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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES 

CORRECTIVE ACTION REQUEST 
CAR No: W M  Amdated AR, SR, NCR No: '7-0' 

I 

PART A: DESXWITON OF CONDITION ADVERSE TO QUALITY 

Contrary to thc rcquircmenu of TOP-018. pangnph 5 8. changes (both ~ s e m s -  and 'nunor') werc unplemenkd in MULTIFLO. Version 1 0. without 
compleaon of a Softwarc ProblemlChange Rcpon (SPCR) Some. buf not 111. changes were documenfed in mC developer's scwnoflc notebook Thlr code has 
been dlstnbukd m personnel withm thc CNWRA and mcubdity would not be pouibk if perronncl werc to use i f  for lrensmg purposes or m publuhed 
documents 

Lrdth(rd by: T.C. Trbovrh Date June 12. 1997 

PART B: PRO- ACTION R a p o d b k  Party: B. SagarlP. Lichmcr 
Rapoac Ihr: July 1 1 .  1997 

1) Extcd of colldttloll: 
A teun composed of P Lchmcr. S Mohanty. W Murphy, and M Ahola wdl mvcsogatc thc extent to whlch s a d  condiaon affects 0th 
CNWRA codes Team rccommcndaoon is due by October 2. 1997 

2) Roo( C a w :  
Thc TOP018 rrquircmentt arc ambiguously worded and i f  is not clearly sakd when a SPCR musf be prcpad.  

3) RancdW Adiolr: Propored CompwW Date: November 30. 1997 

Change TOP418 to clearly identify when a SPCR must be prcpad.  A t u m  has been formcd to study tbc p d c m  and propose changes 
to TOP-018. The change to TOP-018 is due by November M. 1997. 

I 4) Comrtivc Artiolr to Rcclurk Rexurrwm: Proporcd Compkth Date: January 1.1998 

Change TOP418 to clearly state circumstnnces requiring prcpantion of a SPCR form. Completion of 111 actions is by January I ,  1998 

Director of QA: .-: 7/9/97 
PART D. VERIFICATION OF COIcREcT(vE ACTION 

CNWRA FORM QAP 1 4 - 2  
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CENTER FOR NULLEAR WASTE REGULAt'ORY ANALYSES 

M E M O R A N D U M  

April 20,1998 

To: 

FROM. 

QA Rccords Corrective Action Request 97-02 Folder 

Budhi Sagar, Technical Director Q-A,h+ 
J SUBJECT: Extension Request for Corrective Action on CAR 97432 

REFERENCE CAR 97-02, Annual 1997 CNWRA QA Audit 

This memorandum to the Corrective Action Request (CAR) 97-02 folder is to documcnt progress and request an 
extension. 

CAR 97-02 was originated June 12, 1997 at the conclusion of the 1997 annual CNWRA QA Audit. It was 
responded to by B. Saga on July 8,1997. A team of CNWRA technical staff membcrs was assembled to help 
revise Technical Operating Procedure (TOP)-018 "Development and Control of Scientific and Enginctring 
Software." That team was composed of P. Lichtner, S. Mohanty. W. Murphy, and M. Ahola (later placed by 
J. Stamataka when Ahola took other employment). 

The TOP418 Improvement Team completed their work and the draft Operating Procedure went through Technical 
and Programmatic review. A decision was made toward the end of that cycle to submit the draft TOP418 M y  
to the NRC for comments. On February 1 1,1998, the draft TOP was sent to the NRC (ldter to Ms. Deborah A. 
DeMarco from Budhi Sagar, requesting NRC review). The NRC responded on March 18, 1998 with three 
comments (correspondence attached) and they were integrated into the final draft of the TOP418 doauacnt. A 
QA Review was accomplished and a Concurrence review was requested from Wes Patrick. In that Concumace 
review, six pages of comments were generated and somc of the comments were major differences in approach. 
These are b c i i  resolved between the President of the CNIKRA and the TOP418 Improvement Team. 

Although the targeted date for completion of TOP418 was set for April 20,1998 (and total completion of training, 
remedial, corrective actions, and training was targeted for this CAR as May 22,1998), it is prudent to request an 
extension for the completion of TOP418 to be extended to May 22,1998 and the completion of all related actions 
to June 12, 1998. If you have any questions regarding this extension request, please contact me at ext. 5252. 

Approved: 
Bruce Mabrito, Director of QA Date 

cc: TOP418 Prates Improvement Team 
CNWRA DircctorslElemcnt Managers 
W. Patrick R. FolcWT. Trbovich/D. Dunavant (Institute QA) 
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UNITED STATES 
NUCLEAR REGULATORY C O M M I S ~ ~ W ~ , ~ ~  1 I t  *>I;. - - -  ,. - . * -  

WAlHlNQtON, D.C. m' - ' .  ': . .,-; 

3 b C  Lf7 

Budhi Sagar, Ph. D. 
Technical Director 
Center for Nuclear Waste Regulatory Analyses 
6220 Culebra Road 
P.O. Drawer 28510 
San Antonio, TX 78228-05 10 

SUBJECT: APPROVAL OF THE TECHNICAL OPERATING PROCEDURE (TOP)-O18, 
'DEVELOPMENT AND CONTROL OF SCIENTIFIC AND ENGINEERING 
SOFTWARE FOR NRC REVIEW" (A1 20-1402-1 59-801) 

L'ei;; Si. Sagar: 

The subject document, dated February 11, 1998, has been reviewed and found acceptable 
with inclusion of the recommended comments provided below. 

Comment 1: Page 3, section 3, 'DEFINITIONS." Two definitions needed. 

Recommendation: Define 'installation testing" used on page 6 in 
Table 1 (footnote 1) 

Recommendation: Define 'regulatory reviews" used on pages 2 
(section 11, 6 (section 5.11, and 13 (section 5.10.1). 

Comment 2: Page 6, Table 1. Possible error in 'Table 1 , ACQUIRED/EXISTING 
SOFTWARE, to  be modified, Software Development Plan (SDP) Design and Development.' 

Recommendation: Recommend 'x" in this box. 

Comment 3: Page 8, section 5.4 - "Software Development Plan," paragraph 5.4.1. 
Testing as one goes along, instead of only one is about to ship (which may be going on 
already as a question of prudence even it not as a question of policy) should be performed. 

Fkornmendation: After 'testing that will be applied to the software," 
add 'including informal as-yougo testing of logical 
divisions of code such as subroutines and functions, ...- 

CNWRA Deputy Program Manager 
Program Management, Policy Development 

and Analysis Staff, NMSS 

cc: J. Linehan, NMSS/PMDA 
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- Center for Nuclear Waste 

Regulatory Analyses 
8220 CUEBRA ROAD 0 P.O. OFUmA 2OS10 SAN-, TEXAS, USA. -10 
(210) 522-5180 0 FAX (210) 5223156 

May 1, 1998 
Contract No. NRC-02-97-009 
Account NO. 20-1402-lS9 

U.S. Nuclear Regulatory Commission 
Am: Ms. Deborah A. DeMarco 
Office of Nuclear Material Safety and Safeguards 
Program Management, Policy Development and Analysis Staff 

Washingtor~DC 20555 
Mail Stop 8-A23 

Subject: Transmittal of T e c h c a l  Operaw Rocedurc (TOP)-018, Development 
and Control of Scientific and Engineering Software for NRC Review 
(AI-20- 1402- 159-801) 

Dear Ms. DeMarco: 

Enclosed is the Center for Nuclear Waste Regulatory Analyses (CNWRA) TOP418, Revision 6. This 
CNWRA operating procedure addresses the NRC comments of March 24,1998. Tht changes requested 
in the referenced correspondence have been made resulting in an improved procedure. 

This deliverable is being carried in the Commitment Control Log as Administrative Item 20-1402- 159- 
801. After staff training with the revised TOP418, the Quality Assurance Cmcctive Action Request No. 
97-02 will be completed. We thank you for your assistaace in revising TOP-018. which is impomnt for 
both our organizations. 

Please contact me at(210) 522-5252 or Peter C. Lichma at (210) 522-6084 if you have any questions. 

Sincerely yours. 

HFGilg 
Enclosures 
cc: B.Meehan 

J. Linehan 
B. Stiltenpole 
M. Federline 
J. Greeves 
K. Stablein 

Technical Director 

J. Thoma P. Lichma 
K. McConnell 
T. McCartin 
W. Patrick 
CNWRA Directors/Element Managers 

S. Boyanowski (SwRI Contracts) 

Washington Office Twinbrook Metro Plaza, #210 *12300 Tmnbrodc Parkway Rockville. Marylarc C:?fS-'EC6 



Theodore Carter, NMSS 
B8rhra Meohan, Contract. 
Barhra Stiltenpole, NMSS & ( 2 0 )  Uncontrolled copiem 
Daborah D.M.~co, NMSS 

Chrimtiuu Lui, NMSS 
T i m  McCartin,  NMSS 
Keith McConnell, NMSS 

RO.0 B-8 NMSS 

DCS 
Tae Abn, NMSS 
Mike Bell, NMSS 
John Bradbury, NMSS 
David Brook., NMSS 
Ki.och.ns, NMSS 
Richard Codell, NMSS 
Neil Colomm, NMSS 
Norm Bimenborg, NMSS 
Margaret Podorline, NMSS 
K i m  a a # 0  NMSS 
Philip ihutw, W S  
Bret kmlie, NM8S 

Jeff Pohle, NMSS 
N. King St.blein, NMSS 

MySOr. N8t8r8j.t NMSs 

JohnThOau, NMSS 
John Trapp, NMSS 
Sandra Wamtler, NMSS 
Rick Weller, NMSS 
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TECHNICAL OPERATING PROCEDURE = 018 
DEVELOPMENT AND CONTROL OF SCIENTIFIC 

AND ENGINEERING SOFTWARE 
REVISION 6 = TRAINING 

MAJOR CHANGES TO TOP1018 

0 ADDITION OF A SOFTWARE DEVELOPMENT PLAN (SDP) 

0 

0 

ACCEPTANCE TESTING CLARIFIED FOR DEVELOPER AND QA 

SOFWARE REQUIREMENTS DESCRIPTION REVISED FORMAT 

0 CLARIFICATION OF OTHER TOPI01 8 ACTIVITIES 
- 
0 
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Approvals 

Written by 

Peter Lichtner 

Quality Assurance 

Bruce Mabrito 

n 

Date 

Date 

I 
CENTER FOR NUCLEAR WASTE 

REGULATORY ANALYSES 

Roc. TOP418 

Revision 6 

Page 1 of 27 

Title DEVELOPMENT AND CONTROL OF SCIENTIFIC AND ENGINEERING SOFTWARE 

EFFECTIVITY 
Revision 6 of this procedure will become effective after NRC approves document. 
This procedure consists of the pages and changes listed below. 

DQf9 Effective 

All 0 05/01 198 

Bted 04/03/97 

Technical Review 

Gordon Wittmeyer 

Cognizant Director 

Budhi Sager 

Date 

Date 



Tabk 1. Categories and requirements application - 

'Installation testing only. 
'A Software Change Report or equivalent can be used for minor modifications. I 
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CENTER FOR NUCLEAR WASTE 
REGULATORY ANALYSES 

Pw. le of 27 
TECHNICAL OPERATING PROCEDURE 

APPENDIX A - SOFTWARE REQUIREMENTS DESCRIPTION OUTLINE 

The SRD describes what functions the software is to pcrfonn, provides the technical basis and 
computational approach to be used in developing the softwan, and provides a vehicle for client approval 
of software development or changes. All SRD content requirements are "as applicable." 

1 .o 

2.0 

3.0 

4.0 

SOFLWARE FUNCTION 

Describe purpose of software and software function. 

TECHNICAL BASIS: PHYSICAL AND MATHEMATICAL MODEL 

Describe the physical model and present the mathematical equations the software will solve. 

COMPUTATIONAL APPROACH 

3.1 Data Flow and User Interface 

Describe the data flow in a flow diagram and the uscr interface (e.g.. command line, 
GUI,. . .). 

3.2 Hardware and Software Requirements 

Target platform (e.g., PC, SUN ,...) 

Operating System (e.g., Solaris, MacOS, NT ,...) 

p r o g w  m g e  (e.g., FORTRAN n, c, c+ + , . . .) 
3.3 GraphicsRaquirements 

List any special graphics requirements. 

3.4 Pre- and Post-Processors 

List any pre- or post-processors required to run the software. 

REFERENCES 

APPENDICES 

47 
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CENTER FOR NUCLEAR WASTE 

REGULATORY ANALYSES 
17 of 27 

TECHNICAL OPERATING PROCEDURE 

APPENDIX B - SOFITVARE DEVELOPMENT PLAN OUTLINE 

The Software Development Plan (SDP) describes the project plans for conducting a software 
ievelopment effort. The SDP covers new code development, modification, maintenance, and all other 
ictivities resulting in sohare  products and documents. All SDP content requirements are "as 
ipplicable." If the content requirements of a given subclause do not apply to a particular project, the 
ieveloper may delete that subclause as authorized under 5.4.4 of this procedure. 

1.0 

1.0 

3.0 

SCOPE 

Introduce the project and d e b  its scope. Summarize the purpose and contents of this document 
and describe any security or privacy considerations associated with its use. 

BASELINE ITEMS 

This section shall describe the software products to be produced under the scope of the project. 
Examples include code, databases, test information, and manuals. 

PROJECT MANAGEMENT 

This section shall describe project plannmg and oversight activities. 

3.1 

3.2 

3.3 

Work Breakdown Structure 

This section shall provide a detailed Work Breakdown Structure for the project period 
of performance. The task name and estimated labor hours should be included. 

Projected Schedule 

This section should include a project schedule. 

staffing 

This section shall identi@ the staffing requirements a d o r  specialized training needed 
for the project. 
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Roc. TOP418 

Rovirion 8 Chmgo 0 
CENTER FOR NUCLEAR WASTE 

REGULATORY ANALYSES 
Pago 18 of 27 

TECHNICAL OPERATING PROCEDURE 

3.4 Risk Management 

Risks associated with cost, schedule, resources, and functionality shall be identified. 
The following should be listed for each identified risk: 

Discussion of most probable risks. 
Estimate risk probability and impact. 
Options for dealing with the identified risks. 

4.0 DEVELOPMENTPROCEDURES 

This section shall describe the plans for development of the software product. 

4.1 

4.2 

4.3 

4.4 

Hardware and Software Resources 

Describe the hardware and software resourcts that are planned to be utilized during the 
software development effort. This may include both in-housc, purchased, or customer 
supplied hardware and software. 

software Development Lifecycle 

Describe the phasa used to translate the SRD requirements into software (e.g.. 
prototype, design, first release, alphalbttp testing, production, maintenance. etc.). Each 
phase should have a set of defined inputs, activities and outputs. 

Coding 

Describe the coding conventions adopted for the project. Address the following as 
appropriate: 

The programming language(s) being used. 

coding standard(s). 

Selected coding style guide. 
Limitations, restrictions, or standards not specifically addressed by the Selected 

Acceptance Testing and Analysis 

Acceptance testing is performed to demonstrate to the customer that the computer code 
meets its specified requirements as documented in the SRD. This section shall address: 

:NwRA Fona TOP-2 
Recording of test cases and test inputs. 
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CENTER FOR NUCLEAR WASTE 

REGULATORY ANALYSES 
Pw. 19 of 27 

TECHNICAL OPERATING PROCEDURE 

0 

0 Revision and retesting. 
0 

Use of software analysis tools (e.g., FOR-WARN or FOR-STUDY for 
FORTRAN programs, PC-Mctrics, or PC-Lint for C language programs). 

Analyzing and recording test results. 

5.0 

6.0 

CONFIGURATION MANAGEMENT PLAN (CMP) 

The configuration Management Plan (CMP) describes the plans for conducting configuration 
control during the software development effort. This CMP is optional and is distinct from the 
confrsuration control carried out by tbe software custodian. 

5.1 Tools 

Describe the tools that will be used to perform software configuration management, if 
my- 

5.2 Configuration Identification 

Identify the software products thrrt will be placed under configuration control. Identify 
when each software product will be placed under co~guration control. Describe the 
identification scheme. 

5.3 Configuration procedurts 

Describe: 

0 Check-in/check-out procedures if appropriate. 
0 Crcatiq releasea and prcpuing for deliveries. 
0 Problem reporting and change control. For example, an SCR form, as shown 

in Appendix D, may be used to report changes to a bascliocd code. 

Daily release procedures and cleanup. 
0 Performing systcm backups of the software. 
0 

REFERENCES 

Reference all documents listed in tbc SDP. 

CNWRA Form TOP-2 



soFlwAREsuMMARY FORM 

01. summuy Dye: 02. SIEllmvy by (N- phocle) 03. Summuy Aaioa: 

04. Software Due: 05. sboct Thk: 

13. Software Appliutioa: I 

10. ApQliatioa Arc8 

8. & O d :  

0 ScieaifidEnoineeriag 0 Auxiliary A ~ I y x s  
0 Toul Systan PA 
0 Subsystan PA oothcr 

b. Specific: 

12. Technial coart(r) a d  pborw: 

14. Compuer Platform 1s. canp*cropartisl 

18. Computer Memory 19. Tape Drinr: 

17. Number of sourcC 
Lmgurgs(r): Pmgrunstltemcau: 

2O.DisLUnio: 21. Graphii: 

23. SoAwuc AvWi l i ty :  
OAvrilrMe OLimited ObHouscONLY I 



SCR No. Softwm Dew&- 
A m  ): 

Softww Titk nd Vudon: Roi.ct No: 

Chango Roquosted by: 

Dao: 

Chango Authorized by (Softwam Devdopd: 

Dato: 

Imphnonted by: Compkted 0.10: 



SOFTWARE RELEASE NOTICE 

2. Project Title: Project No. 

4. Originator/Requestor: 

0 Release of new software 

0 Release of modified software: 

0 Enhancementsmack 

0 Correctionsmade 

0 Change of access software 

0 SoftwareRetirement 
I 

6. Persons Authorized Access 

Name Read Ody/Read-Write Addition/Chaug e/Delete 

I 
5. Summary of Actions 

7. Element Manager Approval: Date: 

8. Remarks: 
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CENTER FOR NUCLEAR WASTE REGULA~ORY ANALYSES 

M E M O R A N D U M  

February 27, 1998 

TO: 

FROM: 

SUBJECT 

REFERENCE: 

QA Records Corrective Action Request 97-02 Folder 

Budhi Sagar, Technical Director @&& 
Extension Request for Corrective Action on CAR 97-02 

CAR 97-02, Annual 1997 CNWRA QA Audit 

c, \ / i t A ' "  

This memorandum to the Corrective Action Request (CAR) 97-02 folder is to document progress and request an 
extension. 

CAR 97-02 was originated June 12, 1997 at the conclusion of the 1997 annual CNWRA QA Audit. It was 
responded to by B. Sagar on July 8, 1997. A team of CNWRA technical staff members was assembled to help 
revise Technical Operating Procedure (TOPM18 "Development and Control of Scientific and Engineering 
Software." That team was composed of P. Lichtncr, S. Mohanty. W. Murphy, and M. Ahola (later replaced by 
J. Stamatakos when Ahola took other employment). 

The TOP418 Improvement Team completed their work and the draft Operating P r d u r e  went through Technical 
and Programmatic review. A decision was made toward the end of that cycle to submit the draft TOP418 directly 
to the NRC for comments. On February 11, 1998, the draft TOP was sent to the NRC (letter to Ms. Deborah A. 
DeMarco from Budhi Sagar, requesting NRC review). A copy of this correspondence is in the CAR 97-02 folder 
for reference. 

In a telephone discussion between Ms. DeMarco and B. Mabrito 2/26/98, she stated that she expected to have the 
NRC technical staff comments back in her hands by March 2, 1998. She could not say how long it would be 
before they could send to the CNWRA one set of final comments for the CNWRA to act upon. 

Although all work and remedial actions targeted for this CAR are set for March 31. 1998 (including all changes 
to TOP418 and possible training), it is prudent to request an extension for the completion of TOP418 to be 
extended to April 20, 1998 and the completion of all other related actions to May 22, 1998. If you have any 
questions regarding this extension request, please contact me at ext. 5252. 

Approv . ?A!??/ 
Bruce Mabrito, Director of QA Date 

cc: TOP418 Process Improvement Team 
CNWRA DirectorsElement Managers 
W. Patrick R. Folck/T. TrbovicWD. Dunavant (Institute QA) 
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Center for Nuclear Waste 
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February 11,1997 Regulatory Analyses Contract No. NRC-02-93-005 
622oCULEBRAAoAD*PO DFUWEfl2&10*SANANTONK).TU(AS U S A  78228.0510 Account No. 20-1402-159 (210) 522-516O*FAX (210) 522-5155 

U.S. Nuclear Regulatory Commission 
ATIN :  Ms. Deborah A. DeMarco 
office of Nuclear Material Safety and Safeguards 
Program Management, Policy Development and Analysis Staff 

Washington. DC 20555 
Mi Stop 8-A23 

Subject: Transmittal of a Draft Copy of Technical Operating Procedure (TOP)-018. Development and 
Control of Scientific and Engineering Software for NRC Review (A1 20-1402-1 59-801) 

Reference: NRC Correspondence of July 8,1997 from Shiriey L. Fortuna to Henry Garcia Regarding the 
Approval of TOP-018 

Dear Ms. Dehflarco: 

Enclosed is a draft of the Center for Nuclear Waste Regulatory Analyses (CNWRA) TOP-018. Revision 6 for 
NRC review. This CNWRA operating procedure addresses the above referenced correspondence and IS being 
sent to the NRC prior to finalization of the document. 

It should be noted that to assist in the effective implementation of this procedure, key CNWRA technical staff 
have worked on a TOP418 Team to improve it and have essentially taken ‘ownershp‘ of this technical 
procedure. Further, technical reviews of TOP-018 have taken place and responses to reviewer comments have 
been incorporated into this draft. Finally, the editorial changes requested in the referenced correspondence have 
been made as long as they meet h the CNWRA Style Guide, whtch is generally in conformance with the U S 
General Printing Omce style recommendations. 

We would appreciate a review of this Draft TOP41 8 by appropriate NRC staff. This action is being carned in the 
Commitment Control Log as Administrative Item 20-1402-159-801. We thank you for your prompt attenton to 
this operating procedure, which is important for both our organizations. 

Please contact me at (210) 522-5252 or Peter C. Lichtner at (210) 522-6084 if you have any questions 

Very truly yours, 

Technical Director J 

BSAg 
Enclosure 

cc: B. Meehan J. Thoma P. Lichtner 
J. Linehan K. McConnell S. Aowe. SwRl Contracts 
B. Stiltenpole 1. McCartin 
M. Federline W.Palrkk . 

K. Stablein CNWRA Element Managers SWWf TOP18 LTR 

J. Greeves CMNRA-m- 



h n 
"DRAFT" TOP418 Going to the NRC 

To: Annette Mandujano 
To: Lucy Gutierrez 
To: Maria Padilla 
bcc: Bonnie Caudle 
bcc: Bruce Mabrito 
bcc: Henry Garcia 
bcc: Budhi %gar 
From: Bruce Mabrito 
SubJect: "DRAFT" TOP-018 Going to the NRC 

. 

-- _ -  -_ .__-- -_ . -  - I I-_-- a- - -- __ 02-12-1998 12:51 PM 

First, this document going to the NRC is an INCOMPLETE document and 
that is exactly what we want thls time. 

We are sending a incomplete document, meaning that it Is not 
flnished, because we WANT to have the NRC comments so that we CAN finish 
the document. 

Second, Annette and I put "DRAFT' on every page of the TOP418 Rev. 
6 document and she will run copies of that. 

Third, NO controlled copies will be sent to the "regular list." 
That will only occur after we completely finalize the flnal Rev. 6 
document. That may be as little as two weeks off, two months off, or 
two years off (I doubt that very seriously however). 

Annette, please print out this message and put it with the review 
documentation that you are assembling for TOPQ18. Also, keep a 
dlskette of the document separate from your hard drive because you may 
not be the person working on it when It Is returned with (God only know 
how many) comments from the NRC. Thanks to all for working with thls. 
Yes, I know that this Is "The Same Only Dlfferent," but what can I say? 

Bruce 

Page 1 Printed by: BMabdto 



. Status Report on the Progress of TO-8, Revision 6 n 

To: Budhl w a r  
cc: Peter Uchtner 
cc: Wesley Patrick 
cc: Henry Garcia 
bcc: Bonnie Caudle 
bcc: Randall Fedors 
bcc: John Stamatakos 
bcc: Wllllam Murphy 
bcc: Sttakanta Mohanty 
bcc: Gordon Wlttmeyer 
bcc: Rul Chen 
bcc: Ronald Janetzke 
bcc: Engllsh Pearcy 
bcc: Namsi Srldhar 
bcc: Bruce Mabrlto 
bcc: MEhnstrom@swri.edu at Internet 
bcc: Marla Padllla 

bcc: JKlttle@sW.edu at Internet 
bcc: bmabrlto@expreus.net at Internet 
bcc: Robert Baca 
bcc: John L. R u u d l  

bcc: Patrlck Mackln 
bcc: Asadul Chowdhury 
bcc: Annette ManduJano 
bcc: gmabrlto@flash.net at Internet 
From: Bruce Mabrlto 
Subject: Status Report on the Progmss of TOP418, Revlslon 6 

bcc: t f o l ~ w r l . o r g  at Intomot 

bcc: Larry McKague 

~ . ---T - - _---_ - - 0201-1998 09:13 PM 

Budhi, 

~ v d o p m e n t  and Control of Sdentlflc and Engineering Software. A copy 
of thls emall message will be prlnted and put In the ComcUve Actlon 
Request Folder relating to the8 actions, CAR 9742. 

This Is a status mport on Technical Opmtlng ProwduraOl8, 

At this tlme TOP018 has been revlowed by Ute four technlcal 
reviewers and P. Uchtner has responded to thdr comments, and in so 
doing, revised the document to a d d m  thdr comnrmtr. The document has 
now been changed and typed and Is In the handa of R. Fadom who is 
reviewlng the changes to ensure Utey addnu hls concerns (before he has 
to tmvd on or about 2/4/98). The document will k routed to the other 
technical reviewers (Wbtmqw, Chon, Jlnetzko) In thlr same step. P. 
Uchtner has suggested that before the documont goes into your 
programmatic revlow, It mlght be best to have the TOP418 Improvement 
Team look at It agaln. You can speak directly to hlm on that matter to 
have your qwstlons answered and make your vbws known. 

The extension request you sent to me on 12/1/98 and I approved 
12/4/98 stated that **an extension to February 28,1998 to complete the 
remedlal actlons" would be approprkte. Included In that Is you sending 
It to the NRC for thdr review (spodflcally advlsed and requested by S. 
Forhrna prior to her retirement). Phase put that down as an agenda 
Item to discuss wlth the NRC in m e  of your regular m n g s  

Page 1 Printed by: BMabrlto 
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CENTER FOR NLdLEAR WASTE REGULh rORY ANALYSES 

M E M O R A N D U M  

December 1. 1997 

TO: 

FROM: 
/7 QA Records Corrective Action Request 97-02 Folder 

\ 

Budhi Sagar, Technical Director 

\ I  SUBJECT: Extension Request for Corrective Action on CAR 9742 

REFERENCE: CAR 97-02, Annual 1997 CNWRA QA Audit 

This memorandum to the Corrective Action Request (CAR) 97-02 folder is to document progress to date to 
complete corrective actions and request an extension. 

CAR 97-02 was originated June 12. 1997 at the conclusion of the 1997 annual CNWRA QA Audit. It was 
responded to by B. Sagar on July 8, 1997. A team of CNWRA technical staff members was assembled to help 
take "ownership," as the NRC stated, of Technical Operating Procedure (TOP)418 "Development and Control of 
Scientific and Engineering Software." That team was composed of P. Lichtner , S. Mohanty . W. Murphy, and M . 
Ahola (later replaced by J. Stamatakos when Ahola took other employment). An expert in computer software 
development and control at SwRI (Dr. Steven Dellenback, Division 10) was brought in to review TOP418 and 
make recommendations, which he did for the team in a memorandum dated August 10, 1997. The TOP418 
Revision Committee (sometimes refemd to as the TOP418 Process Improvement Team) issued their report to 
CNWRA management September 23, 1997. It was followed by an in-depth meeting between CNWRA management 
and the TOP418 Revision Committee chairman October 14, 1997. During that meeting, it was decided to proceed 
with revision of TOP418 in line with the TOP418 Committee recommendations. Due to overseas travel and other 
NRC deliverables and commitments, an incomplete, rough marked up copy of TOP418 had been produced by the 
November 30, 1997 target date for proposed completion of remedial actions. 

In a meeting between B. Sagar and P. Lichtner, it was decided that an extension to February 28. 1998 to complete 
the remedial actions (this includes all change to TOP418, which must be coordinated with key NRC staff), and 
to March 31, 1998 to complete all other related possible actions, is necessary. If you have any questions regarding 
this extension request, please contact me at ext. 5252. 

f 

Bruce Mabrito, Director of QA Date 

cc: TOP418 Process Improvement Team 
CNWRA Directors/Element Managers 
W. Patrick 
R. Folck/T. TrbovicWD. Dunavant (Institute QA) 



_ .  
n k 

Center for Nuclear Waste 
Regulatory Analyses 
6220 ~ R O A O .  PO. OFUWER 28510. WANTOIWO. TEXAS. u s  A. 78228.0510 
(2101 522-51 60 * FAX (210) 522-5155 

October 30. 1997 

Account No. 20-1402-158 
Contnct NO. NRC-02-97-09 

U. S. Nuclear Regulatory Commission 
ATTN: Mn. Barbara D. Meehan 
Contracting Officer 
Divisiqn of Contracts 
TWFN Mail Stop 7 12 
Washington, D.C. 20555 

Subject: Total-System Performance Assessment Code Development Lessons Leamai Analysis 

Dear Mn. Meehan: 

Enclosed is the subject Total-System Performance Assessment (TPA) code development lessons learned analysis. 
This document was prepared by the Center for Nuclear Waste Regulatory Analyses (CNWRA) to fulfill a 
commitment I made during the July 15. 1997. NRC Center Review Group (CRG) mceting to conduct the analysis 
and provide NRC with a copy of the results. 

This analysis was prepared as part of the ongoing process of evaluating, monitoring, and taking remedid actions 
concerning problems that arose during development and distribution of TPA Version 3.0 and its successors. To 
avoid duplication of efforts and in an attempt to achieve a reasonably consistent understanding of what occurred 
and why, this analysis drew from the annual quality assurance audit of the CNWRA, work on Corrective Action 
Request 97-03 that was generated by that audit. the deliberatioru of a process improvement team that was formed 
to reexamine TOP418 mDevelopment and Control of Scientific and Engineering Software." the results of an 
independent analysis by a member of the SwRI Software Engineering Deputmenr, limited independent interviews 
of key CNWRA staff and management, consideration of the internal NRC lessons I d  on this subject. and 
reviews of pertinent program documentation. For convenience, 
analysis for a concise summafy and conclusions of the investigation. 

Please contact me if you have any questions regarding this important matt 

Ibsc 
CC . J G m v u  T McCartm CNWRA Diranwr 

M Federluw N Eivnkrg  CNWRA El- Manqcrs 
I A ~ t m  J Lindrpn s Mo(uny 
M &I1 S F o t t w m  R Cunm. SwRl 
K Stlblein S Rowe.SwRI 
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EVALUATION AND LESSONS LEARNED REGARDING 
DEVELOPMENT OF THE TOTAL-SYSTEM PERM)RMANCE ASSESSMENT CODE 

October 1997 

1 INTRODUCTION 

The purpose of this document is to provide a concise evaluation of the factors hat led to thc 
production and delivery of a computer code - rhe Total-System Performance Assessment (TPA) code, 
Version 3.0 - that did not meet the requirements of the U.S. Nuckar Regulatory Commission (NRC). who 
sponsored the work. The obFtives of the evaluation and analysis are twofold: (i) identify the root. c a w s  
of the problems chat occurred and (ii) make recommendations regarding how to avoid recurrence of dus and 
similar problems. 

This document addresses both Corrective Action Request (CAR) 97-03. which was generated as a 
r e h  of the Quality Assurance (QA) Audit 97-01, and broader management concerns regarding development 
and distribution of the TPA code that have been expressed in both wriaen correspondence and numerous 
meetings between the NRC and the CNWRA. 

2 SUMMARY AND CONCLUSIONS 

The complexity of development of the TPA Version 3.0 code and its successors and the large 
number of people involved produced a full specaum of perspectives regarding the problems that kd to 
rejection of the code by the NRC. Tak~ng into consideration all of those perspectives. ttus lessons learned 
was able to identify a series of recommendations that will both mitigate the current problem and minimize 
the likelihood of its recurrence. Implementation of many of these rccommendatiom is already in progress 
and early success - particularly with regard to NRC staff participation and effectiveness of communications 
- is being observed. 

n of NRC Staff m Dcv- 

0 All NRC-funded code developmen should be undertaken as a joint effort of the NRC and 
CNWRA staffs. 

Accuracv of Prm 

0 The scope of work for complex activitks such as computer code development should be 
more clearly and completely defrncd prior to u n d c a  such activities. 

0 The schedules and budgets should be carefully reviewed and evaluated to ensure that they 
a e  consistent both with the defined scope of work a d  similar previous development 
activities. 

0 The CNWRA should be proactive in addressing pormral inaccuracies and inconsistencies 
among scope, schedule, and budget. 

I 
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0 A team approach should be followed. with the NRC and CNWRA staff and K l l  leads beurg 
actively included in all aspects of fume NRC-funded code development work. commencmg 
with conceptualization and continuing through preproduction testing. 

0 Specific reviews by conuactor and client staff and managemen should k conducted at 
appropriate points during SRD preparation, code developmen. and code modification. 

0 Available vehicles for enhancing communication should be more widely and effectively 
used. 

0 Special effort should be directed toward improving the environmen withia wluch 
communications and work are occurrmg. 

A-e Practices @ Proem 
0 The TOP418 procedure should be revised to clearly establish that SRDs must be developed 

before any code development or modifkition work is initiated and to provide additional 
guidance on the level of detail required for SRDs. 

0 TOP418 should require that SRDs be reviewed and approved by borh CNWRA and client 
management prior to implementation. and revised, reviewed. and approved again if 
s ignif iw changes occur. 

0 The CNWRA management should reiterate the critical importance of internal reviews. and 
emphasize the need to stop delivery of a product if it does not meet CNWRA standards of 
quality and compktencss. 

3 BACKGROUND 

Performance assessment (PA) is an analytical t e c m u c  that is used within the high-level waste 
(HLW) program to evaluate whether the proposed repository will meet the regulatory requirements that have 
been established to ensure the prowtion of health and safety and the environment. Within the U.S. program, 
all interested parties have adopccd some version of PA to qdtatively evaluate long-term reposttory 
performance. For the Departmen of Encrgy (DOE), PA is the basis for the “safety case” that they will make 
to demonstrate compliance with applicable NRC regulations and Environmental Protection Agency (EPA) 
standards. PA is also a central element of the DOE Viability Asscss~nent (VA) that is scheduled to be 
completed in 1998. As the regulatory authority for HLW d@. NRC will use PA to determine whether 
DOE has complied with the pertinent regulations. In the intervening years. PA assisu NRC in idcnufymg. 
assessing du relr.tive importance of, and resolving at the staff level key technical issues (KTls). PA also 
plays an importpn role .in evaluating EPA proposals regarding an HLW standard and in developing the 
companion NRC implementing regubuon. Utility groups [e.g., the Ekcnic Power Research Insticute 
(EPRI)]. the State of Nevada, and other affected parties use PA techniques to ladtpendently evaluate the 
radiological health and safety a d  enviromental effects of the proposed HLW repository. 

Because of its central rok throughout the repository program and its overarching relationdup to all 
activities within the NRC HLW regulatory program, PA a d  the developmen of a capability to conduct PA 
are vitally important. Consequently, NRC began developmeot of a PA methodology and associated compner 
codes about 1S years ago. Beginaing in the late 1980s. NRC established a policy that NRC staff would be 
fuily capable of conducting PAS to support prelicensmg and l ice~ing activities. Subsequently, NRC staff 
began playing a larger role in the development and use of the PA computer codes. in particular. 

2 
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The first such endeavor took the form of a project dubbed -Iterative Performance Assessmen, 

phase 1" (IPA-1). This effort began shortly after the CNWRA was established but before PA suff had been 
acquired at thc CNWRA. Cocwq~ently, thc preponderWe Of the effort wu ~0nducted by NRC staff. IPA-I 
was conducted using a set of computer codes that were previously developed by Sandh N a t i d  Laboratory 
(SNL) and other coMactor organizations, or were developed by NRC staff to meet the particular mds of 
the effort. 

IPA-2 involved the staffs of the NRC Office of Nuclear Material Safety and Safeguards (NMSS) 
Division of Waste Management (DWM). thc NRC Offw of Nuclear Regulatory Research (RES) Division 
of Regulatory Applications (DRA). and the CNWRA. This collaborative effort (i) produced an integrated 
computer code lorown as the Total-system Performance Assessmen code, Version 2.0 (TPA Version 2.0); 
(ii) developed a trained NRC and CNWRA staff team capable of conducting PA analyses; and 
(iii) documented the results of a trial assessment of repository performance that received wide distribution. 

Code development associated with IPA-3. the most recent phase of the PA program, is the subject 
ofrhis lessons learned analysis. Unlike its predecessor. IPA-3 was undertaken largely u s 4  the wff and 
resident skills of the CNWRA. Coordination was predominantly through a s q l e  point of contd~t [i.e., rhc 
NRC Program Element Manager (PEM) and the CNWRA Principal Investigator (PI)] during the pianamg 
process and the early stag- of codc development. A brief description of the code dcvelopment activities was 
included in the CNWRA Operations Plan. Key dates related to planmq and Qvelopq IPA-3 and the 
associated TPA Version 3.0 code are summarized in attachment I .  

4 INVESTIGATIVE METHOD 

This analysis was prepared as part of the ongoing process of evaluaung. monitoring, and r a k q  
remedial actions concerning probkms that arose during developme~S and distribution of TPA Version 3.0 
and its successors. To avoid duplication of efforts and in an attempt to achieve a reasonably consistent 
understanding of what occurred and why, this analysis drew from several sauces. These included (i) the 
a d  QA Audit 97-01, (ii) work on CAR 9743 that was generated by that audit. (iii) the deliberations of 
a process improvemen team (PIT) that was formed to reexamiac TOP418 "Development and Control of 
Scientific and E n g k e r a  Software" in light of CARS 97-02 and 9743, (iv) the results of an independen 
analysis by a member of the SwRI Software Engineering Deprtmcn (SED), (v) limited dependent 
interviews of key CNWRA staff and managemerY. (vi) consideration of tbc internal NRC lessons learacd 
on this subject, and (vii) reviews of program documentation. 

Wherever available, written documents were used as primary informatian sources concerning the 
facts surrounding the deveiopnent and delivery of TPA Version 3.0 a d  its SUCCe3SOrs. Much of the 
information, however. was obtabd from discussions with various staff members. managers, auditors. and 
reviewers. Relatively liale iafonn?uocr ' was available in written form, and much of what was written was 
a transcription of ando ta l  infomation and conversations. Consequenly, substantiation of information was 
difficult, and memories of individuals were found to differ as to what was communicated and when it was 
communicated reiative to icey decision poinu. p he relative sparsity of written communication and 
documentation of agrccnients is believed to have played a substantial role in the problems encountered. 

The reader is referred to a number of related documents for additbnal details regarding the p b .  
discussions, critique. and associated responses. Particularly gennrne are (i) CNWRA Operations Plan. 
Revision 8. Change 0; (ii) CNWRA Operations Plan. Revision 9, various changes; (iii) Software 
Rtquirements Description (SRD), Januvy 28. 1997; (iv) thc NRC Review of the SRD, February 18, 1997; 
(v) Concerns Regarding CNWRA Actions in Support of the Developmen of the TPA 3.0 Code, FebNary 
26. 1997; (v) the CNWRA response to this item. March 6. 1997; (vi) Non-Accepance of Upd?ted User's 
Guidc for TPA Code. May 8. 1997; (vii) the CNWRA respolue to this item. May 22. 1997; and 
(viii) CNWRA Audit 97-1 Report. transmitted to NRC July 11. 1997. 
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5 ROOT CAUSE ANALYSIS 

The investigative method outlined in section 4 was used to identify and analyze potential root causes 
for the problem. Three componenw of each root c a w  that was identified during the investigation stage are 
documented. First, observations of factual matters and perceptions of what went wrong and why are 
enumerated. These observations are based on interviewing staff members. inspecting pertinen project 
documentation, and reviewing the results of QA Audit 97-01. Second. implications with respect to product 
quality. timeliness, and the like are identified based on an interpretation of those observations. &cause of 
the interrelationship between these first two items. they are discwscd together in a single subsection within 
each root cause. Third. specific recommendations for preventing recurrence of the observed problem a d o r  
mitigating its effects are made, as summarized in section 2. 

The investigation and evaluation suggest that four root causes underlie thc observed problem. 
although those interviewed named other more specific root c a w s  that are treated as subsets of these four. 
The root causes are (i) failure to secure adequate participation of NRC staff in code development; (ii) lack 
ofaccuracy and consistency in the planning process; (iii) imdquate communications and dissemination of 
information, including identifying and reportmg problems; and (iv) deficiencies in quality assurance practices 
and procedures. Each of these root c a w s  is discussed in the following sections. 

5.1 Partkiptho of NRC Stan in Development 

It appears that the fundamental underlying problem is that CNWRA developad thc TPA Versmn 3.0 
code alone. without the benefit of NRC partic- as was the casc for IPA-2. Lack of NRC staff 
participation in code development had collateral effects on the plannmg process and communications. in 
particular, which are discussed in sections 5.2 ard 5.3. respectively. The following discussion explores this 
root caw in its historical and programmatic context. 

IPA-I was conducted almost solely by the NRC staff, since the CNWRA had not yet staffed up in 
this technical area. While it was an important initial effort. the IPA-I activity did not develop the integrated 
software and breadth of staff expertise that will be required for repository licensing. 

In an effort to improve the effectiveness of the IPA effort, 1PA-2 was undertaken as a join 
collaborative effort with approximately qua1 numbers of staff from thc NRC and CNWRA. Furthermore. 
a three-member management oversight board was established that comprised representatives of the NRC 
DWM, NRC DRA, and the CNWRA. Two team leads were selected from each of these three organuations 
to manage code development, testing, and operations, as well as proQctiOa of a comprehensive repon on 
thc results of the work. TPA Version 2.0 was developad as part of this effort. This endeavor was wldely 
judged to be a norable success. 

Despite the success of PA-2. the developmed and, conduct of thc IPA-3 program took a differen 
approach. Following an extended period of planning that began sbortly afur IPA-2 was completed. Phase 
3 code developmea wasconducted with thc CNWRA as the lead widr only minor NRC staff involvement. 
It is nocewonhy. however. that the CNWRA carried forward into Wsse 3 TPA code developnent several 
lessons leamd IPA-2. These included (i) selection of an individual as PI for the TPA code 
modification effort who had an exceptionally high level of familiarity with TPA Version 2.0; (ii) adoption 
of the recommendations for code improvemenu noted in the IPA-2 flml repon. to the exten permitted by 
time and resources allocated to the effort; (iii) modification of the basic architecture of the code to make the 
code easier for a broad cross-section of NRC and CNWRA staff to use; ad (iv) retenion of the 
methodology for risk calculation in TPA Version 3.0. 

For the first three months of FY97. CNWRA assumed the rok of sole developer. consisccnt with 
allocated resources. As a result, the wealth of knowledge and experience developed during 1PA- 1 and IPA-2 
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were largely unfapped by the CNWRA, and the broad base of support mdcd to modify the code and gam 
acceptvre of TPA Versioa 3.0 w a ~  not developed. This approach a h  had the unintellrionol effect of 
excluding a number of senior staff ftocn thc process. The princqd NRC participant during this time-frame 
was the PEM. 

5.2 Accuracy and Codslency of tbe plrvrninl Pnrceao 

General planning for IPA-3 took place over an extended period. although essentlally 110 code 
development work was done prior to FY97. The timetabk for Congressional budget decisions delayed proper 
planning for the FY97 scope of work, including that related to TPA code development. Sigmficanty. 
CNWRA operated withour the benefit of a revised plan until December 27, 1996. three months after the 
beginning of the fiscal year and a little over one month after NRC first expressed concern regardmg TPA 
development. 

An examination of the planning process that accompanied TPA code dcvelopnent is enlightening. 
The CNWRA developed Revision 8. Change 0 of its Operations Plan for FY97 chat was submittcd July 26. 
1996. and approved by NRC shortly hereafter. This plan called for modification of thc TPA Version 2.0 
code, but provided relatively little detail regarding what would be Qac and who would do it. The descrqxion 
stated that the planned activities would include (i) modifying tbe code to make i more representative of the 
YM setting and current repository design, (ii) formulating and developing improved abstractions and 
consequence modules. and (iii) modifying the outputs to match new regulPtory requiremenu. Whik implying 
that a rather substantial revision of the code was planned at that time, the &scripion did not state that a new 
architecture would be adopted for TPA Version 3.0. The completion date for the code modifications and w r  
guide was established as August 29. 1997. 

Following the budget cut, a complete rephung effon ensued. The former NRC PEM led this 
replaruung effort, which included tht CNWRA PI. EM, and Technical Director (TD). and involved meetmgs 
with the KTI leads. The revised Operatioas Plan (i) provided a much more completc description of the scope 
of code development, which implied an increased scope of work; (ii) redirected the overall TPA effon to 
focus on sensitivity analyses; (iii) mainr?incd resources ellsentially unchanged relative to the July 26. 1996. 
Operations Plan; and (iv) accelerated the due date for completion of TPA Version 3.0 some 5-1/2 months 
to March 17. 1997. The description of the planned activities provided in Revision 9. Change 0 of the 
Operations Plan, which was issued December 30. 1%. states that 'using the IPA Phase 2 version of TPA 
as a starting poin. a new version of the code will be developad for use in the KTI sensitivity analyses. " The 
phrase *new version" was used no kss than three times in the brief oac-puagrapb dcscnption. seemmgly 
leaving link doubt that a major revision was planned and. in fact. waa well underway. T'hc language in 
Operations Plan Revisions 8 and 9 nomibutanding. electronic mail records and recollections of agreemenu 
reached in meetings suggest a much more modest endeavor was to be undertaken. Tht NRC staff generally 
considers that thc resources and schedule were appropriate for the modest changes they envisioned. This is 
discussed funher in section 5.3. 

This analysis c o ~ l u d c s  drat the plan and schedule were fundamentally flawed from the outset in one 
or both of two ways. First. thc scope of work was insufficicnly d e f d  in the operations plan to provlde 
a clear, complcrc. and unambigwus determination of what was to be accomplisbcd. Several NRC and 
CNWRA staf f  members agreed that ncitber a common expectation of what was required nor a uniform vlsion 
of how to fulfill that expectation was achieved. Some suggested that there was not a recognition of thc extent 
of changes that were required to accommodate DOE revisions to the repository design and aniclpated EPA 
revisions to the stmdatd. Secoad. resoufces were inadequlte for tk s c o ~ e  of work that was executed. Ttw 
CNWRA clearly undertook a task tbat was much larger than could be complered while mahirung its 
traditionally high quality standards. Furthermore. resources allocated to the NRC staff were insuffiicient for 
them to play a leaderdup role from conceptualization through evaluation of the code modifations. 
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The CNWRA did not obtain consensus on the scope Of work. nor idenufy and seek to correct thc 
perceived discrepancy amoq scope. schedule, and feSOulce allocation. Three vehicles are rczdily avadaMe 
for notification of such C O ~ C ~ N  and implementation of associated churges: (i) Operations Plan 
modificltions. although these plans tend to be general in future; (ii) the Program Maruger's Periodic Report 
(PMPR); and (iii) technical direction. which may be requested by the CNWRA or unilaterally provided by 
the NRC. None of these vehicles was effectively used to identify or address perceived inaccuracies and 
inconsistencies in the planning process. 

If is clear in retrospect that communications were inadequate throughout the TPA Version 3.0 
planning and development phases. Most of those interviewed cited inadequate communications as the greatest 
contributor ro the TPA code development problem. The levels, effectiveness. and. perhaps. frequency of 
communication were not adequate for a project of this complexity. Regular ongoing discussions were talung 
place. however, at the PEMEM and PO/PI level throughout the course of planning and implementing TPA 
Version 3.0 code development. These discussions were expanded to include the CNWRA TD durlng the 
December 1996 to January 1997 rimeframe. Early indications of differences in perspective regarding the 
approach to TPA code development should have been raised up the managemen chains w i h  the 
organizations. but this was not done for a considerable time. 

C o ~ e s p o n d c ~ ~ e  from the director of DWM to the president of the CNWRA udicaus that at least 
some at NRC believe the CNWRA has not been forthright in its communicarions with the NRC. An 
alternative perspective on the apparent lack of forthrightness that the NRC reported may be gained from 
considering that (i) communications among the key CNWRA and NRC staff were limited to relatively few 
individuals; (ii) changes in management and lead technical staff took place within both organizations duriq 
the critical time of Operations Plan modification. SRD preparation. and early TPA code development; 
(iii) the understanding of the CNWRA PI and EM regarding what code modifications were required 
continued to evolve throughout this period; and (iv) different meanings were ascribed to terms that were 
central to developing a clear understanding of what was and was not being done (e.g., 'architecture"). 

Talung into consideration thc information provided in the context of both of these perspectives, thrs 
lessons I d  analysis was unabk to determine conclusively whet&r informaton was being deliberately 
withheld from the NRC. or whether the apparent lack of forthrightness was simply a reflection of evolving 
understanding on the part of thc CNWRA EM and staff. Elemears of both perspectives were clearly evident 
in the interviews and were undoubtedly contributors to the commULLic(lti0ILI probkm. 

An attempt was made to identify factors that contributed to the inadequacy and an apparent lack of 
openness in communications between the staffs. Several contributing factors were identified thfough the 
interview process. These included (i) a lack of a common vision regard@ both rhe changes required to du 
TPA Version 2.0 code and the funbmenal approach to be used in develop@ Version 3.0; (ii) a sense that 
there was a lack .of accqtance of IYW and different ideas; (iii) an unwillingness to involve a broad and 
diverse range of staff q t& process; (iv) beginning in early 1997. a tendency to rapidly elevate matters to 
senior managmew before the issue was worked at the staff or section leader level; (v) time constrainu on 
both staff and managemen at the NRC and CNWRA that allowed relatively link time for thoughdul 
interaction. exploration of new ideas, and consideration of alternative views and approaches; and 
(vi) inadequate documemtion of verbal agreements. 

A fml factor that should be considered is the overall role of the CNWRA managemen in the 
identification and communication of budding problems and solutiOm to such problems. The late 
determination of thc budget. delays in the planrung process. and the press of business may have resulted in 
a de fact0 'managemem by exception" approach at the CNWRA. In addition, senior CNWRA mamgemeu 
took a position early in 1997 of lessening day-today involvemen in TSPA activities to foster a stronger 
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w o r m  relationstup at thc EM-PEM level. Ehxh of those actions played a role in (i) dimmshmg the 
effectiveness of cornmunicztion within the CNWRA and with the NRC and (ii) allowing h n g s  to progress 
to where a signrfic;mt probkm developed before the full attention of management was brought to bear. 

5.4 Quality ksunmce Rpctlces and Rocduns 

All scientific and engineering software that is obrarned. modified. or developed by the CNWRA and 
is also intended to be used to conduct analyses in support of regulatory reviews is required to be under 
configuration control in accordance with TOP418 'Development and Control of Scientific and Engimring 
Software." The controls implemented through TOP418 include requirements for (i) a software requirements 
description. (ii) design and development. (iii) design verifxation, (iv) installation testing. (v) configuration 
control. (vi) software problem reportmg and resolution. and (vii) sofnvare validation. The specific controls 
applied depend on rhe software category. Any particular item of sofnvue is assigned to one of three such 
categories: (i) developed or modified software. (ii) acquired or exist@ and not to be modified by the 
CNWRA. and (iii) acquired or existing and to be modified by the CNWRA. The development of the TPA 
Vwsion 3.0 code that is the subject of ths analysis falls within the first category. 

of 'beta" versions of rhc CQ& . Thc CNWRA transmtrtcd variations 
of the TPA Version 3.0 code on March 14. April 4. and April 16. 1997, the last datc being thc offlral 
release date of thc codc. Although QA Audit 97-01 reponcd that these versions were transmiad without 
proper discrimination among versions. this does not appear to be true upon furthtr investigation. The lead 
code developer has since confirmed that the code output files indiclfc distinct version numbers (e.g.. 3.0 
beta, 3.m. etc.). C o ~ e s p o n d c ~ ~ e  used to transmit thcse early versions was not c l w .  however. regarding 
either the alphunrmerical designation or state of development of the code. This kd to confusion and, to at 
least sunc degree, a sense among the NRC staff that thc CNWRA was misrepreseniag thc product that was 
delivered. 

. .  

The QA audit a h  questioned whether the approach of providing a client with incomplete versions 
of a code was wise from a contractual perspective. The independent analysis by the SwRI SED evaluator 
raised similar questioas, and recommended against the practice. It u the view of the CNWRA. however, 
that early transfers of codes are essential when the CNWRA and NRC are jointly developing a code. This 
approach was used successfully during IPA-2 and was also pursued in developing TPA Version 3.0, although 
the NRC staff was not involved until much later in the process. 

CNWRA staff interviewed as part of this lessons leamd indicated that evolvmg requirements 
(particularly during 1997) and late inputs from participants (some were received on the ship date) were 
s i g n f w  contributors to the quality assurance aspect of dw problem. Although considcrabk module testing 
was accomplished. testing of the integrated code was minimal. 'These comrnens have merit. In the broader 
context. however, the chvlges directed by NRC staff were required becluse of tnadquacies in 
communications, insuff-ieat definition and agreement regarding the scope of required code revisions, and 
significant s e m i n g s  in thc delivered code. 

. Although each version of the TPA code was properly and 
uniquely identified, a key collcern of the QA audit, noly of the early version, of the code met NRC 
requirements and expectations. A proper technical and programmatic review of the code following QAPMn 
'Review of CNWRA Documens, Reports. and Papers." performed agahst an appropriate standard of 
acceptability should have identified shortfalls relative to both technical a d e q u r y  and contractual 
requirements. A QA 'stop work" on the transmittal would have prevemed traDsmittpl of the initial and. 
perhaps. subsequent beta versioru of the code. 

. .  Review 

Early evaluations of the appropriateness for a stop work order identified two factors that suggested 
that a stop work order may not have been an appropriate action in this case. First, TOP418 is not explicit 

7 
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regarding distribution and use of beta versions. Second. the NRC had specificply directed Y- of the 
code so thot it would be availabk for early test and evlhution by the NRC staff. As this lessons l e d  
evahution progressed anti additional informuion was developed, however. it became increaS@y c ~ e v  thu 
a stop work (i.e., stop delivery) was an appropriate action to consider. Although differing staff perspectives 
regarding thc expected state-ofdevelopment of the code transmitted March 14th persisted dvougbout this 
evaluation. written documentation clearly establishes that this milestone did llot meet the contracaul 
requirements. 

[ t . Several probkms have been identified with the SRD 
developmen process and the SRD content. Aspects of some of these problems were identified durirq h e  
annual QA audit, while others were identifxd during this  lesson^ learned analysis. Key poinu iaclude 
(i) although several draft versions of the SRD were provided in late 1996, a fiML SRD was not transmined 
until January 28, 1997; (ii) substanrial work was done before the SRD was approved and approval occurred 
only one momh before the code was delivered; (iii) a parallel approach to SRD and code developmen was 
pursued beclwe of thc stringent schedule; (iv) some saw ambiguity in h e  TOP418 requiremen that an SRD 
should be 'prepared prior to significant development or modification of computcr codes; " and (v) the level 
of detail of the SRD was insufficient to fully inform the NRC of the extensive NN~C of the changes to tht 
code that were envisioned by the CNWRA. 

The SwRI software quality assurance expert involved in QA Audit 97-1 made strong Statements 
regarding the lack of recognition by the CNWRA staff dru *dWy are members of a software developmen 
organhack." In addition. he implied hat an approach such as du Capability M a n ~ y  Model (CMM) of 
tbc Software Engineering Institute (SEI) could provide more timely and less expensive software developmen. 
The CNWRA management maintains that its smff dcvelo~s software as tools for problem-solving and, 
coruequcnly, are not software developers in thc model of the SEI. Furthermore. the CMM requires 
particular mvrasemery structures. procedures. and protocols chat are markedly differen from those in w 
at tht NRC. Because joint CNWRNNRC code develapmen h the preferred paradigm, thc suggested 
approach could not likely be implemented. since it wouM drive organizational changes at t& NRC as well 
as at the CNWRA. 
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03/94 

11/95 

7/96 

1 0196 

11/96 

12/96 

CNWRA submitted a report on input to the [PA-3 plan. 

Completed (PA-3 planning; plan submitted by NRC PEM for management approval prior 
to implementation. 

CNWRA Operations Plan Revision 8. Change 0 submitted 7/26/96; delivery date for TPA 
Version 3.0 established as 8/29/97. NRC approved the plan 9/3/96. 

Development of TPA Version 3.0 began. 

CNWRA staff noted significant changes were being made in Phase 2 code to make it 
easier to use. NRC staff believed that the Phase 2 architecture was still being used and 
had some reservations about some of the changes. 

CNWRA Operations Plan Revision 9. Change 0 submitted 12/30/96. incorporating 
significant revisions in the scope and description but not the resources allocated to TPA 
code development; delivery date for TPA Version 3.0 w i s e d  to 3/17/97. NRC approved 
the revised plan 1/31/97. 

12/96 The NRC PEM and Project OtXcer (PO) were changed. 

12/96-1/97 NRC staff expressed concern to CNWRA about not being informed of major changes to 
the code and noted the programmatic significance of the code. 

1/97 In an HLW Board meeting, the CNWRA staff infonned NRC that the Phase 2 architecture 
had been abandoned. NRC indicated hat they were not aware of the decision to develop 
a different code architectwe. CNWRA provided rationale for using a different 
architecture. 

1/97 

1/97 

1/97 

2/97 

2/97 

In another HLW Board meeting, senior NRC management noted that the HLW Board had 
agreed to usc the Phase 2 architecture and that any changes to that architecture w e n  to 
be brought to the Board. 

The CNWRA formally transmitted a Softwan Requirements Description (SRD)  to the 
NRC for comment (note that one or more drafts wcrt previously provided to the NRC). 

Partial “beta” version of code informally delivered to NRC. Major components of analysis 
wm not included in this version (e.g., NEFTRAN). 

NRC kutiously a g m d  to move forward with TPA Version 3.0 architecture rather than 
returning to the Phase 2 architecture. CNWRA and NRC staff were questioned by the 
HLW Board about whether the 3/17/97 delivery date for a code capable of doing 
sensitivity studies was achievable; CNWRA did not raise any objection to that date when 
an affirmative answer was given by NRC staff. 

NRC sta!T discovered in testing the “beta” version of  the code that the SNL Latin 
hypercube sampling (LHS) module had been rtplaccd with a code of lesser capability. 
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2/97 

2 9 7  

3/97 

3/97 

This action had not been discussed with NRC staff and was judged to be in direct 
contradiction to previous agreements. 

NRC staff accepted the TPA Version 3.0 SRD with the stipulation that the code to be 
delivered on 311 7/97 would be sufficient to conduct sensitivity analyses. 

The DWM director sent a letter to the CNWRA president that noted concerns about the 
lack of CNWRA communication of major changes to the code. The letter specifically 
identified removal of the LHS module as an example. 

The CNWRA president Sent a letter to the DWM director that noted and took 
responsibility for problems in communication, but suggested that significant changes in 
management of the program may have been a contributing factor. 

TPA Version 3.0 was received by NRC on 3/17/97. The transmittal letter noted that TPA 
Version 3.0 had been run and the results checked for reasonableness. It also noted the 
CNWRA intention to freeze the code after shakedown tests w m  completed. Then was 
no indication in the transmittal that this was a "beta" version of the code. 

3 19 7-419 7 NRC staff WTied out an extended acceptance review of the TPA Version 3.0 code, 
including functionality testing. Staff found that the code (i) had major functionality 
problems that led to indefensible mults, (ii) was not sufficiently developed to perform 
sensitivity studies, and (iii) had not been adequately tested and verified. NRC staff also 
questioned the adequacy of implementation of the QA procedure TOP4 18 "Development 
and Control of Scientific and Engineering Software." 

5/97 

5/97 

6/97 

7/97 

7/97 

7/97 

NRC staff rejected the TPA Version 3.0 code becausc it did not meet the requirements 
in the operations plan and the expectations laid out in the NRC accqtance review of the 
SRD. 

CNWRA responded to non-acceptance of the code, suggesting that the 31 17/97 deliverable 
was a "beta test code," indicating that controls had been put in place to eliminate the mot 
cause of problems, and a g e i n g  to a delivery date for a functional code on 8/8/97. 

The annual internal QA audit of the CNWRA found that TOP-018 was not effectively 
implemented in TPA Version 3.0 code development, and CAR 97-03 was issued. 

NRC staff visited the CNWRA to assist in testing the revised code. A consensus 
developed that the code would not be ready for sensitivity studies on 8/8/97. 

NRC staff briefed the NRC management on the status of the code and noted that it 
bclieved'a hurctional code could be available by 9/8/97. 

In a document titled "Actions and Agreements for Completion of Total-System 
Performance Assessment Code", it was agreed that CNWRA would supply a functional 
TPA Version 3.1 code on 9/8/97 with a limited u s d s  manual. Full testing and 
verification will be completed by 3/98 to support VA review activities. 

1-2 
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7-8/97 CNWRA transmitted evolving beta versions of the TPA code for testing by NRC and 
CNWRA staff; ongoing code verification and associated modifications werc conducted 
under TOP-0 I8 using Software Problem Change Requests (SPCRs) to document changes. 

9/8/97 Delivered the TPA Version 3. I code to NRC, together with sufficient instructions to load 
and execute the code. 

1-3 
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October 21, 1997 c\ 1 3 5 6 !-+ 3CT 27 

Dr. Robert G. Baca 
Performance Assessment Element Manager 
Center for Nuclear Waste Regulatory Analyses 
6220 Culebra Road, Bldg. 189 
San Antonio, Texas 78238-51 66 

Dear Dr. Baca: 

SUBJECT: ACCEPTANCE OF TPA VERSION 3.1 COMPUTER CODE (IM 5708-762-730) 

On September 5, 1997, the C i W W  submitied ti16 totai system pi hrmanr;e crssesstnen; ux1e 
(TPA Version 3.1) as partial fulfillment of Intermediate Milestone (IM) 5708-762-730 (Updated 
User's Guide for TPA Code) which had been previously submitted and not accepted by the 
NRC staff. This is to inform you that we have tested and evaluated the TPA Version 3.1 code 
and find it acceptable to perform the process-level sensitivtty studies and, therefore, consider it 
to be an acceptable deliverable based on the specifications in the CNM/RA Operations Plan. 
This acceptance of the TPA Version 3.1 code is considered partial acceptance of IM 5708-762- 
730 because full acceptance of the IM must await submission of the User's Guide that 
accompanies the code. The User's Guide is now expected to be delivered to the NRC on 
December 12,1997. 

CNWRA staff within the Total System Performance Assessment and Integration Element are to 
be commended for their dedication and strenuous efforts in producing what we now believe is a 
code that provides NRC with considerable flexibiltty and significantly improves upon preexisting 
computational tools. Atthough continued testing of the TPA Version 3.1 code during the 
sensitivtty studies could result in the identification of changes that need to be made to the code, 
this is considered part of the normal "debugging" associated with code verification. 

I believe that the TPA Version 3.1 code reflects the excellent team effort that has taken place 
between NRC and CNWRA staff over the past 5 months. We should both strive to ensure that 
working relationships between NRC and CNWRA staff continue to improve. If you have any 
questions, please contact me at (301) 415-7289. 

)Is hi '  & 
' \  

Keith I. McConnell, Element hanager 
Total System Performance Assessment and 

Division of Waste Management 
ofiice of Nuclear Material Safety 

Integration KTI 

and Safeguards 
xo n w  

cc: J. Linehan, PMDA 
B. Meehan. CMBlIADM 
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DATE: September 23,1997 
6 / h u 7  z-d -5- 4- -.+ 4& rc.d TO: W. Patrick, B. SWU, B. M.brit0 ) ( ? L i c X f ~ ~ ,  

A? LkArz, 4fmtWh AmkO 4 . 5 7 9 - 0  
FROM: M. Ahola, P. Lichtner (chairman), S. Mohanty, W. Murphy, @r3 /d / /V /17  /3 Ai-sS 

'cL andJ.Stamatakos n*'s -d+ &d 
dcrw-Us I r r r c J t r r  
crtfr /F d-7. F0-00& 

/. / & A r e  r.rd 
SUBJECT TOP-01 8 Revision Committee Recommendations 

Consensus was reached regarding recommended changes to TOP-018, Development and Con- 
trol of Scientific and Engineering Software. These recommended changes arc based on the results /=,?=- 
of the CNWRA internal audit described in Audit Report 97-1. Specifically, the audit report recom- 

k'A mc eB4 
mended that a team comprised of code developers and users should be established to better define AC pb/-,,,& 
TOP-018 requirements. The committee also took into consideration the contents of the letter to H. 

5. In this letter Ms. Fortuna recommended that the technical staf€ should assume "ownership" of 
TOP418 to ensure effective implementation of the procedure. The recommended changes to TOP- 
018 follow the comments offerad by S. Dellenback regarding Division 20 software development 
procedures in his memo dated August 10,1997 to W. Patrick and R. Cuxtin. 

Dellenback emphasized the need for a Sofiware Development Plan (SDP) in addition to the 
Software Requirements Description (SRD) already required by TOP-018. In addition, he noted the 
need for an Acceptance Test Plan (ATP) not currently called for in TOP-018. The purpose of the 
ATP is to demonstrate to the client that the code development outlincd in the SRD and SOW has in 
fact been fulfilled. 

4- Garcia from S. Fortuna dated July 8,1997 on the subject: Approval of CNWRA TOP-018, Revision m h d g  7 

Dellenback raised 5 specific issues: 

(i) Tailored software development procedures need to be identified for each software develop- 

(ii) Software requirements must be more thoroughly documented in the SRD and formally re- 

(ii) Mort documented testing needs to occur which should be formally documented in an AT". 
(iv) Quality of source code is inconsistent and does not adhere to generally accepted software 

(v) Non-Computcr Science trained staff are developing and delivering software. 

Each of these items was addressad by the committee. The committe's recommendations are 

ment project in a pject-specific SDP. 

viewed with the customer. 

engineering practices. 

discussed below. 

(i) The committee agreed that Preparation of a SDP should be included in TOP-018. Dellenback 
noted that: 

It is very &#cult to write a sin& set of sof?ware development p m e d w e s  with any 
substance that can logically apply to all sopwatc development pmjccts. Each sof?ware 
pmjcct nee& to tailor TOP418 to best fit the requirements of the pmgram. 
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The committee felt that this was especially true of the CNWRA where a great variety of codes are 
being developed (TPA, MULTIFLO, 3DSTRESS. ...) or modified (VTOUGWCTOUGH, EQ3/6. 
...). Each code has a different purpose and different level of visibility with clients. The TPA code 
has input fiom many individuals both at the CNWRA and the NRC and a multitude of users. As 
such it qu i res  special considerations to document changes in the code and to coordinate new 
releases to the users. MULTIFLO currently is being developed by two individuals, P. Lichtner and a 
consultant (M. Seth) and does not have the same level of visibility as does the TPA code. However, 
MULTIFLO is also being marketed in WFO and may have other requirements. 

TOP418 would be altered to provide general guidelines for developing a SDP. The SDP would 
provide an interface to TOP418 for each code being developed or alteration of an existing code. 
The purpose of the SDP is to interpret how TOP418 will be applied to a particular code. Future 
audits would need only refer to the relevant SDP, rather than TOP418 itself. Each code developer 
would need approval from hidher element manager, QA, and the software development board to 

implement the SDP. The SDP appeared to be the most flexible approach to meet the needs of the 
CNWRA, where codes with widely varying requirements dre being developed. The SDP would 
detail specifically for each code being developad at the CNWRA: . styleguideline 

0 configuration management 

. changes to baseline . changequests 

0 issuance of new releases 

0 Acceptance Test Plan (ATP) 

Those parts of TOP418 that refer to detailed requirements, such as preparation of an SPCR form. 
would be deleted as this function would be provided by the SDP tailored to each code's particular 
needs. Othcr suggestions ma& by Dellenback, such as the ATP, would be optional and would also 
be detailed in the SDP, rather than in ToP418.othtr recommendations werc to include Cook et al. 
as an appendix to TOP418 so that a capy is easy for the developer to locate. 

(ii) The committee agreed that the SRD requirement as currently implemented in TOP418 was 
adequate, but that the length of the SRD should not be restricted arbitrarily, but decided by the 
developer and project manager. In addition tk committee agreed that the SRD should kcom an 
intermediate milestone and reviewed by the client (NRC) for appropriateness and buyoff. 

(iii) In its present form TOP418 does not call for an ATP document. Tesung of code is docu- 
mented in the developers scientific notebook. Tht committee felt that a fonnal ATP could be useful 
in certain instances to demonstrate to the client that what was stated in the SRD was actually carried 
out. 

(iv) The committee agreed that style guidelines should be spelled out in the SDP and adhered 
to during code development and subsequent modifications. The tendency has been to consider code 

2 



"good enough" if it works. However, a recurring issue at the CNWRA has been code reusability 
and clean code could certainly help in this regard. As noted by Dellenback (private communication 
to P. Lichtner), however, writing "good" FORTMN code scems to be a virtually impossible task. 
Object oriented programming languages have been specifically developed to deal with thc issue of 
code reusability, but such languages in their present state of development may not be appropriate 
for number crunching codes such as MULTIFLO. 

(v) The committee felt that this item was a management decision and fell outside the scope of 
TOP-018. It was agretd that CNWRA stafi are primarily concerned with producing results useful 
for analyzing specific problems such as disposal of nuclear waste at Yucca Mountain. Codes are 
generally viewed as a means to an end and not an end in itself. Considerations of budget and time 
must be addressed as well because hiring a professional software developer would be expected to 
greatly increase the cost of software development and could prolong the time to complete coding. 

The committee's next step, if management gives approval for the direction outlined in this 
memo, would be to modlfy TOP418 in accordance with thc suggested changes presented above. 
Much of TOP-018 can be left intact. Sections 5.4 Design and Development, 5.5 Design Verifi- 
cation, 5.6 Installation Testing, 5.7 Configuration Control, 5.8 Software Problem Reporttng and 
Resolution, and 5.9 Software Validation, would be modified and/or replaced by guidelines for p r e  
ducing the SDP including o p t i d  development of an A n .  The SPCR form would be eliminated 
and replaced by guidelines far impkmcnting change control as detailed in the SDP. The committee 
feels that implementing the plan to improve TOP41 8 as outlined in this memo would provide a flex- 
ible approach to computer codc management and would improve the quality of software developed 
atthCCNWRA. 

3 
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August 10. 1997 

MEMORANDUM 

TO: Wes Patrick 
Rich Curtin 

FROM: Steve Dellenback - 5 ~ ~ 0  

SUBJECT: Division 20 Software Development 

I have had the opportunity to discuss Division 20 software development procedures with 
various personnel within Division 20. Additionally. I have been provided a variety of 
documents and source code to review. My primary contacts have been Peter Lichtner and 
Sitakanta Mohanty. 

A summary of my insights would include: 

Software Development Procedures: Division 20 utilizes a document entitled 
"Development and Control of Scientific and Engineering Software" (aka TOP-018). 
This document provides an overview of how software should be developed within the 
Center. While this document presents some good concepts, the concepts need to be 
applied in a different fashion to different programs (i.e. the document is not a -cure 
all" for all projects). It is very difficult to write a single set of software development 
procedures with any substance that can logically apply to all software development 
projects. Each software project needs to tailor TOP418 to best fit the requirements of 
the program. 

By contrast, the Software Engineering Department (SED) has a set of software 
development p r d u r e s  that is currently several hundred pages long. These 
procedures are based on the Software Engineering Institute's (SEI) Capability Maturity 
Model (CMM). The goal of these procedures is to provide "development guidelines" 
and "best practices" which can be tailored to individual project requirements. The 
practice of having a set of software development procedures at an organizational level, 
which is tailored to specific project needs, is common in the industry today. The 
software development procedures are typically tailored via two mechanisms, tailoring 
guidelines (which are normally part of the procedures themselves) and a project 
specific Software Development Plan (SDP). Tailoring guidelines describe what must be 
done as well as what may be modified with suggestions as to "why" the tailoring might 
occur. It is controlled adaptation based on specific project needs and constraints. The 
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SDP details which parts of the software development procedures will be utilized and 
how they will be used. 

One of the major issues that were identified during my review/discussions is that there 
was no consensus as to how 'change control" should be implemented. While change 
needs to be carefully controlled to minimize "requirements creep" (which can impact 
cost and schedule), it is important to have a "change control" process that does not 
overwhelm the project. Generally accepted software engineering practices implement 
formal (i.e. written forms) "change control" once a product is delivered to the 
customer (termed the "baseline"). If modifications need to be made to the baseline, 
formal "engineering change request (ECR)" forms must be generated to document and 
track the changes. The number of changes that can be incorporated into a single ECR 
varies based on the development program requirements (the change control process is 
detailed in the SDP). 

&: Specific software development procedures need to be identified for each 
software development project in a project specific SDP. This document needs lo 
describe responsibility guidelines and provide significant detail on rules. practices, and 
conventions that will be applied on the project. This document should also describe 
how "change control" will be implemented. 

Recommendation: Develop "tailoring" guidelines to accompany TOP-0 I8 lo 
specifically Ycustomize" each software development effort. For significant 
development efforts, consider developing a document similar to a SDP; for small 
development efforts or software maintenance efforts, a "blanket tailoring guideline" 
should be developed. 

Change control needs to be better defined. Because Division 20 has a variety of 
software development programs (in the sense that development activities widely vary). 
there needs to be more than one way to handle change control. The selected method for 
each project needs to be completely documented in the project SDP. 

Software Requirements Document: From a SwRI software development perspective, I 
believe the most important document that we produce is the Software Requirements 
Document (SRD). Although design documentation is important, from a contractual 
relationship with our customers, the SRD is the "defining" document for what SwRl is 
to perform. According to the software engineering literature. the most prominent 
cause of problems during software development projects is "mis-set" expectations. that 
is. the customer expects one product and the developer provides another. The SRD is 
a mechanism, which can formalize "what", the software is to do. In SED, we develop 
a significant amount of the contents of the SRD during the proposal stage (we have to 
in order to determine project costs). I realize Division 20 has a relatively unique 
contracting relationship but more effort needs to be spent on requirements. 

Once the SRD is complete (this document could vary in size from very shon for a 
simple project, to quite lengthy for a large, complex project), the contents of the SRD 
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need to be formally reviewed with the customer. Written customer feedback and/or 
concurrence with the SRD should be received from the customer. Once the SRD is 
approved, any requested changes must be formally submitted and considered for cost 
and schedule impacts. Note that even a well-written SRD will have -gray areas". 
There are always TBDs. Requirements may not be fully known until the project is 
complete. The software process needs to flag and monitor these TBDs to assure that 
the development is a controlled effort and not a chaotic effort. Processing of TBDs 
and change requests should be done in written correspondence (we use e-mail for this 
in many cases). 

I t  should be noted that a complete and well-written SRD does not assure that no 
"issues" will arise with the customer. It does provide a 'framework of expectations" 
which is important to be documented in the event that one of the project principles 
(either the customer or SwRl key team members) leaves the project. 

Issue: Software requirements must be more thoroughly documented and formally 
reviewed with customer. 

Recommendation: Initiate the development of a 'classical" Software Requirements 
Document (SRD) whose 'length" is not arbitrarily limited. Once the customer accepts 
the SRD. any change in requirements must be formally tracked using a well- 
documented procedure. 

0 Testing: At the heart of almost all 'software problems" is a lack of testing. There are 
many reasons for this lack of testing. the most common is the lack of time. Software 
Engineering journals suggest that approximately 30% of the software development time 
should be spent 'writing code". The balance of the time is in requirements. design. 
documentation and testing. Quality testing starts at well-defined requirements (see 
SRD above). In order to test, you have to fully understand what you are testing for. 
While 'ad hoc" testing will identify problems, it should not be considered formal 
testing. Three levels of testing should occur on ANY software delivered to a 
customer: 

Unit Testing: Testing performed by the developer at the 'module" level to 
thoroughly exercise the "structure" of the code and to assure that individual 
subroutines/functions generate expected results. The unit tests themselves, as well 
as the results of the unit testing should be informally documented (hand written 
tests/results are acceptable). 

Integration Testing: Combining "modules" to assure that an operational system has 
been put together. Integration test cases, as well as the results of the integration 
testing should be documented (the level of documentation depends on the 
complexity of the system being developed). 

Acceptance Testing: The process of getting the customer's concurrence that the 
requirements (detailed in the SRD) have been successfully implemented. The 
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Acceptance Test Plan (ATP) needs to be a formal document that the customer 
reviews and approves prior to acceptance testing being initiated. The ATP should 
ONLY include tests to demonstrate that the requirements (detailed in the SRD) 
have been implemented. Failures during acceptance testing should be formally 
documented and corrective action needs to be detailed. At the conclusion of the 
acceptance test. the customer should 'buy-off the system. 

Issue: More documented testing needs to occur. 

Recornmendation: Develop formal ATP procedures for A N Y  software to be delivered 
to a customer. 

Software Implementation: I t  is my observation that the Institute's technical Divisions 
closely review reports/letlers that are sent to our clients. We assure that these 
reports/letters adhere to standards that the Division has established. 1 spent time 
reviewing the software that has been produced; while some of the code was well 
documented and meets generally accepted software engineering practices. a vast 
majority of the code (over 75%) needs significant modification to make the source code 
"consistent" and "maintainable". I was not reviewing the code to see "if it works", 
rather I was reviewing the 'style" of the code and trying to assess the "maintainability" 
(by either SwRl staff or the client's staff). While the "science" behind the software 
developed by Division 20 is complex, the style of implementation makes the code very 
difficult for anyone other than the author to modify. If  we are delivering source code to 
a customer. software standards must be established and we must assure that software 
developed meets the same high standards we have established for SwRl generated 
reports/letters. 

Issue: Quality of source code is inconsistent and does not adhere to generally accepted 
software engineering practices. 

Recommendation: A "software style guideline" should be developed and all software 
delivered to the client should be reviewed by an independent reviewer to assure 
compliance with the style guideline. TOP418 does reference guidelines but each 
project needs to select a style project specific guideline and adherence to the guideline 
should be independently evaluated. 

Computer Science Trained Staff I realize that this is a sensitive issue but SwRI needs 
to assure that we are delivering quality software products. I realize that much of the 
software that is developed in Division 20 is done by scientists who understand the 
underlying problems they are trying to implement and trying to convey this information 
to a "programmer" would not be a feasible solution. There needs to be a 'line" 
established in which there is a distinction made between software that is developed as a 
"tool" (and used internally to solve problems) and software that is a "product" (that is 
used by the client on a repetitive basis to solve problems). 
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I believe that a clear distinction can be drawn between the two types of software. 
There are many people who can "program" but the art of developing and delivering 
production quality source code is not a simple matter. If software is being used by 
SwRI employees to produce results that SwRI personnel are interpreting. we can be 
more lenient on the quality of the code (because anomalies in the code should be caught 
internally). However, in the cases where we are delivering code for customer 
execution (and validation of significant events). we should probably utilize more 
-formally trained" software professionals to assure that the software meets expected 
Institute quality standards. Another case that should be considered is the case of 
software that produces data that will be delivered, as a product, to a customer. In this 
case, software quality is also a significant issue since the customer may be making 
critical decisions based upon the data SwRl delivers, and the customer will expect that 
the data to be accurate. 

As an analogy, i f  I need to connect two SwRI computers together. I might make my 
own cable (which will be functional but not -pretty"). If I am to deliver the cable to a 
customer, I will either purchase a commercially made cable or I will utilize a SwRl 
technician (who is trained in cable making) to make the cable. The Division 20 staff is 
clearly highly skilled in their technologies but Computer Science is a lot more than 
"programming". 

@: Non-Computer Science trained staff are developing and delivering software. 

Recommendation: Consider utilizing more Computer Science trained staff in the 
software development process or at least consider having a Computer Science trained 
staff member on the weekly/monthly review of all software development projects. 
Note that several members of the QA Department are trained in both Computer Science 
and QA so a single person may be able to fill several roles. If  Computer Science 
personnel are not used on a full-time basis; consideration should be given to 
establishing a structured code walk-thourgh process (using trained software staff). This 
would provide independent insight into the software being developed and would more 
than likely greatly improve the delivered product. 

Corrective action to improve the above areas will not be easily performed in several weeks; 
however, I do believe more rigorous testing could be accomplished before the August delivery 
of source code to the NRC. 1 hope that my insights prove to be helpful. I f  anyone within 
Division 20 wishes to further discuss my comments, please have them call me at the SwRI 
TransGuide offices at 737-2983. 

cc: Susan B. Crumrine 
Peter Lichtner 
Sitakanta Mohanty 
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Mr. Henry F. Garcia PR3JYCT t.7 .-----.---- 
Director of Administration 
Center fo r  Nuclear Waste Regulatory Analysis 
6220 Culebra Road 
PO Drawer 28510 
San Antonio, Texas 70228-0510 

SUBJECT: Approval of Center for Nuclear Waste Regulatory 
Analyses Technical Operating Procedure-018, Revision 5 

Dear Mr. Garcia: 

We have reviewed the subject technical operating procedure (TOP) 
and have the  following comments. The revision has accurately 
incorporated the changes requested to revision 4, change 0, in my 
May 11, 1995, letter to you. I have discussed the deletion of 
the "Software Control Board" with Bruce Mabrito. It has been 
agreed that we will closely monitor the new process, which relies 
more heavily on the Director of Quality Assurance, to ensure it 
will be as effective or more effective than use of the Board. 

The changes which have been made in this revision are considered 
acceptable. However, as you are aware, problems with the Total 
System Performance Assessment (TPA) Software Development wKich 
occurred during the last evaluation period were primarily due to 
lack of effective implementation of TOP-018. This conclusion was 
supported by the results of the CNWRA's internal audit and the 
corrective action request8 which reeulteh from that audit. For 
this reason, it has been agreed-that-TOP-018 w u l  be thoroughly 
reviewed by CNWRA technical staff and the Quality Aeeurance 

revisea, as appro priate, based on their recent 
experience in code development. Further, to ensure effective 
implementation of the procedure, the technical ataff should 
assume "ownershipn of this technical procedure. 

As part of the review consideration should be given to submission 
of software requirements descriptions (SRDs) as intermediate 
milestone6 which will be approved by NRC prior to the beginning 
of code development. The level of detail to be included in the 
SFtDe, as well as-when a modification to the design is significant 
enough to require a revised SRD should also be evaluated and 
agreed too by the Center Quality Assurance Director and the NRC 
CNWRA Operations Program Element Manager and included in the 
revised procedure.. 

c 

The following editorial changes should also be included in the 
next revision. 



Center for NUU "kar waste 
Regulatory Analyses 
62pcu88RA #w) PO. DRAm =lo* SANANlOMO. TEXAS. USA tg260510 
(210) 512-5160 FAX (210) m-5155 I May 1, 1998 

Contract No. NRC-02-97-009 
Account NO. 20-1402-159 

U.S. Nuclear Regulatory Commission 
Am: Ms. Deborah A. DeMarco 
Office of Nuclear Material Safety and Safeguards 
Program Management, Policy Development and Analysis Staff 

Washington, DC 20555 
Mail Stop 8-A23 

Subject: Transmittal of Technical Operating procedure (TOP)-018, Development 
and Control of Scientific and hgmcnng ' Software for NRC Review 
(AI-20- 1402- 159-801) 

Dear Ms. DeMarco: 

Enclosed is the Center for Nuclear Waste Regulatory Analyses (CNWRA) TOP-018. Revision 6. T h ~ s  
CNWRA operating procedure addresses thc NRC c~mmcnts of March 24,1998. The changes requested 
in the referenced correspondence have been madc nsulting in an improved procedure. 

This deliverable is being carried in the Commitment Control Log as Administrative Item 20-1402- 159- 
801. After staff training with the revised TOP418, the Quality Assurance Corrective Action Request So 
97-02 will be completed. We thank you for your assistance in revising TOP-018. which is important for 
both our organizations. 

Please contact me at(210) 522-5252 or Peter C. Lichtncx at (210) S22-6084 if you have any quesuons. 

sincaely yours, --/+ Budhi Sagar 

Technical Dirtctor 
WGilg 
Enclosures 
cc: B. Meehan J. lhoma 

J. Linehan K McConncll 
B. Stiltenpole T. McCartin 
M. Federline W. Patrick 

P. Lichma 
S. Boyanowski (SwRI Contracts, 

J. Greeves 
K Stablein 



-0 -0 4?6 

Theodore Carter, NMSS 
Barbara Meehm, Contract8 
Barbara stiltanpole, NWS C ( 2 0 )  Uncontrolled copies 
Deborah Ddurco, NMSS 
Rore Burn, NMSS 

Tim McCartin, NMSS 
Keith McConnell, NMSS 
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DCS 
Tae Ahn, NMSS 
Mike Bell, NMSS 
John Bradbury, NMSS 
David Brook., kWSS 
Itien chang, NMSS 
Richard Codoll, M S  
Neil Colemm, kWSS 
 NO^ ~i..nb.rg, w s  
Margaret Padorline, M3sS 

Philip Juatw, NMSS 
Bret kmlie, m s S  

' Mymore Natar8j., NMSS 
Jeff Pohle, NMSS 
N. King Stablein, NMSS 
John Thomr,, NMS 

K h  Oa.8 ,  kWSS 

John Trapp, -8 
S U l d r 8  Wa8tler, m s  
Rick Weller, NMsS 




