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Revision 2, HNF-2024, "Justification For Continued Operation For Tank 241 -2-361 " 

DESCRIPTION: Tank 241-2-361 is an inactive, underground storage tank located within the protected area of 
the Plutonium Finishing Plant (PFP). The tank is a reinforced concrete, rectangular underground structure 
located near the east end of the south fence line of PFP between Building 241-2 and the retention basin. 

On October 15, 1997 the Department of Energy declared an unreviewed safety question (USQ) existed for 
Tank 241-2-361 based upon the discovery that the potential hazards associated with the tanks had not been 
previously evaluated in the development of the PFP authorization basis. The USQ noted the potential for 
flammable gas build up in the tank, unevaluated structural condition, and the potential for time-related 
phenomena t o  invalidate prior criticality analysis. 

As part of the October 15, 1997 declaration of the USQ, the Department of Energy also accepted PFP's 
recommendations for interim operating restrictions. The controls were replaced by  controls approved in 
Revisions OA and 1 of this justification for continued operations (JCO). 

The work completed under the previous revisions to this JCO resulted in a weight test being performed. This 
test showed there has been no significant degradation of the tank top load bearing capacity up t o  4000 Ibs. 
The tank has also been vented and a passive filter has been installed t o  ensure there is no build up of 
flammable gas within the tank. Vapor samples have been drawn and are undergoing analysis. The interior of 
the tank has been videographed. These activities have eliminated or mitigated t w o  key hazards potentially 
associated with the tank: steady-state flammable gas build up and tank pressurization. 

A step-wise approach has been adopted to developing an authorization basis for this tank. This second 
revision of the JCO has been developed t o  support characterizing the tank. The purpose of this US0 
evaluation is to determine i f  the revision t o  the JCO prepared to support Tank 241-2-361 characterization 
activities requires approval by the Department of Energy - Richland Operations. 

INTRODUCTION: The revision to the JCO evaluates PFP-unique hazards associated with the planned 
characterization activities. The specific activities considered include: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

Shortening risers and replacing flanges. 
Moving fence lines, associated security systems, and power lines. 
Installing truck sampling foundation piers. 
Truck sampling bridge construction. 
Preparing risers for push-mode sampling. 
Opening risers for video monitoring. 
Establishing groundinglbonding termination point. 
Establishing contamination control area. 
Installing push-mode core sampling riser equipment. 
Position push-mode-sampling truck on bridge. 
Stage push-mode core sampling equipment. 
Groundlbond equipment. 
Raise and level sampling truck and assemble drill string. 
Collect push-mode core segment. 
Seal core segment in onsite transfer cask. 
Package wastes and clean up area. 
Store onsite transfer cask 

The revision to the JCO also evaluated potential natural phenomena hazards associated with tank 
characterization activities. 
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Hazard Analysis 

A hazard analysis has been performed for Tank 241 -2-361 tank characterization activities. Tank 241 -2-361 
has many of the same potential hazards as other TWRS tanks. Many of the activities being performed are 
the same as those performed by  TWRS. Accordingly, the hazard analysis that was used t o  develop the 
TWRS authorization basis was not repeated. The hazard analysis performed identifies PFP-unique hazards 
(e.g., the structural condition of the tank) that may warrant additional controls that were not considered in 
the development of the TWRS authorization basis. 

The principal hazard types and controls that resulted from the hazards analysis are summarized below: 

1. 

2. 

Events that result in ignition of a quantity of flammable gas in the tank head space, that involve major 
damage to the tank roof, and result in a significant release of radioactive aerosols t o  the atmosphere. 

As a result of Phase I activities the tank is now passively and continuously vented. Monitoring shows 
the tank is less than 25% of the lower flammability limit. During Phase II activities, flammable gas 
release events are only postulated t o  potentially occur as a result of the push-mode core sampling 
activity. 

The applicable controls for this event include: 

Control of access to the tank roof and general vicinity, determination of maximum allowable roof 
loading, control of roof loading when access is required, use of the Hanford rigging manual. These 
controls are intended t o  prevent collapse that could result in a spark and subsequent ignition of 
flammable gas. 

A set of ignition controls similar to the TWRS ignition controls that specify bong requirements, 
allowed tools, allowed instrumentation, and procedures t o  minimize the likelihood of producing a 
spark. 

Events that result in collapse of the tank roof or failure or the risers in the tank roof that cause 
significant release of toxic vapors and radioactive aerosols and possibly gross contamination of 
workers. 

The applicable controls for this event include: 

Control of access to the tank roof and general vicinity, determination of maximum allowable roof 
loading, control of roof loading when roof access is required, and the use of the Hanford Rigging 
Manual. 

Control of mechanical forces on the risers. 

Construction of the truck sampling bridge to prevent loads being applied to the tank from the 
sampling activity. Designing the bridge such that it can safely handle the static and dynamic loads 
that may be applied during operations. Also, construction of the bridge such that the sampling truck 
cannot be inadvertently driven off the edge of the bridge. 
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3. 

4. 

5. 

6. 

7. 

8. 

Events that result in minor releases of toxic vapors and radioactive aerosols with no damage t o  the 
basic tank structure. 

The applicable controls for these events include: 

Institutional controls for working in an area where aerosols and vapors could be present. These may 
include protective clothing, greenhouses, drapes, radiation monitoring and respiratory protection. 

Events that result in a criticality occurring in the tank. 

Criticality controls will be established through implementation of the PFP criticality safety program, 

Events postulated t o  result in an ignition of nitrate compounds in the tank with subsequent release of 
toxic vapors and radioactive aerosols. 

The applicable controls for these events include: 

Control of vehicle access t o  the tank t o  prevent vehicle impacts into risers that could dump burning 
fuel into the tank. Control t o  stop operations on the tank when lightning is detected within a 50-mile 
radius of the tank. 

Preventing flame cuttinglwelding in the tank unless approved by the PHMC President. 

Events involving normal industrial hazards or small quantities of radioactive contamination. 

Implementation of existing institutional control programs is sufficient t o  control the hazards identified. 

Leaks to the soil column from the tank. 

Video taken in the tank during Phase I has identified there is little free liquid in the tank. Accordingly 
leaks t o  the soil column from tank leaks during this phase would be small and not pose a risk t o  
workers. For Phase 11, the tank characterization hazards for soil leak events will be controlled by 
procedure. 

The applicable controls for these events include: 

Only permitting hand digging or the use of the "guzzler" in the vicinity of the tank. 

Limiting down force on the push mode drill string. 

Limiting the torque on the installation of the helical piers. 

Events that result in pressurized releases from the tank. 

Because the tank was vented during Phase I and no pressure was detected, there are no events in 
this category for tank characterization activities proposed in this revision. 
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9. Events that result in radioactive releases within or from, the OTC weather enclosure. 

The applicable controls for these events include: 

Ensure the weather enclosure is passively ventilated. Apply ignition controls during venting. Conduct 
airborne radioactive particulate sampling before entry. Post warning signs. 

SCOPE: The scope of this USQ is the evaluation of the hazards presented by the Tank 241-2-361 
characterization activities as described in Revision 2 of HNF-2024, "Justification For Continued Operation For 
Tank 241-2-361 ." 
AUTHORIZATION BASIS: The USQ evaluation is done against HNF-2024, Rev. 1, "Justification For 
Continued Operations For Tank 241 -2-361 ," which incorporates specifically identified PFP operational safety 
requirements. (See Section 5.0) This authorization basis for Tank 241 -2-361 was specified in the Safety 
Evaluation Report approving Phase I activities (DOE/RL 99-TPD-054). 

CONCLUSION: This revision t o  the authorization basis for Tank 241-2-361 will require DOE approval because 
Tank 241 -2-361 characterization activities had not been evaluated in previous revisions of this JCO. 

REFERENCES: 
1. 

2. 

HNF-2024, Revisions 1 and 2, "Justification For Continued Operations For Tank 241 -2-361 ," 1999, 
B&W Hanford Company, Richland, Washington. 
RL Letter, J.D. Wagoner t o  R.D. Hanson, 99-TPD-054, "Justification For Continued Operation (JCO) 
For Hanford Underground Storage Tank 241 -2-361 ," dtd. December 21, 1998. 

Instructions: Respond t o  each question and provide justification for each response. A restatement of the 
question does not constitute a satisfactory justification or basis. A n  adequate justification 
provides sufficient explanation such that an independent reviewer could reach the same 
conclusion based on the information provided [DOE 5480.21, 1O.e. 1 I .  

QUESTIONS 

1. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the probability of occurrence of 
an accident previously evaluated in the AUTHORIZATION BASIS documentation? 

1x1 No I1 YeslMaybe 

BASIS: The probability of occurrence of accidents was not determined as part of the JCO. However, the 
qualitative likelihood was assigned t o  each hazardous event during the performance of the hazards analysis. 

Comparison of Appendix B for Revisions 1 & 2 of the JCO does not reveal any previously analyzed hazardous 
event for which the probability of occurrence has increased. 

2. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the consequences of an accident 
previously evaluated in the AUTHORIZATION BASIS documentation? 

[XI No [I Yes/Maybe 

BASIS: Revision 2 of the JCO identifies that as a result of Phase I activities a continuous, passive, filtered 
ventilation path has been established. As a result, the tank is known to be unpressurized and be less than 
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25% of the lower flammability limit. The hazard analysis (Appendix B) shows that for similar accidents 
during Phase II the consequences are generally less and in no case greater. This resulted from elimination of 
the potential for the tank headspace to have a detonable or flammable level of hydrogen present. 

3. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the probability of occurrence of a 
malfunction of EQUIPMENT IMPORTANT TO SAFETY (ITS EQUIPMENT) previously evaluated in the 
AUTHORIZATION BASIS documentation? 

[1 No [Xl  YeslMaybe 

BASIS: The probability of equipment failure was not determined as part of the JCO. However, the likelihood 
of failure can be inferred from failure modes identified in the hazards analysis. 
Revision 1 of the JCO identified that Tank 241-2-361 was designated as a safety significant structure. 
Revision 2 of the JCO identifies that a sampling platform will be constructed over the tank t o  carry the 
weight of the sampling truck. This prevents over-stressing the tank due t o  the weight of the sampling truck. 
The hazards analysis for Revision 2 (Appendix B) identifies several hazardous events where failure of the 
sampling platform leads to failure of the tank. These failure modes where not present during the analysis in 
Revision 1 of the JCO. Accordingly, it can be inferred that the probability of the tank failing has increased. 

4. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the consequences of a 
malfunction of ITS EQUIPMENT previously evaluated in the AUTHORIZATION BASIS documentation? 

1x1 No (1  Yes/Maybe 

BASIS: Revision 2 of the JCO identifies that as a result of Phase I activities a continuous, passive, filtered 
ventilation path has been established. As a result, the tank is known t o  be unpressurized and be less than 
25% of the lower flammability limit. The hazard analysis (Appendix B) shows that for similar accidents 
during Phase II the consequences are generally less and in no case greater. This resulted from elimination of 
the potential for the tank headspace to have a detonable or flammable level of hydrogen present. No 
hazardous event was identified where failure of the equipment caused a greater consequence than previously 
analyzed. 

5. Does the PROPOSED CHANGE, test, experiment or DISCOVERY create the possibility of an accident of a 
different type than any previously evaluated in the AUTHORIZATION BASIS documentation? 

I1 No [XI YeslMaybe 

BASIS: Section 3.2.2 of Revision 2 of the JCO identifies that the onsite transfer cask may be stored in a 
weather enclosure at PFP. The hazard analysis (Appendix 8) identifies hazardous events that could lead to 
release of radioactive aerosols from that weather enclosure. Revision 1 of the JCO only described potential 
radioactive aerosol releases from Tank 241-2-361, As such, this set of potentially hazardous events 
associated with the weather enclosure is a possible accident not previously evaluated in Revision 1, but 
which is addressed in Revision 2. 

6. Does the PROPOSED CHANGE, test, experiment or DISCOVERY create the possibility of a malfunction of 
ITS EQUIPMENT of a different type than any previously evaluated in the AUTHORIZATION BASIS 
documentation? 

I1 No [XI YeslMaybe 

BASIS: Revision 2 of JCO establishes the sampling platform as a safety significant structure. The basis for 
this designation was that its failure could lead to a tank failure. (The tank had been previously designated as 
safety significant.) The hazard analysis (Appendix B) in Revision 2 of the JCO postulates failure mechanisms 
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for the sampling platform. Structural failure of the sampling platform had not been considered in Revision 1 
of the JCO because that JCO did not authorize installation of the sampling platform and tank characterization 
activities 

7. Does the PROPOSED CHANGE, test, experiment or DISCOVERY reduce the margin of safety as defined in 
the basis for any Technical Safety Requirement? 

[X I  No [ I  Yes/Maybe 

BASIS: The controls established in the JCO do not address margin to safety for Tank 241 -2-361 activities. 

8. Does the PROPOSED CHANGE, test, experiment or DISCOVERY require a new or revised Technical Safety 
Requirement? 

11 No [X I  Yes/Maybe 

BASIS: The JCO does not impose TSR. However, as specified in Section 5.0 of the JCO, "The control 
requirements for performing characterization activities in Tank 241 -2-361 are administrative in nature ... They 
will be considered equivalent to OSR for the Plutonium Finishing Plant." 

To control potential hazards associated with the new activity of shortening risers (Section 3.2.2(1), an 
additional control was necessary that prevents flame cutting or welding in the tank unless a waiver is granted 
by the PHMC President and a debris catch is used (Section 5.3.3.4). This control was necessary to prevent 
ignition of nitrate compounds potentially in the tank, which could lead to releasing significant amounts of 
toxic and radioactive aerosols from the tank. 

To control potential hazards associated with the new activity of storing the onsite transfer cask at PFP in a 
weather enclosure, additional controls were needed t o  prevent radioactive releases from, or within, the 
weather enclosure. These controls are derived from the potential for hydrogen t o  be generated in the onsite 
transfer cask during storage that pressurizes the onsite transfer cask. This hydrogen will be periodically 
vented. Ignition of the hydrogen or releases from the onsite transfer cask could potentially result in releasing 
significant radioactive aerosols. Leaks from a pressurized onsite transfer cask could similarly release 
radioactive aerosols. As specified in Section 3.2.2, storage of the core samples in the transfer cask is part of 
the transfer cask safety and analysis report and outside the scope of this JCO. As such, the controls 
associated with establishing the frequency of venting are outside the scope of this USQ. 

Push mode core sampling activities will apply about 1000 Ibs. or more vertical load to the riser being 
sampled. Previous analysis had limited these loads to lower vertical loads consistent with the activities being 
performed. The new analysis performed to support this JCO [Appendix I) show the risers can accept the 
loads that will be applied during sampling. On the basis of this revised analysis, the previous load limits for 
the risers have been modified in Table 5-6.2. 

A-6000-615 (10/95) GEF319 



, .  
I 

- . -.-. 

EcO- 
Identification Number: 6489488' f  US0 EVALUATION 

%4 
I I 

Title: ECN 648948 Revision 2, HNF-2024, "Justification For Continued Operation For Tank 241 -2-361 " 

d,; / - L. 4 USQE #1 

(Print Narnej 

USQE #L 

(P in t  Name1 
0. rct-9 

Date: + 
PRC REVIEW (If Required) 

Meeting NO.: 97x JY Date (b /J7/4Ci. 
PRC Chairman Concurrence: Date: h/J74fi 

'Signature 

A-6000.615 (10/95) GEF319 



HNF-2024, Rev. 2 

s 
Justification For Continued Operation For Tank 
241 -2-361 

D. M. Bogen 
BWHC 
Richland, WA 99352 
U S .  Department of Energy Contract DE-AC06-96RL13200 

EDT/ECN: 648984 uc: 2020 
Org Code: 15~00 Charge Code: 101387 
B&R Code: EW740000 Total Pages: W m  c/ 

)&=I 

Keywords: Justification For continued Operation, Tank 241-2-361, 
Unreviewed safety Question, Preliminary Hazard Assessment 

Abstract: Tank 241-2-361 was identified as an Unreviewed Safety Question 
in October, 1997. This Justification for Continued Operation provides 
an authorization basis for sampling the tank. 

TWEK is a registered trademark of Dupont deNemours, Wilmington, Del. 
Garlock is a registered trademark of Garlock International Inc., NY, NY. 

TRADEMARK DISCLAIMER. Reference herein to any specirc commercial prodJc1. process. or service by trade name, 
trademark, manufacturer. or 0thew:se. does not necessanly constiLte or 'mply ks endorsement, rewmmendation. or 
favor'ng by the United States Government or any agency thereof or ils contractors or subcontractors. 

Printed in the United States of America. To obta'n wpies of this document, contact: Docdrnent Control Services. 
P.O. Box 950 Mailstop H6-08. Richland WA 99352, Phone (509) 372-2420; Fax (509) 376-4989. 

0 &/a&lQ? 
Release Approval Date 

il 
Release Stamp 

Approved For Public Release 

A-6400-073.1 (10/97) 



(1) Document Number 

HNF-2024 Rev. 2 
Page 1 RECORD OF REVISION 

(2) Title 

J u s t i f i c a t i o n  For Continued O p e r a t i o n  f o r  Tank 241-2-361 

(3) Revision 

Change Control Record 

Authorized for Release 

(5) Cog. Engr. I (6) Cog. Mgr. Date 
(4) Description of Change - Replace, Add, and Delete Pages 

0 I W n i t i a l  R e l e a s e  on EDT 620657 d a t e d  1/27/98 I A.L .  Ramble I P.E .  Roege 

A-7320-005 (10197) 



e HNF-2024, Rev. 2 

JUSTIFICATION FOR 
CONTINUED OPERATION 

FOR TANK 241-2-361 

May 1999 

Prepared by: 
The PHMC Companies and 

2 R O t . l  

I 



HNF.2024. Rev . 2 

TABLE OF CONTENTS 

EXECUTIVESUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1.1 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0 BACKGROUND 5 

TANK LOCATION AND DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
PROCESS SOURCES OF TANK CONTENTS . . . . . . . . . . . . . . . . . . . . . . . .  10 
2.2.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
2.2.2 Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
2.2.3 References 20 

2.1 
2.2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.3 CHARACTERIZATION MSTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

2.3.1 Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
2.3.2 Plutonium Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
2.3.3 Recent Atmosphere Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

2.4 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

PLANNED OPERATIONS UNDER JCO ................................... 24 

3.1 INTERFACES ................................................. 24 
WORK DESCRIPTION AND LOGIC ............................... 24 

Phase I Work Activities ..................................... 25 
Phase I1 Work Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

4.0 HAZARD ASSESSMENT ............................................... 31 

PRELIMINARY HAZARDS ANALYSIS ............................ 32 

4.1.2 Methodology ............................................ 32 
PHA Table Structure ................................ 33 

4.1.2.2 ActivitiedConditiom Evaluated ........................ 37 
4.1.2.3 Brainstorming Approach ............................. 38 

4.1.4 Controls Identification ..................................... 39 

2.3.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

3.0 

3.2 
3.2.1 
3.2.2 

3.3 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

4.1 
4.1.1 Introduction ............................................. 32 

4.1.2.1 

4.1.3 PHAResults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

4.1.5 References .............................................. 42 

.. 
11 



HNF.2024. Rev . 2 

4.2 CRITICALITY SAFETY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

4.2.2 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
4.3 STRUCTURAL INTEGRITY ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . .  47 

4.3.1 Safety Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
4.3.2 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
FLAMMABLE GAS SAFETY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
4.4.1 Vapor Space Flammable Gas Concentration Because of Steady State 

Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
4.4.1.1 Controls for Steady State Releases ..................... 62 
Gas Retained Within the Waste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
4.4.2.1 Deflagrations Below the Waste Surface . . . . . . . . . . . . . . . . . .  63 
4.4.2.2 Gas Release Events (GREs) . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
4.4.2.3 Controls for Preventing Ignition During GREs . . . . . . . . . . . . . .  64 

4.4.4 . . . . . . . . .  65 

4.4.6 Adequacy of Flammable Gas Controls . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
4.4.7 Safety Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
4.4.8 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

4.5 TANK PRESSURIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
4.6 SAMPLING TRUCK BRIDGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 

4.6.1 
4.6.2 BridgeLoadLimit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
4.6.3 Safety Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
4.6.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

4.2.1 Safety Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

4.4 

4.4.2 

4.4.3 Flammable Gas Facility Group Approach . . . . . . . . . . . . . . . . . . . . . . .  64 

4.4.5 Exceptions to Ignition Source Control Requirements . . . . . . . . . . . . . .  67 
Application of Flammable Gas Controls to Tank 241-2-361 

Bridge Foundation And Bridge Design . . . . . . . . . . . . . . . . . . . . . . . . .  68 

5.0 HAZARD CONTROL REQUIREMENTS ................................. 73 

5.1 DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
5.2 ACCESS RESTRICTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

5.2.1 Requirement for Access Restrictions ........................... 76 
5.2.2 Program Key Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
FLAMMABLE GAS SAFETY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
5.3.1 Ventilation, Purging And Pressure Relief ........................ 77 
5.3.2 Flammable Gas Ignition Controls ............................. 77 

5.3.2.1 Ignition Source Control Applicability ..................... 77 
5.3.2.2 Ignition Source Control Requirements . . . . . . . . . . . . . . . . . . .  77 
5.3.2.3 Deviations From Flammable Gas Ignition Controls . . . . . . . . .  80 
Flammable Gas Work Activity Monitoring Controls . . . . . . . . . . . . . . .  82 
5.3.3.1 Work Activity Entry Monitoring ........................ 82 
5.3.3.2 Work Stops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 

5.3 

5.3.3 

iii 



HNF.2024. Rev . 2 

5.3.3.3 Continuous Monitoring For GRE . . . . . . . . . . . . . . . . . . . . . .  83 
5.3.3.4 Welding/Flame Cutting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 

5.3.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
5.4 VEHICLE FUEL FLAMMABILITY SAFETY . . . . . . . . . . . . . . . . . . . . . . . .  87 
5.5 NUCLEAR CRITICALITY SAFETY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 

5.5. I Requirement for Nuclear Criticality Safety . . . . . . . . . . . . . . . . . . . . . .  88 
5.5.2 Program Key Elements Applicable to Tank 241 . . . . . . . . . . . . . . . . . . .  88 
5.5.3 Specific Requirements for Work Activities in Tank 241-2-361 . . . . . . .  88 

5.6 DOME LOADING CONTROLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
5.6.1 Requirements for Done Loading Controls . . . . . . . . . . . . . . . . . . . . . . .  88 
5.6.2 Program Key Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
OTC Weather Enclosure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
5.7.1 Requirement for OTC Weather Enclosure Controls . . . . . . . . . . . . . . . .  89 
5.7.2 Program Key Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 

5.7 

APPENDIX A 

APPENDIX B 

APPENDIX C 

APPENDIX D 

APPENDIX E 

APPENDIX F 

APPENDIX G 

APPENDIX H 

APPENDIX I 

INITIAL HAZARD CATEGORIZATION ANALYSIS FOR TANK 
241-2-361 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-1 

HAZARD ANALYSIS OF TANK 241-2-361 . . . . . . . . . . . . . . . . . .  B-1 

...................................... a FLAMMABLE GAS C-1 

AN ESTIMATE OF POTENTIAL HYDROGEN CONCENTRATION 
IN THE AIRSPACE OF TANK 241-2-361 .................... D-1 

CALCULATION OF POTENTIAL FLAMMABLE GAS FLOW RATE 
THROUGH 1/16" CIRCULAR GAP. CONDUITS. NEEDLES. OR 
ORIFICES ............................................. E-1 

EVALUATION OF 3-INCH AND 8-INCH RISERS FOR BREATHER 
FILTER MOUNTING ON TANK ........................... F-1 

BASIS FOR ACCEPTANCE OF TANK LOADING DURING 
PHASE . I INSPECTION ACTIVITIES OF TANK 241-2-361 . . . . .  G-1 

BRIDGE AND FOUNDATION DESIGN ..................... H-1 

EVALUATION OF NOZZLES B. E & F ...................... 1-1 

iv 



I) LIST OF TABLES 

HNF-2024, Rev. 2 

Table 2.2-1 

Table 2.2-2 

Table 2.2-3 

Table 2.2-4 
Table 2.2-5 
Table 2.3-1 
Table 2.3-2 
Table4.1-1 
Table 4.1-2 
Table 4.1-3 
Table 4.3-1 

Table 4.3-2 

Table 4.3-3 

Table 4.3-4 I) 
Table 4.3-5 

Table 4.3-6 

Table 4.3-7 

Table 4.3-8 

Table 4.3-9 

Table 4.3-10 

Table 4.3-1 1 

Typical Low-Salt Aqueous Process Streams in the Plutonium Finishing 
Plant(Circa1969) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Calculated Plutonium Concentration in Tank 241-2-361 if Sludge 
Deposition Is Assumed Proportional To Volume Discharged . . . . . . . . . 15 
Plutonium Concentrations in 20-inch Increments above the Floor of Tank 

Known and Probable Components of 241-2-361 Tank Sludge . . . . . . . . 19 
Chemicals ffom Processes that Discharge to Low-Salt Waste in 1969 . . . 20 
Sample Descriptions for 1977 Sludge Sample . . . . . . . . . . . . . . . . . . . . . 21 
Component Concentrations in Air Dried Tank 241-2-361 Solids . . . . . . 21 
Prelirmnary Hazards Analysis Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Tank 241-2-361 OperationsKonditions . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Phase I1 Tank 241-2-361 OperatiodConditions. . . . . . . . . . . . . . . . . . . . 36  
ACI Code-Based Analysis Results for Live Load, L = 100 psf (Uniform 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
ACI Code-Based Analysis Results for Live Load, L = 200 psf (Uniform 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1 
ACI Code-Based Analysis Results for Seismic Loading With No live Load 
(Uniform Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1 
ACI Code-Based Analysis Results for Live Load, L = 10 psf (Uniform 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
ACI Code-Based Analysis Results with Assumed Hinge at Wall-to-Base 
Slab Interface for Live Load, L = 100 psf (Uniform Subgrade Reaction 
Model).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
ACI Code-Based Analysis Results with Assumed Hinge at Wall-to-Base 
Slab Interface for Live Load, L = 200 psf (Uniform Subgrade Reaction 
Model).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
ACI Code-Based Analysis Results with Assumed Hinge at Wall-to-Base 
Slab Interface for Seismic Loading With No live Load (Uniform Subgrade 
ReactionModel) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
ACI Code-Based Analysis Results with Assumed Hinge at Wall-to-Base 
Slab Interface for Live Load, L = 10 psf (Uniform Subgrade Reaction 
Model).. ................................................. 55 
ACI Code-Based Analysis Results for Live Load, L = 100 psf (Elastic 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
ACI Code-Based Analysis Results for Live Load, L = 200 psf (Elastic 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
ACI Code-Based Analysis Results for Seismic Loading with No Live 
Load (Elastic Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . 57 

241-2-361 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

V 



HNF.2024. Rev . 2 

ACI Code-Based Analysis Results for Live Load. L = I O  psf (Elastic 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . .  58 
Best-Estimate Analysis Results for Dead Load + Soil Pressure + Live 
Load. L = 100 psf (Elastic Subgrade Reaction Model) . . . . . . . . . . . . . .  59 
Best-Estimate Analysis Results for Dead Load + Soil Pressure (Elastic 
Subgrade Reaction Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
Summary ofFlammable Gas Controls Strategy for 241-2-361 (FG3) . . .  66 
Flammable Gas Ignition Source Control Set Application Requirements . . 81 
Flammable Gas Monitoring Requirements for 241-2-361 . . . . . . . . . . . .  84 
Exceptions to Ignition Source Control Requirements . . . . . . . . . . . . . . . .  85 
AuthorizedDomeLoads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Authorized Tank Dome Loads For Tank 241-2-361 . . . . . . . . . . . . . . . .  91 

Table 4.3-12 

Table 4.3-13 

Table 4.3-14 

Table 4.4.4-1 
Table 5.3-1 
Table 5.3-2 
Table 5.3-3 
Table 5.6-1 
Table 5.6-2 

LIST OF FIGURES 

Figure 1.1-1 
Figure 2.1-1 
Figure 2.1-2 
Figure 2.1-3 
Figure 2.1-4 
Figure 2.2-1 
Figure 2.2-2 
Figure 2.2-3 
Figure 4.6-1 
Figure 4.6-2 

PFPFacility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
SideViewTank241-2-361 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
TopViewTank241-2-361 .................................... 6 
RisersforTank241-2-361 .................................... 8 
Tank241-2-361Interior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
PFPDrainSystem 11 
Average Pu Concentration at Given Depth Tank 241-2-361 . . . . . . . . . .  17 
Average Pu Concentration vs Location Tank 241-2-361 . . . . . . . . . . . . .  18 
Plan View . Tank 241-2-361 Sampling Bridge Pier Installation . . . . . . . .  71 
Sectional View . Tank 241-2-361 Sampling Bridge Pier Installation . . . .  72 

........................................... 

vi 



HNF-2024, Rev. 2 

EXECUTIVE SUMMARY 

This justification for continued operations (JCO) summarizes analyses performed to better 
understand and control the potential hazards associated with Tank 241-2-361. This revision to 
the JCO has been prepared to identify and control the hazards associated with sampling the tank 
using techniques developed and approved for use in the Tank Waste Remediation System 
(TWRS) at Hanford. 

Tank 241-2-361 is an inactive, underground storage tank located within the protected area ofthe 
Plutonium Finishing Plant (PFP). The tank is a reinforced-concrete, rectangular underground 
structure located near the east end of the south fence line of PFP between Building 241-2 and the 
retention basin. This settling tank received all low-salt, liquid effluent from the plant processes 
from 1949 to May 1973. As such, the tank contents are expected to include constituents from 
nearly all PFP processes used during that period, and be dominated by those from Buildings 234- 
5Z, 236-2, and 232-2. After 1973, the liquid from the tank was pumped leaving about 75 cubic 
meters of sludge in the tank. In 1985 the tank was sealed, including sources of ventilation. 

On October 15, 1997 the Department of Energy declared an unreviewed safety question (USQ) 
existed for Tank 241-2-361 bakd upon discovery that the potential hazards associated with the 
tank had not been previously evaluated in the development of the PFP authorization basis. The 
USQ evaluation noted the potential for flammable gas build up in the tank, unevaluated structural 
condition, and the potential for time-related phenomena to invalidate prior criticality analysis. 

As part of the October 15, 1997 declaration of the USQ, the Department of Energy also accepted 
PFP’s recommendations for interim operating restrictions. The controls were replaced by the 
controls approved in Revisions OA and 1 of this JCO. This revision to the JCO is the second part 
of a phased-authorization to conduct activities to characterize this tank in preparation for 
remediation. 

The previous revisions of this JCO indicated that the principal hazards of this tank are potential 
flammable gas build-up &om radiolysis and structural degradation of the tank. The potential for 
inadvertent criticality has been shown to be extremely unlikely. Moreover, because the tank had 
almost 2,000,000 gallons of water flowing through it each year, it is very unlikely significant 
chemical reactants remain, but the potential for an organic-nitrate reaction cannot yet be excluded. 
Under previous revisions of the JCO the tank has been vented. As a result, the principal potential 
immediate hazard posed by this tank, flammable gas build-up, has been eliminated. 

Newly authorized activities associated with this JCO include shortening the height of risers, 
installation of a truck bridge over the tank, and conducting core sampling (push-mode) of the 
Tank 241-2-361. 
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Structural analysis of the tank has been performed to determine if undisturbed tank collapse is 
likely or if collapse is likely during the range of activities proposed in this JCO. There is 
uncertainty in the rebar condition and the rebar-concrete bond. As a result, a load test was 
completed to ensure adequate load capacity was available to complete Phase I activities. This test 
showed there has been no significant degradation of the tank top load bearing capacity up to 4000 
Ibs. Also, analysis has been performed of the load applied to the tank during past snowfall and by 
the past practice of parking an armored vehicle next to the tank. This analysis forms the basis for 
the load limits surrounding the tank established in this JCO. 

The load limits established by previous testing and analysis are insufficient to allow placement of 
the TWRS sampling truck (32,000 Ibs) directly on top of the tank. Based on previous analysis, 
placing the truck directly on top of the tank could potentially result in structural damage to the 
tank. As a result, this JCO authorizes the placement of a bridge over the top of the tank to bear 
the weight of the sampling truck. The load-bearing piers for the bridge are being installed 
sufficiently deep and in a configuration such that the load applied to the tank when the sampling 
truck is on the bridge will be within the limits stated in this JCO. 

Prior analyses (see Section 2.3.2) indicated that this tank contained between 26 and 75 kg of 
plutonium. Material accountability records indicated that the tank contained about 3 1.2 kg of 
plutonium. Using the sampling data generated in the mid-I970's, the criticality hazard associated 
with this tank has been re-evaluated. This analysis shows the average plutonium density is 0.38 
grams plutonium per liter (g Wl) -- 29 kg plutonium total inventory. This is below the minimum 
critical density of4.7 g Pu/l for a waste sphere with a diameter of 86 inches. The 99% upper 
bound conlidence interval for the average plutonium concentration is 0.61 g Pdl, still well below 
the minimum critical density. Using the upper bound plutonium density, the plutonium areal 
density is 136 g/ft2, which is below the minimum critical areal density of 240 g/ft2. The kff for the 
tank was determined to be 0.13 and, even in the case ofthe worst-case hypothetical compaction 
and drying, kfi was still very subcritical at 0.75. 

Review of tank characterization data also shows that the plutonium is distributed relatively evenly 
throughout the tank. This makes the likelihood of finding a pocket with a sufficiently high 
plutonium concentration to achieve criticality extremely unlikely. As a result, this assessment 
concludes that the qualitative likelihood of criticality in this tank is extremely unlikely during 
sampling and storage activities, including the consequences of natural phenomena hazards. Even 
though extremely unlikely, controls for criticality have been proposed that will protect key 
assumptions, reduce residual risks, and address key areas of uncertainv. 

Analysis of samples taken in the 1970's indicate the tank sludge solids are inorganic materials 
largely comprised of aluminum, calcium, and iron and other inorganic materials. Analysis for 
carbon content was generally under I%, but one sample had 6% carbon. The source of the 
carbon is unknown but may be a combination of ash kom the incinerator operations, carbonate 
ffom scrubbers, or small amounts of organic materials, such as tri-butyl phosphate. Although the 
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waste was reportedly neutralized to pH 8 prior to being placed in the tank, a March 1975 tank pH 
sample was measured at pH 4. This acidic tank pH may have been due to incomplete 
neutralization during operations, the discharge to Tank 241-2-361 of un-neutralized nitric acid 
flushes of Tank D-7, or both. The potential for large, energy-releasing reactions within this tank 
was found to be extremely unlikely during the PFP chemical hazard assessment. Sampling is 
needed to confirm that an organic-nitrate reaction is not possible. 

Although the tank contents do not appear to be capable of bulk or localized chemical reactions 
that can cause a significant hazard, hydrogen gas generation is expected because of the radiolytic 
decomposition of water. This hydrogen is being released through the vent installed on the tank 
during Phase I activities, and the tank atmosphere has been shown to be less than 25% of the 
lower flammability limit (LFL). Based on the analysis in this JCO, Tank 241-2-361 will be treated 
as a Flammable Gas Category 3 tank for the purposes ofestablishing the appropriate flammable 
gas controls. In general, Flammable Gas Category 3 means the tank atmosphere is not flammable, 
but the tank is potentially capable of a localized gas release event (GRE) during waste disturbing 
events such as push-mode core sampling. 

The substantial experience developing Tank Waste Remediation System (TWRS) controls for 
flammable gas has been used to develop flammable gas and other hazard controls for this tank. 
The TWRS flammable gas controls are applicable because the flammable gas hazard is similar to 
that found in TWRS tanks. Tank farm control development considered both the steady-state and 
episodic release of flammable gas. Tank farms controls were developed kom the conservative 
standpoint that a flammable gas concentration could exist and therefore ignition sources must be 
prevented, and the atmosphere will be monitored and maintained below lower flammability limits 
where possible. The activities being undertaken for Tank 241-2-361 are the same as those 
conducted within the tank farms. Moreover, the process history, sampling data, and preliminary 
hazard analysis (PHA) do not indicate that a hazard exists in Tank 241-2-361 that was not 
contemplated in the development of the TWRS controls. As such, use of the TWRS controls 
during Tank 241-2-361 activities offers the same accepted degree of hazard control that is 
achieved in tank farm operations. The hazard and accident analysis provided in the TWRS 
authorization and safety basis are not repeated in this JCO. 

For unique hazards associated with activities associated with Tank 241-2-361 a preliminary 
hazards analysis (PHA) has been performed to systematically evaluate the hazards. The PHA 
postulates four principal hazards to the public and on-site workers associated with this tank: 
flammable gas ignition, structural collapse, pressurized releases kom the tank, and inadvertent 
criticality. The PHA identifies the types of controls needed to prevent or mitigate these hazards. 
This PHA also identifies controls needed to protect facility workers during the proposed work. 
All controls to will be implemented through the PFP work planning and control process, and 
reviewed by the PFP Plant Review Committee (PRC). 
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1.0 INTRODUCTION 

Tank 241-2-261 is an underground inactive settling tank within the protected area of the 
Plutonium Finishing Plant (PFP). It is approximately 240 feet south of Building 236-2. (Figure 
1-1) This settling tank received all low-salt (caustic) liquid effluent discharged kom plant 
processes kom 1949 to May 1973. As such, the tank contents are expected to include 
constituents kom nearly all PFP processes used during that period, and be dominated by those 
from Buildings 234-52,236-2, and 232-2. 

As part of the 1997 PFP chemical hazard assessment (Ref 1-I), the tank was evaluated to decide 
whether the hazards present were evaluated and controlled within the current PFP authorization 
basis. This review identified that the potential hazards associated with the tank, primarily that 
associated with a potential hydrogen concentration increase, had not been evaluated in the 
formulation of the current PFP authorization basis. Also, concern were raised regarding the 
structural integrity as a result of corrosion and the potential for inadvertent criticality. 
Accordingly, a potential inadequacy in the PFP authorization basis was identified per DOE Order 
5480.21, “Unreviewed Safety Question” (Ref 1-2). After completing its evaluation, on 
September 24, 1997, PFP recommended to DOE-RL. that an unreviewed safety question (USQ) 
be declared (Ref 1-3). In this letter PFP also transmitted to the Department the operating 
restrictions imposed. On October 15, 1997, the Department of Energy accepted the 
recommendation that a USQ existed and agreed to the interim controls (Ref 1-4). 

In its October 15 letter, the Department further directed the preparation of a Justification for 
Continued Operations (JCO). Phase I of this JCO provided a basis for DOE to approve the 
controls needed to open the tank safely. The tank is currently being managed using the controls 
provided in Revision 1 to this JCO. 

This phase of the JCO (Revision 2) addresses characterization. This two-phased approach 
allowed resolving flammable gas concerns and assessing the physical condition of the sludge (dry 
or wet) before characterization activities were authorized. This phased approach limited the need 
for overly-conservative speculative hazard controls. 

Once the tank is characterized, further steps to establish a final authorization basis may be 
undertaken. This phased approach to establishing an authorization basis is consistent with DOE 
Order 5480.23, “Nuclear Safety Analysis” and DOE Standard 301 1-94, “Guidance for 
Preparation of DOE 5480.22 (TSR) and DOE 5480.23 (SAR) Implementation Plans.” 
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The hazard categorization of this tank has also been determined to evaluate the types of safety 
analysis appropriate for this facility. Appendix A documents an initial.hazard categorization of 
this tank per DOE-STD-1027-92. If this tank were a stand-alone facility, it would be designated 
Hazard Category 2. This classification is consistent with that of the overall PFP complex. 
Accordingly, this tank requires performance of a formal nuclear safety analysis to define and 
control potential hazards. 
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Figure 1.1 - 1 PFP Facility 
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1.1 References 
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2.0 BACKGROUND 

2.1 TANK LOCATION AND DESCRIPTION 

Tank 241 -2-361 is constructed of reinforced concrete, and is a rectangular underground structure 
located near the east end of the south fence line ofthe PFP between Building 241-2 and the 
retention basin, 240' south of 236-2. The tank is 26 feet long and 13 feet wide and varies in depth 
between 17 feet deep at the inlet (north end) and 18 feet deep at the outlet (south end). The base 
mat is 9 inches thick with grout and waterproofing added for a total thickness of 12 inches. All 
walls are 12 inches thick and the roof is 10 inches thick. The top of the tank was sealed with 1/4" 
mastic and approximately 4 inches of concrete were poured over the mastic with 2"x 2" 14 gauge 
reinforcement mesh. The elevation of the top of the tank is 672' 6". (Figure 2.1-1) Grade level 
elevation is 674' 6". 

The interior of the tank was lined with 3/8" carbon steel on the bottom and up the sides to within 
6" of the roof. A protective coating was placed between the liner and the concrete as a corrosion 
barrier. Two 6" stainless steel pipes lead into the tank (Grom the retention basin and 241-2) at the 
north end ofthe tank and one 8" stainless steel pipe forms the discharge at the south end of the 
tank. BaiBe boxes were installed around the inlet and discharge pipes, and attached to the liner. 
The bottom of the inlet piping is elevation 669' and the bottom of the discharge pipe is elevation 
668'. 

The tank roof has three large penetrations and eight riser penetrations (Figures 2.1-2,2.1-3). A 
three foot manhole exists at the north end on the tank on the centerline, centered 2' 8" Grom the 
outside waU of the tank. A second manhole is centered 1' 3" west of the centerline, 2' 8" from the 
south outside wall of the tank. The third large penetration is a four foot diameter concrete plug in 
the geometric center of the tank roof. There are two 8" risers, one 2" riser and one 3" riser built 
into the south west comer of the tank, and one 3" riser built into the northeast comer of the tank. 
One 6" riser penetration was installed through the concrete plug, and two 8" riser penetrations 
were installed north of the center plug. 
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Figure 2.1-1 - Side View Tank 241-2-361 
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Figure 2.1-2 - Top View Tank 241-2-361 
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Previous photographs show the liner plate (elevation 668)  appears to be corroded away down to 
the sludge (Figure 2.1-4). More recent videographs (Phase I ofthis JCO) suggest the liner plate 
is in better condition than anticipated. Unexpectedly, the video revealed that 5 dry wells are 
installed in the tank, although historical information indicated their removal. Dry wells appear to 
be installed in both 3-fi concrete manholes (See Figure 2.1-2). Dry wells are also installed in 
risers F and G. The recent video also shows the tank walls to be in apparently good condition. 
The tank top showed more cracking than was expected. 

The sludge is approximately 94 inches deep. One of the south end 8" risers had a dry well 
installed, and it is removed or corroded away. The inlet and outlet pipes have been isolated and 
plugged or flanged two feet eon the outer wall of the tank. The reinforced concrete poured over 
the top of the tank has been removed over the two manholes and the tank was opened for 
sampling in the mid 1970's. The manhole covers were subsequently reinstalled, covered with 
weather covers and buried. The tank is covered with approximately two feet of soil. 
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Figure 2.1-3 - Risers for Tank 241-2-361 
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Figure 2.1-4 Tank 241-2-361 Interior 
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2.2 PROCESS SOURCES OF TANK CONTENTS 

A study has been completed of the processes that resulted in effluent to Tank 241-2-361 (Ref 2.2- 
1) in order to evaluate the contents of the tank for potential hazards and to determine the range of 
potential contents for planned characterization activities. Records of transfers into the tank, past 
characterization efforts, and scientific experience/judgement were used to estimate the current 
condition ofTank 241-2-361 and its contents. 

2.2.1 Background 

The Plutonium Finishing Plant was built in 1948 and began processing plutonium in mid-1949 
with Tank 241-2-361 as part of the low-salt waste disposal path from all PFP processes including 
the Incinerator, the Plutonium Reclamation Facility and the Waste Treatment Facility. The 
Incinerator (232-2) operated fiom December 1961 until May 1973. The Plutonium Reclamation 
Facility (PRF, 236-2) began operation in May 1964. The Waste Treatment Facility (242-2) 
operated from August 1964 until August 1976. Waste fiom some processes and laboratories 
went through transfer lines to Building 241-2 sump tanks. High salt and organic waste under 
normal operation were sent to the 2-9 or 2-18 cribs. 

The transfer lines to Building 241-2 were numbered D-4 to D-6 as represented in Figure 2.2-1. 
(Note: there were several different configurations of the PFP drain system, Figure 2.2-1 identifies 
the general flow path to Tank 241-2-361 and then to the cribs.) The 241-2 sump tanks were 
numbered D-4 through D-8. The D-4,5, and 6 drains went to the D-6 sump tank. When D-6 
tank was full it was transferred to D-7 tank. The D-6 sump tank eventualiy failed and D-7 was 
used in it’s place. Prior to transfer to cribs, the D-7 tank contents were sampled. If the 
plutonium content was analyzed to be more than 10 g per batch, the material was generally sent to 
be reprocessed. Below the plutonium discard limit, caustic was added and the material was sent 
to the cribs via Tank 241-2-361 where solids settled out and the liquid overflowed by gravity to 
the cribs. Accordingly, the materials discharged via Tank 241-2-361 would be expected to 
generally have been low in plutonium concentration. 
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0 Figure 2.2-1 - PFP Drain System 

I- 
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In addition to drain lines, an unquantified (but large) amount of process water was discharged 
from the retention basins to the cribs via Tank 241-2-361. 

Waste liquids that passed through the Tank 241-2-361 settling tank flowed from PFP to ground 
in the following sequence: Processes to D-4, D-5, D-6 Drains to D-6 Sump Tank to D-7 or D-8 
Sump Tank to 241-2-361 Settling Tank to cribs. 

2.2.2 Processes 

Low-salt waste going through Tank 241-2-361 generally consisted of large volumes of water 
containing relatively low concentrations of chemicals in contrast to the “high-salt” waste that 
went to Cribs 2-9 or 2-18. Process streams volumes and plutonium mass contributing to the low- 
salt waste for a typical year (1 969) are listed in Table 2.2- 1. 
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Each of these process streams contributed some unique waste constituents and would only 
be discharging to Tank 241-2-361 while that process was in use. Cooling water was 
sanitary water in closed lines that did not come in contact with chemicals or radioactive 
material. 

Laboratory wastes may have contained almost anything, and there is virtually no 
information about its constituents. The small volume coupled with large dilutions with the 
process streams make it unlikely they contributed enough material to be of concern. 

The incinerator burned a variety of materials including organic chemicals, paper and 
plastic. A caustic off-gas scrub solution was used to trap acid fumes, combustion 
products and fine particles. The incinerator operated intermittently fjom December 1961 
to May 1973. It was estimated that 600 grams ofthe 870 grams of plutonium sent in 
1969 to Crib 2-12 via Tank 241-2-361 were fjom the incinerator. 

Table 2.2-1 Typical Low-Salt Aqueous Process Streams in the Plutonium Finishing Plant 
(Circa 1969) tRef2.2-11 

condensate concentrators 

rn There is little known about reclamation condensate except that the chemical contaminants 
were considered “slight”. 

Fluorinator off-gas jet and scrubber solutions fjom hood HC-9A and HC-9B on the 
“Button Lines” contributed the largest volume of waste to D-6. These were responsible 
for failure of D-6 due to corrosion. The HF concentration was approximately 0.06 M. 
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Large amounts of water were flushed through Tank 241-2-361. The discharges to the tank were 
generally dilute. Accordingly, even slightly soluble materials and suspended materials were likely 
flushed kom Tank 241-2-361 and discharged to the cribs. Moreover, materials sent to Tank 241- 
2-361 were steam jetted. Compounds with low boiling points would be expected to have been 
vaporized and released through vents then existing in the tank. Other than the laboratories, there 
are no processes that discharged reactants that would be reasonably capable of generating large, 
exothermic reactions. The laboratory chemicals discharged would be small quantities and well 
diluted, and therefore not likely to present a significant hazard. Combined these factors suggest 
there should be very little if any significant chemical reactants in this tank. However, some of the 
organic materials used are heavier than water (but not the sludge-water density) and may exist in 
layers. As suck the potential for organic or organic-nitrate reactions cannot be completely 
excluded. 

From the foregoing example typical of when the incinerator operated, the principal source of 
plutonium in Tank 241-2-361 was the incinerator. Extrapolating that single year example, the 
plutonium inventory would be expected to be on the order of 20 kg. 

Material Unaccounted For (MUF) records can be used to refine this estimate. These records 
identfy material that was discharged to various PFP cribs. There was no measurement performed 
at the cribs that provides the actual plutonium received in the cribs. If instead we assume that 
plutonium settled in Tank 241-2-361 and none got to the cribs, then the records of discharges 
with Tank 241-2-361 in the flow path provides a conservative estimate of the plutonium in Tank 
241-2-361 based on MUF records. Using this assumption that all plutonium settled in Tank 241- 
2-361, then about 31.2 kg of plutonium is in this tank, as shown below (Ref 2.2-2): 

0 

0 

Discharges With Tank 241-2361 In The Flow Path 

Crib Recorded As Havine Received The Discharge Plutonium (crams) 

z-I & 2-2 199 

2-3 5,698 

2-12 

Total 31,197 

As will be seen in Section 4.2, this 3 1.2 kg plutonium closely matches the estimate of 29 kg 
plutonium established during the criticality analysis. 
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a How that plutonium is deposited within the tank is also important, particularly to determine the 
likelihood of inadvertent criticality. If the sludge deposition rate is assumed to be proportional to 
the volume discharge, these discharge records can be further developed into annual plutonium 
discharges as a function of sludge depth in Tank 241-2-361 as shown in Table 2.2-2 (Ref2.2-2). 
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Table 2.2-2. Calculated Plutonium Concentration in Tank 241-2-361 $Sludge Deposition 

Concentration 

a Solids deposited assumed proportional to total waste passing through tank 

This column is for wastes routed to Crib 2-12 

Plutonium quantities adjusted to make total equal to estimated total discharged to Tank 241-2-361 kom all 
sources. 

Volume ofsolids for 1949-1958 chosen to make plutonium concentration equal to measured value of 0.36 
giL. 
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Table 2.2-3 has been prepared to help compare the expected values &om Table 2.2-2 and the 
values measured during prior tank characterization activities (Section 2.3). The measured values 
were grouped and averaged for 20-inch intervals. Similarly, the estimated concentrations were 
grouped and averaged for 20-inch intervals. 

~ ~ 

Layer 

in. 

0-20 

20-40 

40-60 

60-80 

80-too 

Table 2.2-3 Plutonium Concentrations in 20-inch Increments above the Floor ofTank 241- 
2-361 

~~ 

Average From Records Average Measured 

Pu g/l Pu g/I 

0.25 0.35 

0.29 0.38 

0.52 0.52 

0.56 0.35 

0.46 0.2 1 

This comparison is graphically represented in Figure 2.2-2 (Ref 2.2-2). This shows the expected 
values compare well with the measured values. Furthermore, Figure 2.2-3 (Ref 2.2-2) 
demonstrates the horizontal distribution of the plutonium is also reasonably uniform. Together, 
these tables strongly suggest that the sludge has been deposited in reasonably simple layers with 
Pu concentrations varying within a factor of 2 of the average. 

Table 2.2-4 (Ref 2.2-1) shows a broad range of chemical constituents that could potentially be 
present in Tank 241-2-361 based on laboratory and process reviews. Although process history 
strongly suggests any reactants of concern would have been flushed to the cribs, the existence of 
organic-nitrate reactants cannot yet be excluded. Moreover, some of the potential sludge 
components represent materials with specific exposure limits (Cd, Pb) under occupational health 
requirements. Exposure will need to be controlled accordingly. An estimate of the mass of 
chemicals in the low salt waste fiom all sources in 1969 is given in Table 2.2-5 (Ref 2.2-1). 
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2.2-4. Known and Probable Components of 241-2-361 Tank Sludge. 
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Chemical Weighuyear Chemical Weighflyear 

Plutonium 
Calcium 
Magnesium 
Manganese 

2.2.3 References 

870 g Aluminum 96 kg 
320 kg Sodium 7,394 kg 
128 kg Fluoride 6.100 kg 
13 kg Nitrate 19,904 kg 

2.2-1 Jones, SA. ,  BWHC, 1997, Tank 241-2361 Process and Characterization 
Histoiy, HNF- 1989, Richland, Washington. 

2.2-2 Lipke, E.J., Rogers, C.A., Miller, E.M., et al., 1997 Engineering Study Of The 
Criticality Issues Associated With Hanford Tank 241-2-361, HNF-2012, Rev. 0, 
Richland, Washington. 

2.3 CHARACTERIZATION HISTORY 

2.3.1 Characterization 

Tank 241-2-361 was characterized in the mid-to-late 1970's as described in HNF-1989 ( Ref2.3- 
1) and HNF-2012 (Ref 2.3-2). The main focus ofthat characterization was on the Pu content of 
the sludge, the distribution of Pu, and the presence of various nuclear poisons. 

The sludge was found to vary greatly in solids content, but to be on average 30 percent solid 
material with the rest being liquid (mostly water). The sludge was deposited in layers fiom the 
various operating campaigns, and exhibits considerable variability in consistency. Tables 2.3-1 
(Ref 2.3-1 ) and 2.3-2 (Ref 2.3-2) portray the sludge appearance and non-radioactive content 
based upon core sampling. 

Little is known regarding the routine acidity of the wastes sent to the settling tank, other than the 
general guidance that the waste was to be neutralized. However, one pH sample was measured at 
4.0 in March 1975. The corroded carbon steel liner indicates that some wastes were not 
completely neutralized or the acidic flushes of Tank D-7 caused a low tank pH, or more likely 
both. Likewise, while some organic materials have likely entered the tank, carbon has not been 
found except for in a few samples. Most carbon detected was about 1%, but the carbon 
concentration was as high as 6% in one sample. This could be as carbon fiom fly ash in the 
incinerator scrubber solution, carbonate kom neutralization and absorption into caustic solution, 
or fiom organic compounds. Most likely it is fiom a combination of all of these sources. There 
has been no separate organic phase identified in the tank. 
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NW-I 
NW-2 
NW-3 
NW-4 
NW-5 

Sample Description 
Dark Brown -almost Black - loose -wet 
Color of Sample 1 -thicker 
Small amount of free liquid on top Color of sample 1 -thicker than 2 
Dark brown -lighter than 2- thinner 
Lighter color than 4 - very watery - thin soup 

NW-6 
NW-7 

IThicker than 5 - lighter color than 5 - gritty - sandy 
]Thicker than 6 -dark tan color - past), creamy consistency 

NW-IO 
NW-I I 
NW-12 

NW-8 
NW-9 

ISamr as 7 except lighter color 
IFree liquid on top - onl) slightly darker color than 8 - 5amc consistency 
Same as 9 
Tan-brown Same as IO - slightlydarker 
Lot of liquid on top. Lt. brown darker than the five sample above 

Southwest Core 
pn 

304.0 

460.0 

< 3.4 

562.2 

40.5 

10.4 

Component Center Manhole Bottle 
PP- 

Sample #8 Sample #9 

_ _ _  290.3 

322.4 213.6 

< 0.4 0.9? 

59.0 74.0 

6.3 200.4 

4.4 8.3 

Aluminum 

Calcium 

Cadmium 

Iron 

Sodium 

Silicon 

Oxygen 

Hydrogen 

Carbon 

Chloride 

Fluoride 

Northeast Core 
pn 

71.8 

345.0 

< 3.8 

230.9 

18.6 

10.5 

20. 

0.6 

46. 
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2.3.2 Plutonium Contents 

Extensive work was done to determine the plutonium concentration in Tank 241-2-361 between 
1974 and 1978. Efforts included making estimates of the plutonium in the liquid waste streams 
released from PFP to the tank; chemically analyzing grab samples of liquid and sludge taken with 
bottles; full height and partial height core sludge samples taken with 2 and 3-inch diameter core 
drills at five locations at each end and center of the tank; and measurements by foils and BF, 
neutron detectors at four locations. The data from all sources showed a consistently low 
plutonium concentration. 

Two families of sample data have been generated for the contents of this tank: 1975 and earlier 
and 1977 and later. Plutonium concentrations for 1975 data are more than twice as high as data 
from 1977 and later. In 1976 corrected plutonium concentrations were calculated. The 
correction involved recalculating the percent volume solids. This recalculation of the earlier 
results yielded 17 to 86 percent reductions in the plutonium concentrations. The recalculated 
plutonium concentrations still have a significant error that yields values that are high by about a 
factor of two. This error arises from the fact that the volume of water evaporated from the 
iiltered solids was not accounted for in the calculated sludge volume. 

The plutonium concentration and neutron measurements for 1977 data are more consistent. 
Discharge records and material accountability records are also more consistent with measured 
plutonium inventories for the 1977 data. Accordingly, the 1977 data has been evaluated as the 
most reliable. 

Section 4.2 and its references describes in detail the analysis of the 1977 data. In summary, this 
analysis identilied that the average plutonium concentration is 0.38 g Pull. The 99% confidence 
interval density is 0.61 g Pdl. The average plutonium concentration translates to a total 
plutonium inventory of 29 kg, and the 99% confidence interval concentration equates with 46 kg. 
This inventory range is consistent with the inventory expected from review of the discharge 
records. 

2.3.3 Recent Atmosphere Samples 

When Tank 241-2-361 was opened to install passive, iiltered ventilation, initial samples were 
collected. These samples did not identify any significant hydrogen or organic vapors of concern. 
A larger sample has been drawn and is undergoing more detailed analysis. 

2.3.4 References 

2.3-1 Jones, S.A., BWHC, 1997, Tank241-2361 
History, HNF- 1989, Richland, Washington. 
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2.3-2 Lipke, E.J., Rogers, C.A., Miller, EM.,  et al., 1997 Engineering Study Of The 
Criticuliiy Issues Associated With Hunford Tank 241-2361, HNF-2012, Rev. 0, 
Richland, Washington. 

2.4 SUMMARY 

Tank 241-2-361 is known or suspected to have received waste in large volume &om all of the 
sources identified above. The waste was very dilute, with upwards of 2,000,000 gallons per year 
flowing through the tank. The sludge represents a small portion of that large volume stream, with 
potential constituents shown in Table 2.2-4. Significant amounts of highly reactive or 
combustible materials are not expected, and no controls are proposed specifically for them. 
However, even ifencountered, the controls applied for flammable gas safety (Section 5.0) are at 
least as restrictive as those that would be applied to control chemical reaction hazards. 

As noted in the characterization sections, the predicted tank constituents from process chemistry 
analysis match reasonably well the measured tank contents, particularly with respect to plutonium. 
The characterization data supports an average plutonium concentration of about 0.38 g Pdl, also 
consistent with process history records. Accordingly, there is a strong basis to judge that the 
plutonium inventory of Tank 241-2-361 is on the order of 30 kg and that the plutonium has been 
distributed in relatively d o r m  layers across the tank. 
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3.0 PLANNED OPERATIONS UNDER JCO 

The planned approach to accessing and characterizing Tank 241-2-361 has involved the use ofa  
two-phased authorization in order to ensure that certain of the potential hazards are properly 
understood and controlled prior to undertaking the more complex characterization activity. This 
approach was developed based on the initial hazard evaluation conducted. (Ref. 3-1 .) This 
approach reduced the level of speculative hazards analysis and contingency planning that must be 
done, and has been more conserving of the scarce PFP resources while preserving the level of 
safety provided. 

During Phase I activities, the tank has been load tested, vented, vapor sampled, been inspected 
with video, and had a continuous, filtered vent installed on Riser H of Figure 2.1-2. Load testing 
has shown that the tank top can safely carry 4000 Ibs a 2000 Ibs load limit for the tank top was 
selected to be conservative. Phase I efforts have relieved any potential build-up of flammable 
gases in the tank. With passive ventilation through the filtered vent, the tank is no longer 
potentially pressurized and will remain less than 25% of the lower flammability limit (LFL). This 
condition for the tank is the assumed beginning condition for the work activities described in this 
section for Phase I1 of this JCO. 

3.1 INTERFACES 

The planned work will involve more than one work force, performing work in series so that no 
confusion exists regarding field work control. All work forces will be operating under the same 
PFP work release process. The PFP Shift Manager will release the work. 

This JCO will serve as authorization basis for all work forces, and will be administered under the 
PFP administrative controls for authorization bases. Access controls will be used to administer all 
the controls specified in Section 5.0. Access will only be permitted under an approved work 
instruction, and the review and approval of those work instructions will be the mechanism for 
ensuring application of the controls associated with work activities described in this JCO. All 
work controls, including radiological, industrial hygiene, criticality, job hazards analysis and 
application of JCO controls to work processes involving the tank will be implemented through the 
work control procedures. As specified in Section 5.2.2, work procedures will be reviewed by 
the PFP PRC on PRC clearance to ensure implementation of the controls specified in this JCO, 
and they will be released by the PFP Shift Manager through the PFP work control process. 

3.2 WORK DESCRIPTION AND LOGIC 

Phase I1 activities have been established to complete the characterization of the tank. The desired 
tank samples have been specified using the data quality objectives process (Ref 3-6). This process 
systematically develops an agreed set of samples and sample.locations that will ensure sampling 
objectives are satisfied. The primary purpose of these samples is to gather the data needed to 
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develop a remediation plan for the tank. In some cases, the information developed will help 
reduce uncertainty regarding some tank hazards, such as the potential for unplanned criticality. 

Section 3.2.1 describes the activities that were conducted during Phase I. In some cases, the 
analysis of these activities has been used to support performance of like activities that will be 
performed during Phase 11. As a result the descriptions of the activity and the associated analysis 
have been retained in this revision to the JCO. Those elements of Phase I activities necessary to 
complete Phase 11 activities remain authorized, e.g., riser flange asbestos abatement, and they may 
be implemented using the flammable gas controls specified in Section 5.0. Since the flammable 
gas hazard has been eliminated or controlled, the risk associated with the activities approved for 
Phase I has been reduced fiom that identified in previous revisions of this JCO. Section 3.2.2 
describes the activities that will be performed during Phase 11. 

3.2.1 Phase I Work Activities 

This section describes activities that were analyzed during Phase I of the JCO (Revision 1) and the 
planned order they were conducted in to perform Phase I activities. 

Radiological survey and toxic vapor survey of the risers to be opened were performed, 
and neutron and gamma measurements obtained fiom the exterior at one or more risers. 
No flammable gases were detected. No radiological dose rates above background were 
detected 

The risers were inspected and prepared for opening. This included taking measurements 
for riser adapters, fabrication of required hardware, staging adapter and filter assemblies 
at, or over, the riser, staging asbestos abatement and riser preparation tools, and all other 
qualified tools required to safely open the riser. 

A glovebag was installed around the riser with HEPA filtration to control contamination 
upon tank opening. The bolts holding the riser flange were replaced one at a time with 
bolts made of non-sparking materials. Inert gas was staged to provide a purge for the 
glovebag and the tank ifneeded. 

Any pressure in the tank was then relieved and the riser flange removed. The flange was 
raised by slowly loosening the riser flange bolts in incremental steps. To prevent excessive 
rates of tank venting, the tank was vented through a small orifice. The rate of venting was 
controlled through controlled loosening of the flange bolts. The flow rate was controlled 
to prevent over-pressurization of the glovebag, damage to the HEPA filters, or ripping the 
glovebag due to high flow rates. The atmosphere in the glove bag was continuously 
monitored while work was in progress until the breather filter is installed. Once the tank 
was vented and a relief path was veritied, a non-sparking insert was slid between the riser 
and the flange to prevent inadvertent contact between them The flange was then lifted off 
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the riser. To ensure the local region of the tank was less than 25% of the LFL, an inert 
purge was applied to the tank through the riser via a hose. All ofthis work was 
performed in appropriate confinement, with worker protection provided that was 
consistent with the potential hazards. 

Asbestos abatement was conducted where needed, and the riser flange was prepared to 
receive the breather filter adapter using non-sparking tools. The breather filter was 
lowered onto the open riser. An inert gas purge was used in the glovebag to ensure the 
flammable gas concentration around the riser less than 25% of the LFL. 

A second larger riser was opened to insert the video camera and videograph inside the 
tank. 

Although not performed during Phase I, a zip-cord measurement of the waste height was 
authorized during the intemalmpection ofthe tank. Waste height measurements using a 
zip-cord will be obtained during Phase 11. Camera equipment (still and/or video) was 
installed into an open riser, and the tank intemals and the sludge were video-taped. This 
was done with equipment and methods compliant with the controls specified in Section 
5.0. 

The tank was vapor sampled in accordance with the Data Quality Objectives and Tank 
Sample Analysis Plan (TSAP). 

Although not performed during Phase I, a grab sample was authorized to be collected 
kom the top surface of the sludge in the tank. 

The tank and nearby grounds were surveyed with civil survey and ground penetrating 
radar techniques as needed to ensure that the tank elevation was well known and buried 
conduits or piping were located in preparation for excavation to the top comers of the 
tank to evaluate tank structural integrity or as otherwise needed. 

Although not performed during Phase. I, the tank comers were authorized to be excavated 
to about 3 feet by hand or by use of a “guzzler,” a vacuum excavation device with filtered 
exhaust. The exterior of the side face of the tank roof and the top of the tank sidewall 
were authorized to be cleaned off in preparation for structural evaluation. 

Although not performed during Phase I, additional structural evaluations were authorized 
(e.g. ground penetrating radar and ultrasonic) to evaluate the tank structural condition for 
Phase I1 or other activities. Ultrasound transducers were authorized to be connected and 
an ultrasonic shear wave non-destructive examination of the tank roof and sidewall 
performed. 

26 



HNF-2024, Rev. 2 

Using the controls identified in this JCO, each of these steps and additional contingency actions 
analyzed in the hazard analysis was authorized to be repeated as necessary. 

3.2.2 Phase I1 Work Activities 

0 

This section describes the activities within Phase I1 for which this JCO provides a basis. Controls 
for these activities are specified in Section 5.0. 

The first four steps to be performed install the inspection platform bridge necessary to keep the 
weight ofthe sampling truck off of Tank 241-2-361 and protect the tank’s structural integrity. 

1) Two ofthe risers (Risers A and B ofFigure 2.1-2. See also Figure 2.1-3) are 
approximately 48-inches high. To accommo.date the truck bridge, these risers must be 
shortened to approximately 12 to 18-inches high. The risers will be cut off using a 
portable bandsaw or similar equipment. The spark production will be minimized, and the 
sparks will not produce a high thermal energy slag that could ignite organic nitrate 
compounds. If the old riser cover gaskets are removed, asbestos abatement will be 
conducted ifnecessary. New riser gaskets and flange covers will then be installed to re- 
seal these risers. The new flange covers will not require welding inside the tank during 
installation. This activity is not waste intrusive and is minimally dome intrusive. The 
flammable gas controls of Section 5.3.3 will be applied during the performance ofthis 
work. As such, during all of these activities the tank atmosphere will be monitored to 
ensure it remains < less than 25% of the LFL. 

Video examination during Phase I has revealed pipes installed in the tank at risers desired 
for conducting sampling. These pipes may be moved or removed to accommodate 
sampling or videography. As risers are opened, these dry wells may be removed or moved 
out of the way. No flame cutting will be conducted to removehove the risers. This 
activity is done intrusive and minimally waste disturbing. Flammable gas controls of 
Section 5.3 will be applied to this activity. The pipes may be movedhemoved at any time 
during Phase 11. If the pipes are dry wells, then they may be logged using gamma and/or 
neutron technique to assist in characterizing the tank. 

2) The power lines and communication lines must be removedhelocated to provide room for 
the truck bridge and supports. If necessary, fences and associated security systems will 
also be removed temporarily. This activity is not waste intrusive and is not dome 
intrusive. Flammable gas controls for an ex-tank intrusive activity apply as required in 
Section 5.3.3. Dome loading controls of Section 5.6 will apply during the performance of 
this activity, including load lift restrictions. 

Piers will then be installed to support the inspection platform bridge. About 42 helical 
piers will be screwed into the soil surrounding Tank 241-2-361 as indicated in Ref 3-2 to 

3) 

0 
- 
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a minimum depth of about 23 feet. The helical piers may be installed manually, or with 
powered turning equipment. This activity is not waste intrusive and is not dome intrusive. 
Flammable gas controls for an ex-tank intrusive activity apply as required in Section 5.3.3. 
The helical coils will be screwed in to minimize the application of force to the tank, 
prevent damaging the tank walls, and to minimize any soil disturbance. During the 
installation of the piers, the dome load limits of Table 5.6-1 will apply. Because the piers 
will proceed to a depth beneath the tank, vertical load applied to the piers will not affect 
the tank. Angled helical anchors will also be installed to prevent any lateral loads from 
being applied to the helical piers and potentially to the tank walls. Dome loading controls 
of Section 5.6 will apply during the performance ofthis activity, including load lift 
restrictions. The bridge and piers are finther described in Section 4.6 and Appendix H. 

Bridges will then be installed on the piers. The bridge and pier foundation support system 
are further described in Section 4.6 and Appendix H. The construction of the foundation 
support system is also described in Ref 3-2. This activity is not waste intrusive and is not 
dome intrusive. Flammable gas controls for an ex-tank intrusive activity apply as required 
in Section 5.3.3. Dome loading controls of Section 5.6 will apply during the performance 
of this activity, including load lift restrictions. Appendix H provides the calculations 
demonstrating the bridge and pier design is adequate for bearing the design load. 

The next series of steps are those required to perform push-mode sampling of the tank using the 
TWRS sampling truck. Conducting push-mode sampling of the tank is locally waste disturbing 
and dome intrusive. These steps will be repeated as needed to collect the three full-depth core 
samples desired to meet data quality objectives (Ref 3-6). Throughout these steps the flammable 
gas controls of Section 5.3 and the dome loading controls of Section 5.6 will be applied. Other 
controls from Section 5.0 will be applied as applicable. TWRS Procedures, TO-020-453, Setup 
and Takedown of Core Sample Equipment at 241-2-361 (Ref 3-7), and TO-080-520, Core 
Sampling at 241-2-361 (Ref 3-8), will be prepared specifically for the core sampling of 241-2- 
361. These procedures will be adapted &om existing TWRS procedures, TO-020-451, Setup and 
Takedown of Core Sampling Systems, and TO-080-503, Push Mode Sampling With Truck #1 
(Ref. 3-3 and 3-5). Steps 5-18 represent general types of actions necessary to push-mode sample. 
These steps may be altered for specific Tank 241-2-361 applications. 

5) 

4) 

The risers to be sampled (Risers B, E, and F on Figure 2.1-2) will be prepared. The 
activities include removing the riser covers, conducting asbestos abatement, and then the 
bolts in the riser covers will be replaced. A zip-cord reading will also be obtained fiom at 
least one of the sampling risers. If the waste level data under the other sampling risers is 
required to support core sampling, then zip-cord data from the other risers may also be 
obtained. If an obstruction is encountered and a full core sample cannot be obtained from 
a sampling riser, then an additional core sample may be obtained fiom an alternate riser. 
Taking the waste height reading is dome intrusive, but is not waste intrusive. 
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6) 
0 

13) e 
14) 

To assist in monitoring the sampling drii string, other risers may be prepared for opening. 
In these risers a video camera may be inserted. A separate video van and generator will be 
placed outside the controlled area to support operation of the video camera in this case. 

Groundinghonding termination points will be established. 

Contamination control equipment will be established around the riser to be sampled. 

The riser equipment will then be installed. This includes the riser sleeve, riser adapter, 
spray wash assembly, foot clamp, “frisbee,” and “frisbee” plug. 

The push mode sampling truck will be positioned on the bridge. 

Sampling support equipment will be staged. The equipment to be staged around the tank 
includes the distribution trailer, inert gas trailer, diesel generator, support truck, cask 
stands, and on-site transfer casks (OTC). 

Equipment will be grounded and bonded as specified in the flammable gas controls 
(Section 5.3.3). 

The sampling truck will be raised and leveled. Final measurements from the riser to the 
quill rod on the sampling truck will be taken to determine the drill string makeup, i.e., 
length and number of pieces. 

The sampler is installed into the core barrel and the drill string is lowered into the tank 
down to the waste surface. The sampler will be pushed up to 19-inches using the 
sampling truck hydraulic ram into the waste to collect a core segment. (See Ref 3-6,3-7 
and 3-8 for additional details.) 

The sampler is then recovered from the drill string. The sampler is then placed in the 
OTC, and the OTC is then sealed. A new sampler is then placed in the drill string. 

Drill string is washed to remove contamination and the drii string is packaged as waste. 
Up to 1000 gallons of Lithium Bromide (Li Br) solution may be added to the tank during 
drill string washing operations. 

Steps are repeated until a full depth core is obtained. Then this overall process is repeated 
at each of the three risers to be sampled. 

At the completion of sampling, all equipment will be removed and the areas surveyed for 
contamination and released. Each riser opened will be sealed after sampling or opening to 
perform video monitoring of the drill string. 
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M e r  the samples are collected, they are stored and then transported to the analytical laboratory in 
the OTC. Samples may be stored in the OTC at Tank 241-2-361 after push mode sampling is 
complete. If storage at the tank or outside the laboratory is required for an extended period (e.g., 
>30 days), then a weather cover with passive ventilation may be erected and the OTC wiU be 
placed in it. Controls for storage of the OTC at PFP in a weather enclosure are provided in 
Section 5.7. The authorization basis and controls for the storage of samples and transport to the 
analytical laboratory is provided in the SARP for the OTC (Ref 3-4). These activities are outside 
the scope of this JCO and separately authorized. 
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4.0 HAZARD ASSESSMENT 

Section 4.0 provides a summary of the process used to systematically identify the hazards 
associated with Tank 241-2-361 and the activities proposed within this JCO. An initial hazard 
categorization of this facility has been performed and is provided in Appendix A. That analysis 
indicates that ifthis facility were stand-alone it would be defmed as Hazard Category 2. That 
broad class of facilities includes those with the potential for significant on-site consequences if an 
adverse event were to occur. Hazard Category 2 facilities require formal safety analysis. This 
hazard categorization is consistent with the overall PFP hazard categorization. 

A preluninary hazards analysis (PHA) was performed to systematically evaluate the hazards of the 
tank for Phase I activities, and it and other analysis performed in support of this JCO were used as 
the basis for the designation of safety hc t ions  and the controls specified in Section 5.0. 

Subsequently, this PHA was modified to address unique aspects of Phase I1 characterization 
activities. The push-mode sampling activities have not been addressed in this PHA. The hazard 
analyses and accident analyses associated with these activities are addressed in the TWRS 
authorization basis, and these analyses are not repeated in this JCO except where unique hazards 
associated with Tank 241-2-361. Where appropriate, the hazard analysis &om Phase I activities 
has been used to evaluate similar Phase I1 activities. 

A key ditterence in Phase I1 activities is the starting condition of the tank. During Phase 11, the 
tank is known to be vented, unpress-d, and have a flammable gas concentration less than 25% 
of the LFL. The only flammable gas releasing events postulated for this type of tank are 
associated with locally-waste disturbing activities such as push-mode core sampling. As such, 
principle hazards of concern have been eliminated or mitigated by Phase I activities. The 
preliminary hazards analysis (PHA) results have been incorporated into this JCO as Appendix B. 

Section 4.1 describes how the PHA was conducted for Tank 241-2-361. Sections 4.1.2 and 
4.1.2.1 describe the process. Section 4.1.2.2 describes which activities were considered. Section 
4.1.2.3 describes how each activity was further broken down into component parts. Section 4.1.3 
describes the methodology used to group the results fiom the PHA. Section 4.1.4 describes how 
the controls were tied to the hazards identified so that each hazard could be systematically 
controlled. 

Section 4.2,4.3,4.4, and 4.5 describe the more in-depth analysis performed on the four principal 
hazards identified within the PHA: inadvertent criticality, tank structural failure, tank 
pressurization, and flammable gas ignition. Section 4.6 describes the sampling bridge that will be 
constructed to prevent structural damage to the tank during characterization activities. These 
sections also defme the bases for the controls proposed for these specific hazards. These controls 
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will be further delineated in Section 5.0. 

4.1 PRELIMINARY HAZARDS ANALYSIS 

4.1.1 Introduction 

The activities to vent Tank 241-2-361 and to characterize and remediate the tank waste contents 
will be performed in phases. This PHA identifies the potential hazards associated with Phase I 
and Phase I1 activities. The Phase I activities are those necessary to load test the tank, gather 
information about the structural integrity of the tank, open the tank, passively ventilate the tank, 
obtain video and/or still photographs of the interior of the tank, obtain vapor space samples, and 
take waste surface (grab) samples’i?om the tank ifdesired. Phase I1 activities are those associated 
with characterizing the contents of the tank using push-mode sampling. 

An earlier PHA, HNF-SD-CP-CN-003 (Ref 4.1-l), evaluated the hazards associated with the tank 
being in a state of isolation and inactivity. The PHA presented in this document is the follow-on 
step in evaluating hazards associated with Tank 241-2-361. In the interest ofcompleteness, the 
hazardous conditions identified in the earlier HNF-SD-CP-CN-003 have been incorporated into 
the current PHA. Moreover, some contingent activities have also been evaluated. 

4.1.2 Methodology 

Hazard identification is the process of highlighting material, system, process, and facility 
characteristics with the potential to initiate accidents having undesirable consequences. The 
hazardous events that are of primary concern for this PHA are: 

0 Events that can result in the airborne release of radiological or toxicological material kom 
the tank. 

0 

0 

The primary method of hazard identilicationlhazard evaluation used for the Tank 241-2-361 was 
a PHA. In this systematic approach, the basic elements of the system and the hazards of interest 
for postulated activities are identilied, potential causes and effects are evaluated, and possible 
corrective and/or preventive measures are proposed. 

A PHA is a technique that is derived i?om the U.S. Military Standard System Safety Program 
Requirements. A PHA focuses in a general way on hazardous materials and major processes. In 
a PHA, a team of individuals with experience in process safety and with extensive knowledge of 
the operation or process to be evaluated are assembled. The team’s collective experience is 

Events that can result in operator exposures to elevated levels of ionizing radiation. 

Industrial type accidents that can result in severe injuries to plant workers. 
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elicited in "brainstorming" sessions to discover the potential hazards posed by a given operation 
or process. The team members involved in the performance of this PHA were: Gary R Franz, J. 
Michael Grigsby, Brett Hall, Keith E. Myers, Milton V. Shultz, Alan L. Ramble, and Duane M. 
Bogen. Subsequent entries into the PHA tables have been developed by John D. Williams. 

4.1.2.1 PHA Table Structure. PHA is a form driven technique. The form used in the 
performance ofthis PHA is shown in Table 4.1-1. The PHA was structured primarily based on 
planned Phase I activities. Each Phase I activity was broken down into Significant sub-activities 
or procedural steps for analysis. An alphanumeric system was used to designate the severity, with 
the following "S" rankings characterizing safety consequences: 

so 

s1 

s l *  

s 2  

s3 

no effect outside the facility confinement systems and no safety concerns for the 
facility worker, the onsite worker, or members of the general public 

potential industrial injury, radiological dose consequences or chemical exposure to 
the facility worker; limited environmental discharge of hazardous material outside 
the facility, 

potential severe harm or potential death from industrial injury, radiological dose 
consequences or chemical exposure to the facility worker, 

potential significant radiological dose consequences or chemical exposure to the 
maximum onsite worker outside the facility; environmental discharge of hazardous 
material within the plant site boundary, and 

potential significant radiological dose consequences or chemical exposure to the 
offsite population; environmental discharges of hazardous material outside the 
Hanford site boundary or to the groundwater. 

The frequency ranking column is a "first cut," qualitative, consensus estimate of the frequency of 
the consequences. This frequency estimate is based on a "no controls present" character of the 
accident. An alphanumeric system was used to designate the frequency, with the following "F" 
rankings characterizing safety consequences: 

FO Events not expected to occur and categorized as beyond extremely unlikely. The 
frequency range is <lE-O6/yr, 

Events not expected to occur within the lifetime of a typical facility and 
categorized as extremely unlikely. The frequency range is lE-OS/yr f < lE-O4/yr, 

Events which could occur during the lifetime of the facility and categorized as 
unlikely. The frequency range is lE-O4/yr f < lE-O2/yr, and 

F1 

F2 
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F3 Events which are expected to occur one or more times during the lifetime of the 
facility and categorized as anticipated. The frequency range is 1E-02yr f < O.l/yr. 
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Table 4.1-2. Phase I Tank 241 -2-36 1 Operations/Conditions 

I. Civil Survey and Load Test - Check to Determine Ground Level and Soil Depth and Verify 
Capability ofTank to Support Personnel and Equipment for Riser Opening 

2.  Ground Penetrating Radar (Optional) - Determine Outline ofTank Top and Location of Buried Lines 
near Tank 

3.  Excavate Small Area next to Tank to Permit Ultrasound Wall and Roof Check (Optional) 

4. Perform Ultrasound Check - Attempt to Verify Tank Wall and Top Integrity (Optional) 

5.  Install People Bridge (Optional Depending on Tank Load Test Results) 

6 .  Radiological Survey of Risers (Activity Preliminary to Any Further Actions to Enter Tank) 

6.A External Gamma and Neutron Scans (Optional) - Attempt to Determine IfCriticalily Event Has 
occurred 

7. Inspect Riser lprocedure Item - Riser Prep] (It Is Assumed That a People Bridge Is in Place or it Has 
Been Determined That One Is Not Required for Access on the Tank Roof) 

8. Open Riser - Replace Bolts, Install Glovebag, Relieve Pressure, Remove Flange 

9. Install Breather Filter On Open Riser 

9.A Purge Tank [7his Is a Contingency and the Only Way Tank Can Be Accessed If Atmosphere Is 
Determined to Be Flammablei 

IO. Take Picturdvideo Inside Tank (Requires Entry Through 8-inch Riser) 

11. Perform Vapor Sampling (This Data Is for Characterization) 

12. Take Hard Gammdtest for Mixed Fission Produds (Optional) - Further Testing to Determine If 
Criticality Has Occurred 

13. Take Waste Grab Sample (Optional) 

Table 4.1-3 Phase I1 Tank 241-2-361 OperationdConditiom 

1. 

2. 

3. 

4. Truck sampling bridge construction. 

Shortening risers and replacing flanges. 

Moving fence lines, associated security systems, and power lines. 

Installing truck sampling foundation piers. 

I 5. Preparing risers for push mode sampling. I 
6. Opening risers for video monitoring (Optional). 

7. Establishing groundmghnding termination point. 
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m 8. Establishing contamination control area. 

9. 

10. 

11. 

12. Groundhnd equipment. 

13. 

Install push-mode core sampling riser equipment. 

Position push mode sampling truck on the bridge. 

Stage push-mode core sampling equipment. 

Raise and level samuling truck and assemble drill string. 

114. Collect push-mode core segment. 

I 15. Seal core segment into On-site Transfer Cask. I 
I 16. Package waste and clean-up area. I 
I 17. Store Onsite Transfer Cask. I 

18. Natural phenomena hazards. 

4.1.2.2 Activities/Conditions Evaluated. The activities to be performed in Phase I and Phase 
I1 were determined by cognizant engineers at the PFP responsible for ultimately dispositioning the 
waste in Tank 241-2-361 and by the PHA team. In some cases, insights gained ffom performing 
the PHA resulted in the reordering or modification of planned activities to enhance benefit or 
reduce risks. This is one of the advantages provided by the structured PHA approach. In 
addition some activities were incorporated into the PHA to address contingencies and options that 
may be exercised during the performance of the work. The activities covered in the PHA are 
listed in Tables 4.1-2 and 4.1-3. In Appendix B, Phase I and Phase I1 activities have been 
separated in the PHA tables. 

In addition to the hazardous events that can occur during the Phase I1 activities, hazardous events 
can occur while the tank is in an isolated, passive condition prior to the initiation of Phase I1 
activities (e.g., spurious collapse ofthe tank due to long term structural degradation). After 
Phase I1 activities are completed, Tank 241-2-361 will be left to passively ventilate through 
installed breather filters before future remediation activities are initiated. Certain hazardous 
events can be postulated for the tank during this time period, e.g., criticality due to dry out and 
subsidence of the tank sludge, These passive time periods for the tank were evaluated separately 
and are shown as items 14 through 15 for Phase I activities in Appendix B. These hazards are 
unchanged by Phase I1 activities. The PHA entries for the passive isolated tank prior to Phase I1 
activities are essentially those ffom the prior hazards analysis performed on the tank (Ref 4.1-l), 
except that the likelihood of flammable gas deflagration has been largely eliminated because of the 
passive ventilation that was instaUed during Phase I. 

A PHA structured to look at ouerational steps or activities is not designed to highlight accidents - - -  
initiated by natural phenomena (e.g., earthquakes) or external events (vehicle accidents). The 
general effects of natural phenomena and external hazards on facilities are to cause process upsets 
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andor to challenge the integrity of facility confinement systems. In some cases, external events 
can add hazardous material to the system (such as fuel kom a truck crash) which might initiate a 
unique accident. Natural phenomena and external events are treated separately in the PHA table 
(Appendix B) for both Phase I and Phase I1 activities. Phase I natural phenomena hazards have 
not been altered, however the likelihood of flammable gas deflagration, and therefore the 
consequences, have been reduced because the tank is now passively ventilated. 

4.1.2.3 
activities or procedural steps to ensure a comprehensive review. The TWRS procedures for 
activities similar to those planned for Phase I and Phase I1 were reviewed to determine the 
significant sub-activities and procedural steps associated with each major activity. 

The PHA team brain stormed potential hazards associated with the sub-activities and procedural 
steps. Brainstorming was based on the team's general collective experience, the team members' 
knowledge of hazards identified for similar activities in other safety basis documents, and on 
logical "what if' type questions posed by PHA team members--"what if' questions such as: "what 
ifthe activity is not performed or performed out of order," "what ifthe activity takes longer than 
desired," "what can go wrong during the performance of the activity," etc. For hardware systems, 
the safety hc t ions  performed by those systems were identified and hctional failures were 
simply postulated to determine potential hazardous outcomes. Finally, a hazaraenergy checklist 
liom DOE 76-4519, "Job Safety Analysis" (Ref4.1-2) was reviewed for each activity to aid in the 
brainstorming process. 

4.1.3 PHA Results 

Brainstorming Approach. Each activity was broken down into significant sub- 

The qualitative consequence and likelihood estimates for the various hazardous events (columns 8 
and 9 of the PHA table) were generated based on the PHA team members' experience and 
judgment. The selection of accidents for further treatment to identify equipment and controls 
important to safety is accomplished by a binning process. The initial accident screening criteria 
used in the binning process is based entirely on qualitative consequence rankings. Any accident 
postulated in the S2 and S3 consequence categories is a potential candidate for the application of 
specific administrative controls or adding engineered features. This results in a broad spectrum of 
candidate accidents being considered and provides for consideration of a broad enough spectrum 
of representative and unique accidents to furnish adequate technical justification for the choice of 
engineered features and administrative requirements. 

AU the accidents having S2 or S3 consequences are classified by type. The type of accident 
relates to the accident phenomena such as leak, fire, explosion, etc. 

The hazardous events identilied in this PHA can be grouped into eight categories. These 
categories are: 

1. Events that result in ignition of a quantity of flammable gas in the tank headspace, that 
involve major damage to the tank roof, and that result in a significant release of 
radioactive aerosols to the atmosphere. 
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3. 

4. 

5 .  

6 .  

7. 

8. 

Events that result in collapse ofthe tank roof or failure of the risers in the tank roof that 
cause a significant release of toxic vapors and radioactive aerosols and possibly gross 
contamination of a worker or workers. 

Events that result in minor releases oftoxic vapors and radioactive aerosols with no 
damage to the basic tank structure. 

Events that result in a criticality occurring in the tank waste. 

Events postulated to result in an ignition of nitrate compounds in the tank with subsequent 
release of toxic vapors and radioactive aerosols. 

Events involving normal industrial hazards or small quantities of radioactive 
contamination. 

Leaks to the soil column due to general tank degradation. Also, events that result in 
localized flooding above the tank and intrusion of water into the tank, exacerbating a tank 
leakage condition. 

Events that result in pressurized releases kom the tank. 

Events that result in radioactive releases within, or from, the OTC weather enclosure 

Natural phenomena and external events were found in general to be initiators for the hazardous 
conditions specified above. Controls identified to minimize risk during Phase I and Phase I1 
activities for the above hazardous conditions will in most cases also be adequate for natural 
phenomena initiators. However, the natural phenomena hazards may dictate certain design 
requirements. 

4.J.4 Controls Identification 

The following controls are proposed for the seven general categories of events identified for JCO 
activities. The controls are grouped according to the preceding categories of hazardous events. 
The controls established for the signiticant hazardous event categories are discussed in more detail 
in Section 5.0. 

1. Events that result in ignition of a quantity of flammable gas in the tank head space, that 
involve major damage to the tank roof, and that result in a significant release of 
radioactive aerosols to the atmosphere. 

General Controls: 

(Note: as a result of Phase I activities the tank is now passively and continuously vented. 
Monitoring shows the tank is less than 25% of the LFL. During Phase I1 activities, 
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flammable gas release events are only postulated to potentially occur as a result of the 
push-mode core sampling activity.) Control of access to the tank roof and general vicinity 
(includes crane and vehicle controls), determination of maximum allowable roof loading, 
control of roof loading when roof access is required, and use of crane critical lift 
procedures where required by the Hanford Rigging Manual. These controls are intended 
to prevent collapses that could result in a spark and subsequent ignition of flammable gas. 

A set of ignition controls similar to TWRS ignition controls that specify bonding 
requirements, allowed tools, allowed instrumentation, and procedures to minimize the 
likelihood of producing a spark. 

Administrative controls to halt operations on the tank when lightning is detected within a 
50 mile radius kom the tank. 

2. Events that result in collapse of the tank roof or failure of the risers in the tank roof that 
cause a significant release of toxic vapors and radioactive aerosols and possibly gross 
contamination of a worker or workers. 

General Controls: 

Control of access to the tank roof and general vicinity (includes crane and vehicle 
controls), determination of maximum allowable roof loading, control of roof loading when 
roof access is required, and use of crane critical lift procedures where required by the 
Hanford Rigging Manual. 

Control of mechanical forces on a riser to prevent failure of a degraded riser. 

Institutional controls for emergency response to earthquakes - reduces number of 
individuals potentially exposed to radioactive material. (See Section 5.0 for the PFP 
operational safety requirements (OSR) and other institutional controls relied upon in this 
JCO.) 

Construction of the truck sampling bridge such that sigmficant lateral loads to the tank 
walls are prevented. 

Construction of the bridge such that it can safely handle static and dynamic loads that may 
be applied during operations. 

Construction of the bridge such that the sampling truck cannot be inadvertently driven off 
the edge of the bridge. 

Events that result in minor releases of toxic vapors and radioactive aerosols with no 
damage to the basic tank structure. 

General Controls: 

3. 
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Institutional controls for working in an area where aerosols and vapors could be present. 
These may include protective clothing, greenhouses, drapes, radiation monitoring and 
respiratory protection. 

Events that result in a criticality occurring in the tank waste. 

General Controls: 

4. 

Controls to prevent inadvertent criticality are identified in Section 4.2. 

Events postulated to result in an ignition of nitrate compounds in the tank with subsequent 
release of toxic vapors and radioactive aerosols. 

General Controls: 

Control of vehicle access to the tank to prevent vehicle impacts into risers that could 
dump burning fuel into the tank. Control to stop operations on the tank when lightning is 
detected within a 50 mile radius of the tank. 

Preventing flame cutting/welding in the tank unless approved by the PHMC President. 

Events involving normal industrial hazards or small quantities of radioactive 

5. 

6.  0 contamination. 

General Controls: 

No special controls beyond what are imposed by the normal institutional requirements for 
this type of work. 

Leaks to the soil column due to general tank degradation. Also, events that result in 
localized flooding above the tank and intrusion of water into the tank, exacerbating a tank 
leakage condition. 

General Controls: 

Only hand digging or excavation using the "guzzler" machine should be allowed near the 
tank to minimize the possibility of breaking water lines. Ground penetrating radar will be 
used to identify the location of water lines near the tank. The concrete cap poured on top 
of the tank limits potential intrusion. Should a water tank be used to load test the tank a 
limited water source will be used to fill the tank to limit the volume of water potentially 
spilled on the tank. 

Limiting down force on the push-mode core sample drill string. 

Installation of the helical piers with appropriate torque limits such that the tank walls are 

7. 
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not damaged by the helical piers. 

Events that result in pressurized releases f?om the tank. 

General Controls: 

( Note as a result of Phase I activities the tank is passively and continuously vented. As 
such, this general type of hazard is no longer present. This section is retained for 
reference purposes.) A glovebag will be installed around the fist riser to be opened to 
confine and mitigate any potential release of radioactive particulate matter when the riser 
is opened. The riser should be opened in a manner that controls the blow down rate of the 
tank and prevents ejection o f  the flange. The glovebag HEPA filter($ should be sized 
large enough to accommodate the controlled blow down flow without failing the glovebag 
or HEPA filters fiom pressurization. Moreover, the flow rate needs to be sufficiently low 
that the glovebag is not damaged by the hydrodynamic forces associated with flow 
through the glovebag. If purging is used, controls on purge flow are needed to ensure 
glovebag and filter integrity are maintained. A control is also needed to ensure installed 
breather fiters are not valved out during purging to prevent tank pressurization or 
unfiltered releases through HEPA filter assembly seal loops. Ignition and spark source 
controls need to be established for glovebag activities to ensure hydrogen released fkom 
the tank into the glovebag is not ignited. 

Events that result in radioactive releases within, or fio'om, the OTC weather enclosure. 

8. 

9. 

General Controls: 

Ensure weather enclosure is passively ventilated to reduce likelihood that the hydrogen 
can build up or airborne radioactive concentrations will be significant. Apply ignition 
controls during venting. Conduct airborne radioactive particulate sampling before entry. 
Post warning signs identifying the presence of flammable gas. 

4.1.5 References 

4.1-1 "F-SD-CD-CN-003, 1997, Hazard Analysis of 241-2361 Tank, Rev. 0, Fluor 
Daniel Northwest Inc., Richland, Washington. 

4.1-2 DOE 76-4519 Job Sufefy Analysis, U.S. Department of Energy, Washington D.C. 
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4.2 CRITICALITY SAFETY 

Tank 241-2-361 has been the subject of three prior criticality analyses (Ref 4.2-~4.2-2,4.2-3). 
Each has found the tank substantially subcritical but with somewhat differing conclusions, and in 
some cases used data now believed suspect. Accordingly, another criticality assessment has been 
performed in support of this JCO and is documented in “Engineering Study Of The Criticality 
Issues Associated With Hanford Tank 241-2-361’’ (Ref4.2-4). This analysis is an integral part of 
this JCO and is summarized within this section. 

For the purpose of evaluating the very l i t e d  activities proposed under this JCO, “Engineering 
Study Of The Criticality Issues Associated With Hanford Tank 241-2-361” provides the initial 
basis to evaluate the criticality safety of the proposed activities. Criticality analysis is being 
continued, including independent evaluation, so that a criticality safety evaluation report (CSER) 
may be completed. The CSER will provide the basis for developing criticality prevention 
specifications (CPS). 

Two conditions are required to achieve criticality. The minimum areal density of plutonium must 
exceed about 240 g/fi2, and the minimum critical concentration must be exceeded. Tank 241-2- 
361 does not likely meet either condition. As a result, the qualitative likelihood of criticality in 
this tank has been found to be extremely unlikely during storage and sampling, including the 
consequences of natural phenomena hazards. 

Two families of sample data have been generated for the contents of this tank: 1975 and earlier 
and 1977 and later. Plutonium concentrations for 1975 data are more than twice as high as data 
fiom 1977 and later. In 1976 corrected plutonium concentrations were calculated. The 
correction involved recalculating the percent volume solids. 

The 1977 family of data was used for the analysis. The plutonium concentration and neutron 
measurements for 1977 data are more consistent. Discharge records and material accountability 
records are also more consistent with measured plutonium inventories for the 1977 data. 

The two different families of data does generate some uncertainty. But the differences in 
plutonium concentration reported in the 1975 family of data (higher Pu concentrations) would not 
alter the conclusions drawn. The margin to criticality would be reduced kom that found when 
using the 1977 data Even so, there would remain enough margin that the tank would remain 
subcritical during evaluated storage and upset conditions even with the higher plutonium 
concentrations, 

Several additional conclusions using the 1977 sample results have been reached as a result of this 
criticality safety assessment: 

. Even if the plutonium concentration were much greater than postulated, the plutonium 
concentration would be well below the minimum critical plutonium concentration. The 
average of all samples was calculated to be 0.38 g Pdl, corresponding to a total tank 
plutonium inventory of about 29 kg. The upper bound for the 99% confidence interval for 
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the average plutonium concentration is 0.61 g Pdl, corresponding to a total tank 
plutonium inventory of about 46 kg. If all ftee water has been lost, but bound water and a 
small amount of interstitial water remains, the maximum average concentration (99% 
confidence) would be 0.69 g Pdl. 
concentration is 4.7 g Pdl, much greater than any of the concentrations noted above. 
Moreover, even if the inventory were postulated to be 70 kg, the minimum critical 
concentration would still be above 4.0 g Pdl. 

The estimated upper l i t  of plutonium areal density is 136 g/ftz (based on the upper 
bound of the 99% confidence interval for plutonium concentration). This is well below 
the 240 g/AZ minimum critical areal density. As such, there is no postulated condition 
where this second necessary condition for criticality can be achieved. 

Tank samples show the plutonium settled roughly uniformly across the surface of the tank 
in layers consistent with expectations kom plant operation campaigns and activities. (See 
Figures 2.2-2 and 2.2-3) The characterization data suggests that it is unlikely that regions 
exist with a plutonium concentration more than twice the average plutonium 
concentration. Accordingly, it is extremely unlikely that there is a non-homogenous area 
with a plutonium concentration sufficient to achieve criticality. 

The kff for this tank was calculated to be substantially subcritical at approximately 0.13. 
Increasing the sludge depth by a foot, such as might happen if sludge were dropped during 
sampling or removal, left the k, unchanged. In addition, flooding the space above the 
sludge with water would not increase kR. 

The greatest effect on kff comes kom drying the sludge. Even when worst case accident 
scenarios are considered, including drying and compression, there is a wide margin of 
safety. The accident conditions evaluated did not cause k,, to increase beyond 0.75. 

For a tank inventory of 30 kg, the minimum critical 

The criticality safety assessment supports the conclusion that activities conducted to open, 
sample, and characterize the tank can be done without causing an inadvertent criticality. 

. Opening the tank and applying ventilation can cause increased drying of the sludge. The 
drying that could result, even kom forced ventilation, would not eliminate the bound 
water. If dried in the field, the sludge volume is expected to decrease by about 88%. The 
plutonium concentration would only increase by about 14%. Accordingly, criticality is 
extremely unlikely as a result of passive or active ventilation king applied to this tank for 
an indefinite period of time. 

. Push mode core sampling (a Phase I1 activity) could result in compression, redistribution 
of plutonium, and changes in the neutron reflection. Furthermore, during sampling there is 
the possibility for sludge to be dropped on top of other sludge. Modeling of compression, 
increased sludge depth, drying and increased reflection show that core sampling would not 
reduce the margin of subcriticality below a safe level. As such, the grab sampling or push- 
mode sampling can be completed without causing inadvertent criticality. 
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Because of hydrogen generation in the tank, the possibility of tank deflagration occurring 
during a tank intrusive activity is evaluated in the JCO. Ifa hypothetical deflagration 
occurred in the tank, compression of the waste would occur. To achieve criticality would 
require the sludge to be completely dry and the density to be more than doubled. No 
credible degree of compaction would be capable of increasing the density this much. 
Accordingly, criticality is extremely unlikely to occur &om a deflagration occurring within 
the tank. 

Subsequent analysis has been performed to evaluate the to potential consequences for adding drill 
rinse solution during push mode core sampling. (Ref4.2-5) This analysis shows up to 1000 
gallons of the aqueous solution can be added into the tank. 

Even though the likelihood of criticality is remote, controls are needed to protect key assumptions 
used in this analysis, to reduce residual risks, and to address key areas of uncertainty. Those 
controls will include: 

. Fissile material should not be added to the tank. 

. Large scale mixing, such as that which would result fiom the use of mixer pumps or 
sluicers, is prohibited. (The minor amount of mixing resulting fiom characterization 
operations and upsets has been shown to be acceptable.) 

. No more than S liters of chemical or organic solvents should be added to the tank. (Note, 
however, that the accidental spill of hydraulic fluid into the tank was analyzed and 
concluded to be acceptable.) 

. No more than 1000 gallons of aqueous solution (e.g. push mode core sampling rinse 
solution) should be added to the tank. 

HNF-PRO-334 (Ref4.2-6) designates Tank 241-2-361 as a limited control facility. This 
designation means the tank contains greater than one-third of a critical mass of fissile material, but 
that material is in a form that precludes the potential for a criticality. This more recent criticality 
safety assessment ofTank 241-2-361 (HNF-2012) conhns  the extreme unlikelihood of criticality 
in the tank, which was the basis for the earlier designation of the tank as a limited control facility. 
Accordingly this facility will continue to be designated a limited control facility. 

4.2.1 Safety Functions 

The potential for inadvertent criticality has been assessed to be extremely unlikely. All of the 
controls specified are administrative and will be implemented through the existing PFP criticality 
prevention program. No safety systems, structures or components (SSC) have been identified for 
the criticality hazard. 

4.2.2 References 0 
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Carter, R.D., and D.J. Brown, 1976, Letter to R.E. Isaacson, criticality Potential of 241- 
2-361 Tank, Atlantic Richiield Hanford Co., Richland, Washington, February 20, 1976. 

Davenport, L.C., W.C. Maculas, and C.L. Brown, 1977, Second Party Criticality Safety 
Review of Seiiling Tank 241-2361, Letter to G.C. Oberg, Battelle Pacific Northwest 
Laboratory, Richland, Washington, April 5, 1977. 

Altschuler, S.J., and R.D. Carter, 1980, Deactivaied Cribs and Seiiling Tanks, CSAR 80- 
024, WHC-SD-SQA-CSA-20240, Rev. 0, Released January 19, 1990, by D.E. Friar. 

Lipke, E.J., Rogers, C.A., Miller, E.M., et al., 1997, Engineering Stu& Of The Criticality 
Issues Associated With Hanford Tank 241-A-361, HNF-2012, Rev. 0, Richland, 
Washington. 

4.2-5 Letter, Fluor Daniel Northwest, D.P. Hughes to A .L. Ramble, Addition of Core Drill 
Rinse Solution io Tank 241-2361, Coniract 915, Release 3, March 30, 1999, Richland, 
Washington. 

4.2-6 HNF-PRO-334, Criticality Safety General, Requirements, 1997, Rev. 0, Fluor Daniel 
Hanford, Richland, Washington. 
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4.2-2 

4.2-3 

4.2-4 
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4.3 STRUCTURAL INTEGRITY ASSESSMENT 

A structural analysis (Ref 4.3-1) was performed of Tank 241-2-361. Because of the potential 
for chemical degradation of the rebar, analysis has been performed of both the as-built 
condition and a condition assuming that 50% of the interior rebar has been degraded. Stress 
calculation were performed using American Concrete Institute (ACI) load combinations and 
load factors. To gain a better understanding of likely actual tank conditions “best estimate” 
load conditions have also been evaluated. 

Analysis shows that using ACI load combinations and load factors with a uniform subgrade 
reaction model and for the as-built and as designed (not degraded) condition: 

. The tank is adequate for 100 pounds per square foot (psf) distributed load or 5,000 Ibs 

The tank is also adequate for 0.25g seismic induced loads. 

Tables 4.3-1 and 4.3-2 show that as the live load on the tank is increased the stress in 
the wall increases. At 200 psf live load, the wall is predicted to be over stressed. 

concentrated load applied above the tank at grade. 

. 

. 
Analysis shows that using ACI load combinations and load factors with a uniform subgrade 
reaction model and for an assumed 50% degraded rebar condition in the interior wall: 

. Tables 4.3-3 and 4.3-4 show that with an assumed degraded rebar in the interior wall 
(degraded carrying capacity), the mid-wall is over-stressed. From this it can also be 
seen that hydrostatic plus dead load is the governing load combination for this tank. 

. Table 4.3-5 through 4.3-8 assess the tank condition if it is assumed that a hinge joint 
has formed. A hinge joint is possible from over stress and since the tank has been in a 
liquid environment for almost 50 years. Over-stress conditions in the side wall are 
developed for large dead and hydrostatic loads. 

An elastic subgrade reaction model was also evaluated (Tables 4.3-9 through 4.2-12). 
Although the margins improve, the same basic conclusions may be drawn. The governing 
load combination is hydrostatic plus dead. With a 50% degraded rebar, the tank wall is 
predicted to be over-stressed. 

Analysis for the “best estimate” loads (Tables 4.3-13 and 4.3-14), using an elastic subgrade 
reaction model and assuming a 50% degraded rebar condition in the interior wall, show that 
the bottom slab and the wall do not appear to be over-stressed in the present state. 

The conclusions drawn are based on an assumed degradation of the rebar. The rebar condition 
is not known and may be difficult to verify. There are also uncertainties associated with 
concrete degradation that may effect the rebar-concrete bond. As such, it is not known 
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whether the 50% degradation assumed is conservative. Three-dimensional modeling 
calculations might also reveal some additional non-conservative features in the two- 
dimensional modeling performed. 

However, there is no evidence of tank failure. The at-grade surface is not sagging and is not 
settling as would be expected if significant tank cracking had occurred. The tank has received 
significant snow and rain loads. Prior to establishing the access restriction, there have been 
multiple people on top of the tank, and heavy vehicles have operated near the tank edge. This 
recent operational history suggests the tank has received loads as large as those contemplated 
for Phase I JCO activities without adverse consequence. Based on the analysis and these 
operational factors, engineering judgement is that access over the tank by a limited number of 
people carrying hand-carried equipment is likely to be safe. 

As a result of this uncertainty, a load test has been conducted using an approved test plan. 
This load test applied 4000 Ibs to the tank top and 600 Ibs (moving) to the regions outside the 
tank. Following completion of the load testing, the data measured was evaluated (Ref 4.3-5). 
This evaluation concludes that the tank response to increasing load was linear and the 
maximum deflection observed was well within acceptable values. The load test confirmed that 
the tank top is structurally adequate for a working load up to 2000 Ibs anywhere above the 
tank. No sagging or other failure mechanisms were observed as a result of the 600 Ibs load 
test performed outside the tank top area. 

In addition to analysis of tank structural integrity, analysis has been performed to define 
acceptable load carrying capacity for the tank risers. The analysis documented in 
“Engineering Load Evaluation of the Riser on Tank 241-2-361,” (Ref. 4.3-3) was performed 
to ensure that the risers would have a minimum load carrying capacity. The assessed load 
capacity is sufficient to allow safely working in the vicinity of the risers. An additional 
analysis was performed (Ref. 4.3-4) to examine in greater detail the load carrying capacity of 
the risers that may have breather filters installed on them. This analysis has been incorporated 
into this JCO as Appendix F. 

Subsequently, another analysis has been performed of the risers that will be used for push- 
mode core sampling. This analysis shows that Risers B and F (See Figure 2.1-2) are adequate 
to with stand the load of the sampling equipment (1500 Ibs). The strength of Riser E is 
indeterminate, and additional support will need to be installed around this riser to perform 
push-mode core sampling through it. (Ref. 4.3-5) This analysis has been incorporated into this 
JCO as Appendix I. The specific limits for each riser resulting from this set of analyses are 
provided in Table 5.6-2. 

After the successful load testing of the tank and regions around the tank, new analysis has been 
performed (Appendix G )  to compare stresses induced by snow load and an armored personnel 
carrier that was formerly parked in the vicinity of the tank. Prior analysis showed that the 
region of concern was about 8-feet down the walls or lower. The load tests show the integrity 
of the upper portions of the wall. Comparison of the previously applied snow load and 
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armored personnel carrier shows that a margin of greater than 2.0 for the load to be applied in 
Phase I can be maintained (in the tank wall regions of concern) with greater loads than the 
initial very conservative limits established for the region outside the tank. Based on this 
analysis, and the successfully completed load test, the load limit for regions outside the tank is 
being increased as specified in Section 5.0. These increased loads in the regions external to 
the tank will enable the balance of Phase I and Phase I1 activities to be completed with reduced 
risk of contamination spread. 
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Legend for Tables 4.3-1 through 4.3-14: 

D = Dead Load 
L = Live Load 
H = Earth Pressure 
E, = Soil earthquake load (0.25 g) 
Safety Margin = Capacitymemand - 1 

* 
** 

Demand moment at intersection of wall and slab. 
Demand moment near middle of wall or slab. 

I Sludge weight on base slab has been considered to modify moment ffom ANSYS 
computer run which did not include sludge weight. 

Reduced capacity due to corroded rebar at inside face of concrete. 

Load case applicable during construction. 

Denotes elements from ANSYS model (see Figure I). 

2 

3 

4 

5 Includes 2-way action of load distribution because of lateral earth pressure and respective 
capacity in each direction. It does not take into account the moment effect due to vertical 
earth pressure. This computation is based on an approximate and simplified analytical 
approach in lieu of a 3-directional analysis which would have provided a more realistic 
load distribution resulting kom the 2-way action. 

4.3.1 Safety Functions 

Although consequence analysis has not been performed, Tank-241-2-361 serves the safety 
function of being a barrier to prevent significant worker radiological exposure, i.e. the tank does 
not collapse. As an interim measure the tank will be designated safety significant because of this 
function. 

4.3.2 References 

4.3-1 Islam, M. A,, Structural lntegriw Assessment For PFP Tank 241-2361, Fluor 
Daniel Northwest, December 1997, Richland WA. 

4.3-2 Julyk, L.J. letter report, Tank 241-2361 Dome Load Test Results Summary, 
October 1998, Fluor Daniel Northwest, Richland WA. 

McShane, D.S., letter report, Engineering Load Evaluation of the Riser on Tank 
241-2361, January 1998, Fluor Daniel Northwest, Richland WA. 

4.3-3 
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4.3-4 McShane, D.S., letter report, Re-Evaluation of 3-inch and 8-inch Risers for 
Breather Filter Mounting on Tank 241-2361, June 1998, Fluor Daniel 
Northwest. Richland WA. 

4.3-5 McShane, D.S., letter report, Evaluation Of Tank 241-2361 Nozzles B, E, And F 
For Load Induced By Sampling Equipment, April 1999, Fluor Daniel Northwest, 
Richland, WA. 

4.4 FLAMMABLE GAS SAFETY 

The following is a general discussion of flammable gas production, behavior and control as 
developed for the wastes and tanks of the Hanford Tank Farm, with clarifications interjected to 
relate more directly to Tank 241-2-361. Within the Tank Farm, there is a great variability in the 
generation rate of flammable gas, the waste conditions and gas hold-up, and the ventilation for the 
tank head spaces. Due to some uncertainty in the actual conditions within Tank 241-2-361, the 
discussion has been kept broad to ensure all for the potential hazards and complexities. A more 
detailed discussion is included in control Appendix C. Relevant conditions that are factors in 
flammable gas production and are thought to exist in this tank include: 

. The supernate was removed in 1975 and no known liquid additions have occurred since. 

. The heat source kom the nuclides in the tank is on the order of 100 watts in 75 cubic 
meters of waste. Elevated temperatures were not measured in the mid-1970's. 

. The tank has no intentional ventilation path but some hydrogen is expected to be removed 

The organic contents are lower than that in most Hanford Tank Farm tanks. The sludge 

The liner corrosion has in all likelihood already been accomplished so that it is not 

through ditrusion. 

. 
has been effectively washed by the large volume through-put. 

. 
contributing additional flammable gas. 

Since these factors are diEcult to quantify, the approach to the hazards will be to assume a higher 
degree of hazard exists until conditions can be verified to be acceptable. 

Radioactive waste generates hydrogen through the radiolysis of water, thermolytic decomposition 
of organic components, and corrosion of a tank's carbon steel walls. Radiolysis and thermolytic 
decomposition also generate ammonia. Non-flammable gases such as nitrogen, which act as 
diluents, are also produced. Additional flammable gases, such as methane and an oxidzer, nitrous 
oxide, are generated by chemical reactions between various degradation products of organic 
chemicals originally present in the tank. Volatile or semi-volatile organic chemicals may also 
produce organic vapors. 

The gases generated by the waste have the potential to accumulate in flammable concentrations in 
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the tank vapor spaces or within the waste. 

This section summarizes the understanding regarding flammable gases generated by Hanford tank 
wastes including hazard phenomenology and control strategies. This understanding and control 
strategy has been developed based on extensive study of the flammable gas hazards present in the 
TWRS Tank Farms and is adapted for the hazards present in Tank 241-2-361. 

The flammable gas control strategy for TWRS facilities, and its application to Tank 241-2-361 is 
designed to prevent a flammable gas accident by: (1) maintaining the head space concentration 
below 25% of the LFL for gases that are released in a steady manner; and, (2 )  preventing ignition 
sources when and where flammable gases may be present due to gas retention within the waste 
and gas release events (GRE)s or accumulation within waste intruding equipment. 

When and where ignition controls are required is determined by three factors affecting the nature 
and extent of postulated flammable gas hazards: (1) waste behavior postulated as defined by the 
facility group assignment (Section 4.4.3); (2) the type of operational activity that may be 
performed (Le., waste disturbing or non-waste disturbing); and, (3) the region or location within 
the tank that will be accessed (i.e., dome intrusive, waste intrusive, or ex-tank intrusive). 

4.4.1 

Steady state releases are managed by diluting and removing the gases fiom the tank headspace 
through passive ventilation. This prevents a steady accumulation of gas fiom reaching flammable 
concentrations. 

Vapor Space Flammable Gas Concentration Because of Steady State Releases 

Passive ventilation consists of atmospheric breathing combined with a convective flow through 
tank openings caused by the buoyancy effects fiom gas temperature differences, and Bernoulli 
flow caused by wind blowing past the tank exhausts. Diffusion of hydrogen through the porous 
concrete wall and top, however, is a h  an important mechanism for diluting the hydrogen 
released fiom the waste. 

4.4.1.1 Controls for Steady State Releases. Tank 241-2-361 now has a continuous passive 
ventilation system. Monitoring shows the tank atmosphere is being maintained less that 25% of 
the LFL. 

4.4.2 Gas Retained Within the Waste 

Some generated gas is retained in the waste. Because retained gases can include fuel (for 
example, hydrogen, ammonia, methane) and an oxidizer (for example, nitrous oxide), the gases 
can be in flammable concentrations. Retained gas presents a flammability hazard in the following 
ways: 

It is theorized that the retained gas could burn below the waste surface $ignited; 
and the amount of gas, bubble type, size, and distribution could enable flame 
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propagation. 

Gases can be released fiom the waste in a gas release event (GRE) and burn in 
tank domes, connected vapor spaces such as ventilation systems, and outside of 
tank openings such as ventilation inlet paths or open risers if the released gas 
remains above 100% ofthe LFL. 

The retained gases can be released and ignited inside equipment inserted into the 
waste, such as core sample drill strings. 

4.4.2.1 Deflagrations Below the Waste Surface. The original USQ declaration for the TWRS 
Tank Farm flammable gas hazard acknowledged that a flammable mixture of gases may exist in 
the waste thereby creating the possibility of a combustion event below the waste surface. Further 
study of this potential has indicated that such a scenario is at best very unlikely since the waste 
must be porous to allow flame propagation. However, a porous material also allows the 
flammable gas to d f i s e  out of the waste and into the tank head space. This issue has not been 
completely resolved, and, therefore, this JCO specifies ignition source controls to be used with 
waste intruding equipment in Tank 241-2-361. Data regarding the amount of gas that may have 
accumulated in the waste in this tank has not yet been obtained, and thus these controls have been 
adopted to address the potential for subsurface combustion. 

4.4.2.2 Gas Release Events (GREs). Gases that are released fiom the waste in a nearly 
continuous manner can be managed effectively by ventilation. Less straight forward, however, is 
the situation where a signilicant amount of the gas is retained within the waste and released 
relatively rapidly in a GRE. 

The large GREs that occurred in Tank 241-SY-101 before the mixer pump was installed were 
unique in size and kequency in TWRS double-shell tanks. None of the gas releases in the other 
double shell tanks (DSTs) have been large enough to have created flammable mixtures after 
mixing in the tank headspace. The mechanism for large gas releases in these DSTs is thought to 
be a buoyant displacement instability (sometimes referred to as a rollover). This occurs when a 
waste sludge is stored with a large supernate liquid layer above it. Gas is retained in the sludge, 
the gas void builds until the sludge becomes less dense that the supemate, and then a glob of 
waste breaks fiee from the sludge layer and rises to the waste surface. The expansion of the gas 
bubbles as the waste rises breaks apart the sludgehubble matrix and releases some of the gas to 
the tank headspace. 

The TWRS single shell tanks (SSTs), like Tank 241-2-361, do not have large supernate liquids 
and therefore buoyant displacement GREs are not possible in these tanks. The ongoing study of 
gas retention behavior of SST waste forms has narrowed the number of plausible spontaneous 
release mechanisms to only a few possibilities that are capable of only small releases. Observation 
of a number of the most notable &mumble-gas-retaining SSTs indicates that no large GREs are 
occurring and only a few SSTs experience small spontaneous GREs. The typical spontaneous 
GRE in a SST has a small release volume of tens of cubic feet of hydrogen. 

* 
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Gas releases can be induced by waste disturbing operations, but local disturbances do not trigger 
a general, large-scale gas release. Rather, gas is released only from the volume of waste actually 
disturbed. 

4.4.2.3 Controls for Preventing Ignition During GREs. To manage the risks associated with 
retained gases and GREs, specific ignition source controls and continuous monitoring 
requirements are applied on a graded basis depending on (1) the tank's flammable gas facility 
group status (Section 4.4.3) which defines when and where flammable conditions resulting from a 
GRE are a concern, and (2) the nature of the work performed. 

Prevention of ignition sources involves the use of two sets of ignition source controls that are 
each invoked depending on the type of activity performed and where the activity may create 
sparks. The ignition source controls address electrical equipment requirements, non-electrical 
equipment and materials requirements, and work practices. "Set I "  primarily applies to activities 
and locations that involve direct contact with waste and undiluted waste gases. "Set 2" primarily 
applies to circumstances where flammable gas conditions may be postulated to occur in the dome 
space or ex-tank locations. To ensure consistent application and interpretation of industry 
standards used by these control sets, a TWRS Flammable Gas Advisory Board (FGEAB) has been 
formed to oversee the implementation of the ignition source controls. 

Monitoring is used prior to work activities to prevent work when gas concentrations resulting are 
in excess of 25% of the LFL. 

4.4.3 

Tank 241-2-361 is similar to other tanks under TWRS control. The same control strategy 
approved for use with TWRS tanks will serve as the starting point for identifying flammable gas 
controls for Tank 241-2-361. For the purpose of applying controls, each facility in TWRS has 
been placed in one of four facility groups. The placement depends on whether the waste is 
postulated to present a hazard fiom large or small GREs, whether the GREs may be spontaneous 
or only induced during waste d;sturbmg operations, or no GREs are postulated at all. Ignition 
source controls and monitoring requirements are applied at times when, and in locations where, 
flammable conditions resulting from GREs can be present, as appropriate to this grouping 
scheme. Facilities that have had significant GREs are conservatively postulated to have the 
potential for large spontaneous and large induced GREs. These tanks have been assigned to 
Facility Group 1 (FG1). Five TWRS DSTs have been place in this category. 

If a facility is postulated to have the potential for a large induced GRE but only a small 
spontaneous GRE, it is assigned to Facility Group 2 (FG2). The remainder of the 28 TWRS 
DSTs have been placed in this category along with a number of SSTs that indicated a significant 
amount of gas retention. 

Facilities that show no propensity for spontaneous GREs but may produce a small induced GRE. 
are assigned to Facility Group 3 (FG3). The majority of TWRS SSTs have been placed in this 
category. Facilities with little or no waste solids capable of retaining gases are categorized as 

Flammable Gas Facility Group Approach 
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non-GRE. All facility groups assume that the subject tanks undergo steady state gas generation at 
@ alltimes. 

The grouping of facilities reflects a conservative approach even in light of uncertainties in the 
underlying methodology. It also enables a graded application of controls based on perceived 
hazards and fiees less hazardous tanks from unnecessarily restrictive or burdensome controls. 
This method also enables a degree of simplicity in applying control sets to specific tanks. 

Because many of the TWRS Inactive Miscellaneous Underground Storage Tanks (IMUST) 
contain waste similar in composition to SST waste, it is postulated that flammable gas behavior 
(gas generation, retention, and release) is analogous to that in SSTs, but on a much smaller scale 
because of the small amount of waste present. 

The facility group control sets for TWRS IMUST were assigned based on the amount of waste 
solids and overlying supernate known or suspected to be contained in the tank. The IMUST with 
significant solids but little supernate (less than 378.5 L (100 gal) or less than 1% ofthe tank 
capacity) were assigned to FG3. Conversely, IMUST with sigmficant solids and a large supernate 
layer were assigned to FG2. If the waste solid and liquid volumes of an IMUST were unknown, 
the tank was assigned to FG2 as a prudent measure until better knowledge of the waste contents 
is obtained. Finally, those IMUST containing mostly liquids with only a small amount of solids 
(less than 378.5 L [lo0 gal]) were classified as non-GRE tanks. 

Based on a comparison of Tank 241-2-361's configuration and contained waste (a large amount 
of sludge with little or no supernate liquid) controls used for FG3 facilities are appropriate. But, 
Appendix D postulates the possibility of flammable hydrogen concentrations in the tank. 
Moreover, there are uncertainties in the actual tank conditions upon which this facility group 
determination was made. Accordingly, until the conditions are shown to be safe (is., less than 
25% of the LFL) and consistent with FG 3, more restrictive controls will be applied. Phase I 
activities have shown the tank to be safe, Le., less than 25% of the LFL. Accordingly, the 
controls appropriate for a FG 3 tank will be applied during Phase 11. 

4.4.4 Application of Flammable Gas Controls to Tank 241-2361 

Table 4.4.4-1 summarizes the application of the control strategies to address each flammable gas 
hazard discussed above. More details regarding the control strategies are described in Appendix 
C. Specific control requirements for Tank 241-2-361 are included in Section 5.0. 
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Table 4.4.4-1. Summary of Flammable Gas Controls Strategy for 241-2-361 (FG 3). ( I  sheet) 

Flammable Gas Hazard 

Steady state accumulation in 
head spaces 

Accumulation in sealed risers 

Ignition of flammable gas 
retained within the waste 

Large spontaneous GREs 

Small spontaneous GREs 

Large induced GREs. (Only 
postulated in Tank 241-2-361 
during globally waste 
disturbing operations -- post- 
Phase 11.) 

Small induced GREs (Only 
postulated in Tank 241-2-361 
during locally waste 
disturbing operations.) 

Accumulation in waste 
intruding equipment (e.g., 
inside core sampler driU 
string) -- Phase I1 

Control Strategy 
~~ ~ ~ 

1. Dilution by ventilation, and 

2. Gas monitoring (characterization sampling and work 
activity entry gas monitoring) 

If adequate ventilation has not been verified, apply 
ignition source controls (Set 1) or 
de-energize 

3. 

1. Ignition source controls (Set 1) for installed equipment 
until low concentrations are verified. 

Work activity entry gas monitoring to venfy low 
concentrations when opening riser 

2. 

~~ ~~ ~ 

1. Ignition source controls (Set 1) at all times 

Not postulated for 241-2-361 as a FG 3 tank. 

Not postulated for 241-2-361 as a FG 3 tank. 

1. Ignition source controls (Set 2) in ex-tank and dome 
intrusive locations during waste disturbing operations 
and activities and 

2. Continuous gas monitoring during manned waste 
disturbing activities 

Ignition source controls (Set 2) for dome intrusive 
locations during waste disturbing operations and 
activities and 

1. 

2. Continuous gas monitoring during manned waste 
disturbing activities 

~~ 

1. Purge or flush before energizing equipment and during 
use of equipment or 

Ignition controls (Set I ) at all times 2. 

66 



HNF-2024, Rev. 2 

4.4.5 Exceptions to Ignition Source Control Requirements 

The performance of work activities in Tank 241-2-361 requires the use of some equipment and 
materials that do not meet the ignition source control requirements and do not have safety 
equivalency with ignition source controls (Set 1 or Set 2) established by the FGEAB. Most of 
these items are used throughout TWRS tank farm field activities and are needed to perform 
important characterization activities in Tank 241-2-361. Therefore, the exceptions described in 
Appendix C (Table C-2) are required to perform the activities that are, or will, be covered in this 
JCO for Tank 241-2-361. 

4.4.6 Adequacy of Flammable Gas Controls 

The three-pronged control strategy (ventilation, monitoring, and ignition source control) has been 
judged to be a practical means for preventing the accumulation of flammable gases where ignition 
sources may be present or to eliminate ignition sources where flammable gases may be present in 
TWRS. This same strategy and controls are proposed for use within the Tank 241-2-361 JCO. 
The strategy and specific controls have been reviewed and approved for use in TWRS Facilities 
by RL based on the following findings (TWRS-RT-SER-02, Revision I). In summary, the SER 
on the TWRS JCO stated: 

* 

. The JCO provides a valid formalized process for selecting controls to minimize the risk of 

The control suite represents the best available knowledge on how to practically minimize 

activities where the flammable gas hazard is likely to be present, and 

. 
the hazard of flammable gas presence and minimize potential for ignition if present. 

4.4.7 Safety Functions 

TWRS equipment has been previously evaluated for its classification under these hazards, and 
because of the similarity of hazard, this JCO does not repeat that effort. However, as part of 
Phase I activities, a breather filter was installed on Tank 241-2-361. That breather filter provides 
a filtered, passive ventilation path for the tank that will maintain the atmosphere less than 25% of 
the LFL. Even though a consequence analysis has not been performed, as an interim measure, the 
breather filter is being designated safety significant. 

4.4.8 References 

4.4-1 HNF-SD-CP-CN-003, 1997, Hazard Analysis of 241-2361 Tank, Rev. 0, Fluor 
Daniel Northwest Inc., Richland, Washington. 

4.4-2 DOE 76-45/19, SSDC-19, 1979, Job Safety Analysis, U S .  Department of Energy, 
Washington D.C. 
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4.5 TANK PRESSURIZATION 

Even small cracks or holes in Tank 241-2-361 on the order of 1/16 inch would keep the tank 
k?om significantly pressurizing and allow atmospheric breathing. Since the tank is about 50 years 
old, such cracks and holes are expected. However, the existence of relief paths for the tank could 
not be assured. Accordingly, Appendiv E was prepared to evaluate the potential for tank 
pressurization and the resulting hydrogen concentration. Furthermore, this appendix evaluates the 
expected flow rate as the tank is vented l?om this pressurized condition. This appendix formed 
the basis for developing the controls needed to safely vent Tank 241-2-361 during Phase I. As a 
result of Phase I activities the tank has a continuous vent path established, and it therefore cannot 
be pressurized any longer. Appendix E is retained for reference purposes. 

4.6 SAMPLING TRUCK BRIDGE 

This section discusses the truck sampling bridge and the basis for its functional classification. The 
truck sampling bridge is being installed to prevent structural damage to the tank resulting &om the 
weight of the sampling truck. However, the installation and use of the truck sampling bridge 
introduce hazards that must be appropriately controlled through bridge design features and 
operating limits. A detailed description of the design basis for the bridge is provided in Appendix 
H. 

4.6.1 

There were six failure modes associated with the bridge and its installation identified during the 
hazards analysis that could cause damage to Tank 241-2-361: 

Bridge Foundation And Bridge Design 

The installation of load support piers in the proximity of the tank could potentially cause 
damage to the tank by excessive weight being applied during the installation process, or 
the insertion of the piers could potentially damage the walls of the tank with mechanical 
force leading to a potential leak to the soil column l?om the tank. 

The weight ofthe sampling truck could be applied in areas external to the tank as it 
approaches the tank potentially causing structural damage to the tank. 

The heavy members associated with the bridge construction could be dropped onto the 
tank during installation and potentially cause tank structural damage. 

The bridge could collapse due to dynamic or static loads applied when the sampling truck 
is positioned onto the sampling bridge. The collapsing bridge and truck could potentially 
cause structural damage to the tank. Alternatively, the loads could be applied above the 
bottom of the tank because the piers were not installed sufficiently deep, leading to 
potential tank damage. Also, the static and dynamic loads associated with positioning the 
truck on the sampling bridge could cause excessive forces to be transferred to the tank 
walls potentially causing structural damage to the tank. 
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The sampling truck could inadvertently be driven off the sampling bridge and fall onto the 
tank potentially causing structural damage. 

Although collapse ofthe tank is unlikely even if damaged, this cannot be assured. As a result, a 
- - 

events leading to significant overstress of the tank walls or tank top were conservatively 
considered to be events that could lead to tank collapse. Tank collapse could cause grievous 
injuries to multiple workers and significant facility worker contamination. 

The tank has been vented and is being maintained less than 25% of the LFL with passive breathing 
through the vent. As indicated in Section 4.4, the tank is not subject to large episodic gas release 
events. Accordingly, these tank collapse events in Phase I1 are not postulated to lead to 
deflagrations that could affect the onsite worker or the public. 

The approach to the design and installation of the bridge has been structured to address failures 
that could potentially lead to tank structural damage. These failures include errors during 
installation that lead to tank collapse and overstress conditions during sampling. Other features of 
the bridge have been installed to address operational requirements and to ensure worker safety 
while working on the platform. 

The method chosen to install the foundation for the sampling bridge has been developed to 
address several potential hazards. The use of helical piers that are inserted by rotation minimizes 
soil disturbance. The torque control on the rotation of the helical piers reduces the likelihood that 
the walls will be damaged by mechanical force, thereby reducing the likelihood of potential leaks 
to the soil column ftom this activity. Installation of the helical piers does not require use of heavy 
equipment that would likely apply excessive weight to the areas surrounding the tank. During the 
installation of the piers, the dome loading controls of Section 5.6 will be applied to ensure the 
tank walls are not over-stressed by weights applied in the area surrounding the tank. 

To ensure the samphg truck weight is not applied in the areas external to the tank except on the 
sampling bridge, the bridge has been extended about 22-feet ftom the tank walls. Outside this 
distance, any load applied would not be seen by the tank walls. 

The dome loading controls of Section 5.6 require the use of the Hanford Rigging Manual during 
lifts. These controls also limit the load lift height. In combination these controls reduce the 
likelihood that heavy members will be dropped on the tank during construction of the bridge. 

' 

e 

The bridge foundation and the bridge structure were designed and evaluated for the expected 
loading in accordance with AISC allowable stress criteria for steel components and in accordance 
with manufacturer recommendations for helical pier foundation components. Figures 4.6- 1 and 
4.6-2 provide the general layout of the foundation for the bridge that has been developed. The 
vertical piers will be installed to a minimum depth of about 23-feet. As such, load applied to the 
piers is transmitted to a depth beneath the tank and will not &ect the tank. Angled helical piers 
are installed to a minimum insertion length of about 22-feet. These angled anchors in combination 
with the bridge structure prevent lateral stresses ftom Wing transferred to the tank walls resulting 
ftom the dynamic load applied by the truck being positioned on the sampling bridge and &om the 
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wind force on the sampling truck. Specific design features and tolerances are provided in the 
design media. 

Included in the dynamic load evaluated was the wind force potentially being applied to the 
sampling truck. Seismic loads were not evaluated. Because of the short duration of the sampling 
activity, and that it is a one-time activity, the likelihood o f a  large earthquake occurring while 
sampling was judged remote. Accordingly, the bridge was not designed to accommodate seismic 
loads from a design basis earthquake. 

Although the truck is positioned at very low speeds on the bridge (<2 mph), operator error or 
failure ofthe truck could lead to events where the truck is inadvertently driven o f f  the bridge. To 
prevent this event, the bridge has had edge guards (bumpers) installed that will restrain the truck 
in this event. 

4.6.2 Bridge Load Limit 
The analysis provided in Appendix H evaluated load combinations that might be applied to the 
bridge as static loads and the dynamic loads associated with the force of wind on the sampling 
truck and that associated with the stopping of movement of the truck as it is repositioned. This 
analysis provides the basis for the bridge foundation support design specified in drawing H-2- 
829739. (Ref. 4.6-1) As a result of the analysis of the design of this bridge, an aggregate load 
limit for the sampling bridge of 35,000 lbs has been established. 

4.6.3 Safety Functions 

Since the potential for flammable gas deflagration has largely been eliminated by providing a 
passive, continuous ventilation path for the tank, collapse of the tank no longer would likely result 
in a large deflagration that could spread contamination that could affect the onsite worker or the 
public. Collapse of the tank could result in grievous injuries and ingestion of sigtllficant amounts 
of contamination for multiple facility workers. The collapse of the tank could also cause a tank 
splash. This splash could loft radioactive material that could potentially contaminate onsite 
workers. The function of the bridge is to prevent structural collapse of the tank during tank 
characterization to prevent injury to facility workers and potential contamination of onsite 
workers. Accordingly the bridge is designated a safety sigtllficant structure including the edge 
rails that prevent the truck fiom inadvertently falling off the bridge. 

4.6.4 References 

4.6-1 Drawing H-2-829739, Civil Foundation Supports For Inspection Platform, Fluor 
Daniel Northwest, March 1999, Richland, WA. 
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5.0 HAZARD CONTROL REQUIREMENTS 

The initial plant screening for the Unreviewed Safety Question (USQ) identified that the potential 
for significant hazards and lack ofan authorization basis would constitute a potential discovery. 
As a result, the PRC imposed operating restrictions on activities near the tank, including an 
expanded exclusionary boundary and a CPS posting around the tank. A formal USQ evaluation 
was then performed and additional controls instituted, including prohibition of flammable gases, 
liquids, oxygen or combustible storage, open flames or sources of ignition within 25 feet ofthe 
tank risers and flammable gas posting. These controls have been replaced by those approved by 
DOE in Revision 1 to this JCO. . 

In general the controls necessary for Phase I1 activities are similar to those imposed for Phase I 
activities. The controls for Phase I1 activities will become effective prior to commencement of the 
activities being authorized (Section 3.0) and after receipt of approval ffom DOE-RL to use these 
controls. The controls implemented will be those defined in this JCO and any additional controls 
specified by DOE-RL in their agreement to this authorization basis. These controls will remain 
effective until replaced by another approved authorization basis document. 

Violations to the authorization basis controls approved for Tank 241-2-361 activities will be 
reported in accordance with the existing PFP administrative control -- Administrative Control 5.4 
- Operational Safety Requirement Violations. 

Exemptions to the requirements specified in this JCO may be implemented in an emergency under 
the provisions of existing PFP Limiting Condition for Operation (LCO) 3.0.7 - Emergency 
Exceptions. Other non-emergency exemptions may be gained following the procedures, as 
applicable, provided in the existing PFP Administrative Controls: 5.6 - Revision To Operational 
Safety Requirements; 5.7 - Operational Safety Requirement Basis Control; and 5.11 - Unreviewed 
Safety Questions. 

The controls identified in the PHA will be administered through the access restriction that is the 
same as that already in place. Work performed within 25 feet of the tank risers must be reviewed 
by the PFP PRC and released through the PFP Shift Manager. Thus, the work planning and 
control process wiU ensure that these controls are incorporated into the work that is being 
released for the tank, and the PRC will approve the work planning process and approve JCO 
control incorporation. This control administration mechanism is suitable because of the short 
duration of the work, the transitory nature of some of the controls, and the relative simplicity of 
the controls given the TWRS experience applying the flammable gas controls. 

Another aspect of controls that must be considered are the institutional controls for this work. In 
the hazards analysis process, personnel familiar with work done around the Tank Farm tanks were 
present to ensure that the hazards were all recognized and that the mechanisms for mitigating 
personnel hazards were identified, The work that was anticipated and the mechanisms for control 
of hazards were then reviewed by personnel familiar with the institutional programs at PFP to 
ensure that the expected or postulated control would exist. Examples of areas where controls on 
day-to-day work were evaluated include industrial safety and hygiene, radiological control, 

* 

' 
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environmental protection, excavation control, conduct of operations, work planning and release, 
criticality program administration, and emergency planning. 

Existing PFP institutional programs will be relied upon to control hazards identified in the hazards 
analysis. The programs include: industrial safety, industrial health, criticality safety, radiological 
control, work control, fue protection (range fue control), and quality assurance. The existing 
PFP program can provide the control specified in the hazard analysis. Where necessary (e.g., 
emergency preparedness) program implementing procedures will be modified to cover JCO 
activities, and they will directly cover TWRS personnel working at PFP. These procedure 
changes will be implemented prior to commencing any Phase I JCO activities. As such, this JCO 
relies upon and incorporates existing PFP authorization basis administrative controls and other 
existing institutional programs. 

In addition to the controls specified in this JCO in Sections 5.2 through 5.6, the specific PFP 
Operational Safety Requirements (OSR) included within the terms and conditions for this effort 
are: LCO 3.0.7 - Emergency Exceptions; Administrative Control (AC) 5.2 - Contractor 
Responsibility; AC 5.3 - Compliance; AC 5.4 - Operational Safety Requirement Violations; AC 
5.5 - Occurrence Reporting; AC 5.6 - Revision To Operational Safety Requirements; AC 5.7 - 
Operational Safety Requirement Basis Control; AC 5.9 - Procedures; AC 5.10 - Facility Change 
Control; AC 5.1 1 - Unreviewed Safety Questions; AC 5.12 - Personnel Qualifications And 
Training; AC 5.13 - Facility Reviews And Audits; AC 5.14 - Audit Records Requirements; AC 
5.15 -Nuclear Criticality Safety; AC 5.16 - Radiation Protection; AC 5.19 - OSRInterfaces With 
Other Facilities; AC 5.20 - Fire Protection; and AC 5.23 - OSR Compliance Program 

Elements of the TWRS authorization basis are also beiig adopted while performing push-mode 
core sampling activities. Those elements of the TWRS authorization basis that are applicable and 
relevant to push mode sampling at PFP have been incorporated into Section 5.2 though 5.6. 

A health and safety plan has been prepared to address specific hazards potentially associated with 
the sampling activities. The health and safety plan has been provided in Appendix C to “241-2- 
361 Characterization Sampling and Analysis Plan, HNF-4371 (Ref 5.3-5). This plan also 
identifies emergency planning requirements associated with this activity. 

The activities at Tank 241-2-361 will utilize HNF-IP-O263-PFP, “Building Emergency Plan for 
Plutonium Finishing Plant Complex.” (Ref 5.3-6). The PFP emergency plan wiU be implemented 
by PFP procedures, and work packages will specify applicable emergency preparedness and 
response activities. All TWRS field staff working on Tank 241-2-361 will attend a PFP 
emergency response briefing and will be trained on emergency response provisions in the work 
packages. That training includes: 

. facility layout and location; 

. plant-specific safety requirements; and . plant emergency response procedures 

. . energy signals, notification, and communications; 
routes of egress and staging areas; 
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Soecific emeraencv resDonse notifications and their actions are mecified in Z-olant casualtv 
- I  

response procedures (ZCR). These procedures identlfy actions for a broad range of potential 
emergencies. 

The following subsections provide the detailed control requirements for the hazards identifed and 
evaluated in performing the PHA and preparing this JCO. The control requirements for 
performing characterization activities in Tank 241-2-361 are administrative in nature and are 
therefore provided in the form of administrative controls. They will be considered equivalent to 
OSR for the Plutonium Finishing Plant. Flammable gas controls being used are the set that were 
developed for the Tank Farm and approved as the TWRS authorization basis controls. 

5.1 DEFINITIONS 

DOME INTRUSIVE A DOME INTRUSIVE region is one that is within the tank 
between the top of a riser and the surface of the waste. Because 
the filter housing and connecting ducting extends the riser, the 
DOME INTRUSIVE region extends to the open-air inlet/outlet of 
breather filters or active ventilation system inlet filters, or 
bagdsleeving around an open riser. The DOME INTRUSIVE 
region includes regions above the riser, such as vapor sample 
streams that may contain undiluted dome space gases. 

EX-TANK INTRUSIVE An EX-TANK INTRUSIVE region is one that includes all vapor 
spaces with a direct connection to the tank dome space but does 
not meet the definition of either DOME INTRUSIVE or WASTE 
INTRUSIVE. 

The EX-TANK INTRUSIVE region includes the environment 
outside a tank opening, which is directly connected to the dome 
space, out to the shortest of the following distances: 

0 18 opening diameters 

0 15 ft 

0 The boundary of temporary containment devices. 

INTRUSIVE INTRUSIVE tank regions include EX-TANK INTRUSIVE, 
DOME INTRUSIVE, and WASTE INTRUSIVE. 

WASTE DISTURBING WASTE DISTURBING operations and activities include all work 
that may result in significant motion under the waste surface. 
WASTE DISTURBING operations and activities include GLOBAL 
WASTE DISTURBING and LOCAL WASTE DISTURBING 
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defined as follows: 

0 GLOBAL WASTE DISTURBING: Operations and 
activities that cause a large global disturbance of the waste. 

Examples of GLOBAL WASTE DISTURBING operations 
and activities include waste sluicing and retrieval or mixing 
as with a mixer pump. (These operations are not 
anticipated in Phase I or Phase I1 of this JCO.) 

LOCAL WASTE DISTURBING: Operations and activities 
that disturb only a small, local portion of the waste. 

Examples of LOCAL WASTE DISTURBING operations 
and activities include waste grab sampling and core 

0 

sampling. 

WASTE-INTRUDING 
EQUIPMENT 

WASTE-INTRUDING EQUIPMENT includes open-ended or 
breached objects that are inserted below the waste surface and 
create an unvented vapor space where flammable gases retained in 
the waste may accumulate. An example of WASTE-INTRUDING 
EQUIPMENT is a core sample drill pipe. 

The WASTE INTRUSIVE region is the region below the waste 
surface. 

WASTE INTRUSIVE 

5.2 ACCESS RESTRICTIONS 

5.2.1 Requirement for Access Restrictions 

Limit access to the zone surrounding Tank 241-2-361 to control potential hazards associated with 
flammable gas ignition, structural collapse, criticality or burning fuel in the tank. 

5.2.2 

1. 

2. 

3. 

5.3 

Program Key Elements 

Establish and post a Controlled Area surrounding and over Tank 241-2-361 out to 25 e. 
from the tank risers. 

No personnel or vehicles shall access the Controlled Area except as allowed by an 
approved work package. 

Work packages allowing work within the Controlled Area shall be reviewed by the PFP 
PRC to ensure implementation of the controls of this JCO. 

FLAMMABLE GAS SAFETY 
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The purpose of the flammable gas safety controls is: to ensure that gas volumes are controlled to 
be less than 25% ofthe LFL; that ignition sources are controlled where potentially flammable 
gases exist; and, that monitoring is performed to evaluate potentially flammable gas conditions. 
This set of controls is consistent with industry practice and was justified and approved in the 
TWRS Basis for Interim Operation (BIO) (Ref 5.3-1). 

5.3.1 

Ventilation shall be provided to Tank 241-2-361 after opening such that the head space gas 
concentrations resulting kom the steady release of the gas generated in the tank are maintained 
below 25% of the LFL. 

Ventilation, Purging And Pressure Relief 

If the initial flammable gas concentration exceeds 25% of the LFL, then the adequacy of the 
ventilation shall be verified by monthly measuring the concentration in the head space and 
verifying that concentrations are less than 25% of the LFL subsequent to initial riser opening. 

If purge gas is applied to the tank or a confinement (Le., glovebag) or pressurized gas will be 
vented &om the tank, HEPA-filtered ventilation path@) shall be operating and filter this air flow 
prior to release to the environment. These filtered vent path($ shall be sized to accommodate the 
sum of the expected vent flow rate and the purge flow rate while preventing excessive tank 
pressurization, confinement failure due to pressurization or flow-induced forces, or excessive 
filter difkrential pressure. 

The rate of tank venting and purge application shall be controlled so that the confinement (i.e., 
glovebag) and HEPA filters are not damaged. 

5.3.2 Flammable Gas Ignition Controls 

5.3.2.1 Ignition Source Control Applicability. Ignition source controls are required as shown 
in Table 5.3-1 

5.3.2.2 Ignition Source Control Requirements. 

Ignition Source Control Set #1 

The Ignition Source Control Set #1 is used for equipment that is installed or used during work 
activities for that portion of the work in a WASTE INTRUSIVE region or inside 
WASTE-INTRUDING EQUIPMENT. 

1. Mechanical tooling, equipment, and materials (including lubricants, adhesives, gaskets, 
corrosion inhibitors, epoxies, etc.) shall be constructed of spark-resistant material, or shall 
be rendered incapable of sparking with sufficient energy to combust hydrogen, or shall 
have been analyzed and evaluated to be incapable of sparking with sufficient energy to 
combust hydrogen under the applied conditions. Material compatibility shall be evaluated 



HNF-2024, Rev. 2 

for thermite reaction potential. For the first flange opened, the flange bolts shall be 
replaced with bolts made of spark-resistant material. Also, for the first riser opened, an 
insert made of a spark resistant material shall be inserted between the flange and riser 
while the flange is being lifted off the riser. 

Electrostatic ignition sources shall be controlled by providing bonding or grounding 
according to NFPA 77, Recommended Practice on Static Electricity. (Ref 5.3-2) 

Exposed polymer materials shall be rendered incapable of electrostatic charge or discharge 
potential with sufficient energy to combust hydrogen either by design, through acceptable 
work around practices, or by evaluation of the applied conditions (NFPA 77). 

The surface temperatures of heat-generating devices (this includes potential compression 
heating and open flames) shall not exceed 780 "F. The surface temperature is l i i t ed  to a 
maximum of 320 "F ifthe device can contact the waste and cause ignition by triggering 
exothermic reactions in the waste (Le., organic salt-nitrate reactions). Internal 
temperatures of heat-generating devices may exceed these temperatures (NFPA 70, 
National Electric Code, Articles 500 - Hazardous [Classified] Locations and 501 - Class 
I Locations) [Ref 53-31 ifthe heat source is either isolated @ressurized) ffom the gas 
environment, or ifthe design of the device enclosure meets the requirements for 
explosion-proof housings. 

Electrical equipment shall be designed to meet NFPA 70, Class I, Division 1, Group B 
criteria or provide equivalent safety. As a minimum, this shall be interpreted to mean that 
no single point failure of energized equipment can result in an arc, spark, or gas bum 
propagation to the environment external to the source enclosure (NFPA 70). In the case 
of waste-submerged equipment containing potential ignition sources, demonstration by 
design that the equipment is non-sparking under normal operation and is designed to be 
isolated ffom the waste environment is an acceptable alternative. 

Shutdown of purged and pressurized electrical equipment, and purged and pressurized 
heat-generating equipment, on loss of protective gas pressure or flow, shall be automatic 
by design as deked  by NFPA 496, Standard for Purged and Pressurized Enclosures for 
Electrical Equipment. (Ref 5.3-4) 

Interlocked startup of purged and pressurized electrical or purged and pressurized heat- 
generating equipment shall only be allowed when the system senses preset limits (e.g., 
adequate protective gas pressure established as defined by NFPA 496). If pressurized 
enclosures are used to isolate energized components, a minimum of four enclosure 
volumes shall be purged through the enclosure for energized components, andor ten 
volumes shall be purged for enclosed motors before controlled startup of the system 
components (NFPA 70, NFPA 496). 

2. 

3. 

4. 

5.  

6. 

7. 

Ignition Source Control Set #2 
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The Ignition Source Control Set #2 is applied to vapor space regions (EX-TANK INTRUSIVE 
and DOME INTRUSIVE) when a gas reiease event (GI&) is postulated to create flammable 
conditions. 

1. Mechanical tooling, equipment, and materials (including lubricants, adhesives, gaskets, 
corrosion inhibitors, epoxies, etc.) shall be constructed of spark-resistant material, or shall 
be rendered incapable of sparking with sufficient energy to combust hydrogen, or shall 
have been analyzed and evaluated to be incapable of sparking with sufficient energy to 
combust hydrogen under the applied conditions. Material compatibility shall be evaluated 
for thermite reaction potential. 

Electrostatic ignition sources shall be controlled by providing bonding or grounding 
according to NFPA 77. 

Exposed polymer materials shall be rendered incapable ofelectrostatic charge or discharge 
potential with sufficient energy to combust hydrogen either by design, through acceptable 
work around practices, or by evaluation of the applied conditions (NFPA 77). 

The surface temperatures of heat-generating devices (this includes potential compression 
heating and open flames) shall not exceed 780 "F. The surface temperature is limited to a 
maximum of 320 "F ifthe device can contact the waste and cause. ignition by triggering 
exothermic reactions in the waste (i.e., organic salt-nitrate reactions). Internal 
temperatures of heat-generating devices may exceed these. temperatures (NFPA 70) if the 
heat source is either isolated (pressurized) from the gas environment, or ifthe design of 
the device enclosure meets the requirements for explosion-proof housings. 

Electrical equipment shall be designed to meet NFPA 70, Class I, Division 2, Group B 
criteria or provide equivalent safety. As a minjmtuq this shall be interpreted to mean the 
equipment is non-sparking under normal operation or, if normally sparking, the sparking 
component(s) shall be continuously isolated (purged and pressurized) kom the potentially 
flammable gas environment, or the design of the device enclosure shall be of sufficient 
strength (explosion-proof) to prevent propagation of a gas bum to the environment 
external to the enclosure (NFPA 70). 

Either automatic shutdown or alarming with manual shutdown is required upon loss of 
protective gas pressure or flow as defined by NFPA 496 Type Z pressurization. In 
EX-TANK INTRUSIVE region applications, electrical equipment that does not meet 
Class I, Division 2, Group B may be used, if it is automatically shutdown by combustible 
gas detection systems. 

2. 

3. 

4. 

5. 

6. 
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7. Automatic or manual startup controls of purged and pressurized electrical or purged and 
pressurized heat-generating equipment shall only be allowed on system sensing of preset 
l i t s  (e.g., adequate protective gas pressure established as defined by NFPA 496). If 
pressurized enclosures are used to isolate energized components, at least four enclosure 
volumes shall be purged through the enclosure for energized components, andor ten 
volumes shall be purged for enclosed motors before controlled startup of the system 
components (NFPA 70, NFPA 496). When combustible gas detection shutdown systems 
are employed, startup of equipment shall only be allowed once measured acceptable 
flammable gas levels are indicated. 

5.3.2.3 Deviations From Flammable Gas Ignition Controls. Deviations ffom Ignition Source 
Control Sets #1 and #2 are permitted provided the equipment, materials or work practices: ( I )  
provide equivalent ignition source control safety, as approved by a TWRS Flammable Gas 
AdvisoIy Board, or (2) is an approved exception listed in Table 5.3-3. 

Deviations fiom Ignition Source Control Sets # 1  and #2, or kom the DOE-approved list of 
exceptions listed in Table 5.3-3 are subject to the unreviewed safety question (USQ) process. 

80 



. +  



HNF-2024, Rev. 2 

5.3.3 

The following flammable gas monitoring controls shall be performed during work activities to 
monitor f l a m b l e  gas concentrations to prevent deflagrations. 

5.3.3.1 Work Activity Entry Monitoring V e r a  that flammable gas concentrations in 
INTRUSIVE tank regions are 5 25% of the Lower Flammability Limit (LFL) prior to 
commencing any work. If flammable gas concentrations are > 25% of the LFL, do not start 
manned work activities. This entry monitoring require the monitoring ofthe EX-TANK 
INTRUSIVE region. 

This requirement shall be applied to all manned work activities in waste containing vessels (Le., 
when the manned work activity is near an opening in the vessel containment) to ensure that 
flammable conditions in the work space are not present because of steady-state accumulation 
and/or recent gas release events (GREs), subsequent to initial riser opening. 

For manned activities on this tank, the entry monitoring requirements are: 

1. 

Flammable Gas Work Activity Monitoring Controls 

Monitor at breather filter (passive ventilation) or vent duct (active ventilation) prior to 
start of activity, subsequent to initial riser opening. 

For work in pits or enclosures, monitor inside of pit prior to start of pit or enclosure work. 

Monitor inside riser (passive or active ventilation) or allow for a one minute pause with 
riser opened (active ventilation only) prior to start of operations and activities in DOME 
INTRUSIVE regions. 

For DOME INTRUSIVE work, follow 1 through 3 above, plus monitor below bottom of 
riser (passive or active Ventilation) or in vent duct upstream of the first mixing point 
(active ventilation only) prior to start of activity. 

For manned activities involving WASTE- INTRUDING EQUIPMENT, monitor in the 
vapor space prior to start of activity. 

2. 

3. 

4. 

5. 

The flammable gas entry monitoring requirements are also shown on Table 5.3-2. 

5.3.3.2 Work Stops 

1. If flammable gas concentrations are 1 25% of the LFL, manned work activities shall be 
stopped except for gas sampling, taking necessary actions to reduce gas concentrations, 
and discontinuing use of ignition sources that do not meet Section 5.3.2, "Ignition 
Controls." Installed equipment that meets Section 5.3.2 may continue to be used (not be 
de-energize) if> 25% of the LFL. 

If lightning is detected within 50 miles of the Hanford site, all work on Tank 241-2-361 2. 
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shaU be halted. 

Secure equipment in lowest position (e.g., lay down equipment elevated above the tank 
and lower crane boom) if lightning is identified within a 50-mile radius of the Hanford site. 

5.3.3.3 Continuous Monitoring For GRE During the performance of manned work activities 
there is the possibility of flammable conditions developing as a result of a GRE, therefore, work 
space (EX-TANK INTRUSIVE or DOME INTRUSIVE) flammable gas monitoring is continued 
as indicated in Table 5.3-2. Continuous monitoring means use of a continuous monitor (e.g., 
Standard Hydrogen Monitoring System [SHMS]) or use of portable combustible gas monitors 
(CGMs) that monitor continuously and alarm at < 25% LFL. It is acceptable to disconnect a 
CGM or similar instrument during continuous monitoring to permit the temporary connection of 
alternate measurement devices such as organic vapor monitors (OVMs) or Drager tubes. 

Continuous monitoring requirement applicability is shown in Table 5.3-2. 

Stop manned work activities if flammable gas concentrations are > 25% of the LFL with an 
exception for gas sampling, necessary actions to reduce gas concentrations, and discontinuing use 
of ignition sources that do not meet the ignition source controls in Section 5.3.2. 

3. 

5.3.3.4 WeldinglFlame Cutting Welding and flame cutting are not authorized on this tank 
unless the PHMC President’s approval is received. This approval requirement cannot be 
delegated. If flame cutting/welding is authorized and performed where debris could fall onto the 
waste surface, a barrier or device shall be used to prevent hot metauslag from falling onto the 
waste surface. 
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- 
Item 

# 

1 

7 

8 
- 
- 
9 

10 

11 
- 
12 

13 

Table 5.3-3. Exceptions to Ignition Source Control Requirements. (3 Sheets) 

Authorized Activities 

Personal Protection Equipment (Le., raingear, airline respirator hoses, rubber/plastic 
and canvas gloves, respirator masks, rubbedplastic boots, masking tape, Tyveka 
coveralls) are authorized for use in ex-tank locations, but may be used in a minimally 
dome intrusive location (e.g., at the plane of a riser). 

Wearing of plastic badges, badge holders, and dosimeters. 

Installation of, removal of, working on, or extended presence of nonconductive lead 
blankets in ex-tank regions. Lead blankets shall not be used in a vapor trapping 
configuration. 

Installation, removal, or extended presence of nonconductive adhesive tape (e.g., 
green tape, white tape) in ex-tank regions, Dome Intrusive regions, and in Waste 
Intruding Equipment. 

Use of Portable Alpha Monitor (PAM) in ex-tank regions, Dome Intrusive regions, 
and in Waste Intruding Equipment. 

Use of nonconductive poly bottles in ex-tank and Dome Intrusive regions. 

Use of zip cords in ex-tank regions and Dome Intrusive regions. 

Use of nonconductive plastic ropes in ex-tank regions. 

Use of nonconductive plastic tubing in ex-tank regions and 
Dome Intrusive regions (e.g., aerosol testing). Nonconductive plastic tubing shall not 
be used below the plane of a riser. 

Installation and removal of Garlock gaskets in ex-tank regions. 

Use of nonconductive plastic garden type sprayer ( approximately 5 gallons, hand 
pump pressurizer and brass spray wand) in ex-tank regions. 

~~ 

Use of grab sample cap, sampling and sludge weight retrieval device and coated steel 
cable in ex-tank and Dome Intrusive regions. 

Installation and removal of PVC riser liners in Dome Intrusive regions. 
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Table 5.3-3. Exceptions to Ignition Source Control Requirements. (3 Sheets) - 
Item 

# - 

18 

18 

19 

21 
- 
22 
- 
24 

25 

21 

~ ~ ~ ~ ____ ~ 

Authorized Activities 

Installation of, removal of, working with, or extended presence of the pipe wiper 
(Frisbee) during push mode core sampling (PMCS) with Truck 1,2, and 3, in ex-tank 
and Dome Intrusive regions. 

Installation of, removal of, or extended presence of plastic Kamlock caps during push 
mode core sampling with Trucks 1,2, or 3 in ex-tank and Dome Intrusive regions. 

The presence of extension cords in ex-tank regions. Power strips (and outlet strips) 
are not allowed in these regions. Energized lines shall not be connected or 
disconnected in an ex-tank region. 

Electrical bonding is not required for removal or installation of fittings on openings 
less than or equal to 2.54 cm (1 in.) inside diameter during intrusive location entry. 

Use of Type 4 vapor sampling head in ex-tank and Dome Intrusive regions. 
Conductive plastic sleeving shall be used during Type 4 vapor sampling. 

Use of Type 4 vapor cart in ex-tank and Dome Intrusive regions. 

Open riser work related equipment (e.g. Pike Poles, T-Bars, Sockets, Chokers, 
Shackles, and Bull Hooks) in ex-tank regions. Installation and removal of vapor seal 
in ex-tank regions. Continuous monitoring in the tank dome and the ex-tank region 
required during use of this exception. 

Installation, removal, presence of, or movement of cover blocks, riser flanges, shield 
plugs, tank installed waste and non waste intrusive equipment items (e.g. heated vapor 
probes, corrosion probes, water lances, void kaction meter, core sampling drill string, 
caneradlights, viscometer, auger, sampler) each as used in ex-tank or dome intrusive 
or waste intrusive regions. Work packages and procedures wiu include practical 
measures to reduce the likelihood of a mechanical spark when equipment movement 
performed as part ofan operation or activity can create mechanical sparks. Such 
measures may include: limiting insertion speeds, water bathing of equipment, 
prevention of contact with other non-spark resistant materials by use of collars or 
bumpers, use of critical lift procedures where appropriate. This exception does not 
cover the operation of large mixer pumps that might cause significant motion of 
installed equipment. Any other ignition source hazards (other than mechanical spark 
source potential) must comply with this JCOs requirements for ignition source 
controls. 
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Item 
# 

31 

Table 5.3-3. Exceptions to Ignition Source Control Requirements. (3 Sheets) 

Authorized Activities 

Use of Continuous Air Samplers in ex-tank regions. CAS shall be shutdown if 10% of 
the LFL is exceeded in the ex-tank area. Motor shall be placed outside the ex-tank 
region. Continuous monitoring in the tank dome and the pit is required during use of 
this exception. 

5.3.4 References 

5.3-1 HNF-SD-WM-BIO-001, Rev. 0, Tank Waste Remediation System Basis For Interim 
Operations, Fluor Daniel Hanford, 1997, Richland Washington. 

5.3-2 NFPA, 1993% Recommended Practice on Static Electricity, NFPA 71, National Fire 
Protection Association, Quincy, Massachusetts. 

5.3-3 NFPA, 1996, National Eleclric Code, Articles 500 - (Classified) Locations and 501 - 
Class I Locations, NFPA 70, National Fire Protection Association, Quincy, 
Massachusetts. 

5.3-4 NFPA. 1993b, Standard for Purged and Pressurized Enclosures for Elecbical 
Equipment, NFPA 496, National Fire Protection Association, Quincy, Massachusetts. 

BWHC 1999, HNF-4371,241-2361 Sludge Characterization Sampling and Analysis 
Plan, April 1999, B&W Hanford Company, Richland, WA. 

5.3-6 BWHC 1998, HNF-IP-0263-PFP, Rev. 5,  Building Emergency Plan for Plutonium 
Finishing Plan Complex, 1998 B&W Hanford Company, Richland, WA. 

5.3-5 

5.4 VEHICLE FUEL FLAMMABILITY SAFETY 

The following controls shall be in place prior to use of vehicles in the Controlled Area for 
Tank 241-2-361 to prevent vehicle accidents that could cause burning fuel in the tank. 

1. Vehicle access within the Controlled Area shall be limited to vehicles whose fuel systems 
are protected fiom damage to the integrity of the fuel systems caused by potential 
collisions with tank structures (e.g., mechanical protection such as a skid plate on the fuel 
tank or reservoir tanks physically located higher than risers or vehicle axles). 

2. Vehicle speeds shall be limited to 5 mph. 
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5.5 NUCLEAR CRITICALITY SAFETY 

The purpose of the Nuclear Criticality Safety control is to ensure that criticality safety analyses 
are performed and approved and resulting administrative controls are applied for Tank 24 1 -2- 
361. 

5.5.1 

The PFP Nuclear Criticality Safety Program shall be maintained for ensuring waste in Tank 24 1 - 
2-361 remains subcritical. 

Requirement for Nuclear Criticality Safety 

5.5.2 

1. 

2.. 

3. 

Program Key Elements Applicable to Tank 241-2361 

Criticality limits and controls shall be documented and implemented. 

Procedures shall be established for recovery fiom a CPS nonconformance. 

Criticality safety training shall be provided for operations and technical personnel. 

5.5.3 Specific Requirements for Work Activities in Tank 241-2361 

Specitic requirements applicable to Tank 241-2-361 shall be administered through the PFP 
Criticality Control program. 

5.6 DOME LOADING CONTROLS 

The purpose of the dome loading controls is to ensure that distributed or concentrated loads 
applied to Tank 241-2-361 are within the analyzed limits to prevent structural failure. 

5.6.1 

Limit loads so waste is not released fiom Tank 241-2-361 due to accidental equipment drops or 
excessive 1oads.leading to tank structural failure. 

5.6.2 Program Key Elements 

Requirement for Dome Loading Controls 

1. For mechanical lifts within 20 A of Tank 241-2-361, the lower equipment boundary ofthe 
lifted item (e.g., bottom of the breather filter) shall be less than 10 A above surface grade, 
or above the waste storage tank (covered or uncovered). 

Use the Hanford Site Hoisting and Rigging Manual (DOEhU-92-36) for lifts. 

Dome loading shall be managed to limit distributed and concentrated loads above waste 
storage tank per Table 5.6-1 and Table 5.6-2. 

2.. 

3. 

88 



HNF-2024, Rev. 2 

4. Only hand digging or excavation using a ‘‘guzzler’’ machine (Le., a vacuum soil extraction 
system) shall be used in the vicinity of the tank to remove soil. This control shall not limit 
the installation of piers and foundations that use minimally soil disturbing installation 
methods (e.g., screwing in helical piers). 

The weight applied to the sampling bridge shall be limited to 35,000 pounds. 

a 
5. 

5.7 OTC WEATHER ENCLOSURE 

The purpose of the OTC weather enclosure controls are to minimize the likelihood of a spread of 
contamination l?om an OTC that is placed within a weather enclosure. 

5.7.1 Requirement for OTC Weather Enclosure Controls 

Provide passive ventilation in the OTC weather enclosure to reduce the likelihood of significant 
concentration hydrogen or radioactive contamination build up during OTC storage in a weather 
enclosure. 

5.7.2 Program Key Elements 

1 .  If the OTC is stored in a weather enclosure, the weather enclosure shall have passive 
ventilation. 

Ignition controls, groundmghonding and spark fiee tools, shall be used during OTC 
venting in the weather enclosure. 

Radiological control requirements shall be implemented under the PFP radiological control 
program. 

When an OTC is present in the weather enclosure, the weather enclosure shall have 
warning signs on the outside that identify the presence of flammable gas and prohibit 
smoking or open flames within 25 feet of the weather enclosure. 

2. 0 
3. 

4. 
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Location Applied Maximum Total Load Above Nominal .’,’,’ 
Tank Top Area 

Restricted Access Area Outside 
of the Tank Top Area 
(For each tank wall) 2 . 3  

51 Qi 2 
i.0 957+163.60,+8.1402 

2000 lbs total 

Load patterns where, J.6.8 

- 

’ Nominal conditions consist of the existing soil overburden without significant snow or rain load 
present i.e. accumulated moisture in the previous 72 hours is less than 0.1 inches. 

* One-half of the load applied outside of the tank top area but within 2 ft of a tank wall (as 
measured fiom a vertical extension of the tank wall) shall be considered as being applied to the 
tank top. 

Loads applied beyond 20 ft kom the tank walls (as measured &om a vertical extension of the 
tank wall) are not restricted. 

For the load evaluation criteria, 
Q I = the discrete load in Ibs. 
D , = the distance in ft fiom the tank wall as measured &om a vertical extension of the tank 
wall. 

’ Work may proceed to next safe stopping point (as determined by the PIC) ifrain or snow 
commences during work. 

Loads applied with the angle subtended by the orthogonal wall (outside the tank top area) will 
be applied 50% to each wall. 

The load associated with snow may be removed by removing the snow &om the ground, i.e. 
shoveling. 

The following table provides examples of the approximate largest single load that may be 
applied versus distance kern the tank using this control. 

’ 
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H - 3-inch 

Load (Q,) 

950 Ibs 

1900 Ibs 

3400 Ibs 

5200 Ibs 

7400 Ibs 

500 250 100 

Distance (D,) 

O R  

5 f t  

IO ft 

15 ft 

20 ft 

The limits identified in this table do not apply to loads applied to piers installed in 
accordance with this JCO. These piers have been installed sufficiently deep (23-feet for 
vertical piers and a minimum insertion of 22-feet for angled piers) that the load is not 
significantly applied to the tank walls. 

9 

The following controls shall be applied to ensure tank risers do not fail fiom applied loads. Such 
controls shall be maintained until the risers are found to be capable ofreceiving greater loads: 

able 5.6-2 Authorized Tank Riser Loads 

Tank 241-2-361 Riser Loa 
I I I 

Riser' Vertical Side 

A - 8-inch 

B - %inch 1 5002 

C - 2-in~h 

Torque 
Load Limit 

(ft-ibs) 

100 

100 

50 

I I I 

D-3-inch I 100 I 100 I 50 

E-6-inch I lOO'.' I 100 I 50 

F-8-inch I 1500' I 100 1 50 

G-8-inch I 15002 ,I 250 I 100 

Limits 

Additional Limitations And 
Comments 

Only one of these two risers should 
be loaded at a time. 

Adequate to work around. 
However, ifnecessary to use, then a 
load test should be conducted. 

Insufficient design detail to fully 
analyze. 

The riser vertical load limit can be increased to 1500 Ibs if an equivalent method (riser 
clamp) such as that identified in Appendix I is applied to the riser to bear the load. 
See calculations provided in Appendix I. 
See the load riser designations provided in Figure 2.1-2 and Appendices F and I. 

I 

2 

+ 
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APPENDIX A 

INITIAL HAZARD CATEGORIZATION ANALYSIS FOR TANK 241-2361 
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A.l Introduction m 
This analysis determines the initial hazard categorization for Tank 241-2-361. A facility's hazard 
categorization determines the level of DOE oversight required for the facility and the level and 
type of safety analyses required for the facility. 

DOE-STD- 1027-92 provides the requirements and guidance for performing facility hazard 
categorizations. Hazard Category 1 facilities are delined in DOE Order 5480.23 as those with the 
potential for "significant offsite consequences." According to DOE-STD-1027, Hazard Category 
1 facilities are limited to Category A reactors and facilities designated by the DOE Program 
Secretarial Officer (PSO). Category A reactors are those that have a steady-state power level 
greater than 20 MWt, as defined in DOE Order 5480.6. The Hazard Category 1 designation is 
not applicable to Tank 241-2-361. Tank 241-2-361 does not have the radiological inventory or 
inherent energy source potential to produce dose consequences comparable with a Category A 
reactor under worst case accident scenarios. 

Hazard Category 2 facilities are defined as those with the potential for significant on-site 
consequences. The interpretation in DOE-STD-1027-92 is that Hazard Category 2 facilities are 
those with the potential for nuclear criticality events or with sufficient quantities of hazardous 
material and energy such that on-site emergency planning activities are required. 

Hazard Category 3 facilities show the potential for sigdicant but localized consequences. The 
Hazard Category 3 designation is intended to capture facilities such as lab operations, low level 
waste handling facilities, and research machines which possess less than the Category 2 quantities 
of material and are considered to represent a low hazard. 

The primary manner for determining whether a facility is Hazard Category 2 or 3 is to compare 
the facility's radiological inventory with the threshold quantities (TQ) listed in Table A-I of DOE- 
STD-1027-92. The bases for the Hazard Category 2 and 3 threshold quantities are provided in 
Attachment 1 to DOE-STD-1027-92. A comparison ofthe estimated Tank 241-2-361 
radiological inventory with the Hazard Category 2 TQs fiom DOE-STD-1027 is provided below. 
This comparison shows that the tank warrants designation as a Hazard Category 2 facility. 

A.2 Comparison of Tank Isotopic Inventories with Hazard Category 2 Threshold 
Quantities 

0 

The primary radiological constituents in Tank 241-2-361 are plutonium (various isotopes) and 
Am-241. Based on previous sludge sample results, the total plutonium content of the tank was 
estimated to range &om 26 kg to 75 kg (WHC-SD-EN-040,1994). Material unaccounted for 
(MUF) indicates there is approximately 3 1 kg of plutonium in the tank. For this analysis, the 
conservative maximum value of 75 kg is assumed. 
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The isotopic makeup of the plutonium in the tank is unknown. However, it can be reasonably 
assumed not to exceed in specific activity the isotopic makeup ofthe plutonium currently being 
stored w i t h  the PFP. The isotopic distribution of plutonium in PFP is characterized in Table 9- 
44 of the Plutonium Finishing Plant Final Safety Analysis Report, WHC-SD-CP-SAR-02 1 
(1996). Two distributions are provided in the FSAR: one for the portion ofthe PFP inventory 
containing less than 10% Pu-240; and one for PFP Pu material containing greater than 10% Pu- 
240. The bulk of the material processed through PFP was weapons-grade, containing less than 
10% Pu-240 (BNWL-CC-925, 1974). The isotopic distribution shown in Table 9-44 ofthe PFP 
FSAR for the portion of the PFP Pu material containing less than 10% Pu-240 is therefore used in 
this analysis. 

Table A-1 (attached) compares the plutonium isotopic inventory values predicted for Tank 241-Z- 
361 with the Hazard Category 2 and 3 thresholds. Column 1 of the table provides the list of 
isotopes considered in this analysis. The second column gives the weight percent estimated for 
each isotope based on Table 9-44 of the PFP FSAR. The third column of the table gives the total 
inventory estimate for each isotope, in g, based on the &um estimated total plutonium 
quantity (all isotopes) of 75 kg for the tank and the isotopic weight distribution given in column 2. 
The fourth column provides the specific activities of each isotope, in Ci/g. The Nth column 
converts inventory estimates fiom a gram to a Curie basis by multiplying the elements in the third 
and fourth columns together. The sixth column in the table gives the DOE-STD-1027 Hazard 
Category 2 TQs for each isotope, in Ci. The last column of the table ratios (divides) the isotopic 
inventory estimates in the fifth column by the TQ values in the sixth column. The last column of 
the table therefore gives the fiaction (ratio) of the TQ taken up by each radioisotope. 

Where there are Combinations of radionuclides in a facility, DOE-STD-1027 requires that the 
hazard category be determined based on the summation of the radionuclide threshold ratios. This 
summation is provided at the bottom of the last column in Table A-1. The sum of the threshold 
ratios for Tank 241 -2-361 is shown to be 11 1. Since this sum exceeds I ,  a Hazard Category 2 
designation is warranted. 

A.3 

Facilities with fissile material in quantities in excess of the theoretical minimum critical mass limits 
specified in ANSI 16.1 are considered to be Hazard Category 2 facilities (whether of not the 
Hazard Category 2 TQs are exceeded), unless material form or segmentation preclude the 
possibility of a criticality. From Table A- 1 ,  Tank 24 1-2-361 may contain approximately 70 kg of 
Pu-239. The minimum critical mass limit for Pu-239 is 450 g (Table A-1, DOE-STD-1027). 

HNF-PRO-334 (1997) designates Tank 241-2-361 as a limited control facility. This designation 
means the tank contains greater than one-third of a critical mass of fissile material, but that 
material is in a form that precludes the potential for a criticality. The most recent criticality safety 
assessment of Tank 241-2-361 (HNF-2012) confirms the extreme unlikelihood of criticality in the 

Fissile Material Inventory And Criticality Potential 
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tank, which was the basis for the earlier designation ofthe tank as a l i t e d  control facility. 
Accordingly, the fissile material inventory therefore does not factor into the hazard category 
assignment for the tank. 

A.4 Conclusion 

Tank 241-2-361 is designated Hazard Category 2 based on the inhalation dose potential 
radionuclide inventory. 
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Table A-1. Comparison of Tank 241-2-361 Isotopic 
Inventory With Hazard Category 2 Thresholds 

Basis 75kg of toml Pu 

** From Anachment I of DOE-STD-1027-92. Thresholds for unspef ikd alpha emmen 
Pu-240 and Pu-242 set at 55 Ci pr fmmote 1 81 end ofalaehrnenl 
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B.l.O INTRODUCTION 

The activities to vent Tank 241-2-3.61 and to characterize and remediate the tank waste contents 
will be performed in phases. Phase I activities are those necessary to safely approach the tank, 
perform a load test of the tank, gather information about the structural integrity of the tank, relive 
tank pressure, open the tank, passively ventilate the tank, obtain video and photographs ofthe 
interior of the tank, and to obtain vapor space and waste surface grab samples fiom the tank. 
Phase I1 activities are those associated with characterizing the tank for subsequent remediation. 
This PHA has been revised to address both phases. 

An earlier PHA, HNF-SD-CP-CN-003, Hazard Analysis of Tank 241-2361 (1997), evaluated 
the hazards associated with the tank being in a state of isolation and inactivity. The PHA 
presented in this document is the follow-on step in evaluating hazards associated with Tank 241- 
2-361. In the interest of completeness, the hazardous conditions identified in HNF-SD-CP-CN- 
003 have been incorporated into the current PHA. 

8.2.0 METHODOLOGY 

Hazard identification is the process of highlighting material, system, process, and facility 
characteristics with the potential to initiate accidents having undesirable consequences. The 
hazardous events that are of primary concern for this PHA are: 

Events that can result in the airborne release of radiological or toxicological material &om 
the tank. 

0 

The primary method ofhazard identification/hazard evaluation used for Tank 241-2-361 is a 
PHA, a systematic approach in which the basic elements of the system and the hazards of interest 
for postulated activities are identified, potential causes and effects are evaluated, and possible 
corrective andor preventive measures are proposed. 

A PHA is a technique derived fiom the U S .  Military Standard System Safety Program 
requirements. A PHA focuses, in a general way, on hazardous materials and major processes. To 
prepare a PHA, a team of individuals with experience in process safety and with extensive 
knowledge of the operation or process to be evaluated are assembled. The team's collective 
experience is elicited in "brainstorming" sessions to discover the potential hazards posed by a 
given operation or process. Several revisions of the PHA have been prepared over the course of 
this JCO, and not all team members participated in each revision of the PHA. 

Events that can result in operator exposure to elevated levels of ionizing radiation. 

Industrial-type accidents that can result in severe injuries to plant workers. 
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The team members involved in the performance of this PHA and their qualifications are: 

Gary R. Franz 

Duane M. Bogen M.S., Nuclear Technology. Principal Engineer, PFP Transition 
Engineering, B&W Hanford Company. More than 20 years experience at 
Hanford: 2 years, Plutonium Finishing Plant; 9 years, Westinghouse 
Hanford Company, including Manager B Plant/WESF; 4 years UNC 
Nuclear Industries; 4 years Department of Energy, Richland, WA. 

B. S., Physics. Member, The Chiron Group, LLC. Twenty-three years 
experience in ES&H and engineering analysis and management. Performed 
and managed safety analyses for Hanford, INEL, and WIPP for a total of 
18 years, with 2 years on TWRS, including forming the FSAR project 
team. Managed the Safety Analysis and Nuclear Engineering Department 
for WHC. Authored the N Reactor Safety Issues Resolution Report, the 
Special Isotope Separation Project Siting Analysis, and the FFTF Control 
Room Habitability Design Basis Evaluation. 

J. Michael Grigsby B.S., Mechanical Engineering. Senior Consultant, G&P Consulting, Inc. 
Seven years experience at Hanford performing or managing safety 
evaluations and safety analysis of TWRS tank farm operations and 
activities, including investigation of safety issues relating to ferrocyanide, 
organic complexant and organic solvent combustion, and flammable gas 
hazards and accidents. Co-author of safety analyses that lead to the 
closure of USQs involving ferrocyanide and organic solvent in the tank 
farms. Lead author of the TWRS flammable gas JCO. Eleven years 
experience in commercial nuclear power safety analysis and licensing. 

Brett Hall B. S., Chemical Engineering. Process Engineer, FDNW Safety Analysis 
and Risk Assessment Group. Over 8 years experience at Hanford. Seven 
years of experience in performing and documenting safety analyses for 
various Hanford facilities, including the TWRS tank farms and the 
Plutonium Finishing Plant (PFP). One year experience in tank waste 
characterization. 

Keith E. Myers B.S., Production Management. Senior Project Manager, E2 Consulting 
Engineers. Twelve years experience working in Tank Farm Operations. 
Began as a nuclear process operator performing all forms of field activities. 
Promoted to exempt position as a lirst-line supervisor overseeing day-to- 
day tank farm operations. Formed the single-shell tank stabilization 
organization to pump interstitial liquid kom aging tanks. Operations 
Manager for Tank Characterization Project. This group was tasked with 
performing various tank intrusive activities to obtain samples in support of 
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overall program goals. Independent consultant for the last 2 years, 
primarily supporting tank farm tasks. 

Mr. Ramble is currently the Criticality Safety Representative, the cognizant 
engineer for the Safety Analysis Report, and project manager for the 
Solution Stabilization Project at the Plutonium Finishing Plant. As the 
Criticality Safety Representative Mr. Ramble has responsibility for 
implementation of the criticality safety program at PFP, including approval 
of Criticality Safety Evaluation Reports, Criticality Prevention 
Specifications, operating procedures, initial training and annual retraining 
of fissile material handlers, and inspection for compliance with criticality 
safety requirements of PFP. Mr. Ramble is also responsible for the annual 
Safety Analysis Report, revision and any amendments required by new 
processes. In Mr. Ramble's previous position as Manager of Safety 
Analysis and Nuclear Engineering he prepared safety documentation for 
PFP, B-PlantNESF, and Tank Farms as well as serving on the EFCOG 
Safety Analysis Working Group board of directors. Mr. Ramble 
successfully completed the milestone to design, construct and cold test a 
direct denitration vertical calciner at the PFP. Completion of this milestone 
is key to overall completion of the PFP 94- 1 mission. 

B. S., Nuclear Engineering Technology. Senior Process/ Specialty 
Engineer, FDNW Safety Analysis and Risk Assessment. More than 22 
years experience at Hanford: 1 year, N Reactor he1 fabrication QA; 3 
years, N Reactor maintenance QA, 4 years, N Reactor process standards; 5 
years, N Reactor independent safety; 9 years, probabilistic risk assessment 
and risk evaluation. 

Alan L. Ramble 

Milton V. Shultz 

John D. Williams B.A. Mathematics. Graduate Naval Nuclear Propulsion Training Programs. 
President, Xron Associates, Inc. More than 19 years experience in the 
nuclear industry: 11 years Naval Nuclear Propulsion Program, 3 years 
DOE Deputy Director Advanced Reactor Program; 2 Years State 
Department; 3 years Hanford experience with PFP and TWRS. 

B.2.1 PHA Table Structure 

PHA is a form driven hazards evaluation technique. The form used in the performance of this 
PHA is shown in Table B-1 (see tables provided at end of report). The PHA was structured 
primarily based on planned Phase I and Phase I1 activities. Each Phase I and Phase I1 activity was 
broken down into significant subactivities or procedural steps for analysis. The first column in see 
Table B-1, "Item Number," is a numeric identifier for each hazardous event postulated by the 
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PHA team. The second column, "Operating StepsProcedures," identifies the significant 
operating steps or procedures associated with each general activity that was considered in the 
analysis. The third column, "Hazardous Event," describes the postulated condition or 
combination of events that can produce undesired Consequences. The fourth column, "Cause," 
lists the potential cause or causes ofthe hazardous condition. The fifth column, "Consequences," 
contains a consensus description of the uncontrolled result of the hazardous event. The sixth 
column, "Engineered Features," lists potential hardware means by which the consequences of the 
hazardous event could be mitigated. The seventh column, "Administrative Controls," lists 
potential administrative features that could prevent or limit the consequences of the hazardous 
event. Administrative features include procedures, institutional control programs, operator 
training, etc. 

The eighth and ninth columns are "Cons Rank" and "Freq Rank," respectively. These columns are 
used to capture a code designator for the level of consequence and kequency associated with the 
hazardous event. The Consequence Ranking column is a "first cut," qualitative, consensus 
estimate of the safety severity of the Consequences. An alphanumeric system was used to 
designate the severity, with the following "S" rankings characterizing safety consequences: 

so 

SI 

s1* 

s 2  

s3 

No effect outside the facility confinement systems; no safety concerns for the 
facility worker, the onsite worker, or members of the general public. 

Potential industrial injury, low to moderate radiological dose consequences, or low 
to moderate chemical exposure to the facility worker; limited environmental 
discharge of hazardous material outside the facility. 

Potential severe harm or potential death kom industrial injury, radiological dose 
consequences, or chemical exposure to the facility worker. 

Potential significant radiological dose consequences or chemical exposure to the 
onsite workers located outside the facility; significant environmental discharge of 
hazardous material within the plant site boundary. 

Potential significant radiological dose consequences or chemical exposure to the 
offsite population; signifcant environmental discharges of hazardous material 
outside the Hanford site boundary. 

The Frequency Ranking column is a "first cut," qualitative, consensus estimate of the kequency of 
the consequences. The frequency estimate is based on a "no controls present" character of the 
accident. By estimating the accident kequency on only the initiating event characteristics 
(including consideration of real world physical effects, i.e., a motor vehicle can be assumed to not 
be able to penetrate a 2-foot thick reinforced concrete wall), the importance of the various 
postulated engineered and administrative preventerdmitigators can be evaluated. An 
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alphanumeric system was used to designate the frequency, with the following "F" rankings 
characterizing safety consequences: 

FO Events not expected to occur and categorized as beyond extremely unlikely. The 
frequency range is <1 E-O6/yr. 

Events not expected to occur within the lifetime of a typical facility and 
categorized as extremely unlikely. The ffequency range is 1 E-O6/yr f < 1 E-O4/yr. 

Events that could occur during the lifetime of the facility and categorized as 
unlikely. The ffequency range is lE-O4/yr f <  lE-O2/yr. 

Events that are expected to occur one or more times during the lifetime of the 
facility and categorized as anticipated. The frequency range is lE-O2/yr f < O.l/yr. 

Fl 

F2 

F3 

The "Remarks" column contains information that requires documentation. This includes, but is 
not limited to, assumptions about facility operation and recommendations for changes in the 
planned design or operation. 

The first portion of the Table B-4 is the original portion of the PHA table prepared for Phase I 
activities. Additional entries have been prepared to address Phase I1 activities. Several of the 
activities associated with push mode sampling have been analyzed as part of the TWRS 
authorization and safety basis. This analysis is not repeated in this JCO. 

In addition to the TWRS authorization basis documents, a USQ evaluation (TF-97-0236) 
was performed to evaluate push-mode sampling activities in single-shell tanks and double-shell 
tanks except for Tank 101-SY. This evaluation identified that about 95 hazardous conditions 
associated with push mode core sampling had been evaluated during the development of the 
TWRS authorization basis. This analysis concluded that push mode core sampling was within the 
TWRS authorization basis for the identified tanks. The discussion in Section 4.4 and Appendix C 
of this JCO identifies that hazards associated with Tank 241-2-361 are generally the same the 
same as those for a TWRS Flammable Gas Category 3 tank. Several of the tanks for which 
TWRS authorizes push mode core sampling are significantly more hazardous, particularly ffom a 
flammable gas perspective, than Tank 241-2-361. Accordingly, the approach taken in this JCO 
for Phase I1 activities is to provide hazard analysis for the potentially unique hazards (structural 
failure) associated with push mode core sampling in Tank 241-2-361, and to make use of the 
previous analysis for typical push mode core sampling performed by TWRS. 

B.2.2 ActivitiedConditions Evaluated 

The activities to be performed were determined by cognizant engineers at the PFP and TWRS 
responsible for ultimately dispositioning the waste in Tank 241-2-361 and by the PHA team. In 
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some cases, insights gained fiom performing the PHA resulted in the reordering or modification 
of planned activities to enhance benefit or reduce risks. This is one of the advantages provided by 
the structured PHA approach. In addition some optional or contingency activities have been 
incorporated to enable flexibility during the performance of the work. The activities covered in 
the PHA are listed in Tables B-2 and B-3. 

In addition to the hazardous events that can occur during Phase I and Phase I1 activities, 
hazardous events (e.g., spurious collapse of the tank due to long-term structural degradation) can 
occur while the tank is in an isolated, passive condition prior to the initiation of Phase I activities. 
Afier Phase I1 activities are completed, Tank 241-2-361 wiU passively ventilate through installed 
breather filters until Phase I1 characterization activities are initiated. Certain hazardous events can 
be postulated for the tank during this time period (e.g., criticality due to dry out and subsidence of 
the tank sludge) given the lack of characterization information available for the tank. The PHA 
entries for the passive isolated tank following Phase I and Phase I1 activities are essentially those 
fiom the prior hazards analysis performed on the tank (HNF-SD-CP-CN-003), except that 
following Phase I1 the tank is known to be passively ventilated at a rate that flammable gas build- 
up and pressurization cannot occur. 

A PHA is structured to look at operational steps or activities but is not designed to highlight 
accidents initiated by natural phenomena (e.g., earthquakes) or extemal events (vehicle accidents). 
The effects of these natural phenomena and external hazards on facilities are to cause process 

upsets andor to challenge the integrity of facility confinement systems. In some cases, external 
events can add hazardous material to the system (such as fuel &om a truck crash) which might 
initiate a unique accident. 

m 

B.2.3 Brainstorming Approach 

Each activity was broken down into significant subactivities or procedural steps to ensure a 
comprehensive review. The TWRS procedures for activities similar to those planned for Phase I 
and Phase I1 were reviewed to determine the significant subactivities and procedural steps 
associated with each major activity. The TWRS procedures reviewed as part of this PHA include: 

Phase I Activities 

- TO-020-006, Perform Riser Prep 

- TO-020-930, Perform MCCS Survey of Single-Shell or Double-Shell Waste Storage 

TO-080-627, Perform Vapor Sampling of Waste Tanks Using In-Situ Vapor Sampling 

Tanks 

- 
System 
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- TO-080-503, Push Mode Sampling With Truck # I  

TO-020-451, Setup And Takedown Of Core Sampling Systems 

TO-020-452, Setup And Takedown OfCore Sample Equipment At 241-SY-101 

- 

- 

For each primary activity, the PHA team brain stormed potential hazards associated with the 
subactivities and procedural steps. Brainstorming was based on the team's general collective 
experience, the team members' knowledge of hazards identified for similar activities in other safety 
basis documents, and on logical "what if' type questions posed by PHA team members. Examples 
ofwhat if questions are: "What ifthe activity is not performed or is performed out of order?" 
"What ifthe activity takes longer than desired?" "What can go wrong during the performance of 
the activity?" For hardware systems, the safety functions performed by those systems were 
identified and functional failures were postulated to determine potential hazardous outcomes. 
Finally, a hazardlenergy checklist fkom DOE 76-4519, "Job Safety Analysis," was reviewed for 
each activity to aid in the brainstorming process. The hazard/energy checklist is provided in Table 
B-4. 
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B.3.0 PHA RESULTS 

The hazardous events identified in this PHA were grouped into the following eight categories 
based on accident phenomenology and consequence severity. The accidents having S1*, S2, or 
S3 consequences are candidates for JCO controls and specific engineered features. Accidents 
having SI severity need to have controls provided by institutional programs such as radiological 
protection and industrial safety. Accidents having an SO severity or estimated to have a kequency 
beyond extremely unlikely do not need specific controls. 

1. Events that result in ignition of a quantity of flammable gas in the tank head space causing 
damage to the tank roof and a release of radioactive aerosols to the atmosphere. 

During Phase I, the events encompass quantities of flammable gas that range from the 
entire tank head space being flammable to gas release events involving small pockets of 
flammable gas. These events have the potential to produce S3 consequences. The 
ignition sources include postulated static and mechanical sparks generated in the tank 
vapor space or glovebag during riser entry, sparks kom electrical equipment lowered into 
the tank, lightning strikes into the tank or connecting piping, vehicle impacts into tank 
risers that result in a spill of burning he1 into the tank, mechanical sparks due to wind 
generated missile impact into tank riser (highly unlikely), mechanical sparks generated 
during a seismic event, sparks generated due to micro-cracking of concrete during the 
load test, and mechanical sparks generated due to collapse of the tank roof in various 
overloading scenarios. Postulated scenarios for collapsing the tank roof are discussed in 
the next category. 

During Phase 11, flammable gas initiating events are less likely. The tank has been vented 
during Phase I and a passive, filtered ventilation path established that maintains the tank 
atmosphere less than 25% of the LFL. As a result, the principal gas release mechanism is 
associated with the locally waste disturbmg push mode core sampling activity. During this 
activity, gas would only be expected to be released from that small pocket of waste 
disturbed by the sample driU string. 

Events that result in collapse of the tank roof or failure of the risers in the tank roof that 
cause a sigmficant release of toxic vapors and radioactive aerosols to the atmosphere and 
possibly gross contamination of a worker or workers. The collapse can range from the 
entire tank roof to failure of a riser. This category excludes flammable gas deflagrations 
potentially ignited by mechanical sparks produced in the roof collapses (which are covered 
in the previous hazardous event category). The events in this category have the potential 
to produce S 1 * through S3 consequences. 

During Phase I, postulated causes for failing the tank roof or risers include putting too 
much load (people or equipment) on the tank, inadvertently driving a vehicle/crane onto or 

2. 
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too close to the tank, various crane or winch load drop events, application of excessive 
lateral load or torque during riser entry activities (with riser potentially significantly 
weakened first by long-term corrosion), collapse of degraded riser due to weight of 
installed Y-adaptor and breather filter, and pull out of riser with crane or winch due to 
failure to disconnect rigging before withdrawing rigging. The tank may also fail during the 
load test, ifthe test is not properly controlled. 

During Phase 11, several events associated with the truck sampling bridge have been 
identified that can lead to overstress conditions for the tank that potentially results in tank 
collapse. These events include: improper bridge installation, inadvertently driving the 
truck off fiom the sampling bridge, applying excessive weight surrounding the tank during 
construction, dropping heavy bridge members onto the tank during construction. 
However, the consequences of a tank collapse are likely less than those postulated for 
Phase I since there is not likely to be any sigdicant concentration of flammable gas in the 
tank to deflagrate at the time the tank collapse might occur. 

Events that result in minor releases of toxic vapors and radioactive aerosols with no 
damage to the basic tank structure. The events in this category produce only S1 
consequences. This includes releases of contamination due to wind effects or atmospheric 
pressure changes when opening risers. Also includes minor contamination events when 
withdrawing equipment fiom the tank. During Phase 11, the contaminated drill string and 
related equipment will be removed fiom the tank on several occasions. 

Events postulated to result in a criticality occuning in the tank waste. Criticalities are six 
ofthe events evaluated. Postulated causes for a criticality include inadvertent addition of 
solvents to the tank and potential long-term chemical changes in the tank waste. 

Events postulated to result in an ignition of organic nitrate compounds in the tank with 
subsequent release of toxic vapors and radioactive aerosols. The events in this category 
have the potential to produce S3 consequences. For an organichitrate reaction to occur, 
the waste must be very dry and ignited by a very energetic heat source. Postulated 
initiators are highly unlikely and include lightning strike and vehicle impact into riser 
resulting in a spill of burning fuel into the tank. During Phase I1 additional potential 
initiators include the activity to cut off the risers. 

Events involving n o d  industrial hazards or small quantities of radioactive contamination 
(e.g., skin contaminations, excavation accidents, asbestos exposure, worker electrocution, 
falls and tripping hazards, etc.). These events pose only S1 potential consequences. 

Leaks to the soil column due to general tank degradation. Also, events such as water line 
breaks that result in localized flooding above the tank and intrusion of water into the tank 
exacerbating a tank leakage condition. Leaks to the soil column are SO events since the 

3. 

4. 

5 .  

6 .  

7. 
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release stays confined to the soil. During Phase I, large spills of water on top of the tank 
may overload the tank roof causing roof collapse and S3 consequences. During Phase 11 
events that might cause leaks to the soil column include striking the tank walls during 
installation of the foundation for the tank sampling bridge. 

8. Events that result in pressurized releases f?om the tank. The events in this category have 
the potential to produce S 1 * consequences due to worker injury (caused by ejected blind 
flange) or unfiltered release of plutonium particulate fiom the tank. During Phase I ,  
pressurized releases are postulated during the opening of the lirst riser due to the potential 
buildup of hydrogen (produced by radiolysis) in the tank. The tank is assumed to have no 
vent paths prior to opening the first riser because ofprior efforts to “seal” the tank. 
Pressurized releases can also occur during purging of the tank (ifperformed) due to 
excessive purge supply or blocked vents on the tank. Pressurized releases of flammable 
gases fiom the tank can result in ex-tank regions with flammable gas concentrations above 
the LFL. Pressurized release events are therefore a concern both fiom a flammable gas 
hazard standpoint and fiom a direct worker injury and inhalation dose hazard standpoint. 
During Phase I1 pressurized releases fiom the tank are not postulated to be present 
because the tank has a continuous vent path established through the HEPA filter. 

Events that result in contamination releases within, or fiom, the OTC weather enclosure. 
The events in this category have the potential to produce S2 consequences because they 
can cause particulate plutonium to be released to the atmosphere in certain unlikely events. 
The OTC contain hydrogen that is produced by radiolysis. There is a possibility of this 
hydrogen deflagrating within the enclosure. This deflagration could damage the weather 
enclosure and loft particulate plutonium. 

9. 

B.4.0 PROPOSED CONTROLS 

The following general controls are proposed for the JCO activities. The controls are grouped 
according to the preceding’categories of hazardous events. The controls for the significant 
hazardous event categories are discussed in more detail in the body of the JCO report (Section 
5.0). 

General Controls: 

1. Category Description: Events that result in ignition of a quantity of flammable gas in the 
tank headspace, that involve major damage to the tank roof, and 
that result in a significant release of radioactive aerosols to the 
atmosphere. 

(Note: as a result of Phase I activities the tank is passively and 
continuously vented. Monitoring shows the tank is less than 25% 
of the LFL. During Phase I1 activities, flammable gas release 
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events are only postulated to occur as a result of the push-mode 
core sampling activity.) Control of access to the tank roof and 
general vicinity (includes crane and vehicle controls), determination 
of maximum allowable roof loading, control of roof loading when 
roof access is required, and use crane critical lifl procedures where 
required by the Hantord Rigging Manual. These controls are 
intended to prevent collapses that could result in a spark and 
subsequent ignition of flammable gas. 

Control of mechanical forces on a riser to prevent spark creation 
fiom failure of a degraded riser when inspections or riser cap 
removals are attempted. 

A set of ignition controls similar to TWRS ignition controls that 
specify bonding requirements, allowed tools, allowed 
instrumentation, and procedures to minimize the likelihood of 
producing a spark during riser entry. 

Administrative controls to halt operations on the tank when 
lightning is detected within a 50 mile radius fiom the tank. 

Events that result in collapse of the tank roof or failure of the risers 
in the tank roof that cause a significant release of toxic vapors and 
radioactive aerosols and possibly gross contamination of a worker 
or workers. 

2. Category Description: 

General Controls: Control of access to the tank roof and general vicinity (includes 
crane and vehicle controls), determination of maximum allowable 
roof loading, control of roof loading when roof access is required, 
and use of crane critical lift procedures where required by the 
Hanford Rigging Manual. 

Control of mechanical forces on a riser to prevent failure of a 
degraded riser when inspections or riser cap removals are 
attempted. 

Institutional controls for emergency response to earthquakes - 
reduces number of individuals potentially exposed to radioactive 
material. 

Construction of the truck sampling bridge such that significant 
lateral loads to the tank walk are prevented. 
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Construction of the bridge such that it can safely handle static and 
dynamic loads that may be applied during operations. 

Construction of the bridge such that the sampling truck cannot be 
inadvertently driven off the edge of the bridge. 

3. Category Description: Events that result in minor releases of toxic vapors and radioactive 
aerosols with no damage to the basic tank structure. 

Institutional controls for working in an area where aerosols and 
vapors could be present. These may include protective clothing, 
greenhouses, drapes, radiation monitoring and respiratory 
protection. 

Events that result in a criticality occurring in the tank waste. 

Controls to prevent criticalities in the tank are provided in HNF- 
2012 (1997), except as modified by the recently completed analysis 
on addition of rinse solution to the tank (Ref 4.2-5). The proposed 
controls fiom this reference as amended by (Ref 4.2-5) are: 

0 

0 

General Controls: 

4. Category Description: 

General Controls: 

Fissile material should not be added to the tank, 

Sluicing and mechanical processing, other than activities 
needed to characterize the tank, should be prohibited, 

No more than 5 liters of chemical or organic solvents should 
be added to the tank, 

0 

0 No more than 1000 gallons of aqueous solutions (e.g., 
Lithium Bromide drill rinse solution) should be added to the 
tank. 

5.  Category Description: Events postulated to result in an ignition of nitrate compounds in 
the tank with subsequent release of toxic vapors and radioactive 
aerosols. 

General Controls: Control of vehicle access to the tank to prevent vehicle impacts into 
risers that could dump burning fuel into the tank. Control to stop 
operations on the tank when lightning is detected within a 50 mile 
radius of the tank. 
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Preventing flame cutting/welding in the tank. 

Events involving normal industrial hazards or small quantities of 
radioactive contamination. 

6. Category Description: 

General Controls: No special controls beyond what are imposed by the normal 
institutional requirements for this type of work. 

Leaks to the soil column due to general tank degradation. Also, 
events that result in localized flooding above the tank and intrusion 
of water into the tank, exacerbating a tank leakage condition. 

Only hand digging or excavation using the "guzzler" machine 
should be allowed near the tank to minimize the possibility of 
breaking water lines. Ground penetrating radar will be used to 
identify the location of water lines near the tank. The concrete cap 
poured on top of the tank limits potential intrusion. Should a water 
tank be used to load test the tank a limited water source wdl be 
used to fill the tank to limit the volume of water potentially spilled 
on the tank. 

7. Category Description: 

General Controls: 

Installation of the helical piers with appropriate torque l i t s  so that 
the tank walls are not damaged by the helical piers. 

Events that result in pressurized releases from the tank. 

(Note as a result of Phase I activities the tank is passively and 
continuously vented. As such, this general type of hazard is no 
longer present. This section is being retained for reference 
purposes.) A glovebag will be installed around the first riser to be 
opened to confine and mitigate any potential release of radioactive 
particulate when the riser is opened. The riser should be opened in 
a manner that controls the blow down rate of the tank without 
allowing ejection of the blind flange. The glovebag HEPA filter(s) 
should be sized large enough to accommodate the controlled 
blowdown flow without significant pressurization to protect the 
glovebag and HEPA filter integrity. Moreover, the flow rate needs 
to be sufficiently low that the glovebag is not damaged by the flow 
through the glovebag. If purging is used, controls on purge flow 
are needed to ensure glovebag or breather filter integrity. A control 
is also needed to ensure installed breather filters are not valved out 
during purging to prevent over pressurization of the tank or 

8. Category Description: 

General Controls: 
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unfiltered releases through HEPA filter assembly seal loops. 
Ignition and spark source controls need to be established for 
glovebag activities to ensure hydrogen released fiom the tank into 
the glovebag is not ignited. 

Events that result in radioactive releases within, or fiom, the OTC 
weather enclosure. 
Ensure weather enclosure is passively ventilated to reduce 
likelihood that the hydrogen can build up or airborne radioactive 
concentrations will be significant. Apply ignition controls during 
venting. Conduct airborne radioactive particulate sampling before 
entry. Post warning signs identifying the presence of flammable 
gas. 

9. Category Description: 

General Controls: 
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Table B-2. Phase I Tank 241-2-361 OperationdConditions 

I .  Civil Survey and load test - Check to determine ground level and soil depth and verify capability of 
tank to support personnel and equipment for riser opening 

Ground Penetrating Radar (Optional) - determine outline of tank top and location of buried lines near 
tank 

2. 

3. Excavate small area next to tank to permit ultrasound wall and roofcheck (Optional) 

4. 

5 .  

6. 

6.A 

Perform Ultrasound Check - attempt to verify tank wall and top integrity (Optional) 

Install People Bridge (Optional depending on tank load test results) 

Radiological Survey of Rism (activity preliminary to any further actions to enter tank) 

External Gamma and Neutron Scans (Optional) - attempt to determine if criticality event has 
OcCUlTed 

7. Inspea Riser [procedure Item - Riser Prep] (It is assumed that a people bridge is in place or it has 
been determined that one is not required for access on the tank roo9 

8. Open Riser - replace bolts, install glovebag, relieve pressure, remove flange 

9. Install Breather Filter On open Riser 

9.A Purge Tank p i s  is a contingency and the only way tank can be accessed if atmosphere is 
determined to be flammable] 

IO. Take Picturdvideo Inside Tank (requires entry through 8-inch riser) 

11. Perform Vapor Sampling (this data is for characterization) 

12. Take Hard Gammflest for Mixed Fission F’roducts (Optional) - further testing to determine if 
criticality has occurred 

13. Take Waste Grab Sample (Optional) 

Table B-3 Phase I1 Tank 241-2-361 OperationdConditions 

1. Shortening risers and replacing flanges. I 
2. Moving fence lines, associated securitv systems, and D O W ~  lines. I 
3. Installing truck samding foundation piers. I 

~ 

4. Truck sampling bridge construction. 

5. Preparing risers for push mode sampling. 
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6. Opening risers for video monitoring (Optional). 

7. Establishing groundinghonding termination point. 

8. Establishing contamination control area. 

9. 

10. 

11. 

12. Ground/bond equipment. 

13. 

14. Collect push-mode core segment. 

Install push-mode core sampling riser equipment. 

Position push mode sampling truck on the bridge. 

Stage push-mode core sampling equipment. 

Raise and level sampling truck and assemble drill string. 

~~~~ ~ 

Seal core segment into On-site Transfer Cask. 
~~~~ ~ I 16. Package waste and clean-up area. 
~ ~ 

17. Store Onsite Transfer Cask. 

18. Natural phenomena hazards. 
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APPENDIX: C 

FLAMMABLE GAS 
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This appendix summarizes the understanding regarding flammable gases generated by Hanford 
tank wastes including hazard phenomenology and control strategies. This understanding and 
control strategy has been developed based on extensive study of the flammable gas hazards 
present in the TWRS Tank Farms and is adapted for the hazards present in Tank 241-2-361. 

C.l FLAMMABLE GAS GENERATION AND COMPOSITION 

Radioactive waste generates hydrogen through the radiolysis of water, thermolytic decomposition 
of organic components, and corrosion of a tank's carbon steel walls. Radiolysis and thermolytic 
decomposition also generate ammonia. Non-flammable gases such as nitrogen, which act as 
diluents, are also produced. Additional flammable gases, such as methane and an oxidizer, nitrous 
oxide, are generated by chemical reactions between various degradation products of organic 
chemicals originally present in the tanks. Volatile or semi-volatile organic chemicals in some 
tanks also produce organic vapors. 

Hydrogen. Hydrogen gas has been identified as a major component of flammable gas in tanks. A 
primary source of hydrogen gas is the thermolysis of organic components which is a function of 
total organic carbon, the liquid volume of waste, and waste temperature. Radiolytic 
decomposition of water is another primary source of hydrogen gas, and it is proportional to the 
radionuclide content of the tank. Corrosion of waste tank walls also produces hydrogen gas, but 
it is an insignificant portion of the overall generation rate. 

Although hydrogen is a major component of gas samples, and hydrogen generation mechanisms 
are known, uncertainties still exist in the parameters of the equation used to estimate generation 
rates. Conservative calculations have been performed to estimate the hydrogen generation rate in 
Tank 241-2-361. This calculation, contained in Appendix D, indicates a hydrogen generation rate 
of 14 L/day with a bounding value of 27 L/day. 

Other Gases. Other flammable gases and oxidizers have been identified in waste tanks. 
Nonmethane organic compounds from past chemical processing operations have been found at 
very low concentrations (less than 0.1% of the LFL) in the head spaces of TWRS tanks. 

Nitrous oxide is not a flammable gas, but is an oxidizer. Its presence in trapped waste gases can 
cause the trapped gas mixture to be flammable without needing to mix with air. When gases are 
released &om the waste and diluted with the air in the tank vapor space, the effect of nitrous 
oxide on the LFL is significantly reduced. 

Nitrogen is also a significant component of waste gas. It is not a flammable gas or oxidizer. Its 
presence will dilute flammable gases in the waste gas mixture. 
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C.2 FLAMMABLE GAS HAZARDS CONDITIONS 

e The gases generated by the waste have the potential to accumulate in flammable concentrations in 
the tank vapor spaces or within the waste. This potential is evaluated below. 

Vapor Space Flammable Gas Concentration Because of Steady State Releases. Flammable 
gases are generated by aU radioactive wastes, and although a fraction of the gas may be retained 
in tanks containing waste solids, a portion of the generated gas i s  continuously released at a very 
low rate. These steady state releases are different from the acute, episodic releases of retained 
gas. Steady state releases are generally managed by diluting and removing the gases from the 
tank headspace through active or passive ventilation. This prevents a steady accumulation of gas 
from reaching flammable concentrations. Concentrations have been maintained very low with the 
existing ventilation configurations in TWRS high level waste storage tanks. 

For tanks having small waste volumes, low radionuclide content, small concentrations of organic 
chemicals, and relatively large head spaces, steady state gas releases can be maintained at low 
concentrations with passive ventilation. Passive ventilation consists of atmospheric breathing 
combined with a convective flow through tank openings caused by the buoyancy effects from gas 
temperature differences, and bernoulli flow caused by wind blowing past the tank exhausts. 
Currently, passive ventilation rates have not been measured for Tank 241-2-361. Under the pre- 
Phase I configuration of capped risers and no passive "breather filters," passive ventilation maybe 
limited to barometric breathing, which would not, by itself be adequate to reduce concentration to 
below 25% of the LFL. Diffusion of hydrogen through the porous concrete wall and top, 
however, is also an important mechanism for diluting the hydrogen released Erom the waste. 

Prior to installation of the breather filter, the head space concentration that resulted from a 
conservative gas generation rate and diffusion through the tank walls and top are calculated in 
Appendix D. The best estimate calculations indicate the hydrogen concentration is about 30% of 
the LFL (1.2% hydrogen) assuming a 3 1 kg plutonium source term. Using more conservative 
assumptions about the diffusion performance of the tank's mastic h e r  the calculated value is on 
the order of 5.44%. The amount of hydrogen would also increase proportionately with the 
plutonium source term. 

Gas Retained Within the Waste. Some generated gas is retained in the waste. Because 
retained gases can include fuel (for example, hydrogen, ammonia, methane) and an oxidizer (for 
example, nitrous oxide), the gases can be in flammable concentrations. Retained gas presents a 
flammability hazard in the following ways: 

0 It is theorized that the retained gas could burn below the waste surface $ignited; and the 
amount of gas, bubble type, size, and distribution could enable flame propagation. 

0 Gases can be released fiom the waste and burn in tank domes, connected vapor spaces such 
as ventilation systems, and outside of tank openings such as ventilation inlet paths or open 
risers if the released gas remains above 100% of the LFL. 

0 The retained gases can be released and ignited inside equipment inserted into the waste, such 
as core sample drill strings. 
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Deflagrations Below the Waste Surface. The original USQ declaration for the TWRS Tank 
Farm flammable gas hazard (Lawrence 1990) acknowledged that a flammable mixture of gases 
may exist in the waste thereby creating the possibility of a combustion event below the waste 
surface. Further study of this potential has indicated that such a scenario is at best very unlikely. 
For a deflagration to propagate through a porous media, the gas voids must be contiguous and the 
mean void size must be larger than the maximum experimental safe gap (MESG) for the mixture. 
For stoichiometric mixtures of hydrogen in air, the MESG is 0.076 mm (0.003 inch) 
(Underwriter's Laboratories 1970). However, hydrogen diffuses fiom a porous media. 
Calculations show that diffusion will readily occur in media with a mean pore diameter less than 
1/100th the minimum diameter needed to support flame propagation (HNF-SD-WM-ES-410, 
Rev. 0). This issue, however, has not been completely resolved and therefore this JCO specifies 
controls to be used with waste intruding equipment in Tank 241-2-361. Data regarding the 
amount of gas that may have accumulated in the waste in this tank has not yet been obtained, and 
therefore it is prudent to address the potential for subsurface combustion. 

Gas Release Events (GREs). Gases that are released fiom the waste in a nearly continuous 
manner can be managed quite effectively by ventilation. Less straight forward, however, is the 
situation where a significant amount of the gas is retained within the waste and released relatively 
rapidly in a GRE. 

TWRS Exoerience and Basis - The large GREs that occurred in Tank 241-SY-101 before the 
mixer pump was installed were unique in size and frequency (130 to 200 m3 of gas, or 35 to 70% 
of its 300- to 500-m3 retained-gas inventory every 100 to 150 days). In contrast, the next highest 
meanrelease fraction is 16% inTanks241-AW-101 and241-AN-105. Noneofthegasreleases 
in the other double-shell tanks (DSTs) have been large enough to have created flammable 
mixtures after mixing in the tank head space. The mechanism for large gas releases in these DSTs 
is thought to be a buoyant displacement instabsty (sometimes referred to as a rollover). This 
occurs when a waste sludge is stored with a large supernate liquid layer above it. Gas is retained 
in the sludge and the gas void builds until the sludge becomes less dense that the supernate and a 
glob of waste breaks fiee fiom the sludge layer and rises to the waste surface. The expansion of 
the gas bubbles as the waste rises breaks apart the sludgebubble matrix and releases some of the 
gas to the tank head space. 

The TWRS single-shell tanks (SSTs), like Tank 241-2361, do not have large supernate liquids 
and therefore buoyant displacement GREs are not possible in these tanks. The ongoing study of 
gas retention behavior of SST waste forms has narrowed the number of plausible spontaneous 
release mechanisms to only a few possibilities that are capable of only small releases. Observation 
of a number of the most notable flammable-gas-retaining SSTs indicates that no large GREs are 
occurring and only a few SSTs experience small spontaneous GREs. The typical spontaneous 
GRE in a SST has a small release volume of tens of cubic feet of hydrogen. 

Gas releases can be induced by waste disturbing operations, but local disturbances do not trigger 
a general, large-scale gas release. Rather, gas is released only fiom the volume of waste actually 
disturbed. 

For the purpose of applying controls, each facility in TWRS has been placed in one of four facility 
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groups depending on whether the waste is postulated to present a hazard from large or small 
GREs and whether the GREs may be spontaneous or only induced during waste disturbing 
operations or no GREs are postulated at all. Ignition source controls and monitoring 
requirements are applied at times when and in locations where flammable conditions resulting 
from GREs can be present, as appropriate to this grouping scheme. Facilities that have had 
significant GREs are conservatively postulated to have the potential for large spontaneous and 
large induced GREs. These tanks have been assigned to Facility Group 1. Five TWRS DSTs 
have been place in this category. 

If a facility is postulated to have the potential for a large induced GRE but only a small 
spontaneous GRE, it is assigned to Facility Group 2. The remainder of the 28 DSTs have been 
placed in this category along with a number of SSTs that indicated a significant amount of gas 
retention. 

Facilities which show no propensity for spontaneous GREs but may produce a small induced 
GRE, are assigned to Facility Group 3. The majority ofTWRS SSTs have been placed in this 
category. Facilities with little or no waste solids capable of retaining gases are categorized as 
non-GRE. All facility groups assume that the subject tanks undergo steady state gas generation at 
all times. 

The grouping of facilities reflects a conservative approach even in light of uncertainties in the 
underlying methodology. It also enables a graded application of controls based on perceived 
ha7ards and frees less hazardous tanks from unnecessarily restrictive or burdensome controls. 
This method also enables a degree of simplicity in applying control sets to specific tanks. 

Because many of the TWRS IMUSTs contain waste similar in composition to SST waste, it is 
postulated that flammable gas behavior (gas generation, retention, and release) is analogous to 
that in SSTs, but on a much smaller scale because of the small amount of waste present. 

The facility group control sets for TWRS IMUSTs were assigned based on the amount of waste 
solids and overlying supernate known or suspected to be contained in the tank. The IMUSTs 
with significant solids but little supernate (less than 378.5 I, (I00 gal) or less than 1% ofthe tank 
capacity) were assigned to Facility Group 3. Conversely, IMUSTs with significant solids and a 
large supernate layer were assigned to Facility Group 2. If the waste solid and liquid volumes of 
an IMUST were unknown, the tank was assigned to Facility Group 2 as a prudent measure until 
better knowledge of the waste contents is obtained. Finally, those IMUSTs containing mostly 
liquids with only a small amount of solids (less than 378.5 L [lo0 gal]) were classified as non- 
GRE tanks. 

Flammable Gas Facilitv Group for 241-2-361 - Based on a comparison of Tank 241-2-361's 
configuration and contained waste (a large amount of sludge with little or no supernate liquid) 
controls used for FG3 facilities are appropriate. But, Appendix D postulates the possibility of 
flammable hydrogen concentrations in the tank. Moreover, there are uncertainties in the actual 
tank conditions upon which this facility group determination was made. Accordingly, until 
conditions were shown to be safe (i.e., less than 25% of the LFL) and consistent with FG 3, more 
restrictive controls were be applied. Now, when the tank is known to be less than 25% of the 
LFL, controls typical of a FG 3 tank will be applied. 
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C.3 FLAMMABLE GAS ACCIDENT PHENOMENA 

Flammable gas accidents require gases to accumulate in flammable concentrations (Le., the 
concentrations of fuel and oxidizers must be such that the mixture is above the lower flammability 
limit [LFL]) and an ignition source must be present to initiate the combustion event. 

Combustion Limits. Combustion limits for waste gas fuels have been developed to account for 
nitrous oxide as a possible oxidizer rather than just air. Experiments have determined that below 
20% hydrogen, there is no significant difference in the flammability data for hydrogen-au or 1: 1 or 
3:2 hydrogen-to-nitrous oxide ratios in air. The lower flammability limit (LFL) has been 
measured and reported in (WHC-SD-W-ES-219, Laboratory Flammabilify Studies of Mixfztres 
of Hydrogen, Niirous Oxide, andAir): 

Quiescent conditions, upward propagation 
Quiescent conditions, downward propagation 
Turbulent conditions, upward propagation 
Turbulent conditions, downward propagation 

5% H, 
8% H2 
4% H, 
6% H, 

Studies at the California Institute of Technology (Ross and Shepherd 1996) indicate that the 
combustion limits for waste gas mixtures can be reasonably estimated by use of Le Chatelier's 
Rule. 

Ignition. Hydrogen, a major constituent of the flammable gases, ignites with a very small energy 
source; only 0.017 mJ to 0.1 mJ electrical spark energy is required (Fischer 1986; Dufiesne and 
Karwat 1988). Other ignition sources include mechanical sparks, electrostatic sparks and contact 
with a hot object (i.e., hotter than the autoignition temperature). Installed equipment in the tank 
or ventilation system, activities being conducted in the tank, human errors, or natural phenomena 
(such as an earthquake or lightning) provide potential ignition sources. 

Combustion pressure. Global bums represent events when the gas concentration in the entire 
vessel is above the LFL. For these deflagrations, the pressure in the vessel (e.g., tank) will be 
nearly uniform and bounded by the adiabatic isochoric (constant volume) complete combustion 
pressure (adiabatic isochoric complete combustion [AICC] pressure). 

Under lean combustion conditions, developed pressures will be less than the AICC pressure 
because of incomplete combustion Combustion pressures are well below AICC until fuel 
concentrations are well above the LFL. AICC pressures are approached when the mixtures are 
above the limit for downward propagation (Ross and Shepherd 1996). Once concentrations 
exceed the lower limit for downward propagation, combustion pressures exceed about 4 
atmospheres gauge. 

If insufficient gas is available to create flammable concentrations in the well mixed head space, but 
a GRE! creates a local plume of flammable gases, combustion of the plume will result in pressures 
less than the AICC pressures shown above, as the combustion energy is dissipated into the rest of 
the inert dome space volume. Tank pressures created by plume bums can range kom very low 
and inconsequential to pressures high enough to challenge the structure ofT& 241-2-361. 

C-6 



HNF-2024, Rev. 2 

C.4 FLAMMABLE GAS CONTROL STRATEGY 

The flammable gas control strategy for TWRS facilities, and its application to Tank 241-2-361 is 
designed to prevent a flammable gas accident by ( I )  maintaining the head space concentration 
below 25% of the LFL for gases that are released in a steady manner, and (2) preventing ignition 
sources when and where flammable gases may be present due to gas retention within the waste 
and GREs or accumulation within waste intruding equipment. When and where ignition controls 
are required are determined by three factors affecting the nature and extent of postulated 
flammable gas hazards: (1) waste behavior postulated as defined by the facility group assignment, 
(2) the type of operational activity that may be performed (Le., waste disturbing or non-waste 
disturbing), and (3) the region or location within the tank. More specifically, the factors are as 
follows: 

1. Type of waste behavior known or postulated to be possible for a given facility: 

- Steady-state gas release 
- "Large" GRE 

- Spontaneous GRE 
- InducedGRE. 

- " S I D ~  GRE 

A "large" GRE is defined to : capable of pressurizing the dome space above 
atmospheric such that flammable gases may occupy pits and flow out of open 
risers and other spaces external to the dome space. For 241-2-361, the Facility 
Group 3 assignment reflects the conclusion that small GREs are not postulated 
except when induced when the waste is disturbed (locally), and a large GRE in this 
tank is not postulated unless induced when a large portion of the waste were to be 
disturbed (i.e., globally). 

The impact of operational activities on the waste contained in a facility or 
structure: 

- Nonwaste-disturbing 
- Locally waste-disturbing 
- Globally waste-disturbing. 

Locally waste-disturbing activities include such work as grab sampling and core 
sampling and are not considered to be capable of affecting significant portions of 
the waste. Globally waste-disturbing activities, such as salt well pumping or waste 
retrieval, more aggressively afEect a larger f+action of the waste. No globally 
waste disturbing activities are postulated until after Phase 11. Phase I of the work 
in Tank 241-2-361 is non-waste disturbing, or in the case ofgrab sampling, 
minimally waste intrusive. Phase I1 includes waste sampling activities that are 
locally waste disturbing (e.g., grab sampling and core sampling). 

2. 
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3. The location or region within a waste receptacle where work activities are being 
performed: 

- Wasteintrusive 
- Dome intrusive 
- Ex-tank intrusive 
- Nonintrusive. 

Waste-intrusive locations are those below the waste surface and within the vapor 
spaces of waste-intruding equipment where undiluted waste gas may accumulate. 
Dome-intrusive locations are those between the top of the risers and the waste 
surface, includmg ventilation systems up to the first mixing point. Ex-tank- 
intrusive locations are those outside tank openings directly connected to the dome 
space; this region also includes boundaries of greenhouses, as defined in Section 
5.0 of this JCO. 

These factors are used to spec% the aspects of the three-pronged approach to flammable gas risk 
management (Le., ventilation, monitoring, and ignition control) required across the range of 
TWRS facilities and operational activities and to Tank 241-2-361 in this JCO. Controls differ 
from activity to activity in a given facility depending upon each of these factors. 

Prevention of ignition sources involves the use of two sets of ignition source controls that are 
each invoked depending on the type ofactivity performed and where the activity may create 
sparks. The ignition source controls address electrical equipment requirements, non-electrical 
equipment and materials requirements, and work practices. Set 1 primarily applies to activities 
and locations that involve direct contact with waste and undiluted waste gases. Set 2 primarily 
applies to circumstances where flammable gas conditions may be postulated to occur in the dome 
space or ex-tank locations. To ensure consistent application and interpretation of industry 
standards used by these control sets, the TWRS Flammable Gas Advisory Board (FGEAB) has 
been formed to oversee the implementation of the ignition source controls. 

Monitoring is used to (1) verify that ventilation is adequately diluting gases that are being released 
in a steady manner and (2) prior to work activities to prevent work when gas concentrations 
resulting kom a GRE are in excess of 25% of the LFL. 

This three-pronged control strategy (ventilation, monitoring, and ignition source control) has been 
judged to be a practical means for preventing the accumulation of flammable gases where ignition 
sources may be present or to eliminate ignition sources where flammable gases may be present. 

To effectively manage the risk associated with steady state accumulation, this JCO requires 
passive or active ventilation to ensure that steady state flammable gas concentrations are well 
below the LFL. To manage the risks associated with retained gases and GREs, specific ignition 
source controls and continuous monitoring requirements are applied on a graded basis depending 
on the work performed. 

Table C-1 summarizes the application of the control strategies to address each flammable gas a 
hazard discussed above. Each strategy is discussed in the following section. 
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Table C-1. Summary of Flammable Gas Controls Strategy for Tank 241-2-361 (FG 3). 
(1 sheet) 

Flammable Gas Hazard 

head spaces 

Accumulation in sealed risers 

Ignition of flammable gas 
retained within the waste 

Large spontaneous GREs 

Small spontaneous GREs 

Large induced GREs. (Only 
postulated in 241-2-361 
during globally waste 
disturbing operations.) [Post 
Phase 111 

Small induced GREs (Only 
postulated in 241-2-361 
during locally waste 
disturbing operations.) 

Accumulation in waste 
intruding equipment (e.g., 
inside core sampler drill 
string) [Phase 111 

0 

Control Strategy 

1. Dilution by ventilation, and 

2. Gas monitoring (characterization sampling and work activity 
entry gas monitoring) 

If adequate ventilation has not been verified, apply ignition 
source controls (Set 1) or 
de-energize 

3. 

1. Ignition source controls (Set 1) for installed equipment until 
low concentrations are verified. 

2. Work activity entry gas monitoring to verify low 
concentrations when opening riser 

Ignition source controls (Set 1) at all times 1. 

Not postulated for 241-2-361 as a FG 3 tank. 

Not postulated for 241-2-361 as a FG 3 tank, 

1. Ignition source controls (Set 2) in ex-tank and dome 
intrusive locations during waste disturbing operations and 
activities and 

2. Continuous gas monitoring during manned waste disturbing 
activities 

1. Ignition source controls (Set 2) for dome intrusive locations 
during waste disturbing operations and activities and 

Continuous gas monitoring during manned waste disturbing 
activities 

Purge or flush before energizing equipment and during use 
of equipment or 

2. Ignition controls (Set 1) at all times 

2. 

1. 
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Tank Regions. 

Nonintrusive. Nonintrusive includes all equipment located in parts of the tank or ventilation 
system isolated kom the tank head space by a seal barrier (Le., compressive mechanical barriers, 
adhesive barrier, ventilation system seal loops, drain line seal loops, welded enclosures). There 
are no JCO related flammable gas controls for nonintrusive equipment or work, except for 
assurance that isolation exists, where applicable. 

Conversely, equipment and work meeting the deffition of intrusive (ex-tank intrusive, dome 
intrusive, or waste intrusive) shall be subject to the control strategy specified in this JCO. 

Waste Intrusive. Waste intrusive refers to the region below the waste surface. Waste intruding 
equipment includes open ended and breached objects that are inserted below the waste surface 
that may create an unvented vapor space where flammable gases retained in the waste may 
accumulate with little dilution. Waste intruding equipment includes core sample drill pipes. 

This region is defmed so that gas retained within the waste is considered as a possible flammable 
environment. Significant gas retention is’not postulated unless waste solids such as sludge or salt 
cake are present. Equipment that comes in contact with gas bubbles retained within the waste are 
therefore considered to be in a waste intrusive location. 

Equipment, such as thermocouple trees, inserted below the waste surface and properly sealed is 
not considered waste intruding equipment. 

Dome Intrusive Dome intrusive includes any location within the tank between the top ofa  riser 
and the surface of the waste. Gases released to this region mix with the air already present and 
are diluted. However, local high concentrations may exist for a short period of time until miXing 
occurs through natural convention and diffision. Because breather filter housings and 
connecting ducting extends the riser, the dome-intrusive region extends to the open-air inlevoutlet 
of breather filters or active ventilation system inlet filters or bags/sleeving around an open riser. 

Ignition source controls are applied to equipment installed in the region at the top of sealed risers. 
Higher concentrations may result in this region because of buoyancy effects and the reduced 
ventilation provided to these potentially stagnant areas. Based on anecdotal evidence fiom entry 
monitoring and the expected effects of difision, accumulation of gas concentrations above the 
LFL in this region is judged to be unlikely. Ignition source controls that are consistent with this 
judgement are applied. Once the riser is opened and entry monitoring has confirmed that gas 
concentrations are less than 25% of the LFL, n o m 1  GRE controls are applicable. 

Ex-Tank Intrusive. Ex-tank intrusive includes locations that are not within the tank vapor space 
but could receive flammable gases above the LFL ifthe tank head space were to be pressurized as 
by a large GRE. The gases fiom the tank head space are diluted with air already present in these 
ex-tank regions and are therefore less likely to remain above the LFL than in dome intrusive 
regions. The definition of this region for Tank 241-2-361 is contained in Section 5.0. 
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c . 5  FLAMMABLE GAS CONTROLS FOR TANK 241-2361 

Adequate ventilation is the p r i i r y  means for preventing a deflagration. In addition, this JCO 
stipulates specific equipment and work controls (ignition source controls and monitoring) for 
Tank 241-2-361, until additional data is gathered. New data may +ti@ relaxing the controls for 
future activities. These controls shall apply to all equipment and activities unless the equipment or 
work meets the definition of norintrusive. 

0 

Ventilation Controls. Ventilation is the most fundamental control for flammable gas hazards in 
waste containing tanks. Ventilation's main purpose is to dilute the gases that are released in a 
steady state manner. If ventilation were inadequate, the tank vapor spaces could exceed the LFL 
as an ongoing condition, posing an ignition risk liom difficult to control, but unlikely, ignition 
sources such as lightning and seismic events. With the steady state releases control by ventilation, 
deflagration risk is reduced to that posed by the unlikely and short lived conditions created by 
GREs and the unlikely risk that the gases retained within the waste being combustible. 

Prior to Phase I activities, Tank 241-2-361 did not have a dedicated ventilation system, either 
passive or active. However, headspace gases are diluted by difision through the tank wall and 
top, and barometric breathing through cracks in the tank manhole covers. Subsequent to Phase I 
activities the tank now has a continuous, passive ventilation path through the installed HEPA 
filters. Monitoring has shown that the tank can be maintained less than 25% o f  the LFL. 

Ignition Source Controls. Ignition source controls are applied to equipment installed or used 
during work activities in tank intrusive locations on a graded basis as determined by Tank 241-Z- 
361's FG 3 assignment. Field implementation, however, accounts for the specific details ofthe 
facility and activity/operation under consideration. This detailed implementation of the JCO is 
accomplished through work packages and operating procedures. The ignition source controls 
described in the JCO are the baselie in meeting the intent o f  industry standards. Work packages 
ensure that these controls are met across the planned operations and activities. 

A process is followed to specify the allowed safe conditions and control requirements to address 
the flammable gas hazards as described in this JCO. Ignition source control requirements and 
work activity compliance with the requirements is documented by this process. In cases where 
direct compliance with the ignition source controls cannot be accomplished, the equipment and 
activity can be evaluated to determine if equivalent safety can be established. The TWRS FGEAB 
has been formed to determine when specific work level control implementation provides 
equivalent safety to the baseline controls in this JCO. The development of equivalencies shall 
involve analysis, evaluation, or testing and will include appropriate documentation, review, and 
approval. The FGEAB, consisting of TWRS Engineering, representatives liom the Hanford 
Electrical Codes Board, and the contractor NFPA Interpretative Authority, will review the design 
based on equivalent safety, and approve the equipment and its installation. 

- All equipment installed or used during work activities is evaluated 
and Set 1 is used for that portion of the equipment that can make contact with the gases retained 
in the waste (in waste intrusive locations) or undiluted gases which may be present in the vapor 
space of waste intruding equipment. The basis is that flammable conditions m y  be present in 
these locations; therefore the highest level of control consistent with NFPA 70 (1 996) Class I, 

0 
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Division 1 is appropriate. IC Set 1 includes controls for ignition that might occur firom 
mechanical sparks, electrostatic sparks, electrical sparks, and contact by hot objects. In addition, 
IC Set 1 specifies requirements for use of purged and pressurized equipment if such are used to 
prevent ignition of flammable gases. The application ofthis control set for Tank 241-2361 is as 
indicated in Table C-1. Specific requirements are specified in Section 5.0 of this JCO. 

knition Source Control Set 2 - Set 2 is applied to vapor space locations (ex-tank intrusive and 
dome-intrusive) when a GRE is postulated to create flammable conditions. Set 2 is similar to Set 
1 except that requirements (5), (6), and (7) are modified to allow the use of more readily available 
equipment. The basis is that the flammable conditions are unlikely or of only a short duration. 
Therefore, the use of equipment that meets the intent of NFPA 70 (1996) Class I, Division 2 or 
equivalent is adequate. The applicability for Tank 241-2-361 is summarized in Table C-1. 
Specific requirements are specified in Section 5.0 of this JCO. 
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Exceptions to Ignition Source Control Requirements 

Table C-2 covers equipment and materials that do not meet the Ignition Source Control 
Requirements and do not have safety equivalency with ignition source controls (Set 1 or Set 2) 
established by the FGEAB. Most of these items are used throughout TWRS field activities and 
are needed to perform important characterization activities in Tank 241-2-361. Therefore, the 
exceptions in Table C-2 are required to perform the activities that are or will be covered in this 
JCO (Phase I and Phase 11) for Tank 241-2-361, although not each ofthese exceptions may be 
needed during Phase I activities. 

A number of items in Table C-2 are considered to be "de minimus" exceptions because they are 
judged to pose a negligible risk as ignition sources. These de minimus items are judged to 
represent uncontrolled, but negligible spark sources. Most are associated with manned work. In 
these cases, the work location monitoring requirements, as called for in this JCO, are in force. 

Additional items in Table C-2 are equipment, materials, and activities that do not meet the JCO 
Ignition Source Control Requirements and do not have safety equivalency established by the 
TWRS FGEAB. These items do not meet the definition o f "  de minimus." Flammable gas risk 
management, therefore, depends on flammable gas monitoring (standard monitoring or augmented 
monitoring as indicted in Table C-2), ventilation, and/or work practices that minimize the 
potential for a spark (for example, slow insertion of non-spark-resistant equipment). These 
practices provide confidence that a spark source would not be present when a flammable gas 
environment exists. This second category contains items that are evaluated to have an associated 
small, incremental increase in risk, but the benefits associated with their use justify their continued 
application in the field. It is judged that the risk posed by these items is acceptable for ongoing 
operations. This decision is based on a qualitative assessment of the importance of the waste 
management and safety-related activities and operations that must use these items. The TWRS 
Flammable Gas JCO (HNF-SD-WM-BIO-001, Appendix E) describes the justification for these 
exceptions. 
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Table C-2. Exceptions to Ignition Source Control Requirements. (2 Sheets) 

Item 
# 
- 

1 

2 

3 

4 

5 

6 
- 

7 

8 

9 

10 

11 
- 

12 

13 

18 

Authorized Activities 

Personal Protection Equipment (i.e., raingear, airline respirator hoses, rubber/plastic 
and canvas gloves, respirator masks, rubbedplastic boots, masking tape, Tyvek@ 
coveralls) are authorized for use in ex-tank locations, but may be used in a minimally 
dome intrusive location (e.g., at the plane of a riser). 

Wearing of plastic badges, badge holders, and dosimeters. 

Installation of, removal of, working on, or extended presence of nonconductive lead 
blankets in ex-tank regions. Lead blankets shall not be used in a vapor trapping 
configuration. 

Installation, removal, or extended presence of nonconductive adhesive tape (e.g., 
green tape, white tape) in ex-tank regions, Dome Intrusive regions, and in Waste 
Intruding Equipment. 

Use of Portable Alpha Monitor (PAM) in ex-tank regions, Dome Intrusive regions, 
and in Waste Intruding Equipment. 

Use of nonconductive poly bottles in ex-tank and Dome Intrusive regions. 

Use of zip cords in ex-tank regions and Dome Intrusive regions. 

Use of nonconductive plastic ropes in ex-tank regions. 

Use of nonconductive plastic tubing in ex-tank regions and 
Dome Intrusive regions (e.g., aerosol testing). Nonconductive plastic tubmg shall not 
be used below the plane of a riser. 

Installation and removal of Garlock gaskets in ex-tank regions. 

Use of nonconductive plastic garden type sprayer ( approximately 5 gallons, hand 
pump pressurizer and brass spray wand) in ex-tank regions. 

Use of grab sample cap, sampling and sludge weight retrieval device and coated steel 
cable in ex-tank and Dome Intrusive regions. 

Installation and removal of PVC riser liners in Dome Intrusive regions. 

Installation of, removal of, working with, or extended presence of the pipe wiper 
(Frisbee) during push mode core sampling (PMCS) with Truck 1,2, and 3, in ex-tank 
and Dome Intrusive regions. 

C-14 



"'F-2024, Rev. 2 

Table (2-2. Exceptions to Ignition Source Control Requirements. (2 Sheets) 

Item 
# 
- 

18 

19 

21 

22 
- 
24 

25 

27 

31 

Authorized Activities 

Installation of, removal of, or extended presence of plastic M o c k  caps during push 
mode core sampling with Trucks 1,2, or 3 in ex-tank and Dome Intrusive regions. 

The presence of extension cords in ex-tank regions. Power strips (and outlet strips) 
are not allowed in these regions. Energized lines shall not be connected or 
disconnected in an ex-tank region. 

Electrical bonding is not required for removal or installation of fittings on openings 
less than or equal to 2.54 cm (1 in.) inside diameter during intrusive location entry. 

Use of Type 4 vapor sampling head in ex-tank and Dome Intrusive regions. 
Conductive plastic sleeving shall be used during Type 4 vapor sampling. 

Use of Type 4 vapor cart in ex-tank and Dome Intrusive regions. 

Open riser work related equipment (e.g. Pike Poles, T-Bars, Sockets, Chokers, 
Shackles, and Bull Hooks) in ex-tank regions. Installation and removal of vapor seal 
in ex-tank regions. Continuous monitoring in the tank dome and the ex-tank region 
required during use of this exception. 

Installation, removal, presence of, or movement of cover blocks, riser flanges, shield 
plugs, tank installed waste and non waste intrusive equipment items (e.g. heated vapor 
probes, corrosion probes, water lances, void fraction meter, core sampling drill string, 
cameradlights, viscometer, auger, sampler) each as used in ex-tank or dome intrusive 
or waste intrusive regions. Work packages and procedures will include practical 
measures to reduce the likelihood of a mechanical spark when equipment movement 
performed as part of an operation or activity can create mechanical sparks. Such 
measures may include: limiting insertion speeds, water bathing of equipment, 
prevention of contact with other non-spark resistant materials by use of collars or 
bumpers, use of critical lift procedures where appropriate. This exception does not 
cover the operation of large mixer pumps that might cause significant motion of 
installed equipment. Any other ignition source hazards (other than mechanical spark 
source potential) must comply with this JCOs requirements for ignition source 
controls. 

Use of Continuous Air Samplers in ex-tank regions. CAS shall be shutdown if 10% of 
the LFL is exceeded in the ex-tank area. Motor shall be placed outside the ex-tank 
region. Continuous monitoring in the tank dome and the pit is required during use of 
this exception. 

Gas Monitoring Requirements. Flammable gas monitoring is used as part of the flammable gas 
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hazard management strategy for the following reasons: 

e To prevent the introduction of an uncontrolled or errant spark source into a 
location when and where flammable gas concentrations are above a level of 
concern for fire, deflagration, or detonation. This includes entry monitoring for all 
manned work to be performed in intrusive locations for the facilities within the 
scope of this JCO. This function also is used ifrequired ventilation is not operable 
so that equipment that does not meet ignition source controls can be shut down 
before concentrations of concern develop. 

To prevent the continued use of equipment and materials that may present 
uncontrolled spark sources or errant spark sources if flammable gas concentrations 
of concern develop during manned work activities. This includes manned activities 
in facilities when and where the effects of GREs must be considered. Continuous 
monitoring is required to satisfy this function. 

These functions and requirements are discussed in the following paragraphs. 

Entry Monitorin% (and associated ignition source controls) - Flammable gas concentrations in 
intrusive work locations must be verified to be below the flammable gas work control h i t s  
before beginning manned work. This requirement shall be applied to all manned work activities in 
waste containing vessels when the manned work activity is near an opening in the vessel 
containment. Meeting this requirement will ensure that flammable conditions in the work space 
are not present as a result of steady state accumulation andor recent GREs. Manned work shall 
not begin or proceed if flammable gas concentrations are greater than 25% of the LFL except for 
gas sampling and necessary actions to reduce gas concentrations, de-energize ignition sources, 
etc. Installed qualified equipment may continue to operate (not be de-energize) if flammable gas 
concentrations are greater than 25% of the LFL. Specific requirements are included in Section 
5.0 of this JCO. 

I 

e 

Until gas concentrations of less than 25% of the LFL are verified, the equipment used to perform 
this verification shall meet the requirements of ignition source controls (Set 1).  

- Because of the possibility of flammable conditions 
developing during work as a result of a GRE depending on the flammable gas facility group and 
activity type, work space (ex-tank intrusive or dome intrusive) monitoring is continued. This 
means using a continuous monitor, such as a portable CGM that monitor continuously and alarm 
at <25% LFL. Ignition source controls are also imposed in these locations to prevent ignition in 
the unlikely event that flammable conditions develop. The potential for an errant (uncontrolled) 
spark is judged to be higher during manned work activities even though all equipment must meet 
ignition source controls for manned activities and unmanned operations. The chance of an errant 
spark is judged to be higher during manned activities because equipment is being manipulated, and 
the chance for human error is present. Therefore, a distinction is made between manned and 
unmanned activities. Manned activities require continuous monitoring and work stoppage if the 
concentrations exceed 25% of LFL; unmanned operations generally do not require monitoring. 
Monitoring thus provides an additional safety measure to the ignition source controls during these 
activities. Therefore, all manned work activities must immediately halt if flammable gas 

I 
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concentrations exceed 25% of the LFL with an exception for gas sampling and necessary actions 
to reduce gas concentrations, de-energizing ignition sources, etc. These manned work activity 
momtormg controls are specified in Section 5.0 of this JCO. 
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APPENDIX D 

AN ESTIMATE OF POTENTIAL HYDROGEN CONCENTRATION 
IN THE AIRSPACE OF TANK 241-2361 
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D.l  INTRODUCTION 

This appendix estimates the potential hydrogen concentration in the air space of Tank 241-2-361. 

Tank 241-2-361 is a settling tank that had been used in the effluent circuit of the Plutonium 
Finishing Plant (PFP). The tank has been inactive since 1973. In the mid 1970s the majority of 
supernatant liquid was pumped out, and inlet and outlet pipes were capped and sealed. The tank 
has been in this "sealed" configuration for the past 20+ years. 

Airborne hydrogen is a safety concern because radiolysis of water in residual waste is expected to 
generate hydrogen at a slow rate. Since the tank is neither actively ventilated nor equipped with a 
"breather" filter, hydrogen gas would build to a steady state level in which escape rate is balanced 
by generation rate. Of key interest herein is the rate at which hydrogen would escape fiom the 
tank by diffusion and leakage through tank walls. 

D.2 OBJECTIVE AND SCOPE 

The objective of this effort is to estimate the potential hydrogen concentration in the air space of 
Tank 241-2-361. The scope of this effort is quite limited in that it is based on readily available 
information regarding the tank and its contents and on simple engineering mass transfer models. 
It is difficult to estimate the diffusional admittance of the sealant layer applied to the top surface 
of the tank and the diffusional admittance of an elastomeric liner originally applied to the inner 
walls of the tank. A range of hydrogen concentration values is therefore estimated, varying the 
diffusional admittance values assumed for the sealant layer and wall liner. 

0 

D.3 DESCRIPTION OF TANK AND CONTENTS 

Tank 241-2-361 is a rectangular concrete tank 26 feet long by 13 feet wide. Its depth is 17 feet 
at one end and 18 feet at the other end, Le. it has a sloped floor. The top ofthe tank is 2 feet 
below grade. 

The top slab ofthe tank is 10-inches thick and was originally cast with two man holes (3 feet 
diameter) and one concrete plug (4 feet diameter). The side walls and floor consisted initially of 
3/8 inch thick steel plate backed up by 1 foot of reinforced concrete. This information is taken 
fiom drawing No. H-2-16024. 

A note on drawing H-2-16024 indicates that a 4 inch thick concrete slab was poured over the top 
of the tank. The 4 inch top slab was removed in the vicinity of the two man holes, and a 6 inch 
hole was core drilled through the centrally located concrete plug. A riser, covered by a blind 
flange is currently installed in this central hole. 
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Note A on drawing H-2-16024 indicates that a sealant tilm (0.25 inch thick when wet) was 
applied to the top (outside surface) of the 10 inch thick concrete ceiling of the tank. At present 
the top of the tank would consist of a sandwich of two concrete slabs separated by the sealant 
layer. The exceptions are the two 3 foot diameter man holes covered by steel plates. A number 
of steel risers covered by blind flanges are installed in the ceiling of the tank. 

Photographs of the inside of the tank show that significant portions of the steel lining covering the 
walls have corroded away, exposing the concrete w d  and a water proofing liner installed 
between the steel liner and the wall (Franz 1997). 

Approximately 94" of sludge remains in the tank, estimated at 75 m3 (Bogen 1997), assuming the 
sludge hasn't subsided due to dry out or leakage of liquid fiom the tank since the supernate was 
pumped out in 1975. 

D.4 ESTIMATE OF HYDROGEN CONCENTRATION 

This section details how the hydrogen concentration is estimated. 

D.4.1 METHODOLOGY 

Hydrogen concentration is predicted by making a hydrogen mass balance on the gas phase in 
Tank 241-2-361, accounting for hydrogen generation by radiolysis and depletion by di&sion and 
leakage: 

accumulation rate = input rate - output rate 
dc accumulation rate = V- 
di 

input rate = G 
output rate = QC + DC 

Inserting equations la, lb, and IC, into Equation (I), the differential equation that describes the 
buildup of concentration with time is: 

dc 
dt 

V -  = G - Q C - D C  
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V = volume of gas space, cm3, 
C = hydrogen concentration, moles/cm3, 
G = hydrogen generation rate, moles/s, 
Q = headspace ventilation rate, cm3/s, 
D = diffusional admittance, cm3/s, 
t =time, seconds. 

The solution to Eq.(2), under conditions where G, Q, D, and V are constants, is: 

G[1 -exp-(Q+D)t/v)] c =  
Q+D 

The maximum in C occurs when t is large, causing the exponential term to go to zero. The 
maximum, or equilibrium concentration, is 

(3) 

The terms in Equations ( 3 )  and (4) are numerically evaluated in the following section, allowing an 
estimate of C, as well as defining how long it would take to approach equilibrium conditions. 

D.4.2 QUANTIFICATION OF RELEVANT PARAMETERS 

G-Hydrogen Generation Rate 

The sludge in Tank 241-2-361 contains various Pu isotopes and Am-241. Radiolysis in the tank 
is due primarily to alpha radiation. The hydrogen production rate due to radiolysis is given by the 
following equation: 

i=n 

m’(H,) = I, E, F G(HJ A,  d 
i = l  

D-4 



HNF-2024, Rev. 2 

where, 

m'(H,) = the hydrogen production rate, in molecules/s 
I, = total inventory ofthe & Pu isotope in the tank, in g 
E, = the average alpha particle energy for the &, isotope, in eV/disintegration 
F = fiaction of ioniziig radiation absorbed by the target molecules 
G(Hz) = radiolysis constant, molecules H2 produced/eV of ionizing radiation absorbed 
A, = average Pu alpha activity, in Cig  of Pu 
d = conversion fiom Ci to Bq, 3.7E10 BqKi = 3.7E10 disintegrations/s/Ci 

The tank is believed to contain between 26 and 75 kg of Pu (Freeman and Pollard 1994). 
Plutonium material accountability records at PFP indicate that approximately 3 1 kg of Pu is 
contained in the tank. The "best estimate" 31 kg inventory estimate fiom the Pu material 
accountability records is used in this analysis to determine the potential hydrogen generation rate 
in the tank. The isotopic distribution ofthe plutonium in the Tank 241-2-361 is assumed to be 
the same as is used in estimating accident consequences in the PFP Facility. The PFP FSAR 
(WHC-SD-CP-SAR-021), Table 9-44 gives the mass weighted isotopic concentrations for two 
categories of Pu material stored in the PFP--for material containing less than 10% Pu-240, and for 
material containing > 10% Pu-240. The bulk of the plutonium processed at PFP was weapons 
grade with an isotopic composition of approximately 93% Pu-239,6% Pu-240, and 0.6% Pu-241 
(Emery and Garland 1974). In the late 1960's limited processing of fuel elements fiom power 
reactors occurred. The plutonium recovered f?om this fuel had a different isotopic composition 
estimated at 55% Pu-239,25% Pu-240, and 15% Pu-240. Because the bulk of the material 
processed through PFP was weapons grade, the 4 0 %  Pu-240 isotopic distribution reported in 
the PFP FSAR is assumed to be representative of the Tank 241-2-361 contents. Multiplying the 
isotopic distribution values from the PFP FSAR by the best estimate total Pu value of 3 1 kg gives 
the I, values needed to solve Equation 4a. 

The radiolysis constant G(H,) needed to solve Equation 4 cannot be accurately determined until 
the waste is characterized. G(H,) is a function of pH, NO, ion content, temperature and other 
variables. G(HJ is significantly higher for organic molecules than for water. The organic content 
of the waste is unknown. For this analysis the G(HJ for pure water is used. This is believed to 
provide a conservative (but not necessarily bounding estimate ifthe tank unexpectedly contained 
large amounts of organic) estimate of hydrogen generation as G(H,) tends to go down with 
increasing salt content and decreasing pH (the pH of the liquid in the tank has been measured at 
4). The G(H,) for water exposed to alphas with an energy of 5.3 MeV is 1.6E-02 molecules 
HJeV (WHC-SD-TP-RPT-014). 

"F" is also diffcult to determine. For sludges, the solids portion of the sludge can absorb a 
fiaction of the alphas and make them unavailable for cleaving hydrogen fiom water molecules. 
For this analysis F is assumed to be 0.5. The basis for estimating 50% of alpha energy to be 
absorbed by water is as follows. 
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For a solidlaqueous material, the fraction of energy absorbed by water is a number that 
falls between 0 and 1. The average ofthe extremes is 0.5. 

If halfof the waste mass is water ( a reasonable guess for drained sludge) and ifthe alpha 
range is long compared to particle size, roughly half of the energy would be absorbed by 
water, i.e., F = 0.5. 

If the mean size of sludge particles was comparable to or larger than the alpha range, 
geometric factors would cause a preferential absorption by the solids: This is because a 
significant &action of alpha particles originating from the solid phase (pu expected to be 
mainly present in solids) would be captured within the solid phase. Thus, the estimated F 
of 0.5 is probably conservative. At present there is insufficient waste characterization data 
available to justify an expanded analysis of F, so F = 0.5 is proposed as a best-estimate 
value. 

The spreadsheet shown in Table D-1 was used to solve Equation 4a, to determine the potential 
hydrogen production rate in the tank. The values for the variables I ,  E,, F, G(H,), A,, and d are 
provided, respectively, in columns D through I ofthe spreadsheet. The hydrogen production rate 
from each isotope is calculated in column J as the product of the respective values in columns D 
through I. Cells B2 through B6 in the spreadsheet identlfy the alpha generating radioisotopes of 
concern in the analysis. Cells C2 through C6 give the weight fraction of each alpha emitting 
isotope, taken &om the 4 0 %  Pu-240 distribution &om Table 9-44 ofthe PFP FSAR. Cells D2 
through D6 calculate the inventories of each isotope, values for the variable Ii in Equation 4% by 
multiplying the respective values in columns C and D together. The next column in the 
spreadsheet (Cells E2 through E6) give the average alpha particle energies for each isotope, 
values for the variable E,, in Equation 4a. The average alpha particle energies for each isotope 
were determined using the RadDecay computer program (Grove 1990). Cells F2 through F6 give 
the fraction of alpha particles assumed to be absorbed by water in the waste, or F. Cells G2 
through G6 give the alpha radiolysis constant G(H,) used (basis discussed above). Cells H2 
through H6 provide the specific activities for each isotope, to convert &om a weight basis to a 
curie basis for each isotope inventory. Column I gives the conversion constant (3.7E+10 Bq/Ci) 
for converting the activities from units of Ci to units of Bq, or disintegrations per second. 

The sum of the values in column J of the spreadsheet gives a total estimated hydrogen production 
rate for the tank, Mti(H2), of 3.74E+18 molecules/s. Dividing by Avogadro's number gives a 
molar flow rate of (3.74E+18 molecules/s) /(6.0235E+23 molecules/mole) = 6.21E-6 moles/s. 
Hence. 

@ 

G = 6.21E-6 moles HJs 

The ideal gas law is used to estimate the volumetric flow rate, assuming a tank temperature of 
289 K and a tank vapor space pressure of 1 atm: 
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Q(H2) = (6.21E-6 moles/s)(0.08205 atm.L/mol.K)(289 K)/(l atm) 

= 1.47E-4 L/s, or 0.147 cm3/s 

V - Volume of Gas Phase 

Based on the tank dimensions discussed in Section 3.0, the volume of the tank is (13 ft)(26 
fi)(17.5 fi avg depth) = 5915 fi3, or 167.5 m3. As discussed earlier, the volume ofthe sludge in 
the tank has been estimated at 75 m3. The vapor space volume of the tank, V, is thus 167.5 - 75 = 
92.5 m3, or 9.25E07 cm3. 

Q - Ventilation Rate 

Ventilation would occur by atmospheric pressure fluctuations and by the outflow of gases 
generated by chemical reactions in the waste. While known penetrations have been sealed, leak 
paths would exist between manhole covers and their seats in the tank ceiling. The flow 
admittance of leak paths is uncertain but is liiely that the tank inhales and exhales in response to 
atmospheric pressure fluctuations. If flow resistance in the leak path is neglected, then an average 
ventilation rate of 0.45% of the tank volume per day is predicted (Crippen 1993). An average 
breathing rate for Tank 241-2-361, based on its vapor space volume, is (9.25E7 cm3)(0.0045/day) 
= 4.16E5 cm3/day, or 4.82 cm3/s. A best-estimate breathing rate of halfthis value, 2.41 cm3/s, is 
used herein to account for flow resistance in leak paths. 

In addition to atmospheric "breathing," gases generated in the tank will also cause ventilation as 
they escape fiom the tank; Gases generated would include H,, O2 and possibly N,O, NH,, and 
N2. A best estimate of gas generation rate is twice the H, generation rate. Doubling the hydrogen 
generation rate calculated earlier gives a gas displacement ventilation rate of 0.147 x 2 = 0.294 
cm3/s. 

The total ventilation rate is calculated by adding gas generation rate to ventilation rate induced by 
atmospheric pressure fluctuations: 

Q = 2.41 + 0.294 = 2.70 ern%. 

D - Diffusional Admittance 

Hydrogen has a high molecular diffusivity and can d a s e  through porous boundaries at an 
appreciable rate. For the current exercise, a best estimate of diffusion rate will be made for 
exposed side wall concrete and the ceiling concrete lid. First, a simple version of Fick's law is 
assumed to apply for the diffusional transport of hydrogen within concrete pores: 
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(5) 

where, 

NA = diffusion flux of H,, moles/cm2s, 
D, = molecular diffusivity of H2 in air, cm%, 
AC = concentration difference across the concrete walls, moles H,/ cm3s, 
AX = thickness of concrete, cm. 

Two additional factors are now applied to Eq.(5) to make it applicable on a macroscopic basis, 
Le., so that it applies to bulk concrete as opposed to just the pores. The factors are porosity and 
tortuosity, E and T Equation (5) is reformulated as follows. 

where, 

NAc = diffbsion flux in concrete, moles/cmzs, 
E = porosity of concrete, dimensionless, 
t = tortuosity factor in concrete, dimensionless. 

The total transport rate of hydrogen through concrete walls is the flux multiplied by the cross- 
sectional area for transport: 

E AC WAC = ANA = A - D,- 
t Ax (7) 

By definition the diffusional admittance factor, D, in Equations (1-4) is the transport rate divided 
by the hydrogen concentration inside the tank: 

A numerical estimate o fD  for Tank 241-2-361 is evaluated as follows. 

A-Area of Exposed Concrete Ceilikw and Wall 
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The plan cross-section of the tank is 13 feet by 26 feet. The total area is 13 x 26 = 338 ft2. 
Diffusion would be greatly impeded by the steel manhole cover plates. The diameter of the 
manhole seats is 4 feet. There are two manhole covers. Therefore, the surface area blocked by 
steel is: 2n(2)' = 25.1 ft'. The net area of concrete in the ceiling is: 

ceiling urea = (338-25.1) * (30.5)2 = 2.91E5 em2. 

Concrete walls above waste'level are likely to be exposed to the tank headspace air because the 
steel liner originally present has suffered corrosion. The exposed area is calculated for walls 
extending from the ceiling down 8 feet. The area is: 

2(8)(26 + 13)(30.5)' = 5.80E5 cm2 

AX - Diffusion Path Length 

For the tank walls, the diffusion path length is estimated as the concrete wall thickness. The wall 
concrete is 12 inches thick so AX for the walls is 30.5 cm. This estimate of diffusion barrier 
thickness neglects the possible diffusional resistance of a sealant lilm originally applied to the 
outside of the steel liner. It is the authors judgment, based on photographic evidence of large 
scale corrosion of the steel liner (Franz 1997) that the sealant layer would be ineffective in 
preventing head space air f?om communicating with concrete sidewalls. Cracking and corrosion 
of sidewall concrete as a result of aging (-50 yr.) and exposure to acidic waste liquids would 
probably enhance diffusional loss, but current information does not provide a basis for quantifying 
such an enhancement. Therefore such effects are not accounted for in this analysis. Any increase 
in concrete admittance due to corrosion and cracking would offset decreases in concrete 
admittance attributable to sealant that is still in an effective configuration. Our estimate of side 
wall diffusional admittance is thus based on the assumption that potential factors which could 
cause an increase in diffusional resistance are balanced by factors which could cause the 
diffusional resistance to decrease as compared to the bare concrete wall picture. 

A bounding assumption with respect sidewall diffusion path length is that the sealant layer forms 
an impermeable barrier, and totally prevents hydrogen loss by diffusion. For this hypothetical case 
the effective diffusion length is infinite. 

The concrete ceiling thickness in the ceiling is estimated as the sum of the two slabs, 10 inches 
and 4 inches, or 14 inches (35.6 cm). The layer of sealant that is thought to exist between the two 
concrete ceiling layers would probably represent a diffusion barrier with less admittance than 
concrete. In the absence of more information on the diffusional properties of the sealant layer, it 
is assumed herein that the admittance of this layer is 10% of that of the same thickness of 
concrete. Therefore, the equivalent concrete thickness is calculated as lO(0.25 in.) = 2.5 in. or 
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5.04 cm. The total estimated equivalent thickness of concrete in the ceiling is 14 in. + 2.5 in. or 
* 

41.9 cm. The assumed diffusional resistance of the sealant layer can be considered only a first 
guess. A technical reviewer (Marusich 1997) has suggested that the sealant difhsional 
admittance could be an order of magnitude (or more) lower than estimated above. The potential 
impact of a lower diffusional admittance of the sealant layer is quantified by comparing results for 
three cases: (1) the effective concrete ceiling thickness is 16.5 in. (41.9 cm) (the best estimate), 
(2) the effective concrete ceiling thickness is 14 in. + 25 in. or 39 in. (99.06 cm), (lox lower 
admittance), and (3) the effective thickness of the concrete ceiling is W t e ,  i.e. the ceiling has 
zero permeability to hydrogen. 

Diffusional Impedance of Soil Overburden 

Diffusional impedance of soil overburden is neglected herein on the basis that diffusion is rapid in 
soil as compared to diffusion in concrete. For soil, porosity is in the neighborhood of 0.3 and 
tortuosity is expected to be a relatively small number, three or less. Using these values, the ratio 
of E over T is -0.1 for soil. This value is 0.1/4.97E3-4 or -200 times higher than estimated for 
concrete (see discussion following Eq.(6a)). Since the effective diffusivity in soil overburden is 
estimated to be several orders of magnitude higher than estimated for concrete, diffusional 
resistance of soil overburden is expected to be negligible. I 

C. AC - Hvdropen Concentration and Difference in Concentration Across Concrete Wall 

The driving force for diffusion is the concentration difference across the concrete boundary, AC. 
Numerically, AC is inside concentration minus outside concentration. Since df i s ion  in soil 
overburden is expected to be fast as compared to diffusion through concrete, hydrogen 
concentration outside the tank is assumed to be negligibly small. Therefore, the ratio ACIC 
expressed in Eq.(8) is evaluated as unity: 

0 

_ -  - 1. AC 
C 

-H D - Hydrogen Diffusivity 

The molecular diffusivity of hydrogen was estimated by correcting an experimental value for H2 in 
N, at 298°K (Shenvood 1975) to the assumed tank temperature of289"K 

DH = 0.78 cm21s * = 0.74 cm21s. 
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E. T - Porosity. Tortuosity 

The ratio E/T can be interpreted as a correction factor to apply to gas phase diffusivity to account 
for the dffisional resistance of a porous solid. This can be illustrated by factoring Eq.(6): 

E Ac _ AC 
NAc = - D, - - D, 

T Ax 

where, 

E 
T 

D, = - D, = effective diffusivity of H2 in concrete, cm2/s. 

Experimental measurements on the effective dffisivity of hydrogen through a concrete slab 
(Atkinson et al. 1988) can be used to estimate a numerical value of E/T for concrete. Atkinson's 
1988 report a measured value of D, of 3.83E-4 cmz/s for a hydrogen-argon binary gas mixture at 
a pressure of 1 atmosphere. The diffusivity of hydrogen in argon gas is estimated kom molecular 
theory (Bird et al. 1960) to be 0.77 cm2/s. Therefore, based on the measured value ofD, and the 
predicted value of D,, the E/T ratio is calculated as: 

This value of E/T is used herein to obtain a best-estimate of the diffusional admittance factor D. 

D - Diffusional Admittance Factor 

The diffusional admittance factor, D, as defined in Eq.(8), is quantified using the numerical values 
of individual parameters described in the foregoing paragraphs. Inserting values of parameters for 
the tank ceiling concrete slab, 

A ED& _ (2.9 1 E5 cm 2)(4.97E-4)(0.74 cm %)( 1) = 2,55 cm 3/s. Dc = - 
TAX C (41.9cm) 

The sensitivity of this analysis to assumed sealant diffusional resistance as evaluated by varying 
the effective concrete thickness of the roof slab. The diffusional admittance of the tank 
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ceiling for an effective concrete thickness of 99.06 cm is 2.55 x 41.9199.06 = 1.08 cm3/s. This 
effective thickness is calculated for a 0.25 in thick sealant layer that offers dfisional resistance of 
100 times that of dry concrete. For the infinite thickness case (assumed impermeable sealant 
layer) the dfisional admittance of the tank ceiling is zero. 

For the exposed side wall, D, is: 

A ED,& - - (5.80E5cm 2)(4.97E-4)(0.74cm 2/s)(l) = 6,99cm 31s, D ,  = 
T A X C  (30.5 em) 

The total diffusional admittance is the sum of that of the ceiling and exposed walls: 

D = D, + D, = 2.55 + 6.99 = 9.55cm3/s. 

Comparing D (9.55 cm31s) with Q (2.70 cm3/s), indicates that the diffusional loss rate of 
hydrogen f?om Tank 241-2-361 is predicted to be faster than the ventilation loss rate. 

D.4.3 PREDICTED HYDROGEN CONCENTRATION 

Equation (4) expresses the equilibrium hydrogen concentration as the ratio of generation rate to 
loss admittance factors. Inserting numerical values of parameters quantified in the foregoing 
paragraph, 

6.21E-6 moles H21s 

2.10 cm3rs .+ 9.55 crn’ls 
C =  G -  - = 5.01E-7 moles H21cm3. 

Q + D 

’ This concentration can be converted to a volumetric basis using the standard molar volume of 
22,400 cm3/mole. Correcting for a temperature of 289°K (60°F) at tank conditions 

moles H2 cm3H2 289 em H2 
cm mole H2 213 cm 

5.07E-7 * 22,400 * - = 1.20E-2 

Thus the volume percent of H, at equilibrium is predicted to be lOO(1.2OE-2) = 1.20%. This 
value is approximately 30% of the LFL for hydrogen in air. 

The impact of lower dffisional admittances assumed for the ceiling is illustrated as follows. For a 
sealant layer having one-tenth the best-estimate dffisional admittance, the equilibrium hydrogen 
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concentration is: 

= 1.36%. 2.70 cm’ls + 9.55 cm’h 
2.70 cm’ls + 6.99 cm’ls + 1.08 cm’ls 

1.20% * 

For the hypothetical impermeable ceiling case the equilibrium hydrogen concentration is: 

= 1.52% 2.70 cm’ls + 9.55 cm3/s 
2.70 cm’ls + 6.99 cm’ls + 0 cm’ls 

1.20% * 

These calculations show that the diffusional properties of the tank ceiling are relatively 
unimportant because the difhsional admittance of the ceiling is small compared to the sum of 
admittances estimated for the sidewalls and head space ventilation. 

A bounding case with respect to diffusion is to assume both sidewalls and ceiling are impermeable 
to hydrogen. For this hypothetical case the equilibrium hydrogen concentration is: 

= 5.44% 2.70 cm’ls + 9.55 cm3/s 
2.70 cm’ls + 0 cm’ls + 0 cm’ls 

1.20% * 

Predicted hydrogen concentrations for the several cases of diffusional properties assumed above 
are summarized in Tab1e.D-2. 

If the high end Pu estimate of 75 kg is used instead of the best estimate value of 31 kg for 
estimating the hydrogen production rate due to alpha radiolysis, the equilibrium H, concentrations 
in the tank would be approximately a factor of 7513 1 = 2.4 times higher than shown in Table D-2. 

The temporal approach to equilibrium may be quantified fkom Equations (3) and (4). Dividing 
Eq.(3) by Eq.(4), the ratio of concentration at time, t, to the equilibrium concentration (t- ) is: 

- -  e, - 1-exp-[(Q + D)f/v] - 

The time required to reach 99% of the equilibrium concentration may be quantified by setting 
CJC, = 0.99 in Eq.(9): 

0.99 = 1 - exp -[(e + D)f/Vl 
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From algebraic manipulation of this expression, time can be solved for. Assuming the best 
estimate diffusional admittance for the tank sealant, the time to reach 99% of the equilibrium 
value is: 

e 

= 3.48E7 s. - - ln(O.0l)V - - 4.61(9.25E7cm 3, 

Q + D  (2.70cm3/s + 9.55cm3/s) '0.99 

The time required to reach 99% of the equilibrium concentration is 3.48E7 s, which is 403 days. 
This time is short compared to the storage time of decades, so it is concluded that equilibrium 
concentrations prevail in Tank 241-2-361. 
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Case Description 

Best Estimate Diffusional 
Admittance for Ceiling and Walls 

Ceiling Sealant Film with 
0.1 of Best Estimate Admittance 

Ceiling Sealant Film with 
Zero Diffusional Admittance 

Ceiling and Walls with 
Zero Diffusional Admittance 

Table D-2. Summary of Predicted Hydrogen Concentrations 

Predicted Equilibrium H, 
Volume Percent 

1.20 

1.36 

1.52 

5.44 

Note: If a tank Pu inventory of 75 kg is assumed instead of the "best estimate" value of 31 kg, 
the H, equilibrium values would be predicted to be a factor of 2.4 times higher than in the above 
table. 

D-17 



HNF-2024, Rev. 2 

APPENDIX: E 

CALCULATION OF POTENTIAL FLAMMABLE GAS FLOW RATE FROM 
THE RISER THROUGH 1/16" CIRCULAR GAP, CONDUITS, NEEDLES, 

OR ORIFICES 
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E.1.0 BACKGROUND 

Tank 241-2-361 may be significantly pressurized due to sealing the tank in the mid 1980's and the 
subsequent production of H2 and O2 in the tank fiom radiolysis. The 3 in. diameter riser on the 
tank will be opened in a filtered glovebag to prevent spread of radioactive contamination to the 
environment. The riser must be opened in a manner that controls the gas flow rate into the 
glovebag to prevent the glovebag or its HEPA filter fiom being ruptured due to over-pressure or 
tearing the glovebag fiom an excessively high flow rate. The flow rate can be controlled by 
limiting the gap that can occur between the riser and flange. To M h e r  control the rate of 
pressure relief fiom the tank, small conduits or needles can be inserted through the gasket (See 
Figure E-l), or a band could be applied around the riser/flange joint with a properly sized orifice. 

E.2.0 PURPOSE 

The purpose of this calculation is to determine the potential blow down rate i?om the tank 
assuming a 1/16" gap is opened on the 3" diameter raised face flange on the tank, and to 
determine the size of the HEPA filter needed on the glovebag to accommodate such blow down 

' flow fiom the riser. 

High flow rates that might potentially be achieved if such a gap were opened are believed to 
necessitate the construction of specialized enclosures owing to the significant hydrodynamic 
forces such flow will create. This Appendix therefore also provides calculation of the potential 
flow rates through small conduits (needles) inserted through the flange gasket into the tank air 
space and the flow rates through an o f i c e  in a band around the riser/flange joint. Additional 
calculations are provided to address the cases where an orifice in a circumferential band is used to 
control the flammable gas release rate. Flow rates were limited to 6 s c h  because this is believed 
to be acceptable for typical glovebag construction. Confirmatory testing will be conducted to 
ensure these values of flow do not create unforeseen performance issues. 

The potential pressure and the H2 concentration in the tank is calculated &st to provide a bases 
for estimating the blow down rate. To examine the sensitivity of the blow down and HEPA filter 
sizing calculations to assumed flange gap size, an 1/8" controlled gap is evaluated in addition to 
the 1/16" base case (see Section E.6). 

E.3.0 INPUT DATA AND ASSUMPTIONS 

1. All gases are assumed to be ideal at 298 "K (60°F) 

2. Initial tank atmosphere is assumed to be air at a pressure of 14.7 psi when the tank was 
sealed up in 1985. 
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The 3" diameter riser 'is assumed to be schedule 40. The riser flanges are assumed to be 
raised face, class 150 RF weld neck. (Diagram of riser is provided in Figure E- 1 .) 

The flow through the flange is assumed to occur through a 1/16" gap, controlled by 
turning nuts on riser bolts in 5 halftum increments. 

The H2 generation rate in the tank due to radiolysis is 6.21E-6 moleds, the oxygen 
generation rate is 3.1E-6 moles/s (see Appendix D, pg. D-6). The gas generation rate is 
assumed to be constant. 

The tank is assumed to have remained perfectly sealed and airtight for 14 years (since the 
tank was sealed in 1985). 

The vapor space volume of the tank is 92.5 m3 (Appendix D, pg. D-6). 

The pressure outside the tank at the time the riser is opened is assumed to be 14.7 psi. 
Due to atmospheric pressure fluctuations, actual ambient pressure might be slightly higher 
or lower than this value, but assuming 14.7 psi introduces little error. 

The differential pressure across the glovebag HEPA filter(?.) is not to exceed 10 in. w.g. 

The glovebag is assumed to handle pressure at least as well as the HEPA filter (e.g., the 
glovebag is assumed to not rupture until glovebag pressure exceeds 10 in. w.g.). 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

E.4.0 SUMMARY OF KEY FINDINGS 

The potential current H2 concentration in the tank was calculated to be 34 ~01%. 

The potential current tank pressure was calculated to be 15.5 psig. 

The maximum instantaneous flow rate ifthe tank is vented with a 1/16 in. gap between the 
two flanges on a 3 in diameter riser was calculated to be 385 sch.  

For the controlled 1/16 in. vent path, the following nuclear separator-type HEPA filters 
were found to be adequate to accommodate maximum vent flow while maintaining a 
pressure drop across the glovebag HEPAs less than 10 in. w.g. 

- one 12" x 12" x 1 1 %" HXPA filter 
two 12" x 12" x 5 '/a" HEPA filter - 
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0 Preliminary testing indicated the glovebag may not be able to accommodate as much 
pressure drop as a separator type HEPA filters, and flow rates through the glovebag may 
have to be kept below 6 s c h  to ensure satisfactory glovebag performance. If the flow 
rate is to be limited to 6 s c h ,  then a single orifice with a cross-sectional area equivalent to 
an 1/8-inch diameter circular opening can be made in a band around the risedflange joint. 
Alternatively, a single, rectangular conduit with a cross-sectional area equivalent to a 1/8- 
inch inner diameter circular conduit can be inserted through the gasket, or up to 6 
“hypodermic” needles with an outside diameter of 1/16“ may be inserted to relieve the 
tank pressure. 

E.5.0 CALCULATIONS 

E.5.1 MOLES OF GAS INITIALLY IN TANK 

The number of moles ofair in the tank at the time ofclosure in 1985 can be calculated f?om the 
ideal gas law. 

where. 

qk = moles of air initially in tank 

P = initial pressure in tank, 14.7 psi (E.3, item 2) 

V = volume of vapor space in tank, 92.5 m3 (E.3, item 7) 

R = ideal gas cons&, 0.08205 atm * I, 
mol “K 

T = tank temperature, 289°K (E.3, item 1) 

1 3 1000 L (1 atm)(92.5m )( 
= 3.90E3 moles m’ 

(289 O K )  

n .  = aw am*L 
mol*K ) 

(0.082 
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@ E.5.2 POTENTIAL HYDROGEN CONCENTRATION IN THE TANK 

The estimated H2 gas production in the tank due to radiolysis is 6.2E-6 molesk; the estimated 
production rate of oxygen due to radiolysis is half this value, or 3.1 E-6 moleds (E.3, item 5). 

Assuming the tank has been sealed for 14 years, the number of moles of each gas generated due 
to radiolysis in the tank is: 

= 2.74E3 moles 

nox."gen = (3.1 E-6)(3600)(24)(365)( 14) 

= 1.37E3 moles 

The volume percent hydrogen in the tank atmosphere is given by: 1) 

From the previous section, n, = 3.90E3 moles. Therefore, 

= 0.34 mol fiaction - 2.74E3 - 
3.90E3 + 2.74E3 + 1.37E3 'hydrogen 

(or vol fraction) 

E 5 3  POTENTIAL PRESSURE IN THE TANK 

The potential pressure in the tank can be estimated using the ideal gas law: 
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where, 

P = pressure 
V = volume 
n = number of moles of gas in the tank, total 
R = ideal gas constant 
T = tank air temperature 
1 = initial condition 
2 = final condition 

Since the tank vapor space volume and temperature are constant, 

Therefore, 

Pz = (14.7 psi)(8.01E3/3,90E3) = 30.2 psiu (15.5 psig) 

The above calculation assumes all of the oxygen generated due to radiolysis is evolved into the 
tank vapor space. Oxygen is quite soluble in water, compared to hydrogen, and would also tend 
to be scrubbed by nitrate waste in the tank, so it is conservative to assume all the oxygen 
contributes to tank pressurization. 

E.5.4 MAXIMUM INSTANTANEOUS FLOW RATE UPON VENTING 

The maximum instantaneous flow rate upon opening of the riser can be calculated &om Eq'n 3-20 
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from the Crane Handbook (Ref. 1). 

4, = 412Yd2/Sg e 
where, 

q', = flow rate, in s c h  (a14.7 psia and 60°F) 
AP = differential pressure, in psi 
K = sum of resistance coefficient or velocity head losses through the flow path 
d =diameter ofequivalent circular cross-sectional area to flow path, in inches 
S, = specific gravity of gas relative to air, unitless 
p, = density of gas, in Ib/A3 
Y = net expansion factor for compressive flow 

E.5.4.1 Determination of K Value 

A diagram of the raised-face flange joint is provided in Figure E-I. For this analysis, the riser 
flange and blind flange are assumed to be separated to a controlled gap of 1/16 in. 

The following fictional losses occur as the gas flows through the gap between the two flanges 
into the glovebag. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Contraction losses as the gas in the vapor space enters the riser 

Frictional losses due to flow through the riser, which is approximately 5 A long 

Contraction losses as the gases passes into the 1/16 in. slot between the riser 
flanges 

Frictional losses as the gas passes through the 1/16 in. slot between the riser 
flanges 

Expansion losses as the gas expands into the wider slot associated with the bolted 
portion of the flanges 

Frictional losses as the gas flows through the slot associated with the bolted 
portion of the flanges 

Expansion loss as the gas escapes ftom the flanges into the glovebag. 
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All losses will be calculated relative to the first 1/16 in gap, using the following eq'n (Crane, pg. 3- 
5): 

Where 'a' is the reference, and 'b' is the known value. 

Frictional Losses 1 and 2 

Frictional losses associated with Qow through the riser will be negligible compared to the 
fictional losses associated with flow through the gap between the riser flanges. Frictional losses 
1 and 2 are thus ignored. 

Frictional Loss 3 

For sudden contraction into a sharp edged entrance, K = 0.50 (Crane, pg. A-26). 

K3 = 0.50 

In order to calculate the loss due to sudden contraction, the equivalent slot diameter must be 
known. The equivalent slot diameter is the diameter of a circular shaped conduit giving the same 
frictional loss per unit length as the non-circular conduit. 

Dquk = 4R, (Crane, Eqn. 3-35) 

where, 

RH = hydraulic radius 

The hydraulic radius is given by the cross-sectional area divided by the wetted perimeter of the 
conduit. For the slot between the flanges, this gives 

where, 
2nrw 

4 w  + 2w 
R,, = 

r = radius of riser, inches 
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w = width of gap, inches 

For a slot with a very small width to length ratio R, = w/2 and hence 

d,,, = 2w 

For the 1/16 in. slot, d,,, therefore = 1/8 in. 

The fictional loss coefficient, K for the slot is given by: 

K, = &/d,,, 

where, 

L = length of slot associated with raised-face portion of the flange, in inches 
f = fiction coefficient for flow through pipe 

It is assumed the surfaces of each flange have a roughness equivalent to that of wrought iron pipe. 
This is conservative as the surface roughness of the gasket would be expected to be rougher than 
iron. Assuming hlly turbulent flow through the slot, the fiction factor, f, can be estimated kom a 
Moody Diagram. Extrapolating flom the figure on Pg A-25 of Crane's Handbook, for D = 0.125 I) in., f =  0.05. 

Therefore, 

0.05(1 in.) - - o,4 K4 = 
(118 in.) 

The assumption of full turbulence will be verified later. 

Frictional Loss 5 

For expansion kom sharp-edged exit K is given by (Crane, Pg. A-26) to be: 

4 * 
d,' 

K = [l - -1 5 
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where, 

d, = characteristic diameter of slot between the two raised-faces ofthe flanges 

d, = characteristic diameter of slot between the bolted portions of the flanges 

d, = 1/8 in (derived for Frictional Loss 4). 

d2 = 2 in. (see calculations for Frictional Loss 6) 

Hence, 

Frictional Loss 6 

This is similar to fictional loss 4. The width of the slot in this region is 4/16 in., accounting for 
the two raised faces, the 1/16 in. gasket, and a 1/16 in. gap. 

RH = 2w = 1/2 in. 

and 

dequi" = 4R H = 2 in. 

Assumjng turbulent flow, f for a 2 in. wrought iron pipe is about 0.019 fiom pg. A-25 of Crane's. 
L for this portion of the flange is about 1.25 in. based on Figure E-1 . 
Therefore, 

0.019(1.25 in.) = 1,19E-2 K6 = 
(2 in.) 

This fictional loss is small compared to K3, &, and K, and hence is considered no fixther. The 
number becomes even smaller when corrected back to the 1/16 slot basis. 
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The K of expansion on the gas leaving the riser is 1 (see Crane, pg. A-26). This K must be 
corrected back to the 1/16 in slot basis. 

This is done by first converting K to equivalent pipe diameters. 

L K7 pipe diameters = - = - 
D f  

The f for the 2 in. equivalent pipe representing the gap between the bolted portions of the flange 
was estimated before to be about 0.019. Hence, 

L -  - 52.6 
D 0.019 

This L/D is now converted to a LiD for the equivalent pipe representing the gap between the 
raised-face portions of the two flanges, using Eqn. 2. 

L 1/8 in. 
2 in. 

(--)a = (52.6)(-)4 = 8.OE-4 

Now K, can be converted to the proper basis, using the fiction factor for the raised face portion 
of the flange. 

L 
D K7 =A-), 

K7 = (0.05)(8.0E-4) = 4.OE-5 

This fictional loss is negligible and is ignored in subsequent calculations. 

Total K 

Yo, = K3 + JG + Ks 
= 0.5 + 0.4 + 0.99 
= 1.9 
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E.5.4.2 Calculation of Flow rate 

Flow through the flanges is calculated from Eqn. 1: 

q’,,, = 412Yd2/Sg - 4 
Y can be determined from the graph on pg. A-22 of Crane’s. Y is a function of APIP,; the specific 
heat ratio for the gases ofconcern, k; and K. AP was calculated previously to be 15.5 psig. 

For the gases of concern in this analysis k = 1.4. K fiom the previous section is 1.9. From the 
graph on pg. A-22 of Crane’s: 

Y = 0.69 

The specific gravity of the gas in the tank is estimated based on the molecular weight of the gas 
compared to air. From Section E.5.2, the number of moles of air, H, and 0, in the pressurized 
tank are 3.90E3,2.74E3, and 1.37E3, respectively. The molecular weight (MW) of air is 29, the 
MW of H, is 2, and the h4W of 0, = 32. The specific gravity of the gas in the tank is thus: 

(3.9E3)(29) + (2.74E3)(2) + (1.37E3)(32) 
(3.9E3 + 2.74E3 + 1.37E3)(29) 

s, = 

= 0.70 

The density of the pressurized gas in the tank is calculated from the mass of each gas in the tank 
and the vapor space volume of the tank. 
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(3.9E3 mor)(-) 29g + (2.74E3 mor)(-) 2g + (1.37E3 mor)(-) 3 2g 
mol mol mol 

P, = 
(92.5 m 3 )  

- 1.76E3 g - 
m 3  

The units for this parameter have to be converted to lb/ft, to be used in the flow rate equation. 

I.76E3g lb m 
) ( - ) ( - )3  = 0. 1 1 rblft3 

m3 454g 3.283 PI = (  

The diameter, d, used in the flow rate equation is the diameter of a circular shaped conduit having 
the same cross-sectional area as the flow path through the gap between the raised-faces of the 
flanges. The cross-sectional area of the flow path is 

m where, 

A, = 2nrfw 

rf = radius of flange, middle of raised face = 2 in. 

w = width of gap between two raised faces of flanges, 1/16 in. 

Therefore, 

4, = 2~(2) ( i / i6 )  = 0.785 in2 

The diameter of an equivalent circle with the same area is given by 

Solving Eqn. 1 for maximum flow rate through the riser gives 
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q’m = 

Verify that flow through gap in riser is turbulent. 

Re = 123.9 des,, vp/b (Crane, pg. 3-2) 

where, 

d,, = characteristic diameter of flow path 118 in. (calculated previously) 
v = velocity, A/s 
p 
p 

= density of gas, 0.1 1 Ib/ft’ 
= dpamic viscosity, in Cp. 

p for the gas mixture can be estimated fiom the table on pg. A-5 o f  Crane’s. At 60”F, the 
approximate Viscosities of the three gases in the tank are 0.017 Cp for air, 0.0085 for H2, and 0.02 
Cp for 0,. Calculating the mole-weighted viscosity for the mixture gives: 

(3.9E3)(0.017) + (2.74E3)(0.0085) + (1.37E3)(0.020) 
3.9E3 + 2.74E3 + I.37E3 

p .  = mul 

= 0.0146 Cp 

Flow velocity through the gap in the h g e s  is given by: 

min (385 ji3/min)(-) 

(0.785 

4:, 60s - - 1,180ji ” = - =  
fr S 

12in. 

123.9(1/8)( 1180)(0.11) - - Re = 
0.0146 

The high Reynolds Number is well into the flat portion of the curve on pg. A-25 of Crane’s. 
Further iteration of the flow calculations therefore is not necessary. 
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From Crane, Eqn. 1-10, sonic velocity is given by: 

v = /- 
where, 

v = mean velocity of flow, ft/s 

k = ratio of specific heat at constant pressure to specific heat at constant 
volume = 1.4 

P = pressure at the point of interest = 14.7 psia 

V, = specific volume of fluid, ft’/lb, at the point of interest 

- - l/poutk = 18.9 ft’/lb where 

poUw =p,(14.7/30.2) = 0.11 (14.7/30.2) = 0.053 

g = acceleration of gravity, 32.2 W? 

Solving gives: 

) 
3 2 . 2 9  144 in? 14.7 Ib 18.99’  

)( in. 2 )( Ib v = 1(1.4)(- S2 )( 9’ 

v = 1,343 91s 

Since the predicted velocity is below the sonic velocity, gas flow is subsonic. 

E.5.5 SIZE OF FILTERS REQUIRED FOR GLOVEBAG 

For comparison purposes, nuclear grade separator-type HEPA filters will be used as the basis to 
determine the sizes of the filters required for the glovebag. 1 l-1/2” deep filters are typically used 
where there is a need for a minimum amount of space relative to a maximum amount of flow. 
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Some of the 5-7/8" deep filters will be assessed due to potential size limitations in the glovebag. 
Flow capacity for the various filter sizes are shown in Table E-I. Generally, rated flow 
corresponds to approximately 1 in. w.g. pressure drop. Typically, 10 in. w.g. is the maximum AP 
a filter can maintain. Pressure drop across a filter is proportional to the square of flow velocity 
and the square of flow rate. 

AP a velocity' a jlowrate ' 

The assessment of various filter shes follows: 

12" x 12" x 1 1  %": AP = 1 in. w.g. for 200 c h  

Pressure drop at the estimated maximum flow through the riser flanges of 385 cfm. 

= 3.71 in. w.g. 1 in.(385 cfm)' 
(200 cfml2 

A P =  

One 12" x 12" x 1 1  %" HEPA filter is adequate for use. 

8" x 8" x 5 7/8": AP = 1.3 in. w.g. for 50 c h  

One 8" x 8" x 5 7 / 8  filter is unacceptable as AP is well above 10 in. w.g. 

AP = 1.3 in. w.g. for 125 c h  

One 12"x 12"x 5 7/8" filter would be inadequate as the AP is above 10 in. w.g. However, two of 
these filters would be adequate with each handling half the flow at a AP of 3.1 in. w.g. 

E.6 CALCULATION OF MAXIMUM FLOW AND GLOVEBAG 
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HEPA FILTER SIZE FOR CONTROLLED 1/8 IN GAP 

This section is provided to provide a basis to evaluate the sensitivity of calculations performed for 
the 1/16-inch circular gap calculated in the previous section. 

E.6.1 DETERMINATION OF K VALUE 

Frictional LOSS 3 

Frictional loss 3 is the same as in the base case. 

K3 = 0.5 

Frictional Loss 4 

dquk = 2w = 2(1/8 in.) = 1/4 in. 

From graph on pg. A-25 of Crane’s, f = 0.034 

Frictional Loss 5 

Total K 

hot= K3 + I(4 + K, 

= 0.5 + 0.14 + 0.97 

Lt= 1.61 

E.6.2 CALCULATION OF FLOW RATE 
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FromthegraphonPg. A-22ofCrane's,forAP/P, = 0 . 5 1 , k =  1.4,and&,,= 1.61: 

Y = 0.675 

d is calculated as in the base case: 

Ab = (2)(~)(2)(1/8) = 1.57 in? 

FromthebasecaseSg=0.70,AP= 15.5psi,andP, =0.11. 

Therefore: 

(412)(0.675)( 1.41)* (15.5)(0.11) 4 1.61 
- 

(0.70) 4:, - 

= 813 scfm 

Flow was confirmed to be subsonic and turbulent for this case. 

E.6.3 SIZE OF FILTERS REQUIRED FOR GLOVEBAG 

12" x 12" x 11 %": AP = 1 in. w.g. for 200 cfin 
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= 16.5 in. w.g. 1 in.(813 c f ~ ) ~  
(200 cfm)' 

AP = 

One 12" x 12" x I 1  %" HEPA would be inadequate. Two 12" x 12" x 11 1/2" HEPA filters 
would be acceptable. 

12" x 12" x 5 7/8": AP = 1.3 in. w.g. for 125 c h  

(1.3 in.)(813 cfm)2 - A P =  - 55.0 in. w.g. 
(125 

The AP is well above 10 in. w.g., and even two filters would not be acceptable. 

E.7.0 FLOW THROUGH SMALL CONDUITS AND NEEDLES 

High flow rates described in the previous section are believed to necessitate the construction of 
specialized enclosures owing to the signilicant hydrodynamic forces such flow will create. This 
section provides calculation of the flow rates through small conduits (needles) that are inserted 
through the gasket into the tank air space. Flow rates were limited to 6 s c h  because this is 
believed to be acceptable for typical glovebag construction. Confirmatory testing will be 
conducted to ensure these values of flow do not create unforeseen performance issues. 

E.7.1 CALCULATION OF FLOW RATE 

Flow through the flanges is calculated fiom Eqn. 1: 

E.7.1,l Determination Of Ktot 

The following fXctional losses occur as the gas flows out of the riser into the glovebag: 

1. Contraction losses as the gas enters the conduit. 
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2. 

3. 

Frictional Loss I 

For sudden contraction into an inward projecting pipe entrance, K=0.78 (Crane, pg. A-26) 

Frictional losses as the gas flows through the conduit. 

Expansion losses as the gas flows out of the conduit and expands into the glovebag. 

K, = 0.78 

Frictional Loss 2 

The fictional loss flow through the conduit is given by: 

where, 

f= fiction coefficient for flow through conduit 
L = length of the conduit, in inches 
d = diameter of circular conduit, in inches. 

It is assumed the conduit is made of smooth metal, such as drawn tubing. This provides the 
lowest value forf, which in turn provides a conservative (high) estimate of flow rate. The value 
offis determined &om a Moody diagram [See fluid dynamics textbooks such as Bober and 
Kenyon (1980).] The value offis a function of the relative roughness of  the conduit, e/d, and the 
Reynolds Number, where e is the surface roughness of the conduit in inches. The Reynold’s 
Number is given by (Crane, pg 3-2): 

PI Re = 123.9dv- 
I* 

where, 

d = the diameter of the conduit 
v = the velocity of the gas through the conduit, in Pds 
p = the viscosity of the gas, in Cp (Section E.5.4.2) 
p, = density of the gas, in Ib/ft’ (Section E.5.4.2). 
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To accurately determine the flow rate, an iterative solution is required. First, a diameter for the 
circular conduit is assumed. Using this, and assuming turbulent flow, determine anfvalue korn a 
Moody diagram. M e r  calculating the flow rate using Eqn. 1, verlfy on the Moody Diagram that 
the Reynold's Number and the e/d value correspond to the assumed value for$ This process is 
iterated until convergence is obtained. 

Frictional Loss 3 

For expansion korn sharp-edged exit, K is given by (Crane, Pg. A-26): 

where, 

d, = diameter of the conduit 
d2 = diameter of the conduit the gas expands into 

For this analysis, it is assumed the gas expands directly korn the conduit into the glovebag. 
Therefore, d2 >> d l  and thus: 

K, = 1 
m 

E.7.1.2 

For drawn tubing, e = 6 x 

Flow Rate Calculation For A 1/16-Inch Circular Conduit 

inches (Bober and Kenyon, Figure 6-4). With d = 1/16 inch, 

e - = 9 . 6 ~ 1 0 . ~  
d 

Assuming turbulent flow, korn the Moody diagram (Bober and Kenyon, Figure 6-4),fis about 
0.02. Assume a conduit length of 2.2 inches. This is the minimum distance korn the outside the 
flange to the air space inside the riser (See Figure E-I). 

2.2 inches = o.7 
1/16 inches 

K2 = 0.021 

Hence, 
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K,o, = K ,  + & + K3 = 0.78 + 0.7 + 1 = 2.48. 

The value of Y is a function of K,a, AP/P, and the speci6c heat ratio for gases of concern, k. The 
differential pressure (AP)  was determined to be 15.5 psig in Section E.5.3. The absolute pressure 
in the tank ( P )  is therefore 30.2 psia. Therefore, 

AP - = 0.51 
P 

For the gases of concern in this analysis, k1.4.  From the graph on pg. A-22 of Cranes: 

Y=0.71 

From Section E.5.4.2, S, = 0.70 and p, = 0.1 1 lb/ft3. Accordingly, the estimated flow rate 
through the conduit is: 

The value forfis then checked. 

The Reynolds Number is given by: 

PI Re = 123.9dv- 
P 

where. 

d = the diameter of the conduit 
v =the velocity of the gas through the conduit, in fus 
p = the viscosity ofthe gas, in Cp (Section E.5.4.2) 
p, = density of the gas, in lb/f?? (Section E.5.4.2). 

The flow velocity (v) is calculated by dividing the volusnetric flow rate by the cross-sectional area 
of the conduit (given by nd2/4). Accordingly, the flow velocity is: 
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2 1060)/s ( I  .35) 3/min)( lmin/60secs) 
[(3.14)( 1/16inches)2Cft2/144incbes 2)] 

4 

v =  

Verify the predicted flow is subsonic as in Section E.5.4.2. 

From Crane, Eqn 1-10, sonic velocity is given by: 

where, 

v = mean velocity of flow, Ws 

k = ratio of specific heat at constant pressure to specific heat at constant 

g = acceleration of gravity, 32.2 W 2  

P = maximum tank pressure at the point of interest = 14.7 psia 

V,  = specific volume of fluid, p/lb, at the point of interest 

volume = 1.4 

= 18.9 A34b 

Solving gives: 

1 14.7 Ib 18.9)’ 
in.’ )( Ib 

v = 1,343 j l l s  

Since the predicted velocity of 1060 Ws is below the sonic velocity of 1,343 Ws, gas flow is 
subsonic. 

The Reynolds Number is thus: 
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(123.9)( 1/16inches)( 1060frlsec)(0.1 lIblft3) - - 6.2x104 Re = 
(0.0 146Cp) 

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between 
turbulent and laminar. The value forfat this Reynolds Number and an e/d of 9 . 6 ~ 1 0 ~  is 0.023 
versus the assumed turbulentfvalue of 0.020. Accordingly, an iteration will be performed. 

Iteration 2 

Assumef= 0.023, 

From the graph on pg. A-22 of Cranes: 

Y=0.72 

The flow rate for this new assumedfvalue can then be determined 

This is essentially the same flow rate as estimated before and will therefore give the same 
Reynolds Number and value of$ Convergence has occurred and no further iterations are 
required. This 1.34 scfin flow rate is well below the maximum desired 6 scfin, and would 
therefore be acceptable. 

E.7.1.3 Flow Rate Calculation For A l/S-inch Circular Conduit 

With d = 1/8 inch 

Assuming turbulent flow, fiom the Moody diagrmfis  about 0.018 (Bober and Kenyon, Figure 
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6-4). Assume a conduit length of 2.2 inches. This is the minimum distance !?om the outside the 
flange to the air space inside the riser (See Figure E-1). 

2.2 inches] = o.32 
1/8 inches 

K2 = 0.018[ 

Hence, 

The value of Y is a fimction of K,o, AP/P, and the specific heat ratio for gases of concern, k. The 
differential pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure 
in the tank (P)  is therefore 30.2 psia. Therefore, 

- -  A' - 0.51 
P 

For the gases of concern in this analysis, &I .4. From the graph on pg. A-22 of Cranes: 

Y=0.68 

From Section E.5.4.2, S, = 0.70 and p, = 0.1 1 lb/R3. Accordingly, the estimated flow rate 
through the conduit is: 

The value forfis then checked. 

The flow velocity k 

v =  (5.6ft 3/min)( Lmin/6Osecs) = 10963/~ 
[(3.14)(1/8inche~)~Cff~/144inches~)] 

4 

The predicted velocity is subsonic. (Section E.7.1.2) 
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(123.9)( l/Sinches)( 1096filsec)(0.1 lib@’) - - .28x10 Re = 
(0.0 146Cp) 

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between 
turbulent and laminar. The value forfat this Reynolds Number and an e/d o f 4 . 8 ~ 1 0 ~  is 0.019 
versus the assumed turbulentfvalue of 0.01 8. Accordingly, an iteration will be performed. 

Iteration 2 

Assumef= 0.019, 

From the graph on pg. A-22 of Cranes: 

Y4.68 

The flow rate for this new assumedfvalue can then be determined 

This is the same flow rate as estimated before and will therefore give the same Reynolds Number 
and value off. Convergence has occurred and no M h e r  iterations are required. The 1W-inch 
diameter conduit gives an acceptable flow rate. 

E.7.1.4 

The gasket installed between the flange and riser was 1/16-inch thick before compression. It may 
only be possible to insert a “hypodermic” needle through the gasket between the flange and riser. 
The wall thickness of a typical hypodermic needle is a b u t  0.14mm. Assuming a maximum needle 
outer diameter of 1/16-inch, the maximum inner diameter of a needle that can penetrate the gasket 
is: 

Flow Through A Hypodermic Needle 
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(1/16inch) - [(2)(0.14mm)(lcm/lOmm)(linchR.54cm)] = 5.15~10 -02inches 

With d = 5.15~10”~. 

Assuming turbulent flow, fkom the Moody diagram,fis about 0.020 (Bober and Kenyon, Figure 
6-4). Assume a needle length of 2.2 inches. This is the minimum distance kom the outside of the 
flange to the air space inside the riser (See Figure E-1). 

2.2 inches 
5.15~10-O~ inches 

K, = 0.020[ ] = 0.85 

Hence, 
K,, = K, + K2 + K3 = 0.78 + 0.85 + 1 = 2.63. 

The value of Y is a fimction of K,o, AP/P, and the specific heat ratio for gases of concern, k. The 
differential pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure 
in the tank (P)  is therefore 30.2 psia. Therefore, 

AP 
P 
- = 0.51 

For the gases of concern in this analysis, b l . 4 .  From the graph on pg. A-22 of Cranes: 

Y=0.72 

From Section E.5.4.2, S, = 0.70 and p, = 0.1 1 Ib/ft’. Accordingly, the estimated flow rate 
through the conduit is: 

(412)(0.72)(5.15~10 -02), 

0.70 
(15.5)(0.11) - - o.90scfm 2] 2.63 

q’m = 
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The value forfis then checked. 

The flow velocity is: 

(0.90 v =  3/min)( 1 rnid6Osecs) = 1038f/s 
[(3.14)(5.15~10 -02inches)2(fi 2/144inches 2)] 

4 

The predicted velocity is subsonic. (Section E.7.1.2) 
The Reynolds Number can then be determined 

(1 23.9)(5.15~10 -02)( 1038f/sec)(O. 1 Ilblft ’) - 4.99Xlo4 Re = - 
(0.0 146Cp) 

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between 
turbulent and laminar. The value forfat this Reynolds Number and an e/d of 1.17~10” is 0.025 
versus the assumed turbulentfvalue of 0.020. Accordingly, an iteration w i U  be performed. 

Assumef= 0.025, 

(0.025)(2.2) - 

5.15~10 -02 
- 1.07 - K,o, = 2.85 k;= 

From the graph on pg. A-22 of Cranes: 

Y=0.72 

The flow rate for this new assumedfvalue can then be determined 

(412)(0.72)(5.15~10-~~)~ (15.5)(0.11) = o.87scfm J 2.85 
q‘rn = 

0.70 

The value forfis then checked. 
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9 The flow velocity is: 

= 1003jUs (0.87ft3/min)( lmin/60secs) 
[(3.14)(5.15~10 -02inches)2w */144inches *)I 

4 

v =  

This predicted velocity is subsonic. (Section E.7.1.2) 

The Reynolds Number can then be determined: 

(123.9)(5.15xZO -02)( 1003frlsec)(O. 1 llblfr3) - - 4,8x10 4 Re = 
(0 .O 1 46C’) 

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between 
turbulent and laminar. The value forfat this Reynolds Number and an e/d of 1.17~10” is 0.025, 
and convergence has occurred. The flow rate through the needle would be an estimated 0.87 
s c h .  Up to six needles could be inserted and the flow rate would be under 6 s c h  

E.7.1.5 Flow Through A Circular Orifice In A Band Around The Riser Flange 

A band around the circumference of the riser and flange that overlaps both provides a seal as the 
flange bolts are loosened. A circular orifice in the band will allow a controlled flow release. 

The maximum instantaneous flow rate upon opening of the riser and venting it through a circular 
orifice can be calculated fiom Eq‘n 3-22 of Crane’s, and is given by: 

* 

where, 

q‘m = flow rate, in s c h  
Y = net expansion factor for compressible flow 
d,, = diameter of orifice, in inches 
C = flow coefficient for square edged orifice 
S, = specgc gravity of gas relative to air, 0.7 in this case. 
AP = differential pressure, in psi 
p, = density of gas, in Ibdfi’ 
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The value of Y is a h c t i o n  of the orifice size 4 \d ,  (where 4 = diameter of orifice and d, = 
diameter of pipe), A P P ,  and the specific heat ratio for the gases of concern, k. The differential 
pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure in the tank 
(P) is therefore 30.2 psi& and: 

A P P  = 0.51. 

For the gases of concern in this analysis k = 1.4. For the orifice size in this analysis &\d, is very 
small and faUs in the range of 0 to 0.2. From the graph on pg. A-20 of Crane's: 

Y = 0.85 

The value of C is a function of the square edge oritice size (&\dl), and the Reynolds Number of 
the flow. For the orifice size of concern in this analysis &\dl is very small and falls in the range of 
0 to 0.2. From Section E.7.1.2, Re = 6.2 x io4 for the flow through a 1/16-inch conduit, and 
f?om Section E.7.1.3, Re = 1.28 x 10' for the flow through a US-inch conduit. In the graph for 
determination of C on pg. A-19 of Crane's, the value of C (when &\d, = 0 to 0.2) is a constant 
value for Re numbers in the range kom lo4 to lo6. 

From the graph on pg. A-19 of Crane's then: 

C = 0.595 

From Section E.5.4.2, S ,  = 0.70, p1 = 0.1 1 IWA-'. Accordingly, the estimated flow rate through 
the orifice with a 1/8-inch diameter is: 

= 6.07 scfm. 

This is desired flow rate to insure that the glove bag does not incur damage. 

As long as flow is turbulent, the total flow rate is proportional to the square of the diameter of the 
orifice. A 1/16 diameter orifice would have a flow rate of: 
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(6.07 s c f m ) m  = 1.51 scfm 
( 1 /8)2 

A Il4-inch diameter orifice would have a flow rate of: 

(6.07 s c f m ) m  = 24 scfm 
( 1 IS)* 

E.7.1.6 Summary Of Conduit, Needle And Orifice Flow Calculations 

These calculations show that a 2.2-inch long tube with a U16-inch inner diameter would produce 
a flow rate into the glovebag of about 1.4 s c h .  A tube with a I/S-inch inner diameter would 
produce a flow rate of about 6 sclin. Because of the limited space available between the riser and 
flange, “hypodermic” needles may be the only objects that would fit. A hypodermic needle with 
an outer diameter of 1/16-inch would produce a flow rate of 0.87 s c h  Up to six needles can be 
used and maintain the maximum fluw rate under 6 sclin. A 118-inch oritice in a band constricted 
around the riser/flange joint gives a maximum flow rate of 6 sclin. e 
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GG-D 

Table E- 1. Filter Sizes and Capacities 

24" I 24" I 5 718" 500 1 

Reference: Flanders Filters Inc., Bulletin 936 
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Figure E-1 . 3" Riser Raiied Flange 
(Dimensions per Tube-Tum Welding Fitting and Flanges, Catalog 3 11) 
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APPENDIX F 

EVALUATION OF 3-INCH AND %INCH RISERS FOR 
BREATHER FILTER MOUNTING ON TANK 
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F1.O INTRODUCTION 

This report provides the results ofthe structural analysis performed on the 3-inch (nozzle H) and 
8-inch (nozzle A or B) pipe risers ofTank 241-2-361 where breather filters wiU be installed (See 
Appendix A for sketches of the Tank). Tank 241-2-361 has been out of service for several years 
and Babcock & Wdcox Hanford Company (BWHC) is in process ofcharacterizing the waste left 
in the tank. Before the waste can be sampled breather filters must be mounted on the one or two 
of the pipe risers to mitigate the build up of dangerous gases in the tank. A sketch of the breather 
filter is included in Appendix F.A. 

Tank 241-2-361 is a rectangular underground tank built out of reinforced concrete with a carbon 
steel liner on the sides and bottom. The tank has eight carbon steel pipe risers ranging &om 
2-inch to 8-inch diameter on its top slab. Previously, Fluor Daniel Northwest, Inc. (FDNW), 
evaluated all of the pipe risers (Ref 1) to determine the riser capacity and validate the load limits 
of 100 Ibs horizontal and vertical and a 50 fit-lb torque established in the ‘‘Draft Justification for 
Continuing Operation of Tank 241-2-361”. 

This re-evaluation of 3-inch and 8-inch pipe risers for breather filter mounting was performed by 
FDNW at the request of BWHC by Task Order Release for Task Order No. PF82O. 

F2.0 SUMMARY AND CONCLUSION 

The 3-inch (nozzle H) and 8-inch (nozzle A or B) pipe risers were analyzed to determine ifthey 
would support the installation of breather filters. The analysis assumes a 50% reduction in the 
wall thickness of the riser due to corrosion over the 50 years of service. Two load cases were 
evaluated; load case 1 included loads which would occur during installation of the filter. Load 
case 2 included the loads expected to occur during operation of the filter. The analysis 
demonstrates that nozzles A, B, and H are adequate to withstand the loads fiom both load cases. 

F3.0 APPROACH/EVALUATION 

The 3-inch and 8-inch pipe risers were evaluated using hand calculations. First, the pipe riser was 
analyzed as a cantilever column with the length of the column beiig fiom the middle of the 
breather filter to the top of the embedded plate (see Appendix F.A). Since the properties for the 
weld of the embedded plate to the pipe riser and the pipe riser are approximately the same, this 
one analysis covered both of them. Second, the embedded plate and concrete was analyzed by 
evaluating the punching shear of the embedded plate on the concrete. 

The following two load cases were identified for the analysis: 

Load Case 1: Loads encountered during installation of the breather assembly. 

500 Ibs vertical (weight of the filter plus the live load) 
250 Ibs horizontal (applied at the top of the riser) 
100 fi-lbs torque (applied at the top ofthe riser) 
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Load Case 2: Loads encountered during operation of the filter. 

250 Ibs vertical (weight of the filter) 
Horizontal seismic load based on performance category 2 (Ref. 4) 

The analysis of the 3-inch and 8-inch pipe risers is located in Appendix F.B. 

F4.0 RECOMMENDATIONS 

Based on the analysis performed, the 3-inch and 8-inch pipe risers are structurally adequate to 
receive the breather filter. In the first evaluation performed on the risers (Ref l), it was 
recommended that the interaction of stresses for the pipe risers be limited to 0.5 (the normal 
interaction is 1 .O).  This was done to account for unknown factors. However, for the 3-inch riser 
during the installation ofthe breather filter (load case I), the interaction of stresses was 0.75. 
This interaction stress is above the 0.5 recommend by the first evaluation (Ref 1). This is 
acceptable for the following reasons: the loads will be applied for a short period of time during 
installation of the breather assembly and the wall thickness of the pipe has been assumed to be 
only 50% of its original thickness in analysis. 

F5.0 REFERENCES 

1. Letter report, “Engineering Load Evaluation of the Riser on Tank 241-2-361 ,” 
dated January 1998, Task Order PF820, by Fluor Daniel Northwest, Inc., 
Richland, Washington. 

Letter, D. P. Hughes, Area Manager, Fluor Daniel Northwest, Inc., to A. L. Ramble, 
B&W Hanford Company, “Engineering Load Evaluation of the Riser on 
Tank 241-2-361,” dated 2/10/98 (CO-98-037). 

cc:Mail, D. M. Bogen, B&W Hanford Company, to D. P. Hughes, Fluor Daniel 
Northwest, Inc., “Statement of Work for Fluor Daniel Northwest Riser Evaluation,” dated 
May 18, 1998 (CI-98-115). 

HNF-PRO-097, Rev. 0, Project Hanford Procedures, Engineering Design and Evaluation, 
dated 10/15/97. 

2. 

2. 

4. 
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APPENDIX F.A 
TANK SKETCHES 
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APPENDIX F.B 
CALCULATIONS 
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BASIS FOR ACCEPTANCE OF TANK LOADING DURING PHASE-I 
INSPECTION ACTIVITIES OF TANK 241-2361 
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BASIS FOR ACCEPTANCE OF TANK LOADING DURING PHASE I INSPECTION 
ACTIVITIES OF TANK 241-2361 

INTRODUCTION 

This report provides an engineering basis for the acceptance of the resulting tank loads associated 
with the proposed Phase I inspection activities of Tank 241-2-361 in support ofthe Justification 
for Continued Operation (JCO) for Tank 241-2-361 (Ref. 1). Tank 241-2-361 is an inactive, 
underground storage tank located within the protected area of the Plutonium Finishing Plant 
(PFP) in the 200 West Area of the Hanford Site. The tank is a reinforced-concrete, rectangular 
underground structure used as a settling tank to receive low-salt, liquid etluent fiom PFP 
processes fiom 1949 to May 1973. After 1973, the liquid from the tank was pumped leaving 
about 75 cubic meters of sludge in the tank. The tank was last monitored internally and 
photographed in 1975, and then sealed, including sources of ventilation. 

Because of the uncertainties regarding the present structural condition of the tank, Fluor Daniel 
Northwest, Inc. (FDNW) had recommended the performance of a load test prior to allowing any 
sigrdicant direct access to the tank (Ref. 2). The testing consisted of two work packages: one 
for performing a perimeter load test to allow personnel and equipment of up to 300 lbs to safely 
approach the tank with a safety factor of two; and the second for performing the dome load test 
to allow a working load directly over the tank of up to 2,000 lbs with a safety factor of two. The 
perimeter load test was successhlly completed (ReE 3) by moving a remote controlled robot 
weighing 600 Ibs over the adjacent soil perimeter access area (2 to 10 feet outboard of the tank 
perimeter) surrounding the tank. The dome load test was successfully completed (Ref. 4) by 
placing a water tank near the center of the 241-2-361 tank and incrementally filling the water tank 
to a total test weight of4,000 Ibs. 

The proposed Phase I inspection activities require the placement o f a  containment tent (800 Ibs), 
breather filer (250 lbs), tripodchain fall (200 Ibs), tooldmonitoring equipment (100 Ibs), and up 
to ten support people (2,000 Ibs) on or near the 241-2-361 Tank. The total weight directly above 
the tank is estimated to be approximately 1,616 Ibs which is within the 2,000-lb working load limit 
established through the dome load test. The total weight within the access area of the north wall 
is estimated to be approximately 1,732 Ibs. This exceeds the 300-lb access area Limit established 
through the soil perimeter load test and hence requires additional justscation for the specsc 
proposed loading configuration. 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The layout of equipment and support personnel (see Figure 1 of Appendix A) for the proposed 
Phase I inspection activity of Tank 241-2-361 is acceptable. The 1,616-lb total load directly 
above the tank is acceptable since it is less than the 2,000 Ib working load limit established 
through the dome load test. The remaining 1,732 Ib load within the access area to the tank is 
acceptable on the basis of a comparative assessment that showed that the resulting moments 
induced in the tank side wall are less, by at least a factor of 2 in the region of interest, than the 
resulting maximum moments induced by either the 1992 record 21-inch snow fall or the tank wall 
moments induced by the past practice of parking of a 12,000-lb armored car near the tank. In 
addition to the loads resulting from the Figure 1 configuration (see Appendix A), two other load 
configurations were evaluated: the movement of the NEVS cart within the containment tent 
(includes cart, support equipment, and three support personnel for a total weight of 732 lbs) and 
the placement ofwaste drums (total weight of 1,500 lbs) approximately 15 feet outboard ofthe 
tank's east or west wall. Both of these load conditions are acceptable. 

The region of primary interest for the tank is the lower half of the wall because of the uncertain 
potential degradation of the wall fiom exposure to the waste content. In addition, the lower 
portion of the wall is expected to be subject to greater lateral wall pressures %om the existing in- 
place soil loading. The lateral wall pressure and resulting wall moments from the proposed activity 
is shown to be greatest in the upper half of the wall which is less challenged by the in-place soil 
loading and is less likely to be degraded in strength. The lateral wall pressure from the armored 
car has a greater effect on the lower portion of the tank wall. However, in the case of the uniform 
snow load, the resulting lateral wall pressure is uniform over the wall. 

For added flexibility in operations, the allowable concentrated load within the tank access area 
was also determined as a fimction of the perpendicular distance of the load to the tank while 
maintaining a factor of safety of 2 relative to the 1992 record snow load experienced by the tank. 
Multiple concentrated loads within the access area to the tank can be easily evaluated for 
acceptance by requiring that the sum of the ratios of each individual applied load to allowable load 
at the distance ofthe applied load to the tank be less than or equal to one. This evaluation 
method can be applied to each of the walls separately. However, for loads within 2 feet outboard 
of the wall, 50 percent of this load shall be considered as acting on the tank dome (roof) when 
evaluating the acceptability of loads directly over the tank. Loads beyond 20 feet from the tank 
walls can be considered as unrestricted. 

APPROACH I EVALUATION 

The accurate prediction of the resulting lateral wall pressure distribution on an adjacent below 
grade wall from a concentrated surcharge load at soil grade on backfill is a dficult task. 
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Empirical relations have been developed (see Figure 14-5 of Ref. 5) as well as theoretical 
solutions (Ref. 6). Even in the case ofearth pressure loading, the actual distribution ofthe lateral 
wall pressure fiom the in-place soil is dependent on the compaction of the backfill soil during 
construction and the flexibility of the tank walls. Compaction of the soil can lead to a more 
uniform lateral wall pressure with soil depth than the usually assumed linearly increasing pressure 
with depth. Actual earth pressure distributions are not typically linear. 

The Boussinesq theoretical solution for the lateral wall pressure fiom a concentrated surcharge 
load is recommended in Ref. 6 as the preferred approach. It is based on the Boussinesq solution 
for the radial pressure (resolved in the perpendicular direction to the wall) in an elastic semi- 
infinite half space (see Appendix A for equation). This equation is dependent on Poisson’s ratio 
for the assumed elastic medium and can have a sigruficant effect on the results depending on the 
compaction of the soil. The resulting lateral pressure distribution predicted fiom this solution 
method is more concentrated and gives smaller lateral pressures as the load approaches the wall 
than predicted by applying the lateral pressure coefficient (K) to the vertical pressure distribution 
given by Boussinesq (see Appendix A for this alternate method). In an attempt to bound the 
actual lateral pressure fiom the concentrated loads both approaches were considered. A 
Poisson’s ratio (v) typical of Hanford Site soil of 0.27 (Ref. 7) was assumed and for consistency 
K was taken equal to v / (1 - v) = 0.37 assuming an elastic isotropic medium. 

In the case of the uniform snow load the lateral increase in pressure on the wall is given by KQ,, 
where Q, is the vertical pressure applied to the ground by the accumulated snow. For the 
December 1992 record snow fall of 21 inches the total precipitation at the Hanford weather 
station was reported as 1.82 inches (Ref 8, pages 4.2 and 4.8) corresponding to a uniform ground 
pressure load of 9.46 lbffft’ or a lateral uniform wall pressure of 3.5 IbVft’. 

The tank wall moments induced by the past practice ofparking of a 12,000-lb armored car near 
the tank were also considered. Typically an armored car was parked at an approximate 45-degree 
angle, approximately 6 feet f?om the north-west corner of the 241-2-361 Tank. In addition to the 
loads resulting fiom the Figure 1 configuration (see Appendix A), two other load configurations 
were evaluated the movement of the NEVS cart (92 Ibs) within the tent with support equipment 
(40 Ibs) and three support personnel (600 Ibs) for a total weight of 732 Ibs and the placement of 
waste drums (total weight of 1,500 Ibs) approximately 15 feet outboard ofthe tank’s east or west 
wall. 

Details of the load configurations considered are shown in Appendix A. The results of the 
evaluation are summarized in Table 1. The acceptance of the proposed load configurations is 
based on maintaining a factor of safety of 2 in the lower portion of the tank wall relative to the 
maximum moment induced in the wall €-om either the snow load or armored car load. This has 
been demonstrated for all load cases considered, as shown in Table 1, for either of the methods 
used to predict the lateral wall load induced from the concentrated surcharge loads considered. 
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The moments induced in the wall from the lateral pressure distributions are conservatively 
calculated based on assumed one-way action of the wall which is assumed fixed at its outer 
boundaries. 

In addition to the above proposed load configurations evaluated, the allowable concentrated load 
within the tank access area was also determined as a function of the perpendicular distance of the 
load to the tank while maintaining a factor of safety of two relative to the 1992 record snow load 
experienced by the tank. The allowable concentrated load, QallOdle (Ibs), as a !kction of 
perpendicular distance, D (ft), from the tank wall is given by the second order regression 
equation: 

a 

Qdlodle(D) = 957 + 163.6 D + 8.14 DZ . 

Multiple concentrated loads within the access area of the tank can be easily evaluated for 
acceptance by requiring that the sum of the ratios of each individual applied load, Q,  to allowable 
load at the distance, D, of the applied load to the tank be less than or equal to one, i.e. 

<1  Qi 5 
1-0 957+ 163.6Dj+8.14D: 

This evaluation method can be applied to each of the walls separately depending on the location 
of the load relative to the nearest wall and is valid for either the end or side walls. 

However, for loads within two feet outboard of any of the walls, 50 percent of this load shall be 
considered as acting on the tank dome (roof) when evaluating the acceptability of loads directly 
over the tank. Loads beyond 20 feet from the tank walls can be considered as unrestricted. 
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UNCERTAINTIES 

Although there are uncertainties in determining the actual lateral pressure transmitted to the tank 
walls, the bounding engineering approach applied herein is considered conservative. Loadings 
which differ eom the proposed activity can be evaluated as discussed above. The application of 
these results does not address the true capacity of the tank but the capacity of the tank relative to 
loads that the tank has already experienced. Hence, the true safety factor for the proposed 
loading is at least two and may be much greater pending verification of the actual structural 
integrity of the tank. However, the apparent safety factor of loads present during periods of 
significant snow or rain fall will be reduced in direct proportion relative to the 1992 record snow 
fall accumulation. The apparent Safety factor of the loads with snow or rain fall present is equal 
to the safety factor without snow or rain fall times the quantity 1 minus the ratio of the current 
accumulated moisture to the moisture accumulated (1.82 inches) in the 1992 record snow fall. 
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Table 1.  Resulting Side Wall Loading on Tank 241-2-361 for Proposed Phase-I 
Inspection Activity Compared to 1992 Record Snow Fall and Parking of Armored Car Near 

17.1 4 8  

1163 -96 

Corner of Tank. 
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OBJECTIVE: Determine the Fador of Safely of anticipated operational loads versus 
previously applied vehicle and precipitation loads from the a m r e d  car 
parked adjacent to the tank and the 1992 snow load as described in 
reference 2. See Fig. 1 for the oparational load pattern considered. 

CRITERIA: Task Order PF820 

ASSUMPTIONS: Soil is in an 'at rest' condiiion: i.e. (elastic response - high relative density). 
Soil conditions are as desuibed in reference 5. Table 4; i.e. having a 
Poisson's ratio of 0.27. The fador of safely will be based on the ratio of 
inwemental m t  induced in the tank walls from the applied load cases 
assuming one-way action across the horizontal tank dimension. Based on 
photographs taken in the late 1970's the wall area below the eight foot level. 
as measured fmn the tanktop, was not visible and must Umrefore be 
considered possibly of lower strudural capacity than the visible portion of 
wall above the eight foot tank level. me wall stzess's or moments are 
therefore of m a  mncam m this area than the area above the eight foot 
level. ' 

METHOD USED: Hand calculation using 'Mathcad 6+' solver sofhw1-8. Two mefhods of 
analysis were used: The first was using Bossinesq technique to determine 
the vectical pressore a l q  the tank face and multiplying this by a *K facto1 
(at rest coefficient) to determine the wall pressure. W was determined from 
measued Poisson's ratio (ReF.5. taMe 4 and Ref.3, E.Q. 10-13). This method 
will be referred to as the classical methcd. 

The semnd methcd was lo use Bossinesq equations to determine soil 
slresses in the harimntal dredion as reQymnended in references 1 and 2. 
This method will be refwed to as tfie elastic method. 

The adual condition of the tank side walls are unknown and must be 
ascartaid on the basis of loads han vehicles operating near the tank, load 

precipitation. 

LIMITATIONS: 

tests applied tothe tank* and the effect of environmental loading from 

REFERENCES: 1. Foundahn An- andDesign, Foc81h Ediion. 1988, Joseph E 
Bowles, P.E..S.E., McGraw-Hill. New York New York 

2 Actvarrced soil Machanics. Braja M. Das, McGrawHill, New Ywk, 
New York 

3. Foundations, Rehifling and Earth .Stndu~s.  by Gregory P. 
T ~ l a r i c d f ~  secood Edition, McGrawHill New Yak, New Y& 

.1 
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4. Letter RepMf 'Engineering Basis for Critical Lift and Load Test Plan for 
Tank 241-2361 ," FDNW, by D. S. Messinger and M. A Haq, dated 
March 1998. 

5. Report, Final Reporf fix Task Oder ICF KH800&3, pmied W-580, 
Replacsfnentofthe Cmss-Se . Trans& System, H a n w  Site, Ridrland 
Washington, by S h a m  and Wilson, hc. March 1995. 

CONCLUSION: 

The stresses induced in the tank walls from the December 1992 precipitation (Ref. 4, pg.3) 
loading exceeded the loading on the tank from the vehicle traffic (armored car). The anticipated 
wall stressesfmm the poposed load cases are well below stresses believed to have been 
induced in thewall fmm the precipitation load. 

The factor of safely relative to the precipitation loading is well in excess of 21 in the portion of 
the wall where mc~m for the sbumxal integrity of the wall was in question (i.e. eight feet or 
more below the tank top). This can be seen in the FS (Factor of Safety) plots for each of the load 
cases investigated. 

Several other load cases rn investigated tha! wwld  determine the maximum allowable 
concsntrated load placed m l  to the long wall of ule tank at the wall centerline. Points 
investigated were at the following offset distances: 0 ft , 5  R, 10 ft. 15 ft. and 20 ft.. 

It was determined that the *le load at the wall face was 950 Ibs.; at 5 ft. the allawable load 
was found to be 1,800 Ibs.; at lof t ,  3,415 Ibs.; at l S R ,  5,ooO Ibs; and at 20R, 7,850lbs. 

Since practical operations will require swne loading at various IwAions simultaneously, a 
regression analysis was pwformd on the calculation results. An expression was then developed 
that will allow for any loading pattern within 20 feet of the wall to be evaluated. Q, is the discrete 
load and D4 is the assodated distance fmn the tank wall. If the Mi combination satisfies the 
following expressiOn. then the load pattm is eaeptable. 

51 
f Q, 

957+163.60,+8.140: 

The cbssical method of analysis as wall as experience has Jxmn that at d i s t a m  beyond the 
&pth ofthe lank, the loading has l i i  if any effed Therefore loads beyond 20 feet can be 
considered unrestricted 

Loads placed within 2 feet ofthe tank edge will ako effed the tank top. Onehalf of any load- 
placed within 2 feet ofthe tank edge should be considered to be tank top load. 

Calculations follow: 
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'luor Daniel Northwest, Inc. - m a  

hut>- ' + W  . . -  c -- 
laior+ 
d W P  - 

EVALUATION ANALYSIS Ra- 

T ' '-. - t - 
PROPOSED EQUIPMENT LOCATION 

I 
._ I 

Fig, 1 
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80 Lb, LOAD POINTS FOR TENT FRAME LUADS 

T e n t  f r a m e  
support point, 
(TY P) 

I 
7 

-3.7.5 7+ 
-3.2.5 

-3,-2.5 

Tank 241-z-361 

----I- 8,-2.5 

I 

-3,-7.5 m 8,-7.5 

2.5,-7.5 

Fig, 2 
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luor Daniel Northwest, Inc. clc m.nmcxu- 

EVALUATION ANALYSIS 

12,000 Ib ARMORED CAR POSITIONS 

Tank 241-z-361 

t 
\ (-4.72,-4.72) ' 

Notes Armored c a r  
posit ions a r e  n i r r o r  
inage o f  octual  
location. This was 
done as a 
conputat ional  
sinplif icat ion. 

(-8.96,-8.96) 

(8.49,-16.97) 

<3.77,-21.69) 

Fig, 3 
I 
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Fluor Daniel Northwest, Inc. 

a w 7  wMua_TppL_ 
S U b M : ~ ~  

L o u l a r C ~ W b R 4 - H n l o r d J h ~  uded: 

EVALUATE CONCENTRATED LOADS BASED ON "BOUSSINESQ" EQUATION TO DETERMINE STRESS ON A 
VERTICAL PLANE "P" AT A POlM (r,y,z) along the wall face using 'Poisson's ratio". 

cdc I&. TYnC41 
EVALUATION ANALYSIS R e V b h P  

PWNaJL&?- 

p 

GENERAL LATERAL PRESSURE FUNCTION . ,. F:=O ~::0 ,1 . .20  y : ~ O , l . . I S  L:=15 v:zO.27 Q .:9'.46 K : = Y  
I - V  

S 

MSCRETE LEFT END REACTION FUNCTION 

R(y,z.F) ::F .-. (L-d (3.y t (L- y)) 
YJ L3 

LOAD CASE I: TENT FRAME LOAD PLUS 600 LE AT STEPOFF PAD (1) AND 800 LB ATSTEPOFF PAD (2) 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F :: p(80,2.5,22- z,y- -3)+ p(80,2.5,22- z.y- 8) t p[80,7.5,Z- z,y- . 3 )  ... \ 
tp(80,7.5,22- z.y - 2.5) t p(80.7.5.22- z.y- 8) t p(600.4.0,22- z,y - 5.5) ..I 

FILLING POINT LOAD ARRAY '" 
PI :=F 1 tp(200,S.O.Z- z,y- -.75)tp(600,8.0,22-z.y- I )  I 

LEK END REACTDN VECTOR LEFT END FIXED MOMENT VECTOR . GENERAL SHEAR ARRAY 

L L Y 
(L-Y? a,:= c R(y,t,PI) ML.*:= Y J  L2 Y.2 

PI .y- 
y=o  y = o  y=o 

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

Y 
MI :=M 

Y.1 
y = o  

G-16 
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Fluor Daniel Northwest, Inc. CakNO. TyIICQl 

EVALUATION ANALYSE R n % b l L  
? a W J % L O f A L  

c*nc- - 
WW- 

Ew --"" .P . a- ' M w Ew 

LOAD CASE2 Presswand WforsdseIted onhnkendwaldueto 5 point loads of 80lbfromtentframe 
amlone732ibconcentntodkPdtmmealtnpad(l)adnolord~psd(2).Loadconlerforpad(1)isb~ 
fmmtlnkendwafl. 

SPECIFIC PRESSURE ARRAY FORWALLFACE 

F := p(Bo.25,U- r.y- 4 t p(Bo.2.5.22- 2.y- 8) + ~(80.7.5.22 - z,y- -3) _.. 
1.2 (+p(Bo.1.S.U-~.y-ZS)+dBo,7.5.22-~.y- 8)+p(732.4.0,22-z.y- 5.5) ) W N G  POINT LOAD ARRAY 

. P?:=F '' 
LEFT END REACWVECTOR LEFT END FIXED MOMENT VECTOR GENERALSHEAR ARRAY 

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFW: SHEAR ARRAY 

M :=az- P2,,;y - Vy,;y W : = M  
Y.1 

Y -0 

W = V  

LOAD CASE 3: P n u u n m d t c h l f w a r n d e d  on tank endwan due to 5 point b&of80 bhomtnnt 
frameandone732~concentn$dkrdfromcartatpad(I)endno~at~(Z).Loadtenfer?orpad/ll 
IS 5 Rfromlank end waU. 
SPECIFIC PRESSURE ARRAY FOR WALLFACE 

ky,z : p(90.25.22-2.y- 3)+p(Bo.25,U-z,y-8)+p(80.75,22-  z,y- 3) FIWNG PMM LOAD ARRAY 

P3 :F (*p(80.7 5.22- 2.y- 2 5 )  + p(80.15.22- 7.y- 8)*p(732,50.22- r,y- 5 5 )  

LEFTEND REACTIONVECTOR LEFT END FIXED MWENTMCTOR GENERALSHEARARRAY 

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

M :m- P3 . y - v  'y M3 :M v3 = v  
Y.2 2 7.z 1.r 

y = o  

G-17 



HNF-2024, Rev. 2 

SPEUFK PRESSURE ARRAY FOR W A U  FACE ,.,. 
FILLNO POINT LOAD ARRAY 

P4:zF I F :I p ( m . z . ~ , ~ ~ - z , y  -. 3 ) + p ( 8 ( 1 . 2 . 5 , 2 2 - r , y - 8 ) + p ( ~ , 7 . ~ , ~ - z . y  - -  3) ... 
+p(80.7.5.22-z.y-2.5)+p(80.7.5.U-z.y-8)+p(2a).4,22-Z.y-55).. 

y'= I +P(732.8O0,22-z.y- 1) 

LEFT END REACTION VECTOR LEFT END F E D  MOMENT VECTOR GENERAL SHEAR ARRAY 

GENERAL MOHEHT ARRAY SPECIFIC MOMENT ARRAY SPECBlC SHEAR ARRAY 

M ::ha,- P4 'y - V  'y M4:=M v 4 : = v  
1%' 1.z 1.2 

y = o  

LOAOCASE5A12,Wlbamond urlocsIedsrshowninfig.3~ppositDn-A.. 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

W N G  P M M  LOAD ARRAY 

P S z F  

LEFT END REACnON VECTOR LEFTENDN(EDM0MNTVECTOR GENERALSHEARARRAY 
L L Y 

a,:= R(y,z.PS) Y.Z * 
y = o  Y-0 

S P E W  SHEAR ARRAY GENERALMCMNTARRAY WEPICYOUENTARRAY 

Y 
M = h a -  MS:=M vs .=v  

Y.Z PS,,;y - vy,;y 
y = 0  
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LOAD CASE 6: Ai2,OMI Ib armored car located as show in fig. 3 at posilion "B'. 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

FILLING POlNTlOAD ARRAY 
..I 1 P6 ;:F 

F :z ~ ( 3 0 0 0 , 1 5 . 3 2 , 2 2 - ~ , ~ - . 2  .60) tp(M00,lO .M), U-Z,y-(2.12)) ... 
'J tp(UXX),16,%,U-z,y- 8.48)+p(3oM),21.68,22- Z J -  3.76) 

LEFTENDFlXEDMOMENTMCTOR GENERALSHEAR ARRAY 

1 
LEFT END REACTDN VECTOR 

1 Y 

y=o y-0 y = o  

GENERALWOMENTARRI\Y SPECIFIC MOMENT ARMY SPEClFlCSHEARARRAY 

M ::MI,- 1 P6 . y - V  'y M:=M V6:=V 
Y 

7.2 2 YJ Y J  

y = o  
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LOAD CASE T: December 1992 precipitation load primarily d e  up of ‘21 inches of snowfall accumulation. 
Water equivalent precipitation was 1.82 inches of water with negligabk evaporation loss. Equivaknt ground 
lcdd is 9.46 psf. Use a l o w r  at rest soil factor of 0.70 for an estimated u n h n  wall load of 6.62 psf. , 
SPECIFIC PRESSURE ARRAY FOR WALL FACE FLUNG POINT LOAD A R ~ Y  

F :=K.Q, P7 :=F 
Y . 1  

LEFT END REACTION VECTOR LmMDFlXED MOMENTVECTOR GENERALSHEAR ARRAY 
L 

~ 

y = o  

L Y 
v :=E*- F7,,z ( L - Y ?  haz:= p7 .y- r.r 

1.2 Lz 
y = o  Y -0 

GENERAL MOMENT ARRAY SPEURC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

Y 
M,,z:zMz- p7,,;Y - v .Y M7 :=M W::V 

Y.1 
y-0 

MAXIMUM PRESSURES, SHEARS AND MOMENTS FOR LOAD CASES I THROUGH 4 

max(P1) = 1.63 max(P2)=1.78 max(P3) = 1.25 max(P4) -0.85 

min(PI) =O.Ol min(P2) =0.01 mio(P3) =0.01 mio(P4) -0.01 

msx(v1)=9.13 m( V2) = 8.95 max(v)) =6.89 max( V4) = 5.33 

min(VI)=6.03 min(V2)=-5.14 min(V3) =-5.08 min(VI) =-6.03 

maw(M1) =24.25 WMZ) =%.a rmx(M3) = 18.73 max(M4) = 13.68 

min(MI) =-12.23 r&MZ)=-I2.% min(M3) a-9.67 mio(M4) =-6.67 
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PlDWALL SHEAR FROM LOAD CASE 1 . PSF 

.. 
b i i j i i b + i b io i i  iz i 3  i4 is 

VI PI 

E P j D W U  MOMENT FROM LOAD CASE 1 - FT-LB 

0 I 2  3 4 I 6  I t 9 1 0 1 1  1 3 1 1 S  

MI 

G-2 1 

max(PI) -1.63 

min(PI) =0.01 

max(VI) -9.13 

&(VI) = 6 . 0 3  

-(MI) =24.25 

min(M1) =-12.23 
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P3 
ENDWAILMOMENTFROMLCASE3-FTU 

0 I 2  1 4  I 6  7 1 9  1 0 1 1 I 2 L l I I L I  

v3 

G-22. 

rn(P3)  - 1.25 

mio(P3) =0.01 

max(V3) -6.89 

min(V1) =-5.08 

r n ( M 3 )  = 18.73 
-(EN) =-9.67 

.I 
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Fluor Daniel Northwest, Inc 
EVALUATION W Y S S  

E N D W W  PRESSURE FROM LOAD CASE 5 .  PSF 

PS 

0 I 2  3 4 5 6 7 t 9 l O 1 1 1 2 1 3 I I I 5  

M S  

max(P5) - 3.95 
min(P5) =0.01 

max(hfs) =4L.o4 
min(MS) =-17.7 

max(V5) = 16% 
min(V5) --IO.% 
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ENDWWPRESSUREfROMUCASE6-PSF 

0 1 1  3 4 J 6 I 1 9  I I I I l l 1 3 1 4 I 3  

P6 

max(P6) a 1.62 

max(M6) =21.54 
miO(M6)=-13.38 

max(V6)=1O.M 
mio(V6) - 9 . 7 1  

min(P6) =001 

n 

M6 
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ENDWALL PRESSURE FROM LOAD CASE 7 .  PSF 

P7 

ENDWALL SHEAR FROM WAD CASE 7 - PSF 

0 I 2  3 I J 6 7 1 9  1 O 1 1 I l U I 4 I J  

vl 

max(F7) =3.5 
min(p7) -3.5 

4 M 7 )  =65.31 
&(MI) =-32.65 

max(V7) =24.49 
&(W) =-27.99 

hil 
.. 
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CONTOUR PLOT OF FACTORS OF SAFETY FOR 
LOA0 CASE 1 YS MAXIMUM MOMENTS PROWCEO 
BY THE ARMORED CAR LOADING IN POSITION 'A". 
FACTORS OF-SAFETY > 10 HAVE BEEN 
NORMALIZED TO IOTO REDUCE PLOT 
CONGESTION. 

i f ( M I y , t > O , ~ W , & i o O )  

CONTOUR PLOT OF FACTORS OF SAFETY FOR 
LOAD CASE 1 VS MAXIMUM MOMENTS PRODUCED 
BY THE ARMORED CAR L O N G  IN POSmON "V. 
FACTORS OF SAFETY > 10 HAVE BEEN 
NORMALlZEOTO IOTOREDUCEPLOT, 
CONGESTION. .. 

if(Mly,~0,maxcM6).min(~)) 
FS16 := 

FS16Nl,z:=if(FS16y 4 CIO,FSI~~,~,IO) 
M 5 z  

1.2 
FSlS := 

FSISNy,z:=if(FSIS, ,L 4O,FSIS,,,IO) 
1.2 

7 4  MI 

min(FS1S) = I.4smax(FSIS)=264.11 min(FS16) = I.O(XoaxFS16) = 181.65 
FSWrmARMORmCARAT'A' 

(FSISN; (FS l6N) 
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CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 1 VS UXIhW MOMENTS PRODUCED 
BYTHEI992SNOW LaAMNGOF6.6ZPSFONTHEWWFACEFACTORSOFSAFETY>lOHAVE 
BEEN NORMUZEDTO 10 TO REDUCE PLOT CONGESTION. 

, , ,' 
~MIl~z*>o,ma(W.&W) 

FS17 .= 

FS17Ny,z:=if(FS17 1 4  <I0,FS171,~,10) 

min(FS17) =267 m(FS17) =430.79 

M'1.Z 
YJ 
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Fluor Daniel Northwest, Inc 
EVALUATION ANtLYSlS 

CONTOUR PLOT OF FACTORSOF SAFETY FOR 
LOAD CASE 2 VS KUMUM MOMENTS PROWCED 
BY THE ARMORED CAR LOAMNG M POSmON *A*. 
FACTORSCf SAFETY > 10 HAVE BEw 
NMULALaED TO 10 TO REWCE R O T  
CONGESTION. 

~(hQy,*N*~).min(Ms)) 
FS2S = 

YJ 

CONTOUR PLOT OF FACTORS of SAFETY FOR 
LOAD CASE 2 VS W U M  MOMENTS PRODUCED 
BY THE ARMORED CAR LOADING IN POSmON "8". 
FACTORS OF SAFETY z 10 HAVE BEEN 
NORMAUZEO TO 10 TO REWCE PLOT,) 
CONGESTDN. 

qM2 N,maX(M6),mio(W) 

%z 

FS26y.l = w 
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CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 2 VS W M U H  MOMENTS PRODUCED 
BY N 1992 SNOW LOACING OF 6.62 F'SF (LOAD CASE 7) ON THE W A U  FACE. FACTORS OF 
SAFETY i o  HNE BEEN NORMALIZED TO io TO REDUCE PLOT coNGEsnoN. 
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SPECIFIC PRESSURE ARRAY FOR WAIL FACE 

Ft~z:=(p(lSW,IS,U- 2.1- 14)) 

F U N G  POWT LOAD ARRAY 

p8 =F 

LEFT END REACTWN VECTOR LEFI END F M D  MOMENT VECTOR GENERAL SHEW ARRAY 
L z 

V,..:=% c % (L- 2)’ h5 ‘ Z  t 
2 = 0  r=O 

GENERAL MOMENT ARRAY SPECtFlc MOMENT ARRAY SPECRlC SHEAR ARRAY 

M8 

mio(P8)=5.69.10~’ 

max(p8) =o.z 

max(V8)=1.84 

mio(v8) =-0.93 

max(M8) =6.01 

rh(M8) -2.19 
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Nomralizethew~llhopnuunfwsnow loadeflest: 

K.Qs =3.5 

SPECIFIC P R W R E A R R A Y  F O R W W  FACE FIUINQ POINT LOAD ARRAY 

F : K Q ,  w -F 
I.' 

LEFT END RO\CTMN VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 
L L z 

2=0  r = o  2 - 0  
c wr.1 RL1 = 2 R(7.Z.m) 1.. 1 

v =RL- (L- 2)' 

GENERAL MOUEMARRAY SPECiFC MOMENT ARRAY SPECFIC SHEAR ARRAY 

v 9 : = v  

SIDEWALLPR€SSUREFROMLOADCASE9-PSF SIDEWA.LLSHEARFROMLOADCASE9-PSF 

0 1 1  6 8 1 O U I 4 U U W P 2 4 1 ( ' 2  
F9 v 9  

m i n w  = 3  s 
max(w) =3.5 

mM(V9) -33.24 

rnb(V9) =-36.14 

max(M9)=116.34 

min(M9) =-yL.61 

M9 
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Fluor Danlsl N ~ t t h ~ ~ t  I C .  wsm- 

Cw- - 
L W - E ? E W l w  -v mieL-- R4dU.t 

EVALUATION ANALYSS Fwbkw-g- -- - ,- z2$&E 

CONTOUR PLOT OF FACTORS OF WTY FOR LOAD CASE 8 VS MAXIMUM MOMENTS PRODUCED 
BY Tm f992 SNOW LOAMNG (LOAD CASE 9) ON M E  LONG WALL FACE. FACTORS OF SAFETY > 
50 HAVE BEEN NORMALED TO 50 TO REDUCE PLOT CONGESTKIN. 
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LOADCASE iO:An950~wnuntntedio ld)outrd~~mU,~bmJtankwal l~centar l inoandoRret  
0feeltoprodumaZ:l frdorofvfctyrs~~to1992,DecwnbersMwbad. 

Reset varlabksfornewfank otien+Ak F : = O  a:=o ,~ . . zo  y:=0,1..2a ~ ' ~ 2 0  

DlSCRETE LEFT END WClKJN N N W N  
',l 

(L-Z)' R(y,z,F).:F .--.(3-2+(L- 2 ) )  

SPECWC PRESSURE ARRAY FOR WAIL FACE 

I.' Ll 

FIUWG FTANT LOAD ARRAY 

F :=(p(950.0.22-r.g- 14)) PIO:=F 
7 4  

LEFT END REACTION VECTOR W E N D  FIXEDMOMENTVECTOR GENERALSHEARARRAY 
L 

Rl := R(y.z,PIO) 
Z=O 

GENERAL MOMENTARRAY S p E a m m w r m Y  S P E ~  snw ARRAY 

S D W W  PRESSURE FROMLOAD CASE 10. PSF 

PI0 
SDEWAU MOM€NT FROM LOAD CASE IO.FT-lB 

o z 4 6 :  1 0 1 ~ 1 4 1 ~ 1 : m n ~ r n n  

VI0 :=v MI0 :EM 

VI0 

G-33 

min(PI0) =o 
i@dx(PIO)=41.W 

mU(Vl0)=9.I2 

miP(V10) = -91.28 

mU(MI0) =IM.28 

min(M10) =-29.Z 

n 

MI0 
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CONTOURPLOTOFFAClORSOFSAFETYFORLOADCASE10VSMAXIMUMMOMEKlSPRODUCEO 
BY THE 1992 SNOW LOADW (LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFElY > 5 
H A M  BEEN NOR- TO 5 TO REDUCE PLOT CONGESTION. 

(FS109Nl 

FactmofSafe$atwft. 
intervals abngvertkal 
cmterline. 
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EVILI!NION ANALYsls 

HNF-2024, Rev. 2 

SPECIRC PRESSURE ARRAY FOR W A U  FACE 

Fl,z:=(P(21W,5.iZ- 2.y- 14)) 

FRUNGPOMTLO&DARRAY 

PI1 :=F 

LEFT END REACTkJN VECTOR LEFTEN0NXU)MOMEhTVECTOR GWERALSHEARARRAY 
L 

RL := R(y,z.PII) 
2-0 

0ENERALm))llENTARRAY SPECIFICYOMENTARRAY SPECtflcSHEARARRAY 

MI I 

mm(PII)=o 
M P 1 1 )  =2.76 

mx(VI1) 51223 

nin(Vl I )  =-20.6 

~M11)=66.99 

min(MII) =-30.43 

n 
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CONTOUR R O T  OF FACTORS OF W E N  FOR LOAD CASE 11 VS W U M  MOMENTS PRODUCED 
BY THE 1992 S N W  LOADNG (LOAD CASE 9) ON THE LONG W A U  FACE. FACTORS OF SAFETY > 5 
HAVE BEEN NORMALIED TO 5 TO REDUCE ROT CONGESllOM 
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SPEcB1c PRESSURE ARRAY FOR W W  FACE 

Fy,z:=(p'61M.10,Y- 2.y- Id)) 

R U N G  WlYT LOID ARRAY 

P12::F 

GENERALMOMENT ARRAY SPECIFK: MOMENT ARRAY SPECIFK: SHEAR ARRAY 

v 1 2 : = v  
My,, =ha,- PIZ,.;Z - V,,;Z MI2::M 

2=0 

PI2 VI2 

MI2 

G-37 

min(P11) =0.01 
ma*(PIz)=z 

m<Vl2)=16.47 

min(V12) =-I26 

w M I 2 )  =59.08 

min(M12) =-M.7 



Fluor Daniel N- IN. 
EVALUAMN ANALYSIS 

HNF-2024. Rev. 2 

R(y.2.F) ::F (‘-’)’ (3.Z+(L- 2 ) )  j 

Y . 1  L3 

SPECIFIC PRESSOREARRAY FOR WALL FACE 

F :=(p(IS800.15.22-z.y- 14)) 
,*x 

W N G  POLM LOAD ARRAY 

PI3 :=F 

LEFT END REACTION VECTOR LEFTENDFlXEDMOMENTMCTOR GENERALSHEARARRAY 

1 L z 
ML :: PI3 .z.& V ’  .rRL - PI? 

I r.z Lz I.‘ Y 7.1 
RL := R(y.z.PI3) 

Y 
2 -0 Z = O  z = o  

GENERAL MOMENT M Y  . 

2 SPECIFIC MWEWARRAY SPECtFlC SHEAR ARRAY 

M y , z - ’ ~ y -  PI3,,;2 - Vr,;2 M13:=M V13’=V 

2 - 0  

SDEWALLPRESSUREFROMLOAL! CASE 13-PSF 
I I I I I  I I , I  1 1 , 1 1 1  

smmmsHu\Rrno~~om CASE UPSF 
1 1 1  I I I  I I I  I I I  B I  

- 

PI3 VI3 

‘-I B 
min(PI3) =0.01 

max(P13)=2.3 

rmX(VI3)=19.39 

min(VI3) =+.8 

m r . M l 3 )  =63.28 

min(M13) =-29.41 

(3-38 
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CONTOUR PLOT OF FACTORS OF SAFEpl FOR LOAD CASE 12 VS IIAXYUM MOMENTS PROWCEO 
BY ME 1992 SNOW L O W  (LOAD CASE 9) ON THE LONG WW FACE. FACTORS OF SAFETY > 5 
HAM BEEN NOlUMJZED TO 5 TO REDUCE PLOT CONGESIION. 

(FS129N) 

G-39 
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CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 13VS W M U M  MOMENTS PROWCED 
BY THE1992S"l LOADHG (LOADCASE9)ONTHELONGWAUFACE.FACTORSOfSAFETY>S 
HAVE BEEN NORMAIRED TO 5 TO REDUCE PLOT CONGESTION. 

(FS139N) 

G-40 

Factors of?afe&o~~f t  
intewalsahgverti l  
centerlinc. 
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L 
RL := R(p.z.PI4) 

1 
Z-0 

GENERAL WMNl ARRAY 

SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 
M - PI4 .I - V,,;z MI4 .=M VI4 .= v 

I.' I I.' 
z = o  

s r n E w m , m s w m ~ m m  CASE M-PSF SDEWALLSHEARFROMLOADCASE ICPSF 

PI4 VI4 

SDEWALLMOMEN?ROMLOADCASE I4-R.lE 

- ,  
o i i i i i o i z i a b i t 6 h i k h  

MI4 

minfP14) =0.01 

max(PI4) =3.12 

max(VI4)=2214 

nUn(Vl4) =-8.75 

mu(Ml4) -6735 

minfMl4)--2921 

G-41 
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COMTOURPDTCf FACTOfS Cf WElYfW LOAOCASE l4VS WXgRlY YOYWTSPROWCED 
BY THE 1992sNow LO- (LOAD CAS€ 9) ON THE LONG WWFACE. F A C T M ( s O F ~ >  5 
WIVE BEEN NORMALPEDTO 5 TO REDUCE PLOT CONGESlDN. 

G-42 
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FI,r = (p(Q,r.22 - Z J  - 14)) 
,I’ 

LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR GENERALSHEAR ARRAY 

I. 
RLI = R(Y.z.F) 

GENERAL MOMENT ARRAY 
2=0 

Z=O 
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ca1cNO. TMnc 41 
R W U M S -  

pWm..Jb of 40 
fluor Daniel Northwest, Inc. 

Cl lmt  B . b O S t  6Wi lcox brhdc- -.Ty1? 
rua*ct 4 

b u m :  PFPmw A r u - m d o r d s i ~ ~  Wired: BY: 

EVALUATION ANALYSIS 

-@"l W 11117108 By: DA - ~ - h M L c . s d * -  c3mchi-m 6y: 

r . = 6  Q ~ 3 2 6 4  

SPEClFK PRESSURE ARRAY FOR WALL FACE 

Fy,z : (p(Q.r.22 - Z.Y - 14)) 

LEFT END REACTION VECTOR 

,*. 

LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

Z=O 
GENERAL MOMENT ARRAY 

Z=O 
I 
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Fluor Daniel Northwest, Inc. c11c No.XmsaL 
EVALUATION ANALYSIS R . n S 4 M : L  

P W . l h 3 7  Of 5B 

I = 7  Q -3150 

SPECRC PRESSURE ARRAY FOR WAlL FACE 

Fy.z - (p(Q.r,22-z.y- 14)) 
,I' 

LEFT END REACWN VECTOR LEFT END FIXED MOMENT VECTOR GENEWU: SHEAR ARRAY 

1. 

GENUW MOMENT ARRAY 

z 

y.. :My - c FJ - ",2 
2=0 

F r t a r d W a t m R  
intewals almg vertical canterline. 

r = 7  Q=3ISO 
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Fluor Daniel Northwest, Inc. Cais No. THIIEQI 
EVALUATION ANALYSIS R e v i s b n : L  

Pl.3.No.378 at % 

ay: U Lacatnn: PFP ZW W Area. b n b d  Sile. Rkhlmd Walhlmzkx RWl*.d: 

r . = 8  Q z 3 1 3 5  

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

if(My,,>O, m.( M9) .min(MP)) 

9 . 2  
FSy,z = 

FSNy,z : if(FSs,x<S,FSI,z.S) 

rnin(FS) = 1.49 mx(FS) =I.ZI.IO 3 

Factors of satety atme ft. 
intervals along vsrticsl centerline. 

r = 8  Q = 3 1 3 5  



HNF-2024, Rev. 2 

C ~ I C N ~ .  MzEni Fluor Daniel Northwest, Inc. 

C I M  P wc.?la. TMzl 

EVALUATION ANALYSIS Revis-: 0 
P l g + N . . E o l a  

Subject 141Z361 UndcmmucdTank By: AV 5.MES.S ER PEW 
b e m a  L- m Tank wall f r m  C M n l d  Lmd at Wad. 

r i h  in am ~ 0 u t i o n : m  Site. Richlnrd. W 
. .  

I :9 Q i 3240 

SPECIFIC PRESSURE ARRAY FOR WAU FACE 

FI,. :I (p(Q.r.22 - Z . Y  - 14)) 
.. ,. 

LEFT END RU\CTIONMCTOR LEFT END FIXED MOMENTVECTOR GENERAL SHEAR ARRAY 

L 
(L - Z)Z 
L* 

MLy = F,.;Z- 
1 = 0  Z = O  

FactonofSafelyatoneft 
intends along vertical centerline. 

r = 9  Q=3240 



HNF-2024, Rev. 2 

Fluor Daniel Northwest, Inc. U I C N o . ~  

EVALUAmN AN4LYSS W i s i a : L  

Q - h .  46 ol yo 
4@7 

Clint:- wwo.  run 
S u t j a d  Zlt<+St Lnm*mmd Tank 

l.m6m-- RCVISld: w 
clalak&L* yl!&y#!+i! 

r.:lO Q.:34 lS  

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

Fy,z '= (p(Q.r.22 - 2 . v -  141) 

LEFT END REACTION MCTOR LEFT END FIXED MOMENT MCTOR GENEW~ SHEAR ARRAY 
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Fluor Daniel Northwest, Inc. C.ISHO. TM22.CQ1 

EVALUATION ANALYSIS R w i s i m d  
P.0 .k .  4 D l  93 

Cllnt: B a D c o s k h W l l c o x H n l W d E v -  -.N2 
Sr: AVOS. MESSffiER. F€ r g  

::a* p,. ,"Lw A. S d j &  241.236( Und.ramurdTnt 
iAe,al w UI lank Wall Imn C u I U m r a m  " 

w t i o n :  PFP2a0WAna-HmlndSihRkMand.W1~Mmtan Revised: 8,: 

r = I I  Q.:3Mm 

SPECIFIC PRESSURE ARRAY FOR W A U  FACE 

F,,z (p(Q.1.22 - Z,Y - 14)) 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

z = 0  
QENERAL MOMENT ARRAY 

L 
(L - Z)2 ML .= Fy -2.- 

Y .z  , 2 
2=0 

L 

Fastwrofsakty at onen 
intervals along vertical centariii. 

r = i l  Q=3m 
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Fluor Daniel Northwest, Inc. CIICHO. ~ 2 ~ 4 4  
EVALUATION ANALYSLS R N i r k i x A  

P W . N L . L O I i ? L  

U 

r z u  q ;3860 

SPECIFIC PRESSURE ARRAY FOR WAUFACE 

Fy,z:=(p(Q.r ,22-  2.Y-  14)) 

LEFT END REACTION VECTOR LER END FIXED MOMENT VECTOR QENERAC SHEAR ARRAY 

L L z 
RLy = R(y.z,F) Y F y , . ? k ? f  V >.' Fs,z 

Z=O 
L' 2=O 2 - 0  

OENERAL MOMENT ARRAY 

z 

ht.z =my - c F y , 2  - "y.;Z 

Z = O  

FSWCASEIIVS 1992SNOW 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSIS 

Clknt__grpEnsk& Wkox H a f a d  Crm- W W a T M l l  
S"ble2EL' 241Z56I Ummmlmd Talk 

himm LMw. P F P Z W W A w - ~ W ~  

w: D A W  2. HESSINGNGER , PE -cr%f 
M"2l Lmda T.nt  W d l h c m c n m t  . d M . I W *  . .  

r : 13 Q =1175 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F y , r . = ( p ( Q . r . 2 2 - z , s -  14)) 

LEFT END REACllON VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

L L z 
v :a- (L - Z)2 ML : F iz- my = I I. L2 N y . 2 . F )  

Z=O 2=0 Z = O  

GENERAL MOMENT ARRAY 

2 

M,,z :MLI - FI,;z - Vl.r.z 
2=0 

FS OF CASE 14 VS 1992 SNOW 

Factors of Safety atone tl 
intervals abng vertical caterline. 

r = 1 3  Q=4175 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSIS 

r i I4 Q :4S50 

SPECKH: PRESSURE ARRAY FOR W A U  FACE 

F - (p(Q.r .22-r .y-  IO) 
Y.2 

LEFl END REACTDN VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

1 

GENERALMOMENT ARRAY 
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Fluor Daniel Northwest, Inc. CIlC Na. m4.Y 
EVALUATION ANALYSIS R W i S b A  

P l g + N o . f L o f A L  

b m :  FfPlW WAma. HnMd Sit%-. W1.himtm U 

r : IS Q -49175 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F = (p(Q.r.22 - 2.y - 14)) 
Y.Z 

LEFT END REACTION VECTOR LEFT END FIXED MOMENTMCTOR GENERALSHEAR ARRAY 
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OlSCREE LEFT END REACTlON FUN€M)N 

LOAD CASE 1:TENl FRW LoADPtUS 6oOLBA1 STEPOFF PAD (1)ANDMO LB ATSIEPOFF PAD (2) 

SPEClFlCPRWSUREARRAY FORWALLFACE 

L E F l E N D ~ ~ V E C T O R  LEFTENDFMEDMOMENTVECTOR GENERALSHEARARRAY 

0EHERAL"TbRRAY SPECmC MOMENTARRAY SPEUFlCsHfARARRAY 

Y 
M =ML - 2 Pl,,;y -V,,;y MI :M VI r v  

,.I 1 

y - 0  

G-54 a 
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Fluor Daniel Northwest, Inc. wsm rm-w 1 

EVALUATION ANALYSE R S v h i m L  

w 4 L d %  
cm- -% 
S W C t  a t z a i ~ T n c  

1Cdk- ' Y h ' m  Rw&b $: 

LOAD CASE 2: P r e a  and total fwce melted on tank endwall due ta 5 point laads of 80 Ib from tent frame and one 
732 Ib concenhted bad from cart at pad (1) and m load at pad (2). Load center for pad (1) is 4 R from tank end wall. 

SPECIFIC PRESSURE ARRAY FOR W W  FACE 

la&l.&mTr*Wd hoacmmw a d l O l d * O ~  

) FILLING POJM LOAD ARRAY 

E:=F 

LEFT END REACTlON VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEARARRAY 

V2::V 

LOAD CASE 3 Pfeswre and total fm exerted on lank endwall due to 5 paint loads of 80 Ib from lent frame and one 
732ibconcentratedloadfromcsrtatpad(l)andnoloadatpad~). Loadcenterforpad(1)isSR. from tankendwall. 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 1 FIWNG POIFIT LOAD ARRAY 

P3 :=F 
LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR GENERAL SHEAR ARRAY 

GENERALMOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 
Y 

M =m*- 2 P L Y  - v .y M3 .=M 
1.2 I.' 

y = o  

v1 = v  

G-55 
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LOAD CASE 4: Pressure and total force exerted on tank endwan due to 5 polnt loads of 80 Ib Iran lent frame and one 
200 Ib mncanbated bad from H P T e t  pad (1) and cart load of 732 bet pad (2). Load center for pad (1) is4 R. from tank 
endwall. 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 
FILLING POlMLOADARR4Y 

P4::F 1 F : z  p(80,ZS.U- r , y -  - 3 ) +  p(80.25.22- Z J -  8 )  tp(80.75.22- 2.y- -3) ... 
+p(80.1.5.U-z.y-25)+d80.7~.22-z.y-8)tp(ZW.4,22-z,y-5.5). i +p(132.8.0.22- a,y- 1) 

LEFT END REACTION VECTOR LEFT END F W O  MOMENT VECTOR GENERAL SHEAR ARRAY 

y = o  y = o  y = o  

SPECIFIC MOMEM ARRAY SPEUFlC SHEAR ARRAY GENERALMOMENT ARRAY 

Y 

y = o  

LOAD CASE 5: A 12,wO Ib a& car located as shorm in fig. 3 at pmiWn'A.. 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

FILUNG POINT LOAD ARRAY I PS::F 
F := p(3000,8%,22-z.y -. 8.%)+p(Mw,4.24.22-z,y-(-4 .21))... 
%' I +p(3~.10.6,~-z,y-212)+p(Moo.15.32.22-2,y--2.60) 

LEFT END REACTION VECTOR LEFT END FIXE0 MOMENT VECTOR GENERAL SHEAR ARRAY 
L 

E.:= R(y.z,PS) 
Y 

Y='o y = o  y = o  

GENERALMOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 
" 

!.4 :MLz- PS,.;y - v 'y Ms .=M 
7.z 1.' 

y = o  

G-56 
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LOAD CASE 6: A 12,MO Ib armored car Wed as shown in @. 3 at ppsifion T. 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

FILLING FOI& LOAD ARRAY I P6 :-F 
F :=lp(3W,lS.32.U- r , y -  .Z.W)tp(3000.10.W.22- z,y- (2.12)) .._ '" /+p(3W.l6.%,22-z.y- 8.48)+p(3wO,21.68.22- z,y- 3.76) 

LEFT END W C T I O N  VECTOR LEFT END FIXE0 MWENT VECTOR GENERAL SHEAR ARRAY 
L Y 

V :=RL - P6,,, 
Y J  1 

GENERALMOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 
Y 

y=o 

SPECIFIC PRESSURE ARRAY FOR WALL FACE FlllJNO POINT LOAD ARRAY 

F :=K.Q P7:=F 
Y.Z 

K.Q,=3.5  

LEFT END REACTION VECTOR LEFTEND FIXED MOMENTVECTOR GENERAlSHEARARR4Y 

GENERALMOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

Y 
Ml :M VI = v  M,,z =mz- p71.2 - VY.2  

v-0  

G-57 
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WMUM PRESSURES, SHEARS AND MOMENTS FOR LOAD CASES 1 THROLKiH 4 

mpx(P1) =4.45 aax(P2) =S m&B) =3.46 max(P4) t2.21 

min(P1) =0.01 min(R) = a 3  min(P3) =-0.01 min(?4) =O.@ 

max(V1) =22B max(v2) =21.8 mor(v3) = I733 max(V4) =12.93 

min(Vr) 4 . 2 3  m i n ( V Z ) 4 6 9  1~i~((v3)=-11.5 &(VI) =-It23 

max(M1) =61.44 max(M)=M).93 max(M)=48.15 m ( M 4 )  = 33.62 
min(M1) =-30.95 min(M2) =-33.19 min(M3)=-25.31 min(M4) 46.58 

(3-58 
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.. 
ENDWWMOMEKIFRIMLOAD CASE I -FI-LB 

0 I 1  3 1 J 6 I I 9  1 0 1 1 1 1 U l 1 I J  

411 

max(PI) -4.4s 

rmnfPI) =0.01 

max(VI) -2298 

min(VI) =-13.23 

max(MI) =61.U 

%MI) =-30.95 

G-59 
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Fluor Daniel Nortfnvest, Inc. 
EVALUATION ANALYSIS 

ENDWALLPRESSUREFROMLOAD CASEZ-PSF 

0 I 2 1 I I 6 7 1 9 IO  I1 I2 I3 l b l l  

0 I 2  1 4  I 6 1 i 9 1011I2I3I4LI 

hU 

ENDWALL SHEARFROMLOAD CASE 2 -PSF 

0 I 2  1 4  I 6  1 i 9 1 0 1 1 1 1 1 3 L b I I  
V2 

mnx(P2) =5 

min(P2) =-Q.O3 

max(V2) E21.8 

mio(V2) =-I369 

max(M2) -60.93 

min(M7.) -43.19 

G-60 



HNF-2024. Rev. 2 

fluor Daniel Northwest, Inc. 
NALW\TKIN P N A L Y S  

ENDWAlL SHEARROMLQAD CASE 3 .  PSF 

0 I 2  3 4 I 6  7 I 9  I O I I I I U I 4 1 5  

v3 

WP3) =3.46 

m;n(P3) -4.01 

d V 3 )  - 17.33 
min(V3) ;--11.5 

rmx(K3) =48.15 
mho) =-25.31 

G-61 
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0 2 3 I I 6  7 I 9  1 0 1 1 1 1 I I 1 4 1 5  
M4 

max(P4) =2.21 

min(P4) -0.02 

met(K4) 333.62 
min(M4) -46.58 

ma(V4) - 12.93 

miQ(V4) -7.46 

G-62 
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Fluor Daniel Northwest, Inc. 
EVALIJATDNANALYSLS 

0 I 1  3 b J 6 7 1 9  1 0 1 1 1 1 I f I 4 I J  

PS 

E-iDWAUSHEARFROMLOADCASES-PSF 

vs 

M P S )  =9.m 
&PS) 4 . 2 4  

M W )  =80.87 
min(M.5) 5-3642 

mSx(VS) -35.36 
min(VS) --19..(14 

G-63 



HNF-2024, Rev. 2 

0 I 2  3 1 I 6  7 I 9  1 0 1 1 I 2 I 3 1 4 I 5  

P6 
ENDWALlMOMENTFROMUCASE6-FT-LB 

0 I 2 I J 6 I 8 9 IO I 1  12 I3 1 4 1 5  

h16 

V6 

w m )  -4.7 
min(W) =-C.41 

W M )  516.14 
min(M) =-?6.64 

mufV6) =XI07 
min(V6) =-24.82 

G-64 
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a 
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E N D W W  PRESURE FROM LOAD CASE 7 .  PSF 

-' 
0 1 2  3 4 I 6  7 I 9  L O l I 1 2 1 3 I 4 I ~  

F-l vl 

max(P7) =3.5 
min(P7) =3.s 
max(M7) =65.31 
min(hl7) =-32.66 

max(vl) = 24.49 
min(v-7) -21.99 

Fluor Daniel Northwt,  Inc. CI Ma n m C O 1  

NALUATlON ANALYSIS 

G-65 
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-1 

-1 

COMOUR PLOT OF FACTORS OF SAFElY FOR 
LOAD CASE 1 VS MAXIMUM MOMENTS PROWCED 
BY THE ARMORED CAR LOADING IN POSITION 'A*. 
FACTORS OF SAFETY > 10 HAVE BEEN 
NOIMUIZED TO 10 TO REWCE PLOT 
CONGESTION. 

'f(Ml,,,~.""(Ms'.~Ms)) 

Ml1.Z 
FSISI,x = 

FSlN .~'f(Fslsl,*~'O."'sl,~lO) 
1.2 

m(FSI5)  =1.11 max(FS1S) =6.8&Id 

CONTOUR PLOT OF FACTORS OF SAFEpl FOR 
LOAD CASE 1 VS MAXIMUM MWENTS PROWCED 
BY THE ARMORED CAR LOADING IN POSITION T. 
FACTORS OF SAFETY > 10 HAM BEEN 
NORMWZEDTO10TOREDUCEPLOf 
CONGESTION. 

if(KII,~O.~M).min(W) 
FS161,z = 

FS16Ny.z .= 'f(FS16,~~~10.FS161.~. IO) 

min(FSI6) -1.18 max(FS16) =6.S3.ld 

MIYJ 

I I - 1 1 t h  U 

G-66 
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Fluor Daniel Northwest, Inc. wcm- 
WALUATDN ANALYSE -1 

P.oatt& ala -- wMa_QB__ 

&mud-- z?@- 
L c a t i m P  R d u &  

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 1 VS W M U M  MOMENTS PRODUCED 
BY THE 1992 SNOW LOADING OF 6 62 PSF ON THE WALL FACE. FACTORS OF SAFETY > 10 HAVE 
BEEN NORMALIZED TO 10 TO REDUCE PLOT CONGESTION 

d(M$z*,WW).4mnO) 
FS17,+z = 

BUN,,* =1f(FS17,,~<10,FS17~,~,10) 

rmn(FSl7)=lM max(FS17)=5SS.ld 

Mi%Z 

FS178 Y :=FS17y,,-, 

min ( FS17 8 )  =4.% 

G-67 
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Fluor Daniel Nolthwesf Inc. -- -- 
S*24k&w'' ' 
p 

wslh TyzIc91 

EVALUATION ANALYSIS -2- 
Rp.&L&L 

4, - 
" ' 2222% : 

Y ., . .Y .I RIId w 

CONTOUR PLOT OF FACTORS OF SAFETY FOR 
LOAD CASE 2 VS W M U M  MOMEMS PROWLCED 
BY THE ARMORED CAR LOACiNG IN POSITION 'A: 
FACTORS OF SAFETY > 10 HAM BEEN 
NORMALIZED TO 10 TO REDUCE PLOT 
CONGESTION. CONGESTION. 

CONTOUR PLOT OF FACTORS OF WEN FOR 
LOAD CASE 2 VS MAXMUM MOMEMS PRODUCED 
BY JHE AEMORED CAR LOADING IN POSITION 8'. 
FACTORS OF SAFETY 10 HAVE BEEN 
NORMWED TO 10 TO REDUCE PLOT 

'p 

-10- 

-11- 

'It - 
-14- 

-15- 

-16- 

-11- 

-la- 

-19 

N 
0 :  i 5 6 7 t 9 1 O l l l 2 1 3 1 4  

I 1 1 , 0 1 I , I  

(FS2SN) 

FS2Ssy .=FS?.5y.._8 

uh(FS25 8) - 11.31 

if(~,,p.rmxcM6,.mMs)) 

f 9 . Z  

FS26 := 

FS26h',,, :=if(FS26,,z40.FS26y,, IO) 

mio(FS26) 51.1 max(FS26) =1.22*10' 

Y*Z 

G-68 
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CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 2 VS W M V M  MOMENTS PRODUCED 
BY THE 1992 SNOW LOADING OF 3.5 PSF (LOAD CASE 7)  ON THE WALL FACE. FACTORS OF 
SAFEM > 10 HAM BEEN NORMALIZED TO 10 TO REDUCE PLOT CONGESTION. 

FS27 := ir(m,,p.maxcw).mino) 
m1.z 

1.2 

FS27NY,*:= if(FS27y,z<10,FS277,z, IO) 

min(FS2?)=0.98 maJ(FW)=l.Wld 

FS27 8,:=FS?71,,_, 

min(FS27 = 10.43 

I 
5 
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Fluor Daniel Northwest, inc. C. l sNa  lllgc o( 

?vm.L=Z al 90 
EVALUATION ANALYSIS -A 

c a a c m -  ‘ A  - 
*dn4 =- Sub- 

k u m Z - B 3 a v W ’  *v  . ’- Rcriud: 

LOAD CASE 8 A 1,sW Ib mncanbDted kad located rwmalto the bng tankwatl at canterline and dfset 15 feel to 

Reset vanawes for new tad orientstion: 

DISCRETE LEFT END REACTION FUNCTION F:=O z:=O.I..ZO y:=O.l . .28 L : - 2 0  

repreumlatemporsrystorsBe -. 

2 
R(y.2.F) :=F .(L-.(33+(L-z)) 

Y.Z L3 

SPECIFIC PRESSURE ARRAY FOR W A U  FACE FILLING POINT LOAD ARRAY 

F7~~:=(p(1500.1S.22- 2.y- 14)) E%=F 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 
L L 2 c p8Y.Z  

:: c p8 .=.H v :=w- 
Y )..I L2 I., Y RLy:= R(Y.Z,W 

2 - 0  z=o 2 - 0  

GENERALMOMENTARRAY SPEClflC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

V8:=V 

SIDEWALL M O W  FROM LOAD CASE 8. FT-LB 

- 3  , 1 1 1  
o i i i i i o i 2 i r $ i a h a r z s m  

M8 

G-70 

min(P8) -4.05 

max(p8) =0.65 

max(V8) -3.69 

&(‘IS) =-4.71 

max(M8) - 17.49 

min(M8) =-8.83 
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LOAD CASE 9 This load case Is l o t m ( 0 a d  effed on the long (2s) sldeof thotnnkwau Since the tankrraB load 
cap* Is assumed to vary u(th dew. (he bending action Is aswmed lo be one way alocg the short axla m s  mll 
make Uu6 easa cornstant mlh the omen cas85 reviewed. 

NOllnab2.3 meMIl tam persne fMIinowload e f f m  

K Q , - 3 S  

SPECIFIC PRESSURE ARRAY FOR W U  FACE FlWNG POINT LOAD ARRAY 

FY,* ' K Q ,  P9 :F 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 
z 

M,.z :=my-  p9,;z - v  .Z M919::M V 9 : = v  
7 2  

2 - 0  
'SF smEwALL SHEAR FROM LOAD CASE 9 ~ PSF 

I 

6 i i i i i o i z i . i s i r i o i 2 k k i P  
P9 v 9  

rmn(p9) =3.5 

max(F9) -3.5 

mx(V9)=33.24 

M V 9 )  =-36.74 

mM9) - 116.34 

min(M9) =-S8.61 

M9 

G-71 



HNF-2024, Rev. 2 

Fluor Daniel Northwest, Inc. 
EVALUATION ANUYSlS 

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 8 VS W M U M  MOMENTS PRODUCED 
BY THE lS92 SNOW LOADlNG (LOAD CASE 9) ON THE LONG W W  FACE. FACTORS OF SAFETY > 
20 HAVE BEEN NORMAUZED TO 20 TO REDUCE PLOT CONGESTION. 

iqw,.*M>o,max(Ms).min(M9)) 

M 5 . Z  

FS89 := 
Y.2 

Fs89Ny.z := if(FSHy.z<20, FS8gY, *.20) 

min(FS89) =6.& max(FS89) =314.68 

FS OF CAT 8 VS 1992 SNOW 

-44 ! ! ! ! ! ! ! !  ! ! ! ! ! I 
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LOAD CASE 11: An 3,620 Ib concentrated load located normal to the long tank wall at centerline and offset 
5 feet to produce a 21 factor of safely relative to 1992. December snow load. 

Reset variables for new tank orientstion: F.=O z:=O.I..20 y:=O.1..28 L:=20 

MSCRETE LEFT END REACllON FUNCTION 

R(y.2.F) :=F  7.1 . k . ? f . ( h + ( L - z ) )  Ll 

spEaFK: PRESSURE ARRAY FOR WALL FACE FILLIN0 POINT LOAD ARRAY 

F :=(p(3620.5.22- z.y- 14)) PI1 :=F 
I.' 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 
L 

RL,:= R(y.z.PII) 
.so _ _  

GENERAL W E N T  ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

M :=ML- MI1 :EM 
I.' 7 

z=o 

VI1 :=v 

SIDEWALL PRESSUREFROMLOADCASE I I-PSF SIDEWALL SHEAR FROM LOAD CASE I1 -PSF 

PI I VI1 

SDEWALl M O M  FROM LOAD CASE I I-FT-LB 

0 2 4 6 S l O l l l 4 l 6 l 8 ~ Z 2 2 4 X 2 2  
MI I 

min(PII)=-o.l 

max(PII)= 14.08 

max(Vll)=5.69 

min(V1 I )  =62.01 

max(M1I) = 105.12 

-(MI 1 ) = -29.35 
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CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 11 VS W M U M  MOMENTS PRODUCED 
BY THE 1992 SNOW LOAGING (LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFETY > 
10 HAVE BEEN NORMALIZED TO 10 TO REDUCE PLOT CONGESTION. 

~~~MII, ,>o.MM~).o~+w) 
FS119 := 

FSI 19Ny., :=if(FSI 19y,z<10.FS119yJ. IO) 

~ F S 1 1 9 ) = I . I I  max(FS119)=81207 

I.'. 
I . Z  MI 1 

FS nF CAW I 1 VS I W2 SNOW .__. 

-7 r r  I I I 1 - 1  I I I 1 - 1  I I 

Factors of Sakly at one R intervals 
along vertical centdine. 

(FSI 19N) 
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LOAD CASE 12: An 3.415 Ib concentrated load located normal to the long tankwull at Canterline end offset 10 feet to 
produce a 21 fada of &eIy relawe to 1992. December snow load. 

Reset varlables for new tank orientation: 
DISCRETE LEFT END REACTION FUNCTION 

F:=O z : = 0 . 1 . . 2 0  y:=O.1. .28 L::20 

2 
R(y.2.F) :=F - m . ( 3 . z + ( L -  2 ) )  

I.' L3 

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY 

F :=(p(3415.10,22- 2.p- 14)) P12:=F 
1.1 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR .GENERAL SHEAR ARRAY 
L 

RL := R(y.z.PIZ) 
I 

1 = 0  

L z c PI2,.* v :=RL- ,.= I 
(L- z)= 

LZ 
ML := PI2 .z- 

2 '0  
I 7.' 

z = o  

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

M = M I -  P12,.;2 - v -2 
Y.Z I ,.* 

z=o 
SIDEWALL PRESSURE FROM WALl CASE 12-PSF 

PI2 

MI2 

VI2 :=v M12:=M 

'-I B 
minfPI2) 1 4 . 0 7  

max(P12)53.32 

max(V12)=9.19 

min(V12) =-23.37 

max(M12)=70.08 

min(MI2) --29.31 
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Fluor Daniel Northwest, Inc. -h- 

P@k& e4 27 
EVALUATION ANALysls fl&imp 

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 12VS MAXIMUM MOMENTS PRODUCED 
BY THE 1992 SNOW LOAGING (LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFRY > 5 
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION. 

if(M12 >O,r~x(M9).min(M9)) 
FS1291.z:= 'J  
FS129N1~z:=a(FS129 1.1 <S,FS1291,z.S) 

min(FS129) = 1.66 max(FSIZ9) =I.Qld 

Y.1 
MI2 

G-76 

Fadws of Safety at one R intmak 
along vertical centerline. 
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LOAD CASE 1 3  An 5,WO lb cmmmabd bad located n m l  to the long tank wall a( centefbne and ottset 15 feet to 
pioducaa21 ledorotaatehlrelabveto1992,Decernbersnowload. 

ResetvariaMesfornewtankorlentation: 

DISCRETE LEFT END REACTION FUNCTION F : = O  z : = ~ . I . . M  y : n o , ~ . . 2 8  ~ : = 2 0  

(L- 212 R(y.z,F) :=F .-.(3-2+(L- z)) 
7.2 L3 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

FI.x:=(p(MO0.15.22- 2.y- 14)) 

FILLING POINT LOAD ARRAY 

PI3  :=F 

LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR GENERAL SHEAR ARRAY 

L I. 2 

ML := v =my- c P'3I.Z 
(L- 2)Z 

L' Y.Z 
PI3 .o- 

2 = 0  
RL, = R(y.z.PI3) I I.' 

2'0 2 = 0  
GENERAL MOMENT ARRAY 

SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY 

SIDEWALL PRESSURE FROMLOAD CASE 13-PSF 

0 2 4 6 I 1 0 1 2 1 4 1 6 1 t ~ R 2 4 2 6 2 1  

PI3 

MI3 

M13 .=M VI3 ::V 

SIDEWWSQXRFROMLOADCASE 13-PSF 

VI3 

min(P13) 1-0.18 

msx(Pl3) -217 

mu(V13) = 12.31 
min(V13) =-15.7 

max(Mi3) =58.3 

minfMI3) =-29.44 
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0 

CONTOUR PLOT Of FACTORS OF SAFETY FOR LOAD CASE 13 VS MAXIMUM MOMENiS PROWCED 
BY THE 1992 SNOW LOADlNG (LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFETY > 5 
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION. 

if(M13 >O,&M9).midM9)) 
FS139y,z:= '" 
FS139N,,z :=if(FS139y,1<5.FS139,,,5) 

ndm(FS139) =1.99 max(FS139)=94.4 

M13'J 

(FS139N) 
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LOADCASEl4AnT~lbconuntratedlosdlosstedno~ltothelongtankmU~centsrlinandoffset 
2 0 f ~ t o p r o d u w ~ 2 r t h ~ o f ~ n M ~ t o 1 9 9 2 , D s s e m b . r ~ n o w b . d .  

Resat vadabkrfornewtank orientation: 

MSCRETE LEFT END REACTION FUNCTION F -0 z = O . l . . u )  y:=O.1..28 L =20 

SPECIFW: PRESSURE ARRAY FOR W U L  FACE 

F :=(p(7850.20.22- 2.y- 14)) 
7.' 

FILLING POW LOAD ARRAY 

PI4 -F 

LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR GENERAL SHEAR ARRAY 

L 
RL.= c R(y,z.P14) 

,=O . 
GENERAL MOMENT ARRAY 

7. SPECIFH: MOMENT ARRAY SPECIFIC SHEAR ARRAY 
My.= =my- PWY;2 - V I MI4 = M  VI4 = V  

Y A  
Z - 0  

:-I 

-1 
-1 
-1 

-1 
-1 

MI4 

min(PI4) =4.38 
rnax(PI4) = 1.92 

msx(Vl4) = 14.69 

e V 1 4 )  - - I 2 3  

man(MI4) -54.48 

min(Ml4) =-29.36 
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CONTOUR PLOT OF FACTORS OF SAFER FOR LOAD CASE ¶4 VS MAXIMUM MOMENTS PRODUCED 
BY THE 1992 SNOW LOADING (LOAD CASE 9) ON THE LONG WAU FACE. FACTORS OF SAFETY 5 
HAVE BEEN N O W Z E D  TO 5 TO REDUCE PLOT CONGESTION. 

(FS149N) 

G-80 

Fadm of Safe& at one R intervals 
along vertical centerline. 
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F = (p(Q.r.22- 2.y- 14)) 
y.' 

LEFT END REACTION MCTOR LEFTEND FIXED MOMENTVECTOR GENERALSHEAR ARRAY 

0 - 0  

GENERAL MOMENT ARRAY 

L 
(L - Z)Z ML :: F .7.-- 

Y Y.2 ,2 
2 ' 0  

L. 

1 

Facton of S a w  at o m  ft 
intervals along v e W  canterline. 

r = O  Q=9SO 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSIS 

r = l  Q:lOOO 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

Fy,r i (p(Q.r.22 - 2.y- 14)) 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL: SHEAR ARRAY 

2-0 
GENERAL MOMENT ARRAY 

Factors of Safety al One fL 
intsruah along vertical centerline. 

r = l  Q- lW0 

(FSN) 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSIS 

r = 2  Q : 1140 

SPECIFIC PRESSURE ARRAY FOR W A U  FACE 

F =(p(Q,r ,2Z-z ,y - l4 ) )  

LEFT END REACTION MCTOR 

Y.2 

LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

GENERAL MOMENT ARRAY 
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Fluor Daniel Northwest, InC. 
EVALUATION ANALYSIS 

r - 3  Q -1360 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F , ,  = (p(Q.r.22 - 2.y- 14)) 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

Z = O  

GENERAL MOMENT ARRAY 

7. 

MY.x .= MLy - c Fy,;z - Vy,;z 

* = O  

. 
2'0 

FacfMI 01SafW a4 QYR 
intervals along vertical centerline. 

r - 1  Q = I W I  

(FSN) 
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Fluor Daniel Northesf Inc. WcHD TWnEQt 
EVALUATION ANALYSIS R c r i i l o n : p  

? a m  N O . X O f &  

Lartim: PFP 200 W Area -Hnford Slte. R k t h # Y  ..hkDtM 

r = J  Q.1650 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F,,* (p(Q,r.22 - Z.Y - 14)) 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

z=O 
GENERAL MOMENT ARRAY 

2 

3.. =my- Fy.l.2 -vy.." 
Z = O  

z = o  

Faclorr of Safeiy at One fL 
intervals along vertical centerline. 

r = 4  Q=1650 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSIS 

r - 5  Q 11025 

SPECIFIC PRESSURE ARRAY FOR W A U  FACE 

f = (p(Q.r.22 - E.Y - 14)) 
7.1 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

2 

"y,z : RLr - c F Y . l  
2. = 0 

Fadon of Saleiyatitaun 
intervals abng vertical canterline. 

r = 5  Q=2025 
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Fluor Daniel Northwesf Inc Cakm l?#?244 
EVALUATION ANALYSIS R W i u o n : A  

P . g W a Z L f L D  

. .  
L 0 A r n : m s  IkRicblmrd. W a N i  R e d d  sv: 

r= 6 Q'; 2310 

Sf'EU!X PRESSURE ARRAY FOR WALL FACE 

F = (p(Q.r.22 - 2.y - 14)) 
)..I 

LEFT END REACTION VECTOR LER END FIXED MOMENTVECTOR GENERALSHEAR ARRAY 

FadorsotSafdyatonefL 

r - 6  Q=2510 
intsrvalr along vertiul centerline. 
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LEFT END REACTION VECTOR LEFT END FlXED MOMENT VECTOR GENERAL SHEAR ARRAY 

L 

. .  
GENERAL MOMENT ARRAY 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSIS 

c i 8 Q i 3820 

SPECmC PRESSURE ARRAY FOR W R U  FACE 

Fy,z = (p(Q.r,22 - 2,s- 14)) 

LEFT END REACTION VECTOR LEFT END FlXED MOMENT VECTOR GENERAL SHEAR ARRAY 

z 

FadDR d Satsty atone f t  
intervals along verticd san(srlina. 

r = 8  Q=3820 
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Fluor Danid North'&, Inc. 
NALUATlON ANALYSLS 

r = 9 Q ~ 4 7 2 0  

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

FY.. = (p(Q.r.22 - 2,y - 14)) 

LEFT END REACllON VECTOR LEF~ END FIXED MOMENTECTOR GENERAL SHEAR ARRAY 

FaCtOfSOfSZtWatWft. 
intervals abng vertical centerfine. 

r = 9  Q=4720 
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Fluor Damel Northwest, Inc. 
EVALUATION ANALYSIS 

Washlmtm i7.vis.d: U LOUW F f P 2 0 0 W A m - U ~ R k h l m d .  
' 

r:' IO Q .= 5830 

SPECIFIC PRESSURE ARRAY FOR W W  FACE 

l'y,z ( p ( Q , r . 2 2 - ~ , ~ -  14)) 

LEFf END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENE~AL SHEAR ARRAY 

Z-0 
r3EMRAL MOMENT ARRAY 

L 
my.= F1,;z.? (L-2)' 

Z = O  Z=O 
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F ~ . ~  = ( p ( ~ . r , 2 2  - Z.Y - 14)) 

LEFT END REACTION VECTOR LEFl END FIXED MOMENT VECTOR 

2'0 L 

7 

FactorrdSaMydC-R 
intervals along Vartiml canferline. 

r = l l  Q=1160 
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Fluor Daniel Northwest, Inc. 
EVALUATION ANALYSS 

Lonuon:  PFPmw A r e  -Hafwd Sib. Rkhlnd Wiilxmtm U 

r z 1 2  y ; s w  
SPECIFIC PRESSURE ARRAY FOR WALL FACE 

Fy,z .= (p(Q.r.22 -2 .y - 14)) 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERALSHEAR ARRAY 

(FSM 
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Fluor Daniel Northwest, InC. 
EVALUATION ANALYSIS 

r - I 3  Q-lOW 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F,,, : (P(Q.LU - Z.Y - 14)) 

LEFT END RU\CTION VECTOR LEFTENDF!XED MOMENTVECTOR GENERALSHEAR ARRAY 

FS OF CASG 14 VS 1992 SNOW 
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Loutlm: PFP 2ca w Arm -Hn(od s-.slin.atm 

r - I d  Q .13m 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

F i (p(Q.r.22-Z.y- 14)) 
1.2 

LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR GENERALSHEAR ARRAY 

Faclondsafdystcnsn 
intervak along v e t i u l  centerline. 

r = l 4  Q=Um 
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Fluor Daniel Northwest, InC. 
NALUATlON ANALYSIS 

Loul im ffP2WWArn.- 

r = I S  Q - 15750 

SPECIFIC PRESSURE ARRAY FOR WALL FACE 

Fy.z - (p(Q.r.22 - 2.y - 14)) 

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY 

Z=-O 

GENERAL MOMENT ARRAY 

z 

My ,z . *My-  Fy,;z -V,,;z 
z = O  
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Fluor Daniel Northwest, Inc. C.ISNa lM222-Y 
EVALUATION ANALYSIS R e v i s k m - L  

P q e H o . B p  O f + 3  

r = 0..20 

k=O 

G-97 
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Fluor Daniel Northwest, Inc. 
EVALUATlON ANALYSIS 

N 
Qi 

i = O  

2.80 3.80 600 2 M ) C M x )  -+- +- + - = 1.38 
950 Is00 950 18w 

(3-98 
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APPENDIX: H 

BRIDGE AND FOUNDATION DESIGN 

H-1 
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Caic No BLC-Z361-R3 
Revision 0 

DESIGN ANALYSIS PageNo. ’ OfZ6 
E N O I N E E R I N Q  CORP. 

newsea:_i_ 

1.0 OBJECTIM These cakulaftons delennine the structural adequacy of the m e  sampling plaffwm fw u s  in sample 
~ 2 4 1 - 2 - 3 6 1 .  Theplat lm i s m n s ! d a r e d ~ a n a , c a l e  2 (PC2) par 9 ineerlw Design and Evaluation. 
HNF-PROOg7. The platform suppits a m e  sample buck ghirp 32.000 Ib an ten people each weighing 200 Ib 
fw a total weight of 35OW Ib. An 85 mph wind loading is also mnsldared. however. this is not combined with the live 
loading due to personnel.. Also. tlm live load due 10 stopping of the uxe sample truck shall be considered. Seismic 
loading is not considered a uedlMe design load since this is a temparary sbuc+re. m e  platform working s l r e w  will 
be calculated and compared lo lhe allowableworl;mng stresses In American lnstdute of Steel C m s ~ d l o n .  AISC 1989. 

2.0 DESIGN INPUTS 
2.1 orawing: ~ z - a m 3  

3.0 ASSUMPTIONS 
3.1 Seismic loading Is M maidsred to be a credible SOenariO since the pralfom, is a ternpaw shllclure. 

3.2 The center of pressure and the canter of gramlq are minddent 

3.4 Given 3.2 and (hat llm Cg Is nearly wef the rear d e ,  ell Um warturning force due to wind loading will be applied to 

‘3.5 The2 mph vekcity dcuetrudc isbased on opsratid wperknm. 
the rear d e .  

3 6 Fwanalysls maposss. theworslcase scenarioof IM core sample buck on the platlam is WVA the reaf ade of me 
buckdiredly  we^ Lhe center of the platrorm. This load case reqrnrm  hat huo platforms be uutd slm the front axle 
extend onto 11 due to the leogu, of the buck 

4.0 hU3iODS OF ANALYSIS (Hand calculahs WplW in Matkad vw. 8.0) 

5.0 REFERENCES 
5.1 AISC. 1989. M a n u a l c f S f e e l C ,  Qa Edih, American InSliMe of Sled Cmlruetion, Chicago. 

Illinois. 
5.2 ASCE, 1998, Minimum OeS’i Logds for EuilQngs and Omar strudum, ANSUASCE 7-95, Amwican Soaety Of  

CMl Enginssm, Reston. Wrginia 
U, 0 W. 1991, Desxpl c4 W e W  Sfnh3ures. Fourteenh Printing, lile James F. Lincdn Arc 

53 L% Foundafion, Cleveland, Ohio. 
5.4 CcverdeU.1999.De~LoadsandCenterolGrav~ForCorSSample TNck#1.LMHG9951531.LockheedMa~n 

Hanford Cw.. Richhand. Washington. 
5.5 FDH, 1887, ~ & g a n d L h ? ~  and Evaluatirn. HNF-PRC-997, FIUM Daniel Hanford. Inc. Richland, 

5.6 WHC, l b j : ~ r a I E v a / u a ~ / o r c o m  sampling mb R M ~ S  Operatims, 
Washin tan 

Area. WHC-SDW?V!-DA-~I~, 
Westinghaw Hanfctd Company. 

1 
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6.0 FINDINGS AND CONCLUSIONS The Calculations in this below determined that me core sampling platform is adequate 
to support the 32OW Ib a r e  sample truck plus the weight of 10 pwple plus 1000 Ib due to cask and "sk stand for a 
total of (35000 lb). NOTE: the casks and cask stand am positioned beween hM platforms side-byaide. 

7.0 Load Cases FollMng are the load cases to be considered in these calculations 

NOTE 1) Dead weight d the beams was mnsmed ana bund to be negltg.he 
2 )  Ccre sampjtg o p w a ~ m  cesse in sustained mnds in excess of 25 mph. 

7.1 LL (Cwe Sample Truck) + LL (Core Sample Truck Stopping) + LL (Cask) + LL (Humans) +Wind (25 mph) 

7.2 LL(~Sam~Truck)+LL(Cask)+Wlnd(85mph) .  

8.0 CALCULATIONS 

8.1 Live Loads and core sample truck Cg location. 

P wck := 320W.lb L i e  load due to core sample W. Coverdell. 19% 

P hvmsn := 20M).lb L i e  load due to humans, Coverdell, 1999. 

L i e  load due to casks and Casks stand. NOTE In service. this equipment will 
P,k := ICWtb nM be placed diredly on a single platform but will be sup~orled teMm hvo 

plalfcims. 

Pfmnr:= I1OW.b Weigmofcoresam~huckfronIa~easrecordbymest~eeWashinglon. 

P ~ := 21WO4b 
Cg,:= 156.i" 

cg '- 64.3.in 

WeigM of core sample buck rear ade as recc&d by the state of Washmgtoan. 

Hofizontal distame to CG of sample truck. Measured froin cenler of hont &e. 
W C  1995. 
Vertical distance h'cfn top of platfm to CG of sample W k .  Covetdell 1999. Y .- 

8.2 Detwmine the maxjmum wind force on me are sample buck given mat me m is performance category 2 
(PC2)andfora25mphwind. 
K := 3 5  ~ c a l e g q C , t a b l e 6 3 o f A S C E  1996. 

K l t : = l  Perparagraph6.5.5ofASCE 1996. 

I := 1.07 

v 85 := 85 

lmpwlance factor (HNF-PROO97.1997). 

M d v e ! a i l y  per(HNF-PRO-097.1997). 

li, 
q z  85 := XQ256.K ..K *I.V 85$ q,ss = I6,822;i, VdoCm, pressure. - 
G := .85 

cf:'1.5 
Gusteffeclfadorrdetwminedfmm paragraph6.6.1 ofASCE 1998 

FmmTaMe66ofASCE1998givenaheightof10fl. 
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8.3 Determine the force applied to me platform by a core sample tnxk stwping 

V I :i 2,mph 

V 2 := Omph 

m := 3SOW4b Massof mresampletruckinlbsmass. 

I:= .6.- 

Use Kinetic Energy Theory 

Maximum veloc4ty of core sample truck based on operatiwl experience. 

Fiml velocity of m e  sample buck. 

Estimated time required to stop sample hud based on operational experience. 

, V 1 - V 2 . . t  
d := - 
Wo* done = K. E. 

P rlap.d := . m V  

d i 10.S6.h 

I 
2 I* 

Distance require¶ to stop m e  samp e ha gave0 an In tlal 
vdodfy of 2 mph 

I 
, p V  12 

Psw:=- Pap = 5318.lbf Longitudinal face required to stop truck. P := 5318-lb 

8.4 Determine the increased reaction force on the rear axle dua to a 85 mph mnd loading and a 25 mph wind loading. 

(I 

3 
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Distance be- life Center lines m rear axle. 

Distance between cenlellines of front and rear tires 

rraVg5 =4327 Ib 85 mph wind force m rear d e ,  WHC 1995 
Cg .-p w-85 

Cg x.p w-25 

e 2  
'rear85 := 

rrrar25 = 374 Ib 25 mph wind force on rear axle. W C  1995 r -25 := 
e 2  

cg y" rears5 
r w  - 85 = 3312 Ib Additional force on cne side of rear axle due to 85 mph 

e l  wind loading, W C  1995. 
r w-85 := 

Additional force on one side of rear axle due lo 25 mph 
wind loading. 46" obtained Irwn 84" rear axle tire width 12. cs y.r rear25 

r w-z := r w-25 = 287 Ib 
e l  W C  1995. 

8.5 The alkwable stresses fwA36 and A5w Grade B material per AlSC 1889 are shwin below. 

Ib 
a y-a.36 := 3m'2 

a, - a6 :* 0.6.0 y-a36 

Meld stress of- matdal. 

Ib 
a1-a36=2'6m?J 

Ib 
D b a36 = 2 3 7 6 0 3  

The allowable tensile sbess. 

The allowable strmg bending slrabs 

The allowable shear stress. 

In y-66 - b a36 := 0.66'0 - 

Ib 

in 
7 E 14400.7 y-a36 r := 0.4,s 

Ib 
,J y-asw := m.2 Yield sbess of ASM) Grade B material. 

The allowable tensile stress. 

The allowable strong bending stress. 

Ib 
a ,-dm := 0.6.0 Y-fi@J t-asw = 2 7 m . 2  

2 
Ib 

- a b 600 = 30360 Y_&OO a b := 0.66-0 - 

Ib 
r v-aso~ := 0.4,s Y-dOO v-as00 = Ism> The allowable shear slress. 

8.6 Calculate the maximum horizontal and werIjcal loadings for load cases one and hvo. 

Load case one 
Vertical Loading: 1R rear axle load + 1R the cask 
load+humanloadevenlydisbibutedovermefour 
legs of a platrwm + 25 mph wind load. 

prear pc& Phuman P V m I  : I ~ + - ~ - + ~ + ~ ~ - ~ ~  pVcnl I 11787lb 

honl := stop P horzl = 5318.lb Hon'zontal Loading due to buck stopping 

P 3 = 465.494 Ib The lateral loading due to a 25 mph wind is negligible. - 
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Load Case Two 
pw pcask P v&7 := - +- t 

h o d  := w-85 

P V m =  14312lb VerticalLoadi IL?rearaxleload+Ii2caskload 
+ 85 mph wiM%d. 

t-85 

P had = 5381 4 b  Hoizontd Loading due to wind. 

Note: Load case two is the governin load u188 M d  will be used for all analysis. however. the horizontal load due to 
stop of the core sample tmck wi! be used when deemed applicable. 

8.7 Detemlne the maximum stresses in the W x l 8  using the loads calculated above. Condder the two Wx18s to be a 
simply suppocted beam. Use the fwnulas from AlSC 1989, Page 2-298, Diagram 7 to determine the maximum 
bending sbess and shear stress. 

L := 246.h 

E:=30.10 .7 Mcdulusofelastidty. 

A w8.48 := 5 . 2 6 d  ~ m s s  sectional area of 

Length of beam. 

6 Ib F.,,,, 

I I" 
3 O - J .  

P",,, ! 

,3r a W x l 8 .  
I z 61.9411' Mment of inertla for a 

W x 1 8  aboutx-xaxis. 

I := 7 . 9 7 4 ~ ~  Moment of ineOia for a 
Wx18abOu(yya&. 

Determine the adul  section modulus of the built-up section (W8xlBI and 3/16 in. diamond plate). 

1 x> = 0.01 1 .in4 
1 ~ ~ l * ~ . 2 0 . i n . (  1 3 .mi . \ 3  

\m / Manenl of inertia of the diamond plate. 

A PI .- .- m '.h.U).h A = 3 . 7 5 4 ~ ~  Crass ssdional wen of the dlamond plate 

3 .  _.m 

Dislancafromhwhon~~ineoftheWx18ftothe 
neutral axis. y bar = 1.094.h 

Y p P  pl 
bu:'2'A W 8 ~ 1 8 ' ~  pl 
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c min := 4.07-in .$.in - y bar 

c max := 4.07.in t y bar 

3 .  
E"" 

d := c ,,,in - 
I := J xgi + A pld pt 
I := 2.1 t I pi 

18.7S.in d := - 
I y' := Z - i l  + A W8xlgdz] 

c ,,,in = 3.163.in 

cmaX = S.164-in 

Minimum distance from neutral axis to outer mOSt point of 
built-up beam. 

Maximum diStanc-9 from neutral axis to outer most point of 
built-up beam. 

d = 3.07.in 

I = 35.3u-in4 

I = 1~9.144.in~ Moment of inertia fwthe entire built-up section. 

Distance from centerline to outer most fiber of w8x18s. 

I y' = 940.549.in4 

S x. = 30.817.in' 

Distance fmm neutral axis to centroid of plate 

Moment of inertia of the diamond plate (parallel axis 
theorem. 

If does not include diamond plale. 

Section modulus of w8xl8s and 3/16 in. plate about 
X' axis. 

S ys = 128.622-in' Section modulus of W8x18s and 3/16 in. plate about y 
axis. 

Determine UE maximum tensile stress on lhe wBxl8s. 

Ib 

in 
a I =  SOS.S13,, 

Beams are adequate per AlSC 1989. Page 
5-4C-s. Answer:=if'st<st a36,'OK" ,"NoGood') 

Determine the maximum bending stresses On the WBxl8s. 

A m w a  = 'OK" - 

P-.L 
M x  max := Mx = 880203 h l b  Maximum moment in the w8~18 built-up section per 

AlSC '989, Page 2-208. Diagram 7 (pinned ends) 

Maximum stmss in Um W8x18 buiit-up seclion. 
Ib 

2 a bx = 28562 
MX max 

a b x ' = T  

Answer:=if;o bx<i.33.ab a3,j,'OK,'NoGood') Anrwer="OK" 
Beams are adequate per AlSC 1989. Page 
5-45, Equation F1-1. NO= use 113 
allowable ~~IEZS inwea88 per AlSC 1989. 
Page 5.30. 

Maximum mment in the wBxl8 buik-up section per 
AlSC 1989. Page 2-298. Diiram 7 (pinned ends). 

- 
h o d  

7 . L  
MY,,:=- My m8x = '6s4694n'b 

Maximum stress in th Wx18 buiR-up se&n 
Ib 
2 a by = 1286 

MY, 
a by '= 7 

Beams are adequate per AlSC 1089, Page 

allowaMe stress increase per AlSC 1989. 
Page 530. 

Answer := ifiu . Y '  b < I  33.0 b - a6.*OK" ,Woocod') Answer = "OK" 5-45. Equation F1-I. NOTE u88 1/3 
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AlSC 1989 requ res that the load cases mat exuuae mnd w chedced a b  In these calculanons Inis would be 
convdered ow case 1 even though a 25 mph wino is considered The aterat ba ing  due IO an 85 mph wind IS alsa 
cmsidered (conservabve) 

Mx max = 724872.h.lb Maximum moment in the WBxl8 built-up sedion per 
AlSC 1989. Page 2-298. Diagram 7 (pinned ends). 

o bx = 23522 Maximum stress in Ule Wax18 built-up W o n .  Mx max 
a bx I . 7  

An- := if,'o bx<u d6,"OK',"NoCood"'~ Annrrr="OK" Beams are adequate per AlSC 1989, Page 
_ M 5 .  Equation F1-1 

Maximum moment in the W8xl8 builtup section per 
AlSC 1989. Page 2-298. Diagram 7 (pinned ends). MY m a  :=- My max = 330938*i"1b 

Marjmum stress in the Wx18 built-up sediOn Ib 

f In 
U by = 2573- 

MY max 
"by:=- 

Beams are a uate per AlSC 1989. Page 
545. EquaLio31-l. 

Determine the maximum shear stress on the W8xl8s. 

A web := 8.14.h.0.234n A wd = I.8n.in2 

Ib 
t v_vm = 3822.315.7 

in 

Answer := if lr v-la<~ a36,'OK" ,"NoGaodj Answer= "OK" - 

Only the web will taka shear in the vertical 
diredim. 

The maximum vemCal shear stress. OK 

Beams are ad uate per AlSC 1989. Page 
5-45, EWaciOn?l-I. 

Only the Ranges will carry the shear in the 
transversal direction. 

m e  maximum lateral shear stress. OK 

Beams are adequate per AlSC 1989. Pase 
549, Equation F4-1 

8.8 Determine me adequacy of the weld mmecting the 3/16 in. diamond plate to me W8x189. 

Vemcal shear fora Ib 
V = 3822 .315y  

in 

Q = 17.175*h3 First m m n t  vAth rasped to the neutral axis 

I = t66.375-h4 

q =6.819.10s 

Moment of inertia of 3/16 in. plate. 

Hcrizontal shear Row. 
Ib 

;i' 
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Shearing force on each 3" weld. 

The length of the weld, 

The adual weld size. 

I Yield stress of the base metal 
Ib 

a bare := 36000,7 
In 

j 
i 

The margin of safety: 

m s  m = 11.164 weld-all - , 
weld-ed 

OK 

8.9 Determine the adequ of the TS 7X4X38 beams, wnsid%r the beam to be smpy supported. Use the formula from 
AISC 1989. Page 2-298iagram9. 

a := 26254" Distance from cantelline of 
wBxl8 builtup section to 
cenlefline of TS 7X4X318. 

I 

A := 7 3 3 . 2  Cross sectional area TS 

s := 1264r? stron axis s e w  
7X4X318. 

m o d u s  f ~ r  a 
TS 7 x 4 ~ 3 8 .  

modulus for a 
TS 7x4~318. 

S := 9.06.in3 Weak axis section 

I IEI I IEI I I q ;  IEI I I=. 1H I I = I ,  1-8 I ,-, , - -I 113 j 1-1 11- 
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The actual moments and stresses in the TS 7~4x318. 

h o d  
7 

Maximum tensile stress due to lateral wind loading. 

Beams are adequate per AlSC 1989, Page 

Ib 
D = 36'b7 

In a t : = A ,  

Answer:= if.ol<oI - doO."OK","NoGcad"] AN- = "OK" 540, 

Mbx = 187849.in.lb The mm'mum bending moment about the strong 
axis in the TS 7x4~318s. 

p vctt2 M bx := T.a 

h o d  
-r-'a M by := .U = 706274n.lb The maximum bending moment about the waak 

a% in the TS 7x4~318s. 

Ib 
D bx = 145U9c, The maximum strong axis bending stress. OK 

Beams are adequate per AlSC 1989. Page 
5-45.EquatiOnFl-I. NOTEuseIi3 
allowable stress ircrease per AISC 1989, 

bx 

D b x : ' T  2" 

Anmr:=if'a~,~1.33.ub ,,,,,,'OK',WoGoad") Answer2 "OK" - 
.. Page 5.30. 

by 
D by := 

Y 
The maximum weak axis bending stress. OK Ib 

D by = 1795,, 
an 

Beams am adequate par AlSC 1989. Page 

Page 5.30. 

Anwer:=if:o <133.ub aSM).'OK",'NoGood'j ANW~-OK" 545 ,EqUEtkf lF i - I .  NOTE:Use1/3 
. Y '  - allowable stress ircrease per AlSC 1989. 

Determine the maximum shear stress on me TS 7x4~38s. 

' 3 . l  
Aweb:=2.[7.04n. .mi 

, H direction. 
p vett2 Ib 

1 v_vcn :=A 

A~SWCI :I ifir v_ven<t a500,'~~- ,"NO GW ) AIISW- I "OK" 5-49. Equation F4-1. 

A web = s.z5-in2 Oniy the web will take shear in me vwcal  

The maximum vertkal sheaf &es% OK 7 v-vm = =n+J web 
Beams are adequate per AlSC 1989. Page 

- 

A flan :~2.;4.0.h.~.h'; A Ran = 3.i"' Only the Ranges will carry the shear in the 
', H I  bansversa1 dtredlon. 

h o d  

The maximum transverse shear stress. OK 7 Ib 
v-ms := 2.A na  1 V-trans = 4 4 8 3  

Beams are ad Ute per AlSC 1989. Page 
549. Equation?+*. A-n = iff1 v_vm<~ aSw,*O~- ,"NOW i A- I "OK* 

Check interactjon. 

- 

a t  

= I_asOO 
-=0.013 Since this is less than 0.1 5. use the following to check interaction. 
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8.1 0 Determine !he adequacy of the TS 7~4x318 mlumns. 

b := 2S.in 

r : =  1.57.in Radius of gyration. 

See sketch on previws page. 

K : = I  

I:=24.in- 7.in I= l7.in see drawing H-2-85633 for length. 

K - l  - = 10.828 use 11 r 

Ib 
a a-doo := 29170.1 The allowable axial compressive siress from AlSC 1989. Table C-50, Page 3-17 I" 

P"WT.2 
--r- Ib 

"":=T m 

Answer:; if.0 aca a a500.'OK" ,"NoGmd"'Anrwn = 'OK" 

M bx :=-.a 

a a = 9 7 6 3  The maximum axial mmpressive stnrss. OK 

Beams are adequate per AlSC 1989. Page 
549. Equation F3-3. - 

!d bx= 187849.inlb Maximum moment about the strons axis. P"m2 

horzl 
M by :=-'a 

Max mum moment abod UW, weak axis (!o be 
conservattve the longnud M I  loadmg oue 10 the core 
sample buck slopp~ng s incluoed) 

U by = 3 4 8 9 9 ~  Ib 

AWM ,= if 'e bx<a dW.'OK" ,WoGwdnnruer = "OK" Beams are adequate per NSC 1989. Page 
5-45, Equalion F1-1. - 

The maximum weak axis bending s!ress. OK 
Ib 

M b y  0 by = 3 8 5 2 3  
=by:=-S;- In 

Answer := ifla <a b ~ ~ , " O K "  ,"NoGood';buwu = "OK" Beams am adaqwle per AlSC 1989. Page 
by - 545. Equation F1-I. 

Since this is less man 0.15. use the following lo check interaction. a a  

a-a500 
__ = 0.033 

-t O a  abx+aby=D.65, OK 
aa-a500 a b-aS00 

8.1 1 Determine the adequacy ofthe R I M  weld conMldlng th-9 two TS 7X4X3/8. 

The weld connecting the TS 7x4~38  to the In in. base plate is the same size and will carry the same 
loads. merefore. these caMafions bill also check the TS to base plate weld. 

10 
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Weld Properties Per Blcdgeti 1991 

b Cx:=2 

Cy:=2 d 

A := 2,(b+d) 

dz 
S wx := b.d fT 

b' S := d.b +T 

(b+d)' Jw"- 

Linear Weld Stress: 

0 HNF-2024, Rev. 2 

Weld Geometry: 

b := 7.h Weld width. 

d := 4-in Weld lengih. 

Weld sue. I .  
a :=a"" 

u b,,cl= 46000. Ib Yield stress of the base metal 2 
Ib 

u weld := 7oW0.7 
in 

Weld metal strength 

Conmctbn Loads: 

M := Oh4b M y  := - "&.a M,:;O.in.lb 

c = 3.S.h 

C y  = 2.in 

A = Zein The linear e m  of the weld. 

s wx = 33.333.in2 

The distance to the M e r  fiber in UH, xdiredion. 

me dlst8nca to the ouinrfibec In the ydiradion. 

The linear section modulus about the x-axis. 

s wy i_ 44.333.in' 

J, =zZl.833.id 

The linearseclion modulus about the y-axis. 

m e  linear polar mwnent of i M a  

Reqtired Fillet Weld Size: 

w ,=0.133.h f W  

0.707Lsfarshearthr hUwoatoffillet~.0.3isallowsblesbessreductionfactorforrhearUMylh 
thmat ofM& weM a n 2 . 4  is for shear on base metal. See AlSC 1989. Table J2.5. Page 5-70. 

RH, Margin of Safety: 

MS = 0.882 OK w a  
W r  

MS:=-- 1 
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8.12 Determine the adequacy of the 7/16 in x 1 R plate and angle connecting the two W 8x1 8s to the TS 7~4x318 

A,=20.109.in2 

Ib 

in 
T " l 7 1 1 . 7 2 2 ~  

Combned uoss secbonal area of 
plate ana angle for wear calcu aton. 

Answer := ifjr +t  

Determine the adequacy of 

A := 2.2.86.in2 A = s.72-in2 Crass s e d i m l  area of an L 4x4~318 

1 := &in 

a36,'OK" ,"Xo G d  ; Answer ="OK" Beams are adequate per AlSC 1989. Page 
- 5-49. Equation F b l  

8.13 ramp. Wind loads are not to be wnsidfmd in the analysis of the ramp. 

Madmum ramp column leng+j~ from K2-85633 
K:=  I 

r :E 1.23.in 

K.1 - = 20.325 use 21 r 

s:=z.I.sz+? L 4 x 4 ~ 3 0  seCtim modulus. 

Radius of gyration. 

A l l w b l e  compress& stress from AlSC 1989, TaMe C-36. Page 3-15. Ib 
a *-& := 20540.7 

I" 

Check the L 4 x 4 ~ 3 6  in. mlumns for adequacy. 
Ib 

a a = 1836- 
in 

Madmum adal compressive stress. NOTE: 
tire load is spread evenly over all 2 Columns. 

Answa:=ifjoa<sa ,,,"OK","NoGood") Anower='OK' 

Checx the maximum shear and bending in 

L := 4a.in 

- 
L 4x4~38.  

Distance between ramp columns 

'Pv& \ 

? 
':-;r.L! 

M,, = 429374mlb Mmm:= The madmum moment in a single L 4~4x318 
6eatlngrtasaslmp(ysupportedwam 

Maximum bending stms. OK Ib 
a b = i 4 l 2 4 3  

Ob:=- In 

Answa:=if[abcob ~,'OK',WoGmd') Amwer="OK' Beamsfm?d uateperAlSC1989,Page 

M max 

- 5-45. Equaeon?l-l. 

Maximum shear on a single L 4x4~318 
Ib 

I = 4 7 0 ~ ~  phorrz 
r v : = 2 - A ,  m 

Answers i f (zv-av  ,,,"oK',"~o~ocd"j AnsWn='OK'  6eamsareadequateperAlSC 1989. Page 
- 549. Equation F4-1. 
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8.15 Determine the adequacy of the weld wnnecling a ramp beam lo a ramp wlumn, 

This set of calwlations de ls~ ines  the adequacy of !he weld configuration show in the figure below. The 
amal weld configuration is different but this is an adequate representation of it and is wnsewafive. 

Per AlSC 1989. the required weld she checks boul the shear on the base metal and the shear through lhe 
thmal of lhe fillet weld to ensure &a1 failure will no1 occu!. 

Weld Pmper(ias per BIodgett 1991 

C = 02Sh1 

C y  I 0.2~41 

dL 
Cx:=- 

CY:=- 
b2 

A,-btd Au=2. in 

Weld Gewneby: 

b:= 1.h 

d:= I.in 

1 .  
a := P 

ib 
D bare :a 3KKW7 

Ib 
D weld :i 7MM0,7 

in 

Connsction Loads: 

111 

F ;= 04b 

M := O.inlb 

Wad width. 

Weld lengh. 

The actual weld size. 

Yidd stress of lhs base metal 

Weld metal strength. 

p m  F := 04b F,:=- 

My:=O.in.lb M := O b l b  

The distance to the outer fiber in lhe x-direction. 

ThedlsLPlKdlotheouterfiberin they-direction. 

The linear area of the weld. 

Jw:* (bcd f -  6.b2.dL 
U ( b  + d) 

Linear Weld WeS: 

I , = 0.417.in' 

me iinear section modulus 
aban the x-axis. 

The linear section modulus 
abanthey9x iS .  

The linear polar moment of inertia 

Ib f, ~ 2 - 5 2 5 ~  
in 

Required fillet Weld Size: 
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w = 0.177.in 1 wr:=ii--, fw fW f W  fW 

0.4.0 base 0.707.0.3.0 0.4.0 base '0.707.(0.3).0 

0.707 is for shear through throat of fillet weld, 0.3 is allowaMe stress reduction factor for shear mrough throat Of 
fillet weld and 0.4 is for shear on base metal. See AlSC 1989. Table 52.5, Page 5-70. 

The Margin of Safety: 

MS:=-- I MS I 0.414 OK w a  

wr 
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1 .O OBJECTIVE This set of calculations sizes and determines the adequa of boils anaching the Core Sampling 
platform tothe foundation provided by FDNW. The fwndalion and platdm mbinal ion is provided to span tank 
241-2-381 without side loading the lank walls. 

2.0 DESIGN INPUTS 
2.1 Deslgn drawing H-245633 

3.0 ASSUMPTIONS 
3.1 Due to the &fled holes in the baw plate (see figure below). Only tvm bdk on any kg will be assumed to support 

any lateral loading. 

3.2 Due to the d e q n  of the foLnda1 on moment frame mth diagonal braang on all wdes. no momems shaII be 
tansfened to Um farndation 

4.0 METHODS OF ANALYSIS (Hand Calculations) 

5.0 REFERENCES 
5.1 AISC. 1989, Manual of Steal Construction. Sih Edition. American institute of Stesl ConsMon.  Chicago Illinois. 

5.2 WHC. 1895, Smcbd Evaluation for the co4 Sampling Trucks RMCS Operatior& 200 Area. 
WCSDWM-DA-215 Rev. 0. WestingPouse Hanford Company. 

6.0 FINDINGS AND CONCLUSIONS (8) 34' A325 bo,B 1: 3" low nunimum snal be used to attacn me ladorm to 
am wequato w attacimg the platl&rm to tne ~e foundab~n Calcdatons ~owdelermlned mat the 

fwndakn 

7.0 CALCULATIONS 

5 ?/a'' 5 i i s "  

(4) 3/4"- 1 1  UNC-2A. 

* - ^ I  BASE PLATE DFTAI;. i 3  ?LA;k>j 

Given the 7/8' da slotted holes shown in the figure m h e  psvlcus page, use ASTM A325 314' tab x for atkchi- the 
platrorm to the foundation. 

A = .3024? 

Ib 
7 allow 7 ZlMlO,, 

The minimum mot area for a 314. ban (AISC 1989. P a w  4-147). 

The maximum shear on the boil (AISC 1989. TaMe 2, Page 5269. Bolt threads are assumed to 
be in the shear plane for (conselvative). in 
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Ib 
a t_allow := 440W2 

From WHC, 1995, Page A12. the wind loading on the cure sample buck will not cause overturning of the core sample 
buck. For this reason. there is no tensile loading on the boned connection. 

The maximum tensile strew on an A325 bolt per AlSC 1989. Table 2, Page 5259. 

w := w-85 F = 5381 Ib Loading due to 85 mph wind. 

F max := F F,, = 5381.113.lb Maximum force on the two bolt pattern 

Fmax 
K acl = 4 4 5 4 . 5 6 4 h  Ib Actual bolt stress. Assumed force is distributed on two legs of 

UI platform (mnsavative). 'aL?t"-4-ni; 

MS:=-- MS = 3.714 Answer:. if(MSaO,"OK".WoGcod") Answer = " O K  7 allow I 

T a c i  

Determine the maximum tensile loading on the 314" bolts. 

P " m 2  

F h i l  = 9886.771 Ib 

F boll 
a':=Ak 

Ib 

In 
0 = 32738- 

1 MS = 0 . 3 U  MS:=-- .J t-dlow 

s t  

The force on each boll 

Answer := if(MSa0,"OK" ,"NoGcod") Answer = "OK" 

16 
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1.0 OBJECTNE Tnis set of calwlmons determines the aoequacy 01 lateral braang Tne loundallOnS tnat th s platform 
w II De placed on m e n  sampling from lank 241-2-361, ape not sumtable for resist ng the inauced mOment from be 
ni=lmms F O ~  mm reawn the dartarms musf be stiffened io resist me induce0 moment Diaaonal Wac na on both *.".." .. ~ ~ ~ ~~ ~ ~~~ ~ ~ ~ ~ 

tne lateral ana longltudinal s des shall De &eo to resisl Ule induced moments Also. tie rods ;hall De addd n the 
longtudmal direction 10 me bas3 01 each leg lor increased stiffness. Tne diagonal braang and tie rod oesigns are 
shown on ECN 651132. 

2.0 DESIGN INPUTS 
2.1 Mtsign a m n g  h-2-85633 

2 2 Engineenng Change Notice, 639132 and 6511 32. 

3.0 ASSUMPTIONS 

4.0 METHODS OF ANALYSIS (Hand CalahUonS) 

6.0 REFERENCES 
5.1 AISC. 1989, ManualofSteel Construcfion. gth Edition American Institute of steel Construction. Chicago Illinois. 

5.2 Blodgett. 0 W. 1991, e i g n  of Welded shrc(ures. Fourteenth Printing. The James F. Lincoln Arc Welding 
Foundation. Cleveland. Ohm. 

6.0 FINDINGS AND CONCLUSIONS The fwce applied 10 the diagOMl braang IS 3000 b and me Iwce applied lo me 
tie rm IS 14300 Ib The c a l c ~ l a b o ~  oelerrn ned mat the d agonal braang and longitudinal ne rods are adeqdate 
as design. 

7.0 CALCULATIONS 

7.1 Properties. Geometry and Loads. 

Yield sbess ofA36 carbon st&. 

Lengfh of Characterization platform (H-2-85633). 

Height of Characterization plarOrm (H-2-85633). 

Wdm of Characterization platfcim (H-2-85633). 

Maximum longitudinal force due to sudden stopping of mre sample truck. 

Maximum lateral force due to Wind. 

Ib 
o '-360W7 Y'- u) 

L := 20.s.n 

h := 2S.h 

w := 10.7S.A 

S400.lb 
7 
S4004b 

F L := 

Fw:=- 

7.2 Determine internal force canied by the Wire rope diagonal bracing. 

O L : = a m i  \ e = w.tvdeg Angle of diagonal bracing on longitudinal side L. 
l,F! 

IW!. 
0 W := "t",r; e = 79.03deg Angle of diagonal bracing on lateral side. 

F L  
rmie L j  

F ~ - d i ~ ~  :=- F ~ - d i ~ ~  = 2713.907.lb Maximum diagonal force required lo resist longitudird loading. 

17 
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F w_diag = 2750.2364b Maximum diagonal force required to resist lateral loading due to w i d  F W  
W d i a e  :- q-J 

F :I 3W.b Use mazimum diagonal fom of 3OW Ibf for design purposes. 

i R 2 . 0  
7.3 Determine adequacy of the upper dh!p!zd b a n g  shadcel hole to resist tear wl of a IF Gia shackle pin 

sub@dtoa 3OWlbloadasshom. 

A = 0.4754~~ A := 1.m.9S.b I .  Cross sectional area between hole and 2 in radius. 

F 
’:=T 

Actual snear stres. 
Ib 

t = 6315.789% 
In 

Allowable shear stress froin AlSC 1889 r dbw = 144M 

MS = I28 Margin of safety 

Eccentdcity caused by force not passing directly through weld centroid. 

Ib 
3 Y 

MS:=-- 

Tallow = .4.0 

Z d l O W  

r 
c := 292.in 

7.4 Detmine adequacy of weld attaching shackle attachment to patform. 

Weld Geomeby. 
The width ofthe weld. 

The langth ofthe weld. 

The a d d  weld size. 

I .  

d := 34n 

Ib 
I llI 
I a bru := 3 6 ~ 0 . ~  yield stms ofme base metal. 

$8 
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Connection Loads: 

F := 0.lb Py:=F.sin(ll .deg) F := F.CoS( I I .dcg) 

M := F.c .My:=O.in.lb M ~ := O.in.lb 
Weld Properties per Elodgett 1991: 

C = 0.25.in The distance to lhe outer fiber in the xdirection 

The distance to the outer fiber in the ydirection 

b 
C , : = 2  

Cy:=? c y =  1.5.h 
d 

A := 2.6 A = 6-in The linear area of the wald. 

s,=3.in2 

sWy = 1.5-i.~ 

The linear section modulus about the x-axis. 

The linear section modulus about the y-axis. 

d2 
S , : = T  

S Wy := b.d 

Jw:=T J = 4.875 -in’ The linear polar moment of inertia. 

Linear Weld Slress: 

&Q.b’+& 

Required Weld Size: 

w s w = 0.053 .in f W  f W  fW f W  

0.4.~ bze 0.707.0.3.0 ,ld’0.4.o baw’0.707.(0.3),a 

0.707 is for shear through thmat of fillet weld, 0.3 is allowable stress reduction factor for shear through throat of 
fillet mtld and 0.4 is for shear on base metal. See AlSC 1989. Table 52.5, Page 5-70. 

m e  margin of safety: 

“a 

w r  
MS:=-- I MS i 3.107 

19 
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7.5 Determine the adequacy of the lower diagonal bracing hole and tie rod hole. 

-2 25- 

I 
7 Sb 

I 
i t  
i 
L 

I 

+74 J 
-4.0 

Based on the calculations above the lower shadde hole for diagonal bracing is adequate (dimensions and loading are 

7.6 Determine the adequacy ofthetie rod hole. The foundation designed by Fluor Daniel Nocthweot cannot 

identical). The weld Vnll be checked after calculating Ihe adequacy of the tie rod hole. 

withstand large moments. for this reason tie rods are installed to withstand the moments due to eccantric 
loading of the TS 7x4~318 mlumns. 

e 4 := 3.69.h 

P V a a  
4 

M.:=- M ~ = 6602.in4b Moment in column 

20 
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This moment is too small. Consider the shear connection to be a moment connection and use a 10,000 Ib 
load. This is conservative. 

P temp := 10000.Ib Veltical loading on column for structural analysis of tie rod and associated 
equipment. - 

M 3 307500.in.L Moment on column. Pven tcmp.L M z : = V  

M z  
F = 14302 Ib Force at base to resist moment. F := .m 

-T 25.in- 

Oefennine the adequacy of the tie rod hole. 

Ao:=  1.6254n.l.in Cross sectional area between the hole and the outer -e. 

F X  
hole '= 

m e r  := if(7 halc<T a36,'OK' ;No Good') Answer = "OK' 

Determine the adequacy of the tie rod. 

Hole will redst tear-out of shackle 
- supporting the tie rod. 

D := 1.ZS.ln 

A c-tie := 3' = D Z  

Diameter of tie rod. 

A c-tie I 1 .m .in1 Cross sectional area of tie rod. 

Ib 
o = t1654.S83* 

In 
Tensile load on tie rod 

~ n s w e r  := if@ t<o a36,'OK' ,510 Good') Answer = 'OK' Hde will resist tear-oul of shackle - supporting the tie rod. 
Determine the adequacy of associated rigging hardware. 

wife Cables: wire cables are to be used fur ell diagonal bracing and shall be capable of supwrting a 3000 
Ib. 'Oad. Cable sbe shall be detmlned by eiUMr Oynoorp Fabrication Servicss or Hoisting 
and Rgging. 

Shackles: A 4 3/4 ton shackJe Is used for diagonal bracing (SSOO lb) and the.maximum diagonal bracing 
loading is 3000 Ib. therefore. the shackles are adequale. 

Turnbuckles: me turnbuckles are rated at 15,200 Ib. mis is greaterthan the axial load of 14.300 Ib. 
therefore. the shackles are adequate. 

NOTE: all of these items have a proof strength of greater than or eqwl to two (2). 

21 
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7.7 Determine the adequacy of the weld anaching the shackle pin plate to the TS 7~4x318. 

-2 2 5 - 7  
i 

-2 o c - Y  1 

Determine the locatlon of the weld centroid. 
Length of weld In the horizontal direction. Note: plate is longer than 
base plate. 

Length of weld In the vertical direction. 

Nx = 0.639-in 

d := 3.875.h 

b := 7.88.h 

d2 Distance from bottom to Cg of weld. 
Nx := m 

Ny = 2.641 .in Distance from lel? side to Cg of weld. b2 
NY :=2.(b+d) 

Calculate the forces and moments on weld centroid. 

F := F + F.cos( 11 .deg) F horz = 17247.207 Ib Horizontal Loading on the plate. 

F v& := F&( I1.dcg) F vert = 572.427 Ib 

M, weid := Fx.(Ny - 2.h) + F~cos(lldeg).(5.88~in- Ny) +F.s in( l l~deg)~(4 .h-  Nx) 

M, = 20632.535.in.lb 

Vertical Loading on the plate. 

- 
- 

22 
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r---i I , Weld Geometry: 

b := 3.875.h Weld width 

d :I 7.884n Weld ler@ 

The actual weld size. I .  
a := a"" 

Ib 
in 

u := ~ K I O O . ~  Meld stress of the base metal. 

U := ~WX$ WM metal strength. 

Connection Loads: I d  

horz F :=-F F := 0.lb 

M,:=O.in.lb M y  :=O.inlb z := z-weld 
W d  Properties per Blodgett 1991 

c = 2.641.h 

C I 0.639.in 

The dislame lo the cuter fiber in the xdirecbm. 

The distance to the outer nber in the ydlredlon. 

8 
C X ' = m  

Cy:=- 
bz 

A +. 2.(b+ d) A = 23.51 .in The linear area of the weld. 

S = 30.961 .inz The linear section modulus 1 about the x-axis. 

4.b.d+d2 dZ.(4.b+d) 4.b.d+d2 d2.(4,b+d) S := 24 6' 6.(Z,b+d) '6' b.(Z.b+d) 

S wy = 9.023.hz The linear section modulus 1 abwt the yaxis. 

4,d.b+bz b2.(4.d+b) 4,d.b+bZ bz,(4.d+b) 
Swy:=2.i 7 < ? 5 . ( 2 . d + v ' 6 2  6.(2.6+b) 

(b + d)4 - 6.b2,d2 
12.(b + d) 

I w : = 2 .  

Unear Weld Stress: 

J = 191.399.in' me linear polar moment of 
inertia. 

Requinul Fillet Weld Size: 

w I 0.M.in 
f W  f W f W f W  

0.4.0 baw 0.707.0.3'~ 0.4.0 -'0.707.(0.3).0 

0.707 is for shear through thtoet of fillet weld, 0.3 is allowable StntDI redudlan fedor for shear lhrough throat of 
fillet weld and 0.4 is for shear on base metal. See AlSC I S W ,  Table J2.5. Page 5-70. 

The Margin of Safety: 

MS:=-- 1 US = 4.453 OK 
w a  

W r  
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1.0 OBJECllVE The platfons used for core,sampling are exbemely narrow. This makes it veri/ diflicult to back a core 
sample truck up M) to the platfwms. To increase safety. f e r n  were added to the p(atf0ns by ECN 639132. The 
ferns wme in 4 fl x 6 in sections. Each fence Is removable so as not to hirder core Sampling opeations This 
set of calculahs determines the adequacy of Uw fences. 

2.0 DESIGN INPUTS 

2.1 Design K2-85633. 

2.2 Ecgineerlrig Change Notlce, 639132. 

3.0 ASSUMPTIONS 

4.0 METHOD.? OF ANALYSIS (Hand Calculations) 

5.0 REFERENCES 

5.1 AISC. 1989. Msnuai of Sfeel Construclim. 531 Edition. Ammlcan Institute of Steel Consbucfion. Chicago Illinds. 

5.2 Blodgett. 0 W. 1991. &sign of Welded Sfmfures. Fourutemh Printing. The James F. Linooln Arc Welding 
Foundah. Clevdand. Ohio. 

6.0 FINDINGS AND CONCLUSIONS The fences and bmper am adequate to stop a wre sample buck given mat the 
Duck is moving mpowered at 2 mph. 

7.0 CALCULATIONS 

7.1 Gwen !he following dimensions determine the allowable lateral loading. 

FENCE 
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m e  5300 Ib load will result in ather stopping of the core sample lruck andm enwgh 
noise and vibrahon for tne dnver and other operators to take nooce and stop the core 
sample truc6 before the mc6 is dmen ofl the side of the platform 

max = 5300 Ib 

I := $.in 

M s v F -  M=31800h4b Maximum manent in the plate. 

Check the adequacy of the pins. 

d := i.5.in 

Height of plate. 

Diameter of the pin. 

I = 0.249.in4 Moment of inertia of the pin. 

A pi,, = l.7b7.in2 

3 pins will absorb the applied mment 

1 . .- x . 8  
Pm .- Tf 

A . .-'.$ 
Pm'-? 

M 

Cross d o n a 1  area ofthe pin. 

Mmax:=T 

OK Sin- this is an accident scenario the yield 
sbess is used for the allowable stress. M S  = 0.125 Y-a36 

a b  
MS:=-- 1 

Determine the maximum stress on the weld 

Weld Geometry. 

b:= 1.5.m 

d:= 1.h 

m e  width ofthe weld. 

The length of the weld. 

The achral weld size. 

Yield stress of the base metal. 

3 .  
a := H'" 

Ib u bare := 36000.115 

I lb 
.I a := 70000.> Weld metal sbength. 

m 
I 

Conneclion Loads: 
Fmax F :- 0.lb F := 04b F.:=- 

C = 1.5 41 The distance to the outer fiber in the xdiredion b 
cxs?2.2 

The distance to the outer Rber in the ydi-n C - 1-in 
d 

c y  :* 2 3  Y -  
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A := 4.d Aw=4.m The linear area of the weld. 

S wx = 0.667.in' 

s wy = 3 .inz 

The linear section modulus about Ihe x-axis. 

The linear &ion modulus about the y-axis. 

c? 
3- s,,32. 

S wy :- 2.( b-d) 

J , Z ~ . ~  d'(3'b2+dZ) ~ , = 2 ~ ~ 3 + , 3  The linear polar moment of i d .  

Linear Weld Stress: 

2 
Ib 

fw = 15016.667% 

Required Weld Sue: 

w,:=if -5--,- fw fw fw \ i f w  base .707'u weld bare '0.707'0 weld/ 

The margin of safev 

MS = 0.236 
w a  
wr 

MS:=-- I 

w I 5 0.303 .in 

OK 

check bendlng of me fence. 

'plntc' 72 
47.h.(;.hr 

I pb = 0307-in' Minimum manent of inertia ofthe 
plate. 

;.in 
=:=-T 

0 b :. 

Distance fmm centroid of the plate to the cuter mort R k .  
M.c Ib 

2 M ~ m u m  bending sbess in the plate. 
0 b = 28868.085 lplatc 

OK Slnw this is an accident scenario the yield 
stress is used for me allowable stress. 

Determine the adequacy of the brsnpers. The bumpers are wnsbucted from 4x4~114 in angle and am used to 
prevent a the core sample truck ficin rolling off the end of the platform me bumpers are attached to the piatform 
using a nunmum of two A325 bolts 

use finetic ~nergy meow 

V r 2 m p h  Madmum veloaty of the are  sample b w k  on the ramps or platform 

h = 1.605-in This the height required to stop the core sample truck. since me 
actual height is 4 in. OK 
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P a p  i O f  i CALCULATION IDENTIFICATION AND 
D,t. 

3 h 7 h  Fluor Daniel Northwest . INDEX 

RW. no. 0 
uw. no. 0 

uw. YO. 

I -  I I 

' J  I 

A-M02-143 (Dfl97) Et410 
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Lxkkd UPrGo W o r d  Corpantim 
P.O. Box 1m 
R j W .  WA 59352-1505 

March 15,1999 

h4r. G. A. Lisle 
Fluor DanielNonhwcst, Inc B4-39 
Post 0 5 c e  Box 1050 
Richlaud, Washington 99352 

HNF-2024, Rev. 2 

L O C I W R R D  

LMHC-995 153 1 

Dear Mr. Lisle: 

DESIGN LOADS AND CENTER OF GRAVITY FOR CORE SAMPLE TRUCK #1 

Refexe-nceccs: (1) HNF-PR0-097,1997, Rev. 0, "Fmgheeaing Design and Evaluation," 
Fluor Daniel W o r d ,  Inc., Richland, Wa&ngton. 

WHC-SD-W-DA-215, Rev. 0,1996, "Core Samplimg Trucks RMCS 
Operations 200 Area," Westinghouse Hanford Company. 

(2) 

This letter tranrJnits design loads and mta of gravity information for con sample mck #1. 
These loads are to be used in the design of a foundation. The foundation will be used to 
supporl the C h a r a c t d i o n  Project Operation platXoms during core sampling operations of 
tank 241 -2-361. ne design loads due to dead weight are the following: 

Ramp: 1,200 Ib. ea 
Platform: 4,200 lb. 
Core Sample T N C ~  32,000 lb. 
x-ray cart: 5,000 Ib. 
cask Stand & 5 Casks: 3,000 Ib. 
10 People @ 200 Ib. ea: 2,000 Ib. 

n e  required design live load is due to sudden stopping of a con m p l c  truck. This was 
dctcrmined to be 5,400 Ib. in the longitudinal direction (Anachment). The maximum wind 
loading for a Performance Category Three n a n d  phenomenon harard (Reference 1) WBS 

dncrmined to be 5,400 lb. in the lateral direction. 



Mr. G. A. Lisle 
Page 2 
March IS, 1999 

"F-2024, Rev. 2 

LMHC-9951531 

The center of gravity (Cg) in the horizontal dinction for core sample truck #I was determined 
from the vertical loading on all three jacks and the distance between jacks. This loading is 
appmximatcly 10,667 Ib. for eacb jack The distance baween front and rear jacks is 24 4 
resuiting in a distance to the Cg of 16 ft from the centerhe of the front jack. The height of the 
Cg was determined by referencing the Structural Evaluation for the Core Sampling Trucks 
RMCS Operations 200 Area (Reference 2). This height was determined to be 64.3 inches from 
the bottom of the m c k  tircs (pound height). 

If there are any questions, please call me on 373-2245 or Mr. Brad Coverdell on 373-0598. 

Very truly yours, 

cf. S. Schofield, Manag& 
Charactdon Field &&cering 
Tank Waste Remediation Systans 

me.s 

Attachment 
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LMHC-99s 153 1 

A l T A C " T  

DESIGN LOADS AND CENTER OF GRAVITY 
FOR CORE SAMPLE TRUCK #1 

Consisting of 3 pages, 
Including  cove^ page 
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COGEMA Engineering Corp. CaIc. No. 
Revlslon 0 
Page No. DESIGN ANALYSIS 

Clknt Ch8ncterkath EavlDmsnt W J o b  No. 

Force Ca&ulrUona 
Location: Revised: 

Subject: C o n  SampleTruck Lonanudlnal Date: 51M S 

1.0 OBJECTIVE 
wng. 

Delwmlne VM maximmn loyllbdinal f o r e  due lo a cwe m#e hdc slopplng and mnd me wind 

20 DESIGN INPUTS Orewlnps H-2690000 and H-2-85633 

3.0 ASSUMPTIONS 
3.1 TimeforcorsSampietrucktortop=.6sK. 

3.2 Maxhnum lnxk v e m  and time required for a oxe sample tnnk to stop are both based on openmwl e x p e m .  

4.0 METHODS OF ANALYSIS (Hand Calculations) 

5.0 REFERENCES 
5.1 AASMO. 1989, SfandadSpeciirionfwHbhwayMtges, 14fi Edltion.AmericanAysMatim of S W  Hlghws/ 

and TlsnrpoltatlOn omcids. 

6.0 FlNOlNQS A N 0  CONCLUSIONS The madmum I q k d h a l  force a m e  sample buck on a platform Is 
54M) Ib and Ihe maxlmum lalanl IMmg 16 by W a n d  is aLso%.tW Ib. 

7.0 CALCUlATlONS 

V 1 :* 2.mph 

V 2 := Omph 

m:= 3SM)O-lb MassofawesamWtruckinlbsmeu. 
1 ' .  .6.rcc 

Use Kinetic Energy Theory 

Maximum velodty of care Sam* truck based on opmli~lal e-noe. 
Final vdodty of corn mpletruek. 

Estimated time required to stap mre $am@ Wck based rn operational experience 

:vI -v2 ' . . 1  
d := + d .O.Q A 

Work done = K. E. 

I 
F.d :a p . V  l2 
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. i d5/?9 

I.m.v 1 11 

FL*T F = S31834bf 

Mlnlmum longihdinal fona mquired by AASHTO for Wpes. F L = ~ %  of LL 

F L := .OSm F L = 1750 Ib 

Determine the maximum wind form on the ewe m p l e  bvck givsn that the Wck is pwfonnance category 2 (PC2). 

K := .8S 

Kat:. 1 

Lonpmvrvral forts required to stop Wck. -v+? 
Lwllumnaifmrequited ~ ~ A A S H T O .  

Exposure catsgory C. table 53 of ASCE 19%. 

Per paragraph 6.5.5 of ASCE lgW. 

I :* 1.07 

V:.8S 

Impodancefaclor(HNF-PRO.G97,1997). 

Wind velDay per (HNF-PROW7. 1-7). 

vddy pressure. Ib q z : = . C Q U 6 X Z X ~ l ~ V 1 ~ 7  q z =  16.8 
n. 

G.:= 3 5  

c p  13 

G U S ~  stfed fedon determined from paragraph 6.6.1 ~ A S C E  i s m .  

F m  Table €4 dASCE 1988 given a heghlof10 h 

sur&anaor tnnkr ran~~  1695. 
. I .  . . .  . . .  . .  . .  Ay:= 36128.ln’, . . .. . :  

Wcd (oris on core sample tnxk 
. .  . .  

F=S381.1 Ib ’ 

~. , .  . _. 
F := q =.G.C yA f 

. . .  . ..,. . .  . .  
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KisA-5u ~ K I  version 3 . u ~  
Fluor Daniel, Inc. Job : 

Parre. 1 - - = _ .  - 
Date: 3/24/99 
File: 361ZC 

Units ............................. 
Steel code ........................ 
Allowable Stress Increase Factor.. 
Include Shear Deformation ......... 
No. of Sections for Member Calcs.. 
Do Redesign ....................... 
vertical Axis... .................. 

Include Warping ................... 
P-Delta Analysis Tolerance ........ 

US Standard 
AISC 9th Edition ASD 
1.333 
Yes 
Yes 
5 
Yes 
0 . 5 0 4  
Y 

0.000 0,000 . ._ 0.000 
12.000 0.000 0.000 
24.000 0.000 0.000 
34.000 0.000 0.000 

0.00 
0.00 
0.00 
0.00 

2 2 3  
3 3 4  
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RISA-3D (R) Ve: 
Fluor Daniel, Inc. ~ 

Paae: 2 
Dace: 3/24/99 
File: 361ZC 

1 
2 
3 

1 
2 
3 

2 
3 
4 

Y 
Y 
Y 

-20.150 
-21.400 
-1.250 

. .- 
&66.000 
k50.000 
940.000 

0.000 0.000 0.00000 0.00000 0.00000 
0.000 0.000 0.00000 0.00000 0.00000 
0.000 0.000 0.00000 0.00000 0.00000 
0.000 0.000 0.00000 0.00000 0.00000 

.. .. .. 
1 0.00 5.40 0.00 0.00 0.00 18.45 

3 0.00 11.51 0.00 0.00 0.00 - 3 0 . 3 0  
2 0.00 25.45 0.00 0.00 0.00 -3.71 

4 0.00 0.44 0.00 0.00 0.00 -1 .2c  
Totals: 0.00 42.80 0.00 
Center of Gravity Coords ( X , Y , Z l  (ft) : 13.938, 0.000, 0.;:: 
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RISA-3D (R) Version 3.01 
Fluor Daniel, Inc. Job : 

Page: 3 
Date: 3/24/99 
File: 361ZC 

===============< Member Section Forces, LC 1 : 
Member Joints Shear Shear 

I - J Sec Axial Y-Y z-z 

3 0.00 5.40 0.00 

Load Case 

Torque 

0.00 
0.00 
0.00 

-K-ft 
Moment Moment 
Y-Y 7.-z -K-ft-------K-ft--- 
0.00 18.45 
0.00 2.24 
0.00 -13.98 

4 0.00 -14.75 0.00 0.00 0.00 -8.43 
5 0.00 -14.75 0.00 0.00 0.00 35.81 

2 2- 3 1  0.00 10.70 0.00 0.00 0.00 32.10 

3 0.00 -10.70 0.00 0.00 0.00 -32.10 

5 0.00 -10.70 0.00 0.00 0.00 32.10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0.00 10.70 0.00 0.00 0.00 0.00 

4 0.00 -10.70 0.00 0.00 0.00 0.00 

___________.____________________________------------------------------------ 
- 3  3- 4 1  0.00 0.81 0.00 0.00 0.00 1.80 

2 0.00 ' ' 0.81; 0.00 0.00 0.00 -0.22 
3 0.00 -0.44 0.00 0.00 0.00 -1.00 
4 0.00 -0.44 0.00 0.00 0.00 0.10 
5 0.00 -0.44 0.00 0.00 0.00 1.20 
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RISA-3D (R) Version 3.01 
Fluor Daniel, Inc. Job : 

Page: 4 
Date: 3/24/99 
File: 361ZC 

n-------==n-----c Member Deflections, LC 1 : Load Case 1 >--=------====---= 
Member + - - - - - - - - -  Translation - - - - - - - - - +  Defls as L/n Ratios 

z x Rotate L/n (y)  Lfn (z) -------------in---------~n.--------in-..------rad-----------.--------------- Sec X Y 
1 1  0.000 0.000 0.000 0.00000 NC NC 

0.000 -0.036 0.000 0.00000 4034.7 NC 
NC 

2 
3 0.000 -0.084 0.000 0.00000 1722.1 

0.000 -0.058 0.000 0.00000 2498.4 NC 
5 0.000 0.000 0.000 0.00000 NC NC 4 

_____.____._.___________________________-----------------------------------. 
2 1  0.000 0.000 0.000 0.00000 NC NC 

0.000 -0.059 0.000 0.00000 2459.3 NC 
0.000 -0.117 0.000 0.00000 1229.7 NC 
0.000 -0.059 0.000 0.00000 2459.3 NC 

NC 

2 
3 
4 
5 0.000 0.000 0.000 0.00000 NC 

___._____________.__------------------------------- 

. 3 1  0.000 0.000 0.000 0.00000 
2 0.000 -0,002 0.000 0.00000 
3 0.000 -0.004 0.000 0.00000 
4 0.000 -0.002 0.000 0.00000 
f fl.0ofl 0.000 0.000 0.00000 

NC NC 
NC NC 
NC NC 
NC NC 
NC NC 

rn====--rl=n=c Member AISC Unity Checks, LC 1 : Load Case 1 >============== 
Member Joints Unity Shear Fb Fb Cm Cm ASD 

I - J Chk Loc Chk Loc Fa yy zz Cb fl zz Em 

1 1 2 0.818 5 0.535 4 y  14.35 27.00 21.60 1.00 0.60 0.85 H1-2 
2 2 3 0.733 3 0.388 ly 14.35 27.00 21.60 1.00 0.60 0.85 H1-2 
3 3 4 0.041 1 0.029 ly 16.01 27.00 21.60 1.00 0.60 0.85 H1-2 

---------------------------------------Ksi---Ks~---Ksi------------.--------- 
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Fluor Daniel, Inc. 

HNF-2024. Rev. 2 

Job : 
Page: 5 
Date: 3/24/99 
File: 361ZC 
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RISA-3D (R) Version 3.01 
Fluor Daniel, Inc. Job : 

Page: 6 
Date: 3/24/99 
File: 361ZC 

Totals : 0.00 42.80 0.00 
Center of Gravity Coords (X,Y,Z) (ft) : 7.108, 0.000, 0.ocz 
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RISA-3D (R) Version 3.01 
Fluor Daniel, Inc. Job : 

Page: 7 
Date: 3/24/99 
File: 361ZC 

-n=--------r-n=~ Member Section Forces, LC 2 
Member Joints Shear Shear 

I - J Sec Axial Y-Y z-z 

1 1- 2 1  0.00 18.60 0.00 
2 0.00 -1.55 0.00 
3 0.00 -1.55 0.00 

--------.-------------K--------K--------K----. 

Load Case 

Torque 

0.00 
0.00 
0.00 

.-K-ft 
Moment Moment 
Y-Y z-z 

-K-ft-------K-ft--- 
0.00 28.32 
0.00 -8.14 
0.00 -3.49 

0.00 -1.55 0.00 0.00 0.00 1.15 
5 . 8 0  

4 
5 0.00 -1.55 0.00 0.00 0.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 2- 3 1  0.00 0.10 0.00 0.00 0.00 0.36 
2 0.00 0.10 0.00 0.00 0.00 0.07 
3 0.00 0.10 0.00 0.00 0.00 -0.22 
4 0.00 0.10 0.00 0.00 0.00 -0.51 
5 0.00 -1.15 0.00 0.00 0.00 1.76 

0.00 
0.00 
0.00 
0.00 
0.00 

1 1  0.00 
2 0.00 
3 0.00 
4 0.00 
5 0.00 

Member stresses, 
Shear Shear 

2-2 ----&~,-----Ksi-- y-Y 
9.72 0.00 
-0.81 0.00 
-0.81 0.00 
-0.81 0.00 
-0.81 0.00 

0.00 0.05 0.00 0.11 -0.11 0.00 0.00 
0.25 -0.25 0.00 0.00 0.00 0.05 0.00 

n nn n.nn 0 . 0 0  0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

3 
4 0.00 5 0.00 -0.60 0.00 -0.87 0.87 0.00 

________________________________________-------------.-------------------.-- 
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RISA-3D (R) Version 3.01 
Fluor Daniel, Inc. Job : 

Page: 8 
Date: 3/24/99 
File: 361ZC 

s - , , . - , , , , m = = - = ~ - t . ~ <  Member Deflections, LC 2 : Load Case 2 >================= 
Member + - - - - - - - - -  Translation - - - - - - - - - +  Defls as L/n Ratios 

sec X Y Z x Rotate L/n (y) L/n ( 2 )  

3 0.000 -0.030 0.000 0.00000 4869.4 
4 0.000 -0.012 0.000 0.00000 NC 
S 0.000 0.000 0.000 0.00000 NC 

NC 
NC 
NC 

2 1  0.000 0.000 0.000 0.00000 NC NC 
2 0.000 -0.001 0.000 0.00000 NC NC 
3 0.000 -0.002 0.000 0.00000 NC NC 
4 0.000 -0.002 0.000 0.00000 NC NC 
5 0.000 0.000 0.000 0.00000 NC NC 

' 3 1  0.000 0.000 0.000 0.00000 NC NC 
2 0.000 0.000 0.000 0.00000 NC NC 
3 0.000. 0.000 0.000 0.00000 NC NC 
4 0.000 0.000 0.000 0.00000 NC NC 
5 0.000 0.000 0.000 0.00000 NC NC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

nrn==m=-m-===~ Member AISC Unitv Checks. LC 2 : Load Case 2 >m-=-========== . ~ .~~~ ~ 

Member Joints unity Sh;$ Fb Fb Cm h ASD 
I - J Chk LOC Chk LOC Fa yy zz Cb yy zz Eqn 

I 1 2 0.647 1 0.675 ly 14135 27750 21160 1.00 0.60 0.85 H1-2 

3 3 4 0.000 1 0.000 ly 16.01 27.00 21.60 1.00 0.60 0.60 Hl-1 
2 2 3 0.040 5 0.042 5y 14.35 27.00 21.60 1.00 0.60 0.85 H1-2 
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LETTER REWRT 

P€-EVALUAllON OF TANK 241Z-361 NOZZLES A, 9. E. F, AND 0 FOR 
LOA0 INDUCED BY SAMWNG EQUIPMENT 

INTROWCnON 

This report pmvidea the rssults of the shUuml pnalysb prFormed on the Bimh (nozzles A, B, F. and 
G) and Gin& (nozzle E) pipe risen of Tank 241-2-361 h pmparation for sampling (sa0 Appendix A for a 

Hanford Company @MK) is in procuss ofcharsdeming the wade M h the tank Before the waste 
cwld be sampled. bmaliw R l l a  have been mowtad on the tank Samplii ofthe contents oftha lank 
will be made though the d m  evaluated h thlr repor(. 

Tank 241-2-361 is a redangular underground tank kdil of m i n f d  w m t e  with a carbon steel her 
on the sides and bottom. The tank has eigM carbon steel pipe risers ranging from 2inch to &inch in 
diamtef. Pmvbwly. Floor Oanid Navmest, Inc. 0, evaluated all of the pipe risen (Referem 
1) to determiMt the rlseccapacityud ullklalethe krd l i i  of100 Ibs. horLonW and Vertical .nd 

FDNW dso evaluated %inch ( n d e  H) and &inch (nozzb A or B) to detmnum . ifthenozzbscwld 
wiuuturd the loading fmm a breather Rnw unit (Ref 2) 

This evaluation is performed by FDNWatthe q w d  d BWHC by Cwdrsd 915, Re- 021. 

SUMMbRY AND CONclUSloly 

sketch ofthe Tank). Tank 241-2-361 has been Out of for WSnI pan md 8.bcodc 6 WilWX 

50 fl-lb toque established in M 'J~&i&iotl for continued opscstkn of Tsnk 241-2-361' (Ref 6). 

The B i n d  r(sen (noales A, 6, F, and G) warn analyred to detemne ' iftheriserswwldsuppoda 
1500 b vertical load, a 250 Ib hodzontal load, and a 100 ft-b torque Induced by the sampling prOmSS. 

noule E. was analyzed for an applied loading of 1500 lbs veitical, 100 Ibr homontal. and a 50 ft-lb 
torque. The mstallatia, details for the nozzle E am not available. Thersfore an addtionol woport will be 
required to transfwlhe loadiig forthe sampling prclrxtu tothe gmwd. Addail ofthat suppod is 
located in Appandlxk 

APPROACH I 

The rim ware evaluated using hmd calculptions. For nozzles A, B. F. md G tint. the fiser pipe woo 
aMfyredaracantibvarcdumnPuuminOnohtenlsuppoctfrwnUle~. Sincetheprqmhofthe 

same, one anatysis will m v w  bath the weld and the pipe. Second, for nozdes A and B the embedded 
plate and concrete wwd analyzed by ovaktoting the pundrlng shear ofthe embaddad plate on the 
conaete. For n o d s  F and G tho base pbte was enlu8ted for the bowing rtreu on the concrete. 
Tha support for nodo E was evaluated by examininp the baaring stress applied lo the ground. 

The anawe of the nozzles is kcatad in Appenda B. 

The evaluation demwtrotes that rozrk A, B, F, and G can withsbd the loading. The 6-Imh riser, 

weld of the embedded plate or base plate to the riswpipe md the pipe riser am spprodmPtely the 

1 
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RECOMMENDATlONS 

Based on the analysis performed. Nodes  A, B. F, and G are adequate to m'lhstand the load induced by 
the sampling pmcess. The strength of nozzle E is indeterminate and to use this nozzle for sampling, it 
is recommended lhat additional support be Installed. Due to the high vertical load, (1500 Ibs) great care 
must be exercised to assure that the 2000-Ib limit for loading the top of the tank is not exceeded. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

Letter repat, 'Engineen'ng Load Evaluation of the Risen on Tank 241-2461', dated January 
1998. Task Order PF820, by Fluor Daniel Northwest. Inc. Richland. Washington 

Letter, D.P. Hughes, Area Manager, Fluor Daniel Northwest, Inc.. to A. L Ramble, B.&W Hanford 
Company, 'Engineering Load Evaluation of the Rser on Tank 241-2-361', dated 2/10/98 (CC-98- 

Letter report, 'Re-Evaluation of Sinch and Einch Risen for Breather Filter Mounting on Tank 
241-2-361', dated June 1998, Task Order PFBZO, by Fluor Daniel Northwest, Inc. Richland, 
Washington 

Slatement of Work for Fluor Daniel Northwest, =:mail from Bred Norman to David McShane, 
daled March 25, 1999. 

HCF-PRO-097. Project Hanford Procedures. Engineering Design and Evaluation 

HNF-2024, =lustifcation for Continued Operation for Tank 241-2-361, dated 
January 1998. BWHC, Richland, Washington. 
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APPENDMA 

TANK SKETCHES 

A-1 
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APPENDIX A - TANK SKETCH SHEET A2 GF ’f 
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APPENDIX A - TANK SKETCH SHEET A 3  0' * 

> 

0 

i .  . >.<, . . .. 

a 
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APPENDIX A - NOZZLE E PROPOSED MODIFICATION I SHEET A4 OF 4 

3"x14'~3/8" PLATE 
PROVIDE SLOTED 
HOLES FOR BOLTS 
TYPICAL BOTH SIDES 
OF PIPE 

FASTEN W/ 1/2' BOLT 
AND WASHERS M P  4 PLACES 
ON BOTH SIDES OF PIPE 

1/2" BASE PLATE 
SPLIT DOWN MIDDLE 
AN0 NOTCHED TO 
FIT PIPE SNUGLY 
TYPICAL BOTH SIDES 
OF PIPE 

TOP MEW TAP BASE PLATE AS 
REOUIRED FOR 1/2' BOLTS 

(3) 3/4- N U S  W/ 
WASHER TYPIW 

WITH BLIND FLANGE 

3/4' THREADED ROD. 
LENGTH AS REOUIREO 
WlW 8 PLACES 

- PROMOE LML SURFACE 
ON GROUNO TO PLACE 
BASE PLATE 

FRONT VlEW 
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CONIRACTAASK ORDER No.: CHECKEDBY 
6S10023l-PPO12 

LOCATION 200 Wcst PFP REVISED BY DAIF: 

SUBJECT Evdwion M N d a  AB, E, F. and 0 on PFP T M ~  24 1-2361 for the loding from the -ling 

OBJECTIVE 

This calculatlon wlll analwe Nozzles A, 8. E. F. and 0 on PFP Tank 241-2-381. Sheets 3 and 4 of thii 
calculaLion show where the nozzles are located 

METHODS 

Hand Melhods using standard engineerhg practices. 

REFERENCES 

1.  
2. 
3. 

AISC. Manual of Steel Construction. Allowable Stress Deslgn. Ninth Edltlon 
ACI 318R Bulldlng Code Requirement for reinforced Ccncrete 
Deldtrn of Welded Structures. Blodaet 

4. 
5. 

Crane. Flow of F u h  ThroughVa&. F ~ n g  end Pipe. Technical Paper No. 410 
Drawings H-2-16024. K2-16MO. and K2-90718 Sht 3 

R FCN 9W.M -. . -. . ----- 
7. Uniform Building Code la97 
8. 
9. 

statement of Work (Atlachment A) 
Calculation P P 0 1 2 M z .  Rev. 0. FUser Analysis for PFP Tank 241-2- 361 

CONCLUSION 

RiserAandB.areBlnchpipeinstalledaspartoftheoriginalconstruc(ion,willwithstandtha1500lb 
vertical. 250 Ib horizontal and 100 ft-lb loadswhlch could be applied during sampling procBss. The spedfc 
results aretabutate on pages9 and 10. 

Riser E, a 6 inch Pipe which was Ins!alled after the original cmstndon could not be analyzed due to 
lnsufffdent dedgn data. Spedllcnliy. the s&e and mickness ofthe base plate. and the location and 
diameter ofthe anchor bob. An alternate rneLhod of supporting riser E was determined and will wi(hstmd 
the 1500 Ib vertical load from sampilng. The suppwt h shorm on page 13. By comparison lo the analysis 
oftheotherrisersand engheeringjudgementnoale Eh~sdequatetoredsttheIOOIbhorlzontaland50~- 
Ib toque. 

Riserr F and 0 are 8 inch pipe instaUed after the original construction using a bau, plate and embedded 

applied d u m  sampling process. The specific results are tabulate on pages 9 and 11. 

CALCULATION 

Noale Contipuratlon: 

Tank 241-2-361 has eight nozzles. A sketch of the noale locations is shown on page 3 and 4. Thk 
Sketch p r o d a s  an idenlificatkn letter for each nozzle. Details of hmrthe nozzles are secured to the 
concrete are s h o w  on Page 5. 

bolk. These &err Will withstand the 1500 Ib verUca1. 250 Ib hwhontal and 100 R-lb loads whlch could be 
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CONTRACTITASK ORDER No.: CHECKED BY. DATE: ++f 
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LOCATION 200 WcstPrP REVISED BY: DATE: 

SUBIECT: Evaluarion of N d c s  AJ3, E. F. and G 011 PFP Tank 241 -2-36 1 for the loadmg from the sampling 
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LOCATION: 200 WwtP!?P REVISEDBY DAIE: 

SUBIEC%Evsluatioo.ofNoalcsAB.E.F.sndGmP~T.nk241-2-361 fathelcdimg&cmulcsampling 

Noales A, 8. C. D. and H 

These risers were installed wim the oNlnal consbudon using the embedded nozzle detail shown 
on Page 5. Pictures of the tank Interlor. taken In 1975, show that all metal below the water line has 
corroded away. Metal abovethe water line k badly rusted butts still there. The picturesshhmrthe 
underside of the concrete top be dismlored but the lines from the form boards are still vfsible 
demonslating that the top k still Intact. 

Nozzles E, F. and G 

These rkers were Installed In the mid 1970's using a base plate wim embedded bolts (see page 5). 
Riser E was installed et a different time and there k Insuflldent data (le base plate thkkness. and 
&e of embedded bob) Is avaUable to enalyre thk noale. Rker F and G were Installed by Fmld 
Change Notice (FCN) 25603 aRerthe use of steam In the tankwas bscontinued. Therefore, the 
rizerrwlll have rninhnal degradation due to comslon. 

ASSUMPTIONS 

1. The thickness of the base metal of risers A and B will be decreased by one half to account 
for corrosion. Thk reductlon amount to mors than 1.5 mih per year. This k greater than 
the corrodon allowance for the d o u k  shell tanks and therefore k conservative. 

The o w e  of the plpe was not effected by corrosion. 

The weld of ken  A and B to the embedded plate is an ell around fillat weld with the same 
thickness as the embedded plate. 

On k r s  A end B the outside of the pipe embedded in the comrete was not effected by 
corrosbn. 

For rizers A end B the embedded plate will be assumed to be placed a the middle of the 
conuete top. 

The distance from the embedded plate to the reinfordng steel will be four Inches. 

When analyzing the concrete for punchlng sheer the strength of the relnfordng steel Wnl be 
neglected. 

The Yiid aess  for carbon steel mi  be 36 kzi. 

The @e effect of the 8011 depth on the unbraced length will be comervathrely 
neglected. 

2. 

3. I 
4. 

5. 

6. 

7. 

8. 

9. 
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10. Due to the temporary nature of the sampling adMy no seismic load Will be lnduded in the 
analysis. 

N o d e s  A and B may be cut shorter to facilie the sanding equipment The analysis WPI 
be pedonned with the full length. 

11. 

APPLIED LOADS 

As directed in the statement of wwk (attachment A) one load casa Will be applied to the nozzles: 

. For noales A, 6. F. and G: 1500 Ib vertical load, 250 Ib horizontal load, and 100 R-lb torque 
For noale  E: 1500 lb vertical load, 100 Ib homontal load. and 50 ft-lb toque. 

- 

NOZZLE ANALYSIS: (Noales A, B, F. and 0 )  

Flnt, the plpe rlsers will be analyzed as canlilever column wim the length of the column being from 
the top ofthe flange to the top of the embedded or surface mounted plate. Since the propertias of 
the pipe riser and the weld of the pipe riser to the embedded or surface mounted plate are 
apprdmatelythe same, mk one analyds Wl mer  both. Second. for nordesA and E the 
embedded plate and concrete will be analyzed evaivatlng the punching shear on the concrete. For 
noale Fand 0 the base platerrAll be evsluated. 

Physkal properties are tabulaled on page E. - 
Mal fa = Pvla 
Shear fv- (PNa) + (PL'clJ) 
Bending Ib - (Ph'l'cyl 

(AISC) 

Fa - 36 ksl' Ca (table 3 AISC. pB 5-119) 
Fv - .4 * 36 lssi 
Fb = 6'36 U 

I-- 

(faFa) + (fv/Fv) + ( M b )  s 1 

Tabulated Results we shown on Page 9 
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CALCULATIONS AND SKETCHES SHEET 

FLUOR DANIEL NORTHWEST. - 
COEITRACTrTASK ORDER No.: 
65 10023 1-prn I 2 

LOCATIOW 200 West PFP REVISEDBYr DATEl 

SUBJECT:Evalllltio.ofNcmluAB.E.F.andGcnPFPTank241-2-361 fortheloadinnfinmthesnmolinn 

Rtienr A and B 

This a n a m  will compare the actual shear load (Vu) to the allowable shear load (Vn) per ACI to 
determine the factor of safety. The load factor0 mll be lnduded In the Vn term. A factor of safety 
greater than 2 will be acceptable. 

Terms and DefinlUon: 

Vu = the actual factored shear load 
U = Live Load 
DL = Dead Load (the dead load will be neglected) 
Vc = the allowable'shear load of the concrete 
Vs - the allowable shear load ofthe steel (=O, assumption 7) 
Vn - the allowaMe shear load - 0.85 

Load Magram 

Allowable Shear Load (Vn) 

Vn = Vc + Vs 
O+JC&Er& 

Vn= 0 (Vc + Vs) = 31591 Its 
, f" TOP 

Actual shear 1 
Vu = 1.7(LL) +1 A(0L) 
LL = p u  + (2 'P. 14)) = 1500 + (r18oool13.5) 
Vu = 1.7.4167 = 7064 Ibs 

Fs * VnNuz 2 
Fs = .851.Vn)/1.7LL 
Fs = 31591 I7084 = 4.5 L 2 ACCEPTABLE 

Physlcal PropameS 

d. = 4" 
b. - Circumference of the embedded plate 
b. n 42.41 inches 
f. = 3000 pl 
dr - 13.5 (see page 8) 
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DEPARTMENT: Civil 

CONTRACTfCASK ORDERNO.: CHECKED BY&L DATE 
6S100231-PPO12 

LOCATION. 200 West PFP REViSED B Y  DATE: 

S~IBIECT:EvaluationofNonlclAB.E.F.MdOonPFPT~241-2-36i forthsloadingthnthcsampling 

ORIGINATED B Y L - g A L E : .  '// y/qy 

for Risen F and G 

I Explanation othaiysis 

bolts only 3 bolts will be considered effedve. 

3. The Bending Moment (Pb) will be reskted by the bea#ing of the pipe below the base plated bearing 
on the concrete. For thk anal- the plpe will pivot about the base plate applying a load to one side of 
the pipe. This k conservative since the moment will also be resMed by the base plate transferring a 
tension toad to the embedded bolts. 

I 

Analysis .. 
The analysis performed In calculation PP012-C-02. for thii portion of rLsers F and G, was done with 
larger loads than required by this load case in thk calculation. Therefore. the base prate. anchor bolts 
and the local stress on the concrete k accpetabla by companlon to thk analysk. The loads used in 
the previous calculation ware 3000 Its vertical, 500 Ibs horizontal, and 400 ft-lb in torision (Reference 9 
pages I 1  through 13). 

NOZZLE E 

Installation details for Noule E are not available. Therefore an alternate method for supporting the 
1500 Ib sampling load k required which will transfer the applied load to the ground. See page 13 for a 

Analysis 
When evaluating the steel components of tha &Inch pipe risers only 12% of the allowable StrESS was 
used. Reference the resuits for noaies A and B on page 9. Do to thk low stress the steel components 
of the B-lnch nozzle E are acceptable by comparison and engineering judjement The load transferred 
to the ground must be resisted by the soil bearing pressure. Thistransfer Is made through threaded 
rods connected to the flange to an added base plate. See page 12 for lhe arrangement of the hanger. 
Note that the load transfened to the ground from the 100 Ib horizontal load Is not considered significant 
relative to the remaining bearing pressure margin available and therefore not included In the anal@. 

I sketch of the suppart. 
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CONTRACTfrASK ORDER No.: CHECKED BY 
651M1231-PFU12 

LOCATION: 200 W a t  PFP REVISEDBY . DATE: 

SUBTECT: E v d d o n  ofNoala A.B. E. F. m d  cion PFF' Tank 241-2361 fathe loadingtmm tbc rampling 

Evaluation of the rods: 

There will b i  eight 34- threaded rods Iransfeninglhe load to the base plate. Ttw load In each rod will 
be: 

L,= Load per rod 
P. - 1500 Iba 
n. - number of thread rods - 8 

The load of 188 lbstransferfhrough the nubto'tha rod is acceptable tyenglneering judgement. 

Analysis of the rod for compression: 

f. -actual streas 
a, = net area of the rod (ref 1) 

f.=Llan 

f.- 188 I .302 - 623 psi 

The stress of 621 p4 k acceptable tyenglneedng Judgement. 

Evaluation of the bearing pressure on soil: 

AllowaMe Bearing Pressure = 2000 psf 

Bearing Pressure (BP) - Pvl(area ofthe plate - area of the pipe) 

BP = 1500/(182- (3.14*6.625214) 

BP = 5 2  psi 746.0 psf s zwo psf :. ACCEPTABLE 
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REVISEDBY D A E  LOCATION. 200 West PFP 

SUBJECT: Evalulion of Nurzla 0, E. F. md 0 on PFP T d  241 -2361 far the lolding fi-om lhc sampling 

I 
3-%14-x3/8- PLATE 
P R W D E  SLOTED 
HOLES FOR BOLTS 
TfPICAi BOTH SIDES 
OF PIPE 

rGa-z%q I FASTEN W/ 1/2* BOLT 

ON BOTH SIDES OF PIPE 

1/2- W E  PLATE . 
SPLIT DOWN UlDOLf 
AND NOTCHED TO 
FIT PIPE SNUGLY 
PlPlCAL BOTH SIDES 
OF PIPE 

TOP w m  1 TAP BASE PLATE AS- 
REWIRED FOR l/Z BOLTS 

(J) 3/4- NUTS W/ 
WASHER 
8 PLACE 6- PIPE RISER 

WlTH BLIND FLANGE 

3/4- THREADED ROD 
LENGTH ‘AS REOUIREO 
T l P l C U  8 PUCES 

THREADED R 
BE INSTAKE 
BASE PLATE 

WOVIDE LEVEL SURFACE 
ON GROUND TO PLACE 
@AS€ PLATE 

FRONT VlEW 



HNF-2024, Rev. 2 

McShane, David S ArmttMeur A I 
From: 
Sent: 
TO: 

Norman. Bradford F 
Monday, April 12,1998 B:51 AM 
Whane. DaM S 

cc: 
Sublack 

Haq. Mia;& Huphes. Dennis P 
Rber loads for remahlnp unanalyzed rken 

Good momhg. 

This memo is to pmNe hformatmn for load analpis. This memo poes in hand wah the sheet that was Dropped off on 
Daw'sdesk last Thursday. We would Ike to analyze the remahhp 8" risers to accommodate the follcwhp loads: 1 .Mo 
pound vertical load, 250 pound lateral load and 1 W pounds of toque. These numbers correspond to the red numben 
added to the sheet dropped off h Dm's O W I .  One note: Risen A B WPI be trimmed to appmmately 18 mches above 
grade (ECN is wrrenUy being wBlen). Analyze riwm fOr42' pcesent height, we wEl JUS be mnsenralive wah allOwaMe 
loadsonnerrh6gh(s. ~soana lyze theres to f~ for red  mprkedloadzonsheeL 

Please prode CalCulatbnsto veriiythese analyzed loacts and a tetter reprttotransm# p u r  mutts. fthere are any 
quesiions I can be reached at 3767864. &an  time k of Importance. 1 would hope that the CalCulatiOns auld be sgned off 
by Wednesday pa*  thought vis was reasonable) and then me lener report shorUy them aner. 

Brad Norman 

a 

1 
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