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TWRS TPA Project Manager's Meeting 
May 28, 1998 

MEETING MINUTES 
Rev. 1, Page 1 

Attendance: 

DOE ECOLOGY 
Dave Dougherty Pete Furlong 

Carolyn Haass 
Ben Harp 

Scott McKinney (via telephone) 
Alex Stone 

Jim Navarro 
Bruce Nicoll 
Lina Pacheco 
Jim Poppiti 

CONTRACTORS 
Doug Evans, JEG 

Mike Royack 
Nancy Welliver 
Wendell Wrzesinski 

Mary Ann McLaughlin, FDH 
Marc Stevenson, FDH 
Bill Stokes, MACTEC 

Action Items Generated: · 

ACTION ACTIONEE DUE DATE 
Provide_to Ecology a copy of the draft change package for Carolyn Haass June 1, 1998 
M-40-07 
Set up meeting to discuss issues surrounding M-40-09 Dennis Irby Undetermined 
completion 
Set up meeting for June 3, 1998 (tentative) to discuss SY-101 Dennis Irby June 1, 1998 
issues 
Arrange meeting for June 9, 1998 (tentative) to receive Scott June 2, 1998 
general briefing on interim stabilization McKinney 
Check with OEA on anticipated date for SX-104 press Mike Royack Undetermined 
release and provide to Alex Stone 
Have Phil LaMont contact Ecology (R. Julian) to discuss Bruce Nicoll Undetermined 
reason why M-90-03 was included in presentation package 
Have B. Lober send S. McKinney a copy of the meeting Wendell Undetermined 
minutes from the April 16- 17, 1998 Retrieval Performance Wrzesinski 
Evaluation Working Group Meeting 



TWRS TPA Project Manager's Meeting 
May 28, 1998 

INTRODUCTION - CAROLYN HAASS, DOE-RL 

MEETING MINUTES 
. Rev. 1, Page 2 

A. Stone will be acting for S. Dahl during her maternity leave for the next 90 days. 
Matters riormally brought to S. Dahl's attention should be directed to A. Stone during 
this time. On routine matters DOE-RL Project Managers should continue working 
through their Ecology counterparts. 

ACTION: C. Haass will provide Ecology a copy ofDOE-RL's draft change package for 
M-40-07 prior to next Tuesday's meeting between DOE-RL and Ecology to discuss the 
M-40-07 resolution strategy. 

FY 1998 COST AND SCHEDULE PERFORMANCE OVERVIEW (Page 2) - CAROLYN 
HAASS, DOE-RL 

The TPA Milestone Statistics table on page 1 of the presentation package contains an 
error. The column showing milestones under dispute should indicate there is one 
milestone under dispute for milestone M-45-00 (related to C-106). 

The two "recoverable" M-43 milestones related to the Cross-Site Transfer System (see 
presentation package page 15) should be complete this week, meeting the May 31, 1998 
due date. The notification letter might not be transmitted until next Monday. 

The format for the DOE-RL Multi-Year Work Plan (MYWP) is changing. · The MYWP 
will now provide more detail than in the past. 

M-32-00-DANGEROUS WASTE TANK CORRECTIVE ACTIONS (Page 18)-
CAROL YN HAASS, DOE-RL . 

Negotiations for additional milestones are currently on hold pending Ecology's naming 
of a replacement for L. Cusack. DOE-RL is ready to continue discussion when the 
replacement is named. A. Stone stated that Ecology is still working through the 
reorganization and it is likely that the TWRS program will be split into two parts. 

M-40-00 - SAFETY ISSUE RESOLUTION (Page 18) - DENNIS IRBY, DOE-RL 

. Thirteen Standard Hydrogen Monitoring Systems (SHMS) were installed last year and 3 
SHMS have been installed this year. No more SHMS are scheduled for installation this 
year. A total of 34 SHMS are now operating. 

A. Stone requested that for future meetings the presentation package (see page 18) be­
revised to indicate that the "Resolution of Flammable Gas Safety Issue" pertains to the 
major milestone (M-40-00). D. Irby stated that by the end of this summer (August 1998 
timeframe) the extent of the delay related to the flammable gas safety issue should be 
known. Reasons for the delay are purely budgetary. 

A meeting between DOE-RL and Ecology is scheduled for next Tuesday (June 2, 1998) 
at noon to resolve the change package for M-40-07. 

DOE-RL now plans to meet the September 30, 1998 due date for M-40-09 and will not 
be submitting a change request for this milestone. ACTION: D. Irby to set up meeting 
with Ecology to discuss strategy and issues surrounding M-40-09 completion. 
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OTHER: TANK 241-SY-101 (Page 27) - MIKE ROYACK, DOE-RL 

MEETING MINUTES 
Rev. 1, Page 3 

DOE-RL has received the path forward plan from the contractor and has authorized the 
contractor to perform the work. A. Stone requested to see a description of the path 
forward. The description should include the contractor's deliverables and a list of what 
work is being done, what data will be generated/collected, and when. ACTION: D. Irby 
to set up a meeting with Ecology tentatively for June 3, 1998 to discuss SY-101 issues. 

M-43-11 -TANK FARM UPGRADES (Page 20)- JIM NAVARRO, DOE-RL 

DOE-RL is considering a proposed change to the transfer pipe route. The new line is to 
be RCRA compliant, double contained. The purpose of the new route is to reduce 
worker exposures and lower costs. The new route will not affect milestone completion. 

M-41-00 - INTERIM STABILIZATION (Page 19)-BEN HARP, DOE-RL 

Beginning next week, B. Harp will be transferring to a new organization and Lina 
Pacheco will be taking over as DOE-RL project manager for interim stabilization 
milestones. 

Hydro tests for Tanks T-104 and T-110 are to be done this week. 

The NOC for Tank SX-106 is now in concurrence. 

The letter to Ecology on the drainback issue is to be transmitted next week. This issue 
and the contents of the letter have previously been discussed with S. Dahl and C. Ruud. 
DOE-RL anticipates Ecology sending a letter in response that states Ecology has no 
objections to the addition of flush water to SSTs. S. McKinney asked how much waste 
has been pumped fiscal year to date. B. Harp responded that 2,000 gallons have been 
pumped. ACTION: S. McKinney to call L. Pacheco to arrange a general briefing on 
interim stabilization, to include flush water dilution volumes, FY 1999 schedule and 
budget, and the Hanlon report (Waste Tank Summary Report, HNF-EP-0182). The 
tentative date for the meeting is June 9, 1998. Ecology attendees should include C. 
Ruud. 

M-43-07 - TANK FARM UPGRADES (Page 19) - BEN HARP, DOE-RL 

The letter to Ecology stating the system is operational should be transmitted today or 
tomorrow. Only the supernatant line is to be operational, not the slurry line. The slurry 
line will not be needed until privatization operations are ready to begin. 

OTHER: PROJECT W-030 UPDATE (Page 28)- CAROLINA PACHECO, DOE-RL · 

No record comments during the discussion. 

OTHER: TANK 241-SX-104 (Page 28)- MIKE ROYACK, DOE-RL 

A study on the potential for tank leakage is ongoing. The study is looking specifically at 
the potential for leakage through the center bottom of the tank. Fluids in this tank 
solidify below 100 degrees so the tank is considered self-sealing. DOE-RL is preparing 
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a letter to Ecology stating the tank is not leaking. A press release is also being prepared 
and Ecology will be given the customary advance notice. ACTION: M. Royack to 
check with OEA on anticipated date for press release and provide to A. Stone. 

OTHER: PERMITTING (Page 25) - CAROLYN HAASS, DOE-RL 

A status was provided on Clean Air Act and Resource Conservation and Recovery Act 
permitting activity. DOE-RL is still on schedule for June 1, 1999 completion of DST 

· Part B Permit Application. 

OTHER: FSAR (Page 26) - CAROLYN HAASS, DOE-RL 

DOE-RL wants to implement a Tier III Review in FY 1999 but currently there is no 
funding for it. DOE-RL is looking into a way around this issue. 

OTHER: VADOSE ZONE (Page 26)-CAROLYN HAASS, DOE-RL 

Undersecretary Ernest Moniz is expected to be in attendance at the expert panel review 
to be held in Richland in June 1998. 

OTHER: PUBLIC INVOLVEMENT (Page 27)-CAROLYN HAASS, DOE-RL 

An e-mail announcement for the new TWRS Web site will be distributed soon. 

M-44-00A, TANK WASTE CHARACTERIZATION (Page 21) -JIM POPPITI, DOE-RL 

DOE-RL is still on schedule to deliver 16 new and 10 revised TCRs. DOE-RL has 
provided the contractor with direction on requirements to support Privatization. DOE­
RL is still on schedule for delivery of FY 1999 WIRD. 

M-90-00, INTERIM STORAGE AND DISPOSAL OF LAW AND INTERIM STORAGE 
OF HL W (Page 24) - BRUCE NICOLL, DOE-RL 

ACTION: A. Stone requested that P . LaMont contact R. Julian to discuss M-90-03. 
Why was this item included in the presentation package under "Planned Activities" (see 

. page 25) at this time when due date is 2001? 

M-45-00 - SINGLE-SHELL TANK CLOSURE (Page 22) - WENDELL WRZESINSKI, 
DOE-RL 

ACTION: W. Wrzesinski to have B. Lober send S. McKinney a copy of the meeting 
minutes from the April 16 - 17, 1998 Retrieval Performance Evaluation Working Group 
Meeting. 

It looks like the initial feed tanks will be in the C Tank Farm. S. McKinney requested 
that Ecology and DOE-RL continue their ongoing discussions regarding development 
and transmittal of the SST retrieval sequence and the impacts of privatization on SST 
retrieval logic. 
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The Safety Class and Safety Significant Engineering Evaluation is now undergoing 
DOE-RL review. W. Wrzesinski provided a copy of this document to A. Stone to 
provide to S. McKinney. 

DOE-RL is still working toward a September 1998 completion date for the C-106 
sluicing project. Approximately $1 .8M to $2.0M is to be added to this project to address 
ORR concerns. 

W. Wrzesinski provided A. Stone with a copy of the presentation materials from the 
May 20, 1998 HTI Program Review, which contains a summary of the current HTI 
status. 

M-50, 51,60, 61-00, TREATMENT AND IMMOBILIZATION OF HANFORD TANK 
WASTE (Page 23) - PETE FURLONG, NANCY WELLIVER, DOE-RL 

LMAES has not been given Authorization to Proceed into Part B. It is important to note 
that at this point neither has BNFL. However, the contract with BNFL has been 
extended 2 months in order to continue discussions that could lead to BNFL being given 
an Authorization to Proceed into Part B. 

N. Welliver provided a status on the DQOs related to these milestones. A letter to 
Ecology for the HL W DQO is now in concurrence and should be transmitted tomorrow. 
DOE-RL is planning to issue an update to the LAW DQO in the next several months due 
to contract changes. 
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Agenda 
Tank Waste Remediation System Tri-Party Agreement Project Manager's Meeting 

May 28, 1998 
Federal Building Room 269 

8am - 12pm 

I TOPIC 
Introduction 

FY 1998 Cost, Schedule, and Tri-Party Agreement 
Milestone Performance Overview 

FY 1998 TWRS Tri-Party Agreement Milestones 
Status/Issues/Planned Activities 

M-32-00, Complete Identified Dangerous Waste 
Tank Corrective Actions 

M-40-00, Safety Issue Resolution 

M-41-00, Interim Stabilization 

M-43-07, Tank Farm Upgrades 

M-43-11, Tank Farm Upgrades 

M-44-00, Tank Waste Characterization 

M-45-00, Single Shell Tank Closure 
• HTI Update 

M-46-00, Double Shell Tank Space Evaluation 

M-50, 51, 60, 61-00, Treatment and Immobilization 
of Hanford Tank Waste 

M-90-00, Complete Acquisition of Facilities for 
Interim Storage of IHLW and storage/disposal of 
ILAW . 

Other 
• Permitting (RCRA, CAA) 
• FSAR 
• Vadose Zone 
• Public Involvement 
• 241-SY-101 Update 
• 241-SX-104 Update 
• Project W-030 Update 

Closing Comments / Action Item Recap 

Tank Waste Remediation System 

DISCUSSION LEADS TIME 
Carolyn Haass . 8:00 

Carolyn Haass 8: 10 

Carolyn Haass/ 
Suzanne Dahl 

Dennis Irby/ 
Alex Stone 

Ben Harp/ 
Casey Ruud 

Ben Harp/ 
Dick Heggen 

Jim Navarro/ 
Dick Heggen 

Jim Poppiti/ 
Dave Dougherty 

Wendell Wrzesinski/ 
Scott McKinney 

Mark Ramsay/ 
Scott McKinney 

Pete Furlong/ 
John Grantham 

Phil LaMont/ 
Bob Julian 

Carolyn Haass/ 
Suzanne Dahl 

Carolyn Haass 

8:20 

8:30 

8:40 

9:00 

9:20 

9:45 . 

10:00 

10:15 

10:40 

10:45 

11 :15 

11:30 

11 :55 

TPA Project Manager's Meeting 



TWRS Project Summary 

M-40-00 
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MIUgate/Resolve Tank 
Safety Issues for High 
Priority Watch List Tanks 

M-41-00 
Complete Slngle Shell 
Tank Interim Stablllzatlon 

M-43-00 
Complete Tank Farm 
Upgrades 

M-44-00 
Double and Single Shell 
Tank Characterization 

M-45-00 
Complete Closure of all 
Single Shell Tank Farms 

M-46-00 
Double Shell Tank Space 
Evaluation 

M-50-00 
Complete Pretreatment 
Processing of Hanford 
Tank Wastes 

M-51-00 
Complete Vitrification of 
Hanford High Level Tank 
Waste 

M-60-00 
Complete Pretreatment 
and Immobilization of 
Hanford Low Activity 
Tank Waste 

M-61-00 
Complete Pretreatment 
and lmrnobllizatlon of 
Hanford Low Activity 
Tank Waste 

M-90-00 
Interim Storage and 
Disposal of LAW and 
Interim Storage of HLW 

Total 

Total as of 1/98 

Milestone 
Completion 

Date 

9/30/2001 

9/30/2000 

6/30/2005 

9/30/2002 

9/30/2024 

9/30/1998 

9/30/2024 

12/31/2028 

12/31/2024 

12/31/2028 

TBD 

Tank Waste Remediation System 

TPA Milestone Overview 

TPA Milestone Statistics 
(Major and Interim Milestones) 

Deleted After 1/98 Active as of 4/30/98 
Completed as of 4/30/98 Milestones Under Dispute as of 4/30/98 

Total Milestones Milestones Milestones Milestones Milestones 
Milestones Added Completed Deleted Under Dispute Active as 
as of 1/98 After 1/98 as of 4130/98 After 1/98 as of 4130/98 of 4130/98 

19 0 16 0 3 

22 0 12 0 0 7 

20 0 11 0 0 9 

23 23 15 12 0 19 

29 0 8 0 0 21 

20 0 8 0 0 12 

4 0 2 0 0 2 

4 0 0 0 3 

12 0 7 0 0 5 

4 0 0 0 0 4 

8 0 0 0 7 

165 23 81 12 92 

1 TPA Project Manager's Meeting 



TWRS Project Summary 

FY 1998 Cost & Schedule Performance 

Tank Waste Remediation System 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 

$350 ..------------------------------------------~ 

- 0- EAC 

$300 
-<>-PTSBCWS 

-X-BCWP 

-ACWP 

$250 

$200 .. 
~ 
:E 
.E $150 .,. 

$100 • - • - • - • - • - • • • • • • • • • • • • • • 

.. .. ... . . ... .. ... --. -.. ... ... ................... - .. . ... .... .. . .. . .. . .. ..... .. " . ... .. .. .. .. - -- ..... .... - .. ...... .. -- .. -.. -.. - .. - .. . .. - .. .. 
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OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

EAC 327.2 

MYWP 31 .3 55.9 84.7 113.4 138.7 166.6 194.4 218.9 245.5 271 .0 295.8 321.2 
PTS BCWS 26.0 55.2 81.6 106.9 132.5 160.3 186.6 212.7 238.0 262.0 289.0 321 .8 

BCWP 22.0 48.7 74.9 98.9 120.9 145.2 175.7 
ACWP 11 .0 39.4 65.8 89.8 114.6 132.2 162.2 

sv (3.9) (6.5) (6.6) (8.0) (11 .6) (8.9) (10.9) 
CV 11 .0 9.3 9.2 9.1 6.4 9.5 13.5 

Tank Waste Remediation System .2 TPA Project Manager's Meeting 



TWRS Project Summary 

FY 1998 Cost & Schedule Performance 

~ •~;;i;,:,-, 
'.J~~~.~~i~~~~. ~~":"&Th~- ~~,~:;l,~~,:; -;.,ti,,. ' 

FYTD PTS 
BCWS BCWP ACWP sv CV MYWP BCWS EAC 

1.1 .1.1 TWRS Management Support Expense 21 .6 20.4 18.2 (1 .2) 2.2 36.6 40.6 
TW10 CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI ll.il ll.il ll.il ll.il ll.il ll.il ll.il 
Subtotal 1.1.1.1 21 .6 20.4 18.2 (1 .2) 2.2 36.6 40.6 

~~~~~~;i>-~1,~;.<.;:!H~~'?:;?.,i'.,? _ ' "' _, \:i.:. . .,~~"tii~. ., 
"" WASTE STORAGE 

1.1 .2.1 Tank Farm Operations Expense 50.5 49.7 51 .6 (0.6) (1.9) 87.9 87.9 
TW03 CENRTC 0.4 0.4 0.2 0.0 0.1 · 0.6 0.6 

GPP/LI 1M 11.1 1M .(.2....3). il.1 2lA 2lA 
Subtotal 1.1.2.1 64.4 61 .2 62.3 (2.9) (1 .1) 115.9 115.9 

1.1.2.2 Tank Safety Issue Resolution Expense 16.3 16.0 13.7 (0.3) 2.3 28.5 28.5 
TW02 CENRTC 2.0 2.2 1.4 0.2 0.7 2.5 2.5 

GPP/LI ll.il ll.il ll.il ll.il ll.il ll.il ll.il 
Subtotal 1.1.2.2 18.3 18.2 15.1 (0.1) 3.0 31 .0 31.0 

1.1 .2.4 Tank Waste Characterization Expense 28.9 28.7 22.2 (0.2) 6.5 48.1 48.0 
TW01 CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI ll.il ll.il ll.il ll.il ll.il ll.il ll.il 
Subtotal 1.1.2.4 28.9 28.7 22.2 (0.2) 6.5 48.1 48.0 

TOTAL WASTE STORAGE Expense 95.7 94.4 87.5 (1 .3) 6.9 164.5 164.4 
CENRTC 2.3 2.5 1.7 0.2 0.8 3.1 3.1 

GPP/LI 1M 11.1 1M .(.2....3). il.1 2lA 2lA 
Total Waste Storage 111 .5 108.0 99.7 (3.4) 8.4 195.0 194.9 -?'Ii~ ~~. -~ ~~¢>'£~ ~ "·• 

WASTE DISPOSAL 
1.1.3.1 Retrieval Expense 29.2 24.8 25.1 (4.4) (0.3) 46.5 46.7 
TW04 CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI M Lil .3..8. .!l.2. .3..2. 15.2 15.2 
Subtotal 1.1.3.1 36.0 31 .8 28.9 (4.2) 2.9 61 .7 61 .9 

1.1 .3.4 Immobilized Tank Waste Expense 5.8 4.2 5.0 (1 .5) (0.7) 10.5 10.5 
TW09 Storage & Disposal CENRTC 0.2 0.2 0.0 0.0 0.2 0.2 0.3 

GPP/LI ll.il ll.il ll.il ll.il ll.il ll.il ll.il 
Subtotal 1.1.3.4 6.0 4.4 5.0 (1 .5) (0.5) 10.7 10.8 

1.1.3.5 Process Waste Support Expense 9.0 8.6 6.0 (0.4) 0.6 8.3 14.8 
TW05 CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI ll.il ll.il ll.il ll.il ll.il ll.il ll.il 
Subtotal 1.1.3.5 9.0 8.6 6.0 (0.4) 0.6 8.3 14.8 

1.1.3.6 lWRS Privatization Expense 0.0 0 .0 0 .0 0 .0 0 .0 6.3 0.0 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI ll.il ll.il ll.il ll.il ll.il 0.0 ll.il 
Subtotal 1.1.3.6 0.0 0.0 0.0 0.0 0.0 6.3 0.0 

WASTE DISPOSAL Expense 44.0 37.6 38.1 (6.3) (0.5) 71 .6 72.1 
CENRTC 0.2 0.2 0.1 0.0 0.2 0.2 0.3 

GPP/LI M Lil .3..8. .!l.2. .3..2. 15.2 15.2 
Total Waste Disposal 51 .0 44.8 42.0 (6.1) 2.9 87.0 87.6 . 

HTI Expense 2.5 2.3 2.3 (0.2) 0.0 7.2 7.0 

CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI ll.il ll.il ll.il ll.il ll.il ll.il ll.il 
Subtotal HTI 2.5 2.3 2.3 (0.2) 0.0 7.2 7.0 

TANK WASTE REMEDIATION SYSTEMS Expense 163.8 154.7 146.1 (9.0) 8.6 279.9 284.1 

CENRTC 2.5 2.8 1.8 0.2 1.0 3.3 3.4 

GPP/LI 2.Q.3 1lU .li.3 £2.1} 3..9 ~ ~ 

TWRSTotal 186.6 175.7 162.2 (10.9) 13.5 325.8 330.1 

Tank Waste Remediation System 3 TPA Project Manager's Meeting 



TWRS Project Summary 

FY 1998 Cost & Schedule Performance · 

Tank Waste Characterization 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 
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OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
EAC 

MYWP 4.6 8.3 12.6 16.7 20.3 24.5 28.5 32.2 36.2 40.0 43.8 47.5 
PTS BCWS 3.7 8.2 12.0 16.0 19.7 25.0 28.9 32.3 35.9 39.6 43.9 47.5 

BCWP 3.5 7.4 10.4 14.8 17.7 23.6 28.7 
ACWP 2.3 5.8 8.8 11.7 15.0 19.3 22.2 

sv (0.2) (0.7) (1 .6) (1.2) (1 .9) (1.4) (0.2) 
CV 1.3 1.6 1.6 3.1 2.7 4.2 6.5 

~~:,, ---~~~ --;;••:~~~~-~~,.-- ~-~:~:~:~~~~~-:.~~l~~;:~~< ~,;,~• +<A\:;.r J~:==--:~-•~ 
FYTD PTS 

ADS BCWS BCWP ACWP sv CV MYWP BCWS EAC 
1130-0 Expense 28.9 28.7 22.2 (0.2) 6.5 48.1 48.0 

CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP/LI il..Q il..Q il..Q il..Q il..Q il..Q 0.0 

Total 1130-0 28.9 28.7 22.2 (0.2) 6.5 48.1 48.0 
~, ~, ct:f ~ ~"':p~1;• 4 ~r · [~ ~.i•,.~~~~ Jf,, ;-=1:· ~ , ,❖ +~·~,~~~~·~~2~~ ,,;;~,, :~J •• L~, .. ~,-:,f~:i::=:-~=~~JJ 

$ in Millions 

Tank Waste Remediation System 4 TPA Project Manager's Meeting 



Tank Safety Issue Resolution 

FY 1998 Cost & Schedule Performance 

Tank Safety Issue Resolution 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 
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$0 _.__ ________________________________________ __, 

OCT NOV DEC JAN F,EB MAR APR MAY JUN JUL AUG SEP 
EAC 

MYWP 2.8 5.3 8.3 11 .3 14.0 17.0 19.8 22.1 24.4 26.7 28.7 30.5 
PTS BCWS 2.3 4.7 7.6 10.6 12.9 16.2 18.3 21 .2 23.7 26.2 28.4 30.5 

BCWP 2.0 4.1 6.8 9.8 11 .9 14.3 18.2 
ACWP 1.0 3.2 5.6 7.5 9.7 10.8 15.1 

sv (0.3) (0.6) (0.8) (0.8) (1 .0) 0.0 (0.1) 
CV 1.0 1.0 1.2 2.3 2.2 3.5 3.0 

t~><~~!~~r,.~• ~~:::_:i::~ -r~ -~~~:_:;~::_~ ~~:~;_A_A_ A :. _:~:~!~~;~::~b~.:~-~:;;:~:,f~~i~;!.i~:: • :, ·- =~:~,.~~AA~!~ 
F'r'.TD PTS 

BCWS BCWP ACWP sv CV MYWP BCWS EAC 
ADS 
1110-0 Expense 16.3 16.0 13.7 (0.3) 2.3 28.5 28.5 

CENRTC 2.0 2.2 1.4 0.2 0.7 2.5 2.5 
GPP/LI 0..0 0..0 0..0 0..0 0..0 0..0 0..0 

Total 1110-0 18.3 18.2 15.1 (0.1) 3.0 31.0 31 .0 
!f~~~~ ~~-£~<~ ,r'.'<i ~~~~~ ~~x ,'.";=~~:r~:cr-~;=nc""_~~==~~ ~ ''"•. ~ 4§~ :~ .~::::::-,:~:-=~~ 

$ in Millions 
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Tank Farms Operations 

FY 1998 Cost & Schedule Performance 

Tank Farms Operations 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 

$140 ..-------------------------------------------~ 

- 0- EAC 

$120 --<>-- PTS BCWS ..... . .... . . ... .. ... .... .. . .. . . ....... ... .. .... . ......... .. . ... ...... ... ... . ................ . ........... .. .. ;. ... .. ..... .. ........ . 
- X- BCWP 

- ACWP 

$100 

., $80 •• •• • • •••• • • • • • ••••• • • •••••••••••••• • •• • •••• • • • • ••• ••• • ••••• • . •• • ••• • . 
C 

~ 
Si 
.!: 
... $60 • • • •• • • ••• • • • •••••••••••• • •••••••• • •••••••• • • • • • •••• 

$0 -~-----------------------------------------' 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
EAC 

MYWP 11.4 20.1 30.1 40.5 49.3 59.3 69.7 78.9 88.8 98.4 107.8 116.8 
PTSBCWS 8.9 19.4 29.3 38.4 35.8 53.8 64.4 75.8 85.1 94.1 104.3 117.1 

BCWP 7.6 17.8 28.2 35.6 35.6 52.2 61 .2 

ACWP 3.9 16.1 26.9 36.9 36.6 27.7 62.4 
sv (1.3) (1.5) (1 .1) (2.8) 0.0 (1.6) (3.2) 
CV 3.7 1.8 1.3 (1 .3) (1 .0) (0.5) (1.2) 
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Tank Farms Operations 
FY 1998 Cost & Schedule Performance · 

,. \ .,.. ... -j ,;.i~· .. " . ~~~j;..r;'h"'" .. ,, ,,_, 
*'it:'~ ., ...~ 1 ~ 

FYTD PTS 
BCWS BCWP ACWP sv CV MYWP BCWS EAC 

ADS 
1100-0 Expense 46.6 45.4 48.0 (1.0) (2.6) 85.4 82.6 

CENRTC 0.4 0.4 0.2 0.0 0.1 0.5 0.6 
GPP/LI .o...Q .o...Q .o...Q .o...Q .o...Q .o...Q .o...Q 

Subtotal 1100-0 47.0 45.8 48.2 (1 .0) (2.5) 85.9 83.2 
,-~ 
~~~ ~~- 'Jo1t~Jt~,, ,., 

·' " 
~ · - , 

1100-1 Expense 1.1 0.9 0.7 (0.2) 0.2 2.3 2.3 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI al M ~ .(2.,fil 1..2 2.0..9 22..2 
Subtotal 1100-1 9.3 6.5 5.2 (2.8) 1.4 23.2 24.5 

-- -··. ·"";~~~ ' '"'tilf ,4'\;~J!l~!';~ -~i',.'i'~"1<MCIIII ~tr: . ,;;;;,;,•r~•-•tl~~~7'" -• : ...... . .,. ~-~~ 

1120-0 Expense 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI .o...Q .o...Q .o...Q .o...Q Q.Q Q.Q .o...Q 

Subtotal 1120-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
- - ., .,. ···-~,~ -·~ ·> ;.,./;,7,«",'t,,,;<._''t:;_"_,~ .. " 

1120-2 Expense 2.0 2.3 1.8 0.4 0.5 2.0 2.0 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI .a.o. ll .3...1 Q.2 lL1 ~ .a.o. 
Subtotal 1120-2 5.0 5.5 4.9 0.6 0.6 4.4 5.0 

1120-4 Expense 1.1 1.1 1.1 0.0 0.0 1.1 1.1 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI u u 2.Jl .o...Q !Ml u u 
Subtotal 1120-4 3.4 3.4 4.0 0.0 (0.6) 3.4 3.4 

f'~t,,,- ;¼"""""7"...,.7F"-;;:- ·~ 

1.1.2.1 Tank Farms Operations Expense 50.5 49.7 51 .6 (0.6 (1.9) 87.9 87.9 

I CENRTC 0.4 0.4 0.2 0.0 0.1 0.6 0.6 

I GPP/LI u.a 11.1 1M ~ (.Q.11 21..4 21..4 
Subtotal TW03 64.4 61 .2 62.3 (3.2) (2.5) 115.9 115.9 

~- ., 
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Retrieval 

FY 1998 Cost & Schedule Performance 

Retrieval 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 

$70 r-------------------------------------------, 

$60 -

$50 

., $40 
C 

~ 
:il 
.!: 
... $30 

- 0- EAC 

-<>-- PTS BCWS 

- X- BCWP 

-ACWP 

$20 • • • • • • • • • - • • • • - • - - - - - • - • • • • 

$0"---------------------------------------'-----' 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
EAC 

MYWP 5.9 10.5 16.0 21 .3 26.2 30.7 35.1 39.0 43.2 47.2 51 .3 57.2 
PTS BCWS 5.3 10.7 14.9 19.5 25.9 32.3 36.0 37.3 41 .6 45.3 49.5 57.2 

BCWP 4.5 9.1 14.3 18.5 22.7 28.6 31 .8 
ACWP 1.2 5.8 10.3 14.8 20.6 25.8 29.0 

SV (0.8) (1 .6) (0.6) (1 .0) (3.1) (3.7) (4.2) 
CV 3.3 3.3 4.0 3.7 2.2 2.8 2.9 
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Retrieval 

FY 1998 Cost & Schedule Performance 

- el, ,. ... ,. ·- -~,. 
FYTD PTS 

BCWS BCWP ACWP sv CV MYWP BCWS EAC 
ADS 
1210-0 Expense 16.4 12.7 13.0 (3.7) (0.3) 25.5 29.7 

CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP/LI M M M M M M M 

Subtotal 1210-0 16.4 12.7 13.0 (3.7) (0.3) 25.5 29.7 
~ 

lJ/11 ~ -~-, , . ... 
1210-2 Expense 0.3 0.1 0.1 (0.2) 0.1 0.3 0.4 

CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP/LI M M !Q..21 M lL2 M M 

Subtotal 1210-2 0.3 0.1 (0.1) (0.2) 0.2 0.3 0.4 

•"' ~ ~~ - j - .. 
1210-3 Expense 0.9 0.9 0.5 0.0 0.3 1.5 1.5 

CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP/LI M 1...Q i..Q lL2 ll 15..1 1il 

Subtotal 1210-3 7.7 7.9 4.5 0.2 3.4 16.6 16.7 . ¥ . ' 

1210-4 Expense 11 .6 11 .1 11 .6 (0.5) (0.5) 14.9 14.9 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI M M M M M M M 
Subtotal 1210-4 11 .6 11.1 11 .6 (0.5) (0.5) 14.9 14.9 

1.1.3.1 Waste Retrieval Expense 29.2 24.8 25.1 (4.4) (0.3) 46.5 46.7 
CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GPP/LI M 1...Q M lL2 .3...2 1il 1il 
Subtotal TW04 36.0 31.8 29.0 (4.2) 2.9 61 .7 61 .9 
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Process Waste Support 

FY 1998 Cost & Schedule Performance 

Process Waste Support 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 

$70 -,----------------------------------------~ 

-0-- EAC 

$60 . . • . --0-- PTS BCWS .•••••••••.••.•••..•... • ...•••••••......•..•.....••.•........................... . ... 

- X- BCWP 

--ACWP 
$50 •• •••••••••••••••••••••• •••••. •••••••••••••••••• •• •••• .• ••••.• • ••••••••••••••••••••••••.••••• 

.. $40 •••••••..•••.• •• • •• . •••••••••••• •••• ••• • ••••••••••••••• •.• ••.••••• . ••. 
C 

~ 
:i 
.E 
.. $30 

$20 ••••••••••••••••••••••••••• 

$0 ~---------------------------------------' 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

EAC 
MYWP 1.0 1.7 2.5 3.3 4.1 4.8 5.6 6.3 7.1 7.5 7.9 8.3 

PTS BCWS 1.4 2.9 4.2 5.4 6.6 8.7 9.0 10.7 11 .7 12.6 13.7 14.6 

BCWP 0.8 2.2 3.3 4.8 6.2 7.5 8.6 

ACWP 0.6 1.9 3.1 4.3 5.5 5.7 6.0 

SV (0.6) (0.7) (0.9) (0.6) (0.5) (0.6) (0.4) 

CV 0.2 0.3 0.2 0.5 0.7 0.5 0.6 

I FYTD PTS 
I BCWS BCWP ACWP sv CV MYWP BCWS EAC 

1.1.3 .5 Process Waste Support Expense 9.0 8.6 6 .0 (0.4) 0.6 8.3 14.8 

I CENRTC 0.0 0 .0 0.0 0.0 0.0 0 .0 0.0 

I GPP/ll lLll lLll lLll lLll lLll lLll lLll 
I Subtotal TWOS 9.0 8.6 6.0 (0.4) 2.6 8.3 14.8 

- ' ·, -
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Immobilized Tank Waste Storage & Disposal 

FY 1998 Cost & Schedule Performance 

Immobilized Tank Waste Storage & Disposal 
FY 1998 Cost/Schedule Performance - All Fund Types -- Cumulative to Date Status 

$1 4 .------------------------------------------, 

- 0- EAC 

s12 • ---0---PTS BCWS •••.•.•••••••••••• •• ••• •. _ ••• •. • • ••• •• • _ . • • • . • _ •• __ _ • . • • • • • _ • • • •• . _. _ •• • • • • _ • • _ ___ _ . • _. _ 

- X- BCWP 

----ACWP 

$1 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • - • - • - • • · • • •• • · • • • · • • • • • • •• - • - •• • • - • •••• • •••••• . • ••• ••• •••• •• 

., $8 .. . .. .. ... - . .. - .... .. . . - - . - . - - - . . - ... .. - . . . ...... - - .. - - - - ... . . . . .. . . .. . . . - - .. - . - - - . - - - - - . - . - - .. - . . - .. . . 
C 

~ 
:ii 
.E ... $6 - . - - - - - . . - - . ... . - . . . - . - . - - .. - - - - - - . - - . .. . - . .. - . - . - . - . - . - ... - - . - - - .. - . - .. . . . - . - . - .. . - . - . - . . - - . .. - . - . . . . . 

$4 

$0 -----------------------------------------' 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
EAC 

MYWP 1.0 1.7 2.5 3.3 4.2 5.1 6.1 7.2 8.2 9.4 10.5 11.5 
PTS BCWS 1.0 1.8 2.7 3.5 4.4 4.9 6.0 7.2 8.2 9,3 10.3 11 .S 

BCWP 0.5 1.2 1.9 2.2 2.6 3.8 4.5 
ACWP 0.1 1.1 2.0 2.4 3.4 3.9 5.0 

sv (0.5) (0.7) (0.8) (1 .3) (1.8) (1.1 ) (1 .5) 
CV 0.4 0.1 (0.1) (0.2) (0.7) (0.1) (0.5) 

~' 4- , tr ]:;:,.,. t •~ ""T"'l_,~ :w;~ --' t-- ~::J 0:f~ ; w:i.L~f • "'~, ~~=~ 
FYTD PTS 

BCWS BCWP ACWP sv CV MYWP BCWS EAC 

ADS 
1250-0 Expense 5.8 4.2 5.0 (1.5) (0.7) 10.5 10.5 

CENRTC 0.2 0.2 0.0 0.0 0.2 0.2 0.3 
GPP/LI 0..0 0..0 0..0 0..0 0..0 0..0 .0..0 

Total 1250-0 6.0 4.4 5.0 (1 .5) (0.5) 10.7 10.8 
~ • .,.,,,,_.,. ~ -,:. :!;;~~~- ~;£::::::=:,:~~ 

$ in Millions 
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1WRS Project Management 
FY 1998 Cost & Schedule Performance · 

TWRS Project Management 
FY 1998 CosUSchedule P~rformance - All Fund Types -- Cumulative to Date Status 

$14 .,---------------------------------------------, 

- 0- EAC 

$12 • • ---<>-PTS BCWS 

- X- BCWP 

-----ACWP 

$10 · •• • • • • • • •• .•. .. .•. •• • .. ..• • . ••. - •• . •• .. . . . • ••. • • . • •• •• •... . • . . • . . . . . •• •••• •••• ••••. . ... . ... 

., $8 • • ••••••• • • • • • • ••• •••.• •••• • ••• ••••••• • • •• •• • • • ••• • •• •• • • •••• • •••• ••• •••••• • •• • • . • . • •• • •••• • • •• •••• •. • • • 
C 

~ 
:i 
.E 
... $6 

$0 _________________________________________ ____. 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
EAC 

MYWP 3.6 6.4 9.7 13.0 15.7 18.9 22.0 24.8 28.0 30.9 33.7 35.9 

PTS BCWS 2.9 6.5 9.7 12.7 15.9 19.4 21.6 25.5 28.5 31 .1 34.2 36.6 

BCWP 2.6 6.0 8.9 12.0 15.0 18.2 20.4 

ACWP 2.3 5.8 8.6 11 .3 14.4 16.2 18.2 

sv (0.2) (0.5) (0.8) (0.7) (0.8) (1.0) (1 .2) 

CV 0.3 0.2 0.3 0.7 0.6 2.0 2.2 

~-~ ~,:~~:-=:~:lB 
FYTD PTS 

BCWS BCWP ACWP sv CV MYWP BCWS EAC 
ADS 
1200-0 Expense 21 .6 20.4 18.2 (1 .2) 2.2 36.6 40.6 

CENRTC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP/LI 0..0 0..0 0..0 0..0 0..0 0..0 0..0 

Total 1200-0 21 .6 20.4 18.2 (1 .2) 2.2 36.6 40.6 
r~"t'f~fw"Yj? ~ ~~ :&.i,1:;'v -~:-,,~t :'°!•::~~ ._, ~~~ .. ;~~~-:::::~ 

$ in Millions 
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1WRS Project 
Milestones - FY 1998 Performance 
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FY 1998 Milestone Performance 
(Major & Interim Milestones} 

Forecast Ahead of Schedule Recoverable 
Completed Forecast on Schedule Unrecoverable 

FY 1998 Milestone Plan 
(Major & Interim Milestones) 

Pending Deletion 

35 ---,--- --------------------

30 -1-----------------------~-
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M-43-07B 

M-45-03A 

M-46-010 

M-60-14-T01 

M-32-02-T02 

M-90-01 

M-43-01 

M-43-01C 

Complete construction of W-058 10/31/97 X 

lnttiate sluicing retrieval of C-106. lnttiate sluicing 10/31/97 X 
retrieval ofTank 241 -C-106 to resolve the high-heat · 
safety issue and demonstrate waste retrieval 

Status: Change Request M-45-97-06 was issued 
May 6, 1997. Currently at PCHB level. 

Concurrence of addttional tank acquisttion. 11/30/97 X 

Submtt approved DQOs for LAW feed staging 11/30/97 X 

Upgrade existing transfer lines to meet secondary 12/31/97 X 
containment requirements 

Submtt interim storage and disposal ILAW, and 12/31/97 X 
interim storage IHLW Project Management Plans 
(PMP) to Ecology. 

Complete Project W-030 Tank Farm ventilation 3/31/98 X 
upgrades. 
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Begin operation of W-030 3/31198 X 
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M-41 -23 

M-50--03 

M-50-04-T01 

M-43--07 

M-43--07C 

M-51--04A-T01 

M-60-15-T01 

M-44-13B 

M-90--02-T01 

M-60-10 

Fiscal Year 1998 Tri-Party Agreement Milestone Status 

Start Interim stabilization of 8 single-shell tanks 

Status: Schedule slippage on Milestone M-41-22 will 
impact completion of this milestone. 

Complete evaluation of enhanced sludge washing to 
detennine whether advanced sludge separation 
processes are required 

Submij conceptual design of HLW pretreatment 
facility 

Status: The W-211 Title I design is planned to be 
used to complete this target date. 

Complete Project W--058 Replacement of Cross-Site 
Transfer System (see M-43--07C) 

Cross-Site Transfer System Operational 

Status: Change Package M-43-98--01 approved 
4/28/98. Extends due date from 4/30/98 to 5/31/98. 

Submij approved DQOs for HLW feed staging 

Submij approved DQOs for LAW feed staging 

Submit draft WIRD to Ecology for FY 1999. 

Complete ILAW interim storage facilfy conceptual 
design 

Select two (2) COCO contractors and issue DOE 
signed authorizations to proceed w~h Part B. 

3/31/98 

3/31/98 X 

3/31/98 X 

5/31/98 X 

5/31/98 X 

5/31/98 X 

5/31/98 X 

6/30/98 X 

6/30/98 X 

7/31/98 X 

X 
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M-44-14B 

M-40--09 

M-41-24 

M-41-27-T03 

M-43-11 

M-44-15B 

M-44-16B 

M-45-02C 

M-45-09C 

M-46-00E 

M-51-02 

M-51-03-T01 

M-60-16-T01 

Fiscal Year 1998 Tri-Party Agreement Milestone Status 

Submit Final WIRD to Ecology for FY 1999. 8/31/98 X 

Close ell unreviewed safety questions (USO) for 9/30/98 X 
double-shell end single-shell tanks 

Start interim stabilization of 9 single-shell tanks 9/30/98 X 

Status: Schedule slippage on Milestone M-41-22 
will impact completion of this milestone. 

Complete salt well pumping of 8 single-shell tanks 9/30/98 X 

Provide the W-314 project construction schedule to 9/30/98 X 
Ecology 

Issue Characterization Deliverables consistent with 9/30/98 X 
WIRD Developed for FY 1998. 

Complete input of WIRD. 9/30/98 X 

.Submit annual update of SST retrieval sequence 9/30/98 X 
document for Ecology approval 

Submit annual progress reports on the 9/30/98 X 
development of waste tank leak 
monitoring/detection and mitigation activities in 
support of M-45-08. 

Double-shell tank space evaluation 9/30/98 X 

Complete melter tests and select reference melter 9/30/98 X 
"Tl 

Submit conceptual design (to include selected 9/30/98 X -< 
capacity and process) of HLW vitrification facillty ..... 

co 
Submit approved DQOs for LAW feed staging 9/30/98 X 
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TWRS Project 

Change Request M-41-97-01 

Change Request M-41-97-02 

Change Request M-45-97-06 

Change Request M-43-98-01 

Tank Waste Remediation System 

FY 1998 Change Requests 

Denied. Recovery plan/schedule being developed. Due 
date 4/15/98. 

Denied. Recovery plan/schedule being developed. Due 
date 4/15/98. 

Final determination received by Ecology on October 8, 
1997. RL disagrees with Ecology's findings, and is 
pursuing review of Ecology's determination through 
appeal to the Pollution Control Hearings Board. 

Approved 4/28/98 to extend due date for M-43-07 and 
M-43-07C from 4/30/98 to 5/31/98. 

17 TPA Project Manager's Meeting 



Status/Issues/Planned Activities 

Milestone M-32-00, "Complete Identified Dangerous Waste Tank Corrective Actions" 

Status: 

• Ownership of milestone transferred from EAP to lWRS 

May 1998 

• Completed M-32-02-T02, upgrade existing transfer lines to meet secondary containment requirements 

(12/97). 

Issues: 

• Partnering group established between DOE, Ecology and PHMC to negotiate new milestones for DST 

Integrity Assessment. 

Planned Activities: 

Milestone M-40-00, "Mitigate/Resolve Tank Safety Issues for High Priority Watch List Tanks" 

Status: 

• Worked on Closure Document for the Organic Complexant Safety Issue 

• Thirty-four SHMS now operating 

• Completed field installation of SHMS on 3 additional taks 

• Continue final phase of lightning protection project . 

Issues: 

• Resolution of Flammable Gas Safety Issue 

Extent of Delay: In review 

- Current Planning indicates 1-2 year delay, depending on budgets 

• M-40-07 dispute resolution elevated to the IAMIT. 

Planned Activities: 

• Finalize and issue Organic Solvent Safety document 

• Continue accelerated closure of the Organic Complexant Safety Issue 

• Close Flammable Gas USQ to meet M-40-09 

• Continue turnover of SHMS for beneficial use to Operations 

• Continue to develop the analysis tool and framework for DST and SST safety issue resolution 

• Provide twenty-one TMACS connections on Watch List Tanks 

• Complete the final phase of the lightning protection project. 

Tank Waste Remediation System 18 TPA Project Manager's Meeting 



Status/Issues/Planned Activities 

Milestone M-41-00, "Complete Single Shell Tank Interim Stabilization" 

Status: 

• Interim stabilization now complete for 119 tanks and intrusion prevention complete for 102 tanks 

• RL determination on drainback issue - saltwell proceeding 

• Recovery plan completed and transmitted for major Milestone M-41-00 

May 1998 

• Tank 241-T-104 ready to pump. Pumpable liquids estimated at 42K gallons (to date pumped 125K gallons) 

• 241-T-110 is ready to pump. Pumpable liquids estimated at 25K gallons (to date pumped 13K gallons) 

• Restart of both tanks dependent upon incorporation of cleanout box JCO into procedures, hydrotest of 

transfer lines, compatibility assessment 

• 241-SX-104 is being prepared for pumping 

Issues: 

• 1WRS Saltwell Pumping 

• TPA Major and Interim Milestones 

• M-41-00 (9/20/00); M-41 -22 (9/30/97); M-41-23 (3/31 /98) 

• M-41-24 (9/30/98); M-41-25 (3/31/99) 

• M-41-26 (9/30/99); M-41-27 (9/30/00). 

Planned Activities: 

• Initiate/restart pumping of tanks 241-SX-104; 241 -T-110; 241 -T-104 

• Prepare tank SX-106 for pumping 

• Prepare S-Farm tanks for FY-99 pumping 

• Complete Management Assessment of Safety Document - May 31 , 1998 

• Obtain Ecology concurrence on RL determination - drainback issue 

• Continue activities that focus on: 

Reduction of cost for SST stabilization 

Implementation of recovery plan. 

Milestone M-43-00, "Tank Farm Upgrades" 

• M-43-07, "Complete Project W-058, Replacement of Cross-Site Transfer System" (5/31/98) 

Status: 

Contractor Readiness Assessment completed 4/6/98 

DOE Readiness Assessment initiated 4/8/98 

Remaining punchlist item (Pump vibration) - resolved. 
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Status/Issues/Planned Activities 

Issues: 

Anticipated to be operational by 5/31 /98 

New RL RA Team Lead assigned - medical condition. 

Planned Activities: 

Complete M&I and DOE Readiness Assessment by 5/21/98 

Complete Readiness Assessment pre-start findings 5/27/98 

May 1998 

Complete Tri-Party Agreement Milestone M-043-07C, "Cross Site Transfer System Operational", by 

5/31/98 

Complete Tri-Party Agreement Milestone M-43-07, "Complete Project W-058" by 5/31/98 

Complete OAC Section Ill sign-off and the Construction Completion Cost Closure Statement for project 

closeout. 

• M-43-11, "Provide the W-314 Project Construction Schedule to Ecology" (9/30/98) 

Status: 

AN Valve Pit Upgrades design completed 11/97 

200E Upgrades design completed 3/98 

AY Tank Farm Upgrades design in process - completion planned 5/98 

Master Pump Shutdown Upgrades design in process - completion planned 12/98 

AN Valve Pit Upgrades construction initiated 3/98 

Obtained approval from DOH and EPA on the Project W-314 Initial Phase Notice of Construction for 

approval 

Started construction activities on the AN Valve Pit Upgrades. 

Issues: 

A proposed change to the transfer pipe route is being considered by RL; this has halted the start of 

construction on the 200E upgrades package. The new route provides improved operating efficiencies, 

reduction in worker exposure, and a cost savings during construction phase. 

Planned Activities: 

AZ Tank Farm Upgrades design planned to start 4/98 

AW Valve Pit Upgrades design planned to start 6/98 

AY Tank Farm Upgrades construction planned to start 6/98. 
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Status/Issues/Planned Activities 

May 1998 

Milestone M-44-00, "Issue Tank Characterization Reports (TCRs) Based on Process Knowledge, Prior 

Characterization Data, and Validated empirical Data Acquired After May 1989 for 177 Hanford High Level 

Waste Tanks." 

Status: 

• Completed sampling and analysis data entry for the month per the FY 97-98 WIRD. 

• Obtained core samples for tanks SX-103, S-111, and U-109. Obtained grab samples for tanks AN-107 and 

AW-101 . Sampling status as of 5/17/98 is as follows: 

Tanks Samples FY-98 

Scheduled/Completed Scheduled/Completed Commitment 

Auger 1/1 2/4 2 

Push 5/5 717 

28 
Rotary 7/6 12/11 

Vapor 10/10 10/19 10 

Grab 21/19 21/19 30 

• Received draft tank characterization report (TCR) for tank BX-111 for review. 

• New TCRs for tanks B-107, BX-111, and S-106 were issued. 

• Plan to deliver 16 new and 10 revised TCRs. Status as of 5/7/98 is as follows: 

FY-98 Commitment Completed to Date 

NewTCRs 16 9 

Revised TCRs 10 1 

Issues: 

• The sample volumes and analysis requirements to support the Privatization Project were identified and 

transmitted to the Contractor on April 1, 1998. Because sample volumes and analysis requirements were 

identified late in the fiscal year, this places the Characterization Project at risk to complete the Privatization 

Project's 12 grab samples and tank AZ-102 core sample. Large sample volumes pose an ALARA (radiation 

exposure) concern for sampling crews. Additional guidance was issued on May 7, 1998, providing 

clarification of Privatization Project requirements and identification of replacement tanks. The schedule and 

resources to support this effort are being discussed with the Contractor. Data quality objective approval and 

follow-up tank sampling and analysis plan to begin core sampling of tank AZ-102 is forthcoming (F/C 

5/30/98). 
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Status/Issues/Planned Activities 
May 1998 

Planned Activities: 

• Partnering meeting to continue discussions on automated/electronic TCRs, WIRD change control process, 

and format and content of quarterly report updates is scheduled for 6/11/98. 

• Draft WI RD for FY 1999 (M-44-13B) due 6/30/98. 

• Final WIRD for FY 1999 (M-44-14B) due 8/31/98. 

• Issue Status Report on FY 1998 WIRD deliverables (M-44-15B) due 9/30/98. 

• Input FY 1998 Characterization Sampling and Analysis Information into Electronic Database (M-44-16B) due 

9/30/98. 

M-45-00, "Complete Closure of All Single-Shell Tank Farms" 

Status: 

• SST Retrieval Working Group Meeting held May 15, 1998 

Ecology/DOE Values for SST Retrieval 

SST Retrieval Strategy 

Risk Definition 

Leakage Input (W-320) Memorandum 

• Retrieval Performance Evaluation Working Group Meeting held April 16-17, 1998 

• M-45-02C: SST Retrieval Sequence 

Options for Milestone Completion: 

• Submittal along with TWRS Systems and Operations Plan on January 1999 

• Complete Sequence based on Revised SST Logic on Schedule 

• M-45-03A: C-106 Sluicing 

Official Acceptance of Construction complete on May 21 , 1998 

Safety Class and Safety Significant Engineering Evaluation. 

Operational Testing of In-Tank Imaging System Complete 

Operational Testing of Pump, Winch Assembly, and Transfer System in Process 

Project Currently on Schedule and Budget 

• M-60-15-T01 : Submit DQO Representing Retrieval Needs Supporting Privatization Phase 1 

Submitted Correspondence to Ecology on May 22, 1998 meeting milestone. 

Issues: 

• Pollution Control Hearing Board hearing in mid-June (M-45-03A) 

• C-106 Sluicing added funding to address Operation Readiness Review concerns. 
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Status/Issues/Planned Activities 

Planned Activities: 

• Retrieval Working Group Meeting, May 28, 1998 

• Retrieval Technology -Workshop, Oak Ridge, June 9-10, 1998 

• C-106 Sluicing Contingency Plan for Off-Normal Events, June 30, 1998 

• Submittal of SST Retrieval Mission Analysis and Logic, June 30, 1998 

Milestone M-46-00, "Double-Shell Tank Space Evaluation" (9/97) 

Status: 

• M-46-01 D, "Concurrence of Additional Tank Acquisition" completed 11/30/97. 

Issues: 

Planned Activities: 

• Data collection for the next few months. 

Milestone M-50-00, "Complete Pretreatment Processing of Hanfor~ Tank Wastes" 

Milestone M-51-00, "Complete Vitrification of Hanford High Level Tank Wastes" 

Milestone M-60-00, "Complete Vitrification of Hanford Low Level Tank Wastes" 

May 1998 

Milestone M-61-00, "Complete Pretreatment and Immobilization of Hanford Low Activity Tank Wastes" 

Status: 

• M-50-04-T01, Submit a Conceptual Design of HLW Pretreatment Facility" (3/31/98) 

Project W-211 installs mixer pumps in certain DSTs. These mixer pumps will allow for the pretreatment 

of HLW for the Phase I Private Contractors 

RL received a letter from Ecology stating that Ecology did not concur with the notification of completion 

since inadequate information was provided to document successful milestone completion. RL believes 

that an Authorization to Proceed notification should provide sufficient data to allow the target milestone to 

be completed. 

• Privatization Review Board Meetings continue to be held. The next meeting is scheduled for the week of 

June 1. 

• Meetings with DOE-HQ personnel to discuss how RL will : 

Prepare the Secretarial Decision Package 

Determine the price reasonableness of the contractors' proposal 

Develop the recommendation for the Secretary. 

• Meetings with Office of Management and Budget (0MB) 

There have been two meetings with 0MB regarding funding needs for TWRS Privatization. Both 

meetings went well. 
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Status/Issues/Planned Activities 

May 1998 . 

0MB is enthusiastic about Privatization 

Significant work is still required to obtain the necessary funding for Privatization and the support projects. 

Other site budgets have an impact on the funding for RL. 

• TPA Milestone M-60-10 select two (2) COCO contractors and issue DOE signed Authorization to Proceed 

with Part B (as defined in the Request for Proposals or subsequently negotiated contracts) work for LAW 

pretreatment and immobilization. 

Issues: 

Summary of events for the low-activity waste (LAW) feed data quality objectives (DQO) for Phase 1 

Privatization (TPA target date M-60-14-T01). 

• Schedule continues to be very aggressive 

LMAES has not been given Authorization To Proceed into Part B 

Discussions continue with BNFL working to obtain an agreement that could lead to an Authorization To 

Proceed 

RL is working to have the Secretarial Decision in time to support the TPA Milestone date of July 31, 1998 

and the expiration date of the contracts 

Congressional Review Process (30 days) needs to be completed by July 31 , 1998 

• Requires the preparation of a Congressional Report to respond to specific questions 

• The Secretary will approve the Congressional Report at the same time as the Authorization to 

Proceed decision is made. 

Planned Activities: 

• June 

• July 

RL provides the Secretarial Decision Package and Congressional Report to the Secretary 

Secretary makes a decision regarding the Authorization to Proceed into Phase IB 

Secretary signs the Congressional Report and forwards it to Congress. 

Possible Congressional Hearings on the Secretarial Decision Package. 

Milestone M-90-00, "Complete acquisition of new facilities, modifications of existing facilities, and/or 

modifications of planned facilities, as necessary to conduct interim storage of Immobilized High Level 

Waste and storage/disposal of Immobilized Low Activity Tank Waste" 

Status: 

• M-90-01, Submit Interim Storage and Disposal ILAW and Interim Storage IHLW PMPs to Ecology" (12/97) 

Project Management Plans were completed and delivered to Ecology in December 1997 

Responses to comments from Ecology have been prepared 
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Status/Issues/Planned Activities 
May 1998 

Ecology and DOE have agreed to update the PMP following the rebaselining to the privatization contract 

• M-90-02T, Complete ILAW interim storage facility conceptual design (6/98) 

Conceptual design is complete and being prepared for delivery to Ecology 

• M-90-0ST, Submit final ILAW disposal facility Performance Assessment to Ecology for review (12/01) 

Performance Assessment is being prepared for official transmittal to DOE-HQ and Ecology 

• M-90-0?T, Complete !LAW disposal facility conceptual design (6/00) 

Conceptual design started March 1998 

• M-20-00, Submit Part B Permit Applications 

Issues: 

M-20-57, Submit interim !LAW facility Part B permit application to Ecology (12/2000) 

• Project W-465 ILAW Interim Storage Facility NOi drafted for review. The NOi is being held 

pending a decision on Project W-465 scope (storage and disposal). 

• Change request drafted for Ecology consideration. M-90 and M-20 milestones changed to reflect W-465 

scope changing from storage to disposal. 

• Letters are being drafted to DOH requesting sealed source determir:iation for IHLW and !LAW canisters. 

Planned Activities: · 

• Submit M-90 and M-20 change request for Ecology consideration 

• M-90-03, Initiate !LAW interim storage facility construction (6/01) 

• Project validation decision is pending further guidance 

• M-90-0ST, Submit final ILAW disposal facility Performance Assessment to Ecology for review (12/01) 

Submittal of the Performance Assessment to DOE-HQ is scheduled for May 1998. The document was 

informally provided to Ecology for review and comment dispositions have been prepared 

Borehole drilled for vadose zone characterization, also used as RCRA groundwater monitoring well. 

Other 

• Permitting 

Clean Air Act 

Project W-030, successfully started up March 1998 meeting N ES HAP FFCA milestone for 296-A-42 

stack. 

Project W-030, closure of 296-A-17 and 296-P-26 stack sampling/monitoring systems. Regulatory · 

notifications sent March 1998. 

Notice of construction approval for Guzzler excavation and backfilling in support of 200 Area A Farm 

received January 1998. 
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May 1998 

Project W-314, notice of construction approval was received March 1998. Startup pending conditions 

and limitations discussions. 

SX-104 NOC for saltwell pumping approved by WDOH March 1998. 

Resource Conservation and Recovery Act Activities 

Hanford Facility RCRA Permit 

• Permit condition 11.U.W, which required mapping and marking of waste piping outside the fences 

enclosing 200 East and 200 West Areas (CSTS), was completed (9/97). 

Double-Shell Tank RCRA Part B Permit Application 

• On schedule to be completed June 1, 1999 

• 8 chapters completed (Chapters 1, 5, 6, 8, 9, 10, 12, and 13) 

• 7 chapters still outstanding (Chapters 2, 3, 4, 6, 11 , 14, and 15) 

• Discussions being held with Ecology on a monthly basis 

• Final Safety Analysis Report (FSAR) 

Final FSAR currently under Tier II review by TWRS 

Approval authority has been delegated from DOE-HQ to RL 

Approval planned for completion in FY 1998 

Implementation planned for FY 1999. 

• Vadose Zone 

Status: 

Continued work with the lnteragency Team (e.g., Ecology, ODOE, Tribal Nations) on the TWRS vadose 

zone program plan 

Supported the Sitewide Vadose Zone/Groundwater Integration initiative 

Continued data collection and analysis of existing boreholes under the spectral gamma logging program. 

Issues: 

Sitewide Vadose Zone/Groundwater Integration initiative continues to expand its understanding of TWRS 

program activities and decisions. A thorough understanding is required to ensure that vadose zone data 

and analysis is completed to meet TWRS programmatic and regulatory needs based on the Tri--Party 

Agreement. 

Concerns with contaminant transport modeling and risk assessments based, in part, on vadose zone 

data, pose potential risks to near-term TWRS program activities such as the PA for the ILAW facilities. 

Planned Activities: 

Continue to completion development of the vadose zone program plan 

Continue to completion the spectral gamma logging effort 
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May 1998 

Support development of the September 1998 Sitewide Vadose Zone/Groundwater Integration Program 

Plan 

Reconvene the Vadose Zone Expert Panel to address progress to date on Panel recommendations 

Support development and implementation of Science and Technology proposals to address specific 

issues of concern regarding contaminant transport. 

• Public Involvement 

Budget workshops held in March 1998 

Privatization briefing to the State of Oregon, May 28, 1998, Richland 

TPA Public Involvement Quarterly, June 3, 1998, Richland 

Health Safety and Waste Management Committee 

• March 13, 1998, Portland 

• April 8, 1998, Seattle 

• May 13, 1998, Richland 

• June 29, 1998, Richland 

Dollars and Sense Committee 

• April 23, 1998, Richland 

• May 15, 1998, Richland 

• June 30, 1998, Richland 

Hanford Advisory Board 

• June 4-5, 1998, Richland 

• July 9-10, 1998, Spokane 

Privatization Public Forum 

• June 29, 1998, Richland 

New website online. 

• Tank 241-SY-101 

This tank is exhibiting a slow rise in surface level 

· Gas is most likely accumulating in or under the floating crust 

Current tank surface level response to mixer pump operation is not consistent with behavior assumed in 

safety analysis 

A USQ was declared on February 26 

Detailed planning on the path forward is in progress. 
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Status/Issues/Planned Activities 
May 1998 

• Tank 241-SX-104 

Anomalous level readings on Tank 241-SX-104 resulted in an extensive investigation to determine if the 

tank is leaking 

Review of the delta level/delta pressure, installation of a video camera, and dry well testing is complete 

Preliminary findings are that Tank 241-SX-104 is not leaking 

Additional analysis is being conducted. 

• Project W-030 Update, "Tank Farm Ventilation Upgrades" 

Status: 

Tri-Party Agreement regulatory scope of work (M-43-01) complete 

Issues: 

None 

Planned Activities: 

Conduct Operational Test Procedure, forecasted for June 1998. 

Cc;>mplete Authorization Basis and ORR post-start actions 

. Complete Official Acceptance of Construction (OAC) Section II exceptions 

Complete OAC Section Ill sign-off and the Construction Completion Cost Closure Statement for project 

closeout. 
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PROJECT W-320 SAFETY CLASS AND SAFETY-SIGNIFICANT 
EQUIPMENT ENGINEERING EVALUATION 

1.0 PURPOSE 
, , 

This report provides the engineering analysis required by the Waste 
Re t rieval Sluicing System (WRSS) Authorization Basis. The Authorization Basis 
for the WRSS is HNF-SD-WM-810-001, Tank Waste Remediation System. Basis for 
Interim Operations, Addendum 1 (BIO) (Noorani 1997). The WRSS Authorization 
Basis was approved on September 17, 1997, after most of the equipment had been 
instal l ed. The Authorization Basis resulted in some reclassification of 
systems, ~tr11ctures: and components (SSC) for the WRSS. The Authorization 
Basis requires performance of an engineering analysis before the initiation of 
WRSS operations tc ensure the system's safety functions can be performed. 
Specifically, Section 4.2 of the Authorization Basis states the following. 

"The existing · WRSS · SSCs that are designated a-s sa.fety cl ass and safety 
significant in this Addendum, were not designed and constructed to meet safety 
class criteria.· 

An en~ineering analysis will be performed for each · safety cl~s~ and . 
safety significant system of the WRSS to ensure that it is able to perform its 
safety function and fulfill its reliability before start up of WRSS 
operations. The engineering analysis will include as a minimum, the 
following: (1) failure modes and effects analysis, (2) allowed outage times, 
(3) reliability criteria, (4) spare parts requirements, (5) provision of 
fail-safe modes of operation or alarm, (6) an updated Fire Hazards Analysis, 
and (7) operational attributes and critical characteristics. Acceptance 

. testing will be performed, where practical to demonstrate that safety. 
functions and requirements can be met . This approach will be used to 
demonstrate that systems that are not built to specific SC requirements can 
perform their safety functions. 

Upon completion of the engineering analysis, a cost/risk benefit 
determination will be made that (1) the system is acceptable "as-is," (2) the 
system needs upgrade or spare parts availability, or (3) · waivers or deviations 
requested as ·necessary." 

The items (1 through 7) requested above are contained in various Project 
documents. Items 1, 2, & 7 are included in this document (HNF2050) . Item 3 
were done only for the Tank 241-AY-102 primary and _annulus and the 241-C-106 
ventilation systems. The results ·of the comparative reliability studies are 
contained in Braun 1997, for 241-AY-102 Pr,imary Ventilation System, Braun 
1998a for the 241-AY-102 Annulus Ventilation System and Braun 1998b for the 
241-C-106 Primary Ventilation· System. Items 4 are contained in the Project 
Spare Parts document HNF2404 . Item 5 is contained in HNF-SD-W320-FDC-001, 
Item 6 is contained . in the Project updated Fire Analysis HNF-SD-WM-FHA-020, 
Rev. OB, addendum #1. · 

The approved U.S. Department of Energy, _Richland Operations Office (RL) 
Safety Evaluation Report [Nelson 1997] that 1s a part of the Author1zation 

1-1 
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Basis contained an open issue (Issue 1) that applies to the safety 
classification. It states the following: 

"I. Some of the .existing systems are not labeled as Safety Class but are 
required to perform Safety Class functions. For example, the 
Ventilation Upgrade system (Project W-O3O) is classified as Safety 
Significant although required to-be a Safety Class system on the 
basis of the Project W-32O Safety Analysis. Additional systems 
include the annulus leak detection system (Tank 241-AY-1O2), the 
transfer line pipe-in-pi~e system, the transfer line leak detection 
systems, the pit cover blocks, and the stack continuous air monitor 
and interlock to·the exhaust fan. An engineering evaluation shall 
be performed to demonstrate .that the systems can perform their 
safety function or be modified accordingly. This evaluation shall 
be supplied to RL/TWRS [Tank Waste Remediation System] for 
information . 

The successful completion of this evaluation will be verified during 
the RL Operations ·Readiness Review (ORR) prior to commencement of 
sluicing operations." 

This evaluation (HNF2050) examines each safety cl'ass (SC) and safety 
significant (SS) systems of the WRSS, provided by Project W-32O, to ensure 
they are able to perform their safety function~ The evaluation (1) defines· 
the project strategy for meeting the system safety fun ct ion (s), · (2) · evaluates 
the system compliance with the safety .design requirements based on the · 
strategy developed in (1), and (3) develops a project Safety Equipment List 

. (SEL). 

• • 
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2.0 SYSTEM SAFETY STRATEGY 

The discussions in Section 5.0 evaluate the suitability of each SC and 
safety significant (SS) system to perform the safety functions specified by 
the 810 and the BIO, Addendum 1. Each section has a system strategy that 
gives -an rationale for how the safety system fulfills ·the required safety, 
function. 

,, 
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3.0 COMPLIANCE WITH SAFETY REQUIREMENTS 

A system description and an evaluation of the system to DOE Order 6430.lA 
SC design requirements is . provided for each system. DOE Order 6430.lA, 
General Design Criteria (DOE 1989), Section 1300-3 est~blishes SC criterjft for 

· systems performing SC functions. DOE Order· 6430.1A identifies criteria to be 
considered in the design of SC components and systems to ensure the system or 
component can perform its identified safety function. These criteria include 

. quality assurance, single-failure criterion and redundancy, environmental · 
considerations, maintenance, -and testing. Safety systems are required to be 
designed, fabricated, erected, and tested to standards and quality 
requirements commensurate with the hazards and potential consequences 
associated with the facility and the role of each system and component in 
mitigating the consequence of design basis accidents . . 

This evaluation reviews the SC criteria in DOE Order 6430.lA but does not 
evaluate the systems against all codes and standards. · Evaluation of the codes 
and standards specified for the systems was not considered appropriate for 
this evaluation because construction was complete, or being completed, for ~he 
WRSS systems .when this evaluation was initiated. The evaluations consider the 
ability of the safety systems to perform their credited safety functions given 
they were constructed with the codes and standards specified by the 
~roject W-320 functional design criteria. · 

.. 
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4.0 PROJECT SAFETY EQUIPMENT -LIST DEVELOPMENT 

The methodology and rationale for component safety classification is 
consistent ~,ith the process established in HNF-PR0-704, Hazard and Accident 
Analysis Process and HNF-IP-0842, TWRS Administration (Gibson 1997), ,, , , 
Volume IV, Sections 5.2 and 5.9. The rationale identifies the design, 
installation, testing, and quality assurance requirements for the SEL 
components. Consideration was given to the identified safety function and the 
capability to restore the safety function in the event of component failure. 
For each system of interest, the following evaluation was performed. 

1. The SC and SS functfon(s) performed by the safety system or the 
supporting system(s) are identified. Included is a reference to the 
applicable accident(s) establishing the required safety function. 

2. Th e system critical characteristics are identified in the system 
partion of the A~pendix. Each system which is required to perform a 
safety function, is translated into system critical characteristics. 
These characteristics are identifiable and measurable attributes or 
variables of the system that are critical to the system's safety 
function. · 

Within each system, the minimum number of components necessary to support · 
the system safety function(s) is identified. The approach used for this 
identification is a failure modes and effects analysis using the following as 
guidance: OOE-STD-1027, Hazards Categorization and Accident Analysis 
Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis 
Reports. The evaluations are intended to be a qualitative evaluation of the 
system interactions and effects of the individual component failure. The 
failure mode and effects analysis is appropriate for systems in which the 
relationship between components and the eff~cts of their failure on the system 
operability is clear. The SC functions for Project W-320 do not involve · 
complex systems. The component interactions and the effect of component 

_ failure on the _system safety function can be readily established using the 
failure modes and effects analysis approach. 

4.1 . FAILURE MODES AND EFFECTS ANALYSIS APPROACH -· 
.In thil approach, each system is analyzed to a level of detail sufficient 

to support procurement, testing, operation, and maintenance of the components 
within the system. The component function and failure mode(s) were 
identified. For each failure mode, the effect of component failure (assuming 
credible failures of other non-safety systems and components) on the system 
safety functions is examined. All failure modes are considered but only those 
with the potential to affect the safety function(s) are listed in the 
App~ndix. 

If failure- of a single component could result in the loss of the safety 
function, the component was ·ass igned the appropriate safety classificati on. 
The factor considered in the selection of safety components was the 
reliability required to achi ( ~~ ~n acc~ptable level ~f r!sk. Engineered 
features were preferred to a0 .. 1n1strat1ve controls, pass1ve components were 
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preferred over active components, primary barriers (those close to the hazard) 
were preferable to secondary barriers, and barriers that provide protection 
from a spectrum of accidents were preferred to minimize the total number of 
safety com.~nnPnt5, In accordance with HNF-PR0-704, the capability to restore 

-the component function (recovery time} is· not a sufficient rationale to permit 
the component to be designated as "general service" because this implies that . 
the compor:er!L ht s no safety function . Howe_ver, recovery time is creditec! in 
relaiing design, procurement and installation require~ents. • 

The ·W-320 Project SEL is contained in the Appendix. This SEL will be 
added to the TWRS SEL via an Engineering Change Notice once this document is 
approved and released. 

:-
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5.0 SYSTEM EVALUATION 

This section discusses the systems in the WRSS determined to be SC or SS 
by the BIO or the BIO, Addendum 1. This section also discusses any existing 
system altered by Project W-320. ,, ' ' 

5.1 TANK 241-AY-102 ANNULUS VENTILATION SYSTEM 
(SAFETY CLASS) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Annulus Ventilation System for tank 241-AY-102 to perform the safety 
function(s) specified for the system by the BIO and the BIO, Addendum 1. 

5.1.1 Strategy Summary 

The Authorization Basis credits the Tank 241-AY-102 Annulus Ventilation 
System with performing two distinct SC functions: . waste temperature control 
and primary tank leak detection (see Section 5.2). No SS functions are 
identified for the system. · 

The Annulus Ventilation System is an existing tan~ farm system designat~d 
SC by the BIO and the BIO, Addendum 1. The components of the system above 
grade, except for the ducting, filter housing and transition pieces were . 
designed and installed to general service requirements. These components are 
not expected to survive a design basis accident. The components of the· system 
below grade and the above-grade ducting to the equipment pads were designed 
and installed to SC requirements and are expected to survive a design basis 
accident. The filter housing and the ·transition pieces were designed to SS. 
The Project W-320 strategy· for maintaining the system safety function takes 
this into account. The project expects the Annulus Ventilation System to fail 
during a design basis .accident. Following a design basis accident, the system 
damage will be assessed and a decision will be made to repair .the permanent 
system or deploy a portable exhauster. Based on the ·most recen~ thermal · 
analysi~ (assuming .·the technical safety requirement [TSR] temperature limits 
are maintained), the system could be :down for a maximum -0f 25 days before the 
tank temperature would become a concern. - _ · 

5.1.2 System Description 

The Tank 241-AY-102 Annulus Ventilation System is an ·existing tank farm . 
v~ntilation sy~tem that consists of ventilation supply and exhaust components. 
The ventilation system provides filtered air to the annulus to maintain dry 
conditions within the annulus as a corrosion ·protection ·measure, provide 
supplemental heat removal from the tank, and provide .a means of primary tank 
leak detection. · · 

The operation of the annulu~ ventilation system (also referred to as the _ 
K-2 Annul~s System) i·s similar to that ·of other aging waste tanks. Outside .:· · 
air enters the Annulus Ventilation System through.the louver intake assembly. · · 
To prevent frost damage to the supply fil ~ers, 2. 5-kW radi anl heaters are . 
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mounted inside t~e louver intake. Intake air passes through dual 
pre-filters, a manual butterfly valve, and a second electric air intake 
heater. The second air intake heater is out-of-service. The air is then 
distributed throughout the annulus from a central point beneath the primary 
tank via underground ductwo~k. · 

_Air is distributed to the annulus by ejght drop legs, which connect faO 
the supply duct. Four six-in. drop legs provide air to the midpoint of the 
annulus . . Project W-320 blocked these legs to enhance tank bottom cooling. 
The remaining four drop legs deliver air to the tank bottom distribution 
plenum and into the air distribution grid work system (floor slots) beneath 
the primary tank. · 

Six ducts that merge into an underground vent header draw exhaust air out 
of the annulus. The exhaust air passes through an inactive electric heater 
and dual HEPA filter housings. Filtered air then exits the ventilation system 

_through the exhaust fan and is discharged to the atmosphere via the 296-A-19 
. exhaust stack. 

-
A continuous air monitor (CAM) and a record sampler monitor the Annulus 

Ventilation System. The CAM provides a means for primary tank leak detection 
by monitoring the annulus exhaust air, before filtration, for an increased 
presence of radionuclides. Downstream of the HEPA filters, a portion of the 
exhaust stream is drawn into the record sample cabinet and passed through a 
sample filter. The sample filter is collected periodically and sent to .the . 
laboratory for analysis. · 

In 1988, Project 8-672 replaced all below-grade Annulus Ventilation 
System ducting associated with tank 241-AY-102. This upgrade was required due 
to excessive corrosibn of the original unprotected ductwork. 

Project W-320 also has performed several modifications of the 
Tank 241-AY-102 Annulus Ventilation System to enhance tank waste cooling. The 
modifications include blocking of the four drop legs which provide air to the 
midpoint of the tank annulus wall, replacement of the exhaust heater ducting, 
and replacement of pressure instrumentation. The annulus exhaust fan !peed -~ 
has been modified to provide an airflow rate of approximately ·. 1,350 ft /min . 
through the floor slots below the primary tank bottom. These modifications 
may be adequate to maintain waste temperatures _within established limits to :; 
accommodate the complete removal of waste from tank 241-C-106. However, · 
uncertainties in the waste parameters may require further modification of the 
system to include an inlet fan and an air intake chiller to increase the .heat 
removal capability. These modifications may not be necessary until a decision 
is made to transport the entire sludge volume. The modifications to the 
annulus can th~n be made before the final batch of sludge is transported to -
tank 241-AY-102. 

The Tank 241-AY-102 Annulus Ventilation Syst~m waste tem~erature contr61 -
SC function, outage time, and design requirements associated with waste 
temperature control are addressed in the following discussions. 

It should be not~d that the .BIO, Addendum 1, Table 4-1, identifies the ~ 
Annulus Leak Oatection System as performing a~ $C function in preventing the 
"Subsurface Leak Resulting in Pool" accident. : T~i~ has been identified _as an 
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error because the associated accident anaJysis does not credit the system with 
performing a safety function. Additionally, the BIO, Addendum 1, . · 
Table 3.4.2. 15-1, incorrectly identifies · the Primary Tank Leak Detection 
Sys t em as ~erforming an SS function (it should have been noted as performing . 
an SC fun cti on). Both of these inconsist~ncies will be corrected in the 
annu~l update to the BIO, Addendum 1. , , 

Th i s document does not evaluate' the primary tank leak detection function 
because the leak detection system is a common tank ·farms system previously 
identified as SC by t_he BIO. Section 5.2 of this document briefly describes 
the tank leak detection system. 

5.1.3 System Safety Functions 

The Tank 241-AY-102 Annulus Ventilation System SC function associated 
with waste temperature control is to maintain tank waste temperatures below 
the local saturation temperature, thereby preventing the tank bump accident · 
described in the BIO, Addendum 1, Section 3.4.2.11. Maintaining a tank waste 
temperature below the local saturation temperature also prevents an organic 
salt-nitrate reaction, addressed in the BIO, Section 5.3;2 . 17. However, the 
organic salt-nitrate reaction accident analysis does npt specifically identify 
the Annul~s Ventilation System as performing . ari SC f~nction (temperature 
monitoring and active primary ventilation are the only safety systems · , · 
identified). · · 

To ensure local waste saturation temperat~res are· not reached, 
HNF-SD-WM-TSR-006 (Noorani 1997a) establishes double-shell tank waste . 
temperature limits of 195 °F for the top 15 ft of waste and 215 °F for ~aste 
belo_w 15 ft (see HNF-SD-WM-TSR-006, Limited Condition for Operation · ·· 
[LCO] 3.2.6). These temperatures are based on a local saturation temperature · 

.of 220 °Fat atmospheric pressure for the supernate (based on the dissolved 
salt content of the waste) with .the temperature adjusted to 240 °F for waste 
below 15 ft to com~ensate for the pressure differential. Both the 195 and 
215 °F temp eratures include a 25 °F subcool margin. This ·includes a 10 °F · 
margin to account for temperature-monitoring instrument .iriaccuracies, and a 
15 °F margin to allow response time to prevent the saturation temperature from 
being reached. · . . · . ·• 

The·sc functions of the annulus ventilation system credited in the-BIO, . 
Addendum 1 tank bump accident scenario are based on HNF-SD-W320-ER-004, 
Project W-320 SAR and Process Control Thermal Analysis (Sathyanarayana and 
Fryer 1997). This report concludes that primary ventilation (Project W-030 · 
configuration) with no annulus ventilation flow will provide adequate cooling 
to maintain waste temperatures below the local saturation temperature · · 
following a 2-ft waste transfer. Therefore, it can be concluded that the 
Tank 241-AY-102 Annulus Ventilation System does not perform a safety cooling 
function until more than 2 ft of tank 241-C-106 waste have been transferred to 
tank 241-AY-102. This is further supported by TSR Temperature Control · 
LCO 3.3.3, which requires the Annulus Ventilation System be veri f ied operable 
during operation and li~ited modes only following the transfer of 2 ft of 
sludge into tank 241-AY-102. 
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Following the transfer of more than 2 ft of waste into tank 241-AY-102, 
the Annulus Ventilation System is relied on to provide cooling to maintain 
waste temperatures below the local saturation temperature. Assumin~ 
optimistic waste thermal parameters, a minimum of 1,000 to 1,200 ft /min slot 
flow through the annulus is estimated to be required to maintain waste 
temperatures below TSR limits following a 6-ft waste transfer. If it is 
determined during sluicing that additional .cooling is necessary to maintain 
tank waste temperature below established limits, the annulus ventilation' 
system performance requirements will be evaluated and modifications to the 
system will be made to provide the necessary enhanced cooling. 

5.1.4 Allowable Outage Time 

The Tank 241-AY-102 Annulus Ventilation System does not perform an SC 
function until more than 2 ft of waste have been transferred from 
tank 241-C-106 to tank 241-AY-102. Therefore, until more than 2 ft of waste 
are received at tank 241-AY~l02, the Annulus Ventilation System is not 
required to be operational for waste temperature control and may be out of 
service for unlimited durations. When the Annulus Ventilation System is not 
operating~ the CAM which is used to detect leaks into the annulus, is · 
incapable'_ of detecting leaks. However a second system ~f leak det~ction, the 
conductivity probes, is still capable of detecting leaks into the annulus. ·. 

Following transfer of more than . 2 ft of tank 241-C-106 waste ·int6 .· .. 
tank 24l~AY-102, the Annulus Ventilation System is required to be oper~tional 
to maintain tank waste temperatures within established limits. System · 
operation is required before and after a design basis accident; however, 
continuous uninterrupted operation is tiot required for the system to fulfill 
its credited safety function. · 

. Sathyanarayana and Fryer (1997) calculate the time to reach the waste · 
saturation temperature following a loss of annulus ventilation after 6 ft of _. 
waste have been transferred from tank 241-C-106 to tank 241-AY-102 (full waste 
transfer). Assuming waste temperatures are maintain~d at qr below the 25 _°F 
subcool margin . (i.e., 195 and 215 °F TSR temperature limits are maintained), . 
it is esti~ated that ·the tank waste would not reach the local saturation 
temperature for · at least 25 days. The 25-day period to reach the wa~te 
saturation temperature considers a total loss of tank ventilation (primary and 
annulus) and is also bounding for a reduced supernate level (i.e., total wasti 
volume in tank 24l~AY-102 following a 6-ft waste transfer less than 15 ft). 

It is anticipated that the waste temperature will be maintained at a 
temperature below the maximum allowable temperature, which will increase the 
available outage time. However, uncertainties associated with waste physical 
properties and the final Annulus Ventilation System operating configuration · 
make it difficult to accurately project ~he maximum waste temperature e~pected 
following ·the 6-ft waste transfer. Therefore, the available outage time for 
the Annulus Ventilation System is conservatively established as 25 days. · . 
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The Annul us Venfil at ion System has been evaluated to identify components 
that perform a safety function associated with system operation during normal 

· and off-normal conditions. Individual components of the system relied on to . 
preserve the system safety function are identified in the Appendix. Each of 
the SC cr~ ~c:, ;,:, ,., , .. ; applicable to the annulus ventilation system are addr,essed 
below. · · - . 

5.1.5.1 Quality Asiurance. Quality assurance requirements have been 
s_pecified for all work performed on the Annulus Ventilation System. 
Underground ducting installed by Project 8-672 was designed and fabricated 
according .to ANSI 831.3-1987 (ANSI 1987) requirements for piping systems. 
Weld records were prepared for all welds and all pressure-containing welds, . 
and attachment welds were visually inspected and subjected to nondestructive 
testing. Following fabrication, system pressure testing also was performed · 
and independently verified. 

Modifications (section 5.2.1) to the Annulus Ventilation System performed 
by Project W-3 20 al so were conducted in accordance with the required qua l .i ty 
control s. All work was designated as "SQ" and therefore was reviewed bi 
Safety and Quality Assurance. Reviewers included Quality Assurance, Quality 
Control , · and an Authorized Ins~ector (Al) : Weld records ~ere prepared forrall 
welding, and all welds were subject to visual examination and enhanced 
nondestructive examination. System pressure testing also was performed and · 
i ndependently verified where applicable. · 

5.1.5.2 Single-Failure Criteria and Redundancy. The Tank 241-AY-102 Annulus 
Ventilation System design, as mo9ified by Project W-320, provides redundancy 
to ensure that a single failure does not result irt a loss of capability -of the 
system to perform its required safety function. It is unlikely the permanent 
Annulus Ventilation System would fail such that the system was not restorable· 
to an operable condition within the available recovery time. To ensure· the 
system can sustain its credited safety function, a Portable Exhaust System has 
been provided as a backup to the permanent Annulus Ventilation System. 

' ' 

The Portable Exhaust System (section 5.7) provides redundancy for most 
above-grade components of the Annulus Ventilation System (active and passive 
components). The portable exhauster system will however; bypass and disable 
the annulus leak detection CAM. In addition the annulus ventilation system . 
reiord sampler Will no longer be functional. Below-grade components (drop 
legs and the distribution plenum) include only the Annulus Ventilation System 
ductwork, which does not perform an active function (passive function only}. 
The below-grade components are designed in accordance with requirements for SC 
design ·1oads and as such are relied on to remain intact following design b;isis 
accidents. · 

The Portable Exhaust System (section 5.7) includes a portable skid- . 
mounted exhauster, a portable generator, air intake ducting and prefilter, . · . 
ducting for connecting components to the underground ductwork, and other . 
miscellaneous components required for system installation. All components of 
the Portable Exhaust System are maintained in an operable condition and can be · 
installed within the 25 days established as the available system recovery· 
time. A~ installation ~ark package, startup testing procedures, and operating 
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and maintenance procedures have been prepared and ar~ a~ailable to su~port the 
emergency deployment of the _equipment should the need arise. 

Upon detection of fai1ure of the Annulus Ventilation System, a damage and 
failure assessment will be performed. A team consisting of Operations, 
Maintenance and Engineering personnel will be assembled to assess the damage. 
The assessment will consider the tank temperature, the extent of damage,''and 
the estimated recovery time to repair the system to an operable condition. If 
it is determined that a repair cannot be made within the available recovery 
time, all or a portion of the portable annulus exhaust system (as required) 
will be deployed. 

The components of the Portable Exhaust Syste~ are designed to maintain 
annulus slot flow estimated to keep waste temperatures below limits and all 
components are deployable within the allowable recovery time established for 
the system. The Portable Exhaust System provides a redundant means to . · 
maintain the cooling function of the annulus exhaust system. 

5.1.5.3 Equipment Environmental Considerations. The Annulus Ventilation 
System is ·: designed ·for the ·environmental conditions (temperature, humidity, 
and radiation) appropriate for the tank f~rms. The cooling function can be 
restored by repair of the Annulus Ventilation System or· deployment of the 
portable exhauster in the unlikely event of failure resulting from . 
environmental ·conditions. This ensures that tank waste temperatures will be 
maintained at or below established temperature limits follo'wing all postulated 
accident scenarios. · 

F6r the follo~ing discussion, components of the Annulu~ Ventilation 
System have been ~rouped into two systems: the below-grade ducting and the 
above-grade mechanical and electrical. components. Equipment environmental 
considerations and qualifications are discussed below for each system." 

5. 1. 5. 3 .1 Bel ow-Grade Components. · The Tank 241-AY-102 Annul us 
Ventilation System below-grade ductwork, including drop legs and distribution 
plenum as installed, is compliant with the SC environmental requirements 
specified in DOE Order 6430.lA, General Design Criteri~ (DOE 1989). The 
system was specifically designed for operation in the environ~ent associated 
with storage of high-heat radioactive waste and can withstand the evaluation 
basis earthquake.· · 

In 1988, Project 8-672 com.pl etely replaced the below-grade ducting 
associated with the Annulus Ventilation System with new corrosion-resistant 
ducting. In addition, Project 8-672 replaced all existing supply and exhaust 
ducting from the underground annulus tie-in connections at .the tank to the 
equipment pads. Work was performed following functional design criteria 
SD-672-FDC-001 (RHO 1986) and Construction Specification B-672-C2 (KEH 1988). 

The below-grade ductw·ork installed under Project 8-672 was specifically 
designed to operate in an environment associated with the storage of high-heat 
radioactive waste. The design preserved the original operating parameters : 
established for the system and considered heat loads resulting from 11 worst­
ca~e11 high-heat radioactive ~astes; 

. ' 
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The below-grade ductwork was classified as Category I and designed and 
analyzed for the safe shutdown earthquake as outlined in Hanford Plant 
Standard Design Cr iteria SDC-4.1, "Standard Arch-Civ i l Design Criteria," 
Revision 10 (horizontal ground acceleration of 0.25 g) (RL 1993). SOC 4.1, 
Revision 10 Category I criteri a were applicable to nuclear reactors and 
structures for the storage of pl utonium, and represented the highest level of 
seismic protecti on specified fo r U.S. Department of Energy facilities at,;he ' , 
ti me. 

In Natural Phenomena Hazard Design and Evaluation Criteria for Department 
of Energy Facilities (DOE 1994), the DOE provides guidance for 
facility-appropriate design accelerations to be used in seismic evaluations . 
Use of the specific _guidance depends on the facility hazard category and 
performance category of the equipment. For existing Hazard Category 2 
facil i ties with Performance Category 3 equipment such as the underground 
storage tanks, a peak horizontal ground acceleration of 0.19 g is used as the 
evaluation basis for accident analysis. This value (0.19 g) was used in the · • 
accident analysis included in the BIO, Section 5.3.2.23 to evaluate the 
effects of a po stulated seismic event on the facility and represents the 
evaluation basis earthquake. This analysis concludes that tank failures, · 
major structure collapse, and pipe ruptures would not be expected to occur 
following the evaluation basis earthquake. 

As previously noted, the Tank 241-AY-102 Annulus Ventilation System 
below-grade ducting was designed in accordance with SOC 4.1, Category I . 
criteria. These criteria impose a horizontal ground acceleration of 0.25 g,· 
which exceeds the 0.19 g ground acceleration considered in the BIO accident 
analysis. It can therefore be concluded that the below-grade ducting will 
remain intac t and in an operable condition following the evaluation basis 
earthquake . · 

5.1.5. 3.2 Above-Grade Components. -~he above-grade ·mechanical and 
electrical components associated with the Tank 241-AY-102 Annulus Ventilation. 
System perform an active SC functio n in maintaining tank waste temperatures 
below established limits. Although the SC components are r~quired to perform 
their safety fu nctions following a design basis accident, 25 days of recovery 
time are avai l able to repair the system and reestablish operation following a 
system failure. 

The fi lter housings and the transition pieces were designed, fabricated 
and installed to safety significant requirements -(Jennings 1995). The balance 
of the above-grade mechanical and electrical components were designed, 
fabricated, ~nd installed following standards and regulations •pplicable for 
general service equipment. Although the equipment was specifically designed_ 
for the extreme environmental conditions appropriate for the tank farms, the · 
design of the components did not consider SC loads resulting from natural 
phenomena (i.e., wind, seismic, ashfall, etc.). 

Following a design basis accident, all above-grade mechanical components 
are assumed to .fail. If it is determined the system cannot be re stored to an 
operable condition wi thin the recovery time availabl e, the Port able Exhaust 
System can be installed as required to restore act i ve ventilation.· The 
Portable Exhaust System. includes all components necessary to connect the 
Portable Exhaust System to the annulus supply and . . exhaust the annulus by 
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connecting to riser 19B. A separate portable generator has been identified 
for electrical power to the portable exhauster. The entire system or a 
portion of the system may be deployed as needed to restore the annulus airflow 
required -to maintain tank waste temperatures. · 

5.1.5.4 -Maintenance. The design of the Annulus Ventilation system provjdes 
for routine maintenance of the system components. All components designated 
as SC/Ss, - as well as other components that could .be subject to failure, are 
located a~ove grade in locations that facilitate maintenance to the maximum 
extent possible. The system design considered the potential to become 
contaminated and incorporated contamination control features where feasible. 
All exhaust air is filtered. 

5.1.5.5 Testing. The Tank 241-AY-102 Annulus Ventilation System includes 
provisions for periodic testing of monitoring, surveillance, and alarm 
systems. Instrumentation is calibrated at a frequency based on the function 

·the instrument serves. System functional testing also is performed _ 
periodically to verify proper system operation and response as required to 
maintain the system SC function. · · 

5.1.6 Reliability . 
The reliability of the Annulus Ventilation System has been assessed 

(Braun et -al. 1998a) using reliability block diagram methods. Evaluatiori of . . 
historical on line time of. the annulus exhaust system was not performed. An 
allowed time for recovery of 14 days was used for the reliability study. 
Fourteen days were used to bound the outage time. When the reliability study 
was being done, .the outage time varied .between 19 and 31 days. Fourteen days 
were used as a conservative outage time to establish a ·bounding outage time 
for the system. Evaluations have been made considering the K2 annulus system 
alone and in combination with the portable exhauster and backup diesel 
generators (see Table· 5-1). _ Assuming a ~eneral service design basis, a 
reliability of 94.88% was calculated for the K2 system alone, and the 
reliability is ·98.96% with the K2 system in combination with the portable 
exhauster. · 

The contribution of .component failures due to seismic or high wind events . 
to total ventilation system reliability is small. Accordingly, the 
significance of qualifying certain components to SC will ·provide minimal 
improvement in the reliability of any of the ventilation systems or ­
configurations (less than 0.5%). The reliability of .the K2 system with an SC 
design basis is 95.35%. The reliabil~ty of the K2 ~ystem in conjunction wjth 
the portable exhauster with both syst~ms as SC is 99.10%. Upgrading the 
systems to SC can . not be shown to be cost effective based on increased 
reliability. 
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Table 5-1. Annulus Exhaust Ventilation System Reiiabilities. 

System combinations and design bases Calculated 
K2 Annulus Ventilation System -Portable exhauster system reliability 

General service -- 94.88% , ,, 

Safety class -- 95.35% 

General service Safety significant 98.96% 

S;i.fety class Safety class 99 .10% 

5.2 PRIMARY TANK LEAK DETECTION SYSTEM (SAFETY CLASS) 

The primary tank leak detection function is not addressed in this · 
document because . the leak detection system is a common tank ·farms system 
previously identified as SC by the BIO. The transfer of waste from 
tank 241-C-106 to tank 241-AY-102 does not change the previous SC function of . 
the Primary Tank Leak Detection System, nor does it influence the system 
performance requirements. Therefore, this evaluation does not address the 
associated SC functions and syste~ requirements. · 

• I 

The system cons1sts of two methods of leak detecti6n (ihe ~nn~l~s · 
conductivity probes and the annulus exhaust CAM). Only one of these method i.s 
required to be in operation at any given time. 

Functional requirements and characteristics for the Primary Tank leak 
Detection System are defined in HNF-SD-WM-TSR-006, Bases B 3.2.6 (Noorani 
1997a) and WHC-SD-WM-RD-057, Tank Waste Remediation System Safety Structures, 
Systems, and Components: Requirements and Characteristics (Smith- . . · 
Fewell 1997). The safety classifications for the individual components of the 
Primary ·Tank leak Detection Systein are identified i.n HNF-SD-WM-SEL-040, TWRS 
Safety Equipment List (Jensen 1998)". 

5.3 TANK 241-AY-102 PRIMARY TANK VENTILATION 
SYSTEM (SAFETY CLASS) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Primary Tank 241-AY-102 Ventilation System to perform the safety 

·function(s) .specified for the_ system by the BIO, Addendum 1. 

5.3.1 Strategy Summary 

The safety function of the _primary ventilation system is to dilute gases 
released from the waste in a steady-state manner such that flammable gas · 
concentrations in the dome spaces remain below 25% of the lower flammability 
limit (lFl) (25% lFL) and aid in heat removal to maintain the tank waste 
temperatures below the saturation temperature. ,, 
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Project W-030 recently built the primary ventilation system for tank 241-
AY-102 to ventilate all four tanks in the Aging Waste Facility. Designated SC 
by the BIO and the BIO, Addendum 1, the system was originally designed and 
constructed as SC 2 in accordance with the original project criter ia. __ 
Project W-030 has produced documentation that evaluates the equipment against 
SC criteria, including procurement, quality assurance, design, and 
rel hbil ity. This evaluation concludes th_a_t, owing to the degree of , 
reliability already inherent in _the system, and because much of the equipment 
actually meets SC requirements as procured and designed, additional upgrades 
or engineering will not provide a significant benefit and the system _should be 
dedicated, without modification, as SC. 

The U.S. Department of Energy (Rl) has accepted this project assessment 
and allowed the system to continue operation as constructed based on this 
recommendation.The system provides the safety functions necessary to support 
operation of the WRSS. As a contingency, Project W-030 is also developing the 
design media, procedures, and other documentation necessary to install and 
operate an emergency backup ·exhauster to ventilate tank 241-AY- 102 within a 
reasonabl~ outage duration, providing additional redundancy to the existing 
system. -- · · 

The 6ounding accident is a tank bump due to -~n increase in iank 
temperature. Based on thermal analyses of the system, it is estimated that 
primary ventilation can be down for a maximum of 50 days, with 2 ft of waste . 
transferred and 2 ft of supernate covering the waste, before waste temperature 
becomes a ~oncern, provided the annulus ventilation system is stilJ running. 
The outage time for a 2-ft waste transfer is 130 days with a full supernate 
· poo 1 . 

The system is also credited with maintaining the flammable gas . 
concentrations below 25% LFL. The tank is expected to reach 25% LFL in 
7.7 days following loss of ventilation. The ti~e to reach 25% LFL is not the 
bounding condition. There is no immediate threat to safety as long as 
ignition controls are in place ·;n accordance with TSR A.C. 5-10. · Recovery . 
work activities around the tank would become restricted following a loss of 
ventilation, du~ to a potential accumulation of flam~able gas in the tank 
vapor space. Work activities are also restricted whenever vapor space 
confinement is lost, based on a need for radiological protection of onsite 
personnel. · 

5.3.2 System Description · 

The AZ-702 ventilation system provides primary ventilation for all four 
Aging Waste Facility tanks, including tank 241-AY-102. The system is housed 
in a new building, 241-AZ-702, and was constructed under Project · W-030 to 
replace the existing 702-A Aging Waste Facility ventilation system, which had 
exceeded its design life and was no longer considered reliable. The new· 
system and its operation are described in detail in the BIO, Addendum 3, and 
in HNF-1903, Project W-030 Tank Farm V~nti7ation Upgrade System Descriptions 
(Briggs .1997). 
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The new system provides ventilation, heat removal, and radiological 
confinement for all four Aging Waste Facility tanks. Ventilation and 
confinement are provided by a common exhaust system with a condenser; 
high-efficiency mist eliminator (HEME}, and two redundant air cleanup filter 
trains with· fans that exhaust through a common stack. A recirculation 
v~ntilation cooling loop on each tank removes heat from the ventilation 
airstream and, in turn, from the tank waste, by' circulating the tank ,, 
atmosphere through a chiller and condenser system by means of a closed loop of 
ductwork. Some heat removal also can be achieved by the common exhaust system 
if one or more of the recirculation cooling loops is bypassed. · 

The common exhaust system is connected to the tank header system. The 
tank header is connected to all four tanks. The header mixes the individual 
tank exhaust. The mixing of the four tank exhausts minimizes the potential 
flammable gas accumulation. The recirculation loops and intake flow control 
and filter systems on individual tanks .have been evaluated on a component 
level and modified to meet the Ignition Control Sit #2 (Noorani 1997a) for 
normal continuous operation in an intrusive location. Som~ of the equipment 
in these tank-specific systems, including inlet heaters and heat tracing, must 
be deenergized before conducting any waste-disturbing activities in the tanks 
(including WRSS operations) because it does not meet the more stringent .· 
cpntrols for such activities. This limitation does not adversely affect the 
safety functions of the ventilation system or any of its components. 

A portable exhauster (see Section 5.7) is available for installation, as 
part of a recovery plan, in the event that the 241-AZ-702 system is lost due 
to an accident or natural phenomenon and cannot be brought back on line in the 
allowable outage time. A riser has been identified and dedicated for this 
use, and the design media~ procedures, installation work packages, and other 
necessary documentation have been prepared .in advance to enable the exhauster . 
to be installed and put in· service within 7 days if needed. 

5.a.3 System Safety Functions 

Primary ventilation of tank 241-AY-102 is credited with preventing a 
flammable gas deflagration or a tank bump during waste retrieval .from 
tank 241-C-106 and -subsequent storage in ·tank 241-AY-102 {BIO, Addendum 1, 
Sections 3.4.2.8 and 3.4.2.11, respectively). Both accidents classify the 
primary ventilation system as SC. The associated safety functions are tl) to 
maintain the flammable gas concentration in the· tank vapor space to 25% or · 
less of the LFL by a process of continuous dilution; and (2) to help provide 
sufficient waste cooling, by drawing warm air from the tank by once-through or 
recirculation ventilation, to maintain the waste t emperature below the TSR 
limits. The primary ventilation system alone is sufficient to maintain waste 
temperatures within limits for the first 2 ft of waste transfer from tank 241-
C-106. Thermal analyses (Sathyanarayana and Fryer 1997) have shown annulus 
ventilation to be a more effective means of heat removal than the primary . 
system. The primary system augments the annulus system heat removal safety 
function after the transfer of more than 2 ft of waste from tank 241-C-106. 
After the transfer of 2 ft of waste, the main function of the primary 
ventilation system becomes dilution of flammable gases in the tank vapor space 
since the annulus ventilation system is relied upon for heat removal. 
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Tank 241-AY--102 primary ventilation is required to be operable at all 
times in accordance wi-th LCO 3.2.1 (Noorani 1997a). The primary ventilation 
system also provides confinement, for radiological protection of onsite 
workers, t.:,- i:::'A filtration and by maintaining a nega'tive pressure in the 
·tank. Ventilation is described in the BIO, Section B2.4.3.7, and the relevant 
analyses and controls for HEPA filters are discussed in the BIO, 
Section s-.3.2.2. 

5.3.4 · Allowable Outage Time 

, , 

An estimate of allowable outage time for the tank 241-AY-102 primary 
ventilation system may be based on either of its two safety functions: 
dilution of flammable gases or waste cooling. After a loss of primary 
ventilati0n, the concentration of the flammable gases in the dome space and 
the temperature of the waste will gradually increase over time. Waste 
temperature wiil ultimately define the allowable outage time for primary 
ventilation. 

After a loss of ventilation, LCO 3.2.1 speci-fies corrective actions that 
must ·be initiated to avoid a TSR violation. These required actions are 
compensatory measures that allow work activities (e.g., · to restore the . 

• ventilation) to continue on a restricted basis. These actions are as follows. 

·• '. Immediately stop all waste-disturbing activities. 

• · Immediately start work on restoring active primary ventilation, or 
developing an approved recovery plan to do so. 

• Monitor the . tank vapor space within 72 hours, and repeatedly at 
72-hour intervals, to verify the flammable gas concentration is 
below 25% LFL. . 

The rate of forced ventilation required to maintain the flammable gas 
concentration in the tank within acceptable limits is very small, on the order 
of a few st.andard cubic feet per minute. However, if forced primary 
ventilation is completely lost, flammable gases will accumulate in the tank 
vapor space and eventually reach 25% LFL. Based on a theoretical model and 
limited field data, the rate of flammable gas accumulation in the tank 241-
AY-102 dome _space will vary somewhat depending on the stage of waste ret_rieval 
or the depth of waste in the tank (i.e., pre-sluicing vs post-sluici ng) 
(Estey 1997). Table 5-2 presents the results of these calculations . 
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Table 5-2. Time {Days) to Reach 25% and 100% of Lower 
Flammability Limit. 

Tank 241-AY-102 Time {days) 
(status) 25% LFL 100% LFL 

-
P·re-sl ui c, ng · 10 4.6 

Post-sluicing 8 34 

LFL c lower flammability limit 

,, 

These results suggest that the vapor space in tank 241-AY-102 could reach 
a hydrogen concentration of 25% LFL in little more than a week following a _ 
complete loss of active primary ventilation, with the tank only passively · 
"breathing" (i.e., ventilated by variations in barometric pressure). ·· After 
verifying, by gas monitor, that the concentration of flammable gas has reached 
25% LFL, restoration of the ventilation system can continue. However, 
additional procedural restraints will be imposed due to the flammable gas 
concentration exceecing 25% LFL. These activities include an immediate stop 
to staffed activities at intrusive locations {unless necessary and approved as 
part of restoring the ventilation) and deenergizing the equipment that does 

, not meet Ignition Source Control Set 2 requirements {Noorani 1997a). Given 
these controls, work can progress to restore ventilation. The standby 
portable exhausters meet the- ignition source control requirements and may 
still be operated at this point. From the standpoint of work restrictions, · · 
monitoring requirements, or ignition controls, there is little difference 
whether the tank vapor space is at 25% or 100% LFL. 

In the case of waste heating, following a 2 ft. transfer, if primary 
ventilation 1s not restored the waste temperature will gradually increase and 
could eventually exceed the safety limit for the tank structure. 

A combination of annulus and primary ventilation cools the waste. A loss 
of ei ther system will lead to a gradual rise in waste temperature, ultimately 
reaching the saturation temperature and resulting in a tank bump. Section 5.1 
discusses the allowable outage time following a loss of annulus ventilation. · 
Based on the results of HNF-SD-W320-ER-004, Project W-320 SAR and Process 
Control Thermal Analyses {Sathyanarayana and Fryer 1997), an estimated 
allowable outage time for the· primary system would be 250 days, given the · 
planned 6 ft of high-heat waste has been transferr~d from tank 241-C-106 to 
tank 241-AY-102 (and provided the annulus system continues to operate). In a · 
pre-sluicing condition, or with up to 2 ft of waste transferred from tank 241-
C-106 to tank 241-AY-102 (i.e., before a requirement for active ventilation of 
the annulus), the primary ventilation system may be relied upon alone to 
provide cooling to prevent a tank bump. At this stage , a loss of primary 
ventilation will also result in an increase in waste -t emperature, but the 
increase will not be as great or as rapid as •in the cas e following a transfer 
of 6 ft of high-heat waste from tank 24l~C-106. A loss of primary ventilation 
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for a 2-ft transfer Qf waste with a 2-ft supernate pool (annulus ventilation 
not needed for 2-ft transfer) results in the waste temperature reaching 
saturation in 50 days. A loss of primary ventilation for a 2-ft transfer of 
waste with a full supernate pool results in the waste temperature reaching 
saturation in 130 days. 

·Therefore, based on the results of the thermal analyses (Sathyanarayana 
and Fryer 1997) conducted for Project W-320, and given the fact that recovery 
work can continue on a restricted basis following a loss of primary 
ventilation, 50 days may be considered a reasonable bound for estimated outage 
time. The restrictions previously discussed are compensatory measures to 
allow work ·to progress to restore active ventilation, either by repairing the 
existing tank 241-AZ-702 equipment or installing a portable exhauster, while 
minimizing the possibility of a flammable gas deflagration. As discussed in 
Section 5.3.2, the portable exhauster provides a means of recovery which can 
prevent flammable gas build up as well as a tank bump while corrective 
maintenance/replacement activity is carried out to restore the primary 
ventilation system. If the existing (permanent) equipment can be repai~ed, 
within the allowable outage time, the por~able exhauster will _not be 
necessary. 

5.3.5 Sy$tem Design Evaluation · 

5.3.5.1 Quality Assurance. The 241-AZ-702 ventilation system was procured 
and.designed to meet SC 2, or SS, requirements in accordance with the original 
Project W-030 criteria. Procurement of safety-related equipment was in 
accordance with appropriate quality assurance requirements, including test and 
inspection documentation, supplier qualifications, ·certified data on materials 
used, and certification of compliance with project specifications. ·The same 
procurement requirements apply in large part to SC equipment. Any future 
maintenance, parts replacements, or modifications will be performed in 
accordance with the appropriate quality assurance requirements. 

5.3.5.2 Sirigl~-Failure Criteria and Redundancy. There is considerable 
redundancy designed into the tank 241-AY-102 primary (702-AZ) ventilation 
system. Fans and HEPA filters are arranged in parallel trains with crossover 
lines enabling various equipment combinations to run. Although the . 
recirculation loops, primary condenser, and HEME are not redundant, they can · 
be bypassed and taken off line for maintena~ce .with no immediate advers~ · 
affects on ovefall system operation. Instrumentation and controls are 
designed to enable local manual operation of the system in the event of a loss 
of the control room or automatic controls. Normal electrical power is backed 
up by a permanently installed diesel-powered generator of adequate capacity to 
power the entire system. 

In most cases, a single failure of any component will not result in a 
loss of required safety functions. · In cases where it does, operations can 
rely upon allowable outage time, along with portable exhausters, generators, 
and various spare parts,-in, addition to hardware redundancy, to ensure system 
reliability. Project W-320 is developing conti"ngency plans to ensure suitable . 
portable equipment is available for installation following a design basis · · 
natural phenomena event in which power or ventilatjon is lost. 
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Reliability studies and other documents produced by Project W-030 
(e.g., HNF-SD-WM-CN-123, Reliability Study of the 702-A and 702-AZ Ventilation 
Systems [Braun 1997]; HNF-SD-W030-ANAL-003, Reliability Evaluation of the 
Electrical Power Distribution System for Tank Farm Ventilation System Primary 
Exhaust Fans in Building 241-Al-702 (Kriskovich 1997a); and HNF-1788, 
Project W-030 Safety Class Upgrade Summary Report -[Kriskovich 1998]) concluded 
that the 702-AZ ventilation system has a high degree of reliability as ,, 
constructed, and_ meets the criteria for an SC system. 

5.3.5.3 Equipment Environmental Considerations. The 702-AZ ventilation 
system was procured and designed to be compatible with the anticipated 
environmental conditions, as defined in project design basis documentation. 
Both external conditions and properties of the exhaust stream ware considered. 
Most major components were classified and procured as safety-related 
equipment. The environmental qualifications were verified as part of the 
procurement process, using testing, analysis, or other methods as appropriate. 
Environmental qualification of components is documented with submittals in . the 
project files, and summarized in HNF-SD-2030-RPT-001, Project W-030 Safety 
Equipment Evaluation (Kriskovich 1997b). 

5.3.5.4 Mairitenance. The 702-AZ ventilation system was designed for 
maintainability. All maintenance on the new system can be performed above 
ground, minimizing worker exposure.· Control ·valves .and major components can 
be bypassed without interrupting system operation. The HEME has remote 
flushing -capability. The HEME i~ a system desig~ feature that minimizes the 
spread of contamination to the downstream ductwork and primary filter trains. 
The system has been turned over to operations with a complete set of verified 
maintenance and calibration procedures. 

5.3.5.5 Testing. The 702-AZ ventilation system was designed to enable 
regular testing of system functions, including surveillance and alarms, while 
the system is operating. The filter train is designed for in-place testing of 
HEPA filters in compliance with ASME NSI0-1989, Nuclear Air-Cleaning Systems 
(ANSI/ASME 1989b). 

5.4 TANK 241-C-106 PRIMARY TANK VENTILATION SYSTEM 
(SAFETY CLASS) 

The following discussion evaluates the suitability of the Project ~~l20 
WRSS Primary Tank 241-C-106 Ventilation System to perform the safety 
function(s) specified for the . system by the BIO and the BIO, Addendum 1.-

5.4.l Strategy Summary 

The safety function of the primary ventilation system is to dilute · gases 
released from the waste in a steady-state manner such that flammable gas 
concentrations in the dome spaces remain below 25% LFL and to remove heat to _. 
maintain the tank waste temperatures below the TSR limit for waste 
temperature. 

The tank 241-C-105 and 241-C-106 ventilation system includes the existing 
296-P-16 exhaust system, the new 296-C-006 ventil~tion system and a portable 
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exhauster. The 296-C-006 and the portable exhauster were provided as part of 
Project W-320. · The function of the 296-P-16 exhaust system, the 296-C-006 
ventilation ·system and the portable exhauster have been designated SC by the 
BIO and the BIO, Addendum 1. 

With a few exceptions, t~: majority of the components comprising the 
tank ·241-C-105 -and 241-C-106 ventilation sy.stem were designed, fabricate.d, and 
installed before being designated SC. Accordingly, most of the components of 
the ventilation syste~ were installed as general service equipment and as such 
are not expected to survive a design basis accident. 

The critical SC function t~e tank 241-C-105 and 241-C-106 ventilation 
system performs is to maintain tank 241-C-106 waste temperature below the 
local saturation temperature, thereby preventing a tank bump accident. Active 
ventilation, however, is not required to be continu9us to maintain waste 
temperatures below the local saturation temperature and considerable outage 

·· time is available to restore system operation in the event of a ventilation 
failure~ · 

-
The project strategy for ensuring the SC functions of the tank 241-C-105 

and 241-C-106 ventilation system ~re preserved following a design basis · 
accident is to take advantage of system redundancy and •spare parts as well as 
the outage time available for recovery. Based on the -extent of redundancy arid · 
the significant amount of outage time available, the tank 241-C-105 and 
241-C-106 :primary ventilation system, as designed and installed, · meets ·all 
applicable functional requirements specified for SC systems and, as such, can 
be relied on to perform its SC functions following a design basis ac~ident. 

5.4.2 System Description . 

Two independent heating, ventilation, and air conditioning (HVAC) systems 
will be used to provide required ventilation at tanks 241-C-105 and 241-C-106. 
The systems to be used include the existing 296-P-16 exhaust system and the 
new 296-C-006 system installed by Project W-320. Both of the HVAC systems 
have been designated as SC systems. · 

The 296-P-16 exhaustet provides active ventilation to tanks 241-C-105 and 
241-C-106 and will continue to be operated until sluicing operations are 
initiated . . Once sluicing operations are initiated, the 296-P-16 exhaust.er 
will be shut down and placed in a standby mode. At such time, active · 
ventilation at tank 241-C-106 will be provided by the new 296-c~oos exhaust 
system. Before the 296-P-16 exhauster is shut down, tank 241-C-105 will be 
placed in a passive ventilation mode. While in the standby mode, the 296-P-16 
ventilation system will be maintained in an operational condition and will be 
available for use should a need arise. 

The following sections provide a general description of the 296-P~16 and 
the -296-C-006 exhaust systems. 
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5.4.2.1 296-P-16 Exhaust System. The 296-P-16 Exhaust System is installed 
for permanent use at -tanks 24~-C-105 and 241-C-106. The 296-P-16 exhaust 
system is continuously operated in accordance with Tank Farm Plant Operating 
Procedure T0-060-050 and is ·occasionally shut down for short periods to 
perform system maintenance. System shutdown requires that tanks 241-C-105 and 
241-C-106 be placed in a passive ventilation mode. 

, , 

The 296-P-16 Exhaust System ventilates the tanks, thereby cooling the 
tank contents and controlling the concentration of flammable gases within the 
tank dome space. Although the primary function of the exhaust system is to 
ventilate tanks 241-C-105 and 241-C-106, the system also provides limited 
ventilation to tank 241-C-104 via the 3-in. cascade line from tank 241-C-105. 

The 296-P-16 exhaust system will not be operated during sluicing . 
operations. The primary function of the 296-P-16 exhaust · system in support of 
sluicing operations is to cool the tank 241-C-106 waste before the initiation 
of. sluicing to reduce the potential for a steam release event during waste 
retrieval. The system will also serve as a backup system to the · 
296-C-006 ventilati6n, once sluicing has been initiated. Op~ration of the 
system as a backup will require shutdown of any sluicing operations in 
progress. 

Major components of the 296-P-16 exhaust system include .the 
tank 241-C-105 and tank 241-C-106 air intake stations and the 
296-P-16 exhauster. All components of the systems were designed and built in 
accordance with general service requirements. The major system components are 
discussed as follows. · · 

5.4.2.1.1 Tank 241-C-105 and Tank 241-C-106 Air Intake Stations. The· 
ventjlation system draws air into tanks 241-C-105 and 241-C-106 via the air 
intake stations and the cascade lines, and through in-leakage from various 
unseal ed tank components connected to the tank dome. Although a significant 
amount of air is drawn into the tank from other sources (approximately 45% for 
tank 241-C-106 as presently configured), the primary air intake for 
tanks 241-C-105 ~nd tank_ 241-C-106 is the air intake stations. 

The tank 241-C-105 and 241-C-106 air intake stations are of similar 
design with the primary difference being the overall size and capacity of tbe 
units (the tank 24l ~C-106 intake station is considerably larger). Each unit 
includes a scr~ened _ air entrance duct, prefilter, HEPA filter, control ~alve 
(damper), differential pressure gauges, and support structure. The air intake 
stations are connected to the tank via a 12-in.-diameter duct which connects 
to a flanged tank riser (the t~nk ·241-C-105 air intake station is connected to 
Riser 2; the tank 241-C-106 air intake station is connected to Riser 15). 
Differential pressure gauges provide indication of the pressure differential 
across the prefilter and the HEPA filter. Filters are changed out upon 
indication of a high differential pressure. 

Project W-320 modified the tank 241-C-105 air intake station to include 
an air chiller coil {CC-1351), a new control valve, and additional 
instrumentation. The cooling coil is installed downstream of the filter 
enclosure and is designed _to maintain inlet airflow at a constant 40 °F 
temperature. A 45% glycol solution supplied from the chiller skid circulates 
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through the cooling coil. The cooling .coil includes a condeniate drain that 
returns condensate to tank 241-C-106 via the intake duct. 

Instrumentation installed by Project W-320 at the air intake station 
includes temperature indicators, installed upstream and downstream of the 
cooling coil, and a pressure differential indicator which indicates the 
pressure differential across the cooling coil. All instruments associat~d 
with the air intake stations (existing and newly installed) provide local 
indication only.· Operators monitor instrumentation associated with the air · 
intake stations as part of operator rounds, which are performed on a regularly 
scheduled basis. · · · 

5.4.2.1.2 296-P-16 Exhauster Components. The 296-P-16 exhauster is a 
7,000 ft3/min exhauster installed at the C-Farm, located between . 
tanks 241-C-105 and 241-C-106. In the present service configuration, t~e · 
capacity of the exhauster is limited to approximately 3,000 to 3,500 ft /min. 
Ventilation airflow rates are maintained at appro~imately 2,400 ft3/min 
through tank 241-C-106 and approximately 1,000 ft /min through tank 241-C-105, 
at a vacu~m pressure of approximately -1.5 in. water gauge (w~g.). 

The 296-P-16 exhauster includes exhauster ducting, a deentrainer, control 
valves, an exhauster assembly (two 50-kW heaters, a prefilter, and two HEPA 
filters in series), an exhaust stack, and system-monitoring instrumentation. 
Air is drawn from the dome space of the tanks by the exhauster via exhaust 
ducts installed at tank 241-C-105, Riser 11 and tank 241-C-106, Riser 2. 
Valves located immediately downstream of each tank riser connection control 
tank airflow rates and provide isolation ~hen needed. · 

Downstream of the valves· the duct w·ork joins together and connects to the 
deentrainer. · As air passes through the deentrainer, liquid droplets and large 
particles are separated from the airstream. Liquid accumulated by the 
deentrainer (during operations and flushing) is collected and drained back . to 
tank 241-C-106. A differential pressure gauge installed on the deentrainer 
provides local indication of the pressure differential across the deentrainer. 
Flush valves and piping are included to flush the deentrainer when a high 
differential ~ressure is observed. , 

Upon exiting the deentrainer, air passes through an 18-in. butterfly 
valve and enters the exhauster assembly. The :exhauster assembly includes a 
heater assembly, a filter assembly and an exhaust blower. 

The heater assembly contains two 50-kW electrically powered heaters that 
reduce the relative humidity in the airstream before entering the filters. A 
locally mounted thermostat and control circuit control the heaters~ . . 
Temperature switches are installed upstream (TSl) and downstream (TS2 and TS3) 
of the heater assembly. TSl opens above 190 °F and shuts off power to 
heater #1. TS2 opens above 180 °F and shuts down heater #2. TS3 opens below · 
140 °F and shuts off power to the exhaust vent blower. 

Downstream of the heater assembly, air ~asses through a prefilter ·and a 
two-stage HEPA filter. Differential pressure gauges are installed at each 
filter stage. Differential pressure gauges across the HEPA filters also · 
include pressure switches. Pressure switch PS-1-EXH-A senses the differential 
pressure across the second HEPA filter. The switch is normally closed and 
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opens on a low differential pressure. When the switch opens, it shuts off 
power to the exhauster blower. PS-l-EXH-8 senses pressure across the first 
filter. The switch is normally closed and opens on a high differential 
pressure. Upon opening, the pressure switch activates a local audible and 
visual alarm annunciator. 

The ventilation system exhaust blower located downstream of the HEPA 
filters maintains the required airflow to the tanks. A 15-hp, 440-V, 3-phase 
electric motor powers the exhaust blower. The blower starter control includes 
a time-delay circuit that does not allow low temperature or low and high 
differential pressure switches to trip the interlocks or activate an alarm 
during the first 4 to 5 minutes following startup. 

As with the deentrainer, the exhauster assembly includes a drain system 
to collect liquid generated during system operation. The exhauster drain 
system connects to th e deentrainer drain, which drains liqu id back to 
tank 241-C-106, Riser 2 via a seal pot. Drain lines are heat traced to 
provide freeze protection in the winter months. 

The exhaust blower discharges air to the atmosphere via the exhaust ·· 
stack. The exhaust stack incltides a monitoring system with a CAM and a - · 
proportional record sampl~r. The CAM samples the exhaust stream and is _ 
interlocked to shut down the exhaust fan when high radiation levels are · 
detected (Project W-320 installed the CAM interlock). The ~AM also has an 
alarm to indicate equipment failure. 

5.4.2.2 296-C-006 Ventilation System. The 296-C-006 ventilation system will 
be operated during all active sluicing operations. The system is designed to 
provide enhanced ventilation capabilities, reduce emissions, and control · 
pressure, temperature, and humidity during sluicing activities. The system · 
includes equipment to limit the release of hazardous aerosols _ and vapors, as 
well as a radiation monitoring system to ensure system effectiveness ·and 
maintain emi ssions of radionuclides as low as reasonably achievable. 

The 296-C-006 ventilation system is a ·combination recirculation and 
exhaust system. The recirculation portion of the system r emoves heat from the 
tank 241-C-106 vapor space, reduces fog for improved visib i lity in the tank, 
and dehumidifies the recirculating air. The exhaust portion of the system · 
maintains the required tink negative pressure in -the tank and provides for the 

. dilution of flammable gases generated by the tank waste, thereby maintajning · 
gas concentrations ~ithin the tank do~e space below 25% LFL. 

Major components of the 296-C-006 ventilation system include the Process 
Building, the chiller skid, the exhaust skid, the Ventilation Exhaust 
Radiation Monitoring System, and the 241-C-106 seal loops. Most of the 
components of the 296-C-006 exhaust system were designed to be portable to 
facilitate use at other locations and/or decommissioning. _ 

Except for the seal loops, all components of· the 296-C-006 ventil~tion 
system were designed, fabricated, and installed as general serv ice equipment. 
The seal loops were designed, fabricated, and installed as SC components. 
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5.4.2.2.1 ~rocess Building. The Process Building (241-C-91) is an 
insulated, environmentally controlled metal building that houses the Process 
Building skid. The Process Building is divided into two rooms. Room 1 
contains the HVAC process vessels and equipment, and generally will not be 
accessible during operations. Room 2 contains instrumentation panel IE-1361, 
and will be routinely used by operators. A shielding wall separates the two 
rooms. ,, 

Major components of the Process Building skid include a .condenser, a 
moisture separ_ator, a heating coil, a recirculation fan, a HEME, a high­
efficiency metal filter (HEMF), a portable exhauster connection, a seal pot, 
and a gamma det~ctor. Compressed air and raw water supply systems are 
provided to the process building to support operation of the ventilation 
system, such as back washing the HEME and flushing the HEMF. 

Gases from the 241-C-106 headspace enter the ventilation system through a 
10-in. duct located at Riser 15 at a rate of 1,040 to 1,220 ft3/min and enter 
the condenser (HX-1361). The condenser cools the air, condenses moisture in 
the airstream, and returns the condensate to the tank. The condenser is a 
shell- and tube-type condenser designed to meet the requirements of 
ANSI/ASME · Boiler and Pressure Vessel Code, Section VIII, Division 1, Ru1es for 
Construction of Pressure Vessels (ASME 1995). The ventilation airstream, 

. circulating on the shell side, is normally cooled to about 40 °F by the . . 
.chilled water cooling system, which circulates a 46% propylene glycol solution­
·on the tube side. The condenser shell side is designed ·for an airflow of 
1,040 to 1,220 ft3/min, an inlet temperature range of 50 to 180 °F, an outlet 
.temperature range of 33 to 180 °F, and an operating pressure range from -5.9 
to -0.3 in. ·w.g. The condenser tube side is designed for a coolant flow of 
110 gal/min, an inlet temperature range of 31 to 90 °F, and an outlet 
temperature range of 36 to 90 °F. Condenser capacity is 250,000 Btu/h. 

Upon passing through the condenser; part of the flow (860 ft3/min) 
circulates through the moisture separator and heating coil and returns to 
tank 241-C-106 through an 8-in. duct located at Riser 2. The moisture 
separator (MS-1361) removes moisture from the airstream and returns the liquid 
to the tank . . The moisture separator is a centrifugal mist eliminator that · 
removes moisture droplets from the recirculation airstream by centrifugal . . 
force and gravity. Drains fr6m the moisture separator are routed to the seal 
pot in the Process Building and return to tank 241-C-106. 

The recirculation heating coil (HC-1361) reduces the relative humidity of 
recirculating air and protects the recirculation fan from erosion by liquid 
aerosols. The heattng coil is rated at approximately 30 kW. Liquid drains 
from the heating coil are routed to the Process Building seal pot for return 
to tank 241-C-106. Heating coil HC-1361 is interlocked with recirculation fan 
FN-1361 and shuts off automatically when the fan shuts down. 

The recirculation fan (FN-1361) is direct driven by a 7.5-gp, 
single-speed, electric motor and has a rated capacity of 860 ft /min at 
19 in. w.g. pressure differential. The fan is a centrifugal type and is of , 
304 L stainless steel construction. liquid that drains from the recirculation 
fan is routed to the Process Building seal pot for return to tank 241-C-106. 
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The portion of air that is not recirculated (normally 230 ft3/min) passes 
through the HEME and the HEMF and is directed to the exhaust skid. The HEME 
(HME-1361) is a cartridge-type moisture eliminator with a monofilament 
fiberglass filter bed, designed for an airflow of 180 to 360 ft3/min at a face 
velocity of 30 ft/min, a temperature of 40 °F, and a pressure of 14.2 psia. 
The removal efficiency rating of the HEME is 99 . 5% for particles that are 
0.5 µm and larger, wh i ch removes any moisture · carryover from the condenser. ' i 

The filter housing is constructed of 304 L-stainless steel and is designed to 
meet the requirements of ANSI/ASME Section VIII, Division 1 {ASME 1995). The 
HEME has a provision for periodic back washing with filtered raw water to 
increase its efficiency. Retained particulate material is returned to 
tank 241-C-106 via an encased drain line connected to the sluicer dropleg. 
Back washing of the HEME may be initiated either manually by the operator or 
automat i cally by a timer. The HEME has a bypass that allows for continued 
operation of the ventilation system during the back-washing process and also 
includes a jacket filled with shiel di ng shot .to reduce the dose should 
radioactive material become trapped in the assembly. 

Once air passes through the HEME ft enters the HEMF. The HEMF (HMF-1361) 
has several sintered metal fiber-type filters arranged cylindrically within 'a · 
vessel. The HEMF is ·designed for an airflow of 180 to 360 ft3/min at a ' . · 
temperature of 40 °F and a pressure of 13.9 psia. The HEMF will act as a . 
prefilter for t he HEPA filter (in the exhaust stream) and will remove at least 
99.97% of the particles sized 0.3 µm and greater. The filter housing is 
constructed of 304 L stainless steel and designed to meet the requirements of· 
ANSI/ASME Section VIII; Division 1 (ASME 1995). The HEMF has provisions for 
back flushing using filtered raw water . Back flushing is followed by a . · 
compressed air blow down and drying of filter media. Back flushing of the 
HEMF is manually initiated by the operator, as required, at ·a predetermined 
radiation level as sensed by a local detector. The filtered water used for 
back flushing, and any particulate material removed, is returned to 
tank 241-C-106 via a dedicated encased drain line through the 4-in. riser 
("R-4''). The HEMF has a bypass that allows for continued operation of the 
ventilation system during the back-flushing process. The HEMF also has a 
jacke~ filled with shielding shot to provide for radiation shielding. 

A seal p6t is installed on the Process Building drain line . The seal pot 
serves as a common collection point and seal for the co·ndenser and other 
ventilation system equipment drains while preventfng tank 241-C-106 from 
venting into the Process Building. The overflow from the seal pot, whifh 
includes the HEME back wash waste water, is returned to tank 241-C-106 via a 
dedicated encased drain line connected to the sluicer dropl~g. 

A gamma radiation monitor is installed in room .2 of the Process Building. 
This monitor will alarm locally and in Trailer M0-211 to indicate solids are 
collecting on the HEME or HEMF and flushing is needed. 

. . 

An 8-in. duct is provided at the Process Building, between the moisture 
separator and heating coil. The duct was installed to permit the connection 
of a portable exhauster for ventilation of tank 241-C-106, if necessary, 
during ventilation system outages. 
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5.4.2.2.2 Chiller Skid. The chiller ski.dis a glycol and water chiller 
system that serves two functions: (1) provide cooling fluid to the process 
building condenser, and (2) provide cooling fluid to the tank 241-C-106 air 
inlet cooling coil. These two services are mutually exclusive. Before the 
start .of ·sluicing~ the chiller skid will be used to cool tank contents. 
During sluicing, the chiller skid will cool the HVAC recirculation line. 

,, 
The chiller skid is located outside the fenced area of the 241-C-106 Tank 

Farm. The chiller skid contains an air-cooled chiller and a chilled water 
cooling system. The chilled water cooling system consists of a makeup storage 
tank, an air separator, circulation pumps, an expansion tank, and instruments 
for monitoring the closed-loop cooling system. The circulating fluid {chilled · 
water) is a 46% propylene glycol solution mixed with water, and is circulated 
between the chiller and the ·recirculation system condenser. Chilled water may 
also be provided to the intake air cooling coil {CC-1361). 

An air-cooled chiller {R-1361) removes heat gained by the chilled water . 
system from the recirculation ventilation system condenser. ·The chiller is a 
complete factory-assembled package, rated at 40 tons, with reciprocating 
compressor:s·, condenser, refrigerant circuits, cooler, and controls. The •. ·. · 
chiller reduces the · temperature of the chilled water returning from the 
recirculation .condenser by about 5 °F. The chiller also will be used, as ·· 
required, to reduce the temperature of the chilled .water returning from the 
intake air •cooling coil {CC~l361). · · 

The makeup storage tank {TK-1361) provides the ability to add glycol to 
the chiller skid. The tank is pressurized by compressed air so that glycol 
can be added while the chilled water circulation pumps operate. 

An air separator {TK-1363) removes air from the chilled water circulation 
system. Air is automatically expelled from the air separator through a 
float-type air vent. 

Two 110 gal/min centrifugal pumps circulate chilled water through the 
condenser and the air-cooled chiller. Pump P-1364 is designated as the 
primary pump and Pump P-1365 is the standby pump. Following a failure of the 
primary pump, the standby pump will start. Each pump has normally open 
isolation valves that allow pump maintenance while minimizing any effect on 
system operations. · · 

An expansion tank {TK-1362) provides space for .expansion arid contraction 
of chilled water system fluid as the fluid temperature varies. A 3-in. 
circulation piping routes the chilled water to and from the Process Building 
and the air intake chiller. The buried and insulated piping is Schedule 40 · 
carbon steel with welded fittings. · 

5.4.2.2.3 Exhaust Skid. Air is exhausted from tank 241-C-106 at a rate 
of up to 360 ft3/min by the exhaust skid. Afr in-leakage, to make up for the 
exhausted volume, will flow into 241-C-106 from two pathways: (1) between 
pits and pit cover blocks, into pits, and then through pit drains into 
tank 241-C-106; and (2) through the existing 3-in. cascade line connecting 
tank 241-C-105 to tank 241-C-106. 

. ' . 
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The exhaust skid is similar to many exhausters used throughout the· 
Hanfo rd Site. The skid includes a heating coil, two HEPA filters, and an 
exhaust fan. This skid also includes an exhaust stack and exhaust-monitoring 

. instruments. The exhaust ventilation system controls the pressure and 
flowrate of the tank 241-C-106 vapor space. · · 

A single-stage electric heating coil (HC-1362), located upstream of,ihe 
HEPA filter train, heats the saturated air and prevents condensation on the 

. HEPA filters. The heating coil capa~ity is abou t 3 kW. During normal 
operations, the heating coil raises a 40 °F airstream temperature to 
approximately 80 °F and maintains a 34% relative humidity. Heating coil 
HC-1362 is interlocked with exhaust fan FN-1362 and shuts off the heater 
automatically when the fan shuts down. 

The HEPA filters are the bag-in/bag-out type designed for a particulate 
removal mass efficiency basis of 99.97% of particles sized 0.3 µm and greater. 
This is achieved by using two HEPA filters (HEP-1361 and HEP-1362) in series. 
Each. filtration stage has provisions for in-place aerosol testing while in 
use. The HEPA filters are ~hanged out when the pressure differential across 
the filter exceeds allowable limits, the radiation measurement on the filter 
housing is about 100 mrem/h or when the filter has failed the aerosol ·test. 

The exhaust fan (FN-1362) is direct driven by a variable frequencr, . 
drive-controlled, 7.5-hp electric motor with a flow capacity of 360 ft /min at 
40 in. w.g. The fan is a centrifugal type with 304 L stainless steel 
construction. Fan speed is modulated as required to control the vapor space 
pressure in tank 241-C-106. A high-pressure differential across either of the 
HEPA filters~ detection of high radjation by the stack CAM, or a high vacuum · 
pressure detected at tank 241-C-106 shuts down the fan. Shut down of the fan 
automatically shuts off heating coil HC-1362 as well as the stack-monitoring 
system vacuum pumps. 

The exhaust fan discharges to the 296-C-006 exhaust stack. The 6-in.­
diameter exhaust stack extends to a height of about 16 ft above the exhaust 
skid's concrete pad. The exhaust stack provides the point of discharge for 
the tank ventil_ation system. The primary exhaust airstream is sampled for 
radioactive particulate and mon i t ored for radioactivity before discharge via 
the stack. The exhausted airstream is also monitored for flow. 

Monitoring instrumentation includes isokinetic sample probes, a CAM. 
(CAM E-085), and a record sampler (E-083) (Drawing H-2-818561). The 
monitoring system detects and mi tigates a radio~ctive aerosol leak, resulting 
from an unfiltered rel ease of · the exhaust gase.s t9 the environment, by 
initiating a shutdown of the exhaust system fan (FN~l362). 

5.4.2.2.4 241-C-106 Seal Loops. Two seal loops that meet SC 
requirements are installed at tank 241-C-106. The seal loops protect the tank 
from excessive vacuum should an ice storm seal off all in-leakage into the · 
tank while the exhaust fan continues to operate. The exhaust fan can achieve 
a maximum pressure of ~40 in. w.g., which could damage the tank structure. 
Redundant 6-in.-diameter seal loops pointed downward to protect them from 
icing over are provided to mitigate a tank under pressure condition. 
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The seal loops are filled with silicone fluid that has a low freezing 
point and are installed in ~he existing hatch cover plate above the 24~in. 
Riser 15. Each seal loop has a local level gauge for periodic verification of 
the fill level. The seal loops provide passive over pressure and under 
pressure protection and are designed to clear with a differential pressure of 
5.8 in. w.g. between the tank vapor space pressure and external atmospheric 
pres~ure. ,, 

5.4.3 System Safety Functions 

The BIO and the BIO, Addendum 1 credit the .active ventilation at 
tanks 241-C-105 and 24l~C-106 with performing SC functions in the prevention 
of two accidents: -. the flammable gas deflagration accident and the tank bump 
accident. There are no SS functions identified for the tank 241-C-105 and 
241-C-106 ventilation. system. 

The tank 241-C-105 and 241-C-106 active ventilation system SC functions 
are applicable during waste storage, pre-sluicing, active sluicing, and post­
sluicing periods. Although the 296-C-006 and the 296-P-16 ventilation system 
will not be operated at the same time, each system is · relied on to fulfill the 
tank 241-C-106 SC function for active tank ventilation.when the system is in 
operation._ 

The following discussion addresses the tank 241-C-105 and 241-C-106 
active ventil~tion system SC functions and system outage times. The SC 
functions·and outage times are applicable to the 296-P-16 and the 296-C-006 
ventilation systems; therefore, safety functions and outage times as described 
are not independently addressed for each system. 

5.4.3.1 Tank 241-C-105 and 241-C-106 Ventilation System. The tank 241-C-105 
and 241-C-106 active ventilation system performs two distinct SC functions. 
The primary SC function is to maintain tank 241-C-106 waste temperatures below 
the local saturation temperature, thereby preventing the tank bump accident 
described in the BIO, Addendum I, Section 3.4.2.11. The secondary SC function 
of the system is to maintain the flammable gas concentration within 
tank 241-C-105 and tank 241-C-106 dome spaces, due to steady-state gas . 
release, to below 25% LFL. Minimizing the flammable gas concentration within 
the tank dome spaces reduces the time at risk and the potential for a 
flammable gas deflagration as described in the BIO, Section 5.3.2.14 and the 
BIO, Addendum 1, Secti_on 3.4.2.11. 

Although the 296-P-16 HVAC system, when in operation, provides active 
ventilation to tank 241-C-105 and tank 241-C-106, the temperature control SC 
function is applicable only to tank 241-C-106. Tank 241-C-105 is not 
classified as a high heat watch list tank and does not require active 
ventilation to maintain tank waste temperatures within established temperature . 
limits (Bragg 1995). 

Additionally, the active ventilation SC function is applicable to 
tank 241-C-105 only during periods of operation of the 296-P-16 exhaust 
system; When the 296-C-006 ventilation system is operational, tank 241-C-105 . 
will be placed in a passive ventilation mode. When in the passive ventilation 
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mode, the tank 241-C-105 passive breather filter assembly (see Section 5.6) 
provides the SC function for prevention of the flammable gas deflagration . 

5&4.4 Allowable Outage•Time 

·The tank 241-C-105 and 241-C-106 ventilation system is credited with 
performing an SC function in the prevention of the flammable gas deflagration 
accident and the tank bump accident. The following discussion evaluates the 
available outage time associated with each SC function. 

5.4.4.1 Flammable Gas Deflagration. Unlimited outage time is available 
for the tank 241-C-105 and 241-C-106 ventilation system when considering the 
SC function of the system in preventing the flammable gas deflagration. · 
Although work activities are restricted and additional monitoring is required 
when the ventilation system is not operating, passive breathing has been 
determined to be sufficient to maintain flammable gas concentrations within 
the 241-C-105 and 241-C-106 tank dome space at levels lower than the worst­
case passively ventil~ted tank (Stauffer 1997). 

The SC .function of an active ventilation system associated with 
prevention of a flammable gas deflagration is to maintain flammable gas 
concentrations within the tank .dome space due to steady-state gas generation . 
to below 25% LFL. · Steady-state gas generation rates depend on several · 
parameters including waste volume, decay heat load, waste temperature, organic 
complexant chemical concentrations, and nitrate/nitrit~ concentration. 
Accordingly, the time required for the flammable gas concentrations to reach · 
25% LFL in the tank dome s~ace following loss of active ventilation varies =. 

· from tank to tank. · 

When the -296-P-16 ventilation system is in operation, tank 241-C-105 and 
tank 241-C-106 are actively ventilated. However, during sluicing operations 
the 296-P-16 exhauster will be shut _down. Upon shutdown of the 
296-P-1 6 exhauster, tank 241-C-105 will _be placed in the passive ventilation · , 
mode and the 296-C-006 ventilation system will be started to reestablish _ 
active ventilation to tank 241-C-106. Although tank 241-C-105 . is considered 
to be passively ventilated when the 296-C-006 veritilation system is operating, 
continued ventilation may be provided at a minimal extent to tank 241-C-105 
via the cascade line (unknown if cascade line is open or plugged) between the 
two tanks. · ' 

Tank Waste Remediation System Technical Safety Requirements (Noorani 
1997a), LCO 3.2.3 allows tank 241-C- 105 to be placed in a passive ventilation 
mode when the 296-P-16 exhauster is shut down and the 296-C-006 system is .in . 
operation. When tank 241-C-105 is placed in the passive v~ntilation mode, the 
passive breather filter assembly is credited with performing t he SC function . 
of mainta i ni ng flammable gas concentrations within the tank dome space within 
acceptable levels. 

Section 83.2.3 in HNF-SD-WM~TSR-006 (Noorani 1~97a) estimates the .minimum 
time to reach 25% LFL for any passively ventilated tank to be 24 days. The 
time to reach 25% LFL at tank 241-C-105 following a loss of active ventila~ion 
is estimated to be 35 days, assuming atmospheric breathing only through 
unfiltered pathways. _-Because the gas generation ,rate for tank 241-C-105 when · 
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passively ventilated is within the range normally encountered for passively 
ventilated tanks, the tank is bounded by the flammable gas deflagration 
accident analysis. Therefore, if tank 241-C-105 is configured in the passive 
ventilation mode (i.e. atmospheric breathing thru a passive breathing 
aisembly) following a ventilation system failure, the tank coul d remain in 
this configuration for a period of unlimited duration and no additional 
controls would be necessary. , , 

Similar logic can be applied to tank 241-C-106 in determining the outage 
time for the ventilation system associated with the flammable gas safety 
function. The BIO, Addendum 1, Section 3.4.2.8, concl~des if active 
ventilation were lost at tank 241-C-106, the head space of the tank would 
reach 25% LFL in 117 days using the best estimate hydrogen generation rate and 
113 days using the upper-bound generation rate. This estimate considers the 
pre-sluicing conditions and waste inventory present at tank 241-C-106 and is : 
representative of worst-case conditions. The 113-day outage time also bounds 
sluicing operations performed by Project W-320 because removal of waste will 
reduce the steady-state generation of flammable gas ·at tank 241-C-106, · 
reiulting in a net increase in the outage time available. 

If active ventilation is lrist at tank 241-C-106, the tank could be 
configured in the passive ventilation mode. Atmospheric breathing would .occur 
through the air · intake station, which performs a similar f~nttion to a passive 
breather filter assembly. Two redundant seal loop assemblies designed to · 
relieve at +/-5.8 in. w.g. provide over-pressure protection for the tank. 

The estimated time to reach 25% LFL at tank 241-C-106 following a loss of . 
ventilation, as with tank 241-C-105, is considerably longer than the estimated 

- minimum time for the worst-case passively ventilated tank (24 days for 
tank 241-A-101). It can therefore be concluded that following a loss of 
.active ventilation at tank 241-C-106, steady-state flammable gas generation 
will . remain within the range normally encountered for passively ventilated : 
tanks and as such is bounded by the flammable gas accident analysis. Although 
loss of active ventilation is required to be restored immediately and waste­
disturbing activities are not allowed when the tank is not actively · 
ventilated, the ventilation system outage time is governed by the temperature . 
control SC function and is not ·restricted by the flammable gas safety · · 
function. 

5.4.4.2 Tank Bump - Temperature Control Function . . Tank 241-C-106_is 
classified as a high heat watch list tank and has a total heat load estimated 
at 132,424 BTUs/hr (38.8 kW). Currently, forced ventilation and water -
additions to promote ·thermal conductivity and evaporative coolirig are used .to 
maintain tank 241-C-106 waste temperatures within the established limits. 

Tank Waste Remediation System Technical Safety Requirements (Noorani · 
1997a), LCO 3.3.1, establishes a maximum waste temperature of 205 °F for 
single-shell tanks. This temperature limit applies to tank 241-C-106 and is 
based on .a waste saturation temperature of 220 °F adjusted by 10 °F to account 
for instrument uncertainties and 5 °F to allow time to detect and respond to a 
temperature increase before the waste reaches the temperature at which a tank ·· 
bump can occur. · 
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tank 241-C-106 waste temperatures below the local saturation 
' nimum airflow of 500 ft3/min is required to be continuously 
1e tank (Ogden 1998). Thi•s airflow rate assumes the tank is 
)hce-through cooling mode ·and requires water additions to be 

1roughout the year waste temperatures in single-shell tanks 
1t 10 °F, with the highest -waste temperatures occurring ln 
;t waste temperatures occurring in April. _This holds true for 
1hich has a seasonally adjusted high waste temperature of 
:ive ventilation is supplied by the 296-P-16 exhauster and 
Jditions are made. 

reach the 205 °F temperature limit . at tank 241-C-106 
of active ventilation is addressed in HNF-SD-WM-TSR-006, 
loorani 1997a). With an assumed beginning ·temperature of 
ne· to reach 205 °F following a loss of active ventilation is 
a minimum of 126 days. Therefore, the available outage time 
of active ventilation at tank 241-C-106 is established at 

)Utage time is bounding for the SC cooling function provided 
1tilation system and is extremely conservative because active 
)een off in the past for periods exceeding 6 months and waste 
3ined within the 205 °F limit while .cooling water additions 

~ign Evaluation 

er safety systems, the tank 241-C-105 and 241-C-106 
em has been evaluated .to identify the individual system· 
perform SC functions during normal and off-normal conditions. 
omponents of the system relied on to preserve the system SC 
ntified in the Appendix. 

430.lA identifies criteria to be con'sidered in the design of 
d systems to ensure the system or component can perform. its 
y function. Thes~ criteria include quality assurance, single­
n and red~ndancy, environmental considerations, maintenance, 

l-C-105 and 241-C-106 ventilation system, as modified 6y 
an be shown to meet all appli~able SC criteria established by 
A. Each .SC criterion as applicable to the subject ventilation 
ually addressed in the following tjiscussions. 

Assurance. Project W-320 performed work on the 
nd 241-C-106 ventilation system in accordance with applicable · 
e requirements. The work performed by Project W-320 included 
ion, and installation of the entire 296-C-006 ventilation 
as the design and installation of the 296-P-16 CAM interlock. 

6 e·xhaust system is an existing system that has been instal 1 ed 
1 fo·r decades. Little information is available on the quality . 
·ements followed in the design, f~prication, and installation 
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icult to postulate a common-mode failure which could result in 
I installed ventilation systems damaged to the extent that 
:ould be restored to an operable condition within the 126 days 
1vailable. However, should such an event occur, the Portable 
:an be installed as required to restore active ventilation. 

,ance. The 296-P-016 and 296-C~006 exhausters were designed to · 
1ired maintenance activities with minimal impact to system 
I parts of the system req~iring maintenance are easily 
1dby pumps are available which can be placed on line while the 
serviced, and HEPA filters and HEMFs include bypass lines 
components to be periodically flushed without ·shutting down 

nponents expected to become contaminated as a function of 
!lded to minimize exposure to personnel performing maintenance 
;trumentation is also strategically located throughout the · 
ie indication of component status _and to -alert operations · 
! need for equipment service. . · · · 

J. The 241-C-105 .and 241~C-106 ventilation system includes 
)eriodic testing of monitoring, surveillance, and alarm · 
1mentation is calibrated at a fr~quency based on the function 
;erves. System furictional testing is performed periodically to 
,stem operation and response as required to maintain the system . 
ilter trains also have ports to ficilitate periodic in-place 
!r media. · -

ity 

il1ability study (Braun et al . 1998b) was performed on 
:-006, and the portable exhauster. The study determined the 
iach system separately and then combinations of the three ·0 

:udy also reviewed the increase in reliabi.lity that could be 
I 1rading" the components to SC. Table 5-3 summariies the · 

;tudy . . 

.lity of the 241-C-106 ventilation safety function is 
1proved_when redundant ventilation systems are available as 
1line system. The difference in reliability betw~en a single 
ttion and a redundant system configuration is the reduced · 
1-cause vulnerabilities for the latter case. Where single 
·es can disable an individual ventilation system, multipl~ 
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Table 5-3. Tank 241-C-106 Primary Ventilation Reliabilities. 

System combinations and design bases Calculated 
system 

296-P-16 296-C-006 Portable exhauster reliability 

General service -- -- 94.8% ,, 
-

Safety class -- -- 95.2% 

-- General service -- 93.3% 

-- Safety class -- 93.8% 

-- -- Safety significant 95.3% 

-- -- -Safety cl ass 95.4% 

General service General service -- 99.2% 

Safety class Safety cl~ss -- 99.3% · 

General service General service Safety significant 99.7% 
. . 

Safety class Safety class Safety significant 99.8% 

Safety class Safety class Safety class 99.8% 

; 

component failures are usually required to disable the combined systems. For 
these ventilation systems, the common mode of failure is from natural 
phenomena (high winds, and seismic events) and loss of the offsite electrical 
power. , . 

Analysis showed that the age of system components for the 
296-P-016 system does not have a significant impact on reliability due to the 
long recovery time allowed by the low flammable ·gas generation rate and rate 
of temperature increase in tank 241-C-106. With such a long recovery time, a 
failed component can either be repaired or replaced. The contribution of 
component failures due to seismic or high wind events to total ventilation 
system reliability is small. Accordi ngly, the significance of qualifying 
certain components to SC will provide minimal improvement in the reliability 
of any of the ventilation systems or configurations. The most dramatic 
increase in reliability of the ventilation systems occurs when either the 
269-P-16 exhauster or the 269-C-006 ventilation system is providing 
ventilation to tank 241-C-106 and the other is in a standby mode. 
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5.5 STACK CAM AND CAM INTERLOCK TO TANK 241-C-106 
PRIMARY EXHAUST FAN (SAFETY CLASS) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Stack CAM and CAM interlock ·to the tank 241-C-106 exhaust fan system to 
perform the safety function(s) specified for the system by the BIO anq ·the 
BIO, Addend~m 1. ,, 

5.5.1 Strategy Summary 

The safety function of the stack CAM interlock to the exhaust fan is to 
ensure the fan will be shut down if HEPA exhaust filters break through. 

A new primary ventilation system, 296-C-006, was installed on tank 241-
C-106 by Project W-320 to support the WRSS. The ventilation exhaust stack has 
a stack-monitoring system, which includes a CAM and CAM interlock. The stack 
CAM and CAM interlock are credited as a. control in a 11 Spray leak from 
structure" accident, classifying them as an SC system. This system is also 
credited as an SS control for HEPA filter failure and unfiltered release . 
accident scenarios. Its purpose in each case is to alarm and deenergize the 
exhaust fan upon detecting a predetermined high level of radiation in the 
exhaust stream (indicative of an unfiltered stack release). · · 

The stack CAM and CAM interlock were designed and procured as general . 
service (SC-3) system in accordance with the ·original project criteria. • Later 
the stack CAM and CAM interlock were redesignated as SS and s·ubsequently · · · 
redesignated SC. The equipment is expected to fail during a SC seismic event. 
However, the Seismic Shutdow~ System (Section 5.11) ensures that sl uicing 
operitions and waste transfers are shut down ih the event of a significant 
seismic event, eliminating the possibility of _a credible spray leak accident. 
Because of its fail-safe operating features, and procedural controls to ensure 
verification of operability, it is concluded the system can be depended to 
provide the SC safety functions necessary to support operation of the WRSS. · 

The stack CAM on the existing tank 241-C-106 primary ventilation system, 
296-P-16, was recently modified oy Project W-320 to support' operation of the 
WRSS. This modification ~onsisted of adding a CAM interlock to shut down the 
fan on high stack radiation, and brings the system into compliance wi th SC 
requirements of the BIO. 

5.5.2 System Description . 

The CAM is located on ,the primary exhaust stack of the 296-C-006 
exhauster for tank 241-C-106. It is part of a stack radiation monitoring 
system which also includes a stack flow indicator and record samplers for 
particulate and iodine effluents. System components associated with the CAM 
include two redundant vacuum sample pumps, an isokinetic sample probe, a 
sample flow measurement and control system, a sample return line to the stack, 
and various instrumentation and alarms. Plant operating procedures for the 
tank 241-C-106 exhauster cover routine operation of the stack-monitoring 
system. The ~tack radiation monitoring ~ystem is described in the BIO, 

'' 
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Addendum 1, Section 2.6.2 and vendor literature, and is depicted on 
Drawing H-2-818561. 

The CAM is a beta-gamma monitor that continuously monitors the 
ventilation exhaust stream for the presence of radionuclides, which would 
indicate a failed exhaust filtration system (e-.g., a breached filter}. Its 
radiation detection elements require a small, continuous sample stream from 
the stack to detect beta-g~~ma activity in -the stack emissions while the' 
ventilation system is operating. · 

Upon detection of a predetermined high level of radiation in the exhaust 
stream, the CAM activates the associated interlock to shut down the exhaust 
fan. In this manner, the CAM interlock is able to limit an unfiltered 
radioactive release due to a HEPA filter failure (regardless of the cause of 
failure}. The CAM also provides visual and audible alarms, as well as relay · 
contacts, for high stack radiation and loss of ·cAM functi~n. The CAM has a 
high radiation .alarm bypass, which disables the remote alarm function and 
enables an operator to bring the CAM off line for brief periods for testing or 
calibration purposes without having to contend with nuisance alarms. 

An online ·vacuum pump, which draws the sample stream necessary for the 
CAM and record samplers to function, provides the motive force for the stack­
monitoring system .. There is also a backup vacuum pump ·on standby that .is . 
started automatically if the online pump fails. The vacuum pumps are 
interlocked to the exhaust fan motor and do not operate unless the exhauster 
is running. Because the CAM samples a potentially flammable atmosphere, the 
vacuum .pumps on the tank 241-C-106 stack-monitoring system were recently 
upgraded to meet the applicable Ignition Control Set #2 requirements of the 
BIO and TSRs. 

The .sample stream is drawn from the stack through a sample probe, which 
traverses the stack and is designed and positioned to comply with the 
requirements in ANSI Nl3.l, Guide to Sampling Airborne Radioactive Materials 
in Nuclear Facilities (ANSI 1969). For accurate monitoring, the sample stream 
must be extracted at the same velocity as the exhaust airstream in the stack. 
The flow control system works in conjunction with the sample probe to ensure 
this, monitori~g the mass flow rate of the sample ·stream and using it as an 
input signal (along with a stack flow reference signal) to modulate a sample 
flow control valve. The flow control system thus continuously regulates the 
sample stream to maintain the required isokinetic sampling conditions._ 

The flow control system is in a main control and alarm module, through 
which the various other instrument signals are also processed. The module 
provides alarms for loss of stack flow, loss of sample flow, non-isokinetic 
sample flow, and system failure. By this means, the operator is not only 
notified if there is a stack high-radiation condition, but is kept 
continuously informed of the status of the exhauster and the stack-monitoring 
system to ensure they are operable. 

The purpose of the record samplers is to monitor and quantify emissions ­
over time, to meet environmental licensing requirements. They operate 
independently of the CAM to sample the exhaust stream, and basically consist 
of collection filters which are changed out periodically, analyzed, and 

· recorded with a sample probe and flow control system similar to the CAM. 
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The stack-m6nitoring system was designed to natural phenomena ioads which 
satisfy current Performance Category 2, SS load criteria in accordance with 
HNF-PR0-97, Engineering Design and Evaluation. The Seismic Shutdown System 
(Section 5.11) ensures that sluicing and wast~ transfers are shut down if 
ground accelerations exceed the SS seismic .design criterion; therefore, the 
stack-monitoring system will not be required to function during a severe 

· earthquake. , · 
. . 

The new tank 241-C-106 ventilation system also has high filter 
differential pressure interlocks on both stages of HEPA filtration that 
provide a means of shutting down the exhaust fan when there is a potential 

- filter failure condition (i.e., a loaded filter), generJlly before a failure 
occurs. However, there is no shutdown function for low filter differential 
pressure, which would correlate with an actual filter breach . 

The older, existing exhauster on tank 241-C-106, 296-P-16, which will ~e 
used as a backup for the new system during operation of the WRSS, was upgraded 
by Project W-320 with the addition of a CAM interlock to the exhaust fan to 
bring the system into compliance with the SC requirements of the BIO. The . 
stack-monitoring system o_n this_ existing exhauster is ·of a design typified by 

· primary stack-monitoring systems in other tank farms, as described in the BIO, 
-Section B2. 7. 2. 

5.5.3 System Safety Functions 

The subject stack CAM and CAM . interlock system is credited with ·limiting 
an unfiltered radiological release following a "Spray Leak from Structure" 
accident scenario during operation of the WRSS (BIO, Section ' 5.3.2.20; BIO, 
Addendum 1, Section 3.4.2.16). This classifies the CAM and CAM interlock ·on 
the new tank 241-C-106 exhauster as an SC system. lhe associated safety 
function is to shut down the ventilation system to terminate an unfi ltered 
release (Le., to prevent aerosol dispersal through the stack) if a HEPA -. 
filter is breached. The CAM interlock is the subject of a TSR control 
(Noorani 1997a, LCO 3.1.4) which requires it to be operable at all times while 
the ventilatioo system is operating. The CAM interl~ck is also credited a~ an 
SS control in a HEPA filter failure (BIO, .Addendum 1, Section 3.4.2.2) or an 
"unfiltered ielease" accident scenario (BIO, Addendum 1, Section 3.4.2.3) · 
during operation of the WRSS. · 

The CAM interlock cannot prevent a spray leak~ an unfiltered rel~ase, or 
a high pressure or high temperature event from occurring, but instead 
mitigates the potential consequences by detecting such an event and then 

. terminating furt~er discharges through .the ventilation stack. 

The record sampler does not have an identified safety function, nor is it 
a required control in accordance with the BIO or TSRs. However, the sampling 
portion of the record sampler can be used on an emergency basis, in . 
conjunction with a Geiger-Mueller counter, as an alternate means of stack 
monitoring if the CAM is i nope_rabl e. The record sampler is thus referred to 
in the recovery actions for LCO 3.1.4. 
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On a component level, anything necessary to support the CAM function is 
classified as sc. · This includes the monitor itself as well as the beta-gamma 
radiation detection elements, high radiation and failu re alarms and alarm 
relays, the fan shutdown interlock, the stack flow rate instrument, the sample . 
flow control valve, sample flow rate and temperature instruments, vacuum pump 
controls, the main control and alarm module, and the high radiation alarm . 
bypass. The vacuum pumps are classified as SC. The record samplers and,, 1 ' 

components that support it are general service. 

Because the new tank 241-C-106 ventilation system is designed for use . 
during sluicing operations, during which significant aerosols are generated, 
it has special features that minimize misting, aerosol formation, and moisture 
entrain~ent in the ventilation stream during sluicing, and minimize the 
possibility of resulting damage to the filter train. The spray _leak accident 
and the SC designation also apply to the primary ventilation CAM interlocks on 
tank 241-AY-102 (702-AZ system) and the older, existing exhauster on tank 241~ 
.C-106 (which will be operated · before sluicing). These existing systems have 
been evaluated and classified in HNF-SD-WM-SEL-040, TWRS Safety Equipment List 
(Jensen 1998). 

5.5.4 Allowable Outage Time 

There is no allow~ble outage time frir the stack CAM interlock system. It 
must be operating as long as the ventilation system is operating, based on a 
TSR requirement (Noorani 1997a, LCO 3.1.4). The CAMs and interlocks must be 
calibrated and verified as operable before the start of WRSS operations. As 

-discussed prevjously, the CAM is designed with a fail-safe .mechanism by which 
any system.failure or loss of function activates an alarm or notifies and 
operator. If at any time the CAM is determined to be . inoperable, ongoing 
·sluicing and waste transfer operations must stop until the CAM interlock is 
restored. Ventilation is not typical1y shut down upon loss of the CAM. An 
alternate monitoring method must be used to detect a radiological release 
while CAM operability is restored. Before operation of the WRSS the 296-P-16 
exhauster will provide tank ventilation. The -new tank C-106 exhauster (296-C- · 
006) wi 11 not .be operating; therefore , the CAM will · not be re qui red and wil 1 
not operate while the 296-P-16 exhauster is in operation. 

5.5.5 System Design Evaluation -· 

5.5.5.1 Quality Assurance. The stack-monitoring system was procured, 
designed, and fabricated offsite. In accordance with the procurement 
documentation, the system meets the requirements of -ANSI Nl3.l (ANSI 1969), 
ANSI N42.18, Specification and Performance of On-Site Instrumentation for 
Continuously Monitoring Radioactivity in Effluents (ANSI 1980), and applicable 
federal regulations for emissions-monitoring ~quipment. Vendor submittals 
were required and received for quality assurance purposes, including an 
approved quality assurance program, welding and inspection qualifications, 
analytical calculations, a certificate of flow instrument accuracy, and a 
certificate of conformance (i.e., of th e overall system to the procurement 
specification). The system also will b .. t ested onsite, fo verify its design, 
after install_ation is completed. 
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5.5.5.2 Single-Failure Criteria and Redundancy. The stack-monitoring system 
was designed with two redundant vacuum pumps for reliability. If the online 
pump fails to provide sample flow,. this condition is detected by the system 
and the st?~~~Y pump is automatically ener~ized. The same set of vacuum pumps 
operates the CAM as well as the record samplers. There is no other redundancy 
in the system. In case of a system failure or malfunction, the operator is 
notified by o~e of the various loss-of-function indicators transmitted frbm 
the control module or the CAM itself. Upon notification of a problem, 
maintenance can be initiated. In cases where CAM interlock operability is · 
affected, recovery actions specified in LCO 3.1.4 ensure the system is 
restored as quickly as possible. 

A single failure of any co~ponent in the system would not result in an 
offsite release or other accident. A release would require a failure (or 
multiple f:i1urc) resulting in a filter breach, a failure of t~e CAM interlock 
to shut down the exhaust fan, and a failure of the system to alarm and notify 
an operator to initiate a manual shutdown. Operating and self-monitoring 
features of the CAM and · interlock, as well as· administrative and procedural 
controls to verify the system is operable, minimize the possibility of such a 
sequence ~f multiple failures. · · 

5.5.5.3 Equipment Environmental Considerations. The stack-monitoring system 
was procdred and designed to be compatible with a full range of anticipated 
environmental conditions. The procurement specification defines extremes of 
ambient temperature, weather, and other environmental conditions, as well as 
characteristics of the exhaust airstream. To ensure reliable operation, ~he 
system electronics, control valves, and vacuum pumps are housed in a . 
temperature-controlled cabinet rated for outdoor exposure. Environmental 
qualification of major components was verified as part of the procurement 
process, relying on testing, analysis, .or other methods as appropriate. 

5.5.5.4 Maintenance. The stack-monitoring system was designed for 
maintainability. As much as practical, all parts of the .system are accessible 
and c~n be maintained, cleaned, tested, -0r calibrated using stindard tools and 
test equipment. Where necessary, the vendor has supplied special tools as 
required for maintenance. The system is designed for a useful life of 
2 years, in accordance with project criteria, and is designed to be capable of 
continuous operation for at least 12 months without failure or loss of 
calibration. The stack-monitoring system was supplied by the vendor with a 
complete set of installation, operation, and maintenance instructions. 

5.5.5.5 Testing. The stack-monitoring system will undergo an acceptance test 
after it is installed. Before shipping from the vendor, the system was tested 
to certify its accuracy in accordance with applicable sections of 40 CFR 52, 
"Approval and Promulgation of Implementation Plans". System components are 
accessible for routine functional testing and calibration. 
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5.6 PRIMARY VENTILATION SYSTEM FOR 241-C-105 BREATHER 
FILTER (SAFETY CLASS) . 

The following discussion evaluates the suitability of the Project W-320 
WRSS 241-C-105 breather filter to perform the safety function(s) specified for 
the system by the 810. 

, , 

5.6.1 Strategy Summary 
. . 

The safety function of the 241-C-105 breather filter is to provide means 
t o passively ventilate tank 241-C-105 when the 296-C-006 ventilation system is 
i n operation. The breather filter ensures that steady-state release of . 
flammable gas does not accumulate to flammable concentrations in the tank 
dome . 

Single-shell tank passive breather filter assemblies have been designated 
by the BIO as SC systems. The critical SC function that passive breather 
filters perform is to dilute and ventilate flammable gases generated by the 
tank, thereby helping to prevent the flammable gas deflagration accident. · 

The 241-C-105 passive breather filter assembly is a new system installed 
by Project W-320 in support of sluicing operations. The design of the 
241 -C-105 passive breather filter assembly is for the most part identical to 
other SC passive breather filter assemblies installed throughout the tank 
farms . · 

The project SC strategy for the 241-C-105 passive breather filter · 
assembly is to establish that the assembly meets applicable SC requirements 
taking into consideration the amount of outage time available and the existing 
periodic TSR surveillances required. While this strategy is adequate to 
demonstrate compliance with most SC requirements, not all SC requirements can 
be shown to be met for this breather filter assembly. 

Given the available outage time and the current TSR surveillances­
specified, the 241-C-105 passive breather fi_lter assembly cannot be shown to 
meet the single-failure criteria specified for SC systems by 
DOE Order 6430.lA. The design of the tank 241 - C-105 passive breather fil~er 
assembly is, however, consistent with that of other safety class breather 
f i lter assemblies installed throughout the tank farms. This design has 
performed reliably throughout many years of service at the tank farms and is 
considered ·adequate to fulfill the class function specified for the system. 

5.6.2 System Description 

The 241-C-105 passive breather filter assembly is a new SC system 
installed by Project .W-320 in support of sluicing operations. The passive 
breather filter assembly provides a means to ventilate tank 241-C-105 when 
active ventilation provided by the 296-P-16 exhauster is stopped and the new 
241-C-106 ventilation system (296-C-006 ventilation system) is placed in 
operation. 
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The 296-P-16 exhauster actively ventilates tanks 241-C-105 and 241-C-106. 
Tank 241-C-105 will continue to be actively ventilated by the 296-P-016 
exhauster until sluicing operations are initiated. Just before sluicing 
.operations are start~d, the 296-P-16 exhauster will be shut down, 
tank 241-C-105 placed in _the passive ventilation mode, and the new 296-C-006 
ventilation system brought on line. 

When the 296-C-006 ventilation system is operating, it is anticipated 
that tank 241-C-105 will be actively ventilated, to a minimal extent, via the 
3-in. cascade between tank 241-C-106 and tank 241-C-105. However, because the· 
3-in. cascade line cannot be verified to be unobstructed, active ventilation 
at tank 241-C-105 is not assumed during operation of the 296-C-006 ventilation 
system. Therefore; it is necessary to configure tank 241-C-105 in a passive 
ventilation mode when the 296-P-16 exhauster i~ shut down and the 296-C-006 
ventilation is in operation. 

The 241-C-105 passive breather filter assembly is a standard tank farms 
design and includes a 4-in. butterfly valve, a housing containing a HEPA 
filter, an -outlet screen, and a small seal loop which acts a pressure relief 
should the :filter become plugged or blocked. _The passive breather filter 
assembly bolts onto the existing 241-C-105 air inlet assembly flange 
connection · located at Riser 2. · The assembly is supported above the air inlet 
by the flange connection and by a reinforced tubular support assembly, which 
attaches to the filter housing via a saddle plate. 

The passive breather filter assembly is designed to allow 125-ft3/min 
airflow at a differential pressure of 4 in. w.g. Thi seal loop is filled with 
silicone oil and is designed to clear at .a differential pressure of 4 in. w.g. 
A-sight glass is located on the seal loop to provide operators with i ndication · 
of oil fill level. Aerosol test ports are also provided on the assembly to 
facilitate periodic testing of the HEPA filter. 

The passive breather filter ventilates the tank based on changes in 
atmospheric conditions (i.e., barometric pressure and temperature). Air is_ 
exchanged between the tank vapor space and the outside atmosphere through the · 
HEPA filter at an maximum airflow rate of 7 ft 3/min. 

5.6.3 System Safety Functions 
-· 

The 241-C-105 pa~~ive_ breather filter safety function is applicable only 
during periods when active ventilation is not provided to tank 241-C-105 by 
the 296-P-16 exhauster. Although tank 241-C-105 may be actively ventilated to 
a minimal extent when the 296-C-006 ventilation system is operational, the 
passive breather filter is credited with performing the SC function associated 
with preventing a flammable gas deflagration. 

The specific SC function that the 241-C-105 passive breather filter 
performs and the available outage time for the system are further discussed in . 
the following. · 

5.6.3.1 241-C-105 Passive Breather Filter Assembly. The SC function of the 
241-C-105 passive breather filter assembly is to provide sufficient 
ventilation into the headspace of tank 24l~C-105 when the tank is configured 
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in the passive venti l ation mode to maintain flammable gas concentrations below 
25% LFL, thereby preyenting the flammable gas_ deflagration accident identified 
in the BIO, Section 5.3.2.14 . . This SC function is applicable only when the 
296-P-16 exhauster is shut down and tank 241-C-105 is not actively ventilated. 
When the tank is actively ventilated, the SC function is performed by the 
296-P-16 exhauster. 

, , 

5.6.4 Allowable Outage Time 

A minimum of 35 days of outage time has been determined to be available 
to repair the 241-C-105 passive breather filter assembly and resume passive 
ventilation following a component failure. The 241-C-105 passive breather 
filter, as previously noted, performs an SC function only when the tank is 
configured in the passive ventilation mode (i.e., the 296-P-16 exhauster is 
shut down). Therefore, unlimited outage time is available if the 296-P-16 
exhauster is operational. 

When tank 241-C-105 is configured in the passive ventilation mode, the 
_passive breather filter assembly performs an SC function in maintaining 
flammable gas concentrations below 25% . LFL. Jhe breather filter assembly -
provides a filtered pathway for airflow (estimated at. 7 ft3/min) through the 
tank due to differences in temperature and atmospheric conditions. 

Calculation Note HNF-SD-WM-CN-116 (Stauffer 1997) ~stimates the time to · 
reach 25% and 100% LFL for all single-shell tanks assuming a loss of normal 
ventilation. Both passively ventil~ted and actively ventilated single-shell 
tanks are evaluated. Tank 241-C-105 is presently an actively veritilated tank; 
therefore, HNF-SD-WM-CN-116 does not evaluate the time to reach 25% LFL 
following a loss of passive ventilation. 

The estimated time to reach 25% LFL following a loss of active 
ventilation at tank 241-C-105 is calculated to be 35-days. The 35-day period 
is based on a complete loss of active/passive ventilation and assumes 
barometric breathing through unfiltered pathways continues at a flow rate of 
0.30 ft3/min . .-

The time to reach 25% LFL at tank 241-C-105 following a loss of active 
ventilation (35 days) is based on the hydrogen concentration measured during 
active ventilation (872 ft3/min). The hydrogen concentration during periods 
of passive ventilation (7 ft3/min) is, however, not measured and is presently 
not available. 

For passively ventilated single-shell tanks that do not have measured 
hydrogen concentrations available, HNF_-SD-WM-CN-116 assumes an average 
hydrogen concentrat i on of 0.0135%. If the average hydrogen concentration rate 
is used for tank 241-C-105 to calculate· the tima to reach 25% LFL following a 
loss of passive ventilation, it is estimated that the tank headspace would 
never reach 25% LFL . Barometric breathing alone at 0.30 ft3/m in would be 
adequate to maintain flammable gas concentrations within 25% LFL. 

However, because the average .hydrogen concentration rate is an assumed 
value, the calculated time to reach 25% LFL following a loss of active 
ventilation (35 days) is established as the available outage ,time following a 
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loss of passive ventilation. This outage time is considered very conservativ~ 
because no air exchange through the passive breather filter assembly, the 
241-C-105 air intake station, or the 241-C-105 and 241-C-106 cascade line is 
assumed and calculations assuming average hydrogen concentrations for single­
shell tanks indicate that it is not possible to achieve a hydrogen 
concentration of greater than 25% LFL. . , 

5.6.5 System Design Evaluation 

The 241-C-105 passive breather filter assembly has been evaluated to . 
identify the individual system components that perform SC functions during 
normal and off-normal conditions. The individual components relied on to 
preserve the SC function are identified in the Appendix. 

DOE Order 6430.lA identifies criteria to be considered iri the design of 
SC components and systems to ensure the system or component can perform its 
identified safety function. These criteria include qualitY. assurance, single­
failure criterion and redundancy, environmental considerations, maintenance; 
and testing. Each SC criterion, as applicable to the subject-SC system, is 
individually addressed in·the following discussions. · 

5.6.5.l Quality Assurance. All work associated with the design, fabrication, 
and installation of the breather filter assembly was performed in accordance 
with enhanced quality assurance requirements appropriate for SC systems. All 
work was designated as SQ requiring approval by Safety and Quality Assurance 
representatives. Critical characteristics were identified for all SC 
components ·as appropr~ate and commercial grade item dedications were performed 
where applicable. Fabrication and installation procedures included 
verifications and testing to ensure specified materials were used in the 
fabrication and identified critical characteristics were properly achieved. 
All design, fabrication, and construction activities were also overviewed by 
Quality Assurance, Quality Control, and the authorized inspector to ensure 
that the level of quality specified was obtained. 

5.6.5.2 Single-Failure Criteria and Redundancy. The SC components of the 
241-C-105 passive breather filter assembly ~re identified in the Appendix. 
These ~omponents are identified as the critical components ·in maintaining the 
SC function established for the assembly because failure of either of the . · 
components has the potential to impact the SC function of the assembly. -

DOE Order 6430.lA requires that the design of SC components be such that 
a single failure does not result in the loss of capability of an SC component · 
to accomplish its required SC function. Redundancy and diversity are also 
required to be considered, as appropriate, to ensure a common-mode failure 
does not result in the loss of the safety function provided by the component 
or system. 

Failure modes that have the potential to impact passive ventilation 
include ~ailure of the butterfly valve in the closed position; plugging of the 
HEPA filter, and blockage of the air duct due to the presence of foreign 
material. Adequate surveillances are in place to ensure each failure mode 
does not result in a loss of the system safety function with the exception of 
plugging or blockage of the HEPA filter. · ' 
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HNF-SD-WM-TSR-006 requires periodic inspection and testing of selected 
passive breather filter components. LCO 3.2.3, Surveillance SR 3.2.3.l 
(Noorani 1997a) requires that single-shell tank passive breather filter 
isolation valves be inspected and verified open with no blank installed on a 
10-day frequency. Administrative Control AC 5.18.2.c also requires an _aerosol 
test be performed on HEPA filters every 12 months. 

,, 

The current testing specified by HNF-SD-WM-TSR-006 applies to all 
passively ventilated single-shell tanks and has been considered adequate 
surveillance to maintain passive ventilation for existing passively ventilated 
tanks. While the frequency of surveillance can be shown to be adequate for . 
the breather filter isolation valve, the s·ame does not hold true for the HEPA 
filter aerosol testing. Because of the 1-year frequency of ·aerosol testing, 
it is possible that a HEPA filter could become plugged due to foreign material 
and remain undetected in this condition for a period exceeding the 35 days of 
outage time available. Thus, the current TSR surveillance applicable to the 
breather filter can not be considered adequate to ensure the 241-C-105 passi.ve 
breather filter is maintained in a condition that ensures passive ventilation 
at the rate necessary to prevent flammable gas from accumulating above 
25% LFL. 

Because no redundancy is provided by the passive breather filter assembly 
and existing TSR surveillance cannot be shown to be ade~uate to ensure that 
the breather filter assembly can perform its required SC function, it cannot 
be established that the breather filter assembly ful fi 11 s requirements 
specified for SC systems by DOE Order 6430.lA. However, the design of the 
tank 241-C-105 passive breather filter assembly is consistent with that of _ 
other safety class breather filter assemblies installed throughout the tank 
farms. This design has performed reliably throughout many years .~f service at 
the tank farms and is considered adequate to fulfill the class function 
specified for the system. 

5.6.5.3 Equipment .Environmental Considerations. All equipment and components 
associated with the 241-C-105 passive breather filter assembly were designed, 
fabricated, and installed specifically considering the single-shell tank 
operating env i ronment. The design is based on the standard breather filter 
design, which has been used successfully throughout the tank farms for years 
to passively ventilate single-shell tanks. 

The assembly is of all welded con struction and is supported by a rebust 
support assembly fabricated of 2-in. Schedule 40 carbon steel pipe. All other 
metallic components of the passive breather filter assembly are constructed of 
stainless s_teel, which represents an upgrade to normal breather filter 
assemblies installed throughout the tank farms. The- isolation valve design 
also incorporates a one-piece stem and disk that minimizes potential for the 
separation of the components during service. · · 

The breather filter assembly was designed considering general service 
load conditions. Safety class loads were not considered appropriate because 
structural failure of the assembly does not result in a loss of the safety 
function of the assembly . . Should the breather filter structure fail for any 
reason, the SC function of the system would not be impacted because air would 
continue to exchange between the tank and the atmosphere. ., 
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Except for the HEPA filter, all components of the breather filter 
assembly can be relied on to perform their credited SC functions under all 
postulated environmental conditions. The HEPA filter, as previously noted, 
has the potential to become plugged due to environmental conditions and remain 
in this condition for a period exceeding the available outage time . 

5.6.5.4 Maintenance. The 241-C-105 passive· breather filter assembly wa~ 
desighed to accommodate required maintenance activities with mini mal impact to 
system operations . The design is consistent with other single-shell tank 
passive breather filter assemblies and require$ very little maintenance. A 
sight glass is incorporated into the design to provide indication of the seal 
loop oil level and aerosol test ports are provided · on both sides of the filter 
to accommodate periodic in-place HEPA filter testing. The isolation valve 
also includes a disk position indicator to verify the valve is properly 
positioned. Additionally, the HEPA filter housing is designed to accommodate 
quick and easy changeout of the HEPA filter, when required. 

5.6.5.5 Testing. The 241-C-105 and 241-C-106 ventilation system includes 
provisions for periodic testing and monitoring of the assembly as required to 
comply with required TSR surveillances. The HEPA filter housing also has 
ports to facilitate periodic in-place testing of filter media, and the 
isolation valve has a valve position indicator to indicate valve disk 
position. · 

System f~nctional t~sting is required to be _ performed periodically to 
verify proper system operation and ·response as required to maintain the system 
SC function. Specified testing includes periodic verification of valve 
position and HEPA filter aerosol testing. This testing is easily accomplished 
due to the design of the system; 

5.7 PORTABLE EXHAUST SYSTEM (SAFETY CLASS) 

The following discussion evaluates the· suitability of the Project W-320 
WRSS Portable Exhaust System to act as a backup to th~ 241-AY-102 annulus 
exhauster, 241-AY-102 Primary Ventilation System, and the 241-C-106 Primary 
Tank Ventilation System to perform the safety function(s) specified for the 
systems by the BIO and the BIO, Addendum 1. 

5.7.l Strategy Summary 

The Portable Exhaust System will be used to provide an alternate, 
redundant means of primary or annulus ventilation should the permanent 
ventilation system(s) fail for any reason. The portabl~ system will be used 
only on an emergency basis if the permanent system(s) becomes inoperable and 
cannot be restored within ·a specified, allowable outage duration. This will 
ensure that the SC temperature control and gas oilution functions of the 
failed ventilation system are preserved following a design bas i s acc ident. 
The -portable systems are intended for temporary use only, unti l the permanent 
system is restored to operation and can op~rate for th~ duration of sltii~ing. 
The portable systems will provide the safety functions necessary to support 
operation of the WRSS. 
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The project design basis (HNF-SD-W320-DB-001) for portable exhauster 
applications states that the exhauster shall perform the following activities. 

• Draw moist warf air from the tank vapor space (or annulus) at a rate 
:~ ~,~~~ ~tdft /min while maintaining confinement of the ventilated 
space . . Note: The AY-102 portable -exhauster may have to be modified 
to provide 1200 CFM, the modification will be reflected in the F&R 
document referenced below. 

• Provide nuclear quality HEPA fi)tration. 

• Exhaust the filtered airstream through a stack and provide for stack 
sampling. 

• S~f~ly collect any condensate from the airstream, and safely contain 
it or return it to the tank. 

• Meet the ignition source control requirements of ACS.IO (Noorani · 
1998) for ex-tank intrusion locations (IC Set #2); the inside of the 
ductwork and exhauster shall be considered an IC-Set #2 atmosphere. 

• Comply with . applicable requirements of ASME N509, N510 and 831.3 

Two _self-contained, skid~mounted, transportable exhausters meeting these 
requirements were recently procured to support saltwell pumping of single­
shell tanks. Project W-320 and the Director of TWR~ Operations signed a 
Memorandum of Agreement agreeing the two portable exhauster are available to 
support the sluicing of Tank 241-C-106 and storage of waste in Tank 241-AY-102 
(Internal Memo 8C620-98-003). The portable exhausters are fully tested 
systems, capable of providing the required annulus or primary system airflow 
needed to provide gas dilution in the ventilated space and maintain tank waste 
temperatures within limits. The portable exhausters were specifically ~ · 
designed to ventilate underground radioactive waste storage tanks and are 
compliant with applicable requirements in DOE -Order 6430.lA. The portable ­
exhausters are not presently in use, and will be available for use as 
emergency backup exhausters while the WRSS is in operation. The exhausters · 
are described in detail in Procurement Specification WHC-S-0490, 
Specifications for a Portable Exhauster System for Waste Tank Ventilation 
(WHC 1997) and the Functions and Requirements document WHC-SD-WM-DB-0035. 

The two exhausters have two-stage HEPA filtration and are designed to 
meet applicable Site requirements and industry standards for nuclear 
ventilation, including ASME AG-1, Code on Nuclear Air and Gas Treatment, 
ANSI/ASME 1994a), ASME N509, Nuclear Power Plant Air-Cleaning Units and 
Components (ANSI/ASME 1989a) and NSl0-1989, Nuclear Air-Cleaning Systems 
(ANSI/ASME 1989b). The exhausters are also intrinsically safe for use with a . 
flammable or explosive atmosphere, in accordance with · the requirements of 
National Fire Protection Association (NFPA) Class I, Division 1, Group B, · and 
meet the most stringent ignition control requirements .of AC 5.10 (Noorani 
1997a) for use in any Hanford Site waste tank. The exhausters have variable­
speed fan drives that can operate over an exhaust flow range of 400 .to -
1,000 stdft3/min at up to 9.5 in. w.g. They are reliable systems, adapted to 
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a variety of operating ·modes and qualified for operation in an outdoor 
environment. 

In addition, the design of the portable exhausters includes features that 
minimize the possibility of a filter failure or diminished filter efficiency, 
including the following: 

• A heater to prevent moisture condensation and its secondary effects, 
such as frost formation and corrosion. 

• Two-stage, redundant HEPA filtration, with filters aerosol-tested in 
accordance with ASME NSl0-1989 before startup 

• Features which preclude a flammable gas explosion, eliminating one 
mechanism for filter failure. 

A Portable Exhaust System must be capable of being installed, tied-in, 
and operated on an emergency basis at any of these locations within a : 
reasonably short time (i.e., within an allowable recovery time, based on the 
safety analyses). This capability will be relied on as a form of redundancy 
in case of a loss of operability of any of the three ventilation systems. 
Mechanical installation designs for the portable exhausters at tanks 241-C-106 

. and 241-AY-102 are shown on Drawings H-2-818506 and H-2~818507, respectively. 
Procedures for storage, installation, startup, and operation of the system 
have also been prepared and are available to support emergency use of the 
equipment should the need arise. · 

Above-grade .ductwork, condensate return piping, power cords, a~d a~ air 
intake filter have .been provided in addition to the portable exhauster. A 
portable electrical generator has also been identified and is available to 
provide emergency system power to the Annulus Ventilation System if it is . 
required. Except for the generator, all components of the Portable Exhaust 
System are maintained in storage at an onsite facility that protects the 
components from environmental hazards. The system is maintained in an · 
operable condition and subjected to periodic maintenance and surveillance. 
The exhauster is stored in the 400 Area in a hardened building to protect it 
from seismic activities, tornadoes, or other damage. 

The portable exhausters are not equipped with stack CAMs or CAM 
interlocks by design, due to the temporary nature of their use. These systems 
rely on both low and high differential pressure interlocks on the HEPA 
filters, which shut the fan down to limit a potential unfiltered radioactive 
release in the event one of the filters is either breached or loaded beyond a 
preset level. This strategy provides .a level of protection similar to the 
CAM, which is adequate considering the temporary nature of these backup 
systems and the unlikelihood that they will be used at all ~ 

The intention to operate these systems without a CAM system has been 
deemed acceptable by Environmental [Mayer 1997] and the Authorization Basis 
organization [APPROVAL PENDING ·Authorization Basis Log #98-031] . . The . . 
justification is based .upon state regulatory requirements which exempt the 
planning for any new construction or significant modification of an emission 
unit from addressing accidental releases if the probability of occurrence of 
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an accident during the expected life of the emission unit is less than 0.01; 
Current indications are that the probability of occurrence of an accident 
which would require emergency use of the backup portable exhauster for project 
W-320 is on the order of 0.001. This is based upon section 5.3.2.23 (Natural 
Phenomena) of HNF-SD-WM-810-001 Rev 0-D (Tank Waste Remediation System Basis 
for Interim Operation). · 

,, 

Several Portable electrical generators -are maintained onsite and hav~ 
been made available for Project W-320 use by the equipment custodian. Since 
several 150-kW trailer-mounted diesel electrical generators are available for 
emergency use should the n~ed arise, the portable generator is not identified 
~s a critical system component. Additionally, diesel generators are readily 
available for lease through numerous offsite sources and can be delivered to 
the Site well within the available recovery time. 

5.7.3 System Safety Functions 

The Portable Exhaust System mu~t provide the same safety functions of the 
system it is replacing as i backup. These functions consist of: 
(1) providing sufficient waste cooling to prevent a tank bump accident by· 
drawing warm air from the tank to maintain the waste temperature below the 
saturation point, and (2) · preventing the flammable gas · concentration in the 
ventilated space (primary tank vapor space or · annulus) from exceeding 25% LFL 
by a process of continuous fresh air dilution, and (3) maintaining the 
ventilated space at a partial vacuum relative to atmosphere. For all three 
applications, the Portable Exhaust System design nominal flow rate is 
sufficient to support these functions, based on the current .engineering 
evaluation of the WRSS. The suitability of .the portable exhausters for SC 
applications is evaluated in HNF-SD-WM-TI-808, Safety Class Evaluation of 
Sa7twe77 Portable Exhausters (Kriskovich 1997). 

5.7.4 Allowable Outage Time 

The allowable outage time for the Portable Exhaust System,' for repairs or 
maintenance, _is specific to the application. R~fer ~o related discussions in 
the appropriate sections for the tank 241-AY-102 and 241-C-106 Primary and 
tank 241-AY-102 Annulus Ventilation Systems. Project W~320 has developed the 
necessary design media, procedures, and other documentation required to_use 
this equipment to support operation of the WRSS. The· time to deploy the 
exhauster is estimated to be 7 days. 

5.7.5 System Design Evaluation 

5.7.5.1 Quality Assurance. The Portable Exhaust System was procured and 
designed to meet SS requirements in accordance with the original ~altwell 
retrieval project criteria. Procurement of safety-related equipment was in 
accordance with appropriate quality assurance requirements, including test and 
inspection documentation, supplier qualifications, certified data on materials 
used, and certification of compliance with project specifications. The same 
procurement requirements apply in large part to SC equipment. Any future 
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maintenance, parts replacements, or modifications wi)l be performed in 
accordance with the appropriate quality assurance requirements. 

5.7.5.2 Single-Failure Criterja and Redundancy. The Portable Exhaust System 
is, by definition, a redundant system. It is intended for temporary use only, 
until the failed permanent system is restored to operation. In the unlikely 
event that a portable exhauster fails and cannot be repaired within an ~ 
acceptable time, and the permanent system is still out of service, it can be 
replaced with another portable exhauster of similar design. In addition to 
the two 1,000 ft3/min units, three 500 ft3/min units of similar physical size, 
weight, and design features are available and will provide sufficient flow for 
two of the three applications (primary ventilation for tanks 241-AY-102 and 
241-C-106). . 

5.7.5.3 Equipment Environmental Considerations. The portable exhausters were 
designed for reliable operation in an outdoor location, given Hanford site 
weather and ·environmental conditions. Parts stibject to deterioration in these· 
conditions are suitably protected. The internal components exposed to the 
tank airstream are selected for material compatibility with tank waste and 
vapors, as well as non-sparking or intrinsically safe properties for use in a 
potentially flammable atmosphere. Most of the materials exposed to the 
ventilation stream are stainless steel alloys. The portable exhausters use 
design features, construction methods, materials, ·filter media, and other 
technology similar to the permanent systems they may replace, and are pressure 
tested to verify .confinement integrity before use to verify no damage has been 
done to the filter train during transport or installation. · 

5.7.5.4 Maintenance. The portable exhausters were designed for ease of 
maintainability, taking field conditions into account. The system provides a 
local readout for operators of critical system parameters (e.g., flow, 
pressure). The equipment i~ arranged on an open skid, with critical 
instruments, valves, test ports, filters, and other components accessible for 
inspection or replacement. The exhausters were delivered with a complete set 
of vendor data, and this has been augmented by Site-developed procedures to 
ensure these portable systems are properly stored and maintained in an 
operable condition. -The Portable Exhauster vendor information file is 
VI 50024. . 

5.7.5.5 Testing. The portabl~ exhausters were designed ~o enable testin~ of 
system functions. Instrumentation and controls are accessible for routine · 
testing and calibration, which will be part of regularly scheduled maintenance 
of the exhausters. · The filter train is designed for in-place testing of HEPA 
filters in compliance with ASME NSl0-1989. The confinement barrier (filter 
and fan housings and isolation valves) will be leak-tested before startup and 
operation. Operability testing will also be performed before startup to 
verify proper function of critical monitoring systems and interlocks . 

. ' 
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5.8 TRANSFER LINE PIPE-IN-PIPE SYSTEM 
(SAFETY CLASS) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Transfer Line Pipe-In-Pipe System to perform the safety function(s) 
specified for the system by the BIO, Addendum 1. 

,, 

5.8.l Strategy Summary 

· The safety function of the Transfer Line Pipe-in-Pipe System is to ensure 
a leak in the primary waste transfer system piping will be directed to a waste 
transfer-associated structure, where the leak will be detected, subsequently 
resulting · in operator shutdown of the transfer operation. 

The Transfer Line Pipe-in-Pipe System consists of two encased waste 
transfer lines of all-welded, steel construction, connecting tanks 241-AY-102 
and 241-C-106. It supports waste retrieval from tank 241-C-106 and transfer 
of the retrieved waste to tank 241-AY-102. The encasement was originally 
designed and constructed to meet SC 3 and later reclassified to SS. The 
primary pipe was originally designated SC 2 and later changed to SS. The BIO 
and the BIO, Addendum 1 reclassified the encasement to SC and the primary to 
general service. · · 

The Transfer Line Pipe-in-Pipe System cin be expected to fail durin~ a · 
design basis seismic event of SC severity, and the strategy for mitigating the 
consequences of a potential pipeline failure takes this into account. The 
Seismic Shutdown System (Section 5.11), . interlocked with the transfer pumps, 
is designed to detect ground movement of the appropriate magnitude and 
deenergize the pumps. This will stop any in-progress transfers and ·1imit the 
amount bf material at risk (i.e., for being released) to whatever is contained 
in the encased pipelines. The inventory of waste in the pipeline·is bounded 

_by the safety analyses. After such an event, the piping can be assessed for 
damage and to determine whether it can continue to be used, before operation 
of the WRSS resumes. In addition, the transfer system has leak detection . 
capability (Section 5.9) in the encasement lines and pits. This ensures safe 
shutdown or restricted operation of the WRSS in the event of a loss of primary 
containment. 

Given the design of the system and its limited or intermittent use~ the 
system is expected to meet its safety function for the duration of WRSS - · 
operations. · 

5.8.2 System Description 

The Transfer . Line Pipe~in-Pipe System consists of two double-contained 
waste transfer lines connecting tanks 241-AY-102 and 241-C-106, over a 
distance of 0.3 miles. The waste Transfer Line Pipe-in-Pipe System is . 
described in the BIO, Addendum 1 (S~ctions 2.3.4, 2.4.1.7, and 2.4.1.8); it is 
depicted on P&ID Drawings H-2-818559 and H-2-818560; piping plans H-2-818426, 
H-2-818427, and H-2-818434; and in the BIO, Addendum 1, Figures 2-1 and 2-2. 

'• 
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One line delivers the sluicing medium (tank 241-AY-102 supernatant) from 
sluice pit 241-AY-02~ to sluice pit 241-C-06C, where it supplies the sluicer 
~n tank 241-C-106. The other line transfers slurry, retrieved by sluicing, 
from pump p~t 24!-C-06A to pump (distributer) pit 241-AY-02A on tank 241-
AY-102. Both lines consist of a primary (inner) pipeline surrounded by an 
encasement pipe. The innef pipe carries the waste liquid (slutry or , 
supernata r.~ ;, ,·:r: 11:: the outer encasement line provides secondary containment 
and leak detection functions in the event of a primary pipe leak . 

Both primary (inner) pipelines, as well a~ their encasement (outer) 
lines, are constructed of welded Schedule 40 pipe material, and meet the 
design, fabrication, installation, and testing requirements of · 
ANSI/ASME 831;3-1993 for normal service fluid over the anticipated range of 
pressures and temperatures. The primary pipelines are constructed of 
stainless steel for corrosion resistance and more effective flushing and 
decontamination. Their encasement lines are constructed of carbon steel, 
epoxy-coated and cathodically protected for service in contact with soil. The 
lines are buried or have a bermed covering for shielding to minimize 
radiological exposure of the onsite worker. 

The primary (inner) pipe in either case is designed for a nominal flow . 
rate of 350 gal/min at an operating pressure of 200 lb/in2 and operating 
temperatures from 40 to 180 °F. Thermal stresses and expansion are · . 
accommodated by bends in the pipelines. Both the primary and encasement liries 
were'flushed and pressure tested to 480 lb/in2 during construction. The 
design flow rate is in the turbulent range to minimize settling of solids, and 
the lines are designed (sloped) to self-drain by gravity following a waste 
transfer. Both transfer lines are provided with a capability for flus~ing the 
primary pipeline to unplug a blocked line or to minimize potential 
accumulations of settled solids following waste transfer and gravity drainage 

. of the lin~. Section 5.12 discusses the transfer line flushing system with 
reference to service water back-flow preventers. 

The encaieme~t lines have leak deiectors at their low points, and the. 
connecting waste transfer system pits have leak detectors as well. Any 
leakage from a primary pipe will be detected, resulting in appropr iate 
shutdowns and operator notifications, and will drain, via the respective 
encasement line and pit, to tank 241-C-106. Section 5.9 evaluates and 
describes the transfer and encasement line leak detection systems in greater 
detail. 

In accordance with the original project criteria, the encasement system 
was designed to SC 3 seismic loads, as well as thermal stresses due to the 
high-heat service liquid. Both the inner pipe and encasement designs satisfy 
current Performance Category 2, SS load criteria in accordance with 
HNF-PR0-97, Engineering Design and Evaluation. A Seismic Shutdown System (see 
Section 5.11) deenergizes the transfer system pumps in the event of a 
significant earthquake, stopping any ongoing transfer through the lines to 
help mitigate or prevent a release of liquid waste. The Seismic Shutdown . 
System is described in the BIO, Addendum 1, Section 2.3.7, and in Section 5.11 
of this document and depicted on drawings H-2-818559 and H-2-818560. 

Administrative controls ensure that, before e~ch use of the transfer 
system, the transfer lines and valves have been inspecte9 and are configured 
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properly, excavation and vehicl~ restrictions are in place, and leak detection 
systems are functionally tested. If a leak detection system is discovered to 
be inoperable or alarming, any ongoing sluicing and waste transfer operations 
are stopped immediately and the affected transfer .line is drained and flushed 
as appropriate, unless an alternate monitoring device is available. If a 
seismic event occurs of sufficient magnitude to potentially damage the piping, 
the Seismic Shutdown System automatically ensures that ongoing waste transfers 
are stopped and the facility is placed in a safe condition. 

5.8.3 System Safety Functions 

The Transfer Line Pipe-in-Pipe System, specifically the encasement 
piping, is credited in a subsurface or surface leak resulting in a pool as 
well as a spray leak from structure accident (BIO, Addendum 1, 
Sections 3.4.2.14, 3.4.2.15, and 3.4.2.16). These accident scenarios classify 
the -interfarm piping system as SC. The safety function of the encasement 
system is to ensure that a. leak from the primary waste transfer pipeline will 
be detected and safely channeled to a transfer pit, and that operations 
persqnnel are notified of the leak so that a safe shutdown of the transfer can 
be initiated . ' · 

5.8.4 Allowable Outage Time 

There is no allowable outage time. The Transfer Line Pipe-in-Pipe System 
and its associated leak detection and seismic shutdown systems must be 
operable at all times during sluicing and waste transfer activities. 
Procedures require either a total shutdown or restricted operation of the WRSS 
in the event of a leak or other malfunction that affects a transfer line. 
Following a. waste transfer, the lines can be .flushed, drained, and left 
inactive for an indefinite period of time. 

5.8.5 System Design Evaluation 

5.8 .5.1 Quality Assurance . The quality of the pipe materials and welds on 
the Transfer Line Pipe-in-Pipe System was verified, first by inspection then 
by pressure testing, and documented as part of the construction process. 
Primary and encasement pipe materials were procured from suppliers qualified 
in accordance with applicable requirements of ASME NQA-1-1994 
(ANSI/ASME 1994). Welding was performed using qualified personnel and 
procedures in accordance with ASME 831.3-1993. Weld inspections consisted of. 
visual examination in addition to radiographic testing of the primary pipeline 
welds. No special quality assurance requirements will apply to the Transfer 
Line Pipe-in-Pipe· System after it is put into operation . 

5.8.5.2 Single-Failure Criteria and Redundancy. The outer encasement line 
provides containment if the primary (inner) pipe leaks. The primary and 
encasement piping are of welded construction and are unlikely to fail under 
normal operation. The leak detection system ensures that the transfer is shut 
down .in event of a prjmary pipe leak; In addition, the lines are only 
subjected to intermittent uses of short _duration, ·or a total of 10 to 20 days 
per year • . Other than a severe seismic event or a·n excavation accident, there· 
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is no credible scenario that would cause a failure of both the primary and 
encasement lines, resulting in a radioactive release. Procedural {TSR) 
controls and engineered features m1nimize the likelihood or the consequences 
of such catastrophic events. The Seismic Shutdown System {Section 5.11) is 
also designed with redundant components to ensure reliability. 

5.8.5.3 Equipment Environmental Considerations. The transfer lines are, , ! 

located outdoors and were designed to maintain structural integrity in such an 
environment. The primary pipe is of stainless steel to minimize internal 

· corrosion and facilitate eventual decontamination after slu icing retrieval is 
completed. The encasement is coated and cathodically protected for contact 
with the soil. · 

5.8.5.4 Maintenance. The Transfer Line Pipe-in-Pipe System cons i sts of 
passive components {piping, supports) that do not require any form of special 
monitoring or routine maintenance, other than flushing after waste transfers. 
A WRSS-specific operating procedure addresses transfer line flushing. 
The flushing system is also discussed in Section 5.12 with reference to 
service water back-flow preventers. Initial inspections and pressure tests 
were performed at the time of construction, and pre-operational checks before 
each use as required in the operating procedures will help ensure the 
integrity of the system throughout its operating life. The transfer lines are 
not likely to require repairs or replacement in the course of their limited 
operating life. During actual ·bperation, the seismic shutdown and leak 
detection systems minimize the consequences of a system failure; operation and 
maintenance of these related systems are discussed in the appropriate 
sections. · 

5.8.5.5 Testing. The Transfer Line Pipe-in-Pipe System will be operationally 
tested before being turned over to operations, and will be turned over with a 
complete set of verified test and calibration procedures to support regular · 
testing and maintenance. These test procedures apply primarily to the leak 
detection and seismic shutdown systems, which help ensure safe operation of 
the transfer lines. The encasement lines have test ports which enable 
verification of their integrity as needed. 

5.9 TRANSFER LINE LEAK DETECTION SYSTEM {SAFETY CLASS) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Transfer Line Leak Detection System to perform the safety function(s) 
specified for the system by the BIO, Addendum 1. The WRSS Transfer Line Leak 
Detection System includes the pit leak detectors located at tank 241-AY-102 
and the pit and encasement leak detectors located at tank 241-C-106. 

5.9.1 Strategy Summary 

The safety function of the Transfer .Line Leak Detection System is to 
provide warning of waste accumulation in the pits or in the encasement . . ·The 
operator would then terminate the waste transfer. · 

The Transfer Line Leak Detection System has been designated by the BIO 
and the BIO, Addendum 1 as both an SC and an SS s_ystem. The primary safety 
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function the Leak Detection System performs is to detect leaks in transfer­
associated structures (pits and pipe encasement) such that actions may be 
taken to shut down the waste transfer pumps, thereby limiting the volume of 
liquid unintentionally transferred into the associated str~ctures. 

The Transfer Line Leak Detection System is a new system recently 
installed as part of Project W-320 and includes leak detectors installed~at 
tanks 241-C-106 and 241-AY-102. The system has been designed to comply with 
the requirements specified by the BIO and the BIO, Addendum 1 as well as 
appl icable requirements for systems performing SC functions .. 

The SC strategy for the Transfer Line Leak Detection·system is to provide 
a leak detection system that is consistent with the new SC leak detector 
design used by TWRS at the tank farms. The new design can be shown to meet 
all requirements for the leak detection systems specified by the BIO and the 
BIO, Addendum 1 (intrinsically safe, supervised monitoring circuit, and 
compliant with the national electric code) and can be shown to meet all 
applicable SC requirements for the system to reliably perform its credited SC 
function. · 

5.9.2 System Description 

The Tr~nsfer Line Leak Detection System includes individual leak 
detection systems installed at the tank 241-C-106 and 241-AY-102 transfe·r 
pits, which are connected to ·the slurry and supernate ~aste transfer lines. 
In addition to the pit leak detectors, encasement leak detectors are installed 
at the tank 241-C-106 transfer pits. 

The pit leak detectors and the encasement leak detectors comprise the 
Transfer Line Leak Detection System. Pit leak detectors are installed at 
tank 241-C-106, in the 241-C-06A pump pit and the 241-C-06C sluice pit_, and at 
tank 241-AY-102, in the 241-AY-02A pump pit and the 241-AY-02E sluice pit. 
Encasement leak detectors are installed at the tank 241-C-106, 241-C-06A pump 
pit and the 241-C-06C sluice pit only. Encasement leak detectors are not 
installed at t ank 241-AY-102 because tank 241-AY-102 is at an elevation 
approximately 34 ft higher ·than tank 241-C-106 and the WRSS slurry and 
supernate transfer line encasements are designed to drain to tank 24)-C-106. 

With the exception of the tank 241-AY-102, pit 241-AY-02A leak detector, 
all leak detector assemblies are new assemblies which were designed, -
fabricated, ·and installed by Project W-320. The tank 241-AY-102, pit 
241-AY-02A leak detector i s an existing leak detector assembly that was 
recently upgraded by TWRS Ope rations to meet BIO a_nd SC requirements. · _ 
Although this leak detector is considered part of the Leak Detection System, 
TWRS operations performed the leak detector upgrades because pit 241-AY-02A is 
connected to the mas"ter pump shutdown ci _rcuit and is routinely used by ·· 
operations for transfer of waste within the AY-Farm Complex. All other pits 
connected to the WRSS transfer lines were not part of an existing active waste 
transfer route; therefore, the leak detector design and installation was · 
provided as part of Project W-320. 

Each individual leak detector assembly consists of a conductivity probe, 
circuit electronics assembly, and local and remote panel alarms. All leak 
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detection assemblies, including the ·241-AY-02A pit leak detector assembly, are 
essentially identical, with minor differences in the encasement and pit leak 
detector electrode design and -location. The 241-AY-02A pit leak detector is 
also unique in that it is the only leak detector assembly connected to the 
master pump shutdown circuit. 

-The encasement and pit conductivity probes incorporate B&W Controls'' 
electrode assemblies. Each electrode assembly includes two electrodes. 
Two conductors .are terminated on each of the electrodes. 

Pit electrodes are mounted on stainless steel support assemblies 
positioned in the low point on the pit floor. The electrode support 
assemblies support the electrodes in a vertical position and provide a means 
to adjust the height of the electrode in relation to the pit floor. 
The electrode assemblies are adjusted to alarm when l in. of liquid is 
accumulated on the pit floor. Conductors terminated on the electrodes are 
routed through penetrations in the pit and connect to relays in the 
electronics assembly located next to the pit walls. 

Encasement electrodes are mounted next to the tank pit wall on the top of 
leak detection risers. The leak detection risers are constructed of 2-in. 
vertical pipe, which is connected to a horizontal pipe -located below and 
connected to the 6-in. transfer line encasement. The leak detection risers 
are designed to collect any liquid ·that originates from the encasement. · 
The electrodes extend into the leak detection riser to a point approximately 
l in. from the bottom of the pipe. Conductors terminate at the top-of the 
leak detector electrode assembly ·and are routed through conduits to the 
associated pit leak detector electronics assemblies. 

Each leak .detector electronic assembly includes three relays (LOI, L02, 
and LD3), a power transformer, and a strobe light assembly. The relays and 
transformer are mounted inside a National Electrical Manufacturers' 
Association (NEMA) 4 enclosure, wh-ich is supported by unistrut posts bolted to 
a concrete pad, located next to the respective pit wall. The strobe light 
assembly is mounted on the top of the NEMA 4 enclosure. 

The operation of the system i~ based on electrical conductivity between 
the two electrodes created by the presence of liquid. When the· electrodes 
contact liquid with a resistance of 10k ohm ~r less, LDl activates causing the 
normally open contacts to close and the normally closed contacts to open. The 
normally closed contacts generate remote alarms and the normally open contacts 
activate the local strobe light. · 

Relays LDZ and LD3 are used to provide a monitoring circuit that 
supervises the wiring from the leak detector electrode wiring to relay LOI. 
Relay.LD3 monitors the DC voltage applied to the electrodes by Relay LOI. 
When the voltage is greater than 2.5 V, LD3 is energized .which in turn 
energizes LD2. If one of the electrode wires is open or if LDl voltage drops 
·below 2~5 V, LD3 deenergizes causing LD2 to switch, which generates both local 
and remote alarms. Remote alarms are also generated -0n a loss of power to 
relays LD2 and ·Lo3. When the leak detector is in the alarm condition, the 
local strobe light is activated. The strobe remains in the alarm condition 
and requires an operation action to reset the alar~ following the evacuition 
of the detected liquid. ' 
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In addition to the local alarms, remote leak detector alarms are located 
in the M0-211 control room for the C-Farm pit and encasement leak detectors 
and the 241-AV-51 electrical equipment skid for the AV-Farm pit leak 
detectors. The C-Farm pit and encasement leak detectors also alarm at the 
Tank Monitoring and Control System (TMACS}. 

· The remote alarms at C-Farm and AV-Farm are included on the WRSS •• 
an nunciator panels. The annunciators provide a 24-V de current loop through 
no rma lly closed contacts on relays LOI and LD2. Individual windows on the 
annunciator panels alarm if either the LDl or LD2 contacts open. The remote 
annunc i ators provide operators with an alarm location at the pump shutdown 
location, thereby el iminating the need to continuously staff the local alarm 
location. The control room will be continuously manned during 241-C-106 
active sluicing operations. 

5.9.3 System Safety Functions 

The BIO and the BIO, Addendum 1 credit the Transfer Line Leak Detection 
System with performing SC functions in the prevention of the "Subsurface Leak 
Resulting in Pool" (BIO Accident 5.3.2.18 and.the BIO, Addendum 1; Accident 
3.4.2.14) and the ~Surface Leak Resulting in Pool" (BJO, Addendum l Accident 
3.4.2.15) accidents. The Transfer Lin e Leak Detection System is also credited 
with performing an SS function in t he prevention of the "Subsurface Leak 
Remaining Subsurface'' accident (BIO Accident 5.3.2.7 and .the BIO, Addendum 1, 
Accident 3.2.13). 

The specific SC function the Transfer Line Leak Detection System performs 
and the available outage time for the system are discussed further in the 
following sections. The safety function the leak detectors perform is the 
same for both the SC and SS functions ; therefore, no distinction is made -
between the two functions. 

5.9.3.1 Transfer Line Leak Detection System. The safety function the 
Transfer Line Leak Detection System performs is to detect leakage into 
structures physically connected to active waste transfer pumps and create . an 
alarm such that an associated operator action may be taken to shut down the 
waste transfer pump to minimize the amount of material released. Technical 
Safety Requirement, Surveillance 3.1.3 requires transfer line leak detectors 
be operable any time administrative locks are removed from the transfer pumps. 
For the leak detectors to be considered operable, the alarm location and the 
pump shutdown locat i on are required to be continuously staffed. 

5.9.4 Allowable Outage Time 

The leak detectors perform a safety function and are required to be 
operable at all times when administrative locks are removed from pumps 
physically connected to structures connected to the waste transfer route. 
Therefore, when the administrative locks are removed from the associated 

· transfer pumps, no outage time is available. However, when administrative 
locks on connected transfer pumps are in place, the leak detection system may 
be inoperable for periods of unlimited duration. 

5-53 



5.9.5 System Design Evaluation 

HNF-2050 
Revision 0 

Tank Waste Remediation System Operations has evaluated the -suitability of 
-the new intrinsically safe leak detector design which forms the basis for the 
design used by Project W-320. The results of the analysis are documented in 
HNF-SD-WM-ER-736, Intrinsica11y Safe Leak Detector Circuit Design DescriRtion 
(Scaief 1998). HNF-SD-WM-ER-736 concludes- that the leak detector design/meets 
requirements for functional operation as well as the requirements for SC SSCs. 

The Transfer line Leak Detection System also has been independently 
evaluated by Project W-320 to identify individual components of the system 
which perform SC functions. The specific components relied on to preserve the 
safety function of the system are identified in the Appendix. The 
classifications are consistent with the TWRS component classification as 
described in the TWRS SEL and HNF-SD-WM-RD-057 (Smith-Fewell 1997) with the 
exceptiori of designation of the remote annunciator alarm circuit as SC. The 
remote annunciator circuit and relays LD2 and LD3 have been designated as SC 
to eliminate the need to continuously staff the local Blarm location. 

DOE Order 6430.lA identifies criteria to be considered in the design of 
SC components and systems to ensure the system or component can perform its 
identified safety function. These criteria include quality assurance, single­
failure criterion and redundancy, environmental considerations, maintenance, 
and testing. Each SC criterion as applicable to the subject SC system i~ · 
individually addressed in the_following discussions. 

5.9.5.1 Quality Assurance. All work associated with the design, fabrication, 
and installation of the individual transfer line leak detector assemblies 
provided by Project W-320 was performed in accordance with enhanced quality 
assurance requirements appropriate for SC systems. All work was designated as 
SQ r~quiring approval by Safety and Quality Assurance representatives. 

Critical ch~racteristics were identified for all SC components as 
appropriate and commercial grade item dedications were performed for all 
components identified as SC. Fabrication and installation procedures included · 
numerous verifications during the fabrication and installation process to 
ensure specified materials and components were used in the fabrication and 
identified critical characteristics were properly achieved. All design, · 
fabrication, and construction activities were also overviewed by Quality 
Assurance, Quality Control, and the authorized ins~ector to ~nsure that ~he 
level of quality specified was obtained. · 

Considerable testing was also specified for the assemblies and performed 
during the fab~ication and installation process. This testing included 
functional tests performed on the individual assemblies in the shop following 
fabrication, as well as a final comprehensive tests performed following 
installation in the field to verify the system operated as designed and fail­
safe features worked properly. All testing was witnessed and verified either 
by a Fluor Daniel Northwest, Inc., field quality control representative or the 
authorized inspector. 
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5.9.5.2 Single-Failure Criteria and Redundancy. The SC components of the 
Transfer Line Leak Detection System, as identified in the Appendix, include 
the leak detector electrodes; t he transformer; r elays LDl, LD2, and LD3; the 
strobe light; and the remote annunciator. These components are identified as 
the critici1 ~G~1ponents in maintaining the SC function established for the · 
assembly because .failure of any of the components has the potential to impact 
the SC function of the assembly. ,, , ! 

DOE Order 6430.IA requires t hat the design of SC components be such that 
a single failure does not result in the loss of capability of an SC component 
to accomplish its required SC function. Redundancy and diversity are also 
required to be considered, as appropriate, to ensure a common-mode failure 
does not result in the loss of the safety function provided by the component 
or system. 

The ,~ak d~t~ctor electrode is wired with four conductors with two 
conductors te rminated on each of the two electrodes. The circuit is 
intrinsically safe and continuously supervised. If the circuit voltage drops 
below 2.5 V or if the circuit is interrupted for any reason (e.g., severed 
wire, poor termination, etc.), the leak detector alarms at local and remote 
locations. 

The leak detection alarms are also redundant, which provides for further 
fail-safe operation of the system. The annunciator is powered from a separate 
power source than the local electronics assembly and provides a 24 V de 
current loop through normally closed contacts on relays LDl and LD2. The 
annunciator is designed to alarm if power is lost at the local circuit 
electronics assembly or if the annunciator circuit is interrupted for any 
reason. 

5.9.5.3 Equipment Environmental Considerations. All equipment and components 
comprising the Transfer Line Leak Detection System were designed considering 
the tank farms' harsh operating environment and SC service conditions~ The 
components interfacing with the tank are designed in accordance with 
intrinsically ·safe requirements and are suitable for use in Ignition Source 
Control Set I (Noorani 1997a) environments which represent the highest 
flammable gas category established for waste storage tanks at the Hanford 
Site. The electrode assemblies .are constructed of stainless steel and ·conform 
to the standard electrode assembly design successfully and reliably used for 
leak detection throughout the Hanford Site for decades. 

· The leak detector electronics enclosure, support assembly, concrete pad, 
and conductor raceways are all designed, fabricated, and installed in 
accordance with general service requirements. General service is considered 
appropriate for these components because -a failure of any of the components 
for any reason (seismic event, high wind, lightning, etc.) will result in an 
alarm due to the fail-safe design of the interfacing SC components. 

5.9.5.4 Maintenance. The Transfer Line Leak Detection System was designed to 
facilitate periodic maintenance. With the exception of the pit electrodes, 
all components of the system are easily accessible and located in areas of low 
radia.tion. The encasement electrodes can also be easily replaced should a 
failure occur. The pit el~ctrodes, however, due to their location within ~he 
pits, ·require removal of the cover blocks for replacement. Although the p1t 
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electrodes .are not easily replaceable, their passive d~sign h~s proven to be 
very reliable at the tank farms. 

5.9.5.5 Testing. Each leak detector assembly is extensively tested as part 
the fabrication and installation process. The testing performed is very 
comprehensive and verifies all fail-safe features of the complete system., 

. , 

The Transfer Line Leak D~tection System has also been designed to 
accommodate periodic testing of the system. · Individual leak .detector 
assemblies include a test switch which simulates an open conductor on the 
supervised circuitry in addition to simulating the presence of liquid with a 
conductance of 10k Ohm: Remote annunciator panels also include a test button, 
which can be used to per.iodically verify the annunciator windows are 
functioning properly. 

5.10 PIT COVER BLOCKS SYSTEM (SAFETY CLASS AND 
SAFETY SIGNI~ICANT) 

The following discussion evaluates the suitability of the Proj~ct ·w-320 
WRSS Pit Cover Blocks System to perform the safety function(s) specified for 
the system by the BIO .and the BIO, Addendum 1. 

5.10.l Strategy Summary 

The safety function of t~e pit cover blocki is to mitigate the effects of 
a spray release (i.e., knock down the spray) from the pressurized t ransfer 
line and limit the release of aerosols to the atmosphere. 

The transfer system pit cover blocks are steel-reinforced, structural 
· concrete blocks used to cover various pits that access waste transfer lines, 
pumps, and other WRSS equipment to support waste transfers between tanks 241~ 
AY-102 and 241-C-106. The cover blocks are required to be in place at all 
times during waste transfers. The blocks are constructed to meet the 
requirements of their designation of SC, and have a low likelihood of failure 
during use. Recovery from a cover block failure would be to shut down any · 
ongoing waste transfer, place the facility in a safe configuration, and repair 
or replace the failed cover block. 

5.10.2 System Description 

The Pit Cover Blocks System consists of heavy concrete blocks positioned 
over transfer system pits, associated with .tanks 241-AY-102 and 241-C-106, to 
provide shielding and a barrier to liquid spray. The covered pits are as 
follows. · 

• . Sluice pit 241-AY-02A~ accessing 0-0621 distributor in tank 241-
AY7102. Only one cover block was replaced by Project W-320: the 
sluice pit. Replacement cover block was designed and fabricated to 
SC requirements. 
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• Sluice pit 241-AY-02E, accessing P-0621 sluice pump in tank 241-
AY-102 

• Pump pit 241-C-06A, accessing P-1361 slurry pump in tank 241-C-106 

• Sluice pit 241-C-06C, accessing S-1361 sluicer in tank 241-C-106. 

Other pits are not connected to or ass~ciated with active transfer lines; 
the covers on such pits are not considered part of the transfer pit cover 
block system and do not have the same safety function. 

The blocks are designed to be structurally sound and fully cover the pits 
so as to preclude an undiverted liquid spray to the atmosphere. The blocks 
function by creating a tortuous leak path for spray leaks, and are not 
required to provide a pressure boundary or an air-tight seal. In fact, a 
small amount of in leakage between cover blocks is required to provide a path 
for fresh air ventilation inside the pits. Therefore, small cracks, spalling, 
or other forms of minor damage typically do not affect the function of the 
cover blocks. Whenever pits are opened, procedures require the cover blocks 
and pit. interior to be examined for signs of structural damage or degradation. 
The exterior of the pits and covers are also subject to visual inspection 
before operation of the WRSS. 

The pit cover blocks must be verified ai being installed and in place 
before the start of and during any waste transfer, and the blocks may not be . 
lifted or removed without appropriate reviews and other controls. Some of the 
cover blocks are penetrated with access ports. These openings are provided . 
with shield plugs or covers, which must be in place during transfers and are 
subject to the same controls as the cover blocks themselves. The AY pits have 
floor drains which channel any accumulated liquids from the pit into the waste 
tank below. These floor drains may be plugged to maintain confinement if the . 
cover blocks are removed, but are normally left open whenever the pit is 
covered. The tank 241-C-106 floor drains are plugged. 

The designs for the cover blocks, including modifications to provide new 
access ports for WRSS equipment, are shown on Drawings H-2-818448, H-2-818450, 
and H-2-818454. Project W-320 structural calculations for the blocks, based 
on SC natural phenomena loads, are referenced on Drawing H-2-818423. 

5.10.3 System Safety Functions 

Pit cover blocks are SC and are credited in a ~Spray Leak from Structure" 
accident (BIO, Addendum ·!, Section 3.4.2.16). This accident classifies the 
cover blocks as SC. The pit cover blocks are also ·SS and are credited in a 
"Surface Leak Causi~g a ·Pool" (BIO, Addendum 1, Section 3.4.2 .15). The safety 
function of the cover blocks is to mitigate the effects of a spray release 
from pressurized transfer lines in the associated pits, and limit the release 
of radioactive or hazardous aerosols to the atmosphere. The pit cover blocks 
are also SC and SS according to the BIO, Sections 5.3~2.20 and 5.3.2.18. 
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An allowable o~tage time is zero, or does not exist. · The blocks must be 
in place (i.e., "operable") at all times during sluicing. Administrative 
controls ensure that the cover blocks are reinstalled if they have been 
removed, and if the cover blocks are not verified to be in place, waste 
transfers cannot take place. In the unlikeJy event that an accfdent or·· 
natural event results in a catastrophic failure of a cover block during an 
active transfer, similar controls require that the transfer be stopped 
immediately and the facility placed in a safe condition. 

5.10.5 System Design Evaluation 
. . 

5.10.5.1 Quality Assurance. The SC classification of the pit cover blocks, 
along with the construction specifications for the blocks, painting, and 
lifting bail load test requirements, are specified on the design drawings 
(e.g., H-2-818448). Th~ appropriate inspections and verifications were · 
applied to the original fabrication, and will apply again if any of the cover 
blocks eVer need to be repaired or replaced. 

5.10.5.2 Single-Failure Criteria and Redundancy. The pit cover blocks are 
not redundant components. · If damaged, they must be r~placed. The cover . . . 
blocks are simple structures . that, once installed and in use, are unlikely to_ 
fail. A single failure of a cover block during a waste .transfer could _ 
potentially result in a radioactive release, but may be consider~d an · 
incredible event due to the simplicity of iti design and function, controls in 
place to verify that pits are covered before and during transfers, and 
periodic visual inspections of the pits and cover ·blocks. 

5.10.5.3 Equipment Environmental Considerations. The pit cover blocks are 
located outdoors (in a tank farm) and were designed to maintain structural 
integrity in this e~vironment. The cover blocks are simple slabs of 
reinforced concrete, · equipped with lifting bails or lugs for safe removal and 
handling, and painted for protection from weathering. Pit cover blocks of 
similar design and materials have been in service onsite for many years and 
are proven to · operate reliably under similar environmental conditions. 

5.10.5.4 Maintenance and Testing. The pit cover blocks do not require any 
form of regularly scheduled maintenance or testing, other than occasional 
visual inspections to verify their structural integrity as described 
previously. Effects of weathering and minor damage from handling the blocks 
may require · corrective action such as repair, painting, or replacement of some 
cover blocks. 

5.11 SEISMIC SHUTDOWN SYSTEM (SAFETY CLASS) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Seismic Shutdown System to perform the safety function(s) specified for 
the system by the BIO, Addendum 1. 
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The safety function of the Seismic Shutdown System is to interrupt the 
electrical power to the transfer pumps if a seismic event is detected by the 
sensors. 

The Seismic Shutdown System is interlocked with the WRSS transfer p~mps, , , 
and is designed to detect ground movement of the appropriate magnitude and 
deenergize the pumps. The triggering event or setpoint is a measured ground 
acceleration equivalent to an SS design event. The system will stop jn-
progress transfers and limit the amount of material at risk (i.e., for being · 
released) to whatever is contained in the Transfer Line Pipe-in-Pipe System 
(see Section 5.8). The inventory of waste in the pipeline is bounded by the 
safety analyses. 

The Seismic Shutdown System is classified as SC, and it functions to 
reduce the volume of a spill from a transfer line that could be ruptured 
during an SC design basis earthquake. It was desig ned and procured to meet SC 
.and electrical "Class lE" requirements, including natural phenomena loads, in 
accordance with the original project criteria. I~.ety function enables 
the Transfer Line Pipe-in-Pipe System and other SC systems (e.g., the stack 
CAM interlock) to be designed to SS natural phenomena loads . . Gi v.e n_tb_e__ 
redundancy and ot her design featuresoft he syst em, _i.r:tH i al qua 1_ i.f i~at ion 
te·stinsr; routine calibration, and the limited . or intermittent operation and 
service life of the WRSS, the Seismic Shutdown System is expected to meet its 
safety function for the duration of WRSS operations. 

5.11.2 System Description 

The Seismic Shutdown System consists of two instrument enclosures at 
tank 241-C-106, and two more at tank 241 -AY- 102. These are identified as 
241-C-51A, 241-C~518, 241-AY-51A, and 241-AY-518, respectively. Each 
enclosure houses and protects a s~ismic shutdown switch or "trigger," and is 
climate controlled to ensure reliable operation of its contents. The trigger 
consists of a seismic detection unit, or t~iaxial accelerometer, with an 
internal relay and other associated control components. The trigger operates 
in conjunction with a Class lE magnetic contactor assembly, housed in the same 
enclosure. The .Seismic Shutdown System is described in the BIO, Addendum 1, 
Section 2.3.7; it is depicted on Drawings H-2-818559 and H-2-818560. 

Either of the two triggers at tank 241-C-106 is indeperidently capable of 
automatically shutting down the submersible slurry pump and the booster pump 
in tank 241-C-106 upon dete~ting a measured ground acceleration vertically 
(0.08 g) or along either of two horizontal (0.12 g) axis. Similarly, either 
of the two triggers at tank 241-AY-102 is independently capable of 
automatical ly shutting down the submersible sluice (supernatant) and booster 
pumps in t ank 241-AY-102 upon detecting the same magnitude event. Both sets 
of triggers are wired to local operator stations as well as the interlocks 
that provi de the safety fu nction. The trigger operates by opening the control 
circuit of the associated contactor upon detecting a triggering seismic event. 
The contactor remains open during and after the seismic event, interrupting 
power to . the affected transfer pumps · until it is manually reset. 
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Each enclosure also has three separate temperature instruments. One of 
these monitors the enclosure temperature, and notifies an operator of an out­
of-range (extreme high- or low~temperature) condition. ·A second instrument is 
a temperature controller that operates in conjunction with the enclosure 
heating and cooling unit to enable climate control to maintain the enclosure 
within the ideal range for reliable system operation. Neither of these two 
instrume;.:: ~:: :~ identified safety funct~on. ,, 

The third temperature instrument is an electrical "Class IE " qualifi~d, 
high-temperature switch interlocked to the same contactor assembly as the 
associated seismic trigger. By this means, a high temperature in a seismic 
shutdown system instrument enclosure will also cause the contactor to open, 
shutting down the corresponding WRSS transfer pumps. The high-temperature 
switches are integral with the associated magnetic contactor assemblies. A 
local loss of AC power to a contactor will also cause the contactor to open 
(i.e., to fail safe). The seismic trigger is supplied by a backup battery 
power supply which will maintain it in an operable state for 16 hours. 

If a seismic event occurs of sufficient magnitude to potentially damage 
the Transfer Line Pipe-in-Pipe System, or if any of the instrument enclosures 
overheat to the point where its instrumentation may not operate reliably, the 
Seismic Shutdown System automatically ensures that on$oing waste transfers are 
stopped and the facility is placed . in a safe condition. 

5.11.3 System Safety Functions 

The Seismic -Shutdown System is necessary for- the safe operation of the 
Transfer Line Pipe-in-Pipe System, which is credited in the Authorization 
Basis with limiting a subsurface or surface leak resulting in a pool as well 
as a "Spray Leak from Structure Accident" (BIO, Addendum 1, Sections 3.4.2.14, 
3;4.2.15, and 3.4.2.16). These accident scenarios classify the Transfer Li.ne 
Pipe-in-Pipe System as SC; however, this system is expected to fail in an SC 
design bisis earthquake. Thereforef the safety functions of the Seismic 
Shutdown System are to detect a seismic event of sufficient magnitude to · 
damage the primary waste transfer pipeline, shut down ongoing sluicing and 
waste transfer operations, and notify an operator of the event so that the 
situation can be assessed and any additional measures be initiated if 
necessary to ensure a safe shutdown of the facility. There are no TSR 
controls associated with the Seismic Shutdown System . . 

On a component level, those items necessary to support the safety 
function of the Seismic Shutdown System are classified as SC. These items 

-consist of the seismic triggers and the associated magnetic contactor 
assemblies (including the enclosure high-temperature switches). 

5.11.4 Allowable -Outage Time 

There is no allowable outage time. The Seismic Shutdown System must be 
operable at all times during sluicing and waste transfer activities. Because 
the magnetic contactor fails open when deenergized, the WRSS transfer pumps 
cannot -Operate unless all four enclosures in the Seismic Shutdown System are 
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fully operable. Operating procedures require that system operability be 
verified before the start of sluicing. 

5.11.5 System Design Evaluation 

5. 11.5.1 Quality Assurance. The Seismic Shutdown System was procured fr,om a 
qualified supplier in accordance with applicable quality assurance 
requirements of ASME NQA-1-1994 (ANSI/ASME 1994). Structural welding was 
performed using qualified personnel and procedures in accordance with 
AWS D1.1, Structural Welding Code--Steel (AWS 1996). The finished system was 
seismically qualified by testing. Performance and acceptance testing were 
also performed to verify the system's design funct i ons and operability. 
Normal quality assurance verification will be followed during system 
maintenance, testing and procurement of spare replacement parts. 

5.11.5.2 Single-Failuie Criteria and Redundancy. The Seismic Shutdown System 
is redundant by design, consisting of two identical, independent shutdown 
systems at both tanks in the WRSS. Because of this redundancy, and the fail­
safe nature of their design, there is no single fai_lure of a component which 
could result in a loss of system safety function. 

5.11.5.3 Equipment Environmental Considerations. Th~ Seismic Shutdown System 
is located in climate-controlled enclosures that were designed to maintain 
structural integrity in an outdoor environment and protect the system's 
function and reliability. Anticipated extremes of ambient temperature and 
other Site conditions were specified for procurement, and vendor submittals 
were reviewed against these requirements. 

5.11.5.4 Maintenance. Thi Seismic Shutdown System was supplied with a • 
complete set of operating and maintenance procedures. Based on the vendor's 
qualification testing of the system,· no. major parts replacement is required to 
maintain the equipment qualification. Consumable electrical components, such 
as lights, fuses, relays, and contactors ire subject to occasional failure · and 
should be stocked i~ accordance with the vendor-submitted spare parts list. 
Preventive ~aintenance is recommended on an annual .basis, including visual 
inspection of· panels, cleaning, and repair or replacement of deteriorated 
parts or insulation. 

5.11.5.5 -Testing. lhe Seismic Shutdown System was supplied by the .vendor 
with calibration and troubleshooting procedures. The seismic triggers-were 
supplied with a certificate of calibration traceable to the National Buieau of 
Standards. The assembled systems were also subjected to seismic qualification 
testing. For the duration of WRSS operations, calipration and testing of the 
.seismic trigger should be performed every 6 months, and can be achieved by 
means of a vendor-supplied "field calibrator." All three axes of the switch 
are tested to verify their setpoints. Though usually not necessary, minor 
adjustments can be made at this time if needed. The setpoint of the encl~£ure 
high temperature switch is verified annually . 

., 
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5.12 BACK-FLOW PREVENTERS (SAFETY SIGNIFICANT) 

The following discussion evaluates the su~tability cif the Proj ect W-326 
WRSS back-flow preventers to perform the safety function(s) specified for the 
system by the BIO, Addendum 1. 

., 
5.12:1 Strategy Sununary 

The safety function of the back-flow preventer devices is to prevent back 
flow of waste into the service water system (e.g., tank trucks). 

The waste transfer line flushing system back-flow preventers are 
mechanically simple jumper assemblies. They are used intermittently to 
support WRSS operations. The back-flow preventers were designed, procured, 
and fabricated to meet all the -requirements of their designation of SS. The 
flushing system is disconnected and taken out of service between uses. 
Therefore, a back-flow preventer can be repaired or replaced without 
disrupting operations, if needed. 

5.12.2 System Description 

The WRSS features a capability to routinely flush the slurry and sluice 
transfer lines between tanks 241-AY-102 and 241-C-106. This process removes 
solids that may have settled out in the lines during transfers or gravity · 
drainage of the lines. The settled solids restrict the flow of subsequent 
transfers, are a source of personnel radiological exposure, and may generate a 
flammable gas mixture. Transfer line flushing minimizes the risk of these 
hazards and is considered good operating practice in general. Yhe flushing 
system will be installed at the tank 241-AY-102 end of the t~o lines, in 
pits 241-AY-02A and 241-AY-02E, and will consist of jumpers or lines that 
connect the transfer line temporarily to a pressurized flush water supply. 

Back-flow preventers will be required because the flushing system will 
rely on a service water supply system or tank truck, and these sources of 
water as well as the connecting hoses or jumpers need to be protected from 
contamination. The back-flow preventers are located on the flushing lines in 
such a manner as to minimize the potential spread of contamination outside the 
pit boundaries, transfer lines, or waste tanks; minimize water traps or 
collection points; and drain freely into the connecting jumpers after flushing 
is completed. 

A flushing jumper design which incorporates the required back-flow 
preventer feature, for use on tank 241-AY-102, is shown on Drawing H-2-818510. 
The back-flow preventers are engineered by Project W-320, with positive .. : 
features to prevent back flow, including do~ble redundant, ball check valves, 
and test ports used to verify valve integrity before use. The jumper 
assembly, including the check valves, is hydrostatically tested for service as 
part ~f fabrication. · 

Back-flow preventers are not certified back-flow assemblies, such as 
approved by the State for use on potable water supplies, and they are not 
required to meet the same standards for testing a-s• approved devices, although 

5-62 



HNF-2050 
Revision 0 

their design does enable functional testing between uses if needed. The 
flushing system will -not provide a potential cross connection to a potable 
water supply; all known service water supplies to the tank farms {both raw and 
sanitary water) are already provided with approved back-flow devices that must 
be tested regularly as part Df an established program under the cognizance of 
the Site water purveyor. · 

, , 

5. 12.3 System Safety Functions 

The safety function of the back-flow preventers is to prevent general 
contamination of service water supply systems or tank trucks. They are 
credited in the BIO {Addendum 1, Section 3.4.2.15) as safety SSCs and 
defense-in-depth controls for a surface leak resulting in a pool, such as an 
overflow of a pit, for which they are classified as SS. 

5. 12.4 Allowable Outage Time 

There is no allowable outage time for the back-flow preventers while they 
are in use. The devices must be in place and functional at all times during 
transfer line flushing or when the water supply is connected to a pit or . 
flushing line. Flushing must take place within a month after each waste 
transfer. However, at other times the devices are not in use and can be . 
disconnected for inspection, testing, or repairs without impacting operations. 
Therefore, a maximum allowable outage time, for the purpose of maintenance or 
testing only, would be about 1 month provided flushing of transfer lines is 
not planned during th~ same period. The existence of spare flush jumpers and 
back-flow preventers would further alleviate any outage restrictions. 

5.12.5 System Design Evaluation 

5.12.5.1 Quality Assurance. The transfer line flush system, including the 
double check valves, was procured and designed to meet SS criteria. 
Procurement wa s in accordance with appropriate quality assurance requirements, 
including tes t and inspection ·documentation. The check valves were commercial 
grade items dedicated as SS in accordance with HNF-IP-0842, Vol. IV, 
Section 3.11, "Replacement Item Evaluation, Commercial Grade Item Dedication 
and Upgrade" {Gibson 1997). Any future maintenance, parts replacementj, or . 
modifications will be performed in accordance with the appropriate quality 
assurance requirements. 

5.12.5.2 Single-Failure Criteria and Redundancy. The back-flow preventer 
design features do~ble check valves to provide redundancy while they are in 
use. Before use, if needed, each check valve can be independently tested for 
function and integrity. A system failure or loss of safety function would 
require a simultaneous failure of both check valves, which is unlikely. 
Stocki ng spare parts would not improve operating redundancy, but might 
simpl i fy maintenance between u~es. 
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5.12.5.3 Equipment Environmental Considerations. The check valves and 
associated components of the flushing jumpers were procured as SS components, 
and selected for the anticipated service conditions. Wetted parts include 
stainless steel alloys. 

5.12.5.4 Maintenance. Maintenance needs for thi back-flow preventers are 
minimal, mostly limited to replacement of worn or damaged check valves of 
valve parts. Valve integrity can be verified by testing between uses. The 
balance of the flush jumper assemblies are of welded and screwed stainless 
pipe materials that do not require any maintenance. The jumpers and the 
valves themselves are not likely to be contaminated, but the potential is 
there due to their location and use, and appropriate precautions apply when 
handling them. The jumpers are designed to be remotely connected and 
disconnected. 

5.12.5.5 Testing. Testing needs are limited to possible functional testing 
of the check valve~, which can be performed while the devices are out of 
service. An initial hydrotest on the jumper and individual check valves was 
performed at the time ~f fabrication. 

5.13 241-AY-102 AND 241-C-106 PRIMARY TANK LEVEL 
DETECTION SYSTEMS (SAFETY SIGNIFICANT) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Primary Tank Level Detection Systems to perform the safety function(s) 
specified for the system by the Bro and the BIO, Addendum 1. · 

5.13.1 Strategy Summary 

The safety function of the Primary Tank Level Detection Systems is to 
provide measurements used in the performance of material balance calculations 
between transfer batches. The calculations are used to detect discrepancies 
during the transfers to detect leaks or misroutes. 

The Primary Tank Level Detection Systems use existing technology to 
support TSR compliance, process control, and periodic material balance 
calculations· on waste transfers during operation of the WRSS. They are 
credited in the BIO, Addendum 1 with the SS function of detecting and h~lping 
to mitigate subsurface or surface leaks from either of the two tanks or the 
associated interfarm transfer lines. The level gauges and certain other 
system components were previously designated throughout TWRS as SS equipment, 
were procured as such, and meet all the requirements of the WRSS. 

While the level detection systems are considered generally reliable, 
failure or malfunction of the system is detectable during operation. Tank 
levels are monitored with TMACS. A loss of the signal causes the tank 
displayed on the TMACS screen to turn white. The white color indicates a 
failed instrument. Waste transfers and sluicing operations must be suspended 
in the event of a loss of level gauge ·or level detection system until 
operability is restored. However, this does not pose an immediate threat to 
operating safety, and there is no requirement for redundancy . . Given the 
availability of spare parts in stock and work control documents prepared in 
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advance, these systems can typically be restored in less than 48 hours, even 
if a complete level gauge replacement is required. Based on operating 
experience throughout TWRS with these systems, it is concluded that they can 
be relied on to perform their safety function. 

5.13~2 System Description ,, 

Tanks 241-AY-102 and 241-C-106 are each equipped with a liquid level 
detection system, which will play an important role in sluicing by supporting 
process control and periodic material balance calculations during transfers 
between the two tanks. Each level detection system consists of a liquid level 
gauge installed in a tank riser, a level-indicating transmitter, a tank level 
alarm (at the TMACS), a remote liquid level signal at the M0-211 operator 
station, and associated electrical components~ The heart of either system is 
an Enraf-Nonius Series 854 (ENRAF) liquid-level gauge. This device is 
described in detail in the BIO, Section B2.4.11.2.1, and HNF-SD-WM-ATP-077, 
Enraf Series 854 Advanced Technology Gauge (ATG) Acceptance Test Procedure 
(Huber 1998). 

The ENRAF instrument provides precise indication of waste level by • 
detecting vari at ions in the weight of a plummet, or displacer, due to 
buoyancy. The displacer is hung by a thin wire_from the instrument and 
suspended in the waste or at the waste surface. A level change causes a 
change in the weight of the displacer (i.e., a change in the wire . tension) 
which is detected by a force transducer ·in the gauge. The wire is fed from a 
servo-driven measuring drum inside the gauge, by which means the displacer · 
position is automatically and continuously adjusted to maintain a preset 
sensing level. These instruments are certified for use in flammable 
atmospheres potentially found in Hanford Site waste tanks. 

The gauge displays the level locally in decimal inches, as well as 
transmitting the level data to M0-211, the TMACS, or other remote data 
acquisition or processing system. Each time a reading is taken, either 
manually (locally) or automatically (remotely), the status of the instrument 
is also displayed. This status check either indicates normal operation or 
notifies the operator that there is a malfunction. In the latter case, it 
does not necessarily identify the specific cause, which may be a loss of 
signal, loss of power, or out-of-range condition. Limited diagnostics are 
available on the instrument display or from a remote control console, but 
further field investigation may be needed to determine the cause. At any 
rate, the system can prompt notify an operator of a loss of power or other 
problem with th e instrume nt~ · 

Tank 241-AY-102 also has a second, modified ENRAF instrument, referred to 
as the "densitometer." Unlike the case of the liquid level gauge, in which 
the displacer operates at the waste surface, the displacer on the -densitometer 
is of a different design and operates submerged in the waste.· This instrument 
will primarily serve a process control function, being used to measure · sludge 
depth and the density of the fluid portion of the waste in tank 241-AY-102. 
In combination with grab samples or temperature data, the densitometer will be 
used to monitor the rate of slurry solids loading, sludge transfer, sludge 
settling, and sludge uniformity during the sluicing retrieval process. 

~ 
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During normal operation, ENRAF liquid-level gauges are read and checked 
for operability as part of the operators' daily rounds. Many of the ENRAF 
gauges, including those on tanks 241-AY-102 arid 241-C-106, are normally 
connected -to the TMACS. The TMACS reads the gauges once per minute and at the 
same time checks their status to ensur_e they are operational and are reading 
correctly. During sluicing, the ENRAF in tank 241-C-106 will be out of 
service (i.e., the displacer is raised above the waste to avoid damage).•' When 
the tank 241-C-106 ENRAF gauge is out of service during sluicing, a signal 
will inform the TMACS operator that the device was taken off line deliberately 
and that the gauge is not out of service for some other reason (malfunction, 

_etc.). Both the liquid level gauge and the densitometer in tank 241-AY-102 
will be operational dur ing the sluicing process. 

5.13.3 System Safety Functions 

Primary tank level detection in tanks 241-AY-102 and 241-C-106 is 
credited with detecting and helping to mitigate subs~rface or surface leaks 
from either of the two tanks or the associated interfarm transfer lines during 
waste retrieval from tank 241-C-106 and concurrent transfer to tank 241-AY-102 
(BIO, Addendum l; Sections 3.4.2.13, 3.4.2.14, and ·3.4.2.15). These accidents 
classify the systems as SS. The safety function of the .level detection 
systems is to support periodic material balance calculations during waste 
transfers, and to provide indication of tank waste level to help detect leaks 
or misroutes, thereby preventing or minimizing a significant facility worker 
hazard. This support function is not used during actual sluicing, but is 
performed after each sluicing batch of up to 12 hours duration, and at least 
once every 24 hours while WRSS operations are in progress. 

Primary tank level detection is also credited as an SS control in 
association with a postulated tank bump accident in the main portion of the 
BIO,· Section 5.3.2.22, though not in the BIO, Addendum 1 or the safety 
assessment for the WRSS. 

On a component level, the ENRAF liquid level instrument is classified as 
SS; the remaining system components are general service. The densitometer, or 
second ENRAF in·strument in tank 241-AY-102, is used primarily for process 
control and is classified as general service. 

There are no TSR controls directly associated with these systems. 
However, waste level readings support material balance calculations during 
waste transfers as required by AC 5.12, "Transfer Controls;" this function is 
specified in AC 5.12.2.d. During normal, non-WRSS operations, the ENRAF 
gauges support daily monitoring of tank waste levels as required by AC 5.21, 
"Service Water Intrusion Monitoring." Regular testing and calibration of 
liquid level detection systems are managed in accordance with AC 5.19, 
"Process Instrumenta~ion." The ENRAF gauges meet the most stringent ignition 
control requirements of AC 5.10, "Ignition Controls," qualifying them for use 
inside any Hanford Site waste tank. 

All waste tanks must be monitored for potential leaks, and to verify 
primary tank integrity, in accordance with environmental regulations. This is · 
a requirement of TSR 3.2.6. (Noorani 1997a). In many of the single-shell . 
waste tanks, 1 iquid level detection systems repre·sent the primary means and 
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the best available technology for leak (and intrusion) detection. In the case 
of tank 241-C-106, however, evaporation losses and regular water additions are 
part of normal _ operatfon, and these must be tracked and factored in on a 
periodic basis. During sluicing, this means of leak detection will not be 
practical and the per iodic material balance calculations in between sluicing 
batches will become the primary means of leak detection, backed up by surveys 
of an exL, ~; .. ~ ~jstE:m of cry \·:ells. In the case of double-shell tanks,,, 
including tank 241-AY-102, the annulus ventllation system (not the level 
detection system) provides the primary means of leak detection and can be 
operated continuously during sluicing. 

5.13.4 Allowable Outage Time 

An allowable outage time is not relevant in this case. The tank liquid 
level detection systems are not required to be continuously operable during 
actual sluicing ar.d waste transfer, but must be read at least once every 
24 hours during both WRSS and normal, non-WRSS operations. In either case, a 
malfunction or loss of . instrument function will be detected within 24 hours 
(whenever the next level reading is attempted) and maintenance or other 
corrective action will be initiated as a result. If an ENRAF liquid level 
gauge is out of service, sluicing operations cannot continue and must be shut 
down until the device in question is back in service, due to the TSR 

· requirements of AC 5.12. This does not represent an unsafe condition because 
the facility would revert to a normal operating mode governed by existing 
procedures and recovery actions. 

5.13.5 System Design Evaluation 

5.13.5.l Quality Assurance. The liquid level gauges and densitometer were 
procured as SS equipment. The gauges are certified by the manufacturer, and 
were acceptance tested onsite before installation in the field. Acceptance 
testing is witnessed and verified by quality assurance personnel. Any 
maintenance, parts replacements, or modifications are performed in accordance 
with the appropriate quality assurance requirements . 

5.13.5.2 Si ngle-Failure Criteria and Redundancy. The ENRAF liquid level : 
gauge in tank 241-AY-102 is backed up by a manual tape as an alternate means 
of measurement, but this is not credited in the BIO, Addendum 1. In tank 241-
C-106, there is no alternate means of level measurement if the ENRAF gauge is 
lost. Therefore, both ENRAF liquid level detection systems and the 
densitometer are not redundant for practical purposes. However, a single 
failure of a level detection system or any compon~nt thereof does not result . 
in a loss of safety function because the system will simply not be operated 
until the -problem is corrected. DOE Order 6430 . lA redundancy requirements do 
not apply to SS systems. 

5.13.5.3 Equipment Environmental Considerat.ions . The ENRAF and associated 
components were procured as safety-related equi µment. Environmental 
qualification was verified as part of the procurement process; both the 
outdoor (tank farm) environment and the internai tank atmosphere and waste 
properties were considered. Procurement crite ri a for the ENRAF gauges 
included all applicable NFPA requirements for f lammable or explosive 
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locations. Level detection systems of the same design have been in service 
onsite for several years and are proven to operate reliably jn the tank farm 
environment. · 

5.13.5.4 Maintenance. The ENRAF liquid level gauges are supported by plant 
operating, calibration, and maintenance procedures. Regular calibration and 
preventive maintenance are performed on each ENRAF every 6 months. A fa.il ed 
ENRAF gauge can be replaced within 48 hours ·or less, provided the hardware is 
available onsite and the work package is prepared in advance. If work 
planning is not prepared in advance, or spare parts are not in stock, repairs 
or replacement of an ENRAF gauge may require up to a week or longer to 
complete, resulting in potehtial TSR or procedural violations. It is · 
recommended to have such preparations in place before sluicing commences to 
minimize potential downtime. More likely, the system can be restored with a 
simple repair, part replacement, or calibration which is accomplished using 
existing procedures that do not require extensive planning or a special work 
package. 

5.13.5.5 Testing. The ENRAF liquid level gauges are not tested, other than 
an acceptance test performed at initial installation and regular calibrations 
as part of normal maintenance. Each time the ENRAF gauge is read its 
operating status is also indicated, providing a form of periodic self-test. 
whereby any significant malfunction or loss of calibrafion is detected. 

5.14 TEMPERATURE MONITOR SYSTEM FOR TANK 241-AY-102 . 
. (SAFETY SIGNIFICANT) 

The following discussion evaluates the suitability of the Project W-320 
WRSS Temperature Monitor System to perform the safety function(s) specified 
for the system by the BIO and the BIO, Addendum 1 . 

5.14.1 Strategy Summary 
. . 

The safety function of the tank temperature monitoring system is to 
measure tank temperature. The temperature measurement will be used to detect 
high temperatures in the tank waste this aids in preventing a tank bump 
accident. · 

-· 
The temperature monitoring system in tank 241-AY-102 primary tank 

utilizes existing thermocouples as well as a multi-functional instrument tree 
(MIT) of an existing tank farms design, newly installed by Project W-320, to 
support TSR compliance, process control, and periodiG material balance 
calculations on waste transfers during operation of the WRSS. The system is 
credited in the BIO, Addendum 1 with the SS function of monjtoring tank waste 
temperature and helping to prevent a tank bump or steam release. The system · 
must be operated continuously during normal .WRSS operations. The existing 
thermocouples are designated as SS equipment. The new MIT is of an existing 
design that meets SS requirements and was procured as SS to support process 
control during operation of the WRSS, Both existing and new portions of the 
system provide the temperature monitoring safety function. 
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Based on the design features of the system, past operating experience 
throughout TWRS with similar technology, and recent upgrades to the existing 
t he rmocouples, it is concluded that the system can be relied on to perform its 
safety function and support operation of the WRSS . 

5 . 14 ~2 System Description , , 

The temperature monitoring system in tank 241-AY-102 will play an 
important role in sluicing by supporting process control and periodic material 
balance calculations during transfers between the two tanks, and will also 
provide a safety function by supporting a TSR control. The system consists of 
a combination of existing tank thermocouples and a newly installed MIT. The 
existing thermocouples are listed in the BIO, Addendum 1 (Table 2-2) and are 
considered to provide the safety function . 

Some of the 79 existing thermocouples are located in the tank walls, 
dome, ~nd underneath the tank bottom, and were installed as part of the 
original _tank · equipment~ Others are located on instrument trees, extending 
down from risers and submerged in the tank waste . The latter sensors are the 
most critical to the system safety function since they monitor the sludge and 
supernatant temperatures directly. Many of the thermocouples are over _. 
20 years old, and over a third of them were known to be out of service as 

· recently as 1996. These have been tested, and in many cases either repaired 
· or replaced as needed, by Project W-320. The thermocouples are not connected· 
to control station alarms, but transmit a signal to the TMACS and the data 
acquisition system in the WRSS control station in M0-211, and are available as 
process indicators during operation of the WRSS. Readings can also be 
obtained manually from any of the individual thermocouples by means of field 
mounted panel monitors or hand held instruments; 

The existing th ermocouples will provide useful process information in 
addition to their sa fety function, bu t are distributed too sparsely in the 
tank to provide detailed information about the vertical distribution of 
temperatures in the tank. Information at this level of detail is not 
necessary. to the sys t em safety function but is needed to understand the 
physical layeri ng of th e retrieved wa ste and its heat load, including the 
locations of convective and noncon nective layers. This in turn will support 
computer modeling that can predict steady state temperatures in the tank, and 
will enable more efficient WRSS operations. It can also provide needed_. . 
information about sludge settling and the fl uffing factor of the waste • . For 
these reasons the MIT was installed to obtain moie accurate data on vertical 
temperature gradients in the waste: 

The MIT, installed in Riser SA of tank 241-AY-102, is of an existing 
standard design that has been used i n other waste tanks. It will provide a 
detailed vertical temperature profile through the waste in tank 241-AY-102 by 
accurately measuring temperatures at 22 different elevations. It consists of 
three parts. 

• An in-tank instrument probe assembly extending from the tank riser 
flange down to within a few inches of t he tank bottom, containing 
the temperature sensing elements and access conduits 
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• An adapter flange to seal the _top end of the probe assembly to_ the 
tank riser and provide mechanical support 

• An external "instrument head" or junctirin box providing interface 
connections between the probe and a control room, data acquisition 
system, or other external monitoring equipment. 

The temperature sensing elements of the probe supply signals to the 
existing TMACS as well as a local WRSS control station. A hollow shaft 
through the center of the MIT probe accommodates a validation probe that can 
be used to verify readings from the 22 stationary temperature elements, or 
measuring temperatures at intermediate increments. The MIT can also sense 
vapor space pressure and obtain vapor samp)es (hence its na~e) but these 
features will not be used for the WRSS. 

The MIT is design~d to SC 2 or SS requirements and has been evaluated for 
anticipated norma1 and accident structural loads, temperatures, · and other 
conditions during WRSS operations, as well as applicable generic SC 2 (SS) 

. loads. The MIT meets the most stringent ignition control requirements of the 
BIO and TSRs. The MIT is described in detail in WHC-SD-WM-RD-014, 
Requirements for Design of a Mu7tifunctiona7 Instrument Tree for Waste Tank 
Surveillance (Powers 1992) and in the BIO, Addendum 1~ Section 2.4.1.12. · 

5.14.3 System Safety Functions 
. . 

Temperature monitoring in tank 241-AY-102 is credited with detecting hi~h 
temperatures in the waste ·and helping to prevent a tank bump accident, during 
or following waste transfers from tank 241-C-106 to ·tank 241-AY-102 (BIO~ · 
Section 5.3.2.22; BIO, Addendum 1, Section 3.4.2.11) . . There are no TSR 
controls directly associated with the temperature monitoring system~ However, 
TSR temperature controls set an operating limit (Noorani 1997a, LCO 3.3.2) on_ 
the waste in tank AY-102 of at least 25 °F below the local saturation 
(boiling) temperature. The temperature monitoring system supports compliance, 
and is cited in the basis for this TSR control (there is also a higher Safety 
Limit for waste temperature, which is protected by the same LCO). 

This accident classifies double-shell tank and Aging Waste Facility waste 
temperature monitoring systems in general as SS, which applies to the existing 
thermocouples and thermocouple _trees, as well as the new MIT. Temperature · 
monitoring, using the -existing thermocouples, also provides data about· radial 
temperature distribution in the tank. This is needed to evaluate · 
effectiveness and the uniformity of cooling provided by the annulus 
ventilation system, as it relatet to LCOs 3.3.2 and 3.3.3 (Noorani 1997a). 
Regular testing and calibration of temperature monitoring systems is managed 

· in accordance with AC 5.19, Process Instrumentation. The MIT meets the most 
stringent ignition control requirements of AC 5.10, Ignition Controls. , 

5.14.4 Allowible Outage Time 

An allowable outage time is not relevant in this case. The temperature 
monitoring system, both the existing thermocouples and the MIT, will be 
continuously operated during sluicing and waste transfer to support process 
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control as ·well as safe operation. Because of redundancy, individual elements 
of the system can be ]ost with little impact. · However, if a substantial 
portion of the temperature monitoring equipment· is out of service, the safety 
function may be lost, adequate process control is not possible, and WRSS 
operations cannot continue and will need to be suspended until the problem is 
corrected. 

, , 

5.14.5 System Design Evaluation 

5.14.5.1 Quality Assurance. Testing, repairs, replacement, and field 
verification activities related to the existing thermocouples were supported 
by quality assurance requirements appropriate to the SC designation of SS. 
The MIT was procured, installed, and tested to SS requirements. 

5. 14.5.2 Single-Failure Criteria and Redundancy. The temperature monitoring 
system has considerable inherent redundancy, consisting of a large number of 
individual sensing elements and multiple alternate means of obtaining data 
from them. Similar technology has been used in the same facility and other 
tank farms for many years, and has proven reliable. A loss or malfunction of · 
an individual sensing element is noted on the daily operator rounds, and · . 
maintenance can be initiated including repairs or replacement of the element 
without disrupting the rest of the system. The thermocouples do not require 
an external power source to obtain a signal, and hence any reliance on the 
TMACS, a data acquisition system, or other external equipment is not 
necessary. A single failure of a thermocouple or any other component of the · 
system does not result in a loss of safety function. 

5. 14.5.3 Equipment Environmental Considerjtions. The MIT and as~ociated 
components were procured as safety related equipment. Environmental 
qualification was verified as part of the .procurement process; both the 
outdoor (tank farm) environment and the internal tank atmosphere and waste 
properties. were cons idered. The instrument probe is designed for a minimum 
operational life span of .15 years in the corrosive environment of the tank 
waste. Procurement criteria for the MIT included all applicable NFPA 
requirements for Class I, Division 1, Group B (hydrogen) flammable or 
explosive locations. Multi-functional instrument trees of the same design 
have been in service onsite for several years and are proven to operate 
reliably in similar waste tank environments. 

-
The existing thermocouples have operated for up to 20 years or longer in 

the tank environment, and most of them continue to function. As not~d, those 
that have gone out of service, or show signs of deterioration due to corrosion 
or other environmental factors, have been repaired -or replaced. The 
replacement thermocouples were of the same proven technology, meeting or 
exceeding the original specifications, and are expected to function beyond the 
minimum WRSS desi gn life of 2 years. 

5. 14.5.4 Maintenance. The temperature monitoring system is supported .by 
operator rounds and plant operating procedures. Thermocouples are read daily · 
by operators as well as being in communication with the Data Acquisition 
System and TMACS. The operational status of each individual sensing element 
being read, including any malfunction thereof (as .evidenced by a failure to 
read or a clearly out-of-range reading), is noted·on the daily operator rounds 
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so that repairs or other maintenance can be initiated. Maintenance consists 
mainly of replacing failed elements or repairing .their external i nterface 
connections. Thermocouples can also be functionally tested before or 
following maintenance. 

5.14.5.5 Testing. Functional testing is peiformed on all_ thermocouples 
critical tn c~F 0 ty on an annual basis per an approved TWRS generic test·· ' , 
procedure. The same procedure is used to test thermocouples that have been 
repaired or replaced. The thermocouples can be functionally tested to verify 
they are within the required accuracy of ±5 °F without being removed or 
disrupting system operation. 
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6.0 CONCLUSION 

This engineering evaluation examined each of the SC and SS systems to 
determine if they can perform their intended safety function described in the 
BIO and the BIO, Addendum l. The evaluatiori assessed each system to the SC 
design requirements in 6430.lA to determine if the systems met the criter-ia 
for SC systems. The evaluation also examined each system on a component level 
and assigned a safety designator to each component. The safety designator is 
directly related to the importance of the component in aiding the system to . 
perform the intended safety function. 

To meet the SC requirements of 6430.lA some of the systems were modified 
to provide redundancy and increased reliability. The ventilation systems are 
examples of the addition of a back up system to provide the required 
redundancy specified in 6430.lA and increased system reliability. 

The evaluation considered recovery time, the capability to restore the 
component or system function following a failure. Recovery.time was not 
sufficient rationale to designate a component as general service because this 
would imply the component did not have a safety function; however, recovery 
time did play an important role in determining the design requirements. In 
many cases the outage time or recovery time provides sufficient time to repair 
a failed component or install a replacement part or entire system. Using the 
recovery time, the evaluation acknowledges the system may fail during a design 
basis accident however sufficient recovery time exists to allow the system to 
be repaired and the system safety function reestablfihed to prevent an onsite 
or off site release. · 

This evaluation examined each W-320 system and concludes each SC and SS 
system can perform the required safety function. The evaluation also provides · 
the basis for the addition of the W-320 equipment to the TWRS SEL. 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 
J..Jt J l.,a.....,,\,_,l ' L• •- • • 

Annulus Ventilation Tank Bump 
System BIO Add. I 
(I'ank 241-AY-102) Section 3.4.2.1 t 

Surface Leak 
Resulting in Pool 
DTO Section 
5.3.2.18 

BIO, Add. 1 
section 3.4.2.15 

Waste Cooling 
(SC) 

Primary tank 
leak detection 
(SC) . 

Maintain waste 
temper:iturei; below 
local· ste:im satur:ition 
temperatures (Ref TSR 

_3.3.3) 

. : ·, ·. : :..::. 'Plan ned :·Modific~tionf:<i:\ .: . 
. : :'_-: · , .. .. ·. Tnvolvi~g.Tliis _.SSC . ·:((j;. · 

.. ,_: ·. =-·::: :.: _.:::/·•: .. :·.:·:•::· :.•.• .. •_.::: .. · . . ·-:- :.:•·:-:-:-'•:-:-.·:·:,.- ..... ·:=:::•::.:::::::-

Provide sufficient air flow to maintain -waste tempernture below the temperature 
limits in TSR 3.3.2. 

Critical Charac:terii;tici;: Mulit m:iintain a minimum floor ch:mncl now of 
1000 CFM for sufficient he:it removal, subject to additional in-procesli therrn:il 
analysili during WRSS operation. NOTE: Differs from tire BIO Addendum 1, 
Ste. 4.3.1.4, which state.r a rtqttirtmtnt for up to 2500 CFM of chilled air 
t/rrouglr tire annulus sy.fttm. · 

t. Annulus Blocking 
Upgrade 

2. High Vacuum Upgrade 

3. Port.Ible Exhaui;ter 

4. Port:ible Generator 

Detect leak of tank Pass functional test per TSR 3.2.6. 
waste into the :innulus 
(Ref TSR 3.2.6) 
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COMPONENT COMPONENT 
IDENTIFICATION FUNCTION 

Inlet Station Remove large 
Prefilters particles from air 
(K2-t-t, K2-2-t); strc:im to reduce 
H2-64462, Sht. 1, loading on HEPA 
Rev. 7 filters. 

Diff~rcntinl Indicate 
Prcssu~ Indicators differential 
(K2-PI-l-1,. pressure across 
K2-PI-1-2); prefilter to 
H2-64462, Sht. 1, provide indicntion 
Rev. 7 of filter loading. 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT 
FAILURE 
MODE 

Filter breach 

Failure to detect 
filter loading. 

Erroneous 
indication of 
high DP: 

COMPONENT COMPONENT SAFETY CLASSIFICATION JUSTIPICATION COMPONENT SAFETY . 
CLASS FAILURE EFFECTS 

ON SSC SAFETY 
FUNCTION · 

Breach of prefiltcr will 
increase particulate 
loading on the HEPA 
filters. The particul:ite 
lo:iding is grndual, 
blocking of the HEPA 
filter would be 
detected by low 
vacuum pressure 
switch. 

Although this would 
not be considered a 
component failure, 
block:ige of filter 
would c:iuse loss of 
annulus :iir flow. 

Failure of differential 
pressure indic:ation 
results in loss of one 
indicntion of filter 
blockage. 

TI1e high vncuum 
pressure switch 
provides safety system 
for detection of filter 
block:ige. 

Potentinl effects of component failure: Breach of prefilter could c:111se :a GS 
increased r:ite of loading on the downstream HEPA filters. Blocbge of I filter 
is not a failure of the filter itself (which is performing il~ function), but :. failure 
to monitor and replace the filter as required. 

Critical functionnl requirements: None - The only safety requirement on the . 
system is to provide adequate airflow for waste cooling and lcnk detection when 
the system is oper:iting. No failure of the filter component itself will disable the 
system safety function. 

Component failure detection: Blockage of prefilter with fan running would trip . 
high vacuum pressure switch PS-K2-l-2 nctivating vent system failure nlarm 
XA-102-A Y nnd CASS al:!rm ·1167. 

Quality assurnnce criteria: Since failure of the filter component docs not affect 
the safety function of the system, design and procurement of this component to 
general service requirements is adequate. 

Potential effects of component failure: Possible reduction of annulus air flow if GS 
filter loading becomes high. 

Critical functional requirements: None - Failure of differential pressure 
indication will not reduce annulus ventilation flowr:itc. 

Component failure detection: Periodic surveillance and testing. 

Ou:1lity assurance criteria: Design and constniction of this component to 
general service requirements is adequate. 
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Manual Bullerfly 
Valve 
(MK6302): 
H2~462, Sht. 1, 
Rev. 7 

Continuous Air 
Monitor 
(CAM-102-AY); 
Hl-64462, Sht. 1 , 
Rev. 7 

Control annulus Vnlve failure in 
prem1rc. holate close,.t"position 
inlet filter from 
tank annulus to 
allow filter 
change out. 

Monitors for F:iils to detect 
rndi:ition in the r:u.li:ition above 
tank :mnulus setpoinl 
exhaust stream 
when nnnulus 
ventil:11ion system 
is opcrnling. 

Mechanical failure of 
valve to closed 
position will cut off 
annulus air now :ind 
disahle the safety 
functions of the 
annulus ventil:ition 
system. 

F:iilure to detect 
radiation :thove 
set point will ca use 
failure of :il:irm sign:il 

. ' lv'l~I \} 

Potential effects of component failure: Prolonged loss of :innulus air now 
would c:mse gr:idu:il he:itup of sludge fayer in tank possihly leading to :i steam 
hump. Loss of annuluii airflow would also disable the CAM. Failure of the 
CAM to function could cause prim:iry tank leak to he unrecogni1.ed leading to 
n:immahle gas buildup and possible den:igr:ition. 

Critic:tl function:il requirements: 111e only safety requirement on the inlet 
butterfly valve is to permit adequate airflow for w:iste cooling and leak detection 
when the system is operating. 

Component failure detection: Valve closure with fan nmning would trip high 
vacuum pressure switch PS-K2-l-2 activating vent system failure alarm 
XA-102-A Y and CASS alarm 1167. 

Ou:tlity assurance crileri:t: Since failure of the component s:ifcty function would 
be immediately detected and worst-case w:iste heat-up :ind lank leak scen:irios 
permit ample time to repair the com_ponent. the safety function e:in he preserved 
by recovery time alone. * 

Potenti:il effects of component foilnre: F:iilure of alarm signal could cause 
prim:iry l:tnk leak to be_unrecogni1.ed leading to namm:ihle g:is huildup :ind 
possihle denagration. Component failure, hy itself. docs not initi:itc an 
accident. Backup lc:ik detection is provided by conductivity prohcs. T.SRs 
require only one of the two lc:;k detection systems lo he operational. 

Critical function:il requirements: TI1e continuous air monitor (CAM) must he 
able to detect monitored air radioactivity ahove the setpoint and to activate the 
high r:idi:uion alarm. 

·Component failure detection: Component could fail without detection of failure 
other than by routine surveillance or calibration :ictivities. 

Quality ass\ir:tnce criteria: Safety function could be preserved hy periodic 
testing since :tmple recovery time is nvailable in the wor.:t-case wnste he:11-up 
and tank leak scenarios to permit ample time to repair the component. * 
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High R:tdiation 
Al:inn 
(RA-102-A Y): 
H'.!-64462, Sht. 1, 
Rev. 7 

CAM Vacuum 
Pump 
H2-64462, Shi. 1 , 
Rev. 7 

Al:mns on 
radi:llion · rending 
:thovc CAM 
setpoint 

Pailure to nl:mn 
on high 
r:tdintion. 

Erroneous 
Al:mn. 

Dr:iws sample Fails to function 
frorri tnnk :innulns 
air slre:1m through 
CAM 

Rndi:ition rc:iding 
:ibovc setpoint not 
recognized. 

S:tmple air movement 
through CAM 
prevented. 

Potcnti:11 effects or component failure: Failure or nl:mn signal contd c:mse 
prim:iry t.1nk lenk to be unrecognized le:iding to 0:1mmahlc g:is buildup and 
possible denagrntion. Component failure, by itself, docs not initi:itc :m 
nccident. B:ickup leak detection is provided by conductivity probes. 

Critic:il rnnc·tional requirements: The high r:idi:ition alann must he ahlc to 
rcspoml :i high radiation alarm signal from the CAM. 

Component failure detection: Component could foil withont detection of failure 
other than by routine surveill:ince or calibr:1tion activities. 

Ounlity :issurnnce criteri:1: S:tfcty function preserved hy periodic testing since 
nmple recovery time is available in the worst-_casc waste heat-up :ind tank leak 
scen:irios to permit :imple time to rcp:iir the component. Nol rcqnired to he in 
service if conductivity probes are in service. * 

Potenti:11 effects or component failure: Failure or the CAM vacuum pump 
would dis:ible the nbility or the CAM to monitor for high r:idintion in the 
:mnulus air. Disnhling the al:irm rnnction conk! cause prim:iry tank leak 10 he 
unrecognized IL-:iding to fl:unmahle g:is buildup and possihlc dellagr:11ion. 
Component faihire, hy itself, does not initiate nn accident. 

Critic:il rnnctinnal rcqnircments: Pump must maintain sufficient :iir flow 
through the CAM to respoml to a high r:tdi:ition level in the :mnulns :iir' stream. 

Component f:iilurc detection: Low now condition in CAM is indicated hy 
Combined Failure Alarm UXA-102-A Y. 

Ounlity nm1r:ince criteri:i: Since failure of the component safety function would 
be immediately detectecland worst-cue waste heat-up :ind 1:ink leak scen:irios 
permit ample time to repair the component, the safety function can he preserved 
by recovery time alone. * · 
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Combined Pailure 
Al:inn With 
Associated Flow 
Switch and 
Circuitry 
(UXA-102-A Y); 
H2-64462, Sht. t , 
Rev. 7 

Heater :ind 
M sociated 
Controller and 
Sensors (K2-4-1); 
H2-64462, Sht. 1 , 
Rev. 7 

--

Detects low Failure to detect 
snmple air now in and nlnnn low 
CAM now condition 

Maintain exhnust 
nir stream ahove 
dew point 10 

prevent 
condcnsntion in 
exhaust system 
nnd possible 
wetting of HEPA 
filters. · 

To be operated as 
necessary. Since 
the annulu5 is 
dry, the henler is 
presenlly inncrive. 

Failure to 
function :is 
designed (fail 
on, off or 
intennittent) 

Possihle undetected 
loss of CAM function 

Failure of the he:iter 
will not effect the 
snfety function of the . 
annulus ventilation 
system. 

The mnin function of 
the henter is to extend 
the life of the exhaust 
HEPA fillers by 
preventing moisture 
buildup on the filter 
medi:i. 

Polentinl efrecls of component failure: Fnilure of comhined failure alnnn could 
cnuse prim:iry lank Je:ik to be unrecognized leading to nammahle gns huildup 
and possible denngrntion. Component failure, by itself, docs nor iniri:ite ·an 
accident. 

Criricnl functionnl requirements: 111c combined f:1ilure alann system m·Jst he 
able to detect and respond to a low s:imple now condition in the CAM. 

Component failure detection: Component could fail without detection of failure 
other than by routine surveillance or. calibr:ition :1ctivities. 

Ou:ility assnrnnce criteria: Snfety function could he preserved hy periodic 
resting since ample recovery time is available in the worst-case ,v:-1ste heat-up 
and rank leak scen:irios lo pcnnit ample lime ' to repair the component. * 

Polenlial effects of component fnilure: Heater failure could shorten the life of 
the exhnust HEPA litters. 

Criticnl functionnl requirements: None - Hc:1tcr failure (either on or of() will 
not decrease annulus air now. 

Component failure detection: Periodic surveillance :ind testing. 

Ounliry mm1rnnce crilerin: Design and construction of this component 10 

genernl service requirements is ndequare. 

,, 
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M:inual Durterny 
Valve (MK6501); 
H2-64462, Sht. 1, 
Rev. 7 

Pirst Stage Exhamt 
HEPA Filter 
(K2-5-1); 
H2-64462, Sht. 1, 
Rev. 7 

Control annulus Valve failure in 
air now rate. closed position 
Isolate exh:mst 
HEPA filters :,nd 
fan from tank 
annulus to :11low 
filter change out. 

Prevent any 
rndionctive 
particulates in the 
exh:iust air stream 
from reaching the 
environment. 

Filter breach 

Mechanical failure of 
valve lo closed 
position will cut off 
annulus air now and 
dis:ihle the safety 
functions of the 
annulus ventilation 
system. 

Fnilure of exhaust 
HEPA filter will not 
affect the s:ifety 
function of the system. 

Although this would 
not he considered a 
component failure, 
blockage of exhaust 
HEPA filter would 
c:mse loss of nir !low 
nml dis:tble the s:ifety 
functions of the 
annulus ventilation 
system. 

Polenti:il effects of component failure: Prolonged loss of annulus air !low SC 
would cause gradual heatup of sludge layer in tank possibly leading to a ste:im 
hump. Loss of annulus airnow would also disable the CAM. Failure of the 
CAM to function could cause primary tank leak to he unrecogni1.ed leading to 
nnmmah!e gas buildup and possible deflagrntion. 

Critic:il funetion:il requirement~: 111e only safety requirement on the outlet 
hutterny valve is to permit adequate airflow for wasre cooling :iml leak detection 
when the system is operating. 

Component failure detection: Valve clMure with fan ntnning would trip high 
v:icuum pressure switch PS-K2-1-3 activating vent system failure :ilarm 
XA-102-AY and CASS alarm I 167. 

Quality :issur:ince criteri:i: Since failure of the componeni saft:1y function would 
be immediately detected :ind worst-case waste heat-up :ind tank leak scenarios 
permit :imple time to repair the component, the s:ifety function can he preserved 
by recovery time alone. * 

Potential effects of component failure: HEPA lilter breach could cause a GS 
localized rele:ise of contnminn!ion. Dlock:ige of :1 Jilter is not :i failure of the 
filler itself (which is performing its function), hut a failure to monitor and 
repl:tce the lilter :is required. · · 

Critical function:il requirements: None - 111e only s:ifcty requirement on the 
system is to provide adequate airflow for waste cooling and leak detection when 
the system is operating. No failure of the litter component itself will disable the 
system safety function. 

Component failure dctcctioi1: Dlock:ige of an exhaust IIEPA liltcr with fan 
ninning would trip low· vacuum pres~ure switch PS-K'.!-1-3 :1ctivating :1lann 
XA-102-AY and CASS alarm 1167. . 

Quality assurn·nce criteria: Since failure of the liltcr component tlocs not affect 
the safety function of the system, design :ind procurement of this component to 
general service req~irements is :ideq1,1ate. 
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Differential 
Pressure Indicator 
(K2-PI-l-3) 
H2-64462, Sht. 1, 
Rev. 7 

Second Stage 
Exhaust HEPA 
Filter 
(K2-5-2): 
H2-64462, Sht. 1, 
Rev. 7 

.. 

Differential 
Pressure Indicator 
(K2-PI-1-4); 
H2-64462, Shi. I. 
Rev. 7 
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Jndic:ite 
differential 
prei;sure :icroi;s 
1st i;tage HEPA 
filter. 

Prevent any 
radioactive 
particul:ttes in the 
exhatist air stream 
from reaching the 
environment. 

Indicate 
differential 
pressure across 
2nd st:ige HEPA 
filter; 

Errnncous 
indication 

Filter breach 

Erroneous 
indication 

Failure of differenti:il 
pressure indication 
will not :iffecl i;afety 
function of system. 

Failure of exhaust 
HEPA filter will not 
affect the safety 
function of the system. 

Although this would 
not be considered a 
component failure, 
blocknge of exhaust 
HEPA filter would 
cnme loss of air now 
and dilmble the safety 
functions of the 
annulus ventilation 
system 

Failure of differential 
pressure indication 
wi ll not affect imfety 
function of system. 

Potential effects of component failure: Possihle reduction of :innulus air now if GS 
filter loading becomes high. 

Critic:il function:il requirements: None • Failure of differential pressure 
indication will not reduce annulus ventil:ition Jlowr:ite. 

Component failure detection: Periodic surveillance :1ml testing. 

Quality assurance criteria: Design :ind constntction of this component to 
general service requirements is adequate. 

Potential effects of component failnre: HEPA litter hreach could cause :1 

localized release of contamination. lllock:1ge of a litter is not :i failure of the 
filter itself (which is perfonning its function). but a failure to monitor :iml 
replace the litter as required. 

Critic:il function:il requirements: None - 111e only safety requirement on the 
system is to provide adequ:ite airnow for wnste cooling and leak detection when 
the system is oper:iting. No failure of the filter component it.self will dis:1hlc the 
system safety function . · 

Component failure detection: Blocknge of an exh:111s1 HEPA filter with fon 
ntnning would trip low vacuum pressure switch PS-K2-t-3 activ:1ting nl:,nn 
XA-102-AYaml.CASS alann 1167. ' 

Quality 11ss11r:1nce criteria: Since failure of the litter component docs not :1ffcct 
the safety function of the system, design and procurement of this component to 
general service requirements is adequate. · 

GS 

Potenti:il eITects of component failure: Possible reduction of annulus :iir now if GS 
filter loading becomes high. 

Critic:il fnnction:il requirements: None - Failure of differenti:il pressure 
indicntion will nol reduce annulus ventilation nowratc. 

Component failure detection: Periodic surveill:mcc :1ml testing. 

Ounlity :issurnnce criteria: Design nnd constniction nf this component 10 

general service requirements is adequate. 
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Exh:rnst Fan and 
Associated Controls 
(K2-3-2); 
H2-64462, Sht. 1, 
Rev. 7 

Annulus Exit Line 
High and Low 
Vacuum Pressure 
Switches with . 
Associated Interlock 
Relay and Alarms 
(PS-K2-1,2, 
PS-K2-1-:J 
XA-102-A Y); 
H2-64462, Sht. I , 
Rev. 7 

Provide air now 
through the A Y-
10.!. tank annuhts. 

Pressure switch 
opens if pressure 
goes :1hove -0.1" 
WG (PS-K2-1-3) 
or falls helow -5" 
WG (PS-K21-2) 
at the annulus 
exit. 

Failure 10 

provide required 
airflow · 

Fail open 

} . 

Fail closed 
(either switch) 

Failure of fan to 
provide air now will 
disahle the safety 
functions of the 
annulus ventilation 
system. 

Extr:incous abnns 

No loss of safety 
function 

Loss ·or alann function 
to detect filter 
blockage or other 
blockage in system. 

Potenti:il effects of component failure: Prolonged loss or annulus air now 
would c:iuse grndual heatup of sludge layer in tank possibly le:1ding to a steam 
hump. Loss of annulus airflow would also disable the CAM. Failure. of the 
CAM to function could cause primary tank leak to be unrecogni1.ed leading to 
flammable gas buildup and possible deflagrntion. 

Critical function:il requirements: The only s:ifcty requirement on the exh:iust 
fan is to provide adequ:ite airflow for waste cooling and le:ik detection when the 
system is opernting. 

Component failure detection: Failure of the exhaust fan to provide required 
airflow would trip low vacuum pressure switch PS-K2-l-3 activating :il:lrm 
XA-102-AY and CASS alarm 1167. 

Quality assurance criteria: Since failure of the component safety function would 
he immediately detected and worst-case waste heat-up :ind t:ink leak scenarios 
permit ample time to repair the component, or if ncccss:iry, to install the backup 
portable exhauster, the safety function c~n he prescrvetl hy recovery time alone. 

* 

Potential effects of component failure: Loss of either the high or low vacuum 
alann function could le:id to an undetected loss of system safety function in the 
event of a hlockcd filter or other block:lgc in system. 

Critical fnnction:11 requirements: Detect pressure :,hove -0.1" WG or helow -5" 
WG at exhaust stream exit from t:mk :mnulus and :1ctiv:itc :tlann XA-102-AY 
and CASS al:mn 1167. 

Component failure detection: Component could foil without detection of failure 
other than by routine surveill:mce or calihrntion activities. 

Quality am1rnnce criteria: Safety function could be preserved hy periodic 
testing since ample recovery time is ·available in the worst-case waste heat-up 
and tank leak scenarios to pcnnit ample time lo repair or replace the f:1ilcd 
component. * 

~ 
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MASSTRON II 
Annulus Flow R:tte 
Instrument and 
Associ:ited Flow 
Temperature 
ht~trument, Rel:lys 
:ind Indic:ttors. 
New 
MASSTRON II 
Will Repl:ice 
FIT-0622. 
(FE-0622, 
FY-0622, 
FI-0622, 
TE-0620, 
TIT-0620, 
TY-0620, 
Tl-0620) 
H2-8 I 8560, Sht. 1, 
Rev. 3 

Annulus Flow 
Blocking Upgf:lde 
Including 
Associ:itcd Duel 
Work and Fillings 

Provide Annulus 
nowrnte 
indic:ttion 

Diverts :ill or the 
annulus :iir flow 
to the tank floor 
:iir slots. 
Provides 
additional cooling 
or tank sludge 
through the tnnk 
bottom. 

Erroneoul! Loss of true indicntion 
indiention (high, of :innulus flowrnte. 
low, or 
intermediate) 

Stntctural failure Loss of p:irt of :iir 
of annulus block .now lo lloor slots. 
upgrnde which 
reduces floor slot Will not effect ahility 
nir now. of CAM to <letect 

le:ik:ige into the 
nnnulus. 

,· 

Potential effects of component fnilure: Possible nonrecognition of decre:,~e or 
:innulus nowr:ite to less thnn the required 1000 CFM: 

Criticnl runctionnl requirements: Provide imlic:1tion of nnnulus llowrnte. 

Component foilure detection: Component could fail without detection l f failure 
other thnn by routine surveillnnce nnd ,;:ilil,r.1ticin nctivities. 

Quality nimtrnnce criteria: S:tfety function cnn he preserved hy periol'. i: 
cnlibi::ttion since :imple recovery-time is :iv:i ilahle in the worst-case w:is :e 
he:it-up scen:irio to permit time to repair or repl:ice component. * 

SC 

Potcnli:il effects of component foilnre: Modific:llion involves installation or duct SC 
work (pipe) including 11:ingcs :ind hlnnb to redirect :mnulus :1ir now lo the floor 
slots. Loss of part of the air flow to the floor slots m:iy c:111se :1 gr:1dual 
incre:1se in sludge lemper:iture. Note that there will no longer he cnnm:ctions to 
the four annulus supply lines: 

Critic:il runctionnl requirements: Direct sufficient :iirnow to the floor cooling 
ch:innels t<;> prevent excessive temper:itures in ~Judge ne:ir bottom of t:inlc. 

Component failure detection: Component could f:til without detection of f:tilure 
other th:tn by routine surveillance or c:ilihrntion :ictivities. 

Ou:1lity :ts!mrnnce criteri:1 : Below gr:1de d_uct wnrk cnrn11lies with all :1pplicahle 
requirements for s:1fety cl:iss components :iml will withsl:ind the ev:1lu:1ti1,11 h:isis 
e:inhqu:ilce. The ducting modificntions :ind bl:inks which redirect :iir flow to the 
floor slots nre e:isily :icce!l!lihle :ind c:in re:idily he rep:iired in c:ise of failure. 

,, 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

High Vacuum 
Upgrade - Fan 

Test inlet valve 
assembly on riser 
198 

nIO: Waste 
Stor:tgc None 

nm Adil. 1: 
WRSS Operations 
Provide increased 
air flow 10 the 
t:tnk floor lo 
enhnnce wnste 
cooling preventing 
sludge or 
supernate from 
reaching local 
snturntion 
tempernture. 

Bearing or drive 
hell failure will 
prevent fan from 
operating. 

I , 

Fnilurc will stop 
annulus air flow and 
possibly allow 
hydrogen buildup over 
a period of time. 

Loss of air flow will 
allow a grndual lank 
temperature increase. 

Modification: installation of a new fan sheave lo produce :1 higher speed 
resulting in a higher negative pressure in the :innulus. 111c modific:ition ,Ines 
not affect or otherwise impnct the existing BIO safety cl:1ss function of the fan . 

Potential effects of component failure: Prolonged loss of :innulm; air now 
would cause grndu:il heatup of sludge 1:iyer in tnnk possibly leading lo n sle:im 
hump. Loss of annulus airflow would :ilso dis:ihle the CAM. Failure of the 
CAM lo fnnction cotild cause primary l:tnk lc:tk 10 he unrecogni1.ed le:1ding 10 

fl:munnhle gas buildup and possible defl:igrntion. · 

Critical functional requirements: The only safety requirement on the exh:iust 
fan is to provide adequate airflow for w:isle cooling and leak detection when the 
system is operating. TI1is modification (rcpl:!cement of sheave :ind drive helt} 
will produce a higher fan speed to provide :iddition:il cooling to the tank bouom. 

Component failure detection: Failure of the exh:rnsl fan would trip low vncuum 
pressure switch PS-K2-l-3 activating al:mn XA-102-AY :ind CASS :11:trm 1167. 

Quality assurance criterin: Since failure of the component s:ifcty function would 
be immediately detected and worst-c:,se waste h_eat-up and tnnk leak scenarios 
pennit ample time ·10 repl:ice the sheave and/or drive hell. or if nccessnry, to 
instnll the bnckup portable cxh:msler, the safety function can he preserved by 
recovery time alone. * ' 

' 
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SSC · Accidcnt(s) Safety Functions 

·.· · .•,. .. • .• •·· 

Primary T:inlc BIO Add. 1: SC - t. M:iint:iin 
Ventil:ition (T:ink Fl:imm:ible G:is n:imm:thle g:is 
241-A Y-102) Dcn:igrntion, concentration 

Section 3.4.2.8; helow 25% of 
Tank Bump, LFL 
Section 3.4.2. t t 

2. Waste cooling 

Functional 
Requirements . 

'. •, • 

M:iint:iin ventilation 
now rate / vapor sp:ice 
vacuum per operating 
procedures 

-

M:tintain ventilation 
now r:tte I vapor sp:tce 
v:icuum per operating 
procedures 

Performance Critcri:1 

Verify opernhility prior to WRSS operations 

Critical Ch:ir:iclcristics: Must maintain :t p:trti:il vacuum in primary t:ink of 
0.25 to 6.0 in. w.g. (RD-057). Must m:iint:iin :i minimum 3 CFM of now, 
sufficient to maintain nammable gas concentrntion below 25% LFL (CN-114). 
Must be intrinsically s:ife for operation in :in ex-t:ink intrnsive location. or must 
be loc:tte~ down~trcam of :t duct mixing point (DB-001). NOTE: Di/fer.tfrmn 
BIO Addmd,mi /, Ste. ·4.3.2.4, which .rtates n req11iremt11t for I J .6 CFM: thi.t 
is baud on n prt\•io11.t revi.tion of the .mme reference. 

Verify oper:tbility prior to WRSS operations 

Critical Ch:trnctcristics: For sufficient he:tt removal, must maintain :t 
minimum of 100 CFM of exh:iust now, in comhination with recircul:ition 
cooling and a recirculation now of 400 CPM. or 500 CFM of exhaust now in 
once-through (non-rceirculating) mode, suhject to :tdditional in-process thermal 
analysis during WRSS operation [based on Addendum 1 system description and 
ER-004). 
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Involving TI1is SSC . 
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COMPONENT COMPONENT 
IDENTIFJCATION FUNCTION 

Ductwork 
Connection 
Associ:itec.l With 
Humidity 
lnstrumenl:ition 
Installation 

Humidity 
instmmenl:ition 
supports t:ink 
energy & m:iteri:il 
h:tlance 
calcul:ttions 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT 
FAILURE 
MODE 

Stnictur:il 
c.l:im:ige :illowing 
air in-le:ik:ige. 

Failure to 
function 

COMPONENT COMPONENT SArETY CLASSIFICATION JUSTIFICATION 
FAILURE EFFECTS 
ON SSC SAr-:ETY 
FUNCTION 

Air in-leabgc to the 
ducting :tssoci:tlec.l with 
:t potential humidity 
instrument housing 
failure would be 
expected to he too 
sm:tll to affect the 
safety function of 
m:tint:iining 11:tmmahle 
g:ts coneentrntions 
below the LrL. 

Air. in-lc:1bgc to the 
ducting associ:1tcd with 
:t polenti:tl humidity 
instmment housing 
failure would he 
expected to be sm:ill 
comp:ired to the tot:il 
duct now :ind, 
therefore , would not 
signilie:intly affect 'the 
cooling s:ifcty 
function. 

F:iilure to function 
would h:ive no.effect 
on system s:tfety 
function. 

Potential effects of .component foilnrc: r:1il11re of duct c11nnectinn or instmment 
housing _:issoci:ited with the humidity instmment could produce a small :,mount 
of in-lc:tbge into ventil:1tion system. Failure 111 function would result in loss nf 
one channel of oper:itional input to t:tnk thenn:11 :tml m:tterial h:tl:tnce :tn:ilyscs. 

Critical functional requirementi;: None - TI1c-l111mitlity instrumcnt:ttinn provides 
no safety function. 11 also docs not impact the ventilation duel's safety function 
other th:in potentially stmcturally failing :ind prnvidin~ :in in lc:,k:tgc p:1thw:1y. 

Component f:1il11rc detection: Component could fail without detection 11f failure 
other than by routine surveillance or c:ilihr:1tion :1ctivities. 

Qu:ility :issur:tnce criteri:1: Design :ind constructio,i of this cnmpnnent tn general 
service rcquircmcms is adequate. 
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1-- 1<.OJ t '- W-320 S/\ 1·1:. !'Y L.L/\SS AND SAFETY SIGNI · CANT t, li lN L:. J• 11~ li EVALUATI ON 
APP ENDIX A: FA ILURE MODES AND EFFECTS ANALYSIS (FMEA) 

SSC_. , 

Prim:iry Tank 
Ventilation System 
296-P-16 (fank 
241-C-106) 

Accident(s) 

' 
UJO: SC -
rlammable Gas 
Den:,gration, 
Section 5.3.2.14 

1110 Add. I: 
SC - Fl:unmable 
Gas Den:igrntion, 
Section 3.4.2.8; 
Tank Bump, 
Section 3.4.2.11 

SS - Unfiltered 
Release, Section 
3.4.2.3 

. . .. ·. 
S:ifety Functions Functional · 

Requ_irements · .. 
· ·· Perfonn:tnec:Criteri:i·· .: 

~.: ·-· 
: 

I. Maintain 
nammablc g:1s 
concentration 
hclow 25% nf 
LrL 

Act as backup to new 
vcntil:1Lion system 
C-006 

Maint:1in vcnlilalion 
now rate / vapor space 
vacuum per operating 
procedures 

Shut down ventilation 
in the event of 
contamination release 
from tank cxh:iust 

2. Waste cooling Act as backup to new 
ventilation system 
C-006 

Maintain ventilation 
now _rate / vapor space 
.vacuum per operating 
procedures 

Shut down ventilation 
in the event of 
cont.1mination release 
from l:lnk cxhnust 

· .. ,=·,:.: .. =·.: .,'.:' 

Verify operability prior to WRSS opcr:ttions. 

Critical Char:ictcrislics: Must 111:1intain a partial v:1cuu111 in the primary t:1nk 
relative lo atmosphere (RD-057). Must maintain a minimum I crM of llow, 
surlicient to maintain nammable gas concentration below 25% LrL (CN-114). 
Must be intrinsically safo for operation in a dome intrusive loc:ition, or must be 
located downstream of a duct mixing point (DB-001) .. NOTE: This differs from 
the .BIO Addendum 1, Sec. 4.3.2.4, which state.fa requirement for 4.9 CFM; 
this is bau<! on a previous revision of tire same referem:e. 

Verify operability prior to WRSS operations 

Critic:il Char:ictcristics: For sufficient heat removal prior to sluicing, :o.ystem 
must maintain 2400 CFM of once-through ventilation. [Oascd on ER-588 and . 
Addendum 1 system description] . 

A-14 

l·!Nl:-20:.: IJ, Rev. 0 

Planned 'Modifications ·,- :·>:( , 
Involving TI1is SSC · .. , :::/ · · 

..-; :·:: 

None. 

Safety functions :111<l 
pcrfonnance criteria have 
not been ch:111gc<l for 
W-320. 
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COMPONENT COMPONENT, 
IDENTIFICATION FUNCTION 

THE ITEMS nELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT 
FAILURE 
MODE 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION COMPONENT SAFETY 
CLASS 

-------------------------------------------------------------------------~ 
Bird Screen-Inlet Prevents hints or Corrosion failure 
Filter :inimnls from of screen 
H2-95451; entering IIEPA 
H2-818468 filler inlet 

stmctnre 

Inlet Filter Housing Con1:1ins and Housing hre:1ch 
H2-9545I; directs :tirflow c:msing :iir in-
H2-818468 through prefiller leakage n·nd 

nm! HEPA filler possihle 
. . bypassing of 

prelilter or 
!• EPA lifter 

F:tilurc nllows hints to 
enler stmcture :111d 
huild nests, partially 
blocking :iir inlet. 

Since t:ink :1lso 
receives inle:ikage 
through pit cover 
blocks :ind c:iscnded 
ventilntion from 241-
C-105, there should he 
ndcq11a1e· airflow lo 

. prevent buildup of 
llammable gas . 

Failure of filler 
housing ,voukl not 
c:mse n reduction· in 
nirllow hut coulll cause 
a reduction in useful 
lifc1imes of filler.; . 

Po1enti:1I effects of componenl f:iilnre: Possible r·:ductinn in :1irllow througl• 
intnke system. 

Critical functional rcquiremcn1s: None - Even complete hlncknge wonk! have 
no signilicanl effect on safety function of lhc tnnk vcmilntion sys1em. 

Component r.,ilure dclection: Perio<lic surveill:mce. TI1e hint screen is a 
passive component not prone to failure. 

011:11ily nssurnnce crilerin: Design :md construction of this componenl to gener:11 
service requirements is :1dequate. 

G<; 

Polential effects ·or component f:1ilure: Ptlssihlc incre:1se in :1irlltiw. Possihle GS 
decrease in one. or hoth Ii lier differcnti:11 pressures. Possihlc increase in r:ite of 
filler lo:iding or degr:id:ition. · 

Crilicnl functionnl requirements: None. 

Component f:iilure detcc1ion: Periodic surveillnnce. The filter hnusin~ is :1 
pnssive component not prone lo failure . 

011:ility nssurnnce criteri:i: Design :inc.I construction of this component to gener:11 
service requirements is ndequnte. 

' 
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Inlet Pre-fitter 
H2-9S4St; 
H2-8t8468 

'· 

Protect HEPA 
filter from 1:lrge 
pnrticle lo:iding 

Filter breach Failure of the inlet 
pre-filter will not 
effect the snfety 
function of the 1:ink 
vcnlilation system. 

Although this would 
not be considered a 
component failure, 
blockage of rlie inlet 
pre-filter would cnusc 
a loss of flow through 
the inlet system. Since 
tank also receives 
inle:ikage through pit 
cover blocks nnd 
cascnded ventilation 
from 241-C-105, there 
would still be ndcquntc 
airflow to prevent . 
buildup of fl:imm:ible 
gns. 

Potentinl effects of component failure: Breach of prclilter could cause an GS 
increased _rate of lo:iding on the downstream HEPA filters . Illockagc of :1 filter 
is not n failure of the filter itself (which is performing its function), but :f failure 
to monitor nnd repl:lce the filter ns required. 

Critical functional reoniremcnrs: None. 

Component failure detection: Periodic reading of filler differential pressure 
instntments. 

Ou:ility am1r:ince criteri:1: Design and procurement of this· component to 
general service requirements is adequate. 

,, . 
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rnJet HEPA filter 
H2-95451: 
l:I2-818468 

Inlet Filter 
Differcnti:il · 
Pressure Gages 
With Assoti:ited 
Instrument Lines 
H2-95451; 
H2-818468 

Removes Filter . hreach 
p:1rtic11lnte 
mnteri:il from air 
entering or 
leaving the t:mk. 

Measure 
differcntia l 
pressure across 
inlet pre-litter nnd 
HEPA filter. 

Erroneous 
indication due to 
gage failure or 
plugged or 
leaking 
instrument line 

Failure of the inlet 
HEPA filter will not . 
effect the safety 
function of the tank 
vcntil:ttion system. 

Although this would 
not be comidered a 
component failure, 
blockage of the inlet 
HEPA litter would 
cnuse a loss of flow 
through the inlet 
system. Since tank 
also receives inlcnknge 
through pit cover 
blocks and cnscnded 
ventil:ttion from 
241-C-105, there 
woulcl still be adequate 
airflow to prevent 
buildup of O:imm:tble 
gas. 

Erroneous reading 
could mnsk high 
differential pressure 
due to filter buildup or 
low differential 
pressure due to filter 
brench. 

Potential effects of component failure: HEPA litter hre:,ch could cause n 
Jocnli1.ed release of contamination. Block:1ge of:, lilter is not a failure of the 
litter itself (which is perfonning its function), hut :, failure to monitor :111d 
repl:tce th·e filter :is required. 

Critical functional requirements: None. 

Component failure detection: Periodic reading of filter diffcrcnti:11 pressure 
instruments. 

Quality nssurnnce criteria: Design nod procurement of this component to 
general service requirements is adequate. 

Potential effects of component failure: Poi;sihle reduction or loss of flow 
through inlet system in the event of he:,vy filter huilclup or blockage. An 
undetected litter brcnch would not affect safety function. 

Critical functional requirements: None• Even complete blockage would have 
no signific:int effect on safety function of the tank ventilation system. 

Component failure detection: A severe reduction in flow through inlet system 
would cnuse a decrease in tnnk C-106 headsp:ice pressure which could he 
detected at pressure indicator PJ-1361 I. A foiled differential pressure gage 
would be detected during periodic testing :ind calihr:llion :1ctivities. 

Quality :issur:ince criteria: Design nnd constmction of this component to ~enernl 
service requirements is adequate. 

' ' 
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APPEND X A: FAILUl<.l.:.1\·1ULJc~ /\['jlJ Cl'l'L;l..,I.) ,~1'4n1-,10 .. ., I.' ... ~ .. , 

Inlet Air Chiller Cool inlet :iir F:tilure to Failure of inlet he:it Potenti:il effects or com12onent failure: Del:ty in t:tnk C-106 conldown in GS 
Heat Exch:inger during tank cool- function exch:mger would have preparation for sluicing. 
(CC-1361) With down operations no effect on the safety . 

Associated between i.luicing functions of !he Critic:11 func1ion:il reguiremenls: None - TI1e only purpose of the inlet he:11 
Differential c:impaigns. ventil:ition system. exch:inger is to provide addition:il cooling 10 re:ich lower t:tnk 1empcrn1ures 
Prcuure Indicator prior to a sluicing camp:iign. . 
(PDI-13614) . 
H2-818561,Sht. I, Com12onent f:tilure detection: Periodic surveillance. 
Rev. 2 

Qu:ility :is!iurnnce criteri:i: Design :md construction of this component 10 general 
service requirements is adequ:ite. 

Manually Operated Controls pressure F:iil open Failure of the inlet Polenti:tl effects of com12onent f:tilure: ntnck:tge of air now through int:ike GS 
Inlet Control in tank by damper to the open system. 
Damper controlling inlet position would c:iuse a 
(HV-136140) air now decrease in headspacc_ Critic:tl funetion:il reguiremcnts: None - Even complete hlock:tgc woulll h:ive 
H2-95451; (Nonn:illy closed vacuum. no significant effect on safety function of the t:ink ventilation system. 
H2-818468; during sluicing 
l-12-818561, Sht. I, operations) S:tfety function of the Com12onenl f:tilure detection: Periodic reading of filter differential pressure 
Rev. 2 ventilnlion system instruments. 

would not be affected. 
Quality assurance criteria: Design and construction of this component to general 

Fail closed Failure of the inlet service requirements is adequate. 
d:tmper to the closed 
position would cause a . 
loss of now through 

-· the inlet system. 

.. .. 
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Isolation Valve 
(t6• Manually 
Operated Butterny 
Valve V-1) 
H2-93797, Sht. 2, 
Rev. 1; 
H2-93799, Sht. 4, 
Rev. t 

lsol:ite 296-C-006 
exh:iust system 
from t:mk C-106 
during operation 
of 296-P-16 
system 

Valve failure in 
closed ·position 

Mcchanic:il failure of 
valve to closed 
position during 
296-P-16 system 
operation will cut off 
t:ink C-106 airflow and 
db;able the s:ifety 
functions of the 
system. 

ln:ibility to open valve 
while 296-P-16 system 
is in standby will 
disable its :ihility to act 
a h:ickup for the 
296-C-006 
(recircul:iling) system. 

Valve failure in Mechanic:il failure of 
open position valve in open position 

during 296-P-16 
system operation 
would h:ive no effect 
on the safety functions 
of the system_. 

Failure of the valve to 
the open position while 
296-C-006 system is in 
sl:indby could result in 
b:iek-flow through the 
296-P-16 system. 

Potenti:il effects of component failnre: Prolonged loss or rcdnction of tank 
C-106 airnow could c:iuse a gradu:il heatup of the sludge layer :ind a possible 
buildup of flammable gas. It is expected, however, th:it only :i small airflow 
would be required to maintain flamm:ihlc gas below the required limit. 

Critical functional requirements: The only safety requirement on valve V-1 is 10 

permit adequate airflow for waste cooling :ind prevention of flammable g:is 
buildup when the system is operating. 

Component failnre· detection: Valve closure with fan nmning wonl<l trip the low 
HEPA litter differential pressure interlock, which would shut down the fon and 
trip local and remote al:irms. 

Onality assurance criteria: Since failure of the component s:1fety function would 
be immediately detected and worst-case heat-up and flammable g:is huil<lup 
scenarios permit ample time to rep:iir the component, the safety function c:in be 
preserved by recovery time alone. * 

\ 
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Deentrainer Remove:-. mist Failure to Failure to remove mist Potential effect:-. or com12onent failure: Prolonged reduction of tank C-106 GS 
H2-93797, Sht, 2, from 3irstrc:1m function (e.g. due lo heavy airflow could cause a gradual hc3tup of the sludge layer. 
Rev. 1 solids loading) could 

cause premature Critical rnnctional regnirements: None - TI1e heaters down~trcam of the 
lo:iding of HEPA filter dcentraincr and upstream of the HEPA filters normally prevent any moisture 
le:iding to reduced air buildup on the filters and any solids buildup would be detected hy required . 
now . periodic monitoring. 

.. 

Deentraincrs arc Com12onent failure detection: Periodic surveillance of the differential pressure 
passive components gage on the deentrainer. . not prone to failure . 

- Quality am1rancc criteri3: Design 3nd construction of this component to gene.ml 
service requirements is 3dequ3te. 

' ' . . 
• 
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Pl<.UJcC·1 W-JLU ~/\J•t:.TY CL/\~~ /\NU ~/\J~cTY ~IUNIJ•·1cANT ENGINEERING EVALUATION 
APPENDIX -A: FATLURE MODES AND EFFECTS ANALYSIS (FMEA) 

Jsolation Valve 
(18" Manually 
Operated Butterfly 
Valve V-J} 
H2-9J797, Sht. 2, 
Rev. 1; 
H2-9J799, Sht. 1, 
Rev. l' 

lsolale 296-P-16 
e:<11:mst syslem 
downslream from 
deentrniner and 
tank C-106 lo 
pennit changout 
of HEPA litters 

V:ilvc failure in 
closed position 

Mechanical failure of 
valve to closed 
position during 
296-P-16 system 
opemtion-will cut off 
lank C-106 airnow :incl 
disahle the safety 
functions of the 
system. 

Jn:ihility 10 open valve 
while 296-P-16 system 
is in standby (e.g. 
after HEPA filter 
changout} will disable 
its ability 10 act a 
backup for the 
296-C-006 
(recirculating) sysleJ!l. 

Valve failure in Mechanical failure of 
open position valve in open position 

during 296-P-T6 
system oper:11ion 
would have no effect 
on the safety functions 

• of the system. 

Failure of the valve to 
the open position while 
296-P-16 system is in 
standby would have no 
effect on the operating 
system. 

Potential effects of component failure: Prolonged loss or reduction of 1:tnk 
C-106 :iirnow could cause a gradual heatup of the sludge layer :ind :t pMsihle 
buildup of n:immahle gas. Jt is expected, however, that only a sm:11! :1irnow 
would be required to mainlain n:immahle gas below the required limit. 

Critical functional requirements: 111e only safety requirement on valve V-J is to 
pcnnit :1dcquate airflow for waste cooling and prevcnlion of nammable g:1s 
buildup when lhc syslcm is operating. 

Component failure dclection: Valve elosure with fan ntnning would trip the low 
HEPA filler differenlial pressure interlock, which would shut down the fan and 
trip local and remote :ilarms. 

Quality assurnnce criteria: Since fai"ture of the component safety function would 
be immediately detected and worst-cnse heat-up and nammahlc gas buildup 
scenarios permit ample time ·10 repair the component, the ~:,fcty function can he 
preserved by recovery lime alone. * 
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APPENDIX A: FAILURE MOUES AND EFFECT.S /\NALY~l~ tt~fVi J:.J\) 

Heaters nnd 
Associated 
Controllers and 
Sensors 
H?-35769, Sht. 2, 
Rev. 11 

Exhaust HEPA 
Filters (two singes) 
H2-35769, Sht. 1, 
Rev. 11 

Maintain exhamt 
air stream :ihove 
dew point to 
prevent 
condensation in 
exh:1m1 system 
and possihle 
welling or HEPA 
filters. 

Prevent any 
rndionctive 
pnniculntes in the 
nirstrcnm from 
rcnching the 
environment 

Fnilure to Fnilure of heater.; lo 
rnnction ns m:iintnin minimum nir 
designed (fail on, stream temperature 
off or would shut down fan 
intennittent) 

Filter brench 

I . 

Heater housing high 
tempernlure cut-off 
would protect system 
in the event l1cntcrs 
foiled on 

F:iilure of the exhnust 
HEPA filter will not 
n ffecl the sa rety 
runclion or the system 

HEPA litter breach 
would require n shut 
down to replace filter. 

Although this would 
not be considered n 
component failure, 
blocknge of exhaust 
HEPA filter would 
cnuse loss of nir now 
and disable the safety 
runctions or the system 

Potentinl effects or component failure: Wetting or HEPA filters, system shut 
down. Henter failure (off) or interlock failure could trip off exhaust fan. 

Criticnl function:il requirements: None - TI1e only function of the heaters is to 
extend the life of the exh:iust HEPA filters hy preventing moisture huild11p on 
the filler medin. 

Component failure detection: Airstrenm temr ernturc below minimum si: point 
will trip interlock and shut down fan. Loss of fan power :ind low HEP,. 
differential pressure will then trip local ::ind remote :11:mns. 

Ou:ility nssurancc criteria: Since these non-safety function components can he 
readily repaired or bypassed in the available recovery time, design :ind 
construction of these comp~nents to general service requirements is adequate. * 

Potential effects of component failure: HEPA filter breach could c:mse a 
loc:11i1.ed relense or cont:1min:1tion which would he limited by the (safety clnss) 
stnck CAM fan shutdown interlock. Blocknge or a filter is not :1 failure of the 
litter itselr (which is pcrfonning its function). hut a failure lo monitor and 
replnce the filter :is required. 

Criticnl fnnctionnl requirements: None - The only safety requirement on the 
system is to provide ndequnle nirnow for wnste cooling :ind prevention of 
namm:ible gns huiklup when the system is operating. No failure of Ilic liltcr 
component iiself will disahle the system safety function. 

Component failure detection: Block:ige or exh:mst HEPA lilter- with fan nrnning 
would trip the high HEPA filter differenti:il prem1re remote nlann. In nddition, 
the loss or system now would trip the combined failure nlnnn (FA-ASI) :rnd 
cnuse n loss of tnnk v!lcuum which would trip loss of tank vncuum nl:inns 
(PAL-t361A and PAL-1361B) and the evacuation horn (PAL-t361C) nt the tank 
process building. Drench of hoth HEPA filter!. could result in :1 CAM high 
radiation nl:1nn :ind exhaust fan shutdown. 

Ou:ility assurnnce criteria: Since failt!re of the filter component docs not affect 
the snfoty function or the system, design nnd procurement of this component 10 

general service requirements is ndequ:ite. 

' 
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HEPA Filter Opcrnle interlocks Failure 10 

Differential and :il:mns function :is 
Pressure Switches :1ssociatcd with designed 
(PS-I-A, PS-1-B) HEPA filter 
1-12-35769, Sitt. 2. <lifferenti:il 
Rev. 11 pressure 

Interlock Shutdown 0yp:iss low F:til open 
Byp:issTiiner airslre:11n 
l-12-35769, Sitt. 2, tcmper:iturc :iml 
Rev. 11 low HEPA filter 

differential 
pressure fan 

Fail closed 
shutdown (hyp:iss position) 
interlocks for 4 10 

5 minutes after 
f:tn start 

M:,lfunction of 
differential prem1rc 
switches could c:msc 
spurious fan shutdown 
(with loss of fan pO\ver 
remote :il:tnn) or 
spurious :il:tnns. 

Failure of hyp:iss 10 

open position would 
disable :tbiliry to st:irt 
system 

Failure of hyp:iss to 
closed position would 
dis:ible low :tirsire:im 
tempcr:tture :ind low 
differential pressure 
f:tn shmdown 
interlocks. 

E:<.h:tust Oowr:tte 
would not be :iffeclcd. 

Polenti:il effects of cnm[!nnent foilnrc : Possihle spurious !:In sl1111dnwn. 

Critic:,! fnnction:il requirements: None. 

Cnm[!oncnt f:tilurc detection: Loss of f:m power will trip remote :il:tnn. 

Qn:ility :m11r:10cc criteri:i: Since these non-s:ifety function components c:i :1 he 
rc:idily ~ep:iire<l or hyp:issecl in the :iv:iil:1hlc recovery time, dcsi)!n :1ml 
constntclion of these components In gcner:,I service requiremeuls is adequate. 

Potenti:il effects of com[!onent failure: Possible in:ihilily to st:1rt system. 

Critic:tl function:il requirements: None. 

Com[!nnent failure detection: Inahilily to start fon . 

Qu:tlily :mur:tncc criteria: Since this non-safety fnnctinn component c:,n he 
rc:idily repaired or byp:issecl in the :iv:iil:ihlc recovery time, design :11ul 
constntetion o( this component to genernl service requirements is :tdequate. 
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Loc:il HEPA Filter Provide loc:il Fail on 
Low Differential alanns if HEPA 
Presrurc Al:inns litter differentia I 
(horn and Jifiht) pressure falls 
H2-35769, Sht. 2, hclow the setpoint 
Rev. 11 

Loss of function 
(inability to 
:ilann) 

Exh:iust P:in With Provide required Failure to 
Associated Controls exh:mst now rate function 
:ind Alarms through the 
H2-35769, Sht. 1, exhaust system 
Rev. 11 

. . 

Spurious al:m_n -
Exhaust nowr.tte 
would not be affected 

Ability of this 
component to detect 
low :iir now condition 
would be disabled. 
Low airflow condition 
\V() d also be detected 
by the stack now 
detector on the CAM 
system through the 
associated combined 
failure :ilarm. 

Fan foilure would cllt 
off t:ink exhaust now 
and disable the s:ifety 
functions of the 
ventilation system. 

Potenti:tl effects of component fa ilure: Loss of one of one channel of detection GS 
of a low :tirnow condition in the exh:mst system. 

Critic:il function:il requirements: None• Rcdund:mt SC detector :111d alarms a~e 
:iv:iil:tble to detect loss of now. 

Component failure detection: Component could f:lil without dclt:ction of failure 
other than hy routine surveillance or calihr.ition nctivities . 

Qu:ility assurance criteria: Design and construction of this component to general 
service requirements is adequate. 

Potential effects of component failure: Prolonged loss of t:mk C-106 airflow 
could cause a gradu:tl heatup of the sludge l:tyer, possibly leaking to :t ste:im 
bump, :ind :i possible buildup of nnmmnble gas. 

Critic:tl functional requirements: The only safety requirement on the exhaust fan 
is lo provide adequate :iirnow for waste cooling :ind prevention of nammahle 
g:ts buildup when the system is operating. 

Component failure detection: Loss of stack now would trip rcmnte :ilann . 

Quality assurance criteriil : Since failure of the component safety function would 
be immedintely detected and worst-c:ise heat-up and namm:ihle g:is hniklup 
scen:irios permit ample time to rep:iir the component, the safety function can be 
preserved by recovery time :ilone. * · 
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Al'Pt:NUIX A: l·AILUI E MODES AND EFFE~TS ANALYS[S (FMEA) 

Continuous Air 
Monitor (CAM-1) 
H2-9S267, Sht. 2, 
Rev. 7 

High Rmli:1tion 
Alanns and Pan 
Shutdo,vn Interlock 
(RA-ASI, ASI-1-1) 
H2-95267, Sht. 2, 
Rev. 7; 
Sht. 3, Rev. 3 

Monitors for 
beta/gamma 
radiation in 
exhaust stack 
when ventilation 
system is 
operating 

Alanns on 
rndi:ition rending 
:tbove CAM 
setpoint 

Fail to dctecl Failure to detect 
radiation above rnd_iation above 
setpoint setpoint will cause 

failure of alann 
signals. 

Spurious alanns Spurious alann would 
cause fan shut down. 

Failure to :1lann Stack radiation level 
on high radiation above sctpoint not 

recognized 

Spurious alann Spurious :tl:inn would 
cause fan shut down 

Potential effects of component failure: Failure of al:mn signal could cause 
HEPA filter failure 10 be unrecogni1.ed. Spurious al:mri would c:iusc fan shut 
down. Component failure, hy itself, does not initiate an accident. 

Critical functional requirements: CAM must he nhle to detect stack air 
radioactivity above the selpoint and to activ:1tc the loc:il :ind remote hi~h 
radiation alanns. CAM must he operating whenever the ventil:1tion system is 
oper.lling. 

Component failure detection: Component could fail wiihout detection of failure 
other th:in by routine surveillance and calibration activities. Spurious alarm 
would c:mse fan shul down. 

Quality as~mrnnce criteria: Safety fun9tion can he preserved hy periodic testing 
since ample recovery time is nvailnble in the worst-case w:1ste he:1t-up and 
nammahle gas accumulation scenarios to permit repair or replacement of 
component. * 

SC 

Potentinl effects or component failure: Fnilurc of alann signal could c:1usc SC 
HEPA filter fnilure to be unrecognized. Componelll failure, hy itself. docs not 
initiate an :iceident. Spurious :ilann would cause fan shut down. 

Crilicnl runctionnl requirements: High radiation alanns must he nhle to 'respond 
to a high radiation alann signal from the CAM. CAM must he operating 
whenever the ventilation system is operating. Hi£h r:1cli:11ion level must trip fan 
shutdown interlock. 

Component failure detection: Component could fail without de1cc1ion or f:1ihtre 
other than by routine surveillance :ind calibration activities. Spurious :1lann 
would cause fan shut down. 

Oualitv assitrnnce criteria: Safety function c:m he preserved hy periodic testing 
since nmplc recovery time is availnhlc in the Wor..t-casc waste heat-up and 
nammahle gas nccumul:ition scenarios to pennit repair or repl:icemcnt of 
component. * 

' 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FATLURS--MODES AND EFFECTS ANALYSIS (FMEA) 

CAM V3cuum 
Pump 
H2-95267, Sht. 2, 
Rev. 7 

Record S3mplcr 
H2-95267, Sht. 2. 
Rev. 7 

Record fampler 
Vacuum Pump 
H2-95267, Sht. .2, 
Rev. 7 

Draws sample Failure to 
from exhaust stack function 
air stream through 
CAM 

Ohtains record 
s:nnple of eithaust 
stack :1ir stream . 
on filter 

Fails to function 
(hlock:1ge or 
tilter breach} 

Draws s3mple F:iilure to 
from exhaust stack function 
air stream through 
record sampler 

Power controlled 
by stack now 
switch FS-1 

No sample air 
movement through 
CAM 

Malfunction of record 
sample could result in 
failure to obtain a 
record sample, and 
could cause low now 
alarm and combined 
failure alarm 

No sample air 
. movement through 

record sampler 

Potcnti31 effects of component failure: Failure of the CAM vacuum pump SC 
would disahlc the ability of the CAM to monitor for radiation in the exhaust 
stack air stream. Disabling the al3rm function could cause a HEPA filter failure 
to be unrecognized. Component failure, hy itself, does not initiate :,n accident. 

Critical functional requirements: Pump must maintain sufficient air'now 
through the CAM to respond to a high r:1di:1tion level in the st:1ck :1ir strc:1m. 
CAM must be oper:1ting whenever the ventil:,tion system is operating. 

Component failure detection: Low now condition in CAM is indicated by 
Combined failure alarm FA-AST :md local alarm FA-ASl-2. 

Quality assurance criteria: Since failure of the component safety function would 
be immediately detected and the worst-case w:,ste heat-np and nammahle gas 
buildup scenarios permit 3mple time to repair or replace the component, the 
s3fety function can be. preserved hy recovery time alone. * 

Potential effects of component failure: Loss of record sample. GS 

Critical functional requirements: None - No s:ifcty function. 

Component failure detection: Low now condition in record sampler 'is indicated 
by Combined failure :ilarm FA-ASl :ind local alann FA-ASI-1. 

Quality assura nce criteria: Design and consrructinn of this component to gener:il 
service requirements is :idequ:ite. 

Potential effects of component failure: Loss of record sample. 

Critical functional requirements: 'None - No safety function. 

Component r.,ilure detection: Low now condition in record sampler is indicated 
hy Combined failure :ilarm FA-ASI :tnd lnc:11 :1l:1rm FA-ASl-1. 

Quality assurance criteria: Design :ind constn1ction of this component to genera.I 
service requirements is adequate. 

' ' 

A-26 

GS 

HNF-2Q50, R~v. 0 

I 



PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGTNEERfNG .EVALUATION 
APPENDIX A: FAILURE"·MODES AND EFFECTS ANALYSIS (FMEA) 

St:ick Flow Switch 
(FS-1) 
H2-95267, Sht. 2, 
Rev. 'J 

Combined Failure 
Alann (FA-AS!) 
With Associated 
Flow Switches 
(FAS-RS-1, 
FAS-CAM-2) and 
Circuitry 
H2-95265, Sht. 2, 
Rev. 7; 
Sht. 3, Rev. 3 

Switches on the 
record s:impler 
v:icuum pump 
when now 
through the 
e:<.h:iust st:ick is 
dctec1c,J 

Detects low 
sample now in 
CAM or record 
s:impler 

rail open 

F:iil closed 

Failure to detect 
:ind alarm low 
llow condition 

Failure of the slack 
·now detector switch in 
the open position will 
dis:ible the record 
s:impler 

Failure of the st:ick 
now detector switch in 
the closed position will 
dis:ible the :ibility to 
detect loss of st:ick 
now 

Possible undetected 
loss of CAM function 

Possible undetected 
loss of exl1:iust system 
now 

Potenti:il effects of component failure: F:iilurc of 1he st:ick now detector switch 
in the closed position will dis:ible the ~bility to detect loss of cxh:iust now for 
any reason other than loss of fan power. 

Critic:il functional requirements: Stop record sampler sample· now on h ·s of 
I • 

exhaust stack now. CAM and record sampler must he opcr:itmg whcnc1 er the 
vcntil:ltion system is operating. 

Component failure detection: Component could fail wi1h9ut delcction of failure 
other than by routine survcill:ince :ind calihrJtion activities . 

Quality :issur:incc criteri:i: Safety function c:in he preserved by periodic testing 
since :imple recovery time is available in the worst-case waste heat-up and 
n:immahle gas accumulation scenarios to permit repair or rcpl:icemcnt of 
component. * · ' 

Potcnti:il effects of component failure: Failure of comhined failure :1l:inn could 
cause HEPA liltcr failure or loss of exh:,ust llow to he unrecognized. 
Component failure, hy ilself, docs not initiate an :iccidenl. 

Critical function:il requirements: The combined failure nl:lrm system must be 
able to detect and _respond lo :i low sample now condition in either lhc' CAM or 
record sampler. CAM nnd record sampler must be opcr:1ting whenever lhe 
ventilntion system is operating. 

Component failure detection: Component could fail without de1ec1ion of failure 
other thnn by routine survcill:mce :ind calibration ac1ivi1ics. 

Ou:ility nm1rance criterin: S:ifety function can he preserved hy periodic testing 
since ample recovery time is av:iilable in the wor.;t-case waste heat-up :ind 
11:imm:ible gas :iceumul:ltion scen.'\rios to permit repair or replacement of 
component. * 

' ' . .. . I . 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNI FICANT ENGlr'EERING l.:. v'ALUt T IUN 
APPENDIX A: FAILURE-MODES AND EFFECTS ANALYSIS (FMEA) 

Ductwork nnd Contain :md tlirccl Se:t I fo ilure al Air leakage into 
HEPA Filter air through joint or stntcturnl ventilation system 
Housing ventilation system c.lamage to 
H2-93797, Sht. 2, system. No effect on system 
Rev. 1; Provide boundary safety function 
H2-35769 between tank 
Shts. 1 and 2, air/aerosol mix 
Rev. 11 and environment 

' Major break due Loss or reduction of 
to vehicle tank now. 
collision or 
missile . 

Potenti:il effects or com~onent failure : The pressure in the opcr:iting ventilation 
system will he less than atmospheric. 1l1c amount or air inle:ik:tge for a minor 
leak.would he far less than the now r:ite through the system and would 11111 h:1ve 
a significant effect on the system safety function. M:ijor damage could proc.luce 
a loss or reduction o( air now possibly leading to a gr:idy:il heatup of the sludge 
layer or n:immablc gas buildup. 

Critical functional rcguircmcnts: The only safety requirement on the ductwork 
is to permit adequate airflow for waste cooling and prevention of nammahle gas 
buildup when the system is operating. 

Com~oncnt failure detection: A m:tjor failure would he detected by :t loss of 
tank v:icuum. 

·, 

Quality :tssurnnce criteri:t: Since failure of lhc component safety function would 
be immediately detected nnd worst-case heat-up and nammablc g:is buildup 
scen.,rios permit :tmple time to repair or replace the component, the safety 
function cnn he preserved by recovery time :ilone. 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT GNGINEERING EV ALU A 1 1 , 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

HI f '-2U , ,<.ev .• " 

•' • •· - · •,,• . •, . 

SSC: .. . •·· · Acc:ident(s) . 
1-:::::);:.\i/;;:.}/( ·: . 
, .. ::/:::/)\, 

SYSTEM: 
296-C-006 
Prim:iry T:1nk 
Ventil:ition System 
(241-C-106) 

· ·. __ ., .. .-:.. .• :··••··<· .. ·.: •. ··:.:--. 

mo Add. 1: 
SC - FJ:imm:ihle 
Gas Denagrntion, 
Section 3.4.2.1!; 
Tank Bump, 
Section 3.4.2.11 

SS - Unfiltered 
Rele:ise, Section 
3.4.2.3 

Safely Function.~ .: :Filnclion:i l: :\: ::i,.::\:,\\i::. ,P;tforihi J~c::Crit~~i~'.(,:o°: '. ,:' ·: ::·:•;.::.: · •·• .. ·· · . : . . Pl:inn~fM~ilicnli;ns ;.·. 

·.::: .. ·'::.:.:: ··:·;-: ··.:·.:·.· ..• :: , .: .•... ·.:.: :.·:.· .. : ... : .•..... ~n".?lving 111.i~.: s .•.. ~~ .. :·..:/::;::\;:. . . · · · .• .·· ::.:.·•:: .· , ... ,}?: :.~.~?i~~.~J§'.s: :;'/t::::}I:::::::: 1::::t;:=:j:j:;{tii)f /I:il}ii>:\::':{(•:/t:I{ii/:\\{::)/t{\t. : .. : :. . ... . ..... .: .. -·:--::=-: . "-": .. =.-:-:= • ... • ·· ·····•:: : .·-.. --

1. M:iint:iin 
fl:immable g:is 
concenlr:ition 
below 25% of 
LFL 

Act as backup to 
ventii:ition system 
P-16 when P-16 is 
operating 

M:iint:iin ventil:ilion 
now rate /. v:ipor sp:ice 
V3C\!Um per operating 
procedures 

Shut down ventil:ition 
in the event of 
cont:imin:ition relc:ise 
from t.1nk exhaust 

Verify operability prior to WRSS operations: 

The exh:iust flow rate from the exh:iuster portion of the 296-C-006 system is 
sufficient to prevent hydrogen buildup in 13nk C-106. 

Critical Ch:irncteristics: Must maintain a partial v:icuum in the primary t:ink . 
rel:itive to atmosphere (RD-057). Must m:iint:1in a minimum 4.9 CFM of flow, 
sufficienlto m:1intain flamm:ible g:1s concentration below 25% LFL (BIO 
Addendum 1, Sec. 4.3.2.4). Must be intrinsically safe for operation in an ex­
tank intrusive loc:ition, or must be located downslrc:im of :1 duct mixing point 
(DB-001). NOTE: The BTO figures (4.9 efm) :1rc hascd on CN-114, a later 
revision of CN-114, states 1.0 CFM is sufficient to maintain nammable gas 
concentrations below 25% LFL. 

2. W:iste cooling Act as backup lo 
ventil:1tion system 
P-16 when P-16 is 
operating 

Verify operability prior lo WJ:lSS operntions. 

The 296-C-006 system with recirculation is to be operated during sluicing 
operations, prim:irily to remove moisture from the dome space in order to 
maintain visibility for direction of the sluicing nozzle. Sludge temperature 
buildup will not be a con.~ideration during the short times involved i.n actual 
sluicing operntions. If the 296-C-006 system becomes dis:ihled, sluicing 
operations will be secured and ventilation switched to the 296-P-l6 i1ystem. 

Maintain ventilation 
flow rate / vapor space 
vacuum per operating 
procedures 

Critical Ch:ir:icteristics: For sufficient hc~t rcmov:il: 
Shut down ventilation • . During sluicing, until 4 fl. of waste is retrieved, system must 
in the event of m:iintnin either a minimum exh:iust flow rate of 200 CFM, in 
cont:imin.ition rele:ise eombin:ition with recirculation cooling and a recirculation 
from t:ink exhaust now of 860 CFM, or a minimum exh:iust flow of 500 CFM 

in once-through (non-rccirculatin~) mode, subject to 
:1ddition:il in-process thermal an:ilysb; during WRSS 
operation. 

• After 4 ft of waste hns been removed from Tank C-106, 
50 CFM of once-through ventilation is sufficient for he:it 
removal. 

· [B:ised on ER-588, Ogden 1998, and Addendum 1 system description)., 

A-2Q . 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

HNF-2050, Rev. C 

COMPONENT COMPONENT 
IDENTIFICATION FUNCTION 

Chill Water Removes moisture 
Condenser (heat from air stream 
exchanger) For 
Removing Moisture 
From Air Stream 
With Associated 
Drain To Seal Pot 
(HX-1361, 
HV-136118) 
H2-Bi8468, Rev. O; 
H2-818561, Sht. J, 
Rev. 2 

Temperature Provide 
Instruments operational 
Upstream And information on air 
Downstream Of temperatures 
Condenser Along upstream and · . 
With Associated downstream of the 
High Temperature condenser 
Trips And Alarms 
(TE-13620, Provide warning 
TlSH-13620, of high 
TAH-13620, temperature in 
TE-13621, tank headspace 
TISH-13621, 
TAH-13621, 
XA-1368) 
H2-818561, Sht. 3, 
Rev. 2 

' 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT 
FAILURE 
MODE 

Failure to 
function due to 
loss of chill 
water supply 

Erroneous 
indication, 
spurious or 
disabled alarms 

. 

. . 

I 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

Failure of the 
condenser would have 
no effect on 
prevention of 
flammable gas 
buildup. 

Heat removal via the 
exhaust fan would not 
be affected. 

Safety function of 
ventilation system 
would not be affected. 

Erroneous indication 
could permit 
undetected malfunction 
o.f condenser. 

Safety function of 
ventilation system 
would not be affected. 

Defense in depth 
function of monitoring 
tank headspace 
temperature would be 
disabled 

' 

' 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 

,. 
COMPONENT SAFETY 
CLASS 

Potential effects of component failure: Possible slow heatup of tank due to loss GS 
of condenser cooling and heal addition by 30 kW heater in recirculation loop. 
This is not considered a problem during the short times involved in actual 
sluicing operations. 

Critical functional requirement~: None - Primary function of the condenser is to 
maintain head space visibility. 

Component failure detection: Comparison of upstream and dowrt~tream airflow . 
temperatures provided by temperature instruments-TISH-13620 and 
TISH-13621. 

Quality assurance criteria: Design and construction of this component to 
general service requirements is adequate. 

Potential effects of component failure: Possible undetected loss or out-of-range GS 
function of condert~er. Possible loss of one means to detect high temperature 
condition in tank void space. 

Critical functional requirements: None - Provide defense in depth for in-t..1nk 
temperature measuring systems. 

Component failure detection: Periodic testing and calibration. Failure of 
upstream and downstream temperature indications to show expected temperature 
differential across condenser. 

Quality assurance criteria: Since these non-safety function components can he 
readily repaired or bypassed in the available recovery time, design and 
construction of these components to general service requirements is adequate. 

,. 



PROJECT W-320 AF - ·y CLASS AN . , FETY SlGNir• ICANT Ct,_ ~ :NEE 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Condenser Inlet Provide ability to ·Fail open Either or both valves Potential effects of com[!onenl failure: Prolonged loss of tank C-106 :iirnow 
And Outlet Valves isolate condenser failing to the open could cause a gradual he:itup of the sludge layer :md a possible buildup of 
(HV-136142, for maintenance position would have flammable gas. 
HV-13639) no effect on the safety 
H2-8!8561, Sht. 3, function of the Critical functional requirements: The only safety requirement on valves 
Rev. 2 veniilation system. HV-136142 and HV-13639 is to permit adequ:ite airflow tor waste cooling and 

prevention of flammable gas buildup when the system is operating. 

Fail closed Either valve failing to 
Com[!onent failure detection: Closure of either va Ive with the recirculation or 
exhaust fan running would trip the high condenser differential pressure local and 

the closed position 
remote alarms. 

would cul off both 
recirculating and 

Quality assurance criteria: Since failure of the component safety function would 
exhaust now from the 
tank. 

be imm_edi:itely detected :ind worst-case heat-up and flammable gas huildup 
scenarios permit ample time to repair the component, the safety function can be 
preserved by recovery time alone. * 

Condens r Inlet Provides Erroneous Failure of condenser Potential effects of com[!onent failure : Loss of one local indic:ition of tank 
Pressure r< tn:r,~ent. ind!(:ation of indication inlet pressure headspace pressure. 
(lT-1361 1, i ,~on~:,;·1 \ '. :- inlet indication would cause 
PI-136 1 I) I 

loss of operation:tl Critical functional reguirements: None - Failure would not affect safety pressure 
H2-818561, Sht. 3, infonn:ition. functions of ventilation system. 
Rev. 2 

Safety function of Cnm[!onent failure detection: Periodic surveill:rnce 
ventilation system :ind testing. 
would not be affected. 

. Quality assurance criteria: Design and construction of thi~ component to 
general service requirements is :1dequate. 

Condenser Provides Erroneous Spurious indication or . Potential effects of com[!onent failure: Possible undetected low llow condition 
Differenti:11 indication of indic:ition loss of :il:trm function through condenser. 
Pressure Instrument differential could c:iuse a 
With Asimci:ited pressure across Spurious alanns condcnsl·r low now Critical fnnction:il requirements: None - Fa ilure wnnl<I not :,ffect sarety 
lligh Differential enmlenscr condition due Ill functions or ventilation system. 
Pressure Al:inns railure to :1lan11 closure or inlet or 
(PDT-13611, High diffcrenti:11 outlet valve or Com[!onent failure detection: Periodic surveill:ince :ind testing. 
PDISH-1361 I, pressure condition block:ige of conden.~er 
PDAH-13611, trips local :ind to go unrecognized QualilI assurance criteria: Since these non-safety function components can he 
XA-1368) remote alarms re:idily rep:iircd or. byp:issed in the av:iilable recovery time, design am.I 
H2-8t 8561, Sht. 3, construction of these components to general service requirements is adeqii.1te. 
Rcv:· 2 

.. 
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APPENDIX A: FAILURl:,.MODES AND EFFECTS ANALYSIS (FMEA) 

Moisture Separ:llor 
With Associated 
Dr:iin To Se:1! Pot 
(MS-1361, 
HV-136121) 
H2-818561, Sht. '.3, 
Rev. 2 

Removes any mist f-';1ilure to • 
carry-over from function 
condenser 

TI1e incrti:il 
moisture 
scp:ir:itor is a 
passive system 
not nonn:1lly 
subject to 
failure. 

r-ailure of moisture 
sep:ir:1tor (for 
ex:1mple, by plugging 
of drain line) could 
cause c:irry-over of 
moisture into he:itcr. 

_ Potenti:il effects of component failure: Possihlc moisture damagc (corrosion or 
pilling) to hc:iter :ind rccircul:ition fan. 

EffccL~ on 
recircul:itio·n fon would 
be reduced or 
eliminated hy the 
action of the he:iter 
(HC-1'.361). 

No effect on safety 
functions or vcntil:ition 
system. 

Critical functional rcquircmcnts: None - The only function of the moisture 
scp:ir:itor is to extend the life of the hc:iter :ind exh:111st· fan hy re1!11cing 1hr: r:ite 
of corrosion :ind we:ir due to entrained moisture. ' 

Component f.1ilure detection: Periodic surveillance. 

On:ility :imtr:ince criteri:i: Design and construction of this component 10 
gener:il service requirements is adequate. 

r 
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PROJECT W-J2tJ SAFE -'y CLASS ANDS ~ETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE~MODES AND EFFECTS ANALYSIS (FMEA) 

He3ting Coil Heats recirculated Fail on Failure to the on Potential effects of com[!onent failure: Possible moislllre damage (corrosion or 
(HC-1361) With :iir to elimin:1tc condition with air now pitt ing) to recircnl:i tion fan. 
Associated moisture in would result in loss of 
Controls, recircul:ition fan temperature control of Critical functional reguirements: None - The only function of the he:itc r is to 
Jndic3tions 3nd the recirculation now. extend the life of the exhaust fan hy reducing the r:itc of, corrosion :rnd , ·car dul 
Al3rms to entrained moisture. · ' 
(TE-13610NB, Failure to tum off on 
TISH-13622, loss of air now (by Com[!onent failure detection: A high te:-npcr:,ture condition in the he:11c: or 
HS-13622, interlock with heater exhaust 3ir would be·indic:itcd hy local alarm TAH-13622 :ind rernotc 
YL-13622, recircul:ition fan) combined system trouble :il:trm XA-1368. F:iiltire of heater to function would 
TY-t3622A, could result in high , be detected by periodic survcill:incc :inc.I testing. 
TIC-13622A, local temperatures in 
HS-13627, heater enclosure if Quality usurnnce criteria: Design and construction of this component to 
TIC-13622, local high temperature general service requirements is adequate. · 
TSH-13622, interlock fails 3Jso 
TE-13622A, (double failure). 
TE-13622, 
TAH-13622) Safety function of the 
H2-818561, Sht. 3, ventil:ition system . 
Rev. 2 would riot be affected. 

Fail off Failure to the off . 
condition could c3use . . . 

- moisture to enter · 
rccircul:ttion fan. 

. S3fcty function of the 
". 

ventilation system 
would not be affected. .• 
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rKuJcL.1 w-JL.u .:>1\1~t.1 r CLASS ANU SAFETY SIGNIFICANT ENGINEERING EVALUATION HNF-2050, Rev. 0 
APPENDIX A: FAILURE.MODES AND EFFECTS ANALYSIS (FMEA) 

Recirculation Fan Provide Fail to function 
And Drain recirculating now due to seized 
(FN-1361, of tank void space bearing, loss of 
HV-136134) With air through power, controller 
Associated condenser to malfunction, or 
Controls, interlocks remove moisture other cause 
And Alarms (moior (fog and mist) 
starter, interlock 15, during sluicing 
HS-13635A, operations 
YL-13635A, 
HS-13635B, 
YL-13635B, 
IT-13635, 
IISH-13635, 
IAH-13635) 
H2-818561, Silt. 3, 
Rev. 2 

Recircul:ltion Provide ability to Fail open 
System Return isol:llc 296-C-06 
Damper system from tank 
(HV-13643) for maintenance, 
H2-818561, Sht. 3: or when system 
Rev. 2 296-P-16 is 

operating 

. . 

Pait closed 

Failur~ of recirculating 
fan during sluicing 
operations could allow 
fog and mist buildup 
in head space leading 
to .impaired visibility 
and inability to 
continue sluicing 
operations. 

Would not affect 
safety functions of 
ventilation system. 

Nom1:11ly open during 
system 296-C-006 
operation. 

Failure to open:· 
position while system 
296-P-t 6 is operating 
could result in a 
reverse now condition 
through 296-C-006 
exhaust system lending 
to some reduction of 
the t:mk exhaust flow. 

F:iilurc to the closed 
position would cut off 
recirculation flow back 
into tank. 

Systern 296-C-006 
exhaust flow would 
not be affected. 

Safety function.~ of 
ventil:ition system not 
affected. 

Potential effects of component failure: Loss of visibility in the tank head space. GS 
Inability to continue sluicing operations. The recirculating loop heater 
(HC-1361) is interlocked lo fan controller to shut down on loss of fan power. 

Critical functional requirements: None - The only function of the recircut:11ion 
system is lo maintain visibility in the tank head space during sluicing operations 
so thnl the in-tank camera can be used 10 direct the sluice stream. 

Component failure detection: Loss of fan power would trip remote common 
system shutdown al:inns XA-1362A and XA-13628. High motor current 
condition would trip local alarm IAH-13635. and remote combined trouble alarm 
XA-1368. 

Quality assurance criteria: Design :ind cort~lmction of this component to 
general service requirements is :ulcqu:itc. 

Potential effects of component failure: Possible reduction in tank exh:iust now 
if system 2%-P-16 is operating and valve (ails open (or is in:idvertently 
opened). Loss of recirculation flow if valve fails closed during system 
296-C-006 operation. 

Critical functional requirements: None - No significant effect on ventilation 
safely functions in either failure mode. 

Component failure clctection: Periodic surveillance. Possihle high current trip 
on recirculation fan . 

Quality nssur:mce criteria: Design and construction of this-component to 
general service requirements_ is :id~qu3lc. · 

,. 
I ' 

., 
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PROJECT W-320 SAFETY CLASS AND SAF . 1 SI G1 '1IFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE"MODES AND EFFECTS ANALYSIS· (FMEA) 

Chill Water System 
With Associ:iled 
Controls And 
Al:mns And 
Valving Required 
To Switch Function 
Between 
Recirculation And 
Intake Systems 
H2-818561, Sht. 2, 
Rev.2 

Provides chill 
~ 

water 10 
condenser in 
recircul:11ion 
system during 
sluicing 
operntions, 

Provides chill 
w:iter to air inlet 
heat exchanger 
during t:ink cool-
down perio<ls. 

Failure to 
function 

Failure of the chill 
waler system would 
disable the function of 
the condenser or he:it 
exchanger. 

Safety functions of 
venlilntion system not 
affected. 

Potential effects or component failure: Failure or condenser function during 
sluicing opernlions could cause loss of visihility in the lank dome space :ind 

. inability 10 continue sluicing operntions. Failure of int:ike station heat 
exchanger won d delay lank cool-down operations. 

t 

Critical runctional requirements: None - The only function of the recirculation 
system is 10 maintain visihility in the lank hc:1d space during sluicing oper:1tions 
so that the in-lank camera c:in· he used to direct the sluice stream. The only 
function of the intake hc:it exchanger is to provide additional cooling during pre­
sluicing ~nk cool-down operations. 

Component failure datcction: Failure or chill w:itcr system would be indic:itecJ 
by local :ind remote al:inns. 

Ou:ility :issur:incc criteria : Design and conslrnction or this component to_ 
general service requirements is adcqu:ite. 

GS 

Se:il Pot With Prevent escape or Release or Pailurc or the se:11 pot Potential cITccrs of component failure: Loc:11 contamination around the sc:11 pot . GS 
Associated Level 
S1:mnr~ And 
Alarms 
I-12-818561, Sht. J, 
Rev. 2 

_. 

v:ipor or :icrosols 
from the 
vcnt i!a,ion system 
through the 
condensate drain 
lines. 

Prevent inleak:igc­
of :iir into the 
ventilation system 
through the drain 
lines. 

liquid, vapor or 
aerosols due to 
leakage or 
excessive 
pressure in drain 
line. 

Drain lines will 
normally be :it 
less than 
atmospheric 
pressure. 

Se:il pot 
overllows to :i 
drain to tank 
C-106 

could cause local 
cont:imination. 

Safety functions or 
ventilation system not 
affected. · 

Critical functional requirements: None - Failure would not effect safety 
function of ventilation system. 

Component failure detection: Periodic surveil13ncc. 

Ou:ility :issurnnce criteria: Design :ind constmction of this component to 
generJI service requirement.~ is :idcquale. 

A-35 
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~l<.UJJ.:.LI W-JL.U ~J\J·•J.:.I Y CLA~~ ANU ::::iAl~t.1 Y ::::ilCiNlt·•ICANT bNul NEERINli EVA LUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA} 

High Efficiency 
Mist Eliminator, 
HEME, 
(HME-1361) With 
Amx:iated Drains. 
Differential 
Pressure Detector 
And Alann 
(HV-136119, 
HV-136135, 
PDT-13612, 
PDISH-13612, 
PDAH-13612) 
H2-818561, Sht. 4, 
Rev. 2 

HEME Isol:ition 
Valves 
(HV-13649, 
HV-J364Ci) 
H2-818561, Sht. 4, 
Rev. 2 

Removes moisture 
carryover in 
exhaust air s\ream 
after passage 
through condenser 

Isolate HEME 
from ventil:1tion 
i.ystem for 
maintenance 

Failure lo 
function 

171e HEME is a 
passive system 
not prone 10 

failure. 

Fail to closed 
position 

Valves arc 
nonna lly open 
cluring 
ventilation 
system 
operation. 

Internal failure or 
blockage could cause 
carry-over of moisture 
or reduced air now. 

Any severe blockage 
would build up over a 
period of time, :ind the 
HEME could be 
bypassed hy opening 
HV-13644. 

Safety function of the 
ventilation system 
would not be affected. · 

Failure of either 
isolation valve to the 
closed position would 
hlock now through the 
exhaust system. 

Since the HEME is 
not essential to the 
safety function of the 
ventilation system. the 
isolation v:ilves could 
be bypassed by 

, opening HV-13644. 

Potential effects of component failure: Possible carry-over of moisture :inti 
welling of HEPA fillers. This effect would he reduced hy the intervening high 
efliciency metal filler (HEMF) :ind the exhaust stream heater. 

Critical functional requirements: None - Failure would,not effect safety 
function of ventilation system. 

Component failure detection: Loss of exhaust now would he indicated hy a 
_stack now alann at the CAM and M0-211 (Safety Class) . 

Quality :ii.imrnnee criteria: Design and constmction of this component to 
general s_ervice requirements is adequate. 

Potentinl effects of component failure: Block:1ge of now through the exhaust 
syst_em. 

Critical funetion:if requirements: Allow suflicient now through the cxhnust 
system for adequate tank cooling and prevention of n:immable gns buildup. 

Component failure detection: Loss of exh:111st now would he indic:1tcd hy a 
stack now alann at the CAM amt M0-211 (Safety Class). 

Quality assurance criteria: Since failure of the component safety function would 
be immediately detect.r,:d and worst-case heat-up :ind nammable ga~ buiklup 
scen:irios pcnnit :tmple time to repair the component or bypass the HEME, the 
s:ifcty function c.in be 'preserved hy recovery time :ilone. * 
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PR.OJI: T W-320 SAFE1~Y CLASS ND- SA,•1..:, ·y fG'-.Jfl :rcANT ENC.1{[ :.: , .. G EVALU ATIO 
APPENDIX A: FAILURE" MODES AND EF.FECTS ANALYSIS (FMEA) 

High Efficiency 
Metal Filler, 
HEMF 
(HMF-1361) With 
Associated D~im, 
Differential 
Pressure De1ec1or 
And Afann 
(HY~l3638, 
PDT-13613, 
PDISH-13613, 
PDAH-13613) 
H2-81856t, Sht. 4, 
Rev. 2 

HEMF lsol:ltion 
Valves 
(HV-13647, 
HV-13648) · 
H2-81856t, Sht. 4, 
Rev. 2 

Acls ai; a prcfillcr Filler brc:ich 
10 extend the 
HEPA filler 
sc rvice life 

Breach of the HEMF 
would not affect the 
safety function of the 
ventilation system. 

Potential effects of component failure: Possible carryover or material to HEPA . GS • 
filters or reduction in now due to excessive loading. 

Critical functional requirements: None--111c only function of the HEMF is to 
extend the service life of the HEPA fillers. 

Component failure dclcclion: Loi;s of exhaust now would he indic:itcd hy a 1-------+-------- s I a ck now al:inn :it the CAM and MO-211 (Safely Clnss). 

Jsol:11e HEME 
from ventilation 
system for 
maintenance 

Filler blocka.ge 

Fail to closed 
position 

Valves are 
normally open 
during 
ventilation 
system 
operation. 

Blockage would build 
up over a period of 
time and filter could 
be bypassed by 
opening HV-13645. 

Safety function of the 
ventilation system 
would not be affected. 

Failure of either 
isolation valve to the 
closed position would 
block now through the 
exhaust system. 

Quality assur:mce criteria: Design and construction of this component to 
general service requirements is adequate. 

Potential effects of component failure: Blockage or now through the exhaust 
system. 

Critical functional requirements: Allow surticicnt now through the exhaust 
system for :1dequatc tank cooling and prevention of ll:11nmahlc gas buildup. 

Since the HEMF is not Component failure dclection: Loss of exh:111st flow would he imlic:1tcd hy :, loss 
essential to the s:,fcty of stack now alann :11 the CAM and MO-211. 
function or lhe 
vcnlilntion system. the 
isolation valves could 
he bypassed by 
opening HV-13645. 

Quality :issurance crileri:i: Since failure of the component s:1fety function would 
be immediately detected and worst-case heat-up and llammitble g:,s buildup 
scenarios pcnn_it ample time to repair the component or bypa~s the HEMF, the 
safety function can be preserved by recovery time alone. * 

' ' 

A-37 

SC 

·-2.0_50, Rey. 0 



PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE.MODES AND EFFECTS ANALYSIS (FMEA) 

Exh3Ust System . Isolate exhaust 
Iso13tion Valve heater 3nd HEPA 
(HV-13654) lilters from 
H2-818561, Silt. 6 , upstream portion 
Rev. 2 of exhaust for 

maintenance and 
lillcr ch3ngc-out 

Heater Inlet Indicate high air 
Temperature tcmper:iture at 
Im1trument With healer inlet 
High Temperature 
Alarm 
(TE-13626, 
TIT-13626, 
TSH-13626, 
TLH-13626) 
H2-81856!, Sht. 6, 
Rev. 2 

Fail to closed 
position 

Valve is 
nonn3lly open 
during system 
operation. 

Fail to function 

Mechanical failure of 
va Ive to closed 
position during 
exhaust system 
operation will cut off 
tank C-106 airnow 
3nd disable the safety 
functions of the 
system. 

Failure of the 
temperature detector 
or alann would have 
no effect on safety 
function of ventilation 
system. 

Potential effects of component failure : Prolonged loss or reduction of tank 
C-106 3irnow could c3usc 3 gradual he:uup of the sludge layer and 3 possihle 
buildup of nammable gas. 

Critical functional rcguirements: TI1e only safety requirc,ment on valve 
HV-13654 is lo pcnnit :1dequate airflow for waste cooling and prevention of 
flammable gas buildup when the system is oper:11ing. 

Component failure detection: Valve closure with fan nmning would trip the 
loss of stack now alann FLL-13627 on the CAM and remote syiaem trouble 
alanns RXA-1365A and RXA-13658 . 

Quality assur:mce criteria: Since failure of the component safety function would 
be immediately detected and worst-case heat-up and flammable gas buildup 
scenarios permit ample time 10 repair the component, the safety function can he 
preserved by recovery time alone. * 

Potential effects of component failure : Possible higher than nonnal air 
temperature at HEPA liller inlet. 

Critical functional reguircmcnts: None - Failure would not effect vcntil:uion 
now rate. 

Component failure detection: Periodic surveill:mce amt testing. High 
temperature at HEPA liltcr outlet would be indicated by al:inn TLH-13635 and 
common exhaust skid trouble alann XA-13640. 

Quality assur:ince critccia: Design and cons1nic1ion of this component to 
general service requirements is adequate. 
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APPENDrx A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Exhaust System Mainlain exhaust 
He:iter (HC-1362) air stream above 
With Controller dew point lo 
(TY-13629, prevent 
YL-13629A, condensation in 
YL-136298, exhaust syslcm 
HS-13630, and possible 
TE-13629, welting of HEPA 
TIT-13629, filters. 
TIC-13629, 
TISH-13629, 
TE-i 3634A/B/C) . 
And Fan Interlock 
(1-4) 
H2-818561, Sht. 6, 
Rev. 2 

Exhaust HEPA Prevent any 
Filters (two slages, mdio:ictive 
HEP-1361 :ind particulates in the 
HEP-1362) airslre:im from 
H2-818561, Sht. 6, reaching lhe 
Rev. 2 environment 

--

F:i ilure to 
function as 
designed (fail 
on, off or 
in1ermi1tenl) 

Filler breach 

Failure of the he:iter 
will not effect lhe 
safety functions of lhe 
ventilation system. 

Polential effects of component foilnre: Welling of HEPA fillers . 

Critical functional reqnircmcnis: None - TI1c m:iin funclion of lhc heaters is to 
extend the life of the exhaust HEPA filters by preventing moimtre buildup on 
lhe filter media . Heater failure (either on or of() will no[ decrease the cxh:mst 

He:iter power (2 kW) airflow. 
is nol sufficient to 
cause damage if he:iter Component failure deteclion: Periodic surveillance :ind 1es1ing. 
conlroller fails in the 
on comlition. 

Hea:ter housing high 
temperature cut-off 
would protect system 
in the event healer 
fails on during no now 
condilion. 

Failure of the exhaust 
HEPA filter will not 
a ff eel the sa fcty 
function of the system. 

HEPA filter breach 
would require a shut 
down to replace filter. 

Although this would 
not he con.~idered :1 
component failure, 
blockage of exhaust 
HEPA lifter would 
cause loss of air now 
and disable the s:ifety 
functions of the 
sys1em. 

Quality asimrnnce criteria: Design :ind comtruction of this component to 
general service requirements is adequate. 

Potenlial effects of component failure: HEPA filter brc:1ch could cause a 
localized release of contaminalion which would he limited by the (safety class) 
stack CAM fan shutdown interlock. ntockage of a filler is not a failure or the 
filter itself_ (which is performing its function), hut :1 f:tilure to monitor :ind 
replace the filter as required. 

Critical functional req11iremen1s: None - The only safely requirement on the 
system is 10 provide adequate airflow for waste cooling :ind prcvcnlion of 
flammable g:is buildup when the sys1em is operating. No failure of the filter 
component ilself will c_tisable the system safely function. 

Component failure dcleclinn: Olock:ti;c of cxh:msl HEPA filter wi1h f:tn nmning 
would trip one of the high HEPA filter high differenli:il pressitrc :il:irms 
(PDLH-13618 or PDLH-13619), the over:tll high differential pressure alarm 
PDLH-13620 and the exhauster skid trouhlc alarm XA-13640. In :1ddition, loss 
of system now would trip the loss of slack now am! common fault :1lanns 
(FLL-13627, RXA-1365A, RXA-13658), loss of tank vacuum :tl:inns 
(PAL-1361A and PAL-13618), and the evacu:ition horn (PAL-1361C) :it the 
lank process building. Breach of bolh HEPA filters could result in a CAM high 
radiation alarm and exhaust fan shut down. 

On:ility assurnnce criteria: Since failure of the filter component docs not :iffect 
ti1e safety function of the system, design :ind procurement of 1his component Ill 
general service requirements is adequale. 
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APPENDIX A: FAILURE lv!ODES AND EFFECTS ANALYSIS (FMEA) 

HEPA Filter 
Differential 
Pressure Switches 
(PDISH-13618, 
PDISH-13619, 
PDISH-13620) 
With Associated 
Timer Relay And 
Alarms 
(PDLH-13618, 
PDLH-13619, 
KY-13620, 
PDLH-13620) 
H2-818561, Sht. 6, 
Rev. 2 

HEPA Filter Outlet 
Damper 
(HV-13655) 
Hl-818561, Sht. 6, 
Rev. 2 

.. 

HEPA Filter O11tlct 
Temperature 
Instrument With 
High Temperature 
Alann 
(TE-13635, 
TIT-13635, 
TSH-13635, 
TLH-13635) 
H2-818561, Sht. 6, 
Rev. 2 

Operate interlocks Failure to 
and alarms function as 
associated with designed 
HEPA filter 
differential 
pressure 

Isolate fan from Fail 10 closed 
ups1re:1m portion position 
of exhaust system 
for mainren:ince Valve is 

normally open 
during system 
operation. 

Indicate high :1ir Fail to function 
temper:1111re at 
HEPA filter outlet 

Malfunction of 
differential pressure 
switches could c:mse 

Potential effects of component failure: Poss_ihle spurious fan sh111down. 
Possible reduced exhaust now. 

spurious alarms and Critic:il functional requirements! None - The only requirement is to shut down 
exJ1aust fan shut down. fan on detection of high differential pressure. ·, 

Faili1rc to alarm on 
HEPA high 
differential pressure 
could result in reduced 
cxJ1:1ust flow. 

Mechanic:il failure of 
valve 10 closed 
position during 
exhaust system 
operation would cut 
off exhaust airnow 
and dis:ible the safety 
functions of the 
system. 

F:1ilurc of the 
1emper:11ure detector 
or :ilarm would have 
no effect on safety 
function of ventilation 
system. 

Component failure detection: Loss of fan power would trip remote exh:rnsrer 
skid trouble alarm XA-13640. Loss of flow (from blocked filter) would trip the 
loss of stack flow alarm FLL-13627 on the ~AM and remote system trouhle 
alarms RXA-1365A and RXA-13658 . 

Quality assurance criteria:· Since these non-safety function components can be 
readily repaired or hypassed in the av:iilahlc recovery time, <lcsign and 
construction of these components 10 gcnernl service requirements is adequate. 

Potential effects of component fail11re: Prolonged loss or re<luction of tank 
C-106 airflow could cause a gradual heatup of the sludge layer and a possihle 
buildup of namm:rble gas. 

Critical function:,! requirements: 11,e only s:ifcty requirement on valve 
HV-13655 is to permit adequate :iirflow for waste cooling and prcventioh of 
nainmahle gas buildup when the system is operating.' . . .. ' .' ; . . 

Component failure detection: V:1Jvc closure with fan nmning wo11ld trip the 
loss of stack flow alarm FLL-13627 on the CAM :ind remote l:ystcm trouble 
alarms RXA-t365A :ind RXA-13658. 

Quality assurance criteria: Since failure of the component s:tfety function would 
be immediately detected and worst-case hc:tt-up and fl:1111mahle g,as huilllup 
scenarios permit a.mple time to rcp:iir the component, the safety function can he 
preserved by recovery time alone. * 

Potential effect~ of component f:iilure: Possihle hi~her th:111 nonn:11 :1ir 
temperature at HEPA filler ou1le1. 

Critical function:tl requirements: None - Failure woukl ·not effect ventilation 
now rnte. 

Compone~t failure' detection: 
1
Pcriodic surveillance and !~sting. 

Quality assurance criteria: Design anti construction of this component to 
general service requirements is adequate. 
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APPENDIX A: FATLURE MODES AND EFFECTS ANALYSIS (FMEA) 

E:<h:iust F:in 
(FN-1362) 
With V:iri:ihle 
Speed Drive 
(VSD), 
VSD Keypad, And 
Conl:ictor 
(HS-3639A, 
HS-3639B, 
HS-3639C, 
HS-3639D, 
3640A, 
HS-3640B) 
l-12-818561, Shi. 6, 
Rev. 2 

Exh:iust Fan · 
Emergency Slop 
Switch (HS-13640) 
H2-818561, Shi. 6, 
Rev. 2 . 

--

XA-13640 
Exhauster Skid 
HVAC System 
Trouhle CP-01 
H-2-818561, -Rev. 2 

Provide required Failure lo F:in failure would cut 
off tank exhaust now 
and disable !he safety 
functions of the 
ventilation system . . 

Potential effects of component failure : Prolonged Joss or reduction or lank SC 
exh:iusl !low rate function C-106 :iirnow could cause a gradual hcalup of the sludge l:lycr am! a possihle 
through the 
exh:imt system 

F:m is interlocked 
to 
(1) High HEPA 
differential 
pressure 
(2) High radiation 
alarm from CAM 
(3) excessive 
vacuum in C-106 
headsp:ice 

Provides h:ickup 
me:ins to stop fan 

lndic:iles system 
trouble in 
MO-211 

Fail 10 function Failure of emcrgency 
stop switch would not 
affect the ventilation 
system safety 
functions. 

buildup of fl:unmable gas. 

Critical functional requirements_: The only s.1fe1y requirement on the c~ haust 
fan is to provide :1dcqua1e airflow for waste ;ooling and prevention of 
nammable gas buildup when the system is operating. 

Component failure detection: Loss of fan power woultl trip exhauster skid 
remote trouble alarm XA-13640. Mcch:inic:11 failure of e:<h:iust fan would trip 
the loss of stack now :il:irm FLL-13627 on the CAM and remote system lrouhle 
al:irms RXA-1365A :ind RXA-1365B. 

Quality-assurance criteria: Since failure of the component safety function would 
be immcdi:ilcly detected :ind worst-c:ise heal-up and nammable gas buildup 
scen:irios permit :imple lime to repair the component, the safety function can be 
preserved by recovery time :ilone. * 

Potential effects of component foihtrc: Continued fan operation after failure of 
norm:il stop controls :it MO-211 :ind VSD keyp:id. 

Critical functional requirements: None - Failure of this component would not . 
affect ventilation now r:ite. 

Component failure detection: • F:iilurc 10 function would he apparent to local 
operator. 

Onnlity assurance criteria: Design :ind conslntction of this component to 
general service requirements is adequate. 

GS 

Fails to indicate Failure of e:<haust skid Potentinl effects of component failure : Delayed response to loss of exhaust now SS 
system trouble in trouble light could due 10 high filter differential prcmtre or trip of fan interlock. 
the event or high prevent immcdiale 
liller differenlial . response 10 high lifter Critical f11nc1ion:1I rcqnircmcnts : lndic:11c cichausl skill lrouhle 10 oper.ilor in 
pressure or fan differcnti:11 pressure or m:inncd control rou!TI (defense in dcplh). 
failure. exhaust fan shutdown 

due 10 failure of fan 
controller or trip of 
interlock 1-3 (high 
filler differentinl 
pressure, high 
radiation in st:ick, or 
excessive v:icuum in 
lank). 

Component failure detection: Periodic surveillance of systems :ind other 
indication.~ (depend_ing on n:iture of trouble) in MO-21 I ·con1rol room. 

Quality assurance criteri:i: Since lank heal-up :ind n:immable g:is build~1,-would 
occur very slowly, s:ifcty classific:ition c:m be preserved by periodic testing_ :ihd 
c:ilibration. * 
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PROJECT W-320 SAFE1Y CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURP-MODES AND EFFECTS ANALYSIS (FMEA) 

Interlock 3 
H2-818561, Shi. 6, 
Rev. 2 

Exhaust F:rn 
Controls And Status 
Indication In 
MO-211 
(HS-13640C, 
YL-13640C, 
HS-13640D, 
YL-13640D) 
H2-818561, Sht. 6, 
Rev. 2 

Shutdown exhaust 
fan FN-1362 on 
high pressure 
differential across 
HEPA lillcrs 
HEP-1361 and 
1362, high 
rndiation released 
from exhaust 
stack, and tank 
C-106 high 
vacuum 

Provide exhaust 
fon control :it 
control room 
MO-211 

Failure to Failure of interlock to 
function shut down cxhamt fan 

could result in 
potential rndiological 
release to the 
environment 

.. 
Spurious trip Spurious 1-3 trip 

would shlll down 
exhaust fan. 

Failure to Failure could cut off 
function so as to exhaust airnow :ind 
cause unintended disable the safety 
fan shut down functions of the · 
with no 
indication of 
shutdown in 
control room 

system. 

Failure would he 
e:isily rccover:ihle 
since system could he 
opcrntcd from VSD 
keypad at electrical 
equipment skid 
241-C-51. 

Potential effects of component failure: Prolonged loss of tank C-106 airnow 
could cause a gradual hcatup of the sludge layer and a possible buildup of 
nammablc gas. 

Critical functional requirements: The only safety requirc;mcnt on the 1-3 
interlock is to maintain operation of the exhaust fan so as to provide adequ:11e 
airnow for waste cooling and prevention of nammahle gas huiklup when the 
system is opernting nonnally. 

Component failure detection: F:rn shut down would trip exhauster skid remote 
trouble alarm XA-13640 .and trip the loss of slack now :ilarm FLL-13627 on the 
CAM and remote system trouble alanns RXA-1365A and RXA-1365£3. 

Oualily asmrnnce criteria : Since failure of the component safety function would 
be immediately detected and worst-case heat-u~ and n:11nmahle gas huildup 
scenarios permit ample time to ·repair the component, the safety function can he 
preserved by recovery time alone. * 

Potential effects of component failure: Prolonged loss of tank C-106 :1irnow 
could cause a gradual heatup of the sludge layer and a possihle huiklup of 
namm:ible gas. 

Critical function:il requirements: 111c only s:1fe1y requirement ·on the MO-211 
exh:iust fan controls and indication is to m:iintain operation of the exhaust fan so 
as to provide adequ:itc :iirnow for waste _cooling and prevention of llamm:1hle 
g:is buildup when the system is oper:iting. 

Component failure detection: Fan shut down would trip .exhauster skid remote 
trouble al:irm XA-13640 and trip the loss of stack now :ilarm FLL-13627 on the 
CAM and remote system trouble al:lnns RXA-1365A and RXA-1365£3. 

Quality assur:ince criteria: Since failure of the component sarety ruriction would 
he immediately detected and worst-case heat-up and namm:ihlc gas huildup 
scenarios pcnnit ample time to rcp:iir the ci1mpone111, lhe sare1y runctiun can he 
preserved by recovery time :ilone. * 
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APPENDlX A: FAILURE"MODES AND EFFECTS ANALYSTS (FMEA) 

Status Jndicalor 
Lights On VSD 
Keypad 
(YL-13639A, 
YL-136398, 
YL-13639C, 
YL-13639D, . 
YL-13639E, 
YL-13639F) 
H2-818561, Shi. 6, 
Rev. 2 

Ductwork and 
HEPA Filter 
Housing 
H2-818559, Shi. 2, 
Rev. t: 
H2-818561 
Silts. 3, 4, 6, and 
7, Rev. 2 

Seal Loop 
Aiiliemhlics 
H2-RIR470, Shi. I, 
Rev. I; 
H2-81R559, Shi. 5, 
Rev. I 

lmlicale slnlus or Fnilurc to 
exhaust fan motor indicate 
controller al the condition (on or 
local slalion on off) 
electrical 
equipment skid 
241-C-51. 

Contnin and direct 
air through 
ventilation system 

Provide boundary 
between lank 
air/aerosol mix 
and environment 

Seal failure at 
join! or 
slmctur:il 
damnge to 
system . . 

Failure or indicator 
lights will have no 
effect on ventilation 
system safety 
functions . 

Air leakage into 
ventilation system 

No effect on system 
safety function 

Potential effects or component failure : Lack or, or erroneous , local indication 
or system s1a1us. 

Crilic:tl runclion:tl requirements: None - Provide local indicnlion or status with 
no effect on system operation. 

Component failnre dc1ec1ion: Periodic surveillance and testing or VSD motor 
controller. 

Ou:ility assurance criteria : Design nnd constmction of this component 10 

general service requirements is adequate. 

Potenti:il effect.~ of component failure: . The pressure in the operating ventil:1tion 
system will be less than atmospheric. The nmount of air inleakage for a minor 
leak would be far less lhnn the now rate through the system and wonld not have 
a significnnt effect on !he system safety function. M:ijor d:1mnge coultl produce 
a loss or reduction or air now possibly lending lo :i gradu:1lhe:1tup or the sludge 
1:tyer or 0:immable gas buildup. 

1--------ii----------
Critical function:il requirements: T11e only s:tfcly requirement on the ductwork · 
is 10 pennit adequate airflow for waste cooling :ind preven1ion of 0ammahle gas 
b u i kl up when the_ system is opcrJting. 

Provide 
pressure/vacuum 
relief 

Major break due 
to vehicle 
collision or 
missile. 

Loss or reduction of 
lank now. 

No liquid in loop No effect on liafety 
due to lc:ik:ige or function 
hlowout due to 
pressure 
differential 

Component failure detection: A major failure would he detected hy :1 lnss of 
tnnk vncuum. 

Quality nssurnnce cri1eri:1: Since failure of the component s:ifcty function would 
be immediately detected nnd worst-case· heat-up and 0:11nmahle g:is buildup 
scen:irios pennit ample time lo rep:iir or replace the comp11nen1, the snfc1y 
function can be preserved by recovery time alone. * 

· Potenti:il effects of component failure: Leakage or blowout of seal liquid could 
· result in local contamination. 

Critical functional requirements: None - No crcdihle failure mode would 
disable safety function as n differential pressure relief path. 

Component failure detection: Component could foil without detection of failure 
other lhnn by routine surveillance activities. 

,' 
Quality as~urnnce criteri:1: Design and con~tn1ction of this comroncnt to , .. 
general service requirements is adequate. 
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PROJECT W-320 SAFET'( CLASS AND SAFETY SIGNIFJCANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

SSC . Accidcnt(s) 

·.·.•. .. . . 

Stack CAM and BIO: SC - Spray 
Interlock To Leak in Stmcture 
Exhaust Fan or Overground 
On .296-C-006 . Waste Transfer 
Primary Tank Line, Section 
Ventilation System 5.3.2.20 
(rank C-106) 

mo Add. 1: ss · 
HEPA Filter 
Failure; Section 
3.4.2.2; 
Unfiltered · 
Release, Section 
3.4.2.3 

.. 

Safety Functions Functional 
Requirements 

Shut down the Continuously monitor 
ventilation exhaust :iir while the 
system to ventilation system is in 
prevent an operation. Measure the 
unfiltered release radiation level in the 
for more than :i exhaust stream and 
specified time. shut down the 

ventilation system 
when a predetermined 
level is reached. The 
CAMs shall also 
activate :in alann :ind 
shut down the exhaust 
system in the event of 
CAM failure . 

Performance Criteria 
. . . . ; 

CAMs shall be inspected and tested in accordance with existing Hanford Site 
procedures. ' 

NOTE: The accident which produces safety class consequences during sluicing 
operations, analyzed in Section 3.4.2.16 ·or the BIO Addendum I, is applicable 

only to tank 241-AY-102, ie. , it is not applicable to tank 241-C-106. 

NOTE: A failure of the CAM system or fan shutdown interlock docs not, in 
itself, initiate an accident. 

For Spray Leak (SC), Critical Characteristics: Must operate continuously 
while ventilation is running, detect stack radiation in excess of 10,000 cpm, and 
activate an alarm and an interlock to shut down exhaust fon upon tlctccting 
excess radiation (RD-057). 

For HEPA Filter Failure and Unfiltered Release (SS). Critical Ch:,ractcri-.tics: 
Must operate continuously while ventilation is running, maintaining isokinetic 
sampling conditions. Must measure stack radiation, detect slack radiation in 
excess of a preset level of no more than 10,000 cpm, :ind activate :in interlock 
to shut down exhaust fan within 10 minutes of dctec1ing excess radiation. Must 
activate an al:inn or :in exhaust fan interlock (or hoth) upon CAM failure 
(RD-057)., 

,, 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT · MAKE UP THIS SSC 

COMPONENT COMPONENT COMPONENT COMPONENT COMPONENT SAFETY CLASSIFICATIOI'\ JUSTIFICATION 
IDENTIFICATION FUNCTION FAILURE FAILURE EFFECTS 

MODE ON SSC SAFETY 
' FUNCTION 

-
Radiation Detector Detect Fail high Spurious local and Potential effects of com12onent failure: railun: low or inicnnediate coulc cause 
(RE-1363) beta/gamma remote high radiation a HEPA filter failure and radiation release to go unrecognized. Failure high 
H2-818561, Sht. 7, radiation in alanns and shutdown would cause spurious alanns and shut down the exhaust fan. 
Rev. 2 sample airstream of primary tank 

when ventilation ventilation fan Critical functional reguirements: Must be able to detect and measure radiation 
system is in the stack air. Must be able to transmit signal to the beta/gamma monitor 
operating (Rl-1363). 

Fail low or Possible undetected 
Com12onent failure detect.ion: Component could fail without detection other than 

intennediate loss of function 
by routine surveillance and c:ilibr:ition activities . F:1ilurc high would cause 
exhaust fan shutdo,vn with attendant alanns. 

Quality assurance criteria: Safety function c:in he preserved by periodic testing 
since ample recovery time is avaifahle in the worst-case waste heat-up and 
0ammahle gas accumulation·sccn:irios to pennit repair or repl:1cement of 
component or switcl~-over to backup ventilation system. * 

\ 
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PROJL ' , W-320 SAFET°V CLASS AND SAFETY SI GNIFICANT ENGINEERING EYALUA i'I ON 
APPENDIX A: FAILURE"MODES AND EFFECTS ANALYSIS (FMEA) 

Det:i/G:unrna 
Monitor 
(Rl-1363) 
H2-818561, Shi. 7, 
Rev. 2 

High Radiation 
Monitor Al:inn 
Relay 
(RSH-1363) 
H2-818561, Sht. 7, 
Rev. 2 

Monitor radiation 
level signal from 
detector and 
activate alarms 
and primary fan 
shutdown as 
required 

:1ctiv:11e local :111t.! 
remote high 
radiation al:inns 
and operate 
interlock to shut 
down primary fan 

Fail high Spurious local :ind 
remote high radiation 
alarms and shutdown 
of primary tank 
ventilation fan 

Fail to function Undetected loss of 
function 

F:iil open (N.0. 
- hcl\1 closed 
during normal 
operation) 

F:,il closed 

Spurious local and 
remote high radiation 
alarms and shutdown 
of primary tank 
ventilation fan 

Undetected loss of 
function 

Potential effects of component failure : Failure tow or intcrmedi:1te could cause 
a HEPA filter failure and rndi:ltion release to.go unrccogni1.ed. F:1ih1re high 
would c.,use spurious alarms and shnt down the exhaust fan disabling the safety 
function of the ventilation system. 

I 
Critical functional requirements: Must be able to monitor rndiation in the stack 
air. Must be able lo trip (decnergize) alarm relay and trip exhaust fan interlock 
if radiation level goes above sctpoint. 

Component failure detection: Component could fail without detection other th:111 
by routine surveillance and calibration activities. Failure to dcenergizcd stare 
would cause exhaust fan shutdown with attendant alarms. 

Ou:ility :isimrance criteri:i: Safety function can be preserved hy periodic testing 
since ample recovery time is availahle in the worst-c:ise w:iste heat-up and 
flammable gas accumul:ition scenarios to pennit repair or replacement of 
component or switch-over to backup ventilation system. * 

SC 

Potential effects or component failure: Failure closed could c:msc :1 HEPA filter SC 
failure and radiation release to go unrecognized. Failure open would cause 
spurious alarms and shut down the exhaust fan disabling the safety function of 
the ventilation system. 

Critical functional requirements: Must be :ihle to open contacts on loss of 
signal. Must be able to trip alarms and ex.l1aus1 fon interlock if radiation level 
goes above sclpoint. 

Component f:tilttrc detection: Component could fail without detection other than 
by routiitc. surveillance and testing activities. F:1il11re ltr open contact positi1in 
would cause exhaust fan shutdown with :11te111l:mt :il:rnns. 

011:ilily assurnnce criteria: Safety function can be preserved by periodic testing 
since ample recovery time is available in the worst-case waste heat-up :ind 
nammahle gas :iccumul:tlion i.cen:trios to permit repair or replacement of 
component or switch-over to b:iclcup ventilation system. * 
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APPENDIX A: FAILURE-MODES AND EFFECTS ANALYSIS (FMEA) 

CAM High 
R:idi:ition Prim:iry 
Exh:iust F:in 
Shutdown Interlock 
(1-3) . 

H2-818561; Sht. 7. 
Rev. 2; 
(KY-13631A) 
H2-818675, Sill. 4, 
Rev. 1 

Local and Remote 
High Radiation 
Al:mns 
{RLH-1363A 
RLH-1363B 
UA-1365A 
HS-13649B 
RAH-136:tA 
RAH-1363B); 
H2-818561, Sht. 7, 
Rev. 2 

Shut down 
prim:iry exhaust 
fan on CAM high 
rndialion alann 

Indientcs high 
radiation level 
condition 

Fail open (N.O. 
- held closed 
during nonnal 
operation) 

Spurious shutdown of 
primary tank 
ventilation fan 

Potential effects of component failure: Failure closed could cause :1dditional 
r:idiation rcle:isc from a failed HEPA filter after a CAM high radiation alann. 
Failure open would shut down the exhaust fan disabling the safety function of 
ihc exhaust system. High radiation nlanns would still be functional. However 
system functionnl requirements could still he violated du~ lo delay in manually 
shutting down exhaust fan. 

Critical functional requirements: Must be able 10 open contacts on loss of 
signal. Must be able to shut down exhaust fan if radiation level goes :,hove 

i---------+---------1 setpoint and CAM alann relay opens. 
Fail closed Undetected loss of 

function Component failure detection: Component could fail without detection other than 
hy rotllinc surveill:ince and testing activities. Failure 10 open contact position 
would cause exhaust fan shutdown with attendant alanns. 

Quality am1r:mcc criteria: Safety function can he preserved hy periodic testing 
since ample recovery time is available in the worst-case waste heat-up :ind · 
nammable gas accumul:ition scen:irios to pennit repair or rcj1laccmcnt of 
component or switch-over lo backup vcntil:ttion system. * 

SC 

Fail to function loss of one or more 
local or remote high 
stack radiation al:mns 

Potential effects of component failure: Possible partial loss of intlic:ition of high GS 
st.,ck radiation level condition. 

Critical function:il rcqnircments: None - System safety function is fulfilled by 
fan shutdown interlock which is not affected. 

Component failure detection: Component could fail without detection other than 
by rolllinc surveillance and testing activities. Spurious alarms would h:ivc no 
effect on system. · 

Quality nssnrancc criteria: Design and constniction of this component to 
general service requirements is adcqu:itc. 

' 

A-47 

HNF-2050, Rev. 0 



PR 1
1., ...., r \ -J ... 0 S:' I ETY CLASS AND SAFETY srGNlFICANT ~I GINEI.:. . \ J ~VAL A1 

APPENDIX A: FAfLURE MODES AND EFFECTS ANALYSIS (FMEA) 

Radiation Detector 
Failure Al:inn 
Relay 
(RXS-1363) 
H2-818561, Sht. 7, 
Rev. 2 

Activates Fail open (N.O. 
radiation detector - held closed 
fa ilure al:mn during nonn:il 

opcr:ition) 

Fail closed 

Spurious radiation 
detector failure :il:inn 

Loss of function 

Potential effects of component failure: Spurious alann. Possible undetected SC 
loss of CAM system safety function. 

Critical functional requirements: Acts as a defense in depth impporting safety 
signilic.,nt radiation detector by al:tnning on any of the ~nticipatcd failure modes 
of radiation detector. 

Component failure detection: Component could fail without detection other than 
by routine surveillance and testing activities. Spurious :ilanns would h:ivc no 
effect _on system. 

Quality aim1rancc criteria: Safety function c:10 he preserved hy periodic testing 
and calibration. * 

Radi:ilion Monitor lndic:ites radiation Fail to function Loss of local al.inn Potential effects of component failure: Spurious :ilarm. Loss of one channel of SC 
indication of radiation detector failure. F:iilure Al:irm detector failure 

(RXL-1363) 
H2-818561, Sht. 7, 
Rev. 2 

High Radiation 
Alarm Bypass 
(HS-13644 
KY-13631) 

H2-818561, ~ht. 7, 
Rev. 2 

Dyp:isscs alarm 
functions during 
calibration of 
radiation monitor 

Pushing button 
HS-13644 
energizes timing 
relay KY~l3631 
bypassing any 
alann conditions 
that may occur 
during calibration. 

Failure to reset 
after I hour or 
spurious :ilann 
bypass 

Critic:il functional requirements: Act as a defense in depth supporting safety 
class radiation detector by alanning on any of the :inticipatcd foilurc modes of 
radiation detector. Alarm condition would also he indicated by CAM system 
trouble alarm at_ M0-211 (RXA-1365A). 

Component failure detection: Component could fail without detection other than 
hy routine imrveillance :and testing activities. Spurious al:inns would have no 
effect on syi;tem. 

Quality am1rancc criteria : S:ifety function can he preserved hy periodic testing 
and calibration. * 

Loss of alarm and fan Potenti:il effects of component failure: Loss of CAM high radiation alarm :ind 
interlock functions fan interlock functions. 

Critical functional requirements: Acts as a defense in depth for required 
oper.1tor :1ction to return the bypass switch (l·IS-JJ(,44) to nonnal ''JlCratini; 
mode. after calibration activities are complete. Timing relay resets to its initial 
state (al:irm functions ennbled) nner I hour. 

Component failure detection: Component could fail without detection other thnn 
by routine surveill:mce and testing activities. 

. ' 
Quality as~urance criteria: Safety function·can be preserved by periodic testing 
and calibration. * 
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APPENDIX A: FAILURE-MODES AND EFFECTS ANALYSIS (FMEA) 

Fail high Possible loss of now 
in radiation monitor 
sample line and loss of 
ability to detect low 
flow condition 

MASSTRON II 
Radiation Monitor 
Sample Flow Rate 
Instrument · 
Including Lo-Flo 
Venturi Element 
(FE-1366 

Provides mass 
now signal used 
to regul:tte 
radiation monitor 
sample now rate 
and to trip local 
and remote low 
flow alarms 

-----------------
FT-1366 
FY-1366 
PT-1366); 
H2-818561, Sht. 7, 
Rev. 2 

Temperature 
Element With 
Associated 
Transmitter and . 
Indicator 
(TE-13624 
TT-13624 
TI-13624); 
H2-818561, Sht 7, 
Rev. 2 

Fail low 

Provides radiation Fail to function 
monitor sample 01igh, low or 
gas temperature intermediate) 
compensation for 
mass !low rate 
calculation 

Radiation Monitor Provitlc local Fail lo operate 
M:iss Flow indication of mass 
Indicator and now rate :inti tot:1I 
Tot:ilizer mass llow 
(Fl-1366 
FQI-1366); 
H2-81R561, Sht. 7, 
Rev. 2 

Spurious low flow 
alarms and increased 
sample flow rate 

Erroneous temperature 
compensation -
possible minor effect 
on sample now rate 

Failure to provide 
valid indication 

Potential effects of component failure: Failure of this component could cause an 
undetected loss of the CAM system safety function (exhaust fan shllldown on 
high radiation level). 

Critical functional requirements: Maintain sufficient rad)ation monitor sample 
flow rate to allow the radi:ition detector to respond to a high radiation condition. 

Component failure detection: Component could fail without detection oilier than 
by routine surveillance and calibration activities. 

Quality :imtrance criteria : Safety function can be preserved by periodic testing 
and calibration. * 

Potential effects of component failure: Possible minor effect on CAM system 
calibration. No signilicant effect on safety function {cxliaust fan shutdown on 
high radiation level). 

Critical functional requirements: .None - Provides minor correction to radiation 
monitor sample nowrate in response to air temperature. 

Com.ponent failure detection: Component could fail withom· detection other than 
by routine surveillance and calihrntion activities . Deviation of sample line 
temperature hy more th:10 10% from set point will :1c1iv:1te local and remote 
system trouble alarms. · 

Quality :issurance eriteri:i: Design :ind constntction of this component to 
general service requirements is :idcquatc. 

SC 

GS 

Potential effects of component failure: Failure of this component would have no GS 
effect on system function. 

Critical fnnction:11 requirements: None. 

Component failure detection: Component could fail without detection other than 
by routine surveillance :ind calihration activities. 

Qu:ility mm1rance criteria: Design :incl construction of this :componcnt to 
general service requirements is adequate. 
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APPENDIX A: FAILURE" MOD ES AND EFFECTS ANALYSIS (FMEA) 

R:idi:ition Detector Provide loc:11 Fail to operate Failure lo provide Polentinl effects or com12onenl failure: Loss or loc:il indic:11ion or high/low GS 
Sample High/Low · :il:mn for local alarm for sample flow r:ile condition in r:idintion detector. TI1is alarm is h:,cked up hy 

. 
Flow R:ite Alarm radiation detector r:idintion detector out combined system lroublc.:il:trm :it MO-21 I control room (RXA-1365A) :ind . 
(FLL-1366) non-isokinctic or specificntion now TMAX al:tnn (RXA-13658). 
H2-818561, Sht. 7 , now (11igh or low rate condition 

. 
Rev. 2 now r:tle) Critical runction:il reguircmcnti.: None - TI1is almn wot1ld aid in trouble 

shooting system in the event of a combined trouble al:mn. 

1 . Com12onent failure detection: Component could fail without detection other than 
by routine surveillance and calibration activities. 

Quality assur:ince criteria: Design and constniction of this component 10 

general service requirements is :ideqn:11e. 

Record Sample Provide record Fail {nipture or Abnormal now r:ite Pofential effects of com12onen1 failure: Invalid record sample. GS 
_Filters samples of slnck plug) through record sample 
(E-083, E-084) effluent filler Crilicnl functional rcguircments: None - Record sample has no system safety 
H2-R1856t, Shi. 7, particul:iles nnd function. 
Rev. 2 iodine Part or record s:,mple 

now stream could Com12oncnt failure detection: Component could fail without dcleclion other th:m 
bypass record sample by routine surveillance :ind c:ilibr:ition :ictivi1ics. Blockage of fi1ter would trip 
filter local loss of record sample now alarm (FLL-1365) and comhincd sys\em trouhle 

alarm (RXA-1365A) at MO-211 control room. 

Quality aim1r:ince criteria: Design :ind constmction or this component 10 
general service requirements is adequate. 

,, 
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APPENDIX A: FAlLURE· MODES AND EFFECTS ANAL YSlS (FMEA) 

MASSTRON II 
Record Sample 
Flow ·Rate 
Instrument 
Including Lo-Flo 
Venturi Element 
With Associated 
Tempcrnture 
Instruments and 
Alarms 
(FE-1365 
FT-1365 
FY-1365 
PT-1365 
TE-13623 
TT-13623 
TI-13623 
FI-1365 
FQl-1365 
FLL-1365); 
H2-81R561, Sitt. 7. 
Rev. 2 

MASSTRON II 
St:tck Flow Rate · 
Instrument 
Including.Lo-Flo 
Venturi Element 
With Associated 
Tempernture 
Instruments and 
Alarms 
(FE-13627 . 
Fr-13627 
FY-13627 
PT-13627 
TE-13627 
TT-13627 
TI-13627A 
FJ-13627A 
PQI-13627 
FLL-13627); 
H2-818561, Sht. 7, 
Rev. 2 

Provides mass 
now sign:11 used 
10 regulate record 
sample flow r:ite 
:ind lo trip local 
and remote low 
flow alarms 

Provide local 
indication of mass 
now r.ite and 
integr:itcd m:iss 
llow 

Provides slack 
mass now signal 
used to regulate 
rndiation monitor 
and record sample 
now mies and to 
trip low stack 
now alarm 

Provide local 
imJicatinn of stack 
mass now rate 
and integrntcd 
mass now 

Fail to operate 
(high, low or 
intermediate) 

Fail to operate 
01igh, low or 
intermedi:11e) 

possible abnormal 
now r:ite through 
record sample litter 

Loss of :ilarm 
functions 

Possible improper 
control of radiation 
detector and record 
sample now rates 
leading to low now 
condition 

Potential effects or component failure: Invalid record sample. 

Critical functional requirements: None - Record sample has no system s:1fety 
function. 

I 

Component failure detection: Components could fail without detection other 
than by routine surveillance and calibr:ition activities. 

Quality assurance criteri:i: Design :ind construction of this component to 
gencrnl service requirements is adequate. 

Potentinl effects of component failure: Possible :1hnormal now r:ite through 
rndiation detector leading to invalid rending. Possible umlctectcd loss of CAM 
system snfety function. Loss of low slack now rate :11:mns. 

Critic:il functional requirements: Rcgulare rndi:ition detector mass now rate 
within design parnmeters rel:ttive to stack now rate. Provide loss of stack llow 
rate alarm function as a defense in depth supporting vcntil:ition exhaust system. 

Component failure detection: Component could fail without detection other than 
by routine survei!Jance and calihration activities. 

Quality assurnnce crileri:i: Safety function _ can he preserved hy periodic testing 
and calibrniion. * 
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PROJECT W-320 SAFE'rY CLASS AND AFETY SIGNlrICANT ENGTNEEiUNu cVALUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Main Control 
Module 
(CM-1) 
With Associated 
Combined Failure 
Afanns 
(XL-1365, 
UA-13658, 
RXA-1365A) 
H2-818561, Sht. 7, 
Rev. 2 

Jl:i<lla tion Detector 
Masll Plow Rate 
Control Valve 
(FCV-1366) 
H2-81R561, Sht. 7, 
Rev. 2 

Record Sample 
Mass Flow Rate 
Control Valve 
(FCV-1365) 
H2-818561, Sht. 7, 
Rev. 2 

Control mass flow 
rates through 
record sample 
fillers and 
radiation detector 

Provide high/low 
now alanns for 
record sample and 
radiation detector 
sample lines, and 
for stack flow 

provide outputs to 
remote combined 
fault :il:mn circuit 

Reg11l:1tes 
radiation detector 
mass now rnte in 
response lo signal 
from m:iin control 
module (CM-I) 

Regulates record 
sample m:iss llow 
rate in respon~e to 
signal from main 
control module 
(CM-I) 

F:1il to function 

rail to opcr:1te 
(open, closed or 
intennedi:itc) 

Fail ltl opcrnte 
(open, closed or 
intermediate) 

Possible loss of 
radiation detector 
sample now and loss 
of all low now alann 
functions 

Loss or control or 
r:1diation s:imple now 
rnte 

Loss or control of 
record s:imple now 
rate 

Possible loss of record 
s:implc filter now 

Potenti:il effects of component failure: Possihle loss of control of r:1d iat ion 
detector sample now rate and loss of system trouble al:inn functions including 
the remote comhined trouble alann at M0-1 11 (RXA-1365A). 

Critic:il function:il requirements: Function :1s designed to maintain pni ier now 
rates and alannfunctions. ' 

Component failure detection: Component could fa il without detection ither than 
by routine surveillance and calibration activities. 

Quality assur.mce criteria: Safety function can be preserved by periodic testing 
and calibration. * 

Potential errects nr component foilnrc : Improper s:imple now r:1te through 
r:1diation detector. Possihle loss or radiation detector sample !low. 

Critic:il functional requirements: Respond to sign:il from main control module 
to maintain proper now rnte through radiation detector. 

Componcnr failure detection: Component could fail without detection other than 
by routine surveillance :md calihrntion activities. Radiation detector m:,ss llow 
rate instrument remains functional :ind would trip local alann (FLL-1366) and 
combined system trouble al:tnns at the M0-211 control room (RXA-1365A) :md 
at TMAX (RXA-13658) on low now condition. 

Qu:ility :issur:ince crileria : Safety funclion c:in he preserved hy perio~lic testing 
and · calibration. * 

Potenti:il effects of component failure: lnv:1lid record sample. 

Critic:il function:il requirements: None - Record sample h:is no system safety 
function. 

Component failure detection: Components could fail without detection olher 
than hy routine surveillance :ind calihration activi1ies. 

' ' 
Quality assur:ince criteria: Design and construction of this component t·o 
general service requirements is adequate. 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE"MODES AND EFFECTS ANALYSIS (FMEA) 

VELTROLII 
Sample Manifold 
Vacuum Controller 
(PT-13621 
PIC-13621) 
H2-818561, Sht. 7, 
Rev. 2 

Motor-Actuated 
Control Valve 
(PCV-13621) 
H2-818561, Slit. 7, 
Rev. 2 

Provides control Fail 10 function 
signal 10 valve 
PCV-13621 lo 
maintain manifold 
vacuum at preset 
level 

Responds . to 
control sign:1! 
from VEL TROL 
IT controller to 
modulate liltercd 
air now into 
manifold to · 
maintain manifold 
vacuum :it preset 
value 

Fail to function 

Loss of control of 
vacuum in sample 
manifold 

Loss of control of 
vacuum in sample 
m:inifold 

Potential effects of component failure: Possible loss of vacuum in sample 
manifold leading to low flow condition in radiation detcclor sample line. 

Critical function:tl requirement~: Maintain vacuum in sample m:mifokl :i1 preset 
level. 

Component failure detection: Radiation detector mass now rate instntment 
remains functional and would trip local al:tnn (FLL-1'.l66) and combined system 
trouble al:tnns at the M0-211 control room (RXA-1365A) and at TMAX 
(RXA-13658) on low flow condition. 

Quality assurance criteria: Safety function can be preserved hy periodic testing 
and calibration. * 

Potenti:il effects of'componcnt. failure: Possible loss or v:icuum in sample 
manifold leading to low flow condition in radiation detector s:implc line. 

Critic:tl functional requirements: Maint:iin v:icuum in sample manifold at preset 
level in response to signals· from the VEL TROL II controller. 

Component failure detection: Radiation detector mass now rate instrument 
remains functional and would trip loc:il :il:trm (FLL-1366) :ind comhined system 
trouble al:trms at the M0-211 control room (RXA-1365A) and at TMAX 
(RXA-13658) on low flow condition. 

Quality :issur:ince criteria: S:ifcty function can be preserved by periodic testing 
and c:ilibration. * 

SC 

SC 

Pressure/ Provides loc.il 
indic:ition of . 
manifold 
v:icuum/pressure 
at inlet to vacuum 
pumps 

Fail to function 
(high or Low) 

Loss of indication Potenti:il effects of component failure: Loss of local indication of sample GS 
Vacuum Indicator 
(Pl-13641) 
H2-8J8561, Sill. 7, 
Rev. 2 

m:mifold vacuum. No effect on CAM system safety function. 

Critic:il function:il requirements: None. 

Component failure dc1cction: Componcnl could fail without detection 111hcr 1harr 
hy routine surveill:tncc :tnd c:ilihration activities . · 

Qu:ility :i~~urnncc criteri:i: Design and construction of 1his component to 
general service requirements is adequate . . 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFTCANT ENGfNEERING EVALUATION 
APPENDIX A: FAILURE" MODES AND EFFECTS ANAL Ysrs (FMEA) 

Motor-Actuated 
Selector Valves 
(UCV-1367 
UCV-1368) 
H2-818561, Sht. 7, 
Rev. 2 

Pressure Switches 
(PSH-13641 

. PSH-13642) 
H2-Rll!561, Sht. 7, 
Rev. 2 

-· 

Select :tir Oow to 
primary or 
st:indby vacuum 
pump :is directed 
hy pump control 
module 

Sense v:icuum 
pump failure :ind 
triggers pump 
switch hy pump 
control module 

Fail to opcr:lle 
or spurious 
operation 

F:iit closed 

Loss of mdi:ition 
detector s:imple now 

Triggers switch 10 

standby pump 

Polenti:il effects of component failure: Possihlc loss or r:1diation detector 
sample llow :ind loss or CAM system safely function. 

Critical functional requirements: Maintain proper line-up :is directed hy pump 
control module. 

Component failure detection: Radiation detector m:m now rate instrument 
remains functional and would trip local al:mn (FLL-1366) and comhined system 
trouble al:tnns :it the M0-211 control room (RXA-1365A) :ind :it TMAX 
(RXA-1365B) on low now condition. 

Quality :i~sumnce criteri:I: Safety function can be preserved by periodic testing 
:ind calibration. * 

Potential effects of component failure: Possible loss of r:idiation detector 
s:imple now :ind loss or CAM system imfety function. 

Crilic:il f11nc1ion:1I requirements: Sense v:1c1111m pump f:tilnre :,ml send proper 
signal 10 pump control module. 

1-------_..,---------1 Component f:lilure detection: R::u.liation detector mass flow mrc instrument 
F:til open Unable to detect pump 

failure 
rcm:iins function:il :ind would trip local alarm (FLL-1366) :ind comhil)ed system 
trouble :il:tnns :it the M0-211 control room (RXA-1365A) and :ti TMAX 
(RXA-13658) on low flow condition. 

Ou:ility am1mncc criteria: Safety function can be preserved hy periodic resting 
and calibration. * 

,, 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFfCANT ENGINEERfNG EVALUATION 
APPEND.IX A: FAILURE-MODES AND EFFECTS ANALYSIS (FMEA) 

Vacuum Pumps 
(P-1366 
P-1367) 
H2-81856t, Sht. 7, 
Rev. 2 

V:icuum Relief 
V:ilvcs 
(PSV-1364 
PSV-1365) 
H2-81,856 t, Sht. 7. 
Rev. 2 

Provide now 
through radiation 
detector and 
record sample 
vacuum manifolds 

Fail to operate 

Provide protection Fail closed 
to vacuum pumps 
in case of :1ir0ow 
starvation 

Transfer to standby 
pump (either pump 
can be selected as 
primary with the other 
in st:indby) 

Airnows restored :ifter 
pump tr:in.~fer - system 
safety function not 
:iffected. 

Possible dam:,ge to 
vacuum pump if low 
now condition occurs 

1------------------1 
Fail open Possible toss or 

vacuum upstream of 
operating vacuum 
pump 

Potential effects of component failure: Pump control module (s:ifety class) 
would switch to st:indby pump :iml re-:ilign motor-actuated selector valves 
(safety class) to restore now. CAM system safety function would not he 
affected. 

' 
Critical functional requirements: Provide required v:icuum for air now through 
CAM instruments. Start on demand. 

Component failure detection: Pump failure would be indicated by local alann 
(YL-136448 or YL-13645B depending on which pump failed) :md hy combined 
system trouble :il:inns :it the MO-211 control room (RXA-136-SA) :ind :it TMAX 
(RXA-1365B). 

Quality assurance criteria : Since the system would automatically transfer to the 
st:indby pump in the event of :1 fa ilure, :ind since the tran·srcr would he 
immedi:itely detected, the safety function can be preserved by periodic 
maintenance and testing. * 

Potential effects of component failure: Failure (open) of relief valve on 
operating pump would have the same effect as loss of pump. Pump control 
module would switch to standby pump :ind rc~atign motor-actuated selector 
valves to restore now. CAM system safety function would not he affected. 

Critical functional requirements: Norn: - System would recover :mtomatically. 
The only purpose of the vacuum relief valves is to protect the pumps from 
excessive inlet vacuum. 

Component failure detection: Loss of vacuum would be indic:,tctl by local . 
alann (YL-136448 or YL-136458 depending on which relief valve failed) and 
by combined system trouble :itanns at the· MO-21 I control room (RXA-1365A) 
and at TMAX (RXA-1365B). 

Ou:ility as~urance criteri:i: De~ign and con.~truction of these components to 
general service requirements is :idcquale. 

\ 
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APP ::.NDiX /: r• AILURf~ MO DES /\ND EFFECTS ANALYS IS (FME, ) 

Pump Control 
Module CM-2 
0-7) 
H2-818561, Shi. 7, 
Rev. 2 

Provides rail 10 function 
:1111omatic control 
nf v:1c1111m pum·ps 

Switches pumps 
in c:ise of pump 
failure :ind 
actuates pump 
failure al:mns an<l 
system lrmrhle 
:1l:irms through 
control module 
C-1 

Possible loss of :1bility 
to :mtom:itic:11ly.shift 
to st:indhy pump 

Possible loss of :il:inn 
functions 

·. 

Potential effects of component foilure: Possible loss of sample lluw through .S C 
r:idi:1tion <lelector if the oper:1ting vacuum pump fails or if the ojlCr:lling vacuum 
relief v:1lve foils open. Possihlc loss of pump failure :1lanns. • Possible Loss of 
CAM system safely function. 

Critic:il function:il requirement-.: Switch pumps in c:1se 1of loss of v:1c11111n on 
upstream si<le of operating pump. Provide pump failure :1l:inns. 

Component f:lilure detection: Component could fail without detection other than 
by routine testing :111d c:ilibr:ition activities. R:idiation detector rn:iss tlnw rate 
im:tmmcnl rem:iins functional anti would trip local alann (FLL-JJ(i(i) :ind 
comhined system trouble :il:inm al the M0-211 control room (RXA-JJ(i5A) and 
:it TMAX (RXA-13650) on low now condition. 

011:ility assur:mce critcri:i: S:1fety function can be preserved by periodic testing 
and c:ilihrntion. * 

,' 



PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDlX A: FAILUR~ MODES AND EFFECTS ANAL YSfS (FMEA) 

Fan Status Interlock Tum~ off vacuum Fail open Loss of radiation 

(1-4) pumps if primary detector sample now 
H2-818561, Sitt. 7, ventilation fan is 
Rev. 2 turned off.or loses 

power 

Fail closed Slack monitor system 
nms with no stack 
now 

' 

Potential effects of coml!onenl failure: Failure {open) of the interlock so as to 
produce a spurious shutdown of the CAM system would disable the safety 
function of lhe CAM system while the exhaust system is operating. 

Critical functional rcguircmenli:: None - Turns off CAtvf v:,cuum pum1 ~ when 
exhaust system is nol operating. 

Comnonent failure detection: Radiation detector mass now rate instnurent 
remains functional and would trip local alam, (FLL-1366) and comhine<I system 
trouble alarms at the M0-211 control room (RXA-1365A) and :1l TMAX 
(RXA-13658) on low now condition. 

Quality assurance criteria : Since this non-safety function component can he 
readily repaired or bypassed in the available recovery time, design and 
construction of this component lo general service requirements is adequate. 

:r . 

.. . . 
I . • 
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APPENDIX A: ·i\lLURG- MODES AND EFFECTS ANALYSIS (FMEA) 

SSC ACl'idl!nl(S) S:tldy r-uncrions 

·.• · 

Primary Ventilation ll lO:SC- Il!O: Maintain 
System f-lammahk C:is n:1mmahlt: gas · 
(rank C-105) Ddlagr:11ions, . conccnlrnliom; in 

Section s:J.2.14 lank domt: 
spaces, due to 
steady state 
n:leascs, helow 
25 % of the LFL 

TIIE ITEMS 

COMPONENT COMPONENT COMPONENT 
IDENTIFICATION f-UNCTION · FAILURE 

MODE 

Bird Screen Prevents hirds or Corrosion °f:lilure 
H2-8l85l9, Sht. I, animals from of screen 
ECN W-320-691 entering 

:atmospheric The inlet screen 
opening of is a passive 
hre:11her stmcture component not 

- prone to failure. 
. . 

Functional 
Requ i remc nls 

DIO: Amtrc that 
stt:ady state rckase of 
n:11nm:1hk gas docs 
not accumul:itc in 
namm:1blt: 
conccnlr:ttions in 
vapor spaces of TWRS 
facilities and s1rnct1fres 

BELOW ARE THE 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
PUNCTION 

.r-ailurc could allow 
hinls lo enter 4" dia. 
inlet duel and build 
nests, partially nr 
completely blocking 
:1ir inlet. 

Perfonnancc Criteria 

System opcr:tbility vcrilied prior lo sluicing and periodically therc:,rter. 

Crilic:11 Ch:1ractcristics: 
t 

Must provide :, filtered now p:11h of suflicicnl 
capacity to maintain v:ipor space pressure in cquilihrium with thl! atmosphere 
(RD-057). 

UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT SAFETY CLASSIFICATION JUSTlr-lCATION 

i 
: 

Potenti:il effects of component failure: Prolonged lnss of :1irllnw through lank 
breather system could cause:, gr:1du:il huildup of ll:11nm:1hlc gas . 

Critic:tl function:11 rc!]uirements: Allnw s11flicien1 airflow ltl maintain llammahlc 
gas concc111r:1tion in tank headsp:icc within :1llnw:1hlc limit. 

Component foilure detection: Component cnukl fail wi1Iw111 cle11:c:tion t1f failure 
other than hy routine surveillance :activities . 

Qn:ilitv :issur:mce criteria: 
surveillance. 

A-58 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFrCANT ENGINEERING EVALUATION 
APPENDIX A: FAILUR£ MODES AND EFFECTS ANALYSIS (FMEA) 

HEPA Filter 
H2-8l85l9, Shi. 1, 
ECN W-320-691 

Removes 
particulate 
materinl from air 
entering or 
lcnving the tank. 

Filler breach Failure of the HEPA 
filler would not affect 
the safety function of 
the breather system 

Potential effects of component failure: HEPA filter hreach could c:msc a 
localized release of contamination. Blockage of a filter is not :t failure of the 
filter itself (which is performing its function), hut a fa.ilurc lo monitor and 
replace the filter as required. 

Critical functional requirements: None. 

Component failure detection: Component could .fail without detection of failure 
other than by routine testing and surveillance activities . 

Quality assurance criteria: Since this non-safety function component c:m he 
readily replaced in the av:iilahle recovery time, design and constniction of this · 
component to general service requirements is adequate. 

GS 

Isolation Valve _Isolate tank C-105 Valve failure in Mechanical failure of 
valve to closed 
position would cut off 
air now and disable 
the safety function of 
the system. 

Potcnti:il effects of'componcnt f:lilurc: Prolonged loss of airnow through t:mk· SC 
(4• m:inually 
operated hutterny 
valve) 
H2-R18519,Sht. I, 
ECN W-320-691 

HEPA Fflter 
Housing nnd 
Ductwork 
(including support 
structure) 
H2-RIR519, Sitt. I, 
ECN W-320-691 

from breather • 
system during 
filter cha ngout 

Contain and direct 
air through tank 
breather system 

Provide houndnry 
between t:mk 
air/aerosol miic 
anti the 
environment 

closed position breather system could cause a grndual buildup of namm:ihlc gas. 

Critical functional requirements: Allow sufficient airnow to maintain nammable 
gas conccntrntion in tank hcadspace within :11lowahle limit. 

i-------~----------1 Component failure detection: Component could fail without detection of failure 
Valve failure in Mech:mical failure of other thnn by routine testing :ind surveillance netivitics. ' 
open position 

Seal failure at 
joint or 
structurnl 
damage 

valve to open position 
would have no effect 
on the s:1fety-function 
of the system. 

Failure of the filter 
housing or ductwork 
could cause leakage 
into or out of the 
breather system. 

Failure ·in such :1 w:1y 
:1s to cause a complete 
blockage is not 
considered credible 

Quality assur:1nce criteria: S:1fcty cl:1ssilication can he m:iiu1:1ined hy periodic 
testing and survcill:mce. * 

Potentinl effects of component failure: 111e 1:ink hrc:ithcr system will he :11 or 
very close to atmospheric pressure. Any leakage would he very small possibly 
producing some loc:11 contamination. · · · ' 

Critic:11 fnnctionnl requirements: None - Le:ik:igc into or out of the HEPA filter 
housing or ductwork would have no effect on the system safety function . 

Component failnre detection; Component could fail without detection 111' failure 
other than by routine testing and sutveill:incc :1ctivities. 

Quality :1ssurnnce criteria: Design and constniction of this component 10 

No effect on the general service requirements is adequate. 
system safety function , , 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Seal Loop 
Assembly 
H2-818519, Sht. 1, 
ECN W-320-691 

-· 

Provide pressure 
relief if HEPA is 
plugged 

No oil in loop No effect on safety 
due to leakage or function 
blowout due lo 
pressure 
diffcrenti:il 

Potenli:il effects or component failure: lc:ikage or ~1lowoul or sc:11 oil could 
result in minor local conl:imin:ilion. 

Critical functional requirements: None - No credible failure mode would 
disable safety function as a pressure relief p:tlh. 

Component failure detection: Component could fail without detection of failure 
other than by routine testing :ind surveillance activities. 

Quality :t~sur:mce criteria: Design and construction of this component to 
general service r~quirements is adequate. 

,, 
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APPENDIX A: FAfLURE MODES AND EFFECTS ANALYSIS (FMEA) 

SSC Accidenl(s) S:tfl!ty r-unctions 

: 

Port:iblc Exhauster BIO Acid. 1: Main1:1in 
:is b:ickup for t:ink SC - Fl:unm:thle llamm:1hle g:is 
241-C-106 prim:iry Gas Denagration, conccnlration 
vcntil:uion Section 3.4.2.R; helow 25% or 

Tank Dump, LPL (SC) 
Section 3.4.2.11 

Wasle cooling 
(SC) 

-· 

Functional 
Require,nent:. 

Act :is b:tckup for 
redundant s:ifcty class 
\lentilalion syslems 
296-P-16 and 
296-C-006 to he 
installed in the event 
of unrecover:ihle 
failure of. or 
unrecovcr:ihle loss or 
power to, ho1h prim:iry 
systems 

M:iinl:iin ven1ita1ion 
now_ rate / vapor space 
vacuum per oper:iting 
procedures 

Perfonn:incc Criteria 

M:iint~in sufficienl cxh:mst now r:ilc to provide w:islc cooling amt to prevent 
hydrogen buildup in t:ink C-106. 

I 

Verify avail:thili1y :ind opcr:1hilily prior 10 WRSS opcr:llions. 

Opcr:thility will he mainlaincd hy periodic funclion:il .lesls. Pnrt:ihle exhausters 
will not nonn:illy he insl:tlled at tank C-106, hut will he slorcd :it :1 secure 
indoor location. 

Critical Ch:1r:1clcrislics: Must maint:iin :i minimum flow r:11c of 500 Cf-M, · 
must m:1in1:1in ven1ilatcd space :it :i ·p:irti:il vacuum rel:11ive 10 almosphere, amt 
must be safe for opcr:tlion in an ex-tank inlrusive loc:llion (Dil-00 I) per TSR 
administrative con1rol AC-5.10. 

A-GI . 
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Pl:inned Moditic:irions • 
Involving This SSC 

None ., 



A, PEND IX A: 1:t\lLUR C ~.--!OD[S AND EFFECTS ANALYSIS 'PMEA) 

SSC Accidcnl(s) Safdy r-11nc1ions 

Pon:ible Exh:iustcr nro Acid. I: M:1intain 
:is backup for tank SC· Flammahh: llamm:ihic g:is 
241-AY-102 G:1s Dell:igr:llion. concentr:ition 
primary ventilation Section ::l.4.2.8; below 25% of 

.Tank nump, LFL (SC) 
Seclion 3.4.2.11 

Waste cooling 
(SC) 

Funclion:il 
Requirements 

Ac_t :is backup for 
safety cl:tss ·prirnary 
ve111il:1tion system to 
he installed in the 
event of unrecovcrnhle 
failure of, or 
unrecoverable loss of 
power to primary 
sysrern 

Maintain ventilation 
flow rate / v:ipor sp:ice 
vacuum per operating 
procedures 

Perfonn:incc Crilcria 

M:iiniain sufficient exh:iust 00\v rate lo proviuc waste cooling :11ul 10 prcvenl 
hydrogen buildup in tank A Y-102. ·-

t 

Verify av:iilability and operability prior to WRSS operations. · 

Opernbility will be maint:iincd hy periodic functional tests. Purt:ihle cxliausters 
will not nonnally he installed :it tank A Y-102, htll will he stored :1t a secure 
indoor location. 

Critic:11 Ch:,r:ictcrislics: Must •!}aintain a minimum now rate of 500 cr-M. 
must maintain ventilated sp:ice at :i pani:il varuum relative to atmosphere, :ind 
must he safe for operation in an ex-tank intmsivc location (Dil-00 I) per TSR 
administrative control AC-5.10. 
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APP NDIX A: FAILURE MODES AND EFFECTS ANALYSIS (F · A) 
L,U JLj &\ .. n , 

SSC Accidcnt(s} Safety Functions Functional Pcrfonnancc Critc.rfa 

... Requirements 
.• .. 

Port:ihle Exhauster Tanlc Bump Waste Cooling Act as backup for Maintain sufficient exhaust now rate for waste cooling. 
as b:icl..'11p for tank mo Add. 1 (SC} safety cl:iss annulus I 

· 241-A Y-102 Section 3.4.2.11 vcntil:ition system to Verify :iv:iilahil ity and opemhility prior to WRSS operations. 
-

annulus vcntil:ition b i ~!:tiled in the 
system event of unrecoverable Operability will he maintained hy periodic functional tests. Port:ihlc c:<hausters 

failure of, or will not normally he installed at tank A Y-102, but will be stored at a secure 
unrecoverable loss of indoor toc:ition. 
power to annulus 
ventilation system. Critical Ch:ir:iclcri!.tics: Must m:iintain a minimum now rate of 1000 CFM, 

must maintain ventilated sp:ice :it a parti:il vacuum relative to atmosphere, and 
Maintain ventilation must be safe for operation in an ex-tank intrusive location (DB-001 ). 
now rate / annulus 
v:icuum per operating NOTE: Porta hie exhauster will he installed on riser 19B bypassing annulus 

.. procedures. exhaust CAM . TI1is channel of tank le:ik detection will therefore be 
lost. TI1e other leak detection channel (comluctivity probes in tank 
annulus} must be operational at :ill times while the :mnulus cxh:iust 
CAM is not operating. 

' 
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APPENDIX A: FAfLURE·MODES AND EFFECTS ANALYSIS (FMEA) 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT COMPONENT 
IDENTIFICATION FUNCTION 

COMPONENT 
FAILURE 
MODE 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

Inlet isolation V:ilve 
(12 • M:in1.1:1Jly 
Operated Butterfly 
V:i.lve V-135) 
Ht4-102610, 

Isol:ite portable Valve failure in Mechanic:il failure of 
v:ilve to closed 
position during 
portable exhauster 
operntion will cut off 
airllow nnd disable 
system function . 

Sht. 1, Rev. O; 
Ht4-102577, 
Shl. 1, Rev. 0 

exhaust system closed position 
from tank or 
annulus during 
filter chnngeout or 
other system 
maintenance 

Inability to open valve 
after in.~tallntion will 
disable its ability to act 
a backup for the 
primary or annulus 
ventilation system. 

Valve failure in Mechanical failure of 
open position valve in open position 

during system 
operation ,vould hnve 
no effect on system 
function. .. 

F:iilure of the valve to 
the open position after 
the exhauster h:is been 
operated in its backup 
function, and removed 
from the_ tank, could 
result in localized 
contamination. 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 

Potentinl effects of component failure: Prolonged loss or reduction of airllow 
could cnme a gradual heatup of the sludge layer :incl a possible buildup of 
flammable gas. 

Critical functional requirements: 111e only safety requirement on valve V-135 is 
to permit adequate airllow for waste cooling, prevention of llammahle gas 
buildup and leak detection (if applicat,le) while the system is installed :ind 
operating. 

Component failure detection: Valve closure with fan ntnning would trip the low 
now alarm (FAL-184) after 10 s, and trip the fan shutdown interlock after 20 s. 

Quality assurance criteria : Safety classification of component can be preserved 
by periodic functional testing of portable e:<11:iuster system while in storage. * 
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PROJECT W-320 SAFETY CLASS AND SAPETY Si;:; N!FICANT ENu:,~ LERi; ·u EVALlJATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Demister Removes mist Failure to 
H14-102610, from airstream function 
Sht. 1, Rev. O; 
H14-102577, · 
Sht. 1, Rev. 0 

Demister w:,shdown Provide capahility Failure to 
sysrem (PRV-001, 11, w:ishdown runction due 11, 

V-JOI, DFP-001, demister in c:ise obstniction or 
V-302) of excei;sive solids valve failure 
H14-102610, buildup 
Sht. I, Rev. 0 

Dreach in system 

--

Failure to remove mist 
(e.g. due to heavy 
solids loading) could 
cause premature 
loading of prclilter and 
HEPA litter leading to . 
reduced air flow. 

Demisters are passive 
components not prone 
to failure. 

Demister is equipped 
with washdown system 
to reduce solids 
loading as necessary. 

lnahility to w:1shdown 
demister could le:1d to 
excessive r:idi:llion 
field around portable 
exhauster. 

A breach (leak or 
valve failure) could 
allow air leabgc into 
exhauster plenum. 

Potential effects of component f:iilure: Prolonged reduction of airflow could 
cause a gradual heatup of the i;tudge layer. 

Critical functional requirements: None - 111c only function of the demister is to 
extend the useful life of the filters. 

Component failure detection: Periodic monitoring would clctecl solids buildup 
on demister. High differential pressure across the demister and healer would 
trip alarm PDAH-170. . . 

Quality assurance criteria: Design and constniction of this component to general 
service requirements is adequate. 

GS 

Potcnrial cffccrs of component failure: Excessive solids lu:1ding on the demisrer GS 
could lead 10 excessive r.idiation around rhc port:1hlc exhauster :ind possihly a 
reduction in exhaust flow rate . . Air inleakage would not have a signilicanl effect 
on system function since any credible leakage rate would he far less than the 
exhauster flow r:ile. 111c system is readily repair:1hle and solids huikl11p on the 
demister would lake place slowly over a considcr:1hle period or time. 

Critical functional requirement!:: None. 

Component foilurc detection:. Component failure would he detected during 
periodic maintenance-activities to reduce solids loading on demister. 

Quality :i~mtrnnce criteria: Design and construction of tliis component to gener:rl 
service requirements is adequate. 

,, 
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PROJECT W-320 SAr• E'fY CLASS AND SAFETY SIGNIFfCANT ENGlNEERlNG EVALUATION 
APPENDIX A: FAfLURE"MODES AND EFFECTS ANALYSIS (FMEA) 

He3ter coil 3nd 
glycol recircul3ting 
he3ter system with 
associ3ted he3ter 
controls (V-201, 
P-001, V-202, 
HTR-001, V-204, 
V-205, TK-001, 
LG-201, V-203, 
TS-206, CON-206, 
YYC-MDL9) 
H14-102610, 
Sht. 1, Rev. 0 

Prelilter (FL T-001) 
H14-102610, 
Sht. I, Rev. 0 

M3intain cxhausl 
3ir stream 3hove 
dew point to 
prevent 
condensation in 
exh:111st system 
aml possible 
welling of HEPA 
lillers . 

Protect HEPA 
filter from large 
particle loading 

Failure to Failure of heater 
function as system could result in 
·designed (fail on, failure to maintain air 
off or stre:1m temperature 
intermittent) within design limits. 

Glycol leak 
leading to loss of 
now in heater 
system 

Filter breach 

Heater coil housing 
and glycol heater high 
temperature interlocks 
would protect system 
in the event heater 
failed on. HEPA filter 
inlet air above 200"F 
would trip interlock 
3nd shut down glycol 
heater. 

Failure of the pre-lilter 
will not affect the 
safety function of the 
exhauster system. 

Although this would 
not he considered a 
component failure, 
blockage of prc-lilter 
would came loss of air 
now and disable the 
safety functions of the 
system 

Potential effects of component failure: Heater system failure coukl c:mse 
wetting of HEPA fillers. 

Critical functional requirements: None - The ,1nly function of the heater s to 
extend !he life of the exhaust HEPA fillers hy preventing moisture huillh , on 
the filler media. 

Component failure detection: Healer system could fail without detection nther 
than routine surveillance and testing activities. HEPA filler inlet :iir temperature 
below 40°F would trip alarm TAL-179. Glycol expansion tank level below 50% 
would trip 31:inn LAL-205 and interlock shutting down glycol hc:ite~ and pump. 

Quality assurance criteria: Design and constniction of this component lo general 
service requirements is adequ:ite. 

Potenti:11 effects of component failure: Dreach of pre-filter could cause :in 
increased rate of loading on the downstream HEPA filters. Blockage of a litter 
is not a failure of the lilter itself (which is performing its function), but a failure 
to monitor and replace the lilter as required. 

Critical functional requirements: None - TI1e only safety requirement on the 
system is to provide adequate airflow for waste cooling, prevention or . 
namm:ible gas buildup :md leak detection (if applicable) when the system is 
operating. No failure of the Jilter component itself will disable the system safety 
function. 

Component failure detection: Prelilter differential pressure grc:iter than 1.0" 
WG would trip al:1rm PDAH-178. Stack flow rate less than 470 CFM would 
trip fan interlock and shut down exh:mst fan. 

Quality assurance criteria: Since failure of the lilter component docs not affect 
the safety function of the system, design and procurement of this component to 
general service requirements is adequate. · 

' 
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APPENDIX A: FAILURE.MODES AND EFFECTS ANALYSIS (FMEA) 

Exhaust HEPA 
Filters (two stages: 
FLT-002 and 
FLT-003) 
H14-102610, 
Sht. 1, Rev. 0 

Prevent :iny 
r:idioactive 
p:u1icul:11cs in the 
airstrcam from 
n·aching the 
environment 

Filter hre:ich Failure of the exhaust Potential effects of componcnt•f:tilurc: HEPA lilter hre:1ch could c:mse a 
HEPA filter will not localized release of contamin.,tion. Blockage of a filter is not a failure of the 
affect the safety filter itself (which is performing its function), but a failure to monitor and 
function of the system. rcpl:icc the filter as required. 

HEPA filter breach 
would require a shut 
down to replace filter. 

Although this would 
not be considered a 
component failure, 
hlockage of exhaust 
HEPA filter would 
cause loss of air flow 
and disable the safety 
functions of the system 

Critical functional requirements: None -·TI1c only safety' requirement on the 
system is to provide adequate airflow for waste cooling, prevention of 
flammable ga:ii buildup and leak detection (if applicable) when the system is 
operating. No failure of the filter component itself will disahle the system safety 
function. · 

Component failure detection: Differential pressure greater than 4.5" WG :icross 
1st stage HEPA filler would trip alann PDAl-i-lRO. Differential pressure 
exceeding 5.4" WG across the 1st stage or :,cross hoth stages would trip the fan 
interlock and shut down the exhaust fan. Stack flow r:,te less than 470 CFM 
would trip fan interlock :md shut down exhaust fan . In :11.ldition, loss of system 
flow would trip the loss of tank vacuum al:tnns (PAL-1361A and PAL-13618), 
:ind the evacuation horn (PAL-IJ61C) :it the lank process building. Breach of 
either HEPA lilter would trip the (s:1rc1y class) fan shutdown interlock on low 
differential pressure and activate alann. 

Quality assurnnce criteria: Since failure of the litter component does not affect 
the safety function of the system, design and procurement of this component to 
gener:il servke requirements is adequate. 

,, 

A-67 

GS 



-- · .. - . . ~- - • . .• •~• •• , , Lo1'\J&l ~ LlLll\.ll °'I U Ll Vi \LU/\l lUl'\j 

APPENDIX A: FAILURE·MODES AN_D EFFECTS ANALYSIS (FMEA) 

Filter outlet 
isolation Valve 
(8" Manually 
Operated Butterfly 
Valve V-136) 
H14-102610, 
Sht. 1, Rev. 0; 
Hl4-102577, 
Sht. 1, Rev. 0 

Exhaust Fan With 
Variable Frequency 
Drive and~ 
Associated Controls 
(including fan 
shutdown interlock) 
(EF-001, M-001, 
YYC-MDL7, 
VFD-001, HS-103, 
PO-101, PD-102) 
H14-102610, 
Sht. 1, Rev. 0 

lrnlnte filters from Valve failure in 
environment closed position 

during filler 
ch:tngeout or other 
system 

·maintenance 

Mechanical failure of 
valve to closed 

position during 
portable exhauster 
operation will cut off 
airflow and disable 
system function. 

Potenti:tl effects of component failure: Prolonged loss or reduction of airflow SC 
could c:mse a grndu:il heatup of the sludge layer and a possihlc huildnp or 
flammable gas. It is expceted, however, that only a small airflow would he 
required to m:tintain flammable gas below the required limit. 

. ' 
Critical functional requirements: The only safety requirement on valve V-136 is 
to pennit adequ:ttc airflow for waste cooling, prevention of n:immahle gas 
buildup and leak detection (if applicable) while the system is ins1:11led and 
operating. 

Component failure detection: Valve closure with fan nmning would trip the low 
flow alann (FAL-184) after 10 s, and trip the fan shutdown interlock after 20 s. 

Inability to open valve 
after installation will 
disable its ability to act 
a backup for the 
primary tank or 
annulus ventilation 
system. Quality :tssurancc criteri:t: Safety classification of component can he preserved 

1-------------------, by periodic functional testing of portable cxl1auster system while in storage: * 

Provide required 
exhaust flow rate 
through the 
portable exl1:ms1 
system 

Valve failure in Mechanical failure of 
open position valve in open position 

during system 
operation would have 
no effect on system 
function. 

Failure to 
function 

Spurious fan 
shutdown due to 
interlock 
malfunction 

Fan failure or spurious 
shutdown would cut 
off tank exhaust now 
and disable the safety 
functions of the 
portable ventilation 
system. 

Potenti:11 effects of component f:iilurc: Prolonged loss or :airflow could c:mse :1 SC 
gradual hcatup of the sludge layer and a possible buildup of flammable gas. 

Critic:il functional requirements: The only safety requirement-on the exhaust fan 
is to provide adequate airflow for waste cooling, prevention of flammable gm; 
buildup and leak detection (if applicable) when the system is oper:ating. 

Component f:lilure detection: Low system air now would he indic:11cd hy 
multiple alanns including FAL-184, PDAL-IR0, PDAL-IRI :ind PDAL-IR1. 

On:ility :t:o:surancc criteria: Since failure of the componl'nt safety function wu11lll 
be immediately detected and worst-case heat-up :ind 11:immahle gas huildup 
scenarios pennit ample time to repair the component, the safety function can he 
preserved by recovery time alone. * 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Ductwork induding Contain and direct Seal failure at Air inlcakagc into Potcnti:11 effects of com[!onent failure : TI1e pressure in the oper:1ting exhauster 
plenums, filter air through joint or stmctural exhaust system system will be less than atmospheric. The amount uf air inleak:1ge for a minor 
housings, transition exhaust system damage to leak would be far less than the flow r.ite through the system and would not have 
pieces, and fan inlet system No effect on system a signilieant effect on the system safety function. M:1jor damage could produce 
expansion joint Provide boundary safely function a loss or reduction of air flow possibly leadiag lo a gr:1dual heatup of tl.e sludge 
Hl4-102610, between tank layer or flammable gas buildup. I 

Sht. 1, Rev. O; air/aerosol mix 
H 14-102577, and environment Critical functional reguircmcnts: 111c only safety requirement on the ductwork 
Sht. 1, Rev. 0 is to permit adequate airflow for waste cooling and prevention of flammable gas 

Major hn:ak clue Loss or reduction for 
buildup when the system is operating. 

to vehicle tank now. 
Com[!oncnt failure detection: A major failure would he detected hy a loss of 

collision or 
missile. 

tank vacuum. 

Qu:ility am1rance criteri:1: Since failure of the <;omponent safety function would 
be immediately detected :ind worst-case heat-up and n:1mmahle gas builuup 
scenarios permit ample time to repair or replace the component, the safety 
function can be preserved by recovery time alone. * 

Progr.imrnable logic Monitor demister Failure to shut Failure to shut down Potential effects of com[!onent failure: Prolonged loss of tank C-106 airflow 
controller :ind prclilter down fan when exhaust fan will not" could cause a gradual hcatup of the sludge layer anu a possible buildup of 
YYC-MDLl with differential required disable system safety fl:imrnable g:is. 
associated sensors pressures and functions . 
and relays st:1ck flow rate Critical functional regniremcnts: Permit opcr:1tion of exh:mst fan while 
(PDT-177, V-137, monitored functions :ire within their :illowcu ranges. 
V-138, V-139, Operate fan 
PDT-178,.V-140, shutdown Com12oncnt failure detection: Low system air llow \\'Otllll he indic:1tcd hy 
V-141, V-142, interlock (High Spurious trip of Spurious shutdown of multiple :tl:trms inclu~ing FAL-184, PDAL-180, PDAL-181 am.I PDAL-182. 
FT-184, Fl-184, t:ink v:1c11um, high fan shutdown exhaust fan will cut off 
V-153, V-154, or low st:ick now interlock exhaust now :im.1 Qu:ility a~sur.mce critcri:i: Since failure of the component s:ifety function would 
V-155, V-156, rnte) disable the system be immediately detected and worst-case heal-up and flammable gas huildup 
V-157, FSL-184) safety functions. scenarios pcnnit ample time to repair the component, the safety function c:in be 
H14-102610, preserved by recovery time alone • . * 
Sht. 1, Rev. 0 

'' 
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APPENDIX A: FAILURE ·MODES AND EFFECTS ANALYSIS (FMEA) 

Stack low now 
alarm (FAL-184) 

Alanns if stack 
now falls below 
470 CFM 

Failure to 
function 

Fnilurc of stack low 
llow al:lnn function 
would disable the 
primary means of 
detecting loss of 
cxhnust now am! 
dis:ihling of system 
snfety functions. 

Potcntinl effects of component failure: Possible undetected loss of exhnust SC 

Provides primary 
imlicntion of low 
st:1ck now. 

Noncritical 
indicators and 
alarms associated 
with YYC-MDLl 
(PDl-177, PDI-178, 
FAH-184, 
PDAH-170, 
PDAH-178) 
Hl4-1026J0, 

Provide indication Failure· to 
and alarms function or 

Shi. 1, Rev. 0 . 

associated with 
demister and 
preliltcr 
differential 
pressure and stack 
now. 

Programmable logic Monitor HEPA 
controller filter differential 
YYC-MDL2 with pressures 
associated Scn~ors 

erroneous 
indication/alarm 

Failure to shut 
down fan when 
rcquiretl 

Failure of any of these 
components woultl not 
effect safety function 
of system. 

Failure to shlll down 
exhaust fan will not 
tlisahlc system safety 
function~. 

and relays 
(PDT-180, V-143, 
V-144, V-145, 
PDT-181, V-I46, 
V-147, V-I48, 
PDT-182, V-149, 
V-150, V-151), . 
Hl4-102610, 

Operaic fan 
shutdown 
interlock (high 
plenum vacuum, 
high or low 
comhinetl HEPA 
litter differential 
pressure, high or 
low differential 

----------------

Sht. 1, Rev. 0 
pressure across 
HEPA litter HI or 
#2) 

Spurious trip of 
ran shutdown 
interlock 

Spurious shutdown of 
exhaust fan will cut off 
exhaust now and 
disable the system 
safety functions. 

system now. Note th:it -loss of nlarrn function docs not, in itself, cnusc n loss of 
system snfety function. 

Critic:il functional requirements: Indicate low exhaust system now r:itc. 
I 

Component failure detection: Component could fail ,vithout detection other th:in 
routine testing nnd cnlihrJtion. 

Quality assur:incc criteria: Component safety classification can he preserved hy 
periodic testing :ind calibration. * 

Potential effects of component failure: Possible loss of indication or alarm 
functions. 

Critical functional requirements: None - Failure would not affect system safety 
functions. 

Component failure cleteetion: Components could fail without tletection other 
than routine testing and calibration: 

Quality assur:ince criteria: Design anti constmction of the~e components· to 
gcncrJl service requirements is :1tlet1uate. 

Potential effects of component failure: · Prolonged loss of tank C-106 airflow 
coultl cause a gradual hcatup ,of the sludge laycr_:mtl :1 possihle huildup or 
llammable gas. .. 

Critical functional requirements: Permit operation of exhaust fan while 
monitored functions arc within (heir allowed ranges. 

Component failure detection: Low system air now wou'ttl be imlicatetl hy 
mu It i p I e atanns including PAL-IR4, PDAL-lR0, PDAL-IRI and PDAL~1R2. 

Q11:1lity assurance criteria: Since failure of the component s:1fety function woultl 
be immediately detected and worst-case heat-up anti nammable gas buildup 
scenarios pcnnit ample time to. repair the component. the safety function can be 
prcservetl by recovery time alone. * 
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APPENDIX A: FAfLURE-MODES AND EFFECTS ANALYSIS (FMEA) 

Noncritical Provide indic3lion Failure 10 Failure of any of these Polenli:tl effects of component failure: Possible loss of indic:1tion or :tlann 
indicators :ind and :il:lnns function or components would not function~. 
alanns associ:ited :,ssociated with erroneous effect s3fety function 
with YYC-MDL2 HEPA tiller indic:ition/:tl3nn of system. Critical functional reguircments: None - F:iilure would no! :iffecl system safety 
(PDI-1110, PDI-181, differential functions. 
PDl-182, pressures. ' 
PDAH-173, Component faihtre detection: Components could fail without detection other 
PDAHH-181, th:in routine testing :ind c3Jibration. 
PDAL-181, 
PDAHH-182, Quality assur:ince criteria: Design :ind construction of these components to 
PDAIA82, general service requirements is adequate. 
PDAHH-180, 
PDAL-180, 
PDAH-180, 

I , ·. 

PDAH-182) 
Hl4-102610, 
Sht. 1, Rev. 0 

Programm3ble logic Monitor liquid Pailure to shut F3ilure 10 shut down Potential effects of component failure: Prolonged loss of t:ink C-106 :iirnow 
conlroller levels in se3I pot tlown fan when exhaust fan will not could cause :i gradu:il he3lUp of !he sludge layer :ind :i possible buildup of 
YYC-MDL3 with 3ntl heater system requiretl disable system safety fl:imm:ible g:is. 
:11,soci:itetl sensors glycol expansion functions. 
and rel:iys l:mk. Critical functional requirements: Penni! opcr:1tinn nf exh:mst fan while 
(LT-185, LT-205), monitored function is within its :11lowcd r:inr.c. 
H14-102610, Operate f:m 
Sht. 1, Rev. 0 shuttlown Component failure detection: Low system :1ir flow woultl hc•imlicatcd hy 

-- interlock on high multiple alarms inclucjing FAL-184, PDAL-180, PDAL-181 antl PDAL-1112. 
or low seal pot 
level. Quality assurnnce criteria: Since failure of lhe component s:ifety function woultl 

be immediately detectetl and worst-case heat-up and flammable gas buildup 
Start seal pot scen.,rios permit ample time to repair the component, the safety function can he 
drain pump in Spurious trip of Spurious shutdown of preserved by recovery time alone. * 
:iuto mode on high fan shutdown · exhaust fan will cul off 
seal pot level interlock exhaust now :ind 
(707.,). disable !he system 

s:ifety functions. 
Operate interlock 
to shut down - ✓ 

glycol heater and 
recirculation pump ' ' on low glycol . 

' expansion t:ink 
level. · 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Noncritical 
indicators and 
al:inns associated 
with YYC-MDLJ 
(Ll-205, Ll-185, 
LAL-205, 
LAL-185,_ 
LAH-185) 
H14-102610, 
Sht. 1, Rev. 0 

Programmable logic 
controller 
YYC-MDL8 with 
:issociated controls 
(HS-101, HS-102). 
H14-102610, 
Sht. l, Rev. 0 

Provide indication Failure to 
and :il:mns 
:issociated with 
glycol exp:insion 
t:ink :ind seal pot 
liquid levels. 

Control seal pot 
drain pump :ind 
glycol 
recirculation 
pump. 

fnnction or 
erroneous 
indic:ition/alann 

Failure to 
operate either or. 
both pumps when 
required 

Failure of :iny of these 
components would not 
effect safety function 
of system. 

Failure of the glycol 
recirculation pump to 
operate when required 
would not affect the 
system safety 
functions. 

Failure of the seal pot 
pump to oper:tte when 
reqnircd could disable 
system safety 
functions. 

Potential effects of component failure: Possible loss of indic:ition or alarm 
functions. 

Critical fnnctional requirements: None - Failure would not affect system ·safety 
functions. 

Component failure detection: . Components could fail without detection other 
than routine testing :ind calihr:llion. 

Quality assur:mce criteria: Design and constn1ction of these components to 
general service requirements is :1dequate. 

Potential effects of component failure: Failure of the glycol recirculation pump 
would c:iuse glycol heater shut down due to high temperature in heater t:ink with 
no effect on system safety functions. Failure of the seal pot drain pump could 
cause :ictivation of fan shutdown interlock due to high seal pol level. Prolonged 
loss of tank C-106 :iirflow could cause a gr:1dual he:11up of the sludge layer and 
a possible buildup of namm:ihle gas. 

Critical functional requirements: Opcr:1tc seal pot drain pump so :1s to maintain 
seal pol level within allowed range (30% to 80%). 

Component failure detection: Seal pot level outside :11lowed r:1nge wonk! he 
indicated by alarms LAL-1115 :ind LAH-lRS. Low system :1ir now would he 
indicated hy multiple alarms including FAL-184, PDAL-1110, PDAL-181 and 
PDAL-182. 

Quality am1rancc criteria: Since failure of the component safety function would 
be immediately detected -:incl worst-case heat-up and 11:urunahle gas buildup 
scenarios pennit ample time to repair the component. the safety function can he 
preserved by recovery time :ilone. * 

'\ 
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APPENDIX A: FAILURfrMODES AND EFFECTS ANALYSIS (FMEA) 

Programm:ible logic. Monitor exl1:iust 
controller air strc:im 
YYC-MDLt 1 with temperatures 
associated sensors, between demister 
indications and and heater (1st 
:il:irms, plenum), at the 
(l'E-176, TE-179, inlet to HEPA 
TE-183, Tl-176, filter #1, and :it 
Tl-179, Tl-183, exh:iust of HEPA 
TAH-179, filter #2 (stack). 
TAL-179), 
Hl4-102610, 
Sht. 1, Rev. 0 

Intrinsically S:ife 
Instrument Barriers, 
(EB177, EB178, 
EB184, ED180, 
EB182, EDI !11, 
EB170, EB173, 
EB171, ED172, 
EB174, EB175} 
F14-100!168 
Sht. 7, Rev. 5 

Portable Exhauster 
Frame Including 
Main l-l3c:,ms 
96159-WOI 
Sht. 1, Rev. 3 

Oper:ite interlock 
to shut down 
glycol he:iter on 
high temperature 
(200"F) at HEPA 
filter #1 inlet. 

Prevent ignition of 
any n:unmable gas 
by diffcrentia I 
pressure, now. 
:md plenum 
pressure 
instmments 

Support System 
components :ind 
main1i1in 
:11igmncnt nf llnct 
components 
during system· 
transport 

Failure to 
function 
(erroneous 
indication, 
spurious al:inns) 

Spurious 
shutdown of 
glycol he:iter 

Failure lo 
function 

Failure of any of these 
components would not 
effect safety function 
of system. 

Loss of intrinsic 
harrier 

i--------ii----------l 
Open Circuit Loss of instmment 

function 

Structural failure Possible clectricnl or 
during transport instniment 
or DllE m:1lf1111cti1111. 

Possible damage to 
ductwork components 
due to misalignment. 

Potential effects of component f:iilure: Possible loss of indication or :il:1rm 
functions . Possible loss of heater function. 

Crilic:il functional requirements: None~ F:tilnre wotlld not :iffcct systcn1 safety 
functions . 

Component f:,ilure detection: Compone:11s could foil without delcclion e her 
th:in routine testing and calibration. · 

Quality assurance criteria: Design and construction of these components to 
general service requirements is adequate. 

Potential effects of component failure: Loss of intrinsic barrier could lead to 
0:immahle gas dcllagration. Loss of instrument function could disable safety 
function of system. 

Critic:tl functional requirements: · Prevent 0ammahle gas ignition. M:iintain 
irt~tnnnent functions. 

Component failure detection: Component could fail without_ detection other than 
routine testing and c.ilibr:ition. 

Quality asmrnncc critc·ria: Safety classilicn1ion of component can he preserved 
by periodic functional testing of portable exh:mster system while in storage. * 

Potential effects of component failure: Stmctural failure of portable exhauster 
frame could disable safety function as :i backup for installed primary systems. 

Cri1ie:1l function:il rcquircmcnls: M:1intain opcr:ihility anti ali)!nmen·1 of system 
under transport and DBE stresses. , 

Component failure detection: Structural failure would he evident 10 operators. 

Quality :tssurance criteria: Structure w:is designed to standards for SS ~SCs :ind 
will be re-analyzed to verify that it will withstnnd the DBE. , • 
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APPENDIX A: FAILURE-MODES AND EFFECTS ANALYSIS (FMEA) 

Main Electrical 
Power C0Mec1ors, 
Main Circuit 
Breakers, 
Transformer 
Fl4-100868 
Sht. 1, Rev. 4 

Exhaust Stack 
96675-0Vl 
Sht. t. Rev. 5; 
96675-A02 
Sht. 1, Rev. 0 

Portable Generator 

Provide Open Circuit System Disabled. 
connection to 
external 480V Grounded 
power. Conductor. 

Route power to 
system 
components. 

Ch:innel exhaust Slruclural failure Slntctural failure of 
air from fan to slack could disable 
clcvnled exhaust 
point. 

Support ·st:ick now 
rate instrument. 

mo ActcI. t: 
WRSS Operntions 
Provide temporary. 
power 10 the 
portable annulus 
cxhnusler pending 
repair/ restart of 
lhc permanent 
nnnulus venlilntiun 
i.ystcm. 

Po11ahle gener:11or 
can also be used 
to provide 
temporary power 
to primary tank or 
annulus ventilation 
systems. 

Generator failure 
will prevent the 
generator from 
providing power 
to the portnble 
exhauster. 

slack now ralc 
inslntmenl. 

Failure of power 10 lhe 
portable exhauster 
while in use :is backup 
system will c:iusc loss 
of :innulus air now. 

Potential effects of component failure: Malfunction of main power component 
would render system inoperable. 

Critical function:il requirements: Receive 480V power from external sou rce and 
distribute power to system components. 1 

Component failure detection: Failure would he evident to operators. Loss of 
exhaust now would produce loss of tank or annulus v:icuum. 

Quality assurance criteria: Safely classification of components can he preserved 
by periodic functional testing of portable exhauster system while in stornge. * . 

Poten1i:il effects of component failure: Safely Class slack low now nlarm 
(PAL-184) could be disabled. 

Crilic:il funcrion:11 requirements: Support stack now rnte instnimen_t. 

Component failure detection: Component could fail without dc1ec1ion other than 
routine surveillance :ind testing. Failure of the stack flow rJtc inslrumenl would 
be ~early certain lo trip the low now alarm. 

Qua lily assurance criteria: Safety cl:issilication of components c:in he pre·served 
hy periodic functional testing of portable exhauster sys1em while in storage. 

Polcnli:il effects of component failure: Prolonged loss of :rnnulus :1ir now could 
cause gradual hc:ilup of. sludge layer in lank possibly leading lo a steam immp. 

Critic:11 function:il rcguiremenls: The only safety rcquiremcnl on the pol1:ihle 
genernlor is to provide backup power 10 lhe po11ahlc exhauster (or primary lank 
or nnnulus ventilation systems as needed). 

Component f:lilurc detection:· Failure of the portable generator would he 
immediately app:ircnt to oper:itor. 

Q11ali1y assurance critcri:1: Since failure of lhe componenl safety f11nc1i1111 would 
be immediately delccled :ind worst-case waste heal-up :ind lank leak scenarios 
perrni_t ample lime to replace the component, lhe safely function can be 
preserved by recovery lime :ilone. In the even! of a serious failure, !he port:1hle 
generator could be repl:iced by another portable generator. 
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PROJl~CT W-320 SAPETY CLASS AND SAl~E'I Y SIGNIFICANT ENGTNEEIUNG EVALUATION 
APPENDIX A: FAILURE.MODES AND EFFECTS ANALYSIS (FMEA) 

SSC • Accident(s) Safety Functions 
.. 

. .. 

Tr:rnsfer Linc nro Add. I: SC- Emmres leak in 
(pipe-in-pipe) Suhsurface Leak primary tr:msfcr 
System Resulting in a piping is directed 

Pool , Section to a waste 
3.4.2.14; transfer-
Surface Leak associated 
Resulting in a structure. 
Pool, Section 
3.4.2.15; Spray 
Leak from 
Structure, Section 
3.4.2.16 

BIO Add. 1: SS - Same as above. 
Subimrfacc Leak 
Staying 
Subsurface, 
Section 3.4.2.13 

Functional 
Requirements 

Route the waste from 
the !,caking primary 
pipe to the pit. 

Same as above. 

Pcrfonnance Criicria 
',' .-·: 

. ... : :• . . : 
· .· • , •, ·,· .. 

Shall be verified operable prior to \VRSS operations 
I 

Critical Chnrncteristics: -Encasement must provide containment and an 
unobstructed flow path to route waste leaking from primary pipe to transfer pit, 
where the leak can be detected and contained '(ref. RD-057). Encasement must 
be capable of withstanding a test pressure of 480 PSIG, and must be designed 
for periodic pressure testing. 

Same as above. 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

COMPONENT 
IDENTIFICATION 

4-Inch Sluice 
Transfer Linc 
(SN-200-M9) 
H2-818559, Shts. 2 
and 4, Rev. 1' 

4-lnch Slurry 
Transfer L_ine 
(SL-100-M9) 
H2-818559, Sitts. 2 
and 4; Rev. 1 

COMPONENT 
FUNCTION 

Cont:1in sluice 
liquid pumped 
from tank A Y-102 
to tank C-106 

Contain slurry 
pumped from t:ink 
C-106 to tank 
AY-102 

THE ITEMS 

COMPONENT 
FAILURE 
MODE 

Leakage from. 
line. 

TI1is is a passive 
component not 
prone to failure . 

Leakage from 
line 

TI1is is ·a passive 
component not 
prone to failure. 

BELOW ARE THE 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

Leakage from primary 
sluice transfer line 
would not affect 
system safety function. 

Leakage from primary 
slurry transfer line 
would not affect 
system safety function . 

UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 

Potential effects of component failure: Failure of sluice transfer line could 
result in leakage inlo the 6-inch outer encasement which would route the leakage 
into sluice pit 241-C-06C through valve HV-13611 (Safety Class). If enough 
leakage accumulated in lhe pit to reach the pit drain, the excess would now into 
tank C-106. 

Critical function:il requirements: None - this component has no safety function. 

Component failure detection: · Leakase into the outer encasement would :1ctiva1c 
the encasement leak detector (LDE-1364) tripping :il:irms LDA-1364 in process 
building room 2 :ind LDA-t364A in the MO-211 control room. If leakage is 
sufficient to produce a I-inch accumul:ilion in the pit, the pit leak detector 
(LDE-1368} would also alarm in the process control building :iml the MO-211 
control room. · 

Quality :1ss11r:111cc criteria: Design amt cons1mclit111 of this componcnl 111 
gencr:il service requirements is adequate. 

Potential effects of component failure: Failure of slttrry transfer line could 
result in leakage into the 6-inch outer encasement which would route the leakage 
into pump pit 241-C-06A through valve HV-13612 (Safety Class). If enough 
leakage accumulated 'in tl1e pit to reach the pit drain, the excess would now into •. 
lank C-106. 

Critical functional reguiremenrs : None - this component has no safety function. 

Component failure 1lctcction: Leakage into the outer encasement wnuhl :1ctiv:1tc 
the cncascmenl lcak detector (LDE-1363) tripping :1lanns LDA-1363 in process 
building room 2 and LDA-1363A in the MO-211 control room. If leakage is 
sufficient to produce a 1-inch accumulation in the pit, the pit leak detector 
(LDE-1366) would also alarm in the process cotilrol building and the MO-211 
control room. 

' ' 
Quality assurance criteria: Design and construction of this component to , • 
general service requirements is adequate. 
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PROJECT W-320 SAFET'( CLASS AND SAFE Y SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSTS (FMEA) 

6-lnch Encasement Contain any Breach of Failure of an Potential effects of comnonenl failure: Possible release of sluice liquid 0r slurry 
Lines for sluice leakage from encasement line encasement line would into the ground or formation of a pool. Nole that the cnc:1semenL would not he 
liquid and slurry primary sluice or which could disable the safely pressurized as a result of a primary line leak. Failure of an encasement line 
transfer lines slurry lines and permit leakage function of the does not, by itself, cause a release. 

. (ENC-M26a) drain to sluice or from a failed component. · 
' H2-818559, Shts. 2 pump pit, primary line to Critical functional rcguircmcnls: Contain any lc:tk:tge from 1hc primary sluice 

:ind 4, Rev. t respectively esc:ipc into F:tilure of an or slurry transfer lines and direct it to a pit connected to lank C-1O6. 
I environment. encasement line would 

not, by itself, cause a Comnoncnl failure detection: Component failure would he detected by 
The encasement release. surveillance :ind radiation surveys along transfer line route after detection of a 
is not normally 

.. 
prim:try transfer line failure. 

pressurized, but 
is designed to Qu:tlity assurance criteria: Safety cl:tssification can he maintained hy required 
withstand the periodic surveill:ince and testing, and by required controls on excavation 
same pressure as activities near the transfer line. 
the prim:try 
trnnsfcr lines. 

' 
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APPENDfX A: FAILURE~'MODES AND EFFECTS ANALYSIS (FMEA) 

SSC Accidenr(s) Safety Functions Functional Perfonnance Crireria 
.. Requirements 

. ... 

Tramirer Leak nm Adel. I: SC Detect Jenks in Shall be capable or Shall he verified operable prior to WRSS operations. 
Detector System - - Subsurface leak transfer line detecting waste in the I 

Transrer Line resulting in a pool encasements. transfor line Critical Ch:ir:ictcristics: Must detect a 1-inch deep :iccumulation or liquid in 
Encasements Section J.4.i.14 

Surface leak 
resulting in a pool 
Section J .4.2. 15 

mo Ac1c1. t: ss -
Subsurface leak 
staying 
subsurface, 
Section J.4.2.1 J 

encasement. the trnn.~rcr line encasement drain, and must provide an alarm to notify 
operators when such an accumulation is detected. 

' 
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APPENDIX A: FAILURE ·MODES AND EFFECTS ANALYSIS (FMEA) 

THE ITEMS 

COMPONENT COMPONENT COMPONENT 
IDENTIFICA TJON FUNCTION FAILURE 

MODE . 

Transfer Line Detect waler in Short circuit 
Encasement Lenk trnnsfcr line 
Detector Elements encasements 
At Tnnlc C-106 

LDE-1363 (pump 
pit 241:C-06A); 
LDE-1364 (sluice 
pit 24t-C-06C); 
H2-8t8559, 
Shts. 2-:4, Rev. t 

Open circuit 

Failure lo detect 
water 

BELOW ARE THE 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

Spurious :ilann 

Posl.ihle umletecled 
loss or safety function 

UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 

Potential effects or component failure: F:iilure 10 ac1iva1e alann on le:1kage or 
waste into transfer line encasement. 

Critical runction:il requirements: TI1e encasement le:1k detector systems act :is :i 
defense in depth which :ire judged to suhstantially reduce the risk or rclc:1ses 
due a break in a tr:insfcr line (sluice line or slurry line) and the sun:ounding 
encasement. 

Component failure dctcclion: The clements :ire connected via a four wire 
arrangement to the clcclronics box. The design u1ili1.es two wires per probe 
between the sensing clement :ind the electronics. The two wire/probe 
conligurntion is part or :i "monitoring" circuit that continuously monitors the 
wiring between the prohe and the electronics. If the wires hetween the probe 
and lhc electronics arc severed , the "monitoring" circuit will sense the break 
and provide a local and remote (Operator Station) :1lann. TI1c arrangement 
described above is "Fail Safe" and has been used successfully throughout the 
Tank Fanns_ for several years. 

O11:ili1y· assurance criteria: Prior .to placing the probes in service. !he prohes 
will be tested to ensure they activate the Leak Detector electronics when 
immersed in liquid. In addition, procedures will he in place to (I) periodically 
test the encasement leak cie1ector systems, (2) test operability or lc:1k detector 
systems prior to ihc start or a sluicing operation, and (3) provide surveillance of 
leak detector systems during sluicing operations. CGls were dedicated for use 
in this Safety Class system per CGI-DST-A Y-5. * 

·• ,1 
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PROJECT W-320 SA!• EtY CLASS AND SAFETY SfGNlFICANT ENGINEERING EVALUATfON 
APPENDIX A: FAILURE" MODES AND EFFECTS ANALYSIS (FMEA) 

Jntrinsic:illy Safe Open nonnally Fail open Spurious alanns Potential effects of comnonent failure : Possible undetec;ted leak into 
Leak Detector closed-contacts to encasement. 
Module {LOI) actuate alarms 
_H-2-818702, ·Sht. 2 . when tripped by Critical functional reguirements: Actuate alarms when water is detected in 
Rev. 1; leak detector encasement. 
H-2-818704, Sill. 2, clement 

· t 

Rev. I Comnonent failure detection: Procedures will be in place to {I) perio<lically !CSL 

Fail closed Loss of ability to the leak detector systems, (2) lest oper:ihility of leak detector systems prior to 
detect water in the start of a sluicing operation, and (3) provide surveillance of le:ik detector 
encasement systems during sluicing operations. 

Loss of safety function Quality :issurance criteri:i: CGI were dedicated for use in this S:1fcty Class 
assembly per CGI-DST-AY-1 and CGI-DST-A Y-4. * 

MTL 2313A Trip Monitor Fail with LD3 Loss of ability to Potential effects of comnonent failure: Possible undetected loss of leak <letector 
Amplifier (1.03) . continuity in le:ik output energized detect loss of safety function • . 
H-2-818702, Sht. 2, detector leads :ind continuity in leak 
Rev. 1; leak detector detector circuit Critic:il function:il rcguirements: Detect loss of continuity in le:ik detector 
H-2-818704, Sht. 2, circuit in LDI circuit._ 
Rev. 1 F:iil with LD3 Spurious :il:irms 

Activate local output Comnonent failure detection: Periodic testing and calihr:1tion. 
strobe if . de-energized 
continuity lost Qtt:ility :issurance criteri:1: Safety cl:issilic:ition can he maintained hy required 

pcriodic·testing and calihr.1tion. * 

Test/Opernte/F:iil Provide ahility to Fail to "Test" Trips LOI on test load Potential effects of component failure: Le:1k detector will he disahlcd hy 
(f/0/F) _:5-witch and verify oper:ition position spurious alanns until failure is corrected. No effect on safety function since no 
Associated Test of LOI and LDJ Spurious alarms transfers can lake p!:tce while le:ik detector is inoperative. 
Circuit 
H-2-818702, Sht. 2, Critic:il function:il reguircments: None - no failure mode of this component 
Rev. l; initiates an accident or effects the safety function of the leak detector. 
H-2-818704, Sht. 2, Fail to "Fail" Trips LD3 hy opening 
Rev. 1 position continuity test circuit Comnonent failure dctectinn: Spurious :1lanns. 

Spurious al:inns Qu:ility :i~surance criteri:i: Design :ind construction of these components to 
general service requirements is adequate. 

,, 
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APPENDIX A: FAILURE~ MODES AND EFFECTS ANALYSIS (FMEA) 

Al:inn Rel:iy (LD2) Activate local and Contacts fail in 
H-2-818702, Sht. 2, remote al:trms on energized 
Rev. 1; loss of power position 
H-2-818704, Sht. 2, from LD3 
Rev. 1 

Loss of alarm Potential effects of component f:iilure: Possible loss of leak detcclor safety 
functions associated function. 
with loss of continuity 
in leak detector circuit Critical functional requirements: Activate alam1 on loss of continuiry in leak 

detector circuit. 

Conlacts fail in Spurious alarms I 

Component failure detection: Periodic testing and calibration. 
de-energized 
position 

Quality assurnnce criteria: Safety classilication can he maint:,ined by required 
periodic testing and calibration. * 

SC 

120/12 V Provide power to Fail to function Loss of ability to 
energize local strobe 
light on al:trm 
condition 

Potential effects of component failure: Failure of local alarm if leak to SC 
Transfonner local strobe light 
H-2-818702, Sht. 2, on alarm 
Rev. 1; condition or loss 
H-2-818704, Sht. 2, of continuity in 
Rev. 1 leak detector 

circuit 

Local Alarm Strobe 
Light .. 
H-2-818702, Sht. 2, 
Rev. l; 
H-2-818704, Sht. 2, 
Rev. 1 

' 

Provide local · Fail to function 
alarm on detection 
of water in 
encasement or 
loss of continuity 
in lc:ik delcctor 
circuit 

Loss of loc:il alarm 
(strobe light) 

encasement occurs leading to possible overnow into pit with :m,ociated pit leak . 
detector alarm. 

Critical functional requirements: Provide 12 V power to local strohe light on 
alarm condition. 

Component failure detection: Procedures will he in place to (I) periodically test 
the leak detector systems, (2) test operability of leak detector systems prior to 
the start ~fa sluicing operation, and (J) provide surveillance or leak detector 
systems during sluicing operations. 

Quality am1rance crireria: CGI were dedicalcd for use in this S:1fcty Class 
.assembly per CGI-DS%AY-2 and CGT-DST:A Y-4. * 

Potential effects of component failure : Failure of local alarm if leak to 
encasement occurs leading to possible overnow into pit with associated pit lc:ik 
detector alarm. 

Critical functional requirements: Alert local operators of lc:1k to encasement so 
that the transfer can be stopped. 

Component failure detection: Procedures will he in place to (I) periodically tc~t 
the le:ik detector systems, (2) test opcr:thili1y· of lc:ik detector systems prior to 
the st:irt of a sluicing operation, and (J) provide surveillance of leak detector 
systems .during sluicing oper:1lions. 

Quality assurance criterin: CGT were dedicated for use in this Safety Class 
assembly per CGI-DST-AY-J and CGI-DST-AY-4. * ~ 

. 
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PROJECT W-320 SAFETY_ CLASS AND SAFETY SIGN r;-·:cANT EHG NEERING EVAL 
APPENDIX A: FAILl)RE MODES AND EFFECTS ANALYSIS (FMEA) 

. . uN 

Remote Alanns At Alann on F:1il to operate Loss of remote alarm Potential effects of com~onent failure: Failure of local :il:mn if leak to 
MO-211 At TI1e detection of liquid at m:mned location encasement occurs leading to possible overflow into pit with associated pit leak 
C Tanlc Farm in encasement detector afarm. 

LDA-J363A Critical functional requirements: TI1e safety function is 10 alarm when leak is 
{Pump pit detected so that operators can stop the trartsfcr pumps. 
241-C-06A); 
LDA-1364A (Sluice Com~onent failure detection: A failure in :in alarm which could disable the 
pit 241-C-06C); alarm function may not be detectible. Loss of power (signal) from the alarm 
H2-818559, relay, however, will norm:illy activate the alann. 
Shts. 2-4, Rev. t · 

Qua lily assura nee criteria: Testing following installation will verify the alarm 
actuates on loss of signal. Procedures will be in place to (I) periodically test 
the leak detector systems, including remote alarms, (2) test operability of leak 
detector systems prior to the start of a sluicing operation, and (3) p~ovide 
surveillance of leak detector systems during sluicing operations. * 

Leak Detector Field Support leak Structur-J_I failure Possible loss of power Potential effects of com~oncnt failure: Loss of leak detector sign:il leading to 
Cabinet and detector to instrument and/or spurious alarm. 
Support Structure electronics loss of sign:il from 

enclosure :ind instntment Critic:il functional requirements: None. 
associated cabling 

Com~onent failure detection: In the unlikely event of support failure which 
caused the detector to become inoperahle hcc:mse of a loss of power, the failure 
would be detected by the remote alarms. 

.. Quality assurance criteria: Design and constmction of the Leak Detector 
I 

structural components ro general service requirements is adequate for the 
accident initiating events listed in the BIO and the BIO addendum //1. 

' 

' ' .. 

A-82 

1-11'4 r-LV:>U, KCV. U 

SC . 

. 

GS 



n~uJL:.\..- 1 W-JL.U .:>/\IT, I r l....L/\.':>.':> /\NU .':>/\l· c. I Y :::illiNIFIC/\NT ENGINEERING EVALUATION 
APPENDIX A: FAILURE-MODES AND EFFECTS ANALYSIS (FMEA) 

Encasement Drain 
Valves 
HV-13611 (sluice 
pit 241-C-06C); 
HV-13612 (pump 
pit 241-C-06A); 
H2-818559, 
Shts. 2 & 4, 
Rev. I; 
H2-818558, Sht. 3, 
Rev. 1 

Drain liquid from 
encasements 
through jumper so 
:is to provide 
:idequ:ite level at 
encasement leak 
detector to 
activate al:mn 

Fail to .test 
position 

Drain from 
encasement shut off 

No effect on safety 
function of encasement 
le:ik _detector 

1---------------
Fail to drain 
position 

May dis:ihle 
encasement leak 
detector 

Possible umlctected 
loss of s:ifety function 
of encasement leak 
detector 

Potential effects of component failure: Possible undetected loss of function of 
encasement le:ik detector if drain valve fails to, or is left in, the drain position. 
In such :i case, the liquid would drain directly to the pit and after a sufficient 
accumulation, would set off the pit leak detector. 

I 

Fail to test position would disable the ability of the pit leak detector to function 
as a backup to the encasement leak detector. 

Critical functional requirements: Provide a flow path from the encasement into 
t he pit which would (in the event of a leak into the encasement) produce a 
sufficient liquid depth at the leak detector for the detector to function :ind 
activate the :issociatcd :ilanns. 

Compon_ent failure detection: Periodic surveillance :ind testing . . 

Quality assurance criteria: Safety function will he maint:iined by inspection and 
testing prior to inst:illation, a check of valve position prior to a sluicing 
operation and periodic:illy during sluicing oper:itions. * 
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APPENDIX A: FAILUR1tlv10DES AND EFFECT AN / LYSIS (FMEA) 

SSC Accidcnt(s) Safety r-unctions r:unction:il Pcrfonnancc Criteria 
Requirements_ .. 

.. .. .. .. • · -•, . . . . . . . -
Transfer Leak ll 10 Add. I: SC Dch•rf !c:iks in Sha ll he capable of Shall be verified operable prior to WRSS opcntion~. 
Detector System - - Subsurface Lc_ak transfer detecting a specified I 

Pits Reimlting in a as~ociated depth of waste in the Critic:il Ch:iractcristics: Must detect a 2-inclt (maximum) accumul:ttion of 
Pool, Section stmctures. pit. liquid in the boltom of the leak detection pit, :; nd provide an alann to not .fy 
3.4.2.14; operators when such an accumulation is dctcct,:d (Ref. RD-057). · 
Subsurface Leak SC 
Resulting in a 
Pool, Section 

' 3.4.2'.15 

nm Add. 1: SS- Same as above. Same as above. Same as above. 
Subsurface Leak 
Staying ss 
Subsurface, 
Section 3.4.2.13 

' . . · .. , 

,, 
I . 
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APPENDIX A: FAILURE•·MODES AND EFFECTS ANALYSIS (FMEA) 

COMPONENT COMPONENT 
IDENTIFICATION FUNCTION 

Leak Detector 
Elements 

Tank C-106 
LDE-1366 (Pump 
pit 241-C-06A); 
LDE-1368 (Sluice 
pit 211-C-06C); 
H2-818559, 
Shts. 2-4, Rev. 1 

Tank AY-102 
LDE-102-22A 
(Pump pit 
241-AY-02A); 
LDE-102-32 (Sluice 
pit 241-AY-02E); 
H2-818560, 
Shts . . J-3, Rev. 2 

Detect water on 
floor of pit 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT 
FAILURE 
MODE 

Short circuit 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

Spurious alarms 

1----------------
Open circuit 

Failure to detect 
w:iter 

Po·ssihle umletected 
loss of safety function 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 

Potenti:il effects of component f:iilurc: _Failure to activate alarm if pit flooding 
occurs leading to possible overflow of pit with associated releases. 

Critical functional requirements: TI1e safety function is to detect a (minimum) 
1-inch deep pool of liquid in the bottom of the pit and to trip the Intrinsically 
Safe Leak Detector Module (LDI) when such a condition is detected. 

Component failure detection: Tite clements arc connected via :i four wire 
arrangement to the electronics hox. The design utilizes two wires per probe 
between the sensing clement and the electronics . TI1c two wirc/prohc 
configuration is part of a "monitoring" circuit that continuously monitors the 
, vi ring between the probe and the electronics. If the wires between the probe 
and the electronics are severed , the Mmonitoring" circuit will sense the hreak 
and provide a local and remote (Oper:ator Station) alarm. Procedures will he in 
place to (I) periodically test the leak detector systems, (2) test operability of . 
leak detector systems prior to the start of a sluicing operation, and (3) provide · 
survcill:rnce of leak detector systems tluring ·sluicing oper:1tiuns. 

Quality am1rancc criteria: Prior to placing the probes in the pit, the prohcs will 
tested to ensure they activate the Leak Detector electronics when immersed in 
liquid to the heigl,t designated in the BIO an<l BIO addendum #1. CG!s were 
dedicated for use in this Safety Class system per CGI-DST-A Y-5. * 

HNF-2050, Rev. 0 

COMPONENT SAFETY 
CLASS 

SC 

Inirinsic:illy Safe Open normally Fail open Spurious alarms Potential effects or component faih)rc: Possible undetected flooding of pit. SC 
Leak Detector clnsed-contacts to 
Module (LDl) actuate al:mns Critical functional requirements: Actuate alarms when water is ,lctccted in pit. 
H-2-R18702, Shi. 2, when tripped hy 
Rev. I; lc:1k detector Component failure 1le1ection: Procedures will he in place tn (I) pcriotlkally lest 
H-2-Rl 8704, Sht. 2, element 1--------+----------1 the leak detector systems, (2) tc!lt opemhility of leak detector systems prior to 
Rev. 1 F:iil closed Loss or ability to the start of a sluicing operation, and (J) provide surveillance or leak detector 

detect w:iter in pit systems <luring sluicing operations. 

Loss of safety function Quality assurance criteria: CGI were dedicated for use in this Safety Cl:i'lts 
assembly per CGI-DST-AY-1 and CGI-DST-AY-4. * 
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APPENDIX A: FAILURFMO,DES AND EFFECTS ANALYSIS (FMEA) 

MTL 2313A Trip Monitor Fail with LDJ Loss of ability to Potential effects of comnonent failure: Possihle undetected loss of leak detector SC 
Amplifier (LDJ) continuity in leak output energized detect loss ·or safety function. . 
H-2-818702, Shl. 2, detector leads and continuity in leak 
Rev. l; leak detector detector circuit Critical functional requirements: Detect loss of continuity in le:1k detector 
H-2-818704, Sht. 2, circuit in LD l circuit. . 
Rev. l I 

Activate local 
Fail with LDJ Spurious alanns 

Comnonent fa ilurc detection: Periodic testing and calihr:ition. 
strobe if output de- . 

continuity Jost energized 
Quality am1mnce criteria: Safety classification can he maint:iincd hy required 
periodic testing and calibr:ttion. * 

Test/Oper:ite/Fail Provide ability to Fail to "Test" Trips LD I on test load Potential effects of comnoncnt failure: Lc:ik detector will he dis:ihled by GS 
(f'/O/F) Switch and verify operation position spurious alann~ until failure is corrected. No effect on s:1fety function since no 
Associated Test of LDI and LDJ Spurious al:inns transfers can take place while leak detector is inopcr:itivc. 
Circuit 
H-2-818702, Sht. 2, Critical functional reguircments: None - No failure mode of this component 
Rev. 1; initiates a_n :1ccidcnt or effects the safety function of the leak detector . . 
H-2-818704, Sht. 2, F:iil to "Fail" Trips LDJ by opening . 

Rev. I position continuity test circuit Comnonent failure detection: Spurious alanns. 

Spurious al:mns Qu:ility :issur:ince criteria: Design and construction of these components to 
gener:il service requirements is adequ:itc. 

' 

Al:inn Relay (LD2) Activate local and Contacts fail in Loss of alann Potenti:il effects of comnonent ·f:iilure: Possihlc umletected loss nf lc:1k detector SC 
H-2-818702, Sht. 2, remote al:tnns on energized functions :issociated s:ifety function. 
Rev. l loss of power position with loss of continuity 
H-2-8i8704, Slit. 2, from LDJ in leilk detector circuit Critical function:il reguirements: Activate :ilnrm on loss of continuity in leak 
Rev. 1 detector circuit. 

Contacts fail in · Spurious alarms 
Comnonent failure detection: Periodic testing :inti calihr:ttion. 

de-energized 
position 

Quality :um1r:ince criteria: Safety cl:mific:ition c:in he m:iint:iincd hy required 
periodic testing :md c:ilihr:ttion . . * 

' 
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APPENDIX A: FAILURE"MODES AND EFFECTS ANALYSIS (FMEA) 

120/12 V 
Trnnsfonner 
H-2-818702, Sht. 2, 
Rev. l; 
H-2-8 I 8704, Sht. .2, 
Rev. 1 

Provide power 10 

locnl strobe light 
on nlann 
condition or losli 
of co~tinuity in 
lcnk detector 
circuit 

F:1il to function Loss of ability to 
energize local strobe 
light on alann 
condition 

Potcnti:11 effects of component failure: Failure of local alarm if pit llooding 
occurs leading to possible overllow of pit with associated relcnses. 

Criticnl function:11 requirements: Provide 12 V power to local strobe light on 
alarm condition 

Component failure detection: Procedures will he in pl:lce to (I) periodically test 
the leak detector systems, (2) test operability of leak detector systems prior to 
the start.of a sluicing operation, and (3) provide surveillance or le:1k detector 
systems during sluicing operations. 

Ot1:11ity nssurnnce eriterin: CGJ were dedicated for use in this Snfety Class 
assembly per CGI-DST-A Y-2 and CGI-.DST-A Y-4. * 

SC 

Local Alann Strobe Provide locnl Fail to function Loss of local alarm Potcnti:11 effects of component failure: F:iilure of local al:inn if pit noooing SC 
Light alarm on detection (strobe light) 
H~2-818702, Sht. 2, of water in pit or 
Rev. t; loss of continuity 
H-2-8 i 8704, Sht. 2, in le:1k detector 
Rev. I circuit 

occurs leading to possible ovcrnow of pit with associated relealies. 

Criticnl functional rcguircmentli: Alert locnl operators of pit nooding so thnt the 
trnnsfcr can be stopped. 

Component failure detection: Procedures will he in pl:lce to (1) pcriodica lly Lest 
the leak detector liystcms, (2) telit opcr:ihility of leak detector· systems pri

0

or to 
the st:irt of :1 ·sluicing operation, :ind (3) provide surveillance or lc:1k detector 
systems during sluicing operJtions. 

Quality assurance criteria: CGJ were cledic:iicd for use in this S:ifcty Class 
assembly per CGI-DST-A Y-3 and CGJ-DST-AY-4. * 
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APPEND TX A: FAILURI! MODES AND EFFECTS ANALYSIS (FMEA) 

Remote Alanns at 
M0-211 and the 
241-AY-51 Elect. 
Equipment Skid 

Tank C-106 
LDA-1366A 
(Pump pit 
241-C-06A); 
LDA-1368A (Sluice 
pit 24 t-C-06C); 
}f!-818559, 
Shts. 2-4, Rev. 1 

Tank AY-102 
LDA-102-22A 
(Pump pit 
241-AY-02A); 
LDA-102-32 
(Sluice pit 
241-A Y-02E); 
H2-818560, 
Sitts. 1-3, Rev. 2 

Alann on 
detection of liquid 
in pit 

Leak Detector Field Support leak 
Cabinet and 
Support Structure 

detector 
electronics 
enclosure and 
:,ssoci:itcd cabling 

Fail to opcr:ite Loss of remote alann 
:it manned location. 

Local alann would 
still function. 

Polenti:il effects of component failure: F:1ilure to alann if pit Oooding occurs 
leading to possible Oooding of pit with· associaied releases. 

Critical function:il requirements: 111c s:ifery function is to :11:inn when leak or 
system failure is detected so th:it operators can slllp the lr:insfer pumps. 

' 
Component failure detection: A failure in an al:inn which conk! disafile the 
:il:1nn function may not he dctectihle except hy periodic testing. Loss of power 
(signal) from the al:mn relay, however, will n11nn:11ly activate the al:inn. 

Quality assur:ince criteri:i: Testing followin)! installation will verify the alann 
actuates on loss of signal. Procedures will he in place to (1) periodic.11ly test 
the leak detector systems, including remote al:mns , (2) test opcr:ihility of leak 
detector systems prior to the start of a sluicing operation, _and (3) provide 
surveillance of leak detector systems during sluicing operations. * 

. . 
Stntclur:il failure r ·ossible loss of power Polcnti:il effects of component failure: Loss of leak detector signal leading 10 

to in~tnimcnt and/or spurious alarm. 
loss of signal from 
instnimcnt Critical function:il requirements: None. 

Component failure dclcclion: In the unlikely event of support f:iilure which 
caused the detector to become inopcr:ihlc hcca·use of a loss of power, rite failure 
would be detected by the remote alanns. · 

Quality :issur:ince criteria: Design and conslmction of the Lenk Detector 
structural components to gcner:tl service rci1uircmcnts is :ulequ:1te for the 
accident initiating events listed in the BIO :ind the BIO addendum #1. 

' 
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APPENDIX A: FAILURE MODES AND EFFECTS ANA.L YSIS (FMEA) 

. . . ,• . . · 

Pit Cover Blocks 
and Shield Plugs 
(fr:insfer System 
Covers) 

Accident(s) 

11IO: 
SC - Spray Leak 
in structure or 
from overground 
waste transfer 
Linc, 
Section 5.3.2.20 

mo Add. 1: SC 
- Spray Release 
from stntcture, 
Section 3.4.2. 16 

mo Add. I: ss -
Surface Leak 
Causing a Pool, · 
Section 3 .4 .2. I 5 

Safety Functions 

I. Mitigate the 
effect of a spray 
leak within the 
transfer pits. 

2. Limit release 
.of aerosols 
generated by 
splatter in~ide 
the pit; limit 
shine :ind 
skyshine dose to 
onsite receptor. 

Limit release of 
aerosols 
generated by 
spl:itter inside 
the pit 

Functional 
Requirements 

TI1e cover assembly 
for a stnicture must 
confine spray leaks to 
the inside of the 
structure. Transfer 
system covers must 
eliminate direct spray 
leakage paths. Covers 
must fit their 
supporting structure. 

· The cover blocks must 
be capable of limiting 
the splatter of a spray 
release and mitig:1ting 
the release of aerosols 
:ind direct radiation. 

Pit stntctures and 
covers provide a 
mitigative safely 
function lo limit 
releases 

Perfonnani:e Criteri:i 

Pit covcu must be installed during sluicing or other w:i~te trnnsfcr opcr.ttions. 

Note: 171c :iccidenl which produces s:ifety class consequences during sluicing 
operations, :m:ilyzcd in Section 3.4.2.16 of the 810 Addendum I, is applicable 
only to tank 241-AY-102, i.e., it is not applicable to tank 241 -C-106. 

Note: The safety class seismic switches would shut down WRSS pumping 
operatiort~ in the event of :i seismic event. 

Critical Characteristics: · Cover blocks must lit their respective pits, must 
preclude direct sprny leak p:iths, and must confine spray leaks to inside of pit 
(RD-057). 

Critical Characteristics: Cover blocks must fit their respective pits, and must 
confine leakage to inside of pit (RO-057). 

,, 
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Planned Modifications 
Involving 111is SSC 

C-Fann Pit Cover Bll'ICk 
Camcr.i Port Plug 
Modification on sluice pit 
241-C-06C 

Replace pit cover block on 
24 I-C-068 with covi:r pl:ite 

Camera Mount for ln-T:ink 
Imaging Systi:m :it top of 
riser H7 associ:itcd with 
pump pit 241-C-06A 



APPENDlX A: FAILURE}v10DES AND EFFECTS ANALYS[S (FMEA) 

COMPONENT COMPONENT 
IDENTIFICATION FUNCTION 

Cover Blocks On 
Pump Pit 
241-AY-02E and 
Pump Pit 
241-AY-02A 
including shield 
plugs 
(rank A Y-102) 
H2-818560, Rev. 3 

Cover Blocks On 
Sluice Pit 
241-C-06C and 
Pump Pit 
241-C-06A 
including shield 

Contain sprny 
stre:im from :i 
breach in the 
sluice line or 
slurry return line. 

Limit release of 
aerosols to 
environment 

Limit shine or 
skyshinc dose to 
onsite receptor 

Contain spray 
stream from a 
breach in the 
sluice line or 
slurry return line. 

plugs • Limit release of 
(f:lnk C-106) aerosols to 
H2-818559, Rev. 1 environment 

Limit shine or 
skyshine dose _lo 
on!lite receptor 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT 
FAILURE 
MODE 

Crack in cover 
block 

Note that these 
:ire passive 
componenti. not 
prone to failure. 

Crack in cover -
block 

Nole th:tl these 
:ire passive 

COMPONENT COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION I 

L,rge cracks or holes 
in :i cover block could 
:illow radioactive 
aerosols or sprays to 
he released to the 
environment. 

Large cr:icks or holes 
in a cover block could 
allow radioactive 
aerosols or sprays to 
be released to the 

Potential effects of component failure: Unmitigated spmy leak in a transfer pit 
could result in radiological doses above onsile :ind offsite risk guidelines. 

Critic:il functional requirements: Confine spray leaks to the interior of the pit. 
Limit release of :ierosols to the environment. 

Component failure detection: Component conk! fail witholll detection of failure 
other than routine surveillance. 

Quality assurnnce criteria: An administrative control will require inspection of 
the pits to ensure pit covers :ire in place :ind intact · prior to :iny ·trnnsfcr or 
sluicing operation. This inspection will include verilic:ition th:tt all shield plugs 
are in place. 

Potential effects of component failure: Unmitigated spray leak in a transfer pi! 
could result in radiological doses above onsitc and offsite risk guidelines '. 

Critical -functional requiremcnl!i: -Confine spray le:1ks lo the interior of the pit. 
Limit release of aerosols to the environment. 

components not environment. 
· prone to fa ilurc. Component failure detection: Component could fail without detection of failure 

other th:tn routine survcittancc. 

Quality :1ssnrnnce criteria: An administr:11ive control will require inspection of 
the pits to ensure pit covers arc in place :ind intact prior to :my transfer or 
sluicing operation. TI1is inspection will include verification that :ill shield plugs · 
arc in place. : 

' i . 
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APPEND! FAILURE- MODES AND EFFECTS ANALYSIS (FMEA) 

Pit Cover Plate For Conline existing Stn1cmr:1I or sc:il Failure of this Potenti:il effects of comnonent faihtrc: Failure could result in minor local GS . 
Heel Pit 241-C-068 cont:1min:ition foilure component would h:ive contamin:ition. . 
(rank C-106) within the pit no effect on the 
H2-818559, Sht. J, s1ntcture Note th:it this is system s:ifcty function. Critic:il function:il rcguircmcnts: None - W:istc tr:tnsfcr through pit 068 is not . 
Rev. 1 :i passive possible with the current conliguration. All tr:msfcr lines routed to this pit arc 

Provide radiation component not isolated, and will remain so for the duration of sluicing oper:ttions in tanl~ 
shielding for prone to failure. C-106. 
nearby workers 

Comnonent failure detection: Component could foil without detection of failure 
other than routine surveill:ince. 

Quality :issurnnce critcri:i: Design :ind constntction of this component to 
general service requirements is :idcquate. 

Camera Mount For Contain Structural or seal Failure of this Potential effects of com~oncnt failure: Failure could result in minor local GS 
In-Tank Imaging radioactive failure component would have contamination. 
System at top of :ierosols rele:1sed .no effect on the 
riser #7 :issociated into the t:ink Note that this is system safety function. Critical functional requirements: None - There :ire no tr:msfcr lines within the 
with pump pit hcadspacc during a passive c:imera penetration and the sluice stream is physic:illy prevented from re:iching 
241-C-06A sluicing · ~omponent not the lower end of the camera penetration. In addition, the tank headspace 
(rank C-106) operations prone to failure. pressure will he below :itmospheric during sluicing oper:itions so that any :1ir 
H2-818559, Sht. J, le:ikagewould be directed into lite tank. 
Rev. 1 

Comnonent failure detection: Com.ponent could fail without detection of failure 
other th:111 routine surveill:mce. 

-- Qu:ility :issurnnce critcri:i: Design and constntction of this component to 
general service requircJ_T1ents is :idequ:11c. 

,, 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

. 

SSC . . 
. . .. 

Seismic Shutdown 
Systems for 1:tnks 
AY-102 :ind C-106 

, Accidcnt(s) 

TIIO Adel. l: SC­
Suhsurface Leak 
Resulting in a 
Pool, Seclion 
3.4.2.14; 
Surface Le:ik 
Resulting in :i 
Pool, Section 
3.4.2.15; Spray 
Le:ikfrom 
Structure, Section 
3.4.2.16 

BIO Add. 1: SS -
Subsurfoce Leak 
Staying . 
Subsurface, 
Section J.4.2.13 

COMPONENT COMPONENT 
IDENTIPICATION FUNCTION · 

Seismic detection 
units (0621 :ind 
0622) for tank 
AY-102 systems in 
enclosures 
241-AY-51A and 
-518, .· 
H2-8J8560, Shi. 4, 
Rev. 3 

Measure triaxial 
acceler:ition and 
trip (de-energize) 
magnetic 
conlaetor when 
:my level exceeds 
setpoinl (0.12 g 
horiz. amt 0.08 g 
Vert,) 

Safety Functions Functional 
Requirements 

Detect seismic 
event :ind shut 
down sluice :ind 
slurry pumps to 
limit :iny 
relc:ises from :,. 
failed transfer 
line 

Open m:ignelic 
cont:tclor 10 shut down 
transfer pumps :ti 0. 12 
g horizon1:1l 
:icceleration or O.OR g 
vertic:il acceleration. 

Pcrform:incc Criicria · 

Shall be verified opcr:ible prior to WRSS oper:itions 

Note that failure of the seismic detection syslem would not, in ilself, initiale :in 
accident. 

Critical Characteristics: Must detect sround motion :ilong three axes :inc.I must 
:ictiv:ite an alarm and :in interlock to shut down tran~fer pumps upon detecting :,. 
seismic ground motion in excess of 0.12 g horizonl:il acceleration or O.OR g 
vertical acceleration. 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP TIIIS SSC 

COMPONENT 
FAILURE 
MODE 

Spurious trip 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

A spurious trip would 
shut down sluice 
tran~rer pumps :it t:ink 
AY-102. 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 

Potential effects or component failure: Possible releases from breached sluice 
transfer line which could le:id to onsite :ind offsitc doses in excess of limits. 

Critical function:il requirements: Trip (de-energize) m:ignelic cont:ictor in the 
event of seismic _:icecleration exceeding set points. 

Safety function not 
:iffected. Component failure detection: Spurious trip would he indic:itcd by alarm 

1-----------------1 AAH-0621/0622 at operator sl:ition on electrical equipment skid 241-A Y-51. 
Failure io 
function in 
seismic event 

A failure to function 
would dis:ihlc the 
s:ifety function of 
:iffected seismic 

: detection system. 

\ 

F:iilure 10 function in a seismic event would he de1e_c1ed by. :ind could he 
overridden by operator using HS-0621 lA. 

' 
Ou:ility :issur:mce criteria: The seismic shutdown system w:is procured :ind· 
qualified :is :i safety cfass system. S:ifety cl:lssific:ition c:in be maintained hy 
required periodic testing :ind c:ilibration. * 
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Planned Modific:uions 
Involving TI1is SSC 

Install four seismic swilch 
ins1nimen1s. -Two 
redundant switches al l:tnk 
A Y-102 and two redundant 
switches :it tank C-106. 

COMPONENT SAFETY 
CLASS 

SC 
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APPENDIX A: FAJLURE·MODES AND EFFECTS ANALYSTS (FMEA) 

Magnetic contactor Shut down 
assemblies for tank imbmersihlc sluice 
A Y-102 seismic pump (P-0621) 
switch systems in an<l sluice booster 

. enclosures pump (P-0622) on 
241-A Y-51A and trip signal from 
-SIB, including corresponding · 
high tempcrnturc seismic detection 
switches, unit. 
H2-818560, Sht. 4, 
Rev. 3 High current 

contacts directly 
cul off power to 
affected motor 
controllers. 

Spurious trip or 
high temperature 
trip 

Failure to 
function on 
seismic trip 

A spurious trip would 
shut clown tr:msfer 
pumps al tank 
AY-102. 

Safety function not 
affected. 

A failure to function 
would disable the 
safety function of 
affected seismic 
detection system. 

Potcnti:11 effects of component foilure: Possible releases from hrcachcd sluice 
transfer line which could lead to onsitc and off site doses in excess of limits. 
Failure of high temperature_ trip could lead to loss of safety function . 

Critical functional requirements: Shut clown A Y-102 sluiFc pumps in the event 
of seismic acceleration exceeding setpoints. Note that either of the two 
magnetic contactors will independently shut down the sluice transfer pumps. 

Component failure detection: Spurious trip would he indicated hy :,!arm 
AAH-0621/0622 at operator station on electrical equipment skid 241-AY-5I. 
Failure to -function in a seismic event could be detected amt overridden hy 
operator using HS-0621 IA. 

Ou~lity as~ur.incc critc~ia: TI1c seismic shutdown system was procured and 
qualified as a safety class system. Safety classification can be maintained hy 
required periodic testing and calibration. * 

Seismic system trip Provide indication Spurious alarm A spurious alarm 
would not affect the 

Potential effects of component failure : Loss of indication of seismic trip. 
alarm al operator of seismic trip 
station on skid 
241-AY-51 
(AAH-0621/0622) 
H2-818560, Shl. 4, 
Rev. 3 

Seismic system 
power failure alarm 
and relays for tank 
AY-102 
(JXA-0621/0622, 
JXY-0621, 
JXY-0622) 
H2-RIR560, Shi, 4, 
Rev. 3 

Provide alann at 
operator station 
on loss of power 
to either seismic 
shutdown system 

system safety function. Critical functional requirements: None - Component has no safety function. 

1---------1-----------1 Component failure detection: Component could fail with no indication of failure 
Failure to 
function on 
seismic trip 

Spurious alarm 

Failure to 
function on loss 
of power 

Failure to indicate trip 
would have no effect 
on system safety 
function 

A spurious alarm 
would not affect the 
system safety function. 

Failure to function on 
loss of power would 
have no effect on 
safety function since 
the magnetic 
contactors would trip 
(de-energize) on loss 
of power. 

other than routine testing and maintcn:mce. 

Quality assurance criteria : Design_:rnd constn1ction or this component to 
general service requirements is adequate. 

Potential effects of component failure : Loss of indication of loss of power in 
the event of a spurious trip due to loss of power. 

Critic:il function:il requirements: None - Loss of power indication has no s:ifety 
function. 

Component failure detection: Component could fail with no indication or failure 
other than routine testing and m:iinten:incc. 

Quality assurance criteria: ·oesign and construction of this component to 
general service requirements is :idequ3tc. 
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APPENDIX A: FAILURE"MODES AND EFFECTS ANALYSIS (FMEA) 
lUl~ 

System enclosure 
high/low . 
tempcr:iture nl:inn 
(T AHL-0623/0624, 
TSHL-0623, 
TE-0623, 
TSHL-0624, 
TE-0624) 
H2-818560, Sht. 4, 
Rev. 3 

Emergency trip at 
operator .station on 
electrical skid 
241-AY-51 
(HS-0621 IA, . 
YL-0621 IA) 
H2-RJ8560, Shi. 4, 
Rev. 3 

Activntc :llnnn nt 
opcr:itor station 
on liigh/low 
nmhicnt 
.tempernture in 
either seismic 
switch system . 

. enclosure 
(241-AY-SIA or 
241-A Y-51D) 

Provides 
emergency over­
ride to trip 
seismic switches 
from the operator 
station 

Spurious nlnnn A spurious alann 
would not affect the 
system snfcty function. 

Potential effects of component failure: Loss of indication of tcmper:1ture.outsidc 
nonnnl rnnge in system enclosures. Loss of indicntion of an nctunl high 
temperature condition could lead to n high-high tcmpernture trip of the eff.!ctcd 
seismic switch causing automatic shutdown of the sluice pump and sluice 
booster pump nt A Y-102. 

Criticnl functional requirements: None - ll1c c·nly function of the cnclos11 re 
1---------1---------1 tcmpcr:iturc nlnnn is to provide indicntioP which couh.l help avoid a spuric m, 

Failure to 
function on 
high/low 
temperature 
condition 

Spurious trip 

A .separate safety class 
high tcmpernture 
switch in the magnetic 
contactor nsscmhly 
protects system against 
loss of function due to 
high temperature. 
Low temperature 
would hnve no 
immediate effect on 
safety function. 

No effect on snfety 
function. 

A spurious trip would 
shut down sluicing 
pumps nt AY-102. 

shutdown of the sluice pumps if enclosure temperature control fails. 

Component failure detection: Component could f:til without indic:1tion of failure 
other than routine testing and calihr:ition. 

Quality nssurnnce criteria: Design and construction of this component 10 

general service requirements · is adequate . . 

Potential effects of component failure: Possible delay in shutting down sluice 
pumps during seismic event below seismic switch sctpoints. Seismic switches 
would still be operable .. 

System safety function 
would not he affected. 

Critical functional requirements: None - provides manual means of tripping 
seismic switches from operator st:1tion. Sluice pumps coulll he shut down 

1---------------- m:11111:illy if required. 
Failure to 
function on 
demaml 

Seismic switches 
would still he 
opcrntive. 

System safety function 
would not be affected. 

Component failure detection: Comp,rncnt could fail without imlic:11inn of failure 
other than routine testing :11ul c:1libr:itin11. 

Ounlity n~surnnce criteria: Design and constmction of this component to 
general service rcquiremenL,; is adequ:ite. 
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PROJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENGINEERING EVALUATTON 
APPEND TX A: FAILURE··MODES AND EFFECTS ANAL YSfS (FMEA) 

Seismic switch 
enclosure 
heating/cooling 
units (AC-0621, 
TE-0626, TC-0626, 
AC-0622, TE-0627, 
TC-0627) 
H2-818560, Sht. 4, 
Rev. 3 

Seismic detection 
units (1361 and 
1362) for tank 
C-106 systems in 
enclosures 
241-C-SIA and 
-SID, 
H2-818559, Sht. I, 
Rev. 3 

--

· Maintain seismic 
switch enclosure 
temperatures 
within :1cceptable 
limits 

Measure triaxial 
accelcr:ition and 
trip (de-energize) 
m:1gnetic 
cnntactor when 
any level exceeds 
setpoint (0.12 g 
horiz. aml O.OR g 
vert.) 

Failure to 
function 

Spurious trip 

A separate safety cl:1ss 
high temper:mire 
switch in the ·magnetic 
contactor assembly 
protects system :igainst 
loss ·or function due to 
high temperature. 
Low temperature 
would have no 
immediate effect on 
safoty function. 

No effect on s:1fety 
function. 

A spurious trip would 
shut down slurry 
transfer pumps at tank 
C-106. 

Potcnti:il effects of component failure: Possihle unavailahili1y of seismic 
-switches and del:iy of sluicing opcrntions. 

Critical functional requirements: None - Failure may require shutdown or delay 
of sluicing opcr:itions. 

Component failure detection: Enclosure high/low tcmpcr:llure condition would 
be indic_ated by al:inn TAHL-0623/0624 at operator station. 

Quality assur:mce criieria: Design and construction of this component to 
general service requirements is adequate. 

Potential effects of component failure: Possible rclc:iscs from breached slurry 
tran.~fer line which could lead to onsitc :ind off site ·doses in• excess of limits. 

Critical funclional requirements: Trip (de-energize) magnetic cont:ictor in the 
event of seismic :ieeelerJtion exceeding sclpoints. 

-
Safety function not 
affected. Component failure clctcction: Spurious trip would he indicated hy al:inn 

1----------------1AAH-1361A/1362A:1t oper.itorstation in M0-211. Failure to function in a 
Failure to 
function in 
seismic event 

A failure to function 
would disable the 
safety function of 
affected seismic 
detection system. 

seismic event would he detected hy. :1ml could he overridden l;y operator using 
HS-13650A. 

Quality assurance criterirr: 111c seismic shutdown system was procured :1ml 
qualified :is a safety class sys1cm. Safety classific:ition can he maintained hy 
required periodic testing :ind c:ilibrntion. * 

\ 
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APPENDIX A: FAILURE~MODES AND EFFECTS ANALYSIS (FMEA) 

Magnetic contactor 
assemblies for tank 
C-106 seismic 
switch systems in 
enclosures 
241-C-SIA and 
-51 B, including 
high temperature 
switches, 
H2-818559, Sht. 1, 
Rev. 3 

Seismic system trip 
alarm at operator 
station in MO-211 
{AAH-
1361A/1362A} 
H2-818559, Sht. 1, 
Rev. 3 

Seismic system 
power fiilure :ilarm 
and relays for tank 
C-106 
(JXA-1361/1362, 
JXY-1361, 
JXY-1362) 
H2-818559, Sht. I, 
Rev. 3 

Shut down Spurious trip or 
submersible slurry high temperature 
pump (P-136 I) trip 
:ind slurry booster 
pump {P-1362} on 
trip sign:il from 
corr~spond.ing 
seismic detection 
unit. Failure to 

function on 
High current seismic trip 
contacts directly 
cut off power to 
:iffected motor 
controllers. 

Provide indication Spurious al:trm 
of seismic trip 

A spuriom; trip would 
shut down transfer 
pumps at tank C-102. 

Safety function not 
affected. 

A failure to function 
would disable the 
safety function of 
affected seismic 
detection system. 

A spurious alarm . 
would not affect the 
system safety function. 

Potential effects of component failure: Possihle releases from breached slurry 
transfer line which could lead to onsite and off site doses in excess of limits. 
Failure of high temperature trip could lead to loss of safety function. 

Critical function:il requirements: Shtll down C-106 slurry pumps in the event of 
seismic acceleration exceeding setpoints. Note th:1t either of the two magnetic 
cont:ictors will independently shut down the slu rry transfer pumps. 

Component failure detection: Spurious trip would he indicated by :1l:inn 
AAH-1361Af1362A at operntor station in MO-211. Failure to function in :i 
seismic event could be detected and overridden by operator using HS- t 3650A. 

Qu:ility assurance criteri:i: The seismic shutdown system was procured :ind 
qu:ililied as a s:ifcty class system. S:ifcty classilication can be maintained by 
required periodic tc~ti ng :md calibration. * 

Potential effects of component foilurc : Loss of indication of seismic trip. 

Critical functional requirements: None - Component has no safety function. 

1-------,f------------1 Component failure detection: · Component could fail with no indication of failure 

Provide :alann :it 
operator station 
on loss of power 
to either seismic 
shutdown system 

F:tilure to 
function on 
seismic trip 

Spurious alarm 

Failure to 
function on loss 
of power 

Failure to indic:itc trip 
would have no effect 
on system s:afcty 
function 

A spurious al:arm 
would not affect the 
system s:ifety function. 

Failure to function on 
loss of power would 
have no effect on 
s:ifety function since 
the m:ag.netic 
cont:actors would trip 
(de-energize} on loss 
of power. 

other th:in routine testing and maintenance. 

Quality assurance criteria: Design and conslniction of this component to 
general service requirements is adequate. 

Potenti:il effects of component foilure: Loss of im.lic:ation of loss of power in 
the event of a spurious trip due 10 loss of power. 

Critical function:tl requirements: None - L?ss of power indication has no safety 
function. 

Component failure detection: Component could fail with no indication of failure 
other than rolllinc testing and mainten:mcc. · 

Quality assurance criteria: Design and con~tniction of this component to 
general service requirements is adequate. 
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PROJECT W-320 SAFETY CLASS AND .SAFETY SIGNIFICANT. ENGINEERING EVALUATION 
APPENDIX A: FATLURE •. MODES AND EFFECTS ANALYSIS (FMEA) 

System enclosure 
high/low 
tempcrJture :il:inn 
(f AHL-1361/1362, 
TSHL-1361, 
TE-1361, 
TSHL-1362, 
TE-1362) 
H2-818559, Sht. t , 
Rev. 3 

Emergency trip .at 
opcrntor station in 
M0-211 
(HS-13650A, 
YL-13650A) 
H2-818559, Sht. 1, 
Rev. 3 

Activate alarm at .· Spurious alann 
oper:itor station 

A spurious alarm 
would not affect the 
system safety. function. 

Potential effects of component failure: Loss of indic:1tion of temperature outside GS 
normal r:inge in system enclosures. Loss of indication of :m :ictu:11 high 

on high/low 
ambient 
temper:iture in 
either seismic 
switch system 
enclosure 
(241-C-51A or 
24 I-C-518) 

Provides 
emergency over­
ride to trip 
seismic switches 
from the operJtor 
station 

temperature condition could lead to a high-high temperature trip of the effected 
seismic switch causing automatic shutdown of the slurry pump and slurry 
booster pump at C-106, 

Critical functional requirements: None - The only function of the enclosure 
1-------t----------1 temperature alann is to provide indication which could help :ivoid a spurious 

Failure to 
function on 
high/low 
temperature 
condition 

Spuriom: trip 

A separ:tte safety class 
high temperature 
switch in the magnetic 
eontactor assembly 
protects system against 
loss of function due to 
high temperature. 
Low temperature 
would have no 
immediate effect on 
safety function. 

No effect on safety 
function. 

A spurious trip would 
shut down sluicing 
pumps at C-106. 

System safety function 
would not he affected 

shutdown of the sluice pumps if enclosure temperature control fails. 

Component failure deiection: Component could foil without indication of failure 
other than routine testing·and ealibrntion. 

Quality assurance criteria: Design and construction of this component to 
general service requirements is adequate. 

Potential effects nf component failure: Possihlc delay in shulling down slurry 
pumps during seismic event below seismic switch sctpoinls. Seismic switches 
would still be oper:tble. 

Critical functional requirements: None - provides manual means of tripping 
seismic switches from operator station. Sluice pumps . could he shut down 

1-------+---------l manually if required. · 
Failure to 
function on 
demand 

Seismic switches 
would still be 
operative. 

System safety function 
would not be affected. 

Component f:1ilure detection: Component could f:til without indication of failure 
other than routine testing and calibr:ttion. 

Quality :1s!l11r:mce criteria: Design :111d constntction of this component to 
general service requirements is adequate. 
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PROJECT W-320 SAFETY CLASS AND SAfE'i'Y SI G1 ~ir-ICANT ENGINEERING E .. ALUATION 
APPENDIX A: FAfLURt MODES AND EFFECTS ANALYSIS (FMEA) 

Seismic switch Maint:iin seismic Failure to A separate safety class Potential effects of comQonent failure: Possihlc unav:iilability of seismic 
enclosure switch enclosure function high temperature switches and delay of sluicing oper:itions. 
he:iting/cooling temperatures switch in the m:ignetic 
units (AC-1361, within :icceptable contactor :issembly Critical functional requirements: None • Failure may require shutdown or del:,y 
TE-13632, limi1s pr~tects system :igainst of sluicing opcrJtions. I 

TC-13632, loss of function dtic to 
AC-1362, high temperature. Component failure detection: Enclosure high/low temperature condition would 
TE-13633, Low temperature be indicated by alarm TAHL-1361/1362 at opcrJ"tor station. 
TC-13633) would have no 
H2-818559, Sht. 1, immediate effect on Quality amtrance criteria: Design and cons.tmction of this component to 
Rev. 3 safety function. general service requirements is adequate. 

No effect on safety 
function. 

' 
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PROJECT W-320 SAFETY GLASS /\ND SAFETY SIGNIFICANT ENGINEERING EVALUA'l ION 
APPENDIX A: FAILµRE MODES AND EFFECTS ANALYSIS (FMEA) 

SSC Accidcnl(s) S:ifcly Functions Functional Performance Critcri:i . . . . Requirements 

Backnow IJIO Add. I: SS - Prevent hackllow Prevent contamination Perfonn functional test to verify opcrnhility of backllow prc.Ycntcrs. 
Prcvcntcrs Surface Le:,k of waste into of service water · 
H2-818510 Causing a Pool water supply supply system (e.g., Critical Characteristics: Must prevent backllow of liquid from slurry or 
Sht. 1, Rev. 0 Section 3.4.2 .15 t:inker truck) supernatant transfer lines during trnn~fer -linc !lushing with sanitary w:itcr. 
as modified by Must provide mean~ for independent in-place testing of inlegrily of each check 
ECN W320-696 Spray leak from valve al 400 PSIG (08-001). 

structure Section 
3.4.2.16 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT COMPONENT COMPONENT COMPONENT COMPONENT SAFETY CLASSIFICATION JUSTIFICATION 
IDENTIFICATION FUNCTION FAILURE FAILURE EFFECTS 

MODE ON SSC SAFETY 
FUNCTION 

2-lnch 316 SST Prevent Failure or check Contaminated waste Potential effects of com~oncnt failure: Contamination of service waler sys!em. 
Ball-Cone Check contamination of v:,lvc function so could potentially leak This could only occur if the transfer line were lo be inadvertently premtrizcd 
Valves (2) above grade nush as to pcnnil into the above grnde while the nush system is lined up for operation. Note that failure of both check 
H2-818510 hoses/piping and leakage from tank truck and/or nush valves would not, by itself, cause an accident. 
Shl. 1, Rev. 0 tank lntck lrJnsfcr line into piping. 
as modified by systems. service waler Critical functional rcc1uirerncn1s: Prevent backllow of wasle into service waler 
ECN W320-696 system system. 

Com~onenl failure detection: Titese components could fail without indication of 
failure other than routine testing. 

Quality assurnncc criteria: TI1e backfiow prcventers were designed, procur~d. 
and fabricated to meet all requirements for safety significant components. Each 
check valve will be independently tested :it 5 psig and 400 psig. * 

' ()() 

HNF-2050, Rev. 0 

Pl:inncd Modifications 
Involving TI1is SSC 

' 
Project W-J20 will build a 
!lushing adapter jumper 
which will include 
hackllow prevention 
features. 
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P OJECT W-320 SAFETY CLASS AND SAFETY SIGNIFICANT ENlilNEERINu c VALUATIUN 
APPENDIX A: f-AILURE-MODES AND EFFECTS ANALYSIS ·(FMEA) 

SSC Accidem(s) S:ifcty Functions Funclion:il Perfonn:incc Criteria 
Requirements 

Primary Tank Level IHO: nlO: Monitor BIO: Provide readout Shall he veriried opcrahlc prior to WRSS op1.·r:1tions. 
Detectinn Systems SS - T:ink nump, t:ink w:istc level of t:ink level and I 

In Tanks C-IOli nm.I Section 5.3 .2.22 to support high/low level :al:mn For Subsurface Le:ik :111<l Subsurface Leak/Pool (SS), Critical Ch:ir:iclcristics: 
AY-102 implementing function at TMACS Must provide tank w:isle level measurements to :10 accuracy of ± 0.5 inches 

mo Adel. 1: ss tank temperature (RD-057). Must provide measurements during WRSS operation, prior to 
-Subsurface Leak controls BIO ADD 1: Provide tran.~fers to or from the tanks, and following each sluicing batch. 
Staying level readouts within n 
Subsurface, BIO ADD I: speciricd tolerance For Surface Leak/Pool (SS), Critical Ch:iractcrislics: Must provide tank waste 
Section 3.4.2.13; Provide tank loc:illy an<l at the level me:isurements to an accuracy of ± 0.5 inches (RD-057). Must provide 
Subsurface Leak level indication MO-211 operator measurements <luring WRSS operation, prior lo tr:insfcr!i to or from the tanks, 
Resulting in a to support station and following each sluicing b:itch. Must also provide level measurements 
Pool, Section mate.rial balance during normal, non-WRSS operation at 24-hour intervals to detect a service 
3.4.2.14; Surface calculations water intrusion. 
Leak Resulting in between slurry 
a Pool, Section transfer!i For Tank Bump (SS), Critical Characteristics: Must provide tank waste level · 
3.4.2.15 measurements above 15 ft to an accuracy of± 2 inches, :ind transmit d:ita to 

local or remote readout, to support implement:ition of tank temperature controls 
(RD-057). 

A-100 
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t>ROJl.::CT W-320 SAFETY CLASS AND SAFETY SlGNIFICANT ENGINEERlNG EVALUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

THE ITEMS BELOW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

HNF-2050, Rev. 0 

COMPONENT COMPONENT 
IDENTIFICATION FUNCTION 

COMPONENT 
FAILURE 
MODE 

COMPONENT 
FAILURE EFFECTS 
ON SSC SAFETY 
FUNCTION 

COMPONENT SAFETY CLASSIFICATION JUSTIFICATION COMPONENT SAFETY 
CLASS 

ENRAF Liquid , 
Level Instrument At 
TankAY-102 
(WST-L1T-602A) 
H2-818560, Sht. 5, 
Rev. 0 

Level Indicating 
Trnnsmitter At 
Tank AY-102 
(WST-LIT-602A) 
H2-R I R560, Sill. 5, 
Rev. 0 

Provides Fails open (no 
continuous signal) or gives 
detection and erroneous 
local indication of reading (high or 
tank liquid level low) 

Provides remote 
indication of tank 
level 

· Fails open (no 
sign:t_l) 

Level instrument 
failure would cause a 
loss of infonnation on 
tank liquid level which 
is one of several 
indicators of a lank 
leak or service water 
intrusion into the tank 

Loss of remote 
indication and alanns 
at TMACS 

No effect on saf"cty 
function 

Potential effects of component failure: Possible tank overllow :md pit overflow. SS 
Erroneous infonnation could mask material imhalance resulting from leakage or 
misroutes during a sludge tr:insfcr. Any of these conditions could lead to an 
environmental release exceeding onsile risk criteria . Note that failure of the 
level instrument docs not, in itself, initiate an accident. 

Critical functional requirements: Provide tank level infonnation in support of 
periodic material balance c:llculations during waste transfers. and detection of 
misroutes or le:1kagc. 111e only safety function of the level indicator is periodic 
monitoring to detect water inleakage from the service W:11er system and for 
periodic mass ha lance calculations. 

Component failure dclccrion: Component could foil wirhoul indication of failure 
other than periodic maintenance :ind calibration. Failure would almost certainly 
be detected when the instrument status is checked and a local rending taken 
(required at least once every 24 hours). 

Quality asstirnncc criteria: The ENRAF inslmments were procured as. and 
meet all requirements for, safety significant components. Component safety 
classification can be maintained by required routine checks. A failed component 
can be readily repaired or replaced. * 

Potential effects of component failure: Loss of remote tank level indication. 

Critical functional requirements: None - System safety function is fulfilled hy 
periodic reading of local indic:1tion al the ENRAF instn11ncn1. 

Component failure detection: Loss of signal would trip high/low level alann at 
TMACS. 

Quality am1rnnce criteria: Design and constmction of this component tq 
general service rcquirc~ents is adequate. 
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PR JECT W-320 SAFETY CLASS AND SAFETY ~lliNt.rlCAN I tNL.111 1.:,1.::.1<..11-...u t:. v 1\!JUJ\, .. 

APPEND[X A: FA[LURE ·MODES AND EFFECTS ANALYSIS (FMEA) 

AY-102 Tank Level Provides remote 
Alann At TMACS high/low level 

al:inn on AY-102 
·tank liquid level 

Remote A Y-102 Provides lank 
Liquid Level A Y-102 liquid 
Indic:ition At level digil:il 
Operator Sl:ltion.~ In indie:ition al the 
M0-211 and operator stations 
241-AY-51 :is p:irt of !he 
Equipment Skid, information 
Including Rel:ited needed lo h:il:mce 
Sign:il sluice and slurry 
Co~unication and line tr:insfcr rates 
Recording during sluicing 
Components operations 
H2-818560, Sitt. 5, 
Re·,. 0 

,__,_,... ___ 
. 

·. ,02 FfW.!, F : '.'rovidcs physic:il 
Level Gauge support for 
Electrical St:ind electric:il junction 

boxes, tenninal 
boxes and conduit 
mns associated 
the nearhy 
ENRAF level 
gauge 

F:iils open (no 
alann function) 

Spurious ai:irm 

Fails open (no 
signal) 

F:iil!I open (loss 
of local eleclric:il 
power and/or 
signal) 

Loss of :il:tnn function Potential effect!! of component failure: P:irtial Joss of indication of change in 
tank level. 

No effect on safety 
function 

No effect on safety 
function 

F:iilure of the AY-102 
liquid level indic:ition 
al either of the 
oper:itor station.~ 
would have no effect 
on the system s:ifety 
function. Oper:1tors at 
C-106 :ind A Y-102 :ire 
required to be in 
continuous 
communic:ition during 
sluicing operntions. 

Loss of remote t:ink 
level indic:ition and 
alanns 

No effect on s:ifcty 
function. 

Critical functional requirements: None - System safety function is fulfilled hy 
periodic rending of local indic:ition :it the ENRAF instrument. 

I 

Component failnrc detection: Component could fail without indication of failure 
other than periodic m:iinlen:ince and calihration. 

Qu:ility am1rnnce crileri:i: Design :ind con.~lruction of this component to 
gener:il service requirements is adequate. 

Potenti:il effect!! of component failure: Partin! loss of opera1ion:1l information 
needed to balance sluice and slurry now rates during sluicing operations. 

Critical function:il requirements: None - Time components h:ive no s:ifcty 
function. If necessary, :i technician could be st:ilioned at the loc:il indic:ilor :it 
the ENRAF instrument to report levels to the operators, or alternatively, the 
sluicing operation could be secured. 

Component f:iilure detection: Loss of indication would be apparent to 
operators. 

Qu:ility :immmce criteri:i: Design :ind construction of this component to 
general service requirements is adequate. 

: Potcnti:tl errect~ or component f:,ihtre: Structurnt failure of this stand m:.y 
interrupt the signal or power. 

.. . 
' · 

Critic:il function:il requirements: None - If~ slurry tr:msfer w:is in progress :md 
the problem could not be corrected hy end of shift, when :i m:iss balance 
c:ilcul:ition is required, the transfer would be h:ilted. 

Component failure detection: In the event of support failure which caused the 
level detector to become inoperntive because of loss or power or intern1ption of 
outgoing sign:ils, TI1e failure would he detected as a loss of remote imlic:llion al 

TMACS and would trip the high/low level :ilarm. 

Qu:ility a!lsurance criteri:i: Design and construction of the electrical stanp­
structural components to general service requirements is adequ:ite for the .- • 
accident initiating events listed in the BIO and the BIO Addendum 1. TI1e 
electrical sl:lnd is easily accessible and there would be :imple time for repair!!. 
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APPENDIX A: FAILURE MODES AND EFF~CTS ANALYSIS (FMEA) 

ENRAF Liquid 
Level Instrument At 
Tank C-106 
(WST-LIT-1306) 
H2-818559, Sht. 2, 
Rev. 1 

Level Indicating 
Transmitter At 
Tank C-106 
(WST-LlT-1306) 
H2-818559, Sht. 2. 
Rev. 1 

Provides Fails open (no 
continuom: signal) or gives 
detection and erroneous 
local i.ndicalion of reading 01igh or 
tank liquid level low) 

Provides remote 
indication of tank 
level 

Fails open (no 
signal) 

C•t06 Tank Level Provides remote Fails open (no 
alarm function) Alarm At TMACS high/low level 

:ila nn on C-106 
t:ink liquid level 

Spurious al:trm 

Loss of information on 
tank level 

Loss of remote 
indication and alarms 
at TMACS 

No effect on safety 
function ·• 

Potential effects of component failure: Possible tank overnow and pit overnow. 
Erroneous information could mask material imbalance resulling from leakage or 
misroutes during a sludge tran.~fer. Any of these conditions coul_d lead to an 
environment:il release exceeding onsile risk criteria. Nole th:il failure of the 
level instrument does not, in itself, initiate an accident. , 

Critic:il functional requirements: Provide tank level information in support of 
periodic m:iterial bal:ince calculations during waste tr:insfers, :ind detection of 
misroutes or leakage. TI1e only safety function of the level indicator is periodic 
monitoring to detect water"inleakage from the service w:1ter system and for 
periodic mass balance calculations. 

Component failure detection: Component could fail wilhout indication of failure 
other than periodic maintenance and calihration. Failure would almost certainly 
be detected when the instmment status is checked and a local reading taken 
(required at least once every 24 hours). 

Quality assurance criteria: TI1e ENRAF instmments were procured as, and 
meet all requirements for, safety significant components. Component s:1fcty 
classificati~n can be maintained hy required routine checks. A failed component 
can be. readily repaired or repl:iced. * 

Potential° effect,; of component failure: Loss of remote t:ink level indication. 

Critical function:11 requirements: None - System safety function is fullilled hy 
periodic reading of loc:il indication at the ENRAF instmmcnt. 

Component failure detection: Loss of signal would trip high/low level al:irm at 
TMACS. · · : 

Quality assurance criteria: Design and constmction of lhis component to 
general service requirements is :idequate. 

Loss of alarm function Potenti:il effects of component failure: Partial Joss of _indication of change in 
t:ink level. 

No effect on safety 
function 

No effect on safety 
function 

Critical function:il requirements: None - System safety function is fullilled hy 
periodic reading or local indication at the ENRAF instmment. 

Component failure detection:_ Component could fail without indication of,(:iilure 
other than periodic maintenance and calibration. · • 

' 
Quality assurance criteria: Design and construction of this component to 
general service requirements is adequ3te. 
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APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (FMEA) . 

Rcrnotc C-106 Pruvitles tank f-ails open (nn Loss of remote lank Po1cn1i:1I effects of component failure : P:,r i:1 lnss of oper:ll inn:rl infonn:r tion GS 
Liquid Level C-106 liquid kvcl sign:11) . C-106 liquid level needed lo h:il:rncc sluice and slurry flow rates during sluicing opcr:rtinns . '· '1 

lndic.,tion At digital imlil;at1on indication :it the '\ 

.; 
Opcrntor Stat.ion In :it the opcr:,tor, operator station in Critical functional rc11uircmcnts: None - These components have no s:1fc1 · : 
MO-211 Including stat ion :is pa rt or MO-211 function. If necessary, :t tcchnici:tn coulu he s1:rtioned at the local indic:11 ,r :11 
Related Signal the inform:11ion the ENRAF instrument to report levels to the rpcrators ; or :11lcrn:1tivcly, 1 1c 
Coinmunic:uion :ind needed to halancc No effect on system sluicing opcrntion could be secured. 
Recording sluice :ind slurry safety function. 
Components line tr:rnsfer r:1tcs Com12onent foilitre deleerion: Loss of inllic:ition would he :1ppare11t to 
H2-8 I M559, Shi. 2, during sluicing operators. 
Rev. I operations. 

Qn:ility :tssur:ince erileri:i: Design :ind construction of this component to 
general service requirements is adequate. 

r:: .. ·~,\r Provides tank Fails open (no No effect on s:ifety Potential effects -of com12nncnt failure: Loss of density infonnation could c:mse GS 
Densitometer W:tSIC density sign:il) function. :i delay in the assessment ofU1e adequacy of scllling of the solids transferred to 
System At Tank prolilc indic:itions tank A Y-102 potentially extending the duration of the monitoring period 
AY-102 to support solius between sluicing batches. 
(WST-DIT-602A) settling 
H2-K18560, Shi. 5, :rsscssmcnts Crilic:il functional requirements: None - No safety function. 
Rev. 0 hctwcen tr:,nsfcr 

hatches. Com12oncnl failure detection: Loss nf indication (Dl-602A) would he :,pparcnt 
to opcr:1tor. 

Quality assur:ince criteria: Design :inu constniction of this component to 
genernl service requirements is adequate. · 

. 
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PROJEC W-320 •,:.TY CLASS ANl"' SArET Y .'::: uN.i .C . NT E. ~GINEEiUNG EVALUATION 
APPENDIX A: FAILURI! MODES AND EFFECTS ANALYSIS (FMEA) 

241-AY 
Temperature 
Monitoring System 
- Multifunction 
Instrument Tree 
(MIT) 

DIO: SS - Tnnk 
Dump, Section 
S.3.2.22 

mo Add. 1: • 
Tank Bump, 
Section 3.4.2.11 

Detect high Provide local (at Link 
tcmpernturcs in A Y-102) indication of 
the lank waste as temperatures at 
an nid in lhennocouplc 
preventing n tank locations. 
bump. 

Provide 
information on 
temperatures at 
various depths in 
the waste during 
and following 
transfers from 
tank C-106 to 
allow analysis of 
thermal 
conditions in 
tank AY-102. 

Transmit temperature 
readings to TMACS 
and to the WRSS 
control station in 
M0-211. 

Verify operability prior to WRSS operations. 

Critical Characteristics: Temperalure displ:iy must be accurate within ± 10°F 
over maximum anticipnled operating rnnge (ambient lo 215°F). Must detect and 
display waste temperatures representative of overall tank and a full range of 
operating conditions, including loss of cooling (RD-057). The following 
minimum data points would be considered "representative": 

• To satisfy Authorizntion Basis requirements, temperature 
must be measured in nt least one location, between 2 and S fl 
from the tank bottom, as well as one location near the top ·of 
the waste. 

• To support process control, tank bottom temperatures in all 
four quadrants, both near the perimeter of the tank and 
toward the center, dome spnce air temperature, and a verticnl 
temperature profile must be mensured. Tank bottom 
temperature may be mensured using either the bottom 
thermocouple of an instrument tree or thermocouples 
embedded in the tank bottom insulating concrete. , 

A-105 
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1~1u.JJbLl w-JLU ~Al•'l~TY CLA.SS AND SAFETY SIGNIFICANT ENGINEERING EVALUATION 
APPENDIX A: FAILURE MODES AND EFFECTS ANALYSIS (F~.iSA) 

THE ITEMS DEL.JW ARE THE UNIQUE COMPONENTS THAT MAKE UP THIS SSC 

COMPONENT COMPONENT COMPONENT COMPONENT COMPONENT SAFi::.TY CLASSIFICATION JUSTIFICATION 
IDENTIFICATION FUNCTION FAILURE FAILURE EFFECTS 

MODE ON SSC SAFETY 
FUNCTION 

HNF-2050, Rev. 0 

COMPONENT SAFETY 
CLASS 

241-AY-102 Detect waste Probe corrosion Loss of temperature Potential effects of component failure: Ability to perform thermnl nnnlysis of SS 
Temperature 
Monitoring System 
(TE-06230 through 
06252, TI-06230 
through 06252) 
H2-818560, Sht. 3, 
Rev. 3 

Remote temperature 
indication at 
TMACS nnd 
MO-211 control 
center 
H2-818560, Sht. 3, 
Rev. 3 

temperatures nt 
thennocouplc 
locntions at 
vnrious elevations 
in the wnste. 

Provide locnl 
indication at 
241-AY-801 Bldg . . 

Provide remote . 
indicntion of 
wnstc · 
temperatures for 
operationnl 
purposes during 
and following 
WRSS operations. 

Break in wiring 

~ 

Fail open (loss 
of signnl) 

data from the MIT 
will not impact the 
general waste 
temperature 
monitoring functions 
in this tank. 

Loss of remote 
indication would hnvc 
no effect on safety 
function. 

I 

the tank waste during and afic1· a slurry transfer could be affected . The purpose 
of the new MIT instrumentation is to provide process control dnta lo support the 
thermal annlysis conducted between siuicing batches to support the transfer of 
additionnl waste solids to tank AY-102. Loss of temperature dnta could delay 
an aceyratc thermal analysis and increase risk of waste temperaturc·s reaching 
higher thnn expected values following a s!Ul'T}' transfer. 

Criticnl functionnl requirements: Provide temperature data for thennnl analyses. 
The extensive existing temperature monitoring instrumentntion in tank AY-102 
meets the safety significant temperature monitoring requirements. · 

Component failure detection: Failure of thermocouple circuits nrc detected as a 
loss of signal or out of range reading during routine temperature readings. 

Quality nmrr:mce criteria: The MIT was designed and procured ns a safety 
significant system. Safety classification can be maintain~ by routine testing 
(during readings) nnd cnlibration activities. * 

Potential effects of component failure: Loss of remote temperature indication. 
Tank thermocouples arc not connected to any alarm functions. 

Criticnl functionnl requirements: None - Required periodic readings taken from • 
locnl indicntion meets the safety significant tempcrr.turc monitoring 
requirements. , · 

Com.ponent failure detection: Loss of indication would be npp:ircnl to operator 
at MO-211. 

Ounlity nssurnnce criterin: Design.and construction of this component to 
general s::rvice requirements is adequate. 

GS 

• May require spnrc p:i.rts: For spare parts relnted to safety components and systems, sec HNF-2404, "Project W-320 241-C-!06 ~nstc Retrieval Spare Parts List.• 
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~ 
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. l . . . 

-~ Beth Northrop - Administration and 
I Financial · . 
ij . . 
) . Dave Nichols - Retrieval Performance, 

Management 

• · Stakeholder Interaction 

• Industry Participation .. ~ · Evalpation Criteria, and Stakeholder 
• Technical and Programmatic ·· · i I · rnvotvcment , _ 
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I . 

• Path to Program Completion ·. '.: ·.·: · ~. ·_ 
• • . • . . . ' : • . • '. • ; ' : '.,• i ' ,'; . ' . ij .. '. 
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... ~ . 
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.· ··' 
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l -

Hanford Tanks ln_itiative - Background 
• Proposed by DOE-RL D~c_em,ber 10, 1995 
• Need confirmed by STCG Febr~ary 21, 1996 
• EM 30/50 support letter March 14, 1996 
• Briefings to DOE-HQ: May 16, 1996; August 27, 1996; 

November 1, 1996 
• Pre-project planning April, 1996 through September 30, 

1996 · 
• · EM 30/50 HTI Review &· Recom·mendations letter 

November 6, 1996 
• Project funded October 1, 1996 
• In-situ tan·k closure removed from scope at request of 

regulators ·and stakeholder~ · · 

Lfi 
Hanford 
Tanks 

1ni.J.i.ill.oo; 
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Hanford Tanks Initiative - Background 
. . 

Key Criteria Establishe·d sy·ooE· · 

, . ' - ··. . . . . . 

· • Retrieval technology f9r leaking tank and hard heel 

• In-situ tank closure. demonstration 

• P.erformance assessment and yadose zone modeling 
for res·idual waste · 

• Demonstrate characterization technologies 

• Complete projec~ by September 30, 2000 

• 5_0% of OST funding to priyate industry 
. ' . 

• · Tribal Nati~n and stake~older participation 
. . 

L1i 
Hnnforcl 
Tanks 

.Inilliu.w; 
4 



.. > 

Hanford Tanks Initiative - Background 
• Interfacing program status ~t HTI inception (10/96) _ 

- Phase 2 Privatization 
• RFP 2003 

· •Award 2004 
- W320 . 

• ··c ·om··plete Sluici_ng 3/~/97 
- Vado_se ·Zone Program · 

• Limited to ·spectral-gamma logging of Existi·ng 
Boreholes 

•Modeling co:nducted b·y P~~L 
- Closure ·Program 

• Closure work plan developed in· FY 1997 and 
incorporated into FY 98 MYWP 

' . Lti 
Hnnford 
Tanks · ' ,.,., _ 
~ 5 



' ·" 

. 
: ~ ' ,. : . .-

. EM.30/50 · 
. . .. . . . . 

ADMINISTRATION 
. . ~ . . 

-
. . .·· . ,:· . . - :,, _: .. - . ; 

' . . 
. ·. . · .. ···:.· : . , . . . ' • ~ • .. ' • • 1 • • • , .; ., • ' 

:·. . ; .... , ' . ; · . ....... ~- ·,· . , ·· · ,· ,·· . . . . . ,. . : 
~ . • . , .. t _ , l ' ' ' 1. • • 

~ : ... . ,. . , . - ' ., . . : . . .. 
. ·- : . .- . . . .. .' 

. . . . ,-.. 
. ·. . . '·. . _-

. . ' 

. ·.. . ''.. . . . ·. : .· --~ : . . , . . .. . . .. . . : , _·· .. 
• '. : ,,• ' ' ; • • ' 'I ·' ~••., ,. ~-. • • : • ~ • • • - • A • • • • ,; • • • ,• t, • ' 

t. ·, ; • , __ ..... ' 

_ _ , , 
, c4 , ., , ' . • --:·· t" : • "" , :· • • • •• 

. ''. Lfi 
Hanford , 

. Tank.~ 
.lnl1i..ill.i:, 6 



_) 

EM 30/50 Interface Process 
Project Execution 

Guidance ,, 

~ 
(PEG) 

I-

.. . 
EM-30 EM-50 

Multi Year Work Technical Task 
Plan Plan 

(MYWP) (TTP) 

,l 
✓ ' 

✓ ' 
✓ ' 

/'Operatio~s-, 
', Directive / 

',, (OD),/ 
' ✓ 
,.✓ 

' ' ' ', 
. .. ', 

Hanford Tanks Initiative 
Execute Work 

.,,,,~ 
. .,, ', .,,,,, . ./ ~- . ', 

• .-✓ 'Monthly Cost',, 
EM-30 Cost Account 1---.-: ,Transfer of ✓',, 

(All workscope planned 'P.rorated Actu,Jl6' · 
d d) 

' ', .,., . 
an coste ., ,, / 

'~✓ 

Lti 
Hanford 
Tanks 

1ni1.li!1w; 

EM-50 Cost Account 
(Debit Account Only) 

7 



.. ---.. PROGRE·ss TO· DATE 

•• t: • 

. ' -:. :; · .. ; _. __ ;. --· . 

', 
.•.I] , .. ~ .'· 

> , I • ,• • •• , !, . '· 

• •• • • • f 

' ·' f . 

. -~-, ;:f'.' • :':,. '~- ,f ••. ;_ ' . ~ •• •• 

,· '; __ ;f: . ., 
\ . ·- ·· . ... 

i . . . . ( . : . 
• • • • • • ; ~ I ,' : • 

• ~ • 1 • 

' ~ .;; ;. '. ... . 
. . . . , ; 

. ; ,•: >Lti . 
Hanford 
Tank~ 

1ni11l1iYl; 
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JI 

Define 
proces!/ 
criteria 

___ ,, ,, 

WN 
ACm 

1996 

C977 _ 06. l'PT 

Interact with Regulators; Trib:11Nations, Stakeholders and Other DOE Retrieval Activities j 
• ; • ',.. \o ~"" ' 1'$i:$ "'e?icn t 't''6' tM'.Xe'-& 

' 
AX-104 In-lank Establish 

- anti Site - Ta ilk Retrieval -Characteriza lion Perfo rma nee Objectives , 

7 -~~r , , . ,. 

' ' 

Risk/Performance Asse~ment l 
Cold rel ri:val & 
charact erita lion 

demos 

'· 'f 

Retrieval 
spccificalion 

developed 

-·-

·- Ilitl & 
award 

'. 

-

-

' 

·· Lfi 
l-lnnford 
Tnnks 

.!n.i.l.iill.i. 

/ 
Establish 
AX-10-4 

~ 

Options 

• 'tUbc:ilt:ttWr ·t 
~ 

Heel rclrieval 

-, ·•· 

Eslu blish lnlcrim 
llasis for ~~ 

I! 
Tank Cb!,Ure or 
Confirm Layup 

Define 
Atltitional 

Waste to he ' 
Removed 
., ~ 

Atltitional 
Characteriza lion 

anti Performance 
AS'ieS!iment i 

,. .. 

I 

)' 

-
,., 

Demons ira le 
Tani, Farm ~ 

Closure - ····· 1' 
Estabish Tank j Closure 
.. , ,.,. 

1' 
Retrieve 
AX-I0-4 
Waste 

...... ,. ~,·J ~·· 

Closure 
acl ilns 

.. • •'• . . ~ ' 

2001 

II 
I' 

11 

-~, 

L1i 
llaulinJ 
T•tks 

l1il111~-e 
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. -

_HTI Summ_ary 
- • • ' ·: j 

. • HTI Initiated to Solve Critical ·Retrieval Issues and 
Provide a Basis for Closure Evaluation to 
Proceed 

· · ·• ·Slfp·porting ~n·d ltJteg·rate·d With Key ·TVVRS 
Programs 

• _Initial Approved ._Pl,f,:1 -Being ·1111·p1_emented-N_o In 

' ,, 

· Tank Charact~rization System · · 

I I; • 

,;, . 
• • ,· • ! ;~ •• • ' ... 1 • 

.. ~ I ·• • • ' "' ,. • • ,• , . . ;, .. 

. ·Lti 
Hanford 
Tanks 

.ln.iJ..i.ilili 10 



. HTI Summary (Cont'd) 
; ; 

• - Intense C~lla~oration, -;an_d_ lntegratio,n _: With Ot1Jer ­
D0E Sites, .Priv~te industry,;·· Nation.al .. 
Laboratories, Reg·ulations, Sfakeholders, a·nd 
Tribal Nations - · ·. ·. ... .. . · -· · · 

, , , . . ·,. ,. 
• . ' • ·' • I, 

. ,,, . .. 
. ; , 

; , 

. ; 

~ . . .. . ..... . .· . . ,: . 

·. -•~::_:: Defi_ning·Approa·ch·e~ an.d IVleth_~dologies for 
Deploying New Technologi-es .Within TWRS 

• ·Challenges Remain . · .:·;·· :.·.· . : <. '.·: _-
- I .. • ·•·.,_._• :·':; ..... ,, •-• ;,• I. '., . 

. , .. --

•• '. • .. : ,··· : • j 

I • '; •• • ' -

I ... p < , • , 

,, , .. ' . 
; !· ,' :, ' . , ~ . . ' _; .,. ' . ' ' f ~: .,_ . :_ ... ' ... • 

, J ~- ... J 

: ·:· . . ' , ~ 
• • .i 

-• .... 
-· .. , . -~ . 

. . . ~ . . ' . , 
C • • ,(j. ,' 

' , 

I I 



HTI Schedule/ Status 

: _ Proposal . · 
'Cold Demonstration ; ,·, 

" .. , _· ___ · ·. , November 1, 1996 

· l~itiate ACTR integrated testing · 

Compl_~te RFP an~_~p~cificatiQn .. . 
:. ' , ' ; 

Complete ACTR integrated testing 
. . . . , . . . 

, . . 

.. Award four contracts . 

. ,:lssu_e GFJ package 
' ' . 

_· , , Cortlplete demon.strations 

; I 

l ;·' 

' 
'. ~.' . , . 

. : ,. _. 

·:.Lti ' 
Hanford 
Tnnks 

1nitiilill'.ll . 

09/96 

11/26/96 
~ , , A • • • • < ' 

01/01/97 
' 

, . · ()1/20/97 ' . 

. ,07/21/97 
. , . , . 

08/26/97 . 

Status 

Completed 

_C~mpleted 

Completed 

Completed 

.. .. Completed 

Completed 

12 



·HTI Schedule/ Status 
C-106 Hard Heel Retrieval , •. 

/ . : . 

Complete project design concept · 

Proposal 
November 1, 1996 

i • • • ·. 

. . 

05/30//97 

Complete procurement spec and issue RFP 08/08/97 

Award two ".cold" design/demonstrati~n 
contracts 

· Complete site upgrades · 

· Complete "cold testing 
. . 

.. 01/20/98 

11/13/98 

11/25/98 

Down select & initiate retrieval (down select' · 05/21/99 
to be completed 1/15/99) 

Status 

·Completed 

Completed 

.. Completed 

08/31/00 

- 09/22/99 

08/31/00 

Complete C-106 retrieval 

Ready tank for closure 

08/13/99 12/28/00 

Lti 
Hanford 
Tank.~ 
~ 

02/03/99 - 05/10/01 

13 



I~'. 

HTI Schedule/ Status 
AX-104 Residual Waste Volu~e/lnventory 

Deploy Phase I LDUA in .AX-104 

Complete LUDA Sampling 
•· 

Co'!1:plete in-tank character:~zation tools . 

Deploy tracked vehicle sampling ... · 

Completed tracked vehicle sampling ·. 

Issue in-tank characterization report 

C-106 Post Retrieval 

Deploy LDUA 
' ' 

. Analyze retrieval samples and submit 
resid_ual waste report 

Proposal 
November 1, 1996 

' . 

02/28//97 

09/30/97 

· 11/30/97 
-

-03/01/99 

11/13/98 

09/30/98 

01/06/00 

06/30/00 

Post retrieval volume/inventory assessment 06/30/00 

Lti 
, Hanford 1 

Tanks 
.lni!iil1hl; 

-

Status 

Cancelled 

09/30/98 

09/30/97 

Cancelled 

Cancelled 

03/27/99 

Proposed 

Proposed 

Proposed 

14 



Closure Schedule 

Submit draft final report for SST & footing 
structural models & analysis results · 

Complete transport modeling ·& ri$k · 
assessment for draft supplemental 'EIS 
for AX farm closure ·· 

. '· 

Publish draft supplemental EIS for AX : 
farm closure 

Obtain NRC definition of quantitative basis 
for classification of residual waste at 
DOE HLW sites as non-HLW . 

Subm~t closure plan for tank 241~AX-104 •. 
-to Ecology · 

Initiate closure action for tank 241~AX-104 
*Based on tentative planning schedule for supplemental EIS 

Proposal 
November 1, 1996 · Status 

.··06/30//97 Completed 

· 06/30/97* 01/31/99 

08/30/97* Deleted 

09/30/97** - 09/30/98 

09/30/99 Deleted 

03/01/00 Deleted 

15 



·HTI Schedule/ Status 

. . . 
'· . ' 

Systems Engineering Schedule 
Proposal 

November 1, 1996 · 

Complete test implementation plans 11/08/96 
. . . 

lssue_J~st implemen_tation plafJ~ __ t9 ·pNFSB . ~1_/07/97 
\ . ' ' . ' 

' . 

. ·. Complete test and evaluati~n plar:,s :· · ·· · · 05/01/98 

. . ~ 

. . - . ,: . .. .. 
. . 

: ·· .. ·,·- . ·.., . 

•· . , · . ., . . .. . ,. 

'' 
~ - • .J • 

: . - ' . 
. •.:· ~· ,. . 

. . . ,,. ... . . .. ' . . . .. . . . , 
.. ' 

• • ~ • • ~ I • 
, · :' .. , , I , 

,: , .. 

,- Lti 
Hanford 
Tanks · · 

.lni1.uum; 

Status 

Completed 

Completed 

05/31/98 

16 



H'TI Schedule/Status 

Safety/PerITlittin·g sc·~edu1e· . _ 
• Complete permitting plan 

• Complete initial safety controls definition 

• Comp~ete initial unr~,{_~ewed safe~y __ .. 
question evaluation . 

• Complete · air. permit pl~_n modification, 

• .. Complete init~~I accident an~lysis · .· 
. . . . . . . .· ' .. 

• Final safety controls definition_ · 

• Complete AX-104 clQsure safety analysis 
' . : .. 

. ,·: . . .. 

... Proposal 
November1, 1996 

03/01/97 

06/30/97 

_ ,03/31/98 

_ 09/30/98 · 

03/31/98 
, , 

03/31/99 

*·Not required if.selected retrieval ~endo~ te~hnology USQ is negative. · 
• • > < -•,• • • •• I 

·Lfi 
Hanford 
Tanks 

.l.nW.il1.b:l; 

Status 

Completed 
Completed 
Completed 

Completed 

TBD* 

TBD* 

Deleted 

17 



,--- --

' ' 

Project ·W-320 Baseline Changes 

• .As of 9/96 
. . . . . 

- Original baselin_e for retri~yal 10/1/96 through 
3/3/97 

.., · .. ,·. · ... ~ -Du~ _to safety._ i~~i.Jes-, proje,ct sctl~dul_e slipped . 
. . . 

• As of 3/97 
.. .. ·.. - RetrieVal 7/30/98 thr()Ugh 6/4/99 

• As of 5/98 
. .... , ... , .. . .. . . . .. 

~ Retrieval 10/1/98 through 7/30/99·o·r ·11/30/99 

... . . 
,. .. . 
. . : . 

·Lti 
Hnnfor<.I 
Tanks 

jllillil.l.i.YJ 
18 



Hanford-Tanks Initiative FY 1997/98 
Summary Schedule 

Fiscal V'-"~r Fi~c:11 Ve::11r F1sca IY ear 
1997 · 1998 1999 
Seo Oct Nov Dec Jan Feb Mar Aor Mav Jun Jul Aua Sep Oct 

P'10J•c• M•n•o•n:""nt ., eomp1,aw s~. c .... ,.,1cin and R-.q. Comple&.TNIY-.k•l~•MNM,M'-""""'Plan Traic•..,,;wy . 
S1•••"" e.no'"' .-inc, . 

l>l.lO :)Ill ~:"rf!~v~ ?fi . 
s.,.,., ,P.,1W111n-, . 1r,a luu. Slluetur .. Ana•,,.., n ... a .... ~ ! ..._ k91N~I!~ 0, .JI Condudona and 

llcWaCMM40TM\A WAX Fwm ~ f:qi.Jp. R~ ~•• "epo,U R.a,,n,nff-d~Ra,,pol'1 .. 
Cloeure D•••• ~ , ' 

or,01 I 4130 !112') 

Retrloval C~p&e,1• lndu•ltyC.oldW.lla 
n.a,...,.ao.mon.11.1.on 

11U5i .. C • IOO • TechnoS..Qy ... c--.ul•IUon R.vte-. .aJ 
C - t00R-1rieiv .. v--. COMpkle C-tOO f\•tirt.,,,.a 
C~a.cah,,, .. d V~• 1&..2 S ya.1..-n O,.,i,,,,ion Sei.ct.on 

I 
• fte\lfev.i ly•t•n1 Supply 

Selacl ILny T,.-..-,1 and • SIi• Upg;'edea 
R~Dn-Wl4 llurf')' ~ 

.l I 
• $IIMT'f Menl~fnQ 

I 900 

CharDctorlzatlon ··•-".,..,...°" AX,104 \'liN•~ ~ 

• lflY•lll~A•••• • RMnt 

W>O 

• n•ld Lab S•"'Pl• An_,p•I• 

' Ca,n,piel• AJ<· t0-4. 
,,.._,,,,........,phn,gC•m~ 

-T•chno&og:,& Depeoym.enl• 
,,is 

·Con•hn•,,....,,..,.,. 
A.p~~ •d---• 

.. 

. 
2112 

·•--"""'-'104 
V-.» .. Zon.000 . 

"" 

Lti 
H anford 
Tank.~ 

.!nili.iJ1w; 

lnu.AX-104 
V-4o••2 ..... ~ 

' 
4115 , .. ~Auo• 

-=:,~ 
°""' p...,__ 

I 
~• CP Proba T••t."IQ 

WldTr.n.f"11tolia.nlon:I ,, 
4120 I 

' ' A A 

' Wlti I 1""2U 

-
Sla.tt C-10G uu.;r 

, 
ION 

I 
heu.P,_;...,., l .. ...,. ·•~-"..,, L O UA~ucail lioAX0 104 L•Mh u.,.~.g,.9,0• 

T••Lino;I It.port - , .... ,, - I I 1111$ I 11:w,~ 
Coffl,....• l DUA. la .._.. n.,.. &oAX- 10-t 

SitnlP"'"O Cwnp•ig,I '-'OLnl• E•lin••·· 
, ' 

I CIIIS I I I W,01 
COffipel• Cold CP rrob• Com,pht• tt°' c,- Prob• 0- 1 0.p lo)'_ I - . 

, ' " 

I .,,. I 11130 

I 
. 

C077_04.P PT 
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• Technical Integration 
. . . . ~ . . 

- The technical an·alysis is being performed in 
coordination with other· related 200 Area and sitewide 
analysis of risks to human health and the environment 
includin_g 
--·~• :·T-WRS programs ···_ 

. : . 

- HTI retrieval technology demonstration projects 
· - Leakage loss and leak detecti~n, monitoring, 

and mitigatio.n. programs _ 
. - Va dose zone characterization 

, ·, . . - . 

-_ - Tank waste characterization 

- Vitrified low-activity waste disposal 

.:Lti , 
Hanford 
Tanks 

, , ~ , 
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Hanford Tanks lnit-iative Products 

· · • .On. critical. path :: fo·r J;RA~:·retriey~I, .m i:lestones and ·_· 
• ••~ ~l ;;.• '\ .· , •.• •· • ~ • --~ 

.SST ret~ieval .program _;:: 

• On critical path for closure ·criteria 
· -_.-- -···• . Cln· critical ·p·ath·.•to s·upport·:_ Privatization Phase 2 

. . . 

• On critical path for va_dose zone screening tools 

· · • on· critical path for _ ris_k/transport DQO _ · · 
methodology _ . - ·_ -

• On c~itic~I path to: deploy new characterization 
· tools by using investments to-date 

:'_Lti 
Hanford 
Tanks 

1ni.J.ial.ru 

.t ~ • . . ' 
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HTI-Integration Schedule 
HTI 

lnteqration Schedule 

• SST Retrieval Project 
- Requirements/Design 
- Construction 
- Operation 

• Privatization 
- Phase I Envelope D Readiness 
- Phase II RFP Preparation, 
Bid.Award 

• Tank Farm Closure 
- Supplemental Analysis 
-EIS 

, • Immobilized Low Activity Waste 
Performance Assessment 

• Vadose Zone Project 
- Characterization Data for P.A.s 
- Monitoring for Operations 

• Hanford Tanks Initiative 
- Alternate Retrieval Technology 
- Bid, Award C-106 Heel Retrieval 
- In-Tank Inventory Methods and Data 
- Retrieval Performance Objectives 
- Leak Detection Monitoring Mitigation 

1997 1998 1999 2000 2001 2002 

I 

(1) I (2) 
I 

I 

(3) (4) (5) 

161 _/71 ml 
,I, ,I, T ,I, 

(9) (10) (11) (11) (11) 

(1) SX Tank Farm Data 

(3 Award C-106 Retrieval Contract 
(2! AX Tank Farm Data . · 

(4 Complete Infrastructure Construction for C-106 Heel Retrieval 
(5) Complete C-106 Heel Retrieval Operation 
(6) AX-104 Volume Assessment . 
(7) AX-104 Constituents Assessment 
(8) C-106 Residual Volume Assessment ' , .. 
(9) Risk Assessment on Potential Leak Volume 
(10) Retrieval Performance Objective First Report 
(11) Annual Update · · 

Lti 
Hanford 
Tanks 

.l.niliiU..i.YJ 

2003 .2004 

(11) 
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Implementation Strategy for HTl's 
Systems Er,gineering 

, 
, . , 

. , . , , . , . . 

,,~,, 
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HTI Risk Management 
.. . -. - .. . .. 

. • HTI .Risk Management.Approach consistent with 
. . . . . 

·DOE -Order 430.·1 ·(LCAM) . 

-- • HTI uses TWRS Risk Management Plan and 
Procedure; has issued a HTI management guide 

• HTI Risk Management List, ,including Risk Values 
and Handling Actions · 

• Risk Ha·ndling Plans in Place· For High-Ri_sk Items 

• HTt •Risk List is Routinely st:atused 

, ,;_ r_ • 
;. •. 

. . · . . .. . 

. . ·. 
. . 
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HTI - Technical & Programmatic Reviews 

• Techn~cal peer reviews of closure basi~ 
engineering studies 

. . ~ . ,·. ., :- .. . 

. ·.• TFA midyear revieY./.~ (~) -. · . · · 
. ~· t 

. : _____ · :·characterization· peer ~eview (.1) · _:: · ... ·: 

. . • Retrieval/closure .. peer revi~~ (1) 

.. • Working grouP review ofRPEC activities (3) 
' ~ ~ . • • •. • · , • • • : -;· ! ' ~ • • .• ~ 

• .Monthly reyiew·· with.'E_JVl ·._30/50 . 

· • EIVI 30 AssistclntSecreiclry ;of Energy review (1) 
.. ' . . . 

-~·.. .' , 

.,. .. ' ' 

~ . . . .. , 
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CHARACTERIZATION 
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Impact of ·Tech·nical Scope at Hanford 
' ' 

. • Characteri~ation Technology: : ln-Ta~k and . 
Va dose .·Zone 

' 

- Client is TWRS retrieval performance 
· Evaluatio·n Criteria and TWR Vadose Zone . . . , . ~ . . . 

- Performer is HTI and TWRS Characterization 
Project Operati~ns 

. . . , ~ . . 

. . - Driven by DQO Pr·ocess-Define~ .Benefits 
. . 

- Three Technologies Demonstrated To-Date 

- Auth~rization ~~sis _and ~9.nfigur~ti<?,~ Control 
Issues· Haye .D~la·yed_ LDUA .. Deployment 
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Impact of Technical Scope at Hanford 
. . . 

. _. 

· Retrieval technology hard: heel/leaking· tank 
. . -- _. . - . . . . 

- Client is TWRS retrieval performance 
evaluation criteria, _ privatization contractors, 

--·· -private· in.dust~- · __ ::.:---- .. · - - '.~- - · 

· - P~rformer is __ H)I and T~~S Operatiqns ~-<J-tLctJ _ 
. --- . ' ' . .. . . . . • -,- ·• . . . CJ,_ tl/i) 

- Driven by T~A refrieval requirenie··nts --~ ~ 
. . .· . \ . . . . ~ .- . . •, . : ' . . 

- Four cold demonstration completed to-date 
. , ..... 

..·, 
_f . •• ,I . . • • ~ .· , . , ,, ·, 
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Impact of Technical Scope at Hanford 
. . . 

0 , • • A • • • •. ••• 

Retrieval · Performance Evaluation Criteria . 

• Client is a DOE, regulator, Tribal Nation, and 
stakeholders 

. , . · .• _:· p.erfo.rmer is. HTI ~nd Jacob~ Engineeri,ng . . . . 
• J. I •. , •,;_:' • . ' ·, •. , •• • . ',, , • 

• Driven by Risk/Transpof1 analysis, regulatory 
requirements, and stakeholder/Tribal Nation 
values · 

· • - Analysis in progress ~ Need data 
. .;. '. , .. 

. • Transport modeling complete - risk modeling 
. complete next we~k 

·Lti 
Hnnford 
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. ·. DAVE. NlCHOLS · 
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Evaluation Criteria 
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lnteraCtions To-Date 
. . 

. e.: Complex~wide inte~f~ated(~~-h·_,idule:of HTLretrieval, . · · 
closure, and characteri_zation · development activities . . , . 

. • · HTI technical teams to ORNL (4)·, SR (2), ID (1 ), 
Fernald/West ya_lley (1) _ .... __ ... _ 

· .·• Bi-Monthly HTI Hili.tes distributed c~mplex-wide 

• ·External peer reviews of HTI p'rograms · .-
. , ; .. 

• Government-Furnished Information for retrieval 
· vendors 

. < I, ' 

, .. '· 

. . . . 
.. . ~-. 

I • 
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Impact of HTI Technical Scope 
to DOE Comple_x 

. . .. . ~ .. . . 

• SR accessed contractors used. by HTI for retrieval . 
• · Private company at OR~ L lead team that submitted bid 

& won on HTl's retrieval contract 
. • Fernald .adopted HTl's acquisition strat~gy 

• , • • N ·• ! , 'n.. • ,, • • ) • • ,, • < <w- .. ·• · I •, • • , ·•. • ·• < 

• HTI ·may .demonstrate cone ·perllleam·eter t~chnology 
demonstrated at SR 

• ·HTl's multisensor probe will deploy the gamma sensor 
technology demonstrated at SR · 

• HTI is collaborating V'{ith ORNL on slurry monitoring 
(TDI) 

• .N~tional Laboratories~. c_apabilities used to support 
fixed-price retrieval vendors · · 
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HTI Process for Decision Making 
• Developed ~Tl decision management process 

guide, and decision logic 

• Training on decision making and management 
. was provided to HTI_ staff (Von Winterfieldt/Eppel) 

. . . 

• · Documented dec.ision compl~tion . 
• Use alternatives generation and analysis (AGAs) 

as basis for evaluating :alternatives ass·ociated 
with major decisions · 

• · Change :requests proce.ssed using .EM 30 
procedures ·- . - . 

. . 

• - Change requests re.quiring _ DOE approv~I ~n 
effected TTP milestones 'reviewed & concurred on . 
by EM 30/50 

·Lfi 
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TWRS Management Process 

TW1111 
Contnd 

(Initial Planning Phase) 

TWJlS Controlled Data Stone-

D Products (Contract. TBR. Milestone De.scriptfon Data. eto.) 

0 Actions (Establish WBS. Develop Level 1 Logic. etc.) 
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Process For Monthly Reports 
Cost 

Information 
Business 

Management 

Schedule 
Information 

Cost Account 
Manager 

Task Managers 

Cost Schedule 
Variance 

• _. R.eports ~ 
Cost Analyst 

Management 
Review Meeting 

Project Manager 

' 

.. 

... 

•, 

Project .. Status r .. 
Report 

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

. ·. 
.1· "f\JYR Monthly ~-· .. 

' :Status r 

FYTD 
.. 

. .. . .. 

.. 

. /' / . 
/Program',---...... 
, Manage/ -,,.-

' / 

' 
A 

-, 
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/ Program, 
Manager/ ' . / . 
,✓ 

.. 
Project Tracking ... 

r 
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I 

·Ha-nford Tanks. Initiative 
Stakeholder Interaction 

·: .. .. . . ., ~ . • .- •• • " 1 

• Define. values, issues,- co.ncerns,-•desired ·_ 
... outcomes ' _:_ ~ . . ' . . ' . .. 

_· e .- .Consultation on criteria results, -trade~offs 
. ~ l~itiated atHt1 wc,;k;~riJ/Spring, 199{f . 

• Review and comme_rit ori assumptions, data 
. ~ . . 

sufficiency, and models 

.. ,:. . ·. ,·,:.- ' , -·. 
... ;,, 

• • 't'. r ·. . ~. . . . , . .. , . . 

;. .. · . . - . . .• . . ,, . . 

. ," ,. .. _,·. ·', . :, .. -.~~--. . -, .. :. . . ,_ . . 
• ,,, •• ··•. < • • 

• I v; ~ 

~ • .1 • I _- r , ·,, ~ :• • ;, 

"; ' - . . ~- (, . r , v· ·- ; •~ , , •; 
• .. . - . ·,! .; I •·: •· ·,. 

• , : • • • . ~:·· ,t.•:' I ~ • 

~ . ' . 

. . · ... · ,,_,: 1.1:i ~--
Hnnford 
Tanks 

.lni.Li.ilLiYi. 

. ' 
. . : 

~ ... . 
. ' ·~- _,. ;: : . : 

48 



' ; 

DAVE NICHOLS 
, ,f,' ,,tf 

·· .. stAKEli'lJLDE.R 
INTERACTION 

,' ,(Lti , 
Hnnford 
Tonks 

. 1ni1iiltiYlt 49 



,. 

INDUSTRY 'PAR-TICIPATION 
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r----- _tn·dust~ Parti-cipation 
HANFORD TANKS INITIATIVE 

Mo•••- • 

. . . . . . Dollars in Millions -------·---------- --------1----- --,---------,---- -------------- ----- - - -
1- ------·· ····--- -·----·-·---- · __ _ ___________ ' • · · FY 19~]___ ' FY t ~~8 FY 1999-2_09_1__ _ _______ J~~a~------ · 
Private_lndustry ___ ······ ----- ______ __ ___ ______ · ··- ------ ------·-------- -·-·-------- ··-- ------ ·---- -- ---------·-·- ·--- ····-···- ·· .. ___ __ __ _ 
Jacobs Engineering Group · 1.0 1.0 0.3 2.3 

£ arsons Infrastructure ~ Techno~ y Grol:!~ 0.4 · 0.0 0.0 0.4 
Retrieval Cold Demos (ESG, Delphinus, ARD, .. 
Grey Pilgriry,) , . , 2.2 i · 0.0 0.0 2.2 
LATA Retrieval System 0.0 1.1 0.0 1.1 
Foster-Wheeler Retrieval Syg em _________________ ________ 0:9 _________ __ 1_-~ ____ _ _ __ ______ .9.:_~ --____ __ ___ __ _ 1.4 
Retrieval Vendor for C-106 0.0 0.0 9.0 9.0 - ------------ - --+-------+---------1------ - - - - 1---- -- -- ---
MacTec . . . ... • . 0.1. 0.2 .. 0.6 
!,pp lied Research Associates, Inc. . · - · ' 0.1 •· , 0. 7 0.0 
TRW, Inc. 0.3 0.3 0.6 

0.9 
0.8 
1.2 

,- ---- - ------------ --------+--- ------ - --------<-- ----------- - ·- - -- ---- -
Totals 4.1 4.7 10.5 19.3 

Enter~rise Companies ___ · ______________ __ , ___ _____ --___________ __ __, ____________ ____________ _ 
. FJuo~Dil~!~J. No_f:!b_w_e_~t ___ . - ···· ·--··- ------·-- ----- -- - --- .~1-:_1 _ ______ _ ______ --~}~--,- - - - - _ __ 9.~--- ----- _ ___ _ ___ 11 .3. __ 
COGEMA Engineering Corp. 1.5 0.8 2.0 4.3 
Rust Federal Services 0.1____ 0.1 0.0 ___ 0.2 
Lockheed Martin Services ,, · ·, ~· · 0.1 J 0.1 · 0.1 ·· 0.3 

Totals .. 2.8 1.7 11.6 16.1 ---------------------- --------- ------------- - ---- --------
National Laboratories 
r--·---·- - - - ·--·---·- ·--·------ ·--------------- - ------ ----- ·---- - · - -- -- · ----- ---·-·-----···•- -- ·---- -- - . 
Sandia National Laboratories 0.4 0.0 0.4 0.0 t--------------- --------->------ - - ---------1----------1-----
PNNL , 1.2 .. 0.8 1.8' 3.8 1--------- - -------------+------- - --1------ --4-------- +-------

Totals 1.2 1.2 1.8 4.2 t---- - - - -----------------t-------1-------4---------1----------

EM-50 Total Budget 
Percent of Private Industry Participation 

6.8 

'Lti 
Hanford 
T ank.~ 

.lni!ii!Lw; 

,. 7.0 20.0 33.8 
.. 57.1% 
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HTI Retrieval Procurement Process 
• · Demonstrations 

- Technical collaboration with industry 
Two tracks - vehicle and arm-. · 

- Issue driven 

- 13 proposals, 28 cQmpanies, 13 team bids 

Four awards - scope_ ~ompleted August 1997 _ 

• _C-1 _06 Deployment 

Focus on hard heel 
. 99% retrieval target · 

. - . Align national laboratories·with priva·te· industry 

- Define licensing strategy for private vendors 

- 8 proposals, 42 companies, 6 team bids 

- Retrieval service contracts awarded February 13, 1998 

- Two awards down selected to one vendor January 15, 1999 : ,. Lti . . ... 
Hanford , 
Tanks · 

.lnJ.tiifus; . 
52 



- - - - --

' . 

. .. . ·, .. - . 

· ·.· Larry<McDaniel 
Manag:er, Retrieval · 
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· RETRIEVAL PROCUREMENT 
.. PROCESS 
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KEY ·PRODUCTS 
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. .. 

Hanford Tanks Initiative Products 

• On critical path for TPA retrieval milestones and 
: .. . , . 

SST retrieval program_. , ··. 

• · On critica, path for ·ctosure criteria 
. . . . . . . . 

• 6n critical path to s~pport Privatization Phase 2 

• On critical path for_ vadose zone screening tools 

· • On critical path for risk/tran~port _DQO . 
· : methodology 

, • • •A • • o , • • •• ~ 1 

.. • On critical path· to~. d~p~oy .. n_ew chara.c~~_rization 

. ' 

, .. 

tools ·by using i'nvestment·s to--date · . 

. • ... 
r .. , 

,· .. :·:,_ 1.1:i ·, 
Hanford :. 
Tanks ' 
~ ' 

.. , : .­
' . . . 
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• • 

:· ,. I 

. . . . 
. .. . 

.· .. 
· ·· HTI .K~y:J999•MI1estones .. 

-;... '. . ""' , 

-\ .-~,- -- . . . . . .. ... . . .. .. ..... .. . ·· ... Baseline · 
i- '• • I • . • 

:~t:.,~~~j~_S_ele_ct c~t,iG~·HeeLRetrie,vat~Vendor·:/' -· . .- __ : .,.\ ·Of/~5/99 . 
• t~.-t:.-.:;~.\~_.:~. ,• .,., ; .. _/'•_,•"" ,., •,.", ••> 1 

I.-•.~• .t ."' •\_ •. ," ', I • "•:: _.,. •~:•. ?: .. •. 't .:.:,::'_ < _-•_...,._~ .., .. •, , .-:,.. •• ;-•,. '• :~. : •, ,, .. ., , • : • 

}(:::~ ,: Issue Final'RPECA;.Conclusion·s· and: -·_ -, · · · 01131199 
.:-_:, ·-:: Recommendation~ Report for Ax Tank . . . .. 
-· .. .-.·:.· ---" Fa.rm Closu:re· .. alternatives'. :_ ·- · ··_. •. ,- ·_ · 

. :;l;:f,s~~e-~-164 c~n'~Pen~tro~:~i~r:t.:: .··· · . •·.·· ~3/05/99 

!J{'..: VadOse Zt>'rle Analytical Delta Pclckage. , · • · 
'': ~) C()~plete Preliminary safety . . •. .· 04/23/99 

:;:~i~~\:/~-?Equi~m~~t Lis,t f<ir Select~d ,c-1.0·5 -·: .. ·· -· 
"" ' ·l' I ' . ., ..... • " .. • ,. I • ·- • I,~ J ,, • ., • I • , • • • • .. ,, ( • • • .. • • • ~ ... ' • • • -_::.._·.<- Retrieval Vendor .· - : .. 

• L • " ;I "i I ; • ~ • "' • f - • : r • 

\/i~·, co··rnp1ete·· Site _Upgrades. D,e~_ig_n .• ·. . .06/30/99 
/ ~-, f,' : ,. • : • : . ~- ,J• > • • • l : • • • • • . ~ • . -, ? : • • ,: . • • • • 

. . .. 

. ;.• , .. , 

t(t?F ·. ,, •. ' ... 
... ;-.. 

.·,:-\· .: ··ldi '.:; .. · 
Hanford 
Tanks . 1ni.li.iU.b:l; . 

. :Status 
·, • , J . 

I; . . ,.- ~ . . \ 

. ·: ~ ~ . ·· ;·'.'f}., .. !..:~ .: 
.. . . ' ... <· .. ' ·:,. >: :·":_~_=:·! 

' ; ' ;,,. 

.· ...... . 
. . .. .. 

- · -06130/99 . · 
. . 

... " . 
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HTI Key 1998 Milestones 
· · Baseline Status 

.. . . . .. 

• Complete L~ght-Duty U_tility Arm 
.Sampling Campaign in AX-104 -_'· 

. . . 

• Complete Cone Penetrometer Probe 
· Testing and Transfer to tta.n.ford '. · 

·. . . 

• · Complete uHot" Cone Penetrometer 
Probe Deployment at AX-104 . 

• Issue Light-D·uty Utility Arm . 
. . -

Sampling Analytical Data Pa~kage · 
• •• • I ' • •, ~ 

• Define Proposed _Approach ~o 
Establish Waste Classification for · 
AX Farm Closure 

. , . 

06/15/98 - 09/30/98 

· 04/15/98 - 07/31/98 

. .. 09/24/98 

12/15/98 - 03/31/99 

09/30/98 

• Issue Draft RPECA co·nclusions & 06/15/98 - 08/17 /98 . 

Recommendations Report .. Lti 

• I 

Han ford 
Tanks 
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. ·:• · 1ssue· C-106 ·Heel 
',· i_ , • '. . •. , 

. Characterization Data 
· -Package ..... 

. : . . . . 

• l_nstall C-106 _ Retriev~I, S.ystem 
. . . ' . . , . . ,... . ,. . 

~ Complete c~106 Upgrades 
Construction 

• ·> Start C-106 Heel Retrieval 

_, , ,;,,.:; I.di ·.· . . 

Hnn forcl 
Tank~ 
~ 

Present 
. Baseline 

·. 

03/31/00 

05/02/00 .· 

07/26/00 

08/23/00 

. . . 
~ . . .. 

Status 
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HTI Key -2001 Milestones 
. . . 

. · •:. .- · . . Present .. , ) .. •-

... · ·,. . . ·_.-,. _:-Baseline ·._. ·. Status 
. . •., "."' .. . . 

. • :c-106 R'etrieval Demonstration . 04/02/01 . 
. . . 

· . . · Complete · _. .. ·:. ·~ .. ' 
.· . 

·· - · ,I . . . 

. • . Issue C-106 Waste Volume _· 
Estinlat~ ·Report ·•.·. ·. · ' ·.· ,,-- · .. · 

0.7/31/01 . 

, , . . . . . . · .. ·; . ,. 
•· • ,. • to: •:i~ . . . 

. .. 

. ' 
,:· . . 

" .. ; . 
I • '•·• . • 

:: . ~- ~ . _- . . . ~.,· · •. ; _ ..... . -·. ,-· -~ .. . ... ___ . 
~- ;. . . ,; . i . . _.:.: . ~-:- . 

, .', ,I, • • i . ~ t • • I, ;> I 

, 

·. :Lfi 
· l-lanford · 
· Tanks 
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Hanford Tanks Initiative Budget 

I 
Activity 

A_~_!11-~_1~ ____________ _ .. ____ . __ . _ .. __ '?.~~9~~ ___ _ _ 
FY 1997 FY 1998* FY 1999 FY 2000 FY 2001 Total 

I -
P~oject Management, 
Admin., & Contingency 

I 

1,220 1,056 1,109 1,312 867 5,564 

S~stem Engineering 463 445 250 256 0 1,414 
I 

--l--------- ---------j~---1--- -- - -1---- -~-- - ·-------·-- - --
1 ,.. • • •.• • •• •. 
I • 

Closure Basis 
I - -1 - ----- --------- ------···-··-·-·- ---------------- -----·--·------ ·---- -··--·-----··-··--· -·-- ---------·------- - -- --- -----·. ·--·-· .. -- ----·-·· .. 

2,885 2,352 · 507 127 0 5,871 

S~fety/Permitting 
--···-I· -. 

131 324 349 160' 160 1,124 

--~t rieval _________ _ 4,141 4,179 10,807 14,727 _ 2,48~ _ __ 36,335 

D~ployment & Technology 2,225 4,447 2,057 879 631 10,239 

I Totals 11.065 12,803 15,079 17,.461 4,139 60,547 
- ~~-~_Q_gg_r:i!.~i!?._ut_i_~.!1 _____ ___ ____ __ ____ 4,371_ __ _____ 5,636 __________ 5,079 ____ Z,~_9_t_ _____ __ ___ 4, 13~L. __ 2_~~-~-~-~ 

EJVl-50 Contribution 6,694 · · 7,167 10,000. 10,000 0 33,861 

*Docs not include correction of LDUA configuration management issue. 

'.Lti 1 Hanford 
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~ 61 



.. ,:..") ) 

Hanford ·Tanks Initiative Key Issues 

• · W-320 Schedule·.· .· 
' ' .. ' 

. ' 

. . ·• · Authorization to 'initiate .co·rrective action to LDUA 
drawings 

~- C.o~deployment ,~o.f LD,.U.A .-,a~d Con~. ~~r:-etrometer ~ 
. Reso·u··rce avaifa'bil°ity ··:. ·,·_ · ;:> .:- ·~. . •· : ... ' ·:·: ·.· . 

• · Op~rational Readiness Reviews.-. N~w Approach 
• • ' • , • ·• ' ,. I :. ~ • • • \ • 

• .. Gontinued Funding 
. .. .. . .. 

,. ;, . . . .. , ~ ' ' . 

.. . 

, '· . ' 
• • •• --•- . • _,' . _­

. , 

., ~ ;°~ <· . 
,,_·,,. , · 

. . 
• I . l . . .,. / . 

. ' .·· . . 
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) 

· , ' ... -.. 
.. !.,·· ' 
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HTI Summary 

• . HTI Initiated to Solve Criti'cal Retriev~I Issues and :-·. . , • .· . .,; . . . 
. . . . ·• ., •. . •, .: . ·, . 

. Provide a Basis -for Closure Evaluation to 
Proceed ·· 

. . ·. :: , • . SUpJ),ortirig ~·nd1nteQr'afed ;,\I\Jith' KJyTWRS · · 
. . . . . . . 

Programs 

· ,.:,:e::;:_,ln_itial Ap.pi:oved __ P1a·11 ,B~ing ·1mplef11ente_d ~ No 
. 'ln.;.Tank Characterization ·system _..·/. ; . 

' 
r- , · •, -.. _ ~;. ..> '.._ , , ' ;_ •. =· " .. . r 

· .. '. ..:·-. 

Lti 
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' 

HTI Summary (Cont'd) 

• Intense Collaboration and lntegr3tion With Other 
DOE Sites, Private Industry, . National , 
Lab~rat"ories, Reg·ulations, Stakeholders, and 

· Tribal Nations · - _ __ ._ ,. __ 
" • ,..~~. • ~ • j $ • •. • .... A.• :• j •••.•• • , • .• · ~ : •.••• • · . •.••' 

" ' . . . -~ . . . . 

.. ~· Defining Approache~_an,d Methodo,IOgies for 
- Depl-oying NeW Techno,lo9i-es·:·within TWRS 

I 

, .< .. • Cha_llenges _Remain - .<i ·: ,_, .. ___ ._ · · 
'·1 • .··,.. . -.-~, ' , .i .~-- :··.l,: ·- -, _ ;· _. ' . ,• .. :;:.!: 1 ,-, .-,: ' ·., • I . . :-. .''· .'.; ,<· : _--j:· . .·· • . ;-._ A • ':: •• • -. 

' • •.' • ,,_l . , • ' 

• ,R' •·J•; . •. '0 •', ,• • • • 

' . . _,. :.• 

.. . , .. 

' ---,, .. ·-<,,,'t1at1 /:· .: ·, _; _.,. 
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