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Requirements Traceability Matrix for STOMP 

1. OVERVIEW AND SCOPE 

Acronym: STOMP HISIID: 2471 Software Grade: C 

CHPRC-00269 
Rev.1 

This requirements traceability matrix document identifies and traces CH PRC requirements for 
the Subsurface Transport Over Multiple Phases (STOMP) software that simulates flow and 
transport phenomena in the subsurface environment. 

Controlled software use documents related to this RTM are: 

• CHPRC-00222 Rev. 1, STOMP Functional Requirement Document (Nichols and 
McMahon 2011a) 

• CHPRC-00176 Rev. 2, STOMP Software Management Plan (Nichols and McMahon 
2011 b) 

• CHPRC-00211 Rev. 1, STOMP Software Test Plan (Nichols and McMahon 2011c) 

• CHPRC-00515 Rev. 1, STOMP Acceptance Test Report (McMahon and Nichols 2011) 

Staff providing input to the RTM are listed in the table below. 

Name Organization Project Management 
Role!Responsibilities 

William E. Nichols EP&SP Software Owner 

William J. McMahon EP&SP Technical Authority 

EP&SP = Environmental Programs & Strategic Planning 

2. DESCRIPTION OF MATRIX FIELDS 

The requirements traceability matrix (Section 3) has the following fields: 

• Objective. The objective for the requirement, if applicable. Requirements can be grouped into separate high 
level objectives. 

• Unique Number. A unique identification number containing the general category of the requirement (e.g., 
SYSADM) and a number assigned in ascending order (e.g., 1.0; 1.1; 1.2). 

• Requirement. The requirement statement. 

• Source of Requirement. The requirement source (Conference; Configuration Control Board; Task 
Assignment, etc.). 

• Requirement Document I Section and/or ID. The name and number of the document where the 
requirement is referenced. Include the section or paragraph number and ~equirement ID if provided. 

• Design Specification. The name, number and section or paragraph of the design document referencing the 
requirement. This field is not applicable for acquired software. 

• Program Module. The software module name or ID satisfying the requirement. 

• Test Case Number. The test document name, number, and case number referencing where the 
requirement is tested. 
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Requirements Traceability Matrix for STOMP CHPRC-00269 
Rev.1 

• Successful Teat Verification. Indicate Y (yes), N (no), or ND (not determined) to indicate successful verification 
testing of satisfying the requirement. 

• Modification of Requirement. If requirement was changed, eliminated, or replaced, indicate disposition 
and authority for modification. 

• Remarks. Provide any pertinent remarks or notes. 
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3. REQUIREMENTS TRACEABILITY MATRIX 

Unique Requirement Source of Requirement Design Program 
Number Requirement Document/ Spec. Module 

Section 
and/or ID 

Test Case Successful 
Test 

Verification 
Yes/No/or 

Not Detennined 

- ------ --7 

Modification of 
Requirement 

CHPRC-00269 
Rev.1 

Remarks 

Objective 1: Accurately simulate subsurface fluid flow and contaminant transport for an underground storage tank leak using Hanford specific parameters 

YES for 
following 
executables: 

stomp-w-bd-
chprc02i.x 
stomp-w-cg-
chprc02i.x 

stomp-w-cgs-
chprc02i.x 

Compile and stomp-w-

linkSTOMP-W gmres-

executables 
chprc02i.x 

using Fortran STOMP-ATC-1 
stomp-w-Ji-

compiler chprc02i.x 

RTM-101 without 
STOMP Software 

2.4 
N/A (acquired STOMP-W Tank Leak stomp-w-qmr-

warnings or 
Test Plan software) Simulation chprc02i.x 

errors for both Problem stomp-w-bd-
banded matrix chprc021.x 

and SPLIB stomp-w-cg-
solvers chprc021.x 

stomp-w-cgs-
chprc021.x 

stomp-w-
gmres-
chprc021.x 

stomp-w-ji-
chprc021.x 
stomp-w-qmr-
chprc021.x 
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Unique Requirement Source of Requirement Design Program 
Number Requirement Document/ Spec. Module 

Section 
and/or ID 

Execute 
STOMP-W 

RTM-102 executables PRC-PRO-IRM- 3.4 N/A (acquired STOMP-W withOut 309 software) 
administrator 
privileges 

Page 5 of 14 

Test Case Successful 
Test 

Verification 
Y•/No/or 

NotDewmlrwd 
YES for 
followlr:l, 
executa les: 
stomp-w-bd-
chprc02i.x 
stomp-w-cg-
chprc02i.x 
stomp-w-cgs-
chprc02i.x 
stomp-w-
gmres-
chprc02i.x 

STOMP-ATC-1 stomp-w-ji-
chprc02i.x 

Tank Leak stomp-w-qmr-
Simulation chprc02i.x 
Problem stomp-w-bd-

chprc02l.x 
stomp-w-cg-
chprc02l.x 
stomp-w-cgs-
chprc02l.x 
stomp-w-
gmres-
chprc:02I.x 
stomp-w-jl-
chprc:02I.x 
stomp-w-qmr-
chorc02I.x 

Modification of 
Requirement 

CHPRC-00269 
Rev.1 

Remarks 
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Unique Requirement Source of Requirement Design Program 
Number Requirement Document/ Spec. Module 

Section 
and/or ID 

Simulate the 
"Tank Leak 
Simulation• 
problem 
described in 
Section 5.2 of 
PNNL-11216 
for water flux 

RTM-103 and STOMP Software 3.3.1 NIA (acquired STOMP-W 
contaminant Test Plan software) 
transport from 
an underground 
storage tank 
situated In a 
deepvadose 
zone to 
completion of 
simulation lime. 
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Test Case Successful 
Test 

Verification 
Y•/No/M 

Nol Dmrmlned 
Tt::, for 
following 
executables: 
stomp-w-bd-
chprc02i.x 
stomp-w-cg-
chprc02i.x 
stornp-w-cgs-
chprc02i.x 
stomp-w-
gmres-
chprc02i.x 
stomp-w-ji-
chprc02i.x 
stomp-w-bd-

STOMP-ATC-1 chprc02l.x 

Tank Leak stomp-w-cg-
Simulation chprc02l.x 

Problem stomp-w-cgs-
chprc02I.x 
stornp-w-
gmres-
chprc02l.x 
stomp-w-ji-
chprc02l.x 

NO for 
following 
executables: 
stomp-w-qmr-
chprc02i.x 
stomp-w-<jm r-
chprc02l.x 

Modification of 
Requirement 

CHPRC-00269 
Rev.1 

Remarks 

TheQMR 
solver 
executables 
concluded the 
simulation 
before full 
simulation time 
was 
completed. 
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Unique Requirement Source of Requirement Design Program 
Number Requirement Document/ Spec. Module 

Section 
and/or ID 

Solve the "Tank 
Leak 
Simulation" 
problem 
described in 
Section 5.2 of 
PNNL-11216 
for water flux 
and 
contaminant 
transport from 
an underground Modeling Need; 
storage tank 
situated in a Test problem 
deepvadose from PNNL- NIA (acquired 

RTM-104 zone to 11216, Nichols et 5.2 STOMP-W 
demonstrate al. (1997), software) 

both correct selected for 

solution of the applicability to 

fundamental Hanford Site 
~ 

governing 
equations for 
water mass and 
contaminant 
mass balance 
in unsaturated 
porous media. 
Must match 
PNNL solution 
to tolerance of 
±1% 
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Test Case Successful 
Test 

Verification 
YM/No/Of' 

NotDelefmlned 
Tl:-:1 tor 
folio'M~ 
executa es: 
stomp-w-bd-
chprc02i.x 
stomp-w-cg-
chprc02i.x 
stomp-w-cgs-
chprc021.x 
stom p-w-bd-
chprc02I.x 
stomp-w-cg-
chprc02l.x 
stomp-w-cgs-
chprc021.x 

NO for 
STOMP-ATC-1 folio'Mng 

executables: 
Tank Leak 
Simulation stomp-w-
Problem gmres-

chprc02i.x 
stomp-w-ji-
chprc02i.x 
stomp-w-
gmres-
chprc02l.x 
stomp-w-ji-
chprc021.x 

NOT TESTED 
due to failure 
of RTM-103 for 
followi~ 
executa les: 
stomp-w-qmr-
chprc02I.x 
stomp-w-qmr-
chprc02l.x 

Modification of 
Requirement 

CHPRC-00269 
Rev.1 

Remarks 

Executables 
usi~the 
GM ESand 
Jacobi Iteration 
solvers failed 
test aiteria but 
were nearly 
within required 
tolerance, and 
only differed In 
Intermediate 
time step 
results; use of 
these 
executables 
canstin 
provide faster 
solutions 
suitable for 
inverse 
modeling or 
scoping 
purposes, but 
are not 
authorized for 
use in final 
forward 
simulations 
used to report 
results for 
CHPRC 
purposes. 
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Objective 2: Accurately simulate flow and transport for a classical heat pipe problem 

Compile and 
link STOMP-
WAE 
executables 
using Fortran 

RTM-201 compiler STOMP Software 
2.4 N/A (acquired 

STOMP-WAE without Test Plan software) 
warnings or 
errors for both 
banded matrix 
and selected 
SPLIB solvers 

Page 8 of 14 

STOMP-ATC-2 

Evaporation / 
Condensation 
Heat Pipe 
Problem 

YES tor 
following 
executables: 

stomp-wae-bd-
chprc02i.x 

stomp-wae-cg-
chprc02i.x 
stomp-wae-
cgs-chprc02i.x 
stomp-wae-
gmres-
chprc02i.x 

stomp-wae-Ji-
chprc02i.x 
stomp-wae-
qmr-chprc02i.x 
stomp-wae-bd-
chprc021.x 
stomp-wae-cg-
chprc021.x 

stomp-wae-
cgs-chprc021.x 

stomp-wae-
gmres-
chprc021.x 

stomp-wae-ji-
chprc021.x 

stomp-wae-
qmr-chprc021.x 

CHPRC-00269 
Rev.1 
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Requirements Traceability Matrix for STOMP 

Execute 
STOMP-WAE 

RTM-202 executables PRC-PRO-IRM- 3.4 
N/A (acquired STOMP-WAE without 309 software) 

administrator 
privileges 

Page9 of 14 

STOMP-ATC-2 

Evaporation / 
Condensation 
Heat Pipe 
Problem 

n::, fOr 
follow!~ 
executa les: 
stomp-wae-bd-
chprc02i.x 
stomp-wae-c:g-
chprc02i.x 
stomp-wae-
cgs-chprc02i.x 
stomp-wae-
gmres-
chprc02i.x 
stomp-wae-ji-
chprc02i.x 
stomp-wae-
qmr-chprc02i.x 
stomp-wae-bd-
chprc021.x 
stem p-wae-cg-
chprc02l.x 
stomp-wae-
cgs-chprc021.x 
stomp-wae-
gmres-
chprc021.x 
stomp-wa&-ji-
chprc021.x 
stomp-wae-
omr-chorc021.x 

CHPRC-00269 
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Simulate the 
"Condensation / 
Evaporation 
Heat Pipe" 
problem 
desaibed in 
Section 7 .1 of 
PNNL-11216 

RTM-203 
for STOMP Software 3.3.2 

NIA (acquired STOMP-WAE 
countercurrent Test Plan software) 
multiple phase 
flow of energy, 
water, and air 
phases in the 
classic heat 
pipe problem to 
completion of 
simulation time. 

Page 10 of 14 

n:;, fOr 
following 
executables: 

stomp-wae-bd-
chprc02i.x 

stom p-wae-cg-
chprc02i.x 

stomp-wae-
cgs-chprc02I.x 
stomp-wae-
gmres-
chprc02i.x 
stomp-wae-bd-
chprc02l.x 

STOMP-ATC-2 stomp-wae-cg-
chprc02l.x 

Evaporation / stomp-wae-Condensation cgs-chprc02l.x Heat Pipe 
stomp-wae-Problem 
gmres-
chprc02I.x 

NO for 
followi 
exe~les: 
stomp-wae-ji-
chprc02i.x 

stomp-wae-
qmr-chprc02i.x 
stomp-wae-ji-
chprc02I.x 

stomp-wae-
amr-chorc02l.x 

CHPRC-00269 
Rev.1 

The Jacobi 
Iteration and 
QMRsolver 
executables 
concluded the 
simulation 
before full 
simulation lime 
was 
completed. 



Solve for 
countercurrent 
multiple phase 
flow of energy, 
water, and air 
phases in the 
classic heat 
pipe problem 
described in 
Section 7 .1 of 
PNNL-11216 to 
demonstrate 
water-air-
energy mode 
applicability for 
problems with 
significant 
momentum of 
all three phases 

RTM-204 such as might 
be found in 
high-heat 
wastes in 
historical 
simulations at 
Hanford (e.g., 
high thermal 
loading in tank 
wastes) or in 
vadosezone 
desiccation 
simulations 
(e.g., deep 
vadosezone 
treatability 
tests). Must 
match PNNL 
solution to 
tolerance of 
±1% 

Requirements Traceablllty Matrix for STOMP 

Modeling Need: 

Test problem 
from PNNL-
11216, Nichols et 7.1 N/A (acquired STOMP-WAE software) 
al. (1997), 
selected for 
appllcabllity to 
Hanford Site 
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STOMP-ATC-2 

E vaporalion I 
Condensation 
Heat Pipe 
Problem 

YES for 
following 
executables: 
stomp-wae-bd-
chprc02i.x 
stomp-wae-cg-
chprc021.x 
stomp-wae-
cgs-<:hprc02i.x 
stomp-wae-
gmres-
chprc02i.x 
stomp-wa&-bd-
chprc02I.x 
stomp-wa&-eg-
chprc02i.x 
stomp-wa&-
cgs-chprc021.x 
stomp-wae-
gmres-
chprc021.x 

NOT TESTED 
due to failure 
in RTM-203: 
stomp-wae-ji-
chprc02i.x 
stomp-wae-
qmr-chprc02i.x 
stomp-wa&-ji-
chprc021.x 
stomp-wa&-
qmr-chprc021.x 

CHPRC-00269 
Rev.1 
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Objective 3: Accurately simulate reactive transport problem 

Compile and 
link STOMP-W-
R executables 
using Fortran 
complier 

STOMP Software NIA (acquired RTM-301 without 2.4 STOMP-W-R 
warnings or 

Test Pian software} 

errors for both 
banded matrix 
and SPLIB 
solvers 

Execute 
STOMP-W-R 

RTM-302 executables PRC-PRO-IRM• 
3.4 

N/A (acquired STOMP-W-R 
without 309 software) 
administrator 
privileges 

Simulate the 
' Reactive 
Transport" 
problem 
provided by 
PNNL for one-

RTM-303 dimensional STOMP Software 3.3.2 NIA (acquired STOMP-W-R 
quartz Test Plan software} 
dissolution 
problem using 
ECKEChem 
module with 
comparison to 
EQ3/6 solution . 
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STOMP-ATC-3 

Reactive 
Transport 
Problem 

STOMP-ATC-3 

Reactive 
Transport 
Problem 

STOMP-ATC-3 

Reactive 
Transport 
Problem 

YES for 
following 
executables: 

stomp-w-r-bd-
chprc02i.x 
stomp-w-r-bd-
chprc021.x 

YES for 
following 
executables: 
stomp-w-r-bd-
chprc02i.x 
stomp-w-r-bd-
chprc021.x 

YES for 
following 
executables: 
stomp-w-r-bd-
chprc02i.x 

stomp-w-r-bd-
chprc021.x 

CHPRC-00269 
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Solve for 
reactive 
transport 
problem 
provided by 
PNNL to 
demonstrate 
water-reactive 
mode 
applicability for 

RTM-304 problems with 
reactive 
chemistry such 
as might be 
found at 
Hanford (e.g., 
IDF, 300 Area). 
Must match the 
PNNL solution 
to tolerance of 
±1% 

Requirements Traceability Matrix for STOMP 

Modeling Need; 

Test problem 
provided by 3.3.3 NIA (acquired STOMP-W-R 
PNNL, selected 

software) 

for applicability to 
Hanford Site 
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STOMP-ATC-3 

Reactive 
Transport 
Problem 

YES for 
followi~ 
executa les: 
stomp-w-r-bd-
chpn;02i.x 
stomp-w-r-bd-
chpn;02l.x 
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