... 
~ITE (IOFil GREG,120l 

120 FORMAT(' ((i,j,alpha(i,j), i= 1,10), j:: 1, 1)') 

WRITE (!OFil GREG,953) 
S((i,j,TMPARRTI,J)"*SCF, 1=1,10), J=1,1) 

c ..... 
WR!TE ( !Ofll GREG, 122) 

122 FORMAT(' ((i,j,alpha{i,j), i=il, 30), j=28,28) 1
) 

WRlTE (tOFll GREG,953) 
S((i,j, THPARR(I,J)•SCF, ):21,30), J=28,28l 

c ..... 
WRITE (tDF!l GREG,124) 

124 FORMAT(' ui,j,alpha(i,j), i=41, 50), j=57,57)') 

URITE (10Ftl_GREG,953) 

' 
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SF2D I_ TEST _READ _I - Program Used Read Sd•,cted Data from the Binary Property· file 

$((\,j,TMPARRCt,J")•su, l=i..t,SC.l, •1 =57,57) 
c ..... 
C •••.• READ ANO ECHO TH£SE FCR TEST. 6-9·91. 

C ..... Read .por-Qsi ty 

READ( ISECQ2) ( (THP.'-RR( l ,J l, I :::0, IL"'~-1 l ,J=O, J'...•1) 

c ..... 
'./RITE (lDFJL GREG, 130) 

130 FORMAT(' ui,j.phi(l,j), i= 1,10), j= 1, 1}') 

"RITE {IOFIL_GREG,9531 
S.((i,j,TMPARR(t,J), 1=1,10), J=1,1) 

c ... '. 
"RITE {IOFIL GRcG,\32) 

132 FCRMAT (' <ci,j,phi(i,j), i=21, 30), j=28,28l') 
"RITE {IOFIL GREG,953) 

S( ( i. j I TMPARR(l ,J), 1=21 ,30)' J=28,28) 
c ..... 

'./RITE ( IOFll GREG, 134) 
134 FORMAT(' ((T,i,,OOiCi,j), i=41, 50), j=57,57) 1 ) 

'WRITE (IDFIL GREG,953) 
S{{i,i,TMPARR{!,J), 1=41,50), J=57,57) 

c .... . 
c ..... Read specific storage 
C REAO{!SEC02) 
C ••••• Read aquifer ~toritivity 
C REAO{ISEC02) 
C ••••• Read aquifer thicKness 
C REAO(!SEC02) 
C ••••• Read aquifer bottom 
C READ(ISECC2} 
C .••.• Read well/river recharge term 
C REAO{!SEC02) 
C ••••• Read river conductivi'.:y 
C REAO{ISEC02) 
C ••••• Read river head 
C REAO{!SECD2) 
C ..... Read river bottom 
C REAOUSEC02) 
C ..... Read constant head 
C REAO(ISEC02) 
c ..... 

STOP 1 TEST_REA0_1: ~ORMAL COMPLETION' 
END 
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9. 1.4 Acceptance Criteri:l 

The acceptance criteria for the regression tesing is stated in Section 10 below. 
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For requirement R.~: The 'alues for porosity and bulk compressibility remain constant. The 
values for hydraulic conducti\ity fr~m LOCAL_TEST.ASC (interpolated from the regional grid) 

will agree with the hand-calculation to 6 decimal places. 

From file LOCAL TEST.ASC From hand-calculation 

Element 1 (12,15) 1.0021 OE +03 1002.19 
Element 2 (20,47) 2.23585E+02 233.585 
Element 3 c- -,-) J),_) 9.01917E+02 901.917 
Elemei't 4 (40,40) 1.26109E+02 126.109 

10.0 INSTALLATION AND REGRESSION TESTING 

Test Case I is suitable for installation and regression testing. For regression testing against the 
primitive baseline on file in the SWCF, after the command file to run this test case :s executed. 
run the program SF2D!_ TEST _READ _1 (compiled and linked from 
SF2Dl_TEST_READ _!.FOR). The FORTRAN file is shown in Figure 9.1-3. The .user will be 
prompted for ir,put and output file names. The input file is SF2Dl_REGION_TEST.PRP. The 
output file name is SF2D 1_ TEST _READ.OUT. This program was previously used to produce 
the output on pages 4-6 of the \eriiication section of the primitive baseline using the regi0nal 

property file created during that verificatiorJ· 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 fiie SF::D 1_ -;-EST _READ.OUT can b~ printed. 
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National 
Laboratories Procedure: ____151,]__ Revision: I Page__!_ of __1_ 

z 331 g .S NL - St.J WPO Number: Software Classification: -----
-

Revie·,..~r Instructions: 
Check "Yes for each item reviewed and fouf'::f acceptable. 
Check "i"-/o" for each item l'lhJch rr::quire s further wor.-::. 
Check "t,'/A'" for items which are r;ot appljcabfe. 
Che::k "N0" for ilems not reviewed (only 1f there are muilliple reviewers}. 
For multiple reviewers, each reviewer shall complete an RD reviel'l form 
Pn'or to sign-off of the RD, all 'No· items shall be appropn'atety addressed by the code sponsor so that "Yes" or "NIA" may be checker:!, or a memo from the DM s.~alf be attached to the RD explaining the reason for the nonconformance. 
This form snail be inc!uded as pa.1 of the baseline RD. 

Functionality ~ Yes u No 
-. 

N/A r-'1 N!R 
1. 

.:._re tne functions that the software is to perform zdequately identified? - LJ 

2. Performance 0 Yes LJ No ~ N/A . ' N!RI 'c_; I Are the ttme-related issues of software operations such as speed, recovery time, or response time identified? 

3. Design Constraints 0 Yes n No .@ N/A 'i N/R Are elements that will restrict design options identined? - '--' 

4. Attributes 1-. -i Yes ' No ~ N/A r--, N/R - - L Are non-time related issues of software operation such as portability acceptance criteria, access criteria, and maintainablility identified? 

[g) Yes 'i ~ 

N!A 0 
5. External Interfaces 

c_; No LJ NIR Are required interactions with people, hardware, and other software idEntified? 

;;.. 
-

6. Completeness ~ Yes ; I No u N/A 0 N~ Are the requirements complete? 

~ !g] 0 0 0 
7. Verifiability Yes No N/A 

1 
Can meeting the requirements be velified? 

8. Consistency 1R] Yes " No r-- NIA 0 ._, -Are n;~ requirements conststent wtth each other? 

0 [] 0 0 
9. Technical Feasibility Yes No N!A NJR Are the requirements technically feasible? 

I 
C'. .P 4' y / './ :::/_cclec;, r" rf Cd~~f' // owe;-£ ) v 

I ReVlewer Name (pnnred) Signature 
Dale 

SWCF Fole Code. (. L ~-, 
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Reviewer's Form 

N-ational Form Number: 4CD 
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WPO Number: 

R~!Viewer Instructions: 
Chack ·ves tor each ftem re .... Tewed and found acceptable. 

Ch!!.:i< 'No' fer eacn rtem <NhJC.'J requtrfis tur.her wori< 

Check. ~NIA ~tor If ems which are noc appicable 

Revision: 

Software Classification: 

C.'JfJCI< 'NIR •. ~-:.r dems not re~ewea {Jr.ty d there are mutti.de reVIewers). 
For mutt;pJe re111ewers. each reviewer shal complete a WP Revtew form. 

Effective: 7131195 
Pa e _J._ of _L_ 

5Atc-5cv 

Pdor to sign-<Jff of lhe WP, al ".\lo ·items shill be appropnat&ly addressed by rile code sponsor so tflat "'Yes· or "NJA ·may be C!Jock.ed, or a memo from tho OM shal bS attache.d to the WP expJaining r.he f8a.son tor th& noncontonnance. 
This form shal be included as parr of the baseine WP. 

1. Sufficient Test Ca~es 
Does the V'.'P identity sufficient test cases and acceptance 
cnteh3 to ensure the final software end-pmduct satisifles the 
requ<rements of the RD? (Check "N!A ·if peer review fulfills 
the validation requirements) 

2. Adequacy of T~st Cases 
Do me test cases demonstrate that t:,e code adequately 
performs alf intended funct1ons and produces valid .results for 
problems encompassing t:"le range of permitted usage as 
dafined by the User's Manual? (See Section 4.3.3 for 
U•er'• Manual descnption) 

3. Operational Control 
If the software is used far operational control, do tests 
demonstrate required performance over the range of 
operation of the contro!fed function or process? 

4. Unintended Functions 
Do the test cases show that the code does not perform any 
unintended funcUcn that e;ther by it~elf or in corn.Jination wrth 
other functions can degrade the intended outcomes of the 
so:Jftv.tare? 

5. Test Case Comparisons 
Are the test case results compared to one of the followlng? 
- hand calculations: 
- calculations using comparable provern problems 

· - empirical data and information from confirmed published 
data 

-correlation and/or technical literature: or 
- results from other validated software of similar purpose. 
(Enter N!A if peer review is used to fulffU this function) 

6 Peer Review 
If peer review will be requ1red to validate the softv.tare, is it identified 
in the WP? 

0 Yes CJ No 

·~ Yes [] No 

0 Yes ~ No 

0 Yes :_j No 

C8:] Yes 0 No 

[31 Ye~ .C No 

0 NIA n NJR 

0 N1 A :::::J NIR 

@ NlA 

~ N/A 

0 NlA 

0 N/A 

,-1 NlR 
L...J 

f"""l I , N/R 

7. Installation and Regression Testing ~ Yes O No Are test cases which are suitable for installation ~esting and regression 0 NlA 0 NIR 
testjng identified from the set of venfication and validation test cases? 

0 
ReVIewer's Name (prlnted) Signature Date 

SWCF File Code: I.!, C.. ~ 
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File Code: SWCF- ..-4 / /. r.. '1 /I) SET 
was •ts) Alpha Code 

:<eywords: (Used for unique identification) 

P P. S-SE( cl ,Cc i. 0 SF :..ur 
------·--· -- -

SECTION I 
~ 

1. Software Name: Vecsion ID: 
Version Dale~ /z 

0
/ '7 Y ~~ 

p,eC"'5ECoFt. 2.£) 4. OZ- -~ ; 
2. Type of Comment (check one) ~ Required 0 Suggested n Error • 

I Scftware Type: (check cr. e) [] Commercial 0 Developed [] System 

4 Comment (check one, attach pages as needed) (231 Technical D Document 

r<o/vv,C; /";l 75 Se.<:..t'on S:o 

T-4c· P-Ll/Y'-'r' Fo~ 5 c Cc? ,CL 7_£) //s?e:d 1'>-1<71-1/ co!""};;; t e5 

-to~ 1'4q /_,. u-er-e. "'"' 7 /es/ecl. .II' l',ec:SECOrL ZD 
sc=c~F'-U? 

,i,QS rl? I!! qJ,;; /; To l? .... ofle_ /Aese c q ,PqJ,;, /:v ond //;e_,r or-~ ?~of 

/,5 !'eel ;,., :; =f';•()rl s: (J) /hey .5' ,( ""' /.,/ 
,fe, . 

SECTION II 

. 

5. Comment Resolution: (check one; attach pages as needed; describe 0 Agree n Disagree 
impact to preVIOus uses of code, if applicable) '---' 

?nc<:--.Li 0f .A-/Lt '--1-u";w__-c~ ~ ~d ..b-n Sc7'cFc za 
([1_( W'--t<dhcl_ --tfy- X)-tu~ ~" ~ ~"-jJ~<--(-~S 
,-j_A--c_ X}-W .Lz:-c~ Cr'!'-LZ~-t:X.<L<;:C?i .. ( xu,~J tJ d_ .rzcd.t_.y../~z_ · 

I 

__J_ici__ 'dL.f:~c.{t- X1~·:z::t;Glt ~'-'J a,'fjtc~.:l-t"-~e i"-U"it-e-Cn7 -00 
./Cl[4'1 {U:.L- 1~;/ 1~~cf 10 ~ G~L 

' SWCF F;le Code: (, (. 0 · 'f 
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Page ____L_ of ___1_ 

SIT 
AJpha Code 

1 1. Software Name: Version 10: Version Date: . 
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~ 
. 
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4. Comment: (check one, attach pages as needed) 12: Technical 0 Occumenl 
;:z.;;/vv/' 1 /' 0Je_ c/ ~ 6 
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TA 

"""'"jerio / /r'JRerl/ ///.;;;,.. .-o/:on j;,.. 
:n -;;;,_-"" o J;·o/7 - ..71 conTa,ns 

I ·,_,IN' T 
I H 
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5. Comment Resolution: (check one; attach pages as needed: dascr'to ~ :mpact ro pre,ious uses of code, if applicable) 
r..gree 0 Disagree 

Q;___yf !L (I..,.) . I,. { 
j __ ( (l (_" 

I " 
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Appendix B 

The follcwing pages are from the ,·erif1c2:ion section primitiYe baseline documentatiot; current!;· 

stored in SWCF as a pan of the prior QA efforts. The results of the current test will be compared 

to trcsc ·;umbers with the numbe,·s 1:1atcc1ing e:c~ctly. 

FigurcB-1 
·(Pasc I of)\ 

Pages 4-6 of the \' erification Section of the Primitive Baseline 

ASCII CXJTPUT FROM FilE nfs1:: [carncon.presecofl2d.test]regdat test.inp 

THIS FILE- CONTAINS SPECIFIC RANGES THAT UILL BE USED FOR VER}FtCAT!ON. 6-9·94. 

((i, i, aO (i, j), i.:: 1, 10), i= 1, 1) 

1 1 1.89SOOE-o• 

2 t 2.C'4700E-04 

3 1 3.45600E-OS 

4 2.67800E-OS 

5 2.38BOOE -OS 

1 1 1 .87400E-05 

7 1 2.04300E-OS 
8 . 1 2.96700c·OS 

9 1 1. 68900E- OS 

10 7.59600E-06 

((i,j,aKx (i,j), i=21, 30), j=-28,28) 

21 28 1.50900E-07 

22 28 1. 32000E · 07 

23 28 1.!·2400E-07 

24 28 1.63900E-07 

25 28 4.32500E-07 

26 28 1 .86500E-06 

27 28 1 , 87000E -06 

28 28 1.1 5800E- 06 

29 28 1 . 30800E- 06 

30 28 1 , 49000E- 06 

((i,j,aKx (i, j), i=4t, 50), j=57, 57) 

41 57 
42 s 7' 
43 57 
44 57 
45 57 
46 . 57 
47 57 
48 57 
49 57 
so 57 

((;, j ,aKy(i, 
1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
B 1 
9 

10 

4,20400E-10 
1.856l.vE-1D 
2.02000E-10. 
2.59200E-10 
2.66900E-10 
1.62500E-10 
2.1580CE-10 
2.51900E·11 
1. 78000E- 1 0 
2.50900E-09 
j)' i•1, 10), j=1, 1) 
1.89SOOE-04 
2.04700E-04 
3.45600-•-05 
2.67800f--05 
2.38BOOE-05 
1.8740DE-05 
2. 043C.OE- OS 
2.9670DE-OS 
1. 68900E- OS 
7 .5960DE-06 

((i,j,aK.y (i,j)i=21 , 30) ,j::28, 28) 

21 28, 1.50900E-07 

22 28 1.32000E-07 

23 28 1.42400E-07 

Page 4 uf 16 
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24 28 
15 18 
:; 28 
27 ~8 

28 18 
29 28 
30 28 

( i , j aKy ( i , 
41 57 
41 57 
43 57 
44 57 
45 57 
46 57 
47 57 
48 57 
49 57 
50 57 
((i,j al~a 

1 
1 
3 
4 
5 
6 
7 
8 
9 

10 
( i . i. 

11 
22 
23 
2• 
25 
16 
17 
28 
29 
30 

(1, 1. 
.:.1 
42 
43 
44 
45 
46 
47 
48 
49 
50 

alpha 
28 
28 
28 
28 
28 
28 
28 
23 
28 
18 

alpha 
57 
5? 
57 
57 
57 
57 
57 
57 
57 
57 
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1 .63900E-07 
4.32SOOE·07 
1.86SOOE·06 
1 .87LJOOE-06 
1. 15800E · 06 
1.30800t. 06 
1.49000E · 06 
j), i~4 1, 50)' j~57, 57) 
4. 20400E ·10 
1. 85600E · 10 
2.DZCCOE-10 
2.59200E· 10 
2.66900E·10 
1.62SOOE·10 
2. 15800E·10 
2.51900E·10 
1. 78000E ·10 
2.5090CE· 10 
(1, j), »1,10), j=1, 1) 
7.57000E·10 
7.57000E·10 
7.57000E·10 
7. 57000E ·10 
7.57000E·10 
7 .57000E·IO 
7.570GOE·IO 
7.17000E·10 
7.57000E··,o 
7.57000E·IO 
( i • j) ' j =2, , 
7.57000E·IO 
7.57000E·IO 
7.57000E·IO 
7.57000E·1D 
7.57D00E·10 
7.57000E·IO 
7.57000E· 10 
7.57000E·IO 
7. 57000E ·I 0 
7.57000E·IO 

30>, i~18, 28> 

(i, j)' ;~41, 50), j=57, 57) 
7.57000E·10 
7.57000E·10 
7.57000E·10 
7. 57000E ·I 0 
7.57000E·10 
7.57000E·10 
7.57000E·10 
7.57000E·10 
7.570CJE~iO 

7.57000E·10 
(i, j) ·- i=1, 10), j=1, 1) 

1. 45420E ·0 l 
1.45420E·01· 
1.45420E·Ol 
1.45420E·Ol 
1 .45420E-Ol 
1.45420E ·Ol 
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8 
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lQ 

{(·., J, pll1 

21 28 
22 28 
23 28 
24 28 
25 28 
26 28 
Z7 28 
28 28 
29 28 
JO 2l 

((i, J, phi 
41 57 
42 57 
4l 57 
44 57 
45 57 
46 57 
47 57 
48 57 
49 57 
50 57 
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1.4542CE·Ol 

1.4542CE·01 
1.4)42CE· Jl 
1 .t.s.::.zcE-OL 

(i, J.l , •~21, JOi, .~28, 281 
1.45420E ·Cl 
1.45420E-01 
1.45420E-01 
1.45420E-Ol 
1.45420E·Ol 
1.45420E-0l 
1 .45420E·01 
1.4542GE-01 
1.4542QE-01 
1.45420E·01 

(i, j), 1=41, 50), j::S7,57) 
1.45420E·01 
1.4542CE-Ol 
1.4542CE-01 
1.45420E-01 
1.45~2'JE·01 

i .45420€·01 
1.45420E-01 
1 .4542GE·01 
1.45420E-01 
1 .45420E-01 
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The following pages are from the verification section primitive baseline docum~ntation currently 

stored in S\VCF as a part of the prior QA efforts. The results of the current test will be compared 

to these numbers with the numloers matching exactly. 

Figure B-1 
t?agelof3) 

Pages -4-6 of the Verification Section of the Primitive Baseline 

ASCII OUTPUT FROM FILE nts1:: (catn::on.presecofl2d.test)regdat_test.inp 

THIS FILE· CONTAINS SPECIFIC RANGES THAT UJLL BE USED FOR VERlFJCATtON. 6-9-94. 

(Ci, j, aKx (i, j}, i= 1, 10), j= 1, 1) 
I 1 1.89500£-04 
2 1 2.04700£-04 
3 3.45600£-05 
4 2.67800£-05 
5 2.38800E-05 

1.87400£·05 
7 2.04300E-05 
8 2.96700E-05 
9 1.68900E·05 

10 7.59600E·06 
((i,j,aK.x. (i,j), i=21, 30), j=28,28) 

21 28 1.50900E·07 
22 28 1 . 32000E · 07 
23 28 1.42400E-07 
24 28 1 . 639~0£ -07' 
25 28 4 .32500E- 07 
26 28 1 . B6500E · 06 
27 28 1.87000£-06 
28 28 1.15800£-06 
29 28 1.30800E·06 
30 28 1.49000E-06 

((i,j,aKx (i, j), i=41_, 50), j=57, 57) 

41 57 4.20400E-10 
42 57 1.85600E·10 
43 57 2.02000E·10 
44 57 2.59200£-10 
45 57 2.66900E-10 
46 57 1.62500£·10 
47 57 2.15SOCE-10 
48 57 2.51900E·11 
49 57· 1.78000£·10 
50 57 2.50900E·09 

<<i,j,aKy(i, j), i=1, 10), j=1, 1) 
1 1 1.89500E·04 
2 1 2.04700£-04 
3 1 3.45600·=·05 
4 1 2.67800F .. 05 
5 1 2 .381100E ·05 
6 1 1.87400E·05 
7 2.04300£-05 
8 2,96700E·05 
9 1 .6890DE·05 

10 1 7.59600£-06 
((i,j,aKy (i,j)i•21 , 30) ,]•28, 28) 

21 28 1.50900E·07 
22 26 1.32000E·07 
23 28 1.42400E-07 
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24 28 
25 28 
26 28 
27 28 
28 28 
29 28 
3u 28 

( i , jaKy ( i, 
4t 57 
42 57 
43 57 
44 57 
45 57 
46 57 
47 57 
48 57 
49 57 
50 57 
{( i 'j alpha 

1 1 
2 1 
3 
4 
5 
6 
7 
8 
9 

10 
(1' J. alpha 

21 28 
22 28 
23 28 
2. 28 
25 28 
26 28 
27 28 
28 23 
29 28 
30 28 

(i' j, alpha 
41 57 
42 57 
43 57 
44 57 
45 57 
46 57 
47 57 
48 57 
49 57 
so 57 

((i, j, pili 
1 \ 
2 1 
J 
4 
5 
6 
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1. 53900[- 07 
4.325DOE-07 
1. 86500E · 06 
1.81000E·C6 
1.15800E-06 
1 . 308COE- 06 
1,4900GE·06 
j), 1=4 1, 5 0) ' i•ll, 5 7) 
4.20400E-10 
1.85600E·10 
2.020QOE·10 
2.snooc-1o 
2.66900E-10 
1.62500E·10 
2.15800E-10 
2.11900E·10 
1 . 78000E · 1 0 
2.5090CE·10 
(t, j), 1=1,10), j=1, 1) 
7.57000E-10 
7.57000E-10 
7.57000E·10 
7.57000E·10 
7. 57000E·10 
7.5700CE-10 
7.57000E·10 
7.17000£-10 
7. 57000£-10 
7.57000E·10 
(i, j} 1 i=-21, 30), j:28, 28) 
7.57000E·10 
7.57000E-10 
7.57000£-10 
7. 57000£ ·10 
7.57000£-10 
7.57000E·10 
7.57000E·10 
7.57000£·10 
7.57000£-10 
7.57000£-10 
(i, j), i=-41, 50). j=57, 57) 
7.57000E·10 
7. 57000E -10 
7.57000E-10 
7.57000£·10 
7.57000E·10 
7.57000E·10 
7.570\JOE-10 
7.57000£-10 
7.)7J00E·10 
7.57000£·10 

(i, j), i=-1, 10), j=-1, 1) 
1. 45420E- 0 l 
1.45420E ·01 · 
1.45420£-0l 
1.45420E·Ol 
1.45420E-0L 
1. 45420E ·Ol 
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((i' J, 0i 
21 28 
;.:z 18 
23 28 
24 28 
25 28 
26 28 
27 28 
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29 28 
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( ( i ' j, ""' 41 57 
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1 .454LDE- 0 l 
1.45420E·01 
1.45420E·Dl 
1.l.542CE-0\ 

( i ' j) i =21' 
1.L.SL.2ClE ·Oi 
1 .45420C-01 
1.45420E·OI 
I .45420E·Ot 
1 ,45420E·Ot 
1 ,45420E·Jl 
L45420E·OI 
L45420E·OI 
L45420E·OI 
1. 45420E · 01 

( j r j) 
' 

\:411 50), j=57.57) 
1.45420E·01 
1.45420E·01 
1.45420E·OI 
1.45420E·OI 
1 .45420E ·01 
1.45420E·01 
1.45420E·01 
1.45420E·01 
1.45420E·01 
1.45420E·01 
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The purpose of this document is to summarize the results of the testing activities prescribed in the 

RDIVVP and to provide evaluations based on those results. The PRESECOFL2D code has 

pr~viously undergon~ a QA process complete with a review and is currently <.;ualifieci as Level A 

under QAP-.1 Rev. F. Both static testine and covera2e testin~ was carried out in the <;•me manner 
' ' ' 

:.:.s ··" ;u~ .1!l other ~.-odes. but tbe functionJ.i t,__:~tir.g COi1:,i~tLd prim:.:rily of re~rt._-;sic:1 c.:stln~. 

1.1 Software Identifier 

PRESECOFL2D versi.on -l.ll2ZO (W!PP PA Code Pref1x: SF2D l l 

1.2 Points of Contact 

Code Sponsor: Rebecca L.Bl<line 

Code Consultant: Rebecca L. Blaine 
Ecodynamics Research A.;soci<ltes. Inc. 

P.O. Box 9229 
Albuquerque. :"i'"\.1 ~7119 

(505) 843-7445 

2.0 TESTll\G ENVIRO:"-iMENT 

Testing for PRESECOFL2D was performed in the following c·om[:uter environment: 

Hardware platform: DEC Alpha 

Operating System: Open VMS version 6.1 

Directory:. WPSTESTROOT:[SF2D 1] 

3.0 TEST TOOLS 

The testing tools which were used as pan of the software validation are described in Table 3-1. 

Tool Name 
FORTRAN,Lint (FLINT) 

DECset SCA 

DECset PCA 

DEC FORTRAN Compiler 
version EV6.2-508-274 

Table 3-1 

Software Testing Tools 

!Jsage 
Source Code Analyzer used to identify non ANSI standard 

cod in~. 
Source Code analyzer used to identify uncalled modules, to 

identify unreferenced variables. a.1d to display the calling tree. 

Performance C.wer1ge Ana!yzec, used to identify ~ny 

unexercised modules 

Compiler, used to create the executables and identify 

compilation errors and warnings. 
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For PRESECOFL2D, static ana~ysis was performed using both the source code analyzer FUNT 

and the source code analyzer DECset-SCA. FUNT was used to detect non-ANSI standard 

FORTRAN cc.ding. DECset-SCA was used to reveal any uncalled mod:.!les. to reveal any 

unreferenced variables. and to display the·:alling tree. 

The DECset SCA analysis was performed on directory WPSTESTROOT: [SF2D I .BUILD I 
during the genention nf the PC>. executable. The FLI;>.:'T :ma!ysi:; \\'J,s c·arried ou: <.n the 

\VPSTESTROOT:[SF2DI SRCJ directory. 

4.1 Flint Analysis: Procedure And Results 

PROCEDURE: Since PRESECOFL2D is a multimodule program. FLINT was used on a tile ~ 
created by appending all the modules together in alphabetical order. The file resulting from 0 

running FLI:-JT. SF2Dl_FLL~T.OUT. is shown in Figure ·U-1. · z 

RESULTS: As a result of running FU.\T, two types of issues were noted. Firsr. it was noted 

that several variables were detined but not reference<l. This.was as expected by the code sponsor. 

Second. it was noted that some lines in the code were over tne ANSI standard 72 colwnns in 

length. It was fo:md to be a r~sult of padding with blanks and is of no concern with the platform 

and compiler with which the WIPP PA will be performed. 
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PROCEDURE: .. DEt;:~etSCAwas invoked-during the•bl.\ild proc~ss.The build process was •. 

-perf?nm:d using the buUd·scrjpt SF2Dt~BUILI),COMdeve'lopedby Mike '1-\fiUiams'on, Jhe_, •. 
build script Is shown in Figure 4.2-J .. The bailg script'is S!!lkoneainedan(fis!!xecuredin the· 

Airectory <;ontaining·the'oeeded'input t1les with the command. · 
.. . \ ·.- . . ' . - - . -. 

-~· .,. 

Dikmg-thebuild.proc~ss. the_inpurfile SF2Dl•~I\1S is.re'quired Illdisfetcbedfrom "'. ~,..-,''""'··· Th"C ····<>··'"''' 
inputfde is shownin.Figure4.2,2. . · · · · · · 

•. ,(S ll resultofthe b~itd{l~ocess. adebugeX~CUtable Ca!Jll01\C.'10)•0QIIO.g.'.l 

. , ... qn<J th~ S(:A code an;~[yzer created ihe',!hre.e rm,·tr'fiil~s 

. •._.with:i'briefd~~criptionofeachfile and a r'(:fer·en·ceto ::~.~.·:.?,'":~ 
..• mis 1lo~u~e~t . • . • ·. ·. . . 

•.. F'oilowin'githe bu~d pr!Jc~ss. SGA•.·;a~ ilivoked at the····· 
..• .:orntrlan,ds \VeR~xecuteclol1 the st,.s..$E:\fENT.tJATfile ... t .l.\e-~ .. \\fP~iTioSi"R<)O>T;(S 

directory: ·.· · ·. -~-

SCA;set lib[] 
···-:· 

· .. SCA> sltow modul~all/output=sf2dl 111odute5:out · 
r'·-- .:-· .. - -I· .·:- . . . .. · ' - , ..• 

•·scA>.exit · ..• · ·· 

.,_. 

-- .. 
. Thi~ .!Jrocedllre converts information inabinaryfile to an ASCI1fof)11atfilt: . 

... file. SF2D 1:.-MODULI~S.OUT. is a listing of the rtiod~les ~efeienc~d,during 
stic;h infonnatioM as the date eaCh module was col11piles. th¢ languagein which eathmodule iS 

· "'7-ri:ten. etc. ~ssociated with each dile used: This list;ngis shown in Figur_l' 4.2-5, · · .·.· ... · · 
; I . . - . • • • . - • 

RESULTS: TheSCA procedure revealed the only module not beingcl)Jled is the'rliainpro~arn 
itself. a:s to be expected. · · · · · ·· 

... _. . . - . ' . .I . 

/ 

~; . 
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Figure 5-5 

Code Sponsor's Response to Coverage Analysis 

Most of the modules that show up in the paform~nc~ coverage anal:;sis as not being called ar~ 

modules in the CAM CON libraries that the code is linked to. The followirg is a list of the non

CA~·1CON mocjuks in PRESECOFL2D tha< are not called. Tile reason why each routine is not 

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

modues are CA\1CON modules 

[GET~LV-

FINO_lJA-

INTF-

PRSORC-

Prelirnary set up or solving parameters. This routine is not called because the 

default settings are used by the WIPP PA. 

Finds the location of a ceil in the regional computational grid relative to the 

problem defining grid. For WIPP PA, these two grids are identical so routine is 

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 is 

not called. 

used for time dependent wells. 

QAABORT- Used for error handling. If no errors occur, this routine will not be called. 

QABATCH- Csed only if code is run in CAMCO:--.: batch mode. 

RDAQFR- lsedto deftne precipitation. rivers, lakes and constant head cells. These are not 

used in WIPP PA. 

RDSOLV- Csed to set up solving parameters. The defaults are. used for WIPP PA. 

RDWELL- Sets up wells. Wells are not used in WIPP PA. 

SETGHR- Used if databases are predefmed with all properties. 

WRTWEL- Writes well informtion to SECOFL2D input flle. Wells are not used in WIPP PA. 
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A list of requirements for POSTSECOTP20 can be found in Figure 6-1. PRESECOf-UD has 

already undergone QA and is qualified as level A under QAP 19-1 Rev F. Therefore, the test case 

consisted of running the current code for the purpose of coverage analysis and regression testing. 

The ~est case was nm in the dircctorv WP$TESTROOT:[SF::D l.TESTCASES], anci all files 

associated with the functional testin; v'Ie located in this directorv. To run the test case a script 
~ . 

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

A~ evaluation of the tes' •:ase can be found in Sections 6.1 



PRESECOFL2D Version 4.02ZO 

Validation Document 

Figure 6-l 

Requirements of PRESECOFL2D 

I Functional Requirements: · 

R.l CreJtes all input fiks needed to run SECOFL2D. These ftles :ue: 

1) .-'\n ASCI file conwming run parameters 
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2) .:, binary file cont::tining regional material property i~fcrmation obtained from 

a C.:,\tO.:, T database. 

3) :, binary file conn'.ning local molterial p~opmy information 

R.2 Interpolates material properties from the regional grid to the local grid. 

Performance Requiremtnts: 

This code has no performance requirements. 

Attribute Requirements: 

This code has no attribute requirements. 

External Interface Requirements: 

R.3 This code reads an ASC!l input file containing run pa.rJ.IT~eters. 

R.4 This code reads an input regional CAMDAT dawbase with grid information and 

material properties 

R.5 This code reads an input local CAiv!DAT database with grid information .. 

R.6 This code produces all of the input files necessary to run SECOFL2D. 

Additional Requirements: 

. There a.re no additional requirements for PRESECOFL2D that need verification. 
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Script Used for Running Test Case for Functional Analysis 
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6.1.1 Test Objective 

This test case was run to do the following: 
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i) teet the interpolatJCJn of properties from the regional grid to the loc:J.I 
boundarv, 

2) Tegression test the current code in the Cv1S so that it gets the same 
results obtained when the code was previously Q.-'. 'd to the A level. and 

3) assure modular coverage. 

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

6.1.2 Test P.-ocedure 

PART l: (To 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 conver~s the regional bina,-y propeny file, REGION_ TEST.PRP. to an ASCII ft.ie. 
REGION_TEST.ASC. and the local binary property file. LOCAL_TEST.PRP, to an ASCII 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 (ph.i) and bulk compressibility (alpha) need orJy show that tl-tey have remained constant. 
A hand-calculation is don~ for hydraulic conductivity to show that th~ values have been correctly 
interpolated (using bilinear interpolauon) from the regional grid to the local grid. 

To verify that the porosity and bulk compressibility have remained const:lnt edit the file 
REGION_TEST.ASC. First. search for the string "alpha". Examination of this array shows that 
this is a constant value of 7.57 E-O I for each element in the grid. (The value of bulk 
compressibility is 7 .57E-l 0 on the dat:lbase, but it has been scaled by I 09 as required by 
SECOFL2D.) Next. search for the string "phi". Examination of this array shows that this is a 
constant value of 1.4542E-O I for each element in the grid. Now repeat this process with the file 
LOCAL_ TEST.ASC. Searching for the string "alpha" shows that th.is array is a const:lnt value of 
7.57 E-0 I, and searching for the string "phi" shows that this array is a constant of 1.4542E-O I. 
The avove mentio~ed searches were done and the constant values were verified. The first two 
rows of each 47x54 array are shown for completeness. Figure 6.1-1 gives a listing of the testing 
tool READ_PRP.FOR used to convert the COB flies to ASCII files. The first two rows of the 
"alpha" ar.-ay can be seen i11 Figure 6.1-2 and the Erst two rows of the "phi" anay can be seen in 
Figure 6.1-3. The data in both figures was extracted frcm the LOCAL_ TEST.ASC. 

Four points are checked by hand-calculation for the hydraulic conductivity. The four element 
locations in the local grid are (12.15). (20,47), (35.25) and (4D.40). First. the cell locations 
relative to the regional grid are found. The cell locations in meters are converted to locations ([n 
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meters) in the regional domain. The x and y offsets cf the local grid from the orig!n of the 

regional grid are 12826.1 and l 0665.8 respectively. The angle of rotation is 38° 

counterclockwise. The coordinates (in meters) of the cell centers in the local grid are: 

Element l (12.15): 1437.5, 1812.5 

. Element 2 (20.47) 2437.5. 58i2.5 

Element 3 (35.25): 4312.5. 30ti2.5 

Element-\ (40.401. 4937.5.4937.5 

The regional coordinates are calculated by: 

Element 1: 12826.1 + 1437.5cos38°- 1812.5sin38° = 12842.97903 

10665.8 + l812.5cos38° + 1437 .5sin38° = 12979.08286 

Element 2: 12826.1 + 2437.5cos38°- 5812.5sin38 o = 11!68.34389 

10665.8 + 58l2.5cos38° + 2437.5sin38° = 16746.78735 

Element 3: 12826.1 + 4312.5cos38° - .3062.5sin3R 0 = 14338.93311 

I 0665.8 + 3062.5cos38° + 4312.5sin38° = 157 34.t2305 

Element 4: 12826.1 + 4937.5cos38°- 4937.5sin38° = 13677.07456 

10665.8 -'- 4937 .5cos38° + 4937.5sin38° = 17596.43163 

Next. the cell centers of the adjacent cells are used (the properties reside at the cell center) to 

calculate the proportional distances used in bilinear interpolation. 

Element 1 proportions from coordinates of regional cells (32.10) and (33.11 ): 

xp = (12842.97903 - 12625.0)/( 12850.0 -12625.0) =\). 9687956889 

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

Elemem 2 proportions from coordinates of regional cells (24.34) and (25.35): 

xp = (11168.34389- 11075.0)/(11225.0- 11075.0) = 0.6222926 

yp = ( 16746.78735- 16725.0)/( 16950.0- 16725.0) = 0.0968326666 

Element 3 proportions from coordinates of regional cells (39,26) and ( 40.27): 

xp = (14338.933!1- 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 = (13677.07456- 13675.0)/(13887 .5- 13675.0) = 0 009762635294 

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

Then. the bilinear interpolation is done. 

Element I: 

al = 498.5 + 0.9687956889(]498.0 - 498.5) = 1466.811291 

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 

a2 = 109.1 + 0.6222926(119.8- 109.1) = 115.7585308 

a = 235.145954 + 0.0968326666( II 5.7585308 · 235.145954) = 223.5853515 

Elerr.ent 3: 

a 1 = 495.8 + 0.6297770333(9o0.2- 495.8) = nX.26R4543 

a2 = 8!6.1 +06297770333(!041.0- Xl6 !) = 957.7368548 

a = 788.2684543 + o. 6 701i 1525(957. 7368548 - 788 2684543) = 90 1.91654~ 1 

Element 4: 

a!= 159.6 + 0.009762635294(277.6- 159.6) = 160.75199! 

a2 = 1!7.4+0.009762635294(28..17- !17.4) = 116.5318088 

a = 160.75!991 + 0.783429871(!16.53!8088- !60.75!991) = 126.!085794 

Acceptance Criteria: 

WP0#23319 
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The ·values for porosity and bulk compressibility remained constant. The values for hydraulic 

conductivity from LOCAL_ TEST.ASC (interpolated from the regional grid) will agree with the 

hand-calculation to 6 decimal places.· 

From file LOCAL_ TEST.ASC From hand-cu.lculation 

Element 1 (12,!5) 1.00219E+03 1002.19 

Element 2 (20.47) 2.23585E+02 233 585 

Element 3 (35.25) 9.0 1917E+02 901.917 

Element 4 (40.40) 1.26109E+02 126.109 

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 instalb:ion "nd regression testing. For regr,~ssion testing against the 

primitive baseline on file in the SWCF, this test case uses a utiE•y progra.m, TEST _READ_!. 

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 testing 

exerc1se. 

The input file for TEST_ READ_l.FOR is the SF2D !_REGION_ TEST.PRP output fi.le. A 

listing ofTEST_READ_l .FOR is shown in Figure 6.1-5, and the results from the current 

execution are in the file TEST_ READ.OUT as shown in Figure 6.1-6. This Program should 



PRE~c'.COFL2D Version 4.02ZO 
Validation Document 

WP()# £)) lY 

October 10. !995 
P~ge '9 

produce the identical results to the remits 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 PRESECOFL20 was made to perform the functiCJnal analysis. th~ 

command file ad thr input Lies used is the same for both ;Jarts C•f the anJ.~ysis. Tr.~y arc: 

Command File: 
SF2D l_ TEST _'-'ODBG_Rl" COM 

Input Files: 
WP$TESTROOT:[SF2D l TESTCASES)SF2D !_REGION_ TEST.CDB 

WP$TESTROOT:[SF2D l.TESTCASES )SF2D !_LOCAL_ TEST.CDB 

WPSTESTROOT:[SF2D l. TESTCASES]SF2D l_PRESECOFL_ TEST.INP 

A listing of the input file SF2DI_PRESE:COFL __ TEST.I::-..1' is shown in Figure 6.1-7. 

The input files SF2D !_REGION_ TESTCSB and SF2D !_LOCAL_ TEST.CDB have not been 

[ncluded in ti-Jis documents becuase tr.ey are not orJy in binary format but are also very large. The 

size of ASCII flle of the contents would be. prohibitive and would lend little information related to 

the testing. Both flies will be submitted and retained in SCMS. 

Each part of the functional analysis required the use of different output ftles which were then 

examined using shon utility codes wTitten for that purpose with resulting output ftles from that 

p~ocess. These files will be described for each part of the test case. 

PART 1: 

Output Files: 
WPSTESTROOT:[SF2D !_REGION_ TEST. PRP] 

WP$TESTROOT: [ S F2D !_LOCAL_ TEST PRP] 

Testing Tool: 
WP$TESTROOT:[SF2Dl_READ_PRP.FOR] 

Output Files from Testing Tool: 

PART 2: 

WP$TESTROOT:[SF2D l.TESTCASES]REGION_ TEST.ASC 

WP$TESTROOT:[SF2D.TESTCASES]LOCAL_TEST.ASC 

Output Files: 
WP$TESTROOT:[SF2D !_REGION_ TESTPRP 
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Testing Tools: 
WP$TESTROOT:[SF2D.TESTCASES]TEST _READ _!.FOR 

Output Files from Testing Tools: 

WPSTESTROOT:[SF2D.TESTCASES]TEST_READ.OUT 

6.1.4 Evaluation 

PART\: 

WPO# 23119 
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The Jcceptance for this pan of the functional 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 calcu.lations. This was in fact the 

case and the acceptance criteria has been mer. 

PART 2: 

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

current test case could be examinee' c.nd the resL:ts would show r.o differe;<Ces from t!-te e>UtpJt 

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 ft.le of the four generated by PRESECOFL2D was 

checked. 
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Listing of .READ-' PRP .FOR 
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~ , .-:')!.?V_;C \ ~ :_1 0 O:l· , · 

·::.. ,-_.'"'~I .,..~·=-=~-~·.~~.SG~· 
.. _., w ... ·-~ *: . :;:.:p~:~·::<Bct~d . 

955~: .FORMA~~ f3! to'J .1 ?E-l3. S l Y 

· ~E .. ':J • :sE~~~f~i~~~~~T~,~~~c, cL+:: · 
· · ~:~~' ~ :7:.?:~-?.~::,, G, , Q_s,. 4 q) . 
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7.0 RELATED TESTING DOCUMENTATION 

Table 7·1 

Documentation Related to the Testing of PRESECOFL2D 

I Test ftem Description I SCl\IS Filename 

Test LJ~ llssc,s ;ll\c event.> tnat cuvse Junng 

I 
SF2Dl - TEiLOG.1XT 

the testing of PRESECOFL2D 

vcrs10n 4.02ZO 

Fll~T Output Output gt.:ner::ueJ as a result ot SF2Dl_FLINTOUT 

ruMing the source cod~ analyzer. 

FORTRAN-Lint 

Scripts used Command files used to bcild u-,e . SF2D 1_3UU...D.COM 

e.ecutables. and the run the PC.-\ SF2D l.Miv!S 

a..t.'liysis and tcil cas~s SF2Di _BUU...D.LOG 

I 
SF2D 1_ TESTCASE_PCA_CU:V!.COM 

SF2Dl TEST NODBG RUN.COM 

SC.-\ Output Outpnt g~ner;;u~:J as a result (Jf SF2D~ _SCA_ MOD - C\OT _REF TXT 

running the- source- code analyze-r. SF2D \_CALL TREE.TXT 

DECset-SCA SF2Dl \!ODVLES.OUT 

PCA Output Output gener::ned as a result or SF2Dl_PCA.LOG 

running !.he program coverage SF2Dl - TEST _COVER.TXT 

an.:tlyzer. DECset-PCA SF2Dl_COVERAGE_CUM.TXT 

SF2Dl COVERAGE.TXT 

Input Files lnput files requireJ lO perform both SF2D l_PRESECOFL.INP 

the PCA analysis and the functional SF2D !_REGION_ TESTCDB 

. testing. SF2Dl LOCAL TEST.CDB 

T estmg Tools Source codes of utility pro?J"lffis SF2Dl_READ_PR?.FOR 

used Juri.mr testin~r SP-Dl TEST READ \.FOR 

Input Files forT esung Tools )Input fl!t:s on \>,:hich testing tools 
I 

SF:'D !_REGION_ TEST.PRP 

oper:lle . SF2Dl LOCAL TEST.PRP 

Output Files from Testmg Outpm files resulting from running SP-D \_REGION_ TEST.ASC 

Tools lhe testing roo is. SF2D l_LOC.-\L_ TEST.ASC 

SF2Dl TEST _READ.OUT 

Requirements Document A list of the requirements for N/A 

PRESECOFL2D 

Veriftcation and Validation A description of the testing strategy N/A 

Plan for PRE.SECOFL2D . 

Implementation Document Source code listing and a N/A 

description of the executable 
e:eneration 

User's Guide instruction for using N/A 

PRESECOFL2D 

~ z 
0 
z 



. PRESECOFL2D Version 4.02ZO 

Validation Document 

Wt"'Ulf Ljjl'"J 

October 10. 199S 
Page 77 

8.0 CONCLUSION 

The testing for PRESECOFL2D as prescribed in the Verification and Validation Plan has been 

completed and all acceptance criteria have been satisfied. The test case provided in Section 6 

provide complete coverage of all functional requirements as described in Section 6. 
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Procedure: 19-1 Revision: I Page ____\_ of ____L_ 

Z):SI'l 
WPO Number: ------------

51-.JL -5/v Software Classification:-------

Reviewer JnstructiC'ns: 
Check the "Yes" box for each item reviewed and found acceptable. 
Check the "No" box for each item which requires further work. 
Check the "NJA • box for items thai are not applicable. 
Check the "NIR" box for items not reviewed (only if.there are multiple reviewers). 
For multiple reviewers, each reviewer shall complete a Validation [)pcument Reviewer's Fonn. 
Prior ta sign-<>ff of the Validation Document .• all "No" items shall be appropriately addressed by the code sponsor )II! that "Yes• or "NIA ·may be checked, or a memo from the OM shall be attached to the Validation Document !z; explaining the reasor; for the ncn-confonnance. 0 This fonn shall be included as part of the baseline Validation Document. z 

II 1. 

2. 

Test Documentation Completeness 
Are all tests identified in the 1/1/P docum~nted, inC:uding 
significant inputs and outputs, and the hardware and 
software configurations used tc run the test cases? 

Test Result Validation 

EJ Y~s 0 No 0 N/A 0 1 
IV'1 Y 0 No 0 NiA r: NIR 

Are the test results compared to at least one of the following? C>J es L.; hand calculations, 
calculations using comparable proven problems, 
empirical data from published sources and/or technical literature, or other validated software of similar purpose. 

3. . Pe·er Review 

4. 

5. 

6. 

7. 

If test cases did not provide sufficient validation. was a 
documented peer review perionned? 0 Yes 0 No _0 NIA 0 N/R 

Test Documentation Acceptability 
Do the tests-meet the aCceptance criteria identified in the 1/1/P? BJ Yes 0 No 0 N/A 0 NIR 

Test Documentation Repeatability 
.O.re the tests documented in sufficient detail such that they ~ Yes 0 No 0 N/A 0 N1R can be repeated? 

Computer File Documentation 
Are the test case input and Output files included in the 'g) Yes ["] No 0 N'A 0 N1R Validation DocJJment? 

Understandability of Documentation 
Are the validation methods, test data, results,and conclusions 
documented in a fonn that can be understood by an independent. 0 Yes 0 · No 0 N/A 0 N/R technically competent individual? 

. M C7 Reviewer Name (pnnteu1 . Signaruro Date 
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;)e " c .. de 
IJ 

C<>-"?Sc/ /iq,-, / ,·n~rMe,-/)"o-"? //eds /<- ,fe_ 

5 '-"/"" )' // ~. 

--
SECTION II 

5. Comment Resolution: fcheck one; Bltach r:ages as needed; describe 00 Agree 0 Disagree 
impact to previous uses of code, if applicable) 

fin· ?0 :...\:._ 

I 
SWCF File Code: 1./~.c; 



WASTE 
ISOLATION 

PILOT 
sandia PLANT 
lation<~l 

"-aboratories 

File Code: SWCF-

Review Comment (Software) 
Form Number: 299 Effective: 7/31195 

Procedure: QAP 19-1 Revision: Page _L_ of __2._ 

/. (. t. '1 I" A SIT 
WBS •Is) Alpha Code 

Keywords: (Used for unique idanlifioalion) 

S P LD I 

. 

. 

SECTION .1 
~------------------,-------------------,-------------------9 1. Software Name: Version 10: 

4. 0 2.. 

2. Type of Comment: (check one) 0 Required 0 SuggeS1ed 

Software Type: (check one} 0 Commercial 0 Developed 

. 

s. Comment ReSolution: (check.one; attach pages as needed; describe )tJ A.gree impaC: to previous uses of code, if applicable) '"1". JA,· . I / ~L.LJ •"7'-"'-J v{~iA1 T·\L.e._~1 . 

0 Error • 

0 System 

O Cisogree 

SWCF File Code: 



[ 

' 

WASTE 
ISOLATION Review Comment (Software) PILOT 

s~ndia PLANT Form Number: 299 Effective: 7/31/95 Jation.al -Laboratories Proceelure: Q.!.E 19-! Revision: I Page __L_ of , 
File Code: SWCF- A-- - I I. ( 7 f'A ·srr I WBS R(s) Alpha Code 
KeY""'ords: {Used for uniq:~e 'dentiff~ation) 

I fr< G.S Ec 0 IZL- i_() . 5F 2-{j I 
--

' 

=l SECTION I 
> 

1. Software Name: Version 10: Version Date~ I ~ f1 !2E'5 E co ~ L- 2./) 4.02 s- 2tt '7 '1 
-

2. Type of -Comment: {check one) ~ Required 0 Suggested 0 Error 

· Software Type: (check one.! r, Commercial 161 0 System Developed '---' 

4. Comment: (check one, attach pages as needed) ~ Technical 0 Document 
~/;dt</:d-1 t/oc_uMerrfJ 1J b0 1 )edi~f7 6.1·1; /qr/Z

,PA?.ESE0:7~L2.P cJ?01e.rqj'es ~-I -;;uf;&vf F,/e.S. 
;7/ot.UC'-'~ t7rl{;t ,-<?qrT cf ./ . wq.5 c/?e..c.,;{:_u;t (jqJns/ fje..... 
.,t.q P he. C:.oo·es,c"';,q'/'! 5' bcr>e/';f~ .f; /e.- Ey4/n j"/te... ,.--e_q:; Jn /n f'.,,.. c.Ae...c):li 'n.; C?"l I 0 -f' 

SECTION II 

5. Comment Resolution: (check one; attach pages as needed: describe O .-'lgree 0 D'sagree impact to previous uses of code, if applicable) . 
0_1{_;___ c-JL.-0/- p( ~ ~ ---UG- ---1'-cCdi....L~w- [01?(_) __r/c.c- . -
~~c f!Ylopc:__~~'". ~'!.<:-'- ~ ~ /?.OJ /U~J#-.Lu 
f;,M __;~LfJ~f YC (K--kft w,__ .. c ~c ~zy ~. GzL~ 
, tJ'Li <J' ;Q;,j #1. _...u ~ c•'( , .:L:J ~_j M =.....- !"?1.-1._ ~-?'-::: f-U. ,;:yJ'--]1 

1 ~h; ~--e {!.)LL.f!.__L_~ · j_/) ~CW'~i;;t_- . . _ 
SWCF File Code: /. /. t · J 

was-



' 

WASTE 
ISOLATION 

PILOT 
>•ndi• PLANT 
-l.ational 

Review Comment (Software) 
Form Number: 299 Effective: 7/31/95 Laboratories Procedure: QAP 19-1 Revision: Page ~ of _]._ 

"ile Code: SWCF- --'-/-"-.L __ _ 

WBS O(s) 

:<eywords: (Used for unique identification) __[}_£ ~ . c_-;E ( 0 FL )__ 0 5f 1-D I . -

SECTION I 

SET 
Alpha Code 

' 

1. Software Name: Version 10: ! Version~~ 2-c / c; i ?.<E'5ECL7FL z_D .:f.OL-

2. Type of Comment (check one) 0 Required 0 Suggested 0 Error 
. 

. 

Software Type: (check or. e) 0 Commercial ~ Developed 0 System 

4. Comment: (check one, attach pages as needed) :0 Technical 0 Document 
yq/; c/q 1i f/Yl tJ o c. '-' ,_., c.n 7j ~rl 12) jq/;/e 4. I 

seA 
o;-~a{J;ee....-_ Should J?enerq/e Fie cq//e_c/ rite,., cod€_ q 

s;cz.o:z- 1//f...Z- A/ 0 I - /I'?..EP- rx-r. E.:~ lo /1'7 ....., ~ ;r //:e 
£·/e_ no/ s.-4o ....<./ / ..,. -;-;~k ¢.I. ct" ~s 

SECTION II 

5. Comment Resolution: (check one; a 'tach pages es nee:J=d: descnbe Z)_· Agree 0 Disagree 

I 

--

~ 
~ 

~ 

impact to previous uSes at code, if applicable) Jiif:c (1.t1 cc,:a~. L. '2:- W-~ c;; Wu SeA: ?1::~4-d...-r*L~rd." ~VJ ~c.. \L£c. C-e.-(A./U-:d --zU:A.d-<7j'l) ::fl?c..-:; ~'. ~ 
k.t)j~.- & P dc,j ~".~r ~~.r ~~ r!.-c.v-z./.-&:~7' ~Ld--C.:_"-r?. 
,_:).;; tl-7 

SWCF File Code: 



I WASTE 
ISOLA nON Review Comment (Software) PILOT 

l•ndi.t PLANT Form Number: 299 Effective: 7/31/95 .a(Jon.tl 

I 
La.bor•tories Procedure: Q~E l9·1 Revision: I Page_J_ of____;>__ 

File Code: SWCF· ,A II ( 1 ?I! ·SFT 
WBS •(s) Alpha Code 

Keywords: (Used for unique identification) 
fl< & >~ c u ;::~_ 2.() >r2~( 

-----

SECTION I 

~ 
1. Software Name: Version ID: 

Version Datej"/~:1 /c; '( ~ ,::?!:2.ESECo.C t_ 2.0 -;t. Cl 2._ 

.; 2. Type of Comment: {check one) fQ' Required 0 Su~gested 0 Error 

I Software Type: (check one} ,...., 
L-...! 

Commercial 0 Developed 0 System ~ 

4. Comment: (check one, attach pages as needed) ~ Technical n Document 1/a/, dq·f/'o_, L/ocv...,<!.n/ L.J r;ure (;-/ 

. ~e;-u/r~»te;?/ /<. 0 5 ,4 '-"--;/ d it e. e/m/Jtq jeo/, ...Lr ;'s 

?"A e Se>n? e. OS ;e . .1 • 

SECTION II 

5. Comment Resolution: (check one; attachoages as needed; describe 0 Agree [3 Disagree impact to previous uses of code, if applicable) . 
0) c_(uz.i~£H ~ )C<'?'-~Li-<~ c..{i£t!r?._y~ ;/l 
0c-'Y-/J #" -t!~~Vu....cJ. v pt.-( ~u ....uJ /}/tu..c!Gu:"t . ~ _ 
'1 b v za t:{ ' ft1--L.,:-v-~--<" £::'?- ...i-+:. C.i._-<..&J-.<<rC d ~./7 .....dc.-< ~-~ -.J._ ' • · z · · . . -f tz.-tu( a.-1 t £-fL Zt...-/~ 

I 
0.)_.-t A../1 D- r"'7....<1 -<..e7-1cJ... _/u g-a/ 1..<..</ X....UG 

u~ if-zc-LL ... /u l~u..t-1-<..--L;L-:t-; 6,/1-1.,_ . 
SWCF File Code: /. I. t. '( 



PRESECOFL2D VersiOn 4.02ZO 
Validation Document 

--------

WPOII23319 
October 10, 1995 

______ Appendix B 

APPENDIX B: PRIMITIVE BASELINE DOCUMENT 

The following pages from the verification section primitive baseline documentation currently 
stored in SWCF as a part of the prior QA effons. The basis of the cunent regression testing is to 
duplicated the results from prior testing This was done by reproducine the results found in the 
baseline documentation. This reproduction is found in Figure 6.1-2. 
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EPA Comment 
Enclosure 2, Pages 3-4 
194.23(a)(3)(iv) 

Comment Text 

Comment Page 1 of 2 

Section 194.23(a)(3)(iv) requires "computer models accurately implement the 
numerical models" and are free of coding errors and pr9c!uce 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 Jess th?.n or equal to 2 m 
will yield results consistent with field scale dispersive spreading observations as 
reported by Gelhar eta!. (1\192)." 

The Departmenr m>eds to provide evidence that the nrllnerical 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 phenomenon becomes more 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 
on the WIPP Compliance Certification Application 

February 27, 1997 



194. 23(a)(3)(iv) Comment Page 2 of 2 

Fully-weighted upwind schemes do not have undershoot and overshoot problems, but 
numerical dispersion is often 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 SECOTP2D, 
Version 1.30 (Appendix SECOTP2D of the CCA). 

In the CCA, zero dispersivity coefficients were used in both the longitudinal and 
transverse dir;;ctions. The riispersion 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 a test of the stability of SECOTP2D and demonstrate that zero 
dis,ersivities are not a prob:cm for S2COTP2D. 

Reference: 

Huyakom, P.S., and G.F. Pinder, 1983. Computation Methods in Subsuiface Fluw, 
Academic Press, Inc., New York, NY. (Textbook) 

DOE's Response to EPA's Request for Additional hiformation 
on the WIPP Compliance Certification Application 

February 27. 1997 



EPA Commen 
Enclosure 2, I 
194.23(a)(3)(i1 

Comment Te~ 

194.23(a)(3)(iv) 

Comment Page 1 of 2 

55 
Section 194.23(a)(3)(iv) requires "computer models accurately implement the 
numerical models." 

In regard to the BRAGFLO computer code, Appendix MASS states "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 repository may pass la!erally t:1rough these necks. In 
reality, these n'Xks do not exist. Their prese:1ce in the model is eXJlP..Cted 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 n::pository 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 ::omparing a two-dimensional and three-dimensioaal model was performed ;L'ld 
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 grid under. 
disturbed conditions cannot be evaluated. 

The Department needs to provide a similar analysis that is representative of an 
intrnsion scen(lrio 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 fla.ing 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 be comparable in both models. As demonstrated 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 MA.SS 

DOE's Response to EPA's Request for Additional !!!formation 
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Attachment 4·1 also favorably benchmarked the BRAGFLO code against the 

TOUGH2 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 u~ed 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 v~ues in the 

SNL WIPI' performance assessment database). To select a case in wh1ch brine flow 

ovcurred up the borehole, more extreme values than the medians would have to be 

selec:ed for some variables. As indicu.ted in the DOE response t:J the EPA comment 

on grid geometry, page 8 of enclosure 1, 194.23(a)(3)(iv), part (2), the use of median 

values for model geometry comparison studies has been recommended as appropriate 

by EPA representatives. 

DOE's Response 10 EPA's Request for Additional l!iformation 
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EPA Comment 
Enclosure 2, page 4 
194.23(c)(2) 

Comment Text 

194.23(c)(2) 

Comment Page 1 of 1 

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 to perform a mass balance analysis on the NUTS computer 

code. 

DOE Response 

Inspection of the material balance variables associated v.~th the ASCII outputs 

provided in the R(,quirements 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 RDNVP, 

are sufficient to demonstrate mass balance. 

All the ASCII output files reported in the RDNVP 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 I, page 9. However, these 

variables are not reported in the CDB files. 

DOE's Response to EPA 's Request for Additiona/InformatJOn 

on the friPP Compliance Cerlijicarion Appilcatton 
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EPA Comment 
Enclosure 2, Pages 5-6 
194.23(c)(2) 

Comment Text 

194.23(c)(2) 

Comment Page 1 of 2 

Section 194.23(c)(2) requires, among other things, " ... reports on code verification, 
benchmarking, validation, and quality assurance procedures." 

The GRASP _!NV 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 whirh the 
code is implemented in the performance assessment. It is also never stated in the 
documentation that the GR.'I.SP-INV code has been tested in a manner in which it will 
be implemented in the performance asxssment. 

The Department needs to provide evidence that the GRASP-/NV code was tested in a 
manner in >vhich it will be implemented in tre pe formunce assessment, and provide a 
sample computer run that correspoiuls to the CCA results. 

DOE Response: 

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-/NV, Version 2.01, Version Date 8121195, Requirements Document and 
Verification & Validation Plan and GRASP-/NV, Version 2.01, Version Date 8121195, 
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 application of GRASP-INV. Specifically these. differences 
are: 

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 grid, 
4) the CCA PA model used qualified data, and 

DOE's Response to EPA's Request for Additional bifomzation 
on the WIPP Compliance Certification Application 
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5) the CCA PA model assigned weights to the observed steady-state h;;ad 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 to numb<!r 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 for Additional Information 
on the WIPP Compliance Cenijicati9n Application 
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EPA Comment 
Enclosure 2, page 9 
194.34(c) 

Comment Text 

194.34(c) 

Comment Page 1 'If 3 

Section 194.34(c) re<juires documentation of computational techniques used in 
generating complementary, cumulative distribution functions. 

Although the general approach to sampling of parameters is described briefly 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 implementation of the method. 

The Department needs to 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 Lati>: 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 pcint, 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 Information 
on rhe WIPP Compliance Cenificcuiorr Application 
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Desc:ription of the steps LHS 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. First, coding is invoked to open and name thE' i~put file, output file, and 

various scratch files used by LHS. 

2. Then, a subroutine is called to read the LHS input fiie containing the 
information extracted from the INGRES database for each distribution to be 

sampled. Further information is read defining execution flags and parameters 
for the upcoming run, along with any specified correlation among 
distributions. 

J. Next, subroutines are called to write a banner to the output file followed by £JJ 

echoed table of the distribution information and execution flags specified on 
the input file. 

4. Following that, ij the user has >pecified 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. 

5. 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. 

6. With the sampled values in hand, the next task is to call subroutines designed 

to arrange the sampled values to match the desired correlation structure as 
specifted in the input file. For cases where no correlation structure was 

defined in the input file, LHS 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. 

7. 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 Addilional biformalion 
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created containing sample ranks on a vector by vector basis. Additional output 
may be produced containing correlation tables based on both rank and raw data 
and histogram plots for each distribution sampled. 
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1 Sampling Procedures 

Extensive use is made of sampling procedures in the CCA perfonnance assessment (PA). In particular, random 

sampling is used in the generation of individual CCDFs (i.e., for integration over the probability space (a", d,,, p,.1) 

fnr stochJstic uncef1.aiilt)') and Latin hy;->er...:ubc sampling is used fo!· the assessmeill uf the effects of imprecise~y

known analysis inputs (i.e., for integration O\"Lf the probability space ( ~S~u· Lfsu· Psu) 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 sampling, which are probably the most widely us~d sampling techniques. for 

notational convenience, assume that the van able under consideratiOn is represented by 

X= [xJ. Xz, ... , xnvl (1.1) 

and that the corresponding probability space is (S, J, p). 

In rar.dom sa,npling, sometimes also called simple random sarnpLmg, the observations 

x, = [xk,, xk2, ... , x~nv]. k =I, 2, ... , nR, (1.2) 

where r.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, d, p) is defined by specifying a distribution D1 for each dem~nt x1 of x. 

Points from different regions oi the samp!e ~pac~ S o..:.cur in direct relationship to the pro·oability of occurrence of 

these regions. Further, each sample element is selected independently of all other sample elerilents. As illustrated in 

Fig. 1.1 for Xt = U, x1 = V, nV = 2 and nR = 5, the numbers RU(l), RU(2), ... , RU(5) are sampled from a uniforrn 

distribution on [0, I] and in tum lead to a sample U(J), U(2), .... U(5) from U based on the cumulative distribution 

function for U. Similarly, the numbers RV(I), RV(2), ... , RV(S) lead to .-sample V(l), V(2), ---· V(5) from V. The 

pairs 

xk = [U(k), V(k)]. k =I, 2, ---· nR = 5, (1.3) 

then constitute a random sample from X= I U, V], where U has a uormal distribution on [-I, I] and V has a triangular 

distribution on [0, 4]. 

Random samples are generated in an analogous manner when x has a dimensionality greater than 2 (e.g .. nV = 

100). Specificolly, if the elements ot X are represented by·U, V, ---·Wand a random sample of size nR is to be 

generated, then random numbers RU(l), RU(2), ... , RU(r.R) are sam,;led uniformly from 10.1 I and used to obtain 

corresponding values U(l), U(2), ... , U(nR) for U, random numbers RV(l), RV(2), __ ., RV(nR) are sampled 



0.9 

0.8 

::0 
([ 0.7 

2 
~ 0.6 , 
" > 
~ ,_, r 
D. 
E 0.4 __ 
~ 

';2.. ---~~(~)~_J~_ 

i 0.3 ~-
;ij 0.2 -~U_!2J~ _:~- -
a: 

• • 1 
1 5 
5 

1 
-- _,. 

I 

-?' 
I 

I ' 

> a: 
E 
~ 
ru 
~ 

" > 
"0 
~ 
D. 
E 
~ 

U) ,, 
E 
0 
"0 
c 
~ 

0: 

10 ~ 
0.9 

' 08 

0.7 

0.6 

o . .:; 

0.4 r ---':V!5]~-~~- -

0.3 __ _!l~·~I:<J.~ __ 

0.2 / • 
0.1 / ~ 

, 
~ 

. 
':t; 

" >: 

01. /t 
0.0 eo:...-c:;:_.J_~J_~o.,c-~-'~-'~-'~-'~_j-~L_._j 0.0 k<:C.L~c__.._L_.._j~_L_-'--:''-;--__L.._j~-,L-~ 

0,-0 0.4 0.8 1.2 -•. 6 2.0 2.4 . 2.8 3.2 3.6 4.0 ·1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

Fig. 11: 

U: normal V: triangular 

4.0 
Random Samole -, -,- ' 

3.6 -

3.2 

2.8 
EB !-.13.2.S41 

2.4 

:; ffi1·.2l~_\9] 

"S 2.0 
"' c 
~ EB j08C '" £ 1.6 
:> ffi !·•2-.1.32] 

1.2 
ffiit-51!.1.0)] 

0.8 

0.4 f-

' 0.0 
-1.0 -0.!? -';.6 -U.~ -0.2 00 0.2 04 0.6 0.8 1 c 

U: normal 

TRI-6342·484A-O 

Example of random·sampling to generate a sample of size nR = 5 from X= [U, Vl with U norrhal on 

[-1, l I (mean~ 0. 0.0 I quantile =-I. 0.99 quantile~ 1) and V tnangular on [0. 4 I (mode = 1) 



unifonnly from [0,1] and used to obtain corresponding values V(l), V(2), ... , V(nR) for V, and so on, with the 

process continuing through all elements of x and ending with the selection of random numbers RW(l ), RW(2), ... , 

RW(nR) from [0,1] and the generation of the corresponding values W(l), W(2) .... , W(nR) for V. The vectors 

xk = [U(k), V(':)],., W(k)], k =I, 2, ... , nR, (1.3a) 

thea constitute a random sami-Jle from X= [U,V, .. ,\V}. 

Jn random samplin~. there is no assurance that roints will be s3mpled from :my given <;ub-region ()f the sample 

space S Also, it is possible for an inefficient sampling of .S to oc~ur due to several sampled values falling very close 

together. The preceding problems can be partially ameliorated by using imponance sampling. With this technique, 

Sis exhaustively divided into a number of nonoverlapping subregions (i.e., strata) Si, i = 1, 2 ..... nS. Then, nSi 

values for X are randomly sampied from Si, with the random sampling carried out in consistency with the definition 

of ( S, d. p) •nd me restric!ion of X to S,. The resultan; vectors 

nS 

xk =[xu. xk2, ... , x,,,v]. k =I, 2, .. qi,ns, 
1=1 

(1.4) 

then constitute an importance-based sample from .S (i.e., a sample obtained by importance sampling}. Typically, 

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

Xk = [xk!• Xg ... , x,_,y], k =I, 2, ... , nS, (1.5) 

The name importance sampling derives from the fact that the ~~are in part defined on the basis of how impoMant the 

x's contained in each se{ are to the final outcome of the analysis. Often, importance sampJing is used to assure the 

inclusion in an analysis of x's that have high consequences but low probabilities (i.e., the probabilities p(S,) are 

small for the S, that contain such X's). When importance sampling is used, the probabilities p( S,) and number of 

observations nSi taken from iach ~ must be folded back into the analysis before results cirn be meaningf1Jl1y 

.presented. 

Several examples of importance sampling for x = [ U, V] are given in Fig. 1.2. The. two top frames are for strata 

of equal pDbability (i.e .. all p( ~~) are eqlJal). For two uniform distribulions, this results in all strata h2ving the same 

area (upper left frame}. For two nonuniform distributions, different strata can have different areas even though they 

have the same probability (upper righl frame). The two lower frames are for strata of unequal probability. In this 

case, the variable distributions and the strata probabilities interact w detennine the area of the strata. However, it is 

important to re'cognize that specifying variable distributions, number of strata .and strata probabilities does not 

uniquely define an importance sampling procedure; rather. thCrc are mJ.ny ways ii1 which the S!rata 81 can be defined 
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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 to ensure the full coverage of specified regions in the sample spa.:e. This-idea is 

carried farther in Latin hypercube sampling to ensure the full coverage of the range of each variable. Sp~cifically, 

the range of each variable (i.e., ihe x;) is divideJ into nLHS intervals of equal probability and one value is selected at 

random from each intervaL The nLH$ values thus obtained fer x
1 
an~ paired at random without replacement with the 

nLHS values obtained for x2. TheSe nLHS pairs are combineQ in a random manner without replacement with the 

nU!S values of x1 to form nU!S triples. This process is continued until a set of nUiS nV-tuples is forrnod. These 

n V-tuples are of the form 

.x, = [xkl> Xx2• •.. , xx.nvl. k = !, ... , nLHS, (!.6) 

and constitute the LHS. The indiYidua\ xj must be ;ndcpendent for the preceding comiLruction procedure to work; a 

method for generating Latin hypetcube and random samples from correlated variables has been developed by !man 

and Con0ver ( !982) and will be discu.sed briefly. Latin hypercube sa:npling is an extension of quata sarapliog 

(Steinberg 1963) and can be viewed as ann-dimensional randomized generalization of Latin square sampling (Raj 

!968). 

The generation ofanLHS of size nLHS = 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 represented 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 vertically to the abscissas to produce the 5 indicated intervals. 

Random values U(l ), U(2), ... , U(5) and V(l ), V(2), ... , V(5) are then sampled from these interva)s. The sampling of 

these random values is implemented by(!) sampling RU(I) and RV(l) 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 using the cumulative distribution 

functions to identify (i.e., sample) the corresponding U and V values, with this identificauon 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(l), U(2), ... , U(5) and V(l), V(2), ... , 

V(S). The generation of the UiS is then completed by randomly pairing (without replacement) the resulting values 

for U and V. As this pairing is not unique, many possible LHSs can result. Two sllch LHSs are shown in the lower 

two frames in Fig. !.3, with one LHS resulting from the pairings [U(l), V(2)], [U(2), V(5)], [U(3), V(3)], [U(4), 

V( I)]. [ U(S), \/(3 )] (loV<er left frame) and the other LHS resulting from the painngs [ U( ), V( )], [ U( ), V( )], [ U( ), \/( 

)j, [U( ), V( )]. [U( ), V( )]. 
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The generation of an LHS for nV> 2 proceeds in a manner similar to that shown in Fig. 1.3 for nV = 2. The 

sampliolg uf the individual variables for n V > 2 takes 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. t .3 would involve. a partitioning of an n V-dimensional solid rather than a rectangle. 

RandOm sampling is the' preferred technique when sufficiently large samples are possible because it is easy to 

irr.plement, easy to exPlain, and provides unbiased estimates for means, variances and distribution functions. The 

possible problems with random sampling derive from the rather vague phrase ":iufficiently large" in the preceding 

sentence. When the underlying models are expensive to eva!uJte (e.g., many hours of CPU time per evaluation) 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 ( S51 , Lf 51 , p51)) be.cause it was pos~ible to develop a computational 

strategy that allowed the use of a sample of size nS = 10000 to estimate an exceedance probability of 0.00 I (i.e., the 

0.999 quantile 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 employed. However, the use of importance sampling on nontrivial problems is not easy due to the 

difficulty of defining t!ce oecessary strata and also of calculating the probabilities of tl)ese str2ta. For example, the 

fault and event tree techniques Used in probabilistic risk assessments for nuclear power stations and other complex 

c.nginecred facilities ::an be viewe':i as al.;.orithms for defining :mportance sampling pro:;edures. The bc:ttom line is 

that the definition and imple~entation 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 Lhe result that the 

importance sampling procedure ends up requiring 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 Iuzzolino 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 importance 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 hyp~rc•Jbe 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., BRAGFLO, NUTS, PA!'<'EL, GRASP _!NV, SECOFL2D, 

SECOTP2D, CUITINGS_S. BRAGFLO_DBR) in the CCA PA is too extensive to permit the generation of 
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thousands of CCDFs in an uncertainty/sensitivity study to assess the effects of subjectiv~ uncertainty. Second. the 

estimation of very high quantiles is generally not required in an analysis to ass~ss the effects of subjective 

uncertainty. 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 

ne.:rjcd in a~sessing the effects of subjective unCeil::iinty. 

Desirable features of Latin hypercube sampling include unbiased estimates for mear.s and distribution functions 

and dense stratification across the range of each sampled variable (McKay et aL 1979). In particular, uncertainty and 

sensitivity analysis results obtained with L;:ttin hypercube sampling have been observed to be _quite robust even when 

relatively small samples (i.e., nLHS =50 to 200) are used (!man and Helton 1988, 1991; Helton eta!. 1995). 

For perspective, Latin hypercube and random sampling are illustrated in Fig. lA for two different distribution 

paics. To facilitate comparisons, the grid that underlies the LHSs is also shown for the random somples, although it 

plays no role in the actual generation of these samples. The desirability of Latin hypercube sampling derives from 

the full coverage of the range of the sampled variables; specifically, each equal probability interval for U 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 parts will be overemphasized. The enforced stratification in Latin hypercube sampling 

prevents such inefficient samplings while still providing unbiased estimates for means and distribution 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 particular sampling technique under consideration. This stability can be illustrated by comparison of 

estimates of the CDF for the simple function 

flU, V)= U+ V+ UV (L6) 

obtained with Latin hypercube and random sampling under the assumption that U and V are uniformly distributed on 

[0, 2]. In particular, each sa1npling technique is used to generate 100 samples of SIZe 10 and also 100 samples of size 

100 from U and V. Each sample gives•rise to an estimated CDF for f (Fig. L5). 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 1 OC CDFs at a time is not very informative Oeta.L!.se i.he CDFs tend to turn into a so!Jd blaL:k 

mass. A more informative presentation i;; to sunmarize the di:Hributions of CDFs with mean a:1d percentile t.:urves. 

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 lOth and 90th) indicates that the sampling 
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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 l 00 samples of size I 0 and 100 are summarized in this 

manna in Fig. 1.6. FurtLer, Lhc analys1s was replicated three times lo give three estimates of the IOL.h percentile, 

three estimates of the 50th percentile, and s0 on. As examination of Fig. 1.6 .show.<:, L<~tin hypercube sJmpling is 

producing CDF estimates that are more stable than those produced by random sampling (i.e., the spread between the 

lOth and 90th percentile curves is tighter for ~atin hypercube sampling than for random sampling). The swb;Jity of 

the mean and percentile estimates across the three replicates indicates that the observed stability is real rather than a 

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

From the perspective of uncertainty and sensitivity analysis, the full stratification over the range of each sampled 

variable is a particularly desirable propeny of Latin hypercube sampling. In" large analysis such as the CCA PA, 

there are potentially hundreds of predicted variables that will be examined at some point in the uncertainty and 

sensitivity :.:nalysis. Further, it is likely th:tt almost every sampled variable will be imp.ortam with respect tc at least 

one of these predicted variables. With Latin hypercube sampling, every variable gets equal treatment (i.e., full 

stratification) within the sample; should a variable 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 to design an 

imponance sampling procedure that provides acceptable results for a large number of sampled 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 sampled and predicted variables is not available. When 

random sampling is used with a small sample size in an analysis that involves a large number of sampled and 

predicted variables, the possibility exists that the chance structure of the sample will result in a poor representation of 

the relationships 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 likely 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 

uncertainty (i.e., to integrate over (8,., d""' p,.)). In panicular, 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 techniques, "'hich 

draw random samples from across the entire range of the probability distributions developed pursuan't to paragraph 

~b) of this section, 3h31l be us(;d in gcn.:rating CCDFs and shall be documented in afly compliance application." 

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

Control of correlation within a sample can .Qc very important. If two or more vaiiables are correlated, then it is 

necessary that the approrriate correlation structure be incorporated into the sample if meaningful results are to be .,. 
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obtained in subsequent uncertainty/sensitivity studies. On the other hand, it is equally important that variables do not 

appear to be correlated when they are really independent. 

lt is often difficult to induce a desired correlation stru..:-ture on a sample. Indeej, most multivariate distributions 

are incompatible with the majority of correlation pMterns that might be proro.sed for them. Thus, it is fairly common 

w encounter analysis situations where the proposed variable distributions and the suggf'<:>ted correlatior.s between the 

variables are inconsistent; that is, it is not possible to haYe both the des1red variable distributions a11d the requested 

ccrrelations between the variables. 

In response to this situation, lma'n 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 (i.e., on the original untransforrned data). With their technique, it is 

possible to induce any desired rank-correlation structure onto the sample. This technique has a number of desirable 

pror.erties: (I) It is distribution f;ee. That is, it may be used with equal facility on all types of distribution functions. 

(2) It is simple. No unusual mathemalicaltechnigues arc required to implement the meth9d. (3) It can be applied to 

any sampling scheme for which correlated input variables can logically be considered, while preserving the intent of 

i.he .sampling s:heme. That is. the same numbers origiaally selecled as input values are i c~ai~h:::d; oniy L:1eir pa:ring is 

affected to achieve the desired rank c{)rreiations. This means that in Latin hypercube sampling the integrity of the 

intervals is maintained. If some other structure is used for selection of values, that same structure is retained. (4) 

The m~rginal distributions remain imact. 

For many, if not most, uncertainty/sensitivity analysis problems, rank~correlation is probably a more natural 

measure of congruent varlable 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 assessmenls 

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

The following discussion provides an overview of the lman/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 original article. The procedure begins with a sample of size m from the n input variables under 

cm1sideration. This sample can be represented by the m x n matrix 

I XJJ XJ2 

'" 1 .'f""l1 x2,, 

X= l ~:1 (2.1) 

Xml · Xmn J 

where Xij is the value for variable j in sample clement i. Thus. the rows of X correspond to sample elements. and the 

columns of X ..:ontain the sampled values for indn·idual \-lriables 
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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 then X n matrix 

Ctl C12 
cln 1 

C= 
c2l c~2 c_2'1 

(2.2) 

cnl c ') ... c j 
n~ nn 

where ckl is the desired rank correlation bet_ween variabies xk and x1. 

Although the procedure is based on rearranging the values in the individual columns of X to obtain a new matrix 

X* th~t has a rank correlation structure close to that described by C, it is not possible to wock dicoctly with X. 

Rather, it is necessary to define. a new matrix. 

r,, 5 12 "' sln 

Sot s22 s2n 
S= : (2.3) 

Lsml Sm2 ·· smn 

that has the same dimensions as X, but is otherwise independent of X. Each column of S contains a random 

permutation of the m·van der Waerden scores (Conover 1980) Q>- 1(i/m + 1), i = I, 2, ... , m, where Q>-1 is the 

inverse of the standard nonnal 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 Pis constructed such that 

C = ppT (2.4) 

This construction is possible because Cis a symmetric, positive-definite matrix (Golub and van Loan 1983, p. 88). 

If the correlation matrix associated with Sis then x n identity matrix (i.e., if the correlations ·between the values 

in different columns of S are zero), then the correlation matrix for 

S* = SP1 (2.5) 

is C (Anderson 1984, p. 25). AI this point, the success of the procedure ctepends on the follcwing two conditions: 

(I) that the correlation matrix associated with 5 be close to then x n identity matrix; and (2) that the correlation 

matrix for S' be approximately equal to the rank correlation matrix for S'. If these two conditions hold. then the 

desired matrix X.,.. can be obtained by simply rearranging the values in the individual columns of X in the same rank 
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order as the values in the individual columns of s•. 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 wiH have the same rank correlation matrix as 

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

for s· does. 

The condition that the correlation matrix associa1ed with S be close to the identity matrix is now considered. 

For conven:ence, the <oJ;Telatiun maiJu t,)r Swill be representeu by E. Unf::munately, E will not a]ways be lhe 

identity matrix. However, it is possible to make a correction for this. The starting point for this correction is the 

Cholesky factorization for E: 

E=QQT (2.6) 

This factorization exists because E is a symmct.Iic, pos.itive~definitc matrix. The matrix S* ·defined by 

S* = S(Q-l)TpT (2.7) 

has C as its correlation matrix. ln essence, multiplication of S by (Q-l )T lransfonns S into a matrix whose 

associated correlation m:~.trix. is the n x n identity matrix; then, multiplicaticil by pT p-roduces a mz.:rix whose 

ass9ciated correlation matrix is C. As it is not possible to be sure that E will be an identity matri~, the matrix S* 

used in the procedure to produce correlated input should be defined in the correc!ed form shown in (2.7) rather than 

in the uncorrected form shown in (2.5). 

The condition that the correlation matrix for s• be approxim.J.tely equal to the raP..k correlation matrix for S* 

depends on the choice of the scores used in the definition of S. On the basis of empirical investigations, Iman and 

Conover (l982) found that van der Waerden scores provided an effective means of defining S, and these scores are 

incorporated into the rank correlation procedure in the widely used LHS program (!man and Shonencarier 1984). 

Other possibilities for defining these scores exist, but have not been extensively investigated. The user should 

examine the rank correlation matrix associated with s• to ensure that it is close to the target correlation matrix C. If 

this is not the case, the construction procedure used to obrain s• can be repeated until a suitable approximation to C 

is obtained. Results giv~n in I man and Conover ( 1982) indicate that the use of van der Waerden scores leads to rank 

correlation matrices forSt that are close to the target matrix C. 

Additional information on the Iman/Conover (i.e., restricted pairing) technique to induce a desired rank

correlatjon structure is given in the original article. The results of various rank~correlaiion assumptions are 

illustrated in !man and Davenport ( 1982). The LtlS (Latin Hypercube Sample) program generales ~olh random and 

Latin hypercube samples with user-specified rank correlations between variables. 
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3 Sample Size for Incorporation of Subjective Uncertainty 

The guidance in 40 CFR J94.34(d) states that "The number ofCCDFs generated shall be large enough such that, 

at cun:ntative releases of 1 and 10, the inaximurn CCDF gcncrat~d exceeds the 99th percentile of the j.JJpulation vf 

CCDFs with at least a 0.95 probability."· For a Latin hypercube or rand0m sample oL>ize n, the preceding gu_id:.:.rt.:-e 

is equivalent to the inequality 

I - 0.99" > 0.95, ( 3 .I J 

which results in a minimum value of 298 for 11. In COJ!sistency with the preceding result, the 1996 CCA PA u~~" an 

LHS of size 300 to integrate over the probability space (.'l~"' ,Jsu• Psu) for subjective uncertainty. Actually, as 

discussed in the next section, three replicated LHSs of size 100 each are used, which results in a total sample size of 

300. 

4 Statistical Confidence on Mean CCDF 

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

demon~trates that there is at least a 95 percent level of statistical confidence that the mean of the population ot 

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 

. vopcsed by R.L. !man ( 1982). In this technique, !he LHS io Eq (1.6) is repe,edly generated with di::crent ra•.dom 

seeds. These samples lead to a sequence P, (R), r =: 1, 2, ... , nR. of estimated mean exceedance probabilities, where 

P, (R) defines the mean CCDF obtained for sampler (i.e., P, (R) is the mean probability 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(Rl =I, f,(R) I nR (4.1) 

r=l 

and 

{ 

nR }112 
SE(R)~ ~[f,(R)-P(RJj2 

/nR(nR-1) (4.2) 

provide an additional estimate of the mean CCDF and an estimate of the standard error associated with the mean 

exceedance probabilities. The t-distribution with nR-1 degrees of freedom can be uo;;ed to place conpdcnce intervals 

around the mean exceedance probabilities for individual R values (i.e., around P(R) ). Specifically. the 1-a 

confidence interval is given by P(R) ± '1-a/2 SE(R). where IJ-aJ2 is the 1-a/2 quantile of the \-distribution with 
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nR-1 degrees of freedom (e.g., 1t-o12 ~ 4.303 for a~ 0.05 and nR = 3). The same procedure can also be used to 

place pointwise confidence intervals around percentile curves. 

5 Generation of LHSs 

The LHS program (lman and Shortencaricr 1984) was used to produce three independently ~cncrated LHSs of 

;ize nLHS = I()() each, for a total of 300 sample elemenLs. Each indiv1dual replicate ts an LHS of the form 

(5.1) 

In the context of the replicated sampling procedure described in Sect. 4, nR = 3 replicates are being used with each 

replicate of size 100. For notational convenience, the replicates are designated by Rl, R2 and R3 for replicates.!, 2 

and 3, respectively. 

At the beginning of the analysis, only the 31 variables that are used as input to BRAGFLO had been fully 

specified (i.e., their distributions Dj had been unambiguously defined); the remaining .variab[es were still under 

development. To allow the calculations with BRAGFLO to proceed, the previously indicated LHSs were generated 

from n V = 75 variables, with the first 3! variables being the then specified inputs to BRAG FLO and the remaining 

44 variables being assigned uniform distributions on [0, I]. Later, when the additional variables were fully specified, 

the unifonnly distributed variables were used to generate sampled values from them consistent with their assigned 

distributions. This procedure allowed the analysis to go forward whiie maintain_ing the integrity of Latin hypercube 

sampling procedure for the overall analysis. 

With n V = 75 in the LHSs and 31 variables already assigned, 44 additional variables were available for 

incorporation into the analysis. To assure that the number of availab~e 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 technique described in Sect. 3 was used to induce requested correlations and also to assure 

that uncorrelated variables had correlations close to zero. Due to the sequenti'll manner in which the variables were 

developed, it was actually only the first 31 variables used as input to BRAG FLO that could have specified non-zero 

correlations .. The correlations for the remaining variables were controlled in the sense that they were forced to be 

close to zero. 

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

rank cOrrelations of -0.99, -0.99 and -0.75. respectively. Further, all other variable pairs were assigned rank 
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correlations of zero. The restricted pairing technique was ouite successful in producing these correlations. 

SpecificaJJy, the correLated variabJes have· correJatinns that are close to their specified values and uncorrelated 

variables have correlations that are close tO zero . 
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EPA Comment 
Enclosure 2, Page 11 
194.44 

Comment Text 

Engineered Barriers 

194.44 

Comment Page I of 3 

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 (MgO) as a backfill material will improve 
repository performance, the Department must provide an engineered design which 
supp0rts the assumptions about the performance of MgO. The evidence must support 
the assumptions used in P A. 

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 MgO being consistent with the conceptual models assumed. Part 11 
demonstrates that the excess volume can be emplaced and that the uncertainties in 
possible reactions has been considered in determii:ring the quantity 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. It 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 to EPA's Request for Additional information 
on the W/PP Compliance Certification Application 

" 

February 27, 1997 



194.44 Commen! Page 2 of 3 

Pan 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. 

Pan II- Consistency of emplacement method with conceptual 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 (l) 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 CO, 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 regulatory 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 to EPA's Request for Additional information 
on the WJPP Compliance Certification Application 

February 27, 1997 



194.44 Comment Page 3 of 3 

The quantity of MgO required to be emplaced to assure removal of C~ from the gas 
phase is based on calculations that consider all processes that might contribute to C02 
production. These calculations are very conservative in that they utilize a maximum 
estimate of C02 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 C~ generated is 9.85 x Hf moles. 
Using the appropriate conversion factors (40.3 grnlmole, 0.001 kg/gm, 2.202 kg/lb, 
0.0005 lb/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 C02 
production. 

DOE's Response 10 EPA's Request for Additional Information 
on the WIPP Compliance Certification Application 

February 27, 1997 



EPA Comment 
Enclosure 2, Page 11 
194.51 

Consideration of Protected Individual 

Page 1 of 1 

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 tbe CCA provides a bounding analysis to demonstrate compliance 
with 40 CFR 191.15. However, the analysis only assumes exposure via 
consumption of potable 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 docwnentation which discusses why pathway.~ 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 Cattle, 
Vegetable Consumption and Inhalation Pathways Utilizing Contaminated Water from 
the Top of the Salado, Czilebra, and Selected Marker Beds f':>r an Undi~turhed 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 lnformation 
on the WIPP Compliance Certification Application 

February 27, 1997 
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1.0 Introduction 
This anz.lysis report summarizes the background, analysis procedure and results for the 
Waste Isolation Pilot Plant (WIPP ) Repository dvse calculation resulting from ( i) 
consumption of beef cattle drinking water from a stockpond utilizing a contaminated 
ground-water source by a rancher residing at the location of the well; (2) c:>nsumption of 
crops irrigated from a contaminated ground-water source by a fann 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. reponed 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 to radionuclides which potentially may be released through MB 139 (and Mbs 
138, a & b) at the site boundar; duri'lg 10,000 years of undisturbed performar.ce. The 
CCA contained results of a conservative and bounding analysis of the hypottetical 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 rlilutioa factor of :>2.4 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 1\'ALCO 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 each, generated using the Latin Hypercube sampling technique. Of the 300 
realizations, none show any ;·adionuclides 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 I 0,000 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 n::.n-::.ero 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 I 0,000 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 
pathways since this represents the largest concentration and gave the largest dose from 
dri'nking 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 CFR § 104.52). 
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Table 1-1. Maximum Concentrations of Radionuclides (Undiluted) 
Within the Salado Interbeds at the Disposal System Boundary Occuring at 

10,(){)0 yrs. after Closure( Modified from Table 8-1, CCA) 
Realization Vector Concentration (Curies/liter) 

No. N "I 0. 

wArn 239Pu 2J8Pu z34u 230Th 

1 Replicate 1 1.36 X 10'17 4.33 x w· 1
' N 121 5.82 X lO-u 2.10 x 10'14 

Vector 46 
2 Replicate 2 N s.B x 1o·'• N 6. 77 x w·" 1.89 X 10·" 

Vector 16 
3 Replicate 2 N 1.35 x w·1

' N 1.65 X 10''" 7.oo x w·l• 
Vedor 25 

4 Replicate 2 1.32 X !0' 17 7.18 X 10'14 N 9. 76 X 10' 15 9.36 X 10'16 

\'ector 33 
5 Replicate 2 N 6.23 X 10'1

' N N N 
Vector 81 

6 Replicate 2 N 5.20 x 10'1' N 7.4o x w·" N 
Vector 90 

7 Replicate 3 3.50 X !0'1' 3.08 X 10'" N 4.32 X 10.;, 1.01 x 11r" 
Vector 3 

8 Replicdte 3 5.~.8 x 10'1 7.41 X 10'1
' N 9.09 X 10'" . 2.30 X ltf;; 

Vector 60 
9 Replicate 3 5.42 X 10·" 5.85 X 10'12 N 7.61 X 10'13 4.68 x w· 1

' 

Vector 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. 

2. Values less than 10·18 curies per liter are considered to be negligible (N) relative to the 
other values and are not reponed. 
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1.2 Bounding Analy~is 

Uncertainty in th; calculation of radionucliJe 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 receptoc. If this .unrealistic boundi:1g 
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 contamin1:!:1:s 
reaching the accessible environment within the anhydrite interbeds during the year 
of maxi:11um 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) 
cor:cen:rations of about 324,000 pans per million [BR·l]; tllis 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 annual committed effective dose is calculated based on a 50-year 
dose comnlitment. Calculations were performed using the GENII-A dose code 
(Appendix GENII, CCA). A SO-year dose commitment is selected because this 
period i3 specified in Appendix B of 40 CFR Part 191. 

4. The parameters associated with the individual receptors for each scenario appear 
in Tables l-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·l], [DOE·l], except where noted. 
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Food 
Tyre 

Leaf 
Root 
Frui·,· 

Grain 

Lble 1-2 GENII-A Input P<Uameters for Farm Family Scenario
Terrestrial Food Consumptian Utilizing Irrigatio:: from Ground Water Source. 

Grow lnigatron Time ! Yreld Consumption Cunsumpt;on 
Time !>-ate JllOtll;.~ I \..giJ;l2 Hcidup <li< .. y~) Rate (kg..yri 
Davs (Cm/\T) 

90 100 6 1.5 14 15 
90 100 6 4.0 14 140 
90 100 6 2.0 14 6-1 
90 100 6 0.8 180 72 

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

Food Consumpuon Rate Consumption Drinking Diet Grow Stored Feed Stored Stored 
Type (kg/yc) Holdup (days) Water Fra;::tion Time Irrigation Feed Feed 

Contamination days Rate (cmly~) Time Yi.;-).~ 

Fraction (months) tkg/m3) 

Beef 70 34 1 I 90 100 6 

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

Brealh.i.ng Rate 270 cmj/sec. (Chronic) 
Inhalation Period 8760 hours/yr. 
Mass Loading Factor l.OE-04 gm/mj 

The mass loading factor is based on data representative of regional resuspension data for 
the 1991 to 1996 time period, Appendix-Band [AIRS-1]. Section 194.51 states that 
DOE shall assume that an individual resides at the single geographic point where that 
individual would recene the highest dose. With the bounding analysis, the DOE 
complies with the intent of this criterion, but the specific locat;on of the receptor is not 
identified 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 delivered directly to the well. This well is the source of the 

s 

0.8 

Stored 
Feed 
:'to:a;-:: 
Time 
(davsi 

180 
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stockpond from which the cattle drink and from whjch 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 inhabitants. The data used in this analysis appear m Tables 1-2, 1-3, and 1-4. 
Data related to food pathways, i'Tigation, 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 
2.10 [GEN-1]. This program runs on the DEC Alpha System. Appendix GENII of the CCA [CCA-1] describes the modeling method. GENII-A incorporates dose-calculation guidance provided :n Appendix B of 40 CFR Part 191. 

1.3 Dose Calculation Results 

The maximum doses calculated to result from the releases listed in Table 1-1 after 
applying the factors and assumptions listed above, are shown in Table 1-5. Because of the conservative and unrealistic assumptions unddying the analysis, the bounding doses are greater than any realistic doses that could be delivered to a receptor. Th·.o calculated 
bounding doses are well below the regulatory standard, which is an annual committed 
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 

3.1 x 104 Inhalation 
Farm Family 4.6 X 10 -I 

Ingestion 
Cattle Rancher 3.3 X 10'' 

For comparison, the maximum dose reported in the CCA for the drinking water pathway is 4.7 x 10-1 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 th~ over-estim~tion of potent:al doses end 
contaminant concentrations. This conservative approach assumes that all contamwants 
reaching the accessible environment are directly available to a receptor. llsing this verv 
conservative approach, the calculated maximum potential dose to an individual would be 
about one-thinieth of the individual protection standard. 
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3.0 Software Used for Analysis 
NUTS [NU-l] 
GF:NII-A, Vers!on 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: GENU-A Leo J. Rahal . Org. 6849, Geo-Centers Inc. (505) 766-9629 The GENU-A code was run on the DEC Alpha system using VMS. The calculations were performed by Leo J. Rahal , th'e code sponsor. 

Radionuclide source data were obtair,ed from the NUTS {NU-l) output through the Compliance Assessment Methodology Controller (CAM CON) library data access process. All calculations were pen·onned within the Configuration Management System (CMS) environment to ensure QA procedures are followed. 
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4.0 Calculational Procedure 

Tae following information describes the calculation procedure used to evaluate doses at selected times and locations. Thes~ input and output files a:-e listed in Appendir. A, Table B-1. The Description column indicates the location, vector number and time for the input data obtained from the NUTS code. The output files are generated by running these input Illes accoraing to the command given in Appendix A. i.e. @run_gi2 100 where 100 is the number associated with the data file gi2_calc!OO.inp for example. For the purpose 0f this analysis the time selected was I 0,000 years after closure. I 0.000 years is the cut-off time for required ~alculations. The I 0,000 year period represents the time at which maximum values occur within the required 10,000 year period. The GENII-A [GEN-1) dose code detennined the dose corresponding to this selected time. 
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[NRC-1] U.S. Nuclear Regulatory Commission. "Calculation of Annual Doses to Man 
from Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance 
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6.0 Appendices 
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C:.lculations of Other Pathways. WP0~43298 

Appendix A: Listing of Input and Output Data Files for Dose Calculation: Marker 
Bed 139 (Table A-1) 

Table A-1 Input and Output Files for Dose Calculations (IJ 

---------------------- ---------·-·-- ·-. ---- ---------' .tl'-il'UT FILE OL'TPUT HLE DESCRIPTION 
1. oi2 calc311.inp gi2 calc3Il rrn~out r3s I v064 I 0.000 vrs. MB !39s (Farm Family- Food lnaestion 1 
2 ·i2 c"lc3!2.tnp !!i2 calc31] trn.out r3s I v064 I 0.000 vrs. MB l3"s (Cattle Rancher) 
3 !!i' colc8 I 2.mp gj'~ calc8!2 trn.out r3s I v064 I 0.000 vrs. \1B 139s (Farm Familv-InhalatJoni 

Footnote 1: 
To run these data files type the following command: RUN_GI2 100 where 100 is the number 
associated with the d•ta file GI2_CALC!OG.INP, for exnmple. 
An output file GI2_CALC100_TRN.OUT, wiD be generated. 
Tbe edit command LLT filename was used~ open ana edit input and output files. 
Legend: 
r3 replicate 3 of NUTS OUTPUT 
s 1 undisturbed case 
v vector number 
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Appendix B: Graph of Mass Loading Data Token from 1991 to 1996for Lea County. 
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Appendix C: Procedure for Extraction of NUTS data used in this analysis. 

The directory Ul:[JDMILLE.TESTJ contains the following files u>ed in the extraction 
of data from NUTS: 

1. PA_Nl1TS_ISO_Sl_CONC.L"<P, the equation tile, plus the NUTS.CDB ouput file' 
are used to extract data from NUTS. 

2. PA_t\UTS_ISO_CONC.COM is the command file for ALGEBRACDB [ALG-1] 
used to process these data. 

3. The resulting CDB files are : 

PA_NUTS_ISO_RlS!_CONC V046.CDB 
PA_NUTS_ISO_R2S!_CONC_ V016FDR 
PA_NUTS_ISO_R2S !_CONC_ V025.CDB 
PA_:NUTS_ISO_R2S !_CONC_ V033.CDB 
PA_NUTS_ISO_R2S !_CONC_ V08!.CDB 
PA_NUTS_ISO_R2S l_CONc_ V090.CDB 
PA_NUTS_ISO_R3S !_CONC_ V003.CDB 
PA_NUTS_ISO_R3S l...:CONC_ V060.CDB 
PA_NUTS_ISO_R3S l_CONC_ V064.CDB 

4. Selected times are obtained thrr:JUgb processing by SUMMARIZE [SUM-I], using the 
input file 

PA_NUTS_!SO_S l_CO:-.iC.SMZ 

5. This output is transferred ro an EXCEL spreadsheet forrn through multiple files, one 
for each vector. The EXCEL input file, containing all vectors is 
PA_NUTS_ISO Sl CONC.TBL. 

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

[ALG-I] ALGEBRACDB , WPO# 21247. 1995 

[SUM-I] SU~RIZE, WPO# 21781, 1995 


